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Abstract

We consider strategic pricing problems in which each firm chooses between a non-cooperative (indi-
vidual pricing) strategy and a cooperative (price negotiation) strategy. We first analyze a monopoly
supply chain involving a supplier and a retailer, and then investigate two competing supply chains each
consisting of a supplier and a retailer. We find that a proper power allocation between the supplier and
the retailer can make the two firms benefit from negotiating the wholesale and retail prices. When the
supplier negotiates the wholesale price, the retailer’s cooperative strategy can always induce supply
chain coordination in the monopoly setting, whereas the two supply chains in the duopoly setting can
be possibly coordinated only when the retailers determine their retail prices individually. In both the
monopoly and duopoly settings, the wholesale price negotiation is a necessary part of the communi-
cations between supply chain members. When the supply chain competition intensifies, all firms are

more likely to determine their prices individually rather than to negotiate their prices.

Keywords: Negotiation; generalized Nash bargaining solution; strategic pricing; supply chain.



1 Introduction

Many firms in today’s supply chains are more closely connected than ever before, thus exhibiting
greater motivations to cooperate with an aim to improve their profitability. A natural condition for
successful cooperations is the fair allocation of profit surplus or cost savings within supply chains.
In practice, the fair allocation usually results from the negotiation between the cooperating firms.
A number of researchers have devoted their efforts to studying various negotiations in supply chain
settings. Most of relevant publications are concerned with exogenous factors that may affect negotia-
tion outcomes in supply chains. These factors mainly include competition (Dukes et al. 2006, Olczak
2011, Feng and Lu 2012, Feng and Lu 2013, Aydin and Heese 2014, Baron, Berman, and Wu 2016,
and Nguyen 2017), uncertainty (Gurnani and Shi 2006, Leng and Parlar 2009, Feng et al. 2015, and
Zheng and Negenborn 2015), and relative bargaining powers (Iyer and Villas-Boas 2003, Nagarajan
and Bassok 2008, Lovejoy 2010, and Zhong et al. 2016).

In fact, negotiation outcomes may not only depend on exogenous factors but also result from the
strategic decisions of consumers or a firm in supply chains. Any supply chain involves a number of
negotiable issues, among which pricing negotiations are very common, because they can help determine
a profit allocation. For example, the wholesale price serves to allocate the profit between a supplier
and a retailer, as a higher wholesale price generates a greater profit for the supplier and a lower
profit for the retailer, and a smaller wholesale price leads to an opposite result. Thus, the wholesale
price naturally results from the negotiation. In practice, a retailer usually individually determines a
retail price to maximize his profit. Nonetheless, there are also a number of real cases that indicate
suppliers’ engagement in the retail pricing decision processes. A supplier has a strong interest in the
retail pricing decision, mainly because a higher retail price is very likely to reduce the supplier’s sales
(Bennett 2014). Furthermore, we learn from Bennett’s report (2014) that commercial negotiations
between manufacturers/suppliers and retailers necessarily include a discussion of wholesale prices and
may also involve a discussion of retail prices such as recommended retail prices (RRPs) and resale/retail
price maintenance (RPM). RRP is also known as the manufacturer’s or supplier’s suggested retail
price, which has widely existed in retail markets for automobiles. RPM is the practice whereby the
supplier and the retailer agree that the retailer sells the supplier’s products at a certain retail price,
or the practice whereby the two firms jointly set a minimum or maximum retail price. RPM has
been used in a variety of retail markets for, e.g., jewelry, sports equipment, candy, biscuits, and many

lines of clothing (jeans, shoes, socks, underwear, and shirts) (Krishnan and Winter 2007). Similar



to Bennett (2014), Ertel (1999) revealed that, in today’s society, each company exists in a complex
network of relationships, and it has to negotiate not only purchasing and outsourcing contracts but
also marketing arrangements with its suppliers or distributors. This implies that suppliers may engage
in the decision-making process for retail price.

There are some real, specific examples for retail price negotiations between suppliers and retailers.
Combs and Frei (1984) reported that, before the middle 1980s, the retailers in the Swiss market nego-
tiated retail prices with the U.S. manufacturers of sports/leisure equipment. Sawyer (2018) disclosed
that, in the United States, the National Association of Retail Druggists, the Proprietary Association
of America, and the National Wholesale Druggists’ Association had held conferences for manufactur-
ers, wholesalers, and retailers to negotiate retail prices for compounding chemicals and botanicals as
well as retail brands. In addition, Smith (2016) exposed that in recent years, researchers (especially,
economists) have paid more attention to pricing relationships between retailers and suppliers, focusing
on the retail prices that can be jointly achieved by retailers and suppliers in equilibrium.

Motivated by the above facts, we analyze supply chain problems in which a retailer and a sup-
plier decide their retail and wholesale pricing strategies, respectively. The supplier needs to make
a decision on whether to determine his wholesale price individually (corresponding to the supplier’s
non-cooperative strategy) or to negotiate the wholesale price with the retailer (corresponding to the
supplier’s cooperative strategy). After observing the supplier’s decision, the retailer makes a decision
on whether to determine his retail price individually (corresponding to the retailer’s non-cooperative
strategy) or to negotiate the retail price with the supplier (corresponding to the retailer’s cooperative
strategy). The supplier’s non-cooperative and cooperative strategies and the retailer’s non-cooperative
strategy have been studied by researchers such as Iyer and Villas-Boas (2003), Feng and Lu (2012),
Baron, Berman, and Wu (2016), and Zhong et al. (2016), whereas very few researchers have inves-
tigated the retailer’s cooperative strategy although it has been adopted in practice. Furthermore, a
very limited number of publications are concerned with the comparison between these two strategies
in supply chains. The above observations show the necessity and importance of investigating whether
the retailer/supplier should always choose a non-cooperative or cooperative strategy for her /his pric-
ing decision. It is also important to find whether or not the supplier can benefit from the retailer’s
cooperative strategy. Accordingly, in this paper we mainly address the following questions: (i) under
what conditions is the retailer/supplier willing to adopt her/his cooperative strategy? (ii) under what

conditions does the supplier agree with the retailer to negotiate the retail price? and (iii) how do the



two firms’ strategic activities influence their profits?

To address the questions above, we first investigate the pricing strategies in a single two-echelon
supply chain (a monopoly setting) consisting of a supplier and a retailer. We use the cooperative-
game concept of generalized Nash bargaining (GNB) solution to characterize each negotiated price.
Both the retailer and the supplier need to decide their pricing strategies. That is, each firm should
determine whether to make an individually optimal pricing decision under her/his non-cooperative
strategy or to negotiate the price with the other firm under her/his cooperative strategy. For the
purpose of generality, the supplier’s and the retailer’s relative bargaining powers in different pricing
strategies may differ.

In the monopoly setting, we first examine the retailer’s retail pricing strategy when the wholesale
price is negotiated as in many practices. Using a linear demand function, we solve the game under
the retailer’s non-cooperative strategy (for her retail price) and that under the retailer’s cooperative
strategy, and also compare our analytic results obtained from the two game analyses to draw the
managerial implications regarding the conditions under which the retailer and the supplier are willing
to adopt the retail price negotiation strategy. In addition, we study the supplier’s wholesale pricing
strategy under which the supplier decides whether to negotiate his wholesale price or to determine the
wholesale price individually.

We also consider a duopoly setting in which two supply chains each consisting of a supplier and a
retailer compete for customers in a market. In the presence of supply chain competition, we analyze the
retailers’ and also the suppliers’ pricing strategies, similar to our study in the monopoly setting. We
find that most results in the monopoly and duopoly settings are similar when the suppliers negotiate
their wholesale prices with their retailers (which is common in reality). For example, a proper power
allocation between the supplier and the retailer can lead the retail price negotiation to benefit the
two firms, and wholesale price negotiation is a necessary part of the communications between supply
chain members. Moreover, retail price negotiation can always induce supply chain coordination in the
monopoly setting, whereas the two supply chains in the duopoly setting could be coordinated only
when the retailers choose to determine their retail prices individually. We also obtain a number of
managerial insights relating to supply chain competition. For example, the firms in the supply chain
with the retail price and wholesale price negotiations are more likely to reach an agreement than those
in the supply chain with the retailer’s non-cooperative strategy. When the supply chain competition

increases, both the suppliers and the retailers are more likely to determine their prices individually



rather than to conduct negotiations.

Our paper is related to two streams of extant publications, which include (i) a stream of publications
regarding supply chain negotiations with no competition and (ii) a stream of publications focused on
supply chain negotiations in the competitive setting. We start with a review of the major publications
in stream (i). These publications are mainly concerned with the impact of bargaining powers and
uncertainty on supply chain negotiations. Regarding the impact of bargaining powers, a powerful
upstream firm may increase the effect of double marginalization while a powerful downstream firm
may promote supply chain coordination (see, Iyer and Villas-Boas 2003 and Zhong et al. 2016).
Moreover, in an assembly supply chain, a powerful downstream assembler may prevent upstream
suppliers from forming any coalition (Nagarajan and Bassok 2008). For the impact of uncertainty,
Gurnani and Shi (2006) showed that, when the supply reliability estimation of a supplier and that of
a retailer are private information, the supply chain profit reaches its maximum if and only if these
estimates are not far apart. Zheng and Negenborn (2015) discussed the impact of market risk on the
bargaining set and the disagreement point. They showed that, when the market risk increases, the
bargaining set is wider (narrower) and the disagreement point is smaller (larger) when the retailer
faces an elastic (fixed) demand. For specific discussions, see the surveys by Bernstein and Nagarajan
(2011), Ingene, Taboubi, and Zaccour (2012), Jeuland and Shugan (1983), and Nagarajan and Sosic
(2008). In our paper, we examine the impact of relative bargaining powers. Moreover, we consider
a more general setting in which the retailer’s relative bargaining power may change when she adopts
different pricing strategies. This is significantly different from extant publications in which the relative
bargaining power was assumed to be fixed and be independent of the retailer’s pricing strategies.

We then review the publications in stream (ii). Dukes et al. (2006) studied a two-echelon supply
chain in which there are two competing suppliers as well as two competing retailers. Each supplier
can serve both retailers. The authors found that the retailer with a smaller retailing cost can obtain
a smaller wholesale price. Different from this publication, in our competition model, we consider two
competing supply chains rather than a single supply chain. The duopoly supply chains commonly
exist in practice. For example, KFC only sells Pepsi-Cola in its supply chain, whereas McDonald’s
only sells Coca-Cola in its supply chain. Olczak (2011) compared the RPM and RRP strategies in a
supply chain with one supplier and two competing retailers, which is different from our paper. Feng
and Lu (2012) considered two competing supply chains, which is somewhat similar to the supply chain

structure in our analysis of two competing supply chains but still differs from ours in decisions and



research questions. Similar to Dukes et al. (2006), Feng and Lu (2013) showed that no sequential-move
game can result from the negotiation in the supply chain. In a two-echelon supply chain in which two
competing retailers buy from a common supplier, Guo and Iyer (2013) exposed that the supplier prefers
to negotiate the wholesale prices with the two retailers simultaneously, if the retailers determine similar
retail prices. Aydin and Heese (2014) studied a two-echelon supply chain with multiple competing
suppliers and a single retailer. In addition, Baron, Berman, and Wu (2016) also considered two
competing two-echelon supply chains with zero disagreement payoffs in negotiations. They showed
that the manufacturer Stackelberg (MS) and vertical integration (VI) strategies are special cases of
the wholesale price negotiation. Different from Baron, Berman, and Wu’s paper (2016), we use general

disagreement payoffs and find the retailers’ and suppliers’ pricing strategies.

2 Game-Theoretic Analyses of a Two-Echelon Supply Chain

We investigate strategic pricing decision problems in a two-echelon supply chain consisting of a supplier
and a retailer. The supplier makes a product at unit acquisition cost ¢ and sells it to the retailer at
wholesale price w, and the retailer then serves customers at retail price p. For our analysis, we use a
p-dependent linear demand function D(p) = A — bp, in which A > bc and ¢ denotes the supplier’s unit
acquiring cost. In the supply chain, the supplier’s and the retailer’s profits are computed as 74(w) =
(w—¢)D(p) and 7. (w,p) = (p — w)D(p), respectively. The system-wide profit is II(p) = (p — ¢)D(p),
which can be maximized to find the globally-optimal retail price as p*(¢) = (A/b+ ¢)/2. We can
compute the maximum system-wide profit as IT* (c¢) = b(A/b — ¢)?/4. These results will be used for
discussions in our subsequent analyses.

In the supply chain, as the “leader,” the supplier first makes his wholesale pricing strategy on
whether to negotiate the wholesale price or determine it individually. Then, the retailer acts as the
“follower” for her retail pricing strategy. In this leader-follower game, we first find the retailer’s
optimal retail pricing strategy (i.e., an optimal choice between the individually-optimal retail pricing
decision and the retail price negotiation) for each of the following two cases: (i) the supplier makes his
wholesale price individually, and (ii) the supplier negotiates the wholesale price with the retailer. Then,
we compare the supplier’s profits for his two choices (i.e., the individual wholesale pricing decision
and the wholesale price negotiation) to find his optimal wholesale pricing strategy. Next, we begin
by obtaining the retailer’s optimal retail pricing strategy when the supplier chooses to negotiate the

wholesale price.



Prior to analyzing our game, we provide a summary of all the major notations in Table 1.

Notation

‘ Definition

NCs (NCg) and Cg (Cg)

the supplier’s (retailer’s) non-cooperative and
cooperative pricing strategies, respectively.

superscripts ncg, cg,
and ncp

the cases in which the supplier and the retailer choose
strategies (NCg, NCRr), (Cs,CRr), and (Cg, NCR), respectively.

the supplier’s relative bargaining powers when the supplier’s

A A A€ (0,] and retailer’s strategies are (Cs, NCg), (Cs, CR),
and (NCg,CR), respectively.

d. and d, the supplier’s and retailer’s disagreement points, respectively;
i.e., their payoffs when they cannot reach an agreement.

w® and p*, the wholesale and retail prices, respectively,

x € {ncg,cr,ncr} for case x in the monopoly setting.

w7 and 77, the supplier’s and retailer’s profits, respectively,

x € {ncg,cr,ncr} for case z in the monopoly setting.

the wholesale and retail prices in the ith supply chain,
respectively, when cases  and y occur in the first and second
supply chains, respectively, in the duopoly setting.

.,y Ty .
w;” and p;>7, 1 =1,2
and z,y € {ncg,cr,ncr}

the supplier’s and retailer’s profits in the ith supply chain,
respectively, when cases  and y occur in the first and second
supply chains, respectively, in the duopoly setting.

Table 1: List of major notations.

T x .
7 and 7Y, i =1,2

z,y € {ncg,cr,ncr}

One may note that in Table 1, we do not consider the supplier’s and retailer’s strategies (NCg, Cr)
in both the monopoly and duopoly settings. The main reason is that, according to our subsequent
game analyses, if the supplier uses his non-cooperative strategy NC'g, then the retailer’s best response
is always her non-cooperative strategy NCg. This finding indicates that (NCg,Cg) cannot be an

equilibrium result.

2.1 The Individually-Optimal Retail Pricing Decision

The supplier and the retailer first negotiate the wholesale price, and the retailer then determines the
optimal retail price to maximize her individual profit. For the negotiated wholesale price, we compute
the generalized Nash bargaining (GNB) solution (Nash 1953, Roth 1979), which is a common solution
concept characterizing the negotiation result for two players who may have different bargaining powers.
For the applications of the GNB solution in supply chain management, see the publications by, e.g.,
Nagarajan and Bassok (2008), Huang et al. (2013), Chan, Leng, and Liang (2014), and Huang et al.
(2014).
To find the GNB solution, we need to solve the following maximization problem: max, (7

do)Mm, —d)" ™, where A € [0,1] and 1 — X denote the supplier’s and the retailer’s relative bargaining



powers, respectively. For interpretations of the bargaining powers in the GNB solution, see, for
example, Binmore, Osborne, and Rubinstein’s discussion (1992). In the GNB model, (ds,d,) is the
disagreement point; that is, ds > 0 and d, > 0 denote the supplier’s and the retailer’s payoffs,
respectively, when they cannot reach any agreement and thus make no transaction. We first maximize
the retailer’s profit 7, for any given wholesale price w to find the retailer’s optimal retail price p"“E
(which is dependent on w). Then, we substitute p™“F into 7, and 74 to find the GNB solution w™°E.

» and “ncp.”

Accordingly, for all solutions and resulting profits, we add the superscripts “cg’

To visually show the results when the supplier uses strategy Cs and the retailer uses strategy
NCp, we plot Figure 1 in which the bargaining set of the supplier and the retailer is area (1). For
details regarding the result, see Theorem 7 in online Appendix B.2, which indicates that, under
strategy NC'g, if the supplier and the retailer can reach an agreement, then a firm’s stronger relative
bargaining power or larger disagreement point can lead the firm to achieve a higher profit. In addition,
the supply chain-wide profit is decreasing in A, which means that a sufficiently powerful retailer can
help realize supply chain coordination whereas a sufficiently powerful supplier may increase the effect

of double marginalization. We also find that the wholesale-pricing agreement can be achieved if and

only if (d,,ds) is in areas (1) and (2) of Figure 1.

T[S
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Figure 1: The bargaining set of (7, 7s).

2.2 The Negotiated Retail Pricing Decision

The supplier and the retailer bargain over both the wholesale price and retail price. The negotiated
prices can be obtained by solving maxy, ,(7s — ds)j‘(m — dT)lfj‘, where A € [0,1] and 1 — \ represent
the supplier’s and the retailer’s relative bargaining powers when the retailer adopts strategy Cg,
respectively. One may note that, for the retailer’s Cr and NCp strategies, we use different notations

for the two firms’ relative bargaining powers, which reflects the fact that the firms may be in different



positions for these two cases. For generality, we do not assume that A is larger or smaller than A but
allow any possible relation between A and A.

Different from the retailer’s strategy NCp, the supply chain with the retailer’s strategy Cr can
be coordinated such that the negotiated solutions are identical to the globally-optimal solutions max-
imizing the system-wide profit; see Theorem 6 in online Appendix B.1. This occurs mainly because,
when the retailer and the supplier bargain over both the wholesale and retail pricing decisions, they
can jointly determine a globally optimal retail price to maximize the system-wide profit, and choose a
wholesale price to split the total profit between the two firms. Therefore, the retail price is indepen-
dent of the relative bargaining powers. Recall from Theorem 7 (in online Appendix B.2) that areas
(1) and (2) in Figure 1 belong to the triangle {(m,7s)|m, > 0,75 > 0,7, + 75 < II*(¢)}. Thus, the
supply chain is more likely to reach an agreement under the retailer’s strategy Cr than that under

the retailer’s strategy NCg.

2.3 The Retailer’s Optimal Retail Pricing Strategy

Using Theorems 6 and 7 (which are in online Appendices B.1 and B.2, respectively), we find that,
when (d,, ds) is outside areas (1) and (2) in Figure 1, the supplier and the retailer cannot reach any
agreement under the retailer’s strategy NCgr but may willing to finish their transaction under the
retailer’s strategy C'r. Thus, the retailer should adopt strategy C'r and the supplier also benefits from
the retailer’s strategy Cr. When (d,,ds) stays inside areas (1) and (2) so that the two firms can
reach an agreement under strategies Cr and NCg, the retailer prefers strategy Cg to strategy NCRg,

if 7ér > 7R e,

< TR —d < TR —d
1-A> L d A<, =1- L T 1
=T (c)—dr—dy 00 = T () — dy — d, W)

That is, the retailer prefers strategy Cpg, if her relative bargaining power 1 — X exceeds a threshold.

The supplier benefits from the retailer’s strategy Cr, if 758 > nl°R = g(7]'°R), i.e.,

A >N = (g (a™R) —dy)/(IT* (¢) — d, — ds). (2)

r

Since A\, — Ay = 1 — (7B + g(7)°R) — ds — d,)/(II*(¢) — d — ds) > 0, the retailer’s strategy Cr
can result in the Pareto improvement, if A € [A;, A,]. This means that the retailer’s strategy Cr can

benefit both firms, if the supplier’s relative bargaining power under the retailer’s strategy Cp takes a



proper value in [A;, A,]. The supplier’s power outside the range cannot induce both firms to prefer the

retailer’s strategy Cg.

Theorem 1 We find that \; < X\, O\, /OX > 0, ON/OX > 0, O (Ay — N;) JON > 0, and ON/0ds < 0.
The range of interval [N, \y] is increasing in \, which means that the retailer’s cooperative strategy
1s more likely to result in the Pareto improvement when the supplier has a larger relative bargaining

power under the retailer’s non-cooperative strategy.

The supplier prefers the retailer’s strategy Cg, if A > )\;. Hence, the supplier’s larger disagreement
point (i.e., a larger value of ds) and/or the supplier’s lower relative bargaining power under the retailer’s
strategy NCg (i.e., a smaller value of \) makes the supplier more likely to benefit from the retailer’s
strategy Crg.

Since the supplier benefits from the retailer’s strategy Cgr if A; < A, we find that the supplier
always prefers the retailer’s strategy Cpr to her strategy NCRp, if the retailer’s pricing strategy has a
sufficiently small impact on the two firms’ relative bargaining powers (i.e., the difference between A
and ) is sufficiently small). However, the condition A < ), does not always hold; thus, the retailer

may not always prefer to adopt strategy Cr under the condition.

Theorem 2 When (d,,ds) belongs to areas (1) and (2) in Figure 1, there exists a di > 0 (which is
dependent on A and dg) such that X < X\, if d, > dy.

When A € [\, Ay], we learn that if the value of A does not significantly differ from the value of \,
then the retailer prefers to use strategy Cr and the supplier also benefits from such strategy. Thus,
as Theorem 2 shows, when the retailer’s pricing strategy has a sufficiently small impact on the two
firms’ relative bargaining powers, both the retailer and the supplier are more likely to negotiate the

retail price if the retailer has a larger disagreement point in the negotiation.

Remark 1 According to our discussions, we draw the following conclusions about the supplier’s and
the retailer’s incentives to negotiate the retail price. First, the two firms prefer the retailer’s strategy
Cpr when the supplier’s relative bargaining power under strategy C'r takes a proper value in a certain
range. Secondly, the two firms are more likely to negotiate the retail price when the supplier’s relative
bargaining power under strategy NCp is larger. Third, the two firms’ willingness to negotiate the
retail price increases with the retailer’s disagreement point, if their relative bargaining powers are

independent of the retailer’s pricing strategy.



The results above indicate that the supplier and the retailer do not expect the retailer to stick to
either strategy CR or strategy NCg. This may help explain why, in practice, commercial negotiations
between suppliers and retailers necessarily include a discussion of wholesale prices but may or may

not involve a discussion of retail prices (Ertel 1999 and Bennett 2014). <

2.4 The Supplier’s Optimal Wholesale Pricing Strategy

In reality, the wholesale price negotiation is common. Nonetheless, we cannot conclude that the
supplier always prefers to adopt the negotiation process for his wholesale price. Accordingly, in this
section, we allows the supplier to choose between his non-cooperative and cooperative strategies.
When the supplier chooses to negotiate the wholesale price, the retailer needs to make her retail
pricing strategy (i.e., Cg vs. NCR). In Section 2.3, we have investigated the retailer’s optimal retail
pricing strategy when the wholesale price is negotiated. Next, we analyze another case in which
the supplier determines his wholesale price individually. For this case, after observing the optimal
wholesale price set by the supplier, the retailer also needs to make her retail pricing strategy (i.e.,
the choice between strategies Cr and NCFg). Similar to our previous discussion, if the retailer uses
strategy Cg, then the relative bargaining powers of the supplier and the retailer are Aand 1 — 5\,

respectively, where A may differ from A and .

Theorem 3 In Stackelberg equilibrium, the supplier’s and the retailer’s pricing strategies are obtained
below.
(i) If
IT* (¢) /2 > ds and IT* (¢) /4 > d,, (3)

and
IT* (¢) /2 — ds

e |0,
I1* (¢) — (dr + ds)

U, 1], (4)

then the supplier’s optimal choice is NCg, to which the retailer’s best response is NCp.

(ii) If the condition in (3) does not hold and X < M\, then the supplier’s optimal choice is Cyg, to
which the retailer’s best response is Cp.

(iii) If the condition in (3) does not hold and X > M, then the supplier’s optimal choice is Cyg, to
which the retailer’s best response is NCR.

(iv) If the condition in (8) holds but the condition in (4) does not hold, then the supplier’s optimal

choice is Cg, to which the retailer’s best response is CR.

10



Theorem 3 exposes that there are only three possibilities. The first possibility is that the supplier
determines his wholesale price individually and the retailer responds by finding her retail price individ-
ually. In the second possibility, the supplier negotiates his wholesale price, and the retailer determines
her retail price individually. In the third possibility, the supplier negotiates his wholesale price, and
the retailer negotiates her retail price. We find that strategy (NCg,Cg) cannot be a Stackelberg
equilibrium. That is, if the supplier and the retailer decide to negotiate, then they always bargain
over the wholesale price. This explains why the wholesale price negotiation is strictly necessary to the
communications between supply chain members in practice (see, e.g., Bennett 2014). Using Theorem
3 we can also find the conditions under which, in Stackelberg equilibrium, the supplier prefers to adopt

strategy C'g or NCyg.

Proposition 1 When the condition in (3) holds, we find that if

se [T ©/2-d mm{A 30 (¢) /4 — di H )

IT* (¢) — (dr + ds)’ YT (¢) — (dy + ds)
then both the supplier and the retailer prefer strategy Cs to NCsg; otherwise, if X > A, and X is
sufficiently large, then both firms prefer NCg to Cg.

If the right-hand side of the condition in (4) is the whole interval [0, 1] (i.e., Ay < (II*(c)/2 —
ds)/[IT*(¢) — (dy 4+ ds)]), then the supplier should always choose his non-cooperative strategy when he

and the retailer are willing to complete their transaction in the supply chain.

Proposition 2 If d; < g(IT* (¢) /2) and X is sufficiently small, then \, < (IT*(c)/2 — ds)/[IT*(c) —
(dr + ds)]. That is, if the supplier’s disagreement point and bargaining power under the retailer’s
non-cooperative strategy NCg are both sufficiently small, then the supplier should always choose his

non-cooperative strategy NCyg.

This result occurs mainly because the supplier’s small bargaining power and small disagreement
point in his negotiation usually result in a small allocation of the system-wide profit to the supplier,
who thus prefers to choose strategy NCg. In the end, we analyze the supply chain with a demand
function in general form to examine whether our major results obtained using the linear demand

function are robust or not.

Proposition 3 If we use the general demand function D(p) that is a non-negative and decreasing

function (i.e., D(p) > 0 and D'(p) < 0) with D(T) = 0 where T is the maximum retail price, then the

11



results in Theorems 1, 2, 3, 6 (in online Appendix B.1), and 7 (in online Appendiz B.2) hold. That

18, our results could be robust, as they are not sensitive to the linear demand assumption.

3 The Strategic Pricing Decisions in Two Supply Chains

We analyze two competing supply chains each consisting of a supplier and a retailer, with an aim to
explore the wholesale and retail pricing strategies in the presence of the competition between supply
chains. The suppliers in the two supply chains, denoted by S; (i = 1,2), make substitutable products
at unit acquisition cost ¢, and sell their products to the retailers, denoted by R;, at wholesale prices
w;. The retailers then compete for customers in a market at retail prices p;. For ease of exposition, we
consider the linear demand functions for retailers R; and Ry as Di(p1;p2) = A—bp1 +a (p2 — p1) and
Dy(p2;p1) = A — bpa + a(p1 — p2), respectively, where o > 0 characterizes the substitutability of the
two products (measuring the competition between the two retailers). Note that, if firms S5_; (i = 1,2)
and Rs_; cannot reach an agreement, the demand faced by R; is D;(p;;0) = A —bp; + a (0 —p;) =
A — (b+ a)p;. To ensure D;(p;;0) > 0, we reasonably assume that A > ¢(b + a). We start by
computing the maximum total profit of the two supply chains, which serves as a benchmark for our
subsequent analyses. The total profit is II(c) = (p1 — ¢)(A — bp1) + (p2 — ¢)(A — bps) — a(p1 — p2)?,
which is maximized when p; = pa = (A/b+ ¢)/2. We can then find the maximum total profit as
IT*(c) = (A — ¢cb)?/(2b) = 2IT* (¢).

In each supply chain, we first consider the case that wholesale price w; (i = 1,2) results from the
negotiation between the supplier and the retailer. It should be noted that, if A = b+ «a = 1 and
¢ = 0, then our demand functions are exactly the same as in Baron, Berman, and Wu (2016) as well
as McGuire and Staelin (1983). Then, we investigate the supplier’s optimal wholesale pricing strategy,

similar to Section 2.4.

3.1 The Retailers’ Optimal Retail Pricing Strategies in the Duopoly Setting

Similar to our analysis for a single supply chain in Section 2, we consider both strategy NCp and
strategy Cpr for each retailer. In strategy INCp, supplier S; and retailer R; have their relative bar-
gaining powers A (0 < A < 1) and 1 — )\, respectively; and, in strategy Cp, the two firms hold relative
bargaining powers A (0 < A < 1) and 1 — . For both cases, the disagreement payoffs of the retailers
and the suppliers in both supply chains are d, and d;, respectively.

Next, we begin by investigating the following scenario: the two suppliers adopt strategy C'g, and the
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two retailers decide on their pricing strategies (i.e., the choice between Cr and NCFg) concurrently.
Then, under the strategies, the retailers and the suppliers make their wholesale and retail pricing
decisions. We specify the timing of pricing decisions for the following three cases, which correspond
to three possible combinations of the two retailers’ pricing strategies.

1. If each retailer chooses strategy Cpg, then the firms in the two supply chains conduct the
wholesale- and retail-price negotiations “simultaneously” (with no communication). For this
case, we solve the GNB model for each supply chain to find its negotiated wholesale and retail
prices as a response to any given wholesale and retail prices in the other supply chain. Then, us-
ing the best-response GNB results, we compute the negotiated pricing decisions for each supply
chain.

2. If retailer R; (i = 1,2) chooses strategy Cr whereas retailer R; (j = 3 — ¢) chooses strategy

NCR, then the two supply chains make their pricing decisions in the following sequence: First,
firms S; and R; negotiate wholesale price w;. Secondly, observing negotiated wholesale price
wj, retailer R; determines an optimal retail price p; to maximize her individual profit. In supply
chain 4, supplier S; and retailer R; negotiate their wholesale and retail prices (wj, p;). As there is
no communication between the two supply chains, retailer R;’s individual pricing decision and
the pricing negotiations in supply chain ¢ take place “simultaneously.”
We follow the backward induction process to find the pricing decisions. First, for a given value
of wholesale price w;, we obtain retail price p; and the negotiated results (w;,p;) in Nash equi-
librium, by, for a prior observed w;, computing firm R;’s optimal retail price in response to
(ws, pi) as well as the best negotiation results (wj,p;) in response to p;. As a consequence, p;
and (w;,p;) are functions of w;. Then, substituting the w;-dependent results of p; and (w;, p;)
into the GNB model for S; and R;, we find the negotiated result of wholesale price w;.

3. If each retailer chooses strategy NCp, then the firms in the two supply chains negotiate their
wholesale prices “simultaneously;” and, after observing the negotiated wholesale prices, the two
retailers determine their individually optimal retail prices “simultaneously.”

When both retailers adopt strategy Cr, we present the resulting prices in Theorem 8 in online
Appendix B.3. We compute all firms’ profits as m % = 770" = d, + (1 — M) {(b+ a)[(4A — be)/(2b +
@) —d, — ds} and 7P = 7R = dg + M(b + a)[(A — be)/(2b + a))? — d — ds}. The total
(system-wide) profit of the two supply chains is Il ., = 2(b+ a)[(A —be)/(2b+ «)]?, which is smaller

than the maximum total profit IT* (¢). That is, the prices in Theorem 8 cannot result in the maximum
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total profit of the supply chains. Moreover, the total profit II is decreasing in . That is, the

CR,CR
competition between the two supply chains makes the total profit lower. We also find that the profit
loss compared with the coordinated system is 1 — Il .., /II* (¢) = [o/(cv + 2b)]?, which implies that
the two supply chains can be coordinated if there is no competition between them (i.e., « = 0).
When both retailers adopt strategy NCp, the supplier and the retailer in each supply chain can
reach an agreement if (d,, ds) is in areas (1) and (2) of Figure 2. For the results, see Theorem 9 in online

NCR,NCR

Appendix B.4. We compute the retailers’ and the suppliers’ profits in both supply chains as 7y, =

s -0 ) A—bc 2(b+a)?—a? 2
i Ua (2b+a.2b2+3ab+(2(b+a)2—a2))

NCR,NCR

g/ ()
(2)
(1)
0 A—bc\’'m
i
0+(Z7e)

Figure 2: The bargaining set when both retailers choose the non-cooperative strategy.

Ty BR = (b + a)[(A — bid) /(2b + a)]? and 7g, PR = 1 PR = () — ¢) (b+ a)[(A — b)) /(2b + ).

The total profit of the two supply chains is

A-bw\ [A+(b+a)w A-bw\ [A+ (b+a)w
_ < _
2(b+a)<2b—l—a)< 2 + a c) = %%?2(b+a)<2b+a>( 2 + a ¢

—bc)?
= (A%b)zm*(c).

Hence, the two supply chains can be coordinated when both retailers use strategy NCpr and the

negotiated wholesale prices in the two chains are w = [aA + (20 + «)bc]/[2b(b + «)]. Moreover,
when the two supply chains can be coordinated, the retailers’ and suppliers’ profits are my, =% =
Ty TR = (A—be)? /[4(b+a)] and mg, PR = 1o PR = o(A—be)? /[4b(b+ )], respectively. Thereby,
if d, < (A—bc)?/[4(b+ )], ds < a(A—bc)?/[4b(b+ )], and X is properly chosen, then the two supply
chains can be coordinated when both retailers adopt strategy NCp. This result differs from that in the
monopoly setting in which only the retailer’s strategy Cr can coordinate the supply chain. The main
reason is that, in the duopoly setting, coordinating a single chain under the retailer’s strategy Cr may

intensify the competition between two supply chains and thus reduce the total profit of each supply

chain. One can note that there are two different coordination scenarios. One is the coordination of
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a single supply chain, in which the two firms make integrated pricing decisions (corresponding to the
retailer’s strategy Cgr). The other is the coordination of the two supply chains, whose total profit
reaches its maximum.

When one retailer adopts strategy Cr whereas the other one chooses strategy NCp, both supply
chains can reach agreements if (d,,ds) is in areas (1) and (2) of Figure 3. If (d,,ds) is in area (3) of
Figure 3, only the supply chain with its retailer’s strategy C'r can reach an agreement. Our results are
presented in Theorem 10 (which is given in online Appendix B.6). We can observe that the supply
chain with its retailer’s strategy Cp is more likely to reach an agreement than the supply chain with
its retailer’s strategy INCg. This happens mainly because strategy Cr allows the supplier and the
retailer to choose a retail price but results in a higher competition between the two supply chains. For
this case, the wholesale price plays a role in allocating the supply chain profit between the supplier
and the retailer, who may thus possibly choose an appropriate wholesale price such that both of them
can gain more than their disagreement points.

nS

(A—(b+a))? 5
S A-b

4b + 4a . nr:(“a)( c)

(1)

A- bC)2 Lo

(b+a)(2b+a

Figure 3: One retailer uses the cooperative strategy whereas the other uses the non-cooperative strategy.

Prior to further discussions, we summarize our results in Theorems 8 (in online Appendix B.3), 9

(in online Appendix B.4), and 10 (in online Appendix B.6) in Table 2.

Proposition 4 When the value of « is sufficiently large and it increases, the upper boundaries of
areas (1), (2), and (3) in Figure 3 move downward and the union of areas (1) and (2) in Figure 2
shrinks. That is, the supply chains competition can significantly reduce the likelihood for the firms in

both supply chains to reach agreements for any given pricing strategies of the retailers.

Next, we consider the Nash equilibrium for the retailers when they choose their pricing strategies
simultaneously. Since the 2 x 2 Nash game of the two retailers is symmetric, the pure Nash equilibrium

always exists for any given parameters. When (d,, ds) is in area (3) of Figure 4, (Cg, CR) is the unique
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pure Nash equilibrium of the retailers. When (d, ds) is in area (2) of Figure 4, there are two possible
pure Nash equilibria of the retailers: (Cgr,Cr) and (NCg, NCr). If (d,, ds) falls in area (1) of Figure 4,
then all of four pure strategy combinations (i.e., (Cr,Cr), (Cr, NCRr), (NCgr,CRr), and (NCg, NCR))
are possible pure Nash equilibria. If (d,,ds) belongs to area (5) of Figure 4, then there are three
possible pure Nash equilibria of the retailers, which are (NCg,Cgr), (Cr, NCRr), and (NCg, NCR).
When (d,,ds) is in area (4) of Figure 4, (NCr, NCR) is the unique pure Nash equilibrium.

¢ WO 2(b+ @)’ — o :
(b+a) (;b_ bc) \nr - “\2b+a 2b2 +3ab + (2(b + a)? — a?)
+a N
\\
~
“srr,= (b +a)
\\
\\
(3)
gncR,ncR (n,r)
________ @ _____
(1)
0 2
gRMR(TT,) (b+a) (A - bc) m,

2b+«

Figure 4: The pure Nash equilibria for the two retailers.

In Figure 4, there are two important points Vi and V5. Since

A—be \? A—be \? A—bc\?
CR,NCR <
(b+a)<4b+4a) tg ((b+a)<4b+4a) >_(b+a)<2b+a> ’

point V; is always in the triangle formed by unifying areas (1), (2), and (3) in Figure 4; and point

V5 can stay either in or outside the triangle, which depends on the value of the parameters. In
addition, the slopes of g¢®"R and ¢g"R"R at 7w, = (b+ a) ((A — be) / (2b+ a))? is smaller than —1,
and g"°R"R(7r,) > g°R"CR(rr,), which implies that areas (4) and (5) in Figure 4 are never empty.
That is, the coordination of each supply chain can lead both supply chains to dissolve, whereas,
under no coordination in any supply chain, the firms in each supply chain may reach an agreement,
if the supplier’s disagreement is sufficiently small and the retailer’s disagreement is sufficiently high.

Moreover, we find that, if the value of « is sufficiently high, then the supplier’s profit at point V5 is

17



greater than (b+ a) (A —be) / (2b+ a))?, ie.,

A— 202 + 4 2\? A—bc\?
gncR,ncR <(b+a)< be b + Oéb+06 ) ) 2(b—|—a)< bc) ,

i+ 40 A2 1 Tab+ o2 % +

which exposes that area (3) in Figure 4 disappears. This result indicates that when the competition
between two supply chains is higher, the retailers are more likely to choose strategy NCpg (which
cannot result in the coordination of each supply chain) rather than strategy Cr (which can achieve
the coordination of each supply chain). That is, a sufficiently high competition between supply chains
is less likely to induce the coordination of each supply chain. Our result coincides with a result obtained
by McGuire and Staelin (1983).

Our previous analyses show that the supply chain competition can lower the total profits in both
supply chains, when the retailers do not change their pricing strategies. However, when the supply
chain competition is higher, the upper boundaries of areas (1), (2), and (3) in Figure 4 move downward.
Thus, if (d,,ds) is initially in area (1) and both retailers use strategy Cg, then, as the value of «
increases, (d,,ds) may move into area (4) or (5). That is, the retailers may change their strategy Cr
(which dissolves both supply chains) to strategy NCpr (which can enable transactions). Moreover,
the profits in both supply chains may increase due to the change in the value of a. Therefore, the
supply chain competition may not always hurt the supply chains, since a sufficiently high competition
may force the retailers to use strategy NCp (which does not intensify the competition) and may thus
benefit both supply chains.

We can also note that pure Nash equilibrium (Cr, NCR) exists, if all firms’ outside opportuni-
ties have a sufficiently low value such that (d,,ds) is in area (1) of Figure 4, and the suppliers have
moderate bargaining powers in their negotiations with the retailers such that A" < XA < \JR"R

(for the expression of A{F°R and A"

, see Theorem 12). When a retailer uses strategy Cr, the
corresponding supply chain decides a centralized retail price decision that maximizes the total chain
profit, and uses the wholesale price to allocate the supply chain profit between the retailer and the
supplier. When a retailer uses strategy NCp, the corresponding supply chain makes a decentralized
retail price decision. Hence, as our result shows, it is possible that one supply chain uses the coor-
dinated retail pricing decision, whereas the other supply chain uses the decentralized retail pricing
decision. This result differs from a result found by McGuire and Staelin (1983) that there is no Nash
equilibrium when a supply chain uses the centralized strategy whereas the other uses the decentralized

strategy. The main reason for the difference is that we allow wholesale price negotiations between the
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suppliers and the retailers, whereas McGuire and Staelin (1983) assumed that the wholesale price is

only determined by the supplier when a decentralized retail pricing strategy is used.

Theorem 4 If (d,,ds) is in area (1) of Figure 4 and both retailers use strategy Cr, then the suppliers

can benefit from strategy Cr, if

5\ - )\CR,CR _ gcR,ncR (ﬂ_gg,TLCR) _ ds '

=l (b+ a)[(A—bc)/(2b+ )] — d, — ds
Moreover, we find that XF°R > NR X > \R GXRCR [GN > 0, O\ JOX > 0, O /9ds <0,
and O (XJR°R — NF°R) JOX > 0. The range of [N\® %, XiR°R] is increasing in X. This means that the
retailers’ cooperative strategies are more likely to result in the Pareto improvement when the suppliers

have larger relative bargaining powers under the retailers’ non-cooperative strategy.

Theorem 4 indicates that there may be a Nash equilibrium when the coordinated retail pricing
decisions are chosen in both supply chains. This differs from the result obtained by Baron, Berman,
and Wu (2016) who found that no Nash equilibrium exists when both supply chains use the coordinated
pricing strategies. The main reason is that we consider a binary decision space for each retailer (i.e., Cr
or NCpg, given any relevant bargaining powers), whereas Baron, Berman, and Wu (2016) investigated
the supply chains’ decisions on the relative bargaining powers. Comparing it with Theorem 1, we reveal
that the supply chain competition does not change the impacts of A on the retailers’ pricing strategies.
That is, the two retailers’ Cr strategies are more likely to result in the Pareto improvement, if the
suppliers have larger relative bargaining powers under the retailers’ strategy NCgr. We also expose
that a supplier’s larger disagreement point (i.e., a larger value of ds) makes the supplier more likely to
benefit from his retailer’s strategy Cr. Whether X is in the interval [X\;“®, X®°R] or not is dependent

on the relation between A and A,

Theorem 5 When (d,,ds) is in area (1) of Figure 4, there exists a dy"™°" > 0 (which depends on A

and ds) such that X < XSR°Rif d,. > dy°R.

The result in Theorem 5 is similar to that in Theorem 2. Moreover, using Theorems 4 and 5, we

find that the results in Remark 1 hold when two supply chains compete.
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3.2 The Suppliers’ Optimal Wholesale Pricing Strategies in the Duopoly Setting

Similar to Section 3.1, we consider the following three different situations for the strategic pricing
decisions. First, both suppliers choose strategy Cg (i.e., (Cg,Cg)), which has been discussed in
Section 3.1. Secondly, both suppliers choose strategy NCg (i.e., (NCs, NCg)). Thirdly, one supplier
S; (i = 1,2) chooses strategy NCg whereas the other supplier S3_; chooses strategy Cys (i.e., (NCs, Cs)
or (Cg,NCg)). Similar to our analysis for the monopoly setting, regardless of whether a supplier
chooses strategy NCg or Cg, the corresponding retailer should adopt her strategy Cr or NCg. If the
supplier chooses strategy Cg, then the corresponding retailer chooses strategy C'r or NCpr before the
wholesale price is negotiated. Otherwise, if the supplier chooses strategy NCg, then the corresponding
retailer adopts strategy Cr or NCg after observing the supplier’s wholesale price. The supplier’s and
the retailer’s relative bargaining powers are Nand 1— A, if the supplier and the retailer adopt strategies
NCg and CRp, respectively. Below is a description of the decision sequence.

If strategy (NCgs, NCyg) is adopted, then in the first stage, both suppliers determine their individually-
global wholesale prices concurrently. In the second stage, both retailers choose strategy Cr or NCRp,
and the retail prices are determined concurrently (with each price set by either the corresponding re-
tailer herself or the negotiation between the corresponding supplier and retailer). If strategy (NCg, Cs)
is chosen, then in the first stage, retailer Ry determines her retail pricing strategy (Cr or NCr). When
retailer Ry uses strategy NCpg, in the second stage supplier S determines wholesale price w; individ-
ually but supplier Ss and retailer Rs negotiate wholesale price we. We can obtain the results of w;
and wg in Nash equilibrium. In the third stage, retailer Ry determines her retail pricing strategy (Cr
or NCpg) and retail price p; is set, while retailer Ry determines her retail price individually. When
retailer Ry uses strategy Cg, in the second stage 57 determines w; individually, and in the third stage
R; determines her retail pricing strategy (Cr or NCg) and retail price p; is set, while Sy and Ry
negotiate (wg, p2). The above applies similarly for strategy (Cg, NCg).

The equilibrium results given the suppliers’ pricing strategies are presented in Theorem 11 in online
Appendix B.7. We can note the possibility of the result that a supply chain dissolves but the other
reaches an agreement, when one supplier uses strategy C's and the other supplier uses strategy NCg.
We do not include this result in Theorem 11 mainly because in this possibility, the supplier who breaks
up with the retailer has an incentive to change his wholesale pricing strategy and thus, this is not a
Nash equilibrium. We also learn from Theorem 11 that the pricing strategies in the two supply chains

may involve the negotiations for both the wholesale prices and the retail prices; that is, when the

20



wholesale prices are negotiated, the retailers may also decide to negotiate their retail prices. If any

one of the following two conditions does not hold:

m = (A—bc)? (b+ ) (262 + dab+ a2) (2b+ 3a) /[(2b + a) (462 + Tab + a2)?] > d,
Ny = (A —be)? (b+ a)(2b% + dab + o2)2/[(20 + «)? (4b% + Tab + o2)?] > d,.,

then, when the suppliers choose to negotiate the wholesale prices, the suppliers and the retailers may
reach an agreement. However, the suppliers’ strategy NCyg can induce all firms to leave the supply
chains with no agreement. The result differs from Baron, Berman, and Wu’s finding (2016) that
supply chain members can always reach an agreement when the suppliers use their non-cooperative
strategies. The difference occurs because Baron, Berman, and Wu (2016) assumed zero disagreement
points whereas we used general disagreement points for all players.

Prior to turning into numerical simulations, we briefly summarize the equilibrium of the multi-stage
game in the duopoly case. For each supply chain, there are three possible equilibria (i.e., (Cg,CRr),
(Cs,NCRr), and (NCg,NCR)) of the supplier’s and the retailer’s pricing strategies. This coincides
with our results for the monopoly case. For the suppliers, the asymmetric Nash equilibrium (Cs, NCys)
(or (NCg,Cs)) may appear.

Next, we perform numerical study to discuss the suppliers’” wholesale pricing strategies in Nash
equilibrium as well as the retailers’ best responses. Similar to McGuire and Staelin (1983), we let
A=b=1and ¢ =0. Since Theorem 12 (in online Appendix B.8) indicates the analytic impact of
A and (d,, ds), we mainly focus on the numerical study with o and A. For many different values of
and (d,,ds), the results regarding the impact of & and A are robust. Hence, we plot Figure 5 to show
our results when A = 0.6 and (d,,ds) = (0.01,0.05). Figure 5 exposes that when the competition is
higher as the value of « increases from 0 to 2, the retailer who uses strategy C'r changes his strategy
to strategy NCg. Moreover, when each supplier’s relative bargaining power in the NCgr case increases
from 0 to 1, the retailers change their strategy NCg to strategy Cg.

Then, we consider the suppliers’ wholesale pricing strategies in Nash equilibrium. When both sup-
pliers chose to negotiate their wholesale prices, the retailers may have multiple pure Nash equilibria.
As Theorem 12 (in online Appendix B.8) indicates, when multiple Nash equilibria for the retailers ap-
pear, there are only two situations: first, the two pure Nash equilibria are (Cr, Cr) and (NCgr, NCR).
For this case, we choose the pure Nash equilibrium that generates higher profits for the retailers.

Secondly, the two pure Nash equilibria are (NCg,Cr) and (Cr, NCg). Because of the symmetry, we,
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Figure 5: The impact of & and A on the retail pricing strategies in Nash equilibrium when A = 0.6, (d,., ds) =
(0.01,0.05), and both suppliers choose to negotiate their wholesale prices. Note that, in this figure, the red star

symbol “*”, the green solid circle“e”, and the black empty circle “o” represent the retailers’ pricing strategies

(NCg,NCRg), (Cg,CRr), and (Cr, NCg) or (NCg, CRr), respectively.

w.l.o.g., choose pure Nash equilibrium (Cr, NCg). We begin by showing the suppliers’ strategies in
Nash equilibrium for different values of a and A. Since our results are basically robust with respect to
(d,,ds) but are somewhat dependent on A, we provide Figure 6 in which each figure corresponds to a
specific value of \.

When the value of X is sufficiently small (e.g., A < 0.2), the suppliers have only one pure Nash
equilibrium (NCg, NCs) for all A € (0,1) and « € (0,2). The reason is that when the value of X is low,
the retailers have a strong bargaining power under their strategy Cg, and they should prefer to use
strategy Cr. This makes the suppliers’ profits slightly above their disagreement points. As a result,
the suppliers prefer to determine the wholesale price individually for higher profits. As the value of
A increases, there are two pure Nash equilibria (C, NCg) and (NCg, Cs). In this case, the retailers
still prefer strategy C'r, and the suppliers need to compare their profits under strategies NCg and Cg.
However, if both suppliers choose to negotiate their wholesale prices with the retailers, then the two
supply chains have a high competition, which reduces the suppliers’ profits dramatically. Hence, only
one supplier changes to negotiate his wholesale price whereas the other one still stays with strategy
NCg. That is, only the supplier who negotiates his wholesale price can enjoy the profit increment
made by an increase of his bargaining power. When the value of ) is sufficiently large (e.g., A > 0.8),
the suppliers only have a unique pure Nash equilibrium (Cg, Cg) for all A € (0,1) and « € (0,2). This
occurs because the retailers prefer to adopt strategy NCpr when the value of X is sufficiently large.
Thereby, the suppliers cannot impact the retailers’ pricing decisions via the negotiation, which implies

that the suppliers may prefer to determine their optimal wholesale price individually.
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d. = 0.01, and ds; = 0.05; (b) A = 0.6, d, = 0.01, and ds = 0.05; (¢) A = 0.7, d, = 0.01, and ds = 0.05.
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Note that, in this figure, the red star symbol “*”, the green solid circle “eo”, the black empty circle “o”, the
yellow solid triangle “«4”, and the blue empty triangle “<1” represent the wholesale pricing strategies (Cg, Cs),
(NCS, NCS), (Cs, Cs)/(NCS, NCS), (Cs, NCS), and (Cs, NCS)/(NCs, Cs), respectively.

When the value of A is small, the retailers possess a high bargaining power under their strategy
NCp, which entices both retailers to choose NCp strategy but allocates a small part of the total profit
to the suppliers. Therefore, the suppliers prefer to choose strategy NCg. When the value of A is large,
since the values of A in all three figures in Figure 6 are greater than 0.5, the suppliers hold stronger
position in their wholesale price negotiations. Thus, when the competition between the supply chains
is not high, the suppliers should negotiate their wholesale prices and gain more profits from supply
chain integration. However, when the competition is highly intensive, supply chain integration may
lead to a “price war,” which may decrease the supply chain-wide profit and thus, it may be another
Nash equilibrium when both suppliers choose to determine their wholesale prices individually.

Next, we present the suppliers’ strategies in Nash equilibrium for different values of (d,, ds). Since
the values of A\ and )\ have a negligibly small impact on the results but the value of a influences the
suppliers’ pricing strategies. Accordingly, we plot Figure 7 to indicate the impacts of d, and ds for
two different values of .. In Figures 7(a) and (b), the blank areas means that both supply chains
dissolves due to all firms’ high disagreements. Compared with Figure 7(b) (in which the supply chain
competition is high ), we find that, in Figure 7(a) (in which the competition is low), the firms in both

supply chains are more likely to reach an agreement (i.e., the blank area is smaller) and (NCg, NCyg)
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is less likely to be an Nash equilibrium (i.e., the areas of the green solid and black empty circles). Our
result coincides with that found by McGuire and Staelin (1983) who exposed that for both suppliers,

strategy Clg is the only pure Nash equilibrium, when the supply chain competition is highly intensive.
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Figure 7: The impact of d, and d, on the wholesale pricing strategies in Nash equilibrium when (a) A = 0.6,

A =0.4, and o = 0.5; and (b) A = 0.6, A = 0.4, and o = 1.5. Note that, in this figure, the red star symbol “*”,

the green solid circle “e”, and the black empty circle “o” represent the wholesale pricing strategies (Cs,Cys),

(NCs,NCs), and (Cg,Cs)/(NCg, NCs), respectively.

In the monopoly supply chain system analyzed in Section 2, when the supplier’s strategy NCyg
does not dissolve the supply chain, we find that if the retailer prefers strategy NCg, then the supplier
should adopt strategy NCg. Nonetheless, this result does not hold in the presence of supply chain
competition. Specifically, we can learn from Figure 8 (which is extracted from Figure 7(b), focusing
on the results when d, € [0,0.07] and d; € [0.13,0.15]) that, in Nash equilibrium for some cases, when
the supply chains does not dissolve in case that the suppliers chooses strategy NCyg, both suppliers
use strategy C's whereas both retailers adopt strategy NCg. The main reason is that, if a supplier
changes to strategy NC's but the other supplier still holds strategy Cg, then the competitiveness of
the supply chain involving the supplier who changes his strategy decreases and the supplier is then
worse off. For the retailers, an area in Figure 7(b), which corresponds to area (2) in Figure 4, indicates

that (NCgr, NCR) be an equilibrium when A is sufficiently high.

4 Summary and Concluding Remarks

We investigate a strategic pricing problem in which a supplier can choose to determine his wholesale
price individually or negotiate it with the retailer, and a retailer also choose between determining the

retail price individually and negotiating the retail price with the supplier. We begin by analyzing a
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Figure 8: The impact of d, and d, on the wholesale pricing strategies in Nash equilibrium when A = 0.6, A = 0.4,

Wl ({9}

and « = 1.5. Note that, in this figure, the green solid circle “o” and the black empty circle “o” represent the
suppliers’ and retailers’ pricing strategies ((Cs,Cs), (Cr,Cr)) and ((Cs,Cs), (NCgr, NCR)), respectively.

single supply chain consisting of a supplier and a retailer. Comparing the two firms’ profits in different
price setting scenarios, we find that a proper power allocation between the supplier and the retailer
is required for negotiating both wholesale price and retail price to benefit the two firms. Moreover,
the two firms’ willingness to negotiate the retail price increases with the retailer’s disagreement point.
The results are consistent with the practice in which commercial negotiations between suppliers and
retailers may or may not involve a discussion of retail prices.

Although the wholesale pricing negotiations are common in reality, we find that, in the monopoly
supply chain, the supplier may not always prefer to negotiate the wholesale price. If the supplier’s
disagreement point is sufficiently small and his bargaining power in the wholesale price negotiation is
sufficiently small, then the supplier should always choose to determine the wholesale price individually.
In addition, the wholesale price negotiation is a necessary part of the communications between supply
chain members.

We perform our supply chain analysis with a demand function in general form, and find that our
results with a linear demand function in the monopoly setting are robust. In addition, to study the
impact of supply chain competition on the pricing strategies, we investigate the wholesale and retail
pricing strategies when two supply chains compete in a market. We show that, for the duopoly case
in which both suppliers choose to negotiate the wholesale prices, most of the insights drawn from the
analysis of a monopoly supply chain hold. However, a difference from the monopoly case is that in
the monopoly setting, wholesale price and retail price negotiations can always result in supply chain

coordination but only the wholesale price negotiation cannot achieve the coordination, whereas in the
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duopoly setting, the wholesale price and retail price negotiations cannot coordinate both supply chains
but only the wholesale price only negotiation can induce the coordination under certain conditions.
We also obtain a number of implications from our duopoly analyses, which cannot be drawn from
our monopoly analysis. The wholesale price and retail price negotiations in a supply chain can improve
the competitiveness of the supply chain by integrating the supplier and the retailer. As a consequence,
the firms who negotiate both the retail price and the wholesale price are more likely to reach an
agreement than those do not. However, the competition between the two supply chains may not
reduce the profits of both supply chains. When the supply chain competition increases, both the
suppliers and the retailers are less likely to negotiate both the retail price and the wholesale price.
In addition, if the supplier’s disagreement is small and the retailer’s disagreement is sufficiently high,
then the supply chain-wide profit when each supply chain is coordinated is lower than that when no

supply chain can be coordinated.
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Appendix A Proofs of Theorems and Propositions in the Main Pa-

per

Proof of Theorem 1. Using (11), we have

1—2A Ag' (mler) < A

_ T
mE —d. g (mR)—ds ~ g(miR) —ds

Thus,

A - I—A+A S 1
g(miR) —ds = " —d, + g (mR) —ds T II* (¢) — dp — ds
As a consequence, \; = (g(7)“R) — ds)/(II*(¢) — dr — ds) < A. According to Theorem 7 (in online
Appendix B.2), we find that 7% and 7]'°E 4 77°~R = 7'k + g(7]"°R) are both decreasing in A, which
means that both A\, and A\, — A; are increasing in A. Since (7]°R, g(7]'°R)) is on the Pareto frontier
of the concave curve {(z,g(z))|0 < x < IT*(c)}, we have 9(g(7'“R))/ON = ¢/ (7lR) x OnI“E/ON > 0,

which implies that \; is increasing in A. Since (1 — \)/¢/(7]'°R) < Onl'E /dds < 0,

oN d@%ﬂ%§-1+ g (mp°") — ds
ad I* (¢) —dr —ds  (II* (c) — dy — d;)°
g (mpr) — dy A

(II* (c) — dy — dy)? T (c) —dyr — d’
which is non-positive. This theorem is thus proved. =

Proof of Theorem 2. We note that the inequality A < A, is equivalent to the inequality d, + (1 —
A)(II*(¢) — dr — ds) — R > 0. Using Theorem 7 (in online Appendix B.2), we have

Oldr + (L= N (1" (¢) ~dy —dy) — ] _ | Ompen

Therefore, given the values of A and dg, if (1 —\)(IT*(¢) —ds) — 7R |4, —0 > 0, then X\ < A, and we can
set d; = 0. Otherwise, if (1 —\)(II*(¢) —ds) — R4, =0 < 0, then we can increase the value of d, until
(dr,ds) reaches the Pareto frontier of the concave curve {(z,g(z))|0 < z < IT*(¢)}. It follows that
(mer, m°R) = (d,, ds), which means that d, +(1—-X)(IT*(c) —d, —ds) =78 = (1-X)(II*(¢) —d, —ds) >

0. Therefore, there exists a d; > 0 such that d, + (1 — X\)(II*(¢) — d, — ds) — 7R = 0 when d, = d;.

This theorem is thus proved. m

Proof of Theorem 3. We begin by calculating the profits of both firms when the supplier chooses
strategy NCg. When the supplier determines a wholesale price w individually, the retailer sets a retail

price p to maximize 7, (w,p) = (p — w)(A — bp) if the retailer uses strategy NCpg, or the supplier and
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the retailer jointly determine a retail price p to maximize [(p—w)(A—bp)— dfr]lfx[(w —c)(A—"bp) —ds]j‘
if the retailer uses strategy Cr. It is easy to note that it is optimal for the retailer to always choose
strategy NCpr. As a result, the optimal retail price for the retailer is p"®s = (w + A/b)/2, and the
supplier’s profit is (w—c)(A—bp"“s) = (w—c)(A—wb)/2. Hence, the supplier’s optimal wholesale price
is w"°s = (c+ A/b)/2. We calculate the supplier’s and the retailer’s profits as 775 = (A — cb)?/(8b)
and 7S = (A — cb)?/(16b), respectively. It follows that both the supplier and the retailer should stay
in the supply chain if (A — ¢b)?/(8b) > ds and (A — cb)?/(16b) > d,.

Next, we find the necessary and sufficient condition under which the supplier prefers NCg—which
corresponds to part (i). It is easy to see that the condition in (3) is needed. When Cyg is used by the
supplier, we find from (1) that the retailer should use Cr (NCg) if A < Ay (A > Ay). Thus, if A > A,
the retailer should use NCp, and the supplier’s profit is 77¢%. It is easy to find that 77 = g(7]°s)
and g(x) reaches its maximum at x = 7]'°S. Therefore, 77 = g(7]'°s) > g(m}°R) = 7R, which
means that if A > \,, then NCg is always optimal for the supplier. If A < \,, the retailer should use
Cr, and the supplier’s profit is 7¢%. Therefore, NCg is optimal for the supplier if 77 > 7¢& (i.e.,
A < [(A—cb)?/(8b) —d]/[(A—cb)?/(4b) — (d, +ds)]). In summary, the supplier prefers strategy NCg
if and only if conditions in (3) and (4) hold. The retailer’s optimal response is NCp.

Finally, although the supplier prefers strategy Cg if any one of the conditions in (3) and (4) is
satisfied, the best response of the retailer may differ under different conditions. Specifically, if the
condition in (3) does not hold and A < A, which corresponds to part (ii), then the supplier uses
strategy C's and the retailer responds by using strategy Cg. If the condition in (3) does not hold and
A > \,~which corresponds to part (iii), then the supplier adopts strategy Cs and the retailer chooses
strategy NCg as a response. If the condition in (3) holds whereas the condition in (4) does not hold,

then the supplier uses strategy Cs and A < \,, and the retailer responds by choosing strategy Cr. =

Proof of Proposition 1. We first examine the condition under which both the supplier and the
retailer prefer C's. When the condition in (3) holds, according to Theorem 3, the supplier prefers Cg
if
I (c)/2 — d

H*(C) - (dr + ds)
Then, we discuss the retailer’s preference on the supplier’s pricing strategy. When (II*(c)/2 —
ds)/(IT*(c) — (d» 4+ ds)) < XA < Ay, the supplier prefers Cs. If the supplier uses NCg, then the
retailer chooses NCg and her profit is IT*(c)/4. If the supplier uses Cg, then the retailer adopts Cr
(since A < )\,) and obtains the profit 7¢% = d,. + (1 — M\)[II*(c) — (d, + ds)]. Therefore, the retailer
prefers Cg if 7¢% > I1*(c) /4, i.e.,

5\6 7)\u .

3o/ — d,
NS T = (d, + do)

In summary, when the condition in (3) holds, both the supplier and the retailer prefer Cyg if

: (6)

L[ M@2—d e/,
II*(c) — (dy + ds) " 1I*(c) — (dr +ds) |

Next, we examine the condition under which both the supplier and the retailer prefer NCs. When
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the condition in (3) holds, according to Theorem 3, the supplier prefers NCyg if

II*(c) /2 — ds
"II*(c) — (dy + ds)

Ae |0 U [Au, 1] (7)
For the retailer, we should consider two cases: A < A\, and A > \,.

1. Case A < \,. Similar to our above analysis for the condition under which both the supplier
and the retailer prefer C's, we learn that the retailer prefers NCg if the condition in (6) is not
satisfied. Noting that A > (3II*(c)/4 — ds)/(II*(c) — d,- — ds) and the condition in (7) cannot hold
simultaneously in this case, we conclude that both the supplier and the retailer cannot prefer
NCyg concurrently.

2. Case A > \,. Using similar arguments, we find that the retailer prefers NCyg if A is sufficiently
large such that 7“2 < II*(c)/4. Also using the conditions in (7), we find that both the supplier
and the retailer prefer NCg if A > A, and X is sufficiently large.

|

Proof of Proposition 2. Under the condition in (3), A\, < (IT*(¢)/2 — ds)/[IT*(¢) — (d, + ds)] is
equivalent to IT*(c) < 27m'°E. As the value of X increases from 0 to 1, the negotiation can lead the result
under the retailer’s non-cooperative strategy to stay along the Pareto frontier of curve g(z) from the
bottom (i.c., (28, g(x2%)) = (g=1(d, ), dy)) to the top (i.c., (w2R, g(xnen)) = (IT* (¢) /4,1T* (c) /2)).
Therefore, if ds < g(II* (¢) /2), the retailer’s profit m'°% at the bottom of the curve g(z) is larger
than or equal to IT* (¢) /2, i.e., Ay < (IT* (¢) /2 — dy)/[IT*(¢) — (d, + ds)]. As a result, if the supplier’s

NnCcR
T

point (g71(ds),ds), then II*(c) < 2a7°R, ie., A\, < (IT*(c)/2 — dg)/[IT*(c) — (dr + ds)]. =

bargaining power A is sufficiently small such that (7], g(7]"°®)) is sufficiently close to the bottom

Proof of Proposition 3.
The system-wide profit is II(p) = (p — ¢)D(p). The globally-optimal retail price p* (¢) satisfies
the first order condition D(p* (¢)) — ¢D'(p* (¢)) = 0, and the maximum system-wide profit is II* (¢) =

II(p* (c)). Next, we show some important results which are used to prove this proposition.

that, if d, < II*(c) and ds < ds = max{g(z)|d, < x < II*(c)}, where g (z) is a concave function on

When the retailer adopts the NCpg to determine her retail price individually, we find

domain [0,11*(c)| and represents the upper boundary of

BS = {6(II*(w1), (w1 — ¢)D(p*(w1))) + (1 — 0)(II*(w2),
(wa — ¢)D(p*(w2)))|c < wi,we <T,0 <6 <1},

(8)

then the supplier and the retailer can reach an agreement on their wholesale price negotiation. The
negotiated wholesale price W™k equals wi“® with probability §™" and wy“® with probability 1 — 6"™R.

In addition, (W ", wy?;6"F 1 — §"°R) satisfies

(ryem, g(mem)) = §"R(IT (] R), (W] = ) D(p" (w] "))
(1= 8 R (), (wh R — €)D" (wh™)
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where TR can be uniquely obtained by solving the equation (1—\)/(wl°R —d, )+ g (7“R) /(g(71R) —
ds) = 0. The optimal retail price is p"°R = p*(w™°R). The supplier’s and the retailer’s expected profits
are TR = g(7l'°R) and 7R, respectively. We also find that —(w]'“R —d,)/ (1 — X) < Onl“R/OX <0,
A > OnPeR [Od, > 0, and (1 — X) /¢ (7R) < OnlR/dds < 0. Moreover, the supply chain-wide profit
(i.e., TR 4+ g(m]'°R) ) is decreasing in A and dg but increasing in d,.

Proof of Result 1: For any given value of wholesale price w, the retailer maximizes m,(w,p) =

(p — w)D(p) to obtain his optimal retail price as p"“® = p*(w). Thus, the retailer’s and the sup-
plier’s profits are II*(w) and (w — ¢)D(p*(w)), respectively. Note that, when w changes from ¢ to T,
(IT*(w), (w — ¢)D(p*(w))) draws a curve {(II*(w), (w — ¢)D(p*(w)))|c < w < T}, which may not be
concave. Hence, the bargaining set of the supplier and the retailer is the convex hull of such curve,
i.e., BS, as given in (8).

The negotiated wholesale price could be a probabilistic decision. That is, it is wy with probability
0 and we with probability 1 — §. Since IT*(w) + (w — ¢)D(p*(w)) < IT*(¢), (IT*(¢), (¢ — ¢)D(p*(c))) =
(IT*(¢), 0), and (II*(T"), (T'—c)D(p*(T"))) = (0,0), BS is contained in the triangle { (7, 75)|m, > 0,75 >
0,7, + s < II*(¢)}, and upper boundary of BS can be represent by a concave function g(x) with
domain [0,II*(¢)] and g(IT*(c)) = 0. It then follows that the negotiation between the retailer and the
supplier can end up with an agreement, if d, < II*(c) and ds < ds = max{g(z)|d, < = < II*(c)} hold,
ie., (d,,ds) is in areas (1) and (2) in Figure 1. We can obtain Nash bargaining solution by solving
the following problem: maxg <. 4. <g(r,)(Tr — d.)'"Mg(m,) — ds)?, in which 7, and g(7,) represent
the expected profits of the retailer and the supplier, respectively. Letting A(z) = (1 — A\)In(z — d,.) +
An(g(z) — ds), we have

L-X M (@) (g@) —do) ~ N @)° _

AN (z) = — ,
@ (x_dr>2 (9 (x) _d8>2 B

which implies that A (z) has a unique maximizer £ that satisfies d, < ¢ and ds < g(§). That is, & is
the solution of the following first order condition: (1 — X)/(§ —d,) + Ag' (§) /(g (§) —ds) = 0. As a

NCR _
5 =

consequence, (m°R, g(ml'°R)), where 7

&, is the Nash bargaining solution that characterizes the
negotiation outcome of the retailer and the supplier. The negotiated wholesale price is a probabilistic
combination of the two wholesale prices (w] %, wq“%; §"°R, 1 — §"°F) that satisfies
"R (I (wy ™), (wi ™ =) D(p* (wi ™))+ (1=0"F) (I (w3 ™), (wy " =) D(p* (w3 ™)) = (w, %, g(m}}")).
Similar to the proof of Theorem 7 (in online Appendix B.2), we can show that — (7% —d,)/ (1 — \) <
OR[N < 0, A > On“R/dd, > 0, and (1 — \) /¢'(7°r) < Onl°k/Ods < 0. Moreover, the supply
chain-wide profit (i.e., 7“2 + g(7)°%)) is decreasing in A and ds but increasing in d,. Thus, Result 1
is proved. <«
We can find that the results in Result 1 are similar to those in Theorem 7 (in online Appendix B.2).
That is, when the demand function is given in general form, these results in the monopoly setting are

robust.

When the retailer adopts strategy Cr to negotiate the wholesale and retail prices with
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the supplier, the negotiation cannot succeed if d, + ds > II*(c). Otherwise, if d, + ds < II*(c), then
the retailer and the supplier can successfully reach an agreement with p°fF = p*(c) and wk = c+{ds+
AIT*(c)—d,—ds]}/D(p*(c)). The retailer’s and the suppler’s profits are T¢F = d,+(1—\)[IT*(¢)—d, —d]
and TR = dg + N\[II*(c) — d, — ds], respectively.

Proof of Result 2: When the supplier and the retailer bargain over wholesale price w and retail

price p, their profits are w5 (w,p) = (w — ¢)Il(p) and 7, (w,p) = (p — w) II(p). Hence, the bargaining
set is the convex hull of { (7, (w,p), 7s(w,p))|T" > p > w > c}. Since the maximum supply chain profit
is II*(c), the bargaining set is contained in the triangle {(7,,7s)|m, > 0,75 > 0,7, + 75 < II*(¢)},
which is identical to the bargaining set because of the following facts. If p = w = ¢, then (0,0) is
in the bargaining set. If w = ¢ and p = p*(c¢), then (II*(¢),0) is in the bargaining set. However, if
p = p*(c) and w = ¢ + II*(¢)/p*, then (0,II*(c)) is in the bargaining set. Therefore, the bargaining
set is identical to the triangle. As a consequence, the negotiation cannot succeed if d, + ds > II*(c).
Otherwise, if d, + ds < II* (¢), then the generalized Nash bargaining solution is obtained as w¢& =
dr 4+ (1 = N)[T*(c) — (dr + ds)] and 7% = dg + A[ITI*(c) — (d, + ds)]. We thus prove Result 2. <

We learn from Result 2 that the condition for successful negotiation in the case of a general
demand function is similar to the result in Theorem 6 (in online Appendix B.1). In addition, similar
to our discussion in Section 2.3, we compare results 1 and 2 to investigate the conditions under which
the retailer prefers to use strategy Cr. We find that, similar to our results with the linear demand
function, when (d,, ds) does not belong to areas (1) and (2) in Figure 1, the retailer and the supplier
benefit from retail price negotiation. However, when (d,, ds) is in areas (1) and (2), the condition for
the retailer to adopt strategy Cg is obtained as in (1), and the condition for the supplier to benefit
from the retailer’s cooperative strategy is attained as in (2). In addition, both firms can benefit from
strategy Cp if A € [\, A\y]. We can thus conclude that our results about two firms’ preferences on the
retailer’s pricing strategy are robust.

Because the proofs of Theorems 1 and 2 are independent of the forms of the demand function and
the function g, only the concavity property of ¢ affect the results in these two theorems, which thus

hold when the demand function is given in general form.

Result 3
In Stackelberg equilibrium, the supplier’s optimal choice and the retailer’s response are

summarized below.
(i) If the conditions in (8) and (4) hold, then the supplier’s optimal pricing strategy is NCg, to
which the retailer’s best response is strateqy NCR.
(ii) If the condition in (3) does not hold and X < A, then the supplier’s optimal pricing strategy is
Cg, to which the retailer’s best response is strategy CR.
(iii) If the condition in (3) does not hold and \ > X\, then the supplier’s optimal pricing strategy is
Cg, to which the retailer’s best response is strateqgy NCg.
(iv) If the condition in (3) holds whereas the condition in (4) does not hold, then the supplier’s
optimal pricing strategy is Cg, to which the retailer’s best response is strategy Cg.

Proof of Result 3: We first find the profits of the supplier and the retailer if the supplier adopts

strategy NCg. For a given wholesale price w, the retailer maximizes 7,(w,p) = (p — w)D(p) to

obtain an optimal retail price as p"®S = p*(w). Thus, the supplier’s profit is (w — ¢)D(p*(w)).
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Hence, the supplier determines his optimal wholesale price as w"® = argmax,(w — ¢)D(p*(w)).
As a result, the supplier’s and the retailer’s profits are 7% = (w"® — ¢)D(p*(w™s)) and 7S =
(p — w"s)D(p*(w"*s)), respectively. It follows that both the supplier and the retailer are willing to
transact in the supply chain if (W™ — ¢)D(p*(w"s)) > ds and (p — w"S)D(p*(w"s)) > d,.

Next, we find the necessary and sufficient condition under which the supplier prefers NCg. As the
condition in (4) always holds, the supplier’s and the retailer’s profits are 77¢ = (w"°S —¢) D (p*(w"*s))
and 7% = (p — w"S)D(p*(w"s)), respectively, if the supplier chooses strategy NCg. When the
supplier uses strategy Cg, the retailer should choose strategy NCg (Cg) if A > A\, (A < \,). If

X > Ay, then the retailer adopts strategy NCpr and the profit of the supplier is mo°R. Noting that

NCRr
T

TS = maxy(w — ¢)D(p*(w)) = maxo<,<m=(c) 9(2), we find 77 > g(mR) = 7", This means
that if X\ > \,, strategy NCyg is optimal for the supplier. If X\ < \,, then strategy Cr is used and
the profit of the supplier is 7$%. Hence, strategy NCyg is optimal for the supplier if 77 > 7Sk (i.e.,
A < [[T*(c)/2 — dg]/[IT*(c) — (dy + ds)]). In summary, the supplier’s optimal choice is strategy NClg if
the conditions in (3) and (4) hold, to which the retailer’s best response is strategy NCp.

Finally, the supplier’s optimal choice is strategy Cyg if any one of the conditions in (3) and (4) does
not hold, and we can find the retailer’s best response accordingly. If the condition in (3) does not
hold, then the supplier uses strategy Cs. We note that the retailer uses strategy NCr (Cg) if A > A\,
(A < \y). If the condition in (3) holds whereas the condition in (4) does not hold, the supplier chooses
strategy Cs and A < \,. Hence, the retailer uses strategy Cg. <

We find that the supplier’s wholesale pricing strategy for the case of a general demand function is

similar to that in Theorem 3. m

Proof of Proposition 4. When both retailers use strategy Cg, (b + a)[(A — be)/(2b + )]? is
decreasing in «. Hence, agreements are less likely to be achieved if the supply chain competition
increases.

If one retailer (e.g., R1) uses strategy C'r while the other one uses strategy NCg, then g°#"k(x)
reaches its maximum when z = (b+ a)(A — bc)?/[4(2b + a)?] and

O [ epmen ((bHa)(A—bc®\] 9 | 2°+3ab  (b+a)(A—be)’

9o |7 4(20 + )2 T Oa |22 +dabt a2’ 4(2b+a)b

(A —be)? 20" — 90 — 1007 — 30’
4 (2b + a)? (202 + 4ab + a?)*

Thus, the maximum value of g°""E(x) is decreasing in «, if « is sufficiently large (for example



Strategic Pricing Decisions Supplemental File

a > b/3). Moreover, when z > (b + a)(A — be)?/[4(2b + «)?], we have

dgerer (x) (ab? — 1.5a%) (A — be) \/z dab(a+b)x
Ja @2 +4dab+ 02 Vh+a - (22 + 4ab + a2)?
_ (A —bc)x ab? — 1503 — dab(a+b)\/(b+a)z
(262 + 4ab + a2)* Vb + a A—be
(A —be)/x ab? — 1505 — 20 (b + )?
(202 + 4ab+a?)* Vb + a (20 + )
< 0

thus, the union of areas (1) and (2) in Figure 3 shrinks if « increases when it is sufficiently large (for

example, o > b/3). In addition,

o (A58 2

oo 2b + 2« _4(b—i—a)2 4

i.e., the upper boundary of area (3) in Figure 3 moves downward, if o increases.

When both retailers use strategy NCRg,

2
A—be 2(b+ ) —a?

X
26+« (2b+3a)b+[2(b+a)2—a2]
5 b+a (2b+3a) (2b? + 4ab + o?)
2b+a  (4b2 + Tab + a2)?

gncR,ncR (b"‘ Oé)

= (A—be)

)

which is decreasing in «, if « is sufficiently large. Moreover, for all values of = such that

2
A —bc 2(b+a)* —a?

x> (b+a) X
2b+a (2b+3a) b+ [2(b+a)2—a2}

we have

Qg"ermeR(x) z |A=bc zb+o)
foJe N b+ « 2b b

< z A-—bc 1_b+o¢ ><21)2—1—40&)—1—042
- b+a b 2 2b4+a A2 +Tab+a?)’

which is negative for a sufficiently large value of c. Therefore, when the supply chain competition is
above a certain level (i.e., the value of « is sufficiently large), a higher competition (i.e., a higher value

of a)) makes both supply chains more likely to dissolve. m

Proof of Theorem 4. When (d,,ds) is in area (1) in Figure 4, by replacing (g(x),II*(c)) with
(germer(z), (b + a)(A — bc)?/(2b + a)?) in the proof of Theorem 1, we can find that A{F°R > NR“R,
A > SRR GACRCR [N > 0, DAR [N > 0, DASFCR — ARCR) /N > 0, and AR /dd, < 0. m

7
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Proof of Theorem 5. The proof of this theorem is similar to that of Theorem 2. m

Appendix B Supplementary Analytic Results

B.1 Theorem 6 and Its Proof

Theorem 6 When the supplier and the retailer adopt strategy (Cs, Cr), the negotiation cannot succeed
if dr + ds > 11* (¢) = b(A/b — ¢)? /4. Otherwise, if d, + ds < IT* (¢), then the retailer and the supplier

can successfully reach an agreement with

1 <A ) und e — oy s ABASb = 2/ — dy — d] o)

3—’_6 A—bc

2

The retailer’s and the suppler’s profits are w¢F = d, + (1 — N)[b(A/b — ¢)?/4 — d, — ds] and TR =
ds + A[b(A/b —¢)?/4 — d,. — ds], respectively.

Proof. When the supplier and the retailer bargain over wholesale price w and retail price p, the profits
of the retailer and the supplier are 7, (w,p) = (p — w) (A —bp) and 75 (w,p) = (w — ¢) (A — bp),
respectively. Hence, the bargaining set is the convex hull of {(7,(w,p),7s(w,p))|A/b > p > w >
c}. Since the maximum supply chain profit is IT*(c), the bargaining set is contained in the triangle
{(mp,ms)|mr > 0,ms > 0,7, + 75 < II*(c¢)}, which is identical to the bargaining set as shown below:
if p = w = ¢, then (0,0) is in the bargaining set. If w = ¢ and p = p*(c), then (II*(c),0) is in the
bargaining set. However, if p = p*(¢) and w = ¢+ II*(¢) /p*, then (0,1I*(¢)) is in the bargaining set.
Therefore, the bargaining set is identical to the triangle. As a consequence, the negotiation is not
successful if d, + ds > IT*(c).

Otherwise, if d, + ds < II* (¢), then the generalized Nash bargaining solution is obtained as w¢F =
dr + (1 — N)[IT*(c) — (d, + ds)] and 7¢® = ds + A\[IT*(c) — (d, + ds)]. Moreover, the pricing decisions

can be found as given in (9). We thus prove this theorem. m

B.2 Theorem 7 and Its Proof

Theorem 7 When the supplier and the retailer adopt strategy (Cs, NCRr), we find that, if and only if

dTstZ(f—cf}, (10)

where g (x) = —2x + A\/z/b — eVbx, then the supplier and the retailer can reach an agreement on
their wholesale pricing negotiation. The negotiated wholesale price is w™ = (A — 2,/b€)/b, where
€ € [dr,b(A/b— c)?/4] with g(€) > ds can be uniquely obtained by solving the following equation for x,

b (A 2 _
d, < 1 <b —c> and dg < dg Emax{g(x)

(1=X)/(z—dr) +Ad (x) /(g9 (z) — ds) = 0. (11)

The optimal retail price is p"F = A/b—+/&/b. The supplier’s and the retailer’s profits are 7'k = g(§)
and TR = £, respectively. We also find that —(nE—d,)/ (1 — A) < OmP°R /ON < 0, A > Om°R /Od, >
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0, and (1 — X)/g' (7l°r) < Ok /0ds < 0. Moreover, the supply chain-wide profit (i.e., &+ g(§)) is

decreasing in A and ds but increasing in d,.

Proof. Under strategy NCg, for any given value of wholesale price w, the retailer maximizes
mr(w,p) = (p — w)(A — bp) to obtain an optimal retail price as p"“& = 0.5 (w + A/b). Thus, the
retailer’s and the supplier’s profits are IT*(w) and (w — ¢)(A — bp™°R), respectively. Note that, when w
changes from ¢ to A/b, (II*(w), (w — ¢)(A — bp"™°R)) draws a concave curve {(x,g(z))|0 <z <II*(c)}.
It then follows that the negotiation between the retailer and the supplier can end up with an agree-
ment, if the condition in (10) holds, i.e., (d,,ds) is in areas (1) and (2) in Figure 1. We can obtain
Nash bargaining solution by solving the following problem: maxg, <. 4. <g(r,) (mr —dp)* " (g(m,) — ds)™.
Letting A(z) = (1 — N\ In(z — d;) + An(g(x) — ds), we have

1-r A" () (g () — ds) = Ag' (x)°

A () = —
) (z — dy)? (g () — dy)?

<0,
which implies that A (x) has a unique maximizer £ that satisfies d, < £ and ds < g(£). That is, ¢ is the
solution of the first order condition in (11). As a consequence, (7 °F, g(7]'°R)), where m]'°F = ¢, is the
Nash bargaining solution that characterizes the negotiation outcome of the retailer and the supplier.
The negotiated wholesale price is w"°E = (A — /4bm,; %) /b.

Since A’ (77°R) = 0, we find that

0
— A/ NCR
0 = D)
1 G R) i e DS
- _ T A ncR T
TR — d, + g (mr°f) — dg AT () 152
1 OmleR
— _ A/l NCR T
N =gy T ) 58
Om"eR
< Il (_ncr T
— A (7T7‘ ) 8)\ )
d . n 1—A ” oy O R " om°R
= ne - nc -r > NCR T
0=gq W) (w?cR—dr)2+A () G, 2 A ) 50
and
0
— A/ NCR
0 = o [N ()
— Ag/ (W?CR) + A/I (ﬂ_ncR) aﬂ-;’}CR
(g (m7°R) — dy)® T od
1-A OmeR
— _ A/I NCR T
W =) (g e —dyy ) o
Omer
< Al/ NCR T .
— (7TT‘ ) 8d5



Strategic Pricing Decisions Supplemental File

As AN'(ml“r) <0, we find that On"°R /ON\ < 0, Ok /Od, > 0, and d71*¢/dds < 0. In addition,

87T:~lcR . 1 1 _nery\]—1
o A(mh—d,) [ (=)
-1
> 1 o 1=x g (mper)?
= X (ﬂ_;}cR _ dr) (ﬂ_?CR N dT)Q (g (W?CR) o ds)2
_ o dr
- 1—-X 7
Onner 11—\ 1
r _ A A/I NCR
8dr (W;LCR —dr)Z [ (7Tr )]
-1
C1-x [ rex g (apen)?
T @R —d)? | (R —d,)” (g (R — dy)?
= A
and
(97'('?CR o 1-A " NCR -1
ads, (" —d,) (9 (77 ") — dy) A" ()
-1
> 1A 1A g (mer)?
T @ d) () =) | (m = d)” (g (n) — dy)?
_ A
G

We next show that 7]'°R 4+ 7R = 1'°R 4 g(7]'°R) is decreasing in A and ds but increasing in d,. It

is easy to see that

z+g(x) = -2+ AVa/b— cVbr = b “Z(fbl—c— Z) <TT* () ;

hence, g (z) is a concave curve in the triangle {(m,, ms)|m, > 0,75 > 0,7, + w5, < II*(¢)} for all
x € [0,II*(c)]. Therefore, ¢'(7l%) > —1 and

8 [W?CR + g (WQCR)] — (1 + g/ (FTZCR)) aﬂ-?CR < 0
oA ’ P

a [WnCR + g (WHCR)] 87T"CR
T = (g (mpem) S <0,

d [rren iy (w7er)] ats
r I 2 = (14 g (mpen)) = > 0.

od, ad,

Thus, the theorem is proved. m

10
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B.3 Theorem 8 and Its Proof

Theorem 8 When both suppliers adopt strategy Cs and both retailers adopt strateqy Cr, we find that,
if dr +ds < (b+ a)[(A —bc)/(2b + a)]?, then, in both supply chains, the firms can reach agreements
with the pricing decisions as: p™ " = p" = [A + (b + a)c]/(2b + a) and W™ = wyF =
c+AA—=bc)/(2b+a)+ (2b+)[(1—N)ds — Ad,]/[(b+ a)(A—be)]. Otherwise, the firms in each supply

chain cannot reach any agreement.

Proof. If all firms in both supply chains can reach agreements with (pi™*“%, wi®“") and (p5™ %, w5 ")

and there exists a Nash equilibrium, then, for i = 1, 2,

(P W) = argmax{[A — bpi + a(py"™ = p))(pi — wi) — 1

X {[A = bp; + (P57 — pi)l(wi — ¢) — ds}.

Since the total profit of R; and S; is [A — bp; + a(ps™ ™ — p;)](p; — ¢), which is independent of w;, an
CR,CR __

agreement is achievable if maxp, [A — bp; + a(p3™; i) (pi — ¢) > d, + ds. When both supply chains

reach agreements,

1 [ A+ aps™E
Pyt = argmax (A = bpi + o (557" = pi)) (i — ) = 5 <b+i —tc);
thus, p;™“? (i = 1,2) is given as in this theorem. Then,

1-XA
wi® = arg max [<A—bA+(b+a)c) (A+(b+a)c —wi> —dr}

’ wi 2b+ « 2b + o
A+ (b+a)c A
X [(A_b%—i—a> (wi—c)—ds}
_ AMA—=be) (2b+a)[(1—X)ds—Ad,]
B 20+« (b+ a) (A —be) ’

and supply chain agreements are achievable if

A+(b+a)e [A+(b+a)e B A—bc\?
dr+d$<<‘4 b 2b + « >( 2b + « ¢)=b+a) 2b+a)

Otherwise, if the above inequality cannot be satisfied, then no agreement can be reached in any supply
chain, according to our previous discussions. We examine if one supply chain can reach an agreement
but the other cannot. Without loss of generality, we assume that S7 and R; in the first supply chain
reach an agreement (p1,w;) whereas the second supply chain dissolves. Then, the demand faced by
Ry is A—pi(b+ a), and

(p1,w1) = argmax[(A— (b4 a)p1)(p1—w1) — dr}l_/\

p1,w1

< [(A=(b+a)p1) (w1 — ) — d]*.

11
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Thus, a necessary condition for achieving the agreement is

(A= (b+a)c)?
T A— - =
d, +ds < H;JEIiX( (b+a)p1) (p1 —¢) T

However,

A—be A—(b—{—a)cz a(A+ (b+a)c)

2+a  2b+42a (2b+ @) (2b + 2a) =

which means that the necessary condition cannot hold if d, + ds > (b+ a)[(A — be)/(2b + a)]?. =

B.4 Theorem 9 and Its Proof

Theorem 9 When both suppliers choose strategy Cs and both retailers use strateqgy NCpgr, we find
that, if 0 < d, < (b+ a)(A —bc)?/(2b + a)? and

A —be 2(b+a)? —a?

2
d, < grenmen dy, (b , 12
<9 max | dr, (b+a) | 5 X (2b+3a)b+2(b+a)2—a2] (12)

where g"°B"R () = (A/b—c)\/(b+ a)r —x(2+ a/b), i.e., (dr,ds) is in areas (1) and (2) in Figure
2, then a symmetric equilibrium exists with the negotiated wholesale prices and optimal retail prices as
NCR,NCR NCR,NCR NCR,NCR NCR,NCR

wy = wy = and py = Dy =[A4+w(b+ a)]/(2b+ «), where W can be uniquely

obtained by solving the following equation for w:

[2(b+a)2—a2} A~ bw

{2 (b+0¢>2_@2i| A— bw NE (w
(2b+a)(2b+3a)<2b+a> _ (2b+ ) (2b + 3«)

(b+a)<A_bw)2—dr (b+a><A_bw>(w—c>—ds

2(1—\)

2b+ «

Otherwise, if (dy,ds) is outside areas (1) and (2) in Figure 2, i.e., the condition in (12) does not hold,

then the negotiations in both supply chains cannot end up with an agreement.

Proof. If the two supply chains reach agreements with negotiated wholesale prices w]“®"“® and
wy “®"R | then there is a Nash equilibrium for the retailers’ pricing decisions (p]“®" %, py “®"R)  i.e.,
pzch,ncR = arg H;aX[A —bp; + (pgli];,ncg _ pl)] (pi o w;ch,ncR)

R 4 (A -+ g /(b + )2
Therefore, for ¢ = 1,2,
nepner _ A + 2(b+ Oz)2 w?CRynCR + (b+ a) awgi?nCR .
g 20+a  (2b+a)(20+3a)  (2b+ @) (20+ 3a)’

12
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and the retailers’ and the suppliers’ profits are

N o
e T “Nota (2b+ @) (2b+ 30) (2b+a) (2b+3a) |
— (bta) A {2 (b+a)? — 0‘2} w; R N a(b+ a)wy B"ER (wrenmen
Mo = N w+a (2b + a) (2b + 3a) 26+ o) (2b + 3a) | i €
Letting
1y = Wra (2b+a)(2b+3a)" " (2b+a)2bt3a)’)
A 2(b+ a)? — o? a(b+ )
= (b — _
faz,y) = (b+a) <2b+ 0 @hra) @30 T @ra)@rsa)’) @

we find that m,, = fi(w; """, wy""") and 75, = fo(w; ", wy ™M), Noting that a Nash equi-

NCR,NCR
7

dr] + An[fo(w;, wy™™ ") — dg]. Therefore, w;“®"°" satisfies the first order condition of the above

?’LCR,TLCR)

librium exists for the two negotiated results, we have w = arg maxy, (1 —X\) In[f1 (w;, wy ™"

. . 1. . . ncpr,nc ncr,nc
function. For the symmetric equilibrium (i.e., w"B"R = w "R = ") the first order con-

dition is the equation in (13). Therefore, the symmetric agreements can be achieved if the following

conditions are satisfied,

A _ bwnCR,TL(}R
- @ O NCR,NCR _
d5<(b+oz)< %o )(w c),
A _ bwncR,TLCR 2
dp < (b BT
<(b+a) ( 2b+ )

(2b+3a)A+c[2(b+a)2—a2]

w?”LCR,TlCR S

(2b + 3a) b+ [2(b+a)2 foﬂ] '
\
That is, (dr,ds) belongs to areas (1) and (2) in Figure 2; or equivalently, the condition in (12) is
satisfied.
Next, we show that the condition is sufficient. If (d,,ds) belongs to areas (1) and (2) in Figure 2,
then the expression
2(1 - M) [2(b+ @)? — a?][(A — bz)/(2b + )]

T (2b+ ) (2b+30) {(b+ a)[(A — b)/(2b+ Q)] — dr} (14)

is decreasing in « when bxr < A — (2b+ «)+/d,/(b+ ), and it approaches —oo when bx — A — (2b +

a)y/dr/(b+ a). Moreover, the expression

M—=12(b+ a)? — a?|(z — ¢)/[(2b + a) (2b + 3a)] + (A — bx)/(2b + )}
(b+ a)[(A—bx)/(2b+ a)](xz — ¢) — ds

(15)

13
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is decreasing in & when rog < x < {A(2b+3a) +c[2(b+a)? — a?]}/{b(2b+3a) +2(b+ a)? — a2}, where
7o is the smaller solution of (b + a)(A — bz)(x — ¢)/(2b+ ) — ds = 0. Since (d,, ds) belongs to areas
(1) and (2) in Figure 2, we find that 7o < A — (2b 4+ «)+/d,/(b+ «); thus, the sum of expressions in
(14) and (15), denoted by ¢, is decreasing in « when

(20 + 3a) A + [2(b—|—a)2—a2}c

ro <z <min{ A— (2b+ a)+/d,/ (b+ ),

(2b + 3a) b+ [2 (b+a)? - oﬂ}

Noting that
¢ — +o0, if x— 1o,

(— —o0, ifx—A—(20+a)+\/d./(b+ ),
(2b + 3a) A + [2(b+a)2—a2}c
(<0, ifz — ,
(2b+ 30) b + [2 (bJra)Q—ozz}

we conclude that the equation in (13) has a unique solution, which induces a symmetric equilibrium.

Then, we show that if the condition in (12) does not hold, both supply chains dissolve. We prove it
by contradiction. Since the equation in (12) does not hold, the firms in each supply chain cannot reach
any agreement. If an agreement is reached in one supply chain whereas the other breaks up, without
loss of generality, we assume that S7 and R; can reach an agreement with wholesale price w; whereas S
and Ry cannot. For any given wq, Ry’s optimal retail price is p; = argmax,, [A — (b+a)p1](p1 —w1) =
[wi + A/(b+ a)]/2. Hence, Si’s and R;’s profits are

2b+2a 2 b+ a

2
7r7"1:(b+a)< 4 wl) andﬂs1:< A —C>\/m—2ﬂn.

Since S and R; reach an agreement with wholesale price wi, the following inequalities must hold:
mr, > dp and [A/(b+ ) — ¢]\/7r, (b+ @) — 27, > ds. Therefore, we have

2 2

" b+a< A —c) S(b—{—oz)(A—2bc) ’

4 b+ « (20 + «)
A
ds<<b+a—c>\/x(b+a)—2x‘_ ) btaf A 2y .
T=max T,716 7[) Ta c
Since the condition in (12) does not hold,
2

A —bc 2(b+ ) —a?

dy > g"mmer [ max { d,, (b+ a)

= X

2b+a (2b+3a)b+[2(b+a)2—a2}
If

A—be 2(b+ a)? — a?

d. > (b+ «) X
2b+a (2b+ 3a) b+ [2(b+a)2—a2]

14



Strategic Pricing Decisions Supplemental File

then

and

v

>

>

2 2
dr>(b+a) A —be >(b+oz) A AN
- 4 2b+a) — 16

ncR ncR d
r

)
(m_c)m
(s

d+@

)

ds + — \/>(\/b+70z b—i—a b—i—a c>)

ds,

which is a contradiction. Hence, the next inequality must hold

Therefore,

Y

v

A\

Y

Vv

2
_ 2_ 2
i< (b+a) A bc>< 2(b+a)" —«a '
b0 (2430) b+ [2(0+ ) — 02

2
NCcR,NC A —be 2(b—|—04)2—042
RyMCR b+ o
g <(+ )<%+cux@b+&mb+[ﬂb+afaﬂ> )
(A—b? (200+0)" —a?) (2b+30)

b
(b+a) 2b + «

{(2b+3a)b+2(b+a)2—a2r

(A= (b+a)c)? (2 (b+a)* - 042) (20 + 3a)

b
(b+a) 2b+ «

[(2b+3a)b—l—2(b+o¢)2—OP}2
(2 (b+ ) — a2>
[(Qb+3a)b+2(b+a)2—a2]2

A—(b+a)c 2 (2(b+a)2—a2)
(b+o¢)< 20 + 2« )(2b+3a)b+2(b+a)2—a2

b+a [A—(b+a)c\?
8 b+«

(b+a)(A—(b+a)c)?

A
T _9
max(IH_a c) (b+a)xr—2x

T

ds,

15
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which is also a contradiction. Thus, both supply chains dissolve if the equation in (12) does not hold.
]

B.5 Lemma 1 and Its Proof

Lemma 1 Letting g°*"°R (x) = g"°R"°R (z)(2b? 4 3ab)/(2b* + dab + o?), we find that if
dr < (b+ ) [(A—bc)/(2b+ a)]? and ds < max,>q, g (z), (16)

i.e., (dr,ds) belongs to areas (1) and (2) in Figure 3, then solving the following equation for y yields

. . . . CR,NC
a unique solution, which is """,

(1=XN)/(y — dr) + AN(9g“™"E(y) /9y) /(""" (y) — ds) = 0. (17)

We note that m5"% depends on (A, d,,ds), and — (™" —d,.)/(1 — X) < Impi" B JON < 0, A >
O "R 19d,. > 0, and (1 — \)/(geR™eR) (a2 R) < OnpB"R [9dg < 0.

Proof. We learn from the proof of Theorem 7 (in online Appendix B.2) that the concavity property of g
is sufficient to show that — (7% —d,) /(1= X) < 7R /ON < 0, A > O7l°R /Od, > 0, (1=)\) /g (7r) <
onr /0ds < 0, and 7]'°E + g(7]°R) is decreasing in A. Similarly, since g°®"™“R is a concave function,
by comparing the equations in (11) and (17), we find that —(m2"% —d,.) /(1 = \) < Om "R /OX <0,
A > Om "R 0d, > 0, (1 — X)/(gRmeR) (rp"R) < Oyl R /0ds < 0, and "R 4 gCRNCR (iR

is decreasing in A. m

B.6 Theorem 10 and Its Proof

Theorem 10 When both suppliers adopt strategy Cg, retailer Ry uses strategy C'r but retailer Ra
adopts strategy NCr, the firms in each supply chain can reach an agreement if the condition in (16)

CR,NCR  CR;NCR,
’

holds, i.e., (d,,ds) belongs to areas (1) and (2) in Figure 3. The pricing decisions (wy D] ;

CRyNCR
)

w2 CR,TLCR)

Doy in both supply chains are given as in Table 2.

Ifd. +ds < [A—c(b+ a)]?/(4b + 4a) and the condition in (16) does not hold, i.e., (d,,ds) is in
area (3) in Figure 3, then retailer Ry and supplier S1 can reach an agreement with negotiated prices as
PR = [A/(b+a)+c]/2 and Wi = c+ A[A—c(b+a)]/[4(b+a)]+[(1—N)ds — \d,]/[A—c(b+ )],
whereas retailer Ry and supplier S cannot complete their transaction. Otherwise, if d, + ds > [A —
c(b+ a)]?/(4b + 4a) and the condition in (16) does not hold, then no supply chain has a successful

transaction.

Proof. We first examine the equilibrium that both supply chains can reach agreements. For any

negotiated wholesale price we by Ry and So, there is a Nash equilibrium for the negotiation results

(wi®™ R p*"R) and Ry’s optimal decision p5™" " i.e.,
1 A + o CR,;NCR
PR — axg max (pa — wa) (A — bpa + @ (R — o)) = & (w4 ALY
P2 2 b+«

16
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and

-
("R, pi"R) = axg max [(py — w1) (A = bpy + o (55" = py)) = i)'

X [(w1 —¢) (A —bp1 + a (ps™" " —p1)) — ds]’\.

It is easy to see that

cR,ncR _ A + apCR’nCR
-  bt+a ~ -
WERR — ¢ 4 é A+ apCR,nCR AN 92 [( )\) ds — )\dr]
2 b+a A+ apsP" R — (b4 a)c

and Ry’s and S7’s profits are

CR,NCR ___ )
T fdr—i—(l )\) 1 b+ a

b+ « A—I—ongR’mR_C 2—d 4
4 b+« rooTE

CR,NCR 2
b+oz<A+ap2 —c> _dr_ds]7

TERMCR — 4 4 )

Hence, the agreement can be achieved, if d, + ds < (b + a)[(A + aps®"?) /(b + a) — ¢|?/4; and, we
find that

CRMCR _ A I 2(b+ Oé)2C (b + a) aws

! 2%+a  (2b+a)(2b+3a)  (2b+a)(2b+3a)’
PERICR A 2(b+a)’wy (b+a)ac

2

%t a  (2b+a)2b+3a)  (2b+a)(2bt3a)

Therefore, we calculate the profits of Ry and Ss as

A—bwy (b+a)a(wr—c)
2b+a (20 + @) (2b+ 3a)

2
> and 7_‘_cR JMNCR __ gcR,ncR (ﬂ_%g,ncR) .

e =+ a) (

Hence, Ry and Sy can reach an agreement if the condition in (16) is satisfied. The negotiated wholesale

. CRr,ncC .
price wy"" M is

1-A

SR = arg max
2 La

A—bwy (b+a)a(wy—c)\?
<b+0‘)<2b+a _(2b+a)(2b+3a)) _dT]

A—bwy (b+a)a(ws —c) A
_c)< %+a (2b+a)(2b+3a)> _ds] ’

X [(b + o) (w2

or equivalently, according to Lemma 1 (in online Appendix B.5), the profit of Ry is m """ =

arg max, (z — d,)1 7 (g°®"R (z) — ds)*. Thus, we obtain w5®"? as in this theorem.

17
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Noting that

L(Abapyt™  NE (il o g ()
4 b+« b+«

(ng,nCR _ C) |:OCA _|_ (b _.l_ a)2 wSR’ncR — (b2 —|— 30éb + 042) Ci|
(2b+ a) (2b+ 30)

(w3 — ) 2 2 2
> @b+ o) (20 + 30) [ozbc+ (b+a) c— (b*+3ab+a )c}

= 0,

we find that d, +ds < (b+ a)[(A+ aps®"?) /(b+ a) — c]?/4 is always satisfied if the condition in (16)
holds. Therefore, both supply chains can reach agreements if the condition in (16) is satisfied.

Next, we examine if there is an equilibrium when only one supply chain reaches an agreement
when the condition in (16) does not hold. There are two possible equilibria: only R; and S; reach an
agreement, or only Ro and Sy reach an agreement.

1. If Ry and S; reach an agreement whereas Re and Ss do not, then ps = 0 and the demand faced

by Ry is A — (b+ a)p1. Assuming that (pj™*"“% w®" ") is the negotiated result by Ry and Sy,
we find that

(PP, @y ") = argmax [(py— wn) (A= (b+ @) p1) — '

X [(w1 = ¢) (A= (b+ @) p1) — di]*

Hence, an agreement is achievable if d, + ds < (b + a){[A — c¢(b+ a)]/(2b + 2a)}2. When an
agreement is achievable, the negotiated prices are p;™"“* and wi®"%, as given in this theorem.

The profits of R; and S are

2b + 2«

(b+ ) <W>2—dr—dsl .

2
TCRICR — 4 (1 — 5\) (b+ ) (A—(b—l—oz)c) —d, — d5] 7

TR = dy + )

Therefore, if d, + ds < [A — ¢(b+ )]?/(4b + 4a) and the condition in (16) does not hold, then
Ry and S7 can reach an agreement whereas Ry and Sy break up.

2. If Ry and Ss reach an agreement whereas R; and S; break up, then p; = 0 and the demand
faced by Rz is A — pa(b+ «). For any given negotiated result wy by Ry and Sa, ps™"“" is the

optimal retail price for Ry. Then,

1
PR = arg max (A= (b+a)p2) (p2 — w2) = 3 <a + w2) ;

18
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and the profits of Ry and S5 are

_ A—(b+a)ws\? _ 1 _
sipren = (o o) (A g sgnren = Ly (4 0+ i),
Thus, the negotiated wholesale price wy™" " is

—CR,Nnc
wy"" = arg max
ws

2 1=A A
(b+a) <A_2§)bj_2(;)w2> —dr] [; (wa —¢) (A — (b+ a) ws) — ds

Defining ge#"k(z) = /(b + a) z[A/(b+a)—c|—2x, we find that g¢&®"E(z) is a concave function
and Tl "R = germner (FrIMCRY - Therefore, an agreement is achievable only if d, < (b+ «){[A —
c(b+a)]/(2b+2a)}? and ds < max,>q, §ER"E(z). Note that, when x < [A—c(b+a)]?/(4b+4a),

CR,NCR —CR,NCR _ (ab + 2&2) A
(26 + dab + a?) (g (x)—g () =v(b+a)z <(b+a)

+ (ab+ a?) c) —a?z > 0.
Therefore, the condition in (16) always holds when R and Sy can reach an agreement. Thus,
R; and S7 also reach an agreement, which means that there does not exist an equilibrium when
Ry and S5 reach an agreement whereas R; and S7 break up.
In summary, if the condition in (16) holds, then both of the two supply chains can reach agreements.
If d.+ds < [A—c(b+a)]?/(4b+4a) and the condition in (16) does not hold, then R; and S; can reach

an agreement whereas Ry and Sy break up. Otherwise, there is no agreement in any supply chain. =

B.7 Theorem 11 and Its Proof

Theorem 11 If a supplier adopts strateqgy NC's, then his retailer also chooses strateqy N Cg regardless
of what strategy is used in the other supply chain. Moreover, we can derive the condition under which
the supplier and the retailer in each supply chain can reach an agreement, and also compute all firms’

profits, as presented in Table 8 in which

A[(gemmen) ( () + ha(2)/(2y/h1(@))] L 1)
germer(hy(x)) + ha(x)\/hi(z) — ds h(z) - dr
where wi """ = {c+ [A(2b+ 3a) + wy S "R (ab + o?)] /(26 + dab+ a?)} /2, and the functions hy(x),

ha(x), g"s™R(x,y), and the coefficients (11,02, M3, M4, N5, M) are defined as in (19) and (20) in the
proof of this theorem.

=0, (18)

Proof. When both suppliers use strategy NCg, we find that for retailer Ry, strategy NCpr dominates
strategy Cr. Given wholesale prices wy and wo, if retailer R; adopts strategy NCRg, then she sets a
retail price p; to maximize m,, = (A —bp1 + a (p2 — p1)) (p1 — wy). If retailer Ry uses strategy NCg,

then p; is set to maximize [(A — bpy + a (p2 — p1)) (p1 — w1)—d, ]} (A — bpy + a (p2 — p1)) (w1 — ¢)—

ds]j‘. Since retail prices p; and ps are determined concurrently, retailer R; is always better off from
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. . Condition for
Pricing strategy successful transactions Profits

MCG,NCS ﬂ_”n,cs,ncs —
— Ts

(S1,82) = (NCs, NCs) n, > ds and n, > d, :;ilcs,ncs _ prtsimes _ Zl’
7‘1 = Try o
(S1,82) = (NCs,Cs) oo o ) = (ng,7,),
. > ds and >d, ntg,c ntg,c 3 14z N
(Rz2) = (Cr) s = G ARG = (me, 5wy O ) = (ds + Mg, dv + (1= A) 75)-

(TSR TSR
The equation in (18) has "1 1101 ne
a solu?ion T = wSLCS?"CR = (g (b + ), ng(b + a)(w,“S"F —¢)),
= , neg,ne ned ne
ﬂ_ncS,nuR > d. and ,R.%CS"'“"R'> d 71'1\25 R77Ts2s R
sq = Qs T = Qp _ (h(wncs,ncR) "CS*"‘CR(I’L(UJ”CS’”CR) wncs,ncR))_
= 2 9 2 ) Wy ;

Table 3: A summary of our results when suppliers make their wholesale prcing strategies.

(S1,82) = (NCs,Cs)
(R2) = (NCr)

using strategy NCgr to determine retail price p;. Similarly, for retailer Ra, strategy NCpr dominates

strategy Cr. Hence, both retailers should choose strategy NCpg. For any given wholesale prices w;

and ws, the retailers’ pricing decisions in Nash equilibrium (p“*"“ (wq, ws), i = 1,2) satisfy
p?cs’ncs (w1, we) = arg n})ax (A —bp; + « (pgisimcs (w1, wy) — pl)) (pi — w;)
1 A+ apy“I"™ (wy, wa)
2 b+ «
Therefore,
nesncs A 2(b+ a)2 w; (b + ) aws—_;

D (w1, we) = 2%+ + (20 + @) (20 + 3a) (20 + ) (20 + 304);

and the suppliers’ profits are

2
b+ o [2(b+0‘) - o?| w a(b+ a)ws_;

L= A— ).
T T 9+ a % + 3a T ot 3a (wi = ¢)

Hence, the Nash equilibrium for the suppliers’ pricing decisions (w; ™, i = 1,2) satisfy

2
[2 (b+a) —a?| w; . a b+ a) w;ﬁg,ncs
2b+ 3« 2b + 3«

ncg,nes
7

argmax [ A — (w; — ¢)
w;
2b + 3« +2bz+4ab+o¢2
c.
4b2 4+ Tab + a2 4b2 4+ Tab + a2

Therefore, the profits of the suppliers and the retailers are

{ TSNS — = (A = be)? (b+ a) (202 + dab + a?) (2b+ 3a) /[(2b + @) (462 + Tab + a2) ],

eSS — o = (A — be)? (b4 a)(20% + dab 4+ a2)2/[(2b + a)? (462 + Tab + o2)?],

and the condition for all firms to stay in supply chains are given in Table 3.

When supplier S; determines the wholesale price individually whereas supplier Sy chooses to
negotiate the wholesale price, and Ry uses strategy Cg, similar to the case of (NCg, NCg), we can show
that retailer Ry always chooses strategy NCgr. Then, for any given value of wy, retailer R;’s optimal

retail price p;“>*“®(w;) and the negotiation result (wy““"(w1), py > “®(w1)) is a Nash equilibrium as
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follows
PI T (wn) = argmax(py — wi)(A = bpr + a(py* " (wn) = pr))
1 A+ apy ™ (wy)
9 <w1 + b+« ’
(wy ™ (wn), pp ™ (wn)) = arg nax [(wy =) (A —bpa + a(pi®s " (wr) — pa)) - ds]”
w2,p2

X [(p2 — w2) (A — bpa + (PR (w) — pa)) — d, ]

The negotiation between S5 and Rs is successful if

ds+d, < max (py —¢) (A —bpy + a(py™" (w1) — p2))

p2
b+a [(A+ ap]™F(w) 2
= —c
4 b+« ’
the negotiation result p;“®“®(w;) and the optimal retail price p;“®“%(w1) are
sy - A, 20fu 04
! 2b+a  (20+ ) (20 51— 3a)  (2b+a)(2b+ 3a)’

A 2 (b b

T2 ta  (@ta)(2t3a) (20t (2t 3a)

The profit of Sy is (b+ ) (w1 —¢){(A—bw1)/(2b+ o) — [a(b+ o) (w1 — ¢)]/[(2b+ ) (2b+ 3)] }; hence,
S1’s optimal wholesale price is

ncs,cr __ 1 2b + 3« 262 + 5ab + 202 )
Y1 T 5\ 22 T dab + o2 W2+ dab+a? )’

the profits of S7 and R; are

{ ARESCR = po = b(b + ) (2b + 3a) IT*(c) /[(2b + @) (262 + dab + a2))],
T SR =ny =b(b+ a)IT*(c)/ (20 + o)?;

and the condition for S; and R; to stay in the supply chain is given in Table 3. Further, when the

condition under S; and Ry to complete their transaction is satisfied, we have

b+ « A+ap711cs7cR(w7l’Lcs,cR) ., 2
4 b+«

2 2\ 2
(b+a)b <4b +9ab+3a) I(¢)

(2b+ a)? \ 2b% + 4ab + a?

b+a (264+3a)b ., b+a)b .,
II ——II

Bt tdabrazl @F (2b+ a)? ©

> dy+d,,
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i.e., So and Ry can reach an agreement if both S; and R; stay in the supply chain. In summary, if the
condition for scenario [(S1,52) = (NCg,Cs); (R2) = (Cr)] is satisfied, then S; and R; stay in the sup-
ply chain, and Ss and Ry can reach an agreement; and, all firms’ profits (ms, S, 7, S gy SR o8 CR)

are obtained as in Table 3, in which

Ap2 2\ 2
e = (b+a)b < b* + 9ab + 3« > I0(c) — do — d

(2b+ a)? \ 2b% + 4ab + a?

462 + 9ab + 302\ 2
= 774 2 2 —ds—dr.
202 + 4ab + «

When S; determines the wholesale price individually whereas S chooses to negotiate the wholesale
price, and Ry uses strategy NCp, similar to the case of (NCg, NCs), we find that retailer Ry always
uses strategy NCpg. Then, for any given w; and wsg, similar to the proof of Theorem 9 (in online

Appendix B.4), the Nash equilibrium for the retailers’ pricing decisions are

ncg,NcR A 2 (b + Oé)2 wy (b + Oé) w3 —;
Db; ’ (wla ’UJQ) = ;
2b+a (264 @) (2b+3a)  (2b+ @) (2b+ 3«)

and all firms’ profits are 7, (w1, w2) = f1(wi,w2), 7s, (w1, w2) = fa(wi,w2). The negotiation result
wy """ and S1’s optimal wholesale price w] """ are in Nash equilibrium as follows:

1 2b + 3« ab+ a?
wncs,ncR = Z e wncs,ncR ’
1 2\t rdabr a2’ T W+ dab 1 a2 ™2
wy "R = arg II}UE;X [, (W] ™R ) — ds])‘ [T (W SR Jwg) — dT]lf)‘
Note that 7, (w] " we) = g™ MR (., (W] wy), w] ") in which g"eS"Cr (z, y) = gR" R (z)+

(b+ a) z[a(b+ a)(y — ¢)]/[(2b 4+ a)(2b + 3ar)], S1 and R; can reach an agreement if

d, < (b + a) il + & (b + a) ( nes,ner C) ? and d. < maxgncs,ncR (1_ wncs,ncR)

" 2b+a  (2b+a)(2b+3a) " * * T 2>d, ol ’
and Ry’s profit is mpy 5" = arg max, [¢"¢S "R (z, w]"R) — do]Mz — dp)1 7N, de., mry SR satisfies
the first order condition:

/\(agncs,ncR/ax) (W?QCSJ’LCR’ w?CSJZCR) 11—\
gncs,ncR(ﬂ%CSyncR, w711CS7nCR) —d, W?;S»HCR —d, =0
or,
A (gCR,nCR)/(ﬂ-ncSJLCR) + a (b + Oé) (w?CanCR _ C) b+ o
" 2(2b+ a) (204 3a) \ mpesmer N 1-Xx 0
geRMCR (ﬂ.?;smcg) + @ (b + O‘) (w?CSJZCR — C) \/(b i Oé)ﬂ.%cs,nc}% —d W?ZCS’TLCR —d;

(20 + ) (2b + 3a)
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Using
wpen = 3 (C o ﬁii 2" T o ib;f +a? SCSMR> ’
we have
2 9], ncsmen 2
pnesnen _ (b4 ) ( A [2 (b+a)” —a| wy N a(b+a)w ncs,ncR) = (w5 R,
2b+ « (20 + ) (2b + 3a) (20 + ) (2b + 3av)

where hy(z) = (b+a)[(A—bx)(4b2+9ab+3a?) /(2% +4ab+a?) —a(b+a)(z—c)/(20+3a)]? /[4(2b+a)?].

Hence, the negotiated wholesale price wy “""“" satisfies

A [(gemmen) (hy (w5 ™0)) - ho(wh ")/ (24/ha g =) )| 1)

=0
gCRanR(hl(wgcs’ncR)) +h2( nCS,TLCR) hl(ngCS,ncR) —ds + hl(w;eq,nc) _dr ’

where ha(x) = a(b+a)vVb + a[(2b+3a) (A —be) +a(b+a)(z—c)]/[2(2b+ ) (2b+ 3a) (2b% + dab+ a?)).
The profits of the suppliers and the retailers are 7y 5" % = (b+a)n2, ms; "R = (b+a)ng(w] " —c),

7.‘.?20577161% — h ( ;CSJWR)’ ﬂ.gf;SancR — gncs7ncR(hl(wSCS7ncR)7w?357nCR)7 in Wthh

wi MR = {c+ [A(2b + 3a) + wy S E (ab + ?)] /(26 + dab + o?)} /2,
o = {A (26 +30) = [2(6+ 09 = 02| W} ™"+ (b+ 0) "R} /[(2 + ) (2 + 3]

as given in Table 3. The firms in each supply chain can reach an agreement if m, *"% > d,. and
ncg,ncR
Ts; > d.

According to the above analysis, we obtain the functions and coefficients in the theorem as

1 b+« (A — bx)(4b% + 9ab + 3a?)  a(b+a)(z —c) 2
1) = 4(2b + «)? [ 202 + dab + o? B 2b + 3 ’
_ alb+a)vVb+af(2b+ 3a)(A — be) + a(b + o) (z — ¢)]
h2($) — ) (19)

2(2b + «)(2b + 3r) (262 + 4ab + o?)
alb+a)(ly—co)(b+a)x

gncs,ncR(aj’y) — gCR’nCR(I) +

(2b+a)(2b+3a)
and,
( m = (A—be)* (b+ ) (267 + 4ab + o?) (2b + 3a) /[(2b + a) (4b% + Tab + a2)2],
Ny = (A —be)? (b+ a)(20% + 4ab + o2)2/[(2b + «)* (4 + Tab + o2)?],
ns = b(b+ ) (2b + 3a) IT*(c) /[(2b + ) (2b* + 4ab + o?)], 20)
na=b(b+a)I*(c)/ (2b+ a)?,
ns = {n4[(4b? + 9ab + 3a?)/(20? 4 4ab + o)) — ds — d,}
ne = {A(2b+3a) — [2(b+ )® — 2Jw]™ " + o (b+ a) wh™ ™ Y /[(2b + a) (2b + 3a)).
| ]
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B.8 Theorem 12 and Its Proof

Theorem 12 The retailers’ pricing strategy in equilibrium depends on parameters (d,,ds), X\, A, «,
A, and b. When (d,,ds) is in area (8) in Figure 4, (Cr,CRr) is the unique pure Nash equilibrium.
When (d,,ds) is in area (2) of Figure 4 and

(b+ ) [(A — bw"erer) /(2 + a)]? — d,
0+ ) [(A+apy™" ") /(b +a) = /4 — dr — d,’

)\lnCR,nCR =1-

the retailers’ pure Nash equilibria are shown in Figure 9(a). When (d,,ds) is in area (1) of Figure 4

and
TERCR _

(b+a)[(A—0bc)/(2b+ )] — d, — ds’

AZR’CR = 1 —

the retailers’ pure Nash equilibria are presented in Figure 9(b). When (d,,ds) is in area (5) of Figure
4, then the retailers’ pure Nash equilibria are shown in Figure 9(c). When (d,,ds) is in area (4) of
Figure 4, (NCr, NCR) is the unique pure Nash equilibrium.

Values of A

I
I
d d d
0 /11110,710 1

(a)

I
'y Onlyone pure 1 Two pure NEs: ' i
11 NE:(Cg,Cr) I (NCg,Cr).(CaNCg)1  Only one pure NE: (NCg, NCg) 5
: L l d d
1 c,c nenc I
: 0 i A 1i
1 1
1

i 1
|l :
el 1
¢ d .
1

1 0 |
! 1
1 f

Figure 9: The retailers’ pricing strategies when (d,,d) is in: (a) area (2) of Figure 4, (b) area (1) of Figure 4,
and (c) area (5) of Figure 4.

Proof. In order to find all possible pure Nash equilibria, we need to combine the results of the retailers’
all possible pricing strategies. We begin by exploring the relation between Figures 2 and 3. When
(dr,ds) is in area (3) in Figure 3, we first show that there is no Nash equilibrium when one retailer (e.g.,
Ry) uses strategy C'r whereas the other one uses strategy NCpg. This result is justified as follows: Rp
actually has an incentive to change strategy NCg to strategy Cgr, because, as a result of the change,
his profit increases from his disagreement d; to d,+(1—A){(b+a)[(A—bc)/(2b+a)]*> —d, —ds}. Hence,
area (3) in Figure 3 can disappear when we consider the pure Nash equilibrium of the retailers’ pricing
strategies. It is also easy to see that géR"°R (x) = g"°R"CR (x)(2b% +3ab) /(26 +4ab+a?) < gnerRR (1)
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and

A —be 2(b+ a)? — o?

NCR,NCR b+0é X
g ( ) 20+ « (2b+3a)b+2(b+a)2—a2

max gerR "R ()
x

(4b% + 8ab + 2a2)?
(462 + Tab + a?)?
> 1.

Hence, areas (1) and (2) in Figure 3 are contained in areas (1) and (2) in Figure 2.

When (d,,ds) is in area (3) in Figure 4, we find that if both retailers use strategy Cg, both supply
chains can reach agreements. Hence, (Cr, CRr) is the only pure Nash equilibrium. When (d,,d;) is in
area (2) in Figure 4, if one retailer uses strategy Cr whereas the other uses strategy NCg, then either
the non-cooperative supply chain breaks up or both supply chains break up. As a consequence, the
retailer with strategy NC'r has an incentive to change strategy NCr to strategy Cr. This means that
(NCRr,CR) and (Cr, NCpr) cannot be pure Nash equilibria. If both retailers use strategy Cg, then
none of the retailers has any incentive to choose strategy NCg, which may result in the disagreement
payoff. Hence, (Cr,CR) is a pure Nash equilibrium. If one retailer keeps strategy NCr and one
retailer changes to strategy Cg, then the payoff of the retailer with strategy Cgr changes from 7, "R
to m"“R. Hence, (NCg, NCg) is a Nash equilibrium if 772" < mi "R and gy 08 < g BOR
ie., \> )\?CR’MR as TR = iR and i BTOR = tRneR,

When (d,,ds) is in area (1) in Figure 4, the retailers are facing the following 2 x 2 symmetric Nash

game:
Ry
C NC
R C [ am ) | (e
NC [ (e, migmem) | (remer, i)
in which 7R = gploR  gRERNCR — pIORNCR | g TRNCR — gl SRCR - and "R = 7R Therefore,

(Cgr,CRr) is a pure Nash equilibrium, if 7 2"" < 7i% and m R < e R e, A < ASRCE In
addition, (NCg, NCR) is a pure Nash equilibrium, if \ > )\?CR’MR. Moreover, the two retailers play a
Hawk-Dove game if A\;"%"F < A < NCR:CR,

When (d,,ds) is in area (4) in Figure 4, both negotiations can reach agreements only with the
(NCRr, NCp) strategy; hence, (NCgr, NCg) is the only Nash equilibrium. When (d,,ds) is in area
(5) in Figure 4, both negotiations cannot end up with an agreement on the (Cg, Cr) strategy; thus,
TR = R = g < R = pi"R Hence, (Cg,CR) can never be a Nash equilibrium.
In addition, (NCg, NCg) is a Nash equilibrium if #p="® < qFR"R and m 08 < qaiB"R e
A > NP"Eand, (NCg,Cg) (or (Cr,NCR)) is a Nash equilibrium if 77 f"% > m /""" and

nc C nc nc . EY nc nc
Ty 0 2> ey L, AN -
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