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Abstract

When a technology provider (entrant) enters an emerging end market, he may outsource
critical components from a competing conventional manufacturer (incumbent) or insource
critical components. Under the outsourcing strategy, brand reputation spills over from the
incumbent to the entrant—a phenomenon termed brand spillover. This paper investigates
the sourcing strategy (insourcing or outsourcing) and contract choice (wholesale price
contract or revenue share contract) in markets subject to brand spillover. We develop a
game theoretic model consisting of one entrant with a new technology and one incumbent
who sells the traditional product in the end market and the critical component to the
entrant. We find that the entrant adopts the insourcing strategy only if his optimal quantity,
including original market power and brand spillover, is intermediate. Otherwise, the
outsourcing strategy with wholesale price contract is selected when his optimal quantity is
low, while revenue-sharing contracts dominate at high quantity. Interestingly, when brand
spillover intensity exceeds a threshold, both parties benefit from a higher level of brand
spillover under the wholesale price contract.

Keywords: game theory; brand spillover; sourcing strategy; contract choice

1. Introduction
Autonomous vehicles (AVs) represent a transformative trend with the potential to

enhance affordability, sustainability, and accessibility in mobility (Mithas et al., 2022). From
“Electrical and Electronics” (EE) to “Computer and Communication” (CC), vehicle architec-
ture in the driverless era has changed significantly. As we can see, the traditional automotive
industry relies on mechanical and material critical components, whereas contemporary
autonomous systems enable intelligent vehicles to support software-centric features and
services. Such vehicles are termed software-defined vehicles (SDVs) because they allow
feature activation/deactivation via software updates (Jiacheng et al., 2016). For instance,
Tesla’s SDV alternatives achieved over 300,000 unit deliveries in 2019 (Statista, 2023).

Faced with new consumer trends, firms are incentivized to enter the emerging market,
especially software/technology developers (referred to as “technology” throughout this
work). For example, Huawei is an autonomous vehicle solutions developer and set up
a vehicle networking laboratory to provide AVs ICT (i.e., information communications
technology) solutions in 2014. Subsequently, Huawei established cooperative relationships
with Audi, Volvo, and other conventional vehicle firms and jointly developed SDVs. Co-
operating with the traditional vehicle firms which possess strong brand reputation helps
the entrant to gain access to new markets (Bengtsson & Servais, 2005), signal unobservable
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quality (Rao et al., 1999), and add new value (Farquhar, 1989). In other words, brand repu-
tation from a conventional vehicle firm spills over to the entrant because of the disclosure
that their products adopt the same critical components, and we refer to this phenomenon
as brand spillover. The brand spillover phenomenon has been observed in the vehicle
industry and other industries, such as consumer electronics. For example, Chinese tech
firm Smartisan highlighted its adoption of Samsung-tier components when launching a
new generation of smartphones. The above discussion leads to our first research question:
How does brand spillover affect the entrant’s sourcing strategy?

Contract selection poses a critical challenge in co-opetitive supply chains—where
competing firms simultaneously collaborate through resource sharing (e.g., component
procurement) while competing in end markets. In a traditional supply chain, the prod-
ucts are often sold under a wholesale price contract, where the buyer purchases one
product/component at a wholesale price from the manufacturer. The wholesale price
contract is commonly observed in practice due to its ease of implementation and admin-
istration (El Ouardighi & Kim, 2010). Alternatively, the firms can implement a revenue
share contract to share the entrant’s revenue, and this approach could mitigate chan-
nel conflict and better align supply chain behaviors. Revenue share contracts are now
commonly used in many industries, e.g., agriculture, manufacturing, pharmaceuticals
(Heese & Kemahlioglu-Ziya, 2014). The above discussion leads to our second research
question: Is it beneficial for the entrant to cooperate with the incumbent? And if so, which
kind of contracts will the two firms choose?

In this study, we consider a decentralized supply chain that consists of one technology
provider (the entrant) who possesses a new technology and one manufacturer (the incum-
bent) who sells the traditional product in the end market and sells the critical component
to the entrant. We investigate the aforementioned research questions by considering the
following three scenarios: (i) The entrant insources a critical component. (ii) The entrant
outsources a critical component via a wholesale price contract. (iii) The entrant outsources
a critical component through a revenue share contract. Specifically, the entrant or the
incumbent may have the pricing power to set the commission rate. We develop a stylized
model to investigate the incentives of the strategic decision of each player.

The results can be summarized as follows. First, the entrant adopts the insourcing
strategy only if his optimal quantity is intermediate; the outsourcing strategy with the
wholesale price contract prevails at low optimal quantity levels and the revenue share
contract is selected otherwise. Second, under the wholesale price contract, when brand
spillover intensity exceeds a threshold both firms benefit from stronger spillovers. This
result implies that the incumbent need not systematically resist spillover enhancement to
the entrant. Third, under the revenue share contract, it is no doubt that the firm’s profit
with pricing power is always no lower than that without pricing power. Specifically, once
the incumbent possesses pricing power, she will set an optimal commission rate to induce
outsourcing over an insourcing strategy in order to obtain more profit in the case of a
relatively small brand spillover. Interestingly, even if the incumbent has pricing power, her
commission rate may decrease as brand spillover increases.

The remainder of this paper is organized as follows. Section 2 reviews the related litera-
ture, and Section 3 develops the game-theoretic model. We derive the equilibrium outcomes
and analyze the equilibrium strategies in Section 4. In Section 5, we extend the baseline
model by introducing positive production costs. This study concludes with managerial
implications and future research directions. All the proofs appear in Appendix A.
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2. Literature Review
Our research question bridges two distinct streams of academic literature. The first is

the brand spillover in operations management, and the second is the literature on supply
chain contract choice.

Marketing literature has empirically documented the effect of brand spillover within
a single firm. For example, by leveraging the equity in established brands a firm can
proliferate brand extensions relatively easily (Balachander & Ghose, 2003; Swaminathan
et al., 2012; Thorbjørnsen et al., 2016; Zhong et al., 2025; Chowdhury et al., 2025). Brand
spillovers between two firms have been investigated when they are presented as a brand
alliance to consumers, for example, an airline company and a bank jointly branding a credit
card (Simonin & Ruth, 1998; Y. Yang et al., 2009; Cobbs et al., 2015). Research indicates that
although brand spillover strategy incurs no cost, the weak firm should avoid adopting this
approach when the spillover effect is low (Zhong et al., 2025). Brand spillover between
competing firms has also been verified. For example, a brand scandal, a product recall, or a
bankruptcy filing will spill over and negatively affect competing brands (Roehm & Tybout,
2006; Borah & Tellis, 2016; Ozturk et al., 2019; Xu et al., 2025). The reputation mechanism of
a firm is consistent with the theory of asymmetric information game (Kreps & Wilson, 1982;
Milgrom & Roberts, 1982). However, only a few papers study the implications of these
spillover effects. Fazli and Shulman (2018) and X. Wu et al. (2022a) find negative market
spillover benefits rivals, while positive spillover harms them. Furthermore, H. Wu et al.
(2022) show that brand spillover can enhance the manufacturer’s incentive to construct a
direct-selling channel compared with non-brand spillover. M. Liu et al. (2025) demonstrate
that when contract manufacturers (CMs) have limited brand influence, original brand
manufacturers (OBMs) tend to an outsourcing strategy, conversely, as CMs’ brand influence
grows, OBMs switch to an insourcing strategy. In this paper, motivated by the phenomenon
that some firms leverage brand spillover via sourcing critical components from conventional
firms, we study a positive spillover from a strong brand (i.e., the incumbent) to the entrant
and investigate the impacts of brand spillover on the two competing brands’ sourcing
strategy and contract choice.

Various studies have intensively investigated the issue of contract choice. Some studies
have explained the advantages and disadvantages of the contracts and analyzed the reasons
why the channel members prefer one contract type over the other (Cachon & Kök, 2010;
B. X. Li et al., 2013; J. Wang & Shin, 2015; Jin et al., 2015; Xing et al., 2022; Cao et al., 2023;
Tao et al., 2025). In practice, the wholesale price contract has always been considered one of
the most important contracts because of its implementation convenience and traditional
adoption (S. Gupta & Loulou, 1998; El Ouardighi & Kim, 2010; Sluis & De Giovanni, 2016).
Matsui (2024) points out that suppliers are more likely to choose wholesale price contracts
under equilibrium conditions. Moreover, the commission rate is recognized as an effective
tool for coordinating a supply chain and arbitrarily allocating the channel’s profit (Cachon
& Lariviere, 2005; Oh et al., 2025). Hereafter, massive papers concentrate on coordinating
commission rate designing issues in various settings. For example, Heese and Kemahlioglu-
Ziya (2014); Avinadav et al. (2015); Chakraborty et al. (2015); Lim et al. (2015); Arani et al.
(2016); Hu et al. (2016); J. Cai et al. (2017); Xie et al. (2017); J. Li et al. (2022); Chernonog and
Levy (2023); C. Liu et al. (2023); W. Zhang et al. (2023); etc. In addition, some researchers
make a comparison between the commission rate and other contracts, e.g., Palsule-Desai
(2013); Jin et al. (2015); J. Wang and Shin (2015); Kouvelis and Zhao (2016); Y. Zhang et al.
(2016); Yenipazarli (2017); Choi et al. (2022); Kandil et al. (2022); Rong and Wang (2023).
Furthermore, many researchers have attempted to study the effect of commission rate on
aligning firms’ strategic behaviors, e.g., G. Cai et al. (2012); Kong et al. (2013); H. Yang et al.
(2017, 2018); Moon et al. (2020); Zheng et al. (2024).
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To systematically position our contribution, we have categorized related research
into four dimensions and compared them with our work in Table 1. As we can see, exist-
ing literature on brand spillover effects has investigated their implications for operations
strategies—such as pricing and sourcing decisions. However, these studies predominantly
focus on singular contractual forms (e.g., wholesale pricing) without incorporating alter-
native mechanisms. To address this gap, our paper employs both wholesale pricing and
revenue-sharing (via commission rate adjustment) to coordinate firm behaviors considering
brand spillovers.

Table 1. Comparison of our work with the relevant literature.

Spillover Scope Balachander and Ghose (2003);
Simonin and Ruth (1998) Single-firm or alliance Competitive spillover

(incumbent-entrant via sourcing)

Contract Mechanism Cachon and Lariviere (2005);
Palsule-Desai (2013)

Revenue share contract absent
brand spillover

Revenue share contract + brand
spillover

Sourcing Strategy Y. Wang et al. (2014);
X. Wu et al. (2022a)

Insourcing/outsourcing
decoupled from contract Sourcing + contract

3. Model Setup
Consider two firms (indexed by k ∈ {e, i}) competing in the two substitute markets,

i.e., the traditional market and the emerging market. The incumbent can produce critical
components, which are then used to manufacture the end products for the consumers in
the traditional market for many years. The entrant with new technology must decide to
manufacture the critical component using insourced production or outsourced production if
he enters the emerging market. Specifically, the new technology represents the performance
of a new process, know-how, chip/processor design, architecture, or a combined system
that results in a new version of the manufactured end product. Moreover, the critical
component is used to manufacture a traditional product (e.g., traditional vehicles); and the
critical component employing the new technology is used to manufacture an emerging
product (e.g., AVs). Similarly to Y. Wang et al. (2014) and X. Wu et al. (2022b), we consider
the entrant as a firm that insources or outsources a component and then finalizes a new
product adopting this technology with his brand name. Throughout this study, we use the
pronoun “he” to represent the entrant and “she” to represent the incumbent.

Without loss of generality, we assume that both the entrant and the incumbent employ
one unit of the component to assemble one unit of the end product. In practice, manufac-
turers need to order the critical component in advance, and the retail prices are mainly
determined by the critical component’s supply quantities (Goyal & Netessine, 2007; Z. Yang
et al., 2009; Ang et al., 2017; Z. Yang et al., 2018; Vedantam & Iyer, 2021; A. Gupta et al.,
2024; Kay, 2024). Therefore, firms typically influence the market price of products indi-
rectly by adjusting quantity (Tirole, 1988) rather than engaging in direct price competition.
Compared to Bertrand competition, we believe that quantity competition better aligns with
the context of our study. Thus, we follow the literature to model competition between the
two firms. Specifically, we adopt the following variation of the Cournot competition model:

pe = θ − (qe + qi)

pi = 1 − θ − (qe + qi),

where pk and qk, k ∈ {e, i}}, are the selling price and quantity of Firm k, respectively.
Following Kuo and Yang (2013) and X. Wu et al. (2022b), we assume that the total market
potential is 1, and the two firms have their private market potential. Specifically, the
entrant’s original market potential is θ ∈ (0, 1); thus, the incumbent’s original market
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power is 1 − θ. This inverse demand function can be derived based on utility functions that
are quadratic in product quantities (Singh & Vives, 1984), and this has been widely used in
the literature (Anand & Girotra, 2007; Feng & Lu, 2012; Z. Yang et al., 2018; Vedantam &
Iyer, 2021; Guan et al., 2022). Table 2 contains the notations and model parameters used in
this study.

Table 2. Summary of notation and sensible scenario of sourcing strategy.

Notation Description

e The entrant
i The incumbent
p Market price of the product
θ Entrant’s original market potential, θ ∈ (0, 1)
b Level of brand spillover, b ∈ [0, 1 − θ]

πe Profit of the entrant
πi Profit of the incumbent

Decision variable Description

q Market demand of the product
ω Wholesale price charged by the incumbent
µ Commission rate

Sourcing Strategy Sensible Scenario

IE Case of insourcing strategy
OW Case of outsourcing strategy with wholesale price contract

ORe
Case of outsourcing strategy with revenue share contract

(the entrant set µ)

ORe
Case of outsourcing strategy with revenue share contract

(the incumbent set µ)

The incumbent has been operating with good product quality for many years in the
traditional market. If the entrant outsources from the incumbent, the market potential of
the entrant will increase b, and that of the incumbent will decrease b due to the incumbent’s
brand spillover, where b ∈ [0, 1 − θ] represents the level of brand spillover.

If the entrant outsources from the incumbent, there are two outsourcing contracts:
(1) the wholesale price contract, indicating the incumbent charges the entrant per unit
of component; (2) the revenue share contract, indicating that, the entrant remits fraction
µ ∈ (0, 1) of its total revenue per unit sold to the incumbent as commission. Under the
revenue share contract, the commission rate µ may be set by the entrant or the incumbent.
We will discuss these two cases separately. For analytical transparency, the unit production
costs are normalized to zero. Although the firms have a positive production cost, whether
the entrant should insource or outsource production is not a trivial question because of
strategic considerations. Moreover, in Section 5, we develop models of cost differentiation
and demonstrate that all qualitative results are preserved.

The model has three subgames: (1) the entrant insources critical components; (2) the
entrant outsources critical components from the incumbent, adopting the wholesale price
contract; (3) the entrant outsources critical components from the incumbent. adopting the
revenue share contract. These are represented as {IE}, {OW}, and {OR}, respectively. To
differentiate the cases with different pricing power under {OR}, we denote the strategy
{OR} with the entrant’s pricing power as {ORe} and with the incumbent’s pricing power
as {ORi}. Moreover, we use superscripts IE, OW, ORe, and ORi to refer to these sourcing
strategies, respectively. The sensible scenarios for the four sourcing strategies are shown in
Table 2.
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If the entrant’s original market power, θ, is sufficiently low (significant), the entrant
(incumbent) will be driven out of the market, and then the competition will never occur.
To exclude these trivial situations, we assume in our model that θ is not too high or too
low, that is, max

{
1
3 , 1−2b

2

}
= θ ≤ θ ≤ θ = min

{
2
3 , 7−9b

9

}
, so that each firm’s quantity is

positive. The derivations of θ and θ are available in Appendix B.

4. Equilibrium Analysis
4.1. Results Under {IE}

In this section, we first consider the scenario where the entrant chooses to insource
production. The event sequence is described as follows: First, the entrant and the incumbent
determine their quantities. Second, products are sold to consumers at market-clearing
prices. The entrant’s and the incumbent’s profit functions are given as follows:

π IE
e =

(
θ − qIE

e − qIE
i

)
qIE

e

π IE
i =

(
1 − θ − qIE

e − qIE
i

)
qIE

i .

The results are summarized in Lemma 1.

Lemma 1. Under the insourcing strategy {IE}, the production quantities are qIE
e = −1+3θ

3 ,

qIE
i = 2−3θ

3 , and supply chain parties’ profits are π IE
e = (−1+3θ)2

9 , π IE
i = (2−3θ)2

9 .

4.2. Results Under {OW}
In this scenario the entrant outsources from the incumbent, adopting the wholesale

price contract. The event sequence is described as follows: First, the incumbent determines
the unit wholesale price ω. Second, the entrant places an order with the incumbent, who
also determines the production quantity for her end product. Third, the entrant receives
the components of the end products. Finally, the products are sold to consumers at market-
clearing prices. The entrant’s and the incumbent’s profit functions are given as follows:

πOW
e =

(
θ + b − qOW

e − qOW
i − ωOW

)
qOW

e

πOW
i =

(
1 − θ − b − qOW

e − qOW
i

)
qOW

i + ωOWqOW
e .

The incumbent’s profit comes from the following two sources: (i) self-branded busi-
ness; (ii) component-selling business. Supposing the incumbent competes with the entrant
intensively in the downstream market, she will not only squeeze the entrant’s selling
quantity but also reduces her revenue from the component-selling business. Hence, the
incumbent needs to balance her profit from these two sources. The results are summarized
in Lemma 2.

Lemma 2. Under the outsourcing strategy with the wholesale price contract {OW}, the
equilibrium wholesale price is ωOW = 1+3b+3θ

10 , the production quantities are qOW
e =

2(−1+2b+2θ)
5 , qOW

i = 7−9b−9θ
10 , and the supply chain parties’ profits are πOW

e = 4(−1+2b+2θ)2

25 ,
πOW

i = 9+21b2−26θ+21θ2−26b+42bθ
20 .

Next, we make the sensitivity analysis, leading to the interesting results in Proposition 1.
The results are also illustrated in Figure 1.
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Figure 1. Impact of b on profits under {OW}.

Proposition 1. Under the outsourcing strategy with the wholesale price contract {OW}.
(i) πOW

e is decreasing in b if and only if b ≤ 1−2θ
2 and θ ≤ 1

2 .
(ii) πOW

i is decreasing in b if and only if b ≤ 13−21θ
21 .

First, taking a closer look at the wholesale price and quantities we have the following
comparative statics, which are also illustrated in Figure 2:

∂ωOW

∂b
> 0;

∂qOW
e

∂b
> 0,

∂qOW
i

∂b
< 0.
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Figure 2. Impact of b on wholesale price and quantity.

Clearly, the entrant’s production quantity (i.e., qOW
e ) is increasing in b, while the

incumbent’s (i.e., qOW
i ) is decreasing in b. This result is intuitive because brand spillover

helps the entrant’s products differentiate from the competitive incumbent’s products. We
also find that the equilibrium wholesale price is increasing in b, but the entrant’s profit still
increases in b except for the case where both the entrant’s original market power and brand
spillover are small (i.e., b ≤ 1−2θ

2 and θ ≤ 1
2 ). This is because the entrant’s profit margin

increases. That is, the positive effect (i.e., larger selling quantity) due to the increase of b
outweighs the negative effect (i.e., higher wholesale price). However, in the special case of
b ≤ 1−2θ

2 and θ ≤ 1
2 , the negative effect dominates, hence his profit decreases in b.

Stronger brand spillover imposes two opposing effects on the incumbent’s profit. On
the one hand, it allows the incumbent to set a higher wholesale price for the entrant and
then to earn more profit from the component-selling business, which is the positive effect;
on the other hand, it results in a lower quantity for the incumbent and leads them to earn
less profit from the self-branded business, which is the negative effect. As a result, the
incumbent’s profit could be either increasing or decreasing in b, contingent on the two
firms’ optimal quantity responses. When the entrant’s optimal quantity is larger, it is more
likely that the positive effect dominates, and the incumbent’s profit increases in b. In other
words, if brand spillover b is larger than the threshold 13−21θ

21 , the incumbent’s profit loss
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from self-branded business is compensated by her profit gain from component-selling
business. On the contrary, if the incumbent’s component has little brand spillover toward
the entrant’s products, that is, b ≤ 13−21θ

21 , then the incumbent gains limited profit from
component-selling business, which is less than the loss from self-branded business.

Interestingly, when the strength of brand spillover exceeds a threshold, that is, when
b > 13−21θ

21 , the two firms benefit from a higher level of brand spillover, which implies
that the incumbent does not always have to fight against the increasing brand spillover to
the entrant.

4.3. Results Under {ORe}
In this scenario, the entrant sources critical components from the incumbent, adopting

a revenue share contract. Moreover, the commission rate µ (denoted as µORe in this
scenario) is set by the entrant. The event sequence is described as follows: First, the
entrant determines the commission rate µORe. Second, the entrant places an order on the
incumbent, who also determines the production quantity for her end product. Third, the
entrant receives the critical components of the end product. Finally, products are sold to
consumers at market-clearing prices. The entrant’s and the incumbent’s profit functions
are given as follows:

πORe
e =

(
θ + b − qORe

e − qORe
i

)
qORe

e µORe

πORe
i =

(
1 − θ − b − qORe

e − qORe
i

)
qORe

i +
(

θ + b − qORe
e − qORe

i

)
qORe

e

(
1 − µORe

)
.

The results are summarized in Lemma 3.

Lemma 3. (i) The incumbent accepts the commission rate set by the entrant if and only if
(i) θ ≤ 5

12 and b > 18−39θ+
√

181−624θ+468θ2

39 ; (ii) 5
12 < θ ≤ 1

2 and b > 1−2θ
2 ; (iii) θ > 1

2 .

(ii) If θ ≤ 5
12 and 18−39θ+

√
181−624θ+468θ2

39 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , 5
12 <

θ ≤ 14−
√

21
21 and 1−2θ

2 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the commission rate set by the

entrant is µORe = µ1, the production quantities are qORe
e = 36b2+18b(−1+4θ)+8−42θ+54θ2

3(−3+6b+6θ+T1)
,

qORe
i = −54b2+3b(9−36θ+T1)−16+75θ−90θ2+3θT1

3(−3+6b+6θ+T1)
, and the supply chain parties’ profits are πORe

e =

2(18b2+9b(−1+4θ)+4−21θ+27θ2)(−18b2+9b(−1+T1−4θ)+(7+3T1−18θ)(−1+3θ))
9(−3+6b+6θ+T1)

2 , πORe
i = (2−3θ)2

9 .

(iii) Otherwise, the commission rate set by the entrant is µORe = µ2, the production quantities are

qORe
e = 61b2+2b(−23+61θ)+9−46θ+61θ2

2(−5+10b+10θ+T2)
and qORe

i = −51b2+b(41−102θ+T2)−9+41θ−51θ2+θT2
−5+10b+10θ+T2

, and the supply

chain parties’ profits are πORe
e =

(61b2+2b(−23+61θ)+9−46θ+61θ2)(−31b2−b(−21+62θ−3T2)−4+21θ−31θ2−T2+3θT2)
2(−5+10b+10θ+T2)

2

and πORe
i = ε

4(−5+10b+10θ+T2)
2 .1

The expressions of µ1, µ2, T1, and T2 are defined in Appendix A.
Lemma 3 indicates that only when the entrant’s optimal quantity, including original

market power and brand spillover, is not small is the revenue share contract with the
entrant’s pricing power established. This is because if the entrant has a small optimal
quantity he cannot afford the incumbent’s commission rate to develop the cooperation.

Specifically, when the entrant’s optimal quantity is at an intermediate level (i.e., θ ≤ 5
12

and 18−39θ+
√

181−624θ+468θ2

39 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , 5
12 < θ ≤ 14−

√
21

21 and 1−2θ
2 <

b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 ), the positive effect of the component-selling business for the
incumbent dominates. As a result, the incumbent will accept the entrant’s revenue share
contract (i.e., µ1) only if her profit is higher than that under {IE}. When the entrant’s

optimal quantity is at a large level (i.e., θ ≤ 14−
√

21
21 and b > 39−63θ+2

√
15
√

25−84θ+63θ2

63 ,
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14−
√

21
21 < θ ≤ 1

2 and b > 1−2θ
2 , θ > 1

2 ), the negative effect of self-branded business for the
incumbent dominates. And hence, the commission rate (i.e., µ2) should let the incumbent’s
profit be higher than that under {OW}.

Proposition 2. Under the outsourcing strategy with the revenue share contract {ORe}, µORe is
increasing in b.

As Lemma 3 shows, the entrant offers an acceptable commission rate only if his
optimal quantity is relatively large. In this case, the entrant originally is a severe threat to
the incumbent and takes market share from the incumbent. Hence, the component-selling
business plays a vital role in the incumbent’s profit, and the incumbent is worst off with
the insourcing strategy. As a result, the entrant needs to provide a commission rate to
guarantee that both the entrant’s and the incumbent’s profits are higher than {OW}. As
brand spillover increases, the entrant’s quantity and profit increase. Subsequently, the
cooperation constraint of the incumbent can be met even if the commission rate decreases,
and the entrant can profit as much as possible.

4.4. Results Under {ORi}
In this scenario, the entrant sources critical components from the incumbent, adopting

the revenue share contract. Specifically, commission rate µ (denoted as µORi in this scenario)
is set by the incumbent. The event sequence is described as follows: First, the incumbent
determines the commission rate µORi. Second, the entrant places an order on the incumbent,
who also determines the production quantity for her end product. Third, the entrant
receives the critical component of the end products. Finally, products are sold to consumers
at market-clearing prices. The entrant’s and the incumbent’s profit functions are given
as follows:

πORi
e =

(
θ + b − qORi

e − qORi
i

)
qoRi

e µORi

πORi
i =

(
1 − θ − b − qORi

e − qORi
i

)
qORi

i +
(

θ + b − qORi
e − qORi

i

)
qORi

e

(
1 − µORi

)
.

The results are summarized in Lemma 4.

Lemma 4. (i) The entrant accepts the commission rate set by the incumbent except when θ ≤ 11
27 and

b < 11−27θ
12 .

(ii) Under the outsourcing structure with the revenue share contract:
(i) If max

{
0, 11−27θ

12

}
≤ b < 1+3θ

12 , the commission rate which is set by the incum-

bent is µORi = µ3, the production quantities are qORi
e = 2(−1+3θ)2

3(−3+9b+9θ−T3)
and qORi

i =

27b2+3b(−3+18θ−T3)−4+15θ−9θ2−3θT3
3(−3+9b+9θ−T3)

, and the supply chain parties’ profits are πORi
e = (1−3θ)2

9

and πORe
i = ζ

9(3−9b−9θ+T3)
2 .2

(ii) Otherwise, the commission rate which is set by the incumbent is µORi = µ4, the production

quantities are qORi
e = 8(−1+2b+2θ)2

−25+75b+75θ−5T4
and qORi

i = 11b2+b(39+22θ−5T4)−16+39θ+11θ2−5θT4
−25+75b+75θ−5T4

, and

the supply chain parties’ profits are πORi
e = 4(−1+2b+2θ)2

25 and πORe
i = η

25(5−15b−15θ+T4)
2 .3

The expressions of µ3, µ4, T3 and T4 are defined in Appendix A.
Compared with {ORe} scenario, the incumbent can leverage pricing power to induce

the outsourcing strategy with the revenue share contract (i.e., {ORi}) in more cases. The
reason is that, on the one hand, the entrant’s acceptable constraints can be more easily
satisfied than the incumbent’s acceptable constraints. On the other hand, the incumbent
can extract the most benefit from the brand attractiveness in the outsourcing strategy.
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Proposition 3. Under the outsourcing strategy with the revenue share contract ({ORi}), µORi is
decreasing in b if and only if max

{
0, 11−27θ

12

}
≤ b < 1+3θ

12 .

Proposition 3 is illustrated in Figure 3. In the case of weak brand spillover (i.e.,
max

{
0, 11−27θ

12

}
≤ b < 1+3θ

12 ), the entrant earns more profit adopting the insourcing strategy
than the outsourcing strategy with the wholesale price contract. Thus, the entrant will
accept the incumbent’s revenue share contract only if his profit is higher than that under
{IE} which is not related to b. Moreover, the entrant’s quantity increases in brand spillover b
in the case of {ORi}. Hence, the incumbent can induce the entrant to choose the outsourcing
strategy with the revenue share contract even if the commission rate decreases in b.

ଵାଷఏଵଶ   

re
ve

nu
e 

sh
ar

e 

0.4 

0.3 

0.2 

0.1 

0 0.1 0.2 0.3 0.4 0.5 
𝑏 

Figure 3. Impact of b on revenue share under {ORi}.

As brand spillover increases (i.e., b > 1+3θ
12 ), the entrant will accept the incumbent’s

revenue share contract only if his profit is higher than that under {OW}. As we have
mentioned in Proposition 1, the entrant’s profit increases in b in the case of {OW}. As a
result, the commission rate should increase in b so that the entrant will accept the contract.

4.5. Equilibrium Sourcing Strategy

In this section, we first derive the equilibrium sourcing strategy in the case where the
commission rate µ is set by the entrant and is illustrated in Figure 4.

ሼOReሽ ሼ𝐼𝐸ሽ 
𝑏 ൌ 𝐵ଵ 

ሼIEሽ 

𝑏 ൌ 𝐵ଶ 

ሼOWሽ 1127 

0.3 

0.1 

0.46 

0.2 

0.34 

𝑏 

0.38 
0 𝜃 

0.42 

Figure 4. Equilibrium sourcing strategy with entrant’s pricing power.

Proposition 4. The commission rate is set by the entrant:
(i) θ ≤ 11

27 , {OW} is the equilibrium sourcing strategy when b ≤ B1; {IE} is the equilibrium
sourcing strategy when B1 < b ≤ B2; and {ORe} is the equilibrium sourcing strategy when
b > B2.

(ii) If θ > 11
27 , {IE} is the equilibrium sourcing strategy when b ≤ B2; and {ORe} is the

equilibrium sourcing strategy when b > B2.

The expressions of B1 and B2 are defined in Appendix A.
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For small b (i.e., b ≤ B2), it is costly for the entrant to satisfy the incumbent’s co-
operation constraint under {ORe}. Therefore, the equilibrium sourcing strategy will be
either {IE} or {OW}. Specifically, in the case of θ ≤ 11

27 and b ≤ B1, brand spillover has
little effect on firms’ optimal quantities. That is, brand spillover has little negative effect
on the incumbent’s self-branded business. On the contrary, the incumbent can charge a
relatively low wholesale price to secure the order from the entrant, earning more profit.
Consequently, the entrant can be better off under {OW} and thus should adopt {OW}.
As the entrant’s optimal quantity, including original market power and brand spillover,
increases (i.e., θ ≤ 11

27 and B1 < b ≤ B2, θ > 11
27 and b ≤ B2), the incumbent’s profit loss

of self-branded business increases. An increased wholesale price follows this decline in
profit. Consequently, the entrant will adopt the insourcing strategy (i.e., {IE}) because of
the relatively high wholesale price.

As b exceeds the specific value B2, brand spillover plays a vital role in the entrant’s
profit because of the high optimal quantity, and the entrant will outsource from the in-
cumbent. Considering high wholesale price, it is wise for the entrant to set an optimal
commission rate to allow both the entrant and the incumbent to earn more profit than in
other scenarios (i.e., {IE} and {OW}).

Next, we derive the equilibrium sourcing strategy in the case where the commission
rate µ is set by the incumbent, and this is illustrated in Figure 5.

𝑏 = 𝐵ଷ  𝑏 = 𝐵ଵ  

{IE} 

{ORi} 

{OW} 

𝑏 

0.12 

0.1 

0.08 

0.04 

0 
0.4 0.5 0.6 

𝜃 

Figure 5. Equilibrium sourcing strategy with incumbent’s pricing power.

Proposition 5. The commission rate is set by the incumbent:
(i) θ ≤ 11

27 , {OW} is the equilibrium sourcing strategy when b ≤ B1; {IE} is the equilibrium
sourcing strategy when B1 < b ≤ B3; and {ORi} is the equilibrium sourcing strategy when
b > B3.

(ii) If 11
27 < θ ≤ 1

2 , {IE} is the equilibrium sourcing strategy when b ≤ B3; and {ORi} is the
equilibrium sourcing strategy when b > B3.

(iii) If θ > 1
2 , {ORi} is always the equilibrium sourcing strategy.

The expressions of B3 is defined in Appendix A.
Undoubtedly, the profit of firms with pricing power is always no lower than that

without pricing power. Specifically, compared with the entrant’s pricing power, the equi-
librium sourcing strategy switches from {IE} to {ORi} when brand spillover is relatively
small (i.e., 1−2θ

2 < b ≤ b3
4 and 14−

√
21

14 < θ ≤ 1
2 , b ≤ 1+3θ

12 and θ > 1
2 ) with the incum-

bent’s pricing power. As we have discussed, in these cases the entrant prefers {IE} to
{OW}. Once the incumbent possesses pricing power, she will set an optimal commission
rate to induce the outsourcing strategy rather than the insourcing strategy to obtain more
profit. Although, we can see that the incumbent will earn the most profit by inducing the
wholesale price contract.
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5. Extensions: Positive Production Costs
In this section, we relax the zero-production cost assumption by assuming a positive

unit production cost ce and ci for the entrant and the incumbent, respectively. Specifically,
according to reality either the entrant or the incumbent may have the cost advantage.
Hence, Sections 5.1 and 5.2 study the entrant’s and incumbent’s cost advantage, respectively.
Although all equilibriums can be obtained in closed-form, additional analysis becomes
intractable. Therefore, we resort to numerical analysis to derive the findings here.

5.1. Incumbent’s Cost Advantage

The cost of the entrant’s production can be higher than the incumbent’s. That is,
ci < ce. Due to the complexity of the problem when firms have positive costs, we cannot
obtain comprehensive closed-form solutions for the sourcing strategy. Accordingly, we
perform numerical experiments to further investigate this aspect. Specifically, we vary θ

over the range [0.4, 0.7], b over the range [0, 1 − θ], ce over the range [0, 0.3], and ci over the
range [0, ce]. All parameters are in the step of 0.01. We will run the experiments under
thousands of different parameter settings and find that the results are robust to the changes
in parameters. Further, we will contextualize our results based on practical use cases. For
example, Audi provides batteries to NIO and has a strong cost advantage. According to
our result (Observation 1(ii)), NIO should outsource from Audi, which is consistent with
reality. Observations 1 and 2 conclude the numerical results.

Observation 1. Suppose that ci < ce and the commission rate is set by the entrant:
(i) If θ ≤ θ1.
(i) If ci ≤ n1ce, {OW} is the equilibrium sourcing strategy when b ≤ b1; and {ORe} is the

equilibrium sourcing strategy when b > b1, where 0 < n1 < 1.
(ii) If n1ce < ci < ce, {OW} is the equilibrium sourcing strategy when b ≤ b2; {IE} is the

equilibrium sourcing strategy when b2 < b ≤ b3; and {ORe} is the equilibrium sourcing strategy
when b > b3.

(ii) If θ1 < θ ≤ θ2, {IE} is the equilibrium sourcing strategy when b ≤ b4; and {ORe} is
the equilibrium sourcing strategy when b > b4.

(iii) If θ > θ2, {ORe} is always the equilibrium sourcing strategy.

Observation 2. Suppose that ci < ce and the commission rate is set by the incumbent:
(i) If θ ≤ θ3.
(i) If ci ≤ n2ce, {ORi} is always the equilibrium sourcing strategy, where 0 < n2 < 1.
(ii) If n2ce < ci ≤ n3ce, {OW} is the equilibrium sourcing strategy when b ≤ b5; and

{ORi} is the equilibrium sourcing strategy when b > b5, where 0 < n2 < 1.
(iii) If n3ce < ci < ce, {OW} is the equilibrium sourcing strategy when b ≤ b6; {IE} is the

equilibrium sourcing strategy when b6 < b ≤ b7; and {ORi} is the equilibrium sourcing strategy
when b > b7.

(ii) If θ3 < θ ≤ θ4, {IE} is the equilibrium sourcing strategy when b ≤ b8; and {ORi} is the
equilibrium sourcing strategy when b > b8.

(iii) If θ > θ4, {ORi} is always the equilibrium sourcing strategy.

Observations 1 and 2 indicate that Propositions 4 and 5 still hold when the incumbent
has a cost advantage, except for the following cases: (i) when the entrant’s original market
power (i.e., θ) is small, the incumbent’s cost advantage (i.e., ci) is significant, and brand
spillover (i.e., b) is intermediate; (ii) when the entrant’s original market power is substantial
in the case of the incumbent’s pricing power (intermediate in the case of the entrant’s
pricing power), and brand spillover is small. In these two cases outsourcing {OR} remains
the optimal sourcing strategy even when the entrant has weak market power or experiences
limited brand spillover, rather than insourcing ({IE}). This outcome is surprising, as conven-
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tional wisdom would expect the entrant to prefer insourcing due to its cost disadvantage.
The reason is that, in the two cases, on the one hand, brand spillover allows the entrant’s
optimal quantity to be not too small; on the other hand, the cost advantage enables the
incumbent to charge a smaller commission rate while still being profitable. As a result, the
entrant and the incumbent can agree on a relatively large commission rate to induce the
outsourcing strategy while maximizing their profits.

This implies that when formulating cooperative or sourcing strategies, firms evaluate
not only cost advantages but also weigh multiple strategic factors such as market power
and brand spillover effects. Consequently, they can optimize their outsourcing versus
insourcing decisions. Managers should recognize that outsourcing is not exclusively the
domain of the advantaged firm. Under certain conditions, the disadvantaged firm can also
strategically design their sourcing strategies to maximize profit.

5.2. Entrant’s Cost Advantage

The cost of the entrant’s production can be lower than the incumbent’s. That is, ce < ci.
Similarly to Section 5.1, we perform numerical experiments to investigate the sourcing
strategy. Specifically, we vary θ over the range [0.4, 0.7], b over the range [0, 1 − θ], ci over
the range [0, 0.3], and ce over the range [0, ci]. All parameters are in the step of 0.01. We
run experiments under thousands of different parameter settings and find that the results
are robust to the changes in parameters. Further, we will contextualize our results based
on practical use cases. For example, Huawei provides a smart cockpit system to Audi
and has a strong cost advantage. According to our result (Observation 4(i)), Audi should
insource from Huawei, which is consistent with reality. Observations 3 and 4 conclude the
numerical results.

Observation 3. Suppose that ce < ci and the commission rate is set by the entrant:
(i) If θ ≤ θ5.
(i) If ce ≤ n4ci, {IE} is the equilibrium sourcing strategy when b ≤ b9; and {ORe} is the

equilibrium sourcing strategy when b > b9, where 0 < n4 < 1.
(ii) If n4ci < ce < ci, {OW} is the equilibrium sourcing strategy when b ≤ b10; {IE} is

the equilibrium sourcing strategy when b10 < b ≤ b11; and {ORe} is the equilibrium sourcing
strategy when b > b10.

(ii) If θ > θ5, {IE} is the equilibrium sourcing strategy when b ≤ b12; and {ORe} is the
equilibrium sourcing strategy when b > b12.

Observation 4. Suppose that ce < ci and the commission rate is set by the incumbent:
(i) If θ ≤ θ6.
(i) If ce ≤ n5ci, {IE} is the equilibrium sourcing strategy when b ≤ b13; and {ORi} is the

equilibrium sourcing strategy when b > b13, where 0 < n5 < 1.
(ii) If n5ci < ce < ci, {OW} is the equilibrium sourcing strategy when b ≤ b14; {IE} is

the equilibrium sourcing strategy when b14 < b ≤ b15; and {ORi} is the equilibrium sourcing
strategy when b > b15.

(ii) If θ6 < θ ≤ θ7, {IE} is the equilibrium sourcing strategy when b ≤ b16; and {ORi} is
the equilibrium sourcing strategy when b > b16.

(iii) If θ > θ7, {ORi} is always the equilibrium sourcing strategy.

Observations 3 and 4 indicate that Propositions 4 and 5 still hold when the entrant has
a cost advantage, except when the entrant’s optimal quantity (the original market power
and brand spillover) is small and the entrant’s cost advantage is significant. In this case, it is
more profitable for the entrant to insource critical components (i.e., {IE}) instead of outsourc-
ing with wholesale price (i.e., {OW}) due to the significant cost advantage. Specifically, due
to significant cost advantages, the entrant will choose to insource components to maximize
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its profit rather than choose to outsource with a wholesale price contract. This provides
an important managerial insight: when a firm has a significant cost advantage but limited
market power it should prioritize an insourcing strategy. In other words, under certain
conditions cost advantage can become the key factor for the firm to maximize its profits.

6. Conclusions
Huawei’s entry as an ICT solutions provider into the autonomous vehicle sector moti-

vates strategic sourcing decisions: whether to insource or outsource critical components
and whether to adopt wholesale or revenue share contracts. In this study, we develop
a game theoretic model with one entrant and one incumbent with a strong brand (the
entrant serves the emerging market and the incumbent serves the traditional market) to
investigate how these decisions depend on the firm’s original market power and the level
of brand spillover.

First, we found that strong brand spillover discourages two firms from agreeing on an
optimal commission rate for the outsourcing strategy. When brand spillover is not too small
or too large the insourcing strategy is preferred, except for the case where the entrant has
strong original market power and the incumbent has pricing power. Under this particular
case, it is more profitable for the incumbent to induce an outsourcing strategy with the
revenue share contract than an insourcing strategy. With weak brand spillover, the profit
loss of self-branded business can be offset by the profit benefit from component-selling
business only when the incumbent’s original market power is considerable. Hence the
outsourcing strategy with the wholesale price contract is the equilibrium choice. Otherwise,
the insourcing strategy is the equilibrium choice.

Then, contrary to conventional wisdom, we found that under the wholesale price
contract both parties benefited from a higher level of brand spillover if the strength of
brand spillover was above a certain level. This result implies that the incumbent does not
always have to fight against increasing brand spillover to the entrant. This strategic paradox
provides a critical managerial insight: brand openness holds greater value-creation potential
than protectionism. For example, despite the potential brand control risks posed by Audi as
an internationally renowned brand, its collaboration with Huawei in co-developing smart
cockpit systems brought significant benefits. This partnership not only elevated Huawei’s
global automotive profile through the premium brand association, but also accelerated
Audi’s advancement in intelligentization.

Finally, we also found that under the revenue share contract, even if the incumbent
possesses pricing power, her commission rate may decrease as brand spillover increases. In
conclusion, brand spillover effects provide a novel strategic perspective. Firms should flexi-
bly adjust their brand strategies based on their own circumstances and market environment,
ultimately achieving mutual benefit and a win-win outcome.

This study can be extended in several directions. First, this paper focuses on a supply
chain consisting of an incumbent and a single entrant, whereas real markets typically
involve multiple competing manufacturing firms (e.g., Tesla, BYD, and NIO in the electric
vehicle sector). Subsequent work could extend this framework by incorporating com-
petition between incumbents. Second, our model adopts a single-period game-theoretic
structure, which inherently limits the incorporation of firms’ intertemporal learning be-
haviors, such as dynamic reputation accumulation. Future investigations could address
this limitation by employing a two-stage model. Third, the assumption of deterministic
brand spillover effects overlooks the stochastic fluctuations arising from technological
iterations or public relations events (e.g., social media crises impacting brand equity). Fu-
ture research could study the effects of random brand spillovers on firms’ sourcing and
contract decisions.
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Appendix A. Proofs

Proof of Lemma 1. The entrant solves the following problem to maximize his profit:

max
qIE

e

π IE
e =

(
θ − qIE

e − qIE
i
)
qIE

e , which yields qIE
e =

θ−qIE
i

2 . The incumbent’s optimal pro-

duction quantity is given by solving max
qIE

i

π IE
i =

(
1 − θ − qIE

e − qIE
i
)
qIE

i , which yields

qIE
i = 1−θ−qIE

e
2 . Solving qIE

e and qIE
i simultaneously yields: qIE

e = −1+3θ
3 ; qIE

i = 2−3θ
3 .

Bringing them back to the equations of profits, we can derive the optimums. □

Proof of Proposition 1. ∂πOW
i

∂b = −13+21b+21θ
10 , we can obtain that when b ≤ 13−21θ

21 , ∂πOW
i

∂b ≤
0; and when b > 13−21θ

21 , ∂πOW
i

∂b > 0. □

Proof of Lemma 2. The entrant solves the following problem to maximize
his profit: max

qOW
e

πOW
e =

(
θ + b − qOW

e − qOW
i − ωOW)

qOW
e , which yields qOW

e =

b+θ−qOW
i −ωOW

2 . The incumbent’s optimal production quantity is given by solv-
ing max

qOW
i

πOW
i =

(
1 − θ − b − qOW

e − qOW
i

)
qOW

i + ωOWqOW
e , which yields qOW

i =

1−b−θ−qOW
e

2 . Solving qOW
e and qOW

i simultaneously yields qOW
e = −1+3b+3θ−2ωOW

3 ; and

qOW
i = 2−3b−3θ+ωOW

3 .
Substituting them into the incumbent’s profit function and then solving for optimality

with respect to ωOW , we have the optimal wholesale price: ωOW = 1+3b+3θ
10 .

We can derive the optimums by bringing this back to the equations of quantities and
profits. □

Proof of Lemmas 3 and 4. The entrant solves the following problem to max-
imize his profit: max

qOR
e

πOR
e =

(
θ + b − qOR

e − qOR
i

)
qOR

e µOR, which yields qOR
e =

b+θ−qOR
i

2 . The incumbent’s optimal production quantity is given by solv-
ing max

qOR
i

πOR
i =

(
1 − θ − b − qOR

e − qOR
i

)
qOR

i +
(
θ + b − qOR

e − qOR
i

)
qOR

e
(
1 − µOR),

which yields qOR
i = 1−b−c−θ−2qOR

e +qOR
e µOR

2 . Solving qOR
e and qOR

i simul-

taneously yields: qOR
e = −1+3b+3θ

2+µOR ; and qOR
i = 2−4b−4θ+(b+θ)µOR

2+µOR . Sub-

stituting them into the firms’ profit function: πOR
e = (1−3b−3θ)2µOR

(2+µOR)
2 ; and

πOR
i = 3+13b2−2b(6−13θ)−12θ+13θ2−(1+b+θ)(−1+2b+2θ)µOR−(b+θ)(−1+2b+2θ)µOR2

(2+µOR)
2 .

(1) If the commission rate is set by the entrant, the incumbent will accept the contract
only if:

πORe
i ≥ π IE

i (µ1 ) and πORe
i ≥ πOW

i (µ2

)
s.t. 0 ≤ µ1 ≤ 1 and 0 ≤ µ2 ≤ 1.
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We can obtain this if πORe
i ≥ π IE

i , µORe ≤ µ1 =

−18b2+9b
(
−1+

√
108b2+72b(−1+3θ)+(5−12θ)2−4θ

)
+
(

7+3
√

108b2+72b(−1+3θ)+(5−12θ)2−18θ
)
(−1+3θ)

36b2+18b(−1+4θ)+8−42θ+54θ2 ;

and if πORe
i ≥ πOW

i , µORe ≤ µ2 = 2
61b2+b(−46+122θ)+9−46θ+61θ2(

−31b2 + b ∪−4 −
√

5(21 + 3 ∪−62θ) + 21θ + 3(21 + 3 ∪−62θ)θ − 31θ2
)

. Further,

when θ ≤ 11
27 and 18−39θ+

√
181−624θ+468θ2

39 ≤ b ≤ 2(2−3θ)
3 ; 11

27 < θ ≤ 52−3
√

39
78 and

b ≤ 18−39θ−
√

181−624θ+468θ2

39 , 18−39θ+
√

181−624θ+468θ2

39 ≤ b ≤ 2(2−3θ)
3 ; and θ > 52−3

√
39

78 and

b ≤ 18−39θ+
√

181−624θ+468θ2

39 , 0 ≤ µ1 ≤ 1. When θ ≤ 1
2 and b ≤ 1−2θ

2 ; θ > 1
2 , 0 ≤ µ2 ≤ 1.

Where ∪ =
√

5(14 − 66b + 81b2 − 66θ + 162bθ + 81θ2).
For the entrant, his commission rate is min{µ1, µ2}: when θ ≤ 5

12 and
18−39θ+

√
181−624θ+468θ2

39 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 ; and 5
12 < θ ≤ 14−

√
21

21

and 1−2θ
2 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , µ1 < µ2. When θ ≤ 14−
√

21
21 and

b > 39−63θ+2
√

15
√

25−84θ+63θ2

63 ; 14−
√

21
21 < θ ≤ 1

2 and b > 1−2θ
2 ; and θ > 1

2 , µ1 > µ2.

For convenience, we define new variables T1 =
√

108b2 + 72b(−1 + 3θ) + (5 − 12θ)2

and T2 =
√

5
√

14 − 66b + 81b2 − 66θ + 162bθ + 81θ2, which leads to Lemma 3.
(2) If the commission rate is set by the incumbent, the entrant will accept the contract

only if:
πORi

e ≥ π IE
i (µ3 ) and πORi

e ≥ πOW
i (µ4

)
s.t. 0 ≤ µ3 ≤ 1 and 0 ≤ µ4 ≤ 1

We can obtain this if πORe
e ≥ π IE

i , µORe ≥ µ3 =

81b2+9b
(
−6+18θ−

√
81b2+54b(−1+3θ)+(1−3θ)2

)
+(−1+3θ)

(
−5+15θ−3

√
81b2+54b(−1+3θ)+(1−3θ)2

)
2(−1+3θ)2 ; and

if πORe
e ≥ πOW

i , µORe ≥ µ4 = 1
8(−1+2b+2θ)2

(
161b2 + b ∩+9 − 86θ + 161θ2 + 5 ∩−15θ∩

)
.

Further, 0 ≤ µ3 ≤ 1, 0 ≤ µ4 ≤ 1 establish except for one case: when θ ≤ 11
27 and b ≤ 11−27θ

12 ,
µ4 > 1. Where ∩ =

√
97b2 + 2b(−11 + 97θ)− 7 − 22θ + 97θ2.

For the incumbent, her commission rate is max{µ3, µ4}: when b > 1+3θ
12 , µ3 < µ4.

When θ ≤ 11
27 and 11−27θ

12 < b ≤ 1+3θ
12 ; and θ > 11

27 and b ≤ 1+3θ
12 , µ3 > µ4.

For convenience, we define new variables T3 =
√

81b2 + 54b(−1 + 3θ) + (1 − 3θ)2

and T4 =
√

97b2 + 2b(−11 + 97θ)− 7 − 22θ + 97θ2, which leads to Lemma 4. □

Proof of Proposition 4. (1) If θ ≤ 167+4
√

1009
783 ;

(a) When b ≤ 18−39θ+
√

181−624θ+468θ2

39 , the incumbent does not accept the commis-

sion rate (i.e., {ORe}). Comparing {IE} with {OW}, when b ≤ 39−63θ−2
√

15
√

25−84θ+63θ2

63 ,

πOW
e ≥ π IE

e ; hence {OW} is the equilibrium strategy. When 39−63θ−2
√

15
√

25−84θ+63θ2

63 <

b ≤ 18−39θ+
√

181−624θ+468θ2

39 , πOW
e < π IE

e ; hence {IE} is the equilibrium strategy.

(b) When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the incumbent ac-
cepts the commission rate (i.e., {ORe}). From the entrant’s perspective, it is the most
profitable only:

πORe
e ≥ π IE

e (µ3 ) and πORe
e ≥ πOW

e (µ4

)
s.t. 0 ≤ µ3 ≤ 1 and 0 ≤ µ4 ≤ 1

s.t. min{µ1, µ2} > max{µ3, µ4}),

which is denoted as Constraint (i). When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b1, µ1 < µ4.
That is, Constraint (i) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b1 < b ≤
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39−63θ+2
√

15
√

25−84θ+63θ2

63 , µ1 > µ4. That is, Constraint (i) is met. Hence, {ORe} is the
equilibrium strategy, where µORe = µ1.

(c) When b > 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the incumbent accepts the commission rate
(i.e., {ORe}). From the entrant’s perspective, µ2 > µ4. That is, Constraint (i) is met. Hence,
{ORe} is the equilibrium strategy, where µORe = µ2.

(2) If 167+4
√

1009
783 < θ ≤ 5

12 ;

(a) When b ≤ 18−39θ+
√

181−624θ+468θ2

39 , the incumbent does not accept the commission

rate (i.e., {ORe}). Comparing {IE} with {OW}, when 167+4
√

1009
783 < θ ≤ −53+16

√
39

123 and

b ≤ 39−63θ−2
√

15
√

25−84θ+63θ2

63 ; when −53+16
√

39
123 < θ ≤ 11

27 and b ≤ 11−27θ
12 , πOW

e ≥ π IE
e ;

hence {OW} is the equilibrium strategy. When 167+4
√

1009
783 < θ ≤ −53+16

√
39

123 and
39−63θ−2

√
15
√

25−84θ+63θ2

63 < b ≤ 18−39θ+
√

181−624θ+468θ2

39 ; when −53+16
√

39
123 < θ ≤ 11

27

and 11−27θ
12 < b ≤ 18−39θ+

√
181−624θ+468θ2

39 ; when −53+16
√

39
123 < θ ≤ 5

12 and b ≤
18−39θ+

√
181−624θ+468θ2

39 , πOW
e < π IE

e ; hence {IE} is the equilibrium strategy.

(b) When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ 1+3θ
12 , the incumbent accepts the commission

rate (i.e., {ORe}). From the entrant’s perspective, when 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b2,
µ1 < µ3. That is, Constraint (i) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b2 < b ≤ 1+3θ

12 ,
µ1 > µ3. That is, Constraint (i) is met. Hence, {ORe} is the equilibrium strategy, where
µORe = µ1.

(c) When 1+3θ
12 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the incumbent accepts the commission
rate (i.e., {ORe}). From the entrant’s perspective, µ1 > µ4. That is, Constraint (i) is met.
Hence, {ORe} is the equilibrium strategy, where µORe = µ1.

(3) If 5
12 < θ ≤ 55

123 ;
(a) When b ≤ 1−2θ

2 , the incumbent does not accept the commission rate (i.e., {ORe}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence {IE} is the equilibrium strategy.

(b) When 1−2θ
2 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the incumbent accepts the commission
rate (i.e., {ORe}). From the entrant’s perspective, µ2 < µ3. That is, Constraint (i) is not met.
Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE} is the

equilibrium strategy.

(c) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 1+3θ
12 , the incumbent accepts the commission

rate (i.e., {ORe}). From the entrant’s perspective, when 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b2,
µ1 < µ3. That is, Constraint (i) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b2 < b ≤ 1+3θ

12 ,
µ1 > µ3. That is, Constraint (i) is met. Hence, {ORe} is the equilibrium strategy, where
µORe = µ1.

(d) When 1+3θ
12 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the incumbent accepts the commission
rate (i.e., {ORe}). From the entrant’s perspective, µ1 > µ4. That is, Constraint (i) is met.
Hence, {ORe} is the equilibrium strategy, where µORe = µ1.

(e) When b > 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the incumbent accepts the commission rate
(i.e., {ORe}). From the entrant’s perspective, µ2 > µ4. That is, Constraint (i) is met. Hence,
{ORe} is the equilibrium strategy, where µORe = µ2.

(4) If 55
123 < θ ≤ 14−

√
21

21 ;
(a) When b ≤ 1−2θ

2 , the incumbent does not accept the commission rate (i.e., {ORe}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence {IE} is the equilibrium strategy.

(b) When 1−2θ
2 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the incumbent accepts the commission
rate (i.e., {ORe}). From the entrant’s perspective, µ2 < µ3. That is, Constraint (i) is not met.
Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE} is the

equilibrium strategy.
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(c) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the incum-
bent accepts the commission rate (i.e., {ORe}). From the entrant’s perspective, when
18−39θ+

√
181−624θ+468θ2

39 < b ≤ b2, µ1 < µ3. That is, Constraint (i) is not met. Further, we
need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE} is the equilibrium

strategy. When b2 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , µ1 > µ3. That is, Constraint (i) is met.
Hence, {ORe} is the equilibrium strategy, where µORe = µ1.

(d) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 1+3θ
12 , the incumbent accepts the commission

rate (i.e., {ORe}). From the entrant’s perspective, µ2 > µ3. That is, Constraint (i) is met.
Hence, {ORe} is the equilibrium strategy, where µORe = µ2.

(e) When b > 1+3θ
12 , the incumbent accepts the commission rate (i.e., {ORe}). From

the entrant’s perspective, µ2 > µ4. That is, Constraint (i) is met. Hence, {ORe} is the
equilibrium strategy, where µORe = µ2.

(5) If 14−
√

21
21 < θ ≤ 1

2 ;
(a) When b ≤ 1−2θ

2 , the incumbent does not accept the commission rate (i.e., {ORe}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence {IE} is the equilibrium strategy.

(b) When 1−2θ
2 < b ≤ 1+3θ

12 , the incumbent accepts the commission rate (i.e., {ORe}).
From the entrant’s perspective, when 1−2θ

2 < b ≤ b3, µ2 < µ3. That is, Constraint (i) is not
met. Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE}

is the equilibrium strategy. When b3 < b ≤ 1+3θ
12 , µ2 > µ3. That is, Constraint (i) is met.

Hence, {ORe} is the equilibrium strategy, where µORe = µ2.
(c) When b > 1+3θ

12 , the incumbent accepts the commission rate (i.e., {ORe}). From
the entrant’s perspective, µ2 > µ4. That is, Constraint (i) is met. Hence, {ORe} is the
equilibrium strategy, where µORe = µ2.

(6) If θ > 1
2 ;

(a) When b ≤ 1+3θ
12 , the incumbent accepts the commission rate (i.e., {ORe}). From the

entrant’s perspective, when b ≤ b3, µ2 < µ3. That is, Constraint (i) is not met. Further, we
need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE} is the equilibrium

strategy. When b3 < b ≤ 1+3θ
12 , µ2 > µ3. That is, Constraint (i) is met. Hence, {ORe} is the

equilibrium strategy, where µORe = µ2.
(b) When b > 1+3θ

12 , the incumbent accepts the commission rate (i.e., {ORe}). From
the entrant’s perspective, µ2 > µ4. That is, Constraint (i) is met. Hence, {ORe} is the
equilibrium strategy, where µORe = µ2.

For convenience, we define new variables B1 ={
39−63θ−2

√
15
√

25−84θ+63θ2

63 , i f θ ≤ −53+16
√

39
123

11−27θ
12 , i f −53+16

√
39

123 < θ ≤ 11
27

, B2 =

{
b1, i f θ ≤ 14−

√
21

21

b2, i f θ > 14−
√

21
21

5, which lead to

proposition 4. □

Proof of Proposition 5. (1) If θ ≤ 167+4
√

1009
783 ;

(a) When b ≤ 18−39θ+
√

181−624θ+468θ2

39 , the entrant does not accept the commission

rate (i.e., {ORi}). Comparing {IE} with {OW}, when b ≤ 39−63θ−2
√

15
√

25−84θ+63θ2

63 ,

πOW
e ≥ π IE

e ; hence {OW} is the equilibrium strategy. When 39−63θ−2
√

15
√

25−84θ+63θ2

63 <

b ≤ 18−39θ+
√

181−624θ+468θ2

39 , πOW
e < π IE

e ; hence {IE} is the equilibrium strategy.

(b) When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the entrant accepts
the commission rate (i.e., {ORi}). From the incumbent’s perspective, it is the most prof-
itable only:

πORi
i ≥ π IE

i (µ1 ) and πORi
i ≥ πOW

i (µ2)

s.t. 0 ≤ µ1 ≤ 1 and 0 ≤ µ2 ≤ 1

s.t. max{µ3, µ4} < min{µ1, µ2}
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which is denoted as Constraint (ii). When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b1, µ4 > µ1.
That is, Constraint (ii) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b1 < b ≤

39−63θ+2
√

15
√

25−84θ+63θ2

63 , µ4 < µ1. That is, Constraint (ii) is met. Hence, {ORi} is the
equilibrium strategy, where µORi = µ4.

(c) When b > 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the entrant accepts the commission rate (i.e.,
{ORi}). From the incumbent’s perspective, µ4 < µ2. That is, Constraint (ii) is met. Hence,
{ORi} is the equilibrium strategy, where µORi = µ4.

(2) If 167+4
√

1009
783 < θ ≤ 5

12 ;

(a) When b ≤ 18−39θ+
√

181−624θ+468θ2

39 , the entrant does not accept the commission

rate (i.e., {ORi}). Comparing {IE} with {OW}, when 167+4
√

1009
783 < θ ≤ −53+16

√
39

123 and

b ≤ 39−63θ−2
√

15
√

25−84θ+63θ2

63 ; when −53+16
√

39
123 < θ ≤ 11

27 and b ≤ 11−27θ
12 , πOW

e ≥ π IE
e ;

hence {OW} is the equilibrium strategy. When 167+4
√

1009
783 < θ ≤ −53+16

√
39

123 and
39−63θ−2

√
15
√

25−84θ+63θ2

63 < b ≤ 18−39θ+
√

181−624θ+468θ2

39 ; when −53+16
√

39
123 < θ ≤ 11

27

and 11−27θ
12 < b ≤ 18−39θ+

√
181−624θ+468θ2

39 ; when −53+16
√

39
123 < θ ≤ 5

12 and b ≤
18−39θ+

√
181−624θ+468θ2

39 , πOW
e < π IE

e ; hence {IE} is the equilibrium strategy.

(b) When 18−39θ+
√

181−624θ+468θ2

39 < b ≤ 1+3θ
12 , the entrant accepts the commission rate

(i.e., {ORi}). From the incumbent’s perspective, when 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b2,
µ3 > µ1. That is, Constraint (ii) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b2 < b ≤ 1+3θ

12 ,
µ3 < µ1. That is, Constraint (ii) is met. Hence, {ORi} is the equilibrium strategy, where
µORi = µ3.

(c) When 1+3θ
12 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the entrant accepts the commission
rate (i.e., {ORi}). From the incumbent’s perspective, µ4 < µ1. That is, Constraint (ii) is met.
Hence, {ORi} is the equilibrium strategy, where µORe = µ4.

(3) If 5
12 < θ ≤ 55

123 ;
(a) When b ≤ 1−2θ

2 , the entrant does not accept the commission rate (i.e., {ORi}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence, {IE} is the equilibrium strategy.

(b) When 1−2θ
2 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the entrant accepts the commission
rate (i.e., {ORi}). From the incumbent’s perspective, µ3 > µ2. That is, Constraint (ii) is not
met. Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE}

is the equilibrium strategy.

(c) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 1+3θ
12 , the entrant accepts the commission rate

(i.e., {ORi}). From the incumbent’s perspective, when 18−39θ+
√

181−624θ+468θ2

39 < b ≤ b2,
µ3 > µ1. That is, Constraint (ii) is not met. Further, we need to compare {IE} with {OW}.
We find that πOW

e < π IE
e ; hence {IE} is the equilibrium strategy. When b2 < b ≤ 1+3θ

12 ,
µ3 < µ1. That is, Constraint (ii) is met. Hence, {ORi} is the equilibrium strategy, where
µORi = µ3.

(d) When 1+3θ
12 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the entrant accepts the commission
rate (i.e., {ORi}). From the incumbent’s perspective, µ4 < µ1. That is, Constraint (ii) is met.
Hence, {ORi} is the equilibrium strategy, where µORe = µ4.

(e) When b > 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the entrant accepts the commission rate (i.e.,
{ORi}). From the incumbent’s perspective, µ4 < µ2. That is, Constraint (ii) is met. Hence,
{ORi} is the equilibrium strategy, where µORi = µ4.

(4) If 55
123 < θ ≤ 14−

√
21

21 ;
(a) When b ≤ 1−2θ

2 , the entrant does not accept the commission rate (i.e., {ORi}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence {IE} is the equilibrium strategy.
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(b) When 1−2θ
2 < b ≤ 39−63θ+2

√
15
√

25−84θ+63θ2

63 , the entrant accepts the commission
rate (i.e., {ORi}). From the incumbent’s perspective, µ3 > µ2. That is, Constraint (ii) is not
met. Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE}

is the equilibrium strategy.

(c) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , the entrant ac-
cepts the commission rate (i.e., {ORi}). From the incumbent’s perspective, when
18−39θ+

√
181−624θ+468θ2

39 < b ≤ b2, µ3 > µ1. That is, Constraint (ii) is not met. Further,
we need to compare {IE} with {OW}. We find that πOW

e < π IE
e ; hence {IE} is the equilib-

rium strategy. When b2 < b ≤ 39−63θ+2
√

15
√

25−84θ+63θ2

63 , µ3 < µ1. That is, Constraint (ii) is
met. Hence, {ORi} is the equilibrium strategy, where µORe = µ3.

(d) When 39−63θ+2
√

15
√

25−84θ+63θ2

63 < b ≤ 1+3θ
12 , the entrant accepts the commission

rate (i.e., {ORi}). From the incumbent’s perspective, µ3 < µ2. That is, Constraint (ii) is met.
Hence, {ORi} is the equilibrium strategy, where µORe = µ3.

(e) When b > 1+3θ
12 , the entrant accepts the commission rate (i.e., {ORi}). From the

incumbent’s perspective, µ4 < µ2. That is, Constraint (ii) is met. Hence, {ORi} is the
equilibrium strategy, where µORe = µ4.

(5) If 14−
√

21
21 < θ ≤ 1

2 ;
(a) When b ≤ 1−2θ

2 , the entrant does not accept the commission rate (i.e., {ORi}).
Comparing {IE} with {OW}, πOW

e < π IE
e ; hence {IE} is the equilibrium strategy.

(b) When 1−2θ
2 < b ≤ 1+3θ

12 , the entrant accepts the commission rate (i.e., {ORi}). From
the incumbent’s perspective, when 1−2θ

2 < b ≤ b3, µ3 > µ2. That is, Constraint (ii) is not
met. Further, we need to compare {IE} with {OW}. We find that πOW

e < π IE
e . However, in

this case, we can find that µ3 < µ1. That is, µ2 can allow the incumbent’s profit to be higher
than {IE} but to be lower than {OW}. Hence, {ORi} is the equilibrium strategy, where
µORe = µ3.When b3 < b ≤ 1+3θ

12 , µ3 < µ2. That is, Constraint (ii) is met. Hence, {ORi} is
the equilibrium strategy, where µORe = µ3.

(c) When b > 1+3θ
12 , the entrant accepts the commission rate (i.e., {ORi}). From

the entrant’s perspective, µ4 < µ2. That is, Constraint (ii) is met. Hence, {ORi} is the
equilibrium strategy, where µORi = µ4.

(6) If θ > 1
2 ;

(a) When b ≤ 1+3θ
12 , the entrant accepts the commission rate (i.e., {ORi}). From the

entrant’s perspective, when b ≤ b3, µ3 > µ2. Similarly to (5) (b), we can find that µ3 < µ1.
Hence, {ORi} is the equilibrium strategy, where µORe = µ3. When b3 < b ≤ 1+3θ

12 , µ3 < µ2.
That is, Constraint (ii) is met. Hence, {ORi} is the equilibrium strategy, where µORe = µ3.

(b) When b > 1+3θ
12 , the entrant accepts the commission rate (i.e., {ORi}). From the

incumbent’s perspective, µ4 < µ2. That is, Constraint (ii) is met. Hence, {ORi} is the
equilibrium strategy, where µORi = µ4.

For convenience, we define new variables B3 =


b1, i f θ ≤ 167+4

√
1009

783

b2, i f 167+4
√

1009
783 < θ ≤ 14−

√
21

14
1−2θ

2 , i f θ > 14−
√

21
14

,

which lead to Proposition 5. □

Appendix B. The Derivation of θ and θ

As long as the optimal qe and qi are higher than zero, the entrant and incumbent will
not be driven out of the market. Under {IE}, we have: qIE

e = −1+3θ
3 and qIE

i = 2−3θ
3 ; clearly,

qIE
e > 0 requires θ > 1

3 , and qIE
i requires θ < 2

3 .

Under {OW}, we have: qOW
e = 2(−1+2b+2θ)

5 and qOW
i = 7−9b−9θ

10 ; clearly, qOW
e > 0

requires θ > 1−2b
2 , and qOW

i requires θ < 7−9b
9 .
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Under {OR}, we have: qOR
e = −1+3b+3θ

2+µt
; clearly, qOR

e > 0 requires θ > 1−3b
3 . If

µORe = µ1, then qORe
i =

−54b2+3b
(

9−36θ+
√

108b2+72b(−1+3θ)+(5−12θ)2
)
−16+75θ−90θ2+3θ

√
108b2+72b(−1+3θ)+(5−12θ)2

3
(
−3+6b+6θ+

√
108b2+72b(−1+3θ)+(5−12θ)2

) ; if

µORe = µ2, then qORe
i =

−51b2+b(41−102θ+
√

5
√

14−66b+81b2−66θ+162bθ+81θ2)−9+41θ−51θ2+θ
√

5
√

14−66b+81b2−66θ+162bθ+81θ2

−5+10b+10θ+
√

5
√

14−66b+81b2−66θ+162bθ+81θ2 ;

we always have qORe
i > 0.

Further, we have: 1
3 > 1−3b

3 . Hence, θ = max
{

1
3 , 1−2b

2

}
; θ = min

{
2
3 , 7−9b

9

}
.

Appendix C. The Formulas

ε=5361b4+b3(4(−2173+5361θ)+84T2)+b2(6
(
904−4346θ+5361θ2)+2(−73+126θ)T2−40T2

2
)
+

b
(
12

(
−129+904θ−2173θ2+1787θ3)+4

(
22−73θ+63θ2)T2−4(−1+4θ)T2

2
)
+171−

1548θ+5424θ2−8692θ3+5361θ4−18T2+88θT2−146θ2T2+84θ3T2−4θ(−1+2θ)T2
2.

ζ=−1458b4−81b3(−21+72θ−4T3)−9b2(60−495θ+864θ2−6(−5+18θ)T3+2T2
3
)
−

3b
(
3
(
1+60θ−333θ2+432θ3)+2

(
7−78θ+144θ2)T3−3(−1+4θ)T2

3
)
−(1−3θ)2(−22+33θ+

18θ2)+6
(
1+θ−24θ2+36θ3)T3−9θ(−1+2θ)T2

3.

η=(1−2b−2θ)(2713b3+b2(218+8139θ−590T4)+b((−1159+436θ+8139θ2−
10(−9+118θ)T4+25T2

4)+264−1159θ+218θ2+2713θ3+40T4+90θT4−590θ2T4+25θT2
4)).

Notes
1 The formula ε is available in Appendix C due to its complexity.
2 The formula ζ is available in Appendix C due to its complexity.
3 The formula η is available in Appendix C due to its complexity.
4 b3 is the intersection of µ2 and µ3.
5 b1 is the intersection of µ1 and µ3; b2 is the intersection of µ2 and µ3.
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