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Abstract. This paper investigates the strategic cooperation of two competitive suppliers with different
abilities and a weak main manufacturer in Complex Products Systems (CoPS), where a main manufacturer
signs a revenue-sharing contract based on a relationship-specific investment with the stronger supplier. The
stronger supplier provides one key element to the main manufacturer and encroaches on the downstream
market by producing substitutable final products simultaneously. We consider multi-period decisions, by
building different models based on centralized, decentralized, and cooperative decisions. The equilibrium
strategies are characterized under downstream competition, and optimal cooperation strategies are derived
by building multi-period game models. The results show that strong cooperation can enhance the economic
performance of each individual as well as the whole supply chain. The weak main manufacturer would face
the risk of strong suppliers’ supply interruptions when the competitive degree of suppliers and downstream
competition are fierce enough under decentralized decisions. Additionally, the gap in the abilities of the
two competitive suppliers reduces the main manufacturer’s profitability. However, the revenue-sharing
contractbased on a relationship-specific investment can motivate the strong supplier to establish cooperation
relationship and improve both stakeholders” profitability. Moreover, strategic cooperation is efficient to
prevent the strong supplier encroaching on downstream and has a positive impact on boosting the weak
main manufacturer’s market share. Meanwhile, nurturing a domestic supplier is an effective measure for
improving competitiveness and indigenous technological capability of the main manufacturer in CoPS.
Finally, some useful management sights on cooperation strategy and optimal decisions are derived.
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1. Introduction tion of CoPS is more likely to depend on co-

Complex products and systems (CoPS) shape
and enable modern industrial and economic
progress through the introduction of new tech-
nology to the economic system. Generally,
CoPSare highly costly and technology-intensive
compared with commodity products because
they produce as customized, one-off or small
batched capital goods (Hobday 1998), such
as aircraft, defense systems, high-speed trains,
and ships. The components of CoPS are typ-
ically tailor-made to suit the buyer’s require-
ments, whereas commodity products usually
consist of standardized or modular components
(Dedehayir et al. 2014); therefore, the produc-
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operative partnership and to operate with the
administration mode of “Main Manufacturer-
Suppliers (MS)”. In MS, regarded as the opti-
mal administrative mode in the supply chain
of CoPS, a main manufacturer integrates nu-
merous suppliers to produce the final product.
For instance, the long-term practice of global
aircraft giants Boeing and Airbus has been to
operate in MS mode base on the mode of their
management and technical departments. The
main manufacturer should be powerful in both
finance and technology to operate competi-
tively within the supply chain of CoPS. How-
ever, because production is high costs and tech-
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nology-intensive, some main manufacturers as
latecomers are underperforming in key tech-
nologies. Moreover, international business with
suppliers from developed countries is highly
volatile because substantial entry barriers in
terms of technology, economics, and politics to
forestall latecomers. This makes cooperation
become a vital strategy for the development,
profitability, competitiveness, and survival in
firms of CoPS. Cooperation plays a significant
role in industries and helps firms to increase
economic benefits and maintain their techno-
2018). A
typical and practical example of such a case

logical competitiveness (Yu et al.

is the main manufacturer of large passenger
aircraft in China. Even they are under devel-
oping in aircraft engine, flight control system
and other crucial technologies and catching up
with the pioneers like Boeing and Airbus is not
easy. However, they still devote resources and
finances to develop large passenger aircraft as
a result of the huge economic benefits in the
aviation industry. Therefore, strategic cooper-
ation with a differential supplier is very worthy
of study.

This study considers differential suppliers’
ability. The ability of stakeholders is the ca-
pability of a company’s creativity, innovation,
problem-solving, risk-taking, and directing re-
sources. It is claimed to have a certain amount
of significance in distribution & logistics, mar-
keting, and business (Steward et al. 2010,
Chang and Wu 2015, Warren and Heywood

2016). In existing studies, some researchers
have addressed a similar case with undifferen-
tiated and competitive suppliers. However, for
some practical problems of supply chain man-
agement in CoPS, the cooperative relationship
is not only affected by the competitive degree
of a supplier but also affected by the ability of
suppliers. Besides, there have been few stud-
ies analyzing the effect of that ability on the co-
operation of stakeholders in the supply chain.
Therefore, based on the existing literature, we

define the ability of supply chain members as
the capability of technological innovation, risk-
taking, marketability, and taking initiative in
this paper in order to investigate its effect on
strategic cooperation in CoPS. A differential
ability matches well with the practice that the
ability of supply chain members is different be-
cause CoPS are highly costly and technology-
intensive, so we study the cooperation strate-
gies with differential suppliers’ ability whereas
the existing studies ignored the differential.

We consider the effect of a weak main man-
ufacturer and downstream competition on strate-
gic cooperation in the supply chain of CoPS.
How to realize cooperation is a strategic prob-
lem when a manufacturer is faced with the
different ability of suppliers, competitors and
competitive environment, it would be more
particularly complicated with a weak main man-
ufacturer and downstream competition in CoPS.
Downstream competition is a situation in which
more than two downstream stakeholders com-
pete with the same upstream stakeholder for
capacity. As a specific form of downstream
competition, encroachment on downstream of
a supplier is caused not only the competition in
capacity but also the competition in a channel.
For instance, the firm of Samsung Electron-
ics not only supplies microprocessor to Apple
Inc. for its iPhone, but also sells phone and
competes with Apple Inc. in the smartphone
market; Dell, Sony, and Pioneer Electronics
have established two channels for selling prod-
ucts: intermediary retail stores and their own
stores (Qing et al. 2017, Huang et al. 2018);
telecommunication companies often purchase
or rent networks from their market competi-
tors (Weisman and Kang 2001). Some stronger
suppliers encroachment on downstream for the
sake of monopolizing key technology caused
new problems to the main manufacturer in
CoPS, thus we define this kind of situation as
one in which there is a weak main manufac-
turer and strong suppliers. Monopoly is an
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authentic situation in a technology-intensive
and costly industry like the aviation industry.
This is mainly caused by the fluid phase of
product innovation, and the firms who possess
advanced technology can build substantial en-
try barriers in terms of technology, economics,
market sharing and politics to forestall late-
comers (Abegglen 1994, Davies 1997, Choung
and Hwang 2007, Park 2012). Thus, the im-
pact of the decision to cooperate is huge as the
cooperation involves considerable challenges
to coordinate for the weak main manufacturer
who wants to improve and succeed in CoPS.

Drawing from the aforementioned challenges
of a weak main manufacturer in CoPS, this pa-
per studies strategic cooperation under down-
stream competition with differential suppliers’
ability. The contributions of our research lie in
the following: (i) We are the first to concen-
trate on designing feasible strategies from the
perspective of a weak member, and the main
purpose is making the weak member cooper-
ate and compete effectively with a dominant
member. Most of the existing studies prefer
focusing on how the dominant member con-
trols and coordinates other members’ decision
to make a favorable effect for themselves; how-
ever, few works of literature provide signifi-
cant strategies to the development of a weak
member. Therefore, to fulfill such a research
gap, we study strategic cooperation in a down-
stream competition supply chain, which con-
sists of two suppliers and one main manufac-
turer with different abilities. (ii) We demon-
strate how the weak main manufacturer es-
tablishes a cooperative relationship with the
strong supplier rather than from the perspec-
tive of a Stackelberg-leader. The competitive

relationship is studied through multi-stage game.

(iif) A key revenue-sharing contract based on
a relationship-specific investment is proposed
to realize the weak main manufacturer’s coop-
erative goals, where the contract items should
be reached through a Bargaining game. While

the existing literature set a reserve profit of
different stakeholders as zero in a Bargaining
game, the paper takes the optimal profit of in-
dividuals as the reserve profit under a Stack-
elberg game, namely, the disagreement point
in the Bargaining game. We further analyze
the effect of the disagreement payoff alloca-
tion on the decision-making and coordination
mechanisms. The superiority of the contract
compared with other coordination strategies is
preventing the stakeholders from opportunis-
tic behavior; hence a relationship-specific in-
vestment is used as other control strategies.
Relationship-specific investment has a greatly
positive impact on using classical contracts, be-
cause these types of investments can decrease
the operating costs and increase the joint prof-
its of firms in vertical relationships. (iv) A key
comparison between competition and cooper-
ation is presented to illustrate the following
questions: could the cooperation relationship
be established successfully between a weak main
manufacturer and a strong supplier? Does the
weak main manufacturer benefit from the co-
operative relationship? Is it possible to pre-
vent the strong supplier encroaching on down-
stream through cooperation? How the abilities
of different stakeholders affect the profitability
of individuals and entirety of the supply chain?
The remainder of the paper proceeds as fol-
lows, we present relative works in section 2;
the preliminary is illustrated in section 3 af-
ter a statement of the basic problem; the basic
model and cooperative model are established
in section 4, and then we characterize the equi-
librium decisions under different scenarios; in
section 5, comparative analysis is considered;
lastly, conclusions are presented in section 6.

2. Literature Review

In this section, we concentrate on corroborat-
ing the originality and importance of our study.
The study of this paper mainly related to three
streams of literature: channel selection, down-
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stream competition, and coordination.

2.1 Research on Channel Selection

Our research is related to the works regarding
channel selection. There has been a growing
body of literature on channel selection, in par-
ticular, the rapid development of e-commerce
has prompted channel selection to be the vital
(1992)
presented an application from the perspective

practical significance. Rangan et al.

of the new industrial products, they illustrated
the factors influencing channel choice and of-
fered a method to support channel selection;
Chiang et al. (2003) analyzed the effect of es-
tablishing a direct channel of a manufacturer
on performance. Channel selection has a com-
plex effect on many decisions of firms, such as
pricing, ordering, production, inventory, cost
and profit (e.g., Zhu et al. 2017, Salmani et al.
2018). Besides the aforementioned literature,
some research takes quality into consideration
in channel selection, Zhu et al. (2017) studied
the recycling channel in a closed-loop supply
chain (CLSC), Ji et al. (2018) studied optimal
pricing and return policies in a dual-channel.
Yang (2018) studied a manufacturer’s channel
selection under some practical conditions. Fur-
thermore, capacity allocation is a critical prob-
lem related to channel selection and has been
studied for several years in the field of opera-
tions management, e.g., Ivanov etal. (2018) re-
viewed the challenges in channel selection and
studied the capacity allocation from a flexible
concept. Generally, in these studies, a monop-
olistic supplier or a monopolistic manufacturer
set to allocate their product to multiple retail-
ers under different conditions, especially, most
research set that the upstream members having
all power to allocate quantity to the retailers or
buyers, for instance, Lu and Lariviere (2012)
considered one supplier selling products to
different retailers where competition existed in
the two retailers; Cohen and Purohit (2014) ex-
plored one manufacturer allocated capacity to
retailers and the retailers also competed with

each other. It is easy to conclude the related
works on channel selection, none of the afore-
mentioned studies thinks over the downstream
competition effectively, they also ignored the
effect of providers who have the ability to en-
croach on downstream competition. Further-
more, most of them concentrate on how to es-
tablish or operate an online and offline store,
or how to decide direct selling and distribu-
tion. However, the challenges should not be
restricted to the dominant members’ channel
selection in CoPS with downstream competi-
tion because of highly costly and technology-
intensive. It is crucial to a weak chain mem-
ber to improve in abilities through cooperating
with a dominant effectively. To fulfill such re-
search gap, the paper studies a supply chain
under downstream competition and takes a
strong supplier encroachment into considera-
tion; we also explore two competitive suppliers
where one of them has no ability to encroach
on downstream in CoPS.

2.2 Research on Downstream Competition
A stream of literature focused on downstream
competition, which is similar to channel selec-
(2007)
defined the activities as a supplier encroach-

tion but not the same. Arya et al.
ment which supplier devotes itself to invest its
own channel and sale product to costumers di-
(2017) and Sandonis and
Lopez (2018) further took consideration of

rectly, Qing et al.

downstream competition where the supplier
not only sells raw material or other resources to
the manufacturer but also produce final prod-
uct to compete with the manufacturer in down-
stream. Supplier encroachment as a specific
form of downstream competition caused so
many common challenges that firms have to
face with (Guanetal. 2018). As a specific form
of a dual channel, downstream competition
usually requires the existing element capacity
to be allocated appropriately between differ-
ent firms. Sandonis and Lépez (2018) stud-
ied how upstream members encourage down-
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stream competition in a vertically separated
industry, and they designed a two-part tariff
contract to study the decisions of downstream
competition. Most of this literature focused on
competition in capacity and channel coordina-
tion, however, it should not be only limited
in competition and coordination in capacity.
Thus, this paper aims to design strategies to re-
alize cooperative relationship for the develop-
ment of a weak main manufacturer. Moreover,
we consider the cooperation strategy through
both cooperative and non-cooperative game si-
multaneously so that can investigate strategic
cooperation in the supply chain of CoPS.

2.3 Research on Coordination

Another stream of literature has focused on
coordination of supply chain, which is more
similar but not the same as our research on
cooperation strategy in CoPS. The contract is
a classical strategy to coordinate supply chain
and be widely used to solve different problems
in management and economics (e.g., Govin-
dan and Popiuc 2014, Heydari et al. 2017,
Luetal. 2018). From the perspective of com-
petition, contract coordination works on firms
through sharing profit, allocating risk and cost,
as well as coping with uncertain, for exam-
ple, revenue sharing contract (Liang et al.
2017) and wholesale price contract (Nouri et
al. 2018). Most of the studies on coordina-
tion refer to the dominant member to control
the operation of a supply chain and coordinate
other members” decision to make a favorable
2016), how-
ever, few works of literature provide signifi-

effect for themselves (Hsu et al.

cant strategies to the development of a weak
member. Therefore, to fulfill such a research
gap, we concentrate on providing some feasi-
ble strategies for a weak member to cooper-
ate and compete effectively with a dominant
member. We not only illustrate the compe-
tition between downstream members with a
different ability, but also demonstrate the effect
of competitive upstream members on cooper-

ation strategies from the perspective of a weak
chain member rather than the allocation of a
dominant member in CoPS.

3. Preliminary

Firstly, in subsection 3.1, we analyze the chan-
nel structure of the supply chain in a large-scale
and complex product manufacturing indus-
try. The setting is two competitive suppliers
and one main manufacturer. Furthermore, in
subsection 3.2 we illustrate a cooperative strat-
egy which is defined as a revenue-sharing con-
tract based on relationship-specific investment
and designed by the weak main manufacture.
Moreover, the sequences of events under dif-
ferent scenarios are discussed in subsection 3.2
in order to demonstrate the competitive and
cooperative rules among different stakehold-
ers.

3.1 Channel Structure and Parameters

Taking into consideration the characteristics of
CoPS, this paper sets two competitive suppli-
ers and one weak main manufacturer. Let
sx(x € {a,b}) and m denote supplier x and
the main manufacturer respectively. The main
manufacturer gets ready for all elements to
produce the final product, except the key com-
ponent provided by the two heterogeneous and
competitive suppliers. However, the two com-
petitive suppliers are in different abilities which
mainly caused by technology, cost, financial,
management experience, and some other fac-
tors; the main manufacturer’s ability is also
lower than the stronger supplier because of
underdeveloped key technology. The lower or
the stronger supplier can be either of the two
suppliers, it will not influence the analysis of
the decision problem; therefore, we define s,
as a strong supplier. Let 7, denotes the abil-
ity of supplier x and 7, denotes the ability
of the main manufacturer. According to the
exiting research, company’s abilities could be
measured numerically and compared mean-
ingfully; expert evaluation and empirical study
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are used as common methods to measure the
ability. Without loss of generality, the paper
assumes that 0 > 7, > 7, > 1land 0 > 7, >
T, > 1. According to Kato et al. (2018) and
Yang (2018), it is definite that 7, = 1 — 1y
in a Bargaining game because 7, and 1,, are
set based on the power balance between the
strong supplier and main manufacturer. Fur-
thermore, the supplier s, who has strong abil-
ity also can use the key component to produce
final product, and compete with the main man-
ufacturer by encroaching on downstream; sup-
plier s, only provides the key component to the
main manufacturer. The channel structure is
shown in Figure 1.

Supply Quantity qa,

Material cost c,

Suppliera (s.) Demand q,0
Ability (Tz) )

""""""" Final product
(Demand)
Supplier a (s,) Jams Qom
Ability (1)

Figure1 Channel Structure

Material cost ¢,

The unit material cost of supplier x is de-
noted by cx, we assume ¢, > c;, because the
ability of s, is stronger than s;. Let cs and
cm represent the production cost of s, and the
main manufacturer m respectively. The pa-
per takes the loss cost of the main manufac-
turer into consideration, where the loss cost is
caused by using the component of s; to pro-
duce final product because of 7, > 7,. Let
c; represents the unit loss cost and defined as
a = 0(t.—13)°, 0 represents a coefficient of
unit loss cost; such a cost function is commonly
adopted to model the cost in operation of a sup-
ply chain and logistics (e.g. Cooper and Ross
1995, Gurnani and Erkoc 2008, Kaya and Ozer
2009, it means that the ability gap of s, from
s, would cause a loss cost to the main manu-
facturer. Let w, represents the wholesale price
of sy, qxi represents the demand quantity of i
who uses the material from s, to produce fi-
nal product, where i € {s,m}, ie., if i =5,
the demand of final product is produced by
the stronger supplier s,, otherwise, it is pro-

duced by the main manufacturer m. We use
pxi to represent the price. The market demand
is assumed to be deterministic and dependent
on price. The inverse-demand functions are
assumed to be

pxi(q) = p = B (qxi + n4xj) = B (vqyi + ynqy;) (1)

where x,y € {a,b},i,j € {s,m}, x £y, 1 # j.
In addition, f > 0 represents the price sensi-
tivity of products; n (0 < 1 < 1) represents
the competitive degree of the two suppliers,
it is the degree of material substitutability; y
(0 < y < 1) represents the competitive de-
gree of the main manufacturer and s, it is the
substitutable degree of final products within
the main manufacturer and s,. yn (0 < yn <
1) represents the substitutable degree of the
two different products sold by the main man-
ufacturer. It is necessary to consider vertical
or horizontal substitutability in competition.
Such demand functions have been commonly
used in economics and marketing literature to
capture the competition between multiprod-
uct (e.g., Ziss 1995, Trivedi 1998, Feng and Lu
2013). It deserves to emphasize that py; = 0,
gps = 0. All the notations are shown in 1.

3.2 Cooperation Strategy and Sequence of
Events

3.2.1 Cooperation Strategy

Latecomers face special challenges as the learn-
ing process of new entrants is a steep curve
because of technologically intensive and com-
plex industries in CoPS (Frischtak 1994, Smith
and Tranfield 2005). As the study of Lee
and Yoon (2015) shows that latecomers in de-
veloping CoPS need attain indigenous tech-
nological capability, and this process can be
accomplished by the technology for “make”
or production for “buy” and resulted in co-
production or co-development arrangement.
In order to improve indigenous technological
capabilities, establishing a cross-border tech-
nological alliance is feasible and effective. There-
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Table1 Parameters and Notations

Notations ~ Explanation Notations  Explanation
« subscript x is used to denote sup- " subscript m, m refers to the main
plier x, x € {a, b} manufacturer
Sy supplier x Ty the ability of sy
Cy the unit material cost of sy Tm the ability of main manufacturer m
. . t . . t
Cs the unit production cost of s, P the unit price of product g ;
c the unit production cost of the main Wt the unit wholesale price of sy under
" manufacturer m * scenario t
th it 1 t of th i -
Cy € 1t foss cost of the main manu 0 the coefficient of unit loss cost
facturer
; superscript f,t € {c,d, w, b} where At the gap of ability between the two
c,d, w,b refer the scenario of cen- suppliers,
tralized, decentralized, weak coop- AT =14 — T
eration and bargaining respectively Q@ the unit revenue-sharing proportion
the d d tity of i wh . . .
¢ ¢ cemand quantizy of 1 who uses ¢ the profit of decision maker j(j €
qt. the material of sy to produce final it .
xi ) j {sx, m}) under scenario t
product under scenario ¢
the fixed unit r'elatlonshlp invest- , The total profit of the supply chain
'm ment of the main manufacturer to b .
T under scenario t

the strong supplier s,

fore, the weak main manufacturer can select to
cooperate with the strong supplier s, in order
to improve indigenous technological capabil-
ity. One key problem of how to realize cooper-
ation is that s, can benefit from the cooperative
relationship. Because a long-term relationship
is normally governed by a sequence of short-
term contract (Crawford 1990), therefore, a
viable solution is revenue-sharing. However,
to prevent the stakeholders from opportunistic
behavior, it may be necessary to use other gov-
ernance strategies. Hence the paper designs a
cooperation strategy which is a revenue-sharing
contractbased on a relationship-specific invest-
ment. A relationship-specific investment is an
investment made by one or both parties to an
ongoing trading relationship, and the invest-
ment generates a lower value in alternative
uses than it generates in an intended use on
supporting this specific bilateral trading rela-
tionship (Vasconcelos 2014, Vazquez 2017).
Relationship-specific investment has a greatly
positive impact on using classical contracts,
and these types of investments can decrease

the operating costs and increase the joint prof-
its of firms in vertical relationships.

In this paper, we denoted the revenue-sharing
contractbased on a relationship-specific invest-
ment by c; (rm,(p), where r,, is a fixed unit
relationship investment of the main manufac-
turer to strong supplier s,, and ¢ is a unit
revenue-sharing proportion to s,. To coop-
erate with s;, the main manufacturer offers
a fixed relationship-specific investment to s,,
the relational asset is helpful to s, to reserve
capacity and then provide key component to
the main manufacturer. Furthermore, in order
to motivate s, cooperating with the main man-
ufacturer, the main manufacturer promises to
share a proportion of the unit revenue, noted
as ¢ (0 < ¢ < 1), with the supplier. Thus, the
contract works through two aspects in which
the supplier can benefit from: one is a fixed
relationship-specific investment, and another
is sharing a variable proportion of the sales

revenue.
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3.2.2 Sequence of Events

According to the study, when there is no coop-
eration relationship between the main manu-
facturer and s,, the sequence of the events is
shown as follows:

Step1 The two competitive suppliers decide
their own wholesale price w, independently at
the same time in pursuit of self-interest maxi-
mization;

Step2 The strong supplier s, and the main
manufacture decide the quantity of final prod-
uct through Cournot competition.

However, if the main manufacture provides
¢t (rm, @), the sequence of the events would be
multi-stage and show as follows:

Step1 The two competitive suppliers decide
their own wholesale price w, independently at
the same time in pursuit of self-interest maxi-
mization;

Step2 The main manufacturer offers ¢; (1, @),
and then the strong supplier decides whether
to accept c¢;

Step3 If c; is accepted: the cooperative re-
lationship will be established, subsequently,
s, and the main manufacture decide r,, , @,
and the quantity of final product through Bar-
gaining game; Otherwise, the sequence will be
skipped to step 4;

Step4 The strong supplier s, and the main
manufacture decide the quantity of final prod-
uct through Cournot competition.

The cooperation relationship would be es-
tablished if they reach an agreement on c;, oth-
erwise, all players will go back to the state of
competition; thus, the profit under competi-
tion can be used as a disagreement point in
Bargaining game. Let T(; denotes the profit of

decision maker j (j € {sx, m}) under scenario
t (t € {c,d,w,b}), where ¢, d, w, and b are
the abbreviations of different scenarios under
centralized, decentralized, weak cooperation
and bargaining respectively. w! stands for the
wholesale price of s, under scenario ¢, qii and

pL. represent the quantity and price of xi un-

der scenario t. Hereafter, as shown in Figure 2,
we define centralized decision as the scenario
of all stakeholders work together to maximize
the whole profit of the supply chain; In addi-
tion, we define decentralized decision as the
scenario where the main manufacturer and s,
make decision independently to maximize in-
dividual profit; Moreover, the scenario of weak
cooperation is defined as the main manufac-
turer and weak supplier s, work together to
compete with the strong supplier s,; Lastly, the
scenario of strong cooperation is the scenario
existing a contract c;.

Centralized decision Decntralized decision

Strong cooperation

Figure2 Scenarios and the Map of Section 4

4. Model and Equilibrium Analysis

As shown in Figure 2, section 4 aims to an-
alyze how cooperative strategies designed by
the weak main manufacturer work on improv-
ing performance and the equilibrium decisions

under different scenarios. Subsection 4.1 presents

the model and equilibrium decisions under
centralized decisions as a benchmark; subsec-
tion 4.2 aims to study a more common case
in which all stakeholders take part in decen-
tralized decisions. We develop a two-stage
game model to reveal the optimal strategies
of each stakeholder, and then comparing with
the benchmark model in order to illustrate the
superiority of cooperation; therefore, subsec-
tion 4.3 and subsection 4.4 explore strategic
cooperation which is defined as weak coopera-
tion and strong cooperation respectively, fur-
thermore, illustrate the superiority of coop-
erating with strong supplier s,. A revenue-
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sharing contract based on relationship-specific
investment is designed in subsection 4.4.

4.1 Centralized Decision

In order to serve as a benchmark case, we first
develop a model for centralized decision. In
the case of a centralized decision, all the stake-
holders of the supply chain in CoPS work to-
gether to determine the quantity to maximize
the total profit of the supply chain. Let 7§ de-
notes the total profit of the supply chain under
a centralized scenario, the decision problem of
the supply chain is given as follows:

max 1%, (qém, Do 6],55) = Di=m,s (P;i - Ca) Gai

+ i - e -0 - g5, @

Under the scenario of the centralized deci-
sion, the optimal decisions of the whole supply
chain can be summarized into Proposition 1.
Hereafter, proofs of all propositions and lem-
mas are presented in Appendix A.

Proposition 1 (Equilibrium under centralized de-
cision)

When the main manufacturer and the two sup-
pliers devote in centralized decision, the optimal de-
cisions are denoted by qg,, 4, , Gas, Ty and given

as follows.
o _ (72’12*1)[(’7*1)(P*6a)+6m*ncs]
qam_ 25(1_)/2)(1_172)
_ y(PP-1)[-prep+em+yn(p—ca—cs)+0(1a—13)]
2p(1-2)(1-n?)
ox _ pA=p)+y(caten)=(ep+en)=0(ta=1p)*
qu_ 25(1_72)
cx _ p=n)+n(catcm)=(catcs)
qas - Zﬁ(l—nz)
g = T Qs G T

4.2 Decentralized Decisions

We examine the supply chain when supplier
s, and main manufacturer are devoted to a de-
centralized decision. Figure 3 illustrates the
decisions of the decentralized supply chain.
The decision problem is a two-stage game, we

first consider the optimal quantity for the main
manufacturer and supplier s, using backward
induction, it is a function of wholesale price
and can be derived from their payoff functions,
and then the optimal wholesale price for all
suppliers can be derived from suppliers’ pay-
off functions.

Supplier s, Supplier s,
Material cost c, Material cost ¢,
Ability 7, Ability 75
Decides g, w, Decides w;

I
Wholesale| price w;
Order| quantity gy,
\4

I
Wholesale | price w,
Order |quantity ¢,
A 4

Main manufacturer m
Production cost ¢,
Ability T,
Decides qum qom

Price Pas Price Pam> Pbm

Demand

Production cost ¢, Production cost ¢,

Figure 3 Decisions under Decentralized Supply

The sequence of events under decentralized
decision is shown as follows, the two com-
petitive suppliers decided their own whole-
sale price independently at the same time, and
then production quantities are decided by sup-
plier s, and the main manufacturer through
Cournot competition. Let 7, and n? be the
profit of supplier s, and the main manufac-
turer in the last stage respectively, thus, the
payoff functions and decision model are de-
scribed as follows.

max (g 1) = 6 (7 - ol

e 3 (-t —cn) il ®

x=a,b

d

maxngﬂ (qgs) = ( a~ Cll) qadm + (pgs —Ca— CS) qgs (4)

The wholesale prices of the two suppliers
at the first stage are the reaction functions with
respect to the optimal quantities of the strong
supplier s, and the main manufacturer, thus,
the profit of s, and s;, in the first stage after
production deciding are given as Eq. (5) and
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Eq. (6) as follows:

d

max 75, (wg) = (wf = ca) i + (s — o =

CS) qgs (5)

(6)

max i, (wf) = (wf - ) qf),

Using backward deduction solve the de-
cision problem, the optimal decisions can be

summarized into Proposition 2.

Proposition 2 (Equilibrium under decentralized
decision)

When the main manufacturer and the two com-
petitive suppliers devote in a decentralized decision,
the optimal decisions of the stakeholders are denoted

by ‘7;‘?; and wz;, as follows:

Wl = 32-812(y2+1)+4n>(y2-1)+2)2n* y(n? —4) 4n’(y2-1)
a = 7230 —16) 2412 +64 @ i G-16) 24P+ b T 2(3-16) 242464
y(P=4)"+16(n2~2)—y*(n*+81P-16) yO(nr’=4)"(za=1,)?
+ m + k1
72(314-16)—-24n2+64 72(314-16)—-24n2+64
wd* _ ;/31]4—4y1]2(1+y2)+2yq3()/2—1)+16y 2y2n4—4712(3+)/2)+32 2yr]3()/2 1)
b~ 72(3n*-16)-24n2+64 T 92(3n4-16)-24n2+64 €b y2(314-16)—2412+64 Cs
+ (PPA)(P-4)+4(3iP—8) 2 (n*+dnP-16) 632712022 (n+an?-16) | w-w)? r
72(3*-16)-24n>+64 Cm 72 (30 —16)—2417+64 2
o —BE-2 ) [nlp-co—cs)-2(p-cn—wd ) +p2y (4-n?) [yn(p-ca—cs)-2(p—cp-w] —073+207,7,-072) |
fan= PO ()
_ (pew)A=9)-0(1, -1, P +ywd —wi
Tom = 26(1-1?)
a _ p(z_ﬂ)+’](5m+wlg*)_2(ca+¢fs)
qﬂS - ﬁ(4_n2)
where profit of the supply chain is the sum of all stake-

p [(32—16172 +4n3)—y(nz—4)2+y2(n4—41]3+8n2—16)]
72(3n*-16)—-24n2+64
4 [32—127;2—)/3 r;z(r;2+2r]—4)+27/(n3+2n2—8)+)/2(1]4+41]2—16)]
72(314-16)—2412+64

1=

ky =

Lemma 1 (Equilibrium profits under decentral-
ized decision)

Let md
the main manufacturer and supplier s, under the

and m? denote the optimal profit of

scenario of decentralized decision, respectively, n?
denotes the optimal total profit of the supply chain,
therefore, the optimal profits can be summarized as
follows:

d _ a d*
Ty = (qaml qu) - Sy (wa /qas)’
nd =nd (wZ*), nd =nd +nd +nd

Lemma 1 hints that the optimal profits of
each stakeholder are determined by their op-
timal equilibrium decisions, the optimal total

holders’ optimal profit.

Lemma 2 (Impact of cost on wholesale price)
Supposing that At = t,— 1}, denotes the ability
gap between the two suppliers

(i) Impact of material cost. , ac 0,
Jwd” Jwd’
- >0, 5= >0;
dw?
7 dey <
dwd” dw?”
b b .
0, 5 <0, 55 <0
. , . éwl‘f
(iii) Impact of suppliers” ability. 3= > 0,
awd*
b
A <0.

Lemma 2 hints both the optimal wholesale
prices of supplier increase with material cost
and decrease with production cost in case of
a decentralized decision, however, the opti-
mal wholesale price of supplier s, who has
strong ability increases with suppliers” ability
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gap while it decreases with suppliers’ ability
&ap-
4.3 Cooperation with the Weak Supplier

(Weak Cooperation)

This subsection studies how the profitability of
each stakeholder would be affected in the case
of the main manufacturer and the weak sup-
plier working together. We define such case as
weak cooperation, and moreover, we employ
superscript w to denote the variables under the
scenario of weak cooperation. Itis obvious that
the profit of the main manufacturer and sup-
plier s, will perform best if their decision is
centrally controlled. Since the wholesale price
of supplier s, works on dividing the profit be-
tween itself and the main manufacturer, the
sequence of events under weak cooperation
can be described as follows. Firstly, the two
competitive suppliers decide their own whole-
sale price w, independently at the same time
in pursuit of self-interest maximization; and
then production quantities are decided by s,
and the main manufacturer through Cournot
competition. Let 7}, and nt{ be the profits of
supplier s, and the main manufacturer in the
last stage respectively, hence, the profits and
decision models are described as follows:

max 7ty (q4%) = (W = ca) qan
+ (Pflus —Cg — CS) Qs (8)

pxi is given as Eq. (1), s, and the main man-
ufacturer choose quantities to maximize their
profit respectively. The wholesale prices of s,
in the first stage are the functions with respect
to the optimal quantities of strong supplier s,
and the main manufacturer, thus, the profit of
supplier s, in the first stage given as Eq. (9) and

the optimal wholesale price of strong supplier
s, is determined.

max 7ty (wy') = (wg — ca) Gar
+(pis —ca—cs) gy 9)

Using backward deduction to solve the prob-
lem and the optimal decisions can be summa-
rized into Proposition 3.

Proposition 3 (Equilibrium under weak coopera-
tion)

When the main manufacturer and sy, devote to
weak cooperation, the optimal decisions of the main
manufacturer and the competitive suppliers are de-
noted by q;"; and w¥", as follows:

max 1% (q;"m, qZ"m) =— [c;, + 0 (1, — Tb)z] Dy
O (Pl = en) 45— wE g, ()
x=a,b
oV = 2p3(y2-1) P2nt=a(10y2)P42(y2-1) P +16 y(12-4)"+8(12—2)—y2n* i
a 324202 (22 -2y2-6) ° 3242n2(y2n2-2y2-6) a 32+2n2(y2n2-2y2-6) "
+ y(P-4)’ (16p-8p1?)(1=7)+2p 1> (1=72) ~pyn*(+7)+ 0y (12=4) (ra =10
3242n2(y2n2-2y2-6) 32+2n2(y2n2-2y2-6)
w _ ZBEPP)In(p=co—es)=2p—cn—wi) [+ (4= [yn(p=co—cs)-2(p-co—cn=07i+20 7y =07 ]
am - 4'34(),2_1)(,’2_4)
v (p—cm)(l—y)—e(ra—Tb)2+yw§,”*—cl,
qhm - 2'3(1_)/2)
v p(2—r])—2(cu+cs)+r1(c,,,+w;“*)
Yas - ﬁ(4—712)
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Lemma 3 (Equilibrium profits under weak coop-
eration)

Let %" and ¥ denote the optimal profits of
the supplier s, and main manufacturer under the
scenario of weak cooperation, respectively, let T
denotes the optimal total profit of the supply chain,
the optimal profit of supplier s, and main manufac-
turer are illustrated as follows:

w*

W W wr L w*
Tl = Ty (qaml qu)/ 7zsu

-
Ttr

= (q5%),

w* w*
T, + g, -

By substituting qz’; and w?" into Eq. (7) and
Eq. (8), it is easily to obtain the optimal profits
of supplier s, and main manufacturer.

Lemma 4 (Impact of cost on wholesale price)

(i) Impact of material cost. The wholesale price
under centralized decision increases with c, and cy;

(ii) Impact of production cost. The wholesale
price under centralized decision decreases with c,
and cs;

(iii) Impact of suppliers” ability. The wholesale
price under centralized decision increases with At.

Lemma 4 hints that the optimal wholesale
price of supplier s, increases with the mate-
rial cost of both the competitive suppliers and
decreases with its production cost when en-
croaching on downstream, counter intuitively,
itwould decrease with the main manufacturer’s
production cost in the case of weak coopera-
tion. This result is caused by the supplier’s
dual role that supplier s, benefits both from
supply and self-production, on the one hand,
supplier s, can provide component to the main
manufacturer with a high wholesale price to
improve profitability when the material cost is
high, on the other hand, a low wholesale price
can gain the probability of increasing in order
quantity of the main manufacturer. Moreover,
the optimal wholesale price of supplier s, in-
creases with the gap in ability of the two sup-
pliers, this result is generated by the advantage
in technology.

4.4 Cooperation with the Strong Supplier
(Strong Cooperation)

In this subsection, the main manufacturer aims
to improve in indigenous technological capa-
bility through cooperating with the strong sup-
plier s,, therefore, the main manufacturer de-
signs a revenue-sharing contract based on rela-
tionship-specific investment so that can induce
s; to cooperate and co-production. As men-
tioned in subsection 3.2, the two competitive
suppliers decide the wholesale price indepen-
dently at the same time and then the main
manufacturer bargains with s, to decide the
contract items and quantity. The cooperation
relationship would be established only in case
of the profit of s, and the main manufacturer
are not less than their reserve profit, if the bar-
gaining game fails to reach an agreement, they
would trade under competition, hence, the dis-
agreement point is the profit under decentral-
ized supply chain. As shown in Figure 4, we
first derive the optimal decisions of s, and the
main manufacturer, i.e., the optimal contract
items and quantities.

Supplier s, Contract ¢, Supplier s,
Material coste, | — — — _ _ _ _ _ _ _ Material cost ¢,
Ability To | Relationship investment 7,,| Ability Ty
Decides gus, Wa, €|  Revenue-sharing ratiog | Decides w;
\Wholesale : price w, : Wholesale: price w,
Order |quantity ¢u, | Order| quantity g,
A 4 ' A4

Main manufacturer m
Production cost ¢,
T,bility
Decides qum Gom, Ct

/_\ Price pam, Pom
»|  Demand )«
U Production cost ¢

Figure 4 Decisions under Strong Cooperation

Price pus

Production cost ¢

The reserve profit of s, and the main man-
ufacturer are given as ¢ and 7, in Lemma 1,
the two competitive suppliers decide whole-
sale price w! in the first stage, then the main
manufacturer provides the unit relationship-
specific investment 7, to s,, they bargain with
each other in order to decide quantities and
revenue-sharing proportion. The profit under



Zhou et al.: Strategic Cooperation with Differential Suppliers’ Ability under Downstream Competition in Complex Products Systems

461

cooperation can be illustrated as follows:

b b b — b b b
T (qam/ Tym~ (P) - Zx:ﬂ,b (pxm Wy — Cx) xm

- (Vm + (Ppgm) qgm - 60(1, - Tb)2 ‘hl;m (10)
nsﬂ (955, @) = (wWh = ca + 7w + @pLy) aby
+ (Pgs —Ca— CS) qss (11)

In our research, they bargain to decide the
quantity and revenue-sharing proportion, Nash
bargaining is a common and valid way to re-
alize profit allocation (Qing et al. 2017, Kraft

2018). Hence, the decision problem is maxi-
mizing the following Nash product:

max P (qh, 08 ) = (b = 7)™ (b =)™ (12)

b

m
incremental profits of the main manufacturer

nd and il —n?" are respectively the

where 1t
and s,. 7, and 74" are given in Lemma 1, sup-
plier s, and the main manufacturer bargain to
reach agreement on contract items and produc-
tion quantities given as a fixed r,, in order to
maximize their profit respectively. Therefore,
the decision problem in the first stage is maxi-
mizing the profit of weak supplier s, with reac-
tion of the optimal decisions of s; and the main
manufacturer. The profits of the two compet-
itive suppliers in the first stage are given as
Eq. (13) and Eq. (14).

b

max né’a (qé’s,@) = ( a —CatTm+ (Ppgm) Do

+ (p,l;s —Co— cs) gt (13)

max nfb (wg) = (wZ - cb) qgm (14)

The optimal decisions under strong coop-

eration can be summarized into Proposition 4.

Proposition 4 (Optimal decisions under strong
cooperation)

The optimal quantities are denoted by q5,,, q7"

and qL;, the optimal revenue-sharing proportion
is denoted by @, and let wY denote the optimal
wholesale price under strong cooperation, therefore,
the optimal decisions can be summarized as follows:

b (p—cm)(l—y)—e(m—fb)2+yc,;+cb
wy, = 2

b

d
b* _ -1 dnsa
a dwg

pe 8820 (12972) [n(p—ca—cm)~(p=ca=cs)]
am= 1667 (1-2)(1-17)
8,{;3)/(1—,72) [(p—ca —cm)—y(p—cm —wg* —61%+291a 15—675)]
* 1667 (172 (1-17)

W,

b (p=cm)(1=y)=6(a —'(b)2+yca —wg*

bm™ B(1-7)
bx _ pA=m+n(ca+em)—ca=cs
e 25(1-n%)

* — p-1 (Tlgfnm _ T_m)
¢ ng—ng* Ta

Lemma 5 (Equilibrium profits under strong coop-
eration)

Let ity ml and m%) denote the optimal profits of
the main manufacturer and the two suppliers under
the scenario of strong cooperation respectively, let
n? denotes the optimal total profit of the supply
chain, the optimal equilibrium profits under strong
cooperation are illustrated as follows:

= il (0l abh, 97) 7 = L (gl 9,

b
Sp*

b
Sb

Tt

ni@g)ng:ng+ng+n

Lemma6 (Theeffect of ability on cooperation strat-
egy)

The cooperation relationship would be estab-
lished only if the ratio of the supplier’s profit incre-
ment to the main manufacturer’s profit increment
is equal to the ratio of the supplier’s ability to the
main manufacturer’s ability.

Lemma 6 hints that the profit increment
from a cooperation relationship is decided by
their abilities, a higher ability leads to high
profitability.

Lemma7 (The effect of the relationship-specific in-
vestment on cooperation strategies)
%0y _ o i _ o Pm

=0 Iqh,
dry — 77 Iy sodrm T

Irm

=0
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Lemma 7 hints that the relationship-specific
investment will not affect the optimal quan-
tities and the optimal wholesale price of the
weak supplier s;. This is determined by that
the relationship-specific investment aims to re-
combine the profits between the strong sup-
plier and the main manufacturer. The effect
of relationship-specific investment on cooper-
ation strategies will be analyzed in detail in
section 5.

5. Comparative Analysis

In this section, some numerical experiments
are presented to illustrate the effectiveness and
It is
technically challenging to come up with an-

advantage of the cooperation strategy.

alytical results about the comparison of dif-
ferent scenarios, hence numerical experiments
are referenced in the case of KLX Inc. and
one main manufacturer of China’s large pas-
senger aircraft. KLX Inc. is a leading provider
of aerospace fasteners, consumables, and lo-
gistics services as KLX Aerospace Solutions.
It also provides oilfield services and associ-
ated rental equipment across North America
as KLX Energy Services. Boeing announced
in 2018, that it has completed its acquisition of
KLX Aerospace Solutions to enhance its grow-
ing services business and deliver greater value
toits customers. The acquisition positions Boe-
ing to compete and win in the $2.8 trillion,
10-year aerospace services market. Simulta-
neously, KXL Inc. also does business with
one main manufacturer of China’s large pas-
senger aircraft, however, Boeing is one global
aircraft giant and competing with the firm of
China’s large passenger aircraft, thus, KLX Inc.
is similar to encroach on downstream compe-
tition. In order to deal with this circumstance,
we investigate the cooperation strategies from
the perspective of the main manufacturer of
China’s large passenger aircraft in this section.
We collected partial data from the publication
and adjusted in order to capture the setting in

differential suppliers’ ability and downstream
competition, hereafter, we set the benchmark
parametersas p = 28, ¢, =2,¢5 =5,¢4 = 1,
¢, =3,0 =15, r,, =1, our main results are
qualitatively consistent with those in the ba-
sic setting. In subsection 5.1, we employ nu-
merical experiments to compare the cases with
a different degree of product substitutability
to illustrate the profitability and cooperation
strategy. In subsection 5.2, we focus on analyz-
ing the optimal strategies in case of different
scenarios. In subsection 5.3, we compare the
proposed cooperation strategy with a revenue-
sharing contract in order to further prove the
validity and applicability of the proposed con-
tract.

5.1 Analysis of the Profitability
5.1.1 The Effect of ;; on Profitability
Profitability is an indispensable factor to reveal
the effectiveness and advantage of cooperation
strategy as well as the imperative to coordinate.
Figure 5 and Figure 6 show that the optimal
profits of the three stakeholders vary with the
competitive degree and product substitutabil-
ity.

The main results in Figure 5 can be demon-
strated as follows.

@) 7y > n? > nzT"* > 7'(%*, n? >l > nd
b* d* w* b dx.
Ty, > TS, > MY, T, > TG
.\ onh on' onl, nd
(11)8_1]T<0’ 91;” <0’(9_T]H<0’(9_r]b<0’
onl’
b
an =0.

From the computational results, we can find
that the total profit of the supply chain un-
der centralized decision will be the highest
level compared with other scenarios despite
the different competitive degree of the sup-
plier. However, it is difficult to implement such
a level in any real-life scenarios, nonetheless,
Figure 5a shows that the overall profitability
in the scenario of strong cooperation is very
close to the total profit under the centralized
decision. Meanwhile, the poorest efficiency
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Figure 5 Optimal Profits under Different Scenarios with
n

happens when all the stakeholders devote to
the decentralized decision, but the overall ef-
ficiency of the supply chain can be improved
whatever the weak cooperation or strong co-
operation happens. Therefore, strategic coop-
eration is farsighted to heighten the efficiency
of the whole supply chain. It deserves to illus-
trate that the following analysis will concen-
trate on the strong supplier s, and the main
manufacturer due to the cooperative relation-
ship within the two stakeholders.

Intuitively, the total profit of the supply
chain, as well as the profitability of each stake-
holder, is decreasing with 7, that is to say the
material substitutability or the competitive de-
gree of the two suppliers has negative impacts
on the profitability. Figure 5c shows that the
profitability of the strong supplier would be
the lowest level under weak cooperation, so
the weak cooperation between the main man-
ufacturer and s, can undermine the competi-
tiveness of the strong supplier. However, it is
counterintuitive from Figure 5d that the prof-
itability of s; is still enhancing in the scenario
of strong cooperation even the cooperative re-
lationship is established within the main man-

ufacturer and the strong supplier. The reason
for the counterintuitive conclusion mainly gen-
erated by the forward integrated effect under
the scenario of weak cooperation, but an in-
crease in the market sharing of the main man-
ufacturer excels the integrated effect in the sce-
nario of strong cooperation. The results in Fig-
ure 5¢ demonstrate that the strong supplier’s
profitability arrives at the highest level in case
of strong cooperation despite medium prof-
itability under decentralized.

5.1.2 The Effect of y on Profitability
The main conclusions in Figure 6 can be di-
rectly summarized as follows.

- ont ont ond* onl’
(1)8_)/T<0’z9_):"<0’ a;ﬂ<0,Tb’h<O,
an;’;
% >0
one | >0, if0<y=<y;
7| <0, ifyr<y<l1
o’ | <0, if0<y<y
7l >0, ifyp<y<i
i c* b* w* da. b da*
(i) mg > mp >y > Mg M, > Mg,
S s 4 >nb if0<y < vy
" nl > nd, ify, <y <1

A

. nt <nd, if0<y <y,
nf: < né’;, ify, <y <1

Even though the effect of y on the over-
all profitability of the supply chain presents
similar effectiveness with 7, the profitability
of each stakeholder is actually more compre-
hensive with y. Figure 6a shows that the to-
tal profit of the supply chain decreases with
¥, it means that the product substitutability
of the final product has negative impacts on
the profitability of the supply chain. How-
ever, the results in Figure 6b, 6¢, 6d, and 6f
show that the profitability of each stakeholder
is also decreasing with the competitive degree
of final product under different scenario, ex-
cept the strong supplier’s profitability under
both scenarios in cooperation and the weak
supplier’s profitability under decentralized de-
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cision. Counter-intuitively, a decreasing trend
of the strong supplier’s profitability with y is
presented at the first and then displacing to
increase in case of strong cooperation, but to-
It is
also counterintuitive from Figure 6¢ and Fig-

tally adverse under weak cooperation.

ure 6d that the profitability of s, is still ame-
liorating under the scenario of strong cooper-
ation even the cooperative relationship is es-
tablished within the main manufacturer and
the strong supplier. Overall, the optimal prof-
its of the main manufacturer and the strong
supplier under the scenario of strong coopera-
tion would be greater than the scenario of de-
centralized decision, unless y is above a given
threshold. It doesn’t mean the strong coopera-
tion relationship will not come true while y is
below the threshold value, once weak cooper-
ation enters into business relations, the strong
supplier’s profitability would be far below any
other situations. Therefore, the cooperative re-
lationship would be established regardless of
the competitive degree of the final product be-
tween the weak main manufacturer and the
strong supplier.

Through the above computational results
and comparison study, the following inspira-
tion can be obtained: (i) the revenue-sharing
contract based on relationship-specific invest-
ment is a feasible strategy for a weak main
manufacturer to establish cooperation with a
strong supplier in CoPS; (ii) the encroachment
of a strong supplier would be weakened as a co-
operative relationship; (iii) the weak coopera-
tion would generate a forward integrated effect
whereas the strong cooperation can intensify
both the profitability of the supply chain and
individuals; (iv) either fierce competition in
upstream or downstream would reduce the in-
tegral and individual profitability; (v) nurtur-
ing domestic supplier is a possible solution to
improve competitiveness and indigenous tech-
nological capability for the weak main manu-
facturer.
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Figure 6 Optimal Profits under Different Scenarios with
n

5.2 Analysis of Optimal Strategies

We investigate the optimal strategies in this
subsection with following the numerical study
in subsection 5.1. Through analyzing the opti-
mal quantities, wholesale prices, and contract
items, this subsection aims to illustrate how
the market share and profit allocation of indi-
viduals change under distinct scenarios. We
emphasize on demonstrating the optimal deci-
sions of the weak main manufacturer and the
strong supplier.

5.2.1 Optimal Quantities

Figure 7 shows the optimal quantities of each
individual. The main results can be summa-
rized as follows.

+* +*
(1) ag—,“; <0, ag—;’” < 0 except that
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if0<n<m
iftm <n<1

agb, | <0,
IN | >0,

‘78‘7_)5/5 <0, agé'” < 0 except that
gl <0, if0<)/S7/3
7l >0, ifyz<n<i
e, ] <0, if0<y<ys
7| <0, ifyz<y<l1

(ii) the optimal quantities satisfy the in-
equations where g, > qb., g4, < g%, and
g, < g% with changing in 7);

(iif) the optimal quantities satisfy the in-
equations where g7, > g%, and ¢4, < g% with
changing in y.

0.2 0.4 0.6 0.8 0.2 0.4
n Y

(a) With Changing in n (b) With Changing in y

Figure 7 Optimal Quantities

Figure 7a shows that the optimal quanti-
ties of the main manufacturer and the strong
supplier decrease first and rise later with n un-
der the scenario of strong cooperation whereas
they always decrease with 1 under any other
scenario. This mainly caused by the contract
items in the case of strong cooperation, the
most profitable activity for the strong supplier
is supplying component rather than encroach-
ing on downstream, thus most demand con-
stantly met by the main manufacturer while
a cooperation relationship is ensured. More
importantly, the main manufacturer’s optimal
quantity under decentralized decision would
be zero when faced with the decentralized de-
cision and a high degree of material substi-
tutability, however, the strong supplier’s op-
timal quantity would close to zero under the
circumstance of strong cooperation and a high
degree of material substitutability. The rea-
son for the counterintuitive results lies on the

profitability of the strong supplier, the strong
supplier would rather interrupt providing ma-
terial to the main manufacturer under decen-
tralized decision so that can encroach on down-
stream competitively, nevertheless, the strong
supplier still prefers to benefit from the con-
tract and reduce the quantity of the final prod-
uct. Figure 7b demonstrates similar results
with Figure 7a except that the optimal quantity
of the main manufacturer in the circumstance
of weak cooperation also decreases first and
increases over a threshold of y. The reason is
that the advantage of the weak alliance could
display actively as a highly competitive degree
between the main manufacturer and the strong
supplier.

The comparative results in Figure 7 allow
for the following comments. (i) The weak main
manufacturer would suffer a risk of supply
interruption from the strong suppliers under
decentralized decision when faced with fierce
competition both in upstream and downstream;
(ii) Strategic cooperation with the strong sup-
plier can against the strong supplier encroach-
ing on downstream effectively; (iii) Coopera-
tion relationship has a positive impact on boost-
ing the weak main manufacturer’s market share.

5.2.2 Optimal Wholesale Prices and Revenue-
Sharing Proportion

(a) With Changing in n

(b) With Changing in y
Figure 8 Optimal Wholesale Prices

Wholesale prices and revenue-sharing pro-
portion are critical factors in influencing profit
allocation among chain members. Figure 8
demonstrates the tendencies in the wholesale
prices and the competitive degree. Intuitively,

the optimal wholesale prices of the two com-
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petitive suppliers have no significant change
with 7 except the optimal wholesale price of
strong supplier s, increases obviously in the
case of strong cooperation. In combination
with Figure 9a, we can find that the reason
for the counterintuitive results is caused by
the strong supplier reduced the production
of final product, because the main sources of

profitability are from supplying and revenue-

sharing, thus a high wholesale price and revenue-

sharing proportion can ensure the profit in
circumstance of facing fierce competition be-
tween the two suppliers. Figure 8b illustrates
that the optimal wholesale prices of the two
suppliers decrease with y in the decentralized
decision and strong cooperation whereas it in-
creases slightly with y in the decentralized
decision and weak cooperation. It can be at-
tributed to the contract coordination in com-
bination with Figure 9b, the cooperative rela-
tionship is more likely to realize for the sake of
profit when facing with a fierce downstream
competition, therefore, the strong supplier must
decide wholesale price and revenue-sharing
proportion depending on the competitive de-
gree of downstream, hence the optimal revenue-
sharing proportion increases at first and de-
creases later with the competitive degree of

downstream.
0.35 031
=
0.3 0.305
. 0.25 0.3
=3 ‘o
0.2 0.295
0.15 0.29
0.1 0.285
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n v

(a) With Changing in n (b) With Changing in y

Figure 9 Revenue-Sharing Proportion
5.2.3 The Effect of Suppliers’ Abilities on Co-
operation

The stakeholder’s ability is one of the decisive
factors to affect the cooperative strategy in a
cooperation relationship. The main features
of Figure 10, Figure 11, and Figure 12 can be
concluded as follows.

nd"

 onl onty g J
(1) as“ < 0; 7;’;’ > 0; Tb” < 0; n'” > 0;
aqam
e <0, 9"[ <0,F <0
(11)7'(T >n? >7'(§‘3 > ndT;n% >l >l
b d b 4

T, > T >ns,n > Ty,

Figure 10 shows how the optimal decisions
in cooperation relationship change with 7,. The
optimal quantity of the main manufacturer pro-
duced by the component from the strong sup-
plier s, increases with 7, while the strong sup-
plier’s optimal quantity of final product is no
relevance with t,, however, the optimal to-
tal quantity of the main manufacturer has a
slightly decreasing tendency with 7,, this is
mainly caused by decreasing in optimal quan-
tity from supplier s;. Figure 10a shows the
optimal profit of supplier s, goes up first but
then fall down with 7, while the optimal profit
of the main manufacturer falls down first and
then rise with 7,. Combine with Figure 10b
and 10c, the main reasons for the change of op-
timal profit are caused by the optimal revenue-
sharing proportion and quantities. Figure 10b
shows that the optimal revenue-sharing pro-
portion has the same varying tendency with
the optimal profit of supplier s,, because of
the optimal revenue-sharing proportion deter-
mines the strong supplier’ revenue under cir-
cumstance of cooperation, however, the main
manufacturer’s revenue decreases with ¢, thus,
its optimal profit presents an opposite charac-
ter.

In Figure 11, we set the ability of the strong
supplier s, as 7, = 0.6, and then let the ability
of the weak supplier s, range from 0.1 to 0.59
because of 7, > 7, it means that the gap of the
two suppliers’ abilities has been gradually nar-
rowing over the increasing of 7,. After com-
paring the profitability of each scenario, we can
find that the main manufacturer and strong
supplier’s profitability showing an increasing
gap, meanwhile, the profitability of the main
manufacturer is increasing with 7, while the
strong supplier’s profitability shows the op-
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Figure 10 The Effect of Suppliers’ Abilities on Cooper-
ation
posite trend. In Figure 12, the profitability of
the main manufacturer and the strong supplier
are sharing the same trend with the improve-
ment of the main manufacturer’s ability. More-
over, the optimal revenue-sharing proportion
presents a decreasing trend both with the abil-
ities of weak supplier and main manufacturer.
The main reasons lie on the increasing of weak
supplier’s ability can shut down the cost loss
of the main manufacturer using the material of
weak supplier, as well as increasing the com-
petitiveness of the weak supplier so that per-
form well in competing with strong supplier,
on the other hand, a high level of the main man-
ufacturer’s ability can enhance its bargaining
power and cause well positioned in coopera-

tion.
200 - 200
% g Tl e o
L5 150 L5 100
o 8 z g
& S
100° 0
01 02 03 04 05 0.1 02 03 04 05
T, T,
b b
200 . 0.23
. T |
o E _d*
100 n g
L5 5.0.225
S
0 022" !

01 02 03 04 05

T

0.1 02 0.7} 04 05
b

=3

Figure 11 Different Suppliers’ Abilities on Cooperation
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Figure 12 The Effect of the Main Manufacturer’s Abili-
ties on Cooperation

The results in Figure 10, Figure 11 and Fig-
ure 12 allow for the following insights, (i) it is
better to establish a cooperative relationship
for the main manufacturer when the strong
supplier’s ability is at a high level; (ii) the revenue-
sharing contract based on relationship-specific
investment can enhance the main manufac-
turer’s profitability and marketing share when
the ability of the strong supplier is relatively
high; (iii) nurturing domestics suppliers and
improvement of indigenous technological ca-
pability are necessary to the main manufac-
turer to keep strong competitiveness.

5.3 Comparing with Revenue-Sharing Con-
tract
In order to further illustrate the validity and
superiority of the proposed revenue-sharing
contract based on relationship-specific invest-
ment, we next compare the proposed coop-
eration strategy with a conventional revenue-
sharing contract. Subsection 5.3 omits a de-
tailed decision process of the revenue-sharing
contract because it is not the emphasis of this
study, but we present itin Appendix B in detail.
The computational results are reported in Ta-
ble 2. In Table 2, nI’; denotes the optimal profit
of decision maker k (k € {sy, m}) under sce-
nario r where superscript r stands for the main
manufacturer provides a revenue-sharing con-
r
denotes the optimal total profit of the supply

tract to the strong supplier s,. In addition, ©

chain. We use the symbols of “T” or “]|” to
clarify the variation of n?* compared with n}f
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Table2 Comparing with Revenue-Sharing Contract

T (0.1-0.49)

L G S o 1 B R AU

1(0.1-0.9)

i ) onl

) b (10)

*=0.2398 256.59 271.66 (1) 144.11 115.55(]) 84.74 151.70()
. 257.19 272.11 (1) 14358 11253 (|) 8533 154.87() ¢*
0.2288 257.65 272.46(1) 143.18 109.97(]) 85.78 157.55(1) ¢*
0.2244 257.96 272.71(1) 142.92 107.82(]) 86.09 159.78()
0.2206 258.10 272.84(1) 142.78 106.03(]) 86.25 161.62(1)

o
N
W
@
°

*

BSTRSIR SRS IS

@ =0.1207 4262169 427.9577(1) 243.2466 192.7544(]) 157.1565 230.2012(7)
0.1230 362.0938 364.1881(1) 205.4345 157.5327(]) 130.5967 201.6533(1)
0.1372 312.729 318.0587() 176.1583 132.2104(]) 110.0736 180.8462(1)
@ =0.1789 273958 284.4639(1) 152.9816 113.9042(]) 93.40414 165.5576(1)
@ =0.3053 2431772 268.468(T) 134.0609 105.7354(]) 78.10971 157.7305(7)

where “1” and “|” symbolize increase and de-
crease respectively.

As it is shown in Table 2, the optimal profit
of the main manufacturer under the scenario
of strong cooperation is higher than it in a sim-
ple revenue-sharing contract while the optimal
profit of the strong supplier is exact inverse.
Above all, the optimal total profit of the sup-
ply chain under strong cooperation is always
higher than it under a simple revenue-sharing
contract. That is to say, a revenue-sharing con-
tract based on relationship-specific investment
performs well than a simple revenue-sharing
contract regarding total performance. The rea-
son lies in the relationship-specific investment
can improve the cooperation to more efficient
performance. For instance, the main manu-
facturer should design a revenue-sharing con-
tract based on relationship-specific investment
to KLX Inc.
sharing proportion. Relationship-specific in-

rather than a simple revenue-

vestment is also common in many other firms
who want to break through in knowledge and
technology. Besides, relationship-specific in-
vestment is an effective strategy to avoid moral
hazard in combination with a revenue-sharing
contract. Therefore, the cooperative strategy
proposed in this study is validity.

6. Conclusions and Future Research

In this paper, we aim to study strategic coop-
eration under two competitive suppliers with
different abilities and a weak main manufac-
turer in CoPS, therefore, four models are devel-
oped under different scenarios. The channel
structure is one main manufacturer trades with
two competitive suppliers where the strong

supplier can encroach on the downstream mar-

ket through producing substitutable final prod-
ucts simultaneously. One benchmark model is
set to illustrate the most effective scenario un-
der the centralized decision, and then devel-
oping a more common scenario under the de-
centralized decision. Moreover, in order to im-
prove the efficiency of each stakeholder, espe-
cially the developing purpose of the main man-
ufacturer, the paper studies cooperation strate-
gies and establishes two cooperative models
under weak cooperation and strong coopera-
tion. Different from the existing works of liter-
ature which study how the strong members al-
locate and control the supply chain, this paper
observes how the weak individual improves
the competitive environment through estab-
lishing a cooperative relationship inversely.

We characterize the equilibria and optimal
decisions of each individual and develop the
comparative analysis. The results show that
strategic cooperation can enhance the profitabil-
ity of the whole supply chain as well as in-
dividuals” profitability, especially strong co-
operation can coordinate each stakeholder to
well economic performance. Under the sce-
nario of strong cooperation, the main manu-
facturer signs a revenue-sharing contract based
on a relationship-specific investment with the
strong supplier who provides a key element
to the main manufacture and encroaches on
the downstream market. We attempt to fur-
ther understand how the weak main manufac-
turer realizes cooperation and grasp the op-
portunity to develop competitiveness and in-
digenous technological capability. The equilib-
rium decisions under different scenarios and
the conditions for the cooperation strategies
are characterized. We find that the revenue-
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sharing contract based on the relationship-
specific investment which is designed by the
main manufacturer can generate cooperation

and coordination. Several insights are obtained.

The weak main manufacturer would face
the risk of supply interruptions from the strong
supplier when materials or final product are
in high production substitutability under de-
centralized decision. A high competitive de-
gree of suppliers and downstream competition
would impair all chain members’ profitability,
as well as a high material cost, is harmful to
the main manufacturer. Moreover, a high pro-
duction cost against the suppliers’ profitability
whereas a high gap in ability of the two sup-
pliers can benefit strong supplier a lot. Mean-
while, decentralized decision and high sub-
stitutability of material can generate an ad-
vantage to the strong supplier’s profitability.
However, the revenue-sharing contract based
on a relationship investment has a positive im-
pact onboosting the main manufacturer’s prof-
itability and market share, strategic coopera-
tion is a feasible strategy to against the strong
supplier encroaching on downstream.

In this work, we design a revenue-sharing
contractbased on a relationship-specific invest-
ment. The weak main manufacturer can real-
ize cooperation with the strong supplier, how-
ever, it is worth to study how to establish coop-
eration relationship when a competitive main
manufacturer exists inan MS mode. Moreover,
for the weak main manufacturer in CoPS, how
tonurture domestic supplier is worth consider-
ing for improving competitiveness and indige-
nous technological capability.

Appendix A Proofs

Proof of Proposition 1

By substituting Eq. (1) into Eq. (2), Eq. (Al)
holds,

Max 77 Qs Ty Gas)
= [P = By — B (Y85 +yn45s) — v = 0 (ta = Tb)z] Tom

+ Zizm,s [P -B (qzi + WZ]-) -B (Mi,- + wm;,-) - Cu] Tai
(A1)

For any given quantity g, we take the first
partial derivative of 73.(q,, q;,,, 90s) with re-

Im, -0

I
spect to G4y, qas- From . =0 Er

a c

and aqif = 0 where

ant

W[CHT”: pP—C—Cm— ﬁqgm - ﬁm]gs
-2y,

8175.

3= P = ¢ = Cm = BYfam = Bydas = B (yqam +774as)
~28qpm — 0 (o — )

871%

g, TP Ca—cs - B19am = Bdas — B (NGam + qas)
=28y Nq90m

- ﬁ (qum + anS)

we obtain q;,,, q;  and gz,

Taking the second partial derivative of
(5 . q5,) with respect to g5, g and
{45, the Hessian matrix holds as Hrc.

8271% 32n”T 8271%
295, Mam Ty amas
82nff BZHEF 8271%
Hpe =| e > e
T TpmTam qum TpmTas
82nff BZHCT &Zn%
s Gam 3‘155‘12,” aqgg
2*n& 2*n& 2%
where — = -2<0, — =-2<0, —F =
Gam 215, 945
9% ?n 2%
_2 < T = T = —2 — T =
B <0 gman, = e — 2PV mna
327'(% h h
-———— = —2fn. Then, we hav
Toagy = ~2Pn. Then, we have
— — 2 2
|anT1 = 28 < 0, |He | = 482 (14+72) > 0,

[F| = =867 (2= 1) (1 = 1) < 0.
Thus, the Hessian matrix anT is negative,

it means that 77, (q;m, Dy qgs) is a joint con-
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cave function of q;,,, q; . and g, therefore, we
obtain the optimal production quantity as q¢,,,,
qzm and g¢, where

Qim = Qi
_7’(’]2 1)[ F’+Cb+Cm+7’](p Ca_Cs)"'B(Tu Th)]
28(1-y2)(1-n?)
()/211271)[(qfl)(pfcﬂ)vtcqucs]
2p(1-y2)(1-12)

pA=y)+y(catem)— (CbJrCm)_e(Tu_Tb)z

Dom = Tom = 28(1-2)
¢t _ 0 _ P(l—ﬂ)+ﬂ(ca+cn:)—(ca+cs)
Qas - q:;s - 2,3(1—'72)

Substituting 45, 45 ,q5s into Eq. (A1), we

can obtain 71§, = 75, (q;m, Ty 1125)

The proof of Proposition 1 is finished.

Proof of Proposition 2
By substituting Eq. (1) into Eq. (3) and Eq. (4),
Eq. (A2) and Eq. (A3) hold,

maxn (qam,qu)
= Zx:a,b [pgm - wf - Cx]’ﬂm - 0(ta— Tb)z QZ,,, (Az)
max 7'( (qus)

= (wg - Cll) qgm + [szis —Ca— Cs]qgs (A3)

We first investigate the response functions
of supplier for any given wholesale price. Ac-
cording to Eq. (A2) and Eq. (A3), we can easily

obtain g¢,,, qgm and g% as shown in Eq. (A4)

ond
In = 0, where
9as

i /s3y(4—q2)[yq(p—ca—cs)—2(p—c,,,—w5—01§+20mTl,—org)]
Qam= 2P

83 (4202 [n(p—ca—co)-2(p—cm—u)|
4p4(y2-1)(12-4)
4

i _ (p—cm)(1—)/)—9(1a—Ib)z+ng—wb
bm ™ 28(1-y2)

(A4)

d p(2— n)+zy(cm+w{,) 2(cq+cs)
qas - /,(4 ,]2)

Taking the second partial derivative of

a (qffm, qu) and nd (qf,ls) into consideration,

Pn
because

= -2 <0, so

qu

i (Qfmqum) and nd (qgs) are concave func-

tions of g7, qgm and ¢, thus the optimal pro-

duction quantities denoted as q;,,, ¢;,, and
q5s are holding as g5, = 45, 4, =

Gy a0d s = G-

We continue to investigate the profits of
supplier s, in the first stage. By substituting
Eq. (1) and Eq. (A4) into Eq. (5) and Eq. (6), the
profits of supplier s, hold as follows.

max ngﬂ (wg) = (wg - Ca)'ifzjm + [szis -

Ca — Cs]qgs (AS)

q d
d dy _ d (p=cm)(1=y)=0(1a—1p) +yw,,twb
max 7, (wy) = (wy — cp) T

(A6)

Therefore, w? and wg can be obtained from
the first partial derivative of nd (w?)and ns’i (wl‘f)

with respect to w? and wZ respectively. From

. . . . d d d d"‘gu ddnfb h d d d b
from the first partial derivative of rt§, (%m,qu) dof Oan dol 0 where w; and w; can be
and ¢ (g7.) which are 9ﬂdm =0, 8nd —0and derived into Eq. (A7).
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where

ko = PLB21607 440’ —y (2 4742 (' —dn’ +81— 191
1= V231 —16)—24n2+64

k _ pl32-1202 =3P (2 +2n—4)+2y (P +2n*-8)+y % (n* +4n*—16)]
2= 12317 —16)—2412+64

are constants.

Taking the second partial derivative of
nd (w?) and nfa (wg) with respect to w? and wg

dznfﬂ _ 16-2(3+y2)n?+y%n*
dw® — BOA-D(0P-4)7

respectively, we obtain

dzng

, —F < 0, thus, m(wd)andn (wd)
dwy

0 = 57D

are concave and max imized at w?
d _ od
wy = wy

"= wf and w!

= w? and
respectively, therefore, we obtain
d
..
By substituting w{ and w! into Eq. (A4),

we can easily summarize equilibrium decisions

=w

under decentralized supply chaininto Eq. (A8).

wd* _ 32—81]2(y2+l)+4q3()/2—1)+2yzr]4C " y(n2-4)> o+ 4n3(y2-1)
a = Y2(3n*-16)-241%+64 a0 2(3nt-16)-24n2+64 b y2(3n*-16)—241?2 +64
4 LOP 421602 -2) -2 (7! +81-16) YOE4P (=
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—BE-y? ) n(p—ca—cs)-2(p—cm— w )]+ﬁ37(4 P)ynp—ca—cs)- Z(P—C»n—wg*—mgﬂ@%Tb—efg)]

The proof of Proposition 2 has finished.

Proof of Lemma 1

Lemma 1 can be easily obtained by substi-
tuting Eq. (A8) into Eq. (A2), Eq. (A3) and
Eq. (A6), that are ntd, = %(qg;ﬂ,qz;l) nd =
nsﬂ(wa 9%, n =t (w '), the optimal to-
tal profit of the supply chain is the sum of
stakeholders’ optimal profit, therefore, 7'(%* =

nd +nd + nd holds.

Proof of Lemma 2

According to Eq. (A8), because n € (0,1), y €
(0,1) and 0 > 7, > 75 > 1, the following in-
equations hold:

awad* 32— 8r]2(y2 +1)+ 41]3()/2 -1)+ 2y21]4 50
dca Y230t - 16) — 2412 + 64
Jwg’ YO =4
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w2t -4t +)?) + 32
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Jwg 4P(2 -1

dcs 231t —16) — 2412 + 64
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Fcm Y2(31* — 16) — 2412 + 64
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Jwg _ 2y0(P =4 (ra ~ 1)

IAT  y2(3n* —16) — 2412 + 64

ow" 2032 - 1202 + y2(n* + 402 — 16)](14 — 1) 0
oAT y2(3n% - 16) — 2412 + 64

Proof of Lemma 2 has finished.

<0
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Proof of Proposition 3
By substituting Eq. (1) into Eq. (7) and Eq. (8),
the following equations are holding,

max 7t (am/ )

- Cm]qium - w:zzuqam [Cb + 9(’1’,, - Tb)z]qu

(A9)

= Zx:a,b [p;um

+[pas +ca —cs1qas
(A10)

maxn (qus —(ZU —Cu)quum

Denote g3, = g, g = g% and g% = g%

0Oand ° dqw
Taking the second partial derivative of

= 0 respectively.

(@, 9;,,) and ¢ (g45) into consideration,

9? 22 ¥
because L’;’ =-26<0, —# =-28<0,
qm 9

so % (g%, qu) and 7t (q;;) are concave func-
tions of g5, 9, and g5, thus the optimal pro-

duction quantities denoting as q;",;,q?’,; and

w” fi W o_ w LW LW
qqzs are max imized at gz, = 455,49, = q;,
and g%, = gl respectively. By solving si-
multaneous equations oMy =0, 2% = 0and

gm ! 317{7“,"

u w 0 z
as the solution of the equation % =0, g%’,; = 3;5 = 0, we obtainqgy,, ;7 and gz as follows:
w _ ~BEAnp—ca=cs)=2(p—cn=wi)+B>y A=)y n(p—ca=cs)=2(p=cp—cm=0T2+207a 1p=077)]
am = 4p* (2 -1(n*-4)
w o _ (P_Cm)(1_7)_6(717_'517)2*'77"710_%
Tom = 28077 (A11)
w _ p-n)=2(ci+cs)+n(cu+wy)
as = /3(4_772)
Hence the profit of supplier s, in the first stage (0 we obtain Pry _ 16260yt 0, thus,

after they decided quantities can be obtained
by substituting Eq. (A11) into Eq. (8), denote

dwd” B(2=1)(11>~4)?
7 (w?) is maximized at w¥ = w?, by solv-
w

. ong) . @ o
ing % = 0, we obtain wy’ = w;’ as follows:

d _ od : ion O
w; = wj as the solution of the equation T =
W = 2°(2-1) Y2nt=41y ) +2(y2 -’ +16 y(P—4P+8(1-2) - n*

a B2 (P P-2726) 8

y(* =4

32+2n2(y2n2-2y2-6) a

324212 (y2n2-2y2-6) Crm

(16p=8pn*)(1—y)+2pn° (1=y*)—py n*(149)+0y (P —4)*(ta—15)?

+ Cp +

32+2n2(y2n?-2y2-6)

By substituting wg’

32+212(y2n2-2y2-6)

" into Eq. (A11), the following equations hold

w* =B (4= n)n(p—ca—cs)=2(p—cm —wd’ 1483y A=)y n(p=ca—cs)=2(p—cp—c =612 +261, Tb_e'fg)]

Proposition 3 is proved.

Proof of Lemma 3
Lemma 3 can be easily obtained by substitut-

ing ¥ and w¥" into Eq. (7) and Eq. (8), that

o G 10P4)
[Ca— (P—Cm)(1—)/)—6(’7.',1—'[;7)2-%—]/74];“*—Ch

Tom = 2p(1-y2)
w _ PR=)=2(catcs)+nlem+wi)

qus - ﬁ(4_’]2)

are 1 = T (g, qpy,), T = T (q), the
optimal total profit of the supply chain is the
sum of stakeholders” optimal profit, therefore,
¥ =n¥ +n? holds.

The proof of Lemma 3 has finished.
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Proof of Lemma 4
It can be easily derived from Proposition 3 that

owS VIt =41+ )2 202 - + 16 0
i - >
dcy 32+ 2n2(y2n2 = 2y2 - 6)
Jwg _ U
dop T 324 2n2(y2n2 —2y2 —6)
dwg _ y(n* =47 +8(P -2) -

= <0
dcm 32+ 212(y2n2 =292 - 6)
dwg 2% -1)
des 324 2n2(y2n2 —2y2 - 6)
dwS  20y(n* - 42(ta — 1)
AT T 324+ 212(y2n2 - 2y2 - 6)

>0

Proof of Proposition 4
By substituting Eq. (1) into Eq. (7) and Eq. (8),
the following equations are holding,

@ T ) = D[40 = w8 = c]qb,
x=a,b
_rmqgm - Q(Tu - Tb)qul;m - goptlz]mqtl;m
(A12)
ns,,(%sz(P) w —Cat Ty +§0pamqam

+(Pas — Ca — cs)qgS (A13)

According to Eq. (A12) and Eq. (A13), the

decision problem in the last stage can be pre-
sented as follows,

max D(gh,,, 45 4bs, P)

= {Zx:u,b(pzm - wg - CX)qgm -
—0(ta = )20 = PpLnal, — i }
{@b —ca+rm+opb)ab,
+(pas — ca — Cs)qgs - nZ*}Ta

b
T'mam
Tm

(Al14)

Following straightforward algebra, by us-
ing second-order condition we derive that the
Hessian matrix of function @ is negative, hence

we can derive the optimal decisions by first-

o0 _ o) oD
"9 rl;m O, ‘9‘7;7", 0/ aqas B
= 0. Thus, we obtain %mz%mf%s and
Q@ as follows:

order conditions

03(1)

_ 88%ny(1—y*)n(p—ca—cu)=(p=ca—cs)]

Qam = 16ﬁ4)/(1 )/2)(1_,]2)
Sﬁ Y (1=1)(p—ca—cu) =y (p—cm—1w0, —072+207,71,-072)]
Topty(1- 72)(1 )
_ (p=em)(1=9)=0(ta—1p)*+yco—wp
Tom = 2177
qb — p(l_r])+7l(ca+‘3m) Ca—Cs
as 26(1 drl
— 1 m m _ Tm
v =F (%)

(A15)

Therefore, by substituting Eq. (A15) into

Eq. (13) and Eq. (14), the supplier’s profit in

stage 1 after negotiation and contract items is
given as follows:

8.53777/(1_‘)/2)[71(?7_% —cm)=(p—ca—cs )]"’8,33‘)/(1_772)[(?7_% —Cm)=y(p—=Cm —wb—915+29m Tb_QTi)]

max nfﬂ(ws) =

(wZ —Cq + Ty + (Ppgm)qgm + (pgs —Ca— CS)

7/) - 0(t, — Tb)z +YCp — Wy

lopty(1-y2)(1-1%)

p(L=n)+nca +cm) —ca = Cs
2(1=n?)

(A16)

Ch)(P B Cm)(l B

max 7’ L (w ):(wl’j—

The decision problem in the first stage is de-

ciding wholesale price by supplier s; to max-

b
b

from the first partial derivative of nd (wh) with

imize its profit, therefore, w; can be obtained

=0, wfj

respect to w; d

2p(1-y?)

(A17)

and wé’ can be derived into Eq. (A18).

y (P =) =y)=0(ta — 1p)* + yca + cp
wb = >

dn
wl =F! ( sh)
dw,

(A18)



474

Zhou et al.: Strategic Cooperation with Differential Suppliers’ Ability under Downstream Competition in Complex Products Systems

Taking the second partial derivative of
d2nd
ngx(ng) with respect to w!, we obtain d_de =
w
b
1 <0, £ < 0 it means that 7f (wh) is
pl2-1) " dwd Ser X

concave and maximized at w! and wé’ By

substituting wlg into Eq. (A15), we can easily
summarize equilibrium decisions under strong
cooperation into Eq. (A19).

Wl = b = Pzem)1=n)-0(t=n P ayeate, b

b b~ 2 r Wa
f (wz*). By substituting wi into Eq. (A15), we
can easily summarize equilibrium decisions un-

der strong cooperation into Eq. (A19).

bt _ (p=cm)(1=))=0(ta—1p)*+yca+cy
= 2

wy
d

bt _ -1 dTlSa
Wa = F (dwﬁ )

v _ 8By (I=yAn(p—ca=cm)=(p—ca=cs)]
Tam = 1647y (1)1

+8ﬁ3y(1—n2)[(p—c“—cm)—y(p—cm—wﬁ’—eﬁafzeruq,-erg)]
1684y (1-y)(1-1?)

b (P—Cm)(1—)’)—9(%—’%)2‘*7%—3’75
Tom = 26077

bt _ F(l—rl)*'fl(Ca-*-Cm)—Ca—Cs
as = 28(1-n2)

b _d*
(p* - F_l (n’é’_::gni B ?:)
(A19)

Proof of Proposition 4 has finished.

Proof of Lemma 5

By substituting Eq. (A19) into and Eq. (A12),
Eq. (A13) and Eq. (A16), it is easily obtained
the optimal profits of each stakeholder and the

total profit of the supply chain as follows

b b (b b* b — b (b
Tl = nm(qumr Tpm+ (P*)r Tts, = T, (qasr (P*)/

b _ d b* b _ . b* b* b*
o = nsb(wh ), T} =T + g+ T,

e

Proof of Lemma 6

According to Eq. (A14), it can be derived from

g—i’ = 0 that the profit increment of the two

players are satisfied with the equation where

.
T =TT}

mg-mg

_ M . . . PR}
= 2, combining with proposition 4 we

b* d*
. Ty —TC
can prove that the equation ——% = 2 holds.
—a

a Tu

Appendix B

In order to further illustrate the validity and su-
periority of the proposed revenue-sharing con-
tract based on relationship-specific investment,
we compare the proposed cooperation strategy
with a conventional revenue-sharing contract.
Generally, the existing literature uses a clas-
sical revenue-sharing contract to coordinate a
supply chain, and they didn’t take coopera-
tion into consideration. Thus, following this
study, we demonstrate the optimal decision
under a revenue-sharing contract. The main
manufacturer provides a revenue-sharing con-
tract to s, with a revenue-sharing proportion
@. Let superscript r denote the decision under
a revenue-sharing contract. The sequence of
the events is shown as follows,

Step 1: given a revenue-sharing proportion
@, the two competitive suppliers decide their
own wholesale price w} independently at the
same time in pursuit of self-interest maximiza-
tion;

Step 2: given a revenue-sharing proportion
@, the strong supplier s, and the main man-
ufacture decide the quantity of final product
through Cournot competition.

Let 7t;, and 7, be the profit of supplier s,
and the main manufacturer in the last stage
respectively, thus, the payoff functions and de-
cision model are described as follows.

max 70, (Gam s 9p,,)
=[(1 = @)pam — Wy = cmlqam

+[p, —cm—w) - 0(ta — 1)lq}, (B1)

max 1§ (qp5) = (W} = Ca + QP o) hm

+ (sz —Ca— Cs)qzs (B2)

The wholesale prices of the two suppliers
at the first stage are the reaction functions with
respect to the optimal quantities of the strong
supplier s, and the main manufacturer, thus,
the profit of s, and s, in the first stage after
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production deciding are given as (B3) and (B4)
as follows:

max 75, (wy) = [(1 = @)pay = wg = Culqam
+[P£m —Cm — ZUZ - 0(1, - Tb)z]qzm (B3)

max ], (w}) = (W} - c,)qj,  (B4)

wy =F(nl),w; =F(nl)

Using backward deduction solve the deci-
sion problem, the optimal quantities are de-
noted by g%, qzm and g, and let w’ denote
the optimal wholesale price under the revenue-
sharing contract, therefore, the optimal deci-
sions can be summarized as follows:

e BOPPP =2 -9 —n+enp + (9 =2)(ca + ¢5) + (c + W] )]

am

2620[4 — 4 — (1 - 2)n? — y2(4 — 4o + @2 = 1?)]

P =490 = N2B(p - ca = cs) = Byn(p = cm — W = O(7a = 76)°)]

27204 —4p — (1 - 2> = y2(4 - 4o + 92 = 1?)]

o _ L@+ 1) =4+ 1070 - HI(pe + wa + cw = p)1 + (9 = 2)(cs + ca — p)]

bm

26N(2n2 = 4)[n? =4 +4p — @’n? + y2(4 — 4o + @2 — 1?)]

L Ve 1) — 4+ 0?2 2[2B(p — ca — c5) = Byn(p — cm — wy — O(74 — 73)%)]

2820(y2 P2 = Dn* — 4+ dp — @22 + (4~ + ¢? ~ 7]
N 2B8[=2p + pyn — ynca + 2cm — y1nes + 2wy +260(7, — 7)?]

2B%(y2n* - 4)

e Py @ =2(en—p -n+2)—pny(p —3)+2(p - D(en+1n-2)]

bm —

P —2P%+4(p-1)

2B[@2(n> = y2) + (1 = y?)(4 - 49 — n?)]

[y2(p =2) + yp(p —3) +2(1 + )y

28[*(n? = y2) + (1 = y2) (4 — 49 — 1?)]
[2n(1 + @) + y*n(e = 2)]w}*

a m

2B8[@2(n? = y2) + (1= y2)(4 - 49 — 1?)]
yen(e = 3w’

28[@*(n? = y?) + (1 = y2) (4 — 4o — 1?)]
V22 +4(* - 1)1 - 9)

2B8[p*(n? = y?) + (1 = y2)(4 - 4o — n?)]
yen0(p —3)(1, — 1)

T 2Bl = 97 + (1= ) E— g — 1P)]

i, i, and ng; can be easily obtained by
substituting 4" and w} into (B1), (B2), (B3),
and (B4), that are 71}, = 7},(qh,, q},), 75, =
! (qhs), and 7} = ml, (wz*). The optimal to-
tal profit of the supply chain is the sum of
stakeholders’ optimal profit, therefore, n? =
m, + 1l + 7l holds.

The proof is similar to Proposition 2 and
Proposition 4, we do not present it again to
avoid complex.

s

28[p*(n? = y?) + (1 = y2) (4 - 4p — n?)]
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