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Abstract This paper proposes a new motivation for

information sharing in a decentralized channel consisting

of a single manufacturer and two competing retailers. The

manufacturer provides a common product to the retailers at

the same wholesale price. Both retailers add their own

values to the product and distribute it to consumers. Factors

such as retail prices, values added to the product, and local

advertising of the retailers simultaneously have effect on

market demand. Each retailer has full information about

the own added value which is unknown to the manufacturer

and other retailer. The manufacturer uses a cooperative

advertising program for motivating the retailers to disclose

their private information. A numerical study is presented to

compare different scenarios of information sharing. Com-

putational results show that there is a condition in which

full information sharing is beneficial for all members of the

supply chain through cooperative advertising program and,

therefore, retailers have enough incentive to disclose their

cost information to the manufacturer.

Keywords Coordination � Information sharing � Vertical
cooperative advertising � Competing retailers � Game

theory

Introduction

Supply chain efficiency significantly depends on how its

members coordinate with each other (Choi 2010). Hence,

coordination between decisions of different supply chain

stages is an important issue in supply chain management

(Agnetis et al. 2006). Supply chain coordination can be

defined as any condition where upstream and downstream

members are engaged in any form of long-term cooperation

or agreement (Bahinipati et al. 2009). Information sharing

is one of the important aspects of coordination among firms

in a supply chain (Kumar and Pugazhendhi 2012). Indeed,

it is difficult to consider coordination without some forms

of information sharing (Chen 2003). Information sharing

can enhance the whole supply chain performance and allow

enterprises to refine their strategies of supply chain to

maximize their profits (Chen et al. 2007). It is clear that

different enterprises obtain different benefits of informa-

tion sharing. In addition, it is apparent that the unbalanced

benefits of information sharing decreases incentives for

information sharing. Therefore, the members that gain

most benefits should give their partners the incentive to

participate in the information sharing (Baihaqi and Beau-

mont 2006). Literature review indicates that a substantial

part of supply chain management research examined the

role of information in achieving supply chain coordination

and the importance of the information sharing. In contrast,

there are few studies on how to align benefits between

members and create motivation for information sharing.

This paper proposes a new motivation for information

sharing in a decentralized supply chain consisting of one

manufacturer and two retailers who compete on both added

value and retail price.

Ability to improve a primary product or service with

additional and distinctive values that differentiate it from

& Mostafa Setak

setak@kntu.ac.ir

Hajar Kafshian Ahar

hajar.kafshian@gmail.com

Saeed Alaei

alaei.saeed@gmail.com

1 Department of Industrial Engineering, K. N. Toosi University

of Technology, Tehran, Iran

2 No. 17, Pardis Avenue, Mollasadra Street, Vanak Square,

1999143344 Tehran, Iran

123

J Ind Eng Int (2018) 14:265–280

https://doi.org/10.1007/s40092-017-0225-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s40092-017-0225-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40092-017-0225-7&amp;domain=pdf
https://doi.org/10.1007/s40092-017-0225-7


the competition is an important element in creating suc-

cessful brands. In the current industry in which so many

products and services are considered as a commodity, their

capability to add value to a product or service is an abso-

lute necessity (Brooks 2003). Value is described as any-

thing added to a product to improve its usefulness to the

consumer, which can be either a physical value or a value-

added service (Mukhopadhyay et al. 2008). Value can be

added to a product in many ways. A retailer can add value

to the product with desirable bundling or packaging. In IT

industry, the retailers can add value through services, free

software, technical training, or maintenance. In the elec-

tronics industry, the distributors can add value through

simple components labeling and kitting to complex supply

chain management service (Yao et al. 2008).

This paper considers a two-echelon supply chain where

a manufacturer sells its product through two retailers. Both

retailers add their own values to the product and sell it to

customers. Factors such as retail prices, values added to the

product, and local advertising efforts simultaneously have

effect on market demand. In addition, the manufacturer has

no complete knowledge of the retailers’ value-added cost

information. Each retailer has to decide if he is willing to

disclose his cost information to the manufacturer. The

manufacturer shares a certain fraction of retailers’ adver-

tising expenditures for motivating the retailers to partici-

pate in information sharing. Therefore, we are interested in

analysing the following issues:

• How the cooperative advertising program motivates the

retailers to share their private information with the

manufacturer?

• If one of the retailers is not willing to disclose his

private information to the manufacturer, can the

manufacturer motivate the other retailer to reveal his

information through cooperative advertising program?

• If only one retailer is willing to share his private

information with the manufacturer, can the manufac-

turer induce the other retailer to reveal his information

through cooperative advertising program?

Our work is the extension of work done by Yao et al. in

2008, where it is studied retailers’ incentives for value-

added cost information sharing and indicated that the

retailers are not always better off with information sharing.

Here, we add cooperative advertising contract to the model

and demonstrate that the manufacturer with cooperative

advertising program can encourage the retailers to share

their information.

Our main contribution to the information sharing liter-

ature is that we use the cooperative advertising program as

a new incentive mechanism for information sharing in a

decentralized supply chain. To the best our knowledge,

there is no paper which simultaneously considers

information sharing and cooperative advertising decisions

of a one-manufacturer and two-retailer distribution

channel.

This paper is organized as follows. The literature review

is presented in Sect. ‘‘Literature review’’. Section ‘‘Model

formulation’’ describes the distribution channel structure,

notations, demand functions, value-added functions, and

the players’ objective functions. In Sect. ‘‘Solution’’, the

solution of the model is presented. Section ‘‘Illustrative

example’’ presents an illustrative example and the corre-

sponding sensitivity analysis for some parameters. Finally,

the main results of the research are summarized in the

Section ‘‘Conclusion’’.

Literature review

There are three categories of research related to our study

which we will review briefly. The first category is about

information sharing in a competitive environment. The

second category concentrates on supply chain coordination

with contracts and the third category is on cooperative

advertising.

Some researchers have studied information sharing in a

supply chain and in a competitive environment. For

example, Zhang (2002) studied demand information shar-

ing in a supply chain with duopoly retailers and investi-

gated the effects of horizontal information leakage on

vertical information sharing. Li (2002) considered a two-

level supply chain with a manufacturer and many retailers,

and studied the incentives for vertical demand and cost

information sharing in an environment with horizontal

competition. He also investigated the effects of horizontal

information leakage on vertical information sharing. Huang

and Iravani (2007) studied sharing of inventory information

for a two-echelon capacitated supply chain with one

manufacturer and two non-identical retailers in a compet-

itive market. They characterized the optimal inventory

policies and the optimal rationing policy in their model. Li

and Zhang (2008) investigated incentives for demand

information sharing in a decentralized supply chain with

one manufacturer and multiple competing retailers. They

demonstrated that with confidentiality and intense compe-

tition, all parties have an incentive to share their informa-

tion. Yao et al. (2008) examined incentives for value-added

cost information sharing in a supply chain consisting of one

supplier and two value-adding heterogeneous retailers who

compete on both added value and retail price. Wu et al.

(2012) considered a two-echelon supply chain with a single

manufacturer and two retailers, and investigated the

retailers’ incentives for demand information sharing. Setak

et al. (2017) studied the cost information sharing between

the manufacturer and traditional retailer in a dual channel
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supply chain and uses the cooperative advertising program

as an incentive mechanism for information sharing under

free riding behaviour.

So far, many coordinative contracts have been proposed

for supply chain coordination, such as, revenue sharing

(Alaei and Setak 2015; Qin and Yang 2008), cost sharing

(Tsao and Sheen 2012), revenue and cost sharing (Panda

2013), buyback (Heydari et al. 2017; Pasternack 2008),

combined buyback and quantity discount (Heydari and

Norouzinasab 2015; Parthasarathi et al. 2011), quantity

flexibility (Tsay 1999), lead time induced contract (Heydari

2014a; Heydari et al. 2016), delay in payments contract

(Heydari 2015), and pricing schemes and discount con-

tracts (Chaharsooghi et al. 2011; Heydari 2014b). Instead,

there are few works which studied how to design a coor-

dinative contract to motivate the supply chain members to

share their information. For example, Xiao and Yang

(2009) considered a supply chain comprising a manufac-

turer and a retailer who compete with an outside integrated

manufacturer in retail price and service level. They

investigated how the manufacturer designs a wholesale

price-order quantity contract to induce the retailer to reveal

his risk sensitivity information truthfully. Liu and Özer

(2010) investigated demand forecast information sharing in

a distribution channel with a manufacturer and a retailer

and compared widely used price-only, quantity flexibility,

and buyback contracts. They indicated that the quantity

flexibility contract is not robust, but the buyback contract is

robust and it always motivates the manufacturer to share

his information. Chen (2011) analysed the effect of the

customer returns information on decisions and profits of

both manufacturer and retailer with and without a buyback

policy in a supply chain consisting of a manufacturer and a

retailer. He also studied the incentives and the value of

sharing customer returns information. Zhang and Chen

(2013) studied demand information sharing in a supply

chain that consists of one supplier and one retailer. They

indicated that revenue sharing contract is coordinative and

ensures that the members in a supply chain reveal their

information completely.

Cooperative advertising acting as a kind of marketing

instrument usually occurs in a vertical supply chain (Zhang

et al. 2015). Vertical cooperative advertising is a financial

agreement between manufacturer and his retailers, whereby

advertising mostly is prepared by the retailers and a certain

percentage of local advertising cost is shared by the man-

ufacturer (Aust and Buscher 2014a). Among the existing

studies on cooperative advertising, very few researchers

investigated a channel with a single manufacturer and two

or more competing retailers. For example, He et al. (2011)

developed a dynamic model for a distribution channel with

a manufacturer and two competing retailers, and obtained

the retailers’ optimal advertising decisions as well as the

manufacturer’s optimal subsidy rate. Alaei et al. (2014)

studied four non-cooperative models in a supply chain with

a manufacturer and two identical retailers. They also

investigated the cooperative game and used a cost sharing

contract to coordinate the channel. Giri and Sharma (2014)

developed two models in a two-echelon supply chain that

includes a manufacturer and two competing retailers. In the

first model, a certain percentage of each retailer’s adver-

tising cost is shared by the manufacturer, while in the

second model, no retailer’s advertising cost has been

shared. Aust and Buscher (2014c) analysed the effects of

retailer competition on cooperative advertising and pricing

in a supply chain comprising a manufacturer and two

competing retailers, who act either non-cooperatively or

cooperatively.

Model formulation

Here, a two-echelon supply chain consisting of one

manufacturer and two competing retailers has been con-

sidered. The manufacturer has a fixed production cost

(c� 0) per unit product. We assume that the manufacturer

does not apply price discrimination, and sells a common

generic product to retailers at the same wholesale price

(w[ c). Afterwards, each retailer i adds his own value vi
to the product and decides on the retail price (pi [w).

Here, each retailer has private information about the cost

of the added value which is unknown to the manufacturer

and the other retailer. In addition, we assume that there

are no horizontal information sharing and no horizontal

information leakage between retailers. Besides the retail

price and values added to the product, the advertising

expenditures of two retailers have effect on the customer

demand as well. We consider the local advertising

expenditures ai for the retailer i. The manufacturer deci-

des to offer a vertical cooperative advertising program to

encourage the retailers to share their value-added cost

information, whereby he can bear a fraction (0� hi\1) of

retailers’ local advertising expenditures. However, if the

retailers are unwilling to reveal their information, the

manufacturer is not interested in offering a cooperative

advertising program. The quantity demanded di of a

product is sold by each retailer, while the total demand of

d1 þ d2 is served by the manufacturer as a single supplier

for both retailers. All the model variables and parameters

are summarized in Table 1.

Demand functions

The market demand of the retailer i is determined by a

demand function which depends on retail prices, added

values, and local advertising expenditures, as follows:
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di pi; p3�i; vi; v3�i; ai; a3�ið Þ ¼ g pi; p3�i; vi; v3�ið Þh ai; a3�ið Þ;
i ¼ 1; 2;

ð1Þ

where g pi; p3�i; vi; v3�ið Þ reflects the effect of retail prices

and added values on demand, and h a1; a3�ið Þ reflects the

effect of advertising costs on demand that are connected

via multiplication (Aust and Buscher 2014b, c).

We utilize a linear demand function g pi; p3�i; vi; v3�ið Þ
that is widely used in supply chain and marketing literature

and tested by many researchers (Amrouche and Yan 2013;

Giri and Sarker 2015; Raju et al. 1995; Tsay and Agrawal

2000; Xiao and Yang 2009; Yao et al. 2008):

g pi; p3�i; vi; v3�ið Þ ¼ ai � b1pi þ b2ti þ c1 p3�i � pið Þ
þ c2 ti � t3�ið Þ; i ¼ 1; 2;

ð2Þ

where ai is market base for retailer i; b1 is the demand

sensitivity to the price; b2 is the demand sensitivity to the

value-added service; and c1 and c2 are the substitutability

coefficient of the two products for the perceived price

difference and the perceived service difference, respec-

tively. In other words, if customers realize that there is a

price difference (value-added service) between two retail-

ers, they substitute the other retailer at the rate of c1 (c2).
Hence, two retailers are competing horizontally. We also

assume that the effect of direct price (value) changes to be

higher than that of the price (value) difference between two

retailers (bi [ ci; i ¼ 1; 2) (Yao et al. 2008).

Since the additional advertising generates continuously

diminishing returns, we use a sales’ response function

based on square roots h ai; a3�ið Þ which reflects

‘‘advertising saturation effect’’ (Aust and Buscher

2014b, c; SeyedEsfahani et al. 2011; Xie and Wei 2009).

Furthermore, we assume that each retailer’s local adver-

tising has effect on the demand of his competitor (Aust and

Buscher 2014c; Karray and Zaccour 2007):

h ai; a3�ið Þ ¼ k1
ffiffiffiffi

ai
p þ k2

ffiffiffiffiffiffiffiffi

a3�i

p
; i ¼ 1; 2; ð3Þ

where the two positive parameters k1 and k2 can be,

respectively, interpreted as the effectiveness of retailer i’s

and his rival’s local advertising investment.

Therefore, the resulting total demand function for

retailer i is as follows:

di pi; p3�i; vi; v3�i; ai; a3�ið Þ ¼ ai � b1pi þ b2tið
þc1 p3�i � pið Þ þ c2 ti � t3�ið ÞÞ k1

ffiffiffiffi

ai
p þ k2

ffiffiffiffiffiffiffiffi

a3�i

pð Þ;
i ¼ 1; 2: ð4Þ

Value-added cost functions

Each retailer i adds value to his product to increase its utility to

the consumers. This value-added can differentiate retailer i’s

product and increase hismarket demand.One interesting form

of service function in the previous literature (Amrouche and

Yan 2013;Giri and Sarker 2015; Iyer 1998; Tsay andAgrawal

2000; Yao et al. 2008) is given in the following equation:

Ci tð Þ ¼ gi
t2i
2
; i ¼ 1; 2; ð5Þ

where gi is an efficiency parameter for the retailer i’s

value-added cost. The smaller the gi, the more efficient

retailer i. According to Yao et al. (2008), we assume that gi
is uniformly distributed, i.e., gi �U �g� e; �gþ e½ �. �g and e

Table 1 List of symbols
Variables

w Wholesale price

pi Retail price for retailer i ; ði ¼ 1; 2Þ
vi Value-added for retailer i ; ði ¼ 1; 2Þ
ai Local advertising expenditure for retailer i ; ði ¼ 1; 2Þ
pi Profit for player i ; ði ¼ R1; R2 ; MÞ

Parameters

c Unit production cost of manufacturer

b1 Demand sensitivity to own price

b2 Demand sensitivity to own value-added

c1 Substitutability coefficient of two retailers for the perceived price difference

c2 Substitutability coefficient of two retailers for the perceived value-added difference

k1 Effectiveness of own local advertising

k2 Effectiveness of rival’s local advertising

hi Advertising participation rate for retailer i ; ði ¼ 1; 2Þ
gi Value-added cost efficiency for retailer i ; ði ¼ 1; 2Þ
�g Average value-added cost efficiency

e Deviation value-added cost efficiency
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are the average and deviation value-added cost efficiency,

respectively. In addition, each retailer knows his own gi but
does not know the other retailer’s efficiency parameter.

However, each retailer knows the probability distribution

function of the other retailer’s cost information and can

estimate gi and e. In this model, g1 is known only to retailer

1, g2 is known only to retailer 2, and neither g1 nor g2 is

known to the manufacturer.

Profit functions

Here, the unit production cost assumed for the manufacturer

is c. Thus, the profit function of manufacturer is as follows:

pM ¼ w� cð Þ
X

2

i¼1

di pi; p3�i; vi; v3�i; ai; a3�ið Þ �
X

2

i¼1

hiai:

ð6Þ

In addition, retailer i’s profit function is formulated in

the following equation:

pRi
¼ pi � w� Ci tð Þ½ �di pi; p3�i; vi; v3�i; ai; a3�ið Þ

� 1� hið Þai;
i ¼ 1; 2;

ð7Þ

where hi i ¼ 1; 2ð Þ is the fraction of the total local adver-

tising expenditure that the manufacturer agrees to share

with the retailer i(0� hi\1).

Sequence of events

The paper studies a three-stage game in which the sequence

of events is as follows:

In the first stage of the game, each retailer decides if he

is willing to share his private cost information about value-

added service with the manufacturer vertically. Therefore,

we have four different scenarios for information sharing in

this stage, as follows:

1. Both retailers reveal their information to the

manufacturer.

2. None of the retailers reveal their information to the

manufacturer.

3. Only retailer 1 reveals his private information to the

manufacturer.

4. Only retailer 2 reveals his private information to the

manufacturer.

In addition, we assume that the cases 3 and 4 are

identical due to symmetric characteristics.

At the second stage of the game, the manufacturer

optimizes his profit and sets the wholesale price using the

information available to him from the information

exchange stage of the game. Therefore, in this stage, three

different cases exist for the wholesale price.

At the final stage of the game, based on the wholesale

price set by the manufacturer in the previous stage, the

retailers decide on the added values, the retail prices, and

the local advertising expenditures simultaneously to max-

imize their own expected profits.

Solution

As previously mentioned, this is a three-stage game. This

dynamic game is analysed with the backward induction

approach. The manufacturer who acts as the Stackelberg

leader sets his wholesale price with respect to the reactions

of his following retailers. Therefore, first, we assume that

the wholesale price is given and solve the decision problem

of the retailers to find the retail prices, added values, and

advertising expenditures. Since two retailers choose their

decisions simultaneously, we can describe this situation by

a horizontal Nash game. Then, we use these retailers’

reaction functions as constraints in the decision problem of

the Stackelberg leader and find the optimal wholesale price

for the manufacturer. Therefore, we first solve the fol-

lowing general decision problem of retailers:

max
pi;ti;ai

E pRi
wj½ � ¼ max

pi;ti;ai
E pi � w� CiðvÞð Þ ai � b1pi þ b2tið½

þc1 p3�i � pið Þ þ c2 ti � t3�ið ÞÞ � k1
ffiffiffiffi

ai
p þ k2

ffiffiffiffiffiffiffiffi

a3�i

pð Þ
� 1� hið Þai wj �; i ¼ 1; 2:

ð8Þ

v	i ¼
b2 þ c2ð Þ

gi b1 þ c1ð Þ

p	i ¼
A

gi
þ Bi þ

C

e
ln

�gþ e
�g� e

� �

a	i ¼
k21

1024g4i b1 þ c1ð Þ6 1� hið Þ2
2gi b1 þ c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ Eið Þ þ b2 þ c2ð Þ2
� �4

8

>

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

>

:

i ¼ 1; 2;
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Proposition 1 Optimal response functions for the retailers:

where A, Bi,C, and Ei are defined by the following:

A ¼ b2 þ c2ð Þ 3b1 b2 þ c2ð Þ þ c1 3b2 þ 2c2ð Þ½ �
b1 þ c1ð Þ 2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

Bi ¼
a3�ic1 þ 2ai b1 þ c1ð Þ þ w b1 þ c1ð Þ 2b1 þ 3c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

C ¼ b2 þ c2ð Þ 3b2c1 � 4b1 þ c1ð Þc2½ �
4 b1 þ c1ð Þ 2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

Ei ¼ 4ai b1 þ c1ð Þ2þ 2a3�ic1 b1 þ c1ð Þ
� 2wb1 b1 þ c1ð Þ 2b1 þ 3c1ð Þ

þ
b2 þ c2ð Þ ln �gþe

�g�e

� �

4e b1 þ c1ð Þ 9b2c
2
1 þ 6b1b2c1

	

�8b21c2 � 3c21c2 � 14b1c1c2



:

Proof See ‘‘Appendix A’’.

Now, we use the retailers’ response functions as con-

straints in the decision problem of the manufacturer and

solve the manufacturer’s decision problem to find the

optimal wholesale price. The manufacturer’s objective

function is as follows:

max
w

E pM½ � ¼ max
w

E d1 þ d2ð Þ w� cð Þ � h1a1 � h2a2½ �:

ð9Þ

As previously mentioned, we have three different sce-

narios for information sharing and wholesale price. In the

following subsections, we, respectively, will discuss each

of these scenarios.

Full information sharing (FIS)

Here, we assume that both retailers decide to disclose their

information to the manufacturer in the first stage. There-

fore, the retailers’ value-added cost information (g1 and g2)
is known to the manufacturer, and the manufacturer’s

objective function is as follows:

To identify the optimal wholesale price, the retailers’

decisions are substituted into Eq. (10). Then, the partial

first-order derivative opM=ow is set to zero and the

resulting system of equations is solved (entire mathemati-

cal calculations are presented in ‘‘Appendix B’’). However,

because of complexity of the problem, the first-order

condition opM=ow ¼ 0 cannot lead to a closed-form for-

mula for w. Hence, we will obtain the optimal wholesale

price by means of illustrative example.

No information sharing (NIS)

Considering that there is no information exchange between

the manufacturer and any of the retailers. Therefore, g1 nor

g2 is known to the manufacturer, and the manufacturer’s

objective function is:

To recognize the optimal wholesale price, the retailers’

decisions are substituted into Eq. (11) and the first-order

condition is set equal to zero.

Partial information sharing (PIS)

Now, we assume that retailer 1 decides to share informa-

tion with the manufacturer and the manufacturer has full

max
w

pM ¼
a1 � b1p1 þ b2t1 þ c1 p2 � p1ð Þc2 t1 � t2ð Þð Þ k1

ffiffiffiffiffi

a1
p þ k2

ffiffiffiffiffi

a2
pð Þ

þ a2 � b1p2 þ b2t2 þ c1 p1 � p2ð Þ þ c2 t2 � t1ð Þ k1
ffiffiffiffiffi

a2
p þ k2

ffiffiffiffiffi

a1
pð Þð Þ

 !

w� cð Þ � h1a1 � h2a2: ð10Þ

max
w

pM

¼
Z

�gþe

�g�e

Z

�gþe

�g�e

a1 � b1p1 þ b2t1 þ c1 p2 � p1ð Þ þ c2 t1 � t2ð Þð Þ k1
ffiffiffiffiffi

a1
p þ k2

ffiffiffiffiffi

a2
pð Þ

þ a2 � b1p2 þ b2t2 þ c1 p1 � p2ð Þ þ c2 t2 � t1ð Þð Þ k1
ffiffiffiffiffi

a2
p þ k2

ffiffiffiffiffi

a1
pð Þ

0

@

1

A

� w� cð Þ � h1a1 � h2a2

8

>

>

>

<

>

>

>

:

9

>

>

>

=

>

>

>

;

f g1ð Þf g2ð Þdg1dg2:
ð11Þ
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knowledge of the retailer 1’s cost structure g1. Therefore,
g2 is unknown to the manufacturer and manufacturer’s

objective function is as follows:

Similar to the previous cases, the optimal wholesale price

can be obtained by substituting the retailer’s reaction func-

tions into Eq. (12) and setting the first-order condition to zero.

Illustrative example

In this section, we present an example to investigate how

the cooperative advertising program motivates the retailers

to share their private information with the manufacturer.

Therefore, we compare different scenarios of information

sharing and find the equilibrium in the first stage of the

game. In addition, as retailers are supposed homogeneous,

the following assumptions are presented.

1. Under partial information sharing, retailer 1 discloses

his information to the manufacturer, while retailer 2

does not. Thus, h2 ¼ 0 and h1 ¼ h. Since retailers are

homogeneous, this case is equivalent to the case in

which retailer 2 discloses his information to the

manufacturer and h1 ¼ 0.

2. Under no information sharing, since neither of the

retailers reveals their information, the manufacturer is

not interested in offering a cooperative advertising

program. Therefore, h1 ¼ h2 ¼ 0.

3. Under full information sharing, h1 ¼ h2 ¼ h.

To ease the consideration of the parameters k1 and k2,

which describe the effectiveness of retailer i’s and his

rival’s local advertising expenditures, we introduce the

ratio k ¼ k2=k1. We perform our analysis for different

values of k and g, and determine the feasible ranges of

participation rate h. Similar to Xiao and Yang (2009) and

Aust and Buscher (2014c), we consider the following

default values of parameters:

a1 ¼ a2 ¼ 10; b1 ¼ 1; b2 ¼ 0:8; c1 ¼ 0:8; c2 ¼ 0:6; k1 ¼ 1;

k2 2 0:25;0:5;0:75f g; c¼ 2; g1 2 0:1;0:2; . . .;0:9f g;
g2 2 0:1;0:2; . . .;0:9f g; �g¼ 0:5; e¼ 0:4; h1 2 ð0;1Þ;
h2 2 ð0;1Þ:

Similar to (Yao et al. 2008) and (Zhang 2002), we define

the following notations for the manufacturer and retailers’

profits:

pM 1s; 2sð Þ: The manufacturer’s profit when both retailers

share their information with the manufacturer.

pM 1n; 2nð Þ: The manufacturer’s profit when neither

retailer shares their information with the manufacturer.

pM 1s; 2nð Þ: The manufacturer’s profit when retailer 1

shares his information with the manufacturer.

pM 1n; 2sð Þ: The manufacturer’s profit when retailer 2

shares his information with the manufacturer.

pRi
1s; 2sð Þ: The retailer i’s profit when both retailers

reveal their information to the manufacturer.

pRi
1n; 2nð Þ: The retailer i’s profit when neither retailer

reveals their information to the manufacturer.

pRi
1s; 2nð Þ: The retailer i’s profit when retailer 1 reveals

his information to the manufacturer, while retailer 2 does

not.

pRi
1n; 2sð Þ: The retailer i’s profit when retailer 2 reveals

his information to the manufacturer, while retailer 1 does

not.

Comparison between FIS and NIS scenarios

This section provides a comparison of all members’ profit

under full information sharing and no information sharing

scenarios. Then, the condition in which full information

sharing is beneficial for all the supply chain members is

determined. The results are shown in Fig. 1 and Table 2.

For specific values of k and g in Table 2,

pM 1s; 2sð Þ[ pM 1n; 2nð Þ and pRi
1s; 2sð Þ[ pRi

1n; 2nð Þ; i ¼
1; 2, as long as the manufacturer’s participation rate is in

the specified range. Note that ‘‘dashes (–)’’ for some values

of k and g in Table 2 imply that there is no feasible range

of participation rate in cooperative advertising program.

For example, for k ¼ 0:5 and g ¼ 0:6 as shown in

Fig. 1b and Table 2, information sharing is beneficial for

all the supply chain members, if h 2 0:4; 0:74ð Þ. In other

words, all the supply chain members are always better off

with full information sharing (FIS) than with no informa-

tion sharing (NIS), if the manufacturer’s participation rate

is between 0.4 and 0.74. From Fig. 1b and Table 2, it can

be concluded that, if k ¼ 0:5 and h 2 0:58; 0:65ð Þ, for

max
w

pM ¼
Z

�gþe

�g�e

a1 � b1p1 þ b2t1 þ c1 p2 � p1ð Þ þ c2 t1 � t2ð Þð Þ k1
ffiffiffiffiffi

a1
p þ k2

ffiffiffiffiffi

a2
pð Þ

þ a2 � b1p2 þ b2t2 þ c1 p1 � p2ð Þ þ c2 t2 � t1ð Þð Þ k1
ffiffiffiffiffi

a2
p þ k2

ffiffiffiffiffi

a1
pð Þ

 !

� w� cð Þ � h1a1 � h2a2

8

>

>

<

>

>

:

9

>

>

=

>

>

;

f g2ð Þdg2: ð12Þ
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0:1� g� 0:8, information sharing is beneficial for all the

supply chain members. In addition, as shown in Fig. 1, the

manufacturer’s participation interval increases with any

increasing in the value of k, and also, for any fixed k, the

manufacturer’s participation interval decreases by

increasing in g.
Furthermore, Fig. 2 specifies the region in which

cooperative advertising program makes full information

sharing better than no information sharing for all the supply

chain members. In other words, for any values of k and g in

the highlighted region, there exists a feasible range of

participation rate in the cooperative advertising program.

From Fig. 2, it can be observed that for all values of g,
information sharing is beneficial for all the supply chain

members, if k� 0:55. In other words, if k� 0:55,

cooperative advertising program can lead to a win–win si-

tuation for all channel members, and therefore, full infor-

mation sharing is the unique equilibrium in the first stage of

the game.

Comparison between PIS and NIS scenarios

Here, we investigate that if one of the retailers is not

willing to disclose his information, if it is feasible for the

manufacturer to use cooperative advertising program to

motivate the other one to share his information. Therefore,

we assume that retailer 2 is not willing to share his private
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Fig. 1 Conditions which FIS is beneficial for the whole supply chain: a k ¼ 0:25, b k ¼ 0:5, and c k ¼ 0:75

Table 2 Ranges of h for which FIS is better than NIS for the all

channel members

g K

0.25 0.5 0.75

0.1 (0, 0.83) (0, 0.87) (0, 0.9)

0.2 (0, 0.79) (0, 0.84) (0, 0.88)

0.3 (0, 0.74) (0, 0.82) (0, 0.86)

0.4 (0.2, 0.68) (0.15, 0.79) (0.12, 0.85)

0.5 (0.44, 0.58) (0. 3, 0.77) (0.25, 0.84)

0.6– – (0.4, 0.74) (0.34, 0.82)

0.7 – (0.49, 0.71) (0.4, 0.81)

0.8 – (0.58, 0.65) (0.44, 0.8)

0.9 – – (0.48, 0.79)

All feasible g (0.44, 0.58) (0.58,0.65) (0.48, 0.79)

Fig. 2 Region in which FIS is better than NIS for all channel

members through the cooperative advertising program

272 J Ind Eng Int (2018) 14:265–280

123



information and compare profits of the manufacturer and

retailer 1 under partial information sharing and no infor-

mation sharing scenarios. The comparison results are

shown in Fig. 3 and Table 3. For specific values of k and g
in Table 3, pM 1s; 2nð Þ[ pM 1n; 2nð Þ and pR1

1s; 2nð Þ
[ pR1

1n; 2nð Þ, as long as the manufacturer’s participation

rate is in the specified range. For example, Fig. 3 and

Table 3 indicate that, if k ¼ 0:5 and h 2 0:34; 0:6ð Þ, for
0:1� g� 0:4, partial information sharing is beneficial for

the manufacturer and retailer 1. In other words, for

0:1� g� 0:4, the manufacturer and retailer 1 are always

better off with PIS than with NIS, if the manufacturer’s

participation rate is between 0.34 and 0.6. In addition,

Fig. 4 illustrates that for any fixed k, the manufacturer’s

participation interval decreases by increasing in g.

Furthermore, Fig. 4 specifies the region in which

cooperative advertising program makes partial information

sharing better than no information sharing for the manu-

facturer and retailer 1. In other words, for any values of k

and g in the highlighted region, there exists a feasible range
of participation rate in the cooperative advertising pro-

gram. From Fig. 4, it can be concluded that, for all values

of k and 0:1� g� 0:3, the manufacturer with cooperative

advertising program can motivate the retailer 1 to share his

information. In other words, the manufacturer can acquire

information from the retailer 1, if retailer 1 is efficient

enough.
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Fig. 3 Conditions which PIS is better than NIS for the manufacturer and retailer 1: a k ¼ 0:25, b k ¼ 0:5, and c k ¼ 0:75

Table 3 Ranges of h for which PIS is better than NIS for the man-

ufacturer and retailer 1

g K

0.25 0.5 0.75

0.1 (0, 0.86) (0, 0.86) (0, 0.85)

0.2 (0, 0.79) (0, 0.79) (0, 0.8)

0.3 (0, 0.73) (0, 0.72) (0, 0.72)

0.4 (0.27, 0.64) (0.34, 0.6) (0.44, 0.53)

0.5 – – –

0.6 – – –

0.7 – – –

0.8 – – –

0.9 – – –

All feasible g (0.27, 0.64) (0.34, 0.6) (0.44,0.53)

Fig. 4 Region in which PIS is better than NIS for the manufacturer

and retailer 1 through the cooperative advertising program
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Comparison between FIS and PIS scenarios

In this section, we investigate that if only one of the retailers

discloses his private information, if it is feasible for the

manufacturer to use cooperative advertising program to

motivate the other one to share his information. Therefore,

we first assume that retailer 1 decides to share his private

informationwith themanufacturer. Then, we investigate that

under what conditions retailer 2 has an incentive to reveal his

private information to the manufacturer. Therefore, we

compare all members’ profit under FIS and PIS scenarios.

The comparison results are shown in Fig. 5 and Table 4. For

specific values of k and g in Table 4,pM 1s; 2sð Þ[ pM 1n; 2sð Þ
and pRi

1s; 2sð Þ[ pRi
1n; 2sð Þ; i ¼ 1; 2, as long as the man-

ufacturer’s participation rate is in the specified range. For

example, Fig. 5 and Table 4 indicate that, if k ¼ 0:5 and

h 2 0:76; 0:88ð Þ, for 0:1� g� 0:6, FIS is better thanNIS for

all channel members. In other words, for 0:1� g� 0:6,

retailer 1 has an incentive to share his private information

with the manufacturer, if the manufacturer’s participation

rate is between 0.76 and 0.88.

Furthermore, Fig. 6 specifies the region in which

cooperative advertising program makes full information

sharing better than partial information sharing for all

channel members. In other words, for any values of k and g
in the highlighted region, there exists a feasible range of

participation rate in the cooperative advertising program.
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Fig. 5 Conditions which FIS is better than PIS for all channel members: a k ¼ 0:25, b k ¼ 0:5, and c k ¼ 0:75

Table 4 Ranges of h for which FIS is better than PIS for all channel

members

g K

0.25 0.5 0.75

0.1 – (0, 0.88) (0, 0.89)

0.2 – (0, 0.96) (0, 0.97)

0.3 (0.14, 0.97) (0, 0.98) (0, 0.98)

0.4 (0.25, 0.98) (0.31, 0.97) (0.38, 0.97)

0.5 (0.45, 0.97) (0.58, 0.96) (0.79, 0.91)

0.6 (0.56, 0.97) (0.76, 0.93) –

0.7 (0.64, 0.96) – –

0.8 (0.7, 0.96) – –

0.9 (0.74, 0.95) – –

All feasible g (0.74, 0.95) (0.76, 0.88) (0.79, 0.89)

Fig. 6 Region in which FIS is better than PIS for all channel

members through the cooperative advertising program
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From Fig. 6, it can be concluded that, if only retailer 1 is

willing to share his information, for any values of k and g
in the highlighted region, the manufacturer with coopera-

tive advertising program can induce the retailer 2 to dis-

close his information.

Effect of competition

In this subsection, we examine the effect of competition on

the manufacturer’s wholesale price and retailers’ retail

prices, added values, and advertising expenditures and their

profits under different scenarios of information sharing,

where the default values of parameters are as follows:

a1 ¼ a2 ¼ 10; b1 ¼ 1; b2 ¼ 0:8; c1 2 ð0; 1Þ; c2 2 ð0; 1Þ;
k1 ¼ 1; k2 ¼ 0:5; c ¼ 2; g1 ¼ 0:8; g1 ¼ 0:8; �g ¼ 0:5;

e ¼ 0:4; h1 2 ð0; 1Þ; h2 2 ð0; 1Þ:

We introduce the ratio c ¼ c2=c1 to ease the analyses,

where competition is increased through increasing c. The
effect of competition under no information sharing is

illustrated in Fig. 7 and Fig. 8. As shown in Fig. 7a, the

retailers’ added values are increased by increasing

competition. In addition, Fig. 7b indicates that the retail-

ers’ retail prices are decreased by increasing competition,

while and manufacturer’s wholesale price are increased.

Figure 8a shows that the manufacturer’s profit is increased

by increasing competition. In addition, Fig. 8b demon-

strates that the retailers’ advertising expenditures and

profits are decreased by increasing competition. Thus,

under no information sharing, increase in competition

between retailers is detrimental for the retailers and bene-

ficial for the manufacturer. Furthermore, under information

sharing, retailers’ retail prices and the manufacturer’s

wholesale price are decreased by increasing competition,

while retailers’ added values and the manufacturer’s profit

are increased. In addition, for small values of h, retailers’
advertising expenditures and profits are decreased by

increasing competition, while for large values of h, retail-
ers’ advertising expenditures and profits are increased by

increasing competition. Therefore, if the manufacturer

offers a higher cooperative advertising participation rate,

increasing competition will be beneficial for the manu-

facturer and retailers. For instance, the effect of competi-

tion on the manufacturer’s and retailers’ profits under

information sharing is illustrated in Fig. 9.
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Conclusion

Although information sharing can increase efficiency,

independent firms with private information often do not

have an incentive to disclose their private information. This

paper proposes a new motivation for information sharing in

a decentralized distribution channel. We present a supply

chain model with one manufacturer and two competing

retailers who face a customer demand sensitive to retail

price, added value, and advertising. Both retailers add their

own values to the product and distribute it to the customers.

Each retailer has full information about his own cost

structure which is unknown to the manufacturer and the

other retailer. The manufacturer uses a cooperative adver-

tising program to motivate the retailers to share their

information. We determined the optimal decision for

pricing, value-adding, and advertising of the retailers ana-

lytically. In addition, we determined the manufacturer’s

optimal wholesale price numerically.

We compared different scenarios of information sharing

through illustrative example. The results indicate that: (1)

If the manufacturer offers a cooperative advertising pro-

gram and k� 0:55, each retailer has an incentive to share

his private information with the manufacturer, so, a win–

win situation for the whole supply chain is obtained. (2) If

one of the retailers is not willing to share his information

with the manufacturer, through the cooperative advertising

program, the other retailer has an incentive to disclose his

information under certain conditions. (3) If only one

retailer is willing to disclose his information to the manu-

facturer, there is a condition in which the manufacturer

with the cooperative advertising program can induce the

other retailer to share his information. (4) If the manufac-

turer offers a higher cooperative advertising participation

rate, increasing the competition will be beneficial for all the

supply chain members.

Our research has some limitations and can be extended in

several ways. First, as we determine the certain condition

(k� 0:55) in which information sharing is beneficial for all

the supply chain members, if the value of k is small

(k\0:55), we can study its feasibility to use another coor-

dinative contract in addition to cooperative advertising

program. Second, we consider homogeneous retailers in our

analyses; we can relax this limitation and consider hetero-

geneous retailers. Another limitation of this research is the

issue in which we consider a distribution channel with one

manufacturer and two retailers. One can generalize the

model considering more retailers or more manufacturers.
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distribution, and reproduction in any medium, provided you give
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Appendix A

Proof of proposition 1

The profit function of retailer 1 is as follows:

max
p1;t1;a1

E pR1
wj½ � ¼ E p1 � w� C1 vð Þð Þd1 � 1� h1ð Þa1½ �

¼
Z

�gþe

�g�e

p1 � w� C1 vð Þð Þd1 � 1� h1ð Þa1f gf g2ð Þdg2
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� � a1 � b1p1 þ b2t1
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� k1
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a1
p þ k2
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a2
pð Þ � 1� h1ð Þa1gdg2:
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The first-order partial derivatives are as follows:
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Fig. 9 a Impact of competition on the manufacturer’s profit under information sharing. b Impact of competition on the retailers’ profits under

information sharing
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ð16Þ

Setting the derivatives to zero and solving the resulting

system of equations, we obtain the optimal response

function for retailer 1:

v	1 ¼
b2 þ c2ð Þ

g1 b1 þ c1ð Þ ð17Þ

p	1 ¼
1

4 b1 þ c1ð Þ 2a1 þ 2w b1 þ c1ð Þ þ 2c1p2 � 2c2v2 þ
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The profit function of retailer 2 is as follows:
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Setting the derivatives to zero and solving the resulting

system of equations, we obtain the optimal response

function for retailer 2:

v	2 ¼
b2 þ c2ð Þ

g2 b1 þ c1ð Þ ð24Þ

p	2 ¼
1
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Since retailer 1 does not know the retailer 2’s efficiency

parameter, he has no complete information about retailer

2’s added value v2 and price p2. Therefore, similar to (Yao

et al. (2008)), we assume that retailer 1 finds the expected

added value and retail price for retailer 2.

v2 ¼
Z �gþe

�g�e

b2 þ c2ð Þ
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Similarly, the retailer 2 finds the expected added value

and retail price for retailer 1:
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v1 ¼
Z �gþe

�g�e

b2 þ c2ð Þ
g1 b1 þ c1ð Þ f g1ð Þdg1 ¼

b2 þ c2ð Þ ln �gþe
�g�e

� �

2e b1 þ c1ð Þ
ð29Þ

p1 ¼
Z

�gþe

�g�e

1

4 b1 þ c1ð Þ 2a1 þ 2w b1 þ c1ð Þ þ 2c1p2½
�

�2c2v2 þ
3 b2 þ c2ð Þ2

g1 b1 þ c1ð Þ

#)

f g1ð Þdg1

¼ 1

4 b1 þ c1ð Þ

"

2a1 þ 2w b1 þ c1ð Þ þ 2c1p2 � 2c2v2

þ
3 b2 þ c2ð Þ2ln �gþe

�g�e

� �

2e b1 þ c1ð Þ

#

:

ð30Þ

Substituting Eqs. (27) and (28) into Eqs. (18) and (19),

and Eqs. (29) and (30) into Eqs. (25) and (26), and solving

Eqs. (18), (19), (25), and (26) simultaneously, we obtain

the equilibriums for the retailers:

v	1 ¼
b2 þ c2ð Þ

g1 b1 þ c1ð Þ

p	1 ¼
A

g1
þ B1 þ

C

e
ln

�gþ e
�g� e

� �

a	1 ¼
k21

1024g41 b1 þ c1ð Þ6 1� h1ð Þ2

2g1 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E1ð Þ þ b2 þ c2ð Þ2

� �4

8

>

>

>

>

>

>

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

>

>

>

>

>

>

:

:

ð31Þ

and

v	2 ¼
b2 þ c2ð Þ

g2 b1 þ c1ð Þ

p	2 ¼
A

g2
þ B2 þ

C

e
ln

�gþ e
�g� e

� �

a	2 ¼
k21

1024g42 b1 þ c1ð Þ6 1� h2ð Þ2

2g1 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E2ð Þ þ b2 þ c2ð Þ2

� �4

8

>

>

>

>

>

>

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

>

>

>

>

>

>

:

;

ð32Þ

where A, Bi ,C, and Ei are defined as follows:

A ¼ b2 þ c2ð Þ 3b1 b2 þ c2ð Þ þ c1 3b2 þ 2c2ð Þ½ �
b1 þ c1ð Þ 2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

B1 ¼
a2c1 þ 2a1 b1 þ c1ð Þ þ w b1 þ c1ð Þ 2b1 þ 3c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

B2 ¼
a1c1 þ 2a2 b1 þ c1ð Þ þ w b1 þ c1ð Þ 2b1 þ 3c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

C ¼ b2 þ c2ð Þ 3b2c1 � 4b1 þ c1ð Þc2½ �
4 b1 þ c1ð Þ 2b1 þ c1ð Þ 2b1 þ 3c1ð Þ

E1 ¼ 4a1 b1 þ c1ð Þ2þ2a2c1 b1 þ c1ð Þ � 2wb1 b1 þ c1ð Þ
2b1 þ 3c1ð Þ

þ
b2 þ c2ð Þ ln �gþe

�g�e

� �

4e b1 þ c1ð Þ
9b2c

2
1 þ 6b1b2c1 � 8b21c2 � 3c21c2 � 14b1c1c2

	 


E2 ¼ 4a2 b1 þ c1ð Þ2þ2a1c1 b1 þ c1ð Þ � 2wb1 b1 þ c1ð Þ
2b1 þ 3c1ð Þ

þ
b2 þ c2ð Þ ln �gþe

�g�e

� �

4e b1 þ c1ð Þ
9b2c

2
1 þ 6b1b2c1 � 8b21c2 � 3c21c2 � 14b1c1c2

	 


:

Appendix B

The profit function of the manufacturer is as follows:

max
w

pM ¼ d1 þ d2ð Þ w� cð Þ � h1a1 � h2a2: ð33Þ

The first-order partial derivative is as follows:

opM
ow

¼ d1 þ d2ð Þ þ od1

ow
þ od2

ow

� �

w� cð Þ � h1
oa1

ow

� h2
oa2

ow
; ð34Þ

where

od1

ow
¼ c1

op2

ow
� b1 þ c1ð Þ op1

ow

� �

k1
ffiffiffiffiffi

a1
p þ k2

ffiffiffiffiffi

a2
pð Þ

þ k1
o
ffiffiffiffiffi

a1
p

ow
þ k2

o
ffiffiffiffiffi

a2
p

ow

� �

a1 � b1 þ c1ð Þp1ð

þ b2 þ c2ð Þt1 þ c1p2 � c2t2Þ

od2

ow
¼ c1

op1

ow
� b1 þ c1ð Þ op2

ow

� �

k1
ffiffiffiffiffi

a2
p þ k2

ffiffiffiffiffi

a1
pð Þ

þ k1
o
ffiffiffiffiffi

a2
p

ow
þ k2

o
ffiffiffiffiffi

a1
p

ow

� �

a2 � b1 þ c1ð Þp2ð

þ b2 þ c2ð Þt2 þ c1p1 � c2t1Þ

oa1

ow
¼ �k21b1

64g31 b1 þ c1ð Þ4 2b1 þ c1ð Þ 1� h1ð Þ2

2g1 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E1ð Þ þ b2 þ c2ð Þ2

� �3

oa2

ow
¼ �k21b1

64g32 b1 þ c1ð Þ4 2b1 þ c1ð Þ 1� h2ð Þ2

2g2 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E2ð Þ þ b2 þ c2ð Þ2

� �3
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where

op1

ow
¼ b1 þ c1ð Þ

2b1 þ c1ð Þ
op2

ow
¼ b1 þ c1ð Þ

2b1 þ c1ð Þ
ffiffiffiffiffi

a1
p ¼ k1

32g21 b1 þ c1ð Þ3 1� h1ð Þ

2g1 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E1ð Þ þ b2 þ c2ð Þ2

� �2

o
ffiffiffiffiffi

a1
p

ow
¼ �k1b1

4g1 b1 þ c1ð Þ 2b1 þ c1ð Þ 1� h1ð Þ
2g1 b1 þ c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E1ð Þ þ b2 þ c2ð Þ2
� �

ffiffiffiffiffi

a2
p ¼ k1

32g22 b1 þ c1ð Þ3 1� h2ð Þ

2g2 b1 þ c1ð Þ
2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E2ð Þ þ b2 þ c2ð Þ2

� �2

o
ffiffiffiffiffi

a2
p

ow
¼ �k1b1

4g2 b1 þ c1ð Þ 2b1 þ c1ð Þ 1� h2ð Þ
2g2 b1 þ c1ð Þ

2b1 þ c1ð Þ 2b1 þ 3c1ð Þ E2ð Þ þ b2 þ c2ð Þ2
� �

:

We obtain the optimal wholesale price for the manu-

facturer by setting Eq. (34) to zero. However, as previously

mentioned, because of complexity of the problem, the first-

order condition opM=ow ¼ 0 cannot lead to a closed-form

formula for w. Hence, we obtain the optimal wholesale

price by means of illustrative example.
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