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COMPETITIVE PRICING STRATEGIES OF MULTI CHANNEL SUPPLY
CHAIN UNDER DIRECT SERVICING BY THE MANUFACTURER

Amit Sarkar and Brojeswar Pal∗

Abstract. Internet and its accessible devices (e.g., mobiles, computers) are the unmitigated bless-
ings to the people. Nowadays, internet connectivity almost eliminates all kinds of blockades for the
verification of authentication, comparison of prices, and services for a product. Consequently, the mar-
ket has been becoming more competitive compared to decision making. In this paper, we construct a
multi-channel supply chain (MCSC) frameworks with traditional channels as well as a direct channel
(DC), where the manufacturer provides services to the customers for both the cases. Then the opti-
mal decisions of the manufacturer and the retailers are examined. The optimal pricing decisions and
services are discussed and also compared the profits with one another under various cases (Stackelberg
settings, strategic alliance, and two types of no improved service). Then the sensitivity of the service
cost coefficients and the cross-channel price coefficients on the profits for each player and the supply
chain is analyzed. We find out the best profitable strategies under the parameters such as service costs
and the positive effects of the service on the demand rate. We also mark out the optimum level of the
services so that the profit will be maximized for each player. Finally, we define an interval such that
if the service costs belong to that interval, then the selling price of the DC would be lesser than the
wholesale price. These findings help companies such as automobiles, electronic goods, etc. to implement
the best strategies to increase their profit.
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1. Introduction

In present times, commerce on the internet puts its emerging effects on the everyday life of a very vast and
wide range of people. It is very much accessible to most people all over the world. As a result, the popularity of
online business mediums like Amazon, eBay, Asos, etc. increases day by day [18]. Online marketing is a digitized
shop, in which a customer can choose and buy products from internet websites designed by online sellers, and
some mailing services send them to the buyers’ doorsteps. Besides online marketing sites like Amazon, the
manufacturers of many reputed companies like Hewlett-Packard, Reebok, Nike, Samsung, etc. have also opened
their online shopping sites along with the retail shop [20, 40]. Clearly, through this process, the manufacturer
can directly sell its products to the customers without any middleman. So, online marketing is also known as
the direct channel.
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Although the traditional retail channel also played an essential role as direct channels. The retailer can
promote to increase the selling rate their products through many ways like an advertisement, attractive designs
of the showrooms, the behavior of the salesmen, and also give some useful information and guidelines for using
the products [47]. Besides, the customers who have the intention to inspect the product physically, do not buy
through online market generally [29,36].

In today’s economic strategies, most of the well-known reputed companies sell their products through direct
channels or retail channels but give the on-site-services to the customers directly [24]. In these cases, the
manufacturers take full responsibility if products do not perform flawlessly within some predefined period
mentioned by themselves. Therefore the retailers do not need to resolve any problems related to the defective
products physically. Consequently, this business policy becomes more acceptable to retailers [7, 46].

In this paper, we firstly consider a dual-channel supply chain (DCSC) model framework with one online
marketing channel and two retail channels. It is also taken into account that if the selling products through
any channels need services like installation, damage repairing, or other problems related to the products, the
manufacturer provides it directly to the customers. It is also under consideration that the level of providing
services and the service costs are not always equal. It may vary channel to channel and manufacturer to
manufacturer. Here, we analyze three strategies: (1) Stackelberg settings (SS), (2) strategic alliance (SA), and
two types of (3) no improved service (NIS). Under all these cases, we discuss the optimal pricing and servicing
decisions, and examine the sensitivity of the demand rates and profit parameters for the manufacturer and the
retailers. With the help of these studies, some critical observations and results can be formed in this article.

The formation of this paper is given below. In Section 2, the literature review is discussed. Section 3 introduces
the assumptions, model framework, useful notations, and optimal results. The sensitivity analysis is done in
Section 4 and also illustrated some results and decisions. Section 5 concludes the works and focuses some light
in some ways to extend the research work in this direction.

2. Literature review

During the last few years, many researchers around the globe have been working on a multi-channel supply
chain (MCSC) where services are provided by the players of the supply chain. Some of the works of literature
are reviewed in this section. Simultaneous versus sequential play is studied in an extended game by Hamilton
and Slutsky [14]. Besides this, Magrath and Hardy [24] first introduced a framework on supply chain where
service was offered by the manufacturer to the distributors. In this article, the possible sequence of pricing is
determined by the manufacturer and the retailers. Chiang et al. [9] considered an MCSC where the manufacturer
sold his product through multi-channels. In this article, the authors introduced a direct channel along with an
independent retailer where they discussed the pricing decisions of the channels and analyzed the cases when
the members would be more profitable. After that, Rangaswamy and Bruggen [29] provided an overview of
MCSC and talked about the benefits and losses of the chains. Also, they discussed the further scope of research
in this field. After introducing a direct channel along with the traditional chain, Yao and Liu [44] and Kumar
and Ruan [20] obtained the pricing policies of the manufacturer and retailer, and also compared the profits
under Bertrand competition and Stackelberg settings. Rosenbloom [31] discussed the collaboration among the
channels in an MCSC and created a sustainable advance of the competition avoiding channel conflict. Chen
et al. [8] also considered a dual-channel supply chain with competition in service where the service was described
as the lead time for online channel and product availability for the retail channels. After that, Dumrongsiri et al.
[12] established some useful conditions for the equilibrium in a dual-channel supply chain. Another MCSC was
considered by Wolk and Ebling [38] with deterministic demand function. They investigated the various pricing
decisions of the retailers. The information-sharing techniques in the MCSC had been introduced by Yan and
Pei [42] between the manufacturer and the retailer. They discussed the advantages and disadvantages of shared
information under the SS. Furthermore, Lu et al. [23] designed a model with two manufacturers and a regular
retailer, where the demand rates related to the customers depended on the retail prices and the manufacturers’
service. They derived all the pricing decisions, profits, and demand rates under different types of strategies
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and also studied the effects of the parameters. Meanwhile, Okuda et al. [26] defined “membership-type services
in manufacturing” in a supply chain, and then they analyzed it with the help of game-theoretic frameworks.
In the article Hoseininia et al. [15], an MCSC was investigated with a manufacturer and an arbitrary number of
the retail channels. Furthermore, Zhao et al. [46] proposed a supply chain with two manufacturers and a usual
retailer, and the manufacturers offered the service to the customers to survive from the market competition. In
the paper, they solved the model under different decision variables considering the manufacturing and servicing
costs as fuzzy variables. In the article Vries et al. [35], they found some significant results on the relationship
between contractual incentives and exploratory knowledge sharing. Kolay [19] introduced a supply chain model
with a manufacturer and retailer, where both of the players committed the service to the consumers. They
mainly analyzed the effects of the demand-enhancing services with the product qualities, the profits of each
player, and the customers’ welfare in the paper. Later on, a two-layer supply chain with a manufacturer and
retailer was considered by Pal et al. [27], where they investigated the behaviors of the supply chain under
several game settings such as centralized, manufacturer Stackelberg, retailer Stackelberg, etc. After that, Silva
and Nof [32] analyzed the relation between e-Work and service-oriented approach, and revealed the condition
for which the manufacturer should give services. A model framework with a manufacturer and two independent
retailers was studied by Dan et al. [10], where they obtained a connection between the transshipment price
and order quantity. Also, they examined the sensitivity of the parameters on different pricing decisions and
profits of the players. Then Xue et al. [39] introduced a cluster supply chain that can respond to the changing
demands of the competitive markets. In the paper, they first developed a new current quality of services model
of manufacturer service composition and then described how to improve the service. In the article Rajagopal
et al. [28], the authors reviewed 126 articles, published in various reputed journals in the year 2015–2016, on the
decision-making model for the supply chain. They ascertained some fundamental concepts of the researchers in
this field and also studied the best strategies of the players. They also identified the relationship between the
risk measures, the decision makers risk attitude, etc. Jafari et al. [17] developed a dual-channel supply chain
with one manufacturer and multiple retailers, where they discussed the pricing decisions through game-theoretic
approaches. After that, Benedettini et al. [1] examined the secondary data of 74 bankrupted companies and 199
non-bankrupted companies and studied the cases to obtain in the conclusion that the primary key to surviving in
the market competition was not only to sell the products successfully but to focus on the manufacturer services.
In a case study, Burton et al. [5] explored that, the manufacturer could face some difficulties/challenges to serve
the customers against the selling products. Here, they discussed the method to overcome from the manufacturer’s
point of view and also the way to develop a new service process. After that, considering refurbished or recycled
defective products, Bhattacharya et al. [2] obtained the optimality condition of pricing decisions of all types of
products to maximize profits. Büyüközkan and Göçer [6] reviewed the papers on the digital supply chain. The
authors of the article also gave light on the main limitations and expectations of the digital supply chain and
introduced some road maps to the researchers to enhance their work in this field. Furthermore, Ren [30] focused
on social collaboration among manufacturer servicings. They provided some significant and meaningful results,
such as different types of social relationships between services and methods to calculate the effects of them.
After that, another MCSC was developed by Matsui [25], where they analyzed the decisions of the wholesale
and retail prices. They mainly considered the observable delay game framework to the decision problem of the
pricing decisions. Liu [22] investigated that under which conditions manufacturers produce new products or
refurbished the old products or both. Besides all of these, many of the research articles like, Toloo [33], Toloo
and Barat [34], Zhu and Xue [48], Yang et al. [43] and Fan et al. [13] have also been worked in this direction.
We summarize some of the important literatures in Table 1.

3. Model formulation

3.1. Supply chain with retail channels

In this paper, first we discuss the DCSC model with two traditional retail channels, namely R1 and R2 (see Fig. 1).
We also consider that the services will be provided to the customers by the manufacturer only. In the supply chain,
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Table 1. Summary table of existing literatures.

Representing paper(s) Structures Attributes Considering strategies Channel(s)

Chiang et al. [9] 1 Manufacturer, 1

Retailer

Pricing Manufacturer Stackelberg,

Vertically integrated

1 Online,

1 Retail channel

Chen et al. [8] 1 Manufacturer, 1

Retailer

Pricing, Retail service,

Delivery lead time

Vertical Nash, Manufacturer

Stackelberg

1 Online,

1 Retail channel

Lu et al. [23] 2 Manufacturer, 1

Retailer

Pricing, Manufacturer

service

Manufacturer Stackelberg,

Retailer Stackelberg, Vertical

Nash

2 Retail channel

Yan and Pei [42] 1 Manufacturer, 1

Retailer

Information sharing,

Pricing

Manufacturer Stackelberg 1 Online,

1 Retail channel

Okuda et al. [26] 1 Manufacturer, 1

Retailer

Pricing, Membership-

type service

Vertical Nash 1 Retail channel

Kolay [19] 1 Manufacturer, 1

Retailer

Demand-enhancing

service, Product quality,

Pricing

Manufacturer Stackelberg 1 Retail channel

Wang [37] 2 Manufacturer, 1

Retailer

Pricing, Service Manufacturer 1 Stackelberg,

Manufacturer 2 Stackelberg,

Manufacturer Stackelberg–

Bertrand model

1 Online,

1 Retail channel

Jafari et al. [17] 1 Manufacturer, K

Retailer

Pricing Vertical Nash, Strategic

alliance

1 Online,

K Retail channel

Matsui [25] 1 Manufacturer, 2

Retailer

Pricing Manufacturer Stackelberg,

Vertical Nash

2 Retail channel

Li et al. [21] 1 Manufacturer, 1

Retailer

Pricing, Service,

Showrooming effort

No service effort, Ex-ante

service effort, Ex-post service

effort

1 Online,

1 Retail channel

This paper 1 Manufacturer, 2

Retailer

Pricing, Manufacturer

service

Manufacturer Stackelberg,

Strategic alliance, No improved

service

1 Online,

2 Retail channel

the manufacturer sells products to the retailers at wholesale price w. After that the retailers, R1 and R2 sell the
products to the customers at retail prices pr1 and pr2 respectively. After purchasing the products if any customers
need some help regarding the products, e.g., free installation service, warranty service, etc., then the manufacturer
will give the services directly to the customers. The manufacturer provides services sr1 and sr2 for the products
which are sold through the retail channels R1 and R2 respectively. We assume that the services, provided by the
manufacturer, effect linearly on the demands of the retail channels. Let the efficacy of the services sr1 and sr2 are
λ2 and λ3 respectively. The service will give more contribution to the demand rate if the values of both λ2 and λ3

increase. The cost of the manufacturer for providing services are c(sr1) = 1
2η2s

2
r1 and c(sr2) = 1

2η3s
2
r2, obtained

from Yan and Pei [41] and Zhao and Wang [45]. We consider that the demand functions are linearly dependent on
the prices [9,17]) and the services [46]. In this model, we consider that same channel pricing decisions have a negative
effect on the demand rates and have positive effects on the cross-channel pricing decisions. It is also assumed that
the own channel service has positive effects on the customers’ demand.

Therefore the demand rates of the two retailer channels are as follows:

R1: dr1 = β1 − pr1 + θpr2 + λ2sr1,
R2: dr2 = β2 − pr2 + θpr1 + λ3sr2,

where 0 < θ < 1 and β1 (>0) and β2 (>0) are the market potentials with respect to the R1 and R2 respectively.
For simplicity, we assume the production cost as 0. Therefore the profit of the retailers R1 and R2 are

determined by Πr1 = (pr1 − w)dr1 and Πr2 = (pr2 − w)dr2 respectively. The profit of the manufacturer is
determined by Πm = w(dr1 + dr2)− 1

2

(
η2s

2
r1 + η3s

2
r2

)
.

Now, if the retailers and the manufacturer form a strategic alliance, then the total profit of the supply chain
would be ΠA = Πm + Πr1 + Πr2.

The summary of useful notation for this model formulation is in Table 2.
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Figure 1. DCSC without direct channel. Descriptions of the symbols used in the figure are
given in Table 2.

Table 2. Notation of the model.

Notation Explanations

pd, pr1 and pr2 Selling prices of the direct, R1 and R2 channels respectively ($ per unit)
w Wholesale prices (per unit)
d1, dr1 and dr2 Demand rates of the direct, R1 and R2 channels respectively (per unit time)
η1, η2 and η3 Service cost of the given services ($)
θ Positive cross-channel pricing effects; θ ∈ (0, 1)
Πm, Πr1 and Πr2 Profits ($) of the manufacturer, R1 and R2 respectively
Πc Total supply chain profit ($)
λ1, λ2 and λ3 Positive effect of the manufacturer’s service on the demand rate (per unit time)

Now, we characterize all the optimal decisions for the retailers and the manufacturer under the described
model in the SS and SA.

3.1.1. Stackelberg model framework

In the Stackelberg competition model, firstly, the manufacturer makes his decision to set wholesale prices and
services to maximize his profit. Then the retailers set their selling prices to optimize their profit (see Fig. 2).
That is, in this setting, the manufacturer acts as a leader, and the two retailers are the followers. The complete
characteristics of the optimal decisions for the manufacturer and the retailers along with solution procedure are
provided in the Table B.1.

3.1.2. Strategic alliance

In SA, the manufacturer and the retailers make decisions together to pursue mutual benefits. The overall
characteristics of the optimal decision variables for each player are listed in Table C.1 with the total solution
procedure.

3.2. Direct channel (DC) added by the manufacturer

Now, the DC is added to the supply chain in which the manufacturer sells products directly to the customers
(see Fig. 3). Let us assume that the manufacturer sets selling price p1 and the services sd for the DC.
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Figure 2. The sequence of determining the decision variables under SS.

Now, we discuss the MCSC containing one direct channel and two indirect channels [41]. For each channel,
the corresponding demand rates for products are as follows:

DC: d1 = α1 − pd + θ(pr1 + pr2) + λ1sd,
R1: dr1 = α2 − pr1 + θ(pd + pr2) + λ2sr1 and
R2: dr2 = α3 − pr2 + θ(pd + pr1) + λ3sr2,

where 0 < θ < 1; α1, α2 and α3 are the market potentials with respect to the direct channel, R1 and R2
respectively.

Consequently, the profit of the R1 is determined by

Πr1 = (pr1 − w)dr1 (3.1)

and the profit of the R2 is determined by

Πr2 = (pr2 − w)dr2. (3.2)

Now, the profit of the manufacturer is as follows:

Πm = pdd1 + w(dr1 + dr2)− 1
2

(
η1s

2
d + η2s

2
r1 + η3s

2
r2

)
. (3.3)

Therefore the total profit of the players is as follows:

Πc = Πr1 + Πr2 + Πm. (3.4)

Now, this model is analyzed in three directions: SS, SA and no improved service (NIS). The sequence of the
manufacturer and the retailer determining their control variables of SS are explained below:

(1) Firstly, manufacturer sets the wholesale price (w), direct channel price (pd) and service levels (sd, sr1 and
sr2) to maximize its own profit.

(2) Then, considering the decisions of manufacturer, the retailers determine their selling prices (pr1 and pr2)
to optimize their profits.

In SA, the players decide the values of the control variables (pr1, pr2, sd, sr1, sr2) of the total channel’s profit
(3.5) all together to maximize the total profit. NIS means: the service provided by the manufacturer whenever
the direct channel has not been introduced. In NIS, two subcases are discussed. In the first subcase, the service
valued of retailers are taken from SS model in Section 3.1.1 and the same is taken from SA model in Section 3.1.2
for second subcase.
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Figure 3. Multi-channel supply chain.

3.2.1. Stackelberg setting

Now, we discuss about the optimal decision variables for each players of the supply chain in SS. The optimal
pricing variables, demand rates, services provided by the manufacturer and profit functions are obtained from
(3.1) to (3.4) and listed in the Table B.2.

3.2.2. Strategic alliance

In SA, from (3.1) to (3.3), the total profit is

Πc = Πm + Πr1 + Πr2

= pr1dr1 + pr2dr2 + pdd1 −
1
2

(
η1s

2
d + η2s

2
r1 + η3s

2
r2

)
. (3.5)

Then the optimal pricing decisions, demand rates, services given by the manufacturer, the total profit of the
supply chain are obtained from (3.5) and noted down in Table C.2.

3.3. No improved service

Now, we consider a channel competition with NIS and study about the impact on the profits of the manufac-
turer and the retailers in Stackelberg setting. Here, we introduce two types of constant non-improved services:
NIS form I (NS1) and NIS form II (NS2).

3.3.1. NIS form I (NS1)

In this subsection, we treat the manufacturer service as constant and the values are taken from the DCSC
without direct channel under SS, i.e., sr1 = (β1+β2)η3λ2

η3λ2
2+η2(4η3(2−3θ+θ2)−λ2

3)
and sr2 = (β1+β2)η2λ3

η3λ2
2+η2(4η3(2−3θ+θ2)−λ2

3)
(from

the Tab. B.1). In Appendix D, the solution procedure of this case is discussed and then optimal pricing decisions,
profits of the manufacturer and the retailers under SS are summarized in the Table D.1.

3.3.2. NIS form II (NS2)

In this subsection, we consider the services as constants and the values are as follows: sr1 = sNC
r1 and sr2 = sNC

r2

(from Tab. C.1). Then optimal pricing decisions for each players, profits of the manufacturer and the retailers
under SS using the equations (3.1) to (3.3) are listed in the Table D.2.
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Figure 4. Effect of η2 on the profit of each player under different cases. (a) The profit functions
of the manufacturer. (b) The profit functions of the R1. (c) The profit functions of the R2.

4. Sensitivity analysis

In this section, we compare the profits of each player of the supply chain, the total profits of the supply chain
under four cases such as SS, SA, two types of NIS (NS1 and NS2). We analyze the sensitivities with the help
of the software “Wolfram Mathematica 9”. We study the effects of ηi, λi and θ on the profit functions, where
i = 1, 2, 3. We initialize some parameters as follows: α1 = 15, α2 = 10, α3 = 9, β1 = 20, β2 = 14.

4.1. Effect of η2

Now, we analyze the effect of η2 on the profit of each players of MCSC. At first we analyze the profit function
of the manufacturer and then R1 and R2.

4.1.1. Profit of the players of the MCSC

Here, we compare the profits of players under four different cases in MCSC. The cases are as follows:

(1) MCSC with improved service level (case-IS).
(2) MCSC for the case-NS1.
(3) MCSC for the case-NS2.
(4) DCSC without direct channel (case-ND).

Observation 4.1. In Figure 4, we observe the following facts:

(1) The profit of the manufacturer is highest in the case-IS (see Fig. 4a).
(2) In Figure 4b, there exist a certain η1

2 such that,
(a) whenever η2 6 η1

2 , the profit of the R1 is maximum under the case-NS2;
(b) whenever η1

2 6 η2, then the profit of the R1 is maximum under the case-ND.
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(3) For the profit of the R2, in Figure 4c, there exist a fixed quantity η2
2 such that,

(a) in the case-NS2 is higher than any other cases whenever η2 6 η2
2 ;

(b) in the case-ND is higher than other cases whenever η2
2 6 η2.

Moreover, slopes of all the profit functions for each player are in downward direction except for the profit
function of R2 under the case-ND.

Whenever the cost of the services increases, it affects directly the profit of the manufacturer. So the sloping
direction of all the profit functions of the manufacturer is in the downward direction. The profit of the man-
ufacturer is highest under the case-IS as in the case-IS, the manufacturer leads the channel and the retailers
follow him/her. Therefore, with the increasing η2, he/she adjusts the decisions in such a way that the effect of
increasing costs with service of R1 does not suffer so much on his/her profit.

When the value of η2 is lower than some fixed quantity η1
2 , the profit of the retailer is maximum under the

case-NS2 as the value of the sr1 is a constant which is taken from the case 3.3.2. So that the manufacturer
leadership decisions do not make bad effects very much for the lower value of η2. But whenever η2 increases,
the rate of decrement of the profit under the case is greater than any other. So after η2 crosses a certain value
η1

2 , the profit of R1 under the case-ND becomes greater than the case NS2. A similar case occurs for the R2.
The profit function of the R2 under the case-ND decreases very slowly with the increment of η2. Because in the
case-ND, the direct channel is not present there. So in the supply chain, there exist only R1 and R2. Whenever,
the cost of service provided to R1 increases, then the manufacturer makes some move to retain his own profit.
So, the negative effect of all these diereses the demand rate of R1 so that the demand rate of R2 increases.

4.2. Effect of η3

The parameter η3 is the service cost coefficient of the manufacturer in the channel R2. Now, we analyze the
effect of η3 on the profit of each players of the MCSC.

4.2.1. Profit of the players of the MCSC

Now, we plot the curves which represent the profit functions of the each players of the MCSC. Then we
observe the effect of η3 on them.

Observation 4.2. In Figure 5, we observe the following facts:

(1) The manufacturer makes a maximum profit in the case-IS and his profit decreases with the increment of η3

for all the cases (see Fig. 5a).
(2) The profit of R1 and R2 is maximum for the same case-NS2. For all the cases, the R1’s profits increases

with the increment of η3 (see Fig. 5b) but the profit functions of R2 are downward sloping (see Fig. 5c).

In Figure 5a, the profit is the maximum for the manufacturer under the case-IS. Since, only, in this case,
the manufacturer has provided improved service. As a result, the demand rates and consequently the profits
of the manufacturer are higher than the other cases. Consequently, the profit of the manufacturer is higher
than in other cases. But, if the service cost coefficient with respect to the service sr2 (η3) increases, then it
has an indirect effect on the demand rates of the channels and a direct effect on the manufacturer’s profit
functions. So the profits of the manufacturer move downward direction with the increment of η3. But, whenever
η3 increases, the manufacturer decided to give less service to channel R2. Therefore, the demand rate of the
channel R2 decreases and consequently its affects positively the profits of the R1. Therefore the curve of profits
moves upward direction with the increment of η3. In the case-NS2, all the players make the decision together
to maximize their individual profits. But except this, the manufacturer is the leader for all other cases. So
the Manufacturer firstly thinks about his profits. Consequently, the service provided by his become lesser with
the increment of service cost. As a result, the demand rate and consequently the profit fallen down for R2.
Therefore, the profit of R2 decreases as η3 increases.



S1858 A. SARKAR AND B. PAL

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

3

250

260

270

280

290

300

310

320

P
ro

fi
t

m

IS

m

NISS

m

NISC

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

3

12

14

16

18

20

22

24

26

P
ro

fi
t

r1

IS

r1

NISS

r1

NISC

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

3

10

20

30

40

50

60

70

80

90

100

P
ro

fi
t

r2

IS

r2

NISS

r2

NISC

Figure 5. Effect of η3 on the profit of each player under different cases. (a) The profit functions
of the manufacturer. (b) The profit functions of the R1. (c) The profit functions of the R2.

4.3. Effect of η1

Now, we analyze the effect of η1 on the profit of each players of the MCSC. At first we analyze the profit
function of the manufacturer.

4.3.1. Profit of the players of the MCSC

Here, we compare the profits of manufacturer under four different cases in MCSC.

Proposition 4.3. In the Figure 6, we can observe the following:

(1) The profit of the manufacturer under the case-IS is greater than any other case (see Fig. 6a).
(2) The profits of the R1 and R2 are remains almost constant with the variation of η1.

In Figure 6, it can also be observed that all the slopes of the profit functions are in a downward direction as η1

increases. But the changes in the profits are very small. That is why we can conclude that the effect of η1 is
negligible on the profits of the players in MCSC.

4.3.2. Effect of η1, η2 and η3 on total profits of the supply chain under different cases

In Figures 7a–7c, we plot the curves which represent the total profit of the supply chain under several cases
such as:

(1) DCSC without direct channel in SS
(
ΠND
T

)
.

(2) DCSC without direct channel in SA
(
ΠND
c

)
.

(3) MCSC with improved service in SS
(
ΠIS
T

)
.

(4) NS1
(
ΠNS1
T

)
.

(5) NS2
(
ΠNS2
T

)
.
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Figure 6. Effect of η1 on the profit of each player under different cases for different valued of θ.
(a) The profit functions of the manufacturer. (b) The profit functions of the R1. (c) The profit
functions of the R2.

(6) MCSC with improved service in SA
(
ΠIS
c

)
.

From Figure 7, we conclude a result as follows:

Observation 4.4. In each case, the profit function is decreasing with an increment of η2. But the total profit
of the MCSC under SA with improved service dominates all other cases. The lowest profit of the supply chain
is whenever the direct channel is absent in SS. The profit of the DCSC is lower under SS than any other case.

It is obvious that if service cost increases, then the service provider has two options. Firstly, he can reduce
his service level and secondly, he can raise the selling price of the products. In each case, the demand rates of
supply chain decrease, so that the total profit of the supply chain decreases. Again in SA, players take their
decisions in such a way that they can get more profit mutually and the improved service makes a better impact
on the customers. So the total profits under the case MCSC with improved service under SA are maximized.
We know that the total profit of a supply chain under SA is higher than the SS. So the total profits of the
dual-channel supply chain under Stackelberg settings are lowest. As we can see in Figures 7a and 7c, same
results occur whenever we increase the value of η1 and η3.

4.4. Effect of λ1

The parameter λ1, coefficient of the service offered by the manufacturer to the direct channel, has a positive
effect on the demand function. It would depend on the service quality level, the behaviors of the service provider,
etc. Now, we discuss the effect of the parameter λ1 on the profit of the players in the supply chain.
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Figure 7. Effects of η2 and η3 on the total profit under different cases. (a) Total profit of the
supply chain with different values of η1 and η2 = 1.8, η3 = 1.75. (b) Total profit of the supply
chain with different values of η2 and η1 = 2.6, η3 = 1.75. (c) Total profit of the supply chain
with different values of η3 and η1 = 2.6, η2 = 1.8.

4.4.1. On the profit of the players of the MCSC

Now, we plot the curves of the profit functions of each player in Figure 8 to study the sensitivity of λ1 on
the profits of the players of the MCSC.

Observation 4.5. From Figure 8, we can argue as follows:

(1) In Figure 8a, the profit of the manufacturer in the case-IS is higher than the other cases. It is also clear
that, in all cases, the profit of the manufacturer increases with the increment of λ1.

(2) The profit of the R1 under the cases-NS1 and NS2 are fixed by the change of λ1 (see Fig. 8b).
(3) The R2’s profit under cases-NS1 and NS2 are fixed, but under the case-IS is increasing with the increment

of λ1 (see Fig. 8c).

The parameter λ1 is the service coefficient of the demand rate in the direct channel. That is, whenever λ1

increases, the demand rate increases. Therefore, the profit of the manufacturer will be increased through the
direct channel. Hence the total profit directed upwards whenever λ1 increases. Now, from Figure 8a, we can
conclude that the maximum profit that the manufacturer can get is in the case-IS. Because in this case, the
manufacturer service is improved and consequently, the demand rate increases. As a result, the profit of the
manufacturer is maximally compared to other cases. But the profit of the R1 under the cases-NS1 and NS2
remains fixed with the changing parameter λ1 (Fig. 8b). Because firstly, the channel R1 does not directly depend
on this parameter and secondly, the manufacturer service is also not improved in these two cases. So, there is
no effect of the changing parameter λ1 on the profit functions of R1 under the cases-NS1 and NS2. For a similar
region, the profits of the R2 remain unchanged with the parameter λ1.
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Figure 8. Effect of λ1 on the profit of each player under different cases. (a) The profit functions
of the manufacturer. (b) The profit functions of the R1. (c) The profit functions of the R2.

4.5. Effect of λ2 and λ3

The parameters λ2 and λ3 are the positive effect on the demand of the service given by the manufacturer to
the R1 and R2 channels respectively. Now, we discuss the effect of the parameters λ2 and the λ3 on the profit
of the players in the supply chain separately.

4.5.1. The profit of the players of the MCSC

Now, we analyze the sensitivity of λ2 and λ3 on the players of the MCSC.

Observation 4.6. From the Figures 9 and 10, we can conclude some results as follows:

(1) In Figures 9a and 10a, it is clear that, in all cases, the profit of the manufacturer increases with the increment
of λ2 and λ3.

(2) The profit of the R1 is increasing with the increment of the parameter λ2 but decreasing with the increment
of λ3 under all cases (see Figs. 9b and 10b).

(3) The profit of The R2 is increasing with the increment of λ3 and decreasing with the increment of λ2 under
all the cases (see Figs. 9c and 10c)

The parameters λ2 and λ3 are the coefficient of the services given by the manufacturer to the R1 and R2
in the demand functions respectively. Whenever λ2 or λ3 increases, the positive effect of the services increases
but service cost remains unchanged. So that the demand rate increases and consequently the profits of the
manufacturer increase in each case. Similarly, if λ2 increases, the demand rate of the channel-R1 increases and
consequently the manufacturer wishes to increase the service. Whenever the manufacturer gives more service
to the supply chain channels, the selling price of each channel also increases. That is, the increment of the
parameter λ2 has both positive and negative effects on each channel. Since λ2 directly increases its demand
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Figure 9. Effect of λ2 on the profit of each player under different cases. (a) The profit functions
of the manufacturer. (b) The profit functions of the R1. (c) The profit functions of the R2.

rate so in this case, the positive effect is greater and consequently the profit of the channel R1 increases. But
whenever λ3 increases, the demand rate of the channel R1 is not affected directly. So the negative effect is more
than the positive. Therefore the profit of the channel-R1 decreases with the increment of the value of λ3 under
each case. Similarly, we can describe for the channel R2.

4.5.2. Effect of λ1, λ2 and λ3 on the total profit of supply chain

Now, we discuss the effect of the service coefficients of demand rates λ1, λ2 and λ3 on the total profits of
supply chains under different cases.

Observation 4.7. In Figure 11, it is shown that the total profit of MCSC increases with the increment of
λ1, λ2 and λ3 individually, i.e., taking two out of three as a fixed quantity, if the rest one is increased, then the
total profit of the supply chain is also increased. The total profit of ΠIS

c is maximum in each of the cases.

The parameters λi, i = 1, 2, 3 are the service coefficients of the demand rates of the direct channel, channel R1,
and channel R2 respectively. If the parameter λ1 increases, the demand rate for the direct channel increases,
but the service cost retains the same for the manufacturer. As a result, the total profit of the supply chain
increases. In SA, the total profit is always maximum than other strategies. So that in the case-IS, SA gives the
most profit to the supply chain. For the same reason, For the increment of λ2 and λ3, the total profit functions
also increasing under each case.

4.6. Relation between pd and w depending on η2 and η3

In this section, we discuss the range of the two variables in which the direct channel price is less than the
wholesale price. But in general, this is not possible. So that the service cost should have belonged to a certain
interval. Now we consider the case-IS under the SS and the proposition is as follows:
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Figure 10. Effect of λ3 on the profit of each player under different cases. (a) The profit
functions of the manufacturer. (b) The profit functions of the R1. (c) The profit functions of
the R2.

Proposition 4.8. In the case-IS under Stackelberg settings, we can find that if η belongs to the interval I =[
min

{
η1

2 , η
1
2

}
,max

{
η1

2 , η
1
2

}]
, then the direct channel selling price become lesser than the wholesale price, where,

η1
2 = α1η1η3(1+θ)λ2

2

(−α2−a3)η3(−2+θ)(η1(−2+4θ)+λ2
1)+α1η1(4η3(2−5θ+2θ2)−(1+θ)λ2

3)
and

η2
2 = 2η1η3λ

2
2+4η1η3θ

2λ2
2−η3λ

2
1λ

2
2

16η1η3−24η1η3θ−24η1η3θ2+16η1η3θ3−8η3λ2
1+12η3θλ2

1−4η3θ2λ2
1−2η1λ2

3−4η1θ2λ2
3+λ2

1λ
2
3
.

Proof. See Appendix A. �

Now, we take a numerical example of the above Proposition 4.8.
In Figure 12, we can find out the possible value of η2 such that the direct channel selling price is not less

than the wholesale price. Similarly, we can find out the possible values of η2 and η3 under each case that should
be avoided.

5. Conclusion

Increasing market competition is forcing companies/manufacturers to pay much more attention to satisfy
customers. Generally, customers’ satisfaction and their positive feedback increase when the original manufacturer
provides service directly to the customers. As a result, the value of the product is upgraded in the market.

In this paper, the manufacturer service is introduced in the MCSC and also discussed the pricing decisions,
servicing costs and corresponding profits of the players under SS, SA, and NIS. Furthermore, we analyze the
sensitivity of parameters like service cost coefficients, the cross-channel pricing coefficients under different strate-
gies. We also provide the relation between the direct channel price and the wholesale price which is a very helpful
troop to make decisions for the manufacturer. The central outcomes of this paper are as follows:
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Figure 11. Effect of λi, i = 1, 2, 3 on the profit of each player under different cases. (a) Effect
of λ1. (b) Effect of λ2. (c) Effect of λ3.
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(1) We observe the condition of the maximum profits of each of the players in the supply chain over the effects
of the service costs and cross-channel price effects. These results will help the players to make decisions to
make maximum profits. For example, if the Manufacturer gives lesser than a certain service, more profit
gains.

(2) The wholesale price may not always be greater than the direct channel price. It is depending on the quality
of the services. More specifically, if the Retailer channel gets better services than the direct channel, it can
happen.
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(3) We consider two fixed manufacturer services sNS and sNC and with the help of these, we compute the
pricing decisions of the chain and also compare the profits under different cases or strategies.

This paper has also some limitations. Firstly, we consider the deterministic and linear type demand function.
Also, due to the complexity of the computation and sensitivity analysis, we consider the wholesale prices to
both channel R1 and R2 as identical and constant.

Researchers can consider a probabilistic demand model with MCSC which may provide more insight into the
MCSC. Secondly, One can consider that besides the manufacturer, the retailers also can provide services to the
customers. Thirdly, one can consider the case where the manufacturer sets different wholesale prices for different
retailers. Finally, another way to proceed is to consider the product quality level with the manufacturer’s services.

Acknowledgements. The authors would like to express their gratitude to the editors and referees for their valuable
suggestions and corrections to enhance the clarity of the present article. The first author also acknowledges the Council
of Scientific & Industrial Research, Government of India for financial assistance.

Appendix A.

From the Table B.2, we get the values of the direct channel selling price and wholesale price as follows:

pd = − (η1(4(α2+α3)η2η3(−2+θ)θ+α1(η3λ
2
2+η2(−4η3(2−3θ+θ2)+λ2

3))))
(λ2

1(η3λ2
2+η2(−4η3(2−3θ+θ2)+λ2

3))+2η1(−η3(1+2θ2)λ2
2+η2(4η3(2−3θ−3θ2+2θ3)−(1+2θ2)λ2

3)))
and

w = (−α2η2η3(−2+θ)(2η1−λ2
1)−α3η2η3(−2+θ)(2η1−λ2

1)+α1η1θ(η3λ
2
2+η2(8η3−4η3θ+λ

2
3)))

(λ2
1(η3λ2

2+η2(−4η3(2−3θ+θ2)+λ2
3))+2η1(−η3(1+2θ2)λ2

2+η2(4η3(2−3θ−3θ2+2θ3)−(1+2θ2)λ2
3)))

respectively.

Now pd − w =
−(α2+a3)η2η3(−2+θ)(η1(−2+4θ)+λ2

1)+α1η1(−η3(1+θ)λ2
2+η2(4η3(2−5θ+2θ2)−(1+θ)λ2

3))
λ2

1(η3λ2
2+η2(−4η3(2−3θ+θ2)+λ2

3))+2η1(−η3(1+2θ2)λ2
2+η2(4η3(2−3θ−3θ2+2θ3)−(1+2θ2)λ2

3))
Applying the

condition pd − w < 0, we can conclude that η2 belongs to a interval I =
[
min

{
η1

2 , η
1
2

}
,max{η1

2 , η
1
2}

]
where,

η1
2 = a1η1η3(1+θ)λ2

2

(−α2−a3)η3(−2+θ)(η1(−2+4θ)+λ2
1)+a1η1(4η3(2−5θ+2θ2)−(1+θ)λ2

3)
and

η2
2 = 2η1η3λ

2
2+4η1η3θ

2λ2
2−η3λ

2
1λ

2
2

16η1η3−24η1η3θ−24η1η3θ2+16η1η3θ3−8η3λ2
1+12η3θλ2

1−4η3θ2λ2
1−2η1λ2

3−4η1θ2λ2
3+λ2

1λ
2
3
.

Appendix B. Solution procedure under SS

To maximize a real-valued function concerning its variables, firstly we have to solve the first-order conditions
concerning the variables. Then it has to show that the Hessian matrix of the function is negative definite at the
values of the variables. Then, the solution of the first-order conditions is the optimal values of the variables and
using these values, we can obtain the optimal functional value. In Table B.1, we have listed the optimal values
and corresponding profits. The solution procedure is discussed below:

(1) We solve the first order condition of the profit functions Πr1 and Πr2 with respect to pr1 and pr2 respectively.
(2) Putting the values of pr1 and pr2 in the profit function Πm and then solve the first order condition with

respect to the variables w, sr1 and sr2 and let the obtained values are w∗, s∗r1 and s∗r2 respectively. If the
Hessian matrix of the profit function Πm with respect to these three decision variables be negative definite,
then w∗, s∗r1 and s∗r2 will be the optimal.

(3) Using the values of w, sr1 and sr2, we obtain the optimal values of pr1 and pr2 as p∗r1 and p∗r2 respectively.
(4) Putting the optimal values of the decision variables in the profit functions, we obtain the maximum profits

of each player.

In similar fashion, we can obtain the optimal values of the decision variables when manufacturer added a direct
channel and listed in Table B.2.
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Table B.1. Services, demand rates, firm profits and selling prices without any direct channel (SS).

Price

Wholesale price: w (β1+β2)η2η3(2−θ)
−η3λ

2
2+η2(4η3(2−3θ+θ2)−λ2

3)

R1: pr1
β2η3(η2(2+5θ−4θ2)+λ2

2)−β1η2(η3(−10+7θ)+λ2
3)

(2+θ)(−η3λ
2
2+η2(4η3(2−3θ+θ2)−λ2

3))

R2: pr2
β2η3(η2(10−7θ)−λ2

2)+β1η2(η3(2+5θ−4θ2)+λ2
3)

(2+θ)(−η3λ
2
2+η2(4η3(2−3θ+θ2)−λ2

3))

Services

R1: sND
r1

(β1+β2)η3λ2
η3λ

2
2+η2(4η3(2−3θ+θ2)−λ2

3)

R2: sND
r2

(β1+β2)η2λ3
η3λ

2
2+η2(4η3(2−3θ+θ2)−λ2

3)

Demand

R1: dr1
β2η3(η2(−2+5θ−3θ2)+λ2

2)+β1η2(η3(6−7θ+θ2)−λ2
3)

(2+θ)(−η3λ
2
2+η2(4η3(2−3θ+θ2)−λ2

3))

R2: dr2
β2η3(η2(6−7θ+θ2)−λ2

2)+β1η2(η3(−2+5θ−3θ2)+λ2
3)

(2+θ)(−η3λ
2
2+η2(4η3(2−3θ+θ2)−λ2

3))

Profit

Manufacturer: ΠND
m

(β1+β2)2η2η3
−2η3λ

2
2+2η2(4η3(2−3θ+θ2)−λ2

3)

R1: ΠND
r1

(β2η3(η2(−2+5θ−3θ2)+λ2
2)+β1η2(η3(6−7θ+θ2)−λ2

3))2

(2+θ)2(η3λ
2
2+η2(−4η3(2−3θ+θ2)+λ2

3))2

R2: ΠND
r2

(β2η3(η2(6−7θ+θ2)−λ2
2)+β1η2(η3(−2+5θ−3θ2)+λ2

3))2

(2+θ)2(η3λ
2
2+η2(−4η3(2−3θ+θ2)+λ2

3))2
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Appendix C. Solution procedure under SA

We obtained the optimal values of the decision variables of the total profit function, ΠT in Table C.1 as
follows:

(1) We solve the first-order condition of the profit function ΠT with respect to its decision variables pr1, pr2, sr1
and sr2.

(2) If the Hessian matrix of ΠT for the decision variables is negative definite at the above-mentioned values,
then the values are optimal. We listed the values of the decision variables and the total profit in Table C.1.

Table C.1. Services, demand rates, firm profits and selling prices without any direct channel (SA).

Price

R1: pr1
η2(−2β2η3θ+β1(−2η3+λ2

3))
λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3)

R2: pr2
η3(−2β1η2θ+β2(−2η2+λ2

2))
λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3)

Services

R1: sNC
r1

λ2(−2β2η3θ+β1(−2η3+λ2
3))

λ2
2(2η3−λ2

3)+2η2(2η3(−1+θ2)+λ2
3)

R2: sNC
r2

(−2β1η2θ+β2(−2η2+λ2
2))λ3

λ2
2(2η3−λ2

3)+2η2(2η3(−1+θ2)+λ2
3)

Demand

R1: dr1
−β2η3θλ

2
2+β1η2(2η3(−1+θ2)+λ2

3)
λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3)

R2: dr2
β2η3(2η2(−1+θ2)+λ2

2)−β1η2θλ
2
3

λ2
2(2η3−λ2

3)+2η2(2η3(−1+θ2)+λ2
3)

Profit

Manufacturer: ΠNC
c

−4β1β2η2η3θ+β
2
2η3(−2η2+λ2

2)+β2
1η2(−2η3+λ2

3)
2λ2

2(2η3−λ2
3)+4η2(2η3(−1+θ2)+λ2

3)

In similar procedure, we can obtain the optimal values of the decision variables when manufacturer added a
direct channel and listed in Table C.2.
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Table C.2. Manufacturer services, demand rates, firm total profits, retail prices and direct
channel price (SA).

Price

DC: p∗d
(η1(2θ(α3η3(−2η2(1+θ)+λ2

2)+α2η2(−2η3(1+θ)+λ2
3))+α1(λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3))))
(λ2

1(λ2
2(−2η3+λ2

3)−2η2(2η3(−1+θ2)+λ2
3))+2η1(−λ2

2(2η3(−1+θ2)+λ2
3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2

3)))

R1: p∗r1
(η2(2θ(α3η3(−2η1(1+θ)+λ2

1)+α1η1(−2η3(1+θ)+λ2
3))+α2(λ2

1(2η3−λ2
3)+2η1(2η3(−1+θ2)+λ2

3))))
(λ2

1(λ2
2(−2η3+λ2

3)−2η2(2η3(−1+θ2)+λ2
3))+2η1(−λ2

2(2η3(−1+θ2)+λ2
3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2

3)))

R2: p∗r2
(η3(2θ(α2η2(−2η1(1+θ)+λ2

1)+α1η1(−2η2(1+θ)+λ2
2))+α3(λ2

1(2η2−λ2
2)+2η1(2η2(−1+θ2)+λ2

2))))
(λ2

1(λ2
2(−2η3+λ2

3)−2η2(2η3(−1+θ2)+λ2
3))+2η1(−λ2

2(2η3(−1+θ2)+λ2
3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2

3)))

Services

DC: sICd − (λ1(2θ(α3η3(−2η2(1+θ)+λ2
2)+α2η2(−2η3(1+θ)+λ2

3))+α1(λ2
2(2η3−λ2

3)+2η2(2η3(−1+θ2)+λ2
3))))

(λ2
1(λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3))+η1(2λ2
2(2η3(−1+θ2)+λ2

3)−4η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2
3)))

R1: sICr1 − (λ2(2θ(α3η3(−2η1(1+θ)+λ2
1)+α1η1(−2η3(1+θ)+λ2

3))+α2(λ2
1(2η3−λ2

3)+2η1(2η3(−1+θ2)+λ2
3))))

(λ2
1(λ2

2(2η3−λ2
3)+2η2(2η3(−1+θ2)+λ2

3))+η1(2λ2
2(2η3(−1+θ2)+λ2

3) −4η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2
3)))

R2: sICr2
((2θ(α2η2(−2η1(1+θ)+λ2

1)+α1η1(−2η2(1+θ)+λ2
2))+α3(λ2

1(2η2−λ2
2)+2η1(2η2(−1+θ2)+λ2

2)))λ3)
(λ2

1(λ2
2(−2η3+λ2

3)−2η2(2η3(−1+θ2)+λ2
3))+2η1(−λ2

2(2η3(−1+θ2)+λ2
3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2

3)))

Demand

DC: d1
θλ2

1(α3η3(λ2
2−2η2(1+θ))+α2η2(λ2

3−2η3(1+θ)))+α1η1(+2η2(1+θ)(2η3(θ+2θ2−1)+(1−θ)λ2
3)−λ2

2(2η3(θ2−1)+λ2
3))

λ2
1(λ2

2(−2η3+λ2
3)−2η2(2η3(−1+θ2)+λ2

3))+2η1(−λ2
2(2η3(−1+θ2)+λ2

3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2
3))

R1: dr1
θλ2

2(α3η3(λ2
1−2η1(1+θ))+α1η1(λ2

3−2η3(1+θ)))+α2η2(−λ2
1(2η3(−1+θ2)+λ2

3)+2η1(1+θ)(2η3(θ+2θ2−1)+(1−θ)λ2
3))

(λ2
1(λ2

2(−2η3+λ2
3)−2η2(2η3(−1+θ2)+λ2

3))+2η1(−λ2
2(2η3(−1+θ2)+λ2

3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2
3)))

R2: dr2
(α3η3(λ2

1(2η2(1−θ2)−λ2
2)+2η1(1+θ)(2η2(−1+θ+2θ2)+(1−θ)λ2

2))+θ(α2η2(λ2
1−2η1(1+θ))+α1η1(λ2

2−2η2(1+θ)))λ2
3)

(λ2
1(λ2

2(−2η3+λ2
3)−2η2(2η3(−1+θ2)+λ2

3))+2η1(−λ2
2(2η3(−1+θ2)+λ2

3)+2η2(1+θ)(2η3(−1+θ+2θ2)−(−1+θ)λ2
3)))

Profit

Total: ΠIS
c p∗r1dr1 + p∗r2dr2 + p∗dd1 −

1
2

(
η1sIC

2

d + η2sIC
2

r1 + η3sIC
2

r2

)

Appendix D. Solution procedure under NIS form I

At first we put the values of sr1 and sr2 (taken from Tab. B.1) in the equations 3.1–3.3 and let the revised
profit functions are Π′r1,Π

′
r2 and Π′m respectively. Then we solve the first order condition of Π′r1 and Π′r2 with

respect to pr1 and pr2 respectively. Then putting these values to Π′m, we solve the first order condition of this
profit function with respect to wholesale price (w) and direct channel price (pd), namely, w∗ and p∗d respectively.
If the Hessian matrix of Π′m is negative definite at the values w∗ and p∗d, then the profit function is maximum
and consequently w∗ and p∗d are the optimal values of w and pd respectively. Using these values, we can obtain
the optimal values of pr1 and pr2 and also the maximum profits of the retailers. We tabulated these results in
Table D.1.

Similarly, we can maximize the profits and also determines the optimal values of the decision variables under
NIS form II. We listed the optimal decision variables and the profits in the Table D.2.
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