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This paper examines the influence that members’ preferred service investments have on their decision-making and profits in a
dual-channel supply chain. We discuss changes in the supplier’s and retailer’s decision-making and optimal profits with reference
to their different preferred service investment combination modes and their different leader-follower relationships. We also
provide classified comparisons of the supplier’s and retailer’s optimal profits by referring to four types of product characteristics
combination modes that are assessed across two channels. By providing classifications and comparisons, we put forward op-
erational insights for the supplier and retailer who have direct implications for their optimal decisions and profits, including
selling products with higher homogeneity between two channels, choosing the retailer as the leader of the supply chain, and
confirming appropriate preference combination mode under a certain product characteristics. We analyze the influences of the
preferred service investment levels as well as preference intensities of the supplier and retailer on their strategies and profits in
their respective advantaged states and obtain some enlightenment about the cooperation strategies and relationship-building

methods of the supplier and retailer in the actual process of their participation in the dual-channel supply chain operation.

1. Introduction

Dual-channel supply chain is a new kind of supply chain
mode that is formed by the coexistence of the traditional
distribution and the electronic direct channels. It is a new
marketing mode that enables supply chain members to sell
their products to downstream consumers through two types
of channels with the support of IT and Network Marketing
[1]. Members in dual-channel supply chain are not normally
isolated or independent, but always influence and restrict
each other; the decision-making and behavior of one
member in one channel will affect another member’s de-
cision-making and behavior in another channel, with the
consequence that both members’ performances and profits
will be impacted [2].

In a dual-channel supply chain, members often adopt
service investment strategies in their own channels in order to
increase their sales volume and improve their profits [3]. Here,
“service investment” mainly refers to some service promotion

measures from the supplier or retailer to the downstream
consumers in order to improve product sales and market share
in its own channel in the supply chain [4]. Members’ service
investment behaviors can be viewed as much of the operations
or marketing strategies, such as customer service before and
after the sale, product promotions and advertising, and pro-
vision of product information [5]. For example, Apple has set
up many oftline experience stores, which are usually decorated
simply and brightly, and the service staff show and in-
troduce the latest products to the customers. The purpose
of setting these stores is to “make more customers spend
more money on Apple products more easily.” Such kind of
service investment will influence the product sales and
profit of the member in its own channel, which will
certainly affect the decision-making and final profits of the
other member in the other channel.

During the process of implementing service investment
in dual-channel supply chain, each member’s mode of
service investment will show different characteristic; this is
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because its concept and cognitive level to the dual-channel
supply chain are different. For example, a member with an
altruistic preference will implement service investment with
positive spillover effects in order to increase both channels’
sales volume and improve both members’ profit. On the
contrary, a member with a self-interest preference will
implement service investment with negative spillover effects
in order to increase his/her own sales volume and profit in
his/her own channel, however, will seek to restrain the other
member’s sales volume and profit in another channel. We
can see that service investment with different preferences
will have varying impacts on members’ decision-making and
profits. Study of the influence of different service investment
preferences on both the supplier and the retailer in a dual-
channel supply chain will reflect their real intentions about
the supply chain operation and will make it possible to
objectively obtain their final results during their participa-
tion in the supply chain operation.

This paper will study the influence of preferred service
investment on one or both members in the dual-channel
supply chain and will focus in particular on their decision-
making and profits under different conditions that include
different preferred service investment combination modes,
leader-follower relationship modes (between the supplier
and retailer), and product characteristics combination
modes (between two channels). The purpose of our study is
to find some reasonable operation strategies and cooperation
methods for the supplier and retailer in condition that both
of them implement preferred service investment under
different objective environments in the dual-channel supply
chain.

The remainder of this paper is organized as follows. In
Section 2, we give a general introduction about the literature
related to our research. In Section 3, we describe the en-
vironment and build the models. In Section 4, we investigate
the profits of members under their different preferred service
investment combination modes based on different leader-
follower relationship modes. In Section 5, we discuss
members’ optimal decision choices and profits under dif-
ferent product characteristics combination modes and
propose advantaged states, respectively, for the supplier and
retailer. In Section 6, we examine the influences that
members’ preferred service investment levels as well as
preference intensities have on their strategies and profits in
their respective advantage states and propose some con-
clusions and enlightenments about the cooperation strate-
gies and relationship-building methods of them. We
summarize and put forward our future research plan in
Section 7.

2. Literature Review

Topics related to our research mainly include inter alia, the
influence of members’ service investment behaviors in a
dual-channel supply chain, the influence of members’
bounded rational behaviors in a dual-channel supply chain,
and the influence of the leader-follower relationship on
members in a dual-channel supply chain.
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Research on the influence of service investments mainly
discusses the influence that service investment has on
members’ price decisions, profits, and coopetition strategies
in a dual-channel supply chain. Tsay and Agrawal [4], Rohm
and Swaminathan [6], and Dumrongsiri et al. [7] suggest
that service has become an important factor that enables
consumers to choose channels and buy a given commodity.
Dan et al. [8] and Wang et al. [9] study the optimal retail
service and pricing decision in a dual-channel supply chain
by applying two-stage optimization method and Stackelberg
game. Li et al. [10] discuss and compare three service effort
strategies for the retailer in a dual-channel supply chain and
propose that members can obtain higher profits in the expost
service effort by the retailer’s greater showrooming effect.
Wu et al. [11] discuss the service level in a dual-channel
reverse supply chain (DRSC) and analyze the impact of
improving service level and offline transfer price on the
profits of DRSC’s builder.

Some scholars discuss service spillover effects and free
riding phenomena in the dual-channel supply chain. Carlton
and Chevalier [12] provide an empirical study that compares
the free riding behaviors of the network and entity channels.
Bernstein et al. [13] study the manufacturer’s increase of
overall market demand by introducing sales service into the
network direct channel and analyze the positive and negative
influence of service spillover effects in a supply chain. Dan
et al. [14] compare optimal service levels under different
scenarios to investigate the impacts that bidirectional free
riding and service competition have on members’ decisions.

Some scholars discuss the effects of service on the co-
ordination strategies of supply chain members. Tsay and
Agrawal [4] study the dynamic coordination of the supply
chain under the influence of price and service factors. Yan
and Pei [15] use the bargaining model to realize profit-
sharing between the dual-channel manufacturer and retailer
with the intention of achieving information-sharing equi-
librium. Chen and Yang [16] study a service collaboration
decision problem in a dual-channel supply chain and find
that similar or different services provided by retailers will
have different effects on the profits of the supply chain. Li
et al. [17] construct a dual-channel value chain where the
retailer provides channel service for its customers and find
that the stability region of the decentralized decision model
will be narrowed with the increase of service value.

Research into the influence of bounded rational be-
haviors of members in the (dual-channel) supply chain
mainly discusses the influence that members’ incompletely
rational behavior preferences have on their decision-making
and profits. “Bounded Rationality” not only recognizes that
human behaviors are consciously rational but also ac-
knowledges this rationality is limited [18]. Scholars maintain
that members always show this form of rationality when
participating in supply chain operations and observe this has
resulted in the study of the Behavioral Supply Chain. They
have studied a variety of incompletely rational behavior
factors that affect the decision-making behaviors and the
final profits of supply chain members, which include al-
truism, fairness concern, overconfidence, reciprocity, and
risk aversion.
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Gan et al. [19], Wang and Webster [20], and Li et al. [21]
investigate how a supply chain that involves an upside-risk-
neutral supplier and a downside-risk-averse retailer can
continue to coordinate with each other, and they accordingly
design some corresponding contracts that help to accomplish
channel coordination. Cui et al. [22] and Ozgun et al. [23]
incorporate the concept of fairness into a conventional dyadic
channel to investigate how fairness may affect channel co-
ordination and the manufacturer’s use of a simple wholesale
price to coordinate the channel. Wang and Cheng [24] ex-
amine the effect of fairness concern preference on the supply
chain partners’ strategies upon the basis of a dual-channel
supply chain. Ren et al. [25] and Wu and Hu [26] explore the
characteristics and impact of decision makers’ overconfident
behaviors in the supply chain by applying classical analysis
techniques and discuss the strategies change of the over-
confident members in the supply chain and the final impacts
on their profits. Disney and Hosoda [27] study a two-echelon
supply chain with and discuss how retailers with altruistic
attributes can adjust their own profits and affect those of
upstream manufacturers and the whole supply chain. Shi and
Ma [28] develop learning dynamics and an evolutionary game
model to analyze the channels’ altruism behavior and find
that the evolutionary direction of altruistic behavior is de-
termined by the sensitivity and learning abilities of both
members in the dual-channel supply chain.

Research into the influence of the leader-follower rela-
tionship in the supply chain mainly discusses the influence
of members’ game relationships on their decision-making
and profits. The leader-follower relationship in the supply
chain can also be understood as a kind of game relationship,
in which the norms of decision priority and subordination of
supply chain members is determined by a status or power
gap [29]. The leader-follower relationship can be generally
divided into three forms in a two-echelon supply chain,
game relationship led by the supplier, by the retailer (also
known as the Stackelberg game relationship), and the Nash
Equilibrium relationship between the supplier and retailer.
Aust and Buscher [30] investigate the different effects of
noncooperative and cooperative relationships between the
supplier and retailer and specifically reference their benefits
and the customer’s effectiveness in different Starkelberg
Games. Cai et al. [31] evaluate the impact of price discount
contracts and pricing schemes on the dual-channel supply
chain competition and expound the advantages of contracts
by referring to the perspectives of the supplier Stackelberg,
retailer Stackelberg, and Nash Game Theory. Giri and Roy
[32] consider a two-echelon dual-channel supply chain with
a single manufacturer and multiple retailers and discuss the
optimal pricing strategies and effort levels of both the direct
channel and retail channel using sequential optimization
and the Stackelberg game. Choi et al. [33] explore the op-
timal prices and maximum profits for both the supplier and
retailer under their different power structures. Li et al. [34]
examine customer returns and pricing strategies in a
manufacturer’s Stackelberg dual-channel supply chain by
using game-theoretic models and discuss the impact of these
two strategies on the prices, demands, and profits of the
supplier and retailer.

By reviewing the previous research studies, we think to
integrate those topics and make a deeper categorical and
expansive research on the dual-channel supply chain. The
differences between our research and the previous literature
can be summarized as follows.

First, according to the preference characteristics of the
supplier and retailer, we divide the function expressions of
their sales volume and profits into four sets, which represent
four preferred service investment combination modes be-
tween them. Previous researchers have often built one
service investment combination mode in the dual-channel
supply chain, such as the research studies of Tsay and
Agrawal [4], Xiao and Yang [35], Dan et al. [8], and Zhang
and Wang [36]. They often assume that decision-makers’
attitudes towards the coopetition of the dual-channel supply
chain are fixed (competitive or cooperative), so the char-
acteristics of their service investment behaviors are constant
(self-interest or altruistic) and thus the final influences are
always definite (negative or positive). In our study, we
propose all possible preference combination modes and
extract the most suitable ones for the supplier and retailer.
We think it just be obtained by this comprehensive classi-
fication method.

Second, we skillfully use a variable (1) to represent the
preference characteristics and impact intensities of members’
service investment in the dual-channel supply chain. This
variable combines the service investment level of the mem-
bers and is used to describe the impact of preferred service
investments on the sales volumes and profits of members in
the dual-channel supply chain. We think this application has
been less used in the previous literature while we believe it can
help us to carry out more comprehensive research.

Third, we propose advantage states, respectively, for the
supplier and retailer by comparing their different preferred
service investment combination modes and enumerating
different product characteristics combination modes across
two channels, which are based on the different leader-follower
relationship modes between the supplier and retailer. We think
it is an innovation of us comparing with previous research
studies. Furthermore, we find that few researchers study
members’ altruistic and self-interest preference simultaneously
under multiple game modes. For example, Dumrongsiri et al.
[7], Tsay and Agrawal [1], and Chen and Yang [16] study the
influence of a game relationship on the coopetition of members
in the dual-channel supply chain, but they have only con-
sidered one type of relationship mode in each of their research
studies. Another example is the research studies of Cai et al.
[31], Ren et al. [37], and Choi et al. [33] have introduced two or
three relationship modes when discussing the influences of
price or service in the dual-channel supply chain, but they do
not consider the preference characteristics of the members or
using a classification method.

3. Condition Descriptions and
Model Assumptions

Notations used in this paper are listed in Table 1.
Suppose there is a two-echelon dual-channel supply
chain in the market that contains one supplier (represented



TaBLE 1: Notations.

Notation Meaning

s The supplier

r The retailer

t The traditional distribution channel

e The electronic direct channel

S Leader-follower relationship led by the supplier
R Leader-follower relationship led by the retailer
N Nash equilibrium game relationship

JJ A self-interested supplier and a self-interested retailer

T] An altruistic supplier and a self-interested retailer

JT A self-interested supplier and an altruistic retailer

T An altruistic supplier and an altruistic retailer

A Potential total market products demand

a Market share of product in the distribution channel

A Service-demand transfer coefficient

0 Price-demand transfer coefficient

w, Wholesale prices in the distribution channel

P, Sales price in the distribution channel

P, Sales price in the electronic direct channel

Q, Sales volume in the distribution channel

Q, Sales volume in the electronic direct channel

k, Supplier’s altruistic preference intensity

k, Retailer’s altruistic preference intensity

v Retailer’s service investment level in the distribution
t channel

V, Supplier’s service investment level in the direct channel

I1, The supplier’s profit

I1, The retailer’s profit

U, The supplier’s utility

U, The retailer’s utility

as “she”) and retailer (represented as “he”). “Dual channel”
means there are two sales channels in the supply chain, the
traditional distribution channel (hereafter called “distribu-
tion channel”) consists of an upstream supplier and a
downstream retailer, and the electronic direct channel
(hereafter called “direct channel”) consists of the single
supplier. In the distribution channel, the supplier sells her
product to the retailer at a wholesale price w,, and the retailer
sells the product to his downstream consumers at price
P, (P, > w,). In the direct channel, the same supplier sells her
product (same category with product in the distribution
channel) directly to her downstream consumers at price P,.
The conceptual structure of the dual-channel supply chain is
shown in Figure 1.

Suppose that during participation in the operation of the
dual-channel supply chain, both the supplier in the direct
channel and the retailer in the distribution channel confirm
their sales volume in accordance with product prices and
levels of service investment in relation to two channels. This
means that the sales volume of products in one channel is
affected not only by its own channel price and the level of
service investment but also by the influence of the same
factors from another channel, including the impact of de-
grees of difference between two channels.

We also assume that the service investment behaviors of
the supplier and the retailer will show their particular
preference characteristics, including self-interest or altru-
ism, for the reason that both of them are bounded rational
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FiGure 1: Conceptual structure of the dual-channel supply chain.

decision makers. Members with a preference for self-interest
will show their self-interest or exclusive characteristics in
their service investment behaviors. For example, the retailer
in the distribution channel will try to encourage more
consumers to buy his product through a traditional offline
channel by providing user experiences or product trials in
his physical store (Apple, for example), and this may exert
certain inhibitory effects on supplier sales in the direct
channel. Members with an altruistic preference will also
show their reciprocity and altruistic characteristics in their
service investment behaviors. For example, the direct
channel supplier will take advantage of her richer and more
comprehensive information resources in the network in
order to encourage more consumers to buy products from
offline stores in a shorter period of time and with lower
transportation costs; in this condition, the supplier’s service
investment behavior in the direct channel will create positive
spillover effects that will impact on retailer’s sales in the
distribution channel. When a member has altruistic pref-
erence, he/she will not seek to maximize his/her own profit,
but will instead maximize the profit of all members. His/her
ultimate aim is to maximize optimal utility rather than
optimal profit during participation in the supply chain
operation. In this condition, we can conclude that any
member’s preferred service investment behavior and pre-
ferred decision will influence all members’ decisions and
profits. In the case of the dual-channel supply chain, this will
also apply to the whole supply chain’s profit.

Now consider that sales volume in a dual-channel supply
chain is affected by many factors that reflect the characteristics of
the dual-channel supply chain, with the exception of prices and
service investment levels, such as the price-demand transfer
coefficient and the service-demand transfer coefficient. We,
respectively, use Q, and Q, to represent the sales volume of
products in the distribution channel and direct channel, and
then express Q, and Q, in the terms set out in Table 2.

In Table 2, k, and k,, respectively, represent the altruistic
preference intensity of the supplier and the retailer, 0 <k,
k,<1, k, =0 means the supplier is completely self-inter-
ested, 0 < k, < 1 means she has altruistic preference, and the
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TaBLE 2: Sales volume expressions of the supplier and retailer based on their different preferred service investment combination modes.

Preference characteristics

Supplier is self-interested (k, = 0)

Supplier is altruistic (0<k,<1)

Retailer is self-interested (k, = 0)

Retailer is altruistic (0 <k, <1)

Q =aA-P,+0P,+V, -1V,
Q,= (1-a)A-P,+6P, +V, -V,
Q =aA-P,+0P,+V, -1V,
Q,=(1-a)A-P,+0P,+V,+AV,

Q =aA-P,+0P,+V,+AV,
Q,= (1-a)A-P,+6P, +V, -V,
Q,=aA—-P,+0P,+V,+AV,
Q,=(1-a)A-P,+0P,+V,+AV,

intensity of her altruistic preference will increase as k; in-
creases. The meaning of k, is similar to k.

Suppose that a member’s service investment in the dual-
channel supply chain always has a positive effect on its own
product sales. However, in another channel, the effect may have
a different effect on another member’s product sales because of
the different preferences of its service investment. That means,
if a member is a completely self-interested decision-maker, its
service investment will negatively affect another member’s
product selling in another channel. On the contrary, if she is an
altruistic decision-maker, her service investment will have a
positive effect. On the basis of this analysis, we can build four
combination modes that reflect the supplier’s and retailer’s
different preferred service investment, as shown in Table 2.

V,>0 and V, > Orepresent the retailer’s (in distribution
channel) and the supplier’s (in direct channel) service invest-
ment levels. A > 0 represents the product’s potential total market
demand. 0 < & < 1 represents the product’s market share in the
distribution channel. 0 < 6 < 1 means the price-demand transfer
coeficient which, due to price differences between two channels,
represents the transfer of sales volume and also indicates product
heterogeneity between two channels.

Product characteristics mainly include the difficulty and
heterogeneity characteristics of product selling across two
channels. In this paper, market share of product («) and the
price-demand transfer coefficient () are two environmental
parameters that show the product characteristics in the dual-
channel supply chain. 0.5 < & < 1 means products are easier to
sell in the distribution channel (such as fresh food), while
0 <« < 0.5 means products are easier to sell through the direct
channel (virtual products such as network game). 0.5<0< 1
means there is a high degree of homogeneity between products
from two channels, and accordingly an increased sales price in
one channel will have a strong positive effect on sales volume in
another channel (such as books and electronics); 0 <0< 0.5
indicates that products have high heterogeneity between two
channels, and accordingly the increase of the sales price in one
channel will have a weaker effect on sales volume in another
channel (such as luxuries and cosmetics).

0 <A <1 means the service-demand transfer coefficient,
which represents the transfer of sales volume due to service
differences between two channels. In order to make the
discussion easier to follow, we assume that the effect of price
on sales volume is stronger than service investment, and it
therefore just means 6> A. This assumption is consistent
with the characteristics of factors that influence product sales
in a real market environment.

For purposes of investigative convenience and to ensure
that we do not lose generality, we assume that the costs of
both members in relation to the selling of products and the

implementation of service investment are both 0. We also
assume that all service investment levels (V,,V,) and the
wholesale price of the supplier (w,) are exogenous variables
that are not affected by other factors.

Upon the basis of the descriptions and assumptions
above, the supplier’s and retailer’s profit and utility in a dual-
channel supply chain can be expressed as I, I1,, U, and U,,
which can be described as follows:

Hs = tht + PeQe’ (1)
I, = (P, - w,)Qs, (2)
Us = Hs + ker = tht + PeQe + ks (Pt - wt)Qt’ (3)

U, =1L + krns = (Pt - wt)Qt + kr (tht + PeQe)' (4)

According to the expressions of Q, and Q, in Table 2, we
can obtain the utility expressions of the supplier and the retailer
expressed by P,, P,, w,, «, 0, A, V,, and V. They are in ac-
cordance with the supplier’s and retailer’s different preferred
service investment combination modes, which are shown in
Table 3.

The superscript letter combinations for U, “JJ” means
that both the supplier and retailer are self-interested, “T'J”
means the supplier is altruistic and the retailer is self-in-
terested, and other letter combinations have similar

« »

meanings. In the case of subscript letters for U, “s” repre-
sents the supplier and “r” represents the retailer.

In Section 4, we will discuss the effect that members’
preferred service investments have on their sales strategies and
profits by referring to three different types of leader-follower

relationship modes that conjoin the supplier and retailer.

4. Influences of Preferred Service
Investments under Different
Leader-Follower Relationship Modes

It has already been noted that the different subordinate status of
the supplier and retailer in the dual-channel supply chain en-
ables the leader-follower relationships modes to be divided into
three types, Stackelberg game led by the supplier, Stackelberg
game led by the retailer, and Nash Equilibrium Game between
the supplier and the retailer. By applying this classification and
referring to expressions (1)~(4) and Tables 2 and 3, we can
obtain the supplier’s and retailer’s optimal sales price and sales
volume that apply under different preferred service investment
combination modes that are in turn based on each type of their
leader-follower relationship mode.
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TasLE 3: Utility expressions of the supplier and the retailer according to their different preferred service investment combination modes.

Preference

characteristic Supplier is self-interested (k, = 0)

Supplier is altruistic (0<k,<1)

vl =11/

N N
=w,(0A-P,+0P,+V,-AV,)
+P,[(1-a)A-P,+6P,+V,-AV,]

Retailer is
self-interested

UY = [k,P, + (1 - k)w,] (aA - P, + 6P, +V, + AV,)
+P,[(1-a)A-P,+0P,+V,-AV,]

UT] — HT]
r r
=P, -w)(@A-P,+6P,+V,+AV,)

(k, =0) Ul = Hll
= (P,—w)(@A-P,+6P,+V,-AV,)
UIT =t
Retailer is =w,(0kA-P, +0P,+V,-AV,) +
altruistic P,[(1-a)A-P,+0P,+V,+AV,]
(0<k,<1)

+kP,[(1-a)A-P,+0P,+V, +V,]

UT=[P,-(1-k)w](adA-P,+6P,+V, -

UM = [k,P, + (1 - k,)w,] (¢A - P, + 0P, + V, + AV,)
+P,[(1-a)A-P,+6P, +V,+AV,]
AV,) U = [P, - (1 -k,)w,](aA~P, + 0P, +V, +V,)
+k,P,[(1-a)A-P,+0P, +V,+AV,]

For example, when both the supplier and the retailer im-
plement self-interested service investments and the supplier is
the leader in the dual-channel supply chain, the process of
Starckelberg Game can be described as follows. Under the
premise of a given wholesale price w;/, the supplier first proposes
her direct selling price P!/, and then in accordance with w]! and
P! the retailer decides his distribution price P/; both of them
aim to maximize their own profits in this situation. Referring to
expressions (1) and (2), Tables 2 and 3, adopting the backward
induction method and in accordance with the continuity of the
first-order derivative and the concavity-convexity of the second-
order derivative, we can obtain the expressions of optimal sales
price and sales volume of the supplier and the retailer in
“JJ]”condition. The deduction process can be described as
follows.

It is known from Table 3 that both U/ and U/ are

0*U//0P,0P, =6 > 0. Let H be the Hessian Matrix about U//
and U”/, and we can calculate

o’ul Ul
B—Pg oP,0P, -2 0
H = = ( > (5)
rull Ul 6 -2
oP,0P, 0P}

That means H is negative definite and both U/ and U/
are concave functions on P, and P,, so they can get their
maximum values at P//* and P/J*.

In accordance with the Stackelberg game led by the
supplier, set 0U///9P, = 0, and we can deduce

_aA+0P,+V, - AV, +w

second-order and continuous-differential functions about P, P, ) (6)
and P,, 9*U” /0P? = 9*UY /oP? = -2 <0 and 9*U’/0P,0P, =
Taking P, into the expression of U//, we obtain
2
o - @AV, -WV —w) P [(2-2a+af)A—(2-6%)P, + 6P, + (2 - NV, + (6 - 2)V, + Zth]. 7
s 2 2
Then, set aUy /0P, = 0, and we can deduce
e 2=2a+a)A+(0-20)V, +(2-00)V, + 20w,
Pg = 2 : (8)
2(2-6%)
Taking P//* into the expression of P, in expression (6),
we obtain
ol (40— 200 — af” +20) A +(4 - 67 = 200V, +(26 - 41 + L)V, + 4w, ©
s = :

4(2-6%)



Mathematical Problems in Engineering 7
Taking P//* and P/J* into the expression of Q, and Q, in
Table 2 (when k, = 0 and k, = 0), we obtain
e (40-200 - af® +20)A+(4- 0 —200)V, +(20 - 41 + L)V, —(4 - 467 )w,
QtS = 2 > (10)
4(2-6%)
Qié* _ (2—2(x+¢x9)A+(9—2/1)Vt+(2—0/\)Ve. (11)

4

In accordance with expressions (8)~(11) and Table 3, we
obtain the expressions of the optimal profits of both the

supplier and retailer in “JJ” condition, which are shown
below:

|
N 1
Hg =4(1—62)[

(40 - 200 - a6® +20)A +(4 - 6 —200)V, +(20 - 4A + AV, —(4 - 46°)w, |’
4(2- 6°) ] ’

(1-a+ab)A+(0- 1V, +(1-60V,] +%(aA+Vt -v,)? (12)

|:(4oc ~ 2060 - af® +26)A +(4 - 6% —260)V, +(20 - 41 + °A)V, —(4 - 492)wt]2

Applying the same methods, we can obtain the supplier’s
and retailer’s optimal decision-making and profits in each
type of their preferred service investment combination
modes that are in turn based on each type of their leader-
follower relationship mode. Expressions of the optimal price
and sales volume are listed in Tables 4-6, and the expressions
of the corresponding profits are omitted for their complex
forms.

5. Members’ Optimal Decision Choices
and Profits under Different
Product Characteristics

In this section, we will discuss the supplier’s and retailer’s op-
timal decision choices and profits from the perspective of
product characteristics. For better investigations and improve
comparisons, we will first assign values to some variables that do
not relate to the product characteristics; then, under each fixed
product characteristics, we will explore the influence of different
preferred service investment combination modes on the deci-
sion-making and profits of the supplier and retailer based on
their different leader-follower relationship modes.

The preceding analyses helps us to grasp that both the
market share of product («) and the price-demand transfer
coeflicient (6) are environmental parameters which represent
the product’s characteristics (see in Section 3). In drawing on
the expressions in Tables 4~6 and combining four combination
modes of the value range of & and 6, we can obtain the optimal
decisions about the sales prices and volumes along with the
final optimal profits of the supplier and retailer under their
different leader-follower relationship modes. Set A = 100,

4(2-6)

w;, =20,A=0.1,and V, =V, = 80, and set k, = k, = 0.5 in
condition when either the supplier or the retailer implements
altruistic preferred service investment (which can also be
understood as either of them evidence an altruistic preference);
we can compare members’ profits under different conditions,
which are shown in Section 5.1.

5.1. Profits Comparisons of the Supplier and the Retailer Based
on Different Product Characteristics

51.1.0<a<0.5and 0<0<0.5. When products are easier to
sell through the direct channel and have highly heteroge-
neity across two channels, we can obtain supplier and re-
tailer profits in different preferred service investment
combination modes based on different leader-follower re-
lationship modes, as shown in Figures 2 and 3.

Figures 2 and 3 show that there are four surfaces in each
3D graph, which represent the supplier’s (Figure 2) or re-
tailer’s (Figure 3) profits in four types of preferred service
investment combination modes under a fixed leader-fol-
lower relationship mode. For example, in moving from the
bottom to top of Figure 2(a), the observer sees that the
surfaces, respectively, show the profits of the supplier on the
conditions that both the supplier and the retailer are self-
interested (the red surface), the supplier is altruistic and the
retailer is self-interested (the yellow surface), the supplier is
self-interested and the retailer is altruistic (the blue surface),
and both the supplier and retailer are altruistic (the green
surface); this applies under the leader-follower relationship
of Stackelberg game led by the supplier. The meanings of
other surfaces resemble Figure 2(a).
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TaBLE 4: The optimal sales price and sales volume of the supplier and the retailer: different preferred service investments combination modes

in the condition of a supplier-led Starckelberg game.

Preference
characteristics

Supplier is self-interested (k, = 0)

PIL* = (2 -2a+af)A+ (0-20)V, + (2- OV, +200w,)/ (2(2 - 6%))
PII* = ((4a - 200 — af® + 20)A + (4 - 0> =200V, + (20 — 4L + L)V, + 4w,)/ (4(2 - 67))
QI = ((4a— 200 — af® + 20)A + (4— 0 =200V, + (20 — 4L + L)V, — (4 - 46%)w,)/ (4(2 - %))
Qllr = (2-2a+ad)A+ (0-21)V, + (2 - OM)V,)/4

Retailer is self-
interested
(k, =0)

QH* = (12 - 20+ af - kab) (2 - 67) — (2 - 2a + ab)k,0°] A/

Supplier is altruistic (0<k,<1)

P* = (2-2a+ab+ kab)A+ (0+k0-21)V, + (2+ O + k,OM)V, + (20 - k,O)w,)/ (4 — 26 — k6%
P = (40200 — af® +20)A + (4 - 6" - 201)V, + (20— P + 4NV, + (4 - 2k, 0" w,/ (2 (4 - 26" - k,6%)))
Q" = (40— 200 — af® +20)A + (4 - 67 - 201)V, + (20— *A + 4V, —

4—46Mw,)/ (2(4 - 26 — k,6%)

.-
(2(4 - 26 - k,6%)))

+(([(0 =21~ k0) (2 - 67) — (8- 2k, 6°1V,)/ (2(4 - 26" — k,6%)))
+(([(2+ O = k00) (2 - 6%) — (2 + Ok V) (2 (4 - 26 - k,6%)))
+(2k,0(1 - 0*)w, /2 (4 - 26° - k,60%))

Supplier is self-interested (k, = 0)
PlEr = (2-2a+af)A+ (0+20)V, + (2- 00V, +2(1 - k,)0w,)/ (2(2 - 6 — k,6%)

PII* = ((4a - 200 — ab* + 20 — 2k, a0 — k,af” + 2k, 0)A)/ (4(2 - & — k,6))
+(((4 - 6% =k, 0% + 2k, 00 + 20M)V,)/ (4 (2 - 6* - k,6%)))
+(((20 + 0PA — 41 + 2k, 0 + k, 0°A)V, + (4 — 4k,)w,)/ (4(2 — 6* — k,6%)))

Qi = ((4a — 208 — ab” + 20 + 2k, a8 — 3k, a6” — 2k, 0)A)/ (4(2 - & — k,6%)))
+(((4 - 6% =3k, 6% + 200 — 2k, 00)V,)/ (4(2 - 6* — k,0%))
+(((20 + 6°A — 4\ — 2k, 0 + 3k, PN)V, — (4 - 4k,) (1 - P)w,)/ (4 (2 - 6> - k,6%)))
Q* = 2-2a+ab)A+ (0+20)V, + (2- 00V, /4
Supplier is altruistic (0<k,<1)

Retailer is
altruistic
(0<k,<1)

PIT* = (2 - 2a + ab + k,a®) A + (0 + k0 + 21V, + (2 + OA + k,OMV,)/ (4 - 26” — k0% — 2k, 6% + k k26%))
+((1 = k,) 20 - k0 - kk,0))w,)/ (4 - 20* — k6% — 2k, 67 + k K26%))

PII* = (((4a - 206 — ab” + 20 - 2k, a0 — k,a0” + kk, a0 + kK a0 + 2k,0)A)/ (2 (4 - 26" — k0" - 2k, 0" + kk26%)))

+(((4- 6 =k, 0° + kk, 0% + kK20 + 20 + 2k, 00)V,)/ (2 (4 — 26* — k,0* - 2k, 0% + k k26%)))
+(((20 - A +2k,0 + k kA + k2PN + 40V ,)/ (2 (4 - 20 — k0% - 2k, 0% + k k20%)))
+(((1 = k,) (4 - 2k,0% - 2k k,0%)w0,)] (2(4 - 26° — k0% - 2k, 6% + k K26)))
1T = (4 - 200 — af® + 20 + 2k, a0 - 3k,a0” — kk,af® + kK ab - 2k,0)A)/ (2 (4 - 26" — k0" - 2k,0" + kk20%)))
+(((4 - 6 + kJ20° — kK, 0% — 3k, 0" + 200 — 2k, O0)V,)/ (2 (4 - 20° - k,6° - 2k, 0" + kK267)))
+(((20 - 2k,0 — O°A — 3k, A — k .k, 0°A + kJ2OA + 4NV ,)/ (2 (4 - 26° — k07 — 2k, 0% + k K26%)))
(21 -k) (1 - )w,)/ (426" — k0% - 2k,6" + k k26%))

QI = (12 -2a+af) (2 - O —k,0* — k, 0% + kk20) — (2 - 6" — k,07)k,a6]]A)/ (2 (4 - 26" — k0% — 2k, 67 + k K267%)))
+(([(0+20) (2 - 6 —k,0* -k, 0% + kk20%) — (2 - 6° — Kk, 00k, 01V, (2(4 - 20" — k0" — 2k, 6 + k K267)))

+(([2+00) (2 - 6 — k0 - k0" + kk20") — (2 - 6" — k,6°)k,0MV,)/2 (4 - 26° — k0" - 2k,0% + kk?6%)))

+((k,(1 - K2)0(1 - 0*)w,)/ (4 - 26* — k0" — 2k, 0% + k k26%))

Figure 2 clearly depicts differences in the supplier’s
profits. Irrespective of the kind of leader-follower rela-
tionship modes that conjoin the supplier and retailer, the
profit is always lowest for the supplier when both the
supplier and retailer are self-interested. Profit is higher when
only the retailer is altruistic. When both are altruistic, the
supplier can obtain the highest profit.

5.1.2.0<a<0.5and0.5 <0< 1. When products are easier to
sell through the direct channel and have high homogeneity
between two channels, we can obtain supplier and retailer
profits in different preferred service investment combination

modes based on different leader-follower relationship
modes, which are shown in Figures 4 and 5.

These figures make it clear that when products have
high homogeneity between two channels, differences in
supplier and retailer profits become more obvious in each
kind of preferred service investment combination mode,
as opposed to the situation that applies when
products have high heterogeneity between two channels
(see Figures 2 and 3) based on each kind of leader-fol-
lower relationship mode. This is because when the price-
demand transfer coefficient (0) increases, an increase of
price in one channel will have a stronger positive effect
on the price in another channel.
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TaBLE 5: The optimal sales price and sales volume of the supplier and the retailer: different preferred service investments combination modes

in the condition of a retailer-led Starckelberg game.

Preference
characteristics

Supplier is self-interested (k, = 0)

Pll* = (Qa-afd+0)A+ (2-0MV, + (0-20)V, +2w,)/ (2(2 - 6%)
P = (4 -4a+200 + af? — 0P)A+ 20+ L -4V, + (4 6> =200V, + (60— 26°)w,)/4 (2 - 67))
QL = (Qa—af+0)A+ (2- 60V, + (0-20)V, - 2(1 - 6)w,)/4
Q) = (4-4a+2a0 + af” — P)A+ (20 + A — 4NV, + (4 > 200V, — (20 - 26°)w,)/ (4(2 - %))
Supplier is altruistic (0<k,<1)

Retailer is
self-interested

(k, = 0)

P = (Qa—af+0)A+ (2 -6V, + (0+20)V, + (2 - 2k,60%)w,)/ (2(2 - 6* - k,6%))
PI* = (4 - 40+ 200 + 2k a0 + af® — 67 — k6% + k,a6?)A)/ (4(2 - 67 — k,6%)))

+(((20 + 2k,0 + O*A + k 0°A — 4NV, + (4 — > — k0 + 201 + 2k ,6M)V, + (60 — 26° — 2k 0 — 2k 0)w,)/ (4(2 — 6* — k,6%)))
Q" 2 (a-ab+0)A+ (2-O)V, + (0% 21V, —2(1 - 6))w,)/4)
QI = (4 - 4 + 2a0 + af® — 67 — 2k,a6 + 3k,a6” — 3k,07)A)/ (4(2 - 67 - k,60%)))
+((20 + *A — 2k ,0 — 41 + 3k 0PNV, + (4 — 0* = 3k,0% + 200 — 2k DNV, —2(1 — k)O(1 — 8%)w,)/ (4(2 — 6* — k.6%))

Supplier is self-interested (k, = 0)
PE* = (Ca—af+0-kad+k0A+ (2+0L+k OV, + (0-20+k OV, + (2-2k, + k6w, (4 - 26" —k,6%)
PIE* = (4 -4a+200 + af® — P)A+ 20+ 4L — PV, + (4— 67 =200V, +20(3 — & — k) )w,)/ (2(4 - 26° - k,6%)))
QF = ((2-0)Qa+0-ab—k0+kab)A—-k 6 Qa+0-ab)A+ (2-6)(2+60A-kOV,)(2(4-26*-k6)
—((k,8* 2+ OV, + (2-60")(0-k,0-20)V, -k, 0 (0 -20)V,)/ (2(4 - 26" - k,6%))
+(((66% — 26" — 4 + 4k, — 4k, 0%)w,)/ (2 (4 — 26* — k,6%)))

QF = (4-4a+2a0 - 6% + af®)A+ (20 - L+ 4NV, + (4 - 6> —200)V,)/ (2 (4 - 26° - k,6%)))

—((0(1 = ) (1 +k,)w,)/ (4 - 26> — k,6%))

Supplier is altruistic (0<k,<1)
PIT* = (2a+ 0 af —k,af + k,0)A+ 2+ OA+ Kk, 00V, + (0 + 24 + k,0)V,)/ (4 - 267 - 2k, 6" — k, 0% + k’k,0%))

Retailer is
altruistic
(0<k,<1)

+(((2 - 2Kk, + K, 6% — 2K 07 + K2k, 67)w,)] (4 — 267 — 2k 6 — k, 6 + I*k, 6%))
PIT* = (4 - 4o+ 206 + af — 0 — k.6 + K2k, 0 + k,af® — K2k, ab” + 2k af + k k67 — k &, a6?) A)/ (2(4 - 267 - 2k,6* — k0% + K2k, 6°)))

+(((20 + 40 — OPA — K, 0%\ + K2k, 0°A + K K, 024 + 2k, 0)V )/ (2 (4 — 207 — 2K, 6% — K, 0% + K2k, 0%)))
+(((4 - 67 = k0 + K2k, 07 + 200 + 2k, 0 + kK, 0°)V )/ (2 (4 — 26° - 2k 0" - k, 0" + K2k, 60%)))
+((0(6 = 20" - 2k,0° + 2k2k,0° — 2k, — 2k, + 2k.k, 0" — 2k K )w,)/ (2(4 - 207 - 2k 0" — k,0" + k?k,6%)))
Q" = (Ga-ab+0)(2 -6 —k & -k 6 + Kk PIA—k, (2- 6" —k,6°) (1 - )0A)/ (2(4 - 267 — 2Kk,6° — k, 6" + K2k, 6)))
+((2+600) (2 - 0 — k0% — k.07 + K2k, 0V, —k, (2 — 6> — k,69)0AV,)/ (2(4 - 267 - 2k, 0” — K, 0% + K2k, 67)))
+(((0+20) (2 - 8 — k08 — k6% + K2k, 01V, —k, (2 — 6* — k,8°)0V,)/ (2(4 — 26* — 2k 0 — k, 6% + K2k, 67)))
+(((1 - k,) (4 - 20 = 2k ,0° — k, 07 + K2k, 000 w,)/ (2 (4 - 26° - 2k, 6% — k6% + K2k, 67)))
—(((2 - 0" = k,0%) (2 - 2k,0% — 2k, + K, 0" + K2k, 0%)w,)] (2 (4 — 2607 — 2k,6" — k, 0" + K2k, 67)))
QL = (4 - 67 - 3k,6% — k.k, 0% + K2k, 0%) (1 — ) A + 2(1 — k,)abA)/ (2 (4 - 267 - 2k,0° — k, 6% + K2k, 6%)))
+(((20 — A + 40 — 2k,0 - 3k 07 — kK, 67X + K2k, ")V ,)/2 (4 — 26% - 2k 0% — k, 67 + K2k, 67))
+(((4— 0 + 200 - 3k,0° + K2k, 6% — k .k, 6% — 2k OM)V,)/ (2 (4 - 267 - 2k,6° — k, 6% + K2k, 6%)))
—(1=k) (1 +k)0(1 - P w,)/ (4 - 26* — 2k 0* — k,0° + K2k, 6%)

Figures 2-5 demonstrate that the supplier’s profit increases
as the market share of the product in the direct channel increases
(when « falls from 0.5 to 0) and at the same time as the retailer’s
share decreases. This means it is more favorable to the supplier
when products can be easily sold through the direct channel, and
this is mainly attributable to the fact that it is only the supplier
who has ownership of the direct channel. However, when the
products are suitable for selling through the distribution
channel, the retailer’s profit will increase because the ownership
of the only channel enables him to sell products.

We observe that both the supplier’s and retailer’s profit
will increase as the price-demand transfer coefficient (0)
increase, and this reflects the heterogeneity of products
between two channels, which can also promote increase of
members’ profits in each channel.

We also observe that when products are easier to sell
through the direct channel (0<a<0.5), the degree of in-
fluence on the supplier affected by relevant variables is
stronger than that on the retailer. This can be attributed to
the supplier’s individual ownership of the direct channel.
The graphs in Figures 3 and 5 show the retailer’s profits

under different conditions. In contrast to the supplier, the
retailer can obtain a higher profit when it is only the supplier
that is altruistic towards him; accordingly, he retains the
characteristic of self-interest, especially when he is the leader
in the dual-channel supply chain.

5.1.3.0.5<a<1and0<0<0.5 When products are easier to
sell in the distribution channel and have high heterogeneity
between two channels, it is possible to obtain the supplier’s
and retailer’s profits in different preferred service investment
combination modes based on different leader-follower re-
lationship modes, which are shown in Figures 6 and 7.

51.4.0.5<a<1and0.5<0<1. When products are easier to
sell in the distribution channel and have high homogeneity
between two channels, we can obtain the supplier’s and
retailer’s profits in different preferred service investment
combination modes based on different leader-follower re-
lationship modes, which are shown in Figures 8 and 9.
Figures 6~9 provide similar findings to Figures 2~5, such
as the comparison of supplier’s or retailer’s profit in different



10 Mathematical Problems in Engineering

TaBLE 6: The optimal sales price and sales volume of the supplier and retailer: different preferred service investments combination modes in
the condition of the Nash equilibrium game between two members.

Preference

characteristics Supplier is self-interested (k, = 0)

P = (Qa+0-af)A+ (2- 0V, + (0 -2V, + (2 + )w,)/ (4 - %))
Pl = (2-2a+a)A+ (0-20)V, + (2 - V)V, + 30w,)/ (4 - 6%))
QL = (Qa+0-af)A+ (2-60MV, + (0-21)V, - (2-20%)w,)/ (4 - 6%))
QL = (2-2a+af)A+ (B-21)V, + (2 -0V, - (8- 8)w,)/ (4 - 6%)
Supplier is altruistic (0<k;<1)

P = ((Qa—aB+0)A+ 2 - 0NV, + (0+20)V, + (2 + 6" — k.01 w,)/ (4 - 6” — k,6%)
P = (2 -2a+ab + kaB)A + (0 + k.0 -21)V, + (2 + O + k,OM)V, + (30 - k,0)w,)/ (4 — 6> — k,6%))
QL = (Qa—af+0)A+ 22—V, + (0+21)V, -2(1 - 8w,/ (4 - 6 - k,6%))

Q" = (2 -2a+ af — k,af + k& — k,8)A + (0 - 21 — k0 + k,PAN)V,)/ (4 - 6* — k,0%)

+((Q+ O k0 —kOWV,— (1-k)O(1 - )w)/ (4 -6 —k.6%)
Supplier is self-interested (k, = 0)
PIL* = (Qa—ab + 0 - k,af + k,0)A+ 2+ 0L + k,OM)V, + (0 -2\ + k,O)V,)/ (4 — 6* — k,67))
+({(2+ 0 - 2k, +k 6w/ (4= 6~k 6%) L,

P = (2 -2a+af)A+ (0+ 20V, + (2- OV, + (30 - k,0)w,)/ (4 - 6* - k,6%))
QY = (Qa+0—ab —k,0+k,a0 +k,a0)A+ (2+ 0L -k, 00 - k,0°)V,)/ (4 - 6 - k,0%)
+(((0-21 -k, 0, + k,@NV — (2 - 26° - 2k, + 2k, 6)w,)/ (4 - * - erGZ)) , ;
QN = (2-2a+af)A+ (0+20)V, + 200V, - 0(1 +k,) (1 - 0*)w,)/ (4 - 6* —k,6%)

Supplier is altruistic (0<k,<1)

Retailer is self-
interested
(k, =0)

Retailer is
altruistic PIT" = ((2a + 0 —ab + k,0 — k,af)A + (2+ OA + k,OM)V, + (0 + 21 + k,0)V,)/ (4 — (1 + k) (1 + k,)6%))
(0<k,<1) +((2 -2k, + 0 +k,6* — k0 —kk,0®)w,) (4— (1 +k)(1+k,)6)
PIT* = (2-2a+ af + kaf)A + (0+21 + kO)V, + (2+ 6L + k,6AV,)/ (4 — (1 + k) (1+k,)6%)
+(((30 - k0 — k,0 — k k,0)w,)/ (4 — (1+k,)(1+k,)6)
Q" = (2a+ 0 - ab — k,0 + ka0 — k,a0” — kk,a0’)A+ (2 + OA — k00 - k,0" — kk,0°)V,)/ (4 - (1 +k,)(1+k,)6%))
+(((0+21 - k,0— k,6°A — kK, 0NV, — (2 - 26% — 2k, + 2k,67)w,)/ (4 — (1 +k,) (1 + k,)6%))

0 = (2 -2+ af — k0% — ka0 + k,ad® — kk, 0% + kk,af®)A)/ (4 — (1 +k,) (1 +k,)6%)
+(((0+20 =k, 0 - k 6\ — kK, PNV, + (2+ 6N — k OA — k6% — kK, 0°)V,)/ (4 — (1 + k) (1 +k,)6%)
—(((0-6 -k 0+kO0+k0 —k6 —kk0+kk6)w) (4— (1+k)(1+k)0))

preferred service investment combination modes that are
based on different leader-follower relationship modes, the
change trend of the profit gap with the price-demand transfer
coeflicient () and the influence features on the supplier’s and
retailer’s profit in relation to the market share of product
(a&1 — ). More detailed analyses are omitted here.

with the improvements of the product’s market share in the
distribution channel («).

Proof. We can prove it by choosing a preferred service in-

vestment combination mode in a leader-follower relationship

mode, and similar methods can be used in other modes.
For example, when the supplier is altruistic and the retailer

5.2. Findings and Enlightenment. The following propositions
can be extracted from preceding comparisons and analyses.

Proposition 1. Supplier’s profit will increase in accordance
with the improvements of product’s market share in the direct
channel (1 — a); retailer’s profit will increase in accordance

oIy 4-20-6
da  4-20-k,6*

g (4-20-k,0%)QL " +(4—20-26" +2k,0 - 2,0 + 6° )P N (4-20-6")a,

A(QY "+ P - w)>0,

is self-interested and they are in a supplier-led Stackelberg game
(see the yellow surface in each of graph (a) in Figures 2~9), we
can obtain the expressions of sales price and volume as well as
the profit of both the supplier and retailer by referring to Table 4.
From these expressions, we can deduce

(13)

da 2(4-260-k,6°)

2(4-20-k,0°) Ao
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We can obtain the similar results in any preferred service
investment combination mode based on any leader-follower
relationship mode, so Proposition 1 can be proved.

Proposition 1 suggests that if the supplier chooses to sell
products that are easier to sell through the direct channel,
she can obtain more profits because of her ownership of the
channel. In common with the retailer, he can obtain more
profits when the products are easier to sell through the
distribution channel because he can only sell products
through it.

oPI*  (2-2a+200 - af’ + 6°)A+(40 - °A - 21V, +(2 + 6° - 400V, + 400,

11

Proposition 2. The supplier’s and retailer’s profits will in-
crease in accordance with the increases in price-demand
transfer coefficient (0).

Proof. Similarly, we choose the condition as an example that
both the supplier and the retailer are self-interested and they
are in a retailer-led Stackelberg game (see the red surface in
each of graph (b) in Figures 2~9). By referring to the ex-
pressions in Table 5, we can deduce

oPl}*  (4a—4a6+460+2a6")A+(4+26° —40L)V, +(460 - 20°A - 4A)V, (1266 + 26")e,

>0,

2 >0,
4(2- 6°) a4

oQLr (4 —4aB+460 - 2a6°)A +(4 +26° - 461)V, +(40 - 20°A - 41}V, (4 - 106" + 26" )w,

00 2(2- 62)2

QL (1-mA-AV,+V, + 46w,
- >0,

00 4

0 4(2- 62)2

o0 4(2- )
oml*  oPL” 17e0Q"  oQy”

. — e * P * e tR 0’

da - op Ler TPR T,
8 ) AT ol

S = —2Ql + (Pl - 0) >0,

We can obtain the similar results in any preferred service
investment combination mode based on any leader-follower
relationship mode, so Proposition 2 can be proved.

Proposition 2 suggests that selling products that have
higher homogeneity between two channels will increase the
sales volume in both channels and thereby help the members
to obtain more profits.

Proposition 3. The supplier can obtain more profits when
both the supplier and the retailer implement altruistic pre-
ferred service investments in any leader-follower relationship
mode and any product characteristics combination mode.

Proof. By referring to the expressions in Tables 4~6 and the
four surfaces in each 3D graph in Figures 2, 4, 6, and 8, we
can deduce

n sl rsul sl i=S RN (15)

So, Proposition 3 can be proved.

Proposition 3 suggests that if the supplier shares al-
truistic preferences with the retailer at the same time, it will
help her gain more profits in comparison with other pre-
ferred service investment combination modes in the dual
channels.

4(2- &)

Proposition 4. The retailer can obtain more profit when the
supplier implements altruistic preferred service investment on
him and he implements self-interested service investment on
the supplier.

Proof. By referring to the expressions in Tables 4~6 and the
four surfaces in each 3D graph in Figures 3, 5, 7, and 9, we
can deduce

HZ;I*ZH}Cg*) f,!]:])’n fg#:T]aIZS’R’N (16)

So, Proposition 4 can be proved.

Proposition 4 suggests that it is the best preference
combination mode for the retailer to obtain more profit
when only the supplier is altruistic.

Proposition 5. In a condition where there is a certain
combination mode of preferred service investment between the
supplier and retailer, the leader-follower relationship mode
that enables the retailer to act as the leader can create more
profit for both the supplier and the retailer than any other
leader-follower  relationship modes in any product
characteristics.

Proof. By referring to the expressions in Tables 4~6 and the
four surfaces in each 3D graph in Figures 1~9, we can deduce
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FiGure 2: Comparisons of the supplier’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell through the direct channel and have high heterogeneity between two channels
(0<a<0.50<0<0.5). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game

between the supplier and the retailer.

my =1, fog=]Tih=sri=SN.  (17)

So, Proposition 5 can be proved.

Proposition 5 suggests that the Stackelberg game led by
the retailer is the best choice for both the supplier and
retailer in a dual-channel supply chain. This may be because
when the retailer is the leader in the dual-channel supply
chain, he can get greater decision priority in the distribution
channel and the supplier can have more bargaining power in
the direct channel, this is especially true when the products
have high homogeneity between two channels.

By undertaking comparative analyses of the supplier’s
and retailer’s profits under different conditions, it is possible
for us to obtain further enlightenment about strategic co-
operation between the supplier and retailer in the dual-
channel supply chain.

First, if the dual-channel operation is to be maintained
and stabilized, both the supplier and retailer should choose
to sell products with higher homogeneity, and this is because
it promotes the sales volume for both channels, thus in-
creases the supplier’s and retailer’s profits. If they instead

choose to sell products with lower homogeneity, the effect of
price changing on sales volume in the two channels will
gradually weaken, and this will cause them both to lose their
bargaining powers, which will ultimately lead to the detri-
ment of the dual-channel supply chain’s stability.

Second, there is often a power gap between the supplier
and retailer that arises from their different strength and
status in the dual-channel supply chain. It is generally the
case that the stronger one will act as the leader and will take
priority in deciding the sales price or the service investment
level. These analyses make it clear that, in the case of the
supplier and retailer, the dual-channel supply chain led by
the retailer may, when compared with other leader-follower
relationship modes, be the best means through which they
can obtain more profits; this applies irrespective of the kind
of preferred service investment combination modes and the
kind of product characteristics, especially when the product
has high homogeneity between two channels.

Third, the supplier and the retailer often choose to
implement different preferred service investments because
they have different perceptions of competition or
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FiGure 3: Comparisons of the retailer’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell through the direct channel and have high heterogeneity between two channels
(0<a<0.50<6<0.5). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game

between the supplier and the retailer.

cooperation in the dual-channel supply chain. By referring
to analyses, we can see that the supplier, who is in the
upstream of the supply chain, is more willing to cooperate
with the retailer when they are both altruistic. The retailer,
who is in the downstream of the supply chain, is more
willing to cooperate with an altruistic supplier and act as a
self-interested partner. We therefore think that, in a dual-
channel supply chain, it is a favorable situation for the
supplier when the retailer acts as the leader and both
members implement altruistic preference service invest-
ment. When the retailer acts as the leader and only the
supplier implements altruistic preference service invest-
ment, we regard it as a favorable situation for the retailer.

6. Members’ Strategies and Profits in Their
Respective Advantaged States

Both Propositions 1~5 and enlightenment in Section 5.2
enables us to obtain the advantaged states for the supplier
and retailer. We will then investigate how the preferred
service investment level and preference intensities of the

supplier and retailer influence each other’s optimal strategies
and final profits in their respective advantage states in the
dual-channel supply chain. Our discussion is based on the
premise that products are strongly homogeneous between
two channels, as we have already discussed.

6.1. Members’ Strategies and Profits in the Supplier’s Advan-
taged State. In order to highlight the main purpose and
establish a reasonable foundation for our discussion, we first
assign values to the variables that do not include the pre-
ferred service investment levels and preference intensities.
Set A =100, w, = 20,and A = 0.1 and &« = 0.3 and 6 = 0.7 (to
match the situation where products are easier to sell through
the direct channel and have high homogeneity between two
channels). Set k, increasing from 0~1 and V, increasing from
40~100 when discussing the effect of the supplier’s preferred
service investment level and preference intensity. Set k, =
0.5 and V, = 40,70, 100 when discussing the effect of the
preferred service investment level of the retailer. Respec-
tively, set V, = 70 and k, = 0.1,0.5,0.9 when discussing the



14

i f g (Y
X A LT
AR N 3
B AW Ay
A s
WA

Mathematical Problems in Engineering

: R
T I AT

AL

B t \\\\‘ N ““\Wa s

i\_ \)

FiGure 4: Comparisons of the supplier’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell through the direct channel and have high homogeneity between two channels
(0<a<0.50.5<0<1). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash equilibrium game

between the supplier and the retailer.

effect of preference intensity of the retailer. We can obtain
the profit changes of the supplier, which are shown in
Figure 10.

There are three surfaces in each 3D graph that represent
how supplier’s profits are affected by different preferred
service investment levels and preference intensities of the
supplier and the retailer under the supplier’s advantaged
state. In moving from the bottom to top of Figure 10(a), the
observer sees that the surfaces, respectively, show the profits
of the supplier, on the conditions that the altruistic intensity
of the retailer is fixed (k, = 0.5) and the service investment
levels of him are, respectively, 40, 70 and 100 (be painted red,
yellow and blue, respectively), with the continuous distri-
bution of the service investment levels (V, increases from
40~100) and preference intensities (k, increases from 0~1) of
the supplier. Similarly, a reading from the bottom to top of
Figure 10(b) shows that the surfaces depict the supplier’s
different profits on the condition that the retailer’s service
investment level is fixed (V, =70) and the altruistic in-
tensities of him are, respectively, 0.1, 0.5 and 0.9 (be painted
red, yellow, and blue, respectively), with the continuous

distribution of the service investment levels (V, increases
from 40~100) and preference intensities (k, increases from
0~1) of the supplier.

We can see that the supplier’s profit will increase when
either the supplier or the retailer raise their service investment
levels. Increases in the retailer’s altruistic preference intensity
can also increase the supplier’s profit. The influence of the
supplier’s altruistic preference intensity on her own profit
shows a trend of initially increasing and then decreasing, and
this means when the supplier keeps her altruistic preference at
a moderate intensity, she can obtain an optimal profit.

We will then discuss the retailer’s profit in the supplier’s
advantaged state. We can obtain changes in the retailer’s
profits that have been affected by the preferred service in-
vestment levels and the preference intensities of both the
supplier and the retailer, which are shown in Figure 11.

Similar to what are shown in Figures 10 and 11(a) makes
it clear that the retailer’s profit will increase in the supplier’s
advantaged state when either the supplier or the retailer raise
their altruistic preferred service investment levels.
Figure 11(b) shows the retailer’s profits will increase when
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Figure 5: Comparisons of the retailer’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell through the direct channel and have high homogeneity between two channels
(0<a<0.50.5<0<1). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game

between the supplier and the retailer.

the supplier increases her altruistic preference intensity but
will decrease when the retailer increases his own altruistic
preference intensity.

The preceding figures make it clear that when the sit-
uation is advantageous to the supplier, both the supplier and
the retailer should raise their altruistic preferred service
investment levels and control their altruistic preference
intensities within a certain level with the intention of in-
creasing their profits.

6.2. Members’ Strategies and Profits under the Retailer’s Ad-
vantage State. In common with the preceding discussion,
weset A =100, w, = 20,andA =0.1and @ = 0.7and 0 = 0.7
(to match the situation where products are more easily to
sell through the distribution channel and have high ho-
mogeneity between two channels). Set k, increasing from
0~1, V, increasing from 40~100, and V, = 40, 70, 100 when
discussing the effect of the supplier’s preference inten-
sities and the preferred service investment levels of both
the supplier and retailer. This enables us to obtain the

supplier’s and retailer’s profit changes, which are shown in
Figure 12.

The preceding figure shows three surface in each 3D
graph, which, respectively, represent the retailer’s (a) and
supplier’s (b) profits affected by different preferred service
investment levels of both the supplier and retailer and
different preference intensities of the supplier under the
retailer’s advantaged state.

In moving from bottom to top of Figure 12(a), the
observer sees that the surfaces, respectively, show the profits
of the retailer, on the conditions that the retailer is self-
interested (k, = 0) and the service investment levels of the
supplier are, respectively, 40, 70 and 100 (be painted red,
yellow and blue, respectively), with the continuous distri-
bution of the service investment levels (V, increases from
40~100) of the retailer and the preference intensities (k,
increases from 0~1) of the supplier. Similarly, a reading from
bottom to top of Figure 12(b) shows the supplier’s different
profits under the same condition as Figure 12(a).

Figure 12(a) shows that the retailer’s profit will increase
when the supplier raises her altruistic preferred service
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FiGure 6: Comparisons of the supplier’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell in the distribution channel and have high heterogeneity between two channels
(0.5<a<1,0<0<0.5). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game

between the supplier and retailer.

investment level or increases her altruistic preference in-
tensity. Figure 12(b) shows that the supplier’s profits will
increase when she raises her altruistic preferred service
investment level. The influence of the supplier’s altruistic
preference intensity on her own profit shows a track of
initially increasing and then decreasing, which means that
when the supplier keeps her altruistic preference at a
moderate intensity, and she can obtain an optimal profit.
From Figure 12, we can see that when the situation is
advantageous to the retailer, both the supplier and the re-
tailer should raise their preferred service investment levels in
order to increase their profits. However, the retailer’s will-
ingness of implementing service investment should be self-
interest and the supplier’s should be altruistic. In addition,
the supplier’s preference intensity should be controlled
within a certain level to ensure her own optimal profit.
We can see that the supplier’s profit will increase when
either the supplier or the retailer raise their service in-
vestment levels. Increases in the retailer’s altruistic prefer-
ence intensity can also increase the supplier’s profit. The
influence of the supplier’s altruistic preference intensity on

her own profit shows a trend of initially increasing and then
decreasing, and this means when the supplier keeps her
altruistic preference at a moderate intensity, she can obtain
an optimal profit.

6.3. Some Enlightenment. Comparative analyses of the
supplier’s and retailer’s profits in their respective advantaged
states provide us with insight into coopetition strategies and
supplier-retailer relationship-building methods in a dual-
channel supply chain.

First, when products are easier to sell through the direct
channel, the best cooperation mode for the supplier and
retailer is one in which the later acts as the leader of the
supply chain and they both implement altruistic preferred
service investment. Both of them should raise their preferred
service investment levels and should keep their altruistic
intentions within a certain range.

Second, when products are easier to sell through the
distribution channel, the best cooperation mode for the
supplier and retailer is one in which the latter acts as the
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FIGURE 7: Comparisons of the retailer’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell in the distribution channel and have high heterogeneity between two channels
(0.5<a<1,0<6<0.5). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game
between the supplier and retailer.
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FiGure 8: Comparisons of the supplier’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell in the distribution channel and have high homogeneity between two channels
(0.5<a<1,0.5<0<1). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game
between the supplier and retailer.
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FiGure 9: Comparisons of the retailer’s profit in different preferred service investment combination modes based on different leader-
follower relationship modes when products are easier to sell in the distribution channel and have high homogeneity between two channels
(0.5<a<1,0.5<0<1). (a) Stackelberg game led by the supplier; (b) Stackelberg game led by the retailer; (c) Nash Equilibrium game
between the supplier and retailer.
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FiGgure 10: Comparisons of the supplier’s profits under the supplier’s advantaged state. (a) Supplier’s profits are affected by the supplier’s
preference intensity and by both members’ preferred service investment levels (k, = 0.5,V = 40,70, 100); (b) supplier’s profits are affected
by the supplier’s preferred service investment level and by both members’ preference intensities (V, = 70,k, = 0.1,0.5,0.9).
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FIGURE 11: Comparisons of the retailer’s profits in the supplier’s advantaged state. (a) The retailer’s profits are affected by the supplier’s
preference intensity and by both members’ preferred service investment levels (k, = 0.5V, = 40,70, 100); (b) the retailer’s profits are
affected by the supplier’s preferred service investment level and by both members’ preference intensities (V, = 70,k, = 0.1,0.5,0.9).
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F1Gure 12: Comparisons of members’ profits under the retailer’s advantaged state. (a) Retailer’s profits affected by the supplier’s preference
intensity and by both members’ preferred service investment levels (k, = 0,V, = 40,70, 100); (b) supplier’s profits affected by her preference
intensity and by both members’ preferred service investment levels (k, = 0,V, = 40,70, 100).
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leader of the supply chain, and the former implements al-
truistic preferred service investment and the retailer
maintains the characteristic of self-interest. Both of them
should raise their preferred service investment levels with
the aim of achieving more profit; however, the retailer only
cares about his own interest while the supplier is altruistic
within a limited range.

Closer engagement with reality makes it possible to
associate large retail enterprises and small-medium-sized
suppliers with the real operation of the dual-channel
supply chain. Suppose that there is a large and strong retail
enterprise that has a physical advantage and is good at
selling products that are suited to the traditional offline
channel, such as clothing, cosmetics, and food. The retail
enterprise usually acts as the leader in the dual-channel
supply chain (like Wal-Mart) and selects an upstream
supplier that has altruistic preference. While his powerful
strength and advantage orientates him to be a self-in-
terested member, it would like to implement more service
investment for his own benefit. Meanwhile, the small-
medium-sized supplier, as a member that is relatively
weaker, should implement appropriate altruistic service
investment in the online channel. Her main concern is not
just to build a solid relationship with the stronger retailer
in the offline channel but also to ensure her own profit in
the online channel.

When products are better suited to being sold through
the online channel the dual-channel supply chain, such as
electronics, audio-video products, or books, the advantage
of the large retail enterprise will greatly decrease. This
means he will need to mutually implement altruistic ser-
vices investment with the upstream supplier, despite the
fact that he is still the leader of the supply chain. Both the
supplier and retailer should show altruism to each other in
order to obtain more profits, but the intensities of altruistic
preferences should be controlled within an appropriate
range.

7. Conclusions and Future Research

This paper discusses the decision-making and profits of the
supplier and retailer when both of them implement pre-
ferred service investment in a dual-channel supply chain
under conditions of different product characteristics, dif-
ferent preferred service investment combination modes, and
different leader-follower relationship modes between them.
On this basis, we obtained the supplier’s and retailer’s
advantaged states and the grounds on which they partici-
pated in the operation of the dual-channel supply chain. We
explored how the preferred service investment levels and the
preferred intensities of the supplier and retailer influenced
their optimal decision-making and profits in their respective
advantage states. In referring to the supplier and retailer, we
provided insight into the cooperation strategies and rela-
tionship-building methods between them.

The innovation and contribution of this research is it
integrates multiple factors to discuss which will affect the
operation performance of the dual-channel supply chain,
including the degrees of products selling difficulty between
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dual channels, the levels of service investment that the
supplier and retailer implement for improving product sales,
the subordinate relationship mode between the supplier and
retailer, and the preference characteristics of their service
investment. We discuss the influences of different factor
combinations on the decision-making and profits of the
supplier and retailer by classifying their leader-follower
relationship modes and that can help us to obtain more
comprehensive investigations and comparisons for our
study on the optimal strategy selection of the supplier and
retailer in the dual-channel supply chain.

We also acknowledge that this paper has a number of
shortcomings.

First, for convenience of analysis, we use linear functions
to express the influence that the price and service investment
have on the sales volume in the dual-channel supply chain.
However, we realize that these expressions may not be
completely consistent with the actual relationship between
the product sales and the influencing factors in current
market operation, and we should therefore choose more
practical nonlinear functions with the intention of more
completely expressing these relationships and thereby im-
proving the authenticity of reflections on dual-channel
supply chain operation in our future research.

Second, in order to highlight key points, we do not take
the cost of service investment into account when analyzing
the influence of member’s service investment level. How-
ever, we know that, during the process of implementing
service investment, members’ cost will inevitably exist and
will certainly change in accordance with the level of service
investment, which will therefore also affect members’ de-
cision-making and profits. It is necessary to conduct more
in-depth and practical discussions that engage with the cost
of service investment.

Third, this paper only refers to members’ self-interest
and altruistic preferences when discussing the characteristics
of members’ behavior preferences. However, we know that
members in the supply chain, who are decision-makers with
bounded rationality, often show various preference char-
acteristics when participating in the supply chain operation;
furthermore, the type and degree of these preferences will
vary in terms of their effects on members’ decision-making
and profits. That means it is more meaningful for us to
examine the influence that multiple preference character-
istics have on members because this will enable us to more
accurately reflect on the intentions and effects of their de-
cisions. We should therefore consider incorporating mul-
tiple behaviors and preference characteristics in future
research.
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