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Stackelberg Game in a Supply Chain Led by
Retailers in a Fuzzy Environment

Meixiang Hong

Abstract—In this paper, a two-echelon supply chain that
includes one manufacturer and one retailer is considered. In
this supply chain, the retailer plays the dominant role.
Considering the various factors of uncertainty in a real
economy, the market demand function, manufacturing costs,
and retail operating costs are considered as the fuzzy variables.
The Stackelberg game is adopted to solve the problem between
the retailer and the manufacturer. The expected value model
and the chance-constrained model are introduced to solve for
the optimal decision. The optimal wholesale price and marginal
profit per unit that are at equilibrium in each model are
provided to determine the maximum profit for the retailer and
the manufacturer. Finally, a numerical example illustrates the
effectiveness of the supply chain game model.
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I. INTRODUCTION

‘ N [ ITH the globalization of science and technology and

the accompanying productivity improvements, the
variety and quality of goods today have improved
significantly. As a result, consumers now expect retailers to
provide a wide-range and adequate supply of goods. Such a
change in market demand has caused a gradual increase in the
number of large-scale retailers whose retail powers have
improved and with that their positions in the industrial supply
chains. Recently, a supply chain model dominated by
retailers has attracted considerable attention, with many
researchers focusing on this.

Reference [1] conducted an in-depth analysis of price
competition under a retailer duopoly, concluding that the
equilibrium prices in a Stackelberg game model
(leader/follower model) are higher than those under the Nash
game model (bargaining model). Further, they found that
product differentiation benefits the manufacturer and not the
retailer, but shop differentiation benefits the retailer and not
the manufacturer. Reference [2] analyzed the pricing and
ordering strategy of the two-stage supply chain led by a
retailer in the situation of demand uncertainty, proving the
existence and uniqueness of an optimal strategy. Reference [3]
considered one supply chain that consisted of two
manufacturers and one retailer, and another that consisted of
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one manufacturer and two retailers; they then analyzed the
different outputs under wholesale price contracts and revenue
sharing contracts in order to determine the advantage of a
revenue sharing contract.

Reference [4] summed up the pricing decision process of a
one supplier, multiple retailer supply chain, considering
different degrees of product substitution and retailer supply.
Reference [5] studied the coordination of the supply chain
with quantity discount contracts. Reference [6] studied the
price coordination problem in a three-echelon supply chain
and considered three types of channel structures. Reference
[7] analyzed a discount-pricing problem over two periods and
revealed that the profit function over the two periods is
concave if the target consumers are loss neutral.

Reference [8] considered the pricing decisions for two
substitutable products in a supply chain with one common
retailer and two competitive manufacturers, analyzing the
effects of the two different manufacturing competitive
strategies and the different channel members’ power
structures on the optimal pricing decisions. In order to
explore how the manufacturer and the retailer make their
decisions about wholesale price, retail price, and collection
rate under symmetric and asymmetric information conditions,
reference [9] discussed the optimal decision problem in a
closed-loop supply chain with symmetric and asymmetric
information structures using game theory. They established
four game models that examined the strategies of each firm
and explored the role of the manufacturer and the retailer in
the different game scenarios under symmetric and
asymmetric information structures. Reference [10] chose a
two-level supply chain led by a retailer, consisting of two
retailers and one manufacturer in a retailer market, and made
a comparative analysis of the equilibrium results of Cournot
and Stackelberg competition between the retailers; they
found that the differences between the retailers were
beneficial to the manufacturer.

The data and parameters used in a Stackelberg model must
be determinate [11]. However, in a real decision-making
process, fluctuations in market demand and manufacturing
costs often lead to uncertainty. Essentially, uncertainty
greatly limits the application range of the determined value
model. Therefore, to enhance the ability of the classical game
theory model to explain realistic problems, it is necessary to
extend the deterministic model to non-deterministic cases.

The proposition of fuzzy sets and fuzzy logic [12] provide
an effective method of measuring and understanding
elements with unclear boundaries. For example, reference
[13] converted a fuzzy number into a certain value and under
the condition that demand and supply are fuzzy linear
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functions, analyzed the consumer surplus and producer
surplus at market equilibrium. Reference [14] studied the
Cournot model in a fuzzy environment, obtained the optimal
production of manufacturers in a fuzzy environment by using
a triangular fuzzy number, and analyzed the impact of fuzzy
parameters of the inverse demand function and the cost
function on manufacturer profits. Reference [15] considered
supply chain models with two competitive manufacturers
acting as leaders, and a retailer acting as a follower in a fuzzy
decision environment; the two manufacturers were assumed
to pursue Cournot competitive behavior, and the expected
value optimum policy and chance-constrained programming
models were derived; reference [15] concluded that the
supply chain member confidence in the level of profits affects
the final optimal solution.

Based on the above literature, this paper discusses the
equilibrium solving method and the corresponding
equilibrium results of the Stackelberg game model with fuzzy
demand and fuzzy costs. References [16-20] studied supply
chain game problems and the supply chain coordination
mechanism under a fuzzy demand environment. The fuzzy
objects are mainly the consumer’s demand function and the
manufacturer’s cost. In order to find the optimal price
strategies for the manufacturer and the retailer to realize
maximum profits, this paper uses the supply chain expected
value model and the chance-constrained mechanism model
[21-24]. Expanding on the existing literature, this paper not
only considers manufacturing costs, but also retail operating
costs, thus further extending the scope of the fuzzy variables,
bringing this research scenario closer to economic reality.

II. PRELIMINARIES

The fuzzy set theory has developed very quickly since its
inception. The corresponding fuzzy techniques encompass
almost all areas of economic research. Fuzzy theory uses
Pos{A} to describe the probability of event occurrence of A.

In order to guarantee the rationality of Pos{A} in practice, it
needs to display certain mathematical properties [13].

Provided that @ is a nonempty set, P(®)is the power set
of ®; then,

Axiom 1. P{®}=1;

Axiom 2. P{®}=1;

Axiom 3. For any set {4} in P(®),
Pos{U,4} =sup, Pos{4};

If the above three axioms are met, it is referred to as a
possibility measure and the triple (®, P(®), Pos ), as a

possibility space.
The following definitions and properties in the analysis
serve as the premise and foundation of this research:
Definition 1. [14] Provided that fuzzy variable ¢ is a
function from a possibility space (®, P(®), Pos ) to a real
line R ,then & can be said to be a fuzzy variable defined on a
possibility space (®, P(®), Pos ).

Definition 2. [15] Fuzzy variable & is a non-negative (or
positive) variable, if and only if Pos{& <0} =0 (or
Pos{E<0y=0).

Proposition 1. [15] Provided that &, is a mutually
independent fuzzy variable, function f,: R — R,i=1.2,..m,

then f£,(&)), £,(&,) 5 --- f,,(§,) are also mutually
independent fuzzy variables.

Definition 3. [15] Provided that & is a fuzzy variable
defined in the possibility space (®, P(®), Pos ) and
a €(0,1], then

Er =inf{r| Pos{& <r} >0} and &Y =sup | Pos{E > 1} > o}
are, respectively, referred to as the o -pessimistic and «
-optimistic values of fuzzy variable &.

Here, r is the value that fuzzy variable ¢ achieves with

L

possibility o The o - pessimistic value & is the infimum

value that & achieves with possibility o, and o - optimistic
value ¢Y is the supremum value that ¢ achieves with
possibility a .

Example 1. The triangular fuzzy variable & = (a, b,c) has

its @~ pessimistic value and @ - optimistic value as
& =a+(b-a)a and £V =c-(c-b)a.

Proposition 2. [16], [17] If there are two mutually
independent fuzzy variables, which are expressed as & and

1, then we can conclude the following:
(1) For any o € (0,17, (& +m)" =&~ + 1!
(2) Foranya e (0,1],(E+m)) =& +n;
(3) For any o & (0,17, (&1} = ELm!:
(4) For any o e (0,17, (&)Y =&YV

Definition 4. [16] Let £ be a fuzzy variable, and 7, be a

real number defined from —ootooo. The expected value of &
is defined by

Blgl= [ c ez rdy, - [ Cle <,

Provided that at least one of the two integrals is finite,
especially, if & is a non-negative fuzzy variable, then

E[&]= [ C &> r)dr,-
Example 2. The triangular fuzzy variable & = (a, b,c) has
an expected value of

_a+2b+c

E[E] 2

Proposition 3. [16] Provided that ¢ is a fuzzy variable

with limited expectations, then

B2 =2 [ (& + & ¥a
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Proposition 4. [16] Provided that ¢ and 1 are mutually
independent fuzzy variables with limited expectations, then
for any number ¢ and b | the formula is as follows:

Ela&+bn]=aE[E]+bE[N]-

III. MODEL DESCRIPTIONS

This paper examines a two-stage supply chain consisting
of a supply chain with a manufacturer and a retailer. The
manufacturer sells wholesale goods to the retailer, and then
the retailer sells the ordered goods to the customer. In order to
maximize their profits, the manufacturer and the retailer
formulate the optimal wholesale price and the marginal profit
per unit. When the retailer is dominant in the supply chain,

that company becomes the core enterprise in the supply chain.

In the Stackelberg model, the dominant player makes the
decisions first; the follower then makes decisions according
to the dominant player’s decisions. Therefore, in the
two-stage supply chain Stackelberg game led by a retailer,
the retailer first decides the marginal profit per product unit
and after observing the retailer’s unit profit, the manufacturer
decides on the wholesale price. Thus, the retailer and the
manufacturer maximize their profits. In this model, the
retailer’s operating costs will be considered to move the
model closer to reality. In order to construct a two-stage
supply chain model in a fuzzy environment, the following
basic symbols will be used.

Notation

W The wholesale price per product unit;

¢,, The manufacturing cost per product unit;

C,. The retailer’s operating cost per product unit;
V., The manufacturer’s single product profit

v, =w-—-cC,

m The retailer’s wholesale purchase price and customer
sale price differential, referred to as marginal profit per unit;

M,, The profits of the manufacturer, and the function of
W and m ;

M, The profits of the retailer, and the function of W and

m.

Consider that the customer demand function is a linear
decreasing function on the wholesale prices and the marginal
profit per unit is denoted as D =a —b(w+m) . Here, a and

b are two mutually independent non-negative fuzzy
variables. Parameter a represents the maximum market
capacity and parameter b represents the demand to price
change rate; the customer demand D is also a fuzzy variable.
As the demand in reality is positive,
Pos{a—b(w+m)<0}=0.

The profit function of the manufacturer and the retailer can
be expressed, respectively, as:

I, (w,m) = (w—c,)D (1)

I, (w,m)=(m—c,.)D. ()

IV. Fuzzy TwoO-ECHELON SUPPLY CHAIN MODELS

We analyzed the situation where a retailer has a dominant
role. Here, the retailer becomes the key enterprise in the
supply chain, and the manufacturer becomes the follower.
Suppose that the information between the retailer and
manufacturer is symmetric, according to the Stackelberg
game model the retailer will make decisions first. Further,
since this paper considers the operational costs of the retailer,
the decision variable of the retailer is the profit of the unit
product. Hereafter, the manufacturer will formulate the
product’s wholesale price according to the observed profit of
the unit product; In addition, both the retailer as well as the
manufacturer can realize their biggest profit. Based on the
previously stated basic assumptions, we can build the
expected value model of the supply chain with the retailer in
the dominant role.

/~max E[T (m, w)] = max E{(m —c,)(a—b(w+m))}

S.t.
m—c,>0

W' is the optimal solution of the model in the lower level

max E[(w—c,)(a—b(w-+m))] 3)
s.t.
Pos{a—b(w+m)<0}=0
-
Suppose  E[I1,,(w)] is the expected profit of the
manufacturer, with regard to the above-mentioned

two-echelon planning model, the following is a tenable
conclusion:

Theorem 1. Suppose the unit product profit m is constant;
then, if

Posia _bE[a]+E[bcm]+E[b]m <0} =0
2E[b]
and
Posic, > E[a]+E[bcm]-E[b]m} _0

2E[b]

the best reaction function of the manufacturer to the unit
profit margin is
W = Ela]l+ E[bc]— E[b]m . 4)
2E[b]

Proposition 5. The best reaction function of the
manufacturer w* decreases strictly with .

Proof.

Ey(w)]

= %jol{[(w— ¢, )a=b(w+m)] +[(w=c,)a—b(w+m)], }da
= [ 0r =6 )ea =B+ m) T+ Ov =6, ) = bOow-+ m) T

= %_Ll [(w— Cm:)(a,f =B (w+m))+(w- cmLt)(a;J —bF(w+m))]do.

=-E[b]w’ +(E[a]+ E[bc, ] - mE[b])w+mE[bc, ]

With regard to the above equations, the first-order
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and second-order derivatives of w are:

dE [I‘TjM(W)] = (Ela]+ Elbc, - mE[b]) - 2E[b]w.
w
M =-2E[b]<0.
aw’

Therefore E[T1,,(w)]is a concave function that can obtain
the max value in the following equation:

() — L Ela+ ElbC,] ©
2 2E[D]

Apparently, W' is a strict decreasing function related to m .

Suppose E[I1, (m,w*(m))] is the expected profit of the

retailer, with regard to the above-mentioned two-echelon
planning model, the following is a tenable conclusion:

Theorem 2.

If Pos{c, > Eld]

> V=0
2E[b]

and

E[bc]
2E[D]
then the optimal unit marginal profit and the optimal
wholesale price, respectively, are

+ _Ela]-E[bc,]
T 2E[]
. Elal+3E[bc,]

4E[D]

Pos{a —b(E[a]+ <0}=0,

Proposition 6. In (m",w’(m")) , the manufacturer and
retailer achieve their max expected profit, respectively, as:
E[M(m",w (m"))]

_ (Ela])’ +8E[a]E[bc, - (E[bc, 1)) >
8E[b]

Lt L v, v L
- E-[O (a,c,, +a,c, )do

E[My (m’,w'(m"))]
_ (Ela]- E[bc,])’ . Ela]+ Efbe, ] :

"= Elbe, ]
8E[b] 2E[b]
- %J.Ol (aaLc,,g + a:c,i )da

Proof. The process is the same as Proposition 5. By

substituting W' in the above equations, we obtain

E[II, (m,w'(m))]
= -E[blm’ + (E[a]+ E[bc,]— wE[b])m + wE[bc, ]

Y g
_ _Eb], ., Elal-Elbe,],  Elal+Elbe,] oy
2 2 2E[b] '

Lt v, vt
- 5-[0 (a,c,, +a,c,)do

Calculate the first- and second-order derivatives of the
above equations with respect to 7 , respectively, as:

dE[I (m,w" (m))] _ mE[b]+ El[a]- E[bc,, ]
dm 2
dE[Iy (m,w' (m))] _ E[b]<0-
dm

Therefore, E[T1,(m,w (m)) is a concave function,
which realizes its max value in

o _ Elal-Elbc,] ®
2E[b]

The max profit of the retailer is
E[T (m",w'(m"))]

_ (Ela]- Elbc,])’ | Ela]+E[bc,] Elbc]
8E[b] 2E[D] '

—%J:(al‘c Y+ ac Hdo

oro o Tro

The max profit of the manufacturer is
E[Ty(m",w'(m"))]

_(E [a] )’ +8E[a]E[bc,]- (E[bc,])*)
8E[b]

Lt v, vt
—S e +ale,)da

Strategy (m,,w"(m")) is the Stackelberg—Nash equilibrium
solution for the supply chain expected value model.
In addition, we can also build the

chance-constrained model and
chance-constrained model.

max i max
min ; max

First, we construct the maximax chance-constrained

model as follows:

max I,
S.L.

Pos{m(a—b(w (m)+m)>T,} >a

m—c.>0

W’ is the optimal solution for the lower-level plan
< max IT,,
S.t.

Pos{(w—c, Y a=b(w+m) =211,} > a

Pos{a—b(w+m)<0}=0

Pos{w—c, <0}=0.

)

\

wherein o is the predefined confidence level for the
manufacturer and the retailer, for all provided available
(m,w) strategies, max I, and max I, are the ©

-optimistic values of profit for the manufacturer and retailer,
respectively, and therefore, the model represented in (9) is
equivalent to the model below:
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U

~ max (m(a — b(w' (m)+m)))

s.t.
m—c, >0

W’ is the optimal solution for the lower-level plan

A=

max((w-c, )(a —b(w+m))), (10)
s.t.
Pos{a—b(w+m)<0}=0
\ Pos{w—c, <0}=0.

Wherein (HR(m,w*(m)))fj and (IT,(w))] are the o

-optimistic values of profit for the manufacturer and retailer,
respectively.

Proposition 7.
L

bt bic
If Pos {Cm a + (ICV(IL+ o Tmao } O
4b,
and
U 2 L L
Pos{a_bwgo}:():

4b,
the model represented in (11) has the one and only a
-optimistic value, the Stackelberg—Nash equilibrium solution
(aa+bL . —brc,t al +btcl +hte

o ro o mu o ra a mu )
2bF 4b*
Proof. The optimistic value of the manufacturer’s profit is

max (T, (W)} = (w=c, )@ —b(m+ W)Y

=(w=c,, )@, =b;(m+w))

L2 U L L L L L U L
- (lw +(aU. +bﬂ.c}7l(x _bﬂ.m)w+b(1cmam_a(lcm(l

Calculate the first- and second-order derivatives of the
above equations with regard to w

d max (I1,, (w))? (11)
e M -2biw+a) +baLcmuL —brm

dw
d* max (IT,, (w))?

r— =-2h<0-

dw

This, max(IT,,(w))] is a concave function, and
realizes its max value in
w'(m) = M 12
26 (12)

w' is a strict decreasing function with regard to m .
To derive the optimistic value of the retailer’s profit,

substituting W in (13) yields
max(HR(m,w*(m)))}lJ
=((m—c,)(a—b(m+w))),
=(w—c,)(al —br(m+ w))

BY , a’+btc--bc
— 7(1’" + o };, o mu
bty —alc, (13)
2

Calculate the first- and second-order derivatives of the
above equations with regard to m

< W’ is the optimal solution for the lower-level plan

a’myila.X(l_[R(7’}’1,\/11*(771)))}1J o a, +baL ri—baL Core ’
dm ¢ 2
max(H (W)Y
dm’
Thus, max(HR(m,w*(m)))}j is a concave function that

b<0

realizes its max value in
L
. a +b ¢ —b'c

ara amu_

m
267

(14)

Apparently, w' s a strict decreasing function with regard
to 7 . Substituting m" in w" can result in
-4, Ysble!l +b(f [
4" '

Therefore, (m",w") is the only equilibrium solution of «

(15)

w

-optimistic values for the manufacturer and retailer.

On the other hand, we can build a minimax
chance-constrained programming model for the two-echelon
supply chain.

max min IT,

m Iy

S.t.
Pos{m(a—b(w (m)+m)<Tl}>a
m—c, >0

max min [T
m HM M (16)
s.t.

Pos{(w—c,, ) a—bw+m)) <II,} >a
Posta—b(w+m)<0}=0
\ Pos{w—c,<0}=0.

Wherein, o is the predefined confidence level for the
manufacturer and retailer, for all provided available (m,w)

strategies, min IT,, Fn min IT,, are the o -pessimistic values

for the manufacturer and retailer, respectively. Therefore the
model represented in (16) is equivalent to the following
model:

max(m(a - b(w' (m)+m))):
s.t.

m—c, >0

w' is the optimal solution for the lower-level plan
) max ((w—c,,)(a —b(w+m))),
s.t. (7

Pos{a—b(w+m)<0}=0

\ Pos{w—c, <0}=0.

Wherein, (TT,(m,w (m)))% ., (Iy(w)): are the «

-pessimistic values for the manufacturer and retailer,
respectively.

Regarding the model represented in (16) and (17), there are
tenable conclusions below:

Proposition 8.
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U U
ar+blc,. +bc

IfP o rna 0
os{c, 2 457 b=
and
2 U
Pos{a—b%<0} 0>

the model represented in (17) has the one and only a-
optimistic value, Stackelberg—Nash equilibrium solution

ab+blc e, at+b’el +hlc,!

o “maq o Tro o nl(l )
U ’ U
26, 4b!

Proof. This is similar to the proof of Proposition 7.

With respect to the analysis above, a conclusion for the
game equilibrium in the two-echelon supply chain is shown
in Table I.

fuzzy language variables and the triangle fuzzy value, shown
in Table II.

Table 11
Relationship between linguistic expression and triangular fuzzy variable
Language variable Triangle fuzzy
value
Manufacturing low (approx. 3) (2,3,4)
costs
medium (approx. 5) (4,5,6)
high (approx. 7) (6,7,8)
Operational costs lower (approx. 2) (1,2,3)
medium (approx. 4) (3,4,5)
high (approx. 6) (5,6,7)
Market capacity Very big (approx. 5000) (4900,5000,5100)
Rather small (approx. | (2900,3000,3100)
3000)
Demand changing | Very sensitive (approx. | (450,500,550)
rate 500)
Sensitive (approx. 300) (280,300,320)

Table I
Summary of the fuzzy two-echelon supply chain model dominated by the
retailer
Ranking criterion | Optimal unit product | Optimal wholesale price
* *
profit m w
Expectation Ela]l-E[bc,] Ela]+3El[bc, ]
criterion 2E[b] 4E[b]
o- optimisti L L L L
. ptlmlSth a + b(f ro - b[f mo. a + b(f‘clu + brf mu
value criterion 5 bL 4 bL
O - pessimistic at Liplel _pve Y a eV Lple
value criterion < 22” o r " i Cng
4b,

Max profit of retailer Max profit of manufacturer

Suppose the current condition is as follows: the evaluated
product market capacity is very large (approximately 5000),
the demand changing rate is very sensitive (approximately
500), the manufacturing costs are average (approximately 5),
the operational cost of the retailer is rather low
(approximately 2), according to the expected value model
and fuzzy variable equation, the conclusions can be obtained

in Tables Il and IV .
Table IIT
The optimal strategy of the Stackelberg game of a supply chain when the
retailer plays a dominant role

Expectation (Ela]- E[bc, 1)’ (E[a]')’ +8E[a]E[bc, ] - (E[bc,]))
criterion 8E[b] 8E[b]
Ela]+ E[bc, ] Elbe,] ——j (ake,? +alc,hyda
2E[b] g
,ljl(aacm +a:nyi)d&
o- optimistic | (U _ple lyple 1) | (al = bie,. +bic,.)’
value 8pt T
i, 3000,
2 16
bi(C)
4
- pessimistic | (gf —ple, +blc, ) | (af —blct +bVc,0)
value 8pY 16 b§
U U U UN2
b(‘l ro mm +3bﬂ (C/‘Q)
2 16
b (¢yy)
4

Ranking criterion Optimal unit product profit | Optimal wholesale
* *
m price w
Expected value | 2.517 6.275
criterion Max profit of retailers Max profit of
manufacturers
11696.669 5012.219
Table IV

Analysis on optimal pricing strategy and the sensitivity of o variable

V. NUMERICAL EXPERIMENT

The above discussion solves for the pricing strategies of
various manufacturers in a two-echelon supply chain where
the retailer plays the dominant role. A numerical example is
given here to illustrate the effectiveness of this game model.
For example, manufacturing costs, operational costs, market
capacity, and demand change rate are normally evaluated by
the management decision makers and experts. During
evaluation, terms such as “low costs,” “big market capacity,”
and “sensitive demand changing rate” are frequently used to
describe the approximate evaluation values. The estimators
depend on experience to determine the relationship between

o value | Optimistic value criterion Pessimistic value criterion
m* W* m* W*

a=1 3.500 3.200 3.500 4.250
o=

095 3.530 3.238 3.470 4.260
a=09 | 3.561 3.276 3.441 4.270
o=

085 3.591 3.315 3411 4.281

o =028 | 3.622 3.354 3.382 4.291

In Table II, we can observe that in the Stackelberg game of
a two-echelon supply chain, the dominant retailer can obtain
larger profits. The retailer can force the manufacturer to
decrease its wholesale price so that a larger quantity of
products can be purchased, and the retailer’s profits increase.

In Tables III and IV, we can see that the Stackelberg game
optimal strategies and the maximum profits change with the
predefined confidence levels of manufacturers and retailers.
Under the optimistic value criterion, as the confidence level
decreases, the optimal wholesale prices and optimal unit
margin profits gradually increase. However, when the max
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profits of retailers gradually increase, the max profits of
manufacturers gradually decrease. Under the pessimistic
value criterion, as the confidence levels decrease, only the
optimal wholesale prices gradually increase. However, when
optimal unit margin profits and retailer max profits gradually
increase, the max profits of manufacturers gradually increase.

VI. CONCLUSION

This paper considers market demand, manufacturing costs,
and operational costs to be fuzzy variables, and establishes
the chance-constrained programming model—and the related
models of optimistic and pessimistic values—as the expected
value model of a two-echelon supply chain with a dominant
retailer. Using game theory, an analysis was conducted on the
optimal pricing strategies and maximum profits for both the
manufacturer and the retailer in the various models when the
retailer is dominant. In the Stackelberg game equilibrium, the
dominant role yields more profit for retailers, and the optimal
pricing strategies are related to the confidence levels
predefined by manufacturers and retailers. Thus, the
conclusions for the optimal strategies relate to the certainty of
the environment.

REFERENCES

[11 S. Choi, “Price competition in a duopoly common retailer channel,”
Journal of Retailing, vol. 72, no.2, pp.117-134, 1996.

[2] K. Pan, K.K. Lai, L. Liang and S.C.H. Leung, “Two period pricing and
ordering policy for the dominant retailer in a two-echelon supply chain
with demand uncertainty,” Omega, vol. 37, no.4, pp. 919-929, 2010.

[3] K. Pan,K.XK. Lai, S.C.H. Leung and D. Xiao, “Revenue sharing versus
wholesale price mechanisms under different channel power structures,”
European Journal of  Operational Research, vol. 203, no.2,
pp.532-538, 2010.

[4] W. Fei, M. Du and G. Luo, “Optimal Prices and Associated Factors of
Product with Substitution for One Supplier and Multiple Retailers
Supply Chain,” Procedia Computer Science, Vol. 60, pp. 1271-1280,
2015.

[5] H.Kawakatsu, “A wholesaler’s optimal ordering and quantity discount
policies for deteriorating items,” Engineering Letters, vol. 19, no. 4, pp.
339-345,2011.

[6] Y. Huang and G. Q. Huang, “Price competition and coordination in a
multi-echelon supply chain,” Engineering Letters, vol. 18, no. 4, pp.
399-405, 2010.

[7] T. Koide and H. Sandoh, “Two-period inventory clearance problem
with reference price effect of demand,” Engineering Letters, vol. 20, no.
3, pp. 286-293, 2012.

[8] J.Zhao,J. Wei and Y. Li, “Pricing decisions for substitutable products
in a two-echelon supply chain with firms' different channel powers,”
International Journal of Production Economics, vol.153, no. 6, pp.
243-252,2014.

[9] J. Wei, K. Govindan and Y. Li, “Pricing and collecting decisions in a
closed-loop supply chain with symmetric and asymmetric information,”
Computers & Operations Research,vol.54, no.2, pp. 257-265,2015.

[10] F. Ren and R. Zhang, “Analysis of price game between strong and
weak retailers in retailer-led supply chain,” Industrial Technology
Economics, vol. 28, no. 5, pp. 56-59, 2009.

[11] G.S.Liang,L.Y. Linand C. F. Liu, “The optimum output quantity of a
duopoly market under a fuzzy decision environment,” Computers and
Mathematics with Applications, vol. 56, no.5, pp. 1176-1187, 2008.

[12] L. A. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, no. 3, pp.
338-353, 1965.

[13] J. S. Yao and K. Wu, “Consumer surplus and producer surplus for
fuzzy demand and fuzzy supply,” Fuzzy Sets and Systems, vol. 103,
no.3, pp. 421-426, 1999.

[14] J. F. Dang and L. H. Hong, “The Cournot game under a fuzzy decision
environment,” Computers and Mathematics with Applications, vol. 59,
no. 9, pp. 3099-3109, 2010.

[15] S.Sang, “Price competition strategy with a common retailer for a fuzzy
supply chain,” International Journal of Control and Automation, vol. 7,
no. 7, pp. 119-130, 2014.

[16] S. Sang, “Coordinating a Three Stage Supply Chain with Fuzzy
Demand,” Engineering Letters, vol. 22, no. 3, pp. 109-117, 2014.

[17] C.Zhou, R. Zhao, and W. Tang, “Two-echelon supply chain games in a
fuzzy environment,” Computers & Industrial Engineering, Vol. 55,
no.2, pp. 390-405, 2008.

[18] J. Zhao and L. Wang, “Pricing and retail service decisions in fuzzy
uncertainty environments,” Applied Mathematics and Computation,
vol. 250, no. 1, pp. 580-592, 2015.

19] Madjid Tavana and Kaveh Khalili-Damghani, “A new two-stage
Stackelberg fuzzy data envelopment analysis model,” Measurement,
vol. 53, no. 6, pp.277-296,2014.

[20] Yu-Chung Tsao, Jye-Chyi Lu, Na An, Faiz Al-Khayyal, Richard W.
Lu and Guanghua Han, “Retailer shelf-space management with trade
allowance: A Stackelberg game between retailer and manufacturers,”
International Journal of Production Economics, vol. 148,no. 2,
pp.133-144,2014.

[21] S. Nahmias, “Fuzzy variables,” Fuzzy Sets and Systems, vol. 1, no. 2,
pp. 97-110, 1978.

[22] Y. Liu and B. Liu, “Expected value operator of random fuzzy variable
and random fuzzy expected value models,” International Journal of
Uncertainty, Fuzziness and Knowledge-Based Systems, vol.11, no. 2,
pp. 195-215, 2003.

[23] B. Liu and Y. Liu, “Expected value of fuzzy variable and fuzzy
expected value models,” IEEE Transactions on Fuzzy Systems, vol. 10,
no. 4, pp. 445-450, 2002.

[24] R. Zhao, W. Tang and H. Yun, “Random fuzzy renewal process,”
European Journal of Operational Research, vol. 169, no.l, pp.
189-201, 2006.

(Advance online publication: 29 February 2016)


http://www.sciencedirect.com/science/article/pii/S1877050915023200
http://www.sciencedirect.com/science/article/pii/S1877050915023200
http://www.sciencedirect.com/science/article/pii/S1877050915023200
http://www.sciencedirect.com/science/article/pii/S0925527314000851
http://www.sciencedirect.com/science/article/pii/S0925527314000851
http://www.sciencedirect.com/science/journal/03050548/54/supp/C
http://www.sciencedirect.com/science/article/pii/S0096300314015100
http://www.sciencedirect.com/science/article/pii/S0096300314015100
http://www.sciencedirect.com/science/article/pii/S0263224114001341
http://www.sciencedirect.com/science/article/pii/S0263224114001341
http://www.sciencedirect.com/science/article/pii/S0925527313004234
http://www.sciencedirect.com/science/article/pii/S0925527313004234



