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Abstract

In the supply chain system consisting of multiple suppliers and multiple re-
tailers, in order to realize supply chain coordination, we studied the ordering
decision under the quantity flexibility contract with competition between
both sides. On the one hand, from the perspective of suppliers, a satisfactory
production of goods for each supplier was obtained by means of a kind of in-
teractive programmer step method. On the other hand, from the perspective
of retailers, because each supplier holds a different preference attitude for
different retailers, we sort retailers as preference in application of a group de-
cision sequencing method of Markov chain. The optimal order quantity of
goods for each retailer was obtained at the same time and we prove that it is
Pareto optimal. Finally, we give a numerical example.
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1. Introduction

Optimal supply chain performance requires the execution of a precise set of ac-
tions [1]. Unfortunately, the lack of mutual constraints among the members of
the supply chain makes the decentralized supply chain operation inefficient.
However, optimal performance is achievable if the firms coordinate by signing
contracts. Cachon studied six types of contracts including wholesale price con-

tract, buyback contract, revenue sharing contract, quantity flexibility contract,
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sales rebate contract and quantity discount contract [1]. Currently, the informa-
tion sharing system between the upstream and downstream enterprises in the
supply chain is imperfect, and information asymmetry appears. The imbalance
between the quantity of commodity production and the market demand forecast
leads to the oversupply of goods or the shortage of supply. It is possible to avoid
overproduction or out-of-stock by signing quantity flexibility contracts. Quanti-
ty flexibility contract allows the retailer to adjust the initial order quantity after
the partial or full resolution of demand uncertainty, which helps the retailer re-
duce supply-demand mismatches.

In the market supply chain, the supplier formulates a production plan based
on the order quantity of the retailer and the production cost of the unit product.
On the contrary, the retailer determines the order quantity of the goods based on
the unit wholesale price and market demand forecast. This research will study
order decision of multiple suppliers and multiple retailers under the quantity
flexibility. In the suppliers competition model, we achieve a satisfactory produc-
tion of goods for each supplier by means of a kind of interactive programmer
step method. Then we prove that the solution obtained by this method is pre-
ferred by all suppliers, and it is also the weakly efficient solution. In the retailers
competition model, because each supplier holds a different preference attitude
for different retailers, we sort retailers as preference in application of a group de-
cision sequencing method of Markov chain. At the same time we get the optimal
order quantity of goods for each retailer and prove that the order quantity
through a sequencing method in group decision making based on Markov chain
is Pareto optimal. This provides basis for production and ordering decisions of
supply chain members.

The article will be organized as follows: We begin with an introduction of our
research in Section 1. The literature review is in Section 2. In Section 3, we in-
troduce two models: Suppliers competition model and retailers competition
model. In Section 4, we apply our models in a real case. Section 5 summarizes

the paper and identifies areas for future research.

2. Literature Review

Many scholars have done research on quantity flexibility contracts. Chopra et al.
proved that the flexibility quantity contract may be more effective than the re-
turn decision if the return cost is high [2]. Wu [3] considered a decentralized
supply chain with a supplier and a retailer. Under a quantity flexibility contract
retailer used Bayesian procedure to update demand information, and maked ul-
timate purchase commitment, which is constrained by the negotiated flexibility
and the supplier's production. By numerical analysis it was shown that given
other parameters fixed, more flexibility always benefits the retailer, while the
supplier can only benefit from very small quantity flexibility. Lian et al. [4] ex-
plored a class of supply contracts under which a buyer receives discounts for

committing to purchases in advance. As time rolls forward, the buyer can in-
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crease the order quantities for future periods of the rolling horizon based on
updated demand forecast information and inventory status. They developed a
finite-horizon dynamic programming model to characterize the structure of the
optimal replenishment strategy for the buyer and present heuristic approaches to
calculate the order volume in each period of the rolling horizon. Kesen et al. [5]
considered the case where the buyer releases a fixed period replenishment order
to the supplier under a supply contract defined by three parameters. A key buyer
decision then is quantity lost (QL), the order or replenishment quantity level
below which no order is placed and the sales are lost. A model for deriving the
expected supply and lost sales cost as a function of QL is presented, and it is
shown that the optimal value of QL is the inflexion point of the lost sales cost
and the quantity penalty. Mahajan [6] considered a quantity flexibility contract
in a supply chain under price dependent demand. They showed that if the
wholesale price lies in a certain range, there is a positive buyback fraction that
the supplier would prefer. Through numerical work they found that the contract
results in a win-win situation for both the supplier and the retailer in the case of
price dependent demand. Kim [7] studied a bilateral contract with order quanti-
ty flexibility. To conduct comparative simulations, he developed four-echelon
supply chain models, that employ the contracts and different forecasting tech-
niques under dynamic market demands. The simulation outcomes showed that
demand fluctuation can be effectively absorbed by the contract scheme, which
enables better inventory management and customer service. Bicer and Hagspiel
[8] considered a quantity flexibility contract with one supplier and one retailer.
They used the multiplicative martingale model of forecast evolution to analyze
the impact of lead-time reduction on the value of quantity flexibility for the re-
tailer and found that the shorter the lead time, the higher the value of quantity
flexibility. Li and Lian studied a quantity-flexibility contract with supply-chain
coordination in the cosmetic industry. They developed a two-period dynamic
model and obtain an optimal replenishment strategy for the retailer and the op-
timal pricing scheme for the supplier. By comparing it between models with and
without quantity adjustment, the numeric alanalys is and their case application
supported their theoretical model assertion that the synergy of attaining global
(channel) optimal profit for both the supplier and the retailer is feasible. The re-
sults also showed that the advantages of the quantity-flexibility contract with the
supply-chain coordination is very significant [9]. Karakaya and Bakal analyzed a
decentralized supply chain with a single retailer and a single supplier where the
retailer sells multiple products in a single period. The supplier has two options
for procurement. The first procurement option is regular delivery at the begin-
ning of the period, after the initial orders of the retailer. The next one is expe-
dited delivery, after the updated orders are received. In this setting, they charac-
terized the optimal policies for the retailer and the supplier, and assessed the
benefits of flexibility [10]. Shi and Chen analyzed a decentralized supply chain

consisting of a supplier and a retailer and proved that there always exist quanti-
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ty-flexibility contracts that coordinate the supply chain under the objective of
expected profit maximization and are simultaneously Pareto optimal for the sa-
tisficing objective [11]. Based on Shi’s research, Wang [12] studied the supply
chain system with multiple retailers, and proved that the multi-retailer flexibility
contract is Pareto optimal under multi targets with expected profit. Kim and
Park studied quantity flexibility contract with two or more heterogeneous sup-
pliers. From the buyer’s perspective they developed a linear programming model
including several key features of a quantity flexibility contract. A rolling-horizon
implementation strategy has been suggested for efficient implementation of the
contract. By numerical analysis, it was shown that the proposed method can be
used to determine a cost effective solution for the buyer in a reasonable amount
of time [13].

Most scholars focus on the research of quantity flexibility contract mainly
around single supplier and single retailer or multi suppliers and single retailer.
This article mainly discusses the ordering decisions of multiple suppliers and
multiple retailers under quantity flexibility contracts, and analyzes the profit op-
timization under the multiple suppliers competition model and the multiple re-

tailers competition model.

3. Model and Analysis

3.1. Mathematical Notations

Let D be demand during the selling season. Let Fbe the distribution function of
demand and fits density function: F is differentiable, strictly increasing and
F (0) =0. The production and sales of goods are completed by m suppliers and
n retailers. The delivery cost of a unit of the product of supplier s,(i=1,2,---,m)

is ¢,. w, is the wholesale price of a unit of the product offered by supplier s,.

The retailer r_].'s(j =12, -,n) demand is D, and D= ZDj . The retail price
=1

for retailer r, is p; and the order quantity is g;. The retailer earns v per unit

unsold at the end of season. Let v<c¢, <w, < p;. The order matrix between sup-

pliers and retailers is as follows:

”l rz “en r”
Si{9n 9o 0 4w
Sy 41 92 0 Yoy
Sm qml qu qmn

The quantity of products which the supplier s, supplies to the retailer 7, is

q;- For convenience, x, :Z;q"f represents the total amount of product pro-
=

vided by supplier s,. Similarly ¢, = Zlqy means the retailer rj's total order

quantity from suppliers. According to the initial order quantity of the retailer,
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[aiqij, /31-%] is the ordering interval of each retailer given by each supplier in
quantity flexibility contract, and 0<¢, <1,1< f, <2. That is, the minimum or-
der quantity of the retailer r, from the supplier s, should not be lower than
@,q, and retailer 7, cannot exceed the maximum order quantity B¢, from
supplier s;. X, stands for the maximum production of the supplier s, and
X, is the minimal production.

3.2. Suppliers Competition Model

Total expected order quantity for supplier s,(i=1,2,---,m) is
0, =ax [ f()dv+ [ uf (v) s B (1= £ () )
=fx =] F(y)dy
Successively, the profit function is
7, (X)=0 W +(Bx, = Q) v=Bx; ¢

M
- W[( ixi h tfx-lF(y)dy)+vax-lF(y)dy_ciﬂix[

In the supplier competition model, each supplier sets its own wholesale price
and aims at its maximum profit. Through signing quantity flexibility contracts,

the following multi-objective models can be established:

{max(itsI (X)JTSZ (x)""’”sm (x))

st.xel

(2)

m
T — . .
where Lz{xz(xl,---,xm) eR’"|§,.le.Sxi,le.:D,zzl,L---,m} is con-
i=1

straint set.

Under the circumstance that each supplier pursues their own profits the most,
the suppliers with high wholesale prices may suffer losses due to excessive pro-
duction of products. Therefore, in order to avoid the blind decision among the
suppliers and improve the expected benefit of each supplier, the suppliers can
know each other’s production capacity through information sharing, then they
determine the production of their respective commodities. Since the order quan-
tity of a product is a flexible interval, a kind of interactive programmer called
step method (STEM) can be used to determine the optimal product quantity for
each supplier [14].

Step one: Solve the minimum and maximum of each objective function:

7, denotes the minimum of each objective function and 7, is the maxi-
mum of each objective function. X, is the optimal solution of problem
max 7, (x,).

Step two: Check each maximum point
* If X=Xx,=X,=-"=X,,then X isthe optimal solution to problem.

o If X,X%,.%

m

are not all the same, proceed to the next step.
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Step three: Normalize objective function
Select the normalized interval [O,b](b > 0) , let

ﬂsl_(x):_—(ﬁsl_(x)—zsl_)(izl,Z,---,m) 3)

z i - Z‘Yx‘

S,

then get normalized comprehensive objective function:
* * * * T
7, (x)= (7[}1 (x).7, (%), 7, (x)) (4)
Step four: Calculate the problem of the initial ideal target point.
Give the weight coefficient u, [ui >0, u, = lj of importance of each ob-

i=1

jective function 7, (x,) approaching the ideal target value 7, . Let

A =minu,z, (x), then solve auxiliary problems:

1<i<m

max A
s.t. ulﬂ: (x)Z /I(i:1,2,---,m) (5)
xel,A>0

. . EPYALEN _ (1 1\!
Get a set of optimal solutions (x A ) ,write a=1,and x = (xl ,xz,---,xm) .
Step five: Judge satisfaction
The supplier compares the current target value
T T
(7Z'Sl (x'),;zsz (xl),---,zzsm (xl)) with the ideal target value (7?S1,77 T )

T
and the anti-ideal target value (El,ﬁ oo T ) .

L5

¢ If all suppliers are satisfied with the current goal, the solution is
(bl )
* If none of the suppliers are satisfied with the current goals, there is no satis-
factory solution.
o If/ (l < m) suppliers are satisfied with the current goals
(ﬂ'sl (xl),;zs2 (xl)’..-,;z” (xl ))T and m—I suppli$rs are not satisfied with
the current goals (ﬂw (x1 ),ﬂmz (xl ),-.~,7Z'Sm (x1 )) , proceed to the next step.
Step six: Give a satisfactory target tolerance constraint set, normalize the un-
satisfied target weight coefficient.
* For the current satisfactory target (7:31 (xl),zrsz (xl),---,zrsl (xl))T, the cor-
responding tolerance A0, 20(1’ :1,2,---,1) is given as tolerance constraint

set:
L':{xeL|7TS[ (x)Zﬁs[(xl)—Aé)‘,.,i:LL--.’[}

¢ Let v, :ﬁsi<xl)—gs_ (i:l+1,l+2,---,m). Normalize dissatisfied goals and

give their corresponding weights:

W= (i=1+1,14+2,,m).

1: m
2V

i=l+1

Step seven: Solve numerical optimization problem:
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max A
s.t.ul.'zz:i(x)ZA(i:l+1,l+2,~-,m) (6)
xel,A>0

We can get the optimal solution(x’””,/i‘Hl )T , then set a=a+1. If all sup-
pliers are satisfied with the solution, problem (2) is solved, otherwise turn to step
five.

This is repeated until a set of commodity production quantities satisfying each
supplier is obtained, so that each supplier obtains the optimal profit. Finally, we
get the solution (iT,i)T .

In the process of solving the problem (2), no matter problem (5) or (6), it is an
ideal target point problem with a maximum coordinate distance as an approxi-
mation distance. As a result, the following conclusion can be obtained:

Theorem 3.1. The ideal evaluation function is constructed by weighting the

maximum of the normalized objective function:

g(;r; (x)) =minu,z, (x)

1<i<m !

If g(ﬁ: (x)) =minu,z, (x) isa increasing function of 7, , then the solution

1<i<m

T
(xf Xy x“) obtained in the fourth step is the weakly efficient solution of

the problem (2). Therefore the final solution (%,%,,:,%, )T is the solution
preferred by all suppliers, and it is also the weakly efficient solution of the prob-
lem (2).

Proof: Vx',x"eL,when zgy(x')>r,(x"),thereis

g(ﬁ: (x')) =minu,z, (x')>minuz, (x")= g(;z': (x”)) ,

1<i<m ! 1<i<m
so g(ﬁ: (x)) is the increasing function of 7. .
In the third step of the iterative process of step method, if X, =x,=--=X,,
it can be obtained from Equation (3):

then we can get

7, (x)=7 +%ﬂ;(§)2g +%ﬂ;(x)=ﬂsi(x) Vxel.

=s; S

Therefore, it is the absolute optimal solution of the problem (2), which is the
retailer’s preferred solution.

T
not all the same, then x* =(x1“,x§,---,x”) is the absolute

m

If x,x,,,X%

m

optimal solution of the problem (5). So there is

g(ﬂ; (x” )) =minu,z, (x“ ) >minu,z, (x)= g(ﬁ: (x)) Vxel (7)

1<i<m I1<i<m

T
Let’s suppose (xla Xyt xa) is not a weakly efficient solution of problem

>m

(2), then it is known from the weak efficient solution that there is X belongs to
L, so that
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7, (X)>7, (x“)(i=1,2,~-,m).

Then from the Formula (5) we can get

SO

Because g(ﬁ: (x)) is an increasing function of 7, , we can obtain
g(z: ()2)) > g(ir: (x“ )) .
Obviously, the above formula contradicts Formula (7).

3.3. Retailers Competition Model

In retailer competition mode, each retailer set the sales price of commodity and
pursue their respective profits the most. Through signing flexibility contracts,
the profit function of retailers r (j =1,2,- --,n) is

m

ﬂrl_zz{pj(@qy_ :iq”F(y)dy)+v:iq”F(y)dy—“’i(Iquij— 'B’q”’F(y)dyﬂ (8)

i %i4jj

Due to differences in sales capacity, order quantity, product promotion, busi-
ness reputation, and other factors of each retailer, each supplier has different le-
vels of preference strength for each retailer. Because of the uncertainty of the
number of suppliers and the number of retailers, the optimal order quantity of
each retailer is obtained through a sequence method in group decision making
based on Markov chain [15].

* When m=n, the order quantity of n retailers is (ql,qz,---,qn), the prefe-

rence matrix is

XN X
A= X x X,
Xy X X

e When m>n,introduce m—n virtual retailers, let

o (=) 212 m 21,2, 0m
a |V

X 1)

m-—-n

=12 myj=n+Ln+2,---.m

where J € (0, 1) , the preference matrix is
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) iz G, 9 4
1-6)—= (1-6)—2% -+ (1-8)—=
( )xl" ( )xl" ( )xf m—n m—n
(1_5)Q (1_5)Q (1_5)‘& s .. _9
4,= X5 x5 x m-n m—n
T D Do J g
-6 1-6)=2=~ ... (1-0)™=
( )xfn ( )xfn ( )xfn m—n m—n

* When m<n,Introduce n—m virtual suppliers, let

a
q; . .
a a? l=1)27'“9m;]=1929“'5n
95 _]x
—_— b
a
X 1 . .
—, i=m+lm+2,---,nj=12,--,n
n

the preference matrix is

9 9 1.
xoox Xy
a a a
D1 Y9n e
XX X,
a a a
A3 = qml qu e qmn

a a a
1 1 1
n n n
1 1 1
n n n

a

In the matrix A4, 4,, 4,, there are Oéq—iﬁl(jzl,Z,u-,n),
X.

i

Zﬁ=l(i=l,2,~-,m). So the matrix A4,4,,A4, is Markov matrix, then the

a

ejqualtions
(A asssdy ) A= (A dases )
(Asdasssdy ) Ay = (Ao assy )
R e RNy

has unique solutions, where OSZ; <1 and z/lr =1. So the supplier's prefe-
J=1

rence for retailer r, (j :1,2,---,n) is A: , and retailer 7, (j = 1,2,---,n) op-
timal order amount is qj. = Z;x” .
Theorem 3.2. Let (/11*,/?;,---,1:) be the solution of the equation
(Ao s 2y ) Ay = (A Ayeee,4,)

or
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or
(Ao 52, ) A = (A A, 4,)
under
0<® c1(j=1200m), I Z1 (21,2, m).

a

X j=1 X;

a a

Suppose q;sz B (t,j=12,--,m;t # j),then A >1..
X.

If i€ {1,2,~-,m} exists so that

q’?j q;(;j(t7\]:1’27.. 7m’t¢]))
1 xl
then
A >4

Proof: When m =n, from

(Ao dars ) A = (A dseos 4,)

we get
N (S
A =4, :;[x—?—x—?]li >0,
so
Az
If q;%>q;(‘l’j,thereis

a
i i

PR :Z["—g—q—‘;’}@* +[q;gj—q;fjij >0.
i=l

=1\ X; i Xi X
i#ig

When m >n, from
(ﬂ'l’ﬂ’Z"“’ﬂ'n)AZ :(1'17225“31")
we get

o4 -5 5L

i i

:i[(1—5)i—§—(1—5)z—5jzj+f( o 9 jﬂ,.*zo

i=1 i i =l \M—n  m-—n

SO

a a
9 4 .
If iat > ia] , there is
X.

i i
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* * < ql[ ql]
A, =4 -
/ Z’ [ X X! J

i

[(1 5)1" (1—5)Z—’Z]zj+i( o 9 ),1;‘

i =\ M—n m-—-n

M=

i=1
i#1) 0

+[(1_5)q;f_(1_5)q;ng: >0
xi i
When m<n, from

(Ao doees 2y ) Ay = (A Aoyeos 4,

we get
* * i L ° i * 1 1 ®
/It _/1/_ (ql; q(flj& Z[ql; qéJﬂl Z(___j}% 20,
i=l x,' x, i=l Xi x, i=m+1\ 1 n
SO
A=A
If q,(;, > q"’aj there is
X X

* * ! qa q: *
A=A =) |2L-—"L|A

i

UL 4 ; * z 1 1 * la la j *
= Z{q—i—q—i]% + Z (___jﬂi +[q_?;_q_oajJ/li >0
i=1 xi 'xi i=m+1\ 1 n 'xi -x,'
iy

All of the above three cases meet A, > ﬂ;.

Theorem 3.2 shows that the retailer order quantity through a sequencing me-

thod in group decision making based on Markov chain is Pareto optimal.

4. Numerical Analysis

The following gives an example for the supplier competition model.

This is a simplifying assumption for otherwise our numerical work will have
to be very extensive. We suppose there are three suppliers that produce the same
product. The market demand is set to 100 and the supplier's production capacity
interval is [20, 60]. Market demand meets condition

1
L 0<y<100
f(»)=4100" "7 .

0, others
Other parameters are shown in Table 1.
With matlab program, we get the results as follows (Table 2).

Then we assume that suppliers s,, s, are not satisfied with their profits and

supplier s, is satisfied with profit. Supplier s, can reduce the profit to 102.40.
The results are shown in Table 3.
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Table 1. Parameter value.

Notations value Notations value Notations value Notations value
W, 10 c 5 B 1.2 B, 1.1
w, 9 c, 5 a, 0.9 u, 0.4
w, 8 v 2 B, 1.2 u, 0.3
¢ 4 a, 0.7 a, 0.9 u 0.3

Table 2. Operation results.

suppliers s, S, s,
output 30.1 34.5 354
profit 182.29 139.35 112.40

Table 3. Operation results after adjusting once.

suppliers s, s, s,
output 33.5 34.6 31.9
profit 198.55 139.68 102.63

We assume that supplier s, is not satisfied with its profit and suppliers
s,,8, are satisfied with profit. Supplier s, can reduce the profit to 193.55. We
get results as follows (Table 4).

The following is to find the optimal order quantity of the retailers through
Markov chain.

We suppose there are 3 suppliers and 3 retailers. In order to simplify the cal-
culation, the supply of each supplier according to the above is 33, 35, 32 respec-
tively. We suppose the preference matrix between suppliers and retailers is

10 12 11
RN
aooas|
35 35 35
9 11 12
22 n

By solving equation
(42 ) Ay = (A1 205 %)
we can get
(21 ,Zq,ﬂg) ~ (0.298,0.322,0.380) .

At this time, the optimal order quantity of the goods of each retailer is
q,=29.8, q,=32.2, ¢, =38.0.

Through numerical analysis, when q;f>q;‘g(t,j:1,2,--~,m;t¢j), the

i i
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Table 4. Operation results after adjusting twice.

suppliers s, S, s,
output 32.5 35.6 31.9
profit 193.86 142.93 102.63

condition is A, > Af satisfied. This confirms that the solution we obtained by

this method is Pareto optimal.

5. Conclusion

This article establishes profit models of suppliers and retailers under quantity
flexibility contracts respectively in the case of the multi-suppliers and mul-
ti-retailers competition. According to each supplier setting the quantity of goods
as the flexibility interval, through step method we obtain the production quanti-
ty of all suppliers which make the suppliers in the competitive state get the op-
timal profit. This is the production volume satisfied by all suppliers, which not
only avoids the blind production decision of each supplier, but also ensures the
supply of the upstream supply chain to meet the market demand. Secondly, we
use a sequence method in group decision making based on Markov chain to
rank each retailer’s preferences and determine the optimal order quantity for
each retailer. This helps retailers to make reasonable orders and avoid excessive
inventory. The article does not consider the specific ordering quantity of each

retailer to each supplier, which needs further research.
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