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Abstract. Under the similar consignment background, this paper discusses the problem of how the supply
chain made up of a developer and a retailer can make the optimal decision and coordinate the supply chain
through bargaining. The retailer decides the proportion of the developer to carry out the product consignment,
and the developer makes the product price and the product quality investment. The market demand depends
on the product price and quality input of the developer, Different from the uncertain demand of consignment
mode, in the situation which the market demand is certain, The game equilibrium solution under
decentralized decision and the profit of supply chain under centralized decision are discussed .As a result,
there is only a R-Stackelberg equilibrium in the decentralized decision, and the supply chain performance is
better than the centralized decision. Finally, through the bargaining question, we get the motivation of the
supply chain enterprises to adopt the centralized decision under the certain condition.
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1. Introduction

In the field of supply chain management academic and industry, the research of consignment contract
and consignment stock has been the hot field. Jun Ru and Yunzeng Wang [1] have discussed who should
control inventory in the supply chain under consignment contract, but they don't study the supply chain
coordination. The literature [2-4] are focused on consignment stock in the case of VMI, but they do not carry
out the game analysis of supply chain. There are a lot of research results [5-7] in the research of consignment
contract, these studies have taken into account more supply chain costs, such as the shortage cost and the
inventory cost, etc. Avinadav [8] and Chernonog [9] have considered a consignment contract for a special
product (virtual product), in this consignment model, only the developer's cost to product inputs is
considered. The research background of all the above consignment models is based on the uncertainty of
market demand.

Similar to Avinadav and Chernonog [8-9], the product in this article has sufficient capacity to ensure
consumer demand. Therefore, for the sale of such products, it is not necessary to consider the shortage cost
and the inventory cost. For this kind of special product, we also consider only one product cost in the
discussion of this model. In this paper, a decision model similar to consignment mode is established by
considering the supply chain game, and the corresponding mathematical model is established by combining
consignment model with a special products. At the same time, the related problems are studied, which is the
main content. Different from the traditional consignment model , basing on the assumption that the market
demand is deterministic, this paper further analyze the optimal decision of the developer and the retailer,
while the supply chain performance analysis and coordination problems are discussed.
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The remainder of this paper is organized as follows: The assumptions and the discussion of the basic
model of supply chain is established in Section IlI; In Section Ill, we analyze the model and get the
equilibrium results and the profit in R-Stackelberg game and centralized decision, respectively; Section IV
provides a bargaining problem to investigate the profit distribution between the developer and retailer, so as
to coordinate the supply chain; Section V summarizes the conclusions from the research and suggests future
research directions.

2. The Problem and Assumptions

In this paper, the supply chain model of a special product is considered, which consists of a retailer and a
developer. After the developer develops the product, the product is delivered to the retailer for sale , and the
consumer purchases the desired product through the retailer building platform . In such this product sales
mode, the developer first develop products, and at the same time, according to market demand, give the
selling price of products; retailers provide the sales platform for products, and extract corresponding sales
according to the regulations. The unit sales price of the product is p , the quality investment of the developer
for the product is X , and the retailer divides the product of each unit of products into t. Meanwhile, we
assume that the market demand is determined by the price of the product and the input of the developer to
the product, and is certain. By the nature of the market demand function, it is easy to know that
D =D(p,X) is a decreasing function of p , which is the increasing and concave function of x. We
continue to assume that demand is a product function of product price and quality investment.

D(p, x) =a(p)B(X) )

where a(p) is the monotone decreasing function of p, and £(x) increases monotonously with x and is
the concave function of X .In order to analyze the structure of the equilibrium analytic solution of the
problem and without losing generality, the demand price function is further assumed a(p) =a—bp . At the
same time, this paper assumes that the product' s quality investment function (X) :c\& (the increasing
and concave function). Therefore, the demand function of the product is :

D(p, ) = (a—bp)cv/x @)

where a,b,C are the constant greater than zero, indicates the potential demand of the market when the

price is zero, and indicate the sensitivity of demand to price and the developer quality investment for
product, respectively. To ensure the market demand D(p,X) >0, it must satisfy the requirement of

. a .. . - .
a(p)=a-bp>0, that is, p <E .Similar to the reference [8-9], because of the characteristics of their

products, there have sufficient capacity to ensure that the needs of all consumers, so ,there will be no
shortage cost; at the same time, the products that are not sold will not have the same inventory cost as solid
products . Accordingly, for this kind of special products, it is different from the sale of the real product, and
it does not need to consider the stock cost and the shortage cost. Based on the above reasons, only a cost
consideration in the discussion of the model, product quality is the investment cost for developers of product
development, which called the product cost of the investment. At the same time, the developer and the
retailer are rational, all information is complete and there is not any private information.

3. The Model and Analysis

In order to better analyze the above problems, we discuss the equilibrium and optimal solution of each
decision variable under decentralized and centralized decision, respectively.

3.1 Decentralized Decision
a) dominated by the retailer

In the decentralized decision situation, it is assumed that the retailer is the dominant, the retailer in the
downstream of the supply chain and the developer in the upstream of the supply chain play a dynamic
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Stackelberg game, which is recorded as the R-Stackelberg game. The retailer is the leader of the game and
the developer is the follower. In this case, the order of the game between the retailer and the developer is:
before the product is sold, the retailer first announced the proportion of its sale products, the developer can
get their own share based on the retailer's share, and make a corresponding decision on the sale price of the
product and the cost of the product quality.

According to (1) and (2), the corresponding profits for the retailer and the developer are as follows:
I1, (t) = tp(a—bp)ev/x ©
[T, (t) = @-t) p(a—bp)cy/x —x @

On the basis of (3) and (4), the equilibrium solutions of this game are solved by backward induction, and
the optimal equilibrium decision lead by the retailer is represented by the subscript. The following theorems
can be obtained.

* 1 * a

Theoreml. If b*>+8a*-12ab<0 , t =3P = ——( —) are R-Stackelberg

2’ Xs 256

rs

equilibrium solution.

Proof of Theoreml. Using the backward induction of Stackelberg game, the best reaction function of
the developer is found first. According to (4), it is easy to get:

811d

1
=0.5c(1-t)x 2(a—bp)—1.we let 91ls _gand %:o, respectively.
op X

. . L a
The response function to maximize the developer's profit is as follows: p(t):% ;

4

2
X(t) = 6_14 (c@@-1) %)2 .Under this response function, the retailer's profit is [1, (t) = 3—1202t(1—t) % :

4

The retailer maximized its profits to meet the first order condition. We let —— oll, 312 022—2(1—2'[) =0 and
1 o 0Tl 1 e . . .

can get t = E.Meanwhlle, o r Z_EC b2 <0 it satisfies the second order condition , that is, |1, is

. . . . T |
always the concave function with respect to t.Therefore, the retailer's optimal decision is t, = > We can
also get the following formula in term of (4).

*Tl, NG 5.0, 1 L a-bp)a- ot

Since —% = —2b(1-t)ex? < 1-t)c(a—2bp)x ?
7 =20 <0: S =2 tc(a 2bp)e =
We further assume that the Hessian matrix of |1, (p, X) is H. Its determinant is
2 2 2
|H|_8 1_2[" 0 1_2[“‘ _(8 L1, )2_ (1 t)°c’x'[4b’p”® + p(2b® —4ab) —a® + 2ab]
op.  oX OpoX

Since O<1-t <1 andc >0 , the developers' input to the product X >0 .We can get:
When 4b®p? + p(2b® —4ab)—a*+2ab >0,|H|>0.

So, the Hessian matrix of 1], (p, X) is negative and there must be a maximum .
If 4b°p°® + p(2b® —4ab)—a’ +2ab > 0 it must satisfy A = (2b® —4ab)® —4x 4b* x (—a* + 2ab) < 0.
It can be obtained after the solution is simplified as follows: b® +8a* —12ab<0.

* 1
If the condition is satisfied, we substitute t, = > into p(t) and x(t), respectively. The developer's

optimal decisions can obtained.
This completes the proof of Theoreml.
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According to Theorem 1, the following proposition is easily obtained .
Proposition 1. In the R-Stackelberg game case, the profits of the developer and the retailer are obtained

1, a%, . 1, a,
—(c—); Il =—(c—)".
128( b ) ¢ =256 p)
Proof of Proposition 1. After substituting trs*, prs*, xrs* into (3) and (4), We can calculate the profits of
the developer and the retailer in the R-Stackelberg game case.

By analyzing and comparing the optimal decision and the profits of upstream and downstream
enterprises under the situation which the retailer is leader, the following proposition can be obtained
accordingly .

Proposition 2 i) trs* is independent of all demand sensitivity coefficient, prs* is only independent of the
sensitivity coefficient ; ii) Hr* = 2Hd*. It is easy to get the conclusion by Theorem 1 and proposition 1.

Proposition 2 indicates that, in the decentralized decision case, when the retailer is the leader of the
supply chain, no matter how the market demand changes with sensitivity, the developer and the retailer will
always share half of the profits in order to ensure their respective best profits and stabilize the supply chain.
Simultaneously, regardless of the developer's market sensitivity to product investment , the developer does
not change the product price. As the leader, facing the product sales, the retailer has more profit than the
developer, twice as much as the developer.

as follows: [1,” =

b)  dominated by the developer

Unlike the previous case, the upstream developer is considered to be the leader of the supply chain; The
retailer is the follower and makes the corresponding decision with the decision of the developer, and they
play Stackelberg game. This game is recorded as D-Stackelberg game. At this time, the order of the game is:
before the product is market-oriented, the developer first gives the selling price of the product and the
investment of product quality. The retailer declare their share of product sales after observing the price and
guality investments given by developers. Similar to the R-Stackelberg game, the profits of the developer and
the retailer are still (3) and (4), respectively.

Similar to the front analysis, the equilibrium decision is depicted by the subscript &,when the developer
is leader. By calculation, the following theorem can be obtained.
Theorem 2. In the D-Stackelberg game case, there is no equilibrium solution.

Proof of Theorem 2. The backward induction method is used to solve the response function of the
2

optimal retailer. It is easy to get that the solution of t is 1. However, &Hr =0, it does not satisfy the

2

concave property and there is no extreme value, so there is no D-Stackelberg equilibrium solution in the
game.

Theorem 2 tell us, When the developer foresees that the retailer makes a decision on t =1, it is bound to
make a decision not to invest in the product. At the same time, the pricing strategy for the goods is: either to
price at p =1, or to price at p=a/b . This will lead to the market demand is zero, and the retailer have no
profits. So, in this game, there is no equilibrium decision. Of course, this also reflects a real situation: in the
real market, for the sale of such consignment goods, the retailer often has the initiative to become a strong
side, and the developer tends to become the follower, such as network sales platforms, etc.

3.2 Centralized Decision

In centralized decision case, the developer and the retailer form a whole, belonging to an enterprise to
make decisions on the selling price of the products and the quality investment of the products, so as to reach
the optimal profit of the whole supply chain system. Accordingly, the profit of the whole supply chain is:

1_[dJrr :Hr +Hd = p(a—bp)c«/;—x (5)

We assume that the optimal solution is p* and x*. Then, p® and x* must be meet:
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“ald” c(a—bp)x =0

(6)
olly,, 1 -
—==cp(a-bp)x 2=0
ax 2|0( p)

Meanwhile, we can get:
o*T1, o* 11 c - el 1 3 _
—”=—2b\/;<0 4 = Z(@—-2bp)x 2 ; L Mlder __ — — 2 So, similar to the
e apox 2( p) v 4cp(a bp)x
proof of Theorem 1, we can still get: when b*+8a®—12ab <0, the Hessian matrix of [1,(p,X) is

negative , ][, (P, X) is ajoint concave function on p and X .We can get the following conclusion.

Theorem 3. i) If b®+8a®-12ab <0, the optimal solution of the developer and the retailer under

: . : . a 1,a%, . . .
centralized decision case is, respectively. p* = o5 x% = 6—4(c F)Z ;i) The maximum profit of the whole

1, a?
supply chain is, & x%)=—(c—)°.
pply [Ty, (p%, x%) 64( b)

Compared with the optimal decision and the profit under decentralized decision and centralized decision,
we can obtain the following proposition.

Proposition 3.i) p% = p";x% =4x7;ii) [T, (p%, x*) =TT, (") +I1,(p",x).

a 1, a? . a
Proof of Proposition 3. i) Since p% =—:x* =52 C— 2 =— X =— C— We can
p ) = ( )P = PTRE 256( )%
* 1
obtain the corresponding conclusion. ii) Since t)=— c— ; t — c— and
ponding i) IT, (") 128( )5 T(@) = 256( )?

& & 1 2 2 & & * * *
[y (P %) = 2 (€57 50, T, (p* ) 2T, () +T1, (7).

According to Proposition 3, we find that under the centralized decision, the developer will increase the
investment in the quality of the product, which will increase the demand of the market, although the pricing
has not changed. And the profit under the centralized decision is higher than the profit under the
decentralized decision. Although the profit under the cooperative decision is optimal, not every member is
optimal. Therefore, not every participant is motivated to adopt centralized decision. Therefore, in order to
induce the members of supply chain to prefer the strategy under centralized decision. Instead of using the
strategy of decentralized decision-making, we try to use bargaining problem[10-11] to distribute the extra
profits and discuss how the developer and the retailer are more willing to make decision in centralized
decision case so that the whole supply chain to achieve coordination.

4. The Bargaining Problem
The profit of supply chain in decentralized decision and centralized decision are respectively expressed
as Hd+r* and HM&. Substituting p* and x* into (3) and (4), respectively, we can get the profits of

developers and retailers under centralized decision - making and the corresponding additional profits of the
supply chain as follows:

& _i a'_2 2
=3 @
& _ — (— _ 232
Hd - 32 (2 t)( ) (8)
AHdH =l_[dJrr& _Hd+r* ©)
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In order to reasonably allocate extra profits, which makes both the developer and the retailer more
willing to adopt centralized decision, the bargaining problem is:

ATL, =I1,%-T1," >0 (10)
AHd :Hd&_Hd*ZO
where All,,, =All, +All,.

1
Theorem 4 If 7 <t Sg , the developer and the retailer tend to adopt centralized decision, otherwise

there will be incentives for decentralized decision.

Proof of Theorem 4. Combining Theorem 1 with (7) and (8), we can get: A], = (32 —E)( _)
AL = ey since L Lsoang Lo B s g0 Tared
84 256 32 128 84 256 4 8

& & 1 22
menw_mﬁpxhgw%ﬂhrHGHH@X%E#—O

By (10), it is easy to verify the formula: All,,, =All, +All,.

However, due to the lack of other information and more conditions, we cannot further study how to
distribute the extra profits for the developer and the retailer, when coordinating the supply chain, in order to
determine the profit distribution between the developer and the retailer, risk factors may are joined the
decision makers, but the market demand which is considered in this paper is deterministic, we don't do much
research anymore.

5. Conclusion

Based on the similar consignment mode of supply chain, this paper discusses the decentralized and
centralized decision models of the developer and the retailer which the market demand is determinate. When
the sensitivity coefficient of the demand function meets certain conditions, the corresponding optimal
decision is obtained. It is found that the similar consignment model is only suitable for the R-Stackelberg
game in the decentralized decision. It is also found that the whole profit of the supply chain in centralized
decision is higher than the sum of the profit of the developer and the retailer in the decentralized decision.
Finally, in order to coordinate the supply chain, the bargaining problem is adopted to get the incentive to
adopt centralized decision when the retailer divides the income of the developer into a certain range . The
next research direction is the game and coordination of the supply chain system when the demand is
uncertain or adding the competition factor of the developer.
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