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Abstract: In this paper, we study a decentralized supply chain with assembled products or
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1. Introduction
In this paper, we consider a single-period decentralized supply chain with several suppliers to
provide short- life-cycle products. This kind of supply chains is typical if assembled products or
joint products are provided. Each supplier will provide its component to the manufacturer and
the manufacturer will assemble them into the final product. For example, in the assembly
systems (e. g., computers), the manufacturers order components or sub-assembled parts from the
independent suppliers and then assemble them together into the final product -- computers. Due
to the short life cycle of the products, here revenue-sharing contracts are analyzed to deliver the
parts from suppliers to the assembler/manufacturer.

Such decentralized supply chains need to decide two items: 1) the quantity provided in the
supply chain; 2) the revenue sharing rate for each player. Given the final product demand
distribution and components’ manufacturing costs from suppliers, each supplier announces its
own revenue-sharing rate for each unit of the sold final products at Stage 1. At Stage 2, the
assembler will decide the quantity to order from the suppliers. We assume each final product
needs one unit component from each supplier. All of the players make the decisions to pursue
their own expected profits.

Our study is done under a general setting as follows. The revenue-sharing rate is announced
before the demand is realized. Therefore the assembler and suppliers make their own decisions
under a given demand distribution. After the demand is realized, the assembler and the supplier
will share the revenue based on the contract. In this paper, we first create models and analyze the
supply chain capacity. Then we show the allocation rule of revenue sharing rates and the effect
of the number of suppliers on the whole supply chain profit.
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The paper proceeds as follows. We briefly review the related literature in Section 2. Section 3
formulates the model and discusses the supply chain capacity. We analyze the structural
properties in the decentralized supply chain in Section 4. Section 5 concludes the paper.
2. Literatures
This paper investigates the number of the suppliers on the supply chain capacity under the
revenue-sharing contract in an assembly decentralized system. We mainly make a literature
review relative to other papers in the channel coordination performance and the application of
the contracts.

Supply chain coordination gained attention from a practical point of view. Hur, Hartley and
Hahn (2004) analyzed coordination from the supply chain structure. Boyaci (2005) studied a
multiple-channel distribution system in which a manufacturer sells its product through an
independent retailer as well as through its wholly-owned channel. They found that most of the
well-known, simple contracts fail to achieve coordination in this setting while an appropriately
designed penalty contract can indeed coordinate the supply chain but is hard to implement. In
search of practically more appealing coordination mechanisms, they designed a novel two-part
compensation-commission contract, whose terms depend on the retail channel sales. In our
paper, we will focus on an assembly supply chain which is involved typically in the products
assembled with multiple components.

Many researchers also made an investigation of channel benefits by setting contracts. Cachon
(2004) considered a wholesale price contract, but his model was based primarily on a supply
chain without assemble work. Jeuland and Shuagan (1983) and Moorthy (1987) demonstrated
that nonlinear price schedules achieve channel coordination in a two-party supply chain facing
both fixed costs and deterministic price-sensitive demand. Weng (1995) and Chen, Federgruen
and Zheng (2001)] showed that quantity discounts were also helpful in channel coordination.
Some researchers found that using the contract would not always induce the best outcome for the
supply chain as a whole. Anupindi and Bassok (1999) considered a supply chain where a
supplier sets the wholesale price using an approximation of the normal distribution. Van
Mieghem (1999) analyzed how an exogenously set transfer price can influence the capacity
decisions of a manufacturer and an upstream supplier. Qin and Yang (2008) analyzed the effect
of a revenue-sharing rate in revenue-sharing contracts on the coordination of a supply chain. In
our paper, we further investigate how the number of suppliers affects the whole supply chain
profit.

The application of the contracts in decentralized assembly systems and their underlying basic
models have been studied in various forms. Jiang and Wang (2006) studied and compared
contractual arrangements of a wholesale-price contract and a revenue-sharing contract in a
decentralized assembly channel structure with n independent suppliers. They showed individual
firms’ performances, the assembler’s and the channel’s profits under two contracts. Our study
focuses on the revenue sharing contract used in the supply chain with one assembler and multiple
suppliers. Tomlin (2003) investigated a decentralized assembly supply chain with two parties in
which the manufacturer always announced the wholesale price to the supplier. We consider the
case that the suppliers also announce the revenue sharing rates to the manufacturer.



Our research also contributes to the broad literature on production decision problems under
uncertainty. In the classic one period newsvendor setting of centralized decision-making, Karlin
and Carr (1962) are the earliest researchers who investigated such problems. Chen and Simchi-
Levi (2004a) studied production-pricing problems under multi-period settings.

3. Model Setup and Notation
In the decentralized assembly supply chain, the assembler needs to order components from the
suppliers and then assembles them into final products. In our study, we use the revenue-sharing
contract to realize the component flow. Furthermore, the suppliers first announce the revenue-
sharing rates. Then the assembler will decide how many components should be ordered given the
demand distribution of the final product. They make decisions to pursue their own profits
considering the responses among them. The demand level faced by the assembler is randomly
distributed according to a positive and continuous probability distribution function f(x) on
interval [a, b). The cumulative demand distribution F(x) is continuous and twice differentiable.

The unit production cost incurred by supplier is . The unit revenue-sharing rate announced

by supplier is . The unit assembling cost incurred by the assemble is . Each final product
is sold to the market at the unit retail price .

In this paper, the following assumptions of the variable are made:
1) Unit retail price is fixed at ;

2) Unit production cost at supplier is fixed at ;

3) Unit assembling cost at the manufacturer is fixed;
4) Unit product salvage value is zero;

5) is larger than the sum of and ;

6) is increasing in , i.e., .
3.1. Centralized assembly system
When the assembler and the suppliers belong to the same organization, the assembly system is
centralized. In this case, the optimal quantity in the supply chain can be obtained by the
Newvendor model as follows:

(1)

3.2. Decentralized assembly system



When the assembler and the suppliers belong to the different organizations, the assembly system
is decentralized. In this case, each player will pursue its own profit.
3.2.1. Assembler’s expected profit

The assembler chooses a capacity to maximize her own expected profit , which can be
expressed

(2)

Since is a concave function of , the optimal quantity can be derived from the first-order
condition and can be expressed as follows:

(3)

When the optimal supply chain capacity in the decentralized assembly system obtained from
(3) is equal to the one obtained from (1) in the centralized one, the decentralized assembly
system is cooridnated.

2. Supplier ’s expected profit

Considering the assembler’s response, supplier announces unit revenue-sharing rate to

maximize his own expected profit , which can be expressed as

(4)

Proposition 1:

The suppliers will always set , such that .

Proof: Assume otherwise, , then, we know that the assembler will order more than the
quantity that the suppliers would provide. Therefore, the supplier will increase his own revenue

sharing rate at least to a value such that , and thus only improve his own expected profit.

Taking derivative with respect to on both sides of (4) results as follows:



(5)

Taking the second derivative with respect to on both sides of (4) leads to the following
expresssion:

(6)

From Proposition 1, it is clear that for supplier .

Taking derivative with respect to on both sides of (3), it is shown that

Furthermore, the second derivative with respect to on both sides of (3) is obtained as follows:

Given that is increasing in , i.e., . We can obtain that .
Therefore the optimal revenue sharing rate can be obtained by the first-order condition in (5).

4. The Structural Properties in the Decentralized Assembly System
The allocation rule of revenue sharing rates and supply chain coordination condition is carried
out in the following subsection 4.1.

4.1. The relationship among the players

Based on the first-order condition in (5), there are totally n equations for n suppliers. It is shown
that

(7)

Therefore, (8)

Proposition 2:



1) If ,
i. the profit for all of the players is proportional to their cost, that means,

ii. The supply chain is coordinated.

iii. If any player i reduces its manufacturing/assembling cost, then in equilibrium, the supply
chain capacity will increase and further the whole supply chain profit will increase.

2) If , then and when , .

i. Because , and further , .

ii. When , the supply chain is coordinated which is only related to the
assembler’s ratio, cost. Therefore the number of the suppliers will not affect the
coordination.

4.2. The effect of the number of suppliers on the whole supply chain profit

Given the first-order condition in (5), we have the following set of equations:

Where .



Furthermore,

Then,

and

Proposition 3:
The whole supply chain profit will decrease in the number of the suppliers in the coordination
although it does not affect the coordination.

Since is increasing in . Also is increasing in by the
assumption.

and keep constant, and when the supply chain is coordinated, will not change. When
n increases, the quantity will decrease and further the whole supply chain profit will decrease.
Therefore from this point, although the number of the suppliers does not affect the coordination,
it really affects the whole supply chain profit. In this regard, the assembler should order the parts
or semi-finished products from less suppliers when the whole costs are the same.

5. Conclusion
In this paper, we introduce an assembly system with one manufacturer and multiple suppliers to
deliver multiple parts. The assembly process occurs by the manufacturer under the revenue
sharing contract. Stackelberg is used to formulate the model. The purpose of this study is to
investigate the structural properties in this system and the effect of the number of suppliers on
the whole supply chain profit.

We present the mathematical model for the optimal supply chain capacity in the centralized and
decentralized assembly system. We found that the decentralized system will be coordinated
when the revenue-sharing rates of the players are proportional to their costs and the supply chain
capacity will decrease in the number of the suppliers and further the whole supply chain profit
will decrease.



In this research, our model is based on the assumption that the retail price p is fixed. In some
cases, the retail price is changing with the capacity. Therefore we may incorporate this
phenomenon into the model in the future. Possible directions for further research could consider:
1) The computational method is incorporated to discuss the allocation of revenue sharing rates
and the effect of the number of suppliers on the whole system; 2) Contracts are introduced
considering the leftover inventory or shortage penalty.
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