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中文摘要 

在現今競爭性的市場環境，企業已經由獨立決策改變為協同合作來制定策

略。為降低成本及改善服務水準，有效的供應鏈策略必須考慮在供應鏈中不同

層級之間的互動關係。在複雜的供應鏈中，存貨的控制是相當困難的工作，而

且對顧客的服務水準及整體供應鏈系統的成本有顯著的影響。因此，在供應鏈

管理（Supply Chain Management, SCM）模式下建立適當的整合存貨模型，如何

決定同一供應鏈上合作夥伴的最適庫存/訂購策略，使得存貨相關總成本為最小

或總利潤為最大，是本研究的主要內容。 

    本計劃主要是考慮在供應商允許零售商延遲付款的情況下，嘗試建立競爭

(供應商為領導者、零售商為跟隨者)及雙方合作的供應鏈存貨模型，並求出

Stackelberg 均衡解。我們將嘗試利用數學證明最佳解存在的充分且必要條件，接

著建立一個演算法求出使得單位時間整合總利潤有最大值的最適解。最後，以數

值範例說明求解過程，並對重要的參數值進行敏感性分析。 
 

關鍵詞：整合存貨模型、信用交易、Stackelberg game 
 

ABSTARCT 
In current competitive market environment, enterprises have transformed from 

an independent decision to a collaborative decision strategy.  In order to reduce cost 
and improve the service level, an effective supply chain strategy with interactive 
relation of different levels must be taken into consideration carefully.   Inventory 
control, however, is arduous for the complex supply chain system but generates a 
significant influence on customer service level and overall cost.  Therefore, this 
study deals with the major content of an integrated inventory models which built on 
the mode of SCM for the same supply chain partners to decide the optimal inventory 
and pricing strategy, as well as to achieve the minimum cost of interrelated inventory 
or the sum of maximum profit.  



This proposal aims to develop two echelon supply chain inventory models and 
discuss the optimal strategies for competitive and cooperative vendor-buyer inventory 
systems under trade credits (supplier allows retailer for payment delay). The 
competitive model is analyzed as a Stackelberg game with leader of vendor (buyer as 
follower). Furthermore, a cooperative model is analyzed as a Pareto efficient solution 
by maximizing the joint profit per unit time of the vendor and buyer. We also establish 
an efficient algorithm to obtain the inventory policies for each case (non-cooperative 
and cooperative). Finally, several numerical examples and sensitivity analysis of 
crucial parameters are given to illustrate the theoretical results. 

Keywords: Integrated Inventory Models、Trade Credit、Stackelberg Game   
 
 

SOURCE AND PURPOSE 
As we know, the objective of supply chain management is to be efficient and 

cost-effective across the entire system: total system-wide costs, from transportation 
and distribution to inventories, are to be minimized. The process of finding the best 
system-wide strategy is known as global optimization. To accomplish the target of 
global optimization in the field of inventory management, effective coordination plays 
an important role in the successful operation of modern supply chain inventory system. 
How to achieving effective coordination between the vendor and buyer is a current 
managerial concern as well as an important research issue.  

An effective coordination factor plays a significant role in a supply chain 
inventory system is trade credit which is a practice that the vendor may provide the 
buyer a permissible delay in payments to influence the buyer’s order behaviors. There 
are many studies focused on the optimal inventory policies from either the vendor’s or 
the buyer’s standpoints. Goyal (1985) developed an EOQ model under the conditions 
of permissible delay in payments. Aggarwal and Jaggi (1995) extended Goyal’s (1985) 
model to consider the deteriorating items. Jamal et al. (1997) further generalized 
Aggarwal and Jaggi’s (1995) model to allow for shortages. Teng (2002) amended 
Goyal’s (1985) model by considering the difference between unit price and unit cost, 
and found that it makes economic sense for a well-established retailer to order less 
quantity and take the benefits of payment delay more frequently. From the vendor’s 
standpoint, it will provide a permissible delay depending on the order quantity to 
ensure an increase in sales. Chang et al. (2003) developed an EOQ model for 
deteriorating items under supplier credits linked to ordering quantity. Other interesting 
and relevant papers related to the delay in payments focused on the optimal solutions 
for either the vendor or the buyer such as Hwang and Shinn (1997), Sarker et al. 
(2001), Chang and Dye (2001), Abad and Jaggi (2003), Chang and Teng (2004), 



Chung and Liao (2004), Ouyang et al. (2005), Teng et al. (2006, 2007), Teng and 
Chang (2008) and their references.  

From the above mentioned studies, it is clear that either the vendor or the buyer 
can earn profits under a trade credit of permissible delay in payments by seeking the 
optimal replenishment and payment policies. In additions, Goyal (1976) firstly 
developed a single-supplier and single-customer inventory problem from an 
integrated standpoint. Subsequently, Banerjee (1986) extended Goyal’s (1976) model 
and assumed that the supplier followed a lot-for-lot shipment policy with respect to 
the buyer. Goyal (1988) illustrated that the inventory cost can be reduced if the 
supplier’s economic production quantity (EPQ) is an integer multiple of the retailer’s 
order quantity. Recently, Chen and Kang (2007) first incorporated the permissible 
delay in payments into the vendor-buyer integrated model. Luo (2007) studied the 
benefit of coordinating single vendor-buyer supply chain models through the use of 
credit period. Lately, Ho et al. (2008) analyzed the optimal pricing, shipment and 
payment policy for an integrated supplier-buyer inventory model when the supplier 
offers not only a cash discount but also a permissible delay. There are many related 
articles in the integrated vendor-buyer inventory models such as Kelle et al. (2003), 
Pan and Yang (2002), Wee and Chung (2007), Rau and OuYang (2008), and others. 
Nevertheless, most studies to discuss the inventory problem under trade credits just 
from individual or integrated standpoints. 

The main purpose of this paper is to developed competitive and cooperative 
inventory and payment polices in a two-stage supply chain under trade credits. The 
competitive model is analyzed as a Stackelberg game with leader of vendor (buyer as 
follower). The Stackelberg game framework has been adopted by many previous 
studies such as Monahan (1984), Rosenblatt and Lee (1985), Lee and Rosenblatt 
(1986), Kim and Hwang (1988), Drezner and Wong (1989), Parlar and Wang (1994), 
Weng (1995), Viswanathan and Wang (2003). Furthermore, a cooperative model is 
analyzed as a Pareto efficient solution by maximizing the joint profit of the retailer 
and supplier per unit time. Several theoretical results are developed for these two 
models. Finally, several numerical examples and sensitivity analysis of crucial 
parameters are given to illustrate the theoretical results. 
 
 

RESULT AND DISCUSSION 
The purpose of this proposal is to make a systematic study for developing two 

echelon supply chain inventory models. We discuss the optimal strategies for 
competitive and cooperative vendor-buyer inventory systems under trade credits, in 
which the competitive model is analyzed as a Stackelberg game and the cooperative 
model is analyzed as a Pareto efficient solution by maximizing the joint profit per unit 



time of the vendor and buyer. We also establish an efficient algorithm to obtain the 
inventory policies for each case (non-cooperative and cooperative).To help managers 
understand the effects of optimal solution on changes in the value of the different 
parameters associated with the inventory system, sensitivity analysis is also 
performed in the proposal. This research develops a more realistic inventory model, 
which can enhance the efficiency of an inventory manager in decision-making. 

 
 

SELF-EVALUATION 
 This research corresponds to the original plan and has attended its aim. Hence 
the paper is of great academic value and suitable for publication in academic journals.  
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