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Abstract

In this paper, we develop a model to examine the role of quantity discounts in synchronizing production and order cycles for a system consisting of one manufacturer and two heterogeneous buyers.  The model developed can serve as a guideline for the manufacturer and the buyers as how to integrate their decisions so as to achieve higher benefits. The numerical examples indicate that the benefit of synchronization decreases with the degree of heterogeneity of the buyers.  The conditions under which it is profitable for the manufacturer to synchronize with the heterogeneous buyers are demonstrated through numerical examples. 

INTRODUCTION

Quantity discounts are fundamental pricing strategies in industries. One common theme of the existing studies is that quantity discounts are offered by one supplier to one buyer (or to a group of homogeneous buyers) with the objective of inducing the buyer to order larger quantities.  In contrast to the existing work, this paper examines the role of quantity discounts in the presence of heterogeneous buyers, especially, how quantity discounts can be offered to coordinate the ordering-production decisions of the buyers and the manufacturer. 

THE MODEL

The basic setting considered in this paper can be characterized as follows.  A manufacturer produces one product that it sells to two non-identical buyers.  Demand faced by both buyers is deterministic and the buyers’ operating parameters, such as the unit costs of ordering, holding, and purchasing, are known constants. We first provide the cost structures of the buyers and the manufacturer as a function of the cycle time. For buyer i, the total cost per year, including purchasing, ordering, and holding, can be written as a function of their respective cycle length, Ti, as follows:
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where p is the selling price given by the manufacturer, Di is buyer i's annual demand rate, 
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) is the unit annual holding cost of buyer i.  Note that the cycle length and order quantity are equivalent by a factor of demand rate (Qi = TiDi) and will be used interchangeably throughout the paper. 

The manufacturer’s major cost components include setup cost, order processing cost, and holding cost of the finished products.  Hence, the manufacturer's yearly profit, equal to the difference between its revenue and its total costs, is 
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where c is the unit production cost, Ss is the set up cost per run, Sp is the order processing cost per order, and 
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 is the expected holding cost of finished goods. 

Without loss of generality, we number the two buyers in such a way that, under any parameterization, the following always holds:
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. Specifically, a multiplier of buyer one’s order quantity of Q1, i.e., 
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, where m (m ( 1) is an integer, is produced to satisfy buyer one's demand. Hence, the production cycle length of the manufacturer is 
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. We now characterize the manufacturer’s average inventory.  Let R denote the manufacturer's production rate and
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. We assume that the finished products are transferred to a storage place containing two bins, where one bin is designated for buyer one, and the other for buyer two. We assume that there is no transition between the two bins. Based on these assumptions, buyer one's average inventory held by the manufacturer can be expressed as follows (see, e.g., Joglekar 1988 and Weng 1995 for details): 
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For the second buyer, the number of orders placed during the cycle length of (
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, which is not necessarily an integer.  However, we can write the average inventory of buyer two held by the manufacturer as follows:
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where 
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. Although the average inventory can be written by (4), the precise value of (, except in some special cases, is not known. Nevertheless, both upper and lower bounds can be established. An upper bound of the average inventory level can be determined by setting 
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The manufacturer's average inventory is the sum of the average inventory held for each buyer as given in (2.4) and (2.5). We first define the following: 
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Then, the average finished goods holding charge is given as
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Finally, the profit function of the manufacturer for a given selling price can be written as:
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THE ANALYSIS

We consider how the manufacturer interact with the buyers in the following two scenarios. In scenario one, both buyers set their order quantities for a given transaction price, p, charged by the manufacturer.  The buyers’ decisions on order quantity are resulted from the minimization of their own operating costs. The manufacturer relies on the buyers’ decisions to establish its production cycle length accordingly.  

For both buyers, since the annual demands are deterministic, their annual minimized operating cost is achieved at the Economic Order Quantity (EOQ) and the total cost function is given as follows: 
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The manufacturer’s profit function under this scenario can be found in (7).

We now turn to scenario two where the manufacturer coordinates the production cycles with both buyers’ order cycles. From the manufacturer's perspective, the buyers' decisions on their ordering policies, which minimize each individual's total operating cost, do not necessarily maximize the manufacturer's profit. We consider a policy for the manufacturer to work with the two buyers as follows: the manufacturer provides such an incentive to both buyers that they will be "induced" to place their orders every Ts/m (m > 1, for all buyers) periods. The incentive under consideration is in the form of discounted purchasing prices: p(1 - d), 0 < d < 1. 


When both buyers place their orders at the same time interval, Ts/m, their total operating cost functions in (2.1) become
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For the manufacturer, since both buyers will place their orders at an identical time interval, i.e., 
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. Denote the total cost of holding and ordering at EOQ for each buyer as 
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. The system cost of all parties per year, as a function of {Ts, m}, can be written as
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It can be shown that for a given m, the second order derivative of (10) is positive, leading the first-order condition to the optimal value of Ts as 
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 A special case occurs as follows:
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It is expected that the two buyers will be motivated to follow the coordinated order cycle, Ts, rather than their individual cycle, Ti, if their respective total operating cost is at least not increased.  Let ( be the percentage of the operating cost required for both buyers to follow the synchronized cycle, 
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The smallest di satisfying (13) is
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The discounted price should be offered identically to both buyers, i.e., the manufacturer should choose a d* that satisfies d* = max {d1, d2}. Thus, the manufacturer’s profit function is
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When m = 1, (14) reduces to
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 It is clear that the manufacturer will favor the synchronized strategy if the profit given in (13) is higher than that in the absence of synchronization.

CONCLUDING REMARKS AND FUTURE RESEARCH

We depart from the existing work by investigating the role of this pricing strategy in the presence of heterogeneous buyers. Specifically, quantity discounts are utilized as a mechanism to motivate the buyers to synchronize with the manufacturer. Our numerical examples suggest the following implications. First, when the two buyers are quite divergent, one buyer would require a much higher discount rate than the other one to follow the synchronization policy, it is rather costly for the manufacturer to synchronize. The increase of the manufacturer’s profit in the presence of synchronization reduces continuously as the degree of the heterogeneity of the two buyers climbs up. On the other hand, the situation where the two buyers are identical represents the best opportunity for the manufacturer to synchronize with the buyers and to increase its profit. Second, from the manufacturer’s perspective, if its production rate is much higher than the demand rate or the manufacturer has great slack of capacity, i.e., D/R is small, the manufacturer can enjoy significant profit increase if the synchronization is pursued.
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