Procurement Contracts
Abstract

In this chapter we discuss supply contracts.  We consider environments in which some type of uncertainty plays an important role.  In general the main objective of supply contracts is to coordinate the supply chain and:  1. Ensure that buyers are able to meet their customers’ uncertain and changing demand.  2.  Providing mechanisms so that suppliers (manufacturers) and buyer share system’s risks and costs.  More specifically ensure that suppliers don’t assume the entire risk of buffering raw materials and finished goods to meet the final demand for goods.  3.  Provide incentives for suppliers (manufacturers) to build enough capacity.

We discuss several different supply contracts.    All contracts balance between the flexibility of the buyer adapting to changing market conditions and the stability of the production environment.  These contracts differ in their assumptions and complexities.  The main differences between these supply contracts are that some are single period contracts the Buy Back Contract is a good example.  Others are multi-period contracts and they capture the dynamics of a long horizon.  The Periodical Commitments and Flexibility contract is a good example for the multi-period models.  The different contracts consider different mechanism to balance flexibility and stability:  Fixed delivery contracts ensure that the sellers deliver a fixed quantity every period while the option contracts use options to achieve the same objective.  The Periodical Commitments and Flexibility contract provide buyers with limited flexibility to change previously made commitments.  
1.
Introduction.

The problem of securing a supply of raw materials, components, subassemblies and finished goods at a stable and known price is not a new one. It is one of the main difficulties of every industrial (and not only industrial) organization. This problem is becoming even more acute due to the common practice of outsourcing and decentralization. In a decentralized environment, independent entities, each with its own plans and objectives, are purchasing raw materials, components, subassemblies and finished products from each other. Clearly, each entity is interested in ensuring that it obtains the right quantity of inputs, of the right quality, at the right time, while minimizing cost. Coordinating the supply chain is complex and difficult. Some of the main reasons are:  players in the supply chain are facing uncertainties regarding the supply and demand; production lead times are long, and thus procurement managers are forced to place orders long before they observe the actual demand; their decisions are based on forecasts that are usually not accurate; economies of scale often force decision makers to place large orders and thus prevent them from observing the actual demand and continuously adjusting to the changing market conditions.  Finally, one of the most important difficulties is that each entity in the supply chain is interested in maximizing its own utility but not necessarily the utility of the entire supply chain.   
The issue of designing supply contracts is not new, but today it has became a crucial element of the procurement function. This is due to the decentralization of companies and to the fact that outsourcing of services and products is by now the common mode of operation. This is in contrast to the not–so-distant past, in which industrial companies were vertically integrated and coordinating the supply channel was much easier. In such environments, a single decision maker made the decisions for all of the involved entities of the organization, thereby optimizing the performance of the entire organization and not just the performance of each of the entities as a “stand-alone” unit.
Usually, supply contracts are part of the process of procuring goods in manufacturing and retail industries. More recently, it has been observed that such contracts are also an important part of health care delivery and especially the global health care delivery system.  The reason is that many of the patients live in low-income countries and are too poor to pay the full price of expensive medications. In such environments, where markets do not exist, manufacturers are reluctant to invest in research and development of new drugs and in production capacity.   We believe, as we will describe in what follows, that supply contracts are an important tool to ensure availability and affordability of drugs.
In this chapter we concentrate in contracts the deal with risk and uncertainty:  in most cases we deal with the uncertainty in the demand for goods and services.  But, contracts are used also in other cases, and especially in cases in which there is no uncertainty.  A good example is quantity discount contracts.  Quantity discount contracts can be applied in a deterministic environment.  The main idea is to induce buyers and sellers to produce and purchase quantities that generate operational efficiencies.  Such contracts are common when economies of scale are presented.  Transportation systems are a good example.  Sellers offer price discount to induce buyer to purchase larger quantities than those that they would have purchase otherwise.  By doing so sellers are able to ship full truck loads and reduce the per unit shipping cost.   The interested reader is referred to the seminal paper by Rosenblatt and Lee (1).  A description and classification of quantity discount contracts in Munson and Rosenblatt (2)     
For obvious reasons we are unable to discuss here all types of procurement contracts.  We describe shortly some of the most important contracts.  A more inclusive and detailed review can be found in Cachon (3).  Section 4.5.5 in [15] provides a very good discussion of many different aspects of contracts.  
2. Flexibility and Stability

As mentioned above, the main objective of supply contracts is to ensure the availability of the right quantity and quality of goods and services at the right time and at the lowest possible cost. In most of the contracts that we discuss here, one of the main drivers of cost is risk. More specifically, all supply contracts are concerned with the allocation of risk between the different entities in the supply chain. (Referred to here as suppliers and buyers). The question that all supply contracts are addressing is the question of who should bear the risk of producing ahead of time and keeping raw materials, components and finished goods. Suppliers like a stable environment in which all orders are firm, and once a buyer places an order the buyer must take and pay for the goods. On the other hand, buyers like the flexibility to place orders and then change these orders as they learn more about the actual demand. We argue that in many cases the right balance between stability and flexibility maximizes the utility of the supply chain and can ensure a “win-win” situation. 
A good example that illustrates this phenomenon was provided long ago by Blois [4], as shown in Table 1.
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One can easily see how the monthly order is changed as we are approaching the delivery time. For example, in March the scheduled delivery for December was 22,700 units. But in June the scheduled quantity was reduced to 14,500. It is not difficult to imagine the difficulties that the supplier is facing by such big changes in the orders and the resulting additional cost. Thus, the role of a supply contract is not only to ensure demand (for the supplier), supply (for the buyer), and to improve the production planning process but also to create a flexible environment in which buyers can adjust to the changing conditions of the market. At the same time it is necessary to keep the suppliers’ environment stable without imposing too much risk and costs on the suppliers. 

To further illustrate the tradeoff between stability and flexibility we use the graph provided by Rietveld Hans [5]
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This graph illustrates several key issues crucial to the design of supply contracts. Despite the high demand for Malaria drugs (300M-500M instances per year) and despite the available capacity (100 M units), the manufacturer does not use all of its capacity. While there are several reasons for this, one of the main reasons mentioned by the manufacturer (Novartis) is the uncertainty in the delivery quantity. In 2005, a large quantity was ordered but only a relatively small quantity was picked and delivered. The reason is that orders are placed long in advanced because of the long production lead time. When delivery time arrives, the market conditions may be different, forcing the buyers to change their previously made orders and resulting in a large loss to the manufacturer.  This graph illustrates the general issue of  balancing flexibility and stability.  Buyers would like the flexibility to change previously made orders to better adjust to changing market conditions.  Suppliers, on the other hand, would like to operate in a more stable environment in which the flexibility to change previously made orders is limited.  If the “right” balance between flexibility and stability is not achieved sellers (buyers) may produce (purchase) less than the desired quantity and reduce their exposure to risk.   How to balance flexibility and stability and allocate the  risk between buyers and manufacturers is exactly the role of the  procurement contracts that are discussed in this article.
3.
Minimum Commitments

The total-minimum-quantity contract addresses two different issues, as follows. (1) It gives the buyer some flexibility to change orders and to adjust to changing market conditions, but at the same time it limits the buyer’s flexibility to change order sizes drastically, which helps to avoid increases in the production cost for the supplier. (2) It provides incentives to suppliers to build capacity even when the demand is uncertain, and it shares the risk of investing in capacity between the supplier and the buyers.
Bassok and Anupindi [6] use the framework of a multi-period news-vendor model, which assumes that the periodical (month, week) demand is unknown but that a forecaster is able to provide a probability distribution of the demand. Also, in this model it is assumed that the demand is stationary and independent—that is, the demand in each period follows the same probability distribution and demands across periods are not correlated. The authors consider a finite horizon problem that is a problem with a limited number of periods (for example, one year). The optimal solution for this problem is well known: every period has a critical number St (the “base stock”), so that in period t it is optimal to raise the available inventory (on-hand inventory) and order up to the base stock. The reader will notice that in such a model the buyer firm has all the flexibility to order any quantity it wishes, which means that the supplier environment is far from stable. This “order-up-to” policy obviously minimizes the buyer’s cost, but just as obviously it ignores its effects on the supplier’s cost. 
To mitigate the negative effects of demand uncertainty on the supplier’s performance, the buyer is required to announce its minimum purchasing quantity for the entire horizon. For making the minimum purchasing commitment, the supplier offers a discounted purchasing price per unit. By making the “minimum commitment,” the buyer limits its own flexibility. If, for example, the total demand during the horizon turns out to be lower 
than the total commitment, then the buyer must still take delivery of the committed quantity and pay for it. If the total demand turns out to be higher than the total commitment, then the buyer will have to purchase the difference between the total demand and the total commitment at a higher price. On the other hand, the buyer still has the flexibility to place periodical orders of any size, as long as the sum of the periodical orders is not greater than the “minimum commitment.” 
The supplier also benefits from such a contract because it knows with certainty that during the horizon it will have a buyer for the committed minimum quantity, which means the firm can plan its production in an efficient way.
The authors concentrate on the effects of the minimum commitment contract on the buyer’s performance. They are mainly interested in determining the optimal purchasing policy of the buyer assuming that it makes a minimum commitment to purchase K units during the horizon. They prove that the optimal purchasing policy of the buyer has a very simple structure and that it is very easy to calculate the optimal periodical purchasing quantity. The crux of the optimal policy is as follows. At the beginning of every period, if the sum of the buyer’s earlier purchases is still smaller than the minimum commitment, then it is optimal for the buyer to raise its inventory to the base stock SM, where SM is the optimal base stock for a single-period news-vendor problem assuming that the purchasing cost is equal to zero. If, at the beginning of a period, the sum of earlier purchases is larger than the minimum commitment, then the buyer needs to solve a standard multi-period problem without any commitments. 
By following such a simple policy, the buyer minimizes its cost. Cleary, the supplier is interested in the buyer making a large commitment, and to encourage the buyer to do so, the supplier is willing to provide the buyer with a per-unit discount. The effect of the commitment on the buyer’s cost is illustrated by the following graph [6].


The graph shows us that as the total commitment is increasing the total saving is decreasing. This is expected because the larger the commitment is, the larger is the buyer’s risk. The graph is useful in determining the optimal commitments. For example, it is better for the buyer to commit for 750 units with a 5% discount than for 900 units with 10% discount. 
The minimum-commitment contract can be used to encourage companies to build production capacity. This is especially true in environments in which there are no markets for the produced goods. A good example is the Sub-Sahara countries, in which most of the population is unable to purchase life-saving drugs. Private and public organizations are willing to subsidize the drugs and to ensure that they are available and affordable to the needy, but usually the size and the duration of subsidy is not well defined and is uncertain. As a result, drug manufacturers are unwilling to take the risk and build capacity to produces drugs for low-income countries.
To solve this problem, several researchers have suggested that the private and public organizations make clear and well-defined commitments to subsidize certain drugs (for example, malaria drugs). The total amount and the duration of such a commitment should be advertised ahead of time and ensured by a third party. Finally, a neutral organization (e.g., the World Health Organization) will have to provide a list of drugs that should be subsidized by the private and public organizations. By providing a total minimum-quantity commitment, the private and public donors are able to mimic market conditions and provide a more stable environment for the manufacturers, who will now be certain that they will sell at least the minimum-commitment quantity. Clearly, this is an incentive for pharmaceutical companies to enter the market and invest in production capacity.
4. 
Periodical Commitments and Flexibility
The total-minimum-quantity commitment solves several problems, most especially ensuring that suppliers will sell at least a minimum quantity during the horizon. But it does not deal with the changing periodical orders. Buyers still have the flexibility to change their previously made orders to better meet the actual demand. It is clear that buyers would like the flexibility to change previously made orders at any time, but it is also evident that suppliers would like to limit this flexibility, ensure stability, and force the buyer to commit and make firm periodical orders. Bassok et. al [7], Anupindi and Bassok [8] and Tsay and Lovejoy [9] are all addressing the issue of balancing flexibility and stability.
Common to these studies are several concepts.  The buyer, before the horizon starts, makes periodical commitments q0,1,q0,2,…q0,N where qi,j is the commitment made at period i for period j. At the beginning of period 1 the buyer may change the order quantity to be delivered during this period q1,1 to be:
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. Thus, the buyer does not have the infinite flexibility to purchase any quantity it wishes but rather must stay within the limits determined by its original commitment and the downward and upward flexibility limits. In addition, the buyer may change its future commitment in a restricted way:
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Anupindi and Bassok [8] describe graphically the dynamics of this contract in the following way:
[image: image11.emf]
Figure 3:  The dynamics of the periodical commitment and flexibility contracts.
The current period is represented by a diamond and the future periods by a rectangle. Suppose that the commitment for period 3 made in period 0 was 120 units. In period 1 this commitment can be adjusted upward or downward by 20%. Thus, in period 1 the buyer can adjust the commitment in period 3 to any quantity between [96,144]. Say that the buyer decides, at the beginning of period 1, to commit to purchase 110 units. In period 2, the commitment made for period 3 can be adjusted upward or downward only by 10%—that is, the adjusted commitment could be between [99,121]. Now let us say that the buyer chooses 100 units. In period 3 the buyer has 5% upward and downward flexibility and can purchase any quantity between [95,100]
This process repeats itself every period. The idea is to enable buyers to change their previously made commitments in a restricted way. When the time between making a new commitment (period i) and the actual delivery time (period j) is short, the flexibility is very limited. But when the time between making the commitment and the actual delivery is long, the flexibility is large. This is achieved by 
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 increasing with j-I, and the number of updates that the buyer is able to make. The reason behind the structure of flexibility contract downward and upward constraints is that changes in the order quantity, with a very short notice, are costly for the supplier, while changes with a long notice are much cheaper, and in this case changes in the previously made commitment can be relatively large.
All three studies aim to identify the optimal initial periodical commitments and the optimal periodical updates. Determining the optimal policy is very difficult, and all studies resort to approximation and heuristic. Bassok et al [7]. develop a lower and upper bound on the total costs. The lower bound is achieved by assuming that the flexibility is very large—i.e., assuming that changing previously made commitments is not limited. In this case, the structure of the optimal policy is well known: there are critical numbers (base stocks) S1, S2,…,SN so that at the beginning of each period it is optimal to raise the inventory up to the base stock. The idea behind the upper bound on the total cost is somewhat more involved. The upper bound policy is a feasible policy (changes in the commitment quantities are limited and satisfy the flexibility constraints). The changes are made so that the probability of reaching the base stocks S1,S2,…,SN is maximized. The authors show that the gap between the upper and lower bounds is not too large. For example, when the coefficient of variation of the demand is smaller than 0.5 the maximum gap is only 7% (assuming upper and lower flexibility of only 5%). Since the gap is small, the authors use the upper bound to calculate the optimal initial commitments and the updates of the periodical commitments.
The ability to determine close-to-optimal commitments and then to update them provides a very important tool in the negotiation process between buyers and suppliers. The suppliers may provide different levels of upward and downward flexibility, but for a higher flexibility the supplier demands a higher per-unit cost. This relationship is illustrated in the following graph.
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.
The reader can see that when the coefficient of variation is 0.75 the buyer should pay no more than 41.7 per unit for 0.2 upward and downward flexibility.

5. Fixed-Delivery Contract

A contract that has similar features to the periodical orders and flexibility is the one presented by Moinzadeh and Nahmias [10]. These authors consider a fixed-delivery contract, and they assume a finite-horizon model with backorders and independent and stationary demand. The buyer is committed to purchasing the same quantity Q at a cost per unit of c in every period. The buyers have upward flexibility to order more than Q, but they have to pay a premium for the additional quantity, and the cost per unit is cH (where cH > c). In addition, every time the buyer deviates from the committed quantity Q it must pay a fixed cost K. The fixed delivery contract captures the fact that in certain industries it is very costly to change the production quantity. Thus, suppliers prefer to produce the same quantity in every period. On the other hand, the buyer prefers to have flexibility to adapt to the uncertain demand and update the fixed-delivery quantity. The fixed-delivery contract offers limited flexibility because the buyer may purchase more than the fixed delivery quantity but not less.
At first glance, it seems that the fixed-delivery contract is mostly advantageous to the supplier, who is able to reduce the variability in the orders. However, this observation is misleading. The benefit to the buyer depends upon the price discount that the supplier offers, c, and the premium price cH. There is always a large-enough discount so that the buyer also benefits from the fixed discount contract. 
6. Backup Contracts
Eppen and Iyer [11] present a backup contract that has some of the flavors of the commitment-and-flexibility contract presented above. They consider a model that is very common in the apparel industry and especially between the manufacturer and a catalog (retailer). They suggest a two-period model. Before the first period, the buyer must make a purchasing decision, q, for the two periods. Yet, they take delivery of only Q(1-) units. Once they observe the demand, at the first period, they take a delivery of up to Q units, but not more than that. While the cost per unit is c, the cost per unit that the buyer does not take (at the most Q unit) is b. This contract is similar to the periodical-commitment-with-flexibility contract. 
Notice that the buyer (catalog) makes a commitment to purchase Q units. The upward flexibility is zero and the downward flexibility is . The main differences between the two contracts are (1) the periodical-commitment-with-flexibility contract is a multi-period contract, while the backup contract is limited to only two periods; (2) in the periodical-commitment-with-flexibility contract, the demands in the different periods are assumed to be independent, while the demands in the backup contracts are assumed to be correlated; and (3) in the backup contract there is an explicit penalty per unit, b, for not purchasing units that were actually ordered. In the periodical-commitment-with-flexibility contract, the cost of flexibility is captured by the cost per unit of the product—the greater the flexibility, the higher the cost per unit. But there is no explicit cost for units that were ordered but not purchased.
As the value of b (the penalty per unit for not purchasing the committed quantity) is increasing, the value of the backup contract is decreasing. This is quite intuitive because when b is very large the buyer will tend to purchase all of the committed quantity and thus the backup option has zero value. Similarly, as l is increasing and the buyer has the opportunity to purchase a smaller fraction of the commitment, the total cost for the buyer is increasing.
Perhaps more interesting is the fact that the backup contracts provide the buyer with an incentive to commit to a larger quantity than the quantity that it would have purchased without the backup contract. This is a very important observation. The backup contract, provides the buyer with flexibility and thus reduces the buyer’s risk and induces the buyer to commit for more units. The supplier, who assumes a larger share of the risk benefits by selling a larger quantity. The magnitude in this difference can be large, and the authors provide an example in which the committed quantity in the backup contact is larger by 63% than the purchasing quantity without a buyback agreement. 
It is interesting to observe that for certain parameters both the supplier and the buyer benefit from the back-up contract. Thus, one can ask what the parameters of the backup contracts that minimize the sum of the cost of both the buyer and the supplier are, and when it is possible to coordinate the channel. We will address this issue shortly. 
7.
Options Contracts
The main idea of the above contracts is that they provide the buyer with flexibility to adjust to changing market conditions, and at the same time they provide the supplier with information that helps the supplier to create a stable environment and better plan its production and reduce cost. All of the above contracts can be viewed as special cases of the following option contract. In a two-period option contract, the buyer makes periodical orders Q1 and Q2, at a price c per unit. These orders are firm orders and can’t be changed. In addition, the buyer purchases M options, at the option price co per unit. These options may be exercised at the second period at the exercise price ce. 
As is the case in all of the previous contracts, the buyer would like to have flexibility to change its previously made orders, while the supplier would like to limit the flexibility and encourage the buyer to limit the changes to the previously made orders. Clearly, if co + ce is large enough, then the buyer will tend not to purchase any options and will have zero flexibility. On the other hand, if co + ce = c, the buyer will not make any commitment for the second period and will only purchase options. Choosing the right levels of co and ce makes it possible to strike a balance between the interests of the buyer and the supplier and perhaps even to reduce (increase) the cost (profits) of both. The reader may notice that the option contract is a generalization of the two-period flexibility contract and the backup contracts. The table below demonstrates that these contracts are special cases of the option contract.
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Figure 5:  Special cases.
Source:  Barnes-Schuster et. al. [12]  
For example it is clear that the backup contract is a special case of the option contract. In both contracts, the buyer commits to purchase a certain quantity. The actions in the second period are different. In the backup contract, the buyer does not commit to any quantity, while in the options contract the buyer may commit to any quantity, Q2. Second, the backup contract limits the number of options that the buyer may purchase; it is a function of the buyer’s first-period commitment. On the other hand, the option contract provides the buyer with the flexibility to purchase any number of options.
Barnes-Schuster et. al. [12]  provide a detailed two-period option model. In addition to studying the behavior of the buyer, they also study in detail the behavior of the supplier and the entire channel. The sequence of action assumed in this study is provided below:
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Figure 6:  A time line of buyer-supplier decisions.
This model assumes that the supplier may produce ahead of time up to Q1 + Q2 + M units. By producing ahead of time with a long production lead time, the buyer is utilizing a less-costly technology, but the supplier is incurring holding cost, and perhaps more important it is assuming the risk of having, at the end of the last period, obsolete inventory. Alternatively, the supplier can produce a smaller quantity, wait until the buyer decides how many options to exercise, and only then produce the goods. In this case, the production cost per unit is high due to the short production lead time. Clearly, such a policy seems to be costly due to the high production cost. Yet, it reduces the inventory holding cost and the risk of obsolete goods that were produced but can’t be sold. 
Such contracts are common practice in the apparel industry. The difficulty in this industry is the long lead time in producing the raw material. The knitting and weaving, dying and printing operations have a long production lead time. The sewing itself can be done relatively quickly. Suppliers (manufacturers), in order to minimize risk, tend to keep low inventories of raw materials—just enough to produce the ordered quantity. This results in one production run that is performed long before the season start, which creates a situation in which it is retailers who are unable to place a second order during the season when they have better information about the actual demand. The option contract reduces the supplier’s risk of keeping raw materials because the buyer shares this risk by paying the option price. By keeping raw materials in stock, the suppliers are able to produce quickly and, if necessary, to produce and deliver during the season. Thus, it provides the buyer with the needed flexibility. 
This detailed model not only determines the optimal commitments, the number of options, and the options and exercise prices, but it is also instrumental in identifying the optimal production policy for the supplier—in other words, how much should the supplier produce ahead of time at the low production cost, and which fraction of the total should be produced at a later time only and at a higher production cost. The fact that it is possible to consider that the supplier production policy leads the authors to ask whether it is possible to coordinate the channel. We remind the reader that we say that the channel is coordinated when the sum of the costs (profits) of the supplier and the buyer are the same as the costs (profits) in a centralized system with a single decision maker who optimizes the performance of the entire supply chain. In addition, if it is possible to coordinate the channel it is interesting to find out whether it is possible to allocate the cost (profit) between the buyer and the supplier in any arbitrary way. If the answer to both questions is positive then it is possible to find options and exercise prices so that both players improve their costs (profits) as compared with other contracts.  A detailer discussion of channel coordination is found in chapter 4.5.5.1.
It turns out that in general it is impossible to coordinate the channel with linear prices. There are some instances (depending upon the cost parameters) that enable the coordination of the channel. But in these cases the prices are not individually rational for the supplier. Even return policies that are known to coordinate the channel in many environments fail to coordinate the channel in this case. One of the main difficulties in coordinating the channel is the fact that production cost is not linear. To see this point, consider a buyer that purchases M options. The supplier may produce ahead of time, at a low cost, some fraction of the M options, then wait until a later time to see the actual number of options that are exercised, and finally, if necessary, produce an additional quantity at a higher cost. Thus, the actual production cost is not linear. The option contract assumes that the supplier charges the buyer a linear price. As a result, the number of options bought and exercised, assuming an option contract, is not the same as in the centralized system. Thus, in general options contracts do not coordinate the channel.  More on option contracts can be found in [13] and [14]
8. Conclusions

The main issue in designing supply contracts is to ensure supplies and goods at the right quantity, quality, time, and cost. The tension is always between the wishes of buyers to have as much flexibility as possible and suppliers, who benefit from a stable environment and early firm commitments. Balancing this with flexibility can be done in different ways, but in all cases stability and flexibility have real costs that can be evaluated, quantified, and used to calculate acceptable solutions for suppliers as well as buyers.
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Figure 2.   Effect of Price discount
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Figure 4:  Break-even purchasing cost vs. flexibility under stationary demands (c =40, h = 1, p = 100, T = 12,  = 1000)





Where c is the purchasing cost per unit, h is the holding cost per unit, p is the shortage cost per unit,  is the mean demand and  is the standard deviation of the demand
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