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Abstract

This paper will attempt to determine optimal production run time and joint capital investments in setup reduction and process quality improvement for an imperfect production system such that the total annual cost is minimized. In the analysis, we assumed that the setup cost and process quality are functions of capital expenditure, respectively. The total annual cost function with joint capital investments is developed and a procedure is provided to determine the optimal production run time and then to find the optimal setup cost and process quality improvement level. Finally, a numerical example will be provided to illustrate the procedure and evaluate the system performance on total cost savings.
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1.  Introduction 

Recently, the lot sizing problem has received considerable attention. But the majority of analyses have always assumed implicitly perfect quality of products. Product quality, however, is not always perfect, and is usually a function of the state of the production process. When the production process is in control the items produced would be of high or perfect quality. As time goes on, the process may deteriorate and begin to produce defective items. Thus, the relationship between production lot size and the quality of the product may be significant. The effect of process deterioration on the optimal production run time was studies by Poterus (1986) and Rosenblatt and Lee (1986). Porteus (1986) assumed that the production process can shift to the out-of-control state with a given probability each time it produces an item and once it goes out of control, it would begin to produce defective products. Rosenblatt and Lee (1986) analyzes the case when the system deteriorates during the production process and produces some proportion of defective items. In addition, Rosenblatt and Lee (1986) assume that the elapsed time until the production process shift is a random variable and is exponentially distributed, and derive an approximated optimal production run time in their models. In both papers showed that the resulting production lot size should be smaller than that of the classical EPQ formula, and thus there would be an incentive to produce smaller lots.
Moreover, Porteus (1986) introduced the notion of a joint investment in process quality improvement and setup cost reduction in the EOQ model. Following Poretus, Hong and Hayya (1995) studied the economic benefits of reducing setup cost and improving process quality by joint capital investment under a budget constraint. More recently, Hong (1997) extend the work of Goyal (1977) and Rosenblatt and Lee (1986) to consider the determination of production cycles, procurement schedules, and joint investment in setup reduction and process quality improvement for a production system with imperfect production processes. However, all of the above-mentioned models are based on approximated cost function such that these models may not be actually describing the behavior of the inventory system. Hence, their solution procedure may be inappropriately to find the investment optimally for quality improvement and setup reduction when based on actual cost function of inventory system. The main purpose of this paper is an extension of Rosenblatt and Lee (1986) that accurately formulate the total annual cost function with joint capital investments. The joint capital investments include the options of investing in process quality improvement and setup cost reduction. Base on this concept of capital investment. We assume that the relationship between setup cost reduction (or process quality improvement) and capital investment can be described by the logarithmic investment function. This logarithmic investment function which has been used in previous researches by Paknejad and Affisco (1987), Nasri et al. (1990), Sarker and Coates (1997), and Hofmann (1998), is consistent with the Japanese experience as reported in Hall (1983). In addition, a procedure is provided to find the optimal production run time and then to find the optimal setup cost and process quality improvement level. Section 2 deals with the modeling assumptions and the notations. Section 3 presents the mathematical model used in this article and derives the total relevant cost function with joint capital investments. A solution procedure also is developed in this section. Section 4 is a numerical example that illustrates our proposal model. Section 5 concludes the research.

2. Model assumptions and notations 


The following assumptions and notation will be used to establish the production model discussed in this article.

Assumptions

1. At the start of each production cycle, the production process is always in an in-control state and perfect items are produced.

2. During a production run, the production process may shift from an in-control state to an out-of-control state.

3. The elapsed time until the production process shifts, X, is a random variable and assumed to be exponential distributed with a mean of 
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4. Once the production process shifts to an out-of-control state, the shift cannot be detected until the end of the production cycle, and the process continuous production, and a fixed proportion of the produced items are defective.

5. All defective items produced are detected after the production cycle is over, and rework cost for defective items will be incurred.

6. The process is brought back to the in-control state with each setup.

7. The relationship between setup cost reduction and capital investment can be described by the logarithmic investment cost function. That is, setup cost, K, and the capital investment in setup cost reduction, 
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   Similarly, the relationship between process quality, 
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, and the capital investment in the process quality improvement, 
[image: image6.wmf]a

f

, is described by
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where a and b are positive constants and assume that a > b.

Notations

D: demand rate in units per unit time, 

P : production rate in units per unit time (P > D)

T : cycle time for each production lot

t : actual production run time in a production cycle, where,

t* : optimal production run time for each cycle. 
K0 : original setup cost for each production run
K : setup cost for each production run

h : holding cost per unit per unit time

s : rework cost for a defective item
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: original percentage of defective products produced once the system is in the out-of-control state prior to investment, 
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: percentage of defective products produced once the system is in the out-of-control state,
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: capital investment in setup cost reduction, 
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: capital investment in process quality improvement,
i : cost of capital/$/year,

3. The Model 

Based on the assumptions and notations above, Rosenblatt and Lee (1986) show that the total annual cost is given by 
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As it takes investment to reduce setup cost and process quality improvement, we should include an amortized investment cost in our proposal model. Therefore, the expected total annual cost of the system,
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 which shows the economic consequences of the investment per unit time, as follows:
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where 
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are based on Eqs. (1) and (2), respectively. Hence, Eq. (4) can be stated as 
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It is easy to show that TAC in Eq. (5) is convex on K and 
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(since its Hessian is positive definite). In order to find the minimum cost, the partial derivatives of the 
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From Eqs. (6) and (7), the optimal setup cost and the optimal process quality can be solved as
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and 
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Substituting Eqs. (8) and (9) into Eq. (5) yields the following expression of the corresponding total annual cost TC:
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Differentiating Eq. (10) with respect to t and setting to zero, we get:
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Then t* is the optimal solution of TC(t) if and only if g(t*) = 0.
Since the limiting values of g(t) are 
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 Hence, the Intermediate Value Theorem (see Thomas and Finney (1992)) is appropriately used to find the optimal solution t*. 

To summarize, the following algorithm procedure can be establish to find the optimal production run time, optimal setup cost, and optimal process quality level.
 Step1. Use the bisection method based on the intermediate value theorem to determine t* from Eq. (11).

 Step 2. Substitute t* into Eqs. (8) and (9) to solve K* and *, respectively. 

 Step 3. (1) Compare K* and K0. If K* 
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 K0, then Kopt = K*, and setup cost reduction investment cost is given by 
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. Otherwise, set Kopt = K0, and no capital investment for setup reduction is required.

      (2) Compare * and 
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 then opt = *, and the process improvement investment cost is given by 
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. Otherwise, set opt = 
[image: image37.wmf]0

a

, and no capital investment for process improvement is made.

  Step 4. topt, Kopt and opt are the optimal production run time, setup cost and process quality improvement level, respectively.

  From the above procedure, when Kopt = K0 and opt = 
[image: image38.wmf]0
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, the model reduced to the EPQ model as presented in Rosenblatt and Lee (1986).

4. Numerical example

In order to illustrate the above solution procedure, let us consider an inventory item with the following data: P = 1500 units/year, D = 1000 units/year, K0 = $200,    
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a

= 0.08, s = $25, h = $8, i = 0.12, a = 1898, b = 120. Applying the above procedure yields the optimal production run time topt = 0.107 year, optimal setup cost Kopt = $ 36.481, and optimal process quality improvement level 
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= 0.027. This is the setup cost reduction investment cost 
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= $55.924. Thus, we can obtain the corresponding total annual cost TC(topt, Kopt, 
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) = $630.741. However, the total annual cost without joint capital investment in process quality improvement and setup cost reduction TC(t0, K0, 
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) =$1128, where t0 = 0.237 year. Let us define RE= 
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. The relative ratio value of RE is given by 44.1%. This is, 44.1% total annual cost savings are relative to that without joint capital investment in process quality improvement and setup cost reduction.
5. Conclusions

This paper considers a model that illustrates the relationship among production run time, setup reduction and process quality improvement in an imperfect production system. We show that investment in setup reduction leads to a reduction in t* and to a reduced lot size, whereas investment in process quality improvement leads to an increase in t* and to an increase lot size. Since a reduction or an increase in t*, will affect the setup operations, it would be very important to investigate the optimal allocation of investment between these two options. We examine the trade-offs and allocate the investment optimally for quality improvement and setup cost reduction. In addition, we provide a procedure to find the optimal production run time, setup cost and process quality improvement level. By the logarithm investment function, the optimal quality improvement and setup cost reduction investment also are obtained. 

In further research on this problem, it would be of interest to combine the option of investing in quality improvement and setup reduction capital investment cost are dependent and apply to a broad number of industrial situations.
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