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ABSTRACT

Frequent changes to production schedules in a material requirements planning (MRP) environment can lead to confusion at the shop floor level and reduced productivity. One approach suggested in the literature to reduce instability is to introduce safety stock at the master production schedule level to act as a buffer against differences in actual and forecast requirements. Safety stock reduces the impact of deviations of actual demand from forecast and thus, reduces the need for changing the MPS schedule. Contrary to prior research, our research concludes that safety stock did not necessarily improve schedule instability. This paper is intend to formally investigate the effectiveness of carrying safety stock to improve MRP system performance in term of schedule instability, cost, and service level under uncertain demand environment.

INTRODUCTION

Generally, safety stock is used for two purposes. First, it is used to cover unexpected demand. Second, it is used to reduce the impact of the unexpected demand on the stability of MPS system. The most generally accepted practice for handling demand uncertainty is to place the safety stock at the end-item level (Sridharan, et. al. 1989). Safety stock improves the stability of the MPS schedule for two reasons. First, safety stock can cover the variance in demand uncertainty. Secondly, fewer changes are transmitted to lower level items, especially for deep multilevel product structure, so safety stock is an effective tool to improve stability of the MPS system under uncertain environment (Blackburn, et. al. 1986). Another purpose of safety stock is to prevent stock-outages. The safety stock serves as a cushion of inventory in excess of planned requirements to help meet unplanned needs. Therefore, safety stock may help to improve system instability and customer service level. This study further investigates the impact of safety stock on schedule instability, as well as cost and customer service. The focus here is to examine how the safety stock interacts with the three other factors: replanning interval, frozen interval, and lot-sizing rules under more realistic environment.

RESEARCH DESIGN

A simulation method is employed in this study to investigate how safety stock impacts instability, cost, and service level on an MRP system. The experimental factors include frozen interval, replanning interval, end-item safety stock, lot-sizing rules, and demand variability. Three performance measures are used to evaluate the effects of safety stock on an MRP system under a variety of environmental settings. The three performance measures are schedule instability, total cost, and customer service level.

Schedule Instability. The measurement of schedule instability (IS) incorporates the possible effect of lead time on instability. Changing the orders beyond their lead times has no impact on the system. 
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Where: i   =  an item in the product structure,

t   = time period,

n  = total planning cycles in this simulation experiment, 

m = total items in product structure,

W = forecast window,

F = frozen interval,

R = re-planning interval,

Qit(k-1)R  = scheduled order quantity for item i for period t during planning 

     cycle k-1,

QitkR  = scheduled order quantity for item i for period t during planning cycle k,

Wit = coefficient of an order change for item i in a specified period t, and

Wit = max{ 
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Service level. Service level is measured by the fill rate, defined as the proportion of end-item demand satisfied from stock on time. Since no back orders are allowed in this study.

Total Cost.  Total cost incorporates the effect of MRP changes on total cost. Total cost consists of three components: total setup cost (TSC), total holding cost (THC) and total cost of changing MPS (TCC). Setup cost and holding cost are calculated over the simulation horizon far all levels. The cost of changing MPS (TCC) is measured by the following formula.
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RESEULTS OF THE SIMULATION STUDY

Schedule Instability Results: Since safety stock absords demand varaince, it is believed that a high safety stock could improve the instability of the MRP system. Contrary to the commom wisdom, our study concludes safety stock does not necessary improve system instability. Figure 1 illustrates this situation. However, The impact of stafety stock on instability is not stable. The result indicates that without setting any safety stock, the MRP system experiences high instability, the instability is improved dramatically by increamenting safety stock from that point until stafety stock reaches certain level( in this case, 25). After that, countinouely increasing safety stock worsens instability, and again, after certain point, safety stock imporves instability. Figure 1 also indicates that in certain range, there exist servel optimal safety stock levels in which instability is minimized locally. So we call these safety stock levels are local optimal safety stock points. In addition, the results also indicates the interaction of LSR and safety stock in affecting instability is significant. When LFL is used, increasing safety stock continously worsens instability. When POQ is used, the instability varies as safety stock inceases. In fact, the pattern of the impact of safety stock on instability is mainly due to POQ rule. 
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Service Level Results:Even though the impact of safety stock on system instability is unstable, increasing safety stock will continously improves service level.  As shown in Figure 2, when safety stock is low, service level can be improved dramatically by increasing safety stock level, but its impact weakens as safety stock increases. Interaction analysis concludes that a long frozen interval favors service level when safety stock is low. As safety stock increases, the impact of frozen interval on service level weakens. When safety stock is low, frequently replanning seems has more strong impact on service level than it does when safety stock is high. When safety stock exceeds certain level, frequent replanning truns to worsen service level.

Total Cost Result:Safety stock tends to increase holding cost and reduce setup cost. When safety stock is low, the reduction in setup cost overweights the increases in holding cost, as a result, total cost tends to decrease. Beyond certain level of safety stock, situation reverse, so total cost tends to increase as safety stock increases.
CONCLUSION

Our study concludes that even though safety stock absords demand variance, it does not necessarily improve system instability. In fact, increasing safety stock may worsen system instability. However, within certain range of safety stock level, there exists local optimal safety stock level that minimizes instability locally. Safety stock helps improve service level, but its impact on service level abates as safety stock increases. Total cost decreases as safety stock increases, this mainly due to the saving in setup cost overweights the increase in holding cost. After safety stock exceeds certain level, the situation reverses, and total cost increases as safety stock inreases. The interactions between safety stock and other experimental factors are significant. When LFL is applied, increasing safety stock tends to improve instability, and its impact varies when POW is applied. While total cost seems insensitive to safety stock level when POQ is applied and total cost decreases as safety stock increases when LFL is used for lot-sizing decision.
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