The Use of simulation software to search for good parameters in the management of spare parts inventory
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ABSTRACT

Based on the development of an inventory management system for a large multi-billion company, the paper proposes the use of modern simulation software in helping practitioners define inventory management systems parameters - e.g. safety stocks and reorder points for spare part items whose demand follows a difficult to predict lumpy pattern, using a principle which resembles but goes beyond the focus forecasting logic in the sense that it incorporates numerical search procedures.

IntroduCTIoN

In the last years, business have become more and more complex with managers having to continually develop tools & techniques for a better decision making. Intuition or experience is not always enough, systematic techniques able to back decisions are frequently necessary. In this context analytic solutions emerge for the most different management problems. In the case of inventory management there are several traditional techniques, for example, to help decide about replenishment points, economic order quantities and the like. (see e.g. Arnold, 1998, for a review). However, this type of technique often assumes a series of strong hypotheses. In some practical situations, these hypotheses - such as constant demand - become far from reality and, therefore, their results are less solid and trustworthy for decision making, to point of making the use of this technique practically unfeasible.

Applying simulation in THE management of spare parts 

The idea of using a simulation-based technique to support the management decision making with regard to spare part inventory arose when the authors were developing  a consultancy project for a large company with the objective of reducing their spare parts inventory level.   For some of the spare parts considered, the hypotheses assumed by the most “classic” models found in the literature could be assumed, but for some other parts (with an irregular demand pattern, which did not adhere to any probability distribution tested) the hypotheses did not hold. Decision making regarding when and how many to order these parts was usually intuitive.  There was a strong impression of the managers that substantial improvements could be attained by means of a more systematic approach. With the lack of analytical models, but with the presence of abundant data on past demand, it was decided that this could be a good potential situation for the use of simulation models.

Defining the problem

The object of the simulation is formulating a policy for managing production equipment spare parts inventory which have an irregular (lumpy) demand pattern. The objective of the model is to reduce the costs of parts shortage (stockouts) and inventory holding costs. In other words, the intended policy must support the company's decision on how much capital should be tied up in stocks in order to guarantee a certain service level for equipment maintenance. More specifically, at the individual part level, the decisions supported will be those regarding the general management model adopted, described below. The general model used is the replenishment point with fixed lot. The policy encompasses the definition of two parameters, the replenishment point (when to order) and the lot size (how many to order). The sources for spare part independent demand occur mainly as a result of corrective maintenance, i.e., when parts break unexpectedly. It was not possible to characterize the behavior found in the past time series in any of the most usual probability density functions. This forced the simulation to be executed in a different manner than the usual: it is not possible to execute the simulation with several replications, since a function that represents the demand’s behavior is not known. The alternative is the "simulation" of different policies for the historic demand data. The aim is to answer the following question: "If policy X had been adopted in the past then what would have been the result in terms of service levels and inventory carrying costs?". The use of simulation with only one data set is not recommended by Klafehn et al. (1996) nor by Emshoff and Sisson (1970). It is true that this alternative reduces possibility of generalizing the result of the "simulation", but nevertheless it is a useful tool for supporting the decision making given the complexity of the problem in question and given the alternatives available (which are not very encouraging).

important variables associated WITH the problem

As well as the demand history whose features were analyzed in the above item, the information necessary for the model are: lead-time of each part - time between the identification of the need and the receiving of the part by the Maintenance department; Costs associated to the stockout of each part; Inventory holding costs of the parts; Ordering cost - administrative cost of issuing an order.

ProgramMING THE model IN A simulaTIoN software
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Figure 2 -  Examples  of Data for  Analyzing  the  Results  of  the  Simulation
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The model was programmed using Promodel, which is one of the several simulation packages available in the market. For a list of this type of application refer to LIONHEART PUBLISHING, INC. 

Figure 1 shows a graphic representation of the built model (enhance if necessary).

Defining alternative scenarios for THE simulation

The simulation was run for different  inventory policies: each run of the simulation considered different replenishment points and lot sizes. Plausible ranges were initially defined for replenishment point (RP) and lot size (LS). The simulation software then helps explore all possible combinations (within the pre-defined range) of RP and LS, "simulating" what would have been the performance of the policy for each and every explored pair RP/LS.

Executing the simulation

The execution of the simulation is done with two software applications. One actually simulates each policy and the other helps explore the different pairs of the searched parameters. The simulation software will determine the performance of the simulated policy by calculating the service level, average inventory level and associated costs. The sequence of the policies to be researched will be defined by a searching software called SimRunner. At each simulated policy this application defines which must be the next size of lot and replacement point values to be tested, in the search of the lower cost policy.

Analyzing simulation results

Figure 2 brings two examples of information that can be used in the analysis of an item. The first graph shows the total cost of each simulated policy. The second graph shows the service level for each policy.  This information has already been considered in the cost function, since the shortage cost was calculated. 

[image: image2.emf]Figure 1 –  Graphic  Representation  of  the Model Supplier’s Stock Order   issue Requirement Order shipment Transport  lead time Warehouse Release Replacement  Point................................4 Lot  Size.................................................1 Mean  Stock......................................2.47 Response  Time*...............................1.49 Lack Total..............................................0 Needs  Attended ...................................39 Service  Level ...............................100.00 COSTS:     Stock           126.98     Order           190.00     Lack                 0.00 TOTAL           316.98


Conclusion

Considering the management of spare part inventory management problem, the simulation of different policies based on the historic demand data appears to be a tool with a good potential. Specially when one compares with the alternative of managing only based on intuition. The greatest difficulty associated with this problem is in identifying a pattern in some spare part past demand in order to be able to forecast future demand. The flexibility that the simulation software allows in building the model was the main reason for its use in this case. Building a model was made possible dodging the difficulty in identifying the spare part demand pattern. The proposed solution appears as an additional quantitative tool to help support decisions that in practice had been made intuitively. We acknowledge that it is not actually simulation if we take the rigorous definition into account. But does it not seem to be a somewhat useful tool when you have plenty of past bad behaved data, mainly if one considers the available alternatives?

References

ARNOLD, T. Introduction to Materials Management. Prentice-Hall, 3rd Ed., 1998.

CORRÊA, HL; GIANESI, IGN e CAON, M. Planejamento, Programação e Controle da Produção. Atlas, São Paulo, 3rd. Ed. 2.000.

BROWN, RG. Advanced Service Parts Inventory Control. Materials Management Systems, Inc. Vermont, United States, 1982.  

EMSHOFF, JR.; SISSON, RL. Design and Use of Computer Simulation Models. The Macmillan, New York, 1970.

HEIZER, J; RENDER, B. Operations Management. Prentice Hall, New Jersey, 1999.

KLAFEHN, K; WEINROTH, J; BORONICO, J. Computer Simulation in Operation Management. Quorum Books, Westport, 1996.

LIONHEART PUBLISHING, INC. Internet, 
http://lionhrtpub.com/orms/surveys/Simulation/Simulation.html, jun. 1999.

NERSESIAN, RL; SWARTZ, GB. Computer simulation in logistics: with visual basic application. Quorum Books, Westport, 1996. 

RUSSEL, RS; TAYLOR, BW. Operations Management: Focusing on Quality and Competitiveness. Prentice Hall, New Jersey, 1998.

















































































































































































































































Proceedings of the Eleventh Annual Conference of the Production and Operations Management Society, POM-2000, April 1-4,2000, San Antonio, TX.

