 Number of components needed to avoid shortage

Suppose that we have process consisting of orders for a certain component. The times bet​ween the orders are a random process. We most likely will regard the process as a Poisson process with a cer​tain intensity, often designated  (example:  = 4.2 orders per week). The number of compo​nents ordered per week is a Poisson distributed variable.

For this component, it is impractical to start the production when the order arrives and we there​fore need to have some components in stock. As we cannot have an infinite number of components in stock we need to decide a safety level (k) when we reorder compo​nents to fill the store.

This safety level must be decided in a way that gives us a small probability that we will be without components when we get an order. (If we could easily design the delivery process and state that the delivery time (m) must be less than a certain value it would be a slightly different problem.)

The delivery time for new components is m time units. The probability that we will be without components if our safety level is k components can be calculated using the following expression (we calculate the probability of 0 to k components and subtract this result from 1. This gives us the wanted answer, i.e. the probability of k + 1 to infinity components needed during the time period of m time units). NB: If the order process has the intensity  orders per week, and we wait m weeks before getting new components, we now consider a Poisson distribution with the intensity m:
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If we now want to decide the risk (F(k)) in beforehand in order to calculate k, we need to rearrange the formula. To avoid this mathematics we do the calculation of k by the ‘trial and error’-method. In order to do the table below we are satisfied to let F(k) ( 0.01.

	let k1 = 20.3
	Mean required number of components per week ().

	let k2 = 3.6
	Weeks for a new delivery of components (m).

	let k3 = k1 * k2
	Calculates the total intensity (m).

	let k4 = 100
	The minimum number of components kept in store (k).

	cdf k4 k5;
poisson k3.
	Calculates the probability for k4 or less components needed during a time period m. Result in k5.

	let k6 = 1 - k5
	The probability of > k4 components needed.

	print k6
	Prints the wanted probability F(k).


The table below shows some values of this problem. NB the probability of shortage concerns the time period of m time units until new components arrive:

	Order rate  = 3.6
	Components in store k
	Probability of shortage F(k)

	m = 20
	88
	0.029

	(i.e. m = 3.6 · 20 = 72)
	90
	0.017

	
	92
	0.010

	
	94
	0.005

	m = 25
	88
	0.556

	(i.e. m = 3.6 · 25 = 90)
	90
	0.472

	
	92
	0.390

	
	94
	0.313


Comment.  Obviously, the probability of shortage changes when the order rate changes. Perhaps the rather large increase in probability of shortage, compared to the seemingly modest change in order rate, was unexpected. There is thus a need for monitoring the order process.

A simulation.  We can also simulate some of the situations above in order to illustrate the calculations.

	let k10 = 3.6*20
	Calculates the total intensity (m).

	random 20000 c1;
poisson k10.
	Creates 20000 values from a Poisson distribution with the intensity k10.

	let k1 = sum(c1>88)/n(c1)
	Calculates the proportion ‘> 88 components needed’.

	print k1
	Prints the proportion ‘> 88 components needed’.

	
	

	let k10 = 3.6*25
	Calculates the total intensity (m).

	random 20000 c1;
poisson k10.
	Creates 20000 values from a Poisson distribution with the intensity k10.

	let k1 = sum(c1>94)/n(c1)
	Calculates the proportion ‘> 94 components needed’.

	print k1
	Prints the proportion.


A final comment.  The calculations above are only one way to look at this problem. There is probably a need for looking at the expected costs and benefits for a given strategy. There is e.g. nothing said how to choose, if possible, the size of the new batch delivered after m time units.

Thus there are many ways to extend the statistical thinking, mated with the process needs and limits.  ■
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