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Viewpoint 

A comment on: Geetha KK and Archary KK (2000) 
Are more suppliers better?: generalizing the Guo and 
Ganeshan procedure. J Opl Res Soc 51: 1179-1183. 

When researchers formulate inventory policies for multi- 
sourcing models, they usually estimate the effective lead- 
time (ELT) as the first order statistic of the (iid) lead-times 
of the individual suppliers. In a recent paper, Geetha and 
Acharyl provided an approximate method by which the 
moments of ELT can be computed by transforming 
the lead-time of each supplier to a generalized lambda 
distribution. 

Although Geetha and Achary's method is an important 
advance to compute the ELT (and higher moments), it has a 
few minor shortcomings. First, from a practical perspective, 
most lead-time distributions are estimated from empirical 
data. The usual practice for operations or logistics 
managers is to collect lead-time data over a time period 
and construct frequency histograms that are ultimately 
approximated into theoretical distributions for model devel- 
opment. There is a need therefore to work directly with 
'raw data' in estimating lead-times of individual suppliers 
and consequently ELT. Second, managers estimate lead- 
time distributions primarily to compute safety stocks and 
inventory policies. This will require the computation of the 
demand during the lead-time, which is the convolution of 
the random demand and lead-time distributions. The 
Geetha and Achary method would make this computation 
quite intractable for many forms of demand distributions. 

Our intention in this note is to provide an easy spread- 
sheet based approach to estimate ELT and show how this 
can be used to compute inventory policy. This method 
estimates lead-times from empirical observations without 
any distributional assumptions. We will then demonstrate 
how to use the estimated ELT to compute inventory policy. 

The first two columns in Table 1 show lead-time infor- 
mation collected from a Fortune-500 company for a consu- 
mer product that is shipped from the Mid-West to the 
South-Western United Sates. For example, 5 of the 392 
instances the lead-time was measured, the shipment was 
made in one day. Therefore the estimated probability that 
the lead-time is one day is 5/392 or 0.01276. In a similar 
manner, the entire probability mass function (pmf) and the 
cumulative mass function (cmf), can be determined 
(columns 3 and 4). 

When there are n identical suppliers, each with pmf L, ie, 
P(L = t) = Pt (therefore the cmf, F(t) = tP,_ I) the cmf 

of ELT, FELT(t), which is just the minimum of the lead-time 
distributions of each of the n suppliers can be obtained in a 
straight forward manner (column 5 of Table 1 illustrates this 
when n = 2) by recognizing that FELT(t) = 1 - [1 - F(t)]'. 
The pmf therefore can be obtained by discretizing the above 
cmf. One way to achieve this is to simply compute 

PELT(t) = FELT(t) - FELT(t - 1) (see column 6). We have 
computed t in increments of one day-the time period can 
be decreased or increased depending on the data available 
and the precision to which one would like to capture lead- 
time information. 

The above procedure (as is Table 1) can easily be 
reproduced in a spreadsheet program. The advantage of 
this method is that it does not make any distributional 
assumptions, and the results for several values of n can be 
quickly calculated. 

Perhaps the greatest advantage of using the above 
method is that it makes the computation of inventory 
policies much easier. We illustrate the sample calculations 
when daily demand is normally distributed with mean 1d 

and standard deviation Cd. This method is a straightforward 
adaptation from the ones that appear in Banks and 
Fabryky, Tyworth, and Tyworth, Guo, and Ganeshan.4 

For a given reorder point r, and lead time PELT(t) = t, it 
is easy to see that the conditional demand during the lead- 
time is also normal with mean (di) and standard deviation (s), 

dt = tid; St = Ntd 

The expected units short per replenishment cycle for a 
given lead-time PELT(t) = t (ESPRCt) is given by g(zr)st, 
where g(zr) is the value of the unit normal loss function at 
zr. For a given r, Silver and Peterson5 provide a way to 
compute: 

g(Zr) = f (z - Zr)(z)dz 
ZIr 

=ztr -ztr(I @(Dzr)) 

where +(z) is the probability distribution function of the 
standard normal distribution. Zr is the normalized value of 
the reorder point r, ie Zt = (r - dt)/st. Once ESPRCt has 
been determined for all t, ESPRC can be calculated as 
ESPRC = SEt ESPRCtPELT(t)- 

To compute the reorder point that provides a level of 
service fi, one simply equates Q(1 - ,6) = ESPRC, where Q 
is a pre-determined lot-size. 
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Table 1 Estimation of lead-time probabilities and ELT 

Lead time (Days) Frequency Pt F(t) FELT(t) PEL(t) =t 

1 5 0.01276 0.01276 0.02535 0.02535 
2 17 0.04337 0.05612 0.10910 0.08375 
3 43 0.10969 0.16582 0.30414 0.19504 
4 55 0.14031 0.30612 0.51853 0.21440 
5 62 0.15816 0.46429 0.71301 0.19448 
6 36 0.09184 0.55612 0.80297 0.08996 
7 56 0.14286 0.69898 0.90939 0.10641 
8 19 0.04847 0.74745 0.93622 0.02683 
9 16 0.04082 0.78827 0.95517 0.01895 

10 12 0.03061 0.81888 0.96719 0.01203 
11 13 0.03316 0.85204 0.97811 0.01091 
12 10 0.02551 0.87755 0.98501 0.00690 
13 9 0.02296 0.90051 0.99010 0.00510 
14 8 0.02041 0.92092 0.99375 0.00364 
15 6 0.01531 0.93622 0.99593 0.00219 
16 7 0.01786 0.95408 0.99789 0.00196 
17 4 0.01020 0.96429 0.99872 0.00083 
18 3 0.00765 0.97194 0.99921 0.00049 
19 2 0.00510 0.97704 0.99947 0.00026 
20 1 0.00255 0.97959 0.99958 0.00011 
21 2 0.00510 0.98469 0.99977 0.00018 
22 1 0.00255 0.98724 0.99984 0.00007 
23 0 0.00000 0.98724 0.99984 0.00000 
24 2 0.00510 0.99235 0.99994 0.00010 
25 0 0.00000 0.99235 0.99994 0.00000 
26 0 0.00000 0.99235 0.99994 0.00000 
27 1 0.00255 0.99490 0.99997 0.00003 
28 0 0.00000 0.99490 0.99997 0.00000 
29 0 0.00000 0.99490 0.99997 0.00000 
30 0 0.00000 0.99490 0.99997 0.00000 
31 0 0.00000 0.99490 0.99997 0.00000 
32 1 0.00255 0.99745 0.99999 0.00002 
33 0 0.00000 0.99745 0.99999 0.00000 
34 0 0.00000 0.99745 0.99999 0.00000 
35 1 0.00255 1.00000 1.00000 0.00001 

Number of suppliers = 2. 

In summary, this note provides a simple but practical 
way to estimate lead-times and consequently ELT empiri- 
cally. Using this numerically-driven estimation has two key 
advantages: first, the researcher or practicing operations 
manager does not have to know the distributional form to 
compute ELT (the Geetha and Achary paper requires an 
unimodal distribution), and second, the estimation makes it 
easy to compute inventory policies and safety inventories. 

College of William and Mary, Williamsburg R Ganeshan 
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Reply to Ganeshan 

In the article,1 we present an approximate method of 
obtaining the moments of supplier lead times in multiple 
sourcing inventory models, when the parent lead time 
distribution is taken as a member of the GLD (Generalised 
Lambda Distribution) family. GLD is a four parameter 
family of distributions and is specified by the pth quantile 
function as 

p - 
= 3(1 p),p4 x = (P) Al A2 O'p 'l (1) 
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