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Are More Suppliers Better? 
Y. GUO and R. GANESHAN 

Department of Management Science and Information Systems, Pennsylvania State University 

This paper investigates how the mean and variance of lead time change with the number of suppliers. 
Using known analytical results for the means and variances of the 'first' and 'spacing' lead times, we 
give simple decision rules to find the optimal numbers of suppliers when lead times are uniformly or 
exponentially distributed. 
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INTRODUCTION 

Companies use several suppliers for reasons of price, quality, competitiveness and risk 
reduction. Our main concern in this paper is the reduction of lead times. We assume that the 
order quantity lot is split equally among n suppliers and that the order is placed simulta- 
neously on all the suppliers. We define the first lead time as the time between placing the 
order and receiving the first portion. A spacing lead time is the time between any two 
consecutive receipts. We observe that the mean value and variance of the first and spacing 
lead times with n suppliers are decreasing functions of n and are smaller than any of the lead 
times of the individual supplier. Using this as a decision tool, we suggest a procedure that 
determines the number n of suppliers that must be used if our objective is to keep the first 
lead-time mean and variance at given levels tm and tv. 

RESULTS FROM STATISTICS 

For our analysis, a split order quantity, Q/n, is placed with n vendors or suppliers 
simultaneously. We assume that the lead times of the n suppliers, L1, L2 ... Ln are 
independently and identically distributed with probability density function (pdf) fL(l). These 
lead times constitute a random sample from fL(l). If we arrange Li in increasing order, we get 
the ordered sample 

L (1) -,- L(2) L * (n) 

Therefore, the random variable L(i) represents the lead time of the ith arrival. The pdfs of 
the first lead time, fL((l), and the spacing lead time, fTr(r+l)(t), are given by Arnold et al.' 
(p. 32) 

fL(l)() = n[l - FL(l)]( n-1L(l), (1) 

and 

fTr(r+l)(t) =(r l)!(n r 1)! 0 ] L L(X + t)[1 - FL(x + t)]n-r l dx, (2) 

where FL(l) is the cumulative density function (cdf) of fL(l) and Trs = L(S) - L(r), r < s. 
The expected values and variances for L(1) and Tr(r+l) in the cases that L - U(a, b) or 

L - exp (A) are given in Table 1. These results can be found in Arnold et al.' 

(pp. 10, 32, 33, 78) or they can be easily produced. 
Pan et al.2 provided results for L(1) and Tr(r+l) with two suppliers when L is distributed 

normally, uniformly or exponentially. Kelle and Silver3 calculated L(1) when lead times are 
Weibull distributed. Sculli and Shum4 provided numerical results for L(1) for one through six 
suppliers when the lead times are normally distributed. 
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TABLE 1. Summary statistics for L(1) and Tr(r+l) 

Uniform Exponential 

First lead time, L(1) U(a, b), a - 1 S b Exp (A) 
pdf n(b - l)n-'/(b - a)n Exp(nA) 
Mean (na + b)/(n + 1) 1/nA 
Variance n(b - a)2/(n + 1)2(n + 2) 1/(nk)2 

Effective lead time, Tr(r+l) 
pdf n(b - a - l)n-l/(b - a)n Exp((n - r)A) 
Mean (na + b)/(n + 1) 1/(n - r)A 
Variance n(b - a)2/(n + 1)2(n + 2) 1/((n -r),)2 

From Table 1, it is obvious that 

E(L(1)) < E(L), V(L(l)) < V(L), 

E(Tr(r+l)) -c E(L), V(Tr(r+l)) -'- V(L). 

and that E(L(1)), V(L(1)) are monotonically decreasing functions of n. 
This result suggests that the more suppliers are used the greater the reduction in lead time. 
Table 2 shows the reduction in lead time mean and variance when n suppliers are used 

instead of one. For n > 2, all the differences are positive. For the lead time distributions 
under consideration, increasing the number of suppliers always produces lower lead time 
means and variances. 

TABLE 2. Reductions in mean and variance of lead times 

Uniform Exponential 

First lead time reductions U(a, b), a - 1 - b Exp (A) 
E(L) - E(L(j)) (n - 1)(b - a)/2(n + 1) (n - 1)/nk 
V(L) - V(L(l)) (b - a)2(n3 + 4n2 - 7n + 2)/12(n + 1)2(n + 2) (n2 - 1)Ank)2 

Effective lead-time reductions 
E(L) - E(Tr(r+l)) (n - 1)(b - a)/2(n + 1) (n - r -1)/nk 
V(L) - V(Tr(r+l)) (b - a)2(n3 + 4n2 - 7n + 2)/12(n + 1)2(n + 2) ((n - r)2 - 1)/((n - r)))2 

MANAGERIAL IMPLICATIONS 

Our results have important managerial implications. They give a manager a tool to 
determine the number of suppliers. If management decides that the lead time mean and 
variance should be at least the levels tm or tv, it can easily determine the number n of 
suppliers. In searching for this, one must determine the smallest n value, say no, for which 
the inequalities 

E(L(1)) : tm and V(L(1)) t v 

are valid, while for n = nO + 1 at least one of these is violated. 
Note that since, in the case L - U(a, b), the lower bound for E(L(1)) is a, if tm < a there 

is no value of n achieving this bound. 
From Table 1, the marginal decrease in the variance of the first lead time when another 

supplier is added can easily be determined. Let Vn(L(l)) be the variance of the first lead time 
when n suppliers are used. For the uniform lead time distribution, the marginal decrease in 
the variance of the first lead time, Vfl(L(1)) - Vfl+1(L(1)), is 

(2n2 + 3n - l)(b - a)2 (3) 

(n + 1)2(n + 2)2(n + 3) 
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The fractional decrease in the variance of the first lead time, (Vf(L(l) - V,+j(L(j)))AVn(L(j))) 
is given by 

2n2 + 3n -1 (4) 
n(n + 2)(n + 3) 

For the exponential distribution, the marginal decrease in the first lead time variance is 

1 (2{ n + 1) (5) 
A2 n 2( n+ 1)2) 

The fractional decrease in first lead time variance is 

2n + 1 (6) 

(n + 1)2 

Table 3 shows the percentage decrease in first lead time variance when the current level of 
suppliers is increased by one. The percentages are generated using equations (3) and (5). For 
example, from the table, there is a 55.56% decrease in lead time variance when the number 
of suppliers is increased from two to three (when supplier lead time is exponential). From (3) 
and (5), it is evident that the percentage marginal decrease in the first lead time variance 
decreases with n, and this behaviour is presented in Table 3. A manager can use a table 
similar to this when determining the number of suppliers. If management can estimate what 
revenue increases result from a decrease in lead time, it can compare this to the cost of 
adding one more supplier. If the cost of adding an extra supplier is less than the revenues 
from a lead time decrease, it is reasonable to increase the number of suppliers by one. 

TABLE 3. Percentage decrease in the variance of the first lead 
times with an additional supplier 

Number of suppliers Percent decrease in the variance 
Lead time distribution 

Uniform Exponential 

1 33.33% 75.00% 
2 32.50% 55.56% 
3 28.89% 43.75% 
4 25.60% 36.00% 
5 22.86% 30.56% 
6 20.60% 26.53% 
7 18.73% 23.44% 
8 17.16% 20.99% 
9 15.82% 19.00% 

10 14.68% 17.36% 

In a similar manner, the percentage decrease in the first lead time variance, when the 
number of suppliers increased from n to m, is given by: 

for uniform lead time, 

(m - n)(n2m + nm2 + 4nm - 2)( 

n(m + 1)2(m + 2) 

for exponential lead time, 

_m2 - n2) (8) 
m2 

Using (7) and (8), the management can determine the extra (m- n) suppliers needed to 
decrease their lead time variance to their target level. 

From Table 2, it is evident that the percentage marginal decrease in the mean and variance 
of the time between consecutive receipts, Tr(r+1), decreases significantly with n. Therefore, 
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the risk of a shortage between consecutive receipts decreases with increasing n. However, if 
the lot size Q is significantly large and the lead time L is sufficiently brief, the risk of a 
stockout between any two consecutive receipts is negligible. A manager can trade-off the 
increased order costs due to the addition of extra suppliers with the decrease in the risk of 
shortage. 

CONCLUDING REMARKS AND FUTURE RESEARCH 

With the advent of JIT, companies have been advised to cut their suppliers to 'a few good 
ones'. Our results imply that if a company places considerable importance on lead time and 
their lead times are approximately exponentially or uniformly distributed, it may be 
advantageous to use 'as many good ones as you can'. 

Our model is by no means exhaustive. We see potential for future research in the following 
areas. 

(1) Order crossover: an order crossover means that part of an order is not received until 
after a portion of a later issued order has been received. In our investigation, we have 
completely ignored order crossover. It might be possible to reduce the probability of order 
crossover by unequally splitting the order quantities among suppliers. 

(2) Although we give heuristics to find the number of suppliers, we do not make clear how 
the costs of adding an extra supplier or the revenues from decreasing the lead times can be 
calculated. If these costs can be analytically expressed, the analytical 'optimal' number of 
suppliers can be obtained. 

(3) We have assumed that the lead time distributions are exponential or uniform. This 
may not represent many real-life situations. Using (2) and (3), analytical results can be 
obtained for many other distributions. 

(4) Decision rules for service level or safety stock policies can be refined by exact analytical 
results of lead time mean and variance. 
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