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1. Introduction

The \validity" in cluster analysis is used as the problem of an investigation on whether

clusters resulting from a clustering procedure are genuine. Davies and Bouldin (1979) suggested

a measure of separation degree, which is based on within-cluster dispersions and distances

between centroids, in assessing the validity of clusters. We examine the limitation of the

separation measure and propose a di�erent one for evaluation of the validity.

2. Validity of clusters

Davies and Bouldin (1979) suggested a separation measure of the k-cluster partition as

following. Suppose that independent multi-dimensional objects x1; x2; � � � ; xn are made on a

distribution F on Rp. These objects are partitioned into k clusters C1; C2; � � � ; Ck by using a

certain clustering method. The i-th cluster Ci is composed of ni objects (1 � i � k). Let

Si = f 1
ni

X
xj2Ci

jjxj �mijj
qg1=q and Mij = f

pX
l=1

jjmil �mjljj
tg1=t where mi = (mi1; � � � ; mip) is the

i-th cluster centroid. Let Rij =
Si+Sj
Mij

be the similarity measure between the cluster i and the

cluster j. The suggested cluster separation measure isR = 1
k

kX
i=1

Ri where Ri = max
j

Rij, (i 6= j).

The best choice of the partition, then, will minimize this average separation degree. However,

the separation measure R can lead us to improper conclusions for non-spherical structure. Let

us consider the following data set, which consists of 60 objects where each of 30 points forms

an elongated structure, for t = 2 and q = 1. Figure 1 shows the results of k-spatial medians

clustering (Jhun, 1986) for k = 2 and k = 3. The value of R is computed as 1.035 for k = 2 and



0.708 for k = 3. The result makes us judge that the partition composed of three clusters has

higher validity than that composed of two clusters. However, we can be aware of inadequacy

of three clusters from Figure 1.

Figure 1 Results of k(= 2; 3)-spatial medians clustering

Now, we suggest an alternative measure of separation degree of clusters. The separation

measure Qi of i-th cluster can be computed as following steps. First, compute Euclidean

distance �
(i)
jl = jjxj � xljj for every xj; xl 2 Ci, and calculate the average of

�
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�
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�
. Next, among the objects except for the members of the i-th cluster, �nd

the nearest object y(i) from the i-th cluster centroid and compute distances d
(i)
1 ; d

(i)
2 ; � � � ; d(i)ni

from this object y(i) to every object which belongs to the i-th cluster (i.e. d
(i)
j = jjxj � y

(i)
jj,

xj 2 Ci). If �i, which represents dispersions of the i-th cluster, is su�ciently small comparing

to d
(i)
1 ; d

(i)
2 ; � � � ; d(i)ni , then the i-th cluster is well separated from other objects or clusters. Thus,

we propose a separation measure of i-th cluster as Qi =
niX
j=1

I(d
(i)
j < �i)=ni. In other words, the

separation degree of the i-th cluster is measured by counting the number of d
(i)
j , (j = 1; � � �ni)

which is less than �i. When the value Qi is small, the i-th cluster is well separated from other

objects and vice versa. To incorporate the size of the clusters, we propose a weighted average

of Qi's ~Q =
Pk

i=1
niQi

n
as a separation measure of the whole partition. The values of Q1 and

Q2 from the result of k-spatial medians clustering for k = 2 are computed as Q1 = 0:233,

Q2 = 0:200 and ~Q = 0:217. Meanwhile, it gives Q1 = 0:250, Q2 = 0:185, Q3 = 0:470 and
~Q = 0:283 for k = 3. It seems that k-spatial medians clustering for k = 2 gives a relatively

better result, comparing with k = 3.
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