Silhouettes

Thesilhouette method is an unsupervised method for evaluation of clusterings
that computes certain coefficients for each object. The fsttese coefficients
allows an evaluation of the quality of the clustering.

LetO = {o4,...,0,} be a collection of objectg] : O x O — R, a dissim-
ilarity on O, and letf : O — {C4,...,C} be a clustering function, that is a
function such thaff (o) = C'if o is in the clusteiC. Since the clusters mutually
disjoint and exhaustive, is well-defined.

Suppose thaf(o;) = C,. The (f,d)-average dissimilarity is the function
asq: O — R given by

ap a(05) = S{d(oi,u) | f(u) = fo;) andu # o}
o | f(0i)] ’

that is, the average dissimilarity of to all objects off(o;), the cluster to which
o0; IS assigned.
For a cluste”' and an objecd; let

d(0;,C) = Z{d(oz,u)|é‘f(u) = C’}7

be the average dissimilarity betweerand the objects of the clustér.

Let f : O — {C},...,Cy} be a clustering function Aeighbor of o, is a
clusterC' # f(o;) for whichd(o;, C') is minimal.

In other words, a neighbor of an objegtis “the second best choice” for a
cluster foro;. Letb : O — R be the function defined by

by.a(0;) = min{d(o;, C) | C' # f(0:)}.

If f andd are clear from the context, we shall simply write,) andb(o;) instead
of ayq(0;) andby 4(0;), respectively.

Thesilhouette of the objecb; for which|f(o;)| > 2 is the numbesil(o;) given
by
b(0;) — a(o;)

sil(0;) = max{a(0;), b(0;)}

for o; € O.



It is easy to see that

1L — 52 if a(o;) < b(o;)
sil(o;) =< 0 if a(o;) = b(0;)
% —1 ifa(o;) > b(0;).

If f(Oz) =1, then8(0i> = 0.

Observe that-1 < sil(o;) < 1. Whensil(o;) is close tol, this means that
a(o;) is much smaller thanh(o;) and we may conclude that is well-classified.
Whensil(o;) is near0, it is not clear which is the best cluster for. Finally,
if sil(o;) is close to—1, the average distance fromto its neighbor(s) is much
smaller than the average distance betweesnd other objects that belong to the
same clusteyf(o;). In this case, it is clear that is poorly classified.

Theaverage silhouette width of a cluster C'is

. ~ Y {sil(o) | o€ C}
sil(C) = ] .

Theaverage silhouette width of a clustering « is

Lo > Asil(o) | o€ O}
sil(k) = 0] .

The silhouette of a clustering can be used for determiniadaptimal” num-
ber of clusters. If the average silhouette of the clusteisrapove 0.7, we have a
strong clustering.



