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OBJECTIVE FUNCTION BASED FUZZY CLUSTERING

PRUTEANU E., ABABEI $t, CULEA G., PUIU GABRIEL, ANGHELUT M

University of Bacdu

Abstract: Clustering algorithms, in general, aim to divide unlabeled data set into groups of
data, which are similar in some way. While hard clustering algorithms outcome in not
overlapping clusters, fuzzy approach to clustering allows each datum 1o be member of one
or more clusters. Goal of this paper is to give overview on most typical fuzzy clustering
algorithms.

Keywords: fuzzy, data, clustering, algorithms

1.CLUSTERING

Them main purpose of clustering is to divide a set of objects into reasonable groups (called clusters). The
division of objects is based on measuring of similarity or dissimilarity between the pair of objects. Thus, result of
clustering is a set of clusters, where object within one cluster are more similar to each other, than to object in
another cluster.

Clustering methods are used in many branches ranging from data-mining through market research to remote
sensing. Many difTerent approaches were employed in clustering algorithms. These algorithms are divided into
several subsets according to any typical property of algorithm.

One of the properties is fuzziness of the algorithm, Using this property, three different types of algorithms are
known,

Hard clustering algorithms partition data set into clusters, where one datum belongs only to one cluster. Fuzzy
clustering algorithms allow cach datum to belong into several clusters with different degree of membership.
Possibility clustering algorithms, like fuzzy clustering algorithms, allow one datum to belong to several clusters
with different degree of membership, but it is not guaranteed that datum belongs 10 any cluster.

1. FUZZY CLUSTERING ALGORITHMS

As said before, fuzzy clustering algorithms allows cach datum to belong into one or more clusters with certain
membership degree. Larger membership values indicate higher confidence in the assignment of the datum to the
cluster,
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Fig. 2. Gustafson-Kessel Algorithms
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2.3. Fuzzy Maximum Likelihood Estimates Clustering

The fuzzy maximum likelihood estimates clustering (FMLE) uses a distance norm based on the fuzzy maximum
likelihood estimates:

1 o
(2 =v Y E (25,
[det(r)f G=t
D, = E,‘ e .
]

Where F; is covariance matrix and P; is the prior probability of the i-th cluster defined as:
1 N

Pﬂz‘ﬁZﬂa

The FMLE algorithm is able to detect clusters of the varying shapes. sizes and densities. But the FMLE is more
sensitive to an initial condition because it converges to a near local optimum due to the exponential function.

This algorithm also allows us 1o modify the properties of the results in the same way as GK algorithm. The

cluster shapes can be restricted and the volumes of clusters can be different. But the interpretation of the required

restrictions of cluster shapes and volumes of clusters is more difficult than for the GK algorithm and it is not so
clear. But the using of this modification allows to prevent from very thin or very small or very big clusters.

2.4. Clustering algorithms with linear proto-types

Contrary to the GK and the FMLE algorithms using lincar prototypes defined by matrix A, these algorithms use
r-dimensional linear of non-linear subspaces of data space as prototypes.

The basic algorithm is called fuzzy c-varieties (FCV). The main idea is to measure the distances of data from r-
dimensional linear subspaces of R”. The criterion is:
N C 2
JZUV)=3 Y tiD
k=l i=l

And
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D =l —vf -3z —vom,)

f=1

where ¥, is a set of C linear r-dimensional varieties
V,={V,1, Vozusny Vo) and Dy
is the orthogonal distance 2 to the linear variety V,, .
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Fig. 2. Fuzzy C-Varicties Algorithm

The fuzzy c-varieties algorithm is the generalization of the FCM and the GK. The main disadvantage of the FCV
algorithm is that the size of the lincar varicty cannot be constrained. Thus the algorithm tends to connect
collinear clusters together in spite of that the cluster can be divided very well. The algorithm gives bad results
when the size of the varieties is different from cluster 1o cluster.

3. CONCLUSION

Fuzzy clustering is a powerful tool for clustering data, giving good results. However, all of these algorithms still
rely to some extent on rigid assumptions about the data which must be provided by user. These assumptions
appear both explicitly as fixed numerical values and implicitly in the way, that user represents the input to the
algorithm, While prior knowledge to application can help user choose appropriate assumptions, oftentimes user
must alternate between running  the clustering algorithm and updating assumptions based on the result.
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