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1 Introduction

The development of microarray technology produces vast amount of genome-wide gene expression
data under different experimental conditions such as gene disruptions, shocks, cancer tissues and
so on. Clustering analysis of microarray gene expression data is a standard method for microarray
analysis, which has made significant impacts on biomedical research [3]. While there are a number
of clustering softwares for microarray gene expression data such as Cluster 3.0 [2], most of them use
O(n?) memory space algorithms which can cause execution failure of clustering for large data due to
insufficient memory space. Therefore, in order to handle large size data containing more than 100,000
objects such as whole genome arrays, a memory-efficient algorithm needs to be developed. We present
a new single-linkage hierarchical clustering algorithm which requires only O(n) memory space, where
n is the number of objects. We show the practical usefulness of the proposed algorithm by comparison
with Cluster 3.0.

2 Method and Results

Although there exist several memory-efficient algorithms for single-linkage clustering [4, 6], we have
developed a conceptually simple O(n) memory space algorithm. The derivation of our algorithm is as
follows: First, we have the following proposition:

Proposition: Let G = {g1,--,gn} be the set of objects to be clustered and let A and B be subsets
of G satisfying AU B = G and AN B = ¢. The minimum distant between these subsets is defined by

da,p = min (d(a,b))|la € A,b € B) (1)

where d(a, b) is the distance between a and b. Then, d4 g must be used as a node of the resulting tree
of the single-linkage clustering for G.

Based on this proposition, we obtain the following algorithm for single-linkage clustering:
Algorithm: [A memory-efficient single linkage clustering algorithm]|
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After the algorithm is run, we sort the gene pair list by distance. The sorted list can be easily
transformed into resulting tree of the single-linkage clustering.

To evaluate the effectiveness of the proposed algorithm, we conduct computational experiments.
We compare the proposed algorithm with Cluster 3.0 version 1.27 in terms of the computational time
for various numbers of objects. Fig. 1 shows part of the results. These results prove that our method
is superior to Cluster 3.0 in terms of computational speed, and that our method works even for large
data sets. We also implemented CLINK [1], which is an memory-efficient complete-linkage hierarchical
clustering algorithm with O(n) memory space, into Cluster 3.0 and examined its effectiveness.

3 Discussions

From the computational experiments, we confirm that our algorithm is able to execute single-linkage
clustering for microarray gene expression data whose amount is large. In addition, our algorithm
requires only O(n?) time whereas Cluster 3.0 version 1.27 requires O(n?) time. It is certain that
this time complexity reduction speed up the clustering. We expect to further speed up the algorithm
by calculating the distances in parallel using multiple processors. We examined an memory-efficient
complete-linkage method, i.e. CLINK, and confirmed its usefulness. Since the resulting tree for large
size data is also large, it is difficult to extract effective information from such a tree. Therefore, the
development of a visualization tool for large sized microarray clustering results is needed for further
analysis [5].
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