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String Clustering Based on a Laplace-like Mixture and
EM Algorithm on a Set of Strings

Hitoshi Koyano1,a) Morihiro Hayashida2,b) Tatsuya Akutsu2,c)

Abstract: In this study, by developing a theory of a mixture model and EM algorithsm for string data
on the basis of a probability theory on a set of strings developed in [1], [2], [3], we address the problem
of clustering string data in an unsupervised manner. We first construct a parametric distribution on a set
of strings in the motif of the Laplace distribution on a set of real numbers and reveal its basic properties.
This Laplace-like distribution has two parameters one of which is a string that represents the location of the
distribution and another is positive real number that represents the dispersion. It is difficult to explicitly
write maximum likelihood estimators of the parameters because one parameter is a string. We construct
estimators that almost surely converge to the maximum likelihood estimators as the number of observed
strings increases and demonstrate that the estimators strongly consistently estimate the parameters. After
that, we compose an iteration algorithm for estimating parameters of the mixture model of the Laplace-
like distributions and demonstrate that the algorithm almost surely converges to the EM algorithm for the
Laplace-like mixture and strongly consistently estimates its parameters as the numbers of observed strings
and of iterations increase. We finally derive a procedure for unsupervised sring clustering from the Laplace-
like mixture that is asymptotically optimal in the sense that the posterior probability of making correct
classifications is maximized.

Keywords: Strings, unsupervised clustering, probability theory, statistical asymptotics, Laplace-like distri-
butions, mixture models, EM algorithm
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. g

j Ā
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. , n∗ = min{n1, · · · , nk}. ,
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λ1, · · · , λk, ρ1, · · · , ρk) ∈ (0, 1)nk×(A∗)k×(0, 1)k

1

n

k∑
g=1

n∑
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[4] Olivares-Rodŕıguez, C. and Oncina, J.: A stochastic ap-
proach to median string computation, Structural, Syntac-
tic, and Statistical Pattern Recognition (da Vitoria Lobo,
N., Kasparis, T., Roli, F. Kwok, J. T., Georgiopoulos, M.,
Anagnostopoulos, G. C. and Loog, M., eds.), Springer,
Berlin, pp. 431–440 (2008).

[5] Perlman, M. D.: On the strong consistency of approxi-
mate maximum likelihood estimators, Proceedings of the
Sixth Berkeley Symposium on Mathematical Statistics
and Probability (Le Cam, L. M., Neyman, J. and Scott,
E. L., eds.), Vol. 1, Berkeley, CA, University of California
Press, pp. 263–281 (1972).

[6] Wald, A.: Note on the consistency of the maximum
likelihood estimate, Annals of Mathematical Statistics,
Vol. 29, pp. 595–601 (1949).

6ⓒ 2015 Information Processing Society of Japan

Vol.2015-MPS-103 No.31
Vol.2015-BIO-42 No.31

2015/6/24


