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The 2-D Density Correlation Matrix (DCM) method is described for symbolic
sequences of arbitrary size, based on segments of finite size. Viewed as a surface
with random like local heights, this DCM can be characterised by its MultiFractal
Spectrum (MFS) which indicates the presence of correlations in the corresponding
symbolic sequences. This method is applied to symbolic DNA sequences in entire
human chromosomes, reconstructed genomic sequences and artificial random se-
quences. It is shown that all human chromosomes have common characteristics in
their MFS and deviate substantially from random and uncorrelated sequences of the
same size. The correlations are shown to be crucial for the form of the multifrac-
tal spectra; surrogate shuffled chromosomes present random-like spectra, distinctly
different from the actual chromosomes.

Hierarchical reconstruction of 2-D DCMs is further undertaken, based on super-
position of tensor products and their MFS are analytically obtained. It is shown
that retaining pair correlations when constructing the DCM via hierarchical su-
perpositions, leads to a better representation of the genomic multifractal spectra.
The selective presence of characteristic functional units of small sizes (such as the
CG/GC combinations) is held responsible for the observed correlations and for the
corresponding deviations in the spectra. Retaining higher order correlations in the
construction of the tensor products is a way to approach closer the MFS of the
actual genomic sequences. This hierarchical approach is generic and is applicable
to correlated symbolic sequences in general.
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