
































because the PROSAC-L approach required a compari-
son between different kinds of (simplified) alignments.
These simplified alignments were significantly more effi-
cient to compute than the dynamic programming meth-
ods of the Smith-Waterman and Needleman Wunsch
method. In the case of the PROSAC approach, straight-
forward additive distance computations need to be per-
formed on a compressed density representation of the
string. This results in improved efficiency. The im-
proved efficiency is critical for the use of the approach
in data mining algorithms such as clustering which may
require millions of such computations in one applica-
tion of the method. In such cases, the alignment based
methodologies become impractical because of the large
running times. Furthermore, the global variation of the
PROSAC approach provides a quantitative representa-
tion of fixed dimensionality on which most current data
mining algorithms can be applied. This is because most
operations of classical clustering algorithms such as av-
eraging or centroid determination can be easily defined
on the fixed dimensionality quantitative representation.
This obviates the need to re-design different kinds of
data mining applications on biological data. The good
qualitative results of similarity functions defined the
PROSAC approach make it likely that such similarity-
driven applications can be used effectively while retain-
ing substantial advantages in computational efficiency.
In future work, we will investigate the use of such den-
sity based string representations on a variety of classical
data mining algorithms.

5 Conclusions and Summary

The problem of distance function design has been exten-
sively studied in the biological domain because of its ap-
plicability to a wide variety of problems. In spite of the
large amount of research on the topic alignment-based
methods rely on fixed definitions of similarity, and are
often not very useful for arbitrary applications in which
the similarity criterion may vary with the application at
hand. In this paper, we discussed the importance of a
string representation in the measurement of similarity.
We showed that density based approaches can be used
in order to create similarity functions which are effective
for both local and global matching over arbitrary sim-
ilarity functions. Furthermore, representational trans-
formations can make the similarity computation process
very efficient. This is particularly useful in many data
mining applications such as clustering in which the sim-
ilarity function may be computed millions of times over
different pairs of strings. Furthermore, some of the sim-
ilarity functions from this approach can be expressed in
closed form. Such a closed form expression is naturally
amenable to developing a parameter based supervised

approach which is not easily possible with non-closed
form similarity functions such as alignment based meth-
ods. Such supervision based approaches are particularly
useful for a variety of arbitrary applications in which the
particular structure or function being measured depend
upon the application at hand. Our results show that the
PROSAC approach can retain its effectiveness in both
the supervised and unsupervised case, and is also signif-
icantly more efficient from a computational perspective.
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