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Evaluation of Doctoral Thesis by David Hoksza
"Similarity Search in Protein Databases"

Overall Evaluation

In my view, the main contributions of the thesis are novel methods to compute
structure-level similarity of proteins, which are at the same time biologically
meaningful and computationally tractable, ' "• ••

The structural comparison of proteins is an important problem in Bioinfor-
matics, as it is used to understand the function of new proteins, and this has
numerous applications to treatment of diseases and drug design, for example.
Thus the relevance of the thesis topic is well beyond doubt.

With respect to the relevance of the contributions of the thesis, the final out-
come in terms pf efficiency and1 effectiveness of the methods are generally small
improvements over-what is achieved using the state of the art.

Nevertheless I consider that the new approaches developed in the thesis are
interesting by themselves, and are a relevant step towards bridging the gap
between the aseptic world of algorithmics and the complex biological problems
they may help solving better.

The author clearly masters both areas of knowledge in sufficient depth to make
relevant contributions in Bioinformatics, which are at least competitive with
the state of the art.

I consider the thesis proves the ability of the author for creative scientific work,
and that the work fulfills the requirements of a PhD thesis.



Positive Aspects

An aspect of the thesis that must be praised is the successful connection be-
tween Computer Science and Biology. It is not easy to find people that un-
derstand sufficiently both aspects so as to carry out relevant contributions in
Bioinformatics. It is much more common to find biologists that are mere users
of computational biology software tools, and computer scientists solving toy
problems that have been simplified so much from originally relevant biological
problems that have lost all significance. The author displays sufficient and
up-to-date mastering of both areas, and has converted that knowledge into
"relevant results.'. •

A second aspect I appreciate is the value of the thesis'as a survey. Not being
myself an expert in Computational Biology, I found the introductory chapters
extremely pleasant to read and enlightening. These include Chapters 1, 2, and
5, and part of 3 for those not familiar with metric access methods.'

Finally, and most important, I find the contributions of Chapters 6 and 7 quite
relevant, and competitive with the state of the art (although I, again, remark
th,at I am not an expert'in this topic). The work is a mix of algorithmic ideas
with fine-tuning driven by biological considerations, without which it would
have stayed at the level of addressing toy problems.

Criticisms

I have, on the other hand, several criticisms, which I hope will help the newborn
researcher improve, his performance. It is inevitable that criticisms are more
detailed than praises, so the extension of this- section should not be taken
as it being more important than the positive aspects described before. My
assessment of the importance of each aspect is reflected in my initial overall
evaluation.

Value given to contributions

I find that the author does not weight appropriately the importance1 of his
different contributions. In the Abstract, Preface, and Conclusions, he gives
the same importance to the contributions of Chapters 3, 4, 6, and 7. In-my
view the first two contributions are very thin, as I will detail next, while those
in Chapters 6 and 7 are solid.

Chapter 3: It is an attempt to use a metric index to reduce the cost of a linear
scan over the protein data. There is little technical novelty, as known



techniques and indexes are applied on the similarity function defined
for protein sequences. Moreover, the result is negative, showing that
metric indexing does not work well in this scenario. Sections 3.1 and
3.2 might be interesting as basic-concept sections for Part II, and the
author recognises that the results of Section 3.3 must be understood as
preliminary steps in the exploration of an unknown area. This is ok, but
for the same reason the chapter should have had a lower profile when
describing the contributions;

Chapter 4- This is worse, as even the author seems to regard it as an important
contribution. The idea is rather trivial: avoid reprocessing, with the
expensive dynamic programming, common prefixes of consecutive entries
in a database of sorted protein sequences. The achieved improvement is
rather mild. I don't think this would be sufficient for publication in a
medium-level conference, for example.
In. formal' terms, -if -one has r random sequences of length n over an
alphabet of size u, the expected length of that common.prefix is about.
logCTr. If, say, n = 100 and a — 20, one need's a database of r — 2010

sequences to obtain a 10% improvement. The results in the thesis show
that in most cases the improvements are l%-9% for much smaller r
values, but in general I don't think the idea will carry one too far.
Moreover, if this issue becomes really important, it is much better to
organize the sequences into a (possibly compressed) trie data structure
and factor out the storage of all the common prefixes. Then the proposed
method is no more than the well-known trie backtracking algorithm by
Gonnet et al., one of the classical ideas for indexing and approximate
searching a database of strings. So the novelty is also very limited.
As a funny note, see the third paragraph of the Conclusions in R. Baeza-
Yates and G. Navarro, "Block Addressing Indices for Approximate Text
Retrieval", Proc. CIKM'97, pages 1-8. The idea is there, in one para-
graph lost at the end of a conference paper. It didn't even make it to
the journal version. •• • • • ;

Formal errors

Once the thesis entered into formal aspects, I found errors at surprisingly
many definitions, figures, and equations. These are usually small and not
transcendental, but still annoying and somehow witnessing lack of academic
..rigor or maybe just care. This, is an aspect a young researcher must .polish
carefully.

I collected the mistakes I found only in Chapter 2.


