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A number of current problems in computation require that one be able to get the topology right. Thus
in showing a geometric ﬁgure it is important to display it (and indeed model it) with the correct number
of holes. Likewise in structural biology it can be important to compute linking numbers of molecular
structures, thus models of the molecule should be accurate enough to yield the correct value. Algebraic
topology provides a natural framework for problems of this kind. However if one is interested in computing
actual numbers for such things the normal methods of algebraic topology do not provide computationally
eﬀective algorithms. The aim of this book is threefold. Firstly to introduce the basic concepts of topology,
speciﬁcally homology and Morse-Smale decomposition of manifolds. Secondly to show computationally
eﬀective means for calculating certain topological invariants. Lastly to give examples with timings and
statistics to justify the claim that the methods are eﬀective.
In part one of the book the review of homology and Morse-Smale theory covers the basic ideas. For
homology the exposition concentrates on the case of coeﬃcients in a ﬁeld, although the more general case
is covered. For Morse-Smale theory the concentration is on surfaces, in this case because the algorithms
presented do not easily generalize to higher dimensions. A central notion of computation of topological
invariants is persistence. To describe the idea suppose that one has a ﬁltration on a complex then a cycle
may appear at one level and (perhaps) disappear at a subsequent one. Cycles that survive for many levels
of the ﬁltration are persistent. From the point of view of computing homology it would be nice if one could
ﬁnd a ﬁltration in which the only persistent cycles were the ones that live for ever. Persistence thus forms
the basis for the algorithms described in the book. In part two the algorithms for computing homology
are deﬁned. Algorithms for reordering a ﬁltration so that the computation becomes faster, essentially by
identifying the simplexes that introduce each cycle and also those that eliminate them, are described.
Part two also describes how one can construct a Morse-Smale decomposition of a surface starting from a
triangulation of the surface. In the last part the author presents some comments on the implementation
of the algorithms. The experiments show that performance is in practice much better than worst-case
analysis would suggest.
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