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After the introduction of the standard algorithm, several new algorithms were developed.
Each of these algorithms gives the same output for the computation of PH, so we only give
a brief overview and references to these algorithms, as one does not need to know them
to compute PH with one of the publicly-available software packages. In Section 7.2, we
indicate which implementation of these libraries is best suited to which data set.

As we mentioned in Section 5.3.1, in the worst case, the standard algorithm has cubic
complexity in the number of simplices. This bound is sharp, as Morozov gave an example
of a complex with cubic complexity in [123]. Note that in cases such as when matrices are
sparse, complexity is less than cubic. Milosavljevié¢, Morozov, and Skraba [124] introduced
an algorithm for the reduction of the boundary matrix in O(n®), where @ is the matrix-
multiplication coefficient (i.e., O(n®) is the complexity of the multiplication of two square

matrices of size n). At present, the best bound for w is 2.376 [125]. Many other algorithms

have been proposed for the reduction of the boundary matrix. These algorithms give a
heuristic speed-up for many data sets and complexes (see the benchmarkings in the forth-
coming references), but they still have cubic complexity in the number of simplices. Se-
quential algorithms include the twist algorithm [126] and the dual algorithm
[72,127]. (Note that the dual algorithm is known to give a speed-up when one computes
PH with the VR complex, but not necessarily for other types of complexes (see also the
results of our benchmarking for the vertebra data set in Additional file 1 of the SI).) Paral-
lel algorithms in a shared setting include the spectral-sequence algorithm (see
Section VIL4 of [80]) and the chunk algorithm [128]; parallel algorithms in a dis-
tributed setting include the distributed algorithm [74]. Themultifield al-
gorithmis a sequential algorithm that allows the simultaneous computation of PH over
several fields [129].



