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Figure 6.2.1: The circled arc connects a saddle l to a maximum u (a). Cancellation of (l,u) removes
all arcs attached to l or u, and creates new arcs from the lower neighbors of u to the upper neighbors
of l (b). In the two-dimensional case, this connects all the saddles neighboring u to the maximum
neighboring l, in effect, merging l and u with the maximum).

6.3 Related Methods in Discrete Morse Theory

In our approach, we utilize discrete Morse theory as presented by Forman [18, 19]. Lewiner et

al. [30, 31] showed how a discrete gradient field can be constructed and used to identify the Morse-

Smale complex. However, complications arise in this method due to the fact that the gradient is

constructed by creating acyclic hypergraphs. This is resolved using Union-Find, however, this kind

of approach requires a hypergraph representation of the gradient, limiting its applicability to small

data. Furthermore, the function value assigned to each cell is the average of its vertices, which

does not necessarily define a discrete Morse function, and this leads to complications in ensuring

the correct number and location of critical cells. Resolving this can even require modification of

the input mesh. King et al. [28] presented a method for constructing a discrete gradient field that

agrees with the large-scale flow behavior of the data defined at vertices of the input mesh, but again,

this requires an explicit representation of the Hasse diagram. These discrete Morse theory based

algorithms for constructing the discrete Morse-Smale complex have a critical shortcoming: they

require processing of the entire dataset and a representation of the complex at the finest level of

detail before any simplification can be done. In practice, this imposes limits on both the size, and

the complexity of the data that can be handled.


