New Algorithm for Finding Cycles in Directed Graphs

We have devised the first practical parallel algorithm for finding cycles in directed graphs.  This operation is a key step in the parallelization of sweeping methods for simulating radiation transport.  We have implemented this method into our ASCI code for radiation modeling, where it will be used to study fires, combustion and inertial confinement fusion.

The set of cycles in a directed graph can be concisely described by breaking the graph into pieces known as strongly connected components (SCCs).  A linear time serial algorithm for finding SCCs has long been known, but it is built upon operations which are provably hard to parallelize.  Our new algorithm uses a divide-and-conquer approach and uses kernels which are much more parallelizable.  We have shown that the expected serial runtime of our new approach is within a logarithmic factor of optimal.  We have implemented this technique in a message passing parallel code and it exhibits good scalability on the problems which arise in radiation transport simulations.

More details on the algorithm and its implementation can be found at http://www.cs.sandia.gov/~bahendr/parallel.html, or contact Bruce Hendrickson, Sandia National Laboratories, Albuquerque, NM 87185-1111, bah@cs.sandia.gov.
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Figure 1 provides a pictorial depiction of the algorithm.  A pivot vertex is selected and its ancestors and descendants are identified.  The intersection of these two sets is a strongly connected component.  The algorithm then recurses on the three pieces of the graph - ancestors, descendants and remainder.
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