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Reductions in Computational Complexity
Using Clifford Algebras

René Schott and G. Stacey Staples

Abstract. A number of combinatorial problems are treated using properties of
abelian null-square-generated and idempotent-generated subalgebras of Clif-
ford algebras. For example, the problem of deciding whether or not a graph
contains a Hamiltonian cycle is known to be NP-complete. By considering
entries of A*, where A is an appropriate nilpotent adjacency matrix, the k-
cycles in any finite graph are recovered. Within the algebra context (i.e., con-
sidering the number of multiplications performed within the algebra), these
problems are reduced to matrix multiplication, which is in complexity class P.
The Hamiltonian cycle problem is one of many problems moved from classes
NP-complete and #P-complete to class P in this context. Other problems
considered include the set covering problem, counting the edge-disjoint cycle
decompositions of a finite graph, computing the permanent of an arbitrary
matrix, computing the girth and circumference of a graph, and finding the
longest path in a graph!.
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