
A data structure for monomial ideals in signature Gröbner basis
computations

Abstract:

Testing whether a monomial belongs to a monomial ideal is a fundamental operation
in signature Gröbner basis computations [2][4], where such tests are performed repeatedly
to detect redundant reductions and reductions to zero. We introduce monomial divisibil-
ity diagrams (MDDs) [5], a data structure for monomial ideals that supports incremental
insertion of generators together with fast membership tests. MDDs arise from a canon-
ical tree representation in which identical subtrees are maximally shared [3], yielding a
compact directed acyclic graph representation.

We establish basic complexity bounds for membership and insertion, and study both
empirically and theoretically the size of the MDDs arising in Gröbner basis computations.
We integrate MDDs into the signature Gröbner basis implementation of the Julia package
AlgebraicSolving.jl [1], and show that their use leads to substantial speed-ups.
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