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Sparsifying a graph helps accelerate algorithms that involve computations on its edges. However, this
operation alters the properties of the graph, even though it is often important to preserve them. It is therefore
crucial to develop sparsification algorithms that guarantee the preservation, or at least minimal degradation, of
certain properties of the original graph. Among all graph characteristics, the ubiquitous concept of connectivity
is one of the most important.

In this work, we propose an algorithm for sparsifying a graph while preserving its connectivity [1]. The
algorithm is greedy, deterministic and has a complexity of O(nk), where n is the number of nodes and k is the
number of edges of the sparsified graph. It applies to both weighted and unweighted graphs. The algorithm
rely on maximizing the volume of the Laplacian and its algebraic interpretation suggests that the spectrum
should be as narrow as possible. We prove that the algorithm is optimal among all greedy algorithms that
maximizes connectivity by selecting one edge at a time. Using a variant inspired by the GRASP metaheuristic,
we provide evidence that its performance is close to the true global optimum of the volume. We also prove that
the algorithm is an instance of a sparsification algorithm developed by Batson, Spielman, and Srivastava [2],
whose original complexity is polynomial of degree five.

We propose several applications in the context of Graph Neural Networks (GNNs), for tasks such as node
classification. Our results show that the algorithm can effectively sparsify the graph while maintaining the
performance of the GNN.
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