
1 Further Results

1.1 More APSP-Complete Problems

1. Minimum weight cycle in graph of non-negative edge weight:
Given a weighted graph with nonnegative edge weights, find the minimum
weight cycle in the graph. Williams & Williams [2] showed that this
problem is APSP-complete.

2. Second shortest simple path is as follows: Given a weighted directed
graph G, and two nodes s and t, find the second shortest simple path
between s and t in G. Williams & Williams [2] showed that this problem
is APSP-complete.

3. CoDiameter: Given a graph G, the goal of CoDiameter is to report a
vertex which does not participate in an edge of length equal to the diameter
of G. Boroujeni et al. [1] showed that this problem is APSP-complete by
a reduction from APSP. Boroujeni also defines CoRadius, CoRadius,
CoNegativeTriangle, and CoMedian are APSP-complete, and show
them APSP-complete.

4. APSPVerification: Given a graph G and a matrix D, determine if D
is the correct distance matrix for G. That is, check that

(∀(i, j) ∈ E)[Di,j = distG(i, j)].

It is known that this problem is APSP-complete.

1.2 Misc

1. Boolean matrix multiplication (BMM): If boolean matrix multipli-
cation has a sub cubic combinatorial algorithm, then so does the triangle
detection problem in graphs. This was shown by Williams & Williams [2].
All known algorithms for triangle detection take cubic time, hence using
the hardness of triangle detection as an assumption is reasonable.

2. CoAPSPVerification: Given a graph G and a matrix D, either find a
pair (i, j) such that Di,j is equal to the distance between vertices i and
j in G, or determine that there is no such pair. Boroujeni et al. [1] gave
a subcubic reduction from DIAM to it. Recall that DIAM is thought to
require cubic time; however, we do not know if DIAM is APSP-hard.

3. {−1, 0, 1}− APSP is as follows: Given a weighted directed graph with
edge weights in {−1, 0, 1}, compute the APSP. Despite the complication
of having negative edge weights, this problem has a subcubic (O(n2.52))
algorithm given by Zwick [3]. This problem seemed to require cubic time
but did not. Consider that a cautionary note.
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