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The unknotting number, hard unknot diagrams, and Reinforcement Learning

We have developed a Reinforcement Learning agent based on the IMPALA architecture that often finds minimal unknotting
trajectories for a knot diagram up to 200 crossings. We have used this to determine the unknotting number of 57k knots. We
then took diagrams of connected sums of such knots with oppositely signed signatures, where the summands were overlaid.
The agent has found unknotting trajectories involving several crossing changes that result in hyperbolic knots. Based on this,
we have shown that, given knots K and K’ that are not 2-bridge, there is a diagram of their connected sum and u(K) + u(K’)
unknotting crossings such that changing any one of them results in a prime knot. As a by-product, we have obtained a dataset
of 2.6 million distinct hard unknot diagrams; most of them under 35 crossings. Assuming the additivity of the unknotting
number, we can determine the unknotting number of 43 at most 12-crossing knots for which the unknotting number is unknown.
This is joint work with Taylor Applebaum, Sam Blackwell, Alex Davies, Thomas Edlich, and Marc Lackenby.
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