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We investigate three different varieties of uncertainty:

e classical, discrete probability distributions DX over a set X

e imprecise probability, by which we mean certain subsets S € DX
e fuzzy sets, i.e., functions X — V for quantales V (e.g, V = [0, 1])

Fuzzy sets have a long tradition as mathematical models for imprecision and
vagueness|Zad65|, with fuzzy powerset monads F), as categorical formalisa-
tion [Man76].

More recently, CD categories [CJ19] and Markov categories [Fri20] have
proven useful as categorical framework for various versions of probabilistic
reasoning: they axiomatise categories like the category of Markov kernels,
i.e. the Kleisli category Klp of the (discrete) distribution monad D.

We show that these two approaches to uncertainty are compatible, in the
sense that Kleisli categories of Fy, are CD categories or Markov categories
(depending on the considered morphisms). They are also very similar, in that
the underlying functors factorise over the contravariant powerset functor.
However, the two approaches are incompatible in that Klp, does not extend
Klp. This would be desirable for a categorical notion of imprecise probability
in the spirit of upper and lower probabilities (a,, b,) € [0, 1]** |Bor46].
Hence, we remain with an open question: is there a categorical description
of imprecise probability?
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