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Random Morphisms

Example
FinStoch Category, with measurable sets as objects, and random
morphisms (Markov kernels for Stoch).


↙ a b
j 1/3 0
k 0 1/2
m 2/3 1/2

 f (j|a) = 1/3
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Probability Distribution

Notation

I
P
−→ X
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Products

X A⇝ X ⊗ A

g : X ⊗ A→ Y ⊗ B
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Markov Category [2]

Definition

A Markov category C is a symmetric monoidal category supplied
with copying and deleting morphisms on every object,
copy : X → X ⊗ X

del : X → I
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Del

PY (y) =
∑
x∈X

PX,Y (x, y)
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Commutative comonoid axioms



Commutative comonoid axioms



Commutative comonoid axioms



Commutative comonoid axioms



Naturality axiom



Conditional Distribution

p|X : X → Y is a conditional of p wrt to X

PX,Y(x, y) = PX(x)PY |X(y|x)
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PY (y)PX|Y (x|y) = PX(x)PY |X(y|x)
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Applications : Sufficient statistics [2]

Definition

A ”(parametric) statistical model” is a map p : Θ→ X
A ”statistic” is a deterministic map s : X → V
A statistic is sufficient if X ⊥ Θ | V
Which means that we have , α : V → X, s.t
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Where to go

▶ Categorical Bayesian network [1]
▶ De Finetti’s Theorem [3]
▶ Kolmogorov 0/1 law [4]
▶ Markov categories and entropy (generalized divergence) [5]
▶ Generalized Optimization [6]
▶ and much more! [7]
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