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Plan
1. Why mind? Why dice? (Rationale)
2. IPs are nice (Toolbox)
3. What we can do with it? (Application to ML)
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Cat vs Dog

Source: ( )Bordini, Destercke, and Quost 2026

aleatoric
(irreducible, conflict)

epistemic
(reducible, non-specifity)

total
TU = AU + EU

Source: KYM
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https://knowyourmeme.com/memes/shrugging-tom


Classical probabilities

( )

Var(ŷ ∣ x) = Eθ[Var(ŷ ∣ x, θ)]

+ Varθ(Eθ[ŷ ∣ x, θ])

Waegeman 2026

Ellsberg paradox ( )Ellsberg 1961

If I do not know anything about event , I want to encode , but that
implies that I know everything about  since now  ( ).

A P[A] = 0
AC

P[AC] = 1 Chau 2026
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Toolbox
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Imprecise Probabilities

Source: ( ). A skeleton demonstrating the connection between various uncertainty calculi.  means 
generalises , meaning that  is a specific instance of .

Chau 2026 A → B A
B B A
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Credal sets
Credal sets  ( ):

Closed and convex sets of probability
distributions 

For finite space, represented as
simplex

P Walley 1991

∀P1, P2 ∈ P

{λP1 + (1 − λ)P2 ∣ λ ∈ [0, 1]} ⊆ P

Δ|Ω|−1 := {v ∈ R
|Ω|
≥0 ∣ ∑

|Ω|
i=1 vi = 1}

x + y + z = 1

Source: ( )Lohmanova Under review

Source: ( ).Augustin et al. 2014
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Lower and upper probabilities
Credal sets  ( ):

Closed and convex sets of probability
distributions

P Walley 1991

Source: ( )Lohmanova Under review

Lower/upper probabilities

 (
)

P̄ [A] = sup
P∈P

P(A)

P [A] = inf
P∈P

P(A)–

∀A ∈ σ(Ω) Caprio, Sale, and
Hüllermeier 2025
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Uncertainty decomposition
Shannon entropy ( ): Shannon 1948 H(P) = −EP [log2 P(X)]

Lower and upper Shannon entropies ( ):Abellán, Klir, and Moral 2006

H(P) = inf
P∈P

H(P)–

H̄(P) = sup
P∈P

H(P)

TU(P) = AU(P) + EU(P)

H̄(P) = H(P) + (H̄(P) − H(P))––
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Progress check
We know how to create our abstract model - Credal sets

We know how to draw inference on the credal set - Lower and upper
probabilities

We know how it relates to uncertainty decomposition - Lower and upper
Shannon entropies

Source: KYM
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https://knowyourmeme.com/memes/wat


Conformal Prediction (CP)
Introduced by Vovk, Gammerman, and Shafer ( )

Key assumption:  is exchangeable

2005

Dcal = {(X1, Y1), (X2, Y2), … , (Xn, Yn)} ⊆ X × Y

Dcal ∪ (Xn+1, Yn+1)

 - (non)conformity function

 - user specified miscoverage level

Form a prediction set  where

s : X × Y → [0, 1]

α

C(Xn+1) = {y ∈ Y : s(Xn+1, y) ≥ τ}
τ = q({s(x, y) ∣ (x, y) ∈ Dcal}, α)
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Conformal Prediction (CP)
Form a prediction set  where

Source: ( ). Example of conformal prediction at significance level  applied to a logistic
regression classifier with three classes. The model’s predicted label is Class 1, but the conformal predictor yields a
prediction set .

C(Xn+1) = {y ∈ Y : s(Xn+1, y) ≥ τ}
τ = q({s(x, y) ∣ (x, y) ∈ Dcal}, α)

Lohmanova Under review α = 0.05

C(xnew) = {Class 1, Class 2}
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Conformal Prediction (CP)

Source: ( ). Example of conformal prediction at significance level  applied to a logistic
regression classifier with three classes. The model’s predicted label is Class 1, but the conformal predictor yields a
prediction set .

Statistical guarantee:

P [Yn+1 ∈ C (Xn+1)] ≥ 1 − α

Lohmanova Under review α = 0.05

C(xnew) = {Class 1, Class 2}
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Imprecise
Probabilistic ML
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Application: medical imaging

Source: ( ). Raw expert annotations (left) vs. the final goldstandard ground truth (right) on a sample image
from CytoCrowd.

Si et al. 2026
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Imprecise Probabilistic CP
Caprio et al. ( )

 plausibility region

2025

Dcal = {(X1, Λ1), (X2, Λ2), … , (Xn, Λn)} ⊆ X × ΔK−1

⟹ C(Xn+1) = {λ ∈ ΔK−1 : S(Xn+1, λ) ≥ τ}

 credal region

S(x, λ) = ∑

K
i=1 λis(x, ki)

P = {Cat(λ) : λ ∈ C(Xn+1)}

Statistical guarantee:

P [Cat (Λn+1) ∈ P] ≥ 1 − α
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Key takeaways
Probability theory and statistics are incredibly interesting phenomena

WEWTYIW principle - “Why Everything We Teach You Is Wrong”

Kolmogorovian axiomatisation is actually not enough when reasoning about
uncertainty  we need new models (IPs)⟹

Uncertainty can be aleatoric and epistemic

Conformal Prediction is actually magical black box

We need to teach AI about uncertainty

►
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Thank you for attention!
Any questions?
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