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

Classical probabilities

Var(y | z) = Eg|Var(y | z,0)]
+ Varg(Eg [@ ‘ Z, (9} )

( )

I

Ellsberg paradox ( )

If I do not know anything about event A, | want to encode P|A| = 0, but that
implies that | know everything about A¢ since now P[A%] = 1 ( ).
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Toolbox
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Imprecise Probabilities
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Source: ( ). A skeleton demonstrating the connection between various uncertainty calculi. A — B means A

generalises B, meaning that B is a specific instance of A.
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Credal sets

Credal sets P ( ):

e Closed and convex sets of probability
distributions VP, Py € P

(AP, +(1=A)P, | xe0,1]} CP

» For finite space, represented as

_ Source: ( )
S|mplex
o1, DR’
A {’U - R Z } P((b))20
P({a,b})2 § .
Mp
T + Yy +2z=1 P((c}) 20 P(lah2 g ‘"a/ . i

P({b,c}) =1 P({a,ch 2 L

Source: ( ).
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Lower and upper probabilities

Credal sets P ( ): Lower/upper probabilities
o C.Ios.ed gnd convex sets of probability P [A] — sup P(A)
distributions PcP
Pmf of two categorical distributions and their convex hull ]P) [A] — inf P(A)
g - cat05,045,040) B PcP
VA € o(9) (
[on .| )

Source: ( )
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Uncertainty decomposition

« Shannon entropy ( ): H(P) = —Ep |log, P(X)]

e Lower and upper Shannon entropies ( ):

H(P) = inf H(P)

H(P) =sup H(P)
PeP

TU(P) = AU(P)+ EU(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:
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Conformal Prediction (CP)

 Introduced by Vovk, Gammerman, and Shafer ( )
Deal = {(Xl, Yl), (XQ, Yg), ceey (Xn, Yn)} CAXx)Y
Key assumption: D, U (X,,.1, Y,.1) is exchangeable

s: X x Y —10,1] - (non)conformity function

« - user specified miscoverage level

Form a prediction set C(X,,11) = {y € YV : s(Xy11,y) > 7} where
T = Q({S(xay) ‘ (w,y) = DC&l}? Oé)
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Conformal Prediction (CP)

e Form a prediction set C(X,,11) ={y € YV : s(Xn+1,y) > T} where
T = Q({S(way) | (CE,y) = Dcal}, )

Logistic Regression classifier decision boundary Conformity scores
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Source: ( ). Example of conformal prediction at significance level o = 0.05 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(xpew) = {Class 1, Class 2}.
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Conformal Prediction (CP)

Statistical guarantee:

P [Yn—l—l c C(Xn_|_1)] Z l — o

Logistic Regression classifier decision boundary Conformity scores
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Source: ( ). Example of conformal prediction at significance level o = 0.05 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'(xpew) = {Class 1, Class 2}.
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Imprecise
Probabilistic ML
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Appllcatlon medlcal |mag|ng

(a) Raw Annotations (b) Ground Truth Annotations

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

o Caprio et al. ( )
* Deal = {(X17 Al)? (X27 A2)7 R (Xn7 An)} C X X A
¢« = C(Xn41) ={r € A" 8(Xy11,A) > 7} plausibility region

o S(z, A) = Y1y Ais(, k)
« P={Cat(\) : A € C(X,+1)} credal region

Statistical guarantee:

P|Cat (Apt1) €Pl>1 -«
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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 btack box

We need to teach Al about uncertainty
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Thank you for attention!

Any questions?
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