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PUNCC: 
Empowering trustworthy AI with reliable 

predictive uncertainty quantification

Joseba DALMAU Mouhcine MENDIL
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Uncertainty: A random world

211/01/2024
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Predictive Uncertainty
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Epistemic vs Aleatoric Uncertainty
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Epistemic vs Aleatoric Uncertainty

511/01/2024

HHTTHHTTHTTTHTHTTHHTHTTHH?

12/25 = 0.48 are H 
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Epistemic vs Aleatoric Uncertainty

611/01/2024

HHTTHHTTHTTTHTHTTHHTHTTHHTHHHTHHHHTHHHTHHHHHHHTHHH

HHTTHHHHHTTHHHHHHHHTHHTHHTHTHHHHHTTHHHHHHHHTHHHHT

HTHHHTHHTTHTHHTHTHTTTHHTHHHHHHHTHHHHTHHTTTHTHTTHHH

THHHHHHHTHHTHHHHHTTHHTHHTTHTTHTHHHHHHHTTTHHHHHTHHH

TTHHHTHHTTHTTTTHHHHHHHTTHHHHHHHHHHHHHTTTHHTHHHHHHT

HTHHTHHTHTHTHHTTHHHTTHTHTHHHTHHHHHHTHTHHHHTHHHTHHT

THTHHHTTHHTHHTTTHHHHHHHTHHHTHHHHHHTTTTHTHHHHHHHHHH

THTHHHTTHHHHHHTTHHHHTHHHHTHHHHHHTHHTTTHHTTHHTHHTHH

THTTHHTHHHHHHHTHTHTTTHHHHHHHHHHHTTHHHHHHHHHHHHTHHH

THHTHHHHHTHHTHHHTHHHHTHTHHTHHHTHHTHHTTTHTHHTHTTTHHH

HTTHTHHHTTHHHTTHTTHTHHHHHHTHHHHHTTHTTHHHTTHHHTHTHHH

HHHTHHHTHHHHHHTHTHTTTHHTTHHHHTTHHTHHHHHHTHTHHTHHHHH

HTTTHHTTHHHHTHHHHHTHHHTHTHHHHTHHTHHHHHHHHHHHTHHHTHH

HHTTHHTTHTHHTHHHHTHHHHTHTHHHHHHTHHHHHHHHHTHHHHHHHHT

HHHHHHHTHHTHHHHHHTHHTTHTHHHHHTHTHHHHHHHHTHHHHHHHTHT

HHHHHTTHHHHHHHHHTTTTHTHHHTTHTHHTTHTHHHHHHHHTHTTHHHHT

THHHHHHHHHHHHHHHHHTHTTTHHHHHTHHHHHHHHHHHTHHHHHTHHT

HHHHHHHHTHHHTHHHTHTHHTHHHHHHHHHHHHHTHHHHHHHTHTHTHH

THHTHTHHHHHHTHTHHHHHHHHHHHTHHTTHTHHHTHHTTHHHTHHTTHH

THHHHHHHHHTHTHHHTTHHHTTHHTHHHHTHHTHHHHHHTTHTTTHHTH?

3543 / 5000 = 0.7086 

are H 
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Epistemic vs Aleatoric Uncertainty

711/01/2024

Aleatoric Uncertainty: 
• Inherent to the phenomenon

• Cannot be reduced

3543 / 5000 = 0.7086 

are H 

Epistemic Uncertainty:
• Unrelated to the phenomenon itself

• Can be reduced with:

• Additional Observation

• Noise Reduction

• Model Complexity
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Uncertainty Quantification

8

Quantify the uncertainty of a model based on different parameters:

• Number of observations,

• prior knowledge,

• complexity of the model

• …

11/01/2024
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Uncertainty Quantification
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Classification Object Detection
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Why Uncertainty Quantification?

10

• Evaluate the accuracy of the
model

• Design trustworthy ML
components

• Help in the certification
process of AI-based modules

11/01/2024
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How to Quantify Uncertainty ? 

11

• Model calibration (e.g. Platt scaling, temperature scaling, …)

• Bayesian Networks

• Model Complexity

• …

11/01/2024
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Conformal Prediction

12

• Model agnostic

• Post-processing

• Finite sample

11/01/2024

𝑃 𝑌𝑛𝑒𝑤 ∈ መ𝐶(𝑋𝑛𝑒𝑤) ≥ 1 − 𝛼
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Conformal Prediction

13

Black-box model

11/01/2024

Input

𝑋𝑛𝑒𝑤

Prediction
𝑌𝑛𝑒𝑤
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Conformal Prediction

1411/01/2024

Input

𝑋𝑛𝑒𝑤

User-defined risk level: α

CP wrapper

𝑃 𝑌𝑛𝑒𝑤 ∈ መ𝐶(𝑋𝑛𝑒𝑤) ≥ 1 − 𝛼Probabilistic Guarantee:

Prediction
𝑪(𝑿𝒏𝒆𝒘)
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A statistical approach

1511/01/2024

We are given a black-box predictor
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A statistical approach

1611/01/2024

Use a representative calibration dataset to measure errors



©
 D

E
E

L
-

A
ll 

ri
g

h
ts

 r
e

s
e

rv
e

d
 t

o
 I

V
A

D
O

, 
II

D
, 
IR

T
 S

a
in

t 
E

x
u

p
é

ry
, 

C
R

IA
Q

 a
n

d
 A

N
IT

I.
 C

o
n

fi
d

e
n

ti
a

l 
a

n
d

 p
ro

p
ri
e

ta
ry

 d
o

c
u

m
e

n
t

A statistical approach

1711/01/2024

Learn prediction intervals with probabilistic guarantees
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A statistical approach

1811/01/2024

The intervals can be adaptive to heteroskedasticity
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Beyond Regression and Split-CP

19

• Regression, Classification, Anomaly Detection, Object Detection,…

• Jacknife+, CV+

• …

11/01/2024
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Conformal Prediction in Practice
with PUNCC

2011/01/2024
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Conformal Prediction: Procedure
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2211/01/2024

Conformal Prediction: Procedure

Additional data 

Light computation

Probabilistic
guarantees

on error rate 
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PUNCC Library (Predictive UNcertainty Calibration and Conformalization)

23
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onc

PUNCC for different ML Tasks
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PUNCC: Regression
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2611/01/2024

PUNCC: Classification
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PUNCC: Object Detection
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PUNCC: Anomaly Detection
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onc

PUNCC for different ML Tasks
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Conformal Prediction in few lines of code

30

Conformal Regression
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Conformal Prediction in few lines of code

31

Conformal Classification
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Conformal Prediction in few lines of code

32

Conformal Object Detection



©
 D

E
E

L
-

A
ll 

ri
g

h
ts

 r
e

s
e

rv
e

d
 t

o
 I

V
A

D
O

, 
II

D
, 
IR

T
 S

a
in

t 
E

x
u

p
é

ry
, 

C
R

IA
Q

 a
n

d
 A

N
IT

I.
 C

o
n

fi
d

e
n

ti
a

l 
a

n
d

 p
ro

p
ri
e

ta
ry

 d
o

c
u

m
e

n
t

 PUNCC supports popular data types and ML libraries and more …

 Can work on top of UQ models and libraries

Interoperability

33
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Demo I: Classification

3411/01/2024

 Pretrained classifier within existing ML pipeline

Source: D. Decoste 
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Demo II: Object Detection

3511/01/2024

 Predictions accessible via API

https://cocodataset.org/
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Demo III: Regression

3611/01/2024

 Model to be selected and trained from scratch

Source: https://scikit-learn.org
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PUNCC Project

37

Documentation

Tutorials

Tests

Updates

Open to contributions 

https://github.com/deel-ai/puncc
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Conditional Guarantees

3911/01/202411/01/2024 39

90% marginal coverage

𝑃 𝑌𝑛𝑒𝑤 ∈ መ𝐶(𝑋𝑛𝑒𝑤) ≥ 0.9

90% conditional coverage

∀𝑥, 𝑃 𝑌𝑛𝑒𝑤 ∈ መ𝐶 𝑋𝑛𝑒𝑤 | 𝑋𝑛𝑒𝑤= 𝑥 ≥ 0.9

Note that: conditional coverage ⇒ marginal coverage


