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MOTIVATION AND BACKGROUND

Picture credit: European Commission, Directorate-General for Communications 
Networks, Content and Technology, Ethics guidelines for trustworthy AI, Publications 
Office, 2019, https://data.europa.eu/doi/10.2759/346720

• Increased diffusion of trustworthy AI
1. Need of transparency: eXplainable AI (XAI)
2. Need of safety guarantees

• Strong conformal prediction frameworks
1. (non)-conformity measure + p-values [1]
2. score functions + quantile [2]

• Little investigation on CP for XAI models (with the 1st technique)

Our work: combining XAI and CP 
by designing a new score function

for rule-based models

[1] Glenn Shafer, Vladimir Vovk, a tutorial on conformal prediction, arXiv, 2007, https://arxiv.org/abs/0706.3188
[2] Anastasios N. Angelopoulos, Stephen Bates, A Gentle Introduction to Conformal Prediction and 
Distribution-Free Uncertainty Quantification, arXiv, 2021, https://arxiv.org/abs/2107.07511

https://data.europa.eu/doi/10.2759/346720
https://arxiv.org/search/cs?searchtype=author&query=Shafer%2C+G
https://arxiv.org/search/cs?searchtype=author&query=Vovk%2C+V
https://arxiv.org/search/cs?searchtype=author&query=Angelopoulos%2C+A+N
https://arxiv.org/search/cs?searchtype=author&query=Bates%2C+S
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FROM CONFORMAL PREDICTION TO CONFORMAL SAFETY SETS

<latexit sha1_base64="4XfEsjiN062zpyb7kRoOR8fnCqk="></latexit>

f̂(x)y : X �! Y
<latexit sha1_base64="anlDDhTiyOGaUU3zMojDpuu443s="></latexit>

s(x, y) : X ⇥ Y �! R
Score function

<latexit sha1_base64="tpzjoCkMVuTOBHlw9RspIgACSGY="></latexit>

C"(x) = {y | s(x, y)  s"} 2 2Y

<latexit sha1_base64="xzqznnSKdovJte9nYbVwUczETiE=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRqWa0BZRXOlOhA3lTNKWZZbTTqIpFhGn7Wh8m/vtJ6oNU/LBThIaCjyULGYE21zqGSb61Zpf92dAyyQoSA0KNPvVr95AkVRQaQnHxnQDP7FhhrVlhNNppZcammAyxkPadVRiQU2YzW6dohOnDFCstCtp0Uz9PZFhYcxERK5TYDsyi14u/ud1UxtfhxmTSWqpJPNFccqRVSh/HA2YpsTyiSOYaOZuRWSENSbWxVNxIQSLLy+Tx7N6cFm/uD+vNW6KOMpwBMdwCgFcQQPuoAktIDCCZ3iFN094L9679zFvLXnFzCH8gff5AyLvjlE=</latexit>⇠

Conformal Safety Set
(all labels)

<latexit sha1_base64="d0Vm8vJ6SxJ01f8D7w69s/+SVDc="></latexit>

S" =

⇢
x | s(x, y)  s", 8y 2 Y

�

New dataset labelling
Binary

Classifier

Conformal Safety Region

Machine Learning model

quantile

Size of calibration set

<latexit sha1_base64="Xlqc0mA3w0BsHkgHBXidSeSi9YU=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK0iCURX8uiG5cV7AOaECbTm3boZBJmJoUS8hdu/BU3LhRxqzv/xmmbhVYPXDiccy/33uPHjEplWV9GYWl5ZXWtuF7a2Nza3inv7rVllAgCLRKxSHR9LIFRDi1FFYNuLACHPoOOP7qZ+p0xCEkjfq8mMbghHnAaUIKVlrxy3QkEJqnDCFBW5R45tmtV+8QZYwGxpCziNUdMvSzVZuaVK1bdmsH8S+ycVFCOplf+dPoRSULgijAsZc+2YuWmWChKGGQlJ5EQYzLCA+hpynEI0k1nf2XmkVb6ZhAJXVyZM/XnRIpDKSehrztDrIZy0ZuK/3m9RAVXbkp5nCjgZL4oSJipInMaktmnAohiE00wEVTfapIh1kEpHWVJh2AvvvyXtE/r9kX9/O6s0rjO4yiiA3SIqshGl6iBblETtRBBD+gJvaBX49F4Nt6M93lrwchn9tEvGB/fil2flA==</latexit>
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FROM CONFORMAL PREDICTION TO CONFORMAL SAFETY SETS
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Ongoing extension:
focus on a target class (i.e., +1)

New dataset labelling
Binary

Classifier

Conformal Safety Region

Machine Learning model

quantile

Size of calibration set
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NOTATION FOR RULE-BASED MODELS
<latexit sha1_base64="yzZDbg2B4QRbf9qlTpbicgB99q0="></latexit>

T = {(xj , yj)}Nj=1, with x = (x1, x2, . . . , xd) 2 Rd and y 2 {0, 1}
<latexit sha1_base64="j3XM0J2rK9CI9nqPItNQmuVci6s="></latexit>

R = {rk}Mk=1 �! if premise then consequence

<latexit sha1_base64="qb07jM0giLlIWl/wmkuDv7t8myk="></latexit>

The premise constitutes the antecedent
of the rule and is a logical conjunction (^)
of conditions cik , with ik = 1k, . . . , Nk

<latexit sha1_base64="UATE3Afh8ttxIeEByDr9MAe48G4=">AAAB73icbVDLSsNAFL3js9ZX1aWbwSK4Kon4Wpa6cVnBPqAJZTKdpEMnkzgzEUroT7hxoYhbf8edf+O0zUJbD1w4nHMv994TpIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZIpylo0EYnqBkQzwSVrGW4E66aKkTgQrBOMbqd+54kpzRP5YMYp82MSSR5ySoyVul6DR5HwJv1K1ak5M+Bl4hakCgWa/cqXN0hoFjNpqCBa91wnNX5OlOFUsEnZyzRLCR2RiPUslSRm2s9n907wqVUGOEyULWnwTP09kZNY63Ec2M6YmKFe9Kbif14vM+GNn3OZZoZJOl8UZgKbBE+fxwOuGDVibAmhittbMR0SRaixEZVtCO7iy8ukfV5zr2qX9xfVeqOIowTHcAJn4MI11OEOmtACCgKe4RXe0CN6Qe/oY966goqZI/gD9PkD89SP7g==</latexit>

)
<latexit sha1_base64="HJ43l/3GWnuGhGqZiekT1B+i7sM="></latexit>

1. x⇡(i) � lik

2. x⇡(i)  uik

3. lik  x⇡(i)  uik

<latexit sha1_base64="eMdhldOkMGNTt47rHsjSnNtlkUY="></latexit>

C(rk) =
TP (rk)

TP (rk) + FN(rk)

<latexit sha1_base64="JZXnE1ytjdkqYtvaM27c3ijmeKI="></latexit>

E(rk) =
FP (rk)

TN(rk) + FP (rk)

<latexit sha1_base64="JyoVa74Cctxe3pc0zm9tk2qcz5w=">AAACCXicbVDLSgMxFM34rPU16tJNsAjtwjIjvjZCsQguq9gHtMOQyWTa0MxkSDJCGbp146+4caGIW//AnX9jOp2Fth4IOTnnXm7u8WJGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2W5InApMm5oyLjockYTQiTUUVI51YEBR6jLS9YX3itx+IkJRH92oUEydE/YgGFCOlJdeE8K4s3GHlEtazu4d9rmAZ2kfX2bvimiWramWA88TOSQnkaLjmV8/nOAlJpDBDUnZtK1ZOioSimJFxsZdIEiM8RH3S1TRCIZFOmm0yhoda8WHAhT6Rgpn6uyNFoZSj0NOVIVIDOetNxP+8bqKCCyelUZwoEuHpoCBhUHE4iQX6VBCs2EgThAXVf4V4gATCSodX1CHYsyvPk9Zx1T6rnt6elGpXeRwFsA8OQBnY4BzUwA1ogCbA4BE8g1fwZjwZL8a78TEtXTDynj3wB8bnD0Zvlug=</latexit>

R(rk) = C(rk) · (1� E(rk))

<latexit sha1_base64="UATE3Afh8ttxIeEByDr9MAe48G4=">AAAB73icbVDLSsNAFL3js9ZX1aWbwSK4Kon4Wpa6cVnBPqAJZTKdpEMnkzgzEUroT7hxoYhbf8edf+O0zUJbD1w4nHMv994TpIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZIpylo0EYnqBkQzwSVrGW4E66aKkTgQrBOMbqd+54kpzRP5YMYp82MSSR5ySoyVul6DR5HwJv1K1ak5M+Bl4hakCgWa/cqXN0hoFjNpqCBa91wnNX5OlOFUsEnZyzRLCR2RiPUslSRm2s9n907wqVUGOEyULWnwTP09kZNY63Ec2M6YmKFe9Kbif14vM+GNn3OZZoZJOl8UZgKbBE+fxwOuGDVibAmhittbMR0SRaixEZVtCO7iy8ukfV5zr2qX9xfVeqOIowTHcAJn4MI11OEOmtACCgKe4RXe0CN6Qe/oY966goqZI/gD9PkD89SP7g==</latexit>)
Rule relevance
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NOVEL SCORE FUNCTION FOR RULE-BASED MODELS

position of 
point within rule 

boundary

rule relevance

𝜏(𝒙!, 𝑟") > 𝜏 𝒙#, 𝑟"

𝒙 = (𝑥#, 𝑥!): 2D input point
𝑦: output label
𝑟": 𝑘$% rule of the model

𝛾 = 𝛾(𝒙, 𝑟"):  minimum of Euclidean distances
between 𝒙 and rule boundary sides 

<latexit sha1_base64="UH3/q7qPvwoSQYyk+GNRg5dpLzw="></latexit>

rule predicting y
and verified by x
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ILLUSTRATIVE EXAMPLE

rule relevance increase 
constant 𝜏 𝒙, 𝑟"
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PRELIMINARY RESULTS
Efficiency: 

average size of the prediction region
Conformal Safety Region

Dataset: https://www.kaggle.com/datasets/thedevastator/exploring-risk-factors-for-cardiovascular-diseas

https://www.kaggle.com/datasets/thedevastator/exploring-risk-factors-for-cardiovascular-diseas
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CONCLUSIONS

• New score function to perform CP on rule-based (transparent-by-
design) XAI models in 2D, accounting for:
• Performance ability
• Geometry 

• Step beyond pure CP: 
• definition of conformal safety sets (CSS) and regions

• Future (ongoing) works: 
• > 2D extension
• Refinement of CSS definition towards safety preservation
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