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MOTIVATION AND BACKGROUND

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

Human agency
and Oversight

Accountability Technical robustness . )
{ —__— } * Strong conformal prediction frameworks
1. (non)-conformity measure + p-values [1]
2. score functions + quantile [2]

Societal and )
Environmental Privacy and Data

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

Our work: combining XATI and CP
Diversity, . . .
Nor-Dicririnatio [ Transparency ] by designing a new score function

and Fairness f 1 _b d d 1
9 Or rulc-oascd modcis )

Picture credit: European Commission, Directorate-General for Communications [1] Glenn Shafer, Vladimir Vovk, a tutorial on conformal prediction, arXiv, 2007, https://arxiv.org/abs/0706.3188
Networks, Content and Technology, Ethics guidelines for trustworthy Al, Publications [2] Anastasios N. Angelopoulos, Stephen Bates, A Gentle Introduction to Conformal Prediction and

Office, 2019, https:/idata.europa.eu/doi/10.2759/346720 Distribution-Free Uncertainty Quantification, arXiv, 2021, https://arxiv.org/abs/2107.07511
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FROM CONFORMAL PREDICTION TO CONFORMAL SAFETY SETS

Machine Learning model Score function

X — )Y ~ S(CU, y) A XY —R Size of calibration set

Ce(x) = {y | s(z,y) < ne+1)(1—e)]

% Yy
I quantile
\ Ne

[‘58 — {ili ‘ S(way) < Ss,Vy S~ y}]
(all labels)
y

z: — +1 if x; E Se :
—1 otherwise B
inary

Classifier
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FROM CONFORMAL PREDICTION TO CONFORMAL SAFETY SETS

Machine Learning model Score function

X — )Y ~ S(CU, y) A XY —R Size of calibration set

< DY,

Ce(x) ={y | s(z,y) S [(ne +1)(1 —¢)] quantile
A ne

[Ss — {a: | s(x,+1) < s., s(x,0) > s, }] Ongoing extension:

focus on a target class (i.e., +1)

{337; N {—|—1 if x; E Se ] : { ]
—1 otherwise B
inary

Classifier
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NOTATION FOR RULE-BASED MODELS

T = {(ggj,yj) N with & = (x1,T2,...,2q) € R and y € {0,1}

j:]_7

[ R = {ri, 2L, — if premise then consequence ]

. . 4 . .
The premise constitutes the antecedent L Zrg) 2 b

of the rule and is a logical conjunction (A) { 2. 2, < u,
of conditions ¢;,_, with i = 1k, ..., Nk

L3 i < Xp(s) < ugy,

TP(Tk;) \

Clry) = TP(r,) + FN(rp)

FP(rk) > R(T’f) — C(”'k) : (1 - E(Tk)) Rule relevance

" TN(rg) + FP(ry) }
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NOVEL SCORE FUNCTION FOR RULE-BASED MODELS

x = (x1,x5): 2D input point
y: output label
1%t k¢p Tule of the model

s(@,y) = Y (2, r5)(1 - R(ry))
Y = y(x,1): minimum of Euclidean distances rule predicting y @‘_'_'

- and verified by x position of
between x and rule boundary sides oint within rule

boundary
1
ST (,7%) 1
I I 7_ m7 'r..k — —
: % 1+e1/7
7 [
B e
1+e _Z’%_L___V_'z _______ p'
e [T(xzﬂ”k) > T(xl,rk)]
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ILLUSTRATIVE EXAMPLE

)1 jﬁ(m))

. iy ‘\"
2L St e

0.1

rule relevance increase
constant 7(x, r3,)
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PRELIMINARY RESULTS

Efficiency:
average size of the prediction region

100 T T T T T T T T

Empty
90 - Single |
Double
80 b

Conformal Safety Region

200 1 1 U U U U U U U

180 | . . o o o . eee ce e cee o m - -

160 - L 2w ceer  we - ececs om o

70 - B

140[ ®=we @me moec com  cme  mm— ceme o

60 [~ 1

120} oo comes cmm— cmmme m—— — cmeme e

100 omee cosee ome +ome cmm =  eme e ee = e .- - -

%
Systolic Blood Pressure

- n
40 \‘\JJJU = 80 . —
30 + /‘__r,_’—* 60 - B
20 - - el i
Non conformal
10 T 20 - Conformal
: \ . . 1 \ . 1 [__1Conformal Safety Region
0 | | | | I I I I T
0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5 0 40 43 45 48 51 54 57 60 62 65
€ Age

Dataset: 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:

* 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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