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Abstract B Results - Conformalize the sets
Goal: Multivariate prediction sets with target coverage that adapt Lo{ wes o1 \ -~ Adaptive score function o
to the output geometry in multivariate regression. 0.50-
Innovation: Novel volume-minimizing loss and data-driven - e / \\ » Score function :  S(X, ¥) = [[My(X)(Y = fp(X))]|
nonconformity scores, adaptive to both covariates and residuals. S S 0007 o0l > « Given : n samples i.i.d (X, Y) ~P — split in two
g ::: \ / - &, training set with Card(<) = n;,
. - . . -ors| — MG CV - 9, calibration set with Card(2,) = n,.
e TR s Dl sl eS8 1, i )

(Proposition) Let (X, ., Y . ) be a test sample

— Initial problem (MVCS) —

. . ok from P, independent of the calibration samples :
» Given : Set of n pomts (¥;);<;<, In R".

« Aset: B(p,M,p) :={y e R"| |MQy—-pwl, <1} — Probabilistic problem - M 4(X11)
« Goal : Find the smallest set that contains n — r + 1 of them. . - - Probq Y, €B| p,— JoXnr) | 1K Y Jiea,
min  E | Vol(B(p, M4(x), fo(x)))

G

 Problem :

min  Vol(B(p, M, 4)) st Prob{ Y € B(p, My, fx) } > 1—a. c
s.t. M>=20,ue IRk,p>O,

1
l—a,l —a- )
n2+1

Approximation with the training data

Card {i € [n] | [[M(y; —wll, < 1} >n—r+1. Results - ( Volume?/d)

. 1
min log ( 2 ) + klogo, { A5 (; —fg(xl-))llp} + log A(B,(1))

. . A(x.
Combinatorial problem NP-hard o1 detlAg(x)
_ st. Ay(-)=0,p>0,0€0. Dataset Naive QR Emp. Cov. Loc. Emp. Cov. MVCS
Reformulation (exact) N

— 22:2: :Z:f . — :et :0r§1 Bias correction 1.294+0.02 1.26 £ 0.03 1.45 4+ 0.10 1.33 £0.24

min —logdet(A) + o, { |Ay; + 7] p} + log A(B,(1)) . — Shepefors — setforx CASP 1.404£0.01 1524002 1444002  1.32+0.02
4 - ® et for X4
E 1.284+0.11 1.10+0.16  1.10+0.16  0.97 +£0.13
st. Ax=0,n €& IRk,p > (), ). N ey

House 1.37 £ 0.02 1.39 0.02 1.38 £+ 0.02 1.33 £+ 0.02
Where o,{q;} is the r-th largest element of a set {q;}'_, with . S o . rfl 0.43 +0.02 0.44 4+ 0.02 0.64+0.03  0.39 +0.05
. L . .o 61+ 0. . . 44 +0.02 .35 + 0.01

a; € R. Use first-order optimization, 2 : rf2 0.61+0.01 0.42 £ 0.02 0 0.0 0.35 + 0.0
W W ) ) dff f 4 scmld 2.71 £0.09 1.74 0.06 1.74 £+ 0.06 1.47 + 0.08

c Can .
fit€ In a difference or convex, scm?20d 345+ 047 2644049  264+049  1.51+0.03
. . .

Derive a convex relaxation. . Taxi 348+0.02 3.42+004  3.35+003  3.18 +0.02

(But still NP-hard so no convergence guarantees). o0z Vi




