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Mathematical formulation and method

E :={e1,....,en}t, X € X andY® € V. an image and its label on e.
(X€, Y€) follows the joint distribution Pxe ye.
Given samples:

o D= {(xf .y ), ~"" Pxe yer (" € €, n €N).

© > ece, DesDe i={(xF,8(y)}izy ~'"% Pxeg(ve) (ne € N,Eaq C E).

Out-of-distribution Problem: f9OP % ¥ 53k 37

FOOD . — arg min max RE(f)
f:X—) €&
(P DIE) =  ~ arg min max R (w o ®).
®:X—FH is invariant across £, €€€
wH—Y

(Re(f): risk of f on e, that is, R¢(f) := [ I(Y¢, f(X€))dPxe ye )
(P: invariant across £ LN P(Y€|®(X€)) does not depend on e).

S. Berry, et al., Recognition in terra incognita, In ECCV, 2019
M. Arjovsky, et al., Invariant Risk Minimization, arXiv: 1907.02893, 2019.
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Objective(®, w) := Y  R(wo ®)+
eclitr

A - (Dependence measure of P(Y€|®(X€)) on e € &).

Err = {e*} DB IERNBIEDHRRE L 2
= D,q T Invariance ZHEE 3 % HBIYEEE 2 fE R

Objective(®, w) == R (w o &)+
A-(Dependence measure of P(g(Y°)|®(X€)) on e € E,4).
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Invariance DHEEIZIZ, M. Arjovsky et al. 2019 12 X 2 AT &= 2 H:

> IVa=wR
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Hyperparamter Selection

ARG U7z CVIEDIRBITIX, maxcRE(F) D, DF D, IRTDec &
TORE(F)DT I al— MEAZTENLT 20EDD L5

De :={(x"g(y/))}izy = RE(f) x
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o Method | = FFEET —RD Y RZ Rxe g(yey(ps o ®) TULLL
® Method Il = Method | {Z R¢(pg 0 ®) — Rxe g(ve)(pg 0 P) ZfHLE.

For some Z5° C Z.

RE(pg 0 P) — Rxe g(ve)(pp o P) = Z
zHFezHA

/_ |Og pe(ye‘(b(Xe), Y€© = g1(2%))d'D(Xe,Ye)Ye—g1(Z74)}

Main Theorem 1: Effectiveness of Method |

Conditions (a), (b) , (c) and (d) concerning £,4 and e* hold. Then
Method |l “selects a preferable hyperparameter."

{Pe(ve) = 77),

(d) YA with Im®23 # (), Je\ € £.4 such that
P(g(Ye* (Xe*)) <e P _g¢ Pxex yex-a.e.

Main Theorem 2: Effectiveness of Method ||

Conditions (a), (b) , (c) and (d)" concerning £,4 and e* hold. Then
Method | “selects a preferable hyperparameter.”

(d)' VA with Im®23 # ), Jey € E,4 such that
P(g(Ye* (Xe*)) < e M —¢, Pxer yer-ae

By < B = Method Il OjEHHEIFH D X Z2 FEGHVICEA & 202,

Demonstration

Objective task: landbirds v.s. Waterbirds v.s. No birds
Additional task: landbirds v.s. No landbirds

Test Data
Landbirds + water

Training Data
Landbirds + land

waterbirds + water No birds + land

Waterbirds + water No birds + water

ERM Fine Tuning | Feature Extraction Ours

Test Acc. | .317 (.044) | .364 (.028) .052 (.013) | .727 (.062)
Tr CV LOD CV CVI CVII
Test Acc. | .651(.031) | .334 (.029) | .727 (.062) | .727 (.062)
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