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B XA H 547 Reliable classification |D AT
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B T E2Density Estimation/Gaussian process&EHIZHAEE S ZIHRHOE

HLAREFZAY, SEIE D FEIRAIADBEISD LT SZEHAFL TER
(RO THDFELEEH)

probability, classical
(fequentist) statistics

Sec. 4.1 single hypothesis h, conditional probabilities
p(y | T4, h), only aleatoric uncertainty

Sec. 4.2 likelihood, Fisher information, confidence
region for hypothesis h, epistemic uncertainty

Sec. 4.3 density estimation p(z |y), aleatoric and

" e epistemic uncertainty
uncertainty quantification

Sec. 4.4 Gaussian processes, posterior p(y | ),
aleatoric and epistemic uncertainty

Sec. 4.5 Bayesian neural networks, weights as random

“Bayesian” approaches variables, prediction + uncertainty quantification

Sec. 4.6 credal sets for robust extension of Bayesian
ML methods —¢ inference
Sec. 4.7 reliable classification, explicit modeling of

aleatoric and epistemic uncertainty

frequentist, Sec. 4.8 conformal prediction, inclusion/exclusion of
set-valued prediction candidate outcomes through hypothesis testing

Bayesian, Sec. 4.9 set-valued prediction through (expected) utility

maximization

Aleatoric and epistemic uncertainty in machine learning: an introduction to concepts and methods Fig. 11
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4.1 Probability estimation via Scoring Rules EERFAN-HHRNEF X
scoring, calibration, and Calibration Methods Aleatoric ZaA7YF ARADOKINTRATEDITS
ensembling Ensembling Fx)IL—ar: RA7EHERIZEBRLTERS
19 v—IERE
4.2 Maximum likelihood estimation | Maximum likelihood estimation Epistemic FIRENZ VIS A—ADHEEIN B (ES5DEH NS

and Fisher information

Fisher Information

Ly)
FHRENDLEVAETEATIFLT D (ES5DENKELY)

4.3 Generative models

Isolation Forests(Lui et al.2009)
Auto—encoders (Goodfellow et al. 2016)

Aleatoric / Epistemic

22 R 4> #7% F| AL TAleatoric &Epistemicl ZXi [ 9 B F %
TR D EY: Aleatoric, ZE MK \FEIE: Epistemic

4.4 Gaussian processes

Gaussian Process(GP)

Aleatoric / Epistemic

FAILBBFICAERMELHIZ M, BRI IZ/ N\SA—F—FRE
T%M_&'C Aleatoric &Epistemic DREZ 7Bt 3 5 &L AT BE
MBS TIEEN

4.5 Deep neural networks

Bayesian Neural Networks (BNNs)

Dropout Variational Inference (Gal & Ghahramani,
2016)

Ensemble Learning (Lakshminarayanan et al., 2017)

%8l + Epistemic

EAHEEELHELTHRVDFRI+HES DE(Epistemic) TH 71

4.6 Credal sets and classifiers

Credal Sets, Credal Classifiers

£a

BE—OHEESMTIIEL RS MOEETIEENERE

4.7 Reliable classification

Reliable classification

Aleatoric / Epistemic

Sengeb(201)MMRELE-FRIOALBLLLIEZEENITETIL
b9 %F %, Aleatoric&EpistemicZBATRRIIZIRD

4.8 Conformal prediction

Conformal Prediction

FRIDEEEEHIE. RIS DA RERREEITS

4.9 Set-valued prediction based
on utility maximization

Utility—based Set-valued Prediction

Unity functionlZEDW\T, EESTRBRITIDOFAES
%R
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M Sunagawa, Taro, 2021, "DAISO-10",

M https://doi.org/10.7910/DVN/QYEVQV, Harvard
Dataverse, V1
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