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Motivation

p Deep learning models are trained under the implicit assumption that the training 
and test data are drawn from the same distribution.

pWhen a deep learning model 
encounters an input that differs from 
its training data, it may be 
overconfident with wrong prediction.

Out-of-distribution (OOD) detection

p Far OOD data
p Near OOD data



Motivation

p The post-hoc methods

ü MSP, ODIN, GradNorm.
ü Only take effect at inference phase and are easy to use, but rely on the 

performance of the pretrained model.

p The training methods

ü MC-dropout, G-ODIN, LogitNorm.
ü Require more computational resources.

p Evidential deep learning

ü Without additional computation.
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Softmax-based neural network Evidential neural network



Evidential Deep Learning Review

p Consider a simple �-class classification network � �|� .

Belief mass � =  �1, �2, ⋯, �� .

Uncertainty mass �.

Evidence is a measure of the amount of support collected from 
data in favor of a sample to be classified into a certain class.

� = � �|� 
The softmax layer is replaced with an activation layer, 

e.g., ReLU, to ascertain non-negative output.
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p Dirichlet distribution

p The Dirichlet strength:

�� = �� + 1



Evidential Deep Learning Review

https://www.zhihu.com/search?type=content&q=evidential%20deep%20learning

p Sampling operation is 
non-differentiable.

p Sampling involves 
randomness, making it 
difficult to accurately 
measure the obtained 
�� � .

p The expected probability 
for the �-th singleton is 
computed as:
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p Hope the evidence generation process to collapse under specific conditions, directly 

yielding a result with all evidence values set to zero.
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Motivation
p EDL only captures the evidence which supports single category and rejects others. As 

a result, EDL is unable to effectively leverage vague evidence, such as features 
supporting a composite set containing multiple categories.

p The parameters of fully-connected layer in EDL models are facing vanishing gradient 
problem when number of category in datasets rises.
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Hyper-opinion Evidential Deep Learning
p Opinion or multinomial-opinion

p Hyper-opinion

Domain � =  1,  2,  ⋯,  � 
Belief masses  �1, �2, ⋯, �� 

Uncertainty mass �
Opinion

Hyper-domain � � = � � ∕  �,  ∅ 

Powerset � =  1,  2,  3 

� � =  
∅,  1 ,  2 ,  3 ,

 1,  2 ,  1,  3 ,  2,  3 ,
� =  1,  2,  3  

 

� � =  
 1 ,  2 ,  3 ,

 1,  2 ,  1,  3 ,  2,  3  Hyper-
opinion

Sharp 
belief masses

Vague 
belief masses



Hyper-opinion Evidential Deep Learning
p For each singleton � ∈ �, sharp belief mass is

p Allocate vague belief masses to each singleton � ∈ �

� � =   1,  2 ,  1,  3 ,  2,  3  � 1| 1,  2  = � 2| 1,  2   = ⋯ = � 3| 2,  3  =   1
2

� 1, 2 
� � 1, 3 

� � 2, 3 
� �1� =

1
2
 � 1, 2 
� + 1

2
 

� 1, 3 
�
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p The belief ��� and the uncertainty � are computed as

p Opinion projection

� =
|� � |
�

� =  
�∈� � 

 ��� + 1 

�� = ��� + 1
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Hyper-opinion Evidential Deep Learning

p Activate the features extracted by neural network for ascertaining non-negative 
evidence within the hyper-domain.

Evidence is a measure of the amount of support collected from 
data in favor of a sample to be classified into a certain � ∈ � � .

��

��

��

��

��

��

��

�1,1

�4,3

p Apply a unit step activation function to the 
parameters of the fully connected layer, eg., 
Heaviside function

� �� = � � 

�� represents the information of 
set each belief mass supports.
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p In practical terms, this projection is executed by applying a linear transformation 
to the output of the fully connected layer.
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