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Can We Ignore Labels in Out-of-Distribution Detection?

Problem: Safety-critical AI systems need to reliably identify out-of-distribution (OOD) inputs, which 
have labels not seen during training, but many current approaches try to do this without labels 
Key Finding: Label Blindness The paper introduces the concept of "label blindness," proving that 
self-supervised and unsupervised methods will fail at OOD detection when their learning objective 
is independent of the information needed to predict labels 
- This means that if the method does not learn about the labels during training, it cannot detect 

when a new input does not match those labels. 

Implications: It is not safe to ignore labels for OOD detection in real-world applications, as 
methods trained without labels may fail if the task depends on features that are independent of the 
training process. Future research should focus on incorporating label information, even if only a 
small amount, to improve OOD detection. 

The paper theoretically proves that when there is zero mutual information between the 
learning objective and the in-distribution labels, OOD detection will fail. 
The paper demonstrates that it is not safe to ignore labels for OOD detection, contrary to the recent 
trend of unlabeled OOD methods. 

The Label Blindness Theorem indicates that there cannot be a single unlabeled OOD detection 
algorithm applicable to all unlabeled data. 

Future work should focus on methods that incorporate label information, such as few-shot or one-
shot methods.

An example failure case by visualizing 
the heatmaps of the gradient of a 
unlabeled SimCLR trained Resnet. The 
OOD detection task is to detect OOD 
facial expressions.  
In this case, the OOD detection method 
fails as justified by our theoretical work, 
where the representations do not exhibit 
a  strong gradient in regions commonly 
associated with facial expressions (i.e., 
eyebrows, mouth, etc.)
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Informed Contextual Multi-Armed Bandits

1. World Model - The world model fw is responsible for forecasting the context ct itself given the 
previously encountered context ct-1 and encoding Et(.). 

 fw(ct-1, Et(.)) = ct

2.    Controller/Action Model -  The controller fc is responsible for estimating the reward values 𝜇r for 
each action at, given	 the current context ct and an encoding Et(.) of other signals that might help 
inform what action to take next. 

    fc(at, ct, Et(.)) =  𝜇r

Comparison of Bandit Algorithms with respect to average % 
gain earned across all 30 company stocks. Results for each 
forecasting method are present in the respective row. The 
Trivial-RET strategy covers a CMAB example, while the 
others strategies represent iCMABs.

Use Case: Stock Trading
● Experimented with stock data for 30 

companies. 

● Adversarial bandit algorithm EXP4.P 
with RNN based forecasting strategy 
performed much better than other 
related methods.

A new framework to utilize 
forecasting methods or neural 
networks to serve below goals, 

1. Provide better decisions/system 
actions through  
a. identifying corrupt context and/

or fulfilling missing context  
b. predicting future context  

2. Provide a measure of confidence 
in its predictions/
recommendations by addressing 
volatility and uncertainty 

3. Drive real-time decisions in CPS
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Uncertainty-Aware Reinforcement Learning Through 
Uncertainty-Driven Replay Memory (UDRM)


