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Challenges
• Test-Time Adaptation (TTA): an effective way to improve zero-shot robustness under

distribution shifts by adapting to unlabeled test data during inference

• Limitations
• High computational cost
• Lack explicit class distribution modeling

(b) Online TTA Methods(a) Backpropagation-required TTA

                

       

            

               

                  



Challenges
• Gaussian Discriminant Analysis (GDA): a classical probabilistic framework that models

class-conditional feature distributions and assigns labels based on likelihood estimation

• Limitations
• Need full target/source access → not feasible for online settings

(b) Transductive Learning in TTA(a) GDA-based Transductive TTA

       

          

                                     



Core Idea
• Can we design a backpropagation-free and distribution-aware TTA framework 

that seamlessly supports both online and transductive adaptation?



Motivation

Projection-based normality test results across class-conditional features

• Observation 1: Gaussianity of class conditional features
• Class-wise features exhibit strong Gaussian patterns in CLIP space



Motivation
• Observation 2: Strong alignment of class-wise Σ𝑘 and shared covariance Σ

• Class-wise covariance matrices are nearly identical, supporting a shared-covariance assumption

(b) class-wise covariance dissimilarity

            

     

 
 

 
 

 
 

 
 

 
 

 
 

 
  
 
 

   

   

   

   

   

   

 
 
 
 
  
 
 
 
 
  
  
 
  

   
  
  

(a) Frobenius distance between 𝛴𝑘 and 𝛴



Motivation
• Observation 1: Gaussianity of class conditional features
• Observation 2: Strong alignment of class-wise Σ𝑘 and shared covariance Σ

Assumption: CLIP features conditioned on class 𝑘 follow a 

Gaussian distribution with a shared covariance matrix:



Method: ADAPT
• ADAPT: Backpropagation-free and Distribution-aware Test-time Adaptation

                    

                  

          

      

      

                                                                            

               

          

   

Overview of Online ADAPT 



Method: ADAPT
• Online ADAPT

• Backpropagation-free TTA via GDA: Reframe TTA as a probabilistic inference task by modeling 
class-conditional likelihoods.

• Correcting Online Likelihood Bias via Constructed Knowledge Banks

• Closed-form Solution without Sub-iterations



Method: ADAPT
• Transductive ADAPT

• Extend the online regularized objective to a transductive objective

• Closed-form Solution without Sub-iterations

• One-pass estimate for class means



Method: ADAPT



Experiments
• Task 1: Natural Distribution Shift



Experiments
• Task 2: Corruption Robustness



Experiments
• Task 3: Fine-Grained Categorization



Experiments
• Ablation Studies and Hyperparameter analysis

                 

 
  
 
  
  

  
 
 



Experiments
• Efficiency Comparison on ImageNet



Experiments
• Evaluation with Different VLMs

                               
  

  

  

  

  

 
  
 
  
  
  
 
 

      

                               
  

  

  

  

  

  

 
  
 
  
  
  
 
 

      

                               
  

  

  

  

  

 
 
 
 
 
 
 
 
  
 

 

      

                          



Experiments
• Visualization of Decision Boundaries on ImageNet-A
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