
Enhancing Uncertainty Estimation and

Interpretability via

Bayesian Non-Negative Decision Layer



Motivation

DNN: Deep feature extractor + Decision layer

• Dense decision layer: millions of parameters 

operating on thousands of deep features

Interpretable via Sparsity

... ...

Input Output ...
Input Output

• Sparse decision later:  inspecting only the few 

linear coefficients and deep features that dictate 

its predictions



Motivation

Graphical Model of DNNs

Introducing stochastic 

latent variables

Uncertainty Estimation via Bayesian Network



Bayesian Non-negative Decision Layer 

Theoretical Guarantees

PDF of Gamma Distribution

Properties of Gamma Distribution

• Non-negativity

• Sparsity 

Consistent with the 

identifiability

proposition

BNDL fit the above assumptions, and has proven to be 

identifiable and interpretable



Experimental Results

Enhancing sparsity while maintaining model performance

➢ 𝑅𝑒𝐿𝑈(𝑥 − 𝛼)：dynamically pruning small weights

• Compared with other sparse decision layer method 

✓ Achieving higher accuracy under the same level 

of sparsity

𝟏 − 𝑺𝒑𝒂𝒓𝒔𝒊𝒕𝒚 = 𝐥𝐨𝐠 𝟏 −
𝑾𝒆𝒊𝒈𝒉𝒕𝑵𝒖𝒎𝒏𝒐𝒏𝒔𝒑𝒂𝒓𝒔𝒆

𝑾𝒆𝒊𝒈𝒉𝒕𝑵𝒖𝒎
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Experimental Results

Interpretable Features

• Non-negativity Constrain

Enforce 𝜃 𝑎𝑛𝑑 𝛷 to be non-negative

Ensures that different features will not cancel one another out 
Interpretable Features

Feature Visualization of BNDL and Baseline Models

➢ BNDL’s features align more closely with the semantic meaning of true labels

➢ More disentangled and interpretable features



Experimental Results

Uncertainty Estimation via Bayesian Last Layer

Only Modify the decision layer,

Enabling uncertainty Estimation
Benefits: negligible 

added complexity

Visualizing High Uncertainty Sample

➢ negative correlation between uncertainty and accuracy

➢ samples with high uncertainty often belong to 

ambiguous classification boundary cases  (e.g., 

misclassifying "wine bottle" as "wine glass")



Thank you for Listening
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