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What is a neuron, channel, layer?
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Feature Visualization
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Neuron, Channel and Layer activations
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Feature Visualization

• Optimize for neuron
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Feature Visualization
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Activation Maximization
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𝑥𝑡+1 = 𝑥𝑡 + 𝜀1 ⋅
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Activation Maximization - Regularization
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• Frequency penalization

• Transformation robustness

• Learned priors

𝑥𝑡+1 = 𝑟(𝑥𝑡) + 𝜀1 ⋅
𝜕a 𝑥𝑡

𝜕𝑥𝑡
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Multi-faceted neurons

• Diverse images as seed

• Add diversity term to optimization

• Faceted feature visualization
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Faceted Feature Visualization
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Final layer

Train linear classifier (distinguish)
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g(x) activations up to intermediate layer

f(g(x)) activations of all layers

w trained weights from linear classifier



CLIP RN50-x4 – What kind of neurons were found?
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Person Neurons
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Person Neurons
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Case study – Donald Trump neuron activation
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Emotion Neurons
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• Facial expression

• Body language

• Text
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Emotion Neurons
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Region Neurons
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Region Neurons
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Region Neurons
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Region Neurons
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Typographic attacks – Zero shot
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Typographic attacks – Zero shot

30
Goh, Gabriel, et al. "Multimodal neurons in artificial neural networks." Distill 6.3 (2021): e30.



Typographic attacks – Zero shot
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Typographic attacks – Zero shot
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Typographic attacks – Linear probes
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Typographic attacks
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Opinion & Discussion

+ Reveals properties in CLIP

+ Faceted Feature Visualization

+ Mentions bias and weaknesses
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− Political bias

− Dependent on human interpretation

− Not open source, little explanation

https://openai.com/index/microscope/

https://openai.com/index/microscope/
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Case study – Donald Trump neuron activation
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Feature Visualization

• Optimize for label
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Multi-faceted neurons - Diversity
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Simple optimization

Optimization with diversity

Dataset examples

Olah, Chris, Alexander Mordvintsev, and Ludwig Schubert. "Feature visualization." Distill 2.11 (2017): e7.



Multi-faceted neurons - Diversity
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𝐺𝑖𝑗 = 

𝑥,𝑦

𝑙𝑎𝑦𝑒𝑟𝑛 𝑥, 𝑦, 𝑖 ∗  𝑙𝑎𝑦𝑒𝑟𝑛[𝑥, 𝑦, 𝑗]

𝐶𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 = − 

a


𝑏≠𝑎

𝑣𝑒𝑐 𝐺𝑎 ∗ 𝑣𝑒𝑐(𝐺𝑏)

∥ 𝑣𝑒𝑐(𝐺𝑎) ∥ ∥ 𝑣𝑒𝑐(𝐺𝑏) ∥

from style transfer:
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