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2Background
● Vision Transformer (ViT) is vulnerable against: 

○ Adversarial samples

○ Out-of-distribution inputs
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3Background
● Neural Cellular Automata (NCA) is robust against perturbations
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5Background
● ViT and NCA are similar in token interaction learning



6Background
● ViT and NCA are similar in token interaction learning

Can NCA improve the robustness of ViT?

Vulnerable

Robust
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9Problem with Vanilla NCA
● Too computationally intensive

Struggle on scaling up



10Dynamic Interaction
● Reduce computational cost

FLOPS: ℳHW𝐶𝐶2 → 𝐻𝐻𝐻𝐻𝐶𝐶2
𝑍𝑍𝐶𝐶×𝐻𝐻×𝑊𝑊
𝑡𝑡



11Multi-scale Dynamic Interaction
● Improve model capacity

𝑍𝑍𝐶𝐶×𝐻𝐻×𝑊𝑊
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FLOPS: ℳHW𝐶𝐶2 → 𝐻𝐻𝐻𝐻𝐶𝐶2



12Multi-scale Dynamic Interaction
● Improve model capacity



13Insert Positions of AdaNCA
● Different insert positions result in different performance

Swin-tiny (12 layers, 11 insert points)

𝛼𝛼 = Clean Accuracy

𝛼𝛼′ = Accuracy under Adv.

𝛽𝛽 =
𝛼𝛼′

𝛼𝛼

𝛾𝛾 =
𝛽𝛽𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝛽𝛽𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝛽𝛽𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵: Baseline ViT
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴: AdaNCA-Enhanced ViT



14Insert Positions of AdaNCA
● Different insert positions result in different performance
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15Insert Positions of AdaNCA
● Different insert positions result in different performance
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r=0.6938, p<0.001
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18Layer Similarity Structure

Swin-Base Swin-Base-AdaNCA

● AdaNCA increases the network redundancy

𝜅𝜅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚=0.47 𝜅𝜅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚=0.51



19Ablation Studies

Recur: Unrolling the recurrent structure into different single-step NCA

StocU: Remove stochastic update

RandS: AdaNCA evolves for a fixed time step

DynIn: Replace Dynamic Interaction with a simple mean aggregation
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