
D4-PINN — Hard-Constraint Group-Invariant Architecture
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8-element orbit {g · x : g ∈ D4}
|D4| = 8 (rotations + reflections)

Shared MLP fθ
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✓ Symmetry ∼ 10−8

Proposition 1 (Architectural Invariance): ∀ θ ∈ Θ, ∀ x ∈ R2, uθ(g′ · x) = uθ(x) for all
g′ ∈ D4 • The Reynolds average guarantees exact D4-invariance of every forward pass at machine precision.
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