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Triangle Attention and Update

Diffusion Module

Lloss = Ldistogram * αdistogram + Ldiffusion * αdiffusion + Lconfidence * αconfidence

Where,
Ldistogram: Measures how accurately the model predicts token-level
distance categories between residues using cross-entropy on the
distogram.

Ldiffusion: Penalizes errors in atom-level pairwise distances, giving
extra weight to distances between nearby atoms and protein-
ligand interacting atoms.

Lconfidence: Trains the model to estimate its own uncertainty,
rewarding correct confidence in accurate or inaccurate
structural predictions.

Loss Function

Ldiffusion = (LMSE + LMSE * αbond) * (t̂ ² + σdata²)/(t̂ +σdata)² + Lsmooth_lddt

Where,
LMSE: Measures atom-level coordinate accuracy using MSE on all
atom positions, with DNA/RNA/ligand atoms upweighted instead of
using distogram bins.

LMSE: Adds extra MSE penalty on protein-ligand bond atom pairs to
ensure predicted bond lengths match ground-truth distances.

Lsmooth_lddt: Evaluates local structural accuracy by computing a
smooth, differentiable probability that nearby atom-pair distances
fall within multiple distance thresholds.

Diffusion Loss

Lconfidence = LplDDT + LPDE + Lresolved + LPAE * αPAE

Where,
LMSE: Measures atom-level coordinate accuracy using MSE on all
atom positions, with DNA/RNA/ligand atoms upweighted instead of
using distogram bins.

LMSE: Adds extra MSE penalty on protein-ligand bond atom pairs to
ensure predicted bond lengths match ground-truth distances.

Lsmooth_lddt: Evaluates local structural accuracy by computing a
smooth, differentiable probability that nearby atom-pair distances
fall within multiple distance thresholds.

Confidence Loss


