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Motivation

• Why does SAM find flatter / simpler solutions than SGD?

• Current theory: sharpness local, ignores data geometry.

• Goal: explain stability using data coherence & alignment.



Key Idea / Intuition

• Stability ≠ just curvature — depends on gradient and loss curvature coherence.

• Coherence matrix eigenvalues determine stability region.

• Incorporation of data into scope of optimization.

• SAM tightens stability → forces aligned, low-rank features.



Problem Setup

• Study linearized dynamics around solution.

• Coherence matrix captures inter-sample directional alignment:

• We want to study the convergence or divergence through the norm of weight:



Theory: Random perturbation

• For random perturbation algorithm as follows:



Theory: Sharpness-aware-Minimization(SAM)
• For SAM algorithm as follows:



2-layer ReLu Network under linear stability
• We study the coherence under the following solution with linear stability framework:



2-layer ReLu Network under linear stability

• Coherence for SGD and SAM:



Experiments results
• Synthetic data and 2-layer ReLu:

• CIRAR-10 and ResNet-18:



Summary

• Data coherence can play a central role in optimization compared to classic 
optimization which only investigate the largest Hessian direction.

• Contributions:
• Unified Linear Stability Analysis.
• Emergence of Simplicity Bias for SGD through data coherence.
• SAM intensifies the Simplicity Bias.
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