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Z0-based memory-efficient LLM fine-tuning

Al for Optimization - LLM fine-tuning

 Background: Memory-efficient LLM fine-tuning algorithm on resource constrained

scenarios (on-device or hardware specific)
* Motivation: Zeroth-order (ZO) optimization
* Finite difference for gradient estimation avoids storing backpropagation activations
* [sotropic perturbations waste queries in high dimensions
* Design: Biased sampling
* Derive a compact subspace and restrict perturbations to the space
* Low-rank subspace: activation-informed during the forward pass

Activation structure — Guided low-rank perturbations — Sharper gradient estimates
Table 5. Additional Qwen3-8B results.

Guided ZO Method OpenMath SST-2 COPA CB

Forward-pass

activations H perturbations AGZO 0.640 0932 0.820 0928

MeZO 0.560 0916 0.800 0.910
LOZO 0.580 0907 0.790 0.910

* Achievement: ;
~10% benchmark improve
* Optimality: Tighter gradient estimation bound than SOTA ZO methods

* End-to-end performance: Up to ~10% improvement than SOTA ZO methods

AGZO: Activation-Guided Zeroth-Order Optimization for LLM Fine-Tuning (ICML 2026)
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