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Core Motivation: Why Spectral Alignment? Methodology: SAD-LoRA Pipeline

Compute the teacher's data-weighted spectral subspace once, then continuously align the LoRA adapter 
to it throughout distillation

KD+LoRA compresses large models efficiently, but
standard KD never tells the adapter which low-rank
subspace to learn. As a result, valuable rank capacity is
wasted.
SAD-LoRA explicitly aligns the LoRA adapter with the
teacher's data-weighted spectral subspace, improving
rank efficiency without additional inference cost.
✓ FFirst framework that explicitly aligns the LoRA
subspace during knowledge distillation
✓ Theoretically decomposes distillation error into
subspace misalignment, coefficient mismatch, and
irreducible rank residual
✓ Improves low-rank distillation across GLUE while
introducing no additional inference overhead

Standard knowledge distillation learns outputs.
SAD-LoRA additionally learns the optimal low-rank subspace, preventing subspace drift throughout training.

Theoretical Error Decomposition Controlled Spectral Validation
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Ablations: What Drives the Gain?

Limitations and Future WorkPost-Training Subspace Alignment

Conclusion

SAD-LoRA @ r=4 ≥ KD-LoRA @ r=8 on STS-B & CoLA — better subspace beats more rank
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