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Core Insight - Beyond the Fixed Grid

Fixed grids (Uniform/Non-Uniform) enforce shape

invariance, where the relative spacing of quantization

levels is shared across groups (scaled by s).

BPDQ breaks this limitation by constructing a variable

grid per group using bit-plane coefficients (c1, c2),

expanding the feasible set.
VS

Essentially, the problem is not a failure of the optimization objective,

but the rigidity of the quantizer's feasible set under that objective.



Preliminaries 



Methodology

① Bit-Plane Decomposition (BPD) Initialization🛠️

Take the MSB planes (P₇, P₆) as the initial bit-planes (B₂, B₁), since they carry

the dominant magnitude of the weights. Discard the LSB planes, as the truncation error

is small, giving a low-cost warm start.

② Iteration under closed-form steps🔄

Step A (Fix Bits → Refit Coeffs):Closed-form weighted least-

squares for the scalar coefficients.(Yields a per-group, tailored variable

grid.) Proof in Appendix B.1

Step B (Fix Coeffs → Update Bits):Exhaustive enumeration over

bit patterns, in parallel across rows.(A nearest-neighbor projection

under the Hessian-induced metric.) Proof in Appendix B.2

③ Delta Correction — Error-Propagation Alignment⚖️

Re-align the accumulated error coordinates after each coefficient refit. The delta

correction injects the change exactly into the error propagation chain, so every iterate

stays consistent with the output-aligned objective. Proof in Appendix B.3

① BPD Init.🛠️

③ Delta Correction⚖️

② Iteration🔄



Experiments - Benefits of Variable Grid 



Experiments - Comparison with Bit-Plane and VQ Methods 



Experiments - Further Analysis of BPDQ  



Theoretical Analysis - Variable Grid Expressivity



Theoretical Analysis - Hessian-Induced Consistency
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