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Background & Motivation

• LLMs are expensive to store and run

• Post-training quantization reduces weights from 16-bit to low bitwidth

• GPTQ is widely used, but its success was not well understood theoretically

• Main contribution: GPTQ can be interpreted geometrically as Babai's 

nearest plane algorithm for the closest vector problem (CVP) on a lattice



LLM Linear Layer Quantization
Find 𝑸 or 𝒛𝑖 to minimize

𝑿𝑸 − 𝑿𝑾 F
2 = σ𝑖 𝑿 diag 𝒔𝑖 𝒛𝑖 − 𝑿𝒘𝑖

2 

Closest Vector Problem (CVP)
Find 𝒛 to minimize

𝑩𝒛 − 𝒚 2 

From LLM Quantization to Lattice Problem

•  Activations 𝑿 → Basis directions

•  Scales 𝒔𝑖  → Basis stretches

•  Quantized integers 𝒛𝑖  → Lattice coordinates 𝒛

•  Target 𝑿𝒘𝑖  → Point to approximate 𝒚



Main Theorem: GPTQ is Babai's Algorithm

• OBQ/GPTQ error propagation ⇔ Projection onto the nearest hyperplane

• Geometrically, GPTQ performs an orthogonal walk through affine subspaces



What the Equivalence Brings: Error Bounds

• In the no-clipping setting, GPTQ inherits Babai's tight error bound

• The bound depends on the LDL decomposition of the permuted Hessian

• Quantization order matters



Practical Impact: Better Quantizations
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