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LLM Linear Layer Quantization
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The Geometry of
LLM Quantization:

Closest Vector Problem (CVP)
Find z to minimize

|Bz — y||*

Proof of Equivalence

GPTQ/OBQ Error Propagation & Nearest Plane Projection

(a) [3D] Babai's Projection

(b) [3D] Babai & OBQ Equivalence

Algorithm 1: GPTQ Algorithm 2: Babai’s Nearest Plane

Input: W, S, X, P, A\, Z;
Output: Z,Q

Input: B,y
Output: =z
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(c) [2D] Nearest Hyperplane

(d) [2D] Orthogonal Projection Plane

Auxiliary Line in Orthogonal Directions

Basis Vector b,

Basis Vector b,

Target Point y:=X,(;b;

Nearest Hyperplane NHP:=|(;,]b;, + Span{b; | j# jo}
Hyperline HL = |}, |bj, + Span{b; | j# j1,j2}

Babai's Projected Point Projaypy) :==2,;((; + A¢) b,

Error Vector Ay:=Projaypy) — y= X;A(b;

Error Component Vector A¢; b,

Error Component Vector A¢j, bj,

Remaining Error Component Vector ¥, ;, A(;b;

Inverse Basis Vector n;, : (n;, b;) =1;n; L b;,Vj# 7
Inverse Basis Vector n, : (nj,, b;,) =1;n;, L b;,Vj#jo
Orthogonal Projection Plane OPP:=Span{n; | j = ji,jo2 }
Projected Basis Vector Projopp(b;,)

Projected Basis Vector Projopp(b;,)

Projected Error Vector Projopp(Ay) = Ay =%, ;,A(Projopp(b;)
Projected Error Component Vector A¢; Projopp(b;,)
Projected Error Component Vector A¢;, Projopp(b;,)

Angle 0 = £(n; , n;,) = m— £(Projopp(bj,), Projopp(b;,))

OBQ Quantization Order & "Nearest" Nearest Plane

f g

Auxiliary Line in Orthogonal Directions

Basis Vector ij

d Target Point y:=3,(;b;

Nearest Hyperplane (Hyperline) NHP:= [(;,|bj, + Span{b; | j# ja}

8  Babai's Projected Point Projamp(y) =X ;(¢; + Ag) b;
— Error Vector Ay:=Projayypy) — y— ;A b,

— Error Component Vector A(j, b,

Remaining Error Component Vector ;. ;, A(;b;

Inverse Basis Vector nj, : (nj,, b;,) = 1;n;, L b;, Vj#js

Projected Basis Vector Proj,, (bj,)

Applications: Clip-Free GPTQ & Inference Kernel

Different Methods on Qwen3-8B
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TPOT Speedup vs PyTorch BF16
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