ITQ3_S:High-Fidenlity3-bit
LLM Inference
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For a Gaussian-distributed input 2 ~ AN(0, crz}, the mean squared error of ternary quantization with threshold
o is:

MSE(a) = [ (x + a)?¢(zx) dx + f 2 ¢(x) dr + [ (x — a)’¢(z) dr (7)
where ¢(z) = - ]Ewﬁ =*/(20%) ig the Gaussian density. Setting d MSE /do = 0:
. 2 .
a' = av/2 - erfinv (_i) = (0.798 o (8)

After the FWHT, the entries of Hw are approximately N (0, o?) [Thmrem, s0 we can compute a* directly
from the empirical standard deviation of the transformed block, giving a near-optimal scale without expensive
second-order Hessian computation.
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Algorithm 2 ITQ3_S MM(Q) Dequantization Kernel (load_tiles_itq3_s)

Require: Packed gquants q, scale di, zero-point zi
Ensure: Reconstructed weight tile in shared memory smem
Load: Fetch interleaved 3-bit quants from global memory into registers
Unpack: Bitfield-extract ternary values ¢; € {—1,0,1} per thread
Dequantize: v; < di - (G — zk)
Write v; to shared memory smem _fwht [j]
Synchronize: __syncthreads()
for step « 1,2,4,...,128 do - log, 256 = 8 butterfly stages
lo ¢« 7 mod (2 - step); hi + lo + step
u < smem_fwht[lo]; v < smem fwht [hi]
smem_fwht [1o] « u + v; smem_fwht[hi] + u — v
Synchronize: __syncthreads()
: end for
smem_fwht [j] + 0.0625 - smem fwht[j] > Normalize: 1/+v/256 = 0.0625
Proceed to matrix multiplication using smem as weight tile
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Algorithm 1 I'TQ3_S Offline Quantization

Require: Weight tensor W € RM*V  block size n = 256

Ensure: Quantized tensor Q. scales d, zero-points z

. for each block w € B?*% in W do
w' I"W'IIT(W} & Fast Walsh-Hadamard Transform
dy, + - {w,} = (Optimal ternary scale {Hnntiﬂu

1
2
i
4: z +— —round(p(w') /d;.) > Zero-point. offset
-
b
7

q + Clamp(round(w’ /d) + 2z, —1, 1) > Ternary quantization
: Store(Packs,(q), di, z)
: end for




Definition 1 (ITQ3.S Encoding). For weight vector w € R*®®, the ITQ3.S encoding function is:

H
Encode(w) = (Prmk;ﬂ, ((Hamp (LTW + oot ﬂ.EJ 1, 1)) . dy, zk)
{

Each ternary value ¢ € {0, 1,2} (representing {—1,0,+1} with zero-point z = 1) is encoded in 3 bits. For a
block of 256 values, we interleave two 4-bit nibble streams to form 32-bit words aligned for DP4A:

X

7
word; = GB (gsiy; mod 4) <« 45 (for even i) (9)

=0

The high bit of each 4-bit nibble encodes the interleave selector, allowing the CUDA dequantization
kernel to reconstruct full 3-bit values from two consecutive nibbles using a single 32-bit load and bitheld
extraction, maximizing L1 cache utilization.



