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(a) An Equivalent Transformation Between Up and Down Projections  : (b) Activation Deviation After Module Quantization

Figure 2. (a) Equivalent transformation between up and down projections n pf:l'-(.‘hdl'lﬂf:] quantization: smoothing can be applied to
down projection, while up projection only introduces channel-wise scaling. (b) Activation deviation at the subsequent LayerNorm after
quantizing attention and MLP: quantizing attention causes a notable mean shift, whereas MLP quantization introduces no significant shift.
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Figure 3. Overview of D*Quant. The left panel shows the D*Quant framework, which improves weight-only PTQ at both weight and
activation levels. The middle shows the Dual-Scale Quantizer, which introduces an additional scale to refine the down-projection. The
right depicts the Deviation-Aware Correction, which mitigates mean shift at post-attention LayerNorm via bias alignment.
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*ELER—: Qwen-3 &% 2-bit &

Table 1. Performance of 2-bit weight quantization on the QQwen-3 series. We report perplexity () on WikiText2 and C4, accuracy (T)
on MMLU, and on seven commonsense tasks with their average (Avg.). " denotes methods with QuaRot rotation. Best results are in bold.

Model | Method | Wiki2(]) C4(]) | MMLU() | PIiQA Hella. Arc-E Arc-C  Wino. RTE OBQA Avg.(1)

FP16 9.72 15.43 7296 | 77.64 7490 8081 57.00 68.03 7798 4180 6831
'GPTQ | 2328 5555 |  37.05 | 6523 4727 4811 31.14 5556 57.04 3040 47.82

GPTQ! 1527 2860 | 4653 | 6692 53.03 5652 3592 61.88 7148 3260  54.05

Qwen3 | GPTAQ 2024 5202 3037 | 61.81 4205 4588 28.67 5833 6029 29.60  46.66

8B | GPTAQ' | 15.61 2991 4349 | 66.81 4942 5480 33.02 61.64 6426 3140 5162

BoA 17.67 4037 4037 | 6545 4693 5518 3234 5975 5451 312 4934

D”Quant | 14.10 2596 | 4994 | 70.51 5576 66.84 39.25 6196 71.84 3440 57.22

FP16 8.64 13.82 77.11 7976 78.89 83.04 6024 73.01 77.62 46.80 71.34
'GPTQ | 1271 2868 | 5320 | 7193 6L87 6284 39.08 6472 4946 3640 55.19

GPTQ! 1292 3823 4690 | 7198 5443 6730 4078 6630 6643 3740  57.80

Qwen3 | GPTAQ 12.91 28.19 51.33 71.06 6046 6658 4147 60677 61.73 39.00 58.15
14B GPTAQ' 12.48 23.93 56.12 71.55 5885 6473 4036 6590 8159 35.00 59.71

BoA 1410 29.33 44.95 7024 5425 5804 3549 6551 7401 3280 55.76
D?Quant | 11.88 2240 58.36 | 7231 6098 7151 44.54 66.85 7473 3920 6145
FP16 7.61 12.45 80.76 | 82.05 82.62 8321 6126 73.01 76.17 46.00  72.05
'GPTQ | 11.13 2527 [ 63.04 | 7378 6876 6406 4471 6875 7401 4020 62.04
GPTQ! 10.61  19.38 63.03 | 7252 68.80 6734 48.12 67.88 67.87 4160  62.02
Qwen3 | GPTAQ 10.78  24.12 62.54 | 73.94 6833 6684 4462 69.06 67.51 3820  61.21
32B | GPTAQ' | 1044  20.03 62.61 7432 6850 67.85 4633 6851 6931 39.80  62.09
BoA N/A N/A N/A NJA NA NA NA NA NA NA N/A




KLER T LLaMA RFY 2-bit 21t

8@ GPTQ/GPTAQ @ D*Quant

LLaMA-3.1-8B LLaMA-3.1-70B LLaMA-3-70B
1&a

60

EANY.3!

LLaMA-3.1-8B: I EMRZFRIE +6.99,
RIATBRERNEE

LLaMA-3.1-70B: C4 PPL M 248.64 %
F 17.74, B ERENKERE
LLaMA-3-70B: F&Hi=R 55.08 —
55.91, RERA

DD2Quant AOEATF Qwen, WEEERTER
Zl LLaMA &%, RIIRIFZH4,



HEE S XTEESERLE1e

Table 3. Effect of DSQ and DAC Components. Component-wise
breakdown analysis of DSQ and DAC on Qwen-3-8B (2-bit).

Model | Method | Wiki2(]) C4(]) | MMLU(1) | Ace(?)
Baseline 1472 2747 | 4549 53.94
Q3-8B | *DSQ 1714417 72695 | T 4897 5721
+DAC 14.63 2700 | 4582 54.63
+DSQ+DAC | 14.10 2596 | 49.94 57.22

e DSQ EXEMaEiEFAFRIE (+3.48) , DAC fIEHt&ZIMM= (+0.33)
o MEBLEGREIZEMR 49.94, WIEMNFEBIE
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