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Challenge
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Figure 2: Activation distribution in LLaMA-2 7B model before and after rotation. Qutliers exist in particular
channels before rotation. Since channel-wise quantization is not supported in most hardware, outlier removal
using rotation enables accurate token-wise or tensor-wise quantization.
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Figure 3: Outlier measurement and quantization error across input activation and weights in the five layers
that take inputs from the residual (Q/K/V/Up/Gate-projection) of each block in the LLaMA-2 7B model. (a)
After rotation, kurtosis of activation distributions is significantly reduced to approximately three across all layers.
Quantization error is reduced after rotation in both (b) activations and (c) weights.
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Figure 1: Overall diagram of rotation. (a) The residual stream can be rotated in the transformer network,
resulting in numerically equivalent floating point networks before and after rotation. The rotated activations
exhibit fewer outliers and are easier to quantize. (b) & (c) The rotation matrix can be integrated with the
corresponding weight matrices and we further define Rz, R3, and R4 for reducing outliers inside the block.



Experiment

Table 1: Comparison of the perplexity score on WikiText2 and averaged accuracy on eight Zero-shot Common
Sense Reasoning tasks. Results for SmoothQuant (Xiao et al., 2022), LLM-QAT (Liu et al., 2023c), GPT(Q) (Fran-
tar et al., 2022) were obtained using their publicly released codebase. While OmniQuant (Shao et al., 2023),
AWQ) (Lin et al., 2023), and QulP# (Tseng et al., 2024) results were quoted from their papers. Full resulis are in

the Appendix.
LLaMA-2 7B LLaMA-2 138 LLaMA-2 70B | LLaMA-32 1B, LLuMA-3.2 3B LLuMA 3 8B Mistral-7B
#Bils | Method | O-shot™ Wiki v O-shot® Wiki 1 O-shot™ Wiki || D-sho® ™ Wiki 1 0shot™ ~ Wiki 1 0-shot® Wik || Ocshot® Wiki
(WA KV Ave () (D) JAve) () JAved ) flAaved ) JAeD D) JAve® ) ||Avedd D
16-16-16 FloatingPoint_ | 669 55 ' 683 50 ' 729 33 ) 569 134 ' 639 107 ' 696 61 | 710 54
RTN 624 79, 5713 67 , 686 S0 || 554 207 , 586 290 , 655 82 | 593 68
SmoothQuant 589 75 636 61 0 706 41 f| 471 1e2 0 556 32 0 610 107 i -
LLM-QAT 648 114! 675 145! - = 532 210 ! 608 410 ! 672 77 = -
AWO (wd) - 62, - 51 , - = e 2T, , B3 D p . .
4816 | OmniQuant (wd) - 57 _ 50 1 — 35 - - - - - -
QulP# (w4) - 56, - 50, - 34 - - 1 - - - - - -
GPTQ 640 202, 652 59 , 717 43 || 550 173 , S8T 252 , 645 712 | 517 &6
SpinQuant,, sl 657 58 682 51 1+ 721 37 || 560 153 1 614 116 ' 686 67 | 688 57
SpinQuant g 657 57, 681 50 | TRT 35 | 565 144 | 632 115 | 684 65 | 699 55
BTN 625 79 ' 5TH 67 ' 684 50 || 557 207 ' 584 288 ' 653 82 || 589 6.7
SmoothQuant 588 75, 634 61 | 705 41 || 4701 1e2 | 555 32 | 609 107 - -
agg |LLM-QAT 646 1141 675 1424 - - 531 210 « 605 393 . 669 716 - -
GPTQ 648 202' 653 59 ' 716 43 f| S48 173 1 587 240 ' 646 72 || 517 &6
SpinQuantae hed|| 658 S8, 681 51 , 722 37 || 557 153 , 618 117 , 686 67 || 694 §57
SpinQuant .y 658 57 682 51 « 727 35 || 558 143 . 632 112 1 688 65 | 702 55
R 1} T 356 23, 353 de3 , 350 2e5 || 4127 T ez | 4201 " Te2 T, 439 ez || 414 42
SmoothQuant 418 3e2 449 3450 577 571 f| 379 23 4 436 42 0 403 92 _ _
4416 |LLM-QAT 478 129 M3 4¢3 | — - 420 621 ! 469 376 ' 449 29| - -
GPTQ 68 %93, 352 Se3 , 355 2e6 || 416 1e2 L 434 32 , 406 2?2 | 404 2
SpinQuant., sl 570 927 618 72 1 610 73 || 448 484 0 529 224 1 519 186 | 527 134
SpinQuantg 641 59 672 52 | 710 38 | 535 153 | 6LO 1Ll | 658 7.1 || 684 57
IR 11} T 3707 T 330 355 T T3 0 350 25 || 406 2e2 0 412 &2 0 430 3e2 || 414 o2
SmoothQuant 390 7e2 ! 405 566 | 559 105 || 365 23 ! 400 62 ! 387 23 N s
LLM-QAT 449 149, 350 4e3 , - 2 415 762 . 459 420 , 432 525 0 -
44 | oprg 368 9e3 ' 352 Se3 0 356 le6 f| 416 1e2 0 4101 422 0 405 22 || 413 2e2
SpinQuant,, sl 560 92 607 71 | 620 74 || 453 477 ) 529 224 | 526 186 524 137
5pinQuanthed 640 59 669 53 0 712 38 || 534 159 . 605 114 1 655 73 || 686 S8




Experiment

Table 2: Compared to Hadamard rotation, SpinQuant learned rotation consistently outperform by a significant
margin. Results are averaged accuracy on eight Zero-shot CommonSense Reasoning tasks.

LLLLaMA-3.2 3B Li.aMA-38B Mistral-7B
4-4-16 4-4-4 4-4-16 4-4-4 4-4-16 4-4-4
Random Hadamard Fy, 2 498 496 495 50.0 514 515
__SpinQuanlng had 12} | 5294a.1) S294as) | S192.4) 5260125 | SLTj11a)  S243100)
Random Hadamard Ry 244 |~ 59.0 58.4 64.2 63.9 52.7 524
SpinQuanlp.g Ay an4y | 610121y 605120 | 658118 655116 | 0BAypisy) 6861162




Ablation Study

Table 5: Comparison with QuaRot ( Ashkboos et al_, 2023b).

LLaMA-3 8B (FP: 69.0, 6.1)
4-4-16 : 444

LLaMA-370B (FP: 74.5, 2.8)
4-4-16 : 144

(-shot® Wiki . O-shot® Wiki

Ave.(T) (D) ' Ave(t) )

O-shot®  Wiki . O-shot® Wiki
Ave (D) (D) ' Avedt) (D)

QuaRot+RTN

SpinQuant p.+RTN

SpinQuant j+GPTQ

305 104, 586 109
646 7.7 641 7.8

658 711 655 7.3

a5 912, ;13 024
70.1 41 1+ 701 4.1

695 55, 693 55




