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~ OSTOQuant: Refining Large Language Model Quantization with Orthogonal and Scaling
Transformation for Better Distribution Fitting
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Uneven & heavy-tailed distributions in LLMs
expands the quantization range, thereby making the
quantization for LLMs challenging.
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Previous approaches remain heuristic and do
not optimize the distribution across the entire
guantization space.
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The Quantization Space
Utilization Rate(QSUR) of X Is
defined as the ratio of the
quantization space Vqy to the
hypervolume occupied by X :

QSURy =% (1) 4
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For X € N(u, X), We get:
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From equation above, We find that:
1) QSUR s proportional to the product of the ratios
of each eigenvalue A; to the largest eigenvalue A,

2) The maximum component of the eigenvector g Is
Inversely proportional to QSUR.

d (max ( Jxé(a)- Al.%))d 24 (max(J7; - @1))°

o
-]
V)
o

»QSUR exhibits a positive correlation with accuracy.
Normalized QSUR and Zero Shot precision retentlom for LLaMA models
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»Use learnable OS equwalent transformation palrs to optimize the distributions.

» Orthogonal & Scaling enhance OSUR.
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Optimization objective:

A;,0;
Initialization:

I

argminL(y,y;A;,0;,0)
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Equivalent Transformation Pair T = AQ", forward like: > Use KL-Top loss function to focus
y = Q(xW,0A)Q(A™10™W,)
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Merged and
quantlzed weights
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optimization on model’s main predictions.
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» Performance across different tasks and models. » Distribution pre&after OSTQuant
LLaMA-3 8B, LLaMA-3 70B | LLaMA-2 7B 'LLaMA-2 13B,LLaMA-2 70B| LLaMA 7B | LLaMA 13B | LLaMA 30B  __ MHSA input MHSA input after 0STQuant
#Bits | Method 0-shot’ Wiki 10-shot” Wiki |0O-shot’ Wiki 10-shot” Wiki | 0-shot? Wiki |0-shot® Wiki ' 0-shot® Wiki ' 0-shot® Wiki 25/75 Percentile 2575 Percentile
W-ARV) ] Ave) () Ave®) () |Ave® ) Ave®) ) Aved) ) |Ave®) 1) Ave® O Aved) () 1yoses rercentie||  * MMM 170055 percenic
16-16-16 | FloatingPoint | 68.09 6.14 ' 73.81  2.86 | 65.21 5471 67.61 4.88 1 7159 332 | 64.48 5.68 ' 66.67 5091 70.00 4.10 10 " - WWWW g “"‘M WMW il
RTN 6370 813 31.15  le5 | 6127 702, 6024 639 | 69.62 3.87 | 6267 7.94 6345 $.60 65.69 6.13 w | A
SmoothQuant| 62.79 8.12 ' 67.94 6.70 | 58.88 8.03 ' 6203 586 ' 6593 550 | 62.24 7.46' 62.69 18.75' 65.69 5.80
GPTQ 61.03 743, 3145 9e3 | 60.86 9.84 6471 579 , 7096 3.94 | 60.15 7.93, 64.36 6.58, 6695 526 u O v
Omniquant | 65.66 7.191 - - | 63.19 57416638 5.02 1 71.04 347 | 6342 5861 6622 5211 69.07 425 E S |
4-16-16 | AWQ 67.03 7.36' 68.92 592 | 63.89 583! 6625 507 ! 70.88 4.03 | 6330 597! 6558 528! 69.44 4.28 |
QuaRot 67.27 6.53, 7293 353 | 6430 562, 6695 500 , 7121 341 | 6340 583, 6591 520, 69.73 427  -1o -2 Vi T ,
SpinQuant | 66.54 6.49 1 72.90 3.49 | 63.59 558| 67.14 5.00 | 7112 343 | 6394 5761 6632 516| 69.62 4.21 WWWM 'NW'M MR ALY
OSTQuant | 67.80 653! 73.69 3.19 | 6437 564! 6731 4.94 | 7148 341 | 6413 581 66.62 521! 69.84 4.19 2 M I A
RTN 3342 6e2 ' 3121 83 | 3244 nan . 3086 8¢3 1 3090 74 | 3251 7¢3 1 31.63 3cd . 3157 2e3 20 ‘
SmoothQuant| 33.04 1e3 | 34.67 22 | 32.13 nan | 3426 1e3 | 3586 3e2 | 3442 3e2 | 3329 6e2 | 3464 1e3 &
GPTQ 3298 5e2 | 3147 4de4 | 3272 nan  30.11 4e3 | 3086 nan | 32.12 1e3 | 31.51 3e3 | 30.88 23 0 1000 2000 3000 4000 0 1000 2000 3000 4000
4-4-16 | QuaRot 61.69 8.02' 6556 635 | 61.87 6.05' 65.13 535 ' 69.96 378 | 61.76 622! 6446 550' 68.14 4.57 Chanpel _ Chanoel
SpinQuant | 64.11 7.28 | 66.99 6.10 | 57.37 6.78 , 63.23 524 |, 70.58 3.68 | 61.82 6.08 , 64.59 5.36, 68.08 4.53 FFN input 6 FFN input after OSTQuant
OSTQuant | 65.14 724| 7221 397 | 6390 5.60 6624 5.14 | 7092 357 | 6272 6.04 1 65.80 540. 68.52 4.43 25/75 Percentile 25/75 Percentile
RTN 33.18 7e2 | 30.82 8e3 | 32.67 nan | 30.93 7e3 | 31.73 7ed | 32.87 le4 , 3133 3ed | 31.64 2e3 4 1/99 Percentile . y 199 Percentile
SmoothQuant| 32.96 1e3 1 3376 3e2 | 32.12 nan 1 3336 1le3 1 3554 3e2 | 3332 32 | 3328 5e2 1 34.65 le3 , a0 Fecente W M v A
GPTQ 3371 62 | 3120 4e4 | 3352 nan ' 2785 S5e3 | 3109 nan | 3180 2e3 ' 30.63 3e3 ! 31.07 2¢3 kit M A J \W\' *& WMM W WVM, i
444 |Omniquant | 3233 4e2 |, - - | 4840 14.26, 5035 1230, - - | 4846 11.26, 45.63 10.87, 4504 1235 o : il gt
QuaRot 6138 8.181 6533 66 | 6148 61116516 539 1 7030 380 | 6122 6261 6459 5531 68.08 4.60 i} o Wl
SpinQuant | 64.10 7.35! 6631 624 | 62.01 596 ' 64.13 574 ! 7057 3.61 | 6132 6.12' 6495 539! 68.14 4.55 2 2 5 0
OSTQuant | 6537 7.29, 71.69 4.01 | 63.18 591, 6541 525, 70.84 3.59 | 6255 6.07 | 6543 540, 6820 442 © -
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»Speedup and Memory saving. o we o we  ww o e o0 we o
Channe Channe
Model Decoder Speed (tokens/sec) . Memory Use (GB) ' Memory Saving Viodel Size Prefill Speedup (Seqlen) Memory Saving Factor (Seqlen)
kP Quantized Speed up EP Quantized 256 512 1024 2048 4096 8192 | 256 512 1024 2048 4096 8192
LLaMA-2-7B 47.32 89.4 1.89x 13.94 432 3.23x
LLaMA-3-8B 38.33 77.71 2.03x 15.83 5.88 2.69x /B 2.24x 2.27x 2.23x 2.14x 2.11x 2.02x 3.48x 3.34x 3.12x 2.86x 2.57x 2.34x
LLaMA-2-13B 23.7 55.35 2.34x 23.7 8.5 2.79x 3B 242x  2.52x 2.52x 243x 236x 2.23x | 348x 3.36x 3.12x 2.77x 238x 2.00x
LLaMA-30B OOM 30.49 - OOM 18.19 - 3B 2.62x 2.68x 2.63x 2.52x 2.83x 2.32x | 3.64x 3.51x 3.30x 3.02x 2.70x 2.43x
LLaMA-3-70B OOM 14.68 - OOM 38.41 - 30B 3.18x 3.01x 298x 340x 2.84x 2.68x | 3.70x 3.59x 342x 3.15x 2.83x 2.53x
- Ablation on methods of initialization
» Ablation Study.
Model Quant Setting Method  Zero-Shot® Wiki PPL
_ _ Full-Precision - 65.21 5.47
Ablation on loss function W4A16KV16 Hadamard  63.32 5.62
[LaMA.7B W4AI6KVI6  WOMI 63.45 5.59
Model Loss Type Wiki PPL  Arc-Easy Score Arc-Challenge Score W4A4KV4 Hadamard 61.47 6.11
T oran T3 e ol W4A4KV4  WOMI 61.52 6.09
KL-Top 5.94 72.69 44.62 Full-Precision - 68.09 6.14
LLaMA=2 138 ongmn 5.12 75.09 46.08 W4A16KV16 Hadamard 67.27 6.53
KI-Top 523 75.29 47.10 W4A16KVI6  WOMI 67.41 6.48
| LaMAL3 8B Origin 6.80 76.68 4926 LLaMA-3-8B WAAAKYA  Hadamard i 218
avIA- KL-Top 7.29 76.73 49.32 adamar : :
W4A4KV4 WOMI 61.40 8.17
Setting Metric k=5 k=50 k=100 £=500 £k=1000 £=5000 k=10000 . - . .
o ZeoShoSere G187 GI8S 6175 6115 230 6125 6121 Ablation on different transformation matrices
ny Wiki PPL 6.06 6.116 6.13 607  6.06 6.06 6.12 . : :
waracva Zero-ShoScore 624 6213 6238 6234  63.08 6244 6.1 Metric Baseline +Rrc; +S5res +Ran  +Sua +Ra +5x +Row  +S00
Wiki PPL 599 596 595  5.96 5.96 5.93 5.94 Wiki PPL nan 9.70 0.46 6.16 6.00 5.92 5.92 5.94 591
Zero-shot” 33.51 5433 53774 6175 61.79 6235 62.56 63.11 63.18

» Introduce QSUR as an effective metric and support it to guide optimization and method design.

»0OSTQuant: a fast and effective PTQ method helps quantization by optimizing distributions.

»SOTA: shows strong performance, maintaining high accuracy even at extremely low bitwidths.




	Slide 1

