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Motivation

Transformers have demonstrated considerable success
across various domains but are constrained by their significant
computational and memory requirements. This poses
challenges for deployment on resource-constrained devices.
Quantization, as an effective model compression method, can
significantly reduce the operation time of Transformers on
edge devices. Notably, Transformers display more substantial
outliers than convolutional neural networks, leading to uneven
feature distribution among different channels and tokens. To
address this issue, we propose an adaptive outlier correction
quantization (AOCQ) method for Transformers.



Main idea

- We revisit the fully quantized Transformers and highlight that
the key problem is the huge discrepancy in channels and
tokens of the Transformers, which leads to significant
accuracy degradation.

- We propose AOCQ, a simple but effective post-training
guantization algorithm, which reduces the imbalance of
channels and tokens at three levels: operator level,
framework level, and loss level. The theoretical analysis
proves that the quantization error can be reduced obviously.



Method
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Fig. 1 Framework of the AOCQ. AOCQ deals with the outliers adaptively in three levels: operator level,
framework level, and loss level. It uses Add, and LN, to diminish the imbalance between channels. A two-
stage optimization method has been used to optimize quantization scale and the rounding direction. In the
first stage, the quantization scale sp of activation is iteratively refined to s4 through successive optimization
steps. After that, the rounding direction of the weights is optimized in the second stage. The token norm
function suppresses the extreme tokens in the block-wise reconstruction loss



Results
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Fig. 5 Comparison of the density distribution: (a) BasePTQ; (b) our method. The z-axis represents the value
interval, while the y-axis represents the count of activations falling within each interval. The left and right
columns represent the original and quantized distributions, respectively




Table 2 Comparison of the performance of the proposed PTQ method AOCQ with other SOTA methods for
image classification on ImageNet

Model Method W/A Model size (M) Accuracy (%) & W/A Model size (M) Accuracy (%) 8§
32/32 112 81.35 32/32 112 81.35
BasePTQ* B/8 28 B0.96 0.39 4/8 14 66.41 14.94
Swin-Tiny PTQ4ViT* 8&/8 28 81.24 -0.11  4/8 14 77.96 -3.39
FQ-ViT 8/8 28 80.51 0.84 4/8 14 7823 —3.12
AOCQ (ours) &/8 28 81.25 —0.10 4/8 14 80.87 —0.48
32/32 195 83.20 32/32 195 83.20
BasePTQ* 8/8 49 B2.75 D45 4/8 24 78.43 477
Swin-Small PTQ4ViIiT* 8/8 49 83.10 -0.10 4/8 24 80.25 2.05
FQ-ViT 8/8 49 82.71 049 4/8 24 81.62 1.58
AOCQ (ours) §&/8 49 83.00 0.20 4/8 24 82.80 —0.40
32/32 345 83.60 32/32 345 83.60
BasePTQ* 8/8 86 83.32 —0.28 4/8 43 T8.43 -5.17
Swin-Base PTQ4VIT*  8/8 86 83.56 —0.06 4/8 43 80.25 3.35
FQ-ViT 8/8 86 B2.97 0.63 4/8 43 8162 108
AOQCQ (ours) 8&/8 86 83.50 -0.10 4/8 43 83.42 —0.18
32/32 22 72.21 32/32 22 '72.21
BasePTQ* 8/8 5.6 71.28 003 4/8 28 56.58 15.63
DeiT-Tiny PTQ4VIT*  8/8 5.6 TLAT 0.64 4/8 2.8 66.70 —5.51
FQ-ViT 8/8 5.6 T1.61 0.60 4/8 2.8 657 6.43
AOCQ (ours) &/8 5.6 T1.74 —0.47 4/8 2.8 70.18 —2.03
32/32 86 TO.85 32/32 86 79.85
BasePTQ*  8/8 22 TT.65 220 4/8 11 64.62 1523
DeiT-Small PTQ4ViT*  8/8 22 79.47 —0.38 4/8 11 77.03 2.82
FQ-ViT B/8 22 T0.17 -0.68 4/8 11 TH.65 4.20
AOCQ (ours) 8&/8 22 79.19 —0.66 4/8 11 78.60 -1.25
32/32 338 8185 32/32 338 81.85
BasePTQ* 8/8 B4 80.94 0.91 4/8 42 T4.27 7.58
DeiT-Base PTQ4VIT*  8/8 84 81 48 037 4/8 42 79.50 —2.26
FQ-ViT B/8 84 81.20 0.65 4/8 42 T79.36 2.49
AOCQ(ours) 8/8 84 81.57 -0.28 4/8 42 81.48 -0.37

The input resolution is set to 224 x 224, W /A means weight/activation. * means that the quantization is only used for matrix

multiplication, where add and other operations maintain float. M stands for million. BasePTQ is from Yuan ZH et al. (2022).
The best results are in bold, and the second-best results are underlined



(d)

Fig. 9 Gradient-weighted class activation maps: (a) fish; (b) leopard; (c) dog; (d) butterfly. We use Grad-CAM
to visualize the attention maps of the ViT-Base model. The left is the original input image. The middle is the
Grad-CAM on FP32 model and the right is the Grad-CAM on W4AS quantized model with our method. All
images are resized to 224 x 224 resolutions, and the output of the last layer is used for visualization



Conclusions

In this paper, we analyze the issue of outliers in Transformers
and theoretically demonstrate that this phenomenon is caused
by the structural design of the Transformer itself. To address
this problem, a new method (i.e., AOCQ) has been proposed,
which balances the impact of outliers from the operator level,
framework level, and loss level. Based on the analysis of the
condition number of the Fisher information matrix, we
theoretically prove the effectiveness of our method.
Experimentally, various tasks, including classification and
object detection, have been validated.
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