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ABSTRACT

Large language models have demonstrated promising capabilities upon scaling up
parameters. However, serving large language models incurs substantial computa-
tion and memory movement costs due to their large scale. Quantization methods
have been employed to reduce service costs and latency. Nevertheless, outliers in
activations hinder the development of INT4 weight-activation quantization. Exist-
ing approaches separate outliers and normal values into two matrices or migrate
outliers from activations to weights, suffering from high latency or accuracy degra-
dation. Based on observing activations from large language models, outliers can be
classified into channel-wise and spike outliers. In this work, we propose Rotated
Runtime Smooth (RRS), a plug-and-play activation smoother for quantization,
consisting of Runtime Smooth and the Rotation operation. Runtime Smooth (RS)
is introduced to eliminate channel-wise outliers by smoothing activations with
channel-wise maximums during runtime. The Rotation operation can narrow the
gap between spike outliers and normal values, alleviating the effect of victims
caused by channel-wise smoothing. The proposed method outperforms the state-
of-the-art method in the LLaMA and Qwen families and improves WikiText-2
perplexity from 57.33 to 6.66 for INT4 inference.

1 INTRODUCTION

Large language models have demonstrated promising capabilities as parameters are scaled up.
However, serving large language models is plagued by the high cost of computation and memory
movement due to their scale. Consequently, many quantization methods are applied to reduce size
and gain throughput improvement. From the service perspective, quantization can be categorized as
weight-only quantization and weight-activation quantization. The former can focus on compressing
the model’s weights and saving costs related to memory movement, which is suitable for the memory-
bound decoding stage. The latter quantizes both weight and activation to low bits and utilizes low-bit
matrix multiplication kernels to achieve speedup. However, the existence of outliers in activation
stretches the quantization range, compressing the effective bits for normal values and thus hindering
the development of low-bit weight-activation quantization.

To address outliers, previous works such as (Kim et al.|[2023; Dettmers et al.,[2022) separate outlier
and normal values into two matrices. However, the implementation is not hardware-compatible
and fails to expedite inference. To achieve acceleration and maintain accuracy under ASW8 quan-
tization, SmoothQuant (Xiao et al., |2023)) transfers appropriate outliers from activation to weight
offline through channel-wise smoothing scales. Nevertheless, the offline smoothing scales would
be ineffective when facing unmatched input, and the outlier sharing scheme makes weight difficult
to quantify. The aforementioned reason impedes the implementation of SmoothQuant for A4W4
quantization. QuaRot (Ashkboos et al.,[2024) utilizes the property that rotation can suppress outliers;
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Figure 1: Challenges of SmoothQuant faced with outliers. (a) The scale s’, which does not match the channel-
wise maximums of activations, is ineffective for smoothing purposes. (b) The migration scheme makes it
difficult to quantize the smoothed activation/weight down to 4 bits. (c) Normal values are pruned as victims
after smoothing due to the spike outlier. Note that only calibration but no quantization is involved in the above
process.

hence, pairwise rotate the activation and weight with equivalent output. The rotated activation and
weight tend to spread outliers internally, leading to effectiveness smoothness for A4W4 quantization.
However, rotation cannot guarantee a smoother matrix, and a rotated matrix may still exhibit the
shape of channel-wise outliers, as depicted in Figure E} Therefore, deriving a more robust, accurate,
and training-free scheme for INT4 inference remains an open challenge.

Based on the observation, outliers could be categorized into channel-wise outliers and spike outliers,
as shown in Figure |l To handle channel-wise outliers, we propose Runtime Smooth. Firstly,
weights and activations are reordered to gather outliers and normal values. Subsequently, we group up
activations and smooth activations by dividing group-wise maximums. The later quantized smoothed
activation, weight, and group-wise maximums are inputs for the fused GEMM kernel. The entire
process incurs minimal overhead compared to the original A4W4 pipeline. However, the existence
of spike outliers causes the effect of victims after channel-wise smoothing, as shown in Figure [I]
To address both channel-wise outliers and spike outliers, we propose Rotated Runtime Smooth,
where we rotate weights and activations following (Ashkboos et al.|[2024) and apply Runtime Smooth
on rotated activations. The spike outlier is spread along with its token, leading to a smoother token
with consistent values. The consistent values are comparatively larger than the normal values, thereby
serving as smoothing scales for Runtime Smooth. The genesis of victims is abnormal smoothing
scales, and the consistent smoothing scales across channels prevent the existence of victims.

To evaluate the proposed method, we conducted experiments on LLaMA families, Qwen families,
Mistral, etc. On LLaMA3-70B, Rotated Runtime Smooth can gain perplexity improvement from
57.33 to 6.66 under A4W4 quantization compared with the state-of-the-art. We summarize our
contributions as follows:

* We comprehensively revisited the activation smoothing method for LLM quantization,
concluding the reasons for success or failure under A4W4 quantization.

* We propose Runtime Smooth, a plug-and-play component that eliminates channel-wise
outliers of activation in runtime without migrating outliers to weights, bringing negligible
overhead for INT4 matrix multiplication.

* We propose Rotated Runtime Smooth to overcome the spike outliers and enhance the
robustness for channel-wise outliers. A comprehensive evaluation validates the effectiveness
of the proposed methods, which gain thorough improvement on various models for INT4
inference.
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