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ABSTRACT

Large Language Models (LLMs) pose significant hardware challenges related to
memory requirements and computational ability. There are two mainstream quan-
tization schemes for LLMs: coarse-grained (e.g., channel-wise) quantization and
fine-grained ( e.g., group-wise) quantization. Fine-grained quantization has smaller
quantization loss, consequently achieving superior performance. However, when
applied to weight-activation quantization, it disrupts continuous integer matrix
multiplication, leading to inefficient inference. In this paper, we introduce Dual
Grained Quantization (DGQ), a novel ASW4 quantization for LLM that maintains
superior performance while ensuring fast inference speed. DSQ dequantizes the
fine-grained INT4 weight into coarse-grained INT8 representation and preform
matrix multiplication using INTS8 kernels. Besides, we develop a two-phase grid
search algorithm to simplify the determination of fine-grained and coarse-grained
quantization scales. We also devise a percentile clipping schema for smoothing
the activation outliers without the need for complex optimization techniques. Ex-
perimental results demonstrate that DGQ consistently outperforms prior methods
across various LLM architectures and a wide range of tasks. Remarkably, by our
implemented efficient CUTLASS kernel, we achieve 1.12 x memory reduction
and 3.24 x speed gains comparing A16W4 implementation. These advancements
enable efficient deployment of ABW4 LLMs for real-world applications.

1 INTRODUCTION

The internet has generated vast amounts of text data, and with the increase in computing power, Large
Language Models (LLMs) such as GPT-4 ( s ) have excelled in comprehending
and generating natural language. However, these models have become much larger. For instance,
GPT-3 ( , ) boasts over 175 billion parameters. Open-source models like OPT (

s ) and BLOOM ( s ), built on the GPT architecture, often surpass GPT-3
in parameter count. More recently, models like Meta’s 65B ( ) have matched
GPT-3’s language generation abilities. To put this in perspective, LLaMA- 65B is approximately 190
times larger than BERT-Large ( , ), necessitating around 130 GB of memory storage,
which requires two A100 GPUs to accommodate.

Model quantization, as discussed in ( ), maps high-precision values to lower-precision
representations (e.g., INTS8, INT4, FP§, FP4). This technique serves to reduce memory requirements
and enhance inference speed. In the context of Large Language Models (LLM), Post-training Quan-

tization(PTQ) ( , , ) methods are preferred, primarily due to
the extensive computatlonal demands associated with fine- tumng for Quantization Aware Tramlng
(QAT) ( , , ). To maintain precision when applying PTQ, we incor-
porate finer-grained quantlzatlon methods ( , ; , ). Fine-grained
quantization involves dividing a dimension into multiple parts and quantizing each smaller slice, while
coarse-grained quantization ( , ; , ) typically quantizes the entire tensor
or quantizes along a dlmensmn Fine- gramed quantization is commonly used in weight-only quanti-
zation ( , , ), Where only model Welghts are

quantized. However, in Welght actlvatlon quantlzatlon ( ,
), which includes both weights and activations, a key challenge emerges due to varymg quanti-
zation scales along the accumulation axis, typically represented by input channels in linear layers.
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Addressing this challenge involves partition-
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To address this challenge, we introduce Dual
Grained Quantization (DGQ) as an efficient de-
ployment solution for LLMs. DGQ combines
the performance benefits of fine-grained quan- 2x10° 3x10°  4x10° 6x10°
tization with the computational efficiency of Memory Usage(MB)

coarse-grained methods. In our weight quan-
tization approach, we employ a two-step pro-
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Figure 1. Comparison of four different quantization
methods in terms of runtime and memory usage. Opt-

cess. TO_aVOId t.he. ne.ed for segmenting Gen- 30b with different sequence length from 512 to 2048 is
eral Matrix Multiplication (GEMM) operations, yqeq as the baseline. Our ASW4 implement maintain

we dequantize INT4-weight back to INTS, in-  the comparable run time to ASWS and FP16 while main-
stead of directly casting to INT8. This results taining small memory usages. Besieds, our implement
in INT8 weights with a coarser-grained scale. has a smaller memory usage than A16W4 implement.
As a consequence, our coarser-grained INTS8

activation-weight quantization can be efficiently

accelerated by general-purpose hardware, eliminating the necessity for specialized hardware designs.
DGQ introduces two quantized scales for weight tensors: a fine-grained INT8 quantization scale and
a coarse-grained FP16 quantization scale. A notable challenge arises when directly quantizing the
FP16 fine-grained scale, leading to a significant drop in accuracy, as illustrated in Table (1). To tackle
this issue, we propose a two-phase search approach. In the first phase, we diligently search for the
original fine-grained parameters. In the subsequent phase, we determine coarse-grained parameters
using the original weights, rather than relying on previously derived fine-grained parameters. We
then partition the fine-grained parameters using the determined coarse-grained parameters, preserving
the performance of the original fine-grained quantized models.

Recent studies ( ; s ) have made significant strides in
addressing the challenge of outhers in Large Language Models (LLMs). These efforts have resulted in
INTS8 models that match the accuracy levels of their full-precision counterparts. Drawing inspiration
from LLM.int8() ( , ) and AWQ ( R ), we propose a novel percentile
clipping smoothing strategy to further enhance quantization. One of the notable advantages of our
method is its gradient-free nature, which ensures the preservation of the model’s generalization ability
across diverse domains and modalities. Our optimization approach also demonstrates exceptional
efficiency. For instance, we can achieve quantized A8W4 models for BLOOM-176B within just one
GPU hour on the A100-80G.

The experimental results highlight the effectiveness of DGQ across a wide range of tasks, model
families, and sizes. In particular, DGQ demonstrates impressive performance on the WikiText-
2( , ) task, achieving a mere 0.3 perplexity loss for integer ASW4 models. This
outperforms the floating-point ASW4 quantization scheme ( , ) by approximately 0.3.
To support DGQ inference, we have implemented efficient CUTLASS kernels. Leveraging these
efficient kernels, DGQ achieves a remarkable up to 3x speedup compared to the A16W4 baseline
while maintaining similar memory usage. Furthermore, DGQ excels in overhead management,
enabling it to achieve similar inference speeds to ASW8 models but with only half the memory usage.

2 RELATED WORKS

2.1 LARGE LANGUAGE MODELS

Pre-trained large language models (LLMs), such as GPT-4 ( ) ), LLaMA-2 (

s ), and OPT ( s ), have demonstrated exceptional performance across
a wide range of tasks and domains. Despite their impressive capabilities, these models come with
significant memory and computational demands, presenting challenges in practical deployment. To
address these challenges, a growing body of research has emerged, focusing on various techniques
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to optlmlze LLMs. These approaches encompass model compression methods (

, ), distributed computlng strategies ( , ), and computatlonal
graph optimizations ( , ). In this study, our primary focus is on model
quantization, a key component of model compression. We aim to explore and advance quantization
techniques to enable efficient deployment of LLMs.

2.2 MODEL QUANTIZATION

Quantization-Aware Training (QAT) ( , ; , ) and Post-training
Quantization (PTQ) ( ; ; , ). QAT fine-tunes
quantized models with the full dataset preservmg accuracy but involving complex computations,
making it less suitable for LLMs. In contrast, PTQ directly quantizes models with little data and
computation. Techniques like AdaRound ( , ), and Adaquant ( , )
optimize quantization parameters and distill quantized models layer by layer. Some approaches (

; , ) employ alternating optimization, and some push the boundaries by
compressmg transformations into binary values. These quantization techniques are crucial for
enhancing the efficiency of deep learning models, especially in resource-constrained environments.

For LLMs quantization, fine-grained quantization is introduced to solve the significant accuracy
drop. PEG-PTQ ( , ) proposed per-embedding-group quantization, which splits
the activation into several groups and quantizes activation via each group. ZeroQuant ( ,

) used token-wise activation quantization and group-wise weight quantization as quantization
scheme. LLM.int8() ( s ) finds that the outliers in activation have a significant
contributor to poor quantization performance and splits the outliers and calculate the matrix multiple
evolved outliers in FP16. GPTQ ( , ) and SparseGPT ( )
use second-order approximation to quantize and prune weights. GPTQ also introduces channel—
reorder via hessian matrix to weight to maintain better accuracy. RPTQ ( s ) reorders
channels and splits activation into three groups via activation ranges. It successfully quants LLMs into
fine-grained A4W4 models.SmoothQuant ( , ) proposes a mathematically equivalent
per-channel scaling transformation makes activation easier to quantize. Outlier Suppression+ (

, ) introduce a fusible offset for activation quantization and convert the hard-to-quant

asymmetric quantization into symmetric quantization. AWQ ( , ) finds that the sensitive
weight is based on significant activation channels and introduces a scale to amplify the significant
weight channels. OmniQuant ( , ) follows the Quadapter ( , ) try to only

optimize the smooth scale during optimization.

ZeroQuantv?2 ( , ) introduces the Low Rank Compensation (LoRC) technique to enhance
the precision of A8W4 quantized models, resulting in improved accuracy. However, it’s essential to
note that LoRC involves FP16 computations, which add computational overhead. ZeroQuant-FP (

, ) explores the use of AGW4 precision within a floating-point (FP) context, showcasing
improved accuracy. It introduces an efficient method for optimizing weight scales, especially relevant
given the limited support for FP8, primarily on H100 hardware. However, it’s worth noting that
floating-point calculations generally entail higher computational costs compared to integer-based
computations. QLoRA ( , ) introduces the NF4 double quantization technique,
which enhances memory utilization by quantizing FP32 group-wise quantization scales to FP8 while
using a channel-wise FP32 scale. This method prioritizes memory efficiency over computational
efficiency and shows that direct quantization of quantization scales to FP8 does not lead to substantial
accuracy loss. In our proposed methods, we tackle the dual quantization challenge for integer (INT)
values by introducing a lossless compression solution. This innovative approach seamlessly combines
computational efficiency with memory conservation, presenting a promising solution within this field.

3 METHOD

3.1 PRELIMINARY

Quantization is a crucial process that transforms high-precision values into low-precision representa-
tions. In our work, we emphasize the use of uniform integer quantization, which offers better hardware
support and computational efficiency. Asymmetric quantization can be expressed as follows:
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Figure 2. Different grained quantization method. Unlike channel-wise and DGQ quantization, group-wise
quantization tends to result in FP16 accumulation, which is conflict with typical hardware design.

X = Q(X,s,ZP) = (clamp( L)S(—‘ +ZP,0,2Y — 1) — ZP)s, (1)
7P — VHHH(XW 5 o(max(X) ~ min(X))
S 2N —1

Here, X represents the full-precision tensor, X is the quantized counterpart, s denotes the quantization
scale, and N is the number of bits. For symmetric cases, the zero-point ZP is set to zero, and the
quantization scale s is computed as max(|X|)/(2N-1 —1).

There are two distinct quantization methods for LLM quantization, weight-only quantization and
weight-activation quantization. Weight-only quantization focuses on quantizing only the model
weights into low-bit representations while preserving full precision during inference. This method re-
duces memory requirements and storage demands. In contrast, weight-activation quantization extends
quantization to both the model weights and input activations. By utilizing lower-bit representations
for both weights and activations, this approach accelerates inference. In our paper, we primarily
concentrate on weight-activation quantization, exploring its advantages and optimizing it to enhance
overall model efficiency.

3.2 DUAL GRAINED QUANTIZATION

For weight quantization, we consider two levels of granularity, i.e. channel- and group-wise quantiza-
tion, as illustrated in Figure 2 (a) and (b). Channel-wise quantization involves assigning a specific
quantization scale to each output channel, which is then applied to the result of the integer General
Matrix Multiplication (GEMM) operation. On the other hand, group-wise quantization is a more
refined approach that divides the output channels into multiple groups and assigns a quantization scale
to each group. These quantization scales are collectively represented as a matrix denoted by S. In
general, group-wise quantization tends to yield smaller quantization errors compared to channel-wise
quantization, resulting in higher accuracy. To achieve model compression with lower bit precision,
it becomes essential to introduce fine-grained quantization (e.g., group-wise) methods into weight
quantization. However, group-wise quantization methods present a notable challenge when it comes
to their implementation on hardware platforms. In group-wise quantization, the reduction axis is
divided into multiple groups, each with distinct quantization scales. These groups effectively operate
within separate INT8 domains, which poses limitations on their ability to perform direct INT8 General
Matrix Multiplication (GEMM) operations. To facilitate Group-Wise INT8 quantization, the matrix
is divided into segments, allowing for separate GEMM computations on each segment. Following
these computations, the results are combined through FP16 accumulation. It’s worth noting, however,
that the adoption of FP16 accumulation introduces a delay in the INTS8 kernel’s GEMM calculations.

To enhance the hardware efficiency of group-wise quantization, we introduce dual-grained quanti-
zation (DGQ) as shown in Figure 2 (c). This approach incorporates a crucial dequantization step
before the GEMM operation, which involves converting INT4 weights into INT8 weights, enabling
subsequent INT8 GEMM operations. Our method leverages group-wise INT8 quantization scales and
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Figure 3. DGQ inference schema and quantization schema with Two-Phase Search algorithm.

zero points to transform INT4 weights into INT8 weights. Following this, we employ channel-wise
FP16 quantization scales to determine the dequantization factors for the output. Given the hidden
states X o5 € NPX" weight matrix W4 € N/, the quantization process is defined by the following
equations:

Sf16 = SX f16 * S(l)fm,

W =S 5 (Wys + ZPu4), 2)
Of16 Sf16 ° (X58W58)7

Here, S € NYX° represents the group-wise quantization scales, ZP.s € N represents the

group-wise quantization zero points and s(*) r16 € R represents channel-wise quantization scales. o
denotes the number of output channels for the weight, ng signifies the group number of group-wise
quantization and g denotes the group size of group-wise quantization, such that ng - g = h, where
h represents the input channels for the weight. When comparing A16W4 to A8W4 with DGQ,
it becomes evident that the latter configuration significantly accelerates the calculation process.
Moreover, in comparison to ABWSE, A8W4 with DGQ exhibits reduced weight memory usage and
facilitates faster memory transfers. Our method offers a significant improvement in calculation matrix
efficiency when compared to weight-only quantization with the same weight bitwidth. Furthermore,
it demonstrates superior memory efficiency compared to weight-activation quantization with lower
bit-width weights.

3.3 TwO-PHASE GRID SEARCH

A significant quantization error is introduced when directly quantizing group-wise parameters S’
into our quantization schema s(*) and S(®, as depicted in Table 1. Furthermore, searching for
three key parameters directly results in an excessively large search space. To provide some context,
let o, represent the grid size for s(!) and o4 represent the grid size for S()_ In the case of dual-
grained quantization (DGQ), the size of the search space becomes substantial, with a complexity of
O(o X ng X 0o X 0g). While it is possible to parallelize the search algorithm along the o dimension,
the sheer magnitude of the search space remains a formidable challenge, scaling as O (ng X 0o X 0g).
To address these two problem, we propose a novel two-phase search approach.

Table 1. WikiText-2 Results for ASW4 LLaMA family: Original Group-Wise Quantization vs. Round to
Nearst(RTN) Dual-Grained Quantization.

LLaMAPPL| 1-7B 1-13B 1-30B 2-7B 2-13B

Original 6.03 5.39 443 5.87 5.23
RTN 6.93 6.00 483 215554 548
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To narrow down the expansive search space, our initial step involves quantizing the weights into group-
wise INT4 representations. This approach capitalizes on the assumption of weight independence
across in-channels. We divide both weights and activations into ng segments, based on the group size
g along the channel dimension (h), treating each segment as an independent matrix multiplication
operation. To enhance parallelism, we introduce the parameter o as the parallelism axis, and our goal
is to formulate the minimum granularity optimization problem as follows:

arg min || X (o-1)g:g) Wtk —1)g:kg.] = Xs,(b—1)g5kg) QW (W (k-1)gikg,- 8k, 2B 1. 3)
s'k,2Py,
Here, k denotes the k-th group with group size g, and s’y zp,, represent k-th row of quantization
scale S’ and zero point ZP. X signifies the dequantized activation. We employ the grid search for the
scaling parameter « (Eq. 1) to determine the optimal 8’4, zp,,. The time complexity is O(n, x o).

For next phase, we aim to decouple the group-wise FP16 scale S’ into two distinct components: a
channel-wise FP16 scale s(1) and a group-wise INTS scale S(2). To avoid the overflow or underflow
for integer representation, we impose the following constraints for INT8 data S(2), W g and W 4.

W4 €[0,15],8® ¢ [-128,127], W5 € [~128,127] 4)
Remarkably, we can consolidate the range for Wgg into the range of W 4. The proof of this

consolidation can be found in Appendix B. This fusion leads us to the following constraint for our
search space:

—127 . 127
Similar to the prior phase, we also use the grid employing for the scaling parameter o (Eq. 1) and
derive the channel-wise parameter s(1). The optimization problem for this phase is as follows:

/
argmin || XW — XQu (W, S, ZP)||?, 8 = |

W4 € [max(0, |

S 1 2
s(1) s(l)—|7s = st 8% ©)

Here, we replace the max value and min value in Eq. 1 with Eq. 5 to prevent overflow or underflow in
integer representations. It’s worth noting that this phase allows for efficient parallelization along the
o dimension and exhibits a time complexity of O(c.). As a result, the total time complexity for our
approach becomes O(ng X g + 0¢). This approach significantly reduces the search space compared
to the one-step search. Experimental results demonstrate that our method introduces virtually no
additional error.

3.4 PERCENTILE CLIPPING SMOOTHING

As discussed in prior works ( , ), outliers in activation have a large impact on model
accuracy. A channel-wise smooth would help limit the influence of outliers for activation quantization.
For weight quantization, AWQ ( , ) proposed to use activation outliers to amplify the
weight in outlier channels to decrease the quantization error of such channels. This is similar in
principle to reordering in GPTQ ( , ). As the quantization-sensitivity can be approxi-
mated by the Hessian matrix of weights. Hessian matrix of weights is calculated by H = XX T and
is directly related to the absolute value of the input. Therefore, the mean value of the input channel
for activation can approximately present the quantization sensitivity of weight.

For weight-activation smooth scales, the quantization difficulty that moves from activation to weight
could act as the quantization amplifier for weights, making it possible as a win-win for both weight
and activation quantization. And from the observation from ( ), the outliers
always appear at fixed channels, which means that the biggest maximum and mean channels are
almost the same channels. We can conduct these two methods into one activation-to-weight smooth.

LLM.int8() finds that keeping the activation channels with outliers unquantized will help the model
maintain its performance. It’s interesting that AWQ also finds that keeping that 1% salient channels
for weight would protect the performance. We can follow their conclusions for weight-activation
quantization.

In our smooth strategy, we calculate the smooth scale k; as:

z; = max(|Xy; /), k;j = clamp(z;/maxg 5% (z),low = 1) (7)
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Here, we use the top 0.5% of the largest values as the clipping threshold. We constrain outliers
larger than 0.5% by setting their value to 0.5% and employ the resulting scale as an amplifier for
quantization-sensitive channels.

4 EXPERIMENTS

4.1 EXPERIMENTS SETUPS

Baseline. We compare with baselines in the ABW4 post-training quantization setting, Zero-
Quantv2 ( , ), SmoothQuant ( , ), RPTQ ( , ) and
ZeroQuant-FP ( , ). Since the quantization schemes vary from different quantiza-
tion methods, we test one aligned quantization scheme per-token dynamic activation quantization and
group-wise weight quantization. Additionally, we include results for static activation quantization
to facilitate further comparisons. AWQ ( , ) and GPTQ ( , ), which is
designed for weight-only quantization. As activation quantization is harder for activation, comparison
to those methods in A8W4 quantization schemes is unfair. We try to compare the results of ASW4 to
A16W3, since they are both the next step of A16W4.

Models and datasets. We choose OPT ( s ) and LLaMA ( s ;b)
families to evaluate our quantization methods. As BLOOM ( , ) has a similar structure
as OPT and have close quantization performance. For Common Sense Question Answers evaluation,
we use five zero-shot evaluation task: HellaSwag ( , ), PIQA ( , ),
Winogrande ( , ), BoolQ ( , ) and ARC ( , ).
Common Sense Question Answers benchmark is done with Im-eval ( , ). Follows
the evaluation proposed at GPTQ ( , ), we use WikiText-2 ( , ),
PTB ( , ) and C4 ( , ) to compare the generation ability.

Implementation. We implement our methods with Pytorch Huggingface for the proof of concept.
We use the CUTLASS GEMM kernels to develop our two-grained quantization kernels, and we use
the INT8 BMM kernels from torch-int.

4.2 ACCURACY EVALUATION

Results on LLaMA Family. Our static activation quantization surpasses INT3 weight-only quanti-
zation, demonstrating that ASW4 quantization offers more sophisticated deployment options than
A16W3. Furthermore, our quantized models consistently outperform their half-size counterparts,
demonstrating the practical feasibility of dual-grained quantization (DGQ). In addition, our quantiza-
tion methods consistently produce results that are comparable to, or even superior to, those achieved
by ZeroQuantFP, a method that employs FP8 for quantization. This advantage is especially notable
when applied to smaller models with identical quantization settings. It’s important to note that
the utilization of FP8, as reported by ( ), comes at the cost of increased chip
area and extended inference times. In the realm of Common Sense Question Answering tasks, our
dynamic quantization methods outperform other quantization approaches. Additionally, our static
quantization schemes yield results that are on par with gradient-based methods ( , ).

Table 2. Quantization Results on WikiText-2 with A16W3 and A8W4 LLaMA Models. C4 perplexity
results can be found in Table A1 in Appendix A3. T indicates static quantization for activation.

LLaMA PPL | 1-7B 1-13B 1-30B 1-65B 2-7B  2-13B  2-70B
FP16 - 5.68 5.09 4.10 3.53 5.47 4.88 3.31
W3A16 RTN 7.01 5.88 4.87 4.24 6.66 5.51 3.97
2128 GPTQ 6.55 5.62 4.80 4.17 6.29 5.42 3.85
AWQ 6.46 5.51 4.63 3.99 6.24 5.32 -
RTN 8.72 7.81 6.76 6.16 12.85 44.82 8.70

ZeroQuantv2 6.44 5.32 4.36 - - - -
W4AS SmoothQuant ~ 6.04 536 448 3.98 5.97 5.23 3.65
2128 ZeroQuant-FP  6.32  5.26 4.26 - - - -

Ours 5.85 5.21 4.28 3.71 5.64 5.01 345

Ours' 6.04 539 4.45 3.89 5.87 5.23 3.74
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Table 3. CSQA Reuslts on Six zero-shot tasks with ASW4 LLaMA Models. Due to the unavailability of the
identical model as LLM-QAT, we present FP16 accuracy data sourced from LLM-QAT. MMLU results can be
found in Table A4 in Appendix A3. } indicates static quantization for activation.

LLaMA / Acct Method PIQA ARC-e Arc-c BoolQ HellaSwag Winogrande Avg. A
FP16 793 730 480 768 761 700 705 0.0

SmoothQunat 76.0 674 428 710 678 660 652 53

, LLM-QAT 775 702 456 746  73.5 677 682 2.3
LLaMA-1-7B  ppre T2 T30 447 50 762 700 69.7 0.0
Ours 788 724 439 747 749 702 692 05

Ours' 774 704 427  69.1 73.0 68.6 66.9 2.8

FP16 800 745 526 781 792 3.6 73.0 0.0

SmoothQunat 77.1 674 434 725 743 695 674 56

LLM-QAT 79.1 730 519 775 775 706 716 1.4

LLaMA-1-13B ¢p7e 803 746 477 779 o1 T34 720 0.0
Ours 80.1 737 468 718 786 77 715 05

Ours' 792 725 472 739 713 706 701 1.9

FP16 821 800 3580 832 829 756 770 0.0

SmoothQunat 79.5 765 545 749 769 706 722 438

LLM-QAT 809 803 565 813 813 763 761 0.9

LLaMA-1-30B ¢pye 8.0 790 531 827 826 756 758 0.0
Ours 816 785 536 831 821 746 756 0.2

Ours' 797 780 518 802 7938 740 739 19

The application of GLU ( , ) in LLaMA amplify the outliers by element-wise

multiplication, making quantization difficult. While dynamic activation quantization can mitigate
this issue, it necessitates computing statistics for each token before passing through linear kernels,
impacting processing time.

Results on OPT Family. In our evaluation of OPT models spanning from 125M to 66B parameters,
we observe that the gap between static and dynamic activation quantization is relatively narrow. This
phenomenon is attributed to the fact that the outliers in OPT models tend to be smaller compared
to LLaMA models. Compared to RPTQ, which is also static activation quantization, our methods
achieve superior results. As our coarse is finer than RPTQ. But the RPTQ needs to reorder the input
channel at each layer norm, introducing extra inference cost. After all, our method outperforms both
other quantization methods on OPT Family, demonstrating the generality of our method to different
model families and model sizes.

Table 4. Quantization Results on WikiText-2 with A16W3 and ASW4 OPT Models. C4 and PTB perplexity
can be found in Table A2 and Table A3 in Appendix A3. { indicates static quantization for activation.

OPT PPL | 125M  1.3B 27B  6.7B 13B 30B 66B
FP16 - 27.65 14.63 1247 10.86 10.12 9.56 9.34
W3A16 RTN 51.22 119.00 297.98 23.54 46.03 18.80 136.89
2128 GPTQ 3924 1647  13.69 11.65 10.35 9.73 10.96
AWQ 36.74 1632 1358 1141 10.68 9.85 9.60
RTN 3221 1733 1551 51.57 3978.101 2407.99 2832.57

ZeroQuantv2  31.69 1553  13.02 11.29 10.43 9.86 9.62

WAAS SmoothQuant  29.01 14.71 12.71 10.90 10.25 9.57 9.32

128 RPTQ - 15.39 - 11.21 10.90 10.22 9.46
ZeroQuant-FP - 15.32 - 10.89 10.16 9.52 -

Ours 2925 1478  12.67 10.93 10.29 9.53 9.31

Ourst 29.94 1496 12.75 10.92 10.30 9.55 9.32

4.3 EFFICIENCY EVALUATION

In Figure 4, we compare the end-to-end efficiency of OPT-30B and LL.aMa-30B models using different
quantization methods: SmoothQuant (A8W8), AWQ (A8W4), and our methods. As SmoothQuant
and AWQ both give their implement code, we directly test the implementation time on a single 80G
A100 GPU. For shorter sequences, ASW4 implementation takes more time than ASWS8 and FP16 due
to additional computation introduced by group-wise quantization. However, as sequences get longer,
A8W4 outperforms A8SWS8 because it fuses dequantization and matrix multiplication efficiently. AWQ
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Figure 4. Runtime and Memory Usage for LLaMA-30B and OPT-30B Across Varying Sequence Lengths
on a Single A100-80G GPU.

(A16W4) performs well but struggles with long sequences due to activation bottlenecks. Our method
achieves A8W8-level inference times with half the memory usage, demonstrating its efficiency across
various quantization methods.

4.4 ABLATION STUDY

Different quantization scheme for ASW4 LLaMA models. In our experiments with LLaMA1-7b
and LLaMA1-13b models, we explored different quantization schemes, including A8W4 quantization,
as detailed in Table 5. The results indicate that fine-grained and coarse-grained quantization methods
can lead to up to a 1 PPL (Perplexity) difference. Specifically, in fine-grained quantization, we observe
that static activation quantization in combination with group-wise weight quantization outperforms
dynamic activation quantization coupled with channel-wise weight quantization. Additionally, our
dual-grained quantization approach demonstrates that it introduces minimal additional quantization
errors compared to group-wise quantization.

Table 5. Comparison for different quantization schemes for ASW4 LLaMA models. S means static
tensor-wise quantization, D means dynamic token-wise quantization, CW means channel-wise quantization, GW
means Group-wise quantization and DG means Dula-Grained quantization.

LLaMAI1-7B LLaMAI1-13B
FP16 S+CW S+GW D+4+CW S4+DG FP16 S+CW S+GW D+4+CW  S4+DG

WikiText-2  5.68 6.57 6.03 6.37 6.04 5.09 6.17 5.39 5.82 5.39
C4 7.08 8.10 7.44 7.75 7.43 6.61 7.84 6.92 7.37 6.93

PPL |

Effect of Percentile Clipping Smooth. In our analysis, we present the WikiText-2 perplexity (PPL)
results in both Table 2 and Table 4. The primary distinction between SmoothQuant (Xiao et al., 2023)
and our methods lies in the choice of the smoothing scale. We want to emphasize the effectiveness of
our approach, termed Percentile Clipping Smoothing, as a straightforward yet powerful technique for
LLaMA quantization. Notably, it’s worth mentioning that the presence of outliers in OPT models is
less pronounced compared to LLaMA models. This difference explains why our methods achieve
comparable performance to SmoothQuant, primarily on OPT models.

5 CONCLUSION

In this work, we propose Dual Grained Quantization (DGQ), a promising and hardware-efficient
scheme for mixed bit weight-activation quantization (A8W4) for LLM. DGQ is designed to compen-
sate for the hardware-inefficient group-wise quantization by a fine-grained integer quantization scale
and a coarse-grained full-precision scale. We also improve the search algorithm for quantization
scales to adapt to our quantization scheme. We propose a percentile clipping smooth strategy, achiev-
ing a better smooth scales without search. Furthermore, we implement efficient kernels, achieving
3 x speedup over A16W4 for long sequence inference and 0.5 x memory usage over AGW8 with
comparable run time.
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A1l LIMITATION AND DISCUSSION

In this paper, we propose a simple yet highly efficient quantization method for fine-grained weight-
activation quantization. This method makes it practical to implement large language models using
A8W4 quantization. Our primary focus is on developing efficient solutions for fine-grained weight
quantization. For activation, layer-wise activation quantization strategy ( , ) would be a
good solution, as the limitation of smooth scales.

In our work, we specifically develop efficient kernels tailored for long-sequence inference. A16W4
kernels will introduce redundant dequantization operations. Self-decoding task is memory bound,
A16W4 kernels can ease memory bound. Compared to A16W4, our method have same bit width for
weight and the calculation progression is done with INT8 kernels. This theoretically positions our
approach as more efficient than A16W4. One challenge we are currently addressing is the need for
two separate operations in different situations, and we are actively working on a solution.

Furthermore, self-decoding tasks face a challenge with memory consumption, especially when
dealing with large self-attention matrices. For example, with a sequence length of 32K, a single
self-attention matrix can occupy about 20GB of memory in FP16. To mitigate this issue, we are
exploring quantization methods for activation, which we plan to incorporate into our future work.

A2 PROOF FOR CONSTRAINTS RELAXATION AND FUSION FOR GRID SEARCH.

The constraints are as follows:

W4 €[0,15],8® €[0,15], W s € [-127,127] (A8)

The dequantization calculation is as follows:

Wi = (Wus — ZPus)Syi16,Sf16 = {Sl/s(l)] sW (A9)

Due to the rounding operation ||, S y15 may be greater than S’, resulting in maximum values of some
groups becoming less than 15. During the search space exploration, the range of S(2) can exceed

15, and INT4 is unsupported on certain devices. Therefore, we relax the range constraints of S@),
focusing solely on constraints for W g and W 4.

| W —127 127
We can merge the two intervals as follows:
—127 . 127
W4 € [max(0, LiS(Z) 1+ ZP), min(15, L—S(z)] +ZP)] (A11)

A3 MORE ACCURACY RESULTS

In this section, we provide a comprehensive presentation of our results across various datasets
to complement the main paper. We also provide here a comparison with contemporaneous work
Omniquant ( s ) and FPTQ ( s ). Specifically, the results include:

* C4 perplexity in the LLaMA families (Table A1)
* C4 perplexity in OPT families (Table A2).

* PTB perplexity in OPT families (Table A3).
MMLU in LLaMA families (Table A4).
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Table Al. Quantization Results on c4 with A16W3 and A§W4 LLaMA Models. } indicates static quantization
for activation.

LLaMA PPL | 1-7B 1-13B 1-30B 1-65B 2-7B  2-13B  2-70B

FP16 - 7.08 6.61 5.98 5.62 6.97 6.46 5.52

RTN 8.62 7.49 6.58 6.10 8.40 7.18 6.02

W3A16 GPTQ 7.85 7.10 6.47 6.00 7.89 7.00 5.85
2128 AWQ 7.92 7.07 6.37 5.94 7.84 6.94 -

OmniQuant 7.34 6.76 6.11 5.73 7.35 6.65 5.86

RTN 10.76  9.94 8.14 7.96 17.29  90.57 11.86

ZeroQuantv2 7.79 6.78 6.16 - - - -
SmoothQuant  7.51 6.89 6.39 5.94 7.50 6.82 5.78

Z??Sg ZeroQuant-FP  7.51 5.73 6.09 - - - -
Ours 7.29 6.73 6.10 5.73 7.16 6.62 5.62
Ours' 7.43 6.93 6.31 5.97 7.44 6.82 5.89

Table A2. Quantization Results on c4 with A16W3 and ASW4 OPT Models { indicates static quantization
for activation.

OPT PPL | 125M 1.3B 2.7B 6.7B 13B 30B 66B
FP16 - 24.61 14.73 13.17  11.75 11.21 10.69 10.28
RTN 40.13  126.47 37223 32.56 44.12 25.70 286.87
W3A16 GPTQ 30.08 1647 1454 1248 11.58 10.91 11.35
g128 AWQ 30.39  16.27 14.19 1230 11.61 10.96 10.53
OmniQuant 2934 16.11 14.15 1231 11.63 10.98 10.51
RTN 2793 1752 1633  98.34 3926.05 355730 2493.73

ZeroQuantv2 27.19  15.73 13.82  12.19 11.64 11.00 10.63

WAAS SmoothQuant  25.99  15.16 1346  11.88 11.39 10.75 10.32

2128 RPTQ - 15.48 - 12.11 11.62 11.01 10.57
ZeroQuant-FP - 15.32 - 11.95 11.30 10.75 -
Ours 26.03 15.10 1342 11.87 11.40 10.74 10.33
Ours' 26.64 15.24 1345 11.89 11.42 10.76 10.33

Table A3. Quantization Results on ptb with A16W3 and A8W4 OPT Models 1 indicates static quantization
for activation.

OPT PPL | 125M 1.3B 2.7B 6.7B 13B 30B 66B
FP16 - 3255 1697 15.11  13.09 12.34 11.84 11.36
RTN 64.67 22213 337.75 39.90 65.33 34.27 309.69
W3Al16 GPTQ 4517  19.90 17.06  14.24 12.84 12.54 13.27
g128 AWQ 44.07  19.59 16.52 1398 12.87 66.68 3.4e3
OmniQuant 4529 2042 17.08 14.23 13.49 12.54 12.06
RTN 3831 20.84 19.75 65.86 3370.84 2972.69 2556.84

ZeroQuantv2 36.66 18.35 16.11 13.70 12.91 12.28 11.84

WA4AS SmoothQuant 3432 17.37 15.27  13.27 12.55 11.93 11.42

2128 RPTQ - 17.79 - 13.74 13.40 12.41 11.73
ZeroQuant-FP - 18.19 - 13.44 12.55 11.90 -
Ours 3429 1748 15.31  13.26 12.61 11.93 11.42
Ours' 3529 17.61 15.34 13.29 12.63 11.93 11.42
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Table A4. MMLU Reuslts with ASW4 LLaMA Models. { indicates static quantization for activation.

LLaMA / Acet Method BW Humans STEM  Social Other  Avg. A
FPI6 AT6WI6  33.60 3110 3820 3840 3520 000
SmoothQunat  ASWS 3380 3032 37.63 3908 3514  0.06
GPTQ AI6W4 3239 3035 3503 3615 3340 180
LLaMA-1-7B  FPTQ ASW4 3020 2995 3276 3587 3202 3.8
FPT6 AT6WI6 3127 3053 3679 3590 3350 0.00
Ours ASW4 3108 3053 3709 3456 3378 -0.28
Ours' ASW4 2896 3022 3591 3424 3220 130
FPI6 AI6WI6 4460  37.10 5400 5350 47.10 000
SmoothQunat  ASWS 4414 3651 5405 5265 46.64 054
GPTQ WAAL6 4601 3900 5401 5336 4796 -0.86
LLaMA-1-13B ooy WA4AS 4096 3419 4972 4975 4346 3.64
FPI6 AT6WI6 4073 3831 5460 5404 47.06 000
Ours ASW4 4093 3769 5044 5148 4583 123
Ours' ASW4 3956 4150 48.66 5127 4574 132
FPI6 AT6WI6 6180 5200 7330 67.60 6350 0.00
SmoothQunat  ASWS 6132 5050 7169 6690 6256 0.94
GPTQ AI6W4 6023 5209 7215 6675 62.60 0.90
LLaMA-1-65B oy ASW4 5085 4924 7150 6589 6152 198
FPI6 AIGWI6 5772 4704 7596 6744 6218 0.00
Ours ASW4 5676 4362 7507 6562 6121 097
Ours' ASW4 5560 4486 7211 6353 5957 2.6l
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