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ABSTRACT

Vision Transformers (ViTs) have shown to enhance visual recognition through
modeling long-range dependencies with multi-head self-attentions (MHSA), which
is typically formulated as Query-Key-Value computation. However, the attention
map generated from the Query and Key only captures token-to-token correlations
at one single granularity. In this paper, we argue that self-attention should have a
more comprehensive mechanism to capture correlations among tokens and groups
(i.e., multiple adjacent tokens) for higher representational capacity. Thereby, we
propose Group-Mix Attention (GMA) as an advanced replacement for traditional
self-attention, which can simultaneously capture token-to-token, token-to-group,
and group-to-group correlations with various group sizes. To this end, GMA
splits the Query, Key, and Value into segments uniformly and performs different
group aggregations to generate group proxies. The attention map is computed
based on the mixtures of tokens and group proxies and used to re-combine the
tokens and groups in Value. Based on GMA, we introduce a powerful backbone,
namely GroupMixFormer, which achieves state-of-the-art performance in image
classification, object detection, and semantic segmentation with fewer parameters
than existing models. For instance, GroupMixFormer-L (with 70.3M parameters
and 384 input) attains 86.2% Top-1 accuracy on ImageNet-1K without external
data, while GroupMixFormer-B (with 45.8M parameters) attains 51.2% mloU on
ADE20K. Codes and trained models will be released.

1 INTRODUCTION

Vision Transformers (ViTs) significantly improve visual recognition tasks, including image classifica-
tion (Dosovitskiy et al., 2021; Yuan et al., 2021), self-supervised learning (Chen et al., 2021d; Caron
et al., 2021; Xie et al., 2021b; Bao et al., 2021), object detection (Liu et al., 2021b; Dai et al., 2021),
and semantic segmentation (Wang et al., 2021; 2022; Xie et al., 2021a). One crucial module that
contributes significantly to the performance improvement is the multi-head self-attention (MHSA),
which enables network designing with the long-range dependency modeling (Vaswani et al., 2017;
Raghu et al., 2021), global receptive field, higher flexibility (Jia et al., 2021; Cordonnier et al., 2019)
and stronger robustness (Paul & Chen, 2021; Xie et al., 2021a). Typically, the term “attention” (i.e.,
the Q-K-V attention) means linearly re-combining Value with the correlations between the Query and
Key, which are usually computed between pairs of individual tokens.

However, it’s empirically found that there is a major limitation in Q-K-V self-attention, which
is shown in Figure 1: the attention map only describes the correlations between each individual
token pairs at one single granularity (Figure 1(a)), and multiplying the attention map with the Value
only linearly re-combines the individual tokens. This framework obviously does not consider the
correlations among different token groups (i.e., neighborhoods) at various granularities. For one
specific example, self-attention does not correlate the nine tokens at the top-left corner as a whole to
those groups at the bottom-right. This limitation, though obvious, has been unintentionally neglected
because the Q-K-V computation seems to be capable enough of modeling the mappings from input to
output, as any entry in the output attends to each individual entry in the input.

In this study, we propose a more comprehensive modeling approach, referred to as the Group-Mix
Attention (GMA), to alleviate the aforementioned limitations of the widely used Q-K-V self-attention
mechanism. GMA splits the tokens into uniform and distinct segments and substitutes some individual
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Figure 1: Conceptual comparisons between the self-attention and Group-Mix Attention (GMA).
In (a) and (b), we showcase with 7x7 single-dimensional tokens. Unlike the self-attention that
computes correlations between pairs of individual tokens, GMA creates proxies of token groups (e.g.,
nine adjacent tokens) via group aggregators, and then computes the group-to-group correlations via
proxies. In (c) and (d), we show the concrete computation of GMA with seven four-dimensional
tokens, so that N=7 and d=4. To compute the correlations between two highlighted groups that each
consist of three tokens, we aggregate them into two proxies for further multiplication. The group
aggregation can be effectively implemented via sliding-window-based operators.
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Figure 2: Performance of GroupMixFormer compared to the state-of-the-art models. We evaluate
GroupMixFormer on standard benchmarks, including classification on ImageNet-1K (Russakovsky
et al., 2015) without extra data in (a), object detection on COCO (Lin et al., 2014) in (b), and semantic
segmentation on ADE20K (Zhou et al., 2019) in (c). The computational complexity is denoted as
the geometry area. GroupMixFormer performs favorably against ViT and CNN models including
DeiT (Touvron et al., 2021), Swin (Liu et al., 2021b), PVT (Wang et al., 2021), CoaT (Xu et al.,
2021), Focal (Yang et al., 2021), ConvNeXt (Liu et al., 2022), etc.

tokens with group proxies generated via group aggregators, as shown in Figure 1 (b). Afterward, we
compute the attention map with the Query and Key (where some tokens have been replaced by group
proxies) and use it to re-combine both the group proxies together with individual tokens in Value.
The proposed GMA has some appealing advantages: (1) GMA is capable of modeling correlations
among not only individual tokens but also groups of tokens. Different kinds of attentions are mixed to
obtain a better understanding of the tokens from a comprehensive aspect. The token-to-token, token-
to-group, and group-to-group correlations are simultaneously modeled for higher representational
capabilities. (2) GMA is efficient and easy to implement. The group-to-group correlation is computed
via aggregating the groups into proxy tokens and then computing the correlation between proxies
(as shown in Figure 3). Such a process can be efficiently implemented with sliding-window-based
operations, e.g., pooling and convolution.

Building on GMA, we develop a hierarchical vision transformer, GroupMixFormer, which can serve
as visual backbones for various tasks. We evaluate GroupMixFormers on standard visual recognition
tasks, including image classification, object detection, and semantic segmentation, and conduct
comparisons with advanced models as shown in Figure 2. Our results demonstrate the effectiveness of
our designs. For example, a small GroupMixFormer instance (with 22.4M parameters) achieves 83.4%
Top-1 accuracy on ImageNet-1K, comparable to the much larger Swin-B(Liu et al., 2021b) (88M
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parameters). Additionally, GroupMixFormer also performs favorably against state-of-the-art ViTs and
CNNs on object detection and semantic segmentation. On the ADE20K dataset, GroupMixFormer-B
achieves 51.2% mloU with a backbone size of 46M. Extensive experiments also demonstrate that
effectively modeling the correlations among tokens and diverse groups is crucial for the success
of GMA. Such a design paradigm can also be readily adopted into other ViT architectures as an
advanced replacement for traditional self-attention.

2 RELATED WORKS

2.1 VISION TRANSFORMER

Vision Transformer (ViT) (Dosovitskiy et al., 2021) first introduces the Transformers into com-
puter vision. Unlike CNN-based architectures, ViT utilizes sequentially-connected Transformer
encoders (Vaswani et al., 2017) on the visual token sequence. The multi-head self-attention (MHSA)
mechanism employed in ViTs captures global dependencies effectively, giving them an edge over
CNN neural networks (He et al., 2016; Huang et al., 2017) in both supervised (Graham et al., 2021;
Touvron et al., 2021) and self-supervised scenarios (Chen et al., 2021d; Caron et al., 2021). To
advance the general performance of ViTs, a series of researches have been conducted, including
data-efficient training (Touvron et al., 2021), token re-designing and selection (Rao et al., 2021; Liang
et al., 2022), pyramid structures (Liu et al., 2021b; Wang et al., 2021), modulation on self-attention
mechanism (Zhang et al., 2021; Chen et al., 2021a;c), etc. Most of these works adopt the original
Q-K-V computation, which is found to be effective in processing visual information. In this work, we
aim to further advance the general performance of ViTs by introducing Group-Mix Attention (GMA).
Unlike prior arts, GMA is capable of modeling the correlations among not only individual tokens but
also groups of tokens, thus leading to comprehensive representational capabilities.

2.2 COMPREHENSIVE MODELING OF SELF-ATTENTION

To enhance representational abilities of self-attention, several approaches have been explored from
different perspectives. 1) Introducing locality has proved effective, as evidenced by the Swin Trans-
formers (Liu et al., 2021b;a) and Focal Transformer (Yang et al., 2021), which conduct attention
computation within local windows. 2) Computing correlations with pre-defined patterns can enhance
the capability of self-attention, as demonstrated by the CSWin Transformer (Dong et al., 2021) and
Pixelfly-Mixer (Chen et al., 2021b), both of which attempt to compute attention with pre-defined
and carefully-designed patterns to realize more comprehensive modeling. 3) Other network architec-
tures (Xu et al., 2021; Lee et al., 2021; Wang et al., 2022; Li et al., 2022) have also been combined
to create more comprehensive models. In this work, we focus on the limitations caused by token-
to-token correlations at one single granularity and propose an advanced attention mechanism (i.e.,
GMA) that constructs a more comprehensive prototype of self-attention, which clearly distinguishes
our method from previous approaches.

3  GROUPMIX ATTENTION AND GROUPMIXFORMER

We introduce the motivation behind the high-level idea in Section 3.1, elaborate on the structural
designs in Section 3.2, and describe the architectural configurations in Section 3.3.

3.1 MOTIVATION: FROM INDIVIDUAL TO GROUPS

We discuss the limitations of self-attention starting from its vanilla form. Let X € RV be the input
tokens, where N is the token number and d is the dimension. The output of vanilla self-attention is,

Y = Softmax(XX")X. 1))

Note that we ignore the normalization factor ﬁ for brevity. Intuitively, by the definition of matrix

multiplication, XX calculates the similarity/correlation between each two of the tokens. The output
of the softmax function A € RV*V is called an attention map. The multiplication AX means linearly
re-combining the tokens according to the attention map at each location.



Under review as a conference paper at ICLR 2024

Group-Mix Attention Block (GMA Block) Stage i
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ Ny x
ouputtokens (TTTTT) e o ‘
1 I N Y Y
P P
i [l 1 '
e I B
o b
'
i P P 0000
i [ Attention ] o LayerNorm P
: t t t Lo
'
i
i Aggregators
' with
i different sizes
o I
(T <
4
((tnear ] (L

Figure 3: Structural designs of Group-Mix Attention Block and architecture of GroupMix-
Former. In each GMA block, we split O, K, and V into five segments and use aggregators with
different kernel sizes to generate group proxies on four of them, so that we can conduct attention
computation on mixtures of individual tokens and group proxies of different sizes. The branches
whose outputs are fed into the attention computation are referred to as the pre-attention branches.
To construct diverse connections, the rightmost branch utilizes aggregation but without attention,
which is termed the non-attention branch. A linear mapping layer is adopted to fuse the outputs from
the attention and non-attention branch. For clear illustration, we use Agg', Agg?, and Agg? in the
pre-attention branch to denote the aggregators with kernel sizes of 3, 5, and 7, respectively, and use
Agg? for the aggregator in the non-attention branch.

We note a limitation of this form. There may exist certain patterns (i.e., group patterns) that require
treating some specific tokens as a group with diverse granularities. However, self-attention lacks an
explicit mechanism for modeling such patterns, as it only considers correlations between pairs of
individual tokens at a single granularity (i.e., individual patterns). In this paper, we seek to utilize
both individual patterns and group patterns for comprehensive modeling. For group patterns, we seek
to correlate some neighborhoods of tokens to the other neighborhoods. This paper proposes to realize
this by generating group proxies in Query, Key, and Value, and performing the Q-K-V computation
with proxies, which is described in Section 3.2. We experimentally found that explicitly modeling
the correlations among groups with diverse sizes and individual tokens significantly improves the
performance of not only the proposed GroupMixFormer but also other ViTs with different attention
modules (e.g., Swin Transformer (Liu et al., 2021b) and PVT (Wang et al., 2021), as shown in
Table 8), demonstrating that upgrading the fundamental component can benefit multiple ViTs.

3.2 GMA: MIXING GROUPS FOR BETTER ATTENTION

We introduce GMA to model the group patterns as aforementioned. In GMA, we generate the group
proxies by simply replacing some entries in the Query, Key, and Value with aggregations of some
whole groups, which can be efficiently implemented with sliding-window-based operations Agg(-),
such as max-pooling and convolution. Typically, the Q/K/V entries are uniformly divided into n
segments and we perform aggregation on some segments. Without loss of generality, we use X
(i€[l,---,n]) to denote one segment (X may represents Q, K, or V) and the aggregations as Agg'(X;).
Note that the aggregator may be different for each segment. To perform attention computation, we
concatenate the aggregations Agg'(X;),i € [1,---,n] to produce X’. In this way, we obtain group
proxies Q', K’, and V'. Afterward, we perform attention computation as introduced in (Xu et al.,
2021; Ali et al., 2021; Shen et al., 2021) on the group proxies to generate the output.

Note that we maintain the feature resolution after aggregation. Without reducing the spatial resolution,
GMA brings fine-grained features for attention computation, which outperforms those with decreased
feature sizes (Fan et al., 2021; Wu et al., 2021). We use depth-wise convolutions with various kernel
sizes to implement aggregators Agg(-). Note that as the inputs of attention are now group proxies, we
achieve correlating KxK tokens simultaneously (K denotes the kernel size of Agg(-), which may be
different for each segment) instead of individual tokens, which is more sufficient and comprehensive
for modeling correlations.
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Table 1: Architectural configurations of GroupMixFormer models. We use D, R, and L to denote
the dimension of tokens, the expansion ratio of FFN, and the number of encoder blocks. We use

M/T/S/B/L (mobile/tiny/small/base/large) to label models with different scales.

Output size Groul\p;IMixFormer GroupMixFormer GroupMixFormer | GroupMixFormer | GroupMixFormer
-M(5.7M) -T(10.9M) -S(22.4M) -B(45.8M) -L(70.3M)
stage 1 | i x Dy Ry 214,:;110: 3 Ry 2]4.:;0: 4 R 214,:;?0: 2 R,IQ 2:1‘2100: 8 RID:I :5140: 8
stage 2 % X % XD R, 12241::2;0: 3 RzD:2 4:-,1‘126(i 4 RzD:2 4:71‘1261 4 RzD:2 2:,L224(i 8 Ry 224,:1222 10
saged | 305 | p P00 | R Dt | et | Reniacts | Reoaiaets
stage 4 | 53 x 33 % Dy sz Z Llf i 4 R4D:4 4:, L244 i 4 R4D:4 4:, L342 i 4 Ry L:)Az,:Lng 16 | R 242,:;:82 16

The idea of using sliding-window-based operations to aggregate groups into proxies, though simple,
is the key to the mechanism of mixing groups of different sizes and individual tokens at various
granularities, as we use a different kernel size of aggregator for each segment. Such a process can be
efficiently implemented via splitting segments, feeding them through aggregators implemented with
different kernel sizes, and concatenating the outputs. Moreover, we employ an identity mapping on
one segment instead of an aggregator to maintain the network’s abilities in modeling individual token
correlations. Therefore, we can model correlations among both groups and tokens while computing
the attention map. Multiplying the attention map with the Value can be viewed as re-combining the
corresponding groups together with individual tokens accordingly.

Specifically, following the implementation of self-attention (Shen et al., 2021; Ali et al., 2021; Xu
etal., 2021), we also use three learnable linear projections to generate Q, K, and V. Afterward, we split
Q/K/V uniformly into five segments, which each participates in different computations. As shown in
Figure 3 (the left part), a branch corresponds to an aforementioned segment, and the four branches
whose outputs are fed into the attention computation are referred to as the pre-attention branches. In
three of the pre-attention branches, we use various implementations (e.g., min-pooling, avg-pooling,
max-pooling, depth-wise convolution) as the aggregator Agg(-) with different kernel sizes, which are
set as 3,5,7, respectively. The results in Table 6 indicate that each of these implementations achieves
favorable performance, which shows that aggregation is a crucial step for attention advancement
while its implementation can be flexible. We adopt the depth-wise convolutions, whose results are
slightly better, in our paper. We further diversify the structures by using no aggregator in the last
pre-attention branch, making it an identity mapping. Apart from such a branch with attention but no
aggregator, we construct another branch with an aggregator but no attention, which is referred to as
the non-attention branch. Finally, the outputs are mixed by a token ensemble layer, which is simply
implemented by a linear projection with normalization (Ba et al., 2016) and activation.

3.3 ARCHITECTURAL CONFIGURATIONS

Building on the proposed Group-Mix Attention, we introduce a series of vision Transformers named
GroupMixFormer, as shown in Figure 3. We adopt a hierarchical (Liu et al., 2021b; Wang et al.,
2021) topology with four stages. The first 4 x patch embedding layer embeds images into tokens,
which is implemented with two sequential 3 x3 convolutional layers, each with a stride of 2 and
another two 3x3 layers with a stride of 1. At the beginning of each last three stages, we use a
2x patch embedding, which is also implemented with a 3x3 convolution. Within each stage, we
construct several encoder blocks. Apart from a GMA block introduced in the last subsection, an
encoder block also contains a Feed-Forward Network (FFN), Layer Normalization (Ba et al., 2016)
and identity shortcuts, following the common practice in (Dosovitskiy et al., 2021; Touvron et al.,
2021; Liu et al., 2021b; Wang et al., 2021; Yang et al., 2021). For image classification, the final
output tokens are fed into the classifier after global average pooling (GAP); for dense prediction tasks
(e.g., object detection and semantic segmentation), the task-specific heads can utilize the pyramid
features output by the four stages. We do not adopt positional encoding in our model since we have
naturally broken the permutation invariance with the GMA aggregators.

We instantiate four models with different architectural configurations. The architectural hyper-
parameters include the number of encoder blocks in each stage L, the embedded dimension D, and
the MLP ratio R, as shown in Table 1. Following the prior works (Wang et al., 2021; Liu et al.,
2021b; Touvron et al., 2021), our models scale up from the mobile-scale GroupMixFormer-M (5.7
M) to the large-scale GroupMixFormer-L (70.3 M).
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4 EXPERIMENTS

In this section, we evaluate our GroupMixFormer on standard visual recognition benchmarks includ-
ing ImageNet-1K (Russakovsky et al., 2015), MS-COCO (Lin et al., 2014), and ADE20k (Zhou
et al., 2019). We present the implementation details for each scenario, quantitative comparisons to
state-of-the-art vision backbones, and ablation studies in the following.

4.1 IMPLEMENTATION DETAILS

We evaluate the image classification performance of GroupMixFormer on the ImageNet-1K dataset.
We follow (Zhang et al., 2017; Yun et al., 2019; Touvron et al., 2021) to augment data and use the
training recipe in (Liu et al., 2021b). We train GroupMixFormer for 300 epochs using an initial
learning rate of 1073 with a 20-epoch linear warm-up. AdamW optimizer (Loshchilov & Hutter,
2017) is utilized with a weight decay of 0.05 and a cosine learning rate schedule. The stochastic depth
drop rates (Huang et al., 2016) are set to 0.0, 0.1, 0.2, 0.4, and 0.5 for GroupMixFormer-M/T/S/B/L,
respectively. For higher resolutions (e.g., 3842 or 448%), we finetune the models in another 30 epochs
with the learning rate initialized as 2 x 10~ and a linear warm-up for 5 epochs. The finetuning
process uses AdamW (Loshchilov & Hutter, 2017) with a weight decay of 10~® for optimization.

For object detection and instance segmentation, COCO 2017 dataset is utilized. Specifically, we
employ GroupMixFormer as the backbones of Mask R-CNN (He et al., 2017) for object detection
and segmentation, and RetinaNet (Lin et al., 2017) for detection only. All the backbones are
initialized via the corresponding ImageNet pretrained models. We follow the training schedules
in (Chen et al., 2019): the initial learning rate is set to 10~* with a linear warm-up for 500 iterations
and gradually Wdecreases to 107> and 107 at the 24-th and 33-th epochs, respectively. We use
AdamW (Loshchilov & Hutter, 2017) for both Mask R-CNN and RetinaNet, but the weight decay
is 0.05 for the former and 10~* for the latter. Except for COCO, we also evaluate the semantic
segmentation performance on ADE20k with UperNet (Xiao et al., 2018) and Semantic FPN (Kirillov
et al., 2019). We follow (Wang et al., 2021; Liu et al., 2021b) to use the public toolkit (Contributors,
2020) for training and evaluations. The Semantic FPN is trained for 80k iterations, while the UperNet
is trained for 160k iterations, both with an AdamW optimizer.

4.2 COMPARISONS WITH STATE-OF-THE-ART MODELS

Image Classification. We compare the proposed GroupMixFormer with the state-of-the-art models
from the literature in Table 2, where all the reported results use only ImageNet-1k for pre-training.
Note that we do not use any extra augmentations, like token-labeling (Jiang et al., 2021), knowledge
distillation, SAM (Foret et al., 2020), etc. We observe that GroupMixFormer consistently achieves
higher Top-1 accuracies than the ViT and CNN models under similar model sizes and computational
complexity constraints. Specifically, tested with a resolution of 2242, GroupMixFormer-S yields an
accuracy of 83.4% with only 22.4M parameters, significantly outperforming the second best ViT
(Focal-Tiny (Yang et al., 2021)) by 1.2% and the best CNN (ConvNext-T (Liu et al., 2022)) by 1.3%.
Meanwhile, GroupMixFormer-B trained with 224 x 244 images even achieves a similar accuracy with
Swin-B (Liu et al., 2021b), even though the size of GroupMixFormer-B is only half as that of Swin-B.
Moreover, GroupMixFormer shows satisfying scalability towards higher resolution. For example,
finetuning with a resolution of 3842 further improves the performance of GroupMixFormer-S to
85.0%; with around 70M g)arameters, our GroupMixFormer-L achieves 85.0% with a resolution of
2247 and 86.2% with 384°.

Object Detection. Table 3 shows the object detection results on COCO with Mask R-CNN and
RetinaNet detectors. With Mask R-CNN, GroupMixFormer achieves higher average precision under
similar model parameters. Specifically, GroupMixFormer-T performs 1.0% higher (i.e., 47.5% v.s.
46.5%) than the second-best model, which is CoaT Mini, while maintaining a smaller model size of
30.8 M. Besides, our GroupMixFormer-B achieves an AP’ of 51.5%, surpassing all the comparable
models. With RetinaNet, GroupMixFormer also shows superiority: GroupMixFormer-T performs
0.5% better than Swin-B (i.e., 46.3% v.s. 45.8%) though ours is much smaller (i.e., 20.2 M v.s. 98.0
M); GroupMixFormer-B performs 2.9% better (i.e., 50.2% v.s. 47.3%) than the Focal-small model.
These results show that GroupMixFormer achieves favorable performance with both detectors, and the
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Table 2: ImageNet-1k validation accuracy. The GFLOPs are measured with the specific resolution.
Models with a comparable number of parameters are grouped together.

Method Type |#Params.(M) | Input #FLOPs | Top-1 (%) Method Type |#Params.(M) | Input #FLOPs | Top-1 (%)
ShuffleNet v2-50  [CNN 23 224 23G 772 VanillaNet-6 CNN 33.0 224 6.0G 82.9
Mobile-Former Trans 4.6 24 1.2G 72.8 XCiT-S12/16 Trans 26.0 224> 4.8G 82.0
MobileViT-S Trans 5.6 256 1.8G 784 GroupMixFormer-S |Trans 22.4 2242 52G 834
GroupMixFormer-M | Trans 5.7 224> 14G 79.6  GroupMixFormer-S | Trans 224 3842 152G | 85.0
GroupMixFormer-M | Trans 5.7 384 4.0G 81.5 ResNet101 CNN 44.7 2247 7.9G 774
GroupMixFormer-M | Trans 5.7 448%  54G 81.8 ResNeXt101-32x4d | CNN 440 2242 8.0G 78.8
ResNet18 CNN 11.7 224> 1.8G 69.8  ConvNeXt-S oNN| 500  |2242 87G 83.1
PVT-Tiny Trans| 13212247 19G | 751 conyNextB CNN| 890 [224° 154G | 838
PVIv2-BL Trans| — 13.10 122470 2.1G 787 conyNexe-L CNN| 1980 [2242 344G | 843
;’&Te f‘gi‘ g:‘;;\? }g‘g ;;iz Zgg gég PVT-Large Trans| 614  |224° 98G | 817
: : : PVTv2-B3 Trans| 452 224 6.9G 83.2

GroupMixFormer-T |Trans 11.0 224> 3.7G 82.6

GroupMixFormer-T [Trans| 110|384 109G | 841 SVinB Trans| 880|224 154G | 835
GroupMixFormer-T |Trans| 110|448 149G | 843 SWinB Trans| 880 384" 470G | 84.5
ResNet50 CNN| 256 [2247 41G | 765 CowinB Trans| 230 1224 43G | 827
ResNeXt50-32x4d |CNN| 250  |2242 43G | 776 ~MVilvZB Trans| 780 2247 150G | 842
ConvNeXt-T CNN 29.0 2242 45G 8.1 DaViT-B Trans 87.9 224° 15.5G 84.6
PVT-Small Trans 24.5 2242 3.8G 79.8 CoaTLite Medium |Trans 45.0 384 28.7G 84.5
PVTv2-B2 Trans 25.4 2242 4.0G 82.0 Focal-Small Trans 51.1 2242 9.1G 83.5
Swin-T Trans 29.0 2242 45G 81.3 Focal-Base Trans 89.8 224  16.0G 83.8
CoaT Small Trans 22.0 2242 12.6G 82.1  XCiT-M24/8 Trans 84.0 224> 63.9G 83.7
Focal-Tiny Trans 29.1 2242 4.9G 82.2  GroupMixFormer-B | Trans 45.8 224 17.6G 84.7
CSWin-T Trans 23.0 2242 43G 82.7 GroupMixFormer-B | Trans 45.8 384> 51.6G 85.8
MViTv2-T Trans 24.0 224> 479G 82.3 GroupMixFormer-L | Trans 70.3 224 36.1G 85.0
DaViT-T Trans| 283 224> 45G 82.8  GroupMixFormer-L [Trans|  70.3 384> 106.2G | 86.2

Table 3: Object detection and instance segmentation on COCO 2017 (Lin et al., 2014) with
Mask R-CNN (He et al., 2017) and RetinaNet (Lin et al., 2017). All the models are pre-trained on
ImageNet-1K (Russakovsky et al., 2015). ‘P’ represents the number of parameters, and ‘MS’ denotes
multi-scale training. The 3x schedule strictly follows (Chen et al., 2019).

Backbone Mask R-CNN 3x + MS RetinaNet 3x + MS

#P (M) APP APl AP, AP"  APN  APY | APP AP} AP)  APY AP, AP
ResNetI8 (He et al., 2016) 312213 369 57.1 400 336 539 357 | 354 539 37.6 195 382 4638
PVT-Tiny (Wang et al., 2021) 32.9/23.0 398 622 430 374 593 399 | 394 598 420 255 420 521
CoaT Mini (Xu et al., 2021) 30.0/~ 465 679 507 418 653 4438 - - - - - -
CoaT-Lite Mini (Xu et al., 2021) 31.0/~ 429 647 467 389 616 417 - - - - - -
GroupMixFormer-T 30.8/20.2 475 689 522 424 661 459 | 463 676 494 320 503 599
ResNet50 (He et al., 2016) 4427377 410 617 449 371 584 400 | 390 584 418 224 428 516
PVT-Small (Wang et al., 2021) 44.1/34.2 430 653 469 399 625 428 | 422 627 450 262 452 572
Swin-T (Liu et al., 2021b) 48.0/39.0 460 68.1 503 416 651 449 | 450 659 484 297 489 581
Focal-Tiny (Yang et al., 2021) 48.8/39.4 472 694 519 427 665 459 | 455 663 488 312 492 587
CoaT S (Xu et al., 2021) 42.0/~ 490 702 538 437 675 471 - - - - - -
CoaT-Lite S (Xu et al., 2021) 40.0/~ 457 67.1 498 411 641 440 - - - - - -
Unoformer-S4 (Li et al., 2022) 41.0/- 482 704 525 434 671 470 - - - - - -
GroupMixFormer-S 42.2/31.9 491 702 537 435 674 473 | 476 685 513 331 512 613
ResNet101 (He et al., 2016) 63.2/56.7 428 632 411 385 60.1 413 | 409 60.1 440 237 450 538
ResNeXt101-32x4d (Xie et al., 2017) 62.8/56.4 440 644 480 392 614 419 | 414 610 443 239 455 537
ResNeXt101-64x4d (Xie etal., 2017) | 101.9/95.5 | 444 649 488 397 619 426 | 41.8 615 444 252 454 546
PVT-Medium (Wang et al., 2021) 63.9/53.9 442 660 482 405 631 435 | 432 638 461 273 463 589
PVT-Large (Wang et al., 2021) 81.0/71.1 445 660 483 407 634 437 | 434 636 461 261 460 595
Swin-S (Liu et al., 2021b) 69.0/60.0 485 702 535 433 673 466 | 464 670 501 310 501 603
Swin-B (Liu et al., 2021b) 107.0/98.0 | 48.5 698 532 434 668 496 | 458 664 491 299 494 603
Focal-Small (Yang et al., 2021) 71.2/61.7 488 705 536 438 677 472 | 473 678 510 316 509 6Ll
Focal-Base (Yang et al., 2021) 110.0/100.8 | 49.0 70.1 536 437 676 470 | 469 678 503 319 503 615
Uniformer-By, 14 (Li et al., 2022 69.0/— 50.3 727 553 44.8 69.0 48.3 - - - - - -
GroupMixFormer-B 65.6/55.5 51.5 72.7 56.8 45.9 70.0 50.0 50.2 71.7 55.3 36.4 52.1 62.3

consistent and significant improvements demonstrate the effectiveness of the Group-Mix mechanism,
which is found to be able to capture the fine-grained features to facilitate dense predictions.

Semantic Segmentation. Table 3 also shows the semantic segmentation results on COCO with
Mask-RCNN. Our GroupMixFormer-T achieves an AP™ of 42.4%, 0.6% higher than Coat Mini and
1.7% higher than PVT-Large, which is impressive. Our GroupMixFormer-B performs 1.1% better
than Uniformer-B (i.e., 45.9% v.s. 44.8%). On ADE20K, we use UperNet and Semantic FPN and
report the results in Table 4. Similarly, we observe that GroupMixFormers consistently achieves
favorable performance compared to the existing backbones. For example, GroupMixFormer-T, though
much smaller, performs 2.0% better than XCiT-S12/8 (i.e., 46.2% v.s. 44.2%, 14.1 M v.s. 30.4 M)
with Semantic FPN. Notably, GroupMixFormer-T outperforms XCiT-M24/16 by 0.3%, though the
latter is 6.4 x as big as GroupMixFormer-T (i.e., 46.2% v.s. 45.9%, 14.1 M v.s. 90.8 M). Similarly,
with UperNet, GroupMixFormers perform much better than the other bigger models, showing a
clearly better trade-off between performance and efficiency. Such significant improvements suggest
that the Group-Mix mechanism is able to produce high-quality features for pixel-level predictions.
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Table 4: Semantic segmentation on ADE20k (Zhou et al., 2019) with UperNet (Xiao et al.,
2018) and Semantic FPN (Kirillov et al., 2019). All the models are pre-trained on ImageNet-
1K (Russakovsky et al., 2015) and finetuned with task-specific heads. We follow the standard training
and evaluation processes in (Contributors, 2020) for fair comparisons.

Backbone Semantic FPN UperNet Backbone Semantic FPN UperNet
#Param(M) mloU(%) |#Param(M) mloU(%) #Param(M) mlIoU(%) |#Param(M) mIoU(%)
ResNet18 15.5 32.9 - - ResNet101 475 33.8 85.5 438
PVT-Tiny 17.0 357 - - ResNeXt101-32x4d | 47.1 41.6 — -
XCiT-T12/16 8.4 38.1 337 415 ResNeXt101-64xad | 65.1 448 ~ ~
XCiT-T12/8 8.4 39.9 337 435
GroupMixFormer-T| ~ 14.1 462 39.1 47.4 gxiT:sarge 65_'1 42_'1 810 6
ResNet50 285 36.7 665 2.0 : . :
PVT-Small 282 39.8 - - Swin-B - - 1210 48.1
Swin-T - - 59.9 445 Focal-$ - - 85.0 50.0
Focal-T _ _ 62 45.8 Focal-B — — 126.0 50.5
XCiT-S12/16 30.4 439 52.4 459 XCiT-M24/16 90.8 459 109.0 47.6
XCiT-S12/8 304 442 504 466 XCiT-M24/8 90.8 469 109.0 484
GroupMixFormer-S 26.3 47.8 51.1 49.6 GroupMixFormer-B 49.7 50.0 75.5 51.2

Table 5: Ablation studies on the group aggregators in GMA Block. We use Agg!, Agg?, and
Agg? to denote aggregators (in the pre-attention branch) with kernel sizes of 3, 5, and 7, respectively,
and Agg” to denote the aggregator (in the non-attention branch) as shown in Figure 3. We report the
Top-1 accuracy on ImageNet-1k together with AP and AP? on COCO.

Method Age” | Agg'(3x3) Age®(5x5) Agg’(7x7) | #Params.M) #GFLOPs | Top-1(%) AP® AP"
GroupMixFormer-T X X X X 10.5 34 80.9 439 396
GroupMixFormer-T X v v v 10.8 35 819 (+1.0) 446 404
GroupMixFormer-T v X X X 10.7 35 81.3(+0.4) 441 403
GroupMixFormer-T v v X X 10.8 3.6 822 (+1.3) 44,6 403
GroupMixFormer-T v X v X 10.8 3.6 823 (+1.4) 446 404
GroupMixFormer-T v X X v 10.9 3.6 823 (+1.4) 448 403
GroupMixFormer-T v v v v 11.0 3.7 82.6 (+1.7) 454 40.6

4.3 ABLATION STUDIES

We conduct ablation studies to analyze the key designs of GroupMixFormer. (1) We first analyze
the necessity of the aggregators by changing the structural designs of GMA. (2) We experiment
with various implementations of aggregators to see if other sliding-window-based operations, except
for convolution, also work. (3) We conduct experiments to verify that GMA is not merely a trivial
combination of convolution and self-attention. (4) We plug GMA Blocks into the other popular
ViT architectures to verify if the superior performance of GroupMixFormer is merely due to the
architectural designs (e.g., overlapping embedding layers and numbers of blocks within each stage).
For image classification, we train GroupMixFormer-T for 300 epochs on ImageNet- 1k (224?) and
test with the validation set. For object detection and semantic segmentation, we train Mask R-CNN
with the 1x schedule (Chen et al., 2019) on COCO.

Group aggregators are necessary. Table 5 shows the results of ablating the aggregators. We first
construct a GroupMixFormer-T baseline by replacing all of the five branches in GMA Blocks with
identity mappings, so that the block degrades into a regular self-attention module. In the first group of
experiments, we restore the aggregators in the non-attention branch (Agg?) or the three pre-attention
branches (Agg', Agg? and Agg?). Every model is trained from scratch with the same configurations
as described in Section 4.1. It could be observed that the aggregators are all critical, as they improve
the top-1 accuracy by 0.4% and 1.0%, respectively.

Moreover, the second group of experiments in Table 5 shows that using aggregators in all of the three
pre-attention branches yields better performance than using any single one. Similar experimental
results are observed in object detection and semantic segmentation as well. Using all the aggregators
improves the baseline performance by a certain margin (e.g., +0.7% AP’ and +0.5% AP™). These
results indicate that modeling correlations in a more comprehensive manner is able to provide
fine-grained visual representations to benefit dense prediction scenarios.

Table 6: ImageNet-1k classification, COCO det  Typle 7: ImageNet-1k validation of replac-
and instance seg (1x with Mask RCNN) perfor-  jng GMA with other attention modules on

mances on various aggregators. GroupMixFormer-T.
Method Implementation | Top-1 (%) AP AP™ .

A T #P. .M #GFLOP. Top-1 (7
GroupMixFormer-T MinPool 82.3 424 39.7 tiention 1ype arams. (M) GFLOPs op-1 (%)
GroupMixFormer-T |  MaxPool 822 |423 39.7 GMA 10.5 3.4 82.6
GroupMixFormer-T AvgPool 82.2 42.3 39.6 Swin-attention 10.8 3.5 79.9 (-2.7)
GroupMixFormer-T DWConv 82.6 425 39.8 PVT-attention 16.3 33 79.1 (-3.5)




Under review as a conference paper at ICLR 2024

We then analyze the impact of various ker- Table 8: ImageNet-1k validation accuracy of incor-
nel sizes of pre-attention aggregators on per- porating aggregators to other ViT architectures.
formance. Without altering the non-attention

branch, we replace all of the pre-attention ag-  Structures | Aggregators [ #Params.(M) #GFLOPs | Top-1 (%)
. 1 : Swin-T X 283 15 80.8
gregzators with elthe3r Agg’ (3x3 convolution), %" ‘/ 588 43 815007
Agg” (5x5) or Agg® (7x7). The second set of  FyTSmar X 3435 33 708
results in Table 5 indicates that the utilization of ~ PVT-Small v 25.2 40 [80.6(+0.8)

any group aggregators enhances classification

and dense prediction performance, with a diverse combination of 3x3, 5x5, and 7x7 yielding the
most optimal results. Specifically, GroupMixFormer-T equipped with diverse aggregators outper-
forms the baseline by +1.7% classification accuracy, +1.5% AP? in object detection, and +1.0% AP™
in semantic segmentation, which suggests that modeling the correlations among groups of diverse
sizes is the key to performance boost.

Depthwise Convolutions are effective aggregators. Note that the implementations of aggregators
Agg(+) could be various. Table 6 shows our results regarding the effects of different aggregator
implementations (e.g., depthwise convolution (Chollet, 2017), max-pooling, or average-pooling). It’s
empirically observed that the aggregators implemented by depthwise convolution achieve the best
performance (82.6% Top-1 accuracy on classification, 42.5% AP? for detection, and 39.7% AP™
for instance segmentation with Mask R-CNN ). Compared with the max-pooling and min-pooling
operations, convolutional aggregators take advantage of involving more learnable parameters for
computing correlations, thus achieving better performances.

Performance gains are not derived from macro-structures. Compared with the representative
works (Liu et al., 2021b; Wang et al., 2021; Touvron et al., 2021), our GroupMixFormer is deeper
and has different implementations of patch embedding. In order to justify that the performance
gains are not simply due to a better combination of architectural hyper-parameters (including the
dimensions of tokens, expansion ratios, and layer depths as introduced in Table 1), we replace the
GMA Blocks in GroupMixFormer-T with the Swin-attention or PVT-attention. The results in Table 7
show that simply replacing the GMA causes a significant performance drop, which justifies that the
performance gain is due to the advanced attention mechanism instead of the architecture.

GMA is not merely a trivial combination of convolution and self-attention. We conduct further
experiments to validate that our proposed GroupMixFormer is essentially different from a simple
combination of convolution and self-attention. Specifically, we remove all the group aggregators from
GroupMixFormer-T and insert a group of convolutional layers organized in the same manner (i.e., a
combination of parallel identity mapping, 3x3, 5x5 and 7x7 layers) before the whole self-attention
module. The accuracy drops by 1.1% in the Top-1 accuracy (81.5% v.s. 82.6%).

Aggregator is an advanced universal building block that could be applied to the other ViTs.
We may also incorporate aggregators into representative ViTs (e.g., Swin (Liu et al., 2021b) and
PVT (Wang et al., 2021)) by simply inserting the them into their original attention modules to process
their Query, Key, and Value. The results in Table 8 show that such the strategy generally boosts ViTs
by a clear margin. For example, Swin-T with aggregators achieves 81.5% Top-1 accuracy, which
is 0.7% higher than its original result. It indicates that the proposed aggregators advances ViTs by
modeling the group correlations and thus leading to a comprehensive understanding of the tokens.

5 CONCLUSION

In this paper, we proposed an advanced attention mechanism, named Group-Mix Attention (GMA).
In contrast to the popular multi-head self-attention (MHSA) that only models the correlations among
individual tokens, the proposed GMA utilizes the group aggregators to simultaneously capture the
token-to-token, token-to-group, and group-to-group correlations. We proposed GroupMixFormer
based on GMA and instantiated a series of practical visual backbones with different sizes. Extensive
experiments on the standard visual recognition benchmarks (including image classification, object
detection, and semantic segmentation) have validated the effectiveness of the proposed GMA and
GroupMixFormer.
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Appendix

This appendix includes detailed illustrations of the algorithm, training configurations and additional
experiments. In Algorithm 1, we present the PyTorch-style pseudocode of GMA Block for easy
implementation. In Appendix A, we detail the attention computation and elaborate on the training
configurations for image classification, object detection, and instance/semantic segmentation. Be-
sides, in Appendix D and Appendix E, we present additional experiments and visualizations to
further validate GroupMixFormer’s effectiveness, respectively. The core cored are provided in the
supplementary material. We will make the code and trained models publicly available.

Algorithm 1 PyTorch-style Pseudocode of GMA Block.

# x: the input token with shape of (B, N, D), B is batch size, N=H*W, D is dimension
# gkv_mapping(): linear mapping (in=D, out=D*3) to generate Q, K, V
# att(): efficient multi-head Q-K-V computation
# token_ensemble(): linear mapping (in=out=D) to combine the outputs from the attention
and non-attention branches
act: activation function, implemented by HardSwish
norm: normalization function, implemented by LayerNorm
The aggregator is implemented by a depth-wise convolution (channels=groups=D//5)
following a linear mapping
def GMA(x):
B,N,D=x.shape
split_dim = D//5

H H

# Generate Q/K/V

gkv = gkv_mapping(x).reshape(B, N, 3, D).permute(2, @, 1, 3).reshape(3*B, N, D)
gkv = gkv.transpose(1, 2).view(3*B, D, H, W)

gkv = gkv.split([split_dim]*5, dim=1)

# Now gkv[i] is the i-th branch with shape of (3*B, split_dim, H, W)

gkv_pre_att_0 = act(norm(gkv[@]))

# Generate group proxies via different aggregators
gkv_pre_att_1 = act(norm(aggregator_pre_att_3x3(qgkv[11)))
gkv_pre_att_2 = act(norm(aggregator_pre_att_5x5(gkv[2])))
gkv_pre_att_3 = act(norm(aggregator_pre_att_7x7(gkv[31)))

# Non-attention branch

gkv_non_att = gkv[4].reshape(3, B, split_dim, H, W).permute(1, @, 2, 3, 4).reshape(B,
3xsplit_dim, H, W)

x_non_att = act(norm(aggregator_non_att_3x3(gkv_non_att)).reshape(B, split_dim, H, W))

# Efficient multi-head Q-K-V self-Attention. We ignore the number of heads for brevity

# Its input is (3*B, D*4/5, H, W), output is (B, D*4/5, H, W)

gkv_input = torch.cat([gkv_pre_att_0, gkv_pre_att_1, gkv_pre_att_2, gkv_pre_att_3],
dim=1)

x_att = att(gkv_input)

# combine the outputs from attention and the non-attention branch

x = torch.cat([x_att, x_non_att], dim=1) # the shape becomes (B, D, H, W)
x = x.reshape(B, D, N).permute(@, 2, 1) # the shape becomes (B, N, D)

x = token_ensemble(x)

return x

A IMPLEMENTATION DETAILS

A.1 ATTENTION COMPUTATION

We detail the attention computation adopted by GroupMixFormer in this appendix. The Q/K/V entries
are first uniformly divided into five segments where we perform group aggregation on four segments.
We use X?,Xf-‘, XY (i € [1,2,3,4]) to denote the segments divided from Q/K/V entries, respectively. To
produce the group proxies Q’, K, and V', we first employ the aggregation operation on the segments
as Agg'(X?), Agg'(X¥) and Agg'(XY). Then we concatenate all the four (i € [1,2,3,4]) aggregated
features to output group proxies Q', K/, and V’. Afterward, we perform attention computation as
introduced in (Xu et al., 2021; Ali et al., 2021; Shen et al., 2021) on the group proxies to generate

15



Under review as a conference paper at ICLR 2024

the final output Att.

/
Att= <o Softmax(K'TV').

Vd
A.2 IMAGE CLASSIFICATION

The standard ImageNet-1K dataset (Russakovsky et al., 2015) contains about 1.3 million training
samples and 50K validation samples from 1000 categories. We experiment with input resolutions
of 224 x 224, 384 x 384, or 448 x 448. We follow (Touvron et al., 2021) for data augmentation,
including Mixup (Zhang et al., 2017), CutMix (Yun et al., 2019), random erasing (Zhong et al.,
2020), etc. We use the same training recipes as (Liu et al., 2021b). For training with 224 x 224, all
GroupMixFormer instances are trained for 300 epochs with a batch size of 1024. The initial learning
rate is set to 1073 with a linear warm-up for 20 epochs and then cosine annealing towards zero. We
adopt the AdamW optimizer (Loshchilov & Hutter, 2017) with a weight decay coefficient of 0.05.
The drop-path rates (Huang et al., 2016) are set to 0.0, 0.1, 0.2, 0.4 and 0.5 for GroupMixFormer-
M/T/S/B/L, respectively. Besides, for higher resolutions (i.e., 384 x 384 and 448 x 448), we finetune
the 224 x 224-pretrained models for another 30 epochs with an initial learning rate of 2 x 107°
and a linear warm-up for 5 epochs and then cosine annealing. For finetuning, we use AdamW
optimizer (Loshchilov & Hutter, 2017) with a weight decay coefficient of 1.0 x 1073,

A.3 OBJECT DETECTION AND INSTANCE SEGMENTATION

For object detection, we experiment on COCO 2017 (Lin et al., 2014) with Mask R-CNN (He et al.,
2017) and RetinaNet (Lin et al., 2017). All models are initialized with the weights pretrained on
ImageNet-1K (Russakovsky et al., 2015). The detectors are finetuned on COCO train2017 (118k
images) and evaluated on COCO val2017 (5k images). For data augmentation, we adopt multi-scale
training as a common practice (Liu et al., 2021b). We also follow the standard 3 x (36-epoch) training
schedules provided in (Chen et al., 2019). We use AdamW (Loshchilov & Hutter, 2017) with a
weight decay coefficient of 0.05 for Mask R-CNN and 10~ for RetinaNet.

For instance segmentation, we benchmark GroupMixFormer models on COCO 2017 (Lin et al., 2014)
with Mask R-CNN (He et al., 2017) with the same configurations as described above.

Moreover, we present additional results with Cascade Mask R-CNN (Cai & Vasconcelos, 2019) in
this supplementary material. We use the same training configurations as Mask R-CNN.

A.4 SEMANTIC SEGMENTATION

For semantic segmentation, we experiment on ADE20k (Zhou et al., 2019) with UperNet (Xiao
et al., 2018) and Semantic FPN (Kirillov et al., 2019)). ADE20K contains ~20k, ~2k, and ~3k
images for training, validation, and testing, respectively, from 150 categories. Following common
practices (Wang et al., 2021; Liu et al., 2021b), we randomly resize and crop the image to 512 x 512
for training, and rescale the shorter side to 512 pixels for testing. We use AdamW with a weight
decay coefficient of 10~ for Semantic FPN and 0.01 for UperNet. The Semantic FPN is trained
for 80k iterations while the UperNet is trained for 160k iterations. The learning rate is initialized as
6 x 1073, warmed up linearly in 1500 iterations, and then decayed following the polynomial decay
schedule with a power of 0.9.

B SPEED ANALYSIS

We empirically found that implementing the aggregators in GMA with DW-Conv indeed slow-
down the inference speed. For instance, as shown in Table 9, when tested on the single V100
GPU, our throughput (596 images/s) is smaller than the prevalent backbones (e.g., Swin-T with 755
images/s, CSWin-T with 701 images/s). However, our model outperforms others by large margins
in recognition performance. Besides, it’s noteworthy that with accuracy maintained, the speed of
GroupMixFormercould be further improved by implementing with more efficient aggregators (e.g.,
+15 image/s by AvgPool as shown in Table 9).
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Table 9: Comparisons on inference speed with different models.

Method Swin-T PVT-S CSWin-T GroupMixFormer-S GroupMixFormer-S(AvgPool)
Throughput (images/s)| 755 820 701 596 611
#Param.(M) 29.0 245 23.0 224 22.1
#FLOPs.(G) 4.5 3.8 43 52 5.0
Performance (%) 81.3 798 82.7 834 83.0

C OPTIMAL CONFIGURATIONS ON KERNEL SIZES OF AGGREGATORS

To find the optimal configuration, we undertake two approaches: (1) enlarging the kernel size, and (2)
altering the kernel configurations in varying orders. The first approach entails increasing the kernel
sizes from (3,5,7) to (5,7,9). For the second approach, we deploy aggregators with larger kernels in
the shallow layers and smaller kernels in the deeper layers, as well as in a reversed configuration.
However, as demonstrated in Table 10, neither of these modifications proved as effective as the
configuration we ultimately adopted.

Table 10: Explorations on optimal kernel configurations with GroupMixFormer-T

Strategy #Params.(M) #GFLOPS Top-1 Acc (%)
kernel sizes = [5,7,9] 11.2 3.9 82.0
large kernel to small kernel 10.8 3.7 82.2
small kernel to large kernel 11.0 3.7 82.0
Ours 11.0 3.7 82.6

D ADDITIONAL RESULTS WITH CASCADE MASK R-CNN

To further verify the effectiveness of our proposed model, we equip GroupMixFormer with a more
powerful object detector, i.e., Cascaded Mask R-CNN (Cai & Vasconcelos, 2019). Detailed imple-
mentations are presented in Appendix A.3. Results in Table 11 show GroupMixFormer consistently
outperforms the prevalent Transformer-based backbones (e.g., PVT-V2 (Wang et al., 2022) and
Swin (Liu et al., 2021b)). Besides, with fewer parameters (68.6M v.s. 86.7M), our GroupMixFormer-
T obtains a comparable performance with Focal-T (around 51.5% AP?). Our GroupMixFormer-S
achieves new state-of-the-art performance with an AP? of 51.9%.

Table 11: Object detection and instance segmentation performance on COCO 2017 (Lin et al.,
2014) with Cascade Mask R-CNN (Cai & Vasconcelos, 2019).

Cascade Mask R-CNN 3x + MS

Backbone #P (M) | AP’ APY, APS, AP" AP? AP
ResNet50 (He et al., 2016) 82.0 463 643 505 - - -

PVTv2-b2-Linear (Wang et al., 2022) | 80.1 | 50.9 69.5 552 440 668 477
PVTv2-b2 (Wang et al., 2022) 829 | 51.1 69.8 553 444 672 481
Swin-T (Liu et al., 2021b) 85.6 502 68.8 547 435 66.1 469
Focal-T (Xu et al., 2021) 86.7 515 70.6 559 - - -

GroupMixFormer-T (ours) 68.6 515 702 557 444 675 482
GroupMixFormer-S (ours) 80.0 51.9 70.7 56.1 451 683 484

E ATTENTION VISUALIZATION

We present attention response maps in Figure 4. We show input images in (a), and the attention
response maps from the ensemble layer in (b). Besides, the response maps of the outputs from the
pre-attention branches and non-attention branch are shown in (c) to (g), respectively. We observe
that applying self-attention on individual tokens sometimes fails to attend to the object, as shown
in (c). In such a case, calculating the correlations among the group proxies, which are generated by
the aggregators, may help. For example, as shown in the third row, calculating correlations among
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(a) Input (b) All ©)1x1 (d)3x3 (e)5x5 6 7x7 (g) Non-attention

Figure 4: Attention visualizations on GroupMixFormer-S. The model attends to the pixels marked
as red more than the others. Input images are shown in (a). In (c) to (f), we show the attention
response maps from different aggregators in the pre-attention branches. In (g), we show the response
maps from the aggregators in the non-attention branch. The combined response maps (outputs from
the token ensemble layer) are shown in (b).

the groups, which are processed by aggregators with kernel sizes of 3 and 7, succeed in focusing
on the dog, while modeling the token-to-token correlations in (c) focuses more on the background.
These results indicate that there exist some patterns so that some tokens should be handled as a
whole to capture the object features. In GMA, the representations captured by different aggregators
are combined. It validates that comprehensively modeling the token-to-token, token-to-group, and
group-to-group correlations leads to better vision recognition.



