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https://github.com/MzeroMiko/VMamba
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Figure 2: Comparison of information flow: Attention vs. Cross-Scan Module (CSM). (a)
The attention mechanism uniformly integrates all pixels for the center pixel, resulting in O(N?)
complexity. (b) CSM integrates pixels from top-left, bottom-right, top-right, and bottom-left with
O(N) complexity.

B e R S| TEE: NELRIET, NGTEIELE, NAERIAT, NETRIAL
X, (HUGRBENRRLERNEEMERTERER. RSN FIIEREI AR E
%, FHBREFRFIEHE—IFNFES.  (VMambaiBid 3z EERSERH TN A HAYH
f#, ERUNRINEFS, AEMXEFFIHTHME, UEGREAFARSENLETXER, MM
RIBERIMHIERIE. )

scan expand 56 block scan merge

EENE - = ﬂnm[l s
VI - | [ ;ﬂl:!! Bie

Linear A
[Linear}

S -

2. VMambaZE{FiEZR



HxWx3
Input Image

Down Sampling
Down Sampling
Down Sampling

____________________________

(a) Architecture | (b) VSS Block

VMamba-Tiny BIZRHIE 5eERA— Stem T riS I NBIE D B IR Z 1 patchs, RIUTF ViTs, Big
Bfpatchstt—E R 1-D 5, XFMEXURE TEGRAY 2D &8, RiE, HEEZ VSS 1,
REERIIN4ERE, 1A% “Stage 1", Z/FIBId patchSFHRIEXTRHIERETIHIT TRIFE, RS ER
R, MEEEHEESAN TRIFFVSSIR, Bl Stage 3" # "Stage 4", XEFFUIARL T — 1R
CNNFOVITROEREEY, 4 RIS e LA SCRRR AR E AN EH B iE R A E R R,

HrApVsS Block: BMINZTYIALMRAER, BHA AR MEER. —NRBEE—1 3 x 3 iFRE
SRR, AREY Silu EIEREFENZLD SS2D &R, SS2D pueHET—EinEWE, 2ARINE
B—MEERNELE L, ZEEREY Silu BiE. BT VMamba NERMER, MERUERA
RZ=.



VSSM
patch_embed PatchEmbed2D
proj): Conv2d(3, 96, kernel size=(4, 4), stride=(4, 4
norm): LayerNorm( (96 eps=1e-05, elementwise_affine=True

pos_drop): Dropout(p=0.0, inplace=False
layers): Modulelist
@): VSSLayer
blocks): ModulelList
0): VSSBlock
1In_1 LayerNorm( (96 eps=1e-05, elementwise_affine=True
self attention): SS2D
in_proj Linear(in_features=96, out_features=384, bias=False
conv2d): Conv2d(192, 192, kernel_size=(3, 3), stride=(1, 1), padding=(1
1), groups=192
act): SilLU
out_norm LayerNorm( (192 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=192, out_features=96, bias=False

drop_path): timm.DropPath(0.0

1): VSSBlock

1n_1): LayerNorm( (96 eps=1e-05, elementwise_affine=True

self attention): SS2D
in_proj Linear(in_features=96, out features=384, bias=False
conv2d): Conv2d(192, 192, kernel_size=(3, 3), stride=(1, 1), padding=(1

1 groups=192

act): SiLU
out_norm LayerNorm( (192 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=192, out_features=96, bias=False

drop_path): timm.DropPath(0.014285714365541935

downsample): PatchMerging2D
reduction Linear(in_features=384, out_features=192, bias=False

norm LayerNorm( (384 eps=1e-05, elementwise_affine=True
1): VSSLayer
blocks): ModulelList
0): VSSBlock
In_1): LayerNorm( (192 eps=1e-05, elementwise_affine=True

self attention): SS2D
in_proj Linear(in_features=192, out_features=768, bias=False
conv2d): Conv2d(384, 384, kernel_size=(3, 3), stride=(1, 1), padding=(1
1 groups=384
act): SiLU
out_norm LayerNorm( (384 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=384, out_features=192, bias=False
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drop_path): timm.DropPath(0.02857142873108387

VSSBlock
In_ 1 LayerNorm( (192 eps=1e-05, elementwise_ affine=True
self_attention): SS2D

in_proj Linear(in_features=192, out_features=768, bias=False

conv2d): Conv2d(384, 384, kernel size=(3, 3), stride=(1, 1), padding=(1

384
act): SilLU
out_norm LayerNorm( (384 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=384, out_features=192, bias=False

drop_path): timm.DropPath(0.04285714402794838

downsample): PatchMerging2D
reduction): Linear(in_features=768, out_features=384, bias=False

norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True
2 VSSLayer
blocks): ModulelList
0): VSSBlock
In 1 LayerNorm( (384 eps=1e-05, elementwise affine=True

groups=

1

groups=

2

self_attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False

conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

768
act): SilLU
out_norm LayerNorm( (768 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=768, out_features=384, bias=False

drop_path): timm.DropPath(0.05714285746216774

VSSBlock
1n_1 LayerNorm( (384 eps=1e-05, elementwise_affine=True
self_attention): SS2D

in_proj Linear(in_features=384, out_features=1536, bias=False

conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

768
act): SilLU
out_norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=768, out_features=384, bias=False

drop_path timm.DropPath(0.0714285746216774

VSSBlock
1n_1 LayerNorm( (384 eps=1e-05, elementwise_affine=True
self attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False



conv2d): Conv2d(768, 768, kernel_size=(3, 3), stride=(1, 1), padding=(1

groups=768
act): SilLU
out_norm LayerNorm( (768 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=768, out_features=384, bias=False
drop_path): timm.DropPath(0©.08571428805589676

3): VSSBlock
In_ 1 LayerNorm( (384 eps=1e-05, elementwise_ affine=True
self attention SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

groups=768
act): SilLU
out_norm LayerNorm( (768 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=768, out_features=384, bias=False
drop_path): timm.DropPath(0.10000000149011612

4): VSSBlock
1n_1 LayerNorm( (384 eps=1e-05, elementwise_affine=True
self_attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

groups=768
act): SilLU
out_norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True

out_proj Linear(in_features=768, out_features=384, bias=False
drop_path): timm.DropPath(0.11428571492433548

5): VSSBlock
In_1): LayerNorm( (384 eps=1e-05, elementwise_affine=True
self attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

groups=768
act): SiLU
out_norm LayerNorm( (768 eps=1e-05, elementwise_ affine=True

out_proj Linear(in_features=768, out_features=384, bias=False
drop_path): timm.DropPath(0.12857143580913544

6): VSSBlock
In_1): LayerNorm( (384 eps=1e-05, elementwise_affine=True
self attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1
groups=768
act): SiLU



out_norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=768, out_features=384, bias=False

drop_path): timm.DropPath(0.1428571492433548

7): VSSBlock
1n_1 LayerNorm( (384 eps=1e-05, elementwise_affine=True
self_attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1
1 groups=768
act): SiLU
out_norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=768, out_features=384, bias=False

drop_path timm.DropPath(0.15714286267757416

8): VSSBlock

In_1): LayerNorm( (384 eps=1e-05, elementwise_affine=True

self attention): SS2D
in_proj Linear(in_features=384, out_features=1536, bias=False
conv2d): Conv2d(768, 768, kernel size=(3, 3), stride=(1, 1), padding=(1

1 groups=768

act): SiLU
out_norm LayerNorm( (768 eps=1e-05, elementwise_ affine=True
out_proj Linear(in_features=768, out_features=384, bias=False

drop_path): timm.DropPath(0.17142857611179352

downsample): PatchMerging2D
reduction Linear(in_features=1536, out_features=768, bias=False

norm): LayerNorm( (1536 eps=1e-05, elementwise_affine=True
3): VSSLayer
blocks): Modulelist
0): VSSBlock
1n_1 LayerNorm( (768 eps=1e-05, elementwise_affine=True

self attention): SS2D
in_proj Linear(in_features=768, out_features=3072, bias=False
conv2d): Conv2d(1536, 1536, kernel size=(3, 3 stride=(1, 1), padding=
1, 1 groups=1536
act): SiLU
out_norm LayerNorm( (1536 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=1536, out_features=768, bias=False

drop_path timm.DropPath(0.18571428954601288

1): VSSBlock
In_1): LayerNorm( (768 eps=1e-05, elementwise_affine=True



self_attention): SS2D
in_proj Linear(in_features=768, out_features=3072, bias=False
conv2d): Conv2d(1536, 1536, kernel size=(3, 3 stride=(1, 1), padding=
1,1 groups=1536
act): SiLU
out_norm): LayerNorm( (1536 eps=1e-05, elementwise_affine=True
out_proj Linear(in_features=1536, out_features=768, bias=False

drop_path): timm.DropPath(0.20000000298023224

norm): LayerNorm( (768 eps=1e-05, elementwise_affine=True
avgpool): AdaptiveAvgPoolld(output_size=1
head): Linear(in_features=768, out_features=1000, bias=True
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