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* Swin Transformer
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Architecture

* Swin Transformer
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* Patch Partition & Linear Embedding
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Architecture
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Architecture

* SwinTransformer Blocks
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HE C3IX| LUC= AolH|, Al Attention DHEHO|A AMCH ZHEO| 3{ESl= Relative Posision
bias§ CiotA ELULCL OE =0 =2 A7|7 30|0A 3x3IfX|& 7t OfHIMS Adtstctn
SHEZELICE O3 BiasE HotCHe A2, A HM DHX|QF LIHX| IfX|[Zte] HCHE QI Oo|& A2,
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Compare

* MSAS] 12be

- A4k Hol S 2o Head $5 12 AT

Input W, Wy, Wy Query Value Softmax(QK"/vd)xV

KeyT

XE.} X X = X

Cx hw CxcC

CxC
hwx C hwx C hw x C hw x C

1. Query, Key, ValueZ 70oH= 2}4: 3 * hwe?
2. Scale dot product Attention: QK™ = C * (hw)?, Value 2+ Matrix Multiplication= C * (hw)?
3. Input WL T} 29 2 W3 2= TA: hwc? ) QMSA) = 4hwC? + 2(hw)*C,
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2|2 Scale dot product attentionO|Lt OFX| 80| Xt5 HFF= IHJE O HF AMS Sl
ol 5|2z ALk g2 dEstsL
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Input W, Wy, Wy
Query Key" Value Softmax(QK/vd)xV
i 1
W, = x
we | Pt g X X - X
M2x C CxM? MZxC MZx C CxC
-1 CxC

1. Query, Key, ValueZ 70H= 2} : (3 * M2C2)* hw/M? = 3Chw
2. Scale dot product Attention: QKT = (C * M%) * hw/M? = M2Chw;, Value 2} Matrix Multiplication = (C * M%) * hw/M?= M2Chw
3. Input BE 2 1Y S 2 S = 2 (C2M2) * hw/M2= Chw - Q(W-MSA) = 4hwC? + 2M*hwC,
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* Swin-T: C' = 96, layer numbers = {2,2, 6,2}

« Swin-S: C' = 96, layer numbers ={2, 2, 18,2}
EXP eriments + Swin-B: C' = 128, layer numbers ={2,2, 18,2}
* Swin-L: C' = 192, layer numbers ={2, 2, 18,2}
* Swin Models

* SwinTransformer Block 7l ==2F 32 2 ()2} Head =8 Th2A DA 3IH (SwinT ~ Swin-1)S A| 2%

downsp. rate

. Swin-T Swin-S Swin-B Swin-L
(output size)

dx | concat 4x4, 96-d, LN concat 4 x4, 96-d, LN concat4x4, 128-d, LN [ concat 4x4,192-d, LN |
stage | (56%56) lwm. sz. IxXT,| - | win. sz. 77, [ | win. sz. 7x7, N | win. sz. 7x7, 2
dim 96| head 3| |dim 96, head 3 | | dim 128, head 4 |dim 192, head 6
8x concat 2x2, 192-d, LN | concat2x2, 192-d, LN concat 2x 2, 256-d , LN concat 2x2, 384d LN
stage 2 win. sz. 7x7, win. sz. 7x7, win. sz. 7x7, win. sz. 7x7,
7 e ldim 192, head 6| * 2 [dim 192, head 6| > 2 ldim 256 head 8| * 2 ldim 384, head 12J *2
16x concat 2x2, 384-d, LN | concat2x2, 384-d , LN concat 2x2,512-d, LN concat 2x2, 768-d , LN
stage 3 (14% 14) { win. sz. /X7, J %6 [ Win. sz. X7, % 18 | win. sz. 7xX7, J < 18 \‘ win. sz. 7x7, J « 18|
dim 384, head 12 dim 384, head 12 dim 512, head 16 dim 768, head 24
32x concat 2x2, 768-d , LN | concat 2x2, 768-d , LN | concat 2x2, 1024-d , LN | concat 2x2, 1536-d , LN
stage 4 ('7)(7) { win. sz. 7x7, :| <2 [ win. sz. 7x7, ] 2 [ win. sz. 7x7, ] 2 l: win. sz. 7x7, ] <2
dim 768, head 24 dim 768, head 24 dim 1024, head 32 dim 1536, head 48
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Linear Embedding 2HEOIAM ME = 960| =1, W-MSARL SW-MSAE A&t Al head%
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Experiments

* Results

+ 0] 0] Z] 9] input sizeE T2 A5t A @S2 AF (classification)
+ 0] 0|2 7} 25 accuracyZt = A B throughputo] ZotA] = 23
+ 2 gAY 4= accuracy?t =0FA] A BF throughtputo] W0z = 2 1l

Swin-T Swin-S Swin-B
input | top-1 throughput | top-1 throughput | top-1 throughput
size | acc (image/s)| acc (image/s)| acc (image/s)
2247 813 755.2 83.0 4369 83.3 278.1
2567 | 81.6 580.9 83.4 336.7 83.7 208.1
3207 | 82.1 342.0 83.7 198.2 84.0 132.0
3847 | 82.2 219.5 83.9 127.6 84.5 84.7

Table 8. Swin Transformers with different input image size on

ImageNet- 1K classification.
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Experiments

* Object Detection * Semantic Segmentation
(a) Various frameworks ADE20K val test #param. FLOPs FPS
; box x box | g, . Method Backbone |mloU score

Me‘thod Backbone| AP’ APSO AP75* |#param. FLOPs FPS DANet 7] ResNer-10T [ 452 SNV 1115G 153
Cascade R-50 [46.3 643 50-5 82M 739G 18.0 DLab.v3+[11] ResNet-101 | 44.1 - | 63M 1021G 16.0

Mask R-CNN Swin-T | 50.5 69.3 54.9| 86M 745G 15.3 ACNet [24]  ResNet-101 | 45.9 38.5 N
ATSS R-50 [43.5 61.9 47.0| 32M 205G 283 DNL([71]  ResNet-101 | 460 56.2| 69M 1249G 14.8
Swin-T [47.2 66.5 51.3| 36M 215G 223 OCRNet [73] ResNet-101 [ 453 56.0| 56M 923G 19.3
Reopoimsva K50 | 465 646 503 42M 274G 136 UperNet [¢9] ResNet-101 | 44.9 86M  1029G 22.1
POMTT swinT |S00 685 S42| 4SM_ 283G 120 Dlabas [11) ResNeS101 | 469 | e s
AD.V CSINCOHI- A D. s) » .
Sparse R-50 1445 634 482 106M 166G 21.0 DLab.v3+ [11] ResNeSt-200( 484 - | 88M  1381G 8.1
R-CNN Swin-T [47.9 67.3 523 | 110M 172G 184 SETR [41] TLarge’ | 50.3 61.7| 308M _ R
UperNet Deil-ST | 440 - | 52M 109G 16.2
COCO Dataset UperNet Swin'T | 461 - | 6OM 945G 185
UperNet Swin-S 493 - | 8IM 1038G 152
UperNet Swin-B' | 51.6 12IM 1841G 8.7
UperNet Swinli | 535 62.8| 234M 3230 62

Table 3. Results of semantic segmentation on the ADE20K val
and test set. ' indicates additional deconvolution layers are used
to produce hierarchical feature maps. 1 indicates that the model is
pre-trained on ImageNet-22K.
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Experiments

* Shifted Windows & Relative Position bias

* Shifted WindowsE AFE5HY (]9 7] 27, AA &2, S4 BE) B Taskoll A d5 Tl 3

« Ao 2t 5 O 5l= Z(positional encoding)ZCF -4t ZE S O 5= Z (relative position bias)0] 22 455 B

il

ImageNet COCO ADE20k

top-1 top-5 | AP™  AP™* | mloU

wi/o shifting 80.2 95.1 | 47.7 415 433

shifted windows | 81.3 95.6 | 50.5 43.7 46.1

no pos. 80.1 949 | 492 426 43.8

abs. pos. 80.5 952 | 49.0 424 432

abs.+rel. pos. 813 956 | 502 434 44.0

rel. pos. w/oapp. | 79.3 947 | 482 419 44.1

rel. pos. 81.3 95.6 | 505 43.7 46.1
Table 4. Ablation study on the shifted windows approach and dif-
ferent position embedding methods on three benchmarks, using
the Swin-T architecture. w/o shifting: all self-attention modules
adopt regular window partitioning, without shifting; abs. pos.: ab-
solute position embedding term of ViT; rel. pos.: the default set-
tings with an additional relative position bias term (see Eq. (4));

app.: the first scaled dot-product term in Eq. (4).
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