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Attention Is All You Need

* Why Self-Attention
+ 2} LayerDtCh Al 2 =0 E0{ =0
* Recurrences Q1Yo 24 WEA e 7t JHsotct
* Long Range Depencenciestl| 4 = ZF xj 2] & = glc}.

Layer Type Complexity per Layer  Sequential ~ Maximum Path Length
Operations

Self-Attention O(n?-d) 0(1) 0O(1)

Recurrent O(n - d?) O(n) O(n)

Convolutional Ok -n-d?) o(1) O(logi(n))

Self-Attention (restricted) O(r-n-d) 0(1) O(n/r)

* n: sequence?] Zo], Tol 2] J=x (PRHA © 7 gH T} AT
>n2d7}nd22 0 2 FE0] 0P E /A EHTE I

co(1): AlFAHOIHE Ao o FEA o 7 3 5 Q5
> RNNZHH] @3S w] Y E9] Tl E0j7ke 482 slert 42
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Residual Connection

* Vanishing Gradient
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Residual Connection

* ResNet

sHed pdo] 42 2o M7= 7] 27] 44 (vanishing gradient) 24| S skip connection® 2 s 25 pE
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Residual Connection

* ResNeXt

+ Z+2 blockS HPEX* o8
s width(4 € )8 S7FA 7=
* Grouped (Zonvo\utwonO AHEE

EEA
== T)

Ef—l- cardinality(&

_256-din 256din
ﬁ N\ ’—‘—| ' ™
256, 1x1,64 256, 1x1,4 | | 256,1x1,4 |, 10| 256, 1,4 A
paths
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+
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(+ —
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Figure 1. Left: A block of ResNet [14]. Right: A block o

ResNeXt with cardinality = 32, with roughly the same complex-
ity. A layer is shown as (# in channels, filter size, # out channels).

AFlg Aol 22458 2d 252 Hd 5 =4
sefting top-1 error (%)

ResNet-50 1 x 64d 239
ResNeXt-50 2 x 40d 23.0

\ ResNeXt-50 4 x24d 226

‘ ResNeXt-50 8% 14d 23
ResNeXt-50 32x4d 222
ResNet-101 1 x 64d 220
ResNeXt-101 2 x 40d 21.7
ResNeXt-101 4 x24d 214
ResNeXt-101 8 x 14d 213
ResNeXi-101 32x4d 212

f Table 3. Ablation experiments on ImageNet-1K. (Top): ResNet-

50 with preserved complexity (~4.1 billion FLOPs); (Bottom):
ResNet-101 with preserved complexity (~7.8 billion FLOPs). The
error rate is evaluated on the single crop of 224 x224 pixels.
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CZ& ResNet?| 7|22=2 ZXE DO CHo ZHEHSEA ST
HX ResNextZ2 42 Z2 blocke HHEXHOZE FHREOEMN O|O]X| oM o =2 d=t
£ H¢o ZHEOICL o7|Me XHEES 642 HEA|F|= bottleneckEi 410 MES 42 BHEHA|F|
featureE Totl= 252 02 7§ A0} grouped convolutiong 8tA ECt
Residual Connection
* ResNet-RS

* CNN 7|8 i B Q] D HQl ResNet?] 0]0]2] 2/ H5S 2HZ Boj28 U= 71d B4

c G W, pAl dHUo R 452 HEE NI U 2E AT

* &= EfficientNet0] ¥ 8] £5}A] BF Training Al 7H2 O #itE

Improvements Top-1 A Speed-Accuracy Pareto furve

ResNet-200 79.0 J— 84 e o 2.7x Speedup

+ Cosine LR Decay 793 +0.3 ) ° g

o t 385 e

:g‘:drf\az‘:.::;m% epochs 7]8981 ;(())53 é(g& y + Minor Architectural Changes

+ Label Smoothing 804  +1.3 I

+ Stochastic Depth 80.6 +0.2 Sgi| ¢

o RandAugmcm 81.0 +0.4 % + Improved Training Strategies

+ Dropout on FC 80.7% 03 Seof | oS

+ Decrease weight decay 82.2 +1.5 A EfficientNet

+ Squeeze-and-Excitation 82.9 +0.7 791,° --Rectiet

+ResNet-D 83.4 +0.5 00 09 T:rrimeOPerTr;ur?mg Step (Sec) 29 80
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Residual Connection
* ConvNeXt
« Transformer?} $A 5L gl=|0tojoj=A] 2 CEokst U] A A A 2oz a7 H $FA 7 oiy A H
« 8t eNNE 0] 0] A Ao & %"O._} Induct\ve b\as% Ztnglol = 222 Eso|H S R
* CNN{ResNet)X] Transformerdl] 291 7| £S5 A -2al 2 A7l 5%0\ = 2] & CNN ‘ConvNext’ 4|2t
ResNet-50/200
acr [ 1. Macro design : +0.7%p «——— ResNet®] 8= =& swin-T2 FAIEHBlE8 82 77
esign
new-xu[ h 2. ResNeXt: +1.0%p «—— depthwise convolution® -8, A|d +5 9622
Borteneck 3. Inverted bottlcncckr.;b.]%p
L 4. Large kemel : +0.7%p * ZE ESWA EH 275 71 vitat 2ol 22495 4T
A

....... I

. Micro design : +1.4%p -—

gk

29 5 2 (GEL), A EF W4 (Layer norm)

DELAB 22
CtEo 2 2022 180 LI2 ConvNeXtZt= =&O|Ct. O] =22 EmflAZMO| EMHE XXt
D eh EAROIE CHYSH HI DNOA HEoZ 85| 7| Of2 $hA7} BCtn XXM

CNN2 O|O|X| MZ|0f Locality?t SR5ttt= 718 OfefolA A el ZREQIH EMAZME Xt
of MelolM ALEE RE2|E FZO| 7FMetM A-&etAEIA Inductive Bias7h BiCHY HERTHCL
o[g|X| XMzlof S=tel 7p°g0[ gith= Stol2td dZstH =t

= = = |77_| o|.0|I:IE||: CNN
420t USHH ViTQ Swin Transformer2CF A50| & LIQICED SHCE 0| Z40f CHst

—

M ResNetS HHEOZ B|A EMAZDHO| MOl J|HES XIS LUHA
= M ASHRALCL Z

=
LES == 2|Fo=F S



