1. ResNet FJBIHT =

BEEKRER: ETREGEAITESELCNBENE, BT REOEEKREERESZN
FMATEEN, BEESHT—RINER, SBRERREENHES HIEIZIBRR,
Xt EERRBMINAR. (F—FMiEE BEEMERNI%, SEREEENTRK loss
THEHEE N, &RE/NEIAO, XRHKSBNBHMAEIENBETFEIAZMEIHFE, H
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HTHEEXD#E, BMEEENSRNBEWERER, TEEHERMTET, XBRE
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FiRRFERE, EEMABRSRMEES, Eib, ResNet AEFIENHEMENRAZ(E
HIBEgY, MaEFEITNZENESR - F35KE residual, LERE HTIGRENKRIEGA: &
BRNEA X, BRE—FSMNEREZAH, BAMx AANLENR LA HX). —HREY
CNN M£540 Alexnet/VGG FxEEBEIINGF I LSRRI H FRILA, MTEEFS x->
Hx) -MZRZEZIVNZRATERZINESNBERZEIMA FH 2 B A5%ZERD HX) - X,
BIZES] x -> (H(X) - x) + xo HA x X—EB9 A EIZER identity mapping, 1 H(x) - x N AF
SMNEREF IR L B%E,
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FEBIZ ResNet B9#ZNER4>, H A weight layer TINEER SRR, MRAHFAR
RISE—T, " Fx)ABRZE, WEBRIMEMTE A Net = F(x), 1 ResNet RIFSE A Net
= F(x) +xo (F(x) = E—EXPTitAY H(X) - x)

BN IR, ResNet B9 EE R HNE shortcut, HEEEATRAAY x. XAERILEREAE M 1 2k
#, NMRFEHIRONE, WNLEIBERT, BANEZZILRPHME FOFIH 0, XHF
MEFEAT Net = x, HIXMESTFETFROEAEIERT, BhASERLTME, ATl
ResNet ZEMERRASATETRENNEG, mAS/NT.

ESMNER—NRE, F35%E F)=HX)-x SLLEEF SIREHE HOBEEM S, Rk
B FORRBERNBNGEXRENET S (XMBBEEREX ppt BEFH)

B XA, skip connections B¢ shortcuts A RIHE YRRt T HENRER, Bd 7T —#E.
X—iRITRARE, BE2EMANEKR, & ResNet HIMZBIMERL+ILE, tbin Vgglb,
B2 ResNet HIL/E, MWLEAEIAZ 100 &, EbZA ResNet 101,



MR RAR R EE, 1ENHFE, FMEJLIKM_E3EIAY ppt BE:

(1) ResNet H93Zi(» residual net:

fi P Jpd: Residual Net

(1) 3 im T —4-shortcut
(2) RITMWAMHEMERF 0O F (x) MERE
(3) & B {Er (x) BiLFo

shortcut

weight layer
weight layer

Hx)=FXx)+x @

F(x) identity  rather than expect stacked layers to approximate H(x), we
x explicitly let these layers approximate a residual function
F(x) := H(x) = x. The original function thus becomes

F(x)+4x. Although both forms should be able to asymptot-

ically approximate the desired functions (as hypothesized),

the ease of learning might be different.

He HEHES

The degradation problem suggests that the solvers
might have difficulties in approximating identity mappings
by multiple nonlinear layers. With the residual leaming re-
formulation, if identity mappings are optimal, the solvers
may simply drive the weights of the multiple nonlinear lay-
ers toward zero to approach identity mappings.
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(3) ResNet A1t B iR 4% o)
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2. ResNet I E{KR%E4y (RElZi8 4 ResNetl18, AiA 4 ResNet50)

18-layers resnet
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layer (F1> layer BEEARREEER block), REZIL FC EREHE . KRE ResNet FJZFH
ER*EE, EHERXFENFES, WEZENARFZETHESETRE A block S4k

MM EHFEER.

FHARER] block N TEFr7x (Z2MI24 BasicBlock, A4 Bottleneck) :




64-d 256-d

| 1x1, 64
l relu

| 3x3, 64 |
lrdu

| 1x1, 256

HR A% EH ResNet 1 (ResNet18, ResNet34) Ff# FIRE A4k BasicBlock, EH
B 3x3 By Convad HEMB. HEEARER resnet A (ResNet50, ResNetl101,
ResNet152), {FRHE—FRTL%EH Bottleneck, B (1,1), (33), (1,1) B9 Convad
MM, B—P X NERERTRE, £ 3ERATLRE, £=1 I ERTH
%, XFEREEIBINEEORE, XeEBOSHEMTEE.

a4 4 layer 4 ResNet A E{AER4>, A[E ResNet 763X 4 4 layer F1H block #1 &
73 ResNetl8: [2,2,2,2]; ResNet34: [3,4,6,3]; ResNet50: [3,4,6,3]; ResNetl01:
[3,4,23,3]; ResNetl152: [3,8,36,3] ©

77 ResNetl8, ResNet50 HfJ 18 #1 50 FEHFRIEANMEH conv EF FC RME
# (AT relu. BN. pooling #A# weight, EILARMUAITE), TMAZ block 9% H, B
3%, 18 = 1+(2+2+2+2)%2+1, 50 = 1 +(3+4+6+3)x3+1,

AL (I ResNet18 A fil)
B, RGN CNN BT, FEHTH—LAIE:

transform = transforms.Compose( [
transforms.Resize(256),
transforms.CenterCrop(224),
transforms.ToTensor(]),

transforms .Normalizel|
mean=[0.485, 0.456, 0.406],
std=[0.229, 08.224, 0.225])

B4 input E& size (64, 64, 3), BEEXIEA[0, 255]. LHTHEM, EEREGR T
A 224x224; BT transforms.ToTensor()fI4bIE, tho]sE 2% 1A T imagenet £3E&EI4L
BA%E BZBIEHEXEZEAH00, 1.0, FEUEME, BHTENRK, B2 x = x -
mean)/std, SEISEIZEEH A CNN A9 input; M mean=[0.485, 0.456, 0.406], std=[0.229,
0.224, 0.225]0 & imagenet REEIBEIMFETTE H R AEUE.

B TRIERHA ResNet, TR ZWMFKEIR ResNet, K input BIRBANE, BELEHESR
WTINT 4 H4b3E:



(convl): Conv2d(3, 64, kernel_size=(7, 7), stride=(2, 2}, padding=(3, 3), bias=False)
(bnl): BatchNorm2d(64, eps=1e-85, momentum=8.1, affine=True, track_running stats=True)

(relu): ReLU(1inplace=True)
{maxpool): MaxPool2d(kernel_size=3, stride=2, padding=1, dilation=1, ceil_mode=False)

conv 1 maxpool X E DHEFHITHET, AREBRAE. relu AR—FTATHENLEZH
B RIBUEREL, f(x) = max(0, x). XTI, ﬁﬂ‘%i:?ﬁ’ia’a% BN, HEUt#FTIHPE—T:

BN (Batch Normalization) mtE2#tEFRENL, BME 2, MHEXNTE—EMEBMNEE, X
Hig—MNE—1k, FEHRMRENIESS T, iS_Ul‘iJﬁ—)%M%E’ﬂiﬁ)\m%—ﬁ\ﬁ}’ﬁﬂ’\ﬂEﬁﬁ
10, FrIABE BB LR GF I TIIER, IRTRIKSOR E . BN 2% feature map FREATE 0 Mk,
—RALTFEIREHE pooling B2 fE, BUAREZ R, HAFLE AEERETE 0 fhEEd
KA, BN 2/G, BAERZIIHERE, b sigmoid 5 relu, RS ZIFTAVISIES ),
BTECEREE 0 MIEEMAMEREKR, BB EFOHLTSENFIIELERS X B
k, XHEBRERT N, HERER T HEEKR-,

Zid M E 4 $fE, ERFAN ResNet FIFEAE: Iayerl~|ayer4o ResNet18 13 4 /" layer X[E
INF, B layer2 A (layerl B mA4FK, <)

(layer2): sequential(
(8): BasicBlock(
(convl): conv2d(64, 128, kernel_size=(3, 3), stride=(2, 2), padding=(1, 1), bias=False)
(bn1): BatchNorm2d(128, eps=le-85, momentum=0.1, affine=True, track_running_stats=True)
ReLU(1nplace=True)
C 2 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNormszle eps=1e-085, momentum=0.1, affine=True, track running stats=True)
(downsample) : bequentla][

(8): conv2d(64, 128, kernel_size=(1, 1), stride=(2, 2), bias=False)

(1): BatchNorm2d(128, eps=le-05, momentum=0.1, affine=True, track_running_stats=True)

: BasicBlock(
(convl): Conv2d(128, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)
(bn1): BatchNorm2d(128, eps=le-05, momentum=0.1, affine=True, track_running stats=True)
(relu): ReLU(1nplace=True)
(conv2): Conv2d(128, 128, kernel_size=(3, 3), strade=(1, 1), padding=(1, 1), s=False)
(bn2): BatchNorm2d(128, eps=1le-085, momentum=0.1, affine=True, track_running_ atata True)

REMEHEY, RILFROEROAELRE —aaX, Bt TERERSE AER:

[EETY
identity mapping

1% zresidual

F(x)

X
|
|

N H/W
Cnv2d (inputplanes,planes) . down
bn (planes) down? ~> downsample
Relu : channel
J, : down

cnv2d (planes,planes)
bn (planes)

I

v

+

J

Relu
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M EREEFRTAE— BasicBlock (4031352, 5EE print £RAEWELE, FER
EERMZEESH— relu, REEATA print HRAMNEZER AR ERIXA relu---

AN EFREA R downsample B4R, IRIBEIE part2 B9 ResNet ZEAEITT AL,
ResNet18 /1, FZI ¥ BasicBlock, output IR~T () SBREAEREFN—3 (FIwmM
64+56+56 F| 128+28+28) , MINRLNE = — BasicBlock Hy% 4 F1 2 BT AY BasicBlock A9
FEA—1, FAL—" BasicBlock A9 x (EAS:2 277 BasicBlock FHIA) 2REEM
LEITE H A output EIEABMAY, XAFEREEXT x #1T downsample 2h3E . 2R % F—5,
5140 layerl B9 output AIAFIRFIEY input —3;, SHEAFTE layer |, % = BasicBlock
HFENIRE E—) BasicBlock —2, XFIER TEEBMRITT, out+=x,

K13 44 layer J7, FhE MR H D
(avgpool): AdaptiveAvgPool2d(output_size=(1, 1))

(fe): Linear(in_features=512, out_ features=1888, bias=True)

Mgk A RE R, BEI2RBENEBML (avgpool), FEFTHEMFFERIRIAL 141,
XFF ResNet18 kift, FEZ 1x512x7x7 HYEIANEIBRRIAL 1x512x1x1, BIEAF G 7x7=49 4
BFM—RI, AekeEERaY, mETaMETNE N E—3.

XFiXA~ avgpool: f£45H CNN H (fFIa1& F Y LeNet), ZEMZ Y BB ER T WA
FC (£%%) B, BFCEMSHIEARZT, FLUZHERRERIRI TX—xR, FiEH
F—E FC BEX A pooling (781k) &, ResNet iR 7 XF 7%, MURAFTESI,
Bt TFEERET MRERENSE NT—D 7 LR, BEEbAMALiEEER
b, TTIAHERIE 50 FNSE, EREZ. —ETEITERE Z“2HREEVENE, =7
FHzALRE .

RErETEEAMN FC & HIEAREIERHE representation BEE|—i&, ftiA—
ME. EEBERTHFCE, B0 VGG-16 £FHEHEF, X 224x224x3 AN, &E—FES
R B A 7x7x512, MRFER—FER 4096 NMEZTH FC, BATINAERIZA
7X7x512x4096 I BHRK LI X —EEHEHIE. M ResNet F1, FC EHIH 2 avgpool
B, B2¥ 7x7x512 EREHEM T 1x512 A9ttt AT RZTXA 1612 54
BB, BT imagenet Ay 2 1000 3£, FILELEM T 1000 1~ 1 x512 f9ETR, BE&
589 1 x1000 M9 EER

ETF FC EMEGKERE REFRBEAINHIOET torch.nn.Parameter()IX MR E. T
self.v = torch.nn.Parameter(torch.FloatTensor(hidden_size))iX Nk, B 280 IUEIX AN E 4L
IR A KB IRRE, B— D YIZRAIEE Tensor 54k o] AYIIZAYEEY parameter FF
B XA parameter 48 E 23X module B E(net.parameter() F i H XM ER parameter,
FRIAZESE A B BRHE O] DUA T 4LRY),  PTIXER IS KBV HIX A selfy AL T HREIAY—EB
7, AT RERIREINAT AR SNSHT . FRXMRENENGERIIELE TSRS
ISR RARAERRELLAEI RN . LEENR, FC ENE2RERBIENAEESEL,
HERGECIIGEEXN, BTRNEAZINHD .




i EIRAE, ResNet FUALIERE £ EER T . XT imagenet #iE&E, &ZEMNEERE FC
JEE’] 1 x1000 BY output,
AXBEEEL—TEENRIE, ZiLE ResNetl8 HEMEKERE (Hh WA-EE-E =
MEBSY), BiLEE BasicBlock BUFRTE (A MUIDE out +=identity IX—4], 1XEEE resnet
M EAR):

21 f.convl(x)
If. bnl(x)
1f.relul(x)
[f.maxpool(x)

identity

out = self.convl(x)
out = self.bnl{out)
out = s .relufout)

L . layerl(x)
. layer2(x)
)
)

LT out = self.conv2(out)
layer3(x out = self.bn2(out)

[f.layerd(x

1f self.downsample 1s not None:
identity = self.downsample(x)
+= 1dentity
= self.reluf{out)

self.avgpool(x)
torch.flatten(x, 1)
self.fclx)

., HBET FCEMRILE, EHEERIEX (L, 1000)H9 output 52| ER D AR
#% ﬁiﬁﬁTammw RE (A —ERRE), TREIRE TEMR:

Probability:
* Softmax layer as the output layer B1>y;,>0
mYyi=1
Softmax Layer
%; i—b e =—p e 20—> + > P=e Ze:’
i 0.12
Zzi* O - — 8222'7 & +~17_e Ze’
A
-3 0.05 E 3
2y € > - - - = ¥, =e”? Ze:f
3 Jj=1
> + e T
i= |
3T (1, 1000)89 output 3R, thEtREDFIXX 1000 MEIFEIEE, y=exp(x), HHiER
AT R (L BITe SRS b, SXFHRIE 7T R IE A M. RENHIEEHEIA 1000 M

HF#HTA—AE, BENRHREMINERNMERZNET 1, RETESRBERLEN
ERBUFBRUBERZH, T UERARURER S SHENE DL, IR GEIEM
X, ZRREFBEEANET ENEUENTERSIZERND KE



