O B3% TEHLHRE

35 700 o 42 ) 4 LT

3.1.1 Wik

THENASEAE R — T TIEHL S F S N fa] 2B 7 (1 2 B, B b 3, i 2
TEAIL AR 25 ON B AR L0 8 1 (&1 1 00 A0 e () g A, A T 4 44 BT A Y 6L
B IEX H AR R AT BRI DA B O 8 3 BT R SR B ) 37 S5 Rl
3, DhOR B I W58 R G, Rt TSR MR o A 3 R M AR P R
e, He S 8 S RE B M R BUE LA b B R RN TR SE

THEALIL S AR Zead JL 4R 1 & R B 478 3838 (4R | 8 K 6
% (CEDING 73 i A QN o LTSI A N P 4 DI 1 - A€ 5 B I ERE N O = ) B 152
D BEST (BT ARIZ WD L Tl AR 7= G S s B 1 sk DD 55 22 A S8
FH o 5 W BOEAE B AT H A S AT AR 72 07 50, ARk B BRI
AN W VL 3 L 0 TR R T 22 ) 5 o AR P S Sl FRATT A 2R T B 3 B R A )
FIEE T R B HL 2 ANl 3.1 B .

KRR AR SR B T AW 10 APL I i K ZE 8 Ak F i
PRIE T X8 APT By MERE. [A I, R RME T Fa sy AL 2, 8 55 KR
G328 R L 43 SR ) R A B A A 2 A, P AT DL AR
X2 APT 20 gAY, A AT DLAE €22 4R ft p A5 700 P BR il b AT IR R

F T e T B L A B A 8 T S AL ) 48 AR R (A AR 2
ZOMEMR AL 5 AT — BN A BRI, A5 F B 0T A

o HRMANY . HML ML (Convolutional Neural Networks,

CNN)EIHT BN AR S MBI G5, A EEN G5
TR 28 0 4 1) o A B A0 4 . 45 AR it Ak BT R 880 A IH — Ak
Dropout 4§,

o BB NMAER S REIEN S BRI S5, 046 LeNet,

AlexNet,VGG.GooglLeNet, ResNet, 3 i 17 iR % i 2 1) 2 7 B
INEE N .
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ZERRIREI

HHENMERA s =]

FEEHAIR A FURRSI

BHE3 1 HENARRRESTENEA

HENARHNERRE

THEHLALSE A A J g P 8 AR Dl v ke . X T A5 W o (9 2 U, B 2 R B A
WHGER . AW E NN SR E WAL BT 18420 7 ACAE AT i K B2 vh g i 5E &
INKAEWIGE = A TIEA 2 5 ACAE T R4 . it JUCFE ML, BT AR REE
28 LA AR e 1 S 2% B RS K B D RE A b i 2 ST B B IR B 1 1000 424 X 2e 4 22 S0
i PO 288 A L 3XORE DB K R 5 P 2 T 8 1 A5 R AT AT AR e A UL % R L AL A
3.2 FiR,

PMda—aijyip

L — i
ACRE v N
F MsT “PV3

: le'} »V2 5

»TEO" W1
T4

HE3.2 ANEAERM
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X NSRS U RIS 2 PR AR 5 T i g o RO T AL L B0 — 1 5 1 4 i )
i T AR R AR AN S A T R A R R CHEA e R e DA A R Y 2 A A N Y R
Ji AR TR A LN AT B — R I R B S R R R e 2 . B4 Tk AL
REAR N — R 76 i J] R A T SR WE 7 T 50 2 22 138 DA () B9 B2 25 it ke 3 A ) AL ol g 4l 2 e
H—RS AR5 K 3.3 iR,

(a) Image classification (b) Object localization
me -
(c) Semantic segmentation (c) Instance segmentation

HE33 HENMARFESTER

(1) Image Classification: K& 4325, T 1 51 B F 9 4K 19 28 51 (. bottle, cup.
cube) ,

(2) Object Localization: HFRAG I, F 746 DU &TZ b AP0 4K 09 26 51 A A Hh A1)

(3) Semantic Segmentation: FI&i#H SCor&1, H T bt EG b A M5 R 80T s #2851
J& T 1A — 25 R R S — BRI,

(4) Instance Segmentation: 5531, EAFEE I, (b H i B ARkl A % H 5 2As
TE AR A 8 1T CdD o B S 81 3 AT 55 AN A B AR T 0 WD AR 7 B 30 5 A O L AR 19 S
Lty

TN PR 5 54T 55 0 3 12 A TR ,_.{ Nﬂ“h
PR A 4 JH B 58 25 2 B35 00 B 2 5 F 77 5
6. 4510 5 SR T4 G S % A L me  waem
o3 A 9 4 RS0 I 3. 4 B
T B LT 2 4 5 0
Mg A . Yann LeCun J& fie 5 46 B 28 ) 45 i

IS 9P IR 1 3 925 2 0 12 B 24 e
o 24 45 5P 6085, O A 1 (97 I8 26 0306 £ L0 R .

1 4 A T ) 245 L B O R — 25 S [
1 30 4R S 5 % 35 B 37 43 10 0 24 wm wEAR

WK 3.5 iR, BNE3 4 RHHNEGRSEES
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AN E

HE3 S5 REHNEREENELEERKESTE

X — I EAE T BT R SE 55 1S T B0 2l (EAE 12 T ok A I (] L, 50 3804 45 2
ARGF 1 e o 32 BN — 07 T B 2 A 58 38 U RE AL BRS04 55 76 KR I Bl 46 1
ROR L 22 5 55— T3 R AEPFHUE, ) 45 R R0 A2 24 It 3530 T 18 2 ol 12

FIHIT , Bl 2 53R 0 AR B AN W 2 20, B3 6 5 B R MRS 4 104 Bk =R 10 3l 4 A
Wril B . 5350 .45 45 T 68 AFRE I A9 32 71, THRHL A S8 ) ook MR . AN WA W 5 R T Y
AR O BT S LA 08 ey I A R B A A TR 4 R R B v R 14
JEE o [ B 3 S LA i Ak B ) ) T ofe = L ADAR 0 2 ARG I L i L S A L TR R A A
FIRURS 728 8 55 L 28 B AR BR T 2 4E 18] Jr o A0 45 BT AL 3R H AR A 3D A9 45

3.1.2 BB

& B 2 452 H RS LA SE o e ol R A5 K L [l — T L AR b
G R B R E 2 2T 7 BA N AT T BT IR BT 5 B A A R A R A SR I
RIDRE — gk PR b B B A 8GR i T R — 1> 1 4 [ 5 Ay A 45, A7 A6 Q0T P A ] A

(D) i ABUE Y 23 (4R BB 20k . a5 ] B ARAR iR 3R S AETE AT ALY RGB fH, RGB
F1% 2% A1 368 38 22 [ B RSO0 8 R DDA G AER R A A 1 A ) B X SR E B R . R
R R ARAZ B T RE B E 58l A S A X (E 2 e A0 i 1 4 i i A 4 T 2 o 22 Y
2RI X BB 2 A

(2) BMRSH Z KT RESUE . TET B FRBIRO R R T A
U DR 2D v i bucE P 1 D N R N P AN G2 DR 2 A D W N D S B S ANPE
BB 2 RS kAT NE

T SR AR AR FATT T A U 2 9 2% R AT R E 2 B IR RE 4 U AH 2B 4R K 5 2 1]
AR IR RS, BB IR IEZS B N BORBE R RO A8 Ak . 181 3.6 2 — 4> it B ) o AU 22 0 4%
45k, 2 25 BN AL )= 41 & VR 0T fan A B R b A 248 B0 B il e A — R 9 i 4R
JZ Re LU B oL — BOINAE G BU 2 452 1 i B k4% Pl % 38 23 il A Dropout 2K

] . U
Bij 1k 5
Input Image 11%11(96) 5X5(256) 3X3(384) 3X3(384) 3X3(256) 4096 4096  100C
(224%224X3) Stride 4

[ Fully Connected Layers. [ Corwolution Layers [ Max-pooling Layers [] Dropout Layers

ME3.6 HMMEMEZHALHY
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Wi BA .

BEAEBAZM &P B R AR T ST RAR AT AR ARG IR LT
NFabBEE, ERBAFZEHABARRKDRE, CRET A Z W AR A LA 42X
PR, e, FEBEBRBRB KD G, A BRI R D AL, AR R
FAEBEIR—AERE, SHABA K DR—F, 3R TAME AR —A &R 847
Bk,

# 1 (Convolution)

X — /N SR T A 40 A RV 0 D SRR S 0 U7 58 O o R A B 2 45 e s dn AT e
BRI E R AT A B AR N

(D HBRITE.

(2) 7 (Padding) .

(3) HE (Stride) .

(4) J&Z Y (Receptive Field),

(5) ZH A\ JHE | 2 % o 18 A B,

(6) KRER API A4,

(7) BRI Iz

D BRITH

B BUREC o0 B b () — R B A2 e 1 5 v AR MG B bR T Y 4 AR B BOE K
X E U R S R M2 B R A 92 807 A0S PR bR B P e SR BAH G
(Cross-correlation) iz 5, 5 87 43t h i & B8 XA AR, AR+ S 2 an gl 3.7
fi s o

1 2 3 ‘ 0 i il | 1 2 3 ' 0 1 ‘ ‘ 25 | 31
® > ®
4 5 6 ‘ 2 g I 4 5 6 ‘ 2 3 ‘ ‘
7 8 9 T 8 9
(@) Ox1+1x2+2x4+3x5=25 (b) Ox2+1x3+2x5+3x6=31
1 2|3 ‘ o1 ‘ 25 | 1 2|3 ‘ 0|1 '25. 31
® ®
4 5 6 ‘ 2 3 ‘ 43 4 5 6 ‘ & 2 ‘43 49
7 8 9 7 8 9
() Ox4+1x5+2x7+3x8=43 (d) Ox5+1x6+2xB8+3x9=49

HE37 BRITELRE

P RH .
%A% (kernel) LAk ») 4F 5% ok 2 (ilter) , B ZEEBRZA S RT3 A by, # kb, WA
AR Xk, B A 3X5 AR, FZIERZAZTA 3, £AH 5,
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o W 3. TR s ZE IR/ 33 R it A BRI 4R 33 1 4k
el IR RN 2 X2, 3RR — N HERE N 22X 2 1Y AERC  FRATTRE XA T 4E 4L
HFr BRI, SRS LA S AR 7 A (R0 fa A B /9 (0, 0)
A7) X 55 48 BV Y 4> 0 3% BR LA B80T 7 1) i A SR T T R AR 3R, R I A
e TR . 75 30 46 B o 0 25 — A~ 45 2R

OX1+1X24+2X4+3X5=25 (a)

o WA 3. 5(b) s KL A ) ik R B A S e A B i o, DAL E
XF 55 o [ FE K 36 U 1 A1 70 28 BR LA 8 6 17 1 i A B T i ot R A R X 4
NSRBI A5 21 45 B Y 5 — A4 2R

OX2+1X3+2X5+3X6=31 (b)

o WK 3. 7O FR: HERZ N T, b G REA S ARE D, 06 #

XF 5% AT DATH A S04 B A o = A AR
OX4+1X5+2X7+3X8=43 (o)
o WK 3. T(DFIR: BRI AW, LB F A SR ABIE D, DA #E
XF 3 T LATH 545 210 4 A A 5 a2
OXS5+1IX6+2X8+3X9=49 (d
BT AT DUHE A ECE AR b o AURE AR . 0 AR S AR
Bl ow RBEFRSE L ENEE R, D u.v RaRA BB S BT TR,
b[i,j]ZZa[i+u,j +ov] e wlu,v]

25T & 3. 7 th B BUAZ R/ 2 X2, ) w AT LA O F 1.o AT LAK O 70 1,408
i Sl
blisjl=ali+0,j +0]«w[0,0]+ali+0,j+1]wl0,1]+ali+1,j+0]-
wl1,0]+ali+1.7+1]«w[1,1]
BEE AT DL AATIUE , S5 JHOR [ B AR A e A SO S 45 R 5 1| 3. 7 ] 2
H—3.
[B£])] LERBRDAIXIM.bAaZ MBI LEBIZAEHG?

i BA .
EEBRAZRG T, —AEREFRT LOHRYERIBEZI,E O I TR
B, Bl eBEREAY 1N E@ERITEMERY,
OX1+1X2+2X4+3X5+1=26
0X24+1X34+2X54+3X6+1=32
OX4+1X5+2X7+3X8+1=44
O0X54+1X6+2X8+3X9+1=50

2)
1 Emag e AR R RSE R 3X s R RsF o 2 X, g — R ERZE. K
FORGEHAR /N, B B AR A R RSB R T
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H,,=H—Fk,+1
Wi =W —Fk,+1
WG AT g 4 B BRI 3 B i S 4—3+1=2. &l LI AT KAy
i AT R A B A R I, BRI SR AL . B BURRT R T 1 i AR AE
B RAE 2/ TR A B RGE o iR gad 2 08 B fn th R ROE S A Woh . o 14
B 5 B R RS A2 /0N 3l 3 22 A2 B R 19 50 L A7 35 5T (padding) L A0 1&T 3.8 from .

0 o 8 § B b T O N M R

g | oo |9 ]|@]o|8]o
0 13 | 14 | 15 16 0

0| of|13|14|15|16] 0| 0
0 Z 10 n 12 0 o | o [FellEolliimNizl o | o
0 P 6 - s 3 o | o [ESEIEEUIETRIEES o | o

o | o (MRSl o | o
0 1 2 3 4 0

g | olie | @)oo o
0 0 0 0 0 0 o T R (5 et O

(a)padding=1 (b)padding=2

HE3.8 EWMER

o WK 3.8 R AWK/ R 1 HFHE R 0, EAZE . i A K 7 R 4X4
AT 6 X6, 3X3 BB, M B R Rk 4X<4,
o WK 3. 8(b) /R : AWK/ 2. 7E N 0, MAZIE AR R RFM 4Xx4
T 8 X8 MH T 3 X3 By A R A i i 81 R RSF oy 6<6.,

WERAEE R BEJ7 1) RS — AT Z WSS po AT FEBG — 1T Z G A po 175 TEE A
B B8 BE T ) L AR S 1 BN Z AT TS po FERRE 1A Z G po. Fs WIS 2 )5 M E AR
FHHpy+p) XWEp ot p0)e i RANK by Xk, EBEEBEZE WL R
RS R

H,.=H+4 py +pr—k,+1
W =W+p,+tp.—Fk,+1

BB AT R v, 38 R 2 7E e B SR S R IS LR B p = p = pus

P =D =D LR A XA R
H,.=H-+2p,—k,+1
W =W+2p, —k,+1

BB /NEFE T 1,3,5,7 XAER A 80 IR E R RN po=(k,—1)/2,
pow="C(k,— /2, MBERZJG EME RS ARAE  flan5& B K/ 3 B, padding K/hH 1,
BRZJEEUG R A AS s 6 B, 4 2R U R /Ny 548 padding B K/NA 2, L RE AR 45 &
BRSEAAE,

3) A

WK 3.8 s, W R RE S — MR ALK DEN 1 BRRE L . K 3.9
R EBR R 2 BB, BREAER R LR BRBE S R/ANN 2 MEE .
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516 & |8 0 1 42
® »
9 |10 | 11|12 2 3

13|14 | 15 | 16

s|e |78 0|1 | 30 s|e | 7|8 o1 42
® - ® :
9 |10 | 11|12 2 | B 78 9 |10 | 11]12 2| 78 | 90

13114 |15 | 16 13| 14 5 tG

HE3 9 FSEH2HERIRE

2 5 A 5 1) B AR R4 9 R s, R0 s, B ERAE RO SH R A R
_HA2p,—k

H,, —— 2Pk
Sh
W+2p, —Fk,
w,, — e 1
SW

B A B A R SF R H XW=100X 100, W% K/ by Xk, =3 X3, py=p. =1,
HE R s, =s, =2, Wk RRAE E R SE

Hout:%+1:5o
Wout:100—|_22_3+1:50

4) JRzZ 1

By 1 REAE B LA B BUE L R AR R L RN R Ry X R, I TR 5 B B
FEASIC R AT AN B AY L B LU A UG B by Xk, KION B 0 BB R AR AR 25 3
e g 113 R AR B . FRATTRF A A DX I A i 1 AR T B X I P 2 B RS B A T
RBUE AR 3 #0250 ma i S A BB AR A, Hen 35X 3 35 UK R A0 Jak A B R/ il & 3 <3,
g 3. 10 frs .,

« EESEESN: 3x3
« SR YRR RS R N\ SR EE

N NN N

#
e
T

HE3.10 BZFHAHIXIWER
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72438 3 P2 33 B AR 5 A2 B i R/ IR 2 BN 3] 55, s 3. 11 Fw

o [EEREF/ ) x5
« HFHIERAERERMNE R EEAATER

HE3 1 EZEHALSXSHER

PRI IEE o 244 396 o o R0 265 TR 2 1 1] I, JRR 52 B e 2 8 R i o AR A TR P ) — SRR DR 2
(NS IEALIEE S E Y

5) Z % AGHIE | 22 H I GE A R A

BT 23 09 2 BT R0 i L B g o, S B o T, AR BR A R 28 &2 20 45 22 0 i dn . 4
TRAK A RGB =il . & 24 M AmEN g5, Wil EEETEde B A2
A TE T AE A28 0 2% A T A AR R O A A OB R AR T R AR BT DL BUR
it B ELA AL A B 2 i AR 22 i T K ) D RE R TR 0 0 A 4 X LR 3 R G 4R
Y7 3.

(D ZmAEESS, LT G RUR R E—A 2 4880 A9 Pr L — 5K A
FAETES A RGB =/l Z S AU s i 45 28 B R A & & 28k, st
AB R BB C i ABHE R IRR C X H X W TR R ANE] 3,12 PR,

3
o |1 25
al5] 6
® 2|z
789
i
TN o
o1 =
4|5 |s ® I
Z |
7|89
ANEIEEC3 N A EES3 RHEMENIEE S R, IBEEHER
SAHER(3,3,3] GINEHERE3,2.2] FHRES HENR SRR ShHEERE(2,2)
[Cin Hin, Wie] [Con K K] [Hout Wau]

HE3. 12 SHABEITETE
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XA 8 T 53 Bt — A 2 GEBCHAE N B BB RIE AR Co Xk, Xk, s

XAE—IBIE ¢, €L0.C) I KANRF by Xk, BERZAERNN H, XW,, 1 4k
B s

BixX C, A8 B WA S5 RN A3 B R — DR H, X W, 1 =454

(2) ZHiMEET R, — kUL, SREENHE B RERB S G 24 8iE C,, X
AT LB Co MEEEN Cy, X by Xk, BB B LR C,. X Cy Xk, Xk,
WE 3. 13 fis,

« WHEEAH B AR R ERIREN T, REERMERE,
- AREREF— M EREN=MANEE, RORREARS - M SREN=1 R AEE,

U

BB BRESBRI RPN S S TR SARBLEEL)
B33 BRREE(2322) TIPS SFUSMEEEI - QR 26 BHBHERHFE S
[Ca HinWin] [Coun, Cin K K] gREEe, ﬁﬁ%ﬁ[i’z.?

HE3 13 SHYUBETETRE

XA — i 8 TE e, € [0, Co) s 20 I B IR B TR Co Xk, X ke, B 25 B
LINERR L Eor i

B iX Cow MIEARA H oo XW o, B ZHERH PRIEAE — - B MAE N Coo X H o X W,
= 4E %A .

WiAA
38 B AR 0 i o 38 A A B AR AR AN

(3) St ERAE ., TG P 28 W 25 (4 TH 58 b L 3R R 2 D HEAS TOTE — BB 8 — 1> mini-
batch #EATHE R HRAME, VM ABR I ZEE /2 N X Co X H oy X W, . B T2 00 4 % 18 A i [\
P S B HET 5 BURAE . BB 5 T i 2 5 bl 38 1 00— R R 2 CL, X
Cin X by Xl i HARRAE B B EFE & N X C o X H o XW ., - QT 3. 14 TR

6) CREMHAPI N A

AL B X B9 API J2& paddle. fluid. dygraph. Conv2D, F /7 af DL 7 4% 8 il API
PEATIES o] AFE B3 Atk BBk, ® ST .

NS SRTBER/

* num_channels (int)



j LR T R Ly
® E —~
Y s s ey |
HT —|£E i I H
H ] AH ——
T s
WABR#R2 EREARHINIEE 2 BAEBRE
SRAHERE[2,3,3,3] FitmumE(2,3,2,2) THERE T An ERERE—E
[N, G Hi Wi [Cour G Kn K] HHEE(2,2.2.2)
[N, Cout, Hoet, Wau]

WE3. 14 HEBHRIE

* num_f{liters (in)——4& FUZ {9 S50, F % 15 RR A 1518 18 B0 ], A0 5 T F e iy
CoutC_{out}Cout,

* filter_sizeCint | tuple) ——&FUZL /N AT LU KL LL AN 3. 320 46 BURK B0 i A58 2
3 BUE RPN R list, a3, 2], ORGP E N 3,98 2.

* stride(int|tuple) g, A DU R R BB 1, R 3 B KO- 3l 20 s 38
Iy BUH M EE list, B3, 2], Ram T H 3P A 3. K F s Bl 2,

* padding(int | tuple) ——3FE /N AT RURHEHC HL AN 1. 3278 8 BLAUK P 3 ST R
AINBIA 1 BUE RS List. mlin[ 2, 1], Fomn BE M R T K/NE 2, K Fi
FIFERNN 1,

R F i E A0S BB, 0 Tanh, Softmax, Sigmoid, Relu %, ZRIAH

e act(str)
A None,

BWABIEAEEIN.C  Hy W, ] S B 4E B [ Ny num_filters, H W, | AU S 5L
w B4 [ num _filters, C,, , filter _size _h , filter _size_w | I E S5 6 W4 E 2 [ num _
filters],

7) BRI 2

T A B R AR b BT AR IS T 4

ET BEMEABRQN T2 A ConveD 5 F 58 il — A BIG 21 Ak T 1%
1255 . BIMRZE 0 R se 853 A i Sy RS 0 43 o o A I s O 5 BRI 1 3 Ak . T AR
Vi BE T I A B R [1,0, — 10, A48 B 208 56 B2 7 ml R B o 1 9 PSR 3R 0 B (A
W, A RRURLE R R B Sl i TR e A AR R L T R AR [ % X ) A A ]
Bk 1 PR R R EUE Y 2200 0, A Y B U 3 R 3R s A AL T 0658 KB A Y
A A BRI DRI L A AT T RO 1 RS R R EA AR 0, K& A B I8 R |
i AR 18T B HUA X R R R TR REA A 0 BARE IR R 45 R
3. 15 iR,
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output featuremap

input image

101
204
301

401 40

0 10 20 30 40

0 10 20 30 40
HE3.15 mHER

import matplotlib. pyplot as plt

import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. dygraph. nn import Conv2D

from paddle. fluid. initializer import NumpyArrayInitializer
% matplotlib inline

with fluid. dygraph. guard() :
= BB IR A E S E w
= np.array([1, 0, —1], dtype= 'float32"')
W BE SRR B 2 Ry [cout, cin, kh, kw] [ P 4 5K &
w = w.reshape([1, 1, 1, 3])
O A5 R 7, B A 3 T R, A R K/ IN R R A A B S 4
filter size = [1, 3]/~ kh = 1, kw=3
B P 7 1 g, 38 i 25U 1 paran_attr, 35 € Z 80w a4k U5 =X
X B4 46 4 77 X, A nunpy. ndarray #) 4 {6 £ R 241

conv = Conv2D(num channels=1, num filters=1, filter size=[1, 3],

=

W

1

1

H

T

param_attr = fluid. ParamAttr(
initializer = NumpyArrayInitializer(value =w)))

= Al A K, B 2L IR R RUBE R 1, A7 AR R AURE R 0
img = np.ones([50,50], dtype= 'float32"')

img[:, 30:] = O.

= WE RIERIEE NN, C, H, WIIEK

x = img.reshape([1,1,50,50])
# ¥4 numpy. ndarray ¥ {k i, paddle H 1) tensor
x = fluid. dygraph. to variable(x)

£ MG TERAER AR R -

y = conv(x)

£ B tensor ¥4 {k A numpy. ndarray
out = y.numpy()

f = plt. subplot(121)
f.set_title('input image', fontsize = 15)
plt. imshow(img, cmap = 'gray')

f = plt. subplot(122)

f.set_title('output featuremap', fontsize= 15)

# HFE T Conv2D fii LR RN, C, H, WIIEX

Z AN, c=1, Ei AR R (1, 1, H, W], 2 4 4EEA
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= A2 m 5] pR & plt. inshow i JKJE KB, H 257 2 444
% JHid numpy. squeeze R UK /N 1 4E FE T BR

plt. imshow(out. squeeze(), cmap = 'gray')

plt. show()

+ mEEHZENSE
with fluid. dygraph. guard() :
£ i id conv. parameters() & A HEZ S E, & BIE R list, U &L R
print(conv. parameters())
£ EFGHZMES AT MEUE
print(conv. parameters()[0]. name, conv. parameters()[0]. numpy())
# ZFHGHZE NN E SR T MEUE
print(conv. parameters()[1].name, conv.parameters()[1]. numpy())
[name conv2d 0.w_ 0, dtype: VarType.FP32 shape: [1, 1, 1, 3] lod: {}
dim: 1, 1, 1, 3
layout: NCHW
dtype: float
data: [1 0 —1]
, name conv2d 0.b 0, dtype: VarType.FP32 shape: [1] lod: {}
dim: 1
layout: NCHW
dtype: float
data: [0]
]
conv2d 0.w O [[[[ 1. 0. -1.111]
conv2d 0.b 0 [0.]

6 2—E G P EBEEN LR AR A R TR R
RGN BT 065 B Ak 4 491 5 6 LS A P o e R DG P 5 2 0 o BN AT R A TR
6 I 490 A 1) S e B o WL i R AT PR R 1) 22 I ) e B O 2%, A R AR BT s

import matplotlib. pyplot as plt

from PIL import Image

import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. dygraph. nn import Conv2D

from paddle. fluid. initializer import NumpyArrayInitializer

img = Image.open('./work/images/sectionl/000000098520. jpg")
with fluid. dygraph. guard() :
= WHESHEKSH
= np.array([[-1,-1,-1], [-1,8,-1], [-1, -1, -1]], dtype= 'float32')/8
= w.reshape([1, 1, 3, 3])
T A B TEBOR 3, W B R IIEAR (1, 1,3, 3]% R [1,3,3,3]
= np.repeat(w, 3, axis=1)
B PG T, W E RO 1, B KN 3% 3,
I 1 T AT A B A O 4 FRAZ AR W) s 1k S 5K
conv = Conv2D(num channels =3, num filters=1, filter size=[3, 3],
param_attr = fluid. ParamAttr(

W=

oA ®

initializer = NumpyArrayInitializer(value=w)))
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= KA WE F N £loat32 2 [ numpy. ndarray
x = np.array(ing).astype('float32")

= & Fr i3 Al ndarry B, JEARZ[H, W, 3],

2 Of% 3 A K — 2 R R B o I

x = np. transpose(x, (2,0,1))

= BBHRIZ AR E R (N, ¢, H, WK

x = x.reshape(1, 3, img. height, img.width)

x fluid. dygraph. to_variable(x)

v conv(x)

out = y.numpy()

plt. figure(figsize = (20, 10))

f = plt. subplot(121)

f.set title('input image', fontsize = 15)

plt. imshow( img)

f = plt. subplot(122)

f.set_title('output feature map', fontsize=15)
plt. imshow(out. squeeze(), cmap = 'gray')

plt. show()

g AN 3. 16 s,

input image

output feature map

100

200

300

400

100 200 300 400 500 600 0 100 200 300 400 500 600
ME3 16 WMHER

RO 3—BEGIHERM I3 5B LR WA & BUR IS AT 4 AR 3R E A 9 1R
FIOP 2 SR T DU PR (R M A OB R A A A TS 1 AR AURS I

import matplotlib. pyplot as plt

from PIL import Image

import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. dygraph. nn import Conv2D

from paddle. fluid. initializer import NumpyArrayInitializer

£ B2 A B R I % B nunpy. ndarray

# img = Image.open('./images/sectionl/000000001584. jpg')

img = Image.open('./work/images/sectionl/000000355610. jpg').convert('L")
img = np.array(img)
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£ 30 K B &
with fluid. dygraph. guard() :

= Bl RS E

w = np.ones([1, 1, 5, 5], dtype = 'float32')/25

conv = Conv2D(num channels=1, num filters=1, filter size=[5, 5],

param_attr = fluid. ParamAttr(

initializer = NumpyArrayInitializer(value=w)))

img. astype( 'float32"')

= x.reshape(1, 1, img. shape[0], img.shape[1])
fluid. dygraph. to _variable(x)

OXOX M
Il

= conv(x)

out = y.numpy()
plt. figure(figsize = (20, 12))
f = plt. subplot(121)
f.set_title('input image')
plt. imshow(img, cmap = 'gray')
f = plt. subplot(122)
f.set_title('output feature map')
out = out. squeeze()
plt. imshow(out, cmap = 'gray')
plt. show()

W aE R AnA 3. 17 s,

input imade output feature map

0 100 200 300 400 500 600 0 100 200 300 400 500 600
WE317 WHER

3.1.3 ik

THE T 1 B — 3 2 RO R RN 4
%Aﬁ%ﬁﬁ%%[lO,g,2249224],%@:{& kh:szga%tﬂﬁﬁﬁyg 64,5'@ Stridezlaiﬁ\
o pnv=p =1 WSERXFE— DR, — I 2 2 D YR vk AN 2 484 2

RN
EAEMB-AMEEEFTLBE TR E LR, REBIT AL LT EZOBRFREK,

ElRZ X
T A A B IR A 4T L 7 AT Studio” F Al S B IR E 7 ) " PR AR p By AR
ST PSSR SRAR
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&M MR AE

3.2.1 HEk

E—TRAIN A T HEREEEARRAE SR, X — T RATIHR S5 — B 2T
4 PR E—— Ak RS PR B AT — R B TR ik

3.2.2 fk

Tt 2 T P e — 57 5 ) A 0 i SR G TR I AR 00 8% 7 0% A A e A AR R
2 AR S A0 P RS N 220 b A R ROR B9 R 2 Bk R BE AR BN L . e SR
— iR BRI, AT B AR A A — HIRES A A — HUR A %
R IR I PR 6 6 30K R e Y A 3 — i DX B AR R ROk A5 B SR 8 T R AIE 2 AR AR
A o T A2 5 R 2 AR A S/ TR S T R Y R AR R L RE A RO 220
AN 1 A A S )T S T R . I 3. 18 FiaRs R —A> 22X 2 1Y DI Ak i — MR
R WEA PRl AR R A .

1] 2 1] 2
5|6 516
12 14 | 16

9 |10 [ 11|12 | [115[135 9 |10 [ 11
13[14 |15 | 16 13[14 |15 15‘
(a) FLyitie (b) BKithfk
WE3.18 itk

o WA 3.15Ca) : PEAL . X EAAE RN 2X2 ik O Bk S AR R Y
2. %t b B B DX P A 5 3R BB IO 2 A5 SR N A R AR R A

o A 3.15(h) . Fe Al XAk v 1 A X R P A 1% 2R BCE K A L 5 2 f  RR AR
R REE ., M fe s O A B R B shat, 215 28 ok i AR IR 18 . b 0k
INFR AL RN by X ke, 3R . TE R 2 I 45 v T BB 2 12 80 1RV
2X 2, KN 2 ik,

HBPEIL A AR R 1 sh i R Sl i 2B KRR R 2B R L 2 SE R 1] Y
s KN —FERE A3 50 s, Al sy Fon . dn] IXE T 2T i A il B dE AT 858 B S
K BREM L BRAES AT R p 1T FERE—ATR R po 17, EHE—FIZH
BT po PN ARG — N ZJG BT p. 10 WAL B4 i R E R/

_H+Pm+th—

ky,
H,.= +1

Sh

:W+pwl+pw27kw

N

Wou

+1

w
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TEA MM 2 b 5l # (T 22 KONl AL 8 1, AP IR Bl 2, 35058 5 0, D A o

(INE RPN S

H =

out

W =

out

0| F o

A ok o b 7 A A A R PR A e A e (F RO A

3.2.3 ReLU ik %k

T A 28 0 ) 48 25 4 v, 3l 5k i 1) Sigmoid pREIOBOS RRER . 7R P28 I 48 O T Y LT
Sigmoid pRBUHAF LA Z , 1T H AT A2 0930 sRBOE RelLU., X2 Sigmoid pR & 7E
F 1) A 4 ik R v 5 o it JORR JEE 1 2. 1R FRATT AT A S Sigmoid pR LAY IE 30, B AE K B IX

— ) L,

Sigmoid G BRECE LW T .

_ 1

YTl f e
Rel.U % sRELAY E LN .

0, (x<<0)

y =
x, (x=0)

T AR T Sigmoid il ReLU pR %54 i1 2 B (LA 3. 19) .

1.0

0.8

0.6
=3

0.4

0.2

0.0

y=Sigmoid(x) / ;

10

/
/

10 -5 0 5 10

x

W& 3.19 Sigmoid 1 RelU & £ #h £k &

# ReLU fil Sigmoid ¥ {if P A/ 75 &l

import numpy as np

import matplotlib. pyplot as plt

import matplotlib. patches as patches

plt. figure(figsize = (10, 5))

2 GIHEHE

x = np.arange( — 10,

P14 Sigmoid PR %K
1.0

10, 0.1)

s= 1.0/ (1 + np.exp(0. — x))
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# 157 RelU R 4L

y= np.clip(x, a min=0., a max = None)

D1 SN SRR ]

f= plt. subplot(121)

plt.plot(x, s, color="'r')

currentAxis = plt. gca()

plt. text(—-9.0, 0.9, r'$ y= Sigmoid(x) $ ', fontsize = 13)
currentAxis. xaxis. set label text('x', fontsize=15)
currentAxis. yaxis. set label text('y', fontsize=15)
f= plt.subplot(122)

plt.plot(x, y, color='g")

plt.text(—-3.0, 9, r'$ y=RelLU(x) $ ', fontsize=13)
currentAxis = plt. gca()

currentAxis. xaxis. set label text('x', fontsize=15)
currentAxis. yaxis. set label text('y', fontsize=15)

plt. show()

EHEHXIRE

FE A 28 0 4 HLTHT ¥ 280 o ) A 1 22 0, 0 B o 0 1) 2 0 1 5 1) B R PR A T
WL,

M\ LT B PREC R ZR 1T DA L 2 & S 38R IE B0 B L Sigmoid bR ECECE R # $2 0T
T 1, BB R AR 15 AR T 1, 7 1 26 X 5] Sigmoid BRI SEIEIRE T, X4« B/
A9 B, Sigmoid PRECE AR B 28T 0, BREIN LR AR -3 78 X 28 X 3, Sigmoid PR AT 54K
WEHET 0. HAY » WBELE 0 MHERT, Sigmoid BRECH SECA K. AT LK Sigmoid
PRBICR 880, S5 R R s
dy 1 de™) 1
dr (I+e? dr  24e¢ +e”

M T 958 7 LR 4 Sigmoid o HCH) 5 B A I L ISR N 5 =

Sigmoid(x ) ; T 7E MAA RIS .o B ESET v BB ERLL Sigmoid BB T4 T
7R

L _IL 9y
dx  dy dx

it « BB RE R R A 2 y E’\JWEE’\JZO

HT T 5 T 260 2 o 28 I 45 14 2 BB AL 400 46 AL 195 o AR AT T B8 B 7 B (AR R 8 AR /)
f14 DX 3, 33k 86 b 75 R al BE I A Sigmoid PRALAY S RUEIE T 0, B2 2 WML T 05 AIAE
x BUATEREE T 0 By Ty #e TE (9 43 7 . 285 Sigmoid BREUR MG HE 2 J5 . B BEAS
idy E‘Ji‘%fﬁﬂ@%ﬂﬂ%ﬁ%%lﬂ%ﬁiﬁﬁ? Sigmoid i BB W) LG AR T A IS 88 J2 6 B A

VRIS NESE (R
RelLU BRECAE , BARTE »<<0 B HL /7, RelLU PRELII SR 0, HETE >0 [ Hh
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J7 \ReLU BRECH S HO 1 ERSHE v 86 5 M 10 4 o TR 2 3B K
3.2.4 V-1

U — 14k J5 % (Batch Normalization, BatchNorm) 42 Hi Toffe #1 Szegedy F 2015 442 H
B CB Iz N A TR BE 2% > v, L A2 X b 8 I 246 v ] )2 A e 2R AT A o AR AL 3L 1 75
HPE) 2 A NS E

T FRATT 3 0T P 2 ) 205 1 B30 SR AT A v A A B b 3 A A Bl S R SR 0. T
220 1 BGETt oA, 302 PR 24 5 A KR 1 43 A1 LA 5 I A R T 3 e e Al s, X
TR BE Bl 28 28 R 0, BT S 4002 AN W TR 9, el i A B 28 A0 B o A A 3L fHL R X
T HCBEE SR IR 2L 2, A3 0 S A TS AR 2 e B AR AR 1 3l 2 S BUBUIE A T e BORIAR
MEWCSL . BatchNorm B8 5 bl 22 0 £ v ] J2 1 i 11 22 45 B ASUE L IR A7 IR =M

(1) A2 ] P AT (REAS i Rl K 192 2 %)

(2) WERARBE 28 X5 ) s (L 18 SRR A

(3) —& B EAfla G .

BatchNorm 3% % 27 Yl 5 i 4% mini-batch S Bz, % 28 00 19 $0(8 vk 47 09 — 1k,
fEE Y 1Y A il R I ME R 0,07 22508 1., BRI RN E .

1. & mini-batch H AR HE

1< o
My < ;21
Hd + F/R mini-batch FIEES | PMEEAS,
il % A mini-batch 615 3 MHEA AN FEAG 2 DRHE, 73512
V' =1,2), 29 =@,6), ¥ =(,10)
X BN BRAE 43 305188 mini-batch NEEAS {4 .

14345 _

24+6-+10
0 5 3y pm = =

3

6

N BEA I E S .
Hp — (#Bo 7/1131) =(3,6)
2. i1 & mini-batch HEERF F =

2 1 < (i) 2
op < ;; (™ — pp)
AT A ST B — AR NAEAR B YA 1 T 22 o1 SR 5 6 B A B f0A
—Ab IR IIE N 0. 7 2= 1 TR,
T EIRAENHE ALY 2P 2P 0T L& BB AR AR R AT 25
ol = L, ((1—3)2+<3—3>2+<5—3>2>:%

Op =

D REATT 2202

3
2 1 , , 2
3 <(2—6)2+<6—6>-+<1o—6>-):%



B % o it oc i o4t 0 2 )

2 (2 2y (8 32
op = (0pos0m1) *<3 ’ 3 )
3. HERELZFEHEH

W _
A x HB
2 Y ok

Jh 4+ 0O
Hoip o B —AMUME I le—7) , HFEEAERE N TR IkEER 0,
Xt F B E i ARG 2 2 2 AT DA AR EAL 2 )5 B B

ST E :
S0 8’ 3) [ *Jj)
E z
3—-3 66
Fo —-(sg’ Eﬂf)-—(0,0)
LI

(53 10—6

£oERE R

WHEALLATRIESR 2.2, 2P S mini-batch, 2B EHME N 0. FE N1 W
I3

A SR SR AT R il L 2 0 A3 A AR EAL Y L ] BE 2 S BORE SRR R U B R L i DUTE b
2 J5 , BatchNorm 2% "5 45 45 XJ £ 48 45040 750 Fn~F- %%

v < vz, +p

Horp oy M B 2R 22 S H, 7T LB IR v =1, 8=0, fE U ZRid R vh AWy 27 2] i 8%

TS A S BatchNorm J7 i B THEE 2 58, 71 T BT X P A 28 2 00 i A KR8 A =X 43 i) gk
P20, TR SRR A B B 4 B /N 2.3 0405 DUFRRE L L X BLY I R MR RN 2
DUENEN S

(D 7R B—: S5 ABEIEARIE [N K B, — e X 7 4 3% 4% )2 04 i o o 904085 an F
B .

XAE LT 2243005 K @8 —A i H 58 N A FEAS 1 358 R 7 25 B00E A2 800
nr

e WiNx, [N, K]

« fail oy, [N, K]

o WMH pw,. LK, ]

« oy, [K, ]

s HiSE . [K, ]

c FRSHB. (K, ]

= ABAEIEAR I [N, KT A 75 5]
import numpy as np
import paddle
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import paddle. fluid as fluid
from paddle. fluid. dygraph. nn import BatchNorm
# A EEE
data= np.array([[1,2,3], [4,5,6], [7,8,9]]).astype( 'float32")
# i BatchNorm J1-43 9 — fk 1% i
with fluid. dygraph. guard() :
2 EABIE4EEE [N, K], num_channels % F K
bn = BatchNorm(num channels = 3)
x = fluid. dygraph. to_variable(data)
y = bn(x)
print( 'output of BatchNorm Layer: \n {}'.format(y.numpy()))

# i FH NumPy TH5% 3508 | J7 22 )3 — 4k i 4y

# X HEXTE 0 ASRRAE SR T 56 IR

a= np.array([1,4,7])

a mean = a.mean()

a std= a.std()

b= (a — a_mean) / a_std

print('std {}, mean {}, \n output {}'.format(a_mean, a_std, b))

F AU XS 1SS 2 SRR SEAT IR, WLEE nunpy TS5 S paddle TFEEAE R RS —E

(2) ™ = M ABARIERELN.C, H W, — B0 18 35 FRUZ i a1, 7 4140 A 4
THR.

XAE LT WA C X — 4 AT R IT, 43 B B — A8 E T3 N AR A v S
N X H XW AR ER s 4 E 7 22 8008 f S 5O i an F

s WiAx,[N,C, H, W]

e Wy, [N.C, H, W]

o HMH py.[C ]

° 7?% af;» [C, :|

s S E . [C, ]

« FEZH B, [C, ]

INES [T .

THRA®EH 2P “BatchNorm Z @ R 2 EZNAFENZEHERMGHEHRD ., E X
1£ B NumPy # F 494 R 5 BatchNorm HF —%9?” X & B 4 BatchNorm -+ 2 & @ 3%
B y=1,0=0, X EGHEHRMME TREFLH, ENLAIRFIHMIEHLL R
TR s e g B R R (LI

# i ABHRIEARIE(N, C, H, WIAT Y batchnorm 75 5]
import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. dygraph. nn import BatchNorm

= UeE BEHLECRD T, X T DLORIIE R OB AT S5 0 3
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np. random. seed(100)
# A EEdE
data = np. random. rand(2, 3,3, 3).astype('float32")
# i BatchNorm J1-43 9 — 1k 1) i
with fluid. dygraph. guard() :
2 EABIEYERE [N, C, H, W], num_channels 2 F C
bn = BatchNorm(num channels = 3)
x = fluid.dygraph. to_variable(data)
y = bn(x)
print('input of BatchNorm Layer: \n {}'.format(x.numpy()))
print( 'output of BatchNorm Layer: \n {}'.format(y.numpy()))

# B data A5 0 i IE B SR,

# i numpy THEIME L 25 K IH— 10 1) i

a= data[:, 0, :, :]

a mean = a.mean()

a std= a.std()

b= (a — a_mean) / a_std

print( 'channel 0 of input data: \n {}'.format(a))

print('std {}, mean {}, \n output: \n {}'. format(a_mean, a_std, b))

$E7R ¢ X HLIE A nunpy T R 09

5 BatchNorm %5 T HY 45 JL W& A 22 571,

K M 75 BatchNorm BTN T RIEBUE A R

e R B i BT */\ b #8772 %K epsilon = 1e — 05

oA A

H

4. ¥l et {E A BatchNorm

A28 T 2 2 72 oh 4 BatchNorm X —#EURE A 3547 15— 4k 18 77 16 L {H 2 5% 4
Iﬁlﬂ‘iﬂ@ﬁ{fﬁﬁﬁ%@:ﬁuﬂﬂlﬂ@#%t#zl-‘l_ﬁﬂéﬁyﬂlﬂ?ﬁ{ﬂﬂ,n%/fﬁfﬂ%ﬁ%%ﬁc

BIAEAS A FEAS B AR — AR R GE T 2, SHEA A FEA C AR D 1N —
HEREAT E I E T 22 A3 B4R —BOR UL R AR B . B AREA A B B0 45 2R 50 2 2 15
AN E 3305 IO gk A ke T AN G B . i DR T S TE I S 0 R POk R R AR Y S 1 Ay
ZEDRAE T O PN B 422 {7 DR A7 4 (BT A 75 03 H 58 . S8PR | 7E BatchNorm 19 B &
S NGRS 2 R E A Oy Z R S . AR BRI SR TN R O U5

saved_py < saved_pp X 0.9+ gy X (1 —0.9)
saved_o% < saved op X 0.9 +op X (1 —0.9)

TV it BB B IT 18K saved gy Fl saved_op, BB N 0, 5 0 A — B fOREA 3154
Wy A of SR GRS LAY 2 B saved_py Ml saved ot , 76 U 45 A 3 72 0 R W B 8T &
fITR1E . 3 7E  BatchNorm JZ2 S KPR AF T o . #0000 9 B85 25 i 2% 2 80 saved _peyy I
saved_o  JHENTRAEE 1 Flop.

3.2.5 ZEFik

Z 3¢ (Dropout) 218 T“%jtlj Fobt e YA 400 48] 3o 4005 09 07 0 L AMOR R T 2 T 4%
ok R BEAUIM B — R fh e oT . YNGR BEALE H—f0 2> i 22 0T f Hom i i E ol 0,
X BB 22 TO R AR S B AE T
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K 3. 20 J& Dropout /8 & K. 72 i1 2 5E 4 (4 i 22 W 45, 4731 J& B T Dropout Z i (4 4
ZRE5K . W] Dropout ZJ5 » 2B 1 < B 28 0 A 28 v I 3%, 1h & AT AS 1) I T 9 22 4% 1
fF5. s i v, 2 5 WP L fh 22 T R B ML R AT IO A 20 AN 25 o JBE AR L e 22 5T, HL
e — € T b BRI i 005

(a) EHiBAYHRZRIEE (b) {#MADropoutfiHLERILE
BME 3.20 Dropout REE

FE TN 37 5% I 2 ) 57 A% 338 T A PR 22 o0 AR 5 T RE 2 5 1 IR — B i T 2. YN 2R iy T
A G o 41 R R S (T F 71 05 N N A AR H (1P 7 o W BN W1 = w7 N L
Dropout B A8 /)y, {H 2 Fl I B 20 8 A 25 350 28 70 , X8 5 SO S5 RN 50000 B 25 48 79 43 A A —
FEo N T PR A ], R SRR IR Wk

1) downgrade in_infer

YIZRET L] ¢ BEAL 2 55— 30 0 M 200, A ) J5 A% 338 AR 55 B0 B ) 5 1% 338 Py
AMATIES (LR FEERD -1,

2) upscale_in_train

YIZRBT AL v BB 55— 3850 B 200 , A ] J5 A% 388 B AT A5 5 (L2 K I8 26 9 ) B 1Y
P20 EREUEER L (1 —ro) 5 SO0 E ] J5 % 388 BT Al 28 J0 AR 5 AS BT A] Ak 3,

7E K3 dropout API H7, paddle. fluid. layers. dropout i#i i dropout_implementation £
Ok 45 2 T W Al 75 2 X5 M2 0 #E 4T R 4E, dropout _implementation 2 ¥ By AJ % {H S

'downgrade_in_infer's{'upscale_in_train', BRIA{H & 'downgrade_in_infer',

WA -
FRAER T dropout ¥ HIALE F X TR —H, ik F TAE AL API A AR 89 =2
A X

&I dropout APT (L& HY EESHAUNT .

o x,HE TR Tensor, 75 2R & 7L T HRAE X 42 .

* dropout_prob, X} x HICRHAT LI, Bl A FRICIECE S 0 IR, XS B0
TCR M EFFEXN TH-DICRM S MAEX T AWITRN S . 280k U, ik
N 12 8T L3 EF R 0.5 i) dropout Kb—FH 6 ME,

o is_test. o Ris AT RN B H1 T dropout 78 I 2 AN B Be 2 B —Ff il 1 it



[ 10 EPFRTERIIE

SR TR I BRINE A False,
* dropout_implementation, % 5 ) SE B )7 2, 'downgrade_in_infer'fl'upscale_in_
train' Wi, ARG ﬁiﬁ W R B, BRI "downgrade_in_infer!',
THXBRFRRERT 414 dropout Z J& i B IE A K .

# dropout #:4/E

import numpy as np

import paddle

import paddle. fluid as fluid

£ R EREHLECR 7, 3R R LR UE A R 1T 45 R — 3L
np random. seed(100)
= BIEEHEIN, C, H, W], — x4 AR ) i il
datal = np. random. rand(2, 3, 3, 3). astype( float32"')
# GIEEEE [N, K], — M0t R 4 3% B2 )2 1 i
data2 = np. arange( 1,13).reshape([ — 1, 3]).astype('float32"')
= fifi i dropout 1F FH 78 i A B s E
with fluid. dygraph. guard() :
x1 = fluid. dygraph. to_variable(datal)
outl 1 = fluid. dygraph. dropout(xl, dropout prob= 0.5, is test = False)
outl 2 = fluid. dygraph. dropout(xl, dropout prob= 0.5, is test = True)

x2 = fluid.dygraph. to variable(data2)
out2 1 = fluid. dygraph. dropout(x2, dropout prob= 0.5, \
dropout_implementation = 'upscale in train')
out2 2 = fluid. dygraph. dropout(x2, dropout prob=0.5, \
dropout_implementation = 'upscale in train', is_test = True)
print('x1l {}, \noutl 1 \n {}, \noutl 2 \n {}'. format(datal, outl 1.numpy(), outl 2.

numpy() ) )
print('x2 {}, \nout2 1 \n {}, \nout2 2 \n {}'. format(data2, out2 1.numpy(), out2 2.

numpy()) )

3.2.6 ik

THEER T 46 )2 0 i B S BRI AR . A R RE SN LA AR BT R AR
EARIEL10,3,224, 224 1,38 70 Bl TH A — J2= A B i BB TR R DL R 45 2 & R S HOB AR

2 E Y SimpleNet [ 2§ 4514
import paddle
import paddle. fluid as fluid
from paddle. fluid. dygraph. nn import Conv2D, Pool2D, Linear
class SimpleNet(fluid. dygraph. Layer) :
def init (self, num_classes=1):
# super(SimpleNet, self). init (name scope)
self.convl = Conv2D(num channels = 3, num filters =6, filter size=5, stride=1,
padding =2, act = 'relu')
self.pooll = Pool2D(pool size= 2, pool stride= 2, pool type= 'max')
self.conv2 = Conv2D(num channels = 6, num filters = 16, filter size=5, stride=1,
padding =2, act = 'relu')
self.pool2 = Pool2D(pool size= 2, pool stride=2, pool type= 'max')
self. fcl = Linear(input dim= 50176, output dim= 64, act = 'sigmoid')
self. fc2 = Linear(input dim= 64, output dim = num classes)
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def forward(self, x):
x self. convl (x

(x)
self. pooll(x)
self. conv2(x)

self. pool2(x)

fluid. layers. reshape(x, [x.shape[0], —117)
self. fcl(x)

self. fc2(x)

return x

XM oM oM X X

BRL,VE—ZEEM convl , LIWMEBEUNTF .
C,.=3, C,.=6, ky=k,=5, p,=p,=2, stride=1
B E S w BIBIRGE : [Cou s Ciuvky s K, 1=16,3,5.5]1, M Ch
6 X 3X5X5=450
& SHC b IBIRE . [Co . ESENNEUE 6.
iy HERRAE T A RN
H,, =224+2X2—5+1=224, W, , =224+2X2—5+1=224
fay HHRRAE [ B R OIR 2
[N.C,-H,. W, 1=[10.6.224,224]
TR A 3.1 AT
®31 HEEHE
# i w B IR w ZEAHL b AR b 88 LIS N
convl [6.3.5,5] 450 [6] 6 [10. 6, 224, 224]

pooll T Ja ¥ ¥ (10, 6, 112, 112]

conv2

pool2
fel
fc2

RS S

3.3.1 ik

PG 53 2 AR A PR B o SCAR SRR A T] 2 300 LR R AT DX 2% S 3B AL o O A 2 W)
PRAG I | A5 8 ) R R AT R o3 A« MG TR A5 Al 85 2 W e A 55 ) ikt PRI 0326
TEVE 22 U A B ) V2 B 4 s 22 By 50 Ay A TR N 8 WAL 43 BT | 2 38 U i) 22
i 3 5 PR L Tk O 5 T P9 B PRGOS MR A 11 2l DR 288 | B 2 s Y [ AR U 4

BTN AT TR 2 R 2%k A — S R AR R B, R R B TR A g 2 Ml 4R
iChallenge-PM ., % R {5 7 24 45U 1) 28 g A ARl 22 0 45 0647 B0 AT 5 A0 3 Q4] 07 JH K 46 B i A6
By ot o AR 22 I 245 figk e TR 45 o3 S TR, TR i AT A ARl 228 ) 4%
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(1) LeNet: Yan LeCun % AT 1998 455 — YOfs 45 BUMN 28 9 46 17 21 18145 20 AT 55
L EFBHFRUIMES LBUS T E KK,

(2) AlexNet: Alex Krizhevsky & ATE 2012 4F42H T AlexNet, JFR HE KRR T HE A
¥ P8 £ ImageNet |, 3K T 2012 4 ImageNet [ %% (ImageNet Large Scale Visual
Recognition Challenge, ILSVRC) &%,

(3) VGG: Simonyan fil Zisserman T 2014 4F#EH T VGG P45 454 , & 2 5 & i 1711
B B 28 P 2% 22—, |y T L4 g 7 BRI P P A i T R B2 B 5 A U

(4) GooglLeNet: Christian Szegedy 58 ATE 2014 2 T GoogleNet, 7B & T 2014 4F
ImageNet 3R ZE,

(5) ResNet: Kaiming He ¢ A7E 2015 4F42 1 T ResNet, i i 51 A 5k 22 55 He i %% ™ 2%
JZ % 7 TmagNet B85 E 9PN B 15 R FEAR S 3. 606, B T AR K K. ResNet (1Y
B AR ZI 52 e 15 R 1 TR B b 48 I % 1y

3.3.2 LeNet

LeNet JE: i i B M4 22—, 1998 4F, Yan LeCun 2 — UK LeNet %5 F1 28 N 4%
MNABIEGR R L EFERFIRIME S PG T E R, LeNet i i % 22 Fl 5 AL A1
AL 2R LG R BUER AL, HZEF G 3. 21 Fr . X LB /R A = AE & 18 S0P A LeNet-5 R,

Input Image Convolution Max-pooling Convolution ~ Max-pooling Convolution FC FC
(32X32X7) Layers 22 Layer 22 Layer Layer Layer
SX5(6filters) 5X5(16filters) 5X5(120filters)  (64) (10)

[] Fully Connected Layers ] Convolution Layers ] Max-pooling Layers

BE3.21 LeNet ZBEMELEHRER

(1) SF—M. A5 5X5 [ 6 MIEHRUM 2 X2 Mfb ., % BURBUEIE J  & 1FFAE
AR TG BRI B T Sigmoid) G REIA 32 Wi/ g 28, 2 st 1k J2 T LA AR S Hh 4R AF 15
it s ) 43 B ) B PR AR O iR 14,

(2) 2 ARG R — B R R s 8 el 6 3 16, 45 B AR G I
/ANEN 10, 2 WAL R AE K 5.

(3) =Mk, A% 55 /9 120 WHE M, &R )5 B9 EGRTso/h ] 1, (8 2 6 iE
B 120, Rt 3 O AR BRI A RRIE B B A B 2B 122 . 30— iR
A IT RO 64,58 A R A9 i A 2 on D BOR 2 AR S IO B N T TR
B U H IR /N 10, AR5 Softmax 3T ok Z0 RN T 31550 HE 4128 Joll 0 8000 AR %<

RN
AR b B AR AR B e AT B AR 2k B B M N AR
BREG B HREAXEIN.C.H W], BN EEEGHAE, 2 8RBT,
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LKA HENFR, BHFLBAREAS K 9EE.
EdP K=CXHXW,—/ mini-batch & ELE T xR T NXK 9 % &qF

1. LeNet EF E#=12 5 L9 M A
LeNet W45 ) SZ B N .

# FAHENG

import paddle

import paddle. fluid as fluid

import numpy as np

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, Linear

£ %S LeNet %45 M
class LeNet(fluid. dygraph. Layer) :
def init (self, num classes=1):
super (LeNet, self). init ()

= QBRI 2, B FZ H] Sigmoid W BRAL, 5 TR A — 4> 2 X 2 [t fk

self.convl = Conv2D(num channels =1, num filters=6, filter size=5, act = 'sigmoid')

self. pooll = Pool2D(pool size=2, pool stride=2, pool type= 'max')

self. conv2 = Conv2D (num_channels = 6, num_filters = 16, filter size = 5, act =
'sigmoid")

self. pool2 = Pool2D(pool size =2, pool stride=2, pool type= 'max')

= RIS 3 M ERZ

self. conv3 = Conv2D(num_channels = 16, num_ filters = 120, filter size = 4, act =
'sigmoid')

# C'J@%i_ﬁ‘}:;',’éﬁ AN ZE AT 64, B A aE R R B & T
B 53 b5 25 1 28 30 B

self. fcl = Linear(input dim= 120, output dim= 64, act = 'sigmoid')

self. fc2 = Linear(input dim= 64, output dim = num classes)

= 4 Ay i T AR
def forward(self, x):

x = self.convl
= self.pooll
= self.conv2
= self. pool2
self. conv3(
= fluid. layers. reshape(x, [x.shape[0], —1])
= self. fcl(x)
= self. fc2(x)
return x

MoM X X X X X
Il

it FIBE LBV i A & R 20t LeNet-5 iR — 2 A H 2 )5 i i B0 T2 4R

# AP RZE [N, 1, H, W]
% X HL ] np. random A & — A4 Bl AL & ZH 1E R s A B
x = np.random.randn( * [3,1,28,28])
x = x.astype('float32'")
with fluid. dygraph. guard() :
= Bl LeNet 2SS4, $i o A5 70 44 Bk R 43 25 19 28 31 4 H

m = LeNet(num classes=10)
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= g 8 LeNet M FE2EZE 7K 1Y sublayers( ) PR%K,
# 5 LeNet T & 1+ 2
print(m. sublayers())
x = fluid. dygraph. to_variable(x)
for item in m. sublayers():
# item f& LeNet K —4T)2
£ BE LN TZEZ G W IR R
try:
x = item(x)
except:
x = fluid. layers. reshape(x, [x.shape[0], —11])
x = item(x)
if len(item. parameters()) == 2:
# G B AU 4 B2 2 5 S 5 g IR,
# H i item. parameters()[0]J&4 H S %1 w, iten. parameters()[1 ]2 M E S5 b
print(item. full name(), x.shape, item.parameters()[0].shape, item.parameters()
[1]. shape)
else:
# ib)E WA S

print(item. full name(), x. shape)

£ LeNet |58 5 By 1yl 5l

import os

import random

import paddle

import paddle. fluid as fluid
import numpy as np

# 2 Wl gt 2
def train(model) :
print('start training ... ')
model. train()
epoch num = 5
opt = fluid. optimizer. Momentum(learning rate = 0. 001, momentum = 0.9, parameter list =
model . parameters( ) )
# il Paddle [ 5 Y B4 152 B 2
train loader = paddle. batch(paddle. dataset.mnist. train(), batch size = 10)
valid loader = paddle.batch(paddle.dataset. mnist. test(), batch size=10)
for epoch in range(epoch num) :
for batch id, data in enumerate(train loader()):
B K 2 AN €T 2 N i
x_data = np.array([item[0] for item in data], dtype = 'float32').reshape( -1, 1,

28, 28)
y data = np.array([item[1] for item in data], dtype= 'int64').reshape( -1, 1)
# % numpy. ndarray # 4k il Tensor
img = fluid.dygraph. to_variable(x data)
label = fluid.dygraph. to variable(y data)
£ IR i
logits = model(img)
# TR PR AL

loss = fluid. layers. softmax with cross_entropy(logits, label)



gane s I

avg_loss = fluid.layers.mean(loss)
if batch id % 1000 == 0:
print("epoch: {}, batch id: {}, loss is: {}". format(epoch, batch id, avg_
loss. numpy()))
avg_loss. backward()
opt.minimize(avg_loss)
model. clear gradients()

model. eval ()
accuracies = []
losses = []
for batch id, data in enumerate(valid loader()):
R A B T IR R s A
x_data = np.array([item[0] for item in data], dtype = 'float32').reshape( -1, 1,

28, 28)

y data = np.array([item[1] for item in data], dtype= 'int64').reshape( -1, 1)

# % numpy. ndarray # 4k il Tensor

img = fluid.dygraph. to variable(x data)

label = fluid.dygraph. to variable(y data)

£ PRI i

logits = model(img)

pred = fluid. layers. softmax(logits)

# TR PR AL

loss = fluid. layers. softmax with cross_entropy(logits, label)

acc = fluid. layers. accuracy(pred, label)

accuracies. append(acc. numnpy( ) )

losses. append( loss. numpy( ) )

print (" [validation] accuracy/loss: {}/{}". format (np. mean (accuracies), np. mean

(losses)))

model. train()

& (RAHA S K
fluid. save dygraph(model. state dict(), 'mnist')

if name == ' main ':

# A e

with fluid. dygraph. guard() :
model = LeNet(num classes = 10)
£ J5 S G 72

train(model)

W IEAT S5 R AT LU LeNet 76 T 5 8077 5] MNIST %0 3iF 54 48 b A9 0 3 08
92% LA b o B2 % T B4 A A% R an e Wi 7 FRATT 3 ik IR TR 5 B 4R iChallenge-PM 5
WE—T.

2. LeNet 7EBR #1251 _E A9 &z

IR 9 U1 K B 45 iChallenge-PM & A JE Mg A1 rp ol R 2 v Ll MR BE vhu 165 28 I 19
iChallenge FLZE T, #2469 56 T 955 B ML (Pathologic Myopia, PM) 1 BEy7 5 B4 0 &
1200 A~ 3Z 438 1 MR RS A 0 J5E T8 7, I 25 L 9 Tk A 3 25 0 4 45 400 5K, MR ATTIE A 24
LeNet 7£ iChallenge-PM -yl Zhid 72 .
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iﬁﬂﬂ-

I AL ZE R A BKANE T — R AR e, EEMABREY, ALLE 35U HA
BAHETELEM, B FRRA LI K, A Tk 51 A AL M B F 24 M B s &
M & AL R BT iR, S B AR TG AR s, XA F A TR EKR: A
WL H & PR AR MARBRESR AL LME Fuchs 5, B, R FLAEMN
BHEWAFOREFRRSGT IREFTER,

1) Bl 4 e &

1A .
HEFERPORERXBERABERRAAFIRE BRI X" FTFTPER
iChallenge-PM 4k 3% 4 .

. /data/datal9065 H SALHE QN = A SO AR fif B 45 )5 AETFE. /work/palm H R,
* training. zip: W& Ik AT E F FARZ
¢ validation. zip: LT IRIEEME A .
o valid_gt. zip: & BIEE IR,

B UCIB AT I I 55k R, LA R e s S
IR E Z MR, W 258 17 B B AR, 7 W SO B B A7 TR iR R 23 4R

A

lunzip —o —q —d /home/aistudio/work/palm /home/aistudio/data/datal9065/training. zip

% cd /home/aistudio/work/palm/PALM — Training400/

'unzip —o — q PALM — Training400. zip

lunzip —o —q —d /home/aistudio/work/palm /home/aistudio/data/datal9065/validation. zip
lunzip —o —q —d /home/aistudio/work/palm /home/aistudio/data/datal9065/valid gt.zip

HE A AE A A

pE =

valid_gt. zip XM E 4% 2 )&, & ¥, /work/palm/PALM-Validation-GT/ B & F &
PM_Label_and_Fovea_Location. xlsx X # # & & csv #& X . £ Al Studio & ¥ KX 5 5 ] P
B 2 XA 4 labels. csv X, R E i HBE,

2) AFEMIEER R
iChallenge-PM v B A7 i B 30T A0 26 5 000 RIS P& o A A Al g P o0 A0 A8 2 19 18T e i
AR

(1) FREPE AL (PMD : SCHER DL P T3k,

(2) B EE T (non-PM) .

o I (high myopia) : X4 LI H F3k.

o IEHHREE (normal) . XA LI N FF3k,

FATTRE s B R B R VR IEAE AR AR 28 15 AR B BB 3 1 B 7 VR S TRE AR R
Zh 0, MWEHEAE R B 5K B R . 38 5 LeNet $ HBURFAE  #4 &2 73 2 4% L X 1F ke AR 3547 43
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KB E AR Bk OLE 3. 22), ARSI IR .

0 Normal 0
250 250
500 500
750 750
1000 1000
1250 1250
1500 1500
1750 1750
2000 2000
0 250 500 7501000 1250 1500 1750 2000 0 250 500 7501000 1250 1500 1750 2000

WE3.22 EERBMFIEMEED

import os

import numpy as np

import matplotlib. pyplot as plt
% matplotlib inline

from PIL import Image

DATADIR = '/home/aistudio/work/palm/PALM — Training400/PALM — Training400'
# SCE4 DL NI Sk R DE R R e, DL P o Sk 1 AR R L R

filel = 'N0012. jpg’

file2 = 'P0095. jpg’

# A

imgl = Image.open(os.path. join(DATADIR, filel))
imgl = np.array(imgl)

img2 = Image.open(os.path. join(DATADIR, file2))
img2 = np.array(img2)

1 s Y B R

plt. figure(figsize = (16, 8))

f = plt. subplot(121)

f.set title('Normal', fontsize = 20)
plt. imshow(imgl)

f = plt. subplot(122)

f.set _title('PM', fontsize = 20)
plt. imshow(img2)

plt. show()

# AEE IR
imgl. shape, img2.shape

((2056, 2124, 3), (2056, 2124, 3))

3) & BRI
f# ] OpenCV MRERETE A A, 85 B 5K 1 45 i 2] 224 X 224 KN, I H A4 K (18 % 2]
[—1.1]F ACE R s
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import cv2
import random

import numpy as np

O B GBI AT Ak
def transform img(img) :
= FIE R RAF 43 224 x 224
img = cv2.resize(img, (224, 224))

W

W

)
BEA Y B R e A U= (], W, C]
o FH 5 LR A R AR AR [ C, B, W]

)

img = np. transpose(img, (2,0,1)

img = img.astype('float32')

= W BUEE ERRE S [ - 1.0, 1.0]Z[H
img = img / 255.

img = img * 2.0 — 1.0

return img

BEOI 25

= SO AR B 15 B
def data loader(datadir, batch size =10, mode = 'train'):
# 14 datadir H 5% N0 SCH K, B 55 SO EE A
filenames = os.listdir(datadir)
def reader():
if mode == 'train':

& YNGR FELET RL A 3 05

random. shuffle(filenames)

batch imgs = []
batch labels = []
for name in filenames:

filepath = os.path. join(datadir, name)
img = cv2. imread(filepath)
img = transform img(img)
if name[0] == 'H'or name[0] == 'N':
# H A Sk 1 SO 28 3R i BE A, N Sk 9 SO 44 3RR IE L
£ B R ANE B RS, A R R EEME Y, B T SUREAS, AR R 0

label = 0

elif name[0] == 'P':
# PIFL A RREEIE M, JB T IEFEA, bRl 1
label = 1

else:

raise( 'Not excepted file name')
BB, S0 AR 51 &
batch imgs. append(ing)
batch labels. append(label)
if len(batch imgs) == batch size:
£ MRS R WK E ST batch size 1Y,
# X B 2 /E— > minid - batch, FFAE N Bl AR A 19—
imgs_array = np.array(batch imgs).astype('float32')

labels array = np.array(batch labels).astype('float32').reshape( -1, 1)

yield imgs_array, labels array
batch imgs = []
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batch labels = []

if len(batch imgs) > O0:
£ FIRFARHA L —A batch_size FEHE, — & 4T —> nini - batch
imgs_array = np.array(batch imgs).astype('float32')
labels array = np.array(batch labels).astype('float32').reshape( —1, 1)
yield imgs array, labels array

return reader

T2 U I A A

F 8 X UE A B 5
def valid data loader(datadir, csvfile, batch size =10, mode = 'valid'):
£ I ZR A 2 R 2k S 45 o B B A AR AR 4, B TR 4R W 3E 3 esvEile S 32 HURE A B R X N Y
b2
= U A T  R S 0 50U 4R AR A B, SR csvEile SO HL I BT A0 15 1 9 2%
csvfile SLAPI & M AT, B —1r R —DHEA,
Horp 5 —F 2 B R id, 55 0002 S04, 5 =R R R bR &,
25 DU B A1 2R F 81 & Fovea MY AR R, 540 2B4F 55 LK
ID, imgName, Label, Fovea_ X, Fovea Y
1,70001. jpg, 0,1157.74,1019. 87
# 2,V0002. jpg, 1,1285.82,1080.47
£ TP & BAE AR AR 45 1Y csvEile, JF 32 A H B P 2%
filelists = open(csvfile).readlines()
def reader():
batch imgs = []
batch labels = []
for line in filelists[1:]:

W

W

W

W

it

line = line.strip().split(',")
name = line[1]
label = int(line[2])
ORI B R SO ER R B, IR R A 1 Ak 2
filepath = os.path. join(datadir, name)
img = cv2. imread(filepath)
img = transform img(img)
£ R SRR I B, S A B 51 2%
batch imgs. append(ing)
batch labels. append(label)
if len(batch imgs) == batch size:
# MBS LMK B S T batch_size [T fE,
£ X LR M AE — > mini — bateh, JEAE R BUE A A 10— Fi i
imgs_array = np.array(batch imgs).astype('float32')
labels array = np.array(batch labels).astype('float32').reshape( -1, 1)
yield imgs array, labels array
batch imgs = []
batch labels = []

if len(batch_imgs) > O:
# FIRFEAEHE AL —A batch_size W, — T — 4 nini - batch
imgs_array = np.array(batch imgs).astype('float32')
labels array = np.array(batch labels).astype('float32').reshape( -1, 1)
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yield imgs array, labels array

return reader

EER SR/ N

DATADIR = '/home/aistudio/work/palm/PALM — Training400/PALM — Training400"
train loader = data loader(DATADIR,
batch size= 10, mode = 'train')
data_reader = train loader()
data = next(data reader)
data[0]. shape, data[1]. shape

((10, 3, 224, 224), (10, 1))

4) ) sl gk
IR S

# LeNet 18I HR % & Fv
import os

import random

import paddle

import paddle. fluid as fluid
import numpy as np

DATADIR = '/home/aistudio/work/palm/PALM — Training400/PALM — Training400"
DATADIR2 = '/home/aistudio/work/palm/PALM — Validation400'
CSVFILE = '/home/aistudio/work/palm/PALM — Validation — GT/labels.csv'

E XNt e

def train(model) :
with fluid. dygraph. guard() :
print('start training ... ')
model. train()
epoch num = 5
= E AL g%
opt = fluid. optimizer. Momentum (learning rate = 0. 001, momentum = 0.9, parameter
list = model. parameters())
£ SCRCHE P LA, U1 SRS 15 B A R 36 TR AR 15 A
train loader = data loader(DATADIR, batch size =10, mode = 'train')
valid loader = valid data loader(DATADIR2, CSVFILE)
for epoch in range(epoch num) :
for batch id, data in enumerate(train loader()):
x_data, y data = data
img = fluid. dygraph. to variable(x data)
label = fluid.dygraph. to variable(y data)
£ B AT B R A, 45 ) FOE
logits = model(img)
£ 47T loss IE

loss = fluid. layers. sigmoid cross entropy with logits(logits, label)
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avg_loss = fluid. layers. mean(loss)

if batch id % 10 == 0:
print("epoch: {}, batch id: {}, loss is: {}". format(epoch, batch id,
avg loss. numpy()))
= AL R, AL, T R
avg_loss. backward()
opt.minimize(avg loss)
model. clear gradients()

model. eval ()
accuracies = []
losses = []
for batch id, data in enumerate(valid loader()):
x_data, y data = data
img = fluid. dygraph. to variable(x_data)
label = fluid.dygraph. to variable(y data)
e e By iU 1 A e
logits = model(img)
# 5324, signoid AL )R MIZE S UL 0.5 S BIE 43 P A~ 255
# 715 sigmoid J5 1 TINA% 2R, 4T loss 11
pred = fluid. layers. sigmoid(logits)
loss = fluid. layers. sigmoid cross_entropy with logits(logits, label)
# THEEIA /N F 0.5 f2E
pred2 = pred * (—1.0) + 1.0
A5 20 A S I i TR A 2R, O W — > 4 K
pred = fluid. layers. concat([pred2, pred], axis=1)
acc = fluid. layers. accuracy(pred, fluid. layers.cast(label, dtype= 'int64'))
accuracies. append(acc. numpy( ) )
losses. append( loss. numpy( ) )
print("[validation] accuracy/loss: {}/{}". format (np. mean(accuracies), np.mean
(losses)))
model. train()

# save params of model

fluid. save dygraph(model. state dict(), 'mnist')
& save optimizer state

fluid. save dygraph(opt. state dict(), 'mnist')

TE SOV AR

def evaluation(model, params file path):
with fluid. dygraph. guard() :

print('start evaluation ....... ")
= INE AR S5
model state dict, @ = fluid. load dygraph(params file path)

model. load dict(model state dict)

model. eval ()
eval loader = data loader(DATADIR,

batch size= , mode = 'eval')
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acc_set = []
avg_loss _set = []
for batch id, data in enumerate(eval loader()):
x_data, y _data = data
img = fluid. dygraph. to_variable(x_ data)
label = fluid.dygraph. to variable(y data)
y data = y data.astype(np. int64)
label 64 = fluid.dygraph. to variable(y data)
BT ORS E
prediction, acc = model(img, label)
# TR K PR BUE
loss = fluid. layers.cross_entropy(input = prediction, label = label)
avg loss = fluid. layers.mean(loss)
acc_set. append(float(acc. numpy()))
avg loss_set. append(float(avg loss.numpy()))
= SRV E
acc_val mean = np.array(acc_set).mean()
avg loss _val mean = np.array(avg loss_set).mean()

print('loss = {}, acc= {}'. format(avg loss val mean, acc_val mean))

45 Y11 2k

import paddle

import paddle. fluid as fluid

import numpy as np

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, Linear

# E X LeNet [ 254544
class LeNet(fluid. dygraph. Layer) :
def init (self, num_classes=1):
super(LeNet, self). init ()

= I U AL JZE B, A B BRUZ ] Sigmoid O B AL, JiT T ERAE — > 2 X 2 [t AL
self.convl = Conv2D(num channels = 3, num filters=6, filter size=5, act = 'sigmoid')
self.pooll = Pool2D(pool size= 2, pool stride=2, pool type= 'max')
self. conv2 = Conv2D(num channels = 6, num filters = 16, filter size = 5, act =
'sigmoid")
self. pool2 = Pool2D(pool size =2, pool stride=2, pool type= 'max')
= Bl 3N BHE
self. conv3d = Conv2D(num channels = 16, num filters = 120, filter size = 4, act =
'sigmoid")
# QIR ERR, B - amE g2 W B a8 64, 5 A )R I 4 oT
ANEICH 43 25 25 1 20 B
self.fcl = Linear(input dim = 300000, output dim= 64, act = 'sigmoid')
self. fc2 = Linear(input dim = 64, output dim = num classes)
4 B ] PO R
def forward(self, x):
x = self.convl

self. conv2

(x)
x = self.pooll(x)
x (%)

self. pool2
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x = self.conv3(x)
x = fluid. layers. reshape(x, [x.shape[0], —11])
x = self.fcl(x)
x = self.fc2(x)
return x
if name == ' main '

4 Qo
with fluid. dygraph. guard() :
model = LeNet(num classes=1)

train(model)

Wadis g Bn] LUAE W, 7E IR % 0t 25 B0 P8 4 iChallenge-PM |-, LeNet Y loss 1R M T
B AR AT CBI ., kR R MINIST B4 46 1 B R ROSH He s/ (28 X 28)  {H 2 HR 952 i i 44
A A RSF K R G B R RSF 2R 2000 X 2000, 28 53 4 i 2 J5 78 1 224 X 224, LeNet
MERIARMESEAT A 205 25 . X UL 7E B RSF B KB, LeNet 78 BUR 70 K AT 55 L AEAE )R
PR

3.3.3 AlexNet

W b A SEBR ISR AT LR B B AR LeNet 16 T 5 507 R 0 B0 4 B T AR 57 10 4%
B EAE T R AR ERIMHIEARLE . A M 1998 4 LeNet [t LI, 45 F >k + JLAF i B
[i) L, ot 2 O 2 I V0 AT AE TSI AL B S0 B A AR 47 1 45 R s T — B e L A A 3k, D IR
FEAE W — A G T L A A% X S T BRI A B e U DI e 20 o 4% R
AR H FERT A 5 o5 — 7 T, 2 BRI AT T 11 A X6 it 2 o 24 A 1 RN 25 8 15 g P A b
25 ) 255 T WO BIOR IR i TR X 1) 1

Wit e AR B 1 20 F R H S ALY B 0 MOk B R, JE 2 7R GPU JRAT ISR E 1 i 4
BN, B A M I AR AR AN S SC . 5 — 5 T, HOHK ) TR B Ok B 2 i AL
P A M =5 7 R A R A R B 2 1 ST N B R e T X6 i 48 TR 4 Al AR A
B A4 . Alex Krizhevsky 88 A2 H 09 AlexNet LIIR R FHAE T 2012 4F ImageNet
FEBE BT . 3K — IR R B & T 7=l 5 il 28 0 5% 114 %8R, TR T R R 4 T 4%
i e P A5 ) L ) 3 A Bt I A 7 X — 0 3T B ) ROk R 22 ) P 75 AR

AlexNet 5 LeNet AHLG . HA BRI RIEK 454 .60 5% 5 2 & BUR 3 J2 4 ik 4, [8) i fd ]
TR = Ay R OB R A Gt AR

(1) Efla g am . TREE 2= ) sy A — A b 38 5 =X, 38 o X I 25k Bl AL in — 26 48 4k, be dn
B AT ER BT e B0 BE S D B AR T A — R G IR A PR AR ARUE SOAS 52 4 A [ Y
FEAS , TP RN R E a4 . 38 b x A oy =, ] DB AL 25 A8 D1 25 FE A, bt G B 7 5 B A 1
HLCJE L BB —E R S A .

(2) {fi ;] Dropout # i 85 .

(3) ffi ] ReLU BT ok 08l DB ETH R AR

AlexNet B BARSEM A 3. 23 Fios,

AlexNet 7 IR i & %4 5 iChallenge-PM | HAKSE B A ACHS 4 s
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ane

Input Image 11X11(986) 5X5(256) IM3(384) 3X3(384) 3X3{2586) 4096 4096 100C
(224X224X3) Stride 4

[0 Fully Connected Layers [ Comvolution Layers [l Max-pooing Layers (] Dropout Layers

WE3.23 AlexNet B WM& T EE

import paddle

import paddle. fluid as fluid

import numpy as np

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, Linear

# 5E X AlexNet W 4545 %4
class AlexNet(fluid. dygraph. Layer) :
def init (self, num classes=1):
super (AlexNet, self). init ()

# AlexNet 5 LeNet — #¥4 £ [] B foff I 45 B2 b b J2 42 ML 45 RR A

# 5 LeNet A [A] (1 /& 0% o 24 i T relu

self.convl = Conv2D(num channels =3, num filters =96, filter size= 11, stride=4,
padding =5, act= 'relu')

self.pooll = Pool2D(pool size =2, pool stride= 2, pool type= 'max')

self.conv2 = Conv2D(num_channels = 96, num filters = 256, filter size =5, stride =

—

, padding =2, act = 'relu')
self.pool2 = Pool2D(pool size =2, pool stride= 2, pool type = 'max')

self.conv3 = Conv2D(num channels = 256, num filters = 384, filter size= 3, stride=

=

, padding=1, act= 'relu')

self.conv4d = Conv2D(num channels = 384, num filters= 384, filter size= 3, stride=

=

, padding=1, act= 'relu')

self.conv5 = Conv2D(num channels = 384, num filters= 256, filter size = 3, stride=

=

, padding=1, act= 'relu')

self.pool5 = Pool2D(pool size =2, pool stride= 2, pool type= 'max')

self. fcl = Linear(input dim= 12544, output dim= 4096, act= 'relu')
self.drop ratiol = 0.5

self.fc2 = Linear(input dim = 4096, output dim = 4096, act = 'relu')
self.drop ratio2 = 0.5

self.fc3 = Linear(input dim = 4096, output dim = num classes)

def forward(self, x):
= self.convl
= self.pooll

(
(
self. conv2(
self. pool2(
(
(
(

= self.conv3
= self.conv4

= self.pool5(
= fluid. layers. reshape(x, [x.shape[0], —1])
= self. fcl(x)

L Z )58 A dropout 1 il i #U &

X
X
X
X
X
be
x = self.conv5
X
X
X
=



CRI MR RN 155 |

x = fluid. layers. dropout(x, self.drop ratiol)
x = self.fc2(x)

£ A EREZ G dropout 1l it #15

x = fluid. layers. dropout(x, self.drop ratio2)
x = self.fc3(x)

return x

Ja S BRI 2R

with fluid. dygraph. guard() :
model = AlexNet()

train(model)

W IT B T8 BT DL & B, e IR 9 O 2 B0 98 £E iChallenge-PM _Ffi#i il AlexNet, loss fEH
BTN BE, Zead 5 4 Epoch B2k FE S TESE LA HERG R nT LIGE B 94 % 22 47,

3.3.4 VGG

VGG Y Him AT CNN 8 22—, 2014 £ i1 Simonyan 1 Zisserman $2 ), H Ay 4
FVR T SCAEE FTFE ) L5 2 Visual Geometry Group, AlexNet #6158 i3 #4 i 22 )2 M 45
AT T Rr B O AER I IR 4 R B R 28 W 28 BT 5 1] . VGG 38 b i — FR 5K/
32X 3 B /INRUT 4 B R A J2 4 38 TR A AU 2 I 2% RIS T B RCR . VGG B
PR Sy 45 vy 5 B 7 M AR R T ) A2 B 9 0 R R ) £ A A T O i S b R
R U TS 3 Wy

W 3. 24 P gt VGG-16 B M2 25 R B LA 13 2B BN 3 222, VGG
W 24 1) BT AR ] 30X 3 B AR AR R AL 2 R 4 BBURRAIE L O 7 I 4% 1 e J A ] = )2 42 0%
R MG —BaE RN AR a2 il . 7E VGG Hh & 2B ] ReLU E
R T PRER TE R E R )2 Z S5 W N dropout A LA . /N 1 4 BB BR % A A% b U
DBEIAE AU AR A AL, A M Z 3 X3 BRZE, 1T LIS 332
B2 5 BREAEREL W L 5 X5 MBEREGREFE LS. R TEREE/N /DS
B2 TZ IR 28 R B 33 8 T R 4 2RAT 55 R Ul 2 A ALY . VGG B RS Y 1 D ik
%Tiﬂl]m%%??ﬁkﬁ’ﬂ[ﬂﬁﬁiﬂ%g K B RRAE

LI L

Input Image 3:-( 3X: %3 3%3 3x3 3x3 3%3 3%3 33 3%3
(224X224X3) (64 (64, (128) (128 (256) (256) (256} (512) (512) 512)

§E ﬂ

-...w

II

x3 EVE] 4096 4096 1000
(512) [5121 (512)

[ Fully Connected Layers [ Convolution Layers [H Max-pooling Layers ] Dropout Layers

WE3.24 VCGIRENMELEHM RERE
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VGG TENR iR % HE 4 iChallenge-PM I 1y B A S 90 40 F AR 45 i /s

import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, BatchNorm, Linear
from paddle. fluid. dygraph. base import to variable

# EN vog Bk, WEHEZREERM 1) 232 R RMLE
class vgg_block(fluid. dygraph. Layer) :
def init (self, num_convs, in_channels, out_channels):

super (vgg_block, self). init ()
self.conv list = []
for i in range(num_convs) :
conv_layer = self.add sublayer( 'conv ' + str(i), Conv2D(num channels = in_
channels, num filters = out channels, filter size =3, padding=1, act= 'relu'))
self.conv_list.append(conv_layer)
in_channels = out_channels
self. pool = Pool2D(pool stride=2, pool size = 2, pool type= 'max')
def forward(self, x):
for item in self.conv_list:
x = item(x)
return self. pool (x)

class VGG(fluid. dygraph. Layer) :
def init (self, conv_arch= ((2, 64),
(2, 128), (3, 256), (3, 512), (3, 512))):
super (VGG, self). init ()
self.vgg blocks =[]
iter_id = 0
£ U vgg_block
# X H —3t 5 4~ vgg_block, £ 4~ block H 1 () 45 FUZ £ H A0 fii 4 38 40 conv_arch #§ &2
in channels = [3, 64, 128, 256, 512, 512]
for (num_convs, num_channels) in conv_arch:
block = self.add sublayer('block ' + str(iter_ id),
vgg_block(num_convs, in channels = in channels[iter id],
out channels = num_channels))
self.vgg blocks. append(block)
iter id += 1
self. fcl = Linear(input dim= 512 % 7 x 7, output dim= 4096,
act = 'relu')
self.dropl ratio = 0.5
self. fc2 = Linear(input dim = 4096, output dim = 4096,
act = 'relu')
self.drop2 ratio = 0.5
self. fc3 = Linear(input dim= 4096, output dim=1)

def forward(self, x):
for item in self.vgg blocks:

x = item(x)
x = fluid. layers. reshape(x, [x.shape[0], —11])
x = fluid. layers. dropout(self.fcl(x), self.dropl ratio)

x = fluid. layers. dropout(self.fc2(x), self.drop2 ratio)
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x = self.fc3(x)
return x

with fluid. dygraph. guard() :
model = VGG()

train(model)

i 32 AT 25 ST DLk B L 7E R 9 0 A 4 4E iChallenge-PM [ fifi il VGG loss fE A &&
M TR, 2858 5 4> epoch M2, FE S0 UE AR b A HERE R 1T LLIA S| 94 0 424 o

3.3.5 GoogleNet

GoogleNet J2 2014 4F ImageNet LB 4, & 1Y £ TR 5 )8 W AN UH IR iR 7
M E R, T RS B AE @Rﬂ“iﬂﬁ@ﬁ%#»ﬁﬂf?ﬁ% SERINEY AV N
Sk 4R URF IR S50 S A5 LU B RIME T 2 18] 20 A7 0 BB T A G 80 A AR 9 46 FRURZ SR 4 i
FURRAE T 25 [0 A1 30 Rl 488/ N 19 VBT B U0 5 T /I 9 4 FROR SR IBOHURRE . O T i o
XA, GoogLeNet # T — Ml Hk Jy Inception BLHRAYT5 58 . A 1&] 3. 25 7k o

Convolution
"I Layer(1x1)

Convolution

Layer(3x3) Feature

—_— 8 Concatenation
.| Convolution (along depth)
Layer(5x5)

Max-pooling
(3x3)

v

(a)Basic Inception Module Concept

.| Convolution
Layer(1x1)

.| Convolution Convolution
Layer(1x1) Layer(3x3)

Output from Convolution Convolution Feature
s A e > Y Concatenation
Previous Layer Layer{1x1) Layer(5x5) falong Hepth)

.| Max-pooling Convolution
(3x3) Layer(1x1)

(b)Inception Module with Dimension Reductions

W& 3.25 Inception # iR & # R = E

AR .
» Google ¥MBF AR A T ¥ LeNet 23k, 4 # A 4 % A GoogLeNet,
e Inception — 3 & & T & #( &% =1 )(Inception) .

Kl 3. 25(a) /& Inception BEH I B+ A fi ] 3 AKEUUJ\E’J%*“VN%AIZU#L”
ERURAE T M R AL 53X 4 A HRAE B I 0 T X — R AT B M S
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FEAE DR 23 40 % 282 30 AN [ K/ 19 46 BRURZ $2 B oK 19 F¢ 1E . Inception B3R H £ 38 #%
(multi-path) BB IHHIE R, A S B&AE P A [6) R/ 19 45 B, e 2 St 5 E 181 1Y) 38 18 $002
A 37 %Ki HH A TE R0 RN 0K 2 T 0K HY R T A AR AR KL I R # £ 4 Inception B
B BB AR A s B S AR AR W E K. R T IR/ S 80 Inception BEHLE T
& 3. 25() AR TR EREA 3X3 M 5 X5 WERBIZZHT. 80 1 X1 &2 d 56
i S T PR SRR AR 2 R RN 1< 1 B RUZ N TR, T — AL B
BT 3. 25 (b) TR B 5 R . T TH X B R T & Inception Y HARSE 3y XL AT LAY BR
&l 3. 25(b) FACAS — 2 e 352

?iEFl?J_T:
RAEHZELSF, 2T IXIWRRENZEBER TR DD, A H L E K S I
3 4‘%} R AR R AT IR R AR BEMETARR LT TR kb, =k, =3,pool_
stride=1 #= pool_padding=1,% H4&FE B R+ T AFKFRE,

Inception A5 5 Y HAR S 3L a0 LA R A 7

class Inception(fluid. dygraph. Layer) :
def init (self, cl, c2, c3, c4, x*x* kwargs):

super(Inception, self). init ()
# R B E Inception P 4% 3% b A8 B (19 #R4E
self.pl 1 = Conv2D(num filters=cl,
filter size=1, act= 'relu')
self.p2 1 = Conv2D(num filters=c2[0],
filter size=1, act= 'relu')
self.p2 2 = Conv2D(num filters=c2[1],
filter size =3, padding=1, act= 'relu')
self.p3 1 = Conv2D(num filters=c3[0],
filter size=1, act= 'relu')
self.p3 2 = Conv2D(num filters=c3[1],
filter size=5, padding=2, act= 'relu')
self.pd 1 = Pool2D(pool_size = 3,
pool stride=1, pool padding=1,
pool type = 'max')
self.pd 2 = Conv2D(num filters=c4,
filter size=1, act= 'relu')

def forward(self, x):
# 1 HaE -1 1x1 HH
pl = self.pl 1(x)
OB 2ME 1x1BH + 3x3 %M
p2 = self.p2 2(self.p2 1(x))
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# A IME 1x1HEM + 5x5 HM

p3 = self.p3 2(self.p3 1(x))

# K 4 A R 1 X1 B

p4 = self.pd 2(self.pd 1(x))

KA S 0 R E [ PR R AE — AR Oy B A A i i 2 R
return fluid. layers. concat([pl, p2, p3, p4], axis=1)

GoogleNet HZRAGANIEL 3. 21 Fr/R . 7 EREBUER P 5 D HEER (block) » &AM R
ZIEE AL R 2 (73X 3 f Kt Ak J2 R el /N i i s 9

(1) 5 —BEHL il — 4> 64 I 1Y 7 X7 HRUZ,

(2) SEBIHEH 2 MEZ . Bk 64 liEM 1 X1 B2 R )5 &K EEH K 3 4%
H 3X3 HEHE.

(3) BH=FEH B 2 N5EEN Inception R,

(4) HFHPUAEHEEE T 5 4> Inception .,

(5) SERMEHEEET 2 4 Inception B,

(6) 575 7S M0 P i T AT 55 R e o )2 L 0 P 4 Ry 1 24 3 A )2 ok A T Y
B b A B AR S R R R 2

g

Zill

=
Kt
=

P RH .

ABERVEZFHH L P RMT B 3.26 BT+ Softmaxl #= Softmax?2 WA £ &,
de g 3.26 T NAMBEF A2 LBOMEJIRBT R EF  AERBEELEAE, X
PRHRFET L E AN S EE,

= m =
m ]

Input Image 7XT(64) 3%3 1X1(64) 3%3(192) 3X3
(224%224X3) Stride2, Padding3 Stride 2 Padding1 Stride 2
'»| Inception3a + | Inception3b *| Inceptionda T Softmax 1
3X3(Stride2) 5X5 128 1024 1000
(Stride3)
»| Inceptiondb » | Inceptiondc ‘ »| Inceptiondd ‘ T Softmax2
5X5 128 1024 1000
(Stride3)
»| Inceptiondc +| Inception5a »| InceptionSb T Softmax 3
3X3(Stride2) X7 1000

[] Fully Connected Layers [l Convolution Layers [I] Max-pooling Layers
["] Dropout Layers [] Average Pooling [] Local Response Mormalization

B E 3.26 GoogleNet 1 B[R 4% 45 ¥y R &= E
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GoogleNet [ ARSI A r s .

import numpy as np

import paddle

import paddle. fluid as fluid

from paddle. fluid. layer helper import LayerHelper

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, BatchNorm, Linear
from paddle. fluid. dygraph. base import to variable

class GoogLeNet (fluid. dygraph. Layer) :
def init (self):
super (GoogLeNet, self). init ()
# GoogLeNet £ & TN, 454> 15 B J 1 56 B — i1k 2
- EREE 1 ADERZ
self.convl = Conv2D(num channels =3, num filters =64, filter size=7,
padding = 3, act= 'relu')
# 3x3 KM
self. pooll = Pool2D(pool size =3, pool stride=2,
pool padding =1, pool type= 'max')
= B oABREE 2 D BIR)Z
self.conv2 1 = Conv2D(num channels = 64, num filters = 64,
filter size=1, act= 'relu')
self.conv2 2 = Conv2D(num channels =64, num filters= 192,
filter size =3, padding=1, act= 'relu')
# 3x 3 Kihfe
self. pool2 = Pool2D(pool size =3, pool stride= 2,
pool_padding =1, pool_ type = 'max')
= B =AY 2 4 Inception 3
self.block3 1 = Inception(192, 64, (96, 128), (16, 32), 32)
self.block3 2 = Inception(256, 128, (128, 192), (32, 96), 64)
# 3x3 A
self. pool3 = Pool2D(pool size =3, pool stride= 2,
pool padding =1, pool type= 'max')
= SRR AL 5 A Inception B

self.block4 1 = Inception(480, 192, (96, 208), (16, 48), 64)
self.block4 2 = Inception(512, 160, (112, 224), (24, 64), 64)
self.blockd 3 = Inception(512, 128, (128, 256), (24, 64), 64)
self.blockd4 4 = Inception(512, 112, (144, 288), (32, 64), 64)
self.block4 5 = Inception(528, 256, (160, 320), (32, 128), 128)

£ 3x3m Ak
self. poold = Pool2D(pool size =3, pool stride= 2,

pool padding =1, pool type = 'max')
= B IABIRALE 2 4 Inception B
self.block5 1 = Inception(832, 256, (160, 320), (32, 128), 128)
self.block5 2 = Inception(832, 384, (192, 384), (48, 128), 128)
£ 2 REik, R~ Y2 global pooling, pool stride A {E
self. pool5 = Pool2D(pool stride=1,

global pooling = True, pool type= 'avg')
self. fc = Linear(input dim= 1024, output dim= 1, act = None)

def forward(self, x):
x = self.pooll(self.convl(x))
x = self.pool2(self.conv2 2(self.conv2 1(x)))
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il

g pL vt IR

self. pool3(self.block3 2(self.block3 1(x)))
self.block4 3(self.block4 2(self.block4 1(x)))
self. poold(self.block4d 5(self.blockd 4(x)))
self. pool5(self.block5 2(self.block5 1(x)))
fluid. layers. reshape(x, [x.shape[0], —11])
self. fc(x)

return x

MoM X X X X

with fluid. dygraph. guard() :
model = GoogLeNet()

train(model)

WItE e Bl L & . fdi ] GoogLeNet 78 R % fifi 25 44 4% 4£ iChallenge-PM I, Loss
REA BT R 208 5 4> epoch B UINZE, FE B U4 I A AR R 0] LIk 81 95 W &2 4 .

3.3.6 ResNet

ResNet & 2015 4F ImageNet H 2% R4, R IR B 45 = R EM R T 3.6 %0, XA RE
BT IE R AR ARG B

T A LA 2R AT 2 5 FRATT AT LA R IR B A TR B 2 ) IR R R R TR 1Y) J2E R R
W2, W 4 BE R ORI AT 2 . IR 202 T IR W 25 25 ) 0 — 8 2315 B A B 8O R We 7 AR
W E R, ABBE T 1S T i) J2 A0 R T A A B Y 2 2 R R R — A ) S8 B A TR
LAY 235 1) 550 B I8 B IS B S5 AR A R . F ) T U DT A A Al LR T RS A A i 1Y) S [ L 7R
A fige (14 23 T) LN 32 B 4R 3] Lo SR AR g X 17 09 S ) TG i 6 AR . (HR SRR T, 1
W 2% )2 EZ 5 - IR 2 AN T

Kaiming He & A$EH T 5% 22 W 2% ResNet 3k X
fiff e b3 ), AR A AR N 3. 27 R, x S—
(1) [ 3. 22Ca) s F70% 1 10 190 45 1 462 46 - =
WS AL y = F (O fi it LA L —
(2) ®3.22(b): X 3.27a)ME T ik, iy
oy =F o) b AR B ) it BRI o Tl
MR, TiEET y—a, L relu !
o USAE ST RO 1 R R F (o "j:“‘ FF{L’?“‘

KB EE R 0N y=2 B1H%
Wi
o Fla)=y—x WHAEFR2ZET, WA x—y 00542 50 18 5 W, 181 3. 27 (b) w2
AR 2L L E] 3. 27 () 2 X SR T N2 5
Pl 3. 27 (b) 25 K 2 55 22 I 4% 1) S il , 3K ol 45 44 n 4 5% 22 B (residual block) . % A
o 38 2% R T DR b 1) A% B RSN SO ) S AR RS L Bk 25 ey BRI O 22
3. 28 fim X Rk T S ARFRAE I 145 74 (BottleNeck) ,
WK 3. 29 Fin . Fmth T ResNet-50 M2, — 3 & 49 BB 1 228, BT
B A ResNet-50,

BE3.27 HREREZITESE
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v
B
relu
v

(a)ResNet-34

=R
relu

v

(b)ResNet50/101/152

HE3.28 REREMTEE

Residual Block | | Residual Block | | Residual Block | | Residual Block | | Residual Block ]. Residual Block
(3x3,64) (3x3,64) (3x3,64) (3x3,128) (3x3,128) | (3%3,128)
; : Residual Block | | Residual Block | | Residual Block | | Residual Block | | Residual Block
[I;.‘?AJ):;;?}?; E:ﬂ?ﬁ S!?i:: 2 | (x3128) (3x3,256) (3x3,256) (3x3,256) (33,256}
Residual Block | | Residual Block | | Residual Block | | Residual Block | | Residual Block
(3x3,256) (3x3,256) (3x3,512) (3x3,512) (3x3,512)
TXT 1000

] Fully Connected Layers [l Convolution Layers [ Max-pooling Layers [[] Average Pocling

BWE 3.29 ResNet-50 R WK &= E

ResNet-50 i EAARSZEL AN R ALY TR .

1. EXERAF—L

import numpy as np
import paddle
import paddle. fluid as fluid

from paddle. fluid. layer helper import LayerHelper

from paddle. fluid. dygraph. nn import Conv2D, Pool2D, BatchNorm, Linear

from paddle. fluid. dygraph. base import to variable

# ResNet H'{#i | T BatchNorm JZ, 7E % FUZ 19 J5 1l il L. BatchNorm D 42 T %5 (i F2 % 1

class ConvBNLayer (fluid. dygraph. Layer) :

def init (self,
num_channels,
num_filters,
filter size,
stride=1,
groups = 1,
act = None) :

super (ConvBNLayer, self). init ()



= Al EHRE
self. conv = Conv2D(
num_channels = num_channels,
num_filters = num filters,
filter size= filter size,
stride = stride,
padding = (filter size — 1) // 2,
groups = groups,
act = None,
bias attr = False)

# £ 7 BatchNorn 5

self. batch norm = BatchNorm(num_filters, act = act)

def forward(self, inputs):
y = self. conv(inputs)
y = self. batch norm(y)

return y

2. EXTHRERR

= BAERE S A R SRR, SRS R A AT R

CRE ST Bkl 163 |

R AR 22 e b = Uk U HR AR AT 1T AT AR S AR — Bl X AP R i 1 x 1 S B R g

TEAR 8] e il — 2%
class BottleneckBlock(fluid. dygraph. Layer) :
def init (self,
num_channels,
num_filters,
stride,
shortcut = True) :
super (BottleneckBlock, self). init ()
FARE—-NERE 1x1
self.conv0 = ConvBNLayer (
num_channels = num_channels,
num filters = num filters,
filter size=1,
act = 'relu')
= AEE A BHZE 33
self.convl = ConvBNLayer (
num_channels = num_filters,
num_filters = num filters,
filter size=3,
stride = stride,
act = 'relu')
#AES =AEM 1x 1 Hi L EE R 4
self.conv2 = ConvBNLayer (
num_channels = num_filters,
num_filters = num_filters * 4,
filter size=1,
act = None)

£ IR conv2 [ BRI AR 22 e ) i A BCHE T IR — 20, W) shorteut = True



B % 0 it oc i 4t i 2 )

£ 50| shortcut = False, Uil 1 4> 1 X 1 445 ALAE 7 S A B s b, 4 O R AR Bl iR
conv2 — %
if not shortcut:
self. short = ConvBNLayer (

num_channels = num_channels,
num_filters =num filters * 4,
filter size=1,
stride = stride)

self. shortcut = shortcut
self. num channels out = num filters * 4

def forward(self, inputs):
y = self.conv0(inputs)
convl = self.convl(y)
conv2 = self.conv2(convl)

# % shortcut = True, B #4% inputs I conv2 {4 %y H AH I
# AW FFEXS inputs AT —IRE R, B IE R BUR conv2 i ) — 2
if self. shortcut:
short = inputs
else:
short = self. short(inputs)

y = fluid. layers. elementwise add(x = short, y= conv2)
layer helper = LayerHelper(self.full name(), act= 'relu')
return layer helper. append activation(y)

3. X ResNet &

class ResNet(fluid. dygraph. Layer) :
def init (self, layers =50, class dim=1):

super (ResNet, self). init ()
self. layers = layers
supported layers = [50, 101, 152]
assert layers in supported layers, \
"supported layers are {} but input layer is {}".format(supported layers, layers)

if layers == 50:
# ResNet50 {1 7 ZAMBH, Horh 85 2 355 5 M EEH 440 7 3.4.6.3 Mok
depth = [3, 4, 6, 3]

elif layers == 101:
# ResNet101 f & £ MM, Hoh 5 2 845 5 MRH A Bl 40 & 3.4.23.3 ok bk
depth = [3, 4, 23, 3]

elif layers == 152:
# ResNet152 {1 & Z MM, JEr 3 2 3155 5 DRI 615 3.8.36.3 Mok 2k
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depth = [3, 8, 36, 3]

£ 5% 2= Yo i B 21 04 6 ARG i O T R
num_filters = [64, 128, 256, 512]

# ResNet M55 —MAIHL, 5% 1 A 7x7 B, JFHEAE 1 iR ik)z

self.conv = ConvBNLayer (
num_channels = 3,
num_filters = 64,
filter size=7,
stride = 2,
act = 'relu')

self. pool2d max = Pool2D(
pool_size =3,
pool_stride=2,
pool padding =1,
pool type = 'max')

# ResNet [ — 34 1L c2.c3.cd.c5
self. bottleneck block list = []
num_channels = 64
for block in range(len(depth)) :
shortcut = False
for i in range(depth[block]) :
bottleneck block = self.add sublayer(
'bb %d %d' % (block, i),
BottleneckBlock(
num_channels = num_channels,
num_filters = num_filters[block],
stride=2 if i == 0 and block != 0 else 1, # c3.cd.c5 K ETEH —4
FR2EH ] stride=2; HANAIREI stride=1
shortcut = shortcut))
num_channels = bottleneck block. num channels out
self. bottleneck block list.append(bottleneck block)

shortcut = True

# 7E o5 W% AR AR B E 8 4 Rt Ak
self.pool2d avg = Pool2D(pool size =7, pool type= 'avg', global pooling = True)

£ stdv JHRAE N 4 % 4 2 BEALI s b S 800 T 22
import math
stdv = 1.0 / math. sqrt(2048 * 1.0)

= QA ERER, fa O/ R K E
self.out = Linear(input_dim= 2048, output_dim = class_dim,
param_attr = fluid. param attr.ParamAttr(
initializer = fluid. initializer.Uniform( — stdv, stdv)))

def forward(self, inputs):
y
y = self.pool2d max(y)
for bottleneck block in self.bottleneck block list:
y = bottleneck block(y)

self. conv( inputs)
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v self. pool2d avg(y)

y
y = self.out(y)

fluid. layers. reshape(y, [y.shape[0], —11])

return y

with fluid. dygraph. guard() :
model = ResNet()

train(model)

Wt BT 45 T LR B 18 ResNet 75 HR % i A %04 48 iChallenge-PM I, Loss B8
BT B 20t 5 4 Epoch WU, 7E S TESE 1 ARG R 0] DLk H] 95 % &4 .

3.3.7 /Mg

TEIX — 7 B 453 8 A 40 1 LD 2 e i R 7 R A0, 43 3l 2 LeNet, AlexNet, VGG,
GoogleNet Fl ResNet, I T AT ] HE 9 0 A B 48 . BR T LeNet ANil A KR SFHY
EIG Ay 28 R R 2 oh  HA LA SRR I B 2 1 0 2k pR BCET BE 12 1 [ 72 S ik 42 - i) Tt
FEREAE 9000 A o AR A 24588 1435 , 7T DA i — 25 R 88 2 5] SR I 25 50 5055 S 50
EIE A AEE AT B B S RS .

3.3.8 f{ilk

WK LeNet Ho ] )2 B 306 PR %L Sigmoid #e il Re LU, 75 HEJIC i 2 B0 48 5 [OKs 545 2]
HaBER 25 B2 Loss J& 75 BEUX 84, ReLU M Sigmoid 2 [0] A9 X 5] 2 51 e 45 1A 5 1) R
[ Ay 2

ERZT AKX

THIZE P EABEIRA 4D, 76 Al Studio” ZE FE Rl ST BRI B 22 2] "R 2 TP AY “/E ML 77y

RS RAR L



