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1 (Convolution) 2oHEP—MEENEE., EESWESEIGRLIEF, £
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2 1 1 | —=1] 0O * 0 0 0 = 2 2 4
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FEges (filter) m¢&fR3#% (convolution kernel)
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O FEGLES, SREEFSIHENIIERULE.
O EEGEGEFEBRIIERK (Mean Filter) L2 — 46, KFSRIERIR
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What We See What Computers See
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O —IEEGAEZ I ETURERERIE
SRFRAISIEIRGT (Feature Map) .
O GBS HERGCEHLFME AR
eies, LAREXS NIRYEHIERREY
= EERYERER 2 E SR
ey, LAY EIGHI T B
RIg; JPEFEs FEAYREKRESILA
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iy H 447 11 B4

16






®) BIEE g
2”".4 1896 \\‘,‘9‘5‘: '\E _—Eé / \

£K1, FEF0 £ik2, FEF0 S, TEFE £ik2, FEFT

W, = (W; — F+2P)/S +1
Hy=(H —F+2P)/S+1

| o%=)

£ LA AINH, W,RsHaHfeature_maplYEE, W, E2EHRIEGNREE, FE
EREREIEEE, PRFEFNNE (TEFR: IBERREGEENLE0, MRPHERT,
BB2AFAMEEO) ; SEFIK; H, 26fREHfeature mapfVEE,; H, E&SHRIEGNSE.
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o EHlRFIFIEIGAIEGE, SRNEENREEE—IEIR (BEMEHE) Eigsh
— etz (BNEREE) | BESTURESE—HFE . AitEERIESF,
SEHITEINZER, AREASSI E, —RSUBHEXEBEERRESH, NSk
D— AR BRI ER TS

® HifX (Cross-Correlation) 22— MEEMNFIIEXMENRL, BEERENE
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o ETFE—EGX € RN FI— 1 EfRzw € RVY |, BiINEEXA
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FT

B5Ex:

u Vv
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6 5| _
g 1|

Uu v
ij = Z Z WyvXi—u+1,j—v+1-
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EE— I HNGEEXFIEREEW N ZEBHEXENI:
Y = W®X = rot180(W) = X,

HQFrEEXEHE, rot180( ) Fxied180 &, Y € RM- ULV +gtahiaiE,

ERENZPERAGIREN TIHITRIEHN, SRZEE R TR NESIEMENAYEE
JI7exR. BRI THRRENFINSEHET, SHRMEEXERENDLEFNH. AL,
ATEIE (Bdmia ) NAEERER, BIABRKRAESEH. FLL, RERE
3 TEPERRIREESCER R BAERERE,

&
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4 % S ¢
&) ERRIENM

EeEEaiRmEMNER, MRS
NEEBEM, x M;_ 1, BHMENEREEFEEM, x M S8, IAMFIM,_ #REX

S IEAM,MBERTT, 51— 1REM,, MBEZTT,

HY, 1B

SREMENSHEAFRE S, IGHNREREIERR.

input layer

hidden layer 1 hidden layer 2
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EEHE (RREFRIR) PRIE—HLTTEHRMT—F (Bl - 18) #EME

OABRETTHEIE, fp— 1N EERERMES, X

i

X,

%, SRR —EZ A

REAKRL, HIRERRIM, x M, MERTAIM, x KNER, K REREKN.
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o 1896 ' \
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57E1000x 1000 RAIER, iR

MEEETE L NMREMRET, W&

EHRE10M2PMUYESEL:
1000x1000x1000000=10"12

FULLY CONNECTED NEURAL NET

Example: 1000x1000 image

sy IM hidden units
= §

‘ 10712 parameters!!

oooOO

- Spatial correlation is local
- Better to put resources elsewhere!

BERZEE10x10, REEBNEZH
REZEMX10x1089FEBERBER,
FTATBE A MR EREZTTHRE—(C &
B, R1078 124l
10X10X1000000=10/8

LOCALLY CONNECTED NEURAL NET

Example: 1000x1000 image
IM hidden units
Filter size: 10x10
100M parameters
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&) HFRRIEM

BEERREZE A 1010, RESNRZE

/\ﬁ'ﬁgﬂ]L1 Ox1 OEI’J)%*‘B £ 1%1‘5&1&,

Bz, Bl 0’\8/I\72‘§55Z
10X10X1000000=10"8

LOCALLY CONNECTED NEURAL NET

Example: 1000x1000 imoge
IM hidden units
Filter size: 10x10
100M parameters

REH=

F—1HEZITEFEE10x10=1001E

ENES

. BRUNRFANFHZE

TTIX 1002 2HE/NR? BH
ERENNMMEELTTHNZER— SR

EER

&R,

HE: 100728

18] X

FHIRRETAlE?

& XEFERIENT —HMSIE
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NEXZ: (FASHNSREw()NTHBIENFIBINMETEEERN. WTER, FrERIEER
&% FINERERN. NEXZ=LIERA— N SRR BREA SRR —MSERNREER
f$HE. Bt MRERNSHSERFZEERS AN ARNEIREZ,

BRan—Eiss, BME—fESREmERY CONVOLUTIONAL NET
2GR —FEFE, BRAERNINEEREAR iadE
¥HIE, BAT? A

Z: SIS

E.9.: 1000x1000 image

B 100REREE, SERENS R — i s 040
e N CINEL L AN
100f&EFZ5 A 100 Feature Map (BAIIE =

MHAB—MiERSEHREBINRERS, &
Feature Map) .
L L & 100f&EiHZ (FREFFIE) xEH
8 XEENDX—BEEZMMNSE7T7? SRZEZ/10071258
=100x100=10K, BHE1B1NESEL.
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SiEl
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B B R ER SN EIE A A

Mg, BRINER (I5E) MIZEEERN, XHMEERHEMEPHFRARE,

|

B B, BRI

|

ARG RS L ERREA. (i)

1%, TENHYRFE

B HEEKE, BiRE

XNNRZER, BRI E B PAS HERIAY:

XA BRI AL 7 —2S
HUSFAE, AN RTREbIRET

R ARIE, BPfE

—HHIZRIX,

ST

, ANEERMARIMIFZRY,

g FRORIAEZE R, RISFRBAZEE.

0T PRRKNE, WREXEWNEET, BR2{PRE
SN [=P

%, BRRIEDAREENRIE
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o SIHERALIEER/DNBPERINE, BFEMRSTHPRIMZITNEFTR
BRERLS. WREEE—ITDESE, DRFBIUMAELUKARTS, BE20M
HHAGS. ATRHERXNEE, FJLAESREZBRINL—MNEHE, AR ESIE
#2, EREIIE,

® ;i{YE (Pooling Layer) tBIFXtEE (Subsampling Layer) , E{ERAEHIT
YRR, FFREEEE, NMmiRDSEEE.
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BRI B ERNBEANE
RMXN 1 < d < D, BHEX

e LIEE, tBeJLAAES

(Down Sampling) 1§%!

FEBRGTB X € RMVXP | S FHPE—MFERITX? €

DHRE

o|lr |~

| = | o

wN o

oc|loc|S | =

0

1

1

b NRRIEBLS X4

il ANRETEMIURTEH

AP

XiHRE ., 1<m<M,1<n<N, XEX
5 &, /B (Pooling) BIEXNENXIEHEIT FXRE
—ME, EAX

X RYETE.

i R IE RS 2 Y

Gt RFIERAT YO
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—MXIRY, XA XA

At (Maximum Pooling BiMax Pooling): 333
EHZTNRAEHEFAXNKENET: Ve = max x;

IERm,n

Kernel size: 2x2 Stride:2

>
| | | Max Pooling 7| 8
3 6 1 4 .
Mean Pooling 515
>
v

Z385t4t,(Mean Pooling): —fRERXIERFIEHZTEIEERNFESE: Y = Rﬁlqnl | ; .
Erfri AXIERE RS MBETTHEE.

|
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s EHENATT: MEREIREBERL!

BRI BEREIH MBS HREE RGN ERPIIIR. W, #WA (1,53) ,

ST, 1
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o EIENIITE: JISERRVREBERET!

SiRE, TAT1S5, XEHBAR
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SIRRENLE

object models

object parts
(combination
of edges)

edges

o0 ARY KRB

Area V4

LA B

HQNer ke .

&

?
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What We See What Computers See
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LR E

EiEEE 32x32x3 image -> stretch to 3072 x 1

input

CNN f#R 7 IX4

RIS TVERER T

2

3072

AR, RS
BRAHHE, HEHRM

R, IEEE R ER, BiEe

BRHNRBI HRZE S URIEER.

Wx

10 x 3072
weights

|

=

—_—

1

activation

o

10

= OO O(
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Convolution Pooling Convolution PooLng Fully-connected
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pad
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I pad
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0

0

0
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pad
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I
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0o/o0oi0i0;0;i0i0;0
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BizKerneltBIigiKkag ilter, NRERRIEMHFE, BIRAMEIT. LIIEED
. KFB%Z% gie. sUEEFS, XEEHETIERMT I EEKERINE
HEEERES. sRmRRelERESRI. EEER. B84, BEHMR,
SEZCHIFFALE,
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SIRRENLE

—NRIGHINESR . TR

Original image Visualization of the filter on the image
0 |0 |0 |0 (0D 0 |0
0 [40(0 |0 (D |0 |0
4010 |40 |0 | D 0 |0
l wl2lo oo oo K
™ 0 |50(0 |0 (0 |O |0
0 |0 [(50)0 (D |D |0
@ 5|25(0 |s0|o |0 |0

Visualization of the filter on the image Pixel representation of receptive field

Visualization of the

0

0

0

30

a0

30

30

Dloj0o |0 (0|0 |30
0)0 (0 |0 |50(50]50
000 |20 |50(0 |0
0)of0 |50 |50(0 |0
Djof0 |50 |50(0 |0
0)jof0 |50 |50(0 |0
0)of0 |50 |50(0 |0

a0

Pixel representation of the receptive

field

ScIIoloaola|l ol o) o
oIlIoo|lolo|lo|l o) o
So|Ilo|lo|lao|l ol o) O

0

0
0
0
0
0

Do ol o|o| =

SoI|Io|lolo|lo| o) o=

Pixel representation of filver

Multiplication and Summation = (50* 30)+({50* 30)+(50% 30)+(20* 30)+(50* 30) = 6600 (A large number!)

an

a0

30

ool a|loa)l S| &

30

L=J =D == =] =] =]
L=l =T == = =T =]
[=J N =T =Tgy=1 §=]

o o|lo|lo|lo| =

0

[=T =T =T = == =T ]

Pixel representation of filter

Multiplication and Summation = 0

St HACEE— EREIEXRE,

A
==

MG AR M A,
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BRIGRENIZ-SEA—EL

- SHRRRABEEWNASIENSMIA
32x32x3 Image /

5x5x3 filter

32 ’l
I ItSiEESRSEIGRINER
Bl “fE=fE LamshEg, t8E=f"

32
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SRGERA—MTE
(SRR HEUSAYSX5x3 MR Z [AE RIS R
(BP5 * 5 * 3 = 754 R +{RE)

wlz + b
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. S E] activation map
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EFERRI—E
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EHJL j(/J\:
(N - F) / stride + 1

N HE0. N =7, F = 3:
i1 =>(7-3)/1+
i 2=>(7-3)/2 +
J/'IK3_> (7-3)/3 +

—_ A
T .
I\)UUU'I
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—
—

3x3 EiEs, ZRIRE N
BHEINMEEBIERIRR => @K\ Ae?
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