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= x[0,0,0]*w][0,0,0]+ x[1,0,0]*w([1,0,0]
+x[0,1,0]*w[0,1,0]+ x[1,1,0]*w[1,1,0]
+ (SRR AFZE o CHaY...)
+x[0,0,2]*w][0,0,2]+ x[1,0,2]*w[1,0,2]
+x[0,1,2]*w[0,1,2] + x[1,1,2]*w[1,1,2]
O|7(1| AP*°‘°I I ChE ™2 O{EA Al ASHLE?
O| ZH2 sy, sz Of Chet Eap &I,
7~ ch=102 O|2{Tt At }
=] O} ~
30| 10 7H 2} o|0| 0| Z4Of| CHSH 2HOF 2 Kf~i

QU M InputData & ch=3 = Z2} 0]
O/X|2| R, G, B E 2|0|3H=0| O 7| A
100|2t £ O[0| Q1712 R, G, B 9] =
shA =HEo|CE




Holy

x[0,0,0]

¢

% d4olo LtESS M2 MAEez ORI

x[0,0,1] x[0,0,2]

¢ ¢

[] [] e []
y[0,0,0] y[0,0,1] y[0,0,9]
x[3,0,0] X[3,0,1] X[3,0,2]
\
Y ¥ v
" y13,0,0] y[3,0,1] v[3,0,9]

x[0,1,0]

x[0,1,1]

1 A

y(3,0,0] y3,0,1]

y[0,3,9]

x[0,1,2] x[0,2,0] x[0,2,1] x[0,2,2]
0,1,0 0,1,1
yl ] yl ] y[0,1,9] y[0,3,%0] y[0'3" 1
sy=1, sz=1 (stride 2t .0 R ECHE &5 M =2 &y
dreho 2 14 7}2 WK, Wehoz 14 2%/0|0)
yli, k, s] & Al AHSHCE
2t A, shape = (ny, nz, ch) = (4, 4, 10) O =IC},
2H&: K Ech = 102 W 7F MEISEX|TE (ny, nz) = (4,4)
= 2 20|01 2t conv O 7 =0l 2|5 A EICt.
CONV 20| 0

y[3,3,9]



3-2. padding O|2}?

h=3
[Gll] conv 2i[O0] 02| & O] & w =2
(1) InputData 2{0| O shape = (5, 5, 3) S £ 1t S AUSHAH 5t ch =10
(2) CONV 2|0]0{ CONV32101210 L2 2 S}A. 12{H padding = 1
(3) shape =(3,5,10) 2| cCONV 2{[0|0{ 7} 1 8{ ZIC}. sy =2
sz=1

ch=10 2 FAHZI A. (ny, nz) TLSHA.

InputData 5 5 3

o
Ho
=
10
M
o
rir
©
Q
o
o
2
oQ
1"
[E=Y
ne
|.|-
N
mun
mjo
)
=
el
rir

(7} padding=0 O| H, 7} 2(z) WO 2 w=2, sz=1 0| @ 0| 2} 5 U3}
A nz=47t & ZO|L},

2=10|U7t a2t sz wsto =z

Cols AZf 91K 7Ht
Y 5= U= K= 57 QJACH DM OFX[ 22 o & &5 M2}

2]

A H)IHE 2l =

MstE o 2olC

[PERET } I l
R 22 A2 pad 2t THLE. padding = 10| 2=
e pad 2 W 29 2 QICt= L0l S

T EVQEeAdME A 20leH E 20

SR EL I 1M P LB LE
=2 FEAE[QCH



(E}) padding=0 O H, M Z(y) B2 h=
f

E0|[C}. 0] BF nz=2 7t ElCt.
3FOF b =4 0|31 144 5}0] 0|5 251 L =

nz=1 0| ElCt

h=4,sy=2

_’
h=3,sy=2
(Eh padding 10[H, sy=20|L{7t4ZH M2 E'!@_E Al RIX7HEHE H)7F S = UAs /K= 3
70 QUCH =G| EI|-X|E'|'° 2= BEF(a). 2t 22 H E2ICHB).
R 20|= A2 9| & £Z0| L+0f otej T|01| DHOF SELE H o ™ orelf Z 0| H& @ICt.
7@ Aot S UG of = Ho M 50| QU0 -

padding=1 O| ™, BFf h=4 O|TH sy =2 O|L7} 424 M 2 kO = A[Z} QX[ 7heHH)/t 2 = Us
IX[= 370 ACE 2G| OLX| 82 3E £F(C). M2 9] 1F Ofelf 2




3-3. bias &f?

CONV 2 O] 01 0f| A bias = Dense 2{|0| 3 2| bias 7 H 1} = LSILC},

CONV32101211

Dense &4/ O| O] @} OpXtZ}X| 2
CONV 2{ 0| 0| Of| A| = bias =1 2!
AL L 7f0] 191 F7H = ET¢
LTES

[&F11] Appendix |. CONV B 2tO| =5t M H &
(20| & 2 U&LICE 70| gLt

=



4. Pooling HH gl

2B O Z pooling H2H2 2 0[O0 2
O|C}. h2tA @F 20]0{2| 27| & E0

| 27| (ny, nz)& £0|= H=t
=S80 E ALt

-

°~J

4-1. Pooling 2{|0| 0] shape Al 4 HH2
1. Pooling Zi[O|O12| X{E ch =

[Gi]] Pooling 2{10] 01 2| & E|O|0{ & oF E1|0|019r =9

(1) InputData 2{| 0|0 shape = (5, 5,3) 22 o311 2. IIIH7H h, wEaddm sy, sz
(2) Pooling 2il0|0f Pooling22 0022 & StAt. 12 H CON\_/I_':” gm}p&on of'7Hy"—=l
(3) Pooling {00 2| shape =(2,2,3) O|C} = e

Activation Paooling h N padding
- - N N

AddsC Padding

BN Poaoln
d h : filter size in y-direction (2: default)

w : filter size in z-direction (2: default)
Reshape N : O(Max Pooling), 1(Average Pooling)
padding : 0, 1 (0:default)
sy : stride in the y-direction (2:default)
sz : stride in the z-direction (2:default)
InputData 55 3 B

Pooling22002 2 (2)




h=2 Pooling 210/ 01 2| shape = (2,2,3) & ZH50| O7f H4=2 2B O{HAH PStLi? (N=0ZR)
w =2 . L L
N=0 N = 0 (Max Pooling) = % 21|0]0{ 2] (h, w) Of| CH3H
= FS MEHSLL
padding = 0 7t 2 s MEStE A
sy =2
sz=2
N=02 M| 2 h=2, 7} 2 w=2 Bt A 0| M 7}E 2 3} S EX
Pooling 20| 0{ 2| .- E Zt=0|LCt. CHZ2 Pooling 2[0|0f (1) 2
Tot= W2 B ELCH
0.1/ 0.9/ 0.2/0.5 |0.3 0.1/ 0.9/ 0.2/0.5 |0.3
0.8 0.5/ 1.2/1.1 |0.7 0.8/ 0.5 1.2|1.1]0.7
13]16/0.1]21[1.3 13| 16]01]2.1]13
2.3/09]1.2/3.2(3.2 23[09[1.2]/3.2[3.2
N=0 (1)
0.2/1.4] 03[1.3 2.2 0.2/1.4] 0.3/1.3 2.2 0ol 12
ED 2.3(3.2
0.1/ 0.9/ 0.2/0.5 [0.3 0.1/ 0.9/ 0.2/0.5 |0.3
0.8/ 0.5 1.2|1.1]0.7 0.8/ 0.5]1.2[1.1 0.7
13/ 1.6/ 0.1] 2.1/1.3 13/16/01]21/13
23/ 09| 1.2/3.2|3.2 2.3/ 0.9] 1.2] 3.2/3.2
0.2/1.4/ 0.3/1.3 2.2 0.2/1.4| 0.3/1.3 (2.2




h=2 Pooling 2[00 2| shape = (2,2,3) 2 52| Of7 H=2 £H O{EA F#5tLt? (N=1 8 F)
w =2

N =1 N = 1 (Average Pooling) = & 2{[0]0{ 2] (h, w) O CH
vadding=0 | Of B 2tS MEStE A

sy =2

sz=2

(0.1+0.8+0.9+0.5)/4 =0.575
N=12 M| 2 h=2, 7} 2 w=2 St A0 A B 242 EiSH 20|

Pooling 20]0{ 2] = £ ZtS0|Tt T2 Pooling 20|01 (1) & (0-2+1.2+05+1.1)/4 =075
Tole SEE 2OEL (1.3+2.3+1.6+0.9)/4 =1.525
0.1/ 0.9/ 0.2/0.5 |0.3 0.1/ 0.9 0.2/0.5 |0.3 (0.141.242.143.2)/4 =1.65
0.8/ 0.5/ 1.2|1.1 0.7 0.8/ 0.5 1.2/1.1|0.7

13[1.6[0.1[2.1[1.3 13/1.6/0.1]2.1(13

2.3/09|1.2]3.2(3.2 2.3/09]1.2/3.2(3.2 N=1 (1)
0.2/1.4| 0.3/1.3 [2.2 0.2/1.4| 0.3[1.3 [2.2

|:> 0.575|0.75

0.1] 0.9 0.2[055 |0.3 0.1] 0.9] 0.2[055 |0.3 Laasf|teo
0.8/ 0.5 1.2/1.1]0.7 0.8/ 0.5[ 1.2[1.1 [0.7

13| 1.6/ 0.1/ 2.1|1.3 13/ 1.6/01[2.1|13

2.3/ 09| 1.2]3.2(3.2 2.3| 09 1.2/ 3.2/3.2

0.2/1.4| 0.3/1.3 |2.2 0.2/1.4| 0.3/1.3 2.2




4-2. padding = 1 2l Pooling 2{/0| 0] O

?7?

(A)
Ol: & 24|0] 0 shape=(5,5,3) Ol h=w=3,sy=sz2=2,N=0,
padding = 1 O|C}. v v v
—»| 0.1/ 0.9/ 0.2/0.5 (0.3
Pooling330122 & 2O| {0 A 7t Tt AR I X|(2HaH)7H370QH = E7FH & T
ZSICHA). 7tE MZE 25 F712E0| 2 5|C} 1
—»13/1.6/0.1|2.1(1.3
[t2FA Pooling E1I0I01 shape = (3,3,3) O|CK(1) 2.3/ 0.9] 1.2] 3.2|3.2
?| Ot =2 2 S pad = E7F 2 0 K A 2 20|00 pad 7t
R =0 X|1(2) Pooling &l0|0] L E Zt=2 A AHRICHB). —70.2]1.4/03]1.3 2.2
?7?

(B)

00|00 |0

0.1{0.9|0.2|0.5|0.3

08| 05/1.211.1 (0.7 N=0 [5912]11

|:> 2.3 |(3.2|3.2

231(3.2|3.2

1.3 |16(01]|2.1(1.3

2.3(109(1.2|3.2 3.2
0.2|114|031.3 (2.2
0 |0j|j0OJ0]|O

o ool ol e 2| o
oo | ol ol o @

[&F11] Pooling 2|0]0{ &= Of| X] Z} = §§*|7|E7|'7
T No~! [f2tA] Of| X| & Z 22 AL 25 0t= weights == Sl Ao 2 A FCE
[2 Dense, CONV, Pooling 2{ O] O'I% PN



5. Padding tH &l

Padding 'H2H1)2 & 2i[0]0{(2)0 %l (tpad)Ot2H(bpad)Z(Ipad)<(rpad)
O 0 2| 2t Z = pad== HE0|= AO|C}(3). That's it!

(Padding 21|0|O{ = [t 2 2| X| Rl @F &|0]O{0f| pad 2t = 2IC})

Activation Dense W Padding tpad bpad Ipad rpad

[ 1]
AddSC ‘ Padding

tpad : number of top padding nodes (1: default)
BN Poaing bpad : number of bottom padding nodes
Ipad : number of left padding nodes

CONV ‘ Reshape rpad : number of right padding nodes
all==0

(2)

B Paddingl2l2

Values outside the range are set to the nearnest
value.

.
Padding1212 (1)




6. Activation tH=t

LTEUSS CE YUY LHE SO| AL ST LE S22 022 TH=A
LI St= 52| HatZ g 4= UL} O] 2ot HE2H0| Activation B EHO|CF A
weights= 25 St= CH 40| OfL| Cf

Activation N dropout 2M-N20o~5 ([|%E 1)

[ 0| .
dropout & dense [ 2 & Y SICH S

N:OoSLdta) el dropout = 0.1 O| 2} & & 2{0]012] =
3(Sigmoid) a(tann). S(softmax), CUE 5 10% S MESHH 022 Tt

dropout : 0 ~ 0.99 (0: default) =

Values outside the range are set to the nearnest - |'

value.

InputData 5 5 3

(1) Activation 'HEHEl 20| 02| shape= & 20| Of shape 2F
& YotL}

(2) & 2ll0]0 LEQ HALR|= MO ZEtE SIPFM 2 = o}
K| ULt St5 k= T 0| OfL| 2h= 2|0] O|C}.

LS AX =




1

6-1. Activation &

identity

Leaky RelLU &t

y=1

x:x>0
ax . else
(@a=0.1)

[ ]
s|Y
RelU &= 2
N
24 X : x>0
y= {O : else
14
-4 —‘2 0 2 “‘

sigmoid &=

-4

o




=LA - O @)
6-2. softmax &= FAA72 (N=5 FF)
softmax = FOIX U4E2 & EE HHHO| = HSHO|LCH
O| gt=+= O|0|X| 2F 0 M 2t&E2 LIEtY = {82 Heto|Ct
softmax &
x[0], x[1], ..., x[n-1]  =>  y[0]+y[1]+ ...+y[n-1] = 1 E| = y[0], y[1], ..., y[n-1]
[& 1] Appendix I-3 =S A
(O] 1.4 0| A 2 FO| 2} ZOFX|Of| CHeE H=t 0] CHSIO] ¢ H et
H7[Mn=2
Dol Kaf gt softmax B2+ Z} Zotx| 2y 2t softmax 2t 4X
(247.2, 520.3) (0,1) (289.1, 181.4) (1, 0)
(276.1, 635.4) (0,1) (386.5, 316.3) (1, 0)
(324.4, 590.6) (0,1) (484.5, 375.3) (1, 0)
o GfECHSER HatEl =0 W S| O|8li5t7| £l Ch~



6.3y[jl S

Ct & S5} H

0f: (2.3, 1.1, 3.5, 1.4, 0.5) 2= 2/ == softmax =S} H

HU10| E=7 & &EO|2tE = Y=

-1

=AU =

(0.19256025, 0.05799803, 0.63932256, 0.07828916, 0.03183) =

=00l k=

0.6
0.5 -
0.4
0.3
0.2

0.1 ~

Ct 4 5HH 1 O| T

0.5

1.0

1.5

2.0

2.5

3.0

3.5

[Ch2fA{, softmax HZH2
=SS0 MLz Hat
2ol0F 257 MCH= =IC

210 o




7. BN(Batch Normalization) B2t

weights 7| th= B2 PP H O = HE[H =55 7= HEO|H. o
=

MIN2 0,1 (CIZE 1)]

st Al fI0|E= '8 7= chOf CHSHY
-w[0], w[1], ..., w[ch—l] . ch 7]
- b[0], b[1],..., b[ch-1] (N=1 [} 2

Padding
N :0, 1 (1: default)

dropout : 0 ~ 0.99 (0: default)
Values outside the range are set to the nearnest

s InputData 5 5 3

N He2t2 CHS N & ofC,
(1) & =E x[0,0,012 M &S
(2) y[0,0,0] = (x[0,0,0]

y[1,0,0] = (x[1,0,0]

CHs QM
o )*W[O] ,

|
B Stst 2k
H 25k 24 *w(0]

=

= Heoh ¢
E —e
= (o)

(3) yt.éi,4,2] = (x[4,4,2] & HEoE 40)*w[2] +\b[2]




& FHHe = #Hetof CHoo] Ot AL

An Image

H 5 batch 7H=E 50 7 O| & 2 = SHC}, O 2{L}

07| M= 2HErSE Ol E 2017 ?I5t0f L5t & 0[] 718 5}AL.

(1) batch 7= : 57
(2) shape =(2, 2, 2)
(3) = 2= 0~ 100 AHO| Q] ==

MEo ME

, B 37l & OfL|2} O]
St XSt IHEO 2 1, 2, 3,
v s QOEX| 7HSSIEL

e o:HiX| s7He] MA| == 7%= 2*2*5=20
O| tEESS MO HWOIM 20/l EE58 9| 1XtRIC 2 =0t X}t

—==
17 | 18
19| 13 114

|~ |

O|X| Of batch EllO|&| :=ES0f Ci5H0] BN Hets O] B A St=X| 2 H = AL

ME1: S L5,

U

20




batch 20 7 == = %f(original node values): 64, 87, 82, 36, 94, 8, 31, 5, 49, 81, 52, 12, 15, 61, 4, 65, 45, 26, 99, 88

H 4t (mean) =

O|X| A*A = variance + 0.001 &|=
64 S Helol Zi(normalized node value) =
f(normalized node value) =

875 H2lok g

[—

BN E1|0|01°| LES2
WE I:IOI'—TI—N 10' i

F|
5
o

rir
o

y[0,0,0] = (x[0,0,0] & H=tst
y[0,1,0] = (x[0,1,0] = H&tot
y[1,0,0] = (x[1,0,0] & B =tst
y[1,1,0] = (x[1,1,0]15 HES ZF
v[0,0,1] = (x[0,0,1] & Bl =tst
y[0,1,1] = (x[0,1,1] & Hetot
y[1,0,1] = (x[1,0,1] & Bl=tst
y[1,1,1] = (x[1,1,1] S BHetot

% (normalized node value) =

rmalized A| 7|
£ Ot 40| =L},
>
H.
Th
HA
>
H.
St

vvvv

7
H
7
H
7
H

VVVV

7t
HA

AS Tot0

7=
HA =

*w[0] + b[0]
*w[0] + b[0]
*w[0] + b[0]
*w[0] + b[0]

*w[1] + b[1]
*w[1] + b[1]
*w[1] + b[1]
*w[1] + b[1]

(64 + 87 +82 +...+99 + 88)/20 = 50.2
=4t (variance) = ( (64- mean)*(64-mean) + (87- mean)*(87-mean) + ...

(64-mean)/A = 0.443
(87-mean)/A=1.181

(88-mean)/A=1.213

| CHoH IO £

+ (88- mean)*(88-mean) )/20 = 970.66

80

60

40 -

20

—e— Original Node values
—<— MNormalized node values x 100
—s— MNormalized node values

,_‘
| o .
w
s
L
h
~
o]
o
=
L]
=
=
=
[}
=
w
=
=Y
=
w
=
=]
=
~
=
o]
=
o
m
o

Hf X| LH2| .= E Zf=(Original node values)= 37| X0 7} Of 2 A C}, gFH H
(Normallzed node vaIues)E 2 1 XO|7t O & AiCt =2 O HO| & 1008 2
F2M PR

o
L3l oIS S HAE NEROE MEA & & B




8. Reshape tH 2t

InputData 30 30 3
Dense 1010

(1)

Padding

Reshape H&H2 - E XHN| £f0|Lt = E MM| 7 === HHSIX| BE1D shape
OF HZ 5= HSHO| T},
Reshape 24[0| 0] = @t 2{|0]0{o] = EES 1A}Q EE= 2, 3K QIO 2 H R
O H2tEl 24| 0[O O| Cf

[0ll] Reshape H 2SI = HitH

H O[ &} InputData 2] 0| 0] 2f Dense 2{|O| 0| 7 Lt SHAT,

(1) Reshape & 2|0] 0] MEH HFtH . ctrl + ML 2 3D 0| E E2|5}0{ MEH

(2) Reshape HHE& 2 = THL} 131'1' Of 71 tH == lLH'-*Oﬂ tsot BRE0| =8E

Ch = @ 20|10 shape 7t (10,1,1) 21 B % 7r H32 (10,1,1), (5,2,1),

(251)3%%% ICH O] & (5,2,1)2 DrT 4 ]

(3) Confirm HHES = & BtCY.

(4) 24|0| I SO M “Add” HEZ 2
O| #|X|5IH

(5) @ 210|0f HFZ F| 0| 3D Reshape 21|0| 07} 12 TILCt,

2|5t H = E M 20 0] 0 Reshape 521

ImpuiCata 30 30 3

(2)

Reshape 52 1

ny(number of nodes in y-direction)
nz{number of nodes in z-direction)
[ ] ch{number of channels)

Reshape 521 (3)




[Xt11] (3,3,2) H|0| 0| & Reshape 181 1 2 HEHS}H Zt ol Ml 7Ho| QK| =2
0
(3,3,2) (18,1,1)
1
0|1 |2 9 | 10| 11 Reshape 2
3 | 4 | s 12 | 13| 14 <:> 3
6 |7 | 8 15 | 16| 17
Ho = CES X2 Az o= T3]
Tt A 343 ATZE O|OR 2 D E
16
17




00
—
o)
()
(7))
=
Q)
©
®
I
o
<
>
Q.
Q.
>
=
7))
®
~
ot
-
rir
oL
IE

[Gll] Reshape & 20|07} E0f| A S UH= Add THEL.

(1) 01| = =0 E1|0|017f47H AU=0 £ 20| 0] Activation 1 0
£ Reshape &2 H

(2) 3D HO|0{E = ctrl + ML = S 2I35}0] MERSIC} 1™
:LM|7|_ XEAH oz I:l:|o|.|:_|.
(3) Ol Reshape tH == ZESIH A5 2 2 7tsTt Bt

al'c'sl-l:f

1 — .

(4) 1212 2|0]0f T O A “Ade” B E S 2 2513

(5) Reshape 841 10 10| 24|0|0f T 20j| F7}+=|TH, SA|Of
(6) 3D Reshape 4| O| O 7} Activation 24| O| O &|Off 124 ZIC}.

Inpuibata 30 30 3
CONVZ2100111
BEN1D

Activalion 10

ImpuiCeata 30 30 3
CONVZZ100111
BEN1D

" mp{number of nodes in y-direction]
nz{number of nodes in z-direction)
B chinumber of channals)

Reshape 841 101

o [ om [ ] o [

InpuiCsata 30 30 3

CONVZ2100111
BN1D

Reshaps 841 101




8-2. Reshape £2{0|0{ Add/Insert o} = H}tH

[Gll] Reshape & 20|07} SZH0]| 1S = Insert SHCL. InputData 3030 3
CONVZZIDD111

InpuiCsata 30 30 3

Reshape: 280 29 1

BEM1D
(1) Ol E =01 20]0{ 7} a7 A=0l =7t 2010 coNv 2210 Atvaln e
0111 E Reshape &2{H
(2) 30 O|0E B ctri+ MLE
N7t EEMOZ2 BHTIC
(3) O|If Reshape HES 2=}
HOZICH 07| M 2902915

BN10D
-ﬂ-t‘l- ll. I'_'N':-Iate Raplacaz- |rr5E'I't I'_'hz-lete All
(4) 32|22 200 THE O M “Insert” HHE= =2 &5} —
(5) Reshape 29029 1 O| 2{|0|0f T{f ' Off M EHEI 2 O]
F7tz|H, A0
(6) 3D Reshape 10|07} conv 24|0]Of F[0ff 124 ZICY.

BN1D
Activation 1 0

mulu
J
Ot
2
rx
a2
rot
)
|
5]
re

ImpulData 30 30 3

m rg
Rl
i

0

Hu
N
or
o
e
ot
o

1 (3)

my{number of nodes in y-direction)
nz{number of nodes in z-direction)
chinumber of channals)

Reshape 280 28 1




of| A ¢ gjfo]of7 HE E

InpuData 10 10 1

BMI1O

Activation 1 0

Reshape 8091

Activation 1 0

Ctrl + ML 2 3D 2{|0| 0| & MEHSE = Reshape
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ot HFH ete A 2 = FOIH £ Ch2 2ot R[St A = UALE HRE 170 Drive 47 7HA| 2X| 7S SICL
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1-2. Copy Mount =0i%

mport os
colab_path = feontent/drive’
colab_path1 = os.path.join(colab_path, "MyDrive")
print(colab_path1)
f not os.path.exists(colab_path1):
from google.colab import drive
drive.mount(colab_path)
alse:
print('Google Drive is already mounted.')

i ote FCE HE27F HER & HYsHH 8~
# 8], training_dir ©F2ll 3t &C| 7<?F CLASS_NUM 2+ F &< guich

raining_dir = os,path,join{colab_path,"MyDrive/train")
ained_dir = os.path. join{colab_path, "MyDrive/trained”)
prediction_dir = os.path join(cplab-patil" MyDg§ ey dictiog mnisty

mpnjrtterusorflow [ =2

e f | I

T E = Colab 0| Google Drive & Mount A|7|& 9&

Copy Mount

Open Colab

Default

Copy Main

H3F A OHOf| python2 2 BH=0f
{rErot AEJH ORI SA|
2|

H

—

BEo: Mg
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< Copy Mount otLHL > (B0 HIE 2YL Appendix il 1)

< Colab AIO|E >

L E=0{M Google Drive It 20| M ASHE = S{E5HA|
AsUt

0] =E=0{A Google Drive Tt of CH3t M|~ Z 9F S LTt Google Drivedi| Cfst
A AT 2SI EH SESH M 2#E= 227 Google Drivel| L2 & =
St QI EILICH O] WM AS S E5H7| M| cES ICTE HESHA|TZ| HHLICH

otL®2  Google Drivet] HZ

v

< Drive AIO|E >

content/drive/MyDrive

(1) Drive HZ& "~

train 0
1

—
—

(2) =4 X8
(3) CPU/GPU HE _|

I
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Python 3 -
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1-3. Dropdown : Default & Non-defaults

Default s Dropdown HHE 0| Ct=2 1t €2 &M E0]| UL} : default & non-defaults
v Default
(" Mnist ) Default : AF2 X} 7} Drive Of| G|O|E{ A2 2 E6}10 1 H|O|E{ Ml S SHSA|
Fashion _mnist 7= A& C|ZE0|LC},
Cifarl0
gLt Colab F = tH7H = M A B2 AFEEO0 AfR5P7| [ = Off
Non-defaults GPUE X = ‘)I\‘E AA—'— _'_Ejl' — EI AE 9/“:"(% EE A|'
E5tH & O WEA ALEY == UL}
Ol2ict =M 8= =35t7| #5tA cpu Bt ALESIEEtE 57
T O &l §|0| E Ml = (non-defaults)Ol| CHSH A = B E A A At =

olCH
RALE.

Non-defaults : Drive Ol A = AIEXI7I EE

otCjo|E| M i

=0 M M| S5t= HIoIE S 0| 8510 sh&Ttrt.

(F= &7 4712 HIO|H A 20| = ArEAS 2| 2710 Mt 2Ee of

S O[C})



1-4. Copy Main : default

Dataset Load Method ' default
Ready to paste into Colab notebook~|

Open Colab 7 Copy Mount

Default

ULHE O 2 LY8O| LO| NS AL
colabOl 2015 7|3 3 2 2 Lt

- AFE %= H|O|H A(O] B-% default) 1t

- “Ready to paste Colab notebook~!”
(colab = EE 20 &= =H|7| &~1) Tt
oLt

AlX| 2 at&5A|Z tensorflow T E
7f%EIEEoﬂ K& =L Ol &

colab Of “ctrl+ Vv’ 2 20 E 7|
ot HllA|Z|H =IC}



Evaluation
data

Test data

Batch =) 1 epoch &5 2
Batch 2 L0 Batch £t 2 S, s O T
atc [ Of Batc FIE oS evaluation data Of| CH{ S}

1 epoch = training data M H| &
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— — A

A et=0| S=E 20 loss

Evaluation data 2| loss2} accuracyE E 11 of @ accuracy = Al LHHC}
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<batch &t 5 =HE 43>
SAXN 77K H 2| =l Hf X CHsSH 2 &
rShSNEJIZES IOSSA USRS HA|O“ H._LEE
O &=4(loss)= LIEIHCH &4 S &2
B _ cio| 0| =0| AOiL} RHR & |o+ =32 =X
258 0|0jX| FR (107} BC 0|F) 5101 0{7] A = B &410| 129070t
S O|C}. Of g2 K| EhR = A AFEICH
sss  image_count: GOOCC
class_pames: ['0O° 1" 2" '3 4" 'R ‘6" 'TTO'B "9
Epoch 1,500
194750 [ 1 - ETé: 2:15:15 - loss: 1.2907 - accuracy: 0,6365
51 BLA x
5002 Q'K'=' 7| [ ETA= Estimated Time of Arrival
(epoch) & X TS of OFRtE, # X epoch 7} 22
Nk
o o

A XY epochOf| Al X 2| =l
Hi X| 2| 4=(19)2} A | B
x| 2] -?(750 = LIEFHHCE
Hi K| . oF B0 X 2|5=
Gl Ol 2 7=

L Lo

E|7|77HX] Off &b E| = =2 Al 2L
A MEHO|A] €F 2A[ZF 152

15227 L= A= 2|0].

[E =] 2 750?

[”] M| Hlo|E 7H==: 60000 7}. O| &
valuation, test G| O|E| ZtZ} 10% O| 2= A A
st& 0|0 B 7Hs=+= 48000 7H. B X| Z£0| 64
O|L| 77} 48000/64 = 750

accuracy = AKX 77tX
co| Ml 2 I_fEf
O ZHIEA 0| =

|
‘cH
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<lepochS5 ZER T =EHEZ HH>

Epoch 2/500

TEO/780 [ 1 - Bz Tnsfstep - loss: 0.0721 - accuracy: 0.9773 - val_loss: 0.0555 - val_accuracy: 0,9320 —
\\ /X \\/ N\ f
750 step 25 ar5 0| . o Ir : Learning rate
EEHpO-I [fi; Training data Of| Cli 2t 2 & 9
o AX X

loss 2} accuracy

Valuation data Of| C{{3t 2 &
9| loss 2} accuracy

Zt step(HH K| X 2])2 X 2|5}
HEANMORZ 7 Az X7}
2R ERUCE

A



gl

image_count @ BOOO0 . :
class_names: ['0° 1" '2'° '3 ‘4" '§" ' ‘7' '8 '9] Ir : Learnlng rate
Epach 1,500

TE0/750 [ ] - 9746z 13s/step - loss: 0.1743 - accuracy: 0.9478 - val_loss: 0.0808 - val _accuracy: 0.9756 - |lr: 0.0020

Epoch 2/500

780750 [ 1 - Bs Tnsfstep - loss: 0.0721 - accuracy: 0.9773 - val_loss: 0,05585 - val_accuracy: 0.9820 - |r: 0.0020
Epoch 37500

780750 [ 1 - ds Bnsfstep - loss: 00512 - accuracy: 0.9838 - val _loss: 0.0574 - val_accuracy: 0.9872 - [r: 0.0020
Epoch 44500

7R0/750 [ 1 - Bs Busfstep - loss: 0.0385 - accuracy: 0.9874 - val_loss: 0,0884 - val_accuracy: 0.9738 - |r: 0.0020
Epoch 5/R00

780/750 [ 1 - B Busfstep - loss: 0.0352 - accuracy: 0.9883 - val _less: 0.0308 - val_accuracy: 0.9901 - |r: 0.0020
Epoch 64500

7a0/750 [ 1 - 4s bBnsfstep - loss 0.0291 - accuracy: 0.9898 - val _less: 0.0319 - val_accuracy: 0.9899 - [r: 0,0020
Epoch T/R00

780750 [ 1 - 4s Busfstep - loss: 0.0225 - accuracy: 0.9918 - val_loss: 00282 - val_accuracy: 0.9923 - |r: 0.0020
Epoch 8/500

780750 [ 1 - Bs Busfstep - loss: 0.0244 - accuracy: 0.9918 - val _less: 0,0575 - val_accuracy: 0,9882 - [r: 0,0020
Epoch 87500

7R0/750 [ 1 - Bs Busfstep - loss: 0.0196 - accuracy: 0.9935 - val_less: 0,0300 - val_accuracy: 0.9904 - [r: 0.0020
93793 [ 1 - 3425 3s/step - loss: 0.0464 - accuracy: 0,9872

Trained Data Folder: Jcontent/drive/MyDrive/trained ol

Test loss: 0.04B380020678043365 Test data Of] L 2t loss 2t accuracy A 4t

Test accuracy: 0.9372311949729919

st ot A 1t weights H|O| B X
\ A+t ©
Test data Of| CHSt loss 2F et 7]

accuracy Al4F 21



Loss

107 A

1071 1

Train Loss
Val Loss

Epochs

Accuracy

0.99

0.98

0.97 -

0.96 -

0.95 ~

Train Acc
Val Acc




[CH= Ol]

image_count © GOOO0

class_pames: ['0° 1" '2" '3 '4" 'B'" '6'" 'T" 'B' '9']
Epoch 1/500

TR0/TE0 [ ] - T276s 9s/step
Epoch 27500

780750 [ 1 - 5= Bnsfstep -
Epoch 37500

780/750 [ 1 - Bs Tns/step -
Epoch 44500

7R0/750 [ 1 - 4= Bnsfstep -
Epoch 5500

750/750 [ 1 - 4s Gnsfstep -
§5/93 [

Trained Data Folder:  fcontent/drive/MyDrivedtrained

Test less: [.035781456649503456
Test accuracy: [, 98790532375425345

- loss 0.1530 - accuracy: 0,9536 - val_loss: 00741 - val _accuracy: 00,9768 - [r: 00,0020

loss: 00707 - accuracy
loss: 0,0521 - accuracy
loss: 10,0399 - accuracy

loss: 0.0333 - accuracy
] - 238 Z=fstep - loss: 0.0338 - accuracy: 0.9879

Loss

» 0.9780 - val _loss: 0.0737 - wal _accuracy: 0.9763 - |r: 0.0020

v 0.8832 - val _loss: 0.0448 - val _accuracy: 0.89369 - |r: 00020

» 00,9868 - val_loss: 0.0653 - wal _accuracy: 0.9824 - |r: 0.0020

v 0.8893 - val _loss: 0.0571 - val _accuracy: 0.9327 - |r: 0.0020

107 1 Train Loss
Val Loss
10—1 i
T T T T
2 3 4 5

Accuracy

0.990 1

0.985 1

0.980 4

0.975 4

0.970 4

0.965 A

0.960 4

0.955 1

Train Acc
Val Acc




[5E CH= Ofl]

image_count: 3670

class_names: ['daisy' 'dandelion' 'roses' 'sunflowers' 'tulips']

Epoch 1/500

4545 [==============================] - 71s 1s/step - loss: 33.2833 - accuracy: 0.3736 - val_loss: 6.5983 - val_accuracy: 8.3125
Epoch 2/500

4545 [==============================] - 7bs 2s/step - loss: 1.9538 - accuracy: 8.7757 - val_loss: 3.5996 - val_accuracy: B8.3875
Epoch 3/500

45/45 [==============================] - Tés 2s/step - loss: 0.3293 - accuracy: 0.9378 - val_loss: 1.5756 - val_accuracy: 0.6219
Epoch 4/500

45/45 [==============================] - Tés 2s/step - loss: 0.8653 - accuracy: 0.9868 - val_loss: 1.6114 - val_accuracy: 0.6156
Epoch 5/500

45/45 [==============================] - Tés 2s/step - loss: 0.8197 - accuracy: 0.9951 - val_loss: 1.4823 - val_accuracy: 0.6656
Epoch 6/500

45/45 [==============================] - Tés 2s/step - loss: 0.8398 - accuracy: 0.9969 - val_loss: 1.4199 - val_accuracy: 0.7250
Epoch 7/5080

45/45 [==============================] - Tés 2s/step - loss: 0.0462 - accuracy: 0.9986 - val_loss: 1.4150 - val_accuracy: 0.7594
Epoch 8/568

45/45 [==============================] - Tés 2s/step - loss: 0.0391 - accuracy: 0.9969 - val_loss: 1.3417 - val_accuracy: 0.7781
Epoch 9/5080

45/45 [==============================] - Tés 2s/step - loss: 0.0242 - accuracy: 0.9972 - val_loss: 0.9323 - val_accuracy: 0.8531
Epoch 10/5680

45/45 [==============================] - T77s 2s/step - loss: 0.0080 - accuracy: 0.9997 - val_loss: 1.2407 - val_accuracy: 0.8500
Epoch 11/5680

45/45 [==============================] - 76s 2s/step - loss: 0.0012 - accuracy: 1.0000 - val_loss: 1.3000 - val_accuracy: 0.85%4
Epoch 12/500

45/45 [==============================] - Tfs 2s/step - loss: 0.0558 - accuracy: 0.9993 - val_loss: 1.1996 - val_accuracy: 0.8750
Epoch 13/500

45/45 [==============================] - 340s 8s/step - loss: 0.0532 - accuracy: 0.9993 - val_loss: 1.2486 - val_accuracy: 0.8719
Epoch 14/500

45/45 [==============================] - T77s 2s/step - loss: 0.0695 - accuracy: 0.9990 - val_loss: 0.9730 - val_accuracy: 0.8844
Epoch 15/5600

45/45 [==============================] - T7és 2s/step - loss: 0.0025 - accuracy: 0.9997 - val_loss: 1.8356 - val_accuracy: 8.8750
Epoch 16/500

45/45 [==============================] - T76s 2s/step - loss: 0.0140 - accuracy: 0.9990 - val_loss: 0.9812 - val_accuracy: 0.8781
5/5 [==============================] - 35 576éms/step - loss: 0.7757 - accuracy: 0.8969

Trained Data Folder: /content/drive/MyDrive/trained
Test loss: 0.7756503224372864
Test accuracy: 0.8968750238418579

Train Loss 1.0 4
10 4 Valid Loss
3104 20.6—
] Train Acc
1034 031 Valid Acc
25 50 7:pOChio.o 125 150 25 50 TEleoch;O-O 125 150
. . ~ o)
Train 2. Cf Valuation O| & I E=
~ . —_ S AAE
=, Train Acc = &5 A 0|1 val
 SIAS OFo O
Acc &= SF5oLA| BE2 el A

O| Cf. [Ck2FA] valid Acc



1-5. Copy Main : non-defaults

el d olHIXM o 2 L§ 20| Z 0 X[A|3t FREL
colab01| E0E7|8t = & 4+ ULt

- ArESH= |0l E Al(O] B2 mnist)1t
"

“Ready to paste Colab notebook™!
(RY L EE 20| 9 FH 7 2 o

S = -
=2t}

Al E st5 Al Z tensorflow T E
‘ - 7f%EIEEoﬂ K& =L Ol &
Ope olab oD 0 nist v 0D a
colab Of “ctrl+ Vv’ 2 20 E 7|
ot HllA|Z|H =IC}




#<Load and Process Dataset (Mondefaults)-ibmmiiiinng

tr

(w_train, v_train), _ = keras.dataset=s.mnist. |oad_datal)
¥_train = ¥_train / 255.0
w_train = ¥_train[..., tf.newaxis] # #E AR Z=I}

#1-hot encoding
v_train = to_categorical (v_train, num_classes=CLASS_NUM)

# Ol0lel 22

w_train, ¥ val_test, w_train, w_val_test = train_test_split(x_train,
v_val _test,

w_val, w_test, w_val, v_test = train_test_split(x_val_test,

train_num = len(x_train)
val_num = lenlx_val)
test_num = len(x_test)

# tf. data. Dataset 2H7F M4

train_ds = tf.data. Dataset. from_tensor_slicesi(x_train, w_train)).shufflel 10000}, batchiBATCH_KNUK)
val_ds = tf.data.Dataset. from_tensor_slices((x_val, v_val]).batch({BATCH_KUM)
test_ds = tf.data.Dataset. from_tensor_slices((x_test, v_test)).batchiBATCH_NUM]

except Exception as e

print("Errar: (Load and Process Dataset (Mondefaults))",

el

random_state=47)
randon_state=42)

. test_size=0. 2,
test_size=0.5,

#<Dataset Processing
Functions>##4#2f
#<Load and Process
Dataset>##4 L4l

7|9 #<Load and
Process Dataset
(Nondefaults) >### =

CHAIRHCE

O|A4= HO|H Aoz
tensorflow AtN| ES
E”OlE'I A-IIE EE_C')_|-7| [[H

Sof AlZHS Ford % 9
Ct.



Downloading data from https://storage. googleapis. conftensorflon/t f-keras-datasets/mnist . npz . .
11490434/11490434 [ 1 - 0z Ousfstep Ir: Iearnlng rate

Epoch 14500
7R0/750 [ ] - BBs 86ms/step - loss: 0.1680 - accuracy: 0.9498 - val_loss: 0.1179 - val _accuracy: 0.96851 —(Ir: 0.0020 ‘/////
Epoch 24500
780/750 [ 1 - B4s Bfms/step - loss: 0.0704 - accuracy: 0.9781 - val_loss: 0.0984 - val_accuracy: 0.9711 =|Ir: 0.0020
Epoch 37500
7a0/750 [ 1 - 655 BEms/step - loss: 0.0525 - accuracy: 0.9331 - val_loss: 0.0979 - val _accuracy: 0.9701 -|Ir: 0.0020
Epoch 47500
780750 [ 1 - B3s 85ms/step - loss: 0.0427 - accuracy: 0.9861 - val_loss: 0.0860 - val _accuracy: 0.9763 —|Ir: 0.0020
Epoch 5500
780750 [ 1 - 685 9ms/step - loss: 0.05344 - accuracy: 0.9885 - val _loss: 0.0811 - val_accuracy: 0.9788 -|Ir: 0.0020
Epoch 64500
704750 [ ] - Bls 82ns/step - loss: 0.0285 - accuracy: 0.9900 - val_loss: 0.0854 - val_accuracy: 0.9802 —|Ir: 0.0020
Epoch 7/R00
780/750 [ 1 - 655 BEms/step - loss: 0.0244 - accuracy: 0.9916 - val _loss: 0.1932 - val _accuracy: 0.9587 -|Ir: 0.0020
Epoch 87500
7a0/750 [ 1 - B1s Blns/step - loss: 0.0183 - accuracy: 0.9937 - val _loss: 0.0820 - val _accuracy: 0.9797 -\r: 0.0020
93793 [ 1 - 23s 20ns/step - loss: 0.1037 - accuracy: 0.9750 ~——
Trained Data Folder: Jcontent/drive/MvDrivestrained
Test loss: 0. 10373567044 734955
Test accuracy: [.9749664068222046 10°1 Train Loss Train Acc
Val Loss 0.99 - Val Acc
0.98 1
E 1071 4 ; o7
0.96
0.95 4
1 2 3 4 5 6 7 8 ZIL 2 3 4 5 6 7 8



[CH= Oll]

Epoch 1/500

7807780 [
Epoch 2/500
7507780 [

Epoch 3/500
7807750 [

Epoch 4/500

7807780 [
Epoch 5/500
7807750 [

Epoch 6/500
7807780 [

93/93 [

Trained Data Folder:
Test loss: 0.08930410546064377
Test accuracy: 0.976310491561 8896

] - Bs Bms/step
1 - 4s Bmsfstep
] - Bz Bns/step
1 - 4s Bmsfstep
] - fis Tns/step

1 - 4= Busfstep

loss: 00,1683 - accuracy

los=: 00,0708 - accuracy

loss: 0.0539 - accuracy

loss: 00,0423 - accuracy

» 0.9488 -

. 0.9788 -

» 09828 -

. 0.9868 -

loss: 0.0354 - accuracy: 0.9879 -

loss: 0,0297 - accuracy: 0.9901 -

Loss

109 4

10—1 4

] - 0= 3nsfstep - loss: 0.0898 - accuracy: 0.9763
feontent/drive/MyDrive/trained

val_loss 01028 - val _accuracy:

val _loss: 0.0715 - val _accuracy:

val_loss: 0,065 - val _accuracy

val _loss: 00757 - val _accuracy:

val_lossy 0.0740 - val _accuracy

val_loss 0.0845 - val _accuracy:

Train Loss
Val Loss

Accuracy

0.9864 - |r: 0.0020
0.9/78 - |r: 0.0020
© 0,973 - |r: 0.0020
0.9800 - |r: 0.0020
» 09772 - | 0.0020
0.9788 - |r: 0.0020
0.99 1 Train Acc
Val Acc
0.98 -
0.97 -
0.96 -
0.95 -
1 2 3 4 5
Epochs




2. Start Prediction HE

<ged 1-ds>
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<F7tZE F7| oA

3c| + ®AE A Drive2 2 A
= =x ™ X + + = & Drive2 SA}
y o drive.mount {colab_path)
O\ -|II-= jl :_5 EISE:
S N printi ' Google Drive is already mounted.')
o o e nf=l o , . " . -
{x} |OJE 2t training_dir = os.path. join{colab_path, "MyDrive/train”)
oAl Y trained_dir = os.path.join(colab_path, "MvDrive/trained")
- == running_dir = os.path. join{colab_path, "MyDrive/running/mnist")
I} | A A
import tensorflow as tf
=H oA
N if tf.config. |ist_physical _devices( GPU'):
;| device_name = tf.test.opu_device_name()
'—||i|

printCf'GPU: {device_namel')
else:
print{ Mo GPU available')

std=2 07| 20|l ZE= 1Y A+xH ZAM7[E = WM 1 20| 20[= A=1} OFEt 7HK]
cf 1l 4 ZESHE},

ZAFH 2ol 2= &t 3|2 F0] CHS 20| EX| XAl ZFHE L0t=X| &2 AES == QULCH
OEEZEX| 2 O] 7| LR = F E S(python/tensorflow §10{)2 =0| S22tz GOt=X| 1S X|52] &2
E oo = U0 AL = RULE

THot0| LSO 2EE oD 2 Stl=2 0| A== & 04 E= A & python/tensorflow 10| &
Hi =0 =80| 2 == ULCH
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1. Dense H2H2| =t ™ H (= 2t 2317))

yl0] = 2[0jw[0,0] + z[1]w(1,0] [N — Jw[N - 1,0] m bias &
yl1] = 2[0w[0,1] +z[w[1,1] + -+ 2[N — [N — 1,1] ﬁ’w \
yM -1 = 2[0lw[0,M — 1]+ z[lw[l,M = 1] +-- -+ 2[N = lw[N - 1, M — 1] +

2. CONV H2O| =5t B ol (L c 3t 218}y

For j=0.1,---,ny— 1, k=0,1,--- . nz—1land c=0,1,--- ,¢ch — 1,

bias &
peh—1 h—1 w—1 / e
yli k. c T TTT?E’ j 4 dj, s, - k"f‘dka(!]?ﬂ[dj}dk’(f}c]_{_

¢'=0 d;=0d=0




2.1 padding =0, 1 & [} conv 20| {2 27| ny, nz T+5I= HH

7H8 . & 2|0 O (previous layer) 2| shape = (pny, pnz, pch)
CONV 20|0{ 2] shape = (ny, nz, ch)%[ A (ny, nz) T-5}7]

< padding = 0 [f{>

ny = ceil((pny — h +1)/sy)
nz = ceil((pnz —w +1)/sy)
< padding =1 [[>

ny = ceil(pny/sy)
nz = ceil(pnz/sy)

ceil( )2 () 2t UL AALI E2 7HE A2 S '—fEf'r_HEf.

1 OT =2

0|: ceil(0.1) = 1, ceil(0.5) = 1, ceil(1.0) = 1, ceil(1.1) =

7F8 : (pny, pnz, pch) = (5,5,3) & [
CONV 24[0|0{ cONV 33100110 2| shape = (ny, nz, ch) = (ny, nz, 10)

Of|: padding=0 2! 4%, & &0|0f pny=5,h=3,sy=1O|L[7}}
CONV 0|0 Q] ceil((pny-3+1)/sy) = ceil(3) =30| C}.
(2t A conv 2|01 2] (ny, nz) = (3,3) O EICH

0f|: padding=1 0|1 sy=sz=1 2| A= conv &0|X2| 27| ny, nz =
% 201012] 37| pny, pnz 2+ & LOICL F
ny = ceil(pny/sy) = ceil(5/1) =

UM sy =sz=2 2l A= conv 200 27|= (3,3) O] &L} &,
ny = ceil(5/2) = ceil(2.5) = 3, OtEH7HX| 2 nz = 3(CH2 5 18 & X).



2.2 padding =1 & [ & 2f|0[0{0f E & pad /== 7Hot= Y H

@ 2f|O[0fe] M= pny & sy 2 Lt+0f BO{X|H EE M2 h Of L & M| 2 padding A=
h-sy 2t 0 0| & 2 Z£O|C}. pny £ sy & LIF0] HO{X|X| L2 M pnyS sy E LHF0] LI
X|E rem 2t & I h-rem 2t 0 50| & 2 44O|Ct.

if pny % Sy == 0 (pny & sy 2 LHE LIHX|7} o 0|2 )
totalPad = max(h - sy, 0);
else
totalPad = max(h - (pny % sy), 0);
e wets 2o wyo 2 el ol 5 0101 oy =5, =3 sy =2 OIFHE
totalPad = max(h-1, 0) = 2
[H2EA QIOIEHEFR 2 15 M pad 7 T 2 0 K A
7|7t 7x7 O[O X| 7} = THE 2 &).
padding & 20| ®==0|™H 2|02} £Z 0| L}+=0{ £0|11,

FO
ef2 StLt O 2QICH 2 2 E Zt2 022 =0 O| 2| padded = & 2{|0]|0{ 2 £ H
CONV 20| 2| ny = ny = ceil(pny/sy) = ceil(2.5) = 3.

H.
E40[H Of

(2t A conv 20]0f = (3,3,10) 7} EIC}



3. Activation tH

=t

0| M softmax EHZH ==




4. BN tHgt =5p 4]

O|0|X| &= et=AlZ M O|O|X|Z0[ M Z ny, 7k= nz, {2 ch 0|11

HiX] 2 7|7t B O|2t™H, M =ny x nz x B O|LC}.

| M-l
mo= o7 ; x[t] (mean) (1)
| Ml
v o= oF 2 (z[i] —m)?* (variance) (2)
z[i] = ﬂ% (e =0.001) (normalized node value) (3)
yli| = z[i] *x w|d + (BN transformation) (4)
where ¢ = 0,1,--- ,ch — 1.
BN H2HOf7H == N =0 O|H b[c] &2 A K]




. th=7| 9 2|00 shape E.7|

1. 2|01 & 53D &[0]

InpuiCata 28 28 1
CONV 3368641111
Activaltion 10
CONY 33841111
Activation 10
Padding 5555
Pooling 220011

CONV 331281111

Activalion 10
CONV 33841111
Activation 10
Padding 5555
Pooling 220011

CONW331281111

> (3)

CONV 33641111

oo THEof| LI =l 2
O|{=23p AECZ H
Al EICE,

Zt 3D 20|01 2| shape 2}
LEMMIOZE EAEE
pads = Cr=1F 20| 2 &=
AULE.

(1) O AE =1 Ctrl + Mouse
Left Button = = 2| 5™ 2| O
O 7} MESZICE Off 200
O| L ES0| H0{Z & OfL
2}

(2) 20|02 shape 7} A EHO| &
AlEICE O] Of|0f M (28,28,1)

(3) &0 T 2Of| M= S 2
0|02 M7t ZEMO 2
H SO

MEH/F A8 >
e Ctrl+ Mouse Left Button



. th=7| 9 2|00 shape E.7|

1. 2|01 & 53D &[0]

InpuiCata 28 28 1
CONV 3368641111
Activaltion 10
CONY 33841111
Activation 10
Padding 5555
Pooling 220011

CONV 331281111

Activalion 10
CONV 33841111
Activation 10
Padding 5555
Pooling 220011

CONW331281111

> (3)

CONV 33641111

oo THEof| LI =l 2
O|{=23p AECZ H
Al EICE,

Zt 3D 20|01 2| shape 2}
LEMMIOZE EAEE
pads = Cr=1F 20| 2 &=
AULE.

(1) O AE =1 Ctrl + Mouse
Left Button = = 2| 5™ 2| O
O 7} MESZICE Off 200
O| L ES0| H0{Z & OfL
2}

(2) 20|02 shape 7} A EHO| &
AlEICE O] Of|0f M (28,28,1)

(3) &0 T 2Of| M= S 2
0|02 M7t ZEMO 2
H SO

MEH/F A8 >
e Ctrl+ Mouse Left Button



. th=7| 9 2|00 shape E.7|

1. 2|01 & 53D &[0]

InpuiCata 28 28 1
CONV 3368641111
Activaltion 10
CONY 33841111
Activation 10
Padding 5555
Pooling 220011

CONV 331281111

Activalion 10
CONV 33841111
Activation 10
Padding 5555
Pooling 220011

CONW331281111

> (3)

CONV 33641111

oo THEof| LI =l 2
O|{=23p AECZ H
Al EICE,

Zt 3D 20|01 2| shape 2}
LEMMIOZE EAEE
pads = Cr=1F 20| 2 &=
AULE.

(1) O AE =1 Ctrl + Mouse
Left Button = = 2| 5™ 2| O
O 7} MESZICE Off 200
O| L ES0| H0{Z & OfL
2}

(2) 20|02 shape 7} A EHO| &
AlEICE O] Of|0f M (28,28,1)

(3) &0 T 2Of| M= S 2
0|02 M7t ZEMO 2
H SO

MEH/F A8 >
e Ctrl+ Mouse Left Button



APPENDIX IV : Colab 2

1. Copy Mount St Lj 8 &9

2. Training 1 E &

3. Prediction D E

A

ok

L



(AFEH SIEQIOL AZEQIOE 25 O|S|5IX| 2= AFHE L0OI=X| £
=) = O[5

1. Copy Mount |_ H'g' E-IECI>:I TARSH E2 AN 07| S A AS~AHE N [{2Xo2E
E =
o

0=

CH=2 python O|2t= ARH A2 Z & copy Mount Bt LI & 0| Lt 7W\1|°F HE8s € 2= 80 1 Lh
2o R R& (8OIXIS Y0 HE SHESS 9I510] ST pythonS S21E A0f THO F ) 2w 0]
87| of x| ]
(1) import os = Of2l (3,4,5) OA B2 2tH =5

o | import os (1) , (2) A"-g-_(lﬂ-jl Tl |-O:| OIOl'L__"
2 colab_path = " /fcontent/drive’ )
SEEIZbEEEtlﬂ = nz?gaiﬂ.min(cmah_path, Worive) (3) (2) Google Drive 2| &&=l path O|C}
4 printicolab_pathi
5?;lEntcgs.paih.exists(cnlah_pathl:'3 (3) Al--g—Xl- 7:”Io-| Goog|e Drive _Ql path Ol E|‘
E from google.colab import drive . >
UL AR (4) (4) AFEAE A 7H 2| colab 2F MyDrive 7 H4 Al7| 12 .
9 print('Google Drive is already mounted. ') “Mounted at /Content/drive” E_l-_Tl_ X'—% %E_-:!El_l |:_|-(_-H-__7F_ EE—':!)
e HZOo| o|0| &A™ ”Google Drive is aIreadyomo:mted.” =
12# 0k EE B2t DX 2 HUSH 2~ xa OI-o AE QS Ui
13# Sal, traininadir Ot 5% ZH M==7t CLASSNUM Bt SLaHoF EHLICH = OkCE Of 2| Drive M|~ 618 285 =Lt
14 # M S} = o
15 training_dir = os.path.join{colab_path, "MyDrive/train”) (5) Al Lab Newton —| Const Panel O'”A-I I-I OI_I_% E-l = Ol Ol =
16 ined_dir = os.path.join{colab_path, "MyDrive/trained”) . . . . . o 4 . = C
1?;::5?Etin;idirni Ezt.pa'tlﬁ!?n?z(:mzg_path%’"h:;giiugi;:zdictinnfmnist") (5)  training_dir, trained_dir, prediction_dir = g otLt.
18 O ABHSEA Ol OO &
19 impart tensorflow as tf (6) (6) O|_|_X| o O'”A-I A|-'9'E| I|: Elcl, — _I_%) =l T A}I\Et L'é':I:I%I-E
20 A A\R2D ) = =
21 it tf.confia. list_physical_devices( GPU'): == AM85H7| {5t =5t tenSOI’fEWE tf = F5
22 dex:'ice_pame_= tf.flcest.gpu_cllevice_nameli]l |:|- L LCC Ol |:|- TenSOI"ﬂOW = python og A %!
23 print(f GPU: {device_namer ") (7) ol % ol o
ggme;rintwu GPU aval lable’) (7) Colab O| Al GPUZt U=X| S =X| X—||ELO|-|:|-. A=
26 ™M GPU: /device:GPU:0 S 2 &E3l11, PO M “No

[Z /content/drive/MyDrive GPU ava||ab|e”0| El— E=| O|- |-
Mounted at fcontent/drive (8)

BPU /device GRUSD (8) 2= =l LfE=0| ofelf EA| =LY
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2. Training =

"t model =
10
500
G4
a, 0oz
G: I
G: #iLH
tclan
G: #iLH
Mone
InputData 28 28 1
CONY 22100111
BYM 1 0O
fctivation 1 0
COMY 33100111
B 1 O
fctivation 10
CONY 2210071 1 1
Oense 10 1 0O
fctivation 510

=20 Efitrain
= 2H0| Bt rained

=20 Etoredict ion

“r”<model> D4 Xl Qﬁg o
sample_layer10.py 2| model L& O|Ct. & Al
Lab Newton Off &= I:|'—01| o= x'
Haeda = I:Hsee Appendix].

: Copy Main

e~
ot

L

L=] A'l H (°F°| Copy Mount X & Hgf—'?—é WE=Xe]
O = O Xotis 207 HE

H I Mport =R

.M try

import tensorflow as tf
from tensorflow import keras

try:

import os except

import shut il

import time

i HH-d O

!mDOr’E Sh’f lot ik [of [t Ol Tt

import matplotlib.pyplot as p = =

inport matplotlib. inage as nping T'—_O“kl L7 Ll-
ils | Q=

from sklearn.utils ImDOrt.Shuffle . . DI_=| except e .

from sklearn.model _selection import trdin_test_split oA 027

from skimage. io import inread CHl T — TT r

from skimage.transforn import resjze LI=X| K|35

import pathlib = 7|h

from tensorflow. keras.utils iwport to_categorical [ o

import tempfile
from alob inport alob
impart random

except Exception as e:
print("Error: Clnport) ", g

#<import>## O| 222 2% QIS X[s= 2
CI5t 0 o5 St= ofLtol =7 &l ol
tensorflow = AFESH7| {5t 0|2 2 Y =



H<Const ant st

fry:
t] = tine.ctimel)

CLASS_NUM = 10
EPOCH_KUM = 500
BATCH_WUM = B4
LEARMIWG_RATE = 0, 002

inf = 28
ini = 28
imCH =1

AUTOTUNE = tf. data, AUTOTUME

trained_dir_filepath = os.path. joinitrained_dir, "sample_laver10")
class_names = np.array(sortedios, listdir(training_dir)))

except Exception as e
print("Error: (Constants) ", e)

#<Constants>### 20| A settings oHLE=2
I E= Hi* AO|L}



#<Dataset Processing Funct i ons=Hataitati ittt ) )
#<Dataset Processing Functions> ###

Of7| M 4= 0174 2 242
def oet_dataset_partitions_tflds, ds_size,&:in_smihﬂ.& val_split=0.1, test_split=0.1, de'” E‘”Ol E‘I )/H\IO'” I:H-(I)_H _é—_!-ﬁ-é-l'E Z-\Iol O|'L'| El'
shuffle=True, ST T 1E_S1 2= 0000] - X o = ; 5L
assert [train_split + test_split + val_split) == | I_-IX-”:l 1O%I_ valuation E”_.(_)l E-IE Al’o O|-_I_
10% test G| O|EH 2 A5t
if shuffle: O : o] =¥ L cC
| Sdg = zs.shuffleishuffle_size, seed=172) L|-EI—|X| 80% '_I- train E‘”Ol E-IE Q'I-u O'_H:|-'_ A
O|Ct 7| A

train_size = int(train_split * ds_size)

val_size = int{val_split + ds_size) Validation E‘”Ol E‘IE xl_-lx-” E‘”Ol E'I é‘ﬂ(}” I:H-(ISH
12|(1 epoch) &t5<

train_ds = ds.take(train_size) |-[[HEI|-I:|-II_|-7SI|'O;|'
rain_ds = ds.takel(train_size o
val_ds = ds.skip(train_size) take(val _size) (overfitting; § I—_I—I?— J_|—|'O|'7-” QI-leE gtl-%:'-lxl
test_ds = ds.skip{train_size).skipival _size) E Z—J)Ol I:él-)él-)l Ol'__'L %kaxl _Iil-l:l_l-ol_l-El- J—_||.7£-II
e o e
return train_ds, val_ds, test_ds o|=||-()| %O'I L|'X| CL)'ét | EE%'E —7F—IE-I O|_H:|'-
Overfitting Right Fit Underfitting

def aet_label (file_path):

[ ] [ ] [ ]
[ ] L ] L ] L ] e
parts = tf.strings.split(file_path, os.path.sep) .'. Ple”S ...'. 3K :.' .. 3
one_hot = parts[-2] == class_nanes %) o® o
[ ° L ] ° L ]

return one_hot

Test O|O|E|= &t&0| R &l & pElo| M3t
Ao|o| = Oj|Oo|E of CHH



#<load and Process Dat aset -ttt i

try:

saved_| ist_ds = tf.data.Dataset. list_files(stritraining_dir+ /+/+"), shuffle=True)
image_count = saved_list_ds.cardinality(). numpy()
print('inage_count:', image_count )

class_names = np.arrayizortedios. listdir(trainina_dirl])
printl'class_names: ', class_nanes)

train_ds0, val_ds0, test_ds0 = get_dataset _partitions_tfisaved_|list_ds, image_count)

w_train_maped = train_ds0. napiprocess_path, nun_parallel_calls = AUTOTUME)
w_val_maped = val _ds0.mapiprocess_path, num_paral lel_cal ls = AUTOTUNE)
w_test_maped = test_ds0.napiprocess_path, num_paral lel _calls = AUTOTUNE)

train_num = len(x_train_naped)
val_num = lenix_val_maped)
test_num = len(x_test_naped)

train_ds = prepare_for_traininglx_train_maped)
val _ds = prepare_for_trainingl=_val_maped)
test_ds = prepare_for_traininglx_test_maped)

except Exception as e

print("Error: (Load and Process Dataset)”, e)

H#H<Load and Process Dataset>###

Drive Of| X & |0 Q)= H|O|E == Colab
O Z Load S, 92| Data processing
functions £ O|25}0] Ol #<fit>## Of
M ALE e gt Al7|= SE = HHECL



HMode | =R

try:
def define_nodel():

inputs = keras. Input (shape = (28,28,1)) <':|£|I E‘I LC‘>| I_'Pé‘,|>
¥ = inputs

= keras. layvers.ConveD( filters = 10, kernel_size = (2,2), strides = (1,1), padding

= keras. lavers.BatchMNormal izationfaxis = -1, momentun=0.99, epsilon=0.001, center

= keras. lavers. Activation( ' relu' 1{x)

= keras. layvers.ConvzDi filters = 10, kernel_size = (3,3), strides = (1,1), padding

= keras. lavers.BatchMNormal izationfaxis = -1, momentum=0.99, epsilon=0.001, center

= keras. lavers. Activation( ' relu' 1{x)

= keras. lavers. ConvZD( filters = 10, kernel _size = (2,2), strides = (1,1), padding

= keras. lavers.Flatten()(x)

= keras. lavers.Denselunits = 10, use_bias = Truel(x)

= keras. layvers. Activat ion( " softmax' ) (%)

aUtputs = ¥

model = keras. Model(inputs = inputs, outputs = outputs)

‘walid', use_bias = True)(x)
True)(x)

E= s

‘walid', use_bias = True)(x)
True)(x)

'wvalid', use_bias = Truel(x)

- - - - - - - - -

return model

&

except Exception as e
print("Error: (Define Model)™, el

@

#<Model>###
A|"g'xl'7|' Al Lab Newton O= Etél %;Ib,:l' Zd0| O:I 7|A‘| tensorflow L —
HSHE| QACE,




#<otrategy & Optimizer & Conpi | exdeebtitm

Lry:
num_gpus = len(tf.config. list_physical _devices('GPU'))

i f onum_gpus == [

strategy = tf.distribute.OneleviceSt rategydevice="/device: CPL:O")
elif num_gpus ==

strategy = tf.distribute, OneDeviceSt rategy(device="/device: GPL:O")
elze:

strategy = tf.distribute. MirroredStrategy()

with strategy,scopel):
model = define_model ()
aptimizer = keras.optinizers, ddant learning_rate=LEARNING_RATE)

lozs = kpras, lossps Catpeaorical Crossent ronw
model , conpi lefoptinizer=optimizer, loss=loss, metrics=['accuracy'])

except Exception as e
print("Error: (Strategy & Optimizer & Compilel ", e)

H#<Strategy & Optimizer>###
GPU 7t H 7 /=X 2ol QoM cpu ALE, U H

o,
GPU A2 81A| 2t d ™38t Optimizer £ A ™ SHC}

0|42 O| &30 compile SFLF.

=

Compile SHCt

optimizer, loss,

accuracy)

=
o

o
=



#<Disable AutoShard-At R

tri

options = tf.data.Options()

options. experinental _distribute. auto_shard_policy = tf.data. experinental  dutoshardPolicy, OFF
train_ds = train_ds.with_options{options)

val _ds = val_ds.with_options{opt ions)

test_ds = test_ds.with_obt ionsiopt ions)

except Exwception as e
print("Error: (Disable dutoShard) ", e)

#<Disable AutoShard>###

AutoShard= C=2| GPU Lt TPUE A2 42
Tensorflow 7 O|O|H & At5 2 2 M HSIAH 2o}t
Of AlLHSEA| BHCL

T 2{L} Colab A= cPU EE= GPU £ 17l AFR G}
L7t 24 K2l 88 B = STSHX| R0t Of
7|s= 2Lt



#<CheckPoint & Cal lbacks»Auaiitiy

try:
check_point = keras. cal lbacks. ModelCheckpoint(filepath = trained_dir_filepath,

monitar = "wal_accuracy ',
mode = ‘nax',
save_weights_only = True,
save_best_only = True,

)

earlv_stopping = keras.cal Ibacks, Bar lvStoppinginonitor = 'val_accuracy', patience = 2, #<CheckPoint & Callbacks> ###t
i - <AL = Ej c: St
restore_best_weights = True ) QII-EEIJ 7E=|J‘_||. =2 x-lII-ol-xl O-|X-” ng
© T1L = St
= 24dXE 3 &Ef EW‘*O' L{{-& O| C}.
reduce_|r = keras.cal lbacks, BeducelROnPlateauinonitor="val _loss', factor=0.2,
patience=5, min_lr=0.0001)

train_cal lbacks = [check_point, early_stopping, reduce_|r]

except Exception as e
print("Error: (CheckPoint & Callbacks) ", e)



HE 1t R

try:
history = model . fit(
train_ds,

steps_per_epoch=int (train_num // BATCH_WUM),

epochs=EPOCH_MNM,

verbose=1,

val idation_data=val _ds,

val idation_steps=int (val_num // BATCH_MNUM),
cal lbacks=train_cal Ibacks,

except Kevboardinterrupt:

print("(Pressed Ct1+ M & | to stop GPU) ", &)
except Exception as e:

print("Error: {(Fit) ", el

H<Fit>H##

DES oot

C|
S|

oC

=
oz
v

¥

1o
[
OF!

\J
b

0lo
0

@

A



#<bEva | uat exA

L =LA O o
Loss(=H): UEX| s &2 loss af= &
-t — E —r A-'—
- A ot =2HE 210 S5Ot HEkA
' o A 1T OoF o
result = model . evaluateltest _ds, Ol ﬂo| 7£ll-E T% %-'H'-O'” L'<'>'O| E|'7HI.:.
steps = int(test_num // BATCH_NUM), = 550 Loss O] 0 O] 772 =S B8
yerhose=1)
O-” X
L- d.
print({'Trained Data Folder: ', trained_dir)

print{'Test loss:', result[0])
print('Test accuracy:', result[1])

Accuracy("dZHE) : test 0| O| E{ Of| CH S}
Oof ‘HIHL} O 0| HR/ULF E AN E

o= Z1}0|LC}. Accuracy=10|H 25
Z0|Ct o & &0 0.81 0| ™ 81%

t2 = tine.ctimel)
print('starting time:"', t1)
print('finishing time:', t2)

except Exception as e ‘
print("Error: (Evaluate) ", el

H<Evaluate>#it#
SIS0l BEEUS M RH ol ot At
£ g7ttt



#<Draw History=ii R

#<Draw History>###

try:
loss = history. history['loss']
v_loss = history.history[ val _loss'] StAS Xe)
Q0| Al St AUME epoch BHRZE 1
acc = history. history['accuracy'] EHE% :I.E:|—7,|_<—|:|'

y_acc = history. history['val _accuracy']
epochs = range(l, lenflossi+l)
#oos gfEC H=dtE S, 0|1 2EL= olekt £

min_loss = min{min{ loss]), m|niu_lossll
lower_bound = np. floorimin_loss) # F==2M20F 22 A== 2

0z

# Loss &SHal HIA S vlin &4
max_loss = naximax( loss), maxiv_loss)) + 1.0

fig = plt.figurelfigsize=(49, 5)]

plt subplot(l, 2, 1)

plt.yscalel' log')

plt.plot(epochs, loss, linestyle='——", linewidth=3, color="orange', alpha=0.7, label='Train Loss')
plt.plotiepochs, v_loss, linestyle="--", linewidth=2, color="ling", alpha=0.8, label="Yal Loss')
plt.vling lover_bound, max_|loss)

plt.xlabel( 'Epochs', fontsize=11)

plt.ylabel('Loss', fontsize=12)

plt. legend fontsize=12)

plt subplot(l, 2, 2)

plt.plotiepochs, acc, linestyle="-', linewidth=3, color="orange', alpha=0.7, label="Train 4cc')
plt.plotiepochs, v_ace, linestyle='-', linewidth=2, color="line', alpha=0.8, label="Yal Acc')
plt.xlabel (| 'Epochs', fontsize=11)

plt.vlabel (" hccuracy', fontsize=12)

plt. legendi fontsize=12)

plt. tight_lavout()

plt,showl )



3. Prediction . & A

#<load and Preprocess and | magePat hg e ad iy saadidsssy

ftry:
def load_and_preprocess_image(path}:
ing = tf.io.read_file{path)
ing = decode_imaling)

return img

def decode_img{img):
ing = tf.image decode_jpegiimg, channels=inCH)
ima = tf.image.convert_image_dtypelimg, tf.float3z)
ing = tf.image.resizeling, [im¥, imZ])

return img

# 0/0/A ot 22 =%
def get_image_paths(root_dir):
image_paths = []
for root, dirs, files in os.walk({root_dir):
for file in files:

if file.lower().endswith(( .pna’, ".ipa’, '.ipeg’, '.bmp",

image_paths.append({os.path. joiniroot, file)l)

return image_paths

#at® EM =
def has_subdirectories({directory):

return any(os.path. isdirios.path.joini(directory, dJ) for d in os.listdiridirectory))

except Exception as e:
print("Error: (Load and Preprocess and ImagePathl”, e)

Lait,

ritfe,

"webp’,

Coewgl s



#ohuziliary Predicting Functions =iy

# SH 0l0IRIH HEr HlE 2 20 £

LES = sna def predict_all_imagesimodel, image_paths, batch_size=Hone):
# 0[00% HZE & # 0100& dlojed4 4.4
ol ?redm’i_mage(mndel, |mage_pr?tthjl. , dataset = tf.data.Dataset.from_tensor_slices(image_paths)
Hage = Inad_and_prnlaprnllzess_|magel{|mag_e_|?aiéh]l B, dataset = dataset.map(load_and_preprocess_image)
image = tf.expand_dins(image, 0) # HH&|l AFR =3t
predictions = model.predict(inage) & uE Hel

if batch_size:

return np.argmax(predictions, axis=1) e [ S ey S s

glse:
) . . dataset = dataset.batch(len(image_paths))
# HH 0I0IXIH Her HE & 24 25
def predict_all_inagesimodel, image_paths, batch_size=None): U= FIM AT FAIS Y5t A4F
# 0I0IA] Gllole 2 22 , , total_images = len{image_paths)
dataset = tf.data.Dataset.from_tensor_slices(imnage_paths) progress_interval = nax(total_images /7 10, 1)
dataset = dataset.map(load_and_preprocess_image) # W= Rl Argt H Al ) J
- print("HIES 3 ZTUCH .., end="")
# 7 =2l = =
if batch_size: §HE o
| I:_Iataset = Ceianl, bebehi betulelus; predictions = model .predictidataset, verbose=0)
else:
dataset = dataset.batch(len(image_paths)) 4 B go
= =

correct_predictions = 0

= F|EH AT = o5 M4 i , ,
# 0 EAIS FlEF 23 for i, image_path in enumeratelimage_paths):

= —_ O = O

tﬂta|—lmﬂEllES = |E"'E'm399—|:'ath5:l' true_label = os.path.basename(os.path.dirnamel inage_path))
prugz_fsil_;_lnti[vz?l = max(total_images /7 10, 1) pred_label = np.argnax(predictions[i])
# Fﬂl:ll_zgc;ﬂﬁﬂml_ ) i if stripred_label) == true_label |
printi"Hl£=S HdE ZELUCH..", end="") correct_predictions += |
= Al
#HE +H if | % progress_interval ==

predictions = model.predict({dataset, verbose=0) print(™." end="") # T AIZF [ Al
#EE 2 £

print(f HAl OIOIA] 5= 1 total_imagest, EEE WHIESE 0I0IR 5=: 1 correct_predictionst”)
printif "bccuracy: 1 correct_predictions / total_images|”)



M
o

#<Load Weights and Predict =wiaasiimisasiim

try:
# ESEh weights £ 22 =0
model . load_weights(trained_dir_filepath)
# 010/% Path H=CH
image_paths = get_image_pathsi{prediction_dir)

#zH=S
if has_subdirectoriesiprediction_dir):
options = "ves’
print{"ak®H CI2IE2|2F [ISLICH )
else:
options = ‘no’
print( 5t CIEE2(2F 0 DO SsUCH )

#HZS
user_input_predict(model, image_paths, options)

except Exception as e:
print{"Error: {Load Weights and Predict)”, e)



APPENDIX V : Colab 25 M

Errar: (Predict) Unsuccessful TensorSliceReader constructaor: Failed to find any matching files for fcontent/drive/MyOrive/trained/sanple_laver10_f lowers

Error: (Predict) Failed to find any matching files for ...
QF: (PredictO| A M) Ol R = .0 SHE | = LY S &= == QICH = flowers Of O & &= I}

g =7 U0 277 2. 22X U= T ES2 mnist T E 5.

o



° 1 import os

¢ colab_path = 'Jcontent/drive’
3 colab_pathl = os path.ioin(colab_path, "MvDrive")
4 print{colab_pathl)

5 if not os.path.exists{colab_pathl):

B from google. colab import drive

T .drive mountcolab path)

0 else!

3 printl'Google Drive is already mounted, ')

Jcontent/dr ive/MyDr ive

MessageError Traceback (most recent call last)
“ipython—input—-1-060f4a82511b> in <cel| [ine: 5=()

5 if not os.path.exists{colab_pathl):

B from google. colab import drive
——> 7 drive . mount{colab_path)
b else
3 printl 'Google Drive is already mounted. ')

F.s
v 3 frames

Ausrd local/lib/python3 . 10/dist—packages/goog lefcolabd/ _message.py in read_reply_from_ inputimessage_id, timeout_sec)
101 ¥

102 it 'error' in reply:

——> 103 raize MessageFrrorireplv'error'])
104 return reply.get('data', Monel
105

MessageError: Error: credential propagation was unsuccesstul



APPENDIX VI :

2. 35 EX

Al Lab Newton = 0| &

o

=g/
': | =3l = & Al Lab Newton O| &

OlE XS0 Lot 7|2 7HE 2 O|sl{st2
Al Lab Newton Of LI 2= 7| 2| O] O{0f Ciot 7HE SO

ol 5t ZF At



X} mixel
<Sample XHd g of|> H2E S OIEIE{S E2 py(python I} &
T . = XA X
L= |'E(O1|- sample.py)= Zr=0] & H
10 1. sample.py O| 52| python Lt ¥ S TH=C}
‘| |""|" \ 2. un"<mode|> E AII_!"CP;I—E'-
64
0 0o 3. Class Num & RIS otCt
G:\LY CZf -'.-‘__._:'I'-."__l"i'lil"l I 4. EpOCh NumoE blE_:il____ﬁS_}-EI-
I - 5. Batch Num = R EotC} <
G:\LYf Ecrd/E\Trained -
o 6. Learning Rate & &} & ot}
e 7. Training Data Folder O| &2 | EHotLCt
8. Trained Data Folder O| 52 Y=trt
9. Optimizer O| &2 ¥ HotCt
10. Prediction Data Folder O| &2 & &2t}
ONV 2 2 10 0 1 1 1
BN 1 0@ T 11.None 22 ELC}(Reserved =l HO 2 TEE ALRSIX| U2
Activation 1 @ T 12.InputData 2 A|ASt= REHS 2G0T}
CONV 3 3 10 01 1 1
e 13, & YBB0] At S BRI, THYS KA}
L




CHSHO] 7|2 7HE 2 O|sH e &2 OfL| 2} tensorflow = 2 E &
UDM (12 H ™) S tensorflow & A& 23510 Al Lab Newton & O|-2%HCt

SHEE0| 215X 5E O} o= Ol 7= 7| &
O|C}. & Al Lab NewtonOf| 2|=35H 25 X|5 |

python 210{ = & & tensorflow A = £ Al B2 = UL} O] =
MEZ=22i7t 2 == RULCH



APPENDIX VIl : Datasets & Samples

2 Al Lab Newton Y| A K| & SF= Datasets IF models O] CHSH A~ 7l SHCF
=

MEA= = HIO|H Aut 2SS 0]805}0] Al Lab Newton & S5 = ULt

1. MNIST Dataset

I L e

=X http://yann.lecun.com/exdb/mnist/

o|O|X| 27| 28 L/dl x 28 Tl = (28,28,1) CHAR 1 X
H|Ole Z4== Train : 60000, Test : 10000

O|0X| &F 10

\\\\\\

JJJJJ

EANS

g~

NEES


http://yann.lecun.com/exdb/mnist/

2. FASHION-MNIST Dataset

48 _____|Ha3

=KX https://research.zalando.com/project/
fashion_mnist/fashion_mnist/
O|O|X| =27 28 &L/ x 28 L, = (28,28,1) ChAH
ClO|E ZH== Train : 60000, Test : 10000
O|O|X| &F 10 (Class Num) apw gy
E| % /AL
MNIST = QI3 X|s &102|E0 Q&M E RIEHSH= 71 HE AF2 =l dataset O| AT SHA| “MNIST” Of| A & HEX|

%qu U= Y2E2CHE ‘||0|E'|M'01|*‘|E HAMNSEX| A2 Ao|2t M ZSHRICE O] 0f CHSH FASHION-
MNIST = MNIST 0| M 2t 5 =ICt SHE 2t = CHE G| O H M'O1|A‘|E E E[X| U2 2 ULHE A2 E0F7|
I8 =A™ I:I'(Zalando =)

O o~ o bW R O
-1l
mu o ofn [ o |m
ot

02| M Ao =
I

|74

ED!
=l=]=
—Nm -



3. CIFAR10

. |4&

=K1 https://www.cs.toronto.edu/~kriz/cifar.html

O| 0| X| 27| 32 M x32 T x3X'E, & (32,32,3) Zra}
H|O|Ef 2= Train : 50000, Test : 10000

O|O|X| &&F 10 (Class Num)

airplane ﬁ.% V..="'5
automobile (21 0 T ) i e ) e
id - Elmall WS ¥ B
« EEHSEEEsP
deer .Rﬂum.
s [RESEsBRK B
fog [ I M e i O 8 B
rorse il R 8 3 Y 18 S R T T
ship fﬂg‘ﬁalﬂ
ok o D e U 0 S o (L B




4. CIFAR100

=X

o|0|X| 27|
HIOlH 2=
O|0|X| EF

L &

https://www.cs.toronto.edu/~kriz/cifar.html

32 Tl 32 Ty 3 X E, = (32,32,3)

Train : 50000, Test : 10000
100 (Class Num)

Superclass

aquatic mammals

fish

flowers

food containers

fruit and vegetables
household electrical devices
household furniture

insects

large carnivores

large man-made outdoor things

large natural outdoor scenes

large omnivores and herbivores
medium-sized mammals
non-insect invertebrates
people

reptiles

small mammals

trees

wehicles 1

vehicles 2

Classes

beaver, dolphin, otter, seal, whale

aquarium fish, flatfish, ray, shark, trout

orchids, poppies, roses, sunflowers, tulips

bottles, bowls, cans, cups, plates

apples, mushrooms, oranges, pears, sweet peppers
clock, computer keyboard, lamp, telephone, television
bed, chair, couch, table, wardrobe

bee, beetle, butterfly, caterpillar, cockroach

bear, leopard, lion, tiger, wolf

bridge, castle, house, road, skyscraper

cloud, forest, mountain, plain, sea

camel, cattle, chimpanzee, elephant, kangaroo

fox, porcupine, possum, raccoon, skunk

crab, lobster, snail, spider, worm

baby, boy, girl, man, woman

crocodile, dinosaur, lizard, snake, turtle

hamster, mouse, rabbit, shrew, squirrel

maple, oak, palm, pine, willow

bicycle, bus, motorcycle, pickup truck, train

lawn-mower, rocket, streetcar, tank, tractor



5. FLOWERS

=X

o|O|X| 37|

o 0| Ef 24
o|0|X| &

8 H|

https://www.tensorflow.org/tutorials/
load_data/images

500 T/l x 375 T x 3 X 2, = (500,375,3) Zef

320 T x 263 T x 3 X, = (320,263,3)

s Cret 37|

Train : 3670

5 (Class Num)

0|n|x| 7|7t CHE AEE &0
ALt Ol InputData 2| shapeE 0| 2
EO1 (180, 180, 3)2 & = UL,




APPENDIX VIII : History
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2od 7|gH ] =E=>

[E] =aiuo enaossio) oo o 7tx| 7| s =0l =20 2iets S Mo ) 274sf =2
Ak

1. "Deep Learning” (Hinton et al., 2006):
s EEHYYo S sRdEdES =R H

S BT A 2HE 270

0F

el =220 A(RBM)E AHE 0L 2

r

2. "Imagelet Classification with Deep Convolutional Meural Networks" (Krizhevsky et al.,
2012):
= Ex.ota A dl(plexiet)O|2te B Y ZEE
2dE ﬁ%ﬂ H|E Z0r0f L S2HA17 = 92
Ef =2 Hse st
3. "Playing Atari with Deep Reinforcement Learning” (Mnih et al., 2013}
* 54: 2 Q-U Ef A(Deep Q-Network, DQN)Et= 7 2 & 473110, H2{d = d=iets
of H23to] B2 A0 A elzt +Eo| 858 BEE.
4, "Generative Adversarial MNetworks" (Goodfellow et al., 2014):
* S Mo H HEBGANE 27050} 0|D|X|2t 22 HO|H B Mate wue
RIAIE. GANS 4 gAtet BeiRte THE(D, & 20| MO A S M= s

=k
=-

K| 2t81 10 ImageNet LY 2| 0| A =&,
o, 22 CNN =L GPU 2 &

5. "Deep Residual Learning for Image Recognition” (He et al., 2015):
» S7:THA} 8E(ResNet)O|2He HE 8 SRUBH0], B 28 MHLOA O HHH 0l Sty
DA AN EHE HZE B2 HEH HT BH N 52 H52 20,
6. "Attention Is All You MNeed" (Vaswani et al., 2017):
* EX: EA;AZH(Transformen)2le © & d OI7|HIAH E 471810, 7| E2| ==t
(RNN) T4 Of B4 D7 L| 52 2-25}0f X &H0| K2| B A0 A Fojt B58 28
AFSO] X2l Zoro M HalHol RE A== QlFES.

r=
h
o
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o =25

H, €2ide| 7|gE1 Y =52 Us0 25 H L

1958'3: Frank Rosenblatt®| "Perceptron: A Probabilistic Model for Information Storage and Organization”
1969'3: Geoffrey Hinton?2| "Learning Internal Representations by Error Propagation”

1986'3: Yann LeCun®| “Backpropagation Applied to Handwritten Zip Code Recognition”

1998'3: Yann LeCun®| “Gradient-Based Learning Applied to Document Recognition”

2012'3: Alex Krizhevsky, llya Sutskever, Geoffrey Hinton2| “ImageNet Classification with Deep Convolutional
MNeural Networks"

Mo

Slafdo| wHo| 2 g

Mo

OjHo, o= waE 2oty odo) 2 B 0HEL

v

Frank Rosenblatt2| "Perceptron: A Probabilistic Model for Information Storage and Organization"2 H& E=E9]
HEE 20T =2 YL L HEEES 5 UEZ 2R, 00X 2R/, §£4E 214 52| 20 M AFS X1 &L

C}.

Geoffrey Hinton2| "Learning Internal Representations by Error Propagation"2 @ 7H 0t 2 12|E9| JfE & 4745
oo 8Lt gEn ¢u2|F2 VAo 50 MEL= satt ¥ SYLYLL
Yann LeCunZ2| "Backpropagation Applied to Handwritten Zip Code Recognition"2 @7 I}

=M FHE=E M ERHE G ET = YLLE Ol =22 2aido| dH =40 HEE = B EY=/sY
C}.

Yann LeCunZ2| "Gradient-Based Learning Applied to Document Recognition"2 Z2{d & AF25I0 M elA &5
Sl g€ = YL LCL O =22 22 d0| ZFH H|HE 20t 7 7|2 A2| &= Al7|7t ==L

Alex Krizhevsky, llya Sutskever, Geoffrey Hinton2| “ImageNet Classification with Deep Convolutional Neural
Networks"2 R AYIS ¢HEF =2 L|CH SYAUS ILSVRCOIM 258 RX|3I0] L2 o] A|LHE BYEY

s =252 gejdol i S ¥Be 0|Ho0, o/ wEE gy 290 2 I8 o/
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<ImageNet =

*.'* ImageNet Large Scale Visual Recognition Challenge(ILSVRC)= 20109 £ H OjH 7% | = #HFE HH iz L CE O]
L= = 100071 2] S A-0f =3t= 14008t 72| O|O|X| LI O] M EH M 2K E Al E5ts =4S ST L L

ILSVRCE ZFE BjE @T0| 20l 910l T3 S22 HYELIC O] (h2l Y3 o| M E &8st B =20
sigon, §Y BHo YL A7 FYMFHEUD,

201292 H 20214 7HA| ILSVRCH A 25T 22 CHE 10 2L L)

= 2012: AlexNet (Alex Krizhevsky, llya Sutskever, Geoffrey Hinton)

» 2013: VGGNet (Kaiming He, Xiangyu Zhang, Shaoqging Ren, Jian Sun)

» 2014: GooglLeNet (Christian Szegedy, Vincent Vanhoucke, Sergey loffe, Jonathon Shlens, Zbigniew Wojna)
» 2015: ResNet (Kaiming He, Xiangyu Zhang, Shaoging Ren, Jian Sun)

» 2016: Inception-v4 (Christian Szegedy, Sergey loffe, Vincent Vanhoucke, Jonathon Shlens)

= 2017: DenseNet (Gao Huang, Zhuang Liu, Laurens van der Maaten, Kilian Q. Weinberger)

s 2018: NASNet (Quoc V. Le, Oriol Vinyals, Quoc V. Le, Trevor Darrell)

» 2019: EfficientNet (Mingxing Tan, Quoc V. Le)

» 2020: MixNet (Shang-Hua Gao, Han Zhang, Jing Yu, Wei Yang, Yi Li, Jifeng Dai)

» 2027 Swin Transformer (Zeming Zhang, Xiangyu Zhang, Zhoutong Zhang, Han Zhang, Yizhou Sun)

ILSVRCE 2R E| B™ 20po] 270f 910l T3 Q22 Y& LT O] (2l Y2 o| M E &t B =20
Elgon), g2d RO ¥EHE I BUAEULL



Imagellet Large Scale Visual Recognition Challenge (ILSVRC)+= O0f 4
8t Ci=| I L|CL Ot &= ILSVRCO| M 253 E 7tX| & & 4|8}

1. galAd(Alexiet) - 20129 F=

-
Mo Jm om
oA

H H: Matthew Zeiler, Rob Fergus
Z Al

3. VGGYI(VGGHet) - 20149 5

= El 8ilH: Karen Simonyan, Andrew Zisserman

Dragomir Anguelov, Dumitru Erhan, Andrew Rabinovich

= EZ: GoogleMet2 2144 2 E(Inception module)0| 2= S ETH

HEEEE =S A2 EH 37|E dEH2E AE0HY
2 452 FHATISH, ILSVRC 20140 A £ S LI

S8r2 B7HE0| B

= El oiH: Alex Krizhevsky, llya Sutskever, Geoffrey Hinton
* S ¥EHAde g R 2N {322 ILSVRCO|A 53 DY L|CE 20124 0]
SQE YUAYL ZIO NAY T GPUE BBI0 52 H52 L0 HEH
H|E 200l Zide 4=l M 8& eaM=LCt
2. ZFUYl(ZFNet) - 201349 2=

o] #H MO R 20131 ILSVRCO| M 43 L& lL|C}. ZFyl
12 UHY TEE ABSO H58 BHAICD, 0|3 (YT

5. ReslNet-20158 $5:
* El HH: Kaiming He, Xiangyu Zhang, Shaoging Ren, Jian Sun
* EZlI: Resllet2 #HA} 25 (Residual learning) /i 22 = 2ot Of 2 22 MA 2N A 2|

. Ex|. Hleole z1e AlHg AxE2 O|20{M olon] &2 Wi 7|9t z2le =
= :-V?_GAI_ H:-I‘ :::En_ |_;§C:A:I'l EZE0E0M ed, &2 EHE 37| -I'.- = t 5152 20|51 e LICH R4 IES Sa AN A4 SHS S1Z 311 ILSVRC 2015
=& St =2 HEEE €W ELCLVGGH 2 Ea{d 222 Zlo|0 izt Z /&= . e 4 " "
. o oot At o . 0N L5610, 0|% 2L HEE B|H B AT0| M 22| AR EE BRO| FYUeL|Th
dESIFOH, 0| = CHst DO A0 F=E =L LCL
4. GoogleNet - 20144 2.5 0] /0] = st 25 0| ILSVRCOIA 243 HTHE AHS 21O, 0|8 B3| Hajd 2go| ¥
* = 2H: Christian Szegedy, Wei Liu, Yangging Jia, Pierre Sermanet, Scott Reed, Mt HEE U A oo wEo| 7| ol HarL .

TEE Y5 A

O HH|E 25 7|



<LeNet-5 (1998)

rrr
MO
Mo
Ry ]

ZESH 0|07 Hs L=

=M=

|-"\JJ

d

0

, A2 =M 0] 0{(Convolutional Layer)= Z 5 H|F £0F0f| A 1
HE M gfo|ofe] B E HIStot HERHE HMAY(CNN)E 45t
| €H| =2l =& "Gradient-based learning applied to document reccgnltlnn“ﬂl M, X XH=

arfglgaun C©
2 AHs] 2t

Yann LeCun, Léon Bottou, Yoshua Bengio, Patrick Haffner 2§ LICE O] === 1998 = 0f] ' H T

oM &M 2K QIAIS 93} LeNet-5 OFF |EIH = A Jf3H & L|C}.

LeNet-52 ZA 2244 20|01 A2 310 O|O|X| Ol M SH & st =5t = el ey
2 HO{FYUSLLCL 0| =22 HHE= M Y o|0je EN} =4S ZEsiN, ZEH H|H 20}
M HE =M Mo slr 1 942 L2 & A Z| 95U O

[[}2} M "Gradient-based learning applied to document recognition" =22 HE 24 g
Ol HEE XS HAISID, AEFH HMAARS 22l M &= 7= 84

‘> Regenerate response

>

<
<

View other drafts

U, LeNet-5= 19983 0f| Yann LeCun0| &% 215 A1 ZEZ 2L LICE LeNet-5= MNIST H[O|E M= M 98.95%2
Hoto 2 =20 A 2lAIE 5= 9l HEL|CE LeNet-5& CNN(Convolutional Neural Network)2| 72 & X1° o=z £ ¢
ot 222 0| CNNE ZFH H|E 20 M 22| MEX 2 Q&L L

7



import tensorflow as tf

# LeNet-5 2 O]

model = tf.keras.models.Sequential([
tf.keras.layers.Conv2D(6, kernel_size=(5, 5), activation="relu’, input_shape=(32, 32, 1)),
tf.keras.layers.MaxPooling2D(pool_size=(2, 2)),
tf.keras.layers.Conv2D(16, kernel_size=(5, 5), activation="relu’), ..
tf.keras.layers.MaxPooling2D(pool_size=(2, 2)), variation
tf.keras.layers.Flatten(),
tf.keras.layers.Dense(120, activation='relu’),
tf.keras.layers.Dense(84, activation='relu’),
tf.keras.layers.Dense(10, activation="'softmax’)

1)

# 2 HIA

model.compile(optimizer='adam’', loss='categorical_crossentropy', metrics=['accu

# D QO HE £
model.summary()




<AlexLet (2012)

View other drafts

"; @zl A2 20129 Alex Krizhevsky, llya Sutskever, Geoffrey Hinton0| 2 53 012 4122 DE QL O el g

ImageNet Large Scale Visual Recognition Challenge({ILSVRC)0f| A 15.3%2| D1|Eig§ £

Eoi&L|Ch Y AUIS | eNet-52 7|2t0 2 S A £[QX|CH RelU 43} B4, SE0IL

£ X|BHD) 220l Al
QH-IEH_LE! =

LR

=2 FY0HY d5& 3/ SYASUH L €A SHE 20| ZREH H|FE E0HM F=/ 7|22 A2 He

AlZ| 7k Z[ A= LI

oF L]
sy

A

2ot 2= S8= 7|18 gL

« 2HEL EI ME

GPU A&

1,0002F 7§ 9| It2t0|EH AtE

YA ILSVRCO A P& XIXIBHD E2{d0| AlCHE EASLICH AU 5
HER 71€= M2l TE A7 Sige U guA gL o3 wEE 23d Yo 2

= 240l ErE HE 20
FE= 0|HoH, Y= 22

3l A Ll(AlexiNet) 2 201240 FEE Zajd P2, 00X 2RE 9

=
HAZ(CNN) OFF | ZLCE A2 HEFH HE 20rM 2 2ld= 27|H 2422
b

CiE=to] 710st 222 €3 QlsHC

A AR EE BT

—

QA L2 | U2| 2~ B|EZ E(Hinton Alex Krizhevsky) S Ol MEst LAz,

gtobS L CL O] 22 E |2 O 0| 5 4l 2] ImageMet0| A 1,0007 2] C}2F

QFSH
=l

£ Hof A= s

EAALZ O|HO AISE|E FSHeI AFE T REEL AN E2

| A
A Lt e S O0E0 EELC

1. HEZHE Y 0|C{t ZE oo[ofe] 2 A YA L2 BT HEZHE
O|0E & H Hot2RsLHLEL O E S EEE2 S
T USUSLCL

2. B85 et 2 RelU ALS: LRIA G2 HH2 4 2j0|0]2F 27 HE 20
Z=2 RelLU(Rectified Linear Unit)& A2 LU LCL Ol EE 2 Y
+H 7HE 251 S 2 2 Ee = USsLU L

3. EE0I2(Dropout) Ml ¥AUALS EE0I2E2 A5 2| 0HH

—

[H0IN =82t &
3tn, AgC|IE

Mete s

= A

Ch. ES0I22 &t SO S0 27 RS U2 E2A 7 220 Uit 532
Al

4. GPUE 0|23+ HE H2|: ¥ A2 NVIDIAS| 2| T X 2| HX|(GPU)E 28510 22
SEl FESEE NS TLAMUSHD



A U(AlexNet) 2 2 122 Z20|B2, FHA 22 S = [T TensorFlow 25+ ¢E9|
L0 EFTL|CE SEA| 2 ZHErs A | 2 Yl A gl o] AR S AH T TensorFlow 2 EE XS
Ce2|Z&UCh 032 Y2 0|0|X] 27| 7} 227x2270| 1,100071 2| 222~ E 27 o= LA~
Qo AR E FLHT A 2ERYLCH

import tensorflow as tf

AL B Yol
model = tf.keras.models.Sequential([
tf.keras.layers.Conv2D(96, kernel_size=(11, 11), strides=(4, 4), activation="relu’,
input_shape=(227, 227, 3)),
tf.keras.layers.MaxPooling2D(pool_size=(3, 3), strides=(2, 2)),
tf.keras.layers.Conv2D(256, kernel_size=(5, 5), activation='relu’, padding='same'),
tf.keras.layers.MaxPooling2D(pool_size=(3, 3), strides=(2, 2)),
tf.keras.layers.Conv2D(384, kernel_size=(3, 3), activation='relu’, padding="'same’),
tf.keras.layers.Conv2D(384, kernel_size=(3, 3), activation='relu’, padding='same’),
tf.keras.layers.Conv2D(256, kernel_size=(3, 3), activation='relu’, padding='same’),
tf.keras.layers.MaxPooling2D(pool_size=(3, 3), strides=(2, 2)),
tf.keras.layers.Flatten(),
tf.keras.layers.Dense(4096, activation="relu’),
tf.keras.layers.Dropout(0.5),
tf.keras.layers.Dense(4096, activation="relu’),
tf.keras.layers.Dropout(0.5),
tf.keras.layers.Dense(1000, activation="'softmax’)

1)
# 28 Hod
model.compile(optimizer='adam’, loss='categorical_crossentropy', metrics=['accuracy'])

#EY R Y 53
model.summary()

o ZE= EAAU DA ATS JGT Ao 2, 2N LA AU DO FHE =24 D7 H
T 280 g E2o|ojot § T 490 IRt LCESHA|ZEO| OA| 2ES FAsH0] 22
A DEES FHok] Mg 4= ASL

=2, 2 AG2 |mageMet H 0| B 411

= =1
LI} Wb 52 2 A52 LSS Ho|E FHAalet 5t TE0] BRSHLITE, 0] Al
AT DO DEE HOFT| 98 ZHErSH OA| Y, HS LAAY DHO| SHAE YA
= ATt GlO|E AT} &4 BET EaSL T
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