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&st7| flsiiME 22l 2

stdHE A AE B+E FHUN olFLL
MrHgto| E ol otLet B MaE 2Atets 8 AFSECt
ol g Aoz Holk|=0|, & M= 2% &% (Mean square error function)O|2t 1 &tC},

Cost = Sum( (y_data_n -y _origin_n)*2)/n

Zo{M MH5H, n

il o i O|EHy origin_n)2t 0= C|O|EHy data_n)2| X}O|& AMZ(*2)all M, Ol &2 n2 =2
L= B 2tolct.

% 0| Cost7} =47t El= W béf2 +36HH ECt.



Hol4 watLherg 7Hx|T MKt 9ol 2T E W boil ChE ARt
JBiz2 22w Chan Ze B4 Helvt Bk

A
Cost

AlEetE M flel a=oM ot Hol2t ot

fjo

O| 2= ofl A woil CHEF 2% Zkof CHEt of| &
BAL St 2 #HRH wel |0l CHEH A,
ZAA7L ol2H2 Elo{ e BEEcZ Mg SElols weolct. of
Ztol Zotx|=x[= B WXl HIE &+E 0|25t EC
T SEw £30| 7|d0| LIX| &t &= UZIX|oH D22 g2 aef=z ol 1
Mol cHet 7|27 F5t= X[olct
0|2 2| 7 https://www.youtube.com/watch?v=0ZyvmtglL mLo&feature=youtu.be
102 LHof olalist= O/ Ol2t= HICIRLE 2™ &7 olaE = QUct.)

A

L gtsto 2 WE £2%10|HM Cost
F.

—

Cost

Ol H|, ZALE [hetA ot 2 Lied7tCt 2 Cost Bf 7t
O|FH BALE et 8t (LHEd7HHA) 2l Aagte A e

n
B
Q'I_I
(@]
-
N
AL
Pl
Q'I_I
N
18
L
o
i1}
&
rok
Iul

SEA

5=

TJAE &7 Ho|EQloM REHE ol ZAE & 4+E 71X %|X3} §tct.

AKX CllO|El x_data_nIt y_data_n= E0o{M ZAtstZ ol i FAE 71 2[4t El=
ot bE T EtCt. O U2 Wit S HSHAIF7|TA BHS 2O 2 x_data_nZ 7{|&HE 5Hod,
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https://www.youtube.com/watch?v=oZyvmtqLmLo&feature=youtu.be

AN =X d|o|ELet 7HAdo|
O|SHM ol S E Antgtol Chet XHo|2 Aot £[X 9| Wt bgtE BtoFHIE
O| Zf2 & otLHM MFt 7tdo| HI 2 2 o|C},

EE—II .LL=|7|.(E-” o)

HAE HIOIEFE : 92 LM 72 &t&. 8t& 50| 322 HAE,
x4

oll&
st ot &of o|siM %|Zo| wet bE 3Hto™ O|X||, 0| ZtE S o|28H A ol|F 2Kt
st&0f 2|8 A FotH W2 1600, b7F 20000|2F 1 SHH,
oto| 7hMdoll M Holdt g 4= WxbQi 7| R0, oS g4¢=

y =Wx +b

7Helofl & EHAH] = W*(HEl) + b

742]ofl 2 EHAIH| = 1600 * (742l) + 2000
ol &1, O|E &g¥E 2 &l o|zt st}
OlN| &2 & E X, 72171 10km [ EHAIH|= Lotd7t? 2 Alof et

EHA|H| = 1600 * 10km + 2000
OS2 18000 0]| EC}.

HAl Sl =AM

X|Z7H x| B4 Al 2|2t B AlH[ol CHEF 2/ E 7HK|I 2 A 2ol CHEt 7|2 §EIE &
Ol @aliA T4l 2{Sol8r 730 ofE JHd & 7hK| 2 QEX| CHA| HElsHE AL

71 JHei2 ClOIEHE VIRt 2 ahM ofE 7hA (BA)S BHEOf W T+
2 7h4dollM LHR 2Hol ARl S8zl Jol(Za
B ats HEEIB oIBHM ¥ £

ol %07l Zt2 7hx|D & E RS HolshM &S 4+ st Zolch.

%L,

[m g
it
e
=
ﬂ
>
rot
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=
o
N
>
n
i
i
I
2
o
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Glo[E} % Ix el 7t g9l

oilZ0| W ClolE slgE 2Y
TR A= EfA|H[=1600*72] + 2000

st& B

5 e orE7| QIsHA, AlX ClolElE £Elstn

ol +Z%! Clo|EFoll A ofEHt S(TA)E 7Hx|T oI E S BRI TIMES Holst CHol,
ol IME 7|¢to2 of &2 3t 7S Molstm, 0| 7t 7I¥to 2 sta g AlZiD

of| = CHA|

SH&0| UM D (34)7} F04X|D, &2 Brestl, 2Hof 3te Yo
stersl melof olsM 2 S 2ITHED

KIZ7HX| Linear regression 2412 &8t Halz{'do| HElol CHEHA ZtEfetAH| otE kT CHS

CHEE0IME ol S oA Z2 324 A0{E 0|85t0 &2 Al7|L 28 S steX|ol o
M LotE == ShZICH

3. EHM EZLE 0|8 M 5|7 =Y g

oM Ao ME 3|F(Linear regression)
HAl B ZRE AN Z2 02 I EE BHE0iM E&S AlFAEARL
04247} X| 1018 AL E £ UX|TH O] 20ME HIMEZRE 7|gte 2 MHFICL.
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HMEZS Ny B AY

HM E2 7 482 H-st= Y2 04247t X|7F U} K|S,

T2 2ot E2| CIO|EH (datalab)Br A S AHE35t7|2 §toh BIMERR

B2 MAI5ie{m oM M x| L A=l 48t glo|E 2|2 Mx|SH ok

st= S AXI7F HCHE 7| [[HT'_‘O'", T2 22REdM MSstE TolM = ES (Jupyter tES
http://jupyter.org/ ) O] 7| & El =74 O|0O|X|& AF&3I7|2 §trt.

IO T EES UEO| Q|F|Lt MIAE 22 MHO R GIMSH TS HIRE S7IHM BIM =
ELt oo IEE Mo AT & £ Q7| mHEof dlo|Er 24 Zdg 57| oi T2l

ct.
R T 17T ClolE B2 2UoML Bates

S ol RolMLE A8 4 27| m2o] Halstn BT ol Dol &lx| 97| mRol HalshH A
8% 4 9ot

A&3st7| IsidE 72 H™Eo| 7ttt 7|E ol gmail AZH 0| U2 gmail
34 EICH http://www.google.com/cloud 2 7tA, 5 40 Try it Free HES
Z2IR=0 7HUEtCt

f') Google Cloud Platform Q 210 Console 229!

Why Google Products Solutions Launcher Pricing Customers Documentation Support > Try It Free Contact Sales

Build What's Next
Better software. Faster.

CtE 2£0M 4E2] Google Cloud Platform 2 2™ Z&0i M7t LIELH=C, Tl S04 A
“AAN" H7E MENEE AX A™E FIHE ScHM 7Rl A& = HEE SE5tct
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http://jupyter.org/
http://www.google.com/cloud
http://www.google.com/cloud

™ Google Cloud Platform

HE R My|A HEE

AP APIZ2|X}

— Y

Cloud Launcher

MOl AIS e HEE S2or DE MHIAS Mt 210 AL E 4 ICh B Trialo] B9
RSO E $ETH30080] HISS ASE 4 2 ABISI0| A2 SSEIL, 0] Ml
otom RSO R WAL ElE Yol oL AM HYE W E irt

=0

A% M4 3 AR AE MEo| Bom Z2MES MAsD
ZEMEE= VMO|LI HERZ MY, SQLS ZEHRE Lol XHg FoiA B Elst= stLtol
Zlgtolct. of2f At ol stLte| EetREE AP%%E* Iy IE"71I TE2NEE HEE BFE0{M EER
22 5tHLE 2 AAEIOILL EEE T2 MEE LR M HolstH 2257|171 80|5tCt.

5104 95 MM ZRHE 44 S Msod ZRHMES MAsHD

= Google Cloud Platform Q MyProject - @ @ @ A | 7
ﬁ % EHAIEE ;Vl\lliy;l’c;ecl top-aloe-123215 o/ S
[ H I S 2E Z2FE fe|

H2EE MY

- B a,a TOTle. aa .~ s A~
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ZzME HHdHES FEHot2let Zo| Z2HME WE = &e 0| LI2C}. o47(of
=3

M Z=2HE

o2HE 0|2

Z23E |D£ terrycho-playground +3

Iz SHEI.

& -

T x| (3 L)

ol 20M= 24 WS gZof ClolEIR S Mx[st= WS HTstct.

ClOlEl B2 oM ASE W 2ol 72 2R E3HE &2l vMmol ExIEg = £ 1,
o iz

ORI 7|Hto| 2H oA E o= MXIE £+ QCt ZF ZESHEH MX| 710|EE
https://cloud.google.com/datalab/docs/quickstarts/quickstart-local £ &t 11 5l7| H}2tC}. Of
EMOIME B OSE 7|t 2 Mx|5te WS MYt

oio|Et B2 ZiE|o| £FMel =7 E T7|&0| £lo{ UCt TJefA E=7{ HELUS MX(8H ok
st

https://www.docker.com/products/docker (M £7{ HEIES CH2 ghof M A x|BtCt.

T HEIE MX|stH ofE2IA 0l SFoi Chaat 20| nef 2ol =7{ THEFY 0t0|Z0|

%]
Lok Zig oy £ lrt
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https://cloud.google.com/datalab/docs/quickstarts/quickstart-local
https://www.docker.com/products/docker

\

Chrome Google E2j0|

ShLE FEOlER0I2HH Boj M ofFol £7 HELUS OatE ol HEY HAE OISHUSLE, A
3 4

SES0l %yl 2ol 00l 2248 HFY U Tletol £21 EietelE UAHCHH

7120, =7 HEIUE ME dX[5H7|E HE ST
CIEo2 7 ALS % TotF= EE Kitematic O|2t= &2 MRIEHCH. (https:/kitematic.com/) O
E2 7 Ae|o|of r&dEt HHES 2|7t O|0IX|IE &4 &ElE &= U= GUI &8 S

XStk
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https://kitematic.com/

5t EHO| “Dokcer CLI” HE &

Sedect a Docker image to create a new container

nitmmat

hello-world-nginx

A Ight-weight nginx container that
demonstrates e features of
Kaemanc

wa - “roate

jenkins
Official Jeniins Docler image

rethinkdb

AathinkDB Is an open-SOurce,
gocument database that makes i
easy 10 build and scale reaitme

we ¢ et

T2 2= ololEt & MX|
Kitematic2| A |7t 't ™ G O|EFRY ZiEf 0|l O|OIX|E WotM &

F2M T SAE VMO A AJRIE

&2 DOCKER CLI

Al
=

E{0IolA S B

02

SHAH

ghost

Ghost is a simpie publishing
platfomm that allows you 10 share
your stories with the world

ey Croato

redis

Radis is an open source kay-value
store that functions as a data
SIrUCTUre server

fr 54 wet Croato

minecraft

The Minecraft muiSiplayer server
Alows two Of mone players 1o play
Minacraft together

ol eyt Croate

itematic &

K
g +3 + s BOlgol

AR -

docker run -it -p 8081:8080 -v "${HOME}:/content" \
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e "PROJECT _ID=terrycho-firebase" \
gcr.io/cloud-datalab/datalab:local

o|O|E} 2 8080 ZE =0, 2ol 8081:80802 =71 Z4El| 0|9t M
80802 2 AlSHE|T QE IHIOIEl- HE 2F0A 80812 HE S shzICtD Holstin
PROJECT_IDE dilo|Et&{0|

047|ME terrycho-firebaseE A &AL

[
>
0%
k=]
il
|
to 30

PP AAstH, o|o|Et= o|0|X|7t CtREE k|1 A&o| EZolct.
Algio| El C2 ol 22 X{0il M http://localhost:8081 2 T <& 6tH CHS 1t ZHo| O O|EF 40|
+8E g 2 4 rt
a Google Cloud Datalab
E3 Notebook €3 Folder X Upload

# / datalab

)

Od

L3 fir ]

my

B te rflc

F= N
sr&5t7|

o Ditledg 9IB TN B2 ol Bxtct

O|M| EIM EE22 7|t
|

H}
OlM| MY 3|7 2R E &t& AlFER

E|AE O|O|El oS 7|

5142 512401 ClOJEL7h 2l0f0f SHEE, 0f7|AE Mo ClolE S MAdsLIE S 5 Zic
IS 2 ClOlEE Yuse BM E2pacolt

rl'ﬂ

A

import numpy as np
num_points = 200
vectors_set =[]
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for i in xrange(num_points):
X = np.random.normal(5,5)+15
y = x*1000+ (np.random.normal(0,3))*1000
vectors_set.append([x,y])

x_data = [v[0] for v in vectors_set ]
y_data = [v[1] for v in vectors_set ]

for £ Z0f| M xrangeZ 200712| M4 Z C|O|EIE M=
x= BHA| FAHHEIE,

A BXEMEEs UHHE ML 58 SACE EF A5 H|O[ELE MMSESE
iz E SR BHET| -rIoHA-I +158 i FRALCH.

CI2o 2 ygt2 BAH[RIH, F-87HEl(x) * 1000 + P+ BEEZE 2= 2 S4lgk
d2|n EEHAE ISR MEE HLE é*iéd?i—?—, 0| Ztoll 10002 = 3HRALC.
x_dataoﬂ._ X H/I:%%, o =1k y_dataoﬂt yZ E2 HHFHENE K& 5HRACE.

FRACH

ol

tRACH

(][]

rlo

0,

SO0 MUE LeX| a8 J2iM &
PyplotO|2t= 2ZE S 0|&35}0q pIotO|EF g
XE2 0~357HX|o| HRIE X5 StACt

Bl olgle a2z E a2|= I o|ct.
0|&35tod aEHZE :L%il:k Y& 0~40000,

2I3H
A=
T =

import matplotlib.pyplot as plt
plt.plot(x_data,y data,'ro")
plt.ylim([0,40000])
plt.xlim([0,35])

plt.xlabel('x")

plt.ylabel('y')

plt.legend()

plt.show()

Ot Jefzo| 22 oSt Z ok
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import tensorflow as tf

W = tf.Variable(tf.random_uniform([1],-1.0,1.0))
b = tf.Variable(tf.zeros([1]))
y=W?*x data+b

loss = tf.reduce_mean(tf.square(y-y_data))
optimizer = tf.train.GradientDescentOptimizer(0.0015)
train = optimizer.minimize(loss)

init = tf.initialize_all_variables()
sess = tf.Session()
sess.run(init)

for step in xrange(10):
sess.run(train)
print(step,sess.run(W),sess.run(b))
print(step,sess.run(loss))

plt.plot(x_data,y data,'ro")
plt.plot(x_data,sess.run(W)*x_data + sess.run(b))
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plt.xlabel('x")
plt.ylabel('y')
plt.legend()
plt.show()

We| Z712f2 random_uniform 2 M & §tCh 7122 -1.0~1.0
Ato|Qo] Zte 2 MMSITEE §HiCt.

( radom_uniform O A ZeHml 1K} [1]2 BIMO| AHRHS
12 1RO R gt 22 "El7t 2= 2R E A
32 3R &E -Ef7t ElCt)

Ct= b= tf.zeros([1)) 22 HolF =0, 1&xt BElMZ gtol 00| EICt. (zeros)

st&2 St 5t 34 (7HE2)y = W * x_data + b O| EIC},

CI2o 2 FAE &9 SE|OIO|XE X|Hst=0l, 2AE &&= o 20 MHEEZdn 20|
7hAM ol o5 AAHE Zf yollM 582ty dataZ F0i, 0|2 A|=35tod Wt Ztolct.

IER K7|H S 2t

loss = tf.reduce_mean(tf.square(y-y_data))

ne Ky

AE g20lM EA 22 F5H7| ISHMH SE[0HO|XK 2 ZALst 2 (Gradient descent)
TI2&E AHE35HY| [EH—.v_—Oil, ZE|0FO|XME tf.train.GradientDescentOptimizer(0.0015)
a Zo| x|’gstRict.

|

QIXFE E0{7h= 0.0015E BAL SHE M & & HAHYEE 20|z &84 S8 Holste A
2 2{'d Bll0|E (Learning rate2t ™ BFCl)) Of LHE 2 Floi| M CHA| XEAISHA AHSHZICH
IAAE §9 ZE|0IO|X(Gradient descent)7} HO|Z|Fo™ Ejo|d 2o MEstC}

train = optimizer.minimize(loss)
= Al 54 ¥(Gradient descent) 2 0|835l04 ZAE &
(loss)7t |47t £|= 7€ & 2et= O|ok7[o]Ct.

HHE 57} HA] B4 S state Olok7|Z,

fijo

CHE ZEWME for loopZ && € 10
for step in xrange(10):
sess.run(train)
print(step,sess.run(W),sess.run(b))
print(step,sess.run(loss))

st CHAEE, W,bgt O2[1 lossQ| 2t stHO 2 £ § SIRACEH

O2|0 s&0| ol A El=X| 2 EE EFHSH7| IGHA
plt.plot(x_data,sess.run(W)*x_data + sess.run(b))

X data€ 7t2F 2 Z 51, W*x_data + b2l /2 =2 EF TS UL

ol

O|FH sliM &S TIdstH Ot 242 JeiZ7 =xtHez E35s Ag #elg + ot
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(9, array([ 1818.00439453], dtype=float32), array([ 51.36595535], dtype=float32))
(9, 10272684.8)

30000

=1
=]

5000 ]

WE 1018, b 51 2|1 ZAEQ| 22 10272684.00| EE & Qlgh = QlCt.
O|EH &&o| Btz Oo|M 7Helo (HE BiAHI=

(EiAIH]) = 1018 * (HE]) + 512

0| S A 7tX| HElol| [HE EHAIHIE ol S& = L.

A0 AS3 2E ClojEHs B3 E M D5HHE ¥S 4 2ot
https://github.com/bwcho75/tensorflowML/blob/master/1.%20Linear%20Regression.ipynb
st& £ (Y BllO|E / Learning Rate) =& 517

29| o Mol M optimizerg  tf.train.GradientDescentOptimizer(0.0015)
0lA 0.00152 &t& £ & X|HstRACt THCHH 3t S8 FAUQUIIE?

MY 317 2Mo gdTeES &l Zo{EH,

7tdoll ofgh Zkat 2eiztel AtolE x[4 3t st= gt2 Fot= Zol ol ¥ nE[&F2| LHEO|1,
Ol§ ZAE 89| 2|AgE Fote WE SollM siiAstct.

wel ztg =gsl 7HHM ZAE Q| 20| 2|7t El= 2t 2 He=d, ol ZA 5t ¥ (Gradient
descent)dHE ArS ot ZALS| L&ol et wel 2f2 =¥stedl, ohg wel 2tol &=
FEQE 0|&sts F0| st& & & ti'd Bllo[Eo|Ct. (ot2i 2 &)
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Cost

ol KoM= &t £ T2 0.00152 ME5D,
BAM %%FOE 0 0015% 2ZI0|E & 5t9ict.

O

Bty £T7h AW 0fEHU0| HoiRIE XIS BA

STE 012 FI &S AT OfE ZIHIt 42
12/3 cost #4E Mol o1 Ze AW Lert

(0, array([ 86515.3671875], dtype=float32), array([ 4038.51806641], dtype=float32))

(0, 3.1747764e+12) « cost

(1, array([-7322238.], dtype=float32), array([-341854.6875], dtype=float32))
(1,2.3281766e+16)

(2, array([ 6.27127488e+08], dtype=float32), array([ 29278710.], dtype=float32))

(2, 1.7073398e+20)

(3, array([ -5.37040691e+10], dtype=float32), array([ -2.50728218e+09], dtype=float32))
(3, 1.252057e+24)

(4, array([ 4.59895629¢e+12], dtype=float32), array([ 2.14711517e+11], dtype=float32))
(4,9.1818105e+27)

(5, array([ -3.93832261e+14], dtype=float32), array([ -1.83868557e+13], dtype=float32))
(5, 6.7333667e+31)

(6, array([ 3.37258807e+16], dtype=float32), array([ 1.57456078e+15], dtype=float32))
(6, 4.9378326e+35)

(7, array([ -2.88812128e+18], dtype=float32), array([ -1.34837741e+17], dtype=float32))
(7,
(
(8,
(
(G

8, array([ 2.47324691e+20], dtype=float32), array([ 1.15468523e+19], dtype=float32))

9, array([ -2.11796860e+22], dtype=float32), array([ -9.88816316e+20], dtype=float32))

Cost 2t0| 3.1e+12,2.3e+16,1.7e+20
.. 23|24 HXICH} 7,890 ME inf(REHCH)ZE 7IHEIE HE 8 + UCh
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JeiZE EH ChEn 242 FEle| asfZ vt L2

15 ™~
50| RI™E = §, IAE #50| Ant 21o| ZotX|HAM =7 0| £[o{o} st=0,
PRIl ZH0| M HITHE S{CHITH SHRHM Wit e st D82 B 4 2t
FAE 40 JBHZE 21 MZelEH 1 Holg ¢ £ o
Cost \
e
W
st £ zol zhol Ack HU,
Zfol of2 =2MV|2 £=H5tX| ot 235(2] BCfHe 2 Ho{71HAM M 23524
O 2 draEHEAM, WELO] %“&" oH M A= FSoi2 Ztch 0|8 2 #+&

JeHZ HZ Y

= X2k ghot
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1

:
& 4Z7h RILIH 2702 BEE 4 Qo

|>

Z 2{'d tll0O|E(Small Learning Rate)

o 2
& SZ7H IR BSmE ofHYUO| LAE 2
=
E

0.00012 27| ™ & sHEX}.

Lok r*

R
[asE

EiA, &t& oM ZAE Zho| =36 K| ot MY HXIHM inf(FEHCH 2 g AHs Al =,

(0, array([ 86.40672302], dtype=float32), array([ 4.03895712], dtype=float32))
(0, 3.6995174e+08)

(1, array([ 165.43540955], dtype=float32), array([ 7.72794485], dtype=float32))
(1, 3.1007162e+08)

(2, array([ 237.61743164], dtype=float32), array([ 11.09728241], dtype=float32))
(2,2.6011749e+08)

(3, array([ 303.54595947], dtype=float32), array([ 14.17466259], dtype=float32))
(3, 2.18444e+08)

(4, array([ 363.76275635], dtype=float32), array([ 16.98538017], dtype=float32))
(4, 1.8367851e+08)

(5, array([ 418.76269531], dtype=float32), array([ 19.55253601], dtype=float32))
(5, 1.5467589e+08)

(6, array([ 468.99768066], dtype=float32), array([ 21.89723206], dtype=float32))
(6, 1.304809e+08)

(7, array([ 514.8805542], dtype=float32), array([ 24.03874016], dtype=float32))
(7, 1.1029658e+08)

(8, array([ 556.78839111], dtype=float32), array([ 25.99466515], dtype=float32))
(8, 93458072.0)

(9, array([ 595.06555176], dtype=float32), array([ 27.78108406], dtype=float32))
(9, 79410816.0)

IALAEZO| MY M2 U2 HotXle WE = & UKL AlS ZdaE & of™ ZLolAM x|

E|HLE #~&40| &l= 7t ofLCh.

Tz 2 B2 obe 2= ok 20| M U CllolEtol|l Ze =7t 7k Rl A & &

I, 2121 CloJEbo TBHZ T} ZAXI7| Foll B0l BRI H ¢ 4 2Uch
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7T &g B2 ot 28 MH, LAE 2fol =4 grol ZEat7(To,

N2 Small learning rate 2t $tC}.
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o

me
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rr

Mo H

A
Cost

£ ZHYoZM sliiZ0| 7ts3stet.
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E|7) 2L, BIHK] %

o

3. ZX[AE 2|FE 0|8

1”01|A‘| Helzde| S/re= Zatgtol Etlo] A5l Regressm

( Sk
T2 ZAuho|atA) 7t LR = Classification(25F) A7+ UCtD StJCH 2,3%0il AAAM 2|7

-.-_-X1|01| CHaH A ot Rk, ofHE M= ZX|AE] 2[7E 0|88 EF E X0l CHsi A Lot=E AL,

O] 22| L2 Sung.Kim 'Ho| “RF & & EEd'd"(http://hunkim.github.io/ml/)

& s5teict o] XAtRES o=, OI 4ol XH A dYslse Zol= ieX 2L
E E : L.l .
2 & EX(Classification)2| & 2|
EF EME EaE 2ES 7K, (= E g2 02 YR 202 ERsiFE 2=&S 0[okY|
StCt.
BEF 207t #/4X 0 2ol FIHE 2 ol BF 41, FIH o[ Umi= CHE 27
Sa0latn SHEG, OlHE oM AT 2X|AE! 37 EA2 BRE A} F 7hR|2 Qi
olg 7 mdolct. (Ctgt EF DAL ZX|AE! 3|70l 0|o{M AZETA 3|7 EA{0{M
MHES TS 574t
olg EF9o| cHEXMQI ofl= CtS ot Zct.

o O|HY AWM MY OlHY AE

o AEFE HefollM Ha Helet ol4 Hel AE

HLM R E ALSAISt Hat ALSA A&

Sololg BF/9l oi7t & £ QlCh.

o & Sod ot2iet Z2 ClolEt 7k QT 7HYSHAE
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* e L:‘t‘ N tht::i f‘n’:
® A g 'Y - Aha a2
= ) t. * . nu"fﬂ:‘b ] =
- .'}.J ~ PV S S
. ..‘. ® A ‘; A A LM i
Ve 7% 8%, L 4 A
.'... o" ® " A og i &
L] L
1 e, 140’. {":"- —
o .tb‘ %'. * o ) "
1] ‘ _iw‘.. .:-'¢ [
] 10 20 30 40 50 B0 70 80

F2 SIct0|2 ZAIE Clo|Ete}, =M M2 2 EA|IE CIO|EtE 275t 42, of2fet Z 0|
Ol E7 EXE 0l& EFE + e olgdX™el XM asfz g &= Zolct

5
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2 X|AEA 3|7 B4 (Logistics Regression)

M& 3|7 24 (Linear regression) 22 £7 A MZ2517]

olg 2% Dol CHEt ol & So{EAE 32| I 7(of et &M S ()X S8 SLLXIE
5= 2X7E R I:|'_T'_ StAL ot O2I2 FYo| 3 7|of CHet gt S o{FE JelT
LIEHH ZJRICH, X&F2 FYo| 37|, YE2 59| 4 S 042 E LtEtHCH 108 &

00|24 S-dolct.

15

00 smee & @ @ 'Y

=0.5
oo 05 10 15 20 25 0 35 40

ol EXME ME 3|7 B2 MolsiM 2= E ae{E™ =20 2ot
y=W*x

o Zte ae= 7} aed{X|2 CHEF ofel a2l B
Hrl 2o Mo 2 EHEHer £~ QlCt

rr

2ok Zoly>05 2t 30 &M ¢ y<0.5
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L)

Fd o 25 10 15 40

O, grefoll 22 Egf|old H|o|Etol|l M, Sl 37(7t 2 C|o[Et7 £0{2H o{EH &2

otz 2= EXt o E E0{ MER Edilol'd HIo|Etof Z¥2| 37(7t 52 B2 & ol2t=

OlO|EF7F M2 E04RtCt 3HAF

5

new

05

00 o &

0 1 1 ) 4 5 B

ol 72 YoM M 51712 BHE 224z ol 712717t M2 S042 ClOIEHE =3
20l M8 5|72 AE&S A7 EE ORI 22 7I87I(HM 23HE)2 HatA Eict.
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y7t0.52HE 7IE2 C{O|4 A8 E =

0| A=20f= 2olA 20| YAIQI i ‘E CHEHY AF2 3t
UA El1, y7t 0.2 LIHE, M 7|ZE2 2 TolM, 2ol YA/ o{fE THEtaloF SHC}.
2212 M2 HOlEkt BOIS T Dhh 7| Z S ChAl Frobof st=Z0174e 3t T2 Be

I
|E}7 ol2CtH @/ 7} dfMst 4~ = QIC}.

CHA
DEZ o &2 BCHH, ot&ol| ASEX| f2 E Clo|EtIH &
0|3t 2=0f x5t x| ot aChH o-|EE-I

JdeiM, ME 37 E ='M S &(Linear regression) £
DEo| MMt ?

ol
https://www.coursera.org/learn/machine-learning/lecture/wlPeP/classification
http://stats.stackexchange.com/questions/22381/why-not-approach-classification-throug

h-regression

A2 0| E(sigmoid) &=
Ol HEfol 012 BF B0l MAE B2 Al 0| (sigmoid) &t 42t
E°F° EPQ_'F ZCh S Xt FEjO| JEiZ RY o R FS4F (x=0)2 a2

Hu rir
=]
P
ro
o
|0
Hu
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https://www.coursera.org/learn/machine-learning/lecture/wlPeP/classification

10

o8

02

Ol A|IZ20|= g =of &2l HO|EtE MBS 2™ CtS1t 242 JEf7t ElCt

:I.l:l . A -

03

06

04

02

00 ——

-10 -5 o 5 10

aZa 2ol y‘f%% 058 7|Zo 2 mErem y7t 0.5 L x7t 2 2l x<2 @1 EEL2 y=022

24, x>20 222 y=12 &do| ElC}.
2 d|olEt (x=100)7} F7}EICHSICIEtE A2 0|=E g4E 1 Z2f01 12 £HE|7| 2o, &2l

ME 3|17 EMo| 2 MEH ol /53R R & A™ste yot xako| #atst x| Y=Lt

7t (Hyphothesis)
J2HAM, Ol A|lZZ0|E &8 AE5t0d 7HdE Holgh £ Qlrt.
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7td2 oteiet ot

y = sigmoid(Wx + b)

E0EE19 22 # et A|OR20|E 48 3 ZAoZ EFSHH, ofeiet Zot.
m]

1/ (1+ math.exp(-(W*x+b) )

C| Al HF 2 E 2|(Decision boundary)

y = sigmoid (W*x + b) € 7t &+ 2 J84%l 2ol a2zl WE 1, bE -22 Iz 2
LECE F7HE O|SstALC
Woil 1, boil -2 £ CHUSHE T y = sigmoid(1*x-2) 2| HEHS| 2= I, “x7} 28 7|EL 2
i F0| oLt otL|Ly & A™stT| WE WEo,
e 1"x-2<0 O|H, y=00| E|1
e 1*x+2>0 O™, y=10| EIC}.
O|E& sl sE M, A|1 2 0|=(sigmoid) & LM E0{7t=
e W*x+b <0 O|H, y=00| |22,
e W*x+b>0 O|H™, y=10| EIC}
& EX|AE 3|7 2M2 fol 22 BHES= wet bol 22 &= Exlolct
ag|n AlaEo|E &5Lel

z=W*x+b
JelZE 7| EeELHAM y7t 0= 10| El= 7|1E2 A=, ol JElZE 7|Ec2 ZAHE 5t
201, 0|2 C|A|I™ HFRE 2| (Decision boundary) 2t §HCt

M7 x3tLEIE OFLEE, x1,x27t Rl 2XME LR}
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B0 70 80

ol 2ol 7t &4 y = sigmoid (W1*x1 + W2*x2 + b)7} ElZd0| 1,
z=W1*x1+W2*x2+b 7} C|A|H HIREZ| &7t EH, f1o| JeiZ & oMe f2Mot ZEME
L= ZIMo| £/ 0|720| HEZ C|AIM H2 =2|7t Eict.

T |

2f
A IE{R 7HY 348 Bl FoL] A Wt bt S &7| st ZAE B 4B HolsE A
CHAL 81 QoM ZAE #40| Mg E1Zo 20, FAE 0| I 7H4d 240 olaiA
o= E 2t E2olde PlohM UE ZL(ARIZL) Afolo] AOIE HatsiFE B4z, oS
2ot QI24EIgt S0l Abolof CHEr B gt Faict
ZRIAE| 5|70 M ABEIS TAE B4t O8I 20t

cost_function =(1/n) * Sum(
-y_origin*log(sigmoid(Wx+b)) - (1-y_origin)*log(1-(sigmoid(Wx+b)))

)

e n 2 Efo|d HIO|EtS| =
e Y_origin £ E&0l'Jol AFSEl xofl CiEF 243,

o0& MY ZRIEH, HEI7} OFLH Hoi7tE . I JHKiC M EILt,

= O A

2™ o EHA MH ZAE &7 ASEIUEKXIE LotEARL

MY 3|72 M(Linear regression)2| ZAE 38 CHA| HH A T{E X}

= &30 7ol ofsii M o FEl 2k el Atol|e| M& B S LtEHLH= &1

AN E
== g H
MY 37 2MolMel ZAE gfe= O3 24
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Cost = Sum( (y_data_n -y _origin_n)*2)/n

Jeln ol g+E JeiZzz J{E M O30 20| o8t aefZ 7k LhRtch

A
Cost

W

Jefz ol Refol DHE et E2M 7| 2Z0IR7| HZE ol BAt 5HZ &(Gradient descent)2 AHEE

0I04E|._

AN AN

-

OB ZRIAE 57 BM0|E 7|ES AAE H4E 0/8510 ZAS TS KBS
|=|7;|.
-

IAE 0l My data_nof 7t B8 CHY A7 EH

A
=2 T AA

A
=2 T

ol

rir

N

Cost = Sum( ( sigmoid(Wx + b) - y_origin) * 2) /n

o{ME

r
ol

tH

e

Sigmoid & +&

Cost = Sum( 1/ (1+ math.exp(-(W*x+b) )- y_origin) » 2) /n

7t El=dl, exp( -(W*x+b) ) (5 eM-Wx+b) ) BEIZ X3 E|7| I{E0l,e 7} E0{7t ZAE
Jez = oS0t 22 "ElE = =t

o
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=

O H -

A stEH2 O ZE Bt LiB47HHEAM THE &2 e de gae I’“°|E+| (20l
|

=MT|E
2k Li2{7HR0l), Ol ZAE #ao| J2iZE 52 27| =M7| BEE BHE
z ol k. :LEHA-I BAstdHE M8 < otz 22 ZO E.'.AE ?:.*—’.‘—QI Eagez
T2t x| ot 1, Btol 22 =W 7|0l M 75 2o
. xagtoz
Vg o *%;EII B,

A2 IW?ITIH
Hl '
h |I |

/’ W
2l =g
JeiM ZXIAE 317 EMolME AL SHEHES AL83HY| fIsM o] ZAE B8 M e
HEZ OHE LRI AT, MER ZAE B8 A8SC o’ R0l ofHYE o iz It
= SR TE log EH7t %'EP J2hM log Bf =& X85t0q

JedX|E U, eE &g
M8t 3IEHO| FIAE SHAES

Ui et y=0 U LHH A AHl&tSHok Bt 2tzto| &8 B O3 ZCh

IAE ftE y=1 =
=1

k< ]]0||

cost = (1/n) * sum (-log(7+4d) )

cost = (1/n) * sum (-log(sigmoid(Wx+b)) )
o y=0

cost = (1/n) * sum( -log(1-7+d) )
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cost = (1/n) * sum( -log(1-sigmoid(Wx+b)) )

FIAE B4E Y 2L, 7H0] of3H oS E 3ol 0|8 LIEHLIE B42, Jgztol 5
£ e WO Bich 22HM ST 7H9ZH0l ZUHLE RAE £ B TAE 40
Znkzkol SHH| Liotof Bhet

BIx] y=1 (553 240 UIE 2 A,

FALE = cost = (1/n) * sum (- Iog( igmoid(Wx+b)) ) O|C}.
M ZAE G o, i Zholl cish F-Zka of| F4toi gt Rtol= ol °“‘01IA-|
-log(sigmoid(Wx+b)) O|Ct. A|Z20|= &+ &M ’g sigmoid(Wx+b)E 0~17}X|2] H|Z 7} X|7|
20 -log(0~1)2 2= 2 J2dEH CIS

7

LN

Cost

|:.
H] 02 04 06 k] 10
Hyphothesis:sigmoid(Wx+b)
ol 10]7| tH2 o, 7k et (AT Z20|= &4 sigmoid(Wx+b) )ofl 2|8t ZA1t7} 10|H
mElﬂom 1014 HoiK{M 022 242 o5 E T SHE ol zto|7t Actn & 4
ol aefzollMd E54, 7k o] olsl| AdeH AT (xF)7F 10 71t 8 ZAEYS)R

30 2
I'IF I o2
s 2 Ei

092 st 7H-0f ofslf AlME Aotot ool =HE = §, ZIAEE SO0IXl=e WE 2 F
QCH & y= 101|A-|= 7ol 10 e=238Hof St7| IHE0d, 10 7} E £8 FAET ol K|
agiZ E A Ect

y7t 0L = ob&t7HR| 2|l 7520l 00]7| mHEodl, 7HAdod| o|§t Z1tZto| 00| Elo{oF B+t
00l HO{E B TAETJ S0iLtD 00 M 7177t R B ZAET E0{E= HE{ o HIE
g=E ™olsHof Strt.

OFEH7LR|2 IAE §40| WRO| ofil 7HHZ S E M, -log(1-sigmoid(Wx+b)) O £/
sigmoid(Wx+b)E 0..12] #12[0]|7| [[H--Oﬂ -log(1- (O.. ) o ElCt. Bt 10iA 0..12 WM S 37|
E, 22l Z & -log(1.0, 0.99,0.98,....) HEHZ y=19| B9} vtr = Fo| TJejz 7t Ect.
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LN

Cost

H] 02 04 06 k] 10
Hyphothesis:sigmoid(Wx+b)

Xt OlA|, y=1Ql B2t y=0Q! B0l CiEt 2tzto| AAE & & Hol5IRiCt
2712474 y=121 Z29t 02! Z2ol ChaA ZH2t +% IAE #4E M5
Ab&sHok stX|BH Je{H F o] SHEHX|7| W=Eof 0
WS HotERt
o y=1
cost_y1 =(1/n) * sum (-log(sigmoid(Wx+b)) )
o y=0
cost_y0 = (1/n) * sum( -log(1-sigmoid(Wx+b)) )

KU
>
lul

g'l_-

y=1f= y=0Q! ZAE &= cost_y0 7t 00| £|11, y=0LI = y=12

& cost = y*cost_y1 + (1-y)cost_y0 ZEN7} £|H,
e y=1 0|, cost = 1*cost_y1 + (1-1)*cost_y0 = cost_y10| |11
e y=0 0|, cost = 0*cost_y1 + (1-0)*cost_y0 = cost_y0 O| EIC}.

:LEHA-I =1 |_=.1_AE ot y=02l IAE &

ook

+E /9| A cost_y12} cost_y=001 2t}

cost = y*[ (1/n) * sum (-log(sigmoid(Wx+b)) )] + (1-y)[(1/n) * sum( -log(1-sigmoid(Wx+Db)) )]

OS2 HWF g2l (1/n)* sum2 Y2 = ™

54~ cost_y17} 00|

cost = (1/n)*Sum(
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y*(-log(sigmoid(Wx+b)))
+  (1-y)(-log(1-sigmoid(Wx+b) ))

7t ElCk.
AlE MeE7HHEA olshstH MY EZUK|, ZAE a7t ME #el2 4-80] == FLt
|sot, T 7hx T AR} (X = 7| stx|2h)

!

i

4>
0

N
rlo
|r o
i
o
[Illﬂ

o

%Elmolﬂ (Optimizer)

HallFiem™ I AEE |45

oo

E|0}O|X 2 ofiH SE|0tO|XHE ALSsHof & x|

m

03! ok

ME7| W20, ZA 512 (Gradient
/4B 22 AoIME ZHEHSH

>

=l
=
0

It 4>
o mju
rl'ﬂ

oy K
= |>
Q'I_l

descent) &1 2|& 2 AHSEHC.

optimizer = tf.train.GradientDecentOptimizer(learningRate)
train = optimizer.minimize(cost_function)

Holstod ZE[OHOIM=Z AFEE +~ ULt

0= (Prediction)

Kt O H sl M, 2X|AE] 2|70l CHE f&S BLHT, Wet b £f2 FRICt shAb. 2 CHHE O
St&E ZEE JhX|1, E012= o|o[Etof CHE BFE o{EH XU (dF2 o
874017}

7t & E CtA| B2 71 d & === sigmoid(Wx + b) OC}.

Je2iM of|F0| et 2t x7t So{2S W, 7Ha & ol ofgt Zntgfoly O[2t1 3tH, y'2 0..1
TR Alr7t |1, y2 075 B2, x0f CHEF 21U BFE2 75%, 0 SHES2
(100-75%91) 25%7} EIC}.

oM Zo| I 7|of CHE MY EXE CHA| 6| & E0{EH, 2| 37| x=50|H,
sigmoid(Wx+b)oll |5HA HIAHEl Z4Dt7} 0.952+ T 504, O] B YA ZUQI S22 95%, 240!
EHE2 5% O|Ct.

SI=

25 SHE 27 EAT S AR P 7H HESR 2H0lD, ZXIAE 317 AR
2R 280l 2014 71 H0|n ChE} Eli= S-OIC 40| BHo| LiokM Cha S3HE 4
UZIX|EH HEIE SHEH CHET 2ot
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X 71 & (WX+b) vsKel
Hetatz| st ILE B8 ol

| B4~ Wet boi| CHEF Mgt 2
o= 0
ZE|0FO|ME Holalld et&a2 S we

|88t Wet bE F75t7| 1A

Ol THEo M SEHEH £81HQl MHO| UAXIT, CHETH 22 T2 Yol TX| LS BCh
1. ZXIAE 317 A2 A1} /AR 08 £ 2o ASEIC
2. HIS #47t ICHe 48 21 ZXIAE 5|7 2MS HIS H4E JHCH A0} T HIS
B47h e £ 5 sHa0| HESCHE o0 HEE Yotof 3te TH0f HIS B0

°4oL —.r_—A-IoilA-I_._
& ZZIOME E- [H Ol HOIEHE Z=HatHA

Ch 07|M & & &£ (Learnin
MHE59IS)ol o/0|S o+t
A& etct.

4. Lt2 Aozt (Wet b) af2 0|83t o &2 &t

—'— (Q
pu
&’.
o
0'I'
rx
(1
fon
i
FIII
J.i

Sung Kim =19 El2{'d Z %} https://hunkim.github.io/ml/

Andrew ng 15='g Z 9| https://www.youtube.com/watch?v=LLx4dilP83I
Andrew ng 1. 4*'= 9| Decision boundary0i| i A4

Andrew ng = 49| L E
http://www.holehouse.org/miclass/06_Logistic_Regression.html

e https://www.youtube.com/channel/UCRylQSBvSybbaNY_JCyg_vA

4. BIMEZR 7|

Slzgol ChEt CHEFRQI Tt ©f5]D ARIZ RS ST shul, B sHLHE B OfCh Sfe
3t Ich THO|MO|L] BAZIX| G, (AbA THOIWE Tk 7h2{ofA #ZRICH) ol atol=izialz

T HY7F Eloq Qlct.
FHA5| HIMER R Z (2 Ol E dHoF 5t CilO|EtE M5t AlZst s,
numpy,pandas@t & F7+Ql i o] EH?J olali7t H3stCt.

node.js AIX RIS M T AtHtAIBIE MHE0| o] slloi FHE 0| X[H=0i[ok o{="H T Ofsli5t 7|
SR, JAILE A2 A2 7| X FE rm{Etok ot x| SELE AT

Bk BR20| Cis) B3 LSS S st HElg ool o] HEXES REHO

ol 2ol Zolg ylto R MElsItt PREC 20|11 IS A EoiM HElsF AV
2o, HBtst WAH 2t Lot

https://www.youtube.com/watch?v=a74pFg8paVc
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https://www.youtube.com/watch?v=LLx4diIP83I
http://www.holehouse.org/mlclass/06_Logistic_Regression.html
https://www.youtube.com/channel/UCRyIQSBvSybbaNY_JCyg_vA
https://www.youtube.com/watch?v=a74pFg8paVc

HMERS B AY
B Z2Q 37ES A

3
gt= plo|E{2|E &HH AdxdsHok
CHEF 5 71X| B 4o 2 £+ MT0o| 7% H:L

| Gk BB 2R 8 ohj2t, ofed O Wi o

-2 ClO|EH#

HNem 42 F 20 FIEH tESS EHE 7 |E=2 WF|X|E 0|85 .
71 T 7| X[2t0d|, numpy,pandas,matplotlib,tensorflow,python & BIMEZ S 7o EHEH 2 E
do| 7| & Elof Uct.

OtLtZLCh
CHE WIS YR 2 743 B0l AHSSHE WRIn, IOl £3aret Blo|=Ri2lE
17| Eshs 2 olLt2CHE OIS 3HE WRlo| QUCk REAlEH 87 4 e

https://www.tensorflow.org/versions/r0.12/get started/os setup.html#anaconda-instal
lation & &1 3+7| HEBCH OfL2CHE MR|Sl= 1, tensorflow B & (environment)& & 0|8t
2ol, FUE ESS Mx|stE Hot.
http://stackoverflow.com/questions/37061089/trouble-with-tensorflow-in-jupyter-notebook & 1

Tensorflow 4 BHE Fof,

$ source activate tensorflow

E MY BIM EE2 BEoR MEEtE, otefet 20| ipython 2 Mx|EHFo0l, FIIH
(jupyter) —tE=& x|5tH EICt.

(tensorflow) username$ conda install ipython

(tensorflow) username$ pip install jupyter # (use pip3 for python3)
OfLI2Ct 7|gto| HIMEZ @ Bt E ™2 Lt&ol Alzto| 2l CHE 22 S8 ChA| Bt F
skZACt.

HMEZRE wHUESZ 2M3tE(0] s 7HY Zai|d={0[7| [HEOﬂ J =g, A
Ao ozt bl == A A D dolstot J2iA &S Bol R

&% (Constant)

2 O 2 &44+E XE5t= dlolEF Folct.
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https://www.tensorflow.org/versions/r0.12/get_started/os_setup.html#anaconda-installation
https://www.tensorflow.org/versions/r0.12/get_started/os_setup.html#anaconda-installation
http://stackoverflow.com/questions/37061089/trouble-with-tensorflow-in-jupyter-notebook

e tf.constant(value, dtype=None, shape=None, name='Const’, verify_shape=False)
ot 2 HEl2 ™ol Elc}. Zt "okl 82 BEH
e value: &=9| gto|ct
e dtype : &0 Cl|O|EtZOIC}. tf.float322t 20| Al HS 2| Clo|Et Et S M o|ftrt.
e shape: &Zdo| X} HE HO|BtC}. shape=[3,3]2 2 HO||FH, 0] &£ 3x3

fijo

o =—
XMEsHA ECt
e name:name O| A
MHSIEE 5HZCt
ZHEHS oM E SHLE 2 AL
a,b,c &0l 2tz 510,2 | ZtE 2 Fol, d=a*b+c & HLSHM H A 21 dE E245tE{T

y —1 71 =
etet.

2tCh nameol CHa M= LISl & O RtAlsHA

1o
o

g ol

il

import tensorflow as tf

a = tf.constant([5],dtype=tf.float32)
b = tf.constant([10],dtype=tf.float32)
¢ = tf.constant([2],dtype=tf.float32)

d =a*b+c

print d

OO, e A2 M, a*b+cof 2£0] OtL|2t CHEIF Z 0| Tensor... 2hE EAHE0| EHEICH

Tensor("add_8:0", shape=(1,), dtype=float32)

Jdeiz et MMel 7

MK Jeiz et MMolzts 72 olshHatiof BIMEE RS 2 e 2= E O|sHE &= UL}
?l2] d=a*b+c Ol d BFA| H4tS +&SH= 20| ofL|2t CHE 1t 20| a*b+c 2BHZ & Holdt=
7do|ct
AN .

d=a*b+c
] - * - +
' A
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AN Z 7S EotLieiH, o]
(Session)2 44335}04, :LEHEE *Ego%HOF °HZP A-IIA=I° :LEHJL = °|XPE b”OHK'I *'%% B
Z =i

=2 OO

U F 9| 2{L4(Runner)2t 1 AZHstH EICE

A Oae™ 9ol ZEE YR}

import tensorflow as tf

a = tf.constant([5],dtype=tf.float32)
b = tf.constant([10],dtype=tf.float32)
c = tf.constant([2],dtype=tf.float32)

d =a*b+c

sess = tf.Session()
result = sess.run(d)

print result

tf.Session()2 S50 MM M5k, of MMoi| ZEH= dE AYS TS sess.run(d)E
Alsist)

Ol 2= o AMZATE BIHZ SR resultol ME 0| £|1, E24g SHEM ST+ Z 0|

HedHoz 52ete 2hol LI”E AE & + AULCh

In [40]: Aimport tensorflow as tf

a = tf.constant([5],.dtype=tf.floati2)
b = tf.constant([10],dtype=tf.float32)
c = tf.constant([2],dtype=tf.floatil)
d = a*btc

sess = tf.Session()
result = sess.run(d)
print result

[ 52.]

Zo0|A = (Placeholder)

Xtot O|X| & =2| 7HHE LA™, O|x|= ZE&i0lA &0l CHSHA ot £ AL,
y=x*2E Iz E S At stxt Qo2 = 12,3458 1, EH2
2,4,6,8,102 Z|CHEtCt D StAt. O A o4 =gt E JeiZ oM He 2= Held

= 247 loj| M
y=W*x + b ot Zr2 J2fZ7} QIct & i, x= 3f&& I8 olOo|Et 7t EICt,



% X2 420Xt ot= Clo[E Bt 2 st&E ?IEF & & Clo[EHE <IEt oi|olEt Etlo]ct.
y=x*2E& HMo|stH LiRMo 2 Ctaut 22 Jei= 7t Elct.

y=x"2

%]

O™, xoflE 742 1,2,3,4,52 Ho{AM Z0ZtS O Z E SalA] Alatsl LHokstct 7iExo 2
2 chEo 2ot

y=x*2

input data ) «+ . outputdata
12345 | " [2.4,6,8,10]

Ol & && O|o|EtE He 2R2 Zd0|A&C(placeholder)2t 1 &L
Z0|AZ o CHHA] LotE2H, ZR0|A S| f|o] JHZ oM x & Y&gt2 XMEste
LB o S(HZA)oILH.

=
o

tf.placeholder(dtype,shape,name)
o2 Ho|EICh
ZdolA B Moo AIRE|E HEES HH
e dtype: ZBl0|AE ol X{E E|= O|O|EFEO|CE. tf.float322+ ZH0| Al A4S 0| Of|O|E}

e shape: &ZO| RHHS HO|BtC}. shapre=[3,3]12 2 Ho|diFH, o] Zrl0|AEC{E= 3x3

C
e name :name O| EQ|0|A 2| 0|2 HOlEtCt. nameodl CHEHAME LIS &
REMISHA MES=S 5HZIC

J2/% 0] x0fl &S GlOJEFE OfEH| @ Z017}? 0|8 T/E(feeding)Ol2tm Bt
che oKl 2 At
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import tensorflow as tf

input_data =[1,2,3,4,5]

x = tf.placeholder(dtype=tf.float32)
y=x*2

sess = tf.Session()
result = sess.run(y,feed_dict={x:input_data})

print result

*& input_data=[1,2,3,4,5]2 2 Xo|5l1

CHZ 2 Z x=tf.placeholder(dtype=tf.float32) & 0|&3+04, xE float32 HIO|E}EE 7tX|=
Zoola ECZ Hol5tCt. shape TOo|AF MEFEQACE

d28|ny=x*2 2 2= & Ho|5tict.

Mldo| A&Em, xete S0l 2t stLt Zof =, (FolME YFZ 0l 0|8 ZYolztn
stCt.)

sess.run(y,feed_dict={x:input_data}) 2+ Z 0| M2 S D= E A E [, feed_dict
B8 0|88 M Eni0|AEH x0ll, input_dataE I|=35H, Ao °I3HA‘| JeiE 7t AE[THA
xE feed_dictoll 2|l A M3 Zl I|= CI|O|E} [1,2,3,4,5]5 SHLEA lo{A AlgstC).

B4 (Variable)

o2

0HxI2 BlolEFEE HeHoR,
y=Wix+b BHE B3 7H4d0] ST, x7+ A0l ATk, Wt b 3 S SaiA] Tafor
3H 2¢Ol EITh. OIS t44(Variable)Ol2tT H=C, M4 HE Variable HOl 2482 440| Ect.

>

e tf.Variable.__init__(initial_value=None, trainable=True, collections=None,
validate_shape=True, caching_device=None, name=None, variable_def=None,
dtype=None, expected_shape=None, import_scope=None)

HaHol 2t E = A2 oS Zol ok

import tensorflow as tf

input_data =[1,2,3,4,5]
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x = tf.placeholder(dtype=tf.float32)
W = tf.Variable([2],dtype=tf.float32)
y = W*X

sess = tf.Session()
result = sess.run(y,feed_dict={x:input_data})

print result
SE7t 7Ithst= ZAote Chant 2ot y=W*x2t 22 JeiZ & 7tX|1n
y=Wx
inputdata . *
[1.2.3.4.5]
A
[2]
XE [1,2,3,4,5] &€ LFsHHA, H woll X|HE 28 SoiA Z0HE LH7|E BT
JZR|EE IEE AR rgnr Zol o247t B21ElE 742 =olg 4 Qick.
In [47]: import tensorflow as tf
input data = [1,2,3,4,5
% = tf.placeholder(dtype=tf.float32)
W = tf.variable([2],dtype=tf.float32)
¥ = Wex
sess = tf.Session()
result = sess.run(y,feed dict={x:input data})
print result
FailedPreconditicnError Traceback (most recent call last)
<ipython-input-47-964facc7a53c> in <module>()
T
B sess = tf.Session()
-—=-> 9 result = sess.run(y,feed dict={x:input_ data})
10
11 print result
OlRE HIMEZR0 M HyE2 JeiZE Adetr| Mol Z7I3HE afiFoF 11 2to| #H=0f

X|Hol Ec.
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y=W*x

inputdata | _ “

[1.2.3,4,5] o
&
2 ———=W

initialize

MME =713t ste &2t He wol 1 Zko| X|1™E|=d|, =7I8HE st
H~E 2 global_variables_initializer() £ = o|l83sHM =I5t 8t&, =7
Z|of BtCt.

init = tf.global_variables_initializer()
sess.run(init)

J2{™H X7I$HE F7I

2

Ic

21Xt

L
N
-

_,_
o

ro
o £
> 10
=l

I
m

N
=l
2

1)
ol

Yo TI7
A

rtn o
i

import tensorflow as tf

input_data =[1,2,3,4,5]

x = tf.placeholder(dtype=tf.float32)
W = tf.Variable([2],dtype=tf.float32)
y = W*X

sess = tf.Session()

init = tf.global_variables_initializer()
sess.run(init)

result = sess.run(y,feed_dict={x:input_data})

print result




import tensorflow as tf

input data = [1,2,3,4,5]

X = tf.placeholder(dtype=tf.float32)
W = tf.variable([2],dtype=tf.floatl2)
¥ = Wrx

sess = tf.Session()

init = tf.global wariables initializer()
sess.run(init

result = sess.run(y,feed dict={x:input data})

print result

HNE2PE M NS E, Optimizerit RBSO| Thsf olshsts 2= BRatrle, ‘wloletS
IR e g AN MU e SO 2he ol A 2YE Jgzz
SOl HUE erRoikl JZ B Aalsiu AAo| SRS Selzol 540 2 712

_C|>_ i

I' _|oIl
i
H
e
o
JIm

—_= =
Soi7ttM (TIT) AlsE Ch Y1 e & olshafor, HAE 2
Alzbet 2 Qict

Ditlefde 7ol SE et YIS BT HMERPE o BEE Jlgoz 52, o
20| 1218 shape 2H= IO 2 EHsH=C], Bol Chet 712 T0| Fiol giow 2|
Zrt. J2A] 0] 2oAE 2t #aol 71 JHm HME2 ol EH ol CH3HA
oot == B}

U HMERS

o

o

2ol 7hat 7| JHde ook mxn 80| AUSm, me &, nS WS LIEHHH, 82 MZ2o
E4, U2 7R E 4 B LIEHACH of2iE 3x4 (384) "ol

59



'S =
A11,A12,A13,A14
A21,A22,A23,A24 | | 35
A31,A32,A33,A34
e ~ V
=
o
4 = $
Al
= /A
SH2 ool Aol M &, Flo] Bl WS =R E ZHEL.
ofgf OBl E™ A olsi7t EZo|ct.
A11,A12,A13 B11,B12 A11*B11+A12"B21+A13% B31
A21,A22 A23 | X || B21,B22 | =
A31,A32,A33 B31,B32
A11,A12,A13 B11,B1z A11*B11+A12*B21+A13*B31, A11*B12+A12*B22+A13"B32
A21,A22,A23 | X | Ba1,B22 | =
A31,A32,A33 B31,B3z
A11,A12 A13 B11,Biz A11*B11+A12*B21+A13*B31, A11* B12+A12*B22+A13*B32
A21,A22 A23 | X | B21,B22 | = A21*B11+A22*B21+A23"B31
A31,A32,A33 B31,B32
A11,A12 A13 Bi11,Bi2 A11*B11+A12*B21+A13*B31, A11*B12+A12*B22+A13*B32
A21,A22,A23 | X | B21,B22 | = A21*B11+A22*B21+A23*B31,A21*B12+A22" B22+A23*B32
A31,A32,A33 B31,B32
Ol H o dHo| At VS Zol{Lizied Ao =2 ofeiet 22 ZAutJt Li2ct
A11,A12,A13 B11,B1z2 A11*B11+A12*B21+A13*B31 , A11*B12+A12*B22+A13*B32
A21,A22,A23 | X | B21,B22 | = A21*B11+A22*B21+A23*B31,A21*B12+A22*B22+A23%B32
A31,A32,A33 B31,B32 A31*B11+A32*B21+A33"B31, A31*B12+A32*B22+A33*B32
3x3 3x2 Ix2
(mx k) (kxn) (mxn)
ol erol zdo| Put, F{of Aol Aol ZotoF Z& = ULt
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Z axb D mxn @ZO| U2, O F HHES =35t2{™ b2t mO| Zofof StC},
axn AFO|= 9| &Zd0| LI=2C}.

=
ol AT WAES CHasch 2 I Woll Rl AE ClshiL WD Sl=ol, Bl
Folgnie QT MuE s To] #alol xpo| SUso Bt
A11,A12 B11,Bi2 A11+B11,A12+B12
A21,A22 | . | B21,B22 | = | A21+B21,B21+B22
A31,A32 B31,B32 A31+B31,A32B32

- L

BHM E2R0|M HE £

2ol CHaf Al ZHEHsh Al S0 o m, JpH BM B2 R0ME ofE A Hue EH
ol-o|._l;l_x|.
=

ol
rr
Ral

P

20
[ 1.02.03.0) x | 2.0

L 2.0 )
g sl ZEE MIEXRl
oAzZE

import tensorflow as tf

x = tf.constant([ [1.0,2.0,3.0] ])

w = tf.constant([ [2.0],[2.0],[2.0] ])
y = tf.matmul(x,w)

print x.get_shape()

sess = tf.Session()

init = tf.global_variables_initializer()
sess.run(init)

result = sess.run(y)

print result

¥ g
(1,3)
[L12.]]
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HMEZR0M Ao ZHS Ut * B ALSSHX| &L, HMEZ R &5 “f.matmul” 2
NS

S7tod|, x.get_shape()& S, @& x| shapeE &
Mzhste EICH xE 183491 1x3 &Zo|7| 2o,

o| ZAxntet Zol (1,3)0| EXEICH

oJf“

1M =0, shape= dEo| RH#40|EtT
4

W |

ol of| |0l M= contant o] A& E! Zo| CHEE S M2 =0, E 45| Variable HOAH T
7tS St

o I =
import tensorflow as tf

x = tf.Variable([ [1.,2.,3.] ], dtype=tf.float32)
w = tf.constant([ [2.],[2.],[2.]], dtype=tf.float32)
y = tf.matmul(x,w)

sess = tf.Session()

init = tf.global_variables_initializer()
sess.run(init)

result = sess.run(y)

print result
Constant 2! Variable ¥ o}L|2}, PlaceHolder0| = &2d2 x{&0| 7ts36iCt Ct2e

PlaceHolder0]| 83 O|O|E} & feeding all &= O AX[O|Ct.
Q124 Cf|o|E} E&d x= PlaceHolder EFQI2 2 3x3 &Zd0| 1, 047|0] ZF3tE 2t wE 1x3 &Zdo|Ct.

(1.02.03.0) (207

‘ 1.02.03.0| X | 20

\_2.03.0 4.0/ 2.0 )
oldl 2=&= ct=21 2o
oHxzZE=

import tensorflow as tf

input_data =[[1.,2.,3.],[1.,2.,3.],[2.,3.,4.] ] #3x3 matrix

x = tf.placeholder(dtype=tf.float32,shape=[None,3])

w = tf.Variable([ [2.],[2.],[2.] ], dtype = tf.float32) #3x1 matrix
y = tf.matmul(x,w)

sess = tf.Session()
init = tf.global_variables_initializer()
sess.run(init)
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result = sess.run(y,feed_dict={x:input_data})

print result

ko
[12]
[12]
[18.]]

O] oMol A F=2| ZIH| Etok &8 22 placeholder x & Ho|5t= £ EQIO, shape=[None,3] 22
Mo|FCt 3x3 &2 0|7| 2 0dl, shape=[3,3]12Z X|HHT EIXI None O|2f, HE b
HE2 o0lste R g, HMERES HAlzd &&0M & & O|O|Et 7t A& E0{1 &
miotch clloletel kol CHE = U 7| 20, Ol K| 5HX| E’I.T'_ NoneCZ slsoM E0{2&
TR BHEof XM MEE Bt

Sk
=

(1.02.03.0
1.02.03.0
2.03.0 4.0 None

BHZC FjAE
HMEZ ae|1 oMoz iz =237 SICtE™ SiZelsE 7HE0| B2 E
FHAEIO|2H= 70| QICH HA{ O I =EE HA}

HNIZE
import tensorflow as tf

input_data = [
[1,1,11,[2,2,2]
]
x = tf.placeholder(dtype=tf.float32,shape=[2,3])
w =tf.Variable([[2],[2],[2]],dtype=tf.float32)
b =tf.Variable([4],dtype=tf.float32)
y = tf.matmul(x,w)+b

print x.get_shape()

sess = tf.Session()

init = tf.global_variables_initializer()
sess.run(init)

result = sess.run(y,feed_dict={x:input_data})
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print result

aldEn

(2, 3)

[24.]

[48.]]

A x= 2x3 0|1 wie 3x1 A-olCt x*wE stH 2*1 &= 0| Li=C

ZX= +b eI, b= 1*1 FZolCt. - °| P LR % At2do| &otot st=d, ol B
L5t D AF 5H= CHANS 2%1, 8PS be 1*12 20| xF$40| Ch2C}. 3| o{= A SHMlo|
=) 4

t= CH&Fofl 3| 2*1

[o][]

ol 7H'do| E2 = 7HARI0lEt= 7HEQIH], KM= 1712 b&EZEE
HUE AAS2E =84M (stretch) H|AHEHCE

HEC I|ARS S A (i e Z )01|A-| AHpo| & x| pf2m, HEE RSS2
S04 A(Stretch) RAHHE HFF= 7HEH2 2= 742 Jtsstk|ot S0l e 2itsstiot

B2 F|AEl JIHL hitp://scipy.qithub.io/old-wiki/pages/EricsBroadcastingDoc O] & A43H =|0
UoL| #37| "tk

Ol2iE 4x3 & a2t 1x3 &M1& bE C{stE AMRIH|, RHH 0| & X| et7| 20, & bo| WS
E04AM 1x3 — 4x3 2 AU F| A Q44 of 0|}

4 {4x3) b @ result {£x 3)
0olo]o o112 012
10|10 [10 3 101112

+ B =
20 | 20 | 20 = 20 | 21 | 22
30 | 30 |30 30 | 3132

=| 2I0t 20l 1x4 & AR0lE €24 - 322 £0|10 MI
=odof st YoM A2 8tHtet Zo|, E2E FHAEI2 oLt de
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http://scipy.github.io/old-wiki/pages/EricsBroadcastingDoc

F 1
4 [4x3 b (9 J,f
0[0|0 01|23
10(10 [10( | _
20 | 20 | 20
30 3uj}or"'

[lee o= sizig =t S #HolA ol
Ax1 32 a9t 1x3 B b= C{5HH YZS O} 288 £ Q= 2 RO 4x3 HTZ w43H5104
Sislg L3
a [4x1) b 3 result (43
0 0] 1]2 0| 1]2
En
10 2 10|11 [12
+ 8 =
20 20 |21 |22
30 30 31|32
—
streth

HMHMEZL 80{F 1

HMEZ OIS B Aelol malM ChaD Zol s
o] obd ZXILE A== Scalar, 15+ BHE Vector, 2xH S Matrix, 372 B S

for
E

=
3-Tensor EE= cube, 12|11 O] O|&of &t &ZE N-Tensorzt 1 ot
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Rank Math entity Python example

0 Scalar (magnitude only) s = 483

1 Vector (magnitude and direction) v=[1.1, 2.2, 3.3]

2 Matrix (table of numbers) m=[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

3 3-Tensor (cube of numbers) t = [[[2], [4], [e]], [[8], [1e], [12]], [[14], [16], [18]]]

n n-Tensor (you get the idea)
O2|1 2ol XS Ranket £ EC}. scalarE Rank7} 0, VectorE Rank 7} 1, Matrix=
Rank7} 27} EIC}.

i OH A 2 st HE= ] =}

5, AZEWMAZ O|ZECHE 27 28 #+3

BHMEZ 29 HAIRIol CHEt THoll CHSHA CHRFS o2 ofs o™ ZHEret I =8 Bh
mpEi R,

MNIST

JcH OlX| X2 BIMEERE REE THEO{M &2 AIFHERL X0 AEE ALIEZIRE
MNIST (Mixed National Institute of Standards and Technology database) Et= IO|EI 2, £ 2
t2 ZXtolct ol &2 = £ =X O|0|X|E 0~9 AlO|2] =RI2 QlAI5H= ofA|o]Ct.

Ol oA=& BHIMZZ 2 MNIST FEZ2|Y (https://www.tensorflow.org/tutorials/mnist/beginners/) &
7o 2 XA, AHO| R RFED AAIE UREO0| SH™HEIURSL| LR O 27t
Ct2Ct= A2 2X[F7|E Higtct.

PHEE softmax LI E2I1ES 0|50 THE £of, EQo|EE
tZc}

MNIST ==X} O|O|X|E QlA]
AlZ|o, et & M 3sie

H1 on
orr
[o][]

>..|.

Ci|OfEt A

MNIST Ci|O|Et= HIMEZE 2 LHof 2to|E2{2| FEHE LHEO| £lo] Lo{M &lH A+E 0| 74s 3Lt
tensorflow.examples.tutorials.mnist Il 7| X|0f| Cl|O|E} 7} E04 =0, read_data_sets HZ0{E
0|&5t™ &l dlo[EtE ZEE = ULt
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clojg 28 3=
import tensorflow as tf
from tensorflow.examples.tutorials.mnist import input_data

mnist = input_data.read_data_sets('/tmp/tensorflow/mnist/input_data’, one_hot=True)

Mnist Cl|O|E} Aol = & 60,0007H2] CllO[EF7L Ql=dll, O Cllo|EH= = A ofeet ZHo| MBS F 2
ClOo|Et Mo 2 LI Zict 2 8t& 2 /8 48 O|0|EHQ! mnist.train 22|10, & E DR S
E|AES7| @8t E|AE O|0|E} A2 minst.test, 212|1 2RI &015t7| 28 mnist.validation
ClO|Et o 2 FHEEICH

Zt Of|o|El= o}t ZHo| &4 2 O|o|EF 5500071, EIAEE 10,0007, 22|11, &l d|o|E}
5000702 FAM|oq QlCt.

clo|Ej4! 2 A clolet Z& LE

mnist.train.images 55000 x 784 st& o|0|x| clolEt

mnist.train.labels 55000 x 10 st & et oi|o|Ef

mnist.test.images 10000 x 784 HAEE o|O|X|

o O|Ef

mnist.test.labels 10000 x 10 HAEE 2t o|o|et
mnist.validation.images 5000 x 784 =QlE o|O|x| clolEt
mnist.validation.labels 5000 x 10 0ol et olo|et

Zt ol|o|EtAl 2 3t &2 <I8t 2t o|0|X|E KT & TIO|Et image 9, 21 O[|0|X|7} 04
ZXHRIX|E LEHH 2 | O|EtQ! label 2 F7H2| ClIO|EF Mo 2 T4 E|o] QUCt.

o[O|x|
B4 ol0|x| C|O|EFE = of2f BT Z0| 28x28 2 TAEI0] Rl

5 & & & & o

® & & & 5 & 6 & & o

o 2 o o @ B O O @ © © © © ©

:Dccmacacag:ga
ccENEEEEEER- -

s o HHEHBHEEBERERE c ¢« = o o

o o o @ 2 2@ © @ @ © O @ o o
o c @ o o 0o o2 a8 a5 a
o oo o 8o @ oe a8 o
e oo oo.oie & o8 8 B
e & 8 0 o & & o

s o o
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O|& 2AH ¢ AHOM 1A He 2 #5 £l Hell= 784712 B2 7I T 1A A-E = #EH (o

ME 0| Elof Q.
mnist.train.image= O|248F 784712 W2 FAEl 0|0|X|7} 55000717 X{& O =lof {LCt.

mnist.train.xs

784

55000
HIMHEE o AEZ LIEIHLHE= shapel| FENE &= shape=[55000,784] 0| EIC}.
OFEE7HXI2, mnist.train.image = 784712| Y2 T4 &l At O|O|X| Cl|O|E}FE 100007HE 7HX|
®3E =+ UCh

U1 HIMEZ 2| shapeL 2 &= shape=[10000,784] 2 £ 3=

i
Label 2 O|O|X|7} LIEt L= A7} O =ARIX|E LIEtL= 2HE C|O|EtZ 10712 ZAt=
O|F 04Tl 1 AZOIC} 0~9 =AM Z, I =XtO|H 1 otL|H 02= EHELC} 6§ S0{ 128 *E

[0,1,0,0,0,0,0,0,0,0,0] 92! B<= [0,0,0,0,0,0,0,0,0,1] & EFEIC.
o|0|x| cllo[etod| CHet 2telo|7] wi=2oil, E 45| o|0lx| Cllo|et ~ErF 0| 2HdlE 7HX|7A| Elct.

mnist.train.ys

— - = m

10|

| 55000

Train G|O|E} A2 0|0O|X|7} 550007H 7| 201, Train2| label2| &= A A| = 55000747} EIC}.

AT EHA 3[F(Softmax regression)

XAt O|0IX|E QAstE EE2 B2, 047 M= ZHEE U 2|E & stutel 4
b,

o
DEHE AESHIC
AZEMA 3|Fof CHEH LT E|E AHAlE AHMIS| AHESHK| et =Ct
classification & 1 2|&& 9| 5tLIE, E0{2 ZL0| o{H EF QK| +
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o€ S0{AB,C37He| ANZ ERNFE LAZEWAL FR H

ngfe

ZtZt AB,CY & E 2 ElHSECH (Zxtatel &2 1.00] ElCt)

SOFTNRA
HED o ...;.'G q’
Y%
e
Lo 4 Slg)= -0.2
>/ I
06 0.l 4 ’ Lo
 SCORES —> PROBABILITIES

(cf. 2X|AE] 3|7 F JtK|2EHE
7tsstet.)

22 Ho|
ATZEWAR ERE #I), x2He 2O
M&ste 7tde o2 2ot

y = softmax (W*x + b)
W= weight, 12|12 bE bias Z{OIC}.
yE ZBHMOZE 10712 ZAtE ZHst

Sk THSEHRIRH AZEBA 7 0 Tl BF

AL
3u
ujn
2

= Zn7t Lhetok 57| m2od, 277} 1

[0.7,0.2,0.1] & Z 0|

2 FE0|

Cto 7PdRiSm, 2ol A

O| éHEAOl El

107He] AT E BHE7| fI3HA WAA| 10747+ E|o{ok 5tod, O|OIX| StLt= 7847H2| =AIE E|0'|

UZ| HE 0|, 10702] gt ZH2 784712 =Xtofl M &3tloF 57| HE0l, W= 784x10

a2|m, b = 10742 Zholl Zh2h sk gfol7| W&Eod, =277+ 102l &=do| ElCt.
O|E E3SiEH CIS1t &2 1glo| =t
X W b
55000 < X 784 4
Softmax ‘ r
10
. < 10
784
55000x784 784x10 10x1

Aol Elct.

69



|E HMEZ? IEZ BSOS 2ot
= tf.placeholder(tf.float32, [None, 784])

W = tf.Variable(if.zeros([784, 10]))

b = tf.Variable(tf.zeros([10]))

k = tf.matmul(x, W) + b

y = tf.nn.softmax(k)

PE7L Fot At ot U x ULZ HEE AFHAM 0~9E 7HY H FEsliLiE Wet be| 2tE
A

0{7|M ZEE Fo|Z A ZrCt™ stLtol o|F 0| A ZIolCt,

x2| Ci|O|Et= & 55000702, 55000x784 &Z0| £| 11, Wi 784x10 ¥&0|Ct. Ol E2 =5tH,
55000x10 &&0| £l=0l, b& 1x10 FEE 0| E2tM &0l &lX| =L

HIMEZ 229 Tto|MolMHE Ol A xH2lo| CHE dae 8 d™Hol 3 7|2 s=8{F = 7150l
l=r, 0|2 HEC FHAEIO|Rt T B (HEE FHAE! 7Hd &1 -
http://bcho.tistory.com/1153)

B2 F|AE o|iA be 5500010 AFO|RE AFS S 2 so{Ltm Zt #oll= Mot 22
ClolEtE 2 MHYXIAH EICt,

LZEA STBNFE 01832 ABHE FXIE HAES201E 0I0l tfn sofimax 21
342 BHEOIX 2T, e Bfo| Y47l Hleld ZUES MBS0l Bol 9| mE,
Ci2rEiQl BI2I8H O/515HT FAICH M 2 TR 2B WS O olshate ot
Setol M HRSM Z7|5Hs B2t B0, ClsYUs 2 olshsy| HEW, 149 gLt
HXZEE 7hrCt M= Welo = st 22l Yiksel =2 2a Yol Az si4lslolgolLt
E2io 22 RE TR0 CHalA CHEFRQ! JHEIt ofsHstm Ol2] HolE atol=ei2lE AL 5HR|
x5 a4l ElOlE 58 THE FE £20t

T

AAEHIZ) B4

O| AZEWA 30f CHEt ZAE §f = AREAAEZ T (Cross entropy) & 2| BZ S
O|8s5t=0l, S& 8 A4 Q10| ' 29IM MAL CHEO|E A EAJERI| fHA 2
T30| E[o{){Ct

7hMof| ofal HAHE Zt yE EX| &F 1 tf.matmul(x, W) + b £ €2 0|RE
tf.nn.softmax_cross_entropy_with_logits &< X+&l|7} softmax& Z & 3t7| 2 0|Ct.

y_2 Sag YIsM Qe Bolct
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# Import data
from tensorflow.examples.tutorials.mnist import input_data

import tensorflow as tf

mnist = input_data.read_data_sets('/tmp/tensorflow/mnist/input_data', one_hot=True)

# Create the model

x = tf.placeholder(tf.float32, [None, 784])
W = tf.Variable(tf.zeros([784, 10]))

b = tf.Variable(tf.zeros([10]))

k = tf.matmul(x, W) + b

y = tf.nn.softmax(k)

# Define loss and optimizer

y_ = tf.placeholder(tf.float32, [None, 10])

learning_rate = 0.5

cost = tf.reduce_mean(tf.nn.softmax_cross_entropy_with_logits(k, y_))

train_step = tf.train.GradientDescentOptimizer(learning_rate).minimize(cost)

print ("Training")

sess = tf.Session()

init = tf.global_variables_initializer() #.run()

sess.run(init)

for _in range(1000):
# 1000214, T Ci|O|Etofl A 100704 &otM EBflolEE &
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step, feed_dict={x: batch_xs, y_: batch_ys})

print ('b is ',sess.run(b))

print('W is',sess.run(W))
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CloEr 2

# Import data
from tensorflow.examples.tutorials.mnist import input_data
import tensorflow as tf

mnist = input_data.read_data_sets('/tmp/tensorflow/mnist/input_data’, one_hot=True)
Qroi| A Ci|O|Etod| CHEHM MHEEHZda 20| Cllo[EHE 2Y5t= £ 20|C}. read_data_setsOf|
gt

2 =

o —
£o017t e CIHMERl= HECIO/EE 22tloM Ch2 %=, O Clo|EHE HAIZ MEsiES
fIxlo|Ct.

2E Hol
CHE 2 AZEHAE 0[5tod RS Holstct.

# Create the model

x = tf.placeholder(tf.float32, [None, 784])
W = tf.Variable(tf.zeros([784, 10]))

b = tf.Variable(tf.zeros([10]))

k = tf.matmul(x, W) + b

y = tf.nn.softmax(k)

x= EB|o|'d CIO|EtE X% st= AH 0|2 &, W= Weight, b= bias 2/0|1, 2E2y =
tf.nn.softmax(tf.matmul(x, W) + b) O| EIC}.

# Define loss and optimizer

y_ = tf.placeholder(tf.float32, [None, 10])

learning_rate = 0.5

cost = tf.reduce_mean(if.nn.softmax_cross_entropy_with_logits(y, y ))
train_step = tf.train.GradientDescentOptimizer(learning_rate).minimize(cost)

FTAE $4t 324 AERT| #40 BRZES ASHT 2RANERT| #4k ofalg 2
SeoIn), of 2t &AM Ealold tlolek el 42 Lk et
Hy(y) = — Y v log(u:)
i

e %15 X O 2 cost B 4= cost =

tf.reduce_mean(tf.nn.softmax_cross_entropy_with_logits(k, y_)) O| EIC}.
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O| I FO|& X2 y7I otL|2} kE 'Z0qoF BFCt. softmax_cross_entropy with_logits &&=
softmaxE& Z'0| 57| fE0|, ?/2l ygt2 0l0| softmaxE SHEHHZ! & <=0]7| [HFE 0l softmax 7t

=== A=

AN
SEE T

>O

O| ZAE &8 7tK|1 IAETL 2|457} El= Wet bE Faliof 5t=Cl, SEIOIOIXME
AHE$tC}. 07| ME ZAF 312 ¥ (Gradient Descent Optimizer)E AFE3HE 1 BAMSHZ 2o CHEt
7HE 2 http://becho.tistory.com/1141 & & 115t7| ”HEEHCE.

GradientDescent0i| A learning rate= &5 T @O, && ST of CHE 7HE2
http://bcho.tistory.com/1141 22 & 115+7| HI2tCh.

MM =713

tf.Session() 2 O|&3HA MA4E BHE 11, global_variable_initializer()& 0|&3t0{, HH+E2 ZF
Z7|5tetE, 7|3} 2L E sess.run0ll 'H7HM MAE 7|3} St

Ezfold AlZ
Mol Mg o o|d| Edflolg AlRtEHCE

0{7|M FF & ™ Batch training I} Stochastic training @ICil, Batch training 0|, &t& & &l
M| Clo|EHE 7HX|1 BHHol| &&= St=H| otLet TA| CO|EtA S B 2 R HF L
Efoldg ot= WS ui x| Edilo|'Fol2t &C I F oM o47[0of AASE HiX| Y2
Stochastic tralnlng OIEF" gl HAICHZ 2 ZA| 5500070 o] sH&ClOlEF7E Q7| E o
Hi x| AFO|ZE 10022 FCHH, 100704 550 =X 2 2 H|0|EFE 2{0{A] && 2 SHokZI K|t
Stochastic tralnlng° A IH|0|E|'§ URE MEZSHAM eE&cte WHoE, 0{7|M= HiR|
o 1007144 2] Ci[O|EFE & 0FA 1000'H HIX| 2 && S SHRALCEH

(RIMEER EM0| [EH, ™| CO|EtE =RIAMS R & & AlF|7|0l= 44t HIEO| HIM |
MEo, MEZS ST Hlxd W E d = 7| Eoll, oA Rbpdol| M ZHEFSH7|, Stochastic
training=2 AFS X2 E2ICt)

> me

print ('b is ',sess.run(b))

73


http://bcho.tistory.com/1141
http://bcho.tistory.com/1141

print('W is',sess.run(W))

Ot o= St &AM FaHT Wet bE E3s At
ChSe Al 7414 A2l AFO|C}.

Extracting /tmp/tensorflow/mnist/input data/train-images-idx3-ubyte.gz
Extracting /tmp/tensorflow/mnist/input data/train-labels-idxl-ubyte.gz
Extracting /tmp/tensorflow/mnist/input_data/t1l0k-images-idx3-ubyte.gz
Extracting /tmp/tensorflow/mnist/input data/tl10k-labels-idxl-ubyte.gz
Training
('b is ', array([-0.11368412, 0.34618276, -0.06817129, -0.12768586, 0.14948681,
0.36769056, 0.03084462, 0.29830146, -0.73656094, -0.1464057 ], dtype=float32))
('W is', array([rr 0., o., 0., ..., 0., 0., 0.1,
[ 0., 0., 0.y vu., 0., 0., 0.1,
[ 0., 0., 0., «ve, 0., 0., 0.1,

[ 0., 0., O., vv., O0., 0., 0.1,

[ 0., 0., D0O¢, eoey O., 0., 0.1,

[ 0., 0., O., «.., 0., 0., 0.]], dtype=float32))
X ZolM HIOEtE 2t § XIHE CIHER|of, &8 CIO|EHE CF2 2ot &5 e
R 2 g = . (Extracting.. I=l—=-'—)
O ChE of&0| EFof, bet W 2kol EHEIRUCE Wi 784 etelo|7| =0, S7FS derstn
E3clelt, 4 S 2F "#‘01+._=' ot2iet Z ol W Zfo| E047t /= AE & + AULCH

(9, array(r 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.], dtype=float32))
(10, array(r 0., ©0., 0., ©O0., 0., 0., 0., 0., 0., 0.], dtype=float32))
(11, array(r 0., ©0., ©0., ©O0., ©O., 0., O., 0., 0., 0.], dtype=float32))
(12, array([ -5.53695190e-06, -7.94481912e-06, -1.17996518e-04,
-1.55862726e-05, -6.33553544e-04, -7.89074238e-06,
9.26191802e-04, -6.59273519e-06, -3.50811206e-05,
-9.60088291e-05], dtype=float32))
(13, array([ -2.87244147e-05, -2.74839131e-05, 3.27478920e-04,
-3.99608616e-05, -1.66243373e-03, -2.43990653e-05,
1.85890321e-03, -2.96408980e-05, -1.02268248e-04,
-2.71470431e-04], dtype=float32))
(14, array([ -1.84730688e-05, -1.12254556e-05, 6.51939656e-04,
-6.49023241e-06, -3.06211441e-04, -7.92438004e-06,
-1.88217658e-04, -1.69203449e-05, -2.83239824e-05,
-6.81530873e-05], dtype=float32))

oY H5

Ol RE BFE1 &2 AlZieL, ol 20| Yokt HE st 2 SSt=XIE BIAE SiER

mnist.test.image 2 mnist.test.labels C|O|Et XS 0|&35t0{ EHIAEE ZTI”St=C, 2o M L2
2 &0l mnist.test.image CIO|ELE Eo{M 0 F 2 & F0i, 2 ZTHE mnist.test.labels (HE)Tt
HlZsiAM HEE0| YotLt £l=X|E H|mEtct.

Che2 2 HAR IE0O|CH 0| ZEE 2|9l ZE ol E0{M A=-stH ZICt.

D H8 3cE
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correct_prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))
FEE 2R, tfargmax & =& Ola3Hok st=Cl, argmax(y,1)2 BE yoll M Bmiol 7t& 2
20| E0{7t JE=XIE ElFsHF = =0l ol oM ZEE EH

session = tf.InteractiveSession()

data = tf.constant([9,2,11,4])
idx = tf.argmax(data,0)
print idx.eval()

session.close()

[9,2,11,4] oM Z|CH== 110|1, O] R|x|= FH™ (0 & AlZEtCHO|7| Eol 02 2|E st
FEHm s O{=R0 2 FIREE EWQUXIE MEfEC) | 1A+ HiQPo| Bol= 02
Ar&Etet.

097|M y= 2xt3d &EQlol, 00|H &
=ME 2|Estot.

O3 g AEZ S0l tfargmax(y,1)2 yo| ZtstolM 7+a 2 Zfe| =AM E 3HeCt yo
ZH¥Z 0~92 2 QIAE o|O|X|Q EES JtX|1 ULt

ofei= 48 QIAIEy 2LRICl, 42| 210] 0.72 7IE=7| (4 & E0| 70%, 3 = E0] 10%, 1L
EE0|20%2 O|ali5t™ Elct) HE o, 42 QIAIEICE

J

rlo

Lol M =[CHZLR! =AM, 10| Z 2 ~>ollAM =|CHgf el

o
-
N
w
N
3
o
~
o
©

0.0 0.2 0.0 0.1 0.7 0.0 0.0 0.0 0.0 0.0

097|M tf.argmax(y,1)2 AtS5tH, AHEHE 715 2 2t 2 2lEst7| 2o, {12l ZtolMd= 47t
2| ol ECt.

EHAEE O|O|Elo M 2 WHO| 42 k|o QUICHH, argmax(y_,1)= 48 E|E5H7| E o,
tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))£ tf.equals(4,4)Z TrueE 2|E15t A EICt.

ZE EAE Aoj CHSiM 2SS st LhAM 2 Aotof| A TrueBt H3HAM, x| E8|0|'E ElO|EFS
Lt 2 =0, tf.cast(boolean, tf.float32)& 5t EIME 29| bool
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Zt 2 float32 (Al4)2 HESHELCE TrueE 1.02 2 FalseE 0.02 2 HHEHS|FC}. o7 HEHE
HES A W 75t &|7| iE0d, tf.reduce_meane AFESHC}.

O|FH &L E Fot= &7t HoEe™ o|x| & & F5t7| 2/sHl olO|EHE Zo {2k}

x0i| mnist.test.images Ci|O|EF!© 2 0|O|X| CI|O|EFE ZIROLA y (0i|F Z1HE H|atsta,
y_Oll= mnist.test.labels HE S 22 2ot A, yot y 2 H2T accuracy® T E=45tct.

|5 £24%l accuracy HET = 0.9 2 CHF 90% HE 7t LML,

b

Testing model
(‘accuracy ', 0.90719998)
done

CIE gng|&o Hete =
http://rodrigob.github.io/are we there yet/build/classification datasets results.html & & 15l H
ElCt.

=M= Az EHA DE LAl CNN (Convolutional Neural Network)E 0|&35t0, =2

P=7H =2 MNISTE F8stn E|AESIEES 821t
NI=S

o FHMEES MNIST https://www.tensorflow.org/tutorials/mnist/beginners/

hJJW'mo

Ct
S
=t
=

6. EiHAT ZHER MG HES

ne

ot oLt Helz{'doilM Blo| g Ele gnEl&E2 B Eefdolct,
| B2 Halzd el oH—POI Fz o3 dged duElEe MZ2 o|Folct.

o

S Aol Sii7t ofeiilel FECE MZEIM SEE oA £HBTHECIA
M, HAIZIEo| GArE ofeiTel ZHEHE mE B B A3 43 G SR
cHe otolciofolct.

T ox
-‘?— g

r o\ OH
[lIIO rIIIO rz

R 02 ro

OII

F2A
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dendrites ~ nucleus NEURON

axXon

/ axon ending

myelin sheath

cell body

<& X : http://webspace.ship.edu/cgboer/theneuron.html >

Ol w&Ho| #Z& =2 O Breshi EHGHEM Cha1 22 2ol Elh
I/a-"
Al
A= =
CI[E.#}
B = —
=
7 M=
THE 718 Sl ot LB K= (6lE S01 TIFoM FZ)s LU= &1, 0| MEX 7
QIx|sto] =2 B ECH & MZ RS2 U™ WotM MzEte 202 HEtsliF = g
H&l=C,

7


http://webspace.ship.edu/cgboer/theneuron.html

X1 —'fwvm
X2 ——— wa*x2

X3 W3
FHO| E7IXMY R0l M 2243E X1,X2,X38 Slo{=EE|T, o] YUZER ETIE HAITA
QIAIE|o] ZtZE W1*X1, W2*X2, W3*X3 2 80| Z/of A'||£7'<1|01| H5104
ZE2 (W1*X1+W2*X2+W3*X3)+b Zt2 2 |8 EIC}.
O|ZH FFE &2 MERMLIIM XIE s M ofH
Zte A EH, Yol 10|2t= A3 E 1, UXZS

4
(M1 X1+ W2 X2+ W3 X3+ b

f(x )E M%7 =2, o] Ztol dH
O™ 00[EtE % %—’.-_‘—EF.

sEA
e
X| ot

042 E7[0{A E042

5 £H2 BEHAM 2242k X100l CHsiM, E243t Y70 £ 10| Bl gnIES BEZoOICH

Perceptron
O|E 4|2 M85t0of 3HH C H=3 & Al7{EH
XE ¢ [X1,X2,X3] 2t 3t &}

o =
a2|1 A olofl CHE El= #™ WE Holstm w=[w1,w2,wW3] 2t 3+

X —» W +b

L

sigmoid — Y

<w#E 2HM BHE Perceptron>

Q2 XE 2ot WE &8t o, & f(x)B HAMAM 0 == 12| A E e YE Hoh
5 U= XE HorM #(1)2X[ AK(0) 2XIE HHMF= 74|M <2 PerceptronO|2t 1 StC}.

Ol Perceptron2 Z2= W*X+bQl M2 JB4A 0| ME 7|ELZ 1 EEE 02 HEHSIE

g 2[&olch

Oilé Eo{M S22 27| (X1} SE EF T (X2)2tE 22 7HX|z, 71X T0|RIX|E
43t = PerceptronO| QUS1M,

W*X+b§ JeHZE JedE M (X=[X1,X2], W=[W1,W2] Ct2 1} Z+e EiMo| £|1, o] Bl

SIS EO|H JH, ot 2 Eo|H 1Yol AloZ BRIt 7h53iCt
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size

| %
° domestication

0| Perceptron2 230] [}2tAM YE 1,092 ERdtFT= Ld1E|ESE ol dHF ExléE—l
g LdoElES AAEE = e, ol 2EX[AE! S[FoM A8 & = f(x)= sigmoid &
A& 37| 20, 047|ME f(x)E Ol sigmoid & & AFSZICE. O & = f(x)E Activation
functionO|2k 11 Bt} O] Activation function &2 3tL| BFEA| 7|

b sk =
= T =
5f
[=]

o= 7| HFErCh.

0. &4|2 OlsHE fIsiM EXIAE! 3|72t FAISHA sigmoid & =& AFEFXIEL, sigmoid
gt 0|Qlof CHY &t &4~ & Activation B+ 2 AISE 4+ o, &= SlngId ol etz vt
CHE Activation function0i| HI3H = 0{X|7| HZ0il, ReLu®t &2 EPE Activation function2

AL L. 0] Activation function)oll CHEHME LIS off MAHESHZICH)

—~

Perceptron2| XOR £

17| O] Perceptron= AHXQI 2XE 7PXI_|_ Aedl, EME 2244 AND,OR X
= £ UXIEH, XOR ZME Eoid == 7t gicts Zolch.

i
ol
==
Y
o|-
o

CtS 1 22 PerceptronO| QS

X1 —»

X2 —

W

Y

+b [+ sigmoid —* Y1

CtE 12 M ANDLE OR EXlE E4dE edM siiZ0o| 7hs st
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or and

x1 1|+ + 1]- +

0 ) .'~_. + 0 i )

0 1 x2 0 1

Yep Yep
T2t CHE o 242 XOR EXlE WX+be| 2= 2 50| 7Hs &2
X2

1 0
X1 1 0 1
0 1 0

<13 XOR ZA|>

X1
1 1 0
0 0 1

0 1 X2

stLEe| Mg & Perceptron@ 2 £ 0| 2|2 siZ0| 275 8tCt.

MLP (Multi Layer Perceptron) Ct S A& HYEEO| 8%
5 969'H04| Marvin Minsky
|

ERIE H2E +

E Z A oioS
[=—]

O|Z 7| B+ PerceptronZ XOR =XME & = @4
=7t O ZME sl st Y22 Perceptro
ol2o 7<|:|=|o|.0=|EI-

>

mjo

iul

o o
|0

HU

Y

Rall

g

O -
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Layer 1 Layer 2 Layer 3

<13 Multi Layer Perceptron2| 72>

a3, Ol MLP A| CHE M E 7HK|2 =], MLPOIM & &2 SaliAM 725tk st A
™Mol wet bel Zk2 Aot Aol 2llojo{7t SEHHE 4= F, A40| SESHA{A $HAM
ol wet be| gt2 Fst= W0l 275 stCh= ZE Marvin Mlnsky 47 5H 5HQ4ct.

Back Propagation 2 0|& &t MLP 24| 54

o|H EXME siZ 5t7| 231 A Back propagationO|2t= &1 E2|&0| TUEA=C, 718 /b2
FHUEXIE Yo Z s M2 st ot3ol, O 2o g2 71X, REH UEQIE
A4+ 3F (backward)2 Hl4tstHM gt 2 F&tChe 7HF 0l

Training
' forward “
0
K ” & ~ labels
= WO i -
X =? <& “hyman face” |
Large N backward  grror

Backpropagation2| 7H'=0ll CHSH M= CHS 20l M REAISHAH ABSH= = St

Back Propagation EX|2t ReLuE O|& & &

J12{L} 0] Back Propagation &A| 2XE 7tX|1 R, 7EH HEXIII Zo{&E = &
BackpropagationO| M|CHZ OHEICt

& =Y (foward)dt ZtE A& (backward)2 BHAE5HHM A4S ok st=0, gilolo{7t 22
= & Flof = gtol o2 ™MEo| £|X| et= 4| O|Ct. O] Vanishing Gradient &2t 1 5=,
J8loz Jidg EHs e oheT 2T

Flol| M A &HEF ZEO| 2Fo| BllO|o{2 HMEO| & E[X| b= WS /S| /IS 2EIH HEXIE
EFSRACH
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4
o
e

ey e

A
L
L
I

0
)
¥

O|= ReLute activation function (20l M= sigmoid &+& AFSFHCH )2 2 d{Z20| =IACEH

FHUEQ3S =73t 2X

Ol 2XM& ZHLiCt CIFAR
=M &&0| 7ksstot ete
7ts st Eot.

ol £A7HE LT E|&EO| 7|22 HLHE £ = RBM (Restricted Boltzmann Machine)O|2+H=
gdIrEELE Ol YIEEE MEF wH UEXHI= ol HAlzd d12EE EHAE ste
ImageNet0ll | CNN (Convolutional Neural Network)7} SEX{9l M58 UHAM 7&H HELZI
F5 27| Al=HSERACE.

» 4—'

ntonL—r 0| “FHUERIE= &S 8 78S &
HotHM 22 Bil0|0& 7HE 7 W ESI S| AHE0|

0|)i =

SEIS

Eleidoletes o2 MER gnelEolLt JHEE olok7| st Zol ot D, 7E WEXAIL
MEH F=8 27| AIESHM Hinton 15 S0| wEUIERZ 0 CHE 2|23 o] o|O0|=

TH UHERIE MZR2 o|F “HEHT"22 R 27| AR stBM AlFf T

%7t
FHUEXHI R EHid'd o CHEFAMQI 7H'E 0t JAof| CHEHAM ot QL.

ol 20Me wH HERF ol cHet CHEFMQI JHFEtE dBPstn U=, F2 A= El= Ho{E
SIS R 7[5t 7|§ HiEtCt.

Perceptron

MLP (Multi Layer Perceptron)

Back propagation

Relu

RBM

0|2|0f| =, Drop Out, Mini Batch, Ensemble 3t Z2 7H'=0| =0, 0| 7Hd2 FFof CHA|
MHES D, EedolM olalx| el4lof Bfo] AL Zl= CNN (Convolutional Neural Network)2
LtSoll A745t =5 st7ict.
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HEFME HESRZ

Ol SoilME Eledd SollA olOlx| @140l B o] A+ K|

EHEFNME REH UERHZ
(Convolutional neural network) 0|5t CNNO{| CHSH A 2ot 2 = 5 StAt.

g 252 &maty| uetot

Ol 22 2470l S MM Halz{ ol CHEr 7|2 7H'"ol gls 3<*= o

HAl2'd Q| 7HR http://beho.tistory.com/1140

HAlZ Lo 7|8 §2|& http://beho.tistory.com/1139

o 70| 2|0l CHEHME http://bcho.tistory.com/1142
1B pMlAEof CHgt 7H=d 2 http://beho.tistory.com/1147

CNNE2 HEHQl =8 LEYI Yol o] HBS ZHE2 ML H5S 29 20| B, 2
OlRE CHRTH ZTh CNNE 2ol HER M AIE S SoiM U2 22 olojx|of ciet
S%)(Feature)® £E 37 BT, 02 58 SH2 JlEoz 7|1Zo| £H UEYIE

o|83stod EF & sliLh7l Elct.

A . 90%
X2l : 5%
ZE0}F: 3%
8l& : 2%
AFEIOf A
%55 53
oja|x|
?’;'%-?—FI'-E* 2|0l0{ (Convolutional Layer)
=FME tloloz oM dHE = 0| U CIO[EtE BE EFE FEotes &2 &tot
ﬁ%%/&#'—* gloloj= SEEE FE5E 7|52 st EE{(Filter)2}, O] EE{Q| Zt2 HIME g2
HF 0o = HE|H| 0| M & 4 (Activiation & )2 O|F 0{ZIC}.

a3zt =25 0o| A 2|0l CHeHA AFTHE =2 5K},
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Convolutional layer

< 2! Filter@} Activation &2 0|F 0%l Convolutional 75>

ZIE] (Filter)

ZIE| 704 ol5h
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Pixel representation of filter Visualization of a curve detector filter
ZEfE FHOIME 9lol 23 35 ME BU=2 Folrt Bt
/24 gh2 o|O|X| LAl F-EZ #eto| =0, otel 2 &le EXL.

F a0l zt& JEo o|0IX| FEE HEtLHM HEE M8 st= Aol
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visuslization of the filter on the image Visualization of the
prree field

Hetd ojofx|et, EEHE St
Multiplication and Summation = (50%30)+(50* 30)+({50™ 30)+(20* 30)+({50% 30) = 6600 (A large number!)

Teseiation Of the recepiive Pixel representatson of filte

Filter

ot Zro| Z4t gtol of< & 2tol L2t
okekof o Z&MHE F aBM FM0| Qie 20 £ 2 EEHE MEdEH
0 |0 O [0 O O |O ojofofo [o [30]0
o [40f0 [0 [0 Jo Jo ojolofo [30|0 [0
a0|o (400 [0 [0 [0 clolol30le 1o |0
l 40|20(0 |0 |0 |O |0 * olo|lo|30|o [o |o
- o [s0flo [o [0 ]o o ojo|o(30 |0 [0 [0
I@ 0 |0 |50)0 |o |oO |O o(ofo[30 [0 [0 [o
25(2s|o [s0(o Jo [o ololelo |o |0 |o
Visualization of the filter on the image Pinel representation of recepiive field Fhsrlnnprannmmmion ok e
Zut Zhol ool =&t Al LE=Ct.
5 Tl Y2 ololEtol M 1 S48 7Hx|n 2lo™ A gto| 230l Lo, S42
IR QK| oo Z n} Ztol ool 7t7t2 Ztol LA E|M CllolEt 7t 1 442 7FX|1 A =N
A=K IR E & &= UH HELCEH

Qlzigtol= 04217k SFo| 27| IH20f StLtel TE{T} obLl 0f2i7Hel C+HE TEIE ZO|
X-IR°|.7-|| EI[:|.
CHEZH 20| |+ 22 JHXID U= ClOJER7H QICkT SRt

===
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(el S5 TEHoIck) 5 eim ARHSE] B Ol0IxIo] M2 () ol g1 2% 23t ool
£210] g1, MIZM0| Y= B0l Zt olnix|of M2 Mo e %S =olg 4 Qict.
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Convolution filter
]

Input image
—
ﬂ'-'-
Stride
T2 ol 2EE o{EH & olO|x|ol MEE? ARl Aol stLtel 2 EH stLtere
Mg

jo

otz 222 W, 5x5 2 0|O|x|7} % A
Iohe B2 LRiM E 2i%oR #7H KgslM 558 SEdc

2E % Convolved Feature & 20| HIZ ¢& 0|O|X|0f 3x3 EEE M

ol

tod o4 A1t olct.

i, 3x32! HEE %5 4 HOo|M fE 2Z2 2 3HHM
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Convolved

Image Feature

O|EH ZE{E M8 st= 7t (07| o2 §H7t4 2|1 ol 2 &H7HA M8 3HQict)
7t 2 Stridett 3t1, ZEE M8 AofH 2 E Feature map 5= activation map O[2t1

etct.

Padding

roi M HE ColEto ZEE M8t LIS EH LEE MEF ol ZHpgt2 |

St 2ot RACt 5x5 B O|0|X|7t 3x32| 1 stride 2t 7HX | MBE[RSM, 2ot 22 3x322
37|7t &rotRict.

J&O|, CNN HEL 3 &= stLtel ZE 8lo
HEMO R MBS0 SHE FESIE A2 2I1Ms sliLtrt=d], 2El M8 & 24t g4o]

ot X|H £ MZoll HIsHA S&o| B0l s 4! E = 7t QUCh HEE HAMZo et £ZE0|
RAEl=E RE 7[cHACHH 2X7t , tX| S26| SEo| FEE|7| ™o, A1t Ztol
ot x| §Zo| RAEICE 0|8 YX| 5t7| e YO = padding O[2t= Z[20] U=,
padding® Z3t 20| ot x|[= R WX|5t7| A =2t FUE 0 2t Fo{M = 2t o
37|E QMo = 7| M, Autgtol Botx|= W YX| st= 7|Ho|ct
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ClS O8E 2RI 32x32x3 /247 0| AU S, 5x5x3 ZE]
A7|= 28x28x3 O| EIC}. O|FEH| ALO|=7} & ot X|= W2 #SHX| L 4CHH padding=
MEst=d, input A& T2 02 2 MA, 2ot 2k0| 2ot x| (Z|XM7t &4 El=Z)E Y=Ct

32x32x3 27t FRIZ 2 SR 02 S 3T 36x36x3 O] T| 11 5x5x3 ZE| ME5HCEt L,
Azt 2 32x32x32 2 | K|=IC}.

0

o M
2
0lo
>
N
2
m
i
N
i
1
c
3
3
Q
)
1o

87



1 ojo 0 Djojojojo The input volume is 32 x 32 x 3. If we imagine twao borders of zeros
ol0 oo |0|0|0 around the volume, this gives us a 36 x 36 x 3 volume. Then, when we
ol olo apply our conv layer with our three 5 x 5 x 3 filters and a stride of 1, then
oo 010 we will also get a 32 x 32 x3 output volume.
ofo0 0|0
olo 32x32x3 0|0
50 ofo0 0|0
o0 0|0
ofo0 0|0
ofo0 0|0
o0 0|0 i] 0|0
¥ ofo0 0|0 ] 0|0
36
< 12, 32x32x3 O|O|Etol| &0| 22 paddingE X &¢&t 0 >
P2 20 72 Zotx|s AE Yot §Zo| fikls AE Te A # otLet 2HIEE
Yot El=Cl, = clolEto] 0 gL 2 'Ho{M BEHe| §&E 5| A7 HE|, 0[RS
7|g o2 Hile{d 20| Ediol'd ZiolBt 2t 3ot E0{7t= QHI|E 4 S WX|FtCt

ZHEE oA Bt es ALt?

T2ICHE CNNOIM AFS Bl 021 EHS of@i7i| Bres 2472 CNNE| Algt et 715 0] B2
047101 $IEe, 0l BefE HOISHE 91 2 A7IE A5 st clolsolk e g

SdilA S5 ellstn ZES Bhso] Wit

0|I

Activation function

ZIE{E &8 S35l A| Feature mapO| &ZE EI}2 ™, O Feature mapdl Activation function2

X gstH =t

Activation function2| 7HE2 MHESIH, 22| F O Bl0IM FMgLe| E& 0| 2047} U=XK]
OFEO{7t U=X|ol HEIE SalHA F&F 240l E0{7t U= oo M= 6000, o E017t U=
ololME 0 22 Lot

Ol Ztol ¥E ™Mol gto2 Lt 7| &0, 2 SZ 0| “QUCt ict o HIMHE gfo 2 vt F
ot o| = sto, o] Zd0| HFZ Activation & 4=0|C}.

of| Mol 2 X|AE] 3|7 ( http://becho.tistory.com/1142 Yol M MBS AT Al 2 0| = (sigmoid)
gt =7t 0 Activation gf4=of s Etet.

ZtetstA 2o go{utH, At Zhg E/AHN OE LIEtLH= Z30] otLlgt, &rofl 7t
0.5~ WOIOM 101l 7t7t2 2t g 7ol 74742 0~0.5 Atolel Zte 2 BlEst= Zdolct.
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<212l Sigmoid & 4>
THUE Jau CNN (CNNE +3&H HIE2|30IC}) 0] Activation &2 0] sigmoid
At83tx| ot ot 2 BT Z2 ReLu & T A8 St

M
FII'
la

u ReLU

R(z)=max(0, 2)

B

-10 -5 /] 5 10

<% RelLu &
O| &+ E 0|83tz OlfE 7HEH LIEI MM *.JZS‘%*OI 7'0-|’°E = & 50| 7| IE o,
A cilo|o{& Tt HArEH =, T Hlak 242 R #-& 35104 CHA| A4St = Back propagationO|2t=
gared 2 AL 5=, sigmoid .":.*—’.‘—S activation &2 Al2e ZEL, & |0|o-| } Zlo4X|= 0| Back
propagation0| MCHZ ES S 31| 97| 20l (242 SlolM Yo = MBI 5/A10] El= s44F
O|Z Gradient Vanishing O|2t 11 #tC}.) ReLuzlE &8 AFS i

£ & (Sub sampling or Pooling)

O|EH HEFME B0[01E HMM FEE SHER2 Zo metM ME MEZ (sub
sampling)O|2t= Bt & & 7HEICH

A E EH, REI THYE ATIE B0 SHME BEE = UX|E 22 MRS 7K E O
AZIO| LHE O] o ATIQIX| BEFE £ Q=

Je2iM, &=ZEl Activation map= Q92 £0|= &2 st=dl, O S sub sampling ==
pooling O|2t1 BtCt. Sub sampling 04247+ x| &#{ 0| =0, max pooling, average pooling,
L2-norm pooling S0| /1, 215 0i X max pooling O|2t= 7|80| Efo| AF& EIC}
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Max pooling (A £3)
A Z 212 Activation map2 MxN2| 2 7|2 EetH & T otoll M 7HE 2 gt
HHeH O |}

ot 222 2™ 4x4 Activation map0i|l A 2x2 4

mlo
Iz
k=]
=
rir

2] ZIE| E strideE 22 5104 27HA

HHH

ol 4R s BEIE B ofoIEl, 34 Sl ¢ Iﬂo_Jmﬂw+w6°“mm1

2E M= 24,78F 80| 7}E 37| 20 82 o} LHQACE.

Single depth slice

<] SN 2 | 4
max pool with 2x2 filters
o6y 7 | 8 and stride 2 6 | 8
3 | 2 [ S [
1| 2 a3
y
WA E2 5Fo|Zho| 2 gol ChE SEES oiE#CHE Jike lpto R stm ck
(ol 22 AE|Ho|M &= Oict OiH M &Est= Zd0o| ofL|2t, Cllo|Etel 37|1& EolT ASm

MEiXio 2 AL 5HE Zdo]Ct)

0| sampling € SaliA g 4+ e F™e o
[ = 01

e TIX| CO|EI2| AtO|ETI E0{E 7| I Z0Hl 2d4to] ';017}5 ZHEEl gl AAT}F MoK
e ClOIEIS| 3 7|2 E0|THM LAl U7 IHEM, LIRS YXIE & Q.

ol

tod

A2 2 Mg g|o]of

OlFH HEF M ZE{Q HE[HO|M &=~ (ReLU) 2|1 £ Bll0j0{E XMoo= X§
Sg &5

ol 12le EH ofR{7He] HE =MD TE/(CONV)S HE(H|0|M &4 (RELU)Z Z2 (POOL)
MEEXE & + ot
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Fully connected Layer

HEFME ASM EZ0| FE0| UM ol FEE S g2 7IES wH UHESRT (23
ME x50l go{d ERE Etrt.

J124AM CNNQ| 2|5 WESIZ 2¥2 ct21 Zo| Ect,

Fully-connected Layer

Dropout Layer
1

PP —

I
¥
gre—

Convolution Pooling Convolution Pooling
Filter Layer Filter Layer

Raw : e : : \O_.
>

: A

i

Convolution I [ Pooling Convolution I [ Pooling i

Filter Layer Filter Layer :

!

.

Softmax Function

<% CNN U EQ3o| B>
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Softmax &=+

Fully connected network (2881 73 HER|3)of CHaiM= ol0| &
2]l M Softmax &7t 7HE OFX|2tol| EFHEIR 7| {20, CHA| B &
SoftmaxT Y 0|A 2128t sigmoidLt ReLu®t ZH2 HE|H|0|M &40 LF0lCt.

AUZAR|EE, 212
17 '=Ho{7}At

- 3T
o

Sigmoid &7t O|4t 2/ (Antgtol| etk & £= HAE LHELHE) B E2HH, Softmax =
oft{7Hel B/ E 7HE =+ U= #=olCt. ot2i 23 0| Softmax & =2| 2 Zl0]Ct.

1.0
08}
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04|
0.2

00
-20 -10 0 10 20 30 40

rr
Am

0|7d0| olO0lst= Hh= ChH2 T ZCt P3(x)= 5 E(feature) x| CHSH A P3Y & E, P1(x)
of CH3HA{ P1QI & E0|Ct,
Pn Z{2 4 0~1.02| I8 7tx|H, P1+P2+...+Pn = 10| ElC}.

22 0.1 A2 A7} El= o[t

2
o
e
J
T
o
©
Ral
e
e

ol BoIM ARIE wE

Dropout &

2/ CNN 22 = ol S0l8t HS StLE= Fully connected HIE 139} Softmax &4 S7Hod|
Dropout layer (E&0tR) 2t= HEO0| U= R"E & = UCH

EE o2 2 I|B(over-fit)S 7| 28t Yoz v HERXIA} &S U, 2EHS
FHE THM &2 YHH22ZM, &&0| &8 Olo|Etof XRlE S YotEL

=l
S
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https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/dropout_layer.html

Wlthoutdropout

% \ /\l ; A
ALY NN AN

L

| Iy W ) ! I\. \
(AR W P Vv L)

I'\,' Iill : II\JI - W Vi :

. & é\\ :_ iM } ) g A ' % ‘.!!'«\ ‘f %i’r\é"% r—«!,il.&h‘f/\*! ‘,'.-. = i_%'\ h‘#

M,
7 \
|

|

Classification Error %

Moy ~ With dropout

. III'-,-'I = v, ."." g ¢ "8 | h""\ i B e .l L ..
y [ | SRR e e ............ \*" "f _A".{l.

1 1 I I
0 200000 400000 600000 800000 1000000
Number of weight updates

<08 ES0IRE M8t 3¢ MBetx| ok & B2, oleigel Aol >

Ol H SEetol| o= H 732 sHLtR?

CHEFAQl 72 OlsHE RiCH T = CHH 71342 o2 A slok E77h? oM DB S M, softmax
Lt 2ol CHEF MF L1 2|E Relu ST 22 nE[&0l CiE +5Hl S48 dEX|
ofQtct 2= of4 stLtstLt S+t ok &7t?

ofL|Ct. Ao F20M HAHEE T2 2T =P URIE BIM EEREE JAE HEICH
O| ElM EZ 2= (http://www.tensorflow.org)= Ol HAI o] E5tE Zhjee =2
Hilg{dol| 2R3 e 22| &&= o|O| F+35toq XS et

AMZ CNN2 F3et ZEE XL 0| 2 EE &3 HE7|& tetuo| AME ns=He Zolg
HEYEEHO|E 20| HIM E2® ZEE F3sto{ SFME2 T =S CNN T3 0i|X[0]Ct.
https://github.com/FuZer/Study_TensorFlow/blob/master/08%20-%20CNN/CNN.py
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https://github.com/FuZer/Study_TensorFlow/blob/master/08%20-%20CNN/CNN.py

11a = tf.nn.relul(tf.nn.conv2d(X, w, :
des= [1, oy | 1], 511:-‘|-:E!il.;='SME'}}

11 = tf.nn.max_pool{lla, ksize=[1, 2, 2, 1],
strides=[1, 2, 2, 1], padding="SAME')

11 = tf.nn.dropout{11, p_keep_conv)
MNemi 22 EH™, thnn.convad 2t &8 ME8tA=d|, o] s HEFMHE HEE M8F
g olch M3 Xe =0, FHmi w 22 EE ¢S 262 = ol ot O o2
strides Zf2 MolslF 1, 0FX|2 2 2 padding 2/AHE S3&llA padding AHO|=ZE & StC}
HAEFME ZE{E MEFt & HE[HIO|M & =+2 tf.nn.relug 0|&35t0{ ReLu & +E X888 A2
g 4 ot
CH2 2 2 & tf.nn.max_pool &4 E 0|&35+04, max poolingE &3t 0FX|2F2 2 tf.nn.dropout
gt4+E 0]8 35109 dropout2 XS 5HACH

BM E2RE SFots Y2 ofe7HX[7F UUX|E, FFEEO|M O|Zt2HOo| 2l st Al
BHMEE2R ZoE E= A FHEC) &t20|n dHo| of< ot 22|12 ofF Y2 Yo
dYSE stedl, SaEAT 20{E =+ Ut

https://www.youtube.com/channel/UCRyIQSBvSybbaNY JCyg VA

0

OO0 HIMERR AMOIES RERIYUE TS| HElof /e,
https://www.tensorflow.org/versions/r0.12/tutorials/index.html & B2 |1 23l & Fdz|D
olct. st2 3 El B ME hitps://tensorflowkorea.gitbooks.io/tensorflow-kr/content/ 0| M & %=
oI|:|.

AA .

ofr
"1°T"

TH2 g = A7, 2™ o] 222 ofEH BELIR?
JHBEMERRE 0|85t0i ZHg FHE £ Urte X2 L=, 22 CHHE ZE2 ofE
RHE? HE L E F0lt{H s 4 HE e wEH LELZE LA SHOk 5t12, max pooling &2l
2|x12t paddingS 04247t x| mEq8lok sh=l, 1k 0

ME2x0o| x|Alg 7}E O|o|E} np&tkigtH o|H REIS =X MAlstD -‘rl°46+ HAE
H SEZ4X[EH o|d RRIES o|0| CH¥ e 20| BHE O S7H =04 Ut

ol o
rr r}m

50 CNN 222 oA o|O| x| (hitp://www.image-net.org/) Ol2H=HIM FZ|5HE ILSVRC
(Large Scale Visual Recognition Competition) O|2t= CHEIH|AM, FZ|F0| MAlStE OB 2 F7I
& QA =X|E AR = tiElo|ct.
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https://www.youtube.com/channel/UCRyIQSBvSybbaNY_JCyg_vA
https://www.tensorflow.org/versions/r0.12/tutorials/index.html
https://tensorflowkorea.gitbooks.io/tensorflow-kr/content/
http://www.image-net.org/

O| CHE|o| M= HEHE o| O|O|X|E & &35t04, 158t E Q| 0|O|X|E 2AlStE HEES HFE A EiCt.
oA doEl&o| gz, Eidol F5 &2 H7|7HE AlexNet2 12T 2822, 8719
HESZ 16.4%2| {22 LR, 14 A0l= 1971 AIEE 71T VGG €11 2l&0] 7.3%2]
it 7|85, 14d0l= F2H0] 22702| B|0[02 6.7%2| LAtE S 7IS5tRUCt a2l
z|Z20ol= olo|ZAR AT E 9| 15271 2] B|0|0{2 ResNetO| 3.57%2| L*E2 7|S35HLCt
(02 Q7o B @FE2 5% LH2|o|Ct)
#4M= ResNet2 7% BLO| 2 aHA AFEStT U1, €A AH8SHE{H VGG ZR&IE AF83t1
UCt.
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Revolution of Depth 22

25.8
152 layers
A
. : 16.4
v 11.7
22 layers 19 layers I

6.7 73
s I e I 8 layers 8 layers | shallow

ILSVRC'1S ILSVRC'14 ILSVRC'14 ILSVRC'13 ILSVRC'12 ILSVRC'11  ILSVRC'10
ResNet GoogleNet VGG AlexNet

ImageNet Classification top-5 error (%)

o

StHA O|7 Ho|& =3 RfLt mHefR}EFO| 40| ot L2t
Qo

rir T
N

o
HLRHE 042 4 U HOlEHs 7S & 4 T, B2 ERIn oAl Zolvt Sarst
4% TAloZ MHO| EIX|B, Of7 oF BT MHsHe ARrO| £3H%0f HZE £1 27| 2

H g
2]
[~

UZ0|T, RFS HMEZ S LS AL T SEE 43152l X|A0] 80| 7&Kl
A of

— 11—
Halz{ ol cigt olsiatg 7Hx|n od goelEe e L Mulao Xgo| 7tsE
AlCH7H ZR{ct s 2ct,

O EM A D EN
z

=
o ZME DO BFE 28t EEd'd https://hunkim.github.io/ml/
e A Beginner’s guide to understanding convolutional network
https://adeshpande3.github.io/adeshpande3.qgithub.io/A-Beginner's-Guide-To-Understan
ding-Convolutional-Neural-Networks/
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https://adeshpande3.github.io/adeshpande3.github.io/A-Beginner%27s-Guide-To-Understanding-Convolutional-Neural-Networks/
https://adeshpande3.github.io/adeshpande3.github.io/A-Beginner%27s-Guide-To-Understanding-Convolutional-Neural-Networks/

HEFME HEXIE O[S MNIST 2| CHef

Clp{a 2 0|8 =Xk} 0|0O| K| QIAl #1/2

K|t 2 (http://beho.tistory.com/1154 ) & Sl AZEMA 3| FE Sl A, <A
DE S ohE0{M & Al7{ Lt
O|HZHME AZEMAHLC HEMO| =

Qlalsts D BHE o] HZICH

O| Al

[ |

F

[e][]
rr

rlo

HEFMED HERIZE o|8silM =&t olO|XIE

0| 22| SX2 CNN A& 2| MHo|Lt, 8% 0|20 CHEH 0|87+ SX{0| ofLch. £[AEHo)
& X[AlBE 7t X[, CNN HIER3 2EE HMHEERE F¥st=0lol O S8 =ct.
CNN2 0|33t 7| /i M= Softmax S2| &£ olsist=H E7| =0 7tZF%40[™
http://bcho.tistory.com/1154 MIE HA{ E11 0| EME E=H =ECt. 2 .20 CNN 22 o]
CHEt 7HE %41 O|3HE RISHAM http://beho.tistory.com/1149 EAME 2151 Ol EME E& 20|

ol 22 CNNE Xsts % ololof, ChaTh 22 Hutx| ©le $712 AvHstct
o S&0| DU XTSI ChAl 2 ot Y
o AT DUS 0|850f AXZ FLIE mESolM ZHE MET QAlss Y

MNIST CNN 22!

27t 10X 5t BEI2 FIHo| A= F M 21|0/0{(Convolutional layer)zt, OFX|2Hod E2|
7{E|= 20]0] (fully connected layer)2 7t X[ Q= AEFMHE U ESZ ZZ(CNN) O|Ct.
Ddol metg ag{E M k3ot Zoh.

i 0
! i
L 2
| = 5 3
' e ° 5] ° 2 = x
i S =1 o E= 3 o <} g = 4
—:»‘%£—>3§—>§~—> gg»a%»&H [ . Eg—>5
. (14 © > & s © w <] s
' = 5 = = 2 @ 6
o o 2 7
28x28 8
Black & white image 9
Convolutional layer 1 Convolutional layer 2 Fully connected layer
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http://bcho.tistory.com/1154
http://bcho.tistory.com/1154
http://bcho.tistory.com/1149

2124 o o|E}

Q2do 2 A8l Cl|lO|Et= ol AZ EHA oMo AHESH TIO|EI2t SYUSH &0 2 £
ZXt=olct. ZH =X} o|O|X|E 28x28 M2 £|o{ )T, Euio|O|X|0|7| 20 T|O|EF=
28x28x1 &zdo| Elct. (pHekoll Z 2l RGBEHH 28x28x30| ElC}.)

HER A AS

& F e HEFMHE ASE MERaH, U HABAM HEFMHE HEE MEdlM, EEE
ZEsCHSoll, HE|H 0|4 &4 (Activation function)2 2, ReLuE X &8t £, A Z 2! (Max
Pooling)2 0|83t04, £ §& 2 HelalHCt.

olet Z2 HEFEME EEHE FIHE 550 ME5ict.

OFx|2 Z22| HAE|E HS

5’-IEE)\=|'—E'| ZIEE SaiM =EE SE2 E2| HYE|= 21|0[0{(Fully connected layer)0d| 2|51 A

Eledl, E2) HYE|= Bllolofe stLto| wE WEXIE AH8StD, I Flof EEO0IR
(Dropout) HEE FoiM, L I|E(Overfitting) 0| L Mst= ZdE L XIECH OFX[2fe =2
AZEWA (Softmax) & =& 0/&5t04 0~9 HIHo| =XIE 2R/ E FHCl.

import tensorflow as tf

import numpy as np

import matplotlib.pyplot as plt

from tensorflow.examples.tutorials.mnist import input_data

tf.reset_default_graph()

np.random.seed(20160704)
tf.set_random_seed(20160704)

# load data
mnist = input_data.read_data_sets("/tmp/data/", one_hot=True)

# define first layer
num_filters1 = 32

x = tf.placeholder(tf.float32, [None, 784])
X_image = tf.reshape(x, [-1,28,28,1])

W_conv1 = tf.Variable(tf.truncated_normal([5,5,1,num_filters1],
stddev=0.1))
h_conv1 = tf.nn.conv2d(x_image, W_conv1,
strides=[1,1,1,1], padding="SAME')

99



b_conv1 = tf.Variable(tf.constant(0.1, shape=[num_filters1]))
h_conv1_cutoff = tf.nn.relu(h_conv1 + b_conv1)

h_pool1 = tf.nn.max_pool(h_conv1_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME')

# define second layer
num_filters2 = 64

W_conv2 = tf.Variable(
tf.truncated_normal([5,5,num_filters1,num_filters2],
stddev=0.1))
h_conv2 = tf.nn.conv2d(h_pool1, W_conv2,
strides=[1,1,1,1], padding="SAME")

b_conv2 = tf.Variable(tf.constant(0.1, shape=[num_filters2]))
h_conv2_cutoff = tf.nn.relu(h_conv2 + b_conv2)

h_pool2 = tf.nn.max_pool(h_conv2_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME")

# define fully connected layer
h_pool2_flat = tf.reshape(h_pool2, [-1, 7*7*num_filters2])

num_units1 = 7*7*num_filters2
num_units2 = 1024

w2 = tf.Variable(tf.truncated_normal([num_units1, num_units2]))
b2 = tf.Variable(tf.constant(0.1, shape=[num_units2]))
hidden2 = tf.nn.relu(tf.matmul(h_pool2_flat, w2) + b2)

keep_prob = tf.placeholder(if.float32)
hidden2_drop = tf.nn.dropout(hidden2, keep_prob)

w0 = tf.Variable(tf.zeros([num_units2, 10]))
b0 = tf.Variable(tf.zeros([10]))

k = tf.matmul(hidden2_drop, w0) + b0

p = tf.nn.softmax(k)

#define loss (cost) function
t = tf.placeholder(tf.float32, [None, 10])

loss = tf.reduce_mean(if.nn.softmax_cross_entropy_with_logits(k,t))

train_step = tf.train.AdamOptimizer(0.0001).minimize(loss)
correct_prediction = tf.equal(tf.argmax(p, 1), tf.argmax(t, 1))
accuracy = tf.reduce_mean(tf.cast(correct_prediction, tf.float32))

# prepare session

sess = tf.InteractiveSession()
sess.run(tf.global_variables_initializer())
saver = tf.train.Saver()

# start training
i=0
for _in range(1000):
i+=1
batch_xs, batch_ts = mnist.train.next_batch(50)
sess.run(train_step,
feed_dict={x:batch_xs, t:batch_ts, keep_prob:0.5})
if i % 500 == 0:
loss_vals, acc_vals =[], []
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for ¢ in range(4):
start = len(mnist.test.labels) /4 * ¢
end = len(mnist.test.labels) / 4 * (c+1)
loss_val, acc_val = sess.run([loss, accuracy],
feed_dict={x:mnist.test.images[start:end],
t:mnist.test.labels[start:end],
keep_prob:1.0})
loss_vals.append(loss_val)
acc_vals.append(acc_val)
loss_val = np.sum(loss_vals)
acc_val = np.mean(acc_vals)
print ('Step: %d, Loss: %f, Accuracy: %f'
% (i, loss_val, acc_val))

saver.save(sess, 'chn_session')
sess.close()

CiolEt 2 T E

J2{e 8 S AHL R A

M XZ E2H2 Olo|EtE 2Ystn 4&E H+E =7(3 st= FE0|ch
import tensorflow as tf

import numpy as np

import matplotlib.pyplot as plt
from tensorflow.examples.tutorials.mnist import input_data

#Call tf.reset_default_graph() before you build your model (and the Saver). This will ensure that the variables get the
names you intended, but it will invalidate previously-created graphs.

tf.reset_default_graph()

np.random.seed(20160704)
tf.set_random_seed(20160704)

# load data
mnist = input_data.read_data_sets("/tmp/data/", one_hot=True)

Input_data = BIMEE 0| LHE E[0{ /= MNIST (222 £ <Xt O|0|E
read_data_sets HIA{EE 0|R25t0{ CO|EtE SIRUCt CIO|Et EY BE2 Yol AZETA
MNISTQt ZreL| & 15t7| HtEtCt.

07| E35| F=5HoF & EE 2 tireset default graph() Q/Ol, I T EST 22 &30 A
A2 StH EH, FI|H LS E|AEIESHK| = 0|4 W50 HEMAET OCHE | K|
7| 20, flel ZEE Z2 F{H0| M tireset default_graph() @20, 5 £ O| A A& S| T[T
o247t HCh I o|fR= BHIMEERESR :LEH&E OHEo{= 1, I Jci =7} K| K|X| f2 AEHOI| A

CIAl Z4 2 aci= & MEstHEM L2 0'||E-|°|E|| tf.reset_default_graph() HHMEE Z|E0| EMHEl
CIZE J2iZE 25 XM :LEH-”-7|' k= 7 gfotEC et Qel molM F =0l
S0 BRI} Bialet, AR} A ARSI A TIE B & HRole YT & Dl

EXO|L|, BFEA|CIZE JeZ & E|Mel|F =5 5tAt
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of $ict. HER M AIBS olsfstaiEd B2 MY TEfof

CHE e AW HERME AES |
CHt 712 OlaH3HOF SHECH, CHAl 8 El5l0d HAt,
722 AB0IAM s U2 U2 ool WEIE MBstol, ST FE Hict.

28 4 5
- Filter
1T
28
Image
A2 xHE FY =Xt o[O|x|o|x, of| x|

0| oMol A &l=3 #t= o|O|X| CllOo|Et= 28x28x1 A&

H e
T E 0| M= 5x5x1 AtO|= 9| LEIE M Bt
5x5x1 AtO|= 2| EE| 327HE XM&stod, & 3272l ST F

39

—= W Wipt q
.,

, 32 Activation map

— |} Waib3t - 3

Convolutional filter

Image : X

Ic
ZE Yol ¥ENK| ZER AH{EH S Z.

# define first layer
num_filters1 = 32

x = tf.placeholder(if.float32, [None, 784])
x_image = tf.reshape(x, [-1,28,28,1])

W_conv1 = tf.Variable(tf.truncated_normal([5,5,1,num_filters1],

24(28x28)0| OFLI2}, 1%H9d HIE|(784)2 o] 97,
Ct.

= ¢l2dz|= o|0|X| d|o|ElZ, 2&t&
24 M placeholder’™ 2|0 A shapeO| [None,784] £

XT B 30
Clo|Ete| == FHME 22 HolstX| iRk

"ol £loq Rdct.
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01IX1|01|A-I 4k
28x28x1 &Y=

X_image= 784x
0|&3stod #HEst

Bish| 57| SIalM 258 B AR E 0|7 | TS0l 784 17HE! HEIE
tE sHECEH
712l o|O|X| CO|El x& , (28x28x1)0|0|X|2| &7 M Z reshapeE
.[1,28,28,1]2 28x28x1 S L3IH(-1)2 B olstict.

ZIEE Holst=dl, EEe S M MHEEHAn ZH0| 5x5x1 EEE AL 8 40|, EE{o| =&
327H0|7| 2 of, ZE{ W _conv19l xm(shape)_ 5,5,1,32] 7FEICH (20l M 32

num_filters1 O|2t= B=0fl K{E S0 AFESHRICE) 2211 W_conv1 | Z712L2 [5,5,1,32]
AHE 7IX|E 8 MMS TS tf.truncated_normalE AL olo| 7| X|HEEE

TS Holow WIS 2 ooje(olIx))oll Mt
h_conv1 = tf.nn.conv2d(x_image, W_conv1,

strides=[1,1,1,1], padding="SAME")
ZEE MEste Y2 tf.nn.conv2dE 0|8 35HH E|=|, 28x28x1 AHO|= 2| 124 H|o|EL 2!
x_imageO0i| 2ol A Ho|ft ZE|{ W_convig M 83HRALCt.
AEZIO|E (Strides)

ZEfE olnix|ol 55 AE REf of2f JRAT} 2ol YHE UHOZ O|S A MSHCY,

Ol MEXMez adstH Ot 242 2ol &t
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1] "x0] "x1
110 4L 2(3|4
1] "x0] "x1

Convolved

IMage Feature

Ol ZE|E 2%l0|E 7t AEEI0|E (Stride)2t 1 BtCt.

HAME SESE &7t O[T B7HK| 0|53t of2HE 82HE OIS =S 2442 720t
M=Zo| AERIOIE Zt2 12 MIE!sHRICH

FAEoM EH

h_conv1 = tf.nn.conv2d(x_image, W_conv1,
strides=[1,1,1,1], padding="SAME")
ol M strides=[1,1,1,1] 2 Ho[& A& = = AUCt AT UF=E SYHeZ 18 41, FHIY 12

7I2 AEBIO|E Zf, 2|1 MR 12 M2 AEEIo|= Zho| EICH

2 (Padding)

flol 28 Zro| HEE M&stod FEE &% =2 #el U El ol0|x| 2t = A Elot.
AL HEE olH YAz MEs5IC EH LB & S E0| Zobx|[7AH|=l=d, ghefof
EZE O F&Eo7| Mol EEE0| st x| oiH RA=l= A 97| faiM ol ReE
A&t
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ojojo 0 ojojojojo The input volume is 32 x 32 x 3. If we imagine two borders of Teros
0 0 0 0 0 0 0 0|0 around the vo b ves us a 36
0Dlo olo in.\h.:.-.:l CONT thire he
olo olo wewill also geta32 x 3 utput volume
010 0]o0
- 0Dl0 32x32x3 0|0
010 0]0
o|o0 0|0
0|0 0]0
0|0 o|o0
o|jo(o|ojo|0 |O)O |O]O
v ojofojoj0O|0 |O]|O |[O]O
36
mZo|2t, ZE oio|Et »E F22, Fo|0[E &2 AMAM BE CIoIEte| 3 7|& I H sHA,
ZEE HXID L2 §F d3e| 37|71 Folx|= g YX|EtCl.
et Fo|0lEt 2t 982 EM, QHI|T0| st Ae WX|E + Ut Z =40 padding
B8 0|&5to] mE WS HeolstRict.

h_conv1 = tf.nn.conv2d(x_image, W_conv1,
strides=[1,1,1,1], padding="SAME")

padding="SAME’E€ FH| £|H, HIMEE 7} AS2E IHE S A lsto] U=gtnt E2 (B
2ol 27|17t & stct. padding—’VALID’E FA M, oy E ME5HK| 1 EHE

I:
c=
s{gstod B2zt (S F )l 2717 SrobFIct

& M8t (Activation function)2| A&

ZE| 0| Brto, o TE|E Ztol BAH+E ML HETMY UEYZ0IA
utro 2 A8 sHE B AR 4 E Relu #40ICH

ac

b_conv1 = tf.Variable(tf.constant(0.1, shape=[num_filters1]))
h_conv1_cutoff = tf.nn.relu(h_conv1 + b_conv1)

X bias Zt( y=WX+b 0l b)2! b_conv1E ol 1, tf.nn.reluE 0|&5t0{, ZE{E
ZAt(h_conv1)0] bias gt2 3t 242 ReLu &2 XME5ALCE.
Max Pooling
FEET EYRFEJIX|T §F & HUY Ut glo], YR SEEE VK| §F S HEHE
£ UCH & & S0{M D& ol 2 AZIE 7HK|D T o{EH EHME AEE = UX|EH &2

I

ALZIg 7HX| DT EXE AHE =
sampling)O|2t 1 St=0Ol, MEME
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Cloletel 3718 E0[7| W20, AF T T E Hefe = 1, Ol0|E7H E0{== 0l A
ClolEt7t R 4o 7| ol 2H g YX|E =+ ‘BAEP

olg4st ME MEZZlofE od2{7I x| &eHo| QX2 of| Mol MHE WA ZE2! (max pooling)OlEHE
HEHSE A P9-°EEI3|, WA ZEZ2 EZ MOIZE (mxn)E UZH|OIEIE L=F O SoM 7tE 2

HA L—

rE
rio
i

= CllO[Etol M 2x2 AtO| 2= A E-IE sl A E 2 dE= 2[CH2tS

ol OB &
ol dg 7t2 27t 1|1 ack2olE MEE 274 0|58 stride 2h2

= OI'I—H AA—l—
XM EstUALCt

Single depth slice

y T I 2 | 4
max pool with 2x2 filters
5|67 |8 and stride 2 6 8
312|110 ’ 3| 4
1 | 2 B2 EE
7 "
e =

h_pool1 = tf.nn.max_pool(h_conv1_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME")

Max pooling2 tf.nn.max pooIOIEFE ?:. E 0|83l MEE + =0, Wi eIxt= &35t
g4 ReLuE M83t1 LI ZD 212l h_conv1_cutoff 0|11, & HMH QIXIQ! ksizee £ ZE{ 9|
AOIZE [1,2,2,1]2 2x2 2 7|2 Fo{M -2 stct= olOlo]ct.

CtS stride= ZHE2F MY ZE M8} O1E7IX|2 2 LEE 7122 MER HotErEX S 2
deld|, strides=[1,2,2,1]2, 722 27, MZE 27t SX0|= & HO|354Ct.

o= — —
HMEZE O|8cHA CNNE BFHEM 22 JiEe| T E|&E oloie EeE iXIEH A ASS
FIetHLE 247 | 2H vty|=XI= olsiatioF BFCt.

= =
dst7| lstiMe el xHpdo] o
N
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Convolutional layer 1

®_®

+padding 28x28x1 2Bx28x1 14x14x1
=SAME

e eLe

+padding 28x28x1 2Bx28x1 14x14x1

.00 "

= +padding 28x28x1 28x28x1 14x14x1
=SAME

ZBx28x1

+padding 28x28x1 14x14x1

=5AME

HNHm HAE2 MG HS2 Qo aZla Zol, %40l 28x28x1 2| 0|O|X|7} S047+8d 32742
HEEMGD ZE{ WE M54 21, 2122 28x28x12| A1} &z ttso{ict HEF ML
ZIEE Hx|H £l ZAn #zdo| 37|= Zrotx{oF 4ol x|, At #zdo| 3 7|8 @12 Szl
37|12t SUEH ] XIS S padding="SAME’'S 2 %5} QALCH.

CH2 2 2 bias 2t bE HEHE (912 O &lofl= Mak5Rict) of o] Ztoll AE|HIo|M ?:. ReLuE
Mot LH &2 3 7|0 843} Q10| 28x28x1 &7 32707t L2t 0] ZHzto| giZdof| size7}
2x20| 1, stride7} 291 WA ZEZ ZEE M5 AH &lH 22 o| #zdo| 37|7} H*OE £ 0{E0
14x14x1 & 32747} 2|SHEICH

OlM| FHm HEFMHD AS S 4HEA WU ZHEFME AED CHE 20 it

# define second layer
num_filters2 = 64

W_conv2 = tf.Variable(
tf.truncated_normal([5,5,num_filters1,num_filters2],
stddev=0.1))
h_conv2 = tf.nn.conv2d(h_pool1, W_conv2,
strides=[1,1,1,1], padding="SAME")
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b_conv2 = tf.Variable(tf.constant(0.1, shape=[num_filters2]))
h_conv2_cutoff = tf.nn.relu(h_conv2 + b_conv2)

h_pool2 = tf.nn.max_pool(h_conv2_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME")

Bt ZIE{Zf 2l W _conv22| &I 0] [5,5,32,64] ([5,5,num filters1,num _filters2] 22 )2 BZE E|ALC}.

W_conv2 = tf.Variable(
tf.truncated_normal([5,5,num_filters1,num_filters2],
stddev=0.1))

ZIE{Q| AFO|E 7} 5x50| 1, &l2dg|= Zf0o| 327H0|7| 20|, 327} E0{7t1, & 647H2| EE{E
M gst7| Eoi obx|2 220|647t EICH.

Rl ZE{Qt SZ0| strideE 1,12 MM 712 MER 212 14 &%|0]|1, padding="SAME'2 2
=30t £33 AO|=E Z A SHACH

h_pool2 = tf.nn.max_pool(h_conv2_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME")

HAZEZ AA| R ZE{Qt OHEH7HRIZ 2,2 AFO| R of BE(ksize=[1,2,2,1]) & X &5t stridedf 2
22 FM (strides=[1,2,2,1]) 72 MZ2E FZH4 S Z|0|H| 5to4 Z1to| 3 7|7} Bt 2 Z0{EH|

N

14x14 3. 7(9| =gt 32707 E047tM, 7x7 A7|2| & & 64717} 2IEHEICE

Ec| HEEIE AE

T HERME HEE S
o= =XIRIXIE | AHEIE Al

zlg mojiom ol EXI2 74x|m ¢24=l o|0|X|7} 0~9 =
(Fully connected layer)E &3l A{ ZHEFSHCE.

0I>|- JIIII

IE

# define fully connected layer
h_pool2_flat = tf.reshape(h_pool2, [-1, 7*7*num_filters2])

num_units1 = 7*7*num_filters2
num_units2 = 1024

w2 = tf.Variable(tf.truncated_normal([num_units1, num_units2]))
b2 = tf.Variable(tf.constant(0.1, shape=[num_units2]))
hidden2 = tf.nn.relu(tf.matmul(h_pool2_flat, w2) + b2)

keep_prob = tf.placeholder(tf.float32)
hidden2_drop = tf.nn.dropout(hidden2, keep_prob)

w0 = tf.Variable(tf.zeros([num_units2, 10]))
b0 = tf.Variable(tf.zeros([10]))

k = tf.matmul(hidden2_drop, w0) + b0

p = tf.nn.softmax(k)

Q1% 647HO| 7x7 BTG 17 P YR WEBICH
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h_pool2_flat = tf.reshape(h_pool2, [-1, 7*7*num_filters2])

Ohsez 2| H4E|= Bf|ofofol E=o, ol &242L2 64x7x7 02| HE Z2LS 10247 2]

2o
g 0|&stod f&etrt.

w2 = tf.Variable(if.truncated_normal([num_units1, num_units2]))
b2 = tf.Variable(tf.constant(0.1, shape=[num_units2]))

T2 w22| Zf2 [num_units1,num_units2]2 num_units12 64x7x7 £ 247t &,
num_unit2= 72| =& LtEtLHCE CFS of2iet 20| Ol REHo = A4t & & HE|H0|M &
ReLugE X &s8tct.

hidden2 = tf.nn.relu(tf.matmul(h_pool2_flat, w2) + b2)

sheCl, £8 ol e HIE(DHAEhe U 93
= E7h0| 97 FoiM B ClolE It ZE 8|
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a) Standard Neural Net (b) After applying dropout.

Z %] : http://cs231n.github.io/neural-networks-2/

BM EERHM EE OIRE MEste= A2 OIS ZHHSICH of2l 2 =2 Z 0] tf.nn.dropout
OlgtE &8 0l8&3t04, ool LIERT oM MEEl 2t (hidden2)& 21 keep_proboi], 214
Hgg go™ Ect.

keep_prob = tf.placeholder(tf.float32)
hidden2_drop = tf.nn.dropout(hidden2, keep_prob)

0173 HIZ OBt LIEQIZ 7 HAI7H Ch HZEl0] QLo 1.0, BHFO] 50%E EEOFR AlFIH 0.5
Moz 9laistct,
CE ofR0| B0l ZIHE JIX|T AZEWA 845 0|50 10742 sElnal2

E &

w0 = tf.Variable(tf.zeros([num_units2, 10]))
b0 = tf.Variable(tf.zeros([10]))

k = tf.matmul(hidden2_drop, w0) + b0

p = tf.nn.softmax(k)
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HIS & B2

o177t x| 2 o7t BRLCE O|X o] &
Holsi = At

ILE Y ARAQERT H4E 018

#define loss (cost) function

t = tf.placeholder(tf.float32, [None, 10])

loss = tf.reduce_mean(tf.nn.softmax_cross_entropy_with_logits(k,t))
train_step = tf.train.AdamOptimizer(0.0001).minimize(loss)
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k = tf.matmul(hidden2_drop, w0) + b0
p = tf.nn.softmax(k)

O 2 softmax& X&3t7| T2l 2£0ICt. Tf.nn.softmax_cross entropy with_logits £ softmax7}
Z3E|o] Q= 8407|220, p2 X5 EIH softmax & 47 S MEE|7| W20,
softmax X 7%0| Zf2l k & Zict.

WARNING: This op expects unscaled logits, since it performs a softmax on logits
internally for efficiency. Do not call this op with the output of softmax, as it will produce
incorrect results

https://github.com/tensorflow/tensorflow/blob/master/tensorflow/g3doc/api docs/python/function
s_and_classes/shard7/tf.nn.softmax_cross entropy with logits.md

= ZololA EOE Holstd=dl, LSl st& lolE MofAM e2 2t (T 230/ 0.9 8 o=
= RHRIxl)olct.

J2|7 o HI 48 X3t 67| ISHM £IZ43t & AdamOptimizerE AH2 6L,

(o] AZEMA of X0l MHE GradientOptimizerE AFE I =0, Y2 o 2 AdamOptimizer7}
& O FHstct)

SkEA

==

OlM| 22 Holot, RRO| HISE ot 2|X5 & 7bx| ot Molstict. 22{™ o] ZEHZES
e[fe]l F% Ho{M && AFHAEXL &2 dHix| EB0I'FE ol XolCt

e T3 a0 TEMEE B i e REE STHE U EHAEEKO|CH
HAEEUHOiCE 8t& o HE T & £%5t01 Est=0, 0|E IsHA HELE Htste &8
ofziet Zo| Helgtrt

#define validation function
correct_prediction = tf.equal(tf.argmax(p, 1), tf.argmax(t, 1))
accuracy = tf.reduce_mean(tf.cast(correct_prediction, tf.float32))

correct_prediction2 f& Zutet 2 E 2HH(HE)S Hlmsto X A=K ER=XIE SIHEHCL


https://github.com/tensorflow/tensorflow/blob/master/tensorflow/g3doc/api_docs/python/functions_and_classes/shard7/tf.nn.softmax_cross_entropy_with_logits.md
https://github.com/tensorflow/tensorflow/blob/master/tensorflow/g3doc/api_docs/python/functions_and_classes/shard7/tf.nn.softmax_cross_entropy_with_logits.md

argmax= 2RI 7t 2 2ol AIHAE 2[Est=0], 0~9 HiZO0| E047t U7| WHEol 7HE 2
| 7t

Ztol E&of olal ol FEl IKFOIEP p_ o Foi 2|8 ?é'ﬂF fol, t= ekl gfolct o] = Zt2

correct_pediction bool 0|7| [[H-,-oﬂ 0| 2t =X 2 "t 7| I3 M tf.reduce_means
A& 735104, accuracyoll K& QAL

OlMl &2 MME AlFst, HeE8 £7(3 &t

# prepare session
sess = tf.InteractiveSession()
sess.run(tf.global_variables_initializer())
saver = ff.train.Saver()
CHS BHX| SF&S AlIZFEHCH
# start training
i=0
for _in range(10000):
i+=1
batch_xs, batch_ts = mnist.train.next_batch(50)
sess.run(train_step,
feed_dict={x:batch_xs, t:batch_ts, keep_prob:0.5})
if i % 500 ==
loss_vals, acc_vals =[], []
for c in range(4):
start = len(mnist.test.labels) /4 * c
end = len(mnist.test.labels) / 4 * (c+1)
loss_val, acc_val = sess.run([loss, accuracy],
feed_dict={x:mnist.test.images[start:end],
t:mnist.test.labels[start:end],
keep_prob:1.0})
loss_vals.append(loss_val)
acc_vals.append(acc_val)
loss_val = np.sum(loss_vals)
acc_val = np.mean(acc_vals)
print (‘Step: %d, Loss: %f, Accuracy: %f'
% (i, loss_val, acc_val))

£ 10,000 FZE =AM 8tEH0i 50704 HiX|Z C|O|EFE 2]o{M &t& 2 TI”S T, 500
st& A E £3stct 7 4 Ao MdE 10,000 & HeHm 84 21X}

batch_xs, batch_ts = mnist.train.next_batch(50)

MNIST &&& O|O|El Allof A 5071 EFZ O|O|EFE 21=CF. batch_xsOl= & &0 AFEE
28x28x1 AFO|= 2| 0|0| x|}, batch_tsofl= 21 o|O|X|of| CHE 2HE (0..9F offH =QIX]|) 7} E04

ol|:|.
212 ClO|ELE feed_dictE SaliAM LY (=)t ECl|old MME AlZfEHCE

sess.run(train_step,
feed_dict={x:batch_xs, t:batch_ts, keep_prob:0.5})
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ol obx|2} QIX}tof keep _probE O 52 I st
HE0|A HMolst L2 =20l HE|X| ©
HEXIE QMo z2 BES |'AA|:|'-

= ANg 2 £ Y=o, keep_probeE YO EEOIR
t2 H|Ig g ™olstet. 047|ME 0.5 & 50%2]

LS

Hi X[ 2 S} % ZISCH7L 500'H Ot S2tE 7 2ol ot & HI& S Hldtsto] E=38tCt.
if i % 500 ==
Ioss_vals, acc_vals =1 11
07| FFE M2 ote ZE #H gtHol| ZEE otX| &b E|AE Cl|O|ELHE 4 %, 1/4M]

5| 4SE
BlAE C|O|EHE 2T sHA %—.SHI (loss)ot st& HE T (accuracy) AdtstE Ag 2 & UL

for ¢ in range(4):

start = len(mnist.test.labels) /4 * ¢

end = len(mnist.test.labels) / 4 * (c+1)

loss_val, acc_val = sess.run([loss, accuracy],

feed_dict={x:mnist.test.images[start:end],

t:mnist.test.labels[start:end],
keep_prob:1.0})

loss_vals.append(loss_val)

acc_vals.append(acc_val)

OlRE BHHO| B2 CIOIEHE 2YSM HES ¥ B9 HZEl 2R 42 4 27| m o,
o 2 HIS 2 4viol 4 HIBE B

Aol LHA A el B8 ChSof oteh ol &t & B 2fotm
YT =490 3t HE T E WE o2 Lo EHst)ACt.

loss_val = np.sum(loss_vals)

acc_val = np.mean(acc_vals)

print (‘Step: %d, Loss: %f, Accuracy: %f'

% (i, loss_val, acc_val))

Sk
Ste 4ot KM%
st SalA 2110 Wet bate FHOH 0f 2t ool o8 ok s, W ZtS0l BT,
018 YYo| M TUZ M st LT HAHETD A, HMEZR0IME e sl EE*E'%
Mg = e 7I5E MSECh &S S AHME BE ¥ g S MEE = Jed,
ol M MME et 48t Saver (saver = tf.train.Saver( )% olg 0|":]=| T s MME MEE
% Qlct
3c
saver.save(sess, 'cnn_session')
sess.close()
O|= | 3t Xl CIAE 2|0 cnn_session* EHO| I} U2 st&El MM ZHE 0| MEEICH
JEHAM E% o5 2 Hm Al & T glol o] U REEA, REo| ZHES =73 o,

52 & £ UCk 0l HUS oM KIS st WS CHE2olM T 7|2 Bt

of| Al 2 E : https://github.com/bwcho75/tensorflowML/blob/master/MNIST CNN Training.ipynb
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XXt o 5t 7

o|-

%M MNIST ClIO|EHE O|&8F EI[AM =AHE Qlalete ZEHE HEFME LIERA (CNN)E
0|8 3stod BFERICE olHolE o] ZEE o|8aiA E7|A =& O|0IXIE QlAstE ZEE BHS0]
=1t

Z32 HHAEE &7 at7| faiA, ool FI|E =ESLH0|AM HTML £ 0|&35t0f Ot*A R
ZAE 38 = ULSF st, 22{% o|0[X|E ofE AFRUX| QA =S BHE0o{ EZiCt

In [B]: frem IPython.display import ETML
HTML input_form + javascript |

Out[8]:

G|

In [5]: p_val = sess.run(p, feed dict={x:[image], keep_prob:1.0})

fig = plt.figure(figsize=(4,2))

pred = p val[0]

subplot = fig.add subplot{l,1,1)
subplot.set_xticks(range(10))

subplot.set xlim(-0.5,9.5)
subplot.set_ylim{0,1})

subplot.bar(range({10), pred, align='center')
plt.show()

1.0 — r T T T T T T
0.8} .
0.6 |- 1
0.4 1
0.2

In [4]: convl vals, cutoffl wals = sess.run
[h_convl, h_convl cutoff], feed dict={x:[image], keep prob:1.0})

fig = plt.figure(figsize=(16,4))

for £ in range(num filtersl):
subplot = fig.add subplot(4, 16, £+1)
subplot.set_xticks([])
subplot.set_yticks([]1)
subplot.imshow(convl vals[0,:,:,£],
cmap=plt.cm.gray r, interpolation='nearest’)

- |

~ 3
o | P : e | = -
HH

plt.show()
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EH2Y

HX] 9| of|M|of| M &t& S8t
O| ZEE FI|E “ES0AM
Ot HE O M- ESO0|M 73

oEg :

sty D Ee st AlZ|E ZE (http:/beho.tistory.com/1156)
Ek=2

= 4

at

Ic

import tensorflow as tf

import numpy as np

import matplotlib.pyplot as plt

from tensorflow.examples.tutorials.mnist import input_data

#0|0] 2= 7}k S Z;' 50| 2 = 7| W20, 7|& a2z E 2F 2[4gt
tf.reset_default_graph()

num_filters1 = 32

x = tf.placeholder(tf.float32, [None, 784])
x_image = tf.reshape(x, [-1,28,28,1])

# layer 1
W_conv1 = tf.Variable(tf.truncated_normal([5,5,1,num_filters1],
stddev=0.1))
h_conv1 = tf.nn.conv2d(x_image, W_conv1,
strides=[1,1,1,1], padding="SAME")

b_conv1 = tf.Variable(tf.constant(0.1, shape=[num_filters1]))
h_conv1_cutoff = tf.nn.relu(h_conv1 + b_conv1)

h_pool1 =tf.nn.max_pool(h_conv1_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME')

num_filters2 = 64

# layer 2
W_conv2 = tf.Variable(
tf.truncated_normal([5,5,num_filters1,num_filters2],
stddev=0.1))
h_conv2 = tf.nn.conv2d(h_pool1, W_conv2,
strides=[1,1,1,1], padding="SAME")

b_conv2 = tf.Variable(tf.constant(0.1, shape=[num_filters2]))
h_conv2_cutoff = tf.nn.relu(h_conv2 + b_conv2)

h_pool2 =tf.nn.max_pool(h_conv2_cutoff, ksize=[1,2,2,1],
strides=[1,2,2,1], padding="SAME')

# fully connected layer
h_pool2_flat = tf.reshape(h_pool2, [-1, 7*7*num_{filters2])

num_units1 = 7*7*num_filters2
num_units2 = 1024

w2 = tf.Variable(tf.truncated_normal([num_units1, num_units2]))

b2 = tf.Variable(tf.constant(0.1, shape=[num_units2]))
hidden2 = tf.nn.relu(tf.matmul(h_pool2_flat, w2) + b2)
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keep_prob = tf.placeholder(tf.float32)
hidden2_drop = tf.nn.dropout(hidden2, keep_prob)

w0 = tf.Variable(tf.zeros([num_units2, 10]))
b0 = tf.Variable(tf.zeros([10]))

k = tf.matmul(hidden2_drop, w0) + b0

p = tf.nn.softmax(k)

# prepare session

sess = ff.InteractiveSession()
sess.run(tf.global_variables_initializer())

saver = tf.train.Saver()

saver.restore(sess, '/Users/terrycho/anaconda/work/cnn_session')

print 'reload has been done'

EE M1{E ™ #prepare session £ & HJHK|= 0| ZE0|MHe Oz & Holst= #21t

3
SYsich ol A== 27t BHE HERME HERIZE S&st= FEo0ICH

#% oo|et 25
aehzol =el0| BLIK, K{EHEH M40l 2hS CHAl REUBHA SH&E Wt b2 ES CHAl 2

# prepare session

sess = tf.InteractiveSession()
sess.run(tf.global_variables_initializer())

saver = tf.train.Saver()

saver.restore(sess, '/Users/terrycho/anaconda/work/cnn_session')

o[t saver.restore 220 22| iAol M K& MM O|EE K|HSHECE.

HTMLE OI& 8 %At 223

agjzel RE S2lo| Btom™ o]l REE 0|25104, TAHE QlAISHEL}.
E|IAESHY| HE|5H HTMLE OIRAR <XE O2 £
FI|E| tESo|M MEZ Cello] ol2ie} ZHe LH2 2 l2dstct.

3c

input_form =
<table>

<td style="border-style: none;">

<div style="border: solid 2px #666; width: 143px; height: 144px;">
<canvas width="140" height="140"></canvas>

</div></td>

<td style="border-style: none;">

<button onclick="clear_value()">Clear</button>

</td>

</table>

S
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javascript =
<script type="text/Javascript">
var pixels = [J;
for (vari=0; i< 28"28; i++) pixels[i] = 0
var click = 0;

var canvas = document.querySelector("canvas");
canvas.addEventListener("mousemove", function(e){
if (e.buttons == 1) {

click = 1;

canvas.getContext("2d").fillStyle = "rgb(0,0,0)";

canvas.getContext("2d").fillRect(e.offsetX, e.offsetY, 8, 8);

x = Math.floor(e.offsetY * 0.2)

y = Math.floor(e.offsetX * 0.2) + 1

for (var dy = 0; dy < 2; dy++){

for (var dx = 0; dx < 2; dx++){
if (x +dx <28) && (y + dy < 28))}{
pixels[(y+dy)+(x+dx)*28] = 1

}
}
}else {
if (click == 1) set_value()
click = 0;
}
N;

function set_value(){
var result =""
for (var i = 0; i < 28*28; i++) result += pixels[i] +","
var kernel = IPython.notebook.kernel;
kernel.execute("image = [" + result + "]");

}

function clear_value(){
canvas.getContext("2d").fillStyle = "rgb(255,255,255)";
canvas.getContext("2d").fillRect(0, 0, 140, 140);
for (var i = 0; i < 28%28; i++) pixels[i] = 0

}

</script>

CHS M22 dolM, o = Y=stod, b 2 EE HTML Tl & e = U5 Btot
from IPython.display import HTML

HTML(input_form + javascript)

OlM oM BHE & HE AAAI7A EH ST ZO| HTML 7|Et2 2 O RAE 0|88t0] ALE
olzfat 4 Qle gAYl LIQEZS 20I8 4 Ut
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Qut[8]:

Clear |

oladz}t mHEd
= |

Ol HTMLOIM 22l o|0|X|= 2l 2 =9 set valueEt= & 401 2|5HA, image 2t= T2
784 37| HE{o| X{F EIC}. O] gt2 | 5tod, 0| 1 2l0| o{H =XIQIX|E S M BtE ZHS

OI OHA-l o:"_l = OHEEI'

4

In

p_val = sess.run(p, feed_dict={x:[image], keep_prob:1.0})

fig = plt.figure(figsize=(4,2))

pred = p_val[0]

subplot = fig.add_subplot(1,1,1)
subplot.set_xticks(range(10))
subplot.set_xlim(-0.5,9.5)
subplot.set_ylim(0,1)
subplot.bar(range(10), pred, align='center’)

plt.show()
ol F
&2 st= W2 <ot o|0|x| lo|EF7} image 2h= B4=0i E0{7F 7| IHE0f|, ofH

foh

ZAHRIX|ofl CHet & &S LIEHLHE p of 2f2 F5t ElC)

d

p_val = sess.run(p, feed_dict={x:[image], keep_prob:1.0})

E 0|8735+0q4 x0ll image& €11, 2|1 dropout HIE2 0%Z 35t7| I5HAM keep_probE 1.0
(100%)2 &tct. (0 F0[7| [[H-.-_-Oﬂ & Q43| dropout2 ‘é'_.?.ﬂxl oiCt.)
O|Z | 5t o o|O|X|7} o{FH = A}tRIX|of CHEF = E 0| poil X% EICt.

fig = plt.figure(figsize=(4,2))
pred = p_val[0]

subplot = fig.add_subplot(1,1,1)
subplot.set_xticks(range(10))
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subplot.set_xlim(-0.5,9.5)
subplot.set_ylim(0,1)
subplot.bar(range(10), pred, align="center')
plt.show()

e ZE 0[&36t01 0~9 T X2 AL (7IZF)Y HEZ 0.0~1.0 X[ (MEF)2 2

Elct
OS2 fIolM =8 =Xt 47 & QA Zntolct

=35t Al

M

1.0

0.8

0.6 - 1

0.4 |
0.2

0.0 I - | I - I L
o 1 2 i 4 5 6 T B 9

(ELA) HHm) ZAEFMHE HE 2ot £
HEFME LERZE st&AI7ICHER M HAEE Sosto FEE EF

=
=
I A2 ot aeiM 2t EE

> il

Ol0IXIE 0l ofHl LS 7Hx|1 USKIE QI3 g So3
gt olOlxI2 E2istof Helstnk s, of7IME Ol 2 TEIE SIkstod QAAE SHoO|
ofit TYQIXIE St Weig Ashsict

ol LEITH BHE HESIT F0lM R HEF MY UEIE STHE A h_conviT, 22T
Ol ZTtoi| bias 248 CistT B 4dst 840l ReluE HS 3 ATHE S24st= ol olct,

Ic

conv1_vals, cutoff1_vals = sess.run(
[h_conv1, h_conv1_cutoff], feed_dict={x:[image], keep_prob:1.0})

fig = plt.figure(figsize=(16,4))

for f in range(num_filters1):
subplot = fig.add_subplot(4, 16, f+1)
subplot.set_xticks([])
subplot.set_yticks([])
subplot.imshow(conv1_vals[0,:,:,f],
cmap=plt.cm.gray_r, interpolation="nearest')
plt.show()

x0ll imageZ /245l 11, dropout2 Qi0| ZE HIEQIE S5 T = keep_prob:1.02Z F 10,
M ZHE22 D ZE{E S8 Zf h_conv1 1}, 0] 240l bias?t ReluE X8t gt

h_conv1_cutoff& #|&HSHRICH
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conv1_vals, cutoff1_vals = sess.run(
[h_conv1, h_conv1_cutoff], feed_dict={x:[image], keep_prob:1.0})

e ZEj= & 32702 7 M=o 7| 2 ol, 327H2] AntZhE imshow &+ & 0|8 3t04
oz S5Act

o) ) 4] AlE - 4] 4 Al 414
4BA 4 E R 2\71 7

CH2 2 bias® ReluE S8t 2t21 h_conv_cutoffE £235t= o Ao|Ct. 29| Z =2 SU5HH
subplot.imgshow| M &&= QIXI2t conv1_vals — cutoff1_vals2 ¥ A T|QACt

3c
fig = plt.figure(figsize=(16,4))

for f in range(num_filters1):
subplot = fig.add_subplot(4, 16, f+1)
subplot.set_xticks([])
subplot.set_yticks([])
subplot.imshow(cutoff1_vals|0,:,:,f],
cmap=plt.cm.gray_r, interpolation="nearest')

éﬁ Z | B AN 4 Ol
4 7 |3 '?f FAIAl £

OlM7tx| HEF ML HIERZE 0|&F o|O|x| QA2 HIMERZRZ FoisteE Y-S
MNIST(Z7|A| =& ClIO|EHE 0|&3t0] T3d8tRiCt.

AMZ o|0|X|E 2lAlstedH TRl s &2 ZX|E O|0IX|E T/F & 2| sHLiok 5t 8t
gtoiel tHalof of il of2Cio| HAlInt GPUSt Z2 St=H o] FHHIE AFS ST ChE 20 M=
MNISTZ} otL|2t A Z2t o|0|XIE 2IAstE &Hol CHai A HlOolE M EloM FE
ME[A7E K] HA ool CHsiM DBt =5 shzict
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https://github.com/bwcho75/tensorflowML/blob/master/MNIST CNN Prediction.ipynb

8. HIMEZR 12 744

CSV Gi|O|E} I ¢{7[2F 72| 7HH

u]

HMHMEZRE S&5tH
EE20ME

Xil DS pFSo{Een st dZ 2t G|O|E X 2[of CHEt

3|'|:|'._ nE °*7'||E|°4|:|' MNIST2 Z 2 of|xl|= C|O|E}t 7t CF O |

HE E|01 AXIEH Xz L) 22 E BtE 1 of& S otT| flsiME
So| go| Zstot.

AL oy > L
31 o mH B

J)I 00II

>-|o
__
o N

OlHZolME steyoll TR 8t ClOIEHE Tl S TR ol CHet JHeIol CHaHA

I|Y (Feeding) 7HdE S&

BHMEER0M ZES & A2, 84 diolElE o MsHe WS YHtxo 2 1|gl
(feeding)Ol2t= SIS ALSEICH HIEE|Y ol o He 2|AE FEiZ 2f2 MY e =of, ZEE
MMM A-AE m, S| AEA ZtE stLt eloA Z=-od o dE g 4olct.
y=W*"x
input data N *
[1,.2,3.4,9]
&
(2]
flol aglg 2H, y=Wx2ts ZHolA 3t ClO|E xi= [1,2,3,4,5]2, X 3t&ole 1,
FHm S &0ls 28 M8sts ALz 1Yol ot

a3, ol A mEE stedH, &4 HIolE [1,2,3,4,5]7F HIZ 2|0l 25 MR =|o{ok =0,
ANEZE ZES ttEo{M eSS M= ColEte| ¥o| Bi7| mEol HZ 2l 25 M5tz
2% M elo{=EE|HM & &2 sHof Btct.

120


https://github.com/bwcho75/tensorflowML/blob/master/MNIST_CNN_Prediction.ipynb

HMERS Fol ChaiM
Olz{zt 2XI8 HZ5H7| skt THAOIM HIOIEHE Hoi7hRIA, e ClOlEHE e txoz
Selof IYstH Eleo, ol F8 Attt

.U.|-°|0-||A-| E||0|E = E‘II_ o -lo'” OFA—'A—' %E AR 3" =|, ﬁ'o'“ E||0|E|'§ QE ZZ'(Enqueue) %
Queue Runner 2H= Z30| 8t}

Ol Queue Runner7t 70i| 0{& H|O|EIE O{EH EEXIE Heol 5tz ROl

Enqueue_operation /G|, HIO|ELE 2{0{A] AXIZ 01 ™| Queuedd Enqueue St=X|E Ho|EtCt.

O| Queue Runnere HE| MY EZ 2 S3=0l, Queue Runner 2H2| MBIEE S & E|GHF 7|
2|8 A YHEZ Coordinatorgte 4 AF%?_H:F.

0
m

ol 7igE SeElsM = Az s+ Ct.

S=pL,

Manage o o Enqueue

threads

Coordinator Queue
Runner
Queue

Enqueue_op

[1.0,2.0,3.0,4.0]

Queue Runner = 0{2{7H2| MB{|= (T)E 7tX| {1, O] MBEE2 CoordinatorE 01l 2|31 M
#2|ElCk Queue Runner 7t Queued| Cl|O|EHE E 2= Enqueue_opOl2tE= operation0i| 2|3
HOo|E ClZ HIo|ELE Queued &of E=Ct.

2ol MdEe FEZ FHAMER
import tensorflow as tf

QUEUE_LENGTH =20

q = tf.FIFOQueue(QUEUE_LENGTH,"float")

eng_ops = g.enqueue_many(([1.0,2.0,3.0,4.0],) )

gr = tf.train.QueueRunner(q,[eng_ops,enq_ops,enqg_ops])

sess = tf.Session()
# Create a coordinator, launch the queue runner threads.
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coord = tf.train.Coordinator()
threads = gr.create_threads(sess, coord=coord, start=True)

for step in xrange(20):
print(sess.run(g.dequeue()))

coord.request_stop()
coord.join(threads)

sess.close()

Queue M4

tf.FIFOQUEUEE 0|83l R E A 8tCt.
q = tf.FIFOQueue(QUEUE_LENGTH,"float")
MHml QIXHE R ol Z0|E ™HElD, SHME dtype 2 7ol S04Z OIO|EIE S K| 8t}

Queue Runner 43

CHZ2 2 Queue RunnerZ PHE 7| 98l A enqueue_operation I}, QueueRunnerE 43 8tCt.
eng_ops = g.enqueue_many(([1.0,2.0,3.0,4.0],) )

gr = tf.train.QueueRunner(q,[eng_ops,enq_ops,enq_ops])

enqueue operation®! enq_ops= 22+ Z 0] 8804 [1.0,2.0,3.0,4.0] 2 70l ‘2= operation@ 2
X|&stct.

2|2 Queue Runnerg Eelst=0l, ofofl BHE Fof C|O|ELE EEX0|7| IHEo| IRt E 7
‘g 7|1 list HEHE eng_opsE 37HE 'HZICtH 37HE E7|= O|R= Queue Runner7}
HE|MPYI= 7|8H0|7] I E 0l ZF A= M Enqueue Al AR EF Operationg H71= W22,
37HE HZ17d2 37l 2] AAB|=0f Enqueue &4+ 5 ZtZt X|& 8 Zo|Ct.

okoF =t enqueue operation® 0424712 MBER HZ AL 9 Z=XH LU0| enqueue
operation2 £ Z ¢10|

gr = tf.train.QueueRunner(q,[eng_ops]*"NUM_OF_THREAD)

[eng_ops] Ol AB|= &= (NUM_OF_THREAD)E =3ll&™ EICt.

Coordinator 2443

O|X| Queue RunnertlA At & MB|EES E2|& Coordinatorg 35t}
coord = tf.train.Coordinator()

Queue Runner M= MM

Queue Runner?t A EE 2 2|g Coordinator 7F A E|2i2 T Queue Runnerdf| A Ab2 &t
&E-”I:E% AH AH c,|.x|.

threads = gr.create_threads(sess, coord=coord, start=True)

MM Alo= MAMDE, Coordinatorg XI5t 1, start=TrueZ 3l &C}.

start=TrueE MH5tX| o ME| =7t M2 EURKX|BH SEE 5HX| 47| HZ o], 7o
HIMXIE EX| ef=Cf.
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A8
O|A| 70l A HIO[ELE 7HLASt EAt. otgf 2 == R0l M 20'H CI|O|EHE THUH QLM &3245t=
A= oo|ct
for step in xrange(20):
print(sess.run(g.dequeue()))

F7} HIIXIH, QueueRunnerE 0|83t04 Hi% s M CO[EFE #M S Lert & 77} HI7|Tof
H % 8H41[1.0,2.0,3.0,4.0] Gl OIEL 7} Foil A% 4rQlct.

MB|E K|

7 AM80| B5t2™ Queue Runnerl| MBESEE 25 K| A|740F Bt}
coord.request_stop()

2 0|85tH 2E MBEEE HX| AlZICtH

coord.join(threads)

£ 2 Z =8 TI&35H7|™0ll, Queue Runner®| 2 E Mf|=E0| YXIEM 7HX| 7|Cl 2=
_=.1_50||:+.

0l

HE| MY E

Queue RunnerZt HE| MB|ERtT =0, 2ZHCHH M EE0| o{ZH |O[EtE Fof €1
enqueue Y42 O H| SEET}?

J2iA, ZHEF e HIAEE SHRCH 3742 MB|EE BHE Foi|, ZF AB|=0f [}E enqueue
operation2 C2AH| X8 2tCt.

import tensorflow as tf

QUEUE_LENGTH =20

q = tf.FIFOQueue(QUEUE_LENGTH,"float")

eng_ops1 = g.enqueue_many(([1.0,2.0,3.0],) )

eng_ops2 = g.enqueue_many(([4.0,5.0,6.0],) )

eng_ops3 = g.enqueue_many(([6.0,7.0,8.0],) )

gr = tf.train.QueueRunner(q,[eng_ops1,enq_ops2,enq_ops3])

sess = tf.Session()

# Create a coordinator, launch the queue runner threads.
coord = tf.train.Coordinator()

threads = gr.create_threads(sess, coord=coord, start=True)

for step in xrange(20):
print(sess.run(q.dequeue()))

coord.request_stop()
coord.join(threads)

sess.close()
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Aol M 2743 ZH0] Queue Runner?| 3702] MB|EF stLE7F FEFQIZ (=0 A 2+i0])
AlME|M CllO|EF7I E0{7tE A2 2 £ UL

1t 2ol M C[o[Et e47|

At I2{R 0| FE 01BN, TY S2S 91, THAUS HWoiA 24 ClOELE FEHAM =&
nho| Z2kQlof o Ol EHE 0T Eict.

=

B Z20|MHE TtU|AM HIOIELE olE XEIE QUSHA YoM st F 20t ofL|Z}
Reader?} Decoder®t &2 2718091 7|5 MSStCt.

el=C.

£ 2 filename queue0i| K& EHCt.

Reader 7| finename queue O A Tt UH S StLHA olo{2Ct.

Decoderdl M s It 2 PFo{M HIO|ELE elo{Elct.

LestH lo{=2 HIo|EtHE BIMEE R 2ol A HAiEtct. (0|O|XI& ElAtO|=
StHLE, Zet AFRIS &80 2 HF R AL 3t S2| 5 YY)

HM E2<0f ¥ HAHE & & O0|ELE &4 OIO|E 72! Example Queue0i| A& §trt.
20| Example QueueZ2 FE{ & & C|O|EIE 101 & &S it

ok w2

N o
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U 25 o2
ID_ = 27 =

K T S22 9 2ES 1t 252 oM 2 BUHS Fol e £ES AR
CIS M ZEE otUH SES &2 %0, filename queued]| THLHS & =
St THLH = od|X[o]Ct.

import tensorflow as tf

filename_queue = tf.train.string_input_producer(["1","2","3"],shuffle=False)

with tf.Session() as sess:

coord = tf.train.Coordinator()
threads = tf.train.start_queue_runners(coord=coord,sess=sess)

for step in xrange(10):
print(sess.run(filename_queue.dequeue()) )

coord.request_stop()
coord.join(threads)

FEE EMH 7 MA0|L}, enqueue operation A{2|S0| CtA CHEZA
HEMEER0ME &8 1Y S5 HelstA ®Mel 57| IsiM

- T1THO

M33t7| iEolct.

filename_queue = tf.train.string_input_producer(["1","2","3"],shuffle=False)

train.xx_input_| producer() g e FE e HE .

=3
Q|o| HYS -5t H, filename queue 7t FIFO (First In First Out)&EZ 4 ZICt.

l_l

gt
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File names

[ll1 ll’”2l!’l!3”]

Filename
queue

7t 47|71= stRIEH AN 2 7ol otUHO| E047tX|= et =Ct. (OFE Queue Runner®t
MO EES MK i Eodl)
CtEo 2 MB|EE #2l5t7] 218 Coordinator & 2443 5tCt.

coord = tf.train.Coordinator()
Coordinator 7} 44440| £/2{2™ Queue Runner@ Queue RunnerlA Al & ThreadE2
MM&F=0l, start_queue_runner 2t= B2, 0| 7|SES 25 TS L

threads = tf.train.start_queue_runners(coord=coord,sess=sess)
Ol 4= Queue Runner®t, M E 44 I AIZF # O OfL|2} Queue Runner AB|E7}
AH2 3= enqueue operation 7HA| THUSIEHO| U HM RIS O 2 AA QU x| =L},

File names

[“ 1 n : 152” ,!!3”]

oy ©0

threads

Coordinator Queue

Runner .
Filename

queue
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Queue, Queue Runner, Coordinator?t Queue Runner7} A& MB|EES0| MME|T

4 S

AIZHE|R17| 2 0ll,Queue Runnere filename queuedl IFUHE enqueue 57| A|ZFSHCE.

I} 4 Shuffling

?lol N E AM™SHH mtUHo| ChFot 20[ 1,23 0| =X Mo R MIREIM L= A = &
ACH.

A 77

1

2

3

1

2

3

1

2

3

1

oHofol| mtUAHS 2HEHSHA Ho{M L7 5t2{H o{E7H|sHok &7t? (DHH St& Al & &I OlEF 7}
YUY miEHe 2 %E%-I WX et 2ESHA LI*tM st& 0t E £ 0| Al Efi)
filename_queue = tf.train.string_input_producer(["1","2","3"],shuffle=False)

FE S, O 20| ME SME Truez FH ECH

filename_queue = tf.train.string_input_producer(["1","2","3"],shuffle=True)
Ay 77

N

= 2 WN =2 WODN W

X227 T dHEE XYM o] Tt UHEE filename queuedl] Z= Eredof CHEHA ot Lt
CHZ 2 0l file name queuedil M THAUE =AM 2 THLHAM

o IAUZ glo{EE[T

o ZtIAUZ malsiM && HIO|EIE THE D

o 34 O|OIEFE T (example queue)ol| 'EE 2
of M MHESH= S §tCt.

u} 4o M Cl|O[E} 47| (Reader)
finename_queue0| I UHO| MY LU, O] I US S stLIA] 2o MEIStE WS

o=t
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It Aol M HIO|EE 2lo{@ = ZHEHEE Reader2t I $tC}. O] ReaderS 2 filename_queueO|
METE ot UES 5L 2lodid, 2 etofl /= CIlO|ELE 2lo{M E|Estet.

02 S0] TextLineReaderQ| Z0l= , HIAE m U0 A, BtEM 2lo{AM EXIEE 2|Ei8tct.

File names

‘b1.csv','b2.csv'

©0
—————— > _—
varage L TL TJ
threads

Coordinator Queue Reader
Runner g
Filename
queue

L HMEZR0|M O|2| YK UE Reader E2 ALEE 2= AUXIE, O|2] H2|E ReadergE
MH xF o WelstCt.

0|2] Ho|El Reader2 = Text FileOl M, ZF EE7} AXFH Z0|E 7K1 USMH AL E = U,
FixedLengthRecordReader 12|11, HIAMZ 2 < O|O|E}E HIO|L{Z| ZBH2
TFRecord X2 BHof CHt 2|2l TFRecordReader S0| ULt

]
Rl
03t
ob
rr

ReaderE At&ste Y2 CtE1t Zoh.
reader = tf.TextLineReader()
key,value = reader.read(filename_queue)

MZX{ Reader H1~& X|48t CtF, reader.readE 0|&75t04 filename_queue E FE T2 oA
5t valueol| oo A ¢4 Zfol 2lEdo| Elct
ol & S04 csv I+Uod| ot2iet 22 A0l S0{7t Qlctm Ehi

167¢9599-c97d-4d42-bdb1-027ddaed07c0,1,2016,REG,3:54
67ea7e52-333e-43f3-a668-6d7893baa8fb,1,2016,REG,2:11
9e44593b-a870-446e-aed5-90a22ab0c952,1,2016,REG,2:32
48832a52-e56¢c-467f-a1ef-c6f8c6e908ea,1,2016,REG,2:17

2|o| I E %, TextLineReaderE 0|&35t0{ I U 1A /M valuedtl=

AMZ 0= “167¢9599-c97d-4d42-bdb1-027ddaed07¢0,1,2016,REG,3:54"0|, C}F0il=
“67ea7e52-333e-43f3-a668-6d7893baadfb,1,2016,REG,2:11" = A0 =Xt 2 Z|EHEIC
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o2 ollo|etE C|=E &t7| (Decoder)
Reader0iM 12 {2 melo| 2IA| Tl O|E} (raw)Cll O|EFO|Ct. ot & 1t &)(5H4d)0| E! H|O|EL7t
o,
0i & £0{ Readerg 0|23l M csv T US U S M, Readeroli M EIHElE 2f2 csv Tl Z
£l EXtQO|X|, csv U ol ZF T = o|O|EF7} ofLICH.

& 2|7t &0l ALEE H|o[EHE
167¢9599-c97d-4d42-bdb1-027ddaed07¢0,1,2016,REG,3:54
stLtel ExtEol otLzt

Id = “167¢9599-c97d-4d42-bdb1-027ddaed07c0”,

Num =1
Year = 2016
rType = “REG”
rTime = “3:54"

ot Zo| Aol oA E ZF EEQ| Zho| 2R 5tCt.
O|=H| gdo{=2 HIO|ELE T A (M) 5t= ZHEHEE Decoderct Lt

Reader®} O+EH7FR|2, Decoder @Al O|2| 3l &l Decoder EF!0| =C, JSON,CSV &
04247+ X| Oi|O|E} ZBHod| CHEt DecoderE x| BtCt.
/o] CcSV BAIYEE csv C|ZHE 0|835t0q mt A E R}

record_defaults = [ ["null"],[1],[1900],["null"],["null"]]
id, num, year, rtype , rtime = tf.decode_csv(
value, record_defaults=record_defaults,field_delim=",")

Kl

csv decodergE At&37| {aiMeE 24 EEO| C|ZEE 22 XIHal| FoF & EP. record_defaulte Zt

6” -1 =
ZIco|C|ZE 2 XI™all = "2 220|1, 4 Z=9o| ClO[E EFZ (string,int,float etc) &
Mo| o= dgE st
CIZE Zt2 csv CIO|E0I| A OH ZeTt HIRIK e M EiC.
I M= record_deafultoll M A ZE &= string YOI CIZEEE “null'E, FHW ZEE
integer PO|11, C|ZE /2 12, MM E E= integer @O|X CIEEE= 1900 22, U|Hml 2t
CHOEM HEE= 25 string® 0|1, CIEE 212 “null’ 2 X5t A

O|C|IEE 2t )K'IlE'c> Ve in tf.decode_cst 0|835to4 mt&! Btrt.
value= A 0{|A{ 2{04 EE' CSV EXt20|C}. record_defaults= £ 0|83
2t 2 record_defaults0ofl sl Zto 2 X[H5t[ 1T, CSV IHoiMq 24 EHE
TEAE B A8SCHE 72 HA| 51

CIS Session2 Al&5104, O] DecoderE Al&H5tH csve| ZF &g mlAlstod, Zt ZLEE
id,num,year,rtype,rtimeO|2t= Z=0o 2|E35tAH ElCt.

O|§ Helsi2H Ch3xt 22 F =& 7kX|AH Elot,
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File names
‘b1.csv','b2.csv’

" Data
i Strin
o 0 Flle g (Tensor)
anage MCTL ]

threads Decoder

Coordinator Queue Reader

Runner Fil
llename Training

queue Data Queue

ol A|

Flolx| Ledet cov niUeis

ol M TextLineReaderS O|&3t04 2 mhle ol ZF mhlod| A
CSV ZoHo| H|0|ELE 2lojA &35

st odel MA 2 =& EH CtSa Zot

IlH)il I'I‘I

import tensorflow as tf
from numpy.random.mtrand import shuffle

#define filename queue

filename_queue =

tf.train.string_input_producer(['/Users/terrycho/training_datav2/queue_test data/b1.csv'
,'/Users/terrycho/training_datav2/queue_test data/c2.csv']
,shuffle=False,name="filename_queue")

# define reader

reader = tf.TextLineReader()

key,value = reader.read(filename_queue)

#define decoder
record_defaults = [ ["null"],[1],[1900],["null"],["null"]]
id, num, year, rtype , rtime = tf.decode_csv(
value, record_defaults=record_defaults,field_delim=",")

with tf.Session() as sess:

coord = tf.train.Coordinator()
threads = tf.train.start_queue_runners(sess=sess, coord=coord)

for i in range(100):
print(sess.run([id, num, year, rtype , rtime]))

coord.request_stop()
coord.join(threads)
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RIZ7HR| Tt Lol M CIO[EHE e40{M & & HIOIELZ At8 et Yol CHall A 2ot 2 Qtrt.
CtZoll= olOlx| Z|gtel CNN 22 E st& Al7|7| fIsiiAl o|0[X| HIO[EtE MAE| st el=
ol CHof M dHSH =S st 7lCh

B EZ 0l A BiX| Ci|O|EF M E|

HMZEE2 0 DUl M CIOIEFE 212 Fof|, HiX|X{2|£ placeholderdil M = OXIE
MHBHC.

B 2| shape o b1t M|l41o| A& A|HSO| L E{M AE 27t BtV 20| 22
Helss=ct.

Ci|O|E} 3 EH

gioi ER Cllojet =32 T3 Z ot HIFY| = ZEof Chet Co|BtZE "dE 8T A =
HE"2 7|58t csv oot

2014,vX,121

2014,WN, 1873

2014,WN, 2787

Hix| M2l 2=

O| Cllo|EtE BIM EE2R0M 210{M HHXIZ place holderdi feeding 3t= Z = O|Ct
™X read_data= csv It UO| M CIOIEHE 2io1M TS B & Z HHES year flighttime 22
2lEist= & solct
def read_data(file_name):
try:
csv_file = tf.train.string_input_producer([file_name],name="filename_queue’)
textReader = tf. TextLineReader()
_line = textReader.read(csv_file)
year,flight time = tf.decode_csv(line,record_defaults=[ [1900],[""],[0] ] field_delim=",")
except:
print "Unexpected error:",sys.exc_info()[0]
exit()
return year,flight,time

string_input_producer® SsHAM ItUBES F UMM stLHA =0, 0{7|HE Told 5Lt
oot ol & Ftd=d, 0424742 EI'OEI% B Z %25t DA} BHCHH, [file_name] R0 2IAE
o =Z oE{7ie| mt 52 X|HdlFH ECt.

Cl2 2t 1t YU TextReaderE 0|&5}04 EFO._l EtRIZ 2|2 % decode csvE 083104, “'2
EelE Z™EE Zt2Zt 2]o{A] year,flight,time 0 X{& 5l04 2|E45HAC.

1

P

|
i

Z£5t04

(o]
i)

gt4 £ read_data_batch 2t= &
£ 2l year,flight,time 2 HiX|Z 01

[

F0ld|, 2ol Holst read data B+
M E|EstE &= olct.

def read_data_batch(file_name,batch_size=10):
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year,flight time = read_data(file_name)
batch_year,batch_flight,batch_time = tf.train.batch([year,flight,time] batch_size=batch_size)

return batch_year,batch_flight,batch_time

tf.train.batch &7} BHXI2 | oM 2l st= &2/l batchZ £ 10X} 5t= tensor E2
CIXIZ & ChZ0il, batch_size (EHH0l| F0{M EIH5 X} st= BIME S| 7i5)E HallF™ EICt.

12| of X0 M= batch_sizeE 102 Z sHF 7| Z 0, batch_year = [ 1900,1901....,1909] 2t
2 HEZ2 1071 el A= & stLtel BlMol| Fo{M 2l s &Lt

& 2124 B 9| shapeO| [x.y.z] & B tf.train.batchE S8t £242 [batch_size x.y.z] 7}
_IEHOI HE0| s

Mol ZE

At OlM M2l ZEE Ext
def main():

print ‘start session’

#coornator 2/0f Z =7} 2lo{ofF Bt}

#O|O/EFE &lo{ 7] Fof O/2] ZEH=7f BHE 01X Llo{0F &
batch_year,batch_flight,batch_time = read_data_batch(TRAINING_FILE)
year = tf.placeholder(tf.int32,[None,])

flight = tf.placeholder(tf.string,[None,])

time = tf.placeholder(tf.int32,[None,])

tt =time * 10
tt = time * 10 O|2t= S48 A&™5t7| 2l M time Ol2t= 2t ¢loiM I 5t= o I1I°|E+| MK
read_data_batch& O|&35t0{ Cl|O|EL& = JeH= & M EtCt. OIEEH—r OlsHore M2 O] &f+=E
= stct D M, HHZ CIO[EFE 247| AlEFSt= Zd0| otL|2l, CIO|Etel E 82 I%PE

Ozt MMEEICHE ZdE FolsHAL

CHZ 2 2 & year flight,time placeholderE & o|8tCt.

year,flight,time 2 0 x}¢42| scalar EIAO|X|Bt, Z}0| %KX 2 E0{27| [IHE0, [None, ] 2
HMo|gtrt.

& year =[1900,1901,1902,1903,.....] &EfO|7| IHE 0l 1X+¥4 Vector FEH 2| shape2 Z [None, ]
2 ™o|ftct.

Placeholder E0 CHEt Ho|7} Bto ™, MM "°|3|' Cllo|EFE 2lo{=2|7| £TF Queue
runnerS £&SHC 2Fo| TR EA ILEH Ct a2z, Of ILEHE e g2o{gd7| {slA,
Queue runner & £=&§t Zd0|C}.

with tf.Session() as sess:
try:

coord = tf.train. Coordinator()
threads = tf.train.start_queue_runners(sess=sess, coord=coord)
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Queue runnerg A&ete7| Z 0l HIO|E7} CllO|Et F 2 S017k7| Al%fst 1, Of Foil S04zt

ClO|ELE elo{=EE|7] fIiM, MME A EtCt.
y_,f ,t =sess.run([batch_year,batch_flight batch_time])
print sess.run(tt,feed_dict={time:t_})

MlAdg A&, batch_year,batch_flight,batch_time Zf2 24o{My f t 0]

Ch=ol, t_ 22 tt 3419 time 2401l feeding 5104, 2t 2 H|AHSEHCE

DE 2ol Exto™ oteiet ZHol Queue runnerg X[ AlZICH

coord.request_stop()
coord.join(threads)

CHE2 Aol e ©A| Z=olct.

import tensorflow as tf
import numpy as np
import sys

TRAINING_FILE = /Users/terrycho/dev/data/flight.csv'

## read training data and label
def read_data(file_name):

try:
csv_file = tf.train.string_input_producer([file_name],name="filename_queue’)

textReader = tf. TextLineReader()

_line = textReader.read(csv_file)

year,flight time = tf.decode_csv(line,record_defaults=[ [1900],[""],[0] ].field_delim="")
except:

print "Unexpected error:",sys.exc_info()[0]

exit()
return year,flight,time

def read_data_batch(file_name,batch_size=10):
year,flight time = read_data(file_name)
batch_year,batch_flight,batch_time = tf.train.batch([year,flight,time] batch_size=batch_size)

return batch_year,batch_flight,batch_time
def main():

print 'start session’

#coornator /0 =7} Qlofof Bt

#O|OIEIE Zlo{ 7] &of O/2] Z2HZ 7} BHE 0/ Llo{of &
batch_year,batch_flight,batch_time = read_data_batch(TRAINING_FILE)
year = tf.placeholder(tf.int32,[None,])

flight = tf.placeholder(tf.string,[None,])

time = tf.placeholder(tf.int32,[None,])

tt =time * 10

with tf.Session() as sess:
try:

coord = tf.train. Coordinator()
threads = tf.train.start_queue_runners(sess=sess, coord=coord)

for i in range(10):
y_f ,t =sess.run([batch_year,batch_flight batch_time])
print sess.run(tt,feed_dict={time:t_})

]

N
rlo
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print 'stop batch’
coord.request_stop()
coord.join(threads)
except:
print "Unexpected error:", sys.exc_info()[0]

main()

st4& CI|O|EFE |8t TFRecord IHe] i o4

TFRecord I} U2 BIMEE 2| 8t & OBt S X% 57| 2/8t HiO|LHE| Cl|o|Et ZBio=
T2 9| Protocol Buffer ZEHO 2 [|0|E} 2 1} of| Serialize 5104 X{&8tC},

CSV mtdofMet Zo| =RLE HIAE C|O|EHE el2M= 37| X|& ol eiX|Bt, o|0|X|E CIOo|ELE
212 4% 0|0|X|= JPEGL} PNG E{o| mtU 2 X{F E[of {1 ofof CHEt HIEt Ci|O|El 2t 2HHI2
Hr ol mtUof MEF Lo U7 HE o, && ClOo|EtE ¢S HEHH|O|EfLL 2 S mpd StLFEF
1= Z30| ofL|2t O|0| K| ZtU L W 2 2lofof 57| R0, 2 =7+ ST TICH

te3t 0|0|X|E JPGLE PNG ZEHo 2 2lo{AM OiH C|R2EE 6t £|H, I H50| XHEIA]
SHAEHAIOM ClOIEFE 2l B EAM B2 ds X357} g stet.
olet Zto| M1} Jldto| THo|AE 0|82 TFRecord I ZOHE 0|

P

R0

rir
Ok

Ct.

(o]}

T ZHES olME S3liA TFRecord TS A1 2= 10| CHAA SotE =& 3HAL
2 of| M| = http://warmspringwinds.github.io/tensorflow/tf-slim/2016/12/21/tfrecords-quide/ 2 1}

https://qgithub.com/tensorflow/models/blob/master/object _detection/g3doc/using_your _own_data
set.md 2& &1 5HUALCH

TFRecord I+Q A4

TFRecord I} 242 tf.train.Example0l| FeatureE =MLZ| HEZ & |8 Zo0f,
tf.train.Example Z4X| & TFRecord I+ Z B Writer@! tf.python_io. TFRecordWriterE &l A1
oAU 2 XEste Eo

o£

CHS A E=E EX} 0] =& Tensorflow Object Detection APIE X A19| CIO|ELZ &t& A|F|7]
2|3 M CllO|EtE TFRecord HEHZ B48t5tod K& 6t Z =9 LHE0lCt.
O|OIXIE MEEM AZ 2| /IXIE A 2 EE X5t X{E Bt

def create_cat_tf_example(encoded_image_data):
height = 1032
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http://warmspringwinds.github.io/tensorflow/tf-slim/2016/12/21/tfrecords-guide/
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/using_your_own_dataset.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/using_your_own_dataset.md

width = 1200
filename = 'example_cat.jpg’
image_format = jpg’

xmins = [322.0/ 1200.0]
xmaxs = [1062.0/ 1200.0]
ymins = [174.0/ 1032.0]
ymaxs = [761.0/1032.0]
classes_text = ['Cat']
classes = [1]

tf_example = tf.train.Example(features=tf.train.Features(feature={
'image/height’: dataset_util.int64_feature(height),
'image/width': dataset_util.int64_feature(width),
'image/filename’: dataset_util.bytes_feature(filename),
'image/source_id'": dataset_util.bytes_feature(filename),
'image/encoded’: dataset_util.bytes_feature(encoded_image_data),
'image/format’: dataset_util.bytes_feature(image_format),
'image/object/bbox/xmin": dataset_util.float_list_feature(xmins),
'image/object/bbox/xmax': dataset_util.float_list_feature(xmaxs),
'image/object/bbox/ymin": dataset_util.float_list_feature(ymins),
'image/object/bbox/ymax': dataset_util.float_list_feature(ymaxs),
'image/object/class/text': dataset_util.bytes_list_feature(classes_text),
'image/object/class/label’: dataset_ultil.int64_list_feature(classes),

»)

return tf_example

XMEZ|E L8 2 o|o|Xx|e] =0|2t LiH| (height,weight), T} H (filename), 213 Z 8! (format),
0|0|X| HtO[L42| (encoded), O|O|X[LHMIM S X 2| IXIE 712 7|= AHZE /X
(xmin,ymin,xmax,ymax) 2} 2t ZtSo| K& ECt.

ICEE RAo| AxEH M2 E o|ali5h7|o{- K| it

tf.train.Example Z4&|& PHE 1 0|l QIA}IZ featuresOll TFRecorddl MEE ZHEQ| 55
SIMUEl HEl 2 K& St

olf M& &l= d|o[Ete| O|F 2t L2 XI™sHof st=Cl

jo

'image/height': dataset_ultil.int64_feature(height),

EHH 'image/height' o| oio|Ete| O|& 0| &1, dataset_util.int64_feature(height), 7} height

42 HMEER S CAETHS R HYS04 OIZ &8 I|X Bt E PHEtstod X{EEHC.

ol oAM= Object Detection API12| L8 0|7| I 01|, dataset_utilO|2t= ZES AFS T KIDH,

AIXMZ o] &9l LHEE E™ ff.train.Feature(inté4_list=tf.train.Int64List(value=values)) £
T240| E|of lLC}.

CHZ Ol A MM E tf.train.Example Z4A|E tf.python_io. TFRecordWriter £ O|&3l{A{ CtS 1}
Zo| mtUof MFH EICE.
writer = tf.python_io. TFRecordWriter(tfrecord_filename)
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writer.write(tf_example.Serialize ToString())
CH22 3= H™Alolct

import tensorflow as tf
from PIL import Image
from object_detection.utils import dataset_util

def create_cat _tf example(encoded_image_data):

height = 1032

width = 1200

filename = 'example_cat jpg’
image_format = jpg’

xmins = [322.0/ 1200.0]
xmaxs = [1062.0/ 1200.0]
ymins = [174.0/ 1032.0]
ymaxs = [761.0/1032.0]
classes_text = ['Cat’]
classes = [1]

tf_example = tf.train.Example(features=tf.train.Features(feature={
'image/height’: dataset_util.int64_feature(height),
'image/width': dataset_ultil.int64_feature(width),
'image/filename’: dataset_util.bytes_feature(filename),
'image/source_id'": dataset_util.bytes_feature(filename),
'image/encoded': dataset_util.bytes_feature(encoded_image_data),
'image/format': dataset_util.bytes_feature(image_format),
'image/object/bbox/xmin’: dataset_util.float_list_feature(xmins),
'image/object/bbox/xmax': dataset_util.float_list_feature(xmaxs),
'image/object/bbox/ymin': dataset_util.float_list_feature(ymins),
'image/object/bbox/ymax": dataset_util.float_list _feature(ymaxs),
'image/object/class/text’: dataset_util.bytes_list feature(classes_text),
'image/object/class/label’: dataset_ultil.int64_list_feature(classes),

»)

return tf_example

def read_imagebytes(imagefile):
file = open(imagefile,'rb’)
bytes = file.read()

return bytes

def main():
print ('Converting example_cat.jpg to example_cat.tfrecord’)
tfrecord_filename = ‘example_cat.tfrecord’
bytes = read_imagebytes(‘example_cat.jpg’)
tf_example = create_cat_tf example(bytes)
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writer = tf.python_io. TFRecordWriter(tfrecord_filename)
writer.write(tf_example.Serialize ToString())

main()

212 o] ofxME Aol HZ IS 0] Object Detection APIO|| CHEH Q|Z A2 74K T Q7|
M=o YOI HIMHER R JHLEFo M= M- 0| £|X| et =C}. Tensorflow Object Detection
API & Q1A E5H0F dataset_util & AFEE 4= 27| [HE 0fl Object Detection APl A X[7} L StCt.
OtoFof Object Detection API A X| @10| TFRecord Writer& M2 1 42 FLol=
http://warmspringwinds.github.io/tensorflow/tf-slim/2016/12/21/tfrecords-quide/ & A0il of| A7}
ZHERSHA| & M2 2lo e #1stT| d gt

TFRecord0{| A Ci|O|E} €17

CIOIELE el ST I H Ch=X| eict ME =xo| ghoiEtn 2™ E[=0|, TFReaderg& S3atiA
Serialized El H|O|EtE 2111, O|& Feature S5 & F0{A mt&let of, ot & E o|o|EHo M 2t
I|*& stLtstLt e{o™ Elot.

IE

2Xt

def readRecord(filename_queue):
reader = tf. TFRecordReader()
_,Serialized_example = reader.read(filename_queue)

o
keys_to_features = {
'image/height': tf.FixedLenFeature((), tf.int64, 1),
'image/width': tf.FixedLenFeature((), tf.int64, 1),
'image/filename’: tf.FixedLenFeature((), tf.string, default_value="),
#image/key/sha256': tf.FixedLenFeature((), tf.string, default_value="),
'image/source_id'": tf.FixedLenFeature((), tf.string, default_value="),

'image/encoded’: tf.FixedLenFeature((), tf.string, default_value="),
(EF)

features = tf.parse_single_example(serialized_example,features= keys_to_features)

height = tf.cast(features[image/height’] tf.int64)

width = tf.cast(features[image/width'] tf.int64)

filename = tf.cast(features[image/filename'] tf.string)
source_id = tf.cast(features[image/source_id'] tf.string)

encoded = tf.cast(features[image/encoded'], tf.string)
( = E.'#

return height,width,filename,source_id,encoded,image_format

TFRecoderReaderE 0|&35t04 WA ¢l=0l, LS ZXelX| &t filename_queueE
—
—

==
ol ol=Ct. T E MAE EH, 0| 7
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https://github.com/tensorflow/models/tree/master/object_detection
https://github.com/tensorflow/models/tree/master/object_detection
http://warmspringwinds.github.io/tensorflow/tf-slim/2016/12/21/tfrecords-guide/

filename_queue = tf.train.string_input_producer([tfrecord_filename])
2, It 0|8 S8 77X 2Iste= string_input_producerg AHE 5HRACEH
g ¢lo™ Cl|o|Et= E|2dst &l HEHE 2|E0] £[0q serialized_example off & EICY.
Ol Z 7Y IIMZ C|ZY 5t7| /ISiM LI |F[E keys_to_features =MLAEZ[0f| X L.
ol, Z x|x2| ol Et S Holstct.
Ct=2 ‘image/height’ I|X & % 2|5109 int 64 Et S 2 2lo{=EE[= F£0]Ct.

'image/height': tf.FixedLenFeature((), tf.int64, 1),
)% £ 23}, ol 0| Et2l2 TFRecord YU &1 ALE 8t 0|& 3 CfoJE} ElRIE ari=
A+ stH EICh

Ijx =50| ozl

features = tf.parse_single_example(serialized_example,features= keys_to_features)

£ SoiM IME T AsHCH THAE TR featuresoll SALE| HENZ X{E EIC
CHE BIE1 W BIAIE 2 w0l MFECH Olm EFel FHASIR 3] A& stch. (ol0| Bt
9 3/X CIOIEHE 7Hkt7| R0l HE | AR TWogix|s a5 7| YIsiM HATE

height = tf.cast(features[image/height] tf.int64)

E|Egt2 BIM7L 20, ol gt E8ste ZEE EXt
=oi3| E*UK-|0|7| [ =01 Session € Al&fsiof st=0, B1X{ ot Aol M C|O|EHE 17| 2lsiM

fllename queueE Ho|stct.

filename_queue = tf.train.string_input_producer([tfrecord_filename])
C}2 filename_queueE QA2 =74 M height,source_id 52| Zt € *.tfrecord TFU0{ A 2J0{A
HME 2|8 gh=Ct.

height,width,filename,source_id,encoded,image_format = readRecord(flename_queue)

CS MIME AIZFSHD, readRecord Ol A 2|EE! 22 2ol 2C}.
vheight,vwidth,vfilename,vsource_id,vencoded,vimage format =
sess.run([height,width,filename,source_id,encoded,image_format])

Orx|8fe z g2 ghE o E=38to).

i

2 ‘image/height’ & I|XME HiZ0i|l A &OFA, inté4 Et U2 = H4EH5104 height 0l X{ZE 5t
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(tensorflow) terrycho-macbookpro:tfrecord terrycho$ python reader.py

2017-08-10 22:38:21.534233: W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled
nstructions, but these are available on your machine and could speed up CPU computations.

2017-08-10 22:38:21,534258: W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled
ructions, but these are available on your machine and could speed up CPU computations.

2017-08-10 22:38:21.534264: W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled
tructions, but these are available on your machine and could speed up CPU computations.

2017-08-10 22:38:21.534269: W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled
ructions, but these are available on your machine and could speed up CPU computations.

1032 1200 example_cat.jpg example_cat.jpg jpg

(tensorflow) terrycho-macbookpro:tfrecord terrycho$

[(tensorflow) terrycho-macbookpro:tfrecord terrycho$

(tensorflow) terrycho macbookpro tfrecord terrycho$ D

| BON = tmpsXnyQL.BMP
Dvf @ | &

==

&=

filename_queue = tf.train.str
height,width, filename,source_|

init_op = tf.global_variables

with tf.Session() as sess:
sess.run(init_op)

coord = tf.train.Coordina
threads = tf.train.start_|

vheight,vwidth,vfilename,
print vheight,vwidth,vfil
image = Image.open(io.Byt
image.show()

coord.request_stop()
coord. join(threads)

ZHERSHA| tfRecord IHY ZEBHO 2 348 H|O|EIE M= WS Aol EQCH BIMEZR ZET}
ZHEHSH X Aso =20| £l= BHE Cl|olEF M&{2| A0 7FZ ™0™ & & O|O|ELE
tfrecord E} o 2 HH"M‘l st &5t [Je WALt (B3] o|0|X| Ci|OlEH!)

eI SN =
e https://www.tensorflow.org/programmers quide/reading data

HMEEZRE HAY 222 HEo{M &8 E™, Z CIXtof o ZHE 0| & 0| T E|HA]
O{E A W35t =X| 2LIE{R 5t7(|7t o{FC Yol fAMEMHE E& 2&0 BlA

ZtO|Lt, accuracy 2t2 Bo{M, & & &2 e, HIMECHE &0 A8 ElE 4F XEEO0|
o1 W35t =X =& H AlZstE HE

-

g S0 2 Ot TR A

:LEH&OII:L

FI OFCH loss 2L0] 02 H| #st=X|IE 20iF &

Mok
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https://www.tensorflow.org/programmers_guide/reading_data

}EEe a $48 MESS 2YO| loss 2 LIEHHCH

TensorBoard EVENTS  IMAGES  AUDIO  GRAPHS  DISTRIBUTIONS  HISTOGRAMS
Wrile a regex 10 create a 1ag groul b4 loss
|:| Split on underscores loss

|:| Data download links 2.40

2.00
Tooltip sorting method: default v 180 \

Smoothing o S
0.400 Ty
EEE— 0.6
Q000 4000 BOOD 1.200K 1600
Horizomal Axis Name Smoothed Value Step Time Relative

18ty 03519 035719 1.800k MonJan 30, 17:59:50 4s

“ RELATIVE WALL O ndr. 03460 0.3461 1.800k Mon Jan 30, 00:02:22

B F1o] aeiz 7 28X e JAe 2 = e, 1st A== AHHM| &84, 2nd &
i ol F=Z&8t loss ZfOICt.
M o{EH & HE AlZste = UeXIE LotER

J°|'
lII)

in

.|I:
e AlZtst stedH staSofl Azt sted= O|O|EHE tf.summary 2& & 0/&3HA
B0l U= J7ISaECL S&0| EH Fof o] mUE BIM EEE SsHM ¢{o{M
Z+s} gtct 0|2 QISHM CHS ot 20| 3 H 474K HIMETL =2 A& 0| EICH.
e tf.summary.merge_all

Summary& At&5t7| IS =75t BhCt.
e tf.summary.scalar(name,value)

Summary0ll F£7}& BIME HO| stk namedllE 0§, valluedl= EIME Holstr}.

z 01>| 1% 1N w2
S rE
H O
o

Scalar 8 BIMZ (& Ciabp =] ofld, B gt & 7ixl= BIMPR ALE0| 7hssto))

# 2 accuracylL} loss@t 22 AZEHY .i'kloil At &Etct.
e tf.summary.histogram(name,value)

Z(value) Ofl CHEt EZ =& E A S ALE ST scalar®t= CHEH CHAFR BIME

A8 £ It = Clloleto] CHEH & Z T LE, Weight, Biasgf 2| #3tE ZLIEZE
AI\E|--
e tf.train.SummaryWriter
1} 2Joil summary H|O|EHE £ AFS Bt

of| M| = https://www.tensorflow.org/tutorials/mnist/tf/ & &t 1 st ElCt
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https://www.tensorflow.org/tutorials/mnist/tf/

mnist.py0ll A OF2Het ZH 0l loss Zt2 2 LIER 7| {I5HM tf.summary.scalarg 0|& 3104
‘loss'2t= OB 22 loss HIME ZLIERSH7| /ISHAM F7H8HACE
def training({loss, learning_rate):
"HSets up the training Ops.

Creates a summarizer to track the loss over time in TensorBoard.
Creates an optimizer and applies the gradients to all trainable variables.

The Op returned by this function is what must be passed to the
“sess,run()” call to cause the model to train.

Args:
loss: Loss tensor, from loss().
learning_rate: The learning rate to use for gradient descent.

Returns:
train_op: The Op Tor training.

# Add a scalar summary for the snapshot loss.
tf.summary.Sealar( ' loss', loss)

CH= fully_connected_feed.py Ol A

summary = tf.summary.merge_all()

SummaryE& Z 7|8l 5t 1, MM0| AZHEl 0|, summary_writerE Ot2iQt 20| E 7|3+ 5HACEH
sess = tf.Session()

summary_writer = tf.summary.FileWriter(FLAGS.log_dir, sess.graph)

ol, MU HZE (FLAGS.log_dir)2 A5, HAM E2 22| M4 22 Z(sess.graph)E 2IALE
'HzZIct.

if step ¥ 100 == 0:

summary_str = sess.run(summary, feed_dict=feed_dict)

summary_writer.add_summary(summary_str, step)
summary_writer.flush()
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CtE Edlol'd B7&of| A, 100 0tCH summary 2f2 EALEE B2H6104, summary_writerE
0| &35toq mtdofl X{&5HRAC.

Egoldol ZLIH (ol M XIHE CI=E2[of of2Het 20l summary C|O|EF Tt 0| 4 EICt.

[terrycho-macbookpro:~ terrycho%s 1ls Jtmp/tensorflow/mnist/logs/fully_connected_feed
checkpoint

events.out.tfevents. 14857608342, terrycho-macbookpro. roam.corp.google. com
model.ckpt-1290, data-0R0R00-of-RRRRL

model.ckpt-1899, index

model.ckpt-1999.meta

model.ckpt-988.data-0RB0R0—of-020B1

model.ckpt-999. index

model.ckpt-999.meta

0|2 AlZts} 5ted™H E£ 0l M tensorboard --logdir="Summary I} C|REE| 2" &
X|I’88l 3= 6060 ;‘tEE SHME S 2 ALO|ET} EHIEICH

[terrycho-macbookpro:~ terrycho% tensorboard ——logdirs/tmp/tensorflows/mnist/logs/fully_conne]
cted_feed

Starting TensorBoard 29 on port BBRGE

-

H EEFRKE YoM localhost:606001 M&sE ™ CrE0t 22 13/ 0| L=2CF

TensorBoard EVENTS IMAGES AUDIO GRAPHS DISTRIBUTIONS  HISTOGRAMS cC o O
Write a regex to create a tag group b4 loss
[] split on underscores loss

[[] pata download links |

240‘
Tooltip sorting method: default v 2.20
2.00
Smoothing 1.80
1.60
@ 0.6
1.40
1.20
Horizontal Axis 56l
m RELATIVE WALL 0.800 |
&mol
0.400 |
Runs |
Write a regex to filter runs 0.000 400.0 800.0 1.200 1.600k

Name Smoothed Value Step Time Relative

1.374 1.374 400.0 MonJan 30,18:42:23 O0s

Loss 2tO| EBiloldo| =& Fol et 2ot X|= A& = + UACH (5 2000'H E&0I'SE stRALt.)

142



ME52 loss 2, 712&2 3ty ARl0| Ect.

ohorol| 47t St& S SHHM RHS FSICH, 2t 8ta ¥ 2 Joss ZHOIL} accuracy 240l
oy Hst=X| IBZE SHsl0{ HlmstDm Al £ =, ol ZRo=

% tensorboard --logdir=0|§1: 233 22,0|8§2.233822,....

O|HACR “O|F:2EOFR"E 2 72510{ o7 E MFM™M JefZ= & FH5t0{ & &= ULt
oteii= 1st, 2nd F7H2| O|BE 22 FIH 9| summary 22 S350 A|Zt550d 2t &t w2
loss %f0| {2 A H35} st=X|8 Eo{F &= = o|ct.

TensorBoard EVENTS IMAGES AUDIO GRAPHS DISTRIBUTIONS HISTOGRAMS
Write a regex to create a tag group X loss
D Split on underscores loss

[] Data download links 2401

2.00

Tooltip sorting method: default - o
120
0.800 -
Smoothing
0.400
_— 0.6
0.000 400.0 800.0 1.200k 1.600k
Horizontal Axis Name Smoothed Value Step Time Relative
1st/.  0.3519 0.3519 1.800k Mon Jan 30, 17:59:50 4s
STEP RELATIVE WALL O 2nd/. 0.3461 0.3461 1.800k Mon Jan 30, 00:02:22 4s

Histogram

SIAE OM2 ChxtH HIMol CHS BEZE 2 £ e & old),
https://github.com/lISourcell/Tensorboard demo Ol SIAEIME BHIMEERZ R LIE{2E £
A= E2 ME0| ULt ol ZEE= M7He] SIERI0I01E # = FHUERZQM, (MA & ZEE

I-::-L

O|&5tCt. Bias gt Ci5tX| 2ftx, ik Bi|ojo{ 10| dropout ilofo42t eiQict =& REA| 7t
=X E2l=XlE MXRX| 1 o1t§71| Histogram2 ZL|E{Z! St=X|E AF{E R}

Chso 2ot

rr

DE Jpi=
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https://github.com/llSourcell/Tensorboard_demo

# This network is the same as the previous one except with
def model{(X, w_h, w_h2, w_o, p_keep_input, p_keep_hidden):
# Add layer name scopes Tor better graph visualization

an extra hidden layer + dropout

a with tf.name_scope{"layerl"):
tf.nn.dropout(X, p_keep_input)
tf.nn.relu(tf.matmul({X, w_h))

13 with tf.name_scope("layer2"):

h = tf.nn.dropout(h, p_keep_hidden)
15 h2 = tf.nn.relu(tf.matmulih, w_h2))
16 with tf.name_scope{"layer3"):

h2 = tf.nn.dropout{h2, p_keep_hidden)
18 return tf.matmul(h2, w_o)

X =
h =

Ch=, 2t Bllojo{oil A AF2 El weight Zt2lw_h,w_h2,w oE ZLIEZ! 67| 2sHM o] HIMES

tf.historgram_summary& 0[& 3504 summary0f X% $tCt.
#5tep 4 - Add histogram summaries for weights
34 tf.histogram_summary("w_h_summ", w_h]

25 tf.histogram_summary ("w_h2_summ”, w_h2]

36 tf.histogram_summary("w_o_summ", w_o)

O|EH XMEE CIOIEtE BIM EEZ AlZf3 siE T

HISTOGRAMS

—
Distribution B{0i M= ChEat 22 2t 2 &= UCh
TensorBoard EVENTS IMAGES AUDIO GRAPHS DISTRIBUTIONS
Write a regex to create a tag group X w_h2_summ
D Split on underscores w_h2_summ
Horizontal Axis 28007
0.600 -|
m RELATIVE WALL
0.400
0.200
Runs
0.00
Write a regex to filter runs
-0.200 |
.
-0.400 |
-0.600 |
-0.800 |
0.000 1000 2000  30.00
ra
w_h_summ
| —=Rva = O =~ O 5
w_h_summ 2to| BZOI0|, M2 S2 we| g, 7tIEE2 &

80.00 60.00 70.00 B0.00 90.00 100.0
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St& 0| AZE|E E7(0E w0l 02 SACE 2R HEe2 Tof e W 2 £ ok &
HH Mol UE RE 2 = A=, Mo| TIE = &, 210 Bfo| 204 = Aol 58 £ § gfo|
A U= ZWolch.
CHE 2= Histogram ViewE E™, CtS0t Z 2 aif=Z & 2 + =,

TensorBoard EVENTS IMAGES AUDIO GRAPHS DISTRIBUTIONS HISTOGRAMS c #

Write a regexto create atag group X w_h2_summ

] split on underscores w_hZ_summ

Histogram Mode

Offset Time Axis
m RELATIVE WALL

Runs

Write a regex 1o filter runs

:

1
01000215 010 0.0

N=Z2Fo0o| &g A }E—"SOI Weight2| ZtO|LCt.
Jef= 7t 0=|E-|7H7P HEo|Ue WE E = U, 4ol Jef=&= Z st& Ao L2
Weight| 2t 2, ?|9| JefZ oM EH Sof gtol S k(o UCH7L, o2 2= & EH 240|

HAMoz doz HX|ls Ag £ = UL

9. HERME HELIE o|85tof YZ0lA 2 S
2h=0{ 2}

Al
x-II:H O-I—_.-'- O|/\| =] k= _||-§ AI;I
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http://bcho.tistory.com/1166

U= Clo|Et =% &t 7]

X 4= Clo|EtE +Esof =0, Y= O|O|Ete| Foll= 1Rl =& Hut AtElod| CHEt
XMEHHO| U7 MEofl =&t |7t &lX| Qi J2HM U= AMZ S ] AOIEE ALE5IRICEH
PubFig (Public Figures Face Database - http://www.cs.columbia.edu/CAVE/databases/pubfig/)
g M85t

PubFig: Public Figures Face Database Explore Download Results
_ (’"’:‘!(‘ [‘ ' e }l}llﬁi S - BT & Fim 8 "f'i'.,‘ S &=
1 T | _1.__ s A ! .h' ‘ ’ i =8 :
‘_m. 2595 é"ﬂ TS8P e ICITINT TER
o md SEEE Tyl s DG SR EVBILE RS SRS
‘- 4 - o i ..’ ¥ : " { 4 h] ‘ 0
85 .1 }al?f ¢l-Maby-T FERE] Y T T

Introduction

The PubFig database is a large, real-world face dataset consisting of 58,797 images of 200 people collected from the internet. Unlike most
other existing face datasets, these images are taken in completely uncontrolled situations with non-cooperative subjects. Thus, there is large
variation in pose, lighting, expression, scene, camera, imaging conditions and parameters, etc. The PubFig dataset is similar in spirit to the
Labeled Faces in the Wild (LFW) dataset created at UMass-Ambherst, although there are some significant differences in the two:

O| Cilo|Etofl= oF 200F ol CHEF 58,00004% 2| O|O|X|E ME st U=C, Ol B2 YRLHS
AL QAL

Download HO|X|2 7}H, txt Tt SHEH
(http://www.cs.columbia.edu/CAVE/databases/pubfig/download/dev_urls.txt) 2 Ot2H2t Z 0|

Abhishek Bachan 1
http://1.bp.blogspot.com/_Y7rzCyUABel/SNItEYEnjI/AAAAAAAABOg/E1keU_52aFc/s400/ash_
abhishek_365x470.jpg 183,60,297,174 f533da9fbd1c770428c8961f3fa48950
Abhishek Bachan 2
http://1.bp.blogspot.com/_vOnTKD7D57Q/SQ3HUQHsp_I/AAAAAAAAQuo/DfPcHPX2t 0/s400/
normal_14thbombaytimes013.jpg  49,71,143,165e36a8b24f0761ec75bdc0489d8fd570b
Abhishek Bachan 3
http://2.bp.blogspot.com/_vOnTKD7D57Q/SL5KwcwQIRI/AAAAAAAANXM/mJIPzEHPI1rU/s400/
ERTYH.jpg 32,68,142,178 583608783525c2ac419b41e538a6925d

AFEIO|E, o|O|X| HE CIR2ZE URL, AFRl 37|, MD5 A3 o] Z=2 K& Z|o{ lCH.

0| IS 0|85l0{ CHRZE URLOIM ALRIS CH2EHOLM, AFEIO|E2 2 El Z0o]| MH{EEHC}.
EE 822 & £ QIOL|HTTP Client& 0|&75}104, URLOM AFEIZ CHR2E2E A 5t O|&
AMZO|E EC| HE XE St = S slof tCt.
HTTP ClientE O|&35l0{ YU S CIREE Y= I &= YU I 07| M2 HER
MHSHK| f=Ct.

rr
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http://www.cs.columbia.edu/CAVE/databases/pubfig/
http://www.cs.columbia.edu/CAVE/databases/pubfig/download/dev_urls.txt

=Q21o| Zfoi= wino| BHE
https://github.com/wwoo/tf_face/blob/master/tf/face_extract/pubfig_get.py ZEE& 0[&5+04
ClO|EHE CHREE Bk,

A2 https://github.com/wwool/tf_face of LI} /=0,

$> python tf/face_extract/pubfig_get.py tf/face_extract/eval_urls.txt ./data
E M5t /data CIZEZ|0f O|O|X|E CHREE BrotAM AR Ol &Y EC{of| MEHELS.
evals_urls.txt01IE /oM 21ZFt dev_urls.txt EE{ 2| O|O|E} 7} E04ZtCt.

Aaron Eckhart Adam Sandler Adriana Lima Alberto Gonzales Alec Baldwin Alicia Keys Angelina Jolie Anna Kournikova Antonio Banderas
Ashley Judd Ashton Kutcher Avril Lavigne Ben Affleck Brad Pitt Bruce Willis Cameron Diaz Celine Dion Cindy Crawford
Colin Powell David Beckham Donald Trump Drew Barrymore Gisele Bundchen Jessica Alba Jimmy Carter John Travolta Leonardo

DiCaprio

Mariah Carey Matt Damon Mel Gibson Meryl Streep Michael Douglas Manica Bellucei Morgan Freeman Nicolas Cage Nicele Kidman

Oprah Winfrey Russell Crowe Sharon Stone Sigourney Weaver Steven Spielberg Tiger Woods Tom Cruise Tom Hanks Tony Blair

Victoria Beckham Will Smith

A EF7H T Bo™ Clolet g HRiSHE &Hdol oL, (f of2d=xlE Rl Lg) &
AlZtol Bfol HAEI7| &0, 2ZMo 2 4 Ho| H|o[EHE E+°§E 2ot A Ef st AL

Gl0JEH BRH 5t

a2 M2 A717| FMAE Lok ohe ¥

rlo

Clo|EHE CHZ &0l et A HRH et

I

o UZO| MCHZ LIEFE AFEIRE SEFHCH
[m]

=
FHolYel U=Zo| U= B OE AME U= 0| FE E + JU7| W20 ALl 5t
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https://github.com/wwoo/tf_face/blob/master/tf/face_extract/pubfig_get.py
https://github.com/wwoo/tf_face/blob/master/tf/face_extract/pubfig_get.py
https://github.com/wwoo/tf_face

EE UZ0| He ATI2 sH&ol AL8E = 9171 E 0l (404 Not found O|0|X|eF 22
O|E M| 2| Bt

THIS IMAGE OR VIDED
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MOVED OR DELETED

o 7:3°|H|IE= &8 UlO|Etet HE & CIOIELE B /Tt

UZ £Z T2 AS Y'Y
8 34802 £ZEE Co[Etof M UZ 0t S MAliste ZEIYS AHAHE T = 5HA
=

https://github.com/bwcho75/facerecognition/blob/master/com/terry/face/extract/crop_face.py Ofl
USH

A8 2 crop_face.py £ “{XA$t C|2 E ElY/com/terry/face/extract/” Ol SAIsHE T

(MM CIREZ) ol M

%python com/terry/face/extract/crop_face.py “SAHE HIO[EI7} Q= CIRHEE|" “ZAnt C|HEZ|"
“st& Ol|O|Et S| 7H"

Alo 2 A ST}

“dAE Clolet7t Rl CIEEE"e| 2 & CIHEE| 2o, & ClIO|Et7t Z+2f ALEF OI&
otoil o047t o ElCt

& S0{ HEEI|E AZI2 “EeiEI|E"et= &0 2ol £0{7} Qo™ ECt.

Otx|2te 2 “st& | O|Ef 2 7H-’|‘-"t, FE¢E st& ololEtel ~0|C}.

o€ S0 HEET|E ALZIO[ 120F R, eFEE[LHEE| AtRlo] 100 /U2, FEE Clo[E
TE 70 22 FH, ot & O|O|ELE 70Y B FEStT S=ECH

Mt
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https://github.com/bwcho75/facerecognition/blob/master/com/terry/face/extract/crop_face.py

0| 7Is& F7I8t olrE &0 54 2t (Hei= 1l E, et (Lt E2)od HIOIEUP H2 8%
St & 0| X[RMXM S&CI0[E 7L Bl o] E0i7h B2 2 ZAntE HEst= B 7F Bt a2iM

|_

S

7
& X
F& Alol= &4 Io|EHE P“*'(APE*)DHZF S35tA sliok stedl, =& E HIOIEUF chdlotct 1
7t ot7| 2o HA EAHM =S 2Z Io|EF =8 UF7| A (7 M2
0

m
1 0
o

| %ELH o] 7Is0l &7t E|RAct

% python com/terry/face/extract/crop_face.py /Users/terrycho/Desktop/TrainingData10class
~/training_data_class5 120

/Users/terrycho/Desktop/TrainingData10class 01l /= C|O|EFE HAHEHM
~/training_data_class5 01| X{&5t 1, o[l & & & Ci|O|EIE 2HH(AFRHE 12070418 F=E5H A
ME =S Bt

U= FE 22 xIEE G dolE7} Qe CIMEER|M RlE Ol0IXIEE 21oiA, 722
22t E vision APIE 0|835t0{ Y=Z0| stLIEF UEXIE &elst U=0| OH—F':'F om, 1
=22

% 96x96 AIO|XZ Z|ALO|= &tF0of Z1t C|HE 2| of2 /training ECH0]| =& &
g M¥stn A1 CIMER| £ otel training.ixtZ of&& O|0(X| ot =51t

training.txt Th
<2 Hp|g|= cSV I} Y T (T
YE{o|H CtSt Z

Q) (A2 O|B](2Hd)

/Users/terrycho/training_data_class5/training/007df_Angelina_Jolie___Esquir5.jpg,Angelina Jolie,0
/Users/terrycho/training_data_class5/training/00998_00999 Angelina_Jolie_036.jpg,Angelina Jolie,0
/Users/terrycho/training_data_class5/training/00999_Angelina_Jolie_0091.jpg,Angelina Jolie,0
/Usersl/terrycho/training_data_class5/training/0114.jpg,Angelina Jolie,0

gile AtZtolct = M2 0,1,2,3,...,N Alo| 2442 Hoistc}.

ot

OrEt7t K12 A& ClolEt Zx C|REE| of2f /validate 2t= EC{0| HE & oO|0|X| TS
ME st HEE ol0|X| S5 2 validate.txt T U= X{EBHCE.

T2 22 E VISION API AF2 &H|
orofl A A BHHIQF ZHO| C|O|EMHE MAHsHs T2 aolMe

o AZYo LAZol I+

E FE357| s 2 E2H2E| VISION APIE AFRBHC}
O| VISION APIE At83t7| {siMeE slied 72 E2t*E ZE2ME0| A VISION APIE
AMNE235HE = ENABLE 3l %|of &tC}.
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VISION APIE ENABLE3SH?| @i M= ot 3tHat ZHo| 72 EEH*E £ > APl Manager
so{zt®

= Google Cloud Platform & terrycho-ml ~ Q
API API Manager Dashboard ENABLE API
St Gantibast Enabled APIs

+ENABLE APIE Z2!5l04 ot2f 2 &l 20| Vision APIE 2 2!510{ ENABLE A|7A&C.
API API Manager Library

-
«»  Dashboard Google APls  Private APls

Library

EE

~. vision API
O Credentials

Back to popular APls

Name Description

Google Cloud Vision AP (vision.googleapis.com) Integrates Google Vision features, including image
labeling, face, logo, and landmark detection, optical
character recognition (OCR), and detection of explicit
content, into applications.

SERVICE ACCOUNT 7| BHE 7|

CF22Z 0| VISION APIE = £517| fIsHM= API EZ20| 28|, SERVICE ACCOUNT 2t
JSON IS CF2 grotAf AFE Bt

T2 22tRE 2£0| M APl Manager2 £0{7+% Credentials M|+0{ A Create creadential

=y
HF& ME48HE Service account key M+ & AMEHSHC]
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API API Manager Credentials

e
< Dashboard Credentials OAuth consent screen Domain verification

Librar
y Create credentials ~

O Credentials

EE

AP key ition for detail:
Identifies your project using a simple API key to check quota and access

OAuth client ID
Requests user consent so your app can access the user's data

Service account key

A - Service acct
Enables server-to-server, app-level authentication using robot accounts
CtZ Create Service Account keyE BHE T 5 511, accountnamelt idet 22 HEE E=rCt.
ol L 8tZi0| o] 7|7t 74X QU= ALERE HEHS AHsloF st=Cl, Held RE HEFE
7tX|2 Q= Project Owner HEtS 2 7|2 MAdstr}

(Fo|. M 2HEFolMq ™A HEHE 7HK|= 7= Eota o] ™5t 20 £ AH|A0
CHEE M2 HEPHE 7HRI= 5 X|'H5104 Service accountE MA5t7|E HEFHCH)

API API Manager Credentials

«%»  Dashboard
Lol

Librar
”‘ 4 Create service account key

o+ Credentials
Service account

New service account -
Service account name Role
Select a role -
Service account ID Selected
terrycho-mi.iam.gs 3
@terry 9 Project »
i Owner
Key type App Engine » )
Downloads a file that contains the private key. Store the file secure . Editor
be recovered if lost BigQuery ’ .
- Viewer
® JSON Billing »
Browser
Recommended Cloud Debugger »
P12 Service Account Actor
Cloud SQL »

For backward compatibilitv with code usina the P12 format

Service account key7} 24440| £|™, json T} HEHZ Ct2 2 =7} EICEH
07| ME terrycho-ml-80abc460730c.json Ol 2 2 X{&H &AL
ol o2 Lt=ol clolet HxH 2 =M A8 SEH7| 2o & XMHE s =S 5t A}
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oAl ZE

I SF2CH3o 2ot
crop_face_rootdir(src_dir,des_dir,maxnum)
#src_dir0ll A CIAEE|E Lt 20 M crop_face_dirg A& StCt.
crop_face dir
#2f C|HE 2|0 M O|0|X| WUE StLF el=Ct
detect _face
#2lo{=2! 0|0/ x| mtoi| A, Cloud Vision APIE £&35t01 Y= Yol Xt E
glo{2Lt.
#okefol| A= 0| gi7{LE EE= ¥=Z0| 271 0|42l BR0f= None2 E[EEHCE.

n

crop_face
#20 M 2o{R U2 WOl 2t E 2 o|O|X|0l M Y= P90t &ratihot,

-

#EEHH A =22 96x96 AFO|=2| 3 7|2 Z|AO|&ASHC}.
#2|AFO| R El YU S des_dir0fl X{&HSHCH

A Z== chsnt 2ot

rr
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'image"{
'content':base64.b64encode(image).decode('utf-8')
b

‘features":[{
'type"'FACE_DETECTION',
'maxResults"MAX_RESULTS,

request = self.service.images().annotate(body={
'requests":batch_request, })
response = request.execute()
if 'faceAnnotations' not in response['responses'][0]:
print('[Error] %s: Cannot find face ' % image_file)
return None

face = response['responses'|[0]['faceAnnotations']

if len(face) > 1 :
print('[Error] %s: It has more than 2 faces in a file' % image_file)
return None

box = face[0]['fdBoundingPoly']['vertices']
left = box[0]['x']
top = box[1]['y']

right = box[2]['x']
bottom = box[2]['y']

rect = [left,top,right,bottom]

print("[Info] %s: Find face from in position %s" % (image_file,rect))
return rect

except Exception as e:
print('[Error] %s: cannot process file : %s' %(image_file,str(e)) )

def rect_face(self,image_file,rect,outputfile):

try:
fd = io.open(image_file,'rb")

image = Image.open(fd)

draw = ImageDraw.Draw(image)

draw.rectangle(rect,fill=None,outline="green")

image.save(outpultfile)

fd.close()

print('[Info] %s: Mark face with Rect %s and write it to file : %s"' %(image_file,rect,outputfile) )
except Exception as e:

print('[Error] %s: Rect image writing error : %s' %(image_file,str(e)) )

def crop_face(self,image_file,rect,outpultfile):

try:
fd = io.open(image_file,'rb")

image = Image.open(fd)

crop = image.crop(rect)

im = crop.resize(IMAGE_SIZE,Image.ANTIALIAS)

im.save(outputfile,"JPEG")

fd.close()

print('[Info] %s: Crop face %s and write it to file : %s' %(image_file,rect,outpultfile) )
except Exception as e:

print('[Error] %s: Crop image writing error : %s' %(image_file,str(e)) )

def getfiles(self,src_dir):
files =]
for f in os.listdir(src_dir):
if isfile(os.path.join(src_dir,f)):
if not f.startswith('."):
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files.append(os.path.join(src_dir,f))
return files

# read files in src_dir and generate image that rectangle in face and write into files in des_dir
def rect_faces_dir(self,src_dir,des_dir):
if not os.path.exists(des_dir):
os.makedirs(des_dir)

files = self.getfiles(src_dir)
for f in files:
des_file = os.path.join(des_dir,0s.path.basename(f))
rect = self.detect_face(f)
if rect I= None:
self.rect_face(f, rect, des_file)

# read files in src_dir and crop face only and write it into des_dir
def crop_faces_dir(self,src_dir,des_dir,maxnum):

# training data will be written in $des_dir/training
# validation data will be written in $des_dir/validate

des_dir_training = os.path.join(des_dir,'training")
des_dir_validate = os.path.join(des_dir,'validate')

if not os.path.exists(des_dir):
os.makedirs(des_dir)

if not os.path.exists(des_dir_training):
os.makedirs(des_dir_training)

if not os.path.exists(des_dir_validate):
os.makedirs(des_dir_validate)

path,folder_name = os.path.split(src_dir)
label = folder_name

# create label file. it will contains file location

# and label for each file

training_file = open(des_dir+'/training_file.txt','a")
validate_file = open(des_dir+'/validate_file.txt','a")

files = self.getfiles(src_dir)
cnt=0
num = 0 # number of training data
for fin files:
rect = self.detect_face(f)

# replace '," in file name to "'
# because ', is used for deliminator of image file name and its label
des_file_name = os.path.basename(f)
des_file_name = des_file_name.replace(’,',"_")
if rect I= None:
# 70% of file will be stored in training data directory
if(cnt < 8):
des_file = os.path.join(des_dir_training,des_file_name)
self.crop_face(f, rect, des_file )
training_file.write("%s,%s,%d\n"%(des_file,label,global_label_index) )
num = num + 1
if (num>maxnum):
break
# 30% of files will be stored in validation data directory
else: # for validation data
des_file = os.path.join(des_dir_validate,des_file_name)
self.crop_face(f, rect, des_file)
validate_file.write("%s,%s,%d\n"%(des_file,label,global_label_index) )
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if(cnt>9):
cnt=0
cnt=cnt+1
#increase index for image label
global global_label_index
global_label_index = global_label_index + 1

training_file.close()
validate_file.close()

def getdirs(self,dir):
dirs =]
for f in os.listdir(dir):
f=os.path.join(dir,f)
if os.path.isdir(f):
if not f.startswith('."):
dirs.append(f)

return dirs

def crop_faces_rootdir(self,src_dir,des_dir,maxnum):
# crop file from sub-directoris in src_dir
dirs = self.getdirs(src_dir)

#list sub directory

for d in dirs:
print('[INFQO] : ### Starting cropping in directory %s ###'%d)
self.crop_faces_dir(d, des_dir,maxnum)

#loop and run face crop

#usage
# arg[1] : src directory
# arg[2] : destination diectory
# arg[3] : max number of samples per class
def main(argv):
srcdir= argv[1]
desdir = argv[2]
maxnum = int(argv[3])

detector = FaceDetector()

detector.crop_faces_rootdir(srcdir, desdir,maxnum)
#detector.crop_faces_dir(inputfile,outputfile)
#rect = detector.detect_face(inputfile)
#detector.rect_image(inputfile, rect, outputfile)
#detector.crop_face(inputfile, rect, outputfile)

if _name__=="__main__
main(sys.argv)

J2{H I EE AHAMISHA A T{E Rt
credentials = ServiceAccountCredentials.from_json_keyfile_name(
"Jterrycho-ml-80abc460730c.json', scopes=scopes)

£ 22 Google Cloud Vision APIE E£35t7| fI8t API EZ T E X[HSl= RFE2E 0{7|M=
“terrycho-ml-80abc460730c.json” TFUZE X|7H5HRACt. ol “7+2 F 2+ El VISION API
ArZZEH|"0| M M API 7| THUEE 047(0f| 7|& 5t Eict
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detect_face
olO|X[oM U= 2 FotM B ElEsHF= &=oOlCt.
with io.open(image_file,'rb") as fd:
image = fd.read()
batch_request = [{
'image'{
‘content':base64.b64encode(image).decode('utf-8')
2
‘features":[{
'type":'FACE_DETECTION',
'maxResults':MAX_RESULTS,

1]

1]
fd.close()

request = self.service.images().annotate(body={
'requests':batch_request, })
response = request.execute()

MHZX{ image_fileg 242 £0{, Vision APIZ 5 Z35l7| I8 requestE BHEL}. request ZH2

JSON EEH 2 image YE2|HEO]|, O|0|X| CIO|ELE base64 QIZE HWEHR QIR E S SHA
& 8to}. features WEITHE = Google Cloud Vision APIGIAM £& & £ Zlof CHaH A
HMol|stEdl, typee “FACE_DETECTION’S Z 51 SHHol| FEE|E 2|0 UZ 4+
RHstRACE (0471 M= 2702 RIHEHRAC)

if ‘faceAnnotations' not in response['responses'][0]:
print('[Error] %s: Cannot find face ' % image_file)
return None

face = response['responses'][0]['faceAnnotations']

if len(face) > 1 :
print('[Error] %s: It has more than 2 faces in a file' % image_file)
return None

2|E 2t JSONe 2 2 A &=, “faceAnnotations”0l| =2 Ci|O|E} 7} @ H| EICt. BHeFo|
“faceAnnotation”0| 1™ UZ 0| e W22 A None€ 2|51, “faceAnnotation”O|

HA — L—

UCEFT, faceAnnotationO| 27H 0|2 0|24 oi2{ X{2|& Stct.

if len(face) > 1 :
print('[Error] %s: It has more than 2 faces in a file' % image_file)
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return None

box = face[0]['fdBoundingPoly']['vertices']
left = box[0]['x']
top = box[1]['y']

right = box[2]['x']
bottom = box[2]['y']

rect = [left,top,right,bottom]
print("[Info] %s: Find face from in position %s" % (image_file,rect))
return rect

CH2 2 2, face Y EIHE M [fdBoundingPoly'|['vertices'] 22 7tX|1 =0, 0| k2 U=
Q| x|of CHet AFZHEE zEE OIC} O] ZFEE 2104 rect 2|AE 0] Eo{AM S|EIEHC}.

crop_face

Q9| detect_faceOl|AM B2 U= IHE
F2of ot U2 K& St= &< o|Ct.

crop_facet 0|&35to{ W=Z2 FEtLix, 96x96 ALO|ZE

E|AtO|=

def crop_face(self,image_file,rect,outputfile):
try:
fd = io.open(image_file,'rb")
image = Image.open(fd)
crop = image.crop(rect)
im = crop.resize(IMAGE_SIZE ,Image.ANTIALIAS)
im.save(outputfile,"JPEG")
fd.close()
print('[Info] %s: Crop face %s and write it to file : %s' %(image_file,rect,outputfile) )
except Exception as e:
print('[Error] %s: Crop image writing error : %s' %(image_file,str(e)) )

OHOHAH 2IAtO|=2t 2 EE {5 mol PIL 2o|= 42| (ztol/M o|O|X| 2tolE {2 -
http://www.pythonware.com/products/pil/)& A& 5QiLC}.

O|ZH| sl M Hx{E Cllolet Ao Ant= ChZak Z ot
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HEFME UES 2
UZ QlAlg QlshM, Ti4lzld 2 5 O[DIX| QlAof Bt M58 2ol CNN 288
Arg3toich ElAES Relo|7| mEo REe S x| o7 MAlshich

st& 1 of S0l AF ElE 0|0|X|&= 96x96 %A 0| RGB Z2q 0|0|X|E AFEFHRALY.
gl O2lnt 22 RS A=, & 4712] Convolutional 1S 1, 27H2] Fully connected
HE, 5tLES| Dropout HE S AHE5HILCE

v Angelina Jolie
-~ »e Jessica Alba

32 64 128 —— 512 | 1024 i Nicale Kidman
festings \’: s Victoria Beckham
¢  Sulhyun
96x96xRGB
Convolutional + pooling layers Fully connected Dropout Classifier
layers layers
Convolutional A& 2| 27|= ZtZF 16,32,64,128 71 A& 341, AF& El Convolutional ZE{ 2]

AFO|== 3x3 Olct.
Fully connected H|E2 ZtZt 512, 1024& A& 331 Dropout A& 0| M= Keep_probgt= 0.72
£ M 30%2| 80| drop out T/ =5 3t0{ &h&S TIEEHACY.

st At 57H09] 7HE|m2loil CH8HA] & 200% 2| o|O|X|2 g '—-E:- Z 2 {7 CPU Z7|& 7000

.
ANl e NN 2T HAS HHE JIE 00% BEO HUTE 2 4 Ut
EI=E[=

BMEERE FHE ZEE 4TH{ER

ut oA CllolEt ¢47|

MX{ st & C|O|EtE gioi2E FEOIC.
st&1t BlAEO|M eloi=2(= o|olEtel £ 2 Chsnt Zrt

/Users/terrycho/training_data_class5_40/validate/s1.jpg, Sulhyun,3
o/0|x| o} ZZ, ALE 0|8, <At Bt

H

ot 2ol M CO|EFE 2lo{A ®{2| 3= &4+ E read_data_batch(), read_data(), get_input_queue()
MI7FX| &7+ AFS EICH
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e get input_queue() &= CSV IAUS SHEM lo1A, Tt A2 U =Xt 2t FIIX|E
o|EE = Qe R E THEO{A] 2|EEtt.
e read_data() & == get_input_queue()0ll M EIEE #E £ C|O|ELE StLHA 2lo{M]
2| E4EtC
e read_batch_data()& <& read_data() &£ 0|&3+04, HIO|EIE 210{AM U™
CHRIHIRN)E FoiM 2IEE 5t, 2 BtEoll M o|0|X| HIO|EHE WE|7| 5t &S
£ $E Fx=ChS0 2ot

o
jul

read_batch_data():

— Queue = get_input_queue()

— image,label = read_data(Queue)

— image_data = 0[O0/ X/ CH/O/E} ¥/ =/ 7|
Return image_data,label

AN ZEE EXt

get_input_queue

get_input_queue() &= CSV It Y2 210{A image®t labels2 E|E5t= input queue &
otEo{M 2|H5t= g solct.

def get_input_queue(csv_file_name,num_epochs = None):
train_images =[]
train_labels =[]
for line in open(csv_file_name,'r'):
cols = re.split(",|\n",line)
train_images.append(cols[0])
# 3rd column is label and needs to be converted to int type
train_labels.append(int(cols[2]) )

input_queue = tf.train.slice_input_producer([train_images,train_labels],
num_epochs = num_epochs,shuffle = True)

return input_queue

CSV I =xIXoZ 2|2 %o0i, train_images&} train_labels2t= Hiol| €2 CtS
tf.train.slice_input_producerg 0|&83t0{ F& PtE0o{iCt. Ol ZL & ™2 shuffle=Truet=
SME &7old|, oretof o] SME FX| to™, &4 HIO|ELE FollM IS CSVUIM el
=AM o 2 O|o|ELE EIEEtCt & $XH o|O|EF B8 Jessica AlbaZt 407H, Jolie 7+ 407H,
Nicole KidmanO| 407l .. Ao 2 &= MCHZ S0{7} U 7| 201, Jessica AlbaZ 4074 2|EIst &£
JolieE 407l 2|Est= Ao| Elct. 0| ZA< Convolutional HIE L3 7}t Jessica Albao]|
X|2AMX|7| 2| MCHE &&0| E|X| &£ =Ct. Shuffle E0IC}.
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read_data()

input_queued{| M CI|O|E}E ei= —‘T'—-E—O.JEII £ 0|8 M2 input_queuediA gJo{=2l o|O|X|
ntHo| mtUS elo{M Ci|O|Et A2 X{%sHof BtCt. BlME 2 20| M= tfimage.decode_jpeg,

tf.image.decode_png S 0[&35}04 0|24t 7|52 A3 stct.

def read_data(input_queue):
image_file = input_queue[0]
label = input_queue[1]

image = tf.image.decode_jpeg(tf.read_file(image_file),channels=FLAGS.image_color)

return image,label,image_file

read_data_batch()

OFX|2F S 2 read_data_batch() &+ S £ 0|Ct.get_input_queuedAd 212 FE 7tX|1
read_data® s=0f 204 O|0|X| Cl|O|EL2t 2l E 2lo{M ElEstE 42 ot Y He2
(HHX|) §01M EIE5t= & s0lct 528 £ 20| Cl|lo|EIE WE|7| st= £&20[ QlCh.

o| IO A &t& CllO|EF7E 2eiA T 4071 ol £|X| et 7| 20 & &O|0|E 7} B S 5tct.
TdeiM 047|AM AF8 8 2 read_data0ilA 2|EEl o|0O|X| | o|Etoi| CHEHAM

tf image random_xx &+E 0|&3}t04 X E HF‘FHLP, brightness,contrast,hue,saturation
2r =& 0|&35t0f OfH M Ht M 2Bt S 3FRUALCE.

oI

def read_data_batch(csv_file_name,batch_size=FLAGS.batch_size):
input_queue = get_input_queue(csv_file_name)
image,label file_name= read_data(input_queue)
image = tf.reshape(image,[FLAGS.image_size,FLAGS.image_size,FLAGS.image_color])

# random image

image = tf.image.random_flip_left_right(image)

image = tf.image.random_brightness(image,max_delta=0.5)
image = tf.image.random_contrast(image,lower=0.2,upper=2.0)
image = tf.image.random_hue(image,max_delta=0.08)

image = tf.image.random_saturation(image,lower=0.2,upper=2.0)

batch_image,batch_label,batch_file = tf.train.batch([image,label,file_name],batch_size=batch_size)
#enqueue_many=True)
batch_file = tf.reshape(batch_file,[batch_size, 1])

batch_label_on_hot=tf.one_hot(tf.to_int64(batch_label),
FLAGS.num_classes, on_value=1.0, off_value=0.0)
return batch_image,batch_label_on_hot,batch_file

J2|1 orx|2 220 label2 tf.one_hot2 O|&5HM HEEHE £ + =, YU=El label2
0,1,2,3,4 1} Z2 & M=aolch 23O, CNNOIAM LI E Zats H471 ofL|2t Eeia 7| 5742l
(EF3t= Atgfo| 5H0|7| miE0o) =0t & Jessica Alball 7+s%430] 90%0| 11, Jolie
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7H5440] 10%0|™ Z21=[0.9,0.1,0,0,0] A2 2 Z|E10] 7| 2ol U=IE 2t 02
[1,0,0,0,0], EHH' 12 [0,1,0,0,0] 2! 2= [0,0,1,0,0] Al© 2 Hdgt|o{oF BtC}. tf.one_hot O|EZH=
g7t ol 7Isg s¥sH&ELS.

7i2] Convolutional A&z}, 2749] FuIIy connected A& 22|10
ZtZto| Az I =72 K| of 1 QIX|B Ch2 L ShLbA! ot

Convolutional A&

olgf ZEE= FHmM Convolutional & 2| I =0|C}.
e FLAGS.conv2_layer size £ O] Convolutional H&9| 7219 += 32748 AF&EIC}
e FLAGS.conv2 filter_size = Z/E{ AtO|ZE X|E5f =0, 3x3 £ AF&EHCL.
o FLAGS.stride2 =1 & BE{9| 0|& £ 2 BI7HY4 0|5t & Ho/7HCt.

# convolutional network layer 2

def conv2(input_data):
FLAGS.conv2_filter_size = 3
FLAGS.conv2_layer size = 32
FLAGS.stride2 = 1

with tf.name_scope('conv_2'):
W_conv2 = tf.Variable(tf.truncated_normal(

[FLAGS.conv2_filter_size,FLAGS.conv2_filter_size,FLAGS.conv1_layer_size,FLAGS.conv2_layer_size],
stddev=0.1))
b2 = tf.Variable(tf.truncated_normal(
[FLAGS.conv2_layer_size],stddev=0.1))
h_conv2 = tf.nn.conv2d(input_data,W_conv2,strides=[1,1,1,1], padding='"SAME)
h_conv2_relu = tf.nn.relu(tf.add(h_conv2,b2))
h_conv2_maxpool = tf.nn.max_pool(h_conv2_relu
,ksize=[1,2,2,1]
,Strides=[1,2,2,1],padding='SAME’)

return h_conv2_maxpool
CH& Weight 2t W_conv2 @} Bias &f b2& X|&8tF 0, ZtEHSHA| tf.nn.conv2d B =&

2l o
2%t 9| Convolutional HIERX I E Ho|sfECH CHS 217t L2 o] Z0HE HE[H[o|M
£l relu &40l 2 %ol 0}X|Z 2 Z max pooling £ 0|&38t0{ A E oA}

M.

\

3

N

+o| o|0|ol| CHEH A& http://bcho.tistory.com/1149 o] ZHAEZ ML HERZ /g 2
&t7| ghetct
dfefo 2 & 4712| Convolutional A& S8t

my ok |
ro ki
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http://bcho.tistory.com/1149

Fully Connected A&
e M Zol8t 47H2| Convolutional &S S5t CHE F7H2| Fully Connected A& S
S5t Eled 22 chS0 2ok

e FLAGS.fc1_layer size = 512 & &5}01 Fully connected H&29| w8 & 512702 X|&5tLiC}.

# fully connected layer 1

def fc1(input_data):
input_layer_size = 6"6*FLAGS.conv4_layer_size
FLAGS.fc1_layer_size = 512

with tf.name_scope('fc_1"):
# QfolAf QBIEHS Cf A2 EIAME fecOf 7] YA 1A H o2 Il &
input_data_reshape = tf.reshape(input_data, [-1, input_layer_size])
W _fc1 = tf. Variable(tf.truncated_normal(finput_layer_size,FLAGS.fc1_layer_size],stddev=0.1))
b_fc1 = tf.Variable(tf.truncated_normal(
[FLAGS.fc1_layer_size],stddev=0.1))
h_fec1 = tf.add(tf. matmul(input_data_reshape,W _fc1), b_fc1) # h_fc1 = input_data*W_fc1 + b_fc1
h_fe1_relu = tf.nn.relu(h_fc1)

return h_fc1_relu

Fully connected &2 Et&=31A| relu(W*x + b) & 0[7| fZ0i O E+E f/et 20| aCiZ
ME3ict.

otx|2f A&

Fully connected IS € 7{A L} OIO|EH= Dropout AIE 2 HEIF 0, 5742| ZHE| 2|0l CHEt
SEZ 20 E 7| IsHM final_out AE S XA El=0l, 0 70l M softmax & +=&
ArE35HoF StL, &ha UM E EE 2 softmax &+ E AF235HK| &L =CL. softmaxe L2
Z1to| 0] 1.00| EI= 2 7t HEsF = XWold|, &4 ™ol Me 5712 At Zko| ot Zfol
LIQHE 7+a 2 gholl siigst= 20| ol & gtol7| &=, 1 gtat =E et 2 Hlw st £(7]
[Eo|ct.

& 0o & S04 Jessica Alba®! 2 E0| 100%™ &K o F0 M= [1,0,0,0,0]) M2 A7t Ltotof
Z|X|2F, && S &= Jessica Alaba 2 0|50| ZIICtn Bt & E|7| HEof Ztot
[1292,-0.221,-0.221,-0.221] A2 2 LIt T Z|CHZIPH o™ Z|7| I E ol ¥E 2 softmax
gE+E MEBF LRIt Qi Softmax &&= 244 HISO0| 2 & 0[7| IHE0| YBtHo = st
A M= M&5tX| et =t

obxlet Hsol I=E ot
# final layer
def final_out(input_data):

0jo

1 Zho

with tf.name_scope('final_out)):
W_fo = tf.Variable(tf.truncated_normal([FLAGS.fc2_layer_size,FLAGS.num_classes],stddev=0.1))
b_fo = tf.Variable(tf.truncated_normal(
[FLAGS.num_classes],stddev=0.1))
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h_fo = tf.add(tf.matmul(input_data,W fo), b_fo) # h_fc1 = input_data*W _fc1 + b_fc1
# £/Z £l|0/o{0f softmax Bl +& H&5FX| &L LtLCt.

return h_fo

A HERXT 22 Ho

O|AM|l Zt CNNQ| Zt HES S &2 Ho| s H L4 HSESE Fo{ &
ZHERSCE oF AIBOAM LIR2 HAE 2 & MU2 ¥t T foilMq L2 Aot E Flol AlSoll de=
Alo2 fSom™ FEirt

# build cnn_graph
def build_model(images,keep_prob):
# define CNN network graph
# output shape will be (*,48,48,16)
r_cnn1 = conv1(images) # convolutional layer 1
print ("shape after cnn1 ",r_cnn1.get_shape())

# output shape will be (*,24,24,32)
r_cnn2 = conv2(r_cnn1) # convolutional layer 2
print ("shape after cnn2 :",r_cnn2.get_shape() )

# output shape will be (*,12,12,64)
r_cnn3 = conv3(r_cnn2) # convolutional layer 3
print ("shape after cnn3 :",r_cnn3.get_shape() )

# output shape will be (*,6,6,128)
r_cnn4 = conv4(r_cnn3) # convolutional layer 4
print ("shape after cnn4 :",r_cnn4.get_shape() )

# fully connected layer 1
r_fc1 =fc1(r_cnn4)
print ("shape after fc1 :",r_fc1.get_shape() )

# fully connected layer2
r_fc2 =fc2(r_fc1)
print ("shape after fc2 :",r_fc2.get_shape() )

## drop out

# & 1 http.//stackoverflow.com/questions/34597316/why-input-is-scaled-in-tf-nn-dropout-in-tensorflow
# E50/SAlof & keep_prob < 1.0, Test Alofl= 1.022 gtCf.

r_dropout = tf.nn.dropout(r_fc2,keep_prob)

print ("shape after dropout :",r_dropout.get_shape() )

# final layer
r_out = final_out(r_dropout)

print ("shape after final layer :",r_out.get_shape() )

return r_out
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Ol build_model &£ image £ /& Zt2 Z dtol M ofiH FE| T 2o SEX|E 2IHsE
He2 MG UEQ=0ICt &7+l Dropout A& 0| F71E|of Q=D tf.nn.dropoutEt 4+
0|&3t™ ZHEHSHA| dropout A& 2 F3E = QUCH r_fc2= Dropout A& 22| Fully Connected
HASHM LI Ztoln, S QIR 2 =7 keep_probi= Dropout H|E O|C}.

r_dropout = tf.nn.dropout(r_fc2,keep_prob)
print ("shape after dropout :",r_dropout.get_shape() )

def main(argv=None):
# define placeholders for image data & label for traning dataset

images = tf.placeholder(tf.float32,[None,FLAGS.image_size,FLAGS.image_size,FLAGS.image_color])
labels = tf.placeholder(tf.int32,[None,FLAGS.num_classes])
image_batch,label_batch,file_batch = read_data_batch(TRAINING_FILE)

MHX &5 & Z=of 27| 28t image O|O|EtE 2/0{E 2! placeholderE imagesZ HO|5t1, LSS 2
2Edof ofs AHAHE! ZAntet Hlm et | QIsHM sr&lo|Eto M 2lo{= 2! label HIO|EFE K% o+7| flet
placeholderZ labels 2 % 2|3tC}. C}2 image_batch,label_batch,fle_batch H14=01| Hi X|2 & & O|O|EIE
2lo{=2lct. 22|12 dropout IS0 M dropout HIE S X% & keep_probE place holderZ & Q|8tC}.

Zh 7} X|HEIRI2 M, build_model & +& £ £35l04, images 2T} keep_prob Z{2 H7AM
Convolutional HIEQ|F 0l Zt2 Y= & Jef=E HolstT 1 221} 22 prediction2 2 X o|gtct.

keep_prob = tf.placeholder(tf.float32) # dropout ratio

prediction = build_model(images,keep_prob)

# define loss function

loss = tf.reduce_mean(tf.nn.softmax_cross_entropy with_logits(logits=prediction,labels=labels))
tf.summary.scalar('loss',loss)

#define optimizer
optimizer = tf.train.AdamOptimizer(FLAGS.learning_rate)
train = optimizer.minimize(loss)

7t B7to] && HES AlZEt 57| @ISHM tf.summary.scalar & & 0835109 loss 2t 2 XM& 5Lt
JeZ Yol 2t & E[Re ™, S0l AHAHE HIE B +E ™Molftrt. HI& &+ = sofrmax cross entopy
8 0|835t04, 2= of Q|5 M ol El 2t prediction o, & mtoiM elo{=2! label g2 H|1 5t09 loss
Ztoll R{&H Lt

2|3 o] HI8 =|M3t g +E I5HA SE|0t0|XE AdamOptimizerE H92|504, loss 2t 2 %|X3| S5
ShACH
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&8 D Moo HI8 &, SE(0IO|X Ho7l BHo™M &4 7 57 st E ZEHE E|AES Y|
I8t Validation 231 &5 52 HolstC}.

# for validation
#with tf.name_scope("prediction”):

validate_image_batch,validate_label_batch,validate_file_batch = read_data_batch(VALIDATION_FILE)

label_max = tf.argmax(labels,1)

pre_max = tf.argmax(prediction, 1)

correct_pred = tf.equal(tf.argmax(prediction, 1),tf.argmax(labels, 1))
accuracy = tf.reduce_mean(tf.cast(correct_pred,tf.float32))

tf.summary.scalar(‘accuracy',accuracy)

startTime = datetime.now()

& & & O|Et7} otL|et HE & HIO|EHE VALIDATION_FILEOIA @lo{A] HIO|ELE
validate_image_batch,validate_label_batch,validate_file_batcholl M&8tC}. CHS, HE T M E LIGHAM
&0l M oS E eHeztn, 8t Clo|EtE 2Hizt S HImstod Z2X| ERIX|E H|wst D, Ol 7K1
LYE2 WM H& T (accuracy)2 AFSEHCE.

a8 ZEn, E|lAES O|O|El S0| EH|E[RS M O|X| &&= AIRFEtCE

i =1=NESL 7“|01| & E RHS XEsH7| QI6HA tf.train.Saver()2 X|MstCt a2|n, Oz 2
loss@t accuracyS= M&E 57| {1 M Summary write® A& et

Ct=Z tf.global_variable_initializer()& s=&3st0{ H+& X 7|3t 5t 11, queue™| M CIO|ELE 17| {IaHM
tf.train.CorrdinatorE 913} 10 tf.start_queue_runners£ X|Z35}04, queue B{L{E ASHSICH

#build the summary tensor based on the tF collection of Summaries
summary = tf.summary.merge_all()

with tf. Session(config=tf.ConfigProto(allow_soft_placement=True, log_device_placement=True)) as sess:
saver = tf.train.Saver() # create saver to store training model into file
summary_writer = tf.summary.FileWriter(FLAGS.log_dir,sess.graph)

init_op = tf.global_variables_initializer() # use this for tensorflow 0.12rcO

coord = tf.train.Coordinator )
threads = {f.train.start_queue_runners(sess=sess, coord=coord)

sess.run(init_op)

>

lIl'ﬂ
o

7|2tet Mi4do] ZHIEIRAZ| HZ 0l OIX| st&E AlZtSHERL. for FZE 0|80 & 10,000

|
St & SFACH.

for i in range(10000):
images_,labels_ = sess.run([image_batch,label_batch])

C+HZ image_batch 2t label_batcholl M 2t 2 210{A] YoM Holgh 2o g1 train T2 Z
(AdamOptimizerE Ho|shHE At}

sess.run(train,feed_dict={images:images_,labels:labels_,keep_prob:0.7})
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ol 2ol M 12 images_2t, labels_ CI|O|EFE I3t keep_prob Zt2 0.72 5104 30% HE o 2t

Dropout A|ZIC}.

CHS 10 &8 OiCH &f& SEHE M IS S 5HUCH

ifi% 10 ==
now = datetime.now()-startTime
print('## time:',now,’ steps:’,i)

# print out training status
rt = sess.run([label_max,pre_max,loss,accuracy],feed_dict={images:images_

, labels:labels
, keep_prob:1.0})
print (‘Prediction loss:',rt[2]," accuracy:’,rt[3])

2/9f 20/ loss gtZ} accuracy gt S BofA 250 39X ZEOf HIE B+ glil BE T & 55511

# validation steps
validate_images_,validate_labels_ = sess.run([validate_image_batch,validate label_batch])

rv = sess.run([label_max,pre_max,loss,accuracy],feed_dict={fimages:validate_images_
, labels:validate labels
, keep_prob:1.0})
print ('"Validation loss:',rv[2]," accuracy:',rv[3])
& ClO|Et7t oLt fIe+ Zo| E|AE & H|O|EHE I|Fstod, Bl A
keep_probE 1.02Z 3 Dropout 10| 100% HE LI E & &5tc}.

ct.

rot

Ei= EZCIolEt2 W E HE
ol 8

if(rv[3] > 0.9):
Break

ohofofl E|AE MET 71 90% O|Afo|H &2 HECH 12|17 ol2iet Z0l Summary

# validation accuracy
summary_str = sess.run(summary,feed_dict={images:validate_images_
, labels:validate_labels_

, keep_prob:1.0})

summary_writer.add_summary(summary_str,i)
summary_writer.flush()

OFx[8t o2 Cf £ 1f Zto| 3t& 0] Cf &l 222 saver.save & 0/&35101 X{& 5t AASEl E|2AES HE[EtC}.

saver.save(sess, 'face_recog') # save session
coord.request_stop()

coord.join(threads)

print('finish’)

main()

9F 7000 AEIO|M EHIAE YT 91%E BHUS =elg = Ut
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('## time:', datetime.timedelta(0, 9722, 726640), ' steps:', 7000)
('Prediction loss:', 0.11166426, ' accuracy:', 0.94)

('Validation loss:', 0.32143793, ' accuracy:', 0.91000003)

finish

ot2iE BIMEEE 0|&sto] &4 ntEE AlZEet Lol

accuracy

FZE= 377t 7hs et x|Eh &0l AL ClOIEtE MAH EXE SR7F 27HS 3Ot of 200E 2| AFEIE
Moz =& otH =|7| w20l Zxt —r=!% siM st&2 =2 E We TS (H B2 elZof chet

|=|E )
AMEE SHE=XRE E7C)

m

ZAlLL Ol RECIYE [Etst A of & O|O|ELE S7HE + U= ESO| JUCHHOE ESAT
o2 2ol EZXoletn Wz etch 7tsatH Cllo|Et 7t S EIRe ™

MA ZEE

https://qithub. com/bwcho75/facerecoqnition/blob/master/1 .%2BFace%2BRecognition%2BTraini
ng.ipynb ol QLC}.

a2 Y AES SRS, ool £ L 7B 0| WokLt of24R x| & & U7 R0l XY
B AT e HT B ol2fe BRI B2O010R 72 HAMoIA L2
O|0|X|E % Z& =+ = E2{a¢elolct. Bulk Download Images (ZIG)

https://www.youtube.com/watch?v=k5ioaelzEBM

ol EHI0I OIS £&lH S QB 0| HlOlEtE +EE 4 Yt

CHe SolIME 3&0| B GlOJELE OB 3HA AXIZ 52 SHE s S20f ChaM 2745tz
74ck

U2l KM L Q142 9I3t HIOIELE +F U MWD, 0|8 7|HoR W2 214 2He

& AlZiCH

e http://bcho.tistory.com/1178 Y= QI4A] B E gt ol st& AF|7]
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https://github.com/bwcho75/facerecognition/blob/master/1.%2BFace%2BRecognition%2BTraining.ipynb
https://github.com/bwcho75/facerecognition/blob/master/1.%2BFace%2BRecognition%2BTraining.ipynb
https://www.youtube.com/watch?v=k5ioaelzEBM
http://bcho.tistory.com/1178

e http://bcho.tistory.com/1176 & & Cl|O|E} &H|stT

O|HZ0lM= sr&0| & CloEHE 7HX| 2, MEIE FolM dX|2 el st= ZEE BHE0{ER

DE &0 AFSEH CNN 222 £ZH0| HolFtTt. convi(),conv2(),conv3(),conv4(),fc1(),fc2(),
build_model() S && 0l AL E CNN HIEQIZ E £ZH0| Ho|5tH EIC}.

Ct2oz ol REo| st&E &S M Fofok St
# build graph
images = tf.placeholder(tf.float32,[None,FLAGS.image_size,FLAGS.image_size,FLAGS.image_color])
keep_prob = tf.placeholder(tf.float32) # dropout ratio

ofZ0f AF2% image £ 'HZ QXS imagesEt= ZH0/AEHE Molst1, dropout HI2S
M5tE keep_prob ZE0|A EEHE HO|FtCt.

prediction = tf.nn.softmax(build_model(images,keep_prob))

Jeiz & B=E =0, build_modelod| 2|5HA Lt of|& Z1toi softmax & & & $trt.

&l & Aol = softmax & =2 H|&0| 27| {Eoll 28 3HX| e AXIBH o FolM= AE A
atolE 7| I A softmax & +2 X&S8IC} Softmax &+ £ BT 2| HE &E2 Hoi=
MA 22 1.022 A EodF=Z32ld|, BHeFod| Jolie,Sulyun,Victora 37H2| ZHE| R 2|7} QS
ZtZto| & 0| 70%,20%,10%0|™ SoftmaxE &3t A= [0.7,0.2,0.1] Ao 2 E2HECE.

sess = tf.InteractiveSession()
sess.run(tf.global_variables_initializer())

CIS BIMEESR MME 27|35} ot

saver = tf.train.Saver()
saver.restore(sess, face_recog’)

OFX|2F2 2 Saver?| restore & +& 0|&35}04 face_recog’cl= OIS 2 XMEE &4 AN E
2|AE 0] BHC} (2ol GiA|0IA], &F&0| 22 El D S face_recog'BtE OIE2 2 XE QUL

of| F 5t 7|
29 E 2E g X1 of

== =2 ) =
VISION APIE 0|835l04, UZ2| ?x|E FTESHE, o|n|x|n+a g gxol, 2 EE
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http://bcho.tistory.com/1176
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import google.auth

import io

import os

from oauth2client.client import GoogleCredentials
from google.cloud import vision

from PIL import Image

from PIL import ImageDraw

FLAGS.image_size = 96

# set service account file into OS environment value
os.environ["GOOGLE_APPLICATION_CREDENTIALS"] = "/Users/terrycho/keys/terrycho-ml json"

?let Zo| +2 2R E Vision APIE ALE5t7| @IS M 2M|A& EZE Service Account THUE
CI2 2rol A {2 ZH0| GOOGLE_APPLICATION_CREDENTIALS &2 #H40f Mg 3t3Ct

visionClient = vision.Client()
print ('[INFO] processing %s'%(imagefile))

#detect face

image = visionClient.image(filename=imagefile)
faces = image.detect_faces()

face = faces[0]

C+HS vision API 22I0|HEE MM 01|, detect_faces() £ 0|835t0{ UZ HMEE FESHMHCI.
print ‘number of faces ',len(faces)

#get face location in the photo

left = face.fd_bounds.vertices[0].x_coordinate

top = face.fd_bounds.vertices[0].y_coordinate
right = face.fd_bounds.vertices[2].x_coordinate
bottom = face.fd_bounds.vertices[2].y coordinate
rect = [left,top,right,bottom]

EE U= HEolM HHm| A= 9| 9IR| (&5tx2) ZHE

1
i
o
T
e
rir
n
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U= P E 35517
A0oA 2 22 Hotxt ZHEE 0|85t04, O[0|X| mtUE ¥, I &8t

fd = io.open(imagefile,'rb’)
image = Image.open(fd)

import matplotlib.pyplot as plt
# display original image

print "Original image”
plt.imshow(image)

plt.show()

# draw green box for face in the original image
print "Detect face boundary box "

draw = ImageDraw.Draw(image)
draw.rectangle(rect,fill=None,outline="green")

plt.imshow(image)
plt.show()

crop = image.crop(rect)

im = crop.resize((FLAGS.image_size,FLAGS.image_size),Image.ANTIALIAS)
plt.show()

im.save(‘cropped'+imagefile)

I EE o|0|x|& HIMEZR0{AM =Lt

print "Cropped image"
tfimage = tf.image.decode_jpeq(tf.read_file(‘cropped'+imagefile),channels=3)
tfimage_value = tfimage.eval()

AEE IYE decode_jpeg() HIMEE 12 o, 2t2 tfimage.eval()£ ¢l0{=EICt.

tfimages = []
tfimages.append(tfimage_value)

oM Hol&l 2ol 3t7Ho| o|0|X|E lAlst=H| ofLlzt 0424712l o|O|X| MP° 2 SAlof
ClE & lof AU7| IHE 0, timagesEl= EIAEE BHE %, QlAIE O|0|X|E E0iM HEBHCH

plt.imshow(tfimage_value)
plt.show()
fd.close()

p_val = sess.run(prediction,feed_dict={images:tfimages,keep_prob:1.0})
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name_labels = ['Jessica Alba','Angelina Jolie','Nicole Kidman','Sulhyun','Victoria Beckam']
i=0
for p in p_val[0]:

print("%s %f'% (name_labels[i],float(p)) )

i=i+1

tfimages O O|O|X|& Eo{M Z2loi =17 prediction Zt2 2|E &=L}, dropout2 ALESHX| 27|
=01, keep_prob= 1.0 £ FHCt.

LF2 ZAnE J}X|2 Jessica, Jolie,Nicole Kidman, Sulhyun, Victoria Beckam & & &
E345tr},

Z+Zt
==

fijo

CHS2 A3 ALEIE 7HX| 2 ol &2 8 A1t o|ct,

rlo
>
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[INFO] processing sulhyun2.jpg
number of faces 1
Original image
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350

Detect face boundary box

0
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100
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200

250 1.4

300

0

20

4] 20 40 60

Jessica Alba 0.000000
Angelina Jolie 0.000000
Nicole Kidman 0.000000
Sulhyun 1.000000
Victoria Beckam 0.000000

Ol ZEE= & REE 7|ttez =2 Q40| 7hsetr|E ot xlgt AN 23 &Fol
Mgstolols R FsIch ooM R I EE OMHE K7 MZE0, 885k 4O Z
Hoix|1, AN 2HolME RS ¢adol= Hix & £ /1, 048] AHHHE 0|8 35t0d
27| LB K| sHoF Bt
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JeiM BIMEZL0|ME Tensorflow Serving OI2HE oS MH|A AIEIE NME5tD 7212
et 0| ME Tensorflow Serving2| OHL|X|= MH|A QI CloudML MH|A X{I—'—°+ C}.
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HMEZEZ<29| OjL|X|= MHH|AQ! CloudMLE NS 8tCt.
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0

st&Aloll, B o MY Ql0| HIMEZ? 22{2E 37| ZH0| 7hssitt &2 HAloA
FE{ GPU &l 2|7 oo F2{AE HAl AL&0| 7tS3stTt

o 3tO|m m2{0lE| {0l 7Hs3tch DNNL| HWIE 3 9| 1t ZJo| = 5t0|m T20|E 2
X|8g =+ UM, CloudML2 0| ato|Hm{2{O|E| | %|MgtE RIS 22 HotEL,

o O|&F MH|A0|ME= Tensorflow ServE HE o =g EHe ¢i0| 0|2 &3 Mol Chzlod
ASMH (bazel Y=o| BEEE 70|24 BE2 Ol8H5HAK) gRPCT} ob il ZHEHEH JSON
5 Z 2 0= (PREDICTION) 282 & £ lct

o ET IIZ0ICt oA Z=E 7|5,
CPUE AL85tE, GPUE A5t 85| A8 E T
ZQs OFE 0 Al 5IH EiCh s Z e s of
=2 0il, 8CHe| GPUMH LM 1A[ZH 52 & S &siT
LHokst7| 2ol o2 HI& 2EOo| FCt.

e 7t% 2 HIZIE= TPU (Tensorflow Processing Unit)& X|#8tcte 2l Eeld T8
GPUEHT A42¢5tE EICt. UyHE{Ql CPUE S GPULHH| 15~30H) BT WHE M52

XS 8tCt.

JlExoz gEt IigoR

et nt3sk IEEH—-—01| Zegm
|

XK= Close AlphaZ S AFS RO H|BH Al MH|AE NS5t UX[EH 2 CloudMLE
Sl L AR HZ MH[AT XS E o Folct.

CloudMLZ 0|&3s}0{ & &35t7|

=S
CloudMLOIA &S Al7|24H 2FZto| I =& =&l oF Btrt. =H5Hof 5t= O|R= &&
CiO|EtE Zo| 2& =+ 7| Eeld, 0=|7|01|E T 7FX| 2ol 4t
e 34 O|O|EFE GCS (Google Cloud Storage)oll 8B4 F, 40| A|ZE|7| Mol 22
CIMER|ZE SASH 2Lt
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e Ei 3 OlO[ELE HIE GCSE REf Q0o == & 4 Ut

zO0

gsutil O|2t= GCS BHO0{E 0|8 3to] ot & A0l GCSO|A =& i O|EtE

st ol ojEtol it HE GCS 2 x| st Fct.
Z2<2 I C0iM o|0|x| U E ot2iet Z ol 24 B2 oM e{o{CHH

image =
tf.image.decode_jpeg(tf.read_file(“/local/trainingdata/’+image_file),channels=FLAGS.image_col
or)

GCSOIM elo122{H GCS BEE "t =M EICt. GCS KA HO| terrycho-training-datazt 1
5t

image =
tf.image.decode_jpeg(tf.read_file(“gs://terrycho-training-data/trainingdata/’+image_file),channels
=FLAGS.image_color)

MY 2ol A<oi= OIO|EL7| oFF BEX| of 1, 24 =&0| ot AL O S =7t}
Sy ghedo| Aol = IO|EL7} Ol FoFF BlotAM 24 & & 0| TR e AR SHC}. ofFEi T
24 ot AMA T GCS LM A L} k27| [ E O|LC}.

CHES AWM WA 2 3t& ClOJEHE 2ol HASHAM Stasts Aol A= olct,

https://github.com/bwcho75/facerecognition/blob/master/CloudML %20Version/face_recog_mod
el/model_localfile.py
IS LHE2 M EE ZE ISt CHEZO| i B x| ol #=21, Y Z= £=20 CH2C}
def gcs_copy(source, dest):
print('Recursively copying from %s to %s' %
(source, dest))
subprocess.check_call(['gsutil', '-g', -m’, 'cp’, -R']
+ [source] + [dest]

gcs_copy &= GCS2| source ZE20i|M I} UZ dest Z2EE SALSHF= BHO|Ct.

def prepare_data():
# load training and testing data index file into local
gcs_copy( 'gs://'+DESTINATION_BUCKET+'/'+TRAINING_FILE,".")
gcs_copy( 'gs:/'+DESTINATION_BUCKET+'/'+VALIDATION_FILE,".")

# loading training and testing images to local
image_url ='gs://'"+DESTINATION_BUCKET+'/images/*'

if not os.path.exists(FLAGS.local_image_dir):
os.makedirs(FLAGS.local_image_dir)
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gcs_copy(image_url,FLAGS.local_image_dir)

prepare_data()
main()

2|1 prepare_datag O|&dlA, &1 EHIAEE O|0|X| S8 2 FAtstD, O|0IXRIEE

ZZol| SALSCH
2o do|Et SAL7I ELIH main()&+& 5&st01 RS Holst &S AIEfetot

=
+ _ init__.py
+

Alo2 C|HERIE 75t =Lt
U= &4 ZEE model localfile.pyets Ol 22 XML
HZ0q

OlM ot&& ZEoOo| £HIEII2H, o] Z&E CloudMLO Elo{ d2™ L},

o
Bo{7} Chd U7| Mo, 8 ATBER BHEOIETALE EE BHOIH ES0| - E HAoz

OFS0{ 2™ AE0| ZHHsiCH CHE2 mo|H tESo =z BrE0{E2 LHEOo|Ct

import google.auth
import os
import datetime

os.environ["GOOGLE_APPLICATION_CREDENTIALS"] = "/Users/terrycho/keys/terrycho-ml.json"
job_name = ‘preparefacedata'+ datetime.datetime.now().strftime("%y%m%d%H%M%S’)

ElZEZ 72 Z2R2E9| CloudMLE Z&57| MEo,
GOOGLE_APPLICATION_CREDIENTIALSO{| AMH|A 07| 2E m}g X|HStC},

J2/1 CloudMLO|| &&2 AdSIH, ZH &2 JOBLE SSE|=0, &4 JOBS 3ot
SUER 5tHL BX[E = UL S, JOBIDE #HM AlZtS 2 Mgftct.

print job_name
# Job name whatever you want
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JOB_NAME=job_name

# the directory of folder that include your source and init file
PACKAGE_PATH="/Users/terrycho/anaconda/work/face recog/face_recog_model'
# format: folder_name.source_file_name
MODULE_NAME='face_recog_model.model_localfile'

# bucket you created

STAGING_BUCKET='gs://terrycho-face-recog-stage'

# | recommand "europe-west1" region because there are not enough GPUs in US region for

REGION='us-east1"
# Default is CPU computation. set BASIC_GPU to use Tesla K80 !
SCALE_TIER='"BASIC_GPU'

# Submit job with these settings

Igcloud ml-engine jobs submit training $JOB_NAME \
--package-path=$PACKAGE_PATH \
--module-name=$MODULE_NAME \
--staging-bucket=$STAGING_BUCKET \
--region=$REGION \

--scale-tier=$SCALE_TIER\

L2 2 cloudml TEI0{= A3 =iCh 2 QIxtE 2
JOB_NAME && JOB2| O|Z0|C}.

E =
module-name package -path@toll QU= &g Al ot
staging-bucket2 CloudMLO|M && ZEE 2 LA
Google Cloud Storage ZtE ®0l, 1 HZ! B2 E
region2 CloudMLE AF&8F 2| e MEfSHT}

=E
=

package-path= __init__.pye} & 2= 2 23 nfdE0| = CIHE 2|7} ElCt
0]

OFX|2f S 2 scale-tier= && HAIC| ALO|XE X[ FtHC}.

27 Y Elo] MY

BASIC a2 Ml Ccpu

BASIC_GPU 212 M4l + K80 GPU

STANDARD _1 24 HA

PREMIUM_1 CHR 2 24 HA

CUSTOM AMNERI7t EE1AE 3 7|E OHSCHE MH

QHtQl 2 BASIC GPUE AFE25HH &1, ZEO| B4 &40 755t 71

STANDARD_1 O|L} PREMIUM_1& A+&3tH EIC}




st @LEY
A
=

Google Cloud Platform 2 temychd

f Home

= “uyyny

Gg Error Reporting

TOOLS

['] c . .

e ontainer Registry
{©) Source Repositories
Deployment Manager

{=) Endpoints

BIG DATA
@  BigQuery

3. Pub/Sub

ceb Dataproc
c Dataflow
ML Engi
éé e ¥ Jobs

CHE2 CloudMLOAM 2| JOB S£o0|ct. (ZIM glof B

&> MLEngine Jobs C REFRESH
iE Jobs
@  Models = Filter jobs

Job ID
(_ preparefacedata170621221932

& npreparefacedatal70621200849

H He $stH ZR IS I} CloudMLE ME &[T, MESE I E= CloudMLO A

O| AIZtE|H JOBE 72 2R E 2£2| CloudML HlFHM ZLIEHZE & += QdCh

Qict..)

Type Creation time v Elapsed time Logs
Training Jun 21,2017, 10:19:36 PM 1 hr 51 min View logs Stop

Training Jun 21,2017, 8:08:53 PM 1 hr 56 min View logs

A Sl JOBOIM STOP H-I%% EH LB JOBE HX|AZ =% {1, View Logs HE S
TEH o4& JOBUHAM LIRE ZEO8 & & UCH (BHIMEER I EU|M printE B2 LIBEX

D= 07| L}2C})
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E Slackdr\ver 1ls CREATE METRIC i#i CREATE EXPORT e >
Logging
= Logs
ih Logs-based Metrics
Cloud ML Job, preparefacedata17062122193... ~ All logs v Any log level + Jump todate ~
& Exports
2017-06-21 JST
= Resource Usage NA
4 23:35:19.320 ('## time:', datetime.timedelta(0, 4208, 343029), ' steps:', 130)
» 23:35:19.320 ('validation loss:', 19.279289, ' accuracy:', 0.51999998)
3 23:35:19.320 ('Prediction loss:', 11.954926, ' accuracy:', 0.57999998)
4 23:35:19.319 ('## time:', datetime.timedelta(0, 3961, 451005), ' steps:', 120)
4 23:35:19.319 ('validation loss:', 33.642128, ' accuracy:', 0.38)
b 23:35:19.319 ('Prediction less:', 12.621526, ' accuracy:', 0.56)
» 23:35:19.319 ('## time:', datetime.timedelta(0, 3716, 231488), ' steps:', 110)

04777t X| ZHEFSHAILLOF CloudMLE 01835t0i RS & &5t W
20l0| Z=2 2do 2l 214 ZEIZ MAC PRO 15”17 (NO GPU)M A & &

IIE

2
=

rok nQ

O QtLt.
L 7000 AEI7LK| oF

| o
8A|ZHO| A2 E|AED, CloudML2| BASIC_GPUE AFS3HISME 10,000 ARH0d 2F 1A|ZH
2 HI (GCSE AFBstx| ot 2 mtl g 2ol SAlsi=s 228 49) 7 AL EIUCH

(i 2C})

O7|IM A E ™A ZE=
https://qgithub.com/bwcho75/facerecognition/tree/master/CloudML %20Version 0| Q/C}.

e model_gcs.py = S&OI0|EHE GCSOIM FE{ ¢lotM &t
e model_localfile.py= S &CIO|EIE 2 C|A3 0o SASHED & &st= HEO|C

OhS 20 t&E DS X5t Xz o 52 A™dE & U= APIE L SHELS

St ZiCH

Zet*EE 0|83}04 = REZ o &5t

1o
I>

X|k2 (http://beho.tistory.com/1189) M &t&El RS *.pb I}
J124™ 0| Export E 22 E 0[&35t04 0iF (prediction)=S o|'E gt
AZHME AZFFKO0[, 0|E2 Google CloudMLE 0|8 L}
A 2EE

Ql Z oo Z Export 3FRILCH.
ol CHsH A 2Fot=E ZACt

https://github.com/bwcho75/facerecognition/blob/master/CloudML%20Version/face recog mod
el/%2528ww00%2529%2BML %2BEngine%2Bprediction.ipynb & &t 115} 7| H}EHC}.
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ExportE 222 CloudMLO| HiZ 3} 7

5t & El ZEE CloudMLOY HiZ 87| I8 E exportE *.pb I+ LT} variables EC{E 72
22l AEE|X| (GCS/ Google Cloud Storage) 0l 212 = 3ljoF St}
ofL|™H &&m 22 ExportE GCSZ AlZ £ & QULCH.

0

0

Ot2H= terrycho-face-recog-export 2= GCS HHZ!ot2H /export T2 E 2|04, export E! *.pb
ot U1} variables ZC{7F MEHE 2&0|C}

Buckets / terrycho-face-recog-export / export

Name Size Type
= saved_model.pb 46.66 KB application/octet-stream
U0 variables/ —  Folder

ChE #+2 22t ?'_-’E‘Oﬂkl ML Engine2 AE45104, Models H*F+E T EC} ol HrE 2&
Hi = 5t I Prediction2 &= 7|50|C}.

2
=

&2 MLEngine Jobs

Models
.. Genomics

Models 3tPAS 2 £0{2 7 Create Model HHEO| L} 2LC}. O| HE S 0|83l RE S MAIStCt

éé Models CREATE MODEL

2e MM Alof of2et 2ol B st ZHOIES LoiFHEID

—

181



é% & Create model

A model is a container for your model vers
version from the command line and add it

Model name
Model names must be unigue within each

face_recognition_blog

Description (Optional)

CENEEREEE
£

=0, i 2ol AA ExportE 2 mtlE HiEZSHF oF 5t=0l, CloudML2
HA 7|s MBstct a2 ote 2=I0F Z0| Create Version HE S M ME22 HES
A}

OH

€5 < Model details 2 CREATE VERSION

face_recognition_blog

Versions

This model has no versions yet. Create at least one version to start
model. Create a version

Create Version M|+ 0| A= Name0i| HTIEE A1 Source0l|= ExportE *.pb It A1} variables
Z07F MTE GCS BZE MEHsTY

— 1=
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éé & Create version

To create a new version of your model, submit a train
and specify the output below. Learn more

Name
Name is permanent.

v/
Description (Optional)

Source
Enter the Google Cloud Storage output path you specified i

terrycho-face-recog-export/export/

Cancel

Of2i = terrycho-face-recog-export HHZ! S MEHEH F T H{Z!9H0 export ECHE ME4SH
stHolct.

rr

Select folder

< terrycho-face-recog-exp.. ¥ Q

f export/ >

Meig sl BIZ S shed of2lel 2ol v7 HEoIS S 2Eo| BE 7} Elck
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é% < Model details CREATE VERSION

face_recognition_blog

4
Versions
Name Creation time
& v Aug 15,2017, 10:32:31 PM

HiZ = 2= = of & (Prediction)st 7|
J{H U= E 22 E AH8SHM o 52 SHEXE. of2i7t MM Z = ol

from googleapiclient import discovery

from oauth2client.client import GoogleCredentials
import numpy

import base64

import logging

from IPython.display import display, Image

cropped_image = "croppedjolie.jpg"
display(Image(cropped_image))

PROJECT = 'terrycho-ml’
MODEL_NAME = 'face_recog'
MODEL_VERSION ='v7'

def call_ml_service(img_str):
parent = ‘projects/{}/models/{}/versions/{}'.format(PROJECT, MODEL _NAME,MODEL_VERSION)
pred = None

request_dict = {
"instances": [
{
"image": {
"b64": img_str
}

}
I
}

try:
credentials = GoogleCredentials.get_application_default()
cloudml_svc = discovery.build('ml', 'v1', credentials=credentials)
request = cloudml_svc.projects().predict(name=parent, body=request_dict)
response = request.execute()
print(response)
#pred = response[predictions'][0]['scores’]
#pred = numpy.asarray(pred)

except Exception, e:
logging.exception("Something went wrong!")
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return pred

# base64 encode the same image
with open(cropped_image, 'rb') as image_file:
encoded_string = base64.b64encode(image_file.read())

# See what ML Engine thinks
online_prediction = call_ml_service(encoded_string)

print online_prediction

FCE AR
credentials = GoogleCredentials.get_application_default()
cloudml_svc = discovery.build('ml’, 'v1', credentials=credentials)
0| M discovery.buildE 0|83 72 ECIRE API &, ‘ML’ O|2H= APIS| HE vI'g E12tCt
CloudML 1.0 O|Ct. CH= credentials= get_application_default()£ C|Z E credential2
A+& st RiCH
CH2 22, CloudMLO| request & £ L oF 5

rir

o, 2 %oz o|SshM B

def call_ml_service(img_str):
parent = ‘projects/{}/models/{}/versions/{}'.format(PROJECT, MODEL NAME,MODEL_VERSION)
pred = None

request_dict = {
"instances”: [

{
"image": {
"b64": img_str
}
}
]
}

£ 2™ request body0ol| £'dl JSONE request_dictZ Z9|5Q4Ct. olif, O|O|X|Z “b64"EtE 7|2
img_str& =0l o]l 22 O|0[X| M UES 210 basebs AEZIS = QIFAT Bt Zt0|Ct
request = cloudml_svc.projects().predict(name=parent, body=request_dict)

CHS request £ Bt= =0, YollA A48t cloudml_sveZi x| E 0| & 3}09 prediction request Z4x| S
MMEHCE Ol parent 0= 2 20| ZE7F £0{7t 11 bodyoll= &M HolEt o|0|X|7F E0{/UE
JSON 2Ato| ElCt.

parent = 'projects/{}/models/{}/versions/{}'.format(PROJECT, MODEL NAME,MODEL VERSION)

Parentoll= 2 & 0| ZZE LIEHH=O, projects/{Z 2™ E BHYmodels/{ 2 & H}/versions/{HHT1H}
HENZ E3T|H, 07| M E projects/terrycho-ml/models/face_recog/versionsiv7 2| ZZ &
NS i

O|Z 7| request Zi&| 7t BHZ0{X|™ O|E request.execute()£ O|E EE35t1 A E g=C}.
response = request.execute()
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print(response)

{u'predictions': [{u'prediction': [2.1277719497447833e-06, 0.9999629259109497, 2.6442356102052145e-05, 1.942615455163
832e-07, 8.264843927463517e-06]}]1}

2Hm| 2H'40] 0.99% HEZ FAIE AoVt LI2AE £ + UCh 2t =i CHE ZHm 7L M A7
g, FEmi7E P E|Lt E2], M7 LIZ 7= 8, W 7F A3, cHdHmi 7L = E2[of
HZ olCt.

O|M| 77t X| 04243|0f| ZRM HIMER R E O0[&35t0{ CNN 22 & #3451, o| REHE J|Ho 2
UZ QAE & A7 oS Al7|E 22 JWLUMK| 25 &8 SHELC)H

AX 2 #EoM AH8st7|ole 2= 0| &5t X|EH 097]0] CNN HE I B 1 = 35+
SES| AISEeE ZE S JHYE = U2 ZOo|2kD 2.t CNN HE {3 0f CHEt 0|2 ErCt=
AX| FedstEAM HlolE JH7<'|E| U et&n SrEE DHO| XE & 0|E 0I8F oS M K| TA|
S8 HHS7| /M =245HACH.

OS2 0| U2 2l ZEg AN 2P FoM AISEEHE &0 EX0| &= ZEE A 85t
=St S L PN gl )

Z]Z4 CNN &g BHEo{T &|X|2 Lot™of, & & El Tensorflow Object Detection API

(https://github.com/tensorflow/models/tree/master/object_detection)E= =2 H& T E MI3st=
ololx| 2IA 2 g BtolE 2| HEZ MB35t QI CHS 20l A& 0] Object Detection APIE
0|&5t0 QI U2 2 & Al7|1 Q&S RS JHE St & & 2 of| & S5t Eof|

CHSHAM rot2 =5 shzict

ol

10. BHIME 22 Object Detection APIE 0| & &t
o|O[x| @14

Object Detection API A%

Tensorflow Object Detection API=, Tensorflow & 0[&3t04 O|0|X|& 2IAIE =l
DHE 2tolEE YElE MBEIH, 27| CHE et S5 8 7HX|1 U= 5710 R=lE



MESEoh HAlBFolLt BIMEZ 20 CHE 7HE0] 72| SiTiEt: 2to|E 22| BElZ &EH|
AEE = oM, 2 AHEX} CIOIEHE UZEsHA &f& S stod, L AlLIE|201 %= Object

A A =

Detection System2 &¢&7 OHE £ QlCH.

Object Detection APIE Mx|5t7| YliM= BIMEE R 1.x 2F THO|M 2.7x H{TI0| AR A X|E[04

olofof gtct. ol 20 ME To|MH 27130 HIMEZ R 2713 H{XE 7|&E2 2 s, Mo
Hxl Ste [2 7|EQR B ElsAL O E E3E MR|s HE dx 2M

https://github.com/tensorflow/models/blob/master/object _detection/g3doc/installation.md &
£ 5t7| HEEHCE

MR & EAE

Protocol Buffer A4 x|

Object Detection API= LHE X2 2 Protocol BufferE A& $tCk. MACOI A Protocol BufferE
Mx| 5t LY https://aithub.com/google/protobuf/tree/master/python 2t
http://bcho.tistory.com/1182 & &t 5}7| HIBtCH.

M7t EIREXIE &0lsteiH, TEZE 40i|M protoc BHES AASHE ™ EIC}H

|[{objectdetection) terrycho-machookpro:trainingdata_out terrycho% protoc
| Missing input fTile.

uto['M ZtolEe{E| 4 |

Z2EE HH Mx|7t Bow, W nolM Btol=a{alE dxIst.
% pip install pillow

% pip install Ixml

% pip install jupyter

% pip install matplotlib

Object Detection API L2 2= 2 M|

Object Detection API dx|= ZHEHSHA|, 20|22 CIR gto™ EiCh Mx|& C|HEZZ
047} M git clone WHO{E SaHA, 2t0|EE{EIE ClR2E 2R

% git clone https://qgithub.com/tensorflow/models

Protocol Buffer Z4 o} !

CIS Z2EE HHE AFE3517| I8HM protocZ proto TS ZHut Y $HH|, Object Detection
APIE dZ[E CIREE|0f M models CIMEEIZ S0{ZF #of, CHE TBHOIE ST,

protoc object_detection/protos/*.proto --python_out=.
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https://github.com/tensorflow/models/blob/master/object_detection/g3doc/installation.md
https://github.com/google/protobuf/tree/master/python
http://bcho.tistory.com/1182
https://github.com/tensorflow/models

PATH =51 7]

Mx|7} Bt 2™ Object Detection APIZE PATHS} mHO|M 2lo|22{2| ZZ Q! PYTHONPATHO]|
Z7tstch WolME AL X EC|RE 2|2 .bash_profile 01l F7} stHE| .

PYTHONPATH £+7Z 24201 {Object Detection APl A x| C|3| £ 2[}/models/slim C|Z E 2|2}
Object Detection AP| A %| l1|E*'EEI}/modeIs/modeIs CIHEZIE &7+t

Z2 CIMEE[E PATHOIZ FItsHELL.

export
PYTHONPATH=$PYTHONPATH:/Users/terrycho/dev/workspace/objectdetection/models:/Users/terrycho/dev/worksp
ace/objectdetection/models/slim

export
PATH=$PATH:/Users/terrycho/dev/workspace/objectdetection/models:/Users/terrycho/dev/workspace/objectdetection
/models/slim

EHAE
Mx|7F MCHZ ZR=XIE & 157|251 {Object Detection API A %| C|2 E 2[}/models/
CIHMEZ0IM S BES MASHE X

oh

% python object_detection/builders/model_builder_test.py

EA glo| Aol o™ AMoiE Mdx|7F EZdolct.

(objectdetection) terrycho-macbookpro:models terrycho% python object_detection/builders/model_builder_test.py

Ran 7 tests in B.838s

0K

AE3t7|

e CIEE 2| otef

Mx|7t B o™ MXZE ALE3SH £ X} Object Detection APIE RIAE =2
AE2 LEE utalo| Qlct. 0]

models/object_detection/object_detection _tutorial.ipynb 01 Ef|
oY FI|E| L ES (http:/jupyter.org/)2 0|835t04 A&l = X}

https://github.com/tensorflow/models/blob/master/object_detection/object_detection_tutorial.ipyn
b)
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S |.®IacaIhost:BBBQ,Fnotebooksjl:iev... Q 1‘.‘rl| Qe Bt CBEPO | c e
" jupyter object_detection_tutorial fautosaved A | Logout
File: Edit View Insart Call Kernal Help ENutTrustad_ |Python2 Q

+ e @ m 4[| @ c]| coe s

Object Detection Demo

Welcome to the cbject detection inference walkthrough! This notebook will walk you step by step through the process of using
a pre-trained model to detect objects in an image. Make sure to follow the installation instructions before you start.

Imports

In [1]: | import numpy as np
import os
import six.mowves.urllib as urllib
import sys
import tarfile
import tensorflow as tf
import zipfile

from collections import defaultdict
from io import StringIO

from matplotlib import pyplot as plt
from PIL import Image

Env setup

In [2): # This is needed to display the images.
Fmatplotlib inline

# This is needed since the notebook is stored in the object detection folder.
sys.path.append{”..")

Al
=

0%

£ ot Atz o2t Zo| A E et 2N E EoiELC
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0| B0lM 528 2 E2 Model PreparationO|2l= EE2Z,

0{7|M st L2 3 A olef 37HX|Q 2Lt
e Export E REH CIREC
o [CIRECEH =G
o CiHMZET

Export B R CIREE

Object Detection APIE 0427t x| EF 2| 0|2| 23 ZEE 7Xx|1 Qlch.

EEEL

https://github.com/tensorflow/models/blob/master/object detection/g3doc/detection_model zoo.

md & EH £ledl, CtS0 242 RHES X[t D ACE COCOmAPF =2 = & Mt 7}

£2 2, chdl o Fofl AElE £27+ o =2|ch

Model name

ssd_mobilenet v1_coco

ssd_inception_v2 coco

rfcn_resnet101_coco

faster_rcnn_resnet101_coco

faster_rcnn_inception_resnet v2_ atrous_coco

*

L=l

rlo

Speed
fast

fast
medium
medium

slow

COCO mAP Outputs
21 Boxes
24 Boxes
30 Boxes
32 Boxes
37 Boxes

gz SEZ C22 =7t &=, o] mtdetols o2 242 L8 S0| S0{RIctH

e Check point (model.ckpt.data-00000-0f-00001, model.ckpt.index, model.ckpt.meta)

EMEZLR 84 A3 ZQIEZ LESoi, CHE d|olE}

= "1

E st& AlZM Transfer
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https://github.com/tensorflow/models/blob/master/object_detection/g3doc/detection_model_zoo.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/detection_model_zoo.md
http://download.tensorflow.org/models/object_detection/ssd_mobilenet_v1_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/ssd_inception_v2_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/rfcn_resnet101_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/faster_rcnn_resnet101_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/faster_rcnn_inception_resnet_v2_atrous_coco_11_06_2017.tar.gz

LearningS Ol &, HIMEZ 2 a1z of O| M3 XQIEE 2504, 1

MIxRE Ao HEZE & Al7iEE = UCt O] oA|olHE AHESHE]

of x|gF, CHE OIO|EHE O|&36tod st& el ALS Bt

F&E 29 JeiI (frozen mference _graph.pb)

st& 0| 22 Jei=of chdt LHE 2 Export sf=2 T O|Ct Of A= o] 2 &
ot ChA| 225104 Prediction2 4‘—‘21,1°HZP

e Graph proto (pgrah.pbtxt)

L]
oF o £

7|t U E
Olelof= 7|E CtE T E0| U=, CHE THYUE2 0|0| Object Detection API 2tof| o|0|
CH22E Elof Qo
o ChHTH
2B 2 (Object Detection API A x| C|2 E 2]}/models/object_detection/data C|HE 2]
Otofl 3 MZ mdiof CHt 2 ®o| MEZlo] QCt Ehd e oM AISSH ER
ZejAoi cHet HE 2 name,id,display_name A2 2 X O|L|H, name2 HAE g},
ide F'_Pt“'o TAE ETE 2t (BHEA| 12 E A|ZfSHOF BFCt.), display_names Prediction
ZIE HE OIDIXIONA‘I RUAIBH EXMEE BfAaXEI M E2{st=d ol 2rA0f o{H
EXMQUX| EsiF = EXHGof| E0{7t= HAE o|ct.
07| M AL 8t ZHHIP 2 mscoco_label_map.pbixt ZF 0| AFHE £|ACH
e =& CONFIG IHY
DH st&T o Fol MBI 24F MY YWEE MEE IUE floM O/2] HolE
DuME 2t7 e AN U JHR|D Qo AN 10| §IxlE (Object Detection
API x| C|2 £ 2[}/models/object_detection/samples/configs ol {= & &}.config 0ofl
ME o Lot

Ct2EEF DR 2HHey 2
oM B2 mtedo| Ch2 2|1 AHAZ EIQAKIEH o= (Prediction)dl& &F&E JiZ RS & §
frozen_inference_graph.pb T+, 27 2t 0| HZE mscoco_label_map.pbtxt 5 7H2t
INE=E=[u

L

O ZE R0 ZESCie 2EE 80 & otent gt ool A2 & X554t
# What model to download.

MODEL_NAME = 'ssd_mobilenet_v1_coco 11 06 2017'

MODEL_FILE = MODEL_NAME + 'tar.gz'

DOWNLOAD_BASE = 'http://download.tensorflow.org/models/object_detection/'

# Path to frozen detection graph. This is the actual model that is used for the object detection.
PATH_TO_CKPT = MODEL_NAME + '/frozen_inference_graph.pb'

# List of the strings that is used to add correct label for each box.
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PATH_TO_LABELS = os.path.join('data’, 'mscoco_label_map.pbtxt')

NUM_CLASSES =90

Jc[x obx|e # 20 27 2ciael +& HFECh 017|ME 9071e] EeiA R Fo|sHICt.
ohofofl RIS Ht R TR} Ot PATH_TO_CKPTE CHE 28 I UE FE0H HEHFH Elot

CHZ 22 frozen_inference_graph.pb 2 £E ZEE 2o{M 2= E XA 5t

detection_graph = tf.Graph()
with detection_graph.as_default():
od_graph_def = tf.GraphDef()
with tf.gfile. GFile(PATH_TO_CKPT, 'rb') as fid:
serialized_graph = fid.read()
od_graph_def.ParseFromString(serialized_graph)
tf.import_graph_def(od_graph_def, name=")

LIHX| 222 0|0/X|& 21o{M, 2EEE Z=IS 0/835t0{ EX|E Detection 5t= ZE0|C}.
04777} K| ZHEHSHH| Tensorflow Object Detection APIE A x| & AFESHE 2ol CHEH A

ofot QL.
Chs 20iME CHE Clo[Bt 2 2

fjo
]

&M ol Fots FEO CHallA Zot2 == St7HCE.

e Tensorflow Object Detection APl home :
https://github.com/tensorflow/models/tree/master/object _detection

e |Install guide -
https://github.com/tensorflow/models/blob/master/object detection/g3doc/installation.md

e Quick start -
https://github.com/tensorflow/models/blob/master/object _detection/object_detection_tuto
rial.ipynb

e |Install to google cloud platform -
https://cloud.google.com/solutions/creating-object-detection-application-tensorflow
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https://github.com/tensorflow/models/tree/master/object_detection
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/installation.md
https://github.com/tensorflow/models/blob/master/object_detection/object_detection_tutorial.ipynb
https://github.com/tensorflow/models/blob/master/object_detection/object_detection_tutorial.ipynb
https://cloud.google.com/solutions/creating-object-detection-application-tensorflow
http://bcho.tistory.com/1192

Object Detection APIO]| OIS = ALEIE =& A7 2Rt

ObJect Detectlon APIO| O|#Hof= ofetES= ArZEl CIlO[ELE &F
ofjet S= &4 OlO|Ete] HEE Oxford-IIIT Pets lives =
http: //www robots.ox.ac.uk/~vaa/data/pets/ ol QCk. 2 377H2| Eejaol, AT

s

Al74 EZ E stct.

20071 ol o|O|X|E 7FX| RUCt.

Visual Geometry Group

Department of Engineering Science, University of Oxford

Omkar M Parkhi and Andrea Vedaldi and Andrew Zisserman and C. V. Jawahar

Overview
e bave crsted a3 caegory e st with ougly 200 s fr cachclse.The s have g vaistons s, os and
lighting. All images have an associated ground truth annotation of breed, head RO, nd pixel leve mmp egmentation.

Downloads
‘The data needed for evaluation are:

ublefu cvery image mdauwx()pwmdbrwdmm(b) tight bounding box (ROD) around
leve ientation (Trimap)

Class Examples

I
TE Xk - TE.

0|1 20M= 0| of2ts 2 Cl|O|EFE CF2 #rotA], Object Detection APIO| & & AlZ|&=
A PSS °HZL

CIO|EIE CIRZRE B2 F, Object Detection APIO| && Al7|7| 2I5HA], CIlO|E} ZBHE
TFRecord °4EH§ HHetEt £, sta S ote OtHsS MHSC

olgd : ol REZ|Y2 & 3772 Eeli4a 2 7000% 2| O|0|X|E st&AlZ[=C, 17A|zt

P

T =

ol40| £2EIH, 72 F2H% CloudMLe| HIAEZS FRIAE(IAM B4 2iLlg S8

“sta glecl, oS 30008 ofwl BISOl E0h. Al S8 HES O3] sk
17A2+8 & E20/'d AI7|X| Z1 Bt H4B FOIALE OlLIT Fztoli] Bag A

HISO| BHO| LIQX| SHE 2 s WS HEBCH (HIAE ZT 1000¥ HE B&S 513 38+
Mz ol HIBoIM 40| 7h55T o{=HE Rol0jst AME €S + 2ioh

& O|O|EF CHREE HHY|

%curl -O http://www.robots.ox.ac.uk/~vgg/data/pets/data/images.tar.gz
%ocurl -O http://www.robots.ox.ac.uk/~vga/data/pets/data/annotations.tar.gz

3 Bol7| HEO, curl -O € A=, Linuxel 0= wget2 AF&3HH EICH
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http://www.robots.ox.ac.uk/~vgg/data/pets/
http://www.robots.ox.ac.uk/~vgg/data/pets/data/images.tar.gz
http://www.robots.ox.ac.uk/~vgg/data/pets/data/annotations.tar.gz

o| st& & o|0|X|7F 047}t Qlct.
| C

e annotations.tar.gz et HlEt cio|Et7 S04R.Ct. O|O|X| Ofct LtEFH

=
—
S=2 F, MTY S= 2 /ARl (82)

TFRecord I}t 8o 2 Z1H{El 57|

52 & MEtH|O|ELet o|O|X| mt(UE O|&38HA tfrecord T FEHE ZAHHEI S SHOF BtCh.
Tfrecord Liol= o|O|X| gto|Ld2l, olOlx|of CHEt A (ol|Olx| 27|, RlAle EXQ| {IxI,
gt)So| Eo{ztct. & Al oio|E} ZBHoi| CHSHM = CIE 20 dHESIEE
O| CIlO|EFE 7+K|Z tfrecord EFISE ZAHE dt= ZEE
object_detection/create_pet_tf record.py

of o|O] &fdk|o{ RICt ot ZEE 0|83 MAHFH XIS E pet_train.recordod|
8t 4 8 O|O|EFE pet_val.recordol E|AEE Cl|O|EFE MM &L

python object_detection/create_pet_tf_record.py \
--label_map_path=object_detection/data/pet_label_map.pbtxt \
--data_dir="pwd" \
--output_dir="pwd"

stey 27 FHls|
CIOlEL7I EHIEIRICHM &2 2IE 282 EdIsliof &tct.

S&2 72 2elRE E3EQ| CloudMLE AFEEHCEH CloudML2 2 ZEHRE £ E9|
Tensorflow managed AHIAZ, Tensorflow EHAE MHx|Lt 2 2R ¢lo| ZHEHEHA|

BFo Frez of{chel Ml 1IH t&g JtsstA siELCE
CloudMLEZ At&3st7| feiM= E7HX| &3 HdEE sl of Bt

Fll'

e MX{ &&& O|O|Et (tfrecord)mtYE 72 EctRE AEE[X| (GCS)E UZE dHok

shCH.

e Object Detection APIOIAM ALE QlAlof AFREl 2| &3 ZOIEE HZE o}
oH:l._

o EEREOM EE&E 57| MHE0, BMEER ZEE W7 |HHM YR =5 ok St

& Clojet Y= st7|

CIOIEE HYZE3t7|Hol, 712 22teE 2&0M F2 22 22X S YdEtot
HHE HAYEES YOUR_GCS_BUCKET &4 =0l XZEtet,

export YOUR_GCS_BUCKET=${YOUR_GCS_BUCKET}

CHS gsutil REZIEIE 0|830f YOUR_GCS_BUCKET HZIoZ &4 & O|o|Ete}, EhdY
CilO|EIE Y= st}
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gsutil cp pet_train.record gs://${YOUR_GCS_BUCKET}/data/pet_train.record
gsutil cp pet_val.record gs://${YOUR_GCS_BUCKET}/data/pet_val.record
gsutil cp object_detection/data/pet_label_map.pbtxt
gs://${YOUR_GCS_BUCKET?}/data/pet_label_map.pbtxt

St&El D O22C 2ot YEE 57|
CIS2 s&E BRI YotM, 330 MIaEZIEE GCSo| 22ICt.
curl -0

http://storage.googleapis.com/download.tensorflow.org/models/object_detection/faster_rcnn_resnetl
01_coco_11_06_2017.tar.gz

tar -xvf faster_rcnn_resnet101_coco_11_06_2017.tar.gz

gsutil cp faster_rcnn_resnet101_coco_11_06_2017/model.ckpt.* gs://${YOUR_GCS_BUCKET?}/data/

M3 ZQIEE CltolM YZE 5t olgE, EMAL B4 (Transfer Learning)2 37|
figreld|, stttz &0l ZlX| et REE &t&8 AlZ|=dl= Alztol Bio| Eo{zZtCt.
EMIe{d2 o|0| &&0| o /e RRZ CHE CIO|ELE & AI?I': I, MAES

=
T

Qlalstes YEHZ St&E0] s RS OE =AM (07IME S E)E st&stern AL8sHH
stgy AlZHE Bfo| & Y £ QUL O|H O|RE, AIE QlAlgoR %*AEI MIAERIEE ZEsHM

Ol M=z ZQIE RE st&E ot7| fIgfolCt.

MY ol #8567

Object Detection APIE AFE35t7| M= &&of Cist B HEE HolsHof &tCt.

O| M motoll= & & CllolEte| x|, Eefael = & 2tF 50 m2q{O|E{E 0] H ol E[oq
QACH miEH0O|E{ofl CHEt RtAM[EH dE2
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/configuring_jobs.md&
215t7| digtct, o] oMo ME MM TS 2 BHEX| 2T of2tSE ME &t& S IsHM
Ol2] Holzlof e "HES! dY oS 0|3t 5 sttt A U2 0|2 HolE == of et
CH2O|, 047|AE faster_rcnn_resnet101_pets E':‘”° A& 57| HE o
object_detection/samples/configs/faster_rcnn_resnet101_pets.config It Y2 AL EHCl.

)|||:| r

mtlof |x|7t PATH_TO_BE_CONFIGURED EXAtEE Ho|z|o Y=L, 0| YollM BHE
GCs HAB2 = HAsHok 5t7| 20|, ot2Het Z 0l sed BEE 01835t04 sl EXtES
HE At

Linux : sed -i "s|PATH_TO_BE_CONFIGURED|"gs://${YOUR_GCS_BUCKET}"/data|g"
object_detection/samples/configs/faster_rcnn_resnet101_pets.config

Max : sed -i ” -e "s|PATH_TO_BE_CONFIGURED]|"gs://${YOUR_GCS_BUCKET}"/data|g"
object_detection/samples/configs/faster_rcnn_resnet101_pets.config
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| 2t o] E5te ™ O|& GCS HZlof| 22l o, & Alof| A SStES BT CFS

MY ot % GCs HZlof|l 22l= BHo|Ct.

gsutil cp object_detection/samples/configs/faster_rcnn_resnet101_pets.config \
gs://${YOUR_GCS_BUCKET}/data/faster_rcnn_resnet101_pets.config

0% nx
o‘" 0

I
304

r|r "',S

HMERS ZC T7E o 2
F&oll AHSE ClO|EI M ZIESE H2E oM O HAMEZ R Z=E 17|F Sl
etCt o] 20X = st&E 24 EI-I*._OI OtLEt 712 EetR = HMHERZSR IHIL—IXIE MHu[&2l
CloudMLE AF st=Cl, 0l& YiME BMEERIES FE0|M AL St o[
grolEE2lEE F7| &AM 2E=|O|= Btrt.

oI- Jor

Object Detection APl 22 C|H E 2|0 A IS BHOo{E A=A, model C|Z E 22 model/slim
CIRHEZN Yz BMEER TE 2 & 2to|EE{2|§ Z 0| H?I |5t HlEIC

# From tensorflow/models/
python setup.py sdist
(cd slim && python setup.py sdist)

WS MYSI D Lt 7| A E ot U E 2 dist/object_detection-0.1.tar.gz 2t
slim/dist/slim-0.1.tar.gz ol K& =|A| EC}.

stest7|
T2 CloudMLZ 0|835t0q &t&5t7|. O™ sh&2 AIESHER}. &&2 200,000 AR0] &
17A|2t HE7F AL E|H, HIEO0| 3000$ 0|4 0] £ARE[L|, HI&O0| HdstX| §iCtH, & &S

Stol SE AlZ7|7|& HE ST BHIAE SX0|2tH of 10~2082 MM S&5HX| 227
stCt. ofL|™ 29| config IFU0IM trainning stepe = H WM A&SH7| HISHCE

# From tensorflow/models/
gcloud ml-engine jobs submit training *whoami’ _object_detection_"date +%s" \
--job-dir=gs://${YOUR_GCS_BUCKET}/train \
--packages dist/object_detection-0.1.tar.gz,slim/dist/slim-0.1.tar.gz \
--module-name object_detection.train \
--region asia-east1 \
--config object_detection/samples/cloud/cloud.yml \
= |
--train_dir=gs://${YOUR_GCS_BUCKET}/train \

196



--pipeline_config_path=gs://${YOUR_GCS_BUCKET}/data/faster_rcnn_resnet101_pets.conf
ig

st&E AMZ BHIMERR E{AE o0 st HE = object_detection/samples/cloud/cloud.yml
ol S0 QUCt LI8S EH,
trainingInput:

runtimeVersion: "1.0"

scaleTier: CUSTOM

masterType: standard_gpu

workerCount: 5

workerType: standard_gpu

parameterServerCount: 3

parameterServerType: standard

scaleTier2 2HAE(S| ERE Mol 4 U=r, Mt 1CHolM RE| of2iciel 2B{AEX|
cherst M %48 0| ks 3tct. 0i7IME 2-o| 2717t cha 27] Hi20f, CustomeE
Mgsteic.

odgt Med Bt S
Master server standard_gpu 1
Worker standard_gpu 5
Parameter Server standard 5
7} Mol amle MAl AZe Lietlx| g3, dTizie® Holzlof ol th2 Ligol
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Comparing machine types

Even though the exact specifications of the machine types are subject to change at any time, you can
compare them in terms of relative capability. The following table uses rough "t-shirt" sizing to describe
the machine types.

Machine type Memory

standard XS - M 1
large_model S - XL 3
complex_model_s S - S 2
complex_model_m M - M 3
complex_model_| L - L 6
standard_gpu XS 1 M 3
complex_model_m_gpu M 4 M 12
complex_model_|l_gpu L 8 L 24

Each increase in size constitutes roughly double capacity in the area being measured. Possible sizes are
(in increasing order): XS, S, M, L, XL, XXL.

E %] https://cloud.google.com/ml-engine/docs/concepts/training-overview#machine type table
S48 AIESD LI CloudML 2&01M A#SCl Jobg £ 4 /1, Jobs 22stH AHelo|
AL BEE 2 £ QlCh (CPUSt HIZE| AFEF)

CPU utilization

08
0.6

0.4 —

i ' |
Aug 19, 2:00 PM Aug 19, 2:15 PM Aug 19, 2:30 PM Aug 19, 2:45 PM Aug 19, 2:55 PM

master: 0.3614 ps: 0.2225 [Eworker: 0.3166

St&2 AlEEF F0f, & 222 Evaluate® == /=0, Object Detection APIO|M=
8t4& &0 Evaluation ZEE E‘EE LA M, 2 UHRM -85t =8 stct &S0
MUEl= MIEQE IYE 210 Evaluation2 3t= EEHOICH.

CHZ € Evaluationg *Eéo”%}E %'3401°|I3I ?lo| &t& Edo| AlRME Fof, BHAIZE HE
FEE AT A SEE = = U
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# From tensorflow/models/

gcloud ml-engine jobs submit training “whoami’ _object_detection_eval_"date +%s" \
--job-dir=gs://${YOUR_GCS_BUCKET}/train \
--packages dist/object_detection-0.1.tar.gz,slim/dist/slim-0.1.tar.gz \
--module-name object_detection.eval \
--region asia-east1 \
--scale-tier BASIC_GPU \
-\
--checkpoint_dir=gs://${YOUR_GCS_BUCKET}/train \
--eval_dir=gs://${YOUR_GCS_BUCKET}/eval \

--pipeline_config_path=gs://${YOUR_GCS_BUCKET}/data/faster_rcnn_resnet101_pets.conf
ig

Training 17:08 us-central : "consumedMLUnits": 358.03 = 3005%
Evaluation 04:41 us-central : "consumedMLUnits": 13.72 = 31.37%

1000 /\Eilog xoqo 7=1C>
Training 00:09:22 us-central : "consumedMLUnits": 298.83 = 24$

stg Tl o4& &elst7|

40| IS0l T, Evaluation2 AR {2 ™M TensorboardE 0|835104 &4 TIE &S
DLER & £ QlCt &t& T3 HIolE} gs: //${YOUR GCS_BUCKET} o MZ&E|7| W E o, o]
HZlof| /= O|O|E}Z Tensorboard2 2 LIE{Z! 6tHd EC}.

A gee MK GCS ol M4 0| 7Hs3 =S auth HE E M™35H1, Tensorboardol| 21 mH
=
GCS e 2 x|&stH Eot.

gcloud auth application-default login
tensorboard --logdir=gs://${YOUR_GCS_BUCKET}

otei= AN A Zxntol|ct.
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TensorBoard : IMAGES AUDIO GRAPHS DISTRIBUTIONS

Wirite a regex to create a tag group *® Learning_Rate
Loss
E% show data download links
e ; TotallLoss
Ignore outliers in chart scaling
Tooltip sorting method: default - TotalLoss

0.800

Smoothing 0.600

& 0.6 L

0.200

Horizontal Axis oo

0. 3000k G000k 5000k
m RELATIVE WALL s

bd run 1o downlo.,. » €SV JSON

Runs

batch

Write a regex to filter runs

clone_loss_1
I O eval )
. global_step
() train

parallel_read

quede

EvaluataionO| Zto ™, E|AEE 0|0|X|E IMAGES Eiofl M &Ql0| 7} 6tet.
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TensorBoard

IMAGES AUDID

YWrite a regex to create a tag group » image-0
image-1
Runs image-1
eval
Write a regex to filter runs

step 200006 (Mon Aug 21 2017 13:54:00 GMT+0900 {KST))
@® eval
() train

La
image-2

image-2
eval
step 200006 (Mon Aug 21 2017 13:54:01 GMT+I900 (K5T))

W . 3
Tanh
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st&El DS Export 57
&0 AZEIISe™, o] 2= E o= (Prediction)oll AFE 57| I5HM Export & =+ QCt.
OlZ A Export &l 0|0|X|= L& CtA] 225104 of F(Prediction)ZEM 2E 2 5104

A& 0| 7ts35tCt.
${YOUR_GCS_BUCKET}0l| 7t ®|=2 ZQIE mAUS0| K& E[o{ A=, ol M3 ZQIEE
0|835to{ 2E & Export 8tC}.

[T

Buckets [ terrycho-petdetection J train

| graph.pbtxt

| model.ckpt-195370_data-00000-0f-00001
| model.ckpt-195370.index

| model.ckpt-195370.meta

| model.ckpt-197676_data-00000-0f-00001
| model.ckpt-197676.index

| model.ckpt-197676.meta

| model.ckpt-200003._data-00000-0f-00001
| model.ckpt-200003.index

| model.ckpt-200003.meta

| model.ckpt-200005.data-00000-0f-00001
| model.ckpt-200005.index

| model.ckpt-200005.meta

| model.ckpt-200006_data-00000-0f-00001
| model.ckpt-200006.index

| model.ckpt-200006_meta

GCS H{Z!ol M Export 5t LA} 3= Check Point BH15 & MEHSH F 0 Export 5t EICH 07| MHE
200006 Check PointE Export 3l = ZiIC}.

${CHECKPOINT_NUMBER} &4 #H+E
export CHECKPOINT_NUMBER=200006

oz Mmool ohs HolE A,
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# From tensorflow/models
gsutil cp gs://${YOUR_GCS_BUCKET}/train/model.ckpt-${CHECKPOINT_NUMBER}.* .
python object_detection/export_inference_graph.py \
--input_type image_tensor \
--pipeline_config_path
object_detection/samples/configs/faster_rcnn_resnet101_pets.config \
--trained_checkpoint_prefix model.ckpt-${CHECKPOINT_NUMBER?} \
--output_directory output_inference_graph.pb

HYS A3 T LI output_inference_graph.pb CIEIE 2o 2& 0| Export EIZWE &olg £
OI|:|.
AA .

° El:-llo I:I:|7=|—|.E xPEE
https://github.com/tensorflow/models/blob/master/object detection/g3doc/configuri
ng jobs.md & #1357 Hi2tz,

o St&TEl REE 0|835t0d 0|F St oAM=
https://github.com/tensorflow/models/blob/master/object detection/g3doc/running

notebook.md & # 115t7| HiEtCt,

ot
o

AR

e https://github.com/tensorflow/models/blob/master/object detection/g3doc/r
unning pets.md

Object Detection APIZ Q10421 U= &t 57|

o|fHZ 0l M= Tensorflow Object Detection APIZE 0|&3t0o{ 27 o|O
ol CHa M rob=2 Rt oldOl 7tX|T QU= CIOIEHE 7HX|D CHY st &Fof
ALEH dZof et QIA BRI HAelz{'dof CHEt MEXQI X|A] gio|z &

[=——

st&8 ololet Hlolet 44 o Z
Object Detection APIE &t& Al7|7| QM= http://bcho.tistory.com/1193 o{A|Qt Z 0|
TFRecord HE{Z &5 mleut E|AEE nllo| 2R 35tCt TFRecord T ZBHof CHEt

M@ http://bcho.tistory.com/1190 & &1 stH EiC},
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https://github.com/tensorflow/models/blob/master/object_detection/g3doc/configuring_jobs.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/configuring_jobs.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/running_notebook.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/running_notebook.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/running_pets.md
https://github.com/tensorflow/models/blob/master/object_detection/g3doc/running_pets.md
http://bcho.tistory.com/1193
http://bcho.tistory.com/1190

o|0|X| Z}YLE TFRecordZ ZAHEISt=E MA| AA FICEE=
https://github.com/bwcho75/objectdetection/blob/master/custom/create face data
by & "*ﬂowl HF2tCt

+=2 22l E VISION APIE 0|&85t0{,d=0| J=X| R E mefstn, U= 47t LHF
otol %om A0l e siiFol, LZo| x| ZEE FE35+04 TFRecord IH0|| A=
5 Eo0lCt.

VISION APIZ AIE35l7| Eoi EtEA| MH|A 047}2 E (Service Account/JSON IHEHE
ZoteE Z&0M BtEo{M Mx|stn A=MS7| "2,

ALE g2
python create_face_data.py {O|0|X| A4 C|HEE|} {0|0|X| O}RE CIHEE[}
{TFRECORD I+Q/&

YEE Ar835tH IOt
0i) python ./custom/create_face_data.py /Users/terrycho/trainingdata_source
/Users/terrycho/trainingdata_out

{olOlx| 24 C|HMEE[]} #x& CtS2t ZCh
{o|O|x| &4 C|HMER|}/{te1}
{olO|x| &4 CIMEE[}/{ctH2}
{o|O|x| &4 C|HMER|}/{He3}

o & &0
/Users/terrycho/trainingdata_source/Alba
/Users/terrycho/trainingdata_source/Jessica
/Users/terrycho/trainingdata_source/Victoria

olzd 4ol EICt.

PP A™stH, {o|0|x| ok % C|HEE|} ofeh

o 3l& IR face_training.record

e E|AE 12 face_evaluation.record

o CIEBH2 face_label_map.pbtxt
2 MMECE o] M7kX| Tt 0| Object Detection APIE 0|88t st&ol 35t FI7txo=z
MYE|lE csv YOl U=d

e all_files.csv : &4 C|HER[0]| = ZE O|0|X| It =5

o filtered_files.csv : Zf O|0|X|Hx}, i, U= Qx| ZE (AZE), O|0|X| M ZFut

£0|
e converted_result_files.csv : filtered_filesoil /&= O|0IX|E, Y= 9| Z =S5O0

o|At8t O|O|X|E XNelst &1 H|IAER O|o|EF Ttofl So{Zt o|O|X| g%gg
Ol0|X| Tt UH, gt (HAE), Bt (£AH), U2 FE (AHZE) 2 x{&H8tot.
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https://github.com/bwcho75/objectdetection/blob/master/custom/create_face_data.py
https://github.com/bwcho75/objectdetection/blob/master/custom/create_face_data.py

2, A2 MPso] AZ Z2AMA REZE O Z2 o

07| AtEEF I EE ZIEE HAES Z
HEol, 2JetEo2 22[2{H, Apache Beams &4t
&

o|O|X|E &2|st7|o
ZhelsE 0l83+04

2 1st7| HEECE

047/ Br&St A SHE OlDIXIS| HIREEI(MZE BH)E £E5HE /S VISION APIE
OlgSHM RIS R RKIBH UBHEQl 2L OlNIXIOIM 2 BHE £522 FEHA
st&o|Olet2 Aadsof Bhet

O|lH X2 AI2E|= EL
https://medium.com/towards-data-science/how-to-train-your-own-object-detector-
with-tensorflows-object-detector-api-bec72ecfe1d9 E Ao =M™

E o

FastAnnotationToolO|L} ImageMagick ot Z2 £ FM35t1 ULk,

e https://github.com/christopher5106/FastAnnotationTool
e http://imagemagick.org/script/index.php#

Ol & mde MHEsReM O IH-E2 49| http://bcho.tistory.com/1193 0l A]
C

st& ClOIER7L ZH| EIoH e S I3t ZHIE stod, ER1AT 2id (Transfer
learning) & 9IsA 71Z o] st&El MALQIE CIOIEHE CH2 WolM 0| Jl#toz stag

shCh.

Tensorflow Object Detection API= A&0|1 Hedt DR 2B Y7t HunX =2
S&E DMK X5t AR, SHZ7 =CtD S IO ] =Xl og = UC
SE 22U = 5 &4 dolEt7 SE8 ok 57| 2ol &35t At 5t C|O|Ete| &1
SoiA0| FFof Mt MUES ZES MEHET|E HESHCL
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http://bcho.tistory.com/1177
https://medium.com/towards-data-science/how-to-train-your-own-object-detector-with-tensorflows-object-detector-api-bec72ecfe1d9
https://medium.com/towards-data-science/how-to-train-your-own-object-detector-with-tensorflows-object-detector-api-bec72ecfe1d9
https://github.com/christopher5106/FastAnnotationTool
http://bcho.tistory.com/1193

047| M= faster_rcnn_inception_resnet_v2 Z&& 0|3 7| IE0i ot2Het Zo] siE
pEo| M3 xQE O|O|EIE CIREE BH=C}.

curl -0
http://download.tensorflow.org/models/object detection/faster rcnn inception res
net v2 atrous coco 11 06 2017.tar.gz

_|".1
°
10
o)
I
mjo
Hn
l'l

= A3 ZQIE mtdE && O|o|E8 Google Cloud Storage (GCS)
HZISZ2 YHEE= 5H:}.

gsutil cp faster_rcnn_inception_resnet_v2_atrous_coco_11_06_2017/model.ckpt.*
gs://${YOUR_GCS_BUCKET}/data/

CtS &40l AL E REo| M™E ok st=0l, object_detection/samples/configs/
CIHEgof 2t 22 4™ otdo| S0 U2, 0{7|ME
t

=
faster_rcnn_inception_resnet_v2_atrous_pets.config It S AFE ST}

rot

O| mtUol M +=Hsliok t= FE2 CHSt Zh.

= Ealel e

SoiA 48 Holstet. of oimolAlE & 5740 BEjAR EFE 57| 2ol ol2fet Zol 52
@Sk RACEH

8 model {

9 faster_rcnn {
10 num_classes: 5
11  image_resizer {

=2 clole; 2 oy

rigey
&0]| AL E & O|E ZHY (tfrecord)2t EHE TFUHE X|H
126 train_input_reader: {
127 tf_record_input_reader {
128 input_path: "gs://terrycho-facedetection/data/face_training.record"

129 3}
130 label_map_path: "gs://terrycho-facedetection/data/face_label_map.pbtxt"

131}

Ct.

0Il
rot
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http://download.tensorflow.org/models/object_detection/faster_rcnn_inception_resnet_v2_atrous_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/faster_rcnn_inception_resnet_v2_atrous_coco_11_06_2017.tar.gz
http://download.tensorflow.org/models/object_detection/faster_rcnn_inception_resnet_v2_atrous_coco_11_06_2017.tar.gz

HIAE Cloje YT 2 2 oty

4% HAEN ASE EHAE Y (tfrecord) Tt EHE mpUHE K| BHC}

140 eval_input_reader: {

141 tf_record_input_reader {

142  input_path: "gs://terrycho-facedetection/data/face_evaluation.record"
143 }

144 label_map_path: "gs://terrycho-facedetection/data/face_label_map.pbtxt"
145 shuffle: false

146 num_readers: 1

otokof &Hg S (AH)S Z™HST A2™ num_steps éf2 ZHECt CIEE MY
208H3(QlD|, 07|ME 5832 +=7d5t A0t

117 # never decay). Remove the below line to train indefinitely.

118 # num_steps: 200000

119 num_steps: 50000

120 data_augmentation_options {

121 random_horizontal_flip {

122 >

A oY 30| E5to™ gsutil cp BEE 0[50 sl LAES GCS HAo| Ctgxt 20|
HZ = s,

gsutil cp
object_detection/samples/configs/faster_rcnn_inception_resnet_v2_atrous_pets.co
nfig
gs://${YOUR_GCS_BUCKET}/data/faster_rcnn_inception_resnet_v2_atrous_pets.co
nfig

IE oi7|&

models/ C|HEZ|H|M CtS HHE sAstod, 22 I =& 7| &etct.
python setup.py sdist
(cd slim && python setup.py sdist)

!
>

gcloud ml-engine jobs submit training ~whoami’ _object_detection_"date +%s"
--job-dir=gs://${YOUR_GCS_BUCKET}/train \
--packages dist/object_detection-0.1.tar.gz,slim/dist/slim-0.1.tar.gz \
--module-name object_detection.train \
--region asia-east1 \
--config object_detection/samples/cloud/cloud.yml \

\
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-\
--train_dir=gs://${YOUR_GCS_BUCKET}/train \

--pipeline_config_path=gs://${YOUR_GCS_BUCKET}/data/faster_rcnn_resnet101_
pets.config

PLIEZE
50| TYEE/HEHMEEE 0[83510 &4 ™ A2 ZLEHZE = U1, E5tHEHAE
Edo| Hof CHEr HIAEE SA| ZI&E = QL. hitp://beho.tistory.com/1193

r
ot
K H
9'|_|
N2
=
'l
:l_

&g AlEStH BIMEEE S8lM, Loss gtol =Hst= RE =g = UCh,

Titali e
a1
staol BU HAECOM BIASE HIIE & 4 ok of ozl Ze Y I =R
DES AZ=0l Bhetod, & 5712 ZeHaol ChaiA AT oF 407HH el &4 O|O|EHE
MEREL, dOiMez HE I FACH A MH|AMME O B2 CIOIELE AL83tVIE
Y.
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TensorBoard SCALARS IMAGES ~ AUDIO GRAPHS D

Write a regex to create a tag group X image-0

image-1

Runs image-1

eval
step 2000 (Mon Aug 21 2017 22:51:22 GMT+0900 (KS
Write a regex to filter runs P! ( 9 (KST)

O eval
O train

image-2
image-3
image-4
image-5
image-6
image-7
image-7

eval
step 2000 (Mon Aug 21 2017 22:51:35 GMT+0900 (KST))

HAE S ZReD PHaICHEL, DY e M22 2HolLt ¢TSS Hests
JIZo 4TEIES &S M L ClolE DM ¥ES ZE5D, S AlFlE %ol FE
20| 5|3, 25(24, 2 Zchs Glo|ERO] CHEF OlsHet TR Elol B2 AlZHo| 22 EIICY,

£35| ofefH AHE stHA HEHOIEHE =Ys6t IMSE TtV feiMs B2 A g =+
2010k st=0, ol247]| fIsiM= Al&(sf&)Alztol Eolok BFCt Ol faiMe 28 e 2ot
E&t g st| fIgt ZE #HE 5YSol Bol AL ECh

HES QOSHAH, ANE L 2IES JHLsts Clolet Tstavt oLzl HAlRIEE Baet
she me|MU UBolatH, Y JHLsHs 2 Hots ok 2Ue MEisM A A8 4
e ¥ sow Hit
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Ol ol M AIZFEH Zd0| T{Aled'd stoleie API O|Ct S8t 4=4{0] §10| Ell-xl EESE=
Dols MENSHA AR5t BRI, 217 o|ok7| 6t8H, Hash table 2 TL2|E S 100% 0|55t x|
PIHEt L, hashtable 2HO|EEHE[E 7HX{CH7F AA8SHH E|l=7d0t 22 EE|O|L—-|'

HAlB{ oMz o|O] olz{8t stolaile APIZL Bfol ME &l =, ool molZ
& (http://scikit-learn.org/) O|Lt SparkML & 0| S{E &Lt
HEMEZR0T 22 YASZ 5tolad APIE M35, BIMEZ R 34 SDKe METIE|
QLEAA Blo|EHEE|E 0] i

504 M tf.contribZt 34| HIMZEZ 29| 5to[2H APIO|H, EE{d ZE S 7HEHSHA ot
Q)= KerasA| Lot™of HIMZEZ R 24! §to|de APIZ 2 TQIE(ACt.

N

A
T

Canned Estimatars

Fooe Train and evaluate
Fa o : 4 models
Estimator Model

viode

4—Build models

TensorFlow Distributed Execution Engine
=S =

Layers

Python Frontend

HIMEZE R0 ME Linear regression, SYMS B 0| A 0|= EHHQI HAlR ' ZRIM FE

Deep Wide Network?t &2 & 2{'d 22 E S Estimator 2t= ZEHE XS5t QUCt.

sto|gi! APIE MEH &

J2{e of2{#t SHol2I Y APIE MBI B 0| £
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http://scikit-learn.org/

D& Jigof Eck

DE VYol o &ch SEE RES A LY + JAS#OE, YF ZEE2 Out of box
SEZ, HHZ 2tO|EEE| Aoz S2{M AHSEF &t Z|7| Eo| 2= 7 AlZto]l E0iE1
Dol cHet 7|22l ofsi2F et &AH| 7 o| 7HS StCt.

A7 LZ 0| EO[3HLt

2 2ES B2 CloEtZ st&5t7| /shAE oit] MHalolM &S she B4 t&0| 8,
E20YAPIE 0|88 B2 B4 Bt&S JHY ST (7 &X| gt stolBiE APIE 0|88 B2
IC HE glo] &2 HAlolM 2B GPU 2|1 B4 sta7tx| &4 x|2ol E7| mEo|, AF
(H&/HIAE) AlZHe Bfol "ofg & ot

THSEE AN F 52 HM HIZE & 4, 28 22 *.pb It YEHZ Export 5H0F
st=l, o] 3« &&of MREI Jei= 240 oS et 2= & M2 a2{of 5t= § F7HQl
todo| Zestn £l k| ot el stolBd APIS| AR, ZE HEDCZ T 47| oS
MHIAE 8t T =Z & ExportE &= QUCt

HMHE2 P stol2H API

tf.layers

BMEERE S| Htld (wHUERI) Z™HE 7HK|1 QAtHI HUHESIT Zt ASEE
A s7] RIiME HEFMHE E2E, £8, 2EZI0|E,E8 oIR S CHYE 7| E AHE St

E“Zl' OIE-I%F %% s %Uﬂ -_r‘°=|0|'7<| gn, HHESIE ’._*’.;!7'” BHE == A7 Zf Bilofofof

CHS OBI2 tflayer2 ZHEFME UERZ (CNN)2 788t oM 2 ZHEF AL Bfoloqef,
YA ERY, EFO0HR, ReLu HE[H[O|M =SS AE3tRACH 2 Bi|0[01= tflayers 2tO|E2 242
StLHA o 2 ZHEHSHA| T3 E(RRLCH.
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kernel_size=[5,5

(%,
, kernel_size=[5,5],

(x, kernel_

X, activation_fn=tf.nn.relu)

0.5)

Estimator
Mo 2 HAlE i 2 O 22 =& #=Ct
Training
7 Evaluation
Input,Labels Model "l
Prediction

Export

74k ek 2o Input,Labels CIO|EtE €2 F, & &(Training), EllA E(Evaluation),
0| = (Prediction)2 &%, 8t&0| 2t 2E 22 X% (Export)3}0d HH_;H:F Ho|l2E ZHE
JHebo| ol = E gt=5t7| 2o, Ol28 +E2E F 43 sl 20| Estimator O|Ct,

= =
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0| &4 E Sl A Estimator0d Cl|O|EIE &7 £|™, Estimator= Training, Evaluation,

Prediction, ExportE ¢|8t QIE{H|O|AE NS EtCH BHAMEZ R JZ FHOILE MM BEIS2

5 Estimator 9t 2 F A5} BHC}

Estimatore= &7 W& A7t RS 2% F345104 EstimatorE 7HE & &= £ /1 (Custom

Estimator) &2 = 0|0 BIME 2 2 tf.contrib.learnoi| off O|Z2| 2 E 0| F#¥4E(0{ QICt. ':'l:IIE-?—-IEL

7|8+9| ClassifierL} Regressor (DNNCIassmelr DNNRegressor), SVM, RNN, KMeans §0| !
2ol ZHEFSHAH E2qct AbE ST |2 St EICH

Estimator 01/ A|
Estimator 0| K| 2 ZtEHE LinearRegression EstimatorE AF2 3= O|XE £ X}

st&& olo[Et
0

K| st&& olo|Etet 2HHl S 45t RACH
import numpy as np

num_points = 300

vectors_set =[]

for i in xrange(num_points):

x = np.random.normal(5,5)+15

y = x*2+ (np.random.normal(0,3))*2
vectors_set.append([x,y])

x_data = [v[0] for v in vectors_set ]
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y_data = [v[1] for v in vectors_set ]

import matplotlib.pyplot as plt
plt.plot(x_data,y_data,'ro")
plt.ylim([0,100])
plt.xlim([5,35])

plt.xlabel('x")

plt.ylabel('y')

plt.legend()

plt.show()

Clo|Et 2 X &= of2iet Zot.

JiwE
&0 1
ot o
L]
|:l L ¥ T T T
5 10 15 i 5 i 1] 15
x
DA IE
CilolEt 2|+

0l

Estimator & AI2 524 C|O|EFE 210{A{ Estimator 0] 'Zo{F & @23 &~Z 34561 F/of stCt.
Ol2f= numpy HHEOIAM Ci|O|EIE 2lo{M EIESHF= 24 gF=o0|C}.

input_fn_train = tf.estimator.inputs.numpy_input_fn(
x = {"x":np.array(x_data[:200],dtype=np.float32)},
y = np.array(y_data[:200],dtype=np.float32),
num_epochs=100000,
batch_size=50,
shuffle=True
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x_data HHE 0| M 0~20077+X| 2| C|O|E}E & & & HIOIEIRZ AF235HIT, y data 0~2002 EHH 2
A& 5HACE. BheHof 50 7HM 2|ESH= 5 HiR[E ME5Hi, 100K epoch& X|#5t1 C|O[EHE
HESHA 2SI E 8 ME XMelE stict

input fn_eval = tf.estimator.inputs.numpy_input_fn(
= {"x":np.array(x_data[200:300],dtype=np.float32)},
y = np.array(y_data[200:300],dtype=np.float32),
num_epochs=100000,
batch_size=50,
shuffle=True

)

input fn_predict = tf.estimator.inputs.numpy_input_fn(
= {"x":np.array([15,20,25,30],dtype=np.float32)},
num_epochs 1,
shuffle=False

)

pds
=

YHo = BHAES C|0[EteL 0| F0l ALEE O|OEt Y™ &+& 20| Zolstict.

ro

DE Mol

column_x = tf.feature_column.numeric_column("x",dtype=tf.float32)
columns = [column_x]
2{o{2 CiO|Elol| M, ofH HHE st&oll AFSE K], 22|10 I AHC| o|o|Et Bt (LS H K]
E%‘S'lel)g MBtCt. tf.feature_column.numeric_column("x",dtype=tf.float32) = ZH E x&
& ClOIELZ A6t x= A4 Y Ha2 XY 35HAct
CHZ columnsO| I[MHE A& HAH S &2 Hstct.

ra 02

LmearRegressmn EstimatorE H2|5t1, 07|01, columng & ECt. OptimizerLt Learning
RateS2 X|H0| 7+s3tCt.

estimator = tf.contrib.learn.LinearRegressor(feature_columns=columns,optimizer="Adam")
st&1 ol F

&2 fit Ol2teE HAMEESE AMSSHH =1, 24 gh40f
estimator fit(input_fn = input_fn_train,steps=5000)
estimator.evaluate(input_fn = input_fn_eval,steps=10)
result = list(estimator.predict(input_fn = input_fn_predict))

x4
S

il

2
& 2

jo

i ElCt

ol

OFX|2F S 2 | &2 predict £ 0|&35tH EICI
x=15,20,25,3001| I:HoHH o= ZAnte= Chs ot 2ok,
[31.193062, 41.855644, 52.51823, 63.180817]
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BEIMEZZ 29| 5ol APIE 0|875}17| I A= Estimator & A2 3=, Estimator =
Predefined model = U X|2F 2 BREIS 73S o= QUCH

0| &M= Custom Estimator& 0| & 35}04 Estimator& T #45t= &0 EHﬁHA‘I AT e,
CHEE https://www.tensorflow.org/extend/estimators 2| LH2 & 2t 11604 2445193t

Custom Estimator

Estimatorl| AZIBE I EE= CIS0 2Lt ZEHE HO|stE e &S & featurel, label2
ety mEo|pE (%*ﬁ, EIAE, o&) ZEE QIXKIZ QotAM 2E0f et REE EFE71|
Molgh = QUCH 0| E E0{ &2 BR EE 0IRE AIESHX|BHHAE BEME EE OIR
AME35HXR| f=Ct.

def model_fn(features, labels, mode, params):

# Logic to do the following:

# 1. Configure the model via TensorFlow operations

# 2. Define the loss function for training/evaluation

# 3. Define the training operation/optimizer

# 4. Generate predictions

# 5. Return predictions/loss/train_op/eval_metric_ops in EstimatorSpec
object

return EstimatorSpec(mode, predictions, loss, train_op,
eval_metric_ops)

2121 QIxtof CHer M

O™ 2 QIRIE 7o =2 M2 X}
e features : input_fn2 SdlA L= L|= feature 2 dict ZEF7} EICEH
e labels:input_fnS SHAM LUZE|E label Zt2 2 BIM HEHO| T, predict (HS) 2= &
Z=oie dlo] A Elct.
e mode: ZEE PHEO| ZEZ tfestimator.ModeKeys & StLIE AF&3HAH EICH

o ftf.estimator.ModeKeys.TRAIN : &l& 2 EZ Estimator2| train()& 3 &3S
A2 A%l 2EOo|Ct.

o ftf.estimator.ModeKeys.EVAL : EIAE REZ evaluate() &4+ 2 3E31%2 B2
AMEE|E 2EO|C

o tf.estimator.ModeKeys.PREDICT : IS 2 EZ, predict() 8+8 EE5US
A0l A2 ElE 2EO0|C}

e param: —’F—7|-’“°E Ql2dst 4 Q= WEHO|E{Z, dict ZAE 7HX|D U2, 50|
HHO|ES2 O] H8 S g7 e=rt.
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https://www.tensorflow.org/extend/estimators#defining_loss_for_the_model

Estimator 0| A st &

Estimator & F3& M, Estimator LI2| LIE2 ZEHES MH 3F_T'_ E | = & a2l CH3od,
S Rof| CHE loss B =& H2lst, Optimizerg 2|5t
prediction gt 7| AHSHCE.

R
o
w
w
N -
lo
|r_
lI\l
mjo
pld
rr
iul
H
EE
h

Estimator2| 2|E17f

Estimator0il A 2|E5t= g2 tf.estimator.EstimatorSpec Z{A & ZIE 5=, ol A= Ct20t

€2 s 4=tk

mode : Estimator7t =8¢t ZE. 28 o2 @2 2C 20| OrH=E 2[EHEICH.
prediction (PREDICT ZE0{MEt AF&El) : PREDICT ZEMHM 0i&F2 s3I} S E2,
Ol 2t 2 dict ZEHZ 2| FHCH
loss (EVAL EE=, TRAIN ZE0|M AFEE) : &r& 1t EIAE S0 loss 2t 2 2|E 8
train_op (EEIOI'—' ZooMEr EeE): Bt ARSI stEE eS| /M =
gr+E 2|ttt 28 SE[0HOIX 2] minimize()2F Z2 &7t AFS EICH
optimizer = tf.train.AdamOptimizer(learning_rate=0.001)
train_op = optimizer.minimize(loss, global_step=global_step)
return tf.estimator.EstimatorSpec(mode, loss=loss, train_op=train_op)

e eval_metrics_ops (optional) : EVAL (HIAE) ZENM E|AEE QM AL E QIRIES
dict HEHE 2|EI8HCt. tf.metricsoll = O|2] Ho|El UBtx el HIEZ|S0| Helx|of /=,
o & E04 accuracy S0| 0|0 SHEBtCt. OfeH= tf.metrics.accuracy& O|&3t04 0| &2
(predictions)zt 2t (labels)2| 2t 2 H|At5t04, HEZR|IS 2 2[EHst= Edolct.

eval_metric_ops = {
"accuracy": tf.metrics.accuracy(labels, predictions) }
OtoF rmseZ evaluation metric2Z ALE35ITA} 3t C}
eval_metric_ops = {
"rmse": tf.metrics.root_mean_squared_error(
tf.cast(labels, tf.float64), predictions)

1 Zo| Heolgtct.

0jo
r

}

obokol| HEOo| HEZIZ HMHo|stR| fo™, CIZEZ loss atPH EVAL THAH|04A]
ALE|AH ECH

r

GilolEt = %2

DE2 0| H|0|E} Y242 Esitmatore| 2 &2 Q| = features H-E S U2 ElCt.
features= ZHEO 2 E 7|9, ZH 222 O|F0{%! dict FEHO| CIO|Et o2, EH HERHA
Do oi[o|EtE U=st7| RIHAE OIBA St&ol AHSE HEHDIE FE5104, &= 2f|ofo{of
=104 F/oF BtCt.

0| features (M &4 ZAHOHS X|H5t0{ FEE Foi|, O ZHO| #t2 £
tf.feature_column.input_layer &+& AI235H EIC|

o
ol
rir

0

»
rio
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https://www.tensorflow.org/api_docs/python/tf/feature_column/input_layer

oM E E Xt

input_layer = tf.feature_column.input_layer(
features=features, feature_columns=[age, height, weight])

2|o] o M= features 0| A age,height,weight ZE S FZ&35l04 input layer2 &= ZE=0|C}.

HES/3 Mo
ClO|EE 2liomM oA RHEUEXIE TAIsH ok 3tk WIE T o B0[04E tflayers 2
ZHEFSEH| 38 & QUC} tlayeroll= 28 E 20}, UEHEQI - EQ T 9| 5|E o]0,

HEFME HERISO| 2 FRik|o] U7| WZ 0l Zf 2i|0jo1& stLtel g = ZHESHA|
Ho|7t 7tssthat

ot2ii= SlEe0lo{E T35t tf.layers.dense & <= O|C}.
tf.layers.dense( inputs, units, activation)
inputsE 2| Blolo{E HMeolstm
unitse 0| glolofo| 2 7|E Holstn

OFK|2f2 2 activation® sigmoidL},ReLu®2t Z2 Activation
x{o|stC}
O —l = .

ot
n
i

Cte oidl= 5712l SlE BloloiE 7Hxle 2E Q3 HESRIE Heolgh ofolct.
input_layer = features['inputs'] # 784 pixels

densel = tf.layers.dense(inputs=input_layer, units=256,
activation=tf.nn.relu)

dense2 = tf.layers.dense(inputs=densel, units=128,
activation=tf.nn.relu)

dense3 = tf.layers.dense(inputs=dense2, units=16,
activation=tf.nn.relu)

dense4 = tf.layers.dense(inputs=dense3, units=128,
activation=tf.nn.relu)

dense5 = tf.layers.dense(inputs=dense4, units=256,
activation=tf.nn.relu)

output_layer = tf.layers.dense(inputs=dense5, units=784,
activation=tf.nn.sigmoid)

5712 5| eilolo{= Z+Zh 256,128,16,128,256 72| =E& 7tX|1 411, ZFZE ReLuE Activation
=2 ALSSHRICH
J2|3 0FX|S output layere 784712 ==& 7} X| 1 sigmoid &4 Z activation & +Z

A& SHRACE.
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Loss &% X o]

|]0II

Ct2 2 &oi CHBt H|& & +~(loss/cost function)2 & 2|8tCt O] 22 I £&0|H H|8
CHaiAM e 2 MYsHX| ghotE E2j2tn Ber, HIgE L oS
g2 LIEtll= Z[do| "8 &0l

P40l

Zfak pdef etdlo chet xtol e

# Connect the output layer to second hidden layer (no activation fn)

output_layer = tf.layers.dense(second_hidden_layer, 1)

# Reshape output layer to 1-dim Tensor to return predictions
predictions = tf.reshape(output_layer, [-1])
predictions_dict = {"ages": predictions}

# Calculate loss using mean squared erro
loss = tf.losses.mean_squared_error(labels, predictions)

FEE BH %[F oS E 22 predictionsoll MEE| T, & C|O[ELZ BB &2 ot gf2
labelso| X-l’“E”IF 0| %t0|& H|AtEH, MSE (mean square error)S AF2 &t QiCtH

Training Op & 9|
HIE &7t MEEIRSH, ol HISE 2| g2 £|M3} st= 0| &f& 0|7 [[H--Oﬂ
%E|D|'0|X‘|§ Ho|st 1, SE|0FO|XE 0|8 5tod HIE & 2| %[5t 7t E|= 5 ot

ol ZEE OptlmlzerE Grad|entDescentOpt|m|zer§ XMo|st1, o] SE|OFO|X{E 0|&35l04
0|&35t0q loss &t 2 %43t st 5 SHACEH

optimizer = tf.train.GradientDescentOptimizer (
learning_rate=params["learning_rate"])

train_op = optimizer.minimize(
loss=1loss, global_step=tf.train.get_global_step())

MA 2 E

O™ 2o W82 25 & XM model_fn@ 2 ZOtA S E At

def model_fn(features, labels, mode, params):
"""Model function for Estimator."""
# Connect the first hidden layer to input layer
# (features["x"]) with relu activation
first_hidden_layer = tf.layers.dense(features["x"], 10,
activation=tf.nn.relu)
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# Connect the second hidden layer to first hidden layer with relu
second_hidden_layer = tf.layers.dense(
first_hidden_layer, 10, activation=tf.nn.relu)

# Connect the output layer to second hidden layer (no activation fn)
output_layer = tf.layers.dense(second_hidden_layer, 1)

# Reshape output layer to 1-dim Tensor to return predictions
predictions = tf.reshape(output_layer, [-1])

# Provide an estimator spec for “ModeKeys.PREDICT'.
if mode == tf.estimator.ModeKeys.PREDICT:
return tf.estimator.EstimatorSpec(
mode=mode,
predictions={"ages": predictions})

# Calculate loss using mean squared error
loss = tf.losses.mean_squared_error(labels, predictions)

# Calculate root mean squared error as additional eval metric
eval_metric_ops = {
"“rmse": tf.metrics.root_mean_squared_error(
tf.cast(labels, tf.float64), predictions)

}

optimizer = tf.train.GradientDescentOptimizer (
learning_rate=params["learning_rate"])

train_op = optimizer.minimize(
loss=1loss, global_step=tf.train.get_global_step())

# Provide an estimator spec for “ModeKeys.EVAL® and “ModeKeys.TRAIN®
modes.

return tf.estimator.EstimatorSpec(
mode=mode,
loss=loss,
train_op=train_op,
eval_metric_ops=eval_metric_ops)

GloJeh 212

first_hidden_layer = tf.layers.dense(features["x"], 10,
activation=tf.nn.relu)
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t”EE 3 x40|

# Connect the second hidden layer to first hidden layer with relu
second_hidden_layer = tf.layers.dense(

first_hidden_layer, 10, activation=tf.nn.relu)

# Connect the output layer to second hidden layer (no activation fn)
output_layer = tf.layers.dense(second_hidden_layer, 1)

first_hidden_layere| &/23gf & 7tX|T HEXIE FgBtCt FEM Blolof=
first_hidden IayerZ L2 E 5t04, 1071e] =E & 7IX|1, ReLuE activation 2|0|0{2
7tRI= & stRict.

OFK|S2 AS e SHM HSoAM L ZADE 5HLte| L EE 0|8 35109 & & A activation & % Q10|
ZuE RHct.

# Reshape output layer to 1-dim Tensor to return predictions
predictions = tf.reshape(output_layer, [-1])

# Provide an estimator spec for “ModeKeys.PREDICT'.
if mode == tf.estimator.ModeKeys.PREDICT:
return tf.estimator.EstimatorSpec(
mode=mode,

predictions={"ages": predictions})

oS 2 =0 A= prediction Zte 2IEIsH0F 51 7| ME0l, HA| 6ISZLE output_layerdl M LI
USR, W UG BBt XY 51, Bofof 0fF DE tfestimator ModeKeys. PREDICTE!
3 EstimatorSpecOi| predction 2t S £0{M E|HECE. Of dict BEHZ prediction A2t O|F
ageZ Zt 2 predictions Zt2 2 MM SIEBHC.

CtS HI8 &8 Holstn, HIAE EHA(EVAL)MM AFHE & evaluation metricsOll rmseE HIAE

# Calculate loss using mean squared error
loss = tf.losses.mean_squared_error(labels, predictions)

# Calculate root mean squared error as additional eval metric
eval_metric_ops = {
“rmse": tf.metrics.root_mean_squared_error(
tf.cast(labels, tf.float64), predictions)
}

Training OP 2]

1ol

HI& &+E YoM, |8 &8 2|1M3 5t7| 98 SE|0HO|X{E Holftrt. otzfet 20|
GradientDescentOptimzerg 0|&735t0q loss &+ & %[X3} St & 5
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optimizer = tf.train.GradientDescentOptimizer(
learning_rate=params["learning_rate"])

train_op = optimizer.minimize(
loss=1oss, global_step=tf.train.get_global_step())

# Provide an estimator spec for “ModeKeys.EVAL® and “ModeKeys.TRAIN®

modes.

OFX|2t2 2, PREDICTIONO]| OfL| 1, TRAIN,EVALQ! ZL0{= EstimatorSpec2 Ct=21} Z 0|

2| et}

Loss &2, Training OpE olstn HWIIE OHERIAE HO|504 2|t}

return tf.estimator.EstimatorSpec(
mode=mode,
loss=loss,
train_op=train_op,
eval_metric_ops=eval_metric_ops)

Al
=

0%

ae

4

™ 2t A=l EstimatorsS A2 SHE X}

train_input_fn = tf.estimator.inputs.numpy_input_fn(
x={"x": np.array(training_set.data)},
y=np.array(training_set.target),
num_epochs=None,
shuffle=True)

# Train
nn.train(input_fn=train_input_fn, steps=5000)
# Score accuracy

test_input_fn = tf.estimator.inputs.numpy_input_fn(
x={"x": np.array(test_set.data)},
y=np.array(test_set.target),
num_epochs=1,
shuffle=False)

ev = nn.evaluate(input_fn=test_input_fn)
print("Loss: %s" % ev["loss"])
print("Root Mean Squared Error: %s" % ev["rmse"])

train_input_fn = tf.estimator.inputs.numpy_input_fn(
x={"x": np.array(training_set.data)},
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y=np.array(training_set.target),
num_epochs=None,
shuffle=True)

£ 0[|835}t04 numpy 2| O|O|EL 2 input_fn & =& BHERICE. training_set.data= f& IO},
training_set.target2 & & 2t E M5t 1, epoche FAIEH, I2|1 CIOIEl= ME SIS
&t RAcH

nn.train(input_fn=train_input_fn, steps=5000)

-

M HolEl 2= train_input_fn2 =0{M & 5000 H & &2 St 5 5HRAC.

mo
ol

40| Bt REES EAE &ljok st 22 Y2 = test_input_fnS Holst1
ev = nn.evaluate(input_fn=test_input_fn)

evaluateE 0|25t0{, st&E RH S TWrtstct

HYotEl A0 E 27| 2131 M loss 2t rmse ZLE ev[loss’], ev['rmse’ ]2 E245} AL}
X227 X| Estimatorg BtE = 2o CHSHA ot E Rk CHE 20 M= Auto Encoder
HEQ3E Estimator2 F3SHE =S dH7ICH.

L
&0 4
" o
L]
|:l T ¥ T ¥ T
5 10 15 5 i 1] 15
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JBHZ ot HITSHEE KA 20| LI X THelE £ gic

9F olAClE HUEYD Jlttol HIXIE o REE, FHUYEND SHE FIHoIM Bojse
gefolct
(=) .

Deep Autoencoder

Encoding DBN Decoding DBN

Input

@000

O
T

P000®

O
O
@ ow
O
©

Compressed
Feature Vector

<12 &X] : https://deeplearning4j.org/deepautoencoder >
of (= FEHUERAE 212, Flol 82 HER3= C|ZEH7} EICt.
HE SaliA &2 Cl|lo|Eto] CHEt SEE2 FE&lLH1, ol AN E 7HX[n E UERKIE
2 204AM ¥ IO|ELE Mt \HIt.

— Encoder —  Feature — Decoder —

ol
ot

>
=
=

ok

THE0l A /240t S24t0] 23 Lo XITS RIBOEM, Feature & &
—
-

S
7Zd0| R E Qla{9o| ¥z|o|ct.
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https://deeplearning4j.org/deepautoencoder

HIEH A 7Hel AE0| QIo{M O|E &85t W2 40| £|X| i 2 Olo|Ete| A< C|ZHo|
olsf 20| MCHE £|X| ot A= C|O|ELQ} H|m$HSMH xH0|ZL0| 27| 20, A Hel 2
ST RE2 H|I-EA Helvt ;o{%;m{ Zutgto| =gt 2t Bto| CtEZHolgte Ae
7H&dstet

T i242f ChiH| £332f0| LofLt Ch=2 HIE Y Hellz EHEE 7ol thgh AR 80|
Zedtd], ol= AA dlo|etg S8t MYo|Lt == SHAY el Ho[Etol| o|EE == §hofl giCt HIE
E0{ ™A AE7t= el 2] 0.1%7t HIEY Helfets 7E 7HdetH, &3 gt s ol £33
Ato|7t & =MCHZ HIO|EHE S &2 0.1%BH2 HIHY 7Hei = ErEHetot

= HIX|E &&0|7| WZol, L2 oio|EtRE Hal/H|EHAe S BESHY| EChe 1™ Held
tsde 9:1'%6H§I_', O HeHE2 184 HellY dolz2ta ol &5t o] HI™H Y e 2o
CHSHA A 2fRlo|Lt CHE X|ZEof CHEF A5 2492 S HIE Y HefE B etot.

Ol BEE HMAM HIH A 7Hei7h #Eo| £, H|- 4 7elol Cigt CloletE 2td st
Ol SsHM CtS 2 St& Al UAIR| 2t 2 HYstHL O E X 8t dnelEe =z HEss
HEHSS DRIS=E &= UCH

0| 2 E 9| HE 2 Etsuji Nakai ‘= Q| https://github.com/enakai00/autoencoder_example £

CilOlEF %2

o| oMo = BIMEZ 0] & El MNIST CI[O|E} tensorflow.contrib.learn.python.learn.datasets

£ tfrecord 2 HZ5HM AL ECHTFRecord0ll CHEH A2 http:/beho.tistory.com/1190 &

st Higtot

MNIST Ci|O|E} 2 TFRecordZ #HAE35ls 2 EE

httDS'//qithub com/bwcho75/tensorflowML/blob/master/autoencoder/MNIST/create_record.py Oil
QICt ol A EE A&™SIHM, /tmp/data/train.tfrecord /tmp/data/test tfrecords 0| & L HAE

IHIOIEF utdo| Mo ECt o]l UES ot BHE 20| E0{7t /= CIHEE| of 2l /data

CIMEEZ2 KHEA}

sg A= 7

S&0l A8EE 2RES E ‘|EE—|— stol2i'e APIQ! tf.layers®t EstimatorE O|& 38 A T34t
OB APIE AF235H= O|R = http://bcho.tistory.com/1195 http://bcho.tistory.com/1196
OIME MBEMZ 0| £30| HCHHZ 4|2 ¥, B4 &&0| 7ts5t7| HEO|CE.

MA ZEE
https://qgithub.com/bwcho75/tensorflowML/blob/master/autoencoder/MNIST/MNIST AutoEncode
ripynb o 3] Zlo1 QUC}.
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https://github.com/enakai00/autoencoder_example
http://bcho.tistory.com/1190
https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/MNIST/create_record.py
http://bcho.tistory.com/1195
http://bcho.tistory.com/1196
https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/MNIST/MNIST_AutoEncoder.ipynb
https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/MNIST/MNIST_AutoEncoder.ipynb

Glolet g
=t

=
=T
Clo|Et /34 222 tfrecord THA S 210{A], Y R E M input_fn 2 MH5t= E&20|Ct
Ol MEE input_fn &= Estimator & S3HM, &0t HIAE(HS) CIOIEIE I|YE[AH
Eict.

CllolEF 2124 222 read_and_decode& =2} input_fn &2 73 L|o e, 244 S M4T{EX}
def read_and_decode(filename_queue):

reader = tf. TFRecordReader()

_,serialized_example = reader.read(filename_queue)

features = tf.parse_single_example(
serialized_example,
features={
'image_raw':tf.FixedLenFeature([],tf.string),
'label":tf.FixedLenFeature([],if.int64),

)

image = tf.decode_raw(features[image_raw'],tf.uint8)
image.set_shape([784]) #image shape is (784,)
image = tf.cast(image,tf.float32)*(1.0/255)

label = tf.cast(features['label'],tf.int32)

return image,label

read_and_decode & & filename_queued| M, TtLE 2101 &=MCHE TFRecoderReaderE
2lo{M malgtF 0l image_rawO|E§ 22 & I|X2}, labelZ2 & I|XME 2]01M 22 image2t
label O|2t= B MO K{EBtCt.

image= At X F7| 23 M set_shapeE 0|&35t0{ 1XAHHE 7842] ZO|E 7HTI HIMZE
B85t 1, sh&oll MAHS TS OlO|EHE regulization 2 37| {I8HA], 1.0/255 E Z3HF A
1~255%Zt 0| ZEtgtE 0~1Atolo| Zto 2 HiEtstrt

T12|1 labelZt2 0~9E LIELIE At 2HHO|7| E o, tint322 & #H2tS
H48t0| 1 image®t label EIME E|E ST}

rok

tC},
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def input_fn(filename,batch_size=100):
filename_queue = tf.train.string_input_producer([filename])

image,label = read_and_decode(filename_queue)

images,labels = tf.train.batch(
[image,label],batch_size=batch_size,
capacity=1000+3*batch_size)

#images : (100,784), labels : (100,1)

return {'inputs":images},labels

Input_fn &= AN E Estimatordl 2f2 I|Yst= &2, &2 B2 flename2 2 I UO|E
HC =
=Y

image2t label Zt2 E|EHE=Ct.
A tf.train.batchZ O|&35t04 Hi k|

r:
Ml
r

T E BH=04M read_and_decode & 401
CIE 22 22 HE BIESHR| ot 0 HiR| & &2 @
AFO|Z (batch_size)BHE F0{M EIESHCY

oIl

EOo| 2MdERe™, HIO|EE 2{oiM &4 st FES HT{EAt

olgfeE 2 E S 7348t autoecndoer_model_fn &4 O|C}.
Custom EstimatorE 781517 {IaiA AF&E F+ = O|C}.

def autoencoder_model_fn(features,labels,mode):
input_layer = features['inputs']
dense1 = tf.layers.dense(inputs=input_layer,units=256,activation=tf.nn.relu)
dense2 = tf.layers.dense(inputs=dense1,units=128,activation=tf.nn.relu)
dense3 = tf.layers.dense(inputs=dense2,units=16,activation=tf.nn.relu)
dense4 = tf.layers.dense(inputs=dense3,units=128,activation=tf.nn.relu)
denseb = tf.layers.dense(inputs=dense4,units=256,activation=tf.nn.relu)
output_layer = tf.layers.dense(inputs=dense5,units=784,activation=tf.nn.sigmoid)

#training and evaluation mode

if mode in (Modes.TRAIN,Modes.EVAL):
global_step = tf.contrib.framework.get_or_create_global_step()
label_indices = tf.cast(labels,tf.int32)
loss = tf.reduce_sum(tf.square(output_layer - input_layer))
tf.summary.scalar('OptimizeLoss',loss)

if mode == Modes.TRAIN:

optimizer = tf.train.AdamOptimizer(learning_rate=0.001)

train_op = optimizer.minimize(loss,global_step=global_step)

return tf.estimator.EstimatorSpec(mode,loss = loss, train_op = train_op)
if mode == Modes.EVAL:

eval_metric_ops = None

return tf.estimator.EstimatorSpec(
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mode,loss=loss,eval_metric_ops = eval_metric_ops)

# prediction mode
if mode == Modes.PREDICT:
predictions={
'outputs:output_layer
}
export_outputs={
'outputs':tf.estimator.export.PredictOutput(predictions)
}
return tf.estimator.EstimatorSpec(
mode,predictions=predictions,export_outputs=export_outputs) #0/F & Z= YA ZAtEZ1

QEQII LESIE PHEY| QUFt AEE o2 FEOE =3 5tR| oich
input_layer = features['inputs']
dense1 = tf.layers.dense(inputs=input_layer,units=256,activation=tf.nn.relu)
dense?2 = tf.layers.dense(inputs=dense1,units=128,activation=tf.nn.relu)
dense3 = tf.layers.dense(inputs=dense2,units=16,activation=tf.nn.relu)
dense4 = tf.layers.dense(inputs=dense3,units=128,activation=tf.nn.relu)
denseb = tf.layers.dense(inputs=dense4,units=256,activation=tf.nn.relu)
output_layer = tf.layers.dense(inputs=dense5,units=784,activation=tf.nn.sigmoid)

| =

input_fnofl A |2 &2 C|O|ELE input_layer2 2Ot A, ZF 256,128,16,128,,2562| = E 2 £|0{ Rl=
570l HEQIZE S8t Foi, 25X Z 7842| o} RF 1} sigmoid &4 E & 443} (activation
function)2 2 7} X|= output layerE 7{*{A{ LI =L}

CIS REOo| 2E & &4 Lot a2l ol 220 et loss 4Lt train_op S0| CH2A|
s EICt
#training and evaluation mode
if mode in (Modes. TRAIN,Modes.EVAL):
global_step = tf.contrib.framework.get_or_create global_step()
label_indices = tf.cast(labels,tf.int32)
loss = tf.reduce_sum(tf.square(output_layer - input_layer))
tf.summary.scalar('OptimizeLoss',loss)

] |AE 2EQ ZFL global_step2 H3st1, loss & =& M|t
ZHA20= o}EHQ} Zol| ZE|0to|xE Hstn |IME 0183t0d loss g2 =M

=
=

o ol 2ElOto

= train_opE& 2|5 M EstimatorSpecZ BHE0 1 M 2|EsHRACt.
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if mode == Modes.TRAIN:
optimizer = tf.train.AdamOptimizer(learning_rate=0.001)
train_op = optimizer.minimize(loss,global_step=global_step)
return tf.estimator.EstimatorSpec(mode,loss = loss, train_op = train_op)
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HAE 2t A F0l= SE|O0IO|ZE ER7t 97| iZol, SE|0I0IKME Halst K| &1 loss 2t 2
2|Estn, BIHE /8t Evalutaion metrics& s 2IEEtCH of2 2 E= BWE 2 evaluation metrics
£ Yolotx| ot I, CIEE HEZAE ASSIRILCH
if mode == Modes.EVAL:
eval_metric_ops = None
return tf.estimator.EstimatorSpec(
mode,loss=loss,eval_metric_ops = eval_metric_ops)

ofl& 2= Z0= loss 2L0|Lt optimizer S2| 2|7t £ 811, outputZtS 04 22 LHE AX[Et
Hol5tH £l 11, o= 2 & (prediction model)2 Z2EZ HIH{ £ /'JOE export EHe| TXE
Hol5t7| ?I3HM export_outpus &£ 0F of2i et ZHo| Mol ElCt.

# prediction mode
if mode == Modes.PREDICT:
predictions={
'outputs':output_layer
}
export_outputs={
'outputs':tf.estimator.export.PredictOutput(predictions)
}
return tf.estimator.EstimatorSpec(
mode,predictions=predictions,export_outputs=export_outputs)

Estimator 2444

2o CHEt Ho|7t B ™, EstimatorE M5t
Mot 2RI gutoencoder_model_fng Mo|diF 1
def build_estimator(model_dir):
return tf.estimator.Estimator(
model_fn = autoencoder_model_fn,
model_dir = model_dir,
config=tf.contrib.learn.RunConfig(save_checkpoints_secs=180))

Oll, Estimator "4 2|= of2iet 20| 2Foi| A

A% (Experiment) 3
2roi| A 734l EstimatorE 0|&3}04, &1t E1|AE§ Rlss & ol=gy
2 A8 5tE W 0]2l0i Experiment EtE S22HAE AI26tH, O] R E
Experimentt|= AL& 3t 1A} 5t= Estimator2t c—’.*;.‘]'_} E1|AE9- | o|E}
2l st& EHAE ABNE H0{F M XS5 O 2 EstimatorE 0|25104 841 EIAEE FIYsHZECEH
Ol2H= Experiment & #3418t of O|C}.

_4_u

def generate_experiment_fn(data_dir,
train_batch_size = 100,
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eval_batch_size = 100,
train_steps = 1000,
eval_steps =1,
**experiment_args):
def _experiment_fn(output_dir):
return Experiment(
build_estimator(output_dir),
train_input_fn=get_input_fn('./data/train.tfrecords’',batch_size=train_batch_size),
eval_input_fn=get_input_fn('./data/test.tfrecords',batch_size=eval_batch_size),
export_strategies = [saved_model_export_utils.make_export_strategy(
serving_input_fn,
default_output_alternative_key=None,
exports_to_keep=1)
],
train_steps = train_steps,
eval_steps = eval_steps,
**experiment_args
)

return _experiment_fn

learn_runner.run(
generate_experiment_fn(
data_dir="./data/,
train_steps=2000),
OUTDIR)

rir
»
1o
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o
e
>
20
ful

CHEF 50,000 AE47HR| 8t& & ZISs ™ loss 2L 500 M2 43 &
x —

48 1= 7

A4S I == MNIST HlOo|EFOM EIAEE H|O|EHE 2250 EHIAE O|0|K|E YolM E&E

o|0lx|2 QALFCI7| C|ZE 5H= oflAo|Ct &34 o|O|X|2} &2 o|O|X|7| HI%E = &

M2 st&EZdolgln 24 ULt

Export 2 ZE &
ofgi I E= 2o &5 uHo| A Export E S&E ZEHE 25101 M{EH JH=ZE& EY
2c=olct,

ol
rr

#reset graph
tf.reset_default_graph()

export_dir = OUTDIR+'/export/Servo/
timestamp = os.listdir(export_dir)[0]
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export_dir = export_dir + timestamp
print(export_dir)

sess = tf.Session()

meta_graph =
tf.saved_model.loader.load(sess,[tf.saved_model.tag_constants.SERVING],export_dir)
model_signature = meta_graph.signature_def['serving_default']

input_signature = model_signature.inputs

output_signature = model_signature.outputs

print(input_signature.keys())
print(output_signature.keys())

tf.reset_default_graph()& O[&3t04, J2= & 2|H &F, tf.save_model.loader.load()&

0|8 3104 export_dir0il A Export E I} 4S 2o{AM ZEIBHC}.

Ct= =dZta £=4z49] E“A‘I 0|E S 27| 2|31 M model_signature.input} output A|ZLIXE
elo{iF Z+Zh keys()E O|&35to{ =0 £3 BHIM O|F S EotALC.

Ol ElM O|§2 2 & O =of °'E.'% 20 £ S &2 M AS5HA =t

HlAE A= 28

staE mdol 2 EYo® 2EE DWS 018504 MNIST EIAE Clo|EHE 2 13T
Hofi o= T st

from tensorflow.examples.tutorials.mnist import input_data

mnist = input_data.read_data_sets("/tmp/data/", one_hot=True)
images, labels = mnist.test.images, mnist.test.labels

feed_dict = {sess.graph.get_tensor_by name(input_signature['inputs'].name):
mnist.test.images[:10]}

output = sess.graph.get_tensor_by _name(output_signature['outputs'].name)
results = sess.run(output, feed_dict=feed_dict)

fig = plt.figure(figsize=(4,15))
for i in range(10):
subplot = fig.add_subplot(10,2,i*2+1)
subplot.set_xticks([])
subplot.set_yticks([])
subplot.imshow(imagesJi].reshape((28,28)), vmin=0, vmax=1,
cmap=plt.cm.gray_r, interpolation="nearest")

subplot = fig.add_subplot(10,2,i*2+2)
subplot.set_xticks([])
subplot.set_yticks([])
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subplot.imshow(results[i].reshape((28,28)), vmin=0, vmax=1,
cmap=plt.cm.gray _r, interpolation="nearest")

plt.show()

feed_dict = {sess.graph.get_tensor_by name(input_signature[‘inputs‘].name):
mnist.test.images[:10]} # 22 2 OIO|EIE Ho|sl= R 2SR, ol 2& Al AFS
At Zrol 1= B ol O|§2 7| fIdl A input_signaturel| OIS &2 F ILEH“OilA‘l a
OlE2E HIME 7tX|1 2Lt 1 0|F, 7t H A0 mnist HIAE HIOIEWOHA-I olOlIx| #&&
0~9 7HE T|Fetct.

&34 7t OFEH7HRIZ output_signature0l| A output BIAM 0| 7HK|1 2%,
get_tensor_by name S Z allY HIME 7tX|1 2F0f, output =0 X{&rstct.
OFX|2t S 2 sess.run2 Sl A feed_dict 22 LT 5t1, output HIME 2|50, AUt E

resultsZ Z|E18HC}.
LIHX|= 2B 10712] prediction resultZ® matplotlibE 0|& 304 AlZ
otz Zutet Zo| Uit E24ZL0] He| RAISHA SHEIUS S =g = M'EF.

Ny Ny 2L~ 8O~ PN

N N2t~ lo~PN

IE 7= KAE el ofdet 27| mEo W= dFstK| o=t
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In [93]: from IPython.display import HTML
HTML(input form + javascript)

out[93]:

CMarI

In [110]: feed diect = {sess.graph.get_tensor by name(input_signature['inputs'].name):[image]}
output = sess.graph.get tensor by name(output signature[ 'outputs'].name)
results = sess.run(output, feed dict=feed dict)

fig = plt.figure(figsize=(6,3))

subplot = fig.add_subplot(1,2,1)

subplot.set_xticks([])

subplot.set_yticks([])

subplot.imshow(np.array(image).reshape((28,28)), vmin=0, vmax=1,
cmap=plt.cm.gray r, interpolation="nearest")

subplot = fig.add subplot(1,2,2)

subplot.set_xticks([])

subplot.set_yticks([])

subplot.imshow(results[0].reshape((28,28)), vmin=0, vmax=1,
cmap=plt.cm.gray r, interpolation="nearest")

plt.show()

loss = tf.reduce sum(tf.square(results[0] - image))
loss_val = sess.run(loss)
print("Differnce :"+str(loss_val))

Differnce :133.149799809

S o|83sto Atet utels s U= Antgle FESHE 2, Y2 0lE XAHo|H
UE xto|7t SEO|Lt ZR7F 2 A RHO|7F LEX| fotM, #=do| 3 K| 2L 4T,
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Differnce :118.759889021

Differnce :44.7308005673

Edold AE40]| 0] 50,000 AE| MEM |ossZt0] 500 2 A E £ 5t =0, 1,000,000 AR
8t& Al7{AM MNIST O|O|EFoi| CHEH 7| £t E SChHE st FX|pH 2 17 AACtH
04247} x| Q10| UZIX|BH HTMLOMIMH &2 2 o|O|X|E QlAl gh= BtE ) Z2XH9| 2|%x[Lt 3 7|0
=
=

k2t M loss gt0| 24| RtO[7} L= At E EACH o] & ._8 H= A=|'-E" Z!E{ (Convolution

Filter)& At8 3ot sl 20| 7tsE W 2oLt &2 ot x| AL

Differnce :20.7133778336

Differnce :133.149799809

Jov FR

gt &0l AHEE CIO|EH= 0~255 2| &4 Z1o|X[BH f{of oMM EE &
/94 (0 or 255)21 ZtO|7| HZ20 =22 E7|ol= HIxst X[t AME= B
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CI2 20M= A2 7IE H|O|EIE 71X |1 LE QIFHE 0|25+04 HIKHA HElE HE 57
QIS &8 5104 C|O|EF MA{2|E st 20| CHaAM Lot E =& sH7CH

=
13. QRECITHE 0|23t Al27tE H|AA 742l EFK]
QE QIACE MEBSIM AlZ7I= HIHA 7HEHE BotLIESE FESIA2LE, of| Kol AHZE
CIO|ElE H|HA ezt et 2! Elof /= CIOIEIR, QE 213 242 H|X|E &0
MEsHR| ebeh 2H O] Elof U7| MO, XIE Stag Agste 20l oLt HIHA 72
IHEHE 3hE a2 gtdl2lo| £lof e B 7 M7| o], ofolC|o] xf 1t @ E QIFH REHES
A4S I8 S UE olsls 7| "2t

AEFHE C|O|EFE 7HX| 1D, HIH A HElE &= REE QE QIFHE 0[&5l0
https://www.kaggle.com/dalpozz/creditcardfraud OflA C|O|E}E C}2 w2 £ QlCt.
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=lOI=I
Hr
>

Credit Card Fraud Detection

Anonymized credit card transactions labeled as fraudulent or.genuine

{'\ Andreas'last updated 10 months ago.

Overview Kernels Discussion  Activity Download (68 MB)

CSV HEHZ E|o{ Q/2m, 2013H & 7= Ate| Al olO|E} o|ct. 27to| HO|E} o], &
284,807742| ERMIMM 2F0{, 492710| H|'E 4 Ci|o|ElO| 1, Ci|O|El 22 = H|'E 4 CIO|EF7}
0.172%2 A5tH 27 &€ olct.

A 317He] AHE, HHm| HHS Alzh30HM| AHE2 HIHY 7Hell RF (1018 BHIEY, 00|H

MAh) aglo obx[e 31 ZAEH2 2R 24 S LIEHHC 2~298m| ZZH 0| S & o|o|E}F @I,
V1~V28Z2 EFHL|T O|O|E AHHE2 Hotg 0|fRZ2 25 AMA| Z|Act

HlOlEt &2 41

oft T

L

HES IIME HeEXeI7IE 2H57| fIsHAM HIo|Et 2442 A|=HEHCE.
O|O|E} B HhHE2 hitps://www.kaggle.com/currie32/predicting-fraud-with-tensorflow £
ke By dui
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https://qgithub. com/bwcho75/tensorﬂowML/bIob/master/autoencoder/Credit%2003rd%20fraud%2
Odetection%20(Data%20Analytics).ipynb 01| {.C}.

CilOlEF %12

X 22 etE7(of &M A87L= 7Hel HIOIEHE & &0l MMStE | MX{ElE st=FEtCt.
cloletFo| a2l 3 x| 47| 2o, dlo|et TA{2|= mto|M o|o|Et 2to[=2{2[2] pandas
dataframe= AF&3IRACE 07| A El HMAE| 2 EE
https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/creditcard_fraud_detection/
2.data_normalization.ipynb ol 7§ E/0{ !C}.

rlo
v
i

A87tE el HIO|EHE HAlZ Y st& ol BT EHAEN MUt S ohsnt 2
S3oto] O|O|ELE HR{2|5tod CSV = MY sHRACH.
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https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/creditcard_fraud_detection/2.data_normalization.ipynb
https://github.com/bwcho75/tensorflowML/blob/master/autoencoder/creditcard_fraud_detection/2.data_normalization.ipynb
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df_csv = pd.read_csv('./data/creditcard.csVv')

— X oo

22 / (EIX 2| Z[CHEL - TIX S| Z[£EL

ol M 02| B2 = (0 - (-10000)) / (10000 - (-10000)) = 0.5 £ A&t 0| E|l=7Zd0|Ct.

Feature scaling2 {I5iA HH3tE 5ted™

CSVolM #4& Cllo|EtE el=Ct.
2lo{= 2l lo|Ete| YR E HH ChEat Zot
Time (V1 v2 V3
0|0.0 [-1.359807(-0.072781(2.536347
1(0.0 |1.191857 |0.266151 |0.166480
2|1.0 [-1.358354(-1.340163(1.773209
3|1.0 [-0.966272(-0.185226 (1.792993
4|12.0 [-1.158233(0.877737 [1.548718
df_csv = CllO|EtS| HEZLE LIEFHLHT, df csv.min() ZF AEC| %A
ZHO| x|Chgf S LIEHACE O 2EE 2 0835104 2[2| Feature Scaling
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df_norm = (df_csv - df_csv.min() ) / (df_csv.max() - df_csv.min() )

Ol HrsteEl 2t S EMsiEH s Zot
Time V1 V2
0(0.000000|0.935192 | 0.766490
1{0.000000|0.978542 | 0.770067
2(0.000006|0.935217 [ 0.753118
3(0.000006|0.941878 | 0.765304
4|0.000012|0.938617 | 0.776520
V1 ZH9|-1.3598070| Hrtst &0 0.935192 2 HAEIUS &folg = JUD CIE ZEEL
HAEINS gelg = ot

Clolet &

T~ CIOlEtE M5t
QE QlFo| HEl=
A 0] 9l KAFEIO|
1= AAL-. OO 1 L—

Ol¥7HEHE Melstt

>a

A O|O|ELE g, 488, ElIAE & |o|EtZ LI ok st=d,

| Clo|EL& AlZl=of|, Cllo|EtE 'HoiMd 2L EQIF T}
4otk CHEZHE HIRstE Z7Ho|7| WEo & HIolEtE
HeliRte 2 sr& 2 fhot

O|& I8 THx{ H|o|Et o HIZE 4 dlojEHA FIHX|2 2 2IFtCt.

otef ZE= Class=10|H H|H 4, Class=00|H H 2l Cl|o|Et 2 2|7} ==, 4 Clo|Et=
df_norm_nonfraud™| A& 35t 1, H|ZH 4 O|O|Et= df_norm_fraud0ll XM&st= Z E0|CH.

# split normalized data by label

df_norm_fraud=df_norm[ df _norm.Class==1.0] #fraud

df_norm_nonfraud=df_norm[ df_norm.Class==0.0] #non_fraud
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# split non_fraudfor 60%,20%,20% (training,validation,test)
df_norm_nonfraud_train,df_norm_nonfraud_validate,df _norm_nonfraud_test =\
np.split(df_norm_nonfraud,[int(.6*len(df_norm_nonfraud)),int(.8*len(df_norm_nonfraud))])

numpyl| split & +& MM &7 DIO|EIE EF & =+ QUL

[int(.6*len(df_norm_nonfraud)),int(.8*len(df_norm_nonfraud))] 7} ClIO|E}& 2&35l= 7+
Heolst=l, ololet Zei| el 60%, 80% T¢t2 CllO|Et 28 FZt2 2 &t 0~60%, 60~80%,
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80~100% T2t 37kXIZ LH=0{M CIOIEHE E & 5tod BIRIBICE 22 WAISR of2fet 2ol
HIE4 72l HIOlEHE 50% 72t 7IZ 22 3t0f £ Hoia|2 Hl0leHE LHHA BIEiBict

# split fraud data to 50%,50% (validation and test)

df _norm_fraud_validate,df norm_fraud_test =\
np.split(df_norm_fraud,[int(0.5*len(df_norm_fraud))])

ClOlE & R|7|

CtS Ol A LT Cllo|EtE EIAE 8 HIO|EtE Yot HIE Y 742 C|o|EtE & X[, HE8
CIOIE Al H&nt HIEY HelE HHMM 42 EHAEE, A5 & Ho[EHE BFHS0d HiCt
FIoHel olole ZBi|E B Rl= W2 ot2iet 20l .append() HMEE o|&stH EICt.

df_train = df_norm_nonfraud_train.sample(frac=1)
df validate = df _norm_nonfraud_validate.append(df _norm_fraud_validate).sample(frac=1)
df_test = df_norm_nonfraud_test.append(df_norm_fraud_test).sample(frac=1)
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(REMIEH LHE 2 http://beho.tistory.com/1174
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https://github.com/GoogleCloudPlatform/training-data-analyst/blob/master/blogs/babyweight/babyweight.ipynb

In [53]: df = get_distinct_values('alcohol use')
df.plot(x='alcohol use', logy='num babies', kind='bar');
df.plot(x='alcohol use', y='avg wt', kind='bar');
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Other than the ever_born (the total number of babies born to this mother), the factors all seem to
play a part in the baby's weight. Male babies are heavier on average than female babies. The
mother's age and race play a part (age much more than race -- teenage and middle-aged moms
tend to have lower-weight babies). Twins, triplets, etc. are lower weight than single births. Preemies
weigh in lower as do babies born to single moms. Moms who use alcohol or cigarettes have babies
that weigh lower on average.

In the rest of this notebook, we will use machine learning to combine all of these factors to come up
with a prediction of a baby's weight.

Create ML dataset using Dataflow
Let's use Cloud Dataflow to read in the BigQuery data and write it out as CSV files.
Instead of using Beam/Dataflow, | had two other options:

1. Read from BigQuery directly using TensorFlow. However, using CSV files gives us the
advantage of shuffiing during read. This is important for distributed training because some
workers might be slower than others, and shufling the data helps prevent the same data
from being assigned to the slow workers.
Use the BigQuery console (http://bigquery.cloud.google.com) to run a Query and save the
result as a CSV file. For larger datasets, you may have to select the option to “allow large
results” and save the result into a CSV file on Google Cloud Storage. However, in this
case, | want to do some preprocessing (on the "race" column). If | didn't need
preprocessing, | could have used the web console. Also, | prefer to Script it out rather than
run queries on the user interface, so | am using Cloud Dataflow for the preprocessing.

~

Note that after you launch this, the notebook will appear to be hung. Go to the GCP webconsole to
the Dataflow section and monitor the running job. It took about 15 minutes for me.

Cilo|Eto] Ciet EAME SEHCIOIEt EE F&, FEE 5§42 St 22 7id, 22 &S AF
ClolEt X2l 22|1 & X st&E ZEE St oS MH|A K| 2E EE stLtel

= Soi THsE ot
AlZtol Qlomd B 7|8 23 S

—~

E£0|2 ™o| o|o|El TX{2|Z Apache BeamO|Z+H= Hi|O|EF ®{2| Z2EHES M1, O X2
FCE Tjoli =0 3HLIE CF HEIBH0ICh (ANR 43S ZZHOIME TSI
2o ™ol 7tsdM SE2E AFALRE K|EtCH)

Apache Beam2| 22| HH|0|Et B4 Z Y22 Z Apache Spark ot Z2 Z | ¢=2{0[2t
HMEICH Google Dataflowgt= O|§ 22 #2 ZEHRE0|A MHIATL E|=0, Apache
BeamO|2t= LELAR SIH7F E|RICE ( http:/beho.tistory.com/1123
http://bcho.tistory.com/1122 http://bcho.tistory.com/1124 )

|ZH st=7LE st= dZto| 10, 2& AFoM ol 242 5522 AME HAlZHEE
t= A& = 7127F ARUPCH

42
(1 o
(o]l

245


http://bcho.tistory.com/1123
http://bcho.tistory.com/1122
http://bcho.tistory.com/1124
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(V] read csv
10 sec

<@ parse CSV file
0 sec

Job summary

Job name preparefacedatal70609013039

Job ID 2017-06-08_09_35_30-
15364847354942679151

Job status @ Succeeded

SDK version Apache Beam SDK for Python
2.0.0

Job type Batch

Start time Jun9,2017,1:35:31 AM

Elapsed time 16 min 47 sec

@ Get image meta info

Autoscaling

Workers

0

C C Current state Worker pool
17 min 16 sec stopped.
@ Filter unsuitable image

0sec

\
‘ \
| \
2
V] Process Image /
- 8 Jun9, 1:35 AM Jun 9, 1:53 AM
9 min 26 sec
) current workers: 0
Target workers: 0
See more history
< Format String
CLeedes Resource metrics
0sec
Current vCPUs 0
Total vCPU time 0.831 vCPU hr
Current memory oB
@ writeto training file Total memory time 3.115GB hr
14sec ‘ Current PD 0B
Total PD time 207.64 GB hr
Current SSD PD 0B
Total SSD PD time 0GB hr

<22 Apache Beam 7|2 2| O|0|X| 2| AR ol 3tEH >

Apache Beam 7|2t2| O|0|X| M*{2| ZEE
https://github.com/bwcho75/facerecognition/blob/master/Preprocess%2Bface%2Brecognition%2
Bdata%2Band%2Bgenerate%2Btraining%2Bdata.ipynb ol 3 7i3H =tC}.
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