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Teachable Machine
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Preview T Export Model
129 Image Samples
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e e 2 ! - o Model Trained -

Advanced ~
bt
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150 Image Samples
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Learning Rate:
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1.5.3 IO == 12U

o
B CR Lol
= IIO|M 2 HIEQt S X2|§ RYSt=0 2 st ¢10]
[C 3E] [Zio[M 2E]

int a[5]={2,3,1,5,4}
int b[5]={1,2,6,5,7}
int c[5];

for(int 1=0; i<5; i++)

c[i]=a[i]+b[i];

import numpy as np
a=np.array([2,3,1,5,4])

b=np.array([1,2,6,5,7])
c=a+b



2.7.1 A SX|S 20 E0] 2= 20| EHE

m J|= 2lo|EB{z
= EIFO[(Numpy): CFAHR HHE X[ RI(R 5 A)

= OI=ZE 2 (Matplotlib): HIO|H A|Z=HEE B)

Ofix|t 274 PDF M= MEEl= £5 AdA ZIESHA| Mol ARBES Aviisi 'Fmolo] 2=3tx| e 3
ez Jo7P| Foll & S%6t7| Hi2it,

B PDF T2 HZSis 92 BOlK ZIE6H WSS AIBHE AZNBICH HERE) 145K kel 3502 U
017}7| Tofl & %517 | HiEiCh,
m Ql3X|=s 2}o|E g
= AFO|ZI & (Scikit-learn): DX Ql 7| A &t& X| &

= Bl X Z Z (TensorFlow): B2 X| (0] 20| AtE3t= 20| E 2 2)
= | 2tA (Keras): HIMEZE ot BHA Fat3tot 2t0|E2{2((0| 20| AFESH= 20| E2{g|)

- J_L|-O|EI|(PyTorch Cleld 20| = 22|
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3.1.1 HIO|E{ & 87|

m AFO|Zl 2 (scikit-learn) 20| E.2{ 2| AKX
= pip install scikit-learn ¥ O{ 2 2}0|E2{2| MX|
B https://scikit-learn,org/dev/_downloads/scikit-learn—docs,pdfofl &51H 71EF ZIA TS| A2 E AR

MBME RR2 CI22C8 4 U £ 2,5000f 20| Ists WiHsH SACHL 120D HHS Tes gt LRt 2
S MeElxoz XxF|IH ECt



3.1.1 iris EIO|E{ & 217

B (T2 3-1(a)]: iris HIO|E{ Al 27|

iris QIO|EAl 47|
01 from sklearn import datasets
02
03 d=datasets.load_iris() # iris diojgAle 21
04 print(d.DESCR) #ues 24

= 01%H: sklearn 2 =9| datasets S22 E 2HS
= 03%: load_iris &=2 = &3l iris HIO|E{ S 240 2K dOj| X%
= 04%: 24X d2| DESCR H+E £4
m A 5o B9
- HEZ FAdE= Ho[HA
Ao 2 FdEl= EZ BlE(feature vector)

(class)

O
=

.:
H

e

o
- =
=2
B3 717l 8&50| AlBsh= HIo[El= of2] 7Hel MES Hx Ql01A HioEi(data set)o|zt 27| Sict 0] Hojji= o

O|Efe} Ho|EAls HUS| 23K 2212 &l ARZSH=C, CIOIEMZ iris®E S8t HIOEE 7121 if =2 ARt



3.1.1 iris EIO|E{ & 217

Iris plants dataset éflu
____________________ <.|o
— N

e
+Data Set Characteristics:**/ 1 507H 9—' )lkzll.IE =
P
1o
:Number of Instances: 150 (50 in each of three classes) >
:Number of Attributes: 4 numeric, predictive attributes and the class %)
:Attribute Information: el
- sepal length in cm L‘” 7H 9_| %Q(featu re) H
- sepal width in cm / OpA

- petal length in cm

- petal width in cm

M el 8=
- Iris-Setosa /
- Iris-Versicolour
- Iris-Virginica

:Summary Statistics:

Min Max Mean SD Class Correlation

sepal length: 4.3 7.9 5.84 0.83 0.7826
sepal width: 2.0 4.4 3.05 0.43 -0.4194
petal length: 1.0 6.9 3.76 1.76  0.94990 (high")
petal width: 0.1 2.5 1.20 0.76 0.9565 (high!)

(eoluIBIIA “I0|0DISIBA ‘BSOIRS HER

:Missing Attribute Values: None
:Class Distribution: 33.3% for each of 3 classes.
:Creator: R.A. Fisher
:Donor: Michael Marshall (MARSHALL%PLU@io.arc-nasa-gov)
:Date: July, 1988




3.1.1 iris C|O|E{ & 217

B irise| L& A m|7

irisel LIS Almiey)|

05 for i in range(0,len(d.data)): # MBS =AMUE 29
06 print(i+l,d.datalil,d.target[i])

105.13.51.40.210
204.93. 1.40.2]10
304.73.21.30.210
4[4.63.11.50.2]10

5107. 3.24.71.4]11
52[6.43.24.51.511
5306.93.14.91.511
54 [5.52.34. 1.311

101 [6.3 3.3 6. 2.5]12
102 [5.8 2.7 5.1 1.9]1 2
103 [7.1 3. 5.92.112
104 [6.3 2.9 5.6 1.8]1 2




3.1.1 7|17 S&OA Hlo[EjAle] EH

= Y082 01,2,.,c-12| 4t E=1.2,...¢c-1,c2l %
St AL

R _OLJzS} = St _Q_AEI|- 10| o|x|01

dE= 5S¢ HEHA 0|52 B
S HEE x2 B7|dE SYO W52 5

%«'—ﬂ H-:IJE‘] X:(xl,xz, '“:xd)

3 #Eo| xpeI0j2t £

o

3.1)

f e Qg AC

AN

— 0fl) Setosa+= (1,0,0), Versicolor= (0,1,0), Virginicae (0,0,1)2 EH
%Q HJ!E‘I X= (xb X2, xa') E'-”Ol%(ilzll-aby
ME 1 (5.1, 35, 1.4, 0.2) 0
A= D (49, 30, 1.4, 02) 0
MZ 51 (70, 32, 47, 14) 1
MZ 5; 6.4, 32, 45, 15) 1
MZ 101 (6.3, 33, 60, 25)
M= 102: (58, 27. 51, 19) 2
MZ n; (59, 30, 51, 18) 2

% 3-3 LRl HlOJEfA

O
=

HhH(iris HIO[E{AN Of|A)

iris GlO[EHY

~ (n=150,d=4)



3.1.2 7|14 et A

B[22 3-1(0)]
= SVM(support vector machine)O|2t= 7| A at& EEHZ ALE

= 09%: SYMQo| &7
K| so| fit T

n ']O-éc-:ﬁ ;i_l_
n ']3_6OH 7ﬁHI'” 59_| predict :lI-_JIK_E E'”ﬁ

07
08
09
10
11
12

13
14

irisof| 77| ek& Hg: IWah} oS

from sklearn import iy

s=svm.SVC{(gamma=0.1,C=10) #svm 22 29 SYC 2y M50
s.fit(d.data,d.target) =2 XI5} #iris HI0IHZ 3t&

[=)
— - Hd

stolmf oj7j gl

new_d=[[6.4,3.2,6.0,2.51,[7.1,3.1,4.7,1.3511  # 101HMet 51HM MEE HEHG0f
M=ZZ H0|E 43

res=s.predictnew.d) g A e x|}

print("ME= 270 ME9| 25=", res)

[}

Mz2 271 HEe BR<=[2 1]

|0 & iris,targetS &)



St QOIS SEASIEH M= [O|EZA EX HEQ o2 HEE o= X2

 —
&2 O BEO| M52 SO AL HO|HRN 05T e ST HE YE0 XI5

|0 J=tES S M glojE SEE M8

NOTE 5}o|m o7t A=

o]

o0 |J_I:| O 7HEH < hyper parametertt REIO| SEIS K|
DF sH=0|. ;l:ﬂHQf oz M;IHQHDF

4= QICE EH9| S0|m ol S Ase=2 H-6H=
2US 50| Oi7H#He EMSHhyper parameter optimization)2t 5H=H, 01212 7|4 8t&2 528 X & ot
T}, 510 | 07 £MSk= 4.10E0IA CHECE

h= O] M= B0 |0 REIO| SHEE ARG | 0| AdXdSH
2

ICII

=0 MS CH
[E = L] —

mo

L=1



3.2.1 2K A A ¥ S==

mol= 7|4

HI

s &S0t M 72 2/Fots 2&Xls 7142 24
o|0|Ef 2
4F6t B0 HI=oHA 8 | Akt SE(EIOIE B, .S YXI6t7| /sl o2 sFM 7))

Jhlate & etol o) X
S wElot o2 =

o [

O EE& AEEI? o) Atate| 27|, MZ, #He| # U= ZEHO0| &2 £F
ARH HE 7|2 58 =2 2203 &g 58 F=510] appledata THL0| AMF
ML 2F 27t 180t] 20|=2. appletarget ThR 0| &

Sh&ote IMEE T2 U(EH OB AMR)

from sklearn import svm
s=svm.SVC(gamma=0.1,C=10)
s.fit(apple.data, apple.target) # apple HO|EHZ 2

0= -8 Z=2fYM= =&t HIAE H0|H ARE)

s.predict(x) # M=2 AN FEot S 4

m
-
mj
=
Jj
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3.3 O|O|E{0f| Clot O|5H

(@]
mO&EHE
= EN S7H0|AM MOl 22 E d4EHED

= sklearn 2tO[E2{ 2|7t MEdt= O 7tX| HO|HME a7l



® iris O|O|E
. SX0| 4740|2248 S 27HS WA

01
02
03
04

05

HE OtLt M elotd 3K S7H0| Ho|lH =£&5 18

iris DIOIE|S] E=E SZ 27i0 J217|

import plotly.express as px

df = px.data.iris(Q
fig = px.scatter_3d(df, x="sepal_length’, y="sepal width', z="petal width’,
color="species") # petal_length® AH2l5l0f 32 27 14
fig.show(renderer="browser")




3.3.1 E% B7H0jM H|O|E 2

m S8 SU0M OO 22X HZ(Z2HE 3-2]9| A 21021 [AF 3-5(b)])
= petal width(z=%! 2)0]| T3}l Setosa= Ot2iZ, Virginicas AZ 0N EZ(ZZIH 3-1(b)]2l A&l ZAntet LK)
2 petal width EQ% _'I?I—_ = ﬁ:Idlscriminating power l Etlo-l o

271 ol ANAM 20| ¥e
=
=

7t 3K SO M2 CHE S9S AHX|oteH R N =2 EH LIErH

= sepal width 52 A|

_l?l_
« WMoz HH M 2

‘ \Q\\*§‘“ -
5 P species
® setosa
® versicolor
® virginica

()
s
HO
1IN
=
J-H I
[ujo
=
o
9,_
>{|
_.r
am
0)al
!




3.3.1 E& B7H0jjM H|O|E| 2=

I

—

?

NOTE ClxIg EZ
0|0 O 4 U= B2 IRHCZ HSte|X|2t £812 0IF &2 XIH7IK| CHE 4= QUL oIE S0 2XHA
MO = A x=(x.%)2% y=(n.»)2 H2E d(xy)= J(xl ) (% -3) 22 ANE 2 =0, 4XHE A

=X x= (xl,xz,x3,x4)9|' y=(y1,y2,y3,y4)—| Hel= d(I=Y):\/(I1_}’1) +(xz_J’z) +(x; —}’3)2*'(14—}’4)2% ARt
=13

.

!

U0 IR MO| S HO| ZHBIE d(xy) =30, (x—n) 2 AMBICE 717 SHEOIME d=2t~ATt0)
St 04 AN £A Z7to| o[BS F& C2ct
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3.3.2 G4 H|o|E{ Atg

At Gl O B &

Al
-
A

= T 7t &7

[0,16] H 4L

L
=/

= sklearn C|O|E{Al: 8*8 T (6471 3tA), 179771 44

A
HA

A=

[0,255]

=y
=/

= MNIST H|O|E{Al: 28+28%H (7847l ZpA), 72H7H M
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3.3.2 G4 O|O|E] Abg|: = 7| =X}

m [(Z2E 3-3(a)]

= matplotlib 2t0[E2{2| & 0| &8¢t ME C|AZ 0|t ME HE @t =4

01
02
03
04
@5
26
a7

08
@9
10

7| =X} t|0|E]

from sklearn import datasets
import matplotlib.pyplot as plt

digit=datasets.load digits()

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

plt.imshow(digit.images[@],cmap=plt.cm.gray_r,interpolation="nearest’)
#0H ¥E=2 18

plt.show()

print(digit.datal@l) # 0% M

print("ol =at= ",digit.target[0]1,"2L|Ct.")

F

e
fjo
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Mt




3.3.2 G4 O|O|E] Abg|: = 7| =X}

[ L 2 I 4 5 13 7

[ 8. @. 5.13. 9. 1. @. @. @. 0.13.15.10.15. 5. 0. 0. 3.
15. 2. 0.11. 8. ©. 0. 4.12. ©. 0. 8 8. 0. 0. 5. 8. 0.
@. 9. 8. 0. @. 4.11. 0. 1.12. 7. 8. 0. 2.14. 5.10.12.
. 0. 0. 0. 6.13.10. 0. 0. 0.]

0] =at= OYLct.

NOTE matplotlibS 0|2gt A|ZIE}

I} [M0i A matplotlib 2t0|E212l= AlZtstofl 71 'Fal M0ICE QIBXISE sfg aHE0|Lt ol ZuUE Al
ZI3fsh= Ol matplotlibE X ARESICE matplotlib AFZ0| MS0[2HH 25 BE S25l 7|=& HA CHE
Cl. matplotibel 34 AMO[EOIM XHEsk= FEZE BME S8ets A s0i&e! WHo|ct [&# 2-1]o
M HIABE hitpsy/matplotlib.org/userstl el [Tutorials] HiFE MEiSICE FE2IYE Introductory,

Intermediate, Advanced2 LHHN el AT Introductory ZAE X6k Ho{7HH



3.3.4 H|AE [|O|E| AlE|: 20newsgroups

B 20newsgroups G| O] E{ Al
- oM =T EME 2070 FRE FE HAEZ FEE0 MEQ| ZO|7t CHE
= AMAE HIO|E{(EH0{7} LIEILI=E =M7t S R)

20newsgroups H|0JE{Al

21 news=datasets.fetch_2@newsgroups(subset="train’) # cjo|g{4l
22 print(Teesdn”, news.datal@], wneeee") L
23 print('o| 240 25 <",news.target_names[news.target[0]1],"> 2LICt.")

ek

From: lerxstewam.umd.edu (where's my thing)
Subject: WHAT car is this!?

Nntp-Posting-Host: rac3.wam.umd.edu

Organization: University of Maryland, College Park
Lines: 15

I was wondering if anyone out there could enlighten me on this car I saw

the other day. It was a 2-door sports car, looked to be from the late 60s/
early 70s. It was called a Bricklin. The doors were really small. In addition,
the front bumper was separate from the rest of the body. This is

ek

0] M9 ERE < rec.autos >¢L|C}.
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= O) (=23 3-3(a)]2 EE

x-(0,0,5,13,9,1,0,0,0,0,13,15,10,15,5,0,0,3,15,2,0,11,8,0,0,4,12,0,0,8,8,
@,0,5,8,0,0,9,8,0,0,4,11,0,1,12,7,0,0,2,14,5,10,12,0,0,0,0,6,13,10,0,0,0)



16 # 29 ZEYES HAE ATOR Zh=5H0 A4S ED

(27 3-1]1F 0% Bl

/

27| xX QA - 2 SlAE EZOR 7EF510] 64X ST HIE AI2

01 from sklearn import datasets
02 from sklearn import svm

04 digit=datasets.load_digits(O
06 # svme 227 2E SCE 3t

07  s=svm.SVC(gamma=0.1,C=10)
P8 s.fit(digit.data,digit.target) # digit Hj0|gz =L

10 # EH AT 2o Y= HE VHE M2 MEZ ZtF5t1 lAE|E

11  new_d=[digit.datal@],digit.datall].digit.datal2]]

12 res=s.predict(new_d)

13 print("t=Z2", res)

14  print("#2=", digit.target[0].digit.target[1].digit.target[2])

3|
[=]

Jkon
mjo
i1

s

17 res=s.predict(digit.data)

18 correct=[i for i in range(len(res)) if res[il==digit.target[il]
19 accuracy=len(correct)/Len(res)

20 print("sta EAE AFEE 0 ¥EE=",accuracy=100, "¥")

[0 12]
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= 08%H: train_test_split =2 22T 60%, HHAE 40%=2 HE =<
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19

|
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@1  from sklearn import datasets

@2 from sklearn import svm

@3  from sklearn.model_selection import train_test_split
@4  import numpy as np

05

p6 # OIO|E{AI2 ¢jn 31 et HAE Rgoz 28
07 digit=datasets.load_digits()
P8  x_train,x_test,y train,y_test=train_test split(digit.data,digit.target,train_size=0.6)

09



#svme| E&F 22 SVCE o5
s=svm.SVC(gamma=0.001)
s.fit(x_train,y_train)

res=s.predict(x_test)

conf=np.zeros((10,10))

for i1 in range(len(res)):
conflres[i11[y testli11+=1

print(conf)

X5tn &=

no_correct=0

for 1 in range(10):
no_correct+=conf[i][i]

accuracy=no_correct/len(res)
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5 30| £5k= 7574
E2, 17/E 72 Q14
0. 0. 0. 0. 0.]
0. 0. 0. 3. 0.]
0. 0. 0. 0. 0.]
0. 0. 0. 0. 0.]
0. 0. 0. 0. 0.]
70. 0. 0. 9. 2.]
0. 77. 0. 0. 0.]
9. @.77. 0. 1.1
0. 0. 0.74. 0.]
1. @. 0. 0. 56.1]

HIAE Zgholl chst H=E2 98.74826147426981% LICt.

print("HAE g0 chE YEHES", accuracy+100, "¥L|Ct.")
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[(Z2H 3-6]2 digit HIO|HO| wAt AF HE(ZE M= H <)
5 7

= cross_val_score &7t WXt AF =S (cv=

02
03
04
@5
06
a7
08
09
10
11

= 5-4 WX 43otets %)

L7| XXt A - WX HECR 45 5

from sklearn import datasets

from sklearn import svm

from sklearn.model_selection import cross_val_score
import numpy as np

digit=datasets.load_digits()
s=svm.SVC(gamma=0.001)
accuracies=cross_val_score(s.,digit.data,digit.target,cv=5) # 5-& Wi} Z=

print(accuracies)
print("HEEE0)=20.3f, 2=0a=%0.3"%(accuracies.mean()+100,accuracies.std()))

[0.97527473 0.95027624 0.98328601 0.99159664 0.95774648]
=S (H)=97.164, EE=TH2}=0.015
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m A48 =24
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4.9.1 sklearn?|

B (2 4-3]

27| =X} HoJE{ A

o272 4-3 sklearn 27| =X} H|0|E{0f| CIS THEE HE

01
02
03
04
05
06
o7
08

09
10
11

12
13
14
15
16
17
18

from sklearn import datasets

from sklearn.neural_network import MLPClassifier
from sklearn.model_selection import train_test_split
import numpy as np

# HO|EMIZ Y1 =3 T HAE Zgo= 2%
digit=datasets.load_digitsO
x_train,x_test,y_train,y_test=train_test_split(digit.data,digit.target,train_
size=0.6)

#MLP 257| 22 85
mlp=MLPClassifier(hidden_layer_sizes=(100),learning_rate_init=0.001,batch_
size=32,max_iter=300,solver="sod’,verbose=True)

mlp.fit(x_train,y_train)

I

res=mlp.predict(x_test) # E|AE ZSOZ 0

*# ES YE
conf=np.zeros((10,10))
for 1 in range(len(res)):




4.9.1 sklearn?| 7| =X} G| 0| E{ All

19
20
21
22
23
24
25
26
27

conflres[ill[y_test[il]+=1
print(conf)

# HEE A
no_correct=0
for 1 in range(10):
no_correct+=conf[1][i]
accuracy=no_correct/len(res)
print("HIAE g0 Cist Y=HES2 ", accuracy*100, "%LICt.")




4.9.1 sklearn?| 7| =X} G| 0| E{ All

| *El °C|;| 7E:|J__I|' Iteration 1, loss = 1.93427517
S o Mrm= ]2 3.510 Iteration 2, loss = 0.32451464
o== 97(;2 %= 104[;% — 3-6]2 Tteration 3, loss = 0.20142691
SVM(98.7%)ECt €50t Tteration 4, loss = 0.14313824
[2 3 4-219 I E2(93.8%) L} |
oA Tteration 40, loss = 0.01163957

T T .
Iteration 41, loss = 0.01127886

Iteration 80, loss = 0.008538125
Iteration 81, loss = 0.00538663

Iteration 107, loss = 0.00405861
Iteration 108, loss = 0.00402524
Iteration 109, loss = 0.00397349
Training loss did not improve more than tol=0.00010@ for 10 consecutive epochs. Stopping.

([73. 0. 0. 0. 0. 8. 0. 0. 0. 0.]
[0-69- 1. 0- 1. 0. 1. 0. 1. 0.]
[0. 0.70. 1. 0. 0. 0. 0. 0. 0.]
[0. @. B.67. 0. 0. 8. B. 1. 3.]
[1. 6. 8. ©.7/. 8. 1. 8. 0. 0.]
[1. 0. 0. 0. 0.64. 1. 0. 0. 1.]
[0. 0. 0. 0. 0. 0.67. 0. 0. 0.]
[6. 0. 0. 1. ©- 1. 0.83- 0. 0.]
[0. 2. 0. 0. @. 0. 0. 1.58. 0.1
[0. . 0. 1. 0. 0. 0. 0. 0. 71.7]
HAE 2ol et ¥=&= 97.2183588317107%LICT.
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4.9.2 MNIST Gj|O|E{Allo 2

B (T2 4-4]

- [ZEO3 4-3)0F D1 QA

09~10: 2 62F X}

12 AHS HAER

sHa

of7|

e MNIST HIO|EAS C}E HUEROR Q1A

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

from sklearn.datasets import fetch_openml
from sklearn.neural_network import MLPClassifier

import matplotlib.pyplot as plt
82: [0,255] IS [0,1] &

import numpy as np

# MNIST HiO|H4E $ #34H gL HAE HE
mnist=fetch_openml(‘mnist 784")
mnist.data=mnist.datas255.0

¥X_train-mnist.data[:60000]; x_test=mnist.data[60000:]
y_train=np.int16(mnist.target[:60000]); y_test=np.int16(mnist.target[60000:])

#MLP 2577 228 o5
mlp=MLPClassifier(hidden_layer_sizes=(100),learning_rate_init=0.001,batch_
size=512,max_iter=300,so0lver="adam’ ,verbose=True)

mlp.fit(x_train,y_train)

# HAE ATtoz @2

res=mlp.predict(x_test)

¥ ES #H
conf=np.zeros((10,10),dtype=np.int16)
for i in range(len(res)):

conflres[i]I[y_test[i]]+=1
print(conf)

¥ HEE Al
no_correct=0
for 1 in range(1@):
no_correct+=conf[il[i]
accuracy=no_correct/len(res)
print("HIAE g0l thFt H&E2", accuracy+100, "*YLCt.”)

&

g



4.9.2 MNIST H|O|E{Mllo 2 =t%5}7|

m Al A0 97.78% HYES ¥

Iteration 1, loss = 8.61803286
Iteration 2, loss = 0.26101832
Iteration 3, loss = 0.20624874
Iteration 4, loss = 0.17280300

Iteration 82, loss = 0.00074115
Iteration 83, loss = 0.00072676
Iteration 84, loss = 0.00067264
Iteration 85, loss = 0.00065032
Training loss did not improve more than tol=0.000100 for 10 consecutive epochs.

Stopping.

[[ 970 0 4 0 0 1 4 0 4 1]
[ 6@ 1124 P 4] @ @ P 4 1 3]
[ 1 3 1802 b 3 ] 1 10 4 a1
[ @ 1 6 988 2 1@ 1 1 6 5]
[ 1 0 2 2 964 2 4 3 7 9]
[ 1 1 ] 3 0 863 3 4] 4 3]
L 2 2 P 4] 2 T 942 4] G 11
[ 1 1 5 5 3 2 0 1003 3 6]
[ 3 3 8 3 1 4 1 3 947 11
[ 1 0 1 3 7 3 0 4 3 98011

o
&
|m
o
o%
=2
e
ra

HEES 97.78%YL|Ct.
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4.10.1 of0|m O7{tH4 &f 7|

m [Z23% 4-3] 1122 MLPClassifier &= 6712 Oj7fH~E 7+E

mlp=MLPClassifier (hidden layer sizes=(100), learning rate _init=0.001, batch_
size=32,max_1ter=300,solver="sgd',verbose=True)

= 29[ 57i= SOl 7K H =
- hidden_layer_sizes=(100): 1007 ==& 7t% 245 ot 7HE =(100742t 807 =EE 712l 245 F /& 478523
hidden_layer_sizes=(100,80)2. 2 %})
- learning_rate_init=0.001: &} (4.20)°| &&E pE 00012 &E%
* batch_size=32: O|L| H{X| 27| & 322 473
- max_iter=300: Z|C MICH =& 30022 &7d

- solver='sgd": X|M3} LN2|FOE AEI|AE ZAA &g

o[
ujo
2
0f0

= MLPClassifier 2t=2| Oj7fH= 6707} HEQI7t?



4.10.1 of0|m O} 7{tH= &] 7|

m 9| AP

= o) MLPClassifier= 23742 OH7HH+E 71

« OIEHME2 11A0] AAES A=, LIHA|= 7

.

I

k= At

Ofo

— Of]) activation="relu’7t 7| 24t0|E 2 &4 Tt+= RelU At

— O) shuffle=True”?t 7| 220|122 MIHE A% MOCt &3 Heel A

MlH
H>

ERE

class sklearn.neural network.MLPClassifier(hidden layer sizes=(100, ),
activation="relu', solver="adam', alpha=0.0001, batch size="auto",
learning rate='constant', learning rate init=0.001, power t=0.5, max_
iter=200, shufle=True, random state=None, tol=0.0001, verbose=False, warm_
start=False, momentum=0.9, nesterovs_momentum=True, early stopping=False,
validation fraction=0.1, beta 1=0.9, beta 2=0.999, epsilon=1e-08, n_iter_
no_change=10, max_fun=15000)

— tol=0.00012} n_iter_no_change=10 MZ(10AM|Cf S¢F =4 &= ZAZ0] 0.0001 O|5t0|H HFEtE=

»|R
N—r
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4.10.2 £t sjo| o Of7HH S *| =3} validation curve &4 0|2

(21 4-5]= 25 =E =

i
L
1A

=]y

o272 4-5 validation_curve 2 ZXe| 24 LT 74 317|

01
02
03
04
05
06
07
08
09
10
11

from sklearn import datasets

from sklearn.neural_network import MLPClassifier

from sklearn.model_selection import train_test_split,validation_curve
import numpy as np

import matplotlib.pyplot as plt

import time

# QOIHAE 1 &9 AL HAE

il

o=

HI
gt

digit=datasets.load_digits()
¥_train,x_test,y_train,y_test=train_test_split(digit.data,digit.target, train_size=0.6)
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4.10.2 T Sto|nf Of 7|t

12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

#O2 HUEES wap Zog M5 =@ (42 A7t 2H 23) 500 A A|EHSHA 504

100077H K| Z=A}

Sbatch_size=32,max_iter=300,solver="sqd")

start=time.time()  # A|ZF A|Z
mlp=MLPClassifier(learning_rate_ini
prange=range(50,1001,50)
train_score,test_score=validation_curve(mlp,x_train,y_train,param_name="hidden_
layer_sizes",param_range=prange,cv=10,scoring="accuracy",n_jobs=4)
end=time.time() # B A
print("sto|m Df7HtHS z|isjol H2l AZH

"end-start,"=2LICE")

[

=
train_mean = np.mean(train_score,axis=1) =
train_std = np.std(train_score,axis=1) 10-4d WXt AS02 M5 =
test_mean = np.mean(test_score,axis=1)
test_std = np.std(test_score,axis=1)

# ds d4z d2(7]

plt.plot(prange,train_mean,label="Train score",color="r")
plt.plot(prange,test_mean,label="Test score”,color="b")

plt.fill between(prange, train_mean-train_std,train_mean+train_std,alpha=0.2,color="r")
plt.fill_between(prange, test_mean-test_std, test_mean+test_std,alpha=0.2,color="b")
plt.legend(loc="best™)

plt.title("Validation Curve with MLP")

plt.xlabel("Number of hidden nodes™); plt.ylabel("Accuracy™)
plt.ylim(@-9,1.01)

plt.grid(axis="both")

plt.show()

*| M3} validation curve €4 0| &

S 7HAZIEHA

oto] E2 N




4.10.2 T Sto|nf Of 7|t

37
38
39
40
41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

%X| X3} validation curve €

best_number_nodes=prangelnp-argmax(test_mean)] # Z|Ho| 24 LE T+

print("\nzl#o| 2420 =& Ji-=",best_number_nodes, " 7H2LICEAN")

# 2|20 Y LE 4R DU

mlp_test=MLPClassifier(hidden_layer_sizes=(best_number_nodes),learning rate_

init=0.001,batch_size=32,max_iter=300,solver="sgd")
mlp_test.fit(x_train,y_train)

# HAE WUCE 03

res=mlp_test.predict(x_test)

# Ex #d

conf=np.zeros((10,10))

for 1 in range(len(res)):
conflres[i]l[y_test[i]1]+=1

print(conf)

# HEE A4t

no_correct=0

for i in range(10):
no_correct+=conf[il[i]

accuracy=no_correct/len(res)

print("HIAE g OiSt =82, accuracy=100, "%2IL|Ch.")

O]

i=2
o



4.10.2 Tt sto|m Of74tH = %| & 3}: validation curve

Al AT
=3 E'Ll- StOImf DH7HS: Z|ZEH0l Z2 AIZHS 433.8679416179657 2 YLICt.

Validation Curve with MLP

100 1
o M—v
N
o 096
E
o
A€
094 1
0.92
= Train score
= Tast score
090 T T T T T
200 400 600 800 1000

Number of hidden nodes
#o| 2420| =C 3= 7007HYLICH

[[65. 0. ©. @. 0. 0. 0. 0. 0. 0.]
[0.71. 0. 0. 0. 1. 0. 0. 3. 1.]
[0. 0.67. 0. 0. 1. 0. 0. 0. 0.]
[0. 0. 0.64. 0. 0. 0. 0. 0. 0.]
[6. 0. 6. 0.78. 0. 0. 0. 0. 0.]
[2. 6. 6. 0. 0.80. 0. 0. 2. 0.]
[0. 0. ©. 0. 0. 1.78. 0. 0. 0.]
[06. 0. 6. 0. 0. 0. 0.64. 0. 0.]
[6. 0. 6. 1. 0. 0. 0. 0.74. 1.]
[0. 0. 6. 0. 0. 0. 0. 1. 0. 64.1]
HAE e tieh H=H&2 98.05285118219/75%LIC.
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5.1.1 H&{do| 7|= =l

NOTE ImageNet} ILSVRC LH3]

A Fdg 275k 8= ImageNetOl2t= GIO|EH[0|ATF BESO0IE! 0|01 ThA| =7 AERIC
ImageNet2 WordNetQ| A5A | 25 HA/of ci2t ES2 Mot oF 28t £=0f thsl 22 500~1,000
Aol A= QIEUININ £Ee A=0IRCHDeng2009], ILSVRCE= ImageNetol| A 1,00074e] HRE ot £
= ZNIE F= H2)0|CHRussakovsky2015] & 1208F el = £t 68t Mol As &g, 1568 Hel H|A
= Z0ZIct [O8 5-2]= 1,000749] 25 & ‘cat’ B59| o5 GAlQI|, &2 £= 2ol EH3t7t of
2 AolCt=E AS S0Ig 4 ot P MZAYO| cat BR0| &6k= BA2 B ‘cat(0.9), dog(0.1), ---0l2t
192 Ghol Aoz 7HR5IT S 4 K= offd £F70il £& E0(cf 2|1 2teF 'dog(0.5),
1), cat(0.09), abacus(0.02), Great white shark(O 01), 0|2t ==lotH
ba® 2l UeB=Z b2 Bhel Ao=Z 7IGIC, LSVRCE 18 @FE0 bl 2578 F 72 ds
2 SHolTt 201250 AlexNet2 529 258 15.3%= A3t JEW 2015'E01= olo|=224A2E Eof
M XS4 HZ0[2t= 00 |C|HE 818t ResNet0| 3.5%2] b?| LES2 LEIILC
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0|_§ 7Hur = 5:!_;::_ _Tl_;HOI PSS K °|E‘|IH|0|A o-lo.l EOE!‘-Q— iélﬂ@
Mo=(Theano) 2ea|2 st | 20074 Ito P ojoAd 0 X
7IH|(Caffe) UCHIZZ| 20134 CH oM oHEZ CH- O X
B C+ OO [, CH+, Xt
s 72 230l 201544 oo, REAIZE R 0 0
(TensorFlow) . .
CUDA Julia, Swift, Go
TSl &1
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Z1T|C|{0| M ‘comparison of deep—learning software S



5.2.2 ElA{ 0|5l S}7]

m EE G0N HA
« CiAHR RS HIMEF 25
- HO|EE gME BEH
- MBYO VIS (O EH)E HMZ B
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5.6.1 J|0|C|AHE &~ ZX|2} o Z*

|_E_ | g H _'cham ruleolII |—
« [EHR 52| AO|CPEE LEZR ‘BAE I+ 1A 52| DO|C|AE0 X4l SOo|A Zdst 22 0|C|AES
« [F2tA Z2|O[C[IEZE 0.001ME 22 2 fFoz TdstHAM FHHE %oty
 YFOE LAE JHEK BAO| LA N MBLO| 50| 1R L7l BAO| LA
m HE NI =2 54
= GPU A& E&= colabOf|A tpu 878

& Untitled0.ipynb
oY 43 57| Y HERY 7 =8 = =

3Cc HAE * DS AlS
Of& A Al
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res_sgd=dmlp_mse.evaluate(x_test,y_test,verbose=0)
print("HIANSZAtC| HE2",res_sgd[1]*100) @



2

=0l Bl Al SkEf

= CIXHQ! o & off et =20

—

o
rm
I=
Hu
N
o
[
O
50 OH
O}

T 0 SEEL0] =3l A 2.
Colab, VS Code, Pycharm, 2L}0|E AL RO =
ool E{E| ArE0| Y=

71220 ZA35t2}.

oto|M ol 7|= Xte =0l 2|AE, §E, HMLZ|
S23%t 2ol B 2|2l numpy

7|4 &&2| 7| Ol &



