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(2) ¥A& » Ao K (Allen NewelD) . 2985 » 52 B K « H (John
CLiff Shaw) FIBFAF + Pi5E (Herbert A. Simon) JF & T “i#2 5 #ig
7Rl L ER AL M R L R ARG AT SR R G EE T
FEA

(3) Fr&F W » SEMEAA A% (Joshua Lederberg) il A &1 « Atk /g
(Bruce G. Buchanan)%¢ A% it 75—~ EA SCHME W LT HIR
(4K 724 DENDRAL,

(4) 298 « R T RAPIET — Lisp i 5, f2s
Bl 557 /K (Alain Colmerauer) i3t T Prolog HfEiE 5 , XM FME 5 &
St L T N TR RN TR 5 H g A ME F R
SLCHTE X 52 B R AR AR TR SO O Ja IR 2R TE S e, JEoR TR
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R T KA SR R SCH m, ZfEAE - PRI (Edward A
Feigenbaum) F17¥/R « FE P (Joel Moses) J & H T 55—~ B Y | &
FHURPBCEAEBAR P Macsyma, FREZEZL AR R SR A TIL
Al BEAUAALIE B A R [R5 7

(6) TE 1942 4E42 Y22 R 50 B R Pl 2 TR B 1) LAl 1, B 22
5i o BRRATPLRE (Frank Rosenblatt) £ ) 1B AL AY , 32 e 57 1)
S U ey IR

, Mathematica(
Wolfram Alpha) .MATLAB Maple, Macsyma
SymPy  Python )
SymPy ,*“ ? “ 7 7 ”
SymPy . “ 7 )
SymPy ,
SymPy
1. import SymPy ( Do

2.

# FASymPy FF73H#(collect). fEA(expand). 74 facter) fiftFfisimplify) @,
from sympy import collect, expand, factor, simplify

# FASymPy fHTFEX A 5 (Symbol ) #IE-INF S (symbals ) B
from sympy import Symbol, symbols

# B ASymPy B IE 25 R s ik 3.
from sympy import sin, cos

# NP EERFS.
X, ¥V, a, b, ¢, d =symbols{'x vy abcd')

# EN TS AR A .
BRI = C*x**) 4 D*h*y**2 3 cos(x) + Gl*x**2

simplify (T iz L)

factor(x**2 + x - 30) # SFCHAx**2 + x - 30/ (7 4F.
expand((x - 5)*(x + 6)) # EHLHL(x - 5)*(x + 6)-

# FACHR I Txi H I FEH s

collect(x**3 + a*x**2 4+ b¥x*¥2 4+ c¥x + d, x)
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# FEXN—M =R A",
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# FEALHM = 5, y = 25/CA, FEiFLiETE.
— i E ik subs({x : 5, y : 25})
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B HRIAR  subs({x : 5, y : 25}).n()
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A TR A AL G R & H &2 48, e 209 EMYCIN W2 —~i8 H
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PERERT LU £ IR R R S8
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App
1. App ?
App ? 7
App App 7 ( )

(E i TR K RGN0 IR 7R 5 HEBEAIL ] AT N e R
Jey BRA: S Jin 2z 25 st 7 K530 A YR AN 550 5 i ) 7 B R £ KRR K
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2. Cyc
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25 ,350 ,Cyc s
CyC 73 . 2 s
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1. h(x)

2. Python ,

import numpy as np

def step_function(x):
if x > B:
return 1
else:
return @

3. S er.

( 3.2 ) : X ( ) .S
0( 0; x ( ) .S 1(

4. S Python ( NumPy) .

import numpy as np
def sigmoid(x):
return 1 / (1 + np.exp(-Xx))

5. matplotlib S ( 3.2 )

#E PR A R

import numpy as np

import matplotlib.pylab as plt
import matplotlib.font_manager as fm

# N F RS T

myfont = fm.FontProperties(fname = r'C:\Windows\Fonts\simsun.ttc"')

X = np.arange(-5.8, 5.4, 8.1)
vyl = sigmoid(x)
y2 = step function(x)

plt.plot(x, v1, label = 'SiEmE")
plt.plot(x, y2, linestyle = '--', label = '[iiEReRE")
plt.ylim(-8.2, 1.2)

plt.xlabel("x") # xfibfras

plt.ylabel("y") # yibfri

plt.title('s/EmH SETERFR M AL, fontproperties = myfont,fontsize = 12)
plt.legend(loc = 'upper left', prop = myfont) # SE

plt.savefig( fig3-2.png', dpi = 488, bbox_inches = "tight')
plt.show()
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O, xT'w<€9

o=f(xTew—0) =
19 xT'W>0o

o ( ). (
). ( ) ( Do
’ ( ) N b o
g ( )
@ (AND gate) ,
( ) 3.1 .
3.1
X4 ) X2 ) y( ) X1 ) X ) y( )
0 0 0 0 1 0
1 0 0 1 1 1
) 1 1, 0,
. 3.4 o
Wi, Wy, 0 ® , ® ’ Wi =
0.5, w,=05,0=10.7, : 5 X;=1, x,=1 ,

WX+ WyX,= 05+ 05=1> 0.7= 0,

Python




#-—- R ET- - -
def AND(x1, x2):

wl, w2, @{Y = @.5, 0.5, 0.7 # R AT B R

HIAIALF = x1*wl + x2%w2 # I E AL

if FAINEA <= B{E: # IR AN T F TR, &8,
return @

elif FyAIBLF > H{H: # WIRAIA TR, 8.
return 1

1. REMEG 7 ik, 4 B 53 TTR KT 6 B s DL,
2. 4# A Python FIAEDLS AE 1T & K17 69 B Fm L,

b

(XOR gate)., ? 0
0, WiX;+ WyX, <0,
y:
1, wix i+ wyx, > 0,
X1+ X2 Y sWiy W, ,0 ( )e
(X1, X2)- ) 0 = w;i X;+ W, Xo- 0 .
’ ( ) X2
0, ( ) 1,
N N , 0 1
X1~ X2 (X1| XZ)'
5 o 0, 1,11
s ® X1+ X2 1,
1 0 35 NCL)
’ ° ' ’ (0, 0) -
1 5 0,
(
W1\ W2 6)9 o
)
(
Wi, W, 0 )?
5 X X
' ’ AQD (LD
1 . 10 (Xl, Xz)' 3 5
( 1 5 (1,0)
0 )o (0’ 0)
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FATAT LUE AR 1Y Python F&JF 3 K IF X — £

#-- o] (FED) T -
def XOR(x1l, x2):
sl = NAND(x1, x2)
s2 = OR(x1, x2)
y = AND(s1, s2)
return y
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1995 , (NIST) )
. S , 1998
, MNIST : , ,
,MNIST ) >
“Hello, World!”,
MNIST 70000 28x28 ( 0~255
) s 60000 ,
, 8 10000 ®
3.17 ®
MNIST ,
* . CSV 5 * .CSV ,

° 3.17 M
3.18 * .CSV MNIST o

Z

IST

-5,8,8,8,8,8,0,8,8,8,8,6,8,0,8,0,8,0,0,0,0,8,0,8,0,8,0,0,8,0,8,0,8,0,8,0,8,0,0,8,0,8,0,8,0,8,0,8,8,0,8,0,8,0,0,0,0,0,0,8,0,8,0,8,0,0,8,0,8,
8,0,0,0,8,0,0,0,0,0,0,8,0,0,0,0,8,0,8,0,0,0,8,0,0,0,0,0,0,0,0,8,0,0,0,0,2,0,8,0,0,0,0,0,8,0,0,0,0,8,0,0,0,0,0,0,8,0,0,0,8,0,0,0,0,8,0,0,0,8,
9,0,0,0,0,0,0,0,0,0,0,8,0,0,3,18,18,18,126, 135,175, 26, 165,255, 247,127,8,9,0,8,0,0,9,0,8,8,0,0,30, 35,94,154,178, 253,253, 253,253,253, 225,172,2
53,242,195,64,8,8,0,8,9,8,0,8,0,9,08,49, 238,253, 253,253,253, 253,253,253, 253, 251,93, 82,82,56,39,0,8,9,98,0,8,0,9,9,8,8,0,18,219, 253,253,253, 25
3,253,198,182,247,241,9,08,8,8,0,8,0,8,8,6,0,0,8,8,8,0,8,0, 88,156,107 ,253,753,285,11,0,43,154,8,0,8,0,8,8,6,0,0,8,8,8,0,8,0,8,8,5,8,14,1,154,
253,98,8,8,2,0,8,8,0,8,0,8,0,8,0,0,8,8,8,0,8,0,2,8,8,0,0,130,253,190,2,4,8,8,0,8,0,8,0,2,0,8,8,0,8,0,8,0,8,0,8,8,0,8,0,11,159,253,79,8,8,8,
@,8,8,8,0,8,8,08,0,8,0,8,0,0,0,0,8,8,8,0,0,0,35,241,235,168,108,1,8,0,8,8,0,8,8,08,9,8,0,8,0,0,0,0,2,0,8,0,0,0,8, 81,248, 253,253, 119,25,8,0,8,
@,8,8,8,8,8,8,8,0,8,0,8,8,0,08,0,8,8,8,0,45,186,253,753,158,27,8,0,8,8,0,8,0,8,0,0,0,0,8,0,8,0,8,8,0,08,0,8,0,16,93,252,253,187,8,0,8,0,8,8,0,
@,,8,8,0,0,0,08,0,8,0,8,0,0,0,0,8,8,219,353,249,64,8,0,8,08,0,8,0,8,0,8,0,0,0,0,08,9,8,0,8,0,8,16, 138,183,253, 253,267,2,0,9,0,0,8,0,8,0,8,9,8,
©,0,8,0,8,0,0,8,39,148,2249,253,253, 253,250, 182, 8,0,8,0,8,0,0,8,0,0,0,8,0,8,0,0,8,0,24, 114,221,753, 253,253,153, 201, /8,0,8,0,8,0,8,0,8,8,0,8,
®,8,0,0,8,8,23,66,213,253,253,253,253,198,81,2,9,0,9,0,8,0,0,0,0,8,0,0,0,9,8,8,18, 171,219,253, 253, 253,253,195, 83,9,0,0,8,0,9,0,8,0,8,0,8,8,
®,0,0,8,55,172,226,253,253,253,253,244,133,11,9,9,9,0,8,0,0,0,9,9,0,0,0,2,0,8,0,0, 136,253,253, 253,212,135,132,15,9,9,0,8,0,0,9,9,98,0,0,0,2,
#,8,0,0,0,8,0,0,0,9,8,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,8,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,8,0,0,6,0,0,0,0,0,0,0,0,0,0,8,0,
@,8,8,8,8,8,8,8,0,8,0,8,8,0,8,0,8

=7,8,8,0,8,0,8,0,0,8,0,8,0,8,0,0,8,0,8,0,8,0,0,0,0,8,0,8,0,0,0,0,8,0,8,0,8,0,0,08,0,8,0,8,0,0,0,0,8,0,8,0,0,0,0,0,0,8,0,0,0,0,0,0,8,0,8,0,0,
®,8,8,8,0,8,8,0,8,0,8,8,8,0,0,8,0,8,0,0,0,0,8,0,0,0,8,8,0,08,0,8,0,8,0,6,0,0,8,0,0,0,0,0,0,08,0,8,0,8,0,6,8,0,8,0,0,0,0,0,0,8,0,8,0,8,0,6,8,0,
B,8,0,8,0,8,8,0,8,0,0,0,8,0,0,08,0,13,25,186,122,7,0,9,0,8,8,0,8,0,8,0,8,0,0,8,0,8,0,8,0,8,8,33,151,208,252,252, 252, 146,8,0,8,8,0,8,0,8,0,8,
8,8,0,0,0,8,8,0,0,49,152,244,352,253,224,211,252,232,48,8,0,0,9,0,8,0,8,0,0,8,0,0,0,0,8,15,152,239, 252,252,252, 216, 31, 37,252, 252,68,0,8,9,9,
8,8,8,0,8,8,0,0,0,8,0,8,05,252,252,252,252,217,29,8,37,252,252,60,0,0,0,8,08,0,0,0,0,9,8,0,0,0,0,8, 181,252,252, 220, 167,30,0,8,77,252, 252,68,
8,0,8,0,8,0,8,0,0,0,0,8,0,8,0,8, 76,128,58,72,0,8,0,8,188,357,257,60,8,0,8,0,8,0,0,0,0,8,0,A,0,0,4,0,,0,8,0,0,8,0,8,157,357,257,60,08,8,8,0,
8,8,8,0,8,0,8,8,6,0,08,8,8,8,0,8,118,121,123,121,202,752,194,3,8,0,8,8,0,8,0,8,8,8,8,9,8,8,8,0,8,18,53,179, 353, 253, 255,253,253, 238,35,5,08,8,
8,8,8,8,8,0,8,8,8,0,08,8,0,5,54,227,252,243, 228,179, 242, 252,252,231,117,6,8,0,8,8,0,8,0,8,0,8,0,0,8,8,6, 78,252, 252,135, 53, 8,18, 208,252,252, 25
2,252,87,7,0,8,0,0,0,0,8,0,8,0,0,8,5,135,252,252,18@, 16,8, 21, 283, 253,247, 139,173,252, 252,184, 66,49, 19,6,8,0,8,8,8,8,0, 3,136,252, 241,186, 17,
8,53,200,252,216,65,8,14,72,163,241,252,252,223,0,9,8,8,0,8,0,8,185, 252, 242, 88,18, 73,178, 244,252, 126,25,9,0,8,0,0, 83,188,180, 37,0,8,0,0,8,0,
B,8,231,252,245,205,216,252,252,252,124,3,8,8,0,0,0,9,0,8,0,0,0,0,8,0,8,0,8,8,207,252,252,252,252,178,116,36,4,0,8,9,0,8,0,0,0,0,8,0,8,0,8,
8,8,0,0,0,13,93,143,121,23,6,0,0,8,0,0,0,2,0,0,0,0,9,0,2,0,0,0,0,0,9,2,0,9,0,0,0,0,2,0,8,0,0,9,0,8,0,8,0,0,0,0,0,0,2,0,8,0,0,0,0,2,0,2,0,0,
8,8,8,0,0,08,0,0,0,0,0,8,0,0,0,0,0,0,08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,08,0,0,8,
8,8,8,0,8,0,8,0,0,0,0,4,0,8,0,8,0,0,48,0,80,0,0,0,00,800,0,0

-7,6,0,0,2,0,0,8,0,0,0,0,0,0,0,2,0,0,0,2,08,0,0,0,9,0,0,0,0,0,2,0,0,0,2,0,2,0,0,9,0,0,0,0,0,2,6,0,0,0,0,2,0,0,0,2,2,0,0,0,2,0,0,0,0,0,2,0,0,
a,0,6,0,0,0,60,0,0,0,2,0,0,0,0,0,0,0,0,0,0,8,0,60,0,8,0,0,0,0,00,0,0,00,080,0,0860,00,08080,0 00,880,060 860060,00,00,0000880,6,0,
8,8,0,0,0,8,08,6,0,0,2,8,0,0,0,3,6,0,0,0,0,2,6,6,0,2,0,0,0,0,3,0,0,8,0,0,2,6,0,0,2,6,0,8,0,8,0,0,0,8,0,2,6,0,0,2,0,3,8,0,8,0,0,0,0,08,2,0,0,0,
8,8,8,115,131,162,253,353,213,8,8,0,0,8,6,2,0,8,0,2,0,08,0,8,8,5,0,08,53, 187,179, 251,353,352, 253,252 ,258,214,0,8,8,2,0,8,0,8,0,8,8,0,8,8, 25,10
2,236,225,241,252,253,202,252, 252,252,252, 2532, 225,¢,6,0,0,9,0,6,0,0,8,8,8, 0,68, 223, 252,252, 252, 252,252,385, 19, 33, 65,224, 252,252,183,8,5,0,0,
@,8,0,8,8,6,0,6,8, 186,352,250, 25,285, 198, 53,0, 8,8, 150,452, 252, 220,28, 8, ¢, 6,0, 8,8, 1,5,0,8,8,8, /8,280, 250,252, 222,54 ,0,8,8,8,0,1/8,152,152,14
1,8,0,0,8,8,0,0,0,0,2,08,0,0,185,252,252,194,67,0,8,8,8,17,99, 246,252, 194,67,0,0,2,0,2,0,0,9,2,0,0,0,0,81,205,192,24,0,0,9,2,0,121,252,252,29
9,24,0,0,2,0,8,0,0,9,9,0,0,0,0,2,0,0,0,2,0,0,0,0,77,247,252, 248,196,9,9,2,6,9,0,2,0,2,0,0,9,8,0,0,9,0,2,0,0,0,2,0, 253,252,252, 102,0,9,0,0,9,
a,8,6,0,0,0,60,0,0,0,2,0,0,0,0,0,0,0,134,255,35%,753,39,0,0,0,8,0,0,0,8,0,8,0,0,0,0,0,0,0,0,8,0,0,0,6, 183,353,752 107 ,2,0,2,0,0,0,0,0,0,0,0,
8,8,6,0,0,0,08,6,0,0,2,10,1082,252,253,153,15,6,6,0,2,0,8,0,0,3,0,0,8,0,0,2,6,8,0,2,A,8,13,158,252,252,119,3,8,8,8,2,6,8,0,2,0,0,0,0,3,2,0,0,
8,6,0,0,8,8,41,352,252,217,0,8,2,0,0,0,8,0,6,0,0,8,0,0,0,0,0,2,0,0,0,¢,0,40,155,252,214,31,2,0,0,0,0,0,5,0,0,0,5,8,0,0,8,2,0,0,0,0,8,0,0,1G
5,252,252,106,0,0,8,8,0,0,0,0,0,6,0,0,8,0,8,0,0,0,2,0,0,0,0,13,179,252,158,39,9,¢,0,0,0,0,9,8,0,0,0,0,8,0,0,8,8,8,0,0,0,8,8,137,252, 221,39,
B,0,0,8,0,6,0,6,0,0,8,0,8,0,0,8,5,0,8,0,6,8,6,0,6/,252,/9,0,8,5,0,8,8, 8,6, 6,0,0,08,0,5,0,0,0,5,0,0,0,8,8,6,0,0,8,8,5,0,0,0,8,0,0,0,0,8,5,0,,
9,8,8,0

3.18 * .CSV MNIST
3.18 ) 28X 28=784 ( ),

0~255 ) 28X 28 o
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Python MNIST :

# FITF.CSVLfE FFTEEAT fPython FLEF, KHITTAFIELR.
MNISTH#45 U ft = open("mnist_train_data.csv", 'r')
MNISTHUD #14 = MNIST#E . readlines()

# FKHLCSVIT.
MNISTET . close()

# o SFE R — .
MNIST AN F) i [a]

3.19 :

'5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
9,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,
9,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,18,18,18,126,1
36,175,26,166,255,247,127,8,0,8,08,0,0,0,0,0,8,0,0,30,36,94,154,178,253, 253,253, 253,253, 225,172, 253, 242,195,6
4,8,8,0,0,0,0,0,8,8,0,0,49,238,253,253,253,253,253,253,253,253,251,93,82,82,56,39,8,0,0,0,8,0,0,08,0,0,0,0,1
8,219,253,253,253,253,253,198,182,247,241,0,6,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,80,156,1607, 253,253, 205,11,8,4
3,154,0,0,0,0,0,8,0,0,0,8,0,0,0,0,0,0,0,0,8,14,1,154,253,908,0,0,0,0,6,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,8,8,0,
8,139,253,190,2,0,0,0,0,0,0,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,11,190,253,70,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,
©,0,0,0,0,0,0,0,0,0,35,241,225,160,108,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,81,240,253,253,119,2
5,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,45,186,252,253,150,27,0,0,0,8,0,0,0,0,0,0,0,0,8,0,0,0,8,0,0,
8,8,8,0,16,93,252,253,187,0,8,0,0,0,8,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,8,0,0,249,253,249,64,0,8,0,0,0,8,0,0,
9,0,8,0,0,0,0,0,08,0,0,0,0,46,130,183,253,253,2067,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,8,0,0,39,148,229,253,253,
253,250,182,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,8,24,114,221,253,253,253,253,2081,78,0,0,0,0,0,0,8,0,0,0,8,8,0,
8,8,8,0,23,66,213,253,253,253,253,198,81,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,18,171,219,253,253,253,253,195,8
8,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,55,172,226,253,253,253,253,244,133,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
®,136,253,253,253,212,135,132,16,0,0,9,0,0,0,0,0,08,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,08,0,0,
0,0,0,0,0,0,0,0,0,08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,

9,0,0,0,0,0,0,0,8\n"
3.19 * .CSV MNIST
MNIST ) )
28X 28 “ 2 3
Python ( ) MNIST

# Wl HILFREUHET, SFEN e 28 ] FERE A
¥matplotlib inline

import numpy as np

import matplotlib.pyplot as plt

# EMFAFEHE— TR (TR . AN, .
I (MAAEAT = MNISTHRANFIHE[15] . split(", ")

# M TEE SR s — T R .
BB TS = np.asfarray GREI9EETIL: D

# A AT AT A T LA 28X 28 ) AR AR,
M CEEEEGN = BB TES . reshape((28, 28))

i

plt.imshow( FHIH) —ERE{LELE, cmap = 'Greys', interpolation = *None')

s MNIST o
s MNIST s
, Al o




_ Python Pandas scikit-learn

1. Pandas
Pandas Python ( ) ( )
Excel
Pandas : Series  DataFrame, Series ¢ o )
( ) s ; DataFrame

( )
2. scikit-learn( sklearn)
scikit-learn
scikit-learn

& 2 SIS

TESZ PR TR Bt A AR 90 5 2R 0 N SR S A 4, iX A4
AR . Forp L INZRER A T IR (ALAR R o 21D Bl S
T A AR SA DLUA B e AERICR s I ER TR 38 © 2 Ry iy A6
A g B 5 i T A PEBE

YNZRER AR 13 23 L BIRRIA D 3 ¢ 1, B 2R i ot i i
BN BARAE Y 75 90 RAE 7 25 %0, TR YIZRAE AN 1 B
— A SRV A AR

2. RG22 0%

FRGET T AL A i 7] LSRR 2 T 1) S0 . FRATDAT R SR A A
(D RE B K, B T Ak B3 A 25 T U A — R 5128 3R (6D L 4R
Ja —Rh L R 52 B e300k Cnlgl 3. 20 H EEI ) . 5
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PGB e A [R], HLAS ~7 ~J 2 B 1 2 25 e R T o
TR ARMN GBI . BERSR A TR Y B, s AAE
Ab B S Il i A A Bidls () o e 1 mT REFH T A T
XS IDE RS Y (g 353k DD ) P 00 8 3o A5 280 1) 25
PSRN SR DLARAT A i [] AR DR AR (1A 3. 20
SN

A P AR A R S50, Bl o5 > okt L

{ETT K S U

3.20 s NI ., « ’ . . .
T DR R R BRI SRAT B 200 ™ 1R i 2 A fif ke
ST TR AU P A 2 e
3.21
i 147 e ]
B YA SR AR AT
Rk e B AL
- - - - - -
i 1 W) 5519
Boilli Wik
Bl
3.21

M VEA AT A KA/ S AP e~ T AR, X T X N
HEAMNRIF LB AL s .

(1) B HAR. WIBRAT] BN R P 2 AT A TR, sl B
B HLTE, BEXT AT R AU, 7 Z AR B AR PR 2 RIIRZEA
CEICEINE e

(2) MEREE . SRR AR R LR, 1 B g
KE 077 SRR L S e P ARSI B 1 A DR BE B

(3) Bl wiab B, 8w, BOE WAL BEEY Be oy UM AL, S —20, &
% s I A 4R ClR A ) R ) S5 I00 B 25 i Tl AP AN 81 Fg AR 26
fiE o XTI TARMAR O Bt 8 B, 58 B QPO B s k. 26—
A AR 2R R WS A SR 300 20 D I R e A R
a5

(4) BRI GRE R, e — A B R PakE A R HLgr = >
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B /B PN ZR AR EE R AR v 1) 2% Fh S Rt A T 25 (22 ), AR
PR AN E R

(5) PPAGRCTIPERE . IR 5 00 B X I Zh b i A R 47
I Ak LA R D A P R

Python [P JEFE scikit-learn BEARSLHL T HLER > AR 251k,
B2 R ZHE R T LM F ot i Bk, R AW R E 2= S AN
2. A, scikit-learn B9 115 B AR AK ## T Python F) X {H 1T 5 &
NumPy, B XML > h Z 480 0 e o B T3 T & Tk,
T Sl LS 0 S A5 AT 28 TR s

TREE 27 > HEZR th [ PR _E A 520 7 0 4k BEHLAS 4 HAE i G
(%) T BIF T T A R B R n] 8 P G R4 1 S8 =X, TRl 45 38 3
AP, X SHESR R 1 52 2 TR B 2 > S AU i S 3RS
i FH P O R 27 2] B & TV RIR I RE 7 > B0 T A A 2l 19 . 8%
AR AL .

T SCHER T YR LR i TR BE 27 ST HE SR

1. TensorFlow

TensorFlow J& i IR AT, HE H BT i AT 19 IR E 27 S HEZR 2
—, TensorFlow 45 & T HAh ¥ I AE 42 () — Lo 3 3 AR, ff 5k i
(tensor) N HE AL IE, ML T 2 Az H, A,
TensorFlow MR 1155 B A& 51 A BN E BT b Al s 4R TS
FIER B,

, TensorFlow

? ?

N N 9 R TensorFlow
NumPy




import numpy as np
t=[L[1, 2, 3], [2, 3, 411, [[o, —1, 2], [2, —5, —7]], [[1, 2, 3], [2, 3, 4]]]
np. shape(t)

“np.ShapE(t)” t “ ”’ -
. 3, 2, 3),
3 .2 3 .

a——~@
) 3.22 z=(a+ b)Xc=dXc,

3.22

1.

pip install = — upgrade tensorflow% % GPU k& A& %

pip install = — upgrade tensorflow-gpu% 4 GPU # A& %
2. TensorFlow e
Python ,
import tensorflow as tf
hello = tf.constant("Hello, TensorFlow!")
sess = tf.Sesstion()

print{run.sess(hello))

TensorFlow, 64 a

TensorFlow A [ 11 hig A tensorflow. js, 45 JavaScript i
T T R A R w3 R I 2R S8, TC 75 g B i AN 75 /D i 7R
FREEIT R L FIstT IR~ >IN . tensorflow. js 7R Yo R 1414 .
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P AR NG £ L T W 2% AL A vz 52 T e L 20 i S LU [
FrSTEES.

2. Theano 5 Keras

Theano 42 55—t A& A 10 P 28 X 26 FIR BE 2 ) HEZR L [R] st 5|
TR Z I b AR AL 45 A& D GPU 5 6 19 5K & A 55 B 4
Theano HIEEAE Python FEUETTE E NumPy S0k & EUE T
J# SciPy A3l AT LA s b B 5 22 2 502 AH 5% B B 2k 5K
R ) R LS IR A v AT S T O 1 OB B T B R A% ) MR P Ak
BEN TR R KB, X TR M F B AR T2 1

2017 4£ 9 H . Theano B ATFEH: 1. 0 JRA KA J5 A HEAHCEE K HE B .
SN Theano AT59A & — NI REAEH 3R K BT EE 27 > FE, ] LU %
T A28 X 4% IR B 2 > ) A > IR 5

Keras J& M Python a5 — AN AT 2 4% APTOW FHFE ¥ g F2
B2, GBS AN TensorFlow, Theano B CNTK (WL “HIRAEf  HAbER
JE2IRERR B A ], 5 TensorFlow I Theano X 25 5 i 1] “IK
27 BIHEZRAH L s Keras BARJE — DG T HABAEZERE J1 1% B AN
AR RT B 7 LA T BRI R A 5 .

Keras

Keras s Keras , TensorFlow.Theano
CNTK 9 TensorFlow, , Keras

TensorFlow . pip

pip install keras

Kl 3.23 78 T Keras, Theano 5 Python 155 MHEEITEY B
JE 2 [B] B O 2R o
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Python 2.x
Python 3.x

Linux, Mac OS X, Windows

3.23 Keras.Theano Python

3. PaddlePaddle

PaddlePaddle J&—Fh s R IG AT R IR E 2= 2 &, KB 1
BREE 2 Ik N F &M d . PaddlePaddle Suite (PPS) W&
AT 1) Tl A 4 D BB TR B 2 > B (N [E] 3. 24 e ), SCREA b A
& #H A I TR 2= T R BRI .

TasyDI.
; Al studio
Pacl(_ilcRcc
BT 5 3 _Infinite
Paddle UV
Vet TR e
Visual DL ; HOBIIE
EEmT i L 5 1 Paddle NLP
gk e e Ak
) Aut? [)Lmiﬁ\fﬁ{'ﬁ g i 2 Ak £
RIS N WeErn | RN
Pat.ddlt_:l_’u.t:i.(ﬂe ¢ g PARL
S, A LA
i aSerevi:g : ¥ MM AR | MRS
” PaddlcPaddle
Mabile
] U TH | fiEug

3.24 PaddlePaddle

suie B AL | SRR




1. CNTK

CNTK  computational network toolkit ) microsoft cognitive toolkit,
s 0 TensorFlow ,CNTK
2. Caffe
Caffe ) N ) Caffe2
Caffe °
3. PyTorch
PyTorch : Python N GPU

PyTorch 2017 0 ,PyTorch
° Python 9 NumPy s 3
° GPU( GPU) PyTorch ;
O , ;
L o
PyTorch
1. PyTorch ;
2. PyTorch N .GPU N Python
.CUDA ( 3.25 , ),
) :Run this Command;

PyTorch Build Stable (1.3) Preview (Nigntly)

Package Conda Pip LizTorch Source
Language Python 2.7 Python 3.5 Python 3.6 Cst
CUDA 2 161 Nonc

pip3 install torch-——1.3.1 torchvision——0.4.2 -f https://download.oytore

e stouae h.org/whl/torch_stable.html

3.25
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B2 2% (convolutional neural network, 4G5 & CNN) & —
FRRER A 22 0 28 25 1, S T B = > A s i) o 2 e, H TS TR
2 2] B IARAIL a8 2% 2 i LR L CNN R 28 A

CNN ZERU 305 BAC B H (R BIC A 8, FAE 1989 4, CNN
BT FH R AR AR Z B R 2 6., HE 2012
A, BT CNN AR FE 27 ) B3 1F TmageNet Y 5 43 2555 8 vp BUES:
TSR, HEEMES) TN T REAR S UCOR M 2GR, 2012 4E L)
J& » CNN #32 HH T BHR S s PO S & Mg G

CNN [ 2% 1) B AR 25 ¥ Ko HE 2R 55 2 Wi A 28 i A 22 I 48 AR AR, 7T LA
PG FRUR — 38 o 21 2 2244 28 0 1Y J2 SR Ay A o o A 2% O R )
2%, Ak, A CNN Hp il 317 3 FORr 9 4 & —— 4 P2 (convolution
layer) fithfb )2 (pooling layer) ., I4N, CNN H B {di A4 38015 pR A
R ik ER G N

TR 2 ) 3l 1 — RV B8 56 A [FAE 55 19 #h 4200 2 0 2 21T 55
CUn BG40 M S — A A FE 6 S f o BRI 2 ) TR, e, —
4 52 HH I G b 1 JR R 2R A5 AR B AR N I 1Y Jmy A e e L AR )
AT, HABRY 2 AT 6 H 4 57 BHR T IR Se o s 2 S .
AZI KBTI X e fE BAE T — 2 LR B — R 4k 22 o 1T
3T

HIE 2 S A AE LT IR . B2, B A RO )2 9 388 i, 573 1
SRR 25 N 2% 25 THT I A EE 2 80 B0 L R 25 L ) = g 7 )
BEAL, T 1 1 28 0 48 3 A7 AE o — AT R . Z20 W T g A B 1Y)
“TEAR” . 2R, G B R A R B K B S
FE LR E =40 . il e 1 2T AL BERT , 75 22 XA
() = A B “ BT o — 4B . 45 IR BLAL B MNIST F5
IRBUF R ERT, SEET R R (1, 28, 28) 1Y = 4k S (1 438
T8 .28 12 %5 28 IR KO JeHE 1 51,784 MR, ARG DL —4E 5 iy
e Ak AR,
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86

yRBG

EEXTLAE R, B M PR R 1. g BRIy MR A
— NG A — R R DL, iR T — LA RO [R] A TR
Bi. MR AR A T 5, B RE S A EA.
TR A RER BRI — il

TR A I T ORASROR At B 21 A R — Lo e — R AR R
e ABAAFR IS X SRR AR B LRI, e, B T R —)= bt
T BRI A A/ INEGR BPHE A A B — 18 -5 S P AR DT e 19 52 8
PR 7E b i B R B i 25 MR B 2 25 (B . SRR X
ST — R B  ME ALK LY R — A — A ar B ok, TR
M IR Ao

FEAR b B I — A AR P A S L A ARUZ T B <Ok
B e — MR AR OV R . H IS B U — i n] LU
REYUEBE  TETOR B [F] I i BEDE A — L8 N 2, DR I AR A O Ui
Peas” . Sz MR, B AR AT DU IR G 20 iR AR (S
BAAE Sk N =4 00 A I 6 AR AMELLL = 4B IE i A
B b AR UL = 4R i 2O AL BEET R th 2 — 2. It &
FRZ REAE A I 2 PR IR 1 S

CNN 188 B AT R U P B A T F B BV RV — /1N
DXl e s 127 DX I P 5 18— 6 A 2 R B O 50 2 B SR TR Y I
7 RGP A YIRS R B A, WK AN R & B/ 18
s EAFRCR . BREBERITTRE RS WA 3. 20,



BRI @0 BRI R T L A KO 19 )
({F=0)

((=0) gl]h%ﬁ”?é/l\ﬁﬁ/\@f%iﬁ@% R*ﬁg'f/lza%?

L L LIS T
BRI AR BT LA AT
T WA AT, WS A
B B L) I 5 1
SRR 5 B 0. BI04

D 4 el PRt

AN - ~
wEi L RLBBUKAIEE S AR % 8
mteE— | FFF SR R A CUNE 3. 26 fiT/R) . BEANUT

BT 1A IE LS AR UCORAT 21— Hh A

3.26
R L i ok AR A 1 BT A fir
L aRiss BT BT LSS BB R
K ST e £ 3. 27 iR T W38 0B Sh ¥ %
—— ol1|a 13 AR A BURAE .
S 102 GREER GBS E LES
JE A AR o I (A e S5 PR BRI
- B T B TR I 530 3 2 P 4 A T AR AR 12
. . I P Tk LA U % ) 15 AR 2 ) (5
5B 0 o] WAL A AL A T LA 522 5 1
Bk, K328 R T —4 5 x5 MEH
S 201 1 LB 28 0 T 38 24 TE ML L BIHE I
3 15| 18
I Y| — M K B S BB, 0) 4 d5 KA X IR
=0 L]0 (255).
1 2 3 0
; 20001
(0 B 15 16
20 1 3 vlt2 — .
: 11nlz2
23 0 1
3.27 ( “x” )

e . e ol . L

P Rl d . FaEs-AsR

el U ] e L T L
v R TRS L T Lt

S I g
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3.28 , ( ) (
) “ 7 . : ( D

, 3.29

MR

A E T ] |
(RS A
A B %
! WACEH u] |
a2 (B A
3.29
3.28 , ?
5 N
4 L
) 55 4 25 R 25 20, i o s R AT B S
” i B BEAEAG 36 2 T — )2 2Z 00 24— 005 pR
21 1 B, CNN — A FH 8 o 22 X 285 oI £ 5 FHAY
1t 1 s R TR — P44 RelLU Y3 PREL,
. RelLU s ¥y & LAEH R 8. 2 = > 0 W),
| | | | RelLU BUEN 23124 = << 0 if, RelLU BUE N 0,
6 2 v 2 4 ®  PREL ReLU WYEMEUNIE 3. 30 Bk,




ReLU  Python ! Python

RelLU NumPy  maximum ,

1. Python
import numpy as np
def relu(x):

return np.maximum(x)

2. matplotlib RelLU

RelLU

Rel.U sRECHE PR R ECHT S T2 B EH LT . ZZAZ 5 FMER
PRAL—FETRT 5L, [RIINE SR S T pRAOIRRE & I 22 AY 7, 1T HL L2 e i
(17 G — DA RD

RelLU bR Bt g A A IR 26 7 £ O B8 B Al S fE A
AR, PR HAE 2 Lt b i A e ORAR 7 2 S B O, AL 3. 31
I

3.31 RelLU

FHEBET A ReLU{T:)| 4ty

RelLU 29523 rectified linear unit B4EE , =B 2 “ A 1IE 2t
I, WE—T RelU 1E H % th i EMZR AR SE15 X A FREA 2R
g1 Wg 2

CNN B RZEH— IR IRE — b=, M AbERfE AR
RIS 4N X A — S LRUE AR X BN X BT G R R B e —
FhAa DA N B ] Bz 58 FR i 2R (subsampling) .

W RAEAHRBILA B B0 T e b de R A {48, 39 MM A Rt Ak
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3.32

CNN

(max pooling) . i KL A6 7E s v A R ~T 1 [a] I, 38 O 7 ] 0 AH <68
BRMEMRN 2R BRI G R E, R, A N2 T SR B
BB ) i 3 Zx 5 R 30 m DX AR, 3 A gl Al 7 34 Ak
(average pooling) ,

TER 3. 32 W FRATTR UK AN 2 X 2 (R R Xy 1 MR R IX
s, I By B RAEAE AR R AR LA il B R R

BRRaN 1 | o 1|2]1]0
IBE 2 o[1]2]3 23
3lol1]2 . 0 1|2 Tl
204(0(1 AR
1] 2 [ie 1 2]1]0
o[1(2[3 ) B 0o 1(2]3 23
SNE S E 1B
2[4[0]1 2 4|0l

WALEAE S G B AR Z A W B 7 1 W Sl i R UG 22 1)
Al [ N R sl B X P IME — SBEBCR R L. 1 3T A
MREERR 2P0 . —4> CNN H R RES A PIFR AL . 5 FRAD i At
e i

. B 3. 27 A BRG] 1o 4 BED R 1 A R R Bl
TR LA 3. 32 b AR AT S T TR 2.

FEVEAT AR . — e 2 2 e 15 i AR 7 11 RN TR 114
fH. Hean,3x3 WA s 1 p IR S Bos 3.

‘ ‘4\‘2\‘1 |2
31016 5_4— .
Ll2]1]0/, By 3I! ;
012 3772— — 5 | 3 2II
3000112 1—— 4| 5
20401

LN i e

333 . 3.33




3.34
1{2/0(7|1]0 111(2]|0|7]1
01912(3]|2(3 31019232
3(0|L(2]|1(2 9 2(3|0(1|2]1 9
2(4|10(1|0]1 618 3(2(4(0|1/0 618
6(0|1(2|1]2 21610121
2(4|10(1|8](1 1/2|4(0|1(8
3.34

BRRMACAE T T RFE B SS (RIS FRZ RIS R BUZ A D A i
TEDR B 15 A RS 4 F SRR R A L, 20l 1 28080 RS A 21 2k iy
WSRO, R A TR A R B e L L O AP 7 4
HA AN,

BIEFRATIHE T BN EZooR, LU @7 ise 5 2
Ak BRI e AL 14 B 2 ) 45 2R O TR — 268 44 5 R 22 R 4%
AR I R A

BRI 2 W 25— M i oA ZEA o A8 23 3l D B AR B R
JZ O RUZ AR E A e 1R R BRUR GO R EUR e
JRER A A e — &, 3L A M A A CNN RS U=, an i 3. 35

iz
BFRRLU
s b
Hy AR F5 I/ ReLU
Ak = Mkl 4R
rlj il %m (0.01)
o % (0.04)
- WLHS (0.94)
_ L B((L02)
. s N O i . s ST
i L iER

3.35

3.2 502 T CNN FRaREEAR B BT 58 i) BAR DI RE .
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3.2 CNN

Keras CNN

Keras CNN

1. 5 3.35
CNN

CNN

LeNet-5 F 1994 4F R i MR Z BB Mg 2 —,
LeNet-5 B U HH A JEAR S S Z2 et RAEAR SR FE CNN 3z
. FIAR LeNet-5 [ S T2 sREVE 06 R 0 LA AT CNN U]
ZF 1 RelLU pR%K,

Kl 3.36 @R T — T MNIST 5 507191 LeNet-5 2244
(P 455 @A A 3 E R s @ iE 50 .

Cs; Ffi:

ffﬁ"jAm{%‘. C] 2 %?En%‘gj— ﬁ»ﬂj C3 J"[;I:’fll H‘#‘L%T S4 Lnfk. i]$1 ///// T‘.?LJ—' |[]
3% 33 628 < 28 (1c:14><l4 16610 10 165 < 5 1’0

3 Wm

3.36 LeNet-5

XA P2 BT A Z 4237 32 X 32 (G I I MG AE i A58
HEA WA SRS " A &2 C1l - S2 f1C3 -S4, Hi C1
1 C3 RERUZE XA BFZE K 030 sR 502 (- P A s
HR) — R bR IC M RRE B AN A 2 5 RS 2 &2 C5

92




CA 120 MHIZTT) FI F6Cf 84 MRIZTT) » iX A~ 275 822 1 45 H Al
DIeA AR, Br LU TSR R 24 FR s 4 1 B e 2 10 D4t
k2

B ERZE CLAEE 6 MEREL TR T 6 Ml . B SR
FIRSE R 5 X 5, BB E RS I E— MR E L s — A5 8Z Cl
HHGX5+1) X6=156 M S5GC1 R RE —12%x2 F
Brubfb)= S2, FEAEJE & —A S TR I pREL.

BAEBRUZE C3 BB R ST RIFE N 5 X5, 64 16 MBI,
HFRT— 2 HA o M L 5 16 MEREIFE R SE N,
RN T CNN BRI 2 e, SRS 5 A ik 2 S4 2
2 X2 AL

R RE C5 JZ W EERZE, EA 120 MR, BRI/
W2 5X5, 5 L — 2% BB E I IL i, STMA-EREARE
& X — )2 5 A M AL ERAE L 1 ELSERR LR A 4, B At A —
MR, M Fo 2R —1MEE 84 MrEth & i # R
FEZ L BTG BRBCN S TE pRER,

LeNet-5 M5 — /22 H 10 NIod i = 1T s
H o325 2h R

Kl 3,37 Won T HASZ 0 — L4075

Hi AR C3 54
32x32 Wx10 5x5
N\ b g
§_. 0
“i;;;: \— 1
BN\ N\ N
&8 2 N amzz N\
NN TN
FINER AR 4
3.37 LeNet-5
AlexNet
2012 AlexNet CNN
AlexNet o AlexNet y ., 2012 AlexNet CNN

ImageNet
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,AlexNet  LeNet-5 , “ _ -
i ; ; 3.38

C6 § I'C7
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3.38 AlexNet
,AlexNet LeNet-5 , ;AlexNet  LeNet-5
1. AlexNet RelLU ,  LeNet5 S . RelLU
S
2. LeNet-5 ., AlexNet ,
3. AlexNet (local response normalization, LRN)., LRN
. LRN s CNN ,LRN
4. AlexNet Dropout( ) )

EARTEM 25 25 |, AlexNet 5 LeNet-5 #H 22 FAB K KL H
EEFE L LeNet-5 B T 1+ JLAR , X T JLARTA A& R AR FB g T A g
NKE R, BEE BRI K JE 404 CNN BB (R i pf 28
W25 A2 B0 BEL 2 M 9] LeNet-5 B9 5 2 (Rl LeNet-5 FH“5™) & Jig
FILHEZEEHEZ.

3,39 7 T CNN [EREE ST 4ok & R I i .
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(22 layers )

= o7
I I 557
N -
3.39 CNN 2010 2011 2012 2013 014 2014 015 Yaar
AlexNet VGG GoogleNet  ResNet

AT AT B AT 55 192X, 43 591 FHAS [6) B4 HE 42 55 52 B 9 4> 512
CNN )35 4 v JH 22 5], B MINIST 89 F 5 %071 51 F1 ImageNet 14
CIFAR — 10 &G4y 2 0 F .

L. FHEE I

_ MNIST TensorFlow

) TensorFlow CNN .

1- ’ b o
2. ®
3. CNN k- . .
4. ) H ’
5. \ s ®
Keras TensorFlow 5 . CNN 5

y Keras ,

TensorFlow 8




Python, MNIST , TensorFlow Keras
3.3,

3.3

2. CIFAR &R %]

CIFAR - 10/CIFAR - 100 BEHE AL T 8 000 J7 5K i/ R AT
15, Rk NEUR R —5K 32 X 32 R R AE . CIFAR - 10 $#
EPRERIGA 10 D2 F02E 6 000 sk/MEER, B3R 60 000 5K,
Hrb 50 000 58 A FUNZR (L& 288 894825 . 10 000 78 T8 O &
KIEHZ .

& 3. 40 &8 T M CIFAR — 10 ¥ 4 10

wn AP L B BRI A 10 A BRI Y 10 SRR
S EH'H.HHH‘ CIFAR — 10 F¥i4E E £ & 1F Keras

I3 =- ﬂ!_!\. -. T AT DL E R, N T 3

1 .H-..ﬁ' CIFAR - 100 ##54E 5 CIFAR - 10 9 &
b "..MIE‘.E! B IAE T 2w i ) o3 A RS AR & i AR i
. .‘mnu“-‘]- ik CIFAR - 100 HE/NEHR 438 T 100 4
=i H....n.... N BN /NEEA 600 5K EIMR, 500 5K H T
4 ENTLEEEE 2K 100 FRATFIEL, X 100 /N J&
o ﬁiﬁg'ﬂ 20 NRFE(CIFAR - 100 g FR B2, &
s -EEHIH MHEEMAE 5~06 N/NE, Ah, Bk NEG

A A — AR AR AR ICE TR BN,
340 CIFAR 10 L 5 — AR bR 2 bRid B T E 1Y
A,
F 3.4 T CIFAR - 100 $¥a4E rh 2 Fni 25 a9 %14y
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3.4 CIFAR -100

Superclass( ) Classes|( )
aquatic mammals beaver, dolphin, otter, seal, whale
fish aquarium fish, flatfish, ray, shark, trout
flowers orchids, poppies, roses, sunflowers, tulips
food containers bottles, bowls, cans, cups, plates

fruit and vegetables

household electrical devices
household

insects

large carnivores

large man-made outdoor things
large natural outdoor scenes
large omnivores and herbivores
medium-sized mammals
non-insect invertebrates

people

reptiles

small mammals

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

bee, beetle, butterfly, caterpillar, cockroach

bear, leopard, lion, tiger, wolf

bridge, castle, house, road, skyscraper

cloud, forest, mountain, plain, sea

camel, cattle, chimpanzee, elephant, kangaroo

fox, porcupine, possum, raccoon, skunk

crab, lobster, snail, spider, worm

baby, boy, girl, man, woman

crocodile, dinosaur, lizard, snake, turtle

hamster, mouse, rabbit, shrew, squirrel

trees maple, oak, palm, pine, willow
vehicles 1 bicycle, bus, motorcycle, pickup truck, train
vehicles 2 lawn-mower, rocket, streetcar, tank, tractor
Keras
CIFAR-10 CIFAR-100 ,Keras s MNIST
.IMDB N .

Keras s s ,

CIFAR - 10 , .

from keras. datasets import cifar1(

(x_train, y_train), (x_test, y_test) = cifar10. load_data()
MNIST g

from keras. datasets import mnist

(x_train, y_ train), (x_test, y test) = mnist.load data()
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Keras CIFAR - 10

1. CIFAR - 10

10 s 3.41

airplane automabile

3. FRNMEERS

FIrE GGG IR R0 ER A RIS 5 1E1HR B BRI A ARSES5
T BT RAE AL e E B RIS A RIS . RS A% 2 8 8]
BEARFA T Bz — H AU ATE S — 2 I 2RIE IR A REE,
PG AU Bt 3t 52 5 T RE 2 S B30 T (A ] AL A AT SR IR

TEBFRR 2 25 75 75 B2 B A THEA T B RUAR I 7% Y AR T
SR o T e XA ) PTG DA 3k ol XU ) ] 45 e S — o 50 K
A G L PO BT AR BB 2 R AT S P S R . XA
KI5 R GRS [ 2 1 XA R R B ARA U 2 Ak, (HK B
GRS T ) SR AT AR I Jmy R o RIS 75 0] PRIAR KURS 4T A
11y EL— AR R el A 7 HURE S I — P ER XA 80375 . (S R M
W28 5 — DR AT LASE AR Z A0 i R USRS T 4%

R B 22 R 2 n] L 22 N 2k A 3 > GRS DT Py
PRI T 15148 1 PRSP — U 552 B 22 b R XURS 1 1 3l
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2ERAERS . (X FR T L JORE X G R A 7 AR, 2 R R AL
s —JC AT RE AR B E A B KUK R ISR S ALSE o 1 R EE

FESEE AR b B b R TR B iR S R AR
& C Ccontent), Ji 4 X 4% B 15 S Cstyle) Fl A4 W5 19 B2 G
(generated) , A |, FoA 1) CNN FERITE BSE I 55 . (D MR
T KA R S PRI G A N2 FLXUAS , FRATT 2L 48038 CNN H AT
TR0 SRR SR AR T » PR D3R B2 LR FEAVE R b Ty (2) B i
UG AE P25 R0 RS L AR AL o 3 AR DL 4 1 2 AR AE AR AE L (A
B, AN 2 R AR R AR

FHT R EUEG AR AE AR N ZE 10 VGG19 J& 2014 AR$2 T Y
— PR E CNN 2244, HAG s an &l 3. 42 s,

l Softmax ]
| FC 1000 |
| FC 4096 |
| FC 4096 |
| Pool |
convd_4 | X3 COMV, 5 |
convb_3 | 23 COM |
convh_2 [_5x3 cony |
convb_1 ! 0Ny |
| Pool ||
conv4_4 | “OnNy |
conv4_3 I 3x3conv. 512 |
convd_2 I 3x3conv,512 |
convd_1 L 2 conv, o J
| Pool ]
conv3_2 | x3 CONV, 2° |
conv3_1 | 3 cony, 2 |
| Pool ]
conv2_2 | I conv, 12 |
conv?_1 | 3 conv, 11 |
[ Pool J
convl_2 | 3 conv, 64 |
canvl_1 | X3 conv, ba |
| Input ]
VGG19
3.42 VGG19

VGG19 18 19 MBI 2 (K 3. 42 b iE S o b5
U2, G b2 3 A2 (B 3. 42 Frys @i .
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EIGEdE N VGG19 1A JZ A Gl B2 convl 1, conv2_1,
conv3_1. conv4_1. convs_1 J5 BRI 45 SAE R $#E B Az G XA
FRAE ; B FUZ conv4_2 AT 25 PO B9 A EUE U2 RHIE

BER A2 2] i H AR BUR A RS B2 S W BAr 20 G
NS PRES CHar, AR BN &5 S, I, #5126 pR
BN ZH SRR (O NS IRRER . TR CF1 G I ZE R
(2) WA L3R4 TR S G R

TR 2R A A A AR T 5. BEAILAE B — IR G, (o FH A
JE T B A (G BB #EATIE U0 i 2k R B0 (E 18 B B/ Mk
TG .G NS FifERn C, fE W Ug il S.

ST PR AR R B EG  XUR BR B, TR CL S. G A il A
VGG19, TR N 2540 S FIUXURS 8 2% FRIASCRIT, 388 o8 3081 9 PR 25 40 2 R XL
A b 1 AT R A T XU P R

TensorFlow CNN VGG19

2. (C), . (343 )

3.44




4. © (S,
(G), 3.45 ( ’ ):

3.45

5. Photoshop, )
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2018 6
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H B SR 4R — il 0T AL R S B A VA
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