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Python A\ I]

Python X —#iFEif 5 T &M 20 Z4F 1, 7ExIH], Python AMU5EAL
T AL, 58 T REH . 3E, Python VENEBENSARRES ,
ZHTHZANNEE.

F2TORFA T F Python SCERIRBE 2% 2 RS0 AN AEIXZHT, ASFHEfA]
/24— Python, H— NEME . 24%#E T Python, NumPy .
Matplotlib Z TR, FTRABKIE AR TS, B0 B2 fs g & iy .

1.1 Python 24

Python & —MEH. 5. HicdmfiE S, mHEZFER, fTLi%
el A . Python i LU IBE B IEE R S Y, MR A T
J1, FIEIRA TR AR A HAE ] Python, Rl e i kA n A1k,
Python 2 Gl At B F . FL L, REBKRMKE BRI
YR Python VM AT T H .

WAL, (i Python AMY AT LA AT et A, B8] DU hbepg s (b
PSR BEPR) AOACRY o 7E T AL BRI RS w5 B R D R A AE AL,
J Python 7] AR 52 i, R, Python NMYAZRNWI2FF =2, Rk
ZREAN AN, R F, Google, Microsoft, Facebook %% 3} 78 1T
Tl e HT TR A Al s 285 {8 Python,,
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5, TEREOU, FelbE e bLas ) . BdE Rl a8, Python 4k
KA. Python B 17w tEREZ S, FEAE & NumPy. SciPy 4 {75 (19 %k
IR G, EEdERE A A A SR AL, WS
HEHE b A7 18 2 Python 9 3% 5t, Lk 40 Caffe, TensorFlow. Chainer,
Theano 55 3% £ B 2 T HEQRAR IR ML T Python #:11, P, %% >] Python
X R BE 2 ST RESR KA 4 Ak

Zi b, Python 2fcili 5 HURAAOURM LA & o MH, Python AAT
ZRTIETE ST, IARIEEE B AR . D, O T SE AR 1Y
METFIR SR EE - T 1Y HAR, Python AT LU i &l 19 T B

1.2 Python %%

N, FRATE SN Python 2238 B Y HTERE (UKD b o X U — T %
R B E A — e

1.2.1 Pythonhg&

Python Python 2.z fll Python 3.z A~ IiAS . WS FRATTAZE—T HA
Python i AT OL, 23 &R T EATHIMUA 3.2 LIAh, IHIRUA 2.2 TS 7E 4
KREMH, FI, 7% % Python I, 75 2L 1H # ¥ £ %2 4% Python (1WA hit
Ao R RRA Z BB FHEAE G A bk, 28A “ma st ),
k&1, 2 &4 H Python 3.2 5 U A g4k Python 2.2 #0447 (11 #o
A H i Python 3.z, H4%¢%% T Python 2.2 f i @i 7 b 4% —TF
Python 3.z,

122 {ERBRISMNEBEE

AN B NFTHR SR E -2 o B, BT NumPy JEFI Matplotlib
FEZ AN, FRAT T b G i AN . Z T AR R A, &R BEATTRT LA
AR TR 2 > S
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NumPy & H FHUA TR AR, BEEE TR 2 8 2 e Sk AU R 1 4
Y1 R ) BRAE 7o AR A rfofSg (ol FH 30 6 i 1 1) 5 3 o0 AT S0 £ 0 VR B 2 )
ERES

Matplotlib f& FH 3 il [£ 1 % . Fl Matplotlib AERF 5280 45 B al Wik, I
FEARSE AN TR E 2 T i A ATl A A5l

APFEATIRZESHE,
L ‘ e Python 3.x(2016 £ 8 BT IR FRAZE3.5)
A

e NumPy
e Matplotlib

N HRRS A 4 Python BYBEE /41— Python I 26 k. D&%
%7 Python e, Bt iX—&a N A

1.2.3 Anaconda &17hR

Python 24T IEARZR, AAHERHE ] Anaconda XN RATHR, A
PRSI T LB, P A L — IR PR S8 42 %% . Anaconda J&—Mill 8
TR TR R AT, BT RUEE9 NumPy . Matplotlib 2544 B T 508 43 BT 114
JERR L SR

WRETETR, AR H] Python 3.2 fiiAs, K Anaconda %47 it 242
B3 A, THEEE INE 7 Wl R30S B O R E RGEAHR I R ATI, 28
JE R,

@ Anacondaffly—AEE BRI RATIN, A5 TVFZAT IR, WA hozps S
NumPy EFl Matplotlib . Rk, WERIPRFFR YT RIS, Sl AN PRI AT LA
—FHE
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1.3 Python f##%2g

SEI8 Python 46T, E5eifiA— T Python BIMUAS . 477748 (Windows
A ATE H), %A python --versionfip 4, i il O AWM

Python ARRAE R .

$ python --version
Python 3.4.1 :: Anaconda 2.1.0 (x86_64)

s, BT Python 3.4.1 RIESEFRZELEMIMA, WA S ITREANH] ),
VI E B 2225 T Python 3.2, 425 A python, J& 3l Python it B4

$ python

Python 3.4.1 |Anaconda 2.1.0 (x86_64)| (default, Sep 10 2014, 17:24:09)
[GCC 4.2.1 (Apple Inc. build 5577)] on darwin

Type "help", "copyright", "credits" or "license" for more information.
>>>

Python i FERHILHFRy “HFFB, FHPREMS LR Py thon 4 %69 )7 3%
HEFTARE. W, PP 1+ 24T JL7 7 M, Python R 221
%37, BRRAHEHES, BURISRREOACIL. BUE, RATSRGA— TR

>>> 1 + 2
3

Python fif # &% AT LU IX AR HEAT X6 (S H 0 Bt . T, FA16E
FHEARFEAR L, KB JLA R SR Python i 289415

131 BRitE&

ik s AL A AT, Al AT

>>> 1 - 2
-1
>>> 4 * 5

20
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>>7 /5
1.4
>>> 3 ¥% 2

9

*RONTRTE, 1 RINBRTEL, BRI (32 L322 ). F A, TE
Python 2. ", SR IAEMEE SR8, i, 7+ 585521, BT
Python 3.z, BB LIREB 45 52/ N (TR 8550,

1.3.2  #HuEsEny

g AR A B HE 22 BY (data type) X —ME 2. B 28 R OR B 9 1 T
ARE N FATEAERAL, Python i type () pRECAT LI DR A5 7 B4
KA,

>>> type(10)

<class 'int'>

>>> type(2.718)

<class 'float'>

>>> type("hello")

<class 'str's>

HHE EIIAZE R AT, 1002 int 2670 (B ), 2,718 float A1 (FFAAHY),
"hello” S str (FAFH KA, 5k, “HA” A 2" s Pl A
MR XHL, WFRH S5 <class "int'>, A LU, “10 02 int 25 (24

B,

133 T=

ATLME x 5y SRk L EEE (variable), AL, AT ME AR A TIHAE.,
ALAT U I

>>> x =10 # ik
>>> print(x) # 4ithx
10

>>> x = 100 # W{H
>>> print(x)

100
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>>>y = 3.14
>>> X *y
314.0

>>> type(x * y)
<class 'float'>

Python ZJ& T “shAAKANA T MMMARIE T, Prifshds, R
RRMRAEIR O A g Y fE LBl rf, HDP IF B BB 4R “xiy2E
TS int ()", & Python ARG x 01 4R 4L 10, AT HI BT ) x 9 2 750
int . HEAh, FRATWAT LIRS, BECHVNEGRTR IS S/ M (B2 R
A ), oh, “# IR, BJS R SC7 28 Python 20

1.34 %IzF
Br 1B —RORE, i RTRUSRR G LS8

>>>a = [1, 2, 3, 4, 5] # H¥E
>>> print(a) # HHFIERKNE
[1, 2, 3, 4, 5]

>>> len(a) # RIBFIRIKE

5

>>> al0] # VilnsE— TR MME
1

>>> a[4]

5

>>> a[4] = 99 # Wt(H

>>> print(a)

[1, 2, 3, 4, 99]

JCEMVIZE T ale] AR TR . O AECERR &S| CRER),
EIINOFF G (R G 0XF R —ATTE ). AP, Python 93 R4 4L T W A
(slicing) X —(HHEAIFRICTS o (DI R AT LA R BEAE, 60T LR 5
RITFINFR ERITTIE ),

>>> print(a)

[1, 2, 3, 4, 99]

>>> al0:2] # KRGO H 2 ORfF2! ) MocR

[1, 2]

>>> all:]  # FIMAWESDN LR FIRG — iR
[2, 3, 4, 99]
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>>> al:3] # FHNHE—ICHFIRTIN 3 OMLIG3 1) IR

[1, 2, 3]

>>> al:-1] # FMIE IR FRIG—PDICRET— LR Z IR
[1, 2, 3, 4]

>>> al:-2] # FMWE IR BNRIG—DICRIET A TR Z B
[1, 2, 3]

PATHVRAG DI, TS ale:2] XFERIE R, alo:2] I FHUHME
T 0 IR EIR T N 2 TR AR — D ILRZBIMILR . 735h, K5 -1%)
Biffa—MIeER, —2 M WA — LR ET— IR

135 =

PIRMAERG], £80,1,2, - BB AEAEE, 1m0~ i U LR (ED X 6492
AR . FIGE OB ) A0EE, Mg i & SO Atk .

>>> me = {'height':180} # /[l
>>> me['height'] # Vil
180

>>> me['weight'] = 70  # HINFCE
>>> print(me)

{'height': 180, 'weight': 70}

1.3.6 #/RBY

Python H £ bool A, bool AUH True B False HP ) — A~ . %1%} bool B[
BREAFEAGand . or Flnot (RF XS EUEMB AT A +. - *. /55, MIEAFH
BRI A WA )

>>> hungry = True # Wy
>>> sleepy = False # M1
>>> type(hungry)

<class 'bool'>

>>> not hungry

False

>>> hungry and sleepy # HJfHIH
False

>>> hungry or sleepy # kiR
True
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1.3.7 ifiEfQ
FRAEAS [ (4 A e P AN R B A BRA3 S I AT DA if/elseifid)

>>> hungry = True
>>> if hungry:
print("I'm hungry")

I'm hungry
>>> hungry = False
>>> if hungry:
print("I'm hungry") # 17 A5 T4
. else:
print("I'm not hungry")
print("I'm sleepy")

I'm not hungry
I'm sleepy

Python F 2 AT HAA B S i if ifya)rh, if hungry: i
BITR AT AT AN 7R ERAERIEIE, FR AT A 254F (1f hungry)
AL, AR RS ST . XA R T U] tab #75%, Python Hhifeds
= A

Python f =B R Fitt,. —ME, SHEt—K, £H4

rEEFH,

1.3.8 foriEq
PEATIRER AL PR AT LA forifih),

>>> for i in [1, 2, 3]:
print(i)

w N = -

BRI (1, 2, STFHCREI . ] for -+ in - ifRIENH,
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] LM R B A P A A0 R

1.3.9 RH
AL — i AR A AR P SO R 3] (function ),

>>> def hello():
print("Hello World!")

>>> hello()
Hello World!

HeAh,  pREAT LIRS

>>> def hello(object):
print(“"Hello " + object + "!")
;;; hello("cat")
Hello cat!
TEb, FAFR R PHE AT ]+
5 [4] Python fi# Be#s i, Linux i Mac OS X FIF O T i A Ctrl-D (34
Ctrl, FHZDEE) ; Windows IIHIL NI A Ctrl-Z, SRJ5+% Enter 4,

1.4 Python BlA x4

FIHATHIE, FATE BIREEEE T Python f# B8R Y]+ Python ikt
e LSBT T, AR R THAT R i, (A2, M T —
R AN ERR R R AR R T AR T, TAR KO, X, AT RO
Python PSP AR-AE R SCHF, SR (BEhith) B 17X A 3cfF. R, ARG —
> Python A SR T

141 (REEHH

I SCRGRtRAS, Hrdt— > hungry.py [ 3CHF, hungry.py HAL & H—
TiEA]
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print("I'm hungry!")

46 , F191%m (Windows W21 7% H ), #% hungry.py FRTERYNLE .
SKJG, B hungry.py U AR 280, 1847 pythonfig 43X HL 3% hungry.
py 7E ~/deep-learning-from-scratch/ch0l F 5% T (7E A 45 #& £t % Y5 AL 15 op
hungry.. py ST chol H 3T ),

$ cd ~/deep-learning-from-scratch/ch0l # #ziH %

$ python hungry.py
I'm hungry!

XFE, f#iH python hungry.py iy 45k 0T LA TIX 4> Python #F 1.

142 2

BITEFRAT T T int Al str S8R 26 A Gaigd type () eRECRT AR B X210
FAY), HEBRATZE CNE” BB, JE Python i —JF IR A 1%L
PR, PTE, FRATDRE SR, R P A 2 s, T RIAC
BB, HeAh, dnT e SR 7 (G sl APk,

Python H{ifi ] class SCH 7ok s, SBLEAE N A% =X (BAR).

class %4

def _init (self, ZH(, —): # Mkl
def'jv‘:?igl(self, ZH, ) # kL

def Jrks2(self, 28, ~): # Jiik2

A —MREREY__init J7ik, ORISR, WK NHEIE
B8 8 (constructor) , 7R AR iR B9 SEIN B8 F— W IeAb, FET7 Ry 2E—
NSEPUITHE AR B (A B RSEH)]) 1) self /& Python f— MRl (57
AR RN AT RES A AN self 15 A7 — fid ).

A T AR TR A2 X U T AR A

man.py,
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class Man:
def init (self, name):
self.name = name
print("Initialized!")

def hello(self):
print("Hello " + self.name + "!")

def goodbye(self):
print("Good-bye " + self.name + "!")

m = Man("David")
m.hello()
m.goodbye ()

M LIz T man . py

$ python man.py
Initialized!
Hello David!
Good-bye David!

BCRFRATE LT —AHidMan,  EIAHITH, ZiMan AT 545 (5 ) m,

2 Man (14 3 B (RIARAE 515 ) 38005 $name, SR HIXAS S 000tk
S5 it self.name, SEIEE B R AFARTE A DI TP YL & . Python Hhi]
PUME self.name XA, AT 7E self J [ VR I P44 o A sl 0] S A8 it

1.5 NumPy

TEGRE# T S8, 28 R AR FF AT . NumPy (%40 26
(numpy .array) Rt TARZMERER T, TESCBIIRE 20, FRATREE AT
BeT5vk . ARTTHA PR BN — T a2 HE ) NumPy .

151 SANumPy

NumPy S2HMBIE . X B3R SN Rt A S TEPRMERR Python
B, FRATHE EZ ST A NumPy £,
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>>> import numpy as np

Python i f] import i 4] 2k 5 A £, X HL (Y import numpy as np, P
PEIYIE S K numpy /E np S A7 R, Gl E R AEIER, 25
NumPy #5734 mT i i np S8

152 &L NumPy #¢8

FUE R NumPy 84, FZd i np.array() 5k, np.array() #I{ Python
FNFRAENZH, A NumPy $¢4H (numpy .ndarray),

>>> X = np.array([1.0, 2.0, 3.0])
>>> print(x)

[ 1. 2. 3.1

>>> type(x)

<class 'numpy.ndarray's>

1.5.3 NumPy HEREZE
T fi4& NumPy B4 i B AR s B 6 1,

>>> X = np.array([1.0, 2.0, 3.0])
>>> y = np.array([2.0, 4.0, 6.0])
>>> X +y  # WRICRMINE

array([ 3., 6., 9.1)

>>> X -y

array([ -1., -2., -3.1)

>>> x * y # element-wise product
array([ 2., 8., 18.])

>>> X /'y

array([ 0.5, 0.5, 0.5])

XA EE RS, B R y TR BURAR R B (P F R R
ANECR 3B — AR, 2 x My BTCRANBAAF IS, 7T AXE &S IUR AT
ARiBH AHRTTRANEANE, BFHaAs, BRI 2 R
FAN, STRIICEAY” Y SCIE element-wise, LU “Sit B 02 A TRTE” wi e
element-wise product,

NumPy BH AT AT LI T element-wise a8, 1 a] DUIHIEA—AU%(E (Fris)



1.5 NumPy | 13

YIAFAIATIZE U, T8 NumPy S48 e R b 2 R s
XA RERBAR A HE (FEILE 30,

>>> x = np.array([1.0, 2.0, 3.0])
>>> x / 2.0
array([ 6.5, 1. , 1.5])

1.5.4 NumPyHJ N #5148

NumPy AMUAT A S AEREH (HE— S ), donT DIA: s 4ER
Fedn, Ay DU RN A R (RERE ).

>>> A = np.array([[1, 2], [3, 4]1])
>>> print(A)
[[1 2]
[3 4]]
>>> A.shape
(2, 2)
>>> A.dtype
dtype('int64')

BRI T —12 x 20903 A, 5351, FERE AREAR AT LUt shape #57F
FEMETR AR AT Lidd dtype &5 . NI, A PRE— PRI AIZR

>>> B = np.array([[3, 0],[0, 61])
>>> A + B
array([[ 4, 2],
[ 3, 1011)
>>> A * B
array([[ 3, 0],
[ 0, 24]])

A AR B T, HEFE A SRS 5t T DAFEAR R R A 2 ] LA
XRCRE M T . I H, T LG bR (BR—HE) MR TS5
AT R IhRE

>>> print(A)

[[1 2]
[3 4]]
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>>> A * 10
array([[ 10, 20],
[ 30, 4011)

TR RS IR, B LRSI RE,
B HEATRAERE, B9, T -z ENnENEFESER
MAGKE (tensor)e ABER LG —HEEMRA "ERE", =44
HAR=HI EOEAMRA "SKE" 5 "SHHAE"

L‘ NumPy #4H (np.array ) o] WA B N4ES5 4R, RIET LA AL — 45048
A

155 T

NumPy i, JEARA R BB Z [l v LA A Tis 58 . Z il rh, 78
2 x 2 PR A FIAR i 10 Z [AIHEAT T ofekIe S . Akl e, anlE 1-1 s,
PREE 108 IR T 2 x 28R, ARG PR RE M AT R IE B T . X AR

RITIREFR M T #%& (broadcast ).

[/
1|2 *=12

[/

:

30

40

E1-1 JHEAGIF: 178 108%51F2 < 2A95E0%

Fell i T X s AR — A HR N 1

>>> A = np.array([[1, 2], [3, 4]])
>>> B = np.array([10, 20])
>>> A * B
array([[ 10, 40],
[ 30, 80]1)

TEXABE A, ME -2 7R, —4EEE B T A8 T A A AL

A AMRIRIEAR, RIS TR 77 Xt s

gi b, PO NumPy AT fEIRE, BT LA RJER 09 8 2 18] n] UIGA)

WiATIE S
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' A
1] 2 « [10]20 - |[1]z « [10]20] ) = [10]40

1-2  TRERYEIF 2

1.5.6 ipiElcE
JCEMZET IR, XFEAICEBYVIRI AT~ 7 T,

>>> X = np.array([[51, 551, [14, 19], [0, 41])
>>> print(X)
[[51 55]
[14 19]
[0 4]]
>>> X[0] # B0ty
array([51, 55])
>>> X[0][1] # (0,1) McE
55

W] LU H] for i5A] U514 IR o

>>> for row in X:
print(row)

[51 55]

[14 19]

[0 4]

B T RITE A 280 F S 1 HRAE, NumPy i ] DLl B D745~ Ie &

>>> X = X.flatten() # 4 XFeA O — e en

>>> print(X)

[51 55 14 19 0 4]

>>> X[np.array([0, 2, 4]1)] # #MEKRTIHO, 2. 41HTR
array([51, 14, 01])

B JHXAPRICEE, AT LARIBGH B — € AR oT R . flin, ZEA X i
RF15H7ER, Al LIS M.
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>>> X > 15

array([ True, True, False, True, False, False], dtype=bool)
>>> X[X>15]

array([51, 55, 19])

Xt NumPy 2 i A 52845 % (BAIh X > 15) g5 1A 38—
AR BB o 9] H s R A A AR VB IO T B 451 oo & (I
H True XF L Y ICER ),

Python 25 28K ANES —fREE CH0 C+ EBALTNES (HFFNES)
EHEHEREIE, Lbrtb, UREEEERNBEXNE, AC/C++5iE
FEH, Ak, HPython B3R MEER, A{I&HC/C++ kLI
HIBEIN T, Python7RIE “hE] A" B9FA €, ARFEREILRC/
C++ B8FEF, NumPyth, EEAGIEHEZBIT C 5 C++ LAY,
Eit, HEITTUERRKMEENERT, A Python EF #9155,

1.6 Matplotlib

TEREE ) iScsirh, BB B2l A rT AR 3 B2, Matplotlib
JEH T HIEIERYPE, i Matplotlib m] RUEA k22 il P Fse B0 /) l
Btk X B, AR — T IR i ER 8 R 5k .

1.6.1 2#IEBEER

T LU F matplotlib (1Y pyplot BEER I KTE . i& A2, TATRE—1
254 sin PREL 2R 1951 F-

import numpy as np

import matplotlib.pyplot as plt

# A

x = np.arange(0, 6, 0.1) # LL0O.1J8f, A 056 %
y = np.sin(x)

# 2B
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plt.plot(x, y)

plt.show()
% H i ] NumPy B arange J5 754 5 T [0, 0.1, 0.2, ---, 5.8, 5.9]1H)

Bl K HAR R o X xAITER, WA NumPy B sin A% np.sin(), #f x.
y EHEIE 45 Lt plot Jiik, RIGLHIEIE . B, il plt.show() BREIE
47 BRI SE, i WoRE -3 s EDE .

1.0

0.0

—0.5

—1.0

0 1 2 3 4

<)
(=2}

1-3  sin BHEHIER

1.6.2 pyplot AITHEE

TERIA 1 sin RECAG L, FAT1220E T cos BRI L, JF221UH ]
pypLot FYTR BRI 2 il 44 25 HoAt Zh e .

import numpy as np
import matplotlib.pyplot as plt

# R
X = np.arange(0, 6, 0.1) # LI0O.1 MM, a0 %6 M%dE
yl = np.sin(x)
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y2 = np.cos(x)

# HIEIE

plt.plot(x, yl, label="sin")

plt.plot(x, y2, linestyle = "--", label="cos") # HIEZ%H]
plt.xlabel("x") # xHhbrss

plt.ylabel("y") # yilibr%s

plt.title('sin & cos') # 4l

plt.
plt.

legend()
show()

SERME -4 s, FATE BIE AR

hAERAE 2 ARPRR R T .

sin & cos
1.0 —= .
N -
N\ — S
N\
N -~ cos
\\ /
\ 7/
0.5 \ )/
\\ /
\ /
\ /
\ /
\ /
\ /
= 00f \ //
\\ /
\ /
\ /
\ 7/
\ /
\ /
—0.5 \ /
\\ /
\ /
\ 7/
\ /
N /7
N //
~1.0 L L S - L f
0 1 2 3 4 5 6
i

1-4  sin BREFN cos ERETAYEIZ

163 RREE

pyplot H 38 {1 T F T 1 /- B % B 5 3% imshow() o 55 4h, ] DUff
matplotlib.image fHR (1Y imread () ke ARG . N EIRAIRE—HF.

import matplotlib.pyplot as plt
from matplotlib.image import imread
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img = imread('lena.png') # iRAKIE GEEAEMIKE)
plt.imshow(img)

plt.show()

A7 LU S, 28R 1-5 By EE .

B1-5 TRER

L, FATMBGE {5 tena.png 725 /i H 3 T o B8 RE H S iFREE, nf
AET AR SR A BRI AE . 5o, AR RIS b, 7 dataset H
SN AREAE B lena.png, LI, 11 i Python fift B &% M chol H sizfT I
WA T, RME 1 %1% ' lena.png' BLH .. /dataset/lena.png', RfI
AEIZETT .

1.7 INgg

AT GG T IR ] (MM 4% BTl iR AN, LA 2]
RBE2 I . IR —FETT0G, FRAPRAEE 6] Python SEPRiz LR,
BT RRIE ]
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A R4 T KT Python BYSRAKEREEAY AN, AQE—2L T f# Python Y
B, WTASH Rk B B, p e (Python 1 75 SR A ) M —3,
BT — A TR A 20 D\ Python & F% 19 B il 31 B 09 S BPE R AT T 45, 6T
NumPy, (FIH] Python #EA7HHE ST ) ¥ — 45 P #EAT T RIS G 45 . L
Ak, “Scipy Lecture Notes” "X AR A LLRF #3158 £ 801 NumPy
FlMatplotlib FFEAHN 41, A 24EBTELE T LIS %,

T, ARG IARIENG, TR,

IERFHAS
e Python&—#F# £ 5Lty iziE = .
e Python #F Ry, TAA WER,
o KPPk A Python 3.x FIEEF T .
o K4 ¥4k A NumPy = Matplotlib iX 7+ 923( &
o Python A “fHFE" fo “BpA A" BAZATHEX
o Python A48 — % 7)) AL 28 48 px Ay Fa B K F A
o NumPy VA& S A THA % fameg @ik,




H2®E
R

AREWGAH BN Y (perceptron) iIX—Eyk . EAIHLIE f 35 [ % Frank
Rosenblatt 7£ 1957 £ R 1. A AT T AL B 2227 ) iX — AR A LABT A
PR WE? DR BB AR b 22 M 2% (TR ) AR A . IR,
5 2 JERAVAL 0 A ek LR AR 27 > 30 i) ot 28 X 4% RIS 32 25 2 1) — i i AR

ARFEFRATHE T A2 — FIAWL, I LA e — L SR (], Ay
R T XA R R R L

2.1 RBANZTA

BN Z M ARG, R — M55 XEETRAY “f557 il LUE
GV AR R A PR IRV . AR L, T T ik
Lk, RAWLAE SR, AT (5 8. (B, FSehrige
AR, BOAHLEIE 5 A 0/ A (1/0) PIAIRE. A4, 0
XFRE AMEIEAR S, LR AL fE ",

K 2-1 B — RPN AR 5 BURBAIPLE B 5 210 2 B IAR S,
YR AR, wi. we AU (w & weight I B F ), Bl OFR R “Hi
ZI0” BE WA WA SRR ITR, S iR LA E B AL

@ el AP BEEREL AR N TAZ0” B AL, (SRR 2 AR 1 b
PRSI, BT L L AR AP
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(wizr wows)o MATCETHRAL RS RAE S BRI, A XA B
THAFRERS, Al 10 X WAy “PTsiis” o X RS
FRAEFR NSE, TS 038R,

wy

o)

2-1 BFEMRNGIEEIN
LAY AT IR A XL 8 R R s ORFOR , e (2.1),

0 (w1$1 + wazxe < 9)
y = (2.1)

1 (wiz1 4+ wazo > 6)

LA 2 AR S 2 F A ORI SERE R P 4 1 451
AT I EAEROE ] WU, AR, X ROZAE A E S A R

BIEER, BEMNBRMER, MEAVNNNENSESRKR, BT
HNESHHER, NMERRAEENE, ARFGESAMNEE (HER
NAEZE ) X— S ERERE R M,

L‘ WEMSTHRREFRTNEE, BAREBRANEENSE,
A



22 fgepigmik| 23

2.2 RERIZHEBERK
221 Hi7J

PAET TR R FH BT I A e fe 2 I 0, 3¢ L 40 L 3 L Sy
FOKES— T 511 (AND gate), 51 T2AH M AR 0T T [£] 2-2

XA A S M 5 S B X N R “EEERT . i 2-2 s, H51TMUE
AN AT R LI 1, Al 4 0,

T T2 Y
0 0 0
1 0 0
0 1 0
1 1 1

2-2 5I8EERx

T R R R IX AN ST, R R R A Re T R 2-2 1
FAERM wi. wy. OWME. B4, B AR A REHIVE H il 2 & 2-2 1)
FAFBYBAIBLE?

SeBR b, R 2-2 0 S S B R B TR A TR A, ein, Y
(wy, wy, 0) = (0.5,0.5,0.7) BF, AT LU &2 B 2-2 19 Z& 4 LAk, 4 (wy, ws, 0)
7(0.5,0.5,0.8) 5 # (1.0, 1.0, 1.0) i, [AIRELIE L5 TR 250 8 X FRAY
SR, AUCY 2 o, RIS R L, 55 IR A 28 1 265 7 1) (L 0

222 53EJF0k07)
B, NIFEREEIE—T 53K (NAND gate), NAND J2Not AND i
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B, SAEITMEEE TSR T EERRR R, WA 2-3 PR,
A ey Fl s [RI I S Lk tH 0, HABR B 1 10 R4 SR TR S 500
LU AR 450 ?

) Ty Y
0 0 1
1 0 1
0 1 1
1 1 0

2-3 SIFIMNEEE

R GAENT, WL (w0, ws, 0) = (—0.5, —0.5, —0.7) X LRI 2 & (I
M A0 A S TEBRAEAE M ). SEB 1, HEHEST S 1 T S EUA A5 BUR
AT LB S AR

BEPRAE TR 2-4Fmmysl ], 8012 “HEf - MaAFET =21, W
HAt R 1 BB R . IRATRN KRB —TF, iz X1 E Akt
IS g ?

Ty Lo Y
0 0 0
1 0 1
0 1 1
1 1 1

2-4 TJREERE
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FXF YIGEIE", AIEE (BT 7TSHNE, mlsEIR
AR X DRESHEN T EXHITEN B EEtT, FIARHE
SENSHNIIRE, MAZBNIEERAVAME (RE), HiE
WEEIEZ AT EN,

L‘ RERERANSHNHTZIUTEN, MEHRMNA. RNEERE
L[

s, JBATCSmEMARMILT FR ST, 53607, SIT#
R, XEFEEMN UL 507 5AEMT . SRR 1 R
SRR b, 3ANTTHLEE KA SEUE CBCEAE) A W ui, AR
FRIAIL, R 1 Y AR SR, BT DM AR e BT R R
R fO—FE, AR5, SR, 80,

23 RBAHIRYEIM
23.1 EEAIEI

BAE, FATH Python R SCEIRIA B2 HE ML I . X HL, o L— 150k
ZHL X1 FIx2 Y AND PR

def AND(x1, x2):
wl, w2, theta = 0.5, 0.5, 0.7
tmp = x1*wl + x2*w2
if tmp <= theta:
return 0
elif tmp > theta:
return 1

TERREN WAL S w1, w2 | theta, Mk ARIIBLE AT B (ER R A 1,
TR A 0, FATRAIA— T 5 Hh 25 2/ aniE 2-2 Firs .

AND(O, 0) # #Hii0

AND(1, O) # 0

AND(0, 1) # #wilio
AND(1, 1) # #ilhl

RIRFNFA TR RS I —HE ) XRERATIUSEBL T 51 2R R,
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WA LB S AR TR ], A b IR TR X BN TR SEERI B 2

232 SANEMRE

MIA B 5T TR SE R LA B4 . A5 e, (B R e R LU TS, Fo1]
BHABUO B AN—F B Rz AT, Bt (2.0) o —b, F
JERETT LA (2.2) SRR BAHLAIT N .

0 (b—|— w11 + wexe < O)
Y= (2.2)

1 (b—|— wix1 + waxe > 0)

A2 MK (2.2) BIARA — DR SAMN, HRENEE MR
HeAL, DFRAHIRE, w Mw, FRENAE. WX (2.2) s, BRHL TR A
FSHACE R, AEIN B, ARXAMER T 0 W 1, I 0.
N, FANEH NumPy, #%5K(2.2) f S EHIL, e, &
I Python R G2 — B INGE R o

>>> import numpy as np

>>> x = np.array([0, 1]) # HiA
>>> w = np.array([0.5, 0.5]) # #(&
>>> b = -0.7 #
>>> WX

array([ 0. , 0.5])

>>> np.sum(wk*x)

0.5

>>> pp.sum(w*x) + b

-0.19999999999999996  # Ky -0.2 (phiF A/ NG UM IZ SR %)

W EBIFT7S , 75 NumPy B2 pgfeikis ik, PN TR MEUHIR
FATCR BN, NI wex ISR E EA 114 oo R 2l Ao (1o, 1] *
[0.5, 0.5] => [0, 0.5]), ZJ&,np.sum(w*x) FIHEEHERIG A TR IR,

IR P E AL |, SEsER TR (2.2) i,

233 (FENENRERSXI
A VR R, T LR R X RESE I 51,
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def AND(x1, x2):

x = np.array([x1, x2])
w = np.array([0.5, 0.5])
b=-0.7
tmp = np.sum(w*x) + b
if tmp <= 0:

return 0
else:

return 1

XA — 0 fim 44 A o, (ER ISR, A w, . w, PR HEAR
—HERY . HARHBE, oy B, SRR G S B EEA SR, T B
B 2 LT 1Y A D BB (i AR5 o8 LRI R IS B e, &b
—0.1, MREEAG SIS 0.1, FEstsapfd. HEmRs
N —20.0, W ASE S BIIAUE AT 20.0, #ETTA PGS . BRIXEE,
P EHIEIIE T RIS AR SRR o T3, X A T w, Al w, FROALE,
0B, (HIRMRE B R 3C, AR b, w0 XEESEGFRNAGE .,

REXNARIE, F AR VMR, NEIEETRAN (BAR
0FY), ARMEFFEEHNARE (MLESANE)NES, XL, 7
HX(2.2) 90 + wyzy + wr, WITE D, B Ax, fz, A0, R
RENE,

e, BAARS SIS ART IR NS T,

def NAND(x1, x2):
X = np.array([x1, x2])
w = np.array([-0.5, -0.51) # {UREFIE 5 AND AR !
b=20.7
tmp = np.sum(w*x) + b
if tmp <= 0:
return 0
else:
return 1

def OR(x1, x2):

O BHARMIRILESE, 5 LEE, AU BTN, — PRI
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X np.array([x1, x2])
w = np.array([0.5, 0.5]) # {UREFI 5 AND A !
b =-0.2
tmp = np.sum(w*x) + b
if tmp <= 0:
return 0
else:
return 1

Fffe22 gL, S, 5N, SUEEA AR S A - AL,
DO RAE TALCE S B E. N, 7ESAET TR TR seBlb, (O EAE A
i & AR — SIS 1T B9 S AR

2.4 BAYVIHERME

FIXERACLHEE, EHEAPLAT SES ] SR 8 =R
WA, HAERNTEE E— T R80T (XOR gate),

24.1 R
S WA B R R, ANE 2-5 IR, Y 2 B T — T

LI, Aot 1 el BAELE HALR B, R4, ZABLS XA
SR TR, DOXBOE T AR E SRR

Ty o Yy
0 0 0
1 0 1
0 1 1
1 1 0

2-5 FEIREER
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SEBR b, HET A G B T XA s T . AT 4 B
MURTDASEIL ST, 50T, A0S s skIWe? 1 R AT 2 i 2ok i 1 ok JE
ZHA R

B, WATE K ST EETE R4k, ST T, SAE S
(b, wi, wy) = (—0.5,1.0, 1.0) B5F, AT 2 & 2-4 I LA R S5, LR, JEHIHL
AR (2.3) 2R o

(2.3)

0 (-054z1+z2<0)
y =
1 (70.5+CIL‘1 —+ x2 > 0)

R (2.3) FRMBAMLE A B H B —0.5 + 2, + 2, = 0 FEIJF P43
G, Hp—A2sEft 1, B4 asmEmb o, ik 2-6 s,

T

2-6 BHEIMATEIM: REXREGRBIATE L X, XRS5 IR

BTV (1, 20) = (0, 0) BB B 0, 7E (2, 22) M (0,1). (1,0). (1,1)H} %
i1, F2-69, OFm0, AFRL, WRBRVEST], 728 HELER 2-6
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RO AT, SERR L, RIA BB HL X 4 S IEFHL AT T .
W4, W B TGS A E? RETMEE I TAREE, H—&HL A1
EIKE 2-7 ) O K1 A BYZS TR]WE 2

E2-7 OMAFRTRWIINHL . IEEI—RELELRDEIOMANTEIR?

MR ALK E -7 O A G IF, TR W E AR, 5% 1,
M— R HAIE TR ORI AMTFI

242 MR

K 2-7 R O M ATCIE I — 2 HE T, (R UGOR “ HE” IXFREI %%
PR2ds, AT LASEE T o e, FRATATLMEIE 2-8 IR, AR 3T O A RYZS ]

SRR SR BRVERLAE T8 R AEFRIR th— A4 HE IR S ) 18] 2-8 A 2
th B TC HUEAWLR R . 380, h AT 2-8 s A 2k 20 1 I I 25 [l
Ltk =su], h B B =S AR S s o). 2tk ARLRIERX A
TEAERLAR S~ GUAR L, T DR AR G 2-6 K] 2-8 B/ i LA RITHRZK .
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2-8 {ERMZRILASFOFA

2.5 ZEBEH

P BER R S all R ARG, (A IETe i, Sebe b, AL
B4 b 2 AAE T B R DL BN Gl ad B R 37 52 sl R A1 1 5 A5,
X, AT EAS EEMZAMRERT A, SN AAREE—T Rk
IR

251 ERNBRNES

SEITMEIE R ARE, b2 iR A RATMEEr 5. 5
FEIT . ST TR XL, S5 SR, S0 THE 2-9 RS ERR . A,
(&1 2-9 SR TR Y O 2o SO i i 28

W4, ERE—T, ELI R TH0E, FENicE 507, 596
oIy XHEAKRE MR, HSM. 59607, SRR 2-10 YA
“o7, BRI LASEISR LT,
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ID—IDO—ID—

AND NAND

E2-9 5. 53], HiINHFS

E2-10 B5i0. 530, SiIRAR 2?7, FELASEHEER]!

ATHBNRAANBRME, ™, ViZE “EERMIELAE
% SH Y F BEBRAVTENBIELM=E", BETX, B
TBERBITHERMYL(ENE ) 5t T UL S8

Sl AT LU A 2-11 s rOBCE RS, X, ) Ml RS =,
yFREIE S o o Ml SART TR TRO5 A, TS AR TRIE A
ESTHEA

)

E2-11 @BIESSI]. 53F]. siITHERE]

BUAE, FADRAA— FE2-11 AL E G EIESH 755l ], x5, 48
scVERSART T, 0 s B Ml T, A B R, 450 anE 2-12
Fis, Wz, zy. y, WAL Sl T
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T Ty S1 S2 Yy
0 0 1 0 0
1 0 1 1 1
0 1 1 1 1
1 1 0 1 0

E2-12 R IEER

252 R IAYSEHL

T3 A1 % ] Python S BIE 2-11 s 9 S 8511 fd 2 /e X
AND 4. NAND %L, ORBREL, TTLME Tk af (Bems i) SE8t.

def XOR(x1, x2):
sl = NAND(x1, x2)
s2 = OR(x1, x2)
y = AND(sl, s2)
return y

IX A XOR PRS2 i HH P A 2

XOR(0, 0) # #ilio
XOR(1, 0) # #ilil
XOR(0, 1) # filhl
XOR(1, 1) # #wile

R, RETRSE PR T o R IRATECE B KR i (1
T R P00 SRR IXAS BT, SR WNE 2-13 fis
mE 2-13 s, Sl R —FhZZE Mg, X, BRAm
—HIFRRE0)Z, I —SIFAE 12, AU 22,
P 2-13 s BYIHL S RN 4 5 1] 30T a9 pL (& 2-1) JEARAN
o SEbr b, 5070 S PRRZEAWL, missl Ve 228l ST 2
2 BB FR N % B BN (multi-layered perceptron),
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EOR E1R F2R
2 51
y
RS 5

E2-13 HBRFETREE]

B 2-13 AL S B 3RMAL, ERANMAENENRELR
FRF2R(FORNE1RZE, H1RMNE2RZE), PR
A 2ERAI, A, BHXXEAANE2-130ERAIEH3E
MR, EfEEMRA "3RI,

TEE 2-13 s i 2 JZ2 AL, JEAEss 0JZ FEE 1 2 & Z a1 1
S RAEE RIEL, SRIGTESS 12 ANEE 2 2 Z A TR S Ak A, B
AR FIR

1.5 0B ETLBKIMANGE T, FHETREEH 1 BN ET,
2.F 1B ZAKAET R EEG 2 ENANET, 2 EMAETH By,

XA 2 RIS T A ] DL AR RO R4 L. 251 B (R 1)
1 TSR IR ZAFREATINT., SEmlUa LR RS 2B (F2)2) T A
2R TR 12 TR IATINT, SERUX NG 152
(At ).

BokE, e TR, TAZEAR AT 2Lk . didix
FER S5 (22454, BB ASE ST X AT LA R B2 L
TOEFRBYZRVY, S n—Z el DU o attid, @i Sz Omig
J2), BOIHLRESEA TN R IE R IR
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2.6 MSIEITEITEMN

Z LT LASE L L 2 A DL A L B B A2 2 A L . LN, Rk
BRI ] LUTEAWLSE B, 1Ak, K —aE et o+ i i i &% |
T SELE 2 PRt i 1 AL R TR AR IR i ) S5 n] UL
Scbr b, AL 2 AT IR L

HEHUZEIE B MPLES . mitEALP A —LERE, B BEF
WEE MDA AT BE, SRIG N EE 2R . il “Hic IR AERR IR E A DT TA A T Ak 2R
Jedh, VIR, WA AT, SRR E AT
.

MNT— AR NN TR IEAT AL B S 0%, T AR Y, 52
Pr b R SRS, SRERF BT T AL B, X — 4 AHZ AT
BB 1A Al B R AT AR TR, mTE WA T,
SARTTAT LA AL B . e il an SRl it 4 A S AR AT LSS5
PLETE , IR Adi i 21 A ML a] AR TS CEOBLAY 2 & n] DLl i B
T ZIRE RIS ).

BUWAXNBHNEEE - TOTENRGER. NEFBMEINRT
Bl )o XABLURNIEBITEAN AR, BT BIiE NAND 32 =]
ZETESHAROTENNEE, EBEILRFEAXERET, BT
&7 8 5 NAND JT ot o] IASEEIH B E R R Gt o

L‘ BREMBE 5 IENEEHELITEN, ARBF—TFREBEE,
L[

Zi b, ZRBAPLRER T Z iR, R LMEIH AL R4,
238 B BFIBLA REFR AR THRALIE ? SRR TRA ] LA LTS ?

g EAT LAYE2 R AR A L. X2, EABITEIE,
2 JZ BB G M B2 S BRI 1 AR Y sigmoid sREAYIBIBL, A
HRIES MT —28) /] IFORE R R ()2, i 2 2Lt i, it
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BOE A I8 AR LR — R AR BB . e b, SR
SFRZ RIS T, 2 B BO s A B s B0 () 23 1t
BAK, HSCSB ST, R SEBEmas fang:, #%E LA
BHIT(ALU), SRJGSEBCPU, NI, g BOMPLE SRR, &
T 22 MR ISR SR FUAR FLAR BT

AA AR SEBI AL, (PR B feiClE, BONPLEd S
IZBEBHATARLANE MR, BIE Ll al IZoR ML TR Ab B

2.7 NG

ARFEFA T TR, BPUR—FPEH R RE, REDZAR R
AUREBRA EROMIE . SRR T — R 2o ) RO M MG B SER, DA Y
WA

AEMFHARS
o RAAEAAMAFM B I L SR-IEANE, Bihd—/A B

Z Y,
o B AUEAE Folhy X E A SHK
o f& ) Bt LT AR TE 1Fe M5 FH w3,
o FHIVAFKilEEERSIE AT,
o A2 ERIAT AR TFRIT,
o P EBIMIARILEFTERETN, Mm% ERIITIARTEZLETN,
o % ERmiL(EEEL) T AT EH.




H3IE
2% ) 2

E—mRATA T TRl KT, PEAIEE, WARIHR. &
THER, HMEXT TR s, BAPLRER S &R RN B fErE. E—
mONHIE, BERITRELEA TR A B, BOL (S ) daT Lok
HAORIR. KRS, BUEACERTAE, HAhE SR, BERH& Ul A
ASHE A, BAEsR i AT TR =, EAIEvE51T. 8]
MEAER AN TRE T Al A4

PRI 25 (0 1 B R T AR R NIA ISR B . BB, P22 i —
ANFE LU T LA S e D B IE AE S AET, A
SN GRE ML IIMEEL, IRJEF RS M I T RBIN AL B, 72T
— &, AT T A A s A S

3.1 IBEIHL Bt LE R 28

MM — AR EANE R S, X, BT BRI
BTN, AN G2 4 45
3.1.1 R RLERYEIF

FHER R R M M 115, Gk 3-1 iR o FeA 148 de A2 i 1 — 5 Bk Ry
WANE, SAAN—SIFREHEE, SR REE. TR A
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WA BRRE . el — i A R, RUBUZ ROz Rk A JZ | fih
JEARD WIREAW. F55, A4t AJZ 205 Z KPR 0= | 46
Lz $2)2 25 Z 0T, J&08 175 )5 ik T Python #4750 B0 ).
KI3-1f, SOJEXNEAJZR, 25 12X IRz, 55 2 =00 =

a2

BWAE WHE

3-1 fREMLERIBIF

E3-1hMWME—HB3IFMETHMA, ELRERB2EHE
, ’ THENE, BLEHRA 2EME", 518, FRPBLIRE

ML MR, EE3-1 ML "SEME", APRKRYE
KRAEWENENRH (AR, BREE. BHENEHRE
JEHEE ) KRR M B TR,

RER -1, #ha M rIRRIE E—2 A BBl Sehr b, i
ZIUHERE NS, 5 E—RERRBRNUR AR 2SR B4, Fheemsg
W5 SR AN A2 e

3.1.2 ESRFM
TEMEEI 2 M 245 PP (RS iR T Ik 20, Fef15ei ) — M RGIL. Bilfe
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KRS — T 3-2 P I 5 4544

E3-2 SR

] 3-2 Hh B RRIAILF W oo T, IR 5, BT o TR 0K
FoRE 3-2 BB, AN (3.1) Birs

0 (b+ wir1 + wore < O)
y= (3.1)

1 (b+ wixr1 + waxe > O)

bIEEFR IR E I SE, T TR S Tm A SRR EE 5 10w, Al w,
RN MESIAERSE, HTHEREAE S EE,

JE SR — T, FER 3-2 19 M2, i B o TR B ok, An R
IR b, FTRMRIE 3-3 T8 FEfk. 181 3-3 FPasin TALE R b I AG 5 10 X
ANEEPLG 210 2o 1 =AMESERMIZITIEA , KR4 A AR AT
IR BT — G IC. A F Mo, XIS S RS/, R
AR 0, W 1, ST 0. 54, T RENRAGS —HZL,
JTLIA T T AR 2T, FATTHER P X A2 TR MR UK

PAEHS L (3.1) BB it e b T Rk (3.1), FATH—A
PRESCK Fe R R A B0 A SR Gl O U4 1R 1, A I T 0) 51K PR AL
h(z), =X (3.1) BE Wi (3.2) i (3.3),

y=h(b+ wiz; + wyry) (3.2)
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)

3-3 BMERERE

o 0 (z<0)
(z) = ! @0 (3.3)

B2, FWAGETHERSPRE A () Felle, Felfo)m r0ERbER v
KI5, N (3.3) TR iR E h(x), FERI AR O[T, UGR[0, I,
K (3. A (3.2), K (3.3) MM Z AR R FF

3.1.3 EEREER

NIA 58 b (2) PRECS 5 A 5 00 B R o i 15 5, X ek gk

— & FR A 4 E B BT (activation function), U1 “WNE” — IR, G PRELAHY
VA T DR i er Rt i A 5 B B A

AR ME X (3.2), KX (3.2) WA FrBaGE TR, Sttt A

{55 R INBLEF, SR PGS B X — B, R, g (3.2)5

T —rd, DA LA R T 2 F
a=0b4 wx, + Wy (3.4)
y=h(a) (3.5)

B, G4 HEIMBE ARG SR ERN S, iICha RF, K (3.5)
FH () BRECHE o $e 8 Mt
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ZHTHI M ZIeE R — N O FR ey, W Z e B e R a8 (3.4)
=L (3.5), WA I E 3-4 3% FEAH

1
b
o h()

T a )
wy

)

E3-4 BEMERAERMAITEISRE

WNE 3-4Fr7n, FnMaot O RS s 1 S &g #2, H)
TR SHIIMALEFIAT L a, SRIG T o Bl sRE b () FAfoliTy s yo A, “Bh
20" AN PASARTE RS SOMIR] o X HL, AR a Fly g “Hsi”, sk
ERZEP LR “Fhzeon” & SCHE o

T H A 3-5 M BT , Mt — O, A4, Feal LI
MRS T, A5 AE R BB R 3es s R AR, anisl 3-5
AT PR

3-5 ZER—RIRETIE , GERERETNIERE A ERSANTEIENE (o
TTRANESHEMN, h()JRRRERY, yFRr@EL)
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N, FRATRAT G PR O BB IR LRI 22 R 2%
e

APHEER "BRAN —EN, REFEEE—ERENE.,
s, “MRERMI RIEEEML, BB REERT M
BREH Y iR, BRI BIEHE ML, BIE sigmoid
B (B1R ) S BNEIEREN L RN,

3.2 BUEEE

3 (3.3) FRBIFEH B LR (0 A, — B AR B, Ui ke i o
BAE R AR “PTER KR BRI, AT AUREEI AL T T B ER eR R R
P PR UL, TR pRE AR R, BRI T BER ek AL
B2, ARSI A pR BV S ek B 2 B AR SEbr b,
ARG PR RN G BR pRECH A PR AR, T AE AR R ZE AT T F
T FATTREAA 21— T 2 254 AT PR

3.2.1 sigmoid ERE
2 100 2% e 22 8P 19— A0 R0t 23X (3.6) #ea 1 sigmoid &R £

(sigmoid function),

1

h(z) =

K (3.6) T exp(—z) Fome "HIRIE, e BAIREE2.7182 - -, K (3.6)
FRM sigmoid A F RS, ([HEWAUURAREINT o 17 sREUIZ
SERAING , SR RN AR o EBAn, 7] sigmoid PREIGA 1.0 5% 2.0
J&, SEEAREAME R, 22LA(1.0) = 0.731 - - -, h(2.0) = 0.880 - - - X FF
P22 ) 4 T sigmoid pREVE TG BREL, 155 I, Heil)s )

O WrikeBoR4E— FLA AT B, EYMg Y R
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FOBERGA T AIC, bR b, bR R EIHLREE TR
PR 222 [0 245 1) B DX T S R HAbDT T, FEAnpR e 2 )=
BRI | R SRS, TR BB AR R, 1EFRAT
5= AT IR R AR AR 7 A AF D s R sigmoid pRER

3.2.2 [ EREREAISCID

X BFATIAE F Python i i B R ek £ 1] CARL G E 8\ eR AT AR XF
PRAg R ENT SR E L), BYERsRACAN= (3.3) s, M AR O, %tk 1,
AUV 0o AT LAGCTS TG AR AT Pt ST IR IR bR AR

def step function(x):

if x > 0:
return 1

else:
return 0

XA 5 TR, HRSHx QRS2 S8 7 80D, Wl
i, FSRVFIE AN step_function(3.0) WA, HARFSEIRN NumPy 241, {7
U step_function(np.array([1.0, 2.01)), A T fEFJFMIMELE, RAEEE
BSOS HF NumPy 5 S8, Sk, TR IR R Se .

def step function(x):

y=x>0
return y.astype(np.int)

BN RA AT, TR T NumPy iRy “H057, TRESA
FOERRRE . R I FRATTE S Python fEREAS AT FE — T X B T A 28075,
T XA RS T NumPy 3041 x, If3H% 4> NumPy S04 k47 1 AR5
B,

>>> import numpy as np

>>> x = np.array([-1.0, 1.0, 2.0])

>>> X

array([-1., 1., 2.])
>>>y=x>0
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>>> y
array([False, True, True], dtype=bool)

Xf NumPy AT A Z2H 5, RS ANTCRA ST A S 525,
A — AR B XL, B PR T 0 BT R B A4l True, /N T45
T OB ICR B AR Fatse, MR — BT y .

W y Jee— AR B, (HR A TR ZE R B R s RO 25 1 int TRUAK O
TR I, @20y TR R AT R B4y int Y

>>> y = y.astype(np.int)
>>> y

array([0, 1, 1])

wn ERrs, WL astype () 5 i 5 45 NumPy #U2H 1936 5L, astype() Jr
TR SR R R, XA np. int B, Python HURE A /R
B int B S, True %6l 1, False 2568l 0. DL k2 ik sR 5
S BT A NumPy £ “F 157,

323 MIEREREAIERZ
TR THHEDR AR FIE AR EREREL, A 2] matplotlib 42

import numpy as np
import matplotlib.pylab as plt

def step function(x):
return np.array(x > 0, dtype=np.int)

X = np.arange(-5.0, 5.0, 0.1)

y = step function(x)

plt.plot(x, y)

plt.ylim(-0.1, 1.1) # 5& yRingis
plt.show()

np.arange(-5.0, 5.0, 0.1) 7£ —5.0 #| 5.0 LI, LLO.1 AL, A pk
NumPy %4 ([-5.0, -4.9, ---, 4.9]1), step_function() lLi% NumPy ¥l #
SR, BB TR PATIER R EGS T, I DI ROR s 5455
S x . il T4, Z55NIE 3-6 B .
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1.0+

0.8

0.6

04r

0.2F

0.0

—6 —4 -2 0 2 4 6

3-6  BHERERERIETR

WA 3-6 iz, BrEReRELLL 0 A7, fr 0 D4R 1 (ai3g A 1 U5k 0),
TR AL, FrAFR B ER PR

3.2.4 sigmoid EREAISCIR

i, FATHRSP sigmoid BEL. FH Python AT LUE F X keSS K (3.6)
FIR 1 sigmoid PREL

def sigmoid(x):
return 1 / (1 + np.exp(-x))
XHL, np.exp(-x) XL exp(—a)o XA SEIBA A2 RERMER HT5, 0
REFEBESEOCH NumPy 41 n), 45 R Mg Ewniti. SChs b, s
XA~ sigmoid PRELH A — > NumPy 40, WIS RWT R,

>>> x = np.array([-1.0, 1.0, 2.0])
>>> sigmoid(x)
array([ 0.26894142, 0.73105858, 0.88079708])
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Z LA sigmoid sRELHY L BLAE S FF NumPy 2041, A4 AL T NumPy HY
IR IIRE (1.5.5719), MR¥E NumPy 1Y) #E2IfE, WRAEDR A NumPy £41
ZEIPEATIESE, W2 A NumPy B & UR T2 X HRE—
A BRI BT

>>> t = np.array([1.0, 2.0, 3.0])

>>> 1.0 + t

array([ 2., 3., 4.1)

>>> 1.0 / t

array([ 1. , 0.5 , 0.33333333])

FEXAME T, B i ()7 1.0) Fl NumPy 304 2 (6] #E47 T %t 2
B+, /55), B5R, PR I NumPy 84 145 D IC R BT T i85, B8R4,
SRV NumPy 020 98 bl i o WA 1Y sigmoid pRZAY 52 3L 2 AN,
Anp.exp(-x) 24 NumPy 504, FTLL1 /7 (1 + np.exp(-x)) AU BR &7E
NumPy $EH 45T [T .

T FRATHE sigmoid pREIE £E ] Lo T AR AT A ) B R pE R A
LTS —HER, ME—R[RI AT 2304 S y (4 pR IR T sigmoid pR%K .

X = np.arange(-5.0, 5.0, 0.1)
y = sigmoid(x)

plt.plot(x, y)
plt.ylim(-0.1, 1.1) # #5& yRinoiEr
plt.show()

BT LS, AR 3-7,

3.2.5 sigmoid EREFIM ERERERAIELER

BAEFRATR L — T sigmoid pRECFNFTER &L, WA 3-8 7R, WA 1Y
AN S AETRELE 7 S WPt [m] S e FRATTE A AR ] 3-8 K —TF

WMELE 3-8, B EHEREINE “FEME” A, sigmoid PREUE —4F
MR, i REE AR A SR AR, IR R PR AL, 0 B, i R
Az 2URITE R EAE . sigmoid PRETUIT- TRl 22 2% 1) 2% 2] B S 3L
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1.0F l

0.8r 1

0.6 - 1

0.0 il

6 —4 -2 0 2 4 6

3-7 sigmoid FREHIEIFZ

101

0.8

0.6 [

0.4rF

021

3-8 MIERERES sigmoid BRI (FELREMERFEL)
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Fi— AR R, AR T ER R AU RRIR [ 0581, sigmoid pRELHT LUR
[M10.731 -+ 0.880 - - - FFSHL GX — pURIRIA P PEAT OC ), 2, J8&
LR 20 Z R B I 0 B 1 19 B 55, M8 4% P it sl i) S i 48
MBS o

SR P A RS KB AR, T BR BB TT DL A A R
sigmoid PRELHT LLLLAE “/KA" . BrERsREC AT M moq — R, R A g i
K (08 1) PIAEIE, T sigmoid MREUHAR K 4 —HF, ARIE LI K 7K BEAR N
Hi Akt 2K A

$2. 25 Ui — T By K R BORD sigmoid e FL R PE BT, B BK pRERT sigmoid
PRACRARAE T E A 225, (RO AR N WAL A 151 3-8, AT LUK BLEAT]
HATARRIIEAR . SEBR b, W A5 B2 S AN, im0 (b 0)
BEF ARG, F LRE (ERL D). )i, MG W EZE AN,
YR pRAICRT sigmoid MREICKR S AR IE s M AfE 5 AR EZH(E R,
PR NGB, B AR AU, AERMAGES A2, SEA 2
K, 55 A0 3 1 21,

3.2.6 IFEIEERE

[ 8K bR EL A sigmoid pREGA A FAB IR 5, w2 Wi Y h e .
sigmoid PRECE—SSHIZL, BBk sRBUE — 28— ITee, W HE T
ARy %,

RPAKRWMAEMERSRE —MEN RIS, WX DEkEH
AEMEE, BHESRENENTEEHNRERR AL MR (B
HERTA () = cro cAFE), Bit, HMRBE—FEENEL,
mIEMemdy, MERBX, BN REMRENH2IH—KE
LR,

L‘ ENBREREES, KFSEFT) "IFEMREC A0 "SR S5,
L[

O iAo HA—FREBE St . SORAGIRATRT, 3 ROy EA, APl . AN E K,
IRRZ Gz T, K, S—umdik, 25 XHENME T, difk b, —FEE
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PZE 28 TG BRI FHAR M s, e m i e, 0 PRECAN R
AR, AT AANRELE LR 7 KA FHZ M E R B35, I pl
LMK R BT .

LML SRR R T, AT IR Z 40, SR RS Z AR 0
B B2 1) Al 22 257 S T B R RS Bl W ) B X — o, FRATTOR AR
% T T TR ] X Ei%ﬁﬁ]%§ﬂzfﬁ%ﬁﬁtﬁﬁ5ih( )—-cxfﬁihﬁﬁﬁﬁ
PR, Hy(x) = h(h(h(x))) B FEE I3 2 M 22 W 4 V0 AN ig 3 2 AT
yz) =cxcxexalRiLiaf, HiE I—]#E’MLIETUHH?J(QJ)—M(E:E,
a=c’) X —RFekia 5 (RNEAT Bz Bl 2 M 4% ) kR . A HI TR,
LB, TOE AR Z R MR B ik, b 7 RAEZINZ
AR, s eR B AU FHAR L e pR

3.2.7 RelLU®R#

FNHHFCA IR, FRAT T s B BR oK BUF sigmoid PR, 7R
AL R IT L T, sigmoid PRER Rt fn gl 1, i e e ) =2
{#i H] ReLU (Rectified Linear Unit) pR%L,

ReLU BBTER AR T O, B IZ(E: /M AN T35 T 0mF, Hi
0 (#3-9),

ReLU pRELAT AR N 9K (3.7)

hx) = z (z>0)
79 (z < 0) (3.7)

P 3-9 F 2l (3.7) T s, ReL U pR 85— AR & A7 B0 R 85, IR I,
ReLU ARG SCE AR B0, ] AT B R B,

def relu(x):
return np.maximum(0, x)

© 2P AN, SEPRAG 2 4538 5 L AN B B2 2, (EAS IR i T (2538 T
— PR
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0»

-1 . . \ \ \
—6 —4 -2 0 2 4 6

[E3-9 ReLU &%

X HLET T NumPy f) maximum pR &L . maximum R 523 DA B9 SR 32
FERCRIIRAE B TR

ASTERR 4853109 A AATIHE T sigmoid eREUE 0% ek 8, (BTEA 11
Jr ARy, WK 2T H] ReLU %L

33 SHHARIEE

WERESR T NumPy ZABAB0a5, Bl DURot S s 2% . R,
AN NumPy LA IS, SNE RRIEF T2 28 52 BE

331 ZHEEE

s HE, SRR “BENES”, BFHER—IES . HE
KITMEES . HER =ikl CEIn—Abit ) N4RIRBEE S FRFR g 22450
Ho FrFATHH NumPy sLE 248804, S AT 241 i —4E5e T 6
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>>> import numpy as np

>>> A = np.array([1, 2, 3, 4])
>>> print(A)

[1234]

>>> np.ndim(A)

1

>>> A.shape

(4,)

>>> A.shape[0]

4

W ERTR, B M 4e BT LI np. dim () pREHRAS . AN, KA rgIEIR
A] DL3d i S AR i shape 3045 . 7E_LRIGIFr, AR—4E804, 41 I0%
PR, R, X LAY A shape (45 520 (tuple), 32 R — AR 1Y
LT ZER R 2 AE B I O T — 3 as . Bilhn, —4EEd it i nl iy
JETCAL (4,3), “HEBALNHR BRSO (4,3,2), D — R0 et TR RE LA
JC B GR ISR, T IEFRA R A L — > A

>>> B = np.array([[1,2], [3,4], [5,6]1]1)

>>> print(B)

[[12]

[3 4]
[5 6]1]

>>> np.ndim(B)

2

>>> B.shape

(3, 2)

EHAR T —13 x 2098418, 3 x 2 BT RFE—DHEER 31 TR,
HBOAYEER 21 ICR . SIS, B HERERT A 04, BB T ANHERE XTI A
14E (Python BZ5 I 0 R ), —4EBH- WK %ERE (matrix ), U0 3-10 s,
B R T HESFR AT (row), HAHESIFK K51 (column ),

3.3.2 fBRESRIE

T, FATRA AR (AR BIFRAR . N2 x 2 9RERE, HRAH
AT LUMRIE 3-11 AR BEA T R BEA TSR ALE 4 T 9.
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1 2 fi
30 4
50 6

51

3-10 tEEHPIFRAIT, YEHFFIFRAS]

1x5+2x

() )

3xbH+4xT7

E3-11 FEMEAISRRATESE

WA R, HE AT B A2 AR MR T (R 1)) A SR 431 (A
a]) LIS 76 2 14 7 U3 I Bk FmAS 2. IFHL, 858 25 SR O A7 R
MZAEBEHRITTR . L, AR LI7H B RS 15 B4 SR 2 B B aH 1Y
HUTH ININICE, AW 2178 B 150145 R 2Bl 5 21746 1
FIIICE o 730k, TEARPBIECAbRICH, R R AMA R R (Hedn, HERE
A), DIXFFEATTE MR R (L, akb), X428 7E Python ] LU
W ACHS SR

>>> A = np.array([[1,2], [3,4]1])



33 mgsAnEE | 53

>>> A.shape

(2, 2)

>>> B = np.array([[5,6], [7,8]1])

>>> B.shape

(2, 2)

>>> np.dot(A, B)

array([[19, 22],

[43, 50]1)

XHL, AR B2 x 2095 B, B AT R Fe B AT LU id NumPy Y
np.dot () PREITH GRFBAR N ), np.dot () M NumPy 4i1E NS
B, IR A AR R X TR Y2, np.dot(A, B) Filnp.dot(B, A) [
EATREAN—HE . FI—fRIs S (+ a0+ 55) ANlH], FERERSRBUS A, #AER (A
B) BT AN, R ANE]

XA AR 2 < 2T AR AR FE A AR (1, AT AR A B 1Y
TR AT LUFAR R B Aokt Hedn, 2 x SBYHERERT 3 x 2 M RERE I e f
AN N B2 Python Sk SE8E.

>>> A = np.array([[1,2,3], [4,5,6]])

>>> A.shape

(2, 3)

>>> B = np.array([[1,2], [3,4], [5,6]1]1)

>>> B.shape

(3, 2)

>>> np.dot(A, B)

array([[22, 28],

[49, 6411)

2 x 3MHELRE A3 x 2 (4E M B n] 4% LA 1y e, X AR =2
TR AR FERIZIR (shape), ERHLIE, FiFE A M55 1 4EICER M (B1ED
WAAURIAE B B 0 4E M o0 2= A AT 800 R4, 76 LIl +rh, HiFF A
FITEIRIE 2 x 3, i BRYEIRIE 3 x 2, FEME A BYSE 14ER TR AE0(3) Al
HiBE B 0 4E o025 (3) AHAF . ARk W /MEAAHAE , ek T H
MERRBL, Hdn, WA Python 1442 x 3 MMM A 12 x 2 M C 3
R DUt T

>>> C = np.array([[1,2], [3,4]1])
>>> C.shape
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(2, 2)
>>> A.shape
(2, 3)
>>> np.dot(A, C)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: shapes (2,3) and (2,2) not aligned: 3 (dim 1) != 2 (dim 0)

XAEEIRIE RV, HFFE A RS V4B C 15 0 4ER o= A —
HHEERRGINOTR ), WHEUL, (S4B, adm
ANFERE RO IR TR B, X R FRA T ] 3-12 R
%U\Q‘F o

A B = C
Bik: 3 X 2 2 x4 3 x4

PREF—E

E3-12 TEEMATRRNEEY, MUAENTEMHERE—X

Fl3-12H, 3 x 2(5EFE AFI2 x 4 fAERE BB AN T 3 x 411
HiFEC. BT, A AR B BXHR 2R 170 2B i —a.
WAL, A — SR E L, gUEaA A RN C IR B AR A 1175k
HUHFE B /5B B o

SAk, M AT AR B4R, P 3-13 s, X 4k
R TC R BB — B S AR BT

Al R 720 Python SR E 3-13 AU 1.

b

>>> A = np.array([[1,2], [3, 41, [5,6]])
>>> A.shape

(3, 2)

>>> B = np.array([7,8])

>>> B.shape

(2,)

>>> np.dot(A, B)

array([23, 53, 83])
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A B = C
Bak: 3 X 2 2 3

PREF—EL

E3-13 ARTHIENF. BR—HHEAN, BERSUMBENTENE—H

3.3.3 #HERMEARTRE

T EFRATE ) NumPy HiFE R SCE M 2 M 4% . 13X BLIFRATT LA & 3-14 Ho A iy
PAMNZE L R G o IS 2840 I T i R PR R, R,

135
il 1 Y (246)

& zl 2 X W = Y
3
4 Y2 2 2)(3 3
L2 5 —
6 Ys

El3-14 BT IEMIFRFRH TR MRS E

SEPRZAN G, BEE X . WL YRIRAR, BRE X W
HERICENEE A —E, X— S REE,

>>> X = np.array([1, 2])
>>> X.shape
(2,)
>>> W = np.array([[1, 3, 5], [2, 4, 6]])
>>> print(W)
[[1 3 5]
[2 4 6]]
>>> W.shape
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(2, 3)

>>> Y = np.dot(X, W)
>>> print(Y)

[ 5 11 17]

WEFR, ffiH] np. dot (ZAEEAAEAD, ATA—UMEHRH Y R945R
XEWRE, BME Y RICRANECY 1005 1000, H1n] LA i —UGa 5
SR QIR np.dot, FEAATEAIITIY Y A — IR (B Ul Al
F forifim)), ARWRRII. Mk, A M AR AR — U MESE BT B 50T, 7
S AT T DA R

3.4 3EMEZMBHISLIL

PAETRATTAAEAT I MK A LB, X BFATLAR 3-15 19 3 )2 M2 M 2%l
X, SEE M A B Gt Y (i) b B AR S B A B A
A0 NumPy 24504 . 7500 M ] NumPy 8020, 0] LLRIAR 2 i 405 52 B
MR RO 2% AT T AL B

E3-15 3EMEME: MAR(FRE)B 2 MRET, B 11 EE (B 1R) 83 1M HET,
F2 M REE (F2R) B2 ET, BHERE(EIR) B2 MMET
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341 FFSHIA

TEN MM T b B2 1T, RATEFA 0l ol Z558, Xy
SAREE I e, At RAEAT R, RSO Rkt et
BARK,

ATHNERZHENENEETUEAERZEITTEHT, BA
HEMEERNEEIRIEENTEZZETEHTH(AENR
WAKRER), FINEMERT (RiCl2) RANFSHN, BRE
mEREENAN R,

BTAVENE XTSI, EEK3-16. K 3-16 5 H5EH R T A
LI 2, G — R RIMZTE ol BRE

P 3-16 iR, ACERIEIZE MM T4 Ll —A “(1)7, &R
R AR TS (B U2 A . S5 LRI TT). eAh, B4
THAWNT, ENEE—ZHME AR —Z R 2tiRE 5. L,
wly) FRHT— 2B 2 RIZTE 2 BUF — 2B 120 oD B . KL
A TR R —RNRT S BT RRRTS BIREHE

@ H1RMNE

1 1
e @
12

AI—RHE2HE T

° E—EME1AHET

3-16 WNENFS
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342 BRESSIEEAIZI

AR — N A ZEES 125 L2 oehfE Sieidid fe, ik 3-17
7N

Y2

3-17 NBIARZIE 1 EHESEE

B 3-17 TR I T R R B IOMZTT “17, R, BN F RS
BHA A BER BRI E 2T (T 1) B —4Y

KT HOARTHHNZS, BEREeER TR o o oM Sl s S i
FERiOE IS Ul N R Wi X = A

(1) (1)

11 1 + Wqo T2 + bgl) (38)

agl) =w

O ALAHT— 2 MR EA 27T 17 #AE —A o M EACE I EOE IR TS — 2 I s 2T ot CR i
JR—ZBRE AT 17 ), ——
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AN, SRR TR E A, AT DK 1 )2 AU 7 BT T
920 (3.9),

AV = xw 4+ BW (3.9)

Hh, A x. BY, WY ETR,

AY = (o) o) o), X = (n1 ma). BO = (60 ) b))

1 1 1
W(l) _ ('LU§1) wél) w§1)>

1 1 1
1U§2) 1”52) 1U§2)

TEFATH NumPy Z 48410k 52X (3.9), X BRHmALG S BGH
i BB AT R

X = np.array([1.0, 0.5])
W1l = np.array([[0.1, 0.3, 0.5], [0.2, 0.4, 0.6]])
Bl = np.array([0.1, 0.2, 0.3])

print(Wl.shape) # (2,
print(X.shape) # (2,)
print(Bl.shape) # (3,)

3)

Al = np.dot(X, W1) + Bl

XAMEEA TR BB R . W22 x 3R, XEITEA
BOh 2 ) — 25 . iXHL, WLRTX Rt 4R R A o 3R N R R T — 3

Bk, FRATUES LR Bos R R R . A SR AN A
FHEDEER R, WAnE 3-18 Fin .

WA 3-18 s, BRGHUZ AR CInALA5 5 Al & (1 S 80 T o R,
WO PREC I S AR5 2 30K IeAh, BT h() RO R AL, X FLFRAT
i Ay 2 sigmoid pREL, JH Python K SE8, ARASATT s .

Z1 = sigmoid(Al)

print(

Al) # [0.3, 0.7, 1.1]
print(zl) # [0.5

.57444252, 0.66818777, 0.75026011]
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| 3% @am%

/ 0
agl) Zél)

Y2

3-18 MBAEZIE 1 ERIESEE

XA~ sigmoid () bR 2 Z HITE AR PR, B2 NumPy %04,

IR [ICE A LR 19 NumPy 20

N, FRATPRSEBER 12 B0 2 2 A5 1855 (K 3-19),

W2 = np.array([[0.1, 0.4], [0.2, 0.5], [0.3, 0.6]])
B2 = np.array([0.1, 0.2])

print(Z1l.shape) # (3,)
print(wW2.shape) # (3, 2)
print(B2.shape) # (2,)

A2
2

np.dot(Z1, W2) + B2
sigmoid(A2)

BR 75 LR (Z0) 28R T8 2 Z M A X — s LASE, XA SR

AR e 2R dtt el R, @ NumPy 841, 0] LUREZ B2 H945
SRR A R
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3-19 F1ERFE2ENESER

R e 2 JR B R B RS 1k (1813-20), i Hh 2= 89 S Bt A2 HiT Y
SEBUHEAARNE o AN, i O eSO 22 i B B Z A BT AN

def identity function(x):

return x
W3 = np.array([[0.1, 0.3], [0.2, 0.4]])
B3 = np.array([0.1, 0.2])
A3 = np.dot(Z2, W3) + B3

Y = identity function(A3) # miZY = A3

XA T identity function() PR AL (AR Ky “MH5FpREL” ), ¥
A iy 2 G PR A BSOS AR SRR, TR, XA
T A B E Y identity function(), ¢ HLXRESZIN HUE R T RIZRTHY
WAEGRIFSE —. 534, K320, HthZH80E kB o() £om, AFTH
THCZ TG PR 2 () (o 1324 sigma),
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3-20 M2 ERMHERNSSEE

B RETAORUE R, EREKRBEBEAMERRE, —Kith, @
U3 o) B e DAE 1B & R B, =TT 432K 10) R B DAUfE A sigmoid BR 38,
% U o> Ko R ] DASE A softmax ek, KT R 30T RE, B
MBET—PFAENE,

3.4.3 CRISEEL/NES

Z, WATCENH5E T 3Z MRS, HAEFA L Z FT RS
FRAETRBEE T, XH, AT MR MR SCBBH], RIEREIC R
HyRpwy, HABRY (f B P 45 R4 VNG PR

def init network():

network = {}
network['W1l'] np.array([[0.1, 0.3, 0.5], [0.2, 0.4, 0.6]])
network['bl' np.array([0.1, 0.2, 0.3])

1
network['W2']
network['b2']
network['W3"']

np.array([0.1, 0.2])
np.array([[0.1, 0.3], [0.2, 0.4]])

(1
(1
np.array([[0.1, 0.4], [0.2, 0.5], [0.3, 0.6]])
(1
(1
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network['b3'] = np.array([0.1, 0.2])
return network

def forward(network, x):
W1, W2, W3 = network['W1'], network['W2'], network['W3']

bl, b2, b3 network['bl'], network['b2'], network['b3']
al = np.dot(x, W1l) + bl

z1 = sigmoid(al)

a2 = np.dot(z1l, W2) + b2

z2 = sigmoid(a2)

a3 = np.dot(z2, W3) + b3

y = identity function(a3)
return y

network = init_network()
X = np.array([1.0, 0.5])
y = forward(network, x)
print(y) # [ 0.31682708 0.69627909]

X g YT init_network() Al forward() BR%, init_network() pR £ ik
TP RCE A B R, TR BT M i network vh X7 R
i network "R RAE T 4 — R TG 9S8 (KRG FMi & ). forward () pRi &5 U £f
B TP G S A AR S AL B AR

GiAh, X ELIELT forward (Fi]) —1ir), & 32RR IS A B4 )
BB AL P, J5 T AR HEAT AR 2 I IR, FRATTEA )5 1) (backward,
it B AT ) AR S

Z, P2 ML BT ) AL A SR SE AL 1o 18 T Wb H] NumPy
ZUKU, ARSI T A 2

3.5 RN

P28 BT LRITE 23 2R DR ] U PR L, A i 7 AR 00 i i
JR A R — BT, [T R TE A ek, 20 2SR softmax pREL
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BEFTW—DEINOR, thwn, XRABEPIHASBHEE XM
o) AR 222K [R) . 1Bl ) B IRYE T DR N TUM — > (ELEH )
FENEB, tban, RFE—DANBEGRTONX DN ANKE 55
B 3B (K1 “57.4kg” XEEHITUN )o

L‘ M85 S B0 B B BT ML 93 79 43 35 (o) R AD [ VA [e) 8, 53 35 o) 2 &
LN

3.5.1 [BEREFN softmax REL

TE AR RO AR SRR I, X TR A B R, ARk sl
ek o P, ek R RS R, AR S SR B S
3, R TE S R A BRI R 2 RO M 22 R 2 DR B TE U An & 3-21
JI7R o FIRT TGS 20 O REORGZ BP0 R — R, 185 R T 1O e e A B AT LA
MR R R

()

ai U
()

az Y2
()

as Ys

E3-21 1BZEH

A2 In) R d FH AY softmax pRE T LA T EAYE (3.10) Frm .o
_exp(ak)

iexp(ai) (3.10)

exp(x) B e AR KPR AL (e BN B /R H 82,7182 ), X (3.10) Frm
fBisg 2 A n T, TR B2 ITH N v 203K (3.10) PR,
softmax PR 73T RHAMG T o, FITEEREL, IR T RS 5 1995 5K
PRI
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JHIE 78 softmax pPRECAI T, WE 3-22 s, K13-22 771, softmax PR
RO 8 I BT Sk 5 A B AG S A XA, M (3.10) fT LA H,
i 2 A2 Eiﬂgxﬂﬁﬁﬁiﬁu/\fgﬁﬂ M

()
a n
az Y2
as Ys

3-22  softmax BFRZE

IAEFRAT R softmax %L, FEIX PR, FATRAL ] Python fif F
g —HIAGS

>>> a = np.array([0.3, 2.9, 4.0])

>>>

>>> exp_a = np.exp(a) # 155R%L

>>> print(exp_a)

[ 1.34985881 18.17414537 54.59815003]
>>>

>>> sum_exp_a = np.sum(exp_a) # f5EeREUIH
>>> print(sum_exp_a)

74.1221542102

>>>

>>> y = exp_a / sum_exp_a

>>> print(y)

[ 0.01821127 ©0.24519181 0.73659691]

%A Python SEFE 524 IR (3.10) HEATHY, it LAAS T B 430 91 ) e
2 83 5 T Bl softmax PR, X BIRATHEE & SURUN R % Python pR%Y

def softmax(a):
exp_a = np.exp(a)
sum_exp_a = np.sum(exp_a)
y = exp_a / sum_exp_a

return y
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3.5.2 S softmax REATRYFEEIN

T softmax RS S I EUSR IERRHEA T2 (3.10), (BEHHENLIYIZH
A BB XA U R R, softmanx pREHY SEEE LR TR
FRBUis 5, PSR R BRI AR 5 A8 AR K. e, e IME
2t 20000, e AAF N —AJF A 40 24 0 AE KA, o™ g5 AR 1]
—ANFIRTCIT K inf, WRAEXLEE R Z A TRREIE S, RS A
" st

TTEANIE "4 B, BEMIE 4 F P8 F P HAREIETEE A
XERWEBFEARMLE, hetRil, IURTHEECERSA
PRI, BEib, RHMBRETERROO, XA RN,
AT ENHNEER S (EE ) TR,

softmax pRETAY STEE AT DIMZE (3.11) iXFEFEA TRt

_exp(ar) _ Cexp(ak)
Yk =

- i exp(a;) C Z::l exp(a;)

exp(ay + log C)
=% (3.11)
> exp(ai +1log C)

=1

_ explag+C)

Zn: exp(a; + C')
=1

e, A1) LG F RSBk AR T C AT R 5 5 (1R A ] e o
SIEERIGRF AR LIAR R H R, BT LIOHRSERAE ), R5, XA CH B
SEREL (exp) H, 12 M log Co )i, fllog CEH R — 55 C

L (31D U], FEHAT softmax FFE AR A2 BRI b (BB %)
FAHBOFRSUAR B B AL R, X LAY C T LA FAEATE, (B2 R T B
1R 1, — SR AE SR E KA. RATRE B 61
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>>> a = np.array([1010, 1000, 990])
>>> np.exp(a) / np.sum(np.exp(a)) # softmax KLz
array([ nan, nan, nan]) # WABIESITE

>>>

>>> ¢ = np.max(a) # 1010
>>>a - C

array([ 0, -10, -201)

>>>
>>> np.exp(a - ¢) / np.sum(np.exp(a - c))
array([ 9.99954600e-01, 4.53978686e-05, 2.06106005e-09])
iz R, R A SRR (LB o), FRAT AR
AN nan (not a number, AN BIHL T, BAERERITE T 25 L, FRAT
A DGR XA S softmax PR
def softmax(a):
Cc = np.max(a)
exp a = np.exp(a - c) # X

sum_exp_a = np.sum(exp_a)
y = exp_a / sum_exp_a

return y

3.5.3  softmax HEAYISHIE
i ] softmax () BREL, P LAFR AN T J7 2R 28 R 48 1% H

>>> a = np.array([0.3, 2.9, 4.0])
>>> y = softmax(a)

>>> print(y)

[ 0.01821127 0.24519181 0.73659691]
>>> np.sum(y)

1.0

W EFR, softmax pREHH 2 0.0 8] 1.0 Z Y524, IfH, softmax
PREAY T (B R 1, B ARR 142 softmax pRERI)— BB, 1F
UOMA T X AR, FRA 14 1T A softmax PR 1 R “HES%

Fen, b A BT R LSRR AL y 101 FURER L 0.018 (1.8 %), yI11 FUME=R
J20.245(24.5%), yI21 IR 0.737 (73.7 %)o ML LEHAE, 1T LU
Ui “PRASE 2N E E MR e, FTLVE R4 2207, i, e nT LA
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A TA T AR 2200, A 25 % BOMERIE A 10, A 1 % I
FRHONIIN”, WHURDL, B ] softmax pREL, FATRT LUTIREARRY (48
THE) Tk A B R

XA, BEE T softmax AL, & I0ERZIEHIKRNKE
AWMU . KN N EPR L (y = exp(ax) ) 2 I B3 pR &L SCPr I,
BBl a i) ICR RN R A LR RN R R I BA UL, e, a
AR SR 210K, y BORORIEBATI RS 210K .

— B, AL R RO AR 2O R ATRUES AR
JFH, BIMERE ] softmax %L, it (R R TR BEBASE ., I,
2 AEIA T3 IEIE, Hir 2 09 softmax PRI LA . ESEPRAY ]
I TR BR B )12 5 5 2 BT HLs i, IR ey )2 9 softmax pREL
— A

%o, EHIMBHTEBNSIC, RE, EHREME, AHIHN
RERIST R A B BT IR (9 25), WATHTE, HENBE—REE
B % H 2 B softmax BB £, 7E % 2 {5 A softmax R 2 B A E A0
WEMBASIEER FANBESET—),

L‘ KIBABZ I OB S BT R 23"V F0 HE HINBR, &
L[

354 mHEREETHE

i R SR A s 2 ORI T RS TR A RO UL E o X T 2RI,
2 B 2 TORCR — R BOE N IO RO e, TR R, B
e T 0 3] 9 FREBIR— AR (10 25107328080, ATLURIE] 3-23 X H,
Kk 2 R PR ICBOE R 104>

el 3-23 s, FERXAGIT, i th R AR 0N B PR B
0,1,---,9, Beobh, Kb th)Z 0k 2 s A W B0 K BE R o x5

@ 227 WA “YNZR", Ry T omIAS IR T R, AR <7 3, T
@ XUy ) RARETUIGESE . ASIRESEERE, RRESEE4E, —FE
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TR ZTC g B EERIE, it AR o SR 22 ) 245 0 64 2 o X 10
B2, st 27,

. [TNE)
Yo =0

“ ”
1

stz e

n _ “9”

WAE mHE=

E3-23 HHRMETHNENEF

3.6 FEHFIRH

AT EMEINEE Z )T, IAEFATR G e SCBRal, X FIRATT
KT FEHFERGI 2. Ba2EI B aiBasm, BIEH2EI 3N S
B, eI LRI AR, S HESEAL B R R 2 X 45 1Y BT[]
1£#% (forward propagation),

FORBRALES % S B F IR (2 S SIFOHEER P N R gt 7 ) — 4%,
e AR M SRR 0 Y, thFHEE S BIIGEEE (%3 50E) it
TRESHNF S, #HTHEN, EANSZITNSH, XHA
BT 2
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3.6.1 MNIST#uRE&E

X LS B S A2 MNIST F 580 KR4 . MNIST JEHLa% 2 ~J sk
T 2 WBAREZ —, W0 T TR 5200 31 & RIS S5 5 Fa &
PR b, A R sHLAR 2 T A8 SCAT, MINIST Hidis 8 28 1 S 52
5 R

MNIST $effade 2 rh 0 ) 9 FOECFUGAL LAY (18] 3-24), YIZREIGAT 6 T75K
WX ENRA 175K, X R AT LU 2% 2] A RE . MINIST %4l 48 (19— i
My, SeHVIRESR I T2 2], A ) B AL B R 2 KR
XTI G HEA T IE R 432

z|z]/{olyl r]v]a]<]7
Olelglol1]5]q] o]

3-24 MNIST BUEEIEERGIF

MNIST B FEEEHE JE 28 % < 2818 R IR BE P (13 1), & MEFR
AIBELE 03 255 Z 0] A PGB AR ER A “77 27 “17 SFhR%

AA5fE it TR Python A mnist. py, FZIIA SRR T 4 MNIST %icdls
AL BRI SR A5 i Num Py S0 5540 B (mnist . py 7£ dataset HSE T ), fiiH
mnist.py I}, 4H7HFWAI4E chol, che2, che3, ---. ches HsFHi—4~, i
Fmnist.py A9 Load mnist () pREL, WA AL Ny =UpaEe A MNIST %4t .

import sys, os
sys.path.append(os.pardir) # 1 5ASHFPESCAMIEA T E
from dataset.mnist import load mnist

# M UOHH &AL -
(x_train, t train), (x_test, t test) = load mnist(flatten=True,
normalize=False)

# A B ATEAR
print(x_train.shape) # (60000, 784)
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print(t_train.shape) # (60000,)

print(x test.shape) # (10000, 784)

print(t test.shape) # (10000,)

B, WTRARHFH M, HAMMMEEY. K5, $A
dataset/mnist.py H1 1Y) load mnist pK %, #¢ )i, {4 JH load mnist pR %k, i A
MNIST 455 . 55— Load_mnist pRERET, KHEETH 3 MNIST dfide
LA B AR o 55 2 R S LAS B8 T ST ADRAFAEA H ¥ SCAF (pickle
SCHF) BIRT, PR Ak BB A B TR

FA 2R3N MINIST B 1% 69 X 78 AR B 3 1 69 )5 R 55 # dataset B
F T FH, BIMBE 7 XD MNIST #1485 2 8 M chol, cho2,
cho3, ---. cho8 Bsxh{EM, Wik, fFHANTEMHER (dataset
BR) hSAXH, ALLFEZERIMsys.path.append (os.pardir) 4],

load mnist pRACLL “(YIZ B, N ERZE), (MiXEK, MHiXRE)" 1
2R B2 A B MNIST $dE . He4h, R0 LI4% load mnist(normalize=True,
flatten=True, one hot label=False) X #£, % B3P = . 1D =
normalize 15 ¥ J& A K5 i A KR IERLAL 7 0.0~ 1.0 ME . Qnp iz S8 e
Jy False, N A BRI R SIRFRIEORIY 0~255, 55 224 flatten I
SR I A BUR (W — 4504 ), ALK % S E0 8 O False, N4 A K]
BA1 % 28 x 28 M = HERRAL; A BE Ry True, WA B R RAFE 0 th 7841
TUE A A — e . 55 3124 one_hot_label B & MREFR 2 (RAF A one-
hot ¥/~ (one-hot representation), one-hot /N2 IEMMEIRZE 1, H4r
Beol O 1A8CH , 5% 10,0,1,0,0,0,0,0,0,0] XXkE, 4one hot label 34 Falsefi,
HRAR T 23X FE ] SR AR IE B FR2E; 24 one_hot label &y Truefif, FrZE]
TRAF 3 one-hot 7

© MEEAFBBFCSTEL,  FARIUSTEnnist_show. py SCEH, mnist_show. py SCPRY 2 H 5% /2 ches,
{B4J % load mnist() BRELAY mnist. py SCH7F dataset H5 R, [Hitk, mnist show.py SCHANRER H
SRS Amnist.py ff, sys.path.append(os.pardir) #/)Skx 244 H 5% deep-learning-
from-scratch il A # sys.path (Python (Y48 2T Y 424 rf, AT L5 A deep-learning-
from-scratch R H 5% ({345 dataset H) AR SO, —— 31
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Python & pickle X MEFI BTN BE, XN IhEE el U F 21T P 89Xt
RRGF X, WRENFRFIEN pickle X, TUIZERZH
BFEfTPHN R, ATIEAMNIST #3558 load mnist() BRELA
TRt {8 A T pickle THEE (7E 58 2 R UG HEAET )o I A pickle 188,
TSR A MNIST 53R A S Tk,

WAE, FATAE B8 MNIST EM&, [FIRFafl— N EdE . EGeER
i F§ PIL (Python Image Library) #idk, $f7 RIS, IIZEG S —
sk BRIk, A 3-25 s (RS LE che3/mnist_show.py HH),

import sys, os
sys.path.append(os.pardir)

import numpy as np

from dataset.mnist import load mnist
from PIL import Image

def img show(img):
pil img = Image.fromarray(np.uint8(img))
pil_img.show()

(x_train, t_train), (x_test, t_test) = load mnist(flatten=True,
normalize=False)

img = x_train[0]

label = t train[0]

print(label) # 5

print(img.shape) # (784,)
img = img.reshape(28, 28) # JUEHRAPIRAL BLFA A R
print(img.shape) # (28, 28)

img_show(img)

XTI AR, flatten=True B2 A MBS LI —F1 (—4E) NumPy
BB, Rk, BoREEES, TR TR EORI 2818 F x 28
BEWILAR, T LIGE T reshape () Jrik S EEE e IR IEAR, Bk NumPy
AR, BEA, T EHEARAE A NumPy B4 (9 R B0 i ek PIL H
PIBRE XSG, XA ARAL P B Image. fromarray () 521K
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[ ] = tmp20jurv7v.BMP v
View Zoom Share Highlight Rotate Markup Search...

3-25 E/RMNIST EI&R

3.6.2 fHEZLZAYHEIELME

T, FRATXK A MNIST £icbt 4 5080k 28 N 28 A 4B AL FH . b 22 ) 246
TN JEA T8ANIZTT, i Z2H 10/ &0, AR 784 X M7k
TRTEURR/ING 28 x 28 = 784, Haj tH)Z Y 103X MECTRIET 10 25117028 (B
F0F|9, H10250), LAh, XAMLEMBA 2 REIZE, 51 ROEZH
50 MIZETT, 5 2 M REUZEAT 100 MZTT . 3XS 50 #1100 W] LA E A AEfIE
T AT SEE X get_data(), init_network() . predict()iX 3~ pR%L (fRASTE
ch03/neuralnet_mnist.py 1),

def get data():

(x_train, t train), (x test, t test) = \

load mnist(normalize=True, flatten=True, one_hot label=False)
return x_test, t_ test

def init network():
with open("sample weight.pkl", 'rb') as f:
network = pickle.load(f)

return network
def predict(network, x):

W1, W2, W3 = network['W1'], network['W2'], network['W3']
bl, b2, b3 = network['bl'], network['b2'], network['b3']
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al = np.dot(x, W1l) + bl
z1 = sigmoid(al)
a2 = np.dot(zl, W2) + b2
z2 = sigmoid(a2)
a3 = np.dot(z2, W3) + b3

y = softmax(a3)

return y

init_network() 23 AMRAETE pickle SCF sample_weight . pkU 2% 3] 5 i)
WESH . XA LTI BT R AT TACE AR E S5, FIA 2
APREL, FIRTTE AR RIS S EAA W], JOF PR, B, FRATHX 3
PR S PP 22 P 4% R HEBAL B, SR 5, TR B BYIRBIAE B (accuracy ),
RVREFEZ KRR FIEASME,

X, t = get data()
network = init network()

accuracy cnt = 0
for i in range(len(x)):
y = predict(network, x[i])
p = np.argmax(y) # RHUERRENICRNRT]
if p == t[i]:
accuracy cnt += 1

print("Accuracy:" + str(float(accuracy cnt) / len(x)))

TS MNIST B4l 4, AE iM%, #8245, H forifim)iz — WU (R A7
FEx TG, M predict () pREGHAT/32E, predict() PR NumPy %%
A IE A A M PRZE N RS, thdnda i 101, 0.3, 0.2, -+, 0.041 1)
B, ZEUARR 07 R 0.1, 1T R 0.3, S KI5, oA
B XA ERR S R P B RAE R 5| RIS TR R ), 1R A Tiigs
o TTLLH np.argmax(x) pR £ H E 2l i e RME IR 51, np.argmax (x)
RIBERLA SHO BT I RME TR RS . Bn,  FRO 2 9 46 Fir 15
A ZERIE B RAR S, O [ 25 T B AR SR A A U RS 1

O WA ZAFA B CA5ER, LA SIS ERRAT POk B fR-A71E sample_weight . pkl
SO, FEMERI B, AT EEMARR L O R RIS, — T
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PAT ERAICIS S, &R “Accuracy:0.93527, X F/RNA 93.52 % HI%L
WPOER ST . HETFRATH HAR st > IS, LA iR
SRS AL, At LIS AT AR ITER M R Z5 kg Mz ] Jrik |, %
el — A B MG B . PR B, AT MG FE PR 3 99 % L) 1

A, e, FRATHE load _mnist BRELHY S A normatlize BEE AL 1
True, ff normalize ¥ ¥ il True J&, PRELN AR iEAT R4, KlE B4
RAEBRLL 255, SEAHER I (EAE 0.0~ 1.0 B P o 50 FESE RO B 215
ANE P AL BEFR A IEARAE (normalization), AL, X2 2% 15 A K
AT AN RERE (PR I TRAL IR (pre-processing ), X HL, E R X4 A BEH
— AR, FRATHEAT 7 IERL.

MRENZ I NHEE RS KB PFENER, ERFT8BIFP, (EA
—FhIAAEE, BAVEEMREMEBRIN265, #HITT HEMNIEMRL,
KR £, REMAEELZEIEIENBAEDH, thw, FHEE
BENHESIOEES, B, EEEEERNOAT LA, =
FHATIEM, REEENEREGE T BN, Ritzs, 1F
BEAERIEN D BRI TN TTE, BEIEBH (whitening) %,

L‘ TAAEAEMEME OREF D) hEELH, HARMEERSIR
L[

3.6.3 HtabiE

PA bt b B MNTS T Bdla g i 22 R 25 9 52 B, BRAE R AT IR S A
B FAES L AR R —TRIA RSB
N IEFRA I Python SRR, it MIA AR 2 25 B2 SR RO IR

>>> x, _ = get_data()

>>> network = init_network()

>>> W1, W2, W3 = network['W1l'], network['W2'], network['W3']
>>>

>>> x.shape

(10000, 784)
>>> x[0].shape
(784,)

>>> W1.shape
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(784, 50)
>>> W2.shape
(50, 100)
>>> W3.shape
(100, 10)

FA T L FARSE SRR — T Z AR AN 1 4 HE ) I0 =B 15— 5
(W& T e ). FEIZRRGE, W& 3-26 i, ALK B, Z 4850 m X
HERE TR R IR — B . A, AT T A AR A S R e T
TCERANECN 10 B—4E5EH

X W1 W2 W3 - Y
w784 784 x 50 50 x 100 100 x 10 10

—# —3 —3

E3-26 HERAKAIZNL

MR AL R AR, 183-26 7, FiA—> 1 7841 TR (AR —
A28 x 28 I “HREA ) MR — AT i — T 10 DT R — 4R .
I FU A — 5K PGB I A SR

BAEFRAT IR IRIT Ak A Z 5k BUS R IE . tean, FRATTAE A predict()
PR — IR PEATELAL B 100 5K EE . ik, WTRIE @ (IRIRECH 100 x 784,
100 5K EMGATEAE M A B . FHIEIRORITE, A 3-27 Fs

X w1 W2 W3 —- Y
. 100 x 784 784 x 50 50 x 100 100 x 10 100 x 10

E3-27 HEAIRPHEARARATEL

an i 3-27 T s, i A BCEE I R O 100 x 784, H IR B9 TE R R
100 x 10, X FRmHA M 100 7 FE 45 R p— oM T Ebdn, x1e1
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y[O] P ORAE 155 0 5K MG S HAE ISR, x (11 My 110 P RAF 150 13K IEME %
FEPRAE R, H5%.

DFT XA A SRR 4 (batch), HbA “H” A RE, EMRan(F
AR —FEALN— A

HAAEMN T ENNEEREF L, TURBFRERGKE RO LN
Blo BAAMAHANIEDT NS5 A IRET [B]0R? X2 HA KL HALE
HETTENERET TSR E RN AsEN &L, IH,
FEAEMBNTZESD, SEIEEEMAMME, HAETDURER
RN AT (s, A TFEIESEA, TURELSNNERE
HHE L) iR, MAE—XMTEREHAZLIFELSITE
BENNEEEREE IR,

T FRATHEA TR T A IR A A R S X B TR R 5 Z Fi Y S B
AFZAL

x, t = get data()
network = init network()

batch_size = 100 # ittt
accuracy cnt = 0

for i in range(0, len(x), batch_size):
x_batch = x[i:i+batch_size]
y_batch = predict(network, x_batch)
p = np.argmax(y_batch, axis=1)
accuracy_cnt += np.sum(p == t[i:it+batch_size])

print("Accuracy:" + str(float(accuracy cnt) / len(x)))

FRATABA BRI ER 5, B JC /2 range () PREL, range() PRECE
F87E K range(start, end), WI&A: g —A~HH start £ end- 12 [8] {4 E0H R
Y3, #14 range(start, end, step) iXFRFEE 3 HEEL, WA BLAYH 2 Y
T—AIeE SN stepFE ERIE. FRATRE—HIF.

>>> list( range(0, 10) )
[0, 1, 2, 3, 4, 5,6, 7, 8, 9]
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>>> list( range(0, 10, 3) )

[0, 3, 6, 9]

£ range () PREAE BLAY S LAY FEAE 1, 85 x[i:i+batch_size] M fif A%k
PErba S . x[1:ivbatch n] 23HUHE DAER 135 ivbatch n A2 ] AERE .
A f AR x[0:100] , x[100:200]--+++-3XFF,  MSLFFLR LA 100 S Hfi R £ di 42
BOAHEEE .

SR, diat argmax () AREUER KIICRINER S| Al ik TR EE R,
AR E T 25 axis=1, XI5E THE100 x 10 B, WrE 140518 (LA
551 2 ) SR BB BRI TE R R D] (55 0 XTI 45 14 ) &, i HL ok
B

>>> x = np.array([[0.1, 0.8, 0.1], [0.3, 0.1, 0.6],
[0.2, 0.5, 0.3], [0.8, 0.1, 0.1]])

>>> y = npp.argmax(x, axis=1)

>>> print(y)

[1210]

B, WATHE— T DA AL T 0 B G5 R SE PRI A 22 . A,
7 S 1E NumPy %04 22 [Af6 11 L BOB 504 (=) A2 iU True/False #4) i Aii /R
RURCH , JFH5 True g8k, FRATTHE I T 09 524 T A

>>>y = np.array([1, 2, 1, 0])

>>> t = np.array([1, 2, 0, 0])

>>> print(y==t)

[True True False Truel

>>> np.sum(y==t)
3

ZI, FETHAL PR AASSE AR5 1o AL, AT LA g

HmEBHas . TR0 @aMagn) s Int, FATRHEEGEIRE T
AR T~ R I AT A A A B — R A AR S B

© BEFEREE 0 ESRANIrT, H LAERATH N, —— T
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3.7 ING

B AN e EE D IR P S e R KB S et D
PR S 1R 2 Ak — i BRI, (HE, [ N — T kR s S,
B AF S BB PRBCA AR KR 25 57 o M2 2% P i T B9 2 P9 22 1R B9 sigmoid
PREL, TEHIBLA A A RAS 5 SRS A I B BR PR R X A28 570 Tl 22 )
AR EH L, FRATRAE T —F A4

AEMFHARS

o V2R M & P 84 F s R T B R ALY sigmoid Sk ReL US4k,

o @it TAb ik Bl NumPy % 44020, T VA 3 303b 52 LAY 22 P %

o WUE F 3] 69 B KAR BT A4 A w3 B A e o K 1A,

o X THrb BB R, MBARMAT—KAEFIK, SEFAP
— & A softmax F#

o SRFMY, Ml BOAZR TR ETIRE AT, RO LR K,

o MABIBEH LM A, BEAMA P RATIHEE L, B EA

ik agE s,







H4=E
HEZ ) £ B 5 5

AFER ERBUR MM 2] o X BFTBLY 2] SRR UITZREdE
A BRI BSOS e . A, TG R T, KS
AR BRBOX — bR T~ B9 H AU DUZ R s BON SR e, R REREE
BB R/ NS R O TR AT RE/NBO UK R, AT TRATHE
IR T BREURPR BUBBIE % o

4.1 MEITEHZEFZ]

GEN TR R eI NV L €11 ke o N SN 5 € S M o
A LA [ S EAE SR (E . XRARR T AR ORI
MSBATENTIGERE, TSR T 7258 2 5 4 RN 61
T, FADSIRE R, ANTB0E T 28E, RIS EHA 31
MAESEPREI M2 R, SRR T ET7, 1ERBCERIIRE T,
SRR R BT P, BEATIOE XSS ER A TR . AR
ML, R e S AR T, 9 Python SEELXT
MNIST F5 R 7Rl R 14

RIE RAVIBSER", BEARAHNZS, LMTH AR

L‘ NF&Ma R, $2ENRMVETUFBEEISNZEI N,
LN e, B2, EEETHRTNE SRS (G5) %I RBA,
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4.1.1 HUEIKzh

B e plan s T a1 Bl FHE R . MBI AR
PEBHE PR - X BEHLAS 2 2T T s, ISR B BB s, ST IR
o B, B RHLEE T G . X EHRIKSh I i, drl DA E T
HAELL S BT

M BRI R, R R R A, AT RS A
JEA RN R G A I XA ) RGO X RE AR 7 ORXT, Wl g
JERAER 3 T7 " —— LA, AT A C MM B AR, it
SORBHESE TAE . MHLERE T 05k IR 1k G N A, 2 ISR 310 1Y
Bl R IE S8 (B, P2 28 R B2 20 D LU LAFE A L& 2% > 7 i B g
HEG A A

PAEFRA R — AR R, e ananfa S BEcT <57 iR, $F
541 R FE R, FRATH BARREEAE X 2 2 5 IR T . XA
[ AR AR, RF R B AR SR ?

BEEHEESEHEEHGESEEN
HEHEEEREBNHSEHEEREE
EHSHEAEASNHEEEGHE
BEEHESHEEREEENEEHEA

E41 FEHFSH6F: BERAMSR, /]

ElH

N[l

AERIEFRAT B CR BT A8 5 IERf /-SSR, w2 A & Bix
S MREMERY R, AT AR AU 5, (EAAROME B A 150 2 5 T iy ol
ARSI T 5. Ak, I 4-1 R nf IS, B4 N AR I B 5204
BRI P B A — AR RO A

ik, HHZUIN, WEIFRAR L — AR IR 5 BREL, A&
A OM PR R i R AT, —Bh O 52, S MR iR U AEE
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TR 27 2 BEAR 2 2 SRR AE AR, X LT U A “RRAE " 2 FE AT L
N A B Chin A TSR rh o b 4 HROAS B it (B 22 i 858 ) my e felie . 1A
BRI RDIE 5 R A B TETHREN S, W AR IE A4S
SIFT. SURF fIHOG 45, i ik SEAFAE i UGB e i Ay ik, SR %t
UG 1 R LR A 2T P A SVM . KNN 254325 gk f 1245 |

BMLEsE T Tk, LA ISR 20 A8 rh R s B . 5 NE IR
A EEAR LG, AP I AT DL SR e R, R A (H
T ETERIIE , PRI AT Ay 1) Sk B F AR AT R %R
[FIER IR AL, A 3 AR AIE B (2T R T TR ), A RS B4
ZE5L. AN, R T IXA RS, AT S TR 5 A RRAE A T
AR L, (il BPRREEE FARRE S AL S 0 ik, B
ARV R) N T2 S R 5

FH, AN A T R XA = AR 55 B k. KX PR i T A
KPR, WNE 427K, EIPRRR T R A4 (REES: 21 ik, WA
W EANFEN RN A

ME 4207, MM HE I BEA S, E5 20k, BRI
fEREAIBLAS 2 T Wi, RRER DR T, MTEME MY, 4%
G AL 1) 2R S AR 2 FR AL SR 2 T 11

PN EER s
NAEEN AR B3]
&
(SIFT, HOG%) (SVM, KNN%) ®
P2 45 B
ER
(R

42 MATRIHRNET ABENSENESIETZS: REANNANGRBARERT
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ARE 2 S H N MR A G E i V28 2 3 (end-to—end machine
L ‘ learning ), XEFFIZHNIKRIHEIEMN— IR Z—HHNEZR, UHRE
sd [N

MERIEEIE (N ) P RGSERER ol ) HER.

PRZE 28 D0 X i A B Rl AR mT U )RR B Aok i ke . Lo, A
EEORAF R RO 5, RPN, ST UG, e 2R
REAWTHL S 2] IR AR RO, S BRI A e it 5
FRALPRAY VBTG IC , P22 W02 TT LUK R BRI AR, HEAT i i
=

4.1.2 )| GEEEFINIR AR

AEFENPMAEM G =T, AR AT, FATeRN 4 — Tl
2] A B Ak PR ) — BT R

PLasA 2T, — ek Bl o D I SR B AR B W T ok A 727 >
WHAE. HE, FINGEdEE ], SHRERIESEG RS, TN
BAATNINZAF RN BB SEPRAE ST o o AH A5 ZORE B 20 S Ul 2Rt A
IRBAEYE? RO EATESR AR B ALRE T . A TIERRIFOE L B2 (L e
71, BRAZFR N SR AR . D381, NZREaed nT IR S B i

ZACRE ST A5 Ak BRI A RS (AN & AE DI 2 8icdis P 9 %l ) 1
REST . FARZALBET R~ BB B bn . Hean, 7eiR0] 35 807 1)
T, ZARRETT AT RE S BOHIAE F SIS AR ECRAS I R 5 o iy, F
RO SRR U RN SITEE S . X EAE
TE MR NG RRERSCT, T “EE— AN REESCT” . R RS
HAREIER S A I ZREE , ARA AT REE Hoe > B T N2 R g AR
I

Pk, SUH—DBRE L2 T FEN S8, IO T IER PN 9
XL T EOT LB AL BEELAS a4, (iR Ah BOHA R A A 15 0 . I
U —T, ORI B LA RS TR E UG (over fitting), B
AR HLE T Y — A B R

&
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42 HMKREH

WA NIRWR I Z 3648, VRl A We? — By Al BE2 s ik
R LAY 3 AR ASERR” SF RS I . WA A ml 25 T B
MSERRARROUE 10.237 B3E, AT RESAE AN —BRIE . RO fl ] — D EUE ARk
WA C R

L SRR R R AT AN T, SEPn B2 4 10 2 > e AR R e
1o MM Tl MR RN TERPIRES . SRS, DLXANER S
i, FHREAAESE MNIHRAL L SERR R RO 185 548 R 1)
AN—FE, MEMG IR LR FRERMLES I 2R 2]
It AR BRAR AR 5 BR 4] (loss function ), X452 sRECAT LA il AT 22 pRAK
H— X7 DR 22 RS SRR 2255

MK REERTHEMEMREN TEHRE" NisfR, BEEH
R M EN BEHRBESZ KRE LTHE, EZABRE LT,
DU RERE SRR AERRT RS EARIANARER, ERW
REPK B E—NE, HTUBEN "EZREE LR,
B “MeERZ ", PR, "EHENESEEARIRN 0 Et
RNILREEAIRER" 25ME, TEER "BHiEE" B2 "L
REE", MNEBEAR LEE 0,

4.2.1 FIRE

oL AWER R sRE R B R Z, Hh i SRR IR 2 (mean squared
error), Y JriRZEWMT AR,

E= ;ij(yk ) (41)

KL,y SRR MR, 6 FR B AR, AR
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rn, 1e3.6 W FERTFHBIGITH, g o EHITT 10 MICEM RS .

>>> y
>>> t

[6.1, 0.65, 0.6, 0.0, 0.05, 0.1, 0.0, 0.1, 0.0, 0.0]
(e, e, 1, 0, 0, 0, 6, 0, 0, 0]

BAHITCR RTINS — DI LRI LT “07 “17 “27 e XH,
2225 % y S softmax pREAYHI T o 1T softmax sk HH AT ABERR N
MR, P EBIFOR “0” MMESRIZ 0.1, “17 MERIE0.05, “2” MR 0.6
B CRIBEERE, HIERRARSSEN 1, HABYE 0, KB, bR%E “2” M1,
FORIEMRIE 27, W EMER SRR 1, HARERR R 0 IR AR
A one-hot 7R .

W= (4.) Pz, P77 18R 28 23 TR0 22 0 265 14 i ) R L A M 5 dl )
BATCRZZERPETT, FRREM, e, AT Python RSHX M52,
SERIT AN s

def mean_squared_error(y, t):
return 0.5 * np.sum((y-t)**2)

, SEy e NumPy £02 . fCAS S8 58 e IR X (4.1), HEAS
ﬁﬁﬁuﬁﬁﬁ PUAE, AR A AL, SRSEPRTE— T

>>> # W 12" NIEH R

>>t=1[0,0, 1, 0, 6, 6, 0, 0, 0, 0]

>>>

>>> # Fl1: “2" IR 5D (0.6)

>>>y = [0.1, 0.05, 0.6, 0.0, 0.05, 0.1, 0.0, 0.1, 0.0, 0.0]
>>> mean_squared_error(np.array(y), np.array(t))
0.097500000000000031

>>>

>>> # 2. “7" R RS (0.6)

>>>vy = [0.1, 0.05, 0.1, 0.0, 0.05, 0.1, 0.0, 0.6, 0.0, 0.0]
>>> mean_squared_error(np.array(y), np.array(t))
0.59750000000000003

X HEE T ST, IERIfRE 27, ?Eﬁﬁlélﬂléﬁéﬁffﬁtﬂﬂﬁfzj(
{2 275 SR AMITh, IERRARE 27, PRARZE A RO <77,
LIAERITR, BATRIERE— A5 B0 BB (RN, T E‘iﬁli‘EZIEﬂB’J
WREERYIN WAL, BIrR2E BRSO Rk A5 RS e s S
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422 RXHRE
T FIRZEZ AN, 32 XFIRZE (cross entropy error) L4 5 # FHA/EH
SR, A2 SRR 2Z IR R TR

E=-) txlogys (42)
k

XHL, log Z/R P e MIRE HARXEL (log oy s RLEZE I, ¢, 02
IERRfRbRES . IEEL, ¢ P A IERRR RS 1 1, HAB R 0 (one-hot /R ).
PG, 2 (4.2) SEBR 1 T FRE I I AR AR 25 i 1 1 SR8 bedn, Rk
IERRIRPRAE IR G E 27, 5N AP 28 I 2% 1) 11 2 0.6, 158 SR i 2
& —10g 0.6 = 0.51; #7 “2" RFRFAYHIHIE 0.1, MESSURIRZE A —log 0.1 = 2.30.
R, A SURT 22 A B F TE B AR 25 BT X6 g A it 2 SR D 1Y

F AR L Al 4-3 BT o

=

0.0 0.2 0.4 0.6 08 1.0

El4-3 BAXHy = log x FIEIR
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mE4-30R, ST 1R, yh0; BEE oW 055K, yiBWiis/N, i,
TERA AR 0T Ry A AR, 2K (4.2) BOMEBRZE 05 Sh il o 1A, 38 U
BRZEN 0. BEAL, WNAIERfAAREE XS N N, K (4.2) B9(EER.

T, FRATR AR SE A MU 1R 2

def cross_entropy error(y, t):

delta = le-7
return -np.sum(t * np.log(y + delta))

XH, S8y M tE NumPy 84, RN ERTETTH S np. Log I, i |- 17—
AMHUIME detta, BOZ, i #np. log(0) B, np.log(0) 237 A fi JoPR A
B -inf, XK FEUFEITEITCEHT . MR EXTR, dSin—1
WMEFT AR IR TCRR KR & A . R, FRATIEH cross_entropy_error(y, t)
AT —LE R AT

>>t=1[0,0,1, 0, 0,0, 0,0, 0, 0]

>>>y = [0.1, 0.05, 0.6, 0.0, 0.05, 0.1, 0.0, 0.1, 0.0, 0.0]

>>> cross_entropy_error(np.array(y), np.array(t))

0.51082545709933802

>>>

>>>y = [0.1, 06.05, 0.1, 6.0, 0.05, 0.1, 0.0, 0.6, 0.0, 0.0]
>>> cross_entropy_error(np.array(y), np.array(t))
2.3025840929945458

BT, IERARARSE X R T 0.6, T A9AS Ui 22 K2
H0.51. 2B AR, IERRERARZE TN A% H A 0.1 AR, BRI g3E
MR2ZE KL N 2.3, AT LIF L, et R SIA TR THE I N 222 .

4.2.3 mini-batchZ®3]

BLas I SN B A7 2~ o (N REdR A 727 >0, Aok,
SR XTI R TR R B, HR i % R AT RE NS R i,
THRA R eR R A 250K T AT BN R B X R . WAL, 2RI 25l
A 1001 A93E, FRATHEEAEIX 1001512 R B SR R 27 T AR o

BRI 28 A48 2% R A4 191 PP 2% R R 0 B B O 0 2k e .
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RESR AU ZREOE A0 % sRER AN, DA SURR2E 0, AT LAS T T
A (4.3),

—% 3D tuklogynk (4.3)
n k

X REEEA NAS, tnﬁ%/?%nﬁ\%‘wﬁ%éﬁﬁw\ﬁiﬂﬁﬁ(ynk%ﬁa
S, ¢ R B EEE), T RRERRA g gy, H R
SKEAANEAE 1 s A 2 (4.2) 97 R BT N EUE %;m}éﬁ%ﬂ&%UN
HATIERUAL . EABRELN, AT RSR A0 P8 R0 . @i XA
EHAE, AT DARAF R B JE S — . e, R ZREE
£ 1000158 100004, 1] RASRAS BN ECE (1) 400 R

34k, MNIST a5 i Ul 288 A 60000 4>, W5 DL 4 F 88 h %t 42
SRR sRER A, WA AT B SRR AT (] . P, AN RaB 3 s
B LA LT HZZ, KRGS LhAaERE xt G iR 2k i
BOEAILN . R, FRATNATREE it — 5, VER2iEdEm ik
L7 Pl 2% 1) 2 20t S8 U 2R 850005 Hh % 4 —HEECE (FR 4 mini-batch, /)N
fiti), SRJEXEE mini-batch #4757 2] o Hedn, M 60000 MY ZRE s B HL
PERE 1002, FEATIX 100 EBXdEE 127> . ixXRP2% 2] 77 AFR ) mini-batch 23] .

T TEFRATIR SR E MBS AL RS N B B RS, DAES T
mini-batch 2] , FEXZHT, JekAE— T H T A MNIST ZdE4E X5,

import sys, os
sys.path.append(os.pardir)

import numpy as np

from dataset.mnist import load_mnist

(x_train, t_train), (x_test, t test) =\
load mnist(normalize=True, one hot label=True)

print(x_train.shape) # (60000, 784)
print(t_train.shape) # (60000, 10)

S 3EANAad, load mnist pREE T2 A MNIST £dla £ (1 pR AL, XA~
@&Eztﬂlﬂ:&eﬁtﬂﬁﬂﬁﬂzk dataset/mnist.py 1, T2 AYIZREHE R
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T ASRRT, W idi% 5 2%  one_hot label=True, W] )75 %l one-hot &~ (H
PUESbRE ] 1, HA R 0 BB S5 ).

BEA L MNIST %dls )5, VR4 47 60000 1, it AR dle 1 784 2
(28 x 28) Y EMGE R, WBH B E 10 4Em8dis . Ak, BIAIAY x_train, t_
train [T R4 2 (60000, 784) Fil (60000, 10) .

M2, ey xS R8s b BE AL Al R 10 2E Kl W e FRATT mr UG ]
NumPy f{) np. random.choice(), Ul FHE,

train size = x train.shape[0]

batch size = 10

batch_mask = np.random.choice(train_size, batch_size)

x_batch = x_train[batch_mask]
t batch = t_train[batch mask]

{8 np. random. choice () ] LAMFEE AOECFHBENLE AR L. Lo,
np. random. choice (60000, 10) 4> M 0] 59999 2 [A] F L 1E £E 10 405, WT
T SEBRCAS IR, FRATAT ARSI S e Bl i & 5 1 18

>>> np.random.choice (60000, 10)
array([ 8013, 14666, 58210, 23832, 52091, 10153, 8107, 19410, 27260,
21411])

ZJa, ATH TS E X LepEpLE RG], BUE mini-batch, SRJ5
XA~ mini-batch AR I sRELHIAT

TTHEBRERERN, FARFITAAERENBRAI, mEMNAIBL
WEPHFKEAGITN R, tan, BIFMXFRBXFEYZEE 1000 D
KEWTHEWRAE, o DUL KGR R KB AL R, X 1000
PHEHWBAER, BAFE LS TREARINE, BaENE
R —MEME, FOUE—4F, mini-batch MK R E B EF A
— D FEARBIEREOIT ERA, B2, BEVTES/H
BB (mini-batch ) £ £ G EHE B IME,
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4.2.4 mini—batch iR3Z X ERZERISET

GOAar SEEEXS Y mini-batch 58 IR ZEVE? HZN R — T Z T SE g x)
o BN R S SRR 22 AT DA T o 3, FRATRSEB AT LA ] s Ak BB
ANECHR A O (B batch 22 P A WIRRR 0 s gk
def cross entropy error(y, t):
if y.ndim ==
t = t.reshape(l, t.size)

y = y.reshape(l, y.size)

batch size = y.shape[0]
return -np.sum(t * np.log(y + le-7)) / batch size

XH, yRMEMGRE L, R yIgERy LI, BISR A
B 1) 2 SRR ZE, TS BURBARIIEAR . JFH., 4% ACH mini-batch I,
B batch AT IERAL TR BANEIEE 1 7 2458 SUR IR 2%

Ak, BB EEEEAR I (JE one-hot R, MHRAR “27 “77 XHEM)
PR ) I, A2 SRR 25 W] aE i an S ARSI

def cross entropy error(y, t):

if y.ndim ==
t = t.reshape(1l, t.size)

y = y.reshape(1l, y.size)

batch size = y.shape[0]
return -np.sum(np.log(y[np.arange(batch _size), t] + le-7)) / batch size

SHE R, T one-hot 7R €24 0 IYTT R I LR IR 220 0,
B XX LT R TR T LLZNS o $ 5 22, WK AT LASRAS ff 48 0 4 7 1E A
il b 25 Ak K L RET LATHIRL A U iR 225 AU, t Ry one-hot 3R A i
t * np.log(y) 715 1 Mo )y, 7E t A ARZIE 2UAF, AT Hinp.log( ylnp.arange
(batch_size), t1 ) SEEUAHIRIAYALEE Ch T ETUES, XM T iU/IME 1e-7),

VENZZ, T BA29— Fnp.log( ylnp.arange(batch size), t] ), np.arange
(batch_size) 24 jli— > M 0%l batch size-1 /{42, LUy batch size y5
i, np.arange(batch_size) x4 i — > NumPy (4 [0, 1, 2, 3, 41, AN
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tEREIELL (2, 7, 0, 9, A1 RYIESAFA#HAY, FTLLylnp.arange (batch size),
1 A 25 A B HE 10 TE A A A 28 X IO A ol 2 0 % 4 A (FE X 4] 1 o
y[np.arange(batch_size), t]4x 4 i NumPy % 41 [y[0,2]1, y[1,7], y[2,0],
y[3,91, y[4,411),

4.2.5 POUIEIZTTEREEH

LRREATRE TR REL, TREA NER]: A AZE T AR R g
PABCF MRS R, A TSGR R MR E SR, R A
— R BRECN A SR 7 E 7 WU, BEARIRATHY FAm 2 s il
IRERE AT BE R RO R 45, ISR BLZAE IS BEA A fabnnh 7

XFT X —BER], FATAT LIRS “ 80 e R 257 > rR A TR [R5
TP TR, TERREM AR T, SRS (RE AR &) 1
TETFHRAR B EUS TR NS R O T 4R B0 BB (R AT RE /IS
By, WA SR A (UMD, AR5 XSS BN RS,
BT SR E

TRBCA — 2R 4%, BTERRATR ST 22 R 258 v () — A S
Ko BEE, XHZAESEHIR RBOR T, R WA Rl 2 AL
HBRUNE, KRB E T2 o AR S RONE D T, il AL
HSRIETT S, TR REON R Bk, R SR I,
D38 A ZA T S R G5 AR, T RAIMBR BB (. i, 45
BME A O, TG S H A Tr 22 1k, Bk R B (EARAN 28, itk
IZAL T SR OB 2 e AL

ZIT VA BEI RS BEAE B0, R i — R 4 R 2 R0 19 5L
AN 0, FESHICEER . A NL T, ADRESE—T LHENE.

AT Z R4 F T 0, RS RAAR AR A F6A7 . B 4R
PR LA J8AR, MARFHELK ZHFTHAET A0,

A A HGIE AR AR bR, SH0 SR R 2 EO I 2EIR0
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Wg? ST XA R, AR 5 — BRI R4S I
B T 100 B VNAEE Y 324, MBS UIRERE 32 % AR ARSI
BEdEbR, BMERS RO EACE SR, PG R TE 32 %, A%
AR, RS, DUNRORSEL, RICEBCER IR . BMERR
JER MG, ERERASR32.0123 - %X FEELAEML, M2 N33 %,
34 %o BXAERARELE N . BSEUAE . T WUR AR % R AV 48 AR, I Y it
KRB E T AR R4 0.92543 - - - XAERYME, JFH., QR RekE — T 240
B, X B PRE 2515 0.93432 - - - PR R AR S IR L

PRSBSOS B RAS E A A, BMEA R, EME
USRS . SRR . A I R B ER PR AT [IRE R I T .
TR EA , AR PR ER RSV VB R, 2 (025 ST K TEHEA T o
WP 4-4 7R, B R s SECTE 4R 2 80t J7 (KR T 0 LAAMG 3T ) #4928 0,
Wi, AR TR R RS, B4 RV R SR A E AR bR, S8
IV SR BR R B, BRI B A 27 AT AR L

WYERERESURAG it ” —FE, RAERAgRE A28k, 1 sigmoid pREL,
M 4-4 B, AL eRE S (R E) SR, & rRRE (S50
WL . Wi, sigmoid PRERH SEAEAT M #AN 00 X AT
MM AR, 1348 TR N 0T, MEML R
JRFLAIE#AT

PAvBR oR 850 sigmoid & £
10 S o /‘{ ]
0.8
06
04
02}
0.0
‘ ‘ ‘ ‘ ‘ s s s s s
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

4-4 PHEREREF sigmoid FRE: MEREREMBIMRERASHISEI0, Msigmoid &
M= (%) F=H0
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4.3 FERKS

B EEE IR IR B AE AT E R TT 1] o AT R A A1t
LVEFAFNA . X ZRT, FAER A — T L

43.1 5

UK SR D RANET, IR 10080 NI T 2 Tk, A
UERT PR B, W2 2/10 = 0.2[ T2K /43 1o g, /REL 1 Zr8haiTiE 0.2
TR (A1) .

FEXA R E T, BATTE T “Fedp B AHxtF i &4
TEZRA, ANid, XA 1055802 TR, P isaiE, THER
10430 P9 S35 I S BCR R AR AN BRI AR (e R, I, ¥ 1043
Bpax — I BOR T RE M A, HCANTT AR LB AR R BE B L AT LR S
PSR ES | RO DRDBh SR B IR R - - OB RE T AR AR SE AR ) (A b it (R
R ERE ).,

i b, SEUREFRRIE BRI AR . BT RUE U8 R

Af(@) . fth) -~ @)

dx h—0 h (4.4)

A (4.4) FR IR RBI0SHL e s L8 2R () X TF 2 T
B, B f () BT o B0 ARRR R . R (4.4) TR ISR A SO, 21 “BUh
AL i FEORELf (o) WAL LRI R4, Hoh, FRBUINVEILEY
hEREIE 0, 45 lim

BTk, B (44), HSLIUR KB FHOOFRIT, 05R PRt
M (4.4) BT, 18 b PR — A UME, BTG ISR T, Wi, T
(52 AT 2

# AL IR
def numerical diff(f, x):



43 HEHS | 95

h = 10e-50

return (f(x+h) - f(x)) / h

B A numerical diff(f, x) 4 ORI T RUEHS © 1992 3 numerical
differentiation, X>BRECHPIANZEL, B “pRECE” M P45 K%L f RISHX .
E—B XA SEIEA ), (R SCPR a BeAE A WAL T Bt i b )

TE LR SEE, PO AT R/ N (E IR ZS h (AT DA, 4Bk n JoRR 4%
PT0), FrLAhEH] T 10e-50 (4 50 MELZEM 0 HY “0.00 - - - 17 ) X MUIME. {H
2, XAER A T & NIRZE (rounding error), FTif& AiR2ZE, EHEHEA
W/ INESCAR RS AR 73 OB (L, /INECS S 82 LA S A B8 (ED) T e 24 193
AR AR, e, 7EPythonth, & ARZEA TN IR,

>>> np.float32(le-50)

0.0

W TR, WS float32 2840 (32 (17 s 80 R Fos 1e-50, AR A
0.0, JEIEEMFE R AR, W2 ut, /N S BT LR BT
R, R AT B R T, RPEE R ME h Ok 1071 T 107
AT LIS B R A5 R

S AT B GHE  H 5 PR AT 250 0. BUR ARSI T R
BOATE x+h FI X Z IR 2558, (R ], X — TR AT 1 22
WP 4-5 FR, “ELRY S0 XTI eRECEE o AR (B EIZR), H RS
PR AR YR (v + h) Fle ZERRER . DG, ECR S (LR DIZR)
IR S A5 3 1 A (EAE A6 5 IR AR 8, XA R
b AARETCRR %R 0,

WP 4-5 iR, BUERAS &R 2. BT R/NXAN R, FRATAT LA
PREL fTE (z + h) Bl (2 — h) ZI B 2258 o PR X Rt 07 8 Ll o by, 31
B M2y, LR ZE S (0 (v + h) Fla Z B 2250588
AIEZES ). N, AT FRm A EUGH1 SR SEIEUE S CBUERREE ),

O i BE o By O DR A R AU R . —— PR T
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HIL

UR(PR7IERS

L=

v

/ z x+h

4-5 EMSH(EAZ) BIERNSD (R AETRRE

def numerical diff(f, x):
h = le-4 # 0.0001

return (f(x+h) - f(x-h)) / (2*h)

wEFrR, FBRBUNIEDKSEN SRR ABEMS (numerical
differentiation), ME FEHZXANESKSENILRE, WA "HFH
%" (analytic) —13, FRA “BATMEKE” & BTk S”, thin,
y = 2" ISE, TTRLRIT §Y = 20 MRHTIESRIRHSE, B, %« = 28,
YIS 4o BATMERSBINSHETSREN "ENSE,

HIEMPRIBIF
BAEFA 11 T LR B BB B X R B R B TR 50 SR BE—A R
TR 2R PR

y=0.01z" + 0.1z (4.5)
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i Python kS (4.5), W PR,

def function 1(x):
return 0.01*x**2 + 0.1*x

FEToR, APREHIXA R B EG . mE TR, A
14N 4-6 FTR

import numpy as np
import matplotlib.pylab as plt

X = np.arange (0.0, 20.0, 0.1) # LL0O.1AH{7, 03 20 M4%4lx
y = function 1(x)

plt.xlabel("x")

plt.ylabel("f(x)")

plt.plot(x, y)

plt.show()

El4-6 f(x) = 0.01z 4 0.1z FIEIG

A PRI — T XA R x = 5l x = 10409 F48.
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>>> numerical_diff(function_1, 5)
0.1999999999990898
>>> numerical_diff(function_1, 10)
0.2999999999986347

XA S EOE f(o) X F o BRI R, XN PREL R, SISk,
flz) = 0.012* 4+ 0.1z 1 % B % 2 L& = 0.020 + 0.1, H I, Ez=5H
x =104, “ERSEC /98 0.2H10.3, F AL RARL, RATEIEIA
RS E X LR, AiRZEAEE /N bR, RE/NBIFEA LT RIA
HENEASER.

BAE, FRATH LR EE RO A AR, m—2k Bk, 45K 4-7
Frn, o] LU TA G L E 2R 0 S0 N e A B2k (U RIS 72 chod/gradient 1d.
py H1)s

6 6
5 5
4 4
—~ 3+ —~ 3
=~ 9L ~ 9
1+ 1
0 / 0
1 . . 1 . .
0 5 10 15 20 0 5 10 15 20
T T

E4-7 = =5, = = 100R1%: BENOREERRENSIIE

433 RS

TR, FATE— T (4.6) Fmnymtl. BARE AR MRS
S5 FOR TR A BRI, EURARTE A B BRI, X AR

flwo,z1) = af + x5 (4.6)
XA F AT UL Python 6238, R s,

def function_2(x):
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return x[0]**2 + x[1]**2
# i return np.sum(x**2)

X, BAVBGE S EEA T —> NumPy % . R8N A RS2 B LR
fij B, Jett 3 NumPy B4 P2 IR BF T, FERENTHYFR (np. sum(x++2)
WATRASE SRR AL B ), FRATDDR I — T XA~ BRI . SR ANIE 4-8 B,
e =R

\‘ AN

s

NS
A\ }

X
N

Bl4-8 f(zo,z1) = 2] + =3 HEHR

BZERARRER (4.6) BRI HFEEEAE, 30 (4.6) HFIAER,
FFLAAT A X S XA sk S, IR g i oy S R P A — AR S
AN, FRATHE TS A ZAE R R B SHRR R SR IR &
TREE, TSR L 5L,

(BRI PR FA VR — T TIPS T i S H I
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fﬂﬁl: *I0:37I1:4H{]‘, jia:foégﬂﬁﬁiﬁ % o

>>> def function_tmpl(x0):
return x0*x0 + 4.0**2.0

>>> pumerical_diff(function_tmpl, 3.0)
6.00000000000378

|‘|ﬂiEEIE2: ;J\zl'ozg,xlzélﬁd‘, %ﬂ:xlﬂg%%i& % o

>>> def function_tmp2(x1):
return 3.0%*2.0 + x1*x1

>>> numerical_diff(function_tmp2, 4.0)
7.999999999999119

fEk sy, FATE LT — D HA AR RE, IEXE A kg
7ok fltn, i, FATE LT —DREE z = 4T R SRR XS
SR G o B PREN ] T OREBUE M B R, M AT SR T, (R
1 [R2% 48 /& 6.00000000000378 , 1] 5 2 14 225 48 J2& 7.999999999999119,  FlfFEHT
itk By RO AR —H

BOXFE, A SRR P B SR, R REEA I RER . A,
Pt S EC 2 A T P S e O B i, PR HA AR B [ e
FAME . TE IR, S TR RS S DA S i o B RSk 1
L AT B R RS, T SR RN T T A R O
PR, 1530

4.4 FHE

LRI BT, FRATTH A B4 BIHE T o Ry O SR, BLAE, T
1175 A i ORI TR LA, B R HR 2y = 3, 2, = 4B (2, 2
it (2L, 2L ). 534, 1% (2L, 2L ) ket ih & d s i i S 4005
A T TR R BE (gradiient ), 4 TT AL T isc B eS8
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def numerical gradient(f, x):
h = le-4 # 0.0001
grad = np.zeros_like(x) # A BURIX JEMRAIA 4
for idx in range(x.size):
tmp_val = x[idx]
# f(x+h) fits
x[idx] = tmp val + h
fxhl = f(x)
# f(x-h) s
x[idx] = tmp val - h
fxh2 = f(x)

grad[idx] = (fxhl - fxh2) / (2*h)
x[idx] = tmp val # &JsifH

return grad

PR &L numerical gradient(f, x) AJSEMA A LB, HEMRITHIAL
FEAR A i BB O A X, T Bk SR — R &, np.zeros_
Like (x) 23— MERFNxAHIE] . BTG ICRER R 0 19EA

PR numerical gradient(f, x), 4 F K%L, x i NumPy ¥, %
PREON NumPy 04 x 195 A0 5ORBUE . BUTE, FRATHIX A s s br
W —THE. XREATRA(3,4). (0,2). (3,0)ALAIBE.

>>> numerical_gradient(function_2, np.array([3.0, 4.0]))
array([ 6., 8.1)"

>>> numerical_gradient(function_2, np.array([0.0, 2.0]))
array([ 0., 4.])

>>> numerical_gradient(function_2, np.array([3.0, 0.0]))
array([ 6., 0.])

BxkE, AT LIITE (0, 21) R4S SALMREEE . BB, £0(3,4) b1
BAJEJE (6,8) . A5 (0,2) Ab HIBEEE S (0,4) . # (3, 0) Kb AR E 2 (6,0)0 XA
B RR B A7 K T B, FRAHE f(zo + 21) = 23 + oF HOBRJE
PRI b o I, 33 LT AT 2T AR A OB E © Ay i (JRARASTE ched/
gradient 2d.py ),

@ 5efr b, BRI [6.0000000000037801, 7.99999999999911891, {HSLfRf K2 6., 8.1,
RO e NumPy T, i Sasui “ 5 g,
@ JETHRA TR SFR, GBIy RS R A R SR T 1, —— R HTE
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WE4-9FR, f(zo + 1) = of + 27 HIBRE I [ i (57%). W
2L 4-9, AR IR LR 7 PREL f(2o,0) B “EARAL” (Be/IMED), AR TS R £
—FE, A FERAR R I R — 5 o R, IR “Hfiid” e , Skl .

RSN NNV VT T 7 7 7 77
NNN NN NNV VYA A S
NN N NN NN VAT s A
N N N NN NN NV ¥ F A A s L A
M~ ~ N -~ N a4 Al A\ 14 ’ * -, s -~ -~
0.5 o=k 4 B R R D ey
S 00k e et e]
Y T O S P OSSN SN p—
= I rd 4 E 4 l 4 ) » \ A3 \ ~ \ —
710/ A A A A A A A AN % %% DV N
Lr A A A N XY N N NN Y
IR 2 AP A0~ NV A AN B T N S S S W NI NI SN
AV A AV A A A S B O O U A N NN

920 S/ /2 /4 by NN NN
—2.0 —-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Zo

E4-9 f(zo,z1) =x2 + =3 FIEE

BSRIE 4-9 TP REEEAE 1) T BARAL , (R IEIEAT AT B R B . 5205 I,
Toh JBE 2 4 1] 45 S5 A (1 BRI I IR 0 7 1) o O TP M i, o 3 48 7% 14 7 1)
JE A% KAL) R B DN 2 1 1 Y R AR MR,
i)

44.1 BEZE

BLaw ) 9 EBUE S RAE - I SRR ISR ke, MR 2
AR T I B B e 288 (R A ) X BT LR R S S BUR AR 1 % R AL

O FEHCHEVRIRAT, Jm S5 = cos(0) x BBIE (0 JEJ7 I FE T I SRR 7 I £ ), Huk,
AR TR, BT TR . —FHTE
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Wy MER RISH B, —Rims, BURREBIRE SR, SHeshlER,
ATTANIE B AE AT AL REHIS f /ML T8 2o 27 A0 M ol P P ok -4 e /M
(el RO HE /NI BT i LR B Rk

X T ERE R, BN AR5 AL B pR B ER MR 22 B 5 1] o AL
TCIE PR BE T4 (477 [0 5002 PR B e/ IMEL B IR SO RTHE R 7 1] o SEPs
b, AR KB, BEEERR /R I AR RN PR B/ M

R ARME. R/VE IR BRI 8 = (saddle point) B 1 77,
BEA0, WNMERBHE/NME, BRBREEX N CEANK
MEo BREMNEDNTO EERRAE, ANBF—1TmBEENE
RMENR, BEABELITEIRBEHONMT, BB i
TAR—Eses/ME(BETEEMNMEREER ), L, HF
HREFAZRPRE, ZITRIFAN—D (JLF) FHENHK,
PENIERRD “F TR NTERT S B,

IRBE R IT 0] 3 A —E$8 [l /ML, (BT E B R J7 1) BERS fe R PR M
U/ N ER R PRI, A 34K ek B d /ML (B8 )R] /IR 197 1Y
R, ELUBENEE AR, JUERHRI M,

WIS EEVE IR B3 T o fERREE T, eRECE N S i B
JETT I T BE—E R, SRS TERT 7 R AR EE , BRI B BE 5 1] FiT it
WA, ANWTHLHT BB DT 1) AT . A5OSR RE, B AN IR IR B T () i
WS/ R RS (B 114 32 2 5 2 6 B 3% (gradient method ), 6 B 75 J2: fff R L 7%
o h i AR R ) T R R TE RN A M2 12 2D h 2

RIE B MRS R/ MERREAE, HEENMEGRARE &,

L‘ F k& /IME RIS E A FR A8 B T BE % (gradient descent method ),

vAA SHEANEREETR A E EFE (gradient ascent method ), {8

ERERERLBHENFS, Ke/MENERFIKHEXENRES

THARK A, FHit “FE T2 A OEFRKREHAEE,
—RERL, MMANE OREZS) P, BEEFTEZREBE L,
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BTE, Tzl er =0k E s, sk (4.7) FioR.

of
To =20~ g,

a; (4.7)
xlle_naixl

(A7) W nFRoR B, EMAEMER2Eh, FO8E S E (learning
rate), 2 FYGETE—IRF AT, Nz 20, VIRAEZ KR LS4

K (A7) BFREH KA T, XOPRSEPAT. Wl il, 5
— R (4.7) SRR B R, G S AT D BR B e  eR AR
FIRE L HRIR T PR R TR AR, (R R AR R,
ATLAIE A 2T (A28 ) 2 580 AT 58

S ) BT E R E A EAMA, L An0.01880.001, —MIMTF, XAME
A REGE N, BRTCEHGE A HAET . TEMEME R, ks
— BB ) FE, — RN R IR T T .

T, FRATH Python SRSEIUBLEE FRED: . AF Fizs, XA SEBUAR A

def gradient descent(f, init x, 1r=0.01, step_num=100):

x = init_x

for i in range(step num):
grad = numerical gradient(f, x)
x -= 1lr * grad

return x

SR R BT R AL BB, init x R2HILARTE, r )2~ % learning
rate, step num A6 LAY E B AL, numerical gradient(f,x) 2x3R KAL)
FEIE, FHZBRIEA VLS~ A B A TR #RAE, i step_num$ig € B2 1Y
AL

IS SR LASK sR B MEL, BRI I, 3877 LK sR B R/ MEL
T, FATTOR SR AR R T X A R
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R SRR f(xo + 1) = 28 + oF /ME.

>>> def function_2(x):
return x[0]**2 + x[1]**2

>>> init_x = np.array([-3.0, 4.0])
>>> gradient_descent(function_2, init_x=init_x, 1r=0.1, step_num=100)
array([ -6.11110793e-10, 8.14814391e-10])

XH, WRILREN (-3.0, 4.0), JFUAMHIRREE B S0/ ME ., A4
HIE (-6.1e-10, 8.1e-10), FEF I (0, 0), PR L, HMFR/IMALE (0, 0),
AU A0 FE TR AT IS AAT B T IERZE S, A DR s B B TR (W T B

oA, WA 4-10 R, ATLAKEL, TR R AR Ty, e U —
FEAE R HEE T . XA E AR AR D 7E chod/gradient_method.py Hb ({H chod/
gradient_method. py /N I /s 3R A R R I R R ).

-3 -2 -1 0 1 2 3

Zo

El4-10 f(mo,x1) = af + = MBEENENIR: ELERMNESE
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AT, 2 ) Rt KelE 1/ NVERJC A9 BIAF A5 5 . FRAT R ASAN 5256
g/ﬂ\iﬂz—‘—f:o

# ERS RN 1r=10.0

>>> init_x = np.array([-3.0, 4.0])

>>> gradient_descent(function_2, init_x=init_x, 1r=10.0, step_num=100)
array([ -2.58983747e+13, -1.29524862e+12])

# FPRN/NWEF: 1r=1e-10

>>> init_x = np.array([-3.0, 4.0])

>>> gradient_descent(function_2, init_x=init_x, lr=le-10, step_num=100)

array([-2.99999994, 3.99999992])

SEHAERARN, ARG KT, SR MRRIE; R,
FR/NIEE, B BB TG R T, WA, BOE A IE A R
S MREE R,

&

BEIRIFNSERABEH . IR—MBENENSH(NE
FRE) MRAR NS, A THEREHNESHRBIIIS
HIRFZIE X8 HREN, FIXIHNBSHNIATREN,
—MkiR, BSUBERASME, MERE T RUES IR

HITHIRE,

4.4.2 RERWEEAIEERE

PRZE L& 127 S W BR BB RE . 33 LR U8 b BE SRR 0 2 BRBOC TR 2
BBRE . e, A HAE— MRS 2 x 3HIREE WIHZRZ%, 5k
PRECH L3R . BU, BRI LI g K. By sRdoR il , R pR.

w1l W12 W13
W =
w21 W22 W23

oL oL oL (4.8)
oL _ Owiq Owio Owiz
oW _< oL oL oL )

Owaq Owas Owagz

2L RSN TR LT WHIRSEG . i, 5514745 1517
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ES a%ii'%/%‘ﬁmﬁ%ﬁ’lﬁwﬁi PR PR L2 A 2 KAk, X B E A
o BIZRAN WARIRL, 9P 1, 2 (4.8) HR W g #RJ2 2 x 3 TR,

N, FRATA—A R FRL P W 2 S 4], ke SR AR EEACAD . it
FRATE LI — > 4% A simpleNet 1928 (J5 40 AL 7 chod/gradient simplenet.py
s

import sys, os

sys.path.append(os.pardir)

import numpy as np

from common.functions import softmax, cross entropy error
from common.gradient import numerical gradient

class simpleNet:
def init (self):
self.W = np.random.randn(2,3) # itk

def predict(self, x):
return np.dot(x, self.W)

def loss(self, x, t):
z = self.predict(x)
y = softmax(z)
loss = cross_entropy error(y, t)

return loss

% B f§i F§ T common/functions.py H1 [1¥) softmax fil cross_entropy error Jj
2, LI common/gradient.py H1[1 numerical gradient J7E, simpleNetZ& H A
—A S, BB 2 x SMAES B, EAMA T, — DR T
WY predict(x), F3— A& TRAK BRAUE Y Loss (x, 1) o X RSB x 2k
WK, CHMOEREPR . BIETRNRIAE H— T iX 1> simpleNet,

>>> net = simpleNet()
>>> print(net.W) # IEZ%
[[ 0.47355232 0.9977393 0.846680941],
[ 0.85557411 0.03563661 0.69422093]])
>>>
>>> x = np.array([0.6, 0.9])
= net.predict(x)
>>> print(p)

>>>p
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[ 1.05414809 0.63071653 1.1328074]
>>> np.argmax(p) # mAMEMNZES]

2

>>>

>>> t = np.array([0, 0, 1]) # IEHfiEhrss
>>> net.loss(x, t)

0.92806853663411326

PR ORSR BB E . FIET I —HE, FRATHH H numerical gradient(f, x) 3K
FE (X HLE S BREL £ (W) BISEW 22— M S48, K4 numerical gradient(f,
X) STERTBHAT F(x), R T 5 Z e g5mE LT F (W) ),

>>> def f(W):
return net.loss(x, t)

>>> dW = numerical_gradient(f, net.W)

>>> print(dwW)

[[ 0.21924763 0.14356247 -0.36281009]
[ 0.32887144 0.2153437 -0.54421514]]

numerical_gradient(f, x) AUZEf RS, xJBALLARE T IS4, NItk
iii%%ﬁXElnet-W, I LA R BB R B F, SRR AT E
B PB4 numerical_gradient(f, x),
numerical gradient(f, net.W)AYZ5SLE dw, — MR 2 x 3 B9 484l .
—TF AW, B, SR g P 52 E"J{Eth"JzEéO.Q, XN
S I B TS B ORI 2 0,20, PR, 22 XA K 24
—0.5, XRIRURAN wos G b, LI RECIEAG N 050, R, DD
AN BB AR wo L) TE 5 T SR, w2 9] 75 10 SR . BT
BERHIRREE , ws M wy FYTTHRER
HHh, AE LR b, s SRR BN T “def £(x): -7 BUIE R
PR b, Python FANSRE U ] B A R &L, P LA ] lambda 367R i fif
Fil tambda (fF AL T, EIRAURS AT LA 528

>>> f = lambda w: net.loss(x, t)
>>> dW = numerical_gradient(f, net.W)
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SRIGMZEMZE RS IS , 3ToR T ARAE R R, B S 4T
TE T, RATZLA2ZPRE ML ], SCHREAA ) 1 R

HTHRIRAZ EEANNESEW, X EFHMnumerical
gradient() FlZ B LUFEE TR, TN, BHAABATHNZ 4
A, R H AR, XBEEBE T XKD, BAEMTH
FEES B (common/gradient. py )o

4.5 ZFIEEREW

ST 6 45 3T IO BE TN, B A A 58 T Bk
B0 “mini-batch” “HEFE” “HSEE R eV 5 MEL SRS, AR
RUIA— T HPLERIE0E 2T L8, I — M. W24 9%
SR PR

BIR
AZWBGESENRERBE, PAER T mE MRS IR
ARG T WZMAEEI SR TEANF B,

%11 (mini-batch)
PRI B P R h —3F 5403, X 3R 5L IEAR 4 mini-batch., &A1
#9 B A% -2 2%, ) mini-batch #545 %& F 3918 .

HEo (T EREE)
A T %) mini-batch #9 3 & F R 0918, F R B B ERLAH A,
MR TR E BIAIERA R S,

TRI(EFHSH)
F A E SBL A T e BAT O AT
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$B4(EE)
TEFHL, T2, FHS,

P28 1“7 2 FE IR T A DRI T o XA 5 A B T R B
ZH, A PR B H] B R AL SR ) mini batch $idis, B RLRR Ny
BEHLEE B T F%5% (stochastic gradient descent), “F#L” $8H42 “BEHLIELRR”

PIRE, P, BEBLEREE T BRI X BEHLIERE I T R R B TR
BREEA I AR ZHESE T, BERUBREE T Rk — i — 1440 SGD 1Y pRECR S
SGD SRR T RIS T B 1 D SCA PRI 17 B

T, ARSI T EEA BN R4 3% B LL 2 280 28 1 4% (B3

J)Z A 1 Z I RIL) JRE 4, ] MNIST Bl fE #4177

4.5.1 2 EHENLERIZE

T, IR 2 Z M M S —A> 444 TwoLayerNet (128, SEHR
AR TFEIRY o JEACESLE ched/two layer net.py i,

import sys, os

sys.path.append(os.pardir)

from common.functions import *

from common.gradient import numerical gradient

class TwolayerNet:

def init (self, input_size, hidden size, output size,
weight init std=0.01):

# WIHAAEE

self.params = {}

self.params['W1'] = weight init std * \
np.random.randn(input size, hidden size)

self.params['bl'] = np.zeros(hidden size)

self.params['W2'] = weight init std * \
np.random.randn(hidden size, output size)

self.params['b2'] np.zeros(output _size)

@© TwolayerNet (Y5 E0 2% T Wi AR K2 CS231n AR IEAY Python IS
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def predict(self, x):
W1, W2 = self.params['W1'], self.params['W2']
bl, b2 = self.params['bl'], self.params['b2']

al = np.dot(x, W1l) + bl
z1 = sigmoid(al)
a2 = np.dot(zl, W2) + b2
y = softmax(a2)
return y

# x AR, to WEEUE

def loss(self, x, t):
y = self.predict(x)

return cross entropy error(y, t)

def accuracy(self, x, t):

y = self.predict(x)
y = np.argmax(y, axis=1)
t = np.argmax(t, axis=1)

accuracy = np.sum(y == t) / float(x.shape[0])
return accuracy

# xEAKE, te R
def numerical gradient(self, x, t):
loss W = lambda W: self.loss(x, t)

grads = {}

grads['W1'] = numerical gradient(loss W, self.params['W1'])
grads['bl'] = numerical gradient(loss W, self.params['bl'])
grads['W2'] = numerical gradient(loss W, self.params['W2'])
grads['b2'] = numerical gradient(loss W, self.params['b2'])

return grads

SRR SEBR TR A5, (B PR R T — 5 A o 22 X 245 ) i Ak
BASEIA VLI AL, BT REZHART . Bt A28h I E
Bt R — T o R4-1h R T HEARE, R4-20 03] T
AT
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£4-1 TwolayerNetEREHKEE

TE BEEA
params TRAT 1 22 0 2% 2 B0 7 A i (S

params['W1']J&25 1 Z A4, params['bl' ]E%IEE’J%EO
params['W2'] &2 2 B HUALEE, params['b2']JE5 2 E M E

grads PRAFRAEE A L5 B (numerical_gradient () JrikifiR [Bl{E ),
grads['W1'] &35 LZAGEMBRE, grads['bl' ] &5 12 &R
grads['W2' ] J&55 2 JEAE R, grads['b2' ] &5 2 )2 B 1 B6

%4-2 TwolayerNet 7%

Tk AR
__init_ (self, input size, | #f1wita1k.
hidden_size, output size) SR KIF IR KR TR i AR R 280080, Bk
ISEC v QU TR N R 2Dl e
predict(self, x) HEATIR (HEFR),
SRS UG HE
loss(self, x, t) R PN RGO

ZHOCERBEER, R IEMFbRS UF 034077k
EH—F)

accuracy(self, x, t) ARG
numerical gradient(self, x, t) | ¥4I ESEHIELREE
gradient(self, x, t) IR ZHUN B RE

numerical_gradient () AU EAR, HifE F—FILH

TwoLayerNet 25/ params fll grads i/~ g BRI S5 A8 & params A5 & HHAF
THREZH, lnparams'wi'] LI NumPy 50 ATE URAE T 56 12 R E S
o MeAN, H1EM R E T LT param b1 1 TR X EORE — M T

net = TwolLayerNet(input size=784, hidden size=100, output size=10)
net.params['W1'].shape # (784, 100)

net.params['bl'].shape # (100,)
net.params['W2'].shape # (100, 10)
net.params['b2'].shape # (10,)
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4 b Rr 7R, params A8 rp R AE 1% 28 I 2% BT T B9 2RS4 R HL,
params & it RAF YA S Ko 7EE BRAL B] (R I Ab 21 o BT — T,
JHERRALBE A SEBEANR 7R o

x = np.random.rand (100, 784) # fhif A% (100%)
y = net.predict(x)

WAk, 5 params AR XN, grads AR HRAE T &S HAOMEE . NP,

fifi Fil numerical_gradient () Jy VAT A6 BE i, b B B 45 SO PRAF 7 grads 72
ﬁ‘qjo

X = np.random.rand(100, 784) # il A¥d (100%)
t = np.random.rand(100, 10) # fhiCHAfEbr%s (100%E)

grads = net.numerical gradient(x, t) # i@k

grads['W1'].shape # (784, 100)
grads['bl'].shape # (100,)
grads['W2'].shape # (100, 10)
grads['b2'].shape # (10,)

et , IATEE — T TwoLayerNet YTV SEIN, T 5E/2 __init  (self,
input_size, hidden_size, output_size) Jyik, EJRIEIWIIA LT (JIridH)
ATk, R A A TwoLayerNet SEAIIT B IR T 77 ). BB 1S 80T 16,
WK IR AZIZ TR RBUZ 28, b2 aocs. 5isb,
PR T FE I, AR IO INVE 784 (28 x 28), Hintlioh 1013851,
Fr LAFE 5E S8 input_size=784 output_size=10, K{EE/Z R E hidden_size
BB KA G A ERIT

WA, XA WIIR AL 7 S XA SECGHEAT R IR, W] i A E S
FA7) T 33K A [ s 5 2R 300 bf 2 00 286 8 185 )l D 2 20 1) o B2 ) R, i v 3
M HEMTHE R E S BRI A, X NG ZRHE, BT E &
O3 A B BEALECHEAT R B AL, I B E T 0 HEAT I B Ak, predict(self, x) il
accuracy(self, x, t) (S IAN b — (04 208 0 2% P AL RS AS — 4,
SAE AR T, EF— T 8 NZE . 75, loss(self, x, 1)
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SRV R BE R T o XA IR T predict () (45 SRE B fifbr 2%,
T2 R 2%

T iy numerical gradient(self, x, t) Ik HBE/NSHMFLE ., 1R
PEAEROY , THEA D SHGIS TR REUIBREE . S35k, gradient(self, x, t)
SNBSS I R U T SRR

numerical gradient(self, x, t) ETHEMMTESHNHEE, T
—E, BB 1"a8RtEREN X, MAREROEEE,
ARZEROEEERIOBEEHEM D OERELR—5, Bal)
SR FHTAE, FAREROEEETEBE N gradient (self,
X, 1) AASTE N —ZLIU, TEEERFHE W LEH) S L6,
AN S A A o] A R X B ) numerical gradient(self,
x, t), 5 fFHgradient(self, x, t)!

4.52 mini-batchB9sCI

it 25 D 2% 114 2 2] 19 S B P 92 117 18T A 28 4 19 mini-batch 22 2 o i
mini-batch 2%, Wi MIIGEE P REVLIEFE—F /2058 (FX A mini-batch),
FELAX 2L mini-batch X4, (TS B SAUN L, N, FRATHEL
TwoLayerNet Z5 %t 42, i F MINIST %595 5 k472 > (PSS 7E chod/train
neuralnet.py 1),

import numpy as np

from dataset.mnist import load mnist
from two layer net import TwolayerNet

(x_train, t train), (x test, t test) = \ load mnist(normalize=True, one_hot_
laobel = True)

train loss list = []

# BSH

iters num = 10000

train _size = x_train.shape[0]
batch size = 100

learning rate = 0.1
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network = TwolLayerNet(input size=784, hidden size=50, output size=10)

for i in range(iters num):
# 4kltmini-batch
batch_mask = np.random.choice(train_size, batch_size)
x_batch = x_train[batch_mask]
t batch = t_train[batch mask]

# IR
grad = network.numerical gradient(x_batch, t_batch)
# grad = network.gradient(x batch, t batch) # Fin!

# THZE
for key in ('Wl', 'bl', 'W2', 'b2'):
network.params[key] -= learning rate * grad[key]

# s
loss = network.loss(x batch, t batch)
train_loss list.append(loss)

X, mini-batch B K /N R 100, 75 2 RE R M 60000 A I 2R EHE i Bl AL
IR 100 % (BMRBEE FIER) bR 28 85000 ). SRS, XXM 5% 100 284K
i (9 mini-batch SRR EE, i FIBEALES BT BRI (SGD) iS4, XL, #8
JRE 3 0 BRI B (R R A 80 R 10000, 45 BB — vk, R U 2 i 14 4t
RPRBE, IFHEIZER BB T . RGO R XA sREU B Y
%, i 4-11 s

9 9
8 B8
7 7
6 6
” 5] " 5]
g 4 g 4
3 3
2 2
1 1
B e e e e 0 L
2000 4000 6000 8000 10000 200 400 800 800 1000
iteration iteration
I ONTYN

El4-11 HRERHAER: ZEZ 10000 XERIHERS, AER 1000 XERIHER
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WZEIE 4-11, T LUK IR 7 T O BEAT 100 R BB (ELZE AN s/ . i
S IEWHATINE S, FORPIE M I ECGE SEA S WS Bl . W2
Yb, 2 ROLE AT TR > ) e B SR e e R Chan A ) BEH 22 R 4% 1E
TEZ W e S

4.5.3 EFNLERAGFEN

HRAE A 4-11 IR, FRATHRIA 1 3E i i 52 2 >0 mT A R g (B
BRI /INIX — 5 AL AR B R, TR b IR
/> mini-batch AR BREC” MOME. DGRBS MO sRBE DS/, DR A2
W45 12 > TEH AT — M55, (AT X A5 R AN RE DI 1240 28 I 45 1
oA B SR b th— s A ) S B A B

PR 25 2T v A2 75 RE A LE B U 258t LA S MM FLAth %R
W, BN S &E E  HARSE BARINEEE B R RE
BERHEN], AR ATEVN GRS T AR G AR IS

T 452 ] (k) BRIz ARBE T, DR, BEPRA R LS 14972
feie s, AU AL S eI s vh i Bl o R AR 7R T2 T 11
REFR 2 YIRS A ok PR B . XL, it —A>
epoch, FRATHRZSIC S T YIZREHE A A O UnPRG 2

— RN EFOR I, thtn, XF 100009448, A X/IA100
EHIEN mini-batch #1730, EERIEBE TEE 100X, Fr
HHYIGEIEREE B 7Y% B, 100K 2— epochs,

L‘ epoch 2 — M #L, — epoch FRRFA I P BEIEGEIEDEE AL
LY

T IEWRHEAT IR, AR S — TR AR . ST R AR A
[T, FA TR R IR

© by b, — et R el A BRI TEL, SRJFHAs @ AR RN, 487746 i mini-batch.,
FEREA mini-batch 47 — 245145, ante @ af LU0, 1,2, -+, 99, SRJ5HZ 515 ) LUk ) i
1) mini-batch 8 Jj—K TG EE, BFRA—A epoch, TR, 95 1) mini-batch 7K A& REHL
BRI, TR —E AR SRR, — R8T
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import numpy as np
from dataset.mnist import load mnist
from two layer net import TwolLayerNet

(x_train, t train), (x test, t test) = \ load mnist(normalize=True, one hot_
laobel = True)

train _loss list = []

train_acc_list = []

test_acc_list = []

# FiE/ epoch MESRE

iter_per_epoch = max(train_size / batch_size, 1)

# BEH

iters num = 10000
batch size = 100
learning_rate = 0.1

network = TwolLayerNet(input size=784, hidden size=50, output size=10)

for i in range(iters num):
# #Jmini-batch
batch_mask = np.random.choice(train_size, batch_size)
x_batch = x_train[batch mask]
t batch = t_train[batch mask]

# A
grad = network.numerical gradient(x_batch, t_batch)
# grad = network.gradient(x batch, t batch) # @i !

# THSH
for key in ('Wl', 'bl', 'W2', 'b2'):
network.params[key] -= learning rate * grad[key]

loss = network.loss(x_batch, t_batch)
train loss list.append(loss)
# TEES epoch HIRFIREE
if i % iter_per_epoch ==
train_acc = network.accuracy(x_train, t_train)
test_acc = network.accuracy(x_test, t_test)
train_acc_list.append(train_acc)
test_acc_list.append(test_acc)
print(“train acc, test acc | " + str(train_acc) + ", " + str(test_acc))

1B BT, RRgad—epoch, W AT AR A B
HRVUIRE, JRCRER . LB R —> epoch I PRI B2, J2 A
HHASRAE for i ARG ER b — IR UG, B2y RZ ), JFH,
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A W A G M SRR CREEM KT 1) R TR YU JE o 4
Bt LT ). Bk, BATASBLE —A> epoch B id sk — R INZREHE H 1R 51
R

JE LT ACHS AR S5 R R A, A 4-12 s o

accuracy

— train acc

- - test acc

0.0 . . . . . n n
0 2 4 6 8 10 12 14 16
epochs

4-12 IGEEFINE ERANRAIRSEATHERS (HHA9ER(LRE epoch)

Kl4-12+, SRR IR, LR IR AR B
&, ME TR, BE% epoch BURTHE (57 T HYHEAT), FAT1A B AT 2R dis
IR AU EEAR AR 5 1, JFEL, X PR RBIRE AR A 2252 (P
FARIATGAE—HL), I, FTRABLX U > P A R A U i B4

4.6 INGS

AFEH, AV T AR B, T RAE TR 2 M 4
272, FATRA TR RO EbR . LU R BO SE0fE, $RINEE
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PMEA BB/ NACE S5, SRR M2 2 B bR, o T HREUSTRE/N
PURPRELE, A4 T 0 sRERER RO R

REMFNAT

o WU 3] AR A 09 HLE SR o A D S A Ao M X R
o FWZMLKAINGERKBIATED, FAMRKIBETENF T F)6GFA 04

ZALHR
o AWZEMAHF I AR RH AT, LHRELL, MEHR K R
AR

o AR EAL T A HOMEY £ 5 R FHMITAR, ARG

o FIRHAAS S, TOAHERE SR,

o HAAMH BRARAE, AL RIA KM L, FT—F P 2RI
W e — e thiR 2 ROE A 3R 7T A ik s it FA B







#B5E
IXERREREE

L, WAVA TN 2E ), IR B TR T 2
LEIACE SRR AR, SRR REOC TACE S BB L ), UEM
SrESRET, WS I, RIS ], AR FERA P —
AREE = O TSR SR BE 0 5 T —— 1R 25 R A 5 12

SOERPIRR2E SRR, A ANVCHA MR — e T8
BH— 2T EE (computational graph), B2 AH WA, Ml
TR A3 h Z 8RR AKX D R THE IR Y o PR Rk b g 12 4%
B, PSR G2, B AR — RS s TR, 200
—UERUARARTY, 1B TP, P, AEAERGmEITAR, B
Wb PR 22 R I ALk . SRS, PR 6 L PRy CRY B, MR R K —
FESTARR CJER ANt R

WAL, 3 A TSR PR R B 1R 25 S 1 AL FE VA X A, 2% T Andrej
Karpathy f14% " Filfil 5 Fei-Fei Li #0857 6 3% UM AR K RO TR 2% ] 1142
Cs231n ",

51 tEHRE

WA TR S R B s ok . X BLU Ry B Bl 25t 1, il
W2 R R GERW S ELRR N 7)o N TiERFAEIA A,
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AT ST i — LA S T R, MK SE TR LR RO 4R, BATRA, R
LHRIB R LA o

5.1.1 FitEERE

BAE, BATZUTH A R SRR R R T AT EE A (Y LA e A
PGSR AT B0 R SR R R, X LAY By FUR i i BT TR R AE TR A
i TR R AIEZ G, e E B 22 B e kR R
T, BRI — A SR R Tk

B 1. KERFERETTE T 24100 He—AMSER, B 10%, 51T
=

TR T AL FOR T E R WA OFRR, ORITERN
Fo RTR MR RS GRS L7, FoRa8 T s AR A A
i AIFELIRIR IS, SRAFS RN 5-1 .

100 200 220
X2 x1.1

5-1 EFIHEERENTHR 1SR

WK 5-1 7R, JFEARRE, 3R 100 HITHFE] “x 27 9554, 28200 HoT,
REWALIBER T — DT s HE, X 200 HITHRI “x 1.17 545, 220 220
Hot. B, MXAHRERIREZRATAL, 2580 220 Hot.

AR 51 “x 27 “x 117 R — B RRH OFER T, At
R OFIRFBIZH. “ " WIRATATHY. My, &l 5-2 s, ALk “2” Al
“1L7 RO SRR A T 9B ARLE O ST o
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100 200 220

SR EL

1.1
TH9BL

5-2 ETFHEERBEAIETE 1 F9EERE: “ERIVET I HER (FAREREOINE

HHE T —,

2. KESEMTTE T 2R 3G 1. Hirh, SEFR%4100 HG,
WFAEN 150 HIGo WHIRBE 10%, TEITHA AT 4%,

M1, FATHIE RSS2, KRR 5-3 iR,

R
100 % 200
i 650 y 715
150 « 450
W0
L =

5-3 EFIHEERRNT@R20ER

AR S LR T, RS THERAIE TRG A M T
WHRER, WA g PR s —+, HRE2RNAE
Ak . B EANBT RS, R RMETR 7 K 5-3 vl
[FIRR 2 B4 5408 715 H T
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gilb, TR EEEEL S, &2k MRt T

1. METHERA,
QL EMER L, KAEGEHITIHE,

X HUAYERE 2 25 A ) A7 HEAT AR e —FPIE s 10 B AYEHE, PR IE
[E1&#% (forward propagation), IE &R IE IR A s BIZE AR L+
BESRA E mAEREX 2R, IR AT LI IR ] OB B IS, 2 AT A2 )
MIfERE . SEBR b, X FERERR R & 8145 #& (backward propagation), JZ[nf&
FERAEAE T ORI RO LI EEAEH] .

512 FEE

T RRFIE S T LU %3 “Jm it A A a2t . Jait” x4
WRYEEE 5 A CARSCRIEAYINERL . RRRTHERAR , Jhit i THA,
HRRE ARG S A CAHSCRY S T Ry 4G

FATH— BRG] A B R AR5, e, FERTTSE T 23R
HABARZ AP, ey, ) LA sl 5-4 s i

HABARZ A PY
BAMH
4000
4200 4620
-~ " 2 + X
SESRATNEL
100 9 200
S 1.1
TH 2

E5-4 LT 2PERMEMRSHAEAGF

U 5-4 s, BB (220 B 2% B TH0) Wy 3K 14 H A AR 22 2R 04 e L AE 2
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4000 H I, 3% HFAE SUZ, A1 BT RS R, SR,
USSR HAAR 22 45 78 145K RIS S (4000 + 200 — 4200) 348 K0 4000 3% 4~
Ber e e aEm ke ny , N ESEPRAECEARIE T LT . HE 2, ST
Ab RFEHEAT 5 A O SRR (PR b2 i A A B B Tk
B8, AFEEASR.

Zi L, PR ET LSRR TR R . s R RE 2 A8k,
BA IR B RS G S RFST R, BR R AR e, (HR
MG T TR, TR 2R E Z T as R,

BPMITA(Hes) FrABENBESRELTHITHE, XIPTHENRRS
FRET—PTA, EEARFARTH, TEEBERXNITES S
MERENBEIMITE, FRKEEL—H, BEBITENEREES
TR, EREXANTESBAEHENTERX -/ E5REHN
BERAHBEUZ4,

L‘ tban, ARARFERE—TERNTHE, BEBEHT "KL FEl,.
L\

513 AOAITEERR

AT HFRA TR A TR, IR AT E B A A e —
AN AT AT BT R, e R EZ AR TR, #al s
IR R A A B TR T, A AR, A,
RIS 0T KR r ] 5 45 R R AR (b, TR T3 243
I 200 HOT . fin F I8 38R Z /i 1Y 440 650 H 05 ), [HE HAA XL
PR AT RRIR OIS NME M. SEBr b, TR R R R A I 2, AT DU
) A RSO R R

FEN TR B R GG IS, FRATHRE S — N1, M1, &
AT WK 2 A SE R 7 S B AT B S AT . X L, (R RAT]
REATESE AN AR 1 L BK S7E 2 RERE MR M ST &, RISR “ At 4
BT M FEC . B RMAR N 2, ATEHUN L, WA TR
OL L BASFHIMEIR SR MR LR, A emag iz,
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GAETEA, SR AUC TR A A% -0 AR AT LU aE i 3 A B9
PR ok . Sk B —FA5R, & 5-5 Frzn, AT LUE R R Y B )
FeRR SR CCT AT S e, RS B 4.

100 200 220

SEE

1.1
BB

Es5-5 ETROEENSHES

AN 5-5 Bz, Bl AR 5 E D7 e A R B Sk CHLER) 3R o Bl %
Rt R SR, MR E SR LB T 7. XA T b, Rom g
WA ) A A 3 SR (1 — 1.1 — 2.2)0 X AR AT, “ A 440
KPR PR I TR BOER 2.2, XA, WSRO L3k 1 A oG,
AR AT ARG 2.2 HIE GURHE, A0SR R AR S IME
W) f5e 2% 1) S A B ORE S IAR AU IMELEY 2. 247

B FOR 75 T3 R0 AR 10 S8, A SR BOE TN 2B &
B SR ROE T SRR R R S AT U R T SRR . JF
H, A0 sk 09 R 45 28 O A% 5 19 400 T L=, Al L
ERCIT R ZA SR Zib, TR EBLAUE, AT U IE ] R R R e £
R RO R4 Y AU

5.2 #&3CEN

R A2 (5 B I i A s H S A R ) ONZE 24 0, Ht
SRR IRATH WA ARG AR, BTV LRI LA A AR TS ek
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KRR R0 E 7 1l B S5 0] O B0 &3, —IT IRl REe ik MBS IR
i IX A R R B, R AL T R (chain rule) B AR 41 5E
LI, I B B e o o 51 A R 1) A

521 HEENREIEE

WAZUL, AERNVSORE— MR B R ek i 0l 1 IRBEAE
y = f (o) BT, XATHR A S AR AN & 5-6 Js o

E % E

ox

E5-6 HHEENREERE: BESEROERNAE, FLBEHSH

W TR, Bl A4 BT ST 2, 55 B LY A e 3 5 4L
(%L%FV*%%L%?#fﬁﬁoLi%ﬁ%ﬁ%%ﬁ%ﬁﬁﬂ%ﬁ
Hy = f(a) (FE, WEy LT oS EGY. i, By =f(z)=
M%%%ﬁﬁggzhoﬁﬁﬁ%%%ﬁﬁuiﬁ%ﬂ%mﬁk$w*ﬁE%
IRIF AL I 2 FITTAT A4 A5

OB S AR BTN o Sl AR AT, n] AR O 50
{6, BORSARRIE A IR AT AT SCIAIE? FATTRT LM B2 0 4
JEREAT AR . T TIFA TR A £ sk

522 fH4aRsEtiEn

N ABEAENI, FATTFEENEGREVLE . 5 mEUE h 21 Rk
R RRE L, 2= (2 + »)* R (5.1) IR PR F AR .

(5.1)



128 | #5E RERBEEE

FEATER T4 B SR, BT .

IR EA BB LR HE T, Wi A R FHT AR MR A
B SR BN T B FH ]ARER

PR E N R, E—A ] e L EERL R, HALPR B E—
PR AR, IR (5.0 B, 2Z2GCRTF o SH0) T 26Tt
S50 B AL (1 56T 2 BSH0 e Fen, EeERFRNIE, TSR
#(5.2),

o: _ 0z 01
dx Ot Ox (5.2)

3 (5.2) Y Ot IE4F AT DMECR AR “EARH ", FrLACEARAR R .

02 _ 02 ¢
or 2T ox
PAEFRA VR, KR (5.2) S8 22, ik, T ek
. (5.1) FAY R A (I 550,

0z
% 2t
(5.3)
a_y
ox

Mk (5.3) fim, 2% TF 2, 9L %T 1, XRERET SE M
RIG . BJF B 92 AT (5.3) SRAFI SR FBU 5 1K
0z 0z Ot

gz~ oron =AY o
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5.2.3 HECGENFHER

IAEFA 221808 30 (5.4) iR GR AT R A R E Fom thok . 2R
2" RSN ITB R, WA 5-7 Fii

t z
+ *%
y 0z Ot 0z

Es5-7 R(5.4)IHEE: RESERMERNER, RELEHSHEES

MEPTR, R RGN BI LGB E S . RIERR Iy
2, SR SRS S A LAY SR A (I ), SRS TR R —
ANV o AN, SRR, o2 5 IR A 92, K HR LR % 22 (N
NIE AR AL ¢ B 2, TR AN SRRl S50 22), SRatE
AT —A L SAh, B 5T R R IR T AR 0SS 52 FE R 1B
AP I, XRERR 22 =1, FTTERIA g T,

Pl 5-7 Hf R T N A A 0 S A% I A R M R Sk
92020t — 820t — Dz phsy NN 2R TF o BSEC . WY, R
SEHET I

030 (5.3) M 25 A A B8 5-7 1, 45 1R 5-8 R, 22 BISE K
2(x +y)o
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t z
+ *%
f— f——
1-2¢t 1
y I
2(z +y)

E5-8 REHBENREIEENER, 52 $F 2= + v)

53 RmEfEE

E AT S R R A T RER IR . A AL 4
X7 SEEFRD, AR AR

53.1 MiEFHRRREER

R EINE T SR AR, XH L =2+ y XS, WETEN
RIS . 2= o + y B FET iR = AT i) TH ok
0z
5 =
0z
87y —

(5.5)

W (5.5) fizw, g2 M2 MRS T 10 Wik, JITHEEI R, 0
I 5-9 BT/ .

TEFI5-9 7, S AR LAt as ok i S 0 (AR e S5) A1, 4&
Ja AL N WAL, POAINESY SR Stk R, Brlm A B {E
SIEEAZ ML T T
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E5-9 INELRRIREERE: ZERIEEE, AERRREMERE. WAERREHERERT,
IET AR EMERRS iR E R Rt 2 T

GIAh, ABIRE N iR PR R G5 L SRR, Wi 5-10
FJ?/%, FABE T— A th 6 LAYRB A 2 =2 + yE’Jﬁ%ﬁﬂ:
KAGTFLE M FA T, I BIF Aok G5 i, JFm T iiF s

oL
oy °

SRt

HR

E5-10 ETSEFETEIRERENHTEN—BoP. REEEN, AEEHE
titk, BHMSENTRATRRGEER
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BUAE R — ANk S I ARG B BRI F . BT “10 + 5=15" X—it
B ORIMERRRT, M FEeEkE 1.3, FFEEIRIEE, E 5-11 7R,

10

15

El5-11 INERSREERIEERGF

DR A i B S 1 B4 HR B A S S B R — A 5, FrLLan &l
5-11 07, ALK 1.3 10 F —A~19 iAo

532 FEDRRIREER

Tk, BOTE—THREW AR GRS XBREANHIE 2 = 2y EA
AT FHHI (5.6) FoR.

0z

==
0z

dy

(5.6)

MAE (5.6), WTLURIE 5-12 0 F A

e vk (4 S 1AL 1% 26 35 A (B 3 LA IE AL 3% i A3 A 510 < BHGR
JEAEIB L NiE. BIFAHFR R R, W 5-12 R, IEREREIE S
S G, IR R y; ARG S 2 y 1918, RGN 2.,

AT TPRF — AR BT tn, B “10 x 5 =50" X—i145,
S MERERE, M WSk 1.3, TR BRI, W 5-13 iR,
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0z

Es5-12 FEERAERE: ZEREQER, AERRAER

10

30

E5-13 FeEhRaIREERNERIF

PR AR 1 B i Fe Al xR LU AR S BB, PRI Al 1.3 x 5 =
6.5, 1.3 x 10 = 1335, J351, nikn S fe 4% FURKE Ll o ELAL 25 T iy,
AT EE ARG 5o (EUR, ek S A R BEE 1) AL 4% I Y4
AFSME. L, SCHERET SRS AR, ZOFIE R AG =

5.3.3 ERAIGIF

PRI — PATE I IR AW LS R B B (2 SRR AE ), X
LS USRI AR L SRR T SRR 3R R A [ AT SN
BRASATBIE I XA G TR S SO THRA I I S50 52
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FHEHOCT RN S AT SBOC TR 8. TR R
B ARG, SRS RN 5-14 7R

100 200 220

A

200

El5-14 WEERAIREEREAIEIF

QIR , LN A SR SR AR S BSR40 T . MIET 5-14
MIZERATAL, SERMAS Y FECE 2.2, TR FEOE 110, HBL
FRUE 2000 X 0T ASEREDY , AR SBERISE SR A AR AR RO, JUTH
BEBCRERHR LA™ 200 FR/INIISENR , SERAMARRETAE 2.2 5 R/ MR

A, PRk A P 2B R A RS RO EEANANTR], PIrAA TR 1 ke
MZE A I 2B 12 100%, SERMMAEI 121 HoT),

e gR], WRGEARARE M — T Wy LR 17 10 S 1) 4%

TE 5-15 R IT BRI IAKLY, SRR S8 (R T U5 ).

SRR

gw

—_
[
[«

E (j\ 650 715
150 450 ) )
& F A% ,_/ -
[ !
YH?}*}L
)

E5-15 WLERNBFOROEROGF: EHRPENSTF, ThREERER
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54 fEHEERSEH

A5 FH Python 55 BLUAT T8I 09 14 36 7 R B9 41~ X B, FRATHE 2L S
P T R Y ek Y s ROl SR R (MulLayer), fink Y s RR A Ik R
(AddLayer),

T, BNBEMEHFENEN "R KT — MK, XEFR
W R RAEMED RN E N, than, 73T sigmoid & £ HY
Sigmoid, TASRIEFEIRFRMAffine S, UURHBMHITIH, Hit,
X E MR B AR STIIOET S AIET <o

54.1 SEEERIEI

SRR A PSR Y 5 vk (B2 1) forward () Flbackward() . forward ()
XEREIE 4%, backward () X I [l {44

ARSI )Z . k2 Ay MutLayer 28, HSEHE R AN T Bz (IR
ARALAE ches/layer naive.py 1),

class MulLayer:
def init (self):
self.x = None
self.y = None

self.x = x
self.y =y
out = x * vy

def forward(self, x, y):

return out

def backward(self, dout):
dx = dout * self.y # H®fxHy
dy = dout * self.x

return dx, dy
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_init ) PEPIRILILBIAS xRy, BT T RAE L [ LA A B A
forward () F2Ox Fly IS8, KrE I TAEAR IS o backward () K M I il 1%
i) L (dout) FLUIE M fEHE B A , SRIG L4 T it

TR MulLayer P SEEL . BLAEFRATT A FH MulLaye r ST IfT A1) ) S 3221
M (2SRRI 2RBE ). b A Ml P TS P ) L A0 T R 47
151 5-16 X REFEAT TR

100 200 220
< X < x <
2.2 1.1 1
SR
11(
s 1.1
THPBL
200

E5-16 MEL2MFER

XA Tk 2 05, 1] 5-16 1) 1E [0 A48 7T UG T X RE 52 30 (U5
1E cho5/buy_apple.py H1),
apple = 100

apple num = 2
tax = 1.1

# layer

mul _apple layer = MullLayer()

mul tax layer = MullLayer()

# forward

apple price = mul apple layer.forward(apple, apple num)

price = mul tax layer.forward(apple price, tax)

print(price) # 220

AN, T AL SR SR B backward () SR HY .
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# backward

dprice =1

dapple price, dtax = mul tax layer.backward(dprice)

dapple, dapple num = mul_apple layer.backward(dapple price)

print(dapple, dapple num, dtax) # 2.2 110 200

i, %] backward () [RI)F 5P forward () BEAI . teAh, B
Ebackward()ﬂﬁf‘%ﬁﬂlﬂﬁﬁ%ﬁim/\ CRTIEFERE R A R L,
mul_apple_layer ek |2 75 IF [ f& #5234 i1 apple_price, 7ESzInf&REmE, M
23k apple_price () 4 dapple_price B HZHL. Jidh, XAMFITFIIZITER
KL 5-16 & —FH .

54.2 IEERYSEH
TR, BATEBUIMEY SBIMEE, W Fs.

class AddLayer:
def init (self):
pass

def forward(self, x, y):
out = x +y
return out

def backward(self, dout):
dx = dout * 1
dy = dout * 1
return dx, dy

INE AT B EI oI, BTl __init () PAFAHANIZTT (pass
BN M atiAB157 ), INkJZRY forward () U x Al y RS 8L, BE
AR S it o backward () K b2k iS4 (dout) JEUENAN Bl (214 45 Ui .

BAE, AT 2 sk ik )z, SEBLIE 5-17 Firs il 5 2 435013
AT
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X
2.9 L1\ 650 715
+

X
150 450 1.1 1
— X
3.3 11
M2 3
& FryA 4
165 11
TH AL
650

5-17 TESL2MNERF3MBET

F Python 52 31 5-17 (14 11 55 181 19 3 & 20 s (AR S 7 ches/buy

apple orange.py H1),

apple = 100
apple num = 2
orange = 150
orange_num = 3
tax = 1.1

# layer

mul apple layer = Mullayer()

mul orange layer = MullLayer()

add apple orange layer = AddLayer()
mul tax layer = MullLayer()

# forward

apple price = mul apple layer.forward(apple, apple num) #(1)

orange price = mul orange layer.forward(orange, orange num) #(2)

all price = add apple orange layer.forward(apple price, orange price) #(3)
price = mul tax layer.forward(all price, tax) #(4)

# backward

dprice = 1

dall price, dtax = mul_tax layer.backward(dprice) #(4)

dapple price, dorange price = add apple orange layer.backward(dall price) #(3)
dorange, dorange num = mul orange layer.backward(dorange price) #(2)
dapple, dapple num = mul apple layer.backward(dapple price) #(1)

print(price) # 715
print(dapple num, dapple, dorange, dorange num, dtax) # 110 2.2 3.3 165 650
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AR — K, (R S HARE ., B, Ry
2, LLATE I U6 I 15 A48 1 forward () . BRI, S IF AL 3E A1
SR8 FH B 145 4% 1) backward () 54, kAT AR HY A 3 S50

gi b, R )Z A GX BRI 2 ik 2) AR R R, X
SRR DI TR A SO, N, RO & M g il 2

55 HiEREERSEH

BAE, FATFHRA R RSB Mg b X B, FA e e
W2 RSB — e Sk S BLHE PR LY ReLU JZ T Sigmoid

551 RelLUE

141G BR%T ReLU (Rectified Linear Unit) P20 (5.7) Fmo

y:{:C (@ >0) (5.7)
0 (z<0)

it (5.7), TR y X T 2 0580, W=t (5.8) .

83’:{1 (#>0) (5.8)

9z 1o (2<0)

e (5.8) MR IE AERRI M A o KT 0, WS 8% 20k LY
(B A S AL 25 i, SOd R, WARIE LRI 9 o /N T25 T 0, W fe1m)
HERE L2 T RIS SRR . AHS R RS, W&l 5-18 s .

IAEFRA PRI ReLU JZ . TERRZZE IR AL, — BB forward ()
Flbackward () 1S 800E NumPy 504, %5 4h, 5288 RelU )2 1Y YR LA 7E common/
layers.py H1,
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x Y T Y
- relu - - relu

oL oL oL

dy dy ! ay

5-18 ReLUERIHEE

class Relu:
def init (self):
self.mask = None

def forward(self, x):
self.mask = (x <= 0)
out = x.copy()
out[self.mask] =

return out

def backward(self, dout):
dout[self.mask] = 0
dx = dout

return dx

ReluZ&AG S5 7% i mask,, X~ 1 mask J2: ] True/False f4) il /) NumPy %%

4, ELLIE R REN A5 A x FICER /N T T 0 BT PR A7N True

fb s (KT 0B CER ) R-A7 N False, Q1 FHfrs, maskZRm{f77 T Hi True/

False 4 A1 NumPy £(4H .

>>> x = np.array( [[1.0, -0.5], [-2.0, 3.0]] )

>>> print(x)

[[ 1. -0.5]

[-2. 3. 11
>>> mask = (x <= 0)
>>> print(mask)
[[False Truel

[ True False]]
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WNE 5-18 s , WERIE GRS A AN T2 0, WIS AR AR 0,
R, 2 I A5 4% 2 0 FHAE ) A% 36 B AR A7 A mask, K5 DN _E 3745 K 1) dout A
mask R ICE R True iUHB 1R 0,

BIE, BB RIRAON; A BRMBIEMNIE, SRR AOFF,
REfeiEl, FXRAONBNIE, BRsEEBI, FFXHOFF89iE,
WAZHERBIL,

L‘ ReLUBRHEAMGBEBPHIFX—1, EaEEN, fERBd
A

5.5.2 Sigmoid B

BNk, TN sigmoid pR%YL ., sigmoid L (5.9) s,

1
Y= Tr ep(—a) (5.9)
FH R (5.9) f5%, T An1ET5-19 s

Yy
I
1

z -z exp(—x) 1+exp(—x) 1+exp(—x)

X exp + /
—1 1

5-19 sigmoid EAYITEE ({NIEGERE)

BI5-19 7, BRT “x7 F1“7 H5 8400, i B T “exp” FI /7 AR
“exp” VR SMATy = exp (x) B, /7 WRSHT y = LI

E5-19 07, 2 (5.9) BTHE R AR R . T A TR
PEATIE 5-19 BT H R IR R R il o XL, AROREAS, FROTDIRIKICE — T e im)
TERERITRE .
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TR
SRRy = 1, BSET LU R R O R
9y _ 1
ox x? (5.10)
= —y2

W (5.10), RIAERRRS, 208 LR ER LA —y” CERMERE % 1Y
FITALL — 1R IED) Jm, FHES Nire IHREAT s,

x —x exp(—x) 1+exp(—z) Y
X exp + /
oL, oL
oy Y oy
—1 1
HHR2
B ED ¥ Ll Wt £ O < IE 2 2 N 1 e/l N 7 NS /(1 S T V7
T -z exp(—x) 1+exp(—x) Y
X exp + /
oL, oL, oL
dy dy dy
1 1
pZ &
“exp” WRIFRy = exp(z), ERFEH TR,
9y _
i exp(x) (5.11)

TR, LR ER LUE AR B0 G0 H R exp (—2)) ),
P T

x - exp(—x) 1+exp(—x) Y
X exp + /
oL oL o oL oL
—— 1 ) —T —_ —— 1 —
By Y~ exp(—x) By Y oy Yy oy

-1 1
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T4
7T R IE I AR I A (B RS S e s S . R, X HLESRLL —1,

z -z exp(—z) 1+exp(—xz) Yy
x exp + /
oL OL oL oL oL
()71/ Yy~ exp(—x) P Y~ exp(—x) By Y dy By
—1 1

E5-20 Sigmoid EfYITEE

M RN, 18] 5-20 BOTHEEIRT LAES T Sigmoid JZRYS &% . MIE] 5-20
IZEREATRL, I FERRRIR I Gy y” exp(—a), XML TR
XHEVER, Fhy exp(—x) B0E PR IE LA RR A 2 RIS 37T
ISR, DRI, 1 5-20 BT AT AR 5-21 (AEZIALIY “sigmoid” 4.

z )
—  sigmoid |
oL o oL
— Yy exp(—x —
oy Yy~ exp(—x) oy

5-21 Sigmoid BRYIHEE (fBHEMR)

P 5-20 BTSRRIV I 5-21 (A T A2 AR R Y, (H2,
AT R T3 AT LA W S Tl A P AT R, DRGSR B g . LA,
XS TR, TR AR Sigmoid J2= rRO R A 4T, i U
LIEERE A MG, X — R AR E

HAL, %yQ exp(—z) T LAE—20 4 # i~ .
I 1 9
"oy T e P
_ oL 1 exp(—x)
Oy 1+ exp(—x) 1+ exp(—x)

oL
= 87yy(1 -y)

oL % exp(—z)
8yy p

(5.12)
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P, P 5-21 FraRon 89 Sigmoid J2 B9 K2 A%, FURLRR IE 1) £&-47% 64
HURETT R K

€z Yy
— sigmoid | —
oL 1—, oL
oy y(1-y) By

5-22  Sigmoid ERIHEE: FTLUREIEREENRL vitEREERE

PAE, FR{TH Python 528 Sigmoid J2., Z% K 5-22, A LML T X FES:
W (SRR ACAS AR common/layers. py H),

class Sigmoid:
def init (self):
self.out = None
def forward(self, x):
out =1/ (1 + np.exp(-x))
self.out = out
return out

def backward(self, dout):
dx = dout * (1.0 - self.out) * self.out

return dx

XA, AR IR R AR TS R out i, BRJS, SR
Feflms, A% A out HEFTITHE.

5.6 Affine/Softmax EHJSLIR

5.6.1 Affine/=

P2 2 1) 1IE AL G v, A T I FEINAUE 5 B SR, T R R Y 3R
B A (NumPy & np.dot (), ELKIFEZME3.39), b, wicBFA1H
Python #E47 T F Ifif il SEEENL 2
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>>> X = np.random.rand(2) # fiA
>>> W = np.random.rand(2,3) # R
>>> B = np.random.rand(3) # fW#&
>>>

>>> X.shape # (2,)

>>> W.shape # (2, 3)

>>> B.shape # (3,)

>>>

>>> Y = np.dot(X, W) + B

KE, X, W, BABERN (2,). (2,3). (3,) (L4841, 5k
K, PHATTIMACFIR] LY = np.dot(X, W) + Bit45thiok, K5, Y &5t
WO REC G, AR —)2 . XU PR A L IE R 1 i fe . A,
TR AT —TF, FEFE AT AR A 2 R N 2 R T R 2 T
wn, AN EE 5-23 s, XORT W RSREFRAL R 24 B T AR R — 2L
JiAh, X B RE IR A (2, 3) X HE I HE 5 &R Ch T I NumPy () shape J&
PERY S —30,

EF—2k

E5-23 JEMASRIUEE PN NAENTE N EERE X

JeB42 00 24 () IE [5)1 4% P AT B0 E R B0 SR AT B7E SIS SUSasAR A 1
L ‘ sV, B, XEEHTHHTHRAMESIIA “Affine B,
DdA

PRAEHG K B T 08 SR B ) e B 5 O 8 1) AN 38 5 FH TS R s ok
F ARz 5 “dot” 15 R RWE, W np.dot(X, W) + Bz AT H & 5-24
PRI EFR R, 5341, TR AR E)rdsic TEMIMIR (e,
AR ERRT XHEERN (2,), X - WHITEIRH (3,) %),

@ JUfT, AR KA R —VOTRS , 4MI0 L2 RO (0 I URE B IR LS
—
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™
w e

E5-24 Affine BRTEE (CTERERENE, SMLEN LHINCTIZEEAIIIK)

P& 5-24 52 LLACRI AT, A B0 X . W, BJ2JilF (248802 ).
bl 11 4 | WU 1T 5 S g P 1 e [ P = G > 7 0 R < S e
[ R B0 S R
PAERN AT 1B 5-24 BTHE IR R e RE . LIRS A R ) 16 47%
PR ICR T AR, LB LIRS ST R AR . S2PhRS
— T, ATRAE) R N G LI 10 (5.13) A Gt A ).
oL oL

_ oL T

ox oy v (5.13)
87L:XT.3L '
OW Y

X (5.13) h W T FoREEE . FEBESIEWIRICE (i, j) Hlion &
(,1) FIBERFRMEE, ATLAS R xR

T w1l wi2 w13
W' =
W21 W22 W23
w1l w21 (5.14)

T
W = w12 W22

w13 w23
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=X (5.14) fR, IR WHITERSE (2,3), W TR (3. 2).
BAE, FAIRIE(5.13), 2505 AR s 8%, IniEl 5-25 Fis .

(3)
oL _ OL Y

x -y W'
@) (G) (.2 —
v

j j 3,
‘OL _xr. 9L (3,)
oW oYy

(2,3) (2,1) (1,3)

E5-25 Affine BMRAIEE: TETBESHNA, ROEERNSNEBNTHIFCT
HBBITAR
FATE— T 2-25 (it rh A R, CHERE, XML
TEARARTE, W 2 JARARTR . T T %50 28 0T AR B 0 1 XA
DL BRI .

X = (0,21, "+ ,Tn)

OL (oL oL . o) (5:15)
0X  \Oxo’ 0r1’  Oxn

AT A BTSSR TR WE? PR Ay e 114 26 A S8 B SR XS I 4 i ) T
ANBRFF 3, BRI, TSR (5.13), TN, Se IBIRE
(3,), WHIBIRE (2,3) 8, % 2L mw ' iyafefl, i3 2% mtkh (2,)

(K15-26), IXHE—A, At FARTIARMHE S 50 (5.13).



148 | #5= RERGEEE

(2,
X
(3,
oL v _ 0L X-W
oY 0X dot |
(3) (3,2 (2,) (2, 3) oL
T JT ¢ w ”

5-26 FEFEAISRIR (“dot” T9m) AR EMEB AT LABIS R 2 AR RN RIE AT D —
HrRRIzEmES R

5.6.2 HthRARIAffine B

HITEIA 47 64 Affine J2 B A XO= LV TR B BAEFRITEIE N
AN — AT IE AR RO O, A Y Affine J2
Jeti INHAS B Affine JZR9THE, A0 5-27 B .

oL OL (&, 3)
1] — == . wT
L] 0xX Y Y
N, 2) (N, 3) (3,2 n
(N2) (V.3) (3.2 —
Y
OL _ v 0L (N, 3)

ow "9y
(2,3) (2, N) (N, 3)

oL oL s ANdrh (S (Vi ’
35 = oy W ANl (C550%0) 71 LAl
(3) (,3)

5-27 HEMRANHY Affine ERIITEE
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HWIHIAFRE, B A X BEARE (N, 2). ZJa st AT —re, 78
TR EIEAT Al AR S ARy, AR AR AR, AT L
TR —REE S 25 1 A

b B, R RIE R IR AR, WEgONE X - WIS
B o tedn, N= 208020 I, R E S in )i 2450l (& A
BIHEER) L, BRI BTN s

>>> X_dot_W = np.array([[0, 6, 0], [10, 10, 10]])

>>> B = np.array([1, 2, 3])

>>> X_dot_W

array([[ 0, ©, 0],

[ 10, 10, 10]11)

>>> X_dot_W + B

array([[ 1, 2, 31,
[11, 12, 13]1)

IEMALARI , i S o B s — D EEE G 1A HE24-) B Bt
SRR, 2 0 S e A R T 2B R B TR . AR
B3, QR FR .

>>> dY = np.array([[1, 2, 3,1, [4, 5, 6]])

>>> dY

array([[1, 2, 3],

[4, 5, 6]1)
>>> dB = np.sum(dY, axis=0)

>>> dB
array([5, 7, 9])

AT, BEBIREAT 24 (N =2), i B A L% 20X 2 N5
1SR IC R AT R, R, 33 BT np. sum () %2R 0 4l (LA E o
FIl, axis=0) Jy i L AIC R TR,

ZE LR, Affine FSEERUN T fin . 534b, common/layers.py H1f) Affine
Y SEI TR T R AR S sk (DUZEEAE) SO, Sk A RS A 220
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class Affine:
def _init (self, W, b):

self.W =W
self.b =b
self.x = None

self.dW = None
self.db = None

def forward(self, x):
self.x = x
out = np.dot(x, self.W) + self.b

return out

def backward(self, dout):
dx = np.dot(dout, self.W.T)

self.dw np.dot(self.x.T, dout)
self.db = np.sum(dout, axis=0)
return dx

5.6.3 Softmax—with—Loss =

B JE A — 1§ 2 Y softmax BRI, AT MFRATHR )T, softmax pREL
2 AMEIE L Z G R . He 5507 IR I, Softmax J2 it% 4N
& 5-28 flf 7R o

a5 %
5.3 0.008
0.3 0.00005
X Affine ReLU ||/ [| Affine ReLU ||\ | Affine 101 Softmax 0991
0.01 0.00004

5-28 IANEIRIEID Affine EFIReLU BE#{THIR, 10 MANEIT Softmax EiH{TIE
b EXNMIFE, “0”HBESES.3, XMERIT Softmax B9 0.008
(0.8%); “2” HIBHE10.1, #HEEHE70.991(99.1%)

TEPE 5-28 1, Softmax JZ 4 iy AHIEMAL CRf R E RO AN N 1) Z )5
Pt S5k, RO F R EI T 10289026, FrLAR Softmax 2 A%
AWA 101,
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2 W L& P AT AN RS HE TR (inference ) FIZESI TN R, AR
LEHHEIEE E ME A Softmax R, tbin, FAE 5-28 MMt THEERRT
SR — 1T Affine EMBHIEAIRBIE R, 15 W ki i
1k B9 % 45 3 (& 5-28 h Softmax [ B T 89 Affine & 89% ) B i
WAIRA B, W2, YHEMENHEEIETAH —MNER
HIERT, BALN AXNEARERARERGE, FrUTEZE Softmax Fo
i, FEMW L= S RN FE ZE Softmax /.

T SR Softmax 2, 5 HE B B AL VR S Pk bR B 28 SR iR
2 (cross entropy error), FrLAFR N “Softmax-with-LossJZ”, Softmax-with-
Loss J22 (Softmax pRECAIZE SRR ZE ) T R AN & 5-29 IR o

Softmax 2 Cross Entropy Error 2

S

+ /
exp(ar) / + \\i t
a, - / exp(a,) \\fw » Y » log y .
n=t i ﬁ ' ’% t, B Ly log 4y
exp(az)/] g play) \v 2 h
a, ¥ exp(a,) A Y log 9. ' L2 108 YNy om oyt o gy L

exp x log,
Ya—ts ty ts ty —1 —1 1
exp(as) exp(a) S\ & v ts Mm;/ .
—1
a . Ys log
: exp exp(as) e —(log, E ¥y
3 ty

ity 1 _L
exp(ay) Ys

5-29 Softmax-with-Loss BRIiTEE

A LIE #, Softmax-with-Loss ZH 8 74, X B HGH T &4
X Softmax-with-Loss J2 13 i BUEOGER I EEE , IS IRIR AL

1%l 5-29 HY T P AT LATRT AR 1P 5-30.

P 5-30 (355 K T, softmax PR AT IC iy Softmax 2, 3¢ UM R 22104
Cross Entropy Error JZ, X BURBCEIEAT 326028, IR AYJZ #0831
A (1543), WK 5-30 i s, Softmax JZ2 ¥ 8 A (a1, as, az) IERLAL, Hi i (g,
Y2, Y3)o Cross Entropy Error 2 Softmax BT (yy, ya, ys) FIBUIIRE (¢,
ty, t3), MIXSEEHE P K Lo
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t 1
a, Yy
—— e
yi—t,
t,
a, Yo Cross L
Softmax Entropy
—— (——
Error -~
Y,—t, 1
t,
as Ys
Ys—1s

E5-30 “EZhR " HY Softmax-with-Loss ERIITEE

Pl 5-30 2 I R A 2 S I AL R I 45 R . Softmax J22 1 R 1 G #5153 31 1
(yy — to, 4o — Lo, ys — t3) XFE V58" WIS . BT (yy, vo, 3) & Softmax 22 4
B, (t, o, t) RWEEAE, FTLA (g1 — t, 4o — to, ys — t3) J2 Softmax J2 14
HHIBOMERAE 12557 . Bl 26 1 S W AL 2 XA 22 2 FOR IR 225 1 4
RTETAY)Z 3 A 28 R 4% 2 ] v ) TP R

PREILE 25 2] 1) H R E R AT S, M2 i (Softmax
AR ) FEE BOMAR A . PRI, 2000 i 228 I 2% 1) il 14 15 280 b R A28 P 1 22 15
RO AL AT R o WIKIAY (g — 1, ya — ta, ys — t3) IESE: Softmax J2 B H
SEARER2E, EE T IR T SR L i S BT 1R 2

X B PR — A LR ), L B S HOM AR S (0, 1,0), Softmax 2
fh T (0.3, 0.2, 0.5) FIETE . BREAIE R AR AR AL MR 2 0.2 (20% ), XA
ERPAE P 25 P00 468 AR B HEA T IE B A TR o LR, Softmax J2 1 R n AR5 %3 1
J2(0.3, 0.8, 0.5) XAE— AN RAYIR2ZE . RN KA TR 22 25 1) 1if 1] 1) 21545,
JIt LA Softmax J74 Fif T )24 43 XA K AR 2E 2 2T 1] “ K7 NS .
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3 B3 X RZEE A softmax BE MM KRG, REZESE
(Jl_t1>y2_t27y'i_t' X UER"NER, LhrE, X IER

ERHATEBRY, MEANTHEIXHFENER, FERITTEX
ﬁlﬂe% Y, BRI G HEER BEERET, RRREER
CEFFNRE", LR TEMMNER(3.5), R, £/ F
FRRE"EA "BERE OMERE, ROEEHESESE (y -
t, Yy — b, ys — t3) XN VER" LR,

FRE—AF, A S HOMAREE (0, 1,0), Softmax JZ K (0.01,
0.99, 0) FIETE GXASPIZE I 45 U G HER ). AT Softmax J2 1 2 [ f&4%
I 2 (0.01, —0.01, 0) X FE—/IMNIRZE . XA/ NIRZE RS RT RN Z
4%, BHIREAR/N, ILL Softmax J2 BT T 224 B 1 P 28 AR </

IUAEA AT Softmax-with-Loss 21 SEEE, SCBLLARAN T PR .

class SoftmaxWithLoss:
def init (self):
self.loss = None # i’k
self.y = None # softmax (ki
self.t = None # WEHAE (one-hot vector)

def forward(self, x, t):
self.t =t
self.y = softmax(x)
self.loss = cross entropy error(self.y, self.t)

return self.loss
def backward(self, dout=1):
batch size = self.t.shape[0]

dx = (self.y - self.t) / batch size

return dx

XASEEAH T 3.5.215 Fl14.2.4 95 Ff SZ B softmax () Kl cross_entropy
error() BRAL. BRIUL, o HUASEIRAR S W78 3 R A RE R, KB AL
FERR ALY K/ (bateh_size) J&, A& B 45 HITTHT 1Y )23 0 FRDSBUR 1% 2%
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57 RERERFEERIFLI

TR PR R BUR R 3E b—hSE B 2, T AR 22 45
AATIRATHE L L2 O 28 S 2R P 2 R 25

571 MEREZINEIRE
FESEAT BRI SEBLZ 1, FRATHORBIIA— T2 M 44T 25,
2L 2E 2 AR AT R .

EIE7=
AZ B P A SENBEBE, BAEREfRE NS GIIED
SRR AFET AABMEG T T A T EAN T,

#7181 (mini-batch)
IR S 2V P AL — 3 438

SR2TERE)
AR BB T EAME RS

SR (EHSH)
HEAE AR B Ty ey AT ) 8 BT

$B4(EE)
THEFHL, T2, FHS,

ZHI R Rk S e AL B2 R i B, E—Ravh, JRATAIHI%L
(AR RAF TIXBREE . SRR BARSEEL T L, (HRTHR B S 2 M)
] T ZAE DR I ] A RE O AN ), DR 22 B o] A i ] AU it
AR .
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5.7.2  MNARZER EEREIERHRE WEEAISEI

IAEATHA TR S, X B T2 2 SR 25 S TwoLayerNet
e, RN S AR R AR AR 5-1 ISR 5-2.

EHIEE

#&5-1 TwolayerNetZEHZLHITEE
15t A

N
7

params PRAFP 2 28 1 S8 - M R AR
params['W1'] 255 1ZAYFCE, params['bl' ] 25 1 2 E .
params['W2' 1255 2 ZIUALE, params['b2' /&4 2 )2 Y i i
layers RAFZ L 1Y) )2 078 FF P BRI TS = |
L) layers['Affinel'] . layers['ReLul'] . layers['Affine2'] AJIEZ,
WA P IR 2
lastLayer P ML I G — )2
Aprh kg SoftmaxWithLoss 2
#*5-2 TwolayerNet £k
FHik 5iRA
__init__(self, input_size, TR
hidden_size, output_size, SR IR RGOS AZ 2T B2 1
weight init std) L2y v O TRV IINE G 2oy O o)) R o S N T
o A0 A
predict(self, x) HEA TR (HEEL),
SHROGE UGB
loss(self, x, t) TR R
SHOEEGESE . R IERfAR
accuracy(self, x, t) TR
numerical gradient(self, x, t) | iHiZUEMTTECTAESEOIME (F L —3)
gradient(self, x, t) AT R 25 S I AR T S T AE S R
XA SRR — s, (HI2 N 4.5 5% ) i SE A TR

ZIAAERIY, AR EEAETXIBMA T2 i)z, R,
4L B (predict () AR A94bB] (gradient () ) HUF5 i J2= 22 18] (1 # 1ek Ait
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AESERl. I J& TwoLayerNet FfRA%SZEE

import sys, os

sys.path.append(os.pardir)

import numpy as np

from common.layers import *

from common.gradient import numerical gradient
from collections import OrderedDict

class TwolLayerNet:

def

def

# x:

def

def

__init  (self, input _size, hidden size, output size,
weight init std=0.01):

# PR LEE

self.params = {}

self.params['W1'] = weight init std * \
np.random.randn(input_size, hidden_size)

self.params['bl'] = np.zeros(hidden size)

self.params['W2'] = weight init std * \
np.random.randn(hidden size, output size)

self.params['b2'] = np.zeros(output size)

# AR

self.layers = OrderedDict()

self.layers['Affinel'] = \
Affine(self.params['W1l'], self.params['bl'])

self.layers['Relul'] = Relu()

self.layers['Affine2'] = \
Affine(self.params['W2'], self.params['b2'])

self.lastLayer = SoftmaxWithLoss()

predict(self, x):
for layer in self.layers.values():
x = layer.forward(x)

return x

HAEE, t MRS

loss(self, x, t):

y = self.predict(x)

return self.lastLayer.forward(y, t)

accuracy(self, x, t):

y = self.predict(x)

y = np.argmax(y, axis=1)

if t.ndim !'= 1 : t = np.argmax(t, axis=1)
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accuracy = np.sum(y == t) / float(x.shape[0])
return accuracy

# xR, T R
def numerical gradient(self, x, t):
loss W = lambda W: self.loss(x, t)

grads = {}

grads['W1'] = numerical gradient(loss W, self.params['W1'])
grads['bl'] = numerical gradient(loss W, self.params['bl'])
grads['W2'] = numerical gradient(loss W, self.params['W2'])
grads['b2'] = numerical gradient(loss W, self.params['b2'])

return grads

def gradient(self, x, t):
# forward
self.loss(x, t)

# backward
dout = 1
dout = self.lastLayer.backward(dout)

layers = list(self.layers.values())
layers.reverse()
for layer in layers:

dout = layer.backward(dout)

# WE

grads = {}

grads['W1'] = self.layers['Affinel'].dW
grads['bl'] = self.layers['Affinel'].db
grads['W2'] = self.layers['Affine2'].dW
grads['b2'] = self.layers['Affine2'].db

return grads

T T R A S B AR AR AR R 4y, IR 2 W 45 14 R DR AT
OrderedDict iX — piJE# B %2, OrderedDict A7 JP M, “FH 7" &4 EnI LA
IO F IR AT R MUY o DR, A2 R 2 1 1 1) (4 R Hc RS o
R MG U FH 2% J2 14 Forward () 7 12 5 T LA S8 AL B4, 177 2 1) A2 1 L 84
HEAH S BRI P45 JZ B AT . R Affine J2 #1 ReL U J2 Y A 343 1E B Lk B 1E
IAERE A I A4, B U B S (DU LUE S I 1425 )2, B
FRM (B 07 ) &2
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G R 1 25 ) 45 A A G 3 A2 B QS B, ] ASRAA i Ay o
G, XA T2 ARSI ST EA TR A PRUAR S S ol
M2 (L5 2. 102, 202 BRI M2 i, R R4 % RS
FARIBRER IS ERJZ BT LA T o 225, 2512 N B S 3 AY 1E TAL 45
S, AT LA IS TR A B a2y o] T s BB

5.7.3 IREROERERIEERIA

FIAFCN L, AT TR T k. — R TRUER 7
%, SRR i B s Tk o SR — ROy im e R 2 B e £
ik, WA R S E, WA RIS RO AR . NI, J5 SCRAS HHE
FHAEBR TR B RAEL oy, TR ol DR 22 S 1) A TSR AR

BUE R BT SEARAE DR r o], i EL A SRAT U2 25 B 1] #2481 9 (IE W A
SIS, WA D EAE B R S T o IR ABUE RO A R ?
SEBR F, FERIANRZE R LR AR SE IR R IERA, 2 2 R EE Y .

BUEHO LU SR, I, — eSOl R AR Sy . MRz
S Ak SEBARE 2., Aoy sl BrlL, &% & HERUERI as R
RS EARIL AR, ABIATRZE S ) (i i SEBUE TR IE 8 . Bl
(3R A B BE 45 SR AR 22 S [ A ok I R A5 — B O™, 2
FEH D) AHRAERR 4 BE#IA (gradient check), BBEERHINAIICASSCIAN T
JiR (IR 7E chos/gradient _check.py 1),

import sys, os
sys.path.append(os.pardir)

import numpy as np

from dataset.mnist import load mnist
from two layer net import TwolayerNet

# BEAHR
(x_train, t train), (x test, t test) = \ load mnist(normalize=True, one_
hot label = True)

network = TwolLayerNet(input size=784, hidden size=50, output size=10)

X _batch = x train[:3]
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t _batch = t train[:3]

grad_numerical = network.numerical gradient(x_batch, t_batch)
grad_backprop = network.gradient(x_ batch, t batch)

# SREIE R AR 2E 1

for key in grad numerical.keys():
diff = np.average( np.abs(grad_backprop[key] - grad numericallkey]) )
print(key + ":" + str(diff))

FLLHT—#F, A MNIST #dlide. K5, M8 —aR o),
WBE RO oR BB HE IR 22 B ) AR oK AR BE TR 22 . X LR ZE YT
TSR M AESHO P NTCR 22 RE, IR (E, 1817
FERARRSE, SRR

b1:9.70418809871e-13

W2:8.41139039497e-13

b2:1.1945999745¢-10

W1:2.2232446644e-13

MEAEERFT LA 38 1 B o0 R 22 B 1] A ok i B B 19 22
AEH/ N T, 26 1 E AR E 1R 2L 9. 7e-13 (0.00000000000097 ), JXAE—H,
FRATHUNIE 1 385 DR 28 S I AL TR RO R BE R IERA Y, UR22 B ) i
TV R

XRAMTENOTTERBERR (b, 32605F 28, IEEER
EHRE, RANRE-—HRIZAH0, ER2MRIMIEHNIE, o
MHAFX MREZER —MEE0OMBRNE, WRXMERK, 7K
HIRZE R O AN LIMFEE R,

L‘ HEMDMFIRER OFHENITEERZBMRZEN0ZR DA,
WA

574 (ERIREROEEENES

e, ATPEE — N T2 R 45 15 B 28 I 28 1) 2 2 B S 3
FZ TSR LG, AR 2 AR T3 4 152 28 S AL AR R B X — . 31X
H B TS, A0 T U GRAASAE che5/train_neuralnet.py H1),
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import sys, os
sys.path.append(os.pardir)

import numpy as np

from dataset.mnist import load mnist
from two layer net import TwolayerNet

# AR
(x_train, t train), (x test, t test) =\
load mnist(normalize=True, one hot label=True)

network = TwolLayerNet(input size=784, hidden size=50, output size=10)

iters_num = 10000

train _size = x_train.shape[0]
batch size = 100

learning rate = 0.1

train _loss list = []
train acc list = []
test acc list = []

iter per epoch = max(train size / batch size, 1)

for i in range(iters_num):
batch_mask = np.random.choice(train_size, batch_size)
x_batch = x_train[batch mask]
t_batch = t_train[batch mask]

# BITIRE R EEEEREEE
grad = network.gradient(x_batch, t_batch)

# TR
for key in ('Wl', 'bl', 'W2', 'b2'):
network.params[key] -= learning rate * grad[key]

loss = network.loss(x_batch, t batch)
train_loss_list.append(loss)

if 1 % iter_per_epoch ==
train_acc = network.accuracy(x_train, t_train)
test acc = network.accuracy(x test, t test)
train _acc_list.append(train_acc)
test acc list.append(test acc)
print(train_acc, test acc)
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5.8 Ihg

ARBEIRATNA TR R TR RS, RIS, A4 T R
LMK TP RR 2E R G RE T, I LLZ N AL T R M b B, FRAT
2512 ReLU JZ . Softmax-with-Loss )2 . Affine )2 . Softmax 2%, iX
BeJE S T forward Fl backward 75 125, i i 44 B4 1 18] A S () M AL B, WD
DLt A B SRR EE . Sl 2 ST A, e p g rhal L A
HIHBZHE )2, AN A ORI RZK

IEMFHART

o AL A ARE, T AN Fa A,

o HAEWT A RAIITEM R, B AR AR R

o A RS EIFIAT A S Bt R R e g, T
RSN R &

o SEITHAYZ M L LLRE RILA K, TG AR (et
i),

o GHIILKRBMAMA ML frik £ R @R LR, TAHINREZR @t
ik AT EA (B AN,







H6E
55 XD

ARFENGA AN IR L 127 2] v i) — S E BN, RS B SR SR AN
SR EARA T . RESENIRE .. BRI k%, 1ok, AT
REXF I, ARG PAUEEN . Dropout ZFIENIL 3%, FFiAT508,
R AE R AL i 1Y Batch Normalization 7 TR
AT A, AT LR AU AT 2 I 2% (REES 2] 24 2], 4
PSR . R’ T AR

6.1 SERYEH

2 RO 28 1) 2 > 1Y) E 2 4R B 5 2% R B (ES AT RE/ N S8, X2
FIEMSHANE, XA AR R ER A (optimization ), JEIRAYE
P 28 1 AR R R T e, SRR A SR AR R e, ok 3|
S (TSR AR R o i e X — T PR s IMER k), H., 78
WML, SR EE AR ER, SRR B NS %4

TERLEE T, b TR EEMSE, ROPESERE (S8 B TEE.
S EBREE, W MR S5, IR XA IRER, g
RS, XA SRR N BEHLER B T P& % (stochastic gradient descent),
fiFR SGD ., SGD J&—MATERAY I, i LR FLMS R SEzs ], B I
B Wik, B, MRIEARIRYRE, WAFTEL SGD BMBERI Y ik . AT



164 | #6= S5%IMEENRKI

AR SGD Bk, IFA4 SGD LAY HAb S A AL 75 o

6.1.1 RIERAHE
PEATERIRT, FAVEIT AT, KU TR U A AL PR AL .

H—ARHEFRORER . E] B0 T 10FRT, BHFHe
WAL B, thidh B AR A R R R RIRA SR (R h “EIRZ M), &
B EIFEATHI B A, ST, A B THE T A A LT . —A
RAAWE; F—ARRBFEE L, B, Rl gige) S RAX
AN R RILGTL, MmBAALERL, EXAPFGEMET, XL
W R4 fTAT AL “ 2R Z I R Bt fTiZF, A apRik K I “2R

Z 37 R
TR SET, FATITAERPROCHE ARG 4, =— DR

Fto FMAHEBAHIE . ABEHIRAIS LT, 2722 . A et 54k
CBIRZH” . RE UG SR AXER AL

TEIX A RMERARBL T, HUTRTAYS R RAS IO N . SRR BIRE A2 A
PRI 0 , ELIE REAS RITE 5 i I /e (o7 B 358 e AR Sz i T R BURPR I ).
T, WA AT TR E R R OR A TS T A, U SGD RSN . 5 R
HRES 20 L AT RERE A H B H A X — SR, A — Rl DLEIK “BIRZ 7

6.1.2 SGD

IERFIEZ T AR ME R Z ), FAT Tk 2 ~)—F SGD., HI%k
AT LUK SGD B i T A=K (6.1),

X BT B A ESEAC N W, BB REOCT WHIBEEC N 25,
NFEARFE K, PR 4 E0.01 87 0.001 X B S B i, T



6.1 SHHWEF | 165

%%/THEJEI_E’JEE%?E B W= (6.1) Frn, SGD 285465 J7 i) H§i
— e R L. B, FRATKE SGD SEE o —~ Python 28 Ch 7
Iﬁﬁﬁﬂ] , BRATPH IS —A~ 44 4 SeD 2 ),

class SGD:
def __init_(self, 1r=0.01)
self.lr = 1r

def update(self, params, grads):
for key in params.keys():
params[key] -= self.lr * grads[key]

XH, TR AL IS8 Ur IR learning rate (322 ), XA 22 R
SRAF R S B, AL, RSB iR E LT update(params, grads) Ji ik,
XANTTIEAE SGD 29 ) VA . 2%k params il grads (5 22 Fif (14 1 25 B 2%
S — ) S ML AF B, 4 params['W1'] | grads['W1'1fgJE X, 2050
7T BCESEREA IR EE

XA SeD s, AT LA AR 75 A T 4 28 1 405 114 5 B0 S8 S T )
A RANRE BRI AT ONARES ),

network = TwolayerNet(...)

optimizer = SG6D()

for i in range(10000):

x_batch, t_batch = get _mini_batch(...) # mini-batch
grads = network.gradient(x_batch, t batch)

params = network.params

optimizer.update(params, grads)

X H UGBS i 44 optimizer FoR “HEATRCRALIIN” UL, X

H1 SGD ZRHHIX A €4, SHU TR optimizer 557 58 i, FRATTFEX LG 2
A0 SRR S BRI B 1 15 B A% 45 optimizer,

BOXRE, Tl B S AT B A S, T RE I B B Ak AR 5 BT IR B

tetn, JEmFEATS o) — A Ei A7k Momentum, B[R FE 2352

A update(params, grads) X LA U7 I A, XAE—ok, R 2O
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optimizer = SGD() iX —iE 4] ¥t B optimizer = Momentum(), L7 LM SGD )]
#e A Momentum,

RERESIERHIAT EHBIEALF A, FRBET TGS
PR IX e 7k 89435, tbdn Lasagne SR % SIHESE, 7E updates.py

AW AT D AEROHREDTIT BT R, BT UMD
282 EENBHRL %,

6.1.3 SGDMER=
BARSCD A2, I HAS I, (H R AE i ok 528 [ B} ] BE A 0K
XHL, 7EFRH SGD MBS Z bR, FRATTR I — TR T XA~ sREL ) /M
YRR
1
flz,y) = 2—0:6 +y (6.2)

nE 6-1 7, 3X(6.2) 7 (19 bR O 1] 2 b 7 i) S2E 1114 887 K PRI
Sebr b, 306.2) BYRF LR R o il 77 i 28 O AR AR

M, I
gyt

i )"Ill T "I,’,,,,,’,,,[ i
Uittt T I"""ll"

Wiiyyyyy
“‘\\“ - \‘\\\\\\

‘\ Y T
T \\

i

m \\\‘\‘\ i | lmmmm/,mnuul
\\ i

m....\‘m“
L
R

E6-1 f(x,y) = 5o2” + v PEK (£E) MEEsE (GE)
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AR — F2(6.2) TR sRERIBE R . AR B FoR M B R,
P 6-2 7R o SXANBREERRFIESE , ol 1) B, o) b/, Heisil,
S y B I R, I 2 Bh T I SRR D X R RS, BAAC
(6.2) I/ IMETE (2, y) = (0,0) Ak, HIZE 6-2 ¥R BEAEAR 2 b )5 -0 A 4
11 (0,0)0

AREEEERERRER RN
N
) ¥¥¥$§¥l@¢{¢¢¢¢}“4&
DY U U VO VO WO V0 S WO Y WY OO0 W W WO
ERE R RN
Y O O O A A O O O WO
JOHHLTHT!TTHIHHIO

Bl6-2 f(zy) = 522 + v BIKEE

FA PR E] 6-1 X FIEARBY B HI SGD . M (2, y) = (—7.0,2.0) &b
(VIR E) FFARIE %R, 45U 6-3 TR .

FEE 6-3 T, SGD & “2” FIUAH) . e — AR B . Attt
SGD Ayl 5, W R IRIE ) ] (anisotropic), HANGLEEMLIR, 2R
MRt SR R ARAL . BRI, FRATT T L AR IR )y 1 T2 (1 SGD B B
WY 515 o SGD AR AARA SRR, o B2 4 7 1] B A i T i IMELEY 7 ol

T EE SGD s, R HIFRA 143 Momentum . AdaGrad, AdamiX 3
FI PR SGD, FATEIAN A2, I HIECA =R Python #F1 7958
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0 SGD

10 . . .
—10 ) 0 5 10
T

E6-3 EFSGDHIRMMUHENER: 2“2 FHERIME(0,0) %5, FERE

6.1.4 NMomentum

Momentum +& “hH” WEE, G C, e3R8 Momentum J5
%, WA,

oL

UW (6.3)

V< v —

W« W+ (6.4)

FIRGTE ) SGD —FF, WR/REEHNES L, 25 Fmikmioe
TWIBREE, nRoRsE2) 3%, PRI T — 4B v, TR s,
(6.3) Fon TYMATERSE 10 B2 01, FEX A ERTT , W00 o i 1
Tk —HyEE . WniE 6-4 s, Momentum J7VE 45 A A ECE BA% 2/ NER7E
Mty 7R3l .
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Jy

\f\\\\ g

E6-4 Momentum: /NERIERIE RN

K (6.3) PH aviX—I, FEYIMRASZATAR] TIBT, JI A AR5 7 sk
AL (a2 N 0.9 Z2KMMH), XA B F iy g s S .
T & Momentum IS SZ B (A CES A common/optimizer. py H1),

class Momentum:
def init (self, 1r=0.01, momentum=0.9):
self.lr = lr
self.momentum = momentum
self.v = None

def update(self, params, grads):
if self.v is None:
self.v = {}
for key, val in params.items():
self.v[key] = np.zeros like(val)

for key in params.keys():
self.v[key] = self.momentum*self.v[key] - self.lr*grads[key]
params[key] += self.v[key]

S AR B S ORAF IR R . W ERARES, v A ARSI, (HM
— U update () i, v 43 DL BRSPS AU AR A7 5 S A R A ] A A5l
RIAHIACHL Mt 22t (6.3), X (6.4) Bk, RfTH.

IAE 2 FH Momentum fi# 82X (6.2) i St Aknl@, wniEl 6-5 B .

Fl6-5, TR ARG/ NERFEm IR Z)—HE . FISGDAHLL, FATAM
CZT TR CRREET WA T, SO BAR o Bl ) B2 B AR N, B
Je—HAER—Trm 1277, FrRAE—AJ7 o —E fnid ., oadk, 5
SRy 1) E 2 BN IARK, (BRI 38 B 2 B E Ty 1 MU T i ), B
IS EARNRI , Ry Sihor i) L ag s AR . Rk, FISGD B RIEAA L,
AT LA b ] o oy AR, 0 2 IR AR SRR



170 | #6= 5% IMEENRI

10 Momgntum
5
= 0 @
-5
-10 : : :
—10 -5 0 5 10
T

6-5 EF Momentum FIRMHIEFIEE

6.1.5 AdaGrad

TERPZEMZE )27 > v, 27 2] 238 CReAalrid g ) AR 2L, “2 o /),
SRECEAAES I 2] feabk, )RR, WS BRI AN RE
IERERT

TER T2 2 R A I, A —F ek b % 3 3R (learning rate
decay) Y75, RO A 2T LT, (27 ] 288 N S2bs |, —TFiR <27
2, SRIGIBE DT SRR, TERNEE L YA ) vh 2

BN 2] AR A TS R SR A ) R R IR
i AdaGrad ' JE—4 % J8 TN, EE%E C— DA 9SS, T e
il BE

AdaGrad 2 W SHN A TR IE YRR 2= 2] %, 5K FR 7>
(AdaGrad i) Ada € H 3 Ha] Adaptive, B “@E 419”7 &), Fm, ik
FATHE A FIR AdaGrad I HT /.
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oL oL
h(—h-‘raW@aW (6.5)
1 0L

FIRTT 9 SGD — B, WHRREEHONESE, 2L FmHikmbios
TWIRBLEE, nfaRsed 3, X BHHH 78R R, W 6.5)Fin, Bk
TTU%H@%%%W@E@%??%H ((6.5) H11 © FRXT R HEFFIC R T ),
SRIG, EEHSHON, EETRL e, BT L iﬂwﬁﬁ XERE,
ST FR AR m&kmwwﬂﬁmmm%m%jz o WL,
LS TR A T 2] S, filiAE mkm%ﬁm%ﬁﬁLMmm

AdaGrad £iE RS X B E N A, R, 2IMARN, BH
BB RN, Khr L, MBLIEEH®S, EFHEFHSTAHO,
EEARNFEH, AT KEXNEE, T EHRMSProp ! %,
RMSProp 775 RIS XA HE— R CHMAN, mMEFH
IR SIS R BEE , IR ERETRENE EE SRR,
XA ERIEME N B, FRA ", SRR
TENBEHRRE,

AE K 92 B AdaGrad, AdaGrad 89 52 8 of 72 40 F A 7 GG 65 7F

common/optimizer.py H1),

class AdaGrad:
def __init_(self, 1r=0.01)
self.lr = lr
self.h = None

def update(self, params, grads):
if self.h is None:
self.h = {}
for key, val in params.items():
self.h[key] = np.zeros like(val)

for key in params.keys():
self.h[key] += grads[key] * grads[key]
params[key] -= self.lr * grads[key] / (np.sqrt(self.h[key]) + 1le-7)
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XETGEEBNE, &1k T RUME 1le-7, XN TR IEY
self.hlkey] 147 O}, H5 0 FIEBREUNE L. FEAR VR % > IUEZE T, 3X
A IME T LAE S, H ELRATT A 1e-7 XA EAH

A, AERATEE S H] AdaGrad fifRkeat (6.2) BUSEALALIREL, 4558015 6-6
F7R o

AdaGrad

10

=

~10 ‘ ‘
~10 -5 0 5 10

6-6 ETF AdaGrad IRMILHIEFRIRER

F P 6-6 AR5 R AT, pR R A SBCLEL v 33 M 1) 35 e/ IMELRS Bl ol T o Bl 7
) LR IEROR, NIERIDT RS SR, (R T 2R X A BRI A Bl 4%
PO HEA TR, Wl NEERT A b R, o B 1) b A SRR sy, <2
T AL SRR A T E

6.1.6 Adam

Momentum 2l /NERTE R0 HH VR S ) P BRI A7 R )y, AdaGrad 2
B R TCR IS SRR RO A AR X A R S TR B AR
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WE? Bt Adam® J5 kA E B
Adam J& 2015 4E4R T . EREISA LA 2%, HIUMYE, 2l
& 1 Momentum Al AdaGrad (754 i 2045 Am P Ik s, A8
TIMBHES IR SER R o A, STESE0Y “MERIE” dJE Adam BURHIE
R BT 2 I, RN ATE S RS eS0T, 6T Python
SZBL, common/optimizer. py HUHSIIN | Addam 2, ARG LA TT IS
BAE, AR [ Adam figpe (6.2) MR LRET, 255 0P 6-7 Fis .

&

Adam
10 T

R

~10 : : :
~10 -5 0 5 10

E6-7 ETF Adam HRMARIEHIERE

R 6-7H, FT Adam B T Hod BE LG /D ERTE B PR s —FE . RAR
Momentun A SR FESN, (HEMILZ T, Adam B/NBERAFF2 SR TR
B IS . X555 T2 > B AR OS2 i T

© BHOCT Adam Iy LB FUE—A EDRAGBEN, JFARSEAIER . TN ATES B EER 1IR30,
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Adam = REBI MBS, —TREIXR(BXFRaHI), HIFE
MNE—R momentum FE£L 8, F1Z>K momentum R 5., RIBIBX,
FERIREER B A0.9, B, 40999, BB TIXEMFE, KSHIE
TR EBREIRF BT

6.1.7 {EFRABFERTTSENE

FIHATCN L, RATE 2% TARESBATT kX RN LA —
NIX 475k (U U 7E choe/optimizer compare naive.pyH1),

W 6-8 s, MBI AR, SHCERHBHEBAR., JHAEX
A, AdaGrad P REREFH), A WEER, 45 RS ZE A )
AL . I H., ARWIR, ESE (27 R4 MBCEMA , 28R Bk .

10 10

“10 -10
5 5 0

10 10

—10 —10
5 5

El6-8 =it FRLLE: SGD. Momentum. AdaGrad. Adam
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AN T SGD. Momentum., AdaGrad. Adam X 4Fp7J5%%,
2R e JER B, (BT AL RRLE T A [ P ER R I R 4
BIT7 1 X AR IEAAT A R, #0725 F R DR A R REUMIAN 8 i 2k
0] Eie

RZW5 h E A SGD ., Momentum F1 AdaGrad /2 {E 15—k
M7 i, ARZHFFEN G AEAR N A0 Adam ., A 45K 32 20 4d ]
SGD ## Adam, 37 ] LURHE A C M EIF 2 224K,

6.1.8 EFMNISTHIBEENEHSEAILLER

ATV F B HCF 0 o4, H B AT A 44 B9 SGD . Momentum
AdaGrad, AdamiX 4505, FEEAIRI e S ke LA 2 KFLE
MZESE . JokE—TE55E, WK 6-9 Urn (JRR A% 7E che6/optimizer compare_
mnist.py ),

1.0 T
¢ Adam
e—e SGD
0.8 B—a AdaGrad ||
’ Momentum
0.6
E
0.4 H
0.2+
0.0
0 500 1000 1500 2000

iterations

E6-9 EFMNISTHIEER 4FEHTTEE: BFRRFINNERRE (iteration),
YNFRTRIRKCERELAI(E (loss )

ALV —A 5 JZ MR R, A E)ZA 1002, #iE
PREE FHAY 2 ReLU
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MIE 6-9 FZ ST, 5 SGD AL, Hifl 3Ry ik~ I 13 sk, i H.
HEEFEAAAR], AFAE G, AdaGrad 2% > TR R — il XA
e TR, SERE RSl ) RS R M RE LR
OAF) AR A 2728 . AN, — i, 5 SGD AL, Hifty 3 /077 ik n]
DA 5 T, A7 I e A B PRG RE L e

6.2 WERVIBE

TEMZERZE I 22 p, B IPIR AR B 2 . SCPs I, BoE AR
UG, 20 KRB Z 0~ T BER ) . AT G I IR 1
AHEAAAE, JFIE SR AR R 25 1) 27 2] SR A e PR A T

6.2.1 ALUBINERERFO0NIG

JE AT RIS IS |« S ez ARe I H T ——AUE S (weight
decay ), fAj S, AUE RIS —Fh LA MR SN E N B E 724 2
B97575 o AL IV SEUE RIS LA 1 R 2R

DRSS MR L, — IR IR (BN B N A R TR . SEBR |,
TE 3K 2Z H A AL EE H) 4R (H 4B 214 0.01 * np.random.randn(10, 100) XA¥, i/
H o 20 AR B (e L 0.01 J5 45 30 19 {E (bRt 22 0.01 195 14341 Do

R FRATTHEATE W) 45 1 43815 0 0 LIS/IMI R UM, 25 2REWR? M4
WL, BAERIAEBN OB — M ERE, F5 L, EAEVIRER N
O FE, A ICHEIERIE 2% 2]

AT AR AL ERI R E B 0 Ve TR ML, A AANRERALER] i
TEB L —FEAENE? X RO 7R 28 R Bk kb, A BB E (EAR S A T
AR B RT . L, 7E2)2 e g, [Bass L2 22 A 0, X
B2k, IEmMEAERE, KB AZ AR 0, FrR 2 ZMMaTeiis
PAL AR AE . 26 2 )2 MR 2T b i AR, XA I G #%
B35 2 )2 A AT A R 2 A TR R A ST (T2 —TF i 19 i i S 1) 4547
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BINES ). R, AR BB AR TR B, JEA T )RR R (2 (R,
AP NS AV 2 A R BRI SR 10 S TR Ik RS —fk”
GUAR Y, J28 T RUABCE BRI FRESHE ), AAZRERLAE B R {E

6.2.2 [REERECEERNS

TLEE K2 B 8 R PR B ) 920 A, 7T LSRR Z
Ko XH, AR PAY L, WA ) 1A (B2 W] 50 B2 1Y
WARAE R 7 AR 0 o % BSOS, [a]—A> 5 2 1 22 I 2% (U bR K5 fef 1
sigmoid PRE) 1& ABENLA: U KIS , T 5 11 22t 5 2 s R i 4
fio BAEERS T HHHAR KA IR CS231n ©

AT S0 B P AC A AE che6/weight init activation histogram.py 1, |
(1) N 5 AW T

import numpy as np
import matplotlib.pyplot as plt

def sigmoid(x):
return 1 / (1 + np.exp(-x))

X = np.random.randn(1000, 100) # 10004k

node num = 100 # A RRHZ I A (MEIT) B
hidden layer size = 5 # KZH 52
activations = {} # WS ER AR A B

for i in range(hidden layer size):
if 1 1= 0:
x = activations[i-1]

w = np.random.randn(node_num, node_num) * 1
z np.dot(x, w)

a = sigmoid(z) # sigmoidrafk
activations[i] = a

O 3 BEFATPREBT PR A S BURFR R “Bam s, R SOk T 2 e 2 Z IR S R Bk i
TEE
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XML 52, BEA 100400, SR, FH oAk
BLAE B 1000 MEHEAE R AKE . HHE BN MEL 5 )2 ME M4k, B0 ek & fd
H sigmoid pR%L, #5)Z BITTEE A4S RIORAF(E activations A8 i o iXMAUAS
B SR AR AE R . BRI AT FH A A 22 0 1Y e il 20
A7, ABSZEGAY H Y i MO R (BRifE22 ), LB (B 20 dnfey A2
oo BUAE, BA PR IRAFAE activations Ffv % £ 2 i il i 5 14

# Ll

for i, a in activations.items():

plt.subplot(1l, len(activations), i+1)
plt.title(str(i+l) + "-layer")

plt.hist(a.flatten(), 30, range=(0,1))
plt.show()

BATX BTG, FTLAREIE 6-10 Y BT

40000
35000
30000
25000
20000
15000
10000

5000

0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

E6-10 (ERIREEN 1SS HIEANENRENNSEMEENSH

MNP 6-10 AT AT, A2 AT (52 i 1] O F1 LAY 70 A o 3X B HTAY sigmoid
PREUE STUPREL, BEZE I ABHSET 0 (S ST 1), B FE (E% %
PE0. PG, R O 1 RESCHE 431 233 IS 1) A6 B BE A (BRI /), i
AT . XA SRR Ak B 5 (gradient vanishing), JZUKANTR I ]
Hh, BB EETH R I IR R AT R s BN

T, KR AR EZE B 0.01, SEATAEFIRY SIS . S AR RS H T
FEBE A AT (P b 4 T A RS BT
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# w = np.random.randn(node_num, node num) * 1
w = np.random.randn(node num, node num) * 0.01

K FH—TEEE, FFFRAERE R 0.01 I AT, 4 2 IB0E (9  Am
WE 6-11 iR .o

- i - ver - % - 7 5-! 7
40000 —— A —layer —Slayer Alayer Olaver

35000 [
30000 [
25000 [
20000 |
15000 |
10000 |

5000 |

0 . . | S M M | S
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

6-11 {ERIREZED 0.01 RS HIEANENRERNSEMEENSh

XUCEEEEPAE 0.5 B 734 o PO AMERIA B B IR i 0 A L, i
VAR S AR RET R I IR RE  (EUR, SRR A AT i 1], UiBER L)
EOAIRRIFR . Nt 2X AvEWe? R anSRA 2w 2 ek WP A T
WME, ARENTRBRA AR T o Hean, 2R 100> 2o i L-F41
[RIRIMEL, ABAWAT L 1 iR FRSA MR S . ik, s (e
oA _EA el ) 23 BRI 32 IR B[l

BERNBEENDHEERFELN E, AHAR? BARY
EEREEBZHMNEEE, HENZTUHTSHNZES, &
ik, WREEAREAREONEE, AU BEERSE "k
WAZR" eI, SEFSITETEIRFHT,

B, T 2Rl ] Xavier Glorot 258 A e SC Y 7 RORCERIIAE (1R
Fr “Xavier WIIR1E" )o TE, TE—MINTREFIHELR D, Xavier ¥ IH{H T #
VEMPRAERTA . Lo, Caffe fE4LH , SEA AR EA TR AR T xavier 244,
AT LA Xavier MGG 1E

Xavier (IS SCHY, ST 452 RS (E 200 HA R B A6,
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FT BT E ., HEFHAS5EE, MR — 2088 n, W
(E bR A —= 150 (1 6-12).

n AR

T FiRRIE 2 0 = BB A A LT T

El6-12 Xavier¥Jja(E: SHI—REn MISERN, MGEERREED 5 5%

fil ] Xavier MIURME R, A—/Z00 1 G802, 200 8 BRI A oG
EIRCE RSB . IAE, FRATVEE ] Xavier WIIRIE I T80 . TS50 1Y
AR R B B A AR (EL Y 3t T 48 AN T AR RIVRT (PR Ak B T2 )
TR B IE 100, FrLATIAE TS,

node_num = 100 # [i—ZM17 AL

w = np.random.randn(node_num, node num) / np.sqrt(node_num)

i FH Xavier ¥ LA (H )5 1045 R AN 6-13 Fim . M ANZE R AT A, RS
)2, BURATHEERE, (H220 T i ia ) B, o420
FE3 B A 18 241 B, BT L sigmoid FRELI R IR I AZ BRI, A B ikfT

[EEGESSR

@ Xavier (ig CHHIGIREN, AMUFIE T RT— 205 AT R, 025 TR — 2 080 5
)2, Caffe SEREALASCHLPEST T RifL, RT3 LT BLAY AT — 2 Ao AT S T
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6000 . 1‘—lay(‘*r . . .3—lay?r . . 4‘—lay?r . . 5-layer .

5000

4000

3000

2000

1000 |-

0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

6-13 {£M Xavier IaEIFNREVAENIISEREENSH

B®e6-13M 0T, Fﬁﬂﬁ?é’]ﬁ*ﬁ%ﬁﬁﬁéﬂé’]%% 40R A tanh
BRE (o 2% BR B ) R sigmoid BRER, XD FERE R B9 BB B 1S
F|gE, Lbrt, £/ tanh 2EF, %\E/E%E’]%‘fqﬁ”ﬁ?ﬁo tanh
PR EIFD sigmoid R EN[E 2 S T AR 2k k%Y, {B tanh BRELE X TR = (0,0)
XFRE S BUEh 2k, T sigmoid BB EE KT (z, 4)=(0,0.5) X FR#9 S Z iy
%o RETAR, BEHITRBNRALEREEEXTESNFROMR,

6.2.3 RelURINEVIAE

Xavier 1) i (FL Lk W00 R 0 22 1k 6 B0 W HR T4 5 ke p . 14
signoid bR 4O tanh R KA AT X, LR S BEE T LIBRAE SRR bR A, T LASE
A i Xavier WU {E . H 4300 pREUE I ReLU I, — B Er# il ReLU &
FHIRPIG(E , (AR Kaiming He %5 AEFERORIRAE ., WAk “Hewmhatd” ",
SR — R i, He W) B (G BRI Ty /2 R A
Xavier PIHAMLR /L i, (ELL) ATEMFREN , 10 ReLU fy 6 (8 X 1y
HO, N THEEAT ., BrUEE 2R

PAEAA — T 0 PR ReLU BRSO (A9 40 A1 . FRATI45 1 1 3458
25 T (P 6-14), ARUCRALTE W) A (A AR 2 A 0.01 B9 5 43 A (T SC
R “std = 0.01") B, ®ILRAE N Xavier PIIRTE T . #T4GH R ReLU % H 1)
“He§I A fE” WAL
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1-layer 2-layer 3-layer 4-layer 5-layer
7000 T T T T T T T T T T T T T T T T T

6000 1
5000 1
4000 1
3000 1
2000 1

1000 1

0 P P P IR I
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

RCENIREAFRUERZ A 0.01 15 143 A i

2-layer 3-layer 4-layer 5-layer

0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

AE IR E R Xavier B LR {ERT

3-layer 4-layer 5-layer

0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

FCEAIUG A He MIAR{E I

El6-14 BIEREFER ReLU B, AENEVIRENIEED HRIZMN

=

BRI, 2 “std = 0.01” B, A JZEBIE RN V. whzm
2% DAL BIRART /RO, U 1) A 1 A R A RE L RTREAR I . IORAR
FEE AR, SEPR RS AR E AT R

O BZEOHEAMESMEINT . 12:0.0396, 2)2:0.00290, 3J2:0.000197, 4)2 : 1.32e-5, 52 : 9.46e-7.,
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FEPOREWIIRIE A Xavier MR LR . TEXFEOCT , BEETZAIIE,
Pl — iR bR b, ZINRE, B ERR AR, AT o B
BETH RIS, S WA ME D He MR IERS, 252 oAy AR, T
RIS, Baiy) BEAE IR AL, DRIt Ay, it Sl A (i

BT, YOS R AU ReLU I, ACER) A (B 1 )T He WA B, 4
P PRECA sigmoid ml tanh 25 S T fHh £k pR KNS, 0 4R {EL ] Xavier # 4R B
10 H A de S R

6.2.4 ETFTMNIST HUEERINEMIRERILE

A A S BR R EE , SRR A E I AR IE TR TR S e 2 KR
MR . X HL, FRATTEE T std = 0.01, Xavier ¥JHH1H . He )
URIEIEA 7250 (AR IS TE chob/weight init compare.py 1), JooleE— T 45,
WNE 6-15 7 o

2.5

*—¢ He
e—o std =0.01

=—u Xavier

2.0F

1.5¢

loss

1.0

0.51

0.0

0 500 1000 1500 2000
iterations

E6-15 EF MNISTHIEERIINEMRENLE: BHMRF IR (iterations),
YR IR R EIAI(E (loss )
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XA, MM 5)Z, HEA 100 RET0, B ek Bl
JEReLU, MIE6-15 &5 R AT H, std = 0.01 B 58 R TCIEFAT 2], X FIRI
AW B BE A A AT — R, SRR IE ) 2 56 rh A O AR/ (SRR AE O
WEI AR Do PRI, 30 AL BN SR B AR EE AR/, B L AN HEA T H 0T
TR, A YIAAE D Xavier WU (A He MILAIE T, 2% ] dEATAHARMIA]
IEH., AR He MIARIEIS 1927 ) JERE R — L8

i L, fEREMZR T, BRI EAR R B2, RZRHRACERIG
(EABEE R R BRI A 12 S RETR IR o AEE AR (E A F B 2 BB
TAEAT 1 BT 4 (DR (ED) BUE A, PRIAEZ A Z BR, PR I
— MEYIIREA E .

6.3 Batch Normalization

fE b=, OIS T4 Z RS E T, JENT T RIURBOE 76
T RACEARD AR, DA% A (B0 2 A8 2 B0 B, AT AT U] s
1157200 IRA, T2 E SR/, “smbi e i B S (A oA
23ERENE? SEPR I, Batch Normalization™ 75 Vi e Toc AN = A2 1Y

6.3.1 Batch Normalization F9&;%

Batch Normalization ('F 3C fif #% Batch Norm) f& 2015 4F 42 H 1 J5 ¥
Batch Norm SR — AR ARk, HEZWARZHE N LA A
NG F2br b, B—THLER =52 3R Ma R, i R AR 2 i i
FHBEA 5 R MR S 4 2R 5

M4 Batch NormiX 445 A HWe? K Batch Norm A7 LU R .

o TOMEF T Bk AT (T RF T £).,
o AR ZARMAN A (3 T AN AR AR LAY 2.
o dph)id 204 (4K Dropout 5 89 54314 ),
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RN EE 2 BAE AR Z 8], S — MR A ANEF TR Ti5h, 5
WA T AT FAT T BRI B 2 2] 12 2] T AR 22 0900

QAT ETIA, Batch Norm A% REUFK 2 18 48 45 )22 0 S0 B 20 A1 ol H AT 3 Y
HY)TRE S i, IR AR R 2% rh e AR o3 A AT IE AR 2, B Batch
Normalization JZ (N X fa#% Batch Norm J2), UK 6-16 ffr7s .

.2 Affne | St gy Affine | Db gy Affine || Softmax
Norm Norm

E6-16 {EFAT Batch Normalization B MLEHIFHIF (Batch Norm BEHESHKE)

Batch Norm, g8, LIEAT4: 2) B} i) mini-batch B4, #% mini-
batch #ATIERA L . BARIN T, wied i i 8ds ammEho. 2R 1
ERE . BT 00, s

1 m
UB < Ezlxl
i=

2 1 2 : 2
P 6.7
O’B<—mi 1({171 /J,B) ( )

Z; — UB

N

X HLXF mini-batch i m N A BE I E A B = {2, 20, - -, 2, RIIE
ps i of o BRJG, MR ABHEEATME N0, 720 1 (A& RI5 ) 1
ERAL. K (6.7) e l2— A UME (Fean, 10e-745), B2k 1Bk
B LA O T 0

2 (6.7) BT 244 mini-batch B AKHE {21, 22, - - -, 2, } B A H

i?i<—
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O TFEN VB {2, 22, - @}, AEWTTR, IR AEHRE A ]
BT PR B AT T (R i), AT LA VB A3 A B i 1]

%, Batch Norm J= 23 %F IERLAL A BB 2EA T 47O A2 19 22 4, 1)
e T IR R .

Yi < Y& + 0 (6.8)
XHE, yMBESE., —TFlh~y=1, B=0, SX)5 FE 2% FHEF S
i E .
AR JE Batch Norm (5L . X ANR R ML LAY IEm&H.
SRS 5 mA AR, Batch Norm 1] PAZER HIK 6-17,

(N.D) (VD) ot
€z x — * |e— *x |e— 4 |je—
dz \ / \ / dout

%X\:‘ ~2 %LZ JT—¢ |a—| %

(D,)

r

dr 7
(D)

b (s

dg

E6-17 Batch Normalization B9+ EE| (5| HE A [13])

Batch Norm [ & [ £ 4& A 2858 2%, X LERATA AT 4. At
SRt K 6-17 YT FR % 115, Batch Norm Fé Sz [ FE4& B/t BE L3
RFA ML HE S H K, Frederik Kratzert i) 18 % “Understanding the backward
pass through Batch Normalization Layer”™ HUG PEAHULIT, R4 HR 1 1% %
AUS%E—T,

6.3.2 Batch Normalization B9i¥(&
PRAE T AT4E FH Batch Norm 2 BEAT 52586, 8 56, ffi I MNTST %4 4,

@ SCilik [11]. Sk [12] A e (o 5256 13 %4 Batch Normalization ffi A S oA A4 7 1 4 2
JETH
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WL Batch Norm Z R Batch Norm J2H2% > i BRIk (5
1&@1@ ch06/batch norm test.py 1), ZEHUNKE 6-18 s,

0.9 Training ‘A(:curacy

o o o
(=2} ~ o
: /

accuracy
(=]
(@23

0.4}
0.3
0.2f -7 -~ 7| — Batch Normalization
-7 . - = Normal(without BatchNorm)
0.1—== s ‘ ‘
0 5 10 15 20
epochs

E6-18 ETF Batch Norm IR : {F/H Batch Norm 5§, FIH{TERRT

MK 6-18 FyzE R n] 21, i Batch Norm Ji7, " HFIEHE DT B4,
BT ANFIRIER RS, g2 ] ik R e 25 Ak . &1 6-19 EAUTE W IR Y
B2 Ry A5 AN TR A (B 11927 2] it R

AR, JUF A B LT &R (H H] Batch Norm I 27 S #1745 AR
WA LR B, S2PR b, 7EAd FH Batch Norm FIFEOL T, A0SR AR F—
ANRPELFRIIGTE, DR e 2 TE#ET

g5 b, i ff ] Batch Norm, AT 9947, JFH, XWACEY)
LR IEARAHEDH: (XTI LR E R FR AR AR R IR (H ). Batch Norm HA%
TR R PERT, —E RN e 2 A,
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10 w:1.0 w:0.541169526546 w:0.292864456463 w:0.158483319246
0.8
0.6
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accuracy

accuracy
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04F

0.0
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0.6
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0.6
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0.0

02t/ -7

w:0.0857695898591

w:0.0464158883361

w:0.0251188643151

w:0.0125935639088

w:0.0073564225446

w:0.00398107170553

w:0.00215443469003

w:0.00116591440118

w:0.00063095734448

w:0.000341454887383

w:0.000184784979742

w:0.0001

0 5 10 15 20

epochs

epochs

0 5 10 15 20
epochs

5 10 15 20
epochs

El6-19 EFRRISSLREAT Batch Norm BIRIEER, EL&RIZEEH Batch Norm Y
BIER: ERGREAMRIE T A EIR BTN EE

6.4 IEM{k

Plass > iR p, S R — MR LRI A e HAE
BUIZEE, EAREIRAF M A G & eI 2Rl vh i BB AR . AL
v ) B A AR AR Bz ALRE ST, RV 6 5 7 2R FR A AU s
oAy B R ] AEATIE A B0 o FRATAT AR 2000 . B 9RO,
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EURAHN L, MRS B AR 2

6.4.1 THIE

KA IR, EEA LIRS

o BWAMAHKEAHK., RIANTE,
o DILHIEY

XOHL, R R X PR, H s A . ML, N
MNIST $di 4 J5UAS 1) 60000 YN A b A e 5E 3004, JFHL, S 13§
RIE IR, 72 (B2 100400, 0% BRECH ReLU ).

AT S AR A (W] R SCIFAE chee/overfit_weight decay.py
T BRI AR A

(x_train, t_train), (x test, t test) = load mnist(normalize=True)

# 0T B, W R

x_train = x_train[:300]
t_train = t train[:300]

A AT R S . AZ BT FRRS—#F, & epoch 43 5 H BT A I
SRt AN T A I s B OIS B
network = MultilLayerNet(input size=784, hidden size list=[100, 160, 100,

100, 100, 100], output size=10)
optimizer = SGD(1r=0.01) # JH#:>J% K 0.01/Y SCD HHZSHL

max_epochs = 201

train_size = x_train.shape[0]
batch size = 100

train loss list = []

train acc_list = []
test acc list = []

iter per_epoch = max(train size / batch size, 1)
epoch cnt = 0

for i in range(1000000000) :
batch mask = np.random.choice(train size, batch size)
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%68 S5FIMEXRHKIS

x_batch
t batch

x_train[batch_mask]
t train[batch mask]

grads = network.gradient(x_ batch, t batch)
optimizer.update(network.params, grads)

if 1 % iter_per_epoch ==
train_acc = network.accuracy(x_train, t_train)
test acc = network.accuracy(x test, t test)
train_acc_list.append(train_acc)
test acc_list.append(test acc)

epoch_cnt += 1
if epoch _cnt >= max_epochs:
break

train_acc_listfitest_acc_list 51 L) epoch N BN B SE T A I 4R 808
BT ) PRAFTEOINRG B2 . BIAE, FRATTHEIXLE%1] 3K (train_acc_list. test acc_

list) %

WA, S5 RN 6-20 AR .

1.0

0.8

o
=

accuracy

<
'S

0.2

o—e train

m—a test

0.0 ‘ ‘
0 50 100 150 200
epochs

& 6-20

WIEHHRE (train ) FENILEHE (test ) ANRBIRSEAIR(L
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i 11004 epoch 76 A7 Jv, I 25 4 0 30 14 IR 50 K5 2 L - 48 A
100%. fHJE, XFFMAEE, 25 100% MR BEE A BRI 220, ant ok
MRGIAREE 220, 2 R TN AR . IRl AR I i
BOA I — s (IR ) a1 AR AR

64.2 TUEZ=H

AR S — P AR 28 e P ) — i b i A 7 120 %0 i
FE2E 2] B R AP AR HEATAEST, SRl G . R A A
RN AT S OB KA R

B2 —F, MM R 2] B0 Nk R e, X i, ik
R RN E AL B 7 Uk (L2980 XAE—2k, Sa] DIl Az K,
FHAF S R0, ISR AR 1T W, L2365 AUE R0 SAW 2, 5k
JEH XA EAW NS R XL, M\ A E NIRRT R S EL
BEER, MR AT, A, IAW 2 IR 5 AT
Hi AW 2 R 4 AR W BRI

XFRTARE, BUEEEROT A I o [ AW, (M, 1ERHL
FREERTTR T, BN AR 2 S I RRA A R E NI S AW,

L2SERAR S T A TR T 5, AR RFNE, BEaNE
L‘ W= (w,w, -, w,), WL2EHTR /w? +wd+ - +w ITE
AL Wk, BT 2N, FELISE. LeoBEE, LISHEENT
SBIHE T, ST jwn] + |w] + - + |walo Loo STHATRH
Max 358, #0% T &N TRUGEEDEABIB—1, L2358, L1
SR Lo SRR UBAEENLT, ENEEEMHES, TTXE
BB R S B L2 55,

IAEFRADRIEATIE o X NINIZEAT A SE5, B A = 0.1 AAUE 06,
25 BB 6-21 I 7 W R A {E 3 U6 19 ) 2% 7 common/multi layer net.py H1,
JH T 5256 AL S AE che6/overfit weight decay.py 1),
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1.0

0.8+

o
(=)
T

accuracy

<
=

0.2

eo—e train

m—a test

0.0 ‘ ‘ ‘
0 50 100 150 200
epochs

El6-21 (FRTREZRANIZGEIE (train) FIULEIE (test ) AIRBIFEERIZS L

W 6-21 Pz, AR UIZRER A DS 2 AN IRl i s R =2 el
220, B B 8 AU 08 18] 6-20 IS5 RAH L, 280578/ T X
G B T . AN, BT, VIAEHE RIS B A 153 100% (1.0),

6.4.3 Dropout

PR LA D7, BT R T B2k R g 1AL (9 L2
BB R e . %07 T LA S, AR | RERS M R LA
(R, NSRBI 2, AU S LR X T 0 7ESC R
BUT, Fefi128% 228 Dropout ™ J7#k .

Dropout J&—Ff {F2% 3 iyt B e BN A 2 e D5k DNZRIT, BbL
PEHH BRI ZTT, SRIEHCINR . BEMMBRE FR 2T R BT (7 5 B ik
W 6-22 7. VIR, % i — UK, k2 ML G 2 SN B B M 22T
SRIG, DINRRT, RIRSIEEITA MMZTTE S, (R TAAMZ T
T - Y ZRAT BRI AR L 195 P o
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(a) Standard Neural Net (b) After applying dropout.

6-22 Dropout FHESE (SIHEME[14]) 1 EHRE—RIHENLE, GHURNAT
Dropout AL . Dropout B FEIERH R SETT, FIEEEHESRES

TR AT RS Dropout . 3% B SEILEE AL 5 BRI . Rad, BRI
BHUN RS TIA M BT RS, IE R A R A b s B s nT L T CRHIf
DIMMBSR o)), e DATR B 27 2] BOREZR i AT T XRS5, OC T sty St
] DA% Chainer 21 11 Dropout

class Dropout:
def init (self, dropout ratio=0.5):
self.dropout ratio = dropout ratio
self.mask = None

def forward(self, x, train flg=True):
if train flg:
self.mask = np.random.rand(*x.shape) > self.dropout ratio
return x * self.mask
else:
return x * (1.0 - self.dropout ratio)

def backward(self, dout):
return dout * self.mask

XL R BRUCIE AR, self.mask Fr 4 LU False Y JE 2 A
HEEMBR B0 2T, self.mask 22 HEHLAE SUADIEIRAT ) 90T, DFH 1
dropout_ratio KIICERIN True, &R T ReLU AW, L,
IEFMERRINAL IS T(E S I ZIe, SRR R s IR (L HR
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WAHEIBE S ETT, IR E SR e B .
PUAE, FRATIEH MNIST Bl 4R #EATH0IE,  LABHIA Dropout fRCR . IR
THA choe/overfit dropout.py H1, AN, P CHEHVE T T Trainer Z8fMEACIN

common/trainer.py 1 SLI{ 7 Trainer 2K, XN KO I 71 E B @ P
HITH M &S, AR T S B8 common/trainer. py 1ch06/

overfit dropout.py,

Dropout 256 ARG B 40—+, 72 M4 (B24F 100 M4,
0% BN ReLU), —Mii H Dropout, 35— [ Dropout, SE56 it 45
AN 6-23 R .

L0 e 10
L
4 v
/ o
0.8 r - - SRR 0.8 ped™
T e
s pow¥
/ o —n
L 0.6+ 4 ., 0.6 e an
g 2 4 i
g g /
= =
g [/ ] £
04l g 04l r
[/ it
W I,rv",w‘/
il Py
0.2 02t /&
| o
/
%
0.04 . 0.0k .
0 50 100 150 200 0 0 100 150 200
pochs poch

El6-23 ZAiBi&HEFEADropout, HiA{FEAT Dropout(dropout_rate=0.15)

& 6-23 1, L H Dropout, YRR A B 0 A B 1) 22 B
ANT o FEH, UIZREE B 3135 100% BYTR RS B . AZaxkE, adff A
Dropout, BIffEFRIIIRAMLE, tn] L4

BFIPEECRRAEMFE S, FIBEMRFS], BRI MRS
7%, HENBRS MENNEHNFIE, BHEMNED
BRI, thtn, ESSNEEERE (FE KM ML, 25T
3], MRET, DUX 5 MNEHHIL B EIEEAER, KRERFRR,
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BEHTERES, MEMERIBETMIRSFILNE S S,
XMNEMF S5 Dropout BEW X R, X2 E AT S Dropout
BEA, BEAESISRPETMERSEET, NnE— R RE
MRS TS, FH, HIEN, BT E T R DU R
Bl (tbdn, 0.5%), TTIBUSHERIMERE, that2ik, o DIERAL,
Dropout &M 2 ST AR (it ) BT — PMRMLELE T

6.5 BSHHIIE

Mg, BT ACE F 5 28, BB (hyper-parameter) H1.42
WIRH, X UL SEORSE, & 2 LTt . batch K/, £
BB ) 2 ) R A . ISR X S SO B A R, A
MPERERE SR 22 . BAREBSEUNIEIRH =%, (LREUE S h
— S PEBREIR 2 iR . AT R AT BE R U S S BN E Y 57

6.5.1 ISIFEE

ZRTBATME ARG 70 T NGB AR, I ZRBe I T2
IREHE ] TG AL RE T o thit, wUnT DIPPAS RS HUOd BEALG TIZREs
CEMRAA TiHE), LAIZARE S anfa 45

A TE SR A AR E DL TSR . X B,
AREM I BH A S R TERE . X — G AR E 2, (A 2.

N2 BE IR A S R PERENE 7 TR PR A R A I 1
VRGBS, SRR E SIS A A U . AR DL, IR
FEHINESEAER 4R, Hia S Sl B ERoR Ry F S .
XEEAYIE, AT REALSTS BN RESLG HAU K . ZALRETI IR

P, JEHEESEOT, BAERTESECE s . T TiRsES
KB, — R M IRAE $4E (validation data), AT FH X496 UE Ak
PSSR LR
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BETHE . ATHINZLEESD, BAERGEA (HEEBNZERA—K)

L‘ WEEFERTSE(NENRE ) NES, BIrEER T8
A R

WA F R EIRSE, AR BIINAEE . uEEdE . a8E =
893, AT o N GRS A AR PR oy, AT WA AT 20 FE X Ah
LT, WP AfT T H . WAUE MNIST Jadk, FRATIR uE A (14
MR EL R IR NGRS T 5870 810 20% 1N BRb s, (RS A0 T B

(x_train, t train), (x test, t test) = load mnist()

# STRLI AR
x_train, t train = shuffle dataset(x train, t train)

# SRR
validation rate = 0.20
validation num = int(x train.shape[0] * validation rate)

x_val = x_train[:validation num]
t val = t train[:validation num]
x_train = x_train[validation num:]
t train = t_train[validation num:]

X HL, S EIUIGRBERT, SefTRL 1 ARE MBOMARE: . RO N K
LE R RN AT REAFTE S 1) (L, Bl A 07 B “10” $Z 05 HEFI 55, i HL{E
FH 1) shuffle_dataset pR &0 F| FH T np. random.shuffle, 7F common/util.py i
SIS

Ok, FRAIMEHRIEEIR S SR R AT %

)

6.5.2 BESHRIRMKL

BEATRE SR RIS, B4R/ NS i A e AR 2
JriS iz #i i/ NER, SRS — IR e REBOE — M, X R ALk
H—EZECRAE), AR RIMEI T IR IS A5, 2K
FAIZEAE, WESHBIRSEEIAE R, B EE R ISR i RO
G AL X AR, AT LB E SR A IS L
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SHMNENRRALE, BNRENRRTAIRET, XEFRAE

L‘ ERES SR, EHTHERNSENBSRNRHLE, SMEESE
LW 2 BB, SRS RANIRIIEEN S NEERR,

FESHURE R R R E” BT LT . BB KRB E”, 21
1%0.001 (10°*) £ 1000 (10%) X FE, LA “10 9B T-” B9 R BE 45 52 i [ (th 33k
A FXTEOUE (log scale) 657 )o

TERR SRR, BRI 7 ) T BRI ) (b, LK
sUUAD. itk TEESEERT, TR G &2 IR S
T, RS R, W4T [ epoch, 4R —UITAN BT A R]
S ANES I

UL Et S E A s, BT, R,

IO
HERSFA TR,

$B1
IR AR A HGE B LR AR

HIE2
2R F IR P RAER) 9B AKAEATE T, BT IR E R A A
B (422 Z¥ epoch % B AFAR AN ),

TH]3
TAFHIAFTH2(100 %), RBEMNQFAFEOER, HIR-E
HHTEE

S AT R, AWis NS BTSN —E TR,
IEREHE R — SRS E. XU TS R —FhIT ik



198 | #6= S5%IMEENRI

EEHRERZRE, AIFNREFELRENERNNER, T8
SRR, URFEEBENAE, o NEHRRHHREMR
1k (Bayesian optimization ), T 0T 87 & 1k iz B A L 0+ H E 32 4 o
DHEFIER, REENTR. SRR K. FARNRE
2 % 1 3 “Practical Bayesian Optimization of Machine Learning
Algorithms” % & |

L‘ XENBHBSHNAREA T EZRLEREN A, i, XA
A

6.5.3 BSERMMAAIST

BRAE, FRATIE ] MNIST £cdfs 52 A T8 S B et A . X LR A T2 )
RN TR AR R D3 B 1 R B R SRRy “BUE I8 R AL ) 3 A~ R S 40
R BIBVE R XSG XA )R 1 R LB 278 T TS AR R 2 Y BR AR
“CS231n”,

AT AT A, 38 5 A 0.001 (107°) F 1000 (10°) 13 £ Y X H0R B 1 3 [l
R BLR R HED T S R 9k . X 7E Python H AT DL 10 ** np. random.
uniform(-3, 3), FEIZLH T, AUHEMARBIOVIGEE 108107, %
SRPIRYE RN 107° 80 1072, ik, BN BENLR AR RS I R R

weight decay = 10 ** np.random.uniform(-8, -4)
1r = 10 ** np.random.uniform(-6, -2)

B TRENUCRAE IS, PR IR T2 o 205, 245 b
MSEIEE T2, WG FEENBE SR, X AR T 2k
T, B T AR TR S BRI R IR ACRS 7E chee/hyperparameter
optimization.py 1, KK HHS%

TR ABUE IR A ECH 105107, 2220 R K 10 ] 10 Y7L
HEATSEE, SR 6-24 iR o
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1.0
0.8
0.6
0.4
0.2
0.0
1.0
0.8
0.6
0.4
0.2
0.0
1.0
0.8
0.6
0.4
0.2
0.0
1.0
0.8
0.6
0.4
0.2
0.0

Best-1

Best-6

Best-11

Best-16

Best-2

Best-7

Best-12

Best-17

Best-3

Best-8

Best-13

Best-18

Best-4

Best-9

Best-14

Best-19

Best-5

Best-10

Best-15

Best-20

E6-24 SEERWIFHIRAGRAGE, EERIGHIRIGRAIEE

%N

P 6-24 v, F Ui RE I e B A IDUHES ) 1 S0 e85 127~ 122 1k
M AIAL, EF “Best-5" Zifr, 2 BEATAFARARIUR] . R tt, FATR
WMEE—T “Best-5" Z AT S EIIE (57 ) RABUE RN AR L), 455R M

Best-1 (val
Best-2 (val
Best-3 (val
Best-4 (val
Best-5 (val

acc:
acc:
acc:
acc:
acc:

ir
ir
ir
ir
ir

:0.0092, weight decay:3.86e-07
:0.00956, weight decay:6.04e-07
:0.00571, weight decay:1.27e-06
:0.00626, weight decay:1.43e-05
:0.0052, weight decay:8.97e-06

MK AEER AT LA, 2% 2] 5 7E0.001 5] 0.01 . FHUH 0 R E7E 105
107 Z [, 2T LABRIPEA T AZ000RE, LT LA 2 VR BEA T ()6 2
KVE, AR/ IMERTE R . RS, AR AR/ N T AR A
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RS/ NI BIE B S B EIEE, RR TR B, R
S E .

6.6 NG

ARERATINA T Z 2 2] i LA 2T . SRR Tk
AERGE AR )7 . Batch Normalization, Dropout %5, X2EHZ I
P28 AN AT BRI E AR . 381, X A AR, FERSeiH IR~
Tl B

AEAFHRD
o Ry F A H ¥k, BT SGDZ 4, £ A Momentum. AdaGrad.

Adam %7 %

o MEATIEALM WAL T R AT AT EA 4G F T F EL,

o MEAMEMIMAL, Xavier 418, HeAn 415 b A 2,

o i it4# H Batch Normalization, ¥ vAArik 53], F B xl474414 & 4%
i,

o il it by EE AL A A A Z R . Dropout ¥

o EBTLE AN IFA” BRI BRI R AL — AN B kL




B1E
B P2

AR B ) 32 B 3 FR 42 N 2% (Convolutional Neural Network, CNN),
CNNBH T RGN EE NS &R 6, ERBHBIN LD, BT
TR 2] 17 L THR LA CNN Ry Beail . A Ei RN 240 CNN 254, 11
Python 520 HACFH Y 25

7.1 B

Boo, KE— P CNNR ML, T CNNIRBHER, CNNAIZ
HIAT AP 22 P 2 — AT UK i BRUOR —FE 3 i 21 206 2R i, AN i,
CNN st Bl T 48 F1)2 (Convolution J2) Al AL )2 (Pooling J2 )., & FHJZ2
HWALZRAE T — VRN 2, X BIRATEE — T W42 LA g CNN,

ZHI AL b, MISR 2T W SoCZ MR i, X hE
¥ (fully-connected), 734k, FATH AffineJZ2 528 T 2 #)2 . AREH
XA Affine 72, —A> 5 )2 I A% H2 (1 i 28 I 46 5t PT LASE 3o ] 7-1 JT 7 (4 P 4 25
FaR I

WNE 7-1fiR, SRR, Affine 25 B BTG PR AL ReLU
J2 (53 Sigmoid J2), % HLHES T 42 “Affine-ReLU” 44, SRIGH 52 &
Affine J2, #5J5 i Softma 24 X 5 (HER ),
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Affine — ReLU Affine - ReLU Affine | ReLU Affine — ReLU Affine | Softmax

7-1 BEF2iEEE (Affine B ) FIMEHIEIF

B4, CNNZRAARRIZENE? B 7-2 /& CNN A—~ i+

Conv (— ReLU (~ Pooling Conv (-~ ReLU {~ Pooling Conv [~ ReLU Affine -~ ReLU Affine [~ Softmax

7-2  EF CNNBIMLZHIGIF: T Convolution EF1Pooling = (FAREHISIRETR)

w72 /8, CNN B3 T Convolution JZ F Pooling JZ, CNN #)
J2 1) 32 2T & “Convolution - ReLU - (Pooling)” (Pooling |2 4 I} £ 4 4
W& ). XA AR A Z B “Affine - ReLU” 3429 B4l T “Convolution -
ReLU - (Pooling)” #4% .

W B JE, FER 7-2) CNN H, 530 i b 09 )2 R T 2 8
i1y “Affine - ReLU” #H &, Wb, fea nyfm )2 th i i 7 Z Hi iy “ Affine -
Softmax” 2045 . IXLEHRZ— Y CNN H LA H WSS

72 BRE

CNN B T — L8 RS, LLINBE . B, 1eoh, &2k
136 R A AR AR (Letn, 34E%E), X5 Z ARy e ik M A A,
PRI 27 2] CNN I AT RE 23 XE AP . A5 AT TR AE S TR, A
2] —"F CNN Pl HIR B2 251
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721 EEEEFEREE

ZHIN R TR Pl T T 22 (Affine )2), TE4EHE
A, MHARZ ARG e AR E AR, fith AR AT M E R

AR ZAFAEAT ARE? S Bl R 2 T e,
AR R, UGGl H e . K. a4k, HE, 4
A, T B 3 BRI L AR . SEPR 1, AT AR S 5
T MNIST B0 F b, f ARG 1iliE . w288 K., K281 H
1 (1,28, 28) JAK, (HZAIHHERL 151, L7844 E4E 1B ki A B T 46 11
Affine )7,

FMGZ 3R, AR iZ & A B EE R, tan, 20k
LRI RIR R AR . RBG Y4303 22 0] 43 514 B D) R GIME | AR IE
BOE MR R Z WA AT A, 3 4EIIR i m] BE FRURA (ELAS BB AR ST
Ko HZ, RN REEBESZAUBIR, BB am ARV A R 20
([ —4 BE i p 2 o0) A3, B LLJGEE RS I RA DGR

M BUZ AT LR FFIE RS . Y A2 BRI, BRUR L3 4k
B i IE SO A B, R RBELL S 4EEAR e X = T — 2. ik,
7ECNN Hr, 7] L (A ATRE ) T B P19 45 ELA T AR 8000

g3 8k, CNNHr, A K 45 FRUZ 00 A S b 508 Bk O 45 4iE B (feature
map), Hrr, HBEZ AT NFHER (input feature map), fith
BARFR N H4ER (output feature map), A “Hy Ak EHE” 1 %
TEFE” A5 5 SCRTRI T

722 HREE

BRUZHTRAL R B PUSTE . BIUSFAN Y TR B Y I8
WIBE", N PERUBER, RODKE— BB E]T (8 7-3),
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12 30
2 0 1
01 2 3 15 | 16
G0 12
30 12 6 | 15
10 2
2 30 1
i AR Wi

E7-3 HREHEMGF: B e’ FSERREREE

WP 7-3 i, A5 FE X A KR B IR A% o e A, BA
B R 1 R B, DRI B R, AR YRR, R
1 (height, width) 275 als AR P &7 AR, WIAEA M, i AR/
(4,4), WPAFR/INVE (3,3), Fith R/INE (2,2)0 T35k, ARISCHRAPEL “127
AR R X BT “IE IR

AR — T ] 7-3 BRI R B il T 1A 2t 5 B 7-4
TR T BRSNS .

XTI AKEE, BRI L& R R S as ) wE DO, X BT
VLT A8 I 7-4 R 3 x 3IFE 5. W T-4 7R, B4 s o
P 2R TC R A A X RITR AR, SRS PR O B AT AR Ay 5k AR
RMEE). KI5, AL B X AL KX A AR T A
PrEERIEA T—i0 , hn LS RIS RS B

FEARFERENM AT, BRTIESE, RS, CNNJ, gk
B SBOR RN 2 BRI . JEH, CNN /a7 s . K 7-3 EFusE
A — B R B 1 I 2R A B B o A D A A5 RS B A A 3 A A
7-5 FR

W 7-5 7R, N T BRI AR RGN b e e S A 1
(1 x D)CA AR TR T T 08 4 09 4 5l B HoA 1), XME
SAEIMBIN T UGS T TR b
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1 2 30
0 1 2 3 15
3 0 1 2 -
2 3 0 1
1 2 3 0
0 1 2 3 15 | 16
30|12 -
2 3 0 1
1230
0 1 2 3 15 | 16
3.0 1 2 6
2 3 0 1
1230
01 2 3 15 | 16
3 0 1 2 - 6 |15
2 3 0 1

7-4 BREENTEIF
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11230
0123 ® 3 (1] ; 1516 + I3 18119
30012 615 918
213 01 1]0]2

i A T As (BE) it LRiESEin

E7-5 SHREENRE: QAT RIRSNTENEE T EEE(RE)

723 EFE

TEHATERUR AL B Z R, A Ak 2 i iy ARl 1 Jo] PRI 7 A s (L
Woss), XFRNIETE (padding), EEMEH hLw SRR, i,
TR 7-6 BB, R/ (4, 4) BB AR BT TR 0 1 E . IR
JER 1 RYBE” JEAe HINREE o 181 0 SOTE A L

112130 7 12110 2
01123 2101 4 15116/ 10
® 01 2
310112 10 6 |15 6
213101 110]2 8§ 1014 3
(4.1 (.9 (4.1
i NBUE (padding:1) TS 2 i H R

E7-6 HERzENERLE: DRABENREEAN(BhARERTER, HEKRT
HFERIRE “07)

mE 7-6 R, s, KN (4, 4) AR T (6, 6) IR
SRIG . DEHIR/ING (3, 3) UBIEdR, AERLT K/NH (4, 4) W% s . x>
TR T 1, AR E T LI B AL 2| 3 S TR AEEL . 7EK 7-5
FBFrh, ISR 2, W BRI RN (8, 8); AnAUKEHLTE %
3, TR/ R (10, 10),
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EAERTIERATIFEERL RN i, XR/NA(4,4) A
B A (3,3) MIRIK B, Bt AN (2,2), YT RN
EEBARNGENT 2P TR, ZERE#HTEZRERTENREW
Bh AR, ATAR? BANREBRHITERTEL =%/
=M, BAEREINZBE R NEBETELAT, SBLEBFNA
BREZE, A7 BEREHIHNER, REERER, £RIA 65
Fb, BHETUIBERA, BAENFRAKRN(4,4), KN
MRFFABRKN (4,4), Bit, BREEXRTUERFZERNAE
WER T BEEEST R,

7.2.4 g

IO FHIE M 4 14 v (R B B 4508 (stride). ZRTAOBIF 2B IE R 1, 4n
SRR 2, WA 7-7 frzs , ISR AR IR 2SS 20

1 2 3 0/1/23
01 23 0|12
2301280 - 201 B
1 2 3/0/1/23 ® 1(1)5
01, 2/3 01 2
3 0 1/23 01
BE:2 /7 N\
123 01 2 3
012 30 1 2
301 23 01
2 1
23 0/1/2/30 ® (1)2 1588
1 2 3/0/1/2 3 1 >
0 1, 2/3 01 2
3 0 1/2/3 01

7-7 SR 2EREERIGF
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FER T-TBBIFrp, X AR (7, 7) BOEE, LA IR 2 B T 8D .
IR 2, FR/NE Ry (3,3)0 ARIXEE, AR AT LA R N I A
4[] B

Zi b, WKPR)G, MR, SIS, RS,
MAREX RIS R E A, Sfue? 82 1ok, RATE— FxFHEEMmLs
W, el R R

B, BB A KN (H, W), SRR KN R (FH, FW), RN
(OH,OW), 3R P, H4RM S, Mok, bR/ Nt st (7.1) #4735

o~ H+t2P-FH
; (7.1)
OW:W+2J;fFW+1

BrE, FAMEHXARX, WHEBILTHR.

B1: E7-6 B96IF
BNKA: (4,4); BA: 1; e 1; BEB X (3,3)

44213

OoH +1=4

2. B7-7HIBIF
NK N (7,7); HA: 0; . 2; Bk BERA: (3,3)

_7+2-0-3
==
_7+2-0-3
B 2

OH +1=3

ow +1=3

i3
WNK: (28,31); A 2; FhE: 3; BB XD (5,5)
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OH:gii%3:E+1:10
OW:%+1:11

WKL FHT R, e (7.0) A, AT RS . X
WAL R PP ACRR T LR /s, BRI P (.
il (7.1) sy WE2ZE=FW g He2P=FH /3 iaf ) g St/ NIk
BT (S SRV ), BRI S e, UE I — R, AR S)
MORERRIART, TN, A TR R & A, R
SR TTARSEIE T,

7.2.5 SHHIFERIBINEE

ZHTBIE R AT AR LA . K7 i 2 4B RO X 4. (H)E,
PGS 34ERE, B 1. KTz ob, b A iEiEr 1), XL, Ff %
MR Z AR BINY , & — BXEN_E TliE 1 ) 3 4ERde A T BUs R 1

K 7-8 RIS, P 7-9 S RN . ok FRLLA 3 3d i A o 11
JerR TBBUS RS R, A2 4e 5 it (B 7-3 0B 7) M E, RTLLUZ AR
J5 16y GBIy 1)) FARAE RGN T 3@3E 7 ) A 2 REIERI, i iE
HATR AR AIE R AR B BLa T, JRRAERAI, A2

4.2 1.2
306 5, 4.0 2
. 0.1 3
1 2 3 0709 90 1. 63 55
) ® 2
01 2 325 0 1 27 18151
301 2! 10 27
2 3 0 1
N A e

El7-8 333 4R TEINEEGF
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4121
306 5
1 2 3 0,
0123,
3. 01 2
2 30 1
4121
3065
1230}
012 3
slo]1]2]
2 3 0 1
40201
3.0 65
1 23 0,
012 3
3. 01 2]
2(3]0]1]
40201
3065
123 04
012 3,
3loj1]2]
213/0/1]

2
4
2 2
5 @ 0
1
_2
_4
2
2
5
2
_4
2
: ®
'5
2
4
2
®

[

o | = | O o= o

o= O

NN = NN =

NN =

0

0

0

ol w

oo w

oW

K=}

3]

2

63

63 55

63 55
18

63 55
18151

El7-9 X3 4EHiRHT

ER=EANTEIREF
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T BRI, FE SYEBUR B RUS R, S AR FIIE I # Y E A
BRI ME . e, i A B FIE R A5, B 3,
TR A8 A/ INT LA AT BAE OR300 19 DR 28 /N 2 AH ] ),
XA F A g ER AN A (3, 3), HWBATLIEE N (2,2). (1,1). (5,5) 55T
RAH. PRI — T, A A RRIRE S A A B (438 JE SO R 1 (A1)
F143)s

726 HEHREE

P B g B e 25 S KT IR R T YO I, 34U B iz B AR
R B, JrHUE MR 7-10 iR 34E K TR, HE 3 4B R 2 4Rl
i, 455 ¥ A (channel, height, width), Han, BN C. &R H.
KR W BIERIEAR AT A B (C, H, W), JEDE R th—Ff, 4% (channel,
height, width) (7 55 . tein, B4 C. UM 2% & B 4 FH (Filter
Height), K H FW (Filter Width) i, A[LLS % (C, FH, FW),

c
C .
OH
" @ FI —_—
_______4/ W
ow
w
(C, H, W) C) (C, FH, FW) —_— (1, OH, OW)
LN € TENRE i Hh R

E7-10 ZHEHREEENEE. BERTTRAAAK

PEE8 17 IS G L €1 T TP I B (T e D7 B W B (T S I ST R 2
HUREIE RN 1RFFAEE . B4, WAREAL BT W LA 2 - ERsR
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BB, B AR Mit, s ERHRZA RN (BCER ), FHEERE,
WnE 7-11 iR

W
c
FNA
FH
LV FN
c
H @ — OH
|
—/
ow

w y

(C, H, W) ® (FN.C, FH, FW) — (FN, OH, OW)
i A K blitlids i AU

E7-11 ETSNIEKBRNETREEEF

I 7-11H, @ FNAS IR, b R IE WA T FNAS, ansR
WX FNASFAEENCEAE— R, 3452 TIBAR A (FN, OH, OW) 58, %
AT AL T )2, e CNN L

W 7-11 FF 78, 56 T4 LS 50 00 U8 A, o 0 20 2% R U A 1Y K
i, L, 1R A4E8E, D8R A8 i A BUdE 24 (output_channel, input_
channel, height, width) (9 JiUF $5 . Han, @EFCH 3. K/ANHE x 51918
Pt 200, ATRAS AR (20,3, 5,5).

GBRUBF T (R ERZ M) A7 S . 7RI 7-11 /907 rh, 2Rk
— BN E A A AR, A R AR AR 7-12 R

El7-12, AN EE B — AR E . X, & RIERE (FN, 1,1),
T I A A D 2 SR BT SR (FN, OH, OW) . X BN 5 AR, %) g ik
fr i 455 (FN, OH, OW) #a B F AR W EE . 535, AETZIRE
JrBREINE, TS T NumPy B) &SRB SE B (1.5.575).
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FW
C
FNA
FH N FN
c
FN
L
I ® — OH Ty — OH
L v 1
ow ow
w Ly
(C,H,W) @ (FN, C, FH, FW) —= (FN, OH, OW) + (FN,1,1) —=  (FN, OH, OW)
[N € TEM R i i B

E7-12 SREEGER(EINTREM)

7.2.7 HEabIE

PREE 28 L BEHEAT T R A TR AL . Z B 2 Heph 4
PR 28 Y SR, T HEAR B, EATHEAR R, RS S IAL B E R A2 2T i
X} mini-batch B X R

1A BB @%mﬂﬁﬁ LS, Shitt, FERGTEAS R
PEARAT ]y A5t . ERMYE, 3t /2 4% (batch_num, channel, height, Wldth)
T A7 B . Ee i, K T 7-12 v R A B Xt N A5l A A T A B
BAIEAR A 7-13 B

P 7-13 BYAEAL AR BRI D, R DB A TT SR s I 1 HE P RS 4EE
Bk ke, BRAE R A QLRI ARTE 2 R G . X LR B e, M4 InlfE

B AL, Xk NN T TSRS R WU, IR NIk

AL RIS 1 1A T

W
C
FNA
. FH N FN
FN
v
H ® — OH + 1 — OH
[ 4 1
W ow ow
W.C. 1, W) (FN ( [FH, FW) — (N, FN, OH, OW) +OFN L) — (N EN, OH, OW)
G © i fived e

E7-13 BREEALIER (HLE)
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7.3 HLE

WA SEgE/ N . KIT R LA ssREsE . e, s 7-14 s, TR
2 x 2 I XA 1R AR B, /s [aR /N

2] 10 1210
01 23 5 01 23 23
3. 0/1 2 3 0 1|2 4
20401 2[4]ol1
01 2[3] 53 0123 23
301 2 30 1[2] 4.2
2. 401 2|4 BONE

E7-14 Max t{tHIIEIRE

P 7-14 9 081 1 2 0 A0 W 2 AT 2 x 2 B9 Max b Ak Bt (9 A0 BRI . “Max
A" B RMEMIZE, “2 x 27 Fom HARXERY /DN mE iR, A
2 x 21 IXHR U o RIoC R AN, XA AR P IR BN T 2, BT LA
2 x 2% DR SIRIRGE y 2 00K . T8k, —RBokUl, WALRIE 0 R/ha
FAE IR B BUH IR (B, Hoin, 3 x 3B OB IS 3, 4 x AT N
PR BN 455

BT Max itk z 4h, £% Average stk %, X F Max th1k 2 M
B AR h B K {E , Average sBLN2itE B ARXKE B EHE,
HEGIRAIGE, TEEA Maxithik, Bk, KBz “thikzE”
B, 5892 Maxithik,
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i EERI4HIE

WALJZA LU RHIE

RBEEFINBY
WA BA BARETRR, BARF T AA AR R B AR R IR P RGR
RAL(SAFHME), FIARFEEZT T 054,

BEHAZETL
MACE I, WANFIEA R MR B E MR AR AT, wET-15

i
B

421 2
30 6 5
4 4 | 4
121 0,
D) 3 | 6 5
0o 1 2 3 — 1
015 2.3 1
3.0 1 24 4 9|
2 4 0 1
S AR i R

E7-15 CPEEHTE

SN BT B S (i)

WMNBIER AWM Z 0, AR ARG LR, Bk, st
NI M 2 B SHE, Wdn, 3 X 389ALBERLT, A
T-16 BT, AR BN B 1R 2 (RBERBEORRE, ERAT
R — 50,
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12 0[7]1]0 1112 of7]1
ofo]2/3 2 3 30[9]2/3 2
301021 2 97 2301 21 9|7
2 40101 68 324010 618
[6]o/1/2 1 2 2[6]0 121
204 0 1[8]1 12 40 1]3]

7-16 WABIEEREL M LERFES 1N TRE, BHREERNER (RESUENTRE,
BRERBAER)

7.4 HREMBUER S

R RATHEA NG T EBUZFRALZ, AT A T8 Python R SL Bl
PIAN)Z o M 5 B4, BRI T BRI T forward Fl backward J5 3%, Jf:
(AT DA B fi ]

RETRELEEERRZ T A2 AL IRIZ A, (HSEPr b, dad fli I
Py, W] DIAREAA RSB, AR XA T, R i, SRR
HATERURIISEEL

7.4.1 AHEHER

QIATRTIR, CONN H & 20538 i BE & A E500E . Tis 4 48, Hean
BRI ARIE (10, 1, 28, 28), WIEXFI 101w A28, K28, ik A 1%L
P& F Python ESCBLATG, A0F iR,

>>> x = np.random.rand(10, 1, 28, 28) # RKtlLA4: Ak

>>> x.shape

(10, 1, 28, 28)

XL, WERELDTR A 1S, RS x0T DL T (7 Python Y
SEMOTFIREY ), [aIREHE,  FH x 111 A] AY5IR) S 2480
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>>> x[0].shape # (1, 28, 28)
>>> x[1].shape # (1, 28, 28)

WS ELF RS 1B 5 1A A 0923 [REC , T LS R R .
>>> x[0, 0] # =& x[0]1[0]

Bixte, CNNHABRRYR A48, LB MSCE ERaRE
7%, HJEIES AT A A in2co AN EG, (Rl 2 AR AR TR AR

742 EFim2colHIEFF
WRZ 2T S MBS, i LZR forifim), XFERY

S SURRIL, T L, NumPy e for 15 /A) 5 AL AR (15 (NumPy
o, Uil TR I Ed N B forifih) ), X, AT forifidy, i fi
JH dm2co U3 A ) 14 R AIGHEA T FRT LAY SR

im2coUZ— A pREL, i A BRI LIS AU A OB, W 7-17 FiR
Xt 3 A A A KR R im2coU ST, BUEEEH N 2 4ERERE CIERfMTE, REms
B Y 4 4R T 2 48505 ).

im2col

i N

7-17  im2col fUREE

im2col 24t AR IT LUE 5 i8eas (B ), B, Ak 7-18 i,
X AR, K5 L8 D (9 X3 (3 4 T ) e 1 JEJT D9 1870 im2col 2%
TEFTA LS B AS B T HEATIX A T AR B
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E7

NI

7-18 ERIKRIN AR FHAORER R/ 15

TER 7-18 4, A TET LS, Kb iR B AR, LU R HTIX
HAES., MESPRMEREE T, RN X B E RS . 75
DV AR XA A RFOUT , i im2co VRIS, ITJR Bon R
ZTIROTRBTCR R R, 6 im2col i SEBUAF 8 He 5 36 B SE B FE
ZNAFRYB S . (B, AN RAFERE AT, X RN TR
fEAbo HUn, FEREFETTH R A (PR ) b, AERETH R A S E B
JEfAtl, nl LA AT KRR ez 5 . I, i RS B S
b, TR A HZ A%

im2col XN EZ FRE “image to column” %S, BRI KFHE "M
L ‘ E& T4 WE R, Caffe. ChainerE RESIELRDTHL A
LA imcol sy, FEESMRHSIG, BEMT in2col,

il Y im2col JR I ABIHE T, 205 it T A AR I DR D A () L
I 15, JEIHE 24N M SR LRI AT (SRR 7-19), X R EE R )
Affine )27 B AL FRIEAAH A o

WA 7-19 s, T im2col J5 A A9 45 R 02 248 . Ky CNN th
B SR AF N A AR B, BT LN 2 it B e 40 o B 5 AR, DAk
RBRUZ IR
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iy B

im2col

reshape
X — —

S it KA
b s (24E)

E7-19 BREEATEIREGIENAT : BiBERNERF 15, FitEfim2col BFF
BOHRAIAENESRIR, RRISHEIE (reshape) JIRILHEHRRIA /N

7.4.3 HHERISCH

AR T im2col pREL, FRKHX A im2col pREVE N A & ORI N ERSEHE )
. im2col [l B P 25 7E common/util.py A7, ‘B AGSEEL (SR ) 22—~ 10
TR R, A 24BEE T IS,

im2coliX —fHHE R ELA LU 20

im2col (input data, filter h, filter w, stride=1, pad=0)
e input data—— y CHeibht, i, i, K) 69 4 R MR AT NS

o filter h D
o filter w I ey K

e stride— ¥ 1§

e pad — LA
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im2col SFEUEPASUIN A BT, K ABERIRI T 2 45 . e,
AR SBRAF FH— T iX A4~ im2col,

import sys, os
sys.path.append(os.pardir)
from common.util import im2col

x1 = np.random.rand(1l, 3, 7, 7)
coll = im2col(x1, 5, 5, stride=1, pad=0)
print(coll.shape) # (9, 75)

X2 = np.random.rand (10, 3, 7, 7) # 104k
col2 = im2col(x2, 5, 5, stride=1, pad=0)
print(col2.shape) # (90, 75)

X2 T A 5B/ L, BB 3T x 7R,
ZANBIEIRN I 10, BERIEARFISE— A ] %%UX#ET“ JH im2col %Y, T
XPFEIE T, 2480 BRI N 75, XORIENEAS GEIE N 3. K/ N
5% 5) I EANEA BRI, HEKAN R TEE, im2col BYZ5 2 (9, 75) . TMi5E 2
AT 10, BFLAGRAE T 10 F5H0%dE, B (90, 75)
AR im2co SR SEIERUZ . X BLRAT RS BUZ S 44 24 Convolution
%,
class Convolution:
def init (self, W, b, stride=1, pad=0):
self.W=W
self.b = b

self.stride = stride
self.pad = pad

def forward(self, x):
FN, C, FH, FW = self.W.shape
N, C, H, W = x.shape
out_h int(l + (H + 2*self.pad - FH) / self.stride)
out w = int(1 + (W + 2*self.pad - FW) / self.stride)

col = im2col(x, FH, FW, self.stride, self.pad)

col_W = self.W.reshape(FN, -1).T # JE#0ETF

out = np.dot(col, col_W) + self.b

out = out.reshape(N, out_h, out w, -1).transpose(0, 3, 1, 2)

return out
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GRUZ BRI o i s (BCE ), fmE . DR . R ISR
IE UL ARIE (PN, C, FH, Fw) B4 42 AR, 55 4k, FNL CL FHL FW 4y Jjil 2 Filter
Number (JEJ #5804 ). Channel, Filter Height . Filter Width f{45%5 .

X HLRUA SR Convolution J2 19 52 BE A F AR 43, 7Rk SERLIA S
ko, Hlim2col EITH AR, I M reshape ¥ iEias eIy 2 46504H . SRS,

TR REIT G B R A o
%ﬁ‘(ﬁ‘?ﬁ%&ﬂ‘]ﬁﬁ’\(ﬁﬁ%ﬁ&*ﬂ@*ﬁ%?)ﬁHEI?-lQFJ?/? BB A UED AR
[ 07 B\ ) J TF S 147, 3 HL3E 4 reshape(FN, -1) 45 S 5d8 & 0 -1, X 2

reshape [\ — Aﬁ%’JE’JIjJHaO i o 7F reshape [} 5 % 4 -1, reshape pR#4 H
A 1R EROTER A, DT 2 4R T R AT S B e,
(10,3, 5, 5) AR IO B4 1) TC R AL AT 750 41>, $8 %€ reshape(10,-1) J5, #E
SN (10, 75) FEARAO A

forward (ST, dR S 23k Hh /N R 3 T AR . el ] T
NumPy 1Y transpose pR%{, transpose 2T M AEXZH I . WnIEl 7-20
Ji7R, AR E O TR RG] (S5 ) ¥, T LA sl i iy

JIZIN (N, H, W, C) transpose (N, C, H, W)
—-
%5l 0,1,2,3 0,3, 1,2

7-20 EF NumPyhYtranspose FIHINFRIERN: BIEERS|(FHS), Btz

DAL 2 5 BUZ Y forward Kb BRS040 (] im2col HEA 7 HF,
AT LIRS 4 H2 2 1 Affine 2 —FER SEER (5.6 717), %Fﬂémﬁﬁ
%ﬁ@%%%%ﬂ,lﬁﬁAﬁw%%%ﬂﬁ@%ﬁ@%ﬂﬁ,ﬁuﬁKﬁ
NHRT . B —RTHEEE, T ERURB R L RER, T T im2col
R AL B 3T LU A AR ALY col2im R (col2im (1 S HAE common/util.
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py H) SR AT . B T col2imix — i, HARUZ B9 S 1) A& 6 F1 Affine J2 Y 52
P A, BRBUZ BRI ERE Y SEIUAE common/Layer. py 1, A7 24 HRAY 1L
HA S,

7.4.4 CERISEIL

WAL SEBAEERUZ AR, #REH] im2col FETFA ARG . A, it
BTEOLT , ARl BT ) ERMSI R, X — SRR AR . BT, anfEl
7-21 7, AR H ST X sl 8 S T

1 2 0 1
3.0 2 4
1 3 E
1.0 3 2
4.2 1 2 Rour
3.0.6.5, 01
1.2 3 0, 3.0 4 2
3
001 2 4, 6 5 4 3
M5 2 JiE
1004 2 3.0 2 3
3.2 0 1 1.0 3 1
A 41201
1.2 0 4
3 HiH
3.0 4 2
6 2 4 5

7-21  STAEUERIFHACAIR X (2 x 2 A9it(LAEIF)

X FERIFZ 5, RS AR MR ST EROME, IR &6 R
TEARRITT (B 7-22).
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1201 2
302 4 4
103 2 3
421 4 2 1 4
gan. 0.5 I 3022 4 e
1 2 30 3 9 JETT max reshape 4 76 6
012 4, — 5413 — B — |[204i3]
1042,° 310.2/3 3 3.4f
' 1031 3
3201 g
4201 4 it
0 A K 12 oM 4
304 2 4
6 245 6

E7-22 CEAOSILRRE: MCHNAREANRKETEZAREERR

AR AL JE B forward b BRI SEELFE AR . R HISRE— T Python 13K
bW

class Pooling:
def _init (self, pool_h, pool w, stride=1, pad=0):
self.pool_h = pool_h
self.pool_w = pool w
self.stride = stride
self.pad = pad

def forward(self, x):
N, C, H, W = x.shape
out_h = int(1 + (H - self.pool h) / self.stride)
out w = int(1 + (W - self.pool w) / self.stride)

# JEH (1)
col = im2col(x, self.pool h, self.pool w, self.stride, self.pad)
col = col.reshape(-1, self.pool_h*self.pool w)

# KM (2)

out = np.max(col, axis=1)

# e (3)

out = out.reshape(N, out _h, out w, C).transpose(6, 3, 1, 2)

return out

W 7-22 7, WALJZ AL B T 1 3B BUEAT
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1. & TR NS
2. R&ATHI T KRAA,
3. EER LG R iyt KD

F B BU TR T o, A — AT

& ANME BT & T UE B NumPy 89 np.max 5 3%, np.max @] L35 &
axis B, HAEXNTSEIEEN SN A m ERK&EKRE, thi, W
RERnp.max(x, axis=1), A UAEBAXNAE 1 ENE N E
EkmAE,S

DA bt it A= 69 forward KRB A 41 . i b inide, e H i A K i
TFRA S BATHALBAR , 5 T B9 SE Bl 2 A5 AR 5

KTHMIZ backward Kb, ZRTE AN, AR T .
J35h, Mifk)Z Y backward g P AT LA ReLU J2 B9 52 3 Al A max (9 52 [5]
146 (5.5.175), WALJZAYSEBUAE common/ayer.py 1, A2GERAYEEE T IS

7.5 CNNHJSEIR

AT LB T EPUZFMAL)Z, ARG IR, ST T 5
FHUI CNN, I BN IA] 7-23 Frzs i CNN,

.2 Conv ReLU Pooling Affine ReLU Affine Softmax

7-23 {45 CNN BIRLEHIRE
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e 7-23 Fras, MR RJE “Convolution - ReLU - Pooling -Affine -
ReLU - Affine - Softmax”, TR 7B &L M 4% M SimpleConvNet [25
Bk A — T SimpleConvNet [ LAAL (__init ), HUF HIXLESEL,

o input dim——#y NFIE G 4 )% . G, &, K)
e conv_param—— B AR E AL (F), FRYXLEF T .

filter_num Tk B =
filter size TE IR B KD

stride— ¥ 1§

pad — 3L %,
e hidden size— R & (&%) WAV E LI F
e output size—— 4 & (A ki) AV E LM E
o weitght int std ——#144ALE R E 4947 £

X, BRUZNESEGE T4 0 conv_param () FHAL A . AT E 2
& {'filter num':30, 'filter size':5, 'pad':0, 'stride':1}iXFf, fRAFLNE
M SHLE

SimpleConvNet I IR ALY SE RS, FRATTA3 3 340 R UEHT, S 29)
AR TT AR 5 o

class SimpleConvNet:
def init (self, input dim=(1, 28, 28),
conv_param={'filter num':30, 'filter size':5,
'pad':0, 'stride':1},
hidden size=100, output size=10, weight init std=0.01):
filter_num = conv_param['filter_num']
filter_size = conv_param['filter_size']
filter pad = conv_param['pad']
filter stride = conv_param['stride']
input size = input dim[1]
conv_output size = (input size - filter size + 2*filter pad) / \
filter stride + 1
pool output size = int(filter num * (conv output size/2) *
(conv_output size/2))
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X HURE IR IS H UL AR B TRZ BB S EON 7 P ICT R (L5
JRTERERD, X5, IHEERUZIEI N 5T AR E SR> o

self.params = {}
self.params['W1'] =

self.params['bl']
self.params['W2"']

self.params['b2']
self.params['W3']

self.params['b3'] =

weight init std * \
np.random.randn(filter num, input dim[0],
filter size, filter size)
np.zeros(filter num)
weight init std * \
np.random.randn(pool output_size,
hidden size)
np.zeros(hidden size)
weight init std * \
np.random.randn(hidden size, output size)
np.zeros(output size)

S FRTRSEUEEE 12 B RUZ A A 418 1222 W AE i .
KX B SR ORATAE S 051725 55 (1) params “F3lurh, RS 12 BRI 1N
RHEF WL, i BB OCHET b1, [RIRE, JRBIHIOCHET W2 . b2 FIDCHE W3, b3
ARAFER 2 TN 34 23 $2 2 M B Rl &

fE, RSB,

self.layers = OrderedDict()

self.layers['Convl']

self.layers['Relul']
self.layers['Pooll']

self.layers['Affinel’

self.layers['Relu2']

= Convolution(self.params['W1l'],
self.params['bl'],
conv_param['stride'],
conv_param['pad'])

Relu()

Pooling(pool_h=2, pool w=2, stride=2)

= Affine(self.params['W2'],
self.params['b2'])

= Relu()

self.layers['Affine2'] = Affine(self.params['W3'],

self.params['b3'])

self.last layer = softmaxwithloss()

N i T 46 4% U 1] 6 )Y 7 # (OrderedDict) (1 layers iR 2. H
A I J5 1Y) SoftmaxwithLoss 2 78 I 1 5 (1) 48 1 lastLayer Hi,

L b gl & SimpleConvNet 4] 46 Ak Hh HEAT I AL B, (RXAERI LR IL IS, i
TR predict Jy i ISR sRAA Y Loss Jridi it il LUER T X FE S
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def predict(self, x):
for layer in self.layers.values():
x = layer.forward(x)
return x

def loss(self, x, t):
y = self.predict(x)
return self.lastLayer.forward(y, t)

SROOEMAESE, CRBOIIRE . T HERLARY predict Jr i Sk
THR KRR FHC BN )2, TR S5 RAGIE LA T —J2 . 1R s Loss
Jri, BR T predict Jy i R AT Y forward £b B 2 Ab, i S AR LEHEAT
forward 4bFH | 1 2 F| 35 fr )5 119 SoftmaxWithLoss )=,
%—Fﬂézeﬁ?m%fiﬁﬁ?%/f/kﬁ A SE

def gradient(self, x, t):
# forward
self.loss(x, t)

# backward
dout = 1
dout = self.lastLayer.backward(dout)

layers = list(self.layers.values())
layers.reverse()
for layer in layers:

dout = layer.backward(dout)

# WE

grads = {}

grads['W1'] = self.layers['Convl'].dW
grads['bl'] = self.layers['Convl'].db
grads['W2'] = self.layers['Affinel'].dW
grads['b2'] = self.layers['Affinel']
grads['W3'] = self.layers['Affine2'].dW
grads['b3'] = self.layers['Affine2']

return grads

SRR B T 1 DR 25 I LA R I 645 ) SR, i 2 412 0 (L 4% 0
JR MR R A — TR SE IjﬂE%T%}:'IEE)%J&ATIEQ%%ﬂ&ﬁﬁ%
FEIhfe, ArLox B T E LLASE IR RITT . e, 4 I ESHL
R DR A7 51 grads Tt 330l J2& SimpleConvNet [ SEHE
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BRTE, i FH X 4> SimpleConvNet 2% 5] MNIST #4645 . FH T 2% 2 X1
545 AR AR SR, B BN FEE 81 (AR S 7E che7/train_
convnet.py H1),

L SR A F MNTST %4475 42 1)1l 25 SimpleConvNet, DU Il ZRESC 40 (4 3R 531 %y
99.82%, WMAEHE U3 K 98.96 % (FF IR 2] (IR BIAG FE AR 2% e s — it
2o MHREHE UM KLY 99% , /N 48R, X0t — AR 5 1Y
PO, N, RAISESE— LS INER RS, SeI R iR
B 99% R4

bRk, HRE R AR R ER U T A iR, ONN AT LA &K
BRI NG T R e, EFBEECT U, AT LS moks BE U

7.6 CNNBIAT#R1L

CNN BB BUZTE “IEE” A aWg? AT7R i 5 A2 T Ak,
B2 CNN 2 T T AP,

7.6.1 F1ENERIRTIME

NI A FRAT MNIST % 4fs 4 547 1 1 B CNN 2= 2 ‘ﬁ’uﬁa‘ H1ZEM
%%”F'EMXEB’»J%%%(?)O 1,5,5), BI304K/NR5 x 5. i A1 Ak

o UBIERRR/INES x 5. JHIEHUE1, Ek%%ﬁﬁ?ﬂi%‘&ﬁUﬁUﬂtjﬂlLL%
AXF%‘H%O BAE, TATHGIZ B 1)2) IR & B b EG, x B,
1o B — T 2 SN2 2 R AR, 25 51 an &l 7-24 s (JRARAS 7E che/
visualize filter.pyH1),

Bl 7-24 2= TG IR EBENLAA TRIAR LAY, BT LIYERR FLVIR
B HVEETAE, (27 ] J5 AU a8 i A AR R . FRATR I, a2
2], UBME SRR T A R R, LA BB R IE RS .
HUlR X4k (FR A blob) B & I 754



7.6 CNN&yarsiife | 229

2] il #2005

o i e K I,
P Bt T FaEs-3s%s
P e Tl F e
Lt i L W

E7-24 ZIFPFEIENE1ENEREONE: BEANENTERRLY, EREER
HNETE, F—RRMERTARE(0), RXEEFRIAE(255)

AR [E] 7-24 TP R AT LR DD AR AE T T A, BRIEE
TEMLEE N G (B AR 3 2D FIBESE Ry B A BROpR DCIR0) 450 tedm, 722k
MR AR A R AR A RO OUT , aNIE 7-25 7R, xR
7 1o _E R AT W

|I i
U 1 \ X 1 L
i B2 Wl

S 1

LN

. KTELL
R 2 Y mls

fi it 5 2

E7-25 SPKFEFELMEESELDSENNRIKSE: BEEG 1+, EESEN
B EHRBeGER, BHER2H, KESENLSG EHIRSEeKE
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P 7-25 7R 1 EEPITA 7 2 SERY IS SR A UG T AR BRI B9
SR RN RIS 17 W2 By 1) BRI GAT RN, USRI R 27 XK
75T b I A WA

Al A, BRRZAIE R S e OO G BESRAF AR (E B o A 52 B
1) CNN 2R X S8 JsUn (5 BAL 1B 45 5 =

7.6.2 BT BEEHREEIRE

TSR XS LR ERZ S M. 5 12 MERZ PR T
GRS R G, IBATERES | 220 CNNH, &2 s fE it
ZRERME BWE? MR % T Wy PTRARARSC AR5 U0 B R UCR, 2
BfE R CERfME, 2R ZUR 20 ) tuBioR BEh 4

Pl 7-26 R T EAT — AR PUN (428045 (9 8 )2 CNN. - X4~ 4%
LER I AR T — T B 1 AlexNet, AlexNet M5 25HMES | 2 )26
EANALE , n gl A iR . B 7-26 BT B sy P alEdE
X slrpal g, SEg N HIBIUET .

Conv 1: Edge+Blob Co xture Conv 5: Object Parts Fc8: Objct Classes

7-26 CNNMHEHETRIMES .. 51 ERHETXHOSSBHRENN, 55 3EXTY
BB, 55ENYERMEENN, RENSEZEEXNYERNZES (BsE)E
MRz (EM&S | B B Sk [19])
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WNE 726 R, RS T ZRERUZ, MRS, R R
WA, g, SR PIRA SR — o IFIR AR X ]
HRGA W, H2 FRAZXT SRR MR, 55 2% 508 4 1Pk
FEA IR, RS, B ZUCITE, Mo IRk B 5
AR, TR, AR TR AT < —RE, MR R RAE R A

7.7 BEERFRMAICNN

FKTF CNN, 45 NIE LB TAMMELE A, X B, FRAIAHHLP
FER TR B4, — N R 1998 4F 1 Yk Bk 45 ) 19 CNN J64H LeNet™
A RAETR I 3] 32 B VR 1 2012 4R 9 Y AlexNet™

7.71 LeNet

LeNet 7£ 1998 4F g # i, BT FEEAEIRMNM ML i 7-27 iR,
TAHIELRERZ AR (EfMmYE, R Ik cR” MTFREZ), i
JE AR g R

. C3: f. maps 16@10x10
INPUT C1: feature maps S4: . maps 16@5x5
32x32

6@28x28
82: f. maps C5: layer pg.
6@14x14 I 120 v Fg}'ayaf %’TPUT

|
‘ ‘ Full mnAec!ion | Gaussian connections
Convolutions Subsampling Convolutions ~ Subsampling Full connection

E7-27 LeNet BIM%E454E (51 FBEXHE [20])

1 “BLAER CNN” LG, LeNet £ JLAARIR S o 55— A [R5 76 T30
PR%L. LeNet H i ] sigmoid PR, i #L7E AY CNN A 3= ZLfifi Fil ReLU pRI4R,
A, AR Y LeNet Hr 4l Fl R4 (subsampling) 4 /)N Hh RV (9 K0S, i
PRFE ) CNN H Max #hfbJe: i
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£ b, LeNet 5 BL7E ) CNN B IR LEVEAR A, (22 51 9F AR A K.
183 LeNet J&t 20 ZAFATHE T AR 19 CNN, i J2 AR AFRAT Y o

7.7.2 AlexNet

1£ LeNet [a] 1H: 20 Z4F )5, AlexNet i & 10 th 3k . AlexNet &5 £ IR ¥ 2
SRSk L, At B EER I LeNet JEA FRCA 4 AR, dniEl 7-28
F7R

1000

384 256 4096 4096

7-28 AlexNet (ARIESIHR [21]) &5K)

AlexNet 1 ZNMERZMMLE, RE4hEEREmbgR, B
254 1 AlexNet 1 LeNet &8 KA, (HE LT ILEZES.

o U E R EE ] RelLU,
o 1% A 347 By 3R EHLAL 89 LRN (Local Response Normalization) & .
e 1% A Dropout (6.4.3 % ),

n EpriR, KT M E5H, LeNet il AlexNet A K KB, (HiE,
FIZEEATR PG AT LB AR TARKABEL . BRI, BUEAEA AHR AT
PABRAT R B . M H., OB 0 GPUA R &, it
fTRERZEECEMN T RE, REWEH GPU B MU TR 7~ K Y F R
JEBh 1.
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REFIENT , WEZS (NIRT RN ) FERENSEH, Bit,
FIFERENITE, HAFTEEBLESY "HE" OREHIE, I
PR GPU Al A EE 48X IR K T HE,

7.8 NG

AREESY T CNN, F 3 ONN fEEARBR & BUR FIBALZ RO A 28
2%, HR—HIE T, ZRet U NIRRT ARy Tl
TESEILZ I IR RURFNBALZ , 18 T AP R BEF T/ 4. 7E IR AL HEA
S, JLTZTEHIS S T NN, LS B A B g N 2, SRR HEA

wJr—E A=~

RERFHAST
o CNN LAl g Ak 3 B0 M4 T H3 T BREFRACE
o fE A im2col BETT AR E | HA EAEREF WAL,
o it ONN @ TAL, ThliFHERTR, RBOBEEMZHLE,
® LeNet f= AlexNet 52 CNN a9 4K b W %
o HIREFINEET, K#EARCGPUME THRKGTHK,







DR RN T RMTRE R M 4 . SET Z RN Mg, At
BINZE, ST AR ML . AERNTRE — TIRE T mbk . R
AIREYE, SRJE X S RTATR A ) A TR P AT

8.1 fnRM L%

KTMEME, RATCEE TIRZAKME, LA Rph 2 P25 25 F )2
S WA T . RS AL ONN . S8 s Ak i 5, ik st
HOERRE 2 ) B EHOR . AWHRA PR X e C 2 AR SRR, 6
AR, Peik MNIST B4 19 75 5o im ).

8.1.1 EEFRHMELHA

TEARZUL, X EIRATRAN E AN A 8-1 TR A 9 45 4544 (1) CNN (— 4>
HEZ BTG HRR I I ), XSS H T F— T ENH VGG,

NP 8-1 7, XA IO 4 1) 2% L 2 i S B0 A I 28 R IR 3 PR T A 45
FUZAHRRE 3 x 3/ NELIR P4, FEnURBEE Z AN, B IEHCE R (B
JZ 38 RN R A ZHFEHTUT LA 16, 16, 32, 32, 64, 64 B =X,
HEAh, E 8-1 PR, HBA TR, LAz R ss RIR N JFE,
Je T 42 T Dropout J22 6
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R
3
V]

Conv ReLU Conv ReLU Pool Conv ReLU

Conv ReLU Pool

Conv ReLU Conv ReLU Pool Affine ReLU Dropout Affine Dropout Softmax

El8-1 HITFESHFRANGRE CNN

XA 240 He MR (B AR BRI AR, (] Adam BT SH4L
B NA LA, XAMLA TS

o R T3x3ey AR B ERE
o HEFH T ReLU,

43k 3% 209 )& 4% ) Dropout & .
o T Adam #9 s,
o 1% Al He#n 45 1HAE A A E A1 4514,

MK BERFE PR LA 5] 8- 1E’J|79ﬁtl“@‘iFHT§/\ZHUJI9”9’]1"4397\17
PR, e, BAMEHXAMZK BT o Jelil— FE5E, & MZERYIR
PIPEIE999.38% ¥, AT LABERAR R LT I TERE T !

O PR A D VEN 2, A TEX AN FIgs T, PUIREEE MR L2 il 99% .
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ST 8—1 W £5 B £ 5D 7E ch8/deep convnet.py i, )il 5 FB #4
REL7E che8/train_deepnet.py o, R A XLRD T UERIXE
HITHEY, TERENENEIFTERRRSHNEE (KEEFEX
M E )y ZA&F LA cho8/deep conv net params.pkl IR A H 7 %35
BINESEL, N7 89 deep_convnet.py EHENFE S TNSENINEE,
EREFEEHTEA.

P 8-1 19 W 28 B £ RPN R B 0.62% 0 X BIRATIEPRE — T a4k
RIRIMER E A T PR R . 1B 8-2 o T U R IR AT

Es-2 RAERMERGIF: STEGNELARTTIERRINS, aTARETRTAH
MEEAHEIRLE R

WLEEP 8-2 I A1, X BB RGO T IRATAZET & ARMERIWT . S2PR 1, X i
THAT LA FEIGARMERIWZ 807, RMEEFRATAZE, WRFEAL “PUEHR" .
e, 7E EAREES QERfEZ “6” ) B LER “07, BlmEER GEFEE
“3)EERB T, REK R, (TR T C0” A6, (37 R U5 YZHA AR
BRIV o WX LEEHT, AE RS AT AR fof 22 e A U R 10

XUCHITRIE CNN RS YUK AR 7, (RS TRELE R, R T LA
KRR “PUNEER" . WX — s b, FRATH AT LUSSZ BIPREZ CNN 2
EPN:UEIN: 4
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8.12 H—ZIRSIRFIEE

TE—MFRMEH “What is the class of this image 7”7 BIR%5 ™ [, DIHEST
BETE T T B aioA 1R8I 18 SCAE U TE A& e BT X 45 AR 4 14 D vk iR
TG (1518-3),

I 543
75353
itgr [
s< 9 o b Units: error %
=2 5 3_ O ) . Some additional results are available on the
Result Method Venue Details
0.21% » ICML 2013
0.23% > CVPR 2012
0.23% e \ 1 Classificatic > arXiv 2015
0.24% 3atc ) i Maxout Ne } \ ork » arXiv 2015 Details
0.29% Generalizing Po onsinC > AISTATS 2016 petails
0.31% 3 ent C C € < fc > CVPR 2015
0.31% ) : \ C Y€ > arXiv 2015
0.32% ctio <-Poc & arXiv 2015 Details

8-3 X MNIST HIEERISHMERIHT (SIEXEK[32]: 201656 5)

W2 E 8-3 ) HE AT 45 R, n L % Pl “Neural Networks” “Deep”
“Convolutional” FF CHE AR W IR . SEBR b, HEFTRS b imT L4 KAk 2 3k
F ONN . ERE—F, #1E%12016456 H, %t MNIST £d 5 i =
PRS2 99.79% RS0 0.21% ), 07 &L CNN S kabfy P
A, BB CONNHARFEINRZM ML CGRUZ N 22, &ERZE RN 2)2
B 285 )
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B —&iIAA, ZEEAXNTFEHFIRMIXF-—PHREENE
%, RAVEENENRANESIBASHEE, Hit, TRIE
IRENEFOHATR, MZEENBHRIEN—RDRIRBINER,
EARREZ, FrRIDREN RS IRMIEE KRG,

L‘ X FMNISTE RS, ERARNRRKSET (BET) & niR3E
A

ZEWIAHA TR LA, AT LA — D s U BE R AN
2822, o, ) ) R0, Data Augmentation (BT 7E) S0 A
B RG BE . JiHUZ Data Augmentation, AR IEARET L, (HAEHE S
TUIKE E RO 3%

Data Augmentation J& T3 “ A\ i 9" 58 A EHE (DI ZRER ). B
PR E, MR 8-4F7R, X TR ABUR, il . 35 E 80K 5w b
IR SRV IVE, MBI RE . XA ERE A A R A BRI U AR

%?%%E‘J/}Eﬂﬁ o u

Ji 4

S 21BN 212

8-4 Data Augmentation A9+

B T 40 8-4 TR S 2 Ah, Data Augmentation i i LA 3 Al 4%
FIO7 ey S %, AR By LY “crop AbB” . K4 PRG 4oA5 BEE 1Y “flip 4
BV g T R, RN SN B ORIV R |
I RATR . ANVE/ERE, ilid Data Augmentation TGS HIEMIIZEIE
ST DA R B2 T B UUIRS BE . BARIXANE b2 LR — AR B, R
WA AR, XH, TRATAHIT Data Augmentation [HSZEE, A

© flip A R AT E A R EUR RO T A28
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IEXAE GBS BRI R, AR AR 3 Ok — T .

8.1.3 IIREAIENHL

KTIFEZELNE, JOREHISOI LA EED) . A8 H AT IS
AL =, (BSRA LT DU AR BT FE A S50 A LU R (AR — 2
EOWL)o ASTOUINZRZ A E, 25— Se B M A B AT

HoE, MELTLSVRC AR R AR PRI A LRSS SR bl LU Hin
WRIEEZNE (NS S H T — 1), XA HFRATRER, HRITaiL4
TTEZ I THRE =0, IF BABETITR M4 )2 0 a % w2 vt,
LR R, U

TREA TR T IRE AL . o — AR R AT LA M2 25
ot BISTRA— 5, SRS B IR BRI LE, IR TR R 2T L
MRS HOR B[R S5 K (B R iR . X — g B pia i
BOUEBAS KA L e PR 1o Ledn, 1818-5 7R T 5 x b BYUEIAR AL
ERZ.

LN/ i R

8-5 5x5H9BEIEERIFIF
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LAY BRI T — T i S 1 25 U D A g A DX Jal
BN WK, FERIS-5 BB, A Y AR M A KIS 1 5
5 x 5 IXIE SR, T ORIRATESE — T EI8-6 T HEE PR3 x 3MEH
BRI o BErE, BN R0 R P AR 3 < 3 XAk
TR, TR 4 3 x 3 1) XA SR H i —4 4 A ey A DX 3 ok
MW7 AFAIILES IR 8-6, AR BRI —1>5 x 5 Ayt Wigih, K861
AR IR TSR FA5 x 5 I IX U T R

LN & ] et i R

w
X
w
‘
*
o
X
o
"

8-6 EEFIX 3 x 3EIRERIGIF

—K5 x 5 BRI E R XA DL IR 3 x 3B E . JFH,
FAXS T HIH B2 ECEE 25 (5 x 5), JE&E —Ha218(2 x 3 x 3), Ml FE &
B2, S8EEEW T, mH, XASEEE 2 2 AHEE R IR,
Hean, EmE =3 x SIBEBIZRAN, SEEcE SR 27, M8 T H—IK
BRUSH W HZAER X, A7 x THRBE, S E0K

w49,

ZEF (receptive field, A1E TN TLHENBIBEEXEK ), FH,
BIEENR, BReLUSHIERELEEBRENTE, #—FPRS
TREHRRIM N, XEFRABMERNT ETHTREN “JFLHE”
FUH, BEELMRENEN, TURWENELHNRA,

L‘ EN/NEEESSRIMAMENF LR TUR VS HNEE, AR
L\
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IR Z 9 55 — A S Ab LA 27 > N 8. 5 BEAT IR JZ B 28 A LE
SRR W) (IFPN P DN T ok € NI TS € i 2 s e I W E R U LR 58
— &, REATLIEMZ—TF 7.6 TR, 7.6 T4 T CNNIERUZ &0
JERIARRAE R . BARMSE, TERTIIAERUZR D, Shg o 555 5
TEARA WA, BEE 2 IR, JFARXS SO AR A SN S A A AR P A TR

AV AP 7T JZE5HE, SRIGHE—T " ARG R, 22
FHRJZ RIZE X AN RS , SRR E— T T HRZE 7 BORHE. "
ARFEFERIFA , ARSI ARRE, SN RAR . Rk, SRR S~
FRRRAE , 5 B A 22 PR A T s, TTIX 23 3y ) T ZEAE AR Z ]

AN, TR ITRR LG, AT LA RO B T IR R D, A%
JR T E A 2T W AV T A R IR LA, RIT IR AR QBT T
NGRS, SRR, U R A T BT UL o i ) o X
SR AWE? EAFENA )7 BIRAALE, &A% RZ, Jf
NER 2 EZ 3:05% 5= W Ay [0 M D e o N

W ER, TS RIHESEE R, X WAR R tn, PR
WG R)Z T — 2R LSRG R, A DANGZRERS s &by > B
PRI MR, I IR)Z, AT LU SR B > B (Rt A
R AT BRI, T R AEA T i A 27~ o

PA_E 302 6 R 2 B S A M U] o AN, X LR B A
VAR R RZ AR OB . T3 RE 0 55 RIVE IR = BEIE B L E A 727 T 19
TR FIREE SR

8.2 REZESIH/NAE

— AR, BUETRE 7 2] Z T A2 B G, HRHLE 2012 4526 I
B8 R RIAE % H 5 K ZE ILSVRC (ImageNet Large Scale Visual Recognition
Challenge), 7EAR4EE LT, HET AL~ 19757k GEFK AlexNet ) LA {5
PEROOEHANE , PR T LIERIERIRGITE . 2012 4R IR 27 ~) Yk 730
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BRCA—AHAT S, TEZRRIEET, W 2R — EIG IR G P e, AR
FATLAILSVRC XN S R FL 38 A, B — N IR R Bt ik &
R,

8.2.1 ImageNet

TmageNet ™S4 A # i 100 77 1K G RO B AE . IR 8-7 TR, B
TR ER, JF HAKERE PO Thr% (514 ), BAEERSZ I
il PR AN B R ERAE A ILSVRC BRI K FE

ebdE 2L s BIERE] TSP e i R RR GIMEE
S 9 Uigw Wk BFEl !ILI o bl IR N
EP ok RIS h!xlk] NAE WS Y W PAEE

mammal - placental - carnivore - canine - dog -working dog - husky

AEE Qe BN T A B L B
=0 ~ee mﬂa. Y IE!
wi-i?’l - TRF At Elaal) w22 " EcBR

vehicle craft — watercraft — sailing vessel — sailboat — trimaran

8-7 RHMEEIEEE ImageNet FIEHESI (51 FBE3HA [25])

ILSVRC RFEAH Z ML H, Hrhz —J& “J5153 287 (classification),
FEZIH T, 238471000 265014028, IR B FRATTRE — T i
I JUAER ILSVRC KPERYZE 43I0 H 45 . 181 8-8 /R T M 2010 4]
2015 4R ML E ML gt . 3B, KR 5 25 rh B E A T O < IR
I A R R R R 3R

Rl 8-8 I B, PL20124F N R, ZJE S FIRE S I k—H
JETERL, 92br L, TATRI 2012 4R AlexNet KRR TAERRSIAR . IFH.,
WSS B TR BE A 2T 0 5 AN SR OIS B o il /& 2015 4F ) ResNet (—
AT 150 J2 BOTREE 2% ) ARSI 1 3.5% . Ui A5 R 2
R T TR RE

IXHEAE PR fh%jﬁifngTﬂEE/ka 7, VGG, GoogLeNet, ResNet
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S A, TR TR A KRS s A el X se g 2% . T AT
TR FRHBAN 2 — T 3k 3T 4 R 2%

ImageNet Classification top-5 error
o 282
25.8
25
20
16.4
15
17
10
73 6.7
5 I I .
o .
2010 2011 2012 2013 2014 2014 2015
(NEC America) (Xerox) (AlexNet) (Clarifi) (VGG) (GoogLeNet) (ResNet)

El8-8 ILSCRV {LMERMARIAEESR: BMBHERIAGIE, BMEFEMD . BHAESK
EMRREETES

822 VGG

VGG J2& i1 45 FUZ F A0 J2 1 il i B il 7 CNIN, AN i, A&l 8-9 f
ERRSE TRARGERNZ BRZESE 252 & ME 162 (8% 19)2),
A THE RIRZMHRE, AWl “VGG16” 5 “VGG19” ),

VGG EEEA M e, 5T 3 x 3 /N I8 2 i B AR 108 3 2
BELLHATHY . WNEI8-9 R, EAEMAT “BREES 2RI 4K, FHEAL
BRI (LR, B S 2ok A R T A

VGG 2014 FMLE R P RAKRBTHE28HMME (T —FTNAEBH
GoogleNet 22014 FHIE 18 ), BIARTEMAE LTI GoogleNet, 1B
RAVGGEMfEE, NAME, INBERARARBERFERET
VGG I 48
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224 x 224

connecte

O oe— - i

1000

4096 4096

El8-9 VGG (1RIEHA [22] £5K)

8.2.3 GoogleNet

GoogLeNet [ 2% 45 F5 4N & 8-10 Ir 7~ . B IAIE Rom B2 L dtfk
2%,

8-10 GoogLeNet (5|FEHA[23])

RERM, X MUPE—NE ERARF A Mg, Aspr ek
A EFZ A Z 0 CNN S5 AR . ANid, GoogLeNet ARFIER, M4 AL
TEGN EATREE, 7 B AR 7).

GoogLeNet fER 1] LA “YEHE”, XFRA “Inception 4544, LAIAI8-11 i
2SR R ] o

WA 8-11 7, Inception Z5 ] T 24K/ NA R g i As (Fiitefb),
RIGHAIFENZER . GoogLeNet FAFFIE 244 X 4> Inception £ #4) I fF
— A (BRI E ). B4, 7E GoogLeNet Hi, fRZ M7 # i F T K/ K
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Filter
concatenation

e

1x1 convolutions 3x3 convolutions 5x5 convolutions 3x3 max pooling

Previous layer

8-11 GoogLeNet [ Inception £5#4 (5| FAEIZ [23])

1 x THIIEBERMERZ . XA 1 x 1S FE S i e 75 ) B/,
A7 B0 D SRR S A AL (BTS2 % R RS ™),

8.2.4 ResNet

ResNet ™ 2K BAIT & (9 45 . B I RPAEAE T2 H LRI 9 4% 5
I e O

FATCLHEEEEN TR R 2 HE, 1R, JE
INGIZ I, ARZAEIL T2 PR AREAEAT , SEmAPEREAE . ResNet 1,
N T RPN, ST REESTH” (AR PR BN ) AR
AMREESER T, BT ARERE JZ R AW B S PR T (AR, SRR
SEAFRE ).

WM 8-12 iz, PREELS RS (Bhid) T ABIRMEIZ, KA xE
THE

KIs-12+, 7EiE8: 2 ZRERURSF, KA o B EEE 225 i
X HLA U, WP, R 2 BERVZ N Fe) BT Flo) + 2.
G IAGK R IREES Y, BMEINRZ , Rt~ o ORIy, itk
FESEHY, B A RRIN (5 5 nT UG i A2 14 .
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A
weight layer

Flx) J relu
weight layer

Flx)+x %Drelu

8-12 ResNet FOERER (SIFEMNM [24]): XERY “weight layer” 2IESTHE

y

€T

identity

BAARESH AR Rt Z M ALIE, R EEENSR
kB8 LB ERE TG E T XENELZAXNRE L
MBS ITEM AR, SHRHRHME DT, Bit, ETkiE

&M, FTREOCBERT/NHER), B —EF3 "FEX
HEE" . BEXMRESN, ZBIEAINRENSENBEZNH
BEEK P A RS &R,

ResNet IFTTRIA 3 ) VGG P8R Lhl, 51AREESA DUINRZ, H
ZEIRNE 8-13 iR o

8-13 ResNet(S|FBEXHEA[24]): FRWRIx3HENE, EFHIETSINTEER
BIREBELEHE

& 8-13 7, ResNet it LA 2 A2 A R sk ER b 2k )2
A, ARSI SE R, BME IR 150 )21, IRBIRS R t o Fraedins . IR,
FEILSVRC KT, ResNet (RN Ny 3.5% (i 5 28 4l & 1E A fiffix —
RGBT BORRBUIR), A ANFRA
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EEUR, XRAEBES, BEIZHNE (H—5) EHEIE At
AW L, HITESS (fine tuning)s Ertm, EZ—NFIVGGHERE
SEMEIRLE, BESENNEEAVGE, UHBEEIN R, #
THEES, TBEIEFIEEERDNEEER.

L‘ LEPEE S RIENAEA ImageNet X NE RIEIHEE S S 201X
LN

8.3 REFINEEML

Bl RS R 26 KB, TR EE S ) 2 T R s 3. AR
HEA IR, FRATESZ M CPU BT, (AR HH CPU SR AR
TR NG o By b, T JE I, KRR > HESER S
GPU (Graphics Processing Unit), A DL b Ab PR B iz 8., 746,
FERHEAABIF IR SR 2 GPU S Z B LA R o AT RATH £
SUBCETRBE 2 2] TR s AL b, ARG R . TR 2% ) I S AE 8.1
WERETHR T, AW S AL CGLRE GPU %) I A T2

8.3.1 FEESZHBRRAVGRA

TEN AR BE 2 ] M AL Z T, JRATTIRE — TR 2 i AR Ak
B ASFERT . & 8-14 L) AlexNet [ forward ZbFE X542 . FHVER @R T4
JRFTFE SR A]

M FFATAL, AlexNex Hr, K ZHUN [RIASBEFE DR 76 5 B o S0F5 I,
BRI B E IR 5 GPU BRI 95%, i CPU AR 89% | I,
nfar s . RO T PR I AR IR B T — KR, HARE 8-14
SIS AR, A iE R, HRUR TP SRR R

Hit, REFINSEUNTERIAR TR T 0 E. Sutbi

L‘ IE20 7.2 BNBHAEE, EREPHTHEETDUEMERRRINZE,
A e FE L ey
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GPU Forward Time Distribution CPU Forward Time Distribution

fe7

convi
relul

pooll
convd norm1
relu3 conv2

conv3 relu2

8-14 AlexNet fYforward QbIEHRFRERIATEILL: LIBRER GPURIER, AL2E
FCPUMIIER. BHAY “conv” ITRBINE, “pool” SIRIMILE, “fc” ML
EEE, “norm” MNIENE (51| FBEILHL [26])

8.3.2 HF GPUHIEEMK

GPU JEARE N G L R R R, (HEGEAUE T E5R A 2,
L T3l B 5. T GPU AT R M A7 AT B 5,
GPU S E I HARS X F R EIE R R AR . FrE GPU T,
JEAESET GPU B 7l A BUE TS A

TRBESF 2] R B AT R B I TR R B2 3 (03 R P 1 SR RIS 5 ),
AR I TIZ TS GPU FHEK 19 (S ki, CPU HhA K ESE M |
SRR, Hik, SRS CPUMIL, i/ GPU B TR ¥ i i
DGRBS i, FIHFRATHRE — T AT GPU AT LA 2 KRR 1Y
Ak, [E8-15 23T CPU A GPU 47 AlexNet 2% > i 43 il et (1 i)

R, ffH CPUZEAE 40 KAL), il i GPU AT Lt i
B4 %2 6 K, dbah, EATLAA H, 2l i coDNN XA iy, 7l
DA —25 S e Ak

GPU F=% 1 NVIDIA F1 AMD WK 23wl 2 4ik . BEAR P51 GPU #E AT LA
T RBE T, B SR A SR 12 NVIDIA f) GPU, 52
i b, KEHEE2E I HELE H 32 45 T NVIDIA B GPU, X & MR 2 )
HHEZE A 1] T NVIDIA #2445 CUDA s A Fi[n] GPU HHE NLE 5T R s
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P 8-15 i L cuDNN 2 7E CUDA g7 RPE, & B SE L 1R~
AT Y R

Training AlexNet

Days

7
6
2
4
3
2
1
0

16-core Xeon CPU Titan Titan Black Titan X
cuDNN CcuDNN

E8-15 {FHCPU B “16-core Xeon CPU” F1GPUHY “ Titan 7%l ” #1T AlexNet {
FI0FHBIFrERATE (5B A XE [27])

B im2col T U BB HITHIE Bk A K EIE R, X
im2col FXMLIX GPURIRZIEE FENIU X, XE2RAA,
AL N BT E, GPUBEKITE RMENC RF8
R, LR, BIYET in2col IARBIEREHIFRIRG UL AT E,
FARZKEHGPUMEE N,

8.3.3 HHNFES

ORI GPU A USSR 7~ is Ry e Ak, (HRIE L, R4
BRI, 2~ iR ELRBULARREL . Jf B, A, w2
BEERZWEE . b TR RIS, & 2R R TR, Xkl
WIR R AT REHBAR R — W > Tt BRI B 20K . T2, BRI 2T 1Y
) AR R RIAE T (g Ao ] ) AR fS Bk

N PR R B S Bl TS B, T LA I TE LA GPU B
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HZ B IO HR . BERIREE I HEAR D, B T A LA S
% GPU EE ZHLE i A 22F S BIHESE . P, Google ¥ TensorFlow . 13
By CNTK (Computational Network Toolki ) 7 % 1< 2 H 5 BE A7 =X
¥ o DAIRBSEER PO BIREER - v ik 2 AR Scd%, 6Tk SeAEAR Y
A3z B RO .

BT oA, A LUARIM AR L A R AL e? 151 8-16 s 1T
TensorFlow 173 2027 T IIRICR o

Training Inception with Distributed TensorFlow

56
45

40

Speedup versus one GPU
w

15

1 2 4 8 16 a0 100

Number of GPUs

E8-16 ETF TensorFlow (IS HRNF IR HMEBGPUNNH, HHMESRD
GPUBLLRIAIS @SR (5B [28])

WIE 8-16 i, Bfi& GPUAEY SN, 2 ) s et |, b |,
5 1A GPUR AR, ffiFH 1004 GPU (& & 7 £ G Hl4 1, 3£1004)
LT AT LASEEE 56 %5 00 i Ak | SRR A Z AL 2 7 R A2 2] U 3 AN/ Nk
REZERL, FLAr U T A A A 2 BN SCR o

B/ 1= W e I 1 1 12 W A S O [ g (S I )
ETHLERRIREAE . AR A )L AR 2 JCIR R S AR ) B, T L ik St
B384 TensorFlow AR UHESL . XL, FRATATHE A2 2T 4y
KT A RE T HARYENZE, 155% TensorFlow FHEARIESC (R ) %
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8.3.4 ZEMEERIGER

FEREE2E b, BRTIFREZAN, WS B8 ShA
ATRERCRIEE ., ST INAEA I, 5 275 IR R AR S 40l [l 55 e
WFEH . TR, iige GPU (8 CPU) S myEdii i HA R
ST, % RGN, FoA T ] BRI i 2 48 SR R A R

TN R T Rom L, EEM 640 o 32 6 AYTE S, i
BRI RECT, BARBUETHE M MRS s A2/ T, HIHE R
AEBRASAS . A AR I T, A5 Ry T ke T s o

KT HUERE B LS 2R e, RATE SRR 2= > A4
T EUERS B, XM I — A M, XA MR T4
W2 r e L e A Y . X AR R s, tean, BRER A BRI A
— /NS A RIS S TR, IE R T I g
AR, T M EE RIEA BT 407, Xt th 45 R i 2 i/

TN F IR/ INEUT, A7 3245 118 BRNS J3E T7 A B50FN 64 437 1 BUKS B2 77 1 8K
g MR DR SCERZE R, EIREE ), RIS 16 01 E B E iR
¥ (half float), WLATUBAHIEFT22>) *), S2F5 ., NVIDIA B F—{tGPU
HEAR Pascal 12451 MG BEVE U BUIs 8., FH AT LLDACA 4 J5 2Hoks B 7 s B0ks
A E bR

HIheE), ERZERGTER 16 IFHTH, T—RKH PascaliE4L,
EAzENE R 16 #HTHN, FRMRRAEEEE S5 TITE, 3
BT E—RGPUL 2 ZH = @E Ak,

L‘ NVIDIA #) Maxwell GPU & 8 32 5 15 BOF R B 7 i (R 7 88
LY

PATE ROTR 27 2] 9 S b O B i S EUE AR B, A id Python Hh—i%
] 64 07977 1%, NumPy rp it 1 16 £ 59K B2 s B A O,
A 16O, BFAB A 16 A7), RIERH NumPy 194K
TR VUK EEMA S TR MRS IERAR S, AR EEE 2%
ch08/half_float_network.py,

¥ oo
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KT WA i, B A FCY LA T R Al T
FH 1 4v 3 2 R4 T R ] 25t 19 Binarized Neural Networks J53: P, S T8k
BRIREE A 2] AL, AR DB A J5 AU I — DR, R A T 7]
HRA TN AR PP et VR BE 2 2T B, (8RR w5 B e

8.4 REZFSIHIN F A

BT, AR HIREE 2 T W07, BATEZHE T PR IRBIRE
BB 7RI (B “W AU ), ik, TREES: TS R BRI R I,
BRI TR RER RS, Besh, fERR . TR ARTE S S48 A
LB, TREZ7 TR L T AL BPERE . AR LTS LA e 1 AU
O, GBI e Fe1E ().

8.4.1 4p{Ftail

Py AAGIN S I TEHG i sE R AALE, JFHEAT A0 8GRI, ANl 8-17 FF
7, ENEG R E YRR RS AR A L

8-17 ¥R NAIBIF (SIFESH[34])
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WLZEE 8- 1T AR, WS L AR SEXE R IR, 22 Wi 2R 9 4 1A
PUIE USSR, (E W ACKS I 75 2 PR P e 285 107 2
1M HAE A AT REAFAEZ A

XTSI R R, AT R T 2T CNN 7 i X4y
B TARR AL ROPERE, I HIEM] T e IR i IR, PR 22 ) 2
WA

FEMEFH CNN A T R i, 45— A IAE R-CNN (45 44 197
o F8-18 /R T R-CNN b # i

> aeroplane? no.
. :
%-ﬁv person? yes.

il S CNNN, :
1. Inp 3. Compute 4. Classify
image  proposals (~2k) CNN features regions

8-18 R-CNN HILMETR (5| FREEL [35])

TR FIHEEE T “2.Extract region proposals” (53 [X s ) FZ B ) Fil
“3.Compute CNN features” (CNNFHE 4 MUALHE 730 XL, H e (L
BRI BB AR A DX, SRS R IR A DB NN #4753 26
R-CNN rh 2 KU AZIE M IE D5 I, 808 78 73 2R 1 SVM (G ) FE L),
SEPRIAL B 2P U A2, RGN A, AL A P A 2 (fe
8 DX IR A SRR CNN KRR A T30 #4 AR1) o

7E R-CNN R 58 53 A A BE——30E DB 4 B C BUE A B AR Y
Ab3) rh, T DM AR SR R 1 & R &R . R-CNN A8 3C
T T —Fh RN Selective Search i 1%, filtid# il T —FfJk T CNN
K AT 10 1 X IR HL Y Faster R-CNN Jyi% ™. Faster R-CNN ff—/~ CNN
RSERITAT AR EE, (75 AL A T RE
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842 EgHE

KIS B AR ZOKT EXT BT 7026 I 8-19 Fi, fHILAE:
B FRALS AR G G B R AT~ o SRR, AESERER, X
ABIURI AR RT3

El8-19 E&HEIRGIF (SIFBNM [34]): ZHRBMAEG, GORKERNHIRSER

Z I RN ZE I 282 B REAREAT 1002, 2O Bk BN R K-
MG, B A
SR TR AT RS 3 &), IR D B LU R R x4, XF
BRI, o, R — XA IR Db O R R 753
KM, DA BRENRPATHEIA I, FMRFRAERN, XN
05 ¥ e E AR R R R AT AR BLIR forward KRB, - PRI 5 246 2 1 I 1)
(IE#HYE, BRER bR A T AR LS K TEE iR, T
XA TORE TR, A NS T — 44 FCN (Fully Convolutional
Network) “ )ik, kit —IK forward R34, STATA IR AT (&
8-20).
FCN By B i i BRUZ MR L7 . A T CNN 4
TRERE, FONK2EZE B UM FEER G Z . TEY IR
i PR 2 i A i)z b, RIEGE 19 S (R S S S HE R 2 197y sk
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FrAb PR, i S ARG R 25, 28 ()28 BT DUGRAR IURE BRI B A

WP 8-20 iz, FON BAFIEAE Toe)m A T RA RN AL BE, JE
TREAAELRE, AR/ T R ] A R B AR AR — BRI
FON figJi7 BEAT A4 R Ak PR T XU PR A (B 19T K LRSS K.
FON ™, AR E Y Aol i LR GEERLUE ) R (407515
ZA FON ™),

forward/inference

-l

< :
backward/learning

8-20 FCNRIEEE (51BN [37])

SEERD, HHASITNMAIEE, FASHREOTULRSL
L‘ EMEEHRNEE, b, FHAKRNEI2x10x10(EE
LI H32. B 10, K10) HERS 2 EER T BRI R R AN S
2x10x 10MERE. WRLEEENHWE T SEE100, BATE
BIEAT 100132 x 10 x 10 BIJEE 285 o] IASC I = A E RO ANIE,
BiXkE, SEERTBRMHTHERLAENSERE,

8.4.3 EGITERAIERL

A —TEE TN A SRTE S AR , ST AN 8-21 B
R, G —NERE 2 AR XA R I SO (BUR IR,

i —EB)E, S15E 8-21 —FE A ZE RN IR NS SCA, T
n, 2= AR s — s B A T SCAR “A person riding a motorcycle on a
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A person riding a
motorcycle on a dirt road.

Two dogs play in the grass.

A skateboarder does a trick
on a ramp.

A dog is jumping to catch a
- n risbee.

A group of young people Two hockey players are
playing a game of frisbee fighting over the puck.
E 5

-

ta

A herd of elephants walking A close up of a cat laying A yellow school bus parked
across a di irass field. on a couch. *Lam a parking lotp
e —— —
. T d

T somewnatrestedtomeimege  [IUNSREIISIRRRI

E8-21 EFREFINEUGIRRLERAIGIF (5IFBEIH 38])

dirt road.” (FEBA B AV IE B 3 EEFC AN, 1 HAX A SCA BNz B
HSlEL. SCRRMNAFEIGIHSS R0, JFH, S AT, BT W
FEFEA" ZAh, 3 BRI AIE B AR E R B T

— AT IR 2 2T A PG AR R Y AR A Tk S PR S NIC (Neural
Image Caption) (AR, 4N1& 8-22 fif7~, NIC HHIRJZ ) CNN FILhBE H 4% 1F
S RNN (Recurrent Neural Network) #4/8 . RNN 2528 194321 M4
SHWINT ASRET . B EF 9B S5 2L P Eds 1.

NIC %& T ONN M B S BURRE , KX A FRIE £ 45 RNN, RNN LA
CNN$EICGE BYFRHE IR AR E , 28I A B CAS . X L, RATARATHE
AR ERIHTT, AHEA - NIC A A TRz 25 (CNN FIRNN) [ i 5
S5t JETNIC, W] RAA: U ks BE Y RS, FRATTF L& SR A
SRIE T FZAME B TR LB SRS A0 . 2RISR TR AR
T —A>Uk



Vioom Language | |A group of people
Deep CNN  Generating shopping at an
RNN outdoor market.

o |
| Q There are many
vegetables at the

fruit stand.

RNN #9 R # 7= Recurrent (2 J389 ), X8 T4 B2 18 4 W £5 6033 I
B L5, IRIBIX DR ITEN, WHEMER I ZAIEMRNER
B (HEIENR, SIiLIZiTEMELR), X2RNNMFE, thio,
AR X MEAZE, TNEERNESE W X MINEE,
AT B, RE, BZEREESN “BRE ¥, £RT ER
XAME, W FBERIBES. WNEFIIEBEESEHEEE, RNNRIL
i EHWEBNFRET.

WL C AR T LIRS, TFIREH T2 8k, A5y
B AL E 7R T URBE S T AT BEMERIR R AOBEE

851 EMRXASEHR

AT 20k “2ail” AT AR . &l 8-23 i,
BAPINERIG, 2AR—DHREE. WA mARE S, — D “NE
BUR”, H—FN WS EIR

e 8-23 iz, WARAS R AE M 1022 AU BT TR R, TR
AT IR /R 2 R B m AR . EIUUESE HE FAESC A Neural Algorithm of
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8-23 ETFiE “A Neural Algorithm of Artistic Style” FIE{RNETHRAIHF: A L
AENEER, ALARATER, TENERSHERNAIEIR (BYRS |FEH [40])

Artistic Style”™, —28 R FpZ BRI Z Kt

IFA TN GUX T T TR 7, FURBIA— T X ORI REL
HEZRL,  BIRIA (975 e A 2 > e o o ol 1 2% ) b ) K50l 0 A 25 PR 4 s v
Bl XAE—k, wUnT LA A B BOE U ZR EUREEAR . 1AL, S5 T MUK
IR ISOARS , AT WA R RORES: o 385 e 27~ 1 A Pl N KUk A
Wer 22, T LA A UG A E e B XA

8.5.2 ENRAIERY

RO 9 RS A0 1T 2 LT O PR A T AR, AT T
BORISS, BLLEAT— FIIFSE A OB 9 PRI R T AR IR (AT B
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Jefl R BRI T2, ABAE “IE B R B AR TG EATAT 5, Han,
FETIREES ), ATLASE N A B “RhE " A IER . D 8-24 h R i KIS 2
3t F DCGAN (Deep Convolutional Generative Adversarial Network) “! J5
BiAE U b EUR B 1

8-24 ETFDCGAN ERAIFAIENEENS (SIFBHA [41])

&l 8-24 I BMR AT RE R | 215002 EL A IR, fH LS ok S0 R R AR R 56 T
DCGAN B W IR . a2, DCGAN Al UGS E#R AT Wt (Y
B (2 2B P BRI IEIR ), RN A 1 R

e LU ELEL AT MR DCGAN 234 RS A st BEERIAL . Al R
wEME (Hean, B EbE I U I ZRiX MR, 2] 45 s, AT
AL, kAT DUAE O Y S

DCGAN Wi ] TIREE2= >, HA AR SR T Generator (4 i)
H Discriminator (] 35) 3X WA~ 28 W 4% .- Generator A= BT L EL i A ]
4, Discriminator F| | & 2 A2 B KR (& Generator £ WU EHR L 2 52 PR
R EIR ). AR, EREPIE LISE4 i )5 X% 2], Generator 23% > 5|
G WA SR VEIRE A, Discriminator W2 s A HE LA B B0 B9 ] B
MR E T, W T ARDIRE . R K, X J& GAN (Generative Adversarial
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Network) XA AR AR Z AL . 7EAER I AR R 1Y Generator £z 2%
SR m e DL BGELIE A EUE R BE T (B3 AT XA R AT RE )

learning) B9 [a1R, XK B FRF SHF IR —H, FANEER
EIBRFFRIRF AT A H RS, T X B e, #5585
SHHBEEE, A48T RAENEG(EGNES), XENEAIRA
T B3] (unsupervised learning ), THEFSIIBRARBRE A
FraaHF 3R B4 ( Deep Belief Network. Deep Boltzmann Machine
ZREL), EROMUFHARRERK, 55, BMEFLRREZIN
DCGANE /A RE|XT, THEBFIFERBIH—T KR,

L‘ Z BT FAT L F AL 28 5 S (o] BRER 2 M AR 4 M5 B 2 3] (supervised
L\

853 HmiZEi

AN ARSI 0 [ S SR AR A SRR SCB. bR T VR4l
B2 Ah, IT ok, Kz, BFFEHUM SR e S SN [ 3072 9 i 47 %5 W 2
WTE4r. [ SIS B ELE A A FEOR I RS, bR AT R R 1
2R (path plan) #E AR | BEHIFLEBOGSEE IR %, 7R AR, 1F
BV 9 PV ER B A AR TR B 3R R O B TE B R B 208 (G BR |
L FH SRR B AT AR T3 PRI

USFE AT LALE 45 R R R M TR AU TR X SR, S B ]
AR BTS2 EIE T o fdlE, TESIR FBIFRBE M AR R, PRI ST I i
SZWIRE, Heln, 3T CNN 22 4% SegNet!™ , 0] LIRIE] 8-25 AL RS 1
MR BT ROFRBE

[#] 8-25 o A UG HERT T 438 (IR 2K 305, SRS, 7E
SRR FIERIHR S TR . Y . ATIE . ROR . S, SR ARE
ST IR 2 S O AR — SRS A . b iis, A Sh B S
JIAL AT REAL RIS 2085 T
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Es-25 ETREFINEGSENGIF: B EH. ZRY. AMTESHSBEEDR
BT 3k (51 B3R 43])

8.54 Deep Q-Network (3&{t%3])

RN S BRI gk 2 ] —FF (L% A4745), AP ER
ISR LR A 222, XFRASEHZE S (reinforcement learning ), HRAk2~
IR BN FEB I W2 A A,

AL 2] I FEARRELL S, AR (Agent) IRIEIFBE LRI TN, ARG IX
MTEIBUE I . AR AL, ARRPAFIE AR . sRAk T 1 H Y
P RERAATEN e, LASRAS S AF A4 (151 8-26),

[&18-26 Hh /R 1 oAb AE ] MU EEAHESE . X BLAR SO SRS, IO A
BhER, FO& TR, e, e GBS BB L ) 3 iRk,
1 LR ) A RS B RE AR 2 DRI — e S BN . X IR B Ao (B
FRRORETT | TH ARG ) BB ik 4l o S I R bk S T T3, JUE “ 1
TR o IR MR AE T B, BT AN ER T LA B IR LR IR A Y
WA

TEAE TR EE A 2T Al 2 ik, A —A>MAE Deep Q-Network (il
FRDQN) " i 05 k. BRI T PR O Q 2 T HsR AR ) Bk, X LA G
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118) e O )

e

E8-26 BUFIAIESIER: REBEMHITES, LERSEIFATIRE

Q2 MY, ATE Q¥ N THERAEMATsh, TEHhE—
FR A FARAT S (B PR A PR, S T IR AS R4, DQN il 1 IR 2 2]
(CNN),

TEDQN MBFE Y, ALl FUEk A s 2), JFSesl 7k A28k
PRAEREI-, nE8-27 R, DQN it RS CNN IR AT (ELE 4 i)
VERHA , e ek AR & A S R sl . He B
Jo5E) B I E”

ZRTAE S T TR A, — B AT IR A RS O A i 5 ) i
B ok, VR EE a4 R, (A2, fEDQN H, W& 8-27 R, fin A B4
P HFWERIEIG . X0E DQNEA R BAB R, v LA Rl e 1
DQN S Mk, S fhame? BEMIXFERE T F AR A ik s i i, HE
25 DQN USRI AT o 2Fr 1, DQN AT LLAFHMIFZEF2E > (iGN,
Atari FFARZUAL, HERIEARZHR G 1 AR ST,

AlphaGo H AR NI A 7 REZ I8, AlphaGoZE> T
3000 AN EWHFHEIE, FETMMES S B X EL, R
RTRENFIAZL, AlphaGoFDQN #B =& Google # Deep Mind
NEFITHMR, ZATSENHRESED L,

L‘ AT %8 AphaGo™ HEMEHRBENFHESF 7z, X
WA



24 | 8= REFS
Gonvg\ution Convgluticn Fully con nected Fully con nected
i E /= A\ ] :
i W/m L\
] EoQ@: | @ = *
L3 . . ()
| = 7 =
O
£ [y \= £ .
O
O

8-27 ETF Deep Q-Network ZIEBFIFEANEIE. MAZRFIUNER, SRR
R, FIHIEEWHREE R MATE TR (RIEFT) BIRIEFIE (SIHBX
ik [44])

8.6 /g

ARERATEIT A (FEH) WZH CNN, IF7EFERF IS LA T
M 99% WY RGN E . EAh, IEURE TINTRRIZASIAL, $5 i1 TR
TERERITT IR . 25, SN T IREEE T iSRS 61, LR
e AL BB A QTR 27~ AR R BB 52 051

ORI~ GUIAAT AR Z 1 RAB R AR DY, BT IE— % — L B
S, At FRITTEE FIEOR L AR AR e B NG 7 BT, —ERE
S H AR BIEOR o

SR — MR B RS — 5 AR BEE A IR L
2THYPRAE , AR BIRELE T AR ZAL, EF RIS
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REMFHAS
ST K %4 PR, FR T ASAFF iR it iR 9 45 R A2 Z AL
FE R AR A K R ILSVRC P, A TIRE S 3 677 ik gk b 4 5k,
1 JF) 849 ) 2 AL AR AL
VGG. GoogLeNet, ResNet % & JUAN % & 69 M 4,
AT GPU, oA X 3 A%, TABIUREF 3 ) dikib,
RIEF ] (AZERLE) RALT AR THRRA], T 2R T ol
Bg -4,
LS ST o R LIS BAGATAR 0 A, BARRY A, R T L R,
WEE D e Q3B Loy 5 R LGS I,







MIxA
Softmax-with-Loss BfJitEH

XHL, FRATTZ H softmax PRECFIAC U IR 2ZZ TR IR, KSR EATH R n)
1545 . softmax PREUFK N softmax )2 , 32 W25k M Cross Entropy Error 2,
Wi 0 415 Fr b Softmax-with-Loss |2, 3k EH — F 453, Softmax-with-
Loss JZ 0] LAimi & A-1 Fis A8 E.

a, Y1
-— —
Y=
t,
a, Yo Cross I
Softmax Entropy
-~ — Error
Yy— 1, 1
2
as Ys
e
Ys— 1y

A-1 Softmax-with-Loss ERJITEE]




268 | BEA Softmax—with-Loss B #itEE

P A-1 BT REE TBGE 1T — AT 33001 SR B I 4% o DRI T Y )2
HIAIPIE (a1, as, as), softmax )2 (yi, o, ys) o WEAN, BUMERBIE (1), 1y, L3),
Cross Entropy Error JZHiH#i2k L.

MEA-1 TR, FEARMESET, Softmac-with-Loss |2 W S &G Y25 5
(1 =ty — o, ys — t)o

Al EmEfEHE

K A-1 H)iHE E g T Softmax /2 A1 Cross Entropy Error JZ ) PN %5 o
CHL, B Akim X A Z AN EE
B 462 Softmax )2 . softmax PREL AT TR .

exp(ayg)

Yk =
Z:l exp(a;)
1=

(A1)

I, AR R Softmax 2 H3E, W A-2 s .

K A-2 R b, SRR O S T30 (A B B 58 S, R
B ERIEN (Y, o, 3)

H& K2 Cross Entropy Error /=, SZ3URiR2E A i R R .

L:—Ztklogyk (A.2)
K
HHE=L (A.2), Cross Entropy Error JZ A1 KA DA al ] A-3 5K

L A-3 T R B R R T 2K (AL2),, BRI A R e
Ty, BATRER— B e
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S
Il
exp(a,) + exp(a,) + exp(a;)
+ /
L
exp(a,) S Ys
Il
a, exp(a,) e%(al)
exp X
1
exp(a,) S Y2
Il
exp(a,)
a, expla,) =g
exp X
1
exp(a;) R
a, exp(a;) e
exp X
A-2  Softmax ERITEIE ((VE™IEHE)
t
Y log y,
log X
t iy log y,
Y, log y, t, log y, ty log y, + 1, log y, + £y log y, L
log X
ts tylog y, -1
Ys log y;
log X

A-3 Cross Entropy Error ER0TEE ((VIEMIERE)
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A2 R [EMEE

H 46 4& Cross Entropy Error JZ 1Y )2 114545, Cross Entropy Error JZ 1
S A% T LA R A-4 TIBAE

ty

Y1 log y,

log
_b —t,

Y t2

Y, log y, L
log X

Ly —t, 1

Y t3 -

Ys log ¥,

A-4 RXHRENREMER
RIXATHR I S eI, SRR L

o Bk inds i (B A4 R AL R 1(BA $2=1).

o X7 E MR RIS B IR R I AL 4, R B R
FH#E, BELTH,

o 47 W B LA R0 SRR R AL T

o “log” ¥ &6 BB T X,

y = logx
gy 1

or =«



A2 RIEERE |

ML LA, 5hnT AR 45 Cross Entropy Error A I [ 14 #&

(=t~ 1) B Softmax R EHEITHA.

T Softmax J72 H R LKL TR . N Softmax J2 47 2655

AR —HEA TN

SE1
S
I
exp(a,) + exp(a,) + exp(a;)
+ /
L
exp(a,) 5
a expla)
exp x
1
exp(ay) 1
@y exp(a,)
exp X
L
exp(QS) S
a; exp(a;)
exp X

AT 4)Z (Cross Entropy Error |2 ) [/ [AEE IO AZ 144 .

exp(a,)

exp(a,)

exp(a,)

271

o =H

2%, Frid
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HE2

S
Il
—exp(ay) + exp(a,) + exp(ay)

At
expla) /]
/// /
a, -~ /) exp(a, )
lexp | :
exp(a,)
a, V. exp(a,)
lexp |/
exp(a) |
a, —~/ exp(as)

[ exp

X AOIE R PR R AT B i b 7 F I 0752

t
-1 exp(a1) = —t exp(ai1) = —t1.8 (A.3)

1 "exp(ar)



A2 REfEE| 273

S
Il
exp(a,) + exp(a,) + exp(ay)

1
= (t, + b, +ty)
exp(a,) ° !
5
a, exp(a,)
exp
exp(a,)
a, exp(a,)
exp
exp(a;)
exp(a)
exp

EEREB A 43 3, R I ARG B AT B 1 A 4G B (E 23 AR
PR, X BB T = 3 M R BRI (—1,9, —t25, —t,5) S PlR A, SR,
A E XA NG BB BEAT /7 W SR %, G5 N £ (t + b2 + t3),
XHL, (b, to, t3) JEZUIAREE, )2 one-hot M]3, one-hot [MITEERE (1, Ly, t3)
THA IR, HRAZ0. HIL, (4, 6, ty) AT 1,
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