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B8 MR - RELAVORE

FKUTICED ) T T HYOHEOTEIRERITT
% (buy.ao.py @) >U5%k% Colab. ICAE—&~R—
A MLETTB)

# coding: utf-8

from google.colab import drive

drive.mount (’ /content/drive’, force_remount=True)
bd = ’drive/My Drive/Colab Notebooks/mymodules’
import sys, os

import numpy as np

sys.path.append (bd)

apple = 100

apple_num = 2

orange = 150

orange_num = 3

tax = 1.1

(- REICH <)

T. Maeda (Hannan Univ.) Al Prog.
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ME - FEL 1 VYORE

(FIED 5 DHF)

# layer

mul_apple_layer = MullLayer ()

mul_orange_layer = MulLayer ()

add_apple_orange_layer = AddLayer ()

mul_tax_layer = MulLlayer ()

# forward

apple_price = mul_apple_layer.forward(apple, apple_num)
orange_price = mul_orange_layer.forward(orange, orange_num)

all price = add_apple_orange_layer.forward(apple_price, orange_price)
price = mul_tax_layer.forward(all_price, tax)

# backward

dprice =1

dall_price, dtax = mul_tax_layer.backward (dprice)

dapple_price, dorange_price = add_apple_orange_layer.backward(dall_price)
dorange, dorange_num = mul_orange_layer.backward (dorange_price)

dapple, dapple_num = mul_apple_layer.backward (dapple_price)

(- REICEL)

T. Maeda (Hannan Univ.) Al Prog.



ME - FEL 1 VYORE

(RIEDSDFE)
# print

print ("price:", int (price))

print ("dApple:", dapple)

print ("dApple_num:", int (dapple_num))
print ("dOrange:", dorange)

print ("dOrange_num:", int (dorange_num))
print ("dTax:", dtax)
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ME - FEL 1 VYORE

Yo RITHRER

Mounted at /content/drive
price: 715

dApple: 2.2

dApple_num: 110

dOrange: 3.3000000000000003
dOrange_num: 165

dTax: 650

OFBD THRN1 OFEXIE 165 TLT:
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https://puffin.hannan-u.ac.jp/lect/aipr/neunet1.pdf

A EREBL 1 VY DRE

m=-a—JI)lxy bk (1) THEDEIFEE
’E%F‘aﬁiﬂw) L1y (B - E5E) zFE

= |[RelLU



https://puffin.hannan-u.ac.jp/lect/aipr/neunet1.pdf

A EREBL 1 VY DRE

m=-a—JI)lxy bk (1) THEDEIFEE
’E%F‘aﬁiﬂw) L1y (B - E5E) zFE

= RelLU
= [Sigmoid



https://puffin.hannan-u.ac.jp/lect/aipr/neunet1.pdf

¥¢ ReLU B9%&
_Jx x>0
y_{OxSO
ICDWT;
m W
dy (1 x>0
a‘{o x<0

(BEICIE x = 0 TIIERMS R (B8) )

mOEDFEGERTHEE, x>0 DS LERDE
= L X< 0DEEZRETRADESIEE
cT EX:)
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ICDWT;
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mOEDOFEIHRIBEE. x>0 DI LFRDE

#EDEEX. x<0DLZFETHRADEEIEZ

T EX:)




¥¢ ReLU B9%&
_Jx x>0
y_{OxSO
ICDWT;
m W
dy (1 x>0
a‘{o x<0

(BRI x = 0 TIREGIBSES (B) )

B OFEDHEIRIBDEST. x> 0D FIIXLERDE
#EDEEX. x<0DLZFETHRADEEIEZ
T AMY T3

an Univ.)




ReLU L1V DRI

YT % Colab. ® mymodules DHIC layers.py &L
SHFICTHREFET B

# coding: utf-8
import numpy as np
class Relu:
def _ _init_ (self):
self.mask = None
def forward(self, x):

self.mask = (x <= 0)
out = x.copy ()
out [self.mask] = 0

return out

def backward(self, dout):
dout [self.mask] = 0
dx = dout
return dx

T. Maeda (Hannan Univ.) Al Prog.



m self.mask &L\5

T. B

MDA x DEXTOUTDIRFAZ True. 1
LS % False & L TRIF

m backward Tld. ETHEFLTULWS mask ZfFE >
T. True DFFAZ OICRTET D

m =RelLU &

D& S BHEEZFRD




m self.mask &L\5

AR ZAEH <. 8=

MDA x DEXTOLUTDIHFFAZ True. 1
LS % False & L TRIF

m backward Tld. ETHEFLTULWS mask ZfFE >
T. True DFFAZ OICRTET D

m =RelLU &

D& S BHEEZFRD




m self.mask &L\5

AR ZAEH <. 8=

MDA x DEXTOLUTDIHFFAZ True. 1
LS % False & L TRIF

m backward Tld. ETHEFLTULWS mask ZfFE >
T. True DFFAZ OICRTET D

m =RelLU &

A1TYF

D& S BHEEZFRD




x> 0D5E

T)ReLU
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Y x <0 DFE

T)ReLU
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Sigmoid L 1 ¥

1
Y= 1+ exp(—x)

CRivake Al + F—2HY ATV RE

B2 OEHETR)
mDFD, BERIIBCEOHRITTEH
BHTE3()




Sigmoid L 1 ¥

1
Y= 1+ exp(—x)
dy

m WaTiE - = y(d = y)| Al- F—2H IO 2B
x

B2 OEHEE)
mDFD, BERIIBCEOHRITTEH
BHTE3()




Sigmoid L 1 Y DE%E

AT % Colab. ® mymodules DD layers.py I21E
mys

class Sigmoid:

def _ _init_ (self):
self.out = None

def forward(self, x):
out = sigmoid (x)
self.out = out
return out

def backward(self, dout):
dx = dout * (1.0 - self.out) =* self.out
return dx

OIECERFICHNZ A VY X2 AEHD self.out ICHRIFLTSH
T, WEBRICENZEO>TVWA ZEITER()
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Sigmoid D=k
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dL

T)Sigm.‘
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Sigmoid L 1V ({#E)

1
= ZHh< (TEIC?)
1+ exp(—x)
H X t '1 %HH-_C\
m Fhois ﬁﬂﬁﬁl%‘ﬁ&)\ (Eexp(x) = exp(x) I3EE)
. fa%nriua(il = 2 |52

tm9#§777ﬁﬁofi £33 HalEE
(RDDH B AND:EAE!)
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B =a—JIJ)L%y FDIEGEIRTIX
m THDF/EEFEL
m SEMEEARTERL
m ROBEAGH

m CD. THDE = (R 11FF5R)
mRTERIZABZDHNEERL -1
m NumPy Tl THELTLE
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Affine L 1 Y DEE

mZa—F)Lx%y bDIRIGHIRTIE

m THDFEEFHEL
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CINO)=RN T
[ | :0)\ ?i-gua)*§=

Affine ¥ | (4138

B RTERRBDOHNEEE ST

m NumPy TI&
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Affine L 1 Y DEE

B =a—JIJ)L%y FDIEGEIRTIX
m THDF/EEFEL
m SEMEEARTERL
m ROBEAGH

m COD. 75 DFE = |Affine ZEHE | (AFHE)

B RTZHABDNEEE ST
m NumPy Ti& [np.dot| TEHHELTWLE




Affine B DRI 7

W REDEAREISZTT
m X,W,B,Y |
m X ZAH (STl 2x1 kT)

B WIEEA (ZZTlF 2x3 kT)

m BIINTT7R (ZCTld 3x1 k7T)
m Y I3EAH (2 CTIF 3x1 &)
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Affine B DRI 7

Y REOFHEI 7T
m X,W,B,Y 3 |175] (ZRIcEEF)
m X IZAH (2 ZTlE 2x1 &T)
B WIEH (22T 2x3 RT)

m BIINTT7R (ZCTld 3x1 k7T)
m Y I3EAH (2 CTIF 3x1 &)
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Ny FhR Affine DR

AT %Z mymodule DFR® layers.py ICEENNT

class Affine:
def _ _init_ (self, W, b):

self.W =W
self.b = b
self.x = None
self.original_x_shape = None
4 Bd NATRANFTRA—2DWH
self.dW = None
self.db = None

(- REICHL)
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Ny FhR Affine DR

(MEHLSDHEE)

def forward(self, x):
# TIOVILRRS
self.original_x_shape = x.shape
X = x.reshape (x.shape[0], -1)
self.x = x
out = np.dot (self.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)
# AAT—R2OWRICET (TUVILHRE)
dx = dx.reshape(xself.original_x_shape)
return dx
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m Softmax: HAB LT, IEEfFRLL (A1
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Softmax-with-Loss L 1 V¥

m Softmax: HAB LT, IEEfFRLL (A1
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v bk (2) BE)

m MNIST OFEZ9ERLC10ER

m 23 RO FICIRERILTIHNEIIRL, £
DOFIERE (X37) H—BSWVWHOEIFISERT
r gl q=1\

0 DEFICIHEIDLAIVYHRE, tWSTL
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DDLAYV—r L TRE
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Softmax-with-Loss L 1 V¥

m Softmax: HAB LT, IEEfFRLL (A1
IC3) ORI MILVERATS (Za—F)L
v bk (2) BE)

m MNIST OFEZ9ERLC10ER

m 2iE R O SICIRERETIRERILRL. £
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Softmax-with-Loss L 1 V¥
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Softmax-with-Loss L 1 V¥
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Softmax-with-Loss L 1 V¥ DEiE

YA T %Z mymodule DD layers.py ICENT S

class SoftmaxWithLoss:

def

def

__init__ (self):

self.loss = None

self.y = None # softmax DHH

self.t = None # HEF—4

forward(self, x, t):

self.t =t

self.y = softmax(x)

self.loss = cross_entropy_error(self.y, self.t)
return self.loss

(”'ZREEL::;i( )

T. Maeda (Hannan Univ.) Al Prog.



Softmax-with-Loss L 1 ¥ DEiE

(MELISDHEE)

def backward(self, dout=1l):

batch_size = self.t.shape(0]

if self.t.size == self.y.size: # HiT—AH one-hot-vector DIFH
dx = (self.y - self.t) / batch_size

else:
dx = self.y.copy ()
dx [np.arange (batch_size), self.t] -=1
dx = dx / batch_size

return dx

T. Maeda (Hannan Univ.) Al Prog.
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Nwyo7OaNg—aro@in=—a—JILxRy b

FLTF. thnn.py D) > %% Colab. DHD
mymodules I tl.nn.py £ WS AR TRET S

# coding: utf-8

from google.colab import drive

drive.mount (’ /content/drive’, force_remount=True)
bd = 'drive/My Drive/Colab Notebooks/mymodules’
import sys, os

import numpy as np

sys.path.append (bd)

import numpy as np

from layers import =

from gradient import numerical_gradient

from collections import OrderedDict

(”'ZREE‘::;i( )
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https://puffin.hannan-u.ac.jp/lect/aipr/tl_nn.py

Ny 7aNTy—2 3 U5t
(FEH S DEES)

class TwolLayerNet:

def __init__ (self, input_size, hidden_size, output_size,
weight_init_std = 0.01):
+ BEHOYEE
self.params = {}
self.params[’'W1l’] = 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)
# L1 VYDERK
self.layers = OrderedDict ()
self.layers[’/Affinel’] = \
Affine (self.params[’'W1l’], self.params[’bl’])
self.layers[’Relul’] = Relu() # ReLU ZfF>
self.layers[’Affine2’] = \

Affine(self.params[’'W2’], self.params([’'b2’'])
self.lastLayer = SoftmaxWithLoss ()




Ny o 7ONTr—oaoNih=—a—J L%y bk

(MIELSDHEE)

def predict (self, x):
for layer in self.layers.values():
x = layer.forward(x)
return x
# X ANT—R, t:HAT—Z
def loss(self, x, t):
y = self.predict (x)
return self.lastLayer.forward(y, t)
def accuracy(self, x, t):
y = self.predict (x)
y = np.argmax(y, axis=1l)
if t.ndim != 1 : t = np.argmax(t, axis=1)
accuracy = np.sum(y == t) / float (x.shapel0])
return accuracy

T. Maeda (Hannan Univ.) Al Prog.



Ny o 7ONTr—oaoNih=—a—J L%y bk

(MIELISDHEE)

# x: ANT—R, t:HAT—Z
def numerical_gradient (self, x, t):
loss_W = lambda W: self.loss(x, t)

grads = {}

grads[’W1l’] = numerical_gradient (loss_W, self.params[’'W1l’])
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

(- REICHL)
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Ny 7aNTy—2 3 U5t

(FIED 5 DHE)

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)

+ BE

grads = {}

grads['W1’], grads[’bl’] = self.layers[’Affinel’].dw, \
self.layers[’Affinel’].db

grads['W2'], grads[’b2’] = self.layers[’Affine2’].dwW, \

self.layers[’Affine2’].db
return grads

T. Maeda (Hannan Univ.) Al Prog.
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B R D RDSH. TNETE-TEERE X
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m layers.py HAEL THSDT. layers.py DiRE
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Ny 7ANT—> a3 e %Y

FIA T, tronnb. py 0)') VY 5%% Colab. ICOEF—&

R—XFLTEST

# coding: utf-8

from google.colab import drive

drive.mount (’ /content/drive’, force_remount=True)

bd = 'drive/My Drive/Colab Notebooks/mymodules’

import sys, os

sys.path.append (bd)

import numpy as np

from mnist import load_mnist

from tl_nn import TwoLayerNet

+ TADRHRAS

(x_train, t_train), (x_test, t_test) = \
load_mnist (normalize=True, one_hot_label=True)

network = TwolayerNet (input_size=784, \
hidden_size=50, output_size=10)

(”'ZREEL::;i( )

T. Maeda (Hannan Univ.) Al Prog.


https://puffin.hannan-u.ac.jp/lect/aipr/tr_nn5.py
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(HIED 5 DHE)

iters_num = 10000
train_size = x_train.shape[0]
batch_size = 100
learning_rate = 0.
train_loss_list =
train_acc_list =

1

[1
[1]
test_acc_list = []

iter_per_epoch = max(train_size / batch_size,
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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]
+ e
#grad = network.numerical_gradient (x_batch, t_batch)
grad = network.gradient (x_batch, t_batch)
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+ B
for key in ('W1’, ’bl’, "W2', "b2’):
network.params[key] -= learning rate * gradlkey]

loss = network.loss (x_batch, t_batch)
train_loss_list.append(loss)
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)
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2=4%%
HITHER
Mounted at /content/drive
Mounted at /content/drive

0.11633333333333333 0.1222
0.9045 0.9083

0.9243666666666667 0.9273
0.9397166666666666 0.9403
0.9470833333333334 0.9487
0.9534166666666667 0.9509
0.9593333333333334 0.9571
0.9623333333333334 0.9601
0.9644833333333334 0.9607
0.9692833333333334 0.9655
0.9707 0.9665

0.9729666666666666 0.9683
0.9741666666666666 0.9688
0.9763833333333334 0.9701
0.9758833333333333 0.9692
0.9773 0.9688

0.98035 0.97
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