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Computational Graph
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Computational Graph
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Computational Graph
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Computational Graph

 Chain rule and computational graph
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Backpropagation
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Backpropagation
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Backpropagation
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Backpropagation

« layer_native.py W s-te AT
« buy_apple.py |

apple = 100
apple _num = 2
tax = 1.1

Abke] Th4

t ASE

nul apple layer = Mullayer()

# O}
nul _tax_layer = Mullayer() _
dprice=1
¢ 2 dapple_price, dtax = mul _tax_layer backward(dprice)
apple_price = mul_apple layer. forward(apple, apple num) dapple, dapple num = mul apple layer backward(dapple price)

orice = mul _tax_layer forward(apple price, tax)
print(dapple, dapple num, dtax) # 2.2 110 200
print(price) # 220



Backpropagation

- JAAS

class AddLayer:
def _ _init_ (self):
pass

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

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



Backpropagation

* buy_apple_orange.py o = 11

¥ ASE

mul _apple layer = Mullayer()

mul _orange layer = Mullayer()

add _apple orange layer = AddLayer()

aj o]
T 517 Al 2702 2 370 71 mul tax layer = MullLayer()
2
AFte) 7h4 < ==\ 4w
100 ﬁyfﬁﬂ, 200 apple price = mul apple layer forward(apple, apple num) #(1)
C — . ) orange_price = mul_orange_layer, forward(orange, orange_num) #(2)
22 ' all _price = add_apple_orange_layer forward(apple_price, orange_price) #(3)
150 price = mul_tax_layer forward(all price, tax) #(4)
3.3 # oz}
___Ei_ dprice = 1
22 P - dall price, dtax = mul tax_layer backward(dprice) #(4)
165 dapple_price, dorange price = add apple orange layer backward(dall price) #(3)
|7y p— 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



Activation Function

* RelU
* layers.py
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Activation Function

* Sigmoid 1

V=T +exp(-x)
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Activation Function
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Activation Function
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Affine Layers
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Affine Layers
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Affine Layers
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Batch Affine Layers

NZhe| HiX|2| &%

layers.py

o _a
x oy "W
(N,2) (N,3) (3,2

= 0L T 9L
7 .
aw= X * 5y

(2,3) (2,N) (N, 3)

oL oL
E B = 3y o X Hm E(HI0S, gLsho| 8

(3) (N.3)

>>> X_dot_W = np.array([[0, @, 6], [10, 10, 10]])
>>> B = np_array([1, 2, 3])
>0
S>> X_dot_W
array([[ 0, 0, 0],
[ 16, 10, 10]])
> X_dot_W + B

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

[4, 5, 6]])
D>
>>> dB = np_sum(dY, axis=0)
>>> dB

array([5, 7, 9])



= SWStH HEE|T, 0fX(8} Softmax AIS0H 21514 10712
= 5.30]0, 0|Zd0] Softmax ZIE0i 2lsiA 0.008(0.8%)

Softmax-with-Loss Layers

T8 5-28 Y 0|0|X|7} Affine AST} RelLU HE2

= BBt

o] FrtErt of 2-OIME 2AH 0S| FeE
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2 B = R I 10.00005
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Softmax-with-Loss Layers

18 5-29 Softmax—with—Loss AlISe| Al J2i=
Softmax 7S L __ Cross Entropy Error AIS

i -_ﬂ - . T | . }Dg Er \

i
¢ . S 5 T Lol Kl e~
5 Hmnwmmm;qm{hg;tw-w—uwwf 4 e “-WMH A S —

r f% - 1s L r—— -1 __.é"““" :- i
T i
I Lo e i T _] ."/ S
:I e }




Softmax-with-Loss Layers

 Simplified version
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Softmax-with-Loss Layers

class SoftmaxWithLoss:
def _ _init_ (self):
self loss = None # &4
self.y = None # softmaxel £
self .t = None  # EE 2|0|2(R-3 HEH)

def forward(self, x, t):
self.t = t
self.y = softtmax(x)
self loss = cross entropy error(self.y, self. t)
return self loss

def backward(self,6 dout=1):
batch _size = self. t.shape[0]
dx = (self.y - self.t) / batch _size

return dx



Backpropagation Implementation
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Backpropagation Implementation

params =AUz Hae2 AEUO| oli7lHpE St

P O 5 _t ra | n_n eura | N et py params[W1'l2 1l &2| 715%|, params[b172 1wl 59| =5k

params[W2'T= 28| &2| 7[Ex|, paramslb2T= 280 52| Haf

layers =AM7t = YaHe] B2, Mo HISE B
layers[Affine1’], layers[Relul’], layers[Affine2]2} &0| 2 AISE &
Moi= |XI

lastLayer AlEe| ox|e AE

0| tloflM= SoftmaxWithLoss IS

& 5-2 TwolayerNet S2iA2| olM=E

__init__(self, input_size, hidden_ ET7|E1E =RUBICL
size, output_size, weight_init_ Oliei= QOIMEE] U F3 4, 2S4S F2 4 23S F2 4 VSR
std) 7|8t A BRI AHY
predict(self, x) OISEE)E EEict
Ql<= xi= olo|x| tjo]&]
lossl(self, x, t) &4 g0 22 8Tk

Q4= x= O|0|X| Hlo|E, t= EE 2olE
accuracy(self, x. 1) HEIEE ST
numerical_gradient(self, x, t) ISR 0i7iH4=2] 7|27 |2 =X| 0|2 YAlo= FSHCHY Ent Z2).

gradient(self, x, t) JIER| Oj7iH=0] 7127 |2 SXIETMEHo = A3IE




