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“The Bitter Lesson”

Rich Suton
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JEX: http://www.incompleteideas.net/Incldeas/BitterLesson.html
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~t HORE

PSR BRI%K S
Logistic B#l  f(x) = o — f100 = FO(1 = f(x))
5 _ exp(x)—exp(—x) ’ 1
Tanh PR f(x) = e fl(x)=1- f(x)?
ReLU FR%K f(x) = max(0, x) f'(x) = I(x > 0)
ELU BK%4 f(x) = max(0,x) + f'(x) =I(x>0)+I(x <0) - yexp(x)
min (O, y(exp(x) — 1))
SoftPlus %L f(x) = log (1 + exp(x)) flx) = —

1+exp(—x)
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O £9E: (x, )
O #&8: { = ( ,) ,)
O fiEN:
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B RIOHRKEREL
- )t 2= ( ,a (x))
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O #6E: x, )
O&=8:{ =06 ,) .}
O R :
B IRERE: L0y =)' lﬂgﬁN
B ZIGIRALREL. R(W.b) = — Z,c(y<”J,y(”>)

awd
N
1 aL(y™, )
— w _{x(— ( ) + AW |

N 2w

BR(W.b)

(1) () _ "
b <™~ a 3pD RS EUKRE

3 A-r;(_y{i*i) y(n))
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b obD| azd
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N moEgEs

FE 41 AR E R R R

i Y28 D = {(x™, yNN_ BT v 2SR o, ENLRELA, %S E
LML THEM,1<I<L.
1 BENLETEEAE W, b ;
2 repeat

3 AR5 D PRIFEAREN E R
4 forn=1---Ndo
5 Ml D HIEBHREA (2, y(m);
6 AT EE—EHsm A 2D FiEE o« O, ERIRE—E;
7 Rt RS —RIRE 60 /! AR (4.63)
/] HTEE-ESHHSH
8 v, % = §0(al-1); /1 B (4.68)
’ vk my;::iy(n)) =60 /1 AR (4.69)
/] BB
10 WO « wh — o(5O@D) 4+ Aw D),
11 bV « p® — a5,
12 end
13 until HEMEERAIIEE v FAISEREAE FE;
fith: W, b

KR https://nndl.github.io/nndl-book.pdf
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femE: 1, A HEETT,

AHERE AARe LU

mEE 27#&axT (WNTHE
NEFN) | BURREsoftmax

T X KR R R X

MG

O [o.1,0.2] -> [1,0]

O [0.3, 04] -> [0,1]
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O RRIATZE— 18 £ AV IR
ZM%s, ATRAR K]

BNR 2L
fRiEl/=: 11, A3 HLTT,
AE R E A ReLU
WMHE: 2908z (WK T

DR |, BUEERE Asoftmax
B e B NESES

AN GREAR
O [o.1,0.2] -> [1,0]
O [0.3, 04] ->[0,1]

RelLU

Joftmax
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Re

LU

X

import numpy as np

np.random.seed (42}

input_size = 2 #

LV F}

hidden_size =

1]
]

output_size

learning rate = 8.1 #

W1 = np.random.randn{input_size, hidden size)
bl = np.zeros(hidden_size)
W2 = np.random.randn(hidden_size, output_size)

b2 = np.zeros(output_size)

def relu(x):

return np.maximum(®, x)

def relu_derivative(x):

return (x > @).astype(float)

def softmax(x):

exp X = np.exp(x - np.max(x, axis=1, keepdims=True))

return exp_x / np.sum(exp x, axis=1, keepdims=True)

def cross_entropy_loss(y _pred, y_true):
m = y true.shape[@]
return -np.sum(y_true * np.log(y_pred)) / m

def delta_cross_entropy softmax(y_pred, y_true):

return y_pred - y_true
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N 573

¥
¥

def forward propagation(X):
X.dot(Wl) + bl

PR B ZI BB ORISR

Al.dot(W2) + b2
A2 = softmax(Z2)
return Z1, A1, Z2, 6 A2



def backward propagation(X, Y, Z1, Al, Z2, A2):
.shape[8]

=

m =

, dZ2 = delta_cross_entropy_softmax{42, Y)

2 dWZ = (1/m) * np.dot(AL.T, dZZ)

db2 = (1/m) * np.sum{(dZ2, axis=0)
1 [ReLU 2 Yoftmax ~
S s Y i G
dAl = np.dot(dZ2, W2.T)
dZl = dAl * relu derivative(Z1)
dWl = (1/m) * np.dot(X.T, dZ1)
1 1 2 2 dbl = (1/m) * np.sum(dZl, axis=8)

return dWl, dbl, dW2, db2

def update parameters(dWl, dbl, dW2, db2):
global W1, bl, W2, b2
Wl -= learning_rate * dWl
bl -= learning_rate * dbl
W2 -= learning rate * dW2
b2 -= learning rate * db2



N 573

def backward propagation(X, Y, Z1, Al, Z2, A2):

m = X.shape[8]
_— d72 = delta cross entropy softmax{A2, ¥)
/ 2 m = (1/m) * np.dot(Al.T, dZ2)
db2 = (1/m) * np.sum(dZ2, axis-9)
1 |ReLU 2 $Joftmax n
— —p — (} y )

dAl = np.dot(dZ2, W2.T)
dZl = dAl * relu derivative(Z1)
dWl = (1/m) * np.dot(X.T, dZ1)

1 1 2 2 dbl = (1/m) * np.sum(dZl, axis=8)

return dWl, dbl, dW2, db2

def update parameters(dWl, dbl, dW2, db2):
global W1, bl, W2, b2
Wl -= learning_rate * dWl
bl -= learning_rate * dbl
W2 -= learning rate * dW2
b2 -= learning rate * db2



N 573

def backward propagation(X, Y, Z1, Al, Z2, A2):

- m = X.shape[8]
al
EE— di2 =
2

=

= delta_cross_entropy_softmax{A2, Y)

dW2 = (1/m) * np.dot{Al.T, dZ2)

db2 = (1/m) * np.sum{(dZ2, axis=0)
1 |ReLU 2 $Joftmax n
S s R i G
dAl = np.dot(dZ2, W2.T)
dZl = dAl * relu derivative(Z1)
dWl = (1/m) * np.dot(X.T, dZ1)
1 1 2 2 dbl = (1/m) * np.sum(dZl, axis=8)

return dWl, dbl, dW2, db2

def update parameters(dWl, dbl, dW2, db2):
global W1, bl, W2, b2
Wl -= learning_rate * dWl
bl -= learning_rate * dbl
W2 -= learning rate * dW2
b2 -= learning rate * db2



def backward propagation(X, Y, Z1, Al, Z2, A2):
.shape[8]

=

m =

dZ2 = delta_cross_entropy_softmax{42, Y)
dW2 = (1/m) * np.dot(A1.T, dZ2)

db2 = (1/m) * np.sum{(dZ2, axis=0)
1 [ReLU 2 Yoftmax ~
S e T G
dAl = np.dot(dZ2, W2.T)
dZl = dAl * relu derivative(Z1)
aWl = (L1/m) = np.dot(X.T, dZ1)
1 1 2 2 dbl = (1/m) * np.sum(dZl, axis=8)

return dWl, dbl, dW2, db2

def update parameters(dWl, dbl, dW2, db2):
global W1, bl, W2, b2
Wl -= learning_rate * dWl
bl -= learning_rate * dbl
W2 -= learning rate * dW2
b2 -= learning rate * db2



1 [ReLU

oftm

X

X = np.array([[6.1, ©.2], [0.3, ©.4]]) 4
np.array([[1, @], [@, 1]1)

o
L[}

71, A1, 72, A2 = forward propagation(X)

loss = cross_entropy_loss(A2, Y)

diWl, dbl, dW2, db2 = backward propagation(X, ¥, Z1, Al, Z2, A2)

update parameters(dWl, dbl, dW2, db2)

loss
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RENSE: TTEFEX

1 [ReLU

oftm

0 X

def forward propagation(X): -

def

£1
Al
£2
A2

return £1, Al, Z2, A2

X.dot(Wl) + bl
relu(Zl)
Al.dot(W2) + b2
softmax(Z2)

— WMRZ100=1E?

backward propagation(X, Y, Z1, Al, Z2, Al2):

m =

dZ2
di2
db2

dAal
dZ1
dil
dbl

<

.shape[8]

delta cross entropy_softmax{42, Y)
(1/m) * np.dot(A1.T, dZ2)
{(1/m) * np.sum(dZ2, axis=8)

np.dot(dZ2, W2.T)

dil * relu derivative(Zl)
(1/m} * np.dot(X.T, d71)
(1/m) * np.sum{dZ1l, axis=8)

return dWl, dbl, dW2, db2
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def backward propagation(X, Y, Z1, Al, Z2, A2):
.shape[8]

=

m =

_— dZ2 = delta_cross_entropy_softmax{42, Y)
2 dW2 = (1/m) * np.dot(A1.T, dZ2)

db2 = (1/m) * np.sum{(dZ2, axis=0)
1 [ReLU 2 Yoftmax .
S S Gl R G
dAl = np.dot(dZ2, W2.T)
dZl = dAl * relu derivative(Z1)
dWl = (1/m) * np.dot(X.T, dZ1)
1 1 2 2 dbl = (1/m) * np.sum(dZl, axis=8)

return dWl, dbl, dW2, db2

def update
global

_p
W

arameters(diWl, dbl, dW2, db2):
1, bl, W2, b2

Wl -= learning_rate * dWl

bl -= learning_rate * dbl

W2 -= learning rate * dW2

b2 -= learning rate * db2




N zEmE: RAEERSEEH

def backward propagation(X, Y, Z1, Al, Z2, A2):
m = X.shape[8]

_— dZ2 = delta_cross_entropy_softmax{42, Y)
2 dW2 = (1/m) * np.dot(A1.T, dZ2)
db2 = (1/m) * np.sum{(dZ2, axis=0)

1 |RelLU 2 SYoftmax

dAl = np.dot(dZ2, W2.T)

T Dori (Z1)
1 R L GL 1)
1 1 2 2 1= ) * .s_nz{d}l axis=8)

return dWl . dhl1. dW? . dh?2

B® Microsoft

£ i> CNTK

& caffe?
Keras ——

theano PYTORCH ,EM
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