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w !"#$%&-Artificial Neural Network, ANN.

- ./01!"# →  2304!"#5

- 6704!"# →  $801!"+,5
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w #$345

- 79 d :;<=> x = [x1; x2; …; xd] 5

- ?=>@ABCDEFGHIJK;L5 %&'!𝜎(
)*'!

x1-1
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w MP#$34567)89

- AMNKOw = [w1; w2; …; wd]DPQOb

𝑦 = 𝜎 $
!"#

$
𝑤!𝑥! + 𝑏 = 𝜎 𝐰%𝐱 + 𝑏

w MP#$34567):;

- ?RSJK y = f(x1, …, xd) TUVWXYZ

𝑦 = 𝑓 𝑥#, … , 𝑥$ = 𝑓 0,… , 0 +$
!"#

$ 𝜕𝑓
𝜕𝑥!

0,… , 0 𝑥! +⋯

89 b :;<= wi



#$%&'( (4)

w <=>-Perceptron.

- ;<O[\T]^_` x = [x1; …; xd]

- ;LO+1 a −1 

𝑦 = 𝑓 𝐱 = sign 𝐰%𝐱 + 𝑏 sign 𝑥 = (+1, 𝑥 ≥ 0
−1, 𝑥 < 0

w+b(#$,!
sign(-.'!

w ?12@06ABC45

- ;<OKbc D = {(x1, y1), …, (xn, yn)}

D def wTx + b
>?@A

yi = +1

yi = −1

wTxi + b > 0

wTxi + b ≤ 0
BC<=wDb
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w <=>)*DE

- BgNKwCbThiJKO

- jklmBgO

min
𝐰,(

𝐿 𝐰, 𝑏 = −$
𝐱!∈𝐌

𝑦! 𝐰%𝐱! + 𝑏

M(/01
23456

随机初始化w和b
Repeat
在训练集中随机选取一个样本(xi, yi)
If yi(wTxi+ b) ≤ 0 Then

w ← w + ηyixi , b ← b + ηyi
End If

Until没有误分类的样本
Return w和b

789(O(td)
t :;<=!
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w <=>6FGHI

- nopU:FqT(rstuv

>?!@5DABC'! y = f(x, θ)ADEF34x’GH2y’ = f(x’, θ)

IJK: θ = (w, b)Af(x, θ) = sign(wTx + b)

- wqxyCz{|}~�

LMN,! w + b

O=PFQRSTUV0WX34YZ[\



#$%&'( (7)

w JK#$%&

- �U��267):!"#D����������

- )*��!"+,�Multi-layer Feedforward Neural Network�
1]^_`a1]bc`a1]^d`
O`efg]hij

O`hijklT`hijmno
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v2

v3
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b1

b2

b3

y

𝑣! = 𝜎 𝑤!!𝑥! + 𝑤"!𝑥" + 𝑏!

𝑣" = 𝜎 𝑤!"𝑥! + 𝑤""𝑥" + 𝑏"

𝑣# = 𝜎 𝑤!𝑥! + 𝑤"𝑥" + 𝑏#

^d: y = v3

WXpq:r?,! w = [w11; w12; w21; w22; w2] + b = [b1; b2; b3]
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w JK#$%&6LM

- HIJKσ������JK

- �����k�Y��RST6�JK

w NO#$%&6PQ

�1��x!"+,T�2�)�*��*)�!"#���67��

stuv/WX!@w→stxyz78uv/WX!@g→78xy

�2�Bg+,�T BNK

{|,!w+bA}pq^d ŷ k34~� y ���o��n(34!��

min𝐸 𝒚, 6𝒚 =
1
𝑛8$%!

&
𝑦$ − :𝑦$ "
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�K��� w + b

;<PF:

"��:0 < η < 1
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w NO#$%&6PQ

�2�Bg+,�T BNK

�9l���:

𝑤$ ← 𝑤$ − 𝜂
𝜕𝐸
𝜕𝑤$

min𝐸 𝒚, 6𝒚 =
1
𝑛8$%!

&
𝑦$ − :𝑦$ "

𝑏$ ← 𝑏$ − 𝜂
𝜕𝐸
𝜕𝑏$

����:

�@pqx

ys���

![\



�K��� w + b
Repeat
����[\�,!2��!

Until �

Return w+ b

#$%&'( (10)

w RSTUVW6#$%&)*DE

;<O¡¢KbcDDst£η

;LOw C b

𝑤$ ← 𝑤$ − 𝜂
𝜕𝐸
𝜕𝑤$

𝑏$ ← 𝑏$ − 𝜂
𝜕𝐸
𝜕𝑏$

��789:

O(tm)
t:;<=!
m:,!!�

𝜕𝐸
𝜕𝑤$

,
𝜕𝐸
𝜕𝑏$

𝜕𝐸
𝜕𝑤$

= 0
𝜕𝐸
𝜕𝑏$

= 0
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w #$%&)*DE6XY

�1�HIJK

} SigmoidaReLU¡'!

�2�hiJK

¢£¤¥¦�Cross-entropy�:

�3�¤(jklm

^_T§34�Batch�A¨ ©§342�9ª«¬PF,!

WX!@®Batch Size¯0(g]Batch

#$WX°±g]EpochAO]Epoch²�K¯0WX34

𝐸 𝒚, 6𝒚 = −8
$%!

'
𝑦$log :𝑦$

PF,!kW

X5³U´µ
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w JK#$%&Z[\J]^

- jklm¥¦�§¨©ª«¬D®�¯©«¬

- $%�g°�±

- ²³´TNKµ)D¡¢$%T4¶`µ·

- ²·`T¡¢Kb……

w '()*_`ab

- xy�¸¹ºp»¼n½�GPU¾¿À@Á�ÂÃÄ�

- Å`KbÆÇcCz{ ¶·2WX!@
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w '()*6cde_`

- 2006ÈDHintonFGÉÊ¡¢+Ë³Ì¡¢LdG7*T!"+,D
ÍÎÏÐstÑ¥ÒÓÔkst�Deep Learning�

- 2009ÈDËÕÎÔk!"+,Ö<×ØÙÚÛÜD·Ýn½p6
�ÞßT×ØÙÚ£

- 2013ÈDHintonTsàáqÔk!"+,AlexNetâãäÙÚåæ
ImageNetçèé

- 2016ÈDGoogleêqëìÔkstTAlphaGoíîpïðñòé
óôñõ
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w '()*6fg

- 23ÉÔkÌ!"+,$%�*K)ö�*T!"#÷)�

- êqsty¥øKb�ùúûà~üT]^

w h06'()*DE

- ùýþr�Autoencoder�Oÿ!Kbm!

- "#!"+,�Convolutional Neural Network�Oãä]^n¨

- $%!"+,�Recurrent Neural Network�O&']^n¨

- ã!"+,�Graph Neutral Network�OãKb�(

- ……



!"

w !"#$%&

n !"#$%

n &'(

n )*!"+,

w '()*

w +,



-.

w !"#$%&

- MP!"#$%O$8à)!"#T�2C*�

- &'(O+�Ð$%DÓ(rstnopU:Fquv

- )*!"+,O,-�¸.Dëì/_0123¡¢

w '()*

- Ôk!"+,$%

- �n¨;<Kb4üT]^



./

00！


