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£��5�©|±�þÅÚÜ6d�£8�.

Ñ�9�x = (x (1), x (2), · · · , x (n))T��A���5|Ü

w · x + b =
n∑

i=1

wix (i) + b,

ùpw = (w1,w2, · · · ,wn)T ∈ Rn�b ∈ R�ëê.
XJòd��A���5|Üw · x + bw�´d�5�A�
û)Ñ�#A�§¿P�z§K

�A�a�Å�.�±L«�µ

y = sign(z),

�±@�a�Å�.´Äuû)A��C�5?1ýÿ��

..
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��Ü6d��.¥�½x�^�ey = 1�éêAÇ�±
L«�

logit(y = 1) = gI(z),

ùpgI(z)´ð�C�§
y = 1�^�VÇ�

P(y = 1|x) =
ez

1 + ez .

XJ·�Ú?sigmoid¼ê

σ(z) =
1

1 + e−z ,

K

P(y = 1|x) = σ(z).

ù��uéû)A�z|^sigmoid¼ê?1
����5C
�.
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���/§

XJéx���A�?1ØÓ��5|Ü��ØÓ�û)A
�;
¿ÄuØÓ�û)A����5C���#�A�;
é#�A��þ?1aq�5|ÜÚ��5C�;
· · · · · · · · ·
?1eZgù��i@ö�Ò�±5%C�
'�E,��

..
�ù0�� ²�äÆSÒ´Äuù���n��aÆS�{.
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1 A���5|Ü

2 õ�c" ²�ä
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3þã%CE,�.��{¥§�Ä��ö�Ò´é�c�

A�?1�5|Ü¿?1(��5)C�.
Ø���c�£û)¤A��þ�

z = (z(1), z(2), · · · , z(m))T ,

?1Xe�5|Ü

v · z − θ =
m∑

j=1

vjz(j) − θ,

��?1��5C�£Ï~æ^sigmoid¼ê¤

t = g(v · z − θ),
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�±^Xeã¤«�McCulloch-Pitts£{¡M-P¤ ²��
.5�xù�Ä�ö�:

Figure: ²��.
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3M-P ²��.¥
±�c�z��A�z(j)�� ²��É��ÏL��

­vj�ë�?1DÂ�Ñ\&Ò;
±�cA��\�Ú

m∑
j=1

vjz(j)

�� ²��É��oÑ\;
±θ�� ²��K�;
C�g�±w�´ ²��-¹½ö�A¼ê;
t = g(v · z − θ)� ²�é�É��Ñ\&Ò²-¹¼ê?
n��)�ÑÑ.
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éM-P ²��.5`§'�{'�*�-¹¼ê���¼
êsgn§

sgn(v · z − θ) =

{
1, v · z ≥ θ;
0, v · z < θ.

=

3 ²��É��oÑ\v · z��K�θ� ²�,¯§�
�¼êÑÑ1�;
3oÑ\��K�� ²�³�§��¼êÑÑ0�.

�3 ²�äÆS�¡§��^êÆ5��Ð�¼êX

sigmoid¼ê5O���¼ê�� ²��-¹¼ê.
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�L«c¡¤?Ø�Ä�ö��i@§I�±,«/ªòe

Z� ²�ë�å5/¤ ²�ä.
õ�c" ²�ä(multi-layer feedforeward neural
networks)´~�� ²�ä(���:

T(�Å�ü� ²�

 ²��pë=�u��� ²��m���pë;
ÃÓ�½öª�� ²�pë.

^±�É	.Ñ\&Ò� ²�Ñ?3Ó��§¡�Ñ\�
 ²�:

ù
 ²�¿ØéÑ\&Ò?1-¹¼ê?n§�ò�É�

�Ñ\&ÒD4�e�� ²�.

XJ±Ñ\���1��§K���� ²��ÑÑ ²

�§ÑÑ�ª&Ò?n(J¶

Ñ\�ÚÑÑ��m� ²��,�¡�Û�(hidden layer).
Û�ÚÑÑ�� ²�Ñé�É��&Ò?1-¹¼ê?

n§áuõU ²�.
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ü��ä½üÛ�c" ²�ä: �k��Û�.
a�Å(Perceptron): vkÛ� ²�.
£��5�©�/eÄu©l�²¡(w ,b)�©aìÒ�±
L«¤��Xeã¤«�a�Å:

Ñ\��z� ²�éAx���A�x (i);
Ù�ÑÑ ²��m�ë��­�{�þw�©þwi ;
ÑÑ��k��M-P ²�§ÙK��−b;
-¹¼ê�y = sgn(w · x − (−b)).

Figure:©l�²¡éA�a�Å
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±��¼ê

y = sgn(w1x (1) + w2x (2) − θ)

��-¹¼ê,a�ÅU¢yÜ6�(∧)!½(∨)!�(¬)$�.
éÜ6�5`, x (1) ∧ x (2) = 1 ⇐⇒ x (1) = x (2) = 1,Ïd

w1 · 1 + w2 · 1− θ ≥ 0 =⇒ w1 + w2 ≥ θ
w1 · 1 + w2 · 0− θ < 0 =⇒ w1 < θ

w1 · 0 + w2 · 1− θ < 0 =⇒ w2 < θ

w1 · 0 + w2 · 0− θ < 0 =⇒ θ > 0
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w, w1 = w2 = 1, θ = 1.5÷vþã�¦§Ïd·��±�
EXeã¤«�a�Å5¢yÜ6�$�§��A��²

¡

H : x (1) + x (2) − 1.5 = 0

�Ð�±©�x (1) ∧ x (2)(J©O�0Ú1�:(x (1), x (2)).

Figure:Ü6�$�éA�a�Å
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dua�Å�k��õU ²�§ÙÆSUå�~k�.
'Xa�ÅØU¢y��5�©�É½$�.
�XJO\��Û� ²�§�ïXeã¤«�ü� ²�

ä§Ò�±¢yÉ½$�:

Figure:É½$�$�éA�ü��ä
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üÛ�c" ²�ä�ÆS�{.

�½Ôöêâ8 D = {(xi , yi)}Ni=1§Ù¥xi ∈ Rn§yi ∈ Rk
"b½

·��EXeüÛ�c" ²�ä§Ù¥

Ñ\�kn� ²�©O^u�Éêâx�n�A��þ
(x (1), x (2), · · · , x (n))T �z�©þ¶

ÑÑ�kk �õU ²�©OéAuÑÑ
y = (y (1), y (2), · · · , y (k))T �z�©þ§�ÑÑ�1l� ²
��K��θl¶

Û�km�õU ²�§�Û�1t� ²��K��γt¶

Ñ\�1j � ²��Û�1t� ²��m�ë���
�wjt¶

Û�1t� ²��ÑÑ�1l � ²��m�ë���
�vtl¶
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Û�1t� ²��É��oÑ\�αt (x) =
n∑

j=1
wjtx (j),ÑÑ

�z(t)(x) = σ(αt (x)− γt );

ÑÑ�1l� ²��É��oÑ\� βl(x) =
m∑

t=1
vtlz(t)(x),

ÑÑ�y (l) = σ(βl(x)− θl).
·�±ΘL«TüÛ�c"�ä¥�ëê8§=

Θ = (
m⋃

t=1

{wjt}nj=1) ∪ (
k⋃

l=1

{vtl}mt=1) ∪ {θl}kl=1 ∪ {γt}mt=1,

Ù¥��¹(n + k + 1)m + k�ëê.
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Figure:üÛ�c" ²�ä
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1 A���5|Ü

2 õ�c" ²�ä

3 Ø���DÂ�{
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éÔöêâ(xi , yi)§·�±ŷi = (ŷ (1)
i , ŷ (2)

i , · · · , ŷ (k)
i )TL«

þãüÛ�c"�ä�ÑÑ§Ù¥

ŷ (l)
i = σ(βl(xi)− θl)

= σ(
m∑

t=1

vtlz(t)(xi)− θl)

= σ(
m∑

t=1

vtlσ(
n∑

j=1

wjtx
(j)
i − γt )− θl), l = 1,2, . . . , k .

æ^²�Ø���ýÿ��¼ê§KT�ä3(xi , yi)þ��
��

Ri(Θ) =‖ yi − ŷi ‖22=
k∑

l=1

(y (l)
i − ŷ (l)

i )2.
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3Ôöêâ8Dþ����

R(Θ) =
N∑

i=1

Ri(Θ).

XJæ^²�ºx��züÑ§K�äëê��OΘ̂AT÷
v

Θ̂ = argmin
Θ

R(Θ).
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XJ�Äæ^FÝeü{5¦ëê��O§KI�¦ÑR(Θ)é
�ëê� �ê:

kO�R(Θ)évtl� �ê

∂R(Θ)

∂vtl
=

N∑
i=1

∂Ri(Θ)

∂vtl
,

Ù¥

∂Ri(Θ)

∂vtl
=
∂Ri(Θ)

∂ŷ (l)
i

∂ŷ (l)
i

∂vtl
= −2(y (l)

i − ŷ (l)
i )

∂ŷ (l)
i

∂vtl

= −2(y (l)
i − ŷ (l)

i )
∂ŷ (l)

i
∂βl

∂βl

∂vtl

= −2(y (l)
i − ŷ (l)

i )ŷ (l)
i (1− ŷ (l)

i )z(t)(xi).
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R(Θ)éθl� �ê

∂R(Θ)

∂θl
=

N∑
i=1

∂Ri(Θ)

∂θl
,

Ù¥

∂Ri(Θ)

∂θl
=

∂Ri(Θ)

∂ŷ (l)
i

∂ŷ (l)
i

∂θl

= −2(y (l)
i − ŷ (l)

i )
∂ŷ (l)

i
∂θl

= 2(y (l)
i − ŷ (l)

i )ŷ (l)
i (1− ŷ (l)

i ).
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·�-

δ
(l)
i = −2(y (l)

i − ŷ (l)
i )ŷ (l)

i (1− ŷ (l)
i ),

K

∂Ri(Θ)

∂vtl
= δ

(l)
i z(t)(xi),

∂Ri(Θ)

∂θl
= −δ(l)

i .
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R(Θ)éwjt� �ê
∂R(Θ)
∂wjt

=
N∑

i=1

∂Ri (Θ)
∂wjt

,Ù¥

∂Ri(Θ)

∂wjt
= −2

k∑
l=1

(y (l)
i − ŷ (l)

i )
∂ŷ l

i (Θ)

∂wjt

= −2
k∑

l=1

(y (l)
i − ŷ (l)

i )
∂ŷ (l)

i (Θ)

∂βl

∂βl

∂wjt

= −2
k∑

l=1

(y (l)
i − ŷ (l)

i )ŷ (l)
i (1− ŷ (l)

i )vtlz(t)(xi)(1− z(t)(xi))x (j)
i

= z(t)(xi)(1− z(t)(xi))

[
k∑

l=1

−2(y (l)
i − ŷ (l)

i )ŷ (l)
i (1− ŷ (l)

i )vtl

]
x (j)

i

= z(t)(xi)(1− z(t)(xi))

[
k∑

l=1

δ
(l)
i vtl

]
x (j)

i .
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R(Θ)éγt� �ê
∂R(Θ)
∂γt

=
N∑

i=1

∂Ri (Θ)
∂γt

,Ù¥

∂Ri(Θ)

∂γt
= −2

k∑
l=1

(y (l)
i − ŷ (l)

i )
∂ŷ l

i (Θ)

∂γt

= −2
k∑

l=1

(y (l)
i − ŷ (l)

i )
∂ŷ (l)

i (Θ)

∂βl

∂βl

∂γt

= 2
k∑

l=1

(y (l)
i − ŷ (l)

i )ŷ (l)
i (1− ŷ (l)

i )vtlz(t)(xi)(1− z(t)(xi))

= −z(t)(xi)(1− z(t)(xi))

[
k∑

l=1

δ
(l)
i vtl

]
.
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·�-

s(t)
i = z(t)(xi)(1− z(t)(xi))

[
k∑

l=1

δ
(l)
i vtl

]
,

K

∂Ri(Θ)

∂wjt
= s(t)

i x (j)
i ,

∂Ri(Θ)

∂γt
= −s(t)

i .
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�½ÆSÇη,FÝeü{�A����#úª�µ

wjt = wjt − η
N∑

i=1

s(t)
i x (j)

i ,

vtl = vtl − η
N∑

i=1

δ
(l)
i z(t)(xi);

�A�K��#úª�µ

θl = θl + η

N∑
i=1

δ
(l)
i ,

γt = γt + η

N∑
i=1

s(t)
i ,

ùp j = 1,2, . . . ,n; t = 1,2, . . . ,m; l = 1,2, . . . , k .
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3ëê�#úª¥

z�x (j)
i áuÑ\&Ò.

z(t)(xi)�Û�1t� ²�Äuë���ÚK�ëê��c
�é�É��oÑ\?n±��ÑÑ.
δ

(l)
i Ús(t)

i ©O�ÑÑ�1l� ²�ÚÛ�1t� ²�Äu
�cëê��Ø�.
s(t)

i �±dδ
(l)
i Uìª

s(t)
i = z(t)(xi)(1− z(t)(xi))

[
k∑

l=1

δ
(l)
i vtl

]

5O�.
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Û� ²�Ø��O���u

kO�Û� ²��ÑÑz(t)(xi)ÚÑÑ� ²��ÑÑŷ (l)
i ;

��ÑÑ� ²��ÑÑ�O�ÑÑ ²��Ø�δ
(l)
i ;

,�òz�δ
(l)
i ÏLÛ� ²�ÚÑÑ� ²��m�ë�

��DÂ�Û�� ²�5O��Û� ²�Ø�s(t)
i .

ÏdT�Oëê�FÝeü{��¡�Ø���DÂ�{.

Figure:Ø���DÂ«¿
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Ø���DÂ�{¥ëêÐ©zö�Ï~�ÅÀJ(0,1)«
m'��C0����ëê�Ð©�.
��ÅFÝeü{aq,��±�éz�Ôö��?1�g
ëê�#,=

zg^Ri (Θ)�OR(Θ)��8I¼ê,
��ÄØ�δ

(l)
i ���DÂ5�#ëê.

?
3��Ôöêâ8þÌ�?1TS�L§,��÷vÊ
�^�.

�±?nÔöêâ85�'����/.
3¼�#Ôöêâ��ÿ�'��B�#�äë���Ú 

²�K�ëê.
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æ^�KzüÑ5�) ²�äÆS�L[Üºx:

Θ̂ = argmin
Θ

[R(Θ) + λJ(Θ)] ,

ùpλ ≥ 0��KzXê,Ù¥

J(Θ) =
n∑

j=1

m∑
t=1

w2
jt +

m∑
t=1

k∑
l=1

v2
tl +

m∑
t=1

γ2
t +

k∑
l=1

θ2
l ,

@Ê(early stopping)�´�ÚL[Ü�üÑ��.
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ésigmoid¼êσ(x)5`§

σ′(x) = σ(x)(1− σ(x)),

K�σ(x)→ 0½öσ(x)→ 1�§

σ′(x)→ 0.

Ø
sigmoid¼ê§�±æ^

tanh(x) =
ex − e−x

ex + e−x

��Û� ²��-¹¼ê.
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étanh¼ê5`§

tanh′(x) = 1− tanh2(x)

K�tanh(x)→ 1½ötanh(x)→ −1�§

tanh′(x)→ 0.

ù¿�XXJ±þãü�¼ê��õ�c" ²�äÛ� 

²��-¹¼ê,3k
�¹e�U��FÝªu0
ëê
�#éú.
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-¹¼ê

�6�5rectified linear¼ê:

gr (x) = max(0, x).

3x < 0�§g′
r (x) = 0;
3x > 0�§ g′

r (x) = 1.
ù¦��'�FÝO�'��B.

��³��6�5£leaky rectified linear¤¼ê:

gλ(x) =

{
x , x > 0
λx , x ≤ 0

,

ùpλ ∈ (0,1)´��~ê.
3x > 0�§ g′

λ(x) = g′
r (x) = 1;


3x < 0�§g′
λ(x) = λ�´��~ê.
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�(

M-P ²��.
õ�c" ²�ä

a�Å

üÛ�c" ²�ä

Ø���DÂ�{
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