
Arificaial Neural Network

ü Logistic Signoid

1

1  

xa

ü Hyperbolic Tangent

h  h


h  h

ü ArcTangent

ArcTan

WAB

The weight of the connection from neuron A to neuron B

ox1, x2, …, xn   1 if w0  w1  …  wn  0
1 otherwise



ü Learning in the Perceptron

wi  t  oxi

ü The delta training learning rule

the difference between the desired output t and the actual output o, given input wi

ü Global error E

between the desired and actual outpue

ü Gradient Descent

Training error of a weight vector

Ew  1

2

dD

td  od2

E is a function of weight vector
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D is set of training examples.

td is the target output for the training example d.

od is the outpue of the linear unit for the training example d.

The error surface is parabolic

ü Derivation of the Gradient Descent Rule

Ew   E

w0

,
E

w1

, …,
E

wn



the partical derivatives of E with respect to each of the wi

w  w  W

w  Ew
 is the learning rate the step size

wi  wi  wi

wi  
E

wi

ü Derivation

Ew  1

2
td  ozd2

E   E

w0

,
E

w1

, …,
E

wn



zd  w0  w1x1d  …  wnxnd

ozd  ow0  w1x1d  …  wnxnd

E

wi


 1

2
td  ozd2


wi

td  ozd td  ozd


wi

td  ozd td  ozd


zd

zd

wi

td  ozd1 xi

 t  ozxi

td  ozd


zd
 

ozd

zd

 1

zd

w0

 1,
zd

w1

 x1d , …,
zd

wn

 xnd

w  Ew
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wi  
E

wi

 td  ozd 1 xid

 t  oxi

wi  t  oxi

ü Exam

ozd  ow0  w1xd  w2yd
zd  w0  w1xd  w2yd

E 
1

2
td  ozd2 

1

2
td  ow0  w1xd  w2yd2

E   E

w0

,
E

w1

,
E

w2



E

w0

 td  ozd1

E

w1

 td  ozdx

E

w2

 td  ozdy

w0  w0  td  ozd1;
w1  w1  td  ozdx;
w2  w2  td  ozdy;

MATLAB

for d  1 : lengthtd
if w0  w1 X1d  w2X2d  0

Yd  1;
else

Yd  1;
end

w0  w0  td  Yd1;
w1  w1  td  YdX1d;
w2  w2  td  YdX2d;

end
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Simiar

ü 1. Error 정의

E 
1

2

d D

td  od2

ü 2. Gradient Descent

E   E

w0

,
E

w1

, …,
E

wn



ü 3. Minimum Error

W  E

ü 4. component

wi  
E

wi

Backpropagation

Initialize all weights to small random numbers Until satisfied, Do

For each training example, Do

1. Input the training example to the network and compute the network outputs

2. For each output unit k

k
fke


e
 tk  okok1  ok

3. For each hidden unit h

h
fhe


e



 

k  outputs

wh kkok1  ok


oh1  oh

4. Update each network weight wi,j

wi j  wi j  wi j

wi j   j
fje


e
xi

Ew  1

2
td  ozd2

ozd  1

1  zd
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Derivation

E 
1

2

d D

td  ozd2

wi j  
E


wi j

wi j   j
fje


e
xi

xk  wk h  xh

xh  o
k

wk hxk

ü wh o

wh o  
E


wh o

wh o  
E


wh o

 
 1

2
d D td  ozd2


wh o

 
 1

2
d D td  ozd2


zd


zd

wh o

 
d D

td  ozd ozd

zd


zd

wh o

 
d D

td  ozdozd1  ozdxh

 
dD

t  oo1  oxh

 
dD

o o1  oxh

 
dD

o
foe


e
xh
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 wh o  
dD

o
foe


e
xh

 xo  ozd  1

1  zd

zd 
h

wh oxh


td  ozd


zd
 

ozd

zd

 zd

1

1  zd

 zd1  zd2

 
zd

1  zd2
 

1

1  zd


zd


1  zd

 ozd1  ozd


zd

wh o


h wh oxh


wh o
 xh

ü Wi h

wi h  
E


wi h

wi h  
E


wi h

 
 1

2
d D td  ozd2


wi h

 
 1

2
d D td  ozd2


zd


zd

wi h

 
d D

td  ozd ozd

zd


zd

wi h

 
d D

td  ozdozd1  ozd zd

wi h

 
d D

td  ozdozd1  ozd zd

xh


xh

ud


ud

wi h

 
d D

td  ozdozd1  ozdwh ooud1  oudxi

 
d D

oozd1  ozdwh ooud1  oudxi

 
dD

h oud1  oudxi

 
dD

h 
fhe


e
xi

 wi h  
dD

h 
fhe


e
xi

 xo  ozd  1

1  zd
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zd 
h

wh oxh

 xh  oud  1

1  ud

ud 
i

wi hxi

zd

wi h


zd

xh


xh

wi h


zd

xh


xh

ud


ud

wi h

zd

xh


 wh oxh


xh
 wh o

xh

ud


oud

ud

 oud1  oud

ud

wi h


i wi hxi


wi h
 xi


zd

wi h


zd

xh


xh

ud


ud

wi h

 wh ooud1  oudxi

Example

y  owh1 yxh1  wh2 yxh2  wh3 yxh3
z  wh1 yxh1  wh2 yxh2  wh3 yxh3

y  t  y  t  oz
xh1  owx1 h1x1  wx2 h1x2

u1  wx1 h1x1  wx2 h1x2

h1  wh1 yy

xh2  owx1 h2x1  wx2 h2x2
u2  wx1 h2x1  wx2 h2x2

h2  wh2 yy

xh3  owx1 h3x1  wx2 h3x2
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u3  wx1 h3x1  wx2 h3x2

h3  wh3 yy

 xk  wk h  xh

h  wh o  o

 xh  o
k

xkwk h

 h 
k

wh oo;

ü y

y  owh1 yxh1  wh2 yxh2  wh3 yxh3  1

1  zd

zd  wh1 yxh1  wh2 yxh2  wh3 yxh3

  t  y  t  oz

wh1 y  wh1 y  
E


wh1 y

 wh1 y  t  oz ozd

zd


zd


wh1 y

 wh1 y    oz1  oz zd

wh1 y

 wh1 y   yxh1

 wh1 y  wh1 y   yxh1

 wh2 y  wh2 y   yxh2

 wh3 y  wh3 y   yxh3

ü xh1

y  od  ozd  owh1 yxh1  wh2 yxh2  wh3 yxh3  1

1  z

zd  wh1 yxh1  wh2 yxh2  wh3 yxh3

zd  wh1 yowx1 h1x1  wx2 h1x2  wh2 yowx1 h2x1  wx2 h2x2  wh3 yowx1 h3x1  wx2 h3x2

xh1  owx1 h1x1  wx2 h1x2  1

1  u1

u1  wx1 h1x1  wx2 h1x2

h1  wh1 yy
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E

wx1 h1

 td  od od

wx1 h1

 td  od od

zd


zd


wx1 h1

 td  odod1  od zd

xh1


xh1


wx1 h1

 y zd

xh1


xh1


wx1 h1

 ywh1 y
xhi


wx1 h1

 ywh1 y
xhi

u1


u1


wx1 h1

 ywh1 yoh1  oh u1

wx1 h1

 ywh1 yoh1  ohx1

 oh1  ohywh1 yx1

 h1x1

h  oh1  oh wh kk

wx1 h1  wx1 h1  
E


wx1 h1

 wx1 h1   oh11  oh1wh1 yYx1

 wx1 h1   h1x1

 wx1 h1  wx1 h1   h1x1

 wx2 h1  wx2 h1   h1x2

 wx1 h2  wx1 h2   h2x1

 wx2 h2  wx2 h2   h2x2

 wx1 h3  wx1 h3   h3x1

 wx2 h3  wx2 h3   h3x2
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Learning Algorithm: Backpropagation

  xh  o
k

xkwk h

y1  f1e  f1wx11x1  wx21x2
y2  f2wx12x1  wx22x2
y3  f3wx13x1  wx23x2
y4  f4w1 4y1  w2 4y2  w3 4y3
y5  f5w1 5y1  w2 5y2  w3 5y3
y  f6w4 6y4  w5 6y5

  h 
o

wh oo;

  z  y
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4  w4 6

5  w5 6

1  w1 44  w1 55

2  w2 44  w2 55

3  w3 44  w3 55

wx1 1
'  wx1 1  1

f1e


e
x1

wx2 1
'  wx2 1  1

f1e


e
x2

wx1 2
'  wx1 2  2

f2e


e
x1

wx2 2
'  wx22  2

f2e


e
x2

wx1 3
'  wx1 3  3

f3e


e
x1

wx2 3
'  wx23  3

f3e


e
x2

w1 4
'  w1 4  4

f4e


e
y1

w2 4
'  w2 4  4

f4e


e
y2

w3 4
'  w3 4  4

f4e


e
y3

w1 5
'  w1 5  5

f5e


e
y1

w2 5
'  w2 5  5

f5e


e
y2

w3 5
'  w3 5  5

f5e


e
y3
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w4 6
'  w4 6  

f6e


e
y4

w5 6
'  w5 6  

f6e


e
y5

 wh1 y  wh1 y  
d

yxh1

 wh2 y  wh2 y  
d

yxh2

 wh3 y  wh3 y  
d

yxh3

 wx1 h1  wx1 h1  
d

h1x1

 wx2 h1  wx2 h1  
d

h1x2

 wx1 h2  wx1 h2  
d

h2x1

 wx2 h2  wx2 h2  
d

h2x2

 wx1 h3  wx1 h3  
d

h3d x1d

 wx2 h3  wx2 h3  
d

h3d x2d

MATLAB

 X1
X2

 





H1
H2
H3




  Y

 X1
X2

 
Wxihj







H1
H2
H3




 

Whjy
Y
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ü MATLAB

hElt  xIn wh
hOut  1.1  ExphElt

oElt  hOut wo
oOut  1.1  ExpoElt

deltaOut  oOut1  oOut tOut  oOut
deltaHid  hOut1  hOutdeltaOutwo

wo  wo   hOut.deltaOut
wh  wh   xIn.deltaHid

SSE  0.5SqrttOut  oOut.tOut  oOut

ü matrix

wh   Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
;

wo 





Wh1 y

Wh2 y

Wh3 y




;

xIn 







x11 x21

x12 x22

x13 x23

x14 x24






;

tOut 







t1

t2

t3

t4






;

ü hElt=xIn.wh

hElt  xIn.wh 







x11 x21

x12 x22

x13 x23

x14 x24






. Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3










Wx1 h1 x11  Wx2 h1 x21 Wx1 h2 x11  Wx2 h2 x21 Wx1 h3 x11  Wx2 h3 x21

Wx1 h1 x12  Wx2 h1 x22 Wx1 h2 x12  Wx2 h2 x22 Wx1 h3 x12  Wx2 h3 x22

Wx1 h1 x13  Wx2 h1 x23 Wx1 h2 x13  Wx2 h2 x23 Wx1 h3 x13  Wx2 h3 x23

Wx1 h1 x14  Wx2 h1 x24 Wx1 h2 x14  Wx2 h2 x24 Wx1 h3 x14  Wx2 h3 x24






;

hOut 
1


1  hElt









xh11 xh21 xh31

xh12 xh22 xh32

xh13 xh23 xh33

xh14 xh24 xh34






;
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ü oElt=hOut.wo

oElt  hOut.wo 







xh11 xh21 xh31

xh12 xh22 xh32

xh13 xh23 xh33

xh14 xh24 xh34






.





Wh1 y

Wh2 y

Wh3 y














Wh1 y xh11  Wh2 y xh21  Wh3 y xh31

Wh1 y xh12  Wh2 y xh22  Wh3 y xh32

Wh1 y xh13  Wh2 y xh23  Wh3 y xh33

Wh1 y xh14  Wh2 y xh24  Wh3 y xh34






;

oOut 
1


1  oElt









Y1

Y2

Y3

Y4






;

ü dOut=oOut*(1-oOut)*(tOut-oOut)

Out  oOut 1  oOut tOut  oOut









Y11  Y1t1  Y1
Y21  Y2t2  Y2
Y31  Y3t3  Y3
Y41  Y4t4  Y4















Y1

Y2

Y3

Y4






;

k  ok1  oktk  ok;

ü dHid=hOut*(1-hOut)*(dOut.wo)
Hid  hOut1  hOut Out.wo









xh11 1  xh11 xh21 1  xh21 xh31 1  xh31
xh12 1  xh12 xh22 1  xh22 xh32 1  xh32
xh13 1  xh13 xh23 1  xh23 xh33 1  xh33
xh14 1  xh14 xh24 1  xh24 xh34 1  xh34














Y1

Y2

Y3

Y4






. Wh1y Wh2y Wh3y 









xh11 1  xh11 xh21 1  xh21 xh31 1  xh31
xh12 1  xh12 xh22 1  xh22 xh32 1  xh32
xh13 1  xh13 xh23 1  xh23 xh33 1  xh33
xh14 1  xh14 xh24 1  xh24 xh34 1  xh34














Wh1y Y1 Wh2y Y1 Wh3y Y1

Wh1y Y2 Wh2y Y2 Wh3y Y2

Wh1y Y3 Wh2y Y3 Wh3y Y3

Wh1y Y4 Wh2y Y4 Wh3y Y4















xh11 1  xh11 Wh1y y1 xh21 1  xh21 Wh2y y1 xh31 1  xh31 Wh3y y1

xh12 1  xh12 Wh1y y2 xh22 1  xh22 Wh2y y2 xh32 1  xh32 Wh3y y2

xh13 1  xh13 Wh1y y3 xh23 1  xh23 Wh2y y3 xh33 1  xh33 Wh3y y3

xh14 1  xh14 Wh1y y4 xh24 1  xh24 Wh2y y4 xh34 1  xh34 Wh3y y4















h11 h21 h31

h12 h22 h32

h13 h23 h33

h14 h24 h34







h23  oh23 1  oh23 Wh2 y Y3 ;
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h  
koutputs

wh kk;

h  oh1  oh 
koutputs

wh kk;

ü wo=wo+h hOut dOut;

wo 





Wh1 y

Wh2 y

Wh3 y




;






Wh1 y

Wh2 y

Wh3 y




 






Wh1 y

Wh2 y

Wh3 y




  






xh11 xh12 xh13 xh14

xh21 xh22 xh23 xh24

xh31 xh32 xh33 xh34




.







Y1

Y2

Y3

Y4













Wh1y

Wh2y

Wh3y




  






xh11 Y1  xh12 Y2  xh13 Y3  xh14 Y4

xh21 Y1  xh22 Y2  xh23 Y3  xh24 Y4

xh31 Y1  xh32 Y2  xh33 Y3  xh34 Y4












Wh1y

Wh2y

Wh3y




  






d xh1d Yd

d xh2d Yd

d xh3d Yd







ü wh=wh+h xIn dHid;

wh   Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
;

 Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
   Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
   x11 x12 x13 x14

x21 x22 x23 x24
.







h11 h21 h31

h12 h22 h32

h13 h23 h33

h14 h24 h34







  Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
   x11 h11  x12 h12  x13 h13  x14 h14 x11 h21  x12 h22  x13 h23  x

x21 h11  x22 h12  x23 h13  x24 h14 x21 h21  x22 h22  x23 h23  x

  Wx1 h1 Wx1 h2 Wx1 h3

Wx2 h1 Wx2 h2 Wx2 h3
  

 d x1d h1d d x1d h2d d x1d h3d

d x2d h1d d x2d h2d d x2d h3d





130614_Gradient_Descent.nb 15


