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Arificaial Neural Network

m Logistic Signoid

m Hyperbolic Tangent

eh - e'h

eh +eh

m ArcTangent

ArcTan

WAB

The weight of the connection from neuron A to neuron B

1 ifwg+wyp+..+wy>0
OX1s Xz, s Xn] = { -1 otherwise
m Learning in the Perceptron

Awj =n (€-0) X;j

m The delta training learning rule

the difference between the desired output t and the actual output o, given inputw;

m Global error E

between the desired and actual outpue

m Gradient Descent

Trainingerror of aweight vector

1
E[m] = = > (ta-04)?

deD

E is a function ofweight vector
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D issetof training examples.
ty is the target output for the training exampled.
0g is the outpue of the linear unit for the training exampled.

The error surface is parabolic

m Derivation of the Gradient Descent Rule

oE oE oE ]
dwy ~ Awi - AW

VE[®] = [

the partical derivatives of Ewith respect to each of the w;
We W+ AW
AW = -nVE[W]

n is the learning rate (the step size)
Wi < Wj + AWj

A oE
Wi =-n —
i n oW

m Derivation

1
Efwl = 5 ' (ts-0[zal)?

oE oE oE
VE=[—, ) s ]
AW OWq OWp,

Zg = Wo + W1 X1y + . + Wp Xng
0[Zd] = O[Wo + W1 X14 + ... + Wn Xny]

8E 05 X (tg-0[2z4])?

OWj OWj
8 (td-0[zq])

> (ta-0[zal)

OWj
8 (tyg-0[zq]) 0Oz4
= > (ta-o0[z4])
0zy OWj
=Z(td-o[zd])*-1*xi
=-(t-0[Z]) Xi
0(ty-0[z4]) _ 00[Zd] o1
02zg B 02z4 B
dz4 dz4 » 0z4 x
awe T awy M By, M

AW=-nVE[W]
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A oE
i=-n —6Wi
=-n )" (ta-0[2za]) *-1*Xi,

n (t-0) X;

AW; = n (t-0) Xj

m Exam
0[Zg] = O[Wp + W1 Xg + W2 Yd]
Zg = Wo + Wy Xq + W2 Yqg
E 1 2 1 2
= 5 2, (ta-0[241)% = = ) (ta-O[Wo + W1 Xq + W2 Ya1)

oE oE oE
vE= [awo T ow, awz]

oE
— =-(tg-0[zq]) 1
AW
oE
—— =-(t3-0[Zq]) X
owy
oE
—— =-(ta-0[Zq]) ¥
oWy

w0 =w0 +1n (tg-0[zq]) 1;
wl=wl+n (tg-0[Zq]) X;
w2 =w2+n (tg-0[z4]) Y;

MATLAB

ford =1: length (ty)
if (WO +wlxXly+w2xX24q) >0
Yq =1;
else
Ya=-1;

wO=wO+n (tg -Yq) 1;

wl=wl+n (tg-Yq) X1g;

w2 =wW2 +n (tg - Ygq) X2¢;
end
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Simiar
m 1. Error A9

1
_ _ 2
E= 2d§ (ty - 0q)
eD

m 2. Gradient Descent

oE oE oE
vE= [awo T awg T aw, ]
n

= 3. Minimum Error

AW = -n VE

m 4, component

oE
AWj = -1 —
i n e

Backpropagation

Initializeall 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 outputunitk

dfy[e]
Sk ———— « (Lt - 0k) Ok (1-o0k)
de

3. For each hiddenunith

df,[e
5 h[](_

Whk 6k Ok (1-0k) | On (1-o0n)
de

k € outputs
4. Update each network weight w;
Wij « Wij+ AW j

d]fj [e]
AWj j = 1 j T Xij

1
E(M] = 5 ' (ts-0[za])?
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Derivation

X1

X

1
E= 3 ), (ta-ofzal)?

deD
oE
AWig =-n OWj j
1]
dlfj [e]
AWj j =1 §j de Xi

Xk = Wkh = Xh

Xh = O[Zth Xk]
Kk

B Who

oE
AWh0=_r7 aWh
o]

a3 t 2

A 0E 5 2dep (ta - 0[Zd])

ho = -1 EXT =-n Wno
O%Zdeo(td-o[zd])z 824

= 0z4 OWh o

00[zq] ©0Ozg
=n > (ta-o0[zal)
& 0zy OWh o

=n )| (ta-0[2a]) 0[Za] (1-0[Z4]) Xn

deD
=nZ(t-o) 0 (1-0) xn
deD
=n2600 (1-0) Xp
deD
df,[e]
=TIZ<50 2 Xh

deD de
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df,[e]
B AWho = 77250 —— Xh
deD de

S Xo =0[2Z4] =

1+ e (2d)
Z4 =ZWh0Xh
h
. 9(tg-0[zq]) _90([z4]
) 0zy - 0z4
1 -Zd -Zq -2
= 0n T = - (- ) (< (L))
@ Zd 1 @
T (1+e2)? T T 1iezd * 1+ e-2

=-0[zg] (1-0[zq])

82z4 02 Who Xh

o = = Xh
OWh o OWho
= Wip
A oE
ih=-1m EYT
1 2
oE 05 Jldep (td-0[2zd])
AWjh = -1 =-n
OWih OWijh
0% Saep (ta-0[2a])? oz4
N 9824 OWin
60[zgq] ©0Ozyg
=n ). (ta-o0[zal)
&3 02z4 OWijh
024
=n )’ (ta-0[za]) 0[Z4] (1 -0[Za])
deD AWin

0z9 OXn OuUg
=n ) (ta-0[za]) 0[Z4] (L1 -0[Za])
deD 9Xpn Oud OWih

=n > (ta-0[2a]) 0[Z4] (1-0[2q4]) Who O[Ua] (1 -0[Ug]) X;
deD

=n ) 80 0[2q] (1-0[2Zal) Who O[U4] (1-0[Ug]) Xi
de D

=n ) 6n O[Ug] (L-0[ual) X;

deD

dfh[e]
=n E Snh 3o Xj
deD

dfn[e]
B AWih =1 Z éh ——
deD de

o XO = O[Zd] = m)—
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Zg = ZWho Xh
h

1
s Xp=0[Uu = —
h [ug] 17 o 0w
Ug = ZwihXi
i
0z4 0zq OXn 0zqg OXn Oug

OWjh OXn OWjh OXn OUg OWijnh

dz4 0 Who Xn
= =Who
AXn AXn

0% 90l _ 6 1ug) (1 - oual)

AUqg AUqg
AUy _ 02 Wi h Xi ..
OWj n B OWjn -

82y 8zq OXn Oug
5 = =Who O[Ug] (1-0[ugl) Xi
OWjh OXn OUg OWjinh

Example

X1

Xz

Y = O[Whiy Xh1 + Wh2y Xh2 + Wh3y Xh3]
Z = Wh1y Xn1 + Wh2y Xh2 + Wh3y Xn3
Sy=t-y=t-0[z]
Xh1 = O [Wx1h1 X1 + Wx2 h1 X2]
U1 = Wxi h1 X1 + Wx2h1 X2
Sh1 =Whiy 5y
Xh2 = 0 [Wx1h2 X1 + Wx2h2 X2]
U2 = Wx1 h2 X1 + Wx2 h2 X2
Sh2 = Wh2y Oy

Xh3 = O[Wx1h3 X1 + Wx2h3 X2]
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U3 = Wx1 h3 X1 + Wx2 h3 X2

6h3 = Whay Oy

B Xk = Wkh = Xh
6h—)Wh0—)60

S Xh = O[ZXkah]
k

& 6h = ZWho 603
K

mny
[ 1 !
= O[Wh1y Xh1 + Wh2y Xh2 + Whay Xh3] = ———
Y Y Y Y 1+ea
Zd = Whiy Xh1 + Wh2y Xh2 + Wh3y Xh3
§=t-y=t-0[z]
oE
Whiy =Whiy - ——
OWh1y
do[zg] 6z4
=Whiy+n (€E-0[2]) ——— ————
dzg OWh1y
Zd
=Whiy +ndéo0[z] (1-0[Z2]) —
OWh1y
=Wh1y + N Sy Xn1
S Whiy = Whiy + 17 8y Xn1
S Wh2y = Whay + 17 8y Xn2
S Wh3y = Whay + 1 8y Xh3
B Xh1
1
Y =04 =0[Zg] = O[Wh1y Xh1 + Wh2y Xh2 + Wh3y Xh3] = Tiez
o

Zd = Whiy Xh1 + Wh2y Xh2 + Wh3ay Xh3

Zg = Whiy O[Wx1ih1 X1 + Wx2h1 X2] + Wh2y O[Wx1h2 X1 +Wx2h2 X2] + Wh3y O [Wx1h3 X1 + Wx2h3 X2]

1

Xh1 = O[Wx1h1 X1 +Wx2h1 X2] = ————
l+ewn

U1 = Wxi h1 X1 + Wx2h1 X2

6h1 = Wh1y Oy
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oE A0qg
_— =—Z (tg - 0d) ——
OWx1 h1 OWx1 h1

80 0z4
-3 (ta-og 220 0%
0Zy OWxihi

[o 4] O Xn1
-Z (tg - 04) Og (1 -04) Z oxr: WL
1 x1 h1
s Z 8zy OXnh1
Y OXh1 OWxih1

5 O Xni
=6y D\ Wy S
OWx1 h1

O Xni ou;y
-6 W, P —
yZ ny QU1 OWxah1

ouy
OWx1 h1

-6y ZWhly Oh (1-o0n) X1
-0n (1-0n) >’ &y Whiy X
=-6h1 X1

-6y ZWhly on (1-o0n)

Sh «0n (1-o0n) Zthék

oE

Wxiht =Wxih1 - ————
OWx1 h1

= Wx1h1 + 71 On1 (1 -0n1) ZWhly Sy X1

= Wx1h1 + 71 6h1 X1

S Wx1hl = Wxih1 + 17 6h1 X1

S Wx2hl = Wx2h1 + 17 6h1 X2

S Wx1h2 = Wxih2 + 17 Sh2 X1

S Wx2h2 = Wx2 h2 + 1 Sh2 X2

& Wx1h3 = Wx1h3 + 1 6h3 X1

S Wx2h3 = Wx2h3 + 17 6h3 X2
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10

Learning Algorithm: Backpropagation

B Xph = O[Zkakh]
k

V= [i00G Xy + W)

y1 = Fr[e] = F1[Wx1y 1 X1 + Wx2) 1 X2]

Y2 = T2 [Wx1) 2 X1 + Wx2) 2 X2]
Y3 = F3[Wx1) 3 X1 + Wx2) 3 X2]
Ya =TFa[Wiay1 +WaqY2 +W3qY3]
Y5 = F5[Wis Y1 + Wa5 Y2 + W35 V3]

y = Fe[Was Ya + W6 Y5]

m 5 6h = ZWho b0
o

Vo= JaOrg ¥y 054y, + 034 13)

V=[O vy + Ws675)
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11

64 =Wg6 6

65 =Ws56 &

61 =W14 64 +W15 65

62 = W24 64 + W25 5

63 = W34 64 + W35 65

Wix1y1 = W(x1) 1

Wix2y 1 = W(x2) 1

Wix1) 2 = W(x1) 2

Wix2) 2 = W(x2) 2

Wix1) 3 = W(x1) 3

Wx2y 3 = W(x2) 3

Wy4 =W1a +1754
Wy 4 = W2y +T](54
W34 = W34 + 16y
Wi =Wis +T]55
W25 =Wos +1755

W35 = W35 + 1ds

+ 7751

+ N6y

+ N6y

+ N6y

+ T]63

+1nb3

dfsfel]

de

dfs[e]

de

dfs[e]

de

dfs[e]

de

dfs[e]

de

dfs[e]

de

'

Y3

Y1

Y2

Y3

X2
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12

. 5 dfs[e]

W, =W, + _—
46 46 + 1 de Ya
. s dfs[e]

Wi = W + _—
56 56 +17] de Ys

'-Wh1y=Wh1y+TIZ Sy Xn1
d
'-Wh2y=thy+T‘IZI Sy Xn2
d
'-Wh3y=Whe,y+T‘IZI Sy Xn3
d
W Wx1hl = Wxihl + 7 Z Sh1 X1
d
W Wx2hl = Wx2hl + 77 Z Sh1 X2
d
" Wil h2 =Wx1h2+7726h2 X1
d
" W2 h2 =Wx2h2+7726h2 X2
d
. Wx1h3 = Wx1h3 + 7 Z Sh3y X14
d

" Wx2 h3 = Wx2 h3 + 7 Z Sh3y X24
d

MATLAB

(
(

H1
i;) > {HZJ > (Y)
H3

H1

X1 ihj i

xz) ek (HZ] oy (Y)
H3
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= MATLAB

hEIt = xIn % wh
hOut =1./ (1 +Exp[-hEIt])

OEIlt = hOut » wo
oOut=1./ (1+Exp[-0EIt])

deltalOut = oOut x (1 - oOut) * (tOut - oOut)
deltaHid = hOut = (1 - hOut) » (deltaOut xwo")

wo = wo + nn*» hOut™.deltaOut
wh = wh + n *xIn".deltaHid

SSE = 0.5%Sqrt[ (tOut - oOut)T. (tOut - oOut) ]

= matrix

Wxint Wxinz Wxinhs )
Wx2h1t Wxanz Wx2hs

Whly
wo = | Who y |

Whay

wh=(

X1, X271
<In = X1, X22 R
- X13 X23 ?

X14 X24

T
.
tout = ts 5

t

m hElt=xIn.wh

x1; X271
hElt = xIn.wh = x1s X23
X1y X24

Wia h1 X11 + Wxoh1 X231
W1 h1 X1z + Wxo h1 X22
Wx1h1 X13 + Wxoh1 X23
Wx1h1 X1g + Wx2h1 X24

X1z X2 ( Wxiht Wxih2 Wxins )
A Wuoht Wxoh2 Wx2hs

W1 h2 X11 + Wxo h2 X21
Wi h2 X12 + Wxo h2 X2
Wx1h2 X13 + Wxo h2 X23
Wx1h2 X1g + W2 h2 X24

Xh1; Xh2;  Xh3;

hOut =

Xh1s Xh2,

_ | Xn1z Xh2;  Xh3,
1 + e-hElt Xhiz; Xh2; Xh3s
Xh3,

Wicg ha X11 + Wao h3 X2
Wicg h3 X1z + Wio h3 X22
Wx1 h3 X13 + Wx2 h3 X23
W1 h3 X14 + Wx2 h3 X24
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= oElt=hOut.wo

Xh1;
Xh1,
Xh1z
Xh1,4

oElt = hOut.wo =

Xh2,
Xh2,
Xh23
Xh2,4

Xh31
Xh32
Xh33 )

Xh34

Wh1 y
Wh2 y
Whay

Whiy Xn1; + Wh2y Xn2; + Whay Xnz;
Whiy Xn1, + Wh2y Xn2, + Whay Xn3,
Whiy Xh1z + Wh2y Xn2; + Whay Xhz,
Whiy Xh1, + Wh2y Xnz, + Whay Xn3,

Y1

1 Yz

oOut = T eotit = Ys
Ya

= §Out=00ut*(1-00ut)*(tOut-oOut)

60ut = oOut % (1 - oOut) » (tOut - oOut)

Sy,
Sy,
év; |7
Sy,

Y1 (1-Y1) (t1-Yq)
Y2 (1-Y2) (t2-Y2)
Y3 (1-Y3) (t3-Y3)
Ya (1-Ya) (ta-Ya)

6k = 0k (1-0k) (tk-0k);

m §Hid=hOut*(1-hOut)*(6Out.wo™)

SHid

Xh1; (1 - Xn1,)
Xh1, (1= Xn1,)
Xh1s (1 = Xh1,)
Xh1, (1= Xnh1,)

Xh1; (1= Xn1,)
Xh1, (1 - Xn1,)
Xh1g (1 = Xh1,)
Xh1, (1= Xn1,)

6h1, Oh2; 6h3,
6h1, Oh2, 6h3,
6h1; Oh2; 6h3s
Sh1, Oh2, Ohz,

Sh2; = Oh2; (1 - 0n2;) Whay 6v;;

Xh2,
Xh2,
Xh23
Xh2,

Xh2;
Xh2,
Xh23
Xh2,4

Xh1; (1 = Xn1,) Whiy 8y,
Xh1, (1= Xn1,) Whiy Oy,
Xh1z (1 = Xn1g) Whiy Oy,
Xh1s (1 = Xn1,) Whiy 8y,

hOut = (1 - hOut) % (60ut.wo™)

(1 - Xn2,)
(1 - Xh22)
(1 - Xh23)
(1 - Xh24)
(1 -Xnz,)
(1 - Xn2,)
(1 - Xh23)
(1 - Xh24)

Xh3;
Xh3,
Xh3;3
Xh3,

Xh3;
Xh3,
Xh3;
Xh3,

(1 - Xh31)
(1 - Xh32)
(1 - Xh33)
(1 - Xh34)
(1 - Xh31)
(1 - Xh32)
(1 - Xh33)
(1 - Xh34)

Xh2; (1 = Xn2,) Whoy 8y,
Xh2, (1 =Xn2,) Whay Sy,
Xh2s (1 = Xn2g) Whay Sy,
Xh2, (1 = Xn2,) Whoy 8y,

Sy,
Sy
* 2. (Whay Whay
Sy,
oy,
Whiy 6y;  Whay Sy,
Whiy 6y, Wh2y Sy,
*
Whiy 6v;  Whay Oy,
Whiy 6y, Whay Sy,

Xh3; (1= Xnz;) Whay Sy,
Xh3, (1= Xn3,) Whay Sy,
Xh3z (1 - Xnzz) Whay Sy,
Xh3s (1 = Xnz,) Whay Sy,

Whay )

Whay &y,
Whay &v,
Whay &v,
Whay &v,
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6h = Whk Ok
keoutputs
6h =0n (1-0n) Whk 6k ;
keoutputs
= wo=wo+7n hOut" §Out;
Whly
wo = | Whay
Wh3y
Sy
Wh1y Wh1y Xh1; Xhl, Xnlz Xhig '
Y
Whay | = | Whay | + 7% | Xn2,  Xn2, Xh2s Xn2g |- YZ
Whay Whay Xh3;, Xnh3, Xh3z Xh3, 8
Sy,
Whiy Xh1; Sy + Xh1, Oy, + Xh1z Ov; + Xh1, Sy,
= | Whay | + n % | Xnh2, 8y, + Xn2, 8y, + Xn2; Sy, + Xn2, 6v,
Whay Xh3; 8y, + Xh3, Oy, + Xh3g Oy, + Xn3, Sy,
Whiy 2id Xh1g Ovq
= | Whay | + nx | 2g Xn2g Ovq
Wh3y 2d Xnh3g Ovqy

= wh=wh+z xIn" §Hid;

wh = ( Wxint Wxinz Wxins
Wxoh1 Wxoh2 Wx2hs
(le ht Wxin2 Wxins ) _ (le h1 Wxihz Wxins ) (X11 X1y X13
Waohi Wxzanz Wxonz /'~ \Waoni Waanz Wxons X2 X2 X23
_ ( Wxiht Wxih2 Wxins ) o ( X11 8h1, + X1z Sh1, + X13 Sh1y + X14 Sh1,
T \WWeont Wxonz Wions X21 h1, + X22 8h1, + X23 8n1; + X24 Sny,
_(Wxanr Wxanz Wxans ) . (Zd X1d 6h1y  XgX1d Sh2g  Xg X1d Sh3y )
Wxoht Wxohz2 Wxons 2d X2d 8h1y  2g X2d Sh2y  2ig X2d Sh3y

6h1, 6h2; O6h3,
X14) h1, Oh2, 6h3,
X24 17| 8h1; Oh2; Oh3,
6h1, OSh2, ©6h3,

X11 h2, + X12 Sho, + X13 Shoy + X
X21 6h2, + X22 ho, + X23 Sho, + X



