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linear(x)

Linear Function
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Y

= Widrow—-Hoff rule,
= (Gradient descent,
= Delta rule,

= Backpropagation rule,

= Cohen-Grossberg learning rule, and
= Adaptive conjugate gradient model of Adeli and Hung.
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Widrow—Hoff Learning Algorithm ojsle
Y
W .
X]
Aw,- = ?)(dj — {),*)I
Wa fﬂrg
X2
. . o1 ®+ 0; = f(net;) = net;
netl; = E wﬁ.l‘
3
Wy
n n 1s the learning constant
Aw p X 18 the mput vector
i~0i N g
X d 1s desired Output
O 1s network output
/i
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X1

X3

Widrow—Hoff Learning Algorithm-Example

Wi N = i i
=1 = 2
v Wes=t gl This et T
05 | 0 |
s Z O d=11-10]
d'=1
d?=-1
i d3=0
n=1
2% P Ol

|
‘—“0.5 2
and x” =
-2
—1.5
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Widrow—Hoff Learning Algorithm-Example o)sle

- - Jol 0315 31 olizwl b Jol 51,55 >

1
net' = w'x' =1 -1 0 .5] ==
' 15
— 0-—
o' = f(net!') =net' =3
-7 Foo-
o 4
e e B _
Aw =nd —o')x =1%(1l —3) 151=1_3
N ol laosls poles sl | |
i b e | =1 a| | 3| e pbmllaesh ple sl l pgw s pos )L
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(Back-Propagation) yLi! s g0l i 49531

OJ = f(ﬂé’tj)
netj = Z W;iO; + 6;
i

O = f(nety)
nel, = Z ijOj + 6
J
|
f(net) =

| 4+ exp(—net)
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(Back-Propagation) yLi! s g0l i 49531

it

I I : :
P . Z AL 5 Z (t — 0, Calculation of the output layer weight change

0E
Awgj = —n
awkj
where 7 is the learning rate and > 0, Awy; is the weight change and Awy; = wif” — w}’.

Using the chain rule, we get

oE OE  Onety 3 dnety 9F _o
= ’ = —O * aw

aw” anety 3w;; awkj /
where §; = 3 m, . termed the generalized error signal. :
Now, we want to derive the term 3"”‘ ]
A
3"5&- I 0 E : :

dwy; dwy; . o > W

“ “ W Wﬂf‘ll Wm’d
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(Back-Propagation) yLi! s g0l i 49531

To compute the term &¢. we apply the chain rule

_— dE  9E 90
s dnety 90 dnety
!
M = —(tr —
50, 30, (Tx k)
0 Oy 7
anety J (net)

Note. f’(x) denotes the derivative of f (x) with respect to x and can easily be derived as
follows:

—X | |
ff(-x) A I = — = (l UH e—_‘:} (l o 1 + e—f'-') f{ﬂf” =
| (14+e%) 1 4 exp(—net)
f'(x)=fx) - fx))
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(Back-Propagation) yLi! s g0l i 49531 St
Hence, *"'“':""““
00
dnet, Opll =00
Thus, we have

Or = Or (1 — Op)(tx — Of)

Similarly, we can calculate the bias change

d Z:w;;'O'-{—f?j_—
o OE _ OF onet) _ (; e )_5
= "To0. =~ "\ "oner, a6 ) K 90, =l
oy © 39 oo O o Srwo 0K
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(Back-Propagation) yLi! s g0l i 49531

Calculation of the hidden-layer weight change
IE

Bwﬁ

[} tﬁtﬂﬁ = —n

Using the chain rule we get

dE dE  Onet; 5 anet

BLUﬁ N Bnefj Bwj,- a J Bwﬁ
Now, we get
dnet;
— Ny
dw jj
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(Back-Propagation) yLi! s g0l i 49531 Ko

Using the chain rule, we get

Z dE odnety 00
B dnety 30; dnet;

g =
g Emerj

5} = Z&gwkjff (Hffj)
K
5 = O Zﬁ;wh

Thus. we have

&wﬁ = nﬁj(};

and the bias change

g nagj_nf
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S ) gy 3 0ol b Y Wi (yg w33 (s A8 v jgoT Sy
. Inttialize wy;, wji, O and §; and set learning rate .

. Propagate inputs to network and calculate O;, Ok.
. Calculate §; by the formula

‘5}7( —_— Ok'(l - Oj_)(& - Oj_)
4. Calculate change of weights and biases by
Awgj = née Oy
&9;; — f}ﬁk

5. Calculate §; by the formula

8;=0;(1—0)) ) drwy;
k

of oy Sluwlxe OB o (Jxio 88LG1D

Ali Reza Ghanizadeh, Ph.D | ghanizadeh@sirjantech.ac.ir

Associate Professor, Department of Civil Engineering, Sirjan University of Technology



Soft Computing
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6. Calculate change of weights and biases by

ﬁ.wﬁ = ?}'3_"05
Abj = nd;

7. Calculate new weights and biases

wji(t + 1) = wji(t) + Awj;
8;(t 4+ 1) = 0;(t) + A

wkj(f 4+ 1) = wkj(f)—l— &wkj
Oc(t + 1) = 6c(t) + A

8. Setr <« 1+ 1 and go to step 2.
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) =1(x)(1-1(x))

29,5 4, b Jusl b (X)) =1

Sk — (tk _Ok)

oL gl s OMas> gl @
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) =1(x)(1-1(x))

29,5 4, b Jusl b (X)) =1

Sk — (tk _Ok)

oL gl s OMas> gl @

5, =0,(1-0,)> 8w,
k
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Stochastic v el ,:*:..
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Stochastic ¢ Batch gy awslio

]

Row ID___Study Hrs Sleep Hrs Oulz_____ Exam RowID  StudyHrs Sleep Hrs Quiz  Exam |
1 12 6 78% 95% Upd w's | — 6 78% 93%
2 22 65 26% 68% Upd w's 12 22 65 246% 168%
3 15 4 100%  |95% Hgg zs (3 115 A 100%  95%
4 31 9 67% 75% s 4 B4 9 67% 75%
Upd w's < 5 0 10 58% i[sm Upd w's 5 0 10 58% 51%
6 5 8 78% 60% Upd w's 6 5 8 78% 60%
7 92 6 82% 89% Upd w's 7 92 6 82% 89%
8 57 8 9N%  |97% Upd w's 8 57 8 91% 97% |

Baten Stechastic
Gracdient Gracdient
Descent Descent
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iy

Stochastic Gradient Descent

\

Stochastic ¢ Batch gy awlic

Feedforward:
Calculate x'

Backpropagate:
Calculate &'

Rank 1 Update:
witl = w! _n&ll:llr

B

Mini-batch Gradient Descent

Feedforward:
Calculate x"/

Backpropagale:
Calculate &'/

Update Balch Average:
AR - AR = 15 [xtIJT
i

End of Batch?

Serial Weight Update:
witl = w4 a@!

Py Slwlxo
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& &, 7 - % .4 “e " &
S 1901 (5 yIb g S gw ! 391 (S1 32 i go 0 Ko
JE * 0 SJL A " l b ‘/
Aw;j = (1 % =— OR S szﬂ{w):

f \ ij \ D93 dalg> \ U
weight learning weight J -/0 U y’ ):'Able’ C"”J v
increment  rate gradient RO J.QI9$ 4;:_79; ).b; 29\

A — * a5 + (v x Aw!i1
Wij = (7? aw!}) (}’ W:'j
momentum weight increment,
factor previous iteration
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& ot & & T & AR

VLt gl oigy 4 i 9ol Jbao Qete

Y
xW= (0.3, 0.4), tW = (0.88),
x?=1(0.1,0.6), t?=(0.82),
x9 = (0.9, 0.4), t® = (0.57),

<— target
t
0 =f(tDt) = 1+ E—Amt ’
using A= 1, then f’(tot) = 0(1 - 0)
biases
FA © 39 oo O o Srwo 0K
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) LS L gy 4 i jgeT Jlo {1§»

Step (1) - Initialization

m Initialize the weights to small random values. We assume all weights are
initialized to 0.2; set learning rate to n = 0.2; set maximum tolerable error
to E,., = 0.01 (i.e., 1% error); set current error value to E = 0; set current
training pattern to k= 1.

Training Loop - Loop (1)
Step (2) - Apply input pattern
m Apply the 1st input pattern to the input layer:

xW = (0.3, 0.4), t'¥ = (0.88), then, 0,=x,=0.3; 0, =X, = 0.4; 0, = X; = —1
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) LS g gy 4 90T Jl
Step (3) - Forward propagation
m Propagate the signal forward through the network:

05 = f(W;00, + W3,0, + W;3,0,) = 0.4850
0, = [(W4000 + W, 0, + W,,0,) = 0.4850
0s=—1

06 = [(W,303 + Wee0, + Wic0<) = 0.4985

Step (4) — Output error measure

m Compute the error value £ and the error signal o, of the output layer:
E =1(t-0,)*+ E=0.0728
0, = f'(tot,)(t- o)
:Ua“ - Ua}“ = 0&}
=0.0954

Y- ‘ofulmvbu
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e i RS

Step (5) - Error backpropagation

m Propagate the errors backward to update the weights and compute the
error signals of the preceding layers.

Third layer weight updates:

Aw,, =nNd.0,=0.0093 Wi = w + Aw,, = 0.2093
Aw,, =ndgo, =0.0093 wi = w + Aw,, = 0.2093
AW =040, =—0.0191 wie" = wod + Aw,, = 0.1809

Second layer error signals:

6
0, = f5(toty) > w30, = 05(1 — 0;,)W,,0, = 0.0048

=

&
84 = fi(tot) Y wiu0;= 0,(1 - 0,)We O = 0.0048
i=6
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- N Y
Second layer weight updates: =~

Awso = 030, = 0.00028586 wie = wis + Aws, = 0.2003
Aw;, = 050, = 0.00038115 Wi = w3l + Aws, = 0.2004
Aws, = N0;0, =—0.00095288 Wi = w3 + Aw,, =0.1990

Aw,o = 10,0, = 0.00028586 wieh = wl + Aw,, = 0.2003
Aw,, = nd,0, = 0.00038115 Wit = w9 + Aw,. = 0.2004
Aw,,=n0,0,=-0.00095288  wi™=w + Aw,,=0.1990

Training Loop - Loop (2)
Step (2) - Apply the 2nd input pattern
Apply the 2nd input pattern to the input layer:

x?=(0.1, 0.6), t* = (0.82), then, 0,= 0.1, 0, = 0.6, 0, =-1

vy oy Sluwlxe OB o (Jxio 88LG1D
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Step (3) - Forward propagation
ﬂj =f{W3QﬂQ + W}101 + Wuﬂzj = 0&853
04 = [ (Weo0y + W40, + Wy50,) = 0.4853
05 = "1
O, = f[wb_gﬂq_ + W, Oy + W&SGE} = 05055

Step (4) — Output error measure

E=3(t—0g)*+E=0.1222
Os=04(1 — 04)(t— 05) = 0.0786
Step (5) - Error backpropagation

Third layer weight updates:

Aw,, = N040,= 0.0076 Wi = wl? + Aw,; =0.2169
Aw,, = nd.0, = 0.0076 wi™ = wo + Aw,, =0.2169
AW = N0,05=—0.0157 Wee = ngf + AW =0.1652
vy @y Olwwlo
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Second layer error signals: =

4]

55 = F4(tot;) Y w30, = 05(1 — 05)W;0 = 0.0041
=6
6

0, =F4(tot) Y wi,0,= 0,(1 — 0,)We,0 = 0.0041
=6

Second layer weight updates:
Aws, = N0;0,= 0.000082169  wis" = wiy + Aw;, = 0.2004
Aws, = N;0, = 0.00049302 wi = wiy + Aw;, = 0.2009
Aw,o = 1N0,0,= 0.000082169 wiow = wold 4 Aw,, = 0.2004
Aw,, =1N0,0,=-0.00082169  wis"'=wjy + Aw,,=0.1982
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Training Loop - Loop (3)

Step (2) — Apply the 3rd input pattern to the input layer

x? = (0.9, 0.4), t? = (0.57), then, 0, = 0.9, 0, = 0.4, 0, = —1

Step (3) - Forward propagation
05 = f(W;3000 + W3,0, + W3,0,) = 0.5156
0, = [ (W4000 + W40, + W,450,) = 0.5156
'ﬂg = —1
0¢ = [ (We303 + W, 04 + Wes0:) = 0.5146

Step (4) — Output error measure

=1(t-o04)*+E=0.1237
O = 04(1 = 04)(t— 05) =0.0138
Vo
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Step (5) - Error backpropagation

Third layer weight updates:

Awg; = N0g0; = 0.0014 wes' = wdy + Awg; = 0.2183

Awg, = N0¢0, = 0.0014 wis = wol + Aw,, = 0.2183

Aw,, = N0, =—0.0028 Wit = w9 4 Aw,.=0.1624
Second layer error signals: R

6
5= F4(tot;) Y. w30, = 05(1 — 05)W;06 = 0.0007 4948
i=6

6
O, = f4(tot,)) w;,0,= 0,(1 — 0,)w,, O, = 0.00074948
i=6
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Second layer weight updates:
Aw,, = nN0;0, = 0.00013491 Wi = w3 + Aw,, = 0.2005
Aw;, = n0;0, = 0.000059958  wif¥= w3 + Aw,, = 0.2009
Aws, = 050, =—0.00014990 wis = wis + Aw;, = 0.1981
Aw,, = nNd,0, = 0.000059958 wit = wd + Aw,, = 0.2009
Aw,, = nd,0,=—-0.00014990 Wit = w? + Aw,, = 0.1981

Step (6) - One-epoch looping

The training patterns have been cycled once, which is called one epoch, so we
stop the loop and continue with step (6) below.
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Step (7) - Total error checking

Check whether the current total error is acceptable. If £ < E,,, then terminate
the training process and output the final weights. Otherwise E=0, k= 1, and
initiate the new training epoch by going to Step (1). In this example, E=0.1237
and E_,, = 0.01, which means that we have to continue with the next epoch by
cycling the training data again. We keep the training process going until the
desired performance goal is met (i.e., £ < E,_) or until a specified number of
epochs has been reached.
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]

Let us first compute net information received by neurons 3 and 4 in the inner layer:

nets = (3)(1) + @)(0) + (D(1) =4

nety = (1)(6) + (0)(S) + (1)(=6) =0

Now, we pass the net information through the sigmoid activation function to
obtain outputs from neurons 3 and 4 that are inputs for neuron 5:

¥r=1

1 Ty =0
BT Fes L
"hi=3 _3 03
— 1 —
}u—]_l_e_n—{]j{] |
Xy =
We compute the net information received by neuron 5 in the output layer as: —

nets = (0.982)(2) + (0.50)(4) + (1)(—3.93) = 0.04

Now, we pass the net information through the activation function to obtain the
model output as:

1
—=0.51

W=
Y4 =T Fe0
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l¥ We can now compute the error, which is the difference between target output
and model-produced output, as

E=1-051=049

Backward pass

First by equation (3.11):
Bos = y5(1 — ys)(ys — 3} = 0.51(1 — 0.51)(—0.49) = —0.1225
Then, by equation (3.22):
Bma = ya(l = ya)wasBos = 0.50(1 — 0.50)(4)(—0.1225) = —0.1225

.3,_93 = }?3{1 = _:1}3]“:'35&05 = 0.932(1 - 0982](2}[—0.1225} = —=0.0043

Then by equation (3.10), we can find new values for the connection weights
between inner and output layers as:

WiSY = wil — pB,sys = 2 — (0.1)(—0.1225)(0.982) = 2.012
Wi = wjf;" — NBesys =4 — (0.1)(—0.1225)(0.50) = 4.012
wie = Wil — nBusys = —3.93 — (0.1)(—0.1225)(1) = —3.9078
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Now, we can update the connection weights between inner and input layers using
equation (3.21) as:

VIS = v — pBnax; = 3.0 — (0.1)(—0.0043)(1) = 3.0004

VI =8 — pBux) = 6.0 — (0.1)(—0.1225)(1) = 6.0125
Vi = v3d — qBpaxa = 4.0 — (0.1)(—0.0043)(0) = 4.0
Vi = v94 — 3B ,axs = 5.0 — (0.1)(—0.1225)(0) = 5.0

N
Vg = vy — nBmaxy = 1.0 — (0.1)(—0.0043)(1) = 1.004

p’fiw = 1*72:, - ‘l}ﬁ,m.\] =—6.0- (Ul}(-ﬂlZZS)“} = —3.9878

With the updated weights, if one were to do second iteration, he would, at the
end of the forward pass, obtain the error (E) = 0.476. Note that in the first
iteration the error was computed as £ = 0.49. That means as the iteration

continues the error decreases.
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(Radial Basis Function Network) sl 4l &G asuwi B3

X bjl ¢ (r)=exp(-0.8326 x r/s)?
o(r) = o(|x—b])

3
/bfr S =spread

x € R": input vector
¢; vector value parameter centroid (first layer weight)
w; connection weights in the second layer (from hidden layer to output)

¢: activation function should be radially symmetric (i.e. if |[x1|| = ||x2]|
then ([[x1]]) = &(lx2l|))
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(Radial Basis Function Network) sl ab b 4

Linear Function: ¢(r) = r

Cubic Function: ¢(r) = r®

Gaussian Function ¢ (r)=exp(-0.8326 X r/s)?

Multi-Quadratic ¢(r) = (r? + 02)%/?

Generalized Multi-Quadratic ¢(r) = (r?+02)?, 1>8>0
Inverse Multi-Quadratic ¢(r) = (r? + 02)71/2

Generalized Inverse Multi-Quadratic ¢(r) = (r* +0°)™%, '‘a> 0
Thin Plate Spline ¢(r) = r?In(r)

Shifted Logarithm log(r? + o2)

where . — (||x — ¢;]I)
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Simple RBF network Weighted average RBF network
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l H ,
Y= Z F (X b)) < Th]

> f(Xp,b) =
h=1

T, =target associated with the bt" observation
n = number of observations.

Q(r) = ([)(HX— bIH) =exp(-0.8326 x r/s)?
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%$I=Input Matrix (No. of row is number of samples and No. of cols is number of elements
$T=Target Matrix (No. of row is number of samples and No. of cols is number of elements

a =min(I(:));
b =max(I(:));
In = (((ra-rb) * (I - a)) / (b - a)) + rb;
a =min(T(:));
b =max(T(:))
Tn = (((ra-xrb) * (T - a)) / (b - a)) + rb;
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% One Hidden layer -2
net = newff(P,T, {Hnl},{'tansig' 'purelin'}, 'trainlm')

% Two Hidden layers
net = newff(P,T, {Hnl Hn2},{'tansig' 'tansig' 'purelin'},'trainlm');

% Set train parameters
net.trainParam.max fail=2;
net.trainparam.epochs=500;
net. trainParam.min grad=le-10;
net. trainParam.mu max=1e60;

net.trainParam.goal = 0;

net.divideFcn = 'divideind';

net.divideParam.trainInd =1l:round (N*Trainratio/100) ;
net.divideParam.valInd=(round (N*Trainratio/100)+1) : round (m* (Trainratio+Valratio) /100) ;
net.divideParam. testInd=(l+round (N* (Trainratio+Valratio)/100)) :m;

$ Train ANN
[net,tr,0,E,Pf,Af]= train(net,inputs, targets)

% Simulate ANN
Y = sim(net,p);
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Training Function Algorithm
trainlm Levenberg-Marquardt
trainbr Bayesian Regularization
trainbfg BFGS Quasi-Newton
trainrp ‘Resilient Backpropagation
trainscg Scaled Conjugate Gradient
traincgb Conjugate Gradient with Powell/Beale
Restarts
traincgf Fletcher-Powell Conjugate Gradient
traincgp 'Polak-Ribiére Conjugate Gradient
trainoss One Step Secant
traingdx Variable Learning Rate Gradient Descent
traingdm \Gradient Descent with Momentum
traingd Gradient Descent
1\Y
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(RBF) (sl 41l was baSui R

&
N Y
Input Radial Basis Layer Linear Layer
N ~ N\ Where. ..

R = number of

sixr | IWLI elements In

INnput vector

; al a=y
i Ixl T
Pyl dist I sP| LY "“\‘ T sl =number of

Rxl nt n n: .
ﬂ §2xs! —p neurons in
S o layer 1

R Six1 Sl §2x1 Q2 §2 =number of
—/ \ AN J neurons in
al = radbas (Il IWLL-p Il b1) a2 = purelin(LW21 al +b2) layer 2

alis ith element of at where IWuiiis a vector made of the 7 th row of TW.1

The bias b! is set to a column vector of 0.8326/SPREAD
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= The function newrb iteratively creates a radial basis network one
neuron at a time.
= Neurons are added to the network until the sum-squared error

falls beneath an error goal or a maximum number of neurons
has been reached.

®= The call for this function is:
net = newrb (P,T,GOAL, SPREAD)
Output=net (P)
The function newrb takes matrices of input and target vectors, P

and T, and desigh parameters GOAL and, SPREAD, and returns the
desired network.
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Input Radial Basis Layer Special Linear Layer Where. .
r N0 , N7 Y R =no. of elements
oxr | TWLL In input vector
¢ o0xo |LWi
a=§ @ =no.of neurons
P i o ¢ —> in layer 1
— Il dist I - al - 0 xl y
—) d f—v—Pp
D x1 N PP bl P 7# © =no.of neurons
I—p b In layer 2
R, ow 2 5 Qe © =no. of input/

target pairs
al =radbas (Il IWti-pllbl) a2 = purelin(nz)

alis ithelement of a1 where IWiiis a vector made of the i th row of TWw.1

The bias b! is set to a column vector of 0.8326/SPREAD
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The call for this function is:

\\Y

net

newgrnn (P, T, spread) ;
Output=net (P)
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