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Appendix
Example of Calculation of Multilayer Perceptron with

Backpropagation Algorithm

The architecture for this example is [11,6,1] 11 input node, 6 hidden node, 1
output node. Use 0,01 learning rate, 0.9 momentum, sigmoid activation function. The

input data set is listed as below:

X;=0.89 X;=0.34

X3=0.02 X3 =0.75

X3=0.18 I Xo=0

X4=0.25 Xio=0.68

Xs=0.069 X1 =093

Xe=0.58 target output O; =0.781

1.Initialize all weights W in range [-0.1, 0.1].

1.1 Weight between input layer and hidden layer: W;;

Wi =0.1 War= -0.08 Wip= 0.1

Wiz =0.05 Waz= -0.03 Wiz = 0.03
Wi = =0.09 Was = 0.004 Wis= 0.06

Wis =0.02 Wae= 0.08 Wie= -0.07
Wis =0.1 Was= 0.01 Wis= -0.08
Wi = -0.04 Was= -0.1 Wie= -0.03
Wi = -0.01 War= -0.006 W37 = 0.045

Wig =-0.1  Wag= 0.006 . Wag= 0.0013



Wl_g =0.07
Wl’m = 0.006

Wi =-0.005

W, = 0.0023
Wiz = 0.028
Wi3 = -0.037
Weq= 007

Was= 0.087

Wag = 0.095
Wa7= -0.015
Was= -0.012
Wao= 0.023

Waio= 0.071

W = 0011

Was = 0.03
Wa0= 0.02
W= -0.008
Wsi= 0.017
W;s, = -0.028
Ws3= 0.039
Ws4= -0.059
Wss= 0.069
Ws = 0.087
Ws7 = 0.055
Wsg= -0.02
Wis= 003
Ws10= -0.04
W1 = -0.04

Wi =-0.002
W;0= 0.08

W3_1| = (.09

Ws, = 0.01
Wea= 0.097
Wea= -0.067
Wee= 0.082
Wes= 0.065
Wee= -0.045
We7=-0.035
Wes= -0.072
Weo= 0.1
We,10=-0.1

Wﬁ'[] = (.001

1.2 Weights between hidden layer and output layer: Wy,
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Wy = -0.025
Wia= -0.012
Wis= 0.025
Wie= 0.045
Wys= 0.065

Wm = 0.01
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2. Compute the output

2.1 For hidden layer

H,

Y

H;

Y2

H;

Y3

Y,

H, = ZW;X

Yj=fH)
= 0.89*0.1 + 0.02%0.05 + 0.18%(-0.09) + 0.25%0.02 + 0.069*0.1 +
0.58*(- 0.04) + 0.34*(-0.01) + 0.75%(-0.1) + 0%0.07 + 0.68*(0.006) +
0.93*(-0.005) '
=-0.0165
= 0.5041
= (.89%(-0.08) + 0.02*(-0.03) + 0.18%0.004 + 0.25%0.08 + 0.069%0.01
+0.58%0.1 +0.34*(-0.006) + 0.75*0.006 + 0*0.03 + 0.68*0.02 + 0.93*
(-0.008)
=0.01623
= 0.4959
= 0.89%0.1 + 0,02*0.03 + 0.18%0.06 + 0.25%(-0.07) + 0.069%(-0.08) +
0.58%(-0.03) + 0.34* 0.045 + 0.75%0.0013 + 0%(-0.002) + 0.68*0.08 +
0.93%(-0.09)
= 0.04695
= 0.4883
= 0.89%0.0023 + 0.02*0.028 '+ 0.18%(-0.037) + 0.25*0.07 ~+
0.069*0.087 + 0.58*0.095 + 0.34*(-0.015) + 0.75%(-0.012) + 0%0.023
+0.68%0.071 +0.93%0.011 |
= 0.11896

=0.4703



Hs

Ys
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= 0.89*0.017 + 0.02%(-0.028) + 0.18%(-0.639) + 0.25*(-0.059) +
0.069%0.069 + 0.58%0.087 + 0.34*0.055 + 0.75%(-0.02) + 0%(-0.03) +
0.678%(-0.04) + 93%(-0.09)

=-0.0347

= 0.5087

= 0.89*.001 +.02%.097 + .18%(-.067) + 25*.082 + .069*.065 + .58%(~
045) + 34%(-.035) +.75%(-.072) + 0 + .68*(-.1) + .93*.001

= .0.1433

=0.5358

2.2 For output layer

Ik 3 EW”Yj
Z=f()
= 0.5041*(-0.025) + 0.4959*(-0.012) + 0.4883*0.025 + 0.4703* 0.045

+0.5087*0.065 + 0.5358*0.01

=0.4867

3. Adjust weights connection

3.1 For output layer

AWyi=1n ¢2rOY;

(t-z) = 0.7813-0.4867
=0.2936

S@ =0.7236

n =001



AWy =0.01*.02946*0.7236*0.5041
=0.0011
Wiinew) =Wy (old) + AW,
= -0.025 + 0.0011 =0.0239
AWz =0.01*0.2946*0.7236*0.4959
=0.011
Wia(new) =Wy (old) + AW,
=-0.012 + 0.0011 =0.0109
AW, 3 =0.01*0.2946*0.7236*0.4883
= 0.001
Wis(new) =W s(old)+ AW,
=(0.025+0.001 =0.026
AWy =0.01*0.2946%0.7236*0.4703
= 0.001 |
Wisnew) = Wj4(old) + AW, 4
=0.045+0.001 =0.046
AW;s =0.01*0.2946*0.7236*0.5087
=0.0011
Wis(new) =W s(old)+AW,;
= 0.065+0.0011 = 0.0661
AW =0.01*0.2946*0.7236*0.5358
=0.0012
Wis(new) =W;glold)+ AW,

=(.01+0.0012 =0.0112



3.2 For hidden layer
Aw;i = nxyf (H)E8wy

Wiitnew) = Wii(old) T AW

Aw; 1 =6.26*107

Awl 2=1.73*10"

Aw;3=1.55%10"

Aw, 4=2.16*10"

Awy s =596*107

Aw;5=5.01%10"

Aw| 7 =2.94*107

Awyg = 6.48*107

Aw9=0

Aw) o= 5.87*10"

Awy 1 =8.03*107

Awy;=-3.8*10"
Aw, ;= -8.4*107
Awyy=-7.6*10"*
AWz =-1.1*107

Awys=-2,9*10"*

Wi, inew) = 0.146.26*107
Wi,2(new) = 0,05+1,73*10°8
Wi,3new) = =0.09+1.55*107
Wisnewy= 0.02+2.16*107
Wi,50ew) = 0.1+5.96*107

Wi 6(new) = -0.04+5,01*107
W1,2(new) = -0.01+2.94%10"7
Wi,gmew) = -0.1+6.48*10°7
Wi,9(new) = 0.07+0

W, 10(ew) = 0.006+5.87*107

W,11(new) = -0.005+8.03*107

W2, 1(aewy = -0.08-3.8*10"7
W2.2(new)= -0.03-8.4%107
w2,3(.,,w) =0.004-7.6*10°
Wa4(ew) = 0.08-1.1*107

W2,5(new) = 0.01-2,9*10°



AW, s=-2.4*10"7

Aw,q=-1.4*10"7

Awyg =-3.2¢107

Aw,y5=0

AW, 10 =-2.9%107

Awy = -3.9*107

Aws =2.33*10°

Aws, =5.24*10°

AW, 3 = 4.72* 107

Aw; 4 =6.56*107

Aw; s =1.81*107

Aw3,5\= 1.52*10°

Aw; 7 =18.92*107

Awsg =197*10%

Aw;,g =0

Aw; 10 =1.78*10"

.AW:;.“ = 2.44*1 0'6

AW4_.| = 2.9*10-5

Awgz =1.33*10
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W2 6(new) = -0.1-2.4*10°7
W, 70ew) = =0.006-1.4%107
W2,8(0ew) = 0.006-3.2*107
W2,9(new) = 0.03-0

W2, 10(mew) = 0.02-2.9%107

W1, 11(new) = -0.008-3.9*10°7

W3, 1new) = 0.142.33%10°
Wa20ew) = 0.03+5.24*10°8
W3,3new) = 0.06+4,72*107
W3 4ew) = -0.07+6.56*107
W3, 5new) = -0.08+1.81*107
Wi g(newy = -0,03+1.52%10°
W3 700w = 0.045+8.92#107
W3 .8new) = 0.0013+1.97*10°
W3 9mew) = ~0.002+0

W1, 10mew) = 0.08+1.78*10°

W3, 11(new) = -0.09+2.44*10°°

Wa 1new) = 0.0023+5.9*+10°5

Wa2(new) = 0.028+1,33*10°



Awgs =1.19*10"
Aw,q = 1.66*10"
Aw,s =4.58*10'
Awyg=3.85*10"
Aw,; =226*10"
Aw,g = 4.98*10°
Awso=0

AW, 10=4.51*10"

Awg = 6.17*10°

Aws; =9.47*107
AWs2=2.13*10
Aws; =1.19*10"
Aws, =2.66*10"
Awss=7.34*10
Awss=6.17*10"
Aws7=3.62*10"
Awsg=17.98*10"
| Awsg =0

Aws o =7.23*10"
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Wi 3ew) = -0.037+1.19*10°
Waanow) = 0.07+1,66*10°
W4 snew) = 0.087+4.58*10°¢
Wa,6(aew) = 0.095+3.85*10°°
W00 = -0.015+2.26*10°
w4,s(,;,“,, =-0.012+4.98*10°
W4, 9(newy = 0.023+0

Wa 100ewy= 0.071+4.51*10°

Wi 11new) = 0.011+6,17%10°

Ws,1new) = 0.017+9.45*10°°
W5 2(new) 0= -0.028+2.13*10°¢
Ws,3mew)=-0.039+1,91*10°°
Ws.4mew) = -0.059+2.66*107°
W s(new) = 0.069+7.34%10°
W 6(new) = 0.087+6.17*10°
Ws,3mew) = 0.055+3.62%10°
Ws,gnew) = -0.02+7.98%10°°
Ws9(newy = -0.03+0

W 1onew) = -0.04+7.23*10



4. Compute the output by new weights

Aws ;) =9.89*10°

Awg,) = 1.56*10°
Awg, = 3.51410”
Awgs =3.16*10"
Awg,q = 4.39*10°°
Awgs =1.21%10"
Awgg=1.02*107
Awg7=5.97%10
Awes = 1.32%10°8
Awge=0

AWe,10 = 1.19¢10°

AW6'11 3 1.63*10'5

4.1 For hidden layer

H,

n

= 0.02*(0.05+1,73*10°%) + 0.18*(-0.0899) + 0.25*(0.02+2.16*107) +

0.89%(0.1+6.26*107) + 0.069*(0.1+5.96*107) + 0.58*(-0.0399) +

W11 (new) = -0.04+9,89* 1078

Wi, 1tnew) = 0.001+1.56*10°8
m 2mew) = 0.097+3.51*107
Wi snew) = 3.16*1%€.0,067
Wi 4(new) = 0.082+4,39*10°
Wi smew) = 0.065+1,21*10°
Wi 6new) = -0.045+1,02*10°°
We,anew) = -0.035+5.97*10°
We,snew) = 0.072+1.32#10°
Wi a(new) = 0.1+0

W, 10mew) = -0.141.19*10°

W, L(new) = 0.001+1.63*10°
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0.34*(-0.01+2.94*10) + 0.75%(-0.1+6.48*107) + 0 + 0.68*

(0.006+5.89*10°7) + 0.93%(-0.005+8.03*107)

=-0.01639

= 0.5040



H;

Y2
H;

Ys

Y4
Hs
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= 0.89*(-0.03-3.8*10") + 0.02*(-0.03-8.4*10) + 0.18*(0.004-7.6*10"
%) +0.25%(0.08-1.1*107) + 0.069%(0.01-2.9*10°%) + 0.58*(-0.1-2.4*10"
7) + 0.34%(-0.006-1.4*10°"7) + 0.75*(0.006-3.2*10"7) + 0 + 0.68*(0.02-
2.9¥107) + 0.93*(-0.008-3.9*10°")

= -0.09977

= 0.5249

= 0.89%(0.1+2.33*10%) + 0.02*(0.03+5.24*10%) + 0.18"‘1
(0.06+4.72*107) + 0.25*(-0.07+6.56*10"7) + 0.069*(-0.08+1.81*107)
+  0.58%(-0.03+1.52*10°) + 0.34*(0.045+8.92*107) + 0.75*
(0.0013+1.97*10°) + 0 + 0.68%(0.08+1.78*10%) + 0.93%-
0.09+2.44*107%)

= 0.04696

= (.4883

= 0.89%(0.0023+5.9*10%) + 0.02*(0.028+1.33*10%) + Ao.1s*(-l
0.037+1.19*10°%) + 0.25%(0.07+1.66*10%) + 0.069*(0.087+4.58*10°)
+  0.58%(0.095+3.85*10°%) + 0.34*(-0.015+2.26*10) + 0.75*-
0.012+4.98*10) + 0 + 0.68*(0.071+4.51*10%) + 0.93*
(0.011+6..17"‘10'5)

=0.11917

= 0.4703

= 0.89*(0.017+9.45*10%) + 0.02%(-0.028+2.13*10%) + 0.018%(-
0.039+1.91*10°%) + 0.25*(-0.059+2.66*10%) + 0.069*(0.069+7.34*10"
% + 0.58*(0.087+6.17*10%) + 0.34*(0.055+3.62*10°%) + 0.75%-
0.02+7.98*10%) + 0 + 0.68*%(-0.04+7.23*10°%) + 0.93*(-0.04+9.89*10"
)
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=0,13015

ys =04675

He = 0.89*(0.001+1.56*10%) + 0.02%(0.097+3.51*107) + 0.018%
0.067+3.16*107) + 0.25*(0.082+4.39*10°) + 0.069*(0.065+1.21*10°)
+ 0.58%(1.02*10°-0.045) + 0.34*(5.97*105-0.035) + 0.75%(1.32*10°-

0.072) + 0 + 0.68*(1.19*10°-0.1) + 0.93*(0.001+1.63*10°%)

= -0,05252
ys =0.5132
4.2‘ For output layer
1 = 0.5040*0.023 + 0.5249*0.0109 + 0.4883*0.026 + 0.4703*0.046 +

0.4675%0.0661 +0.5132%0.0112
= (.0887
z =0.4778
The new output of this iteration is used to calculate the error between
output and target, and then adjust the weight for calculating the next iteration and
continue the iteration until the expected érror is obtain. The all parameter of last

iteration is the parameter of the model.
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