CHAPTER 5
IMPLEMENTATION AND TESTING

5.1 Implementation
Backpropagation learning process with 1, 2 and 3 hidden layers have many

methods, there are InitiationWeight(), Znet(), Z(), Ynet() and Y(), Unet(), U(),
AW(), UpdateWeight(). With the same concepts and formulas, Backpropagation 2
and 3 hidden layers repeat the Znet(),; Z(), Unet(), U() and AWeight() methods.
This is done because the.method contains the'process of calculating values on

nodes in the hidden layer.

1. public void InitiationWeight()

2. {

3 Random 'rand = new Random();

4 for (1=0;i<weightl.length;i++)

5. {

6 for (j=0;j<weight1[0].length;j++)

7 {

8. weight1[i][j]= (-1) + (2-(-1))*rand.nextDouble();
9. }

10. }

11. for (i=0;i<weight2.length;i++)

12. {

13. for (j=0;j<weight2[0].length;j++)

14. {

15. weight2[i][j]=(-1) + (2-(-1))*rand.nextDouble();
16. }

17. }

18.}

The InitiationWeight() method is used to initialize the initial weight using
random numbers between -1 to 1 according to the formula in the Backpropagation
algorithm. In line 3, the rand variable uses the Random library of import
java.util.Random. Line 4-10 initiates weight on weight1, which is the weight
between input layer and hidden layer. Line 11-17 is the initiation of weight2,
which is the weight between the hidden layer and the output layefThe

InitiationWeight() method is executed at the start of the learning process.
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19.public void Znet()

20.{

21. for(i=0;i<znet.length;i++)

22, {

23. znet[1i]=0;

24. }

25. for(i=0; i<znet.length; i++)

26. {

27. for(j=0; j<input.length; j++)
28. {

29. znet[i]= znet[i]+ (weightl1[j][i]*input[j]);
30. }

31. }

32.}

The Znet() method isused to caleulate the value in the hidden layer nodes.
Line 21-24 is the initial value of znet is 0. Line 25-31 computes each value in the
hidden layer nodes by summing all entries multiplied by the weight1 that towards
to each nodes in the hidden layer. The value of weight1 is derived from the

Initiationweight() method which is then updated in the UpdateWeight() method.

33.public void Z()

34.{

35. for(i=0; i<znet.length; i++)

36. {

37. z[i]=1/(1+Math.exp(-znet[i]));
38. }

39.}

The Z() method is used to transform-the value in the hidden layer nodes to 0-
1 using the binary sigmoid formula. Line 37 is a calculation of the z value of the
znet value obtained from the Znet() method then do sigmoid. Method Z() is called

after method Znet() executed.

public void Ynet()
{

for(i=0;i<ynet.length;i++)

{
}

ynet[i]=0;

S hwWwN =
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7. for(i=0; i<ynet.length; i++)

8 {

9. for(j=0; j<hidden.length; j++)

10. {

11. if(j!=0)

12. {

13. ynet[i]= ynet[i]+ (weight2[j][i]*z[]j-1]);
14. }

15. else

16. {

17. ynet[i]= ynet[i]+ (weight2[j][i]*1);
18. }

19. }

20. 3}

21. }

The Ynet() method is used to calculate the Y value of the output layer. Line
3-6 is.the initiation of ynet value is 0. Line 7-20 calculates-each valueof Y in the
output layer by summing all the z values on the hidden layer multiplied by the
weight?2 that towards to each of the Y nodes. Method Ynet() is called after method
Z() executed.

1. public void Y()

2. {

3. for(i=0; i<y.length; i++)

4. {

5 y[i]= 1/(1+Math.exp(-ynet[i]));
6 }

7.}

The Y () method is used to transform the Y value on the output layer using the
binary sigmoid formula. Line 5 is a calculation of y with the binary sigmoid
formula of the ynet value obtained from the Ynet() method. Method Y() is called

after method Ynet() executed.

1. public void ErrorRate()
2. {

3. X=X+1;

4, e0=0,

5 el1=0;

6 e2=0;



are variables to accommodate the difference in value of target (output variable)

for (i=0; i < y.length; i++)

{

}

if(i==0)
{

}
if(i==1)
{
}
if(i==2)
{

}

e06= (output[o]-y[0]);

el= (output[1]-y[1]);

e2= (outputf2]-y[2]);

e0= e0*e0;
eHasile= eHasil@ + e0;

el= el*el;
eHasill= eHasill + e1l;

e2= e2*e2;
eHasil2= eHasil2 + e2;

if(x==parameter.length)

{

mse0= eHasilo/Xx;
msel= eHasill/Xx;
mse2= eHasil2/Xx;
mse= (mseO+msel+mse2)/3;

eHasile=0;
eHasil1=0;
eHasil2=0;

xX=0;
epoch= epoch+1;
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The ErrorRate () method is used for MSE calculations. Variable €0, el and e2

and prediction (variable y). In line 4-6, the variables €0, el and e2 are initiated 0.

Doing looping as much as the number of outputs and on line 5-19 is calculated the

difference of error, accommodated in variable e0, el and e2. In line 20, 23 and 26,

calculated the square of the target and output difference according to the MSE
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count formula. Variable eHasilO, eHasill and eHasil2 are wvariables to
accommodate the total error difference of each output in 1 epoch. In line 21, 24
and 27, the values e0, el and e2 are accommodated in eHasilO, eHasil1 and
eHasil2. Variable x is a pointer of current data. On line 28-40, do the calculation
of MSE if the data pointer is in the last data. Variable mse0, msel and mse2 to
accommodate each value of MSE output, while variable mse is to accommodate
the mean of MSE value from mse0, msel and mse2. In line 30-32 is done
calculation of each output MSE from total value'e'which accommodated in eHasil
divided by amount of data.In line 33, calculated the average value of MSE from
the three outputs. In line 35-37, the eHasil-is changed to 0 to accommodate the
total value of the error difference in the next epoch. On line 38, x variable is
changed to 0 to re-read the first data line in the next epoch. In line 39, the epoch is
calculated, so if the data pointer has been read from the first data until the last
data, then the number of epoch increases 1. Method ErrorRate() is called after

method Y/() executed.

1. public void UK()
:, ' for(i=0; i<y.length; i+)

g: : uk[i]= (outputfi]-y[i})*y[i]*(1-y[i]);
woy

The Uk() method is used to'calculate the error correction of the predicted
output and the target output to be used to calculate the weight2 changes, which is
the weight between the hiden layer and the output layer. In line 3-6 is calculation
of error correction of each output value. Method Uk() is called after method

ErrorRate() executed.

1. public void DeltawWeight2()

2. {

3. for(i=0; i<hidden.length; i++)
4 {

5 for(j=0; j<uk.length; j++)
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6. {

7. if(i!=0)

8. {

9. deltaw2[i][j]= alfa*uk[j]*z[i-1];
10. }

11. else

12. {

13. deltaw2[i][j]= alfa*uk[j]*1;
14. }

15. }

16. }

17. }

The DeltaWeight2() method is used to calculate the-weight2 changes that will
be used to correct the weight to get the optimal weight. Variable deltaW?2 is a
variable to accommodate the result of the count of changes in weight2. On line 3-
16 is'calculation of the change of weight2. The value of weight?2 is calculated
from the alpha value (learning rate) multiplied by the value of the output weight
correction multiplied by the value of nodes in the hidden layer (z value and bias

value). Method DeltaWeight2() is called after method Uk() executed.

1. public void UnetJ()

2. {

3 for (i=0;i<unetJ.length ;i++ )
4. {

5. unetJ[i]=0;

6 }

7.

8. for(i=0; -i<znet:length; i++)
9. {

10. for(j=0; j<uk.length; j++)
11. {

12. unetJ[i]= unetJ[i]+ (weight2[i+1][j]*uk[j]);
13. }

14. }

15. }

The UnetJ () method is the method used to calculate the weight that sent by
the output to be used to calculate the error correction on the nodes value of the

hidden layer. Variable unet] is used to accommodate the number of the value of



31

weight2 multiplied by error correction of output value on line 12. method UnetJ(0

is called after method DeltaWeight2() executed.

1. public void Uj()

2. {

3. for(i=0;i<uj.length;i++)

4. {

5. uj[i]=unetJ[i]*z[i]*(1-z[i]);
6. }

7. '}

The Uj() method is used to calculate the corrected value nodes in the hidden
layer (variable'z). There is a line 3-6 done correction calculation of each nodes on

the hidden layer. Method Uj() is called after methed UnetJ() executed.

1. public void DeltaWeightil()

2. {

3. for(i=0; i<input.length; i++)

4. {

5. for(j=0; j<znet.length; j++)

6. {

7. if(1i!=0)

8. {

9. deltawi[i][j]= alfa*uj[j]*input[i];
10. }

11. else

12. {

13. deltawi[i][j]= alfa*uj[j]*1;
14. }

15. }

16. }

17.}

The DeltaWeight1() method is used to calculate changes in weight1 (weight
between input layer and hidden layer). Variable deltaWl is a wvariable to
accommodate the result of the count of change of weight1. On line 3-16 are
calculate each weight1. The change of weight1 is calculated from the alpha value
(learning rate) multiplied by the value of the hidden nodes weight correction
multiplied by the value of the input layer (input value and bias). Method
DeltaWeight1() is called after method Uj() executed.
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1. public void UpdateWeight()

2. {

3. for(i=0; i<weightl.length; i++)

4. {

5. for(j=0; j<weightl1[0].length; j++)

6. {

7. weight1[i][j]= weight1[i][j] + deltawi[i][j];
8. }

9. }

10.

11. for(i=0; i<weight2.length; i++)

12. {

13. for(j=0; j<weight2[0].length; j++)

14. {

15. weight2[i][j]= weight2[i][j] + deltaw2[i][j],;
16. }

17. }

18. }

The UpdateWeight() method is used to calculate the new weight value, after
correction and weight changes. The UpdateWeight() method is used to calculate
the new weight value, after correction and weight changes. On line 11-17 update
every weight2 by summing the old weight2 value with deltaweight2 wvalue.

Method UpdateWeight() is called after method DeltaWeight1() executed.

Backpropagation testing process with 1, 2 and 3 hidden layer have the same
method Y().

1 public void Y()

2. {

3 String temp="";

4 for(i=0; i<y.length; i++)

5. {

6. y[i]= 1/(1+Math.exp(-ynet[i]));

7 }

8 if(y[0]<=0.5 && y[1]<=0.5 && y[2]>0.5)
9. {

10. temp="Clear";

1. }

12. else if(y[0]<=0.5 && y[1]>0.5 && y[2]<=0.5)
13. {

14. temp="Clouds";

15. }
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16. else if(y[0]>0.5 && y[1]<=0.5 && y[2]<=0.5)

17. {

18. temp="Rain";

19. }

20. else

21. {

22, temp="I cant detect";
23. }

24.}

Method Y() is used to classify the output to weather category. String temp is
used to save the classification result. Line4-7 is calculate output value using
sigmoid function.Line 8-23 is to classify the three outputmodes values into a
category with predefined values,-and the weather result is saved to temp variable.

Temp variable is writtento txt file.

1. public String PEB1()

2. {

3 for(i=0;i<kataB1.length;i++)

4. {

5. if(kataB1[i][7].equals(kataB1[i][8]))
6 {

7 jumlahBenarBl=jumlahBenarB1+1;

8 }

9. }

10. peB1l= jumlahBenarB1*100/(kataBl.length);
11. hasilBl= (String.format("%.2f", peB1) + "%");
12. return hasilB1;

13.}

Method PEB1() is tow calculate the percentage accuracy. Variable
jumlahBenarB1 is to save the total number correct. Variable peB1 is to save
percentage accuracy from variable jumlahBenarB1 and count all of data. Variable
hasilB1 is to save percentage accuracy with type data String. Line 3 is read all
length of result line by line. Line 5-8 is matching the target output (kataB1[i][7])
with prediction result from backpropagation tetsing process (kataB1[i][8]). If it’s
matching, variable jumlahBenarB1 is increased 1. Line 10 is calculate percentage

accuracy. Line 11 is save the percentage accuracy to String. Backpropagation with
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1, 2 and 3 hidden layers each have a method of calculating the percentage

accuracy.

To show the results of the process of learning and testing backpropagation,

there is a GUI interface :

% 14K10017-Backpropagation -~

Learning: O[Llayerl O 2layer (O 3layer | Learning NOW

Testing: C 1layer (D2 layer ) 3layer | Testing NOW

BACKPROPAGATION 1 LAVER
Resuit1 Result2 Resuit3 Result4 Results
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Mlustration 5.1: GUI Backpropagation

In the GUTI interface backpropagation, there are three radio buttons for the
learning process as an option for learning on backpropagation with 1, 2 and 3
hidden layers. There is a button "Learning NOW" to start doing the learning
process. There are also three radio buttons for the testing process as an option to
do testing on backpropagation with 1,2 and 3 hidden layers. Button "Testing
NOW" to perform the testing process on selected radio button. There are three
tables to inform epoch, MSE, count of learning data, count of testing data, and
percentage accuracy of the learning and testing process of each backpropagation.
There are columns of result 1-5 to show five test results on each backpropagation,
if the test is more than five times, it will replace the return display on column

result 1 and the next result column.
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5.2 Testing

5.2.1

Backpropagation using Limitation Error
Analyzes of Backpropagation 1 hidden layer, 2 hidden layers and 3

hidden layers using 3 categories of weather output, there are clear, clouds and

rain with a random weight of -1 to 1 and maximum epoch 5000 with error

limits 0.01, 0.005 and 0.001. The data used is 1600 data learning and 400

data testing. The result are:

1. Limit Error 0.01

Table 5.1: Backpropagation 1 Hidden Layer-Limit Error 0.01

Result 1 Result 2 Result 3 Result 4 Result 5
Epoch 16 15 115} L7 14
MSE 0.00981947 0.00992073 10.00948803 |0.00953153 [0.00971026
1968627 1423444 6094573 6073916 2635713
Akurasi 98.75% 98.50% 99.00% 98.50% 98.25%
From the table above, with five times the test towards to
Backpropagation -1 layer -obtained accuracy between 98.25%
<99.00%. The meanof accuration is 98.60%. The MSE result is
0.009. And the mean epoch required is 16.
Table 5.2: Backpropagation 2 Layer-Limit Error 0.01
Result 1 Result 2 Result 3 Result 4 Result 5
Epoch 24 23 27 24 28
MSE 0.00941904 |0.00822515 0.00959621 0.00940779 0.00711235
7391558 6448702 1327089 5632618 2798285
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%
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From the table above, with five experiments on
Backpropagation 2 layer obtained the accuracy is 99.25% with
mean MSE 0.008 and mean epoch 26.

Table 5.3: Backpropagation 3 Layer-Limit Error 0.01
Result 1 Result 2 Result 3 Result 4 Result 5

Epoch 36 30 27 41 39
MSE 0.00717495 |0.00774804 10.00868271 |0.00778711 |0.00655001
0852000 3273026 8977848 2780664 6203145
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%
From the table above, with five tests towards to the
Backpropagation 3 layer obtained the accuracy is 99.25% with
mean MSE of 0.007 and mean epoch 35.
From the trial with MSE 0.01 towards to Backpropagation
1, 2, 3 layer, it was concluded that Backpropagation 3 layer needs
more epoch and resulted in MSE smaller than Backpropagation 1
and 2 layer. The lower accuracy results are in the Backpropagation
1 layer.
2. Limit Error 0.005
Table 5.4: Backpropagation 1 Iayer-Limit Error 0.005
Result 1 Result 2 Result 3 Result 4 Result 5
Epoch 27 30 34 32 30
MSE 0.00494958 0.00493699 |0.00483308 |0.00482558 |0.00485217
3989914 6532181 9509295 5688538 1671150
Akurasi 99.00% 99.25% 99.25% 99.00% 99.00%

From the table above, with five tests towards
Backpropagation 1 layer obtained the mean accuracy is 99.10%

with MSE 0.0048 and mean epoch 31.
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Table 5.5: Backpropagation 2 Layer-Limit Error 0.005

Result 1 Result 2 Result 3 Result 4 Result 5

Epoch 40 35 39 39 52
MSE 0.00467698 0.00442026 |0.00420144 |0.00429544 |0.00485057
5545526 7837960 9033939 5002835 6327866
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%
From - the table -above, with five tests on the
Backpropagation 2 layer, 99.25% accuraey is.obtained with mean
of MSE 0.0044-and mean of epoch 41.
Table 5.6: Backpropagation 3 Layer-Limit Error 0.005
Result 1 Result 2 Result 3 Result 4 Result 5
Epoch 46 48 66 35 49
MSE 0.00495154 |0.00251507 |0.00259118 |0.00462485 |0.00481205
133835 5485897 0304123 3922704 8611445
Akurasi 99.25% TP 99.25% 99.25% 99.25%

From “the table .above, with = five tests against
Backpropagation 3 layer 99.25% accuracy is obtained with mean
MSE 0.0038 and mean epoch 49.

From a trial withMSE 0.005 limit to Backpropagation 1, 2,
3 layer, it was concluded that Backpropagation 3 layers require
more epoch and produce smaller MSE than Backpropagation 1 and
2 layer. The lower accuracy results are in the Backpropagation 1

layer.

3. Limit Error 0.001

Table 5.7: Backpropagation 1 Layer-Limit Error 0.001
Result 1 Result 2 Result 3 Result 4 Result 5
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Epoch 646 715 2201 409 3680
MSE 0.00999949 |0.00099994 0.00099993 |0.00099984 0.00099991
818837 8460465 6647410 3023554 9591796
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%
From the table above, with five tests against
Backpropagation 1 layer 99.25% accuracy is obtained with MSE
0.000999 and-mean epoch 1531.
Table 5.8: Backpropagation 2 Layer-Limit Error 0.001
Result 1 Result 2 Result 3 Result 4 Result 5
Epoch 267 1689 346 569 1001
MSE 0.00099730 |0.00099971 |0.00098743 0.00094801 ./0.00099993
4028717 7854441 2053706 8470903 6500284
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%
From the table above, with five tests on Backpropagation 2
layer, the accuracy is 99.25% with mean of MSE 0.00097 and
mean epoch 775.
Table 5.9: Backpropagation 3 Layer-Limit Error 0.001
Result «1 Result 2 Result:3 Result 4 Result 5
Epoch 608 1767 260 534 435
MSE 0.00097395 |0.00087662 0.00096918 | 0.00099763 |0.00097233
6181616 3004594 9877658 2996294 7287974
Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%

From the table above, with five tests towards the

Backpropagation 3 layer, the accuracy is 99.25% with mean of

MSE 0.00095 and mean epoch 721.
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From the trial with the limit of MSE 0.001 to
Backpropagation 1, 2 and 3 layer obtained the conclusion that
Backpropagation with 3 layer produce MSE smaller than 1 and 2
layer. The accuracy results obtained on Backpropagation with 1, 2,

3 layer is the same that is 99.25%.

5.2.2  Backpropagation using Limitation Epoch

Analyzes of Backpropagation 1 hidden layer, 2 hidden layers and 3
hidden layers using 3 categories of weather output, there are clear, clouds
and rain with a random weight of -1 to 1 and maximum epoch 50, 40 and 30.

The data used is 1600 data learning and 400 data testing. The result are:

1. Epoch 50

Table 5.10: Backpropagation 1 Layer-Epoch 50
Result 1 Result 2 Result 3 Result 4 Result 5

MSE

0.00324208 10.00250599 [0.002791310.00233666 |0.00269959
6852826 2048850 0072480 3256161 2391889

Akurasi 99.25% 99.25% 99.25% 99.25% 99.25%

Eromthe - Backpropagation 1 hidden layer table above
obtained the accuracy of 99.25%, the mean of MSE value is 0.002.

Table 5.11: Backpropagation 2 Layer-Epoch 50
Result 1 Result 2 Result 3 Result 4 Result 5

MSE

0.00317046 0.00448493 |0.00455420 |0.00721526 |0.00896993
4039693 5942254 7606054 9397096 4437294

Akurasi 99.25% 99.25% 99.25% 99.25% 98.75%
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From the Backpropagation 2 hidden layer table above
obtained an average accuracy of 99.15%, the mean of MSE value

is 0.005.

Table 5.12: Backpropagation 3 Layer-Epoch 50
Result 1 Result 2 Result 3 Result 4 Result 5

MSE

0.00637777 10.00591425 0.00391607 |0.01903532 |0.00597287
5666189 4179159 8397769 3831262 7091810

Akurasi

99.25% 99.25% 99.25% 99.25% 99.25%

From the Backpropagation 3 hidden ' layer table above
obtained the accuracy of 99.25%, the'mean of MSE value is 0.007.

From the three tables above, using limit 50 epoch towards to
Backpropagation 1, 2 and 3 hidden layers, it can be concluded that
the more number of hidden layers, then the mean of MSE value

obtained is more high.

2.  Epoch 40

Table 5.13: Backpropagation 1.I.ayer-Epoch 40

Result 1 Result 2 Result 3 Result 4 Result 5

MSE

0.00295713-10.00340732 |0.00336122 | 0.00344921 |0.00284152
5301704 0852338 1530246 6112816 8169114

Akurasi

99.00% 99.00% 99.00% 99.00% 99.00%

From the Backpropagation 1 hidden layer table above, the

accuracy of 99.00% is obtained, the mean of MSE is 0.003.
Table 5.14: Backpropagation 2 Layer-Epoch 40

Result 1 Result 2 Result 3 Result 4 Result 5

MSE

0.00436453 0.00798534 |0.00649000 |0.00977823 |0.00838388
5676802 077392 4776531 8612056 0299187
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Akurasi 99.00% 99.25% 99.25% 97.25% 99.25%
From the Backpropagation 2 hidden layer table above
obtained the accuracy of 97.25%-99.25% that mean is 98.80%, the
mean of MSE is 0.006.
Table 5.15: Backpropagation 3 Layer-Epoch 40
Result 1 Result 2 Result 3 Result 4 Result 5
MSE 0.01658110 |0.00655541 |0.00895833 10.04883603 |0.01649963
9792394 6121928 1950438 5676323 0844641
Akurasi 98.75% 99.00% 99.25% 99.00% 99.25%
From the Backpropagation 3 hidden layer table above,
obtained the accuracy between 98.75%-99.25%, the mean of
accuracy is 99.05%, the mean of MSE is 0.017.
From the three tables above, using limit 40 epoch towards to
Backpropagation 1, 2 and 3 hidden layers, it can be concluded that
the more number of hidden layers, then the mean of MSE value
obtained is more high.
3. ' Epoch30
Table 5.16: Backpropagation! Layer-Epoch 30
Result 1 Result 2 Result 3 Result 4 Result 5
MSE 0.00464968 |0.00473199 |0.00538606 |0.00492930 |0.00430098
9554219 7132614 7578626 9177137 0393165
Akurasi 99.00% 99.00% 99.00% 99.00% 99.00%

From the Backpropagation 1 hidden layer table above,
obtained the accuracy 99.00%, the mean of MSE is 0.004.
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Table 5.17: Backpropagation 2 Layer-Epoch 30
Result 1 Result 2 Result 3 Result 4 Result 5

MSE 0.00790904 0.00510912 |0.00839753 |0.00360291 |0.00898582
0683588 3532870 9510470 6404369 2373601
Akurasi 99.25% 99.25% 99.25% 99.25% 97.50%
From the Backpropagation 2 hidden layer table above,
obtained the aceuracy. between 97.50%-99.25%, the mean of
accuracy is 98.90%, the mean of MSE"is 0.006.
Table 5.18: Backpropagation 3 Layer-Epoch 30
Result 1 Result 2 Result 3 Result 4 Result 5
MSE 0.02613288 0.01459799 [0.03079434 [0.02603319 | 0.01464684
6393605 0647491 2890749 3249123 0481439
Akurasi 99.25% 99.25% 99.25% 97.75% 99.25%

From the Backpropagation 3 hidden layer table above,
obtained the accuracy between 97.75%-99.25%, the mean of
accuracy is'98.95%, the mean of MSE is 0.018.

From the three tables above, using limit 30 epoch towards to
Backpropagation 1, 2 and 3 hidden layers, it can be concluded that
the more number-of hidden layers, then the mean of MSE value

obtained is more high.
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