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𝑦 𝑥 = (𝑥1, 𝑥2, … , 𝑥𝑛)′ 𝑓(𝑥) 𝜖

𝑥1, 𝑥2, … , 𝑥𝑛 ≥ 1

𝑗 < 𝑖

𝑦 = 𝑓′(𝑥)𝛽 + 𝜖

𝑦 = 𝛽0 +∑ 𝛽𝑖𝑥𝑖 +∑ 𝛽𝑖𝑖𝑥𝑖
2

𝑛

𝑖=1
+∑ ∑ 𝛽𝑗𝑖𝑥𝑖𝑥𝑗

𝑛

𝑖=1

𝑛

𝑗=1

𝑛

𝑖=1
+ 𝜖

𝑛𝑜

𝑛𝑓 2𝑛

2𝑘 𝛼
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𝑑 𝑦

𝑠 = 𝑡 = 1

𝑠, 𝑡 > 1 𝑠, 𝑡 < 1



  

  

𝑑 =

{
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𝑦 − 𝐿

𝑇 − 𝐿
)
𝑠

, 𝐿 ≤ 𝑦 ≤ 𝑇

(
𝑦 − 𝑈

𝑇 − 𝑈
)
𝑡

, 𝑇 < 𝑦 ≤ 𝑈

 0           ,      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑑 = {

1      ,      𝑦 ≥ 𝑇

(
𝑦 − 𝐿

𝑇 − 𝐿
)
𝑠

, 𝐿 < 𝑦 < 𝑇

 0      ,       𝑦 ≤ 𝐿

𝑑 = {

1      ,      𝑦 ≤ 𝑇

(
𝑦 − 𝑈

𝑇 − 𝑈
)
𝑠

, 𝑇 < 𝑦 < 𝑈

 0      ,       𝑦 ≥ 𝑈

𝑇 𝑦 = 𝑇 𝑑

𝑦 > 𝐿 𝐿

𝑦

𝑈

𝐷 = (𝑑1. 𝑑2. … . 𝑑𝑚)
1
𝑚

𝐷

𝑚



  

  

 



  

  

₂

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 



  

  



 

 

 

Chapter 3 

 

 



  

  

 



  

  



  

  



  

  

 



  

  

 

 



  

  

𝑄 𝑉

𝐼 𝑣

 (𝑛)

Q =
(V. I)

𝑣
. 𝑛



  

  

 

 



  

  



  

 



  

  

 









  

  

 



  

  

 

≥



  

  

𝑁𝑖

𝑙 ̅

𝐿

𝑀

𝑙

𝐺

𝑔



  

  

𝑙 ̅ =
(𝐿/𝑀)

𝑁𝑖
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𝑔 =
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𝐼𝑘 = 𝑟𝑘
𝑚𝑖𝑛 +

𝑏𝑖𝑛

(2𝑖𝑛𝑏𝑖𝑡𝑠 − 1)
(𝑟𝑘
𝑚𝑎𝑥 − 𝑟𝑘

𝑚𝑖𝑛)

 

𝑘

𝐼𝑘

𝑟𝑘
𝑚𝑎𝑥 𝑟𝑘

𝑚𝑖𝑛

𝑖𝑛𝑏𝑖𝑡𝑠 𝑏𝑖𝑛



  

 

𝑔

𝑑 𝑡

𝑚𝑖𝑛 𝑚𝑎𝑥



  

𝑓𝑘 = [(1 + 𝑂𝐹𝑘)∑𝑂𝐹𝑘

12

𝑘=1

]

−1

𝑂𝐹𝑘 =
(𝑑𝑘 − 𝑑𝑚𝑖𝑛)

(𝑑𝑚𝑎𝑥 − 𝑑𝑚𝑖𝑛)
+

(𝑡𝑘 − 𝑡𝑚𝑖𝑛)

(𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛)
+

(𝑔𝑘 − 𝑔𝑚𝑖𝑛)

(𝑔𝑚𝑎𝑥 − 𝑔𝑚𝑖𝑛)

 

 



 



  

 



𝑟𝑘
𝑚𝑎𝑥 𝑟𝑘

𝑚𝑖𝑛
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14.0 24.5 8.4
Parents

13.0 24.5 8.4

14.0 23.1 12.0
Offspring

Wire-feed 

speed [m/min]
Voltage [V]

Travel speed 

[mm/s]

Crossover point 1



  

 

𝐼1



  

𝐼2 𝐼3 𝑖1

𝑖2 𝑖3

𝑅2

𝑔 = 5.58231 + 0.27601𝑖1 + 0.31936𝑖2 − 0.05182𝑖3 + 0.19176(𝑖1)
2

− 0.65099(𝑖2)
2 − 0.23089(𝑖3)

2 − 0.58423𝑖1𝑖2
− 0.19163𝑖1𝑖3 + 0.72140𝑖2𝑖3 + 0.11655𝑖1𝑖2𝑖3 

 

𝑑 = 3.34205 + 0.08010𝑖1 + 0.17610𝑖2 − 0.64684𝑖3 + 0.16581(𝑖1)
2

− 0.08209(𝑖2)
2 − 0.33519(𝑖3)

2 − 0.09723𝑖1𝑖2
+ 0.56715𝑖1𝑖3 − 0.11838𝑖2𝑖3 + 0.14443𝑖1𝑖2𝑖3 

 

𝑡 = 422.493 + 9.530𝑖1 + 7.360𝑖2 − 44.350𝑖3 + 30.183(𝑖1)
2 

                           − 17.667(𝑖2)
2 + 10.183(𝑖3)

2 − 12.400𝑖1𝑖2 

                           + 6.775𝑖1𝑖3 + 0.525𝑖2𝑖3 − 5.950𝑖1𝑖2𝑖3 
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Weld 
𝑰𝟏 𝑰𝟐 𝑰𝟑 𝒈 𝒅 𝒕 

Desirability 

function 

1 14.86 21.3 11.26 5.55 3.05 408.54 0.92 

2 15.63 21.5 12.02 5.76 3.29 427.27 0.85 

3 15.13 21.1 9.08 5.61 3.50 459.72 0.69 

4 14.71 21.1 10.98 5.02 3.05 405.38 1.00 

5 14.27 21.6 10.91 5.84 3.32 439.69 0.78 

6 15.03 21.2 12.36 5.15 2.53 390.13 1.00 

7 14.47 21.5 11.25 5.81 3.05 424.40 0.86 

8 15.01 21.8 9.61 4.96 3.73 438.47 0.81 

9 14.70 21.0 9.48 5.11 3.57 444.49 0.83 

10 14.93 21.7 11.61 5.64 2.94 397.17 0.90 

11 15.50 21.1 11.06 5.58 3.31 429.37 0.88 

12 15.65 21.3 9.83 6.08 3.55 472.65 0.53 

13 15.47 20.8 9.25 5.75 3.28 451.87 0.75 

14 15.03 21.7 11.83 5.62 2.87 392.58 0.91 

15 14.63 21.3 10.91 5.43 3.18 420.97 0.95 

16 15.39 21.5 9.20 5.42 3.57 466.30 0.67 

17 15.31 21.3 9.31 5.71 3.53 462.25 0.66 

18 15.68 21.4 9.62 5.97 3.55 480.82 0.49 

19 14.47 21.3 9.57 5.31 3.82 460.93 0.65 

20 15.03 21.4 8.74 5.33 3.69 473.40 0.61 

21 15.25 21.0 9.27 5.64 3.39 451.20 0.76 

22 15.18 21.3 11.52 5.59 3.07 408.90 0.92 

23 15.16 21.1 9.86 5.60 3.44 439.32 0.80 

24 15.21 21.4 9.10 5.45 3.61 464.78 0.66 

25 15.52 21.7 12.24 5.61 3.04 402.88 0.91 

26 14.93 21.0 10.92 5.07 3.10 404.54 1.00 

27 14.91 21.6 10.82 5.59 3.33 416.01 0.89 

28 15.18 21.2 10.90 5.52 3.24 418.07 0.92 

29 15.59 21.4 9.76 5.88 3.55 466.23 0.60 

30 14.47 21.3 10.89 5.45 3.21 426.90 0.94 



  

 

Weld 
𝑰𝟏 𝑰𝟐 𝑰𝟑 𝒈 𝒅 𝒕 

Desirability 

function 

1 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

2 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

3 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

4 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

5 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

6 14.63 21.0 10.91 4.65 3.02 403.16 1.00 

7 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

8 14.63 21.2 11.25 5.19 2.94 408.71 1.00 

9 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

10 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

11 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

12 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

13 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

14 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

15 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

16 14.63 21.2 11.25 5.19 2.94 408.71 1.00 

17 14.63 21.0 11.25 4.66 2.85 397.13 1.00 

18 15.67 21.0 11.25 5.59 3.40 443.37 0.80 

19 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

20 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

21 14.63 21.2 11.25 5.19 2.94 408.71 1.00 

22 15.67 21.0 11.25 5.59 3.40 443.37 0.80 

23 14.63 21.6 11.25 5.80 3.06 418.55 0.87 

24 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

25 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

26 15.67 21.0 11.25 5.59 3.40 443.37 0.80 

27 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

28 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

29 14.63 21.0 11.25 4.57 2.84 395.14 1.00 

30 14.63 21.0 11.25 4.57 2.84 395.14 1.00 
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import java.util.Scanner; 

 

public class TestingGA 

{ 

    public static void main(String args[ ]) 

    { 

        GA w1 = new GA( ); 

 

        Scanner in = new Scanner (System.in); 

 

        System.out.printf("Is it the first generation? YES/NO \n"); 

        String gen = in.nextLine( ); 

 



  

        int variable = 1; 

        if (gen.toUpperCase( ).equals("YES") || 

gen.toUpperCase( ).equals("NO")) 

        {variable = 0;} 

 

        if (variable == 1) 

        { 

            do 

            { 

                System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                System.out.printf("Is it the first generation? YES/NO \n"); 

                gen = in.nextLine( ); 

 

                if (gen.toUpperCase( ).equals("YES") || 

gen.toUpperCase( ).equals("NO")) 

                {variable = 0;} 

 

                else 

                {variable = 1;} 

            } while (variable == 1); 

        } 

 

        if (variable == 0) 

        { 

            switch (gen.toUpperCase( )) { 

                case "YES": 

                    w1.initialG( ); 

                    break; 

                case "NO": 

                    w1.subsequentG( ); 

                    w1.fFitness( ); 

                    w1.avaliaFitness( ); 

                    w1.crossOver( ); 

                    w1.mutation( ); 

                    w1.visualizePopN( ); 

                    break; 

            } 

        } 

    } 

} 

import java.util.Scanner; 

import java.util.Random; 

 

public class GA extends TestingGA 

{ 

    protected SolutionGA VgaI[ ];                   //Object to access 

subclass - input parameters 

    protected SolutionGA VgaO[ ];                   //Object to access 

subclass - output parameters 

    protected SolutionGA vga[ ];                    //Object to store new 

population for exchange during crossover 

    protected SolutionGA Range[ ];                  //Object to define 

ranges from input parameters 

    protected SolutionGA Desired[ ];                //Object to define 

desired output parameters 

    protected int experiment;                      //Number of experiments 

done 

    protected int column;                          //Number of columns for 



  

Orthogonal Array 

    protected int inparameter;                     //Number of input 

parameters 

    protected int outparameter;                    //Number of output 

parameters 

    private double probability = 0.95;             //Probability of 

Crossover 

    private double mutation = 0.01;                //Probability of Mutation 

    protected double f[ ];                          //Storage of the 

percentage of a Chromosome in the Roulette 

    protected double number[ ];                     //Probability of a 

Chromosome to be selected for the New Generation 

    protected double Mtotal;                       //Storage of the sum of 

all Objective Function values 

    protected int inout;                           //Sum of total parameters 

to be analysed 

    protected double Ob [ ];                        //Storage of Objective 

Function values 

    protected double eq [ ];                        //Calculating values 

based on equation 1/(1+x) 

    protected double extremesMax [ ];               //Allocating the maximum 

value of a specific output column 

    protected double extremesMin [ ];               //Allocating the minimum 

value of a specific output column 

    protected double F [ ];                         //Storage of Fitness 

values 

    protected int a;                               //Variable to assist 

Auxiliar Matrix Construction 

    protected SolutionGA A[ ];                      //Object to access 

Auxiliar Matrix 

    private String vector[ ];                       //Array to control 

titles of columns in the matrices created 

 

    //Validating number of experiments 

    public void setNexperiment(int var) 

    {experiment = var;} 

 

    //Returning number of experiments 

    public int getNexperiment( ) 

    {return experiment;} 

 

    //Validating number of columns - Orthogonal Array 

    public void setColumns(int var) 

    {column = var;} 

 

    //Validating number of parameters 

    public void setNparameter(int inparameter, int outparameter) 

    {inout = inparameter+outparameter;} 

 

    //Sum of all values from Objective function to build the roulette 

    public void setMtotal(double var) 

    {Mtotal = var;} 

 

    //Returning sum of all values from Objective function to build the 

roulette 

    public double getMtotal( ) 

    {return Mtotal;} 

 

    //Generating initial population 

    public void initialG( ) 

    { 

        Scanner in = new Scanner (System.in); 

 

        System.out.println("Please insert the number of input parameters: 2 

or 3."); 



  

        inparameter = in.nextInt( ); 

 

        int variable = 1; 

 

        if (inparameter == 2 || inparameter == 3) 

        {variable = 0;} 

 

        if (variable == 1) 

        { 

            do 

            { 

                System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                System.out.printf("Please insert the number of input 

parameters: 2 or 3.\n"); 

                inparameter = in.nextInt( ); 

 

                if (inparameter == 2 || inparameter == 3) 

                {variable = 0;} 

 

                else 

                {variable = 1;} 

            } while (variable == 1); 

        } 

 

        if(variable == 0) 

        { 

            setNexperiment(inparameter*4); 

            setColumns(inparameter*4-1); 

 

            if (inparameter == 1) 

            {a=2;} 

            if (inparameter == 2) 

            {a=3;} 

            if (inparameter == 3) 

            {a=4;} 

 

            VgaI = new SolutionGA[getNexperiment( )]; 

            VgaO = new SolutionGA[getNexperiment( )]; 

            vga = new SolutionGA[getNexperiment( )+1]; 

            Range = new SolutionGA[inparameter]; 

            Desired = new SolutionGA[1]; 

            A = new SolutionGA[getNexperiment( )]; 

 

            for (int i=0; i<getNexperiment( ); i++) 

            { 

                VgaI[i] = new SolutionGA(inparameter); 

                vga[i] = new SolutionGA(inparameter); 

                A[i] = new SolutionGA(inparameter); 

            } 

 

            for (int i=0; i<Range.length; i++) 

            { 

                int aux = 2; 

                Range[i] = new SolutionGA(aux); 

            } 

 

            for (int i=0; i<Range.length; i++) 

            {Range[i].range(i);System.out.printf("\n");} 

 

            for (int c=0; c<a; c++) 

            { 

                if(c==0) 

                { 

                    for (int l=0; l<A.length/2; l++) 



  

                    {A[l].OArray_0(c);} 

                    for (int l=A.length/2; l<A.length; l++) 

                    {A[l].OArray_1(c);} 

                } 

 

                if(c==1) 

                { 

                    for (int l=0; l<A.length/4; l++) 

                    

{A[l].OArray_0(c);A[l+(A.length/4)].OArray_1(c);A[l+(2*A.length/4)].OArray_0

(c);A[l+(3*A.length/4)].OArray_1(c);} 

 

                    if(inparameter==1) 

                    { 

                        int x1 = 0; int x2 = 1; 

                        for (int l = 0; l < A.length; l++) 

                        {A[l].taguchi3(x1, x2);} 

                    } 

                } 

 

                if(c==2) 

                { 

                    c+=1; 

 

                    if(inparameter==2) 

                    { 

                        for (int l=0; l<A.length/2; l++) 

                        {A[2*l].OArray_0(c);A[1+2*l].OArray_1(c);} 

 

                        int x1 = 0; int x2 = 1; int x3 = 3; int x4 = 2; 

                        for (int l = 0; l < A.length; l++) 

                        {A[l].taguchi3(x1, x2); A[l].taguchi5(x1, x3); 

A[l].taguchi6(x2, x3); A[l].taguchi7(x4, x3);} 

                    } 

 

 

                    if(inparameter==3) 

                    { 

                        for (int l=0; l<A.length; l++) 

                        {A[l].taguchi(l);} 

                    } 

                } 

            } 

 

            System.out.print("**********TAGUCHI's MATRIX **********\n"); 

 

            int n = A.length-1; 

            for (int j=0; j<A.length; j++) 

            {A[j].PrintChromosome(n,j);} 

            System.out.printf("\n\n"); 

 

            //Generating initial population 

            for (int i=0; i<inparameter; i++) 

            { 

                int control, cel = 0; 

                for (int l=0; l<A.length; l++) 

                { 

                    for (int sys=0; sys<inparameter; sys++) 

                    { 

                        int b; 

                        control = cel; 

 

                        if (sys == 0 && inparameter == 1 || sys == 1 && 

inparameter == 2 || sys == 2 && inparameter == 3) 

                        {b = 3;} 



  

                        else 

                        {b = 4;} 

 

                        cel = VgaI[l].createMatrix(A[l],sys,b,Range[sys],l, 

control); 

                    } 

                    cel = 0; 

                } 

            } 

 

            //Showing initial population 

            System.out.print("**********INITIAL POPULATION **********\n"); 

 

            //Defining an array to control strings 

            vector = new String [6]; 

            vector[0] = "Input 1"; vector[1] = "Input 2"; vector[2] = "Input 

3"; 

            vector[3] = "Output 1"; vector[4] = "Output 2"; vector[5] = 

"Output 3"; 

 

            String format = "%15s"; 

            String format1 = "%12s"; 

 

            System.out.printf(format,vector[0]); 

 

            for(int m = 1; m<inparameter;  m++) 

            {System.out.printf(format1,vector[m]);} 

 

            System.out.printf("\n"); 

 

            for(int m = 0; m<getNexperiment( );  m++) 

            { 

                System.out.printf("Row %d:",m+1); 

                VgaI[m].printChromosome( ); 

                System.out.printf("\n"); 

            } 

            System.out.printf("\n"); 

        } 

    } 

 

    //Generating subsequent population 

    public void subsequentG( ) 

    { 

        Scanner in = new Scanner (System.in); 

        System.out.println("Please choose the number of experiments done: 4, 

8 or 12."); 

        experiment = in.nextInt( ); 

 

        int variable = 1; 

 

        if (experiment == 4 || experiment == 8 || experiment == 12) 

        {variable = 0;} 

 

        if (variable == 1) 

        { 

            do 

            { 

                System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                System.out.printf("Please choose the number of experiments 

done: 4, 8 or 12. \n"); 

                experiment = in.nextInt( ); 

 

                if (experiment == 4 || experiment == 8 || experiment == 12) 

                {variable = 0;} 



  

 

                else 

                {variable = 1;} 

            } while (variable == 1); 

        } 

 

        setNexperiment(experiment); 

 

        if(variable == 0) 

        { 

            System.out.println("Please insert the number of input 

parameters: 2 or 3."); 

            inparameter = in.nextInt( ); 

 

            int inp = 1; 

 

            if (inparameter == 2 || inparameter == 3) 

            {inp = 0;} 

 

            if (inp == 1) 

            { 

                do 

                { 

                    System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                    System.out.printf("Please insert the number of input 

parameters: 2 or 3. \n"); 

                    inparameter = in.nextInt( ); 

 

                    if (inparameter == 2 || inparameter == 3) 

                    {inp = 0;} 

 

                    else 

                    {inp = 1;} 

                } while (inp == 1); 

            } 

 

            if(inp == 0) 

            { 

                System.out.println("Please insert the number of output 

parameters: 1, 2 or 3."); 

                outparameter = in.nextInt( ); 

 

                int outp = 1; 

 

                if (outparameter == 1 || outparameter == 2 || outparameter 

== 3) 

                {outp = 0;} 

 

                if (outp == 1) 

                { 

                    do 

                    { 

                        System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                        System.out.printf("Please insert the number of 

output parameters: 1, 2 or 3. \n"); 

                        outparameter = in.nextInt( ); 

 

                        if (outparameter == 1 || outparameter == 2 || 

outparameter == 3) 

                        {outp = 0;} 

 

                        else 

                        {outp = 1;} 



  

                    } while (outp == 1); 

                } 

 

                if(outp == 0) 

                { 

                    setNparameter(inparameter,outparameter); 

 

                    VgaI = new SolutionGA[getNexperiment( )]; 

                    VgaO = new SolutionGA[getNexperiment( )]; 

                    vga = new SolutionGA[getNexperiment( )+1]; 

                    Range = new SolutionGA[inparameter]; 

                    Desired = new SolutionGA[1]; 

 

                    for (int i=0; i<getNexperiment( ); i++) 

                    { 

                        VgaI[i] = new SolutionGA(inparameter); 

                        VgaO[i] = new SolutionGA(outparameter); 

                        vga[i] = new SolutionGA(inparameter); 

                    } 

 

                    for (int i=0; i<Range.length; i++) 

                    { 

                        int aux = 2; 

                        Range[i] = new SolutionGA(aux); 

                    } 

 

                    System.out.printf("\n"); 

                    for (int i=0; i<Range.length; i++) 

                    {Range[i].range(i);System.out.printf("\n");} 

 

                    Desired[0] = new SolutionGA(outparameter); 

                    Desired[0].desire( ); 

 

                    System.out.printf("\n"); 

                    System.out.println("Please insert values for the matrix 

as asked:"); 

 

                    for(int m = 0; m<getNexperiment( );  m++) 

                    { 

                        VgaI[m].createChromosomeI(m); 

                        VgaO[m].createChromosomeO(m,inparameter); 

                    } 

                    System.out.print("\n"); 

                } 

            } 

        } 

    } 

 

    //Showing new population 

    public void visualizePopN( ) 

    { 

        System.out.print("**********NEW POPULATION **********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int m = 0; m<getNexperiment( );  m++) 

        { 



  

            System.out.printf("Row %d:",m+1); 

            VgaI[m].printChromosome( ); 

            System.out.printf("\n"); 

        } 

        System.out.printf("\n"); 

    } 

 

    //Applying fitness 

    public void fFitness( ) 

    { 

        double var = 0.0; 

        int aT = Desired[0].actionType( ); 

 

        f = new double[getNexperiment( )+1]; 

        number = new double[getNexperiment( )]; 

 

        //Defining objective function values 

        Ob = new double [getNexperiment( )]; 

 

        //Defining the maximum/ minimum output value from a certain column 

based on a specific output population (output column) 

        extremesMax = new double [outparameter]; 

        extremesMin = new double [outparameter]; 

 

        //Defining values based on 1/(1+x) equation 

        eq = new double [experiment]; 

 

        //Defining fitness values 

        F = new double [experiment]; 

 

        for(int a=0; a<f.length; a++) 

        {f[a]=0.0;} 

 

        for(int k=0; k<number.length; k++) 

        {number[k]=0.0;} 

 

        for(int k=0; k<Ob.length; k++) 

        {Ob[k]=0.0;} 

 

        for(int a=0; a<extremesMax.length; a++) 

        {extremesMax[a]=0.0;extremesMin[a]=0.0;} 

 

       if(aT == 1) 

        { 

            //Defining the maximum and minimum in an output column 

            for(int y = 0; y<outparameter; y++) 

            { 

                extremesMax [y] = VgaO[0].edge(y); 

                System.out.printf("\textremesMax[%d]: 

%5.2f",y,extremesMax[y]); 

 

                for(int x = 0; x<VgaO.length; x++) 

                { 

                    if(extremesMax [y] < VgaO[x].edge(y)) 

                    {extremesMax [y] = 

VgaO[x].edge(y);System.out.printf("\textremesMax[%d]: 

%5.2f",y,extremesMax[y]);} 

                } 

 

                extremesMin [y] = extremesMax [y]; 

                System.out.printf("\textremesMin[%d]: 

%5.2f",y,extremesMin[y]); 

 

                for(int x = 0; x<VgaO.length; x++) 

                { 



  

                    if(extremesMin [y] > VgaO[x].edge(y) && 

VgaO[x].edge(y) != 0) 

                    {extremesMin [y] = 

VgaO[x].edge(y);System.out.printf("\textremesMin[%d]: 

%5.2f",y,extremesMin[y]);} 

                } 

            } 

 

            //Sum up of differences between the maximum and a specific 

output value 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                for(int j = 0; j<outparameter; j++) 

                { 

                    System.out.printf("\tOb[%d]: %5.2f",i,Ob[i]); 

                    if(VgaO[i].accessColumns(j) == 0) 

                    {Ob[i] += 0;System.out.printf("\tOb[%d]: 

%5.2f",i,Ob[i]);} 

 

                    else 

                    {Ob[i] += extremesMax[j] - 

VgaO[i].accessColumns(j);System.out.printf("\tOb[%d]: %5.2f",i,Ob[i]);} 

                } 

            } 

 

            //Changing zeros for maximums in a specific objective function 

column 

            Double Max = 0.0; 

 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                if(Max < Ob[i]) 

                {Max = Ob[i];} 

            } 

 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                int y = 0; 

                if(Ob[i] == 0 && VgaO[i].edge(y) == 0) 

                {Ob[i] = Max*1.5;} 

            } 

 

            for(int v = 0; v<VgaO.length; v++) 

            {eq[v] = (1/(1+Ob[v]));} 

 

            double eqSum = 0.0; 

            for(int n = 0; n<Ob.length;  n++) 

            {eqSum += eq[n];} 

 

            //Calculating fitness 

            for(int m = 0; m<F.length;  m++) 

            {F[m] = 100*(eq[m]/eqSum);var += F[m];setMtotal(var);} 

        } 

 

        if(aT == 0) 

        { 

            //Defining the maximum  and minimum in an output column 

            for(int y = 0; y<outparameter; y++) 

            { 

                extremesMax [y] = VgaO[0].edge(y); 

                System.out.printf("\textremesMax[%d]: 

%5.2f",y,extremesMax[y]); 

 

                for(int x = 0; x<VgaO.length; x++) 

                { 



  

                    if(extremesMax [y] < VgaO[x].edge(y)) 

                    {extremesMax [y] = 

VgaO[x].edge(y);System.out.printf("\textremesMax[%d]: 

%5.2f",y,extremesMax[y]);} 

                } 

 

                extremesMin [y] = extremesMax [y]; 

                System.out.printf("\textremesMin[%d]: 

%5.2f",y,extremesMin[y]); 

 

                for(int x = 0; x<VgaO.length; x++) 

                { 

                    if(extremesMin [y] > VgaO[x].edge(y) && 

VgaO[x].edge(y) != 0) 

                    {extremesMin [y] = 

VgaO[x].edge(y);System.out.printf("\textremesMin[%d]: 

%5.2f",y,extremesMin[y]);} 

                } 

            } 

 

            //Sum up of differences between a specific output value and the 

minimum 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                for(int j = 0; j<outparameter; j++) 

                { 

                    System.out.printf("\tOb[%d]: %5.2f",i,Ob[i]); 

                    if(VgaO[i].accessColumns(j) == 0) 

                    {Ob[i] += 0;System.out.printf("\tOb[%d]: 

%5.2f",i,Ob[i]);} 

 

                    else 

                    {Ob[i] += VgaO[i].accessColumns(j) - 

extremesMin[j];System.out.printf("\tOb[%d]: %5.2f",i,Ob[i]);} 

                } 

            } 

 

            //Changing zeros for maximums in a specific objective function 

column 

            Double Max = 0.0; 

 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                if(Max < Ob[i]) 

                {Max = Ob[i];} 

            } 

 

            for(int i = 0; i<VgaO.length; i++) 

            { 

                int y = 0; 

                if(Ob[i] == 0 && VgaO[i].edge(y) == 0) 

                {Ob[i] = Max*1.5;} 

            } 

 

            for(int v = 0; v<VgaO.length; v++) 

            {eq[v] = (1/(1+Ob[v]));} 

 

            double eqSum = 0.0; 

            for(int n = 0; n<Ob.length;  n++) 

            {eqSum += eq[n];} 

 

            //Calculating fitness 

            for(int m = 0; m<F.length;  m++) 

            {F[m] = 100*(eq[m]/eqSum);var += F[m];setMtotal(var);} 

        } 



  

 

        if(aT == 2) 

        { 

            for(int x = 0; x<Ob.length;  x++) 

            { 

                double aux=0.0; 

                if(VgaO[x].Chromosome(aux) != 0.0) 

                {Ob[x]=VgaO[x].objectiveFunction(Desired[0],outparameter);} 

            } 

 

            double sup1 = 0.0;double sup2 = 0.0; 

            for(int m = 0; m<getNexperiment( );  m++) 

            { 

                if(sup1<Ob[m]) 

                {sup1=Ob[m];} 

 

                sup2 = sup1*1.5; 

            } 

 

            for(int m = 0; m<getNexperiment( );  m++) 

            { 

                double aux = 0.0; 

                if(VgaO[m].Chromosome(aux) == 0.0) 

                {Ob[m]=sup2;} 

            } 

 

            for(int m = 0; m<F.length;  m++) 

            {F[m] = (1/(Ob[m]+1));var = var+F[m];setMtotal(var);} 

        } 

 

        System.out.print("**********INITIAL GLOBAL MATRIX **********\n"); 

 

        String format = "%15s"; 

        String format1 = "%12s"; 

        String format2 = "%9s"; 

 

        //Defining an array to control strings 

        vector = new String [6]; 

        vector[0] = "Input 1"; vector[1] = "Input 2"; vector[2] = "Input 3"; 

        vector[3] = "Output 1"; vector[4] = "Output 2"; vector[5] = "Output 

3"; 

        String OF = "OFunction";String fitness = "Fitness"; 

 

        System.out.printf("\n"); 

 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        for(int m = 3; m<outparameter+3;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf(format1,OF); 

        System.out.printf(format2,fitness); 

        System.out.printf("\n"); 

 

        for(int m = 0; m<getNexperiment( );  m++) 

        { 

            System.out.printf("Row %d:",m+1); 

            VgaI[m].printChromosome( ); 

            VgaO[m].printChromosome( ); 

            System.out.printf("\t%5.2f",Ob[m]); 

            System.out.printf("\t%5.2f",F[m]); 

 



  

            System.out.printf("\n"); 

        } 

        System.out.printf("\n"); 

 

        f[0] = ((double)F[0]/getMtotal( ))*100; 

        System.out.printf("f[0] = %.1f\n",f[0]); 

        number[0] = (Math.random( )*100); 

        System.out.printf("Number[0] = %.1f\n\n",number[0]); 

 

        for(int d=1; d<number.length; d++) 

        { 

            number[d] = (Math.random( )*100); 

            f[d] = ((double)F[d]/getMtotal( ))*100 + f[d-1]; 

 

            System.out.printf("f[%d] = %.2f\n",d,f[d]); 

            System.out.printf("Number[%d] = %.2f\n\n",d,number[d]); 

        } 

    } 

 

    //Choosing chromosomes for new generation based on the roulette 

    public void avaliaFitness( ) 

    { 

        //Selecting chromosomes 

        for(int e=0; e<number.length; e++) 

        { 

            vga[e] = new SolutionGA(inparameter); 

            if(number[e]<=f[0]) 

            { 

                vga[e].copy(VgaI[0]); 

                System.out.printf("** Applying Fitness (%.2f < %.2f) 

**\n",number[e],f[0]); 

                System.out.printf("Chromosome 1 selected: "); 

                VgaI[0].printChromosome( ); 

                System.out.printf("\n\n"); 

            } 

 

            else 

            { 

                for(int a=0; a<f.length-1; a++) 

                { 

                    if(number[e]>f[a] && number[e]<=f[a+1]) 

                    { 

                        vga[e].copy(VgaI[a+1]); 

                        System.out.printf("** Applying Fitness (%.2f < %.2f) 

**\n",number[e],f[a+1]); 

                        System.out.printf("Chromosome %d selected: ",a+2); 

                        VgaI[a+1].printChromosome( ); 

 

                        System.out.printf("\n\n"); 

                    } 

                } 

            } 

        } 

 

        System.out.printf("\n"); 

 

        //Generating new population 

        for(int i=0; i<VgaI.length; i++) 

        {VgaI[i].copy(vga[i]);} 

 

        System.out.printf("**********POPULATION AFTER FITNESS 

**********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 



  

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int g=0; g<VgaI.length; g++) 

        { 

            System.out.printf("Row %d:",g+1); 

            VgaI[g].printChromosome( ); 

            System.out.printf("\n"); 

        } 

        System.out.printf("\n"); 

    } 

 

    //Applying Crossover 

    public void crossOver( ) 

    { 

        int father1=0, father2, first = 0; 

        double x; 

 

        Random randomNumbers = new Random( ); 

 

        for(int i=0; i<getNexperiment( ); i++) 

        { 

            x = randomNumbers.nextDouble( ); 

            father2 = i; 

            if(x < probability) 

            { 

                first++; 

                if(first % 2 == 0) 

                { 

                    System.out.printf("** Applying Crossover (%.2f < 

%.2f)**",x,probability); 

                    System.out.println("\nFather1: "+(father1+1)); 

                    VgaI[father1].printChromosome( ); 

                    System.out.println(" "); 

                    System.out.println("Father2: "+(father2+1)); 

                    VgaI[father2].printChromosome( ); 

                    System.out.println(""); 

                    System.out.printf("\n"); 

                    System.out.printf("**%.2f < %.2f**\n",x,probability); 

                    VgaI[father1].chromosome(VgaI[father2]); 

                } 

                else father1 = i; 

            } 

        } 

    } 

 

    //Applying Mutation 

    public void mutation( ) 

    { 

        Random randomNumbers = new Random( ); 

        double x; 

 

        for(int i=0; i<VgaI.length; i++) 

        { 

            for(int m=0; m<Range.length; m++) 

            { 

                x = randomNumbers.nextDouble( ); 

                if(x < mutation) 

                { 



  

                    System.out.printf("\n** Mutation (%.2f < %.2f) - 

Chromosome %d**",x,mutation,i+1); 

                    System.out.printf("\nBefore Mutation: "); 

                    VgaI[i].printChromosome( ); 

 

                    

VgaI[i].mutation(m,Range[m].lowrange( ),Range[m].highrange( )); 

 

                    System.out.printf("\nAfter Mutation: "); 

                    VgaI[i].printChromosome( ); 

                    System.out.printf("\n"); 

                } 

            } 

        } 

        System.out.printf("\n\n"); 

    } 

} 

import java.util.Scanner; 

import java.util.Random; 

 

public class SolutionGA extends GA 

{ 

    protected int Inparameter;      //Defining the number of input values 

    protected double Vrm[ ];         //Vector that allows access from GA 

Class 

    protected int vrm[ ];            //Vector that allows creation of 

Orthogonal Array 

    protected int aux [ ];           //Auxiliar vector for the Orthogonal 

Array Matrix 

 

    //Defining range - minimum value 

    public int lowrange( ) 

    {int aux = (int)this.Vrm[0]; return aux;} 

 

    //Defining range - maximum value 

    public int highrange( ) 

    {int aux = (int)this.Vrm[1]; return aux;} 

 

    //Retorning number of columns for the Chromosome 

    public int getNpar( ) 

    {return Inparameter;} 

 

    //Zeros for Auxiliar Matrix 

    public void OArray_0(int c) 

    {this.aux[c]=0;} 

 

    //Ones for Auxiliar Matrix 

    public void OArray_1(int c) 

    {this.aux[c]=1;} 

 

    //Constructor with parameters 

    public  SolutionGA(int inparameter) 

    { 

        Inparameter = inparameter; 

        Vrm = new double [Inparameter]; 

        vrm = new int [Inparameter]; 



  

        aux = new int [Inparameter*4-1]; 

 

        for(int j=0; j<Vrm.length; j++) 

        {this.Vrm[j]=0;} 

 

        for(int j=0; j<vrm.length; j++) 

        {this.vrm[j]=0;} 

    } 

 

    //Defining desired values for output parameters 

    public void desire( ) 

    { 

        Scanner in = new Scanner (System.in); 

 

        System.out.printf("Please define the desired type action on output 

parameters: 'Maximise', 'Minimise' or 'Target is best'! \n"); 

        String gen = in.nextLine( ); 

 

        int variable = 0; 

 

        if (gen.toUpperCase( ).equals("MAXIMISE") || 

gen.toUpperCase( ).equals("MINIMISE") || gen.toUpperCase( ).equals("TARGET 

IS BEST")) 

        {variable = 1;} 

 

        if (variable == 0) 

        { 

            do 

            { 

                System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                System.out.printf("Please define the desired type action on 

output parameters: 'Maximise', 'Minimise' or 'Target is best'! \n"); 

                gen = in.nextLine( ); 

 

                if (gen.toUpperCase( ).equals("MAXIMISE") || 

gen.toUpperCase( ).equals("MINIMISE") || gen.toUpperCase( ).equals("TARGET 

IS BEST")) 

                {variable = 1;} 

 

                else 

                {variable = 0;} 

            } while (variable == 0); 

        } 

 

        if (variable == 1) 

        { 

            switch(gen.toUpperCase( )) 

            { 

                case "MAXIMISE": 

                    this.Vrm [0] = 1; 

                    break; 

                case "MINIMISE": 

                    this.Vrm [0] = 0; 

                    break; 

                case "TARGET IS BEST": 

                    for (int i=0; i<Vrm.length; i++) 

                    { 

                        System.out.printf("Please insert the desired value 

for output parameter %d\n",i+1); 

                        Vrm [i] = in.nextDouble( ); 

                        System.out.printf("\n"); 

                    } 

                    break; 

            } 



  

        } 

    } 

 

    //Defining the action type for output parameters 

    public int actionType( ) 

    { 

        int aT; 

        if (this.Vrm [0] == 1) 

        {aT = 1;} 

        else 

        { 

            if (this.Vrm [0] == 0) 

            {aT = 0;} 

            else 

            {aT = 2;} 

        } 

 

        return aT; 

    } 

 

    //Sum of values for outputs 

    public double accessColumns(int y) 

    {double a = this.Vrm[y]; return a;} 

 

    //Allocating either the maximum or minimum output value from a certain 

output population (output column) 

    public double edge(int y) 

    {double edge = this.Vrm[y];return edge;} 

 

    //Defining ranges for input parameters 

    public void range(int i) 

    { 

        Scanner in = new Scanner (System.in); 

        System.out.printf("Please insert the range for input parameter 

%d.\n",i+1); 

        System.out.printf("From: "); 

        this.Vrm [0] = in.nextFloat( ); 

        System.out.printf("To: "); 

        this.Vrm [1] = in.nextFloat( ); 

        System.out.printf("\n"); 

 

        int variable = 1; 

 

        if (this.Vrm[0] < this.Vrm[1]) 

        {variable = 0;} 

 

        if (variable == 1) 

        { 

            do 

            { 

                System.out.printf("Not a valid choice! %.2f equal or bigger 

than %.2f.\n Please try again...\n\n",this.Vrm[0],this.Vrm[1]); 

                System.out.printf("Please insert the range for input 

parameter %d\n",i+1); 

                System.out.printf("From: "); 

                this.Vrm [0] = in.nextFloat( ); 

                System.out.printf("To: "); 

                this.Vrm [1] = in.nextFloat( ); 

                System.out.printf("\n"); 

 

                if (this.Vrm[0] < this.Vrm[1]) 

                {variable = 0;} 

 

                else 

                {variable = 1;} 



  

            } while (variable == 1); 

        } 

    } 

 

    public void PrintChromosome(int a, int j) 

    { 

        for(int i=0; i<a; i++) 

        { 

            if (j==0) 

            {System.out.printf("\t %d",i+1);} 

        } 

        System.out.printf("\n"); 

 

        for(int i=0; i<a; i++) 

        {System.out.printf("\t %d",this.aux[i]);} 

    } 

 

    //Generating population to be analysed - Input values 

    public void createChromosomeI(int m) 

    { 

        Scanner in = new Scanner (System.in); 

        for (int i=0; i<Vrm.length; i++) 

        { 

            System.out.printf("M[%d][%d]",m+1,i+1); 

            Vrm [i] = in.nextDouble( ); 

        } 

    } 

 

    //Generating population to be analysed - Output values 

    public void createChromosomeO(int m,int inparameter) 

    { 

        Scanner in = new Scanner (System.in); 

        for (int i=0; i<Vrm.length; i++) 

        { 

            System.out.printf("M[%d][%d]",m+1,i+inparameter+1); 

            Vrm [i] = in.nextDouble( ); 

        } 

    } 

 

    //Defining values for Objective Function 

    public double objectiveFunction(SolutionGA var,int out) 

    { 

        double ob = 0.0; 

        double a; 

 

        for (int i=0; i<out; i++) 

        { 

            a = Math.pow(var.Vrm[i]-this.Vrm[i],2); 

            ob+= a; 

        } 

        return ob; 

    } 

 

    //Crossover in SolutionGA 

    public void chromosome(SolutionGA father2) 

    { 

        int point; 

        double son1[ ] = new double[getNpar( )]; 

        double son2[ ] = new double[getNpar( )]; 

 

        if(getNpar( ) == 2) 

            point = 1; 

        else 

            do 

            {point = (int)(Math.random( )*getNpar( ));} 



  

            while(point==0); 

 

        System.out.printf("Point: %d",point); 

 

        for(int i = 0; i<point; i++) 

        { 

            son1[i] = this.Vrm[i]; 

            son2[i] = father2.Vrm[i]; 

        } 

 

        for(int i = point; i<Vrm.length; i++) 

        { 

            son1[i] = father2.Vrm[i]; 

            son2[i] = this.Vrm[i]; 

        } 

 

        for(int i=0; i<Vrm.length; i++) 

        { 

            this.Vrm[i] = son1[i]; 

            father2.Vrm[i] = son2[i]; 

        } 

 

        System.out.printf("\nSon1::::: "); 

        this.printChromosome( ); 

        System.out.printf("\n"); 

        System.out.printf("Son2::::: "); 

        father2.printChromosome( ); 

        System.out.printf("\n"); 

    } 

 

    //Copy method for Crossover 

    public void copy(SolutionGA Vga) 

    { 

        for(int i=0; i<Vrm.length; i++) 

        {this.Vrm[i]=Vga.Vrm[i];} 

    } 

 

    //Printing Chromosome 

    public void printChromosome( ) 

    { 

        for(int i=0; i<Vrm.length; i++) 

        {System.out.printf("\t %3.1f\t",this.Vrm[i]);} 

    } 

 

    //Creating matrix from Taguchi's method 

    public int createMatrix(SolutionGA A, int sys, int b, SolutionGA Range, 

int control, int l) 

    { 

        double bin = 0; 

        double d; 

        int bits = (int) Math.pow(2,b)-1; 

        int a = control, extra = 0; 

 

        for(int i = control; i < a+b; i++) 

        { 

            d = A.aux[i]*(int) Math.pow(2,(b-extra-1)); 

            bin += d; 

            control ++; extra++; 

        } 

 

        this.Vrm[sys] = Range.Vrm[0] + ((bin/bits)*(Range.Vrm[1]-

Range.Vrm[0])); 

        return control; 

    } 

 



  

    //Method to fill coulmn 3 of taguchi's matrix L8 

    public void taguchi3(int x, int y) 

    { 

        if(this.aux[x]==this.aux[y]) 

        {this.aux[2]=0;} 

        else 

            this.aux[2]=1; 

    } 

 

    //Method to fill coulmn 5 of taguchi's matrix L8 

    public void taguchi5(int x, int y) 

    { 

        if(this.aux[x]==this.aux[y]) 

        {this.aux[4]=0;} 

        else 

            this.aux[4]=1; 

    } 

 

    //Method to fill coulmn 6 of taguchi's matrix L8 

    public void taguchi6(int x, int y) 

    { 

        if(this.aux[x]==this.aux[y]) 

        {this.aux[5]=0;} 

        else 

            this.aux[5]=1; 

    } 

 

    //Method to fill coulmn 7 of taguchi's matrix L8 

    public void taguchi7(int x, int y) 

    { 

        if(this.aux[x]==this.aux[y]) 

        {this.aux[6]=0;} 

        else 

            this.aux[6]=1; 

    } 

 

    //Method to fill coulmns of taguchi's matrix L12 

    public void taguchi(int l) 

    { 

        if(l==0) 

        

{this.aux[2]=this.aux[3]=this.aux[4]=this.aux[5]=this.aux[6]=this.aux[7]=thi

s.aux[8]=this.aux[9]=this.aux[10]=0;} 

        if(l==1) 

        {this.aux[2]=this.aux[3]=this.aux[4]=0; 

this.aux[5]=this.aux[6]=this.aux[7]=this.aux[8]=this.aux[9]=this.aux[10]=1;} 

        if(l==2) 

        {this.aux[5]=this.aux[6]=this.aux[7]=0; 

this.aux[2]=this.aux[3]=this.aux[4]=this.aux[8]=this.aux[9]=this.aux[10]=1;} 

        if(l==3) 

        {this.aux[2]=this.aux[5]=this.aux[8]=this.aux[9]=0; 

this.aux[3]=this.aux[4]=this.aux[6]=this.aux[7]=this.aux[10]=1;} 

        if(l==4) 

        {this.aux[2]=this.aux[4]=this.aux[5]=this.aux[7]=this.aux[9]=1; 

this.aux[3]=this.aux[8]=this.aux[6]=this.aux[10]=0;} 

        if(l==5) 

        {this.aux[4]=this.aux[7]=this.aux[9]=this.aux[10]=0; 

this.aux[2]=this.aux[3]=this.aux[8]=this.aux[5]=this.aux[6]=1;} 

        if(l==6) 

        {this.aux[2]=this.aux[3]=this.aux[6]=this.aux[7]=this.aux[9]=1; 

this.aux[4]=this.aux[5]=this.aux[8]=this.aux[10]=0;} 

        if(l==7) 

        {this.aux[2]=this.aux[4]=this.aux[5]=this.aux[6]=this.aux[10]=1; 

this.aux[3]=this.aux[7]=this.aux[8]=this.aux[9]=0;} 

        if(l==8) 



  

        {this.aux[3]=this.aux[4]=this.aux[5]=this.aux[7]=this.aux[8]=1; 

this.aux[2]=this.aux[6]=this.aux[9]=this.aux[10]=0;} 

        if(l==9) 

        {this.aux[2]=this.aux[7]=this.aux[8]=this.aux[10]=1; 

this.aux[3]=this.aux[4]=this.aux[5]=this.aux[6]=this.aux[9]=0;} 

        if(l==10) 

        {this.aux[3]=this.aux[5]=this.aux[9]=this.aux[10]=1; 

this.aux[2]=this.aux[4]=this.aux[6]=this.aux[7]=this.aux[8]=0;} 

        if(l==11) 

        {this.aux[4]=this.aux[8]=this.aux[6]=this.aux[9]=1; 

this.aux[2]=this.aux[3]=this.aux[5]=this.aux[7]=this.aux[10]=0;} 

 

    } 

 

    //Method to check if all output parameters are equal zero for Objective 

Function 

    public double Chromosome(double aux) 

    { 

        for(int i=0; i<Vrm.length; i++) 

        {aux+=this.Vrm[i];} 

        return aux; 

    } 

 

    //Applying Mutation in a chosen chromosome block 

    public void mutation( int m, int a, int b) 

    { 

        int value; 

        Random randomNumbers = new Random( ); 

 

        do 

        {value = randomNumbers.nextInt(b+1);} 

        while(value<a || value>b); 

 

        this.Vrm[m] = value; 

    } 

} 



  



  

import java.util.Scanner; 

 

public class TestingRSM 

{ 

    public static void main(String args[ ]) 

    { 

        //Defining RSM object 

        RSM w1 = new RSM( ); 

 

        Scanner in = new Scanner (System.in); 

        System.out.printf("Define the number of generations desired! \n"); 

        int rsm = in.nextInt( ); 

 

        System.out.println("Please insert the number of experiments for the 

following generations."); 

        int follow_gen = in.nextInt( ); 

 

        //Initialising RSM generation 

        w1.initialRSM_G(follow_gen); 

 

        //Creating desirability numbers 

        w1.fDesirability(follow_gen); 

 

        for(int i=0; i<rsm; i++) 

        { 

            //Evaluating desirability 

            w1.avaliaFitness(follow_gen); 

 

            //Applying crossover 

            w1.crossOver(follow_gen); 

 

            //Applying mutation 

            w1.mutation( ); 

 

            //Visualising new population 

            w1.visualizePopN(follow_gen); 

 

            //Applying the regression model 

            w1.regressionModel(follow_gen, i); 

 

            //Creating desirability numbers 

            w1.fDesirability(follow_gen); 

        } 

    } 

} 

import java.util.Scanner; 

import java.util.Random; 

 

public class RSM extends TestingRSM 

{ 

    protected SolutionRSM response[ ];                //Object to access 

subclass - response type 

    protected SolutionRSM Levels[ ];                  //Object to access 

subclass - CCD levels 

    protected SolutionRSM units[ ];                   //Object to access 

subclass - CCD units 



  

    protected SolutionRSM ccd[ ];                     //Object to access 

subclass - Central Composite Design 

    protected SolutionRSM VgaI[ ];                    //Object to access 

subclass - input parameters 

    protected SolutionRSM VgaO[ ];                    //Object to access 

subclass - output parameters 

    protected SolutionRSM vga[ ];                     //Object to store new 

population for exchange during crossover 

    protected SolutionRSM Desired[ ];                 //Object to define 

desired output parameters 

    protected int inparameter;                       //Number of input 

parameters 

    protected int outparameter;                      //Number of output 

parameters 

    private double probability = 0.95;               //Probability of 

Crossover 

    private double mutation = 0.01;                  //Probability of 

Mutation 

    protected double f[ ];                            //Storage of the 

percentage of a Chromosome in the Roulette 

    protected double number[ ];                       //Probability of a 

Chromosome to be selected for the New Generation 

    protected double Mtotal;                         //Storage of the sum of 

all values for the roulette 

    protected int inout;                             //Sum of total 

parameters to be analysed 

    protected double Df [ ];                          //Storage of final 

desirability function values 

    protected double aux [ ];                         //Storage of 

desirability function values 

    protected SolutionRSM Terms[ ];                   //Object to store 

terms of regressions models 

    private String vector[ ];                         //Array to control 

titles of columns in the matrices created 

 

 

    //Validating number of parameters 

    public void setNparameter(int inparameter, int outparameter) 

    {inout = inparameter+outparameter;} 

 

    //Sum of all values from final desirability function to build the 

roulette 

    public void setMtotal(double var) 

    {Mtotal = var;} 

 

    //Returning sum of all values from desirability function to build the 

roulette 

    public double getMtotal( ) 

    {return Mtotal;} 

 

    //Generating initial RSM population 

    public void initialRSM_G(int follow_gen) 

    { 

        Scanner in = new Scanner (System.in); 

        System.out.println("Please insert the number of input parameters: 2 

or 3."); 

        inparameter = in.nextInt( ); 

 

        int inp = 1; 

 

        if (inparameter == 2 || inparameter == 3) 

        {inp = 0;} 

 

        if (inp == 1) 

        { 



  

            do 

            { 

                System.out.printf("Not a valid choice! \n Please try 

again...\n\n"); 

                System.out.printf("Please insert the number of input 

parameters: 2 or 3.\n"); 

                inparameter = in.nextInt( ); 

 

                if (inparameter == 2 || inparameter == 3) 

                {inp = 0;} 

 

                else 

                {inp = 1;} 

            } while (inp == 1); 

        } 

 

        System.out.println("Please insert the number of output parameters: 2 

or 3."); 

        outparameter = in.nextInt( ); 

 

        int outp = 1; 

 

        if (outparameter == 2 || outparameter == 3) 

        {outp = 0;} 

 

        if (outp == 1) 

        { 

            do 

            { 

                System.out.printf("Not a valid choice! \n Please try 

again...\n\n"); 

                System.out.println("Please insert the number of output 

parameters: 2 or 3.\n"); 

                outparameter = in.nextInt( ); 

 

                if (outparameter == 2 || outparameter == 3) 

                {outp = 0;} 

 

                else 

                {outp = 1;} 

            } while (outp == 1); 

        } 

 

        setNparameter(inparameter,outparameter); 

 

        VgaI = new SolutionRSM[follow_gen]; 

        VgaO = new SolutionRSM[follow_gen]; 

        vga = new SolutionRSM[follow_gen+1]; 

        Levels = new SolutionRSM[inparameter]; 

        Terms = new SolutionRSM[outparameter]; 

        Desired = new SolutionRSM[1]; 

        ccd = new SolutionRSM[follow_gen]; 

        units = new SolutionRSM[inparameter]; 

        response = new SolutionRSM[outparameter]; 

 

        //Allocating spaces to objects 

        for (int i=0; i<follow_gen; i++) 

        { 

            VgaI[i] = new SolutionRSM(inparameter); 

            VgaO[i] = new SolutionRSM(outparameter); 

            vga[i] = new SolutionRSM(inparameter); 

            ccd[i] = new SolutionRSM(inparameter); 

        } 

 

        //Allocating spaces to vectors 



  

        for (int i=0; i<Levels.length; i++) 

        { 

            int aux = 3; 

            Levels[i] = new SolutionRSM(aux); 

            units[i] = new SolutionRSM(aux); 

        } 

 

        for (int i=0; i<response.length; i++) 

        { 

            int aux = 3; 

            response[i] = new SolutionRSM(aux); 

        } 

 

        for (int i=0; i<Terms.length; i++) 

        { 

            Terms[i] = new SolutionRSM(inparameter); 

        } 

 

        //Defining the type of response and output parameters 

        for (int i=0; i<response.length; i++) 

        { 

            response[i].defResponse(i); 

            System.out.printf("\n"); 

        } 

 

        //Defining input parameters 

        for (int i=0; i<Levels.length; i++) 

        

{Levels[i].rangeCCD(i);units[i].rangeUnits(i);System.out.printf("\n");} 

 

        //Allocating values for terms of the regression models 

        for(int m=0; m<Terms.length; m++) 

        {Terms[m].terms(m,inparameter);} 

 

        //Creating random values between -1 and 1 for the CCD matrix 

        for(int m=0; m<ccd.length; m++) 

        { 

            for(int n=0; n<Levels.length; n++) 

            { 

                ccd[m].initialccd(n); 

            } 

        } 

            System.out.printf("\n"); 

 

        //Converting CCD to actual values and filling input matrix 

        for(int m=0; m<ccd.length; m++) 

        { 

            for(int n=0; n<units.length; n++) 

            { 

                VgaI[m].initialMatrix(ccd[m], units[n], Levels [n], n); 

            } 

        } 

 

        //Creating responses based on the regression models 

        for(int m=0; m<ccd.length; m++) 

        { 

            for (int n=0; n<Terms.length; n++) 

            { 

                {VgaO[m].responses(ccd[m], inparameter, Terms[n]);} 

            } 

        } 

 

 

        //Printing the output matrix - results from the regression models 

        System.out.printf("********** CENTRAL COMPOSITE DESIGN MATRIX - 



  

RESPONSE **********\n"); 

 

        //Defining an array to control strings 

        vector = new String [6]; 

        vector[0] = "Input 1"; vector[1] = "Input 2"; vector[2] = "Input 3"; 

        vector[3] = "Output 1"; vector[4] = "Output 2"; vector[5] = "Output 

3"; 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[3]); 

 

        for(int m = 4; m<outparameter+3;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int m=0; m<VgaO.length; m++) 

        { 

            System.out.printf("Row %d:",m+1); 

            VgaO[m].printChromosome( ); 

            System.out.printf("\n"); 

        } 

 

        System.out.printf("\n"); 

    } 

 

    //Showing new population after the GA method 

    public void visualizePopN(int follow_gen) 

    { 

        System.out.print("**********NEW POPULATION **********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int m = 0; m<follow_gen;  m++) 

        { 

            System.out.printf("Row %d:",m+1); 

            VgaI[m].printChromosome( ); 

            System.out.printf("\n"); 

        } 

    } 

 

    //Applying desirability function 

    public void fDesirability(int follow_gen) 

    { 

        double var = 0.0; 

 

        f = new double[follow_gen+1]; 

        number = new double[follow_gen]; 

 

        for(int a=0; a<f.length; a++) 

        {f[a]=0.0;} 

 

        for(int k=0; k<number.length; k++) 



  

        {number[k]=0.0;} 

 

        //Defining desirability function values 

        Df = new double [follow_gen]; 

        aux = new double [outparameter]; 

 

        double Value = 0.0; 

        for(int x = 0; x<Df.length;  x++) 

        { 

            for(int y = 0; y<response.length;  y++) 

            {aux[y]=VgaO[x].desirValue(response[y], y);} 

 

            double value = aux[0]; 

            for(int y = 1; y<response.length;  y++) 

            {value *= aux[y];} 

 

            double extra = 1./outparameter; 

            Df[x] = Math.pow(value,(extra)); 

 

            var += Df[x];setMtotal(var); 

        } 

 

        //Printing matrix with both input and output parameters 

        System.out.print("**********GLOBAL MATRIX **********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        for(int m = 3; m<outparameter+3;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int m = 0; m<follow_gen;  m++) 

        { 

            System.out.printf("Row %d:",m+1); 

            VgaI[m].printChromosome( ); 

            VgaO[m].printChromosome( ); 

            System.out.printf("\n"); 

        } 

        System.out.printf("\n"); 

 

 

        number[0] = (Math.random( )*100); 

        System.out.printf("Number[1] = %.1f\n\n",number[0]); 

 

        for(int d=1; d<number.length; d++) 

        { 

            number[d] = (Math.random( )*100); 

            System.out.printf("Number[%d] = %.2f\n\n",d+1,number[d]); 

        } 

 

        f[0] = (Df[0]/getMtotal( ))*100; 

        System.out.printf("f[1] = %.1f\n\n",f[0]); 

 

        for(int d=1; d<f.length-1; d++) 

        { 

            f[d] = (Df[d]/getMtotal( ))*100 + f[d-1]; 

            System.out.printf("f[%d] = %.2f\n\n",d+1,f[d]); 



  

        } 

    } 

 

    //Chosen chromosomes for new generation based on the roulette 

    public void avaliaFitness(int follow_gen) 

    { 

        //Selecting chromosomes 

        for(int e=0; e<number.length; e++) 

        { 

            vga[e] = new SolutionRSM(inparameter); 

            if(number[e]<=f[0]) 

            { 

                vga[e].copy(VgaI[0]); 

                System.out.printf("** Applying desirability (%.2f < %.2f) 

**\n",number[e],f[0]); 

                System.out.printf("Chromosome 1 selected: "); 

                vga[0].printChromosome( ); 

 

                System.out.printf("\n\n"); 

            } 

 

            else 

            { 

                for(int a=0; a<f.length-1; a++) 

                { 

                    if(number[e]>f[a] && number[e]<=f[a+1]) 

                    { 

                        vga[e].copy(VgaI[a+1]); 

                        System.out.printf("** Applying desirability (%.2f < 

%.2f) **\n",number[e],f[a+1]); 

                        System.out.printf("Chromosome %d selected: ",a+2); 

                        vga[e].printChromosome( ); 

 

                        System.out.printf("\n\n"); 

                    } 

                } 

            } 

        } 

 

        System.out.printf("\n"); 

 

        for (int i=0; i<follow_gen; i++) 

        {VgaI[i] = new SolutionRSM(inparameter);} 

 

        //Generating new population 

        for(int i=0; i<VgaI.length; i++) 

        {VgaI[i].copy(vga[i]);} 

 

        System.out.printf("**********POPULATION AFTER DESIRABILITY 

FUNCTION**********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[0]); 

 

        for(int m = 1; m<inparameter;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int g=0; g<VgaI.length; g++) 

        {System.out.printf("Row 

%d:",g+1);VgaI[g].printChromosome( );System.out.printf("\n");} 



  

        System.out.printf("\n\n"); 

    } 

 

    //Applying Crossover 

    public void crossOver(int follow_gen) 

    { 

        int father1=0, father2, first = 0; 

        double x; 

 

        Random randomNumbers = new Random( ); 

 

        for(int i=0; i<follow_gen; i++) 

        { 

            x = randomNumbers.nextDouble( ); 

            father2 = i; 

            if(x < probability) 

            { 

                first++; 

                if(first % 2 == 0) 

                { 

                    System.out.printf("** Applying Crossover (%.2f < 

%.2f)**",x,probability); 

                    System.out.println("\nFather1: "+(father1+1)); 

                    VgaI[father1].printChromosome( ); 

                    System.out.println(" "); 

                    System.out.println("Father2: "+(father2+1)); 

                    VgaI[father2].printChromosome( ); 

                    System.out.println(""); 

                    System.out.printf("\n"); 

                    System.out.printf("**%.2f < %.2f**\n",x,probability); 

                    VgaI[father1].chromosome(VgaI[father2], inparameter); 

                } 

                else father1 = i; 

            } 

        } 

    } 

 

    //Applying Mutation 

    public void mutation( ) 

    { 

        Random randomNumbers = new Random( ); 

        double x; 

 

        for(int i=0; i<VgaI.length; i++) 

        { 

            for(int m=0; m<Levels.length; m++) 

            { 

                x = randomNumbers.nextDouble( ); 

                if(x < mutation) 

                { 

                    System.out.printf("\n** Mutation (%.2f < %.2f) - 

Chromosome %d**",x,mutation,i+1); 

                    System.out.printf("\nBefore Mutation: "); 

                    VgaI[i].printChromosome( ); 

 

                    VgaI[i].mutation(m,Levels[m]); 

 

                    System.out.printf("\nAfter Mutation: "); 

                    VgaI[i].printChromosome( ); 

                    System.out.printf("\n"); 

                } 

            } 

        } 

        System.out.printf("\n\n"); 

    } 



  

 

    //Applying regression models from the second generation on 

    public void regressionModel(int experiments, int var) 

    { 

        ccd = new SolutionRSM[experiments]; 

        VgaO = new SolutionRSM [experiments]; 

 

        for (int i=0; i<ccd.length; i++) 

        {ccd[i] = new SolutionRSM(inparameter); VgaO[i] = new 

SolutionRSM(outparameter);} 

 

        if (var == 0) 

        { 

            for(int m=0; m<ccd.length; m++) 

            { 

                for(int n=0; n<Levels.length; n++) 

                { 

                    ccd[m].initialccd(n); 

                } 

            } 

            System.out.printf("\n\n"); 

        } 

 

        else 

        { 

            for(int m=0; m<ccd.length; m++) 

            { 

                for(int n=0; n<Levels.length; n++) 

                { 

                    ccd[m].CCD(Levels[n], VgaI[m], units[n], n); 

                } 

            } 

            System.out.printf("\n\n"); 

        } 

 

        for(int m=0; m<ccd.length; m++) 

        { 

            for (int n=0; n<Terms.length; n++) 

            { 

                {VgaO[m].responses(ccd[m], inparameter, Terms[n]);} 

            } 

        } 

 

        System.out.printf("********** CENTRAL COMPOSITE DESIGN MATRIX - 

RESPONSE **********\n"); 

 

        System.out.printf("\n"); 

        String format = "%15s"; 

        String format1 = "%12s"; 

 

        System.out.printf(format,vector[3]); 

 

        for(int m = 4; m<outparameter+3;  m++) 

        {System.out.printf(format1,vector[m]);} 

 

        System.out.printf("\n"); 

 

        for(int m=0; m<ccd.length; m++) 

        {System.out.printf("Row 

%d:",m+1);VgaO[m].printChromosome( );System.out.printf("\n");} 

        System.out.printf("\n"); 

    } 

} 



  

import java.util.Scanner; 

import java.util.Random; 

 

public class SolutionRSM extends RSM 

{ 

    protected double Vrm[ ];            //Vector that allows access from GA 

Class 

    protected double vrm[ ];            //Vector that allows creation of 

Orthogonal Array 

    protected int aux [ ];              //Auxiliar vector for the Orthogonal 

Array Matrix 

    protected double terms [ ];         //Vector that allocates coefficients 

and constant terms for regression models 

 

    //Constructor with parameters 

    public  SolutionRSM(int inparameter) 

    { 

        Vrm = new double [inparameter+1]; 

        vrm = new double [inparameter]; 

        aux = new int [inparameter*4-1]; 

        terms = new double [20]; 

 

        for(int j=0; j<Vrm.length; j++) 

        {this.Vrm[j]=0;} 

 

        for(int j=0; j<vrm.length; j++) 

        {this.vrm[j]=0;} 

    } 

 

    //Defining ranges for output parameters and type of response 

    public void defResponse(int i) 

    { 

        Scanner in = new Scanner (System.in); 

 

        System.out.printf("Please define the response type for output 

parameter %d: 'Maximise', 'Minimise' or 'Target is best'! \n", i+1); 

        String gen = in.nextLine( ); 

 

        int variable = 1; 

 

        if (gen.toUpperCase( ).equals("MAXIMISE") || 

gen.toUpperCase( ).equals("MINIMISE") || gen.toUpperCase( ).equals("TARGET 

IS BEST")) 

        {variable = 0;} 

 

        if (variable == 1) 

        { 

            do 

            { 

                System.out.println("Not a valid choice!\n Please try 

again...\n"); 

                System.out.printf("Please define the response type for 

output parameter %d: 'Maximise', 'Minimise' or 'Target is best'! \n", i+1); 

                gen = in.nextLine( ); 

 

                if (gen.toUpperCase( ).equals("MAXIMISE") || 

gen.toUpperCase( ).equals("MINIMISE") || gen.toUpperCase( ).equals("TARGET 

IS BEST")) 

                {variable = 0;} 



  

 

                else 

                {variable = 1;} 

            } while (variable == 1); 

        } 

 

        if (variable == 0) 

        { 

            switch(gen.toUpperCase( )) 

            { 

                case "MAXIMISE": 

                    System.out.printf("Insert the lower value for output 

parameter %d. \n", i+1); 

                    this.Vrm [0] = in.nextDouble( ); 

                    this.Vrm [1] = 0; 

                    System.out.printf("Insert the target value for output 

parameter %d. \n", i+1); 

                    this.Vrm [2] = in.nextDouble( ); 

                    this.Vrm [3] = 1; 

 

                    int max = 1; 

 

                    if (this.Vrm[0]<this.Vrm[2]) 

                    {max = 0;} 

 

                    if (max == 1) 

                    { 

                        do 

                        { 

                            System.out.printf("Not a valid choice! %.2f 

equal or bigger than %.2f.\n Please try 

again...\n\n",this.Vrm[0],this.Vrm[2]); 

                            System.out.printf("Insert the lower value for 

output parameter %d. \n", i+1); 

                            this.Vrm [0] = in.nextDouble( ); 

                            System.out.printf("Insert the target value for 

output parameter %d. \n", i+1); 

                            this.Vrm [2] = in.nextDouble( ); 

 

                            if (this.Vrm[0]<this.Vrm[2]) 

                            {max = 0;} 

 

                            else 

                            {max = 1;} 

                        } while (max == 1); 

                    } 

 

                    break; 

                case "MINIMISE": 

                    this.Vrm [0] = 0; 

                    System.out.printf("Insert the upper value for output 

parameter %d. \n", i+1); 

                    this.Vrm [1] = in.nextDouble( ); 

                    System.out.printf("Insert the target value for output 

parameter %d. \n", i+1); 

                    this.Vrm [2] = in.nextDouble( ); 

                    this.Vrm [3] = -1; 

 

                    int min = 1; 

 

                    if (this.Vrm[2]<this.Vrm[1]) 

                    {min = 0;} 

 

                    if (min == 1) 

                    { 



  

                        do 

                        { 

                            System.out.printf("Not a valid choice! %.2f 

equal or bigger than %.2f.\n Please try 

again...\n\n",this.Vrm[2],this.Vrm[1]); 

                            System.out.printf("Insert the upper value for 

output parameter %d. \n", i+1); 

                            this.Vrm [1] = in.nextDouble( ); 

                            System.out.printf("Insert the target value for 

output parameter %d. \n", i+1); 

                            this.Vrm [2] = in.nextDouble( ); 

 

                            if (this.Vrm[2]<this.Vrm[1]) 

                            {min = 0;} 

 

                            else 

                            {min = 1;} 

                        } while (min == 1); 

                    } 

 

                    break; 

                case "TARGET IS BEST": 

                    System.out.printf("Insert the lower value for output 

parameter %d. \n", i+1); 

                    this.Vrm [0] = in.nextDouble( ); 

                    System.out.printf("Insert the target value for output 

parameter %d. \n", i+1); 

                    this.Vrm [2] = in.nextDouble( ); 

                    this.Vrm [3] = 0; 

 

                    int var = 1; 

 

                    if (this.Vrm[0]<this.Vrm[2]) 

                    {var = 0;} 

 

                    if (var == 1) 

                    { 

                        do 

                        { 

                            System.out.printf("Not a valid choice! %.2f 

equal or bigger than %.2f.\n Please try 

again...\n\n",this.Vrm[0],this.Vrm[2]); 

                            System.out.printf("Insert the lower value for 

output parameter %d. \n", i+1); 

                            this.Vrm [0] = in.nextDouble( ); 

                            System.out.printf("Insert the target value for 

output parameter %d. \n", i+1); 

                            this.Vrm [2] = in.nextDouble( ); 

 

                            if (this.Vrm[0]<this.Vrm[2]) 

                            {var = 0;} 

 

                            else 

                            {var = 1;} 

                        } while (var == 1); 

                    } 

 

                    if(var == 0) 

                    { 

                        System.out.printf("Insert the upper value for output 

parameter %d. \n", i+1); 

                        this.Vrm [1] = in.nextDouble( ); 

 

                        int target = 1; 

 



  

                        if (this.Vrm[0]<this.Vrm[1] && 

this.Vrm[2]<this.Vrm[1]) 

                        {target = 0;} 

 

                        if (target == 1) 

                        { 

                            do 

                            { 

                                System.out.printf("Not a valid choice! %.2f 

and/or %.2f equal or bigger than %.2f.\n Please try 

again...\n\n",this.Vrm[0],this.Vrm[2],this.Vrm[1]); 

                                System.out.printf("Insert the upper value 

for output parameter %d. \n", i+1); 

                                this.Vrm [1] = in.nextDouble( ); 

 

                                if (this.Vrm[0]<this.Vrm[1] && 

this.Vrm[2]<this.Vrm[1]) 

                                {target = 0;} 

 

                                else 

                                {target = 1;} 

                            } while (target == 1); 

                        } 

                    } 

 

                    break; 

            } 

        } 

    } 

 

    //Defining ranges for Central Composite Design in levels 

    public void rangeCCD(int i) 

    { 

        Scanner in = new Scanner (System.in); 

        System.out.printf("Please insert the CCD levels for input parameter 

%d.\n", i+1); 

        System.out.printf("-1 --> "); 

        this.Vrm [0] = in.nextDouble( ); 

        System.out.printf(" 0 --> "); 

        this.Vrm [1] = in.nextDouble( ); 

 

        int var = 1; 

 

        if (this.Vrm[0]<this.Vrm[1]) 

        {var = 0;} 

 

        if (var == 1) 

        { 

            do 

            { 

                System.out.printf("Not a valid choice! %.2f equal or bigger 

than %.2f.\n Please try again...\n\n",this.Vrm[0],this.Vrm[1]); 

                System.out.printf("Please insert the CCD levels for input 

parameter %d.\n", i+1); 

                System.out.printf("-1 --> "); 

                this.Vrm [0] = in.nextDouble( ); 

                System.out.printf(" 0 --> "); 

                this.Vrm [1] = in.nextDouble( ); 

 

                if (this.Vrm[0]<this.Vrm[1]) 

                {var = 0;} 

 

                else 

                {var = 1;} 

            } while (var == 1); 



  

        } 

 

        if(var == 0) 

        { 

            System.out.printf(" 1 --> "); 

            this.Vrm [2] = in.nextDouble( ); 

 

            int variable = 1; 

 

            if (this.Vrm[0]<this.Vrm[2] && this.Vrm[1]<this.Vrm[2]) 

            {variable = 0;} 

 

            if (variable == 1) 

            { 

                do 

                { 

                    System.out.printf("Not a valid choice! %.2f and/or %.2f 

equal or bigger than %.2f.\n Please try 

again...\n\n",this.Vrm[0],this.Vrm[1],this.Vrm[2]); 

                    System.out.printf("Please insert the required CCD level 

for input parameter %d.\n", i+1); 

                    System.out.printf(" 1 --> "); 

                    this.Vrm [2] = in.nextDouble( ); 

 

                    if (this.Vrm[0]<this.Vrm[2] && this.Vrm[1]<this.Vrm[2]) 

                    {variable = 0;} 

 

                    else 

                    {variable = 1;} 

                } while (variable == 1); 

            } 

        } 

    } 

 

    //Defining ranges for Central Composite Design in units 

    public void rangeUnits(int i) 

    { 

        this.Vrm [0] = -1; this.Vrm [1] = 0; this.Vrm [2] = 1; 

    } 

 

    //Initialising Central Composite Design coded units 

    public void initialccd(int n) 

    { 

        this.vrm[n] = Math.random( )*(1-(-1))-1; 

    } 

 

    //Converting actual values to coded units 

    public void CCD(SolutionRSM Levels, SolutionRSM VgaI, SolutionRSM units, 

int n) 

    { 

        if(Levels.Vrm[0]<=VgaI.Vrm[n] && VgaI.Vrm[n]<=Levels.Vrm[1]) 

        { 

            this.vrm[n] = units.Vrm[0] - ((units.Vrm[0]-

units.Vrm[1])*(Levels.Vrm[0]-VgaI.Vrm[n])/(Levels.Vrm[0]-Levels.Vrm[1])); 

        } 

        if(Levels.Vrm[1]<=VgaI.Vrm[n] && VgaI.Vrm[n]<=Levels.Vrm[2]) 

        { 

            this.vrm[n] = units.Vrm[1] - ((units.Vrm[1]-

units.Vrm[2])*(Levels.Vrm[1]-VgaI.Vrm[n])/(Levels.Vrm[1]-Levels.Vrm[2])); 

        } 

    } 

 

    //Creating initial matrix based on coded units from Central Composite 

Design 

    public void initialMatrix(SolutionRSM ccd, SolutionRSM units, 



  

SolutionRSM Levels, int n) 

    { 

            if(units.Vrm[0]<=ccd.vrm[n] && ccd.vrm[n]<=units.Vrm[1]) 

            { 

                this.Vrm[n] = Levels.Vrm[0] - ((Levels.Vrm[0]-

Levels.Vrm[1])*(units.Vrm[0]-ccd.vrm[n])/(units.Vrm[0]-units.Vrm[1])); 

            } 

 

            if(units.Vrm[1]<=ccd.vrm[n] && ccd.vrm[n]<=units.Vrm[2]) 

            { 

                this.Vrm[n] = Levels.Vrm[1] - ((Levels.Vrm[1]-

Levels.Vrm[2])*(units.Vrm[1]-ccd.vrm[n])/(units.Vrm[1]-units.Vrm[2])); 

            } 

    } 

 

    //Providing terms of the regression models to apply in the prediction 

process 

    public void terms(int m, int inparameter) 

    { 

        Scanner in = new Scanner (System.in); 

        System.out.printf("Please insert the terms of the regression model - 

output variable %d!.\n\n", m+1); 

 

        if(inparameter == 2 || inparameter == 3) 

        { 

            System.out.printf("Constant: ");this.terms[0] = 

in.nextDouble( ); 

            System.out.printf("x1: ");this.terms[1] = in.nextDouble( ); 

            System.out.printf("x1^2: ");this.terms[4] = in.nextDouble( ); 

            System.out.printf("x2: ");this.terms[2] = in.nextDouble( ); 

            System.out.printf("x2^2: ");this.terms[5] = in.nextDouble( ); 

            System.out.printf("x1*x2: ");this.terms[7] = in.nextDouble( ); 

        } 

 

        if(inparameter == 3) 

        { 

            System.out.printf("x3: ");this.terms[3] = in.nextDouble( ); 

            System.out.printf("x3^2: ");this.terms[6] = in.nextDouble( ); 

            System.out.printf("x1*x3: ");this.terms[8] = in.nextDouble( ); 

            System.out.printf("x2*x3: ");this.terms[9] = in.nextDouble( ); 

            System.out.printf("x1*x2*x3: ");this.terms[10] = 

in.nextDouble( ); 

        } 

        System.out.printf("\n"); 

    } 

 

    //Creating responses based on regression models and coded units from 

Central Composite Design 

    public void responses(SolutionRSM ccd, int inparameter, SolutionRSM 

Terms) 

    { 

        if(inparameter == 2) 

        { 

            for(int a=0; a<inparameter; a++) 

            { 

                this.Vrm[a] = Terms.terms[0] + Terms.terms[1]*ccd.vrm[0] + 

Terms.terms[2]*ccd.vrm[1] + Terms.terms[4]*Math.pow(ccd.vrm[0],2) 

                        + Terms.terms[5]*Math.pow(ccd.vrm[1],2) + 

Terms.terms[7]*ccd.vrm[0]*ccd.vrm[1]; 

            } 

        } 

 

        if(inparameter == 3) 

        { 

            for(int a=0; a<inparameter; a++) 



  

            { 

                this.Vrm[a] = Terms.terms[0] + Terms.terms[1]*ccd.vrm[0] + 

Terms.terms[2]*ccd.vrm[1] + Terms.terms[3]*ccd.vrm[2] + 

Terms.terms[4]*Math.pow(ccd.vrm[0],2) 

                        + Terms.terms[5]*Math.pow(ccd.vrm[1],2) + 

Terms.terms[6]*Math.pow(ccd.vrm[2],2) + Terms.terms[7]*ccd.vrm[0]*ccd.vrm[1] 

                        + Terms.terms[8]*ccd.vrm[0]*ccd.vrm[2] + 

Terms.terms[9]*ccd.vrm[1]*ccd.vrm[2] + 

Terms.terms[10]*ccd.vrm[0]*ccd.vrm[1]*ccd.vrm[2];; 

            } 

        } 

 

 

        /* 

        this.Vrm[0] = 21.6304 - 0.056*ccd.vrm[0] + 0.001*ccd.vrm[1] - 

0.096*ccd.vrm[2] - 0.0056*Math.pow(ccd.vrm[0],2) 

                      - 0.0006*Math.pow(ccd.vrm[1],2) - 

0.0056*Math.pow(ccd.vrm[2],2) + 0.00125*ccd.vrm[0]*ccd.vrm[1] 

                      - 0.01125*ccd.vrm[0]*ccd.vrm[2] + 

0.00125*ccd.vrm[1]*ccd.vrm[2] + 0.00125*ccd.vrm[0]*ccd.vrm[1]*ccd.vrm[2]; 

 

        this.Vrm[1] = 21.8087 - 0.031*ccd.vrm[0] - 0.001*ccd.vrm[1] - 

0.051*ccd.vrm[2] + 0.0017*Math.pow(ccd.vrm[0],2) 

                      + 0.0017*Math.pow(ccd.vrm[1],2) - 

0.0083*Math.pow(ccd.vrm[2],2) - 0.00125*ccd.vrm[0]*ccd.vrm[1] 

                      - 0.00625*ccd.vrm[0]*ccd.vrm[2] - 

0.00125*ccd.vrm[1]*ccd.vrm[2] - 0.00125*ccd.vrm[0]*ccd.vrm[1]*ccd.vrm[2]; 

 

        this.Vrm[2] = 3.591 + 0.551*ccd.vrm[0] - 0.012*ccd.vrm[1] + 

0.925*ccd.vrm[2] + 0.3389*Math.pow(ccd.vrm[0],2) 

                      - 0.00111*Math.pow(ccd.vrm[1],2) + 

0.07389*Math.pow(ccd.vrm[2],2) - 0.0025*ccd.vrm[0]*ccd.vrm[1] 

                      + 0.115*ccd.vrm[0]*ccd.vrm[2] - 

0.005*ccd.vrm[1]*ccd.vrm[2] - 0*ccd.vrm[0]*ccd.vrm[1]*ccd.vrm[2];*/ 

    } 

 

    //Defining the desirability values based on the response type 

    public double desirValue(SolutionRSM response, int y) 

    { 

        double df = 0.0; 

 

            if(response.Vrm[3]==1) 

            { 

                if(this.Vrm[y]>response.Vrm[2]) 

                {df = 1;} 

 

                if (response.Vrm[0]<=this.Vrm[y] && 

this.Vrm[y]<=response.Vrm[2]) 

                {df = (this.Vrm[y]-response.Vrm[0])/(response.Vrm[2]-

response.Vrm[0]);} 

            } 

 

            if(response.Vrm[3]==-1) 

            { 

                if(this.Vrm[y]<response.Vrm[2]) 

                {df = 1;} 

 

                if (response.Vrm[2]<=this.Vrm[y] && 

this.Vrm[y]<=response.Vrm[1]) 

                {df = (this.Vrm[y]-response.Vrm[1])/(response.Vrm[2]-

response.Vrm[1]);} 

            } 

 

            if(response.Vrm[3]==0) 

            { 



  

                if (response.Vrm[0]<=this.Vrm[y] && 

this.Vrm[y]<=response.Vrm[2]) 

                {df = (this.Vrm[y]-response.Vrm[0])/(response.Vrm[2]-

response.Vrm[0]);} 

 

                if (response.Vrm[2]<=this.Vrm[y] && 

this.Vrm[y]<=response.Vrm[1]) 

                {df = (this.Vrm[y]-response.Vrm[1])/(response.Vrm[2]-

response.Vrm[1]);} 

            } 

 

        return df; 

    } 

 

    //Crossover in SolutionGA 

    public void chromosome(SolutionRSM father2, int inparameter) 

    { 

        int point; 

        double son1[ ] = new double[inparameter+1]; 

        double son2[ ] = new double[inparameter+1]; 

 

        if(inparameter == 2) 

            point = 1; 

        else 

            do 

            {point = (int)(Math.random( )*inparameter);} 

            while(point==0); 

 

        System.out.printf("Point: %d",point); 

 

        for(int i = 0; i<point; i++) 

        { 

            son1[i] = this.Vrm[i]; 

            son2[i] = father2.Vrm[i]; 

        } 

 

        for(int i = point; i<Vrm.length; i++) 

        { 

            son1[i] = father2.Vrm[i]; 

            son2[i] = this.Vrm[i]; 

        } 

 

        for(int i=0; i<Vrm.length; i++) 

        { 

            this.Vrm[i] = son1[i]; 

            father2.Vrm[i] = son2[i]; 

        } 

 

        System.out.printf("\nSon1::::: "); 

        this.printChromosome( ); 

        System.out.printf("\n"); 

        System.out.printf("Son2::::: "); 

        father2.printChromosome( ); 

        System.out.printf("\n"); 

    } 

 

    //Copy method for Crossover 

    public void copy(SolutionRSM Vga) 

    { 

        for(int i=0; i<Vrm.length; i++) 

        {this.Vrm[i]=Vga.Vrm[i];} 

    } 

 

    //Printing Chromosome 

    public void printChromosome( ) 



  

    { 

        for(int i=0; i<Vrm.length-1; i++) 

        {System.out.format("\t%5.2f\t",this.Vrm[i]);} 

    } 

 

    //Applying Mutation in a chosen chromosome block 

    public void mutation( int m, SolutionRSM Levels) 

    { 

        double value; 

        Random randomNumbers = new Random( ); 

 

        do 

        {value = Levels.Vrm[0] + (randomNumbers.nextDouble( ) * 

(Levels.Vrm[2] - Levels.Vrm[0]));} 

        while(value<Levels.Vrm[0] || value>Levels.Vrm[2]); 

 

        this.Vrm[m] = value; 

    } 

} 



 

 

Appendix C 

 

0

100

200

300

400

500

600

700

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22

St
re

ss
 [

M
P

a]
 

Strain 

Ø16 mm Ø13 mm



  

 

 

0

100

200

300

400

500

600

700

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22

St
re

ss
 [

M
P

a]
 

Strain 

Ø16 mm Ø13 mm

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00

St
re

ss
 [

M
P

a]
 

Strain 

2 Hz 6 Hz



  

 

 

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00

St
re

ss
 [

M
P

a]
 

Strain 

2 Hz 6 Hz

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00

St
re

ss
 [

M
P

a]
 

Strain 

2 Hz 6 Hz



  

 

 

₂ + He

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00

St
re

ss
 [

M
P

a]
 

Strain 

2 Hz 6 Hz

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00 6.00

St
re

ss
 [

M
P

a]
 

Strain 

12W-7T 12W-8T 12W-9T



  

 

₂ + He

 

₂ + He

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

St
re

ss
 [

M
P

a]
 

Strain 

14W-7T 14W-8T 14W-9T

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

St
re

ss
 [

M
P

a]
 

Strain 

16.6W-7T 16.6W-8T 16.6W-9T



  

 

₂ 

 

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

St
re

ss
 [

M
P

a]
 

Strain 

12W-9TP 14W-8TP 16.6W-7TP

0

100

200

300

400

500

600

700

0.00 1.00 2.00 3.00 4.00 5.00

St
re

ss
 [

M
P

a]
 

Strain 


