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MaximumlLikelihood. java

Written by Masaki Uto (2017/04/1)
The following libraries are required.
1. commons-math3-3.2.jar

2. uncommons-maths-1.2.2.jar

7 import java.io.IOException;
8 import java.util.Arrays;
9 import java.util.Random;

10

11 import org.apache.commons.math3.linear .MatrixUtils;
12 import org.apache.commons.math3.1linear.RealMatrix;
13 import org.uncommons.maths.random.GaussianGenerator;

14

15 public class MaximumLikelihood {
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// BT XDIBE

final int N = 1000;

// WO, W1, W2, sigma DEERE

final double[] W = { 1.0, -1.0, -0.5, 1.5 };

// IR M

final double cond = 0.001;

// FEBE (eta: RBLAA. etaNewton: =1 hVIiETHER)
final double eta = 0.0001;

final double etaNewton = 1.0;

// HEETZILT)XLDIERE: steepest or newton

final String method = "newton";

// FEAZEXIENCO, 1D SHER

private double[][] X;

private double[] Y, E;

// WO, W1, W2, sigmg D/NSAXA—FHETEE
private double[] eW;

MaximumLikelihood() {
initQ);
if(method.equals("steepest")){
runSteepest();
} else if(method.equals("newton")){
runNewton();
}
3

void init() {

= new double[N][2];
new double[N];

= new double[N];

// T—5 DER

generate();

// HEEEDYHERE
eW = new double[4];
eW[3] = 1.0;

m < X
o

}

void generate() {
Random rand = new Random();

GaussianGenerator gg = new GaussianGenerator(@, 1,
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rand);
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}

GaussianGenerator gge =

for (int n

=0
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new GaussianGenerator(@, W[3], rand);
;N < N; n++) {

X[n][@] = gg.nextValue();

X[n][1] = gg.nextValue(Q);

E[n] = gge.nextValue(Q);

Y[n] = W[@] + W[1] * X[n][@] + W[2] * Math.pow(X[n][1], 2) + E[n];

double[] getGradient() {
double[] grad = new double[4];

}

for (int n

double Z = Y[n] - eW[@] - eW[1] * X[n][@] - eW[2] * Math.pow(X[n][1], 2);

grad[0]

grad[1]

grad[2]

grad[3]
3

=0

+=
+=
+=
+=

;N < N; n++) {

Z / Math.pow(eW[3], 2);

X[n][@] * Z / Math.pow(eW[3], 2);
Math.pow(X[n][1], 2) * Z / Math.pow(eW[3], 2);
Math.pow(Z, 2) / Math.pow(eW[3], 3);

grad[3] -= N / eW[3];
return grad;

double[]J[] getInvHesse() {

}

double[][] Hesse =

for (int n

double Z = Y[n] - eW[@] - eW[1] * X[n][@] - eW[2] * Math.pow(X[n][1], 2);
Hesse[@][0] +=
Hesse[@][1] +=
Hesse[@][2] +=
Hesse[@][3] +=
Hesse[1][1] +=
Hesse[1][2] +=
Hesse[1][3] +=
Hesse[2][2] +=
Hesse[2][3] +=
Hesse[3][3] +=

ks

Hesse[3][3]
Hesse[1][0]
Hesse[2][0]
Hesse[3][0]
Hesse[2][1]
Hesse[3][1]
Hesse[3][2]

double[][] invHesse =

=0

+=

new double[4][4];
;N < N; n++) {

-1.0 / Math.pow(eW[3], 2);

-X[n][@] / Math.pow(eW[3], 2);

-Math.pow(X[n][1], 2) / Math.pow(eW[3], 2);

-2 * Z / Math.pow(eW[3], 3);

-Math.pow(X[n][@], 2) / Math.pow(eW[3], 2);

-X[n][@] * Math.pow(X[n][1], 2) / Math.pow(eW[3], 2);
-2 * X[n][0] * Z / Math.pow(eW[3], 3);
-Math.pow(X[n][1], 4) / Math.pow(eW[3], 2);

-2 * Math.pow(X[n][1], 2) * Z / Math.pow(eW[3], 3);
-3 * Math.pow(Z, 2) / Math.pow(eW[3], 4);

N / Math.pow(eW[3], 2);
Hesse[@][1];
Hesse[@0][2];

= Hesse[@][3];

Hesse[1][2];
Hesse[1][3];
Hesse[2][3];

new double[4][4];

RealMatrix mA = MatrixUtils. createRealMatrix(Hesse);
RealMatrix m = MatrixUtils.blockInverse(mA,Q);

for (int i

-0

for (int j

invHesse[1][j] =

}
}

; 1 < m.getRowDimension(); i++) {
= 0; j < m.getColumnDimension(); j++) {
m.getEntry(i, j);

return invHesse;

void runSteepest() {
printCurrentParam();
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115 while (true) {

116 double[] g = getGradient();

117 boolean flag = true;

118 for (int p = 0; p < W.length; p++) {

119 double delta = g[p] * eta;

120 eW[p] += delta;

121 if (Math.abs(delta) > cond) flag = false;
122 3

123 printCurrentParam();

124 if (flag) break;

125 3

126 3

127

128 void runNewton() {

129 printCurrentParam();

130 while (true) {

131 double[] g = getGradient();

132 double[][] invH = getInvHesse();

133 boolean flag = true;

134 double[] delta = new double[W.length];
135 for (int p = 0; p < W.length; p++) {

136 for (int g = 0; g < W.length; g++) {
137 deltalp] += invH[p]l[ql * glal;
138 }

139 if (Math.abs(delta[p]) > cond) flag = false;
140 3

141 for (int p = 0; p < W.length; p++) {

142 eW[p] += - delta[p] * etaNewton;

143 3

144 printCurrentParam();

145 if (flag) break;

146 3

147 3

148

149 void printCurrentParam() {

150 System.out.println(Arrays. toString(eW).replace("[","").replace("]",""));
151 3

152

153 public static void main(String[] args) throws IOException {
154 new MaximumLikelihood();

155 }

156 }

157
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