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public static Polynomial make(double[] coeff) AN ImpPoly
throws PolyNotSupportedException { coeff : double[] = null
int degree = 0; ) . <<static>> add( : double[], : Polynomial) : Polynomial
fqr(lnt = _coeff.length-l; i>=0;--) { <<static>> neg( : double[]) : Polynomial
if( coeff[i] !=0.0D ) { <<static>> toString() : String
degree = i; <<static>> sub( : double[], : Polynomial) : Polynomial
break; .
} \
\
} \\
if( degree >=3){ static Polynomial neg(double[] coeff)
throw new PolyNotSupportedException(3); throws PolyNotSupportedException{
}
double[] negCoeff = new double[coeff.length];
double[] coefficients = new double[degree+1]; for(int i=0; i <= coeff.length-1; ++i) {
for(inti = 0; i <= degree; ++i) { negCoeff[i] = -coeff]i];
coefficients[i] = coeff[i]; }
} return PolynomialFactory.make(negCoeff);
}
if(degree == 2) {
return new Polynomial_2(coefficients);
}
if(degree == 1) {
return new Polynomial_1(coefficients);
}
return new Polynomial_0O(coefficients);
}




}

public double[] solve() {
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private void reducePon()“\throws PolyNotSupportedException{
reducedPolynomial = InsPolynomial.sub(rhsPolynomial);
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return reducedPolynomial.realRoots();
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package pol yDeno;
i mport pol ynom al s. *;

public class Cient {
public static void main(String[] args) throws

Pol yNot Support edExcepti on{
doubl e[] coeff = new doubl e[ 5];

Systemout.println("---- clone test ----- "
coeff[0] = 0.1D
coeff[1] = -2.0D
coeff[2] = 8.0D
coeff[3] = 0.0D
coeff[4] = 0.0D

Pol ynom al polyl
Pol ynom al pol y2

Pol ynom al Fact ory. nake(coeff);
(Pol ynom al) polyl.clone();

Systemout. println("polyl: "+polyl);
Systemout. println("poly2, clone of polyl: "+poly2);

Systemout.println("---- subtraction test ----- ");
coeff[0] = 0.2D
coeff[1] = -2.1D
coeff[2] = 8.0D
coeff[3] = 0.0D

Pol ynom al pol y3
Pol ynom al pol y4

Pol ynom al Fact ory. nake(coeff);
pol y1. sub(pol y3);

Systemout. println("polyl: "+polyl);
Systemout. println("poly3: "+poly3);
System out. println("polyl-poly3: "+poly4);

Systemout.println("---- equation creation testl ----- ");

Systemout.println("polyl :"+polyl);

Systemout. println("poly3: "+poly3);

Equati on eq = new Equation(polyl, poly3);

System out. println("Equation, polyl = poly3: "+eq);

System out. printl n("Reduced poly of equation polyl-poly3:
"+eq. get ReducedPol y());

Systemout.println("---- equation creation test2 ----- ");
Systemout. println("polyl: "+polyl);

eq = new Equation(pol yl);
Systemout. println("Equation, polyl = 0: "+eq);




System out. println("Reduced poly of equation polyl = O:
"+eq. get ReducedPol y());

Systemout.println("---- roots testl ----- ");
coeff[0] = 1.0;

coeff[1] = -2.0D

coeff[2] = 1.0D;

pol y1 = Pol ynom al Fact ory. nake(coeff);
Systemout. println("polyl: "+polyl);
doubl e[] roots = pol yl.real Roots();
Systemout.print("Roots of polyl are:");

if(roots !'= null)
{
for(int i =0; i <roots.length; ++i) {
Systemout.print(roots[i]);
}
} else {
Systemout.println("polyl has no roots");
}
Systemout.println("---- roots test2 ----- ");
coeff[0] = 1.0;
coeff[1] = 2.0D;
coeff[2] = 4.0D,

pol y1 = Pol ynom al Fact ory. nake(coeff);
Systemout. println("polyl: "+polyl);
roots = polyl.real Roots();

Systemout. print("Roots of polyl are:");

if(roots '= null)
{
for(int i =0; i <roots.length; ++i) {
Systemout.print(roots[i]);
}
} else {
Systemout.println("polyl has no roots");
}

package pol ynom al s;

public final class Equation {

private Pol ynom al | hsPolynom al = null;
private Pol ynom al rhsPolynom al = null;
private Pol ynom al reducedPol ynom al = null;

publ i c Equation(Pol ynom al |hs, Polynom al rhs) throws

Pol yNot Support edExcepti on{
(Polynom al) I hs.clone();
(Pol ynom al) rhs.clone();

| hsPol ynomi al
r hsPol ynomi al
reducePol y();




}

publ i c Equati on(Pol ynom al |hs) throws Pol yNot SupportedExcepti on{
| hsPol ynom al = (Polynom al) |hs.clone();
doubl e[] rhsCoeff = new doubl e[1];
rhsCoeff[0] = 0.0D
rhsPol ynom al = Pol ynomi al Fact ory. make(rhsCoeff);
reducedPol ynonmi al = (Pol ynom al) | hsPol ynom al . cl one();

}

public Equation() throws Pol yNot SupportedExcepti on{
doubl e[] coeff = new doubl e[ 1];
coeff[0] = 0.0D
| hsPol ynomi al
r hsPol ynomi al
r educedPol ynom a

Pol ynom al Fact ory. nake(coeff);
Pol ynom al Fact ory. nake(coeff);
| = Pol ynom al Fact ory. make(coeff);

}

public void setLhs(Polynom al |hs) throws Pol yNot Support edExcepti on{
| hsPol ynom al = (Polynom al) |hs.clone();
reducePol y();

}

public void set Rhs(Pol ynom al rhs) throws Pol yNot Support edExcepti on{
rhsPol ynom al = (Polynom al) rhs.clone();
reducePol y();

}

public Pol ynonm al get ReducedPol y() {
return (Pol ynom al) reducedPol ynom al . cl one();

}

public String toString() {
String outString = "["+l hsPol ynom al +" = "+r hsPol ynom al +"]";
return outString;

}

public doubl e[] solve() {
return reducedPol ynom al . real Root s();

}

private void reducePol y() throws Pol yNot SupportedExcepti on{
reducedPol ynom al = | hsPol ynom al . sub(rhsPol ynom al ) ;

}

package pol ynom al s;

public interface Polynom al extends O oneabl e{
public int degree();
public Object clone();
public Pol ynom al add(Pol ynom al pol yToAdd) t hrows
Pol yNot Support edExcepti on
public Pol ynom al sub(Pol ynom al pol yToAdd) t hrows
Pol yNot Support edExcepti on



public Polynonm al neg() throws Pol yNot SupportedException
publ i c doubl e[] get Coeff();
public doubl e[] real Roots();

package pol ynom al s;
final class Polynom al_O inplenments Pol ynom al {
private double[] coeff = new doubl e[ 1];

private Polynomal _0() {
super () ;

}

Pol ynom al _0(doubl e[] coeff) {
this.coeff = coeff;

}

public int degree() {
return coeff.length-1

}

public doubl e[] getCoeff () {
return (double[]) coeff.clone();

}

public Pol ynom al add(Pol ynom al pol yToAdd)
t hr ows Pol yNot Support edExcepti on{
return I npl Poly. add(coeff, pol yToAdd);

}

public Pol ynom al sub(Pol ynom al pol yToSub)
t hr ows Pol yNot Support edExcepti on{
return add( pol yToSub. neg() );

}

public Pol ynonm al neg() throws Pol yNot SupportedException {
return I npl Poly. neg(coeff);

}

public doubl e[] real Roots() {
return null;

}

public String toString() {
return Inmpl Poly.toString(coeff);

}
public Cbject clone() {
try {
return super.clone();

}
catch (Cl oneNot Support edException e) {



/1 we shoul d never reach here since Polynoni al extends
/1 O oneable
return null;

}
}

package pol ynom al s;
final class Polynomal _1 inplenents Pol ynom al {
private double[] coeff = null

private Polynomal _1() {
super () ;

Pol ynom al _1(doubl e[] coeff) {
this.coeff = (double[])coeff.clone();

}

public int degree() {
return coeff.length-1

}

public doubl e[] getCoeff () {
return (doubl e[]) coeff.clone();

}

public Pol ynom al add(Pol ynom al pol yToAdd)
t hr ows Pol yNot Support edExcepti on{
return I npl Poly. add(coeff, pol yToAdd);

}

public Pol ynom al sub(Pol ynom al pol yToSub)
t hr ows Pol yNot Support edExcepti on{
return add( pol yToSub. neg() );

}

public Pol ynonm al neg() throws Pol yNot SupportedException {
return I npl Poly. neg(coeff);

}

public doubl e[] real Roots() {
doubl e[] root = new double[1];
root[0] = -coeff[0]/coeff[1];
return root;

}

public String toString() {
return Inmpl Poly.toString(coeff);

}

publ i c Cbject clone() {
try {



return super.clone();

}

catch (Cl oneNot Support edException e) {
/1 we shoul d never reach here since Polynoni al extends
/1 C oneable
return null;

}
}
}

package pol ynom al s;
final class Polynom al _2 inplenents Pol ynom al {
private double[] coeff = null

private Polynomal _2() {
super () ;

}

Pol ynom al _2(doubl e[] coeff) {
this.coeff = coeff;

}

public int degree() {
return coeff.length-1

}

public doubl e[] getCoeff () {
return (double[]) coeff.clone();

}

public Pol ynom al add(Pol ynom al pol yToAdd)
t hr ows Pol yNot Support edExcepti on{
return I npl Poly. add(coeff, polyToAdd);

}

public Pol ynom al sub(Pol ynom al pol yToSub)
t hr ows Pol yNot Support edExcepti on{
return add( pol yToSub. neg() );

}

public Pol ynonm al neg() throws Pol yNot SupportedException {
return I nmpl Poly. neg(coeff);

}

public doubl e[] real Roots() {
doubl e det = coeff[1]*coeff[1]-4.0D*coeff[2]*coeff[0];

if(det == 0.0D) {
doubl e[] root = new double[1];
root[0] = -0.5D*coeff[1]/coeff[2];
return root;

}
if(det > 0.0D) {
doubl e[] root = new doubl e[ 2];




doubl e sqrtDet = Math.sqrt(det);

root[0] = -0.5D*(coeff[1] +sqgrtDet)/coeff[2];
root[1] = 0.5D*(-coeff[1] +sqgrtDet)/coeff[2];
return root;

}

return null;

}

public String toString() {
return I nmpl Poly.toString(coeff);

}

publ i c Cbject clone() {

try {
return super.clone();

}

cat ch (Cl oneNot Support edException e) {
/1 we shoul d never reach here since Polynoni al extends
/1 O oneable
return null;

}

}
}

package pol ynom al s;
final class InplPoly {
static String toString(double[] coeff){
String outString = "Degree: "+(coeff.length-1)+", Paraneters:
for (int i =0; i <= coeff.length-1; ++i) {
outString = outString+coeff[i];

if(i '=coeff.length - 1) {
outString = outString +",
}

}

return outString;

}

static Pol ynom al add(doubl e[] coeff, Polynom al pol yToAdd)
t hr ows Pol yNot Support edExcepti on{

doubl e[] pol yToAddCoeff = pol yToAdd. get Coeff ()
doubl e[] Il arge nul | ;

doubl e[] small nul | ;
i f(coeff.length >= pol yToAddCoeff. | ength) ({

| arge = coeff;

smal | = pol yToAddCoeff;
}
el se {

| arge = pol yToAddCoef f;




smal |l = coeff;

}
doubl e[] addCoeff = (double[]) |arge.clone();
for(int i=0; i <= small.length-1; ++i) {

addCoef f[i] = addCoeff[i]+small[i];

return Pol ynom al Fact ory. make(addCoeff);

}

static Pol ynom al neg(doubl e[] coeff)
t hr ows Pol yNot Support edExcepti on{

doubl e[] negCoeff = new doubl e[ coeff.length];
for(int i=0; i <= coeff.length-1; ++i) {
negCoeff[i] = -coeff[i];

return Pol ynom al Fact ory. make( negCoeff);

package pol ynom al s;
public final class Polynom al Factory ({

public static Polynom al make(doubl e[] coeff) throws
Pol yNot Support edException {

i nt degree = 0;

for(int i = coeff.length-1; i >=0; --i) {
if( coeff[i] !'=0.0D) {
degree = i;
br eak;
}
}

if( degree >= 3 ) {
t hr ow new Pol yNot Support edExcepti on(3);
}

doubl e[] coefficients = new doubl e[ degree+1];
for(int i = 0; i <= degree; ++i) {
coefficients[i] = coeff[i];

}

i f(degree == 2) {
return new Pol ynom al _2(coefficients);

}
i f(degree == 1) {
return new Pol ynom al _1(coefficients);

}

return new Pol ynom al _0O(coefficients);



package pol ynom al s;
public class Pol yNot Support edExcepti on extends Exception{

Pol yNot Support edException(int degree) {
super (" [Ploynom als with degree >= "+degree+" not supported]");

---- clone test -----

pol yl: Degree: 2, Paraneters: 0.1, -2.0, 8.0

poly2, clone of polyl: Degree: 2, Paraneters: 0.1, -2.0, 8.0
---- subtraction test -----

pol yl: Degree: 2, Paraneters: 0.1, -2
pol y3: Degree: 2, Paraneters: 0.2, -2
pol y1-pol y3: Degree: 1, Paraneters: -
---- equation creation testl -----

pol yl1 : Degree: 2, Paraneters: 0.1, -2.0, 8.0

pol y3: Degree: 2, Paraneters: 0.2, -2.1, 8.0

Equation, polyl = poly3: [Degree: 2, Paraneters: 0.1, -2.0, 8.0 =
Degree: 2, Paraneters: 0.2, -2.1, 8.0]

Reduced poly of equation polyl-poly3: Degree: 1, Paraneters: -0.1,

0. 10000000000000009

---- equation creation test2 -----

pol yl: Degree: 2, Paraneters: 0.1, -2.0, 8.0

Equation, polyl = 0: [Degree: 2, Paraneters: 0.1, -2.0, 8.0 = Degree
0, Paraneters: 0.0]

Reduced poly of equation polyl = 0: Degree: 2, Paraneters: 0.1, -2.0,
8.0

---- roots testl -----

pol yl: Degree: 2, Paraneters: 1.0, -2.0, 1.0

Roots of polyl are:1.0

---- roots test2 -----

pol yl: Degree: 2, Paraneters: 1.0, 2.0, 4.0

Roots of polyl are:polyl has no roots

0, 8.0
1, 8.0

0.1, 0.10000000000000009



