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Abstract Implementation vs. Concrete Implementation

abstract double getArea();
double[] sides;

Polygon | void grow() { ... }

Nble getPerimeter() { ... }

Rectangle Triangle

double getArea() { ... } double getArea() { ... }
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Abstract Class vs. Concrete Descendants

stract Jclass Polygon
sides;

\ Polygon (double[] sides) { this.sides = sides; }
7 M .
void grow () {

oL C for(int i = 0; i < sides.length; i ++) { sides[i] ++; }
aer,“ }
Tdouble getPerimeter() {
double perimeter = 0;
for(int 1 = 0; i < sides.length; i ++)
w perimeter += sides[i];

0
¥ }
return perimeter;
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public clagls Rectangle tends Polygon { PUbl}c e §§ Ixiiﬁﬁﬁ s POlygon
i Triangle(d S, , double side2, double side3) {
Rectangle (double lefigth, double width) { s ioweinex douk le 1l
super (new double[4]); - .

ides[0] = sidel; sides[l] = side2; sides[2] = side3;
sides[0] = length; sides[l ] = width; SRSl = Bonios snecelll] Sresty sndtElall S gred

}
sides[2] = length; sides| = width; double getarea() {

} /+ Heron’s formula =/
double { return 51de * side double s = getPerimeter() = 0.5;
} = Math.sqrt(

double area =

s x (s — sides[0]) * (s — sides[l]) * (s — sides[2]))
return area;

}
=
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double[] sides;

[Polzgon(double[] sides) { this.sides = sides;
void grow() {
for(int i = 0;

]

i < sides.length; i ++) { sides[i] ++;

ouble getPerimeter() {

double perimeter = 0;

for(int i = 0; i < sides.length; i ++)
perimeter += sides[i];

}

return perimeter;

{

abstract double getArea()q
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Polymorphic Collection oo meeime ©
i Polygon(double[] sides) { this.sides = sides; }
of Polygons

void' grow() {
for(int i = 0; i < sides.length; i ++) { sides[i] ++;
}

&@ ouble getPerimeter() {

tol polygons (1] mtronteef- o it S0 1
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perimeter += sides[i];
}

return perimeter;

}
abstract double getAreal();
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Polygonbol ectoﬁLEE Polygon¥oMector() ; )
col.addPolygon (new  ymoz

col.addPolygon (new Triangle(3, 4, 5)); + polymorphism *
$Fystem.out.printin(col.polygons[0]. getPerimeter ()); /

PSystem.ou rintln(col.polygons[l]. getPerimeter ());

Sys 7 .println(col.polygons([0]. getPerimeter ()); Tﬂangw
tﬁﬁystem.out.println(col.polygons[l]. getPerimeter ()); sides

public class PolygonCollector {
Polygon[] polygons;
int numberOfPolygons;
PolygonCollector() { polygons = new Polygon[10]; }
void addPolygon (Polygon p) {
polygons[numberOfPolygons] = p; numberOfPolygons ++;

}
void/growAll ( {
for (1 1< 0; 1 < numberQfPolygons; i ++) {

(%olygons[i].gfgw();j]
}
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Po morphlc Return Value of Polygons

&N

Polygfp AConstructor con
pbdouble [ ] {23

new PolygonConstr

recSides
s(=tere e ()

te rintln(p VA
con(grow( p) ) -
Systém.out” println(plgetPerimeter ()

System.out.println(p.(getAreal));

double[] (3, %, 57

triSides
System.
System.
System.
System.
System .
conggrow( p )

out.println(p instanceof Triangle);
out.println(p.getPerimeter

intln(pfgetAreal)) ;

out.println(p instanceof Rectangle);
> _TOSTanceot o g é
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)I /*

/% 6.0 */

Sys

System.out.printlnfpfinstancedf (Po vo
System.out. prlntln(bnstanceof Rectle),
System.out. prlntln);
System.out.println(p.getPerimeter()); /x 14.0 =/
Sys (pdGECAEEAN() ); /* 12.0 */

AT, B on. getPolygon (triSides) ;
= N"’g"\;f‘ e e STl
out.println(p_instanceof Polygon);
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Ipublic abstract class Polygon {
double[] sides;

Polygon (double[] sides)
void grow() {

{ this.sides sides; }

for(int i = 0; i < sides.length; i ++) { sides[i] ++; }
}
double getPerimeter() {

double perimeter = 0;

for(int i = 0; 1 < sides.length; i ++) {

perimeter += sides[i];
}
return perimeter;
}
abstract double' getAreal() ;

pubdicTRass PolygonConstructor {

=

Q
QPolzg fgetPolygonldouble[] .s.l-éés
7 Polyg =

glf ides.length == {
i als d 0 d des|[2
ﬁp new Trianglé(sides[0], sides[1l ], sides[2])

7|_/
else J.f(f_lde;slengt == 4) {
P)= new Rectangle(sides[0]1,
—_—
} >
return p;

}
void grow(Polygon p)
}

5

sides[1]);

{ p.grow(); }




Representations of 2-D Points: Cartesian vs. Polar
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Cartesian vs. Polar: Example

)
Recall: @ C)and €0s309 = ; C
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We consider the same pomt represented differently as:

e r=2a,=230° [ polar system |
e x=2a-c0s30°=a-\/3, y=2a-sin30° =a [cartesian system ]
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interface Point {
double getX()
double getY()

/ implements

~e

~e

implements

Point
PolarPoint
r 10
phi 209
double x;
double y;

CartesianPoint (double
this.x = x;
this.y = y;
}
public double getX()
public double getY()

public class (CartesianPoint implements @oint {

double phi;

double r;

x, double y) {
this.r = r;
this.phi = phi;

}

public double getX()

public double getY()

{ return x; }
{  return y; }

}

public PolarPoint (double r,

Ipublic class PolarPoint implements @oint) {

{ return Math.cos(phi)
{ return Math.sin(phi)

double phi)
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2a - 5in30° = E|
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print(" (" + p-ietx()‘ _ll_a" ") "),
plc jnew PolarPoint (2 * A, 2283 » /
print(" (n + =8 getX() AL n, I B getY() ) u) n),. /

2a - c0s30° a- ‘P




