Animating Algorithms

publ i c abstract class Al gorithmAni mat or
ext ends DBAni mati onAppl et {
/' the hook method
abstract protected void algorithm);
/'l the template method
public void run() {

al gorithm);

final protected void pause() {
if (Thread.current Thread() ==
ani mati onThread) {
try {
Thr ead. sl eep(del ay);
} catch (InterruptedException e) {}
repaint();
}
}
}

J\nimating Sorting Algorithms

+ A screen shot

» straightforward implementation
»single class
» support different algorithms

Animating Sorting Algorithms |
i nport java.awt.*;
public class Sort extends Al gorithmAni mator {

<Method scranbl e() >
<Method pai nt Frame() >
<Method bubbl eSort () >
<Method qui ckSort () >
<Method i ni t Ani mat or () >
<Method al gorithm() >
<Method swap() >

/' the array to be sorted
protected int arr[];
/| the name of the algorithm to be animated
protected String al gNane;

Scramble

protected void scranmble() {
arr = new int[getSize().height / 2];

for (int i =arr.length; --i >=0;) {
arr[i] =1i;
S |
for (int i = arr.length; --i >=0;) {
int j = (int)(i * Math.randon());
swap(arr, i, j);
}
}
private void swap(int a[], int i, int j) {
int T,

\ T =al[i]; a[i] = a[j]; a[j] =T,




Visualize the Array

protected void paintFrame(G aphics g) {
D nension d = getSize();
g.setCol or (Col or.white);
g.fillRect (0, 0, d.width, d.height);
g. set Col or ( Col or. bl ack);
int y = d.height - 1;
double f = d.width / (double) arr.|ength;
for (int i = arr.length; --i >=0; y -=2) {

g.drawLi ne(0, vy, (int)(arr[i] * f), vy);

}

}

Sorting Algorithms

protected void bubbleSort(int a[]) {
for (int i = a.length; --i >=0; )
for (int j =0; j <i; j++) {
if (alj] > a[j+1]) {

swap(a, j, J + 1);
pause();
}
}
protected void quickSort(int a[]) { ... }

Let The Action Begin

protected void initAnimtor() {
al gNane = "Bubbl eSort";
String at = getParaneter("alg");
if (at !'= null) {
al gNane = at;

ietEEIay(ZO);
scranbl e();

}

protected void algorithnm() {
if ("BubbleSort".equal s(al gNane)) {
bubbl eSort (arr);
} else if ("QuickSort".equal s(al gNane)) {
qui ckSort(arr, O, arr.length - 1);
} else {
bubbl eSort (arr);

}

| Separate the Algorithms
different algorithms interchangeable
components.

» Adding and changing algorithms will have little
impact on the animation mechanism.




The Abstract Algorithm

abstract public class SortAlgorithm {
abstract void sort(int a[]);
private Al gorithmAni mat or ani mator;
protected Sort Al gorithn({Al gorithmAni mat or
ani mator) {
t hi s. ani mat or = ani mat or;

protected void pause() {
if (animator !'= null)
ani mat or . pause();

protected static void swap(int af],
int i, int j) {
i nt T;_ _ _ _
T =ali]; a[i] =a[j]; a[j] =T,

A Concrete Algorithm

publ i ¢ cl ass Bubbl eSort Al gorithm ext ends
Sort Al gorithm {
public void sort(int a[]) {
for (int i = a.length; --i >=0; ) {
for (int j =0; j <i; j++) {
it (alj] > alj+1]) {
swap(a, j, ]+1);

pause() ;

}
}

publ i ¢ Bubbl eSort Al gorit hn{ Al gorit hmAni mat or
ani mator) {
super (ani mat or) ;
}
}

) Using A Factory

The Abstract Algorithm Factory

public interface Al gorithnfFactory {
public SortAl gorithm
makeSort Al gorithn(String al gNane) ;




A Concrete Algorithm Factory

public class Stati cAl goFactory
i mpl enments Al gorithnFactory {
public StaticAl goFactory(Al gorithmAni mat or
ani mator) {
thi s.ani mator = ani mat or;

}
public SortAl gorithm makeSort Al gorithny
String al gNane) {
i f ("BubbleSort". equal s(al gNane)) {
return new Bubbl eSort Al gorithn{ani mat or);
} else if ("QuickSort".equal s(al gNane)) {
return new Qui ckSort Al gorithn(ani mator);
} else {
return new Bubbl eSort Al gorithn{ani mat or);
}

}

protected Al gorithmAni mat or ani mator;

}

Sorting Algorithm Animation 11

public class Sort2 extends Al gorithmAni mator ({
protected Sort Al gorithmtheAl gorithm
protected Al gorithnfactory al gorithnfactory;

protected void initAnimator() {
al gNane = "Bubbl eSort";
String at = getParaneter("alg");
if (at !'= null) {
al gName = at;
}
al gorithnfFactory =
new St ati cAl goFactory(this);
theAl gorithm =
al gorit hnfFact ory. makeSort Al gori t hn{ al gNane) ;
set Del ay(20);
scranbl e();

Sorting Algorithm Animation Il (cont'd)

(class Sor t 2 continued.)

protected void al gorithn() {
if (theAlgorithm!= null)
theAl gorithmsort(arr);

}

protected void scranble() {
<same as scr anbl e() inSort >
}

protected void paint Frame(G aphics g) {
<same as pai nt Frane() in Sort >
}

protected int arr[];
protected String al gNane;

SegLarate the Display Component




Sor t D spl ay Design Option 1

*Very small interface

public interface SortDisplay {
public void display(int a[], G aphics g,
Di nensi on d);
}

* Minor changes to the main class.
The pai nt Franme() method becomes:

public void paint Frame(G aphics g) {
t heDi spl ay. di splay(arr, g, getSize());
}

Sort Di spl ay Design Option 1 (cont'd)

Problems:
+» Strong coupling between the main class and the
implementations of Sort Di spl ay.
» Limited flexibility.
* What about drawing lines vertically?
» What about drawing lines of 3 pixels wide?

Sort Di spl ay Design Option 2
»Include scr anbl e() inthe Sort Di spl ay

public interface SortDi splay {
public void scranble(int a[], D nmension d);
public void display(int a[], G aphics g,
D nensi on d);
}

» The scr anbl e() method in the main class
becomes:

voi d scranmble() {
t heDi spl ay. scranbl e(arr, getSize());

}

Sor t D spl ay Design Option 2 (cont'd)

+ The coupling between the main class and the
implementations of Sor t Di spl ay is reduced.

» The methods of Sor t Di spl ay are not very
cohesive.

» Scrambling is quite independent from displaying.

» The only interdependence between the two
methods are --- the array size.




Sort Di spl ay Design Option 3
»The Sor t D spl ay interface

public interface SortDisplay {
public int getArraySi ze(D nmension d);
public void display(int a[], Gaphics g,
D mensi on d);

}

+»The scranbl e() method in the main class
becomes:

voi d scranble() {
int n = theDi splay.getArraySi ze(get Si ze());
arr = new int[n];
/'l scramble the numbersin arr[0..(n-1)]

}

Animating Sorting Algorithms 111

public class Sort3 extends Sort2 {

protected SortDi splay theDi splay;
protected SortDi spl ayFactory di spl ayFactory;

protected void initAnimator() {
String att = getParaneter("dis");
di spl ayFactory =
new St ati cSortDi splayFactory();
t heDi splay =
di spl ayFactory. makeSort Di spl ay(att);
super.initAni mator();

Animating Sorting Algorithms 111 (cont'd)
(class Sor t 3 continued)
protected void scranble() {

int n = theDi splay.getArraySi ze(getSize());
arr = newint[n];

for (int i = arr.length; --i >= 0;)
arr[i] =1i;

for (int i = arr.length; --i >=0;) {
int j = (int)(i * Math.random());
Sort Al gorithm swap(arr, i, j);

}

}

protected void paintFrame(G aphics g) {
t heDi spl ay. di splay(arr, g, getSize());
}

Display Strategies




