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JETT, Hendrix College, August 6-7, 2004 Friday schedule

This schedule is likely to compress and stretch as we see what’s

Staff going on.
Carl Burch Conway, Arkansas 11:00 Welcome
Cheri Burch Albuquerque, New Mexico 11:15  lunch
Dwayne Collins  Conway, Arkansas 12:15 Introduction to OOP (Carl)
Zach Collins Conway, Arkansas object concept, writing classes, strings
Gabe Ferrer Conway, Arkansas Exercise: Mouse follower
1:50 break
Participants 2:00 Classdesign (Carl)
Gini Cocanower  Conway, Arkansas subclasses, protection levels
Paul Foster Benton, Arkansas 2:50  break
Neal Gibson Yellville, Arkansas 3:00 Arrays(Gabe)
Cindy Hanchey ~ Shawnee, Oklahoma arrays (1D and 2D)
Dale Hanchey Shawnee, Oklahoma Exercise: Image processing
Anne Melancon  Baton Rouge, Louisiana 4:20  break
Kathleen Weaver Dallas, Texas 4:30  Java collections (Gabe)
java.util classes, interfaces, wrapper classes
sponsored by 5:30 dinner (at restaurant)_
________ 7:00 Laboratory: DNA testing
PRXCG, 9:00 retire
p e*@“@@o‘% (It may well be that we go well ahead of schedule. If this
n 1876 ‘“ Aqm occurs, we’ll move the 9:30 session Saturday to before dinner,
WO, S and we’ll insert in its place on Saturday a session about files
By topa 050

and exceptions.)
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Saturday schedule

8:00
8:30

9:20
9:30

10:20
10:30

11:35
11:45
12:30
1:30
2:00
4:00

breakfast (you can go to house or classroom)
Tying up loose ends (Gabe)

abstract classes/methods, class methods/variables,
Console 1/0O, exceptions

break

AP data structures (Gabe)

Stack, Queue, PriorityQueue, ListNode, TreeNode
big-O analysis

Exercise: Building PriorityQueue

break

Swing basics (Carl)

Exercise: Minesweeper field

break

Diversity in computer science (Cheri)

lunch (and evaluation)

Drawing program overview (Carl)

Laboratory: Drawing program

workshop done




Introduction to OOP

Java development environments

J2SE (formerly called the SDK) is the basic command-line
system. It is produced by Sun, and distributed at no charge.
Most other development environments are built on top of J2SE,
so you’ll probably need it even if you don’t use the command
line in your class. You can download it from

j ava. sun. com

There are several freely available Java development envi-
ronments designed specifically for introductory programming
classes. All are maintained by colleges and are available at no
charge. They are very different from each other, and all have
strong supporters.

Bluel www. bl uej . org  University of Kent, et. al.

JGrasp www. j grasp. org Auburn University
Dr.Java drjava.org Rice University

If you go beyond AP programming, you may want a more
professional IDE. Here are some of the alternatives.

Eclipse wWww. ecl i pse.org  open source
JCreator www. j creat or.com XINOX Software
JEdit ww. jedit.org open source
NetBeans www. net beans. org open source

Class documentation

These classes constitute a library that | wrote for introducing
programming to students. You will be able to download it, and
all other code used in this class, from

www. cburch. coml proj/jett

2 Introduction to OOP

Class Canvas

Canvas()
(Constructor method) Creates a Canvas, 200 pixels wide
and 200 pixels tall.

ClassChassis

Chassi s()
(Constructor method) Creates a Chassis facing east. This
chassis will not appear until it is placed on a canvas via
the pl ace method.

voi d nmove(doubl e di st)
Moves this chassis forward di st pixels, in this robot’s
current direction.

voi d place(Canvas ¢, double x, double y)
Places this chassis at the coordinates (x,y) of the can-
vas. Example coordinates include (0, 0) for the top left
corner, (200, 0) for the top right corner, and (100, 100)
for the canvas’s center.

voi d turnRi ght (doubl e degrees)
Turns this chassis right (clockwise) by the given angle.

voi d turnLeft (doubl e degrees)
Turns this chassis left (counterclockwise) by the given
angle.

voi d renove()
Removes this chassis from the current canvas.

Class MouseTracker

MouseTr acker ()
(Constructor method) Creates a MouseTracker. This must
be attached to a Chassis (via the at t ach method) be-
fore it can be useful.

voi d attach(Chassis chassis)
Attaches this tracker to the given chassis.

voi d detach()
Detaches this tracker from the current chassis.

doubl e get Angl e()
Returns the angle (in degrees, clockwise) between the
chassis’s current direction and the direction from the
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chassis to the current mouse location in the chassis’s
canvas.

doubl e get Di st ance()
Returns the distance between the chassis and the current
mouse location in the chassis’s canvas.

Class Pen

Pen()
(Constructor method) Creates a Pen. This must be at-
tached to a Chassis (via the at t ach method) to be ef-
fective.

voi d attach(Chassis chassis)
Attaches this pen to the given chassis. If the chassis

already has a pen attached, nothing happens.

voi d detach()
Detaches this pen from the current chassis.

voi d drop()
Drops the pen so that it will draw. This is the default
when a pen is created.
void lift()
Lifts the pen so that it does not draw when moved.
void setColor(int red, int green, int

bl ue)
Sets the pen’s color to the given color components. Each

color component should be an integer between 0 and
255.

Class Voice
Voi ce()
(Constructor method) Creates a Voice.

voi d attach(Chassis chassis)
Attaches this voice to the given chassis. Being attached

to a chassis has two minor effects: The chassis’s picture
will appear in any dialog boxes displayed, and any di-
alog boxes will appear centered on the chassis’s canvas
(if it has been added to a canvas).

voi d detach()
Detaches this voice from the current chassis.

4 Introduction to OOP

void notify(String nessage)
Displays the given message to the user.
doubl e request Doubl e()
Returns a double value typed by the user.

doubl e request Doubl e(Stri ng pronpt)
Asks the user for a double value using the given prompt

and returns the value typed.

int requestlint()
Returns an integer value typed by the user.

int requestint(String pronpt)
Asks the user for an integer value using the given prompt

and returns the value typed.

String requestString()
Returns a string typed by the user.

String requestString(String pronpt)
Asks the user for a string using the given prompt and
returns the value typed.

Code examples

Class TriangleRobot

public class Triangl eRobot {
/**
* (Constructor) Creates a Triangl eRobot.
*/
public Triangl eRobot() { }

/**
* Places a robot’s chassis into canvas, tells
* the robot to nove in a triangle, and then
* renpoves the chassis
*/
public void runTriangl e(Canvas canv) {
Chassi s wheel s;
wheel s = new Chassi s();
wheel s. pl ace(canv, 100, 50);
wheel s. t ur nRi ght (60);
wheel s. move(100);
wheel s. t urnRi ght (120);
wheel s. move(100);



Introduction to OOP 5

wheel s. turnRi ght (120);
wheel s. nove(100);
wheel s. remove();

Class PolygonRobot

public class Pol ygonRobot {
private Chassis wheels;
private Pen pen;
private Voice voi ce;

/**
* (Constructor) Creates a Pol ygonRobot .
*/
publ i ¢ Pol ygonRobot () {
wheel s = new Chassi s();
pen = new Pen();
voi ce = new Voi ce();
pen. att ach(wheel s);
voi ce. att ach(wheel s);

}

/**
* Asks the user for an integer and then uses
* this robot to trace a polygon with that nunber
* of sides. After finishing, the robot renoves
* itself fromthe canvas.
*/
public void tracePol ygon(Canvas canv) {
doubl e radi us;
radi us = 50.0;
wheel s. pl ace(canv, 100, 100 + radi us);
int sides;
sides = voice.requestint();
doubl e si de_| engt h;
side_length = 2 * 3.1415 * radius / sides;
doubl e turn_degrees;
turn_degrees = 360.0 / sides;

wheel s. turnLeft(turn_degrees / 2);
int sides_drawn;

si des_drawn = 0;

whi | e(si des_drawn < sides) {

6 Introduction to OOP

wheel s. nove(si de_| ength);
sides_drawn = sides_drawn + 1;
wheel s. turnLeft (turn_degrees);

}
wheel s. remove();
}
}
Assignment

Using the MouseTracker and Chassis classes, write a Mouse-
Follower robot with a r un method in which the chassis re-
peatedly moves toward the mouse cursor. This method will
not complete.
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Image Processing

Image processing can be used in many situations, including
applications such as automatically identifying defects on a fac-
tory’s conveyor belt, targeting missiles, or enhancing TV foot-
ball broadcasts with a yellow line on the field illustrating where
the first down will be.

We have provided a program that loads an image for view-
ing from a file. Your job is to write code to transform this im-
age into another image. This code will use two classes, whose
important methods are described below.

Class | mageBuffer

Pixel [][] getPixel s()
Returns a two-dimensional array of pixels, in row-major
order; that is, element [i ][] ] is the jth pixel in the
ith row of the image. Note that this does not follow
the conventional Cartesian ordering: The y-coordinate
is first.

Class Pixdl

Pi xel (int red, int green, int blue)
(Constructor) Creates a Pixel with the given red, green,
and blue components. Each component should be an
integer between 0 and 255.

i nt getRed()

Returns this pixel’s red component, an integer between
0 and 255.

int getGeen()

Returns this pixel’s green component, an integer between
0 and 255.

8 Arrays

int getBlue()
Returns this pixel’s blue component, an integer between
0 and 255.

Example

Your code will go into the ImageTransform class. We have
already provided one transformation, which converts a color
image into gray-scale. It does this by taking each pixel, find-
ing the average of the color components, and creating a pixel
where all color components equal this average.

1 /** Returns a two-dinensional array of pixels
2 * representing the image resulting froma

3 * transformation of the inmage in the | mageBuffer.

4 */
5 public Pixel[][] transforml(l mageBuffer ing) {

6 Pixel[][] pix = ing.getPixels();
7 i nt height = pix.length;
8 int width = pix[0].Ilength;
9 Pixel[][] buf = new Pixel[height][w dth];
10 for(int y = 0; y < height; y++) {
11 for(int x = 0; x < wdth; x++) {
12 Pixel p = pix[y]l[x];
13 int gray = (p.getRed() + p.getGeen()
14 + p.getBlue()) / 3;
15 buf [y][x] = new Pi xel (gray, gray, gray);
16 }
17 }
18 return buf;
19 }
Exercise 1

Write the t r ansf or n2 method to convert a grayscale image
to a black-and-white image. You can do this by applying a
“threshold,” where you color white any pixel whose brightness
is above 127, and any other pixel you color black. You need
only look at the red component of the pixel to determine its
brightness; since it will be a grayscale image, the other color
components will match it.
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Exercise 2

Write the t r ansf or n8 method to detect lines in a grayscale
image. To do this, for each pixel you should do the following:

1. Compute z as the result of applying a mask to the pixel,
illustrated as follows:

This mask represents that you should compute —1 times
the brightness of the pixel just above and to the left of
the current pixel, plus —2 times the brightness of the
pixel just above the current pixel, plus —1 times the
brightness of the pixel just above and to the right of the
current pixel, plus.... Again, since this is grayscale,
each color component of the pixels will be the same,
and so you can get the brightness of a pixel by looking
at its red component alone.

2. Compute y as the result of applying the following mask

to the pixel:
-1 1
-2 2
-1 1

3. Place into the resulting image a gray pixel whose bright-
ness is |z| + |y|.

10
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12 Java collections

Java collections 34 /1 Double each el ement
35 for(int i =0; i < b.size(); ++i) {
36 Integer el = (Integer) b.get(i);
37 b.set(i, new Integer(el.intValue() * 2));
38 }
Class CollectionExample .
39 /1 Print them out
1 inport java.util.*; 40 for(lterator i = b.iterator(); i.hasNext();) {
41 Integer val = (Integer) i.next();
2 public class CollectionExanple { 42 Systemout.print(val + " ");
3 public static void run() { 43 }
4 /1 Casting up and down the Cbject hierarchy 44 Systemout.println();
5 String s = "fred";
6 bj ect obj = s; 45 /1 An alternative:
7 String t = (String) obj; 46 for(lterator i = b.iterator(); i.hasNext();) {
8 Systemout.println(t); 47 Systemout.print(i.next() + " ");
48 }
9 /'l ArraylLi st 49 Systemout.println();
10 Systemout. println("ArrayList exanples"); 50 Systemout.println();
11 ArraylList a = new ArraylList();
12 a. add("adant'); 51 /1 Oher relevant w apper classes: Doubl e,
13 a.add("brad"); 52 /| Bool ean. Use "doubl eVal ue" and
14 a.add("charl es"); 53 /1 "bool eanVal ue" respectively to access
15 Systemout.println("size: " + a.size()); 54 /1 the primtive type.
16 a.set (0, "david");
55 /1 Li nkedLi st
17 /1 Printing the contents... 56 System out . printl n("LinkedLi st exanpl es");
18 for(int i =0; i < a.size(); ++i) { 57 Li nkedLi st ¢ = new LinkedList();
19 String u = (String) a.get(i); 58 c.addFirst("fred");
20 Systemout. println(u); 59 c.addFirst("elner");
21 } 60 c. addLast ("george");
61 c. addLast (" harol d");
22 /1 An equivalent loop with iterators 62 Listlterator inserter = c.listlterator();
23 for(lterator i = a.iterator(); i.hasNext();) { 63 inserter.next();
24 String v = (String) i.next(); 64 inserter.add("falstaff");
25 Systemout. println(v); 65 inserter.next();
26 } 66 inserter.set("frederick");
27 Systemout. println(); 67 for(lterator i = c.iterator(); i.hasNext();) {
68 Systemout.print(i.next() + " ");
28 /'l Wapper cl asses 69 }
29 Systemout. println("Wapper class exanpl es"); 70 Systemout.println();
30 ArrayList b = new ArrayList(); 71 c.removeFirst();
31 for(int i =0; i < 10; ++i) { 72 c.renovelast ();
32 b. add(new I nteger(i)); 73 Systemout.print("Wthout first and last: ");

33 } 74 for(lterator i = c.iterator(); i.hasNext();) {
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77
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104
105
106
107
108
109
110
111
112

113
114

Systemout.print(i.next() + " ");
}
Systemout. println();
Systemout. println();

/1 Sets
Systemout. println("Set exanples");
Set d = new HashSet ();
d. add(new Cartesian(3.0, -1.2));
.add(new Cartesian(2.72, -1.2));
.add(new Cartesian(3.14, 2.0));
.add(new Cartesian(3.14, -1.2));
.add(new Cartesian(3.14, 2.0));
Systemout. print("HashSet: ");
for(lterator i = d.iterator(); i.hasNext();) {
Systemout.print(i.next() +" ");

[eNNeRNoRNoN

}
Systemout. println();

Set e = new TreeSet ();

.add(new Cartesian(3.0, -1.2));

.add(new Cartesian(2.72, -1.2));

.add(new Cartesian(3.14, 2.0));

.add(new Cartesian(3.14, -1.2));

.add(new Cartesian(3.14, 2.0));

Systemout.print("TreeSet: ");

for(lterator i = e.iterator(); i.hasNext();) {
Systemout.print(i.next() +" ");

® ® ®d® DD

}
Systemout. println();

Systemout. println();

/1 Maps
Systemout. println("Mp exanpl es");
Map game = new HashMap();

/1 TreeMap again works the sanme way
gane. put ("destroyer", new Cartesian(2, 2));
gane. put ("submari ne", new Cartesian(4, 3));
gane. put ("carrier", new Cartesian(7, 2));
gane. put ("cruiser", new Cartesian(8, 3));
gane. put ("battl eshi p", new Cartesian(1, 8));

Systemout. println("Were's the cruiser?
+ "lIt's at " + gane.get("cruiser"));

14 Java collections
115 Systemout.printin("Al ships:");

116 Set ganeKeys = gane. keySet ();

117 for(lterator i = ganeKeys.iterator();
118 i.hasNext();) {

119 hject ship = i.next();

120 Systemout.printin(ship + " is at
121 + gane. get (ship));

122 }

123 gane. renove("battl eship");

124 oj ect battleship = gane. get("battl eship");
125 if(battleship == null) {

126 System out . printl n(

127 "You sank ny battleship!");
128 }

129 }

130 }

Output when executed:

fred

Arrayli st exanpl es
size: 3

davi d

br ad

charl es

davi d

br ad

charl es

W apper cl ass exanpl es
8 10 12 14 16 18
8 10 12 14 16 18

Li nkedLi st exanpl es
el ner falstaff frederick george harold
Wthout first and last: falstaff frederick george

Set exanpl es
HashSet: (2.72, -1.2) (3.14, -1.2) (3.14, 2.0) (3.0, -1.2)
TreeSet: (2.72, -1.2) (3.0, -1.2) (3.14, -1.2) (3.14, 2.0)

Map exanpl es
Wiere's the cruiser? It's at (8.0, 3.0)
Al'l ships:
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destroyer is at (2.0, 2.0) 31 if(x == oth.x) {
submarine is at (4.0, 3.0) 32 if(y >oth.y) {
battleship is at (1.0, 8.0) 33 return 1,
carrier is at (7.0, 2.0) 34 } else if(y <oth.y) {
cruiser is at (8.0, 3.0) 35 return -1;
You sank ny battl eshi p! 36 } else {
37 return O;
38 }
Class Cartesian 39 } else if(x > oth.x) {
40 return 1,;
1 public class Cartesian inplenments Conparable { 41 } else {
2 private double x; 42 return -1;
3 private double vy; 43 }
44 }
4 public Cartesian() { 45 }
5 x = 0.0;
6 y = 0.0;
7 }
8 public Cartesian(double x, double y) {
9 this.x = x;
10 this.y =vy;
11 }
12 /1 toString(), hashCode(), and equal s() are nethods
13 /1 conmmon to all Objects
14 public String toString() {
15 return "(" +x + ", " +y +")";
16 }
17 /1 Key guarant ee:
18 /1l For objects A and B, A equal s(B) should inply
19 /1 A hashCode() == B. hashCode()
20 public int hashCode() {
21 return toString().hashCode();
22 }
23 publ i ¢ bool ean equal s(Obj ect other) {
24 Conpar abl e oth = (Conparabl e) ot her;
25 return conpareTo(oth) == 0;
26 }
27 /1 Having a conparison is required if this object is
28 /1l to be stored in a tree-based collection
29 public int conpareTo(Chject other) {

30 Cartesian oth = (Cartesian) other;



Laboratory: DNA testing

Assignment

Criminal investigations often hinge on DNA testing, in which
a program compares DNA found at the crime scene to a num-
ber of suspects. In this assignment, you will implement a sim-
ple DNA tester.

A DNA sample is a long string of nucleotides. In humans,
there are four possible nucleotides, abbreviated A, C, T, and G.
(In the program, we will represent a DNA sample as a String
object of these four characters.) For example, suppose we have
two people with the following DNA sequences.

Groucho ACGCCAGCAATTTCAACTCC
Harpo GACCTTTTGACAATCATCGCT

To see how close Groucho and Harpo’s DNA sequences are,
we can simply count how many nucleotides they have in com-
mon at the same place. For these sequences, there are 4 matches
(a common C at the fourth position, a common A near the mid-
dle, another common A at the end, and a common C in the
next-to-last spot). Since there are 20 characters in these DNA
sequences, we would say that there is a 4/20 = 20% match.*

The handout code includes several files. The only one you
need to modify is the conput eTopMat ches method in the
DnaComputation class.

DnaResul t[] conput eResul t s( DnaSequence
query, Set sequences)
Computes matching results, arranged in decreasing or-
der by score. The sequences parameter is a set of
DnaSequence objects, which will not include query.

*In the data fi le handed out, DNA sequences actually have 100 charac-
ters (though your program should not depend on this), and the similarity
between Groucho and Harpo is not the same.

18 Laboratory: DNA testing

All of these sequences, including that of query, will
have the same length.

The method computes the closeness of each sequence
in sequences with the quer y sequence. The score
will be the fraction, between 0.0 and 1.0, of nucleotides
matching between the pair. Remember that the results in
the returned array should be arranged starting with the
closest match.

To verify that your solution works, you should compare
the results of your tester with your classmates. If they dis-
agree, then both of you can work together to try to determine
which is incorrect.

Class documentation

(Al of the classes are designed to be accessible to people fa-
miliar with the AP subset and with Swing, but only the follow-
ing two are important to completing this assignment.)

Class DnaSequence

DnaSequence(String nyName, String
my Sequence)
(Constructor) Creates a DnaSequence associated a per-
son’s name with that person’s DNA sequence.
String get Nanme()
Returns the name of the person with this sequence.

String get Sequence()
Returns the string of nucleotides found in the sequence.

Class DnaResult

DnaResul t (doubl e nyScor e, DnaSequence

my Sequence)
(Constructor) Creates a DnaResult representing the score
computed for a particular sequence.
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doubl e get Score()

Returns the score associated with this result.
DnaSequence get DnaSequence()

Returns the sequence for which this result applies.




Tying up loose ends

Class LineReader

1 inport java.io.*;

2 public class LineReader {

3 bool ean error = fal se;
4 public String readLine() {
5 try {
6 Buf f er edReader consol e =
7 new Buf f er edReader
8 (new | nput St r eanReader (Systemin));
9 return consol e. readLi ne();
10 } catch (I Oexception e) {
11 error = true;
12 return nul | ;
13 }
14 }
15 publ i ¢ bool ean ioError() {
16 bool ean err = error;
17 error = fal se;
18 return err;
19 }
20 public int readlnteger() {
21 return I nteger. parselnt(readLine());
22 }
23 publ i ¢ doubl e readDoubl e() {
24 return Doubl e. par seDoubl e(readLi ne());
25 }
26 }
ClassOTest
1 public class IOTest {
2 public static void run() {
3 Li neReader reader = new Li neReader();

22 Tying up loose ends

4 Systemout.print("Enter a string: ");

5 String echo = reader.readLine();

6 System out. println("Echo: + echo);

7 Systemout.print("Enter an integer: ");

8 int i = reader.readlnteger();

9 Systemout.printin(i +" +2 =" + (i + 2));
10 Systemout.print("Enter a double: ");

11 doubl e d = reader.readDoubl e();

12 Systemout.printin(d +" / 2 =" + (d/ 2));
13 }

14 }

Class FileM anager

1

2
3
4
5

i mport java.io.*;

public class FileManager {
private String fil enane;
private BufferedReader input;
private PrintWiter output;

public FileManager(String name) {
filename = nane;
input = null;
output = null;

}

/] Returns false if an error occurs
publ i ¢ bool ean openFor Read() {
try {
i nput = new Buf f er edReader
(new Fi | eReader (fil enanme));
return true;
} catch (Fil eNot FoundException e) {
return fal se;
}
}

/!l Returns false if an error occurs
publ i ¢ bool ean openForWite() {

try {
output = new PrintWiter
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25 (new FileWiter(filename));
26 return true;

27 } catch (I Oexception e) {

28 return fal se;

29 }

30 }

31 public void close() {

32 try {

33 if(input '= null) {

34 i nput.close();

35 }

36 if(output !'=null) {

37 out put . cl ose();

38 }

39 } catch (1 OException e) {

40 /| Exceptions are ignored
41 /1 Just close everything up
42 } finally {

43 i nput = null;

44 output = null;

45 }

46 }

47 /] Returns null if an error occurs or if the
48 /1 end of the file has been reached
49 public String readLine() {

50 try {

51 return input.readLine();

52 } catch (I Oexception e) {

53 return null;

54 }

55 }

56 /!l Returns false if an error occurs
57 public void println(String s) {

58 output.println(s);

59 }

60 }

Class TextDumper

1 public class TextDunper {
2 public static void run() {
3 bool ean i nput = fal se;
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4 bool ean out put = fal se;
5 Li neReader user = new Li neReader ();
6 Systemout. print("Do what (display/create)? ");
7 String selection = user.readLine();
8 i f(selection.equal s("display")) {
9 i nput = true;
10 } else if(selection.equals("create")) {
11 out put = true;
12 } else {
13 Systemout. println("Bad choi ce. Aborted.");
14 Systemexit(1);
15 }
16 Systemout. print("Nane of file: ");
17 String filenane = user.readLi ne();
18 Fi |l eManager file = new Fil eManager (fil enane);
19 if(input) {
20 file.openForRead();
21 for(String line = file.readLine();
22 line !'= null;
23 line = file.readLine()) {
24 Systemout. println(line);
25
26 } else {
27 file.openForWite();
28 Systemout.println
29 ("Begin entering text. " +
30 "Type x by itself when done.");
31 Li neReader reader = new Li neReader();
32 for(String line = reader.readLi ne();
33 I'l'ine.equal s("x");
34 line = reader.readLine()) {
35 file.println(line);
36 }
37 }
38 file.close();
39
40 }
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Swing basics

13 /'l constructor nethods
14 public SgrtcCal culator() {
15 setTitl e("Square Root Calculator");
: 16 Cont ai ner contents = get Cont ent Pane();
CIaSShlerarChy 17 contents. set Layout (new Fl owlLayout ());
Here is a diagram of the Swing classes that we’ll use in the
followin twogexam les.* 9 18 conpute = new JButton("Conpute...");
g ples. 19 conput e. addAct i onLi stener (this);
: i 20 cont ents. add(conput e);
java.awt. javax.swing.
Component JFrame ) .
Zs 21 quit = new JButton("Quit");
I 1 | 22 qui t . addAct i onLi st ener (this);
SBikion T Chiiine 23 contents.add(quit);
T T 24 pack()
extF|(-§d javax.swing. 25 }
ax.swing. i
JdptlonPane Tava . 26 /1 instance methods .
LayoutManager 27 public void actionPerformed(Acti onEvent event) ({
Tavaant.event. AN 28 oj ect src = event.get Source();
ActlonEvent ITT T T T T T T ! 29 if(src == conmpute) {
javaawt. java.awt. 30 String what = JOpti onPane. show nput Di al og(
Acﬁ"gﬁ‘ﬁt&eg}]er BorderLayOUt FlowL ayout 31 this, "Find the square root of what?");
32 if(what !'= null) {
33 doubl e val = Doubl e. par seDoubl e(what) ;
34 JOpt i onPane. showiessageDi al og(thi s,
CIassSqrtCaIcuIator 35 "The square root of " + what
1 inmport java.awt . Container; 36 + " is " + Math.sqrt(val));
2 inport java.aw.Fl owLayout; 37 L _
3 inport java.awt.event.ActionListener; 38 } elseif(src == quit) {
4 inport java.aw .event.ActionEvent; 39 Systemexit(0); // terminate program
5 inport javax.sw ng.JFranme; 40 }
6 inmport javax.sw ng.JButton; 41 }
7 inport javax.sw ng.JOptionPane;
42 /'l class methods
8 public class SgrtCal cul ator extends JFrame 43 public static void run() {
9 i npl ements ActionLi stener { 44 SgrtCal cul ator win = new SgrtCal cul ator();
10 /1 instance variabl es 45 Wi n. show() ;
11 private JButton conpute; 46 }
12 private JButton quit; 47 }

*This diagram represents the inheritance structure as you ought to think
of it, not as it actually is. The reality is more complex, largely because of
the decision to build Swing underneath the existing AWT library.



Swing basics 27 28 Swing basics

Class SgrtCalculator 2 38 if(src == conpute) {
39 String what = input.getText();
1 inmport java.aw . Contai ner; 40 doubl e val = Doubl e. par seDoubl e(what) ;
2 inport java.awt.BorderlLayout; 41 out put.set Text ("sqrt(" + what + ")"
3 inport java.awt.event. ActionLi stener; 42 +" =" + Math.sqgrt(val));
4 inport java.aw.event.ActionEvent; 43 } else if(src == quit) {
5 inport javax.sw ng. JFrane; 44 Systemexit(0); // term nate program
6 inport javax.sw ng.JButton; 45 }
7 inport javax.sw ng.JTextField; 46 }
8 inport javax.sw ng.JLabel;
9 inport javax.sw ng.JPanel; 47 /] class nethods
48 public static void run() {
10 public class SqgrtcCal cul ator2 extends JFrane 49 SgrtCal culator2 win = new SqrtCal cul ator2();
11 i mpl enents ActionListener { 50 wi n. show() ;
12 /'] instance variabl es 51 }
13 private JTextField input; 52 }
14 private JLabel output;
15 private JButton conpute;
16 private JButton quit;
17 /'l constructor nethods
18 public SqgrtcCal cul ator2() {
19 setTitl e("Square Root Cal culator");
20 i nput = new JText Fi el d(10);
21 out put = new JLabel (" Not hi ng conputed");
22 JPanel buttons = new JPanel ();
23 conpute = new JButton(" Conpute");
24 conput e. addAct i onLi stener (this);
25 but t ons. add( conput e) ;
26 quit = new JButton("Quit");
27 qui t. addActi onLi stener (this);
28 buttons. add(quit);
29 Cont ai ner contents = get Cont ent Pane();
30 cont ent s. add(i nput, BorderLayout. NORTH);
31 cont ent s. add( out put, BorderLayout. CENTER);
32 cont ents. add( buttons, BorderLayout.SOUTH);
33 pack();
34 }
35 /'l instance methods
36 public void actionPerfornmed(Acti onEvent event) ({

37 hj ect src = event.get Source();
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Overview

This program is a fairly large multi-class program that com-
bines the usage of polymorphism and Swing into a fairly real-
istic program for drawing shapes on a canvas. It includes eight
classes and two interfaces.

- - -=-=-- LT T T T T T T T 7T

L . | I
| Rectangle | | Circle | | RectangleTool | | CircleTool |

| MainFrame | |ToolMenultem|
| Canvas |  |ColorMenultem|
I nter face Shape

1 inport java.awt. G aphics;
2 public interface Shape {

public void draw G aphics g);

g b~ w

Class Rectangle

1 inport java.awt. Col or;
2 inport java.aw .G aphics;

3 public class Rectangle inplenents Shape {

4 private Color color; // color of rectangle

5 private int x; /1 x-coordinate of top left

6 private int y; /1 y-coordinate of top left

7 private int wdth; /1 width of rectangle in pixels
8 private int height; // height of rectangle in pixels

[** Draws this shape using the G aphics object.

30 Laboratory: Drawing program
9 [** (Constructor) Creates a rectangl e whose top |eft
10 * corner is at (nyX, nyY), and whose w dth and
11 * height are as given. */
12 public Rectangl e(Col or nyColor, int nmyX, int nyY,
13 int myWdth, int nmyHeight) {
14 col or = nyCol or;
15 X = nyX;
16 y = nyy;
17 wi dth = nyWdt h;
18 hei ght = nyHei ght;
19 }
20 /[** Draws this rectangle using the G aphics
21 * object. */
22 public void draw( Graphics g) {
23 g. set Col or (col or);
24 g.fill Rect(x, y, width, height);
25 }
26 }
ClassCircle

1 inport java.awt. Col or;
2 inport java.aw .G aphics;

3
4
5
6
7

8

9
10
11
12
13
14
15
16
17

18
19
20

public class Circle inplenments Shape {

private Color color; // color of circle

private int x; /'l x-coordinate of circle' s center
private int y; /1 y-coordinate of circle' s center
private int r; /] radius of circle

[** (Constructor) Creates a circle of the given color
* whose center is at (nyX, nyY), and whose radius

* is nyR */
public G rcle(Color nyColor, int nyX, int nyY,
int myR {

col or = nyCol or;
X = nmyX
y = my,
r=mR

}

/[** Draws this circle using the G aphics object. */
public void draw( Graphics g) {
g. set Col or (col or);
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21 g.fillOal(x - r, y -1, 2*7r, 2*7r1); 36 return cur_tool
22 } 37 }
23}
38 /** Sets the current tool used for this canvas. */
39 public void setTool (Tool tool) {
Class Canvas 40 cur_tool = tool;
41 }
1 inport java.awt. Col or;
2 inport java.awt.Di nension; 42 /** Gets the currently associated color. */
3 inport java.aw .G aphics; 43 public Col or getColor() {
4 inport java.awt.event.MuseLi stener; 44 return cur_col or
5 inport java.awt.event.MuseMdti onLi stener; 45 }
6 inport java.aw.event.MuseEvent;
7 inport javax.sw ng.JPanel; 46 /** Sets the currently associated color. */
8 inport java.util.Arraylist; 47 public void setCol or(Color color) {
9 inport java.util.List; 48 cur_col or = col or
10 inport java.util.lterator; 49 }
11 public class Canvas extends JPanel 50 /** Adds a shape to this canvas. */
12 i mpl ement s Mouseli st ener, MuseMtionLi stener { 51 public voi d addShape( Shape to_add) {
13 private Tool cur_tool; 52 shapes. add(t o_add);
14 private Col or cur_col or; 53 repai nt ()
15 private Arrayli st shapes; 54 }
16 private bool ean drag_started
17 private int drag_start_x; 55 /** Renmpbves a shape fromthis canvas. */
18 private int drag_start_y; 56 public void renoveShape( Shape to_remove) {
19 private int drag_cur_x; 57 shapes. renove(to_renove);
20 private int drag_cur_y; 58 repaint ()
59 }
21 11
22 /] public methods intended for other classes’ use 60 /** Return a list of Shapes for this canvas
23 I 61 * beginning with the ‘‘deepest’’ shape. |If any
24 public Canvas() { 62 * shapes overlap, the shape appearing later in the
25 cur_tool = null; 63 * list will be drawn on top.
26 cur _color = Col or. bl ack; 64 */
27 shapes = new ArraylList(); 65 public List getShapes() {
28 drag_started = fal se; 66 return shapes
67 }
29 set PreferredSi ze(new Di nensi on(200, 200));
30 set Background( Col or. white); 68 I
31 addMouseli st ener (thi s); 69 /] methods to do other things (and which happen to
32 addMouseMdt i onLi st ener (this); 70 /'l need to be public)
33 } 71 11
72 /** Draws the shape on the canvas. This overrides the
34 /** Returns the current tool used for this canvas. */ 73 * JPanel ' s pai nt Conponent nethod. */

35 public Tool getTool () {
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74
75

76
77
78
79

80
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82
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84
85

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

110
111
112
113
114

public voi d pai nt Conponent (Graphics g) { 115 drag_cur_y = e.getY();
super . pai nt Conponent (g); 116 repaint();
117 }
for(int i = 0; i < shapes.size(); i++) { 118 }
Shape sh = (Shape) shapes.get(i); 119 }
sh.draw(g);
) I nterface Tool

if(drag_started) {
cur _tool . drawbragl nProgress(g,
drag_start_x, drag_start_y,
drag_cur_x, drag_cur_y);

2
3
} 4
5

1 inport java.awt. G aphics;

public interface Tool ({
/** Returns the name associated with this tool (as
* it should appear in the Tool nenu. */

} public String getName();

/1 Mbuseli st ener nethods

public void moused i cked( MouseEvent e) { }

public void mouseEnt ered( MouseEvent e) { }

public voi d nouseExited(MuseEvent e) { }

public void mousePressed( MbuseEvent e) ({
if(cur_tool !'=null) {

6 [** Draws any information the user should see
7 * while the nouse is being dragged. */

8 public voi d drawDragl nProgress(G aphics g,

9 int draw start_x, int drag_start_y,

0 int drag_cur_x, int drag_cur_y);

g::g—::g::eg ; :ar;;X()' 11 [** _Perfo_rm; an action when a nouse drag is done. */
drag_start_y _ e. get Y()f 12 public voi d nouseDr agged(Qanvas c,
drag_cur X = draé st art’X' 13 int drag_start_x, int drag_start_y,
- = - = 14 int drag_end_x, int drag_end_y);
drag_cur_y = drag_start _y; 15 }
repaint();
}
L _ Class RectangleTool
public voi d mouseRel eased( MouseEvent e) ({
if(drag_started) { 1 inport java.awt. Col or;
drag_started = fal se; 2 inport java.aw .G aphics;

drag_cur_x = e.getX();
drag_cur_y = e.getY(); 3 public class Rectangl eTool inplenents Tool {
cur _t ool . rouseDr agged(this, 4 [** (Constructor) Creates a Rectangl eTool. */
drag_start_x, drag_start _y, 5 public Rectangl eTool () { }
drag_cur_x, drag_cur_y);
6 /** Returns the name of this tool. */
} 7 public String getNane() {
8 return "Rectangl e Tool ";
/1 NMouseMbti onlLi st ener met hods 9
public void mouseMved( MuseEvent e) { }

}

public voi d nmouseDr agged( MouseEvent e) { 10 [** Draws a ghost showi ng the extent of the rectangle
if(drag_started) { 11 * as it would appear on the canvas. */
drag_cur_x = e.getX(); 12 public voi d drawDragl nProgress(G aphics g,

13 int drag_start_x, int drag_start_y,
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14 int drag_cur_x, int drag_cur_y) {

15 int x = Math.mn(drag_start_x, drag_cur_x);

16 int y = Math.mn(drag_start_y, drag_cur_y);

17 int width = Math. abs(drag_start_x - drag_cur_x);
18 int height= Math. abs(drag_start_y - drag_cur_y);
19 g. set Col or (Col or. gray);

20 g.drawRect (x, y, width - 1, height - 1);

21 }

22 /** Adds a rectangle to the canvas. */

23 public voi d nmouseDr agged( Canvas c,

24 int drag_start_x, int drag_start_y,

25 int drag_end_x, int drag_end_y) {

26 int x = Math.mn(drag_start_x, drag_end_x);

27 int y = Math.mn(drag_start_y, drag_end_y);

28 int width = Math. abs(drag_start_x - drag_end_x);
29 int height= Math. abs(drag_start_y - drag_end_y);
30 Rect angl e rect = new Rectangl e(c. get Col or (),

31 X, Y, width, height);
32 c. addShape(rect);

33 }

34 }

Class CircleTool

1
2

3
4
5

i nport java.aw . Col or;
i mport java.awt . G aphics;

public class CircleTool inplenments Tool {
[** (Constructor) Creates a G rcleTool. */
public G rcleTool () { }

/** Returns the nane of this tool. */
public String getNane() {
return "Circle Tool ";

}

/[** Draws a ghost showing the extent of a circle as
* it would appear on the canvas. */
public voi d drawDragl nProgress(G aphics g,
int drag_start_x, int drag_start_y,
int drag_cur_x, int drag_cur_y) {
int x = drag_start_x;
inty drag_start _y;
doubl e rf = Math.sqrt(Math. pow(x - drag_cur_x, 2)
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18 + Math. pow(y - drag_cur _y,
19 int r = (int) Math.round(rf);

20 g. set Col or (Col or. gray);

21 g.drawoval (x - r, y - r, 2*r -1, 2*r -
22 }

23 /** Adds a circle to the canvas. */

24 public voi d nouseDr agged( Canvas c,

25 int drag_start_x, int drag_start_y,

26 int drag_end_x, int drag_end_y) {

27 int x = drag_start_x;

28 int y = drag_start _y;

29 double rf = Math.sqgrt(Math. powm x - drag_end_
30 + Math. pow(y - drag_end_y,
31 int r = (int) Math.round(rf);

32 Circle circ = new Grcle(c.getColor(), x, v,
33 c. addShape(circ);

34 }

35}

Class MainFrame

O©CoOoO~NOOOTh, WNPE

[EEY
o

i nport java.aw . Col or;

i mport java.aw . Cont ai ner;

i mport java.aw .event. ActionLi stener;
i nport java.aw .event. ActionEvent;

i mport java.aw .event. W ndowLi st ener;
i nport java.aw .event. W ndowEvent;

i mport javax. swi ng. ButtonG oup;

i mport javax.sw ng. JFrane;

i nport javax.sw ng. JMenuBar;

i nport javax.sw ng. JMenu;

11 inport javax.sw ng.JMenultem
12 inport java.util.Arraylist;

13 public class MinFrame extends JFrane

14
15
16
17
18
19

20
21

i mpl enents ActionListener, W ndowLi stener {
[** (Constructor) Creates a frame with a canvas.
public MainFrane() ({

super ("Draw');

addW ndowLi st ener (this);

set Resi zabl e(fal se);

Cont ai ner contents = get Cont ent Pane();
Canvas canv = new Canvas();

2));

1);

X, 2)
2));

r),

*/
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22

23
24
25
26
27

28
29

30
31
32
33
34
35
36
37

38
39
40
41
42
43

44
45

46
47
48
49
50
51
52
53
54
55
56
57

58
59

cont ent s. add(canv);

JMenuBar nenubar = new JMenuBar () ;
menubar . add(createFi | eMenu());
nmenubar . add( cr eat eTool Menu(canv));
menubar . add( cr eat eCol or Menu(canv));
set JMenuBar ( nenubar) ;

pack();
}

[** Creates the File nenu for the frame. */
private JMenu createFil eMenu() {
JMenu ret = new JMenu("File");
JMenultem quit = new JMenulten("Quit");
qui t. addActi onLi stener (this);
ret.add(quit);
return ret;

}

/[** Creates the Tool nmenu for the frane. */
private JMenu createTool Menu( Canvas canv) {

/|l First, create list of tools to have in nenu.

ArraylList tools = new ArrayList();
t ool s. add(new Rect angl eTool ());
tool s. add(new Circl eTool ());

/! Then, set current tool for canvas.
canv. set Tool ((Tool) tools.get(0));

/1 Finally, create menu to return.
JMenu ret = new JMenu("Tool ");
But t onGroup bgroup = new ButtonG oup();
for(int i =0; i < tools.size(); i++) {
Tool tool = (Tool) tools.get(i);
Tool Menultemitem
= new Tool Menul ten{canv, tool);
bgroup. add(iten;
ret.add(iten;
}

return ret;

}

[** Creates the Color menu for the frame. */
private JMenu creat eCol or Menu( Canvas canv) {
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60 /1 First, create list of colors to have in nenu,
61 /1l with a parallel list of names for the colors.
62 ArrayList colors = new ArraylList();
63 ArrayLi st nanes = new ArrayList();
64 col ors. add(Col or.red); nanes. add(" Red") ;
65 col ors. add(Col or.yell ow); nanes. add("Yel | ow');
66 col ors. add(Col or. green); nanes. add(" G een");
67 col ors. add( Col or. cyan); nanes. add(" Cyan");
68 col ors. add( Col or. bl ue); nanes. add(" Bl ue");
69 col ors. add( Col or. nagenta); nanes. add("Magenta");
70 col ors. add( Col or. bl ack); nanes. add(" Bl ack");
71 col ors. add(Col or. white); nanes. add("Wite");
72 /! Finally, create menu to return.
73 JMenu ret = new JMenu("Color");
74 But t onGroup bgroup = new ButtonG oup();
75 for(int i = 0; i < colors.size(); i++) {
76 Color color = (Color) colors.get(i);
77 String nane = (String) nanes.get(i);
78 Col or Menultemitem
79 = new Col or Menul t em( nanme, canv, color);
80 bgroup. add(iten;
81 ret.add(iten);
82 }
83 return ret;
84 }
85 /1 ActionListener method (for Quit nmenu itemonly)
86 public void actionPerformed(Acti onEvent e) {
87 System exit(0);
88 }
89 /1 W ndowLi st ener met hods
90 public void wi ndowActi vat ed(W ndowEvent e) { }
91 public void wi ndowC osed( W ndowEvent e) { }
92 public void wi ndowd osi ng( W ndowEvent e) {
93 System exit(0);
94 }
95 public void wi ndowDeact i vat ed( W ndowEvent e) { }
96 public void w ndowDei coni fi ed( W ndowEvent e) { }
97 public void wi ndow coni fi ed(WndowEvent e) { }
98 public void wi ndowOpened( W ndowEvent e) { }
99 I

100 /1 class nethods
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101 11

102 public static void run() {

103 Mai nFrane frame = new Mai nFrame();

104 franme. show) ;

105 }

106 }

Class ToolM enultem

1
2
3

4
5
6
7

8

9
10
11
12
13
14
15
16

17
18
19
20
21
22
23

i mport java.aw .event. ActionLi stener;
i mport java.aw .event. ActionEvent;
i nport javax.swi ng. JRadi oButtonMenultem

public class Tool Menult em ext ends JRadi oButtonMenul t em
i mpl ements ActionLi stener {
private Canvas canvas;
private Tool tool;

[** (Constructor) Creates a Tool Menultem for a

* particular tool. */

publi ¢ Tool Menul t en{ Canvas nyCanvas, Tool nyTool) {
super (myTool . get Nanme() ) ;
canvas = nyCanvas,
tool = nyTool;
addActi onLi stener (this);
set Sel ect ed( canvas. get Tool (). equal s(tool));

}

[/ ** Changes the tool associated with the canvas. */

public void actionPerforned(Acti onEvent e) {
if(isSelected()) {

canvas. set Tool (t ool );

}

}

}

Class ColorMenultem

1
2
3

N

ol

i mport java.aw . Col or;

i nport java.aw .event. ActionLi stener;

i nport java.aw .event. ActionEvent;

i mport javax.sw ng. JRadi oButtonMenultem

public class Col or Menul t em ext ends JRadi oButtonMenul tem
i mpl ements ActionLi stener {
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7 private Canvas canvas;
8 private Col or color;
9 [** (Constructor) Creates a Col orMenultemfor a color
10 * with the given nanme. */
11 public Col or Menulten(String nane, Canvas mnyCanvas,
12 Col or nyColor) {
13 super (nane) ;
14 canvas = nyCanvas,
15 color = nyCol or;
16 addActi onLi stener(this);
17 set Sel ect ed(canvas. get Col or (). equal s(col or));
18 }
19 [ ** Changes the col or associated with the canvas. */
20 public void actionPerforned(Acti onEvent e) {
21 if(isSelected()) {
22 canvas. set Col or (col or);
23 }
24 }
25}
Assignment

Modify the Drawing program to include a tool for deleting:
If the user clicks on a shape, the shape should be removed
from the canvas. You should define clicking the shape as being
when the user’s drag begins and ends on the same shape.

To do this, you should add a cont ai ns method to the
Shape interface for querying whether that shape contains a
point. You can easily figure out whether a circle contains
a point by computing the distance to the circle’s center, and
comparing this result to the circle’s radius.

(If you’re feeling really ambitious, other more difficult projects
are a tool for moving components, a tool for drawing lines, a
tool for drawing text (using a KeyL.istener), and an undo menu
option.)



