3G.1 Introduction to Graphics

DrawingPanel
Drawing Lines and Shapes
Colors

Drawing with Loops

Text and Fonts

3G.2 Procedural

Decomposition with
Graphics
A Larger Example:
DrawDiamcnds

3G.3 Case Study: Pyramids

194

Unstructured Partial Solution
Generalizing the Drawing of
Pyramids

Complete Structured Solution

Introduction

One of the most compelling reasons to learn about using objects is that
they allow us te draw graphics in Java. Graphics are used for games, com-
puter animations, and modern graphical user interfaces (GUls), and to
render complex images. Graphics are also a good way to practice the use
of parameters as discussed in the previous chapter.

In this opticnal supplement we will examineg a few of the basic classes
from Java's graphical framework and use them to draw patterned two-
dimensional figures of shapes and text onto the screan.
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3G.1 Introduction to Graphic§

Java’s original graphical tools were collectively known as the Abstract Window

: Toolkit (AWT). The classes associated with the AWT reside in the package java.awt.
In order to create graphical programs like the ones you’ll see in this section, you’ll
need to include the following import declaration at the top of your programs:

VideoNote

import java.awt.*; // for graphics

To keep things simple, we'll use a custom class called brawingPanel that was
written by the authors of this textbook to simplify some of the more esoteric details
of Java graphics. Its core code is less than a page long, so we aren’t hiding much. You
won’t need to import DrawingPanel, but you will need to place the file
DrawingPanel. java in the same folder as your program.

The drawing panel keeps track of the overall image, but the actual drawing will be
done with an object of type Graphics. The Graphics class is also part of the
java.awt library.

DrawingPanel

You can create a graphical window on your screen by constructing a DrawingPanel
object. You must specify the width and height of the drawing area. When the follow-
ing line executes, a window appears immediately on the screen:

DrawingPanel <name> = new DrawingPanel (<width>, <height>);

DrawingPanel objects have two public methods, listed in Table 3G.1.

The typical way that you’ll use brawingPanel will be to construct a panel of a
particular height and width, set its background color (if you don’t want the default
white background), and then draw something on it using its Graphics object. The
DrawingPanel appears on the screen at the time that you construct it.

All coordinates are specified as integers. Each (x, y) position corresponds to a dif-
ferent pixel on the computer screen. The word pixel is shorthand for “picture ele-
ment” and represents a single dot on the computer screen.

Pixel

A single small dot on a computer screen.

Table 3G.1 Useful Methods for DrawingPanel

Method Description

getGraphics () returns a Graphics object that can be used to draw onto the
panel

setBackground(color) sets the background color of the panel to the given color (the

default is white)
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The coordinate system assigns the upper-left corner of a panel the position (0, 0).
As you move to the right of this position, the x value increases. As you move down
from this position, the y value increases. For example, suppose that vou construct a
DrawingPanel object with a width of 200 pixels and a height of 100 pixels. The
upper-left corner will have the coordinates (0, 0), and the lower-right corner will have
the coordinates (199, 99) as shown in Figure 3G.1.

(0, 0) l -+ X+

~1¢199, 99)

4
v+

Figure 3G.l1 The (x, y) Coordinate Space

This is likelv to be confusing at first, because you're probably used to coordinate
systems where y values decrease as vou move down. However, you’ll soon get the
hang of it.

Drawing Lines and Shapes

So, how do you actually draw something? To draw shapes and lines, you don’t taik
directly to the brawingPanel, but rather to a related object of type Graphies. Think
of the dDrawingPanel as a canvas and the Graphics object as the paintbrush. The
DrawingPanel class has a method called getGraphics that returns its Graphics
object:

Graphics g = <panel>.getGraphics();

One of the simplest drawing commands is drawLine, which takes four integer
arguments.
For example, the method:

g.drawLine(<x1>, <yl>, <xZ2>, <yZ>);

draws a line from the point (x1, y1) to the point (x2, y2). The drawLine method is
just one of many commands a Graphics object understands; see Table 3G.2 for oth-
ers. The Graphies object has many more methods in addition to the ones discussed
here. You can read about them in the Java APl documentation.

Here is a sample program that puts these pieces together:

// Draws a line onto a DrawingPanel.

1
2
3 import java.awt.*; // for graphics
4
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Table 3G.2 Some Useful Methods of Graphics Objects
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Method Description

drawLine(x1l, yl, x2, y2) draws a line between the points (x1, v1) and (x2, v2)
drawOval(x, y, width, height) draws the outline of the largest oval that fits within the

specified rectangle

drawRect(x, y, width, height)  draws the outline of the specified rectangle

drawString(message, X, V) draws the given text with its lower-left corner at (x, y)
filloval(x, y, width, height) fills the largest oval that fits within the specified

rectangle using the current color

fillRect(x, y, width, height) fills the specified rectangle using the current color

setColor(color) sets this graphics context’s current color to the

specitied color (all subsequent graphics operations
using this graphics context use this specified color)

setFont (font) sets this graphics context’s current font to the specified

font (all subsequent strings drawn using this graphics
context use this specified font)

5 public class DrawLinel {

6 public static void main(String[] args) {

7 // create the drawing panel

8 DrawingPanel panel = new DrawingPanel(200, 100);
9

10 // draw a line on the panel using

11 // the Graphics paintbrush

12 Graphics g = panel.getGraphics();

13 g.drawLine (25, 75, 175, 25);

14

15}

When you run this program, the window shown in Figure 3G.2 appears. Though it
isn’t text on the console, as in previous chapters, we’ll still refer to this as the “output”

of the program.

(Java can be run on a variety of systems. Depending on your operating system,

your output may differ slightly from the screenshots in this chapter.)

!—l;ra;ving Panel ®,§|®
(25, 75)

T /*\(175, 2)
SA

Figure 3G.2 OQutput of DrawLinel
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The first statement in main constructs a DrawingPanel with a width of 200 and
a height of 100. Once it has been constructed, the window wil! pop up on the
screen. The second statement draws a line from (25, 75) to (175, 235). The first
point is in the lower-left part of the window (25 over from the left, 75 down from
the top). The second point is in the upper-right corner {175 over from the left. 25
down from the top).

Notice these particular lines of code:

You might wonder why you can’t just say:
panel.drawlLine(25, 75, 175, 25); // this is illegal

The problem is that there are two different objects involved in this program: the
DrawingPanel itself (the canvas) and the Graphics object associated with the panel
(the paintbrush). The panel doesn’t know Lhow to draw a line; orly the Graphics
object knows how to do this. You have to be careful to make sure that you are talking
to the right object when vou give a command.

This requirement can be confusing, but it is common in Java programs. In fact, in
a typical Java program, there are hundreds {if not thousands) of objects interacting
with each other. These interactions aren’t so unlike interactions between people. If
vou want to schedule a mesting, a busy corporate executive might tell you, “Talk to
my secretary about that.” Or if you're asking difficult legal questions, a person might
teil vou, “Talk te my lawyer about that.”” In this case, the DrawingPanel doesn’t
know how to draw, so if it could talk it would say, “Talk to my Graphics object
about that.”

It’s also legal to use the Graphics object without storing it in a variable, like
this:

panel.getGraphics().drawLine(25, 75, 175, 25); // also legal
But you’li often want to send several commands to the Graphics object, so it’s
more convenient to give it a name and store it in a variable.
Let’s look at a more complicated example:
// Draws three lines to make a triangle.

import java.awt.=;

public class DrawLine2 {

(=) BN G B VI S

public static void main(Strinc[] args) {

~

DrawingPanel panel = new DrawingPanel(200, 100);
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9 // draw a triangle on the panel
10 Graphics g = panel.getGraphics();
11 g.drawLine(25, 75, 100, 25);

12 g.drawLine(100, 25, 175, 75);

13 g.drawLine(25, 75, 175, 75);

14 }

15 }

This program draws three different lines to form a triangle, as shown in Figure
3G.3. The lines are drawn between three different points. In the lower-left corner we
have the point (25, 75). In the middle at the top we have the point (100, 25). And in
the lower-right corner we have the point (175, 75). The various calls on drawLine
simply draw the lines that connect these three points.

mng P;f;zli Q{E@

Figure 3G.3 Output of DrawLine2

The Graphics object also has methods for drawing particular shapes. For exam-
ple, you can draw rectangles with the drawRect method:

g.drawRect (<x>, <y>, <width>, <height>);

This draws a rectangle with upper-left coordinates (x, y) and the given height and
width.

Another figure you’ll often want to draw is a circle or, more generally, an oval.
But how do you specify where it appears and how big it is? What you actually spec-
ify is what is known as the “bounding rectangle” of the circle or oval. Java will draw
the largest oval possible that fits inside that rectangle. So, the method:

g.drawoval(<x>, <y>, <width>, <height>);

draws the largest oval that fits within the rectangle with upper-left coordinates (x, y)
and the given height and width.
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Notice that the first two values passed to drawRect and drawOval are coordi-
nates, while the next two values are a width and a height. For example, here is a short
program that draws two rectangles and two ovals:

1 // Draws several shapes.

2

3 import java.awt.*;

4

5 public class DrawShapesl {

[ public static void main(String[] args) {
7 DrawingPanel panel = new DrawingPanel(200, 100);
8

9 Graphics g = panel.getGraphics{);

10 g.drawRect (25, 50, 20, 2G);

11 g.drawRect{15C, 10, 40, 20);

12 g.drawOval(50, 25, 20, 20);

i3 g.drawOval(150, 50, 40, 20);

14 3

15 3

Figure 3G.4 shows the output of the program.

= Drawing Panel @::_:.

Figure 3G.4 Output of DrawShapesl

The first rectangle has its upper-left corner at the coordinates (25, 50). Its width
and height are each 20, so this is a square. The coordinates of its lower-right corner
would be (45, 70), or 20 more than the (x, y) coordinates of the upper-left corner. The
program also draws a rectangle with its upper-left corner at (150, 10) that has a width
of 40 and a height of 20 (wider than it is tall). The bounding rectangle of the first oval
has upper-left coordinates (50, 25) and a width and height of 20. Tn other words, it’s a
circle. The bounding rectangle of the second oval has upper-left coordinates (150,
50), a width of 40, and a height of 20 (it’s an oval that is wider than it is tall).
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Sometimes you don’t just want to draw the outline of a shape; you want to paint
the entire area with a particular color. There are variations of the drawRect and
drawOval methods known as £illRect and £illoval that do exactly that, drawing
a rectangle or oval and filling it in with the current color of paint (the default is
black). Let’s change two of the calls in the previous program to be “fill” operations
instead of “draw” operations:

// Draws and fills several shapes.
import java.awt.*;

public static void main(String[] args) {

1
2
3
4
5 public class DrawShapes2 {
6
7 DrawingPanel panel = new DrawingPanel (200, 100);
8

9 Graphics g = panel.getGraphics();
10 g.fil1Rect ({25, 50, 26, 20);

11 g.drawRect (150, 10, 40, 20);

12 g.drawOval (50, 25, 20, 20);

13 g.filloval(150, 50, 40, 20;;

14 ¥

15 %}

Now we get the output shown in Figure 3G.5 instead.

?TJrévdng Panel E] ‘ @

Figure 3G.5 OQutput of DrawShapes2

Colors

All of the shapes and lines drawn by the preceding programs were black, and all of
the panels had a white background. These are the default colors, but you can change
the background color of the panel, and you can change the color being used by the
Graphics object as many times as you like. To change these colors, you use the stan-
dard color class, which is part of the java.awt package.
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Table 3G.3 Color Constants

Color.BLACK Color.GREEN Color.RED
Color.BLUE Color .LIGHT GRAY Color.WHITE
Color.CYAN Color .MAGENTA Color.YELLOW
Color.DARK_GRAY Color .ORANGE

Color.GRAY Color .PINK

There are a number of predefined colors that you can refer to directly. They are
defined as class constants in the Coloxr class (a lot like the constants we used in Chapter
2). The names of these constants are all in uppercase and are self-explanatory. To refer to
one of these colors, you have to precede it with the class name and a dot, as in
Color.GREEN or Color.BLUE. The predefined color constants are listed in Table 3G.3.

As mentioned earlier, the DrawingParel object has a method that can be used to
change the background color that covers the entire panel:

<panel>.setBackground(<color>);

Likewise, the Graphics object has a method that can be used to change the cur-
rent color that draws or fills shapes and lines:

g.setColor(<color>);

Calling setcolor is like dipping vour paintbrush in a different color of paint.
From that point on, all drawing and filling will be done in the specified color. For
example, here is another version of the previous program that uses a cyan (light blue)
background color and fills in the oval and square with white instead of black:

1 // Draws and fills shapes in different colors.
2

3 import Zjava.awt.*;

4

5 public class DrawColoredShapes {

€ public static void main(String[} args) {

7 DrawingPanel panel = new DrawingPanel(200, 100};
8 panel . setBackground(Color .CYAN);

9

10 Graphics g = panel.getGraphics();

¥l g.drawRect (150, 10, 40, 20);

12 g.drawOval (50, 25, 28, 20);

13 g.setColor(Color .WHITE] ;

14 g.£1110val(150, 50, 40, 20);

15 g.fillRect (25, 50, 20, 20)};

16 }

17 3
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This program produces the output shown in Figure 3G.6. (The figures shown in
this textbook may not match the colors you would see on your screen.)

= Drawing Patiwélf gf—_

O

ST S

Figure 3G.6 Output of DrawColoredShapes

Notice that you tell the panel to set the background color, while you tell the
Graphics object to set the foreground color. The reasoning is that the background
color is a property of the entire window, while the foreground color affects only the
particular shapes that you draw.

Notice also that the order of the calls has been rearranged. The two drawing com-
mands appear first, then the call on setColor that changes the color to white, then
the two filling commands. This ensures that the drawing is done in black and the fill-
ing is done in white. The order of operations is very important in these drawing pro-
grams, so you’ll have to keep track of what your current color is each time you give a
new command to draw or fill something.

Gormmon Frogramming 5o

Misunderstanding Draw vs. Fill

Some new programmers think that a shape must be drawn (such as with
drawRect) before it can be filled in (such as with fillRect). This is not the
case. In fact, when you are trying to draw an outlined shape, this is exactly the
wrong thing to do. Suppose you want to draw a 60 x 30 green rectangle with a
black border at (20, 50). You might write the following code:

g.setColor (Color.BLACK); // incorrect code
g.drawRect (20, 50, 60, 30);
g.setColor(Color.GREEN) ;

g.fillRect (20, 50, 60, 30);

Continued on next page



204 Supplement 3G Graphics (Optional)

Continued from previous page

However. the fill command covers the same pixels as the draw command. and
the green interior will be drawn over the black outline, leading to the tfoliowing
appearance:

iii?avdng Panel @

[

Instead. the code should fill the interior of the rectangle first, then draw
the black outline. to make sure that the outline shows on top of the filling. The
tollowing is the correct code and 1ts output:

setCelor{Color.GREEN) ; // corrected code
.fillRect (28, 50, 6C, 30);

w
.

(L= N}

.setCecler{Color.BLACK);

.drawRect {20, 50, 60, 30);

Q

B Drawing Panel. [2 ][0 X

Drawing with Loops

In each of the preceding examples we used simple constants for the drawing and fill-
ing commands, but it is possible tc use expressions. For example, suppose that we
stick with our brawingPanel size of 200 pixels wide and 100 pixels tall and we want
to produce a diagonal series of four rectangles that extend from the upper-ieft corner
to the lower-right corner, each with a white oval inside. In other words, we want to
produce the output shown in Figure 3G.7.

The overall width of 200 and overall height of 100 are divided evenly into four
rectangles, which means that they must all be 50 pixels wide and 25 pixels high. So,
width and height values for the four rectangles are the same, but the positions of their
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: Drawi;é Panel E].l®

L e

Figure 3G.7 Desired Qutput of DrawLoopl

upper-left corners are different. The first rectangle’s upper-left corner is at (0, 0), the
second is at (50, 25), the third is at (100, 50), and the fourth is at (150, 75). We need
to write code to generate these different coordinates.

This is a great place to use a for loop. Using the techniques introduced in Chapter 2, we
can make a table and develop a formula for the coordinates. In this case it is easier to
have the loop start with O rather than 1, which will often be the case with drawing pro-
grams. Here is a program that makes a good first stab at generating the desired output:

// Draws boxed ovals using a for loop (flawed version).

import java.awt.¥*;

public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (200, 100);

1

2

3

4

5 public class DrawLoopl {
6

7

8 panel.setBackground(Color.CYAN);
9

10 Graphics g = panel.getGraphics(});

11 for (int i = 0; 1 < 4; i++) {

12 g.drawRect(i * 50, i * 25, 50, 25);
13 g.setColor (Color.WHITE);

14 g.filloval(i * 50, i * 25, 50, 25);
15 }

16 }

17 3

This program produces the output shown in Figure 3G.8.

The coordinates and sizes are right, but not the colors. Instead of getting four
black rectangles with white ovals inside, we’re getting one black rectangle and three
white rectangles. That’s because we only have one call on setColor inside the loop.
Initially the color will be set to black, which is why the first rectangle comes out
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Figure 3G.8 Output of DrawLoopl

black. But once we make a call on setColor changing the color to white, every sub-
sequent drawing and filling command is done in white, including the second, third,
and fourth rectangles.

So, we need to include calls 1o set the color to black, to draw the rectangles, and to
set the color to white to draw the filled ovals. While we’re at it, it’s a good idea to
switch the order of these tasks. The rectangles and ovals overlap slightly, and we
would rather have the rectangle drawn over the oval than the other way around. The
following program produces the correct output:

1 // Draws boxed cvals using a for loop.
2
3 import java.awt.*;

’
o

5 public class DrawLoop2 {

6 public static void main(String[j args) {

7 DrawingPanel panel = new DrawingPanel (200, 100);
8 panel.setBackground(Color.CYAN);

9

10 Graphics g = panel.getGraphics();

11 for (int i = 0; i < 4; i++) {

12 'g-setColor(Color.WHITE) ;

13 g.filloval(i * 50, i * 25, 50, 25);
14 g.setColor(Color.BLACK) ;

15 g.drawRect(i * 50, i * 25, 50, 25);
16 +

17 3

18 }

It’s also possible to create custom Color objects of your own, rather than using
the constant colors provided in the color class. Computer monitors use red,
green, and blue (RGB) as their primary colors, so when you construct a Colox



3G.l Introduction to Graphics 207

object you pass your own parameter values for the redness, greenness, and blue-
ness of the color:

new Color(<red>, <green>, <blue>)

The red/green/blue components should be integer values between 0 and 255. The
higher the value, the more of that color is mixed in. All 0 values produce black, and all
255 values produce white. Values of (0, 255, 0) produce a pure green, while values
of (128, 0, 128) make a dark purple color (because red and blue are mixed). Search
for “RGB table” in your favorite search engine to find tables of many common colors.

The following program demonstrates the use of custom colors. It uses a class con-
stant for the number of rectangles to draw and produces a blend of colors from black
to white:

// Draws a smooth color gradient from black to white.

import java.awt.*;

public static final int RECTS = 32;

1

2

3

4

5 public class DrawColorGradient {

6

7

8 public static void main(String[] args) {
9

DrawingPanel panel = new DrawingPanel(256, 256);

10 panel.setBackground (new Color (255, 128, 0)); // orange
11

12 Graphics g = panel.getGraphics();

13

14 // from black to white, top left to bottom right
15 for (int i = 0; i < RECTS; i++) {

16 int shift = i * 256 / RECTS;

17 g.setColor(new Color(shift, shift, shift));
18 g.fillRect(shift, shift, 20, 20);

19 3

20 }

21 3}

This program produces the output shown in Figure 3G.9.
Itis also legal to store a Color object into a variable or pass it as a parameter. For
example, we could have written the coloring code in the preceding program as follows:

Color ¢ = new Color(shift, shift, shift);
g.setColor(c);

We will use this idea later when parameterizing colors in this chapter’s Case Study.
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= Drawing Panel E|

Figure 3G.9 Output of DrawColorGradient

Text and Fonts

Another drawing command worth mentioning can be used to include text in your
drawings. The drawstring method of the Graphics object draws the given string
with its lower-left corner at coordinates (x, y):

g.drawString(<message>, <x>, <y>);

This is a slightly different convention than we used for drawrRect. With
drawRrect, we specified the coordinates of the upper-left corner. Here we specify the
coordinates of the lower-left corner. By default, text is drawn approximately 10 pixels
high. Here is a sample program that uses a loop to draw a particular string 10 dif-
ferent times, each time indenting it 5 pixels to the right and moving it down 10 pixels
from the top:

// Draws a message several times.
import java.awt.*;

public class DrawStringMessagel {

public static void main(String[] args) {

~ o U e W N

DrawingPanel panel = new DrawingPanel(200, 100);
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panel.setBackground(Color.YELLOW) ;
9

10 Graphics g = panel.getGraphics();

11 for (int i = 0; i < 10; i++) {

12 g.drawString("There is no place like home",
13 i %5, 10 + i * 10);

14 }

15 }

16 }

This program produces the output shown in Figure 3G.10.

= Drawing Panel E],‘ @
here is no place like home
There is no place like home
There is no place like home
There is no place like home
There is no place like home
There is no place like home
There is no place like home
There is no place like home
There is no place like home

Figure 3G.10 Output of DrawStringMessage

Fonts are used to describe different styles for writing characters on the screen. If
you’d like to change the style or size of the onscreen text, you can use the setFont
method of the Graphics object.

Font

An overall design for a set of text characters, including the style, size,
weight, and appearance of each character.

This method changes the text size and style in which strings are drawn.

The parameter to setFont is a Font object. A Font object is constructed by pass-
ing three parameters—the font’s name as a String, its style (such as bold or italic),
and its size as an integer:

new Font(<nhame>, <style>, <size>)

Common font styles such as bold are implemented as constants in the Font class.
The available constants and some popular font names are listed in Tables 3G.4
and 3G.5.



210 Supplement 3G Graphics (Optional)

Table 3G.4 Useful Constants of the Font Class

Constant Displays
Font.BOLD Bold text
Font.ITALIC Itilic rext
Font.BOLD + Font.ITALIC Bold/Italic text
Font.PLAIN Plain texi

Table 3G.5 Common Font Names

Name Description

"Monospaced" a tvpewriter foni. such as Courier New

“SansSerif” a font without curves (senfs) at letter edges. such as Arial
"Serif" a font with curved edges, such as Times New Roman

As in the case of colors, setiing the fonr affects only strings that are drawn after
the font is set. The following program sets several fonts and uses them to draw

strings:

1 // Draws several messages using different fonts.

2

3 import java.awt.~

a

5 public class DrawFonts {

6 public static void main(String{] args) {

7 DrawingPanel panel = new DrawingPanel(200, 100);
8 panel.setBackground(Color.PINK);

9

10 Craphics z = panel.getGraphics();

i1 g.setFont(new Font("Monospaced",

12 Font.BOLD + Font.ITALIC, 36));

13 g.drawString("Toc big", 20, 40);

14

15 g.setFont(new Font("SansSerif", Font.PLAIN, 10));
1 g.drawString{"Too small", 30, 60);

17

18 g.setFont (new Font{"Serif", Font.ITALIC, 18));
19 g.drawString("Just right", 40, 80);

20 }
2% 3

This program produces the output shown in Figure 3G.11.
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% prawingPanel (=)0 [K)
Too big

Too small

Juist right

Figure 3G.11 Output of DrawFonts

3G.2 Procedural Decomposition with Graphics

If you write complex drawing programs, you will want to break them down into sev-
eral static methods to structure the code and to remove redundancy. When you do
this, you’ll have to pass the Graphics object to each static method that you intro-
duce. For a quick example, the brawsStringMessagel program from the previous
section could be split into a main method and a drawText method, as follows:

// Draws a message several times using a static method.

import java.awt.*;

public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel(200, 100);

1

2

3

4

5 public class DrawStringMessage2 {

6

7

8 panel.setBackground(Color.YELLOW) ;
9

10 Graphics g = panel.getGraphics();

11 drawText(g);

12 }

13

14 public static void drawText(Graphics g) {
15 for (int i = 0; 1 < 10; i++) {

16 g.drawString("There is no place like home",
17 i*5, 10+ i * 10);
18 }

19 }

20 }

This program produces the same output as the original program (Figure 3G.10).
The program wouldn’t compile without passing Graphics g to the drawText method,
because g is needed to call drawing methods such as drawString and £illRect.
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A Larger Example: DrawDiamonds

Now let’s consider a slightly more complicated task: drawing the largest diamond
figure that will fit into a box of a particular size. The largest diamond that can fit into
a box of size 50 x 50 is shown in Figure 3G.12.

0.0) (25,0)

(0,25) (50, 25)

{25,50)

Figure 3G.12 Diamond

The code to draw such a diamond would be the following:
.drawRect(0, 0, 50, 50);
.drawLine(0, 25, 25, 0};
.drawLine{25, 0, 50, 25);
.drawLine(50, 25, 25, 50};
.drawLine(25, 50, 0, 25);

@ 9 Q

(o]

Now imagine that we wish to draw three such 50 x 50 diamonds at different loca-
tions. We can turn our diamond-drawing code into a drawbDiamond method that we’ll
call three times. Since each diamond will be in a different position, we can pass the
x- and y-coordinates as parameters to our drawDiamond method.

A diamond enclosed by a box with top-left corner at the location (78, 22) is shown
in Figure 3G.13.

(78,22) (103,22)

(78,47) (128, 47)

(103,72)

Figure 3G.13 Diamond at (78. 22)
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The code to draw this diamond would be the following:

g.drawRect (78, 22, 50, 50);
g.drawLine(78, 47, 103, 22);
g.drawLine (103, 22, 128, 47);
g.drawLine(128, 47, 103, 72);
g.drawlLine (103, 72, 78, 47);

As you can see, the parameter values passed to the drawRect and drawLine meth-
ods are very similar to those of the first diamond, except that they’re shifted by 78 in
the x-direction and 22 in the y-direction (except for the third and fourth parameters to
drawRect, since these are the rectangle’s width and height). This (78, 22) shift is
called an offset.

We can generalize the coordinates to pass to Graphics g’s drawing commands so
that they’ll work with any diamond if we pass that diamond’s top-left x- and y-offset.
For example, we’ll generalize the line from (0, 25) to (25, 0) in the first diamond and
from (78, 47) to (103, 22) in the second diamond by saying that it is a line from
(x, y + 25) to (x + 25, y), where (x, y) is the offset of the given diamond.

The following program uses the drawDiamond method to draw three diamonds
without redundancy:

// This program draws several diamond figures of size 50x50.

import java.awt.*;

public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (250, 150);

1

2

3

4

5 public class DrawDiamonds {
6

7

8 Graphics g = panel.getGraphics();
9

10 drawDiamond(g, 0, 0);

11 drawbiamond(g, 78, 22);

12 drawDiamond(g, 19, 81);

13 }

14

15 // draws a diamond in a 50x50 box

16 public static void drawDiamond(Graphics g, int x, int y) {
17 g.drawRect(x, y, 50, 50);

18 g.drawLine(x, y + 25, x + 25, y);

19 g.drawLine(x + 25, y, x + 50, y + 25);

20 g.drawLine(x + 50, y + 25, x + 25, y + 50);
21 g.drawLine(x + 25, y + 50, x, y + 25);

22 }
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This program produces the output shown in Figure 3G.14.
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£ Drawing Panel
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Figure 3G.I4 Oulput of DrawDiamonds

It’s possible to draw patterned figures in loops and to have one drawing method
call another. For example, if we want to draw five diamonds, starting at (12, 15) and
spaced 60 pixels apart, we just need a for loop that repeats five times and shifts the
x-coerdinate by 60 each time. Here’s an example loop:

for (int i = 0; 1 < 5; i++) {

drawDiamond(g, 12 + 60 = i, 15);

st

If we created another method to draw the line of five diamonds, we could call it
from main to draw many lines of diamonds. Here’s a modified version of the
DrawDiamonds program with two graphicai methods:

1 // This program draws several diamond figures of size 50x50.
2

3 import java.awt.*;

4

5 public class Drawbiamonds2 <

6 public static void main(String[] args) {

7 DrawingPanel panel = new DrawingPanel{35C, 1€0};
8 Graphics ¢ = panel.getGraphics();

g

10 crawManyDiamonds(g, 12, 15);

i1 g.setColor(Color.RED);

i2 drawManyDiamonds(g, 55, 100);

13 }

14

i5 // draws five diamonds in a horizontal line
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

public static void drawManyDiamonds (Graphics g,
int x, int y) {
for (int i = 0; i < 5; i++) {

drawDiamond(g, x + 60 * i, y);

// draws a diamond in a 50x50 box

public static void drawDiamond(Graphics g, int x, int y) {
g.drawRect(x, y, 50, 50);
g.drawLine(x, y + 25, x + 25, y);
g.drawLine(x + 25, y, x + 50, y + 25);
g.drawLine(x + 50, y + 25, x + 25, y + 50);
g.drawLine(x + 25, y + 50, x, y + 25);

This program produces the output shown in Figure 3G.15.

= 1 A“”T"A "': e o
77N |/ \\flf’

SR i 3 ) |
' ~ i RN
\\.// \.\1 '/'} !\’//_J L N LN

Figure 3G.15 Output of DrawDiamonds2
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Imagine that you’ve been asked to write a program that will draw the images in
Figure 3G.16 onto a DrawingPanel.
The overall drawing panel has a size of 350 x 250. Each pyramid is 100 pixels
high and 100 pixels wide. The pyramids consist of centered flights of colored stairs
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Figure 3G.16 Desired Pyramids Output

that widen toward the bottom, with black outlines around each stair. Table 3G.6 lists
the atiributes of each pyramid.

Table 3G.6 Pyramid Attributes

Fill color Top-left corner Number of stairs Height of each stair
white 0,0 10 stairs 10 pixels

red (80. [40y 5 stairs 20 pixels

blue {220, 50} 20 stairs S pixels

Unstructured Partial Solution

When trying to solve a larger and more complex problem like this, it’s important to
tackle it piece by piece and make iterative enhancements toward a final solution.
Let’s begin by trying to draw the top-left white pyramid correctiy.

Each stair is centered horizontally within the pyramid. The top stair is 10 pixels

90
wide. Therefore, it is surrounded by 5 or 45 pixels of empty space on either side.
That means that the 10 x 10 rectangle’s top-left corner is at (45, 0). The second stair

80
is 20 pixels wide, meaning that it’s surrounded by > or 40 pixels on each side:

(0,0)

Ay —F [OMM| ¢—— 45 —»
.40 —» 20 40 —
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The following program draws the white pyramid in the correct position:

O o N O WA W N
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21
22
23
24 }

import java.awt.*;

public class Pyramidsl {

// Draws the first pyramid only, with a lot of redundancy.

public static void main(String[] args) {

DrawingPanel panel

= new DrawingPanel(350, 250);

Graphics g = panel.getGraphics();

// draws the border rectangle
g.drawRect(0, 0, 100,

// draws the 10 "stairs" in the white pyramid

g.drawRect (45, 0,
g.drawRect (40, 10,
g.drawRect (35, 20,
g.drawRect (30, 30,
g.drawRect (25, 40,
g.drawRect (20, 50,
g.drawRect (15, 60,
g.drawRect (10, 70,
g.drawRect( 5, 80,
g.drawRect( 0, 90,

10,
20,
30,
40,
50,
60,
70,
80,
90,
100,

100);

10);
10);
10);
10);
10);
10);
10);
10);
10);
10);

217

Looking at the code, it’s clear that there’s a lot of redundancy among the 10 lines
to draw the stairs. Examining the patterns of numbers in each column reveals that the
x value decreases by 5 each time, the y value increases by 10 each time, the width
increases by 10 each time, and the height stays the same.

Another way of describing a stair’s x value is to say that it is half of the overall
100 minus the stair’s width. With that in mind, the following for loop draws the 10
stairs without the previous redundancy:

for (int i = 0; i < 10; i++) {

int
int
int

int

g.drawRect(stairX, stairY, stairWidth,

stairWwidth = 10 * (i + 1);

stairHeight = 10;

stairX = (100 — stairwidth) / 2;

stairY = 10 * i;

stairHeight);
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Generalizing the Drawing of Pyramids

Next let’s add code to draw the bottom (red) pyramid. Its (x, y) position is (80, 140)
and it has only five stairs. That means each stair is twice as tall and wide as those in
the white pyramid.

(80, 140)
40— 2 —— 40—
— 30— 40 30—

——— =

Given this information, we can determine that the top stair’s upper-left corner is at
(120, 140) and its size is 20 x 20, the second stair’s upper-left corner is at (110, 160)
and its size is 40 x 20, and so on.

For the momezt, let’s focus on getting the coordinates of the stairs right and not
worry about the red fill color. Here is a redundant bit of code to draw the red pyra-
mid’s stairs, without the coloring:

// draws the border rectangle
g.drawRect(8C, 140, 100, 1C0);
// draws the 3 “stairs" of the red pyramid
g.drawRect {120, 140, 20, 20);
.drawRect {110, 160, 40, 20);
.drawRect (100, 180, 60, 20);
.drawRect( 96, 200, 80, 20);
.drawRect( 80, 220, 100, 20);

QN

Q

[(9]

Again we have redundancy among the tive lines to draw the stairs, so let’s look for
a pattern. We’ll use a loop to eliminate the redundancy like we did for the last pyra-
mid, but with appropriate modifications. Each stair’s height is now 20 pixels, and
each stair’s width is now 20 times the number for that stair. The x- and y-coordinates
are a bit trickier. The x-coordinate formuia is similar to the {100 — stairWidth) / 2
from before, but this time it must be shifted right by 80 to account for the pesition of
its bounding box’s top-left corner. The v-coordinate must similarly be shifted down-
ward by 140 pixels. Here’s the correct {oop:

// draws the 3 "stairs" cf the red pyramid
for (int i = 0; i </§; i+=) {
int stairWidth =8¢ * (i + 1);
int stairHeight = [20;
int stairX = 80 % (100 — stairWidth) / 2;
int stairY = 140 + 20 * i;

g.drawRect (stairX, stairY, stairWidth, stairZeight);
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Can you spot the pattern between the two for loops used to draw the stairs of the
pyramids? The x- and y-coordinates differ only in the addition of the offset from
(0, 0) in the second loop. The stairs’ widths and heights differ only in that one pyra-
mid’s stairs are 20 pixels tall and the other pyramid’s stairs are 10 pixels tall (the
result of dividing the overall size of 100 by the number of stairs).

Using the preceding information, let’s turn the code for drawing a pyramid into
a method that we can call three times to avoid redundancy. The parameters will be
the (x, y) coordinates of the top-left corner of the pyramid’s bounding box and the
number of stairs in the pyramid. We’ll also need to pass Graphics g as a parame-
ter so that we can draw onto the DrawingPanel. We’ll modify the for loop to
compute the stair height first, then use the height to compute the stair width, and
finally use the width and height to help compute the (x, y) coordinates of the stair.
Here’s the code:

public static void drawPyramid(Graphics g, int x,
int y, int stairs) {
// draws the border rectangle

g.drawRect(x, y, 100, 100);

// draws the stairs of the pyramid

for (int i = 0; i < stairs; i++) {
int stairHeight = 100 / stairs;
int stairWidth = stairHeight * (i + 1);
int stairX = x + (100 — stairWidth) / 2;
int stair¥ = y + stairHeight * i;

g.drawRect (stairX, stairY, stairWidth, stairHeight);

The preceding code is now generalized to draw a pyramid at any location with any
number of stairs. But one final ingredient is missing: the ability to give a different
color to each pyramid.

Complete Structured Solution

The preceding code is correct except that it doesn’t allow us to draw the pyramids in
the proper colors. Let’s add an additional parameter, a Color, to our method and use
it to fill the pyramid stairs as needed. We’ll pass Color.WHITE as this parameter’s
value for the first white pyramid; it’ll fill the stairs with white, even though this isn’t
necessary.

The way to draw a filled shape with an outline of a different color is to first fill the
shape, then use the outline color to draw the same shape. For example, to get red rec-
tangles with black outlines, first we’ll use fillRect with red, then we’ll use
drawRect with black with the same parameters.
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Here’s the new version of the drawPyramid method that uses the fill color as a
parameter:

public static void drawPyramid(Graphics g, Color c,
int x, int y, int stairs) {

g.drawRect(x, y, 100, 100);

for (int i = 0; i < stairs; i++) {

int stairHeight = 100 / stairs;

int stairWidth = stairHeight * (i + 1);
nt stairX = x + (100 — stairWidth) / 2;

int stair¥ = y + stairHeight * i;

g.setColor{c);

.£illRect({stairX, stairY, stairWidth, stairHeight);

«Q

«Q

.setColor(Coleor.BLACK);

g.drawRect (stairX, stairY, stairWidth, stairHeight);

Using this method, we can now draw all three pvramids easily by calling
drawPyramid three times with the appropriate parameters:

drawPyramid(g, Color.WHITE, 0, 0, 10);

drawPyramid(g, Color.RED, 80, 14

(&)

%]

N~
~e

drawPyramid(g, Color.BLUE, 22C, 30,

One last improvement we can make to our Pyramids program is to turn the over-
!l pyramid size of 100 into a constant, so there aren’t so many [00s lying around in
the code. Here is the complete program:

// This program draws three colcred pyramid figures.

1
2
3 import java.awt.x;
4
5 public class Pyramids {
6

public static final int SIZE = 100;
7

8 public static void main(String[] args) {

9 DrawingPanel panel = new DrawingPanel(350, 250);
10 Graphics g = panel.getGraphics();

i1

12 drawPyramid(g, Color.WHITE, C, 0, 10);

13 drawPyramid(g, Color.RED, 80, 140, 5}:

id drawPyramid(g, Color.BLUE, 220, 50, 20);

15 }

16

17 // draws one pyramid figure with the given
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18 // number of stairs at the given (x, y) position
19 // with the given color
20 public static void drawPyramid(Graphics g, Color c,
21 int x, int y, int stairs) {
22
23 // draws the border rectangle
24 g.drawRect(x, y, SIZE, SIZE);
29
26 // draws the stairs of the pyramid
27 for (int i = 0; i < stairs; i++) {
28 int stairHeight = SIZE / stairs;
29 int stairwidth = stairHeight * (i + 1);
30 int stairX = x + (SIZE — stairWidth) / 2;
31 int stairY = y + stairHeight * i;
32
33 // f£ills the rectangles with the fill colors
34 g.setColor(c);
35 g.fillRect(stairX, stairy¥, stairWidth, stairHeight);
36
37 // draws the black rectangle outlines
38 g.setColor(Color.BLACK);
39 g.drawRect(stairX, stairY, stairwidth, stairHeight);
40 }
41 }
42 )
Chapter Summary ],

DrawingPanel is a custom class provided by the authors
to easily show a graphical window on the screen. A
DrawingPanel contains a Graphics object that can be
used to draw lmes, text, and shapes on the screen using
different colors.

A Graphics object has many useful methods for drawing
shapes and lines, such as drawLine, fillRect, and
setColor. Shapes can be “drawn” (drawing only the
outline) or “filled” (coloring the entire shape).

The Graphics object can write text on the screen with its
drawString method. You can specity different font styles
and sizes with the setFont method.

Graphical programs that are decomposed into methods
must pass appropriate parameters to those methods (for
example, the Graphics object, as well as any (x. y)
coordinates, sizes, or other values that guide the figures to
be drawn).
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Self-Check Problems }

Section 3G. |: Introduction to Graphics

1.

4.

Which of the following 1s the correct syntax to draw a rectangle?

. Graphics g.drawRect{10, 20, 50, 30);

. g.drawRect(10, 20, 50, 50});
g.draw.rectangle(10, 20, 50, 30);

. Graphics.drawRect (10, 2C, 50, 30};

LI = U T

. g.drawRect(x = 10, y = 20, width = 50, height = 20};

. There are two nusiakes in the foliowing code. which attempts to draw a line trom coordinates (50. 86) to (20. 35).

What are they?

DrawingPanel panel = new DrawingPanel(200, 200);

panel.drawLine(50, 20, 86, 35):

The following code aempts w dvaw a black-filled outer rectangic with a white-filled inner circle inside it:
DrawingPanel paneli = new DrawingPanel(2(0, 100);

Graphics g = panel.getGraphics(};

g.setColor(Color.WHITE};

g. £11T0ova (0L P RE GHNES 031>

g.setColor(Color.BLACK);

g.£111Rect (10, 10, 50, 504;

However, the graphical output looks like Figure 3G.17 instead. What must be changed for it to look as intended”

N _7Drévdng* -Par.l;lﬂ E]LE_\

Figure 3G.17

The follewing code attempts to draw a black rectangle from (0. 203 to (50. 40) with a line across its diagonal:
DrawingPanel parel = new DrawingPanel(200, 100);

Graphics g = panel.getGraphics();

g.drawRect{iC, 20, 38, 44j;

g.drawLine(10, 20, 5C, 40);

However, the graphical output fooks like Figure 3G.18 instead. What must be changed for 1t to Jook as intended?



Exercises 223

= Drawing ;mel E] @

"

Figure 3G.18

5. What sort of figure will be diawn by the following program? Can you draw a picture that will approximately match
its appearance without running it first?

1 import java.awt.*;
2
3 public class Draw7 {
4 public static void main(String[] args) {
5 DrawingPanel panel = new DrawingPanel (200, 200);
6 Graphics g = panel.getGraphics():
7 Ffor (LSS =N -STiR<2 ()= B0 ) B
8 g.drawvOval(i * 10, 1 * 10, 200 — (i * 10), 200 — (1 * 10));
9 ¥
10 }
TN
Exercises J

1. Wiite a program that uses the DrawingPanel to draw Figure 3G.19.

[ 4.} rawing Panel

Figure 3G.19
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The window 1s 220 pixels wide and 150 pixels tall. The background is yellow. There are two blue ovals of size 40 x 40
nixels. They are 80 pixels apart. and the left oval’s wp-left corner is located at position (50, 25). There is a red square
whose 1op iwo corners exactly mterseet the centers of the two ovals. Lastly, there is a black horizonial line through
the center of the squure.

2. Modity your program from the previous exercise to draw the figure by a method cailed drawFigure. The method
shouid accept three parameters: the Graphics g of the DrawingPanel on which to draw, and a pair of (x, y) coor-
dinates specifving the focation of the top-left corner of the figure. Use the following heading for your method:

public static wold drawFigure(Graphics g, int x, int y)

Set your DrawingPanel’s size to 450 x 150 pixels, and use your drawFigure method o place two figures on iL. as
shown in Figure 3G 20). Onie tigtre should be at position (50. 25) and the other should be at positior (250, 43).

Figure 3G.20

3, Suppose vou have the following existing program called Face that uses the DrawingPanel to draw the face figure
shown 1n Figure 3G.21. Modify the program to draw the modified output shown 1 Figure 3G.22. Do so by writing a
narameterized method thet draws a face at different posizions. The window size should be changed to 320 x 180 pixels.
and the two faces’ top-left corners are at (10, 301 and (150, 50).

8 Drawing Panel MEE|

File View Help

Figure 3G.21

1 public class Face {

~N

public static void main(String{] args) ({

gs)

DrawingPanel panel = new DrawingPanel ({220, 150:;
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4 Graphics g = panel.getGraphics();

5

6 g.setColor(Color.BLACK) ;

7 g.drawOval(10, 30, 100, 100); // face outline
8

9 g.setColor(Color.BLUE) ;

10 g.£illoval(30, 60, 20, 20); // eyes
11 g.filloval(70, 60, 20, 20);

12

313 g.setColor(Color.RED); // mouth
14 g.drawLine(40, 100, 80, 100);

15 }

i6 }

8 Drawing Panel H=E3 ‘

File View Help

2=l

Figure 3G.22

4. Modify your previous Face program to draw the new output shown in Figure 3G.23. The window size should be
changed to 520 x 180 pixels. and the faces’ top-left corners are at (10, 30). (110, 30), (210. 30), (310, 30), and (410, 30).

8 Drawing Panel - 0] x]
Vljde View ﬂelE
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Figure 3G.23
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5. Write a program called ShowDesign that uses the DrawingPanel to draw Figure 3G.24.

Figure 3G.24

The window 1s 204 pixeis wide and 200 pixels tail. The background 1s white and the foregreund 1s black. There are
20 pixels betweea each of ihe four rectangles. and the rectangles are conceniric {their centers are at the sawme point).
Use a loop 1o draw the repeated rectangles,

6. Modiiy vour ShowDesign program fron the previous exercise so thatat has a method that accepts parameters for
the window widith and herghi and displays the rectangles at the appropriate sizes. For example, 1f your method was
called with values of 300 and 100. the window would look like Figure 3G 25

Figure 3G.25

7. Write a program called Squares that uses the DrawingPanel to draw the shupe shown in Figure 3G.26.
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£ Drawing Panel

Figure 3G.26

The brawingPanel is 300 pixels wide by 200 pixels high. Its background is cyan. The horizontal and vertical lines
ate drawn 1n red and the diagonal line is drawn in black. The upper-left corner of the diagonal line 15 at (50. 50).
Successive horizontal and vertical lines are spaced 20 pixels apart.

8. Modity your code from the previous exercise to produce the pattern shown 1n Figure 3G.27.

Figure 3G.27

The dDrawingPanel is now 400 x 300 pixels in size. The first figure is at the same position. (50, 50). The other figures
are at positions (250. 10) and (180. 115), respectively. Use one or more parameterized static methods to reduce the
redundancy of your solution.
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9. Modify your code from the previous exercise to produce the pattern shown in Figure 3G.28.

g Drawing F;anel

Figure 3G.28

The DrawingPanel i the sumne except that now each figure has a hiterent size. The lett figure has its ariginal size
of 100. the top-right tigure hus a size of 30, und the botom-right tigure has a size of 180, Use parameterized static
methods to reduce the redundancy of vour sojunion.

10. Write a program called Stairs that uses the DrawingPanel to draw the figure shown i Figure 3G.29. The fust
staie’s top-lett cemer ts ai position {5, §). The tiest stair s 10 x 10 pixels in size. Each stair is 10 pixels wider than
the one above 1t Muke a tabie with the tx, vi coordinates and {width X height) sizes of the first five stairs. Nowe which
values change and which ones stay the same.

Ho:... B=ER

File View Help

Figure 3G.29

11. Modity your previous Stairs program to draw each of the cutputs shown i Frgure 3G.30. Modify only the body of
your foop. (You may want to make a new table to find the expressions for v, y, widrh, and heighr for each new output.)
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Bor... BEE Bor.. BHER Br.. BER
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Figure 3G.30

12. Write a program called Triangle that uses the DrawingPanel to draw the figure shown in Figure 3G.31.

Figure 3G.31

The window 1s 600 x 200 pixels in size. The background 1s yellow and the lines are blue. The lines are 10 pixels
apart vertically, and the diagonal lines intersect at the bottom of the figure in its horizontal center.

13. Write a program called spiral that uses the DrawingPanel to draw the figure shown in Figure 3G.32.

-_:Qr.awi!zg y @C @

Figure 3G.32

The window is 170 x 170 pixels. The background 1s white and the foreground is black. The spiral line begins at point
(0, 10) and spirals inward. There are 10 pixels between each arm of the spiral and eight spirals in all. The initial spi-
ral touches ponts (0, 10), (160, 10}, (160, 160). (10, 160), and (10, 20).
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For an additional challenge. parameterize vour program with parameters such as the window size and the number
of spiral foops desired.

Programming Projects ﬁ,

1. Write 2 program that draws the patterns skown in Figure 3G.33 onto u DrawingPanel.

Figure 3G.33

The prawingPanel’s size is 400 x 400 pixels and its background color is cyan. It contains four figures of concentric
vellow cireles with Black cutlines. ail surrounded by a green rectangic with a black outline. The four figures on your
DrawingPanel should have the properties shown in Table 3G.7.

Table 3G.7 Circle Figure Properties

Number Number of
Description {x, v) position Size of subfigures of circles rows/cols
op left (0,0 100 x 100 5 ixi
bottom ieft (10, 1203 24 x 24 4 3¢S
top right {i50, 20, 40 x 40 ) 66
battom right (130. 275} 36 x 36 4] 3x3

Break down vour program inio methods for draw
3% 3 gnd at (10, 120y

o

one subligure as well as farger grids of subtigures, such as the
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2. Write a program that draws the image shown in Figure 3G .34 onto a DrawingPanel of size 200 % 200. Each stamp
13 50 x 50 pixels in size.

B praving Panet (201 [X]

‘. r; I
u il| Love
‘ =il Java

Figure 3G.34

3. Write a program that draws checkerboards like these shown 1n Figure 3G .35 onto a brawingPanel of size 420 x 300.

Drawing Panel

Figure 3G.35




232 Supplement 3G Graphics (Optional)

4. Write a modified version of the Projectile case study program from Chapter 3 that diaws a graph of the projectile’s
flight onto a DrawingPanel of size 420 % 220. For example, the panel showan i Figure 3(G.36 draws a projectile with
an gl veloeity of 30 meters per second. an angie of 50 degrees. and 10 steps.

£ Drawing Panel

Figure 3G.36

S. Write a program that draws the nwage shown in Figure 3G.37 onto 2 DrawingPanel of size 650 % 400. The tmage
represents a famous optical llusion calied the “Cate Wil in which a series of straight squares appears to be slanted.

B Drawing Pavel

Figure 3G.37
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The 1mage has a gray background and many rows of black and white squares with a blue X drawn through each
black square. The two free-standing rows 1n the diagram have the following properties:

Table 3G.8 Cafe Wall Row Properties

Description (x, y) position Number of pairs Size of each box
upper-left 0, 0) 4 20
mid-left (50, 70) 5 30

The diagram has four grids of rows of squares, with 2 pixels of vertical space between adjacent rows. A key aspect
of the optical illusion 1s that every other row 1s shifted horizontally by a particular offset. The four grids have the
following properties:

Table 3G.9 Cafe Wall Grid Properties

Description (x, y) position  Number of pairs  Size of each box  2nd row offset
lower-left (10, 150) 4 25 0
lower-middle (250, 200) 3 25 10
lower-right (425, 180) 5 20 10
upper-1ight (400. 20) 2 35 35






