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HHow to: Use the Graphics
Classes in canvas.h

H.1 The Graphics Library:TOOGL 1.0
The documentation in this section describes version 1.0 ofTOOGL, the Tapestry Object
Oriented Graphics Library (for Exploring and Experimenting).1

The graphics library consists of several classes for drawing and animating shapes.
These classes provide support for client programs to create and manipulate shapes and
images, and for the shapes to interact with the program and the user via the keyboard and
mouse. The classes are built on a graphics engine underneath them doing the drawing
and event-processing, the engine is not part of the library. The current implementation
uses an engine created by a group at Carnegie Mellon University. The principal author of
the CMU graphics engine is Geoff Washburn; the package is accessible via the following
URL, which will also be linked to the web site for this book (see below):

http://www.cs.cmu.edu/afs/cs/user/mjs/ftp

The currentTOOGL classes are fully functional, but may evolve as they’re more ex-
tensively used. In particular, the origin is currently fixed in the upper-left corner, with
x-coordinates increasing to the right and y-coordinates increasing down the screen. Co-
ordinates are expressed in pixels rather than in an absolute measure like centimeters. In
the future the ability to choose the coordinate system will become part of theTOOGL
classes and coordinates will be specified in centimeters or inches.

If you’re reading this as part ofA Computer Science Tapestry, the pictures of the
screen images created by the graphics classes will be in black-and-white. For full-color
pictures, and a much more extensive set of examples, including animations rather than
still screen captures, see the supporting web pages at the following URL:

http://www.cs.duke.edu/csed/tapestry

The programs and examples in this How to show the functionality of the graphics classes
by using language features like arrays/vectors and inheritance. It’s possible, however,
to introduce every C++ concept with a graphical example, so that the first graphics
programs might have no control statements, just shapes drawn on a canvas. Again, for
a fuller treatment see the web site for the book.

1TOOGL is pronounced too-gull, not too-gee-ell.
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H.2 Using the Canvas Class
The basic window for drawing withTOOGL is an instance of the classCanvas , ac-
cessible by using#include"canvas.h" . A Canvas object is not double buffered,
and is intended for drawing shapes or figures once rather than as part of an animation.
For drawing, redrawing, and animation, use the classAnimatedCanvas described in
Section H.3.

H.2.1 Canvas Basics

A Canvas object is constructed by specifying its width, height, and distance in the x-
and y-direction of the upper-left corner of the canvas from the upper-left corner of the
screen; constructor parameters are integers. Any number ofCanvas objects can be

Syntax: Canvas constructor

Canvas can(width, height, x, y);

created in the same program. When
a Canvas object is used, the stan-
dard console window is still visible,
and all standard output streams are
functional, so text and graphical out-

put can be easily mixed. However, if the console window covers part of aCanvas
window, theCanvas window may be erased when the console window is moved. To
ensure that all windows in a program are visible, the firstCanvas created in a program
displays the message “click with mouse to begin.” Before clicking, you should move
windows so that they don’t overlap, ensuring that the console window won’t erase any
part of aCanvas window.

H.2.2 Drawing, Styles, and Colors

Program H.1,circles.cpp, draws seven circles, each in a different color. Circles are drawn
in a filled style, in which the entire circle is filled with a color, and a frame style, in which
just the outline of the circle is drawn. As the output ofcircles.cppin Figure H.1 shows,
the default style of drawing uses filled figures, as thoughCanvas::SetFilled()
had been explicitly called. The circles on the left of Figure H.1 are filled, while the
circles on the right are framed because the methodCanvas::SetFrame() changes
the drawing style just before the circles on the right are drawn. The largest radius
circle must be drawn first when the filled style is used or else each drawn circle would
completely obscure the circles drawn previously. To ensure that the graphics window
remains visible after drawing has finished, the methodCanvas::runUntilEscape
keeps the graphics window showing until the escape key is pressed when the graphics
window has the focus.2 It’s also possible to use the free functionWaitForReturn()
in utils.h, which pauses until the user presses the return (or enter) key.3

2A window has the focuswhen it is the active window. In most windowing systems you make a window
active by clicking in the title bar of the window, or in the window itself.
3On many systems the return key must be pressed twice.
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Program H.1 circles.cpp

#include "canvas.h"

// show simple Canvas functions, change style and color of drawing

void circles(Canvas& c, const Point& p, double size)
// post: series of circles drawn on c, centered at p
// initial size = size (decreased by 20% for each one
{

color spectrum[] = {CanvasColor::RED, CanvasColor::ORANGE, CanvasColor::YELLOW,
CanvasColor::GREEN, CanvasColor::BLUE, CanvasColor::INDIGO,
CanvasColor::VIOLET};

int k;
for(k=0 ; k < 7; k++)
{ c.SetColor(spectrum[k]);

c.DrawCircle(p,size);
size ∗= 0.80;

}
}

int main()
{

const int WIDTH = 250, HEIGHT = 150;
Canvas c(WIDTH, HEIGHT, 20,20);
circles(c, Point(WIDTH/4, HEIGHT/2), WIDTH/4);
c.SetFrame();
circles(c, Point(3 ∗WIDTH/4, HEIGHT/2), WIDTH/4);
c.runUntilEscape();
return 0;

} circles.cpp

Figure H.1 Circles drawn in different colors and styles using circles.cpp, Program H.1
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Table H.1 DrawXXX methods for the Canvas class. All methods are void .

Method Prototype
DrawPixel (const Point& p);
DrawRectangle(const Point& p1, const Point& p2);
DrawCircle (const Point& center, int radius);
DrawEllipse (const Point& p1, const Point& p2);
DrawTriangle (const Point& p1, const Point& p2,

const Point& p3);
DrawPolygon (const tvector<Point>& a, int numPoints);
DrawString (const string& s, const Point& p,

int fontsize=14);
DrawPieWedge(const Point& p, int radius,

double startRad, double endRad);

H.2.3 Drawing Shapes andText

The DrawXXX methods described in Table H.1 make lines, curves, and other shapes
appear on aCanvas object. Once set, the color and the style (filled/frame) in a canvas
apply to all drawings, though both the color and style can be changed between invocations
of DrawXXXmethods usingSetColor(..) , SetFramed() , andSetFilled()
as shown in Program H.1. Colors are described in Section H.3.8.

TheDrawPieWedge 4 method draws a segment of a circle, whose center and radius
are specified. ParametersstartRad andendRad specify the angles (in radians) of
the segment. For example, the call below draws a quarter-circle centered at pointp with
radius 100.5

c.DrawPieWedge(p, 100, 0.0, PI/2);

Many of theCanvas methods are shown indrawshapes.cpp, Program H.2, which draws
randomly sized different shapes at random locations. Two runs are shown in Figure H.2:
the screen capture on the right uses the default filled drawing mode, the capture on the
left uses the code shown indrawshapes.cppwhere the callc.SetFrame() uses the
framed, outline style for each figure.

Program H.2 drawshapes.cpp

#include "canvas.h"
#include "prompt.h"
#include "randgen.h"
#include "dice.h"

4TheDrawPieWedge method is called by theStatusCircle class declared instatusbar.hand used
in Program 6.16.
5The constantPI and functions to convert degrees to radians can be found inmathutils.h, see How to G.
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// fill screen with random shapes

Point getPoint(Canvas& c)
// postcondition: return a random point in Canvas c
{

RandGen gen;
return Point(gen.RandReal(0,c.width()), gen.RandReal(0,c.height()));

}

void drawShape(Canvas & c)
// postcondition: random shape/random size drawn on c
{

const int NUM_SHAPES = 4; // # different shapes
const int MAX_SIZE = 30; // max size of a shape
Dice shapeDie(NUM_SHAPES); // for randomizing selections
Dice sizeDie(MAX_SIZE); // for randomizing size

Point p1(getPoint(c));
Point p2(p1.x + sizeDie.Roll(), p1.y + sizeDie.Roll());

switch (shapeDie.Roll())
{

case 1 :
c.DrawRectangle(p1,p2);
break;

case 2 :
c.DrawEllipse(p1,p2);
break;

case 3 :
c.DrawCircle(p1, sizeDie.Roll());
break;

case 4 :
c.DrawTriangle(p1,p2,getPoint(c));
break;

}
}

int main()
{

const int WIDTH= 200, HEIGHT= 200;
RandGen rnd;
Canvas c(WIDTH,HEIGHT,20,20);
int numSquares = PromptRange("# of shapes: ",1,1000);
int k;
for(k=0 ; k < numSquares; k++)
{ // c.SetFrame();

c.SetColor(CanvasColor(rnd.RandInt(0,255), rnd.RandInt(0,255),
rnd.RandInt(0,255)));

drawShape(c);
}
c.runUntilEscape();
return 0;

} drawshapes.cpp



June 7, 1999 10:10 owltex Sheet number 28 Page number 800magentablack

800 Appendix H How to: Use the Graphics Classes in canvas.h

Figure H.2 Many shapes of random size and random color.

Using DrawText . As shown in Table H.1, theDrawText method has an optional
parameter that specifies the font size. Program H.3,grid.cpp, shows theDrawLine and
DrawText methods used to create the labeled grids in Figure H.3.

Program H.3 grid.cpp

#include "canvas.h" // for Canvas
#include "strutils.h" // for tostring(int)
// illustrates line and text drawing in Canvas class
int main()
{

const int GRID_SIZE = 200;
const int SIZE= 20; // fudge dimensions to make room for text
Canvas c(GRID_SIZE+SIZE, GRID_SIZE+SIZE,100,100);
int j;
for(j=0; j <= GRID_SIZE; j+= SIZE)
{ c.SetColor(BLACK);

c.DrawString(tostring(j), Point(0,j)); // draw text labels
c.DrawString(tostring(j), Point(j,0));

}
c.SetColor(BLUE);
for(j=0; j <= GRID_SIZE; j+= SIZE)
{ c.DrawLine(Point(j,0), Point(j,GRID_SIZE)); // horizontal line

c.DrawLine(Point(0,j), Point(GRID_SIZE,j)); // vertical line
}
c.runUntilEscape();
return 0;

} grid.cpp
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Figure H.3 Grids drawn with grid.cpp, on the left with default font size of 14, on the right
with a font size of 12.

H.3 Using the AnimatedCanvas Class
The classAnimatedCanvas supports the same methods thatCanvas supports6 but
is double buffered so it can be used for animations. Although both classes support
the notion ofShape objects that draw themselves, these shapes don’t work very well
without double buffering.

Double buffering is a technique that uses two canvases, one for displaying and one
for drawing, that makes flicker-free animations possible. All drawing takes place on an
off-screen drawing buffer, which acts just like a canvas, but isn’t visible. When drawing
on the off-screen buffer is complete, the buffer is displayed on the visible canvas very
quickly using an operation calledbitblt , pronounced “bit blit.”

H.3.1 The Shape Hierarchy

Client code draws directly on aCanvas object using one of theDrawXXX methods
from Table H.1. In contrast, shapes are added to anAnimatedCanvas , and each
shape knows how to draw itself on the canvas (using one or more of theDrawXXX
methods). Client programs don’t normally draw on anAnimatedCanvas , although
it’s possible to do so. It doesn’t make sense to draw directly because each time the
off-screen buffer is copied on-screen, any drawings made directly on the canvas will be
erased.

6The classCanvas is actually a subclass ofAnimatedCanvas without double buffering. This
meansCanvas doesn’t support animations. Both classes are subclasses of a classBaseCanvas that
communicates with the underlying graphics engine.
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CircleShape

EllipseShape

RectangleShape

PolygonShape

TriangleShape

TextShape

ImageShape CompositeShape Bouncer

EmptyShapeMover

MKAdapter

Shape

Figure H.4 The hierarchy of shapes in shapes.h used with the AnimatedCanvas class. The shapes on the left
encapsulate a method of the corresponding name.

Instead, shapes are added to anAnimatedCanvas which then cycles through all
the shapes asking each shape to draw itself. Animations are possible because a shape
can draw itself at different locations. The double buffering makes it seem as though the
shapes are moving although what’s actually happening is that all the shapes are erased,
redrawn at new locations, and then displayed again.

The different shapes are accessible inshapes.hwhich is included as part ofcanvas.h.
The shape inheritance hierarchy is shown in Figure H.4. The classes on the left corre-
spond to aDrawXXXmethod, the other classes extend the kind of shape objects and the
behavior of shape objects.

H.3.2 Properties of Shape Objects

Every shape has a current position, a color, and abounding box. The abstract base class
Shape , from which all classes in the hierarchy in Figure H.4 derive, is shown as Pro-
gram H.4 which shows just the superclass. As the declaration shows, all derived classes
must implement the following methods (they’re abstract, or pure virtual, inShape ):

draw(AnimatedCanvas& c) is the method that anAnimatedCanvas ob-
ject calls, passing itself (the canvas), so that a shape object can draw itself.

setLocation(const Point& p) sets the location of a shape object; see
the relatedbbox method.

getLocation() returns the current location of a shape object.

bbox() returns the bounding box of a shape object. The bounding box is a
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(minimal) rectangle that surrounds the shape. The bounding box is used to draw
and detect overlap with other shapes.

clone() returns a copy of a shape. The superclassShape implementsclone
to return a NULL/0 pointer, which will cause immediate problems in most cases
so subclasses should overrideclone .

In most cases you’ll first be using the classes in Figure H.4 rather than creating your
own classes.

Program H.4 abcshape.h

class Shape
{

public:
Shape();
virtual ∼Shape() {}

virtual void draw(AnimatedCanvas& c) = 0;
virtual void setLocation(const Point& p) = 0;
virtual Shape ∗ clone();

int id () const {return myCount;}
virtual Point getLocation() const = 0;
bool contains(const Point& p) const;
bool overlaps(const Shape& s) const;

virtual Box bbox() const = 0;
virtual string tostring() const;

protected:

static int ourCount;
int myCount;

}; abcshape.h

H.3.3 Using Shapes: addShape and clone

Program H.5 shows how simple it is to create shapes with interesting behavior. A five-
line program creates a bouncing ball; snapshots are shown in Figure H.5.7 The program
creates aCircleShape , adds bouncing behavior to the circle by creating aBouncer
object from the circle, then adds the bouncer to the canvas and runs the program until
the user presses the ESCAPE key. We’ll discuss theBouncer class in more detail in
Section H.3.6, but the parameters are a shape, a direction in radians, and a velocity. One
radian is approximately 57 degrees.

7See the web site whose URL is given at the beginning of this How to for access to an animation, or run
the program.
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Figure H.5 Three snapshots of a bouncing ball in an AnimatedCanvas .

Program H.5 bouncedemo.cpp

#include "canvas.h"

// simple bouncer, one circle bouncing

int main()
{

AnimatedCanvas canvas(200,200,20,20);
CircleShape circle(Point(100,100), 10.0, CanvasColor::RED);
Bouncer b(circle,1,2);
canvas.addShape(b);
canvas.runUntilEscape(10);
return 0;

} bouncedemo.cpp

An AnimatedCanvas object stores pointers to all the shapes it contains. Client
code can create shapes on the heap by callingnew, or can construct shapes as local
(stack) variables as shown in Program H.5. Objects added to anAnimatedCanvas
are cloned if they’re not added as pointers.8 In Program H.5, for example, the bouncer
objectb will be cloned by theaddShape method. Normally client programs don’t
need to be concerned about cloning, but it’s difficult to remove cloned shapes from a
canvas. New shape classes may implement cloning improperly, so fewer bugs are usually
encountered when shapes are allocated on the heap and not cloned.

8To be precise,clone is called when an object is passed by reference rather than by a pointer. Cloning
can be circumvented using the address-of operator, but this is almost always a very bad idea.
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Figure H.6 The CompoundShape fish and its bounding box from bouncefish.cpp

H.3.4 The CompositeShape Class

The classCompositeShape allows you to construct a new shape by combining sev-
eral shapes together. Program H.6,bouncefish.cpp, shows how one fish is made from
several shapes, then cloned to create an aquarium. Just as theaddShape method
clones shapes added to a canvas when the shapes aren’t allocated on the heap, the
CompositeShape::add method clones shapes not allocated on the heap. The
CompositeShape fish that’s part ofbouncefish.cpp, Program H.6 is shown in Fig-
ure H.6 with its bounding box; a snapshot of the bouncing fish is shown in Figure H.7.

Figure H.7 An aquarium of 40 bouncing fish from bouncefish.cpp
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Program H.6 bouncefish.cpp

#include <iostream>

using namespace std;

#include "canvas.h"

#include "randgen.h"

#include "prompt.h"

#include "mathutils.h"

int main()

{

const int WIDTH= 300;

const int HEIGHT= 200;

AnimatedCanvas display(WIDTH,HEIGHT,20,20);

RandGen rgen;

display.SetTitle("fish bouncer demo");

EllipseShape body (Point(10,10), Point(50,30), CanvasColor::YELLOW);

EllipseShape bodyb(Point(9,9), Point(51,31), CanvasColor::BLACK);

CircleShape eye (Point(40,15), 5, CanvasColor::RED);

TriangleShape fin (Point(30,5), Point(30,11), Point(35,11), CanvasColor::BLUE);

TriangleShape tail (Point(0,10), Point(0,30), Point(15,20), CanvasColor::GREEN);

CompositeShape fish;

fish.add(fin);

fish.add(tail);

fish.add(bodyb);

fish.add(body);

fish.add(eye);

// fish should start on grid, not bouncing

const int MAX_FISH_X = WIDTH − fish.bbox().width();

const int MAX_FISH_Y = HEIGHT − fish.bbox().height();

int numFish = PromptRange("how many fish: ",1,100);

int k;

for(k=0 ; k < numFish; k++)

{ fish.setLocation(Point(rgen.RandInt(0,MAX_FISH_X),

rgen.RandInt(0,MAX_FISH_Y)));

Bouncer fishb(fish, deg2rad(rgen.RandInt(0,360)), rgen.RandInt(2,7));

display.addShape(fishb);

}

display.runUntilEscape(10);

return 0;

} bouncefish.cpp
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H.3.5 Processing Mouse and Key Events

An AnimatedCanvas object cycles through all the shapes that have been added calling
Shape::draw on each one. It’s possible to have individual shapes respond to mouse
clicks and key presses, but it’s more often useful to add click/key behavior to an entire
canvas. We’ll discuss methods for doing this withTOOGL.

The simplest way to incorporate functions that respond to mouse presses and key
clicks is to create a class that derives fromMKAdapter (Mouse and Key Adapter)
and add an instance of the new class to a canvas. Incirclefun.cppa simple class
MakeCircle is created that responds to mouse clicks by creating a circle at the point
of the click and labeling the center. The radius of the circle is chosen randomly as a
multiple of five between five and thirty. Output from one run is shown in Figure H.8

Program H.7 circlefun.cpp

#include <iostream>
using namespace std;

#include "canvas.h"
#include "dice.h"

// illustrate MKAdapter, make a circle where mouse is clicked

class MakeCircle : public MKAdapter // stateless, make a circle where clicked
{

public:
MakeCircle()
{ }
void processClick(const Point& p, AnimatedCanvas& ac)
// post: circle of random radius created at mouse click point
// center labeled withcoordinates
{

Dice d(6);

CircleShape circ(p,d.Roll() ∗5, CanvasColor::MAGENTA);
ac.addShape(circ);
TextShape label(p,p.tostring(),CanvasColor::BLACK);
ac.addShape(label);

}
};

int main()
{

AnimatedCanvas ac(200,200,20,20);
MakeCircle mc;
ac.addShape(mc);
ac.runUntilEscape(10);

return 0;
} circlefun.cpp
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Figure H.8 Responding to mouse clicks by creating circles in Program H.7, circlefun.cpp

It’s possible for a new class derived fromMKAdapter to have aprocessClick
method for responding to mouse clicks and aprocessKey method for responding to
keys. Both methods are called by anAnimatedCanvas object which passes itself
(the canvas) and either the point of the mouse click or the key press. AnMKAdapter is
also aShape so that it can be added to a canvas via theaddShape method. However,
MKAdapter derives fromEmptyShape , a shape with size zero and no drawing behav-
ior. TheEmptyShape class is often used to add behavior to a canvas via an invisible
shape.

As a simple illustration of responding to key presses, Program H.8 implements a
version of the toyEtch-a-Sketch. By pressing arrow keys, the user can create pictures by
moving a drawing pen around the screen. This program uses aCanvas rather than an
AnimatedCanvas because lines are drawn rather than shapes and we don’t want to
erase the lines via double buffering. A rudimentary drawing using the program is shown
in Figure H.9

Program H.8 sketchpad.cpp

#include "canvas.h"

// illustrates MKAdapter with SketchAnEtch (stealing shamelessly
// from EtchASketch, a trademarked product)

class SketchPad : public MKAdapter
{

public:

SketchPad(const Point& start); // begin to draw at start
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void processKey(const Key& key, AnimatedCanvas& c);

private:

static const int DELTA; // each key-click moves this amount

Point myPoint; // current point in drawing

};

const int SketchPad::DELTA = 2;

SketchPad::SketchPad(const Point& start)

: myPoint(start)

{

}

void SketchPad::processKey(const Key& key, AnimatedCanvas& c)

// post: line drawn from oldpoint to newpoint in given direction

// specified by key (arrow key)

{

Point newPoint = myPoint;

if (key.isuparrow())

{ newPoint.y −= DELTA;

}

else if (key.isdownarrow())

{ newPoint.y += DELTA;

}

else if (key.isleftarrow())

{ newPoint.x −= DELTA;

}

else if (key.isrightarrow())

{ newPoint.x += DELTA;

}

c.DrawLine(myPoint,newPoint);

myPoint = newPoint;

}

int main()

{

const int WIDTH=200, HEIGHT=200;

Canvas c(WIDTH,HEIGHT,20,20); // double buffering off

c.SetColor(CanvasColor::BLACK);

c.SetTitle("Tapestry SketchAnEtch");

SketchPad sp = SketchPad(Point(WIDTH/2,HEIGHT/2)); // start in middle

c.addShape(sp);

c.runUntilEscape(10);

return 0;

} sketchpad.cpp
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Figure H.9 Creative drawing using sketchpad.cpp.

H.3.6 Animations with Bouncer and Mover

The classesBouncer and Mover make it relatively simple to write programs with
animated shapes, either by using the classes directly or by creating new classes derived
from them, but with motion behavior specific to a problem. ABouncer object controls
its own movement, aMover object has its movement controlled by client code outside
the class.

Bouncer Basics. WhenBouncer objects are used, typically the objects are created,
added to anAnimatedCanvas , and then the canvas is “run” for a set number of steps or
until the user presses escape using, respectivelyAnimatedCanvas::run(int) or
AnimatedCanvas::runUntilEscape() . Both functions take an optional second
int parameter that specifies a millisecond delay between drawing cycles.

void AnimatedCanvas::run(int steps,int pause)
// post: all objects in canvas drawn for steps cycles
// with pause millisecond delay (pause is optional)

void AnimatedCanvas::runUntilEscape(int pause)
// post: all objects drawn until user presses Escape
// with pause millisecond delay (pause is optional)

A Bouncer object bounces off the borders of the window it’s in, bouncing off so that
the angle of impact equals the angle of reflection. Clients can subclassBouncer to
create different behavior when a border is hit. For example, objects could disappear
from the left and reappear on the right with the same y-coordinate, could change color,
or could do nearly anything when hitting a border. There are two ways to change
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behavior: by overridingBouncer::update or one of the methods it calls. The
update function is called just before anyBouncer object draws itself as shown in the
code forBouncer::draw .

void Bouncer::draw(AnimatedCanvas& c)
// post: bouncer updated and drawn
{

update(c);
myShape->draw(c);

}

As this example shows, aBouncer object is a wrapper around an existingShape
object, stored in the bouncer as the instance variablemyShape. TheBouncer class is
an example of the design patternDecorator [GHJ95].

ProgramTip H.1: (From [GHJ95]) Use Decorator to add responsibilities
to individual objects dynamically and transparently and when extension
by subclassing is impractical. For example, it would be impractical to create classes
BouncingCircle , BouncingRectangle , BouncingText , and so on.

The word “transparent” here means that a shape object can be turned into a bouncing
shape without affecting other shapes and it can still be used as a shape.

Client programs can overrideupdate or one of the four methodsupdate calls
each time a bouncing object hits a border.

void Bouncer::updatetop (AnimatedCanvas& c, Point& p)
void Bouncer::updatebottom (AnimatedCanvas& c, Point& p)
void Bouncer::updateleft (AnimatedCanvas& c, Point& p)
void Bouncer::updateright (AnimatedCanvas& c, Point& p)

A Bouncer subclass could, for example, override justupdatebottom to change be-
havior when an object reaches the bottom of a canvas. It’s also possible to add behavior
as shown in the example below frombackandforth.cpp(this program is online, and not
shown completely here). A subclass ofBouncer , calledBackAndForthBouncer ,
constructs objects that change appearance when they hit the left or right border. For
example, by creating a left-facing fish that mirrors the fish frombouncefish.cpp, Pro-
gram H.6, we can make the fish appear to swim back and forth as shown in Figure H.10.
We do this by simply storing two shapes and alternating between which one is dis-
played depending on the direction the object is moving. We override only two of the
updateXXX methods as shown in the code that follows. Since we’re creating a new
shape, we need to overrideclone as well or else the new class will have the same be-
havior as theBouncer class since it inheritsBouncer::clone . All other inherited
methods can be used as is.
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Figure H.10 Bouncing by creating a subclass as shown in backandforth.cpp

Program H.9 fishforth.cpp

// from backandforth.cpp
class BackForthBouncer : public Bouncer
{

public:
BackForthBouncer(Shape ∗ left, Shape ∗ right,

double angle, double velocity);
virtual void updateright (AnimatedCanvas& c, Point& p);
virtual void updateleft (AnimatedCanvas& c, Point& p);
virtual Shape ∗ clone();

protected:
Shape ∗ myLeft;
Shape ∗ myRight;

};

void BackForthBouncer::updateright(AnimatedCanvas& c, Point& p)
{

myShape = myLeft; // use left-facing shape
myShape−>setLocation(p); // update location
Bouncer::updateright(c,p); // bounce

}

void BackForthBouncer::updateleft(AnimatedCanvas& c, Point& p)
{

myShape = myRight; // use right-facing shape
myShape−>setLocation(p); // update location
Bouncer::updateleft(c,p); // bounce

}
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Shape∗ BackForthBouncer::clone()
{

return
new BackForthBouncer(myLeft,myRight,myAngle,myVelocity);

} fishforth.cpp

H.3.7 Canvas Iterator

As a final example of extending the classBouncer by subclassing, we’ll show how to
process collisions using theCanvas iterator class. Part of the classMoleBouncer
from bouncefun.cppshows how to determine if a shape collides with another shape.
The overriddenupdate function is shown in Program H.10. The complete program
isn’t shown, but it’s nearly identical tocirclefun.cpp, Program H.7, except it creates
MoleBouncer objects where the mouse is clicked instead of drawing circles. Two
snapshots are shown in Figure H.11.

Program H.10 molebouncer.cpp

class MoleBouncer : public Bouncer
{

public:
MoleBouncer(Shape& s, double angle, double v)

: Bouncer(s,angle,v)
{ }

virtual void update(AnimatedCanvas& ac)
{

RandGen rgen;
Iterator<Shape> it(ac.makeIterator());
bool collided = false; // collision or still bouncing?
Poin t p = getLocation();
double angle = getAngle();
for(it.Init(); it.HasMore(); it.Next())
{ // check for collision, but not with myself

if (it.Current().id() != this −>id() && it.Current().overlaps( ∗this))
{ ac.removeShape(this);

ac.addShape(
new MoleBouncer(

CircleShape(Point(rgen.RandReal(0,ac.width()/10),
rgen.RandReal(0,ac.height()/10)),

RADIUS, CanvasColor::BLUE), 2 ∗PI − angle, 4));
collided = true;
break;

}
}
if (!collided) // no collision, update
{ Bouncer::update(ac);
}

}
}; molebouncer.cpp
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Figure H.11 Molecules bouncing in bouncefun.cpp

Collisions are detected using the methodShape::overlaps which is implemented
in the abstract classShape using bounding boxes. When aMoleBouncer object
detects a collision, it removes itself and creates a new object that is placed initially in the
upper left corner of the canvas. Mouse clicks create larger, magenta objects, collisions
create smaller, blue objects.

If no collision is detected, an object updates itself as a normal bouncer by calling
the parent methodBouncer::update . It’s essential that objects avoid checking
themselves for collisions since every object will collide with itself. AllCanvas objects
support themakeIterator method used inmolebouncer.cpp. The methodCurrent
in the classCanvasIterator (seecanvasiterator.h) returns a reference to a shape,
so the shapes can be modified via the iterator.

Mover Basics. Shapes can be wrapped (or decorated) by theMover class and con-
trolled by client programs rather than by the objects themselves, as whenBouncer
objects are used. Client programs must callmoveTo or moveBy and then explicitly ask
anAnimatedCanvas to redraw its shapes. This differs from howBouncer objects
are moved, since bouncers are typically part of a canvas cycling through its shapes using
run or runUntilEscape . In contrast, whenMover objects are used client programs
usually callAnimatedCanvas::run(1) to redraw all shapes once.

void Mover::moveTo(const Point& p)
// post: mover is at location p
{

myShape->setLocation(p);
}
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void Mover::moveBy(double dx, double dy)
// post: mover moved by dx,dy from current point
{

Poin t p = myShape->getLocation();
p.x += dx;
p.y += dy;
myShape->setLocation(p);

}

H.3.8 Specifying Color with Class CanvasColor

.

The classCanvasColor supplies over 130 named constants for identifying and
using colors. Each constant is specified usingRGBvalues, supplying a value between
0 and 255 for red, green, and blue that contribute to the color. See the header file
canvascolor.hfor details and note that theCanvasColor class encapsulates the colors
used by the CMU graphic engine that runs underneathTOOGL. Part of the header file
is shown below.

class CanvasColor
{

public:
CanvasColor(unsigned char red = 0, unsigned char green = 0,

unsigned char blue = 0)
: myRed(red), myGreen(green), myBlue(blue)

{ }
// see canvascolor.h for details, note all data is public

string tostring( ) const;

unsigned char myRed;
unsigned char myGreen;
unsigned char myBlue;

static const color SNOW;
static const color GHOSTWHITE;
static const color WHITESMOKE;
static const color GAINSBORO;
static const color FLORALWHITE;
static const color OLDLACE;
// about one hundred more constants
..

};
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H.3.9 The Class Key in key.h

The classKey encapsulates key presses when used withTOOGL. Part of the class decla-
ration is shown below, the entire class is accessible inkey.h. As the declaration shows, a
Key object responds to a wide variety of query/predicate methods for determining what
key it represents.

class Key
{

public:
enum Kind{ascii, escape, function, arrow, none};

Key();
Key(char ch);
Key(char ch, Kind k);

char aschar() const; // the key as a character
bool isnothing() const;
bool isasc() const;
bool isfunction() const;
bool isarrow() const;
bool isescape() const;
bool iscontrol() const;
bool isleftarrow() const;
bool isrightarrow() const;
bool isuparrow() const;
bool isdownarrow() const;
bool ishome() const;
bool isend() const;
// more

};
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