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Figure 9.42 Direction indicator.

In interactive graphical applications,
it is often convenient to input nu-
meric values graphically rather than
simply typing them in. For example,
angular input could be achieved
through a rotary dial (see Fig. 9.42)
where the user drags the indicator of
the dial to indicate the desired direc-
tion. Implement Smalltalk classes
that emulate rotary dials as described
above.

There are several other approxi-
mations to smooth curves that are
useful in graphics applications.
Implement new classes Bezier and
BSpline to represent Bezier curves

s.

Modify class Ellipse given in this
chapter so that the major and minor
axes of the ellipse do not have to be
parallel to the x- and y-axes.

Potentiometers or scales are useful
for obtaining values within some
predetermined range. For example, a
graphical potentiometer (see
Fig. 9.43) allows the user to
interactively select a real value
between 0.0 and 1.0 by dragging the
slider horizontally across the scale.
As the slider moves, the number
displayed beneath it changes to
indicate the currently selected value.
Implement Smalltalk classes that

and B-splines (most graphics texts emulate gauges and scales as

will have a section on curve described above.

generation).

ol us '
1io

0.35

Figure 9.43 Graphical potentiometer.

Generalize the Smalltalk class
OpaqueForm to provide a full set
of operations on two-bitmaps
(opaque forms). Refer to the paper
"Two-Bit Graphics" by Saliesin and
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Barzel in the June 1986 issue of
IEEE Computer Graphics and
Applications for a full discussion
of two-bit compositing, painting,
and region filling operations.




8. Class Arc and Circle use a display
algorithm that approximates the arc
or circle by a sequence of connected
straight line segments drawn between
sample points on the arc. For arcs of
large radii and/or a small selection of
points on the arc, this approxima-
tion is poor. A better approximation
can be achieved using the point plot-
ting algorithm of Bresenham. [I. E.

9.15 GLOSSARY AND IMPORTANT FACTS

classes

Arc A subclass of class Path. Arcs are spec-
ified by a center, a radius and a quadrant
number (1 through 4). When displayed,
they compute a collection of points that
generate a path approximating a quadrant
of a circle — it is not possible to generate
an arbitrary arc.

BitBlt Instances of class BitBlt represent
fundamental graphical operations described
in terms of copying some source form to a
destination form in a particular way.

Circle A subclass of class Arc. A circle is
specified by a center and a radius.
Displayed by generating paths represent-
ing the four quadrants of the circle.

Cursor A subclass of Form that restricts the
extent to 16 by 16 and is used to represent
small icons or cursors. Cursors are used in
Smalltalk to indicate the activity that the
system is carrying out; e.g., a pair of read-
ing glasses is displayed when Smalltalk is
reading from an external file, while a pen
is displayed when writing to a file.

Curve A subclass of class Path. Curves are
specified by three points pl, p2, and p3.
When displayed, a hyperbola is fitted
through the points that interpolate pl and
p3 and is tangent to the lines joining (a)
pl and p2 at pl, and (b) p2 and p3 at p3.

DisplayObject An abstract class describing
the protocol supported by objects that can
display themselves. Subclasses include
DisplayMedium, DisplayText, Path,
Form, InfiniteForm, and Opaque-
Form.
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Bresenham, "A Linear Algorithm for
the Incremental Digital Display of
Circular Arcs,” Communications of
the ACM, Vol. 20, No. 2, February
1977, pp. 100-106]. Implement
classes NewArc and NewCircle
based on Bresenham's algorithm.
Class NewArc should represent arbi-
trary arcs rather than only quadrants,
as in class Arec.

DisplayMedium A class that supports proto-
col for objects that can act as a canvas on
which images can be painted and that can
also paint themselves onto a medium.
DisplayMedium supports protocol for
coloring images and for bordering images
with textures. Class Form is a subclass of
DisplayMedium and inherits its protocol
for coloring and bordering.

Form Instances of class Form are used to
represent graphical images. Forms may be
internal (memory-based) or external
(display-based). Forms inherit the ability
to display themselves from class
DisplayObject and to color and border
themselves from class DisplayMedium,
Forms themselves add protocol for creat-
ing, editing, and transforming images.

FormBitmap A subclass of Object
(FormBitmap was originally called Word-
Array in earlier versions of Smalltalk).
Instances of class FormBitmap are used to
store the bits making up a form.

InfiniteForm Forms that are obtained by
replicating a pattern indefinitely in all di-
rections. Within the existing Smalltalk
system, infinite forms are used only once
to represent the gray background that
forms the backdrop to the windows on the
Smalltalk display screen.

InputSensor A class providing an interface
to the keyboard and the mouse. Access to
the input devices is provided through the
global variable Sensor, a default instance
of class InputSensor.
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Line A subclass of class Path. Lines are
specified by two endpoints and are dis-
played as a continuous collection of
points that generate a path approximating
the actual line between the endpoints.

LinearFit A subclass of class Path.
LinearFits are specified by an ordered col-
lection of points and displayed as a piece-
wise linear approximation by generating
lines between successive points in the col-
lection.

OpaqueForm Forms that include a shape as
well as a figure form. The shape form indi-
cates what part of the background should
get occluded while displaying — black is
opaque, white is transparent.

Path The basic superclass of classes such as
Line and Circle that generate trajecto-
ries. Paths are specified by an ordered col-
lection of points. A path is displayed by
copying a given form onto the display at
each of the points in the collection. For
most subclasses, only a few points are
needed to specify the path; all other
points are computed when the path is
displayed.

selected terminology

and mode A combination rule used for a
copy operation in which corresponding
pixels in the source and destination forms
are ‘anded’ together to produce the
modified destination form.

bit editor The Smalltalk bit editor allows
editing of forms at the bit or individual
pixel level. The bit editor is normally used
in conjunction with the form editor.

bounding box A bounding box is a rectangle
that completely encompasses a displayable
object. Bounding boxes can be used to
make fast decisions conceming the inter-
section of displayable objects; e.g., for
clipping purposes.

clipping rectangle A parameter to a BitBlt
operation. Notwithstanding the specifica-
tion for the destination form, the clipping
rectangle specifies a rectangular region
outside of which no modification of the
destination form can take place.
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Pen A subclass of class BitBlt. Pens are used
as tools for scribbling or doodling on the
display and to emulate the notion of tur-
tles and turtle graphics as found in the
programming language LOGO.

Point Class Point is used to represent posi-
tions in an x-y coordinate system. Most
often used to specify pixel positions
within a form or on the display.

Rectangle Class Rectangle is used to repre-
sent rectangular areas. Most often used to
specify rectangular areas within a form or
the display screen.

Spline A subclass of class Path. Splines are
specified by an ordered collection of
points. When displayed, a smooth contin-
uous curve is fitted through the points.

WordArray A subclass of ArrayedCollection,
WordArray provides an external representa-
tion for the manipulation and storage of
the bitmap of a form. In earlier versions
of the system, instances of WordArray
were used to represent the bits of a form.
In the current version, instances of class
FormBitmap are used for this purpose.

combination rule A parameter to a BitBlt
operation. A rule (an integer) that dictates
how pixels in the modified destination
form are to be produced from the source
form and the original contents of the des-
tination form. There are sixteen possible
combination rules including and, over,
under, and erase.

destination form A parameter to a BitBlt
operation. Specifies the destination form;
all or part of which is to be modified by
the copy operation.

destination origin A parameter to a BitBlt
operation. Together with the extent, the
destination origin specifies the part of the
destination form to be modified.

display transformation A transformation
from one coordinate system to another

that is to be applied as part of the display
process.




erase mode A combination rule used for a
copy operation in which black pixels in
the source erase (or set to white) corre-
sponding pixels in the destination form.

extent A parameter to a BitBlt operation.
Together with the source and destination
origins, the extent parameter specifies the
part of the source form to be copied and
the part of the destination form to be mod-
ified in a copy operation.

form editor The Smalltalk form editor pro-
vides ‘MacPaint’ style facilities for creat-
ing and editing forms— graphical pictures.

halftone form A parameter to a BitBlt opera-
tion. A 16 by 16 mask used to fill areas
with textures or patterns. Combining a
halftone and a source form is often used to
place a texture or pattern on a form.

offset The amount by which a displayable
object should be moved when displayed or
when its position is tested. Forms and cur-
sors maintain offsets and add the offset to
any specified display position before dis-
playing themselves.

over mode The most popular combination
rule used with the copy operation — the
source form pixels replace or copy over
the corresponding destination form pixels.

important facts

bitblt The name bitblt is derived from a
powerful bit-boundary block transfer in-
struction of the same name found on the

Xerox Alto, an early machine supporting
Smalltalk.

nondisplayable objects Points and rectangles
are not displayable objects — they repre-
sent spatial quantities only. There are no
operations to display points or rectangles.
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paint mode A combination rule used for pain-
ting on the display with brushes of
different shapes, sizes, and textures. The
brush shape and size are supplied through
the source form, with the halftone form
supplying the brush texture.

reverse mode A combination rule that allows
reversible changes. It is most often used
to display temporary images such as
cursors over an already existing image or
for rubber-banding.

source form A parameter to a BitBlt opera-
tion. Specifies the source form; all or part
of which is to be copied.

source origin A parameter to a BitBlt opera-
tion. Together with the extent, the source
origin specifies the part of the source form
to be copied.

under mode A combination rule that allows
a source form to be painted "underneath” a
destination form. This is useful when
painting a character onto a display
background where any white pixels
surrounding the character in the source
form are not to be copied.

hot spot When some graphical cursors are to
be displayed at a certain location, it is the
cursor's "hot spot" rather than its origin
that should be displayed at that position.
For example, the "hot spot” of the normal
Smalltalk cursor is the pixel representing
the tip of the arrowhead; for the crosshairs
it is the pixel where the hairs cross.

Inside Smalltalk



10

Graphical Applications

10.1 INTRODUCTION

To illustrate the use of the Smalltalk graphical classes and how simple graphical
applications are developed in Smalltalk, we present three graphics-oriented examples:! a film
loop facility, a magnifying glass, and a simple video game. Film loops are never-ending
movies and show how simple animation sequences can be developed. Techniques for
obtaining flicker-free displays and for storage of graphical forms on disk are also introduced.
The latter technique illustrates the use of object mutation — the ability of one object to
mutate into another. The magnifying glass application allows a user to move a magnifier
over the display magnifying the image under the glass of the magnifier. This application
illustrates advanced graphical programming techniques and, in particular, describes how
circular rather than rectangular forms may be manipulated. Finally, the simple video game
illustrates the evolutionary approach that characterizes the design and development of
Smalltalk applications. The design decisions that took place during the development of the
game are described in detail along with the use of notions such as reusability, specialization,
and generalization that differentiate object-oriented design from more traditional design
methodologies.

10.2 FILM LOOPS: NEVER-ENDING MOVIES

A film loop is a never-ending movie in which the end is spliced with the beginning; i.c., a
circular sequence of frames repeatedly displayed at a fast enough rate to provide the illusion

lEarlier versions of these examples appeared in issues of the Journal of Object-Oriented

Programming. This material is republished by kind permission of SIGS Publications, Inc., New
York, NY.




of motion. Film loops are used in VideoWorks 112, for example, to provide rudimentary
animated objects with a simple recurring behavior; e.g., a bird flapping its wings in flight or
the flames in a fire. The speed at which the film loop is displayed is called the frame rate.
For typical animation purposes, a frame rate of at least twenty-four frames per second is
required to avoid flicker. Faster frame rates result in speeded up motion; e.g., a fast flying
bird.

The basic idea is to create a collection of frames as shown in Fig. 10.1. Each frame is
a form. In the ideal situation, the forms are constructed by a sophisticated animation system.
More typically, they are hand-constructed from some kind of paint program. A base picture
is first constructed and then modifications are obtained by perturbing it by small amounts.
The forms are then read into Smalltalk using some suitable utility. The details will vary
from system to system. In our case, we constructed MacPaint3 images and read them into
Smalltalk.

M WV )

Figure 10.1 A sequence of frames in a simple animation.

On the other hand, forms can also be created from within Smalltalk, either by
obtaining them directly from the screen (see class method examplel below), by computing
them (see example2), or by using the form and bit editors.

10.2.1 A Simple Film Loop Facility

To begin with, consider the SimpleFilmLoop class definition. Instances keep track of a
name, the forms in a collection called frames, and how long each frame is to be displayed.
The latter is needed because the processor is generally too fast for small forms. An extra
delay is required to slow it down.

Each example has a comment that can be executed to test it. Method examplel could
be used, for example, to extract the sequence of skull or bird pictures shown in Fig. 10.1
(assuming the entire collection of pictures was first displayed on the screen). In addition to
framing each picture, the user is also prompted for a hot spot; i.c., a point that is to be
considered the center of the picture. In the case of the birds, the center would always be the
middle of the body. This hot spot is recorded by providing an offset to the form. When the

2VideoWorks II is a trademark of MacroMind Inc.
3MacI’aim is a trademark of Claris Inc.
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form is later displayed at aPoint, it is offset by the stored amount, usually a negative
amount, although there is no limitation on the actual value of the offset. Once a film loop is
constructed, the film loop can be made to track the mouse by sending it a followMouse
message.

Method example2 starts with a white form and progressively darkens it by adding
random black dots. To ensure that the film loop doesn't make an abrupt change when the
switch from the last form to the first occurs, a copy of the original sequence (in reverse
order) is appended to the film loop.

Method example3 uses the film loop's follow:while: control structure, a
generalization of the corresponding instance method in class Form.

Although the user provides the frame rate in frames per second, it is converted
internally to the number of milliseconds per frame since the latter is more convenient for
computing the required delay (see method follow:while:). For didactic purposes, we will
consider methods followMouse, follow:while:, and display:at:restoring:at: in that order.

Method followMouse changes the current cursor to a crosshair. Note that showWhile
is not a loop — it ensures that the new cursor is in effect while the code in the block
executes and it restores the cursor to its previous state when the block code terminates.

Class SimpleFilmLoop

class name SimpleFilmLoop

superclass Object

instance variables name frames millisecondsPerFrame

comment A simple film loop provides the capability form displaying a

sequencing of frames at the mouse point. Each frame is a
form with a negative offset if the interior of the form is to
be at the mouse point; i.e., a zero offset implies the top left
corner of the form will display at the mouse point.

class methods
instance creation

new
Tsuper new initialize

examples

example1
*Create a film loop using forms specified by the user. The first prompt is to specify a
rectangle for an area of the screen to make up a frame. The second prompt, with a
caret, waits for you to specify the frame's hot spot.”
*SimpleFilmLoop example1 followMouse*

| aLoop answer size |
aLoop « self new name: 'Film’.
answer «
FillinTheBlank request: ‘How many forms in the loop?' initialAnswer: '5'.
size « Integer readFrom: (ReadStream on: answer).
size timesRepeat: [aLoop add: self formFromUser).
Taloop
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example2
*Create a film loop of increasing haze."
"SimpleFilmLoop example2 followMouse"

| aLoop aCollection aForm aRandom nextRandom |
aloop ¢« self new name: 'Haze'.
aCollection « OrderedCollection new.
aForm « Form extent: 60@60. aRandom « Random new.
nextRandom « [aRandom next * 60 truncated + 1).
30 timesRepeat: |

30 timesRepeat: |

aForm

valueAt: nextRandom value @ nextRandom value

put: 11.
aCollection add: (aForm deepCopy offset: -30@-30)1.
aCollection de: [:form | aLoop add: form].
aCollection reverseDo: [:form | aLoop add: form deepCopyl.
Taloop

example3

*Display a film loop in the center of the screen for a fixed period.”

*FilmLoop example3"

| startTime endTime |
startTime « Time miillisecondClockValue.
(self example2)
follow: [Display boundingBox center]
while: [
endTime « Time millisecondClockValue
{endTime - startTime) / 1000 < 30 "seconds”]

form creation

formFromUser

*Prompt the user for a rectangle from which the underlying form is copied and wait
for the user to indicate the hot spot; i.e., the spot which later becomes the center of
the form for display purposes. In other words, when the form is later displayed at

aPoint, the form's hotspot will be located at aPoint."

| aRectangle aForm |

aRectangle « Rectangle fromUser.

aForm « Form fromDisplay: aRectangle.

Cursor caret showWhile:
aForm offset: aRectangle origin - Sensor waitButton.
Sensor waitNoButton).

TaForm

instance methods
instance initialization

initialize

“Clear the film loop and set the default delay between frames.”

frames « OrderedCollection new.
self frameRate: 24 "frames per second"”
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access and modification

add: aForm
*Add a form to the film loop."

frames add: aForm

framoRate
T(1000 *milliseconds per second" / millisecondsPerFrame) rounded

frameRate: framesPerSecond
millisecondsPerFrame «
(1000 *milliseconds per second" / framesPerSecond) rounded.

name: aName
*Set the name of the film loop.”

name « aName
tracking

follow: positionBlock while: conditionBlock
*While conditionBlock is true, animate the receiver at the position specified by
positionBlock.”

| oldLocation background startTime framelndex newlLocation endTime |

“Handle the special case that almost never happens.”
frames isEmpty ifTrue: [[conditionBlock value] whileTrue: [}. Tself].

*The usual situation.*

oldLocation ¢« positionBlock value.

background « (Form extent: 0@0) offset: oldLocation.
startTime « Time millisecondClockValue.

framelndex « 0.

[conditionBlock value) whileTrue:
framelndex « (framelndex \\ frames size) + 1.
newlocation « positionBlock value.
background « self display: (frames at: framelndex)
at: newlocation
replacing: background
at: oldLocation.
oldLocation « newlocation.
endTime « Time millisecondClockValue.
self delayToMatchFrameRate: endTime - startTime.
startTime « endTimel.
background displayAt: oldLocation

followMouse
"Continue showing the film loop until the mouse is released.”

Cursor crossHair showWhile:
Sensor waitButton.
self follow: [Sensor cursorPoint] while: {Sensor redButtonPressed]]
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private

delayToMatchFrameRate: millisecondsUsedSoFar
| delayAmount |

delayAmount < millisecondsPerFrame - millisecondsUsedSoFar max: 0.
delayAmount > 0 ifTrue: [(Delay forMilliseconds: delayAmount) wait]

display: frame at: location replacing: background at: oldLocation
“Place the background back at oldLocation, copy the new background from location
and place the frame on the screen. Note: both frame and background may have
offsets.”

| newBackground newRectangle |

background displayAt: oldLocation.

newRectangle « location + frame offset extent: frame extent.
newBackground « Form fromDisplay: newRectangle.
newBackground offset: frame offset. "remember the offset”
frame displayAt: location.

TnewBackground

Method follow:while: cycles through the frames as long as the condition block result
is true. Variable framelndex is used to keep track of the frame to be displayed. When it
reaches value ‘frame size’, its next value is 1. The position block result indicates where the
next frame should be displayed.

Before a frame can be displayed, the picture beneath the previously displayed frame (the
background) must be restored. Hence the need for a method that (1) displays the old
background, (2) saves the part of the screen that will become the new background, and
(3) displays the new frame. To avoid special case code, we start off with an old background
that is an empty frame; i.e., a frame with extent 0@0. At the end, we also have to restore
the very last background that was saved. Fig. 10.2 illustrates the three step sequence used by
method display:at:restoring:at:.

10.2.2 Extending Film Loops: Flicker-Free Display

There is a limitation to the display algorithm shown in Fig. 10.2 — flicker is observed
whenever the old background and the new frame intersect. This can be solved with a slightly
more complex display algorithm. When the frame to be displayed and the background to be
restored overlap, the simple display algorithm results in flicker due to the two separate
display operations. Because the first display gets undone by the second, the eye easily
discerns the discrete steps. This is not apparent without the overlap because the eye simply
perceives them as being done in parallel.

The solution is to ensure that only one display step is used rather than two. This can
be achieved by constructing the final image offscreen. More specifically, a copy of that part
of the screen that contains both the frame and background areas is updated and this updated
form is displayed in one step (see the revised display:at:restoring:at: method).

One complication arises from an inadequacy in all Smalltalk systems. Although a
form with an offset can be displayed on another form without an offset, the converse is not
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background frame

(a) display: frame at: ? (b1) restore background

new
background

new
backgrouig

(b2) get new background (b3) display frame

Figure 10.2 The three steps used by method ‘display:at:restoring:at:’.

properly handled; i.e., attempts to display an object on a form with an offset result in the
offset being completely ignored. Were this not the case, the code in the
display:at:restoring:at: method could be simplified by judiciously adding offsets to the
forms used.
display: frame at: location replacing: background at: oldLocation

"Place the background back at oldLocation, copy the new background from location

and place the frame on the screen. To prevent flickering, only one bitblt operation

to the screen is performed.”

! combinedRegion aForm newBackground |
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*Make a copy of that part of the screen that contains both the background area and

the frame area.”

combinedRegion « (oldLocation + background offset extent: background extent)
merge: (location + frame offset extent: frame extent).

aForm « Form fromDisplay: combinedRegion.

"Restore the combined region to its original state.”
background displayOn: aForm at: oldLocation - combinedRegion origin.

"Save the area to become the new background.”

newBackground « Form extent: frame extent.

aForm displayOn: newBackground at: combinedRegion origin - {location + frame
offset).

newBackground offset: frame offset.

*Display the new frame in the combined region.”
frame displayOn: aForm at: location - combinedRegion origin.

“Finally, perform the one display operation to the screen.”
aForm displayAt: combinedRegion origin.
TnewBackground

10.2.3 Extending Film Loops: Disk Forms

A complication with the simple film loop facility is that associated forms take up
considerable space if substantial use is made of them. We can envisage large libraries of
these pictures being kept. Only a small part of this library, however, will be available in
main memory; the majority will have to reside on disk. This will be all the more evident
when high quality color is an integral part of our workstations. To provide an idea about the
space requirements, consider one 24-bit color picture on a 1024 by 1024 screen. The space
requirements are 3*1024*1024, or 3 megabytes. Lower quality 8-bit pictures still require 1
megabyte. Lower resolution screens might divide these numbers by a factor of 2, 3, or
perhaps 4. Just displaying two seconds of high quality animation at 24 pictures per second
would require 144 megabytes. It's easy to conjecture that 100 megabytes of main memory
will be a minimum configuration for personal machines a decade from now. One solution to
this problem is to make use of disk forms. Very briefly, disk forms are variants of forms in
which the data resides in a file. However, they have one very important property. They
automatically read themselves into main memory from disk and mutate into normal forms
when they are used.

Currently, Smalltalk forms are black and white but extensions to color are currently
being designed. So we can ignore the color aspects of the problem. With a large library of
forms, some facility will be needed to manage and distinguish between those forms that are
in main memory and those that are on disk. We also won't consider the complications of a
form manager. Instead, we'll focus primarily on the disk form itself — a variant of a form
in which the data resides in a file. Intuitively, we might expect a disk form to maintain a file
name, an offset into the file, and a size — permitting many pictures to be stored in the
same file.

Designing Disk Forms

Should a disk form have the same protocol as a normal form; i.e., should we be able to use
it as if it were a normal form and have it take care of the discrepancy? It would be nice if that
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were the case, because all software that currently works with normal forms would then also
work with disk forms. How do we achieve this goal?

The obvious approach would have us define DiskForm as a subclass of Form. But
there are two problems: (1) the form's representation is no longer needed (since it is
automatically inherited, the best we can do is nil each instance variable), and (2) we need to
override every single form method to ensure that it pages the picture's bits from disk, as
illustrated below for method extent.

extent

self pageFromDiskifNecessary.
Tsuper extent

A simpler solution is to forget about subclassing altogether; i.e., to design disk forms
independently of forms but with a special property — the ability to change or mutate into a
normal form as soon as a message is received.

The idea is simple: ensure that few form messages are understood by disk forms and
provide a doesNotUnderstand: method for handling them. This method's task is to read in
the required data from disk, construct a normal form containing it, and change the receiver
into this form using the powerful become: operation.

Background for the Proposed Design

To understand how this works, we need a quick review of the become: operation, the
perform operations, class Message, and the behavior of doesNotUnderstand:.

To begin with, when an attempt is made to execute an illegal message such as

123456 copyFrom: 3 to: 5

the system manufactures an instance of Message containing the selector copyFrom:to: and

an argument array containing 3 and 5 and then sends the message ‘doesNotUnderstand:
aMessage’ to 123456.

The doesNotUnderstand: method inherited from Object displays an error message
and prompts with a debugging window. However, we can write our own version that does
something different. For the example above, we could resend the message to a print string of
the receiver. To do this, the specialized variation could be

doesNotUnderstand: aMessage
| selector arguments |
selector ¢ aMessage selector.
arguments < aMessage srguments.
Tself printString perform: selector withArguments: arguments

For disk forms, we would like to do something a little more sophisticated. More
specifically, we want to mutate it into some other object — a normal form. The become:
operation can be used as follows for that purpose.

object1 become: object2

The proper way to read this is to say “objectl is changed into object2 and
simultaneously object2 is changed into objectl.” This happens quite literally; any object that
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used to reference objectl in the system now references object2 and vice versa. For more
details on the become: operation, refer to the meta-operations in Chapter 6.

Class DiskForm

class name DiskForm
superclass Object *should be nil"
instance variables filename offset size

class methods
class initialization

initialize
*DiskForm initialize”
self confirm: {'You must change the superclass of \',
'DiskForm to nil using an inspector') withCRs.
DiskForm inspect

instance methods
modification

name: aFileName
*Set the name of the receiver."
filename « aFileName

offset: aninteger
*Set the file offset of the receiver.”
offset « aninteger

size: aninteger
"Set the form size of the receiver.”
size « aninteger

error handling

doesNotUnderstand: aMessage
"Mutate the receiver into a normal form and try the message again.”

self asForm hecome: self.
Tself perform: aMessage selector withArguments: aMessage arguments

conversion

asForm
"Answer the receiver as a normal form."

| form file |
Cursor read showWhile: {
file « FileStream fileNamed: filename.
file readOnly; position: offset.
form « Object readFrom: (ReadStream on: {file next: size)).
file close).
Tform
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There are two interesting points about class DiskForm. First, it is not possible to
directly create a class with no superclass. It is necessary to define it initially as inheriting,
say, from Object. Then you can inspect class DiskForm and change the superclass to nil.
Why do we want the superclass to be nil? So that any message we send to a disk form will
cause it to mutate. This includes messages inherited by all objects, such as

aDiskForm printString
aDiskForm inspect

aDiskForm = anotherDiskForm
aDiskForm copy

There are at least two messages that slip through the net, however — message class
and message ‘==" because they are hard-wired to bypass method lookup. Can you find any
more?

The other important point is that the order of the parameters to message become: is
crucially important; e.g., only the second case below works.

self bocome: self asForm (1)
self asForm become: self  (2)

The reason is simple. Disk forms do not understand become: although normal forms
do!

10.2.4 Integrating Disk Forms with Film Loops

One nice thing about object-oriented languages is that a more functional class can be created
by inheriting from a less powerful version and extending it with the additional functionality.
In our case, we don't even need to change the representation. It's sufficient to replace the
collection of normal forms with disk forms since disk forms have the same behavior. The
disk form facility is integrated with the film loop via three methods: build, load, and
unload.

Method unload stores a complete film loop in a file in the format ‘startOfFrameRate
form-1 form-2 ... form-n frameRate offsets’. To get this information back later, method
build constructs a film loop containing disk forms that reference the file information — the
disk forms maintain only the file name, the offset into the file, and the size in bytes of the
form information; i.e., there is no need to actually read in the information unless it is
needed. Method load is used to force a film loop that was previously built to be totally in
main memory; i.c., to mutate its disk forms to normal forms.

Method build needs access to the offset information to reconstruct the individual disk
forms associated with a file name— actually an ordered collection of offsets, one offset per
form. It would be ideal if the offsets could be first in the file. However, unload can't
determine what the offsets will be until it actually outputs the forms into the file, Since the
offset information is a collection and therefore arbitrarily long, it can't leave a fixed amount
of space at the beginning (it could estimate an upper bound and waste a bit of space,
however; e.g., it could assume a maximum of ten characters per offset multiplied by the
number of entries — integers are converted to characters in the file). The alternative strategy
we adopted was to store the offset information after the forms. However, enough room for
the start of the offset information can be reserved at the beginning of the file. Since the

Chapter 10 Graphical Applications 467




frame rate is also needed, it might as well be stored at the end too. This should explain why
startOfFrameRate was used — it permits us to locate the non-form information.

Method examples contains a series of comments that use the inherited examples. By
constructing a film loop named 'Film' from examplel and then unloading it, it is possible
to later retrieve it by sending message ‘new: Film" to FilmLoop. The film loop so obtained
actually consists of disk forms. These get read in on demand when followMouse is
executed. There is a noticeable delay as the disk forms get mutated to normal forms — this,
of course, only happens on the first pass of the loop.

Class FilmLoop

class name FilmLoop

superclass SimpleFilmLoop

instance variables *none”

comment A more sophisticated class of film loops that avoids

flickering and permits the loop to be stored on disk.
class methods
instance creation

new: afFileName
*Create a new film loop from disk information."

T(self new name: aFileName) build
examples

examples
*FilmLoop1 « FilmLoop example1”
*FilmLoop1 unload"
"FilmLoop1 followMouse"
*(FilmLoop new: ‘'Film'} followMouse"

*FilmLoop2 « FilmLoop example2*
*FilmLoop2 unload"

*FilmLoop2 followMouse"

*(FilmLoop new: 'Haze') followMouse"

*FilmLoop example3"
instance methods
caching
build
“Re-create the film loop from disk.”

I file startOfFrameRate offsets sizes |

Cursor read showWhile: |
*startOfFrameRate form-1 form-2 ... form-n frameRate space offsets*
file « FileStream fileNamed: name.

startOfFrameRate « Integer readFrom: file.

file position: startOfFrameRate.
self frameRate: (Integer readFrom: file).
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file next. “discard the space”
offsets « Object readFrom: file.

sizes « OrderedCollection new.

2 to: offsets size do: [:index | sizes add: (offsets at: index) - {offsets at: index-1)].
sizes add: startOfFrameRate - offsets last.

frames « OrderedCollection new.
1 to: offsets size do: [:index |
frames add: (DiskForm new
name: name; offset: (offsets at: index); size: (sizes at: index))].
file close).

load
"Force the film loop into main memory."

frames do: [:frame | frame extent "any query operation would do”]

unload
*Save the film loop to disk."

| offsets file offset end |

Cursor write showWhile: [

*Make sure all forms are in main memory since file is about to be rewritten.”
self load.

*Leave room to store the position of the film loop information.”
*File format: startOfFrameRate form-1 form-2 ... form-n frameRate space offsets.*
{file & FileStream filoeNamed: name) writeShorten; nextPutAll: ' *; cr.
*File out the film loop's frames.”
offsets «- OrderedCollection new.
frames do: {:frame |

offset « file position. offsets add: offset. "save it"

file store: frame; cr.

frame

become: {DiskForm new
name: name; offset: offset; size: file position - offset)].

“File out the header information.”

offset « file position. "save it"

file store: self frameRate; space; store: offsets.
end « file position.

file reset; store: offset; position: end; cr; close)

10.3 GRAPHICS THROUGH THE LOOKING GLASS

In this section, we consider the implementation of a magnifying glass that can be attached
to the mouse for close examination of a graphical image, as shown in Fig. 10.3. More
specifically, we consider a magnifying glass in which it is possible to change the size of the
viewing glass and also the amount of magnification (subject to limitation imposed by the
implementation). Once a magnifying glass is created, it can be activated at any time.
Activating a magnifying glass causes it to be attached to the mouse and to operate in the
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following manner: The area under the magnifying glass is magnified and displayed over the
magnifier as long as the red mouse button is depressed. The magnified view stops being
displayed when the red (normal) mouse button is released. The magnifying glass is
deactivated when the yellow button is depressed. The magnifier can be moved whether or not
it is magnifying. Of course, if it is moved while magnifying, the area viewed will change.

System Browser

System-Compiler |-----~-~-~-~ = Joecccccccccee  Jecccsceooe-o
Files-Streams I MagnifyingGlass Finstance credation I new

Files-Abstract ] -----w-w-u-- private radiusimagnificatior
-Macintosh | = Je--e-c-e-eee femememooooe-

Interface-Macintosh

............ N ’;,:?w_e Fl
Inter

; tes a magnifyin
ENSSRSEENEEESERES
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-*
[ ]
Cuow =
L]
]
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Figure 10.3 Using the magnifying glass for detailed study (magnified area displaced
from actual position over the magnifier for comparison purposes).

To allow magnifying glasses with arbitrary radius and magnification, we can introduce
instance variables and class protocol as shown in the following:

Class MagnifyingGlass

class MagnifyingGlass
superclass Object

instance variables radius magnification

class methods
instance creation

new
"Creates a default magnifying glass.”
Tself radius: 20 magnification: 4
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[ 1

radius: aninteger magnification: anotherinteger
*Creates a magnifying glass of a specified size and magnification.”
Tsuper new radius: aninteger magnification: anotherinteger

instance methods
instance initialization

radius: aninteger magnification: anotherinteger
*Initializes the magnifying glass instance.”

*Save the radius and magnification.”
radius « aninteger. magnification « anotherinteger.

What should the magnifying glass look like? Fig. 10.4 shows a possible design.
Given that the glass itself is of radius radius, we define magnifierForm as a square form of
size 3 * radius. The handle is defined to be of thickness radius // 4. It will be too slow to
construct the magnifier on the spot, so we precompute it, storing the result in the instance
variable magnifierForm.

radius* 3

/"“/\\

radius .
radius * 3

Figure 10.4 The magnifying glass.

The instance method makeMagnifierForm creates and initializes the form containing
the magnifying glass and handle. First, a solid black handle is displayed on magnifierForm
using an instance of class Line. Note that we initially draw the handle from the center of the
glass to a point off the form. The bottom of the handle will automatically be clipped to the
form. We must clip the top left part of the handle ourselves. This is achieved by drawing a
solid white circle where the magnifying glass will eventually reside. To do this we create a
solid black circle of the required size and then display it on the form using the erase mode to
erase or set to white corresponding pixels in the magnifier form. Instances of class Circle and
Line are then used to add the glass and crosshairs to the magnifier form.
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Class MagnifyingGlass

class MagnifyingGlass
superclass Object
instance variables radius magnification magnifierForm

instance methods
instance initialization

radius: aninteger magnification: anotherinteger
"Initializes the magnifying glass instance.”

“Save the radius and magnification.”
radius < aninteger.
magnification « anotherinteger.

“Create the magnifier form.*
self makeMagnifierForm.

private form initialization

makeMagnifierForm
"Creates and initializes the form containing the magnifying glass and handie.”

| diameter center dot |

“Compute often used values.”

diameter « 2*radius. center « radius@radius.
magnifierForm < Form new extent: (radius@radius)*3.
dot < (Form extent: 3@3) black.

“Draw a solid black handie."
(Line from: center to: center*4 “off the form!!*
withForm: (Form new extent: {radius / 4) @ (radius // 4); black))
displayOn: magnifierForm.

"Draw a solid white circle over the top left part of the handle."
{Form dotOfSize: 2 * radius + 1)
offset: 0@0; displayOn: magnifierForm at: 0@0 rule: Form erase.

“Create the circle for the magnifying glass.”
(Circle new form: dot; radius: radius; center: center) displayOn: magnifierForm.

*Create the horizontal line across the magnifying glass."
{Line
from: 0@radius to: diameter@radius withForm: dot) displayOn: magnifierForm.

“Create the vertical line across the magnifying glass.”
(Line
from: radius@0 to: radius@diameter withForm: dot) displayOn: magnifierForm.

10.3.1 Activating the Magnifier

Now that we have an image of the magnifying glass, we can look at how to activate the
magnifier and the overall algorithm to track the movement of the mouse displaying cither
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the magnifier or the magnified area, depending on the status of the red button. We want to be
able to activate a magnifier using code of the form

MagnifyingGlass new activate

Whenever the mouse moves, we must restore the original area occupied by the magnifying
glass and redraw the magnifying glass at the new location. If the red button is depressed, the
magnified image rather than the magnifier must be displayed. Depressing the yellow button
deactivates the mouse and restores everything to its former state.

The basic strategy to be employed is described in pseudo code form in the following:

After hiding the cursor
magnifying := false.
while yellow button not pressed do
if red button pressed then magnifying := true
if red button released then magnifying := faise
if magnifying then
restoreBackgroundAndDisplayMagnifiedArea
else restoreBackgroundAndDisplayMagnifier
endwhile
restoreBackgroundAndDisplayNothing
restore the cursor

10.3.2 Restoring and Redisplaying

To be able to restore the background successfully (see Fig. 10.5) we must ensure that before
displaying the magnifying glass at a new location we save the background area for future
restoration. Remember that if the red button is depressed the magnified image is displayed
instead of the magnifier. Note that this means that, in general, the old and the new area could
either be the magnifier or the magnified area.

A further problem arises if the old and new forms overlap. If the background form were
restored in one step, followed by a display of the new information (either the magnifier or a
circular magnification area) in a second step, flickering would occur when the two areas over-
lap. We can avoid this by first displaying the information on a temporary form called the
merged form and then displaying this merged form on the screen using one display message
(see Fig. 10.6).

The merged form is a copy of the screen that contains both the background and display
areas. However, if the background and/or display forms partially reside off the screen, we
may need a larger merged form to avoid information loss by clipping (see Fig. 10.7).

Constantly creating new forms is slow, which suggests creating two forms, back-
groundForm and mergedForm, at initialization time. Is the sized of mergedForm
bounded by the size of the display? Unfortunately, the answer is no, as the scenario in
Fig. 10.7 illustrates. The size of the background form is the maximum of the magnifier or
the magnified image, while the size of the merged form is the rectangle that contains both
the background form and the new display rectangle. We could compute a size that takes into
account the situation shown in Fig. 10.7. However, this would have to be a function of the
magnifier’s radius. Even then, there are cases that would not be handled. For example, in
Macintosh systems with multiple screens, it is possible to move the mouse outside the
display area used by Smalltalk. In those cases, the merged form would have to be even larger
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Oid New

Figure 10.5 Restoring the old form and displaying the new form.

Oold New

Figure 10.6 Avoiding flicker by using a merged form.
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Figure 10.7 Background and display areas may partially reside off-screen.

than computed in order to work properly. A simple strategy is to start with a reasonable size
and extend it when (and only when) needed. Three instance variables, backgroundRectangle,
mergedRectangle, and displayRectangle, are needed to keep track of the extents of their corre-
sponding forms. Revisions to the class MagnifyingGlass so far are shown in the following:

Class MagnifyingGlass

class MagnifyingGlass

superclass Object

instance variables radius magnification magnifierForm

backgroundForm mergedForm backgroundRectangle
displayRectangle mergedRectangle

instance methods
instance initialization

radius: aninteger magnification: anotherinteger
"Initializes the magnifying glass instance.”

"Save the radius and magnification.*
radius « aninteger. magnification « anotherinteger.

"Create the utility forms."
self makeMagnifierForm. self makeBackgroundAndMergedForms
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private form initialization

makeBackgroundAndMergedForms
"Creates forms for keeping track of the background and merged forms."

| size extent |

size « radius * magnification * 2 max: radius * 3.
extent « size@size.

backgroundForm < Form new extent: extent.
mergedForm < Form new extent: Display extent.

instance activation

activate
“Make the magnifier track the mouse and display a magnified version of the area
underneath it if the mouse button is depressed; otherwise, display the magnifier
itself. Depressing the yellow button (option + mouse down) deactivates the mouse
and restores everything to its former state.”

| magnifying newCenter |

*Initialize."
magnifying « false. backgroundRectangle « Sensor cursorPoint extent: 0@0.

*Hide the cursor.”
Cursor blank showWhile:{

*Quit when a yellow button is pressed.”
[Sensor yellowButtonPressed] whileFalse: [

*Determine if magnification status has changed.”
magnifying - Sensor redButtonPressed.

*Display either the magnifier or the magnified area.”
newCenter < Sensor cursorPoint.
maghnifying
ifTrue:
displayRectangle <~ newCenter - (radius@radius*magnification)
extent: radius * magnification * 2.
self restoreBackgroundAndDisplayUsing:
#displayMagnifiedAreaOnMergedForm]
ifFalse: [
displayRectangle « newCenter - {radius@radius)
extent: magnifierForm extent.
self restoreBackgroundAndDisplayUsing:
#displayMagnifierOnMergedForml].

self restoreBackgroundAndDisplayUsing: #isNil]

There are several things to note about the activate method. The instance method
‘showWhile: aBlock’ is used to hide the cursor (to make it blank) while aBlock is evaluated.
The original cursor is restored afterwards. In addition, note that one method
restoreBackgroundAndDisplayUsing: handles the restorc and redisplay process. We
distinguish between the three cases by computing the new display rectangle and passing a
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different method as argument to restoreBackgroundAndDisplayUsing: in each case. For
the case where the magnified image will be displayed, the code is:

displayRectangle « newCenter - (radius@radius*magnification)
extent: radius * magnification * 2.

self restoreBackgroundAndDisplayUsing: #displayMagnifiedAreaOnMergedForm

The method displayMagnifiedAreaOnMergedForm will deal with the computation
specific to the magnified image. When the magnifier is 1o be displayed, the code is

displayRectangle < newCenter - (radius@radius) extent: magnifierForm extent.
self restoreBackgroundAndDisplayUsing: #displayMagnifierOnMergedForm

For the final case, where the background must be restored but no redisplay is required,
method isNil is passed — isNil is simply a nice way of specifying a null operation; it is
understood by all objects and simply returns true or false depending on whether or not the
receiver is nil.

self restoreBackgroundAndDisplayUsing: #isNil

10.3.3 Restoration and Redisplay Details
The restore and redisplay process can be decomposed into five basic steps.

1. Obtain a screen copy containihg both background and display areas.

The size of the merged rectangle is first computed taking into account the
possibility that the rectangle may need to be extended if either the background or
display rectangle lies partially off screen. The merged form is then extracted from
the display using the copyBits:from:at:clippingBox:extent:rule:mask: message.

mergedRectangle « backgroundRectangle merge: displayRectangle.

mergedRectangle extent x > mergedForm extent x |
{mergedRectangle extent y > mergedForm extent y)
ifTrue: [mergedForm « Form new

extent: (mergedRectangle extent max: mergedForm extent)).
mergedForm copyBits: mergedRectangle from: Display at: 0 @ 0

clippingBox: (0 @ 0 extent: mergedRectangle extent)
rule: Form over mask: nil.

2. Compute background and display rectangles relative to merged form origin.

The background and display rectangles will ultimately be extracted from or
displayed on the merged form. Hence, it is convenient to translate the background
rectangle in display coordinates into coordinates that are relative to the origin of

the merged rectangle — the relative background rectangle. The same applies for
the relative display rectangle.

relativeBackgroundRectangle «
backgroundRectangle translateBy: 0 @ 0 - mergedRectangle origin.

relativeDisplayRectangle «
displayRectangle translateBy: 0 @ 0 - mergedRectangle origin.
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Restore merged form and save the display area as the new background.
The next step is to restore the merged form to what it used to be.

backgroundForm displayOn: mergedForm
at: relativeBackgroundRectangle origin
clippingBox: relativeBackgroundRectangle
rule: Form over mask: nil.

Next, the display area is retrieved from the merged form and saved as the new
background.

backgroundForm
copyBits: relativeDisplayRectangle from: mergedForm
at: 0@0 clippingBox: (0 @ 0 extent: relativeDisplayRectangle extent)
rule: Form over mask: nil.

backgroundRectangle « displayRectangle.

Copy the display form onto the merged form (in-place modify).

The next step copies the display form onto the merged form. If the red button is
pressed (for magnification), method displayMagnifiedAreaOnMergedForm is
invoked. If no magnification is taking place, method displayMagnifierOn-
MergedForm is invoked. These methods are described in more detail in the next
section.

Either

self perform: #displayMagnifiedAreaOnMergedForm
Or

self perform: #displayMagnifierOnMergedForm

Display the merged form on the screen.

Finally, we can display the merged form on the screen. Note that we have taken
great care to ensure that at most one display operation is used to paint the screen.

mergedForm displayOn: Display
at: mergedRectangle origin
clippingBox: mergedRectangle
rule: Form over mask: nil.

10.3.4 Displaying the Magnifier on the Merged Form

The method displayMagnifierOnMergedForm displays the magnifier form on the merged
form. Note that the combination rule used is Form under so that we can see through the

magnifier.

478

displayMagnifierOnMergedForm

magnifierForm
displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form under mask: nil
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10.3.5 Displaying the Magnified Image on the Merged Form

If the magnified image were rectangular, it would be relatively easy to display the image on
the merged form. However, the magnified image is circular, and this makes the problem con-
siderably more interesting. Fig. 10.8 illustrates the steps necessary to display the circular
magnified image. Five major stages may be identified and we will discuss each in detail.
First, however, note that a black circular mask is used twice in the display process. The form
largeBlackHole for the mask can be precomputed once and then used whenever required. We
introduce a new method makeLargeBlackHole to create the black hole and save it in the
instance variable largeBlackHole. Method radius:magnification: must be modified to
invoke makeLargeBlackHole whenever the radius or magnification factor is modified.

makelargeBlackHole
*Create a black hole (a large black dot) and save it in the instance.”
| magnifiedDiameter |

magnifiedDiameter - radius * magnification * 2.
largeBlackHole <— (Form dotOfSize: magnifiedDiameter) offset: 0@0

Five steps are needed:
1. Obtain a magnified square image.

The first step is to take the image under the magnifying glass and magnify it to
the size it will appear in the magnified image. At this stage, we simply ignore the
fact that the magnifying glass is round and extract and magnify a rectangular
image from underneath the glass.

| imageRectangle imageForm magnifiedimage |

*First, obtain a magnified square image of the area."

imageRectangle « relativeDisplayRectangle center - (radius@radius)
extent: (radius@radius)*2.

imageForm « Form new extent: imageRectangle extent.

imageForm copyBits: imageRectangle from: mergedForm at: 0@0
clippingBox: (0@0 extent: imageRectangle extent)
rule: Form over mask: nil.

magnifiedimage ¢« imageForm magnifyBy: magnification@magnification.

2. Obtain a circular image.

We can obtain the required magnified image in circular form by "anding” the

magnified rectangular image with a large circular black mask of the required size.

Note that "anding" is achieved using a display operation with the proper rule.
"Second, AND it with the black hole.”

largeBlackHole displayOn: magnifiedimage at: 0@0
clippingBox: magnifiedimage boundingBox rule: Form and mask: nil.

3. Create a white circular hole in which to display the magnified image.

Next we create a white circular hole at the point where the circular magnified

image is to be displayed. The large circular black mask can again be used but in

this case we use combination rule erase to cut out the required white circular hole.
*Third, create a white hole in the magnified area (erase changes black to white).”

largeBlackHole displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form erase mask: nil.
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Figure 10.8 Displaying the magnified image on the merged form.
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4. Place the magnified image into the white circular hole.

The magnified image can now be copied into the white hole using the "or" or
under rule to ensure that only the circular portion of the magnified image form is
copied.

*Fourth, OR the magnified image onto the magnification area with the white hole.”

magnifiedimage displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form under mask: nil.

5. Outline the circular hole.

Finally, to make the magnified image stand out more clearly, we create a black
circle around the display rectangle on the merged form.

*Fifth, draw a circle around the magnified section to make it stand out.”
dot « (Form extent: 3@3) black.
(Circle new form: dot; radius: radius * magnification - 1;
center: relativeDisplayRectangle center - (1@1))
displayOn: mergedForm at: 0@0
clippingBox: relativeDisplayRectangle rule: Form over mask: nil.

10.3.6 Class MagnifyingGlass

For completeness, we include the final class definition for class MagnifyingGlass.

class MagnifyingGlass
superclass Object
instance variables radius magnification magnifierForm

backgroundForm largeBlackHole
backgroundForm mergedForm
backgroundRectangledisplayRectangle
mergedRectangle relativeBackgroundRectangle
relativeDisplayRectangle

comment A magnifying glass (magnifier for short) of specified radius
and magnification can be created and subsequently
activated. When activated, the cursor is replaced by the
magnifying glass. As long as the red (standard) mouse
button is depressed, the area under the magnifying glass is
magnified and displayed over it. Depressing the yellow
(option+mouse) button deactivates the magnifying glass and
restores the cursor to what it was. Note that the magnifier
has a round (as opposed to square) glass.

For speed, two forms are initialized at creation time: (1)
magnifierForm which contains the magnifier icon and, {(2)
largeBlackHole, a circular mask to capture the portion of the
magnified picture to be displayed.

class methods
instance creation
new

“Creates a default magnifying glass."
self radius: 20 magnification: 4
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radius: aninteger magnification: anotherinteger
“Creates a magnifying glass of a specified size and magnification.”
Tsuper new radius: aninteger magnification: anotherinteger

examples

example1
"MagnifyingGlass new activate"
*(MagnifyingGlass radius: 40 magnification: 5) activate"

instance methods
instance initialization

radius: aninteger magnification: anotherinteger
*Initializes the magnifying glass instance.”

"Save the radius and magnification.”
radius ¢« aninteger. magnification « anotherinteger.

“Create the utility forms.”
self makeMagnifierForm.
self makeLargeBlackHole.

self makeBackgroundAndMergedForms

instance activation

activate
*Make the magnifier track the mouse and display a magnified version of the area
underneath it if the mouse button is depressed; otherwise, display the magnifier
itself. Depressing the yellow button {(option + mouse down) deactivates the mouse
and restores everything to its former state.”
| magnifying newCenter |

“Initialize.”
maghnifying « false. backgroundRectangle ¢« Sensor cursorPoint extent: 0@0.

"Hide the cursor.”
Cursor blank showWhile:[
"Quit when a yellow button is pressed.”
[Sensor yellowButtonPressed] whileFalse: [
"Determine if magnification status has changed.”
maghnifying < Sensor redButtonPressed.
*Display either the magnifier or the magnified area.”
newCenter < Sensor cursorPoint.
magnifying
ifTrue:
displayRectangle « newCenter - (radius@radius*magnification)
extent: largeBlackHole extent.
self restoreBackgroundAndDisplayUsing:
#displayMagnifiedAreaOnMergedForm]
ifFalse: {
displayRectangle « newCenter - (radius@radius)
extent: magnifierForm extent.
self restoreBackgroundAndDisplayUsing:
#displayMagnifierOnMergedForm]l.

self restoreBackgroundAndDisplayUsing: #isNil]
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displaying

displayMagnifiedAreaOnMergedForm
*In-place Magnifies a circular area centered at newCenter in aForm.”
I imageRectangle imageForm magnifiedimage dot |

“First, obtain a magnified square image of the area.”
imageRectangle «
relativeDisplayRectangle center - (radius@radius) extent: {radius@radius)*2.
imageForm « Form new extent: imageRectangle extent.
imageForm copyBits: imageRectangle from: mergedForm at: 0@0
clippingBox: (0@0 extent: imageRectangle extent) rule: Form over mask: nil.

magnifiedimage « imageForm magnifyBy: magnification@magpnification.

*Second, AND it with the black hole.”
largeBlackHole displayOn: magnifiedimage at: 0@0
clippingBox: magnifiedimage boundingBox rule: Form and mask: nil.

*Third, create a white hole in the magnified area (erase changes black to white)."
largeBlackHole displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form erase mask: nil.

*Fourth, OR the magnified image onto the magnification area containing the white

hole.”

magnifiedimage displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form under mask: nil.

“Fifth, draw a circle around the magnified section to make it stand out.”
dot « (Form extent: 3@3) black.
{Circle new form: dot; radius: radius * magpnification - 1;
center: relativeDisplayRectangle center - (1@1))
displayOn: mergedForm at: 0@0 clippingBox: relativeDisplayRectangle
rule: Form over mask: nil

displayMagnifierOnMergedForm
magnifierForm
displayOn: mergedForm at: relativeDisplayRectangle origin
clippingBox: relativeDisplayRectangle rule: Form under mask: nil

restoreBackgroundAndDisplayUsing: displayOnMergedFormSymbol
*If the background form were restored in one step followed by a display of the new
information (either the magnifier or a circular magnification area) in a second step,
flickering would occur when the two areas overlap. We can avoid this by first
displaying the information on a temporary form called the merged form and then
displaying this merged form on the screen using one display message."

“First, obtain a copy of the screen that contains both the background and display
areas. Note: if the background and/or display forms partially reside off the screen,
we may need a larger merged form to avoid information loss by clipping.”

mergedRectangle « backgroundRectangle merge: displayRectangle.

mergedRectangle extent x > mergedForm extent x|
(mergedRectangle extent y > mergedForm extent y)
ifTrue: [mergedForm «
Form new
extent: (mergedRectangie extent max: mergedForm extent)).
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mergedForm copyBits: mergedRectangle from: Display at: 0 @ 0
clippingBox: (0 @ 0 extent: mergedRectangle extent)
rule: Form over mask: nil.

*Second, compute background and display rectangles relative to the merged form
origin.”
relativeBackgroundRectangle «

backgroundRectangle translateBy: 0 @ 0 - mergedRectangle origin.
relativeDisplayRectangle «

displayRectangle translateBy: 0 @ 0 - mergedRectangle origin.

*Third, restore the merged form to what it used to be and save the display area for
later use.”
backgroundForm displayOn: mergedForm
st: relativeBackgroundRectangle origin
clippingBox: relativeBackgroundRectangle
rule: Form over mask: nil.
backgroundForm
copyBits: relativeDisplayRectangle from: mergedForm
at: 0@0 clippingBox: (0 @ 0 extent: relativeDisplayRectangle extent)
rule: Form over mask: nil.
backgroundRectangle « displayRectangle.

“Fourth, display the display form onto the merged form (in-place modify).”
self perform: displayOnMergedFormSymbol.

*Finally, disptay the merged form onto the screen.”
mergedForm displayOn: Display at: mergedRectangle origin
clippingBox: mergedRectangle rule: Form over mask: nil

private form initialization

makeMagnifierForm
"Creates and initializes the form containing the magnifying glass and handle.”
| diameter center dot |

"Compute often used values.”

diameter «~ 2*radius. center « radius@radius.
maghnifierForm « Form new extent: {radius@radius)*3.
dot « (Form extent: 3@3) black.

“Draw a solid black handle.”
(Line from: center to: center*4 "off the form!!"
withForm: (Form new extent: (radius // 4) @ (radius // 4); black))
displayOn: magnifierForm.

“Draw a solid white circle over the top left part of the handle."
(Form dotOfSize: 2 * radius + 1)
offset: 0@0; displayOn: magnifierForm at: 0@0 rule: Form erase.

"Create the circle for the magnifying glass."
(Circle new form: dot; radius: radius; center: center) displayOn: magnifierForm.

"Create the horizontal line across the magnifying glass.”
(Line from: 0@radius to: diameter@radius withForm: dot) displayOn: magnifierForm.

“Create the vertical line across the magnifying glass.”
(Line from: radius@0 to: radius@diameter withForm: dot) displayOn: magnifierForm
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makelargeBlackHole
*Create a black hole (a large black dot) and save it in the instance.”
| magnifiedDiameter |

magnifiedDiameter ¢« radius * magnification * 2.
largeBlackHole « (Form dotOfSize: magnifiedDiameter) offset: 0@0

*Creates forms for keeping track of the background and merged forms.”
| size extent |

size « radius * magnification * 2 max: radius * 3.
extent « size@size.

backgroundForm ¢~ Form new extent: extent.
mergedForm ¢« Form new extent: Display extent

10.4 THE DESIGN AND IMPLEMENTATION OF A SIMPLE VIDEO GAME

Designing applications is not made easier by object-oriented languages — in fact, it's harder.
The goal of writing down a good design on paper in one pass is rarely achieved — it is
possible only with hindsight; i.e., if you've done it before. More likely, your design, if it's
any good, will have undergone an extensive evolution. To do this properly, a desktop —
even an electronic desktop with diagramming tools — is inadequate. An interactive design
tool is needed. We claim that the Smalltalk environment (not the language) is in fact such a
tool.

In this case study, we focus not so much on the tool but on the notion that design is
an interactive process. We present a design history for a simplified version of the Brickles*
game. Working code for the end product is provided, but the important issue is the ongoing
evolution of the design. Because of space limitations, it will not be possible to detail
everything that transpired during the evolution, much less show all the discarded code.
Nevertheless, we will attempt to provide a condensed but reasonable idea.

At the very least, we hope to convey the notion that designing is hard. A secondary
goal is to show that designing must include programming to be properly evaluated and that
most of what we do in an environment like Smalltalk's is design.

A typical display for the game is shown in Fig. 10.9. The objective of the game is to
remove all the bricks from the wall. When the ball strikes a brick, the brick disappears. The
ball can be redirected using the paddle, which the player can move to the left or right using
the mouse. The ball bounces off the sides, bricks, and paddle in a conventional fashion. The
player has three balls with which to remove all the bricks. A ball is lost if it passes below
the paddle; i.e., if the player misses it!

10.4.1 Designing Is Prototyping

We started off by finding the objects; i.e., attempting to determine the object classes and
their representation — the object fields (see Fig. 10.10). Next we introduced an abstract

4Shareware distributed by Ken Winograd.
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Paddie

Figure 10.9 The video game.

class YideoGameComponent to tie together the game elements. This also led to an
abstract class MovingGameComponent to tie together the Ball and Paddle classes. For
the moment, it was to contain only a direction (actual contents undecided).

The VideoGame fields suggest the creation of a container class for the bricks called
Wall (the notion brick wall comes to mind), and another one, called Sides, to contain the
left, top, and right side of the game.

We considered creating an abstract superclass for Wall and Sides, because they are
examples of components with parts, but put it on hold for later. We decided instead to
temporarily add a field parts to VideoGameComponent with the understanding that only
Wall and Sides would really use them.

[ 1 1
B B r
VideoGame Ball Brick

ool posiion || | position
© radius | width
height

] ] |
Side Paddle
position
width
height

position

width
height

sides
wall

Figure 10.10 Initial class hierarchy.
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VideoGame
Component
parts
boundingBox

MovingGame
Component

direction

Ball Paddle

Figure 10.11 Next class hierarchy.

The resulting design so far (ignore field changes for the moment) is summarized in
Fig. 10.11. It suggested that we might be able to move the radius and width/height fields

into the superclass if a more general notion was used. We decided on the concept of a
boundingBox.

With respect to operations, we introduced new at the top level for creating initialized
instances, protocol for accessing and changing the fields, an addPart: at the top level, and
both an initialize and display method unique to each class at the bottom of the hierarchy.
Since the display methods for Sides and Wall were the same (they just displayed the parts),
it was moved up to the superclass. The reader could glance ahead to the end of the chapter for
a look at the ball, brick, paddle, and side initialization code -— most of it came from this
carly stage.

We also introduced protocol for determining and changing the position of an object
(position and position:) and changing the size of the bounding box without moving it
(extent:). Soon afterward, we replaced the position concept by a center notion to
eliminate confusion (the position of a rectangle is usually understood to be the top corner;
for a circle, it's usually the center). Finally, we added play to VideoGame so that it could at

least display the sides, wall, ball, and paddle. We now had a prototype without moving
objects.

10.4.2 Getting into Details

We deliberated over whether direction should be an angle that would ultimately require the
use of sin and cos or a quantized direction — we chose the latter because we suspected a
potential future speed problem, but we were prepared to change our minds (see
directionIndex). Anticipating bouncing objects, we added method reverseDirection.

We added move methods to classes Ball and Paddle — using a fixed step size of 5
pixels in x and/or y to begin with. VideoGame method play was extended so that the ball
started in the center and moved upward in a loop (for testing).
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The move methods give a flavor of the quantization and the distinction between a ball
and a paddle.

Moving Methods

aMovingGameObject directionindex
Tilleft right up down leftUp rightUp ...) indexOf: direction

aBall move
| delta aPoint |
delta « #(
(-6 0) “left" (5 0) "right"
(0 -5) "up” (0 5) "down"
(-5 -5) "leftUp" (5 -B) "rightUp"
(-5 5) “leftDown" (5 5) “rightDown"
) at: self directionindex.
aPoint « (delta at: 1)@(delta at: 2).
self center: self center + aPoint

aPaddle move
self center: Sensor cursorPoint x @ self center y

Now the ball could “climb up” the screen and the paddle could track the mouse but old
images remained on the screen.

10.4.3 Taking Movement More Seriously

To prevent flicker, we modified the design to avoid displaying individual objects directly on
the screen; i.e., we replaced the display methods by ‘displayOn: aForm’ and displayed the
form only after both the ball and paddle had been displayed on it.

When a moving object changes location, the old location must be restored to its
former state — only then is the object displayed at the new location. To simplify the use of
moving objects, we decided to have the moving object do this as part of the displayOn: pro-
tocol. We introduced fields underneath and underneathOrigin for this purpose. Note that
after restoring the old background and before displaying the object, the new background is
saved in the new fields.

To properly distribute the new functionality, we decided to have method displayOn: in
MovingGameComponent restore the old and save the new. Existing methods displayOn:
in Ball and Paddle were extended with an initial super displayOn:.

We introduced a naive collision handling method, ‘bounceOff: aGameObject’, in Ball.
It needs to do two things: detect a collision (required a top-level query method ‘intersect:
aGameObject’) and determine a rebound direction (‘pushOff: aGameObject’). For composite
objects, the intersect: method is relayed to the parts; for the others, a test for intersecting

bounding boxes is used. For an explanation of the heuristic used in pushOff:, see class
ObstacleSet.

Finally, we extended play to create a form the size of the display, repeat ‘self
playOneBallOn: aForm’ three times, and finally display a "game over" message. Most of
the work was done by method playOneBallOn:,
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The Playing Algorithm

aVideoGame playOneBallOn: aForm
ball center: Display center; direction: MovingGameComponent randomDirection.
[self ballOutOfPlay] whileFalse: [
ball
bounceOff: sides;
bounceOff: wall;
bounceOff: paddle;
move;
displayOn: aForm.
paddle move; displayOn: aForm.
aForm displayl]

The next stage was to make the bricks vaporize. We extended bounceOff: to return the
obstacles it intersected with (there could be more than one; ¢.g., two bricks at a time). Then
if the obstacle was a brick, we removed it from the wall — we added a removePart: method
to complement addPart:.

We also attempted to generalize the intersects: method at the top level so that we
could eliminate the ones in the non-composite object subclasses. It ended up being too
complex and we rejected it.

A Method That Was Too Complex

intersects: anObject
self == anObject ifTrue: [Tfalse].
{(boundingBox intersects: anObject boundingBox) ifFalse: [Ttalsel.
self hasNoParts & anObject hasNoParts ifTrue: [ Ttruel.
self hasNioParts ifTrue: [TanObject intersects: self].
garts do: [:aPart | (aPart intersects: anObject)ifTrue: [ Ttruell.
false

We felt confident it was time to try out the game again. We found the rebound
heuristic worked most of the time but it failed when hitting the side of a brick (as opposed to
the bottom) — a new version worked better. On occasion, the ball escaped through the sides.
The problem was the timing for the intersection test. It was performed when the ball was on
one side of the barrier (before moving) and also when it was on the other side (after moving).
It wasn't designed to consider the intermediate positions — the side was only 1 pixel wide
and the ball jumped in increments of five.

10.4.4 Extending and Improving the Design

We next introduced an interaction abstraction to enable us to better understand how to
control moving objects. More specifically, we defined moveOn: to mean the sequence
‘hideOn:, move, showOn:’, where hideOn: restores overwritten background and showOn:
saves the new one about to be written and displays it. It's now possible to hide for long
periods of time while other intervening displays are performed.

We also had to develop a more sophisticated collision detector that projected the
receiver's bounding box from the start point to the end point.
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Next, we replaced the notion of direction by a velocity vector of the form
deltaX@deltaY, where each delta could be a floating point value. This also permitted
directions at arbitrary angles to be specified. We introduced a corresponding protocol
direction, direction:, velocity, velocity:. On a minor note, we tired of the name
GameComponent and changed it to GameObject.

Finally, we decided to reorganize the hierarchy by (1) adding CompositeGameObject
as a superclass of Wall and Sides and (2) BasicGameObject as a superclass of Ball,
Brick, and Paddle (see Fig. 10.12). However, there were now two ways of classifying
objects: composite/non-composite and moving/nonmoving — a multiple inheritance issue?
No matter how we did it, we decided we didn't want to consider all combinations. The simple
solution was to assume all objects could be moving — for our game, most would have
velocity zero.

Game
Object
boundingBox
undemeath
underneathOrigin
velocity

Paddle

Figure 10.12 Final class hierarchy.
Finally, we had a working system (but see the conclusions). However, it was slow.

10.4.5 Designing for Speed

To speed up the game, we decided to precompute pictures of the basic objects and cache them
into a new field picture. Since this would have to be recomputed if the size of the object
changed, we introduced a method relnitialize to do this. We added this message at the end
of methods that changed the receiver's bounding box size. We also decided that the bounding
box for a composite object should automatically be recomputed if one of its parts was
removed. Moreover, it was to be the union of the bounding boxes of its parts. Not
unexpectedly, this slowed down the system.

Another possibility was to decompose the bricks into a hierarchy of composite
objects, providing an O(log n) search path to the bricks rather than O(n). This helped a
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little, but removing a brick from the wall became slower because a more complex search was
needed to find it.

To avoid drawing the complete form (the same size as the display) when little changed,
we decided to maintain a rectangle that is the union of all the areas modified. When the form
is written, only the area inside the rectangle is displayed and then the rectangle is reset to nil
(unused). To isolate the changes, we created GameForm, a subclass of Form, which
maintained this additional rectangle. All messages of the form ‘displayOn: aGameForm’
ultimately result in a copyBits:... message to aGameForm. It simply merges the size of the
form being copied with the existing rectangle it maintains and relays the message to the
superclass. A display is also introduced to display only the portion specified by the
rectangle. This extension was particularly interesting because it was a transparent change;
i.e., no existing code had to be modified.

We finally decided to speed up the brick removal operation by ensuring that all
contained objects kept track of their container; i.e., the addition of a container field to all
game objects. We resisted this for a long time but it paid off — removing a brick was now
O(1). With little additional overhead, we also provided a facility to recompute the bounding
boxes covered by composite objects higher up (see release and superRelease in class
GameObject). This sped up the system as the number of bricks decreased.

10.4.6 More Refinements and Further Polishing

Every now and then, bits and pieces of the code failed to be object-oriented; ic., it
considered the object types to determine what to do. Eliminating such code generally required
high-level abstractions and usually caused the design to improve. A specific example is
shown below— it led to the higher-level recoil abstraction. Now it was up to individual
objects to decide what to do when they were hit; €.g., bricks hid and then released themselves
from their containers; all other objects stayed put.

Obstacle Handling
“Old approach”

... determine all obstacles ...
obstacles do: [:obstacle |
{obstacle isKindOf: Brick)
ifTrue:[obstacle hideOn: aForm. wall removePart: obstacle]]

“New approach”

... determine all obstacles ...
obstacles do: [:obstacle | obstacle recoilOn: aForm])

The above statement suggested another abstraction to simplify the design — a
complementary ‘obstacle pushOff: approachingObject’ operation. This made it simple to
extend the paddle so that it imparts spin to the ball; all other objects push off by deflection.
Additionally, much of the collision detection code was designed to ask questions of a
bounding box as opposed to a game object. Thus, some methods had the flavor of
‘anyGameObject queryAbout: boundingBox using: additionalInformation’. We were able to
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remove about half of such methods by introducing a virtual ball, one that starts off as a
copy of the original ball and then is successively modified as simulated movement is
performed. We didn't want to use the original ball because alternative scenarios were
successively tried.

Finally, we abandoned the field underneathOrigin since it occurred to us that we
could store it in the underneath form's offset. In hindsight, we should have thought of this
right at the beginning — did you? Various cosmetic name changes were also made.

And just when we thought we were finished, we tried it and ‘the last bug’ appeared. It
was introduced by the pushOff: abstraction, which tried to distribute computation that was
previously performed as a unit. More specifically, the heuristic used to determine the bounce
direction could not be applied by having successive obstacles modify the approaching
object's velocity. The solution required a new abstraction, ObstacleSet, which could
perform this computation as a unit. It also enabled us to integrate at least one Set method
that we placed in GameObject so as not to modify the system class.

Additional improvements to the collision detection algorithm then obviated the need or
use for virtual balls and they were eliminated. The source code for the classes making up the
video game application is listed at the end of this chapter.

10.4.7 The Video Game: Conclusions

We started this case study with the thesis that object-oriented software design is hard. We
hope the case study has shown you some of the extra dimensionality that exists when
designing in an OOP environment. In all, we produced eighteen variations of the game, each
differing from the other in some major way. In many cases, the code size increases in one
variation only to subsequently decrease in the next — something we couldn't explicitly
show. The design process is clearly interactive and involves notions that don't exist using
conventional methodologies; e.g., reusability, specialization, generalization, and so on.
Designing with OOP cannot be done on paper. It requires an OOP environment with OOP
tools that support exploratory programming, class reorganization, and protocol migration.

The Smalltalk system is the best and perhaps the only system so far to support this process
well.

But are we done? We don't believe so. There are still issues that haven't been properly
abstracted, code that is too complex, and in fact bugs to eliminate. Perhaps some of you will
wish to continue the design!

10.4.8 Source Code for Video Game

Class VideoGame

class VideoGame

superclass Object

instance variables ballObstacles sides wall paddie ball

class methods
instance creation

new
“Create a new video game.”
Tsuper new initialize
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examples

example1
*VideoGame example1”
VideoGame new play

instance methods

instance initialization

initialize
*Obtain an instance of each game component.”
ballObstacles « CompositeGameObject new
addPart: (sides < Sides new);
addPart: (wall < BrickWall with: Brick new);
addPart: (paddle < Paddle new); relnitialize.
ball « Ball new radius: 8

playing

*Play an entire game.”

| aForm farewell magnifiedFarewell |
*Prepare to play.*

ball center: Display boundingBox center.
aForm « GameForm extent: Display extent.
self showOn: aForm.

aForm display.

“Hide the cursor and play."
Cursor blank showWhile: [3 timesRepeat: [self playOneBalliOn: aForm]].

*Quit.”
farewell < ' Game Over ' asDisplayText form.
magnifiedFarewell < farewell magnifyBy: 8@8.
magnifiedFarewell
displayOn: Display
at: Display boundingBox center - magnifiedFarewell boundingBox center.
(Delay forSeconds: 10} wait.
ScheduledControliers restore

playOneBallOn: aForm

"Play until the ball is lost.”

| obstacles |

ball
center: Display boundingBox center;
velocity: GameObiject defaultVelocity;
direction: GameObject randomUp.

[self baliOutOfPlay | wall parts isNil] whileFalse: [
ball hideOn: aForm.
paddle move. *if the mouse moves after this, it will have velocity"
obstacles < ball moveUpTo: ballObstacles.
obstacles pushOff: ball; spin: ball; recoilOn: aForm.
paddle moveOn: aForm.
ball showOn: aForm.
aForm displayl.

aForm display. 4 timesRepeat: [Display reverse; reverse}
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querying

ballOutOfPlay
Thall boundingBox corner y > paddle boundingBox corner y

displaying

showOn: aForm
“Show all components of the game.”
"We want the sides to be above the wall of bricks but when a brick is removed, we
want it to appear as if were underneath the sides. We can achieve this by showing
the sides twice (see below).”
sides showOn: aForm.
wall showOn: aForm.
sides showOn: aForm.
paddie showOn: aForm.
ball showOn: aForm

Class GameObject

class GameObject

superclass Object

instance variables container boundingBox underneath velocity

class methods
instance creation

new
"Create a new video game component.”
Tsuper new initialize relnitialize

querying

defaultVelocity
T20@20

randomUp
"Returns a random vertical direction as an angle. Vertical is 180 through 360
degrees exclusive (use 200 through 340)."
T200 + (141 * (Random new next)) rounded

instance methods
instance initialization

initialize
“Initialize so that there is nothing underneath and not moving."
boundingBox « 0@0 corner: -1@-1.
underneath < Form extent: 0@0.
velocity « 0@0
relnitialize
"No-op unless redefined by a subclass.”

query/modification

center
TboundingBox center
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center: aPoint
boundingBox moveTo: aPoint - (boundingBox extent // 2)

boundingBox
TboundingBox
boundingBox: aRectangle
boundingBox « aRectangle.
self relnitialize

extent
TboundingBox extent
extent: aPoint
| oldCenter |
oldCenter « boundingBox center.
boundingBox « oldCenter - (aPoint // 2) extent: aPoint.
self relnitialize

copying

copy
Tself shallowCopy boundingBox: self boundingBox copy

container

contamer
Teontainer

container: aGameObject
container « aGameObject

reloase
“Makes the receiver no longer a part of some container and returns the container.”
| myContainer |
{myContainer « container) isNil ifTrue: 1Thnill.
container removePart: self.
container « nil.
TmyContainer

superRelease
"Releases objects bottom-up as long as the containers have no parts (after the
change). Also, causes the bounding boxes higher up to be adjusted. Returns self.*
| myContainer |
{myContainer « self release) isNil ifTrue: [Tnil}.
myContainer parts isEmpty
ifTrue; [myContainer superRelease)
ifFalse: [myContainer superRelnitialize)

superRelnitialize

"Relnitialize bottom-up as long as changes occur.”

| save |

save « boundingBox.

self reinitialize.

save = boundingBox

ifFalse: [container isNil ifFalse: [container superRelnitialize]]

careless moving
direction

Tvelocity theta radiansToDegrees
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direction: angle
| radians |
radians « angle degreesToRadians.
velocity « (radians cos@radians sin) * velocity r

reverseXDirection
*Negate the x-component of the velocity.”
velocity « velocity x negated@velocity y
reverseYDirection
"Negate the y-component of the velocity.”
velocity < velocity x@velocity y negated

velocity
Tvelocity
velocity: aPoint
velocity « aPoint

move
"Advance in the current direction.”
self center: self center + velocity rounded

moveOn: aForm
self hideOn: aForm.
self move.
self showOn: aForm

recoilOn: aForm

‘:rReact graphically to having been bumped {(default is to do nothing).”
self

careful moving

projectedBoundingBox
TboundingBox translateBy: velocity rounded

projectedBoundingBoxesDo: aBlock
"Poor man's Bresenham's algorithm."
| size offset previous current roundedCurrent repetitions increment |
size « boundingBox extent. offset « size // 2.
previous « current « roundedCurrent « self center.
repetitions «<— velocity x abs max: velocity y abs.
increment « velocity / repetitions.
repetitions rounded + 1 timesRepeat: [
roundedCurrent = previous
ifFalse: {aBlock value: (roundedCurrent - offset extent: size)].
previous « roundedCurrent.
current « current + increment. roundedCurrent « current rounded]

moveUpTo: potentialObstacles
"Performs a standard move if possible and returns an empty obstacle set.
Otherwise, determines which potential obstacles {a composite object) are first hit,
moves to the obstacles, and returns the non-empty obstacle set. Generally, more
than one obstacle can be encountered; e.g. at a corner or between two objects."
| roughObstacles |
roughObstacles « self roughObstacles: potentialObstacles.
roughObstacles isEmpty ifTrue: [self move. TroughObstacles].
Tself moveToExactObstacles: roughQObstacles.
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roughObstacles: candidatesGameObject
*Determine which candidates are in the path from the start to the end point of the
receiver's next movement using a simple but fast technique.”
| roughObstacles box |
roughObstacles < ObstacleSet new.
box « boundingBox merge: self projectedBoundingBox.
{candidatesGameObject intersects: box) ifFalse: [ | roughObstacles].
candidatesGameObject addTo: roughObstacles ifTouching: box.
TroughObstacles

moveToExactObstacles: candidates
"Determine which candidates are in the path from the start to the end point of the
receiver's next movement using an exact but slower technique. We permit starting
on an obstacle.”
| onObstacles exactObstacles |
*Eliminate the obstacles we are currently on."
onObstacles « ObstacleSet new.
candidates addTo: onObstacles ifTouching: boundingBox.
candidates removeAll: onObstacles.
candidates isEmpty ifTrue: [self move. Teandidates).

exactObstacles « ObstacleSet new.
self projectedBoundingBoxesDo: [:box |

candidates addTo: exactObstacles ifTouching: box.

exactObstacles isEmpty ifFalse: [self center: box center. TexactObstacles]).
self move. TexactObstacles *none after all*

colliding

containsPoint: aPoint

"The containsPoint: method in Rectangle considers points on the bottom to be
outside.”

TboundingBox origin <= aPoint and: [aPoint <= boundingBox corner]

intersects: aRectangle
"The standard Rectangle intersects: uses < instead of <="
T(boundingBox origin max: aRectangle origin)
<= (boundingBox corner min: aRectangie corner)

spin: gameObject
“Add spin to the approaching object. Generally does nothing.”

Tself
Class BasicGameObject
class BasicGameObject
superclass GameObject
instance variables picture

instance methods
colliding

addTo: aSet if Touching: aRectangle
(self intersects: aRectangle) ifTrue: {aSet add: self]
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displaying

displayOn: aForm
“Display the picture.”
picture displayOn: aForm at: boundingBox origin

hideOn: aForm
“Restores the background of the receiver.”
underneath displayOn: aForm.
underneath < Form extent: 0@0

showOn: aForm
*Previously hidden, become visible."
"First, save the background of the object for later restoration.”
underneath « Form extent: boundingBox extent.
aForm displayOn: underneath at: 0@0 - boundingBox origin.
underneath offset: boundingBox origin.
"Second, display it."
self displayOn: aForm

Class Ball

class Ball

superclass BasicGameObject
instance variables *none”

instance methods

instance initialization

initialize

super initialize.

boundingBox « Display extent // 2 extent: 8@8
relnitialize

picture « (Form dotOfSize: self extent x) offset: 0@0

query/modification

radius
Tself extent // 2

radius: aninteger
self extent: 2*aninteger

boundingBox: aRectangle
“Make sure it's square.”
| diameter |
diameter « aRectangle width roundTo: 2.
super boundingBox: (aRectangle origin extent: diameter@diameter)

Class Brick

class Brick

superclass BasicGameObject
instance variables “none"”
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instance methods
instance initialization

initialize
*Create a reasonably sized brick."
| width |
super initialize.
width « Display extent x // 20.
boundingBox « 0@0 extent: width@{width//3)
relnitialize
*Create a black outline with a gray interior."
picture « (Form extent: boundingBox extent)} black.
{Form extent: boundingBox extent - (4@4)) gray
displayOn: picture at: 2@2 clippingBox: picture boundingBox
rule: Form over mask: nil

moving

recoilOn: aForm

"React graphically to having been bumped (default is to do nothing).”
self hideOn: aForm; superRelease

Class Paddle

class Paddle

superclass BasicGameObject
instance variables "none”

instance methods
instance initialization

initialize

“Initialize the paddle.”

super initialize.

boundingBox < 0@0 corner: (Display extent // (10@30)).

self center: (Display extent x // 2) @(Display extent y - 50)
relnitialize

“Create a black rectangle.”

picture « {Form extent: boundingBox extent) black

moving

velocity
T(Sensor cursorPoint x - self center x) @ self centery
move
*Move to the mouse location (horizontally only).”
self center: Sensor cursorPoint x @ self centery

colliding

spin: gameObject
*Add spin to the game object.”
I speed |
{speed <« self velocity x) > 0
ifTrue: [gameObject direction: gameObject direction + 10].
(speed < 0) ifTrue: {gameObject direction: gameObject direction - 10]
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Class Side

class Side
superclass BasicGameObject
instance variables “none”

instance methods
instance initialization
relnitialize

“Create a gray rectangle.”
picture « {Form extent: boundingBox extent) gray

Class CompositeGameObject

class CompositeGameObject
superclass GameObject

instance variables parts

class methods
instance creation

withAllParts: aCollection
"Constructs a composite object with the given elements as parts.*
Tself new addAllParts: aCollection; relnitialize

hierarchicallyWithAllParts: aCollection
"Constructs a composite object with the given elements hierarchically decomposed
into a binary tree of composite game objects parts.”
aCollection size <= 2 ifTrue: [ Tself withAllParts: aCollection].
Tself withAllParts: (Array
with: (self hierarchicallyWithAllParts:
(aCollection copyFrom: 1 to: aCollection size // 2))
with: (self hierarchicallyWithAllParts:
(aCollection copyFrom: aCollection size // 2 + 1 to: aCollection size)))

instance methods
instance initialization

initialize
“Initialize to no parts.”
super initialize.
parts « Set new.

relnitialize
"Recompute the bounding box for the whole as the unions of those for the parts.”
boundingBox « parts isEmpty
ifTrue: [0@0 corner: 0@0)
ifFalse: [parts
inject: (parts detect: [:part | truel) boundingBox
into: [:box :part | box merge: part boundingBox])
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part manipulation

Tparts

addPart: part
*Adds the new part to the existing collection of parts.”
parts add: part. part container: self

removePart: part
*Removes the old part from the existing collection of parts.”
parts remove: part. part container: nil

addAllParts: aCollection
*Adds the new parts to the existing collection of parts.”
parts addAll: aCollection.
parts do: [:anObject | anObject container: self]

colliding

addTo: aSet ifTouching: aRectangle
(self intersects: aRectangle) ifTrue: [
parts do: [:part | part addTo: aSet ifTouching: aRectangle]]

displaying

displayOn: aForm
*Display all its parts.®
parts do: [:part | part displayOn: aForm].

hideOn: aForm
*Hide all its parts.”
parts do: [:part | part hideOn: aForm].

showOn: aForm
*Show all its parts.”
parts do: [:part | part showOn: aForm].

Class BrickWall

class BrickWall

superclass CompositeGameObject
instance variables “none”

class methods
instance creation
with: aSampleBrick

| rowsOfBricks bricksPerRow |
rowsOfBricks ¢ 5.

bricksPerRow « (Display extent x // aSampleBrick extent x) + 1. “to handle

truncation”
Tself new

relnitializeAt: 0@50 extent: bricksPerRow@rowsOfBricks with: aSampleBrick
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instance methods
instance initialization

relnitializeAt: wallBase extent: aPoint "xBricks@yBricks" with: aSampleBrick
"Initialize a wall.”
| brickSize bricksPerRow rowsOfBricks xOffset yOffset delta start |
“Initialize the wall parameters.”
brickSize «~ aSampleBrick extent.
bricksPerRow « aPoint x.
rowsOfBricks < aPoint y.

"Create the wall out of properly positioned bricks."
self addAllParts:
((0 to: rowsOfBricks-1) collect: [:brickRow |
xOffset « brickRow odd ifTrue: [(brickSize x//2) negated] ifFalse: [0].
yOffset « brickRow*brickSize y.
delta « brickSize x@0. start « wallBase + (xOffset@yOffset) - delta.
CompositeGameObject hierarchicallyWithAllParts:
{(1 to: bricksPerRow+1) eollect: [:brickindex !
start « start + delta.
Brick new boundingBox: (start extent: brickSize}))]).

"Determine the overall wall boundaries.”
self relnitialize

Class Sides (a composite of side elements)

class Sides
superclass CompositeGameObject
instance variables “none"

instance methods
instance initialization

initialize
"Create three sides (no bottom)."
| thickness |
super initialize.
thickness « 10.
self
addPart: (Side new "left side”
boundingBox: (0@0 corner: thickness@Display extent y));
addPart: (Side new “top”
boundingBox: (0@0 corner: Display extent x@thickness));
addPart: (Side new "right side"
boundingBox: (Display extent x - thickness@0 corner: Display extent));

relnitialize.
Class ObstacleSet
class ObstacleSet
superclass Set
instance variables "none”
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instance methods
collision

addTo: anObstacleSet ifTouching: aRectangle
self do: [:aGameObject |
aGameObject addTo: anObstacleSet ifTouching: aRectangle]

pushOff: approachingObject
*A simple test is used to determine the direction in which to push off an
approaching object. Consider one of the possible four cases: that the bottom left
corner of the object has met (is inside) the receiver; e.g., a8 wall. Then we will push
it towards its center (more specifically, to the right and up; i.e., +1@-1). We do this
for all corner points and then sum up the contributions. If it is opposite to the
direction of the approaching object, we reverse its direction."
| delta box |
delta « 0@0. box « approachingObject boundingBox.
self do: [:obstacle |
{obstacle containsPoint: box origin) ifTrue: [delta « deita + {1@1)].
{obstacle containsPoint: box bottomlLeft) ifTrue: [delta « delta + (1@-1)].
(obstacle containsPoint: box topRight) ifTrue: [delta « delta + (-1@1)).
{obstacle containsPoint: box corner) ifTrue: [delta « delta + (-1@-1)]).
(delta x * approachingObject velocity x) negative
ifTrue: {approachingObject reverseXDirection).
(delta y * approachingObject velocity y) negative
ifTrue: [approachingObject reverseYDirection]

recoilOn: aForm
self do: {:obstacle | obstacie recoilOn: aForm].
spin: gameObject
*Add spin to the approaching object.”
* self do: {:obstacle | obstacle spin: gameObject]

Class GameForm

class GameForm
superclass Form
instance variables modifiedArea

instance methods
displaying

copyBits: aRectangle from: aDisplayObject at: aPoint clippingBox: clipRectangle
rule: rulelnteger mask: aForm
| newArea |
newArea « aPoint extent: aRectangle extent ,
modifiedArea < modifiedArea isNil
ifTrue: InewArea) ifFalse: [modifiedArea merge: newArea).
super copyBits: aRectangle from: aDisplayObject at: aPoint
clippingBox: clipRectangle rule: ruleinteger mask: aForm

display
modifiedArea isNil
ifTrue: (super display]

ifFalse: [self displayOn: Display at: 0@0 elippingBox: modifiedAreal.
modifiedArea « nil
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10.5 SUMMARY

This chapter has focused on the use of graphics and graphics-oriented techniques. Examples

focused on three major examples:

* A film loop facility that integrates simple animation, flicker-free displays, storage
of graphical forms on disk, and object mutation.

* A magnifying glass that illustrates mouse control, bitblt rule selection, and
techniques for displaying circular rather than rectangular forms.

* A simple video game that illustrates the evolutionary approach characterizing the
design and development of Smalltalk applications.

10.6 EXERCISES

The following exercises are intended to cause some of the material presented in this chapter
to be reviewed and elaborated upon. Not all questions have the same degree of difficulty.

1. Extend the film loop facility so that 3. Create a class of forms called
speed can be controlled with mouse CircularForm that captures the func-
buttons; e.g., speeding up with the tionality of the magnifying glass.
red button and slowing down with the Optionally, reimplement the magni-
yellow button. fying glass with this more flexible

2. Extend the magnifying glass applica- form.
tion so that magnification can be ei- 4. Generalize the CircularForm class to
ther increased or decreased while the arbitrary shape. How does this gener-
magnifier is being used. More specif- alization compare with opaque forms?
ically, during magmflcauon., .lf _the 5. Extend the video game to allow any
user types the + key, magnification . .

. . . number of balls to be in play simul-
is to be increased by 1 unit; con- . .
. taneously. Alternatively, permit a
versely, if the user types the - key, . k
KA grid of paddles to be used; i.e., what
magnification is to be decreased by .
. . appears to be a larger paddle with
1. Alternatively, use the technique roct lar hol
suggested for Problem 1. ctangular holes.
10.7 GLOSSARY

selected terminology

disk form A form variant in which the data frame rate The speed at which a film is dis-

resides in a file. played.

film loop A never ending movie in which the hot spot A point that is considered to be the

end is spliced with the beginning; i.e., a center of a picture.

circular sequence of frames repeatedly dis-
played at a fast enough rate to provide the
illusion of motion.
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magnifying glass A facility that permits a cir-
cular area under the mouse to be magnified
when the red button is down; illustrates
processing required to draw circular forms.
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object-oriented design A methodology for
software development; much more powerful
when integrated with a prototyping facil-

ity.




Class Index

SYSTEM CLASSES

Arc, 430-432, 439-440
ArithmeticValue, 246, 255
Array, 281-282
ArrayedCollection, 281-283
Association, 305-306

Bag, 353-357

Bitblt, 392-402
BlockContext (Blocks}, 214-220
Boolean, 220-223
Character, 274-275

Circle, 430-432, 439-440
Cursor, 424

Curve, 430-432, 437-438
Date, 265-273

Dictionary, 304-310
DisplayBitmap, 427
DisplayMedium, 402, 408-412
DisplayObiject, 402-408
DisplayScreen, 427-428
DisplayText, 402,
ExternalStream, 282

False, 180, 220-223
Filename, 340-342

Float, 247-260

Form, 402, 412-421
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FormBitmap, 427

Fraction, 247-260
IdentityDictionary, 304-310
ldentitySet, 353-367
InfiniteForm, 402, 421
InputSensor, 427

Integer, 247-265
InternalStream, 282
Interval, 327-329
LimitedPrecisionReal, 246
Line, 430-432, 435-436
LinearFit, 430-432, 437
LinkedList, 343, 351-353
List, 363-370

Magnitude, 245-276
MappedCollection, 324-327
Message, 210-211

Number 247-265

Object, 181-188
OpaqueForm, 392, 421-424
OrderedCollection, 343-350
Path, 402, 430-439
PeekableStream, 282

Pen, 447-451

Point, 380-392



PositionableStream, 282
Random, 275-276, 330
ReadStream, 334-340
ReadWriteStream, 334-340
Rectangle, 380-392

RunArray, 324-327
SequenceableCollection, 281-283
Set, 353-357

SortedCollection, 343, 350-351
Spline, 430-432, 438-439

DEMONSTRATION CLASSES

AbsoluteTime, 269-273
Binary Tree, 223-233
BitString, 262-265
Complex, 44-45
ConstrainedPen, 59-60
DiskForm, 464-469

GLOBAL VARIABLES

Display, 49, 427
Sensor, 427

Class Index

Stream, 329-342

String, 317-324

Symbol, 317-324
SystemDictionary, 283
Text, 317-324
TextStream, 340

Time, 265-273

True, 180, 220-223
UndefinedObject, 213-214
WriteStream, 334-340

Ellipse, 440-444
Indirection, 211-213
MagnifyingGlass, 469-485
RangedRandom, 275-276
SimpleFilmLoop, 457-462
VideoGame, 485-503

Smalitalk, 49-50
Transcript, 49,71
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Index

A

Abstract class, 60
Abstract data type, 8

Abstraction
abstract data type, 8
information hiding, 8, 23-24

representation, 24, 42-43,51-53, 181, 186-188

Animation, 408, 429-430
Anthropomorphic programming, 1
Assignment, 30

Binding
dynamic binding, 12-13, 29-30
shallow versus deep copying, 198-200, 287
static binding, 12
variable binding, 30, 184-186
Bit manipulation, 260-265
Bitblt {see Forms)

Block, 32-39, 179, 214-220
block arguments, 48
block temporaries, 48

Borders, 408-412

Browsers, 71, 99-132

kind,
category browsers, 123-124
class browsers, 123-124
class hierarchy browsers, 126-127
file-list browsers, 135-139
message browsers, 125-126
message category browsers, 124-125
message-set browsers, 127-132

_ system browsers, 101-123

using,

adding a class, 114
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adding and modifying class
comments, 115
adding class categories, 119
adding method categories, 116-118
adding methods, 118-119
determining class references, 132
determining class variable
references, 131-132
determining implementers, 128-129
determining instance variable
references, 131-132
determining global references, 132
determining senders, 127-128
finding a class, 104
finding a method, 109
getting explanations, 109-110
modifying a method, 112-114
modifying class definitions, 119-120
removing classes, categories, and
methods, 122-123
renaming classes and
categories, 121-122
viewing a class definition, 104-106
viewing methods, 107-108
viewing the class hierarchy, 106-107

C

Categories, 41
class, 119
method, 41, 116-118
Class, 10-11, 40, 43, 233-237
abstract, 60
categories, 41, 119
meta class, 233-237
subclass, 15, 51
superclass, 15, 43
Class variables, 42-43



Coercion {see converting)
Collections

characterization (overview), 281, 299-300, 330,

343, 353-354
comparing collections, 291-292
converting, 287-290, 322-323
creating collections, 286, 290, 300-304,
331-332, 343-345, 356
creating collection subclasses, 367-370
keyed classes, 284, 298-329
ordered classes, 284, 342-353
sequencing, 292-298, 310
streamable classes, 284, 329-342
unordered classes, 284, 353-3567
Colors, 408-412
Conditional expressions, 33-35
Confirmers, 79-80
Control Structures, 32-39
assignment, 30
blocks, 32-39, 179, 214-220
comparison with Pascal, 32-37
conditional expressions, 33-36
looping expressions, 35-37
return expressions, 38
user-defined, 39, 218-219, 296-298
Converting, 201-206, 248-255, 266-267,
274-275, 287-290
Copying
shallow versus deep copying, 198-200, 287
variable binding, 30, 184-186
Cursors

creating, 426
existing, 424-426

Debuggers, 148, 160-174
breakpoints, 1568
single stepping, 165-174
Differential programming, 51, 100
Double dispatching, 254-255
Dynamic binding, 12-13, 29-30

Encapsulation, 5-6

Index

Files, 282,284-285, 329-332, 340-342
filingin, 135
filing out, 133-135
printing, 136

Forms, 390, 398-421
borders and colors, 417-418
combination rules, 396-400, 417
converting, 418
creating, 400, 414-415
displaying, 416-417
halftones, 396, 417
region filling, 420-421
transforming, 418-421

Garbage collection, 32
Generality number, 250-254
Generalization, 14
Graphics
animation, 408, 429-430
characterization {overview), 402-403
cursors
creating, 426
existing, 424-426
display medium
borders and colors, 408-412
displaying, 412
displayable object
displaying, 403-407
forms and bitblt, 390, 398-400, 414-421
graphical interaction, 428-430
graphical model, 378
opaque forms, 423
paths, 432-439
pens, 447-451
points, 380-391
rectangles, 380-392
rubber-banding, 436
Graphical Applications
disk forms, 464-469
film loops, 457-469
magnifying glasses, 469-485
video games, 485-503
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H

Hashing, 200-201, 246-247

Identity versus equality, 200-201
Image

image file, 140

updating the image, 139-141
Information hiding, 8, 23-24
Inheritance, 13, 51-62

multiple, 237-239
Inspectors, 148-155, 193-195

dictionary inspectors, 152-155
Instance, 10-11, 40

Instance variables, 10, 42-43, 46-47, 182

indexed, 47, 182-183
named, 47, 182-183

K

Keyed classes, 284, 298-329

L

Literal, 24-25
collections, 286-287
introduction, 24-26
numbers, 247-248
Looping expressions, 35-37

Magnitudes
bit manipulation, 260-265

characterization (overview), 245-246

comparing, 246-247

converting, 248-255, 266-267, 274-275
creating number subclasses, 2569-260

dividing, 255-258
double dispatching, 254-255
generality number, 250-254

mathematical operations, 2568-259

truncating, 255-258

Mathematical operations, 258-259
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Menus, 75

blue button menu, 75
quit menu, 93-94

red button menu, 72-73, 78-79, 83, 85-87, 102
system menu, 75
yellow button menu, 75

Message-passing, 6, 25
Method, 6, 23, 43, 45

categories, 41, 116-118
method arguments, 48
method lookup, 563
method temporaries, 48

Messages, 7, 25-29

binary, 26
cascaded, 28-29
keyword, 26-27
priority, 28
receiver, 7,25
selector, 7, 25
unary, 25-26

Meta class, 233-237
Meta operations, 195-198

perform:, 206-208
become:, 208-210, 465-467
doesNotUnderstand:, 210-211

Mouse, 73

double clicking, 87, 95
dragging, 86, 95
selection, 70, 72

extended selection, 70
single clicking, 70, 95

Notifiers, 148, 165-160

o

Objects

coercion {see converting)
converting, 201-206, 248-2565, 266-267,
274-275, 287-290
hashing, 200-201,246-247
identity versus equality, 200-201
meta-operations, 195-198
perform:, 206-208
become:, 208-210, 465-467
doesNotUnderstand:, 210-211

Inside Smalltalk



printing and storing, 201-206, 248-249,
332-333
reading, 203-206
representation, 24, 42-43, 51-53, 181, 186-188
shallow versus deep copying, 198-200, 287
Object-Oriented Terminology
arguments, 7, 25
class, 10-11, 40, 43, 233-237
abstract, 60
meta class, 233-237
dynamic binding, 12-13, 29-30
encapsulation, 5-6
garbage collection, 32
generalization, 14
inheritance, 13, 51-62
multiple, 237-239
instance, 10-11, 40
message, 7, 25-29
message-passing, 6, 25
method, 6, 23, 43, 45
method lookup, 53
object, 9, 23
overloading, 28
polymorphism, 11
protocol, 6, 23, 41
class, 41
instance, 41
receiver, 7, 25
selector, 7, 25
specialization, 14
static binding, 12
subclass, 15, 51
superclass, 15, 43
variable binding, 30, 184-186
Opaque forms, 423
creating, 423
displaying, 423
Ordered classes, 284, 342-353
Overloading, 29

P

Paths, 432-439
creating, 432, 435, 437-439
displaying, 434-435
sequencing, 433
transforming, 434

Pens, 447-451
creating, 447-448

Index
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scribbling and doodling, 448
turtle graphics, 449-451
Points, 380-391
arithmetic, 385-386
comparing, 386-387
converting 383, 385
creating, 380-381
polar coordinates, 388
transforming, 390-391
truncating and rounding, 387-388
Polymorphism, 11
Pool dictionaries, 43, 49
Printing and storing, 201-206, 248-249,
332-333
Private variables, 46

Programming Styles
anthropomorphic programming, 1
differential programming, 51, 100
programming by classification, 9
programming by extension, 100
programming by personification, 1
programming by simulation, 1
programming with inheritance, 13
programming with polymorphism, 11
programming with specialization and

generalization, 14

Prompters, 80
Protocol, 6, 23, 41
class, 41
instance, 41
Pseudo-variables, 50

self, 50
super, 57-58

Receiver, 7, 25

Recovery
surviving a crash, 141
Rectangles, 380-392
comparing, 387
converting 383
creating, 380-382
transforming, 390-392
truncating and rounding, 388

Return expressions, 38
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S
Selector, 7, 25
self, 50
Sequencing, 292-298, 310, 433
Shallow versus deep copying, 198-200, 287
Shared, 46, 49-50
global, 49
pool, 49-50
Specialization, 14
Streamable classes, 284, 329-342
Subclass, 15, 51
super, 57-58
Superclass, 15, 43

System files,
changes file, 140-141
image file, 140
updating the image, 139-141
sources file, 140

T

Temporary variables, 38, 46-48
method arguments, 48
method temporaries, 48
block arguments, 48
block temporaries, 48
Text editing, 85-93
cutting, copying, and pasting, 88
deleting text, 88
evaluating text, 90-91
do it, 90-91
print it, 90-91
syntax error, 91-93
inserting text, 86
repeating commands {(again), 83-90
replacing text, 87-88
selecting text, 86-87
undoing, 89-90
Transcript, 71

v
Unordered classes, 284, 353-357

v

Variables
class variables, 42-43
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w

instance variables, 10, 42-43, 46-47, 182

indexed, 47, 182-183
named, 47, 182-183
pool dictionaries, 43, 49
private, 46
pseudo-variables, 50
self, 50
super, 57-68
scope, 46-50
shared, 46, 49-50
global, 49
pool, 49-50
temporary variables, 38, 46-48
block arguments, 48
block temporaries, 48
method arguments, 48
method temporaries, 48

Window Types

browsers, 71, 99-132
kind, 101-132, 135-139
using, 104-123, 127-132
confirmers, 79-80
debuggers, 148, 160-174
breakpoints, 1568
single stepping, 165-174
inspectors, 148-155, 193-195
dictionary inspectors, 152-155
notifiers, 148, 155-160
prompters, 80
transcript, 71
workspace, 71
system workspace, 71

Window Usage

closing, 79
collapsing, 79
creating 77
framing, 79
making active, 72
moving, 79
relabelling, 80
scrolling, 81-85
selecting under, 79

Workspace, 71

system workspace, 71
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