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INTRODUCTION

Welcome to Smalltalk/V and the world of object-oriented programming systems or,
more often, OOPS for short. You've joined the world's largest community of Smalltalk
users. Owners of Digiralk's Smalltalk/V are people, like you, who want to squeeze
maximum power and performance out of their MS-DOS, OS/2 and Macintosh
computers.

You're in good company. Smalltalk/V is found widely in academic and research
laboratories, R&D and product development departments of Fortune 1000 corporations,
systems development agencies in government as well as on home PCs for recreational and
entrepreneurial pursuits. Smalltalk/V applications have been developed in the areas of
simulation, expert systems, intelligent tutoring computer-based instruction, database
query interfaces, computerized typesetting and integrated programming environments.

Smalltalk/V is selected by so many for such diverse applications because Smalltalk is
both a powerful language—you can get a lot of activity out of a few lines of code—and
a powerful program development environment—software utilities help you to reuse as many
lines of pre-written code as possible and, once copied, to quickly edit and correct errors
in such code for your own program.

To encourage an exploratory "design-prototype-refine" approach to application devel-
opment, Smalltalk/V lets you edit and install small code modules without lengthy
compile and link sessions, building a program piece by piece and seeing the results
immediately. You experiment with bits and pieces of a program long before it is
complete, exploring ideas, structures and algorithms as the application takes form.

Except for a small kernel in machine language, Smalltalk/V is written in Smalltalk/V.
Commented source code for virtually the entire system is supplied in digestible chunks
of source code which you can reuse and modify in your applications.

Smalltalk/V features pure object-oriented programming, a revolutionary approach to
data abstraction, providing a new dimension in which to organize the elements of a
software system. For you, this means highly reusable software, truly generic code and the
opportunity to use a prototyping style of software development.

This book is intended for both people who have never used Smalltalk as well as
experienced Smalltalk programmers. It's organized into five parts:

• Part 1, Overview, introduces object-oriented programming through a
discussion of Smalltalk's big ideas and concludes with a comparison of
Smalltalk and Pascal versions of an example program.
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• Part 2, The Smalltalk/V Tutorials, is a series of tutorials that teach the
Smalltalk language through examples you run in the Smalltalk/V environ-
ment.

• Part 3, The Smalltalk/V 286 Reference, is a complete specification of
Smalltalk/V 286. You'll find summaries of Smalltalk's syntax and semantics,
descriptions of windows and menus that make up the environment, and a
rundown of the major building blocks (classes) included in the system.

• Part 4, The Encyclopedia of Classes, is a comprehensive, structured
description of the classes and methods in Smalltalk/V 286.

• Appendices cover advanced features such as writing your own Smalltalk
primitives and extensions in other languages and conclude with a detailed
cross-referencing Method Index and Index.

System Requirements

Smalltalk/V286 requires an IBM-PC, PS/2 or compatible, with an 80286 or 80386
processor and the following equipment:

• 1 Megabyte of RAM
• Hard disk and one diskette drive
• Monochrome or color monitor
• Graphics controller (either CGA, MCGA, EGA, VGA, Hercules, Toshiba, or

AT&T)
• PC-DOS or MS-DOS, Version 2.0 or later

The following items are optional:

• Expansion to 16 Megabytes of RAM (extended memory only)
• Mouse (highly recommended, Microsoft compatible)
• Floating point co-processor (80287 or 80387)

Before Starting

Before proceeding, please take a moment to make sure that you have the complete
Smalltalk/V 286 package:

• Two diskettes labeled Image and Source
• This book
• Registration Card
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The diskettes are not copy-protected. Using DOS disk copying utilities, you can make
one or several backup copies, as long as they are for archival purposes so you can protect
your investment.

The Smalltalk/V community is growing daily. Digitalk's user newsletter SCOOP, keeps
registered Smalltalk/V users informed of programming hints, product upgrade infor-
mation, bug reports, available Goodies packs, and special licensing and pricing
information. To make the most of your Smalltalk/V investment, and to enable us to
serve you more quickly when you need support, return the enclosed Registration Card
and join the Smalltalk/V community to stay well-informed.

Sign the Registration Card and mail it to:

Digitalk Inc.
9841 Airport Boulevard
Los Angeles, California 90045



Parti

Overview



1 INTRODUCTION TO THE SMALLTALK LANGUAGE

You do not have to read this chapter to get going with Smalltalk/ V. One legitimate school
of Smalltalk thought suggests that the best introduction to object-oriented programming
is simply to jump right in—to learn Smalltalk by experience. If this notion appeals to you,
proceed directly to Chapter 2. You may want to return here to supplement your
experience. But there is nothing in this chapter that you have to know to understand and
make effective use of Smalltalk/V.

If this were a book on driving a car, this Overview describes a bit of the "physics" behind
the car's engine, drive chain and suspension—hardly prerequisite knowledge to the act of
driving. But racing drivers will tell you that the more you know about how your car
works, the better you can drive it—knowing how to pull maximum performance from the
potential of the car's interacting component parts. If this notion appeals to you, proceed.

Smalltalk's Big Ideas

Smalltalk grew from a few powerful ideas.

• The most important component in a computing system is the individual
human user.

• Programming should be a natural extension of thinking.
• Programming should be a dynamic, evolutionary process consistent with the

model of human learning activity.
• A computing environment is both a language and a productivity enhancing

interface of programmer/user "power tools"—utilities to express yourself in
that language and to organize and flexibly use both procedural and factual
knowledge.

Smalltalk embodies these ideas in a framework for human/computer communication. At
the simplest level, Smalltalk is yet another programming language like Basic, C, Pascal or
Lisp. You will see in this chapter how you can write Smalltalk programs that have the
"look and feel" of conventional Pascal or other familiar programming languages.

You will also see how some thirty lines of Pascal, or less than twenty lines of "Pascalese"
Smalltalk, can be reduced to five lines of Smalltalk the way it is meant to be written. And
that's not five lines of dense, cryptic syntaxes like C or APL allows, coding shortcuts that
come back to haunt you in application maintenence and enhancement costs.
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If we try to build an ideal machine that lives up to the promise of the big ideas above,
we would want a computing environment that is both very hardy and forgiving. If
programming is to be a natural extension of thinking and learning, the system has to take
programming errors in stride—a simple coding error can't crash the system or you'd lose
all incentive to use an exploratory prototyping style of application development,

Smalltalk promotes the development of safe systems. Smalltalk "errors" are merely
objects telling you they do not understand how to do what you are asking them to do—
hardly events which blow up the system. And Smalltalk's encapsulation of digestible
chunks of program code with their own local data in independently active objects
promotes a "divide and conquer" approach to programming problem solving. Smalltalk
objects are easily inspected, duplicated, modified and, perhaps most importantly, re-used.
Smalltalk lets you get on to the business of solving your problem, not writing the same
code over and over.

The Tutorials will introduce you to the range of programming "power tools" standard in
Smalltalk/V that help you use, re-use and modify the storehouse of Smalltalk source
code which is part of the basic system. But first, it can be helpful to understand that
Smalltalk is both very much like and, at the same time, very much unlike conventional
programming languages.

We'll then introduce you to some of the special terminology and exciting ideas that
energize object-oriented programming in Smalltalk. From there it's on to the introductory
tutorial which gets you up and running and writing your first Smalltalk/V code.

Smalltalk vs. Conventional Languages

This section presents an overview of Smalltalk/V by comparing examples of code in
both Smalltalk and Pascal to help you learn Smalltalk/V more quickly. You don't have
to be a Pascal programmer to benefit from the comparison as thorough explanations
accompany each example.

The step-by-step code examples are followed by a complete program written in both
languages which solves the same problem. We conclude by rewriting the Smalltalk
version of the algorithm, taking advantage of object-oriented features to significantly
reduce the amount of code required to do the same procedure.

The examples which follow present a series of statements in Pascal and Smalltalk/V. The
left column shows program fragments in Pascal, while the right column shows equivalent
code fragments in Smalltalk/V.
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Assignment to a Scalar Variable

a := b + c a := b + c

These statements look the same in both Pascal and Smalltalk. The assignment operator
is := . Variable names have the same syntax in both languages. In the example statements,
the contents of variable b are added to the contents of variable c and stored in variable
a. In Pascal, the computed value is stored. In Smalltalk, assignment statements always
store pointers to objects which contain the values.

A Series of Statements/Expressions

x : = 0; x := 0.
y : = 'answer'; y := 'answer*.
z : = w z := w

The statement separator is semicolon in Pascal and period in Smalltalk. Note that in both
languages, the statement separator character is not used after the last statement in the
series. The first statement assigns the constant zero to the variable x. The second
statement assigns a literal string to the variable y. In both languages, a string is an array
of characters. The third statement assigns the contents of variable w to variable z.

A Function Call with One Argument

a : = size(array) a := array size

The function size is called with argument array and the value returned is stored in the
variable a. In Smalltalk, calling a function is known as sending a message. In this case, the
message size is sent to the contents of variable array.

Function Calls with Two Arguments

x := max(xl, x2); x := xl max: x2.
y := sum(p, q) y := p + q

In Pascal, the arguments to the function call are enclosed in parentheses. In Smalltalk, for
a two-argument message, the arguments precede and follow the message name. Note that
in Smalltalk, the standard arithmetic operations are performed via messages. In the first
example, the message max: is sent to the contents of variable xl (the first argument), with
the contents of x2 as the second argument. The result returned is assigned to the variable
x. In the second example, the message + is sent to the contents of variable p with the
contents of variable q as the second argument, and the result returned is assigned to the
variable y.
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A Function Call with Three Arguments

b : = between(x, xl , x2) b := x between: xl and: x2

When a message has three or more arguments in Smalltalk, the name of the message is
split into pieces, and a piece of the message name appears preceding each of the
arguments after the first. This distribution of the message name helps to describe the
message arguments. In the example, the message name is between:and: and the
arguments are variables x, xl, and x2. This example could be used to test whether the
value of x is between the values of xl and x2, and assign the Boolean result (true or false)
to the variable b.

Subscripted Variable Access

x := a[i]; x := a at: i.
a[i + l ] := y; a at: i + 1 put: y.
a[i + l ] : = a[i] a at: i + 1 put: (a at: i)

Pascal uses square brackets to specify subscripting, whereas Smalltalk uses at: and at:put:
messages. In the first example, the value of variable i is used to index the array identified
by variable a, and the value obtained is stored in variable x.

The second example shows replacing an element of an array with a new value. Note that
a Pascal assignment may store into an array element, whereas in Smalltalk only scalar
variables appear to the left of an assignment statement, so an at:put: message is used.

The third example shows accessing and changing array elements. Parentheses are used in
the Smalltalk example to specify evaluation order.

If Statements

if a <C b then
a := a + 1;

if atEnd(stream) then
reset(stream)

else
c := next(stream)

a < b
ifTrue: [a : =

stream atEnd

= a + l].

ifTrue: [stream reset]
ifFalse: [c :-'= stream next]

Pascal and Smalltalk provide similar capabilities for the conditional execution of a series
of statements based on the result of evaluating a boolean expression. In Smalltalk, the
conditional statements are enclosed in square brackets. In the first example above, the
variable a will be incremented by one if the value of variable a is less than the value of
variable b.
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The second example illustrates conditionally executed code during file access. The file
being accessed is identified by the variable stream. If the file is positioned at the end; the
reset message is sent to reposition it at the beginning. Otherwise, the variable c is assigned
the next character in the file.

Iterative Statements

while i < 10 do begin [i < 10 ]
sum := sum + a[i]; whileTrue: [
i : = i + 1 sum : = sum + (a at: i).
end; i := i + l ] .

for i := 1 to 10 do 1 to: 10 do: [ :i I
a[i] : = 0 a at: i put: o]

Pascal and Smalltalk provide similar capabilities for repeated execution of a series of
statements. In the first example, the two statements in the loop will be executed as long
as the value of the variable i is less than 10. In the second example, the single statement
in the loop will be executed with the variable i taking on the values 1 through 10 in
succession.

Returning Function Results

functionName := A answer
answer;

return

Pascal and Smalltalk both provide for specifying the result of function (or in Smalltalk,
method) evaluation. In Pascal, the function result expression is assigned to the function
name, which serves as a variable for containing the result. In Smalltalk the caret (A)
appears before an expression that is the method result. This causes method execution to
cease and the value of the expression to be returned as the method result. In the example,
the value of the variable answer is the function (and method) result.

Storage Allocation and De-allocation

new(p) p := Array new: 5
dispose(p)

Pascal and Smalltalk both provide for the dynamic allocation of variables (in Smalltalk
terminology, objects). In the first line of the example above, both languages assign to the
variable p a pointer to the newly allocated object. In Pascal, however, it is necessary to
explicitly de-allocate objects when they are no longer needed in order to reclaim their
space. This is done via the dispose function call. In Smalltalk, space reclamation (garbage
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collection) is automatic and consequently, there are no language facilities for specifying
object de-allocation. This simplifies programming by eliminating a potential source of
error, de-allocating at the wrong time.

A Complete Program

What follows is a complete program with Pascal code on the left, Smalltalk on the right.

program frequency;

const
size = 80;
var
s: string [size];
i: integer;
c: char;
f: array[l..26]

of integer;
k: integer;
begin
writeln('enter line');
readln(s);

for i := 1 to 26 do
f[i] := 0;

for i : = 1 to size do
begin
c : =

asLowerCase(s [i ]);
if isLetter(c) then

begin
k := ord(c)

- ord('a')

f[k] : - f[k] + 1
end

end;
for i := 1 to 26 do

write(f[i], ' ')
end.

I s c f k I

f := Array new: 26.

s := Prompter
prompt: 'enter line'
default: ".

1 to: 26 do: [ :i I
f at: i put: 0].

1 to: s size do: [ :i I

c := (s at: i) asLowerCase.

c isLetter
ifTrue: [

k := c ascii Value
- $a asciiValue
+ 1.

f at: k put: (f at: k) + 1

]•

The programs above ask the user to enter a line of text from the keyboard. It then
computes the frequency of occurrence of each alphabetic character in the input text. All
characters are treated as lower-case letters.
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The example emphasizes the similarities of Pascal and Smalltalk syntax. The algorithm
used is identical in both cases. The input characters are examined one at a time and if they
are characters, the frequency counter for that letter is incremented.

None of the powerful built-in building blocks of Smalltalk were used in the above
example. The example below shows the same program written using some of these
built-in building blocks.

I s f I
s : = Prompter prompt: 'enter line' default: ".
f := Bag new. -***"
s do: [ :c I c isLetter ifTrue: [f add: c asLowerCase]].
Af

A Prompter is used to get the input string from the user. A Prompter is a special type
of window. An empty Bag is then created to hold the character frequencies. Bags are a
type of collection that count occurrences of objects. The input string is then iterated
over, and each character is examined. If the character is a letter, its lower case equivalent
is added to the Bag. The resultant Bag is then returned.

Already, Smalltalk is revealing its expressive power. The considerably shorter rewrite uses
a few of Smalltalk's pre-defined objects, each comes with its own highly developed
behavior. In the hundred forty or so classes of Smalltalk/V object types, there are over
two thousand methods you can call upon. Each new object and its methods, which you
create, will be added on equal footing with the generic objects which come in
Smalltalk/V.

Objects obviously have something to offer—a tremendous source of Smalltalk program-
mer productivity. A greater appreciation of what objects are and how they behave is in
order.

The World According to Objects

Smalltalk is built on the simple yet powerful model of "communicating objects" as
shown in Figure 1.1. What could be more natural. We experience our world largely as a
vast collection of discrete objects, acting and reacting in a shared environment.
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Figure 1.1
Communicating Objects

Message

At the human social level we are a society of doctors, lawyers, beggars and thieves, etc.
Although we are a population of unique individuals, we cluster in occupational groups
based on the behavioral skills and knowledge we each develop and exhibit as seen below:

Figure 1.2
Human Occupational Classes

Barbara
Truckers

Fred Elton

"BlueCollar"

George

"White Collar ' Roberta

Accountants

Break a leg, call in a doctor and tell him or her about your condition. You trust the
doctor's special knowledge and skills to help make you better. Self communicates with
Doctor Black Box.

Want to become a lawyer? You learn the law and how to behave like a lawyer. Then as
corporate counsel in response to the MegaCorp CEO's question, "What's our exposure
on this new project?", your answer is couched in legal considerations while the chief
financial officer reflects on fiscal impacts.
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In Smalltalk's object-oriented terms, occupational abstractions like doctor, lawyer,
programmer, etc., are classes of which we individuals are instances. To become a lawyer, we
learn legal methods. Communications between individuals are comparable to Smalltalk
messages, their content equivalent to Smalltalk selectors as shown in Figure 1.3. Correspon-
dence between our perception of the world and its representation in machine terms
through Smalltalk gets at the heart of Smalltalk's power.

Tax advantage of $120,000 available.

Fiscal impact of incorporation?

'Jane Doe'

Figure 1.3
Human and Smalltalk
Objects Communicating prompt: 'New Name?'

What are objects?

A Smalltalk object is simply related pieces of code and data. The pieces of code are
Smalltalk methods—a library of self-contained subroutines unique to each class giving
each class of object its specific behaviors. An object's data structure is described by its
collection of instance variables.

When you create a specific instance of a class, the initial values of the object's instance
variables are assigned. The object's methods are its know-how. If we were to create a
Smalltalk "car driver object", it would likely include "brake", "steer", "watch for traffic"
and "shift gears" methods. Instance variables of such a car driving object would include
"reaction time", "temperament" and "visual acuity" of the driver.

Related data and program pieces are encapsulated within a Smalltalk object, a
communicating black box. The black box can send and receive certain messages.
Message passing is the only means of importing data for local manipulation within the
black box. And if an object needs something done that it does not know how to do
within its own set of methods, it sends a message to another object, in effect, asking for
assistance in the completion of a task.

In Smalltalk, objects communicate to objects just as lawyers talk to accountants in our
occupational analogy in Figure 1.3. A professional's know-how is comparable to a
Smalltalk object's collection of methods. People communicate using their know-how.
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Know-how does not communicate to know-how. The lawyer's knowledge used to
prepare a client's will does not include a "direct memory access" to the accountant's
ability to compute financial implications of the settlement of an estate. Similarly, a
Smalltalk object's methods do not call other objects' methods directly. Rather, the
lawyer's methods include knowing when to send a message requesting financial services,
just as the CPA knows when and how to ask for legal services.

In OOPS terms, information hiding—as this encapsulation of code and data is known in
computer science—makes for highly portable, easily modifiable and safe software. Large
applications may be easily maintained since objects may be updated, recompiled, tested
and called immediately back into service with their new behavioral capabilities on line.

What kinds of objects can be described?

Like their physical counterparts, Smalltalk objects have attributes and exhibit behaviors.
Since everything in Smalltalk is an object—including the Smalltalk environment itself—
then what you can do with the language becomes a question of what objects can be
described and manipulated.

If the encapsulation of information hiding provides the means for creating objects, then
a language's data abstraction capabilities determine what objects can be described. Marco
Polo called upon his powers of data abstraction daily as he traveled to parts unknown.
Things which could not be understood or named within his current world view required
invention, new words for new objects.

You need the same powers of an extendible language capable of describing arbitrary data
structures if you are to tailor the generic Smalltalk environment to your purposes.
Smalltalk lets you create arbitrary new data structures, compound objects which can be
thought of as an array whose elements can be any combination of numbers, symbols or
character strings as well as another array making nested data structures possible. Where
it is generally an exception or nuisance in conventional languages, creating new data
structures is done routinely when you define a new class or subclass of objects in
Smalltalk.

How do objects communicate and behave?

Smalltalk objects take responsibility for their own actions, responding individually to
every message. Your application may have occasion to print an integer, a floating point
number, an ASCII character or a string of symbols. Since each of these elementary data
types is defined as a Smalltalk class, instances of these classes come with a bundle of
behavioral features built-in, its methods. Each of the elementary data types knows how
to perform generally required behaviors such as print, duplicate and comparison
operations.



Chapter 1: Introduction to the Smalltalk Language 15

So when it comes time to print, your Smalltalk application simply sends the near universal
message printString to each of the variety of data type objects to be included in a report:

'This is a string' printString.
423 printString.
#(123) printString.
$A printString.
#('array of 3 'strings and' 2 'numbers') printString.

Integers, arrays and characters take care of getting themselves represented on paper. This
Smalltalk characteristic of having different objects responding uniquely to the same
message is known as polymorphism. It means you won't have to memorize a unique
vocabulary for each class used in building your applications.

Because Smalltalk objects take responsibility for their own behavior, you won't have to
litter your application with conditional checks through case statements to see that the
proper type of function is called to operate on a piece of data. This feature saves much
time and significantly reduces software maintenance costs since only affected objects
need be edited and re-compiled to enhance a Smalltalk application.

Among the many reasons objects communicate, a frequent objective is to change the state
of the receiver object. Sending a message to store a new value in a variable (a Smalltalk
variable is an object that stores other objects) is an obvious example of state changing
messaging. A bit more subtle is a user request to resize a window which results in a
mouse-based interaction which sends new screen coordinates to the window's instance
variables which store its size and location on the screen. The window's state changes upon
receipt of the resize message.

Smalltalk guarantees that there will be a response by a message recipient. If an object
determines that it does not know how to perform a requested behavior, it will at least
answer with a "Message not understood" response message. The method which sends
this response also kicks in Smalltalk's debugging utilities to help you determine and
correct the failure to communicate.

So even program errors are detected and resolved within the object-oriented messaging
framework of Smalltalk. This makes for a very exploratory environment in which to
develop application software. A working prototype can be constructed quickly and
enhancements integrated easily into the evolving system.

How does Smalltalk organize objects and their methods?

Smalltalk organizes its classes into a hierarchy of classes and subclasses, a portion of
which is shown in Figure 1.4. For example, the Integer class is a subclass of the Number
class which is a subclass of Magnitude which is a subclass of class Object, the most
general Smalltalk class and parent of all other classes.
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Inheritance provides a mechanism for both organizing and maintaining the collection of
Smalltalk object classes. Inheritance recognizes similarities among objects, capitalizing on
the fact that similar objects often behave similarly.

A subclass inherits all the methods known to the parent. If you define a new customer
database class to be a type of Smalltalk SortedCollection, your application will
automatically know how to add, copy, edit, remove, print and sort customer records. You
need only create methods which describe the new behaviors the customer database must
exhibit beyond those of the generic SortedCollection.

If a selected parent's behavior is inappropriate, you simply define a method by the same
name to override the parental way of doing things. For instance, to protect confidential
customer information, the print method of the Customer Record class could be written
to perform a password checking operation before printing. The customer record would
then enforce security when asked to print itself while a less rigorously defined object
simply prints itself upon receipt of the same print message.

Smalltalk's inheritance features encourage "programming to exception and modifica-
tion". Without inheritance, you would have to spend a good bit of your time telling new
classes of objects how to do elementary things like print. And if you later revamp the
procedures for printing specific data types, you would have potentially hundreds of
individual print methods to update and re-compile if it were not for inheritance.

Only slight reflection is needed to appreciate the programmer productivity potential of
Smalltalk's inheritance mechanism. A little more reflection will confirm that the hierarchy
of Smalltalk classes is consistent with the model of classification systems we routinely lay
over our perceptions of the world.

How do you maintain a Smalltalk world of objects?

Each Smalltalk object is an encapsulated program operating on its own local data, a little
self-contained computer. The user extendable Smalltalk/V system comes with over two
thousand pre-defined methods in over one hundred classes. With time, your personalized
Smalltalk/V environment will contain hundreds, maybe thousands, of new objects,
classes of objects and their associated methods.

If you had to explicitly manage program and data file handling for each Smalltalk object
as well as act as traffic cop to the messaging activity, there would be no incentive to adopt
object-oriented programming. The power of Smalltalk's natural human thinking model
at the design level would be lost at code writing. Smalltalk/V, therefore, is designed to
manage the "dirty work" of object storage and memory management for you.

Imagine the task for your hardware and operating system software if your Smalltalk/V
directory were strewn with:
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objl.exe
objl.prg
objl.dat
obj2.exe
ob|2.prg
obj2.dat
obj3.exe
obj3.prg
obj3.dat
. . . and so on for hundreds or thousands of objects if it were possible.

That's what it would take if Smalltalk's objects managed themselves independently under
the conventional model of computing. Smalltalk solves this problem with a global
solution, an object-oriented model for storage.

When you install Smalltalk/V at the beginning of The Tutorial, you will note two large
files. These are the Smalltalk/V source and image files. The source file contains an ASCII
representation of the Smalltalk source code. The image file is a computer readable
snapshot of the current state of your Smalltalk/V environment, a kind of group photo
preserving the state of each object.

Saving the image to permanent disk storage allows you to end a Smalltalk session, saving
your objects in "suspended animation" to be revived exactly as you left them when you
restart Smalltalk. In this global and efficient manner, Smalltalk takes care of storing
objects.

Having an efficient approach to storage management might only serve to preserve chaos
if RAM memory were to become cluttered with persistent though unused and unwanted
objects, therefore taking up valuable real estate in RAM if no longer needed.
Smalltalk/V lets you focus on programming while automatic memory management,
sometimes unglamorously referred to as "garbage collection", maximizes RAM available
for the creation of new objects and keeps accumulated "clutter" from crashing the
system. Automated object storage and memory management further insure a safe
enviroment for Smalltalk application development.

Ideas into Action

Smalltalk/V is a prescription for an exciting programming experience ... the rare
combination of an open and safe system inviting you to shape its capabilities to your
needs. The first several chapters of The Tutorial introduce you to the Smalltalk/V
programming environment and to the range of objects and their behavior in the
Smalltalk/V system.
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But this is only the beginning. Smalltalk really shows its stuff in real world application
development. The expanding collection of re-usable Smalltalk objects and their methods
when used in an evolutionary, prototyping development cycle result in quick and efficient
development of complex applications. The Tutorial concludes with an application
development example which showcases the "design-test-improve" cycle of development
encouraged by the fully object-oriented character of Smalltalk/V.
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INTRODUCTION TO THE SMALLTALK/V 286
ENVIRONMENT

In this chapter, you will learn how to install Smalltalk/V, start up its environment, and
edit and evaluate some of its most basic expressions. You'll learn how to move the
cursor, use windows and enter and edit text. By the end of this chapter, you'll be familiar
enough with Smalltalk/V to run the tutorials, which make up the remainder of Part 2
of this book.

If you have worked in a "windows" environment before, you may already be familiar with
some ideas in this chapter. After Installing and Starting Up Smalltalk/V, you may want
to take the Quick Tour and read the Starting Out sections of this chapter, then scan the
rest.

If the Smalltalk/V operating environment is new to you, be sure that you understand the
ideas in this chapter before moving on. You can learn more about the Smalltalk/V
operating environment in Part 3: Smalltalk/V 286 Reference. Chapters 15 and 16
provide an in-depth discussion of many of the topics introduced in this chapter.

Installing Smalltalk/V

Before you begin installing Smalltalk/V, make sure that you have made backup copies
of the Source and Image diskettes included in your Smalltalk/V package.

Copying Smalltalk/V to a Hard Disk

Copying Smalltalk/V to the hard disk involves two steps: l) creating a subdirectory on
your hard disk and 2) copying the Smalltalk/V files.

Creating a Subdirectory

Smalltalk/V must have its own subdirectory on your hard disk. You can create a
Smalltalk/V subdirectory as a child of any directory already residing on your disk. Here
we are going to create a subdirectory called smaltalk, but you can name your
subdirectory any name you chose.

To create the subdirectory, enter the following command at the DOS prompt then hit the
return or enter key:
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C> mkdir \smaltalk

This creates a subdirectory called smaltalk, with the root directory as its parent on Drive
"C". You may create a subdirectory from any directory on your disk. Refer to your DOS
manual for instructions.

Copying Smalltalk/V Files

To copy Smalltalk/V files to your newly created subdirectory, insert the Source diskette
in Drive A. Enter the following command at the DOS prompt and hit the return or enter
key:

C> copy a:*.* \smaltalk

This copies all files on the Drive A Source diskette to the hard disk subdirectory called
smaltalk. After each file is copied to the hard disk, DOS reports back with a screen
message. When the message "xx files copied" appears, DOS is finished copying the
diskette.

Remove the Source diskette from Drive A, and replace it with the Image diskette. Repeat
the procedure.

With the Smalltalk/V files copied to the hard disk, you are ready to run the installation
program.

Running the Installation Program

To install Smalltalk/V, you need only know the type of video adapter board and
monitor your system is using.

Supported Video Adapters

At time of publication, Smalltalk/V 286 supports the following:
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Video Adapter Type

AT&T (640 x 400)
CGA (640 x 200)
MCGA (640 x 480)
CGA Color Graphics (640 x 350)
EGA Color Low Resolution (640 x 200)
EGA Monochrome Graphics (640 x 350)
VGA (640 x 480)
Hercules Monochrome (720 x 348)
Toshiba T3100 (640 x 400)
IBM 3270 (720 x 350)

Monitor Type

color/mono
color/mono
color/mono
color
color
mono
color/mono
mono
mono
mono

The installation program will present you with an up-to-date list of video adapters
supported by the version of the software you have.

The Installation Program

To install Smalltalk/V, make sure that the directory currently logged on the screen is
your directory containing the Smalitalk/V files.

Now enter the following command:

install

When you hit return or enter, the installation program displays a list of supported video
adapters. Enter the number corresponding to your hardware configuration followed by
the return or enter key.

The installation program performs two functions. First it records your hardware
configuration in the file go in the current directory. Second, it decompresses all of the
Smalltalk/V files from the distribution archives. Then the archive files are deleted.

If your hardward configuration changes, you can run the installation program again. Since
the archive files have been deleted, only the first function is performed.

Starting Up Smalltalk/V

Do not try to run Smalltalk/V unless you have already installed the Smalltalk/V
program.

To start up Smalltalk/V, make sure that the current directory displayed on the screen is
the directory holding Smalltalk/V programs.

Now enter the following command and hit return or enter:
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Smalltalk/V then loads. When Smalltalk/V is ready to run, it will display the start-up
screen below:

I-beam

window-

cursor—

background

Figure 2.1
Start Up Screen

: i

Exiting Smalltalk/V

To exit Smalltalk/V and return to DOS, move the cursor to the background and click
the right mouse button to bring up the system menu. Select the exit Smalltalk item by
moving the cursor down the menu and clicking the left mouse button when the cursor
is over your choice on the menu. The menu shown below will pop up on the screen:

Figure 2.2
Exit Menu

continue
mawe iaage
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This menu asks you whether or not to save your changes. For now, choose forget image;
since you haven't done any programming yet, you don't have anything you need to save.
Later, when you are actually programming in Smalltalk/V, you'll want to save your
changes after each Smalltalk/V session.

Getting Around

To get around the Smalltalk/V environment, you must open up and close windows,
make selections from popped-up menus and move the cursor using a mouse or your
keyboard.

The Cursor

The cursor is your pointer on the screen. It tells Smalltalk/V where you are going to do
something like pop-up a menu. You can move the cursor by dragging your mouse in the
direction you want it to move or by using the cursor keys on the numeric keypad. When
using the keypad, you can move the cursor in larger amounts by holding down the shift
key while pressing down on a cursor key.

The I-beam

The insertion point or I-beam is a special text marker that is used when editing text
strings. It appears in a text window or pane and marks the spot where new text will be
inserted or deleted.

Working with Your Mouse

Using a mouse is the easiest way to get around the Smalltalk/V environment. With your
mouse you can quickly move between windows and background, text and menus by
dragging the mouse and clicking the correct button.

Mouse Buttons

Your mouse has two buttons. The right button "administrates" your way around the
environment. Use the right button to bring up menus for selection and for scrolling
within a window pane. The left button "selects" things for Smalltalk/V to execute. Use
the left button to choose specific menu items, text or text lines, and objects from a list.
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Mouse-key Equivalents

If you do not want to use a mouse, you can use your keyboard keys to get around the
Smalltalk/V environment. Throughout this chapter you will find specific instructions for
using the keyboard. For more keyboard instructions, refer to Chapter 15.

Windows and Menus

Smalltalk/V is a menu-driven system. You give commands to the environment by
selecting things from a menu of possible things to do. There are several different
windows and menus available in the Smalltalk/V environment.

This section of the chapter introduces the windows and menus of the Smalltalk/V
standard window set. You will first learn some general information about windows and
menus and then you will take a Quick Tour of the main Smalltalk/V windows and
menus. For more detailed reading, see Chapters 15 and 16 in Part 3 of this manual.

Windows

A window is an object with a border, label bar, window buttons and one or more panes
and pop-up menus as shown in Figure 2.3. A window can be active or non-active.
Windows can be opened, closed, collapsed, resized and moved around on the screen.

Figure 2.3
Workspace and
Popped Up Menu
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Label Bar

Each window has its own label bar and menu. We will say more about menus a little
further on. The window title is displayed on the label bar along with one or more small
buttons, depending on which Smalltalk/V window is open. The buttons provide quick
access to specific window activities.

Label Bar

close zoom

Z •

collapse
Figure 2.4
Window Label Bar with Window Buttons resize

Close Button: When selected, the window closes and disappears from the screen. To
close the window, place the cursor onto the close button and click the left mouse button
or use the numeric keypad + key.

Zoom Button: When selected, Smalltalk/V zooms in on the text pane so that it fills the
whole screen. To select the zoom button, place the cursor onto the button and click the
left mouse button or use the numeric keypad + key. To unzoom the text pane, click on
the label bar and the window redraws to its original configuration. You can also use the
F8 function key to zoom a text pane.

Collapse Button: When selected, the window collapses to show only the label bar. If the
window is already collapsed, selecting this button expands the window to its original size
and position on the screen. To select the collapse button, place the cursor onto the
button and click the left mouse button or use the numeric keypad + key.

Resize Button: Select this button and the system responds with a rectangle outline for
resizing the window. You can resize the window using either the mouse or keyboard.

With a Mouse: Be sure that the cursor is on the resize button. Press and hold down
the left mouse button while you move the mouse to drag the cursor and resize the
rectangle outline. Release the mouse button and the window redraws to its new
size.
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With the Keypad; With the cursor on the resize button, press and release the
numeric keypad + key. Use the keyboard cursor keys to move the cursor and
resize the rectangle outline. Once again, press and release the numeric keypad +
key and the window redraws to its new size.

Pane

Each window has one or more panes, depending upon which Smalltalk/V window is
open. Each pane also has a menu. The pane is the workspace for programming in
Smailtalk/V. Here you select items from lists using the left mouse button, insert and edit
text strings using the I-beam, and select and evaluate Smallralk/V programming code.

Each pane also has a scroll bar and cursor available for scrolling through all the text
contained in the pane as shown in Figure 2.5. You can bring up the scroll bar by pointing
the cursor onto the pane and holding down the right mouse button. We will discuss
scrolling in greater detail a little further on.

reversed label bar

scroll bar

scroll cursor

Figure 2.5
Pane
with Scroll Bar
and Scroll Cursor

This is Map la text. It Mill scroll upward and out
of sight as you click and drag the Mouse downward
within this pans.

Scrolling Mill cause this text to Move upward in this
pane, revealing the text which is below and currently

Menus

There are many menus in the Smalltalk/V environment. A menu is an object containing
a list of choices relevant to a particular window, pane or other object. Menus are hidden
behind windows, panes and the system screen. You can make a menu visible by popping
up the menu using the mouse or keypad.
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Popping up Menus

To pop up a menu, position the cursor over the object hiding the menu. Then, click the
right mouse button or press the Del key on the keyboard. The menu pops up.

Selecting from a Menu

To select an item from a menu, move the cursor over the item you wish to select. Click
the left mouse button or press the + key on the numeric keypad.

Hiding a Menu

If you are using a mouse, move the cursor outside of the menu and click either mouse
button. The menu disappears. If you are using a keypad, use the cursor keys to move the
cursor out of the menu and the menu automatically disappears.

Finding Different Menus

Smalltalk/V has many different kinds of menus some of which are shown in Figure 2.6.
What kind of menu you get depends on where the cursor is when you pop it up. If the
cursor is outside of every window, the system menu is popped up. When the cursor is on
the window label bar, a window menu pops up. When the cursor is on a pane, a pane
menu specific to that pane pops up.

window menu

pane menu —

secondary
pane menu

system menu

Figure 2.6
Different Kinds
of Menus

Sane " ^ Q have choices which lead
to additional pop up Menus
offering More selections such as
the ' next aenu' iteM in the
Transcript pane Menu above.

dos shell
speed/space
exit Smalltalk
browse disk
open workspace
broMse classes
redraw screen
save iMage
run deMo
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The System Menu

The system menu lets you open new windows and perform system level functions, such
as exiting Smalltalk/V or redrawing the screen.

To find this menu, place the cursor outside any window onto the screen background.
Then click the right mouse button or press the Del key.

The Window Menu

The window menu lets you manipulate the window as a whole. For example, you can
resize the window by selecting frame from the menu. Or you can deactivate the active
window and activate the window behind it by selecting cycle from the menu.

To quickly find this menu from any part of the window, press the Ins key. Or, you can
place the cursor over the window label bar, and click the right mouse button or press the
Del key.

The Pane Menu

The pane menu lets you manipulate the contents of the window pane. For example you
can evaluate selected Smalltalk/V code by choosing show it or do it from the pane
menu. Or, you can edit selected Smalltalk/V code by choosing copy, cut or paste.

To find this menu, place the cursor anywhere inside the window pane and click the right
mouse button or press the Del key.

Using Menus: Running the Demonstration Program

To get you started, we've included a demonstration program, showing you how to use
menus and move the cursor. To start the demonstration program, move the cursor
outside of all of the windows, and pop up the menu. You should see the following
screen:
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Figure 2.7
Starting the Demo

S»alltalk/V Transcript [Z]tLI

dos shell
speed/space
exit Smlltalk
browse disk
open workspace
browse classes
redraw screen
save iwage

Now select the item run demo from the menu. (If run demo is not on the menu, you
didn't have the cursor outside of all the windows when you popped up the menu. Try
again.) When you select run demo, you'll see a special menu:

Figure 2.8
Running the Demo

When you select any item from this menu, the demonstration program draws a
corresponding picture. For example, select mandala and a mandala is drawn on the
screen. Select ball and you'll see a little greater program complexity. As you move the
cursor, the ball moves differently. The ball moves faster when you move the cursor
towards the bottom of the screen, and slower when the cursor is near the top.

To leave the demo, select the exit item from the demo menu.
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Working with Windows

Windows provide the main interface between Smalltalk/V and you. For example, you
use the Class Hierarchy Browser window to enter programs into the system and the
Disk Browser window to browse and manipulate files. A window can be opened, closed,
collapsed, resized and moved about on the screen.

Opening a Window

A window must be open before it can be activated. When you first start up Smalltalk/V,
the System Transcript Window is opened. To open other Smalltalk/V windows you
make selections from specific menus.

For example when you select browse disk from the System Menu the Disk Browser
Window is opened. Or select browse classes from the same menu and the Class
Hierarchy Browser window opens at a default size appropriate to the window type. If
you want to change the size of a window, use the resize button on the label bar.

Activating a Window

Although there may be many windows visible on the screen at one time, only one of them
can be active. To use a window, you need to activate it.

To activate a window, move the cursor over some portion of the window and click the
left mouse button or press the + key on the numeric keypad. Smalltalk/V reverses the
color of the label bar to show that the window is active and ready for use.

Deactivating a Window

You can deactivate a window by selecting another window on the screen. Click on the
inactive window and its label bar reverses color to show it is active as the old window
becomes deactivated.

If there are no other windows visible on the screen, move the cursor outside the window.
Then click either the left mouse button or press the + key on the numeric keypad. This
deactivates the window on the screen.

Ill.
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Resizing a Window

An active window can be resized to your own taste or to allow you to view more than
one window at a time on the screen. You can resize a window by selecting the resize
button from the label bar and dragging the cursor to resize the window, or by selecting
frame from the window menu and following the same procedure.

Closing a Window

When you are finished with a window, you may close it. To close a window you can
either select the close window button on the window label bar, or close from the
window menu.

Moving a Window

You can move windows. This is useful when you have collapsed or resized windows and
you want to reposition them on the screen.

You can move a window in three ways. 1) Select move from the window menu. Then
drag the cursor and its attached window outline, to its new position and click the left
mouse button. The window is redrawn in its new location. 2) Place the cursor on the
window label bar then press and hold the left mouse button. Drag the mouse and relocate
the window on the screen. 3) Select move from the window menu using the 4- key on
the numeric keypad. After the cursor grabs the window frame, use the cursor keys to
move and reposition the window. Press the + key again and the window is redrawn in
its new location.

Quick-Tour-Windows and Menus

Part of the enjoyment of programming in Smalltalk/V is that you have lots of freedom
to experiment. To whet your appetite, a Quick Tour of the main windows and menus
of the Smalltalk/V environment can be found on the following pages. You can use the
Quick Tour to preview the environment or as a roadmap in case you get lost. Detailed
information on the Smalltalk/V windows and menus is found in Chapter 15 in Part 3
of this manual.
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Smalltalk/U Transcript cole
cycl
fram
Move
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copy
cut
paste
show it
do it
save

next aenu

dos she11
speed/space
exit Smalltalk
browse disk
open workspace

miSEmaBm
redraw scree

m
n!save image

i demo

The System Menu and Transcript Window. The Transcript Window appears when you
first run Smalltalk/V. By selecting from the System Menu, you can open other windows
or perform system level functions.

TUTORIAL EXAfi

"Evaluating an Expression"

"Evaluate this expression with do it"

Evaluate this expression with show it"

3 + 4

Disk Browser. The Disk Browser displays and lets you edit the files on a given directory
and their contents.
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mmmClassBrowser

lassReader
Collection...
Co lorPalette
Compiler...
Context...
Cursor-Manager..

file out
update
hide/show
browse

reaioveSe 1 ector
SubClass

selector:
se lectorMenu

ppenOn: aCo1lect ion
"Create a class hierarchy browser window giving access
to the classes in aCollection and their subclasses.
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pane and schedule the w indow."

! aTopPane listLineHeight ratio I
hiddenClasses := Set new.
(aCollection includes: Object)
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each subclasses isEmpty
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The Class Hierarchy Browser. The Class Hierarchy Browser shows you the interrela-
tionship of the classes within Smalltalk/V, and lets you edit the code for each class.

BitBlt
BitBltErrors
BitEditor
Bitaap
Blitter
Boolean
BreakPoin
ByteArray
Character

CharacterScanner
Class
ClassBrowser
ClassHierarchyB
C lassReader
ClockEvent
Collection
ColorForm
ColorPalette
ColorScreen

Inspector. Inspectors let you examine and edit objects. They serve as a low-level
debugging aid.
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Icheckl ndex: anlnteger
"Private - Check that the argiuient anlnteger
is a valid index for the receiver collection.
If it is found to be invalid, report the error.

<anlnteger isXindOf: Integer)
ifFalse: t

*self error:
' Indexed collections are indexed by int

(anlnteger between: 1 and: self size)
ifFalse: I

copu
cut
paste
show it
do it

Walkback. The Walkback window pops up automatically when errors are detected. It
gives a view of the state of your program at that point.

;tring(Object)»error:
Str i ng( I ndexedCo I Iect ion) »error I nBounds:
Str ing(IndexedCo1Iect ion)>>checkIndex:
String»at:
Undef i nedObj ect»Do i t

Debugger. The Debugger gives an expanded view of the Walkback in four panes. It is
a high-level debugging aid to help you correct programming errors.

l i L
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Inside the Window Pane

Most of what you do in Smalltalk/V will involve activities inside a window pane. For
many of the programs that you write, you will be able to find program code that has
already been typed into Smalltalk/V. You can copy this code and edit the text strings
to produce the new code you are trying to write. This saves you from having to re-invent
source code each time you want to do something in Smalltalk/V.

In this section you will learn how to enter and edit text strings and how to make the most
of the powerful cut, copy and paste methods found in the pane menu. For more detailed
discussion of these subjects, see Chapter 15.

Selecting Text

To do almost anything in Smalltalk/V, you must select some text to work with. This
simply means marking any piece of data, such as a block of code, an expression, some
text lines, etc.

Once you select text you can copy or cut it from its current location then paste it
elsewhere using the relevant menu selection from the pane menu.

When working with text, you will see an I-beam in the text pane. The I-beam is the
special pointer used when selecting or editing text strings. The I-beam marks the selection
point for working in text. You can position the I-beam anywhere you like in the pane,
even between letters in a word.

Selecting Text Using the Mouse

To select text using the mouse, first activate the window. Move the cursor to one end of
the text string. Press and hold down the left mouse button. While continuing to hold
down the button, move the cursor to the other end of the text you wish to select. As you
move the cursor, text is reversed. When the text you want to select is reversed, release the
left mouse button. The selected text remains reversed until you deselect it. To deselect
text, click the left mouse button somewhere else in the window pane.

Selecting Text Using the Keyboard

To select text using the keyboard, make sure the window is active. Move the cursor to
one end of the text you wish to select and press the + key on the numeric keypad. Then
move the cursor to the other end of the text, and press the — key on the numeric keypad.
The selected text is reversed. If you did not select exactly what you wanted, move the
cursor and press the — key again.
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Selecting a different piece of text is done in exactly the same way. Smalltalk/V deselects
the old selected text and reverses the newly selected text strings.

Quick Selection of Single Words and Single Lines

To quickly select a whole word in a text string, position the cursor anywhere on the word
to be selected and click the left mouse button twice or press the + key twice in the same
place—a double click. The whole word is reversed without having to drag the cursor
from one end of the word to the other.

To quickly select a whole line of text, place the cursor just inside the window border to
the left of the line you wish to select and click the left mouse button twice or press the
+ key twice. The whole line is selected. If you continue holding down the mouse button
while you drag the mouse either up or down, line after line of text is selected until you
let go of the mouse button.

Scrolling Text

The text inside of a pane can be larger than the pane itself. Scrolling moves different text
into the pane for viewing. To scroll text into the pane you can use either the mouse or
the keyboard.

Scrolling Text Using the Mouse

Make sure that the window is active. Then press the right mouse button and hold it
down. The cursor changes from an arrow to a scroll cursor and the scroll bar appears on
the right side of the pane. The shaded area in the scroll bar shows where the text in the
window is generally located in the overall document.

Continue to hold down the button while dragging the mouse downward. The scroll
cursor changes to an arrow. Drag the arrow downward outside the text pane and the text
in the pane scrolls up. Drag the arrow up beyond the top of the pane and the text scrolls
downward. You can use the same technique to scroll text left and right across the pane
by dragging the arrow beyond the pane frame in either direction.

Scrolling Text Using the Keyboard

To scroll text in a pane with the keyboard, first make sure that the window is active. Then
press the Home and End keys to scroll the text left and right, respectively, or the PgUp
and PgDn keys to scroll the text up and down, respectively. To scroll in large amounts,
hold down the Shift key while pressing one of the scrolling keys.
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Scrolling to Select Large Text Areas

If the text you want to select is too long to fit in the pane at one time, there are two ways
to select large areas of text, l) Move the cursor to one end of the text string. Press and
hold down the right mouse button while dragging the arrow downward as described in
scrolling above. Move the cursor back into the pane when the other end of the desired
text is visible. Then adjust the selection until it is just what you want before releasing the
mouse button. Or 2) you can place the I-beam at one end for selection, then scroll the
pane until the other end of the desired text is visible. Move the cursor over the last
character to be selected. To select the text, press the shift key and click the left mouse
button or press the — key on the numeric keypad. The entire section is selected.

Inserting Text

To insert text into a pane, first activate the window. Then move the cursor to the location
where you want to insert text. Click the left mouse button or press the + key on the
numeric keypad. Notice the I-beam in the pane. The I-beam marks the insertion point for
new text.

You can insert text in two ways: either by directly typing in the new text string or by
using the paste option from the pane menu to bring in text you have selected and copied
from another place. If you make a mistake, use the backspace key to delete your mistakes.

Deleting Text

The easiest but slowest way to delete text is to place the I-beam after the last character
you want to delete and press the backspace key until all the characters you wish to delete
disappear from the screen. Remember that you place the I-beam by clicking the left
mouse button or pressing the + key on the numeric keypad.

To delete whole words or strings of words, select the text to be deleted and either press
the backspace key once, or begin typing new text, or paste in copied text from elsewhere.
All three actions delete the selected text.

Zooming in on a Text Pane

When zoom is selected using either the zoom button on the window label bar or zoom
from the next menu pane menu, Smalltalk/V zooms in on the text window so that it
fills the whole screen. You can then have a full display text view for any text entry or
editing you need to do. Alternatively, you can press the F8 function key to activate the
zoom feature.
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To return the display to normal, reselect zoom, or press the F8 function key again, or
click the left mouse button when the cursor is inside of the window label bar.

Starting Out

Now that you are familiar with the objects and methods of the Smalltalk/V
environment, you can jump right in and get to work. As you work your way through this
last section of the chapter and the tutorials that follow, you will quickly come to
understand and be able to use Smalltalk/V.

Evaluating Text

To evaluate a Smalltalk/V expression, you must first enter the text into a pane and select
it. Make sure that the cursor is inside of the window, and then pop up the pane menu.
Select either do it or show it from the menu.

When you select do it, Smalltalk/V executes the selected text. When you select show
it, Smalltalk/V executes the selected text and displays the result of the expression on the
screen.

For example, place the cursor into any active window pane. Type in the following
expression and evaluate it:

3 + 4

When you evaluate this expression with do it, Smalltalk/V executes the expression but
shows no results on the screen. When you evaluate this expression with show it,
Smalltalk/V both executes the expression and shows the results. In the tutorials that
follow, you will usually use the show it method for evaluation.

Compilation Errors

Type the following expression into a window, select it, and then evaluate it, using the do
it choice on the pane menu:

Turtle
home;
north;
black;
mandela: x2 diameter: 300

The result should be:



Chapter 2: Introduction to the Smalltalk/ V286 Environment 41

Figure 2.15
Compilation Error

Turtle
home;
north;
black;
mandela: diameter: 380

The compiler detected an error. The error message is inserted in front of the error and
is selected. To delete the error message, press the backspace key. Now correct the
expression by changing the letter x to the number 1 so that the line reads:

mandela: 12 diameter: 300

Runtime Errors and Walkback Windows

Select the corrected expression from the above example and evaluate it. (Make sure that
you select the entire expression, not just the corrected line.) The result should be:

Figure 2.16
Runtime Error

'en( Obj ect) »error •'
Pen(Object)»doesNotUnderstand:
Jndef inedObj ect»Do it
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Smalltalk/V detected a runtime error. In this case, the problem is a misspelled word:
mandela should be mandala. The window notifying you of the error is called a walkback
window.

To correct the error, simply activate the window with the expression and fix the
misspelling. You can now select and evaluate the text again.

Prompters

Smalltalk/V uses prompters to ask questions to which you respond by entering a string
of characters. For example, the code for this prompter shows that it asks you to enter
your name, and then it prints it:

Prompter prompt: 'your name ?' default: ' '

To see how this works, enter the above expression into a pane, select it, and then evaluate
it using the show it choice on the pane menu. The result should be:

Figure 2.17
Prompter

You enter your response in the pane of the prompter. A prompter lets you enter, delete
and edit the text in the usual ways, except that it accepts only a single line of text. When
you press the return or enter key, the line of text is returned to Smalltalk/V as your
response and the prompter is closed.
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Reusing Text

One of the nice things about Smalltalk/V is that you can edit text that you have
previously evaluated, and then evaluate the expression again. For example, in the
prompter example above, change 'your name?' to 'your age?' Evaluate the expression
using show it from the pane menu.

Browsing

Some windows, like the Disk Browser have several panes. Some of these panes have lists
from which you can select items.

Pop up the system menu by placing the cursor on the screen background and clicking
the left mouse button or using the + key on the numeric keypad. Select browse disk
from the system menu. You are presented with a menu of devices. Choose one to open
a Disk Browser window for that device. The pane in the upper left corner lists all of the
directories on the disk. You can scroll this list both horizontally and vertically as you can
with any window pane.

directory

file

file contents

Figure 2.18
Disk Browser

Saalltalk/U Transcript

ttmac
Directory by nane

TUTORIAL EXAMPLES FOB CHAPTER 2 - INTRODUCTION TO SMALLTALKS

"Evaluating an Expression"

"Evaluate this expression «ith do it"

Deno run

"Evaluate this expression with show it"

To select an item from the directory list, move the cursor over the desired item and click
the left mouse button or press the + key on the numeric keypad. The item is then
reversed. The upper right pane then displays a list of files in the directory you just
selected. If you select a file in this list, the large pane at the bottom of the window
displays the file contents. Part 3 of this manual explains the Disk Browser in much more
detail.
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Now pop up the system menu by placing the cursor on the screen background and
clicking the left mouse button or using the + key on the numeric keypad. Select browse
classes from the system menu to open the Class Hierarchy Browser window.

methods

class hierarchy

source code —

displayFon*: at:rule:
d isplayForn:fron:to:
font
fraae
gray:

Figure 2.19
Class Hierarchy
Browser

initialize: aRectangle font: aFont
' "Initialize the instance variables of
the receiver such that its clipping
rectangle is aRectangle and the font is
aFont. The destination farm is assuaed
to be the display screen."

f
initialize: a Rectangle
font: aFont
dest: Display

Here you can find program code for objects you may want to use in your own
Smalltalk/V program. By bringing the code into any edit or text pane, you can then
select it, copy it and paste it in your own program. Once the copied code is in your own
program, you can edit and evaluate it until Smalltalk/V does what you want it to do.

Tutorial Files

In the tutorials that follow, you'll be seeing many examples and programs. We've already
provided these examples for you in several disk files. To save yourself the time and effort
of typing in these examples, you can use the Disk Browser to access them. Open a Disk
Browser for the device that contains Smalltalk/V and select the directory in which
Smalltalk/V is installed.

The example files are organized by chapter. For example, the examples for Chapter 2 are
in the file Chapter. 2. You can see the examples at the beginning of the chapter displayed
on the screen. To see the rest, just scroll the pane. You can then treat these examples by
evaluating and editing them just as if you had entered them yourself.

You should now be familiar enough with the Smalltalk/V environment to proceed to
the following tutorials. If you want to review any topics covered in this tutorial, you can
either repeat the corresponding section of the tutorial or refer to a detailed description
in Part 3, The Smalltalk/V 286 Reference.
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Now that you have toured the Smalltalk/V environment, you are ready to learn about
the Smalltalk language itself. This chapter concentrates on the concepts of objects and
messages, the basis of the Smalltalk language. You'll also be introduced to global and
temporary variables.

Throughout the tutorials, you will be asked to evaluate sample pieces of code. As
described in the previous chapter, you can find these examples stored in a disk file. Simply
use the Disk Browser to access these files. The examples for this chapter are stored in the
file chapter.3.

Even if you are an experienced Smalltalk programmer, use these examples. They will help
you to understand the Smalltalk/V environment, as well as introduce you to some
advanced Smalltalk applications. Of course, if you are new to Smalltalk, these examples
will be even more valuable.

Simple Objects

Objects are the basic building block of the Smalltalk language. They are analogous to
pieces of data in other languages. For example,

'this is a string'

is a Smalltalk object, a string of characters. It's very much like a string in any other
language. Here are some other simple Smalltalk objects that have counterparts in most
languages:

1234 "an integer"
$A "the single character A"
# ( 1 2 3 ) "an array of three integer objects"

Look at the last example, the array. It's an object which itself contains other objects. Let's
look at some more examples:

# ( 'array' 'of 'four* 'strings')
# ( 'array' 'of 5 'strings' 'and' 2 'integers' )

As you can see from the last example, all of the objects contained inside of an object do
not have to be of the same type or size. Part of the power of Smalltalk comes from this
capability. Consider this more complex object:

# ( 1 ( 'two' 'three' ) 4 )
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This is an object (an array) with three objects inside of it. The second object in the array
is another array of two strings.

Simple Messages

Of course, an object can do nothing by itself. In Smalltalk, you send messages to objects
to make things happen. Messages are similar to function calls in other languages. For
example, look at this Smalltalk expression, composed of a single message:

20 factorial

This sends the message factorial to the object 20. To evaluate this expression, either find
it in the tutorial file chapter. 3 or type it into a pane and select it. Then use the show it
choice on the pane menu to compile and evaluate it. The result should be a very large
integer:

2432902008176640000

Let's try another simple message. When you select and evaluate the following expression,
the result should be the integer 15, the size of the string:

'now is the time' size

A message is composed of three parts: a receiver object, a message selector, and zero or more
arguments. In the above example, the string is the receiver object, the message selector is
size, and there are no arguments. Or consider:

# ( 1 3 5 7 ) at: 2

In this example, the array is the receiver, at: is the message selector, and the 2 is the
argument.

A message always returns a single object as its result, just like functions in most other
languages. Similarly, the message selector is like the function name, and the receiver
object is like the first function parameter. The above example asks for the second element
of the array; the result is the integer 3.

Now try evaluating this example:

'20' factorial

A walkback window appears. Since 20 is enclosed in quotes, it is a string, to which
factorial makes no sense. As this example illustrates, objects always know the messages that
are appropriate for them. Part 4 of this manual lists all of the different kinds of objects
provided by Smalltalk/V, and the messages that they respond to.
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To get rid of the walkback window, select the close button from the walkback window
label bar by positioning the cursor over the button and clicking the left mouse button or
pressing the numeric keypad + key.

Unary Messages

Messages with no arguments are called unary messages. Try evaluating these unary
messages:

# ( 'array' 'of 'strings' ) size
'now is the time' asUpperCase
'hello there' reversed
# ( 4 'five' 6 7 ) reversed
$A asciiValue
65 asCharacter

Keyword Messages

Messages with one or more arguments are called keyword messages. Try evaluating these
keyword messages:

'now is the time' at: 6
Hello' includes: $e

'hello' at: 1 put: $H
'The quick brown' copyFrom: 4 to: 9

In the last two examples, the message selectors at:put: and copyFronv.to: are divided up
by the arguments. In these examples, ar.put: and copyFronv.to: work with strings, but
these same messages work for arrays as well:

# ( 9 8 7 6 5 ) at: 3
# ( 1 ( 2 3 ) 4 5 ) includes: # ( 2 3 )
# ( 1 0 4 5 ) at: 2 put: # ( 2 3 )
# ( 9 8 7 6 5 ) copyFrom: 1 to: 2

From these examples, you may have noticed another important point: different kinds of
objects can respond to the same message in different ways. These arrays respond
differently to the ar.put: and copyFrom-.to: message selectors than the strings in the
previous examples.
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Arithmetic Messages

Smalltalk arithmetic looks the same as in most other languages. For example:

3 + 4

But, like other Smalltalk expressions, this is a message. The integer 3 is the receiver, +
is the message selector, the integer 4 is the argument, and the integer 7 is the result. Here
are some more common arithmetic messages you can evaluate.

5 * 7 "multiplication"
5 / / 2 "integer division (truncation)"
4 \ \ 3 "integer remainder"
2 / 6 "rational division"

The last expression illustrates rational arithmetic, or the arithmetic of fractions. In
Smalltalk, rational arithmetic is exact; there is no rounding or truncation. This is because
Smalltalk stores the result as a numerator and a denominator (reduced to its simplest
form), rather than computing an approximate real number.

Arithmetic expressions in Smalltalk also differ from most other languages in their order
of evaluation. Smalltalk evaluates an arithmetic expression strictly from left to right, with
no precedence among operators. For example, evaluate this expression:

3 + 4 * 2

The result is 14, not 11. You can, however, use parentheses to control evaluation order,
as in this example:

3 + ( 4 * 2 )

If your computer has a coprocessor, you can perform floating point arithmetic as well:

1.5 + 6.3e2

If a walkback window appears, your computer does not have a coprocessor. Close the
walkback window and continue.

Binary Messages

Arithmetic messages are examples of binary messages, messages with one argument and
one or two special characters (other than digits and letters) as the selector. Binary
messages are always evaluated strictly from left to right, unless you have used parentheses.
For example, evaluate these non-arithmetic messages:
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'hello', ' there'
# ( 1 2 3), # ( 4 5 6)

In these examples, the special character is the comma. It concatenates the argument with
the receiver object.

Messages inside of Messages

As we stated before, messages are like functions, in that they return an object. This means
that anywhere an object appears in an expression, you can use a message which returns
a similar kind of object. For example, evaluate:

'hello' size + 4
'now' size + # ( 1 2 3 4 ) size
# ( 1 12 24 36) includes: 4 factorial

The last expression above is really two messages. 4 factorial is a unary message, and is
computed first. The result then becomes the argument for the includes: message. Now
evaluate this more complex expression:

4 factor ia l b e t w e e n : 3 + 4 a n d : ' h e l l o ' s i ze * 7

This expression is composed of five messages. The five message selectors are factorial,
+ , size, *, and between:and:. As you can see, unary messages are always evaluated before
binary messages, which in turn are evaluated before keyword messages. As usual, you can
override this precedence by using parentheses:

'hello' at: ( # ( 5 3 1 ) at: 2 )

This expression is composed of two at: messages: one to an array, and one to a string.
To see what happens when there are no parentheses, try:

'hello' at: # ( 5 3 1 ) at: 2

This expression is a single message with two arguments. The message selector becomes
af.at:, clearly not what we had in mind.

Expression Series

You can't do much with just a single expression. Here's a series of expressions, which you
can evaluate as a single unit. Select the entire series before popping up the pane menu:
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Turtle black.
Turtle home.
Turtle go: 100.
Turtle turn: 120.
Turtle go: 100.
Turtle turn: 120.
Turtle go: 100.
Turtle turn: 120

Each message in the series is separated from the next by a period. We put each message
on a separate line purely for appearance. The receiver of all the messages is the object
Turtle, one of the objects supplied in the Smalltalk/V environment. To get a different
picture, change the word black to white and evaluate the expression series again.

To clean up the screen, select redraw screen from the system menu.

Cascaded Messages

A cascaded message is a shorthand way of writing a series of messages that are sent to the
same receiver. For example, the following expression draws the same figure as the
previous example (only in a different color):

Turtle
white;
home;
go: 100;
turn: 120;
go: 100;
turn: 120;
go: 100;
turn: 120

The receiver is written only once, and each message (except for the last) is terminated with
a semi-colon instead of a period. The indentation, again, is optional; it simply makes the
code easier to read.

Simple Loops

We can simplify the above example by using a message that loops a specified number of
times:
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Turtle
black;
home.

3 timesRepeat: [ Turtle go: 100; turn: 120 ]

In this example, the argument to the timesRepeat: message is a block of code. Blocks
of code are written as a series of messages enclosed in square brackets, [ and ]. We'd
normally write the above example as:

Turtle
black;
home.

3 timesRepeat: [
Turtle

go: 100;
turn: 120]

This makes the cascaded message inside the block easier to see.

Objects and Messages Are Safe

The previous series of expressions illustrates another point about objects and messages.
Objects have a state; they can remember things. Messages change an object's state. The
Turtle object remembers its position, heading, and color. The messages black and white
change its color, the messages go: and home change its position, and the message turn:
changes its heading. Let's look at another expression that emphasizes this point:

'hello' at: 1 put: 23

When you evaluate this expression, a walkback error window pops up because 23 is not
a character. Since you can only change the state of the string by sending messages, the
string can check the validity of the arguments. This makes Smalltalk a very safe language.

Temporary Variables

Temporary variables are so called because Smalltalk discards them as soon as you are done
using them. Temporary variables are declared by enclosing them in vertical bars in the
first line of an expression series. Temporary variable names must start with a lower case
letter, while the rest of the name can be any combination of upper and lower case letters
and digits. For example, look at this short program that uses three temporary variables
and a loop to compute an array of several factorials:
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I temp index factorials I
factorials : = # ( 3 4 5 6 ) .
index := 1.
factorials size timesRepeat: [

temp := factorials at: index.
factorials at: index put: temp factorial.
index :== index + l ] .

A factorials

The first line declares three temporary variables: temp, index, and factorials. A temporary
variable can hold any type of object. To give it a value, you use an assignment expression.

Assignment Expressions

The above example uses four assignment expressions:

factorials := # ( 3 4 5 6 ).
index := 1.
temp := factorials at: index,
index := index + 1.

The first two assign objects to the temporary variables, while the last two assign the
results of messages. Since the result of a message is always a single object, they actually
assign objects to the temporary variables.

Return Expressions

The last expression in the factorial example above is:

Afactorials

The caret (A) indicates that this is the value to be returned as the result of the expression
series. Such a statement beginning with a caret is called a return expression.

Global Variables

Smalltalk/V has many objects built into it, many of which are contained in global
variables. Unlike temporary variables, Smalltalk does not automatically dispose of global
variables when you are finished using them, and their use is not confined to a single set
of expressions. For example, Smalltalk/V provides (among others) these three global
variables:
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Turtle
Transcript
Disk

We have been using the global variable, Turtle. Global variables always contain a single
object. For example, select Turtle, and then use the show it choice on the pane menu
to see its current contents. The result is itself a single object.

Global variable names always begin with an upper case letter, with the remainder upper
and lower case letters and digits. Type in the following, select it, and show it:

Sammy

When the global variable does not currently exist, you get a menu which allows you to
choose whether or not you want to create it. If you do not create the global variable,
Smalltalk/V assumes you made an error, and displays an error message. This keeps you
from accidentally creating global variables when you misspell something. As with
temporary variables, you use assignment statements to assign values to global variables:

Sammy := 'Sammy Jones'

Putting It All Together

To conclude this first tutorial, here's a graphical program that draws flowers composed
of several polygons.

"Draw a polygon flower"
I sides length I
sides := 5.
length := 240 / / sides.
Turtle

black;
home;
north.

sides timesRepeat: [
Turtle go: length,
sides - 1 timesRepeat: [

Turtle
turn: 360 / / sides;
go: length]]

The first line is a comment. Comments are any string of characters enclosed in double
quote marks ("comment"). Smalltalk/V ignores comments when it compiles the
program; they simply add clarity to the code. Comments can appear anywhere in an
expression series.
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Evaluate the above example, and note the results. For a slightly different flower, change
the number of sides. To make the polygons spread further apart, change:

Turtle go: length

to the following expression (you might want to change the color to white as well):

Turtle
up;
go: length / / 2;
down;
go: length.

which produces:

Figure 3.1
Polygon Flower

"Dratt a polygon flower"
sides length !

sides := 5.
length •'= 248 // sides.
Turtle

black;
ho«e;
north.

sides tinesRepeat: [
Turtle

up;
go*. length//2:
down;
go: length.

sides - 1 tiaesRepeat: [
Turtle

turn: 368 •/ sides;
go: length]]

What YouVe Now Learned

At this point, you should be familiar with:

• simple objects
• simple messages
• unary, keyword, and binary (including arithmetic) messages
• messages inside of other messages
• message series
• cascaded messages
• temporary and global variables
• assignment expressions
• return expressions
• comments
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If you want to review any of these topics, simply refer back to the appropriate section in
this chapter. Of course, Part 3 describes all of these topics in greater detail.

Here's one final point which you can think about as you proceed on to the following
tutorials. As we mentioned, Turtle, which you have been using throughout this tutorial,
is a global variable. You have been able to use this variable in a number of different
situations, without knowing anything about its internal contents. This is a unique feature
of Smalltalk; you can use an object simply by knowing its external behavior, without
knowing anything of its internal behavior. You'll see further examples oi this throughout
the following tutorials.

Now that you've learned the above topics, you can proceed on to the next tutorial:
control structures.





4 CONTROL STRUCTURES

In the previous tutorial, you learned some of Smalltalk's basic expressions. But like any
language, Smalltalk cannot do much unless it can make decisions: evaluate a condition
and perform an action based on the result, or repeat actions a specified or unspecified
number of times. This chapter introduces you to Smalltalk's conditional expressions and
control structures, which perform these tasks.

As always, you can access the examples for this tutorial if you do not want to type them
in. Simply use the Disk Browser to retrieve the contents of the file chapter.4.

Comparing Objects

Smalltalk compares objects by sending messages. The normal comparisons of K, <!=,
= , > = , >, and ~s= are implemented as binary messages. For example, evaluate these
expressions:

3 < 4
# ( 1 2 34) = # ( 1 2 3 4)

All objects understand equality, = . Many objects also define the relational operators, or
ordering messages, as in these examples:

'hello' < = 'goodbye'

Since these comparison messages are binary messages, parentheses are often needed if
there are other binary messages in the expression. For example, evaluate the following
expression with and without parentheses:

5 - (2 + 3)

As you have seen from evaluating these examples, comparisons return either true or false.

Testing Objects

Many objects understand messages that let you test something about their state or
condition. For example, evaluate these expressions:

$a isUpperCase
('hello' at: 1) isVowel
7 odd

These messages return true or false as well.
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Conditional Execution

Most languages use if statements to conditionally execute a series of statements.
Smalltalk uses blocks of code and messages to do the same thing. For example, look at
this expression, which computes the greater of two numbers:

I max a b I
a :ss: 5 squared,
b := 4 factorial,
a < b

ifTrue: [max : = b]
ifFalse: [max := a].

A max

The comparison message a < b returns either true or false, which then becomes the
receiver of the ifTrue:ifFalse: message. It, in turn, executes the corresponding block of
code.

As you have seen, all messages return a result. The ifTrue:i£False: message, like any
message, also returns a result. Evaluate the following expression:

3 < 4
ifTrue: ['the true block']
ifFalse: ['the false block']

The message ifTrue-.ifFalse: returns the result of the last expression in the block that it
executes. Let's look at another example:

I string index c I
string := 'Now is the time',
index := 1.
string size timesRepeat: [

c :— string at: index,
string

at: index
put:

(c is Vowel
ifTrue:
ifFalse:

index := index + 1
A string

c asUpperCase]
c asLowerCase]).

The above example converts all consonants to lower case and all vowels to upper case,
using the c is Vowel test on each letter to find out which to do.
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The other messages that execute a block of code conditionally are ifTrue:, ifFalse:, and
ifFalse:ifTrue:.

Boolean Expressions

The examples so far have depended on single comparison or testing messages, such as
<C or is Vowel. But often you need to perform a compound test. To do so, you use the
and: and or: messages. For example, look at the following code fragment, which tests
whether a character is not a digit:

( c < $0 or: [ c > $9 ] )

The receiver of the or: message is the result of the first comparison, either true or false.
The argument is a block of code whose last expression also returns true or false. The
and: message works in the same way:

( c > = $0 and: [ c < = $9 ] )

To see how this is used in a complete example, evaluate this expression:

"compute the value of the first integer in a string"
I string index answer c I
string := '1234 is the number'.
answer : = 0.
index := 1.
string size timesRepeat: [

c :— string at: index.
(c < $0 or: [c > $9])

ifTrue: [Aanswer].
answer := answer * 10

+ c asciiValue — $0 asciiValue.
index := index + l ] .

A answer

Notice the return expression ifTrue: [Aanswer] in the middle of the above example.
This exits the expression as soon as the first non digit is encountered.

You can perform more complex tests by nesting the expressions. For example, look at
the following fragment, which tests if a character is a digit or one of the letters from A-F.

( c isDigit or: [ c > = $A and: [ c < = $F ] ] )
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Looping Messages

You've already seen one simple looping message, timesRepeat:. Here's a simple
expression that uses another simple looping message to copy a file:

"copy a disk file"
I input output I
input : = File pathName: 'go'.
output := File pathName: 'junk'.
[input atEnd]

whileFalse: [output nextPut: input next],
input close,
output close

You may have noticed the message atEnd in the above example. This message returns
true when there are no more characters to read from the input file stream; otherwise, it
returns fake. The input file stream is read with the next message, which returns the next
character in the file. The output file stream is written with the nextPut: message, which
writes its argument to the output.

The message whileFalse: is sent to a block of code with another block of code as an
argument. The message repeatedly evaluates its receiver block for as long as the argument
is false. When the receiver block evaluates to true, the expression closes the input and
output files.

As you might expect, Smalltalk also provides a corresponding whileTrue: message. To
see it, look at this graphical example, which uses Turtle to draw some polygons:

"draw several polygons"
I sides I
sides := 3.
[sides < = 6]

whileTrue: [
sides timesRepeat: [

Turtle
go: 60;
turn: 360 / / sides],

sides := sides + l ]
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Simple Iterators

The Turtle example above increases the temporary variable sides from 3 to 6 by 1, and
evaluates some code for each value along the way. Like most other languages, Smalltalk
provides iteration statements to do this more easily. For example, here's the same
expression, using one such iteration statement:

"draw several polygons"
3 to: 6 do: [ :sides I

sides timesRepeat: [
Turtle

go: 60;
turn: 360 / / sides]]

The iteration message is to:do:, which has two arguments. It takes the receiver object, 3,
as the lower limit of the iteration, and uses the first argument, 6, as the upper limit. The
second argument is a block of code, which itself uses a block argument, sides, to draw
a polygon with sides number of sides. The iteration message assigns the values 3 thru 6
successively to the block argument, evaluating the block for each value.

The to:do: message uses an increment of one. But you can also specify your own
increment by using the to:by:do: message, as in this example:

"compute the sum of 1/2, 5/8, 3/4, 7/8, 1"
I s u m I
sum := 0.
1/2 to: 1 by: 1/8 do: [ :i I

sum := sum + i] .
A sum

The first argument, 1, is the upper limit, while the second argument, 1/8, is the
increment.

Block Arguments

As you can see from the last example, a block argument is declared in the first part of
the block, preceded by a colon, :, and separated from the statements in the block by a
vertical bar, I. For example, here's a block with one argument:

[ xharacter I character is Vowel ]

In this example, the block argument is character. Block arguments are a kind of
temporary variable, but do not have to be declared at the beginning of the expression
series.
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Generalized Iterators

Blocks with arguments allow Smalltalk to supply several generalized iteration messages:
do:, select:, reject:, and collect:.

The do: Iterator

The simplest of these is the do: message:

"count vowels in a string"
I vowels I
vowels := 0.
'Now is the time' do: [ :char I

I) char is Vowel
ifTrue: [vowels := vowels + I]] .

A vowels

The do: iterator causes the string to iterate across itself and pass each character to the
block. The above example is equivalent to the following:

"count vowels in a string"
I vowels string index I
vowels := 0.
index := 1.
string := 'Now is the time',
[index <C = string size]

whileTrue: [
(string at: index) is Vowel

ifTrue: [vowels := vowels + l ] .
index :— index + l ] .

A vowels

The do: message can also iterate arrays, as in this example:

"draw several polygons"
# ( 3 4 12 24 ) do: [ :sides I

sides timesRepeat: [
Turtle

go: 60;
turn: 360 / / sides]]

or file streams:
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"Strip all carriage return characters (ascii 13)
from a disk file. Answer the number of characters
stripped."
I output stripped I
stripped := 0.
output := File pathName: 'stripped.go'.
(File pathName: 'go') do: [ :char I

char = 13 asCharacter
ifTrue: [stripped := stripped + l ]
ifFalse: [output nextPut: char]],

output close.
A stripped

The above expression reformats a DOS text file for use with Unix, replacing DOS's
carriage return/line feed pair at the end of lines with Unix's single line feed.

The select: Iterator

A more powerful iterator is the select: message:

"count the vowels in a string"
('Now is the time' select: [ :c I c is Vowel ] )

size

The select: message iterates across its receiver and returns all of the elements for which
the argument block evaluates to true. In this case, the result is a string of all of the vowels
in the original string. The message size then tells us how many elements were selected.

The reject: Iterator

The reject: message is another generalized iterator:

"answer all digits whose factorial is
less than the digit raised to the 4th power"
# ( 1 2 3 4 5 6 7 8 9 ) reject: [ :i I

i factorial > = ( i * i * i * i ) ]

The reject: message works just as select:, but answers all elements of the receiver for
which the block of code returns false, instead of true.
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The collect: Iterator

The collect: message evaluates the block of code for each element of the receiver and
answers the collection of all of the results returned by the block:

"square each element in the array"
# ( 1 13 7 10) collect: [:il i * i ]

To help see the differences between select:, reject:, and collect:, evaluate the following
expressions:

# ( 1 2 3 4 5 6 7) select: [ :c I c odd ]
# ( 1 2 3 4 5 6 7) reject: [ :c I c odd ]
# ( 1 2 3 4 5 6 7) collect: [ :c I c odd ]

Concluding Example

Our concluding example is inspired by the limitations of DOS file names. DOS limits file
names to eight characters with a three character extension. Often, you need to abbreviate
long names that appear inside of programs. A good algorithm is to remove lower case
vowels from the original name from right to left. If this doesn't shorten it enough, you
might truncate what's left to eight characters. With names already shorter than eight
characters, you might want to pad the name with blanks, and not throw out any
characters. Here, then, is a Smalltalk solution:

"abbreviate a long file name to 8 characters"
I name length I
name := 'LongFileName'.
length := name size.
A( name reversed reject: [ :c I

c is Vowel and: [
c isLowerCase and: [
( length := length — 1 ) > = 8 ] ] ] )

reversed, ' '
copyFrom: 1 to: 8

Let's examine this example in detail. The caret (A) on the fourth line tells us that the
remainder of the program will return a single result. We reverse the name so that we can
throw out characters from the end of the original name first. Similarly, we reverse the
result of the reject: message to put the abbreviated name back in the proper order. We
then append blanks to the resulting string and return the first eight characters as the
answer.

Look more closely at the expression inside of the argument block to the reject: message:
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[ K l
c is Vowel and: [
c isLowerCase and: [
( length := length - 1 ) > = 8 ] ] ]

Remember that the reject: message eliminates only those characters for which this block
evaluates to true. It's easy to see why the first two tests are is Vowel and isLowerCase,
since they are the possible characters to eliminate. The final test is more complex:

( length := length - 1 ) > = 8

This expression must evaluate to true to delete the character, and false to keep it. The
expression decrements the temporary variable length. If the length is less than 8, the
character is to be kept; otherwise it is eliminated. Since we initially set length to the size
of the string name, this expression of code returns true at most name size - 8 times,
which is the number of characters we want to eliminate.

What YouVe Now Learned

After finishing this chapter, you should be familiar with:

• comparing and testing objects
• conditional statements
• boolean expressions
• simple loops
• simple iterators
• block arguments
• the generalized iterators, do:, select:, reject:, and collect:

If you want to review any of these topics, you can either repeat the corresponding section
of the tutorial, or refer to a detailed explanation in Part 3, The Smalltalk/V 286
Reference.





5 CLASSES AND METHODS

In the preceding chapters, you have learned Smalltalk versions of techniques which are
common to most programming languages. For example, you have learned how to form
basic expressions, and how to use loops and conditional statements. In this chapter, you
will learn some of the concepts that make Smalltalk unique: class and method. You will
examine some Smalltalk/V classes and methods, and add new methods to these classes
for numeric processing, pattern matching, and graphics. You'll also learn how to use
Inspectors, windows for viewing and changing the internal variables that define the state
of objects.

Beginning with this tutorial, you will make changes to the Smalltalk/V environment
itself. In order to make these changes permanent (so that you can use them in later
tutorials), be sure to save the image whenever you leave Smalltalk/V. That is, when you
select exit Smalltalk from the system menu, be sure to then use the save image function.

As always, you can find the examples for this tutorial in the disk file chapter. 5. Use the
Disk Browser to retrieve them, if you wish.

Classes

Problem solving using Smalltalk involves classifying objects according to their similarities
and differences. You've already seen the external behavior of objects, by sending
messages to them and observing the results. A class defines the behavior of similar objects
by specifying their insides: the variables they contain and the methods available for
responding to messages sent to them.

Every object is an instance (member) of a class. For example, # ( 1 2 3) and #(sam joe)
are instances of class Array, whereas 'north' and 'south' are instances of class String. All
objects know which class they belong to. For example, evaluate the following
expressions:

#(Francesca Jackie Marisa) class
'Rakesh Vijay' class
Turtle class

An object's internal variables are called instance variables, they are themselves containers
for other objects. For example, objects in class Fraction have instance variables
numerator and denominator. For the object representing the fraction 1/7, the instance
variable numerator contains the object 1 and the instance variable denominator contains
the object 7.
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Methods

Methods are Smalltalk code, the algorithms that determine an object's behavior and
performance. They are like function definitions in other languages. When a message is
sent to an object, a method is evaluated, and an object returned as a result. Evaluate the
following message expression:

(1/7) numerator

When the message numerator is sent to the fraction 1/7, Smalltalk evaluates the method
numerator defined in class Fraction:

numerator
A numerator

The first line of the method defines the method name. (Notice that it matches the selector
in the corresponding message.) The second line returns the result numerator, the instance
variable of the receiver fraction object. As a more complex example, evaluate the
following message expression:

(2/3) * (5/7)

Sending the message * to the fraction 2/3 with the fraction 5/7 as the argument
evaluates the method * in class Fraction:

* aNumber
A (numerator * aNumber numerator) /

(denominator * aNumber denominator)

The first line defines the method name (*) and the name for the argument, aNumber,
which is used in the rest of the method to represent the argument object. The method
returns a new fraction whose numerator is the product of the receiver and argument
numerators, and whose denominator is the product of the receiver and argument
denominators.

Notice that numerator and denominator appear both as instance variables and messages
in this method. In processing the example message, the argument aNumber contains the
fraction 5/7, while the instance variables numerator and denominator contain 2 and 3
respectively.

As you can see from this example, Smalltalk objects are abstract data types. The multiply
method operates on behalf of the receiver object (2/3), whose internal variables
numerator and denominator are accessible. The argument is another object (5/7). Even
though it is the same class as the receiver, its internal variables are not available in this
method, and so messages must be used to request the desired information. This Smalltalk
feature provides complete safety from outside manipulation.
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The Class Hierarchy Browser

In using the Smalltalk/V environment up to this point, you may be wondering where
you do your actual programming. To program in Smalltalk/V, you use a special window
called the Class Hierarchy Browser. It lets you browse and change existing class and
method definitions, and create new ones. Open a Class Hierarchy Browser window now
by evaluating the following expression:

ClassHierarchyBrowser new openOn: (Array with: Integer
with: Fraction with: String with: DemoClass)

A new window will appear on the screen. Remember that you can resize or move this
window as you learned in Chapter 2. A Class Hierarchy Browser window is now available
for the classes Integer, Fraction, String and DemoClass, as you can see from the top
left pane. Select the entry for class Fraction; you'll see the following window:

Figure 5.1
Class Hierarchy
Browser

Number subclass: tFraction

lint nnrnifnr i nil Inf1»no«'

'numerator denoninator

classUariableNaaes: "

poolDictionaries: "

The top right pane shows the methods defined for class Fraction, the seleaed class. The
bottom pane shows the class definition message for class Fraction. The class definition
message shows the characteristics that make up a class. Notice the instanceVari-
ableNames: argument; it's a string specifying that the instance variable names are
numerator and denominator. You'll learn about this message's other arguments later in
the chapter.

Select the method * in the top right pane; the source code for the method appears in the
bottom pane. This pane is a text editor which you can use to change existing methods
and create new ones. Try selecting other methods, and look at the source code.
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The Special Variable "serf"

Now let's add the following new method to class Fraction:

fraction

"Answer the receiver minus its integral part."
A self - self truncated

This method returns a fraction less than one, the receiver of the message minus the
integral part of the receiver. The method contains the word self, a special variable
representing the object which is the receiver of the fraction message. Add the method
to class Fraction using the following steps:

• Pop up the pane menu in the top right pane and select new method.
• You'll see a prototype method in the bottom pane. Replace it with the source

code for the fraction method defined above.
• Pop up the pane menu in the bottom pane and select save.

Smalltalk/V compiles the new method and installs it in class Fraction. Try it out by
evaluating the following messages:

(22/7) fraction
(2/3) fraction

Creating New Objects and the Special Object "nil"

You have seen several messages which create new objects, such as:

'bigger', ' string'
1 / 3

Classes are also objects, and so can be used in message expressions. A common way to
create a new object is to send a message to its class. For example, evaluate the following
messages:

Array new: 10
Array new
Pen new
Date today
Time now

The first message creates an array with 10 elements, all initialized to the object nil. The
object nil is the sole instance of class UndefinedObject; it is assigned to the instance
variables of all new objects. This means that unless an object assigns a value to its
instance variables, they contain nil. The second message, on the other hand, creates an
array with no elements at all.



Chapter 5: Classes and Methods 71

The third message creates a pen, an instance of class Pen; if you show it, it displays itself
as "a Pen". This is the default way for an object to display itself. (In Chapter 7, you'll learn
how to include more information when an instance displays itself.)

The final two messages create an instance of class Date (representing the current date),
and an instance of class Time (representing the current time), respectively.

Instance Variables

Objects can contain both namedand indexedinstance variables. Named instance variables
are accessed by name, as with numerator for fraction objects. Indexed instance variables
are identified by integers beginning with 1. They are always accessed via messages, such
as:

'location* at: 2
'parts' at: 5 put: $y

An object's class specifies the named instance variables, and whether or not indexed
instance variables can be used in its instances. The number of named instance variables
is fixed for all instances of the class. The number of indexed instance variables is defined
when you create the object, and may differ among instances of a class. For example, the
two strings above have eight and five indexed instance variables, respectively.

For a complete description of how to specify class information, refer to Part 3, The
Smalltalk/V 286 Reference.

Recursion

A powerful programming technique is recursion. Recursion is often used when an
algorithm or data structure is defined in terms of itself. In Chapter 3, you saw examples
using the factorial message. Let's look at the factorial method, defined in class Integer:

factorial
"Answer the factorial of the receiver."

self >1
ifTrue: [A(self - 1) factorial * self],

self <0
ifTrue: [Aself error: 'negative factorial'].

AI

The factorial method multiplies the receiver by the factorial of the quantity, receiver
minus one. If the receiver is less than or equal to one, the answer is one. As in this
example, a recursive solution is often a straightforward translation of a mathematical
definition into a Smalltalk method.
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Evaluate the following expression, which sends the factorial message to each of the
elements of an array and returns the answers in a new array:

# ( 0 1 2 3 4 10 15 20) collect: [ :n I n factorial ]

As another example of recursion using integers, consider how to compute Fibonacci
numbers. A Fibonacci number is a statistical function used in many applications. The nth
Fibonacci number for n greater than 2 is defined to be the sum of the Fibonacci numbers
for n - 1 and n - 2. (The Fibonacci number for n less than 3 is one.) Use the Class
Hierarchy Browser to add the following method to class Integer (Note that you can
copy the method from the tutorial file chapter. 5 and paste it over the new method
template in the bottom pane of the Class Hierarchy Browser):

fibonacci
"Answer the nth fibonacci number,
where n is the receiver."

Aself <3
ifTrue: [ l ]
ifFalse: [

(self - 1) fibonacci + (self - 2) fibonacci]

Notice that the fibonacci method returns its result differently from the factorial method.
Instead of using the caret (A) in multiple places, as in factorial, fibonacci uses a single
caret to return the result of the ifTrue:ifFalse: message. That result is the result of either
of the two blocks, depending on the value of the <message. Test the fibonacci method
by evaluating the following message:

# ( 1 2 3 4 5 6 7 10 20) collect: [ :m I m fibonacci ]

Pattern Matching

The following example illustrates simple pattern matching applied to strings. (Later,
you'll see how Smalltalk's inheritance allows this same method to do pattern matching
for several other classes as well.) Add the method indexOfString: to class String using
the Class Hierarchy Browser:
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indexOfString: aString
"Answer the index position of the first occurrence
of aString in the receiver. If no such element
is found, answer zero."

I index 1 index2 limit 1 Iimit2 I
Iimit2 := aString size,
limit 1 : = self size — Iimit2 + 1.
indexl := 1.
[index 1 < = limit l ]

whileTrue: [
index2 := 1.
[index2 < = Iimit2

and: [(self at: indexl + index2 — 1)
= (aString at: index2)]]

whileTrue: [index2 := index2 + l ] .
index2 >limit2

ifTrue: [Aindexl].
indexl := indexl + l ] .

AO

This method starts at the beginning of the receiver string and searches for the first
occurrence of the argument string. It returns either the index of the first character in the
receiver's matching substring, or 0 if there are no matches. The method contains two
nested whileTrue: loops. The outer loop proceeds through the characters of the receiver.
Beginning at each character reached in the outer loop, the inner loop compares the
characters of the argument to corresponding characters of the receiver.

Test the indexOf String: method by evaluating each of the following messages:

'abcdebcd' indexOf String: *ebg'
'abcdebcd' indexOf String: 'bed'
'abcdebcd' indexOfString: 'c'
•abcdebcd' indexOf String: 'abcdebcd'
'abcdebcd' indexOf String: "

Adding a Method to a Graphics Program

In Chapter 3 you used a series of expressions to draw a polygon flower on your display.
The next example packages those expressions into a method, and extends the graphics
demo program so that you can choose the polygon flower from the demo program's
menu.
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To create the new method, add the following to class DemoClass using the Class
Hierarchy Browser:

polyFlower
"Draw a polygon flower"

I sides length I
Display white: rectangle,
sides := Prompter

prompt: 'Number of sides?'
defaultExpression: '30'.

length := 240 / / sides,
pen

home;
north.

sides timesRepeat: [
pen

up;
go: length / / 2;
down;
go: length.

sides - 1 timesRepeat: [
pen

turn: 360 / / sides;
go: length]]

The polyFlower method differs from the polygon flower expressions used earlier in two
ways. Firstly, this method uses a prompter window, rather than a constant, to determine
the number of sides. Secondly, this method uses the instance variable pen, rather than the
global variable Turtle, to draw the polygon flower.

To add "poly flower" as a choice in the graphics demo menu, extend the demoMenu
method in class DemoClass, as follows:

demoMenu
A Menu

labels: ('exit\poly flower\walking lineY,
'dragon \mandala\mandalas\pentagonsV,
'spirals\ellipses\bouncing ball') withCrs

lines: # ( 1 5 8)
selectors: # (exit polyFlower walkline dragon mandala
multiMandala multiPentagon multiSpiral multiEllipse bounceBall)

Replace the demoMenu method in class DemoClass with the version above. Now try the
extended demo program by selecting run demo from the system menu.
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Class Variables

Class variables are global variables accessible to all instances of a class. They are used to
share data within a class. Class variables begin with a capital letter.

Let's add a class variable to DemoClass to count the number of times we perform the
mandala graphics demo method. First, define the new class variable using the Class
Hierarchy Browser. Select DemoClass, then edit the class definition to have the name
MandalaCount following VariableCount in the classVariableNames: argument. Then
pop up the pane menu and select save. This creates the class variable and recompiles
DemoClass. Now add the following instance method to DemoClass:

mandalaCount

A MandalaCount

Then add the following code at the end of the mandala method in DemoClass:

MandalaCount isNil
ifTrue: [MandalaCount := l ]
ifFalse: [MandalaCount := MandalaCount + l ]

To see how many times mandala has been drawn, evaluate the following expression
before and after running the demo program:

DemoClass new mandalaCount

Inspectors

An Inspector is a window which allows you to view and change an object's instance
variables. Evaluate the following expression to create an inspector window on an array:

l a l
a : = # ( 1 2 sam 'joe' (4 5)).
a at: 2 put: 3 / 4 .
a inspect

The inspector on an array looks as follows:
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SoalUalk/U Transcript, |Z)Ej

Figure 5.2
Inspector

The left pane of the inspector shows the names of the named instance variables and the
numbers of the indexed instance variables. You select a name or number in the left pane
to see the object contained in that variable in the right pane. You can create an inspector
on the contents of an instance variable by selecting the variable, popping up the pane
menu and selecting inspect or by clicking on a selected variable. Try this by inspecting
the second instance variable of the array which contains a fraction object (3/4).

The fraction object has instance variables named numerator and denominator with
values 3 and 4, respectively. Let's try changing the denominator variable. First select
denominator, and then go to the right pane and use the text editor to replace 4 with 100.
Then pop up the pane menu and select save. The instance variable is now changed. Just
to make sure, close the fraction inspector window, return to the array inspector window,
and select self. There it is; the fraction has been changed to 3/100.

What YouVe Now Learned

By the end of this tutorial, you should now be familiar with:

• classes and methods
• the Class Hierarchy Browser
• the special variable self
• creating new objects
• the special object nil
• named instance variables
• indexed instance variables
• recursion
• pattern matching
• adding new methods
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class variables
inspectors

As always, if you need to review any of these topics, you can repeat that section of the
tutorial, or refer to a complete description in Part 3, The Smalltalk/V 286 Reference.

If you are going to exit the Smalltalk/V environment before proceeding to the next
tutorial, be sure to save the image.




