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Preface

This book is a complete, stand-alone introduction to application development
using Smalltalk-80. It provides a comprehensive description of the VisualWorks
2.0 development environment, the language and major aspects of the class
library, including coverage of the Model-View-Controller (“MVC”) paradigm.

The book is aimed at students attending university/college and software
professionals in industry. It can be used by both the specialist and the general
reader: the specialist will find a detailed guide to the development of applications
using VisualWorks; for the general reader, the book provides an introduction to
Smalltalk-80 and the VisualWorks development environment.

Note, however, that this book is not intended as a general programming primer
— readers are expected to have a firm understanding of general computer
systems and the algorithms used in such systems. Readers are also expected to be
familiar with at least one programming language (such as Pascal, C or Lisp).
However, no previous exposure to VisualWorks, Smalltalk-80, or object—
oriented programming, is assumed.

The structure of the book stresses the relationship between the language syntax,
the class hierarchy and the development environment. This reflects the tutorial
nature of our approach, with a large number of (relatively) short chapters, each
covering specific points. An exhaustive index combined with extensive cross—
references ensures that the reader can find what he or she is looking for.

There are a large number of worked examples, each of which illustrates a
particular aspect of the Smalltalk—80 language, the VisualWorks development
environment or its class library. The examples are frequently accompanied by
screen-shots of VisualWorks in operation. Additionally, almost all chapters
contain exercises (of various degrees of complexity) which the reader is
encouraged to answer using VisualWorks.

Typographical Conventions

In this book the standard typeface is a serif font. Other fonts are used to
distinguish special terms, as follows:

= Menu items are in bold sans-serif, e.g. Workspace.



= Smalltalk expressions or variables, as they appear in the system, appear in
sans-serif, such as Transcript show: 'Hello'.

= Place holders and variables used in examples are in italics sans—serif
typeface, for example aCollection.

= Keys that appear on the keyboard are indicated by angle brackets. For
example the “carriage return” key: <CR>, or a function key: <F1>.

Trademarks

ParcPlace, the ParcPlace logo, VisualWorks, Smalltalk—80 are registered
trademarks, and BOSS is a trademark of ParcPlace Systems, Inc. Sun is a
trademark of Sun Microsystems, Inc. Microsoft and MS-Windows are registered
trademarks of Microsoft Corporation. Apple is a registered trademark of Apple
Computer, Inc. UNIX is a registered trademark of AT&T. X Window System is a
trademark of the Massachusetts Institute of Technology. Smalltalk/V is a
registered trademark of Digitalk, Inc. All other brand names are trademarks of
their respective holders.
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Chapter 1 1

Chapter 1: What is Object-Oriented
Programming?

This chapter contains a brief introduction to the ideas of object-oriented
programming. It presents basic concepts such as objects and messages, and
explains the notions of class and instance, and the advantages of a class
hierarchy. The way in which the correct methods are identified after a message
send is also described.

In addition, we discuss the various implementations of object-oriented
languages, and identify the Smalltalk approach at an abstract level. The
advantages of object—oriented programming to all sorts of environments are
emphasised.

1.1. Objects

The fundamental concept that underpins object—oriented programming is that of
the Object. An object is a combination of two parts:

“Data” — the state of the object is maintained within that object.
“Operations” — all the mechanisms to access and manipulate that state.

The internal representation of an object consists of variables which either hold
data directly or act as pointers to other objects (figure 1.1). The internal variables
within the object are not directly accessible from outside that object — the barrier
that this provides is called information hiding. In an object-oriented language,
the “natural” view of objects is from the outside; the inside of the object is only
of interest to itself. Therefore, no object can read or modify the state of any other
object, i.e. unlike a data structure (for example, a Pascal record or a C struct), an
external entity cannot force a change of state in an object. Access to any part of the
state of an object is only possible if the object itself permits it.
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Internal variables

Figure 1.1: An Object

1.2. Messages

Object-oriented programming languages use message-sending as their only
means of performing operations. If the receiving object understands the message
it has been sent, then one of its internal operations (or methods) will be
performed. This, in turn, may cause some computation to take place (by acting
on one or more of the object’s internal variables). A result is always returned (i.e.
an object).
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Figure 1.2: Objects send messages to each other

Since an object’s internal state is private and cannot be directly accessed from the
outside, the only way of accessing that state is by sending a message to the object.
The set of messages to which an object responds is called its message interface.
However, it is important to note that a message specifies only which operation is
requested, not how that operation is to be fulfilled. The object receiving the
message (the receiver) determines from its methods (described in some object—
oriented language) how to carry out that operation. Similarly, a method that is
being performed in response to the receipt of a message may only manipulate
other objects (including the receiver’s internal variables) by sending them
messages. Program flow may therefore be illustrated in terms of communication
between many objects (see figure 1.2).

For example, we could request an object to carry out some activity by sending it a
message. One or more arguments may be sent to an object along with the name
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of the message (called the selector). The object receiving the message may be able
to perform the action entirely on its own; alternatively, it may ask other objects
for information, pass information to other objects, or to carry out computation,
all by sending messages.

The same message sent to different objects can produce different results, since it
is the receiver of the message, not the sender, that decides what will happen as a
result of a message—-send. In this respect sending a message is fundamentally
different to calling a procedure in a conventional programming language such as
C.

Let us examine the result of sending the message + 5. Here the selector is +, and
the argument is the integer 5.

6 + 5returns 11

(7T@2) + 5 returns (12@7).

The result of sending the message +5 to the object integer 6 (equivalent to the
expression 6 + 5) is 11. However, the result of sending the same message to the
point (7@2) is (12@7). In the first case the receiver is an Integer, and an Integer is
returned. In the second case, where the receiver is an object representing a two-
dimensional point in space, the operation and the result are different. In this case
the addition of a scalar to a point returns another point. This feature — in which
many objects are able to respond to the same message in different ways — is
called polymorphism.

1.3. Classes and Instances

In theory, a programmer could implement an object in terms of the variables it
contains and the set of messages to which it responds or understands (and the
methods corresponding to those messages). However, it is more useful to share
this information between similar objects. Not only does this approach save
memory, it also provides a means of reusing code.

The information is shared by grouping together those objects that represent the
same kind of entity into what is called a class. Every object in an object-oriented
programming system is a member of a single class — it is called an instance of
that class. Furthermore, every object contains a reference to the class of which it
is an instance. The class of an object acts as a template to determine the number
of internal variables an instance will have, and holds a list of methods which
corresponds to the messages to which all instances of the class will respond.
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If objects did not obtain their behaviour from classes, each object would have to
“carry around” with it a copy of all the code it could evaluate. By using classes we
avoid the potential efficiency problems in a fine—grain object—oriented system.
Consequently, the behaviour of an object, expressed in terms of messages to
which it responds, depends on its class. All objects of the same class have
common methods, and therefore uniform behaviour, but they may have
different state.

1.4. Class Hierarchy

Classes are arranged in a class hierarchy. Every class has a parent class — or
superclass — and may also have subclasses. A subclass inherits both the
behaviour of its superclass (in terms of its method dictionary), and also the
structure of its internal variables. At the top of the hierarchy is the only class
without a superclass, called class Object in Smalltalk. Class Object defines the
basic structure of all objects, and the methods corresponding to the messages to
which every object will respond.



Chapter 1 6

Mammal

Persian

has instance

instance of

thomas

Figure 1.3: An Example of a Class Hierarchy and its instances.

For example, referring to figure 1.3, we can see a class hierarchy where thomas is
an instance of class Persian, which itself is a subclass of class Cat, which is a
subclass of class Mammal, which may be a subclass of class Vertebrate, and so on.

A superclass of which no instances should be created is known as an abstract
superclass. Such classes are intended to support partial implementations of
features that are completed (differently) in subclasses.

Inheritance supports differential programming (or programming by
modification), i.e. a new class of object may be defined which is similar to an
existing one (its superclass) except for a few minor differences. Subclasses
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therefore allow the programmer to refine, or specialise, the behaviour of the
parent class. This can take a number of forms:

= additional or modified behaviour provided by extra methods;

= the re-implementation of the internal representation of the object’s state;
= the addition of extra internal variables;

= any combination of the above.

We may therefore exploit inheritance as another technique for reusing code. For
example, if the message odd is sent to the Integer 12, the result false will be
returned even though the class Integer does not have a method specifying how
to make this test. This is because the method corresponding to the message odd is
defined in class Number, which is a superclass of class Integer. This means that
all subclasses of class Number, including integers, are able to respond to the
message odd, since they inherit this method.

Within Smalltalk, the class structure is implemented as a single inheritance
hierarchy. This means that a subclass can only inherit from one parent
superclass. Other object-oriented programming languages support multiple
inheritance, in which case a subclass may inherit from multiple parent
superclasses.

1.5. Methods

A message is sent to an object which is an instance of some class. A search is
made in the class’s method dictionary for the method corresponding to the
message selector. If the method is found there, then it is bound to the message
and evaluated, and the appropriate response returned. If the appropriate method
is not found, then a search is made in the instance’s class’s immediate superclass.
This process repeats up the class hierarchy until either the metho