Chapter 1

Introduction

1.1 Aim of Object-Oriented Programming

Object-oriented programming is the most dramatic innovation in software devel-
opment in the last decade. It offers a new and powerful way to cope with the
complexity of programs. Using object-oriented programming we can write clearer,
more reliable, more easily maintained programs. Integrating data and functions
(methods) is the central idea of object-oriented programming.

Object-oriented programming methods aim to achieve the following:

e To simplify the design and implementation of complex programs.

o To make it easier for teams of designers and programmers to work on a single
software project.

e To enable a high degree of reusability of designs and of software codes.

e To decrease the cost of software maintenance.

In order to achieve these aims, object-oriented programming languages are expected
to support a number of features:

1. Information hiding (encapsulation)
2. Polymorphism
3. Inheritance

Each of these concepts is discussed below.
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1.1.1 Information Hiding

Information hiding is achieved by restricting the access of the user to the underlying
data structures to the predefined methods for that class. This shifts the responsibil-
ity of handling the data fields correctly from the user of the code to the supplier. For
example, a programmer using a Date class is usually not interested in the implemen-
tation details. These include the underlying data structure of Date (i.e. whether the
month is stored as an integer, a string or an enumeration type) and the underlying
code (i.e. how two dates are subtracted from each other). If, at a later stage a more
efficient way of storing the date or of calculating the number of days between two
dates is introduced, this should not affect the programmers who have been using the
date class. They should not have to search through all their programs for any oc-
currence of Date and to make the relevant changes. Such a maintenance nightmare
and the very high cost accompanying it is prevented by information hiding where
access to the underlying data structures is given only via the predefined methods
of the class. A further advantage of information hiding is that it can be used to
guarantee the integrity of the data (e.g. to prevent the user from setting the month
equal to 13). C++ and Java provide the keyword private and public for data
hiding.

1.1.2 Inheritance

Often one object shares a number of characteristics with another, but has a few
additional attributes. For example, your firm might have a data base for vehicles.
For each vehicle the registration number, model, year and maintenance history are
stored. Suppose the firm wants to expand this data base to include its trucks.
However, they want to store additional information for trucks, such as the the pay-
load and the number of axes (for toll-road purposes). Instead of rewriting all the
code for trucks, one can see a truck as a special case of a vehicle (having all the
attributes of a vehicle plus a few additional attributes). By making truck a derived
class of vehicle, it inherits all the attributes of vehicle and the programmer has only
to add the code for the additional attributes. This not only reduces the amount of
coding to be done and maintained, but it also ensures a higher level of consistency.
Should the country decide to change its format for number plates, it has to be only
changed in the base class vehicle and the trucks automatically inherit the change.
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1.1.3 Polymorphism

Often one wants to perform an action such as editing on a number of different
objects (i.e. text files, pixel files, charts, etc.). Polymorphism allows one to specify
an abstract operation like editing, leaving the actual way in which this operation
is performed to a later stage. In the case where dynamic binding (linking during
run-time) is used the decision of which code to be used for the editing operation is
only made during run-time. This is especially useful in the case where the actual
type of object which is to be edited is only known at run-time.

Furthermore, if a new object type is to be supported {e.g. faxes) then the new
editing code (provided by the fax-software supplier) can be linked in at run-time.
Even when the original program is not recompiled, it can support future additions
to the system. Polymorphism is hence again a higher level of abstraction, allowing
the programmer to specify an abstract action to be performed on abstract objects.

1.1.4 Templates

A less abstract form of polymorphism is provided via template support. In many
instances a similar algorithm is needed for many different data structures. For
example, sorting algorithms are essentially the same for integers, floating point
numbers, names or any other data structure. Similarly, matrix multiplication is
essentially the same for integers, floating point numbers and complex numbers.
Traditionally one would have to write a sorting or matrix-multiplication algorithm
for every data type. Any change in the algorithm must then be implemented in all
the copies of that algorithm. Templates allow one to define a single algorithm for
many different data types. The actual data types are resolved during compiling and
hence there are no run-time overheads.

1.1.5 Standard Template Library

The Standard Template Library (STL) provides many useful and generally appli-
cable programming tools. At the core of the Standard Template Library are three
foundational items: containers, algorithms, and iterators. The classes included are:
algorithm, deque, functional, iterator, list, map, memory, numeric, queue,
set, stack, utility and vector.
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1.2 Why C++ ?

Firstly, C++ supports the central concepts of object orientated programming: en-
capsulation, inheritance and polymorphism (including dynamic binding). It has
good support for dynamic memory management and supports both, procedural and
object-orientated programming,.

However, other well designed programming languages have failed against relatively
poor competitors. Being a good programming language is not sufficient for survival.
An additional important requirement for a powerful programming language is porta-
bility. If a firm replaces one computer system with another, only a minimal amount
of recording (if any) should be required. C++ compilers are available for virtually
all machines and a high level of compatibility is ensured by the ANSI-standard for
C++. Furthermore, there exists a huge amount of good C-code. C++ supports
C as a subset and hence this huge amount of code can be reused in new software
projects.

All these points have contributed to C++ being the fastest growing computer lan-
guage for nearly all computer and operating systems and for nearly all software
applications, ranging from scientific to administrative programs to real-time indus-
trial applications and computer games.



