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Aim

After working through this module you should be able to create and use
objects in C++, incorporating encapsulation and information hiding

Learning objectives
After working through this module you should be able to:
1. Identify the advantages of using encapsulated objectsin C++
2. List the advantages of using information hiding in C++
3. Describe the process of object-oriented messaging in C++
4. Define and use constructors and destructorsin C++

5. List the correct methods for using classes for object packaging in
C++

6. Define and use abstract datatypesin C++
7. Use objects within C++ programs

8. List the advantages of using operator overloading in C++

Content
Definition of objectsin C++
Encapsulation of data and methods
Constructors and destructors
Abstract data types

Operator overloading

Learning Strategy

Read the printed module and the assigned readings and compl ete the
exercises as reguested.

Assessment

Completion of exercises and the CML test at the end of the module.
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Objective 1  After working through this module you should be able to identify the

advantages of using encapsulated objectsin C++

Encapsulation is the basic process of forming objects. An encapsulated
object is often called an abstract data type. Without encapsulation,
which involves the use of one or more classes, there isreally no basis
for object-oriented programming.

Why use encapsulation?

When we fully encapsulate code, we actually build an impenetrable wall
to protect the contained code from accidental corruption due to the silly
little errors that we are al prone to make. We aso tend to isolate errors
to small sections of code to make them easier to find and fix. We will
have alot more to say about the benefits of encapsulation aswe
progress through this Module.

Encapsulation is the basic method for producing information hiding in
object-oriented methodology. The following program [OPEN.CPP] isa
‘conventional’ program that incorporates no information hiding, largely
because of the use of global identifiers.

#i ncl ude <i ostream h>
struct one_datum {
int data_store;

voi d main()

one_dat um dogl, dog2, dogs3;
int piggy;

dogl. data_store = 12;
dog2. data_store = 17;
dog3. data_store = -13;

piggy = 123;

cout << "The value of dogl is " << dogl.data_store << "\n";
cout << "The value of dog2 is " << dog2.data_store << "\n";
cout << "The value of dog3 is " << dog3.data_store << "\n";
cout << "The value of piggy is " << piggy << "\n";

A very smple structure is defined in lines 2 to 4 which contains asingle
int type variable within the structure. Three variables are declared in
line 7, each of which contains asingle int type variable, and each of the
three variables are available anywhere within the main function. Each
variable can be assigned, incremented, read, modified, or have any
number of operations performed on it; afew of these operations are
illustrated in lines 9 to 16.

Exercise 1

Describe in simple terms the process of encapsulation.
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Objective 2  After working through this section you should be able to list the

advantages of using information hiding in C++

The next program [CLAS.CPP] has limited information hiding. This
program is identical to the last one except for the way it does some of
its operations. We will take the differences one at atime and explain
what is happening. Keep in mind that thisisatrivial program and the
safeguards built into it are not needed for such a simple program but are
used here to illustrate how to use these techniquesin alarger and more
complicated program.

#i ncl ude <i ostream h>

cl ass one_datum {
int data_store;

public:
voi d set(int in_value);
int get_val ue(void);

voi d one_datum :set(int in_val ue)
data_store = in_val ue;

i nt one_datum : get_val ue(voi d)

{ return data_store;

voi d main()

one_dat um dogl, dog2, dog3
int piggy;

dogl. set (12);
dog2. set (17);
dog3. set (- 13);

piggy = 123;
/1 dogl.data_store = 115; This is illegal in C++
/1 dog2.data_store = 211; This is illegal in C++

cout << "The value of dogl is " << dogl.get_value() << "\n";
cout << "The value of dog2 is " << dog2.get_value() << "\n";
cout << "The value of dog3 is " << dog3.get_value() << "\n";
cout << "The value of piggy is " << piggy << "\n";

Thefirst differenceis that we have the definition of aclass instead of a
structure beginning in line 2. The only difference between aclassand a
structure is that a class begins with a private section whereas a structure
has no private section automatically defined. The keyword classis used
to declare aclass.

The class named one_datum is composed of the single variable named
data_store and two functions, one named set( ) and the other named
get_value( ). A more complete definition of a classis a group of
variables and one or more functions that can operate on that data.

The PRIVVATE section

A private section of aclassisa section of data which cannot be
accessed outside of the class; it is hidden from any outside access. Thus
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the variable named data_store, which is a part of the object (an object
will be defined completely later) named dogl declared in line 18, is not
available for use anywhere in the main function. It is as if we have built
a‘brick wall’ around the variables to protect them from accidental
corruption by outside programming influences. It seems alittle strange
to declare a variable in the main program that we cannot use, but that is
exactly what we did.

The PUBLIC section

A new keyword, public, isintroduced in line 4 which states that
anything following this keyword can be accessed from outside of this
class. Because the two functions are defined following the keyword
public, they are both public and available for use in the calling function
or any other function that is within the scope of the calling function.
This opens two small peepholesin the solid wall of protection. You
should keep in mind that the private variable is not available to the
calling program. Thus, we can only use the variable by calling one of
the two functions defined as a part of the class. These are called
member functions because they are members of the class.

Since we have declared two functions, we need to define them by
saying what each function will actually do. Thisisdonein lines 8 to 15
where they are each defined in the normal way, except that the class
name is prepended onto the function name and separated from it by a
double colon. These two function definitions are called the
implementation of the functions. The class name is required because we
can use the same function name in other classes and the compiler must
know with which class to associate each function implementation.

One of the key points to be made here is that the private data contained
within the class is available within the implementation of the member
functions of the class for modification or reading in the normal manner.
Y ou can do anything with the private data within the function
implementations which are a part of that class, but the private data of
other classes is hidden and not available within the member functions of
this class. Thisis the reason we must prepend the class name to the
function names of this class when defining them.

Note that it islegal to include variables and functions in the private part
and additiona variables and functions in the public part. In most
practical situations, variables are included in only the private part and
functions are included in only the public part of a class definition.
Occasionally, variables or functions are used in the other part. This
sometimes leads to a very practical solution to a particular problem, but
in general, the entities are used only in the places mentioned.
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In C++ we have three scopes of variables: local, file and class. Loca
variables are localised to a single function and file variables are available
anywhere in afile following their definition. A variable with class scope
is available anywhere within the scope of a class and nowhere else.

To clarify the use of the various OOP terms we have introduced, Table
1 presents definitions of the four terms we have used so far in this
Module, together with their use in C++.

Class A grouping of data and methods (functions). A classis

similar to atypein ANSI-C.

Object An instance of aclass, similar to a variable defined as an

instance of atype.

Method A function contained within the class, designed to operate

on the data within the class.

Message Equivalent to afunction call in ANSI-C. In object-oriented

programming, we send messages instead of calling functions.

Table 1: OOP Terminology in C++

Note that lines 5 and 6 of this program are actually the prototypes for
the two methods within a class. The method named set requires one
parameter of type int and returns nothing, so the return type is void.
The method named get_value () has no input parameters but returns an
int type value to the caller.

Exercise 2
Define the difference between a class and an object.

Modify CLAS.CPP by adding a method to calculate the square of the
stored value. Amend the main program to read and display the resulting
squared values.

Add a constructor to CLAS.CPP to initialise the stored value to 10, and
amend the main program to display the values immediately after the
object definition.
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Objective 3

After working through this section you should be able to describe the
process of object-oriented messaging in C++

How do we use the class one_datum that is defined in CLAS.CPP? The
classis made up of one variable and two methods. The methods operate
on the variable contained in the class when they recelve messagesto do
so. In line 18 we declare three objects of the class one_datum and name
the objects dogl, dog2, and dog3. Each object contains a single data
point which we can set through use of one method, or read its value
through use of the other method, but we cannot directly set or read the
value of the data point because it is hidden within the "block wall"
around the class. In line 21, we send a message to the object named
dogl instructing it to set its internal value to 12, and even though this
looks like afunction call, it is properly called sending a messageto a
method. Remember that the object named dogl has a method
associated with it called set( ) that setsits internal value to the actual
parameter included within the message. Y ou will notice that the formis
very much like the means of accessing the elements of a structure. Y ou
mention the name of the object with a dot connecting it to the name of
the method. In a similar manner, we send a message to each of the other
two objects dog2 and dog3 to set their values to those indicated.

Lines 24 and 25 have been commented out because the operations are
illegal because the variable named data_store is private and not
available to the code outside of the object itself. It should be clear that
the data contained within the object named dogl is not available within
the methods of dog2 or dog3 because they are different objects.

The other method defined for each object is used in lines 26 to 29 to
illustrate how it can be used. In each case, another message is sent to
each object and the returned result is output to the monitor viathe
stream library.

Using a normal variable

There is another variable named piggy declared and used throughout
this program that illustrates that a standard C variable can be intermixed
with the objects and used in the normal manner. It would be a good
exercise for you to remove the comments from lines 24 and 25 to see
what kind of error message your compiler issues.

Problems

The next program [OPENPOLE.CPP] has a few serious problems that
will be overcome in the next example program by using the principles of
encapsulation.
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#i ncl ude <i ostream h>

int area(int rec_height, int rec_wdth);

struct rectangle {
i nt height;
int wdth;

struct pol e {
int |ength;
i nt depth;

i nt area(int rec_height, int rec_w dth)

{

return rec_height * rec_width;
voi d main()

rectangl e box, square;
pol e fl ag_pol €;
box. hei ght = 12;
box.wi dth = 10;
square. hei ght = square.w dth = 8;
flag_pol e.l ength = 50;
fl ag_pol e. depth = 6;

cout << "The area of the box is " <<

/1 Area of a rectangle

ar ea(box. hei ght, box.w dth) << "\n";

cout << "The area of the square is "

area(square. hei ght, square.w dth) << "\n";

cout << "The funny area is " <<

area(square. hei ght, box.w dth) <<

cout << "The bad area is " <<

"\ n";

area(square. height, flag_pole.depth) << "\n";

We have two structures declared, one a rectangle and the other a pole.
The data fields should be self-explanatory with the exception of the
depth of the flagpole, which is the depth it is buried in the ground. The
overal length of the pole is therefore the sum of the length and the
depth.

Based on your experience with ANSI-C, you should have no problem
understanding exactly what this program is doing, but you may be a bit
confused at the meaning of the result found in lines 28 and 29, where
we multiply the height of the square with the width of the box. Thisis
perfectly legal in ANSI-C or C++, but the result has no meaning
because the data are for two different entities. Likewise, the result
calculated in lines 30 and 31 is even sillier because the product of the
height of the square and the depth of the flagpole has absolutely no
meaning in any real-world physical system we can think up.

Would it not be convenient if we had some way to prevent such things
from happening in alarge production program? If we had a program
that defined all of the things we can do with a square and another
program that defined everything we could do with apole, and if the
data could be kept mutually exclusive, we could prevent these things
from happening. The next program will do just those things for us and
doitin avery elegant way.
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Objects protect data

The next program [CLASPOLE.CPP] is an example of data protection
in avery smple program.

#i ncl ude <i ostream h>

class rectangle { /'l A sinple class

i nt height;

int wdth;

public:

int area(void); /1 with two nethods

void initialize(int, int);

int rect angl e: : area(voi d) /1 Area of a rectangle

return height * wdth;

}

void rectangle::initialize(int init_height, int init_w dth)

{
hei ght = init_height;
width = init_wdth;

struct pole {
int |ength;
i nt depth;

voi d main()

rectangl e box, square;

pol e fl ag_pol €;

/'l box. height = 12;

/] box.w dth = 10;

/'l square. height = square.w dth = 8;

box.initialize(12, 10);

square.initialize(8, 8);

flag_pol e.l ength = 50;

fl ag_pol e.depth = 6;

cout << "The area of the box is " << box.area() << "\n";
cout << "The area of the square is " << square.area() << "\n";
/'l cout << "The funny area is " <<

/1 area(square. hei ght, box.w dth) << "\n";

/'l cout << "The bad area is " <<

/1 area(square. height, flag_pole.depth) << "\n";
}

In this program the rectangle is changed to a class with the same two
variables (which are now private) and two methods to handle the
private data. One method is used to initiaise the values of the objects
created and the other method to return the area of the object. The two
methods are defined in lines 7 to 17 in the manner described previoudly.
The pole isleft as a structure to illustrate that the two can be used
together and that C++ istruly an extension of ANSI-C.

In line 24 we declare two objects, once again named box and square,
but this time we cannot assign values directly to their individua
components because they are private elements of the class. Lines 26 to
28 are commented out for that reason and the messages are sent to the
objectsin lines 29 and 30 to tell them to initiaise themselves to the
valuesinput as parameters. The flag_poleisinitialised in the same
manner as in the previous program. Using the classin this way prevents
us from making the silly calculations we did in the last program. The
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compiler is now being used to prevent the erroneous calculations. The
end result is that the stupid calculations we did in the last program are
not possible in this program so lines 35 to 38 have been commented
out. Once again, it is difficult to see the utility of thisin such asimple
program, but in alarge program, using the compiler to enforce the rules
can redly pay off.

Even though the square and the box are both objects of class rectangle,
their private data is hidden from each other such that neither can
purposefully or accidentally change the others data. Thisis the abstract
data type mentioned earlier in this section, amodel with an alowable
set of variables for data storage and a set of allowable operations that
can be performed on that stored data. The only operations that can be
performed on the data are those defined by the methods which prevents
many kinds of erroneous or silly operations. Encapsulation and data
hiding bind the data and procedures, or methods, tightly together and
limit the scope and visibility of each. Once again, we have the “divide
and conquer” technique in which an object is separated from the rest of
the code and carefully developed in complete isolation from it. Only
thenisit integrated into the rest of the code with afew very simple
interfaces.

A good example of the use of thistechniqueisin file accessin ANSI-C.
The datain the file are only available through the predefined functions
provided by your compiler writer. Y ou have no direct access to the
actual data because it isimpossible for you to address the actual data
stored on the disk. The data are therefore private data, as far asyou are
concerned, but the available functions are very much like methods in
C++. There are two aspects of this technique that really count when
you are developing software. First, you can get al of the datayou really
need from the file system because the interface is complete, but
secondly, you cannot get any data that you do not need. You are
prevented from getting into the file handling system and accidentally
corrupting some data stored within it. You are also prevented from
using the wrong data because the functions available demand a serial
access to the data.

Another example is monitor and keyboard handling routines. You are
prevented from getting into the workings of them and corrupting them
accidentally (or even on purpose), but once again, you are provided
with all of the data interfaces you need.

Suppose you are devel oping a program to analyse some characteristics
of flagpoles. Y ou would not wish to accidentally use some data
referring to where the flagpole program was stored on your hard disk as
the height of the flagpole, nor would you wish to use the cursor

position as the flagpole thickness or colour. All code for the flagpoleis
developed alone, and only when it isfinished, isit available for externd
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use. When using it, you have avery limited number of operations which
you can do with the class. The fact that the datais hidden from you
protects you from accidentally doing such a thing when you are
working at midnight to try to meet a schedule. Once again, thisis
referred to as information hiding and is one of the primary advantages
of object oriented programming over procedural techniques.

Based on the discussion given above you can see that object-oriented
programming is not really new, since it has been used in a small
measure for as long as computers have been popular. The newest
development, however, isin allowing the programmer to partition her
programs in such away that she too can practice information hiding and
reduce the debugging time.

Cost of encapsulation

It should be clear that this technique has an efficiency cost because
every access of the elements of the object will requireacall to a
method. In building alarge program, however, this could easily be
saved in debug time. This is because a program made up of objects that
closely match the application are much easier to understand than a
program that does not.

In area project, however, there could be considerable savingsin
development time (and therefore cost) if someone developed all the
details of the rectangle, programmed them, and made them available to
you to use.

Thisis exactly what has been done if you regard the video monitor
(screen) as an ‘object’. There is a complete set of pre-programmed and
debugged routines you can use to make the monitor do anything you
wish it to do, all you have to do is study the interface to the routines
and use them, expecting them to work. It isimpossible for you to
multiply the size of your monitor screen by the depth of the flag pole
because that information is not available to you to use in a corruptible
or meaningless way.

Exercise 3

Describe how a message is sent to a method.
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Objective 4  After working through this section you should be able to define and use

constructors and destructorsin C++

The next program [CONSPOL E.CPP] introduces constructors and
destructors.

#i ncl ude <i ostream h>

class rectangle { /'l A sinple class
i nt height;
int wdth;
public:
rectangl e(voi d); /1 with a constructor,
int area(void); // two net hods,
void initialize(int, int);
~r ect angl e(voi d); /1 and a destructor
1
rectangl e: : rectangl e(voi d) /'l constructor
hei ght = 6;
width = 6;
}
int rectangle::area(void) /1 Area of a rectangle
{
return height * wdth;
void rectangle::initialize(int init_height, int init_w dth)
hei ght = init_height;
width = init_wdth;
}
rectangl e: : ~rect angl e(voi d) /'l destructor
hei ght = 0;
width = 0;
struct pole {
int |ength;
i nt depth;

b

voi d main()

rectangl e box, square;

pol e fl ag_pol €;

cout << "The area of the box is " << box.area() << "\n";

cout << "The area of the square is " << square.area() << "\n";
/'l box. hei ght = 12;

/] box.w dth = 10;

/'l square. height = square.w dth = 8;

box.initialize(12, 10);

square.initialize(8, 8);

flag_pol e.l ength = 50;

fl ag_pol e.depth = 6;

cout << "The area of the box is " << box.area() << "\n";

cout << "The area of the square is " << square.area() << "\n";
/'l cout << "The funny area is " <<

/1 area(square. hei ght, box.w dth) << "\n";
/'l cout << "The bad area is " <<

/1 area(square. height, flag_pole.depth) << "\n";
}

This program isidentical to the last except that a constructor has been
added as well as a destructor. The constructor always has the same

name as the classitself and is declared in line 8 then defined in lines 11
to 15. The constructor is called automaticaly by the C++ system when
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the object is declared and can therefore be of great help in preventing
the use of an uninitialised variable. When the object named box is
declared in line 36, the constructor is called automatically by the
system. The constructor sets the values of height and width each to 6 in
the object named box. Thisis printed out for reference in lines 38 and
39. Likewise, when the square is declared in line 36, the values of the
height and the width of the square are each initialised to 6 when the
constructor is called automaticaly.

A constructor is defined as having the same name as the classitsdlf. In
this case both are named rectangle. The constructor cannot have a
return type associated with it since it is not permitted to have a user
defined return type. It actually has a predefined return type, a pointer to
the object itself, but we will not be concerned about this until much
later in this tutoria. Even though both objects are assigned values by
the constructor, they areinitiaised in lines 45 and 46 to new values and
processing continues. Since we have a constructor that does the
initialisation, we should probably rename the method named initialize( )
something else but it illustrates the concept involved here.

The destructor is very similar to the constructor except that it is called
automatically when each of the objects goes out of scope. Y ou will
recall that automatic variables have alimited lifetime since they ceaseto
exist when the enclosing block in which they were declared is exited.
When an object is about to be automatically deallocated, its destructor,
if one exigts, is called automatically. A destructor is characterised as
having the same name as the class but with a tilde prepended to the
class name. A destructor has no return type.

A destructor is declared in line 9 and defined in lines 26 to 29. In this
case the destructor only assigns zeros to the variables prior to their
being deallocated, so nothing is really accomplished. The destructor is
only included for illustration of how it is used. If some blocks of
memory were dynamically allocated within an object, a destructor
should be used to deallocate them prior to losing the pointers to them.
Thiswould return their memory to the free store for further use later in
the program.

It isinteresting to note that if a constructor is used for an object that is
declared prior to the main program, otherwise known as globally, the
constructor will actually be executed prior to the execution of the main
program. Similarlry, if adestructor is defined for such avariable, it will
execute after the main program has been executed. Thiswill not
adversely affect your programs, but it is worth noting.

Exercise 4

Define the terms constructor and destructor.
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Modify CONSPOLE.CPP by adding appropriate output statements to
the constructor and destuctor of the rectangle object to verify how and

when they are called.
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Objective 5

After working through this section you should be able to list the correct
methods for using classes for object packaging in C++

The program below [BOXESL.CPP] is an example of how not to
package an object for universal use. This packaging is actualy fine for a
very small program but is meant to illustrate to you how to split your
program up into smaller more manageable files when you are
developing alarge program or when you are part of ateam developing
alarge system. The next three example programs in this section will
illustrate the proper method of packaging a class.

#i ncl ude <i ostream h>
cl ass box {
int |ength;
int wdth;
public:
box(voi d); /| Const ruct or
void set(int new_|length, int new w dth);
int get_area(void) {return (length * width);}
~box(voi d); /| Destructor
box: : box(voi d) /1 Constructor inplenentation
| ength = 8;
wi dt h 8;

}
/1 This nmethod will set
voi d box::set(int new_| ength,

a box size to the two input
int new_w dt h)

par anmet er s

| ength
wi dt h

new_| engt h;
new_wi dt h;

box: : ~box(voi d) /| Destructor

l ength = 0;
width = 0;
voi d main()
box small, medium |arge; /] Three boxes to work with

smal | . set (5, 7);
/1 Note that the nmedi um box uses the val ues supplied
/1 by the constructor

| arge. set (15, 20);

cout << "The small box area is " << small.get_area() << "\n";
cout << "The nedium box area is " << nmediumget_area() << "\n";
cout << "The large box area is " << large.get_area() << "\n";

}

This program is very similar to the last one with the pole structure
dropped and the class renamed box. The classis defined in lines 2 to 10,
the implementation of the classis givenin lines 11 to 26, and the use of
the classis givenin lines 29 to 36. With the explanation we gave of the
last program, you should have no problem understanding this program
in detail.
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Inline implementation

The method in line 8 contains the implementation for the method as a
part of the declaration because it is very simple, and because it
introduces another new topic which you will use often in C++
programming. When the implementation is included in the declaration,
it will be assembled inline wherever this function is called. Thisleads to
much faster code because there is no overhead to accomplish the call to
the method. In some cases this will lead to code that is both smaller and
faster. Thisisyet another illustration of the efficiency built into the C++
programming language.

The class header file

If you examine BOX.H carefully, you will see that it is only the class
definition.
cl ass box {
int |ength;
int wdth;
public:
box(voi d); /| Const ruct or
void set(int new_length, int new w dth);
int get_area(void) {return (length * width);}
~box(voi d); /| Destructor

No details are given of how the various methods are implemented
except of course for the inline method named get_area( ). This gives the
complete definition of how to use the class with no implementation
details. Y ou would be advised to keep a hardcopy of thisfile available
as we study the next two files. Y ou will notice that it containslines 2 to
8 of the previous example program named BOXES1.CPP. Thisiscalled
the class header file and cannot be compiled or executed.

The Class Implementation File

Examine the next program file [BOX.CPP] for the implementation of
the methods declared in the class header file. Notice that the class
header fileisincluded into thisfilein line 1 which contains al of the
prototypes for its methods.

#i ncl ude "box. h"

box: : box(voi d) /] Constructor inplenentation
l ength = 8;
width = 8;
/1 This nethod will set a box size to the two input paraneters

voi d box::set(int new_|ength, int new w dth)

| ength = new_| engt h;
wi dth = new_wi dt h;

}
box: : ~box(voi d) /| Destructor
{
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l ength = 0;
width = 0;

The code from lines 11 to 26 of BOXESL.CPP is contained in thisfile
which is the implementation of the methods declared in the class named
box. Thisfile can be compiled but it cannot be executed because there
isno main entry point which isrequired for all ANSI-C or C++
programs. When it is compiled, the object code will be stored in the
current directory and available for use by other programs. It should be
noted here that the result of compilation is usually referred to as an
object file because it contains object code. This use of the word object
has nothing to do with the word object as used in object-oriented
programming. It is simply a matter of overloading the use of the word.
The practice of referring to the compiled result as an object file began
long before the method of object-oriented programming was ever
considered.

The separation of the definition and the implementation is a major step
forward in software engineering. The definition fileis all the user needs
in order to use this class effectively in a program. She needs no
knowledge of the actual implementation of the methods. If she had the
implementation available, she may study the code and find atrick she
could use to make the overall program dightly more efficient, but this
would lead to non-portable software and possible bugs later if the
implementor changed the implementation without changing the
interface. The purpose of object-oriented programming is to hide the
implementation in such away that the implementation can not affect
anything outside of its own small and well defined boundary or
interface. Compile this implementation file now and we will use the
resulting object file with the next example program.

Using the box object

Examine the next program [BOXES2.CPP] and you will find that the
class we defined previoudly is used within thisfile. In fact, these last
three programs taken together are identical to the program named
BOXESL.CPP studied earlier.

#i ncl ude <i ostream h>
#i ncl ude "box. h"
voi d main()

box small, medium |arge; /] Three boxes to work with
smal | . set (5, 7);

/! Note that the nedium box uses the val ues
/1 supplied by the constructor

| arge. set (15, 20);

cout << "The small box area is " << small.get_area() << "\n";
cout << "The nmedium box area is " << nediumget_area() << "\n";
cout << "The large box area is " << large.get_area() << "\n";

}

The BOX.H fileisincluded here, in line 2, since the definition of the
box class is needed to declare three objects and use their methods. Y ou
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should have no trouble seeing that thisis a repeat of the previous
program and will execute in exactly the same way. Thereisabig
difference between BOXES1.CPP and BOXES2.CPP as we will see
shortly.

A very important distinction must be made at this point. We are not
merely calling functions and changing the terminology alittle to say we
are sending messages,; there is an inherent difference in the two
operations. Since the data for each object are tightly bound up in the
object, there is no way to get to the data except through the methods,
and we send a message to the object telling it to perform some
operation based on itsinternally stored data. However, whenever we
call afunction, we take along the data for it to work with as parameters
since it doesn't contain its own data.

Y ou can compile and execute this program, but when you come to the
link step, you will be required to link this program along with the result
of the earlier compilation of class named box, named BOX.OBJ. Thisis
where amake or project file will be required, as described in Module
812. We will be linking several more multi-file C++ programsin the
remainder of this, and the next, Module.

Information hiding again

The last three example programs have illustrated a method of
information hiding that can have a significant impact on the quality of
software developed for alarge project. Since the only information the
user of the classreally needsis the class header, that is all she needs to
be given. The details of implementation can be kept hidden from him to
prevent her from studying the details and possibly using a quirk of
programming to write some rather obtuse code. Since she doesn't know
exactly what the implementor did, she must follow only the definition
given in the header file. This can have a significant impact on alarge
project. As mentioned earlier, accidental corruption of datais prevented
also.

Another reason for hiding the implementation is economic. The
company that supplied you with your C++ compiler gave you many
library functions but did not supply the source code to the library
functions, only the interface to each function. Y ou know how to use the
file access functions but you do not have the details of implementation,
nor do you need them. Likewise a class library industry can develop
which supplies users with libraries of high quality, completely
developed and tested classes, for alicensing fee of course. Since the
user only needs the interface defined, she can be supplied with the
interface and the object (compiled) code for the class and can useit in
any way she desires. The supplier's source code is protected from
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accidental (or intentional) compromise and she can maintain complete
control over it.

It is very important that you understand the principles covered in this
section before proceeding on to the next section. It requires
consderable analysis and planning to effectively use classes.

Exercise 5

Explain the distinction between method declaration and implementation,
and how these are managed in C++.
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Objective 6

After working through this section you should be able to define and use
abstract datatypesin C++

An abstract data type isagroup of data, each of which can store a
range of values, and a set of methods or functions that can operate on
that data. Since the data are protected from any outside influence, it is
protected and said to be encapsulated. Also, since the data is somehow
related, it isavery coherent group of data that may be highly interactive
with each other, but with little interaction of its class outside the scope.

The methods, on the other hand, are coupled to the outside world
through the interface, but there are alimited number of contacts with
the outside world and therefore a weak coupling with the outside. The
object is therefore said to be loosely coupled to the outside world.
Because of the tight coherency and the loose coupling, ease of
maintenance of the software is greatly enhanced. The ease of
maintenance may be the greatest benefit of object-oriented
programming.

It may bother you that even though the programmer may not use the
private variables directly outside of the class, they arein plain sight and
she can see what they are and can probably make a good guess at
exactly how the class isimplemented. The variables could have been
hidden completely out of sight in another file, but because the designers
of C++ wished to make the execution of the completed application as
efficient as possible, the variables were l€eft in the class definition where
they can be seen but not used.

Friend functions

A function outside of a class can be defined to be a friend function by
the class which gives the friend free access to the private members of
the class. Thisin effect, opens a small hole in the protective shield of
the class, so it should be used very carefully and sparingly. There are
cases where it helps to make a program much more understandable and
allows controlled access to the data. Friend functions will be illustrated
in some of the example programs later in this tutorid. It is mentioned
here for completeness of this section. A single isolated function can be
declared as afriend, as well as members of other classes, and even
entire classes can be given friend status if needed in a program. Neither
a constructor nor a destructor can be afriend function.

The STRUCT in C++

The struct is still useable in C++ and operates just like it doesin ANSI-
C, but with one addition. Y ou can include methods in a structure that
operate on data in the same manner asin aclass, but al methods and
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data are automatically defaulted to be public in a structure. Of course
you can make any of the data or methods private by defining a private
section within the structure. The structure should be used only for
constructs that are truly structures. If you are building even the simplest
objects, you are advised to use classes to define them.

A Practical Class

The examples of encapsulation used so far in this Module have all been
extremely ssimple in order to focus attention on the mechanics of
encapsulation. In this section we will study the development of a
noticeably larger example, based upon the date class. The date classis a
complete, nontrivia class which can be used in any program to get the
current date and print it asan ASCII string in any of four predefined
formats. It can also be used to store any desired date and format it for
display. The next program file [DATE.H] isthe header file for the date
class.

This date class is intended to illustrate howto wite a non-
trivial class in C++. Even though this class is non-trivial,
it is still sinple enough for a new C++ programer to follow
/]l all of the details.

#i f ndef DATE_H

#defi ne DATE_H

cl ass date {

~~
~~

pr ot ect ed:
i nt nonth; /1 1 through 12
i nt day; /1 1 through max_days
int year; /1 1500 through 2200
static char out_string[25]; // Format output area
static char format; /! Format to use for output

/1 Cal cul ate how many days are in any given nonth
/! Note - This is a private nmethod which can be called only
/1 fromwithin the class itself
int days_this_nonth(void);
public:
/] Constructor - Set the date to the current date and set
11 the format to 1
dat e(voi d);
/1 Set the date to these input paraneters
// if return =0 ---> All datais valid
/1 if return 1 ---> Sonet hing out of range
int set_date(int in_nonth, int in_day, int in_year);
/1l Get the nonth, day, or year of the stored date

int get_nont h(voi d) { return nonth; };
i nt get_day(void) { return day; }s
int get_year (void) { return year; };

/1 Select the desired string output format for use when the
/1 get_date_string is called

void set_date format(int format_in) { format = format_in; };
/1 Return an ASCI|-Z string depending on the stored fornat

/1 format = 1 Aug 29, 1991

11 format = 2 8/ 29/ 91

11 format = 3 8/ 29/ 1991

/1 format = 4 29 Aug 1991 Mlitary tine

/1 format = ? Anyt hing el se defaults to format 1

char *get_date_st ri ng(void);

/1 Return Jan Feb Mar Apr etc.
char *get_nonth_string(void);
b
#endi f
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There are one or two new features in this code. The reserved word
protected in line 8 will be defined shortly; for now, think of it as
meaning the same as private. The keyword static in lines 12 and 13 will
be explained later, as will the code in lines 5, 6 and 43. For the present,
simply pretend those lines (5, 6 and 43) are not there.

Y ou should spend the time necessary to completely understand this
class header, with the exception of the new things added, before going
on to the implementation for this class.

Using the data class

The following program [DATE.CPP] is the implementation of the date
class.

/1 This file contains the inplenmentation for the date cl ass.

#i ncl ude <stdio. h> /1 Prototype for sprintf

#i ncl ude <tine. h> /'l Prototypes for the current date

#i ncl ude "date. h"

char date::format; /1 This defines the static data nenber

char date::out_string[25]; /1 This defines the static string
// Constructor - Set date to current date, and
/1 set format to the default of 1

dat e: : dat e(voi d)

{

time_t tinme_date;

struct tm *current_date;
time_date = time(NULL); /1 DOS system call
current _date = localtime(&ine_date); /1 DOS system call
nonth = current_date->tmnon + 1;
day = current_date->tm nday;
year = current_date->tmyear + 1900;
format = 1;

/1 Set the date to these input paraneters

// if return =0 ---> All datais valid

// if return =1 ---> Sonething out of range
int date::set_date(int in_nonth, int in_day, int in_year)

{
int tenp = 0;
i nt max_days;
/1 The limts on the year are purely arbitrary
if (in_year < 1500) { /'l Check that the year is between
year = 1500; // 1500 and 2200
tenmp = 1,
} else {
if (in_year > 2200) {
year 2200;
tenp
} else
year = in_year;

1

1

if(in_mnth < 1) { // Check that the nmonth is between 1 and 12

tenmp = 1,
} else {
if (in_nonth > 12) {
nmonth = 12;
tenmp = 1,
} else
nonth = i n_nont h;
}
max_days = days_this_nonth();
if (in_day < 1) { /1 Check that the day is between
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day = tenp = 1; /1 1 and max_days
} else {
if (in_day > max_days) {
day = max_days;

tenmp = 1,
} else
day = in_day;
}
return tenp;
}
static char *nonth_string[13] = {" ", "Jan", "Feb", "Mar", "Apr",
"May", "Jun", "Jul", "Aug",

"Sep", "Cct", "Nov", "Dec"};
/1 Return Jan Feb Mar Apr etc.
char *date::get_nonth_string(void)

{
return nonth_string[nmonth];
}
/1 Return an ASCI|-Z string depending on the stored fornat
/1 format = 1 Aug 29, 1991
11 format = 2 8/ 29/ 91
11 format = 3 8/ 29/ 1991
/1 format = 4 29 Aug 1991 Mlitary tine
/1 format = ? Anyt hing el se defaults to format 1
char *date::get_date_string(void)

switch (format) {
/1 This printout assunes that the year will be between 1900
/1 and 1999
case 2: sprintf(out_string, "%®2d/ %92d/ ¥®©2d",
nont h, day, year - 1900);
br eak;
case 3: sprintf(out_string, "9%2d/ %2d/%94d", nonth, day, year);
br eak;
case 4: sprintf(out_string, "% % %4d",
day, nmonth_string[nonth], year);
br eak;
case 1: /1 Fall through to the default case
default: sprintf(out_string, "% %, 9%94d",
nont h_string[nonth], day, year);
br eak;

}

return out_string;

}
int days[13] = {0, 31, 28, 31, 30, 31,
30, 31, 31, 30, 31, 30, 31};

/| Since this is declared in the private part of the class
/  header is is only available for use within the cl ass.
/ 1t is hidden fromuse outside of the class.
int date::days_this_nonth(void)
{
if (month = 2)

return days[nonth];

if (year % 4) /1 Not |eap year
return 28;

if (year % 100) /1 1t is |leap year
return 29;

if (year % 400) /1 Not |eap year
return 28;

return 29; /1 1t is |leap year

}
The program below [USEDATE.CPP] isamain program that uses the

date class to list the current date and another date on the monitor. Once
again, you should have no problem understanding this program.

/1 This is a very limted test of the date class
#i ncl ude <i ostream h>
#i ncl ude "date. h"
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voi d mai n()

dat e today, birthday;

birt hday. set _date(7, 21, 1960);

cout << "Limted test of the date class\n";

cout << "Today is " << today.get_date_string() << "\n";

cout << "Birthday is " << birthday.get_date_string() << "\n";
t oday. set _date_format (4);

cout << "Today is " << today.get_date_string() << "\n";

cout << "Birthday is " << birthday.get_date_string() << "\n";
}

This class will be extensively used, in conjunction with others, to
illustrate single and multiple inheritance in Module 819. Even though
you may not yet understand all the details of these files, spend enough
time that you are comfortable with their structure and the major points
that they illustrate.

Exercise 6
Describe how structures in C++ differ from structuresin C.

Write the header file [NAME.H] for a name class, similar to the date
class. This class should store any name as three components (first name,
middle name or initia, family name) and display them in any of severd
different forms (e.g. John Paul Jones; J.P.Jones; Jones, John Paul)
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Objective 7  After working through this section you should be able to use objects

within C++ Programs

This section looks at how to use some of the traditional aspects of C or
C++ programming with classes and objects. Pointers to an object, as
well as pointers within an object, will beillustrated, as will arrays
embedded within an object, and arrays of objects. Since objects are
simply another C++ data construct, all of these things are possible and
can be used as needed.

We will use the BOXESL.CPP program from the last section asa
starting point and we will add a few new constructs to it for each
example program. Y ou will recall that it was a very ssmple program
with the class definition, the class implementation, and the main calling
program all in one file. This was selected as a starting point because we
will eventually make changesto all parts of the program and it will be
convenient to haveit all in asingle file for illustrative purposes. It must
be kept in mind however that the proper way to use these constructs is
to separate them into the three files as was illustrated in BOX.H,
BOX.CPP, and BOXES2.CPP in the last section. This allows the
implementor of box to supply the user with only the interface, namely
BOX.H. Not giving her the implementation file named BOX.CPP isto
practice the technique of information hiding.

An array of objects

Examine the next program [OBJARRAY .CPP] for an example of an
array of objects. Thisfileis nearly identical to the file named
BOX1.CPP until we cometo line 33 where an array of 4 boxesis
declared.

#i ncl ude <i ostream h>
cl ass box {

int |ength;

int wdth;

static int extra_data; /'l Declaration of extra_data
public:

box(voi d); /| Const ruct or

void set(int new_length, int new w dth);
int get_area(void);
int get_extra(void) {return extra_data++;}

int box: : ext ra_dat a; /1 Definition of extra_data

box: : box(voi d) /] Constructor inplenentation
{

l ength = 8;

width = 8;

extra_data = 1;

/1 This nethod will set a box size to the two input paraneters
voi d box::set(int new_|ength, int new w dth)

{

I ength = new_| engt h;

wi dth = new_wi dt h;
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// This method will calculate and return the area of a box
i nst ance
i nt box::get_area(void)

{
return (length * width);

voi d main()

box small, medium |arge, group[4]; /] Seven boxes to work with
smal | . set (5, 7);
| arge. set (15, 20);
for (int index = 1 ; index < 4 ; index++)
/1 group[ 0] uses default
group[index].set(index + 10, 10);
cout << "The small box area is " << small.get_area() << "\n";
cout << "The nmedium box area is " << nediumget_area() << "\n";
cout << "The large box area is " << large.get_area() << "\n";
for (index = 0 ; index < 4 ; index++)
cout << "The array box area is " <<
group[index].get_area() << "\n";
cout << "The extra data value is " << snmll.get_extra() << "\n";
cout << "The extra data value is " << mediumget_extra() << "\n";
cout << "The extra data value is " << large.get_extra() << "\n";
cout << "The extra data value is " << group[O0].get_extra()
<< "\ n";
cout << "The extra data value is " << group[3].get_extra()
<< "\ n";
} . - .
Recalling the operation of the constructor, you will remember that each
of the four box objects will be initialised to the values defined within the
constructor since each box will go through the constructor as they are
declared. In order to declare an array of objects, a constructor for that
object must not require any parameters. (We have not yet illustrated a
constructor with initialising parameters, but we will in the next
program.) Thisis an efficiency consideration since it would probably be
an error to initialise all elements of an array of objects to the same
value. We will see the results of executing the constructor when we

compile and execute the file later.

Line 36 defines afor loop that begins with 1 instead of the normal
starting index for an array leaving the first object, named group[0], to
use the default values stored when the constructor was called. Y ou will
observe that sending a message to one of the objects uses the same
construct asis used for any object. The name of the array followed by
itsindex in square brackets is used to send a message to one of the
objectsin the array. Thisisillustrated in line 36 and the operation of
that code should be clear to you. The other method is called in the
output statement in lines 39 to 41 where the area of the four boxesin
the group array are listed on the monitor.

Another fine point should be pointed out. The integer variable named
index isdeclared in line 36 and is till available for use in line 38 since
we have not yet left the enclosing block which beginsin line 32 and
extendsto line 51.
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Declaration and definition of a variable

An extravariable was included for illustration, the one named
extra_data. Since the keyword static is used to modify this variable in
line5, it isan externa variable and only one copy of this variable will
ever exist. All seven objects of this class share a single copy of this
variable which is global to the objects defined in line 33.

The variable is actually only declared here which saysit will exist
somewhere, but it is not defined. A declaration says the variable will
exist and gives it aname, but the definition actually defines a place to
store it somewhere in the computers memory space. By definition, a
static variable can be declared in a class header but it cannot be defined
there, so it is defined somewhere outside of the header, usualy in the
implementation file. In this case it is defined in line 12 and can then be
used throughout the class.

Line 17 of the constructor sets the single global variable to 1 each time
an object is declared. Only one assignment is necessary so the other six
are actually wasted code. To illustrate that there is only one variable
shared by all objects of this class, the method to read its value also
incrementsit. Each timeitisread in lines 45 to 51 it isincremented, and
the result of the execution proves that there is only asingle variable
shared by all objects of this class. Y ou will also note that the method
named get_extra( ) is defined within the class declaration so it will be
assembled into the final program as inline code.

A string within an object

Look at the next program [OBJSTRNG.CPP] for our first example of
an object with an embedded string (actually an embedded pointer, but
the two work so closely together that we can study one and understand
both).

#i ncl ude <i ostream h>
cl ass box {
int |ength;
int wdth;
char *line_of _text;
public:
box(char *input_line); /| Const ruct or
void set(int new_length, int new w dth);
int get_area(void);

box: : box(char *input_line) /1 Constructor inplenentation
l ength = 8;
width = 8;
line_of text = input_line;
/1 This nethod will set a box size to the two input paraneters

voi d box::set(int new_|ength, int new w dth)

| ength = new_| engt h;
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}
11

wi dth = new_wi dt h;

This nmethod will calculate and return the area of a box

i nstance
i nt box::get_area(void)

cout << line_of _text << "="
return (length * width);

id main()

box smal |l ("small box "), /1 Three boxes to work with
medi un( " medi um box "),

| arge("l arge box ");

smal | . set (5, 7);

| arge. set (15, 20);

cout << "The area of the "

cout << small.get_area() << "\n";
cout << "The area of the "

cout << mediumget_area() << "\n";
cout << "The area of the "

cout << large.get_area() << "\n";

Y ou will notice that line 5 contains a pointer to a string named

line_of text. The constructor contains an input parameter which isa
pointer to a string which will be copied to the string named line_of _text
within the constructor. We could have defined the variable line_of _text
as an actua array in the class, then used strcpy( ) to copy the string into
the object and everything would have worked the same, but we will
leave that as an exercise for you at the end of this section. It should be
pointed out that we are not limited to passing a single parameter to a
constructor. Any number of parameters can be passed, as will be
illustrated later.

Y ou will notice that when the three boxes are declared this time, we
supply a string constant as an actual parameter with each declaration
which is used by the constructor to assign the string pointer some data
to point to. When we call get_area( ) in lines 38 to 42, we get the
message displayed and the area returned. 1t would be prudent to put
these operations in separate methods since there is no apparent
connection between printing the message and calculating the area, but it
was written this way to illustrate that it can be done. What this really
saysisthat it is possible to have a method that has a side effect, the
message output to the monitor, and a return value, the area of the box.

An object with an internal pointer

The next program [OBJNTPT.CPP] is our first example program with
an embedded pointer which will be used for dynamic alocation of data.

#i ncl ude <i ostream h>
cl ass box {

int |ength;
int wdth;
int *point;

public:

box(voi d); /| Const ruct or
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void set(int new length, int new w dth, int stored_val ue);
int get_area(void) {return length * width;} /'l Inline
int get_value(void) {return *point;} /'l Inline
~box(); /| Destructor

box: : box(voi d) /1 Constructor inplenentation

{

l ength = 8;

width = 8;

point = new int;

*point = 112;

/1 This nethod will set a box size to the input paraneters
voi d box::set(int new_|length, int newwdth, int stored_val ue)

| ength = new_| engt h;
wi dth = new_wi dt h;
*poi nt = stored_val ue;
box: : ~box(voi d) / | Dest ruct or
{
l ength = 0;
width = 0;
del et e point;
voi d main()
box small, medium |arge; /] Three boxes to work with
smal | . set (5, 7, 177);
| arge. set (15, 20, 999);
cout << "The small box area is "
cout << "The nmedium box area is " << nedium get_area() << "\n";
cout << "The large box area is " << large.get_area() << "\n";
cout << "The small box stored value is " <<

smal | . get _val ue() << "\n";
cout << "The nedium box stored value is " <<

medi um get _val ue() << "\n";
cout << "The large box stored value is " <<

| arge. get _val ue() << "\n";
}

<< small.get_area() << "\n";

In line 5 we declare a pointer to an integer variable, but it isonly a
pointer: there is no storage associated with it. The constructor therefore
allocates an integer type variable on the heap for use with this pointer in
line 18. It should be clear to you that the three objects created in line 35
each contain a pointer which points into the heap to three different
locations. Each object has its own dynamically allocated variable for its
own private use. Moreover, each has avalue of 112 stored in its
dynamically allocated data because line 18 stores that value in each of
the three locations, once for each call to the constructor.

In such asmall program, there is no chance that we will exhaust the
heap, so no test is made for unavailable memory. In area production
program, it would be essential to test that the value of the returned
pointer is not NULL to ensure that the data actually did get allocated.

The method named set( ) has three parameters associated with it and
the third parameter is used to set the value of the new dynamically
allocated variable. There are two messages passed, one to the small box
and one to the large box. As before, the medium box is left with its
default values.
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The three areas are displayed followed by the three stored values in the
dynamically alocated variables, and we finally have a program that
requires a destructor in order to be completely proper. If we simply
|eave the scope of the objects as we do when we leave the main
program, we will leave the three dynamically allocated variables on the
heap with nothing pointing to them. They will be inaccessible and will
therefore represent wasted storage on the heap. For that reason, the
destructor is used to delete the variable which the pointer named point
is referencing as each object goes out of existence. In this case, lines 29
and 30 assign values to variables that will be automatically deleted.
Even though these lines of code really do no good, they are legal
Statements.

Actudly, in this particular case, the variables will be automatically
reclaimed when we return to the operating system because al program
cleanup is done for us at that time. If this were a function that was
called by another function however, the heap space would be wasted.
Thisisan illustration of good programming practice, that of cleaning up
after yourself when you no longer need some dynamically allocated
variables.

One other construct should be mentioned again, that of the inline
method implementationsin line 9 and 10. As we have already seen,
inline functions can be used where speed is of the utmost in importance
since the code is assembled inline rather than by actually making a
method call. Since the code is defined as part of the declaration, the
system will assembleit inline, and a separate implementation for these
methods is not needed. If the inline code is too involved, the compiler is
allowed to ignore the inline request and will actually assembleit asa
separate method, but it will do it invisibly to you and will probably not
even tell you about it.

Remember that we are interested in using information hiding and inline
code prevents hiding of the implementation, putting it out in full view.
Many times you will be more interested in speeding up a program than
you are in hiding atrivial implementation. Since most inline methods are
trivial, you should feel free to use the inline code construct.

A dynamically allocated object

Examine the next program [OBJDY NAM.CPP] for our first look at a
dynamically allocated object.

#i ncl ude <i ostream h>
cl ass box {

int |ength;
int wdth;

public:

box(voi d); /| Const ruct or
void set(int new_length, int new w dth);
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int get_area(void);

box: : box(voi d) /1 Constructor inplenentation

{

l ength = 8;

width = 8;

/1 This nethod will set a box size to the two input paraneters

voi d box::set(int new_|ength, int new w dth)

| ength = new_| engt h;
wi dth = new_wi dt h;

// This method will <calculate and return the area of a box
i nst ance
i nt box::get_area(void)

return (length * width);
voi d main()

box small, medium |arge; /] Three boxes to work with

box *poi nt; /1A pointer to a box

smal | . set (5, 7);

| ar ge. set (15, 20);

poi nt = new box;

/I Use the defaults supplied by the constructor

cout << "The small box area is " << small.get_area() << "\n";

cout << "The nmedium box area is " << nedium get_area() << "\n";

cout << "The large box area is " << large.get_area() << "\n";

cout << "The new box area is " << point->get_area() << "\n";
poi nt ->set (12, 12);

cout << "The new box area is " << point->get_area() << "\n";
del et e point;

}

In line 30 we declare a pointer to an object of type box and sinceit is
only a pointer with nothing to point to, we dynamically allocate an
object for it in line 33, with the object being created on the heap just
like any other dynamically allocated variable. When the object is created
in line 33, the constructor is called automatically to assign values to the
two internal storage variables. Note that the constructor is not called
when the pointer is declared since there is nothing to initialise; it is
called when the object is allocated.

Reference to the components of the object are handled in much the
same way that structure references are made, through use of the pointer
operator asillustrated in lines 38 to 41. Of course you can use the
pointer dereferencing method without the arrow such as

(*point).set (12, 12);
as areplacement for line 39 but the arrow notation is much more
universal and should be used. Finally, the object is deleted in line 41 and
the program terminates. If there were a destructor for this class, it
would be called as part of the delete statement to clean up the object
prior to deletion.
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An object with a pointer to another object

The program below [OBJLIST.CPP] contains an object with an internal
reference to another object of its own class. Thisisthe standard
structure used for asingly linked list and we will keep the use of it very
simple in this program.

#i ncl ude <i ostream h>

cl ass box {
int |ength;
int wdth;
box *anot her _box;

public:
box(voi d); /| Const ruct or
void set(int new_length, int new w dth);
int get_area(void);
voi d poi nt_at_next (box *where_to_point);
box *get _next (void);

box: : box(voi d) /1 Constructor inplenentation

{
l ength = 8;
width = 8;

anot her _box = NULL;

/1 This nethod will set a box size to the two input paraneters
voi d box::set(int new_|ength, int new w dth)

| ength = new_| engt h;
wi dth = new_wi dt h;

// This method will <calculate and return the area of a box
i nst ance
i nt box::get_area(void)

{
return (length * width);

/1 This nethod causes the pointer to point to the input parameter
voi d box:: point_at_next(box *where_to_point)

anot her _box = where_to_point;

/1 This nethod returns the box the current one points to
box *box::get_next (void)
{

return anot her _box;
voi d main()

box small, medium |arge; /] Three boxes to work with

box *box_poi nter; /1A pointer to a box

smal | . set (5, 7);

| arge. set (15, 20);

cout << "The small box area is " << small.get_area() << "\n";

cout << "The nmedium box area is " << nediumget_area() << "\n";

cout << "The large box area is " << large.get_area() << "\n";

smal | . poi nt _at _next ( &redi um ;

nmedi um poi nt _at _next (& arge);

box_poi nter &smal | ;

box_poi nter box_poi nt er - >get _next () ;

cout << "The box pointed to has area " <<
box_pointer->get_area() << "\n";

}

The constructor contains the statement in line 17 which assigns the
pointer the value of NULL to initialise the pointer. Thisisagood idea

Page 818-31



Iviobuule ol10

CINUCAFOULAITIVUN UF UDJECU 1O AND IVICE T MTUDD 1IN
C++

for all of your programming: don't allow any pointer to point off into
space, but initialise all pointers to something. By assigning the pointer
within the constructor, you guarantee that every object of this class will
automatically have its pointer initialised. It will be impossible to
overlook the assignment of one of these pointers.

Two additional methods are declared in lines 9 and 10 with the onein
line 10 having a construct we have not yet mentioned. This method
returns a pointer to an object of the box class. Asyou are aware, you
can return a pointer to a struct in ANSI-C, and thisis the parallel
construct in C++. The implementation in lines 36 to 39 returns the
pointer stored within the object. We will see how thisis used when we
get to the actual program.

An extra pointer named box_pointer is declared in the main program for
use later and in line 50 we make the embedded pointer within the small
box point to the medium box, and in line 50 we make the embedded
pointer within the medium box point to the large box. We have
effectively generated alinked list with three elements. In line 52 we
make the extra pointer point to the small box. Continuing in line 53 we
use it to refer to the small box and update it to the value contained in
the small box which is the address of the medium box. We have
therefore traversed from one element of the list to another by sending a
message to one of the objects. If line 53 were repeated exactly as
shown, it would cause the extra pointer to refer to the large box, and
we would have traversed the entire linked list which is only composed
of three elements.

The keyword THIS

Another new keyword available in C++ is this. The word is defined
within any object as a pointer to the object in which it is contained. It is
implicitly declared as

cl ass_nanme *this;
and isinitialised to point to the object for which the member function is
invoked. This pointer is most useful when working with pointers and
especially with alinked list when you need to reference a pointer to the
object you are inserting into the list. The keyword thisis available for
this purpose and can be used in any object. Actually the proper way to
refer to any variable within alist is through use of the predefined
pointer this, by writing this->variable_name, but the compiler assumes
the pointer is used, and we can simplify every reference by omitting the
pointer. The keyword this will be used in one of the larger example
programs later in this Module.
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A linked list of objects

The next example program [OBJLINK.CPP] is a complete example of a
linked list written in object-oriented notation.

#i ncl ude <i ostream h>

cl ass box {
int |ength;
int wdth;
box *anot her _box;

public:
box(voi d); /| Const ruct or
void set(int new_length, int new w dth);
int get_area(void);
voi d poi nt_at_next (box *where_to_point);
box *get _next (void);

box: : box(voi d) /1 Constructor inplenentation

l ength = 8;
width = 8;
anot her _box = NULL;
}
/1 This nethod will set a box size to the two input paraneters
voi d box::set(int new_|ength, int new w dth)
{

| ength = new_| engt h;

wi dth = new_wi dt h;

}
// This nethod will calculate and return the
/!l area of a box instance

i nt box::get_area(void)

{
return (length * width);
}

/1 This nethod causes the pointer to point
/1 to the input paraneter
voi d box:: point_at_next(box *where_to_point)

anot her _box = where_to_point;

/1 This nethod returns the box that this one points to
box *box::get_next (void)
{

return anot her _box;

voi d main()

box *start = NULL; /1 Always points to the start of the |ist
box *tenp; /1 Working pointer
box *box_poi nter; /1 Used for box creation
/] Generate the |ist
for (int index = 0 ; index < 10 ; index++ ) {

box_poi nter = new box;
box_poi nter->set (index + 1, index + 3);

if (start == NULL)
start = box_pointer; /'l First el enent
el se

t enp- >poi nt _at _next (box_pointer);
/1 Additional elenent

tenp = box_pointer;
} /1 Print the list out
tenp = start;
do {

cout << "The area is " << tenp->get_area() << "\n";

tenp = tenp->get_next();

} while (tenp !'= NULL); /1 Delete the list
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tenp = start;

do {
tenp = tenp->get_next();
del ete start;
start = tenp;

} while (tenp !'= NULL);

This program is very similar to the last one; in fact it isidentical until
we get to the main program. Y ou will recall that in the last program the
only way we had to set or use the embedded pointer was through use of
the two methods named point_at_next() and get_next() which are listed
in lines 33 to 39 of the present program. We will use these to build up
our linked list then traverse and print the list. Finally, we will delete the
entire list to free the space on the heap.

In lines 44 to 46 we declare three pointers for use in the program. The
pointer named start will always point to the beginning of the list, but
temp will move down through the list as we create it. The pointer
named box_pointer will be used for the creation of each object. We
execute the loop in lines 48 to 57 to generate the list where line 50
dynamically alocates a new object of the box class and line 52 fills it
with nonsense data for illustration. If thisisthe first element in the lit,
the start pointer is set to point to this element, but if elements already
exigt, the last element in the list is assigned to point to the new e ement.
In either case, the temp pointer is assigned to point to the last element
of thelist, in preparation for adding another element if there is another
element to be added.

In line 58 the pointer named temp is pointed to the first element and it is
used to increment its way through the list by updating itself in line 62
during each pass through the loop. When temp has the value of NULL,
which it gets from the last element of the list, we are finished traversing
thelist.

Finally, we delete the entire list by starting at the beginning and deleting
one element each time we pass through the loop in lines 64 to 68.

A careful study of the program will reveal that it doesindeed generate a
linked list of ten elements, each element being an object of class box.
The length of thislist islimited by the practicality of how large alist we
desire to print out, but it could be lengthened to many thousands of
these smple elements provided you have enough memory available to
store them all. Once again, the success of the dynamic allocation is not
checked as it should be in awell-written program.

Nesting objects

Examine the next program [NESTING.CPP] for an example of nesting
classes which results in nested objects. A nested object could be
illustrated with your computer in arather ssimple manner. The computer
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itself is composed of many items which work together but work entirely
differently, such as a keyboard, adisk drive, and a power supply. The
computer is composed of these very dissmilar items and it is desirable
to discuss the keyboard separately from the disk drive because they are
so different. A computer class could be composed of several objects
that are dissimilar by nesting the dissimilar classes within the computer
class.

If however, we wished to discuss disk drives, we may wish to examine
the characteristics of disk drivesin general, then examine the details of
a hard disk, and the differences of floppy disks. Thiswould involve
inheritance because much of the data about both drives could be
characterised and applied to the generic disk drive then used to aid in
the discussion of the other three. We will study inheritance in the next
Module, but for now we will look at the embedded or nested class.

#i ncl ude <i ostream h>

class mail _info {
i nt shi pper;
i nt post age;
public:
void set(int in_class, int in_postage)
{shi pper = in_class; postage = in_postage; }

int get_postage(void) {return postage;}

cl ass box {

int |ength;

int wdth;

mai | _info | abel;

public:

void set(int I, int w, int s, int p) {
length = 1|;
width = w
| abel .set(s, p); }

int get_area(void) {return length * width;}

voi d main()

box small, medium |arge;

smal | .set (2, 4, 1, 35);

medi um set (5, 6, 2, 72);

| arge.set (8, 10, 4, 98);

cout << "The area is " << snuall.get_area() << "\n";
cout << "The area is " << mediumget_area() << "\n";
cout << "The area is " << large.get_area() << "\n";

}
This program contains a class named box which contains an object of

another class embedded within it in line 13, the mail_info class. This
object isavailable for use only within the class implementation of box
because that iswhere it is defined. The main program has objects of
class box defined but no objects of class mail_info, so the mail_info
class cannot be referred to in the main program. In this case, the
mail_info class object is meant to be used internally to the box class and
one example is given in line 18 where a message is sent to the label.set()
method to initialise the variables. Additional methods could be used as
needed, but these are given as an illustration of how they can be called.
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Of prime importance is the fact that there are never any objects of the
mail_info class declared directly in the main program, they are
inherently declared when the enclosing objects of class box are
declared. Of course objects of the mail_info class could be declared and
used in the main program if needed, but they are not in this example
program. In order to be complete, the box class should have one or
more methods to use the information stored in the object of the
malil_info class. Study this program until you understand the new
construct, then compile and execute it.

If the class and the nested classes require parameter lists for their
respective constructors an initiaisation list can be given. Thiswill be
discussed and illustrated later in this Module.

Exercise 7

Modify OBJDY NAM.CPP so that the objects small and medium are
pointers, and dynamically allocate them prior to their use.

Modify the loop (from line 47) in OBJLINK.CPP so that it strores up to
1000 elements in the list. (Remove the list output if necessary to speed
up the execution.) Add atest to display the amount of available memory
asthelist is built, and to terminate list construction when this becomes
too small for anew list node to be added.
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Objective 8 After working through this section you should be able to list the
advantages of using operator overloading in C++

The example program below [OPOVERLD.CPP] contains examples of
overloading operators. This allows you to define a class of objects and
redefine the use of the normal operators. The end result is that objects
of the new class can be used in as natural a manner as the predefined
types. In fact, they seem to be a part of the language rather than your
own add-on.

#i ncl ude <i ostream h>
cl ass box {

int |ength;
int wdth;
public:
void set(int I, int w) {length =1; width = w}

int get_area(void) {return length * width;}
/1 Add two boxes
friend box operator+(box a, box b);
/1 Add a constant to a box
friend box operator+(int a, box b);
/1 Multiply a box by a constant
friend box operator*(int a, box b); };
/1 Add two boxes' wi dths together
box operator+(box a, box b)
{
box tenp;
tenp.length = a.length;
tenp.width = a.width + b.w dth;
return tenp;

}

box operator+(int a, box b) /1 Add a constant to a box

{

box tenp;

tenp.length = b. | ength;
tenp.width = a + b.width;
return tenp;

}
box operator*(int a, box b) /1 Multiply a box by a constant

{

box tenp;

tenp.length = a * b.length;
tenp.width = a * b.wdth;
return tenp;

voi d main()

box small, medium |arge;

box tenp;

smal | .set (2, 4);

medi um set (5, 6);

| arge. set (8, 10);

cout << "The area is " << snall.get_area() << "\n";
cout << "The area is " << mediumget_area() << "\n";
cout << "The area is " << large.get_area() << "\n";
tenp = small + nedi um

cout << "The new area is " << tenp.get_area() << "\n";
tenp = 10 + snmal |;

cout << "The new area is " << tenp.get_area() << "\n";
temp = 4 * |arge;

cout << "The new area is " << tenp.get_area() << "\n";

}
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In this case we overload the + operator and the * operator, with the
declarationsin lines 9 to 13, and the definitionsin lines 16 to 35. The
methods are declared as friend functions so we can use the double
parameter functions as listed. If we did not use the friend construct, the
function would be a part of one of the objects and that object would be
the object to which the message was sent. Including the friend construct
allows us to separate this method from the object and call the method
with infix notation. Using this technique, it can be written as object1 +
object2 rather than objectl.operator+(object2). Also, without the friend
construct we could not use an overloading with an int type variable for
the first parameter because we can not send a message to an integer
type variable such as int.operator+(object). Two of the three operator
overloadings use an int for the first parameter so it is necessary to
declare them as friend functions. There is no upper limit to the number
of overloadings for any given operator. Any number of overloadings
can be used provided the parameters are different for each particular
overloading.

The header in line 9 illustrates the first overloading where the +
operator is overloaded by giving the return type followed by the
keyword operator and the operator we wish to overload. The two
formal parameters and their types are then listed in the parentheses and
the normal function operations are given in the implementation of the
function in lines 22 to 28. Y ou will notice that the implementation of
the friend functions are not actually a part of the class because the class
name is not prepended onto the method namein line 9. There is nothing
unusual about this implementation, it should be easily understood by
you at this point. For purposes of illustration, some silly mathematics
are performed in the method implementation, but any desired operations
can be done.

The biggest difference occurs where this method is called by using the
infix notation instead of the usua message sending format. Since the
variables small and medium are objects of the box class, the system will
search for away to use the + operator on two objects of class box and
will find it in the overloaded operator+ method we have just discussed.
The operations within the method implementation can be anything we
need them to be, and they are usually much more meaningful than the
slly math included here.

In line 48 we ask the system to add an int type constant to an object of
class box, so the system finds the other overloading of the + operator
beginning in line 22 to perform this operation. In line 50 we ask the
system to use the * operator to do something to an int constant and an
object of class box, which it satisfies by finding the method in lines 29
to 35. Note that it would beillegal to attempt to use the * operator the
other way around, namely large * 4, since we did not define a method
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to use the two typesin that order. Another overloading could be given
with reversed types, and we could use the reverse order in a program.

Y ou will notice that when using operator overloading, we are a'so using
function name overloading since some of the function names are the
same. When we use operator overloading in this manner, we actually
make our programs look like the classis a natural part of the language
since it isintegrated into the language so well. C++ istherefore an
extendible language and can be moulded to fit the mechanics of the
problem at hand.

Operator overloading caveats

Operator overloading seems particularly prone to misuse. The
overloading of operatorsis only available for classes, you cannot
redefine the operators for the predefined ssimple types. This would
probably be very silly anyway since the code could be very difficult to
read if you changed some of them around.

Thelogical and (& &) and the logical or (|[) operators can be overloaded
for the classes you define, but they will not operate as short circuit
operators. All members of the logical construction will be evaluated
with no regard concerning the outcome. Of course the normal
predefined logical operators will continue to operate as short circuit
operators as expected, but not the overloaded ones.

If the increment (++) or decrement (--) operators are overloaded, the
system has no way of telling whether the operators are used as pre-
increment or post-increment (or pre-decrement or post-decrement)
operators. Which method is used is implementation-dependent, so you
should use them in such away that it doesn't matter which is used.

Function overloading in a class

Examine the program below [FUNCOVER.CPP] for an example of
function name overloading within a class. In this program the
constructor is overloaded as well as one of the methods to illustrate
what can be done.

#i ncl ude <i ostream h>
cl ass many_nanes {

int |ength;
int wdth;
public:
many_nanes(voi d); /1 Constructors

many_nanes(int |en);

many_nanes(int len, int wid);

voi d di spl ay(void); /1 Display functions
voi d di splay(int one);

voi d display(int one, int two);

voi d di splay(float nunber);
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many_nanes: : many_nanes(voi d)

{

l ength = 8;

width = 8;

}

many_nanes: : many_names(int |en)

length = len;

width = 8;

}

many_nanes: : many_nanmes(int len, int wd)

length = len;

width = wid;

}

voi d many_nanes: : di spl ay(voi d)

{

cout << "Fromvoid display function, area = " <<
length * width << "\n";

}

voi d many_nanes: : di spl ay(i nt one)

{

cout << "Fromint display function, area = " <<
length * width << "\n";

}

voi d many_nanes: : di splay(int one, int two)

{

cout << "Fromtwo int display function, area = " <<
length * width << "\n";

}

voi d many_nanes: : di spl ay(fl oat nunber)

{

cout << "From float display function, area = " <<

length * width << "\n";

voi d main()

many_nanes smal |, nedium(10), |arge(12, 15);

i nt

gross = 144;

float pi = 3.1415, payroll = 12.50;
smal | . di splay();

smal | . di spl ay(100);

smal | . di spl ay(gross, 100);

smal | . di spl ay(payroll);

medi um di spl ay() ;

| arge. di spl ay(pi);

}

This program illustrates some of the uses of overloaded names and a
few of the rulesfor their use. You will recall that the function selected
is based on the number and types of the formal parameters only. The
type of the return value is not significant in overload resolution.

In this case there are three constructors. The constructor which is
actually called is selected by the number and types of the parametersin
the definition. In line 51 of the main program the three objects are
declared, each with a different number of parameters and inspection of
the results will indicate that the correct constructor was called based on
the number of parameters.

In the case of the other overloaded methods, the number and type of
parametersis clearly used to select the proper method. Y ou will notice
that one method uses a single integer and another uses asingle float
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type variable, but the system is able to select the correct one. As many
overloadings as desired can be used provided that al of the parameter
patterns are unique.

Actually, we have already used an overloaded operator extensively
without any problems. The cout operator works as an overloaded
function since the way it outputs data is a function of the type of its
input variable or the field we ask it to display. Many programming
languages have overloaded output functions so you can output any data
with the same function name.

Separate compilation

Separate compilation is available with C++ and it follows the rules for
ANSI-C separate compilation. As expected, separately compiled files
can be linked together. However, since classes are used to define
objects, the nature of C++ separate compilation is considerably different
from that used for ANSI-C. Thisis because the classes used to create
the objects are not considered as external variables, but asincluded
classes. This makes the overall program look different from a pure
ANSI-C program. Y our programs will take on a different appearance as
you gain experience in C++.

Another practical example

In the last section we studied the date class, and now we will study a
simple time class. Y ou should begin by studying the file below
[TIME.H] which will look very similar to the date class header.

/1 This is probably the m nimumusable tine class,

/1 but is intended as an illustration of a class rather

/1 than to build an all inclusive class for future use.

/'l Each student can develop his own to suit his own taste.
#i fndef TIME_H

#define TIME_H

class tinme_of _day {

pr ot ect ed:
i nt hour; /1 0 through 23
i nt nnute; /1 0 through 59
i nt second; /1 0 through 59
static char format; /! Format to use for output
static char out_string[25]; /1 Format output area

public:
/] Constructor - Set tinme to current tine and format to 1
ti me_of _day(void);
time_of _day(int H {hour = H mnute = 0; second = 0; };
time_of _day(int H int M {hour = H mnute = M second = 0; };
time_of _day(int H int M int S)
{hour = H, mnute = M second = S; };
/1 Set the time to these input val ues
/! return =0 --->datais valid
/!l return =1 ---> sonething is out of range
int set_tine(void);
int set_tinme(int hour_in);
int set_tine(int hour_in, int mnute_in);
int set_tinme(int hour_in, int mnute_in, int second_in);
/1 Select string output fornmat
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void set_tine_format(int format_in) { format = format_in; };
/1 Return an ASCI|-Z string depending on the stored fornat
I f or mat 1 13:23:12
11 f or mat 2 13: 23
I f or mat 3 1:23 PM
char *get_time_string(void);

Léndif
The only mgjor difference in this class from the date classisthe
overloaded constructors and methods. The program is a very practical
example that illustrates graphically that many constructor overloadings
are possible. The implementation for the time classis given below
[TIME.CPP].

#i ncl ude <stdio. h> /1 For the sprintf function

#i ncl ude <tine. h> /! For the tinme & localtine functions

#include "tine.h" /1 For the class header

char time_of_day::format;
/1 This defines the static data nenber
char time_of_day::out_string[25]; /'l This defines the string
/] Constructor - Set tinme to current tine and format to 1

time_of _day::tinme_of _day(void)
{
time_t tinme_date;
struct tm*current_tine;

time_date = time(NULL);

current _tine = localtime(&ine_date);

hour = current_ti me->tm hour;

mnute = current _time->tmmn;

second current _tine->tmsec;

f or mat 1;

/1 Set the time to these input val ues

/! return =0 --->data is valid

/1 return = 1 ---> sonething out of range
int time_of day::set_tinme(void)
{
eturn set_tinme(0, 0, 0);
}

nt ti ne_of _day::set_tinme(int H)

r
return set_tinme(H 0, 0);
r

{
b o .
int time_of _day::set_time(int H int M
{
eturn set_tinme(H M 0);

}.

int ti ne_of day::set_tine
(int hour_in, int mnute_in, int second_in)
{

int error = 0;
if (hour_in < 0) {

hour _in = 0;
error = 1;
} else if (hour_in > 59) {
hour _in = 59;
error = 1;

hour = hour _in;
if (mMmnute_in < 0) {

mnute_in = 0;
error = 1;
} else if (mnute_in > 59) {
mnute_in = 59;
error = 1;

}

mnute = mnute_in;
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if (second_in < 0) {
second in = O;
error 1;

} else if (second_in > 59) {
second in = 59;

second = second_i n;
return error;

}
/1l Return an ASCI|-Z string depending on the stored fornat
/1 format = 1 13:23:12
11 format = 2 13: 23
11 format = 3 1:23 PM

char *tinme_of day::get_tinme_string(void)

switch (format) {
case 2: sprintf(out_string, "9%d:%®2d", hour, mnute);
br eak;
case 3: if (hour == 0)
sprintf(out_string, "12:992d AM', m nute);
else if (hour < 12)
sprintf(out_string, "9%d:%2d AM', hour, m nute);

else if (hour == 12)
sprintf(out_string, "12:992d PM', m nute);
el se
sprintf(out_string, "9%d:%2d PM', hour - 12, minute);
br eak;

case 1:
/1 Fall through to default so the default is also 1
default: sprintf(out_string, "%d: %02d: ¥©2d",
hour, mnute, second);
br eak;

return out_string;

}
It should be pointed out that three of the four overloadings actually call

the fourth so that the code did not have to be repeated four times. This
is aperfectly good coding practice and illustrates that other member
functions can be called from within the implementation.

The example program below [USETIME.CPP] is an application that
uses the time class in a rudimentary way.

#i ncl ude <i ostream h>
#i ncl ude "date.h"
#include "tine.h"

voi d main()

{

dat e today;

ti me_of __day now, |unch(12, 15);

cout << "This program executed on " << today.get_date_string() <<
" at " << now.get_tine_string() << "\n";

cout << "We are planning lunch at " << lunch.get_tinme_string() <<
" tonorrow. \n";

lunch. set _tinme(13);

cout << "We decided to nmove lunch to "<< lunch.get_tine_string()

<< " due to a late neeting.\n";
}

It will be to your advantage to completely understand the practical
example programs given at the end of the last section and the end of
this section. As mentioned above, we will use the time class and the
date class as the basis for both single and multiple inheritance in the
next Module.

Page 818-43



IVIUUUIE 010 CINUCAFOULAITIVUN UF UDJECU 1O AND IVICE T MTUDD 1IN
C++

Exercise 8

List the potential problems to be considered when using operator and
function overloading in C++.

Write a short program that uses both the date and time classes to add a
basic ‘time and date stamp’ to simple operations (such as calendar or
diary).
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