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Module 817 C++: OBJECT-ORIENTED C

Aim

After working through this module you should be able to describe the
major differences between C and C++, and identify the mgjor (non
object-oriented) additions to C that are found in C++

Learning objectives
After working through this module you should be able to:
1. ldentify the major differences between C and C++
2. Usestreamsin C++
3. Cresate variable definitionsin C++
4. Create compound typesin C++
5. Usepointersin C++
6. Define and use functions and prototypesin C++
7. Manage parametersin C++
8. Use function name overloading in C++
Content
Transition from C to C++
Equivalent and improved constructs
Enhanced significance of prototypesin C++
Improved use of pointers and parametersin C++
Function 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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Introduction

C++ was developed by Bjarne Stroustrup of AT& T to add object-
oriented constructs to the C language. Because object-oriented
methodology was relatively new at the time, and all existing
implementations of object-oriented languages were rather slow and
inefficient (most were interpreters), one goal of C++ wasto maintain
the efficiency of C.

C++ can be viewed as a procedural language with some additional
constructs, some to support object-oriented programming and some for
improved procedural syntax. A well-written C++ program will reflect
elements of both object-oriented programming style and classic
procedura programming. C++ is actually an extensible language since
we can define new types in such away that they act just like the
predefined types of the standard language. C++ is clearly suited to large
scal e software devel opment, but can equally be used for smaller
applications.

The remaining Modules in this sequence (817-819) will assume a
thorough knowledge of the C programming language as covered in
Modules 813-816. Program development in C++ isvirtually identical to
the process described in Module 812. Some sections will be devoted to
explaining the newer additions to C provided by the ANSI-C standard.
Asthe ANSI-C standard was in development, many of the newer
constructs from C++ were included as parts of C itself, so even though
C++ isaderivation and extension of C, it would be fair to say that
ANSI-C has some of itsrootsin C++. An example is prototyping,
which was actually developed for C++ and later added to C.

The best way to learn C++ isby using it. Almost any valid C program is
also avalid C++ program, and in fact the addition of about 12
keywords is the only reason that some C programs will not compile and
execute as a C++ program.

The best way to learn C++ isto ssmply add to your present knowledge
and use afew new constructs as you need them for each new program.
It would be a mistake to try to use al of the new constructs in your first
C++ program. It would be far better to add afew new constructs to
your toolkit each day, and use them as needed while you gain
experience with their use.

Asan illustration of the portability of C to C++, al of the sample
programs used in the earlier Modules should compile and execute
correctly when compiled as C++ programs with no changes. None of
the C++ programs will compile and execute correctly with any C
compiler, however, if for no other reason than the use of the new style
of C++ comments.
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C++ Naming Conventions

There are primarily two standards for naming C++ files, one using the
extension CPP and the other using the extension CXX. All samplefiles
use the CPP extension for naming files. If your compiler requires the
CXX extension it will be up to you to rename the files. When C++ was
in itsinfancy, header files generaly used the extension .HPP, but now
H isamost universally used for al header files. For that reason all
header files used in these Modules use this convention.

Additional Reading

Margaret Ellis & Bjarne Stroustrup. The Annotated C++ Reference
Manual. Addison-Wesley, 1990. Thisis the base document for the
ANSI-C++ standard. Even though it is the definitive book on C++, it
would be difficult for a beginner to learn the language from this book
alone.

Page 817-4



Module 817 C++: OBJECT-ORIENTED C

Objective 1: After working through this section you should be able to identify the
major differences between C And C++

Improved comments

Our first C++ program [CONCOM.CPP] includes examples of severa
new things in C++. We will take the new constructs one at a time,
beginning with the comments.

#i ncl ude <i ostream h>

/* This is the streamdefinition file */
void print_it(const int data_val ue);
voi d main()

const int START = 3;
/1 The val ue of START cannot be changed
const int STOP = 9;
/'l The val ue of STOP cannot be changed
volatile int CENTER = 6;
/* The val ue of CENTER may be changed
by sonmething external to this program*/
i nt index; /* A normal C variable */
for (index = START ; index < STOP ; index++)
print_it(index);
} /* End of program */
void print_it(const int data_val ue)

cout << "The value of the index is " << data_value << "\n";

}
A comment in C++ begins with the double dash (/ /), starts anywhere
on aline, and runs to the end of that line where it is automatically
terminated. The old method of comment definition used with ANSI-C
can aso be used with C++, but the new method is the preferred method
of comment definition because it isimpossible to inadvertently comment
out severd lines of code. This can be done by forgetting to include the
end of comment notation when using the older C method of comment
notation. Good programming practice would be to use the new method
for al comments and reserve the old method for use in commenting out
a section of code during debugging, since the two methods can be
nested.

CONST and VOLATILE

There are two new keywords used which were not part of the original
Kernighan & Ritchie definition of C, but that are part of the ANSI-C
standard. The keyword const is used to define a constant. In line 6 the
constant is of typeint, it isnamed START, and isinitialised to the value
3. The compiler will not allow you to accidentally or purposefully
change the value of START because it has been declared a constant. If
you had another variable named STARTS, the system would not allow
you to dightly misspell STARTS as START and accidentally changeit.
The compiler would give you an error message so you could fix the
error. Sinceit is not permissible to change the value of a constant, it is
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imperative that you initialise it when it is declared so it will have a
useful value. The compiler does not require you to initidiseiit,
however, and will not issue an error message if you do not.

Note that const is aso used in the function header in line 17 to indicate
that the formal parameter named data_value is a constant throughout
the function. Any attempt to assign a new value to this variable will
result in acompile error.

The keyword volatile is also part of the ANSI-C standard but was not
included in the original Kernighan & Ritchie definition of C. Even
though the value of avolatile variable can be changed by you, the
programmer, there may be another mechanism by which the value could
be changed, such as by an interrupt timer causing the value to be
incremented. The compiler needs to know that this value may be
changed by some external force when it optimises the code. Note that a
constant can also be volatile, which means that you cannot change it,
but the system can through some hardware function.

Line 3 illustrates prototyping and the modern method of function
definition as defined by the ANSI-C standard, which will be discussed
in greater detail in alater section of the Module. Prototyping is
absolutely required in C++; programs without prototyping will generate
linker errors.

The Scope Operator

The next program [SCOPEOP.CPP] illustrates another construct that is
unique to C++; there is no corresponding construct in either Kernighan
& Ritchie or ANSI-C. The scope operator allows access to the global
variable named index even though there is alocal variable of the same
name within the main function. The use of the double colon in front of
the variable name (in lines 7, 8 and 10) instructs the system that we are
interested in using the globa variable named index, defined in line 2,
rather than the local variable defined in line 5.

#i ncl ude <i ostream h>

int index = 13;

voi d main()

float index = 3.1415;

cout << "The local index value is " << index << "\n";

cout << "The global index value is " << ::index << "\n";
:iindex = index + 7; [// 3 + 7 should result in 10

cout << "The local index value is " << index << "\n";
cout << "The global index value is " << ::index << "\n";

The use of this technique allows access to the global variable for any
use. It could be used in calculations, as afunction parameter, or for any
other purpose. It is not really good programming practice to abuse this
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construct, because it could make the code difficult to read. It would be
best to use a different variable name instead of reusing this name, but
the construct is available to you if you find that you need it sometime.
The scope operator allows access to global variables even though
hidden by alocal variable.

Exercise 1

Describe the difference between const and volatile when applied to an
identifier.
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Objective 2: After working through this section you should be able to use streamsin

C++

The i1ostream library

Our first hint of object-oriented messaging appears in the next program
[MESSAGE.CPP].

#i ncl ude <i ostream h>
#include <string. h>
voi d main()

i nt index;

fl oat distance;

char letter;

char nane[ 25];

i ndex = -23;

di stance = 12. 345;

letter = 'X;

strcpy(nane, "John Doe");

cout << "The value of index is " << | ndex << "\n";

cout << "The value of distance is " << distance << "\n";

cout << "The value of letter is " << letter << "\n";

cout << "The value of nane is " << nane << "\n";

i ndex = 31;

cout << "The decinmml value of index is " << dec << index << "\n";
cout << "The octal value of index is " << oct << index << "\n";
cout << "The hex value of index is " << hex << index << "\n";
cout << "The character letter is " << (char)letter << "\n";
cout << "Input a decinmal value -->";

cin

>> j ndex;

cout << "The hex value of the input is " << index << "\n";

}

In this program we define a few variables and assign values to them for
use in the output statements illustrated in lines 13 to 16, and in lines
118 to 22. The new operator cout is the output function to the standard
device, the monitor, but works alittle differently from our familiar
printf( ) function, because we do not have to tell the system what type
we are outputting.

Like C, C++ has no input or output operations as part of the language
itself, but defines the stream library to add input and output functionsin
avery elegant manner.

The operator << (sometimes called the “put to” operator but more
properly caled the insertion operator) tells the system to output the
variable or constant following it, but |ets the system decide how to
output the data. In line 13, we first tell the system to output the string,
which it does by copying characters to the monitor, then we tell it to
output the value of index. Notice, however, that we fail to tell it what
the type is or how to output the value. Since we don't tell the system
what the type s, it is up to the system to determine what the type is and
to output the value accordingly. After the system finds the correct type,
we also leave it up to the system to use the built in default as to how
many characters should be used for this output. In this case, we find
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that the system uses exactly as many as needed to output the data, with
no leading or trailing blanks, which is fine for this output. Finally, the
new line character is output, and the line of code is terminated with a
semicolon.

When we called the cout output function in line 13, we actually called
two different functions because we used it to output a string and a
variable of typeint. Thisisthefirst hint at object-oriented programming
because we simply broadcast a message to the system to print out a
value, and let the system find an appropriate function to do so. We are
not required to tell the system exactly how to output the data, we only
tell it to output it. Thisis avery weak example of object-oriented
programming, and we will get into it in much more depth | ater.

In line 14 we tell the system to output a different string, followed by a
floating point number, and another string of one character, the new line
character. In this case, we told it to output a floating point number
without telling it that it was a floating point number, once again letting
the system choose the appropriate output means based on its type. We
did lose a bit of control in the transaction, however, because we had no
control over how many significant digits to print before or after the
decimal point. We chose to let the system decide how to format the
output data. The variable named letter is of type char, and is assigned
the value of the uppercase X in line 11, then printed as aletter in line
15.

Because C++ has severa other operators and functions available with
streams, you have complete flexibility in the use of the stream output
functions. Y ou should refer to your compiler documentation for details
of other available formatting commands. The cout and the printf( )
statements can be mixed in any way you want, as both statements result
in output to the monitor.

The Stream library

The stream library was defined for use with C++ for increased
execution efficiency. The printf() function was defined early in the
development C and is meant to be all things to all programmers. Asa
result, it became a huge function with lots of extra baggage that is only
used by afew programmers. By defining the smaller specia purpose
stream library, C++ alows the programmer to use a limited set of
formatting capabilities, but which are still adequate for most
programming jobs. If more elaborate formatting capabilities are
required, the complete printf( ) library is available within any C++
program, and the two types of outputs can be freely mixed.

Lines 18 to 24 illustrate some of the additional features of the stream
library which can be used to output datain avery flexible yet controlled

Page 817-9



Module 817

C++: OBJECT-ORIENTED C

format. The value of index is printed out in decimal, octal, and
hexadecimal format. When one of the special stream operators, dec,
oct, or hex, is output, al successive output will be in that number base.
Looking ahead to line 24, we find the value of index printed in hex
format due to the selection of the hexadecimal base in line 20. If none
of these specia stream operators are output, the system defaults to
decimal format.

The CIN operator

In addition to the cout operator, there is acin operator which is used to
read data from the standard input device, usualy the keyboard. The cin
operator uses the >> operator, usualy called the ‘ get from’ operator
but properly called the extraction operator. It has most of the flexibility
of the cout operator. A brief example of the use of the cin operator is
givenin line 23. The specia stream operators, dec, oct, and hex, aso
select the number base for the cin stream separately from the cout
stream. If none is specified, the input stream also defaults to decimal.

In addition to the cout operator and the cin operator there is one more
standard operator, the cerr, which is used to output to the error
handling device. This device cannot be redirected to afile as the output
to the cout can be. The three operators (cout, cin, and cerr) correspond
to the stdout, the stdin, and the stderr stream pointers of the
programming language C.

File stream operations

The next example program [FSTREAM.CPP] includes examples of the
use of streams with files.

#i ncl ude <i ostream h>
#i ncl ude <fstream h>
#i ncl ude <process. h>
voi d mai n()

ifstreaminfile;

of streamoutfil e;
of stream printer;
char fil enane[20];

cout << "Enter the desired file to copy ---->"
cin >> fil enane;
infile.open(filenane, ios::nocreate);
if (linfile) {
cout << "Input file cannot be opened.\n";
exit(1);

outfile.open("copy");

if (loutfile) {
cout << "CQutput file cannot be opened.\n";
exit(1);

}
printer.open("PRN");
if ('printer) {
cout << "There is a problemw th the printer.\n";
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exit(1);

cout << "Al'l three files have been opened.\n";
char one_char;
printer << "This is the beginning of the printed copy.\n\n";
while (infile.get(one_char)) {
outfile.put(one_char);
printer. put (one_char);

}

printer << "\n\nThis is the end of the printed copy.\n";
infile.close();

outfile.close();

printer.close();

A fileis opened for reading, another for writing, and athird streamis
opened to the printer to illustrate the semantics of stream operations on
afile. The only difference between the streams in the last program and
the streams in this program is the fact that in the last program, the
streams were aready opened for us by the system. Y ou will note that
the stream named printer is used in the same way we used the cout
operator in the last program. Finally, because we wish to exercise good
programming practice, we close al of the files we have opened prior to
ending the program.

The standard file I/O library is available with ANSI-C; it isas easy to
use as the stream library and very portable. For more information on the
stream file 1/O library, see Straustrup's book or refer to your compiler
documentation. When you compile and execute this program it will
request afile to be copied; you can enter the name of any ASCII filein
the current directory.

Exercise 2

Write a C++ program to read a name and address from the keyboard,
and write them ten times on the monitor, using the cin and cout
operators.

Write a C++ program to copy any text file (requested by the user) by
using file streams.
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Objective 3: After working through this section you should be able to create variable
definitionsin C++

The following program [VARDEF.CPP] has afew more additions to
the C++ language which aid in writing a clear and easy-to-understand
program.

#i ncl ude <i ostream h>

i nt index;
voi d main()

int stuff;

int &nother_stuff = stuff; // A synonymfor stuff

stuff = index + 14; //index was initialised to zero

cout << "stuff has the value " << stuff << "\n";

stuff = 17;

cout << "another_stuff has the value " << another_stuff << "\n";
int nore_stuff = 13; //not automatically initialised

cout << "nore_stuff has the value " << nore_stuff << "\n";
for (int count = 3;count < 8;count++) {

cout << "count has the value " << count << "\n";

char count2 = count + 65;

cout << "count2 has the value " << count2 << "\n";

}

static unsigned goofy; /lautomatically initialised to zero
cout << "goofy has the value " << goofy << "\n";

}

In C++, asin ANSI-C, global and static variables are automatically
initialised to zero when they are declared. The variables named index in
line 2, and goofy in line 18 are therefore automatically initialised to
zero.

Of course, you can still initialise either to some other value if you so
desire. Global variables are sometimes called external since they are
external to any functions. Automatic variables - those declared inside of
any function - are not automatically initialised but will contain the value
that happens to be in the location where they are defined, which must
be considered a garbage value. The variable named stuff in line 5,
therefore, does not contain a valid value, but some garbage value which
should not be used for any meaningful purpose. Inline 7 it isassigned a
value based on theinitialised vaue of index and it is then displayed on
the monitor for your examination.

The reference variable

The ampersand (&) in line 6 defines another_stuff as a reference
variable, which is anew addition to C++. In fact, the reference variable
should not be used very often, if at al, in this context. In order to be
complete however, we will discuss its operation.

The reference variable is not quite the same as any other variable
because it operates like a self dereferencing pointer. Following its
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initialisation, the reference variable becomes a synonym for the variable
stuff, and changing the value of stuff will change the value of
another_stuff because they are both actually referring to the same
variable. The synonym can be used to access the value of the variable
for any legal purpose in the language. It should be pointed out that a
reference variable must be initialised to reference some other variable
when it is declared or the compiler will respond with an error.
Following initialisation, the reference variable cannot be changed to
refer to a different variable.

The use of the reference variable in this way can lead to very confusing
code, but it has another use where it can make the code very clear and
easy to understand. We will study this use later.

Definitions as executable statements

Anywhereit islegal to put an executable statement, it isalso lega to
declare a new variable, because a data declaration is defined as an
executable statement in C++. In line 11 we define the new variable
named more_stuff and initialise it to the value of 13. It has a scope from
the point where it was defined to the end of the block in which it is
defined, so it is valid throughout the remainder of the main program.
The variable named goofy is declared even later in line 18.

It is very significant that the variable is declared near its point of usage.
This makes it easier to see just what the variable is used for, since it has
amuch more restricted scope of validity. When you are debugging a
program, it is convenient if the variable declaration islocated in close
proximity to where you are debugging the code.

DEFINITION and DECLARATION

The words definition and declaration refer to two different thingsin
ANSI-C and C++. A declaration provides information to the compiler
about the characteristics of something such as atype or afunction but it
does not actually define any code to be used in the executable program,
and you are permitted to make as many declarations of the same entity
asyou desire. A definition, on the other hand, actually defines
something that will exist in the executable program, either some useful
variables, or some executable code, and you are required to have one
and only one definition of each entity in the program. In short, a
declaration introduces a name into the program and a definition
introduces some code.

If we declare a struct, we are only declaring a pattern to tell the
compiler how to store data later when we define one or more variables
of that type. But when we define some variables of that type, we are
actually declaring their names for use by the compiler, and defining a
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storage location to store the values of the variables. Therefore, when
we define a variable, we are actually declaring it and defining it at the
sametime.

We will refer to these definitions many times throughout the course of
thistutorial.

A better FOR loop

The for loop defined in line 13 is alittle clearer than the for loop in
ANSI-C, because the loop index is defined in the for loop itself. The
scope of thisloop index is from its declaration to the end of the
enclosing block. In this case its scope extends to line 17 since the
closing brace in line 17 corresponds to the most recent opening brace
prior to the declaration of the variable. Since the variable is still
available, it can be used for another loop index or for any other purpose
which an integer type variable can legally be used for. The variable
named count? is declared and initialised during each pass through the
loop because it is declared within the block controlled by the for loop.
Its scope is only the extent of the loop so that it is automatically
deallocated each time the loop is completed. It is therefore declared,
initialised, used and deallocated five times, once for each pass through
the loop.

Y ou will notice that the variable count2 is assigned a numerica value in
line 15 but when it is printed out, a character value is actually output.
Thisis because C++ (version 2.0 and later) is careful to use the correct

type.

Finally, as mentioned earlier, the static variable named goofy is declared
and automatically initialised to zero in line 18. Its scope is from the
point of its declaration to the end of the block in which it is declared,
line 20.

Operator precedence

Operator precedenceisidentical to that defined for ANSI-C, but there
isasmall difference when some operators are overloaded which we will
learn to do later in this Module. Some of the operators act dlightly
different when overloaded than the way they operate with elements of
the predefined language.

Exercise 3

Decsribe the difference between definition and declaration in C++.
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Objective 4: After working through this section you should be able to create
compound typesin C++

Examine the next program [ENUM.CPP] for an example of the
enumerated type variable. The enumerated typeisused in C++in
exactly the same way it isused in ANSI-C with one small exception: the
keyword enum is not required to be used again when defining avariable
of that type, but it can be used if desired. It may be clearer to you to use
the keyword when defining a variable in the same manner that it is
required to be used in C, and you may choose to do so.

#i ncl ude <i ostream h>
enum ganme_result {win, lose, tie, cancel};
voi d main()

gane_result result;
enum ganme_result omt = cancel;
for (result = win; result <= cancel; result++) {

if (result == onit)
cout << "The ganme was cancel | ed\ n";
el se {
cout << "The game was played "
if (result == win)
cout << "and we won!";
if (result == | ose)

cout << "and we lost.";
cout << "\n";

}

The example program uses the keyword enum in line 6, but omitsit in
line 5 to show that it isindeed optional.

A Simple Structure

The next program [STRUCTUR.CPP] illustrates how to use avery
simple structure. This structure is no different from that used in ANSI-
C except for the fact that the keyword struct is not required to be used
again when defining a variable of that type.

#i ncl ude <i ostream h>
struct animal {

int weight;

int feet;

voi d main()

ani mal dogl, dog2, chicken;
ani mal cat1;
struct ani mal cat 2;
dogl. wei ght = 15;
dog2. wei ght = 37;
chi cken. wei ght = 3;
dogl. feet = 4;
dog2. feet = 4;
chi cken. feet = 2;
cout << "The weight of dogl is " << dogl.weight << "\n";
cout << "The weight of dog2 is " << dog2.weight << "\n";
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cout << "The wei ght of chicken is " << chicken.weight << "\n";

}

Lines 8 and 9 illustrate the declaration of variables without the
keyword, and line 10 indicates that the keyword struct can be included
if desired. It is up to you to choose which style you prefer to usein
your C++ programs.

Y ou should take note of the fact that thisisavalid ANSI-C program
except for the fact that it uses the stream library, the C++ comments,
and the absence of the keyword struct in two of the lines. Compile and
execute this program after studying it carefully, because the next
example program is very similar but introduces a construct not available
in standard C, the class.

A Simple Class

Our first example of aclass in C++ isto be found in the next program
[CLASSL.CPP]. The classis the major reason for using C++ over
ANSI-C (or perhaps some other programming language).

#i ncl ude <i ostream h>
class animal {
public:

int weight;
int feet;

voi d main()

ani mal dogl, dog2, chicken;
ani mal cat1;

cl ass ani mal cat 2;

dogl. wei ght = 15;

dog2. wei ght = 37;

chi cken. wei ght = 3;

dogl. feet = 4;

dog2. feet = 4;

chi cken. feet = 2;

cout << "The weight of dogl is " << dogl.weight << "\n";
cout << "The weight of dog2 is " << dog2.weight << "\n";
cout << "The wei ght of chicken is " << chicken.weight << "\n";

}

Y ou will notice the keyword classisused in line 2, in exactly the same
way that the keyword struct was used in the last program, and they are
in fact very smilar constructs. There are definite differences, as we will
see, but for the present time we will be concerned more with their
similarities.

The word animal in line 2 is the name of the class, and when we declare
variables of thistypein lines 9 to 11, we can either omit the keyword
classor includeit if we desire asillustrated in line 11. In the last
program, we declared 5 variables of a structure type, but in this
program we declare 5 objects. They are called objects because they are
of aclasstype. The differences are subtle, and in this case the
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differences are negligible, but as we proceed we will see that the class
construct is important and valuable. The class was introduced here only
to give you a glimpse of what isto come later.

The class is atype which can be used to declare objects in much the
same way that a structure is a type that can be used to declare variables.
Y our dog named King is a specific instance of the general class of dogs,
and in asimilar manner, an object is a specific instance of aclass. It
would be well to take note of the fact that the classis such a generalised
concept that there will be libraries of prewritten classes available in the
marketplace soon. Y ou will be able to purchase classes which will
perform some generalised operations such as managing stacks, queues,
or lists, sorting data, managing windows, etc. Thisis because of the
generality and flexibility of the class construct. In fact, afew class
libraries are available now.

The new keyword public in line 3, followed by a colon, is necessary in
this case because the variables in a class default to a private type and we
could not access them at al without making them public.

Free UNION

The next program [UNIONEX.CPP] is example of afree union. In
ANSI-C, al unions must be named in order to be used, but thisis not so
in C++,

#i ncl ude <i ostream h>
struct aircraft {

i nt w ngspan;

i nt passengers;

uni on {
float fuel _| oad; /1 for fighters
fl oat bonb_| oad; // for bonbers
int pallets; /1 for transports

} fié]hter, bonber, transport;
voi d main()

fighter.w ngspan = 40;
fighter. passengers = 1;
fighter.fuel _| oad = 12000. 0;
bonber . wi ngspan = 90;
bonber . passengers = 12;
bonber . bonb_| oad = 14000. 0;
transport.w ngspan = 106;
transport. passengers = 4;
transport.pallets = 42;
transport.fuel _| oad = 18000. 0;
fighter.pallets = 4;
cout << "The fighter carries "
<< fighter.pallets << " pallets.\n";
cout << "The bonber bonmb load is " << bonber.bonb_| oad << "\n";

}

In C++ we can use afree union, which is a union without a name. The
union is embedded within a simple structure and you will notice that
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there is not a variable name following the declaration of the unionin
line 9. In ANSI-C we would have to name the union and give atriple
name (three names dotted together) to access the members. Sinceitisa
free union, there is no union name, and the variables are accessed with
only a doubly dotted name.

You will recall that a union causes al the data contained within the
union to be stored in the same physical memory locations, such that
only one variable is actually available a atime. Thisis exactly what is
happening here. The variable named fuel_load, bomb_load, and pallets
are stored in the same physical memory locations and it is up to the
programmer to keep track of which variable is stored there at any given
time. You will notice that the transport is assigned a value for paletsin
line 21, then avaue for fuel_load in line 22. When the value for
fuel_load is assigned, the value for palletsis corrupted and is no longer
available since it was stored where fuel_load is currently stored. The
observant student will notice that thisis exactly the way the unionis
used in ANSI-C except for the way components are named.

C++ Type Conversions

Examine the next program [TYPECONV.CPP] for afew examples of
type conversions in C++. The type conversions are donein C++in
exactly the same manner as they are donein ANSI-C, but C++ gives
you another way of doing the conversions.

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

int a = 2;
float x = 17.1, y = 8.95, z;
char c;
¢ = (char)a + (char)x;
¢ = (char)(a + (int)x);
c = (char)(a + x);
c =a+ x;
z = (float)((int)x * (int)y);
z = (float)((int)x * (int)y);
z = (float)((int)(x * y));
Z = X *y;
¢ = char(a) + char(x);
c = char(a + int(x));
c = char(a + x)
c =a+ x;
z = float(int(x) * int(y))
z = float(int(x) * int(y))
z = float(int(x * vy));
zZ =X *y;

Lines 8 to 15 of this program use the familiar ‘cast’ form of type
conversions used in ANSI-C, and there is nothing new to the
experienced C programmer. You will notice that lines8to 11 are
actually al identical to each other. The only difference isthat we are
coercing the compiler to do the indicated type conversions prior to
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doing the addition and the assignment in some of the statements. In line
10 the int type variable will be converted to type float prior to the
addition, then the resulting float will be converted to type char prior to
being assigned to the variable c. Additional examples of type coercion
aregiveninlines 11 to 14 and al four of these lines are essentially the
same.

The examples given in lines 15 to 18 are unique to C++ and are not
valid in ANSI-C. In these lines the type coercions are written as though
they are function calls instead of the ‘cast method illustrated earlier.
Lines15to 18 are identical to lines 7 to 10.

Y ou may find this method of type coercion to be clearer and easier to
understand than the cast method and in C++ you are free to use either,
or to mix them if you so desire, but your code will be very difficult to
read if you mix them indiscriminately.

Exercise 4

Modify the ENUM.CPP program to include a forfeit type, including
appropriate changes to program logic and messages. [Note: in this—
and all subsequent exercises the involve modifying one of the example
programs — you should either work on a second copy of the source
code disk, or copy and rename the file to be modified first. In other
words, leave the original intact for comparison purposes.]

Modify CLASS1.CPP by extending the class to include an identifier for
height, of type float, and to display some of the results.
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Objective 5: After working through this section you should be able to use pointersin
C++

Because pointers are so important in C and C++, this section will
review some of the more important topics concerning pointers. Even if
you are extremely conversant in the use of pointers, you should not
completely ignore this section because some new material (unique to
C++) is presented here.

Pointer review

Look at the next program [POINTERS.CPP] for a simple example of
the use of pointers. This is a pointer review and if you are comfortable
with the use of pointers from earlier Modules you can skip this example
program completely.

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

i nt *pt _int;
float *pt_float;
i nt pig = 7, dog = 27;

float x = 1.2345, y = 32.14;

voi d *general ;

pt_int = &pig;

*pt _int += dog;

cout << "Pig now has the value of " << *pt_int << "\n";
general = pt_int;

pt _float = &;

y += 5 * (*pt_float);

cout << "y now has the value of " <<y << "\n";

general = pt_float;

const char *nanel
char *const nane2

}

"John"; /'l Val ue cannot be changed
"John"; /'l Pointer cannot be changed

A pointer in ANSI-C or C++ is declared with an asterisk preceding the
variable name. The pointer is then a pointer to a variable of that one
specific type and should not be used with variables of other types. Thus
pt_int isapointer to an integer type variable and should not be used
with any other type. Of course, any experienced C programmer knows
that it is simple to coerce the pointer to be used with some other type
by using a cast, but she must assume the responsibility for its correct

usage.

In line 9 the pointer named pt_int is assigned the address of the variable
named pig and line 10 uses the pointer named pt_int to add the value of
dog to the value of pig because the asterisk dereferences the pointer in
exactly the same manner as standard C. The address is used to print out
the value of the variable pig in line 11 illustrating the use of a pointer
with the stream output operator cout. Likewise, the pointer to float
named pt_float is assigned the address of x, then used in atrivia
caculation in line 14.
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If you are not completely comfortable with thistrivial program using
pointers, you should review the use of pointers earlier in this tutorial
before proceeding, because we will assume that you have a thorough
knowledge of pointers from now on. It is not possible to writeaC
program of any significant size or complexity without the use of
pointers.

Constant pointers and pointers to constants

The definition of C++ allows a pointer to a constant to be defined such
that the value to which the pointer points cannot be changed but the
pointer itself can be moved to another variable or constant. The method
of defining a pointer to a constant isillustrated in line 17. In addition to
a pointer to a constant, you can also declare a constant pointer, one that
cannot be changed; line 18 illustrates this. Note that neither of these
pointers are used in illustrative code.

Either of these constructs can be used to provide additional compile
time checking and improve the quality of your code. If you know a
pointer will never be moved due to its nature, you should defineit asa
constant pointer. If you know that a value will not be changed, it can be
defined as a constant and the compiler will tell you if you ever
inadvertently attempt to change it.

Pointers to void

The pointer to void is actually a part of the ANSI-C standard but
widespread use of it isrelatively new. A pointer to void can be assigned
the value of any other pointer type. Y ou will notice that the pointer to
void named genera is assigned an address of an int type in line 12 and
the address of afloat type in line 16 with no cast and no complaints
from the compiler. Thisis areatively new concept in C and C++. It
allows a programmer to define a pointer that can be used to point to
many different kinds of things to transfer information around within a
program. A good example is the malloc( ) function which returns a
pointer to void. This pointer can be assigned to point to any entity, thus
transferring the returned pointer to the correct type.

A pointer to void is aligned in memory in such away that it can be used
with any of the smple predefined types available in C++, or in ANSI-C
for that matter. They will aso align with any compound types the user
can define since compound types are composed of the ssmpler types.

Dynamic allocation and deallocation

The next program [NEWDEL .CPP] contains the first example of the
new and delete operators. These perform dynamic alocation and
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deallocation in much the same manner that malloc( ) and free( ) doina
C implementation.

#i ncl ude <i ostream h>
struct date {

i nt nonth;

i nt day;

int year;

voi d main()

int index, *pointl, *point2;
point1l = & ndex;

*pointl = 77;

point2 = new int;

*point2 = 173;

cout << "The values are " << index << " " <<
*pointl << " " << *point2 << "\n";

pointl = new int;

poi nt2 = point1;

*pointl = 999;

cout << "The values are " << index << " " <<
*pointl << " " << *point2 << "\n";

del et e point1;

float *float_pointl, *float_point2 = new float;

float _pointl = new fl oat;

*fl oat _point2 = 3.14159;

*float _pointl = 2.4 * (*fl oat_point2);

del ete fl oat_point 2;

del ete fl oat_point1;

date *date_point;

dat e_poi nt = new dat e;

dat e_poi nt->nonth = 10;

dat e_poi nt - >day = 18;

dat e_poi nt - >year = 1938;

cout << date_point->nonth << "/" << date_point->day << "/" <<
dat e_poi nt->year << "\n";

del et e dat e_poi nt;

char *c_point;

c_point = new char[37];

del ete c_point;

c_point = new char[sizeof (date) + 133];

del ete c_point;

}

During the design of C++ it was felt that, since dynamic allocation and
deallocation are such a heavily used part of the C programming
language and would also be heavily used in C++, they should be a part
of the language, rather than alibrary add-on. The new and delete
operators are actually a part of the C++ language and are operators,
much like the addition operator or the assignment operator. They are
therefore very efficient and easy to use.

Lines 10 and 11 illustrate the use of pointersin the tradition of C and
line 12 illustrates the use of the new operator. This operator requires
one modifier which must be atype asillustrated here. The pointer
named point2 is now pointing at the dynamically allocated integer
variable which exists on the heap, and can be used in the same way that
any dynamically allocated variable is used in ANSI-C. Line 14 illustrates
displaying the value on the monitor which was assigned in line 13.
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Line 16 alocates another new variable and line 17 causes point2 to
refer to the same dynamically allocated variable as pointl is pointing to.
In this case, the reference to the variable that point2 was previously
pointing to has been lost and it can never be used or deallocated. It is
lost on the heap until we return to the operating system when it will be
reclaimed for further use, so thisis obviously not good practice. Note
that pointl is deallocated with the delete operator in line 21, and point2
can not actually be deleted. Since the pointer pointl itself isnot
changed, it isactualy till pointing to the original data on the heap. This
data could probably be referred to again using pointl, but it would be
terrible programming practice since you have no guarantee what the
system will do with the pointer or the data. The data storage is returned
to the free list to be allocated in a subsequent call, and will soon be
reused in any practical program.

Since the delete operator is defined to do nothing if it is passed a NULL
value, it islegal to ask the system to delete the data pointed to by a
pointer with the value of NULL, but nothing will actually happen; thisis
wasted code. The delete operator can only be used to delete data
allocated by a new operator. If the delete is used with any other kind of
data, the operation is undefined and anything can happen. According to
the ANSI standard, even asystem crash isalegal result of thisillegal
operation, and can be defined as such by the compiler writer.

In line 22 we declare some floating point variables; in C++ the variables
do not have to be declared at the beginning of a block. A declaration is
an executable statement and can therefore appear anywherein alist of
executable statements. One of the float variablesis alocated within the
declaration to illustrate that this can be done. Some of the same
operations are performed on these float type variables as were done on
the int types earlier. Some examples of the use of a structure are given
in the last four lines and should be self explanatory.

Finally, since the new operator requires a type to determine the size of
the dynamically allocated block, you may wonder how you can allocate
ablock of arbitrary size. Thisis possible by using the construct
illustrated in line 37 where a block of 37 char sized entities, which will
be 37 bytes, isallocated. A block of 133 bytes greater than the size of
the date structure is allocated in line 39. It is therefore clear that the
new operator can be used with al of the flexibility of the malloc()
function which you are familiar with.

The standard functions which you have been using in C for dynamic
memory management, malloc( ), caloc( ), and freg( ), are dso available
for usein C++ and can be used in the same manner they were used in C.
The new and delete operators should not be intermixed with the older
function calls since the results may be unpredictable. If you are updating
code with the older function calls, continue to use them for any
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additions to the code. If you are designing and coding a new program
you should use the newer constructs because they are a built in part of
the language rather than an add on and are therefore more efficient.

Pointers to functions

The next program [FUNCPNT.CPP] illustrates the use of a pointer to a
function. It must be pointed out that there is nothing new here: the
pointer to afunction is available in ANSI-C as well asin C++ and
works in the manner described here for both languages. But, asit is not
regularly used by most C programmers, it is defined here as a sort of
refresher. If you are comfortable with the use of pointers to functions,
you can skip this discussion entirely.

#i ncl ude <stdio. h>

void print_stuff(float data_to_ignore);
void print_nessage(float list_this_data);
void print_float(float data_to_print);
void (*function_pointer)(float);

voi d main()

{

float pi = 3.14159;

float two_pi = 2.0 * pi;
print_stuff(pi);
function_pointer = print_stuff;
function_pointer(pi);
function_pointer = print_nessage;
function_pointer(two_pi);
function_pointer(13.0);
function_pointer = print_float;
function_pointer(pi);
print_float(pi);

void print_stuff(float data_to_i gnore)

printf("This is the print stuff function.\n");

void print_nessage(float list_this_data)

printf("The data to be listed is %\n", list_this_data);
void print_float(float data_to_print)

printf("The data to be printed is %\n", data_to_print);

There is nothing unusual about this program except for the pointer to a
function declared in line 5. This declares a pointer to a function which
returns nothing (void) and requires asingle formal parameter, a float
type variable. You will notice that all three of the functions declared in
lines 2 to 4 fit this profile and are therefore candidates to be called with
this pointer.

Observe that in line 10 we call the function print_stuff( ) with the
parameter pi and in line 11 we assign the imaginatively-named function
pointer named function_pointer the value of print_stuff( ) and use the
function pointer to call the same function againin line 13. Lines 11 and
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13 are therefore identical in what is accomplished because of the pointer
assignment in line 11. Inlines 15 to 18, afew more illustrations of the
use of the function pointer are given. You will be left to study these on
your own.

Since we assigned the name of a function to a function pointer, and did
not get an assignment error, the name of a function must be a pointer to
that function. Thisis exactly the case. A function name is a pointer to
that function, but it is a pointer constant and cannot be changed. Thisis
exactly the case with arraysin ANSI-C; an array name is a pointer
constant to the first element of the array.

Since the name of the function is a constant pointer to that function, we
can assign the name of the function to a function pointer and use the
function pointer to call the function. The only caveat is that the return
value and the number and types of parameters must be identical. Most
C and C++ compilers will not (and in fact cannot) warn you of type
mismatches between the parameter lists when the assignments are
made. Thisis because the assignments are done at runtime when no
type information is available to the system, rather than at compile time
when al type information is available.

Exercise 5

Modify NEWDEL.CPP by printing out the value of pointl after it has
been deleted by duplicating the cout statement just before pointl is
deleted. Describe and explain the results.

Modify FUNCPNT.CPP by adding a function that has a single integer
as a parameter; attempt to call it by using the function pointer. Describe
the result.
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Objective 6:

After working through this section you should be able to define and use
functions and prototypesin C++

This section discusses enhancements to functions in C++. These
changes make programming more convenient and permit the compiler
to do further checking for errors. A fair amount of timeis also spent in
this section teaching the modern form of function definition and

prototyping.

Prototyping allows the compiler to do additional type checking for your
function calls which can detect some programming errors. The first two
example programs in this section are designed to teach prototyping and
what it will do for you. Prototyping is arelatively new addition to C, so
even some experienced C programmers are not familiar with it.

Prototypes

Our first look at a prototype is in the next program [PROTY PEL.CPP)].
The prototyping used in C++ is no different to that used in ANSI-C.
Actualy, many C programmers take a rather dim view of prototyping
and seem reluctant to use it, but with C++ it is considerably more
important and isin much heavier use. In fact, prototyping is required to
be used in most modern C++ compilers.

#i ncl ude <i ostream h>
void do_stuff(int wings, float feet, char eyes);
voi d main()

}

int arm= 2;

float foot = 1000.0;

char | ookers = 2;

do_stuff (3, 12.0, 4);
do_stuff(arm foot, |ookers);

void do_stuff(int wings, float feet, char eyes)

{

cout << "There are " << wings << " wings." << "\n";
cout << "There are " << feet << " feet." << "\n";
cout << "There are " << (int)eyes << " eyes." << "\n\n";

}

A prototype is alimited model of a more complete entity to come later.
In this case, the full function is the complete entity to come later and the
prototype isillustrated in line 2. The prototype gives amodel of the
interface to the function that can be used to check the calls to the
function for the proper number of parameters and the correct types of
parameters. Each call to the function named do_stuff() must have
exactly three parameters or the compiler will give an error message. In
addition to the correct number of parameters, the types must be
compatible or the compiler will issue an error message. Notice that
when the compiler is working on lines 8 and 9, the type checking can be
done based on the prototype in line 2 even though the function itself is
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not yet defined. If the prototype is not given, the number of parameters
will not be checked, nor will the types of the parameters be checked.
Even if you have the wrong number of parameters, you will get an
apparently good compile and link, but the program may do some very
strange things when it is executed.

To write the prototype, ssimply copy the header from the function to the
beginning of the program and append a semicolon to the end as a signal
to the compiler that thisis not a function but a prototype. The variable
names given in the prototype are optional and act merely as comments
to the program reader since they are completely ignored by the
compiler. You could replace the variable name wingsin line 2 with your
first name and there would be no difference in compilation. Of course,
the next person that had to read your program would be somewhat
baffled with your choice of variable names. In this case, the two
function calls to this function, givenin lines 8 and 9, are correct so no
error will be listed during compilation.

Even though we wish to use the char type for eyesin the function, we
wish to use it as a number rather than as a character. The cast toint in
line 15 isrequired to force the printout of the numerical value rather
than an ASCII character. The next example program is similar but
without the cast to int.

Compatible types

Compatible types complete our discussion of prototyping. Compatible
types are any simple types that can be converted from one to another in
ameaningful way. For example, if you used an integer as the actual
parameter and the function was expecting a float type as the formal
parameter, the system would do the conversion automatically, without
mentioning it to you. Thisis also true of afloat changing to a char, or a
char changing to an int. There are definite conversion rules which
would be followed. These rules are given in great detail in the ANSI-C
standard and are also given in the second edition of the Kernighan and
Ritchie.

If we supplied a pointer to an integer as the actual parameter and
expected an integer as the formal parameter in the function, the
conversion would not be made because they are two entirely different
kinds of values. Likewise, a structure would not be converted
automatically to along float, an array, or even to a different kind of
structure, they are al incompatible and cannot be converted in any
meaningful manner. The entire issue of type compatibility as discussed
earlier in the tutorial applies equally well to the compatibility of types
when calling afunction. Likewise, the type specified as the return type,
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in this case void, must be compatible with the expected return typein
the calling statement, or the compiler will issue awarning.

Thisis your chance to try prototyping for yourself and see how well it
works and what kinds of error messages you get when you do certain
wrong things. Change the actual parametersin line 8 of the program
aboveto read (12.2, 13, 12345) and see what the compiler says about
that change. It will probably say nothing because they are dl type
compatible. If you changeit to read (12.0, 13), it will issue awarning or
error because there are not enough arguments given.

Likewise you should receive an error message if you change one of the
parametersin line 9 to an address by putting an ampersand in front of
one of the variable names. Finally, change the first word in line 3 from
void to int and see what kind of error message is given. Y ou will first be
required to make the function header in line 9 agree with the prototype,
then you will find that there is no variable returned from the function.

Y ou should the (correct) impression that prototyping is doing
something useful after making these changes.

More prototyping

The next example program [PROTY PE2.CPP] includes a little more
information on prototyping.

#i ncl ude <i ostream h>
void do_stuff(int, float, char);
voi d main()

{

int arm= 2;

float foot = 1000.0;

char | ookers = 65;
do_stuff (3, 12.0, 67);
do_stuff(arm foot, |ookers);

voi d do_stuff(int wngs, /'l Number of wi ngs
float feet, /1 Nunber of feet
char eyes) /'l Number of eyes

cout << "There are " << wings << " wings." << "\n";
cout << "There are " << feet << " feet." << "\n";
cout << "There are " << eyes << " eyes." << "\n\n";

}

This program is identical to the last one except for afew small changes.
The variable names have been omitted from the prototypein line 2
merely as an illustration that they are interpreted as comments by the
C++ compiler. The function header is formatted differently to alow for
a comment alongside each of the actua parameters. This should make
the function header alittle more self explanatory. However, you should
remember that comments should not be used to replace careful selection
of variable names. In this particular case, the comments add essentially
nothing to the clarity of the program.
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The cost of prototyping

Prototyping is essentially free because it costs absolutely nothing in
terms of run time size or speed of execution. Prototyping is a compile
time check and dows down the compile time a negligible amount
because of the extra checking that the compiler must do. If prototyping
finds one error for you that you would have had to find with a
debugger, it has more than paid for itself for use in an entire project.

The only price you pay to use prototyping is the extra size of the source
files because of the prototypes, and the extra time for the compiler to
read the prototypes during the compilation process, but both costs are
negligible. When you compile and execute this example program you
will find that it isidentical to the last example program.

Exercise 6

Modify PROTTY PEL1.CPP by changing the type of the identifier wings
to float in the prototype only. Describe and explain the resulting
compiler message.

Modify PROTTY PEL1.CPP by changing the type of the identifier wings
to float in both the prototype and the function, and without changing
the callsin lines 9 and 10. Describe and explain the results of running
the modified program.

Change the three function namesin OVERLOAD.CPP to unique names
and re-compile. Compare the size of the resulting program (executable)
with that of the originad OVERLOAD.CPP compiler program.
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Objective 7: After working through this section you should be able to manage
parametersin C++

Pass by reference

The next file [PASSREF.CPP] includes an example of apass by
reference, a construct which is not available in ANSI-C. The reference
variable was mentioned earlier and it was recommended there that you
don't use it in the manner illustrated there. This example program
illustrates a situation where it can be used to your advantage. The pass
by reference allows the passing of a variable to a function and returning
the changes made in the function to the main program. In ANSI-C the
same effect can be seen when a pointer to avariable is passed to a
function, but use of areference variable is alittle cleaner.

#i ncl ude <i ostream h>

#i ncl ude <stdio. h>

void fiddle(int inl, int & n2);
voi d mai n()

int count = 7, index = 12;

cout << "The values are ";
printf("98d 9%8d\n", count, index);
fiddl e(count, index);

cout << "The values are ";
printf("98d 9%8d\n", count, index);

}

void fiddle(int inl, int & n2)
{
inl
in2

inl + 100;

in2 + 100;

cout << "The values are ";
printf("98d 98d\n", inl, in2);
}

Observe the prototype in line 3 where the second variable has an
ampersand in front of the variable name. The ampersand instructs the
compiler to treat this variable just like it were passed a pointer to the
variable since the actual variable from the main program will be used in
the function. In the function itself, in lines 15 to 18, the variable in2 is
used just like any other variable but we are using the variable passed to
this function from the main program not a copy of it. The other variable
named inl is treated just like any other normal variablein ANSI-C. In
effect, the name in2 is a synonym for the variable named index in the
main program.

If you prefer to omit the variable names in the prototypes, you would
write the prototype as:

void fiddle(int, int&;

As aPasca programmer you will recognise that the variable named inl
istreated just like a normal parameter in a Pascal call, acall by value.
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The variable named in2 however, is treated like a variable with the
reserved word VAR used in front of it, usually referred to as acall by
reference. The reference variable is actually a self dereferencing pointer
which refersto, or points to, the original value.

When you compile and execute this program, you will find that the first
variable got changed in the function but was returned to its origina
value when we returned to the main program. The second variable
however, was changed in the function and the new value was reflected
back into the variable in the main program which we can see when the
values are listed on the monitor.

Default parameters

Our next program [DEFAULT.CPP] has an example of the use of
default parametersin C++. This program really looks strange since it
contains default values for some of the parameters in the prototype, but
these default values are very useful as we will see shortly.

#i ncl ude <i ostream h>

#i ncl ude <stdio. h>

int get_volume(int length, int width = 2, int height = 3);
voi d main()

{

int x =10, y = 12, z = 15;

cout << "Sone box data is " << get_volune(x, y, z) << "\n";
cout << "Sone box data is " << get_volune(x, y) << "\n";
cout << "Some box data is " << get_volunme(x) << "\n";

cout << "Some box data is "

cout << get_volume(x, 7) << "\n";

cout << "Some box data is "

cout << get_volume(5, 5, 5) << "\n";

}
int get_volume(int length, int width, int height)

{

printf("%ld %ld %d ", length, wdth, height);
return length * width * height;

}

This prototype says that the first parameter named length must be given
for each call of this function because a default value is not supplied. The
second parameter named width, however, is not required to be specified
for each call, and if it is not specified, the value 2 will be used for the
variable width within the function. Likewise, the third parameter is
optional, and if it is not specified, the value of 3 will be used for height
within the function.

Inline 7 of this program all three parameters are specified so thereis
nothing unusual about this call from any other function call we have
made. Only two values are specified in line 8 however, so we will use
the default value for the third parameter and the system acts asif we
called it with get_value(x, y, 3) since the default value for the third
valueis 3. In line 9 we only specified one parameter, which will be used
for the first formal parameter, and the other two will be defaulted. The
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system will act asif we had called the function with get_volume(x, 2,
3). Note that the output from these three lines is reversed; this will be
explained shortly.

There are afew rules which should be obvious but will be stated
anyway. Once a parameter is given adefault value in the list of formal
parameters, al of the remaining must have default values aso. It is not
possible to leave a hole in the middle of the list, only the trailing values
can be defaulted. Of course, the defaulted values must be of the correct
types or acompiler error will be issued. The default values can be given
in either the prototype or the function header, but not in both. If they
are given in both places, the compiler must not only use the default
value, but it must carefully check to see that both values are identical.
This could further complicate an already very complicated problem, that
of writing a C++ compiler.

Asamatter of style, it is highly recommended that the default values be
given in the prototype rather than in the function. The reason will be
obvious when we begin studying the object-oriented structures found in
C++.

Scrambled output

When the compiler finds a cout statement, the complete line of codeis
initially scanned from right to left to evaluate any functions, then the
datais output field by field from left to right. Thusin line 7
get_volume( ) is evauated with itsinternal output displayed first. Then
the fields of the cout are displayed from left to right with "Some box
datais' displayed next. Finally, the result of the return from
get_volume( ) is output in int format, the type of the returned value.
The end result is that the output is not in the expected order when lines
7 to 9 are executed. (The output is not what you would intuitively
expect to happen so appears to be a deficiency in the language. Borland
International verified that thisis operating correctly.)

Lines 10 to 13 are similar to any two of the lines of codein lines7to 9,
but are each separated into two lines so the output is in the expected
order.

Variable number of arguments

The next program [VARARGS.CPP] shows how to use avariable
number of argumentsin afunction call.

#i ncl ude <i ostream h>
#incl ude <stdarg. h>

/1 Declare a function with one required paraneter

voi d di splay_var(int nunber, ...);
voi d main()
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int index = 5;

int one =1, two = 2;

di spl ay_var (one, index);

di spl ay_var (3, index, index + two, index + one);
di splay_var (two, 7, 3);

voi d display_var(int nunber, ...)
{
va_list parampt;
va_start (param pt, nunber); /1 Call the setup nmacro
cout << "The paraneters are "
for (int index = 0 ; index < nunber ; index++)
cout << va_arg(parampt,int) << " "; /! Extract a paraneter
cout << "\n";
va_end(param pt); /1 dosing nmacro

We have gone to alot of trouble to get the compiler to help us by
carefully checking how many parameters we use in the function calls
and checking the types of the parameters. On rare occasion, we may
wish to write a function that uses a variable number of parameters. The
printf( ) function is a good example of this. ANSI-C has a series of
three macros available in the "stdarg.h" header file to alow the use of a
variable number of arguments. These are available for use with C++
also, but we need away to eliminate the strong type checking that is
done with all C++ functions. The three dots illustrated in line 4 will do
thisfor us. This prototype says that a single argument of typeint is
required as the first parameter, then no further type checking will be
done by the compiler.

Y ou will note that the main program consists of three callsto the
function, each with a different number of parameters, and the system
does not baulk at the differences in the function cals. In fact, you could
put as many different types as you desirein the calls. Aslong as the first
oneisan int type variable, the system will do its best to compile and run
it for you. Of course the compiler isignoring al type checking beyond
the first parameter, so it is up to you to make sure you use the correct
parameter typesin thiscall.

In this case the first parameter gives the system the number of
additional parametersto look for and handle. In this ssmple program,
we smply display the numbers on the monitor to illustrate that they
really did get handled properly.

Y ou will realise that using a variable number of argumentsin afunction
call can lead to very obscure code and should be used very littlein a
production program, but the capability existsif you need it.

Exercise 7

Remove the default value from the prototype for height only. Describe
and explain the resulting compiler error.

Page 817-33



Module 817 C++: OBJECT-ORIENTED C

Objective 8: After working through this section you should be able to use function
name overloading in C++

The next program [OVERLOAD.CPP] has examples of how function
names can be overloaded. Thisisnot possiblein ANSI-C, but is
perfectly legal and in fact used regularly in C++. At first thiswill seem a
bit strange, but it is one of the keystones of object oriented
programming. Y ou will soon seeits purpose and useful ness.

#i ncl ude <i ostream h>

overl oad do_stuff; /1 This is optional
int do_stuff(const int); /'l This squares an integer
int do_stuff(float); /1l This triples a float & returns int

float do_stuff(const float, float); // This averages two floats
voi d main()

int index = 12;

float length = 14. 33;

fl oat height = 34.33;
cout << "12 squared is " << do_st uf f (i ndex) << "\n";
cout << "24 squared is " << do_stuff (2 * index) << "\n";
cout << "Three lengths is " << do_stuff (I ength) << "\n";
cout << "Three heights is " << do_stuff(height) << "\n";
cout << "The average is " << do_stuff(length, height) << "\n";
int do_stuff(const int in_value) /'l This squares an integer
{
return in_value * in_val ue;
int do_stuff(float in_value) /1l Triples a float & return

i nt
return (int)(3.0 * in_value);

/1 This averages two floats
float do_stuff(const float inl, float in2)

{
return (inl + in2)/2.0;
}

Y ou will notice that there are three functions, in addition to the main
function, and al three have the same name. Y our first question is likely
to be “Which function do you call when you call do_stuff()?’ Thatisa
valid question and the answer is, the function that has the correct
number of formal parameters of the correct types. If do_stuff( ) is called
with an integer value or variable asits actua parameter, the function
beginning in line 18 will be called and executed. If the single actua
parameter is of type float, the function beginning in line 21 will be
caled, and if two floats are specified, the function beginning in line 26
will be cdled.

It should be noted that the return type is not used to determine which
function will be called. Only the formal parameters are used to
determine which overloaded function will be called.
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The keyword overload used in line 2 tells the system that you really
intend to overload the name do_stuff, and the overloading is not merely
an oversight. Thisisonly required in compilers compatible with C++
version 1.2. C++ version 2.0 does not require the keyword overload,
but its optional use allows the existing body of C++ code to be
compatible with newer compilers. It is not necessary to use this
keyword because, when overloading is used in C++, it is generally used
in a context in which it is obvious that the function name is overloaded.

The actual selection of which function to actualy call is done at compile
time, not at execution time so the program is not slowed down. If each
of the overloaded function names were changed to different names,

each being unigue, there would be no difference in execution size or
speed of the resulting program.

Note the use of the keyword const used in some of the function
prototypes and headers. Once again, this prevents the programmer from
accidentally changing the formal parameter within the function. In a
function as short as these, there is no real problem with an accidental
assignment. In areal function that you occasionally modify, you could
easily forget the original intention of the use of a value and attempt to
change it during an extended debugging session.

Exercise 8

Change the three function namesin OVERLOAD.CPP to unique names
and re-compile it. Compare the size of the resulting program
(executable) with that of the original OVERLOAD.CPP compiler
program. Explain the results.
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