Operator overloading

Operator overloading is one of the most exciting features of object-oriented programming. It
can transform complex, obscure program listings into intuitively obvious ones. For example,
statements like
d3.addobjects(d1, d2);
or the similar but equally obscure
d3 = d1.addobjects(d2);
can be changed to the much more readable
d3 = d1 + d2;
The rather forbidding term operator overloading refers to giving the normal C++ operators,
such as +, *, <=, and +=, additional meanings when they are applied to user-defined data types.
Normally
a = b + c;
works only with basic types such as int and float, and attempting to apply it when a, b, and c
are objects of a user-defined class will cause complaints from the compiler. However, using
overloading, you can make this statement legal even when a, b, and c are user-defined types.
In effect, operator overloading gives you the opportunity to redefine the C++ language. If you
find yourself limited by the way the C++ operators work, you can change them to do whatever
you want. By using classes to create new kinds of variables, and operator overloading to create
new definitions for operators, you can extend C++ to be, in many ways, a new language of
your own design.
Another kind of operation, data type conversion, is closely connected with operator overloading.
C++ handles the conversion of simple types, such as int and float, automatically; but conversions
involving user-defined types require some work on the programmer’s part. We’ll look at
data conversions in the second part of this chapter.
Overloaded operators are not all beer and skittles. We’ll discuss some of the dangers of their
use at the end of the chapter.
Overloading Unary Operators
Let’s start off by overloading a unary operator. As you may recall from Chapter 2, unary
operators act on only one operand. (An operand is simply a variable acted on by an operator.)
Examples of unary operators are the increment and decrement operators ++ and --, and the
unary minus, as in -33.
In the COUNTER example in Chapter 6, “Objects and Classes,” we created a class Counter to
keep track of a count. Objects of that class were incremented by calling a member function:
c1.inc_count();
That did the job, but the listing would have been more readable if we could have used the
increment operator ++ instead:
++c1;
All dyed-in-the-wool C++ (and C) programmers would guess immediately that this expression
increments c1.
Let’s rewrite COUNTER to make this possible. Here’s the listing for COUNTPP1:
// countpp1.cpp
// increment counter variable with ++ operator
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Counter
{
private:
unsigned int count; //count
public:
Counter() : count(0) //constructor
{ }
unsigned int get_count() //return count
{ return count; }
void operator ++ () //increment (prefix)
{
++count;
}
};
////////////////////////////////////////////////////////////////
int main()
{
Counter c1, c2; //define and initialize
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
++c1; //increment c1
++c2; //increment c2
++c2; //increment c2
cout << “\nc1=” << c1.get_count(); //display again
cout << “\nc2=” << c2.get_count() << endl;
return 0;
}
In this program we create two objects of class Counter: c1 and c2. The counts in the objects
are displayed; they are initially 0. Then, using the overloaded ++ operator, we increment c1
once and c2 twice, and display the resulting values. Here’s the program’s output:
c1=0 ←counts are initially 0
c2=0
c1=1 ←incremented once
c2=2 ←incremented twice
The statements responsible for these operations are
++c1;
++c2;
++c2;
The ++ operator is applied once to c1 and twice to c2. We use prefix notation in this example;
we’ll explore postfix later.
The operator Keyword
How do we teach a normal C++ operator to act on a user-defined operand? The keyword
operator is used to overload the ++ operator in this declarator:
void operator ++ ()
The return type (void in this case) comes first, followed by the keyword operator, followed
by the operator itself (++), and finally the argument list enclosed in parentheses (which are
empty here). This declarator syntax tells the compiler to call this member function whenever
the ++ operator is encountered, provided the operand (the variable operated on by the ++) is of
type Counter.
We saw in Chapter 5, “Functions,” that the only way the compiler can distinguish between
overloaded functions is by looking at the data types and the number of their arguments. In the
same way, the only way it can distinguish between overloaded operators is by looking at the
data type of their operands. If the operand is a basic type such as an int, as in
++intvar;
then the compiler will use its built-in routine to increment an int. But if the operand is a
Counter variable, the compiler will know to use our user-written operator++() instead.
Operator Arguments
In main() the ++ operator is applied to a specific object, as in the expression ++c1. Yet
operator++() takes no arguments. What does this operator increment? It increments the
count data in the object of which it is a member. Since member functions can always access
the particular object for which they’ve been invoked, this operator requires no arguments.
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Operator Return Values
The operator++() function in the COUNTPP1 program has a subtle defect. You will discover it
if you use a statement like this in main():
c1 = ++c2;
The compiler will complain. Why? Because we have defined the ++ operator to have a return
type of void in the operator++() function, while in the assignment statement it is being asked
to return a variable of type Counter. That is, the compiler is being asked to return whatever
value c2 has after being operated on by the ++ operator, and assign this value to c1. So as
defined in COUNTPP1, we can’t use ++ to increment Counter objects in assignments; it must
always stand alone with its operand. Of course the normal ++ operator, applied to basic data
types such as int, would not have this problem.
To make it possible to use our homemade operator++() in assignment expressions, we must
provide a way for it to return a value. The next program, COUNTPP2, does just that.
// increment counter variable with ++ operator, return value
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Counter
{
private:
unsigned int count; //count
public:
Counter() : count(0) //constructor
{ }
unsigned int get_count() //return count
{ return count; }
Counter operator ++ () //increment count
{
++count; //increment count
Counter temp; //make a temporary Counter
temp.count = count; //give it same value as this obj
return temp; //return the copy
}
};
////////////////////////////////////////////////////////////////
int main()
{
Counter c1, c2; //c1=0, c2=0
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
++c1; //c1=1
c2 = ++c1; //c1=2, c2=2
cout << “\nc1=” << c1.get_count(); //display again
cout << “\nc2=” << c2.get_count() << endl;
return 0;
}
Here the operator++() function creates a new object of type Counter, called temp, to use as a
return value. It increments the count data in its own object as before, then creates the new
temp object and assigns count in the new object the same value as in its own object. Finally, it
returns the temp object. This has the desired effect. Expressions like
++c1
now return a value, so they can be used in other expressions, such as
c2 = ++c1;
as shown in main(), where the value returned from c1++ is assigned to c2. The output from
this program is
c1=0
c2=0
c1=2
c2=2
Nameless Temporary Objects
In COUNTPP2 we created a temporary object of type Counter, named temp, whose sole purpose
was to provide a return value for the ++ operator. This required three statements.
Counter temp; // make a temporary Counter object
temp.count = count; // give it same value as this object
return temp; // return it
There are more convenient ways to return temporary objects from functions and overloaded
operators. Let’s examine another approach, as shown in the program COUNTPP3:
// countpp3.cpp
// increment counter variable with ++ operator
// uses unnamed temporary object
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Counter
{
private:
unsigned int count; //count
public:
Counter() : count(0) //constructor no args
{ }
Counter(int c) : count(c) //constructor, one arg
{ }
unsigned int get_count() //return count
{ return count; }
Counter operator ++ () //increment count
{
++count; // increment count, then return
return Counter(count); // an unnamed temporary object
} // initialized to this count
};
////////////////////////////////////////////////////////////////
int main()
{
Counter c1, c2; //c1=0, c2=0
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
++c1; //c1=1
c2 = ++c1; //c1=2, c2=2
cout << “\nc1=” << c1.get_count(); //display again
cout << “\nc2=” << c2.get_count() << endl;
return 0;
}
In this program a single statement
return Counter(count);
does what all three statements did in COUNTPP2. This statement creates an object of type Counter.
This object has no name; it won’t be around long enough to need one. This unnamed object is
initialized to the value provided by the argument count.
But wait: Doesn’t this require a constructor that takes one argument? It does, and to make this
statement work we sneakily inserted just such a constructor into the member function list in
COUNTPP3.
Counter(int c) : count(c) //constructor, one arg
{ }
Once the unnamed object is initialized to the value of count, it can then be returned. The output
of this program is the same as that of COUNTPP2.
The approaches in both COUNTPP2 and COUNTPP3 involve making a copy of the original object
(the object of which the function is a member), and returning the copy. (Another approach, as
we’ll see in Chapter 11, “Virtual Functions,” is to return the value of the original object using
the this pointer.)
Postfix Notation
So far we’ve shown the increment operator used only in its prefix form.
++c1
What about postfix, where the variable is incremented after its value is used in the expression?
c1++
To make both versions of the increment operator work, we define two overloaded ++ operators,
as shown in the POSTFIX program:
// postfix.cpp
// overloaded ++ operator in both prefix and postfix
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Counter
{
private:
unsigned int count; //count
public:
Counter() : count(0) //constructor no args
{ }
Counter(int c) : count(c) //constructor, one arg
{ }
unsigned int get_count() const //return count
{ return count; }
Counter operator ++ () //increment count (prefix)
{ //increment count, then return
return Counter(++count); //an unnamed temporary object
} //initialized to this count
Counter operator ++ (int) //increment count (postfix)
{ //return an unnamed temporary
return Counter(count++); //object initialized to this
} //count, then increment count
};
////////////////////////////////////////////////////////////////
int main()
{
Counter c1, c2; //c1=0, c2=0
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
++c1; //c1=1
c2 = ++c1; //c1=2, c2=2 (prefix)
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
c2 = c1++; //c1=3, c2=2 (postfix)
cout << “\nc1=” << c1.get_count(); //display again
cout << “\nc2=” << c2.get_count() << endl;
return 0;
}
Now there are two different declarators for overloading the ++ operator. The one we’ve seen
before, for prefix notation, is
Counter operator ++ ()
The new one, for postfix notation, is
Counter operator ++ (int)
The only difference is the int in the parentheses. This int isn’t really an argument, and it
doesn’t mean integer. It’s simply a signal to the compiler to create the postfix version of the
operator. The designers of C++ are fond of recycling existing operators and keywords to play
multiple roles, and int is the one they chose to indicate postfix. (Well, can you think of a better
syntax?) Here’s the output from the program:
c1=0
c2=0
c1=2
c2=2
c1=3
c2=2
We saw the first four of these output lines in COUNTPP2 and COUNTPP3. But in the last two lines
we see the results of the statement
c2=c1++;
Here, c1 is incremented to 3, but c2 is assigned the value of c1 before it is incremented, so c2
retains the value 2.
Of course, you can use this same approach with the decrement operator (--).
Overloading Binary Operators
Binary operators can be overloaded just as easily as unary operators. We’ll look at examples
that overload arithmetic operators, comparison operators, and arithmetic assignment operators.
Arithmetic Operators
In the ENGLCON program in Chapter 6 we showed how two English Distance objects could be
added using a member function add_dist():
dist3.add_dist(dist1, dist2);
By overloading the + operator we can reduce this dense-looking expression to
dist3 = dist1 + dist2;
Here’s the listing for ENGLPLUS, which does just that:
// englplus.cpp
// overloaded ‘+’ operator adds two Distances
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public: //constructor (no args)
Distance() : feet(0), inches(0.0)
{ } //constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{ }
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() const //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
Distance operator + ( Distance ) const; //add 2 distances
};
//--------------------------------------------------------------
//add this distance to d2
Distance Distance::operator + (Distance d2) const //return sum
{
int f = feet + d2.feet; //add the feet
float i = inches + d2.inches; //add the inches
if(i >= 12.0) //if total exceeds 12.0,
{ //then decrease inches
i -= 12.0; //by 12.0 and
f++; //increase feet by 1
} //return a temporary Distance
return Distance(f,i); //initialized to sum
}
////////////////////////////////////////////////////////////////
int main()
{
Distance dist1, dist3, dist4; //define distances
dist1.getdist(); //get dist1 from user
Distance dist2(11, 6.25); //define, initialize dist2
dist3 = dist1 + dist2; //single ‘+’ operator
dist4 = dist1 + dist2 + dist3; //multiple ‘+’ operators
//display all lengths
cout << “dist1 = “; dist1.showdist(); cout << endl;
cout << “dist2 = “; dist2.showdist(); cout << endl;
cout << “dist3 = “; dist3.showdist(); cout << endl;
cout << “dist4 = “; dist4.showdist(); cout << endl;
return 0;
}
To show that the result of an addition can be used in another addition as well as in an assignment,
another addition is performed in main(). We add dist1, dist2, and dist3 to obtain dist4
(which should be double the value of dist3), in the statement
dist4 = dist1 + dist2 + dist3;
Here’s the output from the program:
Enter feet: 10
Enter inches: 6.5
dist1 = 10’-6.5” ←from user
dist2 = 11’-6.25” ←initialized in program
dist3 = 22’-0.75” ←dist1+dist2
dist4 = 44’-1.5” ←dist1+dist2+dist3
In class Distance the declaration for the operator+() function looks like this:
Distance operator + ( Distance );
This function has a return type of Distance, and takes one argument of type Distance.
In expressions like
dist3 = dist1 + dist2;
it’s important to understand how the return value and arguments of the operator relate to the
objects. When the compiler sees this expression it looks at the argument types, and finding
only type Distance, it realizes it must use the Distance member function operator+(). But
what does this function use as its argument—dist1 or dist2? And doesn’t it need two arguments,
since there are two numbers to be added?
Here’s the key: The argument on the left side of the operator (dist1 in this case) is the object
of which the operator is a member. The object on the right side of the operator (dist2) must
be furnished as an argument to the operator. The operator returns a value, which can be assigned
or used in other ways; in this case it is assigned to dist3.
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In the operator+() function, the left operand is accessed directly—since this is the object of
which the operator is a member—using feet and inches. The right operand is accessed as the
function’s argument, as d2.feet and d2.inches.
We can generalize and say that an overloaded operator always requires one less argument than
its number of operands, since one operand is the object of which the operator is a member.
That’s why unary operators require no arguments. (This rule does not apply to friend functions
and operators, C++ features we’ll discuss in Chapter 11.)
To calculate the return value of operator+() in ENGLPLUS, we first add the feet and inches
from the two operands (adjusting for a carry if necessary). The resulting values, f and i, are
then used to initialize a nameless Distance object, which is returned in the statement
return Distance(f, i);
This is similar to the arrangement used in COUNTPP3, except that the constructor takes two
arguments instead of one. The statement
dist3 = dist1 + dist2;
in main() then assigns the value of the nameless Distance object to dist3. Compare this
intuitively obvious statement with the use of a function call to perform the same task, as in the
ENGLCON example in Chapter 6.
Similar functions could be created to overload other operators in the Distance class, so you
could subtract, multiply, and divide objects of this class in natural-looking ways.
Concatenating Strings
The + operator cannot be used to concatenate C-strings. That is, you can’t say
str3 = str1 + str2;
where str1, str2, and str3 are C-string variables (arrays of type char), as in “cat” plus “bird”
equals “catbird.” However, if we use our own String class, as shown in the STROBJ program in
Chapter 6, we can overload the + operator to perform such concatenation. This is what
the Standard C++ string class does, but it’s easier to see how it works in our less ambitious
String class. Overloading the + operator to do something that isn’t strictly addition is another
example of redefining the C++ language. Here’s the listing for STRPLUS:
// strplus.cpp
// overloaded ‘+’ operator concatenates strings
#include <iostream>
using namespace std;
#include <string.h> //for strcpy(), strcat()
#include <stdlib.h> //for exit()
////////////////////////////////////////////////////////////////
class String //user-defined string type
{
private:
enum { SZ=80 }; //size of String objects
char str[SZ]; //holds a string
public:
String() //constructor, no args
{ strcpy(str, “”); }
String( char s[] ) //constructor, one arg
{ strcpy(str, s); }
void display() const //display the String
{ cout << str; }
String operator + (String ss) const //add Strings
{
String temp; //make a temporary String
if( strlen(str) + strlen(ss.str) < SZ )
{
strcpy(temp.str, str); //copy this string to temp
strcat(temp.str, ss.str); //add the argument string
}
else
{ cout << “\nString overflow”; exit(1); }
return temp; //return temp String
}
};
////////////////////////////////////////////////////////////////
int main()
{
String s1 = “\nMerry Christmas! “; //uses constructor 2
String s2 = “Happy new year!”; //uses constructor 2
String s3; //uses constructor 1
s1.display(); //display strings
s2.display();
s3.display();
s3 = s1 + s2; //add s2 to s1,
//assign to s3
s3.display(); //display s3
cout << endl;
return 0;
}
The program first displays three strings separately. (The third is empty at this point, so nothing
is printed when it displays itself.) Then the first two strings are concatenated and placed in the
third, and the third string is displayed again. Here’s the output:
Merry Christmas! Happy new year! ←s1, s2, and s3 (empty)
Merry Christmas! Happy new year! ←s3 after concatenation
By now the basics of overloading the + operator should be somewhat familiar. The declarator
String operator + (String ss)
shows that the + operator takes one argument of type String and returns an object of the same
type. The concatenation process in operator+() involves creating a temporary object of type
String, copying the string from our own String object into it, concatenating the argument
string using the library function strcat(), and returning the resulting temporary string. Note
that we can’t use the
return String(string);
approach, where a nameless temporary String is created, because we need access to the
temporary String not only to initialize it, but to concatenate the argument string to it.
We must be careful that we don’t overflow the fixed-length strings used in the String class. To
prevent such accidents in the operator+() function, we check that the combined length of the
two strings to be concatenated will not exceed the maximum string length. If they do, we print
an error message instead of carrying out the concatenation operation. (We could handle errors
in other ways, like returning 0 if an error occurred, or better yet, throwing an exception, as discussed
in Chapter 14, “Templates and Exceptions.”)
Remember that using an enum to set the constant value SZ is a temporary fix. When all compilers
comply with Standard C++ you can change it to
static const int SZ = 80;
Multiple Overloading
We’ve seen different uses of the + operator: to add English distances and to concatenate strings.
You could put both these classes together in the same program, and C++ would still know how
to interpret the + operator: It selects the correct function to carry out the “addition” based on
the type of operand.
Comparison Operators
Let’s see how to overload a different kind of C++ operator: comparison operators.
Comparing Distances
In our first example we’ll overload the less than operator (<) in the Distance class so that we
can compare two distances. Here’s the listing for ENGLESS:
// engless.cpp
// overloaded ‘<’ operator compares two Distances
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public: //constructor (no args)
Distance() : feet(0), inches(0.0)
{ } //constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{ }
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() const //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
bool operator < (Distance) const; //compare distances
};
//--------------------------------------------------------------
//compare this distance with d2
bool Distance::operator < (Distance d2) const //return the sum
{
float bf1 = feet + inches/12;
float bf2 = d2.feet + d2.inches/12;
return (bf1 < bf2) ? true : false;
}
////////////////////////////////////////////////////////////////
int main()
{
Distance dist1; //define Distance dist1
dist1.getdist(); //get dist1 from user
Distance dist2(6, 2.5); //define and initialize dist2
//display distances
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
if( dist1 < dist2 ) //overloaded ‘<’ operator
cout << “\ndist1 is less than dist2”;
else
cout << “\ndist1 is greater than (or equal to) dist2”;
cout << endl;
return 0;
}
This program compares a distance entered by the user with a distance, 6'–2.5'', initialized by
the program. Depending on the result, it then prints one of two possible sentences. Here’s
some typical output:
Enter feet: 5
Enter inches: 11.5
dist1 = 5’-11.5”
dist2 = 6’-2.5”
dist1 is less than dist2
The approach used in the operator<() function in ENGLESS is similar to overloading the +
operator in the ENGLPLUS program, except that here the operator<() function has a return type
of bool. The return value is false or true, depending on the comparison of the two distances.
The comparison is made by converting both distances to floating-point feet, and comparing
them using the normal < operator. Remember that the use of the conditional operator
return (bf1 < bf2) ? true : false;
is the same as
if(bf1 < bf2)
return true;
else
return false;
Comparing Strings
Here’s another example of overloading an operator, this time the equal to (==) operator. We’ll
use it to compare two of our homemade String objects, returning true if they’re the same and
false if they’re different. Here’s the listing for STREQUAL:
//strequal.cpp
//overloaded ‘==’ operator compares strings
#include <iostream>
using namespace std;
#include <string.h> //for strcmp()
////////////////////////////////////////////////////////////////
class String //user-defined string type
{
private:
enum { SZ = 80 }; //size of String objects
char str[SZ]; //holds a string
public:
String() //constructor, no args
{ strcpy(str, “”); }
String( char s[] ) //constructor, one arg
{ strcpy(str, s); }
void display() const //display a String
{ cout << str; }
void getstr() //read a string
{ cin.get(str, SZ); }
bool operator == (String ss) const //check for equality
{
return ( strcmp(str, ss.str)==0 ) ? true : false;
}
};
////////////////////////////////////////////////////////////////
int main()
{
String s1 = “yes”;
String s2 = “no”;
String s3;
cout << “\nEnter ‘yes’ or ‘no’: “;
s3.getstr(); //get String from user
if(s3==s1) //compare with “yes”
cout << “You typed yes\n”;
else if(s3==s2) //compare with “no”
cout << “You typed no\n”;
else
cout << “You didn’t follow instructions\n”;
return 0;
}
The main() part of this program uses the == operator twice, once to see if a string input by the
user is “yes” and once to see if it’s “no.” Here’s the output when the user types “yes”:
Enter ‘yes’ or ‘no’: yes
You typed yes
The operator==() function uses the library function strcmp() to compare the two C-strings.
This function returns 0 if the strings are equal, a negative number if the first is less than the
second, and a positive number if the first is greater than the second. Here less than and greater
than are used in their lexicographical sense to indicate whether the first string appears before
or after the second in an alphabetized listing.
Other comparison operators, such as < and >, could also be used to compare the lexicographical
value of strings. Or, alternatively, these comparison operators could be redefined to compare
string lengths. Since you’re the one defining how the operators are used, you can use any
definition that seems appropriate to your situation.
Arithmetic Assignment Operators
Let’s finish up our exploration of overloaded binary operators with an arithmetic assignment
operator: the += operator. Recall that this operator combines assignment and addition into one
step. We’ll use this operator to add one English distance to a second, leaving the result in the
first. This is similar to the ENGLPLUS example shown earlier, but there is a subtle difference.
Here’s the listing for ENGLPLEQ:
// englpleq.cpp
// overloaded ‘+=’ assignment operator
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public: //constructor (no args)
Distance() : feet(0), inches(0.0)
{ } //constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{ }
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() const //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
void operator += ( Distance );
};
//--------------------------------------------------------------
//add distance to this one
void Distance::operator += (Distance d2)
{
feet += d2.feet; //add the feet
inches += d2.inches; //add the inches
if(inches >= 12.0) //if total exceeds 12.0,
{ //then decrease inches
inches -= 12.0; //by 12.0 and
feet++; //increase feet
} //by 1
}
////////////////////////////////////////////////////////////////
int main()
{
Distance dist1; //define dist1
dist1.getdist(); //get dist1 from user
cout << “\ndist1 = “; dist1.showdist();
Distance dist2(11, 6.25); //define, initialize dist2
cout << “\ndist2 = “; dist2.showdist();
dist1 += dist2; //dist1 = dist1 + dist2
cout << “\nAfter addition,”;
cout << “\ndist1 = “; dist1.showdist();
cout << endl;
return 0;
}
In this program we obtain a distance from the user and add to it a second distance, initialized
to 11'–6.25'' by the program. Here’s a sample of interaction with the program:
Enter feet: 3
Enter inches: 5.75
dist1 = 3’-5.75”
dist2 = 11’-6.25”
After addition,
dist1 = 15’-0”
In this program the addition is carried out in main() with the statement
dist1 += dist2;
This causes the sum of dist1 and dist2 to be placed in dist1.
Notice the difference between the function used here, operator+=(), and that used in ENGLPLUS,
operator+(). In the earlier operator+() function, a new object of type Distance had to be
created and returned by the function so it could be assigned to a third Distance object, as in
dist3 = dist1 + dist2;
In the operator+=() function in ENGLPLEQ, the object that takes on the value of the sum is the
object of which the function is a member. Thus it is feet and inches that are given values,
not temporary variables used only to return an object. The operator+=() function has no
return value; it returns type void. A return value is not necessary with arithmetic assignment
operators such as +=, because the result of the assignment operator is not assigned to anything.
The operator is used alone, in expressions like the one in the program.
dist1 += dist2;
If you wanted to use this operator in more complex expressions, like
dist3 = dist1 += dist2;
then you would need to provide a return value. You can do this by ending the operator+=()
function with a statement like
return Distance(feet, inches);
in which a nameless object is initialized to the same values as this object and returned.
The Subscript Operator ([])
The subscript operator, [], which is normally used to access array elements, can be overloaded.
This is useful if you want to modify the way arrays work in C++. For example, you might want
to make a “safe” array: One that automatically checks the index numbers you use to access the
array, to ensure that they are not out of bounds. (You can also use the vector class, described
in Chapter 15, “The Standard Template Library.”)
To demonstrate the overloaded subscript operator, we must return to another topic, first mentioned
in Chapter 5: returning values from functions by reference. To be useful, the overloaded subscript
operator must return by reference. To see why this is true, we’ll show three example programs
that implement a safe array, each one using a different approach to inserting and reading the
array elements:
• Separate put() and get() functions
• A single access() function using return by reference
• The overloaded [] operator using return by reference
All three programs create a class called safearay, whose only member data is an array of 100
int values, and all three check to ensure that all array accesses are within bounds. The main()
program in each program tests the class by filling the safe array with values (each one equal to
10 times its array index) and then displaying them all to assure the user that everything is
working as it should.
Separate get() and put() Functions
The first program provides two functions to access the array elements: putel() to insert a
value into the array, and getel() to find the value of an array element. Both functions check
the value of the index number supplied to ensure it’s not out of bounds; that is, less than 0 or
larger than the array size (minus 1). Here’s the listing for ARROVER1:
// arrover1.cpp
// creates safe array (index values are checked before access)
// uses separate put and get functions
#include <iostream>
using namespace std;
#include <process.h> // for exit()
const int LIMIT = 100;
////////////////////////////////////////////////////////////////
class safearay
{
private:
int arr[LIMIT];
public:
void putel(int n, int elvalue) //set value of element
{
if( n< 0 || n>=LIMIT )
{ cout << “\nIndex out of bounds”; exit(1); }
arr[n] = elvalue;
}
int getel(int n) const //get value of element
{
if( n< 0 || n>=LIMIT )
{ cout << “\nIndex out of bounds”; exit(1); }
return arr[n];
}
};
////////////////////////////////////////////////////////////////
int main()
{
safearay sa1;
for(int j=0; j<LIMIT; j++) // insert elements
sa1.putel(j, j*10);
for(j=0; j<LIMIT; j++) // display elements
{
int temp = sa1.getel(j);
cout << “Element “ << j << “ is “ << temp << endl;
}
return 0;
}
The data is inserted into the safe array with the putel() member function, and then displayed
with getel(). This implements a safe array; you’ll receive an error message if you attempt to
use an out-of-bounds index. However, the format is a bit crude.
Single access() Function Returning by Reference
As it turns out, we can use the same member function both to insert data into the safe array
and to read it out. The secret is to return the value from the function by reference. This means
we can place the function on the left side of the equal sign, and the value on the right side will
be assigned to the variable returned by the function, as explained in Chapter 5. Here’s the
listing for ARROVER2:
// arrover2.cpp
// creates safe array (index values are checked before access)
// uses one access() function for both put and get
#include <iostream>
using namespace std;
#include <process.h> //for exit()
const int LIMIT = 100; //array size
////////////////////////////////////////////////////////////////
class safearay
{
private:
int arr[LIMIT];
public:
int& access(int n) //note: return by reference
{
if( n< 0 || n>=LIMIT )
{ cout << “\nIndex out of bounds”; exit(1); }
return arr[n];
}
};
////////////////////////////////////////////////////////////////
int main()
{
safearay sa1;
for(int j=0; j<LIMIT; j++) //insert elements
sa1.access(j) = j*10; //*left* side of equal sign
for(j=0; j<LIMIT; j++) //display elements
{
int temp = sa1.access(j); //*right* side of equal sign
cout << “Element “ << j << “ is “ << temp << endl;
}
return 0;
}
The statement
sa1.access(j) = j*10; // *left* side of equal sign
causes the value j*10 to be placed in arr[j], the return value of the function.
It’s perhaps slightly more convenient to use the same function for input and output of the safe
array than it is to use separate functions; there’s one less name to remember. But there’s an
even better way, with no names to remember at all.
Overloaded [] Operator Returning by Reference
To access the safe array using the same subscript ([]) operator that’s used for normal C++
arrays, we overload the subscript operator in the safearay class. However, since this operator
is commonly used on the left side of the equal sign, this overloaded function must return by
reference, as we showed in the previous program. Here’s the listing for ARROVER3:
// arrover3.cpp
// creates safe array (index values are checked before access)
// uses overloaded [] operator for both put and get
#include <iostream>
using namespace std;
#include <process.h> //for exit()
const int LIMIT = 100; //array size
////////////////////////////////////////////////////////////////
class safearay
{
private:
int arr[LIMIT];
public:
int& operator [](int n) //note: return by reference
{
if( n< 0 || n>=LIMIT )
{ cout << “\nIndex out of bounds”; exit(1); }
return arr[n];
}
};
////////////////////////////////////////////////////////////////
int main()
{
safearay sa1;
for(int j=0; j<LIMIT; j++) //insert elements
sa1[j] = j*10; //*left* side of equal sign
for(j=0; j<LIMIT; j++) //display elements
{
int temp = sa1[j]; //*right* side of equal sign
cout << “Element “ << j << “ is “ << temp << endl;
}
return 0;
}
In this program we can use the natural subscript expressions
sa1[j] = j*10;
[bookmark: _GoBack]and
temp = sa1[j];
for input and output to the safe array.
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