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DHow to: Understand and
Use const

An important factor, both for and against C++, was the willingness
of the C++ community to acknowledge C++’s many imperfections.

Bjarne Stroustrup
The Design and Evolution of C++, p. 178

The key wordconst in C++ is used in many contexts. Using classes that support object
“const-ness” is straightforward, but developing classes that support constness requires
some care in design and implementation and some knowledge of often overlooked C++
features that facilitate designing with const.

D.1 Why const ?
Many C++ programmers rely on object const-ness to combine efficiency and safety.
For example, passing parameters by value (the default mechanism in C++ and the only
parameter passing mechanism in C and Java) creates a copy of the passed argument.1

For example consider passing a copy of a string:

void verse(int bottleCount, string beverage)
{

cout << bottleCount << " bottles of "
<< beverage << " on the wall" << endl;

cout << bottleCount << " bottles of "
<< beverage << endl;

// and so on
}

This function might be called several times in a loop as shown here.

// illustration of function call and argument/parameter copy
string bev;
cout << "enter a beverage ";
cin >> bev;
for(in t k = 100; k > 0; k--)
{

verse(k,bev);
}

1In Java everything is a pointer (or a reference, depending on your viewpoint), so making copies isn’t
expensive. In C nearly everything is a pointer so making copies isn’t expensive. In C++ value semantics
mean “make a copy,” so copies are expensive.
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In this example, the one-hundred function calls create one-hundred copies of the variable
bev : one per call.2 If the prototype of the functionverse is changed to use a const-
reference parameter as shown below, then no copies are made:

void verse(int bottleCount, const string & beverage)
{

// function here
}

The pass-by-reference (indicated by the & in the parameter) means that no copy is made
in passing an argument. Theconstmodifier means that the parameterbeverage cannot
be modified within the body ofverse . The reference is for efficiency and the const is
for safety. Since many C++ programmers rely on passing const-reference parameters,
class designers should know how to support this style of programming.

D.1.1 Literal Arguments

In the example above, it’s possible to use pass-by-reference without the const modi-
fier to achieve efficiency without regard to safety.3 However, in C++ if the parameter
beverage is a reference parameter, butnot a const reference parameter, then the func-
tion call below will not compile:

verse(99,"orange juice");

Here, the second parameter is the string literal"orange juice" . Literals must be
passed by value or by const reference. In the latter case a temporary object will be
constructed to hold the literal. The C++ standard requires a const reference parameter in
this case; a reference parameter without the const modifier won’t support literal (constant)
arguments.

D.2 const Member Functions
How does the compiler determine what functions are safe to call when a parameter is
defined as const? For example, in theverse function above, suppose the program-
mer adds the line below to convert the first character of the beverage to its upper-case
equivalent (toupper is accessible via the header file<cctype> , see How to F).

void verse(int bottleCount, const string & beverage)
{

beverage[0] = toupper(beverage[0]);
// verse output here

}

2The compiler might be able to re-use the same copy, but not necessarily.
3This is typical, for example, in Pascal programs where arrays are passed as var parameters to avoid the
overhead of copying the array (e.g., consider a binary-search function that searches inO(logn) time
but takesO(n) time to copy the array; not the paradigm of efficiency we’d like).
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Compiling this code under Visual C++ 5.0 yields the error message

error C2106: left operand must be l-value

That’s an “ell,” where an l-value (for left-hand-side of an assignment value) is a value
that can be assigned to. In the code above, it is not possible to assign tobeverage[0]
since the parameterbeverage is const. How does the compiler determine this?

In the example above, the compiler knows the prototype/signature of all string mem-
ber functions. These member functions include two indexing operators: oneoperator
[] for const strings and oneoperator [] for non-const strings. Both prototypes are
shown below:

char operator[ ]( int k ) const; // const strings
char & operator[ ]( int k ); // non-const strings

Note that the const indexing operator returns achar which will be a copy of the k-
th character in the string. The non-const function returns achar& , a reference to
a character in the string. Returning a reference means that the actual character in the
string can be modified, (e.g., the code below turns"hello" into "jello" since string
fruit is not const).

string fruit = "hello";
fruit[0] = ’j’;

This code works because the value returned by the indexing operator is a reference (note
the return type:char & ) to a character in the string. Sometimes it helps to realize that
the two statements below are equivalent:

fruit[0] = ’j’;
fruit.operator[](0) = ’j’;

At first it may seem strange to see a function call used as an l-value, (i.e., the result
returned by the call is assigned to). This is an essential part of how reference return-
types are used in C++.

As shown in the example above, some member functions have the wordconst as
part of their prototype/signature—the wordconst appears after the parameter list. To
see another example, part of the header file for the classDate is reproduced below (see
date.h, Program G.2) with some of the const methods shown.

class Date
{

public:
Date(int m,int d,int y);
// accessor functions

int Month() const; // return month
int Day() const; // return day
int Year() const; // return year
...

};
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As shown in the comment in the code above, the terminology often used for const member
functions isaccessor, indicating that (private) data is accessed only, not modified. In
contrast, non-const member functions are often calledmutators.

ProgramTip D.1: A const member function is a member function that
can be applied to a const object. The compiler ensures that const member functions
do not modify private data. The compiler also ensures that only const member functions
are called for const objects — const objects most often occur in programs as const reference
parameters.

Const member functions can also be applied to non-const objects. As we saw with
operator [] earlier, and as explained in the next section, it’s possible to have two
versions of a function: one for const and one for non-const objects.

The key here is that any member function that doesn’t modify data should be declared
const in both the .h file and in the .cpp file (prototypes of member functions must match
declaration and definition, declaration is the .h file, definition is the .cpp file). Only
const functions are called on const objects, non-const objects can call both const and
non-const functions.

D.2.1 Overloading on const

Two functions areoverloadedwhen they have the same name. Overloaded functions
must have different parameter lists so that the compiler can determine which function
to call. For example, typically a class has several constructors, all with the same name
(the name of the class) but with different parameters. In theDate class there are three
overloaded constructors.

It’s possible to have two member functions with the same name, where one is const
and the other non-const. We saw this in the example of the overloaded indexing operators
for the string class, which are reproduced below.

char operator[ ]( int k ) const; // const strings
char& operator[ ]( int k ); // non-const strings

At first glance these functions may appear to have the same parameter list and thus violate
the rule requiring parameter lists of overloaded functions to be different. However, the
const modifier for a member function really is part of the parameter list—it modifies the
parameterthis that is implicit in every member function and that refers to the object
actually passed to the member function. In some sense you can think of all member
functions having an implicit first parameter, a parameter of the type of the class to which
the member function belongs. The string indexing functions would then be rewritten as
follows asnon-member functions (usingself for this.)

char operator[ ](const string& self, int k );
char& operator[ ](string& self, int k );
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If we actually developed the code like this, instead of usings.operator[](k) we
would write operator[](s,k) whereoperator[] is now a free function with
two parameters instead of a member function of the string class with one parameter.

D.3 Mutable Data
Sometimes a class is logically const, but not physically const. This means that from a
user viewpoint a function doesn’t appear to change the class, but internally a change is
needed to implement the function. One prototypical instance of this is a group of member
functions that iterate over data in a collection. Not all of our iterator classes have been
developed in a const-friendly way because we didn’t want to discuss the issues raised
here, but in more advanced applications you’ll want const and non-const iterators. The
classCListIterator is const friendly, but first we’ll discuss another iterator class.
Consider aWordStreamIterator counting the words in a file:

WordStreamIterator ws;
ws.Open("hamlet.txt");
int count = 0;
for(ws.Init(); ws.HasMore(); ws.Next()
{ count++;
}

Is the variablewsconst? It doesn’t seem to be since it’s reading data from theifstream
object it encapsulates. So we don’t expect theWordStreamIterator methods to be
const althoughHasMore is clearly an accessor and should be const.

In a different context, what about iterating over aCList object? (Seeclist.h, Pro-
gram G.12; recall thatCList objects cannot change.)

void print(const StringList& list)
{

StringList iter(list);
for(iter.Init(); iter.HasMore(); iter.Next())
{ cout << iter.current() << endl;
}

}

The problem here is that parameterlist is const, as it should be, since the print
function doesn’t modifylist . However, the iterating member functions will need to
keep a pointer to the current node of theCList list and advance the pointer as needed.
For example here’s the code fromclist.cppfor theNext iterator function.

template <class Type>
void CListIterator<Type>::Next() const
{

if (HasMore())
{ myCurrent= myCurrent->next;
}

}
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Here the iterator functionNext is labeled as a const function, meaning that it cannot
modify any of the object’s state/instance variables. As a result, ifmyCurrent is
declared as aNode * pointer, the definition ofNext above will not compile. If we
makeNext non-const, then we cannot support the concept of a const-iterator: an iterator
over a const collection. We’d like to differentiate between const collections and non-
const collections, and have iterators that support both types.

There are two solutions: one is to cast away the constness in the functionNext .
The other is to declare the private variablemyCurrent asmutable. The key word
mutable is a relatively new addition to C++, but is supported by most recent compilers.
A mutable data member can be modified by a const function. It’s a good idea to keep
mutable data to a minimum. However, in some situations where logical constness (the
iterator doesn’t change the list) and physical constness (the iterator updates a pointer)
don’t coincide, mutable is a nice feature. The declaration for theCListIterator
class is reproduced below, again see Program G.12 for full details.

template <class Type>
class CListIterator
{

public:
CListIterator(const CList<Type>& list);

void Init() const;
bool HasMore() const;
void Next() const;
Type Current() const;

private:
typedef CList<Type>::TNode Node;
Node * myFirst; // front of list
mutable Node * myCurrent; // current node

};

If your compiler doesn’t support mutable you can cast away constness using either the
const_cast operator or an old-style cast. Both lead to incredibly ugly code. Since
the iterator is const, the object*this must have its const-ness cast away as shown.
Sincethis is a pointer to a const object (see Section D.4) we must cast so that*this
isn’t const; we want to change the object referenced bythis .

template <class Type>
void CListIterator<Type>::Next() const
// post: iterator advanced to next item
{

if (HasMore())
{ const_cast<CListIterator<Type> *>(this)->myCurrent

= myCurrent->next;
}

}
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For compilers that don’t supportconst_cast the following alternative will work.

// use an old style cast
(CListIterator<Type> *)(this)->myCurrent = myCurrent->next;

}

In both cases, before the cast the pointerthis has type

const CListIterator<Type> *

The cast changesthis to point to a non-const object, so that the object’s state can be
changed. This non-const reference can be modified since it is an l-value.

ProgramTip D.2: It’s not a good idea to cast away constness. C++ allows
this, but you should try to minimize throwing away const since the use of
const is for safety (a good thing). Using the keywordmutable marks logical
constness in a way that is easy to see and easier syntactically than using casts.

D.4 Pointers and const

Many functions have pointer parameters modified byconst . For example, thestring
constructor from a C-style string:

string::string(const char * p)
// post: initialized to C-style string p

Since the asterisk follows the type it makes a pointer to,p is a pointer to a constant
character. This means that the object pointed to byp cannot be changed, it’s constant.
You cannot change an object through a pointer declared in this way. Pointers can be
modified byconst in other ways.

Date * tptr = new Date(); // points to today
Date * const cptr = new Date(); // constant pointer
const Date * coptr = new Date(); // constant object

*tptr += 1; // ok, tomorrow
*cptr += 1; // ok, object isn’t const
cptr = tptr; // no, cptr is a constant pointer
*coptr += 1; // no, *coptr is a const object
coptr = tptr; // ok, pointer isn’t const, object is

These examples illustrate the differences between a pointer to a constant object:coptr
in the code above, and a const pointer:cptr in the same code.
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D.5 Summary
Programming with const can be painful. It’s easy to miss the appearance of const in
compiler error messages — be sure that you look for it when you get a “member function
XXX not implemented” error. You’ll usually be told the function signature/prototype
causing the error, look for const to see if you put a const in the header file, but forgot to
add the const when defining the function.

Some people decide const is too painful and never program with const reference
parameters. However, it’s easy to use const when you don’t have to write the classes,
assuming that the class designer and implementer liked const too.

So use const for safety and learn to design and implement classes that support use
of const by others.
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