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Preface

This book is the result of nearly two decades of minor frustrations, serious bugs,
late nights, and weekends spent involuntarily at the keyboard. This collection
consists of 99 of some of the more common, severe, or interesting C++ gotchas,
most of which I have (I’m sorry to say) experienced personally.

The term “gotcha” has a cloudy history and a variety of definitions. For purposes of
this book, we’ll define C++ gotchas as common and preventable problems in C++
programming and design. The gotchas described here run the gamut from minor
syntactic annoyances to basic design flaws to full-blown sociopathic behavior.

Almost ten years ago, I started including notes about individual gotchas in my
C++ course material. My feeling was that pointing out these common miscon-
ceptions and misapplications in apposition to correct use would inoculate the
student against them and help prevent new generations of C++ programmers
from repeating the gotchas of the past. By and large, the approach worked, and I
was induced to collect sets of related gotchas for presentation at conferences.
These presentations proved to be popular (misery loves company?), and I was
encouraged to write a “gotcha” book.

Any discussion of avoiding or recovering from C++ gotchas involves other sub-
jects, most commonly design patterns, idioms, and technical details of C++ lan-
guage features.

This is not a book about design patterns, but we often find ourselves referring to
patterns as a means of avoiding or recovering from a particular gotcha. Conven-
tionally, the pattern name is capitalized, as in “Template Method” pattern or
“Bridge” pattern. When we mention a pattern, we describe its mechanics briefly if
they’re simple but delegate detailed discussion of patterns to works devoted to
them. Unless otherwise noted, a fuller description of a pattern, as well as a richer
discussion of patterns in general, may be found in Erich Gamma et al.’s Design
Patterns. Descriptions of the Acyclic Visitor, Monostate, and Null Object patterns
may be found in Robert Martin’s Agile Software Development.

From the perspective of gotchas, design patterns have two important properties.
First, they describe proven, successful design techniques that can be customized
in a context-dependent way to new design situations. Second, and perhaps more
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important, mentioning the application of a particular pattern serves to document
not only the technique applied but also the reasons for its application and the
effect of having applied it.

For example, when we see that the Bridge pattern has been applied to a design, we
know at a mechanical level that an abstract data type implementation has been
separated into an interface class and an implementation class. Additionally, we
know this was done to separate strongly the interface from the implementation,
so changes to the implementation won’t affect users of the interface. We also
know this separation entails a runtime cost, how the source code for the abstract
data type should be arranged, and many other details.

A pattern name is an efficient, unambiguous handle to a wealth of information
and experience about a technique. Careful, accurate use of patterns and pattern
terminology in design and documentation clarifies code and helps prevent gotchas
from occurring.

C++ is a complex programming language, and the more complex a language, the
more important is the use of idiom in programming. For a programming lan-
guage, an idiom is a commonly used and generally understood combination of
lower-level language features that produces a higher-level construct, in much the
same way patterns do at higher levels of design. Therefore, in C++ we can discuss
copy operations, function objects, smart pointers, and throwing an exception
without having to specify these concepts at their lowest level of implementation.

It’s important to emphasize that an idiom is not only a common combination of
language features but also a common set of expectations about how these com-
bined features should behave. What do copy operations mean? What can we
expect to happen when an exception is thrown? Much of the advice found in this
book involves being aware of and employing idioms in C++ coding and design.
Many of the gotchas listed here could be described simply as departing from a
particular C++ idiom, and the accompanying solution to the problem could
often be described simply as following the appropriate idiom (see Gotcha #10).

A significant portion of this book is spent describing the nuances of certain areas
of the C++ language that are commonly misunderstood and frequently lead to
gotchas. While some of this material may have an esoteric feel to it, unfamiliarity
with these areas is a source of problems and a barrier to expert use of C++. These
“dark corners” also make an interesting and profitable study in themselves. They
are in C++ for a reason, and expert C++ programmers often find use for them in
advanced programming and design.
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Another area of connection between gotchas and design patterns is the similar
importance of describing relatively simple instances. Simple patterns are impor-
tant. In some respects, they may be more important than technically difficult pat-
terns, because they’re likely to be more commonly employed. The benefits
obtained from the pattern description will, therefore, be leveraged over a larger
body of code and design.

In much the same way, the gotchas described in this book cover a wide range 
of difficulty, from a simple exhortation to act like a responsible professional
(Gotcha #12) to warnings to avoid misunderstanding the dominance rule under
virtual inheritance (Gotcha #79). But, as in the analogous case with patterns,
acting responsibly is probably more commonly applicable on a day-to-day basis
than is the dominance rule.

Two common themes run through the presentation. The first is the overriding
importance of convention. This is especially important in a complex language
like C++. Adherence to established convention allows us to communicate effi-
ciently and accurately with others. The second theme is the recognition that
others will maintain the code we write. The maintenance may be direct, so that
our code must be readily and generally understood by competent maintainers,
or it may be indirect, in which case we must ensure that our code remains cor-
rect even as its behavior is modified by remote changes.

The gotchas in this book are presented as a collection of short essays, each of which
describes a gotcha or set of related gotchas, along with suggestions for avoiding 
or correcting them. I’m not sure any book about gotchas can be entirely cohesive,
due to the anarchistic nature of the subject. However, the gotchas are grouped into
chapters according to their general nature or area of (mis)applicability.

Additionally, discussion of one gotcha inevitably touches on others. Where it
makes sense to do so—and it generally does—I’ve made these links explicit.
Cohesion within each item is sometimes at risk as well. Often it’s necessary,
before getting to the description of a gotcha, to describe the context in which it
appears. That description, in turn, may require discussion of a technique, idiom,
pattern, or language nuance that may lead us even further afield before we return
to the advertised gotcha. I’ve tried to keep this meandering to a minimum, but it
would have been dishonest, I think, to attempt to avoid it entirely. Effective pro-
gramming in C++ involves intelligent coordination of so many disparate areas
that it’s impractical to imagine one can examine its etiology effectively without
involving a similar eclectic collection of topics.

It’s certainly not necessary—and possibly inadvisable—to read this book straight
through, from Gotcha #1 to Gotcha #99. Such a concentrated dose of mayhem
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may put you off programming in C++ altogether. A better approach may be to
start with a gotcha you’ve experienced or that sounds interesting and follow links
to related gotchas. Alternatively, you may sample the gotchas at random.

The text employs a number of devices intended to clarify the presentation. First,
incorrect or inadvisable code is indicated by a gray background, whereas correct and
proper code is presented with no background. Second, code that appears in the text
has been edited for brevity and clarity. As a result, the examples as presented often
won’t compile without additional, supporting code. The source code for nontrivial
examples is available from the author’s Web site: www.semantics.org. All such code 
is indicated in the text by an abbreviated pathname near the code example, as in 
➤➤ gotcha00/somecode.cpp.

Finally, a warning: the one thing you should not do with gotchas is elevate them
to the same status as idioms or patterns. One of the signs that you’re using pat-
terns and idioms properly is that the pattern or idiom appropriate to the design
or coding context will arise “spontaneously” from your subconscious just when
you need it.

Recognition of a gotcha is analogous to a conditioned response to danger: once
burned, twice shy. However, as with matches and firearms, it’s not necessary to suf-
fer a burn or a gunshot wound to the head personally to learn how to recognize
and avoid a dangerous situation; generally, all that’s necessary is advance warning.
Consider this collection a means to keep your head in the face of C++ gotchas.

Stephen C. Dewhurst

Carver, Massachusetts

July 2002
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1 ❘ Basics

That a problem is basic does not mean it isn’t severe or common. In fact, the
common presence of the basic problems discussed in this chapter is perhaps
more cause for alarm than the more technically advanced problems we discuss in
later chapters. The basic nature of the problems discussed here implies that they
may be present, to some extent, in almost all C++ code.

Gotcha #1: Excessive Commenting

Many comments are unnecessary. They generally make source code hard to read
and maintain, and frequently lead maintainers astray. Consider the following
simple statement:

a = b;  // assign b to a

The comment cannot communicate the meaning of the statement more clearly
than the code itself, and so is useless. Actually, it’s worse than useless. It’s deadly.
First, the comment distracts the reader from the code, increasing the volume of
text the reader has to wade through in order to extract its meaning. Second, there
is more source text to maintain, since comments must be maintained as the pro-
gram text they describe is modified. Third, this necessary maintenance is often
not performed.

c = b; // assign b to a

A careful maintainer cannot simply assume the comment is in error and is
obliged to trace through the program to determine whether the comment is erro-
neous, officious (c is a reference to a), or subtle (assigning to c will later cause the
same assignment to be propagated to a somehow). The line should originally
have been written without a comment:

a = b;

The code is maximally clear as it stands, with no comment to be incorrectly
maintained. This is similar in spirit to the well-worn observation that the most
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efficient code is code that doesn’t exist. The same applies to comments: the best
comment is one that didn’t have to be written, because the code it would other-
wise have described is self-documenting.

Other common examples of unnecessary comments frequently occur in class def-
initions, either as the result of an ill-conceived coding standard or as the work of
a C++ novice:

class C {

// Public Interface

public:

C(); // default constructor

~C(); // destructor

// . . . 

};

You get the feeling you’re reading someone’s crib notes. If a maintainer has to be
reminded of the meaning of the public: label, you don’t want that person main-
taining your code. None of these comments does anything for an experienced
C++ programmer except clutter the code and provide more source text to be
improperly maintained.

class C {

// Public Interface

protected:

C( int ); // default constructor

public:

virtual ~C(); // destructor

// . . . 

};

Programmers also have a strong incentive not to “waste” lines of source text.
Anecdotally, if a construct (function, public interface of a class, and so on) can be
presented in a conventional and rational format on a single “page” of about 30–40
lines, it will be easy to understand. If it goes on to a second page, it will be about
twice as hard to understand. If it goes onto a third page, it will be approximately
four times as hard to understand.

A particularly odious practice is that of inserting change logs as comments at the
head or tail of source code files:

/* 6/17/02 SCD fixed the gaforniflat bug */

2 ❘ Chapter 1 Basics



Is this useful information, or is the maintainer just bragging? This comment is
unlikely to be of any use whatever within a week or two of its insertion, but it will
hang on grimly for years, distracting generations of maintainers. A much better
alternative is to cede these commenting tasks to your version control software; a
C++ source code file is no place to leave a laundry list.

One of the best ways to avoid comments and make code clear and maintainable is
to follow a simple, well-defined naming convention and choose clear names that
reflect the abstract meaning of the entity (function, class, variable, and so on)
you’re naming. Formal argument names in declarations are particularly impor-
tant. Consider a function that takes three arguments of identical type:

/*

Perform the action from the source to the destination.

Arg1 is action code, arg2 is source, and arg3 is destination.

*/

void perform( int, int, int );

Not too terrible, but think what it would look like with seven or eight arguments
instead of three. We can do better:

void perform( int actionCode, int source, int destination );

Better, though we should probably still have a one-liner that tells us what the
function does (though not how it does it). One of the most attractive things
about formal argument names in declarations is that they, unlike comments, are
generally maintained along with the rest of the code, even though they have no
effect on the code’s meaning. I can’t think of a single programmer who would
switch the meanings of the second and third arguments of the perform function
without also changing their names, but I can identify legions of programmers
who would make the change without maintaining the comment.

Kathy Stark may have said it best in Programming in C++: “If meaningful and
mnemonic names are used in a program, there is often only occasional need for
additional comments. If meaningful names are not used, it is unlikely that any
added comments will make the code easy to understand.”

Another way to minimize comments is to employ standard or well-known
components:

printf( "Hello, World!" ); // print "Hello, World" to the screen

Gotcha #1: Excessive Commenting ❘ 3



This comment is both useless and only occasionally correct. It’s not that standard
components are necessarily self-documenting; it’s that they’re already well docu-
mented and well known.

swap( a, a+1 );

sort( a, a+max );

copy( a, a+max, ostream_iterator<T>(cout,"\n") );

Because swap, sort, and copy are standard components, additional comments
inserted above can only clutter the source and introduce imprecision in the
description of the standard operations.

Comments are not inherently harmful—and are often necessary—but they must
be maintained, and they’re typically harder to maintain than the code they docu-
ment. Comments should not state the obvious or provide information better
maintained elsewhere. The goal is not to eliminate comments at any cost but to
employ the minimal volume of comments that permits the code to be readily
understood and maintained.

Gotcha #2: Magic Numbers

Magic numbers, in the sense used here, are raw numeric literals used in contexts
where named constants should be used instead:

class Portfolio {

// . . . 

Contract *contracts_[10];

char id_[10];

};

The main problem with magic numbers is that they have no semantic content to
speak of; they are what they are. A 10 is a 10, not a maximum number of contracts
or the length of an identifier. Therefore we’re obliged, when reading or maintain-
ing code that employs magic numbers, to determine the intended meaning of each
raw literal. That’s work, and it’s unnecessary and often inaccurate work.

For example, our poorly designed portfolio above can manage a maximum of ten
contracts. That’s not a lot of contracts, so we may decide to increase it to 32. (If we
had any concern about safety and correctness, we’d use a standard vector.) The
trouble is that we’re now obliged to examine every source file that uses Portfolio
for each occurrence of the literal 10, to decide if that 10 means maximum number
of contracts.
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Actually, the situation can be worse. In large and long-lived projects, sometimes
word gets out that the maximum number of contracts is ten, and this knowledge
becomes embedded in code that doesn’t even indirectly include the Portfolio
header file:

for( int i = 0; i < 10; ++i )

// . . . 

Does this literal 10 refer to the maximum number of contracts? The length of an
identifier? Something unrelated? 

The chance confluence of raw literals can sometimes bring out the worst coding
tendencies in programmers:

if( Portfolio *p = getPortfolio() )

for( int i = 0; i < 10; ++i )

p->contracts_[i] = 0, p->id_[i] = '\0';

Now the maintainer has to somehow tease apart the initializations of the different
components of a Portfolio that would not have been combined but for the
chance coincidence of the values of two distinct concepts. There is really no
excuse for provoking all this complexity when the solution is so simple:

class Portfolio {

// . . . 

enum { maxContracts = 10, idlen = 10 };

Contract *contracts_[maxContracts];

char id_[idlen];

};

Enumerators consume no space and cost nothing in runtime while providing
clear, properly scoped names of the concepts for which they stand.

Less obvious disadvantages of magic numbers include the potential for impreci-
sion in their types and the lack of associated storage. The type of the literal 40000,
for instance, is platform dependent. If the value 40000 can fit into an integer, its
type is int. Otherwise, it’s a long. If we don’t want to leave ourselves open to
obscure problems (like overload resolution ambiguities) when porting from plat-
form to platform, it’s probably best to say precisely what we mean rather than let-
ting the compiler/platform combination decide for us:

const long patienceLimit = 40000;
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Another potential problem with literals is that they have no address. This is not a
common problem, but it is nevertheless occasionally useful to be able to point to
or bind a reference to a constant:

const long *p1 = &40000; // error!

const long *p2 = &patienceLimit; // OK.

const long &r1 = 40000; // legal, but see Gotcha #44

const long &r2 = patienceLimit; // OK.

Magic numbers offer no advantage and many disadvantages. Use enumerators or
initialized constants instead.

Gotcha #3: Global Variables

There is rarely an excuse for declaring a “raw” global variable. Global variables
impede code reuse and make code hard to maintain. They impede reuse because
any code that refers to a global variable is coupled to it and may not be reused
without being accompanied by the global variable. They make code hard to
maintain because it’s difficult to determine what code is using a particular global
variable, since any code at all has access to it.

Global variables increase coupling among components, because they often end up
as a kind of primitive message-passing mechanism. Even if global variables work,
it’s often a practical impossibility to remove them from a large piece of software. If
they work. Because global variables are essentially unprotected, any novice main-
tainer can trash the behavior of your global-dependent software at any time.

Users of global variables often cite convenience as a reason for using them. This is
a fallacious or self-serving argument, because maintenance typically consumes
more time than initial development, and use of global variables impedes mainte-
nance. Suppose we have a system that requires access to a globally accessible
“environment,” of which (we’re promised by our requirements) there is always
exactly one. Unfortunately, we choose to use a global variable:

extern Environment * const theEnv;

Requirements live but to lie. Shortly before delivery, we’ll find that the number of
possible, simultaneous environments has increased to two. Or maybe three. Or
maybe the number is set on startup. Or is totally dynamic. The usual last-minute
change. In a large project with meticulous source-control procedures in place, it
can be a time-consuming process to change every file, even in a minimal and
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straightforward manner. It could take days or weeks. If we had avoided the use of
a global variable, it would take five minutes:

Environment *theEnv();

Simply wrapping access in a function permits extension through the use of over-
loading or default argument initialization without the necessity of significant
change to source code:

Environment *theEnv( EnvCode whichEnv = OFFICIAL );

Another, less obvious, problem with global variables is that they often require
runtime static initialization. If a static variable’s initial value can’t be calculated at
compile time, the initialization will take place at runtime, often with disastrous
consequences (see Gotcha #55):

extern Environment * const theEnv = new OfficialEnv;

If a function or class guards access to the global information, the setting of the
initial value can be delayed until it’s safe to do so:

➤➤ gotcha03/environment.h

class Environment {

public:

static Environment &instance();

virtual void op1() = 0;

// . . . 

protected:

Environment();

virtual ~Environment();

private:

static Environment *instance_;

// . . . 

};
➤➤ gotcha03/environment.cpp

// . . . 

Environment *Environment::instance_ = 0;

Environment &Environment::instance() {

if( !instance_ )

instance_ = new OfficialEnv;

return *instance_;

}
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In this case, we’ve employed a simple implementation of the Singleton pattern to
perform lazy “initialization” (actually, to be technically precise, it’s assignment) of
the static environment pointer and thereby ensure that there is never more than a
single Environment object. Note that Environment has no public constructor,
so users of Environment must go through the instance member to gain access
to the static pointer, allowing us to delay creation of the Environment object
until the first request for access:

Environment::instance().op1();

More important, this controlled access provides flexibility to adapt the Singleton
to future requirements without affecting existing source code. Later, if we go to a
multithreaded design or decide to permit multiple environments, or whatever, we
can modify the implementation of the Singleton, just as we modified the wrapper
function earlier.

Avoid global variables. Safer and more flexible mechanisms are available to
achieve the same results.

Gotcha #4: Failure to Distinguish Overloading from Default Initialization

Function overloading has little to do with default argument initialization. How-
ever, these two distinct language features are sometimes confused, because they
can be used to produce interfaces whose syntax of use is similar. Nevertheless, the
meanings of the interfaces are quite different:

➤➤ gotcha04/c12.h

class C1 {

public:

void f1( int arg = 0 );

// . . . 

};

➤➤ gotcha04/c12.cpp

// . . . 

C1 a;

a.f1(0);

a.f1();

The designer of class C1 has decided to employ a default argument initializer in
the declaration of the operation f1. Therefore the user of C1 has the option of
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invoking the member function f1 with an explicit single argument or with an
implicit single argument of 0. In the two calls to C1::f1 above, the calling
sequences produced are identical.

➤➤ gotcha04/c12.h

class C2 {

public:

void f2();

void f2( int );

// . . . 

};

➤➤ gotcha04/c12.cpp

// . . . 

C2 a;

a.f2(0);

a.f2();

The implementation of C2 is quite different. The user has the choice of invoking
two entirely different functions named f2, depending on the number of argu-
ments passed. In our earlier example, the meanings of the two calls were identi-
cal. Here they’re completely different, because they invoke different functions.

An even greater difference between the two interfaces is evident if we try to take
the address of the class members C1::f1 and C2::f2:

➤➤ gotcha04/c12.cpp

void (C1::*pmf)() = &C1::f1; //error!

void (C2::*pmf)() = &C2::f2;

With our implementation of class C2, the pointer to member pmf will refer to the
f2 that takes no argument. The variable pmf is a pointer to member function that
takes no argument, so the compiler will correctly choose the first member f2 as
the initializer. With class C1, we’ll get a compile-time error, because only one
member function is named f1, and that function takes an integer argument.

Overloading is generally used to indicate that a set of functions has common
abstract meaning but different implementations. Default initialization is gener-
ally used for convenience, to provide a simplified interface to a function. Over-
loading and default argument initializers are distinct language features with
different intended purposes and behavior. Distinguish them carefully. (See also
Gotchas #73 and #74.)
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Gotcha #5: Misunderstanding References

There are two common problems with references. First, they’re often confused
with pointers. Second, they’re underused. Many current uses of pointers in C++
are really C holdovers that should be ceded to references.

A reference is not a pointer. A reference is an alias for its initializer. Essentially, the
only thing one can do with a reference is initialize it. After that, it’s simply another
way of referring to its initializer. (But see Gotcha #44.) A reference doesn’t have
an address, and it’s even possible that it might not occupy any storage:

int a = 12;

int &ra = a;

int *ip = &ra; // ip refers to a

a = 42; // ra == 42

For this reason, it’s illegal to attempt to declare a reference to a reference, a
pointer to a reference, or an array of references. (Though the C++ standards
committee has discussed allowing references to references in the future, at least in
some contexts.)

int &&rri = ra; // error!

int &*pri; // error!

int &ar[3]; // error!

References can’t be const or volatile, because aliases can’t be const or
volatile, though a reference can refer to an entity that is const or volatile. An
attempt to declare a reference const or volatile directly is an error:

int &const cri = a; // should be an error . . . 

const int &rci = a; // OK

Strangely, it’s not illegal to apply a const or volatile qualifier to a type name
that is of reference type. Rather than cause an error, in this case the qualifier is
ignored:

typedef int *PI;

typedef int &RI;

const PI p = 0; // const pointer

const RI r = a; // just a reference!
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There are no null references, and there are no references to void:

C *p = 0; // a null pointer

C &rC = *p; // undefined behavior

extern void &rv; // error!

A reference is an alias, and an alias has to refer to something.

Note, however, that a reference does not have to refer to a simple variable name.
It’s sometimes convenient to bind a reference to an lvalue (see Gotcha #6) result-
ing from a more complex expression:

int &el = array[n-6][m-2];

el = el*n-3;

string &name = p->info[n].name;

if( name == "Joe" )

process( name );

A reference return from a function allows assignment to the result of a call. The
canonical example of this is an index function for an abstract array:

➤➤ gotcha05/array.h

template <typename T, int n>

class Array {

public:

T &operator [](int i)

{ return a_[i]; }

const T &operator [](int i) const

{ return a_[i]; }

// . . . 

private:

T a_[n];

};

The reference return permits a natural syntax for assignment to an array element:

Array<int,12> ia;

ia[3] = ia[0];
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References may also be used to provide additional return values for functions:

Name *lookup( const string &id, Failure &reason );

// . . . 

string ident;

// . . . 

Failure reasonForFailure;

if( Name *n = lookup( ident, reasonForFailure ) ) {

// lookup succeeded . . . 

}

else {

// lookup failed. check reason . . . 

}

Casting an object to a reference type has a very different effect from the same cast
to the nonreference version of the type:

char *cp = reinterpret_cast<char *>(a);

reinterpret_cast<char *&>(a) = cp; 

In the first case, we’re converting an integer into a pointer. (We’re using reinter-
pret_cast in preference to an old-style cast, like (char *)a. See Gotcha #40.)
The result is a copy of the integer’s value, interpreted as a pointer.

The second cast is very different. The result of the cast to reference type is a rein-
terpretation of the integer object itself as a pointer. It’s an lvalue, and we can assign
to it. (Whether we will then dump core is another story. Use of reinterpret_cast
generally implies “not portable.”) An analogous attempt with a cast to nonrefer-
ence will fail, because the result of the cast is an rvalue, not an lvalue:

reinterpret_cast<char *>(a) = 0; // error!

A reference to an array preserves the array bound. A pointer to an array does not:

int ary[12];

int *pary = ary; // point to first element

int (&rary)[12] = ary; // refer to whole array

int ary2[3][4];

int (*pary2)[4] = ary2; // point to first element

int (&rary2)[3][4] = ary2; // refer to whole array
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This property can be of occasional use when passing arrays to functions. (See
Gotcha #34.)

It’s also possible to bind a reference to a function:

int f( double );

int (* const pf)(double) = f; // const pointer to function

int (&rf)(double) = f; // reference to function

There’s not much practical difference between a constant pointer to function and
a reference to function, except that the pointer can be explicitly dereferenced. As
an alias, the reference cannot, although it can be converted implicitly into a
pointer to function and then dereferenced:

a = pf( 12.3 ); // use pointer

a = (*pf)(12.3); // use pointer

a = rf( 12.3 ); // use reference

a = f( 12.3 ); // use function

a = (*rf)(12.3); // convert ref to pointer and deref

a = (*f)(12.3); // convert func to pointer and deref

Distinguish references and pointers.

Gotcha #6: Misunderstanding Const

The concept of constness in C++ is simple, but it doesn’t necessarily correspond
to our preconceived notions of a constant.

First, note the difference between a variable declared const and a literal:

int i = 12;

const int ci = 12;

The integer literal 12 is not a const. It’s a literal. It has no address, and its value
never changes. The integer i is an object. It has an address, and its value is vari-
able. The const integer ci is also an object. It has an address, though (in this case)
its value may not vary.

We say that i and ci may be used as lvalues, whereas the literal 12 may only be
an rvalue. This terminology comes from the pseudoexpression L = R, indicating
that an lvalue may appear as the left argument of an assignment and an rvalue
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may appear only as the right argument of an assignment. However, this defini-
tion is not perfectly applicable in the case of C++ or standard C, where ci is an
lvalue but may not be assigned to because it’s a nonmodifiable lvalue. Consider
lvalues as locations that may hold values, and rvalues as simple values with no
associated address:

int *ip1 = &12; // error!

12 = 13; // error!

const int *ip2 = &ci; // OK

ci = 13; // error!

It’s best to consider const, in the declaration of ip2 above, a restriction on how
we may manipulate ci through ip2 rather than on how ci may be manipulated
in general. Consider declaring a pointer to a const:

const int *ip3 = &i;

i = 10; // OK

*ip3 = 10; // error!

Here, we have a pointer to a constant integer that refers to a non-constant integer.
The use of const in this case is simply a restriction on how ip3 may be used. It
doesn’t imply that i won’t change, only that we may not change it through ip3.
Even subtler are combinations of const and volatile:

extern const volatile time_t clock;

The presence of the const qualifier indicates that we’re not allowed to modify the
variable clock, but the presence of the volatile qualifier indicates that the value
of clock may (that is, will) change nonetheless.

Gotcha #7: Ignorance of Base Language Subtleties

Most C++ programmers are confident that they’re fully familiar with what might
be considered the C++ “base language”: that part of C++ inherited from C. How-
ever, even experienced C++ programmers are sometimes ignorant of the more
abstruse details of these basic C/C++ statements and operators.

The logical operators are not what one would ordinarily consider abstruse, but
they seem to be increasingly underutilized by new C++ programmers. Isn’t it irri-
tating to see code like this?
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bool r = false;

if( a < b )

r = true;

Instead of this?

bool r = a<b;

Do you have to count to eight when presented with the following?

➤➤ gotcha07/bool.cpp

int ctr = 0;

for( int i = 0; i < 8; ++i )

if( options & 1<<(8+i) )

if( ctr++ ) {

cerr << "Too many options selected";

break;

}

Instead of this?

➤➤ gotcha07/bool.cpp

typedef unsigned short Bits;

inline Bits repeated( Bits b, Bits m )

{ return b & m & (b & m)-1; }

// . . . 

if( repeated( options, 0XFF00 ) )

cerr << "Too many options selected";

What ever happened to Boolean logic?

Likewise, many programmers are ignorant of the fact that the result of a condi-
tional operator is an lvalue (see Gotcha #6) if both its potential results are lvalues.
This ignorance necessitates code like the following:

// version #1

if( a < b )

a = val();

else if( b < c )

b = val();

else

c = val();

Gotcha #7: Ignorance of Base Language Subtleties ❘ 15



// version #2

a<b ? (a = val()) : b<c ? (b = val()) : (c = val());

An alternative solution with an lvalue conditional is definitely shorter and unde-
niably cooler:

// version #3

(a<b?a:b<c?b:c) = val();

While this piece of esoteric knowledge may not seem as immediately relevant as a
sound appreciation of Boolean logic, many contexts in C++ allow only expres-
sions (constructor member-initialization-lists, throw-expressions, and so on).

Additionally, note that the call to the entity val occurs multiple times in versions
#1 and #2, whereas it appears only once in version #3. If val is a function, this is
of little importance. However, if val is a preprocessor macro, the presence of
multiple expansions may produce incorrect side effects (see Gotcha #26). In
these contexts, the availability of an effective conditional operator as a substitute
for an if-statement can be essential. Effectively, while I do not recommend that
this construct be commonly used, I do recommend that it be commonly known.
It should be available to the expert C++ programmer for those rare occasions
when its use is required or preferable to other constructs. It’s part of the C++
language for a reason.

Surprisingly, even the predefined index operator is often misunderstood. We all
know that both array names and pointers may be indexed:

int ary[12];

int *p = &ary[5];

p[2] = 7;

The predefined index operator is just a shorthand for some pointer arithmetic and
a dereference. The expression p[2] above is entirely equivalent to *(p+2). Most
C++ programmers with a C background are also aware that it’s legal to use nega-
tive indexes, so the expression p[-2] is well defined and equivalent to *(p-2) or, if
you prefer, *(p+-2). However, it doesn’t seem to be common knowledge that addi-
tion is commutative, since most C++ programmers are surprised to find that it’s
legal to index an integer with a pointer:

(-2)[p] = 6;
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It’s a simple transformation: p[-2] is equivalent to *(p+-2), which is equivalent
to *(-2+p), which is equivalent to (–2)[p] (we need the parentheses because []
has higher precedence than unary minus).

What’s the use of this bit of trivia? Well, for one thing, note that this commutativ-
ity of the index operator applies only to its predefined use with pointers. That is,
if we see an expression like 6[p], we know we’re dealing with the predefined
index operator rather than with an overloaded member operator [] (though p
is not necessarily a pointer or array). It’s also terrific when conversation lags at
cocktail parties. However, before employing this syntax in production code,
review Gotcha #11.

Most C++ programmers know that a switch-statement is pretty basic. They just
don’t know how basic. The abstract syntax of the switch-statement is simple:

switch( expression ) statement

The implications of this simple syntax are sometimes surprising.

Typically, the substatement that follows the switch expression is a block. Within
the block is a set of case labels that implement basically a computed goto to a
statement within the block. The first subtlety that new C and C++ programmers
face is the concept of “fallthrough.” That is, unlike many other modern program-
ming languages, after a switch branches to the proper case label, its work is done.
Where execution leads after that is totally up to the programmer:

switch( e ) {

default:

theDefault:

cout << "default" << endl;

// fallthrough . . . 

case 'a':

case 0:

cout << "group 1" << endl;

break;

case max-15:

case Select<(MAX>12),A,B>::Result::value:

cout << "group 2" << endl;

goto theDefault;

}
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Conventionally, whenever fallthrough is used on purpose—as opposed to its
more typical inadvertent use—we insert a comment to indicate to future main-
tainers that we actually intended the fallthrough. Otherwise, maintainers have a
tendency to insert inappropriate breaks.

Note that the case labels must be integer constant-expressions. In other words,
the compiler must be able to determine their values at compile time. However,
as the somewhat flaky example above shows, there is quite a lot of leeway in
how constant expressions may be defined. The case expression itself must be
integral, or it may be an object with a conversion to an integral type. For
example, e could be the name of a class object that declares a conversion oper-
ator to an integral type.

Note that the abstract syntax of the switch implies that it’s even less structured
than our example above implies. In particular, the case labels may appear any-
where within the switch-statement, and not necessarily at the same level:

switch( expr )

default:

if( cond1 ) {

case 1: stmt1;

case 2: stmt2;

}

else {

if( cond2 )

case 3:stmt2;

else

case 0: ;

}

This may look a bit silly (it is, actually), but these more esoteric aspects of the
base language can be useful on occasion. The above property of the switch, for
instance, has been used to implement efficient external iteration of a complex
data structure for a C++ compiler:

➤➤ gotcha07/iter.cpp

bool Postorder::next() {

switch( pc )

case START:

while( true )

if( !lchild() ) {

pc = LEAF;

return true;
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