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About This Book

This manual describes the C++ language and MetaWare High C/C++ exten-
sions. We discuss the syntax anthaatics of C++, and highlight differences
between C++ and C. We assume you are familiar with the C programming
language and C++ programming concepts.

Related C/C++ Publications

For information about the C language, consult the following:

ANSI Committee X3J11 American National Standard for Informa-

tion Systems — Programming Language C Doc. No. X3.159.
CBEMA, 19809.

Plauger, P. J., and J. Brodi€tandard C. Microsoft Press, 1989.
For information about C++, see:

Stroustrup, B.The C++ Programming Language second edition. Add-
ison-Wesley Publishing Company, 1991.

Stroustrup, B. and Ellis, MThe Annotated C++ Reference Manual
Addison-Wesley Publishing Company, 1990.

For an overview of object-oriented programming, you may find the following
book helpful:

Booch, G. Object-Oriented Design with Applications Benjamin/
Cummings Publishing Company, Inc., 1991

Related MetaWare Publications

To learn how to use the MetaWare High C/C++ compiler, and for system-spe-
cific information, see theligh C/C++ Programmer’s Guide.

If MetaWare run-time libraries are supplied with your compiler, seélitle
C Library Reference Manual for informations about C functions, and the

Xi



High C++ 1/O Streams Library Referencefor information about streams
classes and member functions.

Notational and Typographic Conventions

Several notational and typographic convems are used in this manual to
visually differentiate text.

Courier Program text, input, output, and file names.

Bold Commands, keywords, command-line options, literal options, and
Courier preprocessor directives.

Italic Formal parameters and template values to be replaced by user-
Courier specified names or values.

{ } Select one and only one of the options separated by vertical bars

and enclosed in curly braces.

[ ] Select none or one of the options separated by vertical bars and
enclosed in square brackets.

| Vertical bars separate choices within brackets or braces.

Repeatedly (one or more times) select an instance of the preceding

item.
MetaWare extension to C and/or C++
C++ feature not available in ANSI Standard C.
Semantic difference between ANSI Standard C and C++
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1
Introduction to High C/C++

The High C/C++ compiler conforms to the American National Standards
Institute (ANSI) X3J11/90-013 stadard for the C programming language. In
addition, MetaWare implerants all of the C++ programming language as
defined inThe Annotated C++ Reference Manuaby Margaret Ellis and

Bjarne Stroustrup. MetaWare is participating in the ANSI committee’s for-
mal definition of the C++ language and has incorporated language changes to
track the changing ANSI X3J16 standard.

High C/C++ includes many extensions not found in other C and C++ prod-
ucts. For information about these extensions, see AppendiigB:C/C++
Extensionsand Appendix Clterators in High C/C++

1.1 Differences Between ANSI C and C++

C++ is not quite a superset of ANSI Standard C. Some of the important dif-
ferences are listed below. If you have been programming in C, you should
keep these differences in mind when you write C++ programs or add C++ fea-
tures to existing C programs. See Appendihigrating from C to C++for

more information.

. The following words can be used as identifiers in ANSI Standard C, but
not in C++ where they are reserved (see §eywordson page 18):

catch mutable protected try

class namespace public typeid
delete new template using
friend operator this virtua

inline private throv

« InC++ astruct defines a type. The following code is valid in C++ but
not in ANSI Standard C (see 85.4.55tcructureson page 62):
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struct X{ int n;}
X al,

« InC++ astruct defines a scope; in ANSI Standard &ract , as well
as an enumeration or an enumerator declaredtina , is exported to
the enclosing scope (see 85.462ppe Accessn page 55).

. In C++ avoid* can be assigned only to anotheid* . In ANSI Stan-
dard C avoid* can be assigned to a pointer of any type (see §6.5.4:
Pointer Conversionen page 95).

. In ANSI Standard C, a globabnst has external linkage by default; in
C++ it does not. (see §85.4.61Type Qualifier const on page 67).

« Character constants arear types in C++nt types in ANSI Standard
C (see 83.8.%Character Constantsn page 29).

. The type of an enumerator is the type of its enumeration in C++; in ANSI
Standard C it is amt (see 85.4.4Typeenumon page 58).
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C++ Example

Important features This chapter presents a C++ program cadlethnple.cpp that illustates
of C++ some important features of the language. These features are discussed briefly
and cross-referenced to more detailed information in later chapters. Experi-
enced C programmers might want to examix@mple.cpp in detail, and
then skip to sections of the manual that discuss unfamiliar features of C++

Source code The full source foexample.cpp is available in your High C/C++ distribu-
included tion. Here wepresent and discussample.cpp in a series of code frag-
ments. This simple program does the follogy

. Establishes an employee database and reads some predefined records
from a data fileexample.dat

. Enables you to select and view record headers or entire records

. Enables you to add or delete records

Example 2.1 Part 1

/I File example.cpp - C++ example program
/I Copyright MetaWare Incorporated 1992
#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

/I Field-Length constants:

const Choice_len =10;

const Agency_len = 30;

const City len =15;

const Date len =10;

const Dept_len = 30;

const F N _len =10;

const L_N len =15;

const Phone_len =15;

const SSN_len =15;

const State len = 20;

const Status_len = 10;

const Street_len = 30;
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const Title_len = 30;

const Type len =10;

/I Function prototypes:

int get_ num( int &);

int get_ num( long &);

int get_ num( float &);

void get_line ( char *, int );
void menu ();

C++ comment style, Example 2.1Part 1 demonstrates the C++ comment style. Double forward
const , and slashes comment text to the end of the line. Like ANSI Standard C, C++ uses
prototyping the keywordconst . const is the preferred way to define constants, and is

meant to replace thalefine preprocessor directive in most cases. See
85.4.6.1:Type Qualifier constn page 67 for more information abauhst .

Also note the use of function prototypes, a feature familiar to ANSI Standard
C users. Function prototypase required in C++ Piotyping makes pro-
grams easier to read and maintain.

I/O streams Theiostream.h  andfstream.h  header files contain stream library infor-
mation that C++ needs to perform standard 1/0 and file 1/O, respectively.
Streams are not files, but you can think of them as similar to file pointers in
ANSI Standard C. See thgh C++ 1/O Streams Library Referencefor
more information about streams.

Example 2.1 Part 2

class employee {
protected
char *Soc_Sec Num;
char *Home_Phone;
char *Street;
char *City;
char *State;
char *Type;
char *Last_Name;
char *First_Name;
char *Title;
char *Department;
char *Work _Phone;
char *Start_Date;
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void print_general ();
virtual void getinfo_spec ()=0;
void getinfo_general ();

public

employee ();

virtual ~employee ();
void print_header ();
virtual void print_report ()=0;

h

Aclass isa C++ introduces a new concept known adass In C++ classes, structures,
struct — with and unions can all contain both functions and data. letetieclass is simply
functions gstruct  with functions. Classes provide a more direct association between
code and data than isgmible in ANSI Standard C. Example ZPart 2
declareslass employee

Class objects Just as Gtruct  types do, classes introduce new types in C+€la&s
objectis an object whose type is a class type. This is sometimes referred as an
instanceor instantiationof a class. In C+fbject-oriented programminig
accomplished by dealing with class objects.

Member functions Functions declared in a class are caftezmber functionef that class. For
example print_general() andgetinfo_spec() are member functions
of employee . Member functions have specadcess right$o class data.

Access rights: Theemployee class introduces three new C++ keywordsilic , pri-

public , private , vate , andprotected . These keywords determine access to class members.

protected ) .
. public members (those whose declarations follow the keywobd

lic ) are available to any function.
. private  members can be accessadly by members of the same class.

. protected members can be accessed by member functions of the same
class and by certain other classes calledvedclasses.

Encapsulating data The practice of allowing only certain functions to access a data structure is
calledencapsulation See Chapter 1&ccess Control in C++for more infor-
mation about access control.
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employee::employee () {

/I This constructor allocates memory for class members.

Last Name = new char [L_N_len];
First Name = new char [F_N_len];
Title = new char [Title_len];
Department = new char [Dept_len];
Work_Phone = new char [Phone_len];
Soc_Sec_Num = new char [SSN_len];
Home_Phone = new char [Phone_len];
Street = new char [Street_len];
City = new char [City_len];
State = new char [State_len];
Type = new char [Type_len];
Start_Date = new char [Date_len];
h

employee::~employee () {
/I This destructor frees memory allocated by a

The firstpublic

/I constructor. This destructor is implicitly
/I called by the destructors for classes

/[ temp and permanent.

delete Last _Name;
delete First_Name;
delete Title;

delete Department;
delete  Work_Phone;
delete Soc_Sec_Num;
delete Home_Phone;
delete Street;

delete City;

delete State;

delete Start_Date;

member function irmployee is a special function known

as aconstructor A constructor is called in the following circumstances:

when the program executes the declaration of an object

when you create an object withw
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Constructors A constructor guarantees that your object is initialized before you use it. In
initialize objects thisexample, the constructemployee() allocates arrays of characters to
hold information about the employee. Each constructor has the same name as
its class. A constructor that can be called with no argumenigeifaalt con-
structor. The constructor defined in teeployee class is a default construc-
tor.

Destructors destroy Theemployee class contains a constructor andestructor A destructor
objects does everything necessary to destroy a particular class object, causing that
object not to exist. A destructor’s name is the name of the class, prefixed with
the~ character. For examplesmployee frees up the memory allocated by
constructoemployee() . A destructor for an object is called in the following
circumstances:

. when the program leaves the object's scope
. when you delete an object witlalete

See Chapter 1Bpecial C++ Member Functionfer more information about
constructors and destructors.

Managing storage C++ introduces two new functions to deal with storage allocation:and
with newand delete . new calls the constructor to allocate memory for that ctbje
delete delete destroys an object created yw and frees up the storageelete
invokes the destructor (if any) for the object pointed to. See §dperators
new and deleten page 184 for more information about storage allocation.

Example 2.1 Part 4

class temp: public employee {
private

void getinfo_spec ();

float Hourly Rate;

char *Agency;

int Contract_Duration;

public
temp ();
temp (ifstream&);
~temp () { delete Agency; };
void print_report ();

I3
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class permanent: public employee {
private
int Medical_Coverage;
long Annual_Salary;
void getinfo_spec ();
public
permanent ();
permanent (ifstream&);
~permanent () {};
void print_report ();

h

Derived classes Example 2.1Part 4illustrates the classesmp andpermanent . These
inherit members classes represent data for temporary and permanent employees, respectively.
from base classesps in the real world, “temps” and “permanents” are types of employees.
These classes inherit the attributes of generic employees (name, address, and
so on), but add their own specific attributes. Clasgloyee is abase class
and classesmp andpermanent arederived classesThey inherit thero-
tected andpublic members of classmployee .

In addition, theemp class adds its owprivate  members, such as

Hourly Rate , Agency, andContract_Duration . Similarly, theperma-

nent class adds its own members suchvasical Coverage and
Annual_Salary , which apply only to permanent employees (see Figure 2.1:
Inheritance of Data Members and Member Functiongpage 9).

See §9.6Derived and Base Classen page 137 for more information about
inheritance.
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Data members
inherited from
employee

temp's private
data members

Member

functions

inherited from
employee

Functions
overriding
employee 's
virtual functions

Figure 2.1 Inheritance of Data Members and Member Functions
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Example 2.1 Part5

class Node {

private
Node *next;
employee *empl;
static int records; // static  class member:
/I number of Nodes in list
public

/I Default constructor:
Node () {empl =0; next=0; };
/I Second constructor with inlined code:
Node (employee *new_emp) {
empl = new_emp;
next = 0;
3
/I Overloaded operators:
void operator += (employee*);
int operator -=( int );
/I Friend functions:
friend  void headers (Node&);
friend  void view_record (Node&);
3
int Node::records =0; // Initializes record count
/I Function prototypes:
void add (Node&);
void remove (Node&);
void view_record (Nodeg&);
/I Overloaded operator  +=:
void Node:: operator += (employee *new_emp) {
/I Appends a node to the linked list
Node *last = this ;
while (last->next)
last = last->next;

last->next = new Node (new_emp);
records++;

|3
/I Overloaded operator -=:

int Node:: operator -=( int choice){

/I Removes a node from the linked list
int i=1,result;
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if (choice >= 1 && choice <= records) {
Node *last = this ;
while (i < choice) {
last = last->next;
i++;
3
Node *hold = last->next;
if (hold) {
last->next = (last->next)->next;
delete hold;
records--;
3
result = 0;
}
else result =1,
return result;
3
void add (Node& first) {
/I Adds a node to the linked list
char choice_str[choice_len],choice;
cout << "temporary or permanent? ";
get_line (choice_str,choice_len);
choice = choice_str[0];
switch (choice) {
case 't':
case 'T
first += new temp;
break ;
case 'p"
case 'P’:
first += new permanent;
break ;
default
break ;

Example 2.1Part 50n page 10 introduces a new classge. Node is a
linked list of pointers temployee objects.

11



High C/C++ Language Reference

Operator functions Node declares twaperator functions+= and-= . += is declared like this:

and operator

overloading

void Node:: operator +=(employee *new_emp);

This function appends thenployee object to the linked list. The= opera-
tor is invoked inadd() by this line:

first += new temp;

Operator functions make code easier to read because they convey their mean-
ing more concisely than normal function names. ‘Fheperator function

removes an employeegord from the databasegioice is the record number

to delete:

first -= choice;

Becauser= and-= already exist in C++ and operate on other types (

float , and so on), these operators are said tovieeloaded Overloaded
operators have the same name, but are distinguishable by a unique parameter
list. Different versions of= and-= are called, depending on how they are

used. See Chapter I®ame Overloading and Operator Functions in C++

for more information about operator overloading.

Static data membersNote this line in the definition dfiode:

12

and scope

resolution

Figure 2.2

static int records; // static  class member

The keywordstatic  indicates that there is exactly one data member
records for the clas$lode (Figure 2.2 Static Data Membejs static ~ data
members are used by objects of a class to communicate with one another.
Node uses data membeifcords to keep a count of the number of nodes in
the linked list.

class Node

static Node::records

3

Node object Node object Node object

A 4

\ 4

Static Data Members
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Friend functions

Hidden
parameterthis

Virtual functions
and polymorphism

Abstract base

classes and pure

virtual functions

Node declares twdriend functions:

friend  void headers (Node&);
friend  void view_record (Node&);

friend  functions have the same access rights as member functions, without
being declared as membeirfsiend functions are used ixample.cpp to

grant non-member functiomgaders() andview_record() access to
classNode. friend functions are also useful when one function must oper-
ate on two separate classes, and you do not want to duplicate the function.
See §10.4Friendson page 159 for more information abditnd  func-

tions.

The+= operator uses the hiddéns parameter:
last= this

Each member function has a hidden parameter, denoted by the keyword
this . this points to the class object whose members the function manipu-
lates. See §9.5.Mon-static Member Functioren page 134 for more infor-
mation abouthis

The following line appears in thenployee class:
virtual void print_report()+0;

print_report() is avirtual function virtual ~ function bodies are not
inherited from the base class and can be overridden by derived classes. In this
case, theyrint_report() function body is emptyvirtual ~ functions

allow this call in functiorview record

(current->empl)->print_report();

This call invokesprint_report() , but the type of object pointed to by
current->empl is unknown until run time. At run time, the program deter-
mines whether the objecttisnp or permanent , and calls the appropriate
print_report() . This is known afate binding and is one of the most
powerful features of C++. The concept of sharing the same name throughout
a class hierarchy is known pslymorphism See §9.7Virtual Functionson

page 141 for more information aboutual  functions.

The declaration ofietinfo_spec() in classemployee may look peculiar:

virtual void getinfo_spec ()=0;

13
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getinfo_spec  is set tdd (zero) to indicate it is pure virtual function A

pure virtual function is not defined, and can belong only to an abstract class.
An abstract classontains one or more pure virtual functions. Abstract
classes, such asnployee , cannot be instantiated; they can be used only as
bases for inheritanceamployee is used only as a base for the derivation of
temp andpermanent , not to createmployee objects.
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Tokens This chapter describes the ways you can use individual characters to form
C++ tokens. Aokenis a sequence of characters that titute a language
element. The set of tokens is the vocabulary of the C++ language. Each kind
of token is a basic element of the C++ language.

3.1 Character Set

These are the characters in C++:

. all uppercase and lowercase alphabetic charatters anda..z

. all numeric character®.9

. space, vertical-tab, horizontal-tab, carriage-return, and line-feed
. the following characters:

1% &*()-+={}|~[]
\; ">, 8

These characters can be combined in various ways to form identifiers, opera-
tors, strings, comments, numbers, delimiters, and punctuators.

15
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3.2 Punctuators

Table 3.1 shows the punctuators valid in High C++

Table 3.1 Punctuators

Punctuator Description

[ and] Indicate array subscripts
Indicate a function call or group operation in an expression; also
( and) used as the beginning and ending marks of parameter lists, and
other uses

Enclose lists of statements, grouping them to form a compound
{ and} statement. Enclose lists of initial values. Mark beginning and
ending points of member lists for structures, unions, and classes

, Separates two expressions or items in a parameter list

; Terminates statements, declarations, and pragmas

Used as a separator for case labels, statement labels, bit fields, and
constructor initializers

Indicates that a function has a variable number of arguments

Indicates a range, such’as.’z’ in switch statements (High

v C/C++ extension)

3.3 Whitespace

Whitespace refers to a set of characters, such as blanks, tabs, and the newline
character, that increase readability of the source program. These characters
have no other significance in the program, unless they appear within a literal
string or character constant. Comments (see &mment®n page 17) are

also whitespace. The following are three whitespace examples.

int i = 3; // Extra blanks around = do not matter.
int i=3;  // This line is correct also.
inti= // But this does not declare an integer i.
/I Leaving out the space between int andi

/I changes the "inti" to an identifier.

16
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3.4

Comments

A comments text used as descriptive commentary; it has no meaning to the
program. Comments have no effect when the program is executed.

Two forms of C++ has two forms of comments. The first form is familiar to C program-

comments mers, as shown in the following example:

[* Any sequence of characters, except: */

This comment starts with the charactérsand ends with the charactets.
Commentgannotbe nested, as shown in the following examples.

[* This is a valid comment. */
[* This is not /* a valid comment. */ */

The second form of a comment in C++ starts with two slagh@si{th no
space between them, as shown in the following examples:

/I This whole line is a comment.
main () // This part of the line is a comment.
int i=3//0ops, cannot have space between slashes.

The// form of comment extends to the end of the line. UsSingtyle com-
ments may lead to a different interpretation in C++ versus ANSI Standard C.
For example:

int ¢ = qg//*divide by 6 */6;
+a;

In ANSI Standard C this statement is interpreted as:
int ¢c=q/6; +a;

while in C++ the statement is interpreted as:
int c=q+a;

You can avoid this problem by judicious use of whitespace, as shown in the
following example:

int ¢ =q// This will not be misinterpreted.

+a;
int ¢ =q//* The compiler will not misinterpret */
+a; /I this, but a person might.

17
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Watch out for line If a line containing & -style comment ends in a backslash, the next line is
splicing appended; see 84 lline Splicingon page 33 for more information.

3.5 Identifiers

An identifier is a name for sudhings as variables, functions, and classes
in C++ The form of amlentifier is:

{letter | _}[ letter | digit | _]
Letters A letter is any of the following characters:

abcdefghijklmnopqgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

Digits A digit is any of the following characters:
0123456789

All characters are Keywords (see §83.@&eyword$ and library function names are forms of iden-
significant in an tifiers. An identifier can begin with a letter or underscore, followed by an
identifier arbitrarily long sequence of letters, underscores,gitsdn any oder. ldenti-
fiers cannot contain whitespace. All characters of an identifiesigméficant.
Identifiers are case sensitiveDQSEis a different identifier fromose , and
also is different fromoSe .

Avoid leading Avoid using identifiers that begin with one or two underscores in your pro-
underscores grams, because these identifiers are reserved for use in the run-time library
and in constructing names for member functions.

3.6 Keywords

Reserved identifiersA keywordis an identifier that has a special usage in High C++ Keywords are
reserved identifiers, and cannot be redeclared or used in any context that is not
valid for the keyword's special use. Table 3.2 shows High C++ keywords.

The keywords in Table 3.2Table 3.2 thaygin with an underscore are High
C/C++ extensions to C and C+#lias , CC _ _declspec , Dpascal ,

18
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Far ,

Operators and Their Precedence

:Near , _Noalias , Packed, and Unpacked.

Table 3.2 Keywords in High C++

_Alias default if private throw
_Asm delete inline protected try
auto do nt public typedef
break double lang register typeid
case _Dpascal mutable return union
catch else namespace short | Unpacked
_CcC enum _Near signed insigned
char extern new sizeof using
class |Far _Noalias static virtual
const loat operator struc void
continue for _Packed switch volatile
_ _declspec friend pragma template while
goto this

WARNING: _Packed and_Unpacked are notimplemented for all target
platforms. See youREADMHile for information.

3.7 Operators and Their Precedence

C and C++ have a bewildering number of operators and precedence rules to
describe the relationships betan operators and operandthim expressions.
However, once you get the hang of operator precedence, associativity, and the
use of a precedence table (for example, TableP3&&tedence and Associativ-

ity of C++ Operatorson page 21), understanding the structure of C and C++
expressions is not difficult.

Operators Think of the operators in an expression as competing for operands. For exam-
“compete” for ple, in the expressiom&& b <c , the operator&& and< are competing for
operands the middle operant. The two operators are not competing fordhandc:
obviouslya is the left operand @& andc is the right operand of.

19
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The question here is whether the expression is equivalent to
(a&&hb)<c

or
a&&(b<c)

Using a precedenceThe way to answer this question is to consult a precedence table. Table 3.3:
table Precedence and Associativity of C++ Operatorspage 21 shows whether
&&or < has the greater precedence. Table 3.3 shows&d&Hzs precedence
level 7, while< has precedence level 12. Because 12 is greater than 7,
“takes precedence ove#& when competing for operands.

Thus, the expressian&& b <c is equivalent to
a&&(b<c)

not
(a&&hb)<c

That is, the left operand éf is a; its right operand is the subexpresgion
c; the left operand of isb and its right operand is.

Checking What happens when two competing operators have the same precedence?
associativity Check their associativity (they must both have the same associativity).

Consider the expressian>b <c . Isit equivalenttga > b) <c orto
a>(b<c) ?

Table 3.3 on page 21 shows that the comparative operators are all at prece-
dence level 12, but also that they are left-associative. This means that when
they are coreting for the same operand, the one on the left wins.

Thus the expression>b <c  is equivalent tga > b) < c , hot to
a>(b<c

In general, first use the precedence levels, then break ties based on associativ-
ity.
Precedence of As Table 3.3 shows, the prefix unary operators (those that precede their only
unary operators operand) have lower precedence than the postfix unary operators (those that
follow their only operand). Thus, in any competition, the postfix operator
wins over a prefix operator (that is, the postfix takes precedence over the pre-
fix).

20
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Consider, for example, the expression ++ (b) . This is equivalent to
& ((a ++) (b)) ; that is, you post-incremeant apply the result to (call
the referenced function withas parameter), and then dereference the result.

Operands ir At the bottom of Table 3.3 are the ultimate operands, the constants, variables,

expression or other data items that can appear in expressions. Also, parenthesized
(sub)expressions are at the bottom, and operators of any precedence level can
be inside the parentheses.

Exceptions to the Unfortunately, C and C++ have a few exceptions to the usual precedence

CI/C++ precedence scheme, as indicated in Table 3.3.

scheme
The subexpression that is the left operand,afo=, and?: cannot contain an

operator with precedence level less than 6 (that is, the left operand must have
precedence level 6 or greater) unless that operator is found in a parenthesized
subexpression.

There are no operators with precedence level 3 or 16, for a technical reason
beyond the scope of this discussion.

sizeof can have as its operandizeof subexpression or other prefix-oper-

ator subexpression, but not a cast subexpression (unless it is parenthesized).
The other prefix operators can have as their operand a subexpression contain-
ing any unparenthesized prefix operator.

Table 3.3 Precedence and Associativity of C++ Operators

E;?/Z’I Operator Cssomaﬂwt Special Notes

, left
2 => none Cannot have twes competing
4 = right Precedence(Left Operanz
4 op= right Precedence(Left Operanz
5 5 right Precedence(Left Operan#)s, and Prece-

dence(Middle Operand 1

6 I left
7 && left
8 | left
9 N left

21
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Table 3.3 Precedence and Associativity of C++ Operators (Continued)

E;?/Z’I Operator Cssomaﬂwt Special Notes

10 & left

11 == left

11 I= left

12 < left

12 > left

12 <= left

12 >= left

13 >> left

13 << left

14 + left

14 - left

15 * left

15 / left

15 % left

17 X left

17 >* left

18 cast_expr unary prefix | Operand can be any prefix g218)
19 sizeof unary prefix | Precedence Level(Operastd)

19 + unary prefix | Operand can be any prefix g218)
19 - unary prefix | "

19 * unary prefix | "

19 & unary prefix | "

19 ! unary prefix | "

19 ~ unary prefix | "

19 ++ unary prefix | "

19 - unary prefix | "

19 delete unary prefix | Operand can be any prefix E218)
19 new unary prefix | "
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Table 3.3 Precedence and Associativity of C++ Operators (Continued)

E;?/Z’I Operator Cssomaﬂwt Special Notes

20 ++ unary postfix| Operand can be any postfix ¥20)

20 - unary postfix| "

20 (expr) unary postfix| As in a function calitargs)

20 1} unary postfix| "

20 -> left

21 constant operand

21 variable operand

21 (expr) operand Parenthesized subexpression

Note: The compound assignment operators are defined in §&dsign-

menton page 79

3.7.1  Unary Operators

A unary operatortakes only one operand. Table 3std theunary operators
used in High C++

Table 3.4 Unary Operators

Operator Description

& Address operator; yields the memory address of an object

Dereference operator; uses the operand as an address and fetches
the object at that address

*

+ Unary plus;. no operation

- Unary minus; negates the operand

~ Bitwise complement

! Logical negation

Used before an operand, pre-increment; used after an operand, post-

++ .
increment

23
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Table 3.4 Unary Operators (Continued)

Operator Description

B Used before an operand, pre-decrement; used after an operand, post-
decrement

sizeof The size of an operand in bytes

delete Deallocate dynamic memory

new Allocate dynamic memory

3.7.2
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Binary Operators

A binary operatortakes two operands. Table 3.5 lists the binary operators
used in High C++.

Table 3.5 Binary Operators

Operator

Description

+

Addition

Subtraction

*

Multiplication

/

Division

%

Remainder

>>

Shift right

<<

Shift left.

Bitwise AND

Bitwise exclusive OR

Bitwise OR

Logical AND

Logical OR

Assignment

ORs right operand with left operand and assigns to left operand

Exclusive ORs right operand with left operand; assigns to left oper-
and

Bitwise ANDs left and right operands; assigns to left operand
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Table 3.5 Binary Operators (Continued)

Operator Description

Shifts left operand right by the number of bit positions indicated by

- the value of the right operand; assigns to the left operand
N Shifts left operand left by the number of bit positions indicated by
<<= . .
the value of the right operand; assigns to the left operand
__ Subtracts right operand from left operand; assigns result to left oper-
N and
+= Adds left and right operands; assigns sunmetbdperand.
= Divides left operand by right operand; assigns quotient to left oper-
- and
*= Multiplies left and right operands; assigns result to left operand
< Less than
> Greater than
<= Less or equal
>= Greater or equal

== Equal: compare operands for the same value

I= Not equal: compare operands for different values

Select a component ofcéass , struct , Orunion

Selects the component otlass , structure , orunion denoted
-> by the right operand, indirectly through the address represented by
the left operand

Scope access and resolution

* Dereferences a pointer to a class member, given a class object

Dereferences a pointer to a class member, given a pointer to a class
object

< Invokes a High C/C++ iterator

S>*
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3.7.3  Ternary Operators
A ternary operatortakes three operands. High C/C++ has one ternary opera-
tor, “? : 7, used as follows:
a?x:y
This expression is equivalentlidn the context of this assignment:
if (a)b=x; else b=y;

For further information about operators, see Chaptexpressions and Con-
versions

3.8 Constants

A constantis a value that cannot change during the execution of your pro-
gram. C++ has several kinds of constants:

. decimal

. floating point

. octal

. hexadecimal

. character

3.8.1 Decimal Constants

A decimal constant is a non-zero digit followed by a sequence of zero or more
digits, optionally followed by é&ng and/orunsigned suffix. Whitespace
cannot appear between thgits of an intger constant, or between the digits
and the suffix. This is the syntax for a decimal constant:

nonzero_digit [ digit ] [I | L][ u| U]
wherel orL implieslong , andu or Uimpliesunsigned .

Maximum and The maximum and minimum values for an integer hardware dependent.
minimum values However, on architectures wheveg means 32 bits, the smallegjned
integer is -2,147,483,648 and the largasted integer is 2,147,483,647.
Similarly, for 32-bit architectures, the smallestigned integer is 0, and the
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Extension

largestunsigned integer is 4,294,967,295. For more information, consult
theHigh C/C++ Programmer’s Guide for your target hardware.

If the integer constant has no suffix, its data type depends on the value of the
constant. An integer constant with no suffix is assigned the first of these data
types that its value will fit in:

int

long int

unsigned long int

As an extension to C and C++, in High C/C++ you can use one or more under-
scores between digits of an integer constant.

1 200 // This is equivalent to 1200.

3.8.2  Floating-Point Constants

A floating-point constant is defined as follows:
Mantissa [ Exponent ][ float_suffix ]
where the components have the following meanings:
Mantissa is one of the followng:
digits (If there is no decimal point, afxponent is required.)
.digits
digits.
digits.digits

Exponent is:

[Ele]l +|-] digits
digits are:

[ o] 1] 2| 3] 4] 5| 6] 7| 8] 2] ...
float_suffix is:

LAl Al ] or L] ol £ F]
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The following rules apply to floating-point constants:

. Ether the integer part or the fraction part of the constant can be omitted,
but not both.

. Either the decimal point or the(or E) can be omitted, but not both.

. The exponent is optional, and can have an optional sign preceding it.

. The constant can be followed by the leftar F, and/or the letter or L.

. If there is no suffix, floating-point constants have the datadypéele .

. Ifthef orF suffix is present, the floating-point constant has the data type
float

. Ifthel orL suffix is present, the floating-point constant has the data type
long double .

3.8.3 Octal Constants
An octal constant starts withOa(zero):
0 octal_digit [ octal digit ] ... [1]L] [u] Y
whereoctal digit is one of the following ASCII characters:
01234567
Whitespace cannot appear between fggsdof anoctal constant or between
the digits and the sfikes. The optional suffix orL implieslong . The
optional suffixu or U impliesunsigned . You can use an octal constant
wherever a decimal integer can appear. If an octal constant appears with no
suffix, its data type is the first of the following data types that is large enough
to contain its value:
int
unsigned int
long int
unsigned long int
3.8.4 Hexadecimal Constants
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wherehex _digit  is one of the following ASCII characters:
0123456789ABCDEFabcdef

In a hexadecimal constant, the uppercase or lowercase letteranda..f
correspond to the following decimal values:

aA 10
bB 11
cC 12
dD 13
eE 14
fF 15

The optional suffiX orL implieslong . The optional suffixu or U implies
unsigned . Hexadecimal constants can appear wherever a decimal constant
can appear. If a hexadecimal constant appears with no suffix, its data type is
the first of the following data types that is large enough to contain its value:

int

unsigned int

long int

unsigned long int

As an extension to C and C++, you can specify a number in any base from 1 to

16. High C/C++ compilers recognize a second or latetlowing 0x as a
switch to a new base for interpreting the values aftex thidere are some
examples of using this base conversion:

Oxfffe /I A normal hexadecimal constant
0x2x1001  // Ox, followed by change to base 2
/I (binary), followed by binary digits
/I The value is 9 10
0x2x1001x20 // Here the binary digits specify a new
Il base, base 9; the value is 18 10+
/I which is "20" in base 9

3.8.5

Character Constants

A character constanis a sequence of one or more characters enclosed in sin-
gle quotes. The sequence represents a single character value abfaty par
a multi-character value of typet . These are examples:
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()

a
'"AbC’
1223’

Multi-character The value of a multi-character constant is implementation dependent. If you
constants plan to move your C++ program to many different machines, you should
avoid using multi-character constants, and use strings instead.

In C++ single-character constants have datadype, but in ANSI Standard
C they have typét . If you writesizeof ( char const ), where
char _const is any single-character constant, in C++ you get the value 1
(one), while in ANSI Standard C you ggteof (int ).

Wide characters A character constant whose integral value exceeds(256 (octal,0xFF
hexadecimal) is undefined, unless it is immediately preceded by thelletter
Here is an example of the use of theharacter as a prefix:

L'ab’
This is interpreted as a “wide” character, and has the datavtype t .

Wide characters are used for international character sets where the value of a
character does not fit into a single byte.

3.8.5.1 Escape Sequences

Within acharacter constant or string, a backslash charadtéeg@ins an

escape sequence. Aacape sequeneceeans that the backslash is to be com-
bined with the character or characters that follow it to form a visual represen-
tation of a certain non-printing graphic character, or a two-character
representation of the characters , ?, and\. Table 3.6 shows the escape
sequences defined in High C++

Table 3.6 Escape Sequences

Ezgizice Description Value

\n’ ASCII LF Newline

\t ASCII HT Horizontal tab
A% ASCII VT Vertical tab

\b’ ASCII BS Backspace

\r ASCII CR Carriage return
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Table 3.6 Escape Sequences (Continued)

Ezgir;ice Description Value

P ASCII FF Form feed

\a’ ASCII BEL Bell

A\ \ Backslash

\?' ? Question mark

\” ' Single quote

" ! Double quote

\ o.. 0, 00, Of 000 Octal number: one to three octal digits

W h h Hexadecjmal number: any number of
hexadecimal digits

Note: An escape sequence of the type.. must contain at least

one and no more than three octal digits.

In an escape sequence of the typé... |, the\x can be fol-
lowed by any number of hexadecimal digits. The first non-
hexadecimal character defines the end of the sequence.

3.8.6  Strings

A stringis a sequence of characters enclosed in double quotes. Escape
sequences (see §3.8.5Ekcape Sequences page 30) are valid in strings as
well as in character constants. To represent the charaitex string, you
must use the escape sequerice

Strings have the data typear [| (thatis, array ofhar ), unless the string is
immediately preceded by the letter A string immediately preceded hyhas
the data typevchar t[]  (thatis, array ofvchar_t ), and represents an array
of wide characters.

If two strings are adjacent in C++, they are concatenated. For example:

cout << "How are " "you?"
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The adjacent stringsiow are *  and"you?" are equivalent to the single
string"How are you?" . All strings in C++ are null-terminated.

3.9
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Trigraphs

Table 3.7

A trigraph is a sequence of three characters that represents another character.
If your computer system does not support the full ASCII character set, or if
your system assigns foreign-language symbols to certain character values in
the ASCII character set, you might have to use trigraphs to represent particu-
lar ASCII characters. The meanings of trigraphs hold everywhere, even in
strings or constants.

Table 3.7 ists the trigraphs defined in C++

Trigraphs in C++

Trigraph Meaning Trigraph Meaning
22/ \ H?) ]
27’ (e |

To actually use the characters in a string or character constant, you must
use the escape sequente

printf("What?\?!"); // Prints: What??!
whereas:
printf("What??!"); // Prints: What|



4
Preprocessing C and C++
Program Text

When you compile a C or C++ program, the compiler first preprocesses the
program text. Preprocessing does the following:

splices lines

removes comments

executes preprocessor directives
expands macro references

replaces escape sequences in literals with their equivalent character repre-
sentations

concatenates adjacent string literals

Except for the treatment ¢f -style comments, preprocessing in C++ is the
same as preprocessing in ANSI Standard C.

4.1 Line Splicing

C or C++ source code is usually divided into a sequence of separate lines of
text. The C and C++ languages do not require statements to appear on sepa-
rate lines, nor do they impose a limit on the length of a source line. A single
token, such as an identifier, can actually span several source lines, by means
of line splicing

Glue source lines Line splicing neans taking a source line and the line that immediately follows
together with a it, and “glueing” them together, as though there were no newline character
backslash character separating them. Each source line whose last character is backslash (\) is con-
catenated with the following line after deleting the backslash and the newline

character, as shown in the following example.
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i\

am\

all\

one\

name++;

iamallonename++; // Equivalent to the spliced line

In effect,\ followed by a newline character means to the preprocessor “act
like we are not here: concatenate the former with the following”. Any token
can be spliced across line boundaries with the backslash character, including
comments and strings.

You can splice You should be careful, though, when using line splicing with C++ end-of-line
/I -style commentscomments. For example:

34

#define big_macro(i,j) {i++; // Comment \
j++; I/ Another comment \

}
main(){
int ij;
big_macro(i,));
}

This example shows a macro dahfiion using#define (see 84.2Preproces-

sor Directiveson page 35), where the defion is continued across source-

line boundaries using line splicing. C++ end-of-line comments appear at the
end of the first two source lines. The remainder of theaéalowing the

first end-of-line comment, is treated as part of the comment. The preceding
example expands to the following text after prepraogss

main(){
int ij;
{i++;

}

This is not valid C++ syntax, and will generate error messages at compile
time. To get what was probably the intended effethimexanple, you could
change the comments to thie*/  form.
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4.2  Preprocessor Directives

Control lines A line of source-program text that begins with a preprocessor directive is a
control line

Thepreprocessor directivesre listed in Table 4.1:

Table 4.1 Preprocessor Directives in High C/C++

#define #endif #ifdef #line
#elif #arror #ifngdef #pragma
#else #if #include #undef
The following High C/C++ extensions are also preprocessor directives:
#c_include
#print

A control line can have whitespace characters precedingtharacter that
begins a preprocessor directive. The preprocessor directive name must be one
of the names listed above, or empty.

Null directive If nothing but whitespace follows thiecharacter on the source line, it is the
null directive A null directive is ignored, and has no effect.

4.2.1 #include and #c_include

As in C, thetinclude directive imports library functions and files from out-
side the current program. When you use#ihelude directive, you must
follow it with a file specification. Theinclude places the source text from
the named file at the point of théclude

High C/C++ provides two forms of thénclude and#c_include  direc-
tives:

#include < filename > or #c_include < filename >

#include " pathname" or #c_include " pathname ™"
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These rules apply to thiénclude and#c_include preprocessor directives:

. The newline character cannot appear in eitli@rame  or pathname .

. The> character cannot appearfiename

. The" character cannot appeardathname .

. Whitespace is not allowed in either form between<ther " delimiters.

. If any of the characters,\ , or" or the sequenceés or// , appear
between the delimiters, the interpretation of the token string between the
delimiters is undefined.

In the<filename> form, the token stringlename is not required to spec-

ify a complete path for the location of the file you want to include. The com-
piler will look for this file in the High C/C++ include directory, if any,
followed by the host operating system’s include directory, if any.

See theHigh C/C++ Programmer’s Guide for information about the search
order and locations in which the compiler looks for include files.

Includes can be A file specified in eithekfilename> or" pathname " can contain further
nested #include directives. Consult theligh C/C++ Programmer’s Guide for
your host operating system for limits on the number of include files that can
be so nested.

As a language extension, you can use the diregtivieclude — condi-
tional file incluson. #c_include works exactly liketinclude , except that

if the file to be included has already been included once in the source file, it
will not be included again#c_include is therefore @onditionalfile inclu-
sion facility that helps you avoid duplicate declarations. Also, using
#c_include avoids file /0O and compilation overhead because the included
source file is processed only once.

4.2.2 #define and #undef

C and C++ allow you to define macro code sequences and symbolic constants.
The#define preprocessor directive associates a symbolic name with a code
sequence or constant. Theefine directive has the following form:

#define macro_name[ (parm[ ,parm] )] token_string

Following any neededarm substitutionsfoken _string is substituted for
occurrences ofacro_name and its associated optional parameter list in the
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source program. This substitutioan occur anywhere after theefine
directive, unless (or until) atundef macro _name directive is encountered.

Macro names are macro_name can be any valid identifier (see 83lédentifierson page 18) and

usually uppercaseit is followed by an optional parameter list; eaehm must be a valid identi-
fier. By conventionmacro _name is often in uppercase, although this is not
required.

Each optional parameter must be a valid identifier, with parameters separated
by commas.token_string can be whitespace, or any valid sequence of C

or C++ tokens. You can spliceken_string across line boundaries using

the backslash (\) character (see §#ihe Splicingon page 33); that is,
token_string must be contained on one line after splicing. For example:

#define FAR

#define  MAX(x,y) ((x) > (y) ? (x) : ())
#define MAX_BUFFERS 30

#define RPAREN)

#define LPAREN (

#define ADD(x,y) x +\

y
main() {
FAR int *ptr;
int i=40;
int j=50;

i = LPAREN ADD(i,j) RPAREN;
if (MAX_BUFFERS < MAX(i,j) )
i = MAX_BUFFERS;

}

After preprocessing, this program would look something like the following:

main() {
int  *ptr;
int i=40;
int i=50;
i=(i+j)
if(30<(M)>07@1:0)))
i=30;
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End a macro The#undef directive terminates the association betweenro_name and
definition with token string . This is the form of ariundef directive:

#undef
#undef macro_name

4.2.3 Conditional Directives

Preprocessing provides a way to conditionally compile your programs. You
can include or omit sections of code based on whether a particular
macro_name is defined, or whether a constant expression has a non-zero
value. A conmonuse for conditional compilation is to include or omit print-
ing information to help in debugging your program. Gbtiadal compilation
directives have the following form:
if_line
source_text
[ elif _line
source_text ]
[ else_line
source_text
#endif

where the components have the following meanings:
if line  can be one of the follawg:

#if  constant_expression
#ifdef  identifier
#ifndef identifier

source_text is zero or more valid C or C++ tokens.
elif line is:

#elif constant_expression
else line is:

#else

Nested conditional You can nest conditional compilation constructs. There is no particular limit
directives on the number of levels of nesting.
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423.1

4.2.3.2

4.2.3.3

#if

When the preprocessor encountéfs, theconstant_expression is eval-
uated. If the result is a non-zero value, the source text following tie

is included in the compilation. If thewnstant expression evaluates to
(zero), the source text following thé& is ignored, up to the matching
#endif , #else , or#elif

#ifdef and #ifndef

An #ifdef  directive is similar to a#if directive, except that instead of
evaluating a constant expression, the preprocessor checks tadseé-if

fier has been defined, by means efdafine directive or a compiler com-
mand-line definition. Ifidentifier is defined, the source text following
the#ifdef directive is included in the compilation. Otherwise, the source
text is ignored.

#ifndef  is the opposite ofifdef : source text following a#ifndef  direc-
tive is included in the compilation only ifentifier has not been defined.

See theHigh C/C++ Programmer’s Guide for information about the com-
piler command line.

#elif and #else

An #elif  directive is valid only within a surroundingf / #endif pair.
#elif  is processed only if the matching precediifg or #elif  directive
evaluates to (zero), or therifdef  or#ifndef  failed.

If the constant_expression following #elif  evaluates to a non-zero
value, the source text followinglif  is included in the program, and all text
following a succeedingelif or#else is skipped until the corresponding
#endif is encountered. In this contexte@nstant expression cannot
contain asizeof operator, a type cast, or an enumeration constant.

For a definition ofconstant _expression , see 86.3Constant Expressions
on page 78.

If all matching precedingif ,#ifdef ,#ifndef , and#elif directives eval-
uate to0 (zero), the source text following thelse directive is included in
the compilation.
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4.2.3.4 Unary Operator defined

Eachconstant_expression can contain a unary operatiefined
defined can be used in either of the following forms:

defined (x)

defined x

defined (x) (ordefined x ) evaluates ta (one) ifx is a defined macro
name; otherwise it evaluatestdzero). Thus#if defined (x) is equiva-
lent to#ifdef  x ; however, unliketifdef |, defined (x) can be combined
in a complex expression such as:

#if defined (x) &&! defined (y)

You cannot undefine or redefine the identifiefined

424 #Hline

For programs such as translators that preprocess C++ as input and produce C/
C++ output, C++ provides thgine preprocessor directive. This is the form
of the#line directive:

#line  compile_time_constant [ filename ]

wherecompile_time_constant is a valid integer constant, and the
optionalfilename string is a valid file name for the host operating system.
If you use thetline directive, the macro constantLINE__ is set to the
compile_time_constant value as the next line is processed.

If you use the optionallename  string, _FILE__ is set to equal the value
of filename . compile_time_constant can be anacro_name or can
contain amacro_name. Macro replacement is completed before#te:
directive is processed.

4.2.5 #error and #print

The preprocessor directiverror has the following form:

#error  token_string
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Extension

wheretoken_string is any sequence of printable characters (on one line,
after line splicing).#error causesoken_string  to be displayed as a diag-
nostic message during compilation.

The#print  directive is a language extension. It works the same way as
#error , but is not treated as a compile-time error that terminates compila-
tion. #print  provides a convenient way of printing informational messages.

4.2.6 #pragma

The#pragma directive causes an implementation-dependent action. You can
use pragmas to do such things as:

. control compiler warning levels and messages

. conditionally include source files

. provide an interface between High C or High C++ and other program-
ming languages

A #pragma directive has the following form:

#pragma Pragma_name [( Pragma_parameters ) ][ ;]

wherePragma_parameters is a list of constant expressions separated by
commas.

Parameters vary The number and types of the expressions depend on the particular
from pragma to pragma name. If Pragma_name is a valid High C/C++ pragma name, the
pragma rest of the source text following the pragma name must be correct according

to the definition of that pragma in High C/C++. For example, the
Calling_convention pragma has three valid forms:

#pragma Calling_convention()
#pragma Calling_convention(Attributes)
#pragma Calling_convention(Attributes, DEFAULT)

WhereAttributes is a bit pattern. The following is not correct:
#pragma Calling_convention(1, 2, 3) // Not valid

Although Calling_convention is a valid High C/C++ pragma, the values
insidethe parentheses are not valid for this pragma, and this usage draws an
error message. If you use a pragma name that is not a valid High C/C++
pragma name, you receive a warning message.
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See theHigh C/C++ Programmer’s Guide for information about High
C/C++ pragmas.

4.3 Predefined Macro Names

Some macro names are defined for you. These names cannot be redefined or
undefined. Table 4.2 lists the predefined macro names.

Table 4.2 Predefined Macro Names

__LINE_ A decimal constant: the current C++ source-file line number

__FILE_ _ A string: the name of the source file being compiled

A string: the date of compilation in the formmndd yyyy
__DATE__ (for day values 10 or greater; for daythiough 9the date
has the formmmnd yyyy )

__TIME_ _ A string: the time of compilation, in the form hh:mm:ss

Defined when compiling a C++ program; the same as

luspl
——CPIUSpIUS #define _ cplusplus 1

__CPLUSPLUS__ | The same as_cplusplus ; a High C++ extension

Defined when compiling C programs, or progréimst are a

~-STbC__ mixture of ANSI Standard C and C++

Predefined to be 1 (one) for all implementations of High C
__HIGHC_ _ unless compiling in ANSI Standard C mode; can be used to

exclude code containing High C/C++ extensions, for example

4.4 Concatenation

Operatorst and## are permitted within the replacement token sequéerafe

a definition of a parameterized macro. tki R these operators have special
meanings. These meanings change the way token substitution is performed
for parameter names that appear as argumentamnol##.

Macros are usually Normally, when a parameter nami@ppears irR, N is replaced by the token
expanded beforesequence that was given as the argument firthe macro invocation, after
substitution macro expansion has first been performed on that token sequence. That is,
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macro expansion is first applied to the argument token sequence, then substi-
tution ofthe expanded text occurs wherewMaappears irr.

Tokens can be gluedf # is followed by a macro parameter nanwithin R, both are replaced by a
together befqre single chaacter-string token that contains the spelling of the unexpanded
macro expansion grgument token sequence for— that is, before macro expansion has been

applied to the argument. The spelling is defined as the concatenation of the
texts of each of the individual tokens, with a single space inserted between
any two tokens that have any amount of whitespace (comments, spaces, tabs,
and so forth) between them, and where any occurrenc®of is prefixed

by \ (to ensure that when compiled the string produces\ correctly).

See 84.4.1Uses of Operators # and #ér examples.

If a macro parameter nams immediately preceded and/or followed#ay

the parameter is replaced by the unexpanded argument token sequence.
Before the replacement text is re-examined for further macro expansion, each
instance of## is deleted, and the two tokens preceding and following#he

are replaced by a single token whose text contains the concatenation of the
texts of the two tokens. The resulting concatenation must be a valid token,
otherwise the result is undefined. If there are no such two tokens, the result is
undefined. The resulting single token is congddor expansion when the
replacement text is re-examined for further macro expansion.

## cannot appear as the first or last token of a replacement token sequence.

4.4.1

Uses of Operators # and ##

A typical use oft would be for printing the text of a variable or expression in
a program:

#define  str(y) #y
#define debug(x) \
printf("The value of " str(x) " is %d", X)

If theint variablexyz has the valué, the invocatioriebug(xyz) prints:
The value of xyz is 3
anddebug(xyz+ /*comment*/ 4) prints:

The value of xyz+ 4is 7
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Notice the single space inserted betweemd4, corresponding to the
whitespace betweenand4 in the argument tdebug .

debug(’a’)
prints:

The value of 'a’ is 97

(assuming an ASCII target) because is converted to the C/C++ string
113 1a

A typical use oft## is for the construction of an identifier from a distinct iden-
tifier prefix and suffix:

#define Glue(x,y) x ##y
#define OS_CPU(Prefix) char *Glue(Prefix,_0S), \
*Glue(Prefix, CPU)

Then:

0S_CPU(VAX)
0OS_CPU(SUN)

declares fouthar * variables:VAX_0OS$SVAX_CPYSUN_OS$SandSUN_CPU
(assuming/AXandSUNare not parameterless macros that expand to some-
thing else).

To illustrate the substitution of non-expanded argument token seggiecon-
sider the following:

#define  Str(x) #x
#define  Str2(x) Str(x)
#define abc def

Then:

Str(abc) // Expands to "abc"
Str2(abc) // Expands to "def"

Firstabc is expanded tdef , thendef is substituted in the replacement text
for Str2 , producingstr2(def) ; then,def is converted to a string. Another
example:

#define Glue(x,y) x ##y
#define  Glue2(x,y) Glue(x,y)
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Then:

Glue(abc,abc) // Expands to abcabc
Glue2(abc,abc) // Expands to defdef

Finally, some error situains:

#define Badl(x) ## x ## // Both ##s are invalid.
#define Bad2(x) #y /l'y is not a formal

/I parameter.
#define  Glue(x,y) x ##y

Glue(,123)  // Invalid: There are no tokens
/I to the left of ##SQ.
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5
Declarations and Definitions

Declarations A declarationassociates a name with a specific set of attributes. Among
those attributes are location in storage, data type, size, and storage category.
All names must be declared in C++ programs before they are used.

Definitions If a declaration allocates storage, assigns a value, or defines a function body,
the declaration is alsodefinition

Variables A variableis a declared name whose value can change during the execution
of your program. For example:

int i; // This is both a declaration and a
/I definition because it reserves space
/I for the variable i.
char myfunc( char *s) { return *s;}
/I The preceding is also a definition, because
/I it defines a function body.
extern atan( float ); // Declaration only
struct  astruct; /I Declaration only

In this examplej is declared as an integer. The declaration gives the data
type and size for, and causes storage to be reserved fdBee §5.4Data
Typeson page 52 for more information about type declarations.

The declaration ofiyfunc() defines a function that returns a single charac-
ter, after dereferencing the input parameter. This declaration is a definition
because it defines a functibndy. This is the body of the function:

{ return *s;}

The declaration of the functiarian() is not a definition because no func-
tion body is defined. Thextern keyword informs the compiler that the
body of the function is defined elsewhere. Similagtyyct astruct  sim-
ply declares thatstruct is a structure, without reserving any storage or
defining whatastruct  looks like.
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5.1 Declarations

A declaration is one of the folloung:

[ decl_specifiers ][ init_declarator
, Init_declarator ] ]

function_definition
linkage _specification

See 85.6Linkage Specificationfor a discussion of
linkage _specification

decl_specifier S are:

| storage_class_specifier
type_specifier

inline

virtual

template

friend

typedef

init_declarator is:

declarator [ initializer ]
See 85.7Initialization for a dscussion ofnitializer
declarator is one of the following:

declared_name

ptr_operator declarator

declarator  ( argument_decl_list ) cv_qualifier_list ]
declarator | [ constant_expression 1( declarator )

declared_name is one of the following:

name
~identifier
[templat_ invocation ][ identifier :: ] ... hame
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nameis one of the following:

identifier
operator_function_id
conversion_function_id

ptr_operator is one of the following:

[ templat_invocation ][ identifier :: ]
* cv_qualifier_list
& cv_qualifier_list
cv_qualifier_list is:

{const | volatile }

Names are A nameis usually just amdentifier . The form of an

identifiers operator function_id is shown in §12.30perator Function®n page
198. The form of @onversion function _id is shown in 811.3User-
Defined Conversionsn page 179.

5.2 Blocks and Name Scoping

A blockis a collection of declarations and statements enclosed by curly braces
{} . Ablock can appear anywhere a statement can appear; see Chapter 7:
Statementfor more information about statements. Objects declaittiva

block are accessible only within the block, unless they are declared using
extern , or unless you use the scope resolution operatg@see §5.4.25cope
Acces®n page 55).

Functions are A function is a special kind of block that can be called, might take parameters,
blocks and might return a value.

Blocks can be An inner blockis a block that is enclosed by another block. If you declare a
nested name in an inner block, and you have declared the same name in an enclosing
block, you will be unable to access the name in the enclosing block from
within theinner block, unless you use the scope resolution operatoFor
example:
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#include <iostream.h>
float global = 2.75; // Declaration in file scope
main( int argc, char *argv[]){
char global; // This declaration is inside block
/I main. Now you cannot access the
/I global at file scope from within
/I main unless you use ::global.

global = "a’;
{
int global = 3;
cout << global; // Prints "3"
}

cout << global; // Prints "a"
cout << ::global // Prints “2.75"

}

Scope of a nameThescopeof a name is the range of source program lines over which the name
is known and accessible. The scope of a given name extends from the line
where the name is declared to the end of the block. You can declare names
outside any block.

File scope Names declaredutside any block are said to hdile scopebecause they can
be used from any block in the source file and anywhere at the file-scope level
after they are declared.

Uniqueness of Names that are declared at the same scope level must be unique, unless they
names are overloaded. See Chapter 2me Overloading and Operator Functions
in C++ for more information about name overloading.

5.3 Storage Categories

When you declare an identifier, you determine the storage to be assigned to
the identifier. All variables and functions in C++ programs are assigned a
storage category. Categories of storage in C+aure, extern , regis-

ter , andstatic.
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5.3.1

auto Storage

Data declared inside a block or routine is automatic. See Blo&ks and

Name Scopingn page 49 and ChapterRunctionsfor more information

about blocks and routines. The storage is allocated each time a block or rou-
tine is entered. Values in automatic data are lost when execution of the block
or routine terminates. You cannot use dhe keyword except within a

block or routine.

5.3.2

extern

Storage

External storage is storage that is allocated in some other source file or
library. When you declare a data itemern , you are saying not to allocate
storage for the data item. For a functiextern implies that the function

body may be defined in another source file, and the function identifier can be
used to call the function from any source file that is a part of the program.
You cannot usauto orregister  with extern in a declaration.

5.3.3

register  Storage

When you useegister , you declare the data itemaso , and request that

the data item be allocated to a processor register if possible. See the

High C/C++ Programmer’s Guide for more information about the treatment

of register  data items. Generally, the compiler is better than you are at
determining which data items need to be in registers. A small change in your
program can radically alter the benefits of placing a particular item in a regis-
ter.

5.3.4

static

Storage

Once allocated, this storage is always present. This category of storage is fre-
quently used for data that must be accessible to all functions in a source file,
or data that must retain its value in each invocation of a recursive routine.
When you declare static  function, you must define the body of the func-

tion in the same source file. You cannot caltaic  function by name

from another source file.

51



Data Types High C/C++ Language Reference

5.3.5 Default Storage Categories

All variables and functions in C and C++ programs are assigned a storage cat-
egory. By default, a variable declared outside any routine or block is stati-
cally allocated, but operations in other source files can access the variable,
unless itis preceded by thmtic  keyword. If you declare a variable inside

a routine or block, then by default the variableus .

You can use only one of the storage-category keywords in a declaration.
These keywords cannot be repeated in a single declaration. For example:

static static int i; /I This line is not valid,
register auto char c; /I noris this line.

Formally, astorage class _specifier is one of the following:

auto
register
static
extern

5.4 Data Types

Each data item in C or C++ hasype which determines how the item can be
used and what operations on it are valid. A declaration (seel¥clara-
tionson page 48) determines the type, and the type comes from two places:
the declarator ~ and thetype specifier names (if any) that are given in
the declaration.

Declarators Basically, adeclarator ~ supplies type information when you use any of the
following forms (see 85.1Declarationson page 48):

ptr_operator declarator
declarator ( argument_decl_list ) [ cv_qualifier_list ]
declarator | [ constant_expression ] ]

Examples of The first form specifies a pointer or reference type; the second, a function

declarations type; and the last, an array type. See §5.4Bpinterson page 60, §5.4.5.2:
Referenceen page 60, §5.4.5.8rrayson page 61, and ChapterRinctions
on page 111 for how each declarator specifies a type.

52



5: Declarations and Definitions Data Types

Here are some examples of declarations:

int a

char *b

float  *c[3]

int  d[3][5]

struct s (*e)[3]

f( char)

(*g( double ))[4]

int *&h
Forint a, the declarator gives no type; there is justaared name a.
The type is just that supplied bype specifier int , so the type ofi is
int .

Forchar *b , the declarator gives the type “pointer to”. Pointer to what? To
the type supplied by thepe specifier , hamelychar . Sob is of type
pointer-toehar .

Forfloat *c[3] , the declarator gives the type array-of-three-pointers-to,
and thetype_specifier tells what is pointed to. So the typecois array-
of-three-pointers-tdloat

Briefly:

. dis an array-of-three-arrays-of-fivet s.

. e is a pointer-to-array-of-thregruct  s.

. f is afunction taking ahar and returningnt . (If no type is given in
the type_specifiers for a function,nt is assumed; see Chapter 8:
Functions)

. g is afunction taking double and returning a pointer-to-array-of-four-
int s. (Once again, thet isimplied.)
. his areference-to-pointer-iat .

In each of the preceding bullets, the final data type in the description (
struct s ,int ,int ,int) is contributed byype_ specifier
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5.4.1
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Type Specifiers

A type_specifier is one of the followng:

[:: ][ identifer :: ] ...  Identifier
class_definition

enum_definition
reference_to_previous_class_or_enum_definition
type _qualifier

long

short

unsigned

signed

char

int

void

float

double

reference_to_previous_class_or_enum_definition is:

{ class | struct | union | enum}
identifier :: ] identifier

A type_specifier of the formclass X, struct X, orunion X is a ref-
erence to a previousass_definition . A type_specifier of the form
enumX is a reference to a previoasum_definition . You can also define
classes andnums when writing aype_specifier ; these definitions are
covered in 85.4.4fype enunon page 58 and §5.4.54tructureson page 62,
respectively.

The simplest form ofype_specifier is justidentifier . Theidenti-
fier refers to a prawusly declared type. For example:

typedef float T,;
T x; /I Tis the identifier. x is now a float
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5.4.2 Scope Access

C++ Only You use the scope resolution operatorto access names that are not readily

~visible in the current scopd-or example:
Scope resolution

operator:: struct s {
typedef float T,;

|3
s TXx; /' Use :: to get T within s.

You can also use the scope resolution operatan a reference to a previous
class orenum definition, although most of the time this is unnecesskoy.

example:
struct s {
struct  t{ int z;}
|3
struct st x; /I x is of type s::t.
s:ity; /I This works as well.

The only time you need the prefixisguct /class /union /enum keyword
is when theclass  or enum name is hidden by a “competing” declaration.

For example:
struct s {
struct  t{ int z;}
int /I This hides the name t
h /I of the struct
struct  s:tx; [/l xis of type struct  s:t.
s:ity; /I This no longer works, and

/I draws a syntax error message.

In general, however, you almost never have to use the

reference_to_previous form of type specifier ; you can just use the
identifier instead.
Note: In ANSI Standard C, as opposed to C++, you nalsaysuse
the reference_to_previous form. C does not introduce

class andenum names as type names; C++ does.
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5.4.3 Fundamental Types

C and C++ have fundamental predefined data types, listed in Table 5.1. The
“size” refers to the amount of space taken up by data of a given type.

Arithmetic types int , char , and enumerated types (see 8§5.4yhe enunon page 58) are
integral anc referred to astegral types float  anddouble types ardloating types
floating |ntegral and floating types aegithmetic types

Table 5.1 C and C++ Predefined Data Types

Type Name Description

char A single character; signedness is system specific
unsigned char A single unsigned character

signed char A single signed character

A signed integer; typically four bytes on a 32-bit machine,

nt two bytes on a 16-bit machine

A signed integer; the same size asian , or smaller; typ-

hort int .
shortin ically two bytes
. A signed integer; the same size asian , or larger; typi-
long int
cally four bytes
: lona long int A signed integer; the same size abag int , or larger;
glong typically eight bytes on machines that support such
float A floating-point number, which may have a fractional part
double A double-precision floating-point number; the same size as
afloat , orlarger
A long double-precision floating-point number; the same
long double .
size as alouble , or larger
void An empty set of values

If you do not specify a type in a declaration, the type defaultgited int

Signed versusForint andchar types, you can specifyigned orunsigned explicitly in
unsigned typesthe declaration. Whether the tygear is signed or unsigned depends on the
particular C or C++ compiler you are usinghar defaults to unsigned in
High C/C++ You can change the default aar with compiler toggles.
See theHigh C/C++ Programmer’s Guide for more information.
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You can specify the keywordsng , short , unsigned , signed , int , and
double in any order. For example:

int unsigned short const X; I/ These two declara-
const short unsigned int x; [l tions are the same.

You must not specify conflicting type information in a declaration. For exam-
ple:

long short int i; /lnvalid

Size of data typesThe actual size in bits or bytes of a given type can vary from one computer

system to another. Use thiegeof operator to determine the size in bytes of
a type or data item on your system. See §6.4.10@&:sizeof Operatawn
page 90 for more information abaiiteof

Minimum size range Some types have a guaranteed minimum sizehaA must be at least eight

bits, ashort int must be at least 16 bits, antbag int must be at least

32 bits. In almost all High C/C++ implementations, these sizes are in fact
exactly the sizes of those types.clhar can hold a character of the target
machine’s character set. Given these requirements, Table 5.2 shows the min-
imum range of values for these types.

Table 5.2 Minimum Ranges for Integers

Extension

Type Name Minimum Range

char Oto 127

short int -32,768 to 32,767

long int -2,147,483,647 to 2,147,483,646

long long int -4,294,967,296 to 4,294,967,295

long long int types aresupported only on some syste. Whereéong
long int  types are supported, the range is typicalﬁ; 8 031, the range
of anunsigned long long int is 0 to 2%-1. Wherdong long int S

are not supported, the compiler issues a warning and treats such a type as a
long int
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5.4.4 Type enum

Initial values for
enumerators

58

Use anenum_definition to define an enumeration type. For example:
enum color { red, green, blue, violet }

In this example, a distinct typeglor , is defined.color is an integral type,

and a variable declared of typelor hassizeof (char ). The members of

the enumerated type, suchras , green , blue , andviolet , are called
enumerators Each enumerator name must be distinct from any other identifi-
ers in the same scope. By default, the first enumerator has thed@iem),

and each successive enumerator’s value is one more than the previous enu-
merator. In this examplgreen has the valué (one),blue has the value,

and so on.

Note: You can use a compiler switch to override the sizenafn
types; see theligh C/C++ Programmer’s Guide for more
information.

You can specify an initial valuder an enumerator. The value must be an inte-
ger, or be promotable to an integral type. Enumeratilsnian enumeated
type are not required to havestiinct values.

This is the form for amnum_definition

enum [ identifier ]
{ [enumerator [ enumerator ] []] }

where arenumerator is defined as:
identifier [ = constant_expression ]

If an identifier appears after thevum keyword, that name is declared as a
type name (C++ only), and can be used as a subseguentpecifier

Omitting theidentifier is done primarily inypedef declarations. See
85.4.7:Defining Types with typedeh page 69 for more information about
typedef . For example:
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Extension

main(){
typedef enum {red,
green = 3*2,
blue,
violet = 6,

puce } thame;
/I 'ldentifer ~ is omitted, but you can
/I use tname to refer to the type:
tname mycolor;
mycolor = blue;

}

In this slight modification ofolor , green is initialized to the valué*2 or
6. This makes the value bfue equal to7; but thenviolet s initialized to
6, sopuce also gets the value

An enum_definition can appear all by itself; notice the added semicolon
to complete the declaration:

enum color { red, green, blue, violet };

This works because the declaration syntax (see B&dlarationson page
48) allowsdec!_specifier s withoutany declarator. Here is just such a
place: theenum_definition is adecl_specifier , and no declarator is
supplied.

High C/C++ allows you to specifgng andshort enumeration types. This
is an extension to the C and C++ languages.

5.4.5 Derived Types

A derived typds based on one of the fundamental types, suatt as

double , float ,char , orvoid . Derived types include pointers, references
to other types, arrays of other types, class types, function types, structures,
and unions. Do not confuse a derived type with the notion of a “derived
class” (see §9.@erived and Base Classesa page 137).

Scalar types A variable declared with integral or floating-point type iscalar. A scalar

type is usually a fundamental type, rather than a derived type.
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Pointers

A pointeris a data item that contains an address. The address shows where to
find another data item in memory. You designate a data item as a pointer by

placing theptr _operator ~ * before adeclarator . For example:
int i
int *p = &i;

*p = 3; /I Assigns 3 to i

This code declargsto be a pointer to aint and initializes it with the
address of .

Pointer assignmentThe type pointed to can be any fundamental or derived type. A pointer must
rules be initialized before it can be dereferenced. You can initialize a pointer by

60
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assigning an address to it, using tle operator, the operator, or a function
such asnalloc() that returns an address. You can also assign one pointer to
another. Here are some rules that apply to pointer assignments:

. Ifthe left operand of an assignment is of a pointer type, the right operand
must be of a pointer to an identical type or a constant expressiavétat
uates ta (zero).

« You cannot assign a pointer of typenst typel* to a pointer of type
typel * , but you can assign a pointertgfel * to a pointer of type
const typel*

. If the left operand of the pointer assignment is of pointer-¢oabrer type,
the right operand must be of pointer-to-member of an identical type, or a
constant expression that evaluates {aero).

. A pointer to a member afassl can be assigned to a pointer to a mem-
ber ofclass2 of the same type, iflass2 is directly or indirectly
derived fromclass1 by an unambiguous public derivation.

See Chapter &xpressions and Conversiofts more information aboutew
andg&, as well as how to access data using pointers.

References

You can think of aeferenceas being just like a pointer, except that when a
reference variable is used in an expression, the pointed-to data item is fetched.
References are restricted: you cannot have a reference to a reference, a refer-
ence to a bit field, arrays of references, or pointers to references.
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You designate a data item as a reference by placingitheerator &
before adeclarator . For example:
int i
int &r=i;
r=23; /I Assigns 3 to i
Initializing a You initialize the value of a reference with any value whose address can be
reference taken. A reference muatwaysbe initialized; you cannot declare a reference
(except as a function parameter, structure membeitem variable) with-
out providing its initial value. Contrast this example with the pointempia
in 85.4.5.1Pointerson page 60.

Call by reference References are most often used for function parameter types — to implement
“call-by-reference” — and return types. Stand-alone reference declarations
are seldom used.

5.4.5.3 Arrays

An array is an object containing a group of items that occupy an area of stor-
age. Each item in the array has the same size and data type.

Accessing array An array element can be of any fundamental or derived type, except a func-
elements tion. Arrayelements can be pointers to functions, however. You use sub-
scripts to access individual elements of theyarrA subscriptis an integer
expression enclosed in square bracKetshat specifies which element of an
array is being accessed. The first element of an array is accessed with sub-
script0 (zero). For example:

int iarray[10];

iarray[0] = 1; // This assigns 1 to the first
/I element of iarray.

iarray[9] = 10; // This assigns 10 to the last
/I element of iarray.

Declaring an array As in this example, you declare an array by using square brackets enclosing a
compile-time-constant integer expression, after the identifier name. The
example declares an array of 10 integers with the namg . Arrays are
zero-based in C and C++.
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Arrays of arrays C and C++ do not have true multi-dimensional arrays. Instead, you can
declare an array of arrays. For example:

long myarray[10][20][40];
long i,jk;
for (i=0;1<10;i++)
for (j=0;]j<20;j++)
for (k=0; k <40; k++)
myarray[i][jI[k] = Oxffffffff;

In this examplemyarray is declared as ten arrays of 20 arrays of 40 integers.
The example code iterates, assigning the hexadecimal cobsféiftr
to each element of the array.

Array expressions Except as an operand ©feof , any expression of an array type is implicitly
point to the first converted to @ointer to the first element of theray. This might seem like a
element strange rule, and it gives arrays their peculiar character in C as second-class
citizens (you cannot pass them as parameters, assign them, and so forth). This
rule is intimately tied in with the way the subscript operator works ia[iC.
meansi(a+i) . ais converted t&a[0] by this rule, so that[i] is finally
equivalent tof(&a[0]+i) . This means: take the address of the first element
of a, skip past elements<i ), and dereference the result — the data item at
thei th location ofa.

5.4.5.4 Structures

A structureis a collection of variables, possibly of different types, grouped
together under a single name. Each variable in the structure is catleid-a
ture membeor astructure element

struct andclass  In C++ astruct s like aclass that has all its members publicly accessible.
See Chapter €++ Classedor more information about classes. Usually, the
elements of a structure are logically related in some way. For example, if you
want to keep all information about each employee at your company collected
under one data structure, you could define a structure that lookkifike t

struct employee_rec {
char  *name;
int social_security_number;
float hourly_wage;
char  *date_of hire;
char  *job_title;
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long department_number;
double vacation_hours;
double sick_hours;

int withholding_exemptions;

|3
This series of declarations defines a structure type cali@tbyee rec

All the different fields of an instance of the structure contain information
about a particular employee.

Defining structures A class_definition — which is atype_specifier — allows you to
define a structure. It is calledctass definition because the forms of
structure, union, and class definitions are essentially the same (cesses
treated in depth in Chapter ©++ Classes.

A class_definition is defined as follows:

[_Packed| _Unpacked ]{ class | struct | union }
identifier ][ base_list

{ { member_declaration | access_specifier : } }
_Packed and_Unpacked are High C/C++ extensions. You can use these
keywords along with compiler toggles to control the alignment of structure
members.

Aligning structure If you use Packed , and packed structures are supported for the target pro-
members cessor, structure members are not aligned. If youluspacked (the
default), structure members are aligned on “natural” boundaries. For exam-
ple, along member would be aligned on a long-word boundary on most 32-
bit machines. See thdigh C/C++ Programmer’s Guide for your target
systemfor more information.

WARNING: _Packed and_Unpacked are notimplemented for all target
platforms. See youREADMHile for information.

Declaring structure A member_declaration is one of the following:
members

[ decl_specifiers ]
member_declarator [ , member_declarator ] ] ;
function_definition [ ]
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A member_declarator  is more than a simpléeclarator ; it is one of the
following:

declarator =0 ]
[ identifier . constant_expression
Features base list , access specifiers , the presence of0 in
unique to C++ member declarator , andfunction_definition ina

64

member_declaration  are all features unique to C++ These features are

treated in greater depth in ChapteC9:+ Classesand Chapter 10Access

Control in C++.

To illustratethe similarities of thelass to thestruct and theunion in

C++, consider the following example:

struct type t{
private
char c;
public
long a;
void setchar( char *ch){c =*ch;}

h

Access specifiersThis example declares a structure type. In C++ you caaarsss specifiers

5455

such asrivate , protected , andpublic , when declaring structure and
union types, as well as when declaring class types. Notice alsgpthat
contains a function definition. See ChaptérAccess Control in C+#or
more information about access specifiers and member functions.

Unions

A unionis a collection of variables, including possibly structures and classes,
that overlay one another in memory. You can effectively treat the same area
of memory as though it is represented at different times in one of several dif-
ferent data types. You can declare unions inside structures, and you can have
an array of unions. Unions can be structure members, also.

union fltpt{
struct  istruct{
long wordl;
long word2;

} iword;
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struct  fstruct{

float fpl;
float fp2;
} fword;
double dflt;

}

Accessunion  In this exampleiword , fword , anddflt  all occupy the same memory. A
members carefully union’s size is determined by the size of its largest member. Each union ele-
ment can be any valid C or C++ declaration. When you access a union mem-
ber, you must retrieve the value using the type that was most recently stored.

WARNING: Compilers do not enforce this restrictioff. you store a value
into one union member and retrieve it from a union member of
a different type, the results are implementation-dependent.

These are other aspects afréeon that are important to remember:

« Aunion can be initialied, but only with a value corresponding to the
type of its first member. See §5Iitialization on page 72 for more
information.

. A union declaration cannot use thBacked or Unpacked modifiers.
. A union cannot have static data members.

Additionally, for C++:

« Aunion cannot have virtual functions, because there is no space for the
virtual-function table.

. Aunion cannot have base classes, because there is no space for placing
inherited base class members.

. A union cannot be used as a base class.

. Aunion cannot have a member whose type is a class with a constructor,
destructor, or user-defined assignment operator. Imagine two members
with constructors; which (overlapping) member gets constructed when a
union object is created?

Anonymous unionsAn anonymous mion is a union declaration of this form:
union { member_list };

An anonymous union declares an area of storage occupied by the union mem-
bers inmember _list . The identifiers for anonymous union members must
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be unique within thecope where the union is declared, because you can refer
to them directly without the usual member-access syntax. If you declare an

anonymous union at file scope, you must declasgiic . In C++ you can-
not declare members of an anonymous union@scted  or private . In
an anonymous union, you cannot declare function members.
main() {
union {
int i
char c;
3
/I Now i and a are directly visible.
i=1; [/liisthe int  member of the union.

printf("This machine is %s endian\n”,
c == 1? "little" : "big");
}

Anonymous unions are most often used within structure types, to obtain two
or more structure members that overlap in storage:

struct s {
enum{man, woman} gender;
union {
int with_child;
int bearded;
3
} person;
Here, ifperson.gender == person::man , person.bearded s rele-
vant; otherwiseperson.with_child is relevant.

Bit Fields

A bit field is a union or structure member that is declared to occupy a certain
number of bits. You can declare named and unnamed bit fields as union or
structure members. An unnamed bit field is noeasible, but is useful as
padding for alignment. Anember _declarator  of the form:

[ identifier ] . constant_expression
specifies a bit-field declaration, where:

constant_expression is a compile-time constant integer expression
whose value is no greater than 32 (bits) on most computers.
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Use bit fields for A bit field is an efficient way to declare a Boolean structure member, whose
Boolean membersvalue is effectively true or false.

An example of a bit-field declaration is:

struct {
int bytel:8;
int fourbits:4;
int andtherest:20;

h

5.4.6 Type Qualifiers

A type_qualifier is any one of the following:

const
volatile
_Far
_Near
_Alias
_Noalias

These are used to “modify” types. See 8§85.4.6ype Qualifierconston page
67 and 85.4.6.2Fype Qualifier volatileon page 68 for more information
aboutconst andvolatile , and 85.4.6.3Type Qualifiers _Alias and
_Noaliason page 69 for more aboutlias and_Noalias . See thddigh
C/C++ Programmer’s Guide for more information aboutFar and_Near .

5.4.6.1 Type Qualifier const

An object of aconst  type cannot be modified. Most attempts at doing so
elicit compiler errors. You can use a cast to escape the restriction, but the
result is undefined:

const int x=3; /lxisforever 3.
const int *p=&x //ppointstoa

I const int (here, x).
func() {
X =4; /I Compiler catches the error.
*p = 4; /I Compiler catches the error.
*( int *)p=4; [l This might work or might not.
}
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Cast not The cast of to a pointer-to-noronst is not recommended. The compiler
recommended might have placed (to whichp points) in read-only memory, and the assign-
ment might produce a run-time hardware exception.

Two meanings ¢ Due to the C language’s declarator syntax for pointer types, there are two pos-
const  sible places to writeconst , and they mean different things. Tdwnst
immediately following the means that the pointer itself is constant; the
const preceding the means that what is pointed to is constant.

const int *pci; /] Pointer-to- const -int
int * const cpi; // const -pointer-to- int
const int * const cpci; // const -pointer-to- const -int
func() {
pCi++; /I OK, pointer not constant
(*pci)++; /I Error
Cpi++; /I Error, pointer constant
cpcCi++; /I Error
(*cpci)++; // Error
}
static  const In C++, astatic const object of an integral type can be used wherever a

objects constant expression is required. This can replace the frequent usage of
#define in C to achieve the same thing. For example:

static const LIM=10;
int a[LIM*2];

In C++, in contrast to C, @onst object declared in the global scope is
assumed by default to beatic  unless you usextern

5.4.6.2 Type Qualifier volatile

An object of typevolatile is assumed by the compiler to change via mech-
anisms unknown to the compiler. The compiler does not try to zatiaway
references to such objectsolatile is useful when external events such as
timers modify memory while a program is running. For example:

func() {
volatile int *p = get_clock address();
int timel =*p; // Has one value
int time2 =*p; // Might have another value

}
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5.4.6.3 Type Qualifiers _Alias and _Noalias

When you declare a variable with thoalias type qualifier, you are tell-
ing the optimizer to assume that the variable cannot be accessed or modified
through any indirect means, such as through a pointer dereference.

When you apply Noalias  to a pointer-based variable (for example,

_Noalias char *p ), the optimizer assumes that no other pointer references
the same memory location at the same time, and that the pointer does not con-
tain the address of any variable that is accessed in the same function.

WARNING: The compiler makes no attempt to confirm that these assump-
tions have not been violated. If theoalias qualifier is used
incorrectly, the optimizer's assumption is wrong and the com-
piler can generate incorrect code.

When you declare a variable with thelias type qualifier, you are telling
the optimizer that the variable can be accessed by indirect means.

_Alias and_Noalias are mutually exclusive.

5.4.7 Defining Types with typedef

You can give a name to any type — fundamental or derived — with the
typedef storage category. When you ugesdef , you are declaring a syn-
onymfor that type. For example:

typedef char *CHARPTR;

This declaration makesSHARPTRa synonym for “pointer-tahar ”. You can
now useCHARPTRo declare objects of that type. For example:

CHARPTR iamapointertochar;
char *iamapointertochartoo;

You cannot use a type name that you define with another specifier ,
except for aype qualifier

typedef long int INTEGER32;
unsigned INTEGER32i; // This is not valid.
const INTEGER32 j; /I Thisis OK.
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5.5

Declarations and Precedence

In a declaration, you must pay attention to the precedence of the operators
used in theleclarator . The operators in @clarator  are*, &,[] , and

() . The* and& come fromptr_operator , and[] and() from the alterna-
tives fordeclarator ~ (see 85.1Declarationson page 48).

The operators used inc&clarator ~ have exactly the same precedence as
operators irexpression , with the exception that thiis treated the same as
*. Thus there are really just two levels of precedence [jerand() bind
tighterthan* and&.

To see the importance of precedence in declarations, consider the following
example:

int  **x[3](); // Not valid! See below.

Here,[] and() bind tighter thari, so first we have[3] —x is an array-of-
three...; then we have[3]() — x is an array-of-three-functions. Then
we have the two* s; x is an array-of-three-functions-of-pointers-to-pointers-
to-int . This is not a valid declaration, because arrays cannot contain func-
tions — though thegan contain pointers to functions.

Another way to think of this is to pretend to “execute” the declaration as if it
were an expression. In fact, the guiding principle for C declarations is that an
identifier should be declared as it is used in an expression, so you can read the
declaration as if you were reading an expression.

Treating**x[3]() as an expression, we first apjty , because it binds
tighterthan the** s, and so we treatas an array, and access an elemént.
is applied next, so the element is a function. Then we apfidgreference)
twice and obtain amt . So, againx is an array-of-functions-of-pointers-to-
pointers-toint .

Use parentheses toTo make this example illustrate an array containing pointers to functions, use
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override parentheses to override precedence, exactly the same way you use parentheses
precedence tg override precedence in an expression:

int *(*x[3])(); // Valid
n~ n Parentheses added
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Using the read-an-expression method, we falapply[3] , then dereference
the result — the inner — because the addéds have forced the to be
applied next. The result is called 6~ — and then we dereference again —
the first*. Sox is of type array-of-three-pointers-to-functions-returning-
pointer-toint . Thisis valid.

Just remetber this in declarations: and& are less binding thaih and() .
So*x[p] s interpreted agx[p]) instead of*x)[p]

5.6 Linkage Specifications

Communicating A linkage specificatios a mechanism C++ provides to enable your program
with other to communicate with code that is not written in the C++ language. Functions
languages declared with linkage specifications aseern . You can declare functions

asstatic ~ within a linkage specification, but the linkage specification will be
ignored for those functions. By default, if no linkage specification is given
for an external function declaration, C++ linkage is assumed. You can use a
linkage specification only dile-scope level. See §5.Blocks and Name
Scopingon page 49 for more information about scope levels.

Specifying linkage The form for a linkage specification is one of the follogu

extern language name {[dec/aration ] }
extern language name declaration

wherelanguage _name is a string literal that corresponds to the name of the
programming language in which the external code is written.

Linkage depends ¢ Linkage from C++ to other languages and from other languages to C++ is
language an implementation- and language-dependentaruage name is a string that
implementatiol ngmes another programming language. You cannot use a language name that
High C/C++ does not recognize. High C/C++ recognizes the following lan-
guage names:

NGt
e

"Pascal"
"FORTRAN"

For example, to access C library functiarien()

extern "C" int strlen( const char *);
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See theHigh C/C++ Programmer’s Guide for more information about
mixed-language programming.

5.7 Initialization

An initializer following a declarator allows you to initialize data items in
declarations. There are two formsinfializer . The first is from ANSI
Standard C and the second from C++:

= init_value

( expression [ , expression ] e )

whereinit_value is one of the following:

expression
{ init_value [, initvawe ]... [.]}

A singleexpression  following = must be convertible to the type of the
object being initialied. A brace-enclosed list ofit value items is used

to initialize a structure or array. For an array, eathvalue initializes a
member of the array, starting from zero. For a structure, ieachalue

initializes a data meber of the structure, in the order the members are
declared in the structure. If the structure isian , only the first member is
initialized.

Nestedinit_value items can be used where a structure contains sub-struc-
tures or arrays as members; they can also be used when an array has elements
that are sub-structures or arrays. Each expression in a brace-enclosed list
must be convertible to the type of the array element or structure member
being initialized.

Initializing arrays When you initialize an array, you can omit the size of the array in the array
declarator. The size is then inferred from the number of elements in the
brace-enclosed list. If you give the array size but do not list enough expres-
sions to initialize all the aay elements, the remaining elements are either ini-
tialized to0 (zero) (if the element type has no constructor) or merely
constructed (if the element type has a constructor). Listing too many expres-
sionsfor the array size is an error.

Initializing 0 prace-enclosed list cannot be used on structures that have constructors:

structures that haVethe second (C++) form of initializer is provided for that. In some cases the
constructors
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compiler provides a constructor for a structure type if you do not, depending
on the members of the structure.

You can initialize values afuto , register , static , andextern objects.
static  variables without explicit initial values and without constructors are
initialized to a default value a@f (zero), converted to the appropriate type.

Initializing static In C, initial values fostatic  entities must be constants or constant expres-
entities sjons. In C++, this restriction is not present, but there is overhead when the
expression is non-constant. The overhead consists of generated code that tests
whether thestatic  entity has been initialized. If it has not, initialization
code is executed to initialize it.

Initializing objects The second form afiitializer — the parenthesized expression list — is
with constructors ysed for objects of types with constructors. The listed expressions are taken
as arguments to a suitable construftorthe object. If the object’s type has
no constructor, you can still use this formifializer , but you can sup-
ply only one expression. The meaning is the same as if you had written
= expression

You cannot use the C++ form ofitializer and supplynoarguments to a
constructor, becauséassname X()  is instead interpreted as a functiof
taking no arguments and returninglassname . If you just writeclass-

name X, the compiler will find the no-argument constructor anyway and call
it.

Scope of initializers An initializer for a static member of a class is in the scope of the class. Thus,
any initializing expressions can use names declared in that class scope with-
out using the scope resolution operator

Note: Overloading the- operator does not affect initialization. The
symbol= used to introduce an initializer has nothing to do with
assignment; both assignment and initialization just happen to
use=.

Example 5.1 illustrates many kinds of initialization.
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Example 5.1 Various Kinds of Initialization

int i=3;

int &ref i=1i;

int * = &i;

float fl[]={2.3,6.2};

I flis [2], inferred from

/I the length of the initialization list.
char st[3]={'e,'f,'g }

struct  astruct {

int |, m; int a[2];
}thisstruct ={ 1, 2, {3, 4} };
class boy {
public
int height, weight;
boy( int i, int j){ height=i; weight =j};
boy({ };
static int countl,;
static int count2;

h
int boy::count2 = countl;
/[~ Member of boy; no :: needed
union { int a; char b;}x={1}; //Initializes a
void myfunc() {
boy harry; /I Default constructor used
boy tom = boy(65,163); // Initialize class using
/I constructor
boy thom(65,163);  // Same as for tom, but
/I see below
boy tomas = {65,163}; // Error: class
/I has constructors

}

Constructors and For classes with constructors, there is a subtle difference between the two
initialization  forms of initialization. In the first (C language) form:

boy tom = boy(65,163);

the valueboy(65,163) is a single expression that can be converted to the
type oftom. But in putting this value intmm, the class’s copy constructor is
used (a class always has a copy constructor; if you do not provide one, the
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compiler does). So here (a) a constructor is calletling boy(65,163)
into a temporary; an(b) the temporary is copy-constructed into.

In the second form:
boy thom(65,163);

the constructor taking twiat arguments is called directly, and it constructs
its result intothom . This form of initialization for classes with constructors
is, in general, more efficient.

Where the compiler can detect that a copy constructor does notbiegman
a bitwise copy, it can often optine away the copy and construct directly into
the variable being initialized:

boy tom = boy(65,163);
becomes:
boy tom(65,163);

High C++ does this fothom in Example 5.1Various Kinds of Initialization
on page 74, which is why the comment in the example says the effect is the
same. However, this is not true in general.

Some C++ The C++ form ofmitialization together with C++'s function-styferm of cast
statements can beleads to C++ statements that can be interpreted as either declarations or
read as either expressions, and carake C++ programs hard to read. See §7Rekolving

declarations or Ambiguityon page 101 for more on this subject.
expressions
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6
Expressions and Conversions

An expressions a sequence of data items and operators that specify a compu-
tation. There is no limit on the number of components in an expression. This
chapter presents the elements of an expression and describes the order of their
evaluation, discusses the use of operators in expressions, and discusses type
casting and data-type conversions. Operator overloading is discussed in
Chapter 12Name Overloading and Operator Functions in C++

6.1 Elements of an Expression

Precedence An expression is structured according to precedence rules. TabRré&ca:
dence and Associativity of C++ Operatara page 21 shows a list of C++
operators and their precedences. The evaluation order of independent subex-
pressions within an expression is undefined. If two sets of parentheses are at
the same nesting level, the order of evaluation is undefined. For example:

int i, j[2];

i=3;

il = i++;
The expressioiji] = i++; could be evaluated either ji& = 3; or as
j[4]=3;

Use parentheses When you want to be sure of the evaluation order of an expression, you
override should break up the expression into its components. As another way to force
precedenc g particular evaluation order, if you enclose a portion of an expression in
parentheses, the subexpression within the most deeply nested pair of paren-
theses is evaluated first.

Objects, Ivalues, An objectis a region of storage associated with a particular instantiation of a
and rvalues data item. Arvalueis an expression that refers to an objedtiginally,
Ivalue meant “something that can appear on the left side of an assignment
operator”. However, it is possible to have an lvalue that refers to a constant.
An Ivalue refers to a modifiable object if it is not a function, an array, or a
declaredconst .
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An expression such agb is not an Ivalue. The expression does not refer to
an object. Expressions tifis kind arecalledrvalues An expression can pro-
duce an Ivalue, an rvalue, or no value. Even if an expression produces no
value, it can cause a side effect.

Note: a*b does not refer to an object unless’theperator has been
overloaded with such a meaning.

6.2 Conditional Expressions

A conditional expression uses the construct familiar to C programmers.
This is the form of a aulitional expression:

logical _expression ? expression . expression

Either of theexpression  operands can also be a conditional expression.
The logical _expression operand must have pointer or arithmetic type.
logical_expression is evaluated: if it evaluates to a non-zero value, the
expression immediately followingis evaluated, and its result is the result of
the conditional expression. Mgical expression evaluates to (zero),
then the expression immediately followings evaluated, and its result is the
result of the coditional expression.

Side effects irogical expression must completely execute before either
expression is evaluated. The results of theoression  operands are con-
verted to a common type if they happen to be of different types. See §6.5:
Conversion®n page 93.

6.3 Constant Expressions

A constant expressiois an expression using any sequence of one or more
valid C++ operands and operators, where each operand has an integral
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constant value that is known when compiling your source program. You must
use constant expressions for the following:

array bainds

case values (see §7.&election Statementm page 102)
bit-field lengths

initial valuesfor enumerators

If an operand in a constant expression does not have an integral type, it must
be explicitly converted by a type cast to an integral type.

Note: You cannot use the comma operator or the assignment operator

in a constant expression.

6.4 Operators

An expression often involves an operator or operators executing an action on
one or more objects. Because you can overload operators (see Chapter 12:
Name Overloading and Operator Functions in Qfwhen you encounter a
particular operator such asor + the operator might have a meaning totally
different from the usual meaning.

6.4.1  Assignment

The assignment operatorss For example, the expressieh-e2 can be read
as “makees1 have the same value(s)&s’. Any expression appearing on the
left side of= must be an Ivalue that refers to a modifiable object.

An expression appearing on the left side- cinnotbe any of the following:

a function
an unsubscripted array name
a data entity that has been declaredst

No member or any component of a member eff@t , union , orclass
appearing on the left side ofcan beconst .
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Rules for For the assignment operation to be valid, one of the following conditions must

assignment be true:

ti . . .
operations Both left and right operands efare arithmetic types.

. If either operand is struct , union , orclass of typeT, the other oper-
and must also be of type unless an appropriateoperator is defined for
T and for the type of the other operand.
. If either operand is a pointer, the other operand must be one of the follow-
ing:
o a pointer to the same type (exceptdonst orvolatile qualifiers)
0 a constant expression that evaluates {pero)
0 a pointer tovoid

You can use the assignment operatar combination with other operators as
a kind of shorthand notation. As an example, an expression of the form
el op=e2 meansel=el ope2,whereopisone of the following oper-
ators:

| >> << + -

% & / * A

Assignment versusDo not confuse the assignment operatavith the operator that tests for
equality equality,==. A common mistake for novice C and C++ programmers is to
confuse the assignment operator for the equality operator by writing code
such as the following infiniteobp:

/I This program contains an infinite loop.
main(){
int i, j[2]

This program runs indefinitely. Presumab#y3 was intended.

Assignment Unlike some other programming languages, the C++ assignment operator is

expressions an expression, not a statement. You can use the assignment operator wher-
ever an expression is valid. The type of an assignment expression is the type
of its left side, and its value is the Ivalue of the left side after the assignment is
completed.
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/I This program fragment is valid.
int ijk;
f(&i);
/I Assigns the value of j+2 to i, and test i
if (i=j+2)
cout << "Hello";
k=1=j; /Il Assigns jinto i, and then k

6.4.2 Comma

Commas order The comma operator " is a separator that orders expressions for evaluation
expressions for from left to right. The values of all but the rightmost expression are dis-
evaluation carded. All side effects in each expression are completed before the next
operand is evaluated. The type and value of the expressiorthisttigpe and
value of the rightmost expression.

Commas in In some contexts (such as paramésts) comma has sp&l meaning, so you
parameter lists are must enclose expressions in parentheses to obtain the normal comma seman-
special tics. For example:

fc( (i=3, i+=2), j)

Herefnc() is passed two arguments: the comma expressidni+=2)
andj .

6.4.3  Addition and Subtraction

The operator means addition in C++ The subtraction operatet i§he+
and- operators are calleatiditive operators These operators perform the
normal mathematical operations of addition and subtraction.

Adding and Operands of additive operators must be of pointer or arithmetic type, such as
subtracting int , char , float , ordouble . You cannot add two pointers together, but
arithmetic types andyou can subtract one pointer from another. If you add or subtract a pointer
pointers and a non-pointer, the result is a pointer, and the non-pointer’s value is multi-
plied by the size in bytes of the object that the pointer addresses.
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For example:

double dar[10];

double *p=dar;

p=p+2
This example shows a pointerdouble , p. The pointer is initialized with
the address of the arrdyr , so thap points to the address of the first element
of dar , dar[0] . The expressiopn+2 means “add the addressdafr[0]
and2* sizeof (double )”. After the assignment is completgdpoints to
the third element of thear array. If you perform pointer arithmetic with an
additive operator, and the resulting address is outside the bounds ofthe arr
the result is undefined.

You can use two pointers as operands for toperator, but the result is
undefined unless they point to the same array object. The result isiattype
value, not a pointer, that represents the number of elements separating the two
pointer addresses. You cannot use a pointer-to-function or a pointeirto-

as an operand for an additive operator.

See §6.5Conversion®n page 93 for information about conversions and wid-
ening rules.

6.4.4
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Multiplication, Division, and Modulus

A multiplicative operatoiis one of the following operators;/, or% These
are all binary operators. Binary operatorhas two operands, one on the left
side, and one on the right side.

. Binary* is the multiplication opstor.

. Binary/ is the division operator.

« %fis the remainder operator.

Both* and/ must have arithmetic-type operands. Operand%foust have

an integral type. Operands and results are converted to other types as neces-
sary. See 86.%onversion®n page 93.

If the right operand of eithdr or %is 0 (zero), the result of the operation is
undefined. Fo#oand/ , the first operand is divided by the second. If either
operand ofsis negative, the sign of the result is hardware dependent.
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6.4.5 Relational Operators
The relational operators perform comparisons. Relational operators are
binary operators. Table 6.1 describes the relational operators available in
C++

Table 6.1 C++ Relational Operators

Operator Meaning

< Less than

> Greater than

<= Less than or equal to
>= Greater than or equal to
== Equal to

I= Not equal to

Relational operators associate from left to right, but you must lismagau
when using several of themitiwout grouping parentheses. For example:

i<j<k
means:
(i<j)<k
It doesnot mean that is less tha but greater than.

Precedence Operators-= and!= have lower precedence than the other relational opera-
tors. They are sometimes referred t@qsality operatorgather than rela-
tional operators.

Comparing Operands of relational operators must have pointer or arithmetic types. You
operands 0 cannot use relational operators to compare entire aggregates, such as struc-
different type: tyres, classes, or unions. You must compare individual components of aggre-
gates. If you compare operands of different types, the operands are converted

to the same type before comparison. See &Bohversion®n page 93.

Comparing pointers Comparison of two pointersl andp2 is defined only in the following cases:

. pl andp2 have the same type
. eitherpl orp2 has typesoid *
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If two pointer types do not satisfy these restrictions, implicit pointer conver-
sionscan be used to coerce one type into the other so that the types are equal
and the results can then be compared. For example, you can compare a
pointer to a base type and a pointer to a derived type because an implicit con-
version converts the second pointer to the type of the first. See 86.5.4:
Pointer Conversionsn page 95.

You can compare a pointer with a constant expression that evaluates to
(zero).

You can compare pointers to data membersadss , struct , orunion .

pointers-to-data- For aclass orstruct , a pointer to a memberlis less than a pointer to a
members membem2in the same object if the declaratiomaf textually precedes the

declaration ofn2, unless the two members are separated by an access qualifier
such asublic , private , orprotected . Do not compare two pointers to
nonstatic  members that are separated by an access qualifier, because the
result of the comparison is undefined.

6.4.6
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Divide or
multiply by 2

Shift Operators

C++ has two shift operatorss (left shift) and>> (right shift). Shift opera-

tors are binary operators, and are interpreted as “shift the left operand to the
right or left (depending on the operator) as many places as the integer value of
the right operand”. Both operands must be of integral type. For left shift, the
vacated bit positions are filled withros. For right shift, if the left operand is
declaredunsigned or has a positive value, vacated bit positions are zero
filled. Right shift of a signed negative value is filled with ones.

Right shift has the effect of dividing by 2 for each bitifos shifted. left

shift has the effect of nitiplying by 2 for each bit position shifted. The result

of the shift operation is undefined if the shift count (right operand) is negative.
The result is also undefined if the value of the right operand is greater than or
equal to the number of bits in the left operand.
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6.4.7 Logical AND and OR

Chaining

You can chain together logical or relational expressions to form complicated

expressions |ogical expressions using the binary (logical OR) anc& (logical AND)

operators.

Result of a logical The result of an expression using these logical operator&ise) oro (zero).

operationis 1 or 0

. For alogical OR, the result is(one) if either operand is non-zero.
. For alogical AND, the result is (one) if both operands are non-zero.

These two operators associate left to right, so that in an expressiorj|like
c||d ,the subexpressidn||c is evaluated first, followed b || c)
|| d

C++ endorses “short-circuit” evaluation of logical AND and OR: if the result
of the operation can be determined after evaluating only one operand, the
other operand is not evaluated.

6.4.8 Bitwise AND, OR, and Exclusive OR

Operandsmust be
integral

Bitwise operators differ from logical operators in that each bit of both oper-
ands is evaluated, rather than simply considering whether each opevand is
(zero) or a non-zero value. With a logical operator, if any bit of an operand is
nonzero, the entire operandcisnsidered a non-zero value. For a bitwise
operator, each bit in an operand is individually considered.

C++ offers bitwise AND &), bitwise OR (), and bitwise exclusive-OR)
operators. Each of these operators is a binary operator. Operands of bitwise
operators must be integral. Type conversions are performed as necessary
among integral types. See 86nnversionon page 93.

Bits in each operand are compared sequentially, evaluating each bit position
in one operand with the corresponding bit position in the other operand. The
following results occur for each of the bitwise operators:
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. A bitwise AND results in a bit position settgone) if the bit psition in
both operands isha(one). Otherwise, the bit position is sebtfzero) in
the result.

. Abitwise OR results in a bit position setitgone) if the same bit position
in either operand isa(one). Otherwise, the kpbsition isO (zero) in the
result.

. A bitwise exclusive OR setsla(one) in the result for each bitgition
where the operands differ. If the bit position has the sahe in both
operands, the bitgsition is set t@ (zero) in the result.

6.4.9 Pointer-to-Member Operators

C++ provides two pointer-to-member operatorsand-> . Both operators
are binary operators. The operatorallows you to access a member in a par-
ticular object through a pointer.

Left operand of* The left operand of must be a class containing the member to which the
must be a class;right operand points, or it must be a class derived unambiguously from an
right operand must gccessibléase class that contains the member to which the right operand
point to a member noints. Abase class iaccessibléf the context allows access to the base
class’s public members as inherited by the derived class.

The right operand of must be a pointer to a member in a class.

Left operand of>*  The operator>* is similar to.* , but in this case, the left operand must be a
must point to a clas pointer to a class objg rather than an actual class object or class type name.
object; figh_t Both operands of>* are pointers. The left operand is a pointer to a class
operand must poit gpject. The right operand is a pointer to a member of the class object
toamembe ,4qressed by the left operand, or it is a pointer to a class object for which the
dereferenced left operand is an unambiguously derived and accbssible
class.

If the member object to which the right operand points is a function, you can
use the result of the pointer-to-member expression only as an operand to the
function-call operatof) . If the operand of the pointer-to-member expression
is an Ivalue, the result of the pointer-to-member expression is an Ivalue.

See §9.10Pointers to Membersn page 148 for an example of how to use
pointer-to-member operators.
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6.4.10 Unary Operators

These are the unary operators in C++;

& * + - ~ ! ++ -

sizeof delete new

A unary operator has one operand.

6.4.10.1 Address Operator

Return the memoryThe address operat&r when placed before a data item, means “return the
address memory address of this item”. You cannot take the address of a data item
declared with theegister ~ qualifier. You can take the address of a func-
tion. If the type of aata item ist, the type okdata item is “pointer to
t”.
Address of an You can take the address of an overloaded function, but only in an initializa-

overloaded function tion or assignment laere the left side of the assignment uniquely determines
which version of the overloaded function is referenced. See §1ELin8:
tion-Match Overbad Resolutioon page 196.

6.4.10.2 Dereference Operator

The dereference operatomeans “take the expression to the right, treat it as
an address, and reference the object at that addressfs #f pointer to an
object of typeo, then* p yields the object at the address contained ifThe
operand of must be a pointer, and the result is an Ivalue of type

6.4.10.3 Unary Plus

The unary plus operatermust have an operand that is of arithmetic or (for
C++ only) pointer type.

The result of unary plus is the value of its operand — it effectively does noth-
ing. For a pointer type, the type of the result is the type of the operand. For
an arithmetic type, the type is that obtained after integral promotion (see
86.5.2:Integer Conversionsn page 94).
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Unary Minus

The operand of a unary minus operatanust be of arithmetic type. Unary
minus negates its operand after applying integral promotion. If the operand is
unsignedthe result is found by subtracting the operand frépwheren is

the number of bits in the operand. The type of the result is the type of the
operand after integral promotion.

int i=3;

int j=-i Il'jis -3.

unsigned k =3;

unsigned | =-k; //lis awfully big.
Bitwise NOT

The~ operator performs a bitwise NOT operation, taking the one’s comple-
ment of its operand after integral promotion. Each bit in the result is set if the
corresponding bit in the operand is not set. The type of the result is the type of
the operand after integral promotion. For example:

short i =0x35;// This is 0000_0000_ 0011 0101 binary.
short j=~i; //Result: 1111 1111 1100 1010 binary.

Notice the underscores in the binary numbers, to make them mdebtea

This is a High C/C++ extension. In High C/C++ you can actually input binary
numbers with underscores, suchDagx0000 0000 0011 0101 . See
83.8.4:Hexadecimal Constantm page 28.

Logical NOT

The logical NOT operatdr accepts an integral operand, and the result is an
integral value. If the operand has the valugero), the result is (one). If
the operand is a non-zero value, the result(zero).

Pre-Increment and Pre-Decrement

An operand preceded by+ or-- is apre-incremenbr pre-decrement
expression. The operand must be an Ivalue of a scalar type. The result is a
non-lvalue of the same type. Feor, 1 (one) is added to the Ivalue; for, 1

(one) is subtracted. For pointer typsiseof ( pointed to type ) is

added or subtracted.
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6.4.10.8

Note: The ARM says pre-increment and pre-decrement are Ivalues,
but C++ may be made to conform to ANSI C in this area.

The increment or decrement occurs before the result is used as an operand in
any surrounding expression. For example:

int i=3;

char a[] ={a’,/’b’,’c’,/'d};

/l'i is decremented to 2 before subscripting.

if (a[--i] =="c’) printf("OK");

Post-Increment and Post-Decrement

An operand followed by+ or-- is apost-incremenbr post-decrement
expression. The operand must be an Ivalue of a scalar type. The result is a
non-lvalue of the same type. Feor, 1 (one) is added to the Ivalue, and

for -- , 1 (one) is subtracted. For pointer typgseof ( pointed to_

type ) is added osubtrated.

Side effects andThe value of the increment or decrement expression ibéfatethe incre-
sequence pointsment or decrement takes place. The increment or decrement is a side effect

that occurs before the next “sequepoint”. Thesequence points C++ are
the completion of the evaluation of the following:

. the arguments to a function call
. the first argument ofg, || , 2, or,

. an expression not used as a operand of another expression or as a function
argument

It is common practice to write+; instead of =i+1; . Similarly for-- .

Because the side effect can occur at any time up to the next sequence point,
using postfix-- or++ as an operand of an expression can sometimes yield
expressions with different results. For example:
int i=3;
/l'iis decremented to 2 sometime before the ?.
printf(i-- ==i
? "after second fetch”
: "before second fetch”

);

89



Operators

90

6.4.10.9

6.4.10.10

High C/C++ Language Reference

Herei is decremented before thebut the decrement can occur before or
after the second fetch of(==i ) occurs.

The sizeof Operator

Thesizeof operator gives the size, in bytes, of its operand. The operand can
be anabstract declarator denoting a type, or it can be an expression. If
the former, it must be enclosed in parentheses; if the latter, the expression is
notevaluated.

printf("The size of an integer is %d\n", sizeof (int ));

This example prints the size of am on the machine where it is executed.
See theHigh C/C++ Programmer’s Guide for information about the possi-
ble operands fosizeof and the result for each kind of operand.

The delete  Operator

Destroys objects Thedelete operator destroys an object that was created dynamically via

created bynew

Deleting arrays

new. The type of the result ofdelete expression isoid . The operand of
delete must be a pointer that was createchby. The effect of using any
other operand withelete is undefined. You can always delete a pointer
whose value i$ (zero), however, with no error.

You cannot access an object after it has been deleted. The effect of such an
operation is undefined. A pointer te@anst object can never be the operand

of delete . If the pointer operand afelete points to an object that has a
destructordelete invokes the destructor.

This is the syntax fodelete
[ :: ] delete [ [] ] cast_expression
wherecast _expression is one of the following:

unary_expression
( type _name ) unary_expression

The formdelete [| cast expression is for deleting arrays. You must

use this notation when deleting an array, or the result is undefined. You must
not use this notation when deleting non-array objects, because this also gives
undefined results.
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Class-specific If the deleted expression points to a class object, the class-speéific
delete operator operator, if present, is used. See §10gderators new and deletsn page

6.4.10.11

184 for how to declare a class-specifidete operator. The leading , if
used, means that the class-specifiete operator is1ot used; instead, the
global operatorielete is.

The new Operator

Creates objects The new operator creates an object of tyipee name and returns a pointer

Allocating arrays

to the object.
The syntax fonew is one of the followng:

[:: ] new [other_args ] type _name [(initializer )]

[:: ] new [other_args ] ( type_name ) [(initializer ) ]
where the components have the following meanings:

other_args is an expression or list of expressions separated by commas,
supplying additional argumentsitew. You can use this
only when you have declared aperator new () function
with appropriate arguments. For exampley results in a
call tooperator new  (sizeof (T)) , whereasew(a,
b+3) results in a call toperator new  ( sizeof (T), a,

b+3) .

type_name is any fundamental or derived type name.

initializer is an expression or list of expressions appropriate to initialize
the object you are allocating. See 83nitialization on page
72.

When you allocate an object of array type, all dimensions except the first must
be compile-time constant expressionsw allocates storage for an object of
type_name equal to the size in bytes feizeof (type name ). If type_

name refers to a class type or an enumerated type, the type must have been
previously declared. You cannot declardass or enumerated type imaw
expression.type_name cannot contaimonst orvolatile gualifiers in its
declaration.
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int i=3;

/I Allocate an int  [3][6][9] array:
int ar= new int [i][6][9];

char *str = "hello";

/[ A common use of new:

char *p=new char [strlen(str)+1];

If new is unable to allocate the requested storage, it retufpsro).

If you do not supplynitializer , the allocated object has an undefined
value, unless there is a constructor forlititialization is performed only
whennew returns a non-zero value. You cannot initialize objects of array
type. You can useew to create an object that is an array of a class type only
if the class type defines a default constructor. If there is a default constructor
for the class type, the constructor is called for each element of the array.

new invokes constructors for types that have declared them. The order of
evaluation for both theew operator and arguments to constructors is unde-
fined.

If the type allocated is a class, the class-spegific operator, if present, is
used. See §11.@perators new and delete page 184 for how to declare a
class-specifinew operator. If the leading is present, the class-specific
new operator imot used; the global operatoew is used, instead.

int  *i,
class init{
float f;
char c;
3
init *myclass;
/I Allocate an integer and initialize it to 7:
i= new int (7);
/I Allocate a class object and initialize it:
myclass =  new (init);
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6.5 Conversions

An expression might have to be converted to another type when any of the
following occurs:

. It has a data type different from that of the other operand of a binary oper-
ator.

. The expression is passed as an actual parameter to a function.
. It does not have the data type required for a particular operator.

Implicit conversions An implicit conversiormanipulates an object and performs any action neces-
sary to derive an object of a needed data type from an object of a different
data type, without any type casting in the program source code to force the
conversion. These conversions take place “automatically”.

For example, when a floating-point value is passed to a function, the value is
automatically converted to typeuble if the type of the corresponding
parameter is not known (such as in C, when there is no function prototype, or
in C++ when.. is used in the prototype).

6.5.1 Floating-Point Conversions

If you usefloat in a context that require®uble orlong double , the

float value is converted to eithépbuble orlong double  as needed.
Convertingfloat  todouble ordouble tolongdouble  causes no loss of
precision, and no change in the numerical valueg double  is generally

more precise thatouble , which is also generally more precise tfiaat

When you cause a conversion from a more precise type to a less precise type,
the result is either the next higher or the next lower representable value. If the
value is out of range for the less precise type, such as having an exponent that
is too large, the result of the conversion is undefined.

Converting to an If you cause the conversion of a floating-point type to an integral type, the
integral type fractional portion of the floating-point value is truncated. If the floating-point
value is not representable as an integral type, the result of the conversion is

] undefined.
Converting from an

integral type If you use an integer in a context that requires a floating-point type, the inte-
ger is converted to the appropriate type with as much accuracy as your hard-
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ware permits. Some integral values cannot be exactly represented as a

float ; most hardware can represent integral valuesasle values. If the
integral value cannot be exactly represented as a floating-point value, loss of
precision can oaa. Rounding to the next higher or lower representable value
depends on your hardware. Seekhtigh C/C++ Programmer’s Guide for

more information.

6.5.2 Integer Conversions

Integral promotion When you use a value of typkar orshortint

, an enumerator, or an

and widening bit field, the value might have to be convertedhto or unsigned int

This is calledntegral promotion When a value is promoted, the size of the
object is usually changed. Usually itwgdened becausént or unsigned

int objects are typically larger than the objects that are being promoted. The
widened object must retain the same numerical value that it had before pro-
motion.

Converting to an If you convert an integer value to an unsigned type, the resulting value is the
unsigned type smallest unsigned integer that is congruent to the signed integer m8gdulo 2

wheren is the number of bits used to represent the unsigned data type.

6.5.3 Arithmetic Conversions

Some binary C++ operators cause conversions of their two operands. These
conversions, known agithmetic convelisns, are summarized in Table 6.2.

Table 6.2 Arithmetic Conversions

94

Operand 1 Type |Operand 2 Type Result Type
long double Any integral or floating-point type | long double
double Any numerical type excefdng double
double
float Any numerical type excefng float
double ordouble
char, short int, unsigned int, signed int !nt, uh5|gngd
enum int, signed int
unsigned long Any integral type unsigned long
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Table 6.2 Arithmetic Conversions (Continued)

Operand 1 Type |Operand 2 Type Result Type

long int unsigned int unsigned long int

long Any integral type other than long
unsigned long

unsigned Any integral type other than long or unsigned

unsigned long

6.5.4 Pointer Conversions

A pointer to an object of a given type can be converted to a pointer to an
object of a different type.

A constant expression whose valu@ izero) can be converted to the null
pointer. The null pointer must not be the same as a pointer to any object.

A pointer to an object that is not declaredist orvolatile can be con-
verted to a pointer tooid .

A pointer to an object of a derived class be converted toginter to ebase
class, provided you can unambiguously determine which base class (there
might be multiple occurrences with multiple inheritance), and provided the
base class is accessible in the context of the conversion (see B6iater-
to-Member Operatorsn page 86).

The result of the conversion is a pointer to the base-class sub-object of the
derived class; however, the null pointer (zero) retains its value through this
conversion. This introduces some expense: if the conversion would require
adding an offset to the derived-class pointer, the compiler generates code to
test for0 (zero) before performing the atdn.

A pointer to a member of a base class can be converted to a pointer to a mem-
ber of a derived class if the implicit conversion from pointer-to-derived to
pointer-to-base would be allowed. This conversion is bacttwelative to the
derived-to-base object pointer conversion, but there is a good reason. For
example:

struct B{ int x;}
struct D:B{ int y;}
D *dp; B *bp;
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int D:*dip = &D:uy;

int B::*bip = &B::x;

bp = dp; /I OK

dp = bp; /I Error

dip = bip;  // OK

bip = dip;  // Error
bp =dp is reasonable because whenever you have a pointer-to-derived, the
base object must exist somewhere inside the derived object, and so you can
convert the pointer to a pointer-to-base. The reverse convelfsionp is
not allowed implicitly because, given a pointer-to-base, there is no guarantee
that the base object is a part of the derived object. The reverse conversion can
be obtained by using a cast (see §6.5ypie Castingn page 96).

dip = bip is reasonable because is essentially an offset intoBastruc-
ture that identifies the memberin ANSI Standard C parlance, it is essen-

tially offsetof(B,x) . Becaus® contains all members thatcontains (by
inheritance), it is possible to convert that offset value into an ofisetd to
X, that is,offsetof(D,x) . The reverse conversitip = dip is not

allowed implicitly because there is no guarantee that the member to which
dip points exists ifB; dip may be pinting to membey, for example, which
does not exist irs.

See §9.10Pointers to Membersn page 148 for more information about
pointers-to-memhs. The reverse conversion can be obtained by using a cast
(see §6.5.5Type Castingpn page 96).

In C programs, a pointer twid can be converted to a pointer to any other
data type. This is not true for C++ A pointertdd must be explicitly cast
to the other type. See section §6.9.%pe Catng.

6.5.5 Type Casting

96

Type castings a method of explicitly specifying a conversion from one data
type to another. There are two forms of a cast:

( type_name ) expression
type name ( expression list )

wheretype _name is any fundamental or derived type.
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Explicit conversion
by casting

The first form is from C and allows a singleoression  to be converted to
any type. The second form is from C++ Tihee name is restricted to a
single identifier, but more than one expression casuipglied; this is useful
for calling class constructors directly.

When an explicit type conversion is also allowed implicitly, the rules and
results are the same. An explicit conversion can perform conversions that
cannot be done implicitly, however.

The following explicit conversions by castiage permitted:

Any conversion that is valid as an implicit conversion is valid as an
explicit conversion, and has the same meaning.

Any pointer can be explicitly converted to an integral type, provided the
integral type is big enough to hold it.

An integral value can be explicitly converted to a pointer. If you convert
a pointer to an integeand then back to a pointer, the result is the same as
the original pointer. This is true for most architectures except for those
where the size of an integer is smaller than the size of a p(fimtexam-

ple, the 16-bit 286).

A pointer can be converted to a pointer to a different data type. However,
addressing exceptions can occur if the new data type has alignment
requirements different from those of the previous data type. You can
always cast a pointer to an object to a pointer to a smaller object, and back
again, without changing the value of the pointer. You can explicitly con-
vert a pointer to a function to be a pointer to an object if the object pointer
type is large enough to hold the function pointer. Otherwise, the same
rules apply for explicit and for implicit pointer conversions.

Note: On segmented architectures such as the 386, the size of pointers
may be different from the size of long integers, and even two pointers
may be of different sizes. On othechitectures, pointers are always the
same size.

A pointer to aconst type can be cast to a pointer that is not ofrest

type. If you perform this conversion, the pointer still addresses the origi-
nalconst object. If you try to modify theonst object through the

pointer resulting fronthe cast, the result is implementation dependent.
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. A pointer to an object type can be cast into a pointer to a function if the
pointer to the function type is big enough to hold the pointer to an object

type.
. You can explicitly convert a pointer to a function of one type to a pointer
to a function of a different type.

. You can convert an object to a class type only if you have declared an
appropriate constructor or conversion function. The argument to the cast
is taken as an argument to the constructor or conversion function.

. You can cast a pointer to a member to a different pointer-to-member type
if both types are pointers to members of the same class.

. A pointer to a merper of a derived class can be convertedgoiater to a
member of a base class if the conversion in the other direction is allowed
implicitly. The effect is the semantic inverse of the other conversion, and
assumes that the first pointer points to a member of the base class; other-
wise the semantics are undefined. See §6Pniiter Conversionen
page 95 for the reasoning behind this assumption.

. You can cast a pointer to a base class to a pointer to a derived class,
assuming the conversion in the other direction is implicitly allowed, and
assuming that the base class is not a virtual base of the derived class. The
effect is the semantic inverse of the other conversion, and assumes that
the first pointer points to an object that is a sub-object of the derived class.
See 86.5.4Pointer Conversionfor the reasoning behind this assump-
tion.

If you cast from one pointer-to-class to another pointer-to-class, and the
classes are not yet defined, the cast does not change the pointer value. How-
ever, the same conversion occurring later might in fact add a delta to the
pointer if one class is a base of the othergftect the location of the base

object as a sub-object of the derived ebjeThis difference in code generated

for the two identical casts can produce anomalies. You should avoid such
casting before classes are defined.
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Statements

This chapter discusses statements, which control the way your program exe-

cutes.

C++ has the same statements as ANSI| Standard C, with one difference. In
ANSI Standard C, you must place all declarations in a block before the first
statement in the block. C++ allows you to place declarations anywhere they
are needed, promoting the idea of declaring data items textually close to their

first use.

High C allows you to intermix statements and declarations as an extension to
ANSI Standard C, even when you are not using C++ features. Table 7.1
shows the statements you can use in your C++ program.

Table 7.1 C++ Statements

Statement

Description

Allows conditional execution of one or more statements and
expressions

switch

Allows selection from one or more alternative execution paths,
based on the value of an expression

do...while

Repetitively executes one or more statements until the condition
associated withvhile isO (zero)

for

A loop construct that executes one or more statements or expres-
sions while a condition holds true, often a counted number of
times

while

Evaluates a logical expression and executes one or more state-
ments and expressions while the value of the logical expression is
non-zero

break

Causes execution to jump to the next statement or expression fol-
lowing a loop orswitch  statement

continue

Causes execution to jump to the end of the current loop, where the
iteration condition, if any, is evaluated
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Table 7.1 C++ Statements (Continued)

Statement Description

Stops execution in the current function and causes execution to

return . . . . . .
resume in the calling function, if any, possibly returning a value

Causes execution to jump to a specific labeled point, bypassing

goto any statements or expressions betwgen and the label
declaration Is a statement; see ChapteEclarations and Definitions
expression Evaluates an expression for its side effects

7.1 Labeled Statements

A labeled statemerns any valid C or C++ statement preceded by a statement
label. A statement label has this form:

identifier

Labels are targets Statement labels are used only to designate a statement as a target of a partic-
of goto statements ylargoto statement. You can use a label ipa statement before you
define the label. Thelentifier that precedes the colon in a label must be
unique among labels in a function. Labels exist in their own scope within a
function, and do not interfere with any other identifiessitch statements
have speciatase anddefault labels that you can use only within a
switch statement. See §7.8election Statements page 102.

7.2 Expressions as Statements

An expression statemeistany valid C++ expression followed by a semico-
lon. If you omit the expression and use just a semicolon, you have created a
null statement.

Most statements in a C or C++ program, such as assignments and function
calls, are expression statements. When an expression statement executes, all
side effects from the evaluation of the expression must be completed before
the next statement begins execution.
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7.3 Compound Statements or Blocks

A compound statement blockis anylist of one or more statements enclosed
in curly braces} . When you enclose a group of statements in curly braces,
you cause that group of statements to be treated as if it were a single state-
ment. For example:

if (i==3){
=4
k=05;

}

If i is equal ta, both assignments enclosed in the curly braces are executed.
If i is not equal t@, neither assignment is executed.

7.3.1

Resolving Ambiguity

The definition of C++ contains some cases in which it is difficult to distin-
guish between an expression statement and a declaration, and even some
cases where text could be either. These cases occur when a fundamental or
derived type name is followed by a left parenthesis. The problem in C++,
which does not occur in C, is that a type name followed by a left parenthesis
can be a function-style type cast. For example:

typedef struct { int age;} *recptr;

recptr(X)->age = 0; /I This is an expression.

recptr(Y) = 0; /I This is a declaration.

int (i); /I This is the declaration of i.

int (j) +0; /I This is an expression.

char (*string)( int ); /I This is a declaration.

/I T is a pointer-to-function taking a double .
double (*f)( double (x)); /I This is a declaration.

/I d is a pointer-to- double initialized with

/I double (3).
double (*d)( double (3)); /[ This is an invalid
/I declaration.

If a text can be taken as declaration, it is so taken; otherwise, it is taken as an
expression statement.
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Note: The statementouble (*d)( double (3)) is cited inthe
Annotated C++ Reference Manuabs a declaration. How-
ever, that is not correct, as confirmed by Bjarne Stroustrup.

How to tell an You can resolve the ambiguity by examining whatever follows the right
expression parenthesis. If the token following the right parenthesis is an operator (such
statement frO_m aas->), a function-call operator with a value as the next token, or an initializer,
declaration the text is an expression statement. If the tokens following the left parenthesis
are valid for a declarator, the text is a declaration. See Chajeckra-
tions and Definitiongor more information about declarators.

7.4  Selection Statements

A selection statememivaluates an expression and selects the next statement
to be executed depending upon the value of the expressigmh andif
are selection statements.

7.4.1 switch Statement

A switch statement has this form:

switch ( expression ) sw_statement
where the components have the following meanings:
expression is any valid C++ integral expression.

sw_statement is either a compound statement or a
case_label statement . Usually it is a compound statement that contains
one or morecase label _statement S.

case_label statement is one of the followng:
case constant_expr .. constant_expr ] . statement ]
default . Statement

When your program executeswitch statementexpression  is evaluated.
No twoconstant_expr  expressions inase labels can have the same value
in a singleswitch  statement. Execution transfers to thee label whose
constant_expr  has the same value as the resulafression
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Declarations in sw_statement cannot be a declaration. Howeverif statement were a
switch ~ statements compound statement, it could contain declarations. If such a compound state-
ment contains declarations with initial values, you cannot position those ini-
tializations so that transfer of control taase label skips over the
initialization. For example:

switch  (j) {
int k=3; /I Error
case 3:
int m=4,
default

it (m==4) //Error
}

Thus, declarations with initializers must appear in an inner blodknthe
switch statement.

Ranges in caseAs an extension to C and C++ High C/C++ permits you to specify a range of
labels values for a case label. The firstnstant expr  before the eipsis (. ) is

thelower boundof thecase label. The seconcbnstant expr , which fol-
lows the elipsis, istheupper boundf thecase label. When you specify a
range for a case label, the case label matekhesssion whenever the
value ofexpression is greater than or equal to the lower bound, and less
than or equal to the upper bound of the range. You must not specify a lower
bound whose value is greater than the upper bound of a range. You must not
specify another case label in the saméch statement whose value is
within the range.

void myfunc( int *p){

*p = 3’
}
main(){
int i
myfunc(&i);
switch (i){
case 7: /I This is valid.
cout << "Reached 7.\n";
break ;

case 2..4: /[ Thisis valid.
cout << "Found range of 2..4.\n";
case 6..5: /[ Thisis an error: the lower
/I bound exceeds the upper bound.
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case 3: /I This is an error, because
/I 3is in the range 2..4.

default
break ;

}
}

default label Eachswitch statement can have at most caee label namedefault . If
no othercase label in theswitch statement matches the valuesgbres-
sion , execution transfers to the first statement followingdtifeult  label.
A switch statement is not required to haveegault label.

If aswitch statement does not haveéafault label, and the value of
expression  does not match amase label in the switch statement, no
statement in thewitch statement executes, and execution continues with the
first statement following thewitch ~ statement.

Flow of control Once the statement or statements following the seleeted label finish
executing, execution continues with the statement following thecnext
label, unless you have coded a statement that alters the flow of control state-
ment. This is a common error for novice C programmers who are used to pro-
gramming in Pascal. In the preceding exampiee 7: ends with éreak
statement. This alters the flow of control, transferring it to just past the end of
theswitch statement. But aftemse 2..4: s over, flow of control would
pass intaccase 6..5:  (if the example represented a validitch state-
ment). See §7.@ump Statementm page 108 for more information.

Nestedswitch ~ You can nestwitch statements. Thease labels within aswitch  do not
statements all have to be at the same scope level. You can enclosaanyabel within
an arbitrary number of inner blocks. cAse label is associated with the
switch ~statement that immediately encloses itcae label cannot be the
target of agoto statement.

7.4.2 if Statement

Theif statement allows conditional execution of statements and expressions
in your program. This is the form of &n statement:

if ( arithmetic_expression )
Statement
[else statement ]
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When your program executesianstatementarithmetic_expression is
evaluated, and if it is a non-zero value, stweement following theif is
executed. lfrithmetic_expression evaluates to (zero), control trans-

fers to theslse clause, if one is present. Theatement following else or
if can be anothef statement.

arithmetic_expression must be of arithmetic or pointer type, or a class
type that can be unambiguously converted to a pointer or arithmetic type.

7.5 lteration Statements

An iteration statemenis a statement that causes itself and possibly a group of
other statements to be executed repetitively. C and C++ iteration statements
aredo, while , andfor .

7.5.1 do Statement

A do statement causes the statement that immediately follows it to execute
repetitively, until theexpression associated witlnile become® (zero). A
do statement has the following form:

do statement while ( expression );
where the components have the following meanings:

statement Any valid C++ statement, except a declaration.

expression Any valid C++ expression whose result is an arithmetic type
or pointer type, or a class type that can be converted to an
arithmetic or pointer type.

statement is often a compound statement containing a list of other state-
ments to be executeditatement is always executed at least once. If a
continue  statement appears smtement , control transfers to the evalua-
tion of expression . expression is evaluated after each execution of
statement . If expression  contains side effects, those side effects com-
plete execution before the next iterationsaftement
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7.5.2 while Statement
Thewhile statement allows repetitive execution aoftatement , which
may be a compound statement, until #ixeression  associated with the
while keyword reache8 (zero). This is the form ofwahile statement:
while ( expression ) statement
where the components have the following meanings:
expression Any valid C++ expression whose result is an arithmetic type
or pointer type, or a class type that can be converted to an
arithmetic or pointer type.
statement Must not be a declaration. C++ allows any other valid state-
ment.
expression Must be evaluated before each iterative executicmnaos-
ment. This means thattatement might never execute at
all, if expression  evaluates t0 (zero) the first time it is
evaluated. lexpression contains side effects, those side
effects complete execution before the next iteration of
Statement
7.5.3 for Statement
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Thefor statement allows you to executetatement repeatedly. Aor

loop consists of théor statement and theatement  that follows it, called
thefor loop body A for loop body is often a compound statementte@
thefor loop executes a specific, counted number of iterations. This is the
form of afor statement:

for ( for_init [cond_expr] ; [inc_expr ] )
Statement

where the components have the following meanings:
for_init Any valid C++ statement that initializes a data item. You can
even declare a variable in this statement.

If the statement is a declaration, any names you declare have
a scope that extends to the end of the block enclosirigrthe
loop. for_init is typically an assignment that initializes a
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Flow of control in a
for loop

continue

Iteration Statements

variable, referred to as thie loop index Because most
statements end in a semicolon, a semicolon appears after the
initialization.

cond_expr Any valid C++ expression of a pointer or arithmetic type.
The expression can also be of a class type, if an unambiguous
conversion to pointer or arithmetic type exists for that class
type. cond _expr is usually a relational expression that com-
pares théor loop index with a final constant value. The
for loop iterations cease when evaluatiorcafd expr
yields0 (zero).

inc_expr Any valid C++ expressioninc_expr often changes the
value of thefor loop index. Oftenjnc_expr is an expres-
sion that increments or decrementsftiie loop index by a
constant value.

statement Any valid C++ statement except a declaration.

Both cond expr andinc_expr are optional. If you omitond expr , the
for statement becomes equivalentale (1) , and will execute forever,
unless a jump statement appears inféhe loop body.

When executing &r loop, for_init  executes first. This initializes the
for loop index with a starting valuesond _expr executes next.

If the result ofcond_expr is0 (zero), execution of thier loop proceeds no
further, and théor loop body is skipped. If the value @fnd expr is non-
zero, the body of thiar loop executes.

After the body executesjc expr is evaluated, followed by a re-evaluation
of cond_expr , again comparingond expr to0 (zero). This process con-
tinues untilthe conditioncond expr == is satisfied. Any side effects in
for_init orinc_expr complete execution befor®nd expr begins exe-
cution.

During the execution of thier loop body, if acontinue  statement is

statement encountered, control transfers beyond the end of the loop body to the evalua-

tion of inc_expr

break statement A break statement in the loop body transfers execution to the next statement

after the loop body, and terminates execution of the loop. See §téak:
Statemenon page 1009.
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Labeled statementYou can use a labeled statement fnra loop body, and jump into the body
without executingor _init or cond _expr first. However, such a jump
will leave thefor loop index uninitialized, and the behavior of the program is
undefined.

7.6 Jump Statements

A jump statemernis a statement that causes execution of a program to stop in
one location and resume in another location. C++ defines four jump state-
ments:break , continue ,return , andgoto .

Jump statements automatically cause the destruction of objects declared in the
scope of the jump statement, if the object is not also declared in the scope of
the target. A jump statement cannot cause flow of control to enter a block and
skip the construction of an object. For example:

struct  s{
s();
~s();
|3
fO{
s x1; /I Constructs x1
{
s x2; /I Constructs x2
goto L1; /I Destroys x2
}
L1: goto L2; //Invalid: skips construction of x3
{
s x3; /I Constructs x3
L2: goto L3; // Destroys x3

}
L3: return ; /I Destroys x1

}
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Jump Statements

7.6.1 Dbreak Statement
Thebreak statement is allowed onlyitkin aniteration statement (see 8§7.5:
Iteration Statementsn page 105) or switch statement. This is the form of
abreak statement:
break ;
A break statement causes execution to transfer to the first statement follow-
ing the immediately enclosing iteration statement, or to the next statement fol-
lowing theswitch statement.
break is a convenient method for exiting a loop withouttke ofgoto .
7.6.2 continue Statement
Thecontinue statement provides a way to skip over the rest of an iteration
of a loop. This is the form of@ntinue statement:
continue ;
Whencontinue  executes, execution transfers to ploint just before the test
for executing the next iteration of the loop. All remaining statements and
expressions in the loop body betweentinue and the end of the loop are
skipped.
7.6.3 return Statement

Thereturn statement causes execution of the function containing the

return  statement to terminate. Execution resumes at the next statement or
expression beyond the point where the function containingethen  state-
ment was called.

This is the form of aeturn  statement:
return [expression ] ;

A return statement is required to return a valeiegression , unless the
function that contains theturn statement is a constructor, a destructor, or
of typevoid . You cannot return a value for constructors, destructors, or
void functions.
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If necessaryexpression is converted from its result type to the return type
of the function, including possibly the construction of a temporary object.

A function that is not a constructor, destructor, or of typeé must have a
return statement that specifies a return value. Itis not valid to execute to the
end of a function wthout an expliciteturn statement.

7.6.4 goto Statement

Extension
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Thegoto statement transfers execution to a labeled statement (see §7.1:
Labeled Statements page 100). This is the form ofj@o statement:

goto label ;
label must be an identifier that corresponds to a defined label.

As an extension to ANSI Standard C and C++, High C++ allows you to spec-
ify a label in agoto statement where the label definition is in an outer func-
tion. If execution is currently at@oto statement in a nested function, you

can specify a label in an outer, surrounding function as the targetaftthe

See Chapter &unctionsand Appendix BHigh C/C++ Extensiongor more
information about nested functions.
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Declaring a

function

A functionis a collection of expressions, statements, and data. A function
declaration specifies:

. the name of the function

. the return data type, if any

. the parameter list

A function cannot be declared asto orregister . By default, functions
areextern
The most frequent form of function declaration is the foilayv

decl_specifiers identifier ( argument _decl _list )

[ cv_qualifier_list ]

This is just a form of a declaration (explained in §®Réclarationson page
48), where the declarator is a simplentifier followed by the parenthe-
sizedargument _decl _list . For example:

static int func ()

Here you see nov_qualifier_list , and theargument decl_list is
empty (see page 112 for the defiioin of anargument decl _list ).
func() s astatic  function Gtatic  is astorage class_specifier )

returning annt (int is atype_specifier ).
The function declarator can be more complex. For example:
static int  (*func ())[]

Herefunc() returns a pointer to an arrayiof s. See 85.®eclarations

and Precedencen page 70 for how to read more complex declarators such as
this. For the purpose of declaring a function, remember that the “innermost”
declarator must be of the function declarator formizaared name fol-

lowed by a parenthesizedgument decl list

The optionakv_qualifier_list following the function’s right parenthe-
sis pertains only to class-member functions and is explained in §9%a8:
fied Member Functionsn page 136.
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Default return type If you do not specify a type in théec/_specifiers for a function, the

112

is int

Declaring
arguments

function return data type defaultsito . If the function does not return any
value, it must be declared typeid . Any function that is not declared type
void must return a value. See §3hata Typeon page 52 for more infor-
mation about data-type declarations.

An argument _decl_list can be empty or can be a list of declarations sep-
arated by commas, optionally followed by (ellipsis):
argument_decl_list is defined as follows:

argument_declaration [ , argument_declaration ] ] ]
An argument _declaration is similar to thedeclaration in 85.1:Dec-
larationson page 48:

decl_specifiers [ declarator | abstract _declarator ]

[ = expression ]

Here the difference is thatclarator [ init_declarator ] has been
replaced. Its simplest formec/ specifiers declarator ,is a subset of
thedeclaration ~ shown in 85.1Declarationson page 48. But an argument
can have a default value, specified=byexpression — see §8.6.9efault

Parameterson page 121.

An abstract_declarator is the same as a declarator, except that the
declared_name is omitted. Thus if:

*X[]
is adeclarator , then:
*]

is the correspondingbstract declarator ; X is omitted. Here is an
example of a function declaration usingex/arator ~ for each argument:

int f( int  x[], int  (*y)(), float 2z)

Here is the same declaration, usingaéntract declarator for each
argument:

int f( int ], int (*)0, float )

The only difference between these two function declarations is that the former
gives you the names of the arguments. When you define the function body,
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be sure to specify the argument names if you want to access the arguments in

the body!
Theconst andvolatile keywords can be used after the parenthesis that
closes theargument _decl _list only if the function is a nontatic

member function. See Chapter®t+ Classesfor more information about
virtual  and member functions.

Defining a function A function definition has two parts: the header and the body. The header is
the same as the function declaration shown on page 111. The body can be
defined with a given name and parameter list only once. A function body has
the following form:

{ [dec/arations_and_statements ] }

Function prototypes You must declare a function before you can call it. If the body of a function is
defined after a call to the function, a function prototype must appear in the
source file before the call. fanction prototypés a function declaration that
does not define a function body. A function prototype ends with a semicolon.

See Chapter Expressions and Conversiofts more information about
expressions, and ChapterStatementgor more information about state-
ments.

8.1 Recursive Functions

Functions in C or C++ can be recursive, except for the funation() . A
recursive functions one that calls itself, or is called while another call to the
same function is still actively executing.

8.2 Nested Functions

As an extension to ANSI Standard C and C++, High C/C++ allows you to nest
function definitions. For example:

#include <stdlib.h>
char outerfunc(){
int i
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int innerfunc( char c){// This nested function is
return atoi(c); // contained inside another
} /I function.
i = innerfunc(’z’);

}

Static link for up- The body of a nested function can access variables in the enclosing function.
level access To makethis possible, the nested function is passed @samgument called a
static link Therefore the address of a nested function cannot be assigned to a
pointer-to-function; the required static-link pointer would be lost.

See Appendix BHigh C/C++ Extensiongor more information about nested
functions.

8.3 The Function main

This is the simplest possible complete C or C++ program:

main() { }

This program defines a function callechin() , taking no arguments, which
does nothing. Every C or C++ program must have a function caled) ,
which can be arbitrarily simple or commied. Exection of every C or C++
program begins with the first statement or expressiomin() . You cannot
callmain() directly from within your program, nor take its address.

Command-line If your program expects to receive arguments from the command line when it
arguments s invoked, you can receive those arguments and process them by declaring
main() as follows:

main( int argc, char *argv[]){

Parametersargc By conventionmain() is called with two parameters. The first parameter is
andargv  argc , which is the number of arguments that were passed to your program.

The second parameterdsyv , which is a pointer to an array of character
pointas. These character pointers are the addresses where the actual charac-
ter representations of the arguments from the command line reside. The first
pointer inargv , argv[0] , points to the name of your programrgv|1]
points to thefirst argument on the command line, if any, whitgv[2]
points to the next argumernd so on.argv[argc]  is always) (zero).
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inline  Functions

8.4

inline

Functions

The keywordnline is a hint to the High C/C++ compiler to substitute the
body of a function declaration at each occurrence of a call to the function. It
is only a hint, and the compiler might ignore it. Although High C/Can

inline functions of arbitrargize and complexity, functions that exceed a user-
specifiable size limit are not ssiituted. Se¢heHigh C/C++ Program-

mer's Guide for more information about compiler options foriirihg.

Optimizing effect of Inlining is an optimization; inlining a function does not chatigesemantics

Inlining versus

inlining

macros

Avoid multiple
definitions of

inline

functions

of the function call in any way. When the compiler inlines a function, your
program usually executes faster. This is because function-call overhead, such
as saving and restoring registers, has been eliminated. Inlinirddstamake

the program smaller when the function being inlined is so small that the code
generated to issue a call to the function exceeds the size of the function-body
code.

Inlining contrasts with the ANSI Standard C tradition of using a macro

instead of a function call to gain program executioredpdf the body of the

macro references a macro parameter more than once, undesirable side effects
can occur when the argument is an expression containing side effects, such as
*p++.

Aninline  function must have exactly the same definition in every compila-
tion in which it appars. If theinline  function’s definition is changed in

two different source files, program behavior is undefin€tis constraint is

not enforced by High C/C++For example, if you compile a source file using
one definition of amline  function, where the definition of theline

function is in a header file, then modify the header file and compile another
source file using the same function, the semantics dfithe function

might have changed. Here is an example:

inline float sqr( float f){ return  f*f; } // Square f.

float f1=3.7, g =sqr(fl); /I sqr is inlined
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struct s {
float f;
float sqr() { return f*f;}  // Square member f.
/I (Functions defined in a class definition
/I are inline by default.)
Y

s x1 ={3.7}, g = x1.sqr(); /I sqgr is inlined.

85 friend Functions

The keywordriend declares a function to be a “friend” of a class. The key-
word is valid only within a class declaration. See §l1Bri&ndson page 159
for details and examples.

8.6 Function Parameters

Formal and actual You can pass parameters to a function when you call it. A functiomizal
parameters parameter refers to amgument declaration in the function header
where the function is declared or defined. atualparameter is a value used
when the function is called. Informally, the formal-parameter name in the
argument_declaration assumes the actual-parameter value during the
execution of the body of the function.

Formal parameters Formal parameters have storage categary . Except foregister , you
areauto  cannot use storage-category keywords in the formal-parameter list.

Example 8.1 struct astruct { float a, b };

extern double afunc(  long xcoor, int ycoor,
int (*p)( int ), struct astruct x);

int inc( int i){
return  i++;

: ,
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Calling a function

Parameter order
and type
compatibility

Function Parameters

main(){
int Xx,y;
struct  astruct a;
double result;

x=10; y = 20;
result = afunc( x, y, &inc, a);
}

In Example 8.1,xcoor , ycoor , p, andx are formal parameters for the func-
tionafunc() . i is aformal parameter for the functiomn()

You call a function when you use its name followed by parentheses enclosing
an actual parameter list. The actual parameter list can be empty if the function
you are calling has no formal parameters. An empty actual parameter list is
indicated by a parenthegair () . In Example 8.1afunc() is called pass-

ing the actual parametetsy, &inc , anda. When this code executes, the

next source statement that executes following the caflita() will be the

first statement offunc()

Actual parameters are associated with formal parameters in the order in which
they appear in the parameter lists. The data types of an actual parameter and
the corresponding formal parameter must be valid according to the rules of
assignment compatibility. See §6.4Aksignmenbn page 79 for more infor-
mation about assignments. If the actual and formal parameters are of compat-
ible but not identical data types, the actual parameter is converted to the data
type of the formal parameter before it is passed. In Examplex8obr, and

x are of different but compatible types. Wheis passed tafunc() ,x is

widened tdong .

8.6.1 Passing Parameters by Value and by Reference

Passing by value isWhen you pass an actual parameter to a function, the actual parameter is eval-

the default

uated and the resulting value is passed to the function. This is called passing
parameterdy value Inside a function, if you assign a value to one of the
function’s formal parameters, the value of the actual parameter is not
changed. In Example 8.1 on page 116fific() changescoor , then
whenafunc() finishes executing and returnsrtain() , the value ok is
unaffected. By default, parameters are passed by value in C and C++
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Passing an array An actual parameter that is an unsubscripted array name is pasgsairgsa
to the first element of the array. This means you cannot pass an array by
value. See 85.4.5.&rrayson page 61 for more information about arrays.

Note the actual paramet&inc in Example 8.1 on page 116. Ta®perator
means “address of'inc() is a functionp, the corresponding formal param-
eter, is a pointer to a function. The addressdf is passed tafunc()

and assigned to. When the actual parameter is an address, the formal
parameter must be a pointer. In the example&theerator is not necessary
for a function parameter — it is supplied automatically if it is not explicitly
mentioned. Howeveg, is implicit only for function parameters.

Passing an addressWhen you pass the address of a function or data itemangmassing the
value of a pointer to function or data item. If you are used to programming in
other languages, such as FORTRAN or Pascal, you can think of this as pass-
ing the parametdsy reference.

8.6.2 Reference Parameters

In C++ you can speqify Eefer_ence parametgr_This allows you tq pass a
parameter to a function, assign a value to it in the called function, and have

the actual parameter’s value changed. The change occurs immediately.

void func( double & radius) {
radius += 3.1416;

}

main(){
double d=0.0;
func(d);
cout << d;

}

In this examplesadius is declared as a reference argumeritiof() . The
call tofunc() causesl to have the valug.1416 .

Reference variablesAlthough the eference mechanism is most widely used in parameter passing,
it is generalized in C++ to include arbitrary reference variables; that is, you do
not need to pass a parameter to make a reference to a variable. See 85.4.5.2:
Referencesn page 60.
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You cannot dereference a pointer to a function and assign a value through it.
For a data item, if you dereference the pointerit Example 8.1 on page

116) and assign a value through it, the value of the actual parameter is
changed.

8.6.3 Parameter Evaluation Order

Side effects A side effects a change to a variable as a by-product of an expression evalua-
tion. For example, a function call or an increment can change a variable.

The order in which actual parameters are evaluated is implementation depen-
dent. Avoid writing code where the value of an actual parameter depends on
the order of evaluation. The order of parameter evaluation can even be differ-
ent on different architectures! For exalet

int k=1;
int g( int & myint){
return  myint++;

}
int func( int i, int j, int k){
return  i+j+k;
}
main(){
func(k, g(k), k++);
}

In this example, the three arguments can be evaluated in any order, and the
last two arguments affect the valuekofIn both cases an increment affects

the value, and the increment is hidden within a function in one case. Thus the
value of the first argument depends upon when the last two arguments are
evaluated.

8.6.4 Variable-Length Parameter Lists

When you specify a formal-parameter list, you can allow a function to have a
variable number of parameters by using the notation ™ at the end of the
list of formal parameters. For exalta:

void  printints( int last, ...);
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This function prototype declares a functi@imtints() that prints one or
more integersprintints() has one fixed parameter followed by an
unknown number of other parameste Wthin printints() you can access

additional parameters beyond the fixed pagsmby means of the
va_start() ,va_arg() , andva_end() macros defined imstdarg.h>

Example 8.2 Accessing a Variable-Length Parameter List
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#include <stdarg.h>
#include <stdio.h>
void printints( int Last,...){
int i
va_list ap;
va_start(ap,Last);
for (i=0; i<Last; i++)
printf("%d",va_arg(ap, int ));
va_end(ap);
}
main(){
/I Prints 0, 1, 2, and 3
printints(4,0,1,2,3);
}

In Example 8.2, an integer parametest is passed in to indite the number
of parameters that follow. A variabde is declared as type_list . The
va_list  type comes fromstdarg.h> . Theva_start() macro assigns
the address of the beginning of the variable-length patemiist toap. The
va_arg() macro then references each parameter in the list of unknown
parameters. Each timve_arg() is referenced, it returns the next parameter
in the list of unknown parameters.

A typical application of variable-length parameters is in constructing the
printf() function, whose declaration is as follows:

int printf(  char *fmt, ..);
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8.6.5 Default Parameters

You can declare a function that has default parameters. For example:
int  myfunct( int a, char b, double d=5.0);

The last parameter in the list foryfunct()  is of typedouble . Its default
value is5.0 ; this value is used if a call toyfunct()  omits the last actual
parameter. For example:

int i

i = myfunct(3, 'a’); // Passes 5.0 as third argument
You can still callmyfunct()  with three arguments to override the given
default:

int i

i = myfunct(3, 'a’, 6.0); // Passes 6.0

/I as third argument

If a default parameter is given, all parameters following that default parameter
must also have defls:

void funcl( int a, int b=2, int c¢); // Error
void func2( int a, int b=2, int ¢=3);// OK
void func2( int a=1, int b=2, int c¢=3);// OK

Notice that both declarations ofhnc2() are allowed. After the first declara-

tion,func2() has two default parameters and could be called with a single
value. After the second declaration, a third default is supplied, for the first
parameter. Thus, default parameters are cumulative.

A default parameter does not affect a function’s definition. It affects only
calls to the function. The same function could be declared in different ways in
different source modules, with different default parameters.
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C++ Classes

Code and data in This chapter describes C++ classes. The class is the foundation of C++'s
the same structuregbject-oriented programming model. Understanding the properties of classes
is crucial to effective use of C++ With classes you can define new types
where code and data are present in the same data structure and access to dat:
is restricted to a specific set of access functions.

Objects In discussing classes, this chapter uses thedbéjectto refer to an area of
storage occupied by a particular allocation of a class or class member.

Encapsulating data By restricting access to datathin a class yoencapsulatehe data, as though

by restricting accessputting a protective covering around it to prevent unauthorizegsac In a
struct  orunion , any function in the proper scope can manipulate the
struct orunion members. Butin a class, by default the class members can-
not be read or written to except by other members of the same class.

Classes extend theC programmers need not be frightened of classes; a subset of classes encom-
possibilities of passes exactly ANSI Standards@uct s. Think of classes as “super-
structures stryct s, struct s with many more features and pibdities than plain C

struct s. The power of classes is essential to the object-oriented design of
C++ Butin C++ you are not forced into programming with all of that power;
you can stick to the plain C subset if you wish. In factcthes keyword is
really largely unnecessary — you can ggect s andunion s to perform
the same functions as classes in C++ — only the default access rules for mem-
bers are different.

9.1 Class Declarations and Definitions

This is the basic syntax forcgass _definition (first presented in Chapter
5: Declarations and Definitions

[_Packed| _Unpacked] { class | struct | union }
identifier ][ base_list
{ { member_declaration access_specifier . } }
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Defining aclass ~ This is the form of alass definition:
class _head { [member_/ist ] }
where the components have the following meanings:
member _list is:
{member_dec/aration | access_specifier : }
member_declaration is one of the following:

[ decl_specifiers ][ member_declarator_list ] ;
function_definition [ ;
qualified_name ;

member_declarator_list is:
member_declarator [ , member_declarator ]
member_declarator is one of the following:

declarator pure_specifier ]
[ identifier constant_expression

class_head is one of the following:

class_key [identifier [ base_spec]
class key class name base _spec

class _key is:
{struct | union | class }
base_spec is:
base_list
base_list is:
base_specifier [ , base_specifier ]
base_specifier is one of the following:

complete_class _name
virtual [ access_specifier complete_class _name
access_specifier [ virtual complete_class _name

class_name is an identifier that is the name of a previously declared class.

access_specifier is an access-control level:
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class versus
struct

Example 9.1

Class Declarations and Definitions

{private |protected public }
complete_class_name is:

[:: ] qualified _class_name

qualified_class_name is:
class _name [ .. qualified_class _name ]
pure_specifier is=0
In aclass_definition ,class andstruct can be used interchangeably,

except that the use ofass in a definition implies different default access
rules (see §10.1Acces®n page 151). Example 9.1 shows many facets of a
class definition.

class A: public B, virtual C{
/I B is a public base class.
/I C is a virtual base class.
/I First, some declarations that are also
/I allowed in structs and unions in ANSI C:
int x; /I A normal member
float f[10];  // Another normal member
unsigned j:3; // A bit field
enum color {red, white, blue}; // An enumeration
/I The rest of these are allowable only in C++:
void f(); /I A function member
public : /I An access specifier
int  sqr() { /I A function member, together
return  x*x; // with its definition

s /I Empty member_declaration s
typedef int *Pl; // A typedef member
static char c; /I A static member
A *next; /I Use of the class name A
/I declaration
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class A *next2; // The word "class" is
/I redundant here, but

/I allowed.
private /I Another access qualifier
B:g; /I Adjusting access of g,

/I inherited from B
/I The only allowable case of an initializer:
virtual void func() = 0;

/I Some *** invalid *** declarations:

auto local_var; // Cannot use auto
int_array[10]; // Data type is omitted;
Inr int int_array[10];"

/I would be correct.
void func2() =1;// 1is not valid. Also,
Inr virtual " is omitted.
A sub_a; /I Cannot contain an instance
/I of an incomplete type

3

Classes define newEvery class definition defines a new type diffiet from all other types. The
types type is incomplete until the ending curly bragg ¢f the definition is seen; it
is then made “complete”.

Empty member It is possible for anember_declaration  to produce nothing, because all
declarations parts of it are optional, sg;;; can appear within a class definition.

Scope of classA class definition introduces a new scopé¢hat occurrence df, and the

members scope closes at the correspondingThis means that names declared as mem-
bers are local to the class definition. The class definition corresponds to the
traditional ANSI Standard €truct  orunion declaration. Butin C++, you
can also declare and optionally define functionithiw the class that allow
access to private names declared in the class definition. You can also adjust
access to names inherited from base classes and specify scstlethem-
bersof a class (see §9.4 &atic Membersn page 131).
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9.2 Local Classes

You can declare a classthin a block,such as a function definition. Such a
class is called bbcal class The name of a local class is in the scope of its
enclosing block, and cannot be “seen” outside the function. If you declare a
local class, its members can use only type nami&®;  variablesgextern
variables, functions, and enumerators from the enclosing scope level. For
instance, accessinguto variables declared in the enclosing function is
invalid:

void func() {
int i
enum a {b,c};
static int j;
struct s {
int ali]; /I Use of i not valid
enuma x; /I OK
void s_member() {
j=3; /I OK
X =C; /Il OK
func(); /I OK
}
3
}

9.3 Nested Classes

A class declared inside another classnested class The class hame of a

nested class is local to its enclosing class. You can use only type names, static
members, and enumerators from the enclosing class in a nested class declara-
tion, unless you explicitly use pointers or access operators.

. Member functions of a nested class do not have any special access to
members of the enclosing class.

. Member functions of the enclosing class have no special access to mem-
bers of the nested class.
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9.4 Class Members

A class membeis a declared type deftion, variable, or function whose
scope is restricted to its containing class. Access to a particular class member
can be restricted via access qualifiers (see §edeson page 151).

Rules for declaring The following rules apply to member decléoat:

simple membess

In a member declaration you cannot ase& , extern , orregister

You can omit the data type in a member declaration; if yoindojs
implied.

You can use the 0 syntax in anember_declarator ~ only if the name
declared is airtual ~ function type. Doing this dtares goure virtual
function See §9.7Virtual Functionson page 141 for more information
aboutvirtual ~ functions.

The type of a member of a class type must be complete. The class type is
incomplete until the ending curly brace) ©f the definition is seen; it is

then made “complete”. This prevents a class from containing an occur-
rence of itself. For example:

class s {
S X; /I This is not valid.
h

This declaration results in an “infinite” definitiom:contains ars which
contains ars which contains an, and so on. However, a class can con-
tain a pointer to itself, as shown in the following example:

class boy {
int height;
int  weight;
enum color { blue, brown, black, green, hazel };
boy *next; // A pointer to an object of this
/I class type

}

9.4.1 Simple Members

A simple class member is the same as a membestin@ or aunion in
ANSI Standard C.
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Class Members

Rules for declaring The following rules apply to simple member declarations:

simple members

Specifiers exclude the storage-category qualifiers and function specifiers.
o« =0 (in member_declarator S) is not used.

. The member is not of a function type.

. The declarator is required in theember_declaration

. When the declarator is omitted, a useful member declaration occurs only
when the specifiers specify an enumeration or class definition.

Storage for simple If a class type is declared usisiguct  orclass , each object of the class
members type contains a separate copy of all simple members, asi:thé value of

Example 9.2

the class type is big enough to atoonodate althe members.

If a class type is declared usingion , thesizeof value of the class type is
large enough to accommodate the largest member, and each member shares
storage with the other members. In particular, the address of each non-bit-
field member is the same as any other non-bit-field member. You can think of
a union as a class whose member offsets afe(aéro), and that is big

enough to hold any of its members.

struct  A{
int Xx;
float  f[10];
unsigned :3;
|3
main() {
A al, a2, a3, *a4 = &as3;
al.x =3, a2.x =4, a4->x = 5;
al.fl4] = 3.3; a2.f[6] = 4.4; a4->f[7] = 5.5;
al.,j=1; a2.j=2; a3->j=3;
}

In Example 9.2 the declaration ofiauct is the same as in ANSI Standard
C. If instead ofstruct A we declaredinion A, the address of and off
would be the same; that isandf would overlap.
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Declaring bit fields If the identifier is omitted in a bit-field declaration, no storage is allocated, but
the effect is to direct placement of subsequent members at the beginning of
the next bit-field container.

When the declarator is omitted, a useful member declaration occurs only
when the specifiers specify an enumeration or class definition. For example:

struct  A{
int ; /I Not useful, nothing happens
enum color {red, white, blue}; // An enumeration
/I definition
struct B { /I A nested class
int  x;
3
3

This example is not much different from ANSI Standard C, either. However,
the difference between C and C++ here is that in C++, the type mames
andB and the enumeration literaksd , white , andblue are local toA. In
ANSI Standard C those names are visible outsidetthet . For example:

/I ANSI C usage.
struct B x;
enum color ¢ = red;

Accessing namesln C++, these names are not visible. However, they can be accessed via the
with the scope C++ scope resolution operator. (). The following example shows how to
resolution operator gccess these names.

A:B x; /I A::B means name B within A.
A::color c = A:red;

See 85.4.25cope Accesm page 55 for information about. You can make
type names as visible as with ANSI Standard C by usinglef s:

typedef A:B B; /I Defines B to be the
/I same type as A::B
typedef A::color color; // Same for color

Class objects in C Each object of a class type has a copy of each of the simple membgnst di
versus C++ from the copies in another object. But this is no different from the C lan-
guage, and in fact C++ adds nothing to C in this regard. C++ adds to C by
increasing the kinds of things you can do with a class object or its me&mbe
and by allowing declarations of members that are shared across all objects of
a class.
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Class Members

9.4.2 typedef Members
When you useypedef in a member declaration, the effect is the same as a
typedef declaration elsewhere, except that the declaration is local to the
class:
class A{
typedef float F;
typedef A * (*X)[3];
|3
A:Ff, [/l fis of type float
A::Xd; /ldis of type
/I pointer-to-array-of-pointers-to-A.
9.4.3 static Members

When you declare dass memberstatic , and the member you are declar-
ing is not a bit field or a function, the declared name denotes exactly one
object, shared among all objects of the class. The member declaration does
not allocate storage for theatic  object; a definition is required elsewhere.
Because thetatic  object is a member, you can access it with a class object
followed by the standard or-> operator. But you can also access the

static  object without a class object via. For example:

class A{
static int count;

3
int A:count =0; // Required definition
main () {

Aal, az;

al.count++;

az2.count++;

A:count++;

/I Now A::count has the value 3

}

The difference between placingunt within the class and making it global
is that within the classount is class specific. Other classes can have the
same member declaration, but it denotes a differantt variable in each
case.
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For example:
class A{
static int count;
h
class B{
static int count;
h

int A:count =0, B::count=1;
/I There are two count variables here.

static  bit-field members are not allowedtatic ~ function members are

allowed (see 8§9.5.ktatic Member Functionsn page 133). The initializer of

a static data member is “in the scope of the class” — that is, the names of all

class members are known and can be referred to without the use ¢for
operators. For example:

class A{
enum color {red, white, blue};
color C;
|3

A::color A::C =red; // red means the same as A::red

9.5 Member Functions

Member functions A class member declaration can be a function declaration or a function defini-
are methods tion. Such a member is called@ember function Other object-oriented lan-
guages refer to such a member asedhod If you do not supply &unction
body in the declaration, you must supply the function body for the member
function elsewhere (if you reference the function).

Each member function is shared among all objects of a particular class type.
It can be accessed via->, or:: .

inline is implied for a member function whose definition is supplied within
a class defiion. You cannot prevent a function from beinghe  when

you supply the function body in the class definition. See §8ide Func-
tionson page 115.
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951 static Member Functions

A static member functiors a function whose declaration and possibly defini-
tion occur within a class declaraticand the declaration contains the storage
categorystatic . Here is an example of a static member function:

class A{
public
static int count;
static void inc_count();
|3

int A::count=0;
void A:inc_count() { A::count++; }
main () {

A al,az;

al.inc_count();

a2.inc_count();

A:inc_count();

/I Now A::count has the value 3.

}
Unlike static class data objects, the function definitioan be provided
within theclass definition itself. For example:
struct  A{
static int count;
/I Declaration and definition of inc_count:
static void inc_count() { A::count++; }
|3

int A:count = 0;

inline  functions A function definition given within a class is automaticalijne ; see §8.4:
inline Functionson page 115.

Scope of memberA member function name, its parameter list, and any declarations local to the
functions member function are in the scope of the enclosing class:

struct  A{
static void inc_count() { count++; }
[[ M Az not needed
static int count;
3
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Even so, atatic member function cannot make a simple reference to a
nonstatic  data member, because there is no object containing that data
member. Wereount nonstatic , the referenceount++ within

inc_count() would not be valid.

95.2 Non-static Member Functions

Nonstatic  member functions are much more common in C++ than

static  member functions, and are an important element of the object-ori-
ented philosophy of C++. A nasiatic  member function differs from a
static  member function in that a naitatic  member function is always
supplied an object of the class in which the function was declared.

Calling a non- To call a nonstatic  member function, you must have constructed an object
static  member of its class type. When the function is called, the address of that object is
function passed to the member function as a hidden argument. When that member
function refers to the simple members of the class, it is referring to those
members within the hidden object. For example:

#include <iostream.h>
struct  string {
char A[512];
void concat( const char *s);
3
void string::concat( const char *s)
{ _strncat(A, s, sizeof A);}
main () {
string s;
s.A[0] = 0;
s.concat("Hello, ");
s.concat("world.\n");
cout << s.A;

}

This is a'Hello, world" program. Withirconcat() a reference ta
needs no or-> or:: operator, and it refers to theéelonging to the hidden-
argument class object. Whenever you call astatie  member function
with the formX.Y() , the functiony is passed.X as the hidden argument;
similarly, inX->Y() , Y is passed (which is already an address).
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Hidden A pointer to the class object is passed in as a hidden first argument, and is
argumenthis  namedhis . Itis as if we had written the following C++ program:

#include <iostream.h>
struct  string {
char A[512];
|3
void concat(string * this , constchar *s)
_strncat( this ->A, s, sizeof  this ->A);
}
main () {
string s;
s.A[0] = 0;
concat(&s, "Hello, ");
concat(&s, "world.\n");
cout << s.A;

}

Although not as elegant as the member-function syntax, tttie iway C pro-
grammers have been writing C programs with some object orientation for
years. C++ gives you a syntachicost.

Dereferencing When you invoke a member function of a particular class, each reference to a
pointers withihis  member of that class within the function has a pointer dereference for the
class object automatically supplied. The automatic pointer dereference is
equivalent tahis -> class_member for any class member. You can also
use thehis argument directly yourself:

void string::concat( const char *s){
_strncat( this ->A, s, sizeof A);

}

With a little renaming, the following example shows a case where you must
usethis directly:

class string {

char A[512];

void concat( constchar *A);
void string();

3

void string::concat( const char  *A) {
_strncat( this ->A, A, sizeof this ->A);
}
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In this exampleA was purposely named as an argumenbta@at() to

“hide” the class membeY. Remember that for member functions, the param-
eter list of the member function is in the scope of the class. In the example,
however, the parameter listofist char  *A ) essentially overrides the visi-
ble memberhar A[512] , sothis is necessary to accessar A[512]

For a member function of classing , the type of thehis parameter is
*string

9.5.3
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Qualified Member Functions

Non-static ~member functions can be qualified wittnst orvolatile —;
the qualification appears after the right parenthesis in the function declarator
(see Chapter &unctions.

The purpose of the qualifiers is to modify the type ofttie  hidden param-
eter. Because there is no place wheie is explicitly declared, we cannot
use the normal C++ syntax to specify its type.

For a member functioh of some class, the type othis isS* const
that is, constant pointer t(you cannot modifyhis ). But if the function is
qualified, the type ofhis becomesyv _qualifier list S* const
that is, thecv_qualifier_list modifies the type of the object to which

this points. For example:
struct s{ /I Type of this
void f(); /I s* const
void f() const ; Il const s* const
void f() volatile ; I volatile s* const
void f() const volatile Wl const volatile s* const
int  x;

|3
A function qualified withconst essentially promises not to modify the object
to whichthis points. For example:

void s:f() const {x=1;} [/l Error.

Herex is reallythis ->x , and becausgis 's type isconst s*
you cannot modify the object.

const ,

A function qualified withvolatile recognizes that the object for which it is
being called can be modified by forces unknown to the function, so references



9: C++ Classes Derived and Base Classes

to the object’s contents are not optimized. See 85.4¢E& Qualifier vola-
tile on page 68 for more information aboutatile

Unless a function is qualified wittbnst , it cannot be called withonst

objects; this is a normal consequence of function-call rules thiaitjirpass-

ing a pointer of typeonst T * where the actual parameter is of type.
Similarly, unless a function is qualified withlatile , it cannot be called

with volatile objects. To get around this restriction you would have to use
a cast, although you should do this only when you know the called function
will not modify the object (in the case afnst ):

struct s{ wvoid f();};

void g(){
const sx;

x.f0); Il Error
((s&)x).f(); /I OK but dangerous: casting x to
/I non- const s& before call

}

We recommend you usenst for any member function that does not modify
the object for which it is called. Such a member function can be called on
behalf of bothconst and nonesonst objects.

Constructors and destructors are an exception: they cannot be dectatted
orvolatile , but can be called on behalf@afnst or volatile objects.

9.6 Derived and Base Classes

A derived classAn important part of object-oriented programming with C++ is thétaljor
inherits a class to use information and attributes from other classes. ABdksas
information from a base clasgor another class if B is referenced in the base list@br any of
base classC's bases. A class that uses information from another class in itgidafia
aderived class The information that a derived class uses from a base class is
inherited

Eachbase spec in abase list (see 8§89.1Class Declarations and Defini-
tionson page 123) specifies a base for a ckassach base is simply a previ-
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ously definectlass. X is said to be “derived from” the bases, and those bases
are “bases of”.

o If virtual is included in thebase spec , the specified base isvatual

baseof X.

. Ifanaccess_specifier is given in abase_spec , the base is a public,
private, or protected base f

. Inthe absence of arccess specifier , if a class_definition

uses the wordlass , each base is assumed to be a private base; if the
word struct  is used, each base is assumed to be a public base; if the
word union is used, there is no issue, because unions cannot have base
classes.

Single and multiple The termmultiple inheritanceneans a derived class inherits information from
inheritance more than one base clasSingle inheritanceneans that a derived class has

Example 9.3

exactly one base class. A derived class and all of its base classes and their
base classes areckass hierarchy The derived class can also override virtual
member functions of its base classes. See §@.fftal Functionson page

141 for more information about virtual functions.

ou declare a class to be a base class as in Example 9.3 shows how to declare a
base class.
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enum color { red, green, blue, black, white };
class shape {
public
int Xx,y; /I Screen coordinates of center
color background; // Screen background color
color shapeoutline; // Color to make shape outline

}
class circle : shape {
int radius;
}

In Example 9.3, thelass shape is aprivate base clastor theclass
circle
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Example 9.4

Derived and Base Classes

Notice thatcircle  inherits fromshape some characteristics that would
apply to any shape displayed on a color sereYou could use the class mem-
bers inshape as the basis of another class catledangle . In the exam-
ple, thecircle  class hasingle inheritancebecause only one base class is
specified for it. If more than one class name followieds circle : ,
thencircle  would havemultiple inheritance.

The members of the base classes are saiditdhbatedby the derived class.

This means they can be used after.the-, or:: operators just as if they

were members of the derived class. Such use is not permitted if it is ambigu-
ous — that is, if there is more than onesgible merber to select.

Example 9.4 shows inheritance of members from a base class.

struct  A{
enum color { red, white, blue };
color C;
/I Print member C in some fashion.
void print_C() {

}
h
struct B:A{
color C2;
int blue;

3
B b;
if (b.C ==Db.C2) b.print_C();
B::color C3 = B::red;

In Example 9.4B:

« inheritscolor ,red,white , C, andprint. C fromA
. declares an adtiibnal membeiCc2
. overrides the namegue inA

139



Derived and Base Classes High C/C++ Language Reference

Overriding the namelue means that a mention biie in the context of
classB yieldsB::blue , not the inherited nam&:blue ; the inherited name
is effectively hidden. Therefore,blue refers toB’s blue .

The expressions.C, B::color , andB:red in Example 9.4 on page 139
refer to the inherited names.

In struct  s2:s1 ... ,sl is adirectbase of2. Addstruct
s3:s2... ,andsl is anindirectbase of3.

Access control Use of inherited members is also governed by access control; see Chapter 10:
Access Control in C++

A derived class can be thought of as a structure containing its owbergem

plus storage allocated for direct bases of the class. C++ allows access to the
base’s fields without explicitly naming the bases. Example 9.5 is written as if
the language supplied no base classes.

Example 9.5

struct  A{
enum color { red, white, blue };
color C;
/I Print member hue in some fashion.
void print_C() {

}
|3
struct B {
struct A A base; // Fake out a base.
A:.color C2;
int  blue;
|3
B b;
if (b.A_base.C ==b.C2) b.A_base.print_C();
A::color C3 = A:red,;

The difference between Example 9.5 on page 140 and Example 9.4 on page
139 is that in some places in Example 2.5, replaces3:: , A:: is inserted,
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Virtual Functions

orA_base is accessed to get to the members of the simulated inherited class.
This is close to the way inheritance is actually implemented.

Hidden When a member function inherited from a base class is called on behalf of a

argumentthis

derived class object, theis pointer passed is adjusted to point to the base
class sub-object within the derived class.

9.7 Virtual Functions

Example 9.6

C++ allows you to declare functions in base classes that act as “place holders”
for functions with the same names in derived classes. When you declare a
function in a base class that hastheial qualifier, and then declare a
function with the same name and parameter types in a class derived from that
base, the function in the derived class “overrides'vtheal function in

the base class. You can wseual  for any non-static class member func-
tion.

The semantics of a virtual function are as follows:

. Ifavirtual  functionf in a base classis overridden in a derived class
D, any call toB::f on behalf of & object contained within & object
instead call®::f on behalf of the object.

. A functionD::f1 overrides a virtual functioB::f2 if:

o fl andf2 are the same name and have the same type and number of
parameters; for examplg, = 2 = func

o fl andf2 are both destructors; for examgle:~B andf2=-~D
See §11.2Destructorson page 176 for more information.

o f1 andf2 are conversion functions with the same name; for example,
fl=f2= operator  int .

Example 9.6 illustites a use of virtual functions.

#include <stdio.h>

struct  point { int X,Y;
point( int x, int y):X(x), Y(y) {
3
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struct  shape {
virtual void draw() {
printf("Nothing interesting here.\n");

}
I3
static  void draw_many(shape *A[], int cnt) {
for ( int i=0;i<cnt; i++) Afi]->draw();
b
struct  square : shape {
point upper_left, lower_right;
void draw() { /I Code to draw a square
printf("l am drawing a square!\n\t"
"upper_left=(%d,%d), lower_right=(%d,%d)\n",
upper_left.X, upper_left.Y,
lower_right.X, lower_right.Y);
}
square(point UL, point LR) : upper_left(UL),
lower_right(LR) {}

h
struct  circle : shape {
point center; double radius;
void draw() { /I Code to draw a circle

printf("l am drawing a circle/\n\t"
"center=(%d,%d), radius=%f\n",
center.X, center.Y, radius);
}
circle(point C, double R) : center(C), radius(R) {}
3
struct  line : shape {
point left, right;
void draw() { /I Code to draw a line
printf("l am drawing a line\n\t"
"left=(%d,%d), right=(%d,%d)\n",
left.X, left.Y, right.X, right.Y);
}
line(point L, point R) : left(L), right(R) {}
3
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Constructors

Virtual Functions

main () {
circle C(point(1,3), 4);
square S(point(1,2), point(3,4));
line L(point(3,3), point(4,5));
shape *A[] = {&C, &S, &L};
draw_many(A,3);
}

To make Example 9.6 on page 141 an actual runnable program, we had to pro-
vide constructors. A&onstructoris a member function whose name is the

same as that of the class. In Example @6yt(1, 3) constructs aoint

object whose< andY values are. (one) and respectivelytircle

C(point(1, 3), 4) constructs aircle  whose center and radius values
arepoint(1, 3) and4, respectively; and so forth. See §1Lbnstructors

on page 165 for more information about constructors.

Example 9.6 shows a basicape class with avirtual  draw() function

that does not do anything realistic; it is intended to be overridden by a
draw() function in a derived class. Nonetheless, we can still define a
draw_many() function that draws many shapes, callhgpe::draw() on

each one. The three derived classes define three realistic shapes: acgguare,
cle, and line; each class provides an overriding draw function thatraan

that specific shape.

Whendraw_many() is passed threshape pointers &G, &S, &L get con-
verted to a pointer to the base classpe ), the call todraw() within
draw_many() invokes the functions i@, S, andL instead, and thiis
pointer for those three calls is adjusted back up to the derived aasshfe
base class. This makes it possible to wiitev_many() without having to
know all possible classes that might be derivedhfshape . Operationally
here is what happens:

AJ0] is assigned the pointer to thieape base withinC.
A[1] is assigned the pointer to thieape base withins.
A[2] is assigned the pointer to thieape base within_.
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Within draw_many() :

A[0]->draw() adjustsA[0] to pointer toC, then calls
circle::draw() on behalf ofC (passing pointer t@ asthis ).
A[1]->draw() adjustsA[1] to pointer toS, then calls
square::draw() on behalf ofS (passing pointer t6 asthis ).
A[2]->draw() adjustsA[2] to pointer toL, then callgine::draw()

on behalf ofL (passing pointer to asthis ).
If you run this program, you get the output:

| am drawing a circle!
center=(1,3), radius=4.000000
| am drawing a square!
upper_left=(1,2), lower_right=(3,4)
I am drawing a line!
left=(3,3), right=(4,5)

How doesA[i]->draw() “know” the pointer adjustment and the right func-
tion to call? The answer is that each object with any virtual meefiunctions
contains a pointer to a virtual-function table (see 8@ifual Functionson

page 141). That table is referenced whenever a call to a virtual fuf(gtion

is made. The entry in that table for records the pointer adjustment and
which function to call. The table has as many entries as there are virtual func-
tions in a class; each function is assigned a distinct, compile-time-known
location in that table. The pointer to that table is installed in the object when
the object is created at run time (see §1Cdnstructorson page 165).

In Example 9.6 on page 141, you can thinkpfj->draw() as imple-
mented by:

vp = &A[0]->vftab[draw_index];
vp->func(A[0]+vp->adjust);

wherevp is a pointer to a virtual-function-table entry, ahdw_index is the
compile-time-known location for the virtual draw function within the table.
vp->adjust is the value that converts the pointer to the base shape within a
Cto the pointer to the object. The declaration of tlgS, orL object installs

the appropriate virtual-function table within thieape sub-object ofZ, S,

orL.

144



9: C++ Classes

Virtual Functions

Virtual calls and The use of the virtual-function table in a call to a virtual function is often
polymorphism referred to as theirtual call mechanism The virtual call mechanism pro-

Virtual-function
tables

“Sticky” virtual

vides C++ withpolymorphisma function call can invoke one of a set of dif-
ferent functions, depending on the type of the object on behalf of which the
function is called. Here, if the type isiacle , the circle’sdraw() function

is called; if the type is aquare , the square’draw() function is called; and
S0 on.

The set of virtual-function tables for a clagds the collection of tables
designed to override any virtual functions in any base class(esyofl to
remap virtual functions it to themselves. These tables are plugged into the
virtual-function-table pointers fox and all of its bases. There may be a dif-
ferent virtual-function table fox and for each of its bases (although there are
compiler optimizations that allow many of these tables to be “shared”). This
set of virtual-function tables allows base-class functions to be overridden by
functions that are as “high up” @adn the class hierarchy. The virtual-func-
tion table forX itself remaps each virtual functioninto itself.

When an object of classis created, all these virtual-function tables are
installed withinC and its bases as appropriate. See §Tohstructorson
page 165 for a more precise specification of the timing of this installation.

The virtual call mechanism g&kippedwhen the: operator is used in con-
junction with the. or-> operator to access the fuiuct:

Ali]->shape::draw();

Here theshape:: prefix means “really call the draw functiondhape ".
This would produce:

Nothing interesting here.
for each drawing in Example 9.6.

If member functiorf in a derived clasg overrides a virtual function in a
base, theirtual specifier is implied foiX::f . That isyirtual is
“sticky”; once said, you cannot get rid of it among overriding functions.
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Pure declaration A virtual function in a class used as a base must be defined somewhere, or
must be declarepure. A pure declaration can be given for a virtual member
function, and consists of supplying 0 " in the member_declarator

struct  shape {
virtual void draw() = 0;

h

This is a useful alternative to the wanaw() was written in Example 9.6,
because it eliminates the function body that will never get called anyway:

virtual void draw() {
printf("Nothing interesting here.\n"); }

The result is that ifiraw() is called for ashape object that is not part of a
derived object, the valug (zero) is called — resulting in a memory fault on
most machines. But if you design your program so that never happens, you
can usefully omit the dummy function body by using the pure declaration.

9.8 Abstract Classes

A class is calledbstractif it has at least one puvétual  function. No

objects of an abstract class can be created except as a base of a non-abstract
derived class. You cannot declare an object of an abstract class type. An
important use of an abstract class is to provide an interface without providing
any implementation; an implementation can be provided in a derived class.

9.9 Virtual Base Classes

virtual  functions A base class igirtual if thevirtual ~ key word is supplied when the base
versusvirtual class is mentioned in the definition of the derived class. Such a base class is
bases known as avirtual base Do not confuseirtual  functions withvirtual
bases. The meanings of the keyword are unrelated in the two contexts.

Multiple virtual If a base clasg occurs more than once as a direct or indirect virtual base class
base classesof D, all such occurrences refer to exactly one copy of the base class. Example
9.7 shows this.
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Example 9.7

struct sl1{};

struct s2{ int f};

struct  s3:s1, virtual s2{};
struct  s4:s1, virtual s2,s3{};
struct  sb5:s4,s2{};

In Example 9.7s2 is mentioned as a virtual base class®fnd ofs4, and as
a non-virtual base class . In classs4 there is exactly one base, shared
betweers4 ands4’s base class3. In classs5 there are two occurrences of
s2: one as part of4 and one as part 85. The declaration of5 is unusual
in that there is no way to refer4@ members 0§5, because all such refer-
ences are ambiguous. However, it is possiblefar te thes2 members of
s4 with thes4:: scope resolution opator. For example:

S5 X;
xf=1, /I Ambiguous: Which s2::x?
x.s4.:f=1; /I OK, the single s2 in s4

Virtual base classes are interesting only in the context of multiple inheritance.
In the above examples they allow local sharing of information amorggthe
ands4 classes.

Virtual base pointer Virtual base classes complicate conversion of a derivedmtaster to ebase
class pointer, and thus complicate calling a member function inherited from a
virtual base class (which requiréss  to refer to the base class). In terms of
the implementation, any class with a direct virtual base class contains a
pointer (called airtual base pointérthat points to that virtual base class.
The conversion from the derived class pointer to the base class pointer essen-
tially just accesses that virtual base pointer.

When an object is created, enough room is allocated for just one copy of a vir-
tual base class. The virtual base pointer for that object and for any base
classes containing the virtual base class are initialized at the creation (see
§11.1:Constructorson page 165). Pursuing the previous examples, consider
the declaration of as4 object:

s4 X;
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The space allocated acomodate®nes?2 object. s4’s ands3's virtual base
pointers fors2 are both initialized to point to tha? object. Therefore, any
reference tohis ->f (f isins2) in a member function of eithe# ors3
refers to the samet f .

9.10 Pointers to Members

You can declare pointers to members of a class. A pointer-to-member decla-
ration uses the following syntax fromn_operator ~ (see Chapter Decla-
rations and Definitionkin its declarator

{ identifier :: } e
The class containing the members to which the pointer-to-member points is
identified by this syntax, which is basicallyyae specifier referring to a
previously declared class. For example:
struct s {
int i, j, k;
float f;
|3
int s:*p;

In this example is “pointer-to-member-of-of-typeint ". Thes:: shows
that the pointer points to memberssofand the leadingit tells you that
those members are of type .

When to use We already have pointers in C, so what good is it to tie down pointers to point
pointers to membersto specific class members? Does that make any sense?

Consider the following problem. Write a function to take an arrayénd
initialize thei member of each array elementtézero):

void init_0(s A[], int elements) {
for ( int n=0;n<elements; n++)
A[nl.i =0;
}

This is straightforward. But suppose you want to choose whether to initialize
thei,j, ork member. You could pagst 0 a “choice” parameter:
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void init_0(s A[], int elements, int  which){
for (int n=0;n<elements; n++)
switch (which) {

case 0: A[n].i=0; break ;
case 1: A[n].j=0; break ;
case 2: A[n].k =0; break ;

}

But every time you add a new membes foyou have to changeit 0 . An
alternative is use a pointer-to-member. A pointer-to-member is essentially a
way to represent the name of a class member.

void init_0(s A[], int elements, int s:*p){
for ( int n=0;n<elements; n++)
A[n].*p = 0;
}
s A[10];
main () {

init_O(A, 10, &s::i); /I Initialize the i field.
init_O(A, 10, &s::k); /I Initialize the k field.
}

Offset of a memberWith respect to implementation, a pointer-to-(data-)member is essentially just
the offset from the beginning of any class object to that member; it is really
just a way to represent the ANSI Standardfi€tof = macro in a strongly
typed manner. Wheinuses the* operator om\[n] andp, it takes the base
address of\[n] , adds the offset contained withinand arrives at the address
of the particular member af, that member is then assigned the value
(zero).

Because of the strong typing, you cannot pas &s::f , because
&s:f is of type pointer-to-member-af-of-typefloat , andinit 0 takes
pointer-to-membeof-s-of-typedint .

You can also have a poimtto-member of a function type. This allows you to
take the address of a non-static class member function; this is different from
the standard C pointer-to-function, because the latter cannot point to non-
static class member functions.
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For example:

struct s {
int  fncl1(), fnc2();
|3
int  (s::*p)() = &s::fncl,

Herep is a pointer-to-member-af-of-type-function-returningnt . We ini-

tialized it to&s::fncl . We can later supply an object of typand call the
pointed-to function:

main () {
S X;
(x.*p)(); /I Same as x.fnc1()
p = &s::fnc2;
(x.*p)(); /I Same as x.fnc2()
}

Pointers to static Pointer-to-member functions are not appropriatediing the address of
member functions static member functions. Static member functions do not need the “hidden”
argument of the class type that is passed to non-static member functions.

Thus straightforward C pointers-to-functions can point to static member func-
tions:

struct s {
int  fncl(), fnc2();
static int  fnc3();
|3
int  (*p)() = &s::fncl; // Not valid!
int (*q)() = &s::fnc3; // OK
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Access contrafletermines who can use a name declared in a class or inherited
from another class. For example, a class can implement a data type and allow
only functions that manipulate objects of the class type to be visible; the data
implementing the type can be hidden by denying anyone other than the class
implementor access to that data. Access control allows specification of access

to individual names in a class, and can discriminate which among all other
classes can access the name.

10.1 Access

Each member of a class has one of the following accesses, in diminishing
order of “usability”:

public A public name is accessible in any context.

protected A protected name owned by a classan be used
by a member function defined faror any class
immediately derived fronx, and by any friend of
(see 810.4Friendson page 159).

private A private  name owned by classis accessible by a
member function defined fot and by any friend of.

inaccessible An inaccessible name is not accessible in any context.
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struct B {
public
int i_pub; //i_pubis public.
void bfunc(); // bfunc is public , too.
protected
int i_prot; //i_protis protected.
private
int i_priv; /li_privis private.
}.

void B::bfunc() {
i_priv++; /[ OK: Member function can access

I private  members.
i_prot++;  // OK: Member function can access
1 protected members.
}
void anyfunc() {
B b;
b.i_priv++; // Error; cannot access
I private  member
b.i_prot++; // Error; cannot access
1 protected member
b.i_pub++; /I OK: Anyone can access
Il a public member.
b.bfunc(); // OK, for same reason;
/I increments i_priv
}

In Example 10.bfunc() is provided as the only way an “outsidedn
increment the private membiepriv . In this manner the implementor of
classB can completely control both the reading and the writing of its data
members. We will consider the protected membgnt on page 156.

Specifying the The access of a member is specified through a combination of theifgtow
access of a member

152
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private:
public:
protected:

. the access specifier for a base class: you can spetify |, private
or protected  for each base class in the list of base classes for a derived
class (a base ismublic , private , orprotected base of another
class)

. through an access override (see §1Ac&ess Overriden page 157)

Using access The access_specifier specifies the access control for declarations physi-
specifiers cally following it in the class declaration (unless the declaration is instead
interpreted as an access override), up until the aextss specifier
Forstruct  orunion , public : isimplied at the beginning of teeuct or

union declaration. Fotlass , private: is implied.

Determining access\When a class derives from a base class, the members of the base class are
of inherited inherited as members of the derived class. The access of those members in
members the derived class is determined from the base access specifier and the access

of the member in the base class. You can view the base access specifier as a
filter that transforms the access of a name in the base class to a new access a:
the name becomes a member of the derived class. In the absence of a base
access specifiepublic is implied if the derived class issauct or
union , andprivate is implied otherwise. Here is how to determine the
access of inherited members in a claskerived from a base:

. If Bis apublic base oD, anypublic orprotected member oBis a
public orprotected member, respectively, af that is, the access is
not changed — and amyivate  or inaccessible member bfbecomes
an inaccessible member of

. If Bisaprotected base oD, anypublic member oB is “demoted” to
aprotected member oD, the access of @otected name is
unchanged, and anyivate  or inaccessible member Bfbecomes an
inaccessible member of

. If Bis aprivate base oD, anypublic orprotected member oB is
“demoted” to gorivate member oD, and anyrivate  or inaccessible
member o8 becomes an inaccessible membeb.of
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inaccessible members inaccessible, and

derivation rules demotes any other access to a level no more “accessible” than the level of the

derivation. See Table 10.1.

Table 10.1 Access of Members of Base and Derived Classes

Access of Access of member in derived class when base
member in access is:

base class public protected private

public public protected private

protected protected protected private

rivate . . . . . .

priv . inaccessible inaccessible inaccessible

or inaccessible
Consider the three possible derivationspublic , protected , andpri-

vate — from class3 in Example 10.1 on page 152. Here are the accesses for
the inherited members, by the derivation rules previously describedsnd i

trated:

In B: i_priv, f_priv: private
i_prot, f_prot: protected
i_pub,f pub: public

struct D: private B({};

In D: i_priv, f_priv: inaccessible
i_prot, f_prot: private
i_pub,f pub: private

struct D: protected B({};

In D: i_priv, f _priv: inaccessible
i_prot, f_prot: protected
i_pub,f pub: protected

struct D: public B{};

In D: i_priv, f_priv: inaccessible
i_prot, f_prot: protected
i_pub,f pub: public
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To determine whether an attempt to use a class member is valid, this is all you
need to know:
. the class to which the member dredjs

. the access of the membeunflic , protected , private , or inaccessi-
ble)

. the accessor: who is accessing the member

To which class doesln any use of a class member, you must take care to identify the class to which

the member belong?the member belongs. Because of C++’s inheritance, the same name can be
used for a member of the class in which it is defined, and also for a member of
some derived class that inherited it. When you write:

T:x
x is a member of, even though it might have been inherited from some base
class. For:
b.x
x is a member of’s type. For:
p->X
the type ofp is the owner. Finally, for just:

X

there is usually an implieitlis ->, as in a member functiornx then is a
member of the type dfthis

In any of these casesmight be defined originally in some base class, but it
is being referenced as a member of a derived class.

Consider clasd with B as a private base class:

struct D: private B{
void dfunc();
|3
/I Recall that as members of D,
/I 1_priv is inaccessible,

/I 1_protis private , and
/I i_pub and bfunc are private
void D::dfunc() {
i priv++; /I Error: this ->i_privis

/I an inaccessible member of D.
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i_prot++; /[ OK: this ->i_protis
/I a private member of D.
i_pub /I OK: this ->i_pubis

/I a private member of D.
B b;
b.i_priv++; /I Error: cannot access
/I private member of B
b.i_prot++; // OK: A derived class can access
/I a protected member of its base
b.i_pub++; /[ OK
int B::*p = &B::i_prot; // OK: can access
/I protected member of base

}

HereD::dfunc is accessing prot once as a member bfand twice as a
member of8. For the unadorned reference torot , this -> is implied,

and sa_prot is considered a member Dfthe type of this ). Becauseé_
prot is a private member af, anddfunc() is a member function af, the
access is allowed. For the referencésporot andB:i _prot i prot is

a member oB. The access is allowed for a different reason: the protected
members of a base are accessible by an immediately derivedmlass (

Name overloading In C++ a single function name can have different meanings. This is called
and access gverloading(see Chapter 1Name Overloading and Operator Functions in
C++ for more information). Because names can be overloaded, access is
determined for a particular member of a class, not just by the member’'s name.

struct G {
public
int f( int );
protected
int f( double );
private
int f( char *);
3
Go;
In the preceding example:

. 0.f(1) is an access tomblic name owned b
. ¢.f(1.0) is an access topotected  name owned bi.
. g.f('1" is an access tomivate  name owned b.
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Access restrictions are computed based on a member of a class, not just a
name, because the name can be overloaded.

10.2 Access Override

Access override allows preserving (that is, leaving unchanged) the access of a
public orprotected name inherited from a base class, despite the access
specifier attached to the base-class name in the class definition. Any member
declaration with nalec/_specifier s and for which the declaration is of

the formidentifier .. simple_name is anaccess overridand does not
actually declare any member of the class. ithetifier - inthe access
override must denote one of the base classes.

Again, taking clas8 in Example 10.1 on page 152 and a sample derivation
from B, we have:

struct D: protected B({};

The names i have the following access rights:

In D: i priv: inaccessible
i_prot: protected
i_pub , bfunc: protected

You might want the public members®to remain public. You can do so by
using access override:

struct D: protected B{
public : B:i_pub; B::bfunc;
}

The names i now have the following access rights:

In D: i priv: inaccessible
i_prot: protected
i_pub , bfunc: public

Deriving E from D, we keep the protected membeiDgfrotected despite a
private  derivation:

struct E: private D{
protected : D::i_prot;
|3
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The names it have the following access rights:

In E: i priv: inaccessible
i_prot: protected
i_pub, bfunc: private

Otherwisej prot would have beeprivate

Access override for An access override for a name adjusts the access to all declarations of that
overloaded name in the base class. For an overloaded function, the access is adjusted for
functions g]| functions in the base class. Note that all functions must have the same
access in the base class:

struct H{
public : int f( int ),f( double );
protected : int g( int );
public : int g( double );
3
struct DH: private H{
public : H:f; // OK, preserve public access

protected : H::g; // Not valid! Different
/I accesses for g

3
You can onlypreservethe same access, rtangeit. Here is an example of
an invalid attempt:

struct DH: private H{
protected : H::f // Not valid; cannot change
/I public to protected

10.3 Multiple Access Through Virtual Base Classes

Due to sharing between virtual base classes, a nhame can be accessible through
more than one path. The access granted is the one that allows the greatest
accessibility.

struct V:{ int x;}

struct D1: virtual public V{}
struct D2: virtual private V{}
struct E:D1,D2{}
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Here,E::x has public access ibecause there is a path throughto obtain
V publicly. The path through2 is ignored.

10.4 Friends

Example 10.2

A friend is a function that can access members of a class that anebiiot
even though the function is not a member of the class.

class position {
int  where[2];
b
class attack;
class attack_pieces {
friend attack;// Declares attack to be a friend
int queens_rook[2];
int queens_knight[2];
int queens_bishop[2];
int queen[2];
int  kings_bishop[2];
int  kings_knight[2];
int  kings_rook[2];
int in_check( int *);
public
attack_pieces();
analyze_knights( int,int);
I3
class attack {
public
void move_knight( int * int *);
void move_bishop( int * int *);
void move_rook ( int * int *),

159



Friends High C/C++ Language Reference

void move_queen ( int * int *);
3
class move_piece : attack {

int legal_moves[100];

int check_legal( int  where[]);

}

In Example 10.2, every function ifiass attack is a friend ofclass
attack_pieces . The functions ofittack can access and change all the
private members ofttack_pieces . The declaratiofriend  attack
declares thelass attack as a friend ofittack_pieces . The meaning
of a class as a friend is that all the class functions are friends of the class
declaring thériend class. The nameove_knight is not in the scope of
attack_pieces , nor are any of the other member functionstafck

main(){
position whereami;
attack_pieces mine, yours;
attack mymove, yourmove;
/I Not valid:
mine.move_knight(( int  *)position.where);

}

Becausenove knight is not in the scope eafitack_pieces , you cannot
reference it as though it is a membeno#ick_pieces

The functioncheck_legal() is not a friend ofittack_pieces , even
though it is derivedrbm class attack

The property of being a friend is not necessarily reflexive, nor is “friendship
transitive. In theexampleattack is a friend ofattack_pieces , but
attack_pieces is not a friend ofittack

You can make amdividual member function afttack a friend of
attack_pieces , rather than all functions itack , as illustrated in Exam-
ple 10.3.
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Example 10.3

class position {
int  where[2];
b
class attack {
public
void move_knight( int * int *);// Thisis the
// only friend.
void move_bishop( int * int *);
void move_rook ( int * int *);
void move_queen ( int * int *);
2
class attack pieces {
friend  void attack::move_knight( int *, int *) ;
int queens_rook[2];
int queens_knight[2];
int queens_bishop[2];
int queen[2];
int  kings_bishop[2];
int  kings_knight[2];
int  kings_rook[2];
int in_check( int *);
public
attack _pieces();
analyze_knights( int,int);

k

In Example 10.3, only the functionove knight()  is a friend ofattack

pieces . The other member functionsaifack have no access toivate

or protected members ofittack_pieces . If afriend declaration refer-
ences an overloaded name or operator, only the function that is referenced by
the argument types becomesiand

Any friend  function whose body is defined inclss declaration is auto-
maticallyinline

161



Friends High C/C++ Language Reference

162



11
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You create types via classes, and classes have special member functions
designed to protect the integrity of such types. For example, class construc-
tors (see 811.XConstructorson page 165) are special member functions that
operate in conjunction with other C++ language rules to ensure that a class
object is not used until it is properly initialized. In C we mightcifyea stack
object via the functions:

/I Implement stacks with integer "handles":
typedef int stack;

stack create_stack();

void push(stack S, int value);

int pop(stack S);

You might use this stack object as in the following fiorct

void f() {
stack S;
S = create_stack();
push(s, 1);
if (pop(S) '=1) error("What?!");
}
But if we forget the call tareate_stack() , Sis uninitialized, which will

cause calls tpush() andpop() to fail. You can define a constructor mem-
ber function for stacks. Such a constructor is always called when a stack

object is declared. This can ensure that a stack object is always initialized
before it is used.

Table 11.1C++ Special Membertists the kinds of special members in C++
and indicates their purpose.
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Table 11.1 C++ Special Members

Special Member  |Purpose

Constructor Properly initialize an object

Properly “destroy” an object when the object ceases to exist;

Destructor . : .
destruction can include, for example, memory deallocation

Control what happens when a copy of an object is made; a

Copy constructor copy constructor is a special kind of constructor

Control what happens when something is assigned into an

operator =() object

Define automatic conversions from a class object to another
Conversion function type, the same way C++ automatically converts from (for
example)ouble toint when necessary

operator  new Control heap allocation of an object

operator  delete | Control heap deallocation of an object

All special members are invoked automatically without specifically referring
to them. For example:

void f() {
stack S1, S2; // Invokes constructor twice
S1 =82, /I Invokes stack:: operator =
stack S3 = S1; // Invokes copy constructor
stack *p = new stack;
/I Invokes stack:: operator  new
/I and the constructor
delete p; /I Invokes stack:: operator
1l delete
int i=S1; // Invokes stack:: operator int
}

The member is invoked only if it is declared for the stack class. Notice that in
the example, no specific class member is named; each member is invoked
automatically by the compiler. In that sense these members are “special”.

Access rules for Special member functions obey all the usual access rules. For example, if a
special membersstack constructor is private, stacks cannot be declaitethviunctions that
are not members of the stack class. If you try to declare a stack in a function
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that is not a member of the stack class, you get an access error when the pri-
vate constructor is called.

11.1 Constructors

Constructors create A constructoris a member function with the same name as its class. A class
class objects can have any number of constructors, or even none at all. A constructor’s
declaration cannot specify a return type.

A suitable If a class type has a constructor, creation of an object of that class type
constructor is invokes a suitable constructor. The tesuitable constructomeans that one
chosen by overloadconstructor from among those declared will be called. Overload resolution
resolution (see §12.10verload Resolutionn page 191) is used to choose such a con-
structor. The arguments to the contructors are taken from the context in
which the object is being created.

Creation of a class object by a constructor can occur in the following ways:

. declaration of a class object as a local or global variable
. explicit use ofoperator new

. explicit call of a constructor

. creation of a temporary class object by the compiler

. as amember of a class that is being created

. as a base of a class that is being created

Constructors ensure This ensures that an object is initialized before any use is made of toe obje
that objects are Essentially, the constructor takes “raw memory” and turns it into a valid class
initialized gbject. The special behavior of constructors is different from anything you
can easily mimic. The rules are carefully designed to ensure that no member
function is called for a class object until that class object is faitialized.

Characteristics of A constructor must be a namatic  member. Theéhis parameter passed to
constructors the constructor is the pointer to the area of storage that the constructor turns
into a valid objet. A constructor for a given class differs from all other non-
static ~ member functions of the class, becauseitlie parameter passed to
a constructor points to storage that has not been turned into a vatitl obje
whereas for all other member functioriss points to a valid class object.
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A constructor cannot be declareghst orvolatile . A constructor cannot
bevirtual . You cannot take the address of a constructor.

Default constructor If a class has no default constructor, but one is needed (because work such as
initializing virtual-function tables imecessary for constructing an object), the
compiler generates such a default constructor, withic access.

Constructor You can provide arguments to the constructor in the following contexts:

arguments . . . . . . .
g . in a declaration of an object with a parenthesized expression list

. inanew expression with optional parenthesized expression list

. ina constructor initializer (see 811.10onstructor Initializerson page
170) with a parenthesized expression list

An explicit invocation of a constructor includes zero or more argument
expressions, just as in the invocation of any member function.

No other contexts exist for which arguments to a constructor are present. For
any cases of object creation that demand a constructor where it is not possible
to specify any arguments, zero arguments are implied. This means that over-
load resolution will be forced to find a constructor that is callable with no
arguments. Such a constructor is calletfault constructar For example:

struct  stack {
stack(); /I Default constructor, takes no
/I arguments
stack( int ); /I Not a default constructor
stack( int ,int ); // Also not a default constructor

|3
void f1() {
stack S1; /I Calls default constructor
/I stack()
stack S2(3); /I Calls stack( int )
stack S3(3,3); // Calls stack( int ,int )

stack S4("xyz"); /I Error: Overload resolution
/I cannot find a suitable
/I constructor.
stack S5(4.5); // Calls stack( int ) after
/I converting 4.5 to an int
/I via standard conversions
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What

stack *pl = new stack; // Calls stack()
stack *p2 = new stack(10); // Calls stack( int )
stack *p3 = new stack(1,2); // Calls stack( int ,int )
somefunc(stack()); // Explicit call to stack()
somefunc(stack(1)); // Explicit call to stack( int )
somefunc(stack(1,2)) /I Explicit call to

Il stack( int ,int )
}

When a class contains members or bases that are classes, the construction of

constructors do an object of that class type requires that the members or bases are constructed

Constructing a
direct base

as well. In addition to your code for a constructor, the High C/C++ compiler
inserts other code that causes the class type’s members and bases to be appre
priately constructed. All such inserted code occurs ahead of your source code
in a constructor.

If we ignore the issue of virtual bases for the time being, this is what a con-
structor for a class does:

1. Calls a suitable constructor for each direct base of the class in left-to-right
order.

Calls a suitable constructor for each member of the class.

Installs virtual-function tables for this class and its bases (see the
High C/C++ Programmer’s Guide.)

4. Executes your constructor code.

The reason the bases and members of the class are constructed before execut
ing your constructor code is that your code might refer to a member or a
base’s member. These members must be properly initialized for your code to
work correctly. C++ thus guarantees that the member or base objects are
properly initialized before any attempt to access them in your constructor

code.

Construction of a direct base invokes a constructor defined in the base’s class.
In turn, the constructor in the base class, following the rules above, constructs
its own bases and members. In this manner, all members, bases, and members
of bases are constructed before your constructor code is executed.

Constructors and If a constructor for class calls avirtual member function oK, the call is

virtual functions

always to the actual function i not to a function in a class derived from
It would be improper for a constructor to call an overriding member function
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in a class derived from. This is because, due to the order of construction,
that derived class is not fully constructed yet, and so the behavior of any over-
riding function might be unpredictable.

Example 11.1 shows howvatual  function is used in constructor code.

Example 11.1

struct sl{

s10{
f10); /I Calls s1::f1 always

}
virtual void f1(){x=1;}
void init_s1() {
f1(); /I May call overriding function
}
int x;
k
struct  s2 {

s2() {
f2(); Il Calls s2::f2 always

}

void 20 {x=2;}
void init_s2() {
f2();
)
int x;

h

struct s3:s1{

s3() {
f30); /I Calls s3::f3 always
f1(); /I Calls s3::f1, not s1::f1
}
void f1() { sl::x =30;} // Overrides s1::fl1
void f3(){x=3;}
void init_s3() {
init_s1(); // Calls init_s1 for base sl
y.init_s2(); // Calls init_s2 for membery
f30);
f10;
}
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int x;
s2y;
|3
void main() {
s3 obj;
obj.init_s3();
}

Whenobj is declared to belass types3, in Example 11.1 on page 168, the
generated code does the following:

1. Callsconstructagl::s1() for basesl: , which installs virtual tables for
s1 that remap1’s functions to themselves. Calig) . This means call
sl::f1()

2. Calls constructos2::s2()  for membery: which installs virtual tables
for s2 that rema2's functions to themselves. Cailg) . This means
call s2::f2()

3. Installs virtual tables far3 that remap3’s functions to themselves, and
remapsl:fl  to overridings3::fl

4, Callsf3() . This means ca#l3::f3() . Callsfl() . This means call
s3:f1() , notsl:fi , because the latter has been overridden.

So, the non-constructor functions are called in this order:

sl::f1()
s2::f2()
s3::f3()
s3::f1()

Installing virtual-function tables in step 3 reinstalls virtual-function tables for
basesl. In general, base-class virtual-function tables are overwritten during
construction as many times as the length of the derivation chain from the base
to the topmost object being declared.

By contrast, supposgu write your own mechanism for fidlization by
defining theinit_  xx() functions in the classes in Example 11.1 on page
168. The call iimain() toobj.init_s3() behaves differently from the
construction obbj , even though you try to write thét . xx() functions to
mimic the constructors. The reason is the timing of virtual-function table
installation. By the time your program cahlg s3() , the virtual-function
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tables installed are those f&#F, so that1’s functions have been overridden.
This causes the generated code to do the following when calling
obj.init_s3()

1. Callsinit_s1() for bases1, which callss3::f1() , which overrides
sl:fl

2. Callsinit_s2() for membery, which callss2::f2()

3. Callsf3() . This action calls3::f3()

4. Callsfi() . This action calls3::f1()

So, the non-constructor functions are called in this order:

s3::f1()
s2::f2()
s3::f3()
s3::f1()

The first function called is an overriding one, whereas in the case for con-
structors, the first function calledds::f1()

11.1.1 Constructor Initializers

Supplying A constructor for a class automatically constructs its direct bases and its mem-
arguments to a bers. Overload resolution always chooses default constructors, because no
constructor grguments are given to the base and member constructors. Howewer, a

170

structor initializeris a mechanism you use to specifically supply arguments to
the constructors, so that overload resolutian choose something other than
a default constructor.

After a constructor’s declarator, and preceding its definition ( ), you can

supply a colon and a list ohe or moreriitializers separated by commas.

Each initializer can take the form of an identifier followed by a parenthesized
expression list. The identifier must refer to a member, a direct base, or a vir-
tual base. The expressions in the list are taken as the arguments for the con-
structor to be used for the base or member referenced by the identifier. If the
member referenced is not a class object, the list must have exactly one expres-
sion, and this expression is taken as the initial value for the member.
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Give bases andlf a member and a base have the same name, the member is preferred in the
members differentconstructor initializerand there is no way to specify the basevirig a base
names and a member the same name is not a recommended practice.

The constructor initializer does not change the ordemitéiization ofbases
and members for constructors just allows other than the default constructor
to be chosen for the initialization of a base or member.

Consider adding the following two constructors to Example 11.1 on page 168:
void sl1:sl( int ) {x=i;}
void s2::s2( char *s){
printf("whaddaya know:%s\n",s);

}

This addition allows you to modify the definition of the constructas3irio
call each of these two non-default constructors rather than the default con-
structors called in the following example:

struct s3:sl1{
s3() : s1(5), y("called from s3") {

}
So, when an3 object is constructed::s1( int ) is called for the basel,

ands2::s2( char *) is called for they member — rather than calling
sl:sl() ands2:s2() , asis done without the constructor initializer.

A constructor initializer is also useful for initializing netetic const
members and reference members of a class, as in the following example:
int i
struct s {
s() : x(i), c(3), k(7.2) { }
int  &i;
const int c;
float k;
|3
This initialization of fieldk could have been moved into the body@f with
an assignment statemeht7.2) , but this is not possible for thenst or
reference member.
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11.1.2 Virtual Base Classes and Constructors

Virtual bases are a special case for constructors. There is only one copy of
any virtual base, so that base is initialized by the “topmost” constructor being
called. Constructors called by the topmost constrdotanitializing bases

are “instructed” that they must not construct any virtual bhseassurethat

only the topmost constructor constructs the virtual base. After all, the top-
most object being constructed is the one that must allocate the storage for the
virtual base anyway.

Constructors that are not topmost are “instructed” not to initialize a virtual
base by being passed a hidden parameter that tells them whether or not they
are a topmost constructor. Given this action, the procedure for a constructor
for a class< can be rewritten (in pseudo-code) as follows:

Pseudo-code: Constructor for Class X

constructor_code( boolean |_am_topmost) {
0. if (I_am_topmost) {

Initialize all virtual base pointers for all bases. For each base in
a depth-first, left-to-right traversal of the class graph, construct
each virtual base and passLSE as the value for

|_am_topmost

}

1. Call a suitable constructor for each direct, nonvirtual basarof
left-to-right order. PasSALSE as the value for am_topmost

2. Call a suitable constructor for each membex.oPassTRUEas the
value forl_am_topmost

3. Install the set of virtual-function tables for clasghis includes vir-
tual-function tables fox’s bases; see §9.Yirtual Functionson
page 141).

4. Execute your constructor code.
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A topmost A constructor initializer can specify the initialization for a virtual base
constructor because a topmost constructor initializes all virtual bases. This implies that
initializes all any constructor initializer for a virtual base will be ignored if thializer is
virtual bases part of a constructor that is not topmost. For example:

struct  V{

V( char c){ch=c;}
char ch;

|3

struct A: virtual V{
'}A(): v(a){}

struct B: virtual V{
B(: V(b’) {}

stiuct X: A, B, virtual V {
X() :Vv(e) {}
A a;
|3

main () {

X x; /I Uses V('c’) for base V, ignores V('a’)
/I 'in A() and V('b’) and B()
/' Uses V('a’) for member a
printf("%c %c\n", x.ch, x.a.ch); // Prints c and a

}

Expanding what happens wheris constructed reveals the following steps
(refer to theconstructor_code procedure above):

Pseudo-code: Constructor for Members of X

0. Sincel_am _topmost is TRUE

initialize the virtual base pointers within B, andX to point to the loca-
tion of V.
Constructy passing argument’

4. Executev:V() ’suser-written code th=c ").
1. Construct with A::A()
0. Sincel_am_topmost isFALSE, do nothing.

4., Executer:A() 's user-written code.
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Construct3 with B::B()
0. Sincel_am_topmost isFALSE, do nothing.
4, ExecuteB::B() 's user-written code.
2. Construct member a withi:A()

0. Sincel_am_topmost iSTRUE
initialize the virtual base pointers withinandv
(as constituents of membey, to point to the location
of theV within a.

Constructv within a, passing argumery’
4. Executev:V() ’suser-written code th=c ").
4, Executer:A() 's user-written code.

4, Executex:X() 's user-written code.

Theprintf  statement at the end prints out the charactenrsda.

11.1.3 Copy Constructors

174

Some constructors, calledpy constructorsare used to control the semantics

of copying a class object in so-called “initialization” contextscofty con-
structorfor a class is any constructor that can be called with a single argument
of the same class type. The first argument of a copy constructor must be a ref-
erence type, as in the following example:

/I Valid copy constructors for class X:
X:X( const X&);

X::X(X&, float f=1.2)

/I An erroneous copy constructor:
X::X( volatile X)
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When objects are The initialization contexts are contexts in which an object is copied, except

copied

Example 11.2

for assignment. Specifically, these are the contexts:

. forms of user-specified initialization in whichis used
. function argument passing
. function value return

Compiler-

struct s {

s(s&);

s( int );

|3
s f(s); [/ ftakes and returns an s.
S X;

sy =x; [l Calls copy constructor to copy x into y
/I (that is, y takes the value s(x))

f(y); /I Calls copy constructor to copy y to f's
/I argument (that is, the argument takes
/I the value s(y))

s f(s parm) { return parm; }
/I Calls copy constructor to copy parm to
Il return result (that is, s(parm) is

/I returned)
s z(1); // Does NOT call copy constructor;
/I calls s(1) to construct z

The compiler generatespablic copy constructor if you do not declare one

generated copy in a class. If all bases and members of a class have copy constructors accept-
constructors ing const arguments, the generated copy constructor takegyke argument

Initializing
declarations

of typeconst class name &. Otherwise, it takes a single argument of type
class_name &, and therefore copyinganst class name object is not
possible. The semantics of a generated copy constructor are to copy each
member and base via the appropriate copy constructor for the member or
base. In practice, the High C++ compiler generates fast bitwise copy seman-
tics for copying class objects when you have not defined any copy construc-
tors.

When you specify an initialization that uses the parenthesized list of initializ-
ing expressions, copy constructors are not used, as exemplified by the
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declaration of in Example 11.2 on page 175. It is helpful to contrast several
different initializing declarations:

s z1(1);
s z2 =s(1);
sz3=1,

The first declaration calls the int ) constructor directly to form1. The
second one calls th& int ) constructor to forns(1) , and then calls the
copy constructor on the result to foem. The third is the same as the second,
except that the compiler provides the conversiohtofs via the constructor.
See also §5.7nitialization on page 72.

Bitwise copy Using= directs the program to construct the value specified in a temporary
semantics allow object, and then copy the temporary to the variable being initialized via a copy
eliminating constructor. If the compiler generates the copy constructor itself, and if it

constructor calls poticesthe semantics of the copy constructor are bitwise copy, the compiler
can eliminate the call to the copy constructor and male= s(1) as effi-
cient ass z1(1) , directly callings( int ) to construct2. But where the
semantics of the copy constructor are not bitwise copy, the optimization is not
possible.

11.2 Destructors

A destructorfor a class does the reverse of what a constructor does. It takes a
valid class object and does anything necessary to destroy the object. For
example, it might free up heap storage that was allocated during construction.
A destructor for a class is a member function whose name is the same as the
class name, prefixed with the characterFor example:

class buf{
void *storage;
public
~buf(); // This is a destructor declaration.
buf(  int ); // This is a constructor.

|3
buf::buf( int  howmuch){
storage = new char [howmuch];
=3
}
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buf::~buf(){ // This is a destructor definition.
delete [] storage;

}

void func() {
buf B(1024);

} /l Storage is reclaimed by the destructor.

Here the destructor reclaims the storage allocated by the constructor.

Destructors work in Just as a constructor constructs bases and memanfetthen executes user-
the reverse order ofwritten code, a destructor must execute user-written code and destroy bases

constructors and members. The order in which a destructor does these things is exactly the
reverse of the order in which a constructor does them. This guarantees that
the order in which objects are destroyed is the reverse of the order in which
they areconstructed. A destructor must free the storage associated with an
object that was allocated via operatem.

A destructor can bertual  (in contrast to a constructor).

Destructors take no A destructor declaration cannot specify a return type or any parameters.

arguments However, no overload resolution is ever needed for a destructor, because it
takes no arguments. Thus there can be at most one destructor for a class.

When destructors Destructors can be invoked as follows:

are called .
. for alocal variable that has gone out of scope

. for a global variable when program termination occurs

. through use of operatdelete

. when a temporary object created by the compiler is no longer needed

. for a member of a class that is being destroyed

. for a base of a class that is being destroyed

This list parallels the list of cases when a constructor can be calkré. idd
pseudo-code for any destructor, along with the two hidden parameters that

identify whether the destructor call is a “topmost” call, and whether the con-
text of the call is the operatdelete
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Pseudo-code: Destructor for Class X

destructor_code ( boolean |_am_topmost,
boolean | _should_delete) {

0. Install the set of virtual-function tables for clasg&his includes
virtual-function tables foK’s bases; see 89.Yirtual Functionson
page 141).

1. Execute the user-written destructor code.

2. Call the destructor for each membeixofPassTRUEas the value
for |_am_topmost andFALSEfor | _should delete

3. Call the destructor for each direct, non-virtual base iofleft-to-
right order. PasBALSE as the value for am_topmost and for
|_should_delete

4. if (I_am_topmost) {

For each base in a depth-first, right-to-left traversal of the class
graph, construct each virtual base and passE as the value
for |_am_topmost and forl_should_delete

}
5. if (I_should_delete) free the storage associated with the
object by calling
X:: operator delete

or, if there is no such operator, calling the global operatate

Compiler- If you do not specify a destructor for a class and one is needed, the compiler
generated generates public  destructor. The generated destructor has, of course, none

destructors of your code.

Destructors and Just as with constructors, the virtual-function tables fdass are set up
virtual member pefore your destructor code is called. This means that any virtual member
functions fynctions of a class that your code calls always call the actual function in a
class. This subtlety about a destructor is important to remember, because a
destructor cannot call an overriding member function in a derived class. This
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Characteristics o
destructors

is because, due to the order of destruction, that derived class might be par-
tially destroyed, and so the behavior of any overriding function might be
unpredictable.

Other points to remember:

. A destructor cannot be declareghst or volatile
. A destructor must be a namatic member.
. You cannot take the address of a destructor.

11.3 User-Defined Conversions

Type conversions of objects to and from class objects can be specified by con-
structors and by conversion functions.

Such conversions, also callader-defined conversionare used in addition
to C++'s standard conversions. User-defined conversions can be applied to
the following expressions:
. anargument to a function
. aninitializer value
. a function return value
. an explicit type conversion (cast)
. an operand of an expression
. theexpression in:
o if (expression)
0 switch (expression)
o while (expression)
o for (S expression; e2)
User-defined conversions are applied only if necessary. Their use obeys the

usual access-control rules. At most one user-defined conversion is implicitly
applied to a single value.

Conversion by There are two kinds of user-defined conversions. The first is conversion by
constructor constructor. A constructor for a clasaccepting a single argument specifies

a conversion from that argument type to thtype.
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For example:

struct s {
s( int );
s( char * float =1.2);

|3
s f(s&, s) {
return 10; // Converts 10 to s via s( int )
}
S X;
sy =1(3, /I Converts 3to s as 1starg to f
"string™ // Converts "string” to s as second
); /I argument to f
sy=1, /I Converts 1 to s via s( int )
s z[3] = {10, y, 30}; // Calls s( int ) for 10 and 30,

/I and compiler-generated copy
/I constructor fory.

Conversion The second kind of user-defined conversion is by a conversion function. A
functions conversion functiors a function with a name of the fomperator  followed

by a sequence of one or mayee_specifier s (see 85.4Data Typesn

page 52), followed by zero or mors. Neither a return type nor argument
types can be specified for a conversion function. A conversion function must
be a nonstatic  member of a class. The conversion specified is from the
class of which the function is a member to the type given by the name of the
conversion function. In contrast to constructors, conversion functions can
convert to a non-class type, and can specify a conversion frontélass to
classCto without having to include ifrom 's definition a conversion con-
structor. For example:

struct s2{};
void takes s2(s2&);

struct s {
operator  char *(); // Converts s to char *
operator  const s2(); // Converts s to const s2
s( int ); /I Can convert an int toans
|3
char *f(){
S X;
it (X)...; /I Converts X to char *
/I before testing
while (X) ...; // Ditto
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/I Converts x to s2, then
/I uses bitwise copy
/I (compiler-generated
/I default) to
/I copy result into z
printf("%c",x[3]); // Converts to
/I before subscripting
/l ERROR

/I Converts to

/I returning

S27Z=X;

char *

takes_s2(1);

return  Xx; char * before

}

Notice that in the erroneous case, two user-defined conversions would have
made it posible: first convertindg. to ans via constructos( int ), and then
convertings to ans2 via the conversion function. But only one user-defined
conversion is applied, and so this is erroneous.

User-defined conversion functions are inherited, and they can be virtual.

Converting to a There are two possible contexts. The first is when a type you are converting
known type to (“destination type”) is known, and the second is when no destination type is
known. A destination type is known in the following contexts:

an argument to a function (the destination type is the argument type)

an initializervalue (the destination type is the type of the object being ini-
tialized)

a function return value (the destination type is the return type)
an explicit type conversion (the destination type is the cast type)

These rules apply when a destination type is known are:

1.

Apply user-defined conversions first to see if you can convert exactly to
the destination type.

If not, see if you can convert to the destination type, ignoring@iny
andvolatile qualifiers.

If not, see if it is possible to convert to a type ttat in turn be converted
(without user-defined conversions) to the destination type.
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User-Defined Conversions

For example:

struct s {
operator
operator

|3

S X;

int i=x;

const j=x;

int k=

int ();

const int ();

/I Converts via
/I Converts via
int (x)>17? ...

I

High C/C++ Language Reference

. ...; /Il Converts via

operator int ()
operator  const int ()
operator int ()

Converting to an A specific destination type is not known in the following contexts:

unknown type

. theexpression

. an operand of an expression

in:

o if (expression )

0 switch ( expression )
o while (expression )

o for

(S expression ;e2)

In these cases, conversion is attempted to either an integral type, a floating-
point type, a pointer type, or a combination of these types, depending on the

context.

Overloaded Because a call to an overloaded operator can require a user-defined conver-
operators and user-sjon, ambiguities can arise between user-defined operators and pre-defined
defined conversionsC++ operators. For example:

struct s {
operator
operator
|3
S XY,
int  z = x+y;

Either of the following solutions is valid:

S:: operator
or:

int (x) +
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+(int );
int ();

/I Error: ambiguous

X, int (y))

int (y)
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Both employ user-defined conversions. The compiler responds with a diag-
nostic message.

Conversion by Whenever conversion by constructor is congde overload resolution is
constructor ysed to choose a constructor from among many. If overloaditiesdiails in
finding a single constructor, conversion by constructor is not consideogd.

example:
struct s {
s( int ); s( float );
|3
sx=1; /I Converts via s( int )
sy =1.2f; /I Converts via s( float )

Using C-style castsNot all conversion functions can be called by the function-style syntax of

for conversion casting; sometimes old C-style syntax is necessary:

functions
struct  s{

operator int ();
operator const int ();

|3
S X;
int i= int (x); /I Converts via operator int ()
int j=( const int )x;// Converts via
I operator  const int ()

So, although C++ discourages use of the C-style cast, it is useful in naming
certain conversion functions. Alternatively, you could more clumsily use a
typedef

typedef const int CI;
struct s {
operator int ();
operator  CI();

3
S X;
int i= int (x); // Converts via operator int ()
int j=CI(x); // Converts via operator  CI()
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11.4 Operators new and delete

Creating object
with new

Characteristics
of operator new

Operatorsiew anddelete  allow control over storage allocation.

When an object is created with thew operator, amperator new () func-
tion is implicitly called to obtain the storage necessarghdfobject being
created is of some class typeC:: operator new () will be invoked if it
exists. The usual access and overloading rules apply.

operator new

. must be declared with its first argument of typee t (defined in the
headesstddef.n )
. must returnvoid *

. can have any other parameters:

struct s {

void * operator new(size_t amount);

void * operator new(size_t amount, char *msg);
3

The first argument toew is the size of the object being allocated. Read about
thenew expression in 86.4.10.1The new Operatoon page 91 to see how
other arguments are passechdor.

operator new  should return the address of the storage allocated.

You might provide a class-specifiperator new  to efficiently zero out the
storage allocated to the class:

void *s:: operator new(size_t amount) {
return calloc(1,amount);

}

Destroying objects When an object is destroyed with tiielete operator, amperator

with operator
delete
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delete () function is implicitly called to free the storage as necessary. If the
object being destroyed is of some class type:: operator  delete ()

will (usually) be invoked if it exists. The usual access rules apply. Overload-
ing is not necessary because there can be onlgmnetor delete () for

a single class.
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Characteristics operator delete 0 :
of Opzr:/;ot; must be declared with its first argument of typéel *

. can have an optional second argument of type t (defined in the
headesstddef.n )

.« mustreturnvoid :

struct s {
void operator delete (void *ptr);
/l OR:
I void operator delete (void *ptr, size_t size);
3

We say “usually invoked” because what really happens depends on whether a
destructor exists for classand whether that destructoristual  and over-
ridden.

Calling delete  Consider the simple case where no destructor exists for ai;lbas
when no destructor C:: operator  delete is declared. Then thilete expression calls
exists C:: operator  delete with the pointer to the object being deleted as the
first value and, iflelete is declared with two parametesszeof (C) is
passed as the second argument.
S *p;
delete p; /I Calls s:: operator  delete (p)
Calling delete  Consider the case where a destructor exists for ClaBgcall that destructors
when there is a must call the operatatelete if they are told to free the storage associated
destructor with an object. Thus, for an object of classf ~C() exists, thelelete
expression calls the destructor for that object, passing it the Valugfor
the hidden parametérshould_delete . The destructor itself calls the
operatordelete  defined in the class containing the destructor.

struct s {
void * operator delete (void *ptr);
~s();
5
S *p;
delete p; // Calls s::~s() with TRUE
/[ for |_should_delete

Here the delete expression doesdirectly call thedelete operator. It calls
the destructor for the class, telling the destructor to delete the object.
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Calling the destructor insteadaans that i©'s destructor was overridden by a
derived clas®, it is D's destructor an@'s delete  (if any) that will be called;
C's delete  will never be called:

struct s {
void * operator delete (void *ptr);
virtual ~s();

|3

struct s2:s{
void * operator delete (void *ptr);
~s2() ;
s*p = news2; // Creates an s2, put pointer in p
delete p; /I Calls s2::~s2() with TRUE
/I for |_should_delete

In this example, the destructor is virtual and is overridea2ly destructor.
Therefores2’s operatordelete is called, not’s. This is hdeed appropriate
behavior, because the pointer originated from an allocatien,afot from an

allocation ofs.

newanddelete  Operatorsiew anddelete are implicitly static member functions, even if
are static memberyou do not declare thematic . Fornew, this is because there is no object
functions yet created to be passed astthe parameter. Fatelete , itis because the
process of deletion invalidates tihés parameter. Because the functions are

static , they cannot beirtual

11.5 Assignment Operator =

The assignment operator for a classS:: operator =, is invoked whenever
an assignment{ is made into an object of tyjge

Example 11.3

struct  str{
operator =( char *str);
operator  =(str&);
str() { string = 0; }
char *string;

2
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/I Assigns string s into this->string, by value:
str& operator =( char *s){
if (string) delete string;
string = new char [strlen(s)+1];
strcpy(string,s);
return * this ;
}
str& operator =(str& other) {
/I Checks for self-assignment; if so, does nothing:

if (&other == this ) return * this ;
/I Now calls operator =( char *) to finish the job:
return * this = other.string;
}
str x, v,z;
void f() {
X =Y, Il x.str:: operator =(y)
X = "hi"; Il x.str: operator =("hi")
y =x="fnc"; [/ly.str: operator =
Il (x.str:: operator ("fnc"))
}

In Example 11.3 on page 186, class contains a string. The user-defined
assignment operators can copy into that string from another string
(operator =( char *)) or from anothestr object( operator =

(str&)) . In either case the copying is done by value — that is, the string
content, rather than the pointer to the string, is copied.

operator =( char *) reclaims any storage in tee object being

assigned, allocates enough space to hold the copy, and then makes the copy.
operator =(str&)  checks whether the object for which it is called and the
argument are the same, in which case nothing is done; otherwise, it calls the
other assignment operator to do the actual string copy.

Assignment The assignment operators shown in Example 11.3 on page 186*r&iarn
operators should This is recommended practice, because it allows for expressions such as:
return *this
y =x ="fnc"
This is equivalent to:

y. operator =(x. operator =("fnc"))
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and is what you would expect with right-to-left assignment.

Special default A “default” assignment operator for a classs one that can take a single
assignment argument of class. Such an operator is the one invoked when an object of
operator classCis assigned from another object of class class derived from. The
default assignment operatois considered special: if you do not provide one,
the compiler generates one (unleds an anonymous union). The compound
assignment operators:, -=, *=, and so forth, are not considered special in
this way.

Compiler- If all bases and members of a cladsave assignment operators accepting
generated defaultconst arguments, the generated default assignment operator has a single
assignment parameter of typeonst Cé&. Otherwise, it has a single parameter of {gge
and therefore assigning frontanst C object is not possible. The return
type of the generated default assignment operatog iand the operator
returns this as its result. The semantics of a generated default assignment
operator is to copy each member and base via the appropriate assignment
operator for the member or base. In practice, the compiler generates fast bit-
wise copy semantics for this copying when there are no user-defined assign-
ment operators involved.

In a manner similar to constructors, compiler-generated assignment code
takes care of assigning bases and members, and recognizes whether it is the
topmost assignment operator, as shown in the following pseudo-code:

Pseudo-code: Assigning Bases and Members

assignment_code( boolean |_am_topmost) {
0. if (I_am_topmost) {

Initialize all virtual base pointers for all bases. For each base in
a depth-first, left-to-right traversal of the class graph, assign
each virtual base and passLSE as the value for

|_am_topmost

}

1. Call the assignment operator for eachdatiraon-virtual base of
in left-to-right order. PasSALSE as the value for am_topmost
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2. Call the assignment operator for each membér d?assTRUEas
the value foi_am topmost . This includes the virtual-function
pointer, since it is a (compiler-hidden) member of the object being
copied.

For example:

struct sl {
operator =(s1l&);
3
struct s2{
operator =(s2&);
3
struct s3:s1, virtual s2{
sl mem_s1;
}
void () {
s3X,Y;
X=Y;
}
The compiler-generated assignment operatox foy first assigns virtual
bases2 usings2:: operator =() , then assigns base usings2:: opera-
tor =() . mem_slis then assigned usisg:: operator () .

Avoid user-defined Unfortunately, whereas compiler help in copying the contents of virtual (ver-
assignment sus non-virtual) bases is essential in user-defined copy constructors, no such
operators in classescompiler help is available in user-defined assignment operators. (Perhaps an
with virtual bases extensjon to C++ would allow the compiler to graft its own code onto user-
defined assignment code.) Thus, the use of user-defined assignment operators
in classes with virtual bases is hazardous and best avoided.
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12
Name Overloading and Operator
Functions in C++

This chapter discusses overloading function names, and shows how overload
resolution deterimes which function is to be called.

Functions can be Unlike C, C++ allows multipleleclarations for a function in the same scope.
multiply declared in The function name is then said todeerloaded When the function name is
C++  subsequently usedyerload resolutiorselects one declaration from the many
declarations.

12.1 Overload Resolution

C++ provides two kinds of overload resolution: argument match and function
match.

Argument-match Argument-match overload resolution is by flae more common of the two
overload resolution gverload resolution processes, and occurs in a function-call context. This
matching chooses a function by comparing the types of the arguments passed
with the parameter types for each candidate function declaration. The return
type of the function is not considered during argument-match overload resolu-
tion.

Function-matct Function-match overload resolution chooses a function by comparing the type
overload resolutiol of a given function with each candidate, until an exact type match is found.
The following example illustrates both kinds of resolution.

void f( int );

void f( float );

void f( char *);

/I Argument-match overload resolution:

void g() {
f(1);  // Calls f( int ).
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f(1.2f); /I Calls f( float )

f("str"); // Calls f( char *)

}
/I Function-match overload resolution:
void (*hl)( float ) =f; //f( float ) chosen
void (*h2)( int ) =1 //f( int ) chosen
void (*h3)( char *)=f1; //{( char *) chosen
void (*h4)( double ) =f; // Error: no exact match

Parameter types Two function declarations by the same name are allowed when the parameter
canvary types are not identical; the return types do not matter:

void f( int );
int f( int ); // Not valid: same parameter
/I types as previous f

Some functions with different parameter types cannot bengisshedrom
each other in argument-match overload hatsan because they accept the
same parameter types. For example:

void f( int );
void f( int &); /I Parameter types differ, so
/I allowed
void g() {
f(2); /I Cannot tell which f;
Il both take an int
}
void (*h)( int &) =f; /I Selects f( int &)

However, function-match overload resoluticen tell the difference.

The reason the return type is not considered in argument-match overload reso-
lution is that using the return type would make it harder for compilers — and
much harder for programmers — to recognize which function is chosen by
overload resolution.

12.1.1 Argument-Match Overload Resolution

Choosing the When you call a given function with a given set of arguments, argument-
“best” function match overload resolution chooses the “best” functiomfamong all candi-
date functions that can possibly tedled. A function is best unless it is
“bested” by another function. A function is bested if, for any argument
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expression, another function has a better “score” on matching the expression’s
type to that of the parameter type of the function. There must be exactly one
best function, or else the call is not valid. Two kinds of error can result:

. No best function
. multiple best functions

Example 12.1

void f( double );

void f( float );

void g( double ,int );

void g( int , double );

void test() {

f(1); /I Error: there are two "best" functions,

11 1( double )and f(  float ); both require
/I the same conversion from 1 to a
/I floating-point number.

f(1.2f); /1 1( double ) has a worse score than
11 1( float ), because converting 1.2f to
1 double is worse than not converting
/I it at all; hence f( float ) wins.
f(1.2); 111( float ) has a worse score than
1l 1( double ) because converting 1.2 to
1 float is worse than not converting
/I it at all; hence f( double ) wins.

9(1,1); /I Error: there are no "best" functions.
11 9( double , int ) is bested by
11 9( int , double ) when considering the
/I first argument, and vice-versa for
/I the second argument.

0(1,1.2); 11 o( int , double ) scores better than

11 o( double , int ) for both arguments.
}
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12.1.2 Argument Type Matching

The typeT of each argument expression is examined in turn and compared
with the corresponding parameter typef each candidate function. Each
argument receives a score as follows:

Score O: (Best possible score.)TlequalsA, or T is converted te\ by
any of the following trivial conversions on a type
X = X&
X => const X
X => volatile X
X => const volatile X

In other words, converting a type by addingst or vola-
tile  or by turning it into a reference type is the hmEstsible
conversion, if a conversion is necessary.

Score 1: If the conversion fromto A requires any of the conversions
for score 0, plus:
X& => const X&
X & => volatile X &
X & => const volatile X &
X* => const X*
X* => volatile X*
X* => const volatile X*
In other words, addingpnst or volatile to the base type
of a pointer or reference type is worse than sodizero).

Each of the higher scores below specifies what more is permissible in addition
to what is allowed by previous scores.

Score 2: Add integral promotions or conversions ffamt  to dou-
ble (see 86.5Conversion®n page 93).

Score 3: Add standard conversions (see 8bdbiversiony excluding
those standard conversions mentioned in Scores 4 and 5.

Score 4: Add conversion fromr to B* or fromC&to B& whereB is a

publicly derived base of class
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Some conversions in this category can be better than others,
but a simple scoring mechanism cannot be used to compare
them.

The conversiorc* to B* is better tharc* to A* if Ais a base
of B; essentiallyB is “closer” toC than isA soC* to B* is
preferred ovec* to A*. However, ifA is not a base df,
bothC* to B* andC* to A* have the same rank and neither is
preferred. The same argument holdsd&rto B& versusC&

1o A&

Score 5: Add conversion of* to one of the following:
void *
const void *

volatile void *
const volatile void *

Score 6: Add a single user-defined conversion.

Score 7: If there is no parametgrbut there is an ellipsis in the func-
tion, so that is accepted because the function declaration
contains “.. "

No sequence of conversions is considered if it is longer than another sequence
that achieves the same effect. For example;> float -> double is not
considered becaugse -> double achieves the same effect and is shorter.

For the purposes of scoring, a function wittrailing default parameters is
considered to be+1 functions with differing numbers of parameters. For
example:

void f( int , char ='c’, float =1.2);
is considered to be these three candidates:

void f( int );
void f( int , char);
void f( int , char , float );

and so can matdiil) |, f(1,'%x") , andf(1,'x’,3.3)

For the purposes of scoring, a non-static member function is considered to
have an extra first parameter type — the type pointed to hyiithe pointer.

In converting the argument, no temporaries are introduced, nor are any user-
defined conversions attempted to achieve a type match.

195



Overload Resolution

High C/C++ Language Reference

For the purposes of scoring, anpdiis (.. ) in the function declaration
matches any sequence of argument types, each then having the ellipsis score
as already described.

void f( double );
void f( float );
void g( double ,int );
void g( int , double );
void test() {
f(1); /l Error: Both functions score 3 on
/I converting 1 to double or float
f(1.2f); 1/ f( double ) scores 2 and f( float )
/I scores 0 on the argument, so
11 1( float ) wins.
f(1.2); 111( float ) scores 2 and f( double )
/I scores 0 on the argument,
Il so f( double ) wins.
9(1,1); /I Error: g( double , int ) scores (3,1)
/I and g( int , double ) scores (1,3).
/I So each bests the other in
/I one of the arguments.
0(1,1.2); /1 9( int , double ) scores (1,2)
/I and g( double , int ) scores (3,3),
Il so g( int , double ) clearly wins.
}

12.1.3 Function-Match Overload Resolution

Choosing a In function-match overload resolution, a function name is usdtbut any
matching function arguments, and it is converted to another function type. Function-match over-
type |oad resolution chooses the declaration of the name that exactly matches that
other function type.
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Function-match overload resolution occurs in these contexts:

. a function pointer being initialized

. a function pointer on the left side of an assignment

. anargument in a function call where the corresponding parameter is a
function pointer

. a function return expression having a function pointer type

If an exact match is not possible, function-match overload resolution fails
with no solution.

void f( int );

void f( float );

void f( char *);

/I Examples of function-match overload resolution:
I typedef for simplicity

typedef void (*func_taking_int)( int );
func_taking_int test() {
void (*hl)( float )=f; //f( float ) chosen
void (*h2)( char *);
h2 = f; 11 1( char *) chosen
extern void g( void (*)( int ));
a(f); 11 1( int ) chosen
return f;, /1 f( int ) chosen as return result
}

12.2 Overloading and Scope

Functions must b C++ allows multiple delarations for a function in the same scope. However,
in the same scof C++ does not allow a function in one scope to overload a function in another
scope. For example:

void f( int );
test() {
extern void f( char *);
f("hi™y; /I OK, calls f( char *).
f(2); /I Error: no function callable
}

At the callf(1) , there is just one candidate functiénchar *) . The global
f( int ) is hidden, not overloaded Iy char *) .
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12.3 Operator Functions

Defining your own In C++ you can declare functions that can allow the language’s built-in opera-

operations tors such as to work on types that you define. These are calfsstator
functions The name of an operator function has the foparator  fol-
lowed by one of the C++ operators in the following list.

new delete
+ - * / % ++ --
N & | ~ << >>
= += -= *= /= %=
N= ~= |= 1= >>= <<=
< > == <= >=
&& [l !
->* -> 0 fl

The following operatorsannotbe declared:

x : ?: sizeof

Both the unary and binary forms gf- , *, and& can be declared; whether a

function is a unary or binary operator depends on whether it takes one or two

arguments. For example:

class s/{
int operator -( int ); // Binary: Remember the
/I hidden " this " parameter.
int operator &(); // Unary: The argument is the
/I hidden " this " parameter.
|3

int operator +(int ,s&); // Binary
double operator *(s&); // Unary

An operator function permits defining, say, the operati@am a string class
— perhaps to indicate string concatenation:
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string s1(80), s2(80);
string operator  + (string &parml, string &parm?2);

string s3(160) = s1 + s2;

Declaring an An operator function can be declared in either of two ways:

operator function . .
. as a non-static class member function

. as any other declaration (thatrstwithin aclass), provided at least one
of its parameters is a class type or a reference to a class type

The distinction is due to the way an operator function is chosen in an expres-
sion. When you write a binary operator expression such as:

X+y

the C++ built-in binary addition operator is used if neither argument is a class
type. Otherwise, the built-in operator cannosgibly apply, and so the fol-
lowing two scopes are examined for a declaration of an operator function to
be called:

. the nearest scope that is not a class scope
. the class scope whexés type was declared, if is a class object

Overload resolution If there is an operator in both scopes, overload resolution is used to select
chooses betweenwhich operator. Even though the operator function might not be overloaded
SCOpes in either scope, overload resolution must be used because candidates come
from two different scopes.

Similarly, when you write a unary operator esgsion — for example;x —
the same two scopes are considered.

Overloadinc Just as for non-operator functions, yaan also overload operator functions.
operator function: In general, the overloaded operators in both scopes are candidates from which
overload resolution chooses a single operator.

Because operator functioagejust functions with special names, you can still
call them with the same syntax you use to call any function. In fact, you can
use the operator function name just as youllduse any other function

name:

operator +(x,y);
X. operator +(y); // operator + must be
/I a member function.
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int (s::*add)(s&) = x. operator +;
g( operator +); // Passes operator + as an argument

The only thing special about an operator function is that it can be called
implicitly in an expression such as'y . Essentiallyx+y is equivalent to
eitheroperator  +(x, y) or x. operator +(y) , depending on where the
operator function is found. You could writeerator  +(x, y) or

X. operator +(y) yourself, but neither means the same thing as writing
y, where the compiler chooses between the two.

In Example 12.2pperator * is overloaded in the scope of the complex class
and in the global scope.

200

struct complex {
complex operator +( int ); /I Allows
/I complex+ int
complex operator +(complex);  // Allows complex
/I + complex

complex(  double , double ); /I Constructor
b
complex operator *(complex&, int ) // Allows
/I complex* int
complex operator *(complex&, double );// Allows
/I complex* double
complex operator *( int ,complex&); // Allows
1 int +complex
test() {
complex c1(1, 3), c2(-1, 6);
complex c3;
c3 =cl +c2; // Equivalent to c1. operator +(c2)
c3=cl+1; //Equivalentto cl. operator +(1)
c3 =cl *2.7; /] Equivalent to operator *(cl, 2.7)
c3=c2*1; [/ Equivalentto operator *(c1, 1)
c3=1+cl; /l Equivalentto operator +(1, cl)
c3=1*c2; /lError:no operator found
}
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Operator functions The usual properties that apply to built-in operators do not necessarily apply
versus built-in to operator functions. For example; x =x+ 1 for built-in +. However,
operators as shown in Example 12.21 +1 and1+cl call different functions. And
although you could write2 * 1, no operator function applied for
1*c2 . ++x isthe same as+=1 for built-in ++ and+=, but this might not
hold for operator functions+ and+=.

Where to place anYou have two choices of positidar an operator function. You would nor-
operator function mally place an operator function within a class if one of the following condi-
tions applies:

. The function requires access to the private data of the class.

. The function would be more efficient if it could assume details of the
class representation that only member functions would know.

. The function is one afperator =, operator [] , operator () , Or
operator ->. These must be non-static member functions.

12.3.1 Binary Operators

The expressiorn OPy is interpreted either as operator  ORy) or as
operator OP(x,y) , with overload resolution choosing among possible
candidates. The binanperator = is defined for a class, unless you define
it. See 811.5Assignment Operator sn page 186 for more information.

12.3.2 Prefix Unary Operators

OPx is interpreted as either operator ~ OF) oroperator  ORXx) , with
overload resolution choosing among the candidates.

12.3.3 Postfix Unary Operators ++ and --

Operators-+ and-- can be both prefix and postfix, and so merit special
attention. Postfix operator functions and-- are declared with two param-
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eters, the second of which is tyjpe . When called) (zero) is passed as the
second argument:

class s{..}

operator  ++(s&); /I Prefix
operator ++(s&, int ); // Postfix
S X;

++X; /I Calls prefix

X++; /I Calls postfix

12.3.4 Postfix Function-Call Operator ()

The function call:
function_expression ( arguments )

is considered an-ary operator withfunction_expression as the first
operand and the arguments as the remaining operands, for a totgdarf
ands.operator () must be a nostatic  member function, so the
function_expression can be only of a class type.
function_expression

( arguments ) is equivalent to:

function_expression .operator () ( arguments )

Multi-dimensional You could usevperator () to implement a multi-dimensional array:

arrays class _3Darray { /I Of int s, say

int *storage;
int one, two, three; // Dimensions
int & operator ()( int x, int y, int 2z){
return storage[x*two*three + y*three + z];
}
3

_3Darray X;

x(1, 2,3)=1; [/l Callsx. operator ()(1, 2, 3).
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12.3.5 Postfix Subscript Operator []

Operator] is considered a binary operatofly] is interpreted as
x. operator [](y) . operator [] must be a non-static member function.

Associative array You could usesperator [] to implement an associative array:
class AA({
int operator []( int );
AA X;
x[1] = 1;
x[4000] = 2;

/I At this point there might be only two objects
/I stored, at subscripts 1 and 4,000.

12.3.6 Postfix Dereference Operator ->

Operator> is considered a unary operator>y is interpreted as
(x. operator ->())->y . operator () must be a non-static member func-
tion. operator -> must therefore return something that can be used as a

pointer.

Smart pointers You could usesperator -> to implement so-called “smart pointers”; that is,
pointers that do something extra when deefeed, such as make sure that
the dereferenced area is paged in from secondary storage. For example:

class object{ // Thatis paged to disk

int field;
|3
class smart_ptr {
object *p;
long disk_location;
object * operator ->(){

/l Make sure x.p is in memory.

return  p;
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smart_ptr P;
int i =P->field;
Make sureoperator -> does not return the same type that it takes:

class loop {loop operator ->(); int field; };

loop X;

x->field;

/l Means (x-> operator ->())->field, which means

I ((x-> operator ())-> operator ())->field, which means
I (((x-> operator ())-> operator ())->

/I operator  ())->field, ...
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Families of types or A template  defines a family of types or functions. Using templates, you can
functions declare alass whose members can assume various types, based on para-

Declaring a
template

metric sibstitution, or you can define a family of functions, whose argument
types and local variables can similarly assume various types.

This is the form of aemplate declaraibn:
template < template_arg [ template_arg ] >
declaration

wheretemplate_arg is one of the followng:

class identifier
argument_declaration

See Chapter &unctionsfor the definition of arargument _declaration

Theclass identifier form of template_arg ~ means that the corre-
sponding argument must be a type expression (actually, an
abstract_declarator ) and in the body of the templatec/aration  the
identifier stands for that argument type.

declaration is a declaration of a function or a class.

Example 13.1 defines a class templatee is a template class where type
node can assume any type, forming a class object different from any other
class object defined using this template. For example,s an array of 20
class objects, and within each class object definedafor elements having
the typenode in the template declaration assume the tyipe. Butpine is

an array of 30 class objects whasele members assume the type

unsigned .
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Template
arguments

template < class node> class tree{
node *left_child, *right_child;

int size;
public
tree();
node&  operator [J( int );
nodeé& element( int i) { return left_child[i]; }
|3

tree< int > oak[20];
tree< unsigned > pine[30];
tree< unsigned > pinon[10]; // Same element type as pine

As Example 13.1 shows, this is the syntax for using a class template in a dec-
laration:

template_name < template_actual
, template_actual ] >

wheretemplate_name is the name of the class declared in a template’s
declaration

Templates have fundamentally two kinds of arguments: types and expres-
sions. If thetemplate _arg  is of the formclass identifier , the argu-
ment must be a type. Otherwise, the argument must be an expression. So, the
template_actual can be one of the follawg:
. atype:

0 anabstract_declarator denoting a fundamental or derived type
. alimited form of expression:

0 a constant expression

o the address of an object with external linkage

o the address of a static class member



13: C++ Templates Template Type Equivalence

Rules for declaring The following rules apply to classmplate  declarations.

a classtemplate . .
P . Atemplate declaration can appear only at file scope.

. A class template name must be unique in a program. It cannot refer to
any other template, class, function, object, value, or type in the same
scope.

. For anon-type template argument, the typetefralate_actual must
match that given in the template declaration for that argument.

. You can use themplate_name only by instantiating it.

13.1 Template Type Equivalence

Two instantiations of a template refer to the same type if the names are the
same, and if their argument listee the same or differ only in constant expres-
sions that evaluate to the same value.

You can declare objects using a class template many times, and the compiler
makes sure that only one instance for each set of distinct arguments is gener-
ated.

template < class mytemp,
int sizel,
int size2 > class mybuf{
mytemp *bufl;
buflsize[sizel];
buf2size[size2];
mytemp *buf2;
public
mybuf();
}
mybuf< char ,120,80> linel,
mybuf< char ,3*40,160/2> line2;

This example declares@mplate  and two objects that use it. The argument
lists for the two objectsnel andline2 are different, but they both use the
sameclass name, and their argument lists contain constant expressions that
evaluate to the same valuésel is therefore the same typelas?2.
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13.2 Function Templates

Declaring a family A functiontemplate allows you to declare a family of logically related but
of functions separate functions. These functions can perform the same action, but operate
on different data structures. You declare a function template when the
declaration portion of atemplate declaration is a normal C++ function
declaration.

For example, suppose you define a class that implements a binary-tree data
structure. Each class object contains a pointer to a left child node and a right
child node, as in Example 13.1. You could define a family of functions to
manipulate the tree, as shown in Example 13.2.

Example 13.2

tree< int > oak, willow;

tree< float > spruce;

template < class node> void treeop(tree<node> N) {
node *pl, *p2;

void func() {

treeop(oak); /I Calls treeop(tree< int >),
/I passing oak

treeop(spruce); // Calls treeop(tree< float >),
/I passing spruce

treeop(willow); // Calls treeop(tree< int >),
/Il passing willow

void (*fp)(tree< float >) = treeop;

/I Finds the function created by the call to
Il treeop(spruce) and assigns it to fp

fp(spruce); /I Same as treeop(spruce)
void (*fp2)(tree< long >) = treeop;
/I Instantiates treeop(tree< long >) and
/I assigns it to fp2

}
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Function Templates

The template definition afeeop in Example 13.2 declares an unbounded
set of functions, each namedeop . Whentreeop(oak) is seen, the com-
piler provides a definition for meeop function that can take the type of oak:

void treeop(tree< int >N){ int *pl,*p2;..}

Notice how the parametende has assumed the type . The compiler
inferred this because the formal parameter weasnode> and the actual
parameter wasee< int >.

Later, whertreeop(spruce) is encountered, the compiler provides a simi-
lar definition:

void treeop(tree< float >N){ float *pl,*p2;...};

Whentreeop(willow) is encountered, the compiler has already found a
treeop function that can be called witlkee< int >, and so does not provide
another declaration.

To initialize function pointeffp , the compiler useseeop< float >, which
is already defined. To initializ@2 , the compiler instantiates a
treeop< long > function whose address is assigneéhfo.

How the compiler The presence of templates modifies the compiler’s behavior in searching for
chooses a functionfunctions to call or to take the address of. Here is what happens, in order:

Rules may change

1. The compiler tries to find a function that can be called without any type
conversions — this is called an “exact match”.

2. |If there is no exact match, the compiler looks for a function template that
can be instantiated and which then provides a function that can be called
with an exact match.

3. If no such function template is found, the compiler performs a normal
function search as if there were no template functions. This may involve
overload resolution, argument conversion, and so forth.

So, by the time the compiler encounters thetoadlop(willow) (for
example) in Example 13.2, a function already exists (by previous template
instantiation at the call toeeop(oak) ) that could be called with an exact
match, so the compiler does not instantiate another function definition.

Note: These three rules are a subject of controversy in the ANSI
X3J16 committee for standardization of C++. Many want the
“exact match” rule to be weakened slightly. Expect the rules to
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be changed, at least slightly.osult theREADMHile in the
compiler distribution for information about any such changes
implemented in High C++

Given these rules, in Example 13.2 you could provide your own definition of
a “specializedtreeop function, in case you do not like what would be
instantiatedrom the template defition:

void treeop(tree< double > N){
double D;

tree< double > apple;
tree< char *>ibm;
void func() {
treeop(apple); /I Calls non-template

Il treeop(tree< double >)
treeop(ibm);  // Calls template
Il treeop(tree< char* >)

}

Here the specific defition of treeop(tree<  double >) causes the compiler

to find this function first at the call teeeop(apple) (by the “exact match”
rule) and so there is no need to instantiate one from the template definition.
This works even if your definition appeafter the call tarreeop(apple)

You might use specific defition of functions to wite a faster version of the
general template function for certain argument types.

Declaring a You can declare function objects using a function template many times, and
function object the compiler makes sure that only one instance for each set of distinct tem-
more than once plate arguments is generated. You declare a function template object when

you call a functioniemplate or take its address.

13.3 Template Declarations and Definitions

A class or function template can have exactly one definition for each

plate with a particular name in a program. That definition is provided by the
compiler instantiating a class or function template, or by you providing a spe-
cific definition of a class or function template.
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Template Member Functions

Overriding a If you define a function that is nottamplate ~ function, and its type and
template function parameters exactly match an instantiation @helate function with the

same name, the definition tife non-template function is a definition of the
matchingtemplate  function.

In a similar way you can provide a specific class didimto override a tem-
plate instantiation:

class mybuf< char * 100, 200> {

|3
mybuf< char *,100,200> line3;
Here the type ofne3 does not cause a template instantiatiomgfuf (see
Example 13.1 on page 206), but instead uses the specific class you have pro-
vided. You might use a specific class definition to obedficiency (for some
template arguments) greater than would be afforded by instantiation of the
general template.

13.4 Template Member Functions

Example 13.3

When you declare @mplate class, any member function of the class is
implicitly a template  function. Each such member function has the tem-
plate arguments of the class of which it is a member as its own template argu-
ments.

template < class node> class tree{
node *left_child, *right_child;

int size;
public
tree();
node&  operator [J( int );
nodeé& element( int i) { return left_child[i]; }
}

tree< int > oak(20);
/I The implicit template function, which has
/I the same template arguments as class tree:
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template < class node> node& tree<node>::
operator []J( int i)
if (i<0 ||size<=1i)
cout << "Tree: subscript error.");
return left_child]i];

}

In Example 13.3, a subscript member functiparator [J( int ) is
defined. It has the same arguments agitglate class declaration.

Notice, however, the syntax for saying that you are defining a member func-
tion of a template classee<node>:: operator [|( int i) . The
tree<node>::  specifies that the function being defined is a member of the
generakree template.

13.5 Template Friends

A function that is a friend of ®mplate class is not automaticallytam-
plate function.

template <class job> class todo{

friend  void next_job();

friend  todo<job>* override(todo<job>*);

friend todo* mistake(todo*); // Not valid

3

In this example, the functiamext_job()  is afriend of alltodo classes.
In addition, eaclodo object has an appropriately typed function called
override() as afriend . But the declaration ofiistake() is erroneous,
because the typedo does not exist. There are omdynplate types, such
astodo< int >,

13.6 Static Members and Variablesina template

Unlike normal classes, intamplate  class each generated class or function
has its own copy of amstatic  variables or members. This is because the
members can assume different types.
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For example:

template < class myclass > class uclass {
static  myclass aname;

uclass< int >ii;
uclass< char *> cc;

In this exampleij has sstatic  class membetname that has typéit . cc
has astatic  class membetname that has typehar *.
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14
C++ Namespaces

Namespaces are a recent addition to the C++ language. Eneyaecepted

in August 1993 athe Munich meeting of X3J16. Namespaces have been pre-
ceded by many such experiments in programming language design, such as
Ada packages (1980), which were also incorporated in MetaWare’s Profes-
sional Pascal (1984).

C++ namespaces offer new dimensions not present in Ada and Pascal, such as
the interesting distinction beten ausing declaration and asing directive
(see 8§14.3Using the Names Declared in a Namespace

14.1 When to Use Namespaces

The global namespace that C++ inherited from C causes a problem: global
names of functions, variables, types, enumerators, and so forth declared in
one third-party library may clash with names in another third-party library, or
in your own application.

For example, a graphics library from vendor A might have a method called
Curve::rotate( int degrees) , and so might the math lidry from ven-
dor B. Your only recourse is to change the name of the Class in one
library or the other. Sometimes the change is difficult or impossiblekem

C++ namespaces help solve this problem.

Encapsulate library Using namespaces, you can encapsulate library names in a library namespace
names with a long name derived, say, from the name of the library vendor. Vendor
A’s rotate  function is then known as:

A_graphics::Curve::rotate
and vendor B’s as:

B_math::Curve::rotate
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The external (mangled) names given to the linker for such encapsulated
library names includes the namespace name, so each name is distinct to the
linker.

Encapsulate namesEven if you are using a library that pre-dates namespaces, you can use
in your own code namespaces in your own code to encapsulate your own identifiers that clash
with those of the library.

14.2 How to Specify a Namespace

Names are introduced into a namespace by meansaofespace definition:

namespace identifier {
... list of zero or more declarations

}

Namespaces areA namespace definition is syntactically a declaration, but it can appear only
global at the global scope or within anothemespace definition. All names
declared directly within aamespace definition, except those introduced by
ausing declaration(see 814.3.1The using Declaratioon page 218), are
“owned” by the namespace.

Namespaces can bdf identifier is not declared in the current scope, it is declared as a
extended namespace. If itis already declared, it must be declared as a namespace, and
the newnamespace definition “continues” the namespace. In this way, a
namespace can be extended:

namespace A { /I Declares A as a namespace

int fO{...}
typedef int T;

}
namespace A { /I Adds more to namespace A
int  g();
}
This continuation allows a single large namespace to be defined over multiple
header files.
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A library vendor can choose a very long name for a nhamespace to minimize
potential clashes with other vendors:

namespace Distributed System_Object_Model_Library {

Namespaces can beBecause it is unwieldy to use such a long namefés te names in the
aliased namespace, you might wantuse a namespace aliasing definition to create a
shorthand name:

namespace DSOML =
Distributed_System_Object_Model_Library;

Now DSOMlLis declared as a namespace, and it stands for the longer name in
the scope of the alias definition.

14.3 Using the Names Declared in a Namespace

Explicit You can explicitly denote the names declared in a namespace by means of the
qualification existing qualified name syntax for class&ar exampleColors::invert
denotes membeivert of namespaceolors :

namespace Colors {
enum color {red, white, blue};

typedef int color;
color invert(color);
extern color c;
|3

func() {

Colors::colorC = ...;
Colors::invert(C);

}

A name declared in a namespace can be defined outside the namespace, ifitis
not already defined within the namespace. You use the qualified name to
denote the member being defined:

Colors::color Colors::invert(color c) { ... }
Colors::color Colors::c = red;
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Just as with classethe text following the qualification is considered to be in
the scope of the namespace. So, although you musblse::color for
the return type, namespace memhefsr (the parameter type) anetl (the
initializer) can appear without qualification.

14.3.1 The using Declaration

A using declarationdeclares a name@amefrom a namespace as a current
declaration in the scope in which tieng declaration appears. The declara-
tion of Nameis an alias of its declaration in the namespacesidg declara-
tion uses a qualified name to refemtame For example:

func() {
using Colors::red, Colors::white, Colors::blue;
Colors::color x = red;
using Colors::invert;
X = invert(x);

}

Note: Although MetaWare High C++ allows the comma-separated
list shown in this example, as of this writing the ANSI X3J16
draft standard does not.

Ausing  Just as with normaleclarations, asing declaration can introduce a function
declaration car that overloads other functions in the same scope. And just as with normal
overload function declarations, asing declaration can cause a duplicate declaration if a non-
function of the same name has already been declared:

func() {
extern int invert(  int );
using Colors::invert; // invert is now overloaded.
/I OK if invert is a function
using Other_namespace::invert;
Colors::color C = ..;

invert(C); /I 1: Selects from 3 inverts.
typedef int T;

using Other_namespace::T; // Error!

}

Unlike normal declarationsising declarations can overload functions with
the same argument types. The resulting ambiguity is detected at the point of
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Non-using

use, rather than at the point of declaration. For example, if
Other_namespace::invert has the same signature@sors::invert ,
then atl: , when the call is made tovert(C) , an error message results.

If there is an ambiguity between two functions with identical argument types,

declarations take where one function is introduced byising declaration and the other by a
.precedence. OV€rnon-using declaration, the nonsing declaration takes precedence over the
using declarations using declaration.

extern int invert(Colors::color);

using Colors:invert; //invertis now overloaded.
Colors::color C = ..;

invert(C); /I 2: Selects from 2 inverts.

Here, at2: the call is made to thextern int function rather than to the
function declared with thesing declaration. No diagnostic is produced, and
this silent choice could easily become a point of disageatsimong lan-
guage designers.

You can place asing declaration anywhere any other declaration can
appear. Ausing declaration Within a namespack, just like any other decla-
ration inN, causes the name of the identifier being declared to be declaved in
as well, sa\i: name can refer to thesing -declared name. However, the
imported name is still “owed” by its original namespace, so beingng -
declared does not affect its external mangled name. For example:

namespace TV {
using Colors::color;
color pixels[1024*1024];

}

You can now writél'V::color  orusing TV:color ,even thougholor is
owned by namespacmlors .

Partly becausesing declarations allow a hame to be declared in multiple
namespaces, and partly becauseg declarations are just aliases, distinct
using declarations can import the same declaration. Such an otherwise
invalid duplicate declaration is allowed withing , and has the same effect
as if the duplicate were not there.

using Colors::color;
using TV:color; /I OK; same as Colors::color
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This duplicate declaration is more useful with functions, where you can use a
namespace solely for constructing a collection of functions:

namespace Collectionl {
using A:f, B::f, C::f;
|3
namespace Collection2 {
using B::f, C::f, D:uf;
|3
... Collection1::f(...) ...
... Collection2::1(...) ...
Now you can also import both collectionghout fear of duplication:

using Collectionl::f, Collection2::f;
... f(...) ... Il Selects from A::f, B:f,
/I C:f, and D::f.

A using declaration doesot allow you to select a single, individual func-
tion:

using MNc:f(int);  // NOT ALLOWED
using NMN:f(char); // NOT ALLOWED

using N:*  High C/C++ also supportssing N:* , which effectively performs asing
on every identifier declared ik

14.3.2 The using Directive

A using directiveis quite different from asing declaration. The directive
imports an entire namespace at once, but not as declarations in the scope con-
taining the directive. Instal, within the scope containing the directive, the
names are treated as if they were declared in the smallest enclosing non-
namespace scope. (This is the global scope for namespaces declared globally
or within global namespaces.) Furthermore, apparent duplicate declarations
resulting from such treatment do not occur until the point of use of a name.

A using directive begins withising namespace , followed by the (poten-
tially qualified) name denoting the namespace.
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func() {
using namespace Colors;
color C = red,;
invert(C);
}

Because the names are treated as if they were declared globally, local declara-
tions ofthe same name override global declarations:

func() {
using namespace Colors;
using Other_namespace::invert; // 1: Local
/I declaration
color C = red,
invert(C); /I 2: Calls 1:

}

The local declaration at takes precedence over the global declaration, so
the function call ap: invokes the function declarediat. However, con-
sider the following situation:

func() {
using namespace Colors; // 1: invert declared
/I globally
using namespace Other_namespace; // 2: Another

/I global invert
color C =red,;

invert(C); /I 3: Chooses between
invert at 1: and
invert at 2:

}

Here, the members of both namespaces are introduced globally; therefore, at
3: there is the choice of two globally declatedert() functions.

As with using declarations, ambiguity between two functions with identical
argument types is resolved in favor of a function not introducedusing
definition. Likewise, ambiguity that cannot be resolved by overload resolu-
tion is reported ahe use of the name, not at the occurrence ofiding
directive.

221



Using the Names Declared in a Namespace High C/C++ Language Reference

Names introduced by @ing directive are ignored when an expression uses
explicit qualification. Thus, evethough the nameare treated as if they were
declared globally, a referencglobal name  doesnotrefer to any names
introduced by aising directive:

namespace A{ int glob;}
using namespace A,
int glob; // Two globs declared globally

func() {
glob++; // Ambiguous: A::glob or ::glob?
::.glob++; // Refers to global, non- namespace glob
A:.glob++; /] Refers to namespace A’s glob
}

14.3.3 Namespaces, friend sand extern s

friend s first declared in a class are declared in the smallest enclosing non-
class, non-function-prototype scope. With the addition of namespaces, this
means driend declaration can be “injected” into the namespace:

namespace A {
class C{
friend func(); // This is A:func.
3
}
int  Axfunc() { ...}

The same holds for arxtern declaration first declared within a function in a
namespace. Rather than being a glekadrn |, the declaration is owned by
the namespace.

14.3.4 Unnamed Namespaces
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If you omit the identifier in a namespace definition, you are referring to an
“unnamed” namespace. Each compilation unit has one of these unnamed
name spaces, which is unique for that compilation unit, antha directive

for it is automatically assumed. The effect is that you can enclose your local
data in the unnamed namespace without fear of it clashing with local data in
other compilation units.
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For example:

namespace {
int a, b, c
void fO){...}
}

This is equivalent to the following:

namespace UNIQUE {
int a, b, c
void fO{...}
h using namespace UNIQUE;

whereUNIQUEIs a compiler-chosen name unique for each compilation unit.

14.4 Current Status of Namespaces

As of the writing of this document, some issues are under discussion by ANSI
Committee X3J16:

. the statement “the scope of a class is a namespace”
. the implicit internal linkage of unnamed namespaces
. the transitivity ofdirectives

. the possible inclusion afsing  N:*

using directives According to a preliminary paper on namespaces (93-05b)y directives

are not transitive could be transitivethat is, if namespace containsusing namespace B in
its definition,using namespace A also provides access to the names. in
However, 93-105, the formal proposal for namespaces, does not indicate such
an intent. What appears to be trangigiwas intended for joining two
namespaces together in a single namespace. High C++, to preserve the intent
of 93-105, does not allow directives to be transitive.

Linkage of names in The proposed C++ draft also says that names within the unnamed namespace

unnamed have internal linkage, but this is still under discussion.

namespaces .- i
MetaWare's implementation does not regard classes as namespaces, and does

Classes are not not use internal linkage for names in unnamed namespaces. It is not neces-
namespaces sary to preserve clashes among different compilation units because, as one
committee member observed, unnamed namespaces are unique, so none of
the contained identifiers can ever clash when a program is linked.
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Templates cannotMetaWare’s implementation does not allow templates to be namespace mem-
be namespacebers.

members . . . .
We will change MetaWare’s implementation as issues are resolved by X3J16.

14.5 Suggested Reading

Booch, Grady, and Vilot, MichaelJsing NamespaceslOOP (November-
December, 1993), page 14.

Koenig, Andrew.Wrapping Up the StandardlOOP (November-December,
1993), page 67.

Lajoie, JoséeNamespacesJOOP (November-December, 1993), page 52.
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High C++ Exception Handling

This chapter describes the High C++ exception-handling facilities.

15.1 Detecting Errors

When a functiori() detects an error,tgpical coding practice is to havg

either return a null value, assuming such a value exists, or set a global value
(such a%rrno ) indicating a problem. Then any clientf¢f must check the
return value or global value to see if an error occurred. Furthermore, the cli-
ent might have to transmit the error code to the function that called it, which
then transmits the error code to the function that called it, and so forth. Every
function in the calling chain must inspect an error code or global value until
some functiory() is reached that can deal with the error situation and dis-
miss it.

Such programming practice is complicated and prone to error.

15.2 How Exception Handling Works

Throwing and C++ exceptions are designed to handle errors in such a wély) thaan
catching exceptionsthrow an exception when an error occurs, gf)d cancatchthe exception
and deal with the error. None of the functions in the calling chain between
f() andg() need to do anything about the error situation; the communica-
tion is directly betwen the source of the error and the function that deals with
it.

15.2.1 The throw , try , and catch Statements

On error, a fUﬂCtiQ“ When a function detects an error, it ¢hrow an exception. In C++, the code
throws an exceptionfor this is as follows:

throw expression
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This throw should occur within a block of code (callemyablocK con-
structed to test and catch the exception.

The value ofexpression  is communicated to theatchpoint, so you can

place information in the expression that tells the catch point what happened.
throw expression is an expression of typ@id , and has the same prece-
dence as the assignment operatofFor example:

struct  File_error{
const char  *file_name;
File_error( const char * name) {
file_name = name;
}
3

void open( const char *name) {
if (attempt_to_open_name_fails)
/I Communicate name to catch point by construct-
/I ing and throwing a File_error object contain-
/[ ing name
throw File_error(name);

}

Try blocks and To catch an exception, you must embed code that can potentially cause the
handlers exception in a try block. The try block is followed by a sequence of one or
morehandlersthat specify what kinds of exceptions can be caught, catch
them, and perform whatever actions are needed to deal with the error:

try {
/I Code that can throw an exception or calls code
/I that can do so
open(some_file);
}
catch (File_error &F) {
printf("File error in file %s\n",
F.file_name); /I Catch File_errors
}
catch (Floating_overflow &O) {
/I Catch floating-point overflows

}

Handlers catch Formally, a try block has this syntax:

exceptions try compound-statement
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followed by one or more handlers, each of this syntax:
catch (exception-declaration) compound-statement

Each handler takes a single argument, becausexthetion-declara-
tion is just like anargument-declaration , except that you cannot spec-
ify a storage class or a default value.

The type of a handler’s exception declaration specifies what sort of exception
it can catch. Basically, it can catch anything thrown that is of the same type;
or if the handler specifies a base type or pointer to a base type, the thrown type
can be a class or a pointer to a class derived from the base. This is just the
standard C++ conversion from derived to base. See 3A%h&t a Handler

Can Catchon page 236 for the complete list of rules.

15.2.2 What Happens When an Exception Is Thrown

When an exception is thrown, the exception-handling (EH) run time looks at
the handlers in the order they are listed for each try block that has been
entered but not exited, from most recently entered to first entered. Control is
transferred to the first handler whose type allows it to catch the exception.

The search continues until such a handler is found, to the end of the program
if necessary. Once an appropriate handler is found, the search stops; for each
exception thrown, there can be no more than one catch. When control enters
the handler, the exception becomes active and remains antiveandling is
complete and control exits the handler. For example:

void throw_something() { throw 1;}; /11
void func3() {
try { 2.
throw_something();
}
catch (char *p) {/*...*/} I 2a:
catch (int *p) {/*...*/} /I 2b:
}
void func2() {
try { Il'3:
func3();

}
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catch (float f){/*...*} /I 3a:
catch (int i) {/*...*} /I 3b:

}
void funcl() {
try { 4.
func2();
}
catch (double d){/*..*} [/l 4a:
}

main () { func1(); }

In this example, whenm is thrown atlL: , the EH run time has available to it
the handlers in the three active try blockg:at3: , and4: in that order. It
checks the handlers at: , 2b: , 3a: , and3b: . Handlerda: is not consid-
ered; searching stops@t: becauseb: catches the integer thrown.

throw expression initializes a temporary object of the static type of the
expressionifit in the preceding example). This copy is used to initialize the
appropriately typed handler parameter; the mechanism is similar to function-
argument passing. The initialization can require another copy, called the
parameter copyif the handler parameter is not the same type as that of the
first copy made. The EH run time is allowedfatimize away copies ifloing

so does not change the program’s behavior (except for using copy construc-
tors to copy the object).

After a handler completes, program control goes to the statement following
the sequence of handlers.

15.3 Unwinding: Automatic Clean-Up with Destructors
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C++ automatically causes destructors to be called to perform clean-up on
automatic objects; you do not need to write specific handlers for this purpose.
This clean-up of objects is calledwinding

As control passes fromtarow to a handler, destructors are invoked for all
automatic objects constructed since the handier’'sblock was entered.

Any object or array of objects that is partially constructed has destructors exe-
cuted only for its fully constructed subobjects. So, if a constrimta@n

object allocates a resource, the destructor can free the resource as exception
handlingpasses througthe site of the object’s declaration:
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void () {

try {

Cx;

throw 77;
}
catch (int ){...}
}

In this example, the destructor (if any) for objeds run before control enters
the handler.

A constructor for an object is considered to have fully executed when all user-
written code in the constructor has run. A destructor for an object is consid-
ered to have run as soon as control enters the destructor.

The definition for the constructor makes clear sense, but the destructor
requires a bit more analysis. If you are in the middle of user-written code in a
destructor, and an exception is thrown, you should not re-enter that same
destructor for the same object during an indyhalf the destructor code has
executed, so the object is in an indeterminate state. Hence théiatefims

soon as user code in a destructor starts to execute, the object is considered
completely destroyed for purposes of unwinding.

15.3.1 Additional Clean-Up During Unwinding

Although the functions beteen thery and thecatch do not need to do
anything about thereor situation, you might want a particular function to do
clean-up if an exceptiopasses through. One way to do this is to write, in
that function, a try block that catches any exception, code to perform the
clean-up, and sgnrow  command taethrowthe exception once the clean-up

is finished. This way, you can perform your own clean-up in addition to the
automatic clean-up provided by the unwinding process. For example, in the
program below, thenalloc -ed space is not reclaimed after the throw:

void computation() {
if( some_error )
throw 1;

}
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void func2() {
void *p = malloc(a_lot);
/I Does something with p
computation();

}

void funcl() {
try {func2();}
catch (int 1) {/*...*}
}

The thrown integer is caughtimncl() , and the pointer allocated in
func2() is not deallocated.

You can manually deallocate the pointer by writing a catch clause that catches
any exception, performs your own clean-up, and then rethrows the exception
to be caught by the handler for which it was originally intended. In the fol-
lowing examplefunc2() does this:

void func2() {
void *p = malloc(a_lot);
try {
/l Does something with p
computation();

}
catch (...){ /I Catches anything

/I Clean-up code, such as freeing storage
free (p); /I Frees memory in the pointer
throw ; /I Rethrows current exception
}
}

Here, the handler ifunc2() catches the integer throwndnmputa-

tion() , does its own clean-up, freeing the allocated pointer, and then
rethrows the integer, which is caught by the original intended handler located
in funcl()

In generalihrow without an expression rethrows the currently active excep-
tion. Theexception-declaration “... " can catch anything. Thus, no
matter what is thrown, the combinatiosich (...)  andthrow ; catches the
exception, passes control to whatever clean-up code you specify, and then
rethrows the exception to be caught by some other handler. If a parameter
copy was made, a rethrow causes destruction of the copy. The parameter of
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any subsequent handler is initialized from the original copy, or from a param-
eter copy generated to match that parameter’s type.

Because the EH makes copies, you cannot count on changes you make to a
handler argument being reflected in a rethrown value caught by a subsequent
handler.

15.3.2 Stacked and Nested Exceptions

Anactiveexception Active exceptions conform to a stack discipline. When a handler is entered,
is one for which the current exception, if any, is stacked and the exception caught by the han-
handling is not dler becomes the current one. When a handler finishes, the exception on top

complete. of the stack, if any, is popped and becomes the current one once again.

Thecurrent
exception is the onel herefore you can dynamically nest exception handling, including rethrows:

being handled. void () {

try {
throw T7; /I 1: Throws int exception
}
catch (int i) {
try {
throw "string"; // 2: Throws string exception
}

catch (char *p){
/I 3: Catches string

exception

}

}
}

Here, thehrow at4: rethrows thent value77, which is popped ofthe

stack and becomes the current exception as soon as control leaves the handlel
at3: . If you had @hrow at3:, it wouldhave rethrown the string value

string

throw ; /I 4. Rethrows int exception

If you rethrow when there is no active handler, the EH run time reports an
error.
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15.4 Exceptions During Unwinding: the  terminate()
Function

Before control enters a handlerdestructors called during the unwind pro-
cess can throw exceptions. This is valid as long as the exception is also
caught before is entered. If an exception is thrown during destruction that
attempts to enter @kip pastH, the run-time functiomerminate() is called:

struct C{~C({ throw “skip”; }}; // 3:

void f() {
try {
try {
CXx;
throw 1; I1'1:
}
catch (int i) { 1l 2:
}
}
catch (const char *){ 4.
}
}

Here,1: throws an integer, and in searching for a handler, the EH run time
finds2: . Before transferring to: , objectx is destroyed. However, at the
destructor throws a string. Rather than have the string caught thie EH

run time detects an attempt to skip ozer and callserminate()

terminate() is also called if no handler is found for a thrown exception or
when the exception mechanism finds the stack corrupted.
terminate()  calls The default behavior akrminate() is to callabort() . You can change
abort()  unless you the function thaterminate() calls by callingset_terminate() with a

specify a differentfunction pointer; themerminate() calls the function pointed to instead of
function abort()

set_terminate() returns a pointer to the functiosrminate() would

have called, and records your function as the one to call. In this way, you can
program a chain of functions to be called wh&minate() is invoked. It

is an error if the function you supply returngdoninate() or throws an
exception.
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15.5 Partially Constructed and Destroyed Heap Objects

An issue not discussed in the ANSI X3J16 draft on exception handling is the
treatment of partially constructed and partially destroyed heap objects. The
sentiment is that partially constructed heap objects should be destroyed; there-
fore, if anew operation is not complete, the destructors for objects constructed
so far are run as part of exception umsng:

int cnt=0;
struct S{
SO { if (++cnt==23) throw 1;}
~S();
3
void f() {
try {
S*a= new S[3];
}
catch (int i){
...
}
}

Here the constructor far throws an exception after two objects have been
constructed. The third element of the array is not constructed, sevthe
operation is unfinished, and exception handling runs the destructafgjon
anda[l] before entering the handler. It also frees the storage allocated by
new.

A somewhat more controversial decision that remains to be resolved is what
to do about partially destroyed heap objects. We expect the consensus to be
“finish the destruction”, which is what MetaWare has implemented. A delete
operation that has started but has not finished is completed as part of unwind-

ing:
int cnt=0;
struct S{
SO{}
~S() { if (++cnt==2) throw 1;}
|3
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void f() {
try {
S*p= new a[3]; /I This completes
delete p; /I This throws
}

/I Deletion completed as part of unwinding
/I before control enters catch(int i)

catch  (int i){
...

}
}

The destructor throws an exception afgf] anda[l] are destroyed; only
al0] remains. The EH run time calls the destructor to desfiidy before
entering the handler.

Note: There is an apparent imegistency in the treatment of heap-
based objects. Completely constructed heap objectware
automatically destroyed as the EH run time unwinds, but par-
tially constructed and partially destroyed objects are, because it
is difficult for a user to program the destruction of objects that
are in a partially constructed state.

Objects constructed via a completedlv operation are not
destroyed because it is impossibletfoe EH run time to know
what completely constructed heap objects should be destroyed;
the pointers to such objects could have been copied anywhere.

15.6 Function Exception Specifications
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In a function declaration, you can list the set of exoep that a function
might directly or indirectly throw. The list is known asexception specifi-
cation, and takes this form:

throw ( argument decl list )

The exception specification can appear in the same place as a function decla-
ration’s optionakv_qualifier_list
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Function The list of argument types in an exception specification must have no default
unexpected() is values and cannot use.” . The exception specification is checked at run
called for uncatch- time only after a handler has been found for a thrown exception. If the func-

able exceptionstjon directly or indirectly throws an exception that could not be caught by a
handler of the fornzatch ( 7), whereT is one of the exception-specification
types, a function namedhexpected() is called. For example:

void f() throw (A*, int ){
...

}

is effectively the same as:

void () {

try {
...

}

catch (A*) { throw ;}
catch (int ){ throw ;}
catch (...) { unexpected(); }

}
unexpected() The default behavior afnexpected() is to callterminate() . You can
calls terminate() program the behavior efexpected() by callingset_unexpected()

Un|e_SS you Spec_ify dand passing it a function pointeset_unexpected() returns the pointer
different function nat nexpected()  would have called, and records your function as the one

to call. In this way you can program a chain of functions to be called when
unexpected() is invoked.

Unlike terminate()  , unexpected()  can throw an exception. Handlers

for this exception are searched for starting at the call of the function whose
exception specification was violated. Thus an exception specification does
not guarantee that only the listed types will be thrown. After the call to
unexpected() , the function behaves as if it had no exception specification.
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15.7 Miscellaneous Rules for Handling Exceptions

The following rules should help you write effective exception-handling code:

. In a sequence of handlers, it is an error for handigo precede handler
H2, if H1 always catches an exception th@tcan also catch. This errone-
ous situation ensures that will never run:

struct base{...};
struct derived: base { ... };

try {
...

}

catch (base *bp) {}

catch (derived *dp) {} // Error: Control can never
/I enter this handler.

. Athrow can appear as conditional operand®: of the resulting type of
the?: operator is the type of the other conditional operand:
X ? throw something : 1 // Type is int .
« You cannot jump into a try block or a handler, but you can jump out of
either.
. Exceptions are not handled for globally declared objects.

15.8 What a Handler Can Catch

Here is the full list of rules for whatatch clause can catch. A handler can
catch a thrown object under the following circumstances:

. The thrown object can be copied at the throw point (for classes, this
means that a default copy constructor is accessible; for non-classes, this
requirement is irrelevant).

. A handler whose type i8& can catch the same things that a handler of
type T can catch.
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. A handler whose unmodified type iscan catch a thrown object whose
unmodified type iss if any one of the following is true:

o TandEare the same type.
o Tis an accessible base classaft the throw point.

o Tis apointer type andis a pointer type that can be converted try
a standard pointer conversion.

. A handler whosexception-declaration is “..
thing.

" can catch any-

These rules are slightly different from, and less limiting than, those ituthe
rent ANSI X3J16 draft. Most of the X3J16 rules will undergo change.

15.9 Suggested Reading

Christian, Kaare Making Exceptions with C++PC Magazine(December
21,1993), page 311.

Lajoie, Josée Exception Handling: Supporting the Runtime Mechanism
C++ Report (March-April, 1994), page 36.

Reed, David R.Using C++ Exceptions C++ Report (March-April, 1994),
page 18.

Swan, Tom.Trouble in Paradise Dr. Dobb’s Journal (May, 1994), page
123.
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16
C++ Run-Time Type Information
(RTTI)

C++ allows implicit conversions from a derived class to a base class. Thatis,
an object of a derived class contains a subobject of the type of one of the
bases. For example:

struct D:B{..};
void f(B*bp){...}

D*dp= newD;
f(dp); // Automatic conversion to pointer-to-base

The conversion in the opposite direction is not automatic, because a pointer to
a base object (say of claBpis not necessarily a pointer to a larger object of
derived clas®. You might just have B, not aB within aD. Therefore C++
requires casting to convert in the opposite direction. With a cast, you assert to
the compiler that a pointer is in fact a pointer to@bject:

B *bp = dp; /l Points to base
D *dp2 = (D *)bp; // Converts back; points to D object

This process works only if the base is not virtual. If the base is virtual, the
compiler cannot generate code to make the conversiof and the cast elic-
its an error message.

These problems are solved witin-time type informatiofRTTI), added to
C++ in March 1993.

16.1 RTTI and typeid

The complete typeFor subobjects of polymorphic classes (those that have virtual functions), with
of an object RTTI you can find out theompletetypeof a subobject, the ultimate derived
class. For example, you can write the following code:

B*bp= newD;
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Although thestatictype ofbp is pointer toB, thecompletetype ofbp is
pointer toD, becausép points to a subportion offaobject. You can use the
keywordtypeid to obtain a representation of type

typeid  (*bp);
The representation takes the form of another object corresponding to. type
Other benefits of RTTI include being able to do the foltayv

. print out the name of the complete type of an object
. find out the size of an instance of the complete type
. inquire as to the base classes

For example:
printf("bp really points to a %s", typeid (*bp).name());
prints:

bp really points to a D

16.2 The Type Object
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Table 16.1

typeid ( expression ) ortypeid (type ) returns a reference to an object
of typeconst Type_info , or of some class derived frompe_info

(class Type_info is defined inypeinfo.n ). This object is called ype
object

Fortypeid (type ) (similar tosizeof ( type )), the type object describes
exactly the type given:

Objects Returned by typeid Expressions

Lo Returns a reference to a Type_info
The expression:

object:
typeid (int ) Describing typent
typeid (int *) Describing pointer tant

Describing pointer to a function taking and

typeid - (void ()C int ) returningvoid

typeid (D) Describing clas®
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Fortypeid ( type ), the type object is statically known by the compiler; you
specify precisely the type. The same holds for an expressiorytbiiram

other than a polymorphic class: the type is what is statically known by the
compiler, as in the following examples.

int i

typeid (i); // Same as typeid (int )
int *p;

typeid (p); // Same as typeid (int *)
B *bp;

typeid (bp); // Same as typeid (B *)

struct s {}; // Not polymorphic

struct d:s{}; // Derived from s

S *sp = new d; // Cast from derived to base

typeid (*sp); // Same as typeid (s), because s
/I isn't polymorphic

But when the argument is an object of a polymorphic class, the compiler gen-
erates code to fetch the true complete type:
typeid (*bp); // Produces typeid (D)

Polymorphic We call this goolymorphictypeid . The code fetches a pointer to the type
typeid  object describing the complete type from positioof the polymorphic
class’s virtual function table. That is why the class must be polymorphic, as is
shown in Figure 16.1.

Complete Type Object
D*dp _» object o BsVFT g for D
« |
B*bp — .
-« |

Figure 16.1 A Polymorphic typeid

Since its first release, MetaWare's implementation has reserved logation
(zero) of the virtual function table for just such a purpose.

The single-copy Type objects take up space, and there might be duplicates of them. For exam-
heuristic ple, each compilation unit containingeid (int ) has a distinct type object
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describing the typant . Duplicates can be avoided for classes. A class has
justone copy of its type object if it has a non-pure-virtual, non-inline member
function. The type object is placed in thednle containing the definition of
this function (we say the class satisfiesshngle-copy heuristic

The single-copy heuristic is also used by the compiler to determine the loca-
tion of the unique copy of a class’s virtual function table; but the heuristic is
used for type objects whether or not the class has virtual functions. For exam-
ple:

struct s{
int f() /I Where s::fis, sois typeid (s)
int  g();
3

struct t{}; // Every occurrence of typeid (t)

/I produces a distinct copy.

16.2.1 Using the Type Object

Checking for

typeid equality
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dynamic_cast

You can use the type object for other things than printing out the name of a
type. For example, suppose you have a pointer to a base object, and you want
to call a function that is defined only on the complete object:

((D*)bp)->dfunc();

You want to makehis cast seure, in case the base is not part bf ®ne way
you can do this is by checking fompeid equality:

if ( typeid (*bp) == typeid (D))
((D*)bp)->dfunc();

To use==, includetypeinfo.h , the header file in whichype info is
defined.

However, checkingypeid equality is not the best way to make sure your
base object is part af, because in facbp might be part of an object that is
even larger than & that is, it might be of a type derived fram The previ-
ous example works if the complete type is exactly a

To determine ifbp belongs toD or to a class derived from you use
dynamic_cast (see §17.3 on page 249):

D *try_dp = dynamic_cast<D *>(bp);
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dynamic_cast fetches the type object frothp s virtual-function table,
then does the following:

. If *bp’s complete type i®, dynamic_cast simply makes sure thatis
an unambiguous base bfand then does the conversion from the base to
D.

. If *bp’s complete type i§, derived fromD, dynamic_cast converts3
to E unambiguously, then convershack to base.

In both cases, the pointer returne@ i&ero) if*bp is not part of &, or the
pointer to theD object if*bp is part of eD or class derived frorm.

This means you can write the follavg:

D *try_dp = dynamic_cast<D *>(bp);
if (try_dp!=0)
try_dp->dfunc();
else
printf("Sorry, bp doesn't pointto a "
"piece of a D.");

dynamic_cast is described in detail in §17.8ynamic_cast<Type>(expr)

16.2.2 Explicit Initialization in Conditions

With the introduction of RTTI, C++ was also extended to allow declarations
with explicit “=” initialization in conditions. For example:

if (D *try_dp = dynamic_cast<D *>(bp))
try_dp->dfunc();
else
printf("Sorry, bp doesn't pointto a "
"piece of a D.");

Syntactic Unfortunately, this added syntax conflicts with poaisly correct programs.

ambiguity: However, conflicts are expected to be rare:

declarations .
versus casts T ( Type(X)=3)...

Type(X)=3 could be a declaration &fof type Type, initialized to3. Or it
could be the type cast @fto Type and a subsequent assignment to the result
of the cast.
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Because of the ambiguity, High C++ also provides syntfagre/the declara-
tion can be followed by a “ to specify a declaration unambiguously:

if (Type(X) = 3;) // Declaration, no question
/I about that!

To sum up:

Usedynamic_cast when you want to know if an object is part of a big-
ger typeD, but you do not care whether the complete type is derived from
D.

Use equality ofypeid s when you want to know if an object is exactly of
a certain type.

16.3 Functions on Type Objects

Extension
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The following functions, available on all type objects, are declared in
typeinfo.h

constchar *name() const ; // Simple name
const char  * full_name() const ;
/I Full name: w/mangling
int Type_info::operator ==( const Type_info&) const ;
int  Type_info::operator !=( const Type_info&) const ;

int before( const Type_info&) const ;
long size() const ;// Size of an object of this type

These functions on type objects do the following:

name() Returns the name of the type, suitable for
printing.
full_name() Returns the fully mangled name of the type.

Whereasiame() might be the same for two
distinct typeqsay, a global classand a clasg
nested within another clas}, full_name() is
guaranteed to be distinct for distinct types.

== and!= Compare for equality, by comparing the two
full_name() functions; the comparison is not
cheapalthough a hash code makes the string
compare unnecessary for most non-equal types.
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Extension

before() Sorts type objects; you can use it for
implementing an efficient associative array
indexed by type objectshefore()
lexicographically compares thiell _name()
functions of the two types to determine the order.

size() Returns the total number of bytes required to
store an instance of the type.

Note: size() andfull_name() are MetaWarextensions.

Suppose you write a routine that takes an arbitfapg _info  object and
prints its name:

void f( const Type_ info& tid) {
printf("type:%s ",tid.name());
}

|nt a, *b;
f( typeid (b));
f( typeid (a));

Suppose you want to print more information if the type object turns out to be
of a particular kind of type. For example, you might want to print the pointed-
to type of a pointer typetypeinfo.h contains the definition dfype_info

and of several derived classes. The derived classes are a MetaWare exten-
sion, and they classify the kind of types a type object can represent. The
derived classes are as follows:

class Modified_type_info: public Type_info
class Pointer_type_info: public Type_info
class Member_pointer_type_info: public Type_info
class Array_type_info: public Type_info
class Func_type_info: public  Type_info
class Class_type_info: public  Type_info
Note: These classes answer the need of the exception-handling imple-

mentation for dynamic type information.
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If a Type_info is actually a&ointer_type_info , the type is a pointer
type, and you can discover the type it points to. You first determine that a
Type_info is a pointer type by usingynamic_cast to determine the com-
plete type of a particulatype_info (becauséype_info is a polymorphic
class, you can inquire as to the true type offthe_info  object):

void f( const Type_ info& tid) {
printf("type:%s ",tid.name());
if (Pointer_type info *PTI =
dynamic_cast<Pointer_type_info*>(&tid))
printf("pointed-to type is %s",
PTI->base_type->name());

Note: Be sure to useynamic_cast  with pointer types, not refer-
ence types, becausgnamic_cast throws an exception if a
reference cast fails.

You can also find out whether thgeid of theType_info is that of
Pointer_type_info , and use an explicit cast:

void f( const Type_ info& tid) {

printf("type:%s ",tid.name());
if ( typeid (tid) == typeid (Pointer_type_info)) {
Pointer_type_info *PTI =

(Pointer_type_info*)(&tid);
printf("pointed-to type is %s",
PTI->base_type->name());

}

}

This is generally much more efficient than usitygamic_cast
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Four new forms of cast notation to express the safe casting of one type to
another were added to the C++ language at the San Jose meeting of X3J16 in
Novemberl993. These are the four forms of cast:

dynamic_cast< Type>
static_cast<  Type>
reinterpret_cast< Type>
const_cast< Type>

In the MetaWare implementation, these are four predefined templates:

template <class Type> class dynamic_cast{... };
template <class Type> class static _cast{...};
template <class Type> class reinterpret_cast{...};
template <class Type> class const cast{...};

Types that are instantiations of any of these four templates behave in a special
manner when they are used in a castType>( expr ) , whereQis one of the

four new MetaWare templates, actually casisr to typeType, subject to
conditions described in the following sections. For example:

static_cast< Type>( expr)
castsexpr to Type. So does this:

typedef static_cast< Type> sc_Type;
... =sc_Type( expr);

Each of the last three templates expresses approximately a subset of the full
potential of a C++ castdynamic_cast< Type> gives the ability to safely

cast from, say, a pointer-to-base to a pointer-to-derived, even when the base is
virtual. This ability has not previously been present in C++.

17.1 static_cast< Type>( expr )

This is a reasonably safe subset ofpe)( expr ). The result is of type
Type.
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If expr is of typeTe, the cast obxpr to typeType is valid if it falls into any
one of the following cases:

Te => Type is a standard conversion.

Type => Te is a standard pointer, reference, or pointer-to-member con-
version (this covers contravariant conversioris)is not a virtual base of
Type, andTe => Type does not cast awaynst (see 8§817.2).

Note: A contravariant conversiois a conversion from pointer-to-base
to pointer-to-derived, or from reference-to-base to reference-to-derived.

Type isvoid or a class type, andrype)( expr ) is valid.

Semantics of the conversion are the same asave)( expr) .

Thus, conversions from pointer-to-non-virtual-base to pointer-to-derived are
permitted, but dangerous conversions from type * tochar * or from
pointers to two unrelated class lattices are not.

To safely convert a virtual base to a derived classgysenic_cast ; to
convert dangerously, usenterpret_cast

17.2 const cast< Type>( expr ) and Casting Away

const

Definition of Casting awayconst means converting a pointer-tonst to a pointer-to-
non<onst . To cast awayonst , useconst_cast

casting awayonst
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Casting awayonst also incorporates casting awayatile , and handles
multi-level pointer conversion. It is defined as follows: The conversion

Type cv * => Type'cv' *

wherecv is one of the four sets:

{const },{ volatle },{ const , volatile L {3

is said to cast awayonst if one of the following is true:

cv is not a subset af/' .

Type andType' are pointer types, an/pe => Type' casts away
const .



17: New Cast Notation for C++ dynamic_cast<Type>(expr)

For example:

const int *=>int*
and

const int *okok ok => int ****
both cast awayonst . However:

const int *x=> int *

does not cast awaynst , because there is an implicit conversiora@fst
int * toint , which is not subject to the rules for casting awayst . This
last case is irrelevant toatic_cast because you can never have an
unequal number ok ; however, itis relevant teinterpret_cast , which
also cannot cast awaynst .

17.3 dynamic_cast< Type>( expr)

dynamic_cast< Type>(expr ) allows safe conversion from, for example, a
pointer-to-base to a pointer-to-derived. Run-time checks are used to be sure
the conversion is completely valid. To do the run-time checks, run-time type
information must be available footh the source and destination types, or the
cast might fail. A failure of the cast either retuen&&ero) or throws an
exception, depending on the nature of the failure.

The result of the cast is typepe. Type must be one of the following:

. a pointer to a fully defined class

. areference to a fully defined class

« void *

Let Te be the type ofxpr . Then, if the following arall true:
. Type is a pointer to a base clags

. Telis apointer to a derived clags

. Bis an accessible base clas®of

the resultis the same @%)B . The same is true ifype andTe are reference
types that are similarly related.
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Otherwise,Te must be a polymorphic type. That is, it must have virtual func-
tions, so thatxpr ’s true run-time type can be accessed from the virtual func-
tion table.

If Type = void *, the result is the pointer to the complete object pointed to
by expr .

Otherwise, a run-time check is applied to sesifr can be converted to type
Type. Basically,expr is first converted into a pointer to the complete object;
then this pointer is converted T@pe. The first conversion fails éxpr does

not point to an unambiguous base class of its complete type. If either conver-
sion cannot be done, the result i&ero). IfType is a reference type, and the
cast fails, exceptioBad_cast is thrown. (See Chapter 18igh C++

Exception Handlingpn page 225 for general information on exception han-
dling.)

17.4
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reinterpret_cast< Type>( expr )

A reinterpret_cast allows “raw” conversion from:

. any pointer type to any other pointer type that is big enough
. any pointer type to any integer type that is big enough
. any integer type to any pointer type

. any object to any reference typg/pe, provided that
reinterpret_cast can converkEto Type* by a conversion in one of
the preceding three bullets.

No class hierarchy navigation is done; basically, when the type sizes are the
same, the cast value is unchanged. When the sizes of the types are different,
the compiler warns. For conversion to a larger type, the semantics are equiv-
alent to*(( Type*)& expr ). This implies that the result contains some inde-
terminate value.



A
Migrating from C to C++

Incremental C++

The High C/C++ compilesupports the gradual introduction of C++ features
into C programs. You camse almost all of C++ — intermixing it with C —
while preserving the semantics of your C code.

C++ is almost, but not quite, a superset of C. A C++ compiler must reject
some C programs. But with High C/C++, you can introduce C++ constructs in
your C program without affecting whether your C program text will compile,
and without affecting the result when it does compile. We call thistne-
mental C++approach.

A.1 C/C++ Compatibility Issues

Example A.1

The Annotated C++ Reference Manualdiscusses C/C++ compatibility

issues, anthe ANSI C++ standardization committee (of which MetaWare is
an active member) is creating a (much) longer list of issues. We describe a
few of the issues here to help you decide if you want to use Incremental C++.

The following examples present C code that works with a C compiler, but
either fails to compile or works differently with a C++ compiler. All the
examples compile and work correctly with MetaWare's Incremental C++.

struct s Are Scopes in C++

struct s {
enum color {red,white,blue} x;
h
/I color and red are known here in C.
enum color z = red;

This program fails to compile in C++ becauséor ,red , white , andblue
are local to thetruct . Instead, in C++ you camrite the following:

enum s::color z = s::red;
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Example A.2 C++ Has Additional Keywords

type_handle make_primitive_type(type_class class,
int len);

This excerpt from compiler source code fails to compile in C++ because the
reserved wordlass is used as a parameter name.

Example A.3 sizeof char Is Different in C++

if ( sizeof (‘a)!= sizeof (int ))
printf("different from C\n");

This fragment prints nothing when compiled as C. It prints a message when
compiled as C++ because thieeof a character in C++ is typically one
byte: not the same a&eof (int ), asinC.

Example A.4 A Tag Is a Type Name in C++

typedef int *T;
struct T{ int x;}

This is an error in C++ becausas a type name fant * and for the
struct , so you have a duplicate declaratiorrof

A.2 Using Incremental C++

What C++ features can you use with Incremental C++? You can use every-
thing except these:

. templates
. class names (tags) redefined as something other than class names
. typedef s within classes
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You can use constructors, destructors, overloaded functions, member func-
tions, virtual functions, derived classes, virtbhakes, and so forth. Some fea-
tures require modified syntax, described in the rest of this appendix.

Libraries The MetaWare High C++ include files atesigned for full C++, not Incre-
mental C++, so you cannot use those files incrementally. If you need the fea-
tures of the C++ library, access them through separate modules you write in
full C++

Command-line How do you use Incremental C++? An Incremental C++ program is a C pro-
option for gram — and so has the suffix — but you tell the compiler to enable Incre-
Incremental C++ mental C++ features with a special option that indicates the level of C++
compilation you want. See tiigh C/C++ Programmer’s Guide for infor-
mation about specifying the C++ level.

A.2.1 Using Special Keywords and Functions

You can access many Incremental C++ features by using keywords that do
not intrude on the namespace of C programs, and by using sligliéedif
syntax in some places. See §Avtaving from Incremental C++ to Full C++

on page 257 for more information. The additional keywords are shown in
Table A.1.

Table A.1 Incremental C++ Keywords

EZ?VJ—:S Incremental C++ Instead of This C++ Keyword
_Class class

_Virtual virtual

_Operator operator

_Private private

_Protected protected

_Public public

_Friend friend

_Delete delete

_New new
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Table A.1 Incremental C++ Keywords (Continued)

i ++ .
Use This Incremental C Instead of This C++ Keyword
Keyword
_Inline inline
_Anonymous none

For example, you might write the Incremental C++ program:

_Class C{
_Virtual ~C(){ _Delete p;}
_Friend  struct s;
C*p;
|3
struct s{ int x;}; // ANSIC here
and compile this as.a file with -Hcpplvl =1 (see thédigh C/C++ Pro-
grammer’s Guide for information about this command-line option).

Other C++ features that do not require keywords are automatically available
in Incremental C++, such as the initialization of static variables with non-con-
stant expressions. For example:

struct s{ int a,b;}X={3,4};
int k= X.a+ X.b; // Generates initialization code

A.2.2  Accessing C++ Features Incrementally

Alternate keywords Use alternate keywords. Usgirtual , Operator , Private
_Protected , Public , Friend , Delete , and_Newinstead of the nor-
mal C++ keywords.

Anonymous unionsUse_Anonymous when you want an anonymous union. (In ANSI Standard
C, there is no such thing.) For example:

_Anonymous union { int a,b;};
int c=a+b; //aandb are visible

Within a_Class , you can useAnonymous, though it is not required; anony-
mous unions are accepted. Withtaict orunion , you must use
_Anonymous if that is what you want:
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_Class C{
union { int a,b;}; // OK, anonymous union
|3
struct s {
_Anonymous union { int a,b;};
/1 _Anonymous union
/I Without _Anonymous, this would be a
/I vacuous declaration, as in ANSI Standard C.
3
Overloadable Make functions overloadable. Functions not contained withidlass are
functions not overloadable by default. To make them overloadable, surround such
functions byextern  "C++"{... } . For example:

extern "C++"{
void f(){...}
void f( int ){..}
3

extern "C++" void f( float ){...};
This example declares three separate functions named

You must surround all declarations and déiomis of a functiorf with
extern "C++" forf to be overloadable. That s, you cannot have one decla-
ration that is not overloadable and subsequent declaratiorar¢hat

You might consider surrounding your whole program wittern "C++"
{.}

Functions contained within &lass are overloadable. You do not need to
surround the Class declaration withextern — "C++"{...}

Avoiding Use special syntax. You must employ the syntactic elemeiitifi several
ambiguities witt contexts to use certain C++ constructs that introduce parsing ambiguities or
“.. " difficulties in the language. The.“” prevents these ambiguities and allows
the programs to be parsed as Incremental C++ programs.

These are the contexts:

. Declaring aconst or volatile functon:

_Class s{
void f() .. const ;
3
void s::f() .. const {/* body */}
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. Using a function-style cast:

_Class s {s(); s( int ); };
s fnc( int i){ return i ?s..():s..(3);}

. Using the C++ parenthesized initializer:

_Class s{s( int );}
main () {

S X..(3);

}

. Supplying arguments teew after the type name:

_Class s{s( int )}
main () {
new s..(3);

}

void return type for Specify avoid return type. To avoid a parsing problem introduced by C++,
constructors you must specify aoid return type for constructors and for the definition of
destructors. You could use a name suchoas and#define it to bevoid :

#define Tor void

_Class s{
Tor s();
~s(); /I Tor is not needed here.
h

Tors:s(){...}

Tors:~s(){...}

This is necessary only when the constructor nameyiseaef name.
struct s andunion s do not introduce/pedef names, so you would not
needTor to specify their constructors:

struct s {
s(); /I OK
~s(); /I OK
|3

sus({...}

s:~s({..}
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A.3 C++ Features You Cannot Use in Incremental Mode

What can yownotdo in Incremental C++?

No typedef names You cannot usepedef names within structures:

in structures
_Class C{

_Class D{};
D *p; /I This works.
typedef enum  {red,white} color;
color *c; /I This does not work.
|3
Instead, move thgipedef out of the structure.

Avoid or redefine _Class names are introduced @gedef s, but their scope extends just as a

nested class name<C structure tag does. That is, the class name is not restricted to a class scope
in which it might appear. If you avoid nested classes this is not a problem. If
you use nested classes, the only problem is redefining the nested class name a

the global scope:

_Class C{
_Class D{}; //Disa typedef name.
3
/I D is still declared here, unlike full C++
int D; /Il This is an error in
/I Incremental C++.

Usetypedef for struct ,union , andenumtags do not becomegpedef s as they doin C++
struct , union ,  |f you want them to be/pedef s, usetypedef , asis common practice in C:

and enumtags
struct s{/*..*};

s*p; //Invalid in C and Incremental C++
typedef struct t{/*...*}t
t *p; /' Valid in C and Incremental C++

A.4  Moving from Incremental C++ to Full C++

Using macros to Minor syntactic changes are required to convert an Incremental C++ program

simplify migration to a full C++ program. You can make it easy to change the syntax by using

macros in your Incremental C++ programs. We recommend you use a set of
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#define s, such as the following, placing them in yourpro profile, or
including them in a suitable header file.

#if | cplusplus
/I Macros for Incremental C++:

#define Tor void
#define class _Class
#define virtual _Virtual
#define operator _Operator
#define private _Private
#define protected _Protected
#define public _Public
#define friend _Friend
#define delete _Delete
#define new _New
#define anonymous _Anonymous
#define inline _Inline
#define is
#define init
#else
#define Tor
#define is
#define init
#endif
Using macross andinit in place of. makes semantic sense, and they can
be#define d away for full C++:
_Class s{
void f()is const ;

s();

s( int );

I3
void s:f() is const {/* body */}
sfnc( int i) { return i ? sinit() : s init(3); }
s x init(3);
void *p = new s init(3);



B
High C/C++ Extensions

Thisappendixdescribes several language extensions that can improve the
readability and augment the functionality of your programs. To maintain
code portability, High C/C++ provides a macro that allows you to exclude the
extensions when necessary (see §BPr2defined Macro __HIGHC on

page 272).

B.1 Underscores in Numbers

Numbers — both floating-point and integer constants — can be written with
the character " among the digits. Generally, * takes the place of the

Englishcomma in numbers. For example:
1 000 _000 /I One million

B.2 Significant Characters in Identifiers

All characters in identifiers are significant.

B.3 Case Rangesin switch Statements

High C/C++ allows case ranges in theitch statement. Aase ranges the
extension:

case E1..E2:
where the meaning is equivalent to:

case E1. case El+1.: case E1+2:... case E2:
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For example:

switch  (Ch) {
case 'A'..’Z": Scan_id();

break ;
case '0.."9": Scan_number();
break ;
default Scan_delimiter();
break ;
} /I The last break is for safety,

/I in case the cases get reordered.

See also 8B.15..ANSI Preprocessor Numbers page 276.

B.4

Initializing Automatic Aggregates

High C/C++ permits automatic aggregates to be initialized with arbitrary non-
constant expressions, where ANSI Standard C restricts initialization lists to
constant expressions. The following is valid in High C/C++, bobtgper-

mitted in ANSI Standard C:

void fnc( int i){
int x [5] ={0,i, 2%, 4*, 8*i};

B.5 Reserved Word pragma
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In High C/C++,pragma is a reserved word. You cannot use the word

pragma as an identifier. Pragmas are used to direct the compiler when more
than one possibility is provide€dr an implementation-defined aspect of com-
pilation. Subsequent to High C/C++’s choicepafgma, the ANSI C com-
mittee chose‘pragma for the same purpose.

High C/C++ supportgpragma , and continues to suppantagma for com-
patibility. We suggest usingpragma for portability. However, ANSI's
#pragma cannot appear within macros, whereas High C/C#rdgma can,
so there is a definite advantageptagma .
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B.6 Named Parameter Association

Functions declared with parameter names can be called with the named
parameter association syntax of Ada. Such calls refer to the paraaetes
rather than theipositionsin the argument list, so that the order of actual
parameters is irrelevant.

The syntax is like that of a normal function call, except that each actual
parameter expression is preceded by the corresponding formal parameter
name followed by £>". For example:

typedef enum  {Red, Green, Blue} Color;
void P(int A, float B, ColorC, ColorD){...}...
P(C => Red, D => Blue, B => x*10.0, A =>y);

You can also start the function call usingsftional parameter notation and
then switch to named association as you add parameters from left to right.
However, you cannot switch back to positional notation for later parameters;
nor is any other variation allowed. Here is an example of valid parameter
notation:

void Plot(Xlo, Xhi, Ylo, Yhi, Xinc, Yinc)
float  Xlo, Xhi, Ylo, Yhi, Xinc, Yinc; {

Plot(Alo,Ahi,Blo*2.0,Bhi*2.0,Yinc=>y,Xinc=>f(x+2));

B.6.1 Named Parameter Syntax

The syntax for arguments to a function call is expanded from:

Zero or more
assignment expression
separated by commas

which is the normal “positional” form for ANSI Standard C, to also include:

Zero or more
assignment expression followed by a comma,
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followed by
one or more
identifier followed by => and an
assignment expression
separated by commas.

The effect is that there can be an initial portion of the argument list in the
positional form (a “positional gfix”"), followed by named-parameter associa-
tion form (“named parameter association suffix”).

Thus:
f(1, 2, 3, aa => x+y, bb => q);
is allowed, but:
f(1, 2, 3,aa=>x+y, bb=>q, 7, 8, 9);

is not.

B.6.2
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Constraints on Using Named Parameters

Any function called with named parameter association must specify the
names of all its arguments. For example, f( float g); can be called
this way, buint f( float ); orint f(); cannot.

The identifiers in a named parameter association form of call must collec-
tively be the names of those parameters to the called function whose values
are not supplied positionally. Values fdt parameters must be supplied
through either the positional prefix or through the named parameter associa-
tion suffix.

Given these constraints, you can transform the function call into a purely posi-
tionalform. Further constraints and semantics are then as if the arguments to
the call were thus transformed. For example, the calj)toin the first exam-

ple in this section can be transformed from:

P(C => Red, D => Blue, B => x*10,0, A =>y);
to:
P(y, x*10.0, Red, Blue);

and then the regular constraints and semantics of ANSI Standard C must be
obeyed for the transformed call.
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B.7 Nested Functions and Full-Function Variables

In High C/C++, functions can be defined within functions. Such funcioms
callednested This facility endows High C/C++ with an expressive power
found in Pascal.

B.7.1 Up-Level Referencing

In the body of a nested functiofn any name in a containing scope can be
used. That is, the body 6fcan use names local to other functions that con-
tain . This is calledup-level referencingnd any such names are said to be
up-level referencettom N. The single restriction is thedgister -class
variables cannot be up-level referenced.

Locals of enclosing You can achieve up-level referencing by making available & each call to
functions it, a way to reference the collection of locals of each of its enclosing func-
tions. These collections are together calledenvironment The functionP
immediately enclosingyis calledN's parent the next enclosing functio@its
grandparentand so on. The collection of locals of each function is called its
frame

Referencing the N's environment can be implemented by passing tat each call to it, a “hid-
enclosing function’s den” parameter that is a reference®®frame. If this is done for all func-
frame via gatic link  tions, Pwill have in its frame a similar hidden parameter that links d tand
so on out to the global level where functions do not need such a link. This is
called thestatic linkmethod of implementing up-level referencing, the
method of choice for best efficiency and optimization.

You cannot take theA major differencebetween nested functions and non-nested functions is that
address of a nestedhe address of a nested functigdoes not entirely capturés “value”: the
function environment is also required. In contrast, the address of a non-nested or glo-
bal functionGentirely captures its value, becauskas no parent and thus
needs no environment. The C notion of “pointer-to-function” is therefore suf-
ficient to capture the value afbut not that ofv,

Therefore High C/C++ disallows taking the address of a nested function, and,
where C assumes™ before any expression of type function, High C/C++
doesnot assume the&” if the expression is of a nested-function type.
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B.7.2 Full-Function Values

We refer to the combination of a function address and its environment as a
full-function value as opposed to just a “function address”.

All the capabilities associated with global functions, such as passing them as
parameters and storing their values into variables, are available for nested
functions, although new syntax is required.

I declaration A variable capable of holding a full-function value, and therefore the value of
a nested function, is declared as a function declaration would be, except that
“1 " follows the parenthesized formal parameter list. For example:

int  ffv()!;

In contrast, a ANSI Standard C variable capable of holding only a function
address is declared using the pointer syntax:

int  (*fa)();

ffv  can be called with the expressidfv(); ", but notwith “(*ffv)()
becausédfv isnot(just) a pointer.

Any nested function can be assignedfto. A global functionGcan be
assigned téfv by dereferencing ithecausesis transformed taGby the
compiler and must be dereferenced to obtain the full-function valGermit
justits address:iffy =* G ". The environment stored ifiv in such an
assignment is meaningless, singeeeds no environment. Upon calling the
value inffv , the environment is passeddobut G(indeed every global func-
tion) safely ignores it.

Passing neste Nested functions can be passed as parameters: the full value is passed. The
functions a: full-function value of a global function can be passed by dereferencing the
parameter: global function; the passed environment is meaningless.

An argument can be declared to be a full-function valuesinyg the new syn-
tax:

int  f(ffv) int  fivQ! { ... ffiv(); ..}

Function constants Only the names of function constants can be dereferenced to produce full-
function values. The dereference of a pointer to a function is immediately
converted back to an address by ANSI Standard C rules for function expres-
sion conversion.
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Calling a sort
function

Thus:
extern int sub();
main () {
it (*fa)();

int  Nested() {...}
main(*main); // Passes the full value of main
(*sub); /I Passes the full value of sub
main(*fa); // Passes fa, since *fa => &*fa = fa
main(Nested); // Passes the full value of Nested

}

This extension is compatible with ANSI Standard C, because the dereference
of an expression of type pointer-to-function is permitted only in the context of

an expression denoting a function to be called — for exampie)(} ;
but “(*fa)(*fa) " is not allowed in ANSI Standard C.

As an example of the use of full-function values, we present a call to a sort
function that takes as parameters two functions:

extern void Quick_sort(
int Lo, int Hi, int Compare( int a, int b)!,
void Swap( int a, int b)!
);
static  Sort_private_table() {
Entry Entries[100];
int Compare( int a, int b){
return Entries[a] < Entries[b];

}
void Swap( int a, int b){

Entry Temp = Entries[a];
Entries[a] = Entries[b]; Entries[b] = Temp;
}

Quick_sort(1,100,Compare,Swap);
}

HereCompare andSwap must be local t&ort_private _table because
the tableEntries  is local to that function. In ANSI Standard Etries
Compare, andSwap wouldhave be moved outside 8brt_private

table . This works fine in this simple case, busiirt_private_table

were recursive, you would have to explicitly manage a staéktoks
arrays to get the desired effect.
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Note: A stripped-down version of a practical Pascal program, trans-
lated into High C, is included in distributions of High C/C++
compilers. (The name of the fileasalyze.c .) This pro-
gram implements a graph traversal algorithm. If you think
ANSI Standard C function capabilities are adequate, read this
program and try to translate it to ANSI Standard C. Inthe years
since we issued this challenge, no one has taken it and suc-
ceeded.

Casting a full- You can cast any full-function value of one type to any full-function value of

function value another type in High C/C++, in concert with the ability to cast function
addresses in ANSI Standard C. Eh=of a full-function type can be taken
and is always greater than thieeof a function address, because the former
includes the environment.

Declaring full- The additional syntax required to permit the declaration of full-function types
function types follows, and is simply a repeat of the rules for ANSI Standard function syntax
except that " is allowed:

Declarator’

-> Extended_function_specification_declarator:
Declarator’ Parameters '!’;

Abstract_declarator’

-> Abstract_declarator’? Abstract_parameters '!’;

Declarator2’

-> Declarator2’ Parameters '!’;

B.7.3 Non-Local Labels

Outer labels art In High C/C++ a function label is visible to the function in which it is
visible to neste declared and to all of the descendants of that function. A label declared in a
functions descendant overrides the declaration of a label in an ancestor.

Jumping to an ancestor’s label is a valuable technique for easiinding a
computation deep in the throes of recursion. It is a disciplined form of C’s
setjimp /longjmp , and comes from Pascal.
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For example:

void Wind( void Callme()) {
void P( int Cnt){
if (!Cnt) Callme();
P(Cnt-1);
}
P(100);
}
void main () {
void Called() {
printf("%s%s","Called from deep within"
"recursion -- exiting.\n");

goto EXIT;
}
Wind(Called);
printf("l should not get here.\n"); return ;
EXIT:
printf("%s%s","Deep recursion unwound by"
"asingle goto .\n");
}

Heremain() invokes a procedun&ind() that causes local functiot() to
make 100 invocations of itself before calling functitailed() . Called()
disposes of all the invocations ®f) in one fell swoop by jumping to the
EXIT label.

The High C/C++ compiler emits the proper code to clean up the stack.

. Inlocally optimizing High C/C++ compilers, the operation is extremely
cheap — just a few instructions — but variables in the function contain-
ing theEXIT label cannot be allocated to registers.

. In globally optimizing High C/C++ compilers, each unwound sfaake
must be visited individually to do the unwinding so that register variables
can be used in theain() function.

Although this example might seem frivolous, there are serious uses of non-
local goto s in the High C/C++ compiler itself.
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B.8 Intrinsics

High C/C++ contains a set of so-called “intrinsic functions” that supply the
ability to takethe absolute value, minimum, and maximum of values of any
arithmetic type. Intrinsic functions do not need to be declared to be used.

B.9 Packed and Unpacked Structures

Whether High C/C++ aligns structure members by default is platform depen-
dent. Pragmalign_members causes alignment for any structure definition
occurring within any program region in which this pragma is active (see the
High C/C++ Programmer’s Guide for information about compiler pragmas
and toggles).

Alternatively, you can use the High C/C++ reserved woFdsked and
_Unpacked to specify alignment on a per-structure basis. For example:

_Packed struct { char c; int i}x;
/I Packed, as by default
_Unpacked struct { char c; int i}y;
/I Unpacked, not default
struct { char c; int i} z;// Unpacked, as by default
pragma Align_members(1);
struct { char c; int i} w;// Packed, as by default

WARNING: _Packed and_Unpacked are notimplemented for all target
platforms. See youREADMHile for information.

B.10 Near and Far Objects and Pointers

The notions of “near” and “far” are common extensions on architectures
whose instruction sets can use addresses of at least two different sizes.

Many objects are addressed relative to a default segment number. Far refer-
ences specify a non-default segment number in an address reference, and near
references specify use of a default segment rather than an otherwise-implied
non-default segment number.
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Here we do not discuss the specific semantics of near and far, because they
are architecture-dependent. Instead we describe the language rules governing
them. Consult theligh C/C++ Programmer’s Guide for a full description

of the semantics.

High C/C++ introduces the notions of near and far through two new reserved
words: Near and_Far . The placement ofNear and_Far follows the
same rules as those farnst andvolatile

B.10.1 Distance Attributes

Any type can beLike const andvolatile , any type can possess a near, far, or huge
near, far, or huge attribute. We call these attributéistance attributeand say that a type ds-
tance attributed In what follows, where we fer to the “near” attribute,
remember that it is denoted with the reserved wotear (similarly for far
and huge); if you prefer using the worehr itself, use#define near
_Near in your program, perhaps in the profile.pro

Avoid the An object with distance-attributeand typeT can be referred to as having
ambiguous term type X T, for example, Farint . A pointer to an object with distance-

“far pointer”  attributex and typeT can be referred to as having type pointer<to: for
example, “pointer-to-famt ". As with const andvolatile , we have seen
the imprecise term “far pointer” used to denote, most often, a pointer-to-far-
sometype . Less frequently it denotes a far-pointerstoretype . We avoid
“far pointer” altogether and use the maoeplicit “pointer-tofar-...” or “far-
pointe-to-...". With careful wording, English expressions of C attributed
types can be unambiguous. For example:

int i /I An int
int  *pi; /I A pointer-to- int
_Farint  fi Il A far- int
_Farint  *pfi; /I A pointer-to-far- int
int *_Far fpi = &i; /I A far-pointer-to- int
_Farint*_Far fpfi = &fi; /I A far-pointer-to-
/I far- int

_Farint  frff(); // A function returning a far- int
_Nearint  frni(); // A function returning a near- int
int*_Far fripi(); // A function returning

/I a far-pointer-to- int
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_Farint  *frpfi(); // A function returning a
/I a pointer-to-far- int

Attributes of Functions returning a distance-attributed type seem strange at first glance.
function return What does it mean to return a type with the “far” attribute? We have said that

types “far” can specify a different addressing mode for an object, but a returned

value is not an addressable object.

Rather than ignoring attributes of return types, High C/C++ interprets a func-
tion-returningx-type... as a reflection on the nature of the addressing mecha-
nism necessary to call the function, rather than as an implication about its
return type. For example, a function-returningifar- is really a “far func-
tion”-returningint .

In both the AMD Am29000 and Intel architectures, a funcéa@an call func-
tion Gthat has the “near” attribute onlyAfis within a certain addressing
range encompassing bo#tandgG if Ghad the “far” attribute it could be as far
away as the architecturally supported maximum instead. See the

High C/C++ Programmer’s Guide for details.

Return attributes Functionsrff , frni , andfrfpi  in the preceding example have attributed
affect the function, return types; the attribute is taken as affecting the function itself. But function
not the return type frpfi  doesnothave an attributed return type. Its return type is a pointer type

and the base type of the pointer type is that which is attributed. Therefore,
just adding the attribute at theftmost paition of a function declaration gen-
erally doesot cause attribution of the function. Placing the attribute nearest
to the function name achieves this effect. For example:

char *(* _Far F()();
_Farchar *(*G()(;

Fis a function returning a far-pointer-to-function-returning-pointecte-
and hence is interpreted as a far function returning a pointer-to-function-
returning-pointer-tazhar . Gis a function returning a pointer-to-function-
returning-pointer-to-fachar . Gitself is not attributed.

B.10.2
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Two typesT and T’ that are compatible in the normal sense are also compati-
ble if distance attributed. The same holds for assignment compatibility.
Pointer typesTand T’ that are normallassignment compatible are also
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assignment compatible if either of their base types is distance attributed.
However, when values of the two types “meet” in an expression (such as
assignment or comparison), conversion code might be requitedversion

is not required for the ABR0O0O0 architecture. For Intel architectures, assign-
ing a pointer-to-near to a pointer-to-far requires a conversion because the two
types are not the same size. SeeHlgl C/C++ Programmer’s Guide for

the semantics of the conversion.

For two function types, distance attributes figure just the same as the ANSI-
specified attributesonst andvolatile . Thus a function-returning-fam

is not compatible with a function-returning: . As a (complicated) exam-

ple, the cast below is necessary to assigm function variable-V:

char *(*  _Far (*FV)()();
char (¥ F 00
FvV=( char *(* _Far (0)0) F;

Here the cast converts the address tf the same type as that@f. For

Intel architectures, code is added to convert the representation of the address
of Fto a value having the same size as thaws type. On other architec-

tures such as thetm29000, the distance attribute does not affect the address
size and so no conversion code is generated.

Explicit casts of pointer types can also cause conversion code to ratgene
where the base types have different distance attributes.

B.11 Differences Between High C Syntax and Others

To implement distance attributes, we use the well-studied and thoroughly
tested ANSI syntax fotonst andvolatile . Microsoft C introduces new
syntax instead. In Microsoft C, far and near appear in the declarator portion
of the syntax and modify the declarator to the right, in their own words. Thus
Microsoft C will not accept:

far int X;
but instead requires:

int far X;
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This is parsed as:

Specifier Declarator

int far X

High C/C++ accepts either. They are both parsed as:

Specifier Declarator
_Farint X
int_Far X

Microsoft C and High C/C++ syntax are incompatible when the declarator
involves both I&- and right-associative operators. For example, in High C/
C++ declare a pointer to a far function with:

_Farvoid  (*)();

Here the function pointer returns a “far void” type, which causes the function
itself to be regarded as far, and its return simply as “void”. Microsoft C
requires:

void ( far *)();

wherefar modifies the declaratef . The High C/C++ solution is better
because it avoids introducing the notion of “modified declarator,” a notion
that is not in the language. Instead, we use the existing ANSI-specified rules
for the placement afonst andvolatile

B.12 Predefined Macro = HIGHC
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This macro is predefined to he(one) for all implementations of High C/
C++, unless you are compiling in ANSI mode. You can uselGHC__ to
exclude code that depends upon non-ANSI-supported features of
High C/C++.
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B.13 Calling-Convention Attribute Specified with
Function Declaration

In addition to the normal High C/C++ way of using the calling-convention
pragma, we have introduced a new calling-convention specificajiatax

that makes it easier to compile programs acceptable to Microsoft C — specif-
ically, Windows applications, which contain lots of mixed-model program-
ming.

The syntactic construct:

_CCc(B

whereE s an arbitrary expression, is permitted whamest , volatile
_Near, and_Far are permitted.E must be a calling-convention expression,
of the same sort permitted in tBalling_convention pragma. For exam-
ple:

_CC(_CALLEE_POPS_STACK | _SAVE_REGS)

specifies the Microsoft Pascal calling convention: the calta®s thestack,
non-volatile registers are saved if the routine uses them, and parameters are
pushed from left to right (right to left requires ttREVERSE_PARMS

attribute).

The return type of a function, if it hagC attributes, reflects those attributes
to the function being defined. For example:

#define MSPASCAL _CC(_CALLEE_POPS_STACK | _SAVE_REGS)
int_Far MSPASCAL f() {...}

f is a function returning a “faiht with calling convention CALLEE_
POPS_STACK|_SAVE_REGS. The attributes of the return type reflect back
onto the function being defined, sads really a “far function having calling
convention CALLEE_POPS_STACK | _SAVE_REGSand returning aimt ”.

Multiple _CC(...) specifications can appear in a single declaration; the
effect of_CC(el) _CC(e2) isthe same as that o€C(el | e2)

There is a restriction: theCCsyntax applies only in the presence of a function
declarator.
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Caveat

The following doeshot work:
typedef MSPASCAL x;
x f();

The MSPASCALS lost.

The set of CCattributes is cumulative in the specifiers. That is, if more than
one_CCis specified, the final convention is the bit-wise OR of all the constit-
uents. A calling-convention specified bg Ccompletely overridethat given

by a calling-convention pragma.

The calling convention present on aldeation of a function overrides the
convention present on a subsequent definition, withoytwarning from the
compiler. Thus, in:

void MSPASCAL f();

void f(){...}
f will have theMSPASCAIcalling-convention. In:
void f();

void MSPASCALf(){ ...}
f will nothave theMSPASCAIcalling-convention.

B.13.1 Kaniji Support

Double-byte Kanji The High C/C++ compilesupports double-byte Kargharacters in C strings.
characters Kanji support requires 6K more memory to read alternate scan taliies.

High C Library, especially the string functions, do@ssupport Kaniji.

The Kanji support consists of a different interpretation of a C string. In read-
ing a C string from left to right, any occurrence of a charactén the range
0x80..0x9f  or0xe0..0xfc  is considered to be the first character of a two-
byte Kaniji character. The character that followsC1 is taken without inter-
pretation. Thus2 could be\ , without confusing it with the standard C
escape sequence.

Japanese versusThis method of Kaniji support isde factoJapanese standard. The ANSI
ANSI Standard Standard dictates that character strings of the formxx" denote multi-
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TheHigh C/C++ Programmer’s Guide discusses compiler optiofer Kanji
support.

B.14 shortenum and long enum

In High C/C++, you can use the adjectigésrt andlong in declarations of
enum types. The former indicates that the enumeration type should use as lit-
tle space as possible. The latter indicates that the enumeraticshtyydd

have size equal tazeof (int ). The former case is the default unless over-
ridden by the toggleong_enums (see theédigh C/C++ Programmer’s

Guide for information about compiler toggles). For example:

short enum se {red,white,blue}; // sizeof ==
long enum le {alpha,beta,gammay};// sizeof ==
/I sizeof  (int )

B.15 Arbitrary Base for Numbers

In High C/C++, you can specify any base (radix) frotfone) to16 for an
integer constant, wheas ANSI Standard C supports only octal, decimal, and
hexadecimal integer constants.

Switching to a new Preprocessor numbers allow High C/C++ to recognize a second or latar
base number beginning withx as a switch to a new base for interpreting the val-
ues after the. The currently evaluated number becomes the value for the
new base. In this way you can specify binary numbers or any other base up to
16 in High C/C++:

Oxfffe /I As usual

0x2x1001  // Decimal 9 (binary number)

0x2x1001x20 // Base 9 number with value 18
/I (20 base 9)

Ox10xfffe  // Same as Oxfffe since 0x10 is 16
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B.15.1 ANSI Preprocessor Numbers

When ANSI Standard @reprocessor numbesgere implemented in High C
the lexical syntax for a number changed to:

''2 Digit (Letter|Digit] | (e’ E))(+]-))*

This means, for example, thiatnd3.3.f.e+e- are both valid preprocessor
numbers.

Using token pasting Preprocessor numbers allow you to construct numbers out of their constitu-

to construct ents with token pastindor example, pastinge to 10 results in the floating-
numbers point numbeBel10 (see §4.4Concatenatioh After all preprocessing is

done the compiler diagnoses any preprocessor numbers that are not valid
numbers; so the.3.f.e+e- example given above will be diagnosed if it is

not removed from the token stream during preprocessing, either by simple
deletion or by converting it to a string.

Range syntax Preprocessor numbers invalidate the High C/C++ extensidhat has been
not allowed present in High C/C++ since its inception. For examples 3..5:  is now

a single case with the val@e5 , which is a valid preprocessor number but
an invalid number. Therefore, to protect the originakxtension, High C/
C++ does not allow. in a preprocessor number except when compiling in
ANSI mode.

This extension is disabled when you compile in ANSI mode.

B.15.2 Preprocessor Directives #assert and #unassert
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Preprocessor directiveassert allows you to associate a value with a name
that you can subsequently reference #if a statement, withowtffecting the
namespace of macros. You use#hssert statement to define@edicate

(a preprocessor construct) by associating with it a token sequence:

#assert  predicate (token _sequence )
For example:

#assert machine(386i)
#assert os(unix)
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You test for the assertion as follows:
#if # predicate (token_sequence )

For example:

#|f #machine(386i) && #os(unix)
#endif
To remove all assertions against a predicate:
#unassert  predicate
To remove a single assertion:
#assert  predicate (token _sequence )

#assert and#unassert are supported in all globally optimizing High C
compilers; however, they are considered useful only on UNIX System V
Release 4.
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Thisappendixdescribes a powerful language construct calleideaator.

Iterators allow you to express some computations more naturally, by virtue of
recursion. They can make your code easier to maintain, because there are
fewer places where code must be modified if there is a design change.

C.1 What Is an lterator?

An iterator is a new kind of function that supplies values forfthe vari-
able(s) of arnterator-drivenfor loop. Thefor loop body is executed each
time the iterator produces value(s) for the variable(s) via a new pre-
defined functioryield() . Recursion is possible with iterators because the
function that drives théor loop does not have to return.

Benefits of iterators The major benefit of iterators and iterator-driven loops is that the algo-
rithm to determine the values of the variables for each loop iteration is
defined separately in an “iterator” rather than being exposed in the ANSI
Standard Gor -loop construct itself. The iterator can be invoked in many
suchfor loops.

Change data accesdf you use iterator-drivefor loops to access the elements of a data structure,
without changing iterators allow you to change the implementation of the data tithewt
loop code changing the implementation of the loops.

. With an iterator, eactor loop is driven by an independently specified
computation that can maintain its environment across invocations of the
loop.

. Without an iteratorthe syntax accessing the structurag&de eachfor
loop; and thexfore eaclior loop must be modified, because the loops
contain code specific to the data structure.

Origin of iterators Iterators originated in CLU, a programming language from MIT that was
designed to promote the use of abstractions in program construction. Iterators
and iterator-driverior loops are not part of ANSI Standard C. They have
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been made available in High C/C++ because they help programmers produce
readable, easily modified code.

C.2 How Do lterators Work?

In ANSI Standard C you might write:
int i
for (i=1;i<=10;i++)
printf("%d squared is %d\n",i,i*);
Here is how you could write this loop using an iterator:

void Upto( int Lo, int Hi)->( int ){

int i=Lo;
while (i <= Hi) yield(i++);
}
for i<-Upto(1,10) do

printf("%d squared is %d\n",i,i*));

The sequencing from one number to anoth€ofie) through 0 in this exam-
ple) is programmed once in thipto iterator. The syntafor i<-
Upto(1,10)  “starts” the iteration.

Predefined function Each time the iteratdspto calls the predefined functiomeld()  with a
yield  value, that value is substituted foin the body of théor loop, and the body
is executed. When execution of the body is finished, control is returned to a
point immediately aftetheyield() = andUpto continues itsvhile state-
ment.

Each call tojield()  causes thér -loop body to be executed once. When
Upto is finishedyield ing, it returns just like a regular C function, and the
invocation ofUpto (and therefore thiar loop itself) is complete. Control
then passes to the statement afterfdheloop.

Special iterator The syntax>( int ) in the header of the iterator definition is the only thing
syntax->  that distinguishes it from@ormal function. After the> appears a prototype-
form parameter list specifying the type(s) of the resudtsl ed by the itera-
tor (more on multiplgield s later). HereJpto yield s anint — one for
each execution of thfer -loop body. Within the definition of arterator, the
predefined functionield()  is defined.Outsidean iterator you can use the
nameyield()  for any other purpose.
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C.3 Some Uses for Iterators

This section presents some programming situations where you might want to
consider using iterators instead of regtitar loops, and introduces a few of
the programming problems that can be solved with iterators.

Iterating over the Although iterators are quite general, they are probably most useful for iterat-

elements of a seting over each element in some set. The set is often the entire contents of some
data structure, but can be restricted to those elements in a data structure that
meet certain contions. The set might not be stored in a data structure at all;
for example, an iterator could be used to provide the prime numbers up to 100
by computing angield ing them.

List processing Here is a loop that processes each elementigt:a |

for e <- each_element(list) do {
... Il Process element e

}

In the loope is the singléor variable. Each time through the lo@pis

given a value yielded by the iteratarch_element . (In this case, we would
expecte to have a different value each time through the loop, but this is not
always so.)e is really a parameter to the loop body. It is not visible outside
the loop body and is instantiated anew each time through the loop. Assuming
the following declaration of asiement :

typedef struct element {
... 1 Some data
struct  element *next;
} *element;

the iteratorach_element might look like this:

void each_element(element e) -> (element) {
while (e '=0){

yield(e);
e = e->next;
}

}

Each time the predefined functigield()  is called, control passes to the
for loop thatinvokeatach_element . Thefor variableslement takes on
the current value of for that pass through the loop body. At the bottom of
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thefor loop, control returns teach_element at the statement following
the call toyield()

Changing the Suppose in some program you make heavy use of a sorted linked list. If you
implementation of awant to speed up your code, you might replace the list with a binary tree. That
data type would mean not only replacing the code tinaplementshe list (the insert,
delete, and sort functions, for example) but also finding all the places in the
program where the list gettsaversed You would need to replace all the
loops that are some variation on:

for (listptr = head; listptr = NULL;
listptr = listptr->next) {
... II'Uses list element

}

You might traverse the list several places in your program, and you would
have to change them all. On the other hand, if you use an iterator, you would
still have to replace the code thaplementghe list, but you would not have

to touch the code thaétaverseshe list. Your loops would look something

like this (both before and after you changed over to a binary tree):

for listptr <- traverse_list(head) do {
... /' Uses list element

}

Traversing a tree A for loop is a natural way to conceptualize getiagh item in a data struc-
ture. You might write pseudo-code for some loop that processes every node
in a tree, such as:

for each node in tree {
... Il Processes node

}

However, when you actually write such a loop in C, you would probably not
use dor loop. Trees are naturally traversed recursively, anddC’sloop
construct cannot naturally express a recursive computation. However, a High
C/C++ iterator-driverior loop can express recursive computations as easily
as any other kind; the resulting code looks almost identical to the pseudo-
code:

for n <- each_node(tree) do {
... Il Processes n

}
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The iteratoreach_node can be recursive. Thus, a recursive algorithm can
easily be used to generate values for variables.

C.4 Recursion and Code Clarity

Iterating through In the list-traversal examples in 8CSome Uses for Iteratomn page 281,
the nodes of ayou might complain that all we have done is make nice, straightforiward
binary tree |oops complicated. (We have done more than that:thevist implementa-
tion can be changed without changing fibre loops.) But consider a differ-
ent problem: iterate through the nodes of a binary tree, where the tree is
implemented using a data structure that for each Rddes a pointer to the
left and right subtrees of

A recursive tree The obvous way to obtain the nodes of such a tree is by a simple recursive
walk tree walk. However, this is not possible using ANSI Standaird Qoops.
Imagine having to translate the following pseudo-code into C:

Process the tree:
do some stuff to the tree
for each node in the tree
print the node
do some other stuff to the tree

Because you cannot uséoa loop to get the nodes of the tree, yoouhd
probably package the node-printing process into a routine and pass that rou-
tine to be executed by a tree-walking routine:

typedef struct node {
... [l Some data
struct  node *Left, *Right;
/I Left and right subtrees
} *Node;
void Print_node(Node N) {
printf("Node is ");
... I/ Code to print a Node
}
void Each_node(Node N, void Doit_toit(Node N)) {
if (N==0) return ;
Each_node(N->Left, Doit_toit);

283



Recursion and Code Clarity High C/C++ Language Reference

Doit_toit(N);
Each_node(N->Right, Doit_toit);
}

Process_the_tree(Node Root) {

... /I Does some stuff to the tree
Each_node(Root, Print_node);
... /I Does some other stuff to the tree

}

Rearranging the computation this way allows the recursive tree walk to occur,
but there is a cost: the simgte loop in the pseudo-code clearly expresses
that a computation is being done on each element of the tree data structure;
this is no longer as apparent in the bodyafcess the tree

To find out what is being done you now have to loakside

Process_the tree ,inPrint_node . In this simple example, the choice of
good names assists a great deal in promoting understanding of the code, but
when dealing with real problems, the code is more complex and the names are
usually not perfectly explanatory.

Using iterators for Here is a solution to the same problem, using iterators:

the t Ik
€ tree wd void Each_node(Node N) -> (Node) {
if (N==0) return ;
/I Walks the subtrees

for L <- Each_node(N->Left) do yield(L);
yield(N);
for R <- Each_node(N->Right) do yield(R);

}

Process_the_tree(Node Root) {
... [l Does some stuff to the tree
for Node <- Each_node(Root) do {
printf("Node is ");
... I/ Code to print a Node
}

... I/ Does some other stuff to the tree

}

Notice that the code fdtrocess_the tree mirrors the pseudo-code

extremely closely, yet unlike the ANSI Standard C version, the algorithm that
determines the successive valuesiofie in thefor -loop body isrecursive

This is a major increase in expressive power. We are not claiming an increase
in computational power. C is already Turing-machine equivalent. We are
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claiming that algorithms can be expressed in a more natural fashion, making
the code easier to write, understand, and modify.

The body oftach_node is not very elegant (or efficient) as written. The
recursive calls do nothing but yé&=id  a result alreadyield ed at a deeper
level of recursion.

Functions nested Using nested functions (another High C/C++ extension) and the fact that calls
within iterators toyield()  can occur within functions nestedtkin iterators, we can pro-
duce an elegant version:

void Each_node(Node N) -> (Node) {
void P(Node N){
if (N==0) return ;

/l Walk the subtrees.
P(N->Left);
yield(N);
P(N->Right);
}

P(N);

}

Let the compiler do Work done by thggrogrammerin the ANSI Standard C version — packaging
the work the body of the pseudo-cotte loop as a function — is done instead by the
High C/C++compilerin the iterator version. This is appropriate; after all,
compilers were invented to promote more easily understandable and modifi-
able languages. Why make a programmer do what the compiler can do?

C.5 Replacing Macros with Iterators

Another place an iterator can be gainfully used is when the iteration algo-
rithm, although not recursive, is complex. Often in this circumstance you
would design a macro to make up for the shortcomings of the Goop.

Sequencing Consider the following example, taken from the High C/C++ compiler. The
through problem is to sequence through the objects that overlap a given ahjeict
overlapping objects memory. Prior to the addition of iterators, a macro was required to simulate
the iteration.
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#define for_each_overlapping_object(o,obj,p){\
struct obj_entry * op = &objtab[obj];\
obj_class_type class = op->class;\

long _len=_op->len;\
long  _disp = _op->disp;\
ushort _word = _op->un.word;\

bool is_deref = (ea_DEREF & _op->flags) != 0;\
bool is_adr = ((ea_ADR|ea_GLOBAL)
& _op->flags)!= 0;\
register struct obj_entry *p; int o;\
for  (0o=1,p=objtab+1;0<=last_object;o++,p++){\
if (is_deref && \
((p->flags&ea_DEREF) |\
(p->flags&(ea_ADR|ea_GLOBAL))!=0 &&\
p->xlen >= _op->xlen &&\
_op->disp < p->xlen)||\
is_adr && (p->flags&ea_DEREF)!=0 &&\
p->xlen<= _op->xlen|| \
p->class == _class &&\
(p->un.word == _word ||\
(p->flags&_op->flags&ea_TEMP)) &&\
(p->disp<=_disp && p->disp+p->len > ||\
_disp+_len > p->disp && _disp < p->disp)){

obj_class_type is defined elsewhere; due to data abstraction, in the pre-
ceding example you do not need to know exactly whatartlass_type

is. Given ambject_index , the macro in the example iterates over each
object overlapping with thatbject_index . The macro is invoked as fol-
lows:

object_index obj;
for_each_overlapping_object(o,0bj,p)

do things with o andp...
1} /I Required to match {'s in macro

The#define defines the variablesandp whose names are arguments to the
macro.

Reducing With this approach, an enormous amount of code is reproduced each time the
maintenance {smd macro is invoked; and every time a change is made to the macro, every mod-
code size yle where it appears must be recompiled. An iterator requires much less
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maintenance: when a change is made, only the iterator itself needs be recom-
piled, not its “client’for loops.

Improved type Another advantage is that the iterator can declare the types of its parameter
checking andyield ed results, providing improved type checking at the iterator invoca-
tion. The followingexample shows the same routine implemented as an iter-

ator:

void Each_overlapping_object(object_index obj)
> ( int o, struct obj_entry *p) {
struct obj_entry * op = &objtab[obj];
obj_class_type _class = _op->class;

long _len=_op->len;
long _disp = _op->disp;
ushort _word = _op->un.word;

bool is_deref = (ea_DEREF & _op->flags) != 0;
bool is_adr = ((ea_ADR|ea_GLOBAL) & _op->flags)
1= 0;
register struct obj_entry *p; int o;
for (o=1,p=objtab+1;0<=last_object;o++,p++){
if (is_deref &&

((p->flags&ea_DEREF) ||
(p->flags&(ea_ADR|ea_GLOBAL))!=0 &&
p->xlen >= _op->xlen &&

_op->disp < p->xlen)||
is_adr && (p->flags&ea_DEREF)!=0 &&
p->xlen<= _op->xlen||
p->class == _class &&

(p->un.word == _word ||

(p->flags&_op->flags&ea TEMP)) &&

(p->disp<=_disp && p->disp+p->len >_disp ||

_disp+_len > p->disp && _disp < p->disp)) {

yield(o,p);
}
}
}

The iterator in this example is invoked as follows:

object_index obj;

for o,p <- Each_overlapping_object(obj) do
do things with o andp...
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The iteratoryield stworesults for each execution of tle -loop body: the
int o and thestruct obj_entry *p

C.6 Iterator Syntax and Constraints

To invoke an iterator forn for variables, write:

for Nameq,Names, ... Name ,<-I(E 41Ejy..E ) do
/I Body of for loop, using the Name i

Iterators yield one or more values. The declarative syntax for both the iterator
input arguments andeld()  types follows that of the input arguments to
normal functions. An iterator is declared as follows:

void I( Formal_parameter_listl ) ->
( Formal _parameter_list2 ) {
/I Body of iterator, with calls to yield

C6.1 Arguments to Iterators

Prototype syntax is The iterator’'sFormal_parameter _list1 has exactly the same constraints
required and semantics as the formal parameter list of other functions, except that we
additionally require that this list usee ANSI Standard @rototype syntax.
Old-style C function parameter declarati@me not permitted. When the iter-
ator is invoked in @&r loop, the expressions passed to it must satisfy the
same constraints as those of expressions passed to a function, given the same
parameter list, and the parameters are passed in the same ways.

The Formal_parameter_list2 must also use the ANSI Standard C proto-
type syntax. Here, however, the names of the parameters can be omitted, just
as they can be omitted when a function is declared but not defined.

The yield list The Formal _parameter_list2 is called theyield list Thefor variables
of a for loop that invokes the iterator take on values of the types specified in
the yield list, respectively. The iterator supplies the values through a call to
the functionyield()  which is defined in the body of each iterator:

yieldE 1,E,, ...E )
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where the following constraint must be satisfied:

If void vyield( Formal parameter_list2 ); is a valid function dec-
laration, theryield(E {,E,,...E ); mustbe a valid call to that
function.

Using name: Alternatively, the syntax of High C/C++'s named parameter association can
parametert be employed to yield the values, just as in a function call. The
Formal_parameter_list2 must contain the names of the parameters (see
8B.6:Named Parameter Associatiom page 261). However, even if that
notation is not used, it is useful to name the “yield parameters” for the sake of
documentation.

Specifying a Like other functions, iterators can use the notation to specify that they
variable number of can take a variable number of arguments. yidig()  formal-parameter list
arguments can also use. , requiring the use of thex_arg macros within théor -loop
body to access the remainder of the expoesyield ed.

C.6.2 Predefined Function vyield()

Because the typeseld ed by an iterator are described by a
Formal_parameter_list , there is no restriction on the types except that

they must be types that can be passed to a normal function. Thus, an iterator
canyield integers, structures, functions, and even iterators. An iterator that
computes the strongly connected components of a graph and an example of its
use are provided in High C/C++ distributions in filealyze.c ; this itera-

tor’'s yield is itself an iterator that yields one set of strongly connected compo-
nents. No one has yet accepted our challenge to rewrite this example in ANSI
Standard C.

C.7 Semantics of Iterators

Each time an iterator executegi@d()  statement, the body of the loop

is executed with its! for  variable assuming the value of iH8 expression
yield ed, foralll <=i<=m . When the iterator returns (just as a function
can return), théor loop is terminated. Areak orgoto from thefor -loop
body also terminates the iteration.
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The semantics of iterators afud loops that invoke them can be specified
precisely in terms of an implementation using nested functions, as follows.

for loops are The compiler bundles up the body of each iterator-driwenloop and turns
bundled as it into a function. Each so-bundled function is passed as an extra parameter to
functions and the jterator; the iterator is called once frer loop and receives as a para-
passed to the meter the function that used to be Huly of thator loop. Each call to
lterator viejd()  within the iterator is translated to a call to the function that is its
extra parameter.

More formally, the meaning of:

void I( Formal_parameter_listl ) ->
( Formal _parameter_list2 );
/I Calls to yield in here

and:

for Nameq,Name,,...Name ,<-I(E E,..E ) do
Il for -loop body here

is precisely the same as the meaning of:

void I( void vyield(  Formal _parameter_list2 )",
Formal_parameter_listl ) {
/I Calls to yield in here

and:

{// Would-be for loop
void For_loop_body(  Formal parameter_list3 ) {
Il for -loop body here

}
I(For_loop_body,E 1LEo . E )

}
whereFormal _parameter_list3 is Formal _parameter_list2 but

with the nameslame, Name ,,...Name |, replacing the parameter names (if
given) inFormal _parameter_list2

The calls tojield()  in the iterator become calls to function's function
parameter namegdeld — the syntax is the same in both cases. Also, the
for -loop body is made into a function and passed as an “extra” first parame-
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ter to the function . Calling function is what starts the loop;s return ter-
minates the loop, barringoato out of the loop body.

It is the function per sethat does the iterating. That can occur via a con-
tained loop, or by calling itself recursively as it traverses some data struc-
ture, for example. Each time it wants to “yield” something taidhe-loop

body, it does so by calling itéeld  parameter and passing the value(s) of the
for variable(s) to the next iteration of the loop.

Use! to pass a The! declaration guarantees we can pass a nested (non-global) function to the
nested function as ajterator. Because ther loop is guaranteed to lie within a function, the

parameter for -loop body, when transformed into a function, is guaranteed to be a nested
function. For example:

void Primes( int Lo, int Hi)->( int ThePrime) {
/l We named the yield result.
/I Yields the primes in the interval Lo..Hi
int 1,J;
extern double sgrt(  double );
for (I=Lo;l<=Hi; I++){
/I Asks if we can divide | evenly:
for (J=2;J<=sqrt(l); J++)

it ((113)*3==1) goto Composite;
yield(l); /l'l'is prime.
Composite: ;
}
}

for 1 <- Primes(1,100)
do printf("%d is prime.\n",1);
This example has the same semantics as the falipw
void Primes( void vyield( int ThePrime)!,
int Lo, int Hi){
/I Yields the primes in the interval Lo..Hi
int 1,J;
extern double sgrt(  double );
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for (I=Lo; | <=Hi; I++){
/I Ask if we can divide | evenly:
for (J=2;J<=sqgrt(l); J++)
it ((113)*3==1) goto Composite;
yield(l); /l'lis prime.
Composite: ;
}
}

{
void For_loop_body(int ) {
printf("%d is prime.\n",1);
}
Primes(For_loop_body,1,100);

}

C.8 Advantages and Disadvantages of Iterators

You must balance the advantages of reusable code and lower maintenance
against the reduced execution speed that can result from using iterators.

Reusable code The major benefit of iterators is that the algorithm to determine the values of
thefor variables for each loop iteration is defined separately in the iterator.
Unlike the ANSI Standard @r loop, the iterator can do an arbitrary amount
of computation and can automatically maintain its environment across passes
through the body of the loop, because it suspends rather than returns when it
provides the loop body with values.

Once an iterator is written, it can be invoked by as many loops as desired
without repeating the code that provides the values used within the loop (as
compared with using many copies of standard loops, which involve
repeating the code for each loop).

Information hiding The structured-programming tetimformation hidingrefers to placing infor-
mation only where it is needed, and keeping information from where it is not
needed. Information hiding promotes better and more easily maintained pro-
grams, and reduces recompilation of modified programs. Iterators promote
information hiding.
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For example, in a module implementing a tree data type, you might want to
hide all the details of traversing trees within functions defined in that module.
In ANSI Standard C, however, traversing the tree generally means exposing
the tree data structure in afty loop sequencing through nodes of the tree.
Instead, you can use iterators to localize the sequencing techniques and their
required data-structure access to within the tree module itselffoiThiwop

only needs to invoke an appropriate iterator and does not need to be con-
cerned with the representation of trees.

Execution overheadThe major drawback of iterators is that they are slow, compared to standard
for loops, because they involve the overhead of function calls. Speed is lost
by placing the computation of the iteration in a separate function. A loop that
executes times involves1+1 function calls related to loop overhead. The
speed loss occurs not only due to the function linkage but also because the
body of thefor loop becomes a nested function, and any variables in the
body’s parent accessed from the body cannot reside in high-speed machine
registers, due to the current state of optimizer technology. For example:

int Sum =0;
for 1 <-Upto(1,10) do
Sum +=1;

printf("Sum of 1 to 10 is %d\n", Sum);
This is implemented as:

int Sum =0;

void Body( int ) {Sum +=1;}
Upto(Body,1,10);

printf("Sum of 1 to 10 is %d\n", Sum);

Here,Sumcannot reside in a register because it is accessed from nested func-
tionBody. Thus all accesses smmwill be slowed. Therefore, if extreme

speed is required, do not use iterators, especially for simpléoops where

the iteration algorithm is simple and there is no need for “hiding” it away in
one place in an iterator.
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