Open Watcom C++

Class Library Reference

Version 1.8

Uien Watcom



Notice of Copyright

Copyright O 2002-2008 the Open Watcom Contributors. Portions Copyright O 1984-2002 Sybase, Inc.
and its subsidiaries. All rights reserved.

Any part of this publication may be reproduced, transmitted, or translated in any form or by any means,
electronic, mechanical, manual, optical, or otherwise, without the prior written permission of anyone.

For more information please visit http://www.openwatcom.org/



Preface

Open Watcom C++ is an implementation of the C++ programming language. In addition to the C++ draft
standard, the compiler supports numerous extensions for the PC environment.

This manual describes the Open Watcom C++ Class Libraries for DOS, Windows 3.x, Windows NT,
Windows 95, 16-bit OS/2 1.x, 32-bit OS2, and QNX. It includes a String Class, a Complex Class,
Container Classes, and an 1/O Stream hierarchy of classes. The Container classes include a set of intrusive,
value and pointer list classes with their associated iterators.

This book was produced with the Open Watcom GML electronic publishing system, a software tool
developed by WATCOM. In this system, writers use an ASCI| text editor to create source files containing
text annotated with tags. These tags label the structural elements of the document, such as chapters,
sections, paragraphs, and lists. The Open Watcom GML software, which runs on avariety of operating
systems, interprets the tags to format the text into a form such as you see here. Writers can produce output
for avariety of printers, including laser printers, using separately specified layout directives for such things
as font selection, column width and height, number of columns, etc. The result istype-set quality copy
containing integrated text and graphics.

July, 1997.

Trademarks Used in this Manual

IBM isaregistered trademark and OS/2 is atrademark of International Business Machines Corp.

Microsoft is aregistered trademark of Microsoft Corp. Windows, Windows NT and Windows 95 are
trademarks of Microsoft Corp.

ONX isaregistered trademark of QNX Software Systems Ltd.

WATCOM is atrademark of Sybase, Inc. and its subsidiaries.
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1 Header Files

The following header files are supplied with the Open Watcom C++ library. When aclass or function from
thelibrary isused in a source file the related header file should be included in that source file. The header
files can be included multiple times and in any order with no ill effect.

The facilities of the C standard library can be used in C++ programs by including the appropriate "cname"
header. Inthat case al of the C standard library functions are in namespace st d. For example, to use
function st d: : pri nt f oneshould include the header cstdio. Note that the cname headers declarein the
global namespace any non-standard names they contain as extensions. It isalso possibleto includein a
C++ program the same headers used by C programs. |n that case, the standard functions are in both the
global namespace as well asin namespace st d.

Some of C++ standard library headers described below come in aform with a .h extension and in aform
without an extension. The extensionless headers declare their library classes and functions in namespace

st d. Theheaderswith a.h extension declare their library classes and functions in both the global
namespace and in namespace st d. Such headers are provided as a convenience and for compatibility with
legacy code. Programsthat intend to conform to Standard C++ should use the extensionless headers to
access the facilities of the C++ standard library.

Certain headers defined by Standard C++ have names that are longer than the 8.3 limit imposed by the
FAT16 filesystem. Such headers are provided with names that are truncated to eight characters so they can
be used with the DOS host. However, one can still refer to them in #include directives using their full
names as defined by the standard. If the Open Watcom C++ compiler is unable to open a header with the
long name, it will truncate the name and try again.

The Open Watcom C++ library contains some components that were developed before C++ was
standardized. These legacy components continue to be supported and are described in this documentation.

The header files are all located in the \ WATCOM H directory.

algorithm (algorith) This header file defines the standard algorithm templates.

complex This header file definesthe st d: : conpl ex class template and related function templ ates.
Thistemplate can be instantiated for the three different floating point types. It can be used
to represent complex numbers and to perform complex arithmetic.

complex.h This header file defines the legacy Conpl ex class. Thisclassisused to represent complex
numbers and to perform complex arithmetic. The class defined in this header is not the
Standard C++ st d: : conpl ex classtemplate.

exception/exception.h (exceptio/exceptio.h) This header file defines components to be used with the
exception handling mechanism. It defines the base class of the standard exception

hierarchy.

functional (function) This header file defines the standard functional templates. Thisincludes the functors
and binders described by Standard C++.

Header Files 3
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fstream/fstream.h This header file definesthe fi | ebuf , f st r eanbase, i f st r eam of st r eam and
f st reamclasses. These classes are used to perform C++ file input and output operations.
The various class members are declared and inline member functions for the classes are
defined.

generic.h This header fileis part of the macro support required to implement generic containers prior
to the introduction of templatesin the C++ language. It is retained for backwards
compatibility.

iomanip/iomanip.h This header file defines the parameterized manipulators.
iogios.h This header file definesthe class i 0s that is used as abase of the other iostream classes.

iosfwd/iosfwd.h This header file provides forward declarations of the iostream classes. It should be used in
cases where the full class definitions are not needed but where one still wants to declare
pointers or references to iostream related objects. Typically this occursin a header for
another class that wants to provide overloaded inserter or extractor operators. By including
i osfwd instead of i ost r eam(for example), compilation speed can be improved because
less material must be processed by the compiler.

Note that including i osf wd isthe only appropriate way to forward declare the iostream
classes. Manually writing forward declarations is not recommended.

iostream/iostream.h This header file (indirectly) definesthe i 0s,i st ream ostreamandi ost r eam
classes. These classes form the basis of the C++ formatted input and output support. The
various class members are declared and inline member functions for the classes are defined.
Theci n, cout, cerr,and cl og predefined objects are declared along with the
non-parameterized manipulators.

istream/istream.h This header file definesclass i st r eamand classi ost r eam It also defines their
associated parameterl ess manipulators.

iterator This header file defines several templates to facilitate the handling of iterators. In
particular, it definesthe st d: : i t erat or _trai t s template aswell as several other
supporting iterator related templates.

limits This header filedefinesthe st d: : uneric_I|im ts templateand provides
specializations of that template for each of the built-in types.

Note that this header is not directly related to the header limits.h from the C standard
library (or to the C++ form of that header, climits).

list This header file definesthe st d: : | i st classtemplate. It provides away to make a
seguence of objects with efficient insert and erase operations.

map This header file definesthe st d: : map and st d: : nul ti nmap classtemplates. They
provide ways to associate keys to values.

memory This header file defines the default allocator template, st d: : al | ocat or, aswell as
several function templates for manipulating raw (uninitialized) memory regions. In
addition this header definesthe st d: : aut o_pt r template.
Note that the header menor y. h is part of the Open Watcom C library and is unrelated to
nenory.
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new/new.h

numeric

This header file provides declarations to be used with the intrinsic oper at or newand
oper at or del et e memory management functions.

This header file defines several standard al gorithm templates pertaining to numerical
computation.

ostream/ostr eam.h This header file defines class ost r eam It also defines its associated parameterless

stdiobuf.h

mani pulators.

Thisheader filedefinesthe st d: : set andstd: : nmul ti set classtemplates. They
provide ways to make ordered collections of objects with efficient insert, erase, and find
operations.

This header file definesthe st di obuf class which provides the support for the C++ input
and output operations to standard input, standard output, and standard error streams.

streambuf/streambuf.h (streambu/streambu.h) This header file definesthe st r eambuf classwhich

string

string.hpp

provides the support for buffering of input and output operations. This header fileis
automatically included by the i ost r eam h header file.

This header file definesthe st d: : basi c_stri ng classtemplate. It also contains the
type definitionsfor st d: : stringandstd::wstring. Inaddition, thisheader
contains specializations of the st d: : char _trai t s template for both characters and
wide characters.

This header file definesthelegacy St ri ng class. The St ri ng classisused to
manipulate character strings. Note that the hpp extension is used to avoid colliding with
the Standard C st ri ng. h header file. The class defined in this header is not the Standard
C++std::stringclass.

strstream.h (strstrea.h) This header files definesthe st r st r eanbuf , st r st r eanbase,

vector

wcdefs.h

wclbase.h

wclcom.h

wclibase.h

wclist.h

wclistit.h

i strstreamostrstreamandstrstreamclasses. These classes are used to
perform C++ in-memory formatting. The various class members are declared and inline
member functions for the classes are defined.

This header containsthe st d: : vect or classtemplate.

This header file contains definitions used by the Open Watcom legacy container libraries.
If acontainer class needs any of these definitions, the file is automatically included.

Note that all headers having names that start with "wc" are related to the legacy container
libraries.

This header file defines the base classes which are used by the list containers.
This header file defines the classes which are common to the list containers.
This header file defines the base classes which are used by the list iterators.

This header file definesthe | i st container classes. The available list container classes are
single and double linked versions of intrusive, value and pointer lists.

This header file definesthe i t er at or classesthat correspond to the list containers.
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wcqueue.h This header file definesthe queue class. Entriesin aqueue class are accessed first in, first
out.

wcstack.h This header file definesthe st ack class. Entriesin astack class are accessed last in, first
out.

6  Header Files



2 Common Types

The set of classes that make up the C++ class library use several common typedefs and macros. They are
declared in <i ost r eam h> and <f st r eam h>.

typedef |ong streanpos;
typedef |ong streanoff;
typedef int fil edesc;
#define __NOT_ECF O
#define EOF -1

The st r eanpos type represents an absolute position within the file. For Open Watcom C++, the file
position can be represented by an integral type. For some file systems, or at alower level within thefile
system, the stream position might be represented by an aggregate (structure) containing information such as
cylinder, track, sector and offset.

Thest r eanof f type represents arelative position within the file. The offset can aways be represented
as asigned integer quantity sinceit isanumber of characters before or after an absolute position within the
file.

Thefi | edesc typerepresentsthe type of aC library file handle. Itisused in places where the I/O stream
library takes a C library file handle as an argument.

The __ NOT_EOF macro is defined for cases where a function needs to return something other than ECF to
indicate success.

The EOF macro is defined to be identical to the value provided by the <st di 0. h> header file.
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8 Common Types



3 Predefined Objects

Most programs interact in some manner with the keyboard and screen. The C programming language
provides three values, st di n, st dout and st der r, that are used for communicating with these
"standard" devices, which are opened before the user program starts execution at mai n() . These three
values are FI LE pointers and can be used in virtually any file operation supported by the C library.

In asimilar manner, C++ provides seven objects for communicating with the same "standard" devices.
C++ providesthe three C FI LE pointers st di n, st dout and st der r, but they cannot be used with the
extractors and inserters provided as part of the C++ library. C++ provides four new objects, called ci n,
cout, cerr andcl og, which correspond to st di n, st dout, st derr and buffered st derr.

3.1 cin

ci nisani st reamobject which is connected to "standard input" (usually the keyboard) prior to program
execution. Values extracted using the i st r eamoper at or >> class extractor operators are read from
standard input and interpreted according to the type of the object being extracted.

Extractions from standard input via ci n skip whitespace characters by default because the i os: : ski pws
bit ison. The default behavior can be changed withthe i os: : set f public member function or with the
seti osfl ags manipulator.

3.2 cout

cout isan ost r eamobject which is connected to "standard output” (usually the screen) prior to program
execution. Valuesinserted using the ost r eamoper at or << classinserter operators are converted to
characters and written to standard output according to the type of the object being inserted.

Insertions to standard output via cout are buffered by default becausethe i os: : uni t buf bitisnot on.
The default behavior can be changed withthe i os: : set f public member function or with the
seti osf | ags manipulator.

3.3 cerr

cerr isan ost r eamobject which is connected to "standard error" (the screen) prior to program
execution. Valuesinserted using the ost r eamoper at or << classinserter operators are converted to
characters and written to standard error according to the type of the object being inserted.

Insertions to standard error via cer r are not buffered by default becausethe i 0s: : uni t buf bitison.

The default behavior can be changed withthe i 0s: : set f public member function or with the
seti osfl ags manipulator.
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3.4 clog

cl og isan ost r eamobject which is connected to "standard error” (the screen) prior to program
execution. Valuesinserted using the ost r eamoper at or << classinserter operators are converted to
characters and written to standard error according to the type of the object being inserted.

Insertions to standard error via cl og are buffered by default becausethe i os: : uni t buf bitisnot on.

The default behavior can be changed with the i 0s: : set f public member function or with the
seti osf | ags manipulator.
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4 istream Input

This chapter describes formatted and unformatted input.

4.1 Formatted Input: Extractors

Theoper at or >> function is used to read formatted values from astream. It is called an extractor.
Characters are read and interpreted according to the type of object being extracted.

All oper at or >> functions perform the same basic sequence of operations. First, the input prefix
function i pf x is called with a parameter of zero, causing leading whitespace characters to be discarded if
i 0s::skipwsissetinios::fntflags. Iftheinput prefix function fails and returns zero, the
oper at or >> function also fails and returns immediately. If the input prefix function succeeds,
characters are read from the stream and interpreted in terms of the type of object being extracted and

i os::fmtflags. Finaly, theinput suffix function i sf x iscalled.

Theoper at or >> functions return a reference to the specified stream so that multiple extractions can be
done in one statement.

Errorsareindicated viai os: :i ostate. i os:: fail bit issetif thecharactersread from the stream
could not be interpreted for therequired type. i os: : badbi t issetif the extraction of characters from
the stream failed in such away as to make subsequent extractionsimpossible. i 0s: : eof bi t issetif the
stream was located at the end when the extraction was attempted.

4.2 Unformatted Input

The unformatted input functions are used to read characters from the stream without interpretation.

Like the extractors, the unformatted input functions follow a pattern. First, they call i pf x, theinput prefix
function, with a parameter of one, causing no leading whitespace charactersto be discarded. If the input
prefix function fails and returns zero, the unformatted input function also fails and returnsimmediately. 1f
the input prefix function succeeds, characters are read from the stream without interpretation. Finally,

i sf x, theinput suffix function, is called.

Errors areindicated viathe iostate bits. i os: : f ai | bi t isset if the extraction of characters from the

stream failed. i os: : eof bi t issetif the stream was located at the end of input when the operation was
attempted.

Unformatted Input 11
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5 ostream Output

This chapter describes formatted and unformatted output.

5.1 Formatted Output: Inserters

Theoper at or << functionis used to write formatted valuesto astream. Itiscalled aninserter. Values
are formatted and written according to the type of object being insertedand i os: : f nt f | ags.

All oper at or << functions perform the same basic sequence of operations. First, the output prefix
function opf x iscalled. If it fails and returns zero, the oper at or << function also fails and returns
immediately. If the output prefix function succeeds, the object is formatted according to its type and
ios::fntflags. Theformatted sequence of charactersis then written to the specified stream. Finaly,
the output suffix function osf x iscalled.

Theoper at or << functions return areference to the specified stream so that multiple insertions can be
done in one statement.

For detailson the interpretation of i os: : f nt f | ags, seethei os: : f nt f | ags section of the Library
Functions and Types Chapter.

Errorsareindicated viai 0s: : i ostate. i os::fail bit issetifthe operat or <<functionfails
while writing the characters to the stream.

5.2 Unformatted Output

The unformatted output functions are used to write characters to the stream without conversion.

Like the inserters, the unformatted output functions follow a pattern. First, they call the output prefix
function opf x and fail if it fails. Then the characters are written without conversion. Finally, the output
suffix function osf x is called.

Errorsareindicated viai os: :i ostate. i os::fail bit issetif thefunction fails whilewriting the
characters to the stream.

Unformatted Output 13
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6 Library Functions and Types

Each of the classes and functionsin the Class Library is described in this chapter. Each description consists
of anumber of subsections:

Declared:

Derived From:

Derived By:

Synopsis:

Semantics:

This optional subsection specifies which header file contains the declaration for aclass. Itisonly found
in sections describing class declarations.

This optional subsection shows the inheritance for aclass. It isonly found in sections describing class
declarations.

This optional subsection shows which classes inherit from thisclass. It isonly found in sections
describing class declarations.

This subsection gives the name of the header file that contains the declaration of the function. This
header file must be included in order to reference the function.

For class member functions, the protection associated with the function is indicated via the presence of
oneof the pri vat e, pr ot ect ed, or publ i ¢ keywords.

The full function prototype is specified. Virtual class member functions are indicated via the presence
of thevi rt ual keyword in the function prototype.

This subsection is a description of the function.

Derived Implementation Protocol:

This optional subsection is present for virtual member functions. It describes how derived
implementations of the virtual member function should behave.

Default Implementation:

Results:

See Also:

This optional subsection is present for virtual member functions. It describes how the default
implementation provided with the base class definition behaves.

This optional subsection describes the function’ s return value, if any, and the impact of a member
function on its object’s state.

This optional subsection provides alist of related functions or classes.
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/ Complex Class

This classis used for the storage and manipulation of complex numbers, which are often represented by
real and imaginary components (Cartesian coordinates), or by magnitude and angle (polar coordinates).
Each object stores exactly one complex number. An object may be used in expressionsin the same manner
as floating-point values.

The class documented here is the Open Watcom legacy complex class. Itisnot the st d: : conpl ex class
template specified by Standard C++.
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Complex

Declared: conpl ex. h

The Conpl ex classis used for the storage and manipulation of complex numbers, which are often
represented by real and imaginary components (Cartesian coordinates), or by magnitude and angle
(polar coordinates). Each Conpl ex object stores exactly one complex number. A Conpl ex object
may be used in expressions in the same manner as floating-point values.

Public Member Functions
The following constructors and destructors are declared:

Conpl ex() ;

Conpl ex( Conpl ex const & );
Conpl ex( doubl e, double = 0.0 );
~Conpl ex() ;

The following arithmetic member functions are declared:

Conpl ex &operator =( Conplex const & );
Conpl ex &operator =( double );

Conpl ex &operator +=( Conplex const & );
Conpl ex &operator +=( double );

Conpl ex &operator -=( Conplex const & );
Conpl ex &operator -=( double );

Conpl ex &operator *=( Conplex const & );
Conpl ex &operator *=( double );

Conpl ex &operator /=( Conplex const & );
Conpl ex &operator /=( double );

Conpl ex operator +() const;

Conpl ex operator -() const;

doubl e i mag() const;

doubl e real () const;

Friend Functions

The following I/O Stream inserter and extractor friend functions are declared:

friend i stream &operator >>( istream & Conmplex & );
friend ostream &operator <<( ostream & Conpl ex const & );

Related Operators
The following operators are declared:

Conpl ex operator +( Conpl ex const
Conpl ex operator +( Conpl ex const
Conpl ex operator +( doubl e
Conpl ex operator -( Conplex const
Conpl ex oper at or Conpl ex const
Conpl ex oper at or doubl e
Conpl ex oper at or Conpl ex const
Conpl ex oper at or Conpl ex const
Conpl ex oper at or doubl e
Conpl ex oper at or Conpl ex const
Conpl ex operat or Conpl ex const
Conpl ex operat or doubl e
i nt oper at or Conpl ex const

Conpl ex const
doubl e );
Conpl ex const
Conpl ex const
doubl e );
Conpl ex const
Conpl ex const
doubl e );
Conpl ex const
Conpl ex const
doubl e );
Conpl ex const
Conpl ex const

I~~~ % % % 1 1
R, PR, PR, R R
QR RO R PR Ro

~— —
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Complex

i nt
i nt
i nt
i nt
i nt

operator ==( Conpl ex const &, double );
operator ==( double

operator !=( Conplex const &,

operator !=( Conplex const & double );
operator !=( double

Related Functions

The following related functions are declared:

doubl e
Conpl ex
Conpl ex
doubl e
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex

Conpl ex

doubl e
Conpl ex
Conpl ex
doubl e
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
doubl e
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex

abs (
acos (
acosh(
arg (
asin (
asi nh(
atan (

Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
doubl e
Conpl ex
Conpl ex
doubl e
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex
Conpl ex

const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const

const
const

const
const
const
const
const
const
const

Ro Ro Ro Ro Ro R0 Ro R0 R0 R0 RO Ro Ro Ro Ro Ro

Conpl ex const & );
Conpl ex const & );

, Compl ex const & );

double = 0 );

&, Conpl ex const & );
&, double );

R0 Ro Ro Ro Ro Qo Ro

Conpl ex const & );
int );

Complex Class
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Complex abs()

Synopsis: #i ncl ude <conpl ex. h>
doubl e abs( Conpl ex const &num);

Semantics: The abs function computes the magnitude of num, which is equivalent to the length (magnitude) of the
vector when the num is represented in polar coordinates.

Results: The abs function returns the magnitude of num.

See Also: ar g, norm pol ar
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Complex acos|)

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex acos( Conpl ex const &num);

Semantics: The acos function computes the arccosine of num.
Results: The acos function returns the arccosine of num.

See Also: asi n, at an, cos
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Complex acosh()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex acosh( Conpl ex const &um);

Semantics: The acosh function computes the inverse hyperbolic cosine of num.
Results: The acosh function returns the inverse hyperbolic cosine of num.

See Also: asi nh, at anh, cosh
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Complex arg()

Synopsis: #i ncl ude <conpl ex. h>
doubl e arg( Conpl ex const &num);

Semantics: The ar g function computes the angle of the vector when the num is represented in polar coordinates.
The angle has the same sign as the real component of the num. It is positive in the 1st and 2nd
guadrants, and negative in the 3rd and 4th quadrants.

Results: The ar g function returns the angle of the vector when the numis represented in polar coordinates.

See Also: abs, nor m pol ar
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Complex asin()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex asin( Conpl ex const &num);

Semantics: The asi n function computes the arcsine of num.
Results: The asi n function returns the arcsine of num.

See Also: acos, atan,sin
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Complex asinh()

Synopsis:

Semantics:
Results:

See Also:

#i ncl ude <conpl ex. h>
Conpl ex asi nh( Conpl ex const &um);

The asi nh function computes the inverse hyperbolic sine of num.

The asi nh function returns the inverse hyperbolic sine of num.

acosh, at anh, si nh
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Complex atan()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex atan( Conpl ex const &num);

Semantics: The at an function computes the arctangent of num.
Results: The at an function returns the arctangent of num.

See Also: acos, asin,tan
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Complex atanh()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex atanh( Conpl ex const &um);

Semantics: The at anh function computes the inverse hyperbolic tangent of num.
Results: The at anh function returns the inverse hyperbolic tangent of num.

See Also: acosh, asi nh, t anh
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Complex::Complex()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex: : Conpl ex();

Semantics: Thisform of the public Conpl ex constructor creates adefault Conpl ex object with value zero for
both the real and imaginary components.

Results: Thisform of the public Cornpl ex constructor produces a default Conpl ex object.

See Also: ~Compl ex, real ,i mag
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Complex::Complex()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex: : Conmpl ex( Conpl ex const &ium);
Semantics: Thisform of the public Conpl ex constructor creates a Conpl ex object with the same value as num.

Results: Thisform of the public Conpl ex constructor produces a Conpl ex object.

See Also: ~Conpl ex, real ,i mag
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Complex::Complex()

Synopsis: #i ncl ude <conpl ex. h>
public:

Conpl ex: : Conmpl ex( double real, double imag = 0.0 );

Semantics: Thisform of the public Conpl ex constructor creates a Conpl ex object with the real component set to
real and the imaginary component set to imag. If no imaginary component is specified, imag takes the
default value of zero.

Results: Thisform of the public Conpl ex constructor produces a Conpl ex object.

See Also: ~Compl ex, real ,i mag
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Complex::~Complex()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex: : ~Conpl ex();

Semantics: The public ~Conpl ex destructor destroys the Conpl ex object. The call to the public ~Conpl ex
destructor isinserted implicitly by the compiler at the point where the Conpl ex object goes out of

scope.
Results: The Conpl ex object is destroyed.
See Also: Conpl ex
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Complex conij()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex conj ( Conpl ex const &num);

Semantics: The conj function computes the conjugate of num. The conjugate consists of the unchanged real
component, and the negative of the imaginary component.

Results: The conj function returns the conjugate of num.
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Complex cos()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex cos( Conpl ex const &um);

Semantics: The cos function computes the cosine of num.
Results: The cos function returns the cosine of num.

See Also: acos, sin,tan
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Complex cosh()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex cosh( Conpl ex const &num);

Semantics: The cosh function computes the hyperbolic cosine of num.
Results: The cosh function returns the hyperbolic cosine of num.

See Also: acosh, si nh, t anh
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Complex exp()

Synopsis:

Semantics:
Results:

See Also:

#i ncl ude <conpl ex. h>
Conpl ex exp( Conpl ex const &um);

The exp function computes the value of e raised to the power num.

The exp function returns the value of e raised to the power num.

I og, | 0gl0, pow, sqgrt
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Complex::imag()

Synopsis: #i ncl ude <conpl ex. h>
public:
doubl e Conpl ex: :imag();
Semantics: Thei mag public member function extracts the imaginary component of the Conpl ex object.

Results: Thei mag public member function returns the imaginary component of the Conpl ex object.

See Also: i mag, r eal
Conpl ex: : real
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Complex imag()

Synopsis:

Semantics:
Results:

See Also:

#i ncl ude <conpl ex. h>
doubl e i mag( Conpl ex const &um);

Thei mag function extracts the imaginary component of hum.

Thei mag function returns the imaginary component of num.

r eal
Conpl ex: : i mag, r eal
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Complex log()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex 1 og( Conpl ex const &um);

Semantics: Thel og function computes the natural, or base e, logarithm of num.
Results: The | og function returns the natural, or base e, logarithm of num.

See Also: exp, | 0gl0, pow, sqrt
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Complex log10()

Synopsis:

Semantics:
Results:

See Also:

#i ncl ude <conpl ex. h>
Conpl ex 1 0g10( Conpl ex const &um);

Thel 0g10 function computes the base 10 logarithm of num.

The | 0g10 function returns the base 10 logarithm of num.

exp, | og, pow, sqrt
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Complex norm()

Synopsis: #i ncl ude <conpl ex. h>
doubl e norm( Conpl ex const &um);

Semantics: The nor mfunction computes the square of the magnitude of num, which is equivalent to the square of
the length (magnitude) of the vector when numis represented in polar coordinates.

Results: The nor mfunction returns the square of the magnitude of num.

See Also: arg, pol ar
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Complex operator !=()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

int operator !=( Conplex const &numil, Conplex const &nun? );
i nt operator !=( Conpl ex const &numl, double nun? );

i nt operator !=( double numl, Conplex const &nun? );

Theoper at or ! = function compares numl and num2 for inequality. At least one of the parameters
must be a Conpl ex object for this function to be called.

Two Conpl ex objects are not equal if either of their corresponding real or imaginary components are
not equal.

If the oper at or ! =function isused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex object is converted to a doubl e and the second or third form of the
oper at or ! =functionisused.

Theoper at or ! = function returns a non-zero value if numl is not equal to num2, otherwise zero is
returned.

operator ==
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Complex operator *()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex operator *( Conplex const &numl, Conplex const &nunk );
Conpl ex operator *( Conplex const &numl, double nunk );
Conpl ex operator *( double numl, Conplex const &nun );

Semantics: Theoper at or * function isused to multiply numl by num2 yielding a Conpl ex object.
Thefirst oper at or * function multipliestwo Conpl ex objects.

The second oper at or * function multipliesa Conpl ex object and afloating-point value. In effect,
the real and imaginary components of the Conpl ex object are multiplied by the floating-point value.

Thethird oper at or * function multiplies afloating-point value and a Conpl ex object. In effect,
the real and imaginary components of the Conpl ex object are multiplied by the floating-point value.

If theoper at or * function isused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex abject is converted to a doubl e and the second or third form of the
oper at or * functionisused.

Results: Theoper at or * function returnsa Conpl ex object that isthe product of nhuml and num2.

See Also: operator +,operator -,operator /
Conpl ex: : operator *=
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Complex::operator *=()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

public:

Conpl ex &Conpl ex: : operator *=( Conpl ex const &um);
Conpl ex &Comnpl ex: : operator *=( double num);

Theoper at or *= public member function is used to multiply the num argument into the Conpl ex
object.

Thefirst form of the oper at or * = public member function multiplies the Conpl ex object by the
Conpl ex parameter.

The second form of the oper at or * = public member function multiplies the real and imaginary
components of the Conpl ex object by num.

A cal tothe oper at or * = public member function where numis any of the other built-in numeric
types, causes numto be promoted to doubl e and the second form of the oper at or * = public
member function to be used.

Theoper at or * = public member function returns a reference to the target of the assignment.

operator *
Conpl ex: : operator +=, operator -=,operator /=, operator =
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Complex::operator +()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex Conpl ex: : operator +();

Semantics: Theunary oper at or + public member function is provided for completeness. It performs no
operation on the Conpl ex object.

Results: The unary oper at or + public member function returnsa Conpl ex object with the same value as
the original Conpl ex object.

See Also: operator +
Conpl ex: : oper ator +=, operator -
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Complex operator +()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

Conpl ex operator +( Conplex const &uml, Conplex const &nunk );
Conpl ex operator +( Conplex const &uml, double nunk );

Conpl ex operator +( double numl, Conplex const &nun );

Theoper at or + function is used to add num1 to num2 yielding a Conpl ex object.
Thefirst oper at or + function addstwo Conpl ex objects.

The second oper at or + function addsa Conpl ex object and a floating-point value. In effect, the
floating-point value is added to the real component of the Conpl ex object.

Thethird oper at or + function adds a floating-point value and a Conpl ex object. In effect, the
floating-point value is added to the real component of the Conpl ex object.

If theoper at or + function isused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex abject is converted to a doubl e and the second or third form of the
oper at or + functionisused.

Theoper at or + function returnsa Conpl ex object that is the sum of num1 and num2.

operator *,operator -,operator /
Conpl ex: : operator +, operator +=
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Complex::operator +=()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <conpl ex. h>

public:

Conpl ex &Conpl ex: : operator +=( Conplex const &um);
Conpl ex &Comnpl ex: : operator +=( double num);

Theoper at or += public member function is used to add numto the value of the Conpl ex object.
The second form of the oper at or += public member function adds numto the real component of the
Conpl ex object.

A cadl tothe oper at or += public member function where numis any of the other built-in numeric
types, causes hum to be promoted to doubl e and the second form of the oper at or += public
member function to be used.

Theoper at or += public member function returns a reference to the target of the assignment.

operator +
Conpl ex: : operator *=, operator +, operator /=, operator -=,operator =
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Complex::operator -()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex Conpl ex: : operator -();

Semantics: Theunary oper at or - public member function yieldsa Conpl ex object with thereal and
imaginary components having the same magnitude as those of the original object, but with opposite
sign.

Results: Theunary oper at or - public member function returnsa Conpl ex object with the same magnitude
astheoriginal Conpl ex object and with opposite sign.

See Also: operator -
Conpl ex: : operat or +, operator -=
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Complex operator -()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

Conpl ex operator -( Conplex const &uml, Conplex const &nunk );
Conpl ex operator -( Conplex const &uml, double nunk );

Conpl ex operator -( double numl, Conplex const &nun );

Theoper at or - function isused to subtract num2 from numl yielding a Conpl ex object.
Thefirst oper at or - function computes the difference between two Conpl ex objects.

The second oper at or - function computes the difference between a Conpl ex object and a
floating-point value. In effect, the floating-point value is subtracted from the real component of the
Conpl ex object.

Thethird oper at or - function computes the difference between a floating-point value and a

Conpl ex object. In effect, the real component of the result is num1 minus the real component of num2
:CONT, and the imaginary component of the result is the negative of the imaginary component of

numz2.

If theoper at or - function isused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex abject is converted to a doubl e and the second or third form of the
operat or - functionisused.

Theoper at or - function returnsa Conpl ex object that is the difference between numl1 and num?2.

operator *,operator +, operator /
Conpl ex: : operator -,operator -=
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Complex::operator -=()

Synopsis: #i ncl ude <conpl ex. h>
public:
Conpl ex &Conpl ex: : operator -=( Conplex const &um);
Conpl ex &Comnpl ex: :operator -=( double num);

Semantics: Theoper at or - = public member function is used to subtract num from the value of the Conpl ex
object. The second form of the oper at or - = public member function subtracts num from the real
component of the *obyj..

A cadl tothe oper at or - = public member function where numis any of the other built-in numeric
types, causes humto be promoted to doubl e and the second form of the oper at or - = public
member function to be used.

Results: Theoper at or - = public member function returns a reference to the target of the assignment.

See Also: operator -
Conpl ex: : operator *=, operator += operator -,operator /=, operator =
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Complex operator /()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex operator /( Conplex const &uml, Conplex const &nunk );
Conpl ex operator /( Conplex const &uml, double nunk );
Conpl ex operator /( double numl, Conplex const &nun );

Semantics: Theoper at or / function isused to divide numl by num2 yielding a Conpl ex object.
Thefirst oper at or / function dividestwo Conpl ex objects.

The second oper at or / function dividesa Conpl ex object by afloating-point value. In effect, the
real and imaginary components of the complex number are divided by the floating-point value.

The third oper at or / function divides afloating-point value by a Conpl ex object. Conceptualy,
the floating-point value is converted to a Conpl ex object and then the division is done.

If theoper at or / functionisused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex abject is converted to a doubl e and the second or third form of the
operat or / functionisused.

Results: Theoper at or / function returnsa Conpl ex object that isthe quotient of numl divided by num2.

See Also: operator *,operator +,operator -
Conpl ex: : operator /=
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Complex::operator /=()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <conpl ex. h>

public:

Conpl ex &Conpl ex: : operator /=( Conplex const &um);
Conpl ex &Comnpl ex: : operator /=( double num);

Theoper at or / = public member function is used to divide the Conpl ex object by num. The
second form of the oper at or / = public member function divides the real and imaginary components
of the Conpl ex abject by num.

A cadl tothe oper at or /= public member function where numis any of the other built-in numeric
types, causes hum to be promoted to doubl e and the second form of the oper at or / = public
member function to be used.

Theoper at or / = public member function returns a reference to the target of the assignment.

operator /
Conpl ex: : operator *=, operator += operator -=,operator =
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Complex operator <<()

Synopsis: #i ncl ude <conpl ex. h>
friend ostream &operator <<( ostream &trm Conplex &um);

Semantics: Theoper at or << functionisused to write Conpl ex objectsto an 1/O stream. The Conpl ex
object is always written in the form:

(real,inmg)

The real and imaginary components are written using the normal rules for formatting floating-point
numbers. Any formatting options specified prior to inserting the num apply to both the real and
imaginary components. If the real and imaginary components are to be inserted using different formats,
ther eal andi mag member functions should be used to insert each component separately.

Results: Theoper at or << function returns a reference to the strm object.

See Also: i stream
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Complex::operator =()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

public:

Conpl ex &Compl ex: : operator =( Compl ex const &num);
Conpl ex &Compl ex: : operator =( double num);

Theoper at or = public member function is used to set the value of the Conpl ex object to num.
The first assignment operator copies the value of numinto the Conpl ex object.

The second assignment operator sets the real component of the Conpl ex object to num and the
imaginary component to zero.

A cal tothe oper at or = public member function where numis any of the other built-in numeric
types, causes humto be promoted to doubl e and the second form of the oper at or = public
member function to be used.

Theoper at or = public member function returns a reference to the target of the assignment.

Conpl ex: : operator *=, operator +=, operator -=,operator /=
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Complex operator ==()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>

i nt operator ==( Conpl ex const &numl, Conplex const &nun? );
i nt operator ==( Conpl ex const &numl, double nun? );

i nt operator ==( doubl e numl, Conplex const &nun? );

Theoper at or == function compares numl and num2 for equality. At least one of the arguments
must be a Conpl ex object for this function to be called.

Two Conpl ex objects are equal if their corresponding real and imaginary components are equal.
If the oper at or == function isused with a Conpl ex object and an object of any other built-in
numeric type, the non- Conpl ex object is converted to a doubl e and the second or third form of the

oper at or == function isused.

Theoper at or == function returns a non-zero value if numl is equal to num2, otherwise zero is
returned.

operator !=
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Complex operator >>()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <conpl ex. h>
friend i stream &operator >>( istream &trm Conplex &um);

Theoper at or >> functionisused to read a Conpl ex object from an /O stream. A valid complex
valueis of one of the following forms:

(real,inmg)
real,img
(real)

If the imaginary portion is omitted, zero is assumed.

While reading a Conpl ex object, whitespace isignored before and between the various components of
the number if thei os: : ski pws bhitissetini os::fntfl ags.

Theoper at or >> function returns a reference to strm. num contains the value read from strmon
success, otherwiseit is unchanged.

i stream
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Complex polar()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex pol ar( doubl e mag, double angle = 0.0 );

Semantics: The pol ar function converts mag and angle (polar coordinates) into a complex number. The angleis
optional and defaultsto zero if it is unspecified.

Results: Thepol ar function returnsa Conpl ex object that is mag and angle interpreted as polar coordinates.

See Also: abs,arg,norm
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Complex pow()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex pow( Conpl ex const &um Conpl ex const &exp );
Conpl ex pow( Conpl ex const &um double exp );
Conpl ex pow( doubl e num Conpl ex const &exp );
Conpl ex pow( Conpl ex const &um int exp );

Semantics: The pow function computes num raised to the power exp. The various forms are provided to minimize
the amount of floating-point calculation performed.

Results: The powfunction returnsa Conpl ex object that is num raised to the power a Conpl ex object that is
exp.
See Also: exp, | og,l 0gl0, sqrt
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Complex::real()

Synopsis: #i ncl ude <conpl ex. h>
public:
doubl e Conpl ex::real ();
Semantics: Ther eal public member function extracts the real component of the Conpl ex object.

Results: Ther eal public member function returns the real component of the Conpl ex object.

See Also: i mag, r eal
Conpl ex: : i nag
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Complex real()

Synopsis:

Semantics:
Results:

See Also:

#i ncl ude <conpl ex. h>
doubl e real ( Conpl ex const &um);

Ther eal function extractsthe real component of num.

Ther eal function returnsthe real component of num.

i mag
Conpl ex: : i mag, r eal
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Complex sin()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex sin( Conplex const &um);

Semantics: The si n function computes the sine of num.
Results: The si n function returns the sine of num.

See Also: asi n,cos,tan
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Complex sinh()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex sinh( Conpl ex const &num);

Semantics: The si nh function computes the hyperbolic sine of num.
Results: The si nh function returns the hyperbolic sine of num.

See Also: asi nh, cosh, t anh
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Complex sqrt()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex sqrt( Conpl ex const &num);

Semantics: Thesqgrt function computes the square root of num.
Results: Thesqrt function returns the square root of num.

See Also: exp, | og, | 0g10, pow
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Complex tan()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex tan( Conpl ex const &um);

Semantics: Thet an function computes the tangent of num.
Results: Thet an function returns the tangent of num.

See Also: at an, cos,sin
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Complex tanh()

Synopsis: #i ncl ude <conpl ex. h>
Conpl ex tanh( Conpl ex const &num);

Semantics: Thet anh function computes the hyperbolic tangent of hum.
Results: Thet anh function returns the hyperbolic tangent of num.

See Also: at anh, cosh, si nh
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8 Container Exception Classes

This chapter describes exception handling for the container classes.
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WCExcept

Declared:

wcexcept . h

The WCEXcept class provides the exception handling for the container classes. If you have compiled
your code with exception handling enabled, the C++ exception processing can be used to catch errors.

Y our source file must be compiled with the exception handling compile switch for C++ exception
processing to occur. The container classes will attempt to set the container object into a reasonable state
if there isan error and exception handling is not enabled, or if the trap for the specific error has not been
enabled by your program.

By default, no exception traps are enabled and no exceptions will be thrown. Exception traps are
enabled by setting the exception state with the except i ons member function.

Thewcexcept . h header fileisincluded by the header files for each of the container classes. Thereis
normally no need to explicitly include the wcexcept . h header file, but no errorswill result if itis
included. Thisclassisinherited as abase class for each of the containers. Y ou do not need to derive
from it directly.

TheWCLi st Except class (formally used by the list container classes) has been replaced by the
WCEXxcept class. A typedef of the WCLi st Except classto the WCExcept classand the

wel i st st at e typetothewc st at e type provide backward compatability with previous versions
of thelist containers.

Public Enumerations

The following enumeration typedefs are declared in the public interface:

typedef int wc_state;

Public Member Functions

The following public member functions are declared:

WCEXxcept () ;

virtual ~WCExcept();

wc_state exceptions() const;
wc_state exceptions( we_state );
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WCExcept::WCExcept()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wcexcept. h>
public:
WCEXxcept () ;

Thisform of the public WCExcept constructor creates an WCExcept object.
The public WCExcept constructor is used implicitly by the compiler when it generates a constructor
for aderived class. It isautomatically used by the list container classes, and should not be required in

any user derived classes.

The public WCEXcept constructor produces an initialized WCExcept object with no exception traps
enabled.

~WCEXxcept
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WCExcept::~WCExcept()

Synopsis: #i ncl ude <wcexcept. h>
public:
virtual ~WCExcept();

Semantics: The public ~\\WCExcept destructor does not do anything explicit. The call to the public ~WCExcept
destructor isinserted implicitly by the compiler at the point where the object derived from WCExcept
goes out of scope.

Results: The object derived from WCExcept is destroyed.

See Also: WCEX cept
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WCEXxcept::exceptions()

Synopsis:

Semantics:

Results:

#i ncl ude <wcexcept. h>

public:

wc_state exceptions() const;

wc_state exceptions( wc_state set_flags );

Theexcept i ons public member function queries and/or sets the bits that control which exceptions
are enabled for the list class. Each bit corresponds to an exception, and is set if the exception is
enabled. Thefirst form of the except i ons public member function returns the current settings of the
exception bits. The second form of the function sets the exception bits to those specified by set_flags.

The current exception bits are returned. If anew set of bits are being set, the returned value isthe old
set of exception bits.
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WCExcept::wc_state

Synopsis: #i ncl ude <wcexcept. h>
public:
enum west at e {
all _fine = 0x0000, // - no errors
check_none = all _fine,// - throw no exceptions
not _enpty = 0x0001, // - container not enpty
i ndex_range = 0x0002, // - index is out of range
enpty_cont ai ner= 0x0004, // - enpty container error
out _of _nmenory = 0x0008, // - allocation failed
resi ze_requi red= 0x0010, // - request needs resize
not _uni que = 0x0020, // - adding duplicate
zero_buckets = 0x0040, // - resizing hash to zero
/1 value to use to check for all errors
check_all = (not_enpty|index_range| enpty_contai ner
| out _of nenory|resize required
| not _uni que| zer o_bucket s)

tg/pedef int we_state;

Semantics: Thetype WCExcept : : west at e isaset of bits representing the current state of the container object.
The WCEXcept : : we_ st at e member typedef represents the same set of bits, but usesan i nt to
represent the values, thereby avoiding problems made possible by the compiler’s ability to use smaller
types for enumerations. All uses of these hits should use the WCEXcept : : we_ st at e member
typedef.

The bit values defined by the WCEXxcept @ : we__st at e member typedef can be read and set by the
except i ons member function, which is also used to control exception handling.

The WCEXcept : : not _enpt y bit setting traps the destruction of a container when the container has
at one or more entries. If thiserror is not trapped, memory may not be properly released back to the
system.

The WCEXcept : : i ndex_r ange state setting traps an attempt to access a container item by an index
value that is either not positive or is larger than the index of the last item in the container.

The WCEXxcept : : enpt y_cont ai ner bit setting traps an attempt to perform and invalid operation
on acontainer with no entries.

The WCEXxcept : : out _of _menory bit setting traps any container class allocation failures. If this
exception is not enabled, the operation in which the allocation failed will return a FALSE (zero) value.
Container class copy constructors and assignment operators can also throw this exception, and if not
enabled incomplete copies may result.

The WCEXcept : : resi ze_requi r ed hit setting traps any vector operations which cannot be
performed unless the vector isresized to alarger size. If thisexception is not enabled, the vector class
will attempt an appropriate resize when necessary for an operation.

The WCEXxcept : : not _uni que bit setting traps an attempt to add a duplicate value to a set container,
or aduplicate key to adictionary container. The duplicate value is not added to the container object
regardless of the exception trap state.

The WCEXcept : : zer o_bucket s bit setting traps an attempt to resize of hash container to have zero
buckets. No resizeis performed whether or not the exception is enabl ed.
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WClterExcept

Declared:

wcexcept . h

TheWCl t er Except class provides the exception handling for the container iterators. If you have
compiled your code with exception handling enabled, the C++ exception processing can be used to
catch errors. Y our source file must be compiled with the exception handling compile switch for C++
exception processing to occur. The iterators will attempt to set the classinto a reasonable state if there
is an error and exception handling is not enabled, or if the trap for the specific error has not been
enabled by your program.

By default, no exception traps are enabled and no exceptions will be thrown. Exception traps are
enabled by setting the exception state with the except i ons member function.

Thewcexcept . h header fileisincluded by the header files for each of the iterator classes. Thereis
normally no need to explicitly include the wcexcept . h header file, but no errorswill result if itis
included. Thisclassisinherited as part of the base construction for each of theiterators. Y ou do not
need to derive from it directly.

Public Enumerations

The following enumeration typedefs are declared in the public interface:

typedef int wciter_ state;

Public Member Functions

The following public member functions are declared:

WCI t er Except () ;

virtual ~WClterExcept();

wciter_state exceptions() const;
wciter state exceptions( wciter _state );
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WClterExcept::WClterExcept()

Synopsis: #i ncl ude <wcexcept. h>
public:
WCI t er Except () ;

Semantics: Thisform of the public WCI t er Except constructor creates an WCI t er Except object.

The public WCI t er Except constructor is used implicitly by the compiler when it generates a
constructor for aderived class.

Results: The public WCI t er Except constructor produces an initialized WCI t er Except object with no
exception traps enabled.
See Also: ~WCl t er Except
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WClterExcept::~WClIterExcept()

Synopsis: #i ncl ude <wcexcept. h>
public:
virtual ~WClterExcept();

Semantics: The public ~WWCl t er Except destructor does not do anything explicit. The call to the public
~WCl t er Except destructor isinserted implicitly by the compiler at the point where the object
derived from WCI t er Except goes out of scope.

Results: The object derived from WCI t er Except isdestroyed.

See Also: WCI t er Except
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WClterExcept::exceptions()

Synopsis: #i ncl ude <wcexcept. h>
public:
wciter _state exceptions() const;
wciter state exceptions( wciter_state set _flags );

Semantics: Theexcept i ons public member function queries and/or sets the bits that control which exceptions
are enabled for the iterator class. Each bit corresponds to an exception, and is set if the exception is
enabled. Thefirst form of the except i ons public member function returns the current settings of the
exception bits. The second form of the function sets the exception bits to those specified by set_flags.

Results: The current exception bits are returned. If anew set of bits are being set, the returned value isthe old
set of exception bits.
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WClterExcept::wciter_state

Synopsis: #i ncl ude <wcexcept. h>
public:
enum wciterstate {
all _fine = 0x0000, // - no errors
check _none all _fine,// - disable all exceptions
undef _iter 0x0001, // - position is undefined
undef _item = 0x0002, // - iterator itemis undefined
iter_range 0x0004, // - advance value is bad
/1 value to use to check for all errors
check_all = (undef _iter|undef _itemiter_range)
1

typedef int wciter_ state;

Semantics: Thetype WCI t er Except : : wei t er st at e isaset of bits representing the current state of the
iterator. The WCl t er Except : : wei t er _st at e member typedef represents the same set of bits, but
usesani nt to represent the values, thereby avoiding problems made possible by the compiler’ s ability
to use smaller types for enumerations. All uses of these bits should use the
WCI t er Except : : wei t er st at e member typedef.

The bit values defined by the WCI t er Except : : wei t er _st at e member typedef can be read and
set by the member function except i ons, which isused to control exception handling.

TheWCl t er Except : : undef _i t er bit setting traps the use of the iterator when the position within
the container object isundefined. Trying to operate on an iterator with no associated container object,
increment an iterator which is after the last element, or decrement an iterator positioned before the first
element is an undefined operation.

TheWCl t er Except : : undef _i t embit setting traps an attempt to obtain the current element of the
iterator when the iterator has no associated container object, or is positioned either before or after the
container elements. The undef _i t emexception can be thrown only by the key and val ue
dictionary iterator member functions, and the cur r ent member function for non-dictionary iterators.

TheWCl t er Except : : i t er _r ange bhit setting traps an attempt to use a iteration count value that
would place the iterator more than one element past the end or before the beginning of the container
elements. Thei t er _r ange exception can be thrown only by the oper at or +=and oper at or
- = operators.
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WClterExcept::wciter_state
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9 Container Allocators and Deallocators

Example

#i ncl ude <i ostream h>
#i ncl ude <wclist. h>
#i nclude <wclistit. h>
#i ncl ude <wcski p. h>
#i ncl ude <weski pit. h>
#i ncl ude <stdlib. h>

#pragma warni ng 549 9
const int ElenmsPerBl ock = 50

/1

/1 Sinmple block allocation class. Allocate blocks for El ensPerBl ock

/1 elenments, and use part of the block for each of the next El ensPerBl ock
/1 allocations, increnenting the nunber allocated elenents. Repeat getting
/1 nmore bl ocks as needed

/1

/1 Store the blocks in an intrusive single linked Iist.

/1

/1 On a el enent deallocation, assunme we allocated the nenory and j ust

/1 decrenent the count of allocated elenents. Wen the count gets to zero
/1 free all allocated bl ocks

/1

/1 This inplenentation assunes sizeof( char ) ==1

/1

class Bl ockAll oc {

private:
/1 the size of elements (in bytes)
unsi gned el em si ze;

/1 nunber of elenents allocated
unsi gned num_ al | ocat ed

/1 free space of this nunber of elenments available in first block
unsi gned num free_i n_bl ock

/1 list of blocks used to store elenments (block are chunks of nenory,
/1 pointed by (char *) pointers.
WCPt r SLi st <char> bl ock_list;

// pointer to the first block in the |ist
char *curr_bl ock

public
inl'ine Bl ockAlloc( unsigned size )
el em size( size ), num.allocated( 0 )
, numfree_in_block( 0) {}

inline BlockAlloc() {
bl ock_Ii st. cl ear AndDest r oy()
b

/1 get nenory for an el ement using block allocation
void *all ocator( size_t elemsize );

/1 free menory for an el ement using block allocation and deal | ocation
voi d deallocator( void *old_ptr, size_t elemsize );
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WClterExcept::wciter_state

void *Bl ockAl l oc::allocator( size_t size ) {
/1 need a new block to performallocation
if( numfree_in_block == 0) {
/1 allocate nenory for El ensPerBl ock el enents
curr_block = new char[ size * El ensPerBl ock ];
if( curr_block == 0) {
/1 allocation failed
return( 0 );

/1 add new bl ock to beginning of |ist

if( !'block_list.insert( curr_block ) ) {
/1 allocation of list elenent failed
del ete( curr_block );
return( 0 );

}

num free_in_bl ock = El ensPer Bl ock;

}

/1 curr block points to a block of nenory with sone free nenory
num al | ocat ed++;

num free_in_bl ock--;

/] return pointer to a free part of the block, starting at the end
/1 of the block

return( curr_block + num free_in_block * size );

voi d Bl ockAll oc::deal locator( void *, size_t ) {

/1 just decrenent the count

// don’t free anything until all elements are deall ocated

num al | ocat ed- - ;

if( num.allocated == 0 ) {
/1 all the elenments allocated Bl ockAl |l oc object have now been
/] deallocated, free all the blocks
bl ock_list.cl ear AndDestroy();
num free_in_bl ock = 0;

const unsi gned Nunifest El ems = 200;

// array with random el enents
static unsigned test_elens[ NunestEl ens ];

static void fill_test_elems() {
for( int i =0; i < NunifestEl ens; i++ ) {
test_elens[ i ] = rand();
}

void test_isv_list();
void test_val _list();
void test_val _skip_list();

void main() {
fill _test_elems();
test _isv_list();

test_val _list();
test_val _skip_list();

/1 An intrusive list class
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Container Allocators and Deallocators

class isvint : public WCSLink {

publi c:
static Bl ockAl | oc nmenory_nmanage;
int dat a;

isvint( int datum) : data( datum) {};

voi d *operator new size_t size ) {
return( menory_manage. al | ocator( size ) );
}

voi d operator delete( void *old, size_t size ) {
menory_manage. deal | ocator( old, size );
}

b

/1 define static nmenber data
Bl ockAl | oc isvlnt::nenory_neanage( sizeof( isvint ) );

void test_isv_list() {
WCl svSList<isvint> |ist;

for( int i =0; i < NunifestEl ens; i++ ) {
list.insert( newisvint( test_elens[ i ] ) );
}

WCl svSListlter<isvint> iter( list );
while( ++iter ) {
cout << iter.current()->data << " ";

cout << "\n\n\n";
l'ist.clearAndDestroy();

/1 WCVal SLi st<int> nenory al | ocator/deal | octor support
static Bl ockAlloc val _list_manager( WCVal SListltenSize( int ) );

static void *val _list_alloc( size_t size ) {
return( val _list_manager.allocator( size ) );
}
static void val _list_dealloc( void *old, size_t size ) {
val _li st _manager.deal | ocator( old, size );
}
/1 test WCVal SLi st <i nt>
void test_val _list() {
WCVal SList<int> list( &val _list_alloc, &val _list_dealloc );
for( int i =0; i < NunfTestEl ens; i++ ) {

list.insert( test_elens[ i ] );

}

WCVal SListlter<int> iter( list );
while( ++iter ) {

cout << iter.current() << " ";
}

cout << "\n\n\n";
list.clear();

/1 skip list allocator dealloctors: just use allocator and deal | octor
/1 functions on skip list elenents with one and two pointers

/1 (this will handle 94% of the el enents)

const int one_ptr_size = WCVal SkipListltenSize( int, 1);
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const

int two_ptr_size = WCVal Ski pListltentize( int, 2 );

static Bl ockAl |l oc one_ptr_manager( one_ptr_size );
static Bl ockAlloc two_ptr_manager( two_ptr_size );

static void *val _skip_list_alloc( size_t size ) {
switch( size ) {

}

case one_ptr_si ze:

return( one_ptr_manager.allocator( size ) );
case two_ptr_size:

return( two_ptr_manager.allocator( size ) );
defaul t:

return( new char[ size ] );

static void val _skip_list_dealloc( void *old, size_t size)
switch( size ) {

case one_ptr_size:
one_ptr_manager . deal | ocator( old, size );
br eak;

case two_ptr_size:
two_ptr_nanager. deal | ocator( old, size);
br eak;

defaul t:
del ete ol d;
br eak;

/1 test WCVal Ski pLi st <i nt>
void test_val _skip_list() {
WCVal Ski pLi st <i nt> skiplist( WCSKI PLI ST_PROB_QUARTER

, WCDEFAULT_SKI PLI ST_MAX_PTRS
, &al _skip_list_alloc
, &val _skip_list_dealloc );

for( int i =0; i < NunfTestEl ens; i++ ) {

}

skiplist.insert( test_elens[ i ] );

WCVal Ski pListlter<int> iter( skiplist );
while( ++iter ) {

}

cout << iter.current() << " ";

cout << "\n\n\n";
skiplist.clear();
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10 Hash Containers

This chapter describes hash containers.
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WCPtrHashDict<Key,Value>

Declared: wchash. h

The WCPt r HashDi ct <Key, Val ue> classis atemplated class used to store objectsin a dictionary.
Dictionaries store values with an associated key, which may be of any type. One example of a
dictionary used in everyday lifeis the phone book. The phone numbers are the data values, and the
customer nameisthe key. An example of a specialized dictionary is a vector, where the key value is the
integer index.

Asan element islooked up or inserted into the dictionary, the associated key is hashed. Hashing
converts the key into anumeric index value which is used to locate the value. The storage area
referenced by the hash value is usualy called a bucket. If more than one key results in the same hash,
the values associated with the keys are placed in alist stored in the bucket. The equality operator of the
key’stypeis used to locate the key-value pairs.

In the description of each member function, the text Key is used to indicate the template parameter
defining the type of the indices pointed to by the pointers stored in the dictionary. Thetext Val ue is
used to indicate the template parameter defining the type of the data pointed to by the pointers stored in
the dictionary.

The constructor for the WCPt r HashDi ct <Key, Val ue> class requires a hashing function, which
given areferenceto Key, returnsan unsi gned value. The returned value modulo the number of
buckets determines the bucket into which the key-value pair will be located. The return values of the
hash function can be spread over the entire range of unsigned numbers. The hash function return value
must be the same for values which are equivalent by the equivalence operator for Key.

Note that pointersto the key values are stored in the dictionary. Destructors are not called on the keys
pointed to. The key values pointed to in the dictionary should not be changed such that the equivalence
to the old value is modified.

The WCEXcept classisabase class of the WCPt r HashDi ct <Key, Val ue> class and provides the
except i ons member function. This member function controls the exceptions which can be thrown
by the WCPt r HashDi ct <Key, Val ue> object. No exceptions are enabled unless they are set by the
except i ons member function.

Requirements of Key
The WCPt r HashDi ct <Key, Val ue> classrequires Key to have:

A well defined equivalence operator with constant parameters
(int operator ==( const Key & ) const).

Public Member Functions
The following member functions are declared in the public interface:

WCPt r HashDi ct ( unsi gned (*hash_fn)( const Key & ), unsigned =
WC DEFAULT HASH SI ZE );

WCPt r HashDi ct ( unsi gned (*hash_fn)( const Key & ), unsigned =
WC DEFAULT_HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size_t size ) );

WCPt r HashDi ct ( const WCPtrHashDict & );

virtual ~WCPtrHashDict();

static unsigned bitHash( const void *, size t );

unsi gned buckets() const;

void clear();
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WCPtrHashDict<Key,Value>

voi d cl ear AndDest roy();

int contains( const Key * ) const;

unsi gned entries() const;

Value * find( const Key * ) const;

Val ue * findKeyAndVal ue( const Key *, Key * & ) const;

void forAl'l ( void (*user_fn)( Key *, Value *, void * ) , void * );
int insert( Key *, Value * );

int isEnpty() const;

Val ue * renmove( const Key * );

voi d resize( unsigned );

Public Member Operators

The following member operators are declared in the public interface:
Value * & operator []( const Key & );

const Value * & operator []( const Key & ) const;

WCPt r HashDi ct & operator =( const WCPtrHashDict & );
i nt operator ==( const WCPtrHashDict & ) const;
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WCPtrHashDict<Key,Value>::WCPtrHashDict()

Synopsis: #i ncl ude <wchash. h>
public:
WCPt r HashDi ct ( unsi gned (*hash_fn)( const Key &),
unsi gned = WC DEFAULT_HASH SI ZE );

Semantics: The public WCPt r HashDi ct <Key, Val ue> constructor creates an
WCPt r HashDi ct <Key, Val ue> object with no entries and with the number of buckets in the second
optional parameter, which defaults to the constant WC_DEFAULT_HASH_SI ZE (currently defined as
101). The number of buckets specified must be greater than zero, and will be forced to at least one. If
the hash dictionary object can be created, but an allocation failure occurs when creating the buckets, the
table will be created with zero buckets. If the out _of _nenor y exception is enabled, then attempting
to insert into a hash table with zero buckets with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each key-value pair will be assigned. If
no hash function exists, the static member function bi t Hash isavailable to help create one.

Results: The public WCPt r HashDi ct <Key, Val ue> constructor creates an initialized
WCPt r HashDi ct <Key, Val ue> object with the specified number of buckets and hash function.

See Also: ~WCPt r HashDi ct, bi t Hash, WCExcept : : out _of _nenory
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WCPtrHashDict<Key,Value>::WCPtrHashDict()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCPt r HashDi ct ( unsi gned (*hash_fn)( const Key &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash dictionary. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of a hash dictionary. To determine the size of the objects that the memory
management functions will be required to allocate and free, the following macro may be used:

WCPt r HashDi ct I t enSi ze( Key, Val ue )

The public WCPt r HashDi ct <Key, Val ue> constructor creates an initialized
WCPt r HashDi ct <Key, Val ue> object with the specified number of buckets and hash function.

~WCPt r HashDi ct, bi t Hash, WCExcept : : out _of _nmenory
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WCPtrHashDict<Key,Value>::WCPtrHashDict()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCPt r HashDi ct ( const WCPtrHashDict & );

The public WCPt r HashDi ct <Key, Val ue> constructor is the copy constructor for the

WCPt r HashDi ct <Key, Val ue> class. The new dictionary is created with the same number of
buckets, hash function, all values or pointers stored in the dictionary, and the exception trap states. If
the hash dictionary object can be created, but an allocation failure occurs when creating the buckets, the
table will be created with zero buckets. If there is not enough memory to copy all of the valuesin the
dictionary, then only some will be copied, and the number of entries will correctly reflect the number
copied. If al of the elements cannot be copied, thenthe out _of _nenory exceptionisthrownif itis
enabled.

The public WCPt r HashDi ct <Key, Val ue> constructor creates an
WCPt r HashDi ct <Key, Val ue> object which isacopy of the passed dictionary.

~WCPt r HashDi ct , oper at or =, WCExcept : : out _of _nenory
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WCPtrHashDict<Key,Value>::~WCPtrHashDict()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
virtual ~WCPtrHashDict();

The public ~WWCPt r HashDi ct <Key, Val ue> destructor is the destructor for the

WCPt r HashDi ct <Key, Val ue> class. If the number of dictionary elementsis not zero and the
not _enpt y exception is enabled, the exception is thrown. Otherwise, the dictionary elements are
cleared using the cl ear member function. The objects which the dictionary elements point to are not
deleted unlessthe cl ear AndDest r oy member function is explicitly called before the destructor is
caled. Thecdl to the public ~WCPt r HashDi ct <Key, Val ue> destructor isinserted implicitly by
the compiler at the point where the WCPt r HashDi ct <Key, Val ue> object goes out of scope.

The public ~WCPt r HashDi ct <Key, Val ue> destructor destroys an
WCPt r HashDi ct <Key, Val ue> object.

cl ear, cl ear AndDest r oy, WCEXxcept : : not _enpty
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WCPtrHashDict<Key,Value>::bitHash()

Synopsis: #i ncl ude <wchash. h>
public:
static unsigned bitHash( void *, size t );

Semantics: The bi t Hash public member function can be used to implement a hashing function for any type. A
hashing value is generated from the value stored for the number of specified bytes pointed to by the first
parameter.

Results: The bi t Hash public member function returns an unsigned value which can be used as the basis of a
user defined hash function.

See Also; WCPt r HashDi ct
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WCPtrHashDict<Key,Value>::buckets()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned buckets const;

Semantics: Thebucket s public member function is used to find the number of buckets contained in the
WCPt r HashDi ct <Key, Val ue> object.

Results: The bucket s public member function returns the number of buckets in the dictionary.

See Also: resi ze
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WCPtrHashDict<Key,Value>::clear()

Synopsis: #i ncl ude <wchash. h>
public:
void clear();

Semantics: Thecl ear public member function is used to clear the dictionary so that it has no entries. The number
of buckets remain unaffected. Objects pointed to by the dictionary elements are not deleted. The
dictionary object is not destroyed and re-created by this function, so the object destructor is not invoked.

Results: The cl ear public member function clears the dictionary to have no elements.

See Also: ~WCPt r HashDi ct, cl ear AndDest r oy, operat or =
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WCPtrHashDict<Key,Value>::clearAndDestroy()

Synopsis: #i ncl ude <wchash. h>
public:
voi d cl ear AndDest roy();

Semantics: Thecl ear AndDest r oy public member function is used to clear the dictionary and delete the objects
pointed to by the dictionary elements. The dictionary object is not destroyed and re-created by this
function, so the dictionary object destructor is not invoked.

Results: Thecl ear AndDest r oy public member function clears the dictionary by deleting the objects pointed
to by the dictionary elements.

See Also; cl ear
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WCPtrHashDict<Key,Value>::contains()

Synopsis: #i ncl ude <wchash. h>
public:
int contains( const Key * ) const;

Semantics: The cont ai ns public member function returns non-zero if an element with the specified key is stored
in the dictionary, or zero if thereis no equivalent element. Note that equivalence is based on the
equivalence operator of the Key type.

Results: The cont ai ns public member function returns a non-zero value if the Key isfound in the dictionary.

See Also: find, fi ndkeyAndVal ue
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WCPtrHashDict<Key,Value>::entries()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned entries() const;

Semantics: Theent ri es public member function is used to return the current number of elements stored in the

dictionary.
Results: Theent ri es public member function returns the number of elementsin the dictionary.
See Also: bucket s, i sEnpty
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WCPtrHashDict<Key,Value>::find()

Synopsis: #i ncl ude <wchash. h>
public:

Val ue * find( const Key * ) const;

Semantics: Thef i nd public member function is used to find an element with an equivalent key in the dictionary.
If an equivalent element isfound, a pointer to the element Val ue isreturned. Zeroisreturned if the
element is not found. Note that equivalence is based on the equivalence operator of the Key type.

Results: The element equivalent to the passed key is located in the dictionary.

See Also: fi ndkeyAndVal ue
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WCPtrHashDict<Key,Value>::findKeyAndValue()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

Val ue * findKeyAndVval ue( const Key *,
Key &, Value & ) const;

Thef i ndKeyAndVal ue public member function is used to find an element in the dictionary with an
key equivalent to the first parameter. If an equivalent element isfound, a pointer to the element Val ue
isreturned. The referenceto a Key passed as the second parameter is assigned the found element’ s key.
Zeroisreturned if the element is not found. Note that equivalence is based on the equivalence operator
of the Key type.

The element equivalent to the passed key is located in the dictionary.

fi ndkeyAndVal ue
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WCPtrHashDict<Key,Value>::forAll()

Synopsis: #i ncl ude <wchash. h>
public:
void forAll(
void (*user_fn)( Key *, Value *, void * ),
void * );

Semantics: Thef or Al | public member function causes the user supplied function to be invoked for every
key-value pair in the dictionary. The user function has the prototype

voi d user_func( Key * key, Value * value, void * data );
Asthe elements are visited, the user function isinvoked with the Key and Val ue components of the
element passed as the first two parameters. The second parameter of the f or Al | function is passed as
the third parameter to the user function. This value can be used to pass any appropriate data from the
main code to the user function.

Results: The elementsin the dictionary are all visited, with the user function being invoked for each one.

See Also: find, findkeyAndVal ue
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WCPtrHashDict<Key,Value>::insert()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
int insert( Key *, Value * );

Thei nsert public member function inserts akey and value into the dictionary, using the hash
function on the key to determine to which bucket it should be stored. If allocation of the node to store
the key-value pair fails, then the out _of _menory exception isthrown if it isenabled. If the
exception is not enabled, the insert will not be completed.

At some point, the number of bucketsinitially selected may be too small for the number of elements
inserted. Theresize of the dictionary can be controlled by the insertion mechanism by using

WCPt r HashDi ct asabase class, and providing an insert member function to do aresize when
appropriate. Thisinsert could then call WCPt r HashDi ct : : i nsert toinsert the element. Note that
copy constructors and assignment operators are not inherited in your class, but you can provide the
following inline definitions (assuming that the class inherited from WCPtrHashDict is named
MyHashDict):

inline MyHashDi ct ( const MyHashDict &orig ) : WCPtrHashDict( orig ) {};
inline MyHashDi ct &operator=( const MyHashDict &orig ) {

return( WCPtrHashDict::operator=( orig ) );
}

Thei nsert public member function inserts akey and value into the dictionary. If theinsertis
successful, a non-zero will returned. A zero will be returned if the insert fails.

operator =, WCExcept::out_of_nenory
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WCPtrHashDict<Key,Value>::isEmpty()

Synopsis: #i ncl ude <wchash. h>
public:
int iseEnpty() const;
Semantics: Thei sEnpt y public member function is used to determine if the dictionary is empty.

Results: Thei sEnpt y public member function returns zero if it contains at least one entry, non-zero if the
dictionary is empty.

See Also: buckets,entries
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WCPtrHashDict<Key,Value>::operator []()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
Val ue * & operator[]( const Key & );

operat or [] isthedictionary index operator. A reference to the object stored in the dictionary with
the given Key isreturned. If no equivalent element isfound, then anew key-value pair is created with
the specified Key value, and initialized with the default constructor. The returned reference can then be
assigned to, so that insertions can be made with the operator. If an alocation error occurs while
inserting a new key-value pair, then the out _of _nenory exceptionisthrown if it isenabled. If the
exception is not enabled, then areference to address zero will be returned. Thiswill result in arun-time
error on systems which trap address zero references.

Theoperat or [] public member function returns a reference to the element at the given key value.
If the key does not exit, areference to a created element is returned. The result of the operator may be
assigned to.

WCExcept : : out _of _menory
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WCPtrHashDict<Key,Value>::operator []()

Synopsis: #i ncl ude <wchash. h>
public:
Val ue * const & operator[]( const Key * ) const;

Semantics: operat or [] isthedictionary index operator. A constant reference to the object stored in the
dictionary with the given Key isreturned. If no equivalent element isfound, thenthe i ndex_r ange
exception isthrown if it isenabled. If the exception is not enabled, then a reference to address zero will
be returned. Thiswill result in arun-time error on systems which trap address zero references.

Results: Theoperat or [] public member function returns a constant reference to the element at the given
key value. The result of the operator may not be assigned to.

See Also: WCExcept: :i ndex_range
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WCPtrHashDict<Key,Value>::operator =()

Synopsis: #i ncl ude <wchash. h>
public:
WCPt r HashDi ct & operator =( const WCPtrHashDict & );

Semantics: Theoper at or = public member function is the assignment operator for the
WCPt r HashDi ct <Key, Val ue> class. Theleft hand side dictionary isfirst cleared using the
cl ear member function, and then the right hand side dictionary is copied. The hash function,
exception trap states, and all of the dictionary elements are copied. If an alocation failure occurs when
creating the buckets, the table will be created with zero buckets, and the out _of _menory exception
isthrown if it isenabled. If thereis not enough memory to copy all of the values or pointersin the
dictionary, then only some will be copied, and the out _of _nenory exceptionisthrownif itis
enabled. The number of entries will correctly reflect the number copied.

Results: Theoper at or = public member function assigns the left hand side dictionary to be a copy of the
right hand side.
See Also: cl ear, WCExcept : : out _of _menory
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WCPtrHashDict<Key, Value>::operator ==()

Synopsis: #i ncl ude <wchash. h>
public:
int operator ==( const WCPtrHashDict & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCPt r HashDi ct <Key, Val ue> class. Two dictionary objects are equivalent if they are the same
object and share the same address.

Results: A TRUE (non-zero) value isreturned if the left hand side and right hand side dictionary are the same
object. A FALSE (zero) valueis returned otherwise.
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WCPtrHashDict<Key,Value>::remove()

Synopsis: #i ncl ude <wchash. h>
public:
Val ue * renove( const Key * );

Semantics: Ther emove public member function is used to remove the specified element from the dictionary. If
an equivalent element is found, the pointer value isreturned. Zero isreturned if the element is not
found. Note that equivalenceis based on the equivalence operator of the Key type.

Results: The element is removed from the dictionary if it found.
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WCPtrHashDict<Key,Value>::resize()

Synopsis: #i ncl ude <wchash. h>
public:
voi d resize( unsigned );

Semantics: Ther esi ze public member function is used to change the number of buckets contained in the
dictionary. If the new number islarger than the previous dictionary size, then the hash function will be
used on al of the stored elements to determine which bucket they should be stored into. Entries are not
destroyed or created in the process of being moved. If thereis not enough memory to resize the
dictionary, the out _of _nmenory exception isthrown if it is enabled, and the dictionary will contain
the number of bucketsit contained before the resize. 1f the new number is zero, then the
zer o_bhucket s exception isthrown if it is enabled, and no resize will be performed. The dictionary
is guaranteed to contain the same number of entries after the resize.

Results: The dictionary is resized to the new number of buckets.

See Also: WCExcept : : out _of _menory,WCExcept :: zero_bucket s

104 Hash Containers



WCPtrHashTable<Type>, WCPtrHashSet<Type>

Declared:

wchash. h

WCPt r HashTabl e<Type> and WCPt r HashSet <Type> classes are templated classes used to store
objectsinahash. A hash saves objectsin such away asto make it efficient to locate and retrieve an
element. Asan element islooked up or inserted into the hash, the value of the element is hashed.
Hashing results in a numeric index which is used to locate the value. The storage area referenced by the
hash valueis usually called a bucket. If more than one element results in the same hash, the value
associated with the hash is placed in alist stored in the bucket. A hash table allows more than one copy
of an element that is equivalent, while the hash set allows only one copy. The equality operator of the
element’ stype is used to locate the value.

In the description of each member function, the text Ty pe isused to indicate the template parameter
defining the type of the data pointed to by the pointers stored in the hash.

The constructor for the WCPt r HashTabl e<Type> and WCPt r HashSet <Type> classesrequiresa
hashing function, which given areferenceto Type, returnsan unsi gned value. Thereturned value
modul o the number of buckets determines the bucket into which the element will be located. The return
values of the hash function can be spread over the entire range of unsigned numbers. The hash function
return value must be the same for values which are equivalent by the equivalence operator for Type.

Note that pointers to the elements are stored in the hash. Destructors are not called on the elements
pointed to. The data values pointed to in the hash should not be changed such that the equivalence to
the old value is modified.

The WCEXxcept classisabase class of the WCPt r HashTabl e<Type> and

WCPt r HashSet <Type> classes and providesthe except i ons member function. This member
function controls the exceptions which can be thrown by the WCPt r HashTabl e<Type> and

WCPt r HashSet <Type> objects. No exceptions are enabled unless they are set by the excepti ons
member function.

Requirements of Type

The WCPt r HashTabl e<Type> and WCPt r HashSet <Type> classesrequires Type to have:

A well defined equivalence operator with constant parameters
(int operator ==( const Type & ) const ).

Public Member Functions

The following member functions are declared in the public interface:

WCPt r HashSet ( unsi gned (*hash_fn)( const Type & ), unsigned
WC DEFAULT_HASH_SI ZE );

WCPt r HashSet ( unsi gned (*hash_fn)( const Type & ), unsigned
WC DEFAULT HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size t size ) );

WCPt r HashSet ( const WCPtr HashSet & );

virtual ~WCPtrHashSet ();

WCPt r HashTabl e( unsi gned (*hash_fn)( const Type & ), unsigned
WC_DEFAULT_HASH_ SI ZE );

WCPt r HashTabl e( unsi gned (*hash_fn)( const Type & ), unsigned
WC DEFAULT_HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size_t size ) );

WCPt r HashTabl e( const WCPtrHashTable & );

virtual ~WCPtrHashTabl e();
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WCPtrHashTable<Type>, WCPtrHashSet<Type>

static unsigned bitHash( const void *, size t );
unsi gned buckets() const;

void clear();

voi d cl ear AndDest roy();

int contains( const Type * ) const;

unsi gned entries() const;

Type * find( const Type * ) const;

void forAll( void (*user_fn)( Type *, void * ) , void * );
int insert( Type * );

int isEnpty() const;

Type * renove( const Type * );

voi d resize( unsigned );

The following public member functions are available for the WCPt r HashTabl e class only:

unsi gned occurrencesOf( const Type * ) const;
unsi gned removeAl | ( const Type * );

Public Member Operators

The following member operators are declared in the public interface:
WCPt r HashSet & operator =( const WCPtrHashSet & );
i nt operator ==( const WCPtrHashSet & ) const;

WCPt r HashTabl e & operator =( const WCPtrHashTable & );
i nt operator ==( const WCPtrHashTable & ) const;
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WCPtrHashSet<Type>::WCPtrHashSetl()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCPt r HashSet ( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE );

The WCPt r HashSet <Type> constructor createsa WCPt r HashSet object with no entries and with
the number of bucketsin the second optional parameter, which defaults to the constant

WC DEFAULT_HASH_SI ZE (currently defined as 101). The number of buckets specified must be
greater than zero, and will be forced to at least one. If the hash object can be created, but an allocation
failure occurs when creating the buckets, the table will be created with zero buckets. If the

out _of _nenory exception is enabled, then attempting to insert into a hash table with zero buckets
with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each value will be assigned to. If no
hash function exists, the static member function bi t Hash isavailable to help create one.

The WCPt r HashSet <Type> constructor creates an initialized WCPt r HashSet object with the
specified number of buckets and hash function.

~WCPt r HashSet , bi t Hash, WCExcept : : out _of _menory
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WCPtrHashSet<Type>::WCPtrHashSel()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCPt r HashSet ( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of ahash. To determine the size of the objects that the memory management
functions will be required to allocate and free, the following macro may be used:

WCPt r HashSet | t enSi ze( Type )

The WCPt r HashSet <Type> constructor creates an initialized WCPt r HashSet object with the
specified number of buckets and hash function.

~WCPt r HashSet , bi t Hash, WCExcept : : out _of _nenory
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WCPtrHashSet<Type>::WCPtrHashSetl()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCPt r HashSet ( const WCPtr HashSet & );

The WCPt r HashSet <Type> isthe copy constructor for the WCPt r HashSet class. The new hashis
created with the same number of buckets, hash function, all values or pointers stored in the hash, and

the exception trap states. If the hash object can be created, but an allocation failure occurs when
creating the buckets, the hash will be created with zero buckets. If there is not enough memory to copy
all of the values, then only some will be copied, and the number of entrieswill correctly reflect the
number copied. If all of the elements cannot be copied, thenthe out _of _nmenory exceptionis
thrown if it is enabled.

The WCPt r HashSet <Type> constructor createsa WCPt r HashSet object which is a copy of the
passed hash.

~WCPt r HashSet , oper at or =, WCExcept : : out _of _nmenory
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WCPtrHashSet<Type>::~WCPtrHashSet()

Synopsis: #i ncl ude <wchash. h>
public:
virtual ~WCPtrHashSet();

Semantics: The WCPt r HashSet <Type> destructor is the destructor for the WCPt r HashSet class. If the
number of elementsis not zero and the not _enpt y exception is enabled, the exception is thrown.
Otherwise, the hash elements are cleared using the ¢l ear member function. The objects which the
hash elements point to are not deleted unlessthe cl ear AndDest r oy member function is explicitly
called before the destructor is called. The call to the WCPt r HashSet <Type> destructor isinserted
implicitly by the compiler at the point where the WCPt r HashSet object goes out of scope.

Results: The call to the WCPt r HashSet <Type> destructor destroys a WCPt r HashSet object.

See Also: cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCPtrHashTable<Type>::WCPtrHashTable()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCPt r HashTabl e( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE );

The WCPt r HashTabl e<Type> constructor creates a WCPt r HashTabl e object with no entries and
with the number of bucketsin the second optional parameter, which defaults to the constant

WC DEFAULT_HASH_SI ZE (currently defined as 101). The number of buckets specified must be
greater than zero, and will be forced to at least one. If the hash object can be created, but an allocation
failure occurs when creating the buckets, the table will be created with zero buckets. If the

out _of _nenory exception is enabled, then attempting to insert into a hash table with zero buckets
with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each value will be assigned to. If no
hash function exists, the static member function bi t Hash isavailable to help create one.

The WCPt r HashTabl e<Type> constructor creates an initialized WCPt r HashTabl e object with
the specified number of buckets and hash function.

~WCPt r HashTabl e, bi t Hash, WCExcept : : out _of _menory
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WCPtrHashTable<Type>::WCPtrHashTable()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCPt r HashTabl e( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of ahash. To determine the size of the objects that the memory management
functions will be required to allocate and free, the following macro may be used:

WCPt r HashTabl el t eni ze( Type )

The WCPt r HashTabl e<Type> constructor creates an initialized WCPt r HashTabl e object with
the specified number of buckets and hash function.

~WCPt r HashTabl e, bi t Hash, WCExcept : : out _of _nenory
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WCPtrHashTable<Type>::WCPtrHashTable()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCPt r HashTabl e( const WCPtrHashTable & );

The WCPt r HashTabl e<Type> isthe copy constructor for the WCPt r HashTabl e class. The new
hash is created with the same number of buckets, hash function, all values or pointers stored in the hash,
and the exception trap states. If the hash object can be created, but an all ocation failure occurs when
creating the buckets, the hash will be created with zero buckets. If there is not enough memory to copy
all of the values, then only some will be copied, and the number of entrieswill correctly reflect the
number copied. If all of the elements cannot be copied, thenthe out _of _nmenory exceptionis
thrown if it is enabled.

The WCPt r HashTabl e<Type> constructor creates a WCPt r HashTabl e object which isa copy of
the passed hash.

~WCPt r HashTabl e, oper at or =, WCExcept : : out _of _menory
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WCPtrHashTable<Type>::~WCPtrHashTable()

Synopsis: #i ncl ude <wchash. h>
public:
virtual ~WCPtrHashTabl e();

Semantics: The WCPt r HashTabl e<Type> destructor is the destructor for the WCPt r HashTabl e class. If the
number of elementsis not zero and the not _enpt y exception is enabled, the exception is thrown.
Otherwise, the hash elements are cleared using the ¢l ear member function. The objects which the
hash elements point to are not deleted unlessthe cl ear AndDest r oy member function is explicitly
called before the destructor is called. The call to the WCPt r HashTabl e<Type> destructor isinserted
implicitly by the compiler at the point where the WCPt r HashTabl e object goes out of scope.

Results: The call tothe WCPt r HashTabl e<Type> destructor destroys a WCPt r HashTabl e object.

See Also: cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCPtrHashTable<Type>::bitHash(), WCPtrHashSet<Type>::bitHash()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>
public:
static unsigned bitHash( void *, size t );

The bi t Hash public member function can be used to implement a hashing function for any type. A
hashing value is generated from the value stored for the number of specified bytes pointed to by the first
parameter.

The bi t Hash public member function returns an unsigned value which can be used as the basis of a
user defined hash function.

WCPt r HashSet , WCPt r HashTabl e
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WCPtrHashTable<Type>::buckets(), WCPtrHashSet<Type>::buckets()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned buckets() const;

Semantics: Thebucket s public member function is used to find the number of buckets contained in the hash

object.
Results: The bucket s public member function returns the number of buckets in the hash.
See Also: resize
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WCPtrHashTable<Type>::clear(), WCPtrHashSet<Type>::clear()

Synopsis: #i ncl ude <wchash. h>
public:
void clear();

Semantics: Thecl ear public member function is used to clear the hash so that it has no entries. The number of
buckets remain unaffected. Objects pointed to by the hash elements are not deleted. The hash object is
not destroyed and re-created by this function, so the object destructor is not invoked.

Results: The cl ear public member function clears the hash to have no e ements.

See Also: ~WCPt r HashSet , ~\WCPt r HashTabl e, cl ear AndDest r oy, operator =
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WCPtrHashTable<Type>,WCPtrHashSet<Type>::clearAndDestroy()

Synopsis: #i ncl ude <wchash. h>
public:
voi d cl ear AndDest roy();

Semantics: Thecl ear AndDest r oy public member function is used to clear the hash and del ete the objects
pointed to by the hash elements. The hash object is not destroyed and re-created by this function, so the
hash object destructor is not invoked.

Results: Thecl ear AndDest r oy public member function clears the hash by deleting the objects pointed to by
the hash elements.
See Also: cl ear
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WCPtrHashTable<Type>::contains(), WCPtrHashSet<Type>::contains)

Synopsis: #i ncl ude <wchash. h>
public:
int contains( const Type * ) const;

Semantics: The cont ai ns public member function returns non-zero if the element is stored in the hash, or zero if
there is no equivalent element. Note that equivalence is based on the equivalence operator of the

element type.
Results: The cont ai ns public member function returns a non-zero value if the element is found in the hash.
See Also: find
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WCPtrHashTable<Type>::entries(), WCPtrHashSet<Type>::entries()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned entries() const;

Semantics: Theent ri es public member function is used to return the current number of elements stored in the

hash.
Results: Theent ri es public member function returns the number of elementsin the hash.
See Also: bucket s, i sEnpty
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WCPtrHashTable<Type>::find(), WCPtrHashSet<Type>::find()

Synopsis: #i ncl ude <wchash. h>
public:
Type * find( const Type * ) const;

Semantics: Thef i nd public member function is used to find an element with an equivalent key in the hash. If an
equivalent element isfound, a pointer to the element isreturned. Zero isreturned if the element is not
found. Note that equivalenceis based on the equivalence operator of the element type.

Results: The element equivalent to the passed key islocated in the hash.

Hash Containers 121



WCPtrHashTable<Type>::forAll(), WCPtrHashSet<Type>::forAll()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

void forAll(

void (*user_fn)( Type *, void * ),
void * );

Thef or Al | public member function causes the user supplied function to be invoked for every valuein
the hash. The user function has the prototype

voi d user_func( Type * value, void * data );

Asthe elements are visited, the user function isinvoked with the element passed asthefirst. The
second parameter of the f or Al | function is passed as the second parameter to the user function. This
value can be used to pass any appropriate data from the main code to the user function.

The elementsin the hash are al visited, with the user function being invoked for each one.

find
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WCPtrHashTable<Type>::insert(), WCPirHashSet<Type>::insert()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
int insert( Type * );

Thei nsert public member function inserts a value into the hash, using the hash function to determine
to which bucket it should be stored. If allocation of the node to store the value fails, then the

out _of _nmenory exceptionisthrown if it isenabled. If the exception is not enabled, the insert will
not be compl eted.

With aWCPt r HashSet , there must be only one equivalent element in the set. If an element
equivalent to the inserted element is already in the hash set, the hash set will remain unchanged, and the
not _uni que exception isthrown if itisenabled. If the exception is not enabled, the insert will not be
compl eted.

At some point, the number of bucketsinitially selected may be too small for the number of elements
inserted. The resize of the hash can be controlled by the insertion mechanism by using

WCPt r HashSet (or WCPt r HashTabl e) asabase class, and providing an insert member function to
do aresize when appropriate. Thisinsert could then call WCPt r HashSet : : i nsert (or

WCPt r HashTabl e: : i nsert) toinsert the element. Note that copy constructors and assignment
operators are not inherited in your class, but you can provide the following inline definitions (assuming
that the class inherited from WCPtrHashTable is named MyHashTable):

inline MyHashTabl e( const MyHashTable &orig )
: WCPtrHashTable( orig ) {};

inline MyHashTabl e &operator=( const MyHashTable &orig ) {
return( WCPtrHashTabl e:: operator=( orig ) );

}

Thei nsert public member function inserts avalue into the hash. If theinsert is successful, a
non-zero will returned. A zero will be returned if the insert fails.

operator =, WCExcept::out_of_nenory
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WCPtrHashTable<Type>::isEmpty(), WCPtrHashSet<Type>::isEmpty()

Synopsis: #i ncl ude <wchash. h>
public:
int iseEnpty() const;

Semantics: Thei sEnpt y public member function is used to determine if the hash is empty.

Results: Thei sEnpt y public member function returns zero if it contains at least one entry, non-zero if the hash
is empty.
See Also: bucket s, entries
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WCPtrHashTable<Type>::occurencesOf()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

unsi gned occurrencesOf( const Type * ) const;

Theoccur encesOF public member function is used to return the current number of elements stored
in the hash which are equivalent to the passed value. Note that equivalence is based on the equivalence
operator of the element type.

Theoccur encesOf public member function returns the number of elementsin the hash.

buckets,entries,find,isEnpty

Hash Containers 125



WCPtrHashTable<Type>::operator =(), WCPtrHashSet<Type>::operator =()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCPt r HashSet & operator =( const WCPtrHashSet & );
WCPt r HashTabl e & operator =( const WCPtrHashTable & );

Theoper at or = public member function is the assignment operator for the

WCPt r HashTabl e<Type> and WCPt r HashSet <Type> classes. The left hand side hash isfirst
cleared using the cl ear member function, and then the right hand side hash is copied. The hash
function, exception trap states, and all of the hash elements are copied. If an allocation failure occurs
when creating the buckets, the table will be created with zero buckets, and the out _of _menory
exception isthrown if it isenabled. If thereis not enough memory to copy al of the values or pointers
in the hash, then only some will be copied, and the out _of _nenor y exception isthrown if itis
enabled. The number of entries will correctly reflect the number copied.

Theoper at or = public member function assigns the left hand side hash to be a copy of the right
hand side.

cl ear, WCExcept : : out _of _nmenory
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WCPtrHashTable<Type>::operator ==(), WCPtrHashSet<Type>::operator ==()

Synopsis: #i ncl ude <wchash. h>
public:
i nt operator ==( const WCPtrHashSet & ) const;
i nt operator ==( const WCPtrHashTable & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCPt r HashTabl e<Type> and WCPt r HashSet <Type> classes. Two hash objects are equivalent
if they are the same object and share the same address.

Results: A TRUE (non-zero) value isreturned if the left hand side and right hand side hash are the same object.
A FALSE (zero) valueisreturned otherwise.
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WCPtrHashTable<Type>::remove(), WCPtrHashSet<Type>::remove()

Synopsis: #i ncl ude <wchash. h>
public:
Type * renove( const Type * );

Semantics: Ther empve public member function is used to remove the specified element from the hash. If an
equivalent element isfound, the pointer valueisreturned. Zeroisreturned if the element is not found.
If the hash is atable and there is more than one element equivalent to the specified element, then the
first equivalent element added to the tableis removed. Note that equivalence is based on the
equivalence operator of the element type.

Results: The element is removed from the hash if it found.

128 Hash Containers



WCPtrHashTable<Type>::removeAll()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned renoveAl | ( const Type * );

Semantics: Ther emoveAl | public member function is used to remove all elements equivalent to the specified
element from the hash. Zero isreturned if no equivalent elements are found. Note that equivalenceis
based on the equivalence operator of the element type.

Results: All equivalent elements are removed from the hash.
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WCPtrHashTable<Type>::resize(), WCPtrHashSet<Type>::resize()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
voi d resize( unsigned );

Ther esi ze public member function is used to change the number of buckets contained in the hash. If
the new number is larger than the previous hash size, then the hash function will be used on all of the
stored elements to determine which bucket they should be stored into. Entries are not destroyed or
created in the process of being moved. If thereis not enough memory to resize the hash, the

out _of _nenory exceptionisthrown if it is enabled, and the hash will contain the number of buckets
it contained before theresize. If the new number iszero, thenthe zer o_bucket s exceptionis
thrown if it is enabled, and no resize will be performed. The hash is guaranteed to contain the same
number of entries after the resize.

The hash is resized to the new number of buckets.

WCExcept : : out _of _menory,WCExcept :: zero_bucket s
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WCValHashDict<Key,Value>

Declared:

wchash. h

TheWCVal HashDi ct <Key, Val ue> classis atemplated class used to store objectsin a dictionary.
Dictionaries store values with an associated key, which may be of any type. One example of a
dictionary used in everyday lifeis the phone book. The phone numbers are the data values, and the
customer nameisthe key. An example of a specialized dictionary is a vector, where the key value is the
integer index.

Asan element islooked up or inserted into the dictionary, the associated key is hashed. Hashing
converts the key into anumeric index value which is used to locate the value. The storage area
referenced by the hash value is usualy called a bucket. If more than one key results in the same hash,
the values associated with the keys are placed in alist stored in the bucket. The equality operator of the
key’stypeis used to locate the key-value pairs.

In the description of each member function, the text Key is used to indicate the template parameter
defining the type of the indices used to store datain the dictionary. Thetext Val ue isused to indicate
the template parameter defining the type of the data stored in the dictionary.

The constructor for the WCVal HashDi ct <Key, Val ue> class requires a hashing function, which
given areferenceto Key, returnsan unsi gned vaue. The returned value modulo the number of
buckets determines the bucket into which the key-value pair will be located. The return values of the
hash function can be spread over the entire range of unsigned numbers. The hash function return value
must be the same for values which are equivalent by the equivalence operator for Key.

Vaues are copied into the dictionary, which could be undesirable if the stored objects are complicated
and copying is expensive. Value dictionaries should not be used to store objects of abase classif any
derived types of different sizes would be stored in the dictionary, or if the destructor for a derived class
must be called.

The WCEXcept classisabase class of the WCVal HashDi ct <Key, Val ue> class and provides the
except i ons member function. This member function controls the exceptions which can be thrown
by the WCVal HashDi ct <Key, Val ue> object. No exceptions are enabled unless they are set by the
except i ons member function.

Requirements of Key and Value

TheWCVal HashDi ct <Key, Val ue> classrequires Key to have:

A default constructor ( Key: : Key() ).

A well defined copy constructor ( Key: : Key( const Key & ) ).

A well defined assignment operator ( Key & operator =( const Key & ) ).

A well defined equivalence operator with constant parameters
(int operator ==( const Key & ) const).

TheWCVal HashDi ct <Key, Val ue> classrequires Val ue to have:
A default constructor ( Val ue: : Val ue() ).
A well defined copy constructor ( Val ue: : Val ue( const Value &) ).

A well defined assignment operator ( Val ue & operator =( const Value & )).
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WCValHashDict<Key,Value>

Public Member Functions
The following member functions are declared in the public interface:

WCVal HashDi ct ( unsi gned (*hash_fn)( const Key & ), unsigned =
WC DEFAULT_HASH SI ZE );

WCVal HashDi ct ( unsi gned (*hash_fn)( const Key & ), unsigned =
WC DEFAULT _HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size_t size ) );

WCVal HashDi ct ( const WCVal HashDict & );

vi rtual ~WCVval HashDi ct () ;

static unsigned bitHash( const void *, size t );

unsi gned buckets() const;

void clear();

int contains( const Key & ) const;

unsi gned entries() const;

int find( const Key & Value &) const;

i nt findKeyAndVal ue( const Key & Key & Value & ) const;
void forAll( void (*user_fn)( Key, Value, void * ), void * );
int insert( const Key & const Value & );

int isEnpty() const;

int renove( const Key & );

voi d resize( unsigned );

Public Member Operators
The following member operators are declared in the public interface:

Val ue & operator []( const Key & );

const Value & operator []( const Key & ) const;
WCVal HashDi ct & operator =( const WCVal HashDict & );
i nt operator ==( const WCVal HashDict & ) const;
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WCValHashDict<Key,Value>::WCValHashDict()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCVal HashDi ct ( unsi gned (*hash_fn)( const Key &),
unsi gned = WC DEFAULT_HASH SI ZE );

The public WCVal HashDi ct <Key, Val ue> constructor creates an

WCVal HashDi ct <Key, Val ue> object with no entries and with the number of buckets in the second
optional parameter, which defaults to the constant WC_DEFAULT_HASH_SI ZE (currently defined as
101). The number of buckets specified must be greater than zero, and will be forced to at least one. If
the hash dictionary object can be created, but an allocation failure occurs when creating the buckets, the
table will be created with zero buckets. If the out _of _nenor y exception is enabled, then attempting
to insert into a hash table with zero buckets with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each key-value pair will be assigned. If
no hash function exists, the static member function bi t Hash isavailable to help create one.

The public WCVal HashDi ct <Key, Val ue> constructor creates an initialized
WCVal HashDi ct <Key, Val ue> object with the specified number of buckets and hash function.

~WCVal HashDi ct, bi t Hash, WCExcept : : out _of _nenory
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WCValHashDict<Key,Value>::WCValHashDict()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCVal HashDi ct ( unsi gned (*hash_fn)( const Key &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash dictionary. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of a hash dictionary. To determine the size of the objects that the memory
management functions will be required to allocate and free, the following macro may be used:

WCVal HashDi ct | tentSi ze( Key, Val ue )

The public WCVal HashDi ct <Key, Val ue> constructor creates an initialized
WCVal HashDi ct <Key, Val ue> object with the specified number of buckets and hash function.

~WCVal HashDi ct, bi t Hash, WCExcept : : out _of _nmenory
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WCValHashDict<Key,Value>::WCValHashDict()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCVal HashDi ct ( const WCVal HashDict & );

The public WCVal HashDi ct <Key, Val ue> constructor is the copy constructor for the

WCVal HashDi ct <Key, Val ue> class. The new dictionary is created with the same number of
buckets, hash function, all values or pointers stored in the dictionary, and the exception trap states. If
the hash dictionary object can be created, but an allocation failure occurs when creating the buckets, the
table will be created with zero buckets. If there is not enough memory to copy all of the valuesin the
dictionary, then only some will be copied, and the number of entries will correctly reflect the number
copied. If al of the elements cannot be copied, thenthe out _of _nenory exceptionisthrownif itis
enabled.

The public WCVal HashDi ct <Key, Val ue> constructor creates an
WCVal HashDi ct <Key, Val ue> object which isacopy of the passed dictionary.

~WCVal HashDi ct, oper at or =, WCExcept : : out _of _nenory
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WCValHashDict<Key,Value>::~WCValHashDict()

Synopsis: #i ncl ude <wchash. h>
public:
virtual ~WCVal HashbDi ct ();

Semantics: The public ~\WCVal HashDi ct <Key, Val ue> destructor is the destructor for the
WCVal HashDi ct <Key, Val ue> class. If the number of dictionary elementsis not zero and the
not _enpt y exception is enabled, the exception is thrown. Otherwise, the dictionary elements are
cleared using the cl ear member function. The call to the public ~\WCVal HashDi ct <Key, Val ue>
destructor isinserted implicitly by the compiler at the point where the
WCVal HashDi ct <Key, Val ue> object goes out of scope.

Results: The public ~WCVal HashDi ct <Key, Val ue> destructor destroys an
WCVal HashDi ct <Key, Val ue> object.

See Also: cl ear, WCExcept : : not _enpty
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WCValHashDict<Key,Value>::bitHash()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
static unsigned bitHash( void *, size t );

The bi t Hash public member function can be used to implement a hashing function for any type. A
hashing value is generated from the value stored for the number of specified bytes pointed to by the first
parameter. For example:

unsi gned ny_hash_fn( const int & key ) {
return( WCVal HashDi ct<int, String>::bitHash( &key, sizeof( int ) );

}
WCVal HashDi ct<i nt, String> data_object( &wy_hash_fn );

The bi t Hash public member function returns an unsigned value which can be used as the basis of a
user defined hash function.

WCVal HashDi ct
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WCValHashDict<Key,Value>::buckets()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned buckets const;

Semantics: Thebucket s public member function is used to find the number of buckets contained in the
WCVal HashDi ct <Key, Val ue> object.

Results: The bucket s public member function returns the number of buckets in the dictionary.

See Also: resi ze
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WCValHashDict<Key,Value>::clear()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>
public:
void clear();

Thecl ear public member function is used to clear the dictionary so that it has no entries. The number
of buckets remain unaffected. Elements stored in the dictionary are destroyed using the destructors of
Key and of Val ue. Thedictionary object isnot destroyed and re-created by this function, so the
object destructor is not invoked.

The cl ear public member function clears the dictionary to have no elements.

~WCVal HashDi ct, operator =
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WCValHashDict<Key,Value>::contains()

Synopsis: #i ncl ude <wchash. h>
public:
int contains( const Key & ) const;

Semantics: The cont ai ns public member function returns non-zero if an element with the specified key is stored
in the dictionary, or zero if thereis no equivalent element. Note that equivalence is based on the
equivalence operator of the Key type.

Results: The cont ai ns public member function returns a non-zero value if the Key isfound in the dictionary.

See Also: find, fi ndkeyAndVal ue
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WCValHashDict<Key,Value>::entries()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned entries() const;

Semantics: Theent ri es public member function is used to return the current number of elements stored in the

dictionary.
Results: Theent ri es public member function returns the number of elementsin the dictionary.
See Also: bucket s, i sEnpty
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WCValHashDict<Key,Value>::find()

Synopsis: #i ncl ude <wchash. h>
public:
int find( const Key & Value &) const;

Semantics: Thef i nd public member function is used to find an element with an equivalent key in the dictionary.
If an equivalent element isfound, anon-zero valueisreturned. The referenceto a Val ue passed asthe
second argument is assigned the found element’s Val ue. Zeroisreturned if the element is not found.
Note that equivalence is based on the equivalence operator of the Key type.

Results: The element equivalent to the passed key is located in the dictionary.

See Also: fi ndkeyAndVal ue
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WCValHashDict<Key,Value>::findKeyAndValue()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>
public:
i nt findKeyAndVal ue( const Key & Key & Value & ) const;

Thef i ndKeyAndVal ue public member function is used to find an element in the dictionary with an
key equivalent to thefirst parameter. If an equivalent element isfound, a non-zero value is returned.
Thereferenceto a Key passed as the second parameter is assigned the found element’ s key. The
reference to a Val ue passed as the third argument is assigned the found element’s Val ue. Zerois
returned if the element is not found. Note that equivalence is based on the equivalence operator of the
Key type.

The element equivalent to the passed key is located in the dictionary.

fi ndkeyAndVal ue
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WCValHashDict<Key,Value>::forAll()

Synopsis: #i ncl ude <wchash. h>
public:
void forAll(
void (*user_fn)( Key, Value, void * ),
void * );

Semantics: Thef or Al | public member function causes the user supplied function to be invoked for every
key-value pair in the dictionary. The user function has the prototype

voi d user_func( Key key, Value value, void * data );
Asthe elements are visited, the user function isinvoked with the Key and Val ue components of the
element passed as the first two parameters. The second parameter of the f or Al | function is passed as
the third parameter to the user function. This value can be used to pass any appropriate data from the
main code to the user function.

Results: The elementsin the dictionary are all visited, with the user function being invoked for each one.

See Also: find, findkeyAndVal ue
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WCValHashDict<Key,Value>::insert()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
int insert( const Key & const Value & );

Thei nsert public member function inserts akey and value into the dictionary, using the hash
function on the key to determine to which bucket it should be stored. If allocation of the node to store
the key-value pair fails, then the out _of _menory exception isthrown if it isenabled. If the
exception is not enabled, the insert will not be completed.

At some point, the number of bucketsinitially selected may be too small for the number of elements
inserted. Theresize of the dictionary can be controlled by the insertion mechanism by using

WCVal HashDi ct asabase class, and providing an insert member function to do aresize when
appropriate. Thisinsert could then call WCVal HashDi ct : : i nsert toinsert the element. Note that
copy constructors and assignment operators are not inherited in your class, but you can provide the
following inline definitions (assuming that the class inherited from WCV alHashDict is named
MyHashDict):

inline MyHashDi ct ( const MyHashDict &orig ) : WCVal HashDict( orig ) {};
inline MyHashDi ct &operator=( const MyHashDict &orig ) {

return( WCVal HashDi ct::operator=( orig ) );
}

Thei nsert public member function inserts akey and value into the dictionary. If theinsertis
successful, a non-zero will returned. A zero will be returned if the insert fails.

operator =, WCExcept::out_of_nenory
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WCValHashDict<Key,Value>::isEmpty()

Synopsis: #i ncl ude <wchash. h>
public:
int iseEnpty() const;
Semantics: Thei sEnpt y public member function is used to determine if the dictionary is empty.

Results: Thei sEnpt y public member function returns zero if it contains at least one entry, non-zero if the
dictionary is empty.

See Also: buckets,entries
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WCValHashDict<Key,Value>::operator []()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
Val ue & operator[]( const Key & );

operat or [] isthedictionary index operator. A reference to the object stored in the dictionary with
the given Key isreturned. If no equivalent element isfound, then anew key-value pair is created with
the specified Key value, and initialized with the default constructor. The returned reference can then be
assigned to, so that insertions can be made with the operator.

WCVal HashDi ct<int, String> data_object( &y_hash_fn );
data_object[ 5] = "Hello";

If an allocation error occurs while inserting a new key-value pair, then the out _of _nenory
exception isthrown if it isenabled. If the exception is not enabled, then a reference to address zero will
be returned. Thiswill result in arun-time error on systems which trap address zero references.
Theoperat or [] public member function returns a reference to the element at the given key value.
If the key does not exit, areference to a created element is returned. The result of the operator may be
assigned to.

WCExcept : : out _of nenory
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WCValHashDict<Key,Value>::operator []()

Synopsis: #i ncl ude <wchash. h>
public:
const Value & operator[]( const Key & ) const;

Semantics: operat or [] isthedictionary index operator. A constant reference to the object stored in the
dictionary with the given Key isreturned. If no equivalent element isfound, thenthe i ndex_r ange
exception isthrown if it isenabled. If the exception is not enabled, then a reference to address zero will
be returned. Thiswill result in arun-time error on systems which trap address zero references.

Results: Theoperat or [] public member function returns a constant reference to the element at the given
key value. The result of the operator may not be assigned to.

See Also: WCExcept: :i ndex_range
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WCValHashDict<Key,Value>::operator =()

Synopsis: #i ncl ude <wchash. h>
public:
WCVal HashDi ct & operator =( const WCVal HashDict & );

Semantics: Theoper at or = public member function is the assignment operator for the
WCVal HashDi ct <Key, Val ue> class. Theleft hand side dictionary isfirst cleared using the
cl ear member function, and then the right hand side dictionary is copied. The hash function,
exception trap states, and all of the dictionary elements are copied. If an alocation failure occurs when
creating the buckets, the table will be created with zero buckets, and the out _of _menory exception
isthrown if it isenabled. If thereis not enough memory to copy all of the values or pointersin the
dictionary, then only some will be copied, and the out _of _nenory exceptionisthrownif itis
enabled. The number of entries will correctly reflect the number copied.

Results: Theoper at or = public member function assigns the left hand side dictionary to be a copy of the
right hand side.
See Also: cl ear, WCExcept : : out _of _menory
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WCValHashDict<Key,Value>::operator ==()

Synopsis: #i ncl ude <wchash. h>
public:
int operator ==( const WCVal HashDict & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCVal HashDi ct <Key, Val ue> class. Two dictionary objects are equivalent if they are the same
object and share the same address.

Results: A TRUE (non-zero) value isreturned if the left hand side and right hand side dictionary are the same
object. A FALSE (zero) valueis returned otherwise.
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WCValHashDict<Key,Value>::remove()

Synopsis: #i ncl ude <wchash. h>
public:
int renove( const Key & );

Semantics: Ther emove public member function is used to remove the specified element from the dictionary. If
an equivalent element is found, anon-zero valueisreturned. Zeroisreturned if the element is not
found. Note that equivalenceis based on the equivalence operator of the Key type.

Results: The element is removed from the dictionary if it found.
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WCValHashDict<Key,Value>::resize()

Synopsis: #i ncl ude <wchash. h>
public:
voi d resize( unsigned );

Semantics: Ther esi ze public member function is used to change the number of buckets contained in the
dictionary. If the new number islarger than the previous dictionary size, then the hash function will be
used on al of the stored elements to determine which bucket they should be stored into. Entries are not
destroyed or created in the process of being moved. If thereis not enough memory to resize the
dictionary, the out _of _nmenory exception isthrown if it is enabled, and the dictionary will contain
the number of bucketsit contained before the resize. 1f the new number is zero, then the
zer o_bhucket s exception isthrown if it is enabled, and no resize will be performed. The dictionary
is guaranteed to contain the same number of entries after the resize.

Results: The dictionary is resized to the new number of buckets.

See Also: WCExcept : : out _of _menory,WCExcept :: zero_bucket s
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WCValHashTable<Type>, WCValHashSet<Type>

Declared:

wchash. h

WCVal HashTabl e<Type> and WCVal HashSet <Type> classes are templated classes used to store
objectsinahash. A hash saves objectsin such away asto make it efficient to locate and retrieve an
element. Asan element islooked up or inserted into the hash, the value of the element is hashed.
Hashing results in a numeric index which is used to locate the value. The storage area referenced by the
hash valueis usually called a bucket. If more than one element results in the same hash, the value
associated with the hash is placed in alist stored in the bucket. A hash table allows more than one copy
of an element that is equivalent, while the hash set allows only one copy. The equality operator of the
element’ stype is used to locate the value.

In the description of each member function, the text Ty pe isused to indicate the template parameter
defining the type of the data to be stored in the hash.

The constructor for the WCVal HashTabl e<Type> and WCVal HashSet <Type> classesrequiresa
hashing function, which given areferenceto Type, returnsan unsi gned value. Thereturned value
modul o the number of buckets determines the bucket into which the element will be located. The return
values of the hash function can be spread over the entire range of unsigned numbers. The hash function
return value must be the same for values which are equivalent by the equivalence operator for Type.

Vaues are copied into the hash, which could be undesirable if the stored objects are complicated and
copying isexpensive. Value hashes should not be used to store objects of a base classif any derived
types of different sizes would be stored in the hash, or if the destructor for a derived class must be
called.

The WCEXxcept classisabase class of the WCVal HashTabl e<Type> and

WCVal HashSet <Type> classes and provides the except i ons member function. This member
function controls the exceptions which can be thrown by the WCVal HashTabl e<Type> and

WCVal HashSet <Type> objects. No exceptions are enabled unless they are set by the excepti ons
member function.

Requirements of Type

The WCVal HashTabl e<Type> and WCVal HashSet <Type> classesrequires Type to have:
A default constructor ( Type: : Type() ).

A well defined copy constructor ( Type: : Type( const Type & ) ).

A well defined assignment operator ( Type & operator =( const Type & ) ).

A well defined equivalence operator with constant parameters
(int operator ==( const Type & ) const ).

Public Member Functions
The following member functions are declared in the public interface:

WCVal HashSet ( unsi gned (*hash_fn)( const Type & ), unsigned =
WC_ DEFAULT_HASH SI ZE );

WCVal HashSet ( unsi gned (*hash_fn)( const Type & ), unsigned =
WC DEFAULT _HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size t size ) );

WCVal HashSet ( const WCVal HashSet & );

virtual ~WCVal HashSet ();
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WCValHashTable<Type>, WCValHashSet<Type>

WCVal HashTabl e( unsi gned (*hash_fn)( const Type & ), unsigned
WC_ DEFAULT_HASH SI ZE );

WCVal HashTabl e( unsi gned (*hash_fn)( const Type & ), unsigned
WC DEFAULT _HASH SI ZE, void * (*user_alloc)( size_t size ), void
(*user _dealloc)( void *old, size t size ) );

WCVal HashTabl e( const WCVal HashTable & );

virtual ~WCVal HashTabl e();

static unsigned bitHash( const void *, size_t );

unsi gned buckets() const;

void clear();

int contains( const Type & ) const;

unsi gned entries() const;

int find( const Type & Type & ) const;

void forAl'l ( void (*user_fn)( Type, void * ), void * );

int insert( const Type & );

int isEnpty() const;

int remove( const Type & );

void resize( unsigned );

The following public member functions are available for the WCVal HashTabl e class only:

unsi gned occurrencesOf( const Type & ) const;
unsi gned renoveAl | ( const Type & );

Public Member Operators
The following member operators are declared in the public interface:

WCVal HashSet & operator =( const WVal HashSet & );

i nt operator ==( const WCVal HashSet & ) const;

WCVal HashTabl e & operator =( const WCVal HashTable & );
i nt operator ==( const WCVal HashTable & ) const;
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WCValHashSet<Type>::WCValHashSet()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCVal HashSet ( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE );

The WCVal HashSet <Type> constructor createsa WCVal HashSet object with no entries and with
the number of bucketsin the second optional parameter, which defaults to the constant

WC DEFAULT_HASH_SI ZE (currently defined as 101). The number of buckets specified must be
greater than zero, and will be forced to at least one. If the hash object can be created, but an allocation
failure occurs when creating the buckets, the table will be created with zero buckets. If the

out _of _nenory exception is enabled, then attempting to insert into a hash table with zero buckets
with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each value will be assigned to. If no
hash function exists, the static member function bi t Hash isavailable to help create one.

The WCVal HashSet <Type> constructor creates an initialized WCVal HashSet object with the
specified number of buckets and hash function.

~WCVal HashSet , bi t Hash, WCExcept : : out _of _menory
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WCValHashSet<Type>::WCValHashSet()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCVal HashSet ( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of ahash. To determine the size of the objects that the memory management
functions will be required to allocate and free, the following macro may be used:

WCVal HashSet | t enSi ze( Type )

The WCVal HashSet <Type> constructor creates an initialized WCVal HashSet object with the
specified number of buckets and hash function.

~WCVal HashSet , bi t Hash, WCExcept : : out _of _nenory
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WCValHashSet<Type>::WCValHashSet()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCVal HashSet ( const WCVal HashSet & );

The WCVal HashSet <Type> isthe copy constructor for the WCVal HashSet class. The new hashis
created with the same number of buckets, hash function, all values or pointers stored in the hash, and

the exception trap states. If the hash object can be created, but an allocation failure occurs when
creating the buckets, the hash will be created with zero buckets. If there is not enough memory to copy
all of the values, then only some will be copied, and the number of entrieswill correctly reflect the
number copied. If all of the elements cannot be copied, thenthe out _of _nmenory exceptionis
thrown if it is enabled.

The WCVal HashSet <Type> constructor createsa WCVal HashSet object which isacopy of the
passed hash.

~WCVal HashSet , oper at or =, WCExcept :: out _of _nmenory
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WCValHashSet<Type>::~WCValHashSet()

Synopsis: #i ncl ude <wchash. h>
public:
virtual ~WCVal HashSet ();

Semantics: The WCVal HashSet <Type> destructor is the destructor for the WCVal HashSet class. If the
number of elementsis not zero and the not _enpt y exception is enabled, the exception is thrown.
Otherwise, the hash elements are cleared using the cl ear member function. The call to the
WCVal HashSet <Type> destructor isinserted implicitly by the compiler at the point where the
WCVal HashSet object goes out of scope.

Results: The call to the WCVal HashSet <Type> destructor destroys a WCVal HashSet object.

See Also: cl ear, WCEXxcept : : not _enpty
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WCValHashTable<Type>::WCValHashTable()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>

public:

WCVal HashTabl e( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE );

TheWCVal HashTabl e<Type> constructor creates a WCVal HashTabl e object with no entries and
with the number of bucketsin the second optional parameter, which defaults to the constant

WC DEFAULT_HASH_SI ZE (currently defined as 101). The number of buckets specified must be
greater than zero, and will be forced to at least one. If the hash object can be created, but an allocation
failure occurs when creating the buckets, the table will be created with zero buckets. If the

out _of _nenory exception is enabled, then attempting to insert into a hash table with zero buckets
with throw an out _of _nenory error.

The hash function hash_f n is used to determine which bucket each value will be assigned to. If no
hash function exists, the static member function bi t Hash isavailable to help create one.

The WCVal HashTabl e<Type> constructor creates an initialized WCVal HashTabl e object with
the specified number of buckets and hash function.

~WCVal HashTabl e, bi t Hash, WCExcept : : out _of _nmenory
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WCValHashTable<Type>::WCValHashTable()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

WCVal HashTabl e( unsi gned (*hash_fn)( const Type &),
unsi gned = WC DEFAULT_HASH SI ZE,

void * (*user_alloc)( size_ t ),

void (*user_dealloc)( void *, size t ) );

Allocator and deallocator functions are specified for use when entries are inserted and removed from the
hash. The semantics of this constructor are the same as the constructor without the memory
management functions.

The allocation function must return azero if it cannot perform the allocation. The deallocation function
is passed the size as well asthe pointer to the data. Y our allocation system may take advantage of the
characteristic that the allocation function will aways be called with the same size value for any
particular instantiation of ahash. To determine the size of the objects that the memory management
functions will be required to allocate and free, the following macro may be used:

WCVal HashTabl el t entSi ze( Type )

TheWCVal HashTabl e<Type> constructor creates an initialized WCVal HashTabl e object with
the specified number of buckets and hash function.

~WCVal HashTabl e, bi t Hash, WCExcept : : out _of _nenory
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WCValHashTable<Type>::WCValHashTable()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
WCVal HashTabl e( const WCVal HashTable & );

The WCVal HashTabl e<Type> isthe copy constructor for the WCVal HashTabl e class. The new
hash is created with the same number of buckets, hash function, all values or pointers stored in the hash,
and the exception trap states. If the hash object can be created, but an all ocation failure occurs when
creating the buckets, the hash will be created with zero buckets. If there is not enough memory to copy
all of the values, then only some will be copied, and the number of entrieswill correctly reflect the
number copied. If all of the elements cannot be copied, thenthe out _of _nmenory exceptionis
thrown if it is enabled.

The WCVal HashTabl e<Type> constructor creates a WCVal HashTabl e object which isa copy of
the passed hash.

~WCVal HashTabl e, oper at or =, WCExcept : : out _of _menory
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WCValHashTable<Type>::~WCValHashTable()

Synopsis: #i ncl ude <wchash. h>
public:
virtual ~WCVal HashTabl e();

Semantics: The WCVal HashTabl e<Type> destructor is the destructor for the WCVal HashTabl e class. If the
number of elementsis not zero and the not _enpt y exception is enabled, the exception is thrown.
Otherwise, the hash elements are cleared using the cl ear member function. The call to the
WCVal HashTabl e<Type> destructor isinserted implicitly by the compiler at the point where the
WCVal HashTabl e object goes out of scope.

Results: The call tothe WCVal HashTabl e<Type> destructor destroys a WCVal HashTabl e object.

See Also: cl ear, WCEXxcept : : not _enpty
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WCValHashTable<Type>::bitHash(), WCValHashSet<Type>::bitHash()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
static unsigned bitHash( void *, size t );

The bi t Hash public member function can be used to implement a hashing function for any type. A
hashing value is generated from the value stored for the number of specified bytes pointed to by the first
parameter. For example:

unsi gned nmy_hash_fn( const int & elem) {
return( WCVal HashSet <i nt, String>::bitHash(&l em sizeof(int));

}
WCVal HashSet <i nt > dat a_obj ect ( &my_hash_fn );

The bi t Hash public member function returns an unsigned value which can be used as the basis of a
user defined hash function.

WCVal HashSet , WCVal HashTabl e
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WCValHashTable<Type>::buckets(), WCValHashSet<Type>::buckets()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned buckets() const;

Semantics: Thebucket s public member function is used to find the number of buckets contained in the hash

object.
Results: The bucket s public member function returns the number of buckets in the hash.
See Also: resize
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WCValHashTable<Type>::clear(), WCValHashSet<Type>::clear()

Synopsis: #i ncl ude <wchash. h>
public:
void clear();
Semantics: Thecl ear public member function is used to clear the hash so that it has no entries. The number of
buckets remain unaffected. Elements stored in the hash are destroyed using the destructors of Type.
The hash object is not destroyed and re-created by this function, so the object destructor is not invoked.
Results: The cl ear public member function clears the hash to have no e ements.

See Also: ~WCVal HashSet , ~WCVal HashTabl e, operator =
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WCValHashTable<Type>::contains(), WCValHashSet<Type>::contains)

Synopsis: #i ncl ude <wchash. h>
public:
int contains( const Type & ) const;

Semantics: The cont ai ns public member function returns non-zero if the element is stored in the hash, or zero if
there is no equivalent element. Note that equivalence is based on the equivalence operator of the
element type.

Results: The cont ai ns public member function returns a non-zero value if the element is found in the hash.

See Also: find
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WCValHashTable<Type>::entries(), WCValHashSet<Type>::entries()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned entries() const;

Semantics: Theent ri es public member function is used to return the current number of elements stored in the

hash.
Results: Theent ri es public member function returns the number of elementsin the hash.
See Also: bucket s, i sEnpty
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WCValHashTable<Type>::find(), WCValHashSet<Type>::find()

Synopsis: #i ncl ude <wchash. h>
public:
int find( const Type & Type & ) const;

Semantics: Thef i nd public member function is used to find an element with an equivalent key in the hash. If an
equivalent element isfound, a non-zero value isreturned. The reference to the element passed as the
second argument is assigned the found element’ svalue. Zerois returned if the element is not found.
Note that equivalence is based on the equivalence operator of the element type.

Results: The element equivalent to the passed key islocated in the hash.
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WCValHashTable<Type>::forAll(), WCValHashSet<Type>::forAll()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchash. h>

public:

void forAll(

void (*user_fn)( Type, void * ),
void * );

Thef or Al | public member function causes the user supplied function to be invoked for every valuein
the hash. The user function has the prototype

voi d user_func( Type & value, void * data );

Asthe elements are visited, the user function isinvoked with the element passed asthefirst. The
second parameter of the f or Al | function is passed as the second parameter to the user function. This
value can be used to pass any appropriate data from the main code to the user function.

The elementsin the hash are al visited, with the user function being invoked for each one.

find
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WCValHashTable<Type>::insert(), WCValHashSet<Type>::insert()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
int insert( const Type & );

Thei nsert public member function inserts a value into the hash, using the hash function to determine
to which bucket it should be stored. If allocation of the node to store the value fails, then the

out _of _nmenory exceptionisthrown if it isenabled. If the exception is not enabled, the insert will
not be compl eted.

WithaWCVal HashSet , there must be only one equivalent element in the set. If an element
equivalent to the inserted element is already in the hash set, the hash set will remain unchanged, and the
not _uni que exception isthrown if itisenabled. If the exception is not enabled, the insert will not be
compl eted.

At some point, the number of bucketsinitially selected may be too small for the number of elements
inserted. The resize of the hash can be controlled by the insertion mechanism by using

WCVal HashSet (or WCVal HashTabl e) asabase class, and providing an insert member function to
do aresize when appropriate. Thisinsert could then call WCVal HashSet : : i nsert (or

WCVal HashTabl e: : i nsert) toinsert the element. Note that copy constructors and assignment
operators are not inherited in your class, but you can provide the following inline definitions (assuming
that the class inherited from WCVaHashTable is named MyHashTable):

inline MyHashTabl e( const MyHashTable &orig )
: WCVal HashTabl e( orig ) {};
inline MyHashTabl e &operator=( const MyHashTable &orig ) {
return( WCVal HashTabl e: : operator=( orig ) );
}

Thei nsert public member function inserts avalue into the hash. If theinsert is successful, a
non-zero will returned. A zero will be returned if the insert fails.

operator =, WCExcept::out_of_nenory
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WCValHashTable<Type>::isEmpty(), WCValHashSet<Type>::isEmpty()

Synopsis: #i ncl ude <wchash. h>
public:
int iseEnpty() const;

Semantics: Thei sEnpt y public member function is used to determine if the hash is empty.

Results: Thei sEnpt y public member function returns zero if it contains at least one entry, non-zero if the hash
is empty.
See Also: bucket s, entries
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WCValHashTable<Type>::occurencesOf()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned occurrencesOf( const Type & ) const;

Semantics: Theoccur encesOF public member function is used to return the current number of elements stored
in the hash which are equivalent to the passed value. Note that equivalence is based on the equivalence
operator of the element type.

Results: Theoccur encesOf public member function returns the number of elementsin the hash.

See Also: buckets,entries,find,isEnpty
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WCValHashTable<Type>::operator =(), WCValHashSet<Type>::operator =()

Synopsis: #i ncl ude <wchash. h>
public:
WCVal HashSet & operator =( const WCVal HashSet & );
WCVal HashTabl e & operator =( const WCVal HashTable & );

Semantics: Theoper at or = public member function is the assignment operator for the
WCVal HashTabl e<Type> and WCVal HashSet <Type> classes. The left hand side hash isfirst
cleared using the cl ear member function, and then the right hand side hash is copied. The hash
function, exception trap states, and all of the hash elements are copied. If an allocation failure occurs
when creating the buckets, the table will be created with zero buckets, and the out _of _menory
exception isthrown if it isenabled. If thereis not enough memory to copy al of the values or pointers
in the hash, then only some will be copied, and the out _of _nenor y exception isthrown if itis
enabled. The number of entries will correctly reflect the number copied.

Results: Theoper at or = public member function assigns the left hand side hash to be a copy of the right
hand side.
See Also: cl ear, WCExcept : : out _of _nmenory
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WCValHashTable<Type>::operator ==(), WCValHashSet<Type>::operator ==()

Synopsis: #i ncl ude <wchash. h>
public:
i nt operator ==( const WCVal HashSet & ) const;
i nt operator ==( const WCVal HashTable & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCVal HashTabl e<Type> and WCVal HashSet <Type> classes. Two hash objects are equivalent
if they are the same object and share the same address.

Results: A TRUE (non-zero) value isreturned if the left hand side and right hand side hash are the same object.
A FALSE (zero) valueisreturned otherwise.
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WCValHashTable<Type>::remove(), WCValHashSet<Type>::remove()

Synopsis: #i ncl ude <wchash. h>
public:
int renmove( const Type & );

Semantics: Ther empve public member function is used to remove the specified element from the hash. If an
equivalent element isfound, anon-zero valueisreturned. Zero isreturned if the element is not found.
If the hash is atable and there is more than one element equivalent to the specified element, then the
first equivalent element added to the tableis removed. Note that equivalence is based on the
equivalence operator of the element type.

Results: The element is removed from the hash if it found.
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WCValHashTable<Type>::removeAll()

Synopsis: #i ncl ude <wchash. h>
public:
unsi gned renoveAl | ( const Type & );

Semantics: Ther emoveAl | public member function is used to remove all elements equivalent to the specified
element from the hash. Zero isreturned if no equivalent elements are found. Note that equivalenceis
based on the equivalence operator of the element type.

Results: All equivalent elements are removed from the hash.
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WCValHashTable<Type>::resize(), WCValHashSet<Type>::resize()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchash. h>
public:
voi d resize( unsigned );

Ther esi ze public member function is used to change the number of buckets contained in the hash. If
the new number is larger than the previous hash size, then the hash function will be used on all of the
stored elements to determine which bucket they should be stored into. Entries are not destroyed or
created in the process of being moved. If thereis not enough memory to resize the hash, the

out _of _nenory exceptionisthrown if it is enabled, and the hash will contain the number of buckets
it contained before theresize. If the new number iszero, thenthe zer o_bucket s exceptionis
thrown if it is enabled, and no resize will be performed. The hash is guaranteed to contain the same
number of entries after the resize.

The hash is resized to the new number of buckets.

WCExcept : : out _of _menory,WCExcept :: zero_bucket s
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WCValHashTable<Type>::resize(), WCValHashSet<Type>::resize()
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11 Hash Iterators

Hash iterators are used to step through a hash one or more elements at atime. Iterators which are newly
constructed or reset are positioned before the first element in the hash. The hash may be traversed one
element at atime using the pre-increment or call operator. An increment operation causing the iterator to
be positioned after the end of the hash returns zero. Further incrementswill causethe undef it er
exception to be thrown, if itisenabled. The WCI t er Except class provides the common exception
handling control interface for al of theiterators.

Since the iterator classes are all template classes, most of the functionality was derived from common base
classes. Inthelisting of class member functions, those public member functions which appear to be in the
iterator class but are actually defined in the common base class are identified as if they were explicitly
specified in the iterator class.
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WCPtrHashDictlter<Key,Value>

Declared:

wchiter. h

The WCPt r HashDi ct | t er <Key, Val ue> classisthe templated class used to create iterator objects
for WCPt r HashDi ct <Key, Val ue> objects. In the description of each member function, the text
Key isused to indicate the template parameter defining the type of the indices pointed to by the pointers
stored in the dictionary. Thetext Val ue isused to indicate the template parameter defining the type of
the data pointed to by the pointers stored in the dictionary. The WCI t er Except classisabase class
of the WCPt r HashDi ct | t er <Key, Val ue> classand providesthe except i ons member
function. This member function controls the exceptions which can be thrown by the

WCPt r HashDi ct | t er <Key, Val ue> object. No exceptions are enabled unless they are set by the
except i ons member function.

Public Member Functions
The following member functions are declared in the public interface:

WCPt r HashDictlter();

WCPt r HashDi ctlter ( const WCPtrHashDi ct <Key, Val ue> & );
~WCPt r HashDi ctlter();

const WCPtr HashDi ct <Key, Val ue> *contai ner() const;

Key *key();

void reset();

voi d reset( WCPtrHashDi ct <Key, Val ue> & );

Val ue * val ue();

Public Member Operators
The following member operators are declared in the public interface:

int operator ()():
int operator ++();
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WCPtrHashDictlter<Key, Value>::WCPtrHashDictlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCPt rHashDictlter();

Semantics: The public WCPt r HashDi ct | t er <Key, Val ue> constructor isthe default constructor for the class
and initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

Results: The public WCPt r HashDi ct | t er <Key, Val ue> constructor creates an initialized
WCPt r HashDi ct | t er hash iterator object.

See Also; ~WCPt r HashDi ctl ter, reset
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WCPtrHashDictlter<Key,Value>::WCPtrHashDictlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCPt r HashDi ct It er ( WCPt r HashDi ct <Key, Val ue> & );

Semantics: The public WCPt r HashDi ct | t er <Key, Val ue> constructor isa constructor for the class. The
value passed as a parameter isa WCPt r HashDi ct hash object. Theiterator will beinitialized for that
hash object and positioned before the first hash element. To position the iterator to avalid element
within the hash, increment it using one of the oper at or ++ or oper at or () operators.

Results: The public WCPt r HashDi ct | t er <Key, Val ue> constructor creates an initialized
WCPt r HashDi ct | t er hash iterator object positioned before the first element in the hash.

See Also: ~WCPt r HashDi ct It er, operator (), operator ++ reset
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WCPtrHashDictlter<Key,Value>::~WCPtrHashDictlter()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>

public:

~WCPt rHashDictlter();

The public ~\WWCPt r HashDi ct | t er <Key, Val ue> destructor isthe destructor for the class. The
call to the destructor isinserted implicitly by the compiler at the point where the

WCPt r HashDi ct | t er hash iterator object goes out of scope.

The WCPt r HashDi ct | t er hash iterator object is destroyed.

WCPt r HashDi ct | t er
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WCPtrHashDictlter<Key,Value>::container()

Synopsis: #i ncl ude <wchiter. h>
public:
WCPt r HashDi ct <Key, Val ue> *cont ai ner () const;

Semantics: The cont ai ner public member function returns a pointer to the hash container object. If the iterator
has not been initialized with a hash object, and the undef _i t er exception is enabled, the exception is
thrown.

Results: A pointer to the hash object associated with the iterator is returned, or NULL(0) if the iterator has not
been initialized with a hash.

See Also: WCPt r HashDi ctlter,reset, WOl t er Except:: undef _iter
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WCPtrHashDictlter<Key,Value>::key()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
Key *key();

The key public member function returns a pointer to the Key value of the hash item at the current
iterator position.

If the iterator is not associated with a hash, or the iterator position is either before the first element or
past the last element in the hash, the current iterator position is undefined. In this case the
undef _i t emexception isthrown, if enabled.

A pointer to Key at the current iterator element is returned. If the current element is undefined, an
undefined pointer is returned.

operator (),operator ++,reset, Wl terExcept::undef_item
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WCPtrHashDictlter<Key,Value>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ()();

Theoper at or () public member function isthe call operator for the class. The hash element which
follows the current item is set to be the new current item. If the previous current item was the last
element in the hash, the iterator is positioned after the end of the hash.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first hash element, the current item will be set to the first
element. If the hash is empty, theiterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or () public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator ++,reset,WClterExcept::undef_iter
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WCPtrHashDictlter<Key,Value>::operator ++()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ++();

Theoper at or ++ public member function is the pre-increment operator for the class. The hash
element which follows the current item is set to be the new current item. If the previous current item
was the last element in the hash, the iterator is positioned after the end of the hash.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

The current item will be set to the first hash element if the iterator was positioned before the first
element in the hash. If the hash is empty, the iterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or ++ public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator (),reset,WClterExcept::undef iter
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WCPtrHashDictlter<Key,Value>::resetl()

Synopsis: #i ncl ude <wchiter. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated hash.

Results: The iterator is positioned before the first hash element.

See Also: WCPt r HashDi ct | t er, cont ai ner
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WCPtrHashDictlter<Key,Value>::resetl()

Synopsis: #i ncl ude <wchiter. h>
public:
void reset( WCPtrHashDi ct <Key, Val ue> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified hash. Theiterator is
positioned before the first element in the hash.

Results: The iterator is positioned before the first element of the specified hash.

See Also: WCPt r HashDi ct | t er, cont ai ner
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WCPtrHashDictlter<Key,Value>::value()

Synopsis: #i ncl ude <wchiter. h>
public:
Val ue *val ue();
Semantics: Theval ue public member function returns a pointer to the Val ue the current iterator position.
If the iterator is not associated with a hash, or the iterator position is either before the first element or
past the last element in the hash, the current iterator position is undefined. In this case the
undef _i t emexceptionisthrown, if enabled.

Results: A pointer to the Val ue at the current iterator element isreturned. If the current element is undefined,
an undefined pointer is returned.

See Also: operator (),operator ++,reset,WClterExcept::undef item

190 Hash Iterators



WCValHashDictlter<Key, Value>

Declared:

wchiter. h

TheWCVal HashDi ct | t er <Key, Val ue> classisthe templated class used to create iterator objects
for WCVal HashDi ct <Key, Val ue> objects. In the description of each member function, the text
Key isused to indicate the template parameter defining the type of the indices used to store datain the
dictionary. Thetext Val ue isused to indicate the template parameter defining the type of the data
stored in the dictionary. The WCI t er Except classis abase class of the

WCVal HashDi ct | t er <Key, Val ue> class and providesthe except i ons member function. This
member function controls the exceptions which can be thrown by the

WCVal HashDi ct | t er <Key, Val ue> object. No exceptions are enabled unless they are set by the
except i ons member function.

Public Member Functions

The following member functions are declared in the public interface:

WCVal HashDictlter();

WCVal HashDi ctlter( const WCVal HashDi ct <Key, Val ue> & );
~WCVal HashDi ctlter();

const WCVal HashDi ct <Key, Val ue> *contai ner() const;

Key key();

void reset();

voi d reset( WCVal HashDi ct <Key, Val ue> & );

Val ue val ue();

Public Member Operators

The following member operators are declared in the public interface:

int operator ()():
int operator ++();
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WCValHashDictlter<Key,Value>::WCValHashDictlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCVal HashDictlter();

Semantics: The public WCVal HashDi ct | t er <Key, Val ue> constructor isthe default constructor for the class
and initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

Results: The public WCVal HashDi ct | t er <Key, Val ue> constructor creates an initialized
WCVal HashDi ct | t er hash iterator object.

See Also; ~WCVal HashDi ctlter, reset
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WCValHashDictlter<Key,Value>::WCValHashDictlter()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
WCVal HashDi ctlter ( WCVal HashDi ct <Key, Val ue> & );

The public WCVal HashDi ct | t er <Key, Val ue> constructor isa constructor for the class. The
value passed as a parameter isa WCVal HashDi ct hash object. Theiterator will beinitialized for that
hash object and positioned before the first hash element. To position the iterator to avalid element
within the hash, increment it using one of the oper at or ++ or oper at or () operators.

The public WCVal HashDi ct | t er <Key, Val ue> constructor creates an initialized
WCVal HashDi ct | t er hash iterator object positioned before the first element in the hash.

~WCVal HashDi ctlter, operator (),operator ++ reset
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WCValHashDictlter<Key,Value>::~WCValHashDictlter()

Synopsis: #i ncl ude <wchiter. h>
public:
~WCVal HashDictlter();
Semantics: The public ~\WCVal HashDi ct | t er <Key, Val ue> destructor isthe destructor for the class. The
call to the destructor isinserted implicitly by the compiler at the point where the
WCVal HashDi ct | t er hash iterator object goes out of scope.
Results: TheWCVal HashDi ct | t er hash iterator object is destroyed.

See Also: WCVal HashDi ctlter
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WCValHashDictlter<Key, Value>::container()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchiter. h>
public:
WCVal HashDi ct <Key, Val ue> *cont ai ner () const;

The cont ai ner public member function returns a pointer to the hash container object. If the iterator
has not been initialized with a hash object, and the undef _i t er exception is enabled, the exception is
thrown.

A pointer to the hash object associated with the iterator is returned, or NULL(0) if the iterator has not
been initialized with a hash.

WCVal HashDi ctlter,reset, WCl t er Except::undef _iter
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WCValHashDictlter<Key,Value>::key()

Synopsis: #i ncl ude <wchiter. h>
public:
Key key();

Semantics: The key public member function returnsthe value of Key at the current iterator position.
If the iterator is not associated with a hash, or the iterator position is either before the first element or
past the last element in the hash, the current iterator position is undefined. In this casethe
undef _i t emexceptionisthrown, if enabled.

Results: The value of Key at the current iterator element isreturned. |If the current element is undefined, a
default initialized object is returned.

See Also: operator (),operator ++,reset,WClterExcept::undef item
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WCValHashDictlter<Key,Value>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ()();

Theoper at or () public member function isthe call operator for the class. The hash element which
follows the current item is set to be the new current item. If the previous current item was the last
element in the hash, the iterator is positioned after the end of the hash.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first hash element, the current item will be set to the first
element. If the hash is empty, theiterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or () public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator ++,reset,WClterExcept::undef_iter
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WCValHashDictlter<Key, Value>::operator ++()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ++();

Theoper at or ++ public member function is the pre-increment operator for the class. The hash
element which follows the current item is set to be the new current item. If the previous current item
was the last element in the hash, the iterator is positioned after the end of the hash.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

The current item will be set to the first hash element if the iterator was positioned before the first
element in the hash. If the hash is empty, the iterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or ++ public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator (),reset,WClterExcept::undef iter
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WCValHashDictlter<Key,Value>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated hash.

Results: The iterator is positioned before the first hash element.

See Also: WCVal HashDi ct | t er, cont ai ner
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WCValHashDictlter<Key,Value>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
voi d reset( WCVal HashDi ct <Key, Val ue> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified hash. Theiterator is
positioned before the first element in the hash.

Results: The iterator is positioned before the first element of the specified hash.

See Also: WCVal HashDi ct | t er, cont ai ner
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WCValHashDictlter<Key,Value>::value()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchiter. h>

public:

Val ue val ue();

Theval ue public member function returnsthe value of Val ue at the current iterator position.

If the iterator is not associated with a hash, or the iterator position is either before the first element or
past the last element in the hash, the current iterator position is undefined. In this casethe

undef _i t emexceptionisthrown, if enabled.

The value of the Val ue at the current iterator element isreturned. If the current element is undefined,
adefault initialized object is returned.

operator (),operator ++,reset,WClterExcept::undef item

Hash Iterators 201



WCPtrHashSetlter<Type>, WCPtrHashTablelter<Type>

Declared: wchiter. h

The WCPt r HashSet | t er <Type> and WCPt r HashTabl el t er <Type> classes are the templated
classes used to create iterator objects for WCPt r HashTabl e<Type> and WCPt r HashSet <Type>
objects. In the description of each member function, thetext Type is used to indicate the hash element
type specified as the template parameter. The WCI t er Except classis abase class of the

WCPt r HashSet | t er <Type> and WCPt r HashTabl el t er <Type> classes and provides the
except i ons member function. This member function controls the exceptions which can be thrown
by the WCPt r HashSet | t er <Type> and WCPt r HashTabl el t er <Type> objects. No
exceptions are enabled unless they are set by the except i ons member function.

Public Member Functions
The following member functions are declared in the public interface:

WCPt r HashSet I ter () ;

WCPt r HashSet | ter ( const WCPt r HashSet <Type> & );
~WCPt r HashSet I ter () ;

WCPt r HashTabl el ter () ;

WCPt r HashTabl el ter ( const WCPt r HashTabl e<Type> & );

~WCPt r HashTabl el ter () ;

const WCPtrHashTabl e<Type> *cont ai ner () const;

const WCPtrHashSet <Type> *contai ner() const;

Type *current() const;

void reset();

voi d WCPt r HashSet | t er <Type>: :reset ( WCPtr HashSet <Type> & );
voi d WCPt r HashTabl el t er <Type>: : reset ( WCPt r HashTabl e<Type> & );

Public Member Operators
The following member operators are declared in the public interface:

int operator ()();
int operator ++();
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WCPtrHashSetlter<Type>::WCPtrHashSetlter()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchiter. h>
public:
WCPt r HashSet I ter () ;

The public WCPt r HashSet | t er <Type> constructor is the default constructor for the class and
initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

The public WCPt r HashSet | t er <Type> constructor creates an initialized WCPt r HashSet | t er
hash iterator object.

~WCPt r HashSet | t er, WCPt r HashTabl el t er, r eset
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WCPtrHashSetlter<Type>::WCPtrHashSetlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCPt r HashSet | t er (  WCPt r HashSet <Type> & );

Semantics: The public WCPt r HashSet | t er <Type> constructor is a constructor for the class. The value passed
asaparameter isa WCPt r HashSet hash object. Theiterator will be initialized for that hash object
and positioned before the first hash element. To position the iterator to a valid element within the hash,
increment it using one of the oper at or ++ or oper at or () operators.

Results: The public WCPt r HashSet | t er <Type> constructor creates aninitialized WCPt r HashSet | t er
hash iterator object positioned before the first element in the hash.

See Also: ~WCPt r HashSet | t er, operator (), operator ++,reset
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WCPtrHashSetlter<Type>::~WCPtrHashSetlter()

Synopsis: #i ncl ude <wchiter. h>
public:
~WCPt r HashSet I ter () ;

Semantics: The public ~\WWCPt r HashSet | t er <Type> destructor is the destructor for the class. The call to the
destructor isinserted implicitly by the compiler at the point where the WCPt r HashSet | t er hash
iterator object goes out of scope.

Results: The WCPt r HashSet | t er hash iterator object is destroyed.

See Also: WCPt r HashSet | t er, WCPt r HashTabl el t er
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WCPtrHashTablelter<Type>::WCPtrHashTablelter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCPt r HashTabl el ter () ;

Semantics: The public WCPt r HashTabl el t er <Type> constructor is the default constructor for the class and
initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

Results: The public WCPt r HashTabl el t er <Type> constructor creates an initialized
WCPt r HashTabl el t er hashiterator object.

See Also; ~WCPt r HashTabl el t er, WCPt r HashSet | t er, r eset
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WCPtrHashTablelter<Type>::WCPtrHashTablelter()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
WCPt r HashTabl el t er (  WCPt r HashTabl e<Type> & );

The public WCPt r HashTabl el t er <Type> constructor is a constructor for the class. The value
passed as a parameter isa WCPt r HashTabl e hash object. The iterator will beinitialized for that hash
object and positioned before the first hash element. To position the iterator to avalid element within the
hash, increment it using one of the oper at or ++ or oper at or () operators.

The public WCPt r HashTabl el t er <Type> constructor creates an initialized
WCPt r HashTabl el t er hash iterator object positioned before the first element in the hash.

~WCPt r HashTabl el ter, operator (), operator ++,reset
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WCPtrHashTablelter<Type>::~WCPtrHashTablelter()

Synopsis: #i ncl ude <wchiter. h>
public:
~WCPt r HashTabl el ter () ;

Semantics: The WCPt r HashTabl el t er <Type> destructor is the destructor for the class. The call to the
destructor isinserted implicitly by the compiler at the point where the WCPt r HashTabl el t er hash
iterator object goes out of scope.

Results: The WCPt r HashTabl el t er hash iterator object is destroyed.

See Also: WCPt r HashSet | t er, WCPt r HashTabl el t er
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WCPtrHashSetlter<Type>, WCPtrHashTablelter<Type>::container()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>

public:

WCPt r HashTabl e<Type> *WCPt r HashTabl el t er <Type>: : contai ner () const;
WCPt r HashSet <Type> *WCPt r HashSet | t er <Type>: : contai ner () const;

The cont ai ner public member function returns a pointer to the hash container object. If the iterator
has not been initialized with a hash object, and the undef _i t er exception is enabled, the exception is
thrown.

A pointer to the hash object associated with the iterator is returned, or NULL(0) if the iterator has not
been initialized with a hash.

WCPt r HashSet | t er, WCPt r HashTabl el t er, reset , WCI t er Except : : undef _iter
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WCPtrHashSetlter<Type>::current(), WCPtrHashTablelter<Type>::current()

Synopsis: #i ncl ude <wchiter. h>
public:
Type *current();

Semantics: Thecur r ent public member function returns a pointer to the hash item at the current iterator position.
If the iterator is not associated with a hash, or the iterator position is either before the first element or

past the last element in the hash, the current iterator position is undefined. In this case the
undef _i t emexceptionisthrown, if enabled.

Results: A pointer to the current iterator element isreturned. If the current element is undefined, NULL(0) is
returned.
See Also: operator (),operator ++,reset,WClterExcept::undef item
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WCPtrHashSetlter<Type>,WCPtrHashTablelter<Type>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ()();

Theoper at or () public member function isthe call operator for the class. The hash element which
follows the current item is set to be the new current item. If the previous current item was the last
element in the hash, the iterator is positioned after the end of the hash.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first hash element, the current item will be set to the first
element. If the hash is empty, theiterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or () public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator ++,reset,WClterExcept::undef_iter
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WCPtrHashSetlter<Type>,WCPtrHashTablelter<Type>::operator ++()

Synopsis: #i ncl ude <wchiter. h>
public:
i nt operator ++();

Semantics: Theoper at or ++ public member function is the pre-increment operator for the class. The hash
element which follows the current item is set to be the new current item. If the previous current item
was the last element in the hash, the iterator is positioned after the end of the hash.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

The current item will be set to the first hash element if the iterator was positioned before the first
element in the hash. If the hash is empty, the iterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Results: Theoper at or ++ public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

See Also: current,operator (),reset, W terExcept::undef _iter
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WCPtrHashSetlter<Type>::reset(), WCPtrHashTablelter<Type>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated hash.

Results: The iterator is positioned before the first hash element.

See Also: WCPt r HashSet | t er, WCPt r HashTabl el t er, cont ai ner
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WCPtrHashSetlter<Type>::reset(), WCPtrHashTablelter<Type>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
voi d WCPt r HashSet | t er <Type>: : reset ( WCPtr HashSet <Type> & );
voi d WCPt r HashTabl el t er <Type>: : reset ( WCPtr HashTabl e<Type> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified hash. Theiterator is
positioned before the first element in the hash.

Results: Theiterator is positioned before the first element of the specified hash.

See Also: WCPt r HashSet | t er, WCPt r HashTabl el t er, cont ai ner
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WCValHashSetlter<Type>, WCValHashTablelter<Type>

Declared:

wchiter. h

TheWCVal HashSet | t er <Type> and WCVal HashTabl el t er <Type> classes are the templated
classes used to create iterator objects for WCVal HashTabl e<Type> and WCVal HashSet <Type>
objects. In the description of each member function, thetext Type is used to indicate the hash element
type specified as the template parameter. The WCI t er Except classis abase class of the

WCVal HashSet | t er <Type> and WCVal HashTabl el t er <Type> classes and providesthe
except i ons member function. This member function controls the exceptions which can be thrown
by the WCVal HashSet | t er <Type> and WCVal HashTabl el t er <Type> objects. No
exceptions are enabled unless they are set by the except i ons member function.

Public Member Functions
The following member functions are declared in the public interface:

WCVal HashSet I ter();

WCVal HashSet | ter ( const WCVal HashSet <Type> & );

~WCVal HashSet I ter () ;

WCVal HashTabl el ter();

WCVal HashTabl el ter ( const WCVal HashTabl e<Type> & );

~WCVal HashTabl el ter();

const WCVal HashTabl e<Type> *cont ai ner () const;

const WCVal HashSet <Type> *cont ai ner() const;

Type current() const;

void reset();

voi d WCVal HashSet | t er <Type>: :reset ( WCVal HashSet <Type> & );
voi d WCVal HashTabl el t er <Type>: : reset ( WCVal HashTabl e<Type> & );

Public Member Operators
The following member operators are declared in the public interface:

int operator ()();
int operator ++();
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WCValHashSetlter<Type>::WCValHashSetlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCVal HashSet I ter();

Semantics: The public WCVal HashSet | t er <Type> constructor is the default constructor for the class and
initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

Results: The public WCVal HashSet | t er <Type> constructor creates aninitialized WCVal HashSet | t er
hash iterator object.

See Also; ~WCVal HashSet | t er, WCVal HashTabl el ter, r eset
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WCValHashSetlter<Type>::WCValHashSetlter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCVal HashSet | t er (  WCVal HashSet <Type> & );

Semantics: The public WCVal HashSet | t er <Type> constructor is a constructor for the class. The value passed
asaparameter isaWCVal HashSet hash object. Theiterator will be initialized for that hash object
and positioned before the first hash element. To position the iterator to a valid element within the hash,
increment it using one of the oper at or ++ or oper at or () operators.

Results: The public WCVal HashSet | t er <Type> constructor creates an initialized WCVal HashSet | t er
hash iterator object positioned before the first element in the hash.

See Also: ~WCVal HashSet | t er, operator (), operator ++,reset
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WCValHashSetlter<Type>::~WCValHashSetlter()

Synopsis: #i ncl ude <wchiter. h>
public:
~WCVal HashSet I ter();

Semantics: The public ~\WWCVal HashSet | t er <Type> destructor is the destructor for the class. The call to the
destructor isinserted implicitly by the compiler at the point where the WCVal HashSet | t er hash
iterator object goes out of scope.

Results: TheWCVal HashSet | t er hashiterator object is destroyed.

See Also: WCVal HashSet | t er, WCVal HashTabl el t er
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WCValHashTablelter<Type>::WCValHashTablelter()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wchiter. h>
public:
WCVal HashTabl el ter();

The public WCVal HashTabl el t er <Type> constructor is the default constructor for the class and
initializes the iterator with no hash to operate on. The r eset member function must be called to
provide the iterator with a hash to iterate over.

The public WCVal HashTabl el t er <Type> constructor creates an initialized
WCVal HashTabl el t er hashiterator object.

~WCVal HashTabl el t er, WCVal HashSet | ter, r eset
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WCValHashTablelter<Type>::WCValHashTablelter()

Synopsis: #i ncl ude <wchiter. h>
public:
WCVal HashTabl el t er ( WCVal HashTabl e<Type> & );

Semantics: The public WCVal HashTabl el t er <Type> constructor is a constructor for the class. The value
passed as a parameter isa WCVal HashTabl e hash object. The iterator will beinitialized for that hash
object and positioned before the first hash element. To position the iterator to avalid element within the
hash, increment it using one of the oper at or ++ or oper at or () operators.

Results: The public WCVal HashTabl el t er <Type> constructor creates an initialized
WCVal HashTabl el t er hash iterator object positioned before the first element in the hash.

See Also: ~WCVal HashTabl el ter, operator (), operator ++,reset
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WCValHashTablelter<Type>::~WCValHashTablelter()

Synopsis: #i ncl ude <wchiter. h>
public:
~WCVal HashTabl el ter();

Semantics: The WCVal HashTabl el t er <Type> destructor is the destructor for the class. The call to the
destructor isinserted implicitly by the compiler at the point where the WCVal HashTabl el t er hash
iterator object goes out of scope.

Results: TheWCVal HashTabl el t er hash iterator object is destroyed.

See Also: WCVal HashSet | t er, WCVal HashTabl el t er
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WCValHashSetlter<Type>,WCValHashTablelter<Type>::container()

Synopsis: #i ncl ude <wchiter. h>
public:
WCVal HashTabl e<Type> *WCVal HashTabl el t er <Type>: : contai ner() const;
WCVal HashSet <Type> *WCVal HashSet | t er <Type>: : contai ner () const;

Semantics: The cont ai ner public member function returns a pointer to the hash container object. If the iterator
has not been initialized with a hash object, and the undef _i t er exception is enabled, the exception is
thrown.

Results: A pointer to the hash object associated with the iterator is returned, or NULL(0) if the iterator has not
been initialized with a hash.

See Also: WCVal HashSet | t er, WCVal HashTabl el t er, reset , WCI t er Except : : undef _iter
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WCValHashSetlter<Type>::current(), WCValHashTablelter<Type>::current()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
Type current();

Thecur r ent public member function returns the value of the hash element at the current iterator
position.

If the iterator is not associated with a hash, or the iterator position is either before the first element or
past the last element in the hash, the current iterator position is undefined. In this case the
undef _i t emexception isthrown, if enabled.

The value at the current iterator element isreturned. If the current element is undefined, a default
initialized object is returned.

operator (),operator ++,reset, Wl terExcept::undef_item
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WCValHashSetlter<Type>,WCValHashTablelter<Type>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ()();

Theoper at or () public member function isthe call operator for the class. The hash element which
follows the current item is set to be the new current item. If the previous current item was the last
element in the hash, the iterator is positioned after the end of the hash.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first hash element, the current item will be set to the first
element. If the hash is empty, theiterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or () public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

operator ++,reset,WClterExcept::undef_iter
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WCValHashSetlter<Type>,WCValHashTablelter<Type>::operator ++()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wchiter. h>
public:
int operator ++();

Theoper at or ++ public member function is the pre-increment operator for the class. The hash
element which follows the current item is set to be the new current item. If the previous current item
was the last element in the hash, the iterator is positioned after the end of the hash.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

The current item will be set to the first hash element if the iterator was positioned before the first
element in the hash. If the hash is empty, the iterator will be positioned after the end of the hash.

If the iterator is not associated with a hash or the iterator position before the increment was past the last
element the hash, the undef _i t er exceptionisthrown, if enabled.

Theoper at or ++ public member function returns a non-zero value if the iterator is positioned on a
hash item. Zero(0) is returned when the iterator is incremented past the end of the hash.

current,operator (),reset, W terExcept::undef _iter
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WCValHashSetlter<Type>::reset(), WCValHashTablelter<Type>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated hash.

Results: The iterator is positioned before the first hash element.

See Also: WCVal HashSet | t er , WCVal HashTabl el t er, cont ai ner
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WCValHashSetlter<Type>::reset(), WCValHashTablelter<Type>::reset()

Synopsis: #i ncl ude <wchiter. h>
public:
voi d WCVal HashSet | t er <Type>: : reset ( WCVal HashSet <Type> & );
voi d WCVal HashTabl el t er <Type>: : reset ( WCVal HashTabl e<Type> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified hash. Theiterator is
positioned before the first element in the hash.

Results: Theiterator is positioned before the first element of the specified hash.

See Also: WCVal HashSet | t er , WCVal HashTabl el t er, cont ai ner
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WCValHashSetlter<Type>::reset(), WCValHashTablelter<Type>::reset()

228 Hash lterators



12 List Containers

List containers are single or double linked lists. The choice of which type of list to use is determined by the
directionin which thelist is traversed and by what is stored in thelist. A list to which items are just added
and removed may be most efficiently implemented as asingle linked list. If frequent retrievals of items at
given indexes within the list are made, double linked lists can offer some improved search performance.

There are three sets of list container classes: value, pointer and intrusive.

Vaue lists are the smplest to use but have the most requirements on the type stored in the lists. Copies are
made of the values stored in the list, which could be undesirable if the stored objects are complicated and
copying isexpensive. Value lists should not be used to store objects of a base class if any derived types of
different sizeswould be stored in the list, or if the destructor for the derived class must be called. The
WCVal SLi st <Type> container classimplements single linked value lists, and the

WCVal DLi st <Type> classdoublelinked valuelists.

Pointer list elements store pointers to objects. No creating, copying or destroying of objects stored in the

list occurs. The only requirement of the type pointed to is that an equivalence operator is provided so that
lookups can be performed. The WCPt r SLi st <Type> classimplements single linked pointer lists, and

the WCPt r DLi st <Type> class double linked pointer lists.

Intrusive lists require that the list elements are objects derived from the WCSLi nk or WCDLi nk class,
depending on whether asingle or double linked list isused. The list classes require nothing else from the
list elements. No creating, destroying or copying of any object is performed by theintrusive list classes,
and must be done by the user of the class. One advantage of an intrusivelist isalist element can be
removed from one list and inserted into another list without creating new list element objects or deleting
old objects. The WCI svSLi st <Type> classimplements single linked intrusive lists, and the

WCl svDLi st <Type> classdouble linked intrusive lists.

A list may be traversed using the corresponding list iterator class. Iterators allow lists to be stepped
through one or more elements at atime. The iterator classes which correspond to single linked list
containers have some functionality inhibited. If backward traversal is required, the double linked
containers and iterators must be used.

The classes are presented in aphabetical order. The WCSLi nk and WCDLi nk class provide acommon
control interface for the list elements for the intrusive classes.

Since the container classes are all template classes, deriving most of the functionality from common base
classeswas used. Inthelisting of class member functions, those public member functions which appear to
be in the container class but are actually defined in the common base class are identified asif they were
explicitly specified in the container class.
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WCDLink

Declared: wel com h
Derived from: WCSLi nk

The WCDLi nk classisthe building block for all of the double linked list classes. It isimplemented in
terms of the WCSLi nk base class. Since no user datais stored directly with it, the WCDLi nk class
should only be used as a base class to derive a user defined class.

When creating a double linked intrusive list, the WCDLi nk class is used to derive the user defined class
that holds the data to be inserted into the list.

Thewcl com h header fileisincluded by the wel i st . h header file. Thereisno need to explicitly
include the wcl com h header file unlessthe wel i st . h header fileisnot included. No errors will
result if it isincluded.

Note that the destructor is non-virtual so that list elements are of minimum size. Objects created asa
class derived from the WCDLi nk class, but destroyed while typed as a WCDLi nk object will not invoke
the destructor of the derived class.

Public Member Functions

The following public member functions are declared:

WCDLi nk() ;
~WCDLi nk() ;

See Also: WCSLi nk
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WCDLink::WCDLink()

Synopsis: #i ncl ude <wclist. h>
public:
WCDLi nk() ;

Semantics: The public WCDLi nk constructor creates an WCDLi nk object. The public WCDLi nk constructor is
used implicitly by the compiler when it generates a constructor for a derived class.

Results: The public WCDLi nk constructor produces an initialized WCDLi nk object.

See Also: ~WCDLi nk
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WCDLink::~WCDLink()

Synopsis: #i ncl ude <wclist. h>
public:
~WCDLi nk();

Semantics: The public ~\WWCDLi nk destructor does not do anything explicit. The call to the public ~\WCDLi nk
destructor is inserted implicitly by the compiler at the point where the object derived from WCDLink
goes out of scope.

Results: The object derived from WCDLinK is destroyed.

See Also: WCDLi nk
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WClsvSList<Type>, WCIsvDList<Type>

Declared:

welist.h

TheWCl svSLi st <Type> and WCI svDLi st <Type> classes are the templated classes used to
create objects which are single or double linked lists. The created list isintrusive, which means that list
elements which are inserted must be created with alibrary supplied base class. The class WCSLi nk
provides the base class definition for single linked lists, and should be inherited by the definition of any
list item for single linked lists. It provides the linkage that is used to traverse the list elements.
Similarly, the class WCDLi nk provides the base class definition for double lists, and should be inherited
by the definition of any list item for double lists.

In the description of each member function, the text Ty pe isused to indicate the type value specified as
the template parameter. Type isthetype of the list elements, derived from WCSLi nk or WCDLi nk.

The WCEXxcept classisabase class of the WCI svSLi st <Type> and WCI svDLi st <Type> classes
and providesthe except i ons member function. This member function controls the exceptions which
can be thrown by the WCI svSLi st <Type> and WCI svDLi st <Type> objects. No exceptions are
enabled unless they are set by the except i ons member function.

Requirements of Type

The WCl svSLi st <Type> classrequiresonly that Type isderived from WCSLi nk. The
WCI svDLi st <Type> classrequiresonly that Type isderived from WCDLi nk.

Private Member Functions

Inanintrusive list, copying alist isundefined. Setting the copy constructor and assignment operator as
private is the standard mechanism to ensure a copy cannot be made. The following member functions
are declared private:

void WCl svSList( const WClsvSList & );
void WCl svDLi st( const WCl svDList & );
WCl svSLi st & WClI svSLi st::operator =( const WClsvSList & );
WCl svDLi st & WCI svDLi st::operator =( const WClsvDList & );

Public Member Functions

The following member functions are declared in the public interface:

WCI svSLi st ();

~WCl svSLi st () ;

WCI svDLi st () ;

~WCl svDLi st () ;

i nt append( Type * );

void clear();

voi d cl ear AndDest roy();

int contains( const Type * ) const;

int entries() const;

Type * find( int = 0 ) const;

Type * findLast() const;

void forAll( void (*)( Type *, void * ), void *);
Type * get( int = 0);

int index( const Type * ) const;

int index( int (*)( const Type *, void * ), void * ) const;
int insert( Type * );

int isEnpty() const;
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WClsvSList<Type>, WCIsvDList<Type>

Public Member Operators
The following member operators are declared in the public interface:

int WClsvSLi st::operator ==( const WClsvSList & ) const;
i nt WClsvDLi st::operator ==( const WCl svDList & ) const;

Sample Program Using an Intrusive List

#i ncl ude <wclist. h>
#i ncl ude <i ostream h>

class int_ddata : public WCDLi nk {
publi c:
inline int_ddata() {};
inline int_ddata() {};
inline int_ddata( int datum) : info( datum) {};

i nt i nfo;

b
static void testl( void );

void data_isv_prt( int_ddata * data, void * str ) {
cout << (char *)str << "[" << data->info << "]\n";

}
void main() {
try {
testl();
} catch( ... ) {
cout << "we caught an unexpected exception\n";
cout. flush();
}
void testl ( void ) {
WCl svDLi st <i nt _ddat a> list;
i nt_ddata datal(1);
int_ddata data2(2);
int_ddata data3(3);
int_ddata dat a4(4);
int_ddata dat a5(5);
list.exceptions( WCExcept::check_all );
|ist.append( &data2 );
list.append( &data3 );
|ist.append( &datad );
list.insert( &datal );
l'ist.append( &data5 );
cout << "<intrusive double list for int_ddata>\n";
list.forAll( data_isv_prt, "" );
data_isv_prt( list.find( 3 ), "<the fourth element>" );
data_isv_prt( list.get( 2 ), "<the third element>" );
data_isv_prt( list.get(), "<the first element>" );
list.clear();
cout.flush();
}
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WClsvSList<Type>::WClIsvSList()

Synopsis: #i ncl ude <wclist. h>
public:
WCI svSLi st ();

Semantics: TheWCI svSLi st public member function creates an empty WCI svSLi st object.
Results: TheWCl svSLi st public member function produces aninitialized WCI svSLi st object.

See Also: ~WCI svSLi st
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WClsvSList<Type>::WClIsvSList()

Synopsis: #i ncl ude <wclist. h>
private:
void WCl svSList( const WCIsvSList & );

Semantics: TheWCl svSLi st private member function isthe copy constructor for the single linked list class.

Making a copy of the list object would result in aerror condition, since intrusive lists cannot share data
items with other lists.
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WClsvSList<Type>::~WClsvSList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCl svSList();

Semantics: The~WCl svSLi st public member function destroysthe WCI svSLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call tothe ~WCl svSLi st public member function is inserted implicitly by the compiler at the
point where the WCI svSLi st object goes out of scope.

Results: TheWCl svSLi st object is destroyed.

See Also: WCI svSLi st, cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WClsvDList<Type>::WClsvDList()

Synopsis: #i ncl ude <wclist. h>
public:
WCI svDLi st () ;

Semantics: TheWCI svDLi st public member function creates an empty WCI svDLi st object.
Results: TheWCl svDLi st public member function produces aninitialized WCI svDLi st object.

See Also: ~WCI svDLi st
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WClsvDList<Type>::WCIsvDList()

Synopsis: #i ncl ude <wclist. h>
private:
WCI svDLi st( const WCl svDList & );

Semantics: TheWCI svDLi st private member function isthe copy constructor for the double linked list class.

Making a copy of the list object would result in aerror condition, since intrusive lists cannot share data
items with other lists.
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WClsvDList<Type>::~WCIsvDList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCl svDLi st () ;

Semantics: The~WCl svDLi st public member function destroysthe WCI svDLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call tothe ~WCl svDLi st public member function is inserted implicitly by the compiler at the
point where the WCI svDLi st object goes out of scope.

Results: TheWCl svDLi st object is destroyed.

See Also: WCI svDLi st, cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WClsvSList<Type>::append(), WClsvDList<Type>::append()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
int append( Type * );

The append public member function is used to append the list element object to the end of the list.
The address of (a pointer to) the list element object should be passed, not the value. Since the linkage
information is stored in the list element, it is not possible for the element to be in more than onelist, or
in the same list more than once.

The passed list element should be constructed using the appropriate link class asabase. WCSLi nk
must be used as alist element base class for single linked lists, and WCDLi nk must be used as alist
element base class for double linked lists.

Thelist element is appended to the end of the list and a TRUE value (non-zero) is returned.

i nsert
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WClIsvSList<Type>::clear(), WCIsvDList<Type>::clear()

Synopsis: #i ncl ude <wclist. h>
public:
void clear();

Semantics: Thecl ear public member function isused to clear the list object and set it to the state of the object
just after theinitial construction. Thelist object is not destroyed and re-created by this operator, so the
object destructor isnot invoked. Thelist elementsare not cleared. Any list items still in the list are lost
unless pointed to by some pointer object in the program code.

If any of thelist elements are not allocated with new (local variable or global list elements), then the
cl ear public member function must be used. When al list elements are allocated with new, the
cl ear AndDest or y member function should be used.

Results: Thecl ear public member function resets the list object to the state of the object immediately after the
initial construction.

See Also: ~WCl svSLi st, ~WCl svDLi st, cl ear AndDest r oy, get,operator =
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WClIsvSList<Type>,WClIsvDList<Type>::clearAndDestroy()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
voi d cl ear AndDest roy();

Thecl ear AndDest r oy public member function is used to clear the list object and set it to the state
of the object just after theinitial construction. Thelist object is not destroyed and re-created by this
operator, so the object destructor is not invoked. Thelink elements are deleted before the list is
re-initialized.

If any elementsin the list were not allocated by the new operator, the cl ear AndDest r oy public
member function must not be called. The cl ear AndDest r oy public member function destroys each
list element with the destructor for Ty pe even if the list element was created as an object derived from
Type, unless Type hasapure virtua destructor.

Thecl ear AndDest r oy public member function resets the list object to theinitial state of the object
immediately after theinitial construction and deletes the list elements.

cl ear, get
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WClIsvSList<Type>::contains(), WCIsvDList<Type>::contains()

Synopsis: #i ncl ude <wclist. h>
public:
int contains( const Type * ) const;

Semantics: The cont ai ns public member function is used to determine if alist element object is already
contained in thelist. The address of (a pointer to) the list element object should be passed, not the
value. Each list element is compared to the passed element object to determineiif it has the same
address. Note that the comparison is of the addresses of the elements, not the contained values.

Results: Zero(0) isreturned if the passed list element object is not found in thelist. A non-zero result is returned
if the element isfound in the list.

See Also: find,index
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WClIsvSList<Type>::entries(), WCIsvDList<Type>::entries()

Synopsis: #i ncl ude <wclist. h>
public:
int entries() const;

Semantics: Theent ri es public member function is used to determine the number of list elements contained in

thelist object.
Results: The number of entries stored in the list is returned, zero(0) is returned if there are no list elements.
See Also: i SEnpty
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WClIsvSList<Type>::find(), WCIsvDList<Type>::find()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type * find( int = 0 ) const;

Thef i nd public member function returns a pointer to alist element in the list object. Thelist element
is not removed from the list, so care must be taken not to delete the element returned to you. The
optional parameter specifies which element to locate, and defaultsto the first element. Since the first
element of the list is the zero’th element, the last element will be the number of list entries minus one.

If thelist isempty and the enpt y__cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception is enabled, the exception isthrown if the index value is negative or is greater
than the number of list entries minus one.

A pointer to the selected list element or the closest list element isreturned. If theindex valueis
negative, the closest list element isthefirst element. The last element isthe closest element if the index
value is greater than the number of list entries minusone. A value of NULL(0) isreturned if there are
no elementsin the list.

findLast, get,index,i sEnpty, WCExcept : : enpty_cont ai ner,
WCExcept : : i ndex_range
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WClIsvSList<Type>::findLast(), WCIsvDList<Type>::findLast()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type * findLast() const;

Thef i ndLast public member function returns a pointer to the last list element in the list object. The
list element is not removed from the list, so care must be taken not to delete the element returned to you.

If thelist is empty, one of two exceptions can be thrown. If the enpt y_cont ai ner exception is
enabled, itisthrown. Thei ndex_r ange exception isthrown if it is enabled and the
enpty_cont ai ner exceptionis not enabled.

A pointer to the last list element isreturned. A value of NULL(0) isreturned if there are no elementsin
thelist.

find, get,i senpty, WCExcept: : enpty_cont ai ner, WCExcept : : i ndex_r ange
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WClIsvSList<Type>::forAll(), WCIsvDList<Type>::forAll()

Synopsis: #i ncl ude <wclist. h>
public:
void forAll( void (*fn)( Type *, void * ), void *);

Semantics: Thef or Al | public member function is used to cause the function fn to be invoked for each list
element. The fn function should have the prototype

void (*fn)( Type *, void * )
Thefirst parameter of fn shall accept a pointer to the list element currently active. The second argument
passed to fn is the second argument of the f or Al | function. Thisallows a callback function to be

defined which can accept data appropriate for the point at which the f or Al | function isinvoked.

See Also: WCI svConst SLi stlter, WCI svConst DLi stlter, WCI svSLi stlter, Wl svDLi stlter
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WClIsvSList<Type>::get(), WCIsvDList<Type>::get()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type * get( int = 0);

Theget public member function returns a pointer to alist element in the list object. Thelist element is
also removed from thelist. The optional parameter specifies which element to remove, and defaults to
the first element. Sincethefirst element of thelist isthe zero'th element, the last element will be the
number of list entries minus one.

If thelist isempty and the enpt y__cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception trap is enabled, the exception is thrown if the index valueis negative or is
greater than the number of list entries minus one.

A pointer to the selected list element or the closest list element isremoved and returned. If the index
value is negative, the closest list element isthe first element. The last element is the closest element if
the index value is greater than the number of list entries minus one. A value of NULL(0) isreturned if
there are no elementsin thelist.

cl ear, cl ear AndDest r oy, fi nd, i ndex, WCExcept : : enpty_cont ai ner,
WCExcept : : i ndex_range
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WClIsvSList<Type>::index(), WCIsvDList<Type>::index()

Synopsis: #i ncl ude <wclist. h>
public:
int index( const Type * ) const;

Semantics: Thei ndex public member function is used to determine the index of thefirst list element equivaent to
the passed element. The address of (a pointer to) the list element object should be passed, not the value.
Each list element is compared to the passed element object to determineiif it has the same address. Note
that the comparison is of the addresses of the elements, not the contained values.

Results: Theindex of the first element equivalent to the passed element isreturned. If the passed element is not
inthe list, negative one (-1) is returned.

See Also: contai ns, find,get
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WClsvSList<Type>::index(), WCIsvDList<Type>::index()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>

public:

int index( int (*test_fn)( const Type *, void * ),
void * ) const;

Thei ndex public member function is used to determine the index of thefirst list element for which the
supplied test_fn function returnstrue. Thetest_fn function must have the prototype:

int (*test_fn)( const Type *, void * );

Each list element is passed in turn to the test_fn function as the first argument. The second parameter
passed is the second argument of the i ndex function. This allowsthe test_fn callback function to
accept data appropriate for the point at which the i ndex functionisinvoked. The supplied test fn
shall return a TRUE (non-zero) value when the index of the passed element is desired. Otherwise, a
FALSE (zero) value shall be returned.

Theindex of thefirst list element for which the test_fn function returns non-zero isreturned. If the
test_fn function returns zero for al list elements, negative one (-1) is returned.

cont ai ns, fi nd, get
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WClsvSList<Type>::insert(), WCIsvDList<Type>::insert()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
int insert( Type * );

Thei nsert public member function is used to insert the list element object to the beginning of the
list. The address of (apointer to) the list element object should be passed, not the value. Since the
linkage information is stored in the list element, it is not possible for the element to be in more than one
list, or in the same list more than once.

The passed list element should be constructed using the appropriate link class asabase. WCSLi nk
must be used as alist element base class for single linked lists, and WCDLi nk must be used as alist
element base class for double linked lists.

Thelist element isinserted as the first element of the list and a TRUE value (non-zero) is returned.

append
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WClsvSList<Type>::isEmpty(), WCIsvDList<Type>::isEmpty()

Synopsis: #i ncl ude <wclist. h>
public:
int iseEnpty() const;

Semantics: Thei sEnpt y public member function is used to determineif alist object has any list elements
contained in it.

Results: A TRUE value (non-zero) isreturned if the list object does not have any list elements contained within
it. A FALSE (zero) result isreturned if the list contains at least one element.

See Also: entries
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WClsvSList<Type>::operator =(), WCIsvDList<Type>::operator =()

Synopsis: #i ncl ude <wclist. h>
private:
WCl svSLi st & WClI svSLi st::operator =( const WClsvSList & );
WCl svDLi st & WCl svDLi st::operator =( const WClsvDList & );

Semantics: Theoper at or = private member function is the assignment operator for the class. Since making a

copy of the list object would result in aerror condition, it is made inaccessible by making it a private
operator.
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WClIsvSList<Type>::operator ==(), WCIsvDList<Type>::operator ==()

Synopsis: #i ncl ude <wclist. h>
public:
int WClsvSLi st::operator ==( const WClsvSList & ) const;
int WClsvDLi st::operator ==( const WCl svDList & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCI svSLi st <Type> and WCl svDLi st <Type> classes. Two list objects are equivalent if they are
the same object and share the same address.

Results: A TRUE (non-zero) valueisreturned if the left hand side object and the right hand side objects are the
same object. A FALSE (zero) valueisreturned otherwise.
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WCPtrSList<Type>, WCPtrDList<Type>

Declared: welist.h

TheWCPt r SLi st <Type> and WCPt r DLi st <Type> classes are the templated classes used to
create objects which are single or double linked lists.

In the description of each member function, the text Ty pe isused to indicate the type value specified as
the template parameter. The pointers stored in the list point to values of type Type.

The WCEXxcept classisabase class of the WCPt r SLi st <Type> and WCPt r DLi st <Type> classes
and providesthe except i ons member function. This member function controls the exceptions which
can be thrown by the WCPt r SLi st <Type> and WCPt r DLi st <Type> objects. No exceptions are
enabled unless they are set by the except i ons member function.

Requirements of Type
TheWCPt r SLi st <Type> and WCPt r DLi st <Type> classesrequires Type to have:

(2) an equivalence operator with constant parameters
Type::operator ==( const Type & ) const

Public Member Functions
The following member functions are declared in the public interface:

WCPt r SLi st () ;

WCPtrSList( void * (*)( size_t ), void (*)( void *, size_t ));
WCPt r SLi st ( const WCPtrSList & );

~WCPt r SLi st () ;

WCPt r DLi st () ;

WCPt rDList( void * (*)( size_t ), void (*)( void *, size_t ));
WCPt r DLi st ( const WCPtrDList & );

~WCPt r DLi st () ;

i nt append( Type * );

void clear();

voi d cl ear AndDest roy();

int contains( const Type * ) const;

int entries() const;

Type * find( int = 0 ) const;

Type * findLast() const;

void forAll( void (*)( Type *, void * ), void *) const;

Type * get( int =0 );

int index( const Type * ) const;

int insert( Type * );

int isEnpty() const;

Public Member Operators
The following member operators are declared in the public interface:

WCPt r SLi st & WCPtr SLi st::operator =( const WCPtrSList & );
WCPt r DLi st & WCPt rDLi st:: operator =( const WCPtrDList & );
int WCPtrSList::operator ==( const WCPtrSList & ) const;
int WCPtrDLi st::operator ==( const WCPtrDList & ) const;

Sample Program Using a Pointer List
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WCPtrSList<Type>, WCPtrDList<Type>

#i ncl ude <wclist. h>
#i ncl ude <i ostream h>

static void testl( void );

void data_ptr_prt( int * data, void * str ) {
cout << (char *)str << "[" << *data << "]\n";

}
void main() {
try {
test1();
} catch( ... ) {
cout << "we caught an unexpected exception\n";
}
cout. flush();
}
void testl ( void ) {
WCPt r DLi st <i nt > l'ist;
i nt datal(1);
i nt dat a2(2);
int data3(3);
i nt dat a4(4);
int dat a5(5);
list.append( &data2 );
|'i st.append( &data3 );
list.append( &datad );
list.insert( &datal );
|'i st.append( &data5 );
cout << "<pointer double list for int>\n";
list.forAll( data_ptr_prt, "" );
data_ptr_prt( list.find( 3 ), "<the fourth element>" );
data_ptr_prt( list.get( 2 ), "<the third element>" );
data_ptr_prt( list.get(), "<the first element>" );
list.clear();
cout. flush();
}
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WCPtrSList<Type>::WCPtrSList()

Synopsis: #i ncl ude <wclist. h>

public:

WCPt r SLi st () ;
Semantics: The WCPt r SLi st public member function creates an empty WCPt r SLi st object.
Results: The WCPt r SLi st public member function produces aninitialized WCPt r SLi st object.

See Also: WCPt r SLi st , ~WCPt r SLi st
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WCPtrSList<Type>::WCPtrSList()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>

public:

WCPt rSList( void *(*allocator)( size t ),
void (*deal locator)( void *, size t ) );

The WCPt r SLi st public member function creates an empty WCPt r SLi st <Type> object. The
allocator function is registered to perform all memory allocations of the list elements, and the
deallocator function to perform al freeing of the list elements memory. These functions provide the
ability to control how the allocation and freeing of memory is performed, allowing for more efficient
memory handling than the general purpose global oper at or new() and oper at or del et e()
can provide. Memory management optimizations may potentially be made through the allocator and
deallocator functions, but are not recommended before managing memory is understood and
determined to be worth while.

The allocator function shall return a pointer to allocated memory of size at |least the argument, or
zero(0) if the allocation cannot be performed. Initialization of the memory returned is performed by the
WCPt r SLi st <Type> class.

The WCPt r SLi st <Type> class calls the deallocator function only on memory allocated by the
allocator function. The deallocator shall free the memory pointed to by the first argument which is of
size the second argument. The size passed to the deallocator function is guaranteed to be the same size
passed to the allocator function when the memory was allocated.

The allocator and deallocator functions may assume that for alist object instance, the allocator is
always called with the same first argument (the size of the memory to be allocated). The

WCVal SLi st It entsi ze( Type) macro returns the size of the elements which are allocated by the
allocator function.

The WCPt r SLi st public member function creates an initialized WCPt r SLi st <Type> aobject and
registers the allocator and deallocator functions.

WCPt r SLi st , ~WCPt r SLi st
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WCPtrSList<Type>::WCPtrSList()

Synopsis: #i ncl ude <wclist. h>
public:
void WCPtrSList( const WCPtrSList & );

Semantics: The WCPt r SLi st public member function isthe copy constructor for the single linked list class. All
of the list elements are copied to the new list, as well as the exception trap states, and any registered
allocator and deallocator functions.

If al of the elements cannot be copied and the out _of _nenory isenabled in thelist being copied,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not

be copied.
Results: TheWCPt r SLi st public member function produces a copy of thelist.
See Also: WCPt r SLi st , ~\WCPt r SLi st, cl ear, WCExcept : : out _of _nenory
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WCPtrSList<Type>::~WCPtrSList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCPt r SLi st () ;

Semantics: The ~WCPt r SLi st public member function destroysthe WCPt r SLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call to the ~WCPt r SLi st public member function isinserted implicitly by the compiler at the
point where the WCPt r SLi st object goes out of scope.

Results: The WCPt r SLi st object is destroyed.

See Also: WCPt r SLi st , cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCPtrDList<Type>::WCPtrDList()

Synopsis: #i ncl ude <wclist. h>

public:

WCPt r DLi st () ;
Semantics: The WCPt r DLi st public member function creates an empty WCPt r DLi st object.
Results: The WCPt r DLi st public member function produces aninitialized WCPt r DLi st object.

See Also: WCPt r DLi st , ~WCPt r DLi st
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WCPtrDList<Type>::WCPtrDList()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>

public:

WCPt rDLi st( void *(*allocator)( size t ),
void (*deal locator)( void *, size t ) );

The WCPt r DLi st public member function creates an empty WCPt r DLi st <Type> object. The
allocator function is registered to perform all memory allocations of the list elements, and the
deallocator function to perform al freeing of the list elements memory. These functions provide the
ability to control how the allocation and freeing of memory is performed, allowing for more efficient
memory handling than the general purpose global oper at or new() and oper at or del et e()
can provide. Memory management optimizations may potentially be made through the allocator and
deallocator functions, but are not recommended before managing memory is understood and
determined to be worth while.

The allocator function shall return a pointer to allocated memory of size at |least the argument, or
zero(0) if the allocation cannot be performed. Initialization of the memory returned is performed by the
WCPt r DLi st <Type> class.

The WCPt r DLi st <Type> class calls the deallocator function only on memory allocated by the
allocator function. The deallocator shall free the memory pointed to by the first argument which is of
size the second argument. The size passed to the deallocator function is guaranteed to be the same size
passed to the allocator function when the memory was allocated.

The allocator and deallocator functions may assume that for alist object instance, the allocator is
always called with the same first argument (the size of the memory to be allocated). The

WCVal DLi st It ensi ze( Type) macro returns the size of the elements which are allocated by the
allocator function.

The WCPt r DLi st public member function creates an initialized WCPt r DLi st <Type> object and
registers the allocator and deallocator functions.

WCPt r DLi st , ~WCPt r DLi st
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WCPtrDList<Type>::WCPtrDList()

Synopsis: #i ncl ude <wclist. h>
public:
WCPt r DLi st ( const WCPtrDList & );

Semantics: The WCPt r DLi st public member function isthe copy constructor for the double linked list class. All
of the list elements are copied to the new list, as well as the exception trap states, and any registered
allocator and deallocator functions.

If al of the elements cannot be copied and the out _of _nenory isenabled in thelist being copied,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not

be copied.
Results: The WCPt r DLi st public member function produces a copy of thelist.
See Also: WCPt r DLi st , ~\WCPt r DLi st, cl ear, WCExcept : : out _of _nenory
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WCPtrDList<Type>::~WCPtrDList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCPt r DLi st () ;

Semantics: The ~WCPt r DLi st public member function destroysthe WCPt r DLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call to the ~WCPt r DLi st public member function isinserted implicitly by the compiler at the
point where the WCPt r DLi st object goes out of scope.

Results: The WCPt r DLi st object is destroyed.

See Also: WCPt r DLi st , cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCPtrSList<Type>::append(), WCPirDList<Type>::append()

Synopsis: #i ncl ude <wclist. h>
public:
i nt append( Type * );

Semantics: The append public member function is used to append the data to the end of thelist.
If theout _of _menory exception is enabled and the append fails, the exception is thrown.

Results: The data element is appended to the end of the list. A TRUE value (non-zero) is returned if the append
issuccessful. A FALSE (zero) result isreturned if the append fails.

See Also: i nsert, WCExcept :: out _of nmenory
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WCPtrSList<Type>::clear(), WCPtrDList<Type>::clear()

Synopsis: #i ncl ude <wclist. h>
public:
void clear();

Semantics: Thecl ear public member function isused to clear the list object and set it to the state of the object
just after theinitial construction. Thelist object is not destroyed and re-created by this operator, so the
object destructor is not invoked.

Results: Thecl ear public member function resets the list object to the state of the object immediately after the
initial construction.

See Also: ~WCPt r SLi st, ~\WCPt r DLi st , cl ear AndDest r oy, get ,operator =
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WCPtrSList<Type>,WCPtrDList<Type>::clearAndDestroy()

Synopsis: #i ncl ude <wclist. h>
public:
voi d cl ear AndDest roy();

Semantics: Thecl ear AndDest r oy public member function is used to clear the list object and set it to the state
of the object just after theinitial construction. Thelist object is not destroyed and re-created by this
operator, so the object destructor is not invoked. Before the list object is re-initialized, the the values
pointed to by the list elements are deleted.

Results: Thecl ear AndDest r oy public member function resets the list object to theinitial state of the object
immediately after theinitial construction and deletes the list elements.

See Also: cl ear, get
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WCPtrSList<Type>::contains(), WCPirDList<Type>::contains()

Synopsis: #i ncl ude <wclist. h>
public:
int contains( const Type * ) const;

Semantics: The cont ai ns public member function is used to determine if alist element object is already
contained in the list. Each list element is compared to the passed element using Type’ s oper at or

== to determine if the passed element is contained in the list. Note that the comparison is of the objects
pointed to.

Results: Zero(0) isreturned if the passed list element object is not found in thelist. A non-zero result is returned
if the element isfound in the list.

See Also; find,index
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WCPtrSList<Type>::entries(), WCPtrDList<Type>::entries()

Synopsis: #i ncl ude <wclist. h>
public:
int entries() const;

Semantics: Theent ri es public member function is used to determine the number of list elements contained in

thelist object.
Results: The number of entries stored in the list is returned, zero(0) is returned if there are no list elements.
See Also: i SEnpty
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WCPtrSList<Type>::find(), WCPtrDList<Type>::find()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type * find( int = 0 ) const;

Thef i nd public member function returns the value of alist element in thelist object. The optional
parameter specifies which element to locate, and defaults to the first element. Since the first element of
thelist isthe zero'th element, the last element will be the number of list entries minus one.

If thelistisempty and the enpt y_cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception is enabled, the exception is thrown if the index value is negative or is greater
than the number of list entries minus one.

The value of the selected list element or the closest element is returned. If the index value is negative,
the closest list element isthe first element. The last element isthe closest element if theindex valueis
greater than the number of list entries minus one. An uninitialized pointer is returned if there are no
elementsin thelist.

findLast, get,index,i seEnpty, WCExcept : : enpt y_cont ai ner,
WCExcept : : i ndex_range
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WCPtrSList<Type>::findLast(), WCPtrDList<Type>::findLast()

Synopsis: #i ncl ude <wclist. h>
public:

Type * findLast() const;

Semantics: Thef i ndLast public member function returns the value of the last list element in the list object.
If thelist is empty, one of two exceptions can be thrown. If the enpt y_cont ai ner exceptionis
enabled, itisthrown. Thei ndex_r ange exception isthrown if it is enabled and the
enpty_cont ai ner exceptionis not enabled.

Results: Thevalue of the last list element isreturned. An uninitialized pointer is returned if there are no
elementsin thelist.

See Also: find, get,i senpty, WCExcept:: enpty_cont ai ner, WCExcept : : i ndex_r ange
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WCPtrSList<Type>::forAll(), WCPtrDList<Type>::forAll()

Synopsis:

Semantics:

See Also:

#i ncl ude <wclist. h>
public:
void forAll( void (*)( Type *, void * ), void *) const;

Thef or Al | public member function is used to cause the function fn to be invoked for each list
element. The fn function should have the prototype

void (*fn)( Type *, void * )

Thefirst parameter of fn shall accept the value of the list element currently active. The second
argument passed to fn is the second argument of the f or Al | function. Thisallows acallback function
to be defined which can accept data appropriate for the point at which the f or Al | function isinvoked.

WCPt r Const SLi stlter, WCPtrConst DLi stlter, WCPtr SLi stlter, WCPtr DLi st ter
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WCPtrSList<Type>::get(), WCPtrDList<Type>::get()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type * get( int = 0);

Theget public member function returns the value of the list element in the list object. The list element
isalso removed from the list. The optional parameter specifies which element to remove, and defaults
tothefirst element. Sincethefirst element of thelist isthe zero'th element, the last element will be the
number of list entries minus one.

If thelist isempty and the enpt y__cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception trap is enabled, the exception is thrown if the index valueis negative or is
greater than the number of list entries minus one.

The value of the selected list element or the closest element is removed and returned. If the index value
is negative, the closest list element isthe first element. The last element isthe closest element if the
index value is greater than the number of list entries minus one. An uninitialized pointer is returned if
there are no elementsin thelist.

cl ear, cl ear AndDest r oy, fi nd, i ndex, WCExcept : : enpty_cont ai ner,
WCExcept : : i ndex_range
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WCPtrSList<Type>::index(), WCPtrDList<Type>::index()

Synopsis:

Semantics:

Results:

See Also;

#i ncl ude <wclist. h>
public:
int index( const Type * ) const;

Thei ndex public member function is used to determine the index of thefirst list element equivaent to
the passed element. Each list element is compared to the passed element using Type’ s oper at or
== until the passed element isfound, or all list elements have been checked. Note that the comparison
is of the objects pointed to.

Theindex of the first element equivalent to the passed element isreturned. If the passed element is not
inthe list, negative one (-1) is returned.

contai ns, find,get
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WCPtrSList<Type>::insert(), WCPtrDList<Type>::insert()

Synopsis: #i ncl ude <wclist. h>
public:
int insert( Type * );

Semantics: Thei nsert public member function is used to insert the data as the first element of thelist.
If theout _of _menory exception is enabled and the insert fails, the exception is thrown.

Results: The data element isinserted into the beginning of thelist. A TRUE value (non-zero) is returned if the
insert is successful. A FALSE (zero) result isreturned if the insert fails.

See Also: append, WCExcept : : out _of nenory
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WCPtrSList<Type>::isEmpty(), WCPtrDList<Type>::isEmpty()

Synopsis: #i ncl ude <wclist. h>
public:
int iseEnpty() const;

Semantics: Thei sEnpt y public member function is used to determineif alist object has any list elements
contained in it.

Results: A TRUE value (non-zero) isreturned if the list object does not have any list elements contained within
it. A FALSE (zero) result isreturned if the list contains at least one element.

See Also: entries
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WCPtrSList<Type>::operator =(), WCPtrDList<Type>::operator =()

Synopsis: #i ncl ude <wclist. h>
public:
WCPt r SLi st & WCPtr SLi st::operator =( const WCPtrSList & );
WCPt r DLi st & WCPt rDLi st::operator =( const WCPtrDList & );

Semantics: Theoper at or = public member function isthe assignment operator for the class. The left hand side
of the assignment isfirst cleared with the cl ear member function. All elementsin the right hand side
list are then copied, as well asthe exception trap states, and any registered allocator and deallocator
functions.

If al of the elements cannot be copied and the out _of _nmenor y isenabled in the right hand side list,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not
be copied.

Results: Theoper at or = public member function assigns the right hand side to the left hand side and returns
areference to the left hand side.

See Also: WCPt r SLi st , WCPt r DLi st , cl ear, WCExcept : : out _of _nmenory
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WCPtrSList<Type>::operator ==(), WCPtrDList<Type>::operator ==()

Synopsis: #i ncl ude <wclist. h>
public:
int WCPtrSList::operator ==( const WCPtrSList & ) const;
int WCPtrDLi st::operator ==( const WCPtrDList & ) const;

Semantics: Theoper at or == public member function is the equivalence operator for the
WCPt r SLi st <Type> and WCPt r DLi st <Type> classes. Two list objects are equivalent if they are
the same object and share the same address.

Results: A TRUE (non-zero) valueisreturned if the left hand side object and the right hand side objects are the
same object. A FALSE (zero) valueisreturned otherwise.
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WCSLink

Declared: wcl com h

Derived by:  WCDLi nk
The WCSLi nk classisthe building block for all of the list classes. It providesthelink that is used to
traverse the list elements. The double link classes use the WCSLi nk classto implement both links.

Since no user datais stored directly with it, the WCSLi nk class should only be used as a base class to
derive auser defined class.

When creating asingle linked intrusive list, the WCSLi nk classis used to derive the user defined class
that holds the data to be inserted into the list.

Thewcl com h header fileisincluded by the wel i st . h header file. Thereisno need to explicitly
includethe wcl com h header fileunlessthe wel i st . h header fileis not included. No errorswill
result if it isincluded unnecessarily.

Note that the destructor is non-virtual so that list elements are of minimum size. Objects created asa
class derived from the WCSLi nk class, but destroyed while typed asa WCSLi nk object will not invoke
the destructor of the derived class.

Public Member Functions

The following public member functions are declared:

WCSLi nk() ;
~WCSLi nk();

See Also: WCDLi nk
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WCSLink::WCSLink()

Synopsis: #i ncl ude <wcl com h>
public:
WCSLi nk() ;

Semantics: The public WCSLi nk constructor creates an WCSLi nk object. The public WCSLi nk constructor is
used implicitly by the compiler when it generates a constructor for a derived class.

Results: The public WCSLi nk constructor produces an initialized WCSLi nk object.

See Also: ~WCSLi nk
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WCSLink::~WCSLink()

Synopsis: #i ncl ude <wcl com h>
public:
~WCSLi nk();

Semantics: The public ~\WWCSLi nk destructor does not do anything explicit. The call to the public ~WCSLi nk
destructor isinserted implicitly by the compiler at the point where the object derived from WCSLink
goes out of scope.

Results: The object derived from WCSLink is destroyed.

See Also: WCSLi nk
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WCValSList<Type>, WCValDList<Type>

Declared:

welist.h

TheWCVal SLi st <Type> and WCVal DLi st <Type> classes are the templated classes used to
create objects which are single or double linked lists. Values are copied into the list, which could be
undesirableif the stored objects are complicated and copying is expensive. Value lists should not be
used to store objects of abase classif any derived types of different sizes would be stored in the list, or
if the destructor for a derived class must be called.

In the description of each member function, the text Ty pe is used to indicate the type value specified as
the template parameter. Type isthetype of the values stored in the list.

The WCEXxcept classisabase class of the WCVal SLi st <Type> and WCVal DLi st <Type> classes
and providesthe except i ons member function. This member function controls the exceptions which
can be thrown by the WCVal SLi st <Type> and WCVal DLi st <Type> objects. No exceptions are
enabled unless they are set by the except i ons member function.

Requirements of Type

TheWCVal SLi st <Type> and WCVal DLi st <Type> classesrequires Type to have:
(1) adefault constructor ( Type: : Type() ).

(2) awell defined copy constructor ( Type: : Type( const Type & ) ).

(3) an equivalence operator with constant parameters
Type::operator ==( const Type & ) const

Public Member Functions

The following member functions are declared in the public interface:

WCVal SLi st () ;

WCVal SList( void * (*)( size_t ), void (*)( void *, size t ));
WCVal SLi st( const WCVal SList & );

~WCVal SLi st ();

WCVal DLi st () ;

WCVal DList( void * (*)( size_t ), void (*)( void *, size_t ));
WCVal DLi st ( const WCVal DList & );

~WCVal DLi st () ;

i nt append( const Type & );

void clear();

voi d cl ear AndDest roy();

int contains( const Type & ) const;

int entries() const;

Type find( int = 0 ) const;

Type findLast() const;

void forAll( void (*)( Type, void * ), void *) const;

Type get( int = 0 );

int index( const Type & ) const;

int insert( const Type & );

int isEnpty() const;

Public Member Operators

The following member operators are declared in the public interface:
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WCValSList<Type>, WCValDList<Type>

WCVal SLi st & WCVal SLi st::operator =( const WCVal SList & );
WCVal DLi st & WCVal DLi st::operator =( const WCVal DList & );
int WCVal SLi st::operator ==( const WCVal SList & ) const;
i nt WCVal DLi st::operator ==( const WCVal DList & ) const;

Sample Program Using a Value List

#i ncl ude <wclist. h>
#i ncl ude <i ostream h>

static void testl( void );

void data_val _prt( int data, void * str ) {
cout << (char *)str << "[" << data << "]\n";
}

voi d main() {
try {
testl();
} catch( ... ) {
cout << "we caught an unexpected exception\n";

cout. flush();

}

void testl ( void ) {
WCVal DLi st <i nt > list;

I'i st.append(
l'i st.append(
I'i st.append(

A WN
———

list.insert( )
l'i st.append( );

cout << "<value double list for int>\n";

list.forAll( data_val _prt, "" );

data_val _prt( list.find( 3 ), "<the fourth element>" );
data_val _prt( list.get( 2 ), "<the third el enment>" );
data_val _prt( list.get(), "<the first element>" );
list.clear();

cout. flush();

ol
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WCValSList<Type>::WCValSList()

Synopsis: #i ncl ude <wclist. h>

public:

WCVal SLi st () ;
Semantics: TheWCVal SLi st public member function creates an empty WCVal SLi st object.
Results: TheWCVal SLi st public member function produces aninitialized WCVal SLi st object.

See Also: WCVal SLi st , ~WCVal SLi st
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WCValSList<Type>::WCValSList()

Synopsis: #i ncl ude <wclist. h>
public:
WCVal SList( void *(*allocator)( size t ),
void (*deal locator)( void *, size t ) );

Semantics: TheWCVal SLi st public member function creates an empty WCVal SLi st <Type> object. The
allocator function is registered to perform all memory allocations of the list elements, and the
deallocator function to perform al freeing of the list elements memory. These functions provide the
ability to control how the allocation and freeing of memory is performed, allowing for more efficient
memory handling than the general purpose global oper at or new() and oper at or del et e()
can provide. Memory management optimizations may potentially be made through the allocator and
deallocator functions, but are not recommended before managing memory is understood and
determined to be worth while.

The allocator function shall return a pointer to allocated memory of size at |least the argument, or
zero(0) if the allocation cannot be performed. Initialization of the memory returned is performed by the
WCVal SLi st <Type> class.

TheWCVal SLi st <Type> class calls the deallocator function only on memory allocated by the
allocator function. The deallocator shall free the memory pointed to by the first argument which is of
size the second argument. The size passed to the deallocator function is guaranteed to be the same size
passed to the allocator function when the memory was allocated.

The allocator and deallocator functions may assume that for alist object instance, the allocator is
always called with the same first argument (the size of the memory to be allocated). The

WCVal SLi st It entsi ze( Type) macro returns the size of the elements which are allocated by the
allocator function.

Results: TheWCVal SLi st public member function creates an initialized WCVal SLi st <Type> abject and
registers the allocator and deallocator functions.

See Also: WCVal SLi st , ~WCVal SLi st
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WCValSList<Type>::WCValSList()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
voi d WCVal SLi st( const WCVal SList & );

TheWCVal SLi st public member function isthe copy constructor for the single linked list class. All
of the list elements are copied to the new list, as well as the exception trap states, and any registered
allocator and deallocator functions. Type’ s copy constructor isinvoked to copy the values contained
by the list elements.

If al of the elements cannot be copied and the out _of _nenory isenabled in thelist being copied,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not
be copied.

TheWCVal SLi st public member function produces a copy of thelist.

WCVal SLi st , ~WCVal SLi st, cl ear, WCExcept : : out _of _nenory
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WCValSList<Type>::~WCValSList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCVal SLi st ();

Semantics: The~WCVal SLi st public member function destroysthe WCVal SLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call tothe ~WCVal SLi st public member function is inserted implicitly by the compiler at the
point where the WCVal SLi st object goes out of scope.

Results: TheWCVal SLi st object is destroyed.

See Also: WCVal SLi st, cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCValDList<Type>::WCValDList()

Synopsis: #i ncl ude <wclist. h>

public:

WCVal DLi st () ;
Semantics: TheWCVal DLi st public member function creates an empty WCVal DLi st object.
Results: TheWCVal DLi st public member function produces aninitialized WCVal DLi st object.

See Also: WCVal DLi st , ~WCVal DLi st
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WCValDList<Type>::WCValDList()

Synopsis: #i ncl ude <wclist. h>
public:
WCVal DList( void *(*allocator)( size t ),
void (*deal locator)( void *, size t ) );

Semantics: TheWCVal DLi st public member function creates an empty WCVal DLi st <Type> object. The
allocator function is registered to perform all memory allocations of the list elements, and the
deallocator function to perform al freeing of the list elements memory. These functions provide the
ability to control how the allocation and freeing of memory is performed, allowing for more efficient
memory handling than the general purpose global oper at or new() and oper at or del et e()
can provide. Memory management optimizations may potentially be made through the allocator and
deallocator functions, but are not recommended before managing memory is understood and
determined to be worth while.

The allocator function shall return a pointer to allocated memory of size at |least the argument, or
zero(0) if the allocation cannot be performed. Initialization of the memory returned is performed by the
WCVal DLi st <Type> class.

TheWCVal DLi st <Type> class calls the deallocator function only on memory allocated by the
allocator function. The deallocator shall free the memory pointed to by the first argument which is of
size the second argument. The size passed to the deallocator function is guaranteed to be the same size
passed to the allocator function when the memory was allocated.

The allocator and deallocator functions may assume that for alist object instance, the allocator is
always called with the same first argument (the size of the memory to be allocated). The

WCVal DLi st It ensi ze( Type) macro returns the size of the elements which are allocated by the
allocator function.

Results: TheWCVal DLi st public member function creates an initialized WCVal DLi st <Type> aobject and
registers the allocator and deallocator functions.

See Also: WCVal DLi st , ~WCVal DLi st
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WCValDList<Type>::WCValDList()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
WCVal DLi st( const WCVal DList & );

TheWCVal DLi st public member function isthe copy constructor for the double linked list class. All
of the list elements are copied to the new list, as well as the exception trap states, and any registered
allocator and deallocator functions. Type’ s copy constructor isinvoked to copy the values contained
by the list elements.

If al of the elements cannot be copied and the out _of _nenory isenabled in thelist being copied,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not
be copied.

TheWCVal DLi st public member function produces a copy of thelist.

WCVal DLi st , ~\WCVal DLi st, cl ear, WCExcept : : out _of _nenory
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WCValDList<Type>::~WCValDList()

Synopsis: #i ncl ude <wclist. h>
public:
~WCVal DLi st () ;

Semantics: The~WCVal DLi st public member function destroysthe WCVal DLi st object. If thelistisnot
empty and the not _enpt y exception is enabled, the exception isthrown. If the not _enpty
exception is not enabled and the list is not empty, thelist is cleared using the cl ear member function.
The call tothe ~WCVal DLi st public member function is inserted implicitly by the compiler at the
point where the WCVal DLi st object goes out of scope.

Results: TheWCVal DLi st object is destroyed.

See Also: WCVal DLi st, cl ear, cl ear AndDest r oy, WCExcept : : not _enpty
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WCValSList<Type>::append(), WCValDList<Type>::append()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
i nt append( const Type & );

The append public member function is used to append the data to the end of thelist. The data stored
inthelist isacopy of the data passed as a parameter.

If theout _of _menory exception is enabled and the append fails, the exception is thrown.

The data element is appended to the end of thelist. A TRUE value (non-zero) isreturned if the append
issuccessful. A FALSE (zero) result isreturned if the append fails.

i nsert, WCExcept :: out _of menory
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WCValSList<Type>::clear(), WCValDList<Type>::clear()

Synopsis: #i ncl ude <wclist. h>
public:
void clear();

Semantics: Thecl ear public member function isused to clear the list object and set it to the state of the object
just after theinitial construction. Thelist object is not destroyed and re-created by this operator, so the
object destructor is not invoked.

The cl ear public member function has the same sematics asthe cl ear AndDest r oy member
function.

Results: Thecl ear public member function resets the list object to the state of the object immediately after the
initial construction.

See Also: ~WCVal SLi st, ~\WWCVal DLi st , cl ear AndDestr oy, get,operator =
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WCValSList<Type>,WCValDList<Type>::clearAndDestroy()

Synopsis: #i ncl ude <wclist. h>
public:
voi d cl ear AndDest roy();

Semantics: Thecl ear AndDest r oy public member function is used to clear the list object and set it to the state
of the object just after theinitial construction. Thelist object is not destroyed and re-created by this
operator, so the object destructor is not invoked.

Before the list object is re-initialized, the delete operator is called for each list element.

Results: Thecl ear AndDest r oy public member function resets the list object to theinitial state of the object
immediately after theinitial construction.

See Also: cl ear, get

List Containers 295



WCValSList<Type>::contains(), WCValDList<Type>::contains()

Synopsis: #i ncl ude <wclist. h>
public:
int contains( const Type & ) const;

Semantics: The cont ai ns public member function is used to determine if alist element object is already
contained in the list. Each list element is compared to the passed element using Type’ s oper at or
== to determine if the passed element is contained in the list.

Results: Zero(0) isreturned if the passed list element object is not found in thelist. A non-zero result is returned
if the element isfound in the list.

See Also; find,index
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WCValSList<Type>::entries(), WCValDList<Type>::entries()

Synopsis: #i ncl ude <wclist. h>
public:
int entries() const;

Semantics: Theent ri es public member function is used to determine the number of list elements contained in

thelist object.
Results: The number of entries stored in the list is returned, zero(0) is returned if there are no list elements.
See Also: i SEnpty
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WCValSList<Type>::find(), WCValDList<Type>::find()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type find( int = 0 ) const;

Thef i nd public member function returns the value of alist element in thelist object. The optional
parameter specifies which element to locate, and defaults to the first element. Since the first element of
thelist isthe zero'th element, the last element will be the number of list entries minus one.

If thelistisempty and the enpt y_cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception is enabled, the exception is thrown if the index value is negative or is greater
than the number of list entries minus one.

The value of the selected list element or the closest element is returned. If the index value is negative,
the closest list element isthe first element. The last element isthe closest element if theindex valueis
greater than the number of list entries minus one. A default initialized value is returned if there are no
elementsin thelist.

findLast, get,index,i seEnpty, WCExcept : : enpt y_cont ai ner,
WCExcept : : i ndex_range
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WCValSList<Type>::findLast(), WCValDList<Type>::findLast()

Synopsis: #i ncl ude <wclist. h>
public:

Type findLast() const;

Semantics: Thef i ndLast public member function returns the value of the last list element in the list object.
If thelist is empty, one of two exceptions can be thrown. If the enpt y_cont ai ner exceptionis
enabled, itisthrown. Thei ndex_r ange exception isthrown if it is enabled and the
enpty_cont ai ner exceptionis not enabled.

Results: The value of the last list element isreturned. A default initialized valueis returned if there are no
elementsin thelist.

See Also: find, get,i senpty, WCExcept:: enpty_cont ai ner, WCExcept : : i ndex_r ange
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WCValSList<Type>::forAll(), WCValDList<Type>::forAll()

Synopsis:

Semantics:

See Also:

#i ncl ude <wclist. h>
public:
void forAll( void (*)( Type, void * ), void *) const;

Thef or Al | public member function is used to cause the function fn to be invoked for each list
element. The fn function should have the prototype

void (*fn)( Type, void * )

Thefirst parameter of fn shall accept the value of the list element currently active. The second
argument passed to fn is the second argument of the f or Al | function. Thisallows acallback function
to be defined which can accept data appropriate for the point at which the f or Al | function isinvoked.

WCVal Const SLi stlter, WCVal Const DLi stlter, WCVal SLi stlter, WCVal DLi stlter
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WCValSList<Type>::get(), WCValDList<Type>::get()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>
public:
Type get( int =0 );

Theget public member function returns the value of the list element in the list object. The list element
isalso removed from the list. The optional parameter specifies which element to remove, and defaults
tothefirst element. Sincethefirst element of thelist isthe zero'th element, the last element will be the
number of list entries minus one.

If thelist isempty and the enpt y__cont ai ner exception is enabled, the exception isthrown. If the
i ndex_r ange exception trap is enabled, the exception is thrown if the index valueis negative or is
greater than the number of list entries minus one.

The value of the selected list element or the closest element is removed and returned. If the index value
is negative, the closest list element isthe first element. The last element isthe closest element if the
index value is greater than the number of list entriesminus one. A default initialized valueis returned if
there are no elementsin thelist.

cl ear, cl ear AndDest r oy, fi nd, i ndex, WCExcept : : enpty_cont ai ner,
WCExcept : : i ndex_range
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WCValSList<Type>::index(), WCValDList<Type>::index()

Synopsis: #i ncl ude <wclist. h>
public:
int index( const Type & ) const;

Semantics: Thei ndex public member function is used to determine the index of thefirst list element equivaent to
the passed element. Each list element is compared to the passed element using Type’ s oper at or
== until the passed element isfound, or all list elements have been checked.

Results: Theindex of the first element equivalent to the passed element isreturned. If the passed element is not
inthe list, negative one (-1) is returned.

See Also: contai ns, find, get
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WCValSList<Type>::insert(), WCValDList<Type>::insert()

Synopsis: #i ncl ude <wclist. h>
public:
int insert( const Type & );

Semantics: Thei nsert public member function is used to insert the data as the first element of the list. The data
stored in thelist is a copy of the data passed as a parameter.

If the out _of _menory exception is enabled and the insert fails, the exception is thrown.

Results: The data element isinserted into the beginning of thelist. A TRUE value (non-zero) isreturned if the
insert is successful. A FALSE (zero) result isreturned if the insert fails.

See Also: append, WCExcept : : out _of nenory
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WCValSList<Type>::isEmpty(), WCValDList<Type>::isEmpty()

Synopsis: #i ncl ude <wclist. h>
public:
int iseEnpty() const;

Semantics: Thei sEnpt y public member function is used to determineif alist object has any list elements
contained in it.

Results: A TRUE value (non-zero) isreturned if the list object does not have any list elements contained within
it. A FALSE (zero) result isreturned if the list contains at least one element.

See Also: entries
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WCValSList<Type>::operator =(), WCValDList<Type>::operator =()

Synopsis:

Semantics:

Results:

See Also:

#i ncl ude <wclist. h>

public:

WCVal SLi st & WCVal SLi st::operator =( const WCVal SList & );
WCVal DLi st & WCVal DLi st::operator =( const WCVal DList & );

Theoper at or = public member function isthe assignment operator for the class. The left hand side
of the assignment isfirst cleared with the cl ear member function. All elementsin the right hand side
list are then copied, as well asthe exception trap states, and any registered allocator and deallocator
functions. Type’ s copy constructor isinvoked to copy the values contained by the list elements.

If al of the elements cannot be copied and the out _of _nmenor y isenabled in the right hand side list,
the exception isthrown. The new listis created in avalid state, even if al of the list elements could not
be copied.

Theoper at or = public member function assigns the right hand side to the left hand side and returns
areference to the left hand side.

WCVal SLi st , WCVal DLi st , cl ear, WCExcept : : out _of _menory
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WCValSList<Type>::operator ==(), WCValDList<Type>::operator ==()

Synopsis:

Semantics:

Results:

#i ncl ude <wclist. h>

public:

int WCVal SLi st::operator ==( const WCVal SList & ) const;
int WCVal DLi st::operator ==( const WCVal DList & ) const;

Theoper at or == public member function is the equivalence operator for the
WCVal SLi st <Type> and WCVal DLi st <Type> classes. Two list objects are equivalent if they are
the same object and share the same address.

A TRUE (non-zero) valueisreturned if the left hand side object and the right hand side objects are the
same object. A FALSE (zero) valueisreturned otherwise.
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13 List Iterators

List iterators operate on single or double linked lists. They are used to step through alist one or more
elements at atime. The choice of which type of iterator to use is determined by the list you wish to iterate
over. For example, to iterate over anon-constant WCI svDLi st <Type> object, use the

WCI svDLi st It er<Type>class. A constant WCVal SLi st <Type> object can be iterated using the
WCVal Const SLi st | t er <Type> class. Theiterators which correspond to the single link list containers
have some functionality inhibited. |f backward traversal is required, the double linked containers and
corresponding iterators must be used.

Like all WATCOM iterators, newly constructed and reset iterators are positioned before the first element in
thelist. Thelist may be traversed one element at atime using the pre-increment or call operator. An
increment operation causing the iterator to be positioned after the end of the list returns zero. Further
increments will causethe undef _i t er exception to be thrown, if it is enabled. This behaviour allows
lists to be traversed simply using awhile loop, and is demonstrated in the examples for the iterator classes.

The classes are presented in aphabetical order. The WCI t er Except class provides the common
exception handling control interface for al of the iterators.

Since the iterator classes are all template classes, deriving most of the functionality from common base
classeswas used. Inthelisting of class member functions, those public member functions which appear to
bein the iterator class but are actually defined in the common base class are identified asif they were
explicitly specified in the iterator class.
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WClsvConstSListlter<Type>, WCIsvConstDListlter<Type>

Declared:

See Also:

welistit.h

TheWCl svConst SLi st |t er <Type>and WCl svConst DLi st | t er <Type> classesare the
templated classes used to create iterator objects for constant single and double linked list objects. These
classes may be used to iterate over non-constant lists, but the WCI svDLi st |t er <Type> and

WCI svSLi st | t er <Type> classes provide additional functionality for only non-constant lists.

In the description of each member function, thetext Type isused to indicate the list element type
specified as the template parameter.

TheWCl t er Except classisabase class of the WCI svConst SLi st |t er <Type>and

WCI svConst DLi st | t er <Type> classes and providesthe except i ons member function. This
member function controls the exceptions which can be thrown by the

WCI svConst SLi st It er <Type>and WCl svConst DLi st |t er <Type> objects. No exceptions
are enabled unlessthey are set by the except i ons member function.

Private Member Functions

Some functionality supported by base classes of the iterator are not appropriate for the constant list
iterator classes. Setting those functions as private members in the derived classis the standard
mechanism to prevent them from being invoked.

int append( Type * );
int insert( Type * );

Public Member Functions
The following member functions are declared in the public interface:

WCI svConst SListlter();

WCI svConst SLi stlter( const WC svSLi st<Type> & );

~WCl svConst SListlter();

WCI svConstDLi stlter();

WCl svConst DLi stlter( const WC svDLi st<Type> & );

~WCl svConst DLi stlter();

const WCl svSLi st <Type> *WCl svConst SLi st |t er<Type>::container() const;
const WCl svDLi st <Type> *WCl svConst DLi st 1t er<Type>::container() const;
Type * current() const;

void reset();

voi d WCl svConst SLi stlter<Type>::reset( const WC svSLi st<Type> & );
voi d WCl svConst DLi stlter<Type>::reset( const WC svDLi st<Type> & );

Public Member Operators

The following member operators are declared in the public interface:
Type * operator ()();

Type * operator ++();

Type * operator +=( int );

In the iterators for double linked lists only:

Type * operator --();
Type * operator -=( int );

WCl svSList::forAl |, Wl svDList::forAll
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WClsvConstSListlter<Type>::WClsvConstSListlter ()

Synopsis: #include <wclistit. h>
public:
WCl svConst SListlter();

Semantics: The WCl svConst SLi st | t er public member function is the default constructor for the class and
initializes the iterator with no list to operate on. The r eset member function must be called to provide
the iterator with alist to iterate over.

Results: TheWCl svConst SLi st | t er public member function creates an initialized
WCI svConst SLi st |t er object.

See Also; WCl svConst SLi stlter, ~\WCl svConst SLi stlter, reset
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WClsvConstSListlter<Type>::WCIsvConstSListlter ()

Synopsis: #include <wclistit. h>
public:
WCl svConst SLi stlter( const WC svSLi st<Type> & );

Semantics: The WCl svConst SLi st | t er public member function is a constructor for the class. The value
passed as a parameter isa WCl svSLi st list object. The iterator will beinitialized for that list object
and positioned before the first list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

Results: TheWCl svConst SLi st | t er public member function creates an initialized
WCI svConst SLi st | t er object positioned before the first element in the list.

See Also: ~WCl svConst SLi stlter, operator (),operator ++, operator +=reset
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WClsvConstSListlter<Type>::~WCIsvConstSListlter()

Synopsis: #include <wclistit. h>
public:
~WCl svConst SLi stlter();

Semantics: The~WCl svConst SLi st |1t er public member function is the destructor for the class. The call to
the ~\WWCl svConst SLi st | t er public member function isinserted implicitly by the compiler at the
point where the WCI svConst SLi st |t er object goes out of scope.

Results: TheWCl svConst SLi st | t er object isdestroyed.

See Also: WCl svConst SLi stlter
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WClsvConstDListlter<Type>::WClIsvConstDListlter()

Synopsis: #include <wclistit. h>
public:
WCl svConstDLi stlter();

Semantics: The WCl svConst DLi st | t er public member function is the default constructor for the class and
initializes the iterator with no list to operate on. The r eset member function must be called to provide
the iterator with alist to iterate over.

Results: TheWCl svConst DLi st | t er public member function creates an initialized
WCI svConst DLi st |t er object.

See Also; WCl svConst DLi stlter, ~\WCl svConst DLi stlter, reset

312 List lterators



WClisvConstDListlter<Type>::WClsvConstDListlter()

Synopsis: #include <wclistit. h>
public:
WCl svConst DLi stlter( const WC svDLi st<Type> & );

Semantics: The WCl svConst DLi st | t er public member function is a constructor for the class. The value
passed as a parameter isthe WCI svDLi st list object. Theiterator will beinitialized for that list object
and positioned before the first list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

Results: TheWCl svConst DLi st | t er public member function creates an initialized
WCI svConst DLi st | t er object positioned before the first list element.

See Also: WCl svConst DLi stlter, ~WCl svConst DLi stlter, operator (), operator ++,
operator += reset
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WClIsvConstDListlter<Type>::~WClsvConstDListlter()

Synopsis: #include <wclistit. h>
public:
~WCl svConst DLi stlter();

Semantics: The~WCl svConst DLi st 1t er public member function is the destructor for the class. The call to
the ~\WWCl svConst DLi st | t er public member function is inserted implicitly by the compiler at the
point where the WCI svConst DLi st 1t er object goes out of scope.

Results: TheWCl svConst DLi st | t er object isdestroyed.

See Also: WCl svConst DLi stlter
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WClisvConstSListlter<Type>,WClIsvConstDListlter<Type>::container()

Synopsis: #include <wclistit. h>
public:
const WCl svSLi st <Type> *WCl svConst SLi st |t er<Type>:: container() const;
const WCl svDLi st <Type> *WCl svConst DLi st |t er<Type>:: container() const;

Semantics: The cont ai ner public member function returns a pointer to the list container object. If the iterator
has not been initialized with alist object, and the undef _i t er exceptionis enabled, the exceptionis
thrown.

Results: A pointer to the list object associated with the iterator is returned, or NULL(O) if the iterator has not
been initialized with alist.

See Also: WCl svConst SLi stlter, WOl svConst DLi stlter,reset, Wl ter Except::undef _iter
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WClsvConstSListlter<Type>::current(), WCIsvConstDListlter<Type>::current()

Synopsis: #include <wclistit. h>
public:
Type * current();

Semantics: Thecur r ent public member function returns a pointer to the list item at the current iterator position.
If theiterator is not associated with alist, or the iterator position is either before the first element or past

the last element in the list, the current iterator position is undefined. Inthiscasethe undef _item
exception isthrown, if enabled.

Results: A pointer to the current list element isreturned. If the current element is undefined, NULL(0) is
returned.
See Also: operator (),operator ++ operator += operator --,operator -=reset,

WCI t er Except : : undef _item
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WClIsvConstSListlter<Type>,WClIsvConstDListlter<Type>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
Type * operator ()();

Theoper at or () public member function isthe call operator for the class. The list element which
follows the current item is set to be the new current item. If the previous current item was the last
element in thelist, the iterator is positioned after the end of the list.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Theoper at or () public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator isincremented past the end of the list.

operator ++, operator +=, operator --,operator -=reset,
WCl t er Except: :undef _iter
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WClsvConstSListlter<Type>,WClIsvConstDListlter<Type>::operator ++()

Synopsis: #include <wclistit. h>
public:
Type * operator ++();

Semantics: Theoper at or ++ public member function is the pre-increment operator for the class. Thelist
element which follows the current item is set to be the new current item. If the previous current item
wasthe last element in thelist, the iterator is positioned after the end of the list.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Results: Theoper at or ++ public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator isincremented past the end of the list.

See Also: current,operator (),operator += operator --,operator -=reset,
WCl t er Except: :undef _iter
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WClIsvConstSListlter<Type>,WClIsvConstDListlter<Type>::operator +=()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
Type * operator +=( int );

Theoper at or += public member function accepts an integer value that causes the iterator to move
that many elements after the current item. If the iterator was positioned before the first element in the
list, the operation will set the current item to be the given element in the list.

If the current item was after the last element in the list previous to the iteration, and the undef _i t er
exception is enabled, the exception will be thrown. Attempting to increment the iterator position more
than element after the end of thelist, or by less than one element causesthe i t er _r ange exception to
be thrown, if enabled.

Theoper at or += public member function returns a pointer to the new current item. NULL(0Q) is
returned when the iterator isincremented past the end of the list.

current,operator (),operator ++ operator --,operator -=reset,
WCl t er Except::iter_range, WCl t er Except::undef _iter
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WClIsvConstDListlter<Type>::operator --()

Synopsis: #include <wclistit. h>
public:
Type * operator --();

Semantics: Theoper at or - - public member function is the pre-decrement operator for the class. Thelist
element previousto the current item is set to be the new current item. If the current item was the first
element in thelist, the iterator is positioned before the first element in thelist. If thelist is empty, the
iterator will be positioned before the start of the list.

If the iterator was positioned after the last element in the list, the current item will be set to the last
element.

If the iterator is not associated with alist or the iterator position previous to the decrement was before
thefirst element thelist, the undef _i t er exception isthrown, if enabled.

Results: Theoper at or - - public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator is decremented past the first element of the list.

See Also: current,operator (),operator ++ operator += operator -=reset,
WCl t er Except: :undef _iter
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WClsvConstDListlter<Type>::operator -=()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
Type * operator -=( int );

Theoper at or - = public member function accepts an integer value that causes the iterator to move
that many elements before the current item. If the iterator was positioned after the last element in the
list, the operation will set the current item to be the given number of elements from the end of the list.

If the current item was before the first element in the list previousto the iteration, and the

undef _iter exceptionisenabled, the exception will be thrown. Attempting to decrement the iterator
position more than one element before the beginning of the list, or by less than one element causes the

i ter_range exception to be thrown, if enabled.

Theoper at or - = public member function returns a pointer to the new current item. NULL(0Q) is
returned when the iterator is decremented past the first element in the list.

current,operator (),operator ++, operator += operator --,reset,
WCI t er Except::iter_range, WCl t er Except::undef __iter
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WClIsvConstSListlter<Type>::reset(), WCIsvConstDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated list.

Results: The iterator is positioned before the first list element.

See Also: WCl svConst SLi st | ter, WCI svConst DLi st ter, cont ai ner
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WClIsvConstSListlter<Type>::reset(), WCIsvConstDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
voi d WCl svConst SLi stlter<Type>::reset( const WC svSLi st<Type> & );
voi d WCl svConst DLi stlter<Type>::reset( const WC svDLi st<Type> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified list. Theiterator is
positioned before the first element in thelist.

Results: Theiterator is positioned before the first element of the specified list.

See Also: WCl svConst SLi st | ter, WCI svConst DLi st | ter, cont ai ner
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WClsvSListlter<Type>, WCIsvDListlter<Type>

Declared:

welistit.h

TheWCl svSLi stlter<Type>and WCI svDLi st |t er <Type> classes are the templated classes
used to create iterator objects for single and double linked list objects. These classes can be used only
for non-constant lists. The WCI svDConst Li st 1t er <Type> and

WCI svSConst Li st |t er <Type> classes are provided to iterate over constant lists.

In the description of each member function, thetext Ty pe isused to indicate the list element type
specified as the template parameter.

TheWCl t er Except classisabase class of the WCI svSLi st |t er <Type>and

WCI svDLi st |t er <Type> classes and providesthe except i ons member function. This member
function controls the exceptions which can be thrown by the WCI svSLi st |t er <Type> and

WCI svDLi st It er <Type> objects. No exceptions are enabled unless they are set by the

except i ons member function.

Private Member Functions

Some functionality supported by base classes of the iterator are not appropriate in the single linked list
iterator classes. Setting those functions as private membersin the derived classis the standard
mechanism to prevent them from being invoked. The following member functions are declared in the
single linked list iterator private interface:

Type * operator --();
Type * operator -=( int );
int insert( Type * );

Public Member Functions
The following member functions are declared in the public interface:

WCl svSListiter();

WCI svSLi stlter( W svSLi st <Type> & );

~WCl svSListlter();

WCI svDLi stlter();

WCI svDLi stlter( WC svDLi st<Type> & );

~WCl svDLi stlter();

i nt append( Type * );

WCI svSLi st <Type> *WCl svSLi stlter<Type>::container() const;
WCI svDLi st <Type> *WCl svDLi stlter<Type>::container() const;
Type * current() const;

void reset();

void WCl svSLi stlter<Type>::reset( Wl svSLi st<Type> & );
void WCl svDLi stlter<Type>::reset( W svDLi st<Type> & );

In the iterators for double linked lists only:

int insert( Type * );

Public Member Operators

The following member operators are declared in the public interface:
Type * operator ()();

Type * operator ++();
Type * operator +=( int );
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WClsvSListlter<Type>, WCIsvDListlter<Type>

In theiterators for double linked lists only:

Type * operator --();
Type * operator -=( int );

See Also: WCl svSList::forAll,WIsvDList::forAll
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WClsvSListlter<Type>::WClsvSListlter()

Synopsis: #include <wclistit. h>
public:

WCl svSListlter();

Semantics: TheWCl svSLi st | t er public member function is the default constructor for the class and initializes
the iterator with no list to operate on. The r eset member function must be called to provide the
iterator with alist to iterate over.

Results: The WCl svSLi st |t er public member function creates an initialized WCl svSLi st |t er object.

See Also: WCl svSLi stlter, ~WCl svSLi stlter, reset
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WClsvSListlter<Type>::WClsvSListlter()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
WCl svSLi stlter( WC svSLi st<Type> & );

TheWCI svSLi st | t er public member function is a constructor for the class. The value passed as a
parameter isaWCl svSLi st list object. Theiterator will be initialized for that list object and
positioned before thefirst list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

The WCl svSLi st |t er public member function createsan initialized WCl svSLi st |t er object
positioned before the first element in thelist.

~WCl svSLi stlter,operator (),operator ++, operator +=reset
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WClsvSListlter<Type>::~WClsvSListlter()

Synopsis: #include <wclistit. h>
public:
~WCl svSListlter();

Semantics: The~WCl svSLi st |t er public member function isthe destructor for the class. The call to the
~WCl svSLi st |t er public member function isinserted implicitly by the compiler at the point where
the WCl svSLi st |t er object goesout of scope.

Results: TheWCl svSLi st | t er object isdestroyed.

See Also: WCl svSLi stlter
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WClsvDListlter<Type>::WClsvDListlter()

Synopsis: #include <wclistit. h>
public:

WCl svDLi stlter();

Semantics: TheWCl svDLi st |t er public member function is the default constructor for the class and initializes
the iterator with no list to operate on. The r eset member function must be called to provide the
iterator with alist to iterate over.

Results: The WCl svDLi st |t er public member function createsan initialized WCl svDLi st |t er object.

See Also: WCl svDLi stlter, ~WCl svDLi stlter, reset
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WClsvDListlter<Type>::WClsvDListlter()

Synopsis: #include <wclistit. h>
public:
WCl svDLi stlter( WC svDLi st<Type> & );

Semantics: TheWCl svDLi st |t er public member function is a constructor for the class. The value passed as a
parameter isthe WCI svDLi st list object. Theiterator will beinitialized for that list object and
positioned before thefirst list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

Results: The WCl svDLi st |t er public member function creates an initialized WCl svDLi st |t er object
positioned before the first list element.

See Also: WCl svDLi stlter,~WC svDLi stlter,operator (),operator ++ operator +=,
reset
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WClsvDListlter<Type>::~WClsvDListlter()

Synopsis: #include <wclistit. h>
public:
~WCl svDLi stlter();

Semantics: The~WCl svDLi st |t er public member function isthe destructor for the class. The call to the
~WCl svDLi st | t er public member function isinserted implicitly by the compiler at the point where
the WCl svDLi st |t er object goesout of scope.

Results: TheWCl svDLi st |t er object isdestroyed.

See Also: WCl svDLi stlter
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WClsvSListlter<Type>::append(), WCIsvDListlter<Type>::append()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int append( Type * );

The append public member function inserts a new element into the list container object. The new
element isinserted after the current iterator item.

If theiterator is not associated with alist, or the iterator position is either before the first element or past
the last element in the list, the current iterator position is undefined. The element is not appended. |If
theundef _iter exceptionisenabled, it isthrown.

The new element isinserted after the current iterator item. A TRUE vaue (non-zero) isreturned if the
append is successful. A FALSE (zero) result isreturned if the append fails.

i nsert, WCExcept ::out _of _nmenory,WClt er Except: :undef _iter
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WClsvSListlter<Type>,WCIsvDListlter<Type>::container()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>

public:

WCI svSLi st <Type> *WCl svSLi stlter<Type>::container() const;
WCI svDLi st <Type> *WCl svDLi stlter<Type>::container() const;

The cont ai ner public member function returns a pointer to the list container object. If the iterator
has not been initialized with alist object, and the undef _i t er exceptionis enabled, the exceptionis
thrown.

A pointer to the list object associated with the iterator is returned, or NULL(O) if the iterator has not
been initialized with alist.

WCl svSListlter, Wl svDListlter,reset, WCl t er Except::undef iter
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WClsvSListlter<Type>::current(), WCIsvDListlter<Type>::current()

Synopsis: #include <wclistit. h>
public:
Type * current();

Semantics: Thecur r ent public member function returns a pointer to the list item at the current iterator position.
If theiterator is not associated with alist, or the iterator position is either before the first element or past

the last element in the list, the current iterator position is undefined. Inthiscasethe undef _item
exception isthrown, if enabled.

Results: A pointer to the current list element isreturned. If the current element is undefined, NULL(0) is
returned.
See Also: operator (),operator ++ operator += operator --,operator -=reset,

WCI t er Except : : undef _item
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WClsvDListlter<Type>::insert()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int insert( Type * );

Thei nsert public member function inserts a new element into the list container object. The new
element is inserted before the current iterator item. This process uses the previous link in the double
linked list, sothe i nsert public member function is not allowed with single linked lists.

If theiterator is not associated with alist, or the iterator position is either before the first element or past
the last element in the list, the current iterator position is undefined. The element is not inserted. If the
undef _iter exceptionisenabled, the exception isthrown.

The new element isinserted before the current iterator item. A TRUE value (non-zero) isreturned if the
insert is successful. A FALSE (zero) result isreturned if the insert fails.

append, WCExcept : : out _of _nenory,WCl t er Except: : undef _iter
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WClsvSListlter<Type>,WCIsvDListlter<Type>::operator ()()

Synopsis: #include <wclistit. h>
public:
Type * operator ()();

Semantics: Theoper at or () public member function isthe call operator for the class. The list element which
follows the current item is set to be the new current item. If the previous current item was the last
element in thelist, the iterator is positioned after the end of the list.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Results: Theoper at or () public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator isincremented past the end of the list.

See Also: operator ++, operator +=, operator --,operator -=reset,
WCl t er Except: :undef _iter
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WClsvSListlter<Type>,WCIsvDListlter<Type>::operator ++()

Synopsis: #include <wclistit. h>
public:
Type * operator ++();

Semantics: Theoper at or ++ public member function is the pre-increment operator for the class. Thelist
element which follows the current item is set to be the new current item. If the previous current item
wasthe last element in thelist, the iterator is positioned after the end of the list.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Results: Theoper at or ++ public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator isincremented past the end of the list.

See Also: current,operator (),operator += operator --,operator -=reset,
WCl t er Except: :undef _iter
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WClsvSListlter<Type>,WCIsvDListlter<Type>::operator +=()

Synopsis: #include <wclistit. h>
public:
Type * operator +=( int );

Semantics: Theoper at or += public member function accepts an integer value that causes the iterator to move
that many elements after the current item. If the iterator was positioned before the first element in the
list, the operation will set the current item to be the given element in the list.

If the current item was after the last element in the list previous to the iteration, and the undef _i t er
exception is enabled, the exception will be thrown. Attempting to increment the iterator position more
than element after the end of thelist, or by less than one element causesthe i t er _r ange exception to
be thrown, if enabled.

Results: Theoper at or += public member function returns a pointer to the new current item. NULL(0Q) is
returned when the iterator isincremented past the end of the list.

See Also: current,operator (),operator ++ operator --,operator -=reset,
WCl t er Except::iter_range, WCl t er Except::undef _iter
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WClisvDListlter<Type>::operator --()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
Type * operator --();

Theoper at or - - public member function is the pre-decrement operator for the class. Thelist
element previousto the current item is set to be the new current item. If the current item was the first
element in thelist, the iterator is positioned before the first element in thelist. If thelist is empty, the
iterator will be positioned before the start of the list.

If the iterator was positioned after the last element in the list, the current item will be set to the last
element.

If the iterator is not associated with alist or the iterator position previous to the decrement was before
thefirst element thelist, the undef _i t er exception isthrown, if enabled.

Theoper at or - - public member function returns a pointer to the new current item. NULL(O) is
returned when the iterator is decremented past the first element of the list.

current,operator (),operator ++ operator += operator -=reset,
WCl t er Except: :undef _iter
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WClsvDListlter<Type>::operator -=()

Synopsis: #include <wclistit. h>
public:
Type * operator -=( int );

Semantics: Theoper at or - = public member function accepts an integer value that causes the iterator to move
that many elements before the current item. If the iterator was positioned after the last element in the
list, the operation will set the current item to be the given number of elements from the end of the list.

If the current item was before the first element in the list previousto the iteration, and the

undef _iter exceptionisenabled, the exception will be thrown. Attempting to decrement the iterator
position more than one element before the beginning of the list, or by less than one element causes the

i ter_range exception to be thrown, if enabled.

Results: Theoper at or - = public member function returns a pointer to the new current item. NULL(0Q) is
returned when the iterator is decremented past the first element in the list.

See Also: current,operator (),operator ++, operator += operator --,reset,
WCI t er Except::iter_range, WCl t er Except::undef __iter
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WClsvSListlter<Type>::reset(), WCIsvDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated list.

Results: The iterator is positioned before the first list element.

See Also: WCl svSLi stlter, WCI svDLi stlter, container
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WClsvSListlter<Type>::reset(), WCIsvDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
void WCl svSLi stlter<Type>::reset( Wl svSLi st<Type> & );
voi d WCl svDLi stlter<Type>::reset( WCl svDLi st<Type> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified list. Theiterator is
positioned before the first element in thelist.

Results: Theiterator is positioned before the first element of the specified list.

See Also: WCl svSLi stlter, WCI svDLi stlter, container
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WCPtrConstSListlter<Type>, WCPtrConstDListlter<Type>

Declared:

See Also:

welistit.h

The WCPt r Const SLi st | t er <Type>and WCPt r Const DLi st | t er <Type> classesare the
templated classes used to create iterator objects for constant single and double linked list objects. These
classes may be used to iterate over non-constant lists, but the WCPt r DLi st | t er <Type> and

WCPt r SLi st | t er <Type> classes provide additional functionality for only non-constant lists.

In the description of each member function, thetext Type isused to indicate the list element type
specified as the template parameter.

TheWCl t er Except classisabase class of the WCPt r Const SLi st |t er <Type> and

WCPt r Const DLi st | t er <Type> classes and providesthe except i ons member function. This
member function controls the exceptions which can be thrown by the

WCPt r Const SLi st It er <Type>and WCPt r Const DLi st | t er <Type> objects. No exceptions
are enabled unlessthey are set by the except i ons member function.

Private Member Functions

Some functionality supported by base classes of the iterator are not appropriate for the constant list
iterator classes. Setting those functions as private members in the derived classis the standard
mechanism to prevent them from being invoked.

int append( Type * );
int insert( Type * );

Public Member Functions
The following member functions are declared in the public interface:

WCPt r Const SLi stlter();

WCPt r Const SLi stlter( const WCPtrSLi st<Type> & );

~WCPt r Const SListlter();

WCPt r Const DLi stlter();

WCPt r Const DLi stlter( const WCPtrDLi st<Type> & );

~WCPt r Const DLi stlter();

const WCPtr SLi st <Type> *WCPtr Const SLi st lter<Type>::container() const;
const WCPtrDLi st <Type> *WCPtr Const DLi st1ter<Type>::container() const;
Type * current() const;

void reset();

voi d WCPt r Const SLi stlter<Type>::reset( const WCPtrSLi st<Type> & );
voi d WCPt r Const DLi stlter<Type>::reset( const WCPtrDLi st<Type> & );

Public Member Operators
The following member operators are declared in the public interface:

int operator ()();

int operator ++();

int operator +=( int );

In the iterators for double linked lists only:

int operator --();
int operator -=( int );

WCPtrSList::forAl |, WPtrDLi st::forAll
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WCPtrConstSListlter<Type>::WCPtrConstSListlter()

Synopsis: #include <wclistit. h>
public:
WCPt r Const SLi stlter();

Semantics: The WCPt r Const SLi st | t er public member function is the default constructor for the class and
initializes the iterator with no list to operate on. The r eset member function must be called to provide
the iterator with alist to iterate over.

Results: The WCPt r Const SLi st | t er public member function creates an initialized
WCPt r Const SLi st |t er object.

See Also; WCPt r Const SLi stlter, ~\WCPt r Const SLi stlter, reset
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WCPtrConstSListlter<Type>::WCPtrConstSListlter()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
WCPt r Const SLi stlter( const WCPtrSLi st<Type> & );

The WCPt r Const SLi st | t er public member function is a constructor for the class. The value
passed as a parameter isa WCPt r SLi st list object. The iterator will beinitialized for that list object
and positioned before the first list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

The WCPt r Const SLi st | t er public member function creates an initialized
WCPt r Const SLi st | t er object positioned before the first element in thelist.

~WCPt r Const SLi st I ter, operator (),operator ++, operator +=reset
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WCPtrConstSListlter<Type>::~WCPtrConstSListlter()

Synopsis: #include <wclistit. h>
public:
~WCPt r Const SLi stlter();

Semantics: The ~WCPt r Const SLi st |1t er public member function is the destructor for the class. The call to
the ~\WCPt r Const SLi st | t er public member function is inserted implicitly by the compiler at the
point where the WCPt r Const SLi st |t er object goes out of scope.

Results: The WCPt r Const SLi st | t er object isdestroyed.

See Also: WCPt r Const SLi stlter
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WCPtrConstDListlter<Type>::WCPtrConstDListlter()

Synopsis: #include <wclistit. h>
public:
WCPt r ConstDLi stlter();

Semantics: The WCPt r Const DLi st | t er public member function is the default constructor for the class and
initializes the iterator with no list to operate on. The r eset member function must be called to provide
the iterator with alist to iterate over.

Results: The WCPt r Const DLi st | t er public member function creates an initialized
WCPt r Const DLi st |t er object.

See Also; WCPt r Const DLi stlter, ~\WCPt r Const DLi stlter, reset

List Iterators 347



WCPtrConstDListlter<Type>::WCPirConstDListlter()

Synopsis: #include <wclistit. h>
public:
WCPt r Const DLi stlter( const WCPtrDLi st<Type> & );

Semantics: The WCPt r Const DLi st | t er public member function is a constructor for the class. The value
passed as a parameter isthe WCPt r DLi st list object. Theiterator will beinitialized for that list object
and positioned before the first list element. To position the iterator to avalid element within the list,
increment it using any of the oper at or ++, operator (), oroperator +=operators.

Results: The WCPt r Const DLi st | t er public member function creates an initialized
WCPt r Const DLi st | t er object positioned before the first list element.

See Also: WCPt r Const DLi stlter, ~\WCPtr ConstDLi stlter, operator (), operator ++,
operator += reset
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WCPtrConstDListlter<Type>::~WCPtrConstDListlter()

Synopsis: #include <wclistit. h>
public:
~WCPt r Const DLi stlter();

Semantics: The ~WCPt r Const DLi st |1t er public member function is the destructor for the class. The call to
the ~\WCPt r Const DLi st | t er public member function is inserted implicitly by the compiler at the
point where the WCPt r Const DLi st 1t er object goes out of scope.

Results: The WCPt r Const DLi st | t er object isdestroyed.

See Also: WCPt r Const DLi stlter
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WCPtrConstSListlter<Type>,WCPtrConstDListlter<Type>::container()

Synopsis: #include <wclistit. h>
public:
const WCPtr SLi st <Type> *WCPtr Const SLi st |t er<Type>:: container() const;
const WCPtrDLi st <Type> *WCPtr Const DLi st |ter<Type>::container() const;

Semantics: The cont ai ner public member function returns a pointer to the list container object. If the iterator
has not been initialized with alist object, and the undef _i t er exceptionis enabled, the exceptionis
thrown.

Results: A pointer to the list object associated with the iterator is returned, or NULL(O) if the iterator has not
been initialized with alist.

See Also: WCPt r Const SLi stlter, WPt r Const DLi stlter, reset, WCI t er Except:: undef _iter
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WCPtrConstSListlter<Type>::current(), WCPtrConstDListlter<Type>::current()

Synopsis:

Semantics:

Results:

See Also;

#include <wclistit. h>
public:
Type * current();

Thecur r ent public member function returns a pointer to the list item at the current iterator position.
If theiterator is not associated with alist, or the iterator position is either before the first element or past
the last element in the list, the current iterator position is undefined. Inthiscasethe undef _item

exception isthrown, if enabled.

A pointer to the current list element isreturned. |f the current element is undefined, an uninitialized
pointer is returned.

operator (),operator ++, operator += operator --,operator -=reset,
WCI t er Except : : undef _item
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WCPtrConstSListlter<Type>,WCPtrConstDListlter<Type>::operator ()()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int operator ()();

Theoper at or () public member function isthe call operator for the class. The list element which
follows the current item is set to be the new current item. If the previous current item was the last
element in thelist, the iterator is positioned after the end of the list.

Theoper at or () public member function has the same semantics as the pre-increment operator,
operator ++.

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Theoper at or () public member function returns a non-zero value if the iterator is positioned on a
listitem. Zero(0) is returned when the iterator isincremented past the end of the list.

operator ++, operator +=, operator --,operator -=reset,
WCl t er Except: :undef _iter
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WCPtrConstSListlter<Type>,WCPtrConstDListlter<Type>::operator ++()

Synopsis: #include <wclistit. h>
public:
i nt operator ++();

Semantics: Theoper at or ++ public member function is the pre-increment operator for the class. Thelist
element which follows the current item is set to be the new current item. If the previous current item
wasthe last element in thelist, the iterator is positioned after the end of the list.

Theoper at or ++ public member function has the same semantics as the call operator, oper at or

0)-

If the iterator was positioned before the first element in the list, the current item will be set to the first
element inthelist. If thelist isempty, theiterator will be positioned after the end of thelist.

If the iterator is not associated with alist or the iterator position before the increment was past the last
element thelist, the undef _i t er exception isthrown, if enabled.

Results: Theoper at or ++ public member function returns a non-zero value if the iterator is positioned on a
listitem. Zero(0) is returned when the iterator isincremented past the end of the list.

See Also: current,operator (),operator += operator --,operator -=reset,
WCl t er Except: :undef _iter
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WCPtrConstSListlter<Type>,WCPtrConstDListlter<Type>::operator +=()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int operator +=( int );

Theoper at or += public member function accepts an integer value that causes the iterator to move
that many elements after the current item. If the iterator was positioned before the first element in the
list, the operation will set the current item to be the given element in the list.

If the current item was after the last element in the list previous to the iteration, and the undef _i t er
exception is enabled, the exception will be thrown. Attempting to increment the iterator position more
than element after the end of thelist, or by less than one element causesthe i t er _r ange exception to
be thrown, if enabled.

Theoper at or += public member function returns a non-zero value if the iterator is positioned on a
listitem. Zero(0) is returned when the iterator isincremented past the end of the list.

current,operator (),operator ++ operator --,operator -=reset,
WCl t er Except::iter_range, WCl t er Except::undef _iter

354 List lterators



WCPtrConstDListlter<Type>::operator --()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int operator --();

Theoper at or - - public member function is the pre-decrement operator for the class. Thelist
element previousto the current item is set to be the new current item. If the current item was the first
element in thelist, the iterator is positioned before the first element in thelist. If thelist is empty, the
iterator will be positioned before the start of the list.

If the iterator was positioned after the last element in the list, the current item will be set to the last
element.

If the iterator is not associated with alist or the iterator position previous to the decrement was before
thefirst element thelist, the undef _i t er exception isthrown, if enabled.

Theoper at or - - public member function returns a non-zero value if the iterator is positioned on a
listitem. Zero(0) is returned when the iterator is decremented past the first element of thelist.

current,operator (),operator ++ operator += operator -=reset,
WCl t er Except: :undef _iter
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WCPtrConstDListlter<Type>::operator -=()

Synopsis:

Semantics:

Results:

See Also:

#include <wclistit. h>
public:
int operator -=( int );

Theoper at or - = public member function accepts an integer value that causes the iterator to move
that many elements before the current item. If the iterator was positioned after the last element in the
list, the operation will set the current item to be the given number of elements from the end of the list.

If the current item was before the first element in the list previousto the iteration, and the

undef _iter exceptionisenabled, the exception will be thrown. Attempting to decrement the iterator
position more than one element before the beginning of the list, or by less than one element causes the

i ter_range exception to be thrown, if enabled.

Theoper at or - = public member function returns a non-zero value if the iterator is positioned on a
listitem. Zero(0) is returned when the iterator is decremented past the first element in the list.

current,operator (),operator ++, operator += operator --,reset,
WCI t er Except::iter_range, WCl t er Except::undef __iter
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WCPtrConstSListlter<Type>::reset(), WCPtrConstDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
void reset();

Semantics: Ther eset public member function resets the iterator to theinitial state, positioning the iterator before
the first element in the associated list.

Results: The iterator is positioned before the first list element.

See Also: WCPt r Const SLi st |t er, WCPt r Const DLi st |t er, cont ai ner
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WCPtrConstSListlter<Type>::reset(), WCPtrConstDListlter<Type>::reset()

Synopsis: #include <wclistit. h>
public:
voi d WCPt r Const SLi st ter<Type>::reset( const WCPtrSLi st<Type> & );
voi d WCPt r Const DLi stlter<Type>::reset( const WCPtrDLi st<Type> & );

Semantics: Ther eset public member function resets the iterator to operate on the specified list. Theiterator is
positioned before the first element in thelist.

Results: Theiterator is positioned before the first element of the specified list.

See Also: WCPt r Const SLi st |t er, WCPt r Const DLi st | t er, cont ai ner
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WCPtrSListlter<Type>, WCPtrDListlter<Type>

Declared:

welistit.h

TheWCPt r SLi st |t er <Type>and WCPt r DLi st | t er <Type> classes are the templated classes
used to create iterator objects for single and double linked list objects. These classes can be used only
for non-constant lists. The WCPt r DConst Li st 1