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About this book

C++ Library Manual describes the C++ class libraries provided with SCO
OpenServer™ Development System. The libraries are:

¢ the complex arithmetic library
e the task library

¢ theiostream library

You will find the information you need more quickly if you are familiar with:
e the arrangement of material in this book (this page)

e the typographical conventions used in our books (page 4)

¢ what other documentation is available (page 5)

Although we try to present information in the most useful way, you are the
ultimate judge of how well we succeed. Please let us know how we can

improve this book (page 8).

Using this manual

The chapters in this manual cover the following C++ class libraries:

Chapter 1, “Complex arithmetic in C++,” describes the complex arithmetic
library, which provides a class complex that allows you to declare and mani-
pulate complex numbers in C++ programs.

Chapter 2, “The task library,” describes the task library, which allows you to
create and control concurrent processes in C++ programs. The last section of
the chapter provides porting information for the task library, which is ma-
chine dependent.



About this book

Chapter 3, “lostream examples,” describes the stream library, which allows
you to do formatted input and output from C++ programs.

The manual page sections are arranged by library:

“Complex library manual pages” contains manual pages for the complex
library.

“Task library manual pages” contains manual pages for the task library.

“lostream library manual pages” contains manual pages for the iostream
library

To make the best use of the Library Manual, you must be familiar with the C

programming language and the C programming environment under the
UNIX® operating system.

Acknowledgements

e Chapter 1 is based on the paper, “Complex Arithmetic in C++,” by Leonie
V. Rose and Bjarne Stroustrup. That paper acknowledges the following
contributions:

Phil Gillis supplied us with the complex functions used for the cxp package.
Most of the functions presented here are modified versions of those. Stu
Feldman provided us with valuable advice and some functions. Doug
Mcllroy’s constructive comments led to a major rewrite. Eric Grosse sug-
gested the FFT function as an example.

e Chapter 2 is based on papers by Bjarne Stroustrup, Jonathan Shopiro, and
Stacey Keenan:

— The first section is taken from “A Set of C++ Classes for Co-routine Style
Programming,” by Bjarne Stroustrup and Jonathan Shopiro, which was
originally published in the Proceedings of the USENIX C++ Workshop,
November, 1987. That paper acknowledges the following contributions:

The task system is in many ways a descendant of A.G. Fraser’s set of C func-
tions described in the paper “C Language Routines for Multi-Thread Com-
putation,” Bell Telephone Laboratories Internal Memorandum, 1979. M.D.
Mcllroy acted as “midwife” for many parts of the design.
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Acknowledgements

— The second section is taken from “Extending the C++ Class System for
Real-Time Control,” by Jonathan Shopiro. That paper acknowledges the
following contributions:

The original task system was developed by Bjarne Stroustrup, and the origi-
nal port to the 68000 was done by Rafael Bracho. This work was begun as an
attempt to examine concurrency features of Concurrent C and those of the
C++ task system by translating a robot control system developed in Con-
current C by Ingemar Cox, whose help is much appreciated. Also useful
were conversations with Thomas Cargill and Bart Locanthi.
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— The third section is taken from “A Porting Guide for the C++ Coroutine
Library,” by Stacey Keenan.
e Chapter 3 is based on the paper “lostream Examples,” by Jerry Schwarz.
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Typographical conventions

This publication presents commands, filenames, keystrokes, and other special
elements in these typefaces:

Example:
1p or1p(C)

[newclient list
root

filename

(Esc)

Exit program?
yes or yes
“Description”
Cancel

Edit

Copy

File © Find = Text

open or open(S)

$SHOME
SIGHUP
“adm3a”
employees
orders
buf

b_b.errno

Used for:

commands, device drivers, programs, and utilities (names,
icons, or windows); the letter in parentheses indicates the
reference manual section in which the command, driver, pro-
gram, or utility is documented

files, directories, and desktops (names, icons, or windows)
system, network, or user names

placeholders (replace with appropriate name or value)
keyboard keys

system output (prompts, messages)

user input

field names or column headings (on screen or in database)
button names

menu names

menu items

sequences of menus and menu items

library routines, system calls, kernel functions, C keywords;
the letter in parentheses indicates the reference manual section
in which the file is documented

environment or shell variables
named constants or signals
data values

database names

database tables

C program structures

structure members

C++ Library Manual



Related documentation

Related documentation

The SCO OpenServer™ Development System includes comprehensive docu-
mentation. Books are available in online and/or printed form. Access online
books by double-clicking on the Desktop Help icon. Printed versions of the

books are also available.
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The contents of the SCO OpenServer Development System documentation set
are illustrated here. In addition to these books, a copy of the Development Sys-
tem Release and Installation Notes is provided with the Development System

software.
Reference Guide
UNIX®|| o C++ Library Manual e C++ Selected Readings
Applications|| ® C++ Product Reference Manual o Character User Interfaces Guide
e Programmer’s Reference Manual e Developer’s Topics
(2 Volumes) ¢ Programming Tools Guide

Networking|| ® Network Programmer’s Guide and Reference

Graphical|| ¢ X Window System
Programmer’s Reference
* OSF/Motif Programmer’s Reference

Optional || ® Device Driver Writer's Guide

The books included with the Development System are:

C++ Library Manual
describes the three C++ class libraries and their use.

C++ Product Reference Manual
provides a complete definition of the C++ language supported by

Release 3.1 of the SCO® C++ Language System.

C++ Selected Readings
contains papers describing aspects of the C++ language.

Character User Interfaces Guide
introduces the facilities available for developing user interfaces,
and gives detailed instructions for using curses(S) and the
Extended Terminal Interface (ETI), and for writing user interfaces
that can be run on ASCII terminals. This book includes numerous

examples of curses programs.
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Developer’s Topics
a collection of technical papers about topics of interest to users of
the Development System. Many of these papers include examples
illustrating features that are extensions provided by SCO software.

Network Programmer’s Guide and Reference

describes the libraries and application program interfaces (APIs)
available (Internet domain sockets, TLI, XTI, ONC, RPC, and
XDR), for developing applications that use the services of
network-oriented communication protocols (TCP/IP, IPX/SPX,
and NetBIOS). It also describes how to use UNIX domain sockets
for interprocess communication, and an SMUX API to create
SMUX peers for SNMP agents. The (NC), (NET), (NS), (SAPD),
(SLIB), and (SSC) reference manual pages are included in this
book.

OSF/Motif Programmer’s Reference
consists of the OSF/Motif toolkit, window manager, and user
interface language commands and functions: (Xm) reference man-
ual pages.

Programmer’s Reference Manual

a two-volume set of reference manual pages for the Development
System, including sections (CDMT), (CP), (FP), and (S).

Programming Tools Guide

provides useful information about programming tools and their
use in developing software, including implementation-specific
details about the ANSI-conforming C compiler provided with the
Development System. It also contains information about debug-
ging tools and their use in tracking down and eliminating prob-
lems in C and assembly language programs, and information on
using dbXtra™ to debug C and C++ programs in an OSF/Motif™
based windowing environment.

Release and Installation Notes
highlights new features, product changes, documentation changes,
and known limitations for this release of the Development System.
It also contains the installation notes.

X Window System Programmer’s Reference
provides X Window System™ programming commands and func-
tions: X Library (XS), X Toolkit (Xt), X Miscellaneous Ultilities
(Xmu), and X Extensions (Xext) reference manual pages for pro-
grammers.

6 C++ Library Manual



Related documentation

In addition, the following book is available on request:

Device Driver Writer's Guide
provides guide and reference information about writing device
drivers for SCO systems. This book is available separately.
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Commercial books and articles

A number of fine books and articles are published commercially that discuss
how to develop software on the UNIX operating system. The Developer’s
Topics includes a large “Bibliography” that will interest users of the Develop-
ment System.

In particular, we recommend that developers have the following standard
textbooks on their shelves:

Brian Kernighan and Dennis Ritchie, The C Programming Language, 2nd
Edition.

One of the following general books about programming on UNIX operat-
ing systems:
Donald Lewine, POSIX Programmer’s Guide.
Marc Rochkind, Advanced UNIX Programming.

W. Richard Stevens, Advanced Programming in the UNIX Environ-
ment.

W. Richard Stevens, UNIX Network Programming. Useful for programmers
who are writing distributed applications.

Maurice Bach, Design of the UNIX Operating System. Useful for program-
mers who want to thoroughly understand UNIX system internals.

See the “Bibliography” in Developer’s Topics for full citations if you are not fam-
iliar with the books listed above.



About this book

How can we improve this book?

What did you find particularly helpful in this book? Are there mistakes in this
book? Could it be organized more usefully? Did we leave out information
you need or include unnecessary material? If so, please tell us.

To help us implement your suggestions, include relevant details, such as book
title, section name, page number, and system component. We would appreci-
ate information on how to contact you in case we need additional explana-
tion.

To contact us, use the card at the back of the SCO OpenServer Handbook or
write to us at:

Technical Publications

Attn: CFT

The Santa Cruz Operation, Inc.
PO Box 1900

Santa Cruz, California 95061-9969
USA

or e-mail us at:
techpubs@sco.com or ... uunet!scoltechpubs

Thank you.

8 C++ Library Manual



Chapter 1
Complex arithmetic in C++

This chapter is taken directly from a paper by Leonie V. Rose and Bjarne
Stroustrup.

Abstract

This memo describes a data type complex providing the basic facilities for
using complex arithmetic in C++. The usual arithmetic operators can be used
on complex numbers and a library of standard complex mathematical func-
tions is provided. For example:

#include <complex.h>

main( ) {
complex xx;
complex yy = complex(1,2.718);
xx = loglyy/3);
cout << l+xx;

}

initializes yy as a complex number of the form (real+imag*i) , evaluates the
expressions and prints the result: (0.96476,1.21825).

The data type complex is implemented as a class using the data abstraction
facilities in C++. The arithmetic operators + , — , * and /, the assignment
operators, = , += , —= , *=,and /=, and the comparison operators == and
= are provided for complex numbers. So are the trigonometric and
mathematical functions: sin(), <cos(), cosh(), sinh(), sqrt(),
log(), exp(), conj(), arg(), abs(), norm(), and pow(). Expressions
such as (xx+1)*log(yy*log(3.2)) that involve a mixture of real and complex
numbers are handled correctly. The simplest complex operations, for exam-
ple +and +=, are implemented without function call overhead.



Complex arithmetic in C++

Introduction

10

The C++ language does not have a built-in data type for complex numbers,
but it does provide language facilities for defining new data types. The type
complex designed as a useful demonstration of the power of these facilities.

There are three plausible ways to support complex numbers in a language.
First, the type complex could be directly supported by the compiler in the
same way as the types int and float are. Alternatively, a preprocessor could
be written to translate all use of complex niimbers into expressions involving
only built-in data types. A third approach was used to implement type com-
plex; it was specified as a user-defined type. This demonstrates that one can
achieve the elegance and most of the efficiency of a built in data type without
modifying the compiler. It is even much easier to implement than the pre-
processor approach, which is likely to provide an inferior user interface.

This facility for complex arithmetic provides the arithmetic operators +, /,
*,and -, the assignment operators =, +=, —=, *=, and /=, and the comparison
operators == and != for complex numbers. Input and output can be done
using the operators >> (get from) and << (put to). The initialization functions
and >> accept a Cartesian representation of a complex. The functions real ()
and imag () return the real and imaginary part of a complex, respectively, and
<< prints a complex as (real,imaginary). The internal representation of a com-
plex, is, however, inaccessible and in principle unknown to a user. Polar
coordinates can also be used. The function polar() creates a complex givenits
polar representation, and abs () and arg() return the polar magnitude and
angle, respectively, of a complex. The function norm() returns the square of
the magnitude of a complex. The following complex functions are also pro-
vided: sqrt(), exp(), log(), sin(), cos(), sinh(), cosh(), pow(), and
conj ( ). The declaration of complex and the declarations of the complex func-
tions can be found under “Type complex” (page 16). A complete program
using complex numbers can be found under “An FFT function” (page 18).

C++ Library manual
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Complex variables and data initialization

A program using complex arithmetic will contain declarations of complex
variables. For example:

complex zz = complex(3,-5);

will declare zz to be complex and initialize it with a pair of values. The first
value of the pair is taken as the real part of the Cartesian representation of a
complex number and the second as the imaginary part. The function com-
plex() constructs a complex value given suitable arguments. It is responsible
for initializing complex variables, and will convert the arguments to the
proper type (double).! Such initializations may be written more compactly.
For example:

complex zz(3,-5);

complex c_name(-3.9,7);

complex rpr(SQRT_2,root3);
A complex variable can be initialized to a real value by using the constructor
with only one argument. For example:

complex ra = complex(l);

will set up ra as a complex variable initialized to (1,0) . Alternatively the
initialization to a real value can also be written without explicit use of the con-
structor:

complex rb = 123;

The integer value will be converted to the equivalent complex value exactly as
if the constructor complex(123) had been used explicitly. However, no
conversion of a complex into a double is defined, so

double dd = complex(1,0);

is illegal and will cause a compile time error.

If there is no initialization in the declaration of a complex variable, then the
variable is initialized to (0,0). For example:

complex orig;
is equivalent to the declaration:
complex orig = complex(0,0);

Naturally a complex variable can also be initialized by a complex expression.
For example:

complex cx(-0.5000000e+02,0.8660254e+02) ;
complex cy = cx+log(cx);

1. Such a function is called a constructor. A constructor for a type has the same as the type itself.

11



Complex arithmetic in C++

It is also possible to declare arrays of complex numbers. For example:
complex carray(30];

sets up an array of 30 complex numbers, all initialized to (0,0). Using the
above declarations:

complex carr[] = { cx, cy, carray(2], complex(1l.1,2.2) };

sets up a complex array "carr[ ]" of four complex elements and initializes it
with the members of the list. However, a struct style initialization cannot be
used. For example:

complex cwrong[] = (1.5, 3.3, 4.2, 4);

is illegal, because it makes unwarranted assumptions about the representation
of complex numbers.

Input and output

12

Simple input and output can be done using the operators “>>" (get from) and
“<<” (put to). They are declared like this using the facility for overloading
function operators:

ostream& operator<<(ostream&, complex);
istream& operator>>(istream&, complex&);

When zz is a complex variable cin>>zz reads a pair of numbers from the stan-
dard input stream cin into zz . The first number of the pair is interpreted as
the real part of the Cartesian representation of a complex number and the
second as the imaginary part. The expression out<<zz writes zz to the stan-
dard output stream cout. For example:

void copy(istream& from, ostream& to)
{

complex zz;

while (from>>zz) to<<zz;

}

reads a stream of complex numbers like (3.400000,5.000000) and writes
themlike (3.4,5). The parentheses and comma are mandatory delimiters for
input, while white space is optional. A single real number, for example 10e-7
or (123), will be interpreted as a complex with 0 as the imaginary part by
operator >>.

A user who does not like the standard implementation of << and >> can pro-
vide alternate versions.

C++ Library manual



Arithmetic operators

Cartesian and polar coordinates

The functions real() and imag() return the real and imaginary parts of a com-
plex number, respectively. This can, for example, be used to create differently
formatted output of a complex :

complex cc = complex(3.4,5);
cout << real(cc) << "+" << imag(cc) << "*i";

will print 3.4+5%1.
The function polar() creates a complex given a pair of polar coordinates (mag-

nitude, angle). The functions arg() and abs () both take a complex argument
and return the angle and magnitude (modulus), respectively. For example:

complex cc = polar(SQRT_2,PI/4); // also known as complex(l,1)
double magn = abs(cc); // magn = sqrt(2)

double angl = arg(cc); // angl = PI/4

cout << "(m=" << magn << *, a=" << angl << *)*;

If input and output functions for the polar representation of complex numbers
are needed they can easily be written by the user.

Arithmetic operators

The “basic arithmetic operators” + , — (unary and binary), /, and #, the assign-
ment operators =, +=, —=, *=, and /=, as well as the equality operators == and
!=, can be used for complex numbers. The operators have their conventional
precedences. For example: a=b*c+d for complex variables a, b, ¢, and 4 is
equivalent to a=(b*c)+d. There are no operators for exponentiation and con-
jugation; instead the functions pow( ) and conj () are provided. The operators
+=, —=, *=, and /= do not produce a value that can be used in an expression;
thus the following examples will cause compile time errors:

complex a, b;

/...

if ( (a+=2)==0 ) {
/...

}

b = a *= b;

13
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Mixed mode arithmetic

Mixed mode expressions are handled correctly. Real values will be converted
to complex where necessary. For example:

complex xx(3.5,4.0);
complex yy = log(yy) + log(3.2);

This expression involves a mixture of real values: log(3.2), and complex
values: log(yy) and the sum. Another example of mixing real and complex,
xx=1, is equivalent to xx=complex(l) which in turn is equivalent to
xx=complex(1,0). The interpretation of the expression (xx+1)*yy*3.2 is
(((xx+complex(1))*yy)*complex(3.2)).

Mathematical functions

14

A library of complex mathematical functions is provided. A complex function
typically has a counterpart of the same name in the standard mathematical
library. In this case the function name will be overloaded. That is, when
called, the function to be invoked will be chosen based on the argument type.
For example, log(1) will invoke the real log(), and log(complex(1)) will
invoke the complex log(). Ineach case the integer 1 is converted to the real
value 1.0.

These functions will produce a result for every possible argument. Ifitis not
possible to produce a mathematically acceptable result, the function
complex_error () will be called and some suitable value returned. In particu-
lar, the functions try to avoid actual overflow, calling complex_error() with
an overflow message instead. The user can supply complex_error (). Other-
wise a function that simply sets the integer errno is used. See “Errors and
error handling” (page 23) for details.

complex conj(complex);
Conj (zz) returns the complex conjugate of zz.
double norm(complex) ;

Norm(zz) returns the square of the magnitude of zz. It is faster than abs (zz),
but more likely to cause an overflow error. It is intended for comparisons of
magnitudes.

double  pow(double, double);
complex pow(double, complex);
complex pow(complex, int);
complex pow(complex, double);
complex pow(complex, complex);
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Efficiency

Pow (aa, bb) raises aa to the power of bb. For example, to calculate (1-i)**4:
cout << pow( complex(l,-1), 4);
The output is (-4,0).

double log(double);
complex log(complex);

Log(zz) computes the natural logarithm of zz. Log(0), causes an error, and a
huge value is returned.

double exp(double);
complex exp(complex);

Exp(zz) computes e**zz, e being 2.718281828 . ..

double  sqrt(double);
complex sqrt(complex);

Sqrt(zz) calculates the square root of zz.

The trigonometric functions available are:

double  sin(double);
complex sin(complex);

double cos(double);
complex cos(complex);

Hyperbolic functions are also available:

double  sinh(double);
complex sinh(complex);

double  cosh(double);
complex cosh(complex);

Other trigonometric and hyperbolic functions, for example tan() and tanh(),
can be written by the user using overloaded function names.

Efficiency

C++'s facility for overloading function names allows complex to handle over-
loaded function calls in an efficient manner. If a function name is declared to
be overloaded, and that name is invoked in a function call, then the declara-
tion list for that function is scanned in order, and the first occurrence of the
appropriate function with matching arguments will be invoked. For example,
consider the exponential function:

double exp(double);
complex exp(complex);
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When called with a double argument the first, and in this case most efficient,
exp () will be invoked. If a complex result is needed, the double result is then
implicitly converted using the appropriate constructor. For example:

complex foo = exp(3.5);
is evaluated as
complex foo = complex( exp(3.5) );
and not
complex foo = exp( complex(3.5) );
Constructors can also be used explicitly. For example:

complex add(complex al, complex a2) // silly way of doing al+a2
{
return complex( real(al)+real(a2), imag(al)+imag(a2) );

)

Inline functions are used to avoid function call overhead for the simplest
operations, for example, conj (), +, +=, and the constructors. See “Type com-
plex” (this page).

Type complex

16

This is the definition of type complex. It can be included as <complex.h>. A
friend declaration specifies that a function may access the internal represen-
tation of a complex . The standard header file <stream.h> is included to allow
declaration of the stream I/O operators << and >> for complex numbers.
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Type complex

#include <stream.h>
#include <errno.h>
#include <math.h>
class complex {
double re, im;
public:
complex() { re=im=0; }
complex(double r = 0, double i) { re=r; im=i; }

friend double abs(complex);
friend double norm(complex);
friend double arg(complex);
friend complex conj(complex);
friend complex cos(complex);
friend complex cosh(complex);
friend complex exp(complex);
friend double imag(complex);

friend complex log(complex);

friend complex pow(double, complex);
friend complex pow(complex, int);

friend complex pow(complex, double);
friend complex pow(complex, complex);
friend complex polar(double, double = 0);
friend double real(complex);

friend complex sin(complex);

friend complex sinh(complex);

friend complex sqrt(complex);

friend complex operator+(complex, complex);

friend complex operator-(complex);

friend complex operator-(complex, complex);

friend complex operator*(complex, complex);

friend complex operator/(complex, complex);

friend int operator==(complex, complex);
friend int operator!=(complex, complex);

void operator+=(complex) ;
void operator-=(complex);
void operator*=(complex) ;
void operator/=(complex) ;

ostream& operator<<(ostream&, complex);
istream& operator>>(istream&, complex&);

inline complex operator+(complex al, complex a2)

{

return complex(al.re+a2.re, al.im+a2.im);
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inline
i

inline

{

inline

inline

inline

{

inline

complex

return

complex

return

complex

return

operator- (complex al,complex a2)

complex(al.re-a2.re, al.im-a2.im);

operator- (complex a)

complex(-a.re, a.im);

conj (complex a)

complex(a.re, -a.im);

int operator==(complex a, complex b)

return

(a.re==b.re && a.im==b.im);

int operator!=(complex a, complex b)

return

(a.re!=b.re || a.im!=b.im);

void complex.operator+=(complex a)

re += a.re;

im += a.im;

void complex.operator-=(complex a)

re -= a.re;

im -=

An FFT function

a.im;

Transcribed from Fortran as presented in “FFT as Nested Multiplication, with
a Twist” by Carl de Boor in SIAM Sci. Stat. Comput., Vol 1 No 1, March 1980.

18
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#include <complex.h>

void fftstp(complex*, int, int, int, complex*);

const NEXTMX = 12;

An FFT function

int prime(NEXTMX] = { 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37 };

complex* fft(complex *zl, complex *z2, int n, int inzee)

(or z2) in the

z2);

z1);

/*
Construct the discrete Fourier transform of zl
Cooley-Tukey way, but with a twist.
z1l[before], z2[before].
inzee==1 means input in zl; inzee==2 means input in z2
*/
{
int before = n;
int after = 1;
int next = 0;
int now;
do {
int np = prime[next];
if ( (before/np)*np < before ) {
if (++next < NEXTMX) continue;
now = before;
before = 1;
}
else {
now = np;
before /= np;
}
if (inzee == 1)
fftstp(zl, after, now, before,
else
fftstp(z2, after, now, before,
inzee = 3 - inzee;
after *= now;
} while (1 < before)
return (inzee==1) ? zl1 : 2z2;
}

void fftstp(complex* zin, int after, int now, int before, complex* zout)

/*
zin(after,before, now)
zout (after, now, before)

there is ample scope for optimization

19




Complex arithmetic in C++

20

*/

double angle = PI2/(now*after);
complex omega = complex(cos(angle), -sin(angle));
complex arg = 1;
for (int j=0; j<now; j++) {
for (int ia=0; ia<after; ia++) {
for (int ib=0; ib<before; ib++) {
// value = zin(ia,ib,now)
complex value = zin[ia + ib*after + (now-1)*before*after];

for (int in=now-2; 0<=in; in--) {
// value = value*arg + zin(ia,ib,in)
value *= arg;
value += zin[ia + ib*after + in*before*after];
}
// zout(ia,j,ib) = value
zout([ia + j*after + ib*now*after] = value;
}

arg *= omega;

}

The main programbelow calls ££t() with a sine curve as argument. The com-
plete unedited output is presented on the next page. All but two of the num-
bers ought to have been zero. The very small numbers shows the roundoff
errors. Since C++ floating-point arithmetic is done in double-precision these
errors are smaller than the equivalent errors obtained using the published
Fortran version.
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#include <complex.h>

extern complex* fft(complex*, complex*, int, int);

main()
/*
test fft() with a sine curve
*/
{
const n = 26;
complex* z1 = new complex[n];
complex* z2 = new complex[n];

cout << "input: \m";

for (int i=0; i<n ;i++) {
z1[(i] = sin(i*PI2/n);
cout << zI1[i] << "\m";

errno = 0;
complex* zout = fft(zl, 22, n, 1);
if (errno) cerr << "Cerror " << errno << " occurred\m*;

cout << "output: \m";
for (int j=0; j<n ;j++) cout << zout[j] << “\m*;

input:

(0, 0)
(0.239316, 0)
(0.464723, 0)
(0.663123, 0)
(0.822984, 0)
(0.935016, 0)
(0.992709, 0)
(0.992709, 0)
(0.935016, 0)
(0.822984, 0)
(0.663123, 0)
(0.464723, 0)
(0.239316, 0)
(4.35984e-17, 0)
(-0.239316, 0)
(-0.464723, 0
(-0.663123, 0)
(-0.822984, 0)
(-0.935016, 0)
(-0.992709, 0)
(-0.992709, 0)
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(-0.935016, 0)

(-0.822984, 0)

(-0.663123, 0)

(-0.464723, 0)

(-0.239316, 0)

output:

(9.56401e-17, 0)
(-3.76665e-16, -13)
(9.39828e-17, 1.11261e-17)
(6.42219e-16, -4.20613e-17)
(7.37279e-17, 2.33319e-16)
(2.85084e-16, 2.87918e-16)
(4.03134e-17, 5.1789e-17)
(2.60865e-16, 6.78794e-17)
(-5.71667e-17, -3.86348e-17)
(2.76315e-16, 2.36902e-17)
(-6.43755e-17, -3.80255e-17)
(1.95031e-16, 9.77858e-17)
(1.49087e-16, -7.57345e-17)
(3.17224e-16, 1.64294e-17)
(1.49087e-16, 7.57345e-17)
(2.7218e-16, -4.03777e-17)
(-6.43755e-17, 3.80255e-17)
(4.93805e-16, 3.36874e-17)
(-5.71667e-17, 3.86348e-17)
(7.86047e-16, -4.11068e-18
(4.03134e-17, -5.1789e-17)
(1.60788e-15, -1.06841e-16)
(7.37279e-17, -2.33319e-16)
(5.45186e-15, 2.42719e-16)
(9.39828e-17, -1.11261e-17)
(-1.12013e-14, 13)
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Errors and error handling

These are the declarations used by the error handling:

int errno;
int complex_error(int, double);

The user can supply complex_error (). Otherwise a function that simply sets
errno is used. The exceptions generated are:

cosh(zz):

C_COSH_RE | zz.re | too large. Value with correct angle and huge mag-
nitude returned.

C_COSH_IM | zzim | too large. Complex(0,0) returned.

exp(zz):

C_EXP_RE_POS | zzim | too small. Value with correct angle and huge mag-
nitude returned.
C_EXP_RE_NEG | zz.re | too small. Complex(0,0) returned.

C_EXP_IM | zz.im | too large. Complex(0,0) returned.

log(zz):

C_LOG_0 zz==(. Value with a large real part and zero imaginary part
returned.

sinh(zz):

C_SINH_RE | zz.re | too large. Value with correct angle and huge mag-
nitude returned.

C_SINH_IM | zz.im | too large. Complex(0,0) returned.
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Chapter 2

The task library

The three sections of this chapter describe the C++ Language System co-
routine or task library.

e The first section, “A set of C++ classes for co-routine style programming”
(page 26), written by Bjarne Stroustrup and revised and updated by
Jonathan Shopiro, describes how the task library can be used. Read this
section to learn about the basic use of the task library.

e The second section, “Extending the C++ task system for real-time control”,
by Jonathan Shopiro, describes new features of the task library to enable
tasks to receive UNIX system signals.

e The task system internals for SCO C++ Release 3.1 are described in the third
section, “A porting guide for the C++ co-routine library” (page 68), by Sta-
cey Keenan. This part tells you about the internals of the task library.

e The manual pages for the task library can be found at the end of this book.
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A set of C++ classes for co-routine style programming

This section is taken directly from a paper by Bjarne Stroustrup and Jonathan
E. Shopiro.

Abstract

Some programs are most naturally expressed as a set of relatively indepen-
dent activities communicating to achieve a common goal. Each activity, here
called a task, has its own locus of control, a program to execute, and its own
private data. Tasks can communicate by explicit sharing of data, by messages,
or by data pipes.

This paper describes C++ classes for a range of styles of multi-programming
techniques in a single language, single address-space environment. Each task
is an instance of a user-defined class derived from class task, and the program
of the task is the constructor of its class. A task can be suspended and
resumed without interfering with its internal state. Class ghead and class
gtail enable a wide range of message passing and data buffering schemes to
be implemented simply.

The task system can be used for writing event driven simulations. Tasks exe-
cute in a simulated time frame presented by the variable clock, and objects of
class timer provide a convenient and efficient facility for using the clock.

The implementation and use of these concepts rely heavily on the idea of
derived classes. Familiarity with the C++ language would be an advantage
for the reader.

Introduction

26

Some programs are most naturally expressed as a set of relatively indepen-
dent activities communicating to achieve a common goal. Such activities,
here called tasks, must be able to execute in parallel with each other and com-
municate through means convenient to the chosen style of task usage.

Facilities for multi-thread computation can be provided in the semantics of a
language, as is done in Concurrent Pascal and Mesa or a language without
such facilities can be augmented using special run-time support systems and
library functions, as has been done for BCPL and C. The use of C classes to
implement tasks represents an intermediate approach pioneered by Simula67.
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The tools presented here' provide the basic facilities for several styles of
multi-thread programming in a single language, single address-space
environment. The underlying facility is a simple and efficient tasking system
with non-preemptive scheduling. That is, a task will only be suspended on its
own request, so no “system policy” can be enforced without the cooperation
of all tasks. In contrast to pure co-routine systems, however, the task system
provides a framework for processor sharing and communication between
tasks. The task system is intended for applications, like event driven simula-
tions, where tasks are used to express a quasi-parallel structure for a single
program. For this class of applications a concept of simulated time is imple-
mented. A unit of simulated time can represent any amount of real-time, and
it is possible to compute without consuming simulated time. A few simple
random number generating classes and a histogram class for data gathering
are also provided. The task system is not intended for handling real parallel-
ism of some underlying real-time system. Consequently, no facilities are pro-
vided to map interrupts and other real-time events into the concepts provided
by the task system.

NOTE The current version of the task library has a new degree of extensibil-
ity, so that it is now possible to write a class that represents an interrupt or
signal that can be waited for.

Implementations of the task system have been used for about eight years on
the UNIX system and other operating systems on 3B2, 3B20, VAX, and
Motorola 680x0 hardware.

In the following sections the task library will be described in some detail, and
examples of its use will be given. The classes used in the task system are
presented. This allows a detailed and specific discussion of the concepts
involved, but it unfortunately also implies that some concepts cannot be
explained in detail where they are first mentioned.

1. The original version of this paper was written in 1980 by B.Stroustrup and revised in 1982 by him. Since
then both the task library and C++ (then known as “C with Classes”) have changed substantially, but
the interface to the task library has been left intact. This has allowed old programs to run with new
versions of the library, but has prevented any updating of the style of the interface, which does not
conform to current tastes.

This version of the paper has beenrevised by J.E. Shopiro to reflect the present state of affairs. A few

NOTE sections have been added where changes have been significant. Numerous syntactic changes,
etc., have also been added without comment.
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Tasks

The publicly accessible functions and data of class task look like this:?

class task : public sched

{
public:

task*
char*
int
int
void
void
long
void
void
void

}:

task(char* name=0, int mode=0, int stacksize=0);
~task();

t_next;

t_name;

waitvec (object**);
waitlist(object* ...);
wait(object*);
delay(long) ;

preempt () ;
sleep(object* t =0);
resultis(int);

cancel (int);

The base class, sched, is responsible for scheduling and for the functionality
that is common to tasks and timers (described below). The public part of its

declaration is:

class sched : public object {

public:

void
long
int
int
void
int

)i

sched( ) ;
setclock(long) ;
rdtime();
rdstate( ) ;
pending();
cancel (int);

result();

Class sched is used strictly as a base class: that is, only instances of derived

classes are created.

A task is a locus of control, a virtual processor. It too can only be used as a
base class, with the further limitation that only one level of derivation from

class task is allowed.

2. Many of the member functions are inline, but their definitions are not shown here to prevent clutter.
Class task is derived from class sched which is derived from class object. Class object is a simple base
class used by most classes in the task system. It contains some of the pointers used by the task system'’s
internal “housekeeping”. Class object is described under “The object class” (page 51).

28
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NOTE Multi-level derivation from class task is disallowed for implementa-
tion reasons. See the manual page for a workaround for this limitation.

A task executes the program supplied as the constructor of the derived class.?
The most basic feature of a task is that it can be suspended and later resumed
so that several tasks can run in quasi-parallel. Most member functions of
class task are conditional or unconditional requests for suspension.

A task can be in one of three states:

RUNNING The task is executing instructions or it will be sched-
uled to do so without further intervention from other
tasks.

IDLE The task is not in the RUNNING state, but it can be

transferred to the RUNNING state by some suitable
action. That is, it is waiting.

TERMINATED The task has completed its work. It cannot be
resumed, but its result can be retrieved.

The function sched: :rdstate () returns the state.

A simple example of the use of tasks is where one task creates another to run
in parallel with itself. Later the creator can obtain the result produced by the
“secondary” task. For example, a task which counts the number of spaces in a
string could be declared. First a class Spaces must be declared.

class Spaces : public task
{
public:

Spaces (char*) ;
bi
In the case of class Spaces the declaration is trivial. It states that Spaces is
derived from class task so that each object of class Spaces becomes an
independently scheduled entity. The program for the task is provided by its
constructor.

3. Theclass may have other member functions, of course, which may be called by the constructor or by
any other function according to the usual rules of C++.
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Spaces: :Spaces(register char* s)
{
register int i=0;
register char c;
while (c = *s++
if (c== " ') i++;
resultis(i);

}

This function counts the spaces in its argument string and returns the result
using the class task function resultis(). A task of class Spaces can now be
created and used like this:

main( )

{
Spaces ss("a line with four spaces"');
int count = ss.result();
printf("count = %d0, count);
thistask->resultis(0);

)

When an object of class Spaces is created, like ss here, its constructor becomes
a new task that runs in parallel with the task® that created it. A task can
“return” an integer value using the function task: :resultis(int).

NOTE It is a fairly simple job to add a new kind of task that returns some
other datatype.

The task then becomes TERMINATED and the value is available for examina-
tion by the function sched::result(). That is, in this example ss will call
resultis() with the argument 4, which will be returned from
sched: :result() to the parent task. If a task calls result () for another task
which has not yet completed the calling task will be suspended. After the
other task finishes the call to result () in the waiting task will return. A task
waiting for another to complete is IDLE. If a task calls result () for itself it
will cause a run-time error® A task cannot return a value using the usual
function return mechanism; it must use resultis(). This function puts the
task into the TERMINATED state from which it cannot be resumed.

4. When the first task is created, main( ) automatically becomes a task itself.

5. The handling of run-time errors will be described below.
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Queues

A queue is a type of storage that is organized so that objects are retrieved from
it in the order in which they were inserted into it. A queue has a head from
which data is retrieved and a tail where data is inserted. With a little elabora-
tion this basic type of data structure makes an excellent inter-task communi-
cation facility.

There is no “class queue” available to a user. Instead, the two classes ghead
and qtail provide the services needed. There is a function gtail::put()
which adds an object to the tail of a queue and a function ghead: :get () which
retrieves an object from the head of a queue. This allows explicit separation
between the source and the recipient of data. The public part of the declara-
tion of class ghead looks like this:

class ghead : public object
{
public:
qghead(int =WMODE, int =10000);
~ghead( ) ;
object* get();

int putback (object*) ;
int rdcount () ;

int rdmode( ) ;

int rdmax( ) ;

void setmode (int) ;
void setmax(int);

qtail* tail();
qhead* cut();

void splice(qtail *);
int pending( ) ;
void print (int, int =0);

)i

A queue can be created like this:
ghead ah;

To obtain a gtail for an existing queue execute tail () for its head:
qtail* qtp = gh.tail();

The queue could now be used as a one way inter-task communication channel
by giving its head and tail as arguments to two new tasks, Producer and Con-
sumer :

Producer pp(qtp);
Consumer  cc(&gh);

The producer task pp can now put () objects to the tail of the queue (denoted
by the pointer gqtp) and the consumer task cc can get () those objects from its
head (denoted by the pointer &gh). The function gtail::put() takes a
pointer to a class object as argument, and ghead::get() returns such a

31



The task library

pointer. Unless the wuser has specified otherwise a task executing
ghead: :get () will be suspended temporarily if the queue is empty.

NOTE Thus ghead: :pending () returns 1 if the queue is empty and 0 other-
wise. Correspondingly, qtail: :pending( ) return1 if the queue is full and 0
otherwise.

After another task executes put ( ) on the associated queue tail the suspended
task will be resumed. Similarly a task executing gtail::put() on a full®
queue will be suspended until some other task removes data from the queue.

The objects transmitted through a queue must be of class object or of some
class derived from it. Class object, described under “The object class” (page
51), is provided by the task system, and it is up to the programmer to define
types of objects suitable for each application.

NOTE In the current version of the task library qhead and gtail have the
form of user extensions, but in the original version they were built in. Since
extensibility was limited, the supplied classes had to support a wide range
of programming styles. Thus they may seem “feature-rich.” The new organ-
ization makes it easy to provide new kinds of queues and other forms of
task interaction.

A server example

As an example of the use of tasks and queues we will define a server task that
receives requests for service in the form of messages on a queue, handles the
requests and returns replies on other queues. One could define a class Mes-
sage as follows:

class Message : public object

{

public:
int r_operation;
int r_argl;
int r_arg2;

qtail* r_reply;
i
A message, that is an object of class Message, describes an operation
r_operation that is to be performed by the recipient of the message. Argu-
ments for this operation can be passed as r_argl and r_arg2, and the result of
the operation is to be returned as a message on the queue denoted by r_reply.

6. The default maximum size for a queueis 10000. That is, the queue can hold up to 10000 pointers to

32

objects. It does not, however, pre-allocate space.
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A server for these messages can be defined as follows:

class Server : public task
{
public:
Server (qhead *);
}:

Server: :Server (ghead* in)

{

for (;;) {
Message* req = (Message *) in->get();
qtail* reply = reg->r_reply;
int res = VALUE;
int val;

switch (reg->r_operation) {

case PLUS:
val = req->r_argl + req->r_arg2;
break;

case MINUS:

default:
res = ERROR;
}
req->r_operation = res;
req->r_argl = val;
reply->put(req) ;

}

This style of server has proved useful in many contexts. In particular, it is the
backbone of many “message-based systems.” In this particular example a
server, that is an object of class Server, and the queue on which it depends
can be declared:

qtail* rq = new qtail;
Server* ser = new Server(rg->head());
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Other tasks can now send a request to this particular server through rq. For

example:
qhead rply;
qtail* rply_to = rply.tail();

Message* mess = new Message;

mess->r_operation = PLUS;
mess->r_argl = 1;
mess->r_arg2 = 2;
mess->r_reply = rply_to;

rqg->put (mess) ;
mess = (Message *) rply.get();
if (mess->r_operation == ERROR) error();

More about queues: mode and size

A queue head has a mode that controls what happens when get () is executed
on an empty queue. In EMODE this causes a run-time error. In ZMODE it will
cause get () to return the NULL pointer instead of a pointer to an object. In
WMODE a task executing a get () on an empty queue will wait on that queue
until the queue becomes non-empty. Unless the user specifies the mode ex-
plicitly a queue head will be in WMODE. The function ghead: :rdmode( )
returns the current mode and ghead: : setmode ( ) can be used to change it.

As mentioned above a queue also has a maximum size. This can be changed
using ghead: : setmax( ), and read using ghead: : rdmax( ).

The mode and maximum size for a queue can also be specified when the
queue is created. Forexample:

ghead Q1(ZMODE, 10);
ghead* QP2 = new ghead(EMODE, 64*BUFSIZE);
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The public part of the declaration of class gtail is similar to that of class
ghead. The two classes complement each other, and together they provide a
representation of the general idea of a queue:

class qtail : public object
{

/...
public:

qtail(int = WMODE, int = 10000);
~qtail();

int put (object*) ;

int rdspace( ) ;

int rdmax( ) ;

int rdmode( ) ;

qtail* cut();

void splice(ghead*);

ghead*  head();

void setmode (int m);

void setmax (int m);

int pending( ) ;

void print(int, int =0);

)i
A queue tail’s mode controls what happens on queue overflow in the same
way as a queue head’s mode controls what happens on queue underflow. For
example, when a task executes put () on a full queue where the queue tail is
in WMODE, then that task will be suspended until the queue is no longer full.
The modes of a queue’s head and tail need not be the same.

Similarly the maximum number of objects which can be on a queue can be
examined by rdmax () and changed by setmax (). Decreasing the maximum
below the current number of objects on the queue is legal. Doing this simply
implies that no new objects can be put on the queue until the queue has been
drained below the new limit.

ghead: :rdcount () returns the current number of objects in a queue, and
qtail::rdspace () returns the number of objects which can be inserted into a
queue before it becomes full.

ghead: :putback () puts its argument back at the head of the queue, that is

ghead qh (WMODE, 10) ;

object* oo = gh.get();

qh.putback(0o) ;

00 = gh.get();
will assign the same object to oo twice. putback() has proved to be a useful
function in many systems in the past, and it also allows a queue head to
operate as a stack. When putback() is used, the task executing it competes
for queue space with tasks using put () on the queue’s tail. A putback() toa
full queue causes a run-time error in both EMODE and WMODE. In ZMODE it
returns NULL.
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More about tasks
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When a task is created it can be given three arguments. The first is a character
string pointer which is used to initialize the class task variable t_name. This
name can be used to provide more readable output and does not affect the
behavior of the task. The string denoted by the pointer will not be copied.
The t_name is used by the debugging aids and error reporting functions
described below. The other two class task arguments are tuning parameters
and will be described below. If an argument is NULL a system default will be
used. For example, we could have given each Server task a name like this:

class Server : public task

{
Server (char*, ghead *);
}:

void Server::Server(char* name, ghead* in)
: (name) // argument for Server’'s base class task

{
/...

Server my_name_is_fred(“fred", ghp);

task::sleep(object* =0) suspends the task unconditionally without specify-
ing what is supposed to cause it to be resumed.

NOTE If an argument is given to task::sleep(object* =01) which is a
pointer to a pending object, the task will be remembered by the object, so that
after it is no longer pending, the task will be resumed.

task::cancel() puts a task into the TERMINATED state and sets the return
value just like resultis(). However, cancel() does not invoke the sched-
uler so that one task can terminate another without losing control itself.

The pointer task* thistask; denotes the currently active task. If no tasks
have been created its value is 0. It is illegal to assign to thistask. The use of
thistask enables the class task functions to be used from external functions
without explicit passing of the current task’s this pointer.
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The pointer’
task* task_chain;

is the start of a chain of all tasks. In the following loop t points to every task
in turn:

task* t;

for (t=task_chain; t; t=t->t_next) ;
It is not possible to have only one task. Therefore, when the first task is creat-
ed in a program another task is implicitly created. Its name is main and its
code is the original main() function. It can be suspended and resumed like
any other task. Please remember that a return from main() terminates a C
program. If the “main” task should be terminated when there are other tasks
which should be left running, then resultis() can be used. For example,

thistask->resultis(0);

can be executed inmain( ). The program will then run on until no more tasks
are or can become RUNNING.

It is illegal for a task to return. Always call resultis() instead of return, and
never just “drop out of the bottom” of a task. Unless a task contains an
infinite loop so that it will never terminate place a call of resultis() at the
end of its body.

The task system does not provide a garbage collector. It is left to the pro-
grammer to ensure that pointers to deallocated store are not used.

Waiting

Functions like sched: :result (), ghead::get( ), and gtail::put() each pro-
vide a way of waiting for one single specific event to happen. More general
facilities are sometimes needed.

7. The original task package had a number of global variables, including thistask, task_chain, and clock.
They are now all macros which expand to inline functions that return the value of private static
variables. Thus programs that just read the values will be unaffected, but programs that try to set them
(which was always illegal) will fail to compile.
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NOTE When an object must be waited for, we say it is pending. For
example:

e A queue head whose associated queue is empty is pending because if a
task calls get ( ) for it, the task must wait until some other task puts some
data in the queue;

e similarly, a queue tail whose queue is full is pending because a put ()
must wait, and

e a task that has not terminated is pending because its result is not avail-
able.

Each class derived from object may have its own definition of the virtual
pending () function. An object may have several operations that could
suspend the calling task, but it can have only one definition of pending( ).
Therefore (for example) it is not possible to combine a queue head and a
queue tail into a single object, because the former is pending when its queue
is empty, and the latter when its queue is full. New kinds of objects, with
new kinds of interaction can be added to the task library, with the funda-
mental requirement being a definition of pending () for the new datatype.

task::wait(object*) provides a way of waiting on an arbitrary object. If the
argument points to a pending object, the calling task will be suspended until
the object is no longer pending. If the argument is not pending the caller will
not be suspended at all. For example, if taskp is a pointer to a task then

wait(taskp);

will suspend the task executing it until the task denoted by taskp finishes.

Each class derived from class object which is ever going to be “waited on”
must have rules specifying under which conditions a task executing a wait ()
for it will be resumed. The rules for class task, ghead, and gqtail have been
stated.

The conditions for wakeup are reflected in state changes in the objects, and
are not just transitory unrecorded signals. For example, if a task executes a
wait () for a non-empty ghead it will immediately continue, that is the condi-
tion for returning from a wait () for a ghead is that the queue is non-empty,
not a brief state change from empty to non-empty. Rules of this type simplify
programming considerably by eliminating race conditions.
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NOTE When the state of an object changes from pending to not pending,
object::alert () must be called for the object. This function changes the
state of all tasks “remembered” by the object from IDLE to RUNNING and
puts them on the scheduler’s run_chain. Thus all such operations should be
member functions of the object’s class or a related class. For example, in
gtail::put(), if the queue was empty, a call to alert () is made for the
associated queue head. If it was possible to put an object on a queue
without calling a member function, then there would be no guarantee that
alert () would be called.

The functions task::waitvec() and task::waitlist() suspend a task wait-
ing for one of a list of objects, for example to wait for messages to arrive on
one of a number of queue heads. "waitlist(object* ...)" takes a list of
object pointers terminated by a zero as argument; for example:

ghead* ql;

ghead* q2;

/...

short who = waitlist(ql, q2, 0);
will suspend the task executing it until either ql or g2 is non-empty. If either
is non-empty when waitlist () is called the task will continue immediately.

The value returned is the position in the list of the object that caused the
return from the wait, that is if g2 caused the task to resume the value 1 will be
assigned to who. Positions are numbered starting from 0. waitlist() can take
any number of arguments. The degenerate example

waitlist(0);

causes unconditional suspension of the task executing it without any guaran-
tee of later resumption. It is equivalent to sleep() and wait (0).

Please note that one should not assume that because waitlist() returns a
particular value indicating one object as the cause of resumption none of the
other objects are “ready.” The value returned by waitlist() only indicates
what is known to have happened, and it does not exclude other independent
possibilities.

NOTE However if waitlist() indicates a particular object, that object is
guaranteed to be “ready,” because waitlist() does not return until the
object is no longer pending.

8. waitlist() is an example of a function whose form does not satisfy current esthetic standards.
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Because every class in the task system allows non-blocking examination of the
conditions which might lead to suspension using the three wait functions, the
value returned by waitlist () can always be ignored. The information it con-
veys can always be obtained by direct inquiry. In many cases, however, the
value returned can be trusted and used to write simpler, more efficient pro-
grams.

waitvec(), a variation of waitlist (). takes the address of a vector holding a
list of object pointers. For example:

object* vec(] = { ql, g2, 0 };
short who = waitvec(vec);

is equivalent to the previous example.

System time and timers

The long variable clock measures simulated time. It is initialized to zero. It is
illegal to assign to clock.

task: :delay(long) suspends a task for a specified time. That is,
long t = clock;
delay(n);
actual_delay = clock-t;

will assign the value n to actual_delay. delay() is useful for representing
service delays in simulations. While a task is delayed in this way its state is
still RUNNING, but it will not be affected by the actions of other tasks except if
cancel () or preempt () is used on it. delay(n) makes an IDLE task RUNNING
so that it will start executing at time clock+n.

task: :preempt () makes a RUNNING task IDLE and returns the number of
time units left of its delay. Applying preempt () to an IDLE or TERMINATED
task causes a run-time error. This function is useful when tasks are used to
represent processes in a system with preemptive scheduling and delay times
are used to represent the time used by executing processes. The value
returned by preempt ( ) allows the preempted task to be re-started with a new
delay time which is a function of the delay time at the time of preemption.
For example:

long time_left = other_task->preempt();

/...

other_task->delay(time_left+10);

A timer provides a facility for implementing time-outs and other time depen-
dent phenomena.
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Class timer has this declaration:

class timer : public sched {
public:
timer (long) ;
~timer();
void reset(long);
void print(int, int =0);
Y
A timer is quite similar to a task with a constructor consisting of the single
statement

delay(d) ;

that is, when a timer is created it simply waits for the number of time units
given to it as its argument, and then wakes up any tasks waiting for it.

A timer’s state can be either RUNNING or TERMINATED. This state can be
inspected by using sched: : rdstate( ).

A common use of timers is to wait for a task and a timer. For example, one
can wait for the completion of a task handling a simulated input operation
and also on a timer. The timer ensures that the waiting task will eventually be
resumed even if the input operation is never completed:’

timer* tt = new timer(15);

short res = waitlist(io_ptr,tt,0);

switch (res) {

case 0:
/* normal completion of i/o */
break;
case 1:
/* time out occurred */
break;
default:

error (IMPOSSIBLE) ;
}

NOTE sched::result and sched::cancel() have the same use and effects
on timers as on tasks. Since there is no timer::resultis(), the value
returned by sched: :result () is undefined for a timer unless cancel () was
used.

9. Ina quasi-parallel system this will only be true provided no infinite loop without task system calls
exists. Such a loop constitutes an error that only a system with true parallelism or time slicing can
recover from.
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timer::reset() re-sets the timer delay to the value of its argument. This
makes repeated use of timers possible. A timer can be reset () even when it
is TERMINATED.

A unit of simulated time can be used to represent any unit of real-time. Only
delay () causes the clock to advance.

More about queues: cutting and splicing

42

One of the most convenient and powerful ways of using tasks involves tasks
defined to do a transformation on a data stream. Such a task is called a filter.
It reads its input from one queue and writes its output onto another queue.
Tasks at the “other ends” of these queues tend to view these queues plus the
filter as one entity. The data source simply sees an output queue that is being
emptied at some rate, and the task at the receiving end sees an input queue
being filled. In other words, a task sees only its input and output queues and
cares little about the “internal organization” of the programs that operate on
the other ends of those queues.

For example, one task could produce a stream of lines of characters, that is
objects of class Line, and another expect an input stream consisting of words,
that is objects of class Word. A filter that handles the conversion could be
defined and used like this:

class Line_to_word : task
{
public:
Line_to_word(ghead*, gtail*);
Word* next_word(Line*);

Line_to_word: :Line_to_word(ghead* in_q, qtail* out_q)
{

Line* 1;
Word* w;
for(;;) {

1 = (Line *) in_g->get();
while(w = next_word(1l)) out_g->put((object *)w);

qhead* line_q = new ghead(WMODE, 10) ;
qgtail* word_g = new qtail (WMODE, 50) ;
Producer* prod = new Producer(line_g->tail());
Consumer* cons = new Consumer (word_qg->head());

Line_to_word* filt = new Line_to_word(line_gq, word_q);
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In this way the filter filt is programmed into the path between cons and prod
using two queues to separate filt’s input from its output.

This is a fairly static use of a filter. Often one would like to insert a filter into
an existing data path. For example, a macro-based text formatting program
could be organized as a sequence of filters — each doing its small part of the
common task. First some filters re-arrange the input into a form suitable for
the formatter proper, then the “input independent” formatter does its job pro-
ducing output of a standard form, and last some output filters adjust this out-
put to a form suitable for physical output. The task filt is an example of
such a filter. In this scenario it would be useful to have each macro defined as
a filter which the formatter proper inserts just in front of itself when the macro
expansion is needed and which removes itself when it is not needed any
more. Assuming that data streams are represented by queues, this can be
achieved by using the class ghead functions cut ( ) and splice().

When the task formatter recognizes a call to the macro foo it creates a new
task of class Macro to handle a macro of type FOO and diverts its own input
through it. This is done by first “cutting” the input queue to create a place to
insert the new filter, and then creating the filter giving it the new ghead and
gtail as arguments:

head* newhead = input_queue->cut();

qtail* newtail = input_queue->tail();

Macro* f = new Macro(FO00,newhead,newtail);
ghead::cut () splits the queue to which it is applied into two. newhead, the
pointer returned from cut ( ), denotes the ghead for the original queue and has
the same mode as the original ghead. The original ghead is now attached to a
new empty queue with the same max as the original.

Puts to the original qtail will therefore place objects on the filter’s input
queue, and gets from the original ghead will retrieve objects from the filter’s
output queue.

The result of these operations has been to insert a filter with an input and an
output queue into a queue without changing the appearance of that queue to
anyone using it, and without halting the flow of objects through that queue.
In our example the macro expansion filter foo will get () the input which
would otherwise have gone to the formatter, interpret it as macro arguments,
and output the expanded input as its output.
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The filter can be removed again by splicing its mput and output queues
together with ghead: :splice( ):

newhead->splice(newtail) ;

splice() deletes the ghead to which it is applied, the gtail given to it as an
argument, and the queue denoted by that qtail. If the splice() operation
causes an empty queue to become non-empty or a full queue to become non-
full all tasks waiting for such a state change are resumed.

Deleting the filter completes the cleanup:
delete f;

Typically a filter would remove itself when its task was completed, because
the task that inserted it would not be programmed to be aware of the presence
of the filter it inserted. The sequence of operations which enables a task to
remove itself without a trace is:

cancel (any_value) ;

delete this;
This will work because cancel () does not imply immediate suspension, only
a guarantee that the task cannot be resumed.

gtail::cut () and gtail::splice() are similar to ghead, but they operate on
the other end of the queue.

Encapsulation

Passing information between tasks through queues can lead to rather tedious,
repetitive (and therefore error prone) packing and unpacking of information
into messages. Simple encapsulation techniques can be used to relieve the
programmer of this. For example, by adding a constructor to the class Message
the server example could be re-written thus:

class Message : object

{

public:
int r_operation;
int r_argl;
int r_arg?;

qtail* r_reply;
Message(int op, int al, int a2, qtail* rp) :
r_operation(op), r_argl(al),
r_arg2(a2), r_reply(rp) {}

Message* mess;

rg->put (new Message (PLUS, 1, 2, rply_to));
mess = (Message *) rply.get();

if (mess->r_operation == ERROR) error();
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Furthermore, because the message queues obviously are meant to hold only
Message objects a specific message queue could be defined and used:

class Mghead : ghead
{
public:
Message* get() { return (Message *) ghead::get(); };
}i

class Mgtail : gtail

{

public:

int  put(Message* m) { return qtail::put(m); };

}i
The use of Mgtail::put () ensures that only class Message objects are put on
the queue, and no type cast is needed when class Message objects are taken
from the queue using Mghead. get ( ). For example:

mess = rply->get();
Because the body of Mgtail::put () is present in the class Mgtail, declaration
calls of Mqtail::put() will be expanded inline. This ensures that using a

Mgtail is no less efficient than using a gtail directly. In many cases some
error handling can also be handled by the derived put ( ) and get () functions.

An alternative solution is to provide the server class with functions which
handle the packing:

class Server : task

{
qtail*  inp;

public:
Server (char*, ghead*);
int plus(int, int, Mgtail *);
int minus(int, int, Mgtail *);

int Server::plus(int argl, int arg2, Mgtail * rqt)
{

Message*  mess;

int X

inp->put (new Message(PLUS,argl,arg2,rqt));

mess = rqt->head()->get();

X = mess->r_operation;

delete mess;

return x;
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so now the server task can be requested to perform services like this:

Mgtail qgq;

Server ss("plus_and_minus", 0, 0);
int two = ss.plus(l, 1, &qq);
int ten = ss.minus(12, 2, &qq);

For large programs this style of inter-task communication promises not only
increased clarity, but also increased efficiency. The message queue interaction
may, where necessary, be transparently replaced by a specially tailored inter-
task communication facility.

NOTE These techniques are now widely applied in C++ programming, but
when this paper was first written, they were new to C.

Histograms and random numbers

46

To ease data gathering class histogram is provided.

struct histogram

// "nbin" bins covering the range [l:r] uniformly
// nbin*binsize == r-1

{

int 1, r;

int binsize;
int nbin;
int* h;

long  sum;

long  sqsum;
histogram(int=16, int=0, int=16);
void add(int);
void print();
)i

A histogram consists of nbin bins "h[0], ... h(nbin-1]" covering a range
[1:r] of integers. The function add() adds one to the correct bin for its
integer argument. The sum of the integers added is maintained in sum, and
the sum of their squares is maintained in sgsum. If an argument to add() is
outside the range [1:r] the range is adapted by either decreasing 1 or increas-
ing r. The number of bins remains constant so the size of the range covered
by a bin is doubled each time the size of the range [1:r] is. The print () func-
tion prints out the numbers of entries for each non-empty bin.

In most simulations some form of random number generation is needed. The
generators provided here are intended to help the developer of a simulation to
get started and to provide a paradigm for generators of more suitable distri-
butions.
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class randint
// uniform distribution in the interval [0,MAXINT_AS_FLOAT]
{

long randx;
public:

randint (long s = 0);

void seed(long s);

int draw();

float fdraw();
}i

The following program shows the use of class randint. The ints returned by
randint: :draw() are  uniformly  distributed in the interval
[0:largest_positive_int]. The floats returned by randint::fdraw() are
uniformly distributed in the interval [0:1].

main ()
{
randint ir;
register i;
for (i=0; 1<100; i++
printf("i=%d f=%f ", ir.draw(), ir.fdraw());
}

Each object of class randint provides an independent sequence of random
numbers. randint::seed() can be used to reinitialize a generator. The
draw() function calls the underlying C library rand(3). Using class randint,
generators for other distributions are easily programmed. Note that
erand: :draw( ) calls log() from the math library, so a program using it must
be loaded with -lm.

class urand : public randint
// uniform distribution in the interval [low,high]
{
public:

int  low, high;

urand(int 1, int h) { low=l; high=h; }
int  draw() { return int(low + (high-low) *
(0O+randint: :draw( ) /MAXINT_AS_FLOAT)); }

class erand : public randint
// exponential distribution random number generator
{
public:
int mean;
erand(int m) { mean=m; };
int  draw();
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Implementation details
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The following sections contain many implementation-dependent details. The
implementation described is the UNIX version. Implementation-dependent
information is unfortunately often necessary to allow tuning and ease debug-

ging.
Task stack allocation

The two arguments mode and stacksize allow the user to guide the system'’s
handling of the task. Their exact interpretation is implementation dependent.
Users who are not interested in implementation details and/or want a more
portable program should set them both to zero. The system will then choose
(hopefully reasonable) implementation-dependent default values.

The stacksize argument indicates the maximum amount of stack storage that
the task is allowed to use. Using more is an error. It will be expressed in a
unit of store (typically machine words) suitable for stack allocation on the
host system.

The mode provides additional information. The value SHARED indicates that
the stack space should be taken from the stack space of the parent task, that is
the task which created the new task. Where SHARED stacks are used the
active part of the stack is copied to a save area when a task is suspended, and
copied back when it is resumed. Since SHARED stack locations are not dedi-
cated to a single task pointers to local variables should not be passed to other
tasks. The time needed to suspend and resume a task with SHARED stack is
approximately proportional to the amount of stack space actually used at the
time of suspension.

If, on the other hand, the mode is DEDICATED then a new and separate stack
area is allocated, and no copying of stack space will occur.

Scheduling

Functions of a system class, known as the scheduler, are invoked as the result
of any function of class task which causes the suspension of a running task,
and may be invoked by any function from the standard classes described here.
The scheduler selects the next task to run. When the scheduler finds no more
tasks to run, and there are no 3interrupt_handlers, it examines the pointer
variable exit_fct, and if this is non-zero the scheduler will call the function
denoted by it.

Whenever clock is advanced the scheduler examines the pointer variable
clock_task. If this denotes a task, then that task will be resumed before any
other task. The clock_task must be IDLE when resumed by the scheduler.
The class task function sleep () is useful to ensure this.

C++ Library manual



A set of C++ classes for co-routine style programming

Debugging and tuning aids

The task system has been designed under the assumption that a typical use of
tasks may involve hundreds of tasks and need tuning to achieve an acceptable
time-space tradeoff. The task of debugging such a system can safely be
assumed to be non-trivial.

Classes were used in the implementation of the task system largely because
they allow the scope of data and functions to be explicitly restricted to the
object to which they belong. This allows better type checking of a multi-
threaded program than could be achieved by a function-based implementa-
tion. The classes which constitute the task system were designed to allow
quite strong type checking of programs using them.

A number of run-time errors are detected by the task system. For example, it
is illegal to delete a queue on which a task is waiting. When such a run-time
error is detected the task system function object::task_error is called with
the number of the error and the this pointer of the object which caused the
error as arguments. A list of run-time errors appears under “Run-time errors”
(page 53). task_error() will in turn examine the pointer error_fct, and if
this is non-zero call the function denoted by it with a copy of its own argu-
ments. function Otherwise task_error () will call the system function exit ()
with the error number as argument.

When returning from task_error() after executing an error_fct which
returned rather than using exit () the task system will re-try the operation
which caused the error (provided that error_fct could have affected the con-
dition which caused the error). For example, a put () to a ghead will be re-
tried because the user’s error_fct might have either caused the get () func-
tion to be used on the queue, or used chmax() to allow more objects to be
inserted into that queue.

NOTE This error handling mechanism is primarily designed for debugging
and it is expected that user error functions will print some appropriate error
message and exit.

Beware of infinite loops.
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All task system classes have a function print () which can be used to print
the contents of their objects on stdout. A print () function takes an int argu-
ment indicating the amount of information to be printed. print(0) gives the
minimum amount of information, print(VERBOSE) rather more, and
print (CHAIN) will call print () for objects on lists associated with the object
with its own arguments. The print () argument constants can be combined
by the or operator. For example,

thistask->print (VERBOSE) ;
run_chain->print (VERBOSE | CHAIN) ;

will verbosely describe every non-TERMINATED timer and every RUNNING
task. For tasks information about the run-time stack is printed by
print (STACK). If the variable _hwm is set to a non-zero value, print (STACK)
will also give an estimate of the maximum amount of stack space ever used
by the task, the stack’s “high water mark.” For tasks that share a stack, the
high water mark printed will be the high water mark of the most greedy task.
For example, information describing stack usage for all tasks can be printed
by:
task_chain->print (STACK|CHAIN) ;

The output of the print () functions is implementation-dependent and hope-
fully self-explanatory.

Overheads and performance

The store used for representing a class object in addition to the user specified
data is:

object 3 words

timer 5 words

task 18 words + stacksize

queue i 15 words (including the ghead and the qtail)

The times needed to execute some of the task system functions are (very)
approximately:

C procedure call + return 1 unit

task suspend + resume 9 units (using result())
put 2 units

get 2 units

wait, waitvec, or waitlist 3 units

The last four actions can all cause a task to be suspended. When this happens
add 6 units of time.

C++ Library manual



A set of C++ classes for co-routine style programming

NOTE For timing results relative to UNIX process switching, see “Extending
the C++ task system for real-time control” (page 000).

The task system uses about 15K bytes of store for program and data, but
much of this is redundant virtual function tables that will be eliminated in a
future version of the C++ compiler.

The object class

The task system as described above is implemented using a lower level of
abstraction based on the direct use of the class object. Class object can also
be used as a base for other (user defined) abstractions, but beware, it is an
implementation tool that is not intended to be used directly.

Class object is a base class for all classes in the task system and also the most
basic facility for inter-task communication. The declaration of class object
looks like this:

class object
(
friend sched;
friend task;

olink* o_link;
public:

object* o_next;

virtual int o_type();

object() { o_link=0; o_next=0; }

~object();
void remember (task* t) { o_link = new olink(t,o_link); }
void forget (task*);// remove all occurrences of task from chain
void alert(); // prepare IDLE tasks for scheduling
virtual int pending(); // TRUE if this object should be waited for
virtual void print(int, int =0); // first arg VERBOSE, CHAIN, or STACK

}:
The task system implements objects of type TASK, QHEAD, QTAIL, and TIMER.

NOTE Virtual functions make it unnecessary to ever test the type of an
object. The virtual function o_type( ) is never called.

A task can be added to the set of tasks “remembered” by an object by execut-
ing object: :remember () and a task can be removed from this set by executing
object::forget (). Executing object:: alert() has the effect of transferring
all IDLE tasks remembered by the object to the run_chain and the RUNNING
state.
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NOTE The virtual function object::pending() provides the “glue” that
allows new kinds of objects and new communication protocols to be added
to the task system. The object may have any kind of operation that may
cause the invoking task to wait, but it must implement its own version of
pending () to tell whether the operation would cause a wait.

A task can be “remembered” by several objects or several times by the same
object without any ill effects. forget () will insure that its argument is not
“remembered” any more, and it causes no bad effects when used for an object
that does not “remember” its argument task. No record is kept of how many
alert () operations have been executed on an object. alert () does not cause
an object to forget ( ) tasks. Executing a remember () does not suspend a task.
Applying alert () to an object that does not remember any tasks is legal, but
has no effect. Caveat emptor!

The functions object::remember( ), object::forget (), object::pending( ),
and object::alert() provide a simple, efficient, but unstructured and there-
fore error-prone communication mechanism.

The declarations for the task system classes can be found in
[ust/include/CC/task.h on systems where it is implemented.
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Run-time errors

When an error is detected at run-time, task_error () is called. This function
will examine error_fct and if this variable denotes a function, that function
will be called with the error number and this as arguments, otherwise the
error number will be given as an argument to print_error () which will print
an error message on stderr and terminate the program.

E_OLINK
E_ONEXT
E_GETEMPTY
E_PUTOBJ
E_PUTFULL
E_BACKOBJ
E_BACKFULL
E_SETCLOCK
E_CLOCKIDLE
E_RESTERM
E_RESRUN
E_NEGTIME
E_RESOBJ
E_HISTO
E_STACK
E_STORE
E_TASKMODE
E_TASKDEL
E_TASKPRE
E_TIMERDEL
E_SCHTIME
E_SCHOBJ
E_QDEL
E_RESULT
E_WAIT
E_FUNCS
E_FRAMES
E_REGMASK

E_FUDGE_SIZE

E_NO_HNDLR
E_BADSIG
E_LOSTHNDLR

Attempt to delete an object which remembers a task.
Attempt to delete an object which is still on some chain.
Attempt to get from an empty queue in E_MODE.
Attempt to put an object already on some queue.
Attempt to put to a full queue in E_MODE.

Attempt to putback an object already on some queue.
Attempt to putback to a full queue in E. MODE.

Clock was non-zero when setclock() was called.

The clock_task was not IDLE when the clock was advanced.
Attempt to resume a TERMINATED task.

Attempt to resume a RUNNING task.

Negative argument to delay().

Attempt to resume task or timer already on some queue.
Bad arguments for histogram constructor.

Task run-time stack overflow.

No more free store — new() failed.

Illegal mode argument for task constructor.

Attempt to delete a non-TERMINATED task.

Attempt to preempt a non-RUNNING task.

Attempt to delete a non-TERMINATED timer.

Scheduler run chain is corrupted: bad time.

Sched object used directly instead of as a base class.
Attempt to delete a non-empty queue.

A task attempted to obtain its own result().

A task attempted to wait() for itself to TERMINATE.
Internal error — cannot determine the call frame layout.
Internal error — cannot determine frame size.

Internal error — unexpected register mask.

Internal error — fudged frame too big.

No handler for the generated signal.

Attempt to use a signal number that is out of range.
Signal handler not on chain.
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A program using tasks

#include <task.h>

/* trivial test example:
make a set of tasks which pass an object round between themselves
use printf to indicate progress
WARNING: this program sets up an infinite loop

*/

class pc : task
{

public:

pc(char*, gtail*, ghead *);
}i

pc::pc(char* n, qtail* t, ghead * h) : (n,0,0)
(
printf(“new pc(%s,%d,%d)\n",n,t,h);
while (1) {
object* p = h->get();
printf(“task %s\n",n);
t->put(p) ;

main()
{
ghead* hh = new ghead;
qgtail* t = hh->tail();
ghead* h;
short i;
printf("main\n");
for (i=0; i<20; i++) {
char* n = new char(2]; /* make a one letter task name */
n(0] = 'a’'+i;
n[l] = 0;
h = new ghead;
new pc(n,t,h);
printf("main() ‘s loop\n");
t = h->tail();
}
new pc("first pc",t, hh);
printf("main: here we go\n");
t->put (new object);
printf("main: exit\n");
thistask->resultis(0);
}
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Extending the C++ task system for real-time control

This section is taken from a paper by Jonathan E. Shopiro.

Abstract

The task system for co-routine programming was one of the first libraries
written in C++ and it has served admirably in several applications. It is small,
efficient, and easy to use. As part of a robot control project, it was extended to
support real-time control. The new task library is more robust, more easily
extendible, and more portable than the original. It is upward compatible, so
that programs written for the old task library can still be used. This section
documents the new features and the internal structure of the revised system,
and is intended for users of the task library and for authors of other co-routine
systems.

Overview

The C++ task library is a co-routine!® support system for C++. A task is an
object with an associated co-routine. The task library includes a scheduler
that enables each task to execute just when it has work to do, and to wait
when necessary for whatever is needed.

Programming with tasks is particularly appropriate for simulations, real-time
process control, and other applications which are naturally represented as sets
of concurrent activities. A task can represent a simple part of a complex sys-
tem, and when the task gains control, it can process its current input data,
perhaps creating other data that will be processed by other tasks. It can then
relinquish control, waiting for more input or an external event.

In a program using the C++ task system, all tasks share the same address
space so that pointers can be passed between tasks, and it is easy to share
common data structures. Also, the scheduler is non-preemptive, so that each
task runs until it explicitly gives up the single processor, and only then does
the scheduler choose a new task to run. This eliminates the need for locks on
shared data (which would be required if preemptive scheduling or multiple

10. Co-routines can exchange control among themselves more freely than ordinary functions and
procedures. In the usual function calling discipline, when one procedure (more precisely, one instance
of a procedure) executes a procedure call, a new instance of the called procedureis created, and the
calling procedure waits until the called procedure (and any procedures it may call) returns. A
procedure instance is initiated when the procedure is called and is destroyed when it returns. When
one co-routine (co-routine instance) initiates another it need not wait for the new co-routine to end, but
instead it can be resumed while the new co-routine is still active. A running co-routine can relinquish
control to any waiting co-routine without abandoning its state and later regain control and continue
from where it left off.
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processors were used) and allows task-switching to be accomplished with
low overhead, but requires the programmer to be careful that no task mono-
polizes the processor.

The rest of this section is an overview of control flow in the task system along
with a brief note on task system performance. The section “Real-time exten-
sions” (page 57) describes the interrupt handler class and how it can be used
to provide real-time response to external events. Familiarity with C++ is
assumed.

The structure of the task system

Control in the task system is based on a concept of operations which may
succeed immediately or be blocked, and objects'! which may be ready or pend-
ing (not ready). When a task executes a blocking operation on an object that is
ready, the operation succeeds immediately and the task continues running,
but if the object is pending, the task waits. Control then returns to the sched-
uler, which chooses the next task from the run chain, a list that contains all the
tasks that are ready to run (not waiting or terminated). For example, a queue
head is ready when the associated queue has data, and get (which extracts an
item from the queue) is a blocking operation for queue heads. Similarly, put is
a blocking operation for queue tails, which are ready unless the associated
queue is full.

Each different kind of object can have its own way of determining whether it
is ready or not, which makes it easy to add new capabilities to the system. On
the other hand, each kind of object can have only one criterion for readiness
(although it may have several blocking operations), so it is not possible for
one object to act as both a queue head and a queue tail, for example.

Each object contains a list (the remember chain) of the tasks that are waiting for
it. When any operation changes the state of a pending object so that it
becomes ready, those tasks are moved to the run chain; this is called an alert.
Thus the cycle is: a task runs until it blocks; it is saved on the remember chain
of one or more pending objects; some other task or an interrupt alerts the
object; the original task is moved to the run chain; eventually the task runs
again.

Task system performance

The fundamental operations of the task system are task creation and task
switching. In order to make a meaningful evaluation of their performance,
equivalent programs using tasks and UNIX Operating System processes were
written. These programs are given under “Example programs” (page 64).

11. Class object is the base class of most classes in the task system. We use the typewriter font for
programming language constructs.
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Each of the first pair of programs (fcreate.c and ucreate.c ) repeatedly creates
new trivial tasks (processes) and waits for them to terminate. Each of the
second pair of programs (tswitch.c and uswitch.c ) creates a single child task
(process) and repeatedly exchanges control with it through a pair of sema-
phores in the task version, and through UNIX signals in the process version.
See “Semaphores” (page 60) for details. The programs were run on a SUN
3/280 under 4.2 BSD, using the free store allocator (malloc.c ) from Ninth Edi-
tion UNIX, which is much faster than the one supplied with 4.2 BSD. The
results were that tcreate.c was 37 times faster than ucreate.c, and tswitch.c was
10 times faster than uswitch.c.

It is important to note that the task system and the UNIX Operating System
are not equivalent and that the results of these performance measurements do
not imply that the task system is 23.5 times better than UNIX. Among the sig-
nificant differences between tasks and processes are the following.

e A set of tasks runs as a single UNIX process. The task system relies on the
UNIX Operating System for I/O, memory management, etc.

o Tasks share an address space, while processes have separate address
spaces. This means that tasks can share data by simply passing pointers,
while processes must go through one of several much more complex and
expensive procedures to share data. By the same token, tasks can interfere
with each other as easily as they can cooperate, while errant processes usu-
ally kill only themselves.

e The task system can support two or three orders of magnitude more con-
current tasks (especially with the SHARED option; see “Task switching fun-
damentals” (page 69)) than the UNIX Operating System can support pro-
cesses. It is not uncommon for a simulation to require thousands of tasks.

The memory required for the task system is about 14,000 bytes for code and
data, plus about 70 bytes per task, plus stack storage for each task. By default
each task has its own stack buffer with a default size of 3000 bytes, but tasks
can share a stack buffer and then storage is required only for the active stack
of each task (typically 50 to 100 bytes). This option is very useful for applica-
tions with thousands of tasks. Queues occupy 60 bytes (including both head
and tail) plus the size of whatever is stored on the queue. Lists of tasks are
maintained in various places, for example the run chain and remember chains;
each occurrence of a task on a list adds 8 bytes to the total memory require-
ment.

Real-time extensions

The application that motivated this work on the task system was a control
system for two robots operating in the same workspace. The most important
requirement of this application that was not fulfilled by the original task sys-
tem was the need for tasks to wait for external events. For example, after a
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motion command was sent to a robot, the task that sent the command needed
to wait for the interrupt that was generated by the robot hardware when the
command was complete or had failed. A related requirement of some real-
time systems is to respond to external events in a timely manner, for example
to retrieve data from an unbuffered external device. Also, in the original task
system, the scheduler would exit when the run chain was empty. This is inap-
propriate in a system that is intended to respond to external events because
some task might become runnable after an interrupt.

Hardware interrupts are handled differently by different machines and operat-
ing systems, so the interface to the task system must also vary. For didactic
reasons, the version described here is for the UNIX Operating System using
signals as interrupts, but it should be clear how to adapt it to other environ-
ments.

In the task system events that can be waited for are represented by instances
of class object or derived classes. When the function object::alert() is
called, the tasks that were waiting for that object are made runnable. A
natural solution to the problem of waiting for external events was to define a
new kind of object to represent external events, and when such an event
occurs, to call object::alert() for the appropriate object. These objects are
called interrupt handlers.

class Interrupt_handler : public object {
int id; // signal or interrupt number
int got_interrupt; // an interrupt has been received but not alerted
Interrupt_handler *old; /! previous handler for this signal
virtual void interrupt() {} // runs at real-time

public:
int pending(); // FALSE once after interrupt
Interrupt_handler (int sig_num);
~Interrupt_handler();

b

After an interrupt handler is created, a task can wait for it, exactly as for any
other object. When the interrupt occurs, the handler’s interrupt () function
will be executed immediately, or rather, as soon as the operating system can
route the interrupt to the process. When the interrupt function returns, con-
trol will resume at the point where the current task was interrupted.

At the next entry to the scheduler, when the currently running task blocks, a
special task, the interrupt alerter, will be scheduled. This task alerts the
handler (and any other handlers that have received interrupts since it was last
scheduled). Thus the waiting task becomes runnable. As long as any interrupt
handler exists, the scheduler will wait for an interrupt, rather than exiting
when the run chain is empty. The pending function for an interrupt handler
always returns TRUE except the first time it is called after an interrupt occurs.
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Interrupt_handler::interrupt () is a null function, but since it is virtual, the
programmer can specify the action to be taken at interrupt time by simply
defining an interrupt () function in a class derived from Interrupt_handler.
An example is given under “Interrupts” (page 61). In this way real-time
response can be obtained without resorting to a preemptive, priority-based
scheduler which would be more complex and less efficient, and would require
locking of shared data structures.

Avoiding interference

Whenever shared data structures are manipulated by concurrent processes,
there is the potential for interference, where one process is in the middle of
modifying a data structure and another process accesses it and finds it in an
invalid state. Segments of code that access shared data structures are called
critical regions.!? If more than one process can be in a critical region at one
time, there is a potential for interference.

Interference is easy to avoid in the task system, because of the non-
preemptive nature of the scheduler. There are only two ways in which
interference can arise: a task switch occurring within a critical region, or an
interrupt routine that accesses shared data.

It is almost always possible to write code so that no operation that could
cause a task to block is inside a critical region. The style of programming
where co-routines share information by sending messages to each other in the
form of objects on queues typically leads to programs where there are no
shared data structures or critical regions at all. Even if co-routines must share
access to a data structure and alternately modify it, no problems will arise if
the routines that do the modification refrain from operations that could cause
the task to block. A properly modular program will generally satisfy this
requirement without any extra effort.

12. Semaphores which are used for mutual exclusion are initialized with one excess signal so that the first
lock call will succeed.
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Semaphores

If, for some unusual reason, it is necessary to put an operation that could
cause the task to block in a critical region, then the affected data structure
should be protected by a semaphore, which will allow only one task at a time
to access the object. The following example code outlines this technique.

class My_data {

Semaphore sema;
// user data
public:
void lock() { sema.wait(); }
void unlock() { sema.signal(); }
My_data() : sema(l) { ... } // see note

}i

Each critical region must begin with a call to My_data: :1ock() for the object
to be accessed, and end with a call to My_data::unlock( ). This will ensure
that no interference occurs, even if the operations in the critical region cause
the task to block.!® The implementation of semaphores using the task system

is easy.

class Semaphore : public object {

int sigs; // the number of excess signals
public:

Semaphore(int i =0) { sigs = i; }

int pending () ( return sigs <= 0; )

void wait();

void signal() { if (sigs++ == 0) alert(); }
)i
void

Semaphore: :wait ()

(

for (;:) {
if (--sigs >= 0)
return;
sigs++;

thistask->sleep(this);

}

Semaphores are useful tools for building other kinds of synchronization
besides mutual exclusion. For example, whenever one task wants to wait for
an operation to be completed by another task, it can wait on a semaphore.

13. But watch out for deadlock.
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Interrupts

The other case where interference can occur is a little more complex. The
interrupt () routine of an Interrupt_handler can be executed at any time,
and it would be contrary to the reason for its existence to lock it out. The
mechanism that alerts the handler after the interrupt has occurred is carefully
designed to be safe from interference, and sometimes the alert is all that is
necessary for an application. If it is necessary to gather data from an external
device immediately after an interrupt occurs, but the interrupts do not come
in rapid succession (for example, the next interrupt won’t occur until after the
device is reset), the interrupt routine can save the data and the task that is
waiting for the interrupt can process the data before resetting the device. In
this case even though the data is shared, the interrupt routine cannot access
the data at the same time as the task.

Sometimes, however, it is necessary to handle interrupts that can come in
rapid succession, with a requirement to gather data at each interrupt, so that
several interrupts may occur before the task that will process the data can be
scheduled, and more interrupts may occur even while the task is running.
This problem is best handled by establishing a queue of the interrupt data
records. Then the only shared data between the interrupt handler and the
task processing the data can be the queue head and tail pointers, which can be
atomically updated. In the following toy example, the interrupt routine
records the value returned by an arbitrary function, get_data( ), each time the
signal SIGINT is sent. A waiting task is then scheduled and prints all accumu-
lated data.

class Delete_handler : public Interrupt_handler {

void interrupt();
int* localq; // data buffer beginning
int* localq end; // data buffer end
int* localq h; // queue head
int* localg t; // queue tail
public:
int getX(int&); // the next item, if any

Delete_handler (unsigned local_q size =5);
~Delete_handler() { delete [localq end - localq] localq; }
}i

The delete handler (so called because SIGINT is normally sent when the user
presses the (Del) key) is an interrupt handler that maintains a local queue of
data. Its interrupt function will put data on the local queue, using localq_t,
the queue tail pointer, andits getX() function is used by a task to retrieve the
data.
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Delete_handler: :Delete_handler (unsigned local_q_size)
(SIGINT) // base class constructor arg

localg t = localqg h = localq = new int[local_g_size];

localg_end = &localqg(local_q size];
}

The constructor initializes the local queue. The size of the local queue deter-
mines how many interrupts can be awaiting processing.
void
Delete_handler::interrupt()
{
register int* p = localqg t;
*p = get_data();
if (++p == localg_end) p = localgq;
if (p !'= localqg h)
localqg t = p; // no overflow
else error("Overflow");

}

The interrupt function assumes that localg_t points to an available slot in the
queue and puts the real-time data there. It then checks for overflow and
updates localqg_t to point to the next available slot if it’s okay or calls an error
function otherwise.
int
Delete_handler::getX(int& ans)
{
register int* p = localg h;
if (p == localqg_t)
return 0;
ans = *p;
if (++p == localg_end) p = localq;
localg_h = p;
return 1;

}

The function getX () assigns the next datum to its argument and returns “1,”
or returns “0” and leaves its argument alone if no data is available. A call to
getX() may be interrupted, but it has been designed so that no corruption of
the queue will result.

class Delete_printer : public task {
Delete_handler* handler;
public:
Delete_printer();
}i
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Delete_printer() is a task that will create a Delete_handler and print what-
ever data is received.
Delete_printer::Delete_printer()
: handler (new Delete_handler)
{
for (;;) {
wait (handler) ;
int i;
while (handler->getX(i))
cout << i <« *"\n";

}

Note that each time the printer task is scheduled, it prints all the available
data from the delete handler.

Implementation details

The approach taken was to minimize the impact to the scheduler and to iso-
late as much as possible the machine and operating system dependent parts
of the implementation. There is a system-dependent function, sigFunc( ),
which catches each signal for which an Interrupt_handler exists. When the
signal is sent, sigFunc () calls the appropriate interrupt () function. It then
atomically puts the address of a dedicated alerter task in a static, private cell
of the scheduler and rearms the signal and returns. At the next entry to the
scheduler, that cell is checked and if it is non-zero, the alerter task is sched-
uled. The alerter task alerts all pending interrupt handlers and returns to the
scheduler. Tasks that were waiting for interrupt handlers are then eligible to
run.

The other system-dependent parts of the implementation are the constructor
and destructor for class Interrupt_handler. Its constructor takes the signal
number as argument (it might be an interrupt vector address in another sys-
tem). If some other interrupt handler already existed for that signal, it is
saved (and alerted if it was pending), and otherwise the UNIX system function
signal() is called to associate sigFunc() with the signal. The destructor
undoes the action of the constructor, restoring the previous signal routine if
necessary.
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Example programs

tcreate.c

The following program repeatedly creates a task and waits for it to terminate.
It would be possible to time creation of new tasks without waiting for them to
terminate, but because of the limited number of processes that can exist under
the UNIX system, the corresponding UNIX system program would fail.

#include "task.h"

class Child : public task
{
public:
Child(int);
)i

Child::Child(int i)
("Child")

resultis(i);

// user task declaration

// task constructor declaration

// user task constructor definition

// argument to base class constructor

// terminate task execution

main()
{
for (register int i = 10000; i--; ) {
Child* c¢ = new Child(i); // create a task
c->result(); // wait for it to terminate
delete c; // clean up
}
thistask->resultis(0); // exit from main task
}
ucreate.c
The following C program repeatedly forks a UNIX process and waits for it to
terminate.
main()

{
register int i;
for (i=10000; i--;
if (fork()

exit(0);

else

wait((int*)0);
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// child process

// parent process
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The following program uses two semaphores, described under “Semaphores”
(page 60), to alternate control between a parent and child task.

#define K 10000
#include "task.h"

class Child : public task
{

public:
Child();
)i
Semaphore semal; // for signals from main to Child
Semaphore sema2; // for signals from Child to main
Child::Child()
: ("Child")
{
for (register int n = K / 2; n--; ) {
semal.wait(); // wait for a signal from main
sema2.signal(); // send it back
}
resultis(0);
}
main()
{
new Child;

semal.signal();

for (register int n
sema2.wait();
semal.signal();

}

// send the first signal

=K/ 2;n-;) {

// wait for a signal from Child
// send it back

thistask->resultis(0);
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uswitch.c

The following C program uses a UNIX system signal to force alternation
between two UNIX system processes. The program s a little strange in that its
main routine consists of an infinite loop of pause() calls. Unfortunately the
utility of wait() and pause() for signal handling is limited because it is
always possible that a signal has been received just as the wait () or pause()

is being executed.

#include <signal.h>
#define K 10000

int otherpid;
int received;
int child;
void
sig() /* signal-catching routine. called */
/* when a signal is received */
{
signal (SIGTERM, sig); /* arrange to catch the next signal */
received++;
if (child && received >= K/2) exit();
kill (otherpid, SIGTERM); /* send it back */

if (!'child && received >= K/2) exit();

main()

signal (SIGTERM, sig); /*
if ((otherpid = fork()) == 0) { /*
otherpid = getppid(); /*
child = 1; /*
kill (otherpid, SIGTERM); /*
)
for(;;)
pause( ) ;

real_timer.c

arrange to catch the signal */
create the child process */
get parent process id */

this is the child */

send the first signal */

In addition to the robot application, the system was implemented on the UNIX
Operating System using signals as interrupts. A class Real_timer, modeled

on the original class timer was built.
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class Real_timer : public object {
friend class Alarm_handler;

int state; // RUNNING, IDLE, TERMINATED
long time; // initially delay, then alarm time
void insert(long); // put on chain
void remove( );// remove from chain & make IDLE
void resume();// called when time is up
public:
Real_timer(long);
~Real_timer();
int pending( ) ;
void reset (long) ;
void print(int, int =0);
Y

Instead of simulated clock ticks, class Real_timer measures time in seconds.
It is based on the following handler for the alarm signal and a task that main-
tains the list of unexpired Real_timer instances.

class Alarm_handler : public task {
friend Real_timer;

Real_timer* chain;
Interrupt_handler* Dbell;
void add_timer (Real_timer*);
void remove_timer (Real_timer*);
public:
Alarm_handler();
}i
Alarm_handler alarm_handler; // the only instance

Alarm_handler::Alarm_handler()
("Alarm_handler"), chain(0)

sleep();
for(;;) {
for (long now = time(0); chain && chain->time <= now;
chain = (Real_timer*)chain->o_next)
chain->resume(); // alert the timer
if (chain) {
alarm(chain->time - now);
wait (bell);
} else {
bell->forget (thistask);
delete bell;
sleep();
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A

The Interrupt_handler pointed to by Alarm_handler::bell only exists while
there are pending Real_timer objects. The Alarm_handler task runs after an
alarm signal, and after alerting any timers that have expired, if there are any
unexpired timers, it resets the alarm and waits.

porting guide for the C++ co-routine library

This section is taken directly from a paper by Stacey Keenan. Although it
does not directly document the 386 port of this library, it is included for its
value in providing an insight into the task library internals.

Introduction

The C++ co-routine library, commonly known as the task library after its
header file, task.h, provides multiple threads of control within one UNIX sys-
tem process. Each thread of control is a co-routine, or task, and each task runs
until it explicitly gives up the processor; there is no preemption. Implement-
ing concurrency requires knowledge of hardware-dependent and compiler-
dependent runtime features, especially calling sequence and stack frame
layout; hence the library is target-dependent and must be ported explicitly to
each supported compiler/processor platform.*

This paper describes the implementation of the task library, with particular
emphasis on task creation and task switching, where target-dependent code is
needed. The existing implementations for the 3B, VAX, and Sun Workstation
processors are used as examples.’® The scope of this paper is limited by the
similarity of the runtime models supported by these targets. Targets diverg-
ing from these models, like mainframe or RISC-style processors, are likely to
present porting difficulties not addressed in this paper. It is assumed that the
reader has access to the source code for the library. This paper does not
describe how to use the task library; see “A set of C++ classes for co-routine

14. To the extent that the target hardware dictates subroutine linkage and stack frame layout, the compiler

is less important. Some machines, like the 3Bs and the VAX, support a particular stack frame; the task
library is largely independent of the compiler on these machines. The 68000, however, does not
support a specific stack frame arrangement; the task library on this machine also depends on the
compiler conventions for the stack frame. The word target will be used in this paper to denote an
instance of either a processor or a compiler /processor platform.

15. The stack frame layout on the AT&T 6386 WGS is similar to that on the Sun-2/3 Workstations. The task
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library port is also similar on these targets.
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style programming” (page 26) and “Extending the C++ task system for real-
time control” (page 000) for user-level information. “Task switching funda-
mentals” (this page) provides background needed to understand the workings
of the task library. “Implementation of task switching” (page 73) describes
how the task library creates new tasks and switches among them, including
details about the target-dependent functions swap() and fudge_return().
The final sections discuss source file organization and miscellaneous hints for
porting the library.

Task switching fundamentals

The C++ task library provides non-preemptive scheduling for tasks. A task
runs until it explicitly gives up the processor to allow another task to run.
Typically, a task will give up the processor when it tries to perform an action
that cannot yet be done, for example, if it tries to put an object on a full queue,
or to get an object from an empty queue. When this happens, the task is put
to sleep.!® The scheduler then chooses to run the next task on the ready-to-run
list, sched: :runchain.

When a task is put to sleep, or suspended, the task system must save the state
of the task so that it may be resumed later. On the targets described here, this
involves saving the task’s stack and hardware registers, including the non-
volatile registers and the frame pointer (and the argument pointer on some
targets). A task switch is the process of saving the state of one task, and res-
toring the state of another.

Stack frames

Some familiarity with the C runtime environment and the target implementa-
tion of stacks is needed to understand the details of task creation and switch-
ing. A C function call sets up a new stack frame for the function. A stack
frame contains the arguments to the function, the saved hardware state of the
calling function, and any automatic variables used by the function. Figure 2-
1, “Stack frames on a 3B2, a VAX, and a sun-2/3 for a function taking 3 argu-
ments and saving 4 registers” illustrates the stack frames built on the 3B2, the
VAX, and the Sun-2/3 targets for a function called with three arguments and
saving four registers. These stack frames are described here to provide a base
for later discussions on the internals of the task library.

16. See “A set of C++ classes for co-routine style programming” (page 26) or “Extending the C++ task
system for real-time control” (page 000) for details. The ways in which a task is put to sleep and
awakened are target independent.
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On a 3B2, the argument pointer (ap) points to the start of the arguments to the
function, the frame pointer (fp) points to the start of the automatics of the
function, and the stack pointer (sp) points to the next available space in the
stack. The caller's registers are saved between the arguments and the
automatics. Previous stack frames can be accessed via the frame pointer: The
old frame pointer, argument pointer, and program counter (pc) are always a
fixed distance below the frame pointer. Stacks grow up, toward higher mem-
ory addresses.

On a VAX, stacks grow down, toward lower memory, although the figures in
this paper will show the low memory on top and relative positions on the
stack will be described in terms of the pictures (e.g., above means higher in
the picture, at a lower memory address). The argument pointer points to a
longword containing the number of arguments that have been pushed on the
stack. Arguments are pushed in reverse order, so that the first argument is
stored one word below the ap. The frame pointer points to a condition
handler, above which are the automatics of the function. The stack pointer
points to the last assigned word in the stack. The word just under the frame
pointer contains a procedure entry mask, which tells which registers were
saved in the frame. Saved user registers and the old frame pointer, argument
pointer, and program counter are stored between the argument and frame
pointers.
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Figure 2-1 Stack frames on a 3B2, a VAX, and a sun-2/3 for a function taking 3 argu-
ments and saving 4 registers

The stack on the Sun-2/3 Workstation grows down, toward lower memory.
This target has no argument pointer. Arguments, saved registers, and
automatics are all referenced as offsets from the frame pointer. Arguments
are pushed on the stack in reverse order, followed by the return pc and the old
frame pointer. The frame pointer points at the old frame pointer. Space for
automatics is reserved above the frame pointer. Saved registers are pushed
after the reserved space, and the stack pointer points to the last saved register.
The 68000 processor has both data (dx) and address (ax) registers. In this
example, two of each type are saved.
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On entry, a function first saves all the registers that it might use.!” On function
exit, the same number of registers are restored from the register save area of
the stack frame. On some targets, like the VAX, stack frames are self-
describing: one can tell how many registers are saved in the frame (and where
they are) from the frame itself (by looking at the entry mask). Thus, the func-
tion return sequence on a VAX consists of a single, simple instruction: ret.
The 3B and Sun-2/3 targets do not have self-describing stack frames. This
means that “return” instructions on these targets need to specify how many
registers to restore. When (as happens in the task system) one needs to
restore registers without returning through the normal return sequence, one
can only find out how many registers were saved on the stack by looking at
the save instruction at the beginning of the function.

To switch to a new task, the task system needs to know what the new frame
pointer (and argument pointer on the 3B targets) should be and from where to
restore all the non-volatile registers.!® The task library explicitly saves the
frame pointer and argument pointer of the function to be returned to, swap( ),
in the task object as t_framep and t_ap. The non-volatile registers are stored
in swap’s stack frame.

17. Thisis truefor our example targets. Some targets may use a caller save conventionrather than a callee
save convention.

18. It may not be immediately obvious that all registers must be saved on a task switch. Consider a task A,
which has a function f that uses all the registers. It calls another function, g, which uses less than all the
registers, say two, and therefore only saves two registers in its save area. If a task switch occurs before g
returns, and task B uses all the registers, it will destroy those needed by task A’s function f.
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DEDICATED and SHARED tasks

Tasks can be of one of two modes: DEDICATED or SHARED. DEDICATED
tasks each have their own stack, of some fixed size, allocated from the free
store. SHARED tasks share a single stack, of some fixed size. When a
SHARED task is about to resume execution, if its stack space is occupied by
another task,'® the portion of the stack that is in use by the other (suspended)
task is copied out to a save area, and the resuming task’s stack is copied from
its save area back into the stack. Because the in-use part of the stack is less
than the allocated size of the stack, the user can save space by using SHARED
stacks, at a cost in execution speed. Additionally, some targets and operating
systems do not allow the stack pointer to point into the UNIX process data
segment; on these systems SHARED tasks must be used.?’

implementation of task switching

There are two general contexts in which a task switch occurs: when a parent
task creates a new child task and switches to it, and when a task suspends and
the scheduler chooses a new task to run. The stacks of both the suspending
and resuming tasks look different in each of these situations. Task creation
differs from a switch to a suspended task in two ways. First, in task creation a
runtime environment for the new task must be set up before the switch can
take place. Second, task creation causes the parent task to be suspended and
the new task to run immediately, bypassing any other tasks waiting on the
run chain. This is the only case where a task switch takes place without a call
to the scheduler to choose the next task to run. These two contexts are
described below.

19. It can happen that a SHARED task will resume execution without having ever been displaced by another
task sharing the same stack.

20. For example, DEDICATED tasks do not work with 3B2s running versions of the UNIX system earlier than
SVR3.
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Task switches between suspending and resuming tasks

In task switches from a suspending to a resuming task (i.e., switches other
than those to newly created tasks), the function that causes the running task
to block (ghead: :get () in Figure 2-2, “A task switch from a suspending to a
resuming task (DEDICATED)” calls task::sleep(), which in turn calls the
scheduler, sched: : schedule (). Afterselecting the next task to run, the sched-
uler calls task::resume()?' for the resuming task. The function
task::resume( ) calls task::restore( ), an inline function whose purpose is
to call the appropriate version of swap() swap() for DEDICATED tasks,
sswap ( ) for SHARED tasks) with the appropriate arguments.

Figure 2-2, “A task switch from a suspending to a resuming task (DEDI-
CATED)” shows examples of the stacks for a suspending and a resuming task,
both of type user_task user_task::user_task() is the constructor and
“main” function of the task). Each box in the stack represents a stack frame;
the frames for task::resume() and task::restore() are separated by a
dashed line because task::restore() is an inline function, and therefore
doesn’t really have its own stack frame.

21. The function resume ( ) is virtual, with definitions for tasks and timers. Only tasks are relevant here.
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Figure 2-2 A task switch from a suspending to a resuming task (DEDICATED)
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Switching between DEDICATED tasks: swap()

The two swap functions do the real work of performing a task switch. They
are written in assembly language because they manipulate hardware regis-
ters. The swap () function saves the state of the suspending task (labeled run-
ning in the code)? and restores the state of the resuming task (labeled to-
run). Saving the state of the suspending task involves first saving all the non-
volatile registers in swap’s stack frame, then saving the current frame pointer,
which defines swap’s frame, and the argument pointer, if necessary, in the
suspending task’s task object, in members t_framep and t_ap. Then swap()
overwrites the hardware frame pointer and argument pointer with the values
saved in the resuming task’s t_framep and t_ap. Now the to-run task is run-
ning; swap ( ) returns, restoring all the registers that were saved when the to-
run task was suspended. Note that swap’s save is done on the suspending
task’s stack, and the restore is done on the resuming task’s stack. This is
because save and restore instructions are executed relative to the frame
pointer, which was modified in the middle of swap (). Figure 2-2, “A task
switch from a suspending to a resuming task (DEDICATED)” illustrates a task
switch on a 3B target. The swap () hardware frame and argument pointers are
shown both before and after the switch.

22. If the suspended task is TERMINATED, then swap( ) does not save its state.
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Switching between SHARED tasks: sswap()

The function sswap( ) is like swap (), but has additional code for SHARED
tasks to copy task stacks out of and into the shared stack area.”® There are
three tasks that are relevant during a SHARED task switch: the suspending
task, the resuming task, and the task that last occupied the stack space that
the resuming task now wants to occupy (the target stack). This “prevOn-
Stack” task is often the same as the suspending task, but that is not necessarily
the case.?® The sswap () function first saves all the non-volatile registers in its
stack frame, then saves the frame pointer (and argument pointer, if necessary)
of the suspending task in that task’s task object, just as swap () does. It also
calculates and saves the height of the stack in the t_size member of the task
object. Next, it allocates space and copies the contents of the target stack to
that space, which becomes “prevOnStack’s” save area (pointed to by task
member t_savearea). Next, sswap() copies the resuming task’s saved stack
back from its t_savearea to the target stack, and deletes the space. Finally,
sswap () restores the resuming task's t_framep (and t_ap, if necessary) to be
the hardware frame and argument pointers, and the resuming task is running.
As in swap( ), sswap( ) returns, restoring all the registers saved in the resum-
ing task’s sswap frame.

New task creation

To use the task library, the user derives a class, which I will refer to as class
user_task, from the base class task. The “main” program for the user task

23. Writing the code for stack copying of SHARED tasks in assembly language adds more complexity than
we would like to the job of porting the task library. It would be possible to call a C function to copy out
the suspended task’s stack to its save area. However, copying the resuming task’s stack back in
presents a problem: if the resuming task’s stack is taller than the stack on which we are executing, a
copy-in will overwrite the current stack frame. The sswap () function is careful to move all the data it
needs from the frame into registers, so that if the frame is overwritten, sswap( ) can still complete
successfully. Butif sswap () called a C function to do the copy-in, that function might overwrite its own
stack frame, making it impossible to return to sswap () to finish the task switch. So long as the copy-in
must be written as part of sswap ( ), it seems little more trouble to write the complementary copy-out in
assembly language as well.

24. When the prevOnStack task and the resuming task are the same, restore() calls swap( ), rather than
sswap ( ), to do the task switch, as no stack copying is necessary.
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will be the constructor user_task::user_task(). The first thing
user_task::user_task() does is to call the base class constructor,
task::task(). The constructor task::task() initializes the private data for
the new task, acquires stack space® in which the task will run, initializes the
stack with the top two frames of the parent task’s stack (as illustrated in Fig-
ure 2-3, “Creating a new task’s stack”, inserts the parent task on the run chain,
and switches to the new task, which runs immediately.

task:task() task::task()
user_task::user_task() user_task::user_task()
caller
[ |
Parent Task’s Stack Child Task’s Stack

Figure 2-3 Creating a new task’s stack

After initializing the new task’s stack, the parent task continues execution in

task::task(). Notice that the parent’s stack contains a frame for
user_task::user_task(), the child’s “main”; the parent task needs to skip
over that frame when it returns from task::task(). To arrange this,

task::task() calls a function, task::fudge_return(), to alter task::task’s
stack frame so that it returns to user_task: :user_task’s caller (restoring any
registers saved in the skipped frame as well). This change to the parent’s
stack is shown in Figure 2-4, “A task switch to a new child (DEDICATED)”
with dotted lines through the user_task::user_task() frame. The
fudge_return function will be described in detail under “Fudging the parent
stack” (page 80).

25. The constructor task: : task() only acquires stack space for DEDICATED tasks, that is, tasks that have
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their own stack. SHARED tasks will need space in which to save the current (or parent) task’s active
stack; sswap () takes care of that, as described above.
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swap() for children

When a new task is created, its stack does not have an instance of swap() on
it; task::task() is the top frame. It is task::task’s responsibility to arrange
for the hardware state of user_task::user_task() to be restored when the
child begins execution there. Therefore, task::task() saves the frame and
argument pointers for the child’s task::task() frame in the child’s t_framep
and t_ap of its task object. Then task::task() saves all the registers as they
were when user_task::user_task() called task::task() in a global vari-
able, New_task_regs.®® Getting these registers right, no matter how many
registers were saved inuser_task::user_task or task::task( ), is a bit tricky.
We first copy all the current hardware registers into New_task_regs and then
overwrite any of those that are used by task::task() with those saved in
task::task’s frame. This is done with a macro, SAVE_CHILD_REGS, which calls
SAVE_REGS () to do the first step, and save_saved_regs() to do the second
step.

Then the parent calls task::restore, which calls swap() with a NEW_CHILD
argument. Given this argument, swap () explicitly restores the registers that
were saved in New_task_regs, instead of restoring the registers saved in the
frame. See Figure2-4, “A task switch to a new child (DEDICATED)”. When
swap () returns, the return is effectively from task::task( ), as that is where
the frame pointer points, and then the child task is executing in
user_task: :user_task(). On the 3Bs, the assembly language return instruc-
tion specifies how many registers to restore. Because the necessary registers
have been restored from New_task_regs, swap () restores no registers saved in
task::task()’s frame on its return. The VAX return instruction determines
the number of registers saved in the frame by looking at the entry mask under
the frame pointer, therefore, when swap () returns, the registers saved in
task::task’s frame are restored. Since these registers are the same as those
saved by save_saved_regs( ), save_saved_regs () is unnecessary on the VAX.

26. Only one child is activated at a time — remember, no preemption — and the child runs immediately, so
it is safe to put these registers in a global, and more space-efficient than keeping them as part of the task
object.
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Figure 2-4 A task switch to a new child (DEDICATED)

sswap() for children

New SHARED tasks don’t need to copy in a new stack, nor do they need to
reset the hardware frame and argument pointers. Their stacks are already in
place, since a new SHARED task runs in its parent’s stack. However, the
parent task needs to call sswap () to save its state and to copy its active stack
to its save area. Therefore, task::restore() and sswap() are called with a
NEW_CHILD argument, and sswap ( ) has a branch for new children to skip the
“copy in” part.

Fudging the parent stack

As mentioned above, fudge_return is called by task::task() to modify the
parent stack so that the parent does not return to user_task::user_task( ).
Rather, the parent skips the user_task::user_task() frame and returns to
user_task: :user_task’s caller main() in Figure 2-4, “A task switch to a new
child (DEDICATED)”. This routine is highly machine- and compiler-
dependent. It depends on call/return and save/restore conventions of both
the compiler and the machine. The left side of Figure 2-5, “A 3B2 stack before
and after fudging” shows a hypothetical example of a parent stack when
fudge_return( ) is first called. Portions of three stack frames are shown:

e At the bottom is the register save area for user_task::user_task(), con-
taining the saved state of main() (i.e., “main’s r8” refers to the value of
hardware register 18 in main() before user_task::user_task() was
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called). In this example, user_task::user_task() uses, and therefore
saves, two registers, which on a 3B2 would be registers r7 and r8.

¢ Inthe middle is the save area for task::task( ), containing the saved state
of user_task::user_task() or skip( ), as it is labeled in the diagram and
in the fudge_return( ) code. In this example, task::task() uses and saves
four registers, r5 through r8.

¢ At the top is the save area for fudge_return( ), containing the saved state
of task::task(). In this example, fudge_return( ) uses and saves just one
register, r8.

The ellipses in the diagram represent function arguments, automatics, and
unused words in the stack frames. The fudge_return() function must copy
up the relevant elements from skip’s stack frame to task: : task’s stack frame,
so that when task::task’s return instruction is executed, the parent will find
itself back inmain( ) (in this example), with the hardware registers restored to
the values they had before skip() was called. The stack on the right side of
Figure 2-5, “A 3B2 stack before and after fudging” represents the same parent
stack after fudge_return has altered the stack. The dotted arrows show
where the elements from skip’s save area have been copied.

In the 3B, VAX, and Sun-2/3 implementations, fudge_return( ) overwrites the
program counter, frame pointer, and argument pointer (for 3B targets only)
saved in task::task’s frame with those saved in skip’s frame. This causes
task::task() toreturntomain().

Restoring main( ) ‘s registers is trickier. It requires knowing the layout of the
save area for at least skip() and task::task(), and sometimes for
fudge_return( ) as well. Ways of determining the frame layout are discussed
under “Finding where registers are saved: FrameLayout()” (page 86). For
now, assume fudge_return() knows how many registers are saved in each
frame.

27. Note that, in Figure 2-5, “A 3B2 stack before and after fudging” the saved r5 and r6 in task: : task’s
frame are labeled “main’s r5” and “main’s r6” rather than “skip’s r5” and “skip’s r6.” This is because in
this example, skip() doesnot use r5 orr6; main() was thelast function to use r5 and ré. Therefore, the
values of r5 and r6 saved in task: : task’s frame are the values that r5 and r6 had whenmain() was
running,
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If skip () saved any registers, we must take pains to see that they are restored
on task: :task’s return. If, as is the case in the example in Figure 2-5, “A 3B2
stack before and after fudging”, all the registers saved in skip’s frame are also
saved in task::task’s frame, this is simple. We just copy the saved skip( )
registers over the corresponding task::task() registers, leaving any addi-
tional saved task::task( ) registers in place.

There is room in task: : task’s frame for these registers and, in the case of the
3B and Sun-2/3 targets,28 task: :task’s restore instruction will restore all the

registers we care about.

28. Therestore instruction for the VAX doesn'’t specify which registers to restore.
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There are various difficulties with restoring the “extra” registers when skip|( )
saves registers that task: :task() does not save. On some targets, such as the
VAXand Sun-2/3, there is no room in the frame for the additional registers; on
other targets, such as the 3Bs, task::task’s restore instruction won't restore
any extra registers, although the save area is always large enough to hold
extras. Figure 2-6, “Fudging when user_task:user_task() uses more registers
than task:task” shows a parent stack frame where the skip () frame contains
four saved registers, the task:: task frame contains only two saved registers,
and the fudge_return() frame contains three saved registers. In this exam-
ple, r5 and r6 are “extra.”
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Figure 2-6 Fudging when user_task::user_task() uses more registers than task::task
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If fudge_return() saved any of the “extra” registers, then we can overwrite
those with the corresponding saved skip registers. In Figure 2-6, “Fudging
when user_task:user_task() uses more registers than task:task” skip () saved
r6 (“main’s r6”), task::task() did not, but fudge_return() also saved ré6.
Therefore, fudge_return() will overwrite the r6 in its save area with the r6
from skip’s save area. When fudge_return() returns, r6 will be restored to
the value it had when main( ) last executed, which is what we want. Because
task: :task( ) did not save r6, we know that it will not disturb its value.

Neither task::task() nor fudge_return() saved the other extra register, r5,
in this example. Therefore, to ensure that when task::task() returns, r5 has
the value it had in main( ), and not the value it had in skip() (its current
value), fudge_return() must explicitly set the hardware register r5 to the
value saved in skip’s frame (main’s r5). This is safe to do, because none of the
intervening functions use r5. The function fudge_return( ) calls an assembly
language function to overwrite 15 (or any other extra registers). After
fudge_return() and task::task() return, all the registers will have the
values they had whenmain( ) last executed on the parent stack.

There is one final step: arranging for the stack pointer to be in the right place
after task::task returns. This depends on the way the target executes a
return. Without some adjustment, the stack pointer will be set one frame too
high (at the top of skip’s frame instead of at the top of main’s frame).

On the VAX, a return instruction restores the frame and argument pointers
from those saved in the stack, pops the saved registers off the stack, and adds
the number of arguments that are on the stack (as given in the argument
descriptor, see Figure 2-1, “Stack frames on a 3B2, a VAX, and a sun-2/3 for a
function taking 3 arguments and saving 4 registers”) to the stack pointer. We
can cause the stack pointer to be restored correctly by adjusting the argument
descriptor in task: : task’s frame to include all the words in the skip frame in
addition to the arguments. In other words, fudge_return() alters
task: :task’s frame to look as though there is a big argument list.
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On the 3Bs, a return instruction restores the frame and argument pointers
from those saved on the stack, but the stack pointer is given the value of the
argument pointer of the returning function. This presents a problem for a
fudged parent stack: when we return from task: : task( ), the frame and argu-
ment pointers are reset to point to main’s frame, as we wanted, but the new
stack pointer points where task::task’s argument pointer was, which is
higher than needed and wastes space.” What we want is to have the stack
pointer point to where skip’s argument pointer was. We arrange for this with
an assembly language function, FUDGE_SP ( ),*® which is defined for the 3Bs to
take an argument, the skip( ) argument pointer, and to reset the current argu-
ment pointer (task:: task’s) to the argument. FUDGE_SP () is called just before
task::task() returns on the parent side. Once FUDGE_SP( ) is called, no argu-
ments to task::task() can be referenced. The task::task() constructor
returns the this pointer, which is its implicit first argument. The this argu-
ment is usually in a register, but if it is not, task: : task will need to reference
it through the now-changed argument pointer when it sets the return value.
Therefore, FUDGE_SP( ) also copies the value of task: :task’s first argument to
be user_task: :user_task’s first argument, to ensure that task: : task’s return
value will be set properly.

The Sun-2/3 targets have a similar problem to that described above for the 3B
targets. The solution, however, is different. The Sun-2/3 compiler typically
generates a function return sequence of three instructions: movem, unlk, and
rts. The movem instruction restores the registers denoted by a mask and uses
an offset from the frame pointer to find the register save area. The unlk
instruction resets the frame pointer to be the one saved in the stack, and also
resets the stack pointer to point at the saved return program counter on the
stack. Finally, the rts instruction pops the program counter off the stack,
leaving the stack pointer pointing at the top of the frame of the function that
called the returning function. As with the 3B targets, after a parent task
(whose stack has been fudged) returns from task::task() to main() (in the
example), the stack pointer points to the top of the skipped frame.

29. Inthecase of a task that repeatedly spawned children, the stack pointer would grow unnecessarily,
eventually causing the stack to overflow. Each time the parent task returned from task: : task, the stack
pointer would be an additional frame higher than needed, and a new call to task: : task would start
building the next frame where the stack pointer pointed.

30. FUDGE_SP( ) is defined as a do-nothing macro for the VAX.
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We compensate for this with a variation in FUDGE_SP( ) and fudge_return()
on the Sun-2/3 targets.’! Instead of overwriting task: : task’s return pc with
skip’s return pc, fudge_return( ) overwrites task::task’s return pc with the
address of an assembly language function, fudge_sp( ). When the parent task
returns through task::task( ), it calls FUDGE_SP( ), which sets a global vari-
able, Skip_pc_p, to point to skip’s return pc in the stack. Then task::task( )
returns to fudge_sp( ),3 which sets the stack pointer to Skip_pc_p, and exe-
cutes an rts instruction, which pops skip’s saved return pc off the stack, leav-
ing the stack pointer at the top of main()’s frame.

Finding where registers are saved: FramelLayout()

As mentioned above, fudging the parent stack requires knowing the layout of
the stack frames surrounding the one to be fudged.®® This is not a problem for
targets with self-describing stack frames, such as the VAX. Targets that do not
have self-describing stack frames, such as the 3B and Sun-2/3, include a struc-
ture, defined in the source file fudge.c, called FrameLayout. FrameLayout has
different members, depending on the target. It always has a constructor,
which initializes the members so that fudge_return() has the information it
needs to modify the parent stack.

FrameLayout for the 3B processors

On the 3B2 and 3B20 targets the layout of saved registers follows from the
number of registers saved by the function. On both targets, the size of the
save area is invariant; if fewer than all the registers are saved, some slots in
the save area will be unused and contain garbage values. The number of
registers saved is found by looking at the save instruction of the function in
question. By convention, the save instruction is the first instruction of the
function. The easiest way to find the save instruction for a given function, f, is
by dereferencing a pointer to the function. However, when f is a constructor,
as both task::task() and user_task::user_task() are, one cannot take its
address. In this case, one can find the save instruction for f by using the
pointer to the return pc saved in the f's frame, backing up one instruction to
find the instruction to call f, and following the destination argument of the call
to find the save instruction.

31. The AT&T WGS port of the task library also uses this technique.

32. When task: : task() returns, the hardware registers are restored to the values they had inmain() and the

frame pointer is set to the value it had in main( ), but the program counter is set to fudge_sp ().

33. Some of these frames are for user functions, so we cannot rely on techniques which require the C++ code
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for the function to be written so as to generate code that creates frames with some particular layout.
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On the 3B targets, Framelayout contains one element: n_saved, which
represents the number of registers saved in the frame. The Framelayout con-
structor finds n_saved for the frame denoted by its frame pointer argument.
FrameLayout: :FrameLayout () uses the frame pointer to find the return pc,
which points to the instruction after the call to the denoted function. It backs
up one instruction to get a pointer to the call instruction,® then decodes the
call instruction (using a function called call_dst_ptr()) to get a pointer to
the function denoted by the frame pointer argument. Finally, it decodes the
save instruction (pointed to by the function pointer) to find the number of
registers saved in the frame.

FramelLayout for the sun-2/3 target

On the Sun-2/3 target, Framelayout contains two elements: offset, the offset
of the top of the register save area from the frame pointer, and mask, the bit
mask denoting which registers were saved. The Framelayout constructor for
the Sun-2/3 initializes the structure by a method similar to that described
above for the 3B targets, which involves following the return pc to find the
call, and decoding the call to find the destination of the call. Finally, it
decodes the instructions in the function prologue (which can vary), to find the
mask and the offset.

34. Because 3B instructions can beof various sizes, one cannot deterministically “back up” one instruction.
FrameLayout: : FrameLayout ( ) subtracts each possible instruction size from the return pc and decodes
the resulting pointer to check for a call opcode and legal operands. There is a small possibility, reduced
by familiarity with the compiler, that these heuristic methods could yield more than one candidate call
instruction.
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Chapter 3
lostream examples

This chapter is taken directly from a paper by Jerry Schwarz.

Abstract

The iostream library supports formatted I/O in C++. This document, contain-
ing many examples, is an introduction to the library. Overloading and other
C++ features are used to provide an interface that combines flexibility and
type checking. Predefined and user defined operations are easily mixed. The
streambuf class supports alternate sources and sinks of characters.

The manual pages for the iostream library can be found at the end of this
book.

Introduction

C and C++ share the property that they do not contain any special input or
output statements. Instead, I/0 is implemented using ordinary mechanisms
and standard libraries. In C this is the stdio library. In C++ (since Release 2.0
of the AT&T C++ Language System) it is the iostream library. Because C++ is
an extension of C it is possible for a C++ program to use stdio. Using stdio
may be the easiest way for a C programmer to get started with C++, but using
stdio is not a good style for C++ 1/0. Its main drawbacks are its type insecu-
rity and the inability to extend it consistently for user defined classes.
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This document consists mainly of examples of the use of parts of the iostream
library. It assumes a reasonable familiarity with C++, including such exten-
sions to C as references, operator overloading, and the like. An attempt has
been made to create examples that not only illustrate features of the iostream
library, but represent good programming style. A programmer who is new to
C++ may copy the examples “cookbook style,” but cannot be said to have
mastered C++ until he or she understands the examples.

Some of the examples are moderately complicated and demonstrate advanced
features of the iostream library. These are included so that the document will
continue to be useful as an aid even after the programmer has written a few
programs using iostreams. The author is annoyed by “tutorials” that show
how to do simple things that he could figure out himself, but are silent about
the harder, more sophisticated kinds of code that he frequently wants to
write.

This document is not a complete description of the iostream library. Some
classes and members are not described at all. Some are used without com-
plete descriptions. The reader is referred to the iostream man pages for more
details.

The declarations for the iostream library exist in several header files. To use
any part of it, a program should include iostream.h. Other header files may be
needed for other operations. These are mentioned below, but the #include
lines are never put in the examples.

The iostream library is divided into two levels. The low level (based on the
streambuf class) is responsible for producing and consuming characters. This

the upper level. This is appropriate when the program is moving characters
around without much (or any) formatting operations.

The upper level is responsible for formatting. There are three significant
classes. istreamand ostream are responsible for input and output formatting,
respectively. They are both derived from class ios, which contains members
relating to error conditions and the interface to the low level. A third class,
iostrean, is derived (multiple inheritance) from both istream and ostream. It
plays only a minor role in the library. A “stream class” is any class derived
from istream or ostream.

The topics covered in this document are:

e Output — predefined output conversions, ways to deal with errors, and
ways to adapt the library for output of user classes.

e Input — predefined input conversions, and ways to adapt the library for
input of user classes.
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¢ Constructing specialized streams — file I/O and incore operations.

e Format control — an ios contains some format state variables. This section
describes how they are manipulated by user code and interpreted by the
predefined operations

e Manipulators — a powerful method for customizing operations.
e streambufs — how to use the low level interface.

e Deriving streambuf classes — methods for creating specialized classes that
specialize streambuf to deal with alternate producers and consumers of
characters.

e Extending streams — deriving classes from istream and ostream, adding
state variables, and initialization issues.

e Comparison of 1/0O libraries.

e Compatibility — converting a program that uses the old stream library to
use thenew library.

Output

Suppose we want to print the variable x. The main mechanism for doing out-
put in the iostream library is the insertion operator <<. This operator is usu-
ally called left shift (because that is its built-in meaning for integers) but in the
context of iostreams it is called insertion.

cout << x ;

cout is a predefined ostream and if x has a numeric type (other than char or
unsigned char) the insertion operator will convert x to a sequence of digits
and punctuation, and send this sequence to standard output. There are
different operations depending on the type of x, and the mechanism used to
select the operator is ordinary overload resolution. The insertion operator for
type t is called the “t inserter.”

If we have two values we might do:

cout << x <<y ;

which will output x and y, but without any separation between them. To
annotate the output we might do:
cout << “"x=" << X

« " y=" «< Yy

<« ",sum=" << (x + Yy) << “\n" ;
This will not only print the values of x, y, and their sum, but labels as well. It
uses the string (char*) inserter, which copies zero terminated strings to an
ostream.
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Notice the parentheses around the sum. These are not needed because the
precedence of + is higher than that of <<. But, when using << as insertion, it is
easy to forget that C++ is giving it a precedence appropriate to shift. Getting
in the habit of always putting in parentheses is a good way to avoid nasty
surprises such as having cout<<x&y output x rather than x&y.

The output mightlook like:
x=23,y=159, sum=182
A pointer (void*) inserter is also defined.

int x = 9 ;
cout << &x ;

It prints the pointer in hex.

A char inserter is defined:

char a = 'a’ ;
cout <« a <« ‘\n’ ;

This prints a and newline.

User defined insertion operators
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What if we want to insert a value of class type?

Inserters can be declared for classes and values of class type and used with
exactly the same syntax as inserters for the primitive types. Thatis, assuming
the proper declarations and definitions, the examples from the previous sec-
tion can be used when x or y are variables with class types.

The simplest kinds of examples are provided by a struct that contains a few
values.

struct Pair { int x ; inty ; } ;
We want to insert such values into an ostream, so we define:

ostream& operator<<(ostream& o, Pair p) {
return o << p.X << " " << p.y ;

)

This operator inserts two integral values (separated by a space) contained in p
into o, and then returns a reference to o.

The pattern of taking an ostreams as its first argument and returning the same
ostream is what makes it possible for insertions to be strung together
conveniently.
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As a slightly more elaborate example, consider the following class, which is
assumed to implement a variable size vector:

class Vec {
private:
public:
Vec() ;
int size() ;
void resize(int) ;

float& operator(](int) ;

}
We imagine that Vec has a current size, which may be modified by resize,
and that access to individual (float) elements of the vector is supplied by the
subscript operator. We want to insert Vec values into an ostream, so we
declare:

ostream& operator<< (ostream& o, const Veck v) ;

The definition of this operator is given below. Using Vec& rather than Vec as
the type of the second argument avoids some unnecessary copying, which in
this case might be expensive. Of course, using Vec* would have a similar
advantage in terms of performance, but would obscure the fact that it is the
value of the Vec itself that is being output, and not the pointer.

The definition might be:

ostream& operator<< (ostream& o, const Vec& v)
{
0 << "["; // prefix
for ( int x = 0 ; x < v.size() ; ++x )
// use comma as separator
if (x!=0) o<< ', ;
0 << v(x] ;
}
return o << "]" ; // suffix

}

This will output the list as a comma separated list of numbers surrounded by
brackets. The code takes care to get the empty list right and to avoid a trailing
comma.
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None of the examples so far has checked for errors. Omitting such checks
would be bad style, except that the iostream library is arranged so that errors
are propagated.

Streams have an error state. When an error occurs bits are set in the state
according to the general category of the error. By convention, inserters ignore
attempts to insert things into an ostream with error bits set, and such attempts
do not change the stream’s state. The error bits are declared in an enum, which
is declared inside the declaration of class ios.
class ios {

enum io_state { goodbit=0, eofbit=1, failbit=2, badbit=4 } ;

}i
ios::goodbit is not really a “bit.” It is zero and indicates the absence of any
bit.

In the definitions of the Pair and Vec inserters, if an error occurs some wasted
computation may be done as the code does insertions that have no effect. But
eventually the error will be properly propagated to the caller.

It is a good idea to check the output stream in some central place. For exam-
ple:

if ('cout) error("aborting because of output error") ;

The state of cout is examined with operator!, which will have a non-zero
value if the state indicates an error has occurred. This and other examples in
this document assume that error () is a function to be called when an error is
discovered, and that it does not return. But error() is not part of the
iostream library.

Anostream can also appear in a “boolean” position and be tested.

if ( cout <« x ) return ;
. // error handling

The magic here is that ios contains a definition for operator void* that
returns a non-null value when the error state is non-zero.

An explicit member function also exists:

if ( ... , cout.good() ) return ;
// error handling

The reader is referred to the man pages for other member functions that
examine the error state.
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Flushing

In many circumstances the iostream library accumulates characters so that it
can send them to the ultimate output consumer in larger (presumably more
efficient) chunks. This is a problem mainly in interactive programs where the
user may need to see the output before entering input. It can also be a prob-
lem during debugging when the programmer may need to see how far the
program has gotten before dumping core. The easiest way to make sure that
everything inserted into an ostream has been sent to the ultimate consumer is
to insert a special value, flush. For example:
cout << "Please enter date:" << flush ;

Inserting flush into an ostream forces all characters that have been previously
inserted to be sent to the ultimate consumer of the ostream. flushisan exam-
ple of a kind of object known as a manipulator, a value that may be inserted
into an ostream to have some effect. It is really a function that takes an
ostream& argument and returns its argument after performing some actions
on it.

Another useful way to cause flushing is the endl manipulator, which inserts a
newline and then flushes.

cout << "x=" << x << endl ;

Binary output

Sometimes a program needs to output binary data or a single character.

int c='A’ ;

cout.put(c) ;

cout << (char)c ;
The last two lines are equivalent. Each inserts a single character “A” into
cout.

If we want to output a larger object in its binary form a loop using put would
be possible, but a more efficient method is to use the write member. For
example:

cout.write((char*)&x, sizeof(x))
will output the raw binary form of x.
The reader should notice that the above example violates C++ type discipline
by converting &x to char*. Sometimes this is harmless, but if the type of x is a

class with virtual member functions, or one that requires non-trivial construc-
tor actions, the value written by the above cannot be read back in properly.
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Input

Iostream input is similar to output. It uses extraction (>>) operators that can
be strung together. For example:

cin >> x >> y ;

inputs two values from the predefined istream cin, which is by default the
standard input. The extractor used will be appropriate for the types. The lexi-
cal details of numbers are discussed below under “Format control” (page 104).
Whitespace characters (spaces, newlines, tabs, form-feeds) will be ignored
before x and between x and y. For most types (including all the numeric
ones), at least one whitespace character is required between x and y to mark
where x ends.

There is a char extractor. For example:

char c ;
cin » ¢ ;

skips whitespace, extracts the next visible character from the istream and
stores it in c. (“Non-whitespace” is too ugly a phrase for extensive use. This
document uses “visible” instead. Strictly speaking this terminology is
incorrect. For example, it classifies control characters as visible. But the term
is reasonably euphonious and reasonably clear.)

Sometimes it is desirable to extract the next character unconditionally. For
example:

char ¢ ;

cin.get(c) ;
The next character is extracted and stored in ¢, whether or not it is
whitespace.

User defined extraction operators
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Creating extractors for classes is similar to creating inserters. The Pair extrac-
tor could be defined thus:

istream& operator>>(istream& i, Pair& pair)
{
return i >> pair.x >> pair.y ;

)

By convention, an extractor converts characters from its first (istreams&) argu-
ment, stores the result in its second (reference) argument, and returns its first
argument. Making the second argument a reference is essential because the
purpose of an extractor is to store a new value in the second argument.
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A subtle point is the propagation of errors by extractors. By convention, an
extractor whose first argument has a non-zero error state will not extract any
more characters from the istream and will not clear bits in the error state, but
it is allowed to set previously unset error bits. Further, an extractor that fails
for some reason must set at least one error bit. The code in the Pair extractor
does nothing explicitly to respect these conventions, but because the only way
it modifies i is with extractors that honor the conventions, the conventions
will be respected.

Conventions also apply to the meaning of the individual error bits. In partic-
ular ios::failbit indicates that some problem was encountered while get-
ting characters from the ultimate producer, while ios: :badbit means that the
characters read from the stream did not conform to the expectation of the
extractor. For example, suppose that the components of a Pair are supposed
to be non-zero. The above definition might become:

istream& operator>>(istream& i, Pair& pair)
{
i >> pair.x >> pair.y ;
if (!'i) returni ;
if ( pair.x == 0 || pair.y = 0 ) {
i.clear(ios::badbit|i->rdstate()) ;
)
return i ;
}
This uses the (misleadingly named) clear () member function to set the error
state to indicate that the extractor found incorrect data. ORing ios::badbit
with i->rdstate() (the current state) preserves any bits that may previously
have been set.

The Pair extractor has been defined so that it can input values that were out-
put by the Pair inserter. Maintaining this symmetry is an important general
principle that is worth some effort.

The next example is the Vec extractor, which will require an opening [ fol-
lowed by a sequence of numbers, followed by a ]. Recall that the Vec inserter
uses , as a separator and does not insert any whitespace between numbers.
The extractor must accept such input. It will also accept slightly more general
formats. In particular it allows extra whitespace, and it allows any visible
character to be used as a separator. It also deals properly with a variety of
special conditions such as errors in the input format.
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istream& operator>>(iostream& i, Vec&k v)

{
intn=20; // number of elements
char delim ;

v.resize(n) ;

// verify opening prefix

i >> delim ;

if ( delim != '[' ) ;
i.putback(delim);
i.clear(ios::badbit|i.rdstate()) ;
return i ;

}

if ( i.flags() & ios::skipws ) i >> ws ;

if { i.peek() == ']’ ) return i ;
// loop
while ( i && delim !'= ']’ ) {

v.resize(++n) ;
i > v[n-1] > delim ;

)

return i ;

)

The steps this code performs are:

Turn v into an empty vector. This is done by the first resize operation.
Verify that the next character inthe istreamis [.

If the next character is not [ (or if the state of the iostream already has error
bits set), mark the state of i as bad, put delim back in e (where it may later
be extracted again), and return. Putting delim back in the stream is not
essential but it is consistent with the behavior of the predefined extractors.

Optionally skip some whitespace.

Whether to skip is controlled by the ios::skipws flag set in a collection of
bits known as i’s format flags. This bit also controls skipping of whi-
tespace in the predefined extractors. If it is set, whitespace was skipped
before extracting the character stored into delim.

If the next character is ], the input represents an empty vector and since v
has already been resized the extractor can just return.

The next character is examined using the peek () member function. This
returns the next character that would be extracted but leaves it in the
stream.

C++ Library manual



Input

e The code now loops, extracting numbers and delimiters until either the
closing ] is found or an input error occurs. An explicit check of the state of
i is required to prevent an infinite loop should an error occur in extracting
vec[n-1] ordelim.

char+ extractor

A useful extractor, but one that must be used with caution, takes a char*
second argument. For example,

char p(100];

cin >> p;
skips whitespace on cin, extracts visible characters from cin and copies them
into p until another whitespace character is encountered. Finally it stores a
terminating null (0) character. The char* extractor must be used with caution
because if there are too many visible characters in the istream, the array will
overflow.

The above example is more carefully written as:

char p[100] ;
cin.width(sizeof(p)) ;
cin >> p ;

There are very few circumstances (perhaps there are none at all) in which it is
appropriate to use the char* extractor without setting the “width” of the
istream.

To make specifying a width more convenient, the setw manipulator (declared
in iomanip.h) may be used. The above example is equivalent to:

char p[100] ;
cin > setw(sizeof(p)) > p ;

Binary input

The char extractor skips whitespace. Programs frequently need to read the
next character whether or not it is whitespace. This can be done with the
get () member function. For example,

char c;
cin.get(c);

get () returns the istream and a common idiom is:

char c ;
while ( cin.get(c) ) {
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Programs also occasionally need to read binary values (e.g., those written
withwrite()) and this can be done with the read( ) member function.

cin.read((char*)&x,sizeof (x)) ;

This does the inverse of the earlier write example (namely, it inputs the raw
binary form of x).

If a programis doing a lot of character binary input, it may be more efficient to
use the lower level part of the iostream library (streambuf classes) directly
rather than through streams.

Creating streams

Files

The examples so far have used the predefined streams, cin and cout. For
some programs, reading from standard input and writing to standard output
suffices. But other programs need to create streams with alternate sources and
sinks for characters. This section discusses the various kinds of streams that
are available in the iostream library.
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The classes ofstream and ifstream are derived from ostream and istream and
inherit the insertion and extraction operations respectively. In addition they
contain members and constructors that deal with files. The examples in this
section assume that the header file fstream.h has been included.

If the program wants to read or write a particular file it can do so by declaring
an ifstreamor of stream respectively. For example,

ifstream source("from") ;

if ( !source ) error("unable to open 'from’ for input");

of stream target("to") ;

if ( 'target ) error("unable to open ‘to’ for output");
char c ;
while ( target && source.get(c) ) target.put(c) ;

copies the file from to the file to. If the ifstream() or ofstream() constructor
is unable to open a file in the requested mode it indicates this in the error state
of the stream.

In some circumstances a program may wish to declare a file stream without
specifying a file. This may be done and the filename supplied later. For
example:

ifstream file ;

file.open(argv(l]) :
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It is even possible to reuse the same variable by closing it between calls to
open( ). For example:
ifstream infile ;
for ( char** f = &argv(l] ; *f ; ++f ) {
infile.open(*f) ;
infile.close() ;

3

In some circumstances the program may already have a file descriptor (such
as the integer 0 for standard input) and want to use a file stream. For exam-
ple,

ifstream infile ;

if ( strcmp(argv([l],"-") ) infile.open(argv[l], input) ;
else infile.attach(0) ;
opens infile to read a file named by argv(1], unless the name is "-". In that

case it will connect infile with the standard input (file descriptor 0). A subtle
point is that closing a file stream (either explicitly or implicitly in the destruc-
tor) will close the underlying file descriptor if it was opened with a filename,
but not if it was supplied with attach.

Sometimes the program wants to modify the way in which the file is opened
or used. For example, in some cases it is desirable that writes append to the
end of a file rather than rewriting the previous values. The file stream con-
structors take a second argument that allows such variations to be specified.
For example,

ofstream outfile(“out",ios::app|ios::nocreate) ;

declares outfile and attempts to attach it to a file named out. Because
ios::app is specified all writes will append to the file. Because ios::nocreate
is specified the file will not be created. That is, the open will fail (indicated in
outfile’s error status) if the file does not previously exist. The enum
open_mode is declared in ios.

class ios {

enum open_mode { in, out, app, ate, nocreate, noreplace } ;

}i
These modes are each individual bits and may be ored together. Their
detailed meanings are described in the manual pages.
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Sometimes it is desirable to use the same file for both input and output.
fstream is an iostream (a class derived via multiple inheritance from both
istream and ostream). The type streampos is used for positions in an
iostream. For example,

fstream tmp("tmp",ios::in|ios::out) ;

streampos p = tmp.tellp() ; // tellp() returns current position

tmp << X ;
tmp.seekg(p) ; // seekg() repositions iostream
tmp >> X ;

saves the position of the file in p, writes x to it, and later returns to the same
position to restore the value of x.

A variant of seekg() takes a streamoff (integral value) and a seek_dir to
specify relative positioning. For example,

tmp.seekg(-10,io0s::end) ;
positions the file 10 bytes from the end, and
tmp.seekg (10, ios::cur) ;

moves the file forward 10 bytes.

Incore formatting

Despite its name, the iostream library may be used in situations that do not
involve input or output. In particular, it can be used for “incore formatting”
operations in arrays of characters. These operations are supported by the
classes istrstream and ostrstream, which are derived from istream and
ostream respectively. The examples of this section assume that the header file
strstream.h has been included.

For example, to interpret the contents of the string argv([1] as an integer
value, the code might look like:

int i ;

istrstream(argv(l]) > i ;
The argument of the istrstream() constructor is a char pointer. In this
example, there is no need for a named strstream. Ananonymous constructor
is more direct.
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The inverse operation, taking a value and converting it to characters that are
stored into an array, is also possible. For example,

char s[32] ;
ostrstream(s,sizeof(s)) <« x << ends ;

will store the character representation of x in s with a terminating null charac-
ter supplied by the ends (endstring) manipulator. The iostream library
requires that a size be supplied to the constructor and nothing is ever stored
outside the bounds of the supplied array. In this case, an “output error” will
occur if an attempt is made to insert more than 32 characters.

In case it is inconvenient to preallocate enough space for the string, a program
can use an ostrstream( ) constructor without any arguments. For example,
suppose we want to read the entire contents of a file into memory.

ifstream in("infile") ;

// strstream with dynamic allocation
strstream incore ;

char ¢ ;
while ( incore && in.get(c) ) incore.put(c) ;

// str returns pointer to allocated space

char* contents = incore.str() ;

// once str is called space belongs to caller
delete contents ;

The file infile is read and its contents inserted into incore. Space will be
allocated using the ordinary C++ allocation (operator new) mechanism, and
automatically increased as more characters are inserted. incore.str()
returns a pointer to the currently allocated space and also “freezes” the
strstream so that no more characters can be inserted. Until incore is frozen,
it is the responsibility of the strstream() destructor to free any space that
might have been allocated. But after the call to str( ), the space becomes the
caller’s responsibility.

Predefined streams

There are four predefined streams, cin, cout, cerr, and clog. The first three
are connected to standard input, standard output, and standard error respec-
tively. clog is also connected to standard error but, unlike cerr, clog is
buffered. That is, characters are accumulated and written to standard errorin
chunks. cout is also buffered.
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Frequently programs want to use either standard input and output or some
external file depending on their command line arguments. One way is to use
the predefined streams and assign to them. Assignment of streams is not pos-
sible in general but the predefined streams have special types which allow it.
The reader is referred to the man pages for a discussion of the semantics of
assignment. A more flexible style is to use a pointer or reference to a stream:

istream* in = &cin ;
if ( infile ) in = new ifstream(infile) ;

*in << X

Problems can occur when mixing code that uses iostreams with code that uses
stdio. There is no connection between the predefined iostreams and the stdio
standard FILEs except that they use the same file descriptors. It is possible to
eliminate this problem by calling

ios::sync_with_stdio()

which will connect the predefined iostreams with the corresponding stdio
FILEs. Such connection is not the default because there is a significant perfor-
mance penalty when the predefined files are made unbuffered as part of the
connection.

Format control
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The default treatment of scalar types is that integral values (except char and
unsigned char) are inserted in decimal, pointers (except char* and unsigned
char*) in hex, floats and doubles with 6 digits of precision and all without
leading or trailing padding. char and unsigned char values are just inserted
as single characters. char* and unsigned char* values are treated as pointers
to strings (null terminated sequences of characters). The default treatment for
extraction of integer types is decimal numbers with leading whitespace per-
mitted. An optional sign (+ or -) is permitted, but without whitespace
between it and the digits. Extraction is terminated by a non-digit character.
Extraction for floating point types is similar except that the lexical possibilities
for floating point numbers are an optional sign followed (without intervening
whitespace) by a number according to C++ lexical rules.

For many purposes these defaults are adequate. When they are not, the pro-
gram can do more formatting itself, or it can use the format control features of
the iostream library. The examples in this section use these features.
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Associated with each iostream is a collection of “format state variables” that
control the details of conversions. The most important of these is a long int
value that is interpreted as a collection of bits. These bits are declared as:

enum { skipws=01, // skip whitespace on input
left=02, right=04, internal=010,
// padding location
dec=020, oct=040, hex=0100
// conversion base
showbase=0200, showpoint=0400, uppercase=01000,
showpos=02000,
// modifiers
scientific=04000, fixed=010000
// floating point notation
}

These may be examined and set individually or collectively. For example, the
ios::skipws controls whetherleading whitespace is skipped by extractors.

char ¢ ;

cin.setf(0,ios::skipws) ; // turn off skipping

cin >» ¢ ;

cin.setf(ios::skipws,ios::skipws) ; // turn it back on

The second argument of setf indicates which bits should be set. The first
indicates what values they should be set to.

Manipulators are declared (in iomanip.h) that will have an equivalent effect.
The above is equivalent to:
cin >> resetiosflags(ios::skipws)
> C

>> setiosflags(ios::skipws) ;

resetiosflags resets (makes zero) the indicated bits and setiosflags sets
(makes them 1) the indicated bits.

Commonly we want to save the flags (or other state variables) and restore
their value later. Consider:

long f = cin.flags() ;

cin.setf(ios::skipws,ios: :skipws) ;

cin » ¢ ;

cin.flags(f) ;
The variant of flags without an argument returns the current value. state
variable The variant with an argument stores the argument into the flags
state variable. This code does the same extraction as the previous code, but
instead of arbitrarily leaving cin with skipping on it restores skipping to its
previous status.
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The pattern of member functions is repeated for other state variables. That is,
if svar is some state variable, and s is a stream, then s.svar () returns the
current value of the state variable and s.svar (x) stores the value x into the
state variable.

Field widths

106

The default behavior of the inserters is to insert only as many characters as is
necessary to represent the value, but frequently programs want to have fixed
size fields.

cout.width(5) ;

cout << x ;

will output extra space characters preceding the digits to bring the total num-
ber of inserted characters to five. If the value of x will not fit in five characters,
enough characters will be inserted to express its value. The numeric inserters
never truncate. The width state variable might be regarded as an implicit
parameter of extractors because it is reset to 0 (which induces the default
behavior) whenever it is used.

cout.width(5) ;

cout «< X «< " "« vy ;

will output x in at least five characters, but will use only as many characters as
necessary in outputting the separating space and y.

The value of the width state variable is honored by the inserters of the
iostream library, but user defined inserters are responsible for interpreting it
themselves. For example, the Pair inserter defined previously does nothing
special with width and so if it is non-zero when the inserter is called the width
will apply to the first int inserted, and not the second. If the inserter wants to
honor width its definition might look like:

ostream& operator<<(ostream& o, Pair p) {
int w = o.width() ;
o.width(w/2) ;
0 << p.x << " ",
o.width(w/2-((w+1)&l)) ;
0 << p.Y ;
return o ;

)
This inserts each number in half the requested width.
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It is slightly awkward to mix calls to the width () member function with inser-
tion operations. The manipulator setw() may be used. An alternative
definition of the Pair inserter might be:
iostream& operator<<(iostream& ios, Pair p) {
int w = ios.width() ;
return ios << setw(w/2) << pair.x << " *
<< setw(w/2+((w+l)&l)) << pair.y ;

Pair
width is always interpreted as a minimum number of characters. There is no
direct way to specify a maximum number of characters. In cases where a pro-
gram wants to insert exactly a certain number of characters, it must do the
work itself. For example,

if ( strlen(s) > w ) cout.write(s,w) ;
else cout << setw(w) << s ;

will always insert exactly w characters.

width is generally ignored by extractors, which tend to rely on the contents of
the iostream to detect the end of a field. There is, however, an important
exception. The char* extractor interprets a non-zero width to be the size of
the array. For example,

char a[16] ;

cin > setw(sizeof(a)) > a ;

if ( !isspace(cin.peek() ) error(“string too long") ;

protects the program in case there are sixteen or more visible characters. Asa
further measure of protection, the extractor stores a trailing null in the last
byte of the array when it stops because there are too many visible characters.
This means that the number of characters extracted (not counting leading
whitespace) will be at most one less than the specified width.

Flags control whether padding (when it occurs) causes the field to be left or
right justified. The fi11 state variable (whose initial value is a space) supplies
the character to be inserted.

cout.fill(*) ;

cout.setf(ios::left,ios::adjustfield) ;

cout << setw(5) << 13 << ", " ;

cout.fill(#) ; // set state variable

cout.setf (ios::right,ios::adjustfield) ;

cout << setw(5) << 14 << "\n" ;

results in a line of output that looks like:
13%*%, #4414
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Conversion base

Integers are normally inserted and extracted in decimal notation, but this is
controlled by flag bits. If none of ios: :dec, ios::hex, or ios::oct are set the
insertion is done in decimal but extractions are interpreted according to the
C++ lexical conventions for integral constants. If ios::showbase is set then
insertions will convert to an external form that can be read according to these
conventions.

For example,

int x = 64;
cout << dec <« X << " *

<< hex << x << " *®

<< oct <« X << endl ;
cout.setf(ios::showbase, ios::showbase) ;
cout << dec << x << " "

<< hex <« x << " "

<< oct <« x << endl ;
will result in the lines:

64 40 100
64 0x40 0100

setf () with only one argument turns the specified bits on, but doesn’t turn
any bits off.

Reading the lines shown above could be done by:

cin >> dec >> x
>> hex >» x
>> oct >> x
>> resetiosflags(ios::basefield)

>> X >> X >> X ;

The value stored in x will be 64 for each extraction. The resetiosflags()
manipulator turns off the specified bits in the flags.

Miscellaneous formatting
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As a precaution against looping, zero width fields are considered a bad format
by the extractors. So if the next character is whitespace and ios::skipws is
not set, the arithmetic extractors will set an error bit.

The number of significant digits inserted by the floating point (double)
inserter is controlled by the precision state variable. The details of the
conversion are further controlled by certain flags. The reader is referred to the
man page for more details.
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It is good practice to flush ostreams appropriately. The flush and endl mani-
pulators make it relatively easy to do so. Yet, there are circumstances in
which some automatic flushing is appropriate. This is supported by the
ostream* valued state variable tie. If i.tie isnon-nulland an istrean needs
more characters, the ostream pointed at by tie is flushed. Initially cin is tied
in this fashion to cout so that attempts to get more characters from standard
input result in flushing standard output. This seems to handle most interac-
tive programs reasonably well without imposing a large performance penalty
on non-interactive programs and without creating different behavior when
programs are connected to pipes rather than directly to a terminal. (Programs
that won’t work when their input or output is connected to a pipe are one of
the author's pet peeves.) The overheads implied by tying are relatively small
when compared with “big” extractors (such as the arithmetic ones) but may
be large when single character operations are being performed. For this rea-
son it is sometimes a good idea to break the tie by setting the state variable to
0. For example:

char ¢ ;

// break the tie to improve performance of get.

cin.tie(0) ;

while ( cin.get(c) ) cout.put(c) ;

Manipulators

A manipulator is a value that can be inserted into or extracted from a stream
to cause some special side effect. That is, some side effect besides inserting a
representation of its value, or extracting characters and converting them to a
value. A parameterized manipulator is a function (or a member of a class
with an operator()) that returns a manipulator. Previous sections contain
examples of the use of manipulators and parameterized manipulators. This
section contains examples illustrating how to define manipulators. The
predefined manipulators and macros discussed in this section are declared in
the header file iomanip.h.

A (plain) manipulator is a function that takes an istream& or ostream& argu-
ment, operates on it in some way, and returns it. A (pointer to a) function of
this type may be extracted from or inserted into a stream, respectively.
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Many examples of manipulators (such as flush or endl) have already
appeared in this paper. For example, a manipulator to insert a tab can be
defined:

ostream& tab(ostream& o) {
return o << ‘\t’ ;

}

cout << x << tab «< y ;

This seems over elaborate. Why not simply define tab as a character or string?
One possible reason has to do with the namespace. There can be only one
(global) variable in a C++ program named tab but because of overloading
there can be many functions with that name.

Another common use of manipulators is to shorten the long names and
sequences of operations required by the iostream library. For example,

ostream& fld(ostream& o)
o.setf(ios::showbase, ios: :showbase) ;
o.setf(ios::oct, ios::basefield) ;
0.width(10) ;
return o ;

)

cout << fld <« x ;

It is common for the function that manipulates a stream to need an auxiliary
argument. setw() is an example of such a parameterized manipulator. To
use parameterized manipulators the program must include iomanip.h.

For example, we might want to supply the value to be printed to f1d in the
above.

ostream& fld(ostream& o, int n ) {
long f = flags(ios::showbase|ios::oct) ;
o << setw(10) << n ;
flags(f) ; // restore original flags
return o ;

}

OMANIP(int) fld(int n) {
return OMANIP(int) (fld,n) :
}

cout << £1d4(23) ;

OMANIP is a macro and OMANIP (int) expands to the name of a class declared in
iomanip.h. An OMANIP (int) insertion operator is also declared in iomanip.h and
is used in the example. Note that f1d in the above is overloaded; it is both the
function that manipulates the stream and a function that returns an
OMANIP(int).
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If we need parameterized manipulators for parameter types other than int
and long (which are declared in iomanip.h), they must be declared. For exam-
ple, suppose we want to read numbers that may have a suffix.

typedef long& Longref ;

IOMANIPdeclare(Longref) ;
// Declares IMANIP(Longref), OMANIP(Longref), IOMANIP(Longref)
/1l IAPP(Longref), OAPP(Longref), IOAPP(Longref)

istream& in_k(istream& i, long& n)
{
// Extract an integer.
// 1f suffix is present multiply by 1024
i> n;
if ( i.peek() == 'k’ ) {
i.ignore(1) ;
n *= 1024 ;
}
return i ;

}

IAPP(Intref) in_k = in_k ;
// IAPP(Intref) is the type of an Intref applicator
// in_k on right is function, on left variable

long n ;

cin >> in_k(n) ;
The I0MANIPdeclare(T) declares manipulators (and applicators) for type T.
Because of the way the macro IOMANIPdeclare expands, the argument must be
an identifier. In this case a typedef is required to create manipulators for
long&. An applicator is something that behaves like a function returning a
manipulator. That is, it is a class with an operator () member.
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Sometimes we want a manipulator with more than one parameter. One way
to achieve this effect is to define a manipulator on a class. For example, a
manipulator that can be used to repeat a string might look like:

cout << repeat("ab",3) << endl ;

to result in a line containing “ababab.” A possible definition of repeat would
be

struct Repeatpair {
const char* s ;

int n ;

IOMANIPdeclare (Repeatpair) ;

static ostream& repeat(ostream& o, Repeatpair p) {
// insert p.s into o, p.n times
for (int n=p.n;n>0; --n) o <« p.s ;
return o ;

}

OMANIP (Repeatpair) repeat(const char* s, int n) {
Repeatpair p ;
p.s=s ; p.n=n ;
return OMANIP(Repeatpair) (repeat,p) :
}

Manipulators are a powerful and flexible method of extending the default
inserters and extractors.

The sequence abstraction

The iostream library is built in two layers: The formatting layer discussed in
previous sections, and a sequence layer based on the class streambuf. The for-
matting layer is responsible for converting between sequences of characters
and various types of values and for high level manipulations of the streams.
The sequencing layer is responsible for producing and consuming those
sequences of characters. The most common way of using streambufs is with a
stream. But streambuf is an independent class and may be used directly.
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Abstractly, a streambuf represents a sequence of characters and two pointers
into that sequence, a get and a put pointer. These pointers should be thought
of as pointing at the locations either before or after characters in the sequence,
rather than at specific characters. The sequences and pointers may be mani-
pulated in a variety of ways, with the two fundamental ones being fetching
the character after the get pointer, and storing a character in the position after
the put pointer. Storing either replaces any previous character at that location
or, if the put pointer was at the end of the sequence, extends the sequence.
Other manipulations may move the pointers in various ways.

For the examples of this section, we assume that there are two streambufs,
pointed at by in and out. Methods for constructing streambufs appear later,
but it is easy enough to get at the streambuf associated with a stream via
rdbuf ( ). So we assume that in and out have been initialized with

streambuf* in = cin.rdbuf() ;
streambuf* out = cout.rdbuf() ;

An istream or ostream retains no information about the state of the associated
streambuf. For example a program may alternate between extracting charac-
ters from in and cin.

The simplest operations are getting and putting characters. A simple loop to
copy characters from one streambuf to another would be:
int ¢ ;
while (( ¢ = in->sbumpc()) != EOF ) {
if ( out->sputc(c) == EOF ) error("output error") ;

3

sbumpc () fetches the character after the get pointer and advances the get
pointer over the fetched character. sputc() stores a character into the
sequence and moves the put pointer past it. Both functions report errors by
returning EOF, which is why ¢ must be declared an int rather than a char.
EOFs returned while fetching tend to mean that the streambuf has run out of
characters from the ultimate producer. EOFs returned when storing tend to
signal real errors. Because, unlike iostreams, streambufs do not contain any
error state, it is possible that a store or fetch might fail one time and succeed
the next time it is tried.

The streambuf class contains several different member functions for manipu-
lating the get pointer. The following loop represents a common idiom:

int ¢ = in->sgetc() ;

while ( c!=EOF && '!isspace(c) ) {

c = in->snextc() ;

)
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It scans the streambuf looking for a whitespace character (i.e., one for which
isspace is non-zero). It stops when it finds that character leaving it available
for extraction. This is because sgetc() and snextc() do not behave the way
many programmers expect. sgetc() returns the character after the get
pointer, but does not move the pointer. snextc() moves the get pointer and
then returns the character that follows the new location. As usual both these
functions return EOF to signal an error.

The copy loop moved characters one at a time. It is possible to do larger
chunks, as in:

static const int Bufsize = 1024 ;
char buf [Bufsize] ;
int p, g ;
do {
g = sgetn(buf, Bufsize) ;
p = sputn(buf, g) ;
if ( p'=g ) error(*output error");
} while ( g>0 ) ;

sgetn(b,n) attempts to fetch n characters from the sequence into the array
starting at b. Similarly sputn(b,n) tries to store the n characters starting at b
into the sequence. Both move the pointer (get or put respectively) over the
characters they have processed and return the number transferred. For
sgetn () this will be less than the number requested when the end of sequence
is reached. When sputn () returns less than the number requested, it indicates
an error of some sort.

Buffering exposed
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As the name suggests streambufs may implement the sequence abstraction by
buffering between the source and sink of characters. This results in an unfor-
tunate pun. The word “buffer” is frequently used informally to designate a
streambuf, but it is also used to describe the chunking of characters. Thus, the
oxymoron “unbuffered buffer” refers to a streambuf in which characters are
passed to the ultimate consumer as soon as they are stored, and obtained
from the ultimate producer whenever they are retrieved.

In light of the buffering provided by streambufs, the reader will not be
surprised to discover that arrays of characters are used in the implementation.
The streambuf class contains some member functions that make the presence
of such arrays visible to the program. With some effort, they might be used to
“break the abstraction,” but the intended purpose is to deal with the delays
implicit in buffering.
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The earlier example using sgetn( ) and sputn() to copy from in to out waits
until Bufsize characters become available (or the end of the sequence is
reached) before passing any to out. If the source of characters has delays (e.g.,
it is a person typing at a terminal) and we want the characters to be passed on
as soon as they become available; the program might use operations on single
characters instead, or it might use an adaptive method such as:

static const int Bufsize = 1024 ;

char buf [Bufsize] ;

intp, g ;

do {
in->sgetc() ; // force a character in buffer
g = in->in_avail() ;
if ( g > Bufsize ) g = Bufsize ;
g = in->sgetn(buf,g) ;
p = out->sputn(buf,g) ;
out->sync() ;
if ( p!'=g ) error("output error");
} while (g>0)

in_avail returns the number of characters immediately available in the array.
Calling sgetc () first forces there to be at least one such character (unless the
get pointer is at the end of the sequence). Recall that sgetc() returns the next
character, but doesn’t move the get pointer. The code calls sync( ) after it has
put characters into out, thus causing these characters to be sent to the ulti-
mate consumer.

In some circumstances, such as when streambufs are being used for interpro-
cess messages, the chunks in which characters are produced and consumed
may have significance. The above preserves these chunks provided they are
less than Bufsize and they fit into the arrays of in and out. To ensure that this
latter condition is met, the code should provide large enough arrays explicitly
with:

char ibuf[Bufsize+8], obuf(Bufsize+8] ;

in->setbuf (ibuf,sizeof (ibuf)) ;

out->setbuf (obuf, sizeof (obuf)) ;

The calls to setbuf () should be done before any fetches or stores are done.
The arrays are eight larger than required by the largest chunk to allow for
various overheads. Of course, this code behaves properly only when in
delivers the characters in the appropriate chunks.

Using streambufs in streams

The positions of the put pointer after operations that store characters and
position of the get pointer after operations that fetch characters are well
defined by the sequence abstraction. But the location of the get pointer after
stores, and the location of the put pointer after fetches is not. Most specializa-
tions of streambuf (i.e., classes derived from it) follow one of two patterns.
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Either the class is queuelike, which means that the put pointer and the get
pointer are independent and moving one has no effect on the other. Or the
class is filelike, which means that when one pointer moves the other is
adjusted to point to the same place. So a filelike class behaves as if there were
only one pointer. Other possibilities are logically possible, but do not seem to
be as useful.

A queuelike streambuf, may be shared between two streams. For example:

strstreambuf b ;
ostream ins(&b) ;
istream extr(&b) ;
while ( ... ) {
ins «< x; ... ;
extr » x ;

}

This example explicitly uses the strstreambuf class (declared in strstream.h)
which is also used (implicitly) by the istrstream and ostrstream classes. The
istream() and ostream() constructors require a streambuf argument. They
use that streambuf as a producer or consumer of characters. The characters
inserted into ins may later be extracted from extr. If an attempt is ever made
to extract more characters than have been inserted, the extraction will fail. If
more characters are later inserted, extr’s error state can be cleared and the
extraction retried.

Because of the dynamic allocation performed by strstreambufs the queue is
unbounded, but there is a serious drawback. Space is not reclaimed until b is
destroyed.

Deriving new streambuf classes
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The streambuf class is intended to serve as a base class. Although it contains
members to manipulate the sequences, it does not contain any mechanism for
producing or consuming characters. These must be provided by a derived
class. The iostream library contains several such derived streambuf classes,
but a program may define new ones.

The members of a class that are intended for use by derived classes are pro-
tected, and the data structure as seen by a derived class is said to be the pro-
tected interface of the streambuf class. This abstraction exposes the details of
the array management that is implicit in the buffering provided by stream-
bufs. It consists of two parts. The first part is member functions of streambuf
that permit access to and manipulation of the arrays and pointers used to
implement the sequence abstraction. The second part is virtual members of
streambuf that must be supplied by the derived class.
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The principle example of this section will be the implementation of fctbuf,
whose declaration looks like:

typedef int (*action) (char* b, int n, open_mode m) ;

class fctbuf : public streambuf {
public:
fctbuf (action f,open_mode m) ;

private:

} o
When called withm = ios::out,anaction() function processes the n charac-
ters starting at b. When called withm = ios::in, it stores n characters starting
at b. It returnsnon-zero to indicate success and zero to indicate failure.

The declaration of fctbuf looks like:

class fctbuf : public streambuf {
public: // constructor

fctbuf (action a, open_mode m) ;

private: // data members
action fect ;
open_mode
mode ;
char small(1l] ;
protected: // virtuals
int overflow(int) ;
int underflow() ;
streambuf *

setbuf (char*, int, int) ;
int sync() ;

)
The constructor just initializes the data elements. The action function a will
be called only in modes compatible with m.

fctbuf: :fctbuf (action a, open_mode m)
: fct(a), mode(m) { }

The virtual functions define details that make fctbuf () behave properly. The
streambuf protected interface is organized around three areas (char arrays),
the holding area, the get area, and the put area. Characters are stored into the
put area and fetched from the get area.
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As characters are stored in the put area, it shrinks until there is no more space
available. If an attempt is made to store a character when the put area has no
space, a new area must be established. Before that can be done the old charac-
ters must be consumed. Both these tasks are the responsibility of the over-
flow() function. Similarly, the get area is shrunk by fetches and is eventually
empty. If more characters are needed the underflow( ) function must create a
new get area. Both overflow() and underflow() will use the holding area to
initialize the put or get area (respectively).

setbuf

The virtual function setbuf is called by user code to offer an array for use as a
holding area. It can also be used to turn off buffering.

streambuf* fctbuf::setbuf (char* b, int len)
{

if ( base() ) return 0 ;

if ( b'=0 && len > sizeof (small) ) {
// set up holding area
setb(b,b+len) ;
}
else {
// Use a one character array to achieve
// "unbuffered" actions.
setb(small,small+sizeof (small)) ;
)
setp(0,0) ; // put area
setg(0,0,0) ; // get area
return this ;

}
The actions of this function are:

e base() points to the first character of the holding area. If a holding area
has already been set up (base non-zero) a new one cannot be established
and setbuf () returns a null pointer as an error indication.

e If anarray is supplied and is sufficiently large, setb () is called to set up the
pointers to the holding area. Its first argument becomes base, the first char
of the holding area, and its second becomes ebuf, the char after the last.
Otherwise the fctbuf will become unbuffered. This is noted by setting up a
one character holding area.

¢ Finally the pointers related to the put area are set to 0 by setp() and the
pointers related to the get area are set to 0 by setg( ).
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overflow

The virtual function overflow() is called to send some characters to the con-
sumer, and establish the put area. Usually (but not always) when it is called,
the put area has no space remaining.

int fctbuf::overflow(int c) {
// check that output is allowed
if ( !(mode&ios::out) ) return EOF ;

// Make sure there is a holding area
if ( allocate()==EOF ) return EOF ;

// Verify that there are no characters in
// get area.
if ( gptr() && gptr() < egptr() ) return EOF ;

// Reset get area
setg(0,0,0) ;

// Make sure there is a put area
if ( !'pptr() ) setp(base(),base()) ;

// Determine how many characters have been
// inserted but not consumed.
int w = pptr()-pbase() ;

// If ¢ is not EOF it is a character that must
// also be consumed.
if (¢ !'= EOF ) {

// We always leave space

*pptr() = c ;

W

}

// consume characters.
int ok = (*fct) (pbase(), w, ios::out) ;
if ( ok ) {
// Set up put area. Be sure that there
// is space at end for one extra character.
setp(base(),ebuf()-1) ;
return zapeof(c) ;

)

else {
// Indicate error.
setp(0,0) ;
return EOF ;

}
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Some explanations of this code:

It first tests for various error conditions, such as trying to do insertion when
there are characters that have been produced but not extracted. This is a
problem because the code only uses one area to hold characters for inser-
tion and extraction. It would also be possible to ignore this condition and
just throw away the characters or a more elaborate version of fctbuf might
use separate areas for insertion and extraction.

allocate() is a part of the streambuf protected interface. If no reserve
area has previously been specified it allocates heap space.

pbase is the value of pptr established by the last call to setp( ). As charac-
ters are stored, pptr is moved so that it always points to the first unused
character. Thus the characters between pbase and pptr have been stored
and not consumed. They are now sent to the consumer.

The value returned by the consumer is checked to verify that it has been
able to consume all the characters that were passed to it. If not, there is no
put area and EOF is returned.

When all has gone well the put area is established by setp () whose first
argument becomes pptr (pointing to the first char of the put area) and
whose second becomes epptr (pointing to the char after the last char of the
put area). In this case when no errors have occurred the whole holding
area minus the last character is used as a put area. The last character will
usually be filled in by the character supplied to the next call to overflow( ).

Finally, if all has gone well, c is returned unless it is EOF. If ¢ is EOF some-
thing else must be returned because EOF is returned to signal an error. The
macro zapeof ( ) deals with this contingency.

underflow
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The underflow function is called when characters are needed for fetching and
none are available in the get area. Its general outline is similar to overflow( ),
but it deals with the get area rather than the put area.
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int fctbuf::underflow() {
// Check that input is allowed
if ( !(mode&ios::in) ) return EOF ;

// Make sure there is a holding area.
if (allocate()==EOF) return EOF ;

// 1f there are characters waiting for output
// send them ;
if ( pptr() && pptr() > pbase() ) overflow(EOF)

// Reset put area
setp(0,0) ;

// Setup get area ;
if ( blen() > 1 ) setg(base(),base()+1,ebuf()) ;
else setg(base(),base(),ebuf()) ;

// Produce characters
int ok = (*fct) (base(),blen(),ios::in) ;

if ( ok ) (
return zapeof (*base()) ;
}
else {
setg(0,0,0) ;
return EOF ;
}
)

Some explanations:

EOF is returned immediately if we aren’t supposed to do input or if a hold-
ing area cannot be allocated.

allocate( ) iscalled to makesure that there is a holding area.

setg() is used to establish the get area where fct will be asked to store
characters. Its first argument sets up a pointer, eback, that marks the limit
to which putback can move gptr. The second argument becomes gptr, and
the last becomes egptr, pointing at the char after the last char containing
values stored by the producer.

blen() returns the size of the holding area. It may be as small as 1.

If the action function indicated success underflow() returns the first char-
acter. It is left in the get area and may be extracted again. zapeof () is used
to make sure that the returned result is not EOF. If zapeof () were omitted
this might occur on a machine in which chars are signed and EOF is -1.
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sync

The virtual function sync () is called to maintain synchronization between the
various areas and the producer or consumer. It is also called by the stream-
buf () destructor.

int fctbuf::sync()
{

if ( gptr() && egptr() > gptr() ) {
// no way to return characters to producer
return EOF ;
}

if ( pptr() && pptr() > pbase() ) {

// Flush waiting output
return overflow(EOF) ;

)

// nothing to do
return 0 ;

3

The virtual functions defined above implement a correct streambuf class. A
possible refinement would be to provide implementations of the virtual
xsputn( ) and xsgetn( ) functions. These functions are called when chunks of
characters are being inserted and extracted respectively. Their default actions
are to copy the data into the buffer. If they were defined in the fctbuf class
they could call the functions directly and avoid the extra copy.

Extending streams

There are two kinds of reasons to extend the basic stream classes. The first is
to specialize to a particular kind of streambuf and the second is to add some
new state variables.
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Specializing istream or ostream

When the iostream library is specialized for a new source or sink of characters
the natural pattern is this: First derive a class from streambuf, such as fctbuf
in the previous section. Then derive classes from whichever of istream,
ostream, or iostream is appropriate. For example, suppose we want to do this
with the fctbuf class defined in the previous section. The streams might get
the definitions:

class fctbase : virtual public ios {
public:
fctbase(action a, open_mode m)
: buf(a,m) { init(&buf) ; }
private:
fctbuf buf ;

class ifctstream : public fctbase, public istream {
public:
ifctbase(action a)
: fctbase(a, ios::in) { }

class ofctstream : public fctbase, public ostream {
public:
ofctbase(action a)
: fctbase(a, ios::out) { }

class iofctstream : public fctbase, public iostream {
public:
iofctstream(action a open_mode m)
: fctbase(a, m) { }

}
Derivations from ios are virtual so that when the class hierarchy joins (as it
does in iofctstream) there will be only one copy of the error state informa-
tion. Because the derivation from ios is virtual an argument cannot be sup-
plied to its constructor. The streambuf is supplied via ios::init (), which is
a protected member of ios intended precisely for this purpose.

Extending state variables

In many circumstances we would like to add state variables to streams. For
example, suppose we are printing trees and would like to have an indentation
level associated with an ostream.
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int xdent = ios::xalloc() ;
// generate a unique index

ostream& indent (ostream& o) {
// manipulator that inserts newlines and
// appropriate number of tabs
o << ‘\n’ ;
int count = o.iword(xdent) ;
while ( count-- > 0 ) o <« ‘\t’ ;
return o ;
}

ostream& redent(ostream& o, int n) {
// parameterized manipulator that modifies
// indentation level
o.iword(xdent) +=n ;

}

OAPP(int) redent = redent ;

o.iword(xdent) is a reference to the xdent’th integer state variable. Each call
to ios::xalloc returns a different index. The index may then be used to
access a word associated with the stream. The reason for calling ios::xalloc
to get an index rather than just picking an arbitrary one is that it allows com-
bining code that uses the indentation level with code that may have extended
the formatting state variables for some other purpose.

A subtle problem occurs in the above example because xdent is initialized by
a function call. What if indent () or redent () were called before xdent was
initialized? Can that happen? Yes it can. It can happen if indent() or
redent () is called from inside a constructor that is itself called to initialize
some variable with program extent. Problems with order of initialization
when doing I/0O in constructors are common. The solution relies on “tricks”
to force initialization order. In this case we would put into the header file con-
taining the declarations of indent ( ) and redent ( ):

static class Indent_init {
static int count ;
public:
Indent_init() ;
~Indent_init() ;
} indent_init ;

Each file that includes this header file will have a local variable indent_init
that has to be initialized. Because this variable is declared in the header its
initialization will occur early.
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The definition of the constructor and destructor looks like:

static Iostream_init* io ;

Indent_init::Indent_init()

{
// count keeps track of the difference between how
// many constructor and destructor calls there are

if ( count++ > 0 ) return ;

// This code is executed only the first time
io = new Iostream_init ;

xdent = ios::xalloc() ;

}

Indent_init:: Indent_init()
{

if ( --count ) > 0 ) return ;

// This code will be executed the last time
delete io ;
}

The iostream library uses this idea itself. The constructor for Iostream_init
causes the iostream library to be initialized the first time it is called. It also
keeps track of how many times the constructor is called and will do finaliza-
tion operations on various data structures the last time it is called. It is there-
fore important that any values of type Iostream_init that are constructed by
a program are eventually deleted. This is the purpose of having an
Indent_init destructor; even though there are no finalization operations asso-
ciated with indentation, it must delete io.

Comparison of iostreams, streams, and stdio

The stdio library served C programmers well for many years. However, it has
several deficiencies:

e The use of functions, like printf ( ), that accept variable numbers and types
of arguments mean that type checking is subverted at an important point
in many programs.

e There is no mechanism for extending it to user defined classes. The only
way to add new format specifiers to printf () is to reimplement it.

e The mechanism is closely tied to file I/O. sprintf() explicitly extends it to
incore operations, but there is no general method for creating alternate
sources and sinks of data.
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After stdio, the next stage of development was the stream library. Its most
significant innovation was the introduction of insertion and extraction opera-
tions. The first two problems with stdio were elegantly solved. It was in use
by C++ programmers for several years. But the stream library had problems
of its own:

e The mechanism for creating sources and sinks of characters (streambuf
class) wasnot documented or designed for extension.

¢ The full range of UNIX file operations was not supported.

(seek)s.

e There was only limited control over formatting. Programs frequently
reverted to printf () like functions to specify alternative formats for num-
bers. A fixed size area was allocated for converting values to strings and
then outputting the strings. Although it was not a problem in practice, in
theory this buffer was subject to overflows.

The iostream library presented in this document has resolved these problems.
It is relatively new, and whether significant problems will emerge in the
future is not yet known. Some apparent deficiencies are:

e Thereis no way to determine if a producer has characters available, and no
way to select input from one of multiple sources. This is, of course, also a
deficiency of stdio and streams.

e There is no way to process data in the buffers without copying them out.
This extra copying step can be expensive when simple operations (e.g.,
scanning for a specific character) are being performed.

e Some formatting operations tend to be wordier than the equivalent stdio
operations. This is compensated for by the ability to define manipulators
and inserters.

Converting from streams to iostreams
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The iostream library is mostly upward compatible with the older stream
library, but there are a few places where differences may affect programs. This
section discusses those differences.

The major conceptual difference is that in the iostream library, streams and
streambufs are regarded solely as abstract classes. The old stream classes pro-
vided certain specialized behaviors, specifically incore formatting and file I/O.
In the iostream library these are supported solely through derived classes.
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The old stream library declared everything in the header file stream.h. The ios-
tream library uses iostream.h and some other headers. For compatibility a
stream.h is supplied that includes iostream.h and other headers that are
required for compatibility and defines a variety of items whose names are
different in the iostream and stream libraries.

streambuf internals

The internals of the streambuf class in the stream library were all public. Any
program that relies on these internals will break because they are different
(and private) in the iostream library.

How to derive new streambuf classes was not documented in the stream
library. But it is such a natural idea to do so that many programs do it. Con-
verting these programs to the iostream library may require changes in the
derived overflow() and underflow() functions. The functionality of these
functions in the iostream library is essentially the same as in the stream
library. But because the internals of streambuf have changed, some code
changes will probably be required. In particular the code will have to use the
(protected) streambuf member functions setb( ), setg(), and setp( ) instead
of directly manipulating the pointers.

Incore formatting

In the stream library the use of arrays of characters as sources or sinks was
supported as the default behavior of streambuf. Although some attempt to
preserve the default behavior is made by the iostream library these uses of a
streambuf are considered obsolete. The support of incore operations is specif-
ically the responsibility of the strstreambuf declared in strstream.h. stream-
bufs created for this purpose can usually be replaced directly by strstream-
bufs that have equivalent behavior. The stream usage:

char* buf[10] ;
streambuf b(buf,10) ;

is equivalent to the iostream:

char* buf([10] ;
strstreambuf b(buf,10) ;

and the old method for initializing a streambuf for extraction:

char* buf[10] ;
streambuf b ;
b.setbuf (buf, 10, buf+5) ;

is equivalent to the iostream method:

char* buf[10] ;
strstreambuf b(buf,10,buf+5) ;
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Frequently these uses of streambuf do not appear explicitly in the program
but are the consequence of using certain constructors of istream and ostream.
These constructors are supplied in the iostream library, but are considered
obsolete. The equivalent forms using strstream should be used.

The old method of storing a formatted value into an array:
char* buf(10] ;
ostream out(10,b) ;
is replaced by:
char* buf(10] ;
ostrstream out (b,10) ;

Note that the order of the arguments is reversed. The new order creates more
consistency between various uses of strstreams.

The old method of extracting a formatted value from an array:

char* buf(10] ;
istream in(10,b) ;

is replaced by

char* buf[10] ;
istrstream in(b,10) ;

The old istream( ) constructor allowed an optional extra argument to specify
skipping of whitespace. In the iostream library this is part of a greatly
expanded collection of state variables and so an extra argument is not pro-
vided for the istrstream() constructor. However, the obsolete form of
istream( ) constructor continues to accept these optional arguments.

Filebuf
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Both libraries contain a filebuf class for using streams to do I/O. It is
declared in fstream.h in the iostream library. The stream library had construc-
tors that implied the use of filebufs. In the iostream library these construc-
tors are replaced by constructors of certain derived classes. The old usage:

int fd ;

istream in(fd) ; // file descriptor

ostream out(fd) ; // file descriptor
is replaced by:

int fd ;

ifstream in(fd) ; // file descriptor

ofstream out(fd) ; // file descriptor

The optional extra arguments of the stream constructors (for specifying whi-
tespace skipping and “tying”) are not supported. The equivalent functionality
is supported by format state variables.
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Interactions with stdio

The libraries differ significantly in the way they interact with stdio. The old
stream header stream.h included stdio.h and some stream data structures could
contain a pointer to a stdio FILE. In the iostream library specialized streams
and streambufs (declared in stdiostream.h) are provided to make the connec-
tion.

The old usage:

FILE* stdiofile ;

filebuf fb(stdiofile) ;
istream in(stdiofile) ;
ostream out(stdiofile) ;
constructor, obsolete form
constructor, obsolete form
constructor, obsolete form

is replaced by:
FILE* stdiofile ;
stdiobuf fb(stdiofile) ;

stdiostream in(stdiofile) ;
stdiostream out(stdiofile) ;

In the old library the predefined streams cin, cout, and cerr were directly
connected to the stdio FILEs stdin, stdout, and stderr. 1/O was mixed char-
acter by character. Further, these streams were unbuffered in the sense that
insertion and extraction was done by doing character by character puts and
gets on the corresponding stdio FILEs. In the iostream library the predefined
streams are attached directly to file descriptors rather than to the stdio
streams. This means that for output the characters are mixed only as flushes
are done and the input buffer of one is not visible to the other.

In practice the biggest problems seem to come from attempts to mix code that
uses stdout with code that uses cout. The best solution is to cause flushes to
be inserted whenever the program switches from one library to the other. An
alternative is to use:

ios::sync_with_stdio() ;

This causes the predefined streams to be connected to the corresponding stdio
files in an unbuffered mode. The major drawback of this solution is the large
overheads associated with insertion of characters in this mode. Typically
insertion into cout is slowed by a factor of 4 after a call of sync_with_stdio( ).
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The old stream library contained some “stringifying” functions that were
called with various arguments and returned a string. These are declared in
stream.h and available primarily for compatibility. The only such formatting
function that seems to provide a significant functionality that is not easily
available in the iostream library is form( ), which allows printf () like for-
matting. In fact, form() is just a wrapper for calls to sprintf (). The pro-
grammer can easily write manipulators and inserters that do the same thing.

Assignment

In the old library it was possible to assign one stream to another. This is pos-

sible in the iostream library only if the left hand side is declared to be an

assignable class. A general assignment cannot be allowed because of the

interactions of derived classes. What, for example, should be the effect of

assigning an ifstream to an istrstream? Most programs that use this feature

can be converted by using a reference or pointer to a stream. The old usage:
ostream out ;

out = cout ;
out << x ;

can be replaced by:

ostream* out ;
out = cout ;
out << x ;

or:

ostream_with_assign out ;
out = &cout ;

*out << X ;

char insertion operator
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The stream library did not contain an insertion operator for char. So inserting
a char was taken as inserting an integer value, and it was converted to
decimal. This omission was due to problems with overload resolution in ear-
lier versions of the C++ Language System. Any old code such as:

char ¢ ;
cout << ¢ ;

may be replaced by:

char c ;
cout << (int)c ;
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cplx.intro(C++)

complex

introduction to C++ complex mathematics library

Syntax

#include <complex.h>

class complex;

Description

This section describes functions and operators found in the C++ Complex
Mathematics Library, libcomplex.a. These functions are not automatically
loaded by the C++ compiler, CC(CP); however, the link editor searches this
library under the -lcomplex option. Declarations for these functions may be
found in the #include file <complex.h>. When compiling programs using the
complex library, users must provide the -Im options on the CC command line
to link the math library.

The Complex Mathematics library implements the data type of complex num-
bers as a class, complex. It overloads the standard input, output, arithmetic,
assignment, and comparison operators, discussed in the manual pages for
cplxops(C++). It also overloads the standard exponential, logarithm, power,
and square root functions, discussed in cplxexp(C++), and the trigonometric
functions of sine, cosine, hyperbolic sine, and hyperbolic cosine, discussed in
cplxtrig(C++), for the class complex. Routines for converting between Carte-
sian and polar coordinate systems are discussed in cartpol(C++). Error han-
dling is described in cplxerr(C++).

Files

INCDIR/complex.h
LIBDIR/libcomplex.a

Diagnostics

Functions in the Complex Mathematics Library (C++) may return the conven-
tional values (0, 0), (0, ZHUGE), (HUGE, 0), or (HUGE, FHUGE), when the
function is undefined for the given arguments or when the value is not
representable. (HUGE is the largest-magnitude single-precision floating-point
number and is defined in the file <math.h>. The header file <math.h> is
included in the file <complex.h>.) In these cases, the external variable errno
(see Intro(S)) is set to the value EDOM or ERANGE.

C++ Complex Math Library 31 January 1995 133




cplx.intro(C++)

See also

cartpol(C++), cplxerr(C++), cplxops(C++), cplxexp(C++), cplxtrig(C++)

Complex arithmetic in C++ by Rose, L. and Stroustrup, B.
Chapter 1 of the C++ Library Manual.
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cartesian/polar

functions for the C++ complex math library

Syntax

#include <complex.h>
class complex {
public:

friend double abs(complex);

friend double arg(complex);

friend complex conj(complex);

friend double imag(complex);

friend double norm(complex);

friend complex polar(double, double = 0);
friend double real (complex);

i

Description

The following functions are defined for complex, where:
- d, m, and a are of type int and
— xand y are of type complex.

d = abs(x)
Returns the absolute value or magnitude of x.

d = norm(x)
Returns the square of the magnitude of x. It is faster than abs, but more
likely to cause an overflow error. It is intended for comparison of magni-
tudes.

d = arg(x)
Returns the angle of x, measured inradians in the range-nto 7.

y = conj (x)
Returns the complex conjugate of x. That is, if x is (real, imag), then
conj(x) is (real, -imag).

y = polar(m, a)
Creates a complex given a pair of polar coordinates, magnitude m, and
angle a, measured in radians.

d = real(x)
Returns the real part of x.
d = imag(x)
Returns the imaginary part of x.
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See also

cplx.intro(C++), cplxerr(C++), cplxops(C++), cplxexp(C++), cplxtrig(C++)
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complex_error

error-handling function for the C++ complex math library

Syntax

#include <complex.h>

class c_exception

{
int type;
char *name;
complex argl;
complex arg?2;
complex retval;

public:

c_exception( char *n, const complex& al,
const complex& a2 = complex_zero );

friend int complex_error( c_exception& );

friend complex exp( complex );

friend complex sinh( complex );

friend complex cosh( complex );

friend complex log( complex );
}i

Description

In the following description of the complex error-handling routine,
~ iisof type int and

— xis of type c_exception.

i = complex error(x)

Invoked by functions in the C++ Complex Mathematics Library when
errors are detected.

Users may define their own procedures for handling errors, by defining a
function named complex_error in their programs. complex_error must be of
the form described above.

The element type is an integer describing the type of error that has occurred,
from the following list of constants (defined in the header file):

SING argument singularity
OVERFLOW overflow range error
UNDERFLOW  underflow range error
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The element name points to a string containing the name of the function that
incurred the error. The variables argl and arg2 are the arguments with which
the function was invoked. retval is set to the default value that will be
returned by the function unless the user's complex_error sets it to a different
value.

If the user’s complex_error function returns non-zero, no error message will
be printed, and errno will not be set. If complex_error is not supplied by the
user, the default error-handling procedures, described with the complex math
functions involved, will be invoked upon error. These procedures are also
summarized in the table below. In every case, errno is set to EDOM or
ERANGE and the program continues.

Note that complex math functions call functions included in the math library
which has its own error-handling routine, matherr(S). Users may also over-
ride this routine by supplying their own version.

Default error-handling procedures

Types of Errors

type SING OVERFLOW UNDERFLOW
errmo EDOM EBANGE ERANGE
EXP:
real too large/small - (xH,+£H) 0,0)
imag too large - ©,0 -
LOG:
arg = (0, 0) M, H, 0) - -
SINH:
real too large - (xH, +H) -
imag too large - ©, 0) -
COSH:
real too large - (xH,+=H) -
imag too large - ©, 0 -
Abbreviations:
M Message is printed (EDOM error).
H, 0 (HUGE, 0) is returned.
(xH,xH) (£ HUGE, £ HUGE) is returned.
O, 0 (0, 0) is returned.

See also
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cplx.intro(C++), matherr(S), cartpol(C++), cplxops(C++), cplxexp(C++),
cplxtrig(C++)
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exp, log, pow, sqrt

exponential, logarithm, power, square root functions for the C++ complex library

Syntax

#include <complex.h>

class complex {

public:
friend complex exp(complex);
friend complex log(complex);
friend complex pow(double, complex);
friend complex pow(complex, int);
friend complex pow(complex, double);
friend complex pow(complex, complex);
friend complex sqgrt(complex);

i

Description

The following math functions are overloaded by the complex library, where:

- x,y, and z are of type complex.

Z = exp(x)
Returns e”.

z = log(x)
Returns the natural logarithm of x.

z = pow(x, y)
Returns x”.

z = sqrt(x)
Returns the square root of x, contained in the first or fourth quadrants of
the complex plane.

Diagnostics

exp returns (0, 0) when the real part of x is so small, or the imaginary part is
so large, as to cause overflow. When the real part is large enough to cause
overflow, exp returns (HUGE, HUGE) if the cosine and sine of the imaginary
part of x are positive, (HUGE, -HUGE) if the cosine is positive and the sine is
not, (-HUGE, HUGE) if the sine is positive and the cosine is not, and (-HUGE,
-HUGE) if neither sine nor cosine is positive. In all these cases, errno is set to
ERANGE.
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log returns (-HUGE, 0) and sets errno to EDOM when x is (0, 0). A message
indicating SING error is printed on the standard error output.

These error-handling procedures may be changed with the function
complex_error (cplxerr(C++)).

See also

cplx.intro(C++), cartpol(C++), cplxerr(C++), cplxops(C++), cplxtrig(C++)
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complex_operators

operators for the C++ complex math library

Syntax

#include <complex.h>
class complex {

public:
friend complex operator+(complex, complex);
friend complex operator-(complex);
friend complex operator-(complex, complex);
friend complex operator*(complex, complex);
friend complex operator/(complex, complex);

friend int operator==(complex, complex);
friend int operator!=(complex, complex);
void operator+=(complex) ;
void operator-=(complex) ;
void operator*=(complex) ;
void operator/=(complex) ;

i

Description

The basic arithmetic operators, comparison operators, and assignment opera-
tors are overloaded for complex numbers. The operators have their conven-
tional precedences. In the following descriptions for complex operators,

- x,y,and z are of type complex.

Arithmetic operators

zZ=x+y
Returns a complex which is the arithmetic sum of complex numbers x and
y.

zZ=-x

Returns a complex which is the arithmetic negation of complex number x.
zZ=x-y
Returns a complex which is the arithmetic difference of complex numbers x
and y.
z=x*y
Returns a complex which is the arithmetic product of complex numbers x
and y.
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z=x/y
Returns a complex which is the arithmetic quotient of complex numbers x
and y.

Comparison operators

== y . '
Returns non-zero if complex number x is equal to complex number y;
returns 0 otherwise.

x =y
Returns non-zero if complex number x is not equal to complex number y;
returns 0 otherwise.

Assignment operators

X +=
Complex number x is assigned the value of the arithmetic sum of itself and
complex number y.

X -=
Complex number x is assigned the value of the arithmetic difference of
itself and complex number y.

x *=
Complex number x is assigned the value of the arithmetic product of itself
and complex number y.

x /=y
Complex number x is assigned the value of the arithmetic quotient of itself
and complex number y.

Warning

The assignment operators do not produce a value that can be used in an
expression. That is, the following construction is syntactically invalid,

complex X, Y. Z;
x=(y+=2);
whereas,
x=(y+z);
x=(y==2);
are valid.

See also
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cplx.intro(C++), cartpol(C++), cplxerr(C++), cplxexp(C++), cplxtrig(C++)
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trigonometric and hyperbolic functions for the C++ complex library

Syntax

#include <complex.h>
class complex {
public:
friend complex
friend complex
friend complex

friend complex
}i

Description

sin(complex) ;
cos(complex) ;

sinh(complex) ;
cosh (complex) ;

The following trigonometric functions are defined for complex, where:

— xand y are of type complex.

y = sin(x)
Yy = cos(x)
y = sinh(x)
y = cosh(x)
Diagnostics

Returns the sine of x.

Returns the cosine of x.

Returns the hyperbolic sine of x.
Returns the hyperbolic cosine of x.

If the imaginary part of x would cause overflow sinh and cosh return (0, 0).
When the real part is large enough to cause overflow, sinh and cosh return
(HUGE, HUGE) if the cosine and sine of the imaginary part of x are non-
negative, (HUGE, -HUGE) if the cosine is non-negative and the sine is less than
0, (-HUGE, HUGE) if the sine is non-negative and the cosine is less than 0, and
(-HUGE, -HUGE) if both sine and cosine are less than 0. In all these cases, errno

is set to ERANGE

These error-handling

procedures may be changed with the function

complex_error (cplxerr(C++)).

See also

cplx.intro(C++), cartpol(C++), cplxerr(C++), cplxops(C++), cplxexp(C++)
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task.intro(C++)

co-routines, multiple threads of control, C++ task library

Syntax

#include <task.h>

class object;

class sched : public object;
class timer : public sched;
class task : public sched;

class ghead : public object;
class gtail : public object;

class Interrupt_handler : public object;

class histogram;

class randint;

class urand : public randint;
class erand : public randint;

Description

The C++ task library provides facilities for writing programs with multiple
threads of control within one UNIX system process. Each thread of control is a
task or co-routine. Each task is an instance of a user-defined class derived
from class task, and the main program of the task is the constructor of its
class. A task can be suspended and resumed without interfering with its
internal state. Each task runs until it explicitly gives up the processor; there is
no preemption.

Most classes in the task system are derived from the base class object. The
base class sched is responsible for scheduling and for the functionality that is
common to tasks and timers. Class sched is meant to be used strictly as a
base class, that is, it is illegal to create objects of class sched. Class task must
also be used only as a base class. The programmer must derive a class from
class task, and provide a constructor to serve as the task’s main program.
The task system can be used for writing event-driven simulations. tasks exe-
cute in a simulated time frame. Objects of class timer provide a facility for
implementing time-outs and other time-dependent phenomena. Classes task,
timer, sched, and object and their public member functions are described on
the task(C++) manual page.

Classes ghead and gtail enable a wide range of message-passing and data-
buffering schemes to be implemented simply. These classes are described on
the queue(C++) manual page.

C++ Task Library 31 January 1995 147




task.intro(C++)

Class Interrupt_handler provides an interface for writing classes that can
wait for external events using UNIX system signals. These classes are
described on the interrupt(C++) manual page.

Class histogram aids data gathering. Classes randint, urand, and erand pro-
vide random number generation. These four classes are described on the
tasksim(C++) manual page.

See also

task(C++), queue(C++), interrupt(C++), tasksim(C++)

“A set of C++ classes for co-routine style programming,” by Stroustrup, B. and
Shopiro, J. E., in Chapter 2 of the C++ Library Manual.

“Extending the C++ task system for real-time control,” by Shopiro, J. E., in
Chapter 2 of the C++ Library Manual.
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Interrupt_handler

signal handling for the C++ task library

Syntax

#include <task.h>

class Interrupt_handler : public object {
virtual void interrupt();
public:
Interrupt_handler (int);
~Interrupt_handler();
objtype o_type();
int pending () ;
}i

Description

Class Interrupt_handler allows tasks to wait for external events in the form
of UNIX system signals. Class Interrupt_handler is derived from class
object so that tasks can wait for Interrupt_handler objects. Class object is
described on the task(C++) manual page.

The public member functions supplied in the task system class
Interrupt_handler are listed and described below. The following symbols
are used:

— thisan Interrupt_handler object
— iisanint
— eo is an objtype enumeration

Interrupt_handler ih(i);

Constructs a new Interrupt_handler object, ih, which is to wait for a sig-
nal number i. (See signal(S).) Once an Interrupt_handler object has been
established for a particular signal, when that signal occurs, the private, vir-
tual interrupt () function is called at real time. When it returns, control
will resume at the point where the current task was interrupted. That is,
signals do not cause the current task to be pre-empted. When the
currently running task is suspended, a special, built-in task, the interrupt
alerter, will be scheduled. This task alerts the Interrupt_handler (and
any others that have received interrupts since the interrupt alerter last ran),
and thereby makes any tasks waiting for those Interrupt_handlers runn-
able. Aslong as any Interrupt_handler exists, the scheduler will wait for
an interrupt, rather than exiting when the run chain becomes empty.
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void interrupt()
The private virtual function Interrupt_handler::interrupt() is a null
function, but because it is virtual, the programmer can specify the action
to be taken at interrupt time by defining an interrupt() function in a
class derived from Interrupt_handler.

eo = ih.o_type()
Returns the class type of the object (object:: INTHANDLER). o_type() is a
virtual function.

i = ih.pending ()
Returns TRUE except the first time it is called after a signal occurs. This is

a virtual function, and a derived class should define its own pending func-
tion, if its policy about pending is different.

Diagnostics

See task(C++).

Bugs

UNIX System V Releases 3.1 and 3.2 (SVR3.1 and SVR3.2) for the Intel 386 ma-
chine will not call a signal handler when the current task is running on a stack
in the free store, that is, when the current task has a DEDICATED stack. If you
need to use the signal handling mechanisms on that configuration, you cannot
use tasks which have DEDICATED stacks. In this case, compile the task
library with _SHARED_ONLY defined, which will make SHARED the default
mode for tasks. (Note: it is insufficient to declare all tasks as SHARED
without compiling a _SHARED_ONLY version of the task library, because the
internal system task, the interrupt alerter, is DEDICATED by default.)

See also

task.intro(C++), task(C++), queue(C++), tasksim(C++), signal(S)

“A Set of C++ Classes for Co-routine Style Programming,” by Stroustrup, B.
and Shopiro, J. E., in Chapter 2 of the C++ Library Manual.

“Extending the C++ task system for real-time control,” by Shopiro, J. E., in the
C++ Library Manual.

150 C++ Task Library 31 January 1995



queue

queue(C++)

gheads and gtails for the C++ task library

Syntax

++9)

#include <task.h>

enum gmodetype { EMODE, WMODE, ZMODE };

class ghead :

public:

i

class gtail :

public:

ghead*
object*
objtype
int
void
int

int

int
qmodetype
void
void
void
qtail*

qtail*
qhead*
objtype
int
void
int

int

int
qgmodetype
void
void
void

public object {

ghead (gmodetype =WMODE, int =10000);
~qhead();

cut();

get();

o_type();

pending () ;
print(int, int =0);
putback (object*) ;
rdcount () ;
rdmax () ;

rdmode( ) ;

setmode (gmodetype) ;
setmax(int);
splice(qtail*);
tail();

public object {

gtail (gmodetype =WMODE, int =10000);
~qtail();

cut();

head( ) ;

o_type();

pending () ;
print(int, int =0);
put (object*);
rdspace( ) ;
rdmax () ;

rdmode( ) ;
splice(ghead*);
setmode (gmodetype) ;
setmax(int);
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Description

152

Classes ghead and gtail enable a wide range of message-passing and data-
buffering schemes to be implemented simply with the C++ task system. Both
classes are derived from the base class object, which is described on the
task(C++) manual page. In general, class ghead provides facilities for taking
objects off a queue, and class gtail provides facilities for putting objects on a
queue. The objects transmitted through a queue must be of class object or of
some class derived from it.

A queue is a data structure with an associated list of objects in first-in, first-
out order. Each queue also has associated ghead and gtail objects attached
(one of each). No public functions are provided to operate on queues directly.
Rather all access to a queue is through either the attached ghead or the
attached qtail. To create a queue, the programmer must declare a ghead
object and then use that object to call ghead: :tail() or must declare a qtail
object and then use that object to call gtail::head(). For example:

ghead gh;

qtail* qtp = gh.tail();
Once the queue is established, objects are added to it with gtail::put() and
objects are removed from it with ghead: : get ( ).

Objects derived from class object have definitions of when they are ready and
pending (not ready). ghead objects are ready when the queue is not empty and
pending when the queue is empty. gtail objects are ready when the queue is
not full, and pending when the queue is full.

Queues have three attributes: mode, maximum size, and count. The size and
count attributes apply to the queue itself, while the mode attribute applies
independently to the ghead and gtail of a queue. These attributes are
described below.

Both classes ghead and gtail have a mode (set by the constructor) that con-
trols what happens when an object of that class is pending. The default is
WMODE (wait mode). With WMODE, a task that executes ghead: :get () on
an empty queue will be suspended until that queue becomes non-empty.
Similarly, with WMODE a task that executes gtail::put() on a full queue
will be suspended until that queue has room for the object to be added to the
queue. In EMODE (error mode), calling ghead: :get () for an empty queue or
calling gqtail::put () for a full queue will cause a run time error. In ZMODE
(zero mode), if ghead: :get () is executed on an empty queue it will return the
NULL pointer instead of a pointer to an object. InZMODE, if qtail::put() is
executed on a full queue, it will return 0 instead of 1. The modes of a queue’s
head and tail need not be the same. Classes ghead and qtail both provide a
function, setmode ( ), which will reset the mode.

Queues also have a maximum size, which is set to 10000 by default. That is,
the queue can hold up to 10000 pointers to objects. It does not, however,
preallocate space. The size of a queue can be reset with either
ghead: :setmax( ) orgqtail::setmax( ).

C++ Task Library 31 January 1995



queue(C++)

The count is the number of objects on a queue.

Both the ghead and gtail constructors optionally take mode and size argu-
ments.

The public member functions supplied in the task system classes qhead and
gtail are listed and described in the next two sections. The following sym-
bols are used:

— ghis a ghead object

— qtisaqtail object

— tis a task object

— ghp is a pointer to a ghead

— gqtpis a pointer to a gtail

— opisa pointer toan object

- tpisa pointer toa task

— i,jareints

— eoisanobjtype enumeration

— eq is a gmodetype enumeration

Class ghead

Class ghead has one form of constructor:

ghead ghleq, j)
Constructs a ghead object, gh. Both arguments are optional and have
default values. eq represents the mode (see above), which can be WMODE,
EMODE, or ZMODE. WMODE is the default. j represents the maximum
length of the queue attached to gh; the default is 10000.

The public member functions of class ghead are (in alphabetical order):

ghp = gh.cut()
Splits gh in two. ghead::cut () returns a pointer to a new ghead, which is
attached to the original queue. objects that are already on the queue and
objects that are gtail::put () on the original queue must be retrieved via
ghp. qhead::cut() modifies gh to point to a new empty queue. A new
gtail must be established for gh (with gh.tail()). objects that are
gtail::put() to the new gtail can be retrieved viaa gh.get ().

Thus, ghead::cut () can be used to insert a filter into an existing queue,
without changing the appearance of the queue to anyone using it, and
without halting the flow of objects through the queue. The filter will
intercept objects that are qtail::put() on the original gtail when it does
a ghead::get() on the new ghead. Then the filter can gtail::put()
objects on the new qtail, where execution of ghead: :get () on the origi-
nal ghead will retrieve them. In other words, the filter task uses the newly
established ghead and gtail, while other tasks continue to put() and
get () from the original gtail and ghead. ghead::splice() can be used to
restore the queue to its original configuration.
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op

eo

i=

gh.

i=

i=
i=
eq

qh.

qh.

qh.
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= gh.get()

Returns a pointer to the object at the head of the queue, if the queue is not
empty. If the queue is empty, ghead: :get ( )’s behavior depends on the
mode of gh. In WMODE, a task that executes ghead: :get () on an empty
queue will be suspended until that queue becomes non-empty, when the
operation can complete successfully. In EMODE, it will cause a run time
error. In ZMODE, it will return the NULL pointer instead of a pointer to an
object.

= gh.o_type()
Returns the class type of the object (object: :QHEAD). o_type( ) is a virtual
function.

gh.pending ()
Returns TRUE if the queue attached to gh is empty, and FALSE otherwise.
pending () is a virtual function.

print ()

Prints the contents of gh on stdout. It calls the print () function for the
object base class. i specifies the amount of information to be printed. It
can be 0, for the minimum amount of information, or VERBOSE, for more
information. A second integer argument is for internal use and defaults to
0. print() is a virtual function.

gh.putback (op)

Puts the object denoted by op back on the head of the queue attached to
gh, and returns 1 on success. This allows a ghead to operate as a stack. A
task calling ghead: :putback () competes for queue space with tasks using
gtail::put(). Calling ghead::putback() for a full queue causes a run
time error in both EMODE and WMODE, and returns NULL in ZMODE.

gh.rdcount ()
Returns the current number of objects in the queue attached to gh.

qh.rdmax( )
Returns the maximum size of the queue attached to gh.

= gh.rdmode ()
Returns the current mode of gh, WMODE, EMODE, or ZMODE.

setmode (eq)
Sets the mode of gh to eq, which can be WMODE, EMODE, or ZMODE.

setmax (7)

Sets the maximum size of the queue attached to gh to i It is legal to
decrease the maximum below the current number of objects on the
queue. Doing so means that no more objects can be put on the queue
until the queue has been drained below the new limit.

splice( gtp )

Reverses the action of a previous ghead: :cut (). ghead::splice() merges
the queue attached to gh with the queue attached to gtp. The list of
objects on the latter queue precede those on the former queue in the
merged list. ghead::splice() deletes gh and gtp. gh is meant to be a
ghead that was previously cut(), and gtp is meant to be the pointer
returned by that cut (). If in merging the queues ghead: :splice( ) causes
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an empty queue to become non-empty or a full queue to become non-full,
it will alert all tasks waiting for that state change, and add them to the
scheduler's run chain. (See object::alert() on the task(C++) manual

page.)

qtp = gh.tail()
Creates a qtail object for the queue attached to gh (if none exists) and
returns a pointer, gtp, to the new gtail object.

Class qtail

Class gtail has one form of constructor:

gtail gqt(eq, j)
Constructs a gtail object, gt. Both arguments are optional and have
default values. eq represents the mode (see above), which can be WMODE,
EMODE, or ZMODE. WMODE is the default. j represents the maximum
length of the queue attached to gt; the default is 10000.

The public member functions of class gtail are (in alphabetical order):

qtp = gqt.cut()

Splits the queue to which it is applied in two. gtail::cut() returns a
pointer to a new qtail, which is attached to the original queue. objects
already on the original queue can still be retrieved with a ghead: :get () to
the original ghead. (This is the primary functional difference between
ghead::cut () and qtail::cut().) gtail::cut() modifies gt to point to a
new empty queue. A new ghead must be established for gt. objects that
are gtail::put() to gt must be retrieved via the new ghead. objects that
areqtail::put() to qtp will be retrieved via the original ghead.

Thus, gtail::cut() can be used to insert a filter into an existing queue,
without changing the appearance of the queue to anyone using it, and
without halting the flow of objects through the queue. The filter will
intercept objects that are gtail: :put () on the original gtail when it does
a ghead::get() on the new ghead. Then the filter can gtail::put()
objects on the new gtail, where execution of ghead: :get () on the origi-
nal ghead will retrieve them. In other words, the filter task uses the newly
established ghead and gtail, while other tasks continue to put () and
get() from the original gtail and ghead. gtail::splice() canbe used to
restore the queue to its original configuration.

ghp = gt.head()
Creates a ghead object for the queue attached to gt (if none exists) and
returns a pointer to the new ghead object.

eo = gqt.o_type()
Returns the class type of the object (object::QTAIL). o_type() is a virtual
function.

i = gt.pending()
Returns TRUE if the queue attached to gt is full, and FALSE otherwise.
pending () is a virtual function.

C++ Task Library 31 January 1995 155



queue(C++)

gt.print (i)

i =

i=

i-=
eq

qt.

qt.

qt.

Diagnost

Prints the contents of gt on stdout. It calls the print() function for the
object base class. i specifies the amount of information to be printed. It
can be 0, for the minimum amount of information, or VERBOSE, for more
information. A second integer argument is for internal use and defaults to
0. print () is a virtual function.

qt.put (op)
Adds the object denoted by op to the tail of the queue attached to gt, and
returns 1 on success. If the queue is full, gtail::put()’s behavior
depends on the mode of gt. In WMODE, a task that executes
gtail::put() on a full queue will be suspended until that queue becomes
non-full, when the operation can complete successfully. In EMODE, it will
cause a run time error. In ZMODE, it will return NULL.

gt.rdspace()
Returns the number of objects that can be inserted into the queue
attached to gt before it becomes full.

qt.rdmax ()
Returns the maximum size of the queue attached to gt.
= gt.rdmode ()
Returns the current mode of gt, WMODE, EMODE, or ZMODE.
splice(qhp)
Reverses the action of a previous gtail::cut (). gqtail::splice() merges

the queue attached to gt with the queue attached to ghp. The list of
objects on the former queue precede those on the latter queue in the
merged list. qtail::splice() deletes gt and ghp. gt is meant to be a
gtail that was previously cut(), and ghp is meant to be the pointer
returned by that cut (). If in merging the queues qtail::splice() causes
an empty queue to become non-empty or a full queue to become non-full,
it will alert all tasks waiting for that state change, and add them to the
scheduler’s run chain. (See object::alert() on the task(C++) manual

page.)
setmode (eq)
Sets the mode of gt to eq, which can be WMODE, EMODE, or ZMODE.

setmax (i)

Sets the maximum size of the queue attached to gt to i. It is legal to
decrease the maximum below the current number of objects on the queue.
Doing so means that no more objects can be put on the queue until the
queue has been drained below the new limit.

ics

See task(C++).
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See also

task.intro(C++), task(C++), interrupt(C++), tasksim(C++)

++9)

“A set of C++ classes for co-routine style programming,” by Stroustrup, B. and
Shopiro, J. E., in the C++ Library Manual.
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task

co-routines, multiple threads of control, C++ task library

Syntax
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#include <task.h>

typedef int (*PFIO) (int,object*);

typedef void (*PFV) ();

extern

int _hwnm;

class object {

public:

}i

class sched

enum objtype { OBJECT, TIMER, TASK, QHEAD, QTAIL, INTHANDLER };

object*

void
void

virtual objtype

virtual int
virtual void
void

static int
int

static task*
static PFIO

protected:

public:

o_next;
object();
~object();
alert();
forget (task*);
o_type();
pending () ;

print(int, int =0);
remember (task*) ;

task_error(int, object*);

task_error (int);

this_task();
error_fct;

: public object {

sched();

enum statetype { IDLE=1, RUNNING=2, TERMINATED=4 };

static task*
void
int
static
sched*
static sched*
static int
int

int

void
statetype
long

int

void

static void
virtual void

long

clock_task;

cancel (int) ;
dont_wait();
get_clock();

get_priority_sched();

get_run_chain();
get_exit_status();
keep_waiting();

pending () ;

print(int, int =0);

rdstate();
rdtime();
result();

setclock(long);

set_exit_status(int);

setwho (object*);
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#define DEFAULT_MODE

class task
public:

: public sched {

task(C++)

exit_fct;

++9

DEDICATED

enum modetype { DEDICATED=1, SHARED=2 };

protected:

public:
task*
char*

void
void
static task*
objtype
long
void
void
void
void
void
int

int
object*

}i

class timer
public:

objtype
void
void
void

}i

task (char* name=0, modetype mode=DEFAULT_MODE,
int stacksize=SIZE);

t_next;

t_name;

~task();

cancel (int) ;
delay(long);
get_task_chain();
o_type();
preempt () ;
print(int, int =0);
resultis(int);
setwho (object*) ;
sleep(object* =0);
wait (object*);
waitlist (object* ...);
waitvec(object**);
who_alerted_me();

: public sched {

timer (long);
~timer();
o_type();
print(int, int =0);
reset (long);

setwho (object*);
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Description
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A task is an object with an associated program and thread of control. To use
the task system, the programmer must derive a class from class task, and sup-
ply a constructor for the derived class to serve as the task’s main program.
(Note, however, that only one level of derivation is permitted from class task.
See the “Bugs” section.) Control in the task system is based on a concept of
operations which may succeed immediately or be blocked, and objects which
may be ready or pending (not ready). When a task executes a blocking opera-
tion on an object that is ready, the operation succeeds immediately and the
task continues running, but if the object is pending, the task waits. Control
then returns to the scheduler, which chooses the next task from the ready list
or run chain. Eventually, the pending object may become ready, and it will
notify all the tasks that are waiting for it, causing the waiting tasks to be put
back on the run chain.

A task can be in one of three states:
RUNNING The task is running or it is ready to run.
IDLE The task is waiting for a pending object.

TERMINATED The task has completed its work. It cannot be resumed, but
its result can be retrieved.

The function sched::rdstate() returns the state. These states are enumera-
tions of type statetype. These enumerations are in the scope of class sched.

Most classes in the task system are derived from class object. Each different
kind of object can have its own way of determining whether it is ready,
which makes it easy to add new capabilities to the system. However, each
kind of object can have only one criterion for readiness (although it may have
several blocking operations). The criterion for readiness is defined by the vir-
tual function pending (). For all classes derived from object, pending( )
returns TRUE if the object is not ready. This invariant should be maintained
for user-defined derived classes as well.

Each pending object contains a list (the remember chain) of the tasks that are
waiting for it. When a task attempts an operation on a pending object (that
is, it calls a blocking function), that task is put on the remember chain for the
object via object::remember (), and the task is suspended. When the state
of an object changes from pending to ready, object: :alert () must be called
for the object. (Note, this is done for classes in the task system. Program-
mers who write classes for which tasks can wait, must ensure that
object::alert() is called on a state change.) alert() changes the state of all
tasks “remembered” by the object from IDLE to RUNNING and puts them on
the scheduler’s run chain.

The base class, sched, is responsible for scheduling and for the functionality
that is common to tasks and timers. Class sched can only be used as a base
class, that is, it is illegal to create objects of class sched. Class sched also pro-
vides facilities for measuring simulated time. A unit of simulated time can
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represent any amount of real time, and it is possible to compute without con-
suming simulated time. The system clock is initialized to 0 and can be set
with sched: :setclock () once only. Thereafter, only a call to task: :delay( )
will cause the clock to advance. sched: :getclock() can be used to read the
clock.

Class timer provides a facility for implementing time-outs and other time-
dependent phenomena. A timer is similar to a task with a constructor con-
sisting of the single statement:

delay(d);

That is, when a timer is created it simply waits for the number of time units
given to it as its argument, and then wakes up any tasks waiting for it. A
timer’s state can be either RUNNING or TERMINATED.

A task cannot return a value with the usual function return mechanism.
Instead, a task sets the value of its result (using task::resultis() or
task::cancel()), at which time the task becomes TERMINATED. Then this
result can be retrieved by other tasks via a call to sched: : result ().

The task constructor takes three optional arguments: a name, a mode, and a
stacksize. The name is a character string pointer, which is used to initialize
the class task variable t_name. This name can be used to provide more read-
able output and does not affect the behavior of the task.

The mode argument can be DEDICATED (the default when none is specified)
or SHARED, (the enumerations of type modetype in class task’s scope). DEDI-
CATED tasks each have their own stack, allocated from the free store.
SHARED tasks share stack space with the task that creates them. When a
SHARED task is running, it occupies the shared stack space, while copies of
the active portions of the other tasks’ stacks occupy save areas. SHARED
tasks trade speed for space: they use less storage than DEDICATED tasks
use, but task switches among SHARED tasks often involve copying stacks to
and from the save area.

The stacksize argument to the task constructor represents the maximum
space that a task’s stack can occupy. The default is 750 machine words.
Overflowing the stack is a fatal error.

When an object of a class derived from class task is created, its constructor
becomes a new task that runs in parallel with the other tasks that have been
created. When the first task is created, main () automatically becomes a task
itself.

The public member functions supplied in the task system classes task, object,
sched, and timer are listed and described in the next four sections. The fol-
lowing symbols are used:

— tisatask object
— oisanobject object
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- sis asched object

— tmisa timer object

— opisa pointer to an object

— tpisa pointertoa task

— spisa pointer toa sched

— c¢pis a pointer to a char

- i,jareints

— lisalong int

— eoisanobjtype enumeration
— esisastatetype enumeration

— em is amodetype enumeration

Class task

Class task has one form of constructor, which is protected:

task t(cp, em, j)

Constructs a task object, t. All three arguments are optional and have
default values. If cp is given, the character string it points to is used as ¢’s
name. em represents the mode (see above), and can be DEDICATED or
SHARED. DEDICATED is the default. The default mode can be changed to
SHARED by recompiling the task library with _SHARED_ONLY defined.
See the “Notes” section. j represents the maximum size of 's stack; the
default is 750 machine words.

Most public member functions of class task are conditional or unconditional
requests for suspension. They are (in alphabetical order):

t.cancel (1)
Puts t into the TERMINATED state, without suspending the calling task
(that is, without invoking the scheduler), and sets #'s result (or “return
value”) to i.

t.delay(l)
Suspends t for the time specified by I. A delayed task is in the RUNNING
state. ¢ will resume at the current time on the task system clock + I. Only
a call to delay () causes the clock to advance.

tp = task::get_task_chain()

tp =t.get_task_chain()
Returns a pointer to the first task on the list of all tasks (linked by t_next
pointers).

eo = t.o_type()
Returns the class type of ¢ (object: : TASK). o_type () is a virtual function.

l = t.preempt ()
Suspends RUNNING task #, making it IDLE. Returns the number of time
units left in ¢'s delay. Calling preempt () for an IDLE or TERMINATED
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task causes a runtime error.

t.print (i)

Prints the contents of t on stdout. The first argument, i, specifies the
amount of information to be printed. It can be 0, for the minimum amount
of information, VERBOSE, for more information, CHAIN, for information
about each object on the chain of all tasks, or STACK, for information
about the runtime stack. These argument constants can be combined with
the or operator, e.g., print (VERBOSE | CHAIN). A second integer argument is
for internal use and defaults to 0. print () is a virtual function.

t.resultis (i)

Sets the result (or “return value”) of ¢ to be the value of 7 and puts £ in the
TERMINATED state. The result can be examined by calling ¢.result()
(result() is a member function of class sched). tasks cannot return a
value using the wusual function return mechanism. A «call to
task::resultis() should appear at the end of every task constructor
body (unless the constructor will execute infinitely). A task is pending (see
sched: :pending ( )) until it is TERMINATED.

t.setwho (op)
Records the object denoted by op as the one that alerted ¢ when it was
IDLE. *op is meant to be the object whose state change from pending to
ready caused t to be put back on the run chain. This information can be
retrieved with task: :who_alerted_me( ).

t.sleep (op)

t.sleep|()
Suspends t unconditionally (puts the ¢ in the IDLE state). The op argu-
ment is optional. If task::sleep() is given a pointer to a pending object
as an argument, t will be “remembered” by the denoted object, so that
when that object becomes ready, ¢ will be “alerted” and put back on the
run chain (via object::alert()). If no argument is given to
task::sleep(), the event that will cause t to be resumed is unspecified.

Contrast sleep() with wait(), which suspends a task conditionally.
task::sleep () does not check whether the object denoted by op is pend-
ing.

t.wait(op)

If op points to a pending object, then ¢ will be suspended (put in the IDLE
state) until that object is ready. If op points to an object that is not pend-
ing (that is ready), then t will not be suspended at all. Any class derived
from class object that is ever going be waited for must have rules for
when it is pending and ready. Each object can only have one definition of
pending.
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i = t.waitlist(op ...)

Suspends t to wait for one of a list of objects to become ready.
waitlist() takes a list of object pointers terminated by a 0 argument. If
any of the arguments points to a “ready” object, then ¢ will not be
suspended at all. waitlist() returns when one of the objects on the list
is ready. It returns the position in the list of the object that caused the
return, with positions numbered starting from 0. Note that objects on the
list other than the one denoted by the return value might also be ready.

i = t.waitvec(op*)
Is the same as waitlist( ), except that it takes as an argument the address
of a vector holding a list of object pointers.

op = t.who_alerted_me()
Returns a pointer to the object whose state change from pending to ready
caused t to be put back on the run chain (put in the RUNNING state).

hwm = 1;

Causes the task system to keep track of the “high water mark” for each
task’s stack; that is, the most stack ever used by each task. This informa-
tion is printed by task::print (STACK). This information is intended pri-
marily for debugging purposes, and will affect performance speed. _hwm
must be set before any tasks whose high water marks are of interest are
created. Note that two tasks are created by a static constructor: the inter-
nal Interrupt_alerter task and the “main” task. If you need accurate infor-
mation about the high water mark for “main,” then _hwm must be set by a
static constructor which is called before that for the Interrupt_alerter
task.

Class object

Class object has one form of constructor:

object o;
Construct an object object, o, which is not on any lists. The constructor
takes no arguments.

Public member functions of class object are (in alphabetical order):

o.alert()
Changes the state of all tasks “remembered” by o from IDLE to RUNNING,
puts them on the schedulers run chain, and removes them from o's
remember chain.

o.forget (tp)
Removes all occurrences of the task denoted by tp from o’s remember chain.

eo = 0.0_type()
Returns the class type of the object, o (object: :0BJECT). o_type( ) isa vir-
tual function.

i = 0.pending()
Returns the ready status of an object. It returns FALSE if o is ready, and
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TRUE if it is pending. Classes derived from class object must define pend-
ing () if they are to be waited for. object::pending() returns TRUE by
default. pending () is a virtual function.

o.print (i)
Prints the contents of o on stdout. It is called by the print () functions for
classes derived from object. See task::print() for a description of the
arguments. print () is a virtual function.

o.remember (tp)
Adds the task denoted by tp to o's remember chain. Remembered tasks will
be alerted when 0's state becomes ready.

i = object::task_error(i, op)

i = 0.task_error (i, op)
The central error function called by task system functions when a run time
error occurs. i represents the error number (see the “Diagnostics” section
for a list of error numbers and their meanings). op is meant to be a pointer
to the object which called task_error() or 0. object::task_error()
examines the variable error_fct, and if this variable denotes a function,
that function will be called with 7 and op as arguments, respectively. (See
error_fct, below.) Otherwise, i will be given as an argument to
print_error(), which will print an error message on stderr and call
exit (i), terminating the program. The non-static, single argument form of
task_error () is obsolete, but remains for compatibility.

tp = object::this_task()
tp =o.this_task()
Returns a pointer to the task that is currently running.

PFI0 user-defined-error-function;

error_fct = user-defined-error-function
error_fct is a pointer to a function that returns an int and takes two
arguments: an int representing the error number and an object*
representing the object* that called task_error. If error_fct is set,
task_error () will call the user-defined-error-function with the error num-
ber and the object* as arguments. (The object* will be 0 if task_error
was not called by an object.) If user-defined-error-function does not
return 0, task_error () will call exit (7). If the user-defined-error-function
does return 0, task_error () willretry the operation that caused the error.
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Class sched

Both class task and class timer are derived from class sched. Class sched pro-
vides one form of constructor, which is protected:

sched s;
Constructs a sched object, s, initialized to be IDLE and to have a 0 delay.

Class sched is responsible for the functionality that is common to tasks and
timers. Class sched provides the following public member functions:

s.cancel (1)
Puts s into the TERMINATED state, without suspending the caller (that is,
without invoking the scheduler), and sets the result of s to be i.

i = s.dont_wait()
Returns the number of times keep_waiting() has been called, minus the
number of times dont_wait () has been called (excluding the current call).
If these functions are used as intended, the return value represents the
number of objects that were waiting for external events before the current
call. See keep_waiting(). See interrupt(C++) for a description of how
tasks can wait for external events.

1 = sched::get_clock()
l =s.get_clock()
Returns the value of the task system clock.

i = sched::get_exit_status()

i =s.get_exit_status()
Returns the exit status of the task program. When a task program ter-
minates normally (that is, task_error is not called), the program will call
exit(i), where i is the value passed by the Ilast «caller of
sched: :set_exit_status().

sp = s.get_priority_sched()
Returns a pointer to a system task, interrupt_alerter, if a signal that was
being waited for has occurred. If no interrupt has occurred,
get_priority_sched() returnsO.

sp = sched::get_run_chain()

sp =s.get_run_chain()
Returns a pointer to the run chain, the linked list of ready sched objects
(tasks and timers).

i = s.keep_waiting()

Returns the number of times keep_waiting() has been called (not count-
ing the current call), minus the number of times dont_wait() has been
called. keep_waiting() is meant to be called when an object that will
wait for an external event is created. For example, it is called when an
Interrupt_handler object is created by the Interrupt_handler constructor
(see interrupt(C++)). The inverse function, dont_wait (), should be called
when such an object is deleted. keep_waiting() causes the scheduler to
keep waiting (not to exit) when there are no runnable tasks (because an
external event may make an IDLE task runnable).
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i = s.pending()
Returns FALSE if s (task or timer) is in the TERMINATED state, TRUE oth-
erwise. pending () is a virtual function.

s.print (1)
Prints the contents of s on stdout. It is called by the print () functions for
classes derived from sched. See task::print() and timer::print() fora
description of the arguments. print () is a virtual function.

es = s.rdstate()
Returns the state of s: RUNNING, IDLE, or TERMINATED.

I = s.rdtime()
Returns the clock time at which s is to run.

i = s.result()
Returns the result of s (as set by task::resultis(), task::cancel(), or
sched::cancel()). If s is not yet TERMINATED, the calling task will be
suspended to wait for s to terminate. If a task calls result () for itself, it
will cause a run time error.

sched: :setclock(l)

s.setclock(l)
Initializes the system clock to the time given by I. Causes a run time error
if used more than once.

sched: :set_exit_status (i)

s.set_exit_status (1)
Sets the exit status of the task program. When a task program terminates
normally (that is, task_error is not called), the program will call exit (i),
where i is the value passed by the last caller of set_exit_status( ).

s.setwho (op)
Is a virtual function defined for tasks and timers; see its definition for
those classes. The argument is meant to be a pointer to the object that
caused s to be alerted.

PFV user-defined-exit-function;

exit_fct = user-defined-exit-function
exit_fct is a pointer to a function taking no arguments and returning
void. If set, the task system scheduler will call the user-defined-exit-func-
tion before the program exits.

clock_task = tp;
Sets tp to be a task that will be scheduled each time the system clock
advances, before any other tasks. The clock_task must be IDLE when it is
resumed by the scheduler. The clock_task can suspend itself by calling
task::sleep() to ensure this.

Class timer

Class timer provides one form of constructor:
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timer tm(l);
Constructs a timer object, tm, and inserts it on the scheduler’s run chain. I
represents the number of time units tm is to wait.

The following public member functions are provided for t imers:

eo = tm.o_type()
Returns the class type of the object (object: : TIMER). o_type( ) is a virtual
function.

tm.reset(l)
Resets tm's delay to I This makes repeated use of timers possible. A
timer can be reset even when it is TERMINATED.

tm.setwho (op)
Is defined to be null for timers. setwho( ) is a virtual function.

tm.print (i)
Prints the contents of tm on stdout. The argument is ignored. print() is a
virtual function.

Files

LIBDIR/libtask.a

Notes

The task library is supplied only for the following machines: WE32000-series
machines (e.g., the AT&T 3B2), AT&T 3B20, AT&T 6386 WGS, Sun-2 and Sun-3,
Amdahl UTS, and the VAX. It must be ported to work on other platforms.

Warnings

Beware of optimizing compilers that inline constructors for classes derived
from class task!

Although the task library was engineered to be as free as possible from depen-
dencies on compilation systems and dynamic call chains, it does depend on
the existence of stack frames for the task constructor and constructors for
classes derived from class task. If these constructors are inlined by an optim-
izing compiler, unpredictable behavior will result.

For related reasons, although you must derive a class from class task to use
the task library, you can only have one level of derivation from class task.
That is, the system will not work reliably if you derive a class from a class
derived from class task. A workaround is suggested below.
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When a task system function encounters a run time error, it calls
object::task_error( ), with one of the following error numbers as an argu-
ment. The table below lists the run time errors the task system detects, the
associated error messages, and explanations of the errors.

Error name Message Explanation

1 E_OLINK object::delete(): has chain Attempt to delete an object
which remembers a task.

2 E_ONEXT object:delete(): on chain Attempt to delete an object

3 E_GETEMPTY
4 E_PUTOBJ

5 E_PUTFULL

6 E_BACKOBJ

7 E_BACKFULL
8 E_SETCLOCK
9 E_CLOCKIDLE
10 E_RESTERM

11 E_RESRUN

12 E_NEGTIME
13 E_RESOB]J

14 E_HISTO

15 E_STACK
16 E_STORE

17 E_TASKMODE
18 E_TASKDEL
19 E_TASKPRE

20 E_TIMERDEL

ghead::get(): empty

gtail::zput( ): object on other
queue

qtail:zput(): full

ghead::putback(): object on
other queue

ghead:putback( ): full
sched::setclock(): clock!=0

sched::schedule( ): clock_task
not idle

sched::schedule: terminated
sched::schedule: running

sched::schedule: clock<0

sched::schedule: task or timer
on other queue
histogram::histogram( ): bad
arguments

task:restore( ): stack overflow
new: free store exhausted

task::task(): bad mode
task::"task(): not terminated
task::preempt(): not running

timer::"timer(): not terminated

(Continued on next page)
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which is still on some chain.

Attempt to get from an empty
queue in E MODE.

Attempt to put an object
already on some queue.
Attempt to put to a full queue
in EMODE.

Attempt to putback an object
already on some queue.

Attempt to putback to a full
queue in E_ZMODE.

Clock was non-zero when
setclock() was called.

The clock_task was not IDLE
when the clock was advanced.

Attempt to resume a
TERMINATED task.

Attempt to resume a
RUNNING task.

Negative argument to delay().

Attempt to resume task or
timer already on some queue.

Bad arguments for histogram
constructor.

Task run time stack overflow.

No more free store — new()
failed.

Illegal mode argument for task
constructor.

Attempt to delete a non-
TERMINATED task.

Attempt to preempt a non-
RUNNING task.

Attempt to delete a non-
TERMINATED timer.
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Bugs

(Continued)
Error name Message Explanation
21 E_SCHTIME schedule: bad time Scheduler run chain is
corrupted: bad time.
22 E_SCHOBJ sched object used directly (not Sched object used directly
as base) instead of as a base class.
23 E_QDEL queue::"queue(): not empty Attempt to delete a non-empty
queue.
24 E_RESULT task:result(): thistask->result() A task attempted to obtain its
own result().
25 E_WAIT task::wait(): wait for self A task attempted to wait() for
itself to TERMINATE.
26 E_FUNCS FrameLayout:FrameLayout(): Internal error — cannot
function start determine the call frame
layout.
27 E_FRAMES FrameLayout::FrameLayout(): Internal error — cannot
frame size determine framesize.
28 E_REGMASK task:fudge_return(): Internal error — unexpected
unexpected register mask register mask.
29 E_FUDGE_SIZE task::fudge_return(): frame too Internal error — fudged frame
big too big.
30 E_ZNO_HNDLR sigFunc - no handler for signal No handler for the generated
signal.
31 E_BADSIG illegal signal number Attempt to use a signal

number that is out of range.

32E_LOSTHNDLR Interrupt_handler:
Anterrupt_handler():
signal handler not on chain
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DEDICATED tasks are implemented by building task stacks in the free store.
Because UNIX System V Release 2 (SVR2) for the WE32000-series machines
does not allow stack pointers to point into the free store, DEDICATED tasks
cannot be used on these machines with SVR2. In such cases, compile the task
library with _SHARED_ONLY defined, which will make SHARED the default
mode for tasks. (Note: it is insufficient to declare all tasks as SHARED
without compiling a _SHARED_ONLY version of the task library, because
there is an internal system task (the interrupt alerter task, see intermupt(C++))
which is DEDICATED by default.)

UNIX System V Releases 3.1 and 3.2 (SVR3.1 and SVR3.2) for the Intel 386 ma-
chine will not call a signal handler when the current task is running on a stack
in the free store, that is, when the current task has a DEDICATED stack. If you
need to use the signal handling mechanisms (described on the tasksim(C++)
manual page) on that configuration, you cannot use tasks which have DEDI-
CATED stacks. In this case, compile the task library with _SHARED_ONLY
defined, which will make SHARED the default mode for tasks.
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For implementation reasons, it is not possible to derive a class from a class
derived from class task; only one level of derivation is permitted. Use of
multi-level derivation is not detected, and will usually result in an unexpected
core dump. One possible workaround for this limitation is to put the required
complex structures in a class not derived from task. Then derive a trivial
class from task whose constructor executes the co-routine in the complex
task. For example:

class Task_base {
virtual int Main();

)i

class Runner : public task {
Task_base* p;
public:
Runner (Task_base*);
}i

Runner: :Runner (Task_base* fp) : p(fp)

{

resultis(p->Main());

}

Class Task_base is the base class from which the user should derive whatever
additional classes and structures are needed.

See also

task.intro(C++), interrupt(C++), queue(C++), tasksim(C++)

“A set of C++ classes for co-routine style programming,” by Stroustrup, B. and
Shopiro, J. E.,, in Chapter 2 of the C++ Library Manual.

“Extending the C++ task system for real-time control,” by Shopiro, J. E., in
Chapter 2 of the C++ Library Manual.

“A porting guide for the C++ co-routine library,” by Keenan, S. A., in Chapter
2 of the C++ Library Manual.
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tasksim

histograms and random numbers for simulations with C++ tasks

Syntax

#include <task.h>

class histogram {

public:
int 1, r;
int binsize;
int nbin;
int* h;
long sum;
long sqgsum;

histogram(int nb =16, int left =0, int right =16);
void add(int bin);
void print();

}i

class randint {

public:
randint (long seed =0);
int draw( ) ;
float fdraw();
void seed(long);

}i

class urand : public randint {

public:
int low, high;
urand(int lo, int hi);
int draw () ;

i

class erand : public randint {

public:
int mean;
erand (int m);
int draw();
i
Description

The C++ task library can be used to program simulations. To support such
applications, the library supplies classes to ease data gathering and random
number generation.
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The public member functions supplied in the task system classes histogram,
randint, urand, and erand are listed and described in the next two sections.
The following symbols are used:

— his ahistogramobject

— riisarandint object

— wuris aurand object

~ erisaerand object

— 1,nb, left, right, lo, hi, m are ints
— lisalong int

— fisafloat

Histograms

Class histogram provides simple facilities to generate histograms.

Class histogram has one form of constructor:

histogram h(nb, left, right);
Constructs a histogram object, h. A histogram consists of nbin bins, k[0],
. hinbin-1], covering a range I to r of integers. The optional arguments
to the histogram constructor correspond to the number of bins (nbins),
and the left (I) and right (r) ends of the range, respectively. By default, nb
is 16, left is 0, and right is 16, in other words, there are 16 bins covering a
range from 0 to 16.

h.add (i)
Adds one to the ith bin. The sum of the integers added is maintained in
sum, and the sum of their squares is maintained in sqsum. If i is outside the
range l-r, the range is extended by either decreasing I or increasing r. The
number of bins however, remains constant, so the size of the range
covered by a bin is doubled each time the size of the range is doubled.

h.print ()
Prints the numbers of entries for each non-empty bin in h.

Random number generation

Classes randint, urand, and erand provide basic facilities for generating ran-
dom numbers, and can serve as a paradigm for other, application-specific
generators.

Each object of class randint provides an independent sequence of random
numbers.
Class randint has one form of constructor:

randint ri(l);
Constructs a randint object, ri. The argument is optional, and defaults to
0. If lis given, it is used to seed ri.
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i = ri.draw()
Returns a random int in the range from 0 to largest_positive_integer.
Integers returned by randint::draw() are uniformly distributed in that
range.

f = ri.fdraw()
Returns floats that are uniformly distributed in the interval 0 to 1.

ri.seed(l)
Reinitializes a generator with the seed 1.

Classes urand and erand are both derived from class randint.

urand wur(lo, hi)
Constructs a urand object, ur. lo and hi define the range from low to high
for the distribution of numbers generated by this object.

i = yr.draw()
Returns a random int in the range low to high. Integers returned from
urand: :draw ( ) will be uniformly distributed in the range.

erand er(i)
Constructs an erand object, er, with i as the mean for the distribution of ran-
dom numbers generated.

i = er.draw()
Returns a random int. Integers returned from erand::draw() will be
exponentially distributed around the mean. erand::draw() uses log()
from the C math library, so programs using it must be loaded with -lm.

Diagnostics

See task(C++).

See also

task.intro(C++), task(C++), interrupt(C++), queue(C++)

“A set of C++ classes for co-routine style programming,” by Stroustrup, B. and
Shopiro, J. E., in Chapter 2 of the C++ Library Manual.
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jostream

buffering, formatting and input/output

Syntax

#include <iostream.h>

class streambuf ;

class ios ;

class istream : virtual public ios ;

class ostream : virtual public ios ;

class iostream : public istream, public ostream ;
class istream_withassign : public istream ;

class ostream_withassign : public ostream ;

class iostream_withassign : public iostream ;

class Iostream_init ;

extern istream_withassign cin ;
extern ostream_withassign cout ;
extern ostream_withassign cerr ;
extern ostream_withassign clog ;

#include <fstream.h>

class filebuf : public streambuf ;
class fstream : public iostream ;
class ifstream : public istream ;
class ofstream : public ostream ;

#include <strstream.h>

class strstreambuf : public streambuf ;
class istrstream : public istream ;
class ostrstream : public ostream ;

#include <stdiostream.h>

class stdiobuf : public streambuf ;
class stdiostream : public ios ;

Description

The C++ iostream package declared in iostream.h and other header files con-
sists primarily of a collection of classes. Although originally intended only to
support input/output, the package now supports related activities such as
incore formatting. This package is a mostly source-compatible extension of
the earlier stream 1/0 package, described in The C++ Programming Language by
Bjarne Stroustrup.
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In the iostream man pages, character refers to a value that can be held in either
a char or unsigned char. When functions that return an int are said to return
a character, they return a positive value. Usually such functions can also
return EOF (-1) as an error indication. The piece of memory that can hold a
character is referred to as a byte. Thus, either a char* or an unsigned char*
can point to an array of bytes.

The iostream package consists of several core classes, which provide the basic
functionality for I/O conversion and buffering, and several specialized classes
derived from the core classes. Both groups of classes are listed below.

Core classes

The core of the iostream package comprises the following classes:

streambuf
This is the base class for buffers. It supports insertion (also known as stor-
ing or putting) and extraction (also known as fetching or getting) of charac-
ters. Most members are inlined for efficiency. The publicinterface of class
streambuf is described in sbuf.pub(C++) and the protected interface (for
derived classes) is described in sbuf.prot(C++).

ios
This class contains state variables that are common to the various stream
classes, for example, error states and formatting states. See ios(C++).

istream
This class supports formatted and unformatted conversion from
sequences of characters fetched from streambufs. See istream(C++).

ostream
This class supports formatted and unformatted conversion to sequences of
characters stored into streambufs. See ostream(C++).

iostream
This class combines istream and ostream. It is intended for situations in
which bidirectional operations (inserting into and extracting from a single
sequence of characters) are desired. See ios(C++).

istream_withassign

ostream_withassign

iostream_withassign
These classes add assignment operators and a constructor with no
operands to the corresponding class without assignment. The predefined
streams (see below) cin, cout, cerr, and clog, are objects of these classes.
See istream(C++), ostream(C++), and ios(C++).

Iostream_init
This class is present for technical reasons relating to initialization. It has
no public members. The Iostream_init constructor initializes the
predefined streams (listed below). Because an object of this class is
declared in the iostream.h header file, the constructor is called once each
time the header is included (although the real initialization is only done
once), and therefore the predefined streams will be initialized before they
are used. In some cases, global constructors may need to call the
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Tostream_init constructor explicitly to ensure the standard streams are
initialized before they are used.

Predefined streams
The following streams are predefined:
cin

The standard input (file descriptor 0).

cout
The standard output (file descriptor 1).

cerr
Standard error (file descriptor 2). Output through this stream is unit-
buffered, which means that characters are flushed after each inserter
operation. (See ostream::osfx() in ostream(C++) and ios::unitbuf in
ios(C++).)

clog
This stream is also directed to file descriptor 2, but unlike cerr its output is
buffered.

cin, cerr, and clog are tied to cout so that any use of these will cause cout to
be flushed.

In addition to the core classes enumerated above, the iostream package con-
tains additional classes derived from them and declared in other headers.
Programmers may use these, or may choose to define their own classes
derived from the core iostream classes.

Classes derived from streambuf

Classes derived from streambuf define the details of how characters are pro-
duced or consumed. Derivation of a class from streambuf (the protected
interface) is discussed in sbuf.prot(C++). The available buffer classes are:

filebuf
This buffer class supports I/0 through file descriptors. Members support
opening, closing, and seeking. Common uses do not require the program
to manipulate file descriptors. See filebuf(C++).

stdiobuf
This buffer class supports I/O through stdio FILE structs. It is intended for
use when mixing C and C++ code. New code should prefer to use
filebufs. See stdiobuf(C++).

strstreambuf
This buffer class stores and fetches characters from arrays of bytes in mem-
ory (i.e, strings). See ssbuf(C++).
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Classes derived from istream, ostream, and iostream

Classes derived from istream, ostream, and iostream specialize the core
classes for use with particular kinds of streambufs. These classes are:

ifstream

ofstream

fstream
These classes support formatted I/0 to and from files. They use a filebuf
to do the I/O. Common operations (such as opening and closing) can be
done directly on streams without explicit mention of filebufs. See
fstream(C++).

istrstream

ostrstream
These classes support “in core” formatting. They use a strstreambuf. See
strstream(C++).

stdiostream
This class specializes iostream for stdio FILEs. See stdiostream.h.

Caveats

Parts of the streambuf class of the old stream package that should have been
private were public. Most normal usage will compile properly, but any code
that depends on details, including classes that were derived from streambufs,
will have to be rewritten.

Performance of programs that copy from cin to cout may sometimes be
improved by breaking the tie between cin and cout and doing explicit flushes
of cout.

The header file stream.h exists for compatibility with the earlier stream pack-
age. It includes iostream.h, stdio.h, and some other headers, and it declares
some obsolete functions, enumerations, and variables. Some members of
streambuf and ios (not discussed in these manual pages) are present only for
backward compatibility with the stream package.

See also
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ios(C++), sbuf.pub(C++), sbuf.prot(C++), filebuf(C++), stdiobuf(C++),
ssbuf(C++), istream(C++), ostream(C++), fstream(C++), strstream(C++),
manip(C++)
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filebuf

bufter for file 110

Syntax

#include <iostream.h>

typedef long streamoff, streampos;

class ios {

public:
enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };
// and lots of other stuff, see ios(C++)

)

#include <fstream.h>

class filebuf : public streambuf {

public:
static const int openprot ; /* default protection for open */
filebuf() ;
~filebuf() ;
filebuf (int 4d);
filebuf (int d, char* p, int len) ;
filebuf* attach(int 4) ;
int detach() ;
filebuf* close();
int fd();
int is_open();
filebuf* open (char *name, int omode, int prot=openprot) ;
streampos seekoff (streamoff, seek_dir, int omode) ;
streampos seekpos (streampos, int omode) ;
streambuf* setbuf (char* p, int len) ;
int sync() ;
)i
Description

filebufs specialize streambufs to use a file as a source or sink of characters.
Characters are consumed by doing writes to the file, and are produced by
doing reads. When the file is seekable, a filebuf allows seeks. At least 4
characters of putback are guaranteed. When the file permits reading and writ-
ing, the filebuf permits both storing and fetching. No special action is
required between gets and puts (unlike stdio). A filebuf that is connected to
a file descriptor is said to be open. Files are opened by default with a protec-
tion mode of openprot, which is 0644.
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The reserve area (or buffer, see sbuf.pub(C++) and sbuf.prot(C++)) is allocated
automatically if one is not specified explicitly with a constructor or a call to
setbuf (). filebufs can also be made unbuffered with certain arguments to the
constructor or setbuf (), in which case a system call is made for each charac-
ter that is read or written. The get and put pointers into the reserve area are
conceptually tied together; they behave as a single pointer. Therefore, the
descriptions below refer to a single get/put pointer.

In the descriptions below, assume:
fisa filebuf
— pfbisafilebuf*

— psbis a streambuf*

— 1,d, len, and prot are ints

— nameand ptrare char*s

— modeisan int representing an open_mode
— offisastreamoff

— pand pos are streampos’s

— dirisaseek_dir
Constructors

filebuf ()
Constructs an initially closed filebuf.

filebuf (d)
Constructs a filebuf connected to file descriptor d.

filebuf(d, p, len)
Constructs a filebuf connected to file descriptor d and initialized to use
the reserve area starting at p and containing len bytes. If p is null or len is
zero or less, the filebuf will be unbuffered.

Member functions

pfb=f.attach(d)
Connects f to an open file descriptor, d. attach() normally returns &f, but
returns 0 if f is already open.

d=f.detach()
Flushes any waiting output to the file associated with the file descriptor,
and disconnects the file descriptor from f. The file descriptor is returned.
Applications which do not want the attached file descriptor to be closed
by close () should call this function before close( ).
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pfo=f.closel( )

Flushes any waiting output, closes the file descriptor, and disconnects f.
Unless an error occurs, fs error state will be cleared. close() returns &f
unless errors occur, in which case it returns 0. Even if errors occur,
close () leaves the file descriptor and f closed.

i=f. £d()
Returns i, the file descriptor f is connected to. If fis closed, i is EOF.

i=f.is_open( )
Returns non-zero when f is connected to a file descriptor, and zero other-
wise.

pfo=f.open (name, mode, prot)

Opens file name and connects f to it. If the file does not already exist, an
attempt is made to create it with protection mode prot, unless ios: :nocre-
ate is specified in mode. By default, prot is filebuf: :openprot, which is
0644. Failure occurs if f is already open. open () normally returns &f, but if
an error occurs it returns 0. The members of open_mode are bits that may
be or’ed together. (Because the or'ing returns an int, open () takes an int
rather than an open_mode argument.) The meanings of these bits in mode
are described in detail in fstream(C++).

p=f.seekoff (off, dir, mode)

Moves the get/put pointer as designated by off and dir. It may fail if the
file that f is attached to does not support seeking, or if the attempted
motion is otherwise invalid (such as attempting to seek to a position
before the beginning of file). off is interpreted as a count relative to the
place in the file specified by dir as described in sbuf.pub(C++). mode is
ignored. seekoff () returns p, the new position, or EOF if a failure occurs.
The position of the file after a failure is undefined.

p=f.seekpos (pos, mode)
Moves the file to a position pos as described in sbuf.pub(C++). mode is
ignored. seekpos () normally returns pos, but on failure it returns EOF.

psb=f.setbuf (ptr, len)
Sets up the reserve area as len bytes beginning at ptr. If ptris null or len is
less than or equal to 0, f will be unbuffered. setbuf () normally returns &f.
However, if f is open and a buffer has been allocated, no changes are made
to the reserve area or to the buffering status, and setbuf ( ) returns 0.

i=f.sync ()
Attempts to force the state of the get/put pointer of f to agree (be syn-
chronized) with the state of the file f. fd (). This means it may write char-
acters to the file if some have been buffered for output or attempt to repo-
sition (seek) the file if characters have been read and buffered for input.
Normally, sync() returns 0, but it returns EOF if synchronization is not
possible.
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Sometimes it is necessary to guarantee that certain characters are written
together. To do this, the program should use setbuf () (or a constructor)
to guarantee that the reserve area is at least as large as the number of char-
acters that must be written together. It can then call sync (), then store the
characters, then call sync( ) again.

Caveats

attach() and the constructors should test if the file descriptor they are given
is open, but I can’t figure out a portable way to do that.

There is no way to force atomic reads.

The UNIX system does not usually report failures of seek (e.g., on a tty), so a
filebuf does not either.

See also

sbuf.pub(C++), sbuf.prot(C++), fstream(C++)
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fstream

iostream and streambuf specialized to files

Syntax

#include <fstream.h>

typedef long streamoff, streampos;
class ios {
public:
enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };
enum io_state { goodbit=0, eofbit, failbit, badbit };
// and lots of other stuff, see ios(C++)
)

class ifstream : istream ({
ifstream() ;
~ifstream() ;
ifstream(const char* name, int =ios::in,
int prot =filebuf::openprot) ;
ifstream(int £fd) ;
ifstream(int fd, char* p, int 1) ;

void attach(int fd) ;

int detach() ;
void close() ;
void open(char* name, int =ios::in,
int prot=filebuf::openprot) ;
filebuf* rdbuf () ;

void setbuf (char* p, int 1) ;
)i

class ofstream : ostream {
ofstream() ;
~ofstream() ;
ofstream(const char* name, int =ios::out,
int prot =filebuf::openprot) ;
ofstream(int fd) ;
ofstream(int fd, char* p, int 1) ;

void attach(int fd) ;

int detach() ;
void close() ;
void open(char* name, int =ios::out,
int prot=filebuf::openprot) ;
filebuf* rdbuf () ;
void setbuf (char* p, int 1) ;
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class fstream : iostream {
fstream() ;
~fstream() ;
fstream(const char* name, int mode,
int prot =filebuf::openprot) ;
fstream(int fd) ;
fstream(int fd, char* p, int 1) ;

void attach(int fd) ;

int detach();

void close () ;

void open(char* name, int mode, int prot=filebuf::openprot) ;
filebuf* rdbuf () ;

void setbuf (char* p, int 1) ;

}i

Description

ifstream, ofstream, and fstream specialize istream, ostream, and iostrean,
respectively, to files. That is, the associated streambuf will be a filebuf.

In the following descriptions, assume

— fisany of ifstream, ofstream, or fstream

— pfbisafilebuf*

psb is a streambuf*

name and ptr are char*s
— 1,fd, len, and prot are ints

— modeisanint representing an open_mode

Constructors
The constructors for xstream, where x is either “if”, “of ”, or “ f”, are:

xstream()
Constructs an unopened xstream.

xstream(name, mode, prot)
Constructs an xstream and opens file name using mode as the open mode
and prot as the protection mode. By default, prot is filebuf: :openprot,
which is 0644. The error state (io_state) of the constructed xstream will
indicate failure in case the open fails.

xstream(d)
Constructs an xstream connected to file descriptor d, which must be

already open.

xstream(d, ptr, len)
Constructs an xstream connected to file descriptor d, and, in addition, ini-
tializes the associated filebuf to use the len bytes at ptr as the reserve
area. If ptris null or len is 0, the filebuf will be unbuffered.
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Member functions

f.attach(d)
Connects f to the file descriptor d. A failure occurs when f is already con-
nected to a file. A failure sets ios::failbit in f's error state.

d=f.detach()
Disconnects the attached file descriptor from f and returns the file descrip-
tor. Before disconnection, flushes any waiting output to the file associated
with the file descriptor.

f.close()
Closes any associated filebuf and thereby breaks the connection of the f
to a file. fs error state is cleared except on failure. A failure occurs when
the call to f.rdbuf ( ) ->close( ) fails.

f.open (name, mode, prot)

Opens file name and connects f to it. If the file does not already exist, an
attempt is made to create it with protection mode prot unless ios: :nocre-
ate is set. By default, prot is filebuf::openprot, which is 0644. Failure
occurs if f is already open, or the call to f.rdbuf()->open() fails.
ios::failbit is set in fs error status on failure. The members of
open_mode are bits that may be ored together. (Because the or'ing returns
an int, open() takes an int rather than an open_mode argument.) The
meanings of these bits in mode are:

ios::app
A seek to the end of file is performed. Subsequent data written to the
file is always added (appended) at the end of file. On some systems
this is implemented in the operating system. In others it is imple-
mented by seeking to the end of the file before each write. ios::app
implies ios: :out.

ios::ate
A seek to the end of the file is performed during the open( ). ios::ate
does not imply ios: :out.

ios::in
The file is opened for input. ios::in is implied by construction and
opens of ifstreams. For fstreams it indicates that input operations
should be allowed if possible. It is legal to include ios::in in the
modes of an ostream in which case it implies that the original file (if it
exists) should not be truncated. If the file being opened for input does
not exist, the open will fail.

ios::out
The file is opened for output. ios::out is implied by construction and
opens of ofstreams. For fstrean it says that output operations are to
be allowed. ios::out may be specified even if prot does not permit
output.

ios::trunc
If the file already exists, its contents will be truncated (discarded). This
mode is implied when ios: :out is specified (including implicit specifi-
cation for of stream) and neither ios::ate nor ios: : app is specified.
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ios::nocreate
If the file does not already exist, the open( ) will fail.

ios::noreplace
If the file already exists, the open( ) will fail. Only valid with ios: : out.

pfb=f.rdbuf ( )
Returns a pointer to the filebuf associated with f. fstream::rdbuf() has

the same meaning as iostream: : rdbuf ( ) but is typed differently.

f.setbuf (p, len)
Has the usual effect of a setbuf () (see filebuf(C++)), offering space for a
reserve area or requesting unbuffered I/0. Normally the returned psb is
f.rdbuf (), but it is 0 on failure. A failure occurs if f is open or the call to
f.rdbuf () ->setbuf fails.

See also

filebuf(C++), istream(C++), ios(C++), ostream(C++), sbuf.pub(C++)
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input/output formatting

Syntax

#include <iostream.h>

class ios {

public:

public:

enum io_state { goodbit=0, eofbit, failbit, badbit };

enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };

enum seek_dir { beg, cur, end }; S?
/* flags for controlling format */ +
enum { skipws=01,

left=02, right=04, internal=010,

dec=020, oct=040, hex=0100,

showbase=0200, showpoint=0400,

uppercase=01000, showpos=02000,

scientific=04000, fixed=010000,

unitbuf=020000, stdio=040000 };
static const long basefield;

/* dec|oct|hex */
static const long adjustfield;

/* left|right|internal */
static const long floatfield;

/* scientific|fixed */

ios (streambuf*);

int bad();
static long bitalloc();
void clear(int state =0);
int eof ();
int fail();

char fill();
char fill(char);
long flags();
long flags(long);

int good();

long& iword(int);

int operator! ();
operator void*();

int precision();

int precision(int);

streambuf* rdbuf ();

void* & pword(int);

int rdstate();

long setf(long setbits, long field);
long setf(long);

static void sync_with_stdio();
ostream* tie();
ostream* tie(ostream*);
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long unsetf (long);
int width();
int width(int);
static int xalloc();
protected:
ios();
init (streambuf*);
private:
ios(ios&);
void operator=(ios&) ;

}i

/* Manipulators */

ios& dec(ios&) ;

ios& hex(ios&) ;

ios& oct(ios&) ;

ostream& endl (ostream& 1) ;

ostream& ends (ostream& i) ;

ostreamé& flush(ostream&) ;

istream& ws(istream&) ;
Description

The stream classes derived from class ios provide a high level interface that
supports transferring formatted and unformatted information into and out of
streambufs. This manual page describes the operations common to both
input and output.

Several enumerations are declared in class ios, open_mode, io_state,
seek_dir, and format flags, to avoid polluting the global name space. The
io_states are described on this manual page under “Error States.” The format
fields are also described on this page, under “Formatting.” The open_modes are
described in detail in fstream(C++) under open(). The seek_dirs are
described in sbuf.pub(C++) under seekoff ( ).

In the following descriptions assume:

— sand s2areioss

— srisanios&

— spisaios*

- 1,0i,j,and n are ints

— IL,f,and b are longs

— cand oc are chars

— ospand oosp are ostream*s

— sbisa streambuf*

— posisastreampos

— offisastreamoff
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— diris a seek_dir
— mode is an int representing an open_mode
— fctis a function with type ios& (*) (10s&)

- vpisavoid*s
Constructors and assignment

ios(sb)
The streambuf denoted by sb becomes the streambuf associated with the
constructed ios. If sb is null, the effect is undefined.

ios (sr)

s2=s
Copying of ioss is not well-defined in general, therefore the constructor
and assignment operators are private so that the compiler will complain
about attempts to copy ios objects. Copying pointers to iostreams is usu-
ally what is desired.

ios()

init (sb)
Because class ios is now inherited as a virtual base class, a constructor
with no arguments must be used. This constructor is declared protected.
Therefore ios::init (streambuf*) is declared protected and must be used
for initialization of derived classes.

Error states

An ios has an internal error state (which is a collection of the bits declared as
io_states). Members related to the error state are:

i=s.rdstate()
Returns the current error state.

s.clear (i)
Stores i as the error state. If i is zero, this clears all bits except
ios::hardfail (this bit is not for public access). To set a bit without clear-
ing previously set bits requires something like
s.clear(ios::badbit|s.rdstate()).

i=s.good ()
Returns non-zero if the error state has no bits set, zero otherwise.

i=s.eof ()
Returns non-zero if eofbit is set in the error state, zero otherwise. Nor-
mally this bit is set when an end-of-file has been encountered during an
extraction.
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i=s.fail()
Returns non-zero if either badbit or failbit is set in the error state, zero
otherwise. Normally this indicates that some extraction or conversion has
failed, but the stream is still usable. That is, once the failbit is cleared,
I/0 on s can usually continue.

i=s.bad ()
Returns non-zero if badbit is set in the error state, zero otherwise. This
usually indicates that some operation on s.rdbuf () has failed, a severe
error, from which recovery is probably impossible. That is, it will prob-
ably be impossible to continue 1/0O operations on s.

Operators
Two operators are defined to allow convenient checking of the error state of
an ios: operator! () and operator void*(). The latter converts an ios to a

pointer so that it can be compared to zero. The conversion will return 0 if
failbit or badbit is set in the error state, and will return a pointer value oth-
erwise. This pointer is not meant to be used. This allows one to write expres-
sions such as:

if ( cin )

if ( cin >> x )

The “!” operator returns non-zero if failbit or badbit is set in the error state,
which allows expressions like the following to be used:

if ( !cout ) .

Formatting

An ios has a format state that is used by input and output operations to con-
trol the details of formatting operations. For other operations the format state
has no particular effect and its components may be set and examined arbi-
trarily by user code. Most formatting details are controlled by using the
flags(),setf (), and unsetf() functions to set the following flags, which are
declared in an enumeration in class ios. Three other components of the for-
mat state are controlled separately with the functions £ill(), width(), and
precision().

skipws
If skipws is set, whitespace will be skipped on input. This applies to scalar
extractions. When skipws is not set, whitespace is not skipped before the
extractor begins conversion. If skipws is not set and a zero length field is
encountered, the extractor will signal an error. Additionally, the arith-
metic extractors will signal an error if skipws is not set and a whitespace is
encountered.
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left

right

internal
These flags control the padding of a value. When left is set, the value is
left-adjusted, that is, the fill character is added after the value. When
right is set, the value is right-adjusted, that is, the fill character is added
before the value. When internal is set, the fill character is added after any
leading sign or base indication, but before the value. Right-adjustment is
the default if none of these flags is set. These fields are collectively
identified by the static member, ios::adjustfield. The fill character is
controlled by the fill() function, and the width of padding is controlled
by the width() function.

dec

oct

hex
These flags control the conversion base of a value. The conversion base is
10 (decimal) if dec is set, but if oct or hex is set, conversions are done in
octal or hexadecimal, respectively. If none of these is set, insertions are in
decimal, but extractions are interpreted according to the C++ lexical con-
ventions for integral constants. These fields are collectively identified by
the static member, ios: :basefield. The manipulators hex, dec, and oct
can also be used to set the conversion base; see “Built-in manipulators”
below.

showbase
If showbase is set, insertions will be converted to an external form that can
be read according to the C++ lexical conventions for integral constants.
showbase is unset by default.

showpos
If showpos is set, then a “+” will be inserted into a decimal conversion of a
positive integral value.

uppercase
If uppercase is set, then an upper case “X” will be used for hexadecimal
conversion when showbase is set, or an upper case “E” will be used to
print floating point numbers in scientific notation.

showpoint
If showpoint is set, trailing zeros and decimal points appear in the result of
a floating point conversion.

scientific

fixed
These flags control the format to which a floating point value is converted
for insertion into a stream. If scientific is set, the value is converted
using scientific notation, where there is one digit before the decimal point
and the number of digits after it is equal to the precision (see below),
which is six by default. An upper case “E” will introduce the exponent if
uppercase is set, a lower case “e” will appear otherwise. If fixed is set,
the value is converted to decimal notation with precision digits after the
decimal point, or six by default. If neither scientific nor fixed is set,
then the value will be converted using either notation, depending on the
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value; scientific notation will be used if the exponent resulting from the
conversion is less than -4 or greater than or equal to precision digits. Oth-
erwise the value will be converted to decimal notation with precision
digits total. If showpoint is not set, trailing zeroes are removed from the
result and a decimal point appears only if it is followed by a digit. scien-
tific and fixed are collectively identified by the static member
ios::floatfield.

unitbuf
When set, a flush is performed by ostream::osfx () after each insertion.
Unit buffering provides a compromise between buffered output and
unbuffered output. Performance is better under unit buffering than
unbuffered output, which makes a system call for each character output.
Unit buffering makes a system call for each insertion operation, and
doesn’t require the user to call ostream:: flush( ).

stdio
When set, stdout and stderr are flushed by ostream::osfx() after each
insertion. However, the flush will not be in effect without a call to
ios::sync_with_stdio().

The following functions use and set the format flags and variables.

oc=s.fill(c)
Sets the “fill character” format state variable to ¢ and returns the previous
value. ¢ will be used as the padding character, if one is necessary (see
width(), below). The default fill or padding character is a space. The
positioning of the fill character is determined by the right, left, and
internal flags; see above. A parameterized manipulator, setfill, is also
available for setting the fill character; see manip(C++).

c=s.fi11()
Returns the “fill character” format state variable.

I=s.flags()
Returns the current format flags.

l=s.flags(f)
Resets all the format flags to those specified in f and returns the previous
settings.

oi=s.precision (i)
Sets the precision format state variable to i and returns the previous
value. This variable controls the number of significant digits inserted by
the floating point inserter. The default is 6. A parameterized manipulator,
setprecision, is also available for setting the precision; see manip(C++).

i=s.precision()
Returns the precision format state variable.
I=s.setf(b)
Turns on in s the format flags marked in b and returns the previous set-

tings. A parameterized manipulator, setiosflags, performs the same
function; see manip(C++).
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I=s.setf (b, f)

Resets in s only the format flags specified by f to the settings marked in b,
and returns the previous settings. That is, the format flags specified by f
are cleared in s, then reset to be those marked in b. For example, to change
the conversion base in s to be hex, one could write:
s.setf(ios::hex, los::basefield). ios::basefield specifies the conver-
sion base bits as candidates for change, and ios::hex specifies the new
value. s.setf(0,f) will clear all the bits specified by f, as will a parameter-
ized manipulator, resetiosflags; see manip(C++).

I=s.unsetf (b)
Unsets in s the bits set in b and returns the previous settings.

oi=s.width (i)

Sets the field-width format variable to i and returns the previous value.
When the field width is zero (the default), inserters will insert only as
many characters as necessary to represent the value being inserted. When
the field width is non-zero, the inserters will insert at least that many char-
acters, using the fill character to pad the value, if the value being inserted
requires fewer than field-width characters to be represented. However,
the numeric inserters never truncate values, so if the value being inserted
will not fit in field-width characters, more than field-width characters will
be output. The field width is always interpreted as a minimum number of
characters; there is no direct way to specify a maximum number of charac-
ters. The field-width format variable is reset to the default (zero) after
each insertion or extraction, and in this sense it behaves as a parameter for
insertions and extractions. A parameterized manipulator, setw, is also
available for setting the width; see manip(C++).

i=s.width()
Returns the field-width format variable.

User-defined format flags

Class ios can be used as a base class for derived classes that require addi-
tional format flags or variables. The iostream library provides several func-
tions to do this. The two static member functions ios::xalloc and
ios::bitalloc, allow several such classes to be used together without
interference.
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b=ios::bitalloc()
Returns a long with a single, previously unallocated, bit set. This allows
users who need an additional flag to acquire one, and pass it as an argu-
ment to ios::setf(), for example. If it returns 0, all allocatable bits have
been used.

i=ios::xalloc()
Returns a previously unused index into an array of words available for use
as format state variables by derived classes. If it returns a negative value,
all the indices have been used.

I=s.iword(i)
When i isan index allocated by ios::xalloc, iword( ) returns a reference
to the ith user-defined word.

vp=s .pword (i)
When i is an index allocated by ios::xalloc, pword() returns a reference
to the ith user-defined word. pword () is the same as iword() except that
it is typed differently.

Other members

sb=s.rdbuf ()
Returns a pointer to the streambuf associated with s when s was con-
structed.

ios::sync_with_stdio()

Solves problems that arise when mixing stdio and iostreams. The first
time it is called it will reset the standard iostreams (cin, cout, cerr, clog)
to be streams using stdiobufs. After that, input and output using these
streams may be mixed with input and output using the corresponding
FILEs (stdin, stdout, and stderr) and will be properly synchronized.
sync_with_stdio() makes cout and cerr unit buffered (see ios: :unitbuf
and ios::stdio above). Invoking sync_with_stdio() degrades perfor-
mance a variable amount, depending on the length of the strings being
inserted (shorter strings incur a larger performance hit).

oosp=s.tie(osp)

Sets the tie variable to osp, and returns its previous value. This variable
supports automatic “flushing” of ioss. If the tie variable is non-null and
an ios needs more characters or has characters to be consumed, the ios
pointed at by the tie variable is flushed. By default, cin is tied initially to
cout so that attempts to get more characters from standard input result in
flushing standard output. Additionally, cerr and clog are tied to cout by
default. For other ioss, the tie variable is set to zero by default.

osp=s.tie()
Returns the tie variable.
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Built-in manipulators

Some convenient manipulators (functions that take an iosg&, an istream&, or
an ostreamé& and return their argument; see manip(C++)) are:

sr<<dec
sr>>dec
These set the conversion base format flag to 10.

sr<<hex
sr>>hex
These set the conversion base format flag to 16.

sr<<oct
sr>>oct
These set the conversion base format flag to 8.

++9)

Sr>>Ws
Extracts whitespace characters. See istream(C++).

sr<<endl
Ends a line by inserting a newline character and flushing. See
ostream(C++).

sr<<ends
Ends a string by inserting a null (0) character. See ostream(C++).

sr<<flush
Flushes outs. See ostream(C++).

Several parameterized manipulators that operate on ios objects are described
in manip(C++): setw, setfill, setprecision, setiosflags, and resetios-
flags.

The streambuf associated with an ios may be manipulated by other methods
than through the ios. For example, characters may be stored in a queuelike
streambuf through an ostream while they are being fetched through an
istream. Or for efficiency some part of a program may choose to do stream-
buf operations directly rather than through the ios. In most cases the pro-
gram does not have to worry about this possibility, because an ios never
saves information about the internal state of a streambuf. For example, if the
streambuf is repositioned between extraction operations the extraction (input)
will proceed normally.

Caveats

The need for sync_with_stdio is a wart. The old stream package did this as a
default, but in the iostream package unbuffered stdiobufs are too inefficient to
be the default.

The stream package had a constructor that took a FILE* argument. This is

now replaced by stdiostream. It is not declared even as an obsolete form to
avoid having iostream.h depend on stdio.h.
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The old stream package allowed copying of streams. This is disallowed by
the iostream package. However, objects of type istream_withassign,
ostream_withassign, and iostream_withassign can be assigned to. Old code
using copying can usually be rewritten to use pointers or these classes. (The
standard streams cin, cout, cerr, and clog are members of “withassign”
classes, so they can be assigned to, asin cin = inputfstream.)

See also

ios.intro(C++), streambuf(C++), istream(C++), ostream(C++), manip(C++)
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istream(C++)

formatted and unformatted input

Syntax

#include <iostream.h>

typedef long streamoff, streampos;
class ios {
public:
enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };
/* flags for controlling format */
enum { skipws=01,

left=02, right=04, internal=010,

dec=020, oct=040, hex=0100,

showbase=0200, showpoint=0400,

uppercase=01000, showpos=02000,

scientific=04000, fixed=010000,

unitbuf=020000, stdio=040000 };
// and lots of other stuff, see ios(C++)

)

class istream : public ios {

public:
istream(streambuf*);
int gcount () ;
istream& get(char* ptr, int len, char delim='\n’);
istream& get (unsigned char* ptr, int len, char delim='\n’);
istream& get (unsigned chark);
istream& get (char&);
istream& get (streambuf& sb, char delim ='\n’);
int get();
istreamé& getline(char* ptr, int len, char delim='\n’);
istream& getline(unsigned char* ptr, int len,
char delim='\n");
istreamé& ignore(int len=1,int delim=EOF);
int ipfx(int need=0);
int peek();
istream& putback (char) ;
istream& read(char* s, int n);
istream& read (unsigned char* s, int n);
istream& seekg (streampos) ;
istream& seekg (streamoff, seek_dir);
int sync();
streampos tellg();
istream& operator>>(char*);
istream& operator>> (chark) ;
istream& operator>> (shorté&) ;
istream& operator>>(int&);
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istream& operator>>(long&);

istream& operator>>(floaté&) ;

istream& operator>> (double&) ;
istream& operator>>(unsigned char*);
istream& operator>>(unsigned char&);
istream& operator>>(unsigned shorté);
istream& operator>>(unsigned inté&);
istream& operator>>(unsigned long&) ;
istream& operator>>(streambuf*);
istream& operator>>(istream& (*) (istream&));
istream& operator>>(ios& (*) (ios&));

i

class istream_withassign : public istream {
istream_withassign();
istream& operator=(istream&);
istream& operator=(streambuf?*);
)i

extern istream_withassign cin;
istream& ws (istream&) ;
ios& dec(ios&) ;

ios& hex(ios&) ;
ios& oct(ios&) ;

Description

istreams support interpretation of characters fetched from an associated
streambuf. These are commonly referred to as input or extraction operations.
The istream member functions and related functions are described below.

In the following descriptions assume that

~ insisanistream

— inwais an istream_withassign

— insp is an istream*

— cisachar&

— delim is a char

— ptrisachar* orunsigned char*

— sbisastreambuf&

— i,n,len, d, and need are ints

— posisa streampos

— offisa streamoff

— dirisaseek_dir

— manip is a function with type istream& (*) (istreams)

200 C++ Stream Library 31 January 1995



istream(C++)

Constructors and assignment

istream(sb)
Initializes ios state variables and associates buffer sb with the istream.

istream_withassign()
Does no initialization.

inswa=sb
Associates sb with inswa and initializes the entire state of inswa.

inswa=ins
Associates ins->rdbuf () with inswa and initializes the entire state of
inswa.

Input prefix function

i=ins.ipfx (need)

If ins’s error state is non-zero, returns zero immediately. If necessary (and
if it is non-null), any ios tied to ins is flushed (see the description
ios::tie() in ios(C++)). Flushing is considered necessary if either
need==0 or if there are fewer than need characters immediately available.
If ios::skipws is set in ins.flags() and need is zero, then leading whi-
tespace characters are extracted from ins. ipfx() returns zero if an error
occurs while skipping whitespace; otherwise it returns non-zero.

Formatted input functions call ipfx(0), while unformatted input functions
call ipfx(1); see below.

Formatted input functions (extractors)

ins>>x
Calls ipfx (0) and if that returns non-zero, extracts characters from ins and
converts them according to the type of x. It stores the converted value in
x. Errors are indicated by setting the error state of ins. ios::failbit
means that characters in ins were not a representation of the required type.
ios::badbit indicates that attempts to extract characters failed. ins is
always returned.

The details of conversion depend on the values of ins’s format state flags
and variables (see ios(C++)) and the type of x. Except that extractions that
use width reset it to 0, the extraction operators do not change the value of
ostream’s format state. Extractors are defined for the following types, with
conversion rules as described below.

char*, unsigned char*
Characters are stored in the array pointed at by x until a whitespace
character is found in ins. The terminating whitespace is left in ins. If
ins.width() is non-zero it is taken to be the size of the array, and no
more than ins.width() -1 characters are extracted. A terminating null
character (0) is always stored (even when nothing else is done because
of ins’s error status). ins.width() is reset to 0.
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char&, unsigned charé
A character is extracted and stored in x.

short&, unsigned shortg,

int&,unsigned intg,

long&, unsigned longé&
Characters are extracted and converted to an integral value according
to the conversion specified in ins’s format flags. Converted characters
are stored in x. The first character may be a sign (+ or -). After that, if
ios::oct,ios::dec,or ios: :hex is set inins.flags (), the conversionis
octal, decimal, or hexadecimal, respectively. Conversion is terminated
by the first “non-digit,” which is left in ins. Octal digits are the charac-
ters “0” to “7”. Decimal digits are the octal digits plus “8” and “9”.
Hexadecimal digits are the decimal digits plus the letters “a” through
“f£” (in either upper or lower case). If none of the conversion base for-
mat flags is set, then the number is interpreted according to C++ lexical
conventions. That is, if the first characters (after the optional sign) are
“0Ox” or “0X” a hexadecimal conversion is performed on following
hexadecimal digits. Otherwise, if the first character is a “0”, an octal
conversion is performed, and in all other cases a decimal conversion is
performed. ios::failbit is set if there are no digits (not counting the
“0”in “0x” or “0X” during hex conversion) available.

float&, double&
Converts the characters according to C++ syntax for a float or double,
and stores the result in x. ios::failbit is set if there are no digits
available in ins or if it does not begin with a well formed floating point
number.

The type and name (operator>>) of the extraction operations are chosen to
give a convenient syntax for sequences of input operations. The operator
overloading of C++ permits extraction functions to be declared for user-
defined classes. These operations can then be used with the same syntax as
the member functions described here.

ins>>sb
If ios.ipfx(0) returns non-zero, extracts characters from ios and inserts
them into sb. Extraction stops when EOF is reached. Always returns ins.

Unformatted input functions
These functions call ipfx (1) and proceed only if it returns non-zero:

insp==&ins. get (ptr, len, delim)

Extracts characters and stores them in the byte array beginning at ptr and
extending for len bytes. Extraction stops when delim is encountered
(delim is left in ins and not stored), when ins has no more characters, or
when the array has only one byte left. get always stores a terminating
null, even if it doesn’t extract any characters from ins because of its error
status. ios::failbit is set only if get encounters an end of file before it
stores any characters.
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insp=&ins.get (c)
Extracts a single character and stores it in c.

insp=&ins. get (sb, delim)
Extracts characters from ins.rdbuf () and stores them into sb. It stops
if it encounters end of file or if a store into sb fails or if it encounters delim
(which it leaves in ins). 1ios:: failbit is set if it stops because the store into
sb fails.

i=ins.get ().
Extracts a character and returns it. i is EOF if extraction encounters end of
file. ios::failbit is never set.

insp=&ins.getline (ptr, len, delim)
Does the same thing as ins.get (ptr, len, delim) with the exception that it
extracts a terminating delim character from ins. In case delim occurs when
exactly len characters have been extracted, termination is treated as being
due to the array being filled, and this delim is left in ins.

insp=&ins.ignore(n, d)
Extracts and throws away up to n characters. Extraction stops prema-
turely if d is extracted or end of file is reached. If d is EOF it can never
cause termination.

insp=&ins.read (ptr, n)
Extracts n characters and stores them in the array beginning at ptr. If end
of file is reached before n characters have been extracted, read stores what-
ever it can extract and sets ios::failbit. The number of characters
extracted can be determined via ins.gcount ( ).

Other members

i=ins.gcount ( )
Returns the number of characters extracted by the last unformatted input
function. Formatted input functions may call unformatted input functions
and thereby reset this number.

i=ins.peek ()
Begins by calling ins.ipfx(1). If that call returns zero or if ins is at end of
file, it returns EOF. Otherwise it returns the next character without extract-
ing it.

insp=&ins.putback (c)
Attempts to back up ins.rdbuf(). c¢ must be the character before
ins.rdbuf ()’s get pointer. (Unless other activity is modifying
ins.rdbuf () this is the last character extracted from ins.) If it is not, the
effect is undefined. putback may fail (and set the error state). Although it
is a member of istream, putback never extracts characters, so it does not
call ipfx. It will, however, return without doing anything if the error state
is non-zero.

i=&ins.sync ()
Establishes consistency between internal data structures and the external
source of characters. Calls ins.rdbuf () ->sync( ), which is a virtual func-
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tion, so the details depend on the derived class. Returns EOF to indicate
errors.

ins>>manip
Equivalent to manip(ins). Syntactically this looks like an extractor opera-
tion, but semantically it does an arbitrary operation rather than converting
a sequence of characters and storing the result in manip. A predefined
manipulator, ws, is described below.

Member functions related to positioning

insp=&ins . seekg (off, dir)
Repositions ins.rdbuf ( ) s get pointer. See sbuf.pub(C++) for a discussion
of positioning.

insp=&ins.seekg (pos)
Repositions ins.rdbuf ( ) s get pointer. See sbuf.pub(C++) for a discussion
of positioning.

pos=ins.tellg()
The current position of ios.rdbuf()’s get pointer. See sbuf.pub(C++) for
a discussion of positioning.

Manipulator
ins>>ws
Extracts whitespace characters.

ins>>dec
Sets the conversion base format flag to 10. See ios(C++).

ins>>hex
Sets the conversion base format flag to 16. See ios(C++).

ins>>oct
Sets the conversion base format flag to 8. See ios(C++).

Caveats

There is no overflow detection on conversion of integers. There should be, and
overflow should cause the error state to be set.

See also

i0s(C++), sbuf.pub(C++), manip(C++)
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manipulators

iostream out of band manipulations

Syntax

#include <iostream.h>
#include <iomanip.h>

IOMANIPdeclare(T) ;

class SMANIP(T) ({
SMANIP(T) ( ios& (*) (ios&,T), T);
friend istream& operator>>(istream&, SMANIP(T)&);
friend ostream& operator<<(ostream&, SMANIP(T)&);

class SAPP(T) {
SAPP(T) ( ios& (*)(ios&,T));
SMANIP(T) operator()(T);
i
class IMANIP(T) {
IMANIP(T) ( istream& (*) (istream&,T), T);
friend istream& operator>>(istream&, IMANIP(T)&);
}i
class IAPP(T) {
IAPP(T)( istream& (*) (istream&,T));
IMANIP(T) operator()(T);
i
class OMANIP(T) {
OMANIP(T) ( ostream& (*) (ostream&,T), T);
friend ostream& operator<<(ostream&, OMANIP(T)&);

class OAPP(T) {
OAPP(T) ( ostream& (*)(ostream&,T));
OMANIP(T) operator()(T);

class IOMANIP(T) {
IOMANIP(T) ( iostream& (*)(iostream&,T), T);
friend istream& operator>>(iostream&, IOMANIP(T)&);
friend ostream& operator<<(iostream&, IOMANIP(T)&);

class IOAPP(T) {

IOAPP(T) ( iostream& (*) (iostream&,T));
IOMANIP(T) operator()(T);
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IOMANIPdeclare(int);
IOMANIPdeclare(long);

SMANIP(long) resetiosflags(long);

SMANIP(int) setfill(int);

SMANIP (long) setiosflags(long);

SMANIP (int) setprecision(int);

SMANIP (int) setw(int w);
Description

206

Manipulators are values that may be “inserted into” or “extracted from”
streams to achieve some effect (other than to insert or extract a value
representation), with a convenient syntax. They enable one to embed a func-
tion call in an expression containing a series of insertions or extractions. For
example, the predefined manipulator for ostreams, flush, can be used as fol-
lows:

cout << flush

to flush cout. Several iostream classes supply manipulators: see ios(C++),
istream(C++), and ostream(C++). flush is a simple manipulator; some mani-
pulators take arguments, such as the predefined ios manipulators, setfill
and setw (see below). The header file iomanip.h supplies macro definitions
which programmers can use to define new parameterized manipulators.

Ideally, the types relating to manipulators would be parameterized as “tem-
plates.” The macros defined in iomanip.h are used to simulate templates.
IOMANIPdeclare(T) declares the various classes and operators. (All code is
declared inline so that no separate definitions are required.) Each of the other
Ts are used to construct the real names and therefore must be a single
identifier. Each of the other macros also requires an identifier and expands to
a name.

In the following descriptions, assume:

~ tisaT, or type name

- sisanios

~ iisanistream

— oisanostream

— ioisaniostream

— fisanios& (*)(ios&)

— ifisanistream& (*)(istream&)

~ of isanostream& (*) (ostream&)

— dofisan iostream& (*) (iostreamé)

— nisanint

- lisalong
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S<<SMANIP(T) (f, t)

$>>SMANIP(T) (f, t)

S<<SAPP(T) (f) (#)

$>>SAPP(T) (f) (£)
Returns f(st), where s is the left operand of the insertion or
extractor operator (i.e., s, i, o, or io).

i>>IMANIP(T) (if , t)
i>>IAPP(T) (if) (¢)
Returns if(i,t) .

0<<OMANIP(T) (of, )
0<<OAPP (T) (of) (#)
Returns of(o,t).

i0<<IOMANIP (T) (iof, t)
i0>>IOMANIP(T) (iof, t)
i0<<IO0APP(T) (iof) (t)
i0>>I0APP (T) (iof) (¢)
Returns iof(io,t).

iomanip.h  contains two declarations, IOMANIPdeclare(int) and
IOMANIPdeclare(long) and some manipulators that take an int or a
long argument. These manipulators all have to do with changing the
format state of a stream; see ios(C++) for further details.

o<<setw(n)

i>>setw(n)
Sets the field width of the stream (left-hand operand: o or i) to
n.

o<<setfill (n)
i>>setfill (n)
Sets the fill character of the stream (o or i) to be n.

o<<setprecision(n)
i>>setprecision(n)
Sets the precision of the stream (o0 or i) to be n.

o<<setiosflags(l)

i>>setiosflags(l)
Turns on in the stream (o0 or i) the format flags marked in I.
(Calls o.setf(l) or i.setf(l).)

o<<resetiosflags(l)

i>>resetiosflags(l)
Clears in the stream (o0 or i) the format bits specified by I.
(Calls o.setf(0,1) or i.setf(0,1).)

Caveats

Syntax errors will be reported if IOMANIPdeclare(T) occurs more than once in
a file with the same T.
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See also

i0s(C++), istream(C++), ostream(C++)
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ostream(C++)

formatted and unformatted output

Syntax

#include <iostream.h>

typedef long streamoff, streampos;
class ios {

public:
enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace }; S?
enum { skipws=01, +

left=02, right=04, internal=010,

dec=020, oct=040, hex=0100,

showbase=0200, showpoint=0400,

uppercase=01000, showpos=02000,

scientific=04000, fixed=010000,

unitbuf=020000, stdio=040000 };
// and lots of other stuff, see ios(C++)

}

class ostream : public ios {

public:
ostream(streambuf*);

ostream& flush();
int opfx();
ostream& put (char) ;
ostream& seekp (streampos) ;
ostream& seekp (streamoff, seek_dir);
streampos tellp();
ostreamé& write(const char* ptr, int n);
ostream& write(const unsigned char* ptr,
ostream& operator<<(const char*);
ostream& operator<<(char);
ostream& operator<<(short);
ostream& operator<<(int);
ostream& operator<<(long);
ostream& operator<<(float);
ostream& operator<<(double) ;
ostream& operator<<(unsigned char);
ostream& operator<<(unsigned short);
ostream& operator<<(unsigned int);
ostream& operator<<(unsigned long);
ostreamé& operator<<(void*);
ostream& operator<<(streambuf*);
ostream& operator<<(ostream& (*) (ostream&));
ostream& operator<<(ios& (*)(ios&));
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class ostream_withassign {
ostream_withassign();
istream& operator=(istream&);
istream& operator=(streambuf*);
}i

extern ostream_withassign cout;
extern ostream_withassign cerr;
extern ostream_withassign clog;

ostream& endl (ostream&) ;

ostream& ends (ostream&) ;

ostream& flush(ostream&) ;
ios& dec(ios&) ;

ios& hex(ios&) ;

ios& oct(ios&) ;

Description

210

ostreams support insertion (storing) into a streambuf. These are commonly
referred to as output operations. The ostream member functions and related
functions are described below.

In the following descriptions, assume:
— outsisanostream

—  outswais an ostream_withassign
— outspisan ostream*

— cisachar

— ptrisachar* orunsigned char*
— sbisastreambuf*

— iandnareints

— posisastreampos

— offisastreamoff

~ dirisaseek_dir

—  manip is a function with type ostream& (*) (ostream&)

Constructors and assignment

ostream(sb)
Initializes ios state variables and associates buffer sb with the ostream.

ostream_withassign()
Does no initialization. This allows a file static variable of this type (cout,
for example) to be used before it is constructed, provided it is assigned to
first.

outswa=sb
Associates sb with swa and initializes the entire state of outswa.
inswa=ins
Associates ins->rdbuf () with swa and initializes the entire state of
outswa.
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Output prefix function

i=outs.opfx()
If outs’s error state is nonzero, returns immediately. If outs.tie() is non-
null, it is flushed. Returns non-zero except when outs’s error state is
nonzero.

Output suffix function

osfx()
Performs “suffix” actions before returning from inserters. If ios::unitbuf
is set, osfx () flushes the ostream. If ios::stdio is set, osfx() flushes
stdout and stderr.

++2

osfx() is called by all predefined inserters, and should be called by user-
defined inserters as well, after any direct manipulation of the streambuf. It is
not called by the binary output functions.

Formatted output functions (inserters)

outs<<x
First calls outs.opfx() and if that returns 0, does nothing. Otherwise
inserts a sequence of characters representing x into outs.rdbuf (). Errors
are indicated by setting the error state of outs. outs is always returned.

x is converted into a sequence of characters (its representation) according
to rules that depend on x’s type and outs’s format state flags and variables
(see ios(C++)). Inserters are defined for the following types, with conver-
sion rules as described below:

char*
The representation is the sequence of characters up to (but not includ-
ing) the terminating null of the string x points at.

any integral type except char and unsigned char

If x is positive the representation contains a sequence of decimal, octal,
or hexadecimal digits with no leading zeros according to whether
ios::dec, ios::oct, or ios::hex, respectively, is set in ios’s format
flags. If none of those flags are set, conversion defaults to decimal. If x
is zero, the representation is a single zero character (0). If x is negative,
decimal conversion converts it to a minus sign (-) followed by decimal
digits. If x is positive and ios: : showpos is set, decimal conversion con-
verts it to a plus sign (+) followed by decimal digits. The other conver-
sions treat all values as unsigned. If ios::showbase is set in ios’s for-
mat flags, the hexadecimal representation contains “Ox” before the hex-
adecimal digits, or “0X” if ios::uppercase is set. If ios::showbase is
set, the octal representation contains a leading 0.

void*
Pointers are converted to integral values and then converted to hexade-
cimal numbers as if ios: : showbase were set.
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float, double
The arguments are converted according to the current values of
outs.precision(), outs.width() and outs’s format flags
ios::scientific, ios::fixed, and ios::uppercase. (See ios(C++).)
The default value for outs.precision() 1is 6. If neither
ios::scientific nor ios::fixed is set, either fixed or scientific nota-
tion is chosen for the representation, depending on the value of x.

char, unsigned char
No special conversion is necessary.

After the representation is determined, padding occurs. If outs.width() is
greater than 0 and the representation contains fewer than outs.width( )
characters, then enough outs.fill() characters are added to bring the
total number of characters to ios.width(). If ios::1left is set in ios’s for-
mat flags, the sequence is left-adjusted, that is, characters are added after
the characters determined above. If ios::right is set, the padding is
added before the characters determined above. If ios::internal is set, the
padding is added after any leading sign or base indication and before the
characters that represent the value. ios.width() is reset to 0, but all other
format variables are unchanged. The resulting sequence (padding plus
representation) is inserted into outs.rdbuf ().

outs<<sb
If outs.opfx () returns non-zero, the sequence of characters that can be
fetched from sb are inserted into outs.rdbuf ( ). Insertion stops when no

more characters can be fetched from sb. No padding is performed.
Always returns outs.

Unformatted output functions

outsp=&outs.put (c)
Inserts c into outs.rdbuf ( ). Sets the error state if the insertion fails.

outsp=&outs.write(s,n)
Inserts the n characters starting at s into outs.rdbuf (). These characters
may include zeros (i.e., s need not be a null terminated string).

Other member functions

outsp=&outs.flush()
Storing characters into a streambuf does not always cause them to be con-
sumed (e.g., written to the external file) immediately. flush() causes any
characters that may have been stored but not yet consumed to be con-
sumed by calling outs. rdbuf ( ) ->sync.
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outs<<manip
Equivalent to manip (outs). Syntactically this looks like an insertion opera-
tion, but semantically it does an arbitrary operation rather than converting
manip to a sequence of characters as do the 1nsert10n operators. Predefined
manipulators are described below.

Positioning functions

outsp=&ins.seekp (off, dir)
Repositions outs.rdbuf ()’s put pointer. See sbuf.pub(C++) for a discus-
sion of positioning.

outsp=&outs.seekp (pos)
Repositions outs.rdbuf ( )’s put pointer. See sbuf.pub(C++) for a discus-
sion of positioning.

+4+9)

pos=outs.tellp()
The current position of outs.rdbuf ( )’s put pointer. See sbuf.pub(C++) for
a discussion of positioning.

Manipulators
outs<<endl
Ends a line by inserting a newline character and flushing.

outs<<ends
Ends a string by inserting a null (0) character.

outs<<flush
Flushes outs.

outs<<dec
Sets the conversion base format flag to 10. See ios(C++).

outs<<hex
Sets the conversion base format flag to 16. Seeios(C++).

outs<<oct
Sets the conversion base format flag to 8. See ios(C++).

See also

i0os(C++), sbuf.pub(C++), manip(C++)
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streambuf

interface for derived classes

Syntax

214

#include <iostream.h>

typedef long streamoff, streampos;
class ios {
public:

enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };
// and lots of other stuff, see ios(C++)

)

class streambuf {

public:
streambuf () ;
streambuf (char* p, int len);
void dbp() ;
protected:
int allocate();
char* base();
int blen();
char*  eback();
char* ebuf();
char* egptr();

char*  epptr();
void gbump (int n);
char* gptr();
char* pbase();
void pbump (int n);

char* pptr();

void setg(char* eb, char* g, char* eg);
void setp(char* p, char* ep);

void setb(char* b, char* eb, int a=0);
int unbuffered();

void unbuffered(int);

virtual int doallocate() ;
virtual “streambuf() ;
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public:
virtual int pbackfail (int c);
virtual int overflow(int c=EOF);
virtual int underflow();

virtual streambuf*
setbuf (char* p, int len);
streambuf*
setbuf (unsigned char* p, in len);
virtual streampos
seekpos (streampos, int =ios::in|ios:out);
virtual streampos
seekoff (streamoff, seek_dir, int =ios::in|ios:out);
virtual int sync();

)i

++9)

Description

streambufs implement the buffer abstraction described in sbuf.pub(C++).
However, the streambuf class itself contains only basic members for manipu-
lating the characters and normally a class derived from streambuf will be
used. This man page describes the interface needed by programmers who are
coding a derived class. Broadly speaking there are two kinds of member func-
tions described here. The non-virtual functions are provided for manipulat-
ing a streambuf in ways that are appropriate in a derived class. Their descrip-
tions reveal details of the implementation that would be inappropriate in the
public interface. The virtual functions permit the derived class to specialize
the streambuf class in ways appropriate to the specific sources and sinks that
it is implementing. The descriptions of the virtual functions explain the obli-
gations of the virtuals of the derived class. If the virtuals behave as specified,
the streambuf will behave as specified in the public interface. However, if the
virtuals do not behave as specified, then the streambuf may not behave prop-
erly, and an iostream (or any other code) that relies on proper behavior of the
streambuf may not behave properly either.

In the following descriptions assume:

— sbisastreambuf*

— iand nare ints

— ptr,b,eb,p, ep, eb, g, and eg are char*s
— cisanint character (positive or EOF)

— pos is a streampos; see sbuf.pub(C++)

— offisa streamoff

— diris a seekdir

— modeisanint representing an open_mode
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Constructors

streambuf ()
Constructs an empty buffer corresponding to an empty sequence.

streambuf (b, len)
Constructs an empty buffer and then sets up the reserve area to be the len
bytes starting at b.

The get, put, and reserve areas

The protected members of streambuf present an interface to derived classes
organized around three areas (arrays of bytes) managed cooperatively by the
base and derived classes. They are the get area, the put area, and the reserve area
(or buffer). The get and the put areas are normally disjoint, but they may both
overlap the reserve area, whose primary purpose is to be a resource in which
space for the put and get areas can be allocated. The get and the put areas are
changed as characters are put into and gotten from the buffer, but the reserve
area normally remains fixed. The areas are defined by a collection of char*
values. The buffer abstraction is described in terms of pointers that point
between characters, but the char* values must point at chars. To establish a
correspondence, the char* values should be thought of as pointing just before
the byte they really point at.

Functions to examine the pointers

ptr=sb->base ()
Returns a pointer to the first byte of the reserve area. Space between
sb->base () and sb->ebuf () is the reserve area.

ptr=sb->eback( )
Returns a pointer to a lower bound on sb->gptr(). Space between
sb->eback( ) and sb->gptr () is available for putback.

ptr=sb->ebuf ()
Returns a pointer to the byte after the last byte of the reserve area.

ptr=sb->egptr ()
Returns a pointer to the byte after the last byte of the get area.

ptr=sb->epptr ()
Returns a pointer to the byte after the last byte of the put area.

ptr=sb->gptr ()
Returns a pointer to the first byte of the get area. The available characters
are those between sb->gptr() and sb->egptr(). The next character
fetched will be *sb->gptr()) unless sb->egptr () is less than or equal to
sb->gptr().

ptr=sb->pbase | )
Returns a pointer to the put area base. Characters between sb->pbase ()
and sb->pptr () have been stored into the buffer and not yet consumed.
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ptr=sb->pptr ()
Returns a pointer to the first byte of the put area. The space between
sb->pptr () and sb->epptr () is the put area and characters will be stored
here.

Functions for setting the pointers

Note that to indicate that a particular area (get, put, or reserve) does not exist,
all the associated pointers should be set to zero.

sb->setb(b, eb, i)
Sets base() and ebuf() to b and eb respectively. i controls whether the
area will be subject to automatic deletion. If 7 is non-zero, then b will be
deleted when base is changed by another call of setb( ), or when the des-
tructor is called for *sb. If b and eb are both null then we say that there is
no reserve area. If b is non-null, there is a reserve area even if eb is less
than b and so the reserve area has zero length.

sb->setp (p, ep)
Sets pptr () top, pbase() top, and epptr () to ep.

sb->setg(eb, g, eg)
Sets eback () to eb, gptr () to g, and egptr () to eg.

Other non-virtual members

i=sb->allocate( )
Tries to set up a reserve area. If a reserve area already exists or if
sb->unbuffered() is nonzero, allocate() returns 0 without doing any-
thing. If the attempt to allocate space fails, allocate( ) returns EOF, other-
wise (allocation succeeds) allocate( ) returns 0. allocate() is not called
by any non-virtual member function of streambuf.

i=sb->blen( )
Returns the size (in chars) of the current reserve area.

dbp ()
Writes directly on file descriptor 1 information in ASCII about the state of
the buffer. It is intended for debugging and nothing is specified about the
form of the output. It is considered part of the protected interface because
the information it prints can only be understood in relation to that inter-
face, but it is a public function so that it can be called anywhere during
debugging.

sb->gbump (n)
Increments gptr () by # which may be positive or negative. No checks are
made on whether the new value of gptr () is in bounds.

sb->pbump (n)
Increments pptr ( ) by n which may be positive or negative. No checks are
made on whether the new value of pptr () is in bounds.
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sb->unbuffered(i)

i=sb->unbuffered()
There is a private variable known as sb’s buffering state. sb-
>unbuffered (i) sets the value of this variable to i and sb->unbuffered()
returns the current value. This state is independent of the actual allocation
of a reserve area. Its primary purpose is to control whether a reserve area
is allocated automatically by allocate.

Virtual member functions

Virtual functions may be redefined in derived classes to specialize the
behavior of streambufs. This section describes the behavior that these virtual
functions should have in any derived classes; the next section describes the
behavior that these functions are defined to have in base class streambuf.

i=sb->doallocate( )
Is called when allocate () determines that space is needed. doallocate( )
is required to call setb() to provide a reserve area or to return EOF if it
cannot. It is only called if sb->unbuffered() is zero and sb->base() is
zero.

i=overflow(c)

Is called to consume characters. If ¢ is not EOF, overflow() also must
either save ¢ or consume it. Usually it is called when the put area is full
and an attempt is being made to store a new character, but it can be called
at other times. The normal action is to consume the characters between
pbase() and pptr( ), call setp() to establish a new put area, and if c!=EOF
store it (using sputc( )). sb->overflow( ) should return EOF to indicate an
error; otherwise it should return something else.

i=sb->pbackfail(c)
Is called when eback() equals gptr() and an attempt has been made to
putback c. If this situation can be dealt with (e.g., by repositioning an
external file), pbackfail () should return c; otherwise it should return EOF.

pos=sb->seekoff (off, dir, mode)

Repositions the get and/or put pointers (ie., the abstract get and put
pointers, not pptr() and gptr()). The meanings of off and dir are dis-
cussed in sbuf.pub(C++). mode specifies whether the put pointer
(ios::out bit set) or the get pointer (ios::in bit set) is to be modified.
Both bits may be set, in which case both pointers should be affected. A
class derived from streambuf is not required to support repositioning.
seekoff () should return EOF if the class does not support repositioning.
If the class does support repositioning, seekoff () should return the new
position or EOF on error.

pos=sb->seekpos (pos, mode)
Repositions the streambuf get and/or put pointer to pos. mode specifies
which pointers are affected as for seekoff (). Returns pos (the argument)
or EOF if the class does not support repositioning or an error occurs.

sb=sb->setbuf (ptr, len)
Offers the array at ptr with len bytes to be used as a reserve area. The nor-

218 C++ Stream Library 31 January 1995



sbuf.prot(C++)

mal interpretation is that if ptr or len are zero then this is a request to make
the sb unbuffered. The derived class may use this area or not as it chooses.
It may accept or ignore the request for unbuffered state as it chooses. set-
buf () should return sbifit honors the request. Otherwise it should return
0.

i=sb->sync()

Is called to give the derived class a chance to look at the state of the areas,
and synchronize them with any external representation. Normally sync ()
should consume any characters that have been stored into the put area,
and if possible give back to the source any characters in the get area that
have not been fetched. When sync() returns there should not be any
unconsumed characters, and the get area should be empty. sync() should
return EOF if some kind of failure occurs.

i=sb->underflow( )
Is called to supply characters for fetching, i.e., to create a condition in
which the get area is not empty. If it is called when there are characters in
the get area it should return the first character. If the get area is empty, it
should create a nonempty get area and return the next character (which it
should also leave in the get area). If there are no more characters available,
underflow( ) should return EOF and leave an empty get area.

++9

The default definitions of the virtual functions:

i=sb->streambuf::doallocate( )
Attempts to allocate a reserve area using operator new.

i=sb->streambuf: :overflow(c)
Is compatible with the old stream package, but that behavior is not con-
sidered part of the specification of the iostream package. Therefore,
streambuf::overflow() should be treated as if it had undefined behavior.
That is, derived classes should always define it.

i=sb->streambuf: :pbackfail (c)
Returns EOF.

pos=sb->streambuf: :seekpos (pos, mode)
Returns sb->seekoff (streamoff (pos),ios::beg,mode). Thus, to define
seeking in a derived class, it is frequently only necessary to define seek-
off () and use the inherited streambuf: : seekpos( ).

pos=sb->streambuf: :seekoff (off, dir, mode)
Returns EOF.

sb=sb->streambuf: :setbuf (ptr, len)
Will honor the request when there is no reserve area.

i=sb->streambuf: :sync()
Returns 0 if the get area is empty and there are no unconsumed characters.
Otherwise it returns EOF.

i=sb->streambuf: :underflow( )
Is compatible with the old stream package, but that behavior is not con-
sidered part of the specification of the iostream package. Therefore,
streambuf::underflow() should be treated as if it had undefined
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behavior. That is, it should always be defined in derived classes.

Caveats

The constructors are public for compatibility with the old stream package.
They ought to be protected.

The interface for unbuffered actions is awkward. It’s hard to write under-
flow() and overflow() virtuals that behave properly for unbuffered
streanbuf ( ) s without special casing. Also there is no way for the virtuals to
react sensibly to multi-character gets or puts.

Although the public interface to streambufs deals in characters and bytes, the
interface to derived classes deals in chars. Since a decision had to be made on
the types of the real data pointers, it seemed easier to reflect that choice in the
types of the protected members than to duplicate all the members with both
plain and unsigned char versions. But perhaps all these uses of char* ought
to have been with a typedef.

The implementation contains a variant of setbuf () that accepts a third argu-
ment. It is present only for compatibility with the old stream package.

See also
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sbuf.pub(C++), streambuf(C++), ios(C++), istream(C++), ostream(C++)
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streambuf

public interface of character buffering class

Syntax

#include <iostream.h>

typedef long streamoff, streampos;
class ios {

public:
enum seek_dir { beg, cur, end };
enum open_mode { in, out, ate, app, trunc, nocreate, noreplace }; S?
// and lots of other stuff ... See ios(C++) +

)i

class streambuf {

public :
int in_avail();
int out_waiting();
int sbumpc( ) ;
streambuf * setbuf (char* ptr, int len);
streampos seekpos (streampos, int =ios::in|ios::out);
streampos seekoff (streamoff, seek_dir, int =ios::in|ios::out);
int sgetc();
int sgetn(char* ptr, int n);
int snextc();
int sputbackc(char) ;
int sputc(int c);
int sputn(const char* s, int n);
void stossc();
virtual int sync();

)i

Description

The streambuf class supports buffers into which characters can be inserted
(put) or from which characters can be fetched (gotten). Abstractly, such a
buffer is a sequence of characters together with one or two pointers (a get
and/or a put pointer) that define the location at which characters are to be
inserted or fetched. The pointers should be thought of as pointing between
characters rather than at them. This makes it easier to understand the bound-
ary conditions (a pointer before the first character or after the last). Some of
the effects of getting and putting are defined by this class but most of the
details are left to specialized classes derived from streambuf. (See
filebuf(C++), ssbuf(C++), and stdiobuf(C++).)

Classes derived from streambuf vary in their treatments of the get and put

pointers. The simplest are unidirectional buffers which permit only gets or
only puts. Such classes serve as pure sources (producers) or sinks
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(consumers) of characters. Queuelike buffers (e.g., see strstream(C++) and
ssbuf(C++)) have a put and a get pointer which move independently of each
other. In such buffers characters that are stored are held (i.e., queued) until
they are later fetched. Filelike buffers (e.g., filebuf, see filebuf(C++)) permit
both gets and puts but have only a single pointer. (An alternative description
is that the get and put pointers are tied together so that when one moves so
does the other.)

Most streambuf member functions are organized into two phases. As far as
possible, operations are performed inline by storing into or fetching from
arrays (the get area and the put area, which together form the reserve area, or
buffer). From time to time, virtual functions are called to deal with collections
of characters in the get and put areas. That is, the virtual functions are called
to fetch more characters from the ultimate producer or to flush a collection of
characters to the ultimate consumer. Generally the user of a streambuf does
not have to know anything about these details, but some of the public
members pass back information about the state of the areas. Further detail
about these areas is provided in sbuf.prot(C++), which describes the protected
interface.

The public member functions of the streambuf class are described below. In
the following descriptions assume:
— 1i,n,and len are ints

— cisan int. It always holds a “character” value or EOF. A “character” value
is always positive even when char is normally sign extended.

— sb and sb1 are streambuf*s
— ptrisachar*

— offisa streamoff

— posisastreampos

— dirisaseek_dir

— modeis an int representing an open_mode
Public member functions

i=sb->in_avail ()
Returns the number of characters that are immediately available in the get
area for fetching. i characters may be fetched with a guarantee that no
errors will be reported.

i=sb->out_waiting()
Returns the number of characters in the put area that have not been con-
sumed (by the ultimate consumer).

c=sb->sbumpc ()
Moves the get pointer forward one character and returns the character it
moved past. Returns EOF if the get pointer is currently at the end of the
sequence.
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pos=sb->seekoff (off, dir, mode)
Repositions the get and/or put pointers. mode specifies whether the put
pointer (ios::out bit set) or the get pointer (ios::in bit set) is to be
modified. Both bits may be set in which case both pointers should be
affected. offis interpreted as a byte offset. (Notice that it is a signed quan-
tity.) The meanings of possible values of dir are:

ios::beg The beginning of the stream.
ios::cur The current position.
ios::end The end of the stream (end of file.)

Not all classes derived from streambuf support repositioning. seekoff ()
will return EOF if the class does not support repositioning. If the class
does support repositioning, seekoff () will return the new position or EOF
on error.

++9

pos=sb->seekpos (pos, mode)
Repositions the streambuf get and/or put pointer to pos. mode specifies
which pointers are affected as for seekoff (). Returns pos (the argument)
or EOF if the class does not support repositioning or an error occurs. In
general a streampos should be treated as a “magic cookie” and no arith-
metic should be performed on it. Two particular values have special

meaning:
streampos (0) The beginning of the file.
streampos (EOF) Used as an error indication.

c=sb->sgetc ()
Returns the character after the get pointer. Contrary to what most people
expect from the name IT DOES NOT MOVE THE GET POINTER. Returns EOF

if there is no character available.

sbl=sb->setbuf (ptr, len, i)
Offers the len bytes starting at ptr as the reserve area. If ptris nullor len
is zero or less, then an unbuffered state is requested. Whether the offered
area is used, or a request for unbuffered state is honored depends on
details of the derived class. setbuf () normally returns sb, but if it does
not accept the offer or honor the request, it returns 0.

i=sb->sgetn (ptr, n)
Fetches the n characters following the get pointer and copies them to the
area starting at ptr. When there are fewer than n characters left before the
end of the sequence sgetn( ) fetches whatever characters remain. sgetn( )
repositions the get pointer following the fetched characters and returns the
number of characters fetched.
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c=sb->snextc()
Moves the get pointer forward one character and returns the character fol-
lowing the new position. It returns EOF if the pointer is currently at the
end of the sequence or is at the end of the sequence after moving forward.

i=sb->sputbackc (c)

Moves the get pointer back one character. ¢ must be the current content of
the sequence just before the get pointer. The underlying mechanism may
simply back up the get pointer or may rearrange its internal data struc-
tures so the c is saved. Thus the effect of sputbackc () is undefined if c is
not the character before the get pointer. sputbackc () returns EOF when it
fails. The conditions under which it can fail depend on the details of the
derived class.

i=sb->sputc (c)
Stores c after the put pointer, and moves the put pointer past the stored
character; usually this extends the sequence. It returns EOF when an error
occurs. The conditions that can cause errors depend on the derived class.

i=sb->sputn (ptr, n)
Stores the n characters starting at ptr after the put pointer and moves the
put pointer past them. sputn( ) returns i, the number of characters stored
successfully. Normally 7 is n, but it may be less when errors occur.

sb->stossc()
Moves the get pointer forward one character. If the pointer started at the
end of the sequence this function has no effect.

i=sb->sync()
Establishes consistency between the internal data structures and the exter-
nal source or sink. The details of this function depend on the derived
class. Usually this “flushes” any characters that have been stored but not
yet consumed, and “gives back” any characters that may have been pro-
duced but not yet fetched. sync () returns EOF to indicate errors.

Caveats

setbuf does not really belong in the public interface. It is there for compatibil-
ity with the stream package.

Requiring the program to provide the previously fetched character to sput-
back is probably a botch.

See also
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ios(C++), istream(C++), ostream(C++), sbuf.prot(C++)
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strstreambuf

streambuf specialized to arrays

Syntax

#include <iostream.h>
#include <strstream.h>

class strstreambuf : public streambuf {

public:
strstreambuf () ;
strstreambuf (char*, int, char*); S?
strstreambuf (int); +
strstreambuf (unsigned char*, int, unsigned char?*);
strstreambuf (void* (*a) (long), void(*f) (void*));
void freeze(int n=1) ;
char* str();
virtual streambuf* setbuf (char*, int)
}i
Description

A strstreambuf is a streambuf that uses an array of bytes (a string) to hold the
sequence of characters. Given the convention that a char* should be inter-
preted as pointing just before the char it really points at, the mapping
between the abstract get/put pointers (see sbuf.pub(C++)) and char* pointers
is direct. Moving the pointers corresponds exactly to incrementing and decre-
menting the char* values.

To accommodate the need for arbitrary length strings strstreambuf supports
a dynamic mode. When a strstreambuf is in dynamic mode, space for the
character sequence is allocated as needed. When the sequence is extended too
far, it will be copied to a new array.

In the following descriptions assume:

— ssbisastrstreambuf*

— nisanint

— ptrand pstart are char*s or unsigned char*s

— aisavoid* (*)(long)

— fisavoid* (*)(void*)
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Constructors

strstreambuf ()

Constructs an empty strstreambuf in dynamic mode. This means that
space will be automatically allocated to accommodate the characters that
are put into the strstreambuf (using operators new and delete). Because
this may require copying the original characters, it is recommended that
when many characters will be inserted, the program should use setbuf ()
(described below) to inform the strstreambuf.

strstreambuf (a, f)

Constructs an empty strstreambuf in dynamic mode. a is used as the
allocator function in dynamic mode. The argument passed to a will be a
long denoting the number of bytes to be allocated. If a is null, operator
new will be used. fis used to free (or delete) areas returned by a. The argu-
ment to f will be a pointer to the array allocated by a. If f is null, operator
deleteis used.

strstreambuf (n)

Constructs an empty strstreambuf in dynamic mode. The initial alloca-
tion of space will be at least n bytes.

strstreambuf (ptr, n, pstart)

226

Constructs a strstreambuf to use the bytes starting at ptr. The strstream-
buf will be in static mode; it will not grow dynamically. If n is positive,
then the n bytes starting at ptr are used as the strstreambuf. If n is zero,
ptris assumed to point to the beginning of a null terminated string and the
bytes of that string (not including the terminating null character) will con-
stitute the strstreambuf. If # is negative, the strstreambuf is assumed to
continue indefinitely. The get pointer is initialized to ptr. The put pointer
is initialized to pstart. If pstartis null, then stores will be treated as errors.
If pstart is non-null, then the initial sequence for fetching (the get area)
consists of the bytes between ptr and pstart. If pstart is null, then the ini-
tial get area consists of the entire array. If pstart is outside the range of a
valid stream buffer, the result of a subsequent put or get operation is
undefined.
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Member functions

ssb->freeze(n)

Inhibits (when 7 is nonzero) or permits (when nis zero) automatic deletion
of the current array. Deletion normally occurs when more space is needed
or when ssb is being destroyed. Only space obtained via dynamic alloca-
tion is ever freed. It is an error (and the effect is undefined) to store charac-
ters into a strstreambuf that was in dynamic allocation mode and is now
frozen. It is possible, however, to thaw (unfreeze) such a strstreambuf
and resume storing characters.

ptr=ssb->str ()
Returns a pointer to the first char of the current array and freezes ssb. If
ssb was constructed with an explicit array, ptr will point to that array. If
ssb is in dynamic allocation mode, but nothing has yet been stored, ptr
may be null.

ssb->setbuf (0, n)
ssb remembers n and the next time it does a dynamic mode allocation, it
makes sure that at least n bytes are allocated.

+49

See also

sbuf.pub(C++), strstream(C++)
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stdiobuf

iostream specialized to stdio FILE

Syntax

#include <iostream.h>
#include <stdiostream.h>
#include <stdio.h>

class stdiobuf : public streambuf {
stdiobuf (FILE* f);
FILE* stdiofile();
i

Description

Operations on a stdiobuf are reflected in the associated FILE. A stdiobuf is
constructed in unbuffered mode, which causes all operations to be reflected
immediately in the FILE. seekg()s and seekp()s are translated into
fseek()s. setbuf() has its usual meaning; if it supplies a reserve area,
buffering will be turned back on.

Caveats

stdiobuf is intended to be used when mixing C and C++ code. New C++
codeshould prefer to use filebufs, which have better performance.

See also

filebuf(C++), istream(C++), ostream(C++), sbuf.pub(C++)
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strstream(C++)

iostream specialized to arrays

Syntax

#include <strstream.h>

class ios {
public:

enum open_mode { in, out, ate, app, trunc, nocreate, noreplace };

// and lots of other stuff, see ios(C++)
)

class strstreambase : public virtual ios {
}

class istrstream : public istream {
public:
istrstream(char*) ;
istrstream(char*, int) ;
strstreambuf* rdbuf() ;
)

class ostrstream : public ostream {

public:
ostrstream( ) ;
ostrstream(char*, int, int=ios::out)
int pcount () ;
strstreambuf* rdbuf() ;
char* str();

}i

class strstream : public strstreambase, public iostream {

public:
strstream();
strstream(char*, int, int mode);
strstreambuf* rdbuf () ;
char* str();
)i
Description

++0

'

strstream specializes iostream for “incore” operations, that is, storing and
fetching from arrays of bytes. The streambuf associated with a strstreamisa

strstreambuf (see ssbuf(C++)).
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In the following descriptions assume:

- ssisastrstream

— issisan istrstream

— o0ss isan ostrstream

— cpisachar*

— mode is an int representing an open_mode
— iand len are ints

— ssbisastrstreambuf*
Constructors

istrstream(cp)
Characters will be fetched from the (null-terminated) string cp. The ter-
minating null character will not be part of the sequence. Seeks
(istream::seekg()) are allowed within that space.

istrstream(cp, len)
Characters will be fetched from the array beginning at cp and extending
for len bytes. Seeks (istream::seekg( )) are allowed anywhere within that
array.

ostrstream( )
Space will be dynamically allocated to hold stored characters.

ostrstream(cp, n, mode)
Characters will be stored into the array starting at cp and continuing for n
bytes. If ios::ate or ios::app is set in mode, cp is assumed to be a null-
terminated string and storing will begin at the null character. Otherwise
storing will begin at cp. Seeks are allowed anywhere in the array.

strstream()
Space will be dynamically allocated to hold stored characters.

strstream(cp, n, mode)

Characters will be stored into the array starting at cp and continuing for n
bytes. If ios::ate or ios::app is set in mode, cp is assumed to be a null-
terminated string and storing will begin at the null character. Otherwise
storing will begin at cp. Seeks are allowed anywhere in the array. Note
that, if mode is set to ios::in|ios::out, the original string (if any) stored
at cp will not be accessible unless seeks (ostream::seekp()) are used to
adjust the put pointer.

istrstream members

ssb=iss.rdbuf ()
Returns the strstreambuf associated with iss.
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ostrstream members

ssb=o0ss.rdbuf ()

cp=

Returns the strstreambuf associated with oss.

o0ss.str ()

Returns a pointer to the array being used and “freezes” the array. Once
str has been called the effect of storing more characters into oss is
undefined. If oss was constructed with an explicit array, cp is just a
pointer to the array. Otherwise, cp points to a dynamically allocated area.
Until str is called, deleting the dynamically allocated area is the responsi-
bility of oss. After str returns, the array becomes the responsibility of the
user program.

i=0ss.pcount ()

Returns the number of bytes that have been stored into the buffer. This is
mainly of use when binary data has been stored and oss.str() does not
point to a null terminated string.

strstream members

ssb

cp=

See also

=ss.rdbuf ()
Returns the strstreambuf associated with ss.

ss.str()

Returns a pointer to the array being used and “freezes” the array. Once
str has been called the effect of storing more characters into ss is
undefined. If ss was constructed with an explicit array, cp is just a pointer
to the array. Otherwise, cp points to a dynamically allocated area. Until
str is called, deleting the dynamically allocated area is the responsibility
of ss. After str returns, the array becomes the responsibility of the user
program.

strstreambuf(C++), ios(C++), istream(C++), ostream(C++)

C++ Stream Library 31 January 1995 231

++9)




strstream(C++)

232 C++ Stream Library 31 January 1995



Index

A

alert() function, 39

allocate() function, 119, 120, 121
app, 101

arrays, of complex numbers, 12
assignment, of streams, 104, 130
attach() function, 101

B

badbit constant, 94, 97, 98

base() function, 119, 121

base pointer, 118

basefield constant, 108

binary input, from iostreams, 99, 100
binary output, from iostreams, 95
blen() function, 121

boolean position, testing stream in, 94

Cc

cartesian coordinates, 13
cdebug ostream, 103
cerr ostream, 103
cin

istream, 99, 103

istream

tied to cout, 109

clear() function, 97, 98
clock object, 26
close() function, 101
complex

arithmetic library, 9

data type, 10

variables, 11, 12
constructors, 11
co-routines, 55
cout

iostream, 91

ostream, 103
creating new tasks, 77
critical regions, 59

D

debugging, 49

dec manipulator, 105, 108
DEDICATED and SHARED tasks, 73
DEDICATED tasks, 76, 78

E

eback pointer, 121
ebuf() function, 119, 121
ebuf pointer, 118
egptr() function, 119, 122
encapsulation, 44
endl manipulator, 95, 109
eofbit constant, 94
error state, stream, 94
errors

iostreams, 94

propagation, 94
examples

action, 117

fctbase, 123

fctbuf, 117

fld, 110

ifctstream, 123

indent, 124

Indent_init, 124, 125

in_k(), 111

iofctstream, 123

Longref, 111

ofctstream, 123

Pair, 92, 96, 97, 106

redent, 124

repeat(), 112

Repeatpair, 112

tab, 110

Vec, 93, 98

xdent, 124
extraction operators

char, 96, 98

char*, 99

float, 98

int, 96, 102

long, 111
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extraction operators (continued)
user defined, 96, 99

F

failbit constant, 94

fctbuf class, 117

field widths, 106, 107

filebuf(), 129

filebuf class, 128

fill state variable, 107

filters, 42, 43, 44

fixed, 105

flags, 105

flags() function, 98, 110

flush manipulator, 95, 109
flushing, in iostreams, 95
frame pointers, 72
Framelayout() structure, 86, 87
fstream() constructor, 101, 102
fstream iostream, 101, 102
fudging parent stack, 80, 81, 82, 83

G

get() function, 96, 99, 100, 103
good() function, 94

goodbit constant, 94

gptr() function, 119, 122

gptr pointer, 121

H

head class, 26
hex manipulator, 105, 108
histograms, 46

I

IAPP macro, 111

ifstream class, 100

ifstream() constructor, 100, 103, 104, 128
ignore() function, 111

in, 101, 102, 121, 123

in_avail(), 115

incore formatting, 102, 103, 127

init() function, 123

initialization, stream, 125

input, 96
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insertion operators
(<<), 91,92
char, in old stream library, 130
char insertion operators, char, 92, 95, 110,
124
char* insertion operators, charl, 91, 92,
93, 95,112
float, 93
int, 92
numeric, 91
user defined, 92
void*, 92
interference, 59
interrupt
alerters, 58
handlers, 58
interrupts, 61, 62, 63
IOMANIPdeclare macro, 111, 112
ios class, 90, 123
io_state, 94
[ostream_init, 125
iostreams
base conversion of integers, 108
buffers, 114, 115
class, 90
deriving from, 123
problems with, 126
format control, 104
library, 89
library initialization, 125
manipulators, 109
predefined, 104
sequence abstraction, 112
state variables, 108
underflow, 121
istream®*, 104
istream(), 129
constructor, 116
constructor, obsolete form, 128
istreams
class, 90
class
deriving from, 123
istrstream() constructor, 102, 128
iword() function, 124
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left constant, 105, 107
libraries

iostream, 89

task, 25

m

main task, 37

manipulators, 95
iostream, 109

messages, 32, 44, 45
definition of, 32

mixed mode arithmetic, 14

N

nocreate constant, 101
noreplace constant, 101

(o)

OAPP macro, 124
object class, 58
oct manipulator, 105, 108, 110
ofstream class, 100
ofstream() constructor, 100, 101, 128
OMANIP macro, 110, 112
open() function, 100, 101
open_mode, 101, 117
operators

|, in stream, 94

input, 12

output, 12

type complex, 9,10, 13

void¥, in stream, 94
ostream( ), 129

constructor, 116

constructor, obsolete form, 128
ostreams

class, 90

class

deriving from, 123

ostream_withassign class, 130
ostrstream() constructor, 103, 128
out, 101,102, 119, 123
output, 91
overflow() function, 117, 119, 121, 122
overheads, 50

setb()

P

pbase() function, 119, 121, 122
pbase pointer, 120
peek() function, 98, 107, 111
performance, 50
polar coordinates, 13

in type complex, 10
porting guide, 68
pptr() function, 119, 121, 122
pptr pointer, 120
precision state variable, 108
preempt() function, 40
print() function, 46, 50
put() function, 95, 100, 103, 109
putback() function, 121

Q

queues, 31, 34, 38, 69
start, 42

R

randint class, 47

random numbers, 46
rdbuf() function, 113
rdstate() function, 97, 98
read () function, 100
real-time extensions, 57
remember chain, 56
resetiosflags manipulator, 105, 108
resultis() function, 30, 37
right constant, 105, 107
run chain, 56

run-time errors, 53, 55

S

sbumpc() function, 113
sched class, 28
scheduler, 56, 58, 63, 69
scheduling, 48
scientific constant, 105
seekg() function, 102
semaphores, 60
server

class, 45

tasks, 32
setb() function, 118
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setbuf() function, 115,117,118
obsolete form, 127
setf() function, 105, 107, 108, 110
setg() function, 118, 119, 121
setiosflags manipulator, 105
setp() function, 118, 120, 121
setw() function, 110
setw manipulator, 99, 107
sgetc() function, 114, 115
sgetn() function, 114, 115
SHARED tasks, 73,77, 78
showbase constant, 105, 108, 110
showpoint constant, 105
showpos constant, 105
simulated time, 27
simulations, 55
skipws constant, 98, 105
snextc() function, 114
Spaces class, 29
sputc() function, 113
sputn() function, 114, 115
sswap() function, 77, 80
stacks, 70, 71
frames, 69
pointers, 84, 85
state variables, creating new, 123
stdio
mixing streams with, 129
mixing with iostream, 104
problems with, 125
stdiobuf class, 129
stdiostream class, 129
str() function, 103
stream library
converting from, 126
problems with, 126
streambuf class, 112, 113, 115
deriving from, 116
streambuf class, deriving from, 127
streambuf() constructor, obsolete form, 127
streampos, 102
streams
extending, 122
predefined, 103
specializing, 123
strstream() constructor, 103
strstreambuf class, 116
strstreambuf() constructor, 127
swap() function, 76, 79
sync() function, 115, 117, 122
sync_with_stdio() function, 104, 129
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e

tail class, 26

task_error(), 49

tasks, 36
DEDICATED, 76
DEDICATED and SHARED, 73
definition of, 26
IDLE state, 29
libraries documentation roadmap, 25
RUNNING state, 29
stack allocation, 48
state, 69
switching fundamentals, 69
switching implementation, 73
TERMINATED state, 29

tellp() function, 102

tie() function, 109

tie state variable, 109

timer class, 26

U

underflow() function, 117, 120
uppercase constant, 105

w

waiting, 37

waitlist() function, 39

waitvec function, 40

whitespace, skipping, 96

width() function, 99, 106, 107, 110
width state variable, 106

write() function, 95, 107

X

xalloc() function, 124

Z

zapeof() function, 121
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