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APPLICATION USAGE
All these functions are defined by the <memory.h> header file.

The function memcmp uses native character comparison. The sign of the
value returned when one of the characters has its high-order bit set is
implementation-dependent.

Character movement is performed differently in different implementations.
Thus overlapping moves may be unpredictable.

SEE ALSO
STRING(BA_LIB).

CAVEATS
The declarations in the <memory.h> header file will be moved to the
<string.h> header file.
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NAME
mktemp — make a unique file-name

SYNOPSIS
char *mktemp(template)
char x*template;

DESCRIPTION
The function mktemp replaces the contents of the string pointed to by
template by a unique file-name and returns template. The string in
template should look like a file-name with six trailing Xs; mktemp
replaces the Xs with a letter and the current process-ID. The letter is chosen
so that the resulting name does not duplicate an existing file.

RETURN VALUE
The function mktemp returns the pointer template. If a unique name
cannot be created, template points to a null-string.

SEE ALSO
GETPID(BA_SYS), TMPFILE(BA_LIB), TMPNAM(BA_LIB).

CAVEATS
The function mktemp returns a NULL pointer if a unique name cannot be
created.
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NAME
perror — system error messages

SYNOPSIS
void perror(s)
char =#s;

extern int errno;
extern char xsys_errlist[ ];
extern int sys_nerr;

DESCRIPTION
The function perror produces a message on the standard error output
describing the last error encountered during a call to a function.

The string pointed to by the argument s is printed first, then a colon and a
blank, then the message and a new-line. To be of most use, the argument
string should include the name of the program that incurred the error.

The error number is taken from the external variable errno, which is set
when errors occur but not cleared when successful calls are made.

If given a null-string, perror prints only the message and a new-line.

The array of message strings sys_errlist is provided to make messages
consistent. The variable errno can be used as an index in this array to get
the message string without the new-line.

The external variable sys _nerr is the largest message number provided for
in the array; it should be checked because new error codes may be added to
the system before they are added to the array.

CAVEATS

New error handling routines will be added to support the UNIX System V error
message standard as a tool for application-developers to use. The UNIX Sys-
tem V Error Message Standard is designed to apply to: firmware/diagnostics,
the operating system, networks, commands, languages and, when appropriate,
applications. All new UNIX System V error messages will follow the standard,
and existing error messages will be modified over time. The standard UNIX
System V error message as seen by the end-user may have up to five informa-
tional elements:

Element Description

LABEL source of the error.

SEVERITY  one of at least 4 severity codes.
PROBLEM  description of the problem.
ACTION error-recovery action.

TAG unique error message identifier.

Each element is described in more detail below.
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The standard specifies the information important in error-recovery, but does
not specify the format in which to deliver the information. For example, with
a graphical user-interface, the LABEL might be presented as an icon. An
operating system error message meeting the standard information require-
ments is shown below with, OS as the 1 ABEL, HALT as the SEVERITY, Timeout

Table Overflow as the PROBLEM, See Administration Manual as the ACTION, and
0S-136 as the TAG.

OS: HALT: Timeout Table Overflow.
TO FIX: See Administration Manual. 0S-136

The standard allows systematic omission of one or more elements in specific
environments that do not need them for successful error-recovery. For exam-
ple, while operating system errors need all five elements, a firmware error mes-
sage can omit the ACTION because an expert service person is typically the
user of this message and the ACTION may be too long to store in firmware.
Software that obviously puts the user in a special environment (e.g., a spread-
sheet program) where the user sees only errors from that environment may
omit the LABEL. Because a primary use of the TAG is for reporting or to point
to on-line documentation, it may be omitted when appropriate (e.g., when
there is no on-line documentation).

LABEL This element of the message identifies the error source (e.g., OS,
UUCP, application-program-name, etc.) and could double as a
pointer to documentation.

SEVERITY  This element of the message indicates the consequences of the
error for the user. Four levels of severity (which can be
expanded by system builders who want additional distinctions)
are outlined below.

HALT indicates that the processor, OS, application, or
database is corrupted and that processing should
be stopped immediately to rectify the problem.
This severity indicates an emergency.

ERROR indicates that a condition that may soon interfere
with resource use has occurred. This severity indi-
cates that corrective action is needed.

WARNING indicates an aberrant condition (e.g., stray
hardware interrupt, free file space is low) that
should be monitored, but needs no immediate
action.

INFO gives information about a user request or about the
state of the system (e.g., a printer taken off-line).

PROBLEM  This element of the message clearly describes the error condi-
tion. In much of today’s software, this element is the only one
provided in the message.
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ACTION This element of the message describes the first step to be taken
in the error-recovery process. For OS errors, this section of the
message might be one of five standard strings:

1.
2.
3.
4.
5.

See Hardware Vendor

See Software Vendor

See Administrator Procedure
See Operator Procedure

See Manual

These strings should be clearly identified as action to be taken
(e.g., by preceding them with the prefix: TO FIX: ).

TAG This is a unique identifier for the message, used both internally
and to obtain online documentation for the message on those
systems that have capacity to store such information.
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NAME
printf, fprintf, sprintf — print formatted output

SYNOPSIS
#include <stdio.h>

int printf(format [ , arg l...)
char *format;

int fprintf(stream, format [ , arg ]...)
FILE xstream;
char xformat;

int sprintf(s, format [ , arg l...)
char *s, *format;

DESCRIPTION
The function printf places output on the standard output stream
stdout.

The function fprintf places output on the named output stream
stream.

The function sprintf places output, followed by the null-character (\0)
in consecutive bytes starting at «s. The user must ensure that enough
storage is available. Each function returns the number of characters transmit-
ted (not including the \O0 in the case of sprintf) or a negative value if
an output error occurred.

Each function converts, formats and prints its args under control of for-
mat, a character-string containing the following three types of objects:

1. plain-characters that are simply copied to the output stream;
2. escape-sequences that represent non-graphic characters; and
3. conversion-specifications.

The following escape-sequences produce the associated action on display dev-
ices capable of the action:

\b Backspace.
Moves the printing position to one character before the current position,
unless the current position is the start of a line.

\f Form Feed.
Moves the printing position to the initial printing position of the next logi-
cal page.

\n New line.
Moves the printing position to the start of the next line.

\r Carriage return.
Moves the printing position to the start of the current line.
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\t Horizontal tab.

Moves the printing position to the next implementation-defined horizontal
tab position on the current line.

\v Vertical tab.

Moves the printing position to the start of the next implementation-
defined vertical tab position.

The character % introduces each conversion-specification. After %, the fol-
lowing appear in sequence:

Zero or more flags to modify the meaning of the conversion-
specification.

An optional string of decimal digits to specify a minimum field-width.
If the converted value has fewer characters than the field-width, it is
padded on the left (or right, if the left-adjustment flag (-), described
below, has been given) to the field-width.

A precision to sets the minimum number of digits appearing in d,
o, u, x,0r X conversions (the field is padded with leading zeros),
the number of digits appearing after the decimal-point in e and £
conversions, the maximum number of significant digits in g conver-
sion; or the maximum number of characters printed from a string in
s conversion. The precision takes the form of a dot (.) followed by
a decimal digit string; a null-digit-string is treated as zero.

An optional 1 (ell) to specify that a following 4, o, u, x or X
conversion-character applies to a long integer arg. An 1 before
any other conversion-character is ignored.

A conversion-character to indicate the type of conversion to be applied
(see below).

The flag characters and their meanings are:

Left-justify the result of the conversion within the field.

+ Begin the result of a signed conversion with a sign (+ or -).

blank Prepend a blank to the result if the first character of a signed
conversion is not a sign (i.e., ignore the blank-flag if the +-flag
also appears).

# Convert the value to an alternate form; for ¢, 4, s and u

conversions, the flag has no effect; for o conversion, it increases
the precision to force the first digit of the result to be a zero; for
x or X conversion, Ox or O0X is prepended to a non-zero
result; for e, E, £, g and G conversions, the result always
contains a decimal-point, even if no digits follow the point (nor-
mally, a decimal-point appears in the result of these conversions
only if a digit follows it); for g and G conversions, trailing
zeroes are not removed from the result as they normally are.
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A field-width or precision may be indicated by an asterisk () instead of a
digit string. In this case, an integer arg supplies the field-width or precision.
The arg actually converted is not fetched until the conversion letter is seen,
so any args specifying field-width or precision must come before any arg
to be converted.

Each conversion-character fetchs zero or more args. The results are
undefined if there are insufficient args for the format. If the format is
exhausted while args remain, the excess args are ignored.

The conversion-characters and their meanings are:
% Print a %; no argument is converted.
c Print the character arg.

d,0,u,x,X Convert the integer arg to signed decimal (d), unsigned octal
(o), unsigned decimal (u) or unsigned hexadecimal notation (x
and X). The x conversion uses the letters abcdef and the
X conversion uses the letters ABCDEF. The precision of arg
specifies the minimum number of digits to appear. If the value
being converted can be represented in fewer digits than the
specified minimum, it will be expanded with leading zeroes. The
default precision is 1. The result of converting a zero value
with a precision of 0 is a null-string.

e,E Convert the float or double arg to the style [-1d.ddde+dd,
where there is one digit before the decimal-point and the
number of digits after it is equal to the precision. When the
precision is missing, six digits are produced; if the precision is
0, no decimal-point appears. The E conversion-character pro-
duces a number with E instead of e introducing the exponent.

The exponent always contains at least two digits. However, if
the value to be printed is greater than or equal to 1E+100,
additional exponent digits will be printed as necessary.

£ Convert the float or double arg to decimal notation in the style
[-1ddd.ddd, where the number of digits after the decimal-
point is equal to the precision specification. If the precision is
omitted from arg, six digits are output; if the precision is
explicitly 0, no decimal-point appears.

g9,G Print the float or double arg in style £ or e (or in style E in
the case of a G conversion-character), with the precision-
specifying the number of significant digits. The style used
depends on the value converted: style e will be used only if the
exponent resulting from the conversion is less than -4 or
greater than the precision. Trailing zeroes are removed from the
result. A decimal-point appears only if it is followed by a digit.
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s The arg is taken to be a string (character pointer) and charac-
ters from the string are printed until a null-character (\0) is
encountered or the number of characters indicated by the preci-
sion specification of arg is reached. If the precision is omitted
from arg, it is taken to be infinite, so all characters up to the
first null-character are printed. A NULL value for arg will
yield undefined results.

If the character after the % is not a valid conversion-character, the results of
the conversion are undefined.

In no case does a non-existent or small field-width cause truncation of a field;
if the result of a conversion is wider than the field-width, the field is simply
expanded to contain the conversion result. Characters generated by printf
and fprintf are printed as if the PUTC(BA_LIB) routine had been called.

RETURN VALUE
The functions printf, fprintf, and sprintf return the number of
characters transmitted, or return -1 if an error was encountered.

EXAMPLE
To print a date and time in the form Sunday, July 3, 10:02, where
weekday and month are pointers to null-terminated strings:

printf("%s, %s %4, %d:%.24",
weekday, month, day, hour, min);

To print = to 5 decimal places:
printf("pi = %.5f", 4 % atan(1.0));

SEE ALSO
PUTC(BA_LIB), SCANF(BA_LIB), FOPEN(BA_SYS).

CAVEATS
The function printf will make available character-string-representations
for oo and “not a number” (NaN: a symbolic entity encoded in floating point
format) to support the IEEE P754 standard.
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NAME
putc, putchar, fputc, putw — put character or word onto a stream

SYNOPSIS

int putc(c, stream)
int c;
FILE *stream;

int putchar(c)

int cj

int fputc(c, stream)
int c;

FILE *stream;

int putw(w, stream)
int w;
FILE *stream;

DESCRIPTION
The function putc writes character ¢ onto named output stream,
stream, where the file-pointer, if defined, points. Both putc and
putchar are macros, and putchar is defined as putc(c, stdout).

The function fputc behaves like putc, but is a function instead of a
macro. The function fputc runs more slowly than putc but it takes less
space per invocation and its name can be passed as an argument to a function.

The function putw writes the word (i.e., integer w onto the named output
stream, stream, where the file-pointer, if defined, points). The size of a
word is the size of an integer and varies from machine to machine. The func-
tion putw neither assumes nor causes special alignment in the file.

RETURN VALUE
On success, putc, fputc, and putchar each return the value they
have written. On failure, they return the constant EOF. This occurs if
stream is not open for writing or if it cannot grow. The function putw
returns non-zero if an error occurs; otherwise, it returns zero.

APPLICATION USAGE
Because it is implemented as a macro, putc incorrectly treats stream
when it has side-effects. In particular, putc(c, *£++); may not work
sensibly, and f£putc should be used instead.

Because word-length and byte-ordering are machine-dependent, files written
using putw may not be read using getw on a different processor.

SEE ALSO
FCLOSE(BA_SYS), FERROR(BA_SYS), FOPEN(BA_SYS), FREAD(BA_SYS),
PRINTF(BA_LIB), PUTS(BA_LIB), SETBUF(BA _LIB).
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NAME
putenv — change or add value to environment

SYNOPSIS
int putenv(string)
char *string;

DESCRIPTION
The argument string points to a string of the the following form:

name = value

The function putenv makes the value of the environment variable name
equal to value by altering an existing variable or creating a new one. In
either case, the string pointed to by string becomes part of the environ-
ment, so altering the string will change the environment. The space used by
string is no longer used once a new string-defining name is passed to the
function putenv.

RETURN VALUE
The function putenv returns non-zero if it was unable to obtain enough
space for an expanded environment, otherwise zero.

APPLICATION USAGE
The function putenv was added in UNIX System V Release 2.0.

The function putenv manipulates the environment pointed to by

environ, and can be used in conjunction with getenv. However,
envp, the third argument to main, is not changed [see EXEC(BA_SYS)].

A potential error is to call the function putenv with a pointer to an
automatic variable as the argument and to then exit the calling function while
string is still part of the environment. :

SEE ALSO
EXEC(BA_SYS), MALLOC(BA_SYS), GETENV(BA_LIB).
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NAME
puts, fputs — put a string on a stream

SYNOPSIS
#include <stdio.h>
int puts(s)
char =*s;

int fputs(s, stream)
char #*s;
FILE *stream;

DESCRIPTION
The function puts writes the null-terminated string s points to followed by
a new-line character, onto the standard output stream, stdout.

The function f£puts writes the null-terminated string s points to onto the
named output stream, stream.

Neither function writes the terminating null-character.

RETURN VALUE
On success, both puts and fputs return the number of characters writ-
ten, and both return EOF on error. This occurs if they try to write on a file
that is not open for writing.

APPLICATION USAGE
The function puts appends a new-line character while £puts does not.

SEE ALSO
FERROR(BA_SYS), FOPEN(BA_SYS), FREAD(BA_SYS), PRINTF(BA_LIB),
PUTC(BA_LIB).
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NAME
gsort — quicker sort

SYNOPSIS
void gsort(base, nel, width, compar)
char #xbase;
unsigned nel, width;
int (*compar)();

DESCRIPTION
The function gsort is a general-sorting algorithm that sorts a table of data
in place.
The argument base points to the element at the base of the table.
The argument nel is the number of elements in the table.
The argument width is the size of an element in bytes.

The argument compar is the name of the user-supplied comparison func-
tion, which is called with two arguments that point to the elements being com-
pared. The comparison function must return an integer less than, equal to or
greater than zero, according as the first argument is to be considered is less
than, equal to or greater than the second.

APPLICATION USAGE
The pointer to the base the table should be of type pointer-to-element, and
cast to type pointer-to-character.

The comparison function need not compare every byte, so arbitrary data may
be contained in the elements in addition to the values being compared.

The relative order in the output of two items which compare as equal is
unpredictable. '

SEE ALSO
BSEARCH(BA_LIB), LSEARCH(BA_LIB), STRING(BA_LIB).
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NAME

rand, srand — simple random-number generator

SYNOPSIS

void srand(seed)
unsigned int seed;

DESCRIPTION
The function rand uses a multiplicative congruential random-number gen-
erator with period 232 that returns successive pseudo-random numbers in the
range from 0 to 32767.

The function srand uses the argument seed as a seed for a new sequence
of pseudo-random numbers to be returned by subsequent calls to the function
rand. If srand is then called with the same seed value, the sequence of
pseudo-random numbers will be repeated. If rand is called before any calls
to srand have been made, the same sequence will be generated as when
srand is first called with a seed value of 1.

APPLICATION USAGE
The DRAND48(BA_LIB) routine provides a much more elaborate random-number
generator.

The following functions define the semantics of rand and srand.

static unsigned long int next = 1;
int rand()
{
next = next * 1103515245 + 12345;
return ((unsigned int) (next/65536) % 32768);
}
void srand(seed)
unsigned int seed;
{
next = seed;

}

Specifying the semantics makes it possible to reproduce the behavior of pro-
grams that use pseudo-random sequences. This facilitates the testing of port-
able applications in different implementations.

SEE ALSO
DRAND48(BA_LIB).
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NAME

regexp — regular-expression compile and match routines

SYNOPSIS

#define INIT declarations
#define GETC( ) getc code
#define PEEK( ) peekc code
#define UNGETC( ) ungetc code
#define RETURN(ptr) return code
#define ERROR(val) error code

#include <regexp.h>

char *compile(instring, expbuf, endbuf, eof)
char *instring, x*expbuf, x*endbuf;
int eof;

int step(string, expbuf)
char *string, x*endbuf;

advance(string, expbuf)
char *string, =xexpbuf;

extern char #*loc1, *loc2, =xlocs;

DESCRIPTION

530

These functions are general-purpose regular-expression matching routines to
be used in programs that perform regular-expression matching. These func-
tions are defined by the <regexp.h> header file.

The function compile takes a regular-expression as input and produces a
compiled-expression that step or advance can use.

The functions step and advance do pattern-matching given a
character-string and a compiled-expression as input.

A regular-expression, re, specifies a set of character-strings. A member of this
set of strings is said to be matched by the re. Some characters have special
meaning when used in an re; other characters stand for themselves.

The regular-expressions that regexp uses are constructed as follows:
Expression Meaning
c the character ¢ where c is not a special character.

\¢ the character ¢ where ¢ is any character, except a digit in
the range 1-9.

the beginning of the line being compared.
$ the end of the line being compared.

. any character in the input.
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[s] any character in the set s, where s is a sequence of charac-
ters and/or a range of characters (e.g., [c-c]).

[*s] any character not in the set s, where s is defined as above.

” marn Ar MmAara cnncacciva ancnrrancsac nf racular.avnraccinn =
b Z3rC Or MOre SUCCCSSive CCTurrendes Ci Iregu.ar-SxXprossicn .

The longest match is chosen.

rx the occurrence of regular-expression r followed by the
occurrence of regular-expression x. (Concatenation)

r\N{m,n\} any number of m through n successive occurrences of
regular-expression ». The regular-expression r\{m\}
matches exactly m occurrences; 7\ {m, \ } matches at least
m occurrences.

\(r\) the regular-expression ». When \n (where n is a number
greater than zero) appears in a constructed regular-
expression, it stands for regular-expression x where x is the
n'* regular-expression enclosed in \( and \) strings that
appeared earlier in the constructed regular-expression. For
example, \(r\)x\(y\)z\2 is the concatenation of
regular-expressions rxyzy.

Characters that have special meaning except when they appear within square
brackets, [ 1, or are preceded by \ are: ., *, [, \. Other special char-
acters, such as $ have special meaning in more restricted contexts.

The character ~ at the beginning of an expression permits a successful match
only immediately after a new-line, and the character $ at the end of an
expression requires a trailing new-line.

Two characters have special meaning only when used within square brackets.
The character - denotes a range, [c-c], unless it is just after the opening
bracket or before the closing bracket, [-c] or [c-1] in which case it has no
special meaning. When used within brackets, the character ~ means comple-
ment of if it immediately follows the open bracket, [ ~c], elsewhere between
brackets, [c” 1, it stands for the ordinary character ~

The special meaning of the \ operator can be escaped only by preceding it
with another \ (e.g., \\).

Programs must declare the following five macros before the #include
<regexp.h> statement. The function compile uses the macros GETC,
PEEKC, and UNGETC to operate on the regular-expression given as input.

GETC () returns the next character in the regular-expression. Suc-
cessive calls to GETC () return successive characters of
the regular-expression.

PEEKC( ) returns the next character in the regular-expression. Suc-
cessive calls to PEEKC( ) return the same character,
which also is the next character GETC( ) returns.
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UNGETC( ) causes the next call to GETC( ) and PEEKC( ) to return
the argument c. No more than one character of pushback
is ever needed and this character is guaranteed to be the
last character GETC( ) reads. The value of the macro
UNGETC ( ¢ ) is always ignored.

RETURN(ptr) is used on normal exit from compile. The argument
ptr points to the character after the last character of the
compiled-expression. This is useful to programs managing
memory allocation.

ERRCOR(val) is the abnormal return from compile. The argument
val is an error number [see ERRORS below for meanings].
This call should never return.

The syntax of a call to compile is as follows:
compile(instring, expbuf, endbuf, eof)

The first parameter instring is never used explicitly by compile, but
is useful for programs pass different pointers to input characters. It is some-
times used in the INIT declaration (see below). Programs which call func-
tions to input characters or have characters in an external array can pass down
a value of ( (charx)0) for this parameter.

The next parameter expbuf is a character pointer. It points to the place
where the compiled-expression will be placed.

The parameter endbuf is one more than the highest address where the
compiled-expression may be placed. If the compiled-expression cannot fit in
(endbuf-expbuf ) bytes, a call to ERROR(50) is made.

The parameter eof is the character which marks the end of the regular-
expression. For example, re/.

Each program that includes the <regexp.h> header file must have a
#define statement for INIT. It is used for dependent declarations and
initializations. Most often it is used to set a register variable to point to the
beginning of the regular-expression so that this register variable can be used in
the declarations for GETC( ), PEEKC( ), and UNGETC( ). Otherwise it
can be used to declare external variables that might be used by GETC( ),
PEEKC( ) and UNGETC( ). See EXAMPLES below.

The first parameter to step points to a string of characters to be checked
for a match. This string should be null-terminated.

The second parameter, expbuf, is the compiled-expression produced by cal-
ling compile.

The function step returns non-zero if some sub-string of string matches
the regular-expression in expbuf and zero if there is no match. If there is
a match, two external character pointers are set as a side effect to the call to
step. The variable loc1 points to the first character that matched the
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regular-expression; the variable loc2 points to the character after the last
character that matches the regular-expression. Thus if the regular-expression
matches the entire input string, loc1 points to the first character of
string and loc2 points to the null at the end of string.

The function advance returns non-zero if the initial substring of string
matches the regular-expression in expbuf. If there is a match, an external
character pointer, loc2, is set as a side-effect. The variable loc2 points
to the next character in string after the last character that matched.

When advance getsa * or \{ \} sequence in the regular-expression, it
moves its pointer to the string to be matched as far as possible and recursively
calls itself trying to match the rest of the string to the rest of the regular-
expression. As long as there is no match, advance backs up along the
string until it finds a match or reaches the point in the string that initially
matched the # or \{ \1}. It is sometimes desirable to stop this backing-up
before reaching the inital point in the string. If the external character pointer
locs equals the point in the string at sometime during the backing-up,
advance stops the backing-up and returns zero.

The external variables circf, sed, and nbra are reserved.

RETURN VALUE .
The function compile uses the macro RETURN on success and the macro
ERROR on failure, see above. The functions step and advance return
non-zero on a successful match and zero if there is no match.

ERRORS
11 range endpoint too large.
16 bad number.
25 \digit out of range.
36 illegal or missing delimiter.
41 no remembered search string.
42 \( \) imbalance.
43 too many \ (.
44 more than 2 numbers given in \{ \}.
45 } expected after \.
46 first number exceeds second in \{ \}.
49 [ ] imbalance.
50 regular-expression overflow.
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EXAMPLES
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The following shows how an application-program might use the regular-
expression macros and calls:

#define INIT register char #*sp = instring;
#define GETC() (#sp++)

#define PEEKC() (#sp)

#define UNGETC(c) (--sp)

#define RETURN(c) return;

#define ERROR(c) regerr()

#include <regexp.h>

DY

(void) compile(*argv, expbuf, &expbuf[ESIZE],’\0’);

if (step(linebuf, expbuf))
succeed();
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NAME
scanf, fscanf, sscanf — convert formatted input

SYNOPSIS
#include <stdio.h>

int scanf(format | , pointer ]...)
char *format;

int fscanf(stream, format [ , pointer l..))
FILE *stream;
char xformat;

int sscanf(s, format [ , pointer l...)
char #s, »*format;

DESCRIPTION
The function scanf reads from the standard input stream, stdin.

The function fscanf reads from the named input stream, stream.
The function sscanf reads from the character-string, s.

Each function reads characters, interprets them according to a control-string,
format described below, and stores the converted input where a set of
pointer arguments indicates.

The control-string usually contains conversion-specifications, which direct
interpretation of input sequences. The control-string may contain:

1. White-space characters (blanks, tabs, new-lines, or form-feeds) which,
except in two cases described below, cause input to be read up to the next
non-white-space character.

2. Ordinary character (not %), which must match the next character of the
input stream.

3. Conversion-specifications, composed of the character %, an optional
assignment suppressing the character *, a decimal-digit-string specifying
an optional numerical maximum field-width, an optional letter 1 (ell) or
h indicating the size of the receiving variable, and a conversion-code.

A conversion-specification directs the conversion of the next input field; the
result is placed in the variable pointed to by the corresponding argument
unless assignment suppression was indicated by the character «. The
suppression of assignment provides a way of describing an input field which is
to be skipped. An input field is defined as a string of non-space characters; it
extends to the next inappropriate character or until the maximum field-width,
if one is specified, is exhausted. For all descriptors except the character [
and the character c, white space leading an input field is ignored.

The conversion-code indicates the interpretation of the input field; the
corresponding pointer argument usually must be of a restricted type. For
a suppressed field, no pointer argument is given.
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The following conversion-codes are legal:

%
d

e,f,g

a single % is expected; no assignment is done.

a decimal integer is expected; the corresponding argument should be
an integer pointer.

an unsigned decimal integer is expected; the corresponding argument
should be an unsigned integer pointer.

an octal integer is expected; the corresponding argument should be
an integer pointer.

a hexadecimal integer is expected; the corresponding argument
should be an integer pointer.

a floating point number is expected; the next field is converted
accordingly and stored through the corresponding argument, which
should be a pointer to a float. The input format for floating
point numbers is an optionally signed string of digits, possibly con-
taining a decimal-point; followed by an optional exponent field con-
sisting of an E or an e, followed by an optionally signed integer.

a character-string is expected; the corresponding argument should be
a pointer to an array of characters large enough to accept the string
and a terminating \0, to be added automatically. The input field is
terminated by a white-space character.

a character is expected; the corresponding argument should be a
character pointer. The normal skip over white space is suppressed in
this case; to read the next non-space character, use %1s. If a
field-width is given, the corresponding argument should point to a
character array; the indicated number of characters is read.

indicates string data; the corresponding argument must point to a
character array large enough to hold the data field and the terminat-
ing \0 which will be added automatically. The normal skip over
leading white space is suppressed. The left bracket is followed by a
set of characters called the scanset and a right bracket; the input
field is the maximal sequence of input characters consisting only of
characters in the scanset. At least one character must match for this
conversion to be considered successful. The circumflex (*), when it
is the first character in the scanset, serves as a complement operator
defining the scanset as the set of all characters not contained in the
rest of the scanset string.

Some conventions are used to construct the scanset. The construct first-last
represents a range of characters; thus, [0123456789] may be expressed
[0-91]. For this convention, first must be lexically less than or equal to last,
or else the dash will stand for itself. The character - also stands for itself
whenever it is the first or the last character in the scanset. To include the
right square bracket as an element of the scanset (i.e., not as the closing
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bracket) it must appear as the first character (possibly preceded by a
circumflex) of the scanset.

If an invalid conversion-character follows the %, the results of the operation
re unpredictable.

The conversion-characters d, u, o, and x may be preceded by 1 or h to
indicate that a pointer to long or to short rather than to int is in the
argument list. Similarly, the conversion-characters e, £, and g may be pre-
ceded by 1 to indicate that a pointer to double rather than to float is
in the argument list. Other conversion-characters ignore the 1 or h
modifier.

The scanf conversion stops at end of file, at the end of the control-string or
when an input character conflicts with the control-string. In the latter case,
the offending character is left unread in the input stream.

RETURN VALUE
These functions return the number of successfully matched and assigned input
items; this number can be zero in the event of an early conflict between an
input character and the control-string. If the input ends before the first
conflict or conversion, EOF is returned.

APPLICATION USAGE
Trailing white space (including a new-line) is left unread unless matched in
the control-string.

The success of literal matches and suppressed assignments is not directly
determinable.

EXAMPLE
The call to the function scanf:

int i, n; float x; char name[50];
n = scanf("%d%f%s", &i, &x, name);

with the input line:
25 54.32E-1 thompson

assigns to n the value 3, to i the value 25, to x the value 5.432, and
name contains thompson\0.

The call to the function scanf:

int i; float x; char name[50];
(void) scanf("%2d%f%«d %[0-9]", &i, &x, name);

with the input line:
56789 0123 56a72

assigns 56 to i, 789.0 to x, skips 0123, and puts the string 56\0 in
name. The next call to getchar [see GETC(BA_LIB)] returns a.
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SEE ALSO
GETC(BA_LIB), PRINTF(BA_LIB), STRTOD(BA_LIB), STRTOL(BA_LIB).

CAVEATS 4
The function scanf will make available character string representations for
oo and "not a number" (NaN: a symbolic entity encoded in floating point for-
mat) to support the IEEE P754 standard.
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NAME
setbuf — assign buffering to a stream

SYNOPSIS
#include <stdio.h>

void setbuf(stream, buf)
FILE *stream;
char xbuf;

int setvbuf(stream, buf, type, size)
FILE *stream;

char #=buf;

int type, size;

DESCRIPTION
The function setbuf may be used after a stream is opened but before it is
read or written. If buf is the NULL pointer, input/output is completely
unbuffered; otherwise setbuf causes the array pointed to by buf to be
used instead of an automatically allocated buffer. A constant BUFSIZ,
defined by the <stdio.h> header file, tells how big an array is needed:

char buf[BUFSIZ];

By default, terminal-output is line-buffered and all other input/output is fully
buffered, except the standard error stream, stderr, which is normally
unbuffered.

APPLICATION USAGE
A common source of error is allocating buffer space as an automatic variable
in a code block, and then failing to close the stream in the same block.

SEE ALSO
FOPEN(BA_SYS), MALLOC(BA_SYS), GETC(BA_LIB), PUTC(BA_LIB),
SETBUF(BA_LIB).
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NAME
setjmp, longjmp — non-local goto

SYNOPSIS
#include <setjmp.h>

int setjmp(env)
jmp_buf env;

void longjmp(env, val)
jmp_buf env;
int val;

DESCRIPTION

These functions are useful for dealing with errors and interrupts encountered
in a low-level subroutine of a program.

The function setjmp saves its stack environment in env (whose type,
jmp_buf, is defined by the <setjmp.h> header file) for later use by
longjmp. The function setjmp returns the value 0.

The function longjmp restores the environment saved by the last call to
setjmp with the corresponding env.

After longjmp is completed, program execution continues as if the
corresponding call to setjmp (the caller of which must not itself have
returned in the interim) had just returned wval. All accessible data have
values as of the time longjmp was called.

RETURN VALUE
When called by the calling-process, setjmp returns 0.

The function longjmp does not return from where it was called, but rather,
program execution continues as if the previous call to setjmp returned
val. That is, when setjmp returns as a result of calling longjmp,
setjmp returns val. However, longjmp cannot cause setjmp to
return 0. If longjmp is called witha val of 0, setjmp returns 1.

APPLICATION USAGE
The behavior is undefined when longjmp is called without env having

been primed by calling set jmp, or when the last such call was in a function
which has since returned.

Register variables may have unpredictable values when the call to longjmp
is in a different function from the corresponding call to setjmp.

SEE ALSO
SIGNAL(BA_SYS).
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NAME

setvbuf — assign buffering to a stream
SYNOPSIS

#include <stdio.h>

int setvbuf(stream, buf, type, size)
FILE *stream;

char xbuf;

int type, size;

DESCRIPTION
The function setvbuf may be used after stream is opened but before it
is read or written. The value of type determines how stream is buffered.
Legal values for type, defined by the <stdio.h> header file, are:

_IOFBF  causes input/output to be fully buffered.

_IOLBF causes output to be line-buffered; the buffer is flushed when a
new-line is written or the buffer is full or input is requested.

_IONBF  causes input/output to be completely unbuffered.

If buf is not the NULL pointer, the array it points to will be used for
buffering instead of an automatically allocated buffer. The argument size
specifies the size of the buffer to be used. The constant BUFSIZ in the
<stdio.h> header file is suggested as a good buffer size. If input/output is
unbuffered, buf and size are ignored.

By default, terminal-output is line-buffered and all other input/output is fully
buffered, except the standard error stream, stderr, which is normally
unbuffered.

RETURN VALUE
If the value for type or size is illegal, setvbuf returns a non-zero
value; otherwise, it returns zero.

APPLICATION USAGE
The function setvbuf was added in UNIX System V Release 2.0.

A common source of error is allocating buffer space as an automatic variable
in a code block, and then failing to close the stream in the same block.

SEE ALSO
FOPEN(BA_SYS), MALLOC(BA_SYS), GETC(BA_LIB), PUTC(BA_LIB),
SETBUF(BA_LIB).
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NAME
sinh, cosh, tanh — hyperbolic functions

SYNOPSIS
#include <math.h>

double sinh(x)
double x;

double cosh(x)
double x;

double tanh(x)
double x;

DESCRIPTION
The functions sinh, cosh, and tanh return, respectively, the hyperbolic
sine, cosine and tangent of their argument.

RETURN VALUE
The functions sinh and cosh return HUGE, and sinh may return
—HUGE for negative x, when the correct value would overflow and set
errno to ERANGE.

APPLICATION USAGE
These error-handling procedures are changed by the MATHERR(BA_LIB) routine.

SEE ALSO
MATHERR(BA_LIB).

CAVEATS
A macro HUGE_VAL will be defined by the <math.h> header file. This
macro will call a function which will either return +oo on a system supporting
the IEEE P754 standard or +{MAXDOUBLE} on a system that does not support
the IEEE P754 standard.

The functions sinh and cosh will return HUGE_VAL (sinh will return
—HUGE _VAL for negative n) when the correct value overflows.
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NAME
ssignal, gsignal — software signals

SYNOPSIS
#incliude <signal.i>

int (#ssignal(sig, action)) ()
int sig, (*action) ();

int gsignal(sig)
int sig;
DESCRIPTION

The functions ssignal and gsignal implement a software facility simi-
lar to the SIGNAL(BA_SYS) routine.

Software signals available to programs are described in SIGNAL(BA_SYS).

A call to ssignal associates a procedure, action, with the software sig-
nal sig; a call to gsignal raises the software signal, sig. Raising a
software signal causes the action established for that signal to be taken.

The first argument, sig, to the function ssignal, is a signal number in
the range 1-15 for which an action is to be established. The second argu-
ment, action, defines the action; it is either the name of a (user-defined)
function action or one of the manifest constants SIG_DFL (default) or
SIG_IGN (ignore). The function ssignal returns the action previously
established for that signal type; if no action has been established or the signal
is illegal, ssignal returns SIG_DFL.

The function gsignal raises the signal identified by its argument, sig:

If an action has been established for sig, then action is reset to
SIG_DFL and action is entered with sig. The function
gsignal returns the value action returns.

If the action for sig is SIG_IGN, gsignal returns 1 and
takes no other action.

If the action for sig is SIG_DFL, gsignal returns 0 and
takes no other action.

If sig has an illegal value or no action was ever specified for sig,
gsignal returns 0 and takes no other action.

SEE ALSO
SIGNAL(BA_SYS).
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NAME
strcat, strncat, strcmp, strncmp, strcpy, strncpy, strlen, strchr, strrchr, strpbrk,
strspn, strespn, strtok — string operations

SYNOPSIS
#include <string.h>

char *strcat(s1, s2)
char *s1, *s2;

char #strncat(s1, s2, n)
char *s1, *s2;
int n;

int strcemp(s1, s2)
char *s1, *s2;

int strncmp(s1, s2, n)
char *s1, *s2;
int n;

char *strepy(s1, s2)
char *s1, *s2;

char *strncpy(si1, s2, n)
char *s1, *s2;
int n;

int strlen(s)
char =xs;

char *strchr(s, c)
char #xs;
int c;

char *strrchr(s, c)
char *s;

int c;

char *strpbrk(s1, s2)
char *s1, *s2;

int strspn(si1, s2)
char *s1, *s2;

int strcspn(s1, s2)
char *s1, *s2;

char *strtok(s1, s2)
char *s1, *s2;

DESCRIPTION
The arguments s1, s2 and s point to strings (arrays of characters ter-
minated by a null-character). ‘
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The functions strcat, strncat, strcpy, strncpy and strtok
all alter s1, and do not check for overflow of the array pointed to by s1.

The function strcat appends a copy of s2 to the end of s1.

The function strncat appends at most n characters. Each returns a
pointer to the null-terminated result.

The function strcmp compares its arguments and returns an integer less
than, equal to or greater than 0, according as s1 is lexicographically less
than, equal to or greater than s2.

The function strncmp compares at most n characters of its arguments.

The function strecpy copies s2 to s1, stopping after the null-character
has been copied and returns s1.

The functions strncpy copies exactly n characters, truncating s2 or
adding null-characters to s1 if necessary and returns s1. The result will
not be null-terminated if the length of s2 is n or more.

The function strlen returns the number of characters in s, not including
the terminating null-character.

The function strchr (or strrchr) returns a pointer to the first (last)
occurrence of character ¢ in s, or a NULL pointer if ¢ does not occur in
s. The terminating null-character is considered to be part of the string.

The function strpbrk returns a pointer to the first occurrence in s1 of
any character from s2, or a NULL pointer if no character from s2 occurs
in s1.

The function strspn (or strcspn) returns the length of the initial seg-
ment of s1 which consists entirely of characters from (not from) s2.

The function strtok considers s1 to consist of a sequence of zero or more
text tokens separated by spans of one or more separator-characters from s2.
The first call (with pointer s1 specified) returns a pointer to the first charac-
ter of the first token, and will have written a null-character into s1 immedi-
ately following the returned token. The function keeps track of its position in
the string between separate calls, so that subsequent calls (which must be
made with the first argument a NULL pointer) will work through s1
immediately following that token. In this way subsequent calls will work
through s 1, returning a pointer to the first character of each subsequent
token. A null-character will have been written into s1 by strtok
immediately following the token. The separator-string s2 may be different
from call to call. When no token remains in s1, a NULL pointer is
returned.
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\

APPLICATION USAGE
All these functions are declared by the <string.h> header file.

Both strcmp and strncmp use native character comparison. The sign of
the value returned when one of the characters has its high-order bit set is
implementation-dependent.

Character movement is performed differently in different implementations.
Thus overlapping moves may yield surprises.

SEE ALSO
MEMORY/(BA_LIB).

CAVEATS
The type of argument n to strncat, strncmp and strncpy and the
type of value returned by strlen will be declared through the typedef
facility in a header file as size_t.
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NAME
strtod, atof — convert string to double-precision number

SYNOPSIS
double strtod(str, ptr)
char x*str, ##*ptr;
double atof (str)
char =»*str;

DESCRIPTION
The function strtod returns as a double-precision floating-point number
the value represented by the character string pointed to by str. The string
is scanned up to the first unrecognized character.

The function strtod recognizes an optional string of white-space charac-
ters [as defined by isspace in CTYPE(BA LIB)], then an optional sign, then
a string of digits optionally containing a decimal point, then an optional e or
E followed by an optional sign, followed by an integer.

If the value of ptr isnot ( (char =«x)0), a pointer to the character ter-
minating the scan is returned in the location pointed to by ptr. If no
number can be formed, *ptr issetto str,and O is returned.

The function call atof ( str) is equivalent to:
strtod(str, (char *#)0)

RETURN VALUE
If the correct value would cause overflow, +HUGE is returned (according to
the sign of the value) and errno is set to ERANGE.

If the correct value would cause underflow, zero is returned and errno is
set to ERANGE.

APPLICATION USAGE
The function strtod was added in UNIX System V Release 2.0.

SEE ALSO
CTYPE(BA_LIB), SCANF(BA_LIB), STRTOL(BA_LIB).

CAVEATS
A macro HUGE_VAL will be defined by the <math.h> header file. This
macro will call a function which will either return +o0 on a system that sup-
ports the IEEE P754 standard or +{MAXDOUBLE]} on a system that does not
support the IEEE P754 standard.

If the correct value overflows, *HUGE VAL will be returned (according to
the sign of the value).
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NAME
strtol, atol, atoi — convert string to integer

SYNOPSIS
long strtol(str, ptr, base)
char xstr, x*ptr;
int base;

long atol(str)
char =x»str;

int atoi(str)
char *str;

DESCRIPTION
The function strtol returns as a long integer the value represented by the
character string pointed to by str. The string is scanned up to the first
character inconsistent with the base. Leading white-space characters [as
defined by isspace in CTYPE(BA_LIB)] are ignored.

If the value of ptr isnot ( (char «%)0), a pointer to the character ter-
minating the scan is returned in the location pointed to by ptr. If no
integer can be formed, that location is set to str and zero is returned.

If base is positive, but not greater than 36, it is used as the base for
conversion. After an optional leading sign, leading zeros are ignored and 0x
or 0X isignored if baseis 16.

If base is zero, the string itself determines the base in the following way:
After an optional leading sign, a leading zero causes octal-conversion and a

leading O0x or 0X hexadecimal-conversion; otherwise, decimal-conversion is
used.

Truncation from long to int can, of course, take place upon assignment
or by an explicit cast.

The function call atol (str) is equivalent to:
strtol(str, (char ##%)0, 10)

The function call atoi (str) is equivalent to:
(int)strtol(str, (char *%)0, 10)

RETURN VALUE
If ptr is a null-pointer, strtol returns the value of the string str asa
. e
long integer. ’

If ptr is not NULL, strtol returns the value of the string str as a
long integer, and a pointer to the character terminating the scan is returned in
the location ptr points to. If no integer can be formed, that location is set
to str and strtol returns O.

APPLICATION USAGE
Overflow conditions are ignored.
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SEE ALSO

CTYPE(BA_LIB), SCANF(BA_LIB), STRTOD(BA LIB).
CAVEATS

Error handling will be added to strtol.
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NAME
swab — swap bytes

SYNOPSIS
void swab(from, to, nbytes)
char *from, *to;
int nbytes;

DESCRIPTION
The function swab copies nbytes bytes pointed to by from to the array
pointed to by to, exchanging adjacent even and odd bytes. It is useful for
carrying binary data between machines with different low-order/high-order
byte arrangements.

The argument nbytes should be even and non-negative. If the argument
nbytes is odd and positive, the function swab uses nbytes-1 instead.
If the argument nbytes is negative, the function swab does nothing.
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NAME
tmpfile — create a temporary file

SYNOPSIS
#include <stdio.h>
FILE *tmpfile()

DESCRIPTION
The function tmpfile creates a temporary file using a name generated by
the TMPNAM(BA_LIB) library routine, and returns a corresponding pointer to the
FILE structure associated with the stream [see stdio-stream in Definitions].
The temporary file will automatically be deleted when the process that opened
it terminates or the temporary file is closed. The temporary file is opened for
update (w+) [see FOPEN(BA_SYS)].

RETURN VALUE
If the temporary file cannot be opened, an error message is written and a
NULL pointer is returned.

SEE ALSO
CREAT(BA_SYS), UNLINK(BA_SYS), FOPEN(BA_SYS), MKTEMP(BA LIB),
TMPNAM(BA _LIB).
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NAME
tmpnam, tempnam — create a name for a temporary file

SYNOPSIS
#include <stdio.h>

char *tmpnam(s)
char =»s;

char *tempnam(dir, pfx)
char *dir, «pfx;

DESCRIPTION
These functions create file-names that can safely be used for a temporary file.

The function tmpnam always generates a file-name using the path-prefix
defined as P_tmpdir by the <stdio.h> header file. If s is NULL,
tmpnam stores its result in an internal static area and returns a pointer to
that area. The next call to tmpnam destroys the contents of the area. The
function tmpnam stores its result in an array of at least L _tmpnam bytes,
where L_tmpnam is a constant defined by the <stdio.h> header file. If
s is not NULL, tmpnam stores its result in the array pointed to by s and
returns s.

The function tempnam allows the user to control the choice of a directory.
If defined in the user’s environment, the value of the environmental variable
TMPDIR is used as the name of the desired temporary file directory. The
argument dir points to the name of the directory in which the file is to be
created. If dir is NULL or points to a string that is not a name for an
appropriate directory, tempnam uses the path-prefix defined as
P_tmpdir by the <stdio.h> header file. If that directory is not acces-
sible, the directory /tmp is used as a last resort.

The function tempnam uses the MALLOC(BA_SYS) routine to get space for
the constructed file-name, and returns a pointer to this area. Thus, any
pointer value tempnam returns may serve as an argument to the function
free defined in MALLOC(BA_SYS). If tempnam cannot return the expected
result for any reason, for example, the MALLOC(BA_SYS routine failed or none
of the above-mentioned attempts to find an appropriate directory succeeded,
tempnam returns a NULL pointer.

APPLICATION USAGE
Many applications prefer their temporary-files to have certain favorite initial
letter sequences in their names. Use the argument pf£x for this. This argu-
ment may be NULL or point to a string of up to five characters to be used as
the first few characters of the temporary-file name.

The functions tmpnam and tempnam create a different file-name each
time they are called.

" Files created using these functions and either the FOPEN(BA_SYS) routine or
the CREAT(BA_SYS) routine are temporary only in the sense that they reside in
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a directory intended for temporary use, and their names are unique. The user
is responsible for using the UNLINK(BA_SYS) routine to remove the file when
done.

If called more than {TMP_MAX] times in a single process, these functions start
recycling previously used names.

Between the time a file-name is created and the file is opened, some other pro-
cess can create a file with the same name. This can never happen if that other
process uses these functions or mktemp, and the file-names are chosen so as
to render duplication by other means unlikely.

SEE ALSO
CREAT(BA_SYS), UNLINK(BA_SYS), FOPEN(BA_SYS), MALLOC(BA_SYS),
MKTEMP(BA_LIB), TMPFILE(BA_LIB).
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NAME

sin, cos, tan, asin, acos, atan, atan2 — trigonometric functions

SYNOPSIS

#include <math.h>

double sin(x)
double x;

double cos(x)
double x;

double tan(x)
double x;

double asin(x)
double x;

double acos(x)
double x;

double atan(x)
double x;

double atan2(y, x)
double y, x;

DESCRIPTION

The functions sin, cos and tan return respectively the sine, cosine and
tangent of their argument, x, measured in radians.

The function asin returns the arc-sine of x in the range —x/2 to «/2.
The function acos returns the arc-cosine of x in the range 0 to =.
The function atan returns the arc-tangent of x in the range —n/2 to #/2.

The function atan2 returns the arc-tangent of y/x in the range —x to m,
using the signs of both y and x to get the quadrant of the return value.

RETURN VALUE

554

Both sin and cos lose accuracy when their argument is far from zero.
For arguments sufficiently large, these functions return zero when there would
otherwise be a complete loss of significance, and a TLOSS error message is
printed on the standard error output [see MATHERR(BA LIB)]. For arguments
causing only partial loss of significance, a PLOSS error occurs but no mes-
sage is printed. In both cases, errno equals ERANGE.

If the magnitude of the argument to asin or acos is greater than one,
they return 0, print a DOMAIN error message on the standard error output,
and errno equals EDOM.

If both arguments to atan2 are zero, it returns 0, prints a DOMAIN error
message on the standard error output, and errno equals EDOM.
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APPLICATION USAGE
These error-handling procedures are changed by the MATHERR(BA_LIB) routine.

SEE ALSO

MATHERR(BA_LIB).
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NAME

tsearch, tfind, tdelete, twalk — manage binary search trees

SYNOPSIS

TSEARCH(BA_LIB)

#include <search.h>

char x*tsearch(key, rootp, compar)
char xkey;

char **rootp;

int (*compar) ();

char *tfind(key, rootp, compar)
char xkey;

char **rootp;

int (*compar) ();

char xtdelete(key, rootp, compar)
char =xkey;

char **rootp;

int (*compar) ();

void twalk(root, action)
char #*root;
void(*action) ();

DESCRIPTION

The functions tsearch, tfind, tdelete, and twalk manipulate
binary search trees. All comparisons are done with a user-supplied function,
compar. The comparison function is called with two arguments, the pointers
to the elements being compared. It returns an integer less than, equal to or
greater than 0, according to whether the first argument is to be considered
less than, equal to or greater than the second argument. The comparison
function need not compare every byte, the elements may contain arbitrary
data in addition to the values being compared.

The function tsearch can build and access the tree. The argument key
points to a datum to be accessed or stored. If a datum in the tree equals
xkey (the value pointed to by key), tsearch returns a pointer to this
found datum. Otherwise, tsearch inserts xkey, and returns a pointer to
it. Only pointers are copied, so the calling routine must store the data. The
argument rootp points to a variable that points to the root of the tree. A
NULL value for the variable pointed to by rootp denotes an empty tree; in
this case, the variable is set to point to the datum which will be at the root of
the new tree.

Like tsearch, tfind searchs for a datum in the tree, and returns a
pointer to it if found. However, if it is not found, tfind returns a NULL
pointer. The arguments for tfind are the same as for tsearch.

The function tdelete deletes a node from a binary search tree. The argu-
ments are the same as for tsearch. The variable pointed to by rootp is
changed if the deleted node was the root of the tree.
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The function twalk traverses a binary search tree. The argument root is
the root of the tree to be traversed. (Any node in a tree may be used as the
root for a walk below that node.) The argument action names a user-
defined routine to be called at each node. This routine is, in turn, called with
three argumenis.

The first argument is the address of the node being visited.

The second argument is a value from an enumeration data type, VISIT
defined by the <search.h> header file. The values preorder, pos-
torder, endorder, indicate whether this is the first, second or third time
that the node has been visited (during a depth-first, left-to-right traversal of
the tree), or the value leaf indicates that the node is a leaf.

The third argument is an integer that identifies the level of the node in the
tree, with the root being level zero.

RETURN VALUE
If enough space is not available to create a new node, tsearch returns a
NULL pointer.

If rootp is NULL on entry, tsearch, tfind and tdelete return
a NULL pointer.

If the datum is found, both tsearch and tfind return a pointer to it. If
not, tfind returns NULL, and tsearch returns a pointer to the inserted
item. If the node is not found, tdelete returns a pointer to the parent of
the deleted node, or a NULL pointer.

APPLICATION USAGE
The function tfind was added in UNIX System V Release 2.0.

The pointers to the key and the root of the tree must be of type pointer-to-
element, and cast to type pointer-to-character. Similarly, although declared as
type pointer-to-character, the value returned should be cast to type pointer-
to-element.

The argument root to twalk is one level of indirection less than the
argument rootp to tsearchand tdelete.

There are two nomenclatures used to refer to the order in which tree nodes are
visited. The function tsearch uses preorder, postorder and endorder to
respectively refer to visiting a node before any of its children, after its left
child and before its right, and after both its children. The alternate nomencla-
ture uses preorder, inorder and postorder to refer to the same visits, which
could result in some confusion over the meaning of postorder.

If the calling function alters the pointer to the root, results are unpredictable.
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EXAMPLE
The following code reads in strings and stores structures containing a pointer
to each string and a count of its length. It then walks the tree, printing out
the stored strings and their lengths in alphabetical order.

#include <search.h>
#include <stdio.h>

struct node { /# pointers to these are stored in the tree «/
char #string;
int length;

}s
char string_space[10000]; /+ space to store strings +/
struct node nodes[5001]; /% nodes to store #/

struct node #root = NULL; /# this points to the root »/

main()

{
char *strptr = string_space;
struct node #nodeptr = nodes;
void print_node(), twalk();
int i = 0, node_compare();

while (gets(strptr) I= NULL && i++ < sizeof(nodes [0]) {
/% set node #/
nodeptr->string = strptr;
nodeptr->length = strlen(strptr);
/+ put node into the tree #/
(void) tsearch((char «)nodeptr, &root, node_compare);
/» adjust pointers, to not overwrite tree */
strptr += nodeptr->length + 1;
nodeptr++;
}
twalk(root, print_node);
}
/+ This routine compares two nodes, based on an #/
/+ alphabetical ordering of the string field. »/
int node_compare(node1, node2)
struct node #*nodel1, #node2;
{
return strcmp(nodel1->string, node2->string);
}
/% This routine prints out a node, the */
/+ first time twalk encounters it. »/
void print_node(node, order, level)
struct node x+#node;
VISIT order;
int level;
{
if (order == preorder ii! order == leaf) {
(void) printf("string = %20s, 1length = %¥d\n",
(#node)->string, (#node)->length);

}

SEE ALSO
BSEARCH(BA _LIB), HSEARCH(BA_LIB), LSEARCH(BA_LIB).
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NAME
ttyname, isatty — find name of a terminal

SYNOPSIS
char *ttyname(fildes)
int fildes;
int isatty(fildes)
int fildes;
DESCRIPTION
The function ttyname returns a pointer to a string containing the null-

terminated path-name of the terminal-device associated with file-descriptor,
fildes.

The function isatty returns 1 if fildes is associated with a terminal-
device, 0 otherwise.

RETURN VALUE

The function ttyname returns a null-pointer if £ildes does not describe
a terminal device.

APPLICATION USAGE
The return value points to static data that is overwritten by each call.

The UNIX System User’s Manual 559



Base System UNGETC(BA_LIB)

NAME
ungetc — push character back into input stream

SYNOPSIS
#include <stdio.h>

int ungetc(c, stream)
int c;
FILE xstream;

DESCRIPTION
The function ungetc inserts the character c¢ into the buffer associated with
an input stream. That character, c, will be returned by the next call to
the GETC(BA_LIB) routine on that stream. The function ungetc returns
c, and leaves the file corresponding to stream unchanged.

One character of pushback is guaranteed, provided something has already
been read from the stream and the stream is actually buffered.

If cequals EOF, ungetc does nothing to the buffer and returns EOF.
The FSEEK(BA_SYS) routine erases all memory of inserted characters.

RETURN VALUE .
If successful, ungetc returns ¢; ungetc returns EOF if it cannot insert
the character.

SEE ALSO
FSEEK(BA_SYS), GETC(BA_LIB), SETBUF(BA LIB).
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NAME
vprintf, vfprintf, vsprintf — print formatted output of a varargs argument list

SYNOPSIS
#include <stdio.h>
#include <varargs.h>

int vprintf(format, ap)
char xformat;
va_list ap;

int vfprintf(stream, format, ap)
FILE xstream;

char xformat;

va_list ap;

int vsprintf(s, format, ap)
char *s, *format;
va_list ap;

DESCRIPTION
The functions vprintf, vfprintf, and vsprintf are the same as
printf, fprintf, and sprintf respectively, except they are called
with an argument list ap of type va_list as defined by the
<varargs.h> header file.

The <varargs.h> header file defines the type va_list and a set of
macros for advancing through a list of arguments whose number and types
may vary. The argument ap is used with the <varargs.h> header file
macros va_start, va_arg and va_end. The EXAMPLE section below
shows their use with vprintf£.

The macro va_alist is used as the parameter list in a function definition
as in the function called error in the example below.

The macro va_dcl is the declaration for va_alist and should not be
followed by a semicolon.

The macro va_start(ap), where ap is of type va_list, must be
called before any attempt to traverse and access the list of arguments.

Calls to va_arg(ap, atype) traverse the argument list. Each execu-
tion of va_arg expands to an expression with the value of the next argu-
ment in the list ap. The argument atype is the type that the returned
argument is expected to be.

The macro va_end(ap) must be executed when all desired arguments
have been accessed. (The argument list in ap can be traversed again if
va_start is called again after va_end).

APPLICATION USAGE
The functions vprintf, vfprintf and vsprintf were added in
UNIX System V Release 2.0.
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EXAMPLE
The following shows how vfprintf can be used to write an error routine.
In it, va_arg is executed first to return the function name passed to
error and it is called again to retrieve the format passed to erroxr. The
remaining error arguments, arg1, arg2, ..., are given to vEfprintf
in ap.
#include <stdio.h>
#include <varargs.h>

oo

/#
* error should be called like
* error(function_name, format, arg1, arg2...);
*/
void error(va_alist)
va_dcl
{
va_list ap;
char »*fmt;
va_start(ap);
/% print out name of function causing error »/
(void) fprintf(stderr, "ERR in %s:
fmt = va_arg(ap, char «);
/+ print out remainder of message »/
(void) vfprintf(stderr, fmt, ap);
va_end(ap);
(void) abort();
}
SEE ALSO

PRINTF(BA_LIB).
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NAME
a64l, 164a — convert between long integer and base-64 ASCII string

SYNOPSIS

TAane
«CNg

char

char *164a(1l)
long 1;

11/ )
-\ ‘

o
~

*

€
s

PSS

DESCRIPTION
These routines are used to maintain numbers stored in base-64 ASCII charac-
ters. In this notation, up to six characters can represent a long integer;
with each character being a radix-64 digit.

The characters used to represent radix-64 digits are . for 0, / for 1, 0
through 9 for 2 through 11, A through 2 for 12 through 37, and a through
z for 38 through 63.

The routine a641 takes a pointer to a null-terminated base-64 representation
and returns a corresponding long value. If the string pointed to by s con-
tains more than six characters, a641 will use the first six.

The routine 164a takes a long argument and returns a pointer to the
corresponding base-64 representation. If the argument is 0, 164a returns a
pointer to a null-string.

APPLICATION USAGE
The value returned by 164a may be a pointer into a static buffer, which
would therefore be overwritten by each call.
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NAME

assert — verify program assertion
SYNOPSIS

#include <assert.h>

void assert(expression)
int expression;

DESCRIPTION
The macro assert is useful for putting diagnostics into programs. When it
is executed, if expression is false (zero), assert prints

assertion failed: expression, file xyz, line nnn

on the standard error output and aborts. In the error message, xyz is the
name of the source file and nnn the source line number of the assert state-
ment.

SEE ALSO
ABORT(BA_SYS).

APPLICATION USAGE
Compiling with the pre-processor option -DNDEBUG or with the pre-
processor control statement #define NDEBUG ahead of the #include
<assert.h> statement will stop assertions from being compiled into the
program.
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NAME
getgrent, getgrgid, getgrnam, setgrent, endgrent, fgetgrent — get group file
entry

#include <grp.h>
#include <stdio.h>

struct group x*getgrent()
struct group *getgrgid(gid)
int gid;

struct group *getgrnam(name)
char +*name;

void setgrent()

void endgrent()

struct group *fgetgrent(f)
FILE =xf;

DESCRIPTION
The routines getgrent, getgrgid and getgrnam each return
pointers to an object with the following structure containing the broken-out
fields of a line in the /etc/group file. Each line contains a group
structure, defined in the <grp.h> header file. The structure contains at
least the following members:

char *gr_name; /+* the name of the group */
int gr_gid; /% the numerical group-ID */
char **gr _mem; /+ pointer array to member names */

The routine getgrent when first called returns a pointer to the first
group structure in the file; thereafter, it returns a pointer to the next
group structure in the file; thus, successive calls search the entire file.

The routine getgrgid searches the file for a group-ID matching gid and
returns a pointer to the particular structure in which to find it.

The routine getgrnam searches the file for a group-name matching name
and returns a pointer to the particular structure in which to find it.

If an end-of-file or an error occurs on reading, these functions return a NULL
pointer.

The routine setgrent rewinds the group-file to allow repeated searches.
The routine endgrent closes the group-file when processing is done.

The routine fgetgrent returns a pointer to the next group structure in
the file £; this file must have the format of /etc/group.

RETURN VALUE
A NULL pointer is returned on end of file or an error.
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FILES
/etc/group

SEE ALSO
GETLOGIN(SD_LIB), GETPWENT(SD_LIB).

APPLICATION USAGE
All information may be contained in a static area, so it should be copied if it is
to be saved.
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NAME
getlogin — get login-name

SYNOPSIS
char xgetlogin();

DESCRIPTION
The routine getlogin returns a pointer to the login-name as found in the
file /etc/utmp. It may be used in conjunction with the routine
getpwnam [see GETPWENT(SD_LIB)] to locate the correct password-file entry
when the same user-ID is shared by several login-names.

If getlogin is called within a process that is not attached to a terminal, it
returns a NULL pointer. The correct procedure for determining the login-
name is to call getlogin and if it fails to call getpwuid.

RETURN VALUE
Returns a NULL pointer if name is not found.

FILES
/etc/utmp

SEE ALSO
GETGRENT(SD_LIB), GETPWENT(SD_LIB).

APPLICATION USAGE
The return value may point to static data that is overwritten by each call.
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NAME
getpass — read a password

SYNOPSIS
char *getpass(prompt)
char *prompt;

DESCRIPTION
The routine getpass reads up to a new-line or an EOF from the file
/dev/tty, after prompting on the standard error output with the null-
terminated string prompt and disabling echoing. A pointer is returned to a
null-terminated string of at most 8 characters. If /dev/tty cannot be
opened, a NULL pointer is returned. An interrupt will terminate input and
send an interrupt signal to the calling program before returning.

FILES
/dev/tty

APPLICATION USAGE
The return value points to static data that is overwritten by each call.
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NAME
getpwent, getpwuid, getpwnam, setpwent, endpwent, fgetpwent — get pass-
word file entry

SYNOPSIS
#include <pwd.h>
#include <stdio.h>

struct passwd *getpwent()
struct passwd *getpwuid(uid)
int uid;

struct passwd *getpwnam(name)
char *name;

void setpwent ()
void endpwent()

struct passwd xfgetpwent(f)
FILE +f;

DESCRIPTION
Each of the functions getpwent, getpwuid and getpwnam returns a
pointer to a structure containing the broken-out fields of a line in the
/etc/passwd file. Each line in the file contains a passwd structure,
declared in the <pwd.h> header file. The structure contains at least the
following members:

char *pw_name; /% login-name */

char *pw_passwd; /% encrypted-password */

int pw_uid; /+ numerical user-ID */

int pw_gid; /% numerical group-ID %/

char «pw_dir; /% initial-working-directory =/
char *pw_shell; /+ command-interpreter */

The function getpwent when first called returns a pointer to the first
passwd structure in the file; thereafter, it returns a pointer to the next
passwd structure in the file; so successive calls can be used to search the
entire file.

The function getpwuid searches the file for a user-ID matching uid and
returns a pointer to the particular structure in which to find it.

The function getpwnam searches the file for a login-name matching name
and returns a pointer to the particular structure in which to find it.

If an end-of-file or an error occurs on reading, these functions return a NULL
pointer.

The function setpwent rewinds the password-file to allow repeated
searches.
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The function endpwent closes the password-file when processing is done.

The function fgetpwent returns a pointer to the next passwd structure
in the file £, which must have the format of /etc/passwd.

RETURN VALUE
A NULL pointer is returned on end-of-file or error.

FILES
/etc/passwd

SEE ALSO
GETLOGIN(SD_LIB), GETGRENT(SD_LIB).

APPLICATION USAGE
All information may be contained in a static area, so it should be copied if it is
to be saved.
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NAME
getutent, getutid, getutline, pututline, setutent, endutent, utmpname — access
utmp file entry

SYNOPSIS
#include <utmp.h>
struct utmp *getutent()

struct utmp *#getutid(id)
struct utmp *id;

struct utmp *getutline(line)
struct utmp *line;

void pututline(utmp)
struct utmp *utmp;

void setutent()
void endutent()

void utmpname(file)
char *file;

DESCRIPTION
Each of the routines getutent, getutid and getutline returns a
pointer to a structure, which is defined in the header file <utmp.h>. The
structure contains at least the following members:

char ut_user[ ]; /+ user login-name */
char ut_idl 1; /% /etc/inittab ID «/
char ut_line[ ]; /% device-name */
short wut_pid; /% process-ID x/
short ut_type; /% type of entry =/

In addition, (at least) the following type values for ut_type are defined:

EMPTY, RUN_LVL, BOOT_TIME, OLD_TIME, NEW_TIME,
INIT_PROCESS, LOGIN_PROCESS, USER_PROCESS,
DEAD_PROCESS, ACCOUNTING.

The routine getutent reads in the next entry from the /etc/utmp file.
It opens the file if it is not already open and it fails if it reaches the end of the
file.

The routine getutid searches forward from the current point in the
/etc/utmp file; if the ut_type value of the structure id is
RUN_LVL, BOOT_TIME, OLD_TIME or NEW_TIME, then it stops when
it finds an entry with a ut_type matching the ut_type of the structure
id. If the ut_type value is INIT PROCESS, LOGIN_PROCESS,
USER_PROCESS, or DEAD_PROCESS, then it stops when it finds an entry
whose type is one of these four and whose ut_id field matches the ut_id
field of id. If the end-of-file is reached without a match, getutid fails.
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The routine getutline searches forward from the current point in the
/etc/utmp file until it finds an entry of the type LOGIN PROCESS or
USER_PROCESS which also has a ut_line value matchmg that of
line. If the end-of-file is reached without a match, getutline fails.

The routine pututline writes out the supplied /etc/utmp structure
into the /etc/utmp file. It uses getutid to search forward for the
proper place if it finds that it is not already at the proper place. It is expected
that normally the user of pututline will have searched for the proper
entry using one of the above routines. If so, pututline will not search. If
pututline does not find a matching slot for the new entry, it will add a
new entry to the end of the file.

The routine setutent resets the input stream to the beginning of the file.
To examine the entire file, it must be reset before each search for a new entry.

The routine endutent closes the currently open file.

The routine utmpname allows the user to change the name of the file exam-
ined by these routines, from /etc/utmp to any other file, usually this other
file is /etc/wtmp. If the file does not exist, this will not show up until the
first attempt to reference the file because utmpname does not open the file;
it just closes the old file if it is currently open and saves the new file-name.

RETURN VALUE
A NULL pointer is returned upon failure to read, whether for permissions or
having reached the end of file, or upon failure to write.

FILES
/etc/utmp
/etc/wtmp

APPLICATION USAGE
The most current entry is saved in a static structure that must be copied
before making further accesses.

Each call to either getutid or getutline sees the routine examine the
static structure before performing more 1/0. If the contents of the static
structure match what it is searching for, it looks no further. For this reason,
to use getutline to search for multiple occurrences, it is necessary to zero
out the static after each success, or getutline will just return the same
pointer over and over again.

There is one exception to the rule about removing the structure before doing
further reads. If the user modifies the contents of the static structure returned
by getutent, getutid, or getutline, and passes the pointer back
to pututline, the implicit read done by pututline Gf it finds that it
is not already at the correct place in the file) does not hurt the contents.

The sizeof operator finds the sizes of the arrays in the structure.
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NAME

MARK - profile within a function

SYNOPSIS

#define MARK
#incliude <prof.h>

void MARK(name)

DESCRIPTION

The macro MARK will introduce a mark called name that will be treated
the same as a function entry point. Execution of the mark will add to a
counter for that mark, and program-counter time spent will be accounted to
the immediately preceding mark or to the function if there are no preceding
marks within the active function.

The identifier name may be any combination of letters, numbers or under-
scores. Each name in a single compilation must be unique, but may be the
same as any ordinary program symbol.

For marks to be effective, the symbol MARK must be defined before the
header file <prof.h> is included. This may be defined by a preprocessor
directive as in the synopsis, or by a command line argument, i.e.:

cc -p -DMARK foo.c

If MARK is not defined, the MARK(name) statements may be left in the
source files containing them and will be ignored.

EXAMPLE

In this example, marks can be used to determine how much time is spent in
each loop. Unless this example is compiled with MARK defined on the com-
mand line, the marks are ignored.

#include <prof.h>

foo( )
{

int i, 3j;

MARK(loop1);
for (i = 0; i < 2000; i++) {

}
MARK (loop2);
for (j = 0; j < 2000; j++) {

}
}

SEE ALSO

PROFIL(KE_SYS), MONITOR(SD_LIB), PROF(SD_CMD).
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NAME
monitor — prepare execution profile

SYNOPSIS
#include <mon.h>

void monitor(lowpc, highpc, buffer, bufsize, nfunc)
int (*lowpc) (), (+highpc) ();

WORD #buffer;

int bufsize, nfunc;

DESCRIPTION

The routine monitor is an interface to the profil system service rou-
tine [see PROFIL(KE_SYS)]; lowpc and highpc are the addresses of two
functions; buffer is the address of a (user supplied) array of bufsize
WORDs (WORD is defined in the <mon.h> header file). The monitor
routine arranges to record a histogram of periodically sampled values of the
program-counter, and of counts of calls of certain functions, in the buffer.
The lowest address sampled is that of lowpc and the highest is just below
highpc; lowpc may not equal O for this use of monitor. At most
nfunc call counts can be kept; only calls of functions compiled with the
profiling option -p of cc are recorded.

An executable program created by using the -p option with cc automati-
cally includes calls for the monitor routine with default parameters; there-
fore monitor need not be called explicitly except to gain fine control over
profiling.

For the results to be significant, especially where there are small, heavily used
routines, it is suggested that the buffer be no more than a few times smaller
than the range of locations sampled.

To profile the entire program, it is sufficient to use the following:

externintetext();

monitor ((int(*)())2, etext,buf,bufsize,nfunc);
The routine etext lies just above all the program text.
To stop execution monitoring and write the results, use the following:
monitor ((int(%)())0, (int(*)())0,0,0,0);

The command prof [see PROF(SD_CMD)] can then be used to examine the
results.

The name of the file written by monitor is controlled by the environmental
variable profdir. If PROFDIR is not set, then the file mon.out is
created in the current directory. If PROFDIR is set to the null-string, then
no profiling is done and no output file is created. Otherwise, the value of
PROFDIR-is used as the name of the directory in which to create the output
filee If PROFDIR is dirname, then the output file is named
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dirname/pid .mon.out, where pid is the program’s process-ID. (When
monitor is called automatically by using the -p option of cc, the file
created is dirname/pid.progname, where progname is the name of the
program).

FILES
mon.out

SEE ALSO
PROFIL(KE_SYS), CC(SD_CMD), PROF(SD_CMD).
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NAME

nlist — get entries from name list
SYNOPSIS

#include <nlist.h>

int nlist(filename, nl)
char *filename;
struct nlist #nl;

DESCRIPTION

The routine nlist examines the name list in the executable file whose name
is pointed to by filename, and selectively extracts a list of values and puts
them in the array of nlist structures pointed to by nl. The name-list
nl consists of an array of structures containing names of variables, types and
values. The list is terminated with a null-name; that is, a null-string is in the
name position of the structure. Each variable-name is looked up in the name-
list of the file. If the name is found, the type and value of the name are
inserted in the next two fields. The type field will be set to 0 unless the file
was compiled with the -g option of cc. If the name is not found, both
entries are set to 0.

This function is useful for examining the system name-list kept in the
namelist file. In this way programs can obtain system-addresses that are
up to date.

RETURN VALUE
Returns -1 upon error; otherwise returns 0.

All value entries are set to 0 if the file cannot be read or if it does not con-
tain a valid name-list.
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NAME
putpwent — write password file entry

SYNOPSIS
#include <pwd.h>

int putpwent(p, f)
struct passwd #*p;
FILE «f;

DESCRIPTION
The routine putpwent is the inverse of getpwent. Given a pointer to a
password structure created by getpwent (or getpwuid or
getpwnam), putpwent writes a line on thevéile £, which must h  the
format of /etc/passwd.

RETURN VALUE

Returns a non-zero value if an error was detected during its operation, other-
wise returns 0.

SEE ALSO
GETPWENT(SD _LIB).
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NAME
sputl, sgetl — access long integer data in a machine-independent fashion.

SYNOPSIS
void sputl(value, buffer)
long value;
char sbuffer; )

long sgetl(buffer)
char x*buffer;

DESCRIPTION
The routine sputl takes the four bytes of the long integer value and
places them in memory starting at the address pointed to by buffer. The
ordering of the bytes is the same across all machines.

The routine sgetl retrieves the four bytes in memory starting at the
address pointed to by buffer and returns the long integer value in the byte
ordering of the host machine.

The combination of sputl and sgetl provides a machine-independent
way of storing long numeric data in a file in binary form without conversion to
characters.

A program which uses these functions must be compiled with the object file
library, by using the -11d option of cc.
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DEVCON(BA_ENV) : Base System

NAME
devcon — system console interface

SYNOPSIS
/dev/console

DESCRIPTION
/dev/console is a generic name given to the system console. It is usually

linked to a particular machine-dependent special file, and provides a basic 1/0
interface to the system console through the termio interface [see

TERMIO(BA_ENV)].

SEE ALSO
TERMIO(BA_ENV).
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NAME
devnul — the null file

SYNOPSIS
/dev/null

DESCRIPTION
Data written on a null special file are discarded.

Read operations from a null special file always return 0 bytes.

Output of a command is written to the special file /dev/null when the
command is executed for its side effects and not for its output.

SEE ALSO
FILSYS(BA_ENV).
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NAME
devtty — controlling terminal interface

SYNOPSIS
/dev/tty

DESCRIPTION
The file /dev/tty is, in each process, a synonym for the control-terminal
associated with the process group of that process, if any. It is useful for pro-
grams that wish to be sure of writing messages on the terminal no matter how
output has been redirected [see SYSTEM(BA_SYS)]. It can also be used for pro-
grams that demand the name of a file for output when typed output is desired
and as an alternative to identifying what terminal is currently in use.

APPLICATION USAGE
Normally, application programs should not need to use this file interface. The
standard input, standard output and standard error files should be used
instead. These file are accessed through the stdin, stdout and
stderr stdio interfaces [see stdio-stream in Definitions].

SEE ALSO
TERMIO(BA_ENV).
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NAME
envvar — environmental variables

DESCRIPTION

When a process begins execution, the EXEC(BA_SYS) routines make available
an array of strings called the environment [see also SYSTEM(BA_SYS)l. By
convention, these strings have the form variable=value, for example,
PATH=/bin/usr/bin. These environmental variables provide a way to
make information about an end-user’s environment available to programs. The
following environmental variables can be used by applications and are
expected to be set in the target run-time environment.

Variable Use

HOME Full path-name of the user’s home-directory, the user’s initial-
working-directory [see PASSWD(BA_ENV)].

PATH Colon-separated ordered list of path-names that determine the
search sequence used in locating files [see SYSTEM(BA_SYS)].

TERM The kind of terminal for which output is prepared. This infor-
mation is used by applications that may exploit special capabili-
ties of the terminal.

TZ Time-zone information. T2 must be a three-letter, local time-
zone abbreviation, followed by a number (an optional minus
sign, for time-zones east of Greenwich, followed by a series of
digits) that is the difference in hours between this time-zone and
Greenwich Mean Time. This may be followed by an optional
three-letter daylight local time-zone. For example, EST5EDT
for Eastern Standard, Eastern Daylight Savings Time.

Other variables might be set in a particular environment but are not required
to be included in the Base System.

SEE ALSO
EXEC(BA_SYS), SYSTEM(BA_SYS), FILSYS(BA_ENV).

CAVEATS
The number in TZ will be defined as an optional minus sign followed by two
hour digits and two minute digits, hhmm, in order to represent fractional
time-zones.
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NAME
errors — error code and condition definitions

SYNOPSIS
#include <errno.h>

extern int errno;

DESCRIPTION
The numerical value represented by the symbolic name of an error condition is
assigned to the external variable errno for errors that occur when executing
a system service routine or general library routine.

The component definitions list possible error conditions for each routine and
the meaning of the error in that context. The order in which possible errors
are listed is not significant and does not imply precedence. The value of
errno should be checked only after an error has been indicated; that is,
when the return value of the component indicates an error, and the component
definition specifies that errno will be set. A program that checks the value
of errno must include the <errno.h> header file. The errno value
0 is reserved; no error condition will be equal to zero.

Additional error conditions may be defined by Extensions to the Base System
or by particular implementations.

The following list describes the general meaning of each error:

E2BIG Argument list too long
An argument list longer than {ARG_MAX] bytes was presented
to a member of the EXEC(BA_SYS) family of routines.

EACCES Permission denied
An attempt was made to access a file in a way forbidden by the
protection system.

EAGAIN Resource temporarily unavailable, try again later,
For example, the FORK(BA_SYS) routine failed because the
system’s process table is full.

EBADF Bad file number
Either a file-descriptor specifies no open file, or a read (respec-
tively, write) request was made to a file that is open only for
writing (respectively, reading).

EBUSY Device or resource busy
An attempt was made to mount a device that was already
mounted or an attempt was made to dismount a device on which
there is an active file (open file, current directory, mounted-on
file, active text segment). It will also occur if an attempt is
made to enable accounting when it is already enabled. The dev-
ice or resource is currently unavailable.
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ECHILD

EDEADLK

EDOM

EEXIST

EFAULT

EFBIG

EINTR

EINVAL

EIO

EISDIR

EMFILE

ERRNO(BA_ENV)

No child processes
The WAIT(BA SYS) routine was executed by a process that had
no existing or unwaited-for child processes.

Deadlock avoided
The request would have caused a deadlock; the situation was
detected and avoided.

Math argument
The argument of a function in the math package is out of the
domain of the function.

File exists
An existing file was specified in an inappropriate context (e.g., a
call to the LINK(BA_SYS) routine).

Bad address

The system encountered a hardware fault in attempting to use
an argument of a routine. For example, errno potentially may
be set to EFAULT any time a routine that takes a pointer argu-
ment is passed an invalid address, if the system can detect the
condition. Because systems will differ in their ability to reliably
detect a bad address, on some implementations passing a bad
address to a routine will result in undefined behavior.

File too large
The size of a file exceeded the maximum file size, (FCHR_MAX}
[see ULIMIT(BA_SYS)).

Interrupted system service

An asynchronous signal (such as interrupt or quit), which the
user has elected to catch, occurred during a system service rou-
tine. If execution is resumed after processing the signal, it will
appear as if the interrupted routine returned this error condition.

Invalid argument

Some invalid argument (e.g., dismounting a non-mounted device;
mentioning an undefined signal in a call to the SIGNAL(BA_SYS)
or KILL(BA_SYS) routine). Also set by math routines.

1/0 error

Some physical 170 error has occurred. This error may, in some
cases, occur on a call following the one to which it actually
applies.

Is a directory
An attempt was made to write on a directory.

Too many open files in a process
No process may have more than {OPEN_MAX] file descriptors
open at a time.
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EMLINK Too many links
An attempt to make more than the maximum number of links,
{(LINK_MAX]}, to a file.

ENFILE Too many open files in the system
The system file table is full (i.e., {SYS_OPEN] files are open, and
temporarily no more opens can be accepted).

ENODEV No such device
An attempt was made to apply an inappropriate operation to a
device (e.g., read a write-only device).

ENOENT No such file or directory
A file-name is specified and the file should exist but does not, or
one of the directories in a path-name does not exist.

ENOEXEC Exec format error
A request is made to execute a file which, although it has the
appropriate permissions, does not start with a valid format.

ENOLCK No locks available
There are no more locks available. The system lock table is full.

ENOMEM Not enough space

During execution of an EXEC(BA_SYS) routine, a program asks
for more space than the system is able to supply. This is not a
temporary condition; the maximum space size is a system
parameter. The error may also occur if the arrangement of text,
data, and stack segments requires too many segmentation regis-
ters, or if there is not enough swap space during execution of the
FORK(BA_SYS) routine.

ENOSPC No space left on device
While writing an ordinary file or creating a directory entry,
there is no free space left on the device.

ENOTBLK 'Block device required
A non-block file was specified where a block device was required
(e.g., in a call to the MOUNT(BA_SYS) routine).

ENOTDIR Not a directory
A non-directory was specified where a directory is required (e.g.,
in a path-prefix or in a call to the CHDIR(BA_SYS) routine).

ENOTTY Not a character device
A call was made to the IOCTL(BA_SYS) routine specifying a file
that is not a special character device.

ENXIO No such device or address
1/0 on a special file specifies a subdevice which does not exist, or
exists beyond the limits of the device. It may also occur when,
for example, a tape drive is not on-line or no disk pack is loaded
on a drive.
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EPERM

EPIPE

ERANGE

EROFS

ESPIPE

ESRCH

ETXTBSY

EXDEV

ERRNO(BA_ENV)

No permission match

Typically this error indicates an attempt to modify a file in some
way forbidden except to its owner or super-user. It is also
returned for attempts by ordinary users to do things allowed only
to the super-user.

Broken pipe

A write on a pipe for which there is no process to read the data.
This condition normally generates a signal; the error is returned
if the signal is ignored. ’

Result too large
The value of a function in the math package is not representable
within machine precision.

Read-only file system
An attempt to modify a file or directory was made on a device
mounted read-only.

Illegal seek
A call to the LSEEK(BA_SYS) routine was issued to a pipe.

No such process
No process can be found corresponding to that specified by
pid in the KILL(BA_SYS) or PTRACE(KE_SYS) routine. ‘

Text file busy

An attempt was made to execute a pure-procedure program that
is currently open for writing. Also an attempt to open for writ-
ing a pure-procedure program that is being executed.

Cross-device link
A link to a file on another device was attempted.

APPLICATION USAGE
Because a few routines may not have an error return value, an application
may set errno to zero, call the routine, and then check errmno again to
see if an error has occurred.
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NAME

file system — directory tree structure

DESCRIPTION
Direciory Tree Siruciure
Below is a diagram of the minimal directory tree structure expected to be on
any UNIX System V operating system.

/
b
bin dev etc tmp usr
bin tmp

The following guidelines apply to the contents of these directories:

/bin, /dev, /etc, and /tmp are primarily for the use of the sys-
tem. Most applications should never create files in any of these directories,
though they may read and execute them. Applications, as well as the sys-
tem, can use /usr/binand /usr/tmp.

/bin holds executable system-commands (utilities), if any.
/dev holds special device files.
/etc holds system-data-files, such as /etc/passwd.

/tmp holds temporary files created by utilities in /bin and by other
system-processes.

/usr/bin holds (user-level) executable application and system-
commands.

/usr/tmp holds temporary files created by applications and the system.

Some Extensions to the Base System will have additional requirements on the
tree structure when the Extension is installed on a system. Directory tree
requirements specific to an Extension will be identified when the Extension is
defined in detail.

System Data Files
The Base System Definition specifies only these system-resident data files:

/etc/passwd
/etc/profile

The UNIX System User’s Manual 593



Base System FILSYS(BA_ENV)

The /etc/passwd and /etc/profile files are owned by the system
and are readable but not writable by ordinary users.

The format and contents of /etc/passwd are defined on
PASSWD(BA_ENV). This is a generally useful file, readable by applications,
that makes available to application programs some basic information about
end-users on a system. It has one entry for each user. Minimally, each user’s
entry contains a string that is the name by which the user is known on the sys-
tem, a numerical user-ID, and the home-directory or initial-working-directory
of the user.

Conventionally, the information in this file is used during the initialization of
the environment for a particular user. However, the /etc/passwd file is
also useful as a standardly formatted database of information about users,
which can be used independently of the mechanisms that maintain the data
file.

The /etc/profile file may contain a string assignment of the PATH
and TZ variables defined in ENVVAR(BA_ENV).

CAVEATS

594

The following directory structure and guidelines are proposed for applications
("add-ons") that are to be installed on a system:

/usr

|
b |

bin etc 1ib opt tmp

]

x y

e /usr/etc would hold data and log files for commands in /usr/bin.

e /usr/1ib would hold any executable files for commands in
/usr/bin.

e /usr/opt would hold sub-directories for each add-on to hold data files
private to the add-on (e.g., add-on x)

e /usr/opt/x would hold files and/or directories private to add-on x,
/usr/opt/y would hold files and/or directories private to add-on y.
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NAME
passwd — password file

SYNOPSIS

DESCRIPTION
The file /etc/passwd contains the following information for each user:

name
encrypted password (may be empty)

numerical user-ID

numerical group-ID (may be empty)

Jfree field

initial-working-directory

program to use as command interpreter (may be empty)

This ASCII file resides in directory /etc. It has general read permission and
can be used, for example, to map numerical user-IDs to names.

Each field within each user’s entry is separated from the next by a colon.
Fields 2, 4, and 7 may be empty. However, if they are not empty, they must
be used for their stated purpose. Field 5 is a free field that is
implementation-specific. Fields beyond 7 are also free but may be standard-
ized in the future. Each user’s entry is separated from the next by a new-line.

The name is a character string that identifies a user. Its composition should
follow the same rules used for file-names.

By convention, the last element in the path-name of the initial-working-
directory is typically name.

SEE ALSO
CRYPT(BA LIB).
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NAME
termio — general terminal interface

SYNOPSIS
#include <termio.h>

ioctl(fildes, request, arg)
struct termio *arg;

ioctl(fildes, request, arg)
int arg;

DESCRIPTION
The termio facility offers a general interface for asynchronous communica-
tions ports that is hardware-independent and that has the common features
discussed in this section.

When a terminal file is opened, it normally causes the process to wait until a
connection is established. Typically, these files are opened by the system ini-
tialization process and become the standard input, standard output, and stan-
dard error files [see stdio-stream in Definitions]. The very first terminal file
opened by the process-group-leader but not already associated with a process-
group becomes the control-terminal for that process-group. The control-
terminal plays a special role in handling quit and interrupt signals [see below].
The control-terminal is inherited by a new process during a FORK(BA_SYS) or
EXEC(BA_SYS) operation. A process can break this association by changing its
process-group with the SETPGRP(BA_SYS) routine.

A terminal associated with one of these files ordinarily operates in full-duplex
mode. This means characters may be typed at any time, even while output is
occurring. Characters are only lost when the system’s character input buffers
become completely full, or when an input line exceeds (MAX_CHAR]}, the max-
imum allowable number of input characters. When the input limit is reached,
all the saved characters may be thrown away without notice.

Normally, terminal input is processed in units of lines. A line is delimited by

the new-line (ASCII LF) character, end-of-file (ASCII EOT) character, or end-

of-line character. This means that a program attempting to read will be

suspended until an entire line has been typed. Also, no matter how many

characters may be requested in a read, at most one line will be returned. It is

not, however, necessary to read a whole line at once; any number of characters
may be requested in a read, even one, without losing information.

Some characters have special meaning when input. For example, during
input, erase and kill processing is normally done. The ERASE character erases
the last character typed, except that it will not erase beyond the beginning of
the line. Typically, the default ERASE character is the character #. The
KILL character kills (deletes) the entire input line, and optionally outputs a
new-line character. Typically, the default KILL character is the character @.
Both characters operate on a key-stroke basis independently of any backspac-
ing or tabbing.
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Special Characters.
Some characters have special functions on input. These functions and their
typical default character values are summarized below:

INTR

QUIT

ERASE

KILL

EOF

NL

EOL

STOP

START

MIN

TIME

(Typically, rubout or ASCII DEL) generates an interrupt signal, which
is sent to all processes with the associated control-terminal. Nor-
mally, each such process is forced to terminate, but arrangements
may be made either to ignore the signal or to receive a trap to an
agreed-upon location [see SIGNAL(BA_SYS)).

(Typically, control-\ or ASCII FS) generates a quit signal. Its treat-
ment is identical to the interrupt signal except that, unless a receiv-
ing process has made other arrangements, it will not only be ter-
minated but the abnormal termination routines will be executed.

(Typically, the character #) erases the preceding character. It will
not erase beyond the start of a line, as delimited by an EOF, EOL or
NL character.

(Typically, the character @) deletes the entire line, as delimited by
an EOF, EOL or NL character.

(Typically, control-d or ASCII EOT) may be used to generate an EOF,
from a terminal. When received, all the characters waiting to be
read are immediately passed to the program, without waiting for a
new-line, and the EOF is discarded. Thus, if there are no characters
waiting, which is to say the EOF occurred at the beginning of a line,
zero characters will be passed back, which is the standard end-of-file
indication.

(ASCII LF) is the normal line delimiter. It can not be changed or
escaped.

(Typically, ASCII NUL) is an additional line delimiter, like NL. It is
not normally used.

(Typically, control-s or ASCII DC3) is used to temporarily suspend
output. It is useful with CRT terminals to prevent output from disap-
pearing before it can be read. While output is suspended, STOP
characters are ignored and not read.

(Typically, control-q or ASCII DC1) is used to resume output
suspended by a STOP character. While output is not suspended,
START characters are ignored and not read. The START/STOP char-
acters can not be changed or escaped.

Used to control terminal I/O during raw mode (ICANON off) pro-
cessing [see the MIN/TIME Interaction section below].

Used to control terminal I/O during raw mode (ICANON off) pro-
cessing [see the MIN/TIME Interaction section below].
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The ERASE, KILL and EOF characters may be entered literally, their special
meaning escaped, by preceding them with the escape character. In this case,
no special function is performed and the escape character is not read as input.

When one or more characters are written, they are transmitted to the terminal
as soon as previously-written characters have finished typing. Input characters
are echoed by putting them in the output queue as they arrive. If a process
produces characters more rapidly than they can be typed, it will be suspended
when its output queue exceeds some limit. When the queue has drained down
to some threshold, the program is resumed.

When a modem disconnect is detected, a hang-up signal, SIGHUP, is sent to
all processes that have this terminal as the control-terminal. Unless other
arrangements have been made, this signal causes the processes to terminate.
If the hang-up signal is ignored, any subsequent read returns with an end-of-
file indication. Thus, programs that read a terminal and test for end-of-file
can terminate appropriately when hung up on.

IOCTL(BA_SYS) Requests.
The primary IOCTL(BA_SYS) requests to a terminal have the form:

ioctl(fildes, request, arg)
struct termio xarg;

The requests using this form are:

TCGETA Get the parameters associated with the terminal and store in the
structure termio referenced by arg.

TCSETA Set the parameters associated with the terminal from the struc-
ture termio referenced by arg. The change is immediate.

TCSETAW Wait for the output to drain before setting the new parameters.
This form should be used when changing parameters that will
affect output.

TCSETAF Wait for the output to drain, then flush the input queue and set
the new parameters.

Additional IOCTL(BA_SYS) requests to a terminal have the form:

ioctl(fildes, request, arg)
int arg;
The requests using this form are:

TCSBRK Wait for the output to drain.
If argis 0, then send a break (zero bits for 0.25 seconds).

TCXONC Start/stop control.
If argis 0, suspend output; if 1, restart suspended output.

TCFLSH Flush queues
If arg is 0, flush the input queue; if 1, flush the output
queue; if 2, flush both the input and output queues.
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Several I0CTL(BA_SYS) requests apply to terminal files and use the structure
termio which is defined by the <termio.h> header file. The structure
termio includes the following members:

unsigned short c_iflag; /% input modes %/
unsigned short c_oflag; /* output modes */
unsigned short c_cflag; /#% control modes */
unsigned short c_lflag; /% local modes */
char c_line; /% line-discipline »/

unsigned char c¢_cc[NCC]; /x control chars +/

The special control-characters are defined by the array c_cc. The symbolic
name NCC is the size of the control-character array and is also defined by the
<termio.h> header file. The relative positions, subscript names and typi-
cal default values for each entry are as follows:

Input Modes.

0 VINTR ASCII DEL

1 VQUIT ASCII FS

2 VERASE #

3 VKILL @

4 VEOF ASCII EOT
4 VMIN

5 VEOL ASCII NUL
5 VTIME

6 reserved

7  reserved

The following values for c¢_iflag define basic terminal input control:

IGNBRK

BRKINT

IGNPAR

PARMRK

Ignore break condition.

If IGNBRK is set, the break condition (a character framing
error with data all zeros) is ignored (i.e., not put on the input
queue and therefore not read by any process). Otherwise, see
BRKINT.

Signal interrupt on break.
If BRKINT is set, the break condition generates an interrupt
signal and flushs both the input and output queues.

Ignore characters with parity errors.
If IGNPAR is set, characters with other framing and parity
errors are ignored.

Mark parity errors.

If PARMRK is set, a character with a framing or parity error
which is not ignored is read as the three-character sequence:
0377, 0, X, where 0377, 0 is a two-character flag preced-
ing each sequence and X is the data of the character received in
error. To avoid ambiguity in this case, if ISTRIP is not set, a

) valid character of 0377 isread as 0377, 0377.
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INPCK

ISTRIP

INLCR

IGNCR

ICRNL

IUCLC

IXON

IXANY

IXOFF

TERMIO(BA_ENV)

If PARMRK is not set, a framing or parity error which is not
ignored is read as the character ASCII NUL (ASCII code 0).

Enable input parity check.
If INPCK is set, input parity checking is enabled.

If INPCK is not set, input parity checking is disabled allowing
output parity generation without input parity errors.

Strip character.
If ISTRIP is set, valid input characters are first stripped to 7-
bits, otherwise all 8-bits are processed.

Map NL to ASCII CR on input.
If INLCR is set, a received NL character is translated into a
ASCII CR character.

Ignore ASCII CR.
If IGNCR is set, a received ASCII CR character is ignored (not
read).

Map ASCII CR to NL on input.
If ICRNL is set, a received ASCII CR character is translated
into a NL character.

Map upper-case to lower-case on input.
If IUCLC is set, a received upper-case alphabetic character is
translated into lower-case.

Enable start/stop output control.

If IXON is set, start/stop output control is enabled. A received
STOP character will suspend output and a received START char-
acter will restart output. All start/stop characters are ignored
and not read.

Enable any character to restart output.
If IXANY is set, any input character, will restart output which
has been suspended.

Enable start/stop input control.
If IXOFF is set, the system will transmit START/STOP charac-
ters when the input queue is nearly empty/full.

The initial input control value is all bits clear.

Output Modes.
The following values for c¢_oflag define system treatment of output:

OPOST

Postprocess output.
If OPOST is set, output characters are post-processed as indi-
cated by the remaining flags; otherwise characters are transmit-
ted without change.
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OLCUC

ONLCR

OCRNL

ONOCR

ONLRET

OFILL

OFDEL

Map lower case to upper on output.

If OLCUC is set, a lower-case alphabetic character is transmit-
ted as the corresponding upper-case character. This function is
often used in conjunction with IUCLC.

Map NL to ASCII CR-NL on output.
If ONLCR is set, the NL character is transmitted as the ASCII
CR-NL character pair.

Map ASCII CR to NL on output.
If OCRNL is set, the ASCH CR character is transmitted as the
NL character.

No ASCII CR output at column 0.
If ONOCR is set, no ASCII CR character is transmitted when at
column O (first position).

NL performs ASCII CR function.

If ONLRET is set, the NL character is assumed to do the
carriage-return function; the column pointer will be set to 0
and the delays specified for ASCII CR will be used. Otherwise
the NL character is assumed to do just the line-feed function; the
column pointer will remain unchanged. The column pointer is
also set to 0 if the ASCII CR character is actually transmitted.

Use fill-characters for delay.

If OFILL is set, fill-characters will be transmitted for delay
instead of a timed delay. This is useful for high baud-rate ter-
minals that need only a minimal delay.

Fill is ASCII DEL, else ASCII NUL.
If OFDEL is set, the fill-character is ASCII DEL, otherwise
ASCII NUL.

The delay-bits specify how long transmission stops to allow for mechanical or
other movement when certain characters are sent to the terminal. In all cases
a value of 0 indicates no delay. The actual delays depend on line-speed and

system-load.

NLDLY

CRDLY

New-line delay lasts about 0.10 seconds.

If ONLRET is set, the carriage-return delays are used instead
of the new-line delays.

If OFILL is set, two fill-characters will be transmitted.

Select new-line delays:
NLO New-Line character type 0
NL1 New-Line character type 1

Carriage-return delay type 1 is dependent on the current column
position, type 2 is about 0.10 seconds, and type 3 is about 0.15
seconds.
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TABDLY

BSDLY

VTDLY

FFDLY
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If OFILL is set, delay type 1 transmits two fill-characters, and
type 2, four fill-characters.

Select carriage-return delays:

CRO Carriage-return delay type 0
CR1 Carriage-return delay type 1
CR2 Carriage-return delay type 2
CR3 Carriage-return delay type 3

Horizontal-tab delay type 1 is dependent on the current column
position, type 2 is about 0.10 seconds, and type 3 specifies that
tabs are to be expanded into spaces.

If OFILL is set, two fill-characters will be transmitted for any
delay.

Select horizontal-tab delays:

TABO Horizontal-tab delay type 0
TAB1 Horizontal-tab delay type 1
TAB2 Horizontal-tab delay type 2
TAB3 Expand tabs to spaces.

Backspace delay lasts about 0.05 seconds.
If OFILL is set, one fill-character will be transmitted.

Select backspace delays:
BSO Backspace delay type O
BS1 Backspace delay type 1

Vertical-tab delay lasts about 2.0 seconds.

Select veriical-tab delays:
VTO Vertical-tab delay type 0
VT1 Vertical-tab delay type 1

Form-feed delay lasts about 2.0 seconds.

Select form-feed delays:
FFO Form-feed delay type O
FF1 Form-feed delay type 1

The initial output control value is all bits clear.

Control Modes.
The following values for ¢_cflag define hardware control for terminals:

HUPCL

Hang up on last close.

If HUPCL is set, the modem control lines for the port will be
lowered when the last process with the line open closes it or ter-
minates. In other words, the data-terminal-ready signal will not
be asserted.
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CLOCAL

CBAUD

CSIZE

Local line, else dial-up.

If CLOCAL is set, the line is assumed to be a local, direct con-
nection with no modem control. Otherwise modem control is
assumed.

Under normal circumstances, an OPEN(BA_SYS) operation will
wait for the modem connection to complete. However, if the
O_NDELAY flag is set, or CLOCAL is set, the OPEN(BA_SYS)
operation will return immediately without waiting for the con-
nection. For those files on which the connection has not been
established, or has been lost, and for which CLOCAL is not set,
both READ(BA_SYS) and WRITE(BA_SYS) operations will return a
zero character count. For the READ(BA_SYS) operation, this is
equivalent to an end-of-file condition. The initial hardware con-
trol value after the OPEN(BA_SYS) operation is implementation-
dependent.

Specify the baud-rate.

The zero baud-rate, BO, is used to hang up the connection. If
BO is specified, the data-terminal-ready signal will not be
asserted. Normally, this will disconnect the line. For any par-
ticular hardware, unsupported speed changes are ignored.

Select baud rate:

BO Hang up
B50 50 baud
B75 75 baud
B110 110 baud
B134 134.5 baud
B150 150 baud
B200 200 baud
B300 300 baud
B600 600 baud
B1200 1200 baud
B1800 1800 baud
B2400 2400 baud
B4800 4800 baud
B9600 9600 baud

B19200 19200 baud
B38400 38400 baud

Specify the character size in bits for both transmission and
reception. This size does not include the parity-bit, if any.

Select character size:

Ccs5 5-bits
Csé 6-bits
cs7 7-bits
cs8 8-bits
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CSTOPB

CREAD

PARENB

PARODD

TERMIO(BA_ENV)

Send two stop-bits, else one.
If CSTOPB is set, two stop-bits are used, otherwise one stop-
bit. For example, at 110 baud, two stop-bits are normally used.

Enable receiver.
If CREAD is set, the receiver is enabled. Otherwise no charac-
ters will be received.

Enable parity.
If PARENB is set, parity generation and detection is enabled
and a parity-bit is added to each character.

Specify odd parity, else even.
If parity is enabled, the PARODD flag specifies odd parity if set,
otherwise even parity is used.

Local Modes and Line Discipline.
The line-discipline uses c_lflag to control terminal functions. The basic
line-discipline, ¢_line set to 0, provides the following:

ISIG

ICANON

XCASE

Enable signals.

If ISIG is set, each input character is checked against the spe-
cial control characters INTR and QUIT. If an input character
matches one of these control characters, the function associated
with that character is performed. If ISIG is not set, no check-
ing is done. Thus these special input functions are possible only
if ISIG is set. These functions may be disabled individually
by changing the value of the control character to an unlikely or
impossible value (e.g., 0377).

Canonical input (ERASE and KILL processing).

If ICANON is set, canonical processing is enabled. This
enables the ERASE and KILL edit functions, and the assembly of
input characters into lines delimited by the EOF, EOL or NL
characters. If ICANON is not set, read requests are satisfied
directly from the input queue. A read will not be satisfied until
at least MIN characters have been received or the time-out value
TIME has expired between characters [see the MIN/TIME Interac-
tion section below]. This allows fast bursts of input to be read
efficiently while still allowing single character input. The MIN
and TIME values are stored in the position for the EOF and EOL
characters, respectively. The time-value is expressed in units of
0.10 seconds.

Canonical upper/lower presentation.

If both XCASE and ICANON are set, an upper-case letter is
input by preceding it with the character \, and is output pre-
ceded by the character \.

604 The UNIX System User’s Manual



TERMIO(BA_ENV) Base System

ECHO

With canonical upper/lower presentation, the following escape
sequences are generated on output and accepted on input:

for: use:
. \I
H \ !
~ \A
{ \(
} \)
\ \\

A is input as \a, \n as \\n,and \Nas \\\n.

Enable echo.
If ECHO is set, characters are echoed back to the terminal as
received.

When ICANON is set, the following echo functions are possible:

ECHOE

ECHOK

ECHONL

NOFLSH

Echo the ERASE character as ASCII BS-SP-BS.

If both ECHOE and ECHO are set, the ERASE character is
echoed as ASCII BS-SP-BS, which will clear the last character
from a CRT screen.

If ECHOE is set but ECHO is not set, the ERASE character is
echoed as ASCII SP-BS.

Echo the NL character after the KILL character.

If ECHOK is set, the NL character will be echoed after the KILL
character to emphasize that the line will be deleted. Note that
an escape character preceding the ERASE character or the KILL
character removes any special function.

Echo the NL character.

If ECHONL is set, the NL character will be echoed even if
ECHO is not set. This is useful for terminals set to local-echo
(also called half-duplex). Because ASCII EOT is the default EOF
character, the EOF character is not echoed unless escaped, to
prevent terminals that respond to ASCII EOT from hanging up.

Disable flush after interrupt or quit.

If NOFLSH is set, the normal flush of the input and output
queues associated with the quit and interrupt characters will not
be done.

The initial line-discipline control value is all bits clear.

MIN/TIME Interaction.

MIN represents the minimum number of characters that should be received
when the read is satisfied (i.e., the characters are returned to the user). TIME
is a timer of 0.10 second granularity used to time-out bursty and short-term
data transmissions.

The UNIX System User’s Manual 605



Base System TERMIO(BA_ENV)

The four possible values for MIN and TIME and their interactions follow:

1. MIN>O0, TIME>O0. In this case, TIME serves as an inter-character timer
activated after receipt of the first character, and reset upon receipt of
each character. MIN and TIME interact as follows:

As soon as a character is received, the inter-character timer starts.

If MIN characters are received before the inter-character timer
expires, the read is satisfied.

If the inter-character timer expires before MIN characters are
received, the characters received to that point are returned to the
user.

A READ(BA_SYS) operation will sleep until the MIN and TIME mechanisms
are activated by the receipt of the first character; thus, at least one char-
acter must be returned.

2. MIN>0, TIME=0. In this case, because TIME=0, the timer plays no role
and only MIN is significant. A READ(BA_SYS) operation is not satisfied
until MIN characters are received.

3. MIN=0, TIME> 0. In this case, because MIN=0, TIME no longer serves
as an inter-character timer, but now serves as a read timer that is
activated as soon as the READ(BA_SYS) operation is processed (in canon).
A READ(BA_SYS) operation is satisfied as soon as a single character is
received or the timer expires, in which case, the READ(BA_SYS) operation
will not return any characters.

4. MIN=0, TIME=0. In this case, return is immediate. If characters are
present, they will be returned to the user.

SEE ALSO
FORK(BA_SYS), IOCTL(BA_SYS), SETPGRP(BA_SYS), SIGNAL(BA_SYS).
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NAME
effects — effects of the Kernel Extension on the Base System.

DESCRIPTION
Kernel Extension Routines have the following effects on Base System Rou-
tines:

EXEC(BA_SYS)

The AFORK flag in the ac_flag field of the accounting record is turned
off, and the ac_comm field is reset by executing an EXEC(BA_SYS) routine
[see ACCT(KE_SYS)].

Any process-locks, data-locks, or text locks are removed and not inherited by
the new process [see PLOCK(KE_SYS)].

Profiling is disabled for the new process [see PROFIL(KE_SYS)].

The shared-memory-segments attached to the calling-process will not be
attached to the new process [see SHMOP(KE_SYS)].

The new process inherits these added attributes from the calling-process:
nice-value [see NICE(KE_SYS)];
semadj values [see SEMOP(KE_SYS)];
trace flag [see request 0 in PTRACE(KE_SYS)].

EXIT(BA_SYS)
An accounting record is written on the accounting file if the system’s account-
ing routine is enabled [see ACCT(KE_SYS)].

Any process-locks, data-locks, or text-locks are removed [see PLOCK(KE_SYS)].

Each attached shared-memory-segment is detached and the value of
shm_nattch in the data structure associated with its shared-memory-
identifier is decremented by 1.

For each semaphore for which the calling-process has set a semadj value
[see SEMOP(KE_SYS)], that semadj value is added to the semval of the
specified semaphore.

FORK(BA_SYS)
The AFORK flag is turned on when the function fork is executed.

The child-process inherits these added attributes from the parent-process:
The ac_comm contents of the accounting record [see ACCT(KE_SYS)I;
nice-value [see NICE(KE_SYS)];
profiling on/off status [see PROFIL(KE_SYS)];
all attached shared-memory-segments [see SHMOP(KE_SYS)].
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The child-process differs from the parent-process in these other ways:
All semad3j values are cleared [see SEMOP(KE_SYS)].

The child-process does not inherit process-locks, data-locks, and text-
locks [see PLOCK(KE_SYS)].

SEE ALSO
ACCT(KE_SYS), NICE(KE_SYS), PLOCK(KE_SYS), PROFIL(KE_SYS),
PTRACE(KE_SYS), SEMOP(KE_SYS), SHMOP(KE_SYS),
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NAME
error — error codes and condition definitions

SYNOPSIS
#include <errno.h>

extern int errno;

DESCRIPTION
In addition to the values defined in the Base System for the external variable
errno [see ERRNO(BA_ENV)], two additional error conditions are defined in
the Kernel Extension:

ENOMSG No message of desired type.
An attempt was made to receive a message of a type that does
not exist on the specified message queue.

EIDRM Identifier removed.
This error is returned to processes that resume execution because
of the removal of an identifier [see MSGCTL(KE SYS),
SEMCTL(KE_SYS), and SHMCTL(KE_SYS)].

SEE ALSO
ERRNO(BA_ENV).
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NAME
sysinit — system initialization

SYNOPSIS
/etc/inittab

DESCRIPTION
This section is intended to provide some background information about the
system-process-spawner (init), and about how a user is logged in (getty and
login). The description here is a general one; there may be minor differences
between different implementations of UNIX System V.

INIT

The init-process is invoked at system-initialization, as one of the steps in the
boot procedure; its primary role is to create processes according to entries in
the file /etc/inittab.

One kind of entry in this file specifies how the getty-process (see GETTY section
below) is to be executed on the individual terminal lines available for users to
log in. Other entries control the initiation of autonomous processes required
by any particular system.

The system-administrator communicates with the init-process by executing the
init command [see INIT(AS_CMD)]. (It is important to keep in mind the dis-
tinction between the two; here init refers to the special system-process, while
init refers to the command that allows communication with the special
system-process).

The init-process considers the system to be in a particular run-level at any
given time. A run-level can be viewed as a software configuration of the sys-
tem, where each configuration is defined by the collection of processes that are
to be spawned. The specification of the run-levels (that is, the specification of
the processes to be spawned by init) is defined in the /etc/inittab file.
There are eight allowed run-levels, 0 to 6 and s (or S). The run-level may be
changed when the administrator runs the init command.

When it is invoked at system-initialization, the first thing the init-process does
is to look for the /etc/inittab file and see if there is an entry of the
type initdefault. If there is, init uses the run-level specified in that
entry as the initial run-level to enter. If this entry is not in
/etc/inittab, then init requests that the user enter a run-level from the
virtual system console, /dev/console.

The run-level s (S) corresponds to SINGLE USER level. This is the only run-
level that does not require the existence of a properly formatted
/etc/inittab file. If /etc/inittab doesn’t exist, then by default
init enters SINGLE USER level. (Note: Since other run-levels may also be
configured for single-user, SINGLE USER level need not be the only level in
which only one user is allowed on the system).

The levels 0 through 6 have no special meaning; they are defined by the
entries in the /etc/inittab file. '
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Whenever a new run-level is entered, init scans the /etc/inittab file
and processes all entries corresponding to that run-level. In addition, entry to
and exit from SINGLE USER level results in some special actions, as follows:

1. When SINGLE USER level is entered in the boot-sequence,
/etc/inittab is scanned for any entries of the type sysinit.
These entries are processed before any other actions in state s.

2. The first time init leaves SINGLE USER level, it scans
/etc/inittab for special entries of the type boot and
bootwait. Entries of this type, for which the specified run-level
matches the new run-level to be entered, are performed before any nor-
mal processing of /etc/inittab takes place.

In this way any special initialization of the operating system, such as mounting
file systems, can take place before users are allowed onto the system.

In a normal operating environment (multi-user), the /etc/inittab file is
usually set up so that init will create a process for each terminal on the sys-
tem.

After it has spawned all of the processes specified by the /etc/inittab
file, init waits for one of its child-processes to die, a powerfail signal, or until a
request is made via the init command to change the system’s run-level.
When one of the above three conditions occurs, init re-examines the
/etc/inittab file. New entries can be added to this file at any time;
however, init still waits for one of the above three conditions to occur. To get
an immediate response the init command may be invoked with the option
q in order to force init to re-examine the /etc/inittab file.

When init is requested to change run-levels, all processes defined in the
current run-level, that are undefined in the target run-level, are terminated.
This is done by first sending the signal SIGTERM (which serves as a warning
for processes that catch it), and, after a brief delay, sending the signal SIG-
KILL.

If init finds that it is continuously respawning an entry from
/etc/inittab (more frequently than some specified rate), it will assume
that there is an error in the command string, generate an error message on the
system console, and refuse to respawn this entry until either some time has
elapsed or it receives a directive from the init command. This prevents init
from eating up system resources when someone makes a typographical error in
the /etc/inittab file or a program is removed that is referenced in
/etc/inittab.

GETTY -

The getty-process is invoked by the init-process, to allow a user to login on a
terminal-line. It is thus the getty-process that the user encounters when log-
ging in to the system.

The actions of getty are controlled by entries in the file
/etc/gettydefs. These entries specify what line speed should be used
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initially, what the login message should look like, what the initial tty settings
are, and what speed to try next should the user indicate that the speed is inap-
propriate (by typing a BREAK-character).

If a null character (or framing error) is received, it is assumed to be the result
of the user pushing the BREAK-key. This will cause getty to attempt the next
speed in a sequence defined in /etc/gettydefs.

Finally, the login command is called to allow the user to complete logging in.

LOGIN

The login-process is invoked by the getty-process, as described above, at the
beginning of each terminal session. It is the means by which the user is
identified to the system. '

If the user has a password, login asks for it, and verifies its correctness. If sys-
tem echoing has been enabled, it is turned off during the typing of the pass-
word. (However, echoing will continue to occur if local echo has been
enabled).

If the login is not completed successfully within a certain period of time, (e.g.,
one minute) the user may be disconnected.

After a successful login, the user-ID, the group-ID, the working-directory, and
the command-interpreter, are initialized.

SEE ALSO
GETTY(AS_CMD), LOGIN(AS_CMD), INIT(AS_CMD).
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ASCII character set
The following maps of the ASCII character set give octal and hexadecimal
equivalents for each character. Although the ASCII code does not use the eighth-
bit in an octet, this bit should not be used for other purposes because codes for
other languages may need to use it.

000
010
020
030
040
050
060
070
100
110
120
130
140
150
160
170

00
08
10
18
20
28
30
38
40
48
50
58
60
68
70
78

nul 001
011
021
031
041
051
061
071
101
111
121
131
141
151
161
171

Q v
e I I o ]
B0

+XIm®E OO~

%o o

nul 01
bs 09
dle 11
can 19

29
31
39
41
49
51
59
61
69
71
79

X U@ OO~

¥ o &

soh 002
ht 012
dc1 022
em 032
042
052
062
072
102
112
122
132
142
152
162
172

KAQHODKODHD O A —

soh 02
ht Oa
de1 12
1a
22
2a
32
3a
42
4a
52
Sa
62
6a
72
7a

o
8

YA HO KD HD O~ -

Octal map of ASCH character set.

stx 003 etx 004
nli 013 vt 014
dc2 023 dc3 024
sub 033 esc 034
" 043 # 044
* 053 + 054
2 063 3 064
: 073 074
B 103 C 104
J 113 K 114
R 123 s 124
V4 133 [ 134
b 143 ¢ 144
3j 153 k 154
r 163 s 164
z 173 { 174

Hexadecimal
stx 03 etx 04
nl 0b vt Oc
dc2 13 dc3 14
sub 1b esc 1c
" 23 # 24
* 2b + 2c
2 33 3 34
: 3b ; 3c
B 43 C 44
J 4b K 4c
R 53 s 54
4 5b [ Sc
b 63 c 64
j 6b k 6c
r 73 s 74
z 7b { 7c

eot 005
np 015
dc4 025
fs 035
045
055
065
075
105
115
125
135
145
155
165
175

-t HF /73 0Abd-

enq 006 ack 007
cr 016 so 017
nak 026 syn 027
gs 036 rs 037
% 046 & 047
- 056 . 057
5 066 6 067
= 076 > 077
E 106 F 107
M 116 N 117
U 126 V 127
] 136 137
e 146 £ 147
m 156 n 157
u 166 v 167
} 176 ~ 177

map of ASCII character set.

eot 05
np od
dc4 15
fs 14
25
24
35
34
45
44
55
54
65
6d
75
74

»

-t P /7 3C0A M-

enq 06 ack 07
cr Oe so 0f
nak 16 syn 17
gs 1e rs 1£
% 26 & 27
- 2e . 2f
5 36 6 37
= 3e > 3f
E 46 F 47
M 4e N 4f
U 56 V 57
] 5e * Sf
e 66 f 67
m 6e n 6f
u 76 v 77
} Te =~ 7f
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directory

Directories organize files into a hierarchical system of files with directories as the
nodes in the hierarchy. A directory is a file that catalogs the list of files, including
directories (sub-directories), that are directly beneath it in the hierarchy. Entries
in a directory file are called links. A link associates a file-identifier with a file-
name. By convention, a directory contains at least two links, . (dof) and ..
(dot-dot). The link called dot refers to the directory itself while dot-dot refers to
its parent-directory. The root-directory, which is the top-most node of the hierar-
chy, has itself as its parent-directory. The path-name of the root directory is /
and the parent-directory of the root-directory is /.

effective-user-ID and effective-group-ID

An active process has an effective-user-ID and an effective-group-ID that are used
to determine file-access-permissions (see below). The effective-user-ID and
effective-group-ID are equal to the process’s real-user-ID and real-group-ID respec-
tively, unless the process or one of its ancestors evolved from a file that had the
set-user-ID bit or set-group-ID bit set [see EXEC(BA_SYS)]. In addition, they can be
reset with the SETUID(BA_SYS) and SETGID(BA_SYS) routines, respectively.

environmental variables

When a process begins, an array of strings called the environment is made avail-
able by the EXEC(BA_SYS) routine [see also SYSTEM(BA_SYS)]. By convention,
these strings have the form variable=value, for example,
PATH=:/bin:/usr/bin. These environmental variables provide a way to
make information about an end-user’s environment available to programs [see
ENVVAR(BA_ENV)].

file-access-permissions
Read, write, and execute/search permissions [see CHMOD(BA_SYS)] on a file are
granted to a process if one or more of the following are true:

o The effective-user-ID of the process is super-user.

o The effective-user-ID of the process matches the user-ID of the owner of the file
and the appropriate access-permission-bit of the owner portion of the file-mode
is set.

o The effective-user-ID of the process does not match the user-ID of the owner of
the file and the effective-group-ID of the process matches the group of the file
and the appropriate access-permission-bit of the group portion of the file-mode
is set.

o The effective-user-ID of the process does not match the user-ID of the owner of
the file and the effective-group-ID of the process does not match the group-ID
of the file and the appropriate access-permission-bit of the other portion of the
file-mode is set.

Otherwise, the corresponding permissions are denied.
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file-descriptor

A file-descriptor is a small integer used to identify a file for the purposes of doing
1/0. The value of a file-descriptor is from 0 to {OPEN_MAX}-1. An open file-
descriptor is obtained from a call to the CREAT(BA_SYS), DUP(BA_SYS),
FCNTL(BA_SYS), OPEN(BA_SYS), or PIPE(BA_SYS) routine. A process may have no
more than {OPEN_MAX] file-descriptors open simultaneously.

A file-descriptor has associated with it information used in performing 1/0 on the
file: a file-pointer that marks the current position within the file where I/0 will
begin; file-status and access-modes (e.g., read, write, read/write) [see
OPEN(BA_SYS)]; and close-on-exec flag [see FCNTL(BA SYS)l. Multiple file-
descriptors may identify the same file. The file-descriptor is used as an argument
by such routines as the READ(BA_SYS), WRITE(BA_SYS), IOCTL(BA_SYS), and
CLOSE(BA_SYS) routines.

file-name

Strings consisting of 1 to {NAME_MAX] characters may be used to name an ordi-
nary file, a special file or a directory. {NAME_MAX]} must be at least 14. These
characters may be selected from the set of all character values excluding the char-
acters null and slash (/).

Note that it is generally unwise to use #, ?, 1, [, or ] as part of file-names
because of the special meaning attached to these characters for file-name expansion
by the command interpreter [see SYSTEM(BA_SYS)]. Other characters to avoid are
the hyphen, blank, tab, <, >, backslash, single and double quotes, accent grave,
vertical bar, caret, curly braces, and parentheses. It is also advisable to avoid the
use of non-printing characters in file names.

implementation-specific constants

In detailed definitions of components, it is sometimes necessary to refer to constants
that are implementation-specific, but which are not necessarily expected to be
accessible to an application-program. Many of these constants describe boundary-
conditions and system-limits.

In the SVID, for readability, these constants are replaced with symbolic names.
These names always appear enclosed in curly brackets to distinguish them from
symbolic names of other implementation-specific constants that are accessible to
application-programs by header files. These names are not necessarily accessible to
an application-program through a header file, although they may be defined in the
documentation for a particular system.

In general, a portable application program should not refer to these constants in its
code. For example, an application-program would not be expected to test the
length of an argument list given to an EXEC(BS_SYS) routine to determine if it was
greater than {ARG_MAX]}.
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The following lists implementation-specific constants used in component definitions:

Name
{ARG_MAX])
{CHAR_BIT)
{CHAR_MAX]}
{CHILD_MAX]}
{CLK_TCK}
{FCHR_MAX}
{INT_MAX}
{LINK_MAX}
{LOCK_MAX}
{LONG _BIT}
{LONG_MAX}

{MAXDOUBLE}

{MAX_CHAR}
{NAME_MAX}
{OPEN_MAX}
{PASS_MAX}
{PATH_MAX}
{PID_MAX)}
{PIPE_BUF}
{PIPE_MAX}
{PROC_MAX]}
{SHRT_MAX]}
{STD_BLK}
{SYS_NMLN]}
{SYS_OPEN]}
{TMP_MAX}
{UID_MAX}
{USI_MAX}
{WORD_BIT}
{CHAR_MIN]}
{INT_MIN}
{LONG_MIN}
{SHRT_MIN]}

Description

max. length of argument to exec

number of bits ina char

max. integer value of a char

max. number of processes per user-ID

number of clock ticks per second

max. size of a file in bytes

max. decimal value of an int

max. number of links to a single file

max. number of entries in system lock table
number of bits ina long

max. decimal value of a long

max. decimal value of a double

max. size of character input buffer

max. number of characters in a file-name

max. number of files a process can have open

max. number of significant characters in a password
max. number of characters in a path-name

max. value for a process-ID

max. number bytes atomic in write to a pipe

max. number of bytes written to a pipe in a write
max. number of simultaneous processes, system wide
max. decimal value of a short

number of bytes in a physical 1/0 block

number of characters in string returned by uname
max. number of files open on system

max. number of unique names generated by tmpnam
max. value for a user-ID or group-ID

max. decimal value of an unsigned

number of bits ina word or int

min. integer value of a char

min. decimal value of an int

min. decimal value of a long

min. decimal value of 2 short

parent_—process-lD
The parent-process-ID of a process is the process-ID of its creator. A new process
is created by a currently active-process [see FORK(BA_SYS)].
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path-name and path-prefix

In a C program, a path-name is a null-terminated character-string starting with an
optional slash (/), followed by zero or more directory-names separated by slashes,
optionally followed by a file-name. A null string is undefined and may be con-
sidered an error.

More precisely, a path-name is a null-terminated character-string as follows:

<path_name>::=<file_name>|<path_prefix><file_name>|/|.]|..
<path_prefix>::=<rtprefix>|/<rtprefix>|empty
<rtprefix>::=<dirname>/|<rtprefix><dirname>/

where <file_name> is a string of 1 to {NAME_MAX] significant characters
other than slash and null, and <dirname> is a string of 1 to {NAME_MAX}
significant characters (other than slash and null) that names a directory. The
result of names not produced by the grammar are undefined.

If a path-name begins with a slash, the path search begins at the root-directory.
Otherwise, the search begins from the current-working-directory.

A slash by itself names the root-directory. The meanings of . and .. are
defined under directory.

process-group-iD

Each active-process is a member of a process-group. The process-group is uniquely
identified by a positive-integer, called the process-group-ID, which is the process-ID
of the group-leader (see below). This grouping permits the signaling of related
processes [see KILL(BA_SYS)].

process-group-leader

A process group leader is any process whose process-group-ID is the same as its
process-ID. Any process may detach itself from its current process-group and
become a new process-group-leader by calling the SETPGRP(BA_SYS) routine. A
process inherits the process-group-ID of the process that created it [see
FORK(BA_SYS) and EXEC(BA_SYS)].

process-ID

Each active-process in the system is uniquely identified by a positive-integer called
a process-ID. The range of this ID is from 0 to {PID_MAX}. By convention,
process-ID 0 and 1 are reserved for special system-processes.

real-user-ID and real-group-iD

Each user allowed on the system is identified by a positive-integer called a real-
user-ID. Each user is also a member of a group. The group is identified by a
positive-integer called the real-group-ID.

An active-process has a real-user-ID and real-group-ID that are set to the real-
user-ID and real-group-ID, respectively, of the user responsible for the creation of
the process. They can be reset with the SETUID(BA_SYS) and SETGID(BA_SYS) rou-
tines, respectively.
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root-directory and current-working-directory

Each process has associated with it a concept of a root-directory and a current-
working-directory for the purpose of resolving path searches. The root-directory of
a process need not be the root-directory of the root file system.

special-processes
All special-processes are system-processes (e.g., a system’s process-scheduler). At
least process-IDs 0 and 1 are reserved for special-processes.

stdio-routines

A set of routines described as Standard 1/0 (stdio) routines constitute an efficient,
user-level 1/0 buffering scheme. The complete set of Standard 1/0, stdio routines
is shown below [see also the definition of stdio-stream below]. Detailed component
definitions of each can be found in either the Base System (BA_SYS) routines or the
Base Library (BA_LIB) routines.

(BA_SYS) clearerr, fclose, fdopen, feof, ferror, fileno,
fflush, fopen, fread, freopen, fseek, ftell,
fwrite, popen, pclose, rewind.

(BA_LIB) ctermid, fgetc, fgets, fprintf, fputec, fputs,
fscanf, getc, getchar, gets, getw, printf, putc,
putchar, puts, putw, scanf, setbuf, setvbuf,
sprintf, tempnam, tmpfile, tmpnam, ungetc,
vprintf. vfprintf. vsprintf.

The Standard 1/0 routines and constants are declared in the <stdio.h> header
file and need no further declaration. The following functions are implemented as
macros and must not be redeclared: getc, getchar, putc, putchar,
ferror, feof, clearerr,and fileno. The macros getc and putc
handle characters quickly. The macros getchar and putchar, and the
higher-level routines fgetc, fgets, fprintf, fputc, fputs, fread,
fscanf, fwrite, gets, getw, printf, puts, putw, and scanf
all use or act as if they use getc and putc; they can be freely intermixed.

The <stdio.h> header file also defines three symbolic constants used by the
stdio routines:

The defined constant NULL designates a nonexistent null pointer.

The integer constant EOF is returned upon end-of-file or error by most
integer functions that deal with streams (see the individual component
definitions for details).

The integer constant BUFSIZ specifies the size of the stdio buffers used
by the particular implementation.

Any application-program that uses the stdio routines must include the
<stdio.h> header file.
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stdio-stream

A file with associated stdio buffering is called a stream. A stream is a pointer to a
type FILE defined by the <stdio.h> header file. The FOPEN(BA_SYS) rou-
tine creates certain descriptive data for a stream and returns a pointer that
identifies the stream in all further transactions with other stdio routines.

Most stdio routines manipulate either a stream created by the function fopen or
one of three streams that are associated with three files that are expected to be
open in the Base System [see TERMIO(BA_ENV)]. These three streams are declared
in the <stdio.h> header file:

stdin the standard input file.
stdout the standard output file.
stderr the standard error file.

Output streams, with the exception of the standard error stream stderr, are by
default buffered if the output refers to a file and line-buffered if the output refers
to a terminal. The standard error output stream stderr is by default
unbuffered. When an output stream is unbuffered, information is queued for writ-
ing on the destination file or terminal as soon as written; when it is buffered, many
characters are saved up and written as a block. When it is line-buffered, each line
of output is queued for writing on the destination terminal as soon as the line is
completed (that is, as soon as a new-line character is written or terminal input is
requested). The SETBUF(BA LIB) routines may be used to change the stream’s
buffering strategy.

super-user
A process is recognized as a super-user process and is granted special privileges if
its effective-user-ID is O.

tty-group-iD

Each active-process can be a member of a terminal-group that shares a control ter-
minal [see DEVTTY(BA_ENV)] and is identified by a positive-integer called the tty-
group-ID. This grouping is used to terminate a group of related processes upon
termination of one of the processes in the group [see EXIT(BA_SYS) and
SIGNAL(BA_SYS)].
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ipc-permissions

The Kernel Extension includes three mechanisms for inter-process communication
(ipc): messages, semaphores, and shared-memory. All of these use a common
structure type, ipc_perm, to pass information used in determining permission to
use an ipc-operation.

The <ipc.h> header file defines the ipc_perm structure that includes the
following members:

ushort cuid; /# creator user-ID x/
ushort cgid; /% creator group-ID %/
ushort wuid; /% user-ID »/

ushort gid; /% group-ID %/

ushort mode; /% r/w permission »/

The <ipc.h> header file also defines the following symbolic constants:

Name Description
IPC_CREAT create entry if key does not exist
IPC EXCL fail if key exists

IPCZNOWAIT error if request must wait
IPC_PRIVATE private key

IPC_RMID remove identifier
IPC_SET set options
IPC_STAT get options

message-queue-identifier

A message-queue-identifier msqid is a unique positive integer created by calling
the MSGGET(KE_SYS) routine. Each msqgid has a message-queue and a data
structure msqid_ds associated with it. The msqid_ds structure contains the
following members:

struct ipc_perm msg_perm; - /* operation perms x/
ushort msg_qnum; /% no. of messages on q */
ushort msg_gbytes; /* max no. of bytes on q */
ushort msg_lspid; /+ pid, last msgsnd call «/
ushort msg_lrpid; /+ pid, last msgrcv call »/
time_t msg_stime; /+ last msgsnd time x/
time_t msg_rtime; /+ last msgrcv time «/
time_t msg_ctime; /* last change time */

/% time in secs since */
/% 00:00:00 GMT 1 Jan 70 =/

msg_perm an ipc_perm structure [see ipc-permissions] that specifies the
message-operation-permission.

msg_gnum the number of messages currently on the queue.
msg_qgbytes the maximum number of bytes allowed on the queue.
msg_lspid the process-ID of last process to use a msgsnd operation.

msg_lrpid the process-ID of last process to use a msgrcv operation.
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msg_stime the time of last msgsnd operation.
msg_rtime the time of last msgrcv operation.

msg_ctime the time of last MSGCTL(KE_SYS) operation to change a member
of the above structure.

message-operation-permissions

In the MSGOP(KE_SYS) and MSGCTL(KE_SYS) routines, the permission required for
an operation is determined by the bit-pattern in msg_perm.mode, where the
type of permission needed is interpreted as follows:

00400 Read by user
00200 Write by user
00040 Read by group
00020 Write by group
00004 Read by others
00002 Write by others

The Read and Write permissions on a msqid are granted to a process if one or
more of the following are true:

o The effective-user-ID of the process is super-user.

e The effective-user-ID of the process matches msg_perm.cuid or
msg_perm.uid in the msqid_ds structure and the appropriate bit of the
user portion (0600) of msg_perm.mode is set.

e The effective-user-ID of the process does not match msg_prm.cuid or
msg_perm.uid, and the effective-group-ID of the process matches
msg_perm.cgid or msg_perm.gid, and the appropriate bit of the
group portion (0060) of msg_perm.mode is set.

e The effective-user-ID of the process does not match msg_perm.cuid or
msg_perm.uid, and the effective-group-ID of the process does not match
msg_perm.cgid or msg_perm.gid, and the appropriate bit of the
other portion (0006) of msg_perm.mode is set.

Otherwise, the corresponding permissions are denied.

semaphore-identifier

A semaphore-identifier semid is a unique positive integer created by calling the
SEMGET(KE_SYS) routine. Each semid has a set of semaphores and a data struc-
ture semid_ds associated with it. The semid_ds structure contains the fol-
lowing members:

struct ipc_perm sem_perm; /x operation perms x/

ushort sem_nsems; /+ count of sems in set «/
time_t sem_otime; /+ last operation time «/
time_t sem_ctime; /+ last change time */

/+ time in secs since */
/% 00:00:00 GMT 1 Jan 70 =/
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sem_perm

sem_nsems

semval

sempid

semncnt

semzcnt

Kernel Extension

an ipc_perm structure [see ipc-permissions] that specifies the
semaphore-operation-permission.

the number of semaphores in the set. Each semaphore in the set
is referenced by a positive integer, sem_num, that runs
sequentially from 0 to the value of sem_nsems-1.
sem_otime is the time of last SEMOP(KE_SYS) operation.
sem_ctime is the time of last SEMCTL(KE_SYS) operation to
change a member of the above structure.

A semaphore is a data structure with the following members:

ushort semval; /#* semaphore value */

short sempid; /% pid of last operation »/
ushort semncnt; /% no. awaiting semval > cval */
ushort semzcnt; /* no. awaiting semval = 0 */

a non-negative integer.

the process-ID of last process to use a semaphore operation on
this semaphore.

a count of the suspended-processes currently waiting for the
semval of this semaphore exceed greater than its current
value.

a count of the suspended-processes currently waiting for the
semval of this semaphore exceed zero.

semaphore-operation-permissions

In the SEMOP(KE_SYS) and SEMCTL(KE_SYS) routines, the permission required for
an operation is determined by the bit-pattern in sem_perm.mode, where the
type of permission needed is interpreted as follows:

00400 Read by user
00200 Alter by user
00040 Read by group
00020 Alter by group
00004 Read by others
00002 Alter by others

The Read and Alter permissions on a semid are granted to a process if one or
more of the following are true:

o The effective-user-ID of the process is super-user.

e The effective-user-ID of the process

matches sem_perm.cuid or

sem_perm.uid inthe semid_ds structure and the appropriate bit of the
user portion (0600) of sem_perm.mode is set.

e The effective-user-ID of the process does not match sem_perm.cuid or
sem_perm.uid, and the effective-group-ID of the process matches
sem_perm.cgid or sem_perm.gid, and the appropriate bit of the
group portion (0060) of sem_perm.mode is set.
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e The effective-user-ID of the process does not match sem_perm.cuid or
sem_perm.uid, and the effective-group-ID of the process does not match
sem_perm.cgid or sem_perm.gid, and the appropriate bit of the
other portion (0006) of sem_perm.mode is set.

Otherwise, the corresponding permissions are denied.

shared-memory-identifier

A shared-memory-identifier shmid is a unique positive integer created by calling
the SHMGET(KE_SYS) routine. Each shmid has a segment of memory (referred
to as a shared-memory-segment) and a data structure shmid_ds associated
with it. The shmid_ds structure contains the following members:

struct ipc_perm shm_perm; /% operation perms %/

int shm_segsz; /* size of segment =/

ushort shm_cpid; /% pid, creator =/

ushort shm_1lpid; /% pid, last operation »/
short shm_nattch; /* no. of current attaches */
time_t shm_atime; /* last attach time »/

time_t shm_dtime; /* last detach time */

time_t shm_ctime; /* last change time »/

/% times in secs since +/
/% 00:00:00 GMT 1 Jan 70 «/

shm_perm an ipc_perm structure [see ipc-permissions] that specifies the
shared-memory-operation-permission.

shm_segsz specifies the size of the shared-memory-segment.

shm_cpid the process-ID of the creator of the shared-memory-identifier.
shm_1lpid the process-ID of last process to use a shared-memory operation.
shm_nattch the number of processes with the segment currently attached.
shm_atime the time of last shmat operation.

shm_dtime the time of last shmdt operation.

shm_ctime the time of last SHMCTL(KE_SYS) operation to change one of the

members of the above structure.

shared-memory-operation-permissions

In the SHMOP(KE_SYS) and SHMCTL(KE_SYS) routines, the permission required for
an operation is determined by the bit-pattern in shm_perm.mode, where the
type of permission needed is interpreted as follows:

00400 Read by user
00200 Write by user
00040 Read by group
00020 Write by group
00004 Read by others
00002 Write by others
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The Read and Write permissions on a shmid are granted to a process if one or
more of the following are true:

The effective-user-ID of the process is super-user.

The effective-user-ID of the process matches shm_perm.cuid or
sem_perm.uid in the shmid_ds structure and the appropriate bit of the
user portion (0600) of shm_perm.mocde is set.

The effective-user-ID of the process does not match shm_perm.cuid or
sem_perm.uid, and the effective-group-ID of the process matches
shm_perm.cgid or sem_perm.gid, and the appropriate bit of the
group portion (0060) of shm_perm.mode is set.

The effective-user-ID of the process does not match shm_perm.cuid or
sem_perm.uid, and the effective-group-ID of the process does not match
shm_perm.cgid or sem_perm.gid, and the appropriate bit of the
other portion (0006) of shm_perm.mode is set.

Otherwise, the corresponding permissions are denied.
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