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Foreword

ISO (the Internatiohal Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standardiz-
ation. National bodjes that are members of ISO or IEC participate in the development
of International Standards through technical committees established by the respective
organization to dea| with particular fields of technical activity. ISO and IEC technical
committees collaborate in fields of mutual interest. Other international organizations,
governmental and nfon-governmental, in liaison with ISO and IEC, also take part in the
work.

In the field of information technology, ISO and IEC have established a joint technical
committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint
technical committep are circulated to national bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the national bodies casting
a vote.

International Standard ISO/IEC 9899 was prepared by Joint Technical\Gommittee
ISO/IEC JTC 1, Information technology.

Annexes A, B, C, D, E, F and G are for information only.
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Introduction

With the introduction of new devices and extended character sets, new featur
this International Standard. Subclauses in the language and library clauses(Wwar
programmers of usages which, though valid in themselves, may conflict with, fature

Certain features are obsolescent, which means that they may be comnsidered for

bs may be added to
h implementors and
additions.

withdrawal in future

revisions of this International Standard. They are retained becauseoD their widegpread use, but their

use in new implementations (for implementation features) or mew~ programs (fo
library features [7.13]) is discouraged.

This International Standard is divided into four major _subdivisions:
— the introduction and preliminary elements;
— the characteristics of environments that translafe and execute C programs;
— the language syntax, constraints, and semaptics;
— the library facilities.

Examples are provided to illustraté’possible forms of the constructions descr
provided to emphasize consequences of the rules described in that subclause g
International Standard. References are used to refer to other related subclauses,

r language [6.9] or

bed. Footnotes are
r elsewhere in this
A set of annexes

summarizes information contained in this International Standard. The introduction, the examples, the

footnotes, the references,.and the annexes are not part of this International Standard
The language clause:(clause 7) is derived from ‘‘The C Reference Manual’’ (seg

The library clause (clause 8) is based on the 1984 /usr/group Standard (see anng

annex A).

X A).
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INTERNATIONAL STANDARD

ISO/IEC 9899 : 1990 (E)

Programming languages — C

1T—Scope
This International Standard specifies the form and establishes the int€rpre

written in the C programming language.' It specifies

— the representation of C programs;

— the syntax and constraints of the C language;

— the semantic rules for interpreting C programs;

— the representation of input data to be processed by,€ programs;

— the representation of output data produced by-€ programs;

— the restrictions and limits imposed by a-ednforming implementation of C.
This International Standard does net Specify

— the mechanism by which C programs are transformed for use by a data-pro

— the mechanism by which G programs are invoked for use by a data-process

— the mechanism by whiehinput data are transformed for use by a C progranp;

— the mechanism by-which output data are transformed after being produced

— the size or complexity of a program and its data that will exceed the capa
data-processing system or the capacity of a particular processor;

— all minimal requirements of a data-processing system that is capabl
corforming implementation.

2 “Normative references

provisions of this International Standard. At the time of publication, the edit
valid. All standards are subject to revision, and parties to agreements based g
Standard are encouraged to investigate the possibility of applying the most re

The following standards contain provisions which, through reference in

Cessing system;

ing system;

by a C program,;

City of any specific

b of supporting a

his text, constitute

ons indicated were
n this International

cent editions of the

bldllddldb illdibdlCd bC‘lUW.

AL 1 Al & mF ] 1 IQO oo et
IVITIITOTTS U 11T allu 10U THalitalll TTEISITIS

International Standards.

of currently valid

ISO 646:1983, Information processing — ISO 7-bit coded character set for information

interchange.

ISO 4217:1987, Codes for the representation of currencies and funds.

1 This International Standard is designed to promote the portability of C programs among a variety of

data-processing systems. It is intended for use by implementors and programmers.

It is accompanied by

a Rationale document that explains many of the decisions of the Technical Committee that produced it.

General
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3 Definitions and conventions

In this International Standard, ‘‘shall”’ is to be interpreted as a requirement on an
implementation or on a program; conversely, ‘‘shall not’” is to be interpreted as a prohibition.

For the purposes of this International Standard, the following definitions apply. Other terms
are defined at their first appearance, indicated by italic type. Terms explicitly defined in this
International Standard are not to be presumed to refer implicitly to similar terms defined
elsewhere. Terms not defined in this International Standard are to be interpreted according to
ISO 2382.

3.1 alignment: A-requirement that objects of a particular type be located on sforage boundaries

with addresses that are particular multiples of a byte address.

3.2 argument: |An expression in the comma-separated list bounded by the parentheses in a
function call exgression, or a sequence of preprocessing tokens in the comma-separated list
bounded by the | parentheses in a function-like macro invocation. Also known as ‘‘actual
argument’’ or ‘‘agtual parameter.”’

3.3 bit: The unft of data storage in the execution environment large enough to hold an, object
that may have dne of two values. It need not be possible to express the address, ‘of each
individual bit of 4n object.

3.4 byte: The ufit of data storage large enough to hold any member of the basi¢,character set of
the execution enyironment. It shall be possible to express the address of each individual byte of
an object uniquely. A byte is composed of a contiguous sequence of bits,{he number of which is
implementation-defined. The least significant bit is called the low-order(bit; the most significant
bit is called the high-order bit.

3.5 character: |A bit representation that fits in a byte. The representation of each member of
the basic charactdr set in both the source and execution envirohments shall fit in a byte.

3.6 constraints:| Syntactic and semantic restrictions: by which the exposition of language
elements is to be|interpreted.

3.7 diagnostic message: A message belonging to an implementation-defined subset of the
implementation’s| message output.

3.8 forward references: References to- lafer subclauses of this International Standard that
contain additionat information relevant«to this subclause.
i

3.9 implementafion: A particdlay”set of software, running in a particular translation
environment under particular _control options, that performs translation of programs for, and
supports executiqn of functiens-in, a particular execution environment.

3.10 implementation-defined behavior: Behavior, for a correct program construct and correct
data, that depends on(the characteristics of the implementation and that each implementation shall
document.

3.11 implementation limits: Restrictions imposed upon programs by the implementation.

3.12 locale-specific behavior: Behavior that depends on local conventions of nationality,
culture, and language that each implementation shall document.

3.13 multibyte character: A sequence of one or more bytes representing a member of the
extended character set of either the source or the execution environment. The extended character
set is a superset of the basic character set.

3.14 object: A region of data storage in the execution environment, the contents of which can
represent values. Except for bit-fields, objects are composed of contiguous sequences of one or
more bytes, the number, order, and encoding of which are either explicitly specified or
implementation-defined. When referenced, an object may be interpreted as having a particular
type; see 6.2.2.1.

2 General
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3.15 parameter: An object declared as part of a function declaration or definition that acquires

a value on entry to the function, or an identifier from the comma-separated

list bounded by the

parentheses immediately following the macro name in a function-like macro definition. Also

E}

known as ‘‘formal argument’’ or ‘‘formal parameter.’

3.16 undefined behavior: Behavior, upon use of a nonportable or erroneous program construct,

of erroneous data, or of indeterminately valued objects, for which this Int
imposes no requirements.

ernational Standard

Permissible undefined behavior ranges from ignoring the situation

completely with unpredictable results, to behaving during translation or program execution in a

documented manner characteristic of the environment (with or without

the issuance of a
nce of a diagnostic

Aiqgnncﬁn mpccagp\y to tprminming a translation or execution (with the issia

message).

If a ‘‘shall’’ or ‘‘shall not’’ requirement that appears outside of a,constr
behavior is undefined. Undefined behavior is otherwise indicated dn this Int
by the words ‘‘undefined behavior’” or by the omission of any,‘explicit defi

There is no difference in emphasis among these three; théyy-all describe
undefined.”’

3.17 unspecified behavior: Behavior, for a correct.program construct an
which this International Standard explicitly imposes/no-requirements.

Examples
1. An example of unspecified behavior-is(the order in which the argumen
evaluated.
2. An example of undefined behayior is the behavior on integer overflow.
3. An example of implementéafion-defined behavior is the propagation of]
when a signed integer is shifted right.
4.  An example of locdle-specific behavior is whether the islower funct

characters other_than the 26 lowercase English letters.

Forward referenges: bitwise shift operators (6.3.7), expressions (6.3), fung

the islowexr funttion (7.3.1.6), localization (7.4).

4 Compliance

A_strictly conforming program shall use only those features of the la
speeified in this International Standard. It shall not produce output dependent
undefined, or implementation-defined behavior, and shall not
implementation limit.

The two forms of conforming implementation are hosted and freestandi
hosted implementation shall accept any strictly conforming program. A conf{

implementation shall accept any strictly _conformine prooram in which the
(=2 (=4

€xceq

int is violated, the
ernational Standard
nition of behavior.
‘‘behavior that is

il correct data, for

s to a function are

the high-order bit

on returns true for

tion calls (6.3.2.2),

hguage and library
on any unspecified,
d any minimum

ng. A conforming
rming freestanding
1se of the features

specified in the library clause (clause 7) is confined to the contents of the standard headers
<float.h> <limits.h>, <stdarg.h>, and <stddef.h>. A conforming implementation

may have extensions (including additional library functions), provided the
behavior of any strictly conforming program.’

A conforming program is one that is acceptable to a conforming implemen

y do not alter the

tation.’

2 This implies that a conforming implementation reserves no identifiers other than those explicitly reserved

in this International Standard.

3 Strictly conforming programs are intended to be maximally portable among conforming implementations.
Conforming programs may depend upon nonportable features of a conforming implementation.

General
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An implementation shall be accompanied by a document that defines all implementation-
defined characteristics and all extensions.

Forward references: limits <float.h> and <limits.h> (7.1.5), variable arguments
<stdarg.h> (7.8), common definitions <stdde£f.h> (7.1.6).

4 General
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5 Environment

An implementation translates C source files and executes C programs in two data-processing-
system environments, which will be called the translation environment and the execution
environment in this International Standard. Their characteristics define and constrain the results
of executing conforming C programs constructed according to the syntactic and semantic rules for

conforming implementations.

Forward references: In the environment clause (clause 5), only a few of many possible forward

references have been noted.

5.1.1 Translation environment
5.1.1.1 Program structure

A C program need not all be translated at the same time. The-text of the
units called source files in this International Standard. A sourcenfile together
and source files included via the preprocessing directive( #include, less
skipped by any of the conditional inclusion preprocessing<directives, is called
Previously translated translation units may be preservédindividually or in librd
translation units of a program communicate by (for-€xample) calls to function

program is kept in
ith all the headers
any source lines
a translation unit.
ries. The separate
s whose identifiers

have external linkage, manipulation of objects\ whose identifiers have external linkage, or

manipulation of data files. Translation units/nay be separately translated and
produce an executable program.

Forward references: conditional inclusion (6.8.1), linkages of identifiers (6
inclusion (6.8.2).

5.1.1.2 Translation phases
The precedence among, the' syntax rules of translation is specified by the fol

Physical source file' characters are mapped to the source character set (in
characters forend-of-line indicators) if necessary. Trigraph sequence
corresponding-single-character internal representations.

Each instance of a new-line character and an immediately preceding bag
deleted, splicing physical source lines to form logical source lines. A so
empty shall end in a new-line character, which shall not be immediat
backslash character.

The source file is decomposed into preprocessing tokens® and sequen
characters (including comments). A source file shall not end in a pd
token or comment. Each comment is replaced by one space character. )
are retained. Whether each nonempty sequence of white-space characte
line is retained or replaced by one space character is implementation-defi

hen later linked to

.1.2.2), source file

Jowing phases.*

troducing new-line
s are replaced by

kslash character is
urce file that is not
ely preceded by a

tes of white-space
rtial preprocessing
New-line characters
rs other than new-
ned.

Preprocessing directives are executed and macro invocations are expanded. A #include

preprocessing directive causes the named header or source file to be processed from phase

1 through phase 4, recursively.

4 Implementations must behave as if these separate phases occur, even though many are typically folded

together in practice.
5 As described in 6.1, the process of dividing a source file’s characters into pre

processing tokens is

context-dependent. For example, see the handling of < within a #include preprocessing directive.

Environment
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Each source character set member and escape sequence in character constants and string

literals is converted to a member of the execution character set.

haracter string literal tokens are concatenated and adjacent wide string literal

tokens are concatenated.

e characters separating tokens are no longer significant. Each preprocessing

token is converted into a token. The resulting tokens are syntactically and semantically
analyzed and translated.

5.
6. Adjacent ¢
7.  White-spac
8.
All such t
needed for

All external object and function references are resolved. Library components are linked to

satisfy external-references—to functions—and objects not defined in the current translation

anslator output is collected into a program image which contains information
execution in its execution environment.

Forward references: lexical elements (6.1), preprocessing directives (6.8), trigraph sequences

(5.2.1.1).
5.1.1.3 Diagnc

A conformin
implementation-(

rule or constraint|.

5.1.2 Execut

Two executi
startup occurs w
in static storage
manner and timi
control to the ex

Forward refere

stics

b implementation shall produce at least one diagnostic message (identifiéd” in an
efined manner) for every translation unit that contains a violation of any syntax
Diagnostic messages need not be produced in other circumstanees.?

on environments

n environments are defined: freestanding and hosted. _{n)both cases, program
hen a designated C function is called by the execution“€nvironment. All objects
shall be initialized (set to their initial values) before program startup. The
g of such initialization are otherwise unspecified. * Program termination returns
Pcution environment.

es: initialization (6.5.7).

C
5.1.2.1 FreestInding environment

In a freestan
benefit of an opg
implementation-(
facilities availabl

The effect of
5.1.2.2 Hosted

A hosted enV
if present.

ding environment (in which C.program execution may take place without any
rating system), the name and-type of the function called at program startup are
efined. There are otherwise no reserved external identifiers. Any library
e to a freestanding program are implementation-defined.

program termination in a freestanding environment is implementation-defined.
environment

ironment,need not be provided, but shall conform to the following specifications

5.1.2.2.1 Progr

mstartup

The function

called at program startup 1s named main. The implementation declares no

prototype for this function. It can be defined with no parameters:

int main(void) { /*..

*/ )

or with two parameters (referred to here as arge and argv, though any names may be used, as

they are local to

the function in which they are declared):

6 The intent is that an implementation should identify the nature of, and where possible localize, each
violation. Of course, an implementation is free to produce any number of diagnostics as long as a valid

program is still

correctly translated. It may also successfully translate an invalid program.

Environment
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int main(int argc, char *argv([]) { /*...*/ }
If they are defined, the parameters to the main function shall obey the following constraints:
— The value of arge shall be nonnegative.
— argv[argc] shall be a null pointer.

— If the value of argec is greater than zero, the array members argv[0] through
argv[argc-1] inclusive shall contain pointers to strings, which are given implementation-
defined values by the host environment prior to program startup. The intent is to supply to
the [program information determined prior to program startup from elsewhere in the hosted

ith letters in both

uppercase and lowercase, the implementation shall ensure that the trinps are received in
lowercase.

— If the value of argc is greater than zero, the string pointed to-by argv[[0] represents the
program name; argv [0] [0] shall be the null character if theyprogram name is not available
from the host environment. If the value of argc is greatér’than one, the strings pointed to
by argv[1] through argv[argc-1] represent the program parameters.

array shall be
ogram startup and

— The parameters argec and argv and the string$ pointed to by the a
modifiable by the program, and retain their lagt<stored values between p
program termination.

5.1.2.2.2 Program execution

In a hosted environment, a program‘“may use all the functions, macros, type definitions, and
objects described in the library clause (clause 7).

5.1.2.2.3 Program termination

A return from the initial call’to the main function is equivalent to calling [the exit function
with the value returned by’the main function as its argument. If the main II;.mction executes a
return that specifies no® value, the termination status returned to the hopt environment is
undefined.

Forward references: definition of terms (7.1.1), the exit function (7.10.4.3)
5.1.2.3 Program execution

The.semantic descriptions in this International Standard describe the behalior of an abstract
machin€ in which issues of optimization are irrelevant.

Accessing a volatile object, modifying an object, modifying a file, or calljng a function that
does any of those operations are all side effects, which are changes in the stafe of the execution
environment. Evaluation of an expression may produce side effects. At certdin specified points
in the execution sequence called sequence points, all side effects of previous evaluations shall be
complete and no side effects of subsequent evaluations shall have taken place.

In the abstract machine, all expressions are evaluated as specified by the semantics. An actual
implementation need not evaluate part of an expression if it can deduce that its value is not used
and that no needed side effects are produced (including any caused by calling a function or
accessing a volatile object).

When the processing of the abstract machine is interrupted by receipt of a signal, only the
values of objects as of the previous sequence point may be relied on. Objects that may be
modified between the previous sequence point and the next sequence point need not have
received their correct values yet.

An instance of each object with automatic storage duration is associated with each entry into
its block. Such an object exists and retains its last-stored value during the execution of the block
and while the block is suspended (by a call of a function or receipt of a signal).

Environment 7
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The least requirements on a conforming implementation are:

— At sequence points, volatile objects are stable in the sense that previous evaluations are

complete and subsequent evaluations have not yet occurred.

At program termination, all data written into files shall be identical to the result that execution
of the program according to the abstract semantics would have produced.

The input and output dynamics of interactive devices shall take place as specified in 7.9.3.
The intent of these requirements is that unbuffered or line-buffered output appear as soon as
possible, to ensure that prompting messages actually appear prior to a program waiting for
input.

What constitutgs an interactive device is implementation-defined.

More stringen} correspondences between abstract and actual semantics may be defined by

each implementatipn.

Examples

1.

An implemgntation might define a one-to-one correspondence between abstract and detual
semantics: at every sequence point, the values of the actual objects would agree with”those
specified by|the abstract semantics. The keyword volatile would then be redundant.

Alternatively, an implementation might perform various optimizatiohs within each
translation unit, such that the actual semantics would agree with the abstract semantics only
when makinlg function calls across translation unit boundaries. In sach‘an implementation,
at the time [of each function entry and function return where the“Calling function and the
called functjon are in different translation units, the values of. all'externally linked objects
and of all dbjects accessible via pointers therein would agree with the abstract semantics.
Furthermore], at the time of each such function entry the values of the parameters of the
called function and of all objects accessible via pointers therein would agree with the
abstract senfantics. In this type of implementation, ©@bjects referred to by interrupt service
routines acfivated by the signal function. would require explicit specification of
volatile|storage, as well as other implementation-defined restrictions.

In executing the fragment

char cl, c2;
/*...*%/
cll=cl + c2;

the “‘integrpl promotions.’\'require that the abstract machine promote the value of each
variable to [int size @nd then add the two ints and truncate the sum. Provided the
addition of|two chars can be done without creating an overflow exception, the actual
execution ng¢ed ofily produce the same result, possibly omitting the promotions.

Similarly, ip the”fragment

float f1, £2;
double d;
/*...%/

fl = £2 * 4;

the multiplication may be executed using single-precision arithmetic if the implementation
can ascertain that the result would be the same as if it were executed using double-
precision arithmetic (for example, if d were replaced by the constant 2.0, which has type
double). Alternatively, an operation involving only ints or floats may be executed
using double-precision operations if neither range nor precision is lost thereby.

To illustrate the grouping behavior of expressions, in the following fragment

Environment
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int a, b;
/*...%/
a=a + 32760 + b + 5;

the expression statement behaves exactly the same as
a = (((a + 32760) + b) + 5);

due to the associativity and precedence of these operators. Thus, the resu

EC 9899:1990 (E)

It of the sum *‘ (a

+ 32760) ”’ is next added to b, and that result is then added to 5 which results in the
value assigned to a. On a machine in which overflows produce an exception and in which

Forward references: compound statement, or block (6.6.2), expressions (|
sequence points (6.3, 6.6), the signal function (7.7), type qualifiers (6.5.3).

the range of values representable by an int is [~32768 +32767], the implementation

cannot rewrite this expression as
a = ((a + b) + 32765);

since if the values for a and b were, respectively, —32754 and->15, the
produce an exception while the original expression would-not; nor can
rewritten either as

a ((a + 32765) + b);
or

(a + (b + 32765));

a

since the values for a and b might havé)been, respectively, 4 and —
However on a machine in which overflows do not produce an exception
results of overflows are reversible,/the/above expression statement can b
implementation in any of the above ways because the same result will oc

The grouping of an expression does not completely determine its e
following fragment

#include <stdio.h>

int sum;
char_*p;
[*.. . %/

sum = sum * 10 - ‘0’ + (*p++ = getchar());
the expreSsion statement is grouped as if it were written as
sum = (((sum * 10) - '0’) + ((*(p++)) = (getd

but the actual increment of p can occur at any time between the previd
and the next sequence point (the ;), and the call to getchar can occur
to the need of its returned value.

sum a + b would
the expression be

B or —17 and 12.
and in which the
e rewritten by the
ur.

valuation. In the

thar())));

us sequence point
at any point prior

b.3), files (7.9.3),

Environment
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5.2 Environmental considerations
5.2.1 Character sets

Two sets of characters and their associated collating sequences shall be defined: the set in

which source files are written, and the set interpreted in the execution environment.

of the members

The values
of the execution character set are implementation-defined; any additional

members beyond those required by this subclause are locale-specific.

In a character constant or string literal, members of the execution character set shall be
represented by correspondmg members of the source character set or by escape sequemes

the 10 decimal digi

0 1

the following 29

’

the space charactg
In both the sourc

above list of deci]:1

there shall be so
treats such an en
character set, the
new line. If any
a string literal, a
token), the behav

D E F G H I J K L M

Q R S T U V W X Y 2Z
etters of the English alphabet

d e £f g h i 3 k 1 m

q r s t u v w x y z
1ts

3 4 5 6 7 8 9
graphic characters

$ & 7 () * + , - N/
= > 2?2 [\ 1 * t gt -~

r, and control characters representing, horizontal tab, vertical tab, and form feed.
b and execution basic character sets; the value of each character after 0 in the
al digits shall be one greater_than the value of the previous. In source files,
e way of indicating the €nd 'of each line of text; this International Standard
d-of-line indicator as if it, were a single new-line character. In the execution
¢ shall be control characters representing alert, backspace, carriage return, and
other characters are\encountered in a source file (except in a character constant,
header name, a.comment, or a preprocessing token that is never converted to a
or is undefined:

Forward references: character constants (6.1.3.4), preprocessing directives (6.8), string literals

(6.1.4), comment:

(6.19):

5.2.1.1 Trigraph.séquences

All occurrences in a source file of the following sequences of three characters (called trigraph
sequences’) are replaced with the corresponding single character.

7 The trigraph sequences enable the input of characters that are not defined in the Invariant Code Set as
described in ISO 646:1983, which is a subset of the seven-bit ASCII code set.

10
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?7=
22 (
?2?/
?2°?)
27’
?27<
221
27>

0~ — A > S 3

??-

N +h reery

AL +L P L ot A o o 4+ + bhagin na—af tha
TNO O CT T g rap— SCuCICCS—OATS t— act—~ Tt GOCS O OCE T ONC—OT—tnt—T

is not changed.
Example
The following source line
printf ("Eh???/n");
becomes (after replacement of the trigraph sequence ??/)
printf ("Eh?\n");
5.2.1.2 Multibyte characters

The source character set may contain multibyte characters, used to represq
extended character set. The execution chdracter set may also contain multibyt
need not have the same encoding as fof the source character set. For both
following shall hold:

— The single-byte characters definéd in 5.2.1 shall be present.
— The presence, meaning,.and representation of any additional members is lo

— A multibyte character may have a state-dependent encoding, wherein
multibyte characters begins in an initial shift state and enters other imp
shift states when specific multibyte characters are encountered in the sequ
initial shift\state, all single-byte characters retain their usual interpretation
shift state-/The interpretation for subsequent bytes in the sequence is a fun
shift State.

— AA\byte with all bits zero shall be interpreted as a null character independen

—>"A byte with all bits zero shall not occur in the second or subsequent b
character.

For the source character set, the following shall hold:

oraphs listed above

nt members of the
e characters, which
character sets, the

ale-specific.

each sequence of
ementation-defined
ence.  While in the
ind do not alter the
ction of the current

I of shift state.

tes of a multibyte

— A comment, string literal, character constant, or header name shall begin avlld end in the initial

Lafe ctot
STIITC StATTT

— A comment, string literal, character constant, or header name shall consist of a sequence of

valid multibyte characters.
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5.2.2 Character display semantics

The active position is that location on a display device where the next character output by the
fputc function would appear. The intent of writing a printable character (as defined by the
isprint function) to a display device is to display a graphic representation of that character at
the active position and then advance the active position to the next position on the current line.
The direction of writing is locale-specific. If the active position is at the final position of a line

(if there is one), the behavior is unspecified.

Alphabetic esc

ape sequences representing nongraphic characters in the execution character set

are intended to produce actions on display devices as follows:

\a
\b

(alert) Produc

(backspace) N
active positiot]

(form feed) M
page.

(new line) Mg

\f

\n
\r
\t

(carriage retu

(horizontal ta
current line.
the behavior i

\v (vertical tab)
position. If t

behavior is u

Each of these
can be stored in
identical to the int

Forward referend

es an audible or visible alert. The active position shall not be changed.

foves the active position to the previous position on the current line. If the
is at the initial position of a line, the behavior is unspecified.

[oves the active position to the initial position at the start of the next logical

ves the active position to the initial position of the next line.
'n) Moves the active position to the initial position of the current }ine.

b) Moves the active position to the next horizontal tabulation*position on the
f the active position is at or past the last defined horizontal tabulation position,
5 unspecified.

Moves the active position to the initial position of \the ‘next vertical tabulation
e active position is at or past the last defined vértical tabulation position, the
specified.

escape sequences shall produce a unique Jmplementation-defined value which
h single char object. The external representations in a text file need not be
ernal representations, and are outside the scope of this International Standard.

es: the fputc function (7.9.7:3), the isprint function (7.3.1.7).

5.2.3 Signals and interrupts

Functions shal
may be called b
invocations’ contr
storage duration.
instructions that ¢

The functions
objects with static

be implemented suchithat they may be interrupted at any time by a signal, or
y a signal handler;~or' both, with no alteration to earlier, but still active,
bl flow (after the(infefruption), function return values, or objects with automatic
All such objects shall be maintained outside the function image (the
mprise the(@xecutable representation of a function) on a per-invocation basis.

in the_standard library are not guaranteed to be reentrant and may modify
storage ‘duration.

5.2.4 Environmental limits

Both the translation and execution environments constrain the implementation of language
translators and libraries. The following summarizes the environmental limits on a conforming

implementation.
5.2.4.1 Transla

The implemen

tion limits

tation shall be able to translate and execute at least one program that contains

at least one instance of every one of the following limits:®

8 Implementations

12

should avoid imposing fixed translation limits whenever possible.
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— 15 nesting levels of compound statements, iteration control structures, and selection control
structures

— 8 nesting levels of conditional inclusion

— 12 pointer, array, and function declarators (in any combinations) modifying an arithmetic, a
structure, a union, or an incomplete type in a declaration

— 31 nesting levels of parenthesized declarators within a full declarator
— 32 nesting levels of parenthesized expressions within a full expression

— 31 significant initial characters in an internal identifier or a macro name

— 6 significant initial characters in an external identifier

— 511 external identifiers in one translation unit

— 127 identifiers with block scope declared in one block

— 1024 macro identifiers simultaneously defined in one translation unit
— 31 parameters in one function definition

— 31 arguments in one function call

— 31 parameters in one macro definition

— 31 arguments in one macro invocation

— 509 characters in a logical source line

— 509 characters in a character striig’literal or wide string literal (after concatenation)
— 32767 bytes in an object (in@hosted environment only)
— 8 nesting levels for #included files

— 257 case labels for a switch statement (excluding those for any nested switch
statements)

— 127 members-in a single structure or union

— 127 enumeération constants in a single enumeration
— 15-levels of nested structure or union definitions in a single struct-declaratign-list
5.2.4.2 Numerical limits

A conforming implementation shall document all the limits specified in this subclause, which
shall be specified in the headers <1limits.h> and <float.h>.

5.2.4.2.1 Sizes of integral types <limits.h>

The values given bhelow shall he replaced by constant expressions suitable for use in #if

preprocessing directives. Moreover, except for CHAR BIT and MB_LEN MAX, the following
shall be replaced by expressions that have the same type as would an expression that is an object
of the corresponding type converted according to the integral promotions. Their implementation-
defined values shall be equal or greater in magnitude (absolute value) to those shown, with the
same sign.

— number of bits for smallest object that is not a bit-field (byte)
CHAR BIT 8

— minimum value for an object of type signed char
SCHAR MIN -127

— maximum value for an object of type signed char
SCHAR MAX +127

Environment 13
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— maximum value for an object of type unsigned char
UCHAR MAX 255

— minimum value for an object of type char
CHAR MIN see below

— maximum value for an object of type char
CHAR_ MAX see below

— maximum number of bytes in a multibyte character, for any supported locale
MB_LEN_ MAX 1

— minimum valyge for an object of type short int
SHRT_MIN -32767

— maximum valge for an object of type short int
SHRT_MAX +32767

— maximum valge for an object of type unsigned short int
USHRT_MAX 65535

— minimum valye for an object of type int
INT MIN -32767

— maximum valjie for an object of type int
INT_MAX +32767

— maximum valjie for an object of type unsigned int
UINT_ MAX 65535

— minimum valye for an object of type long int
LONG_MIN -2147483647

— maximum valgie for an object of type long int
LONG_MAX +2147483647

— maximum valyie for an object of type unsigned.long int
ULONG_MAX 4294967295

If the value pf an object of type chax’is treated as a signed integer when used in an
expression, the vdlue of CHAR MIN shall be the same as that of SCHAR_MIN and the value of
CHAR MAX shall [be the same as thatof \SCHAR MAX. Otherwise, the value of CHAR MIN shall
be 0 and the valug of CHAR MAX ¢hall be the same as that of UCHAR MAX. ?

5.2.4.2.2 Charagdteristics of floating types <float .h>

The charactetistics of'\ floating types are defined in terms of a model that describes a
representation of floating-point numbers and values that provide information about an
implementation’s | fidating-point arithmetic.'® The following parameters are used to define the
model for each flbating-point type:

9 See 6.1.2.5.

10 The floating-point model is intended to clarify the description of each floating-point characteristic and
does not require the floating-point arithmetic of the implementation to be identical.
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sign (1)

base or radix of exponent representation (an integer > 1)

exponent (an integer between a minimum e ;, and a maximum e )
precision (the number of base-b digits in the significand)
nonnegative integers less than b (the significand digits)

NSO

A normalized floating-point number x (f; > 0 if x # 0) is defined by the following model:

p
x:sxb"fokxb_k, €min S € < e
k=1

Of the values in the <float .h> header, FLT RADIX shall be a constant expression suitable

for use in #if preprocessing directives; all other values need not be consta expressions. All
except FLT_RADIX and FLT ROUNDS have separate names for all three) flpating-point types.
The floating-point model representation is provided for all values except"FLT_ROUNDS.

The rounding mode for floating-point addition is characterized.by) the value [of FLT ROUNDS:

-1 indeterminable

0 toward zero

1 to nearest

2 toward positive infinity
3 toward negative infinity

All other values for FLT ROUNDS characterize implementation-defined roundirlg behavior.

The values given in the following list-shall be replaced by implementation-defined expressions
that shall be equal or greater in magnitude" (absolute value) to those shown, with the same sign:

— radix of exponent representation, b
FLT_RADIX 2

~— number of base-FLT_RADIX digits in the floating-point significand, p

FLT_MANT DIG
DBL_MANT DIG
LDBL_MANT DIG

— number of decimal digits, g, such that any floating-point number with ¢ de¢imal digits can be
rounded into a floating-point number with p radix b digits and back again|without change to

1 if b is a power of 10

the g decimal digits, [ _ J
(p — 1) xlogyb |+ 0 otherwise

FLT_DIG 6
DBL_DIG 10
LDBL_DIG 10

— minimum negative integer such that FLT RADIX raised to that power minus 1 is a

normalizad-Aoastine-nairt—ambak
HoaZCC—oatgPpomT—TamoC €y

FLT_MIN_EXP
DBL_MIN_EXP
LDBL_MIN_EXP

— minimum negative integer such that 10 raised to that power is in the range of normalized

floating-point numbers, [loglobg"““—l -I

FLT_MIN_10_ EXP -37
DBL_MIN 10_EXP =37
LDBL_MIN 10 EXP -37
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maximum integer such that FLT RADIX raised to that power minus 1 is a representable finite
floating-point number, e .,

FLT MAX EXP

DBL_MAX EXP

LDBL_MAX EXP

maximum integer such that 10 raised to that power is in the range of representable finite
floating-point numbers, {log,o (1 = b7 x be'"“‘)J

FLT _MAX 10 EXP +37
DBL_MAX_10| EXP +37
LDBL_MAX_ 10 EXP +37

The values givien in the following list shall be replaced by implementation-defined expressions

with values that shall be equal to or greater than those shown:

maximum representable finite floating-point number, (1 — ™) X bem

FLT MAX 1E+37
DBL_MAX 1E+37
LDBL_MAX 1E+37

The values given in the following list shall be replaced by implementation-defined expressions

with values that shall be equal to or less than those shown:

the difference [between 1 and the least value greater than 1 that is répresentable in the given
floating point {ype, b'™”

FLT_EPSILgE 1E-5
DBL_EPSIL 1E-9
LDBL_EPSILON 1E-9

. . - . . -1
minimum norrpalized positive floating-point number; pemn

FLT_MIN 1E-37

DBL_MIN 1E=37

LDBL_MIN 1E-37
Examples

1.

16

The following describes an artificial floating-point representation that meets the minimum
requirements of this International Standard, and the appropriate values in a <float.h>
header for type f£loat:

6
x =5 X[16° X IF x 167°, -31<e <432
k=1

FLT RADIX 16
FLT_MANT DIG 6
FLT_EPSILON 9.53674316E-07F
FLT_DIG 6
FLT_MIN_EXP -31
FLT_MIN 2.93873588E-39F
FLT_MIN_10_EXP -38
FLT_MAX_EXP +32
FLT_MAX 3.40282347E+38F
FLT_MAX_10_EXP +38
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2. The following describes floating-point representations that also meet the requirements for
single-precision and double-precision normalized numbers in ANSI/IEEE 754-1985,'" and
the appropriate values in a <float . h> header for types float and double:

24
xp=sx2°x Y fi x27%,

k=1

53
Xg=85x2°x Y fi x 27,

k=1

-125<e < +128

-1021 < e < +1024

FLT RADIX 2
FLT MANT DIG 24
FLT EPSILON 1.19209290E-07F
FLT DIG 6
FLT MIN EXP -125
FLT_MIN 1.17549435E-38F
FLT MIN 10 _EXP -37
FLT_MAX EXP +128
FLT_ MAX 3.40282347E+38F
FLT MAX 10_EXP +38
DBL_MANT DIG 53
DBL_EPSILON 2.2204460492503131E-16
DBL_DIG 15
DBL_MIN_ EXP -1021
DBL_MIN 2.2250738585072014E-308
DBL_MIN_10_EXP -307
DBL_MAX_ EXP +1024

DBL_MAX 1.7976931348623157E+308

DBL_MAX_10\EXP

+308

Forward references: conditional inclusion (6.8.1).

11 The floating-point model in that standard sums powers of b from zero, so the values of the exponent

limits are one less than shown here.

Environment
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6 Language

In the syntax notation used in the language clause (clause 6), syntactic categories
(nonterminals) are indicated by italic type, and literal words and character set members
(terminals) by bold type. A colon () following a nonterminal introduces its definition.
Alternative definitions are listed on separate lines, except when prefaced by the words ‘‘one of.”’
An optional symbol is indicated by the subscript ‘‘opt,”’ so that

{ expressiono

pt }
indicates an optional expression enclosed in braces.

6.1 Lexical elements
Syntax

token:
keyword
dentifier
onstant
tring-literal
bperator
punctuator

preproceksing-token:

header-name

dentifier

Pbp-number

“haracter-constant

tring-literal

bperator

punctuator

pach non-white-space character that cannot be one of the above

Constraints

Each preprocgssing token that is converted-to a token shall have the lexical form of a
keyword, an idenfifier, a constant, a string literdl, an operator, or a punctuator.

Semantics

A token is th¢ minimal lexical element of the language in translation phases 7 and 8. The
categories of tokens are: keywords, identifiers, constants, string literals, operators, and
punctuators. A preprocessing/token is the minimal lexical element of the language in translation
phases 3 through 6. The_categories of preprocessing token are: header names, identifiers,
preprocessing nufnbers; character constants, string literals, operators, punctuators, and single
non-white-space ¢hafacters that do not lexically match the other preprocessing token categories.
If a / or a " character matches the last category the behavior is undefined. Preprocessing tokens |
can be separated by white space; this consists of comments (described later), or white-space
characters (space, horizontal tab, new-line, vertical tab, and form-feed), or both. As described in
6.8, in certain circumstances during translation phase 4, white space (or the absence thereof)
serves as more than preprocessing token separation. White space may appear within a
preprocessing token only as part of a header name or between the quotation characters in a
character constant or string literal.

If the input stream has been parsed into preprocessing tokens up to a given character, the next
preprocessing token is the longest sequence of characters that could constitute a preprocessing
token.

18 Language
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Examples

1. The program fragment 1Ex is parsed as a preprocessing number token (one that is not a
valid floating or integer constant token), even though a parse as the pair of preprocessing
tokens 1 and Ex might produce a valid expression (for example, if Ex were a macro
defined as +1). Similarly, the program fragment 1E1 is parsed as a preprocessing number
(one that is a valid floating constant token), whether or not E is a macro name.

2. The program fragment x+++++y is parsed as x ++ ++ + y, which violates a constraint on
increment operators, even though the parse x ++ + ++ y might yield a correct expression.

_ Forward references: character constants (6 134) comments (61 9) expressions (6.3), floating
constants (6.1.3.1), header names (6.1.7), macro replacement (6.8.3), pos{fix increment and

Aanramant ~maea tare (62904 £ A Aan.-omnnt GperatGrS (63 31)’ preprece53=ng

directives (6.8), preprocessing numbers (6.1.8), string literals (6.1.4).
6.1.1 Kevwords

Veien ARTy VY UR WS

Syntax
keyword: one of

auto double int struct]
break else long switch
case enum register typedelf
char extern return union
const float short unsigned
continue fox signed void
default goto sizeof volatille
do if static while

Semantics

The above tokens (enfitely in lowercase) are reserved (in translation phas¢s 7 and 8) for use
as keywords, and shall not be used otherwise.

6.1.2 Identifiers

Syntax
identifier:
nondigit
identifier nondigit
identifier digit
nondigit: one of
_ a b c d e £ g h i j k 1 m
n o p qgq r s t u v w x y z
A B C D E F G H I J K L M
N O P Q R S T U V W X Y 2
digit: one of
0 1 2 3 4 5 6 7 8 9
Description

An identifier is a sequence of nondigit characters (including the underscore _ and the
lowercase and uppercase letters) and digits. The first character shall be a nondigit character.

Constraints

In translation phases 7 and 8, an identifier shall not consist of the same sequence of characters
as a keyword.
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Semantics

An identifier denotes an object, a function, or one of the following entities that will be
described later: a tag or a member of a structure, union, or enumeration; a typedef name; a label
name; a macro name; or a macro parameter. A member of an enumeration is called an
enumeration constant. Macro names and macro parameters are not considered further here,
because prior to the semantic phase of program translation any occurrences of macro names in
the source file are replaced by the preprocessing token sequences that constitute their macro

definitions.

There is no specific limit on the maximum length of an identifier.

Implementation limits

The implementation shall treat at least the first 31 characters of an internal name (a macro
name or an identifier that does not have external linkage) as significant. Corresponding lowercase
and uppercase letters are different. The implementation may further restrict the significance of an

external name (a

distinctions of al

implementation-de

Any identifiers
differ in a nonsign

Forward referenc

6.1.2.1 Scopes d

An identifier i
scope. There are
prototype is a decl

A label name i
statement) anywhe

appearance (follow

Every other idd

or type specifier).
any block or list

identifier that has external linkage) to six characters and may ignote
habetical case for such names.'”> These limitations on identifiers aré all
fined.

that differ in a significant character are different identifiers. If twoidentifiers
ficant character, the behavior is undefined.

bs: linkages of identifiers (6.1.2.2), macro replacement (6.8.3).
f identifiers

L visible (i.e., can be used) only within a region, ‘'of program text called its
our kinds of scopes: function, file, block, and function prototype. (A function
hration of a function that declares the types of\its parameters.)

i the only kind of identifier that has function scope. It can be used (in a goto
e in the function in which it appears,.2nd is declared implicitly by its syntactic
ed by a : and a statement). Label, fiames shall be unique within a function.

ntifier has scope determined by the placement of its declaration (in a declarator
If the declarator or type specifier that declares the identifier appears outside of
f parameters, the identifier has file scope, which terminates at the end of the

translation unit. If the declarator or type specifier that declares the identifier appears inside a
block or within th¢ list of parameter-declarations in a function definition, the identifier has block
scope, which terrinates at the ¢} ‘that closes the associated block. If the declarator or type
specifier that decldres the identifier appears within the list of parameter declarations in a function
prototype (not pait of a function definition), the identifier has function prototype scope, which
terminates at the ¢nd of<the function declarator. If an outer declaration of a lexically identical
identifier exists i the'sdme name space, it is hidden until the current scope terminates, after
which it again becpmes visible.

Two identifiers have the same scope if and only if their scopes terminate at the same point.

Structure, union, and enumeration tags have scope that begins just after the appearance of the
tag in a type specifier that declares the tag. Each enumeration constant has scope that begins just
after the appearance of its defining enumerator in an enumerator list. Any other identifier has
scope that begins just after the completion of its declarator.

12 See ‘‘future language directions’ (6.9.1).
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Forward references: compound statement, or block (6.6.2), declarations (6.5), enumeration
specifiers (6.5.2.2), function calls (6.3.2.2), function declarators (including prototypes) (6.5.4.3),
function definitions (6.7.1), the goto statement (6.6.6.1), labeled statements (6.6.1), name spaces
of identifiers (6.1.2.3), scope of macro definitions (6.8.3.5), source file inclusion (6.8.2), tags

(6.5.2.3), type specifiers (6.5.2).
6.1.2.2 Linkages of identifiers

An identifier declared in different scopes or in the same scope more than once can be made to

refer to the same object or function by a process called linkage. There are thre
external, internal, and none.

e kinds of linkage:

In the set of translation units and libraries that constitutes an entire prograi
a particular identifier with external linkage denotes the same object or,fung

translation unit, each instance of an identifier with internal linkage denotes t
function. Identifiers with no linkage denote unique entities.

If the declaration of a file scope identifier for an object of)a-function co
class specifier static, the identifier has internal linkage.'3

If the declaration of an identifier for an object _or\a” function contains|
specifier extern, the identifier has the same linkage\as any visible declarati
If there is no visible declaration,‘with file scope, the iden

with file scope.
linkage.

If the declaration of an identifier for a_function has no storage-class spec
determined exactly as if it were declared with the storage-class specifier

declaration of an identifier for an objeetvhas file scope and no storage-class speq

external.

The following identifiers have no linkage: an identifier declared to be anyt

object or a function; an identifier declared to be a function parameter; a block
an object declared withoutthe storage-class specifier extern.

If, within a transldtion unit, the same identifier appears with both intg

linkage, the behayior is undefined.

Forward referénces: compound statement, or block (6.6.2), declarations (6.5)
external definitions (6.7).

6.1.2(3) Name spaces of identifiers

If more than one declaration of a particular identifier is visible at any po

unit, the syntactic context disambiguates uses that refer to different entitied.

separate name spaces for various categories of identifiers, as follows:
— label names (disambiguated by the syntax of the label declaration and use);

— the tags of structures. unions. and enumerations (disambiguated by follo

), each instance of
tion. Within one
he same object or

itains the storage-

the storage-class
n of the identifier
tifier has external

fier, its linkage is
extern. If the
ifier, its linkage is

hing other than an
cope identifier for

rmal and external

expressions (6.3),

nt in a translation
Thus, there are

wing any'* of the

keywords struct, union, or enum);

— the members of structures or unions; each structure or union has a separate
members (disambiguated by the type of the expression used to access the
or —> operator);

13 A function declaration can contain the storage-class specifier static only if it
6.5.1.

14 There is only one name space for tags even though three are possible.

Language

name space for its
member via the .

is at file scope; see
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— all other identifiers, called ordinary identifiers (declared in ordinary declarators or as
enumeration constants).

Forward references: enumeration specifiers (6.5.2.2), labeled statements (6.6.1), structure and

union specifiers (

6.5.2.1), structure and union members (6.3.2.3), tags (6.5.2.3).

6.1.2.4 Storage durations of objects

An object has a storage duration that determines its lifetime.

There are two storage

durations: static and automatic.

An object whose identifier is declared with external or internal linkage, or with the storage-
class specifier stfatic has static storage duration. For such an object, storage 1s reserved and
its stored value if initialized only once, prior to program startup. The object exists and retains its
last-stored value fhroughout the execution of the entire program.'

An object whpse identifier is declared with no linkage and without the storage-class specifier

static has aufomatic storage duration.

Storage is guaranteed to be reserved for a new

instance of such fn object on each normal entry into the block with which it is associated, or on

a

a

jump from outdide the block to

a labeled statement in the block or in an enclosed block.

a labeled staten osed I an

initialization is specified for the value stored in the object, it is performed on each nermal entry,
but not if the blpck is entered by a jump to a labeled statement. Storage for the object is no

longer guarantee
enclosed block s
suspends but doe
referred to an ob
is indeterminate.

to be reserved when execution of the block ends in any way.\(Entering an
spends but does not end execution of the enclosing block. Calling a function
not end execution of the block containing the call.) The~value of a pointer that
ect with automatic storage duration that is no longer guaranteed to be reserved

Forward references: compound statement, or block (6.6.2), funetion calls (6.3.2.2), initialization

(6.5.7).
6.1.2.5 Types

The meaning
type of the exprg
such expression;
into object types
incomplete types
sizes).

An object deq
character set. If
char object, its
object, the behd
nonnegative integ

of a value stored in an object or returned by a function is determined by the
ssion used to access it. (An identifier declared to be an object is the simplest
the type is specified in the declaration of the identifier.) Types are partitioned
(types that describe objectS),)function types (types that describe functions), and
(types that describe gbjects but lack information needed to determine their

lared as type chaup is large enough to store any member of the basic execution
A member of ¢he required source character set enumerated in 5.2.1 is stored in a
value is_guaranteed to be positive. If other quantities are stored in a char
vior is\implementation-defined: the values are treated as either signed or
ers.

There are four“signed integer types, designated as signed char, short int, int, and

long int. (The signed integer and other types may be designated in several additional ways, as
described in 6.5.2.)

An object declared as type signed char occupies the same amount of storage as a ‘‘plain’’

char object. A

“‘plain’” int object has the natural size suggested by the architecture of the

execution environment (large enough to contain any value in the range INT_MIN to INT MAX

as defined in the

header <1limits.h>). In the list of signed integer types above, the rar;:ge of

values of each type is a subrange of the values of the next type in the list.

15 In the case of a

22

volatile object, the last store may not be explicit in the program.
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For each of the signed integer types, there is a corresponding (but different) unsigned integer
type (designated with the keyword unsigned) that uses the same amount of storage (including
sign information) and has the same alignment requirements. The range of nonnegative values of

a signed integer type is a subrange of the corresponding unsigned inte
representation of the same value in each type is the same.'® A computation

ger type, and the
involving unsigned

operands can never overflow, because a result that cannot be represented by the resulting
unsigned integer type is reduced modulo the number that is one greater than the largest value that

can be represented by the resulting unsigned integer type.

There are three floating types, designated as £loat, double, and long

double. The set

of values of the type float is a subset of the set of values of the type double; the set of
values of the type double is a subset of the set of values of the type long-double.

The type char, the signed and unsigned integer types, and the floating ty
called the basic rypes. Even if the implementation defines two ormiore basi
same representation, they are nevertheless different types.

The three types char, signed char, and unsigned char are col
character types.

An enumeration comprises a set of named integer(Constant values. Each d
constitutes a different enumerated type.

The void type comprises an empty set of yalues; it is an incomplete ¢
completed.

Any number of derived types can_be constructed from the object, functi
types, as follows:

— An array type describes a contiguously allocated nonempty set of objec
member object type, called‘thé element type.!” Array types are characteriz
type and by the number-0f elements in the array. An array type is said to
element type, and if\its’element type is T, the array type is sometimes cg
The construction of| an array type from an element type is called ‘‘array tyy

which has-an optionally specified name and possibly distinct type.

A union-type describes an overlapping nonempty set of member objects, ed
optionally specified name and possibly distinct type.

A function type describes a function with specified return type. A
characterized by its return type and the number and types of its parameter
is said to be derived from its return type, and if its return type is T, t
sometimes called ‘‘function returning 7.”” The construction of a function
type is called ‘‘function type derivation.”’

A pointer type may be derived from a function type, an object type, or §

pes are collectively
types to have the

ectively called the

istinct enumeration

ype that cannot be

bn, and incomplete

s with a particular
ed by their element
be derived from its
lled ‘“‘array of 7.”
e derivation.”

A structure type describes a sequentially allocated nonempty set of member objects, each of

ch of which has an

function type is
s. A function type
he function type is
type from a return

in incomplete type,

called the referenced type.
reference to an entity of the referenced type. A pointer type derived from

A pointer type describes an object whose value provides a

the referenced type

T is sometimes called ‘‘pointer to T.”” The construction of a pointer type from a referenced

type is called ‘‘pointer type derivation.”’

16 The same representation and alignment requirements are meant to imply interchangeability as arguments

to functions, return values from functions, and members of unions.
17 Since object types do not include incomplete types, an array of incomplete type can

Language

not be constructed.
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These methods of constructing derived types can be applied recursively.

The type char, the signed and unsigned integer types, and the enumerated types are

collectively called

integral types. The representations of integral types shall define values by use

of a pure binary numeration system.'® The representations of floating types are unspecified.

Integral and floating types are collectively called arithmetic types. Arithmetic types and
pointer types are collectively called scalar types. Array and structure types are collectively called

aggregate types. 19

An array type of unknown size is an incomplete type. It is completed, for an identifier of that

type, by specifying

the size in a later declaration (with internal or external linkage). A structure

or union type of

completed, for all

defining content la

Array, functioh, and pointer types are collectively called derived declarator types.
declarator type de

by the application

A type is chai
derived type (as n

consists of no deri

unknown content (as described in 6.5.2.3) is an incomplete type. It is
declarations of that type, by declaring the same structure or union tag with its
er in the same scope.

A
Fivation from a type T is the construction of a derived declarator type from(%
bf an array-type, a function-type, or a pointer-type derivation to 7.

acterized by its type category, which is either the outermost derivation”of a
bted above in the construction of derived types), or the type itself \if the type
ed types.

far mentioned is an unqualified type. Each unqualified“-type has three
lified versions of its type:® a const-qualified version,ya volatile-qualified
ion having both qualifications. The qualified or unqualified versions of a type
that belong to the same type category and have, the)same representation and
nents.!® A derived type is not qualified by the qualifiers (if any) of the type
rived.

Any type so
corresponding qud
version, and a very
are distinct types
alignment requirer
from which it is dd

A pointer to véid shall have the same representation andialignment requirements as a pointer
to a character typ¢. Similarly, pointers to qualified or unqualified versions of compatible types
shall have the samg representation and alignment requirements.'® Pointers to other types need not
have the same repfesentation or alignment requirements.

Examples
1. The type designated as ‘‘float *’ has type ‘‘pointer to £loat.”” Its type category is
pointer, not| a floating type. The const-qualified version of this type is designated as
“float * fonst’’ whereasthe‘type designated as ‘‘const float *’’ is not a qualified
type — its type is ‘‘pointerito.-const-qualified £loat’’ and is a pointer to a qualified type.
2. The type depignated as.<struct tag (*[5]) (float)’’ has type ‘‘array of pointer to

function retyrning stract tag.”’ The array has length five and the function has a single
parameter of typé £loat. Its type category is array.

Forward referendes: .1.3.4), compatible type and composite type (6.1.2.6),
declarations (6.5), tags (6.5.2.3), type qualifiers (6.5.3).

18 A positional representation for integers that uses the binary digits O and 1, in which the values
represented by successive bits are additive, begin with 1, and are multiplied by successive integral
powers of 2, except perhaps the bit with the highest position. (Adapted from the American National
Dictionary for Information Processing Systems.)

19 Note that aggregate type does not include union type because an object with union type can only contain
one member at a time.

20 See 6.5.3 regarding qualified array and function types.
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6.1.2.6 Compatible type and composite type

Two types have compatible type if their types are the same. Additional rules for determining
whether two types are compatible are described in 6.5.2 for type specifiers, in 6.5.3 for type
qualifiers, and in 6.5.4 for declarators.?! Moreover, two structure, union, or enumeration types
declared in separate translation units are compatible if they have the same number of members,
the same member names, and compatible member types; for two structures, the members shall be
in the same order; for two structures or unions, the bit-fields shall have the same widths; for two
enumerations, the members shall have the same values.

Al S DL P, R, Y WU R cama Alian e Frrem ad:aaa cha ava Aot a wr .
All declarations that refer to the same object or function shall have compatible type;

otherwise, the behavior 1s undefined.
A COMpDOSi ito fump ran ho ~ranatriintad fram twn tunac that ara camnatihda: [t 1c a tune that i1g
[J(I.HLC l_y[lt Ldall UL LuliduuLivu 11ulil ww LYpPuS tiatl aiv VULLIPAUvIc, LIS Q@ yypv il 1o

compatible with both of the two types and satisfies the following conditions:

— If only one type is a function type with a parameter type-list (a functipn prototype), the
composite type is a function prototype with the paramefer-type list.

— If both types are function types with parameter type, lists, the type of each parameter in the
composite parameter type list is the composite type of the corresponding pafameters.

These rules apply recursively to the types from which the two types are derfved.

For an 1dent1ﬁer w1th extemal or mtemal linkage declared in the same|scope as another

£ 1. h 1N tha
1 itifier oecomes tne CG“ﬁp"Site tyye.

declaration
Example
Given the following two file'scope declarations:

int £(int (*):(), double (*)[3]);
int f£(int (%) (char *), double (*)I[]):

The resulting composite type for the function is:
int £(int (*) (char *), double (*)[3]);

Forward, references: declarators (6.5.4), enumeration specifiers (6.5.2.2), sfructure and union
specifiefs(6.5.2.1), type definitions (6.5.6), type qualifiers (6.5.3), type specifiets (6.5.2).

6.1.3 Constants

Syntax
constant:
floating-constant
integer-constant
crnnmmcr ul‘l’(/ll Luuotuut
character-constant
Constraints

The value of a constant shall be in the range of representable values for its type.

21 Two types need not be identical to be compatible.
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Semantics

Each constant has a type, determined by its form and value, as detailed later.
6.1.3.1 Floating constants
Syntax

floating-constant:
fractional-constant exponent-part floating-suffix

.. ) opt
digit-sequence exponent-part floating-suffix

opt
fractiongl-constant:

digit-sequenceot . digit-sequence
digit-sequence

exponent-part:
e signo ; digit-sequence
E szgnop, digit-sequence

sign: orle of
+ -

digit-sequence:

digit
digit-sequence digit
floating-kuffix: one of

£f 1 F L

Description

A floating cdnstant has a significand part that may be followed by an exponent part and a
suffix that specifies its type. The components of the significand part may include a digit
sequence representing the whole-number part, followed\by a period (.), followed by a digit
sequence representing the fraction part. The components of the exponent part are an e or E
followed by an g¢xponent consisting of an optienally signed digit sequence. Either the whole-
number part or the fraction part shall be present; either the period or the exponent part shall be
present.

Semantics

The significahd part is interpreted’ as a decimal rational number; the digit sequence in the
exponent part is|interpreted as‘a_decimal integer. The exponent indicates the power of 10 by
which the significand part is)to be scaled. If the scaled value is in the range of representable
values (for its type) the fesult is either the nearest representable value, or the larger or smaller
representable vaJue jmimediately adjacent to the nearest representable value, chosen in an
implementation-defiied“manner.

float. If suffixed by the letter 1 or L, it has type long double.
6.1.3.2 Integer constants
Syntax

integer-constant:
decimal-constant integer-suﬁ‘ixo .
octal-constant integer-sufﬁxo
hexadecimal-constant integer-suﬁ‘ixop y
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decimal-constant:
nonzero-digit
decimal-constant digit

octal-constant:
0
octal-constant octal-digit

hexadecimal-constant:
O0x hexadecimal-digit
0X hexadecimal-digit

hexadecimal-constant hexadecimal-digit

nonzero-digit: one of
1 2 3 4 5 6 7 8 9

octal-digit: one of
01 2 3 4 5 6 7

hexadecimal-digit: one of

0 1 2 3 4 5 6 7 8-'9
a b c¢c d e £
A B C D E F

integer-suffix:
unsigned-suffix long-sujﬁxo .

long-suffix unsigned~suﬂix0pr

unsigned-suffix: one of
u U

long-suffix: one of
l L

Description

An integer.constant begins with a digit, but has no period or exponent part. It may have a

prefix that spécifies its base and a suffix that specifies its type.

A degimal constant begins with a nonzero digit and consists of a sequenc

b of decimal digits.

An octal constant consists of the prefix 0 optionally followed by a sequence of the digits 0
through 7 only. A hexadecimal constant consists of the prefix Ox or 0X follqwed by a sequence

of. the decimal digits and the letters a (or A) through £ (or F) with val
respectively.

Semantics

pes 10 through 15

The value of a decimal constant is computed base 10; that of an octal constant, base 8; that of

a2 hexadecimal constant, base 16 The |pvir*a||y first digit is the most c}gn&ﬁr‘qr t.

The type of an integer constant is the first of the corresponding list in which its value can be

represented. Unsuffixed decimal: int, long int, unsigned long int;

unsuffixed octal or

hexadecimal: int, unsigned int, long int, unsigned long int; suffixed by the letter

u or U: unsigned int, unsigned long int; suffixed by the letter 1

or L: long int,

unsigned long int; suffixed by both the letters u or U and 1 or L: unsigned long int.

Language
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enumeration-constant:
identifier

Semantics

An identifier declared as an enumeration constant has type int.

6.1.34 Charactler constants
Syntax

characterfconstant:
c-char-sequence’
L’ c-char-sequence’

c-char-sefjuence:
¢-char
¢-char-sequence c-char

c-char:
4ny member of the source character set except

the single-quote ’, backslash \, or new-line charaeter
gscape-sequence

escape-sdquence:
fimple-escape-sequence
ctal-escape-sequence
wexadecimal-escape-sequence

simple-espape-sequence: one of
VAT N2\
\a \b \f \n \r A\t’ \v

octal-esc@ipe-sequence:

\ octal-digit

\ octal-digit octal>digit

\ octal-digit actal<digit octal-digit

hexadecifal-escapessequence:
\x hexadecimal-digit
hexadecimal-escape-sequence hexadecimal-digit

Description

An integer character constant is a sequence of one or more multibyte characters enclosed in
single-quotes, as in “x’ or “ab’. A wide character constant is the same, except prefixed by the
letter L. With a few exceptions detailed later, the elements of the sequence are any members of
the source character set; they are mapped in an implementation-defined manner to members of the
execution character set.

The single-quote ', the double-quote ", the question-mark ?, the backslash \, and arbitrary
integral values, are representable according to the following table of escape sequences:
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single-quote ' \’
double-quote " \"
question-mark ? \?
backslash \ \\

octal integer
hexadecimal integer

\octal digits
\xhexadecimal digits

The double-quote " and question-mark ? are representable either by themselves or by the
escape sequences \" and \?, respectively, but the single-quote ’ and the backslash \ shall be

represented, respectively, by the escape sequences \’ and \\.

The octal digits that follow the backslash in an octal escape sequence are
the construction of a single character for an integer character constant’)or
character for a wide character constant. The numerical value of thé\ octal
specifies the value of the desired character or wide character.

The hexadecimal digits that follow the backslash and thegtter x in a h
sequence are taken to be part of the construction of a single, character for ai
constant or of a single wide character for a wide charactet/constant. The num
hexadecimal integer so formed specifies the value of thedesired character or wi

Each octal or hexadecimal escape sequence is\ the longest sequence of d
constitute the escape sequence.

In addition, certain nongraphic characters,are representable by escape sequq
the backslash \ followed by a lowercaselJetter: \a, \b, \ £, \n, \r, \t, and
escape sequence is encountered, the behavior is undefined.?®

Constraints

The value of an octal or_hexadecimal escape sequence shall be in the rang
values for the type unsigned char for an integer character constant, or
corresponding to wchar.\t for a wide character constant.

Semantics

An integerscharacter constant has type int. The value of an integer
containing a single character that maps into a member of the basic execution
numericalivdlue of the representation of the mapped character interpreted a
value('of*an integer character constant containing more than one charactes
charagter or escape sequence not represented in the basic execution
implementation-defined. If an integer character constant contains a single c
sequence, its value is the one that results when an object with type char whg
the single character or escape sequence is converted to type int.

A wide character constant has type wchar_t, an integral type defined in

aken to be part of
of a single wide
integer so formed

pxadecimal escape
1 integer character
erical value of the
de character.

haracters that can

nces consisting of
\v.22 If any other

e of representable
the unsigned type

character constant
haracter set is the
5 an integer. The
, Or containing a
character set, is
haracter or escape
se value is that of

the <stddef.h>

header. The value of a wide character constant containing a single multibyte g

haracter that maps

into a member of the extended execution character set is the wide character (code) corresponding
to that multibyte character, as defined by the mbtowc function, with an implementation-defined

current locale.

The value of a wide character constant containing more than one multibyte

character, or containing a multibyte character or escape sequence not represented in the extended

execution character set, is implementation-defined.

22 The semantics of these characters were discussed in 5.2.2.
23 See ‘‘future language directions’” (6.9.2).
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Examples

1. The construction ' \0’ is commonly used to represent the null character.

2. Consider implementations that use two’s-complement representation for integers and eight
bits for objects that have type char. In an implementation in which type char has the

same range of values as signed char, the integer character constant ' \XxFF’ has the
value —1; if type char has the same range of values as unsigned char, the character
constant / \xFF’ has the value +255 .

3. Even if elght bits are used for objects that have type char, the construction ’ \x123’
specifies an—integer—eharaete RtaHHHAE—OR pe—ch : h
single-character mteger character constant is 1mplemen1at10n deﬁned and vxolates the above
constraint.)] To specify an integer character constant containing the two characters whose
values are 0x12 and ’ 3’, the construction ' \0223’ may be used, since a hexadecimal
escape seqlience is terminated only by a nonhexadecimal character. (The value of this
two-characfer integer character constant is implementation-defined also.)

4. Even if 12| or more bits are used for objects that have type wchar_ t, the construction
L’ \1234/| specifies the implementation-defined value that results from the combination of
the values P123 and " 4"'.

Forward referepces: characters and integers (6.2.1.1) common definition§ <stddef.h>
(7.1.6), the mbtgwe function (7.10.7.2).

6.1.4 String literals
Syntax

string-literal:
"s-char-sequenceo t"

L"s-char-sequence "
opt

s-char-s¢quence:
s-char
s-char-sequence s-char

s-char:
any member of the source.character set except
the double-quote ", backslash \, or new-line character
escape-sequence
Description

A character ptring lit€ralis a sequence of zero or more multibyte characters enclosed in
double-quotes, af in "xyz". A wide string literal is the same, except prefixed by the letter L.

The same comsidérations apply to each element of the sequence in a character string literal or
a wide string litLﬂWwﬁmWhammmrrwﬁW

except that the single-quote ’ is representable either by itself or by the escape sequence \’, but
the double-quote " shall be represented by the escape sequence \".

Semantics

In translation phase 6, the multibyte character sequences specified by any sequence of
adjacent character string literal tokens, or adjacent wide string literal tokens, are concatenated into
a single multibyte character sequence. If a character string literal token is adjacent to a wide
string literal token, the behavior is undefined.
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In translation phase 7, a byte or code of value zero is appended to each multibyte character
sequence that results from a string literal or literals.?* The multibyte character sequence is then
used to initialize an array of static storage duration and length just sufficient to contain the

sequence. For character string literals, the array elements have type char,

and are initialized

with the individual bytes of the multibyte character sequence; for wide string literals, the array
elements have type wchar t, and are initialized with the sequence of wide characters

corresponding to the multibyte character sequence.

Identical string literals of either form need not be distinct. If the program
a string literal of either form, the behavior is undefined.

Example
This pair of adjacent character string literals

n\x12 " n3n

attempts to modify

produces a single character string literal containing the two characters whose values are \x12

and ’ 3’, because escape sequences are converted into single members of the
set just prior to adjacent string literal concatenation.

Forward references: common definitions <stdde£(. h> (7.1.6).

6.1.5 Operators

Syntax
operator: one of

[ 1 ) .53
++ -- & *+ - ~ ! sizeof
/ % << ¥ < > <= >= == I= + |
? .
= *= - = = -—= <<= >>= &= A= |
P AN £

Constraints

The operators’[ 1, ( ), and ? : shall occur in pairs, possibly separated b

operators # and ## shall occur in macro-defining preprocessing directives only.

Semantics

Afl operator specifies an operation to be performed (an evaluation) that
yields a designator, or produces a side effect, or a combination thereof. An
on which an operator acts.

Forward references: expressions (6.3), macro replacement (6.8.3).

execution character

y expressions. The

yields a value, or
perand is an entity

24 A character string literal need not be a string (see 7.1.1), because a null character may be embedded in it

by a \0 escape sequence.
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6.1.6 Punctuators
Syntax

punctuator: one of
L1 )Y (Vv * , = ; ... #
Constraints
The punctuators [ 1, ( ), and { } shall occur (after translation phase 4) in pairs, possibly

separated by expressions, declarations, or statements. The punctuator # shall occur in
preprocessing directives only.

Semantics

A punctuator is a symbol that has independent syntactic and semantic significance but does
not specify an opgration to be performed that yields a value. Depending on context, the same
symbol may also rgpresent an operator or part of an operator.

Forward referenfes: expressions (6.3), declarations (6.5), preprocessing directives (6.8);
statements (6.6).

6.1.7 Header pnames
Syntax

header-name:
dh-char-sequence>
"g-char-sequence"

h-char-sequence:
H-char
H-char-sequence h-char

h-char:
any member of the source character set except
the new-line character and >

q-char-sequence:
q-char
q-char-sequence q-char

q-char:
dny member of the Source character set except
thediew-line character and "

Constraints

Header name |préprocessing tokens shall only appear within a #include preprocessing
directive.

Semantics

The sequences in both forms of header names are mapped in an implementation-defined
manner to headers or external source file names as specified in 6.8.2.

If the characters ’, \, ", or /* occur in the sequence between the < and > delimiters, the
behavior is undefined. Similarly, if the characters ’, \, or /* occur in the sequence between the
v delimiters, the behavior is undefined.?

25 Thus, sequences of characters that resemble escape sequences cause undefined behavior.
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Example

The following sequence of characters:

nv‘l(l/a h>la2

vaosS KR.aaTae

#include <1/a.h>
#define const.member@$

forms the following sequence of preprocessing tokens (with each individual preprocessing token

delimited by a { on the left and a } on the right).

{0x3H{<HLH/HaK . HhH>H1e2}

{#}{include} {<1/a.h>}
{#}{define} {const}{. H{member}{@}{$}

Forward references: source file inclusion (6.8.2).

pp-number:
digit
. digit
pp-number digit
pp-number nondigit
pp-number e sign
pp-number E sign
pp-number

Description

A preprocessing number begins with a digit optionally preceded by a perig
followed by letters, underscores, digits, periods, and e+, e-, E+, or E- charact

d (.) and may be
er sequences.

Preprocessing nurfiber tokens lexically include all floating and integer constpant tokens.

Semantics

A preprocessing number does not have type or a value; it acquires both|
conversion, (as part of translation phase 7) to a floating constant token or :
token_

6.1:9 Comments

Except within a character constant, a string literal, or a comment, the char:
a comment. The contents of a comment are examined only to identify multi
to find the characters */ that terminate it.¢

after a successful
n integer constant

cters /* introduce
byte characters and

26 Thus, comments do not nest.
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Conversions

Several operators convert operand values from one type to another automatically. This
subclause specifies the result required from such an implicit conversion, as well as those that

result from a cast operation (an explicit conversion).

The list in 6.2.1.5 summarizes the

conversions performed by most ordinary operators; it is supplemented as required by the
discussion of each operator in 6.3.

Conversion o
representation.

Forward refere
6.2.1 Arithm
6.2.1.1 Chara

A char, a

enumeration type

used. If an int

otherwise, it is d

All other arithme

The integral
“‘plain’’ char is

f an operand value to a compatible type causes no change to the value or the

tic operands

ters and integers

hort int, or an int bit-field, or their signed or unsigned varieties, or an
, may be used in an expression wherever an int or unsigned int may.be
can represent all values of the original type, the value is converted to an _int;
onverted to an unsigned int. These are called the integral promafions.*’
ic types are unchanged by the integral promotions.

promotions preserve value including sign. As discussed earlier, whether a

treated as signed is implementation-defined.

Forward refererjces: enumeration specifiers (6.5.2.2), structure and union, specifiers (6.5.2.1).

6.2.1.2 Signed

When a valu
represented by th|

When a signg
value of the sigy
integer has greatq
the unsigned int
largest number th

When a valy

and unsigned integers

with integral type is converted to another integral type, if the value can be
new type, its value is unchanged.

3
7
h
9

d integer is converted to an unsigned integer with equal or greater size, if the
led integer is nonnegative, its value i$ ‘unchanged. Otherwise: if the unsigned
r size, the signed integer is first promoted to the signed integer corresponding to
pger; the value is converted to\unsigned by adding to it one greater than the
at can be represented in the unsigned integer type.?®

b
C

with integral type is demoted to an unsigned integer with smaller size, the

result is the nofnegative remainder_on ‘division by the number one greater than the largest

unsigned numbe
integral type is d
to
implementation-d

its correspopding signed\integer,

that can be represented in the type with smaller size. When a value with
emoted to a signed-integer with smaller size, or an unsigned integer is converted

if the value cannot be represented the result is
efined.

27 The integral promotions are applied only as part of the usual arithmetic conversions, to certain argument

expressions, to
operators, as sp

the operands of the unary +, —, and ~ operators, and to both operands of the shift
ecified by their respective subclauses.

28 In a two’s-complement representation, there is no actual change in the bit pattern except filling the

high-order bits

34

with copies of the sign bit if the unsigned integer has greater size.
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6.2.1.3 Floating and integral

When a value of floating type is converted to integral type, the fractional part is discarded. If
the value of the integral part cannot be represented by the integral type, the behavior is
undefined.”

When a value of integral type is converted to floating type, if the value being converted is in
the range of values that can be represented but cannot be represented exactly, the result is either
the nearest higher or nearest lower value, chosen in an implementation-defined manner.

6.2.1.4 Floating types

When a £loat is promoied (0 double or long double, or a double is promoted to
long double, its value is unchanged.

When a double is demoted to £loat or a long double to.double or float, if the
value being converted is outside the range of values that can be-Tepresent¢d, the behavior is
undefined. If the value being converted is in the range of yalires that can |be represented but
cannot be represented exactly, the result is either the nearest’ higher or n¢arest lower value,
chosen in an implementation-defined manner.

6.2.1.5 Usual arithmetic conversions

Many binary operators that expect operands,of.drithmetic type cause cofversions and yield
result types in a similar way. The purpose is tQ)yield a common type, which| is also the type of
the result. This pattern is called the usual atithmetic conversions:

First, if either operand has type_1ong double, the other operand is fonverted to long
double.

Otherwise, if either operand/has type double, the other operand is conyerted to double.
Otherwise, if either opérand has type £loat, the other operand is converted to £1loat.

Otherwise, the integral promotions are performed on both operands. [Then the following
rules are applied:

If either operand has type unsigned long int, the other operpnd is converted to
unsigned long int.

Otherwise, if one operand has type long int and the other hgs type unsigned
int, if a long int can represent all values of an unsigned int, the operand of
type unsigned int is converted to long int; if a long it cannot represent
all the values of an unsigned int, both operands are convefted to unsigned
long int.

Otherwise, if either operand has type long int, the other operpnd is converted to
long int.

Otherwise. if either npemnd has type 11nsj_g_n_ed_i_nj;,_t_h_ﬁ other operand I

converted to unsigned int.
Otherwise, both operands have type int.

The values of floating operands and of the results of floating expressions may be represented
in greater precision and range than that required by the type; the types are not changed thereby.*°

29 The remaindering operation performed when a value of integral type is converted to unsigned type need
not be performed when a value of floating type is converted to unsigned type. Thus, the range of
portable floating values is (—1,Utype_ MAX+1).

30 The cast and assignment operators still must perform their specified conversions, as described in 6.2.1.3
and 6.2.1.4.
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6.2.2 Other operands

6.2.2.1 Lvalues

An Ivalue is a

and function designators

n expression (with an object type or an incomplete type other than void) that

designates an object.’’ When an object is said to have a particular type, the type is specified by

the lvalue used to

designate the object. A modifiable lvalue is an lvalue that does not have array

type, does not have an incomplete type, does not have a const-qualified type, and if it is a
structure or union, does not have any member (including, recursively, any member of all
contained structures or unions) with a const-qualified type.

Except when
the —- operator,

longer an lvalue).
type of the lvalue;
type and does not

Except when
character string lit

to initialize an arrg
is conve
element of the arrg

LX}

of type

A function des
of the sizeof O

returning type’’ is

Forward refereng
common definitior

operators (6.3.2.4
(6.3.3.4), structure

6.2.2.2 void

The (nonexiste
used in any way,
such an expressid

i:lle_th_Q.p' erand of the sizeof operator, the unary & operator, the ++ operator,
r the left operand of the . operator or an assignment operator, an lvalue that

does not have arr

hy type is converted to the value stored in the designated object (and is no
If the Ivalue has qualified type, the value has the unqualified version of the
otherwise, the value has the type of the lvalue. If the lvalue has an incomplete
have array type, the behavior is undefined.

t is the operand of the sizeof operator or the unary & operator, or(is a
bral used to initialize an array of character type, or is a wide string literal used
y with element type compatible with wchar_t, an lvalue that has type *‘array
rted to an expression that has type ‘‘pointer to type’’ that points“to the initial
y object and is not an lvalue.

jgnator is an expression that has function type. Except whén it is the operand
perator’> or the unary & operator, a function designator.with type ‘‘function
converted to an expression that has type ‘‘pointer to.function returning type.”’

es: address and indirection operators (6.3.3.2), assignment operators (6.3.16),
s <stddef.h> (7.1.6), initialization (6.5.7);(postfix increment and decrement
, prefix increment and decrement operators (6.3.3.1), the sizeof operator
and union members (6.3.2.3).

nt) value of a void expression fam expression that has type void) shall not be
and implicit or explicit conversions (except to void) shall not be applied to
n. If an expression of.any other type occurs in a context where a void

expression is required, its value or designator is discarded. (A void expression is evaluated for

its side effects.)
6.2.2.3 Pointer;

A pointer to
A pointer to any

oid may-beé converted to or from a pointer to any incomplete or object type.
incomplete” or object type may be converted to a pointer to void and back

again; the result shall dompare equal to the original pointer.

For any qualift

er g _a pointer to a non-g-qualified type may be converted to a pointer to the

g-qualified version of the type; the values stored in the original and converted pointers shall

compare equal.

31 The name ‘‘lvalue’’ comes originally from the assignment expression E1 = E2, in which the left

operand E1 must be a (modifiable) lvalue. It is perhaps better considered as representing an object
““locator value.”” What is sometimes called ‘‘rvalue’’ is in this International Standard described as the
“‘value of an expression.”’

An obvious example of an Ivalue is an identifier of an object. As a further example, if E is a unary
expression that is a pointer to an object, *E is an lvalue that designates the object to which E points.

32 Because this conversion does not occur, the operand of the sizeof operator remains a function
designator and violates the constraint in 6.3.3.4.
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An integral constant expression with the value O, or such an expression cast to type void *,
is called a null pointer constant.*® 1If a null pointer constant is assigned to or compared for
equality to a pointer, the constant is converted to a pointer of that type. Such a pointer, called a
null pointer, is guaranteed to compare unequal to a pointer to any object or function.

Two null pointers, converted through possibly different sequences of casts to pointer types,
shall compare equal.

Forward references: cast operators (6.3.4), equality operators (6.3.9), simple assignment
(6.3.16.1).

33 The macro NULL is defined in <stdde£f.h> as a null pointer constant; see 7.1.6.
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6.3 Expressions

An expression is a sequence of operators and operands that specifies computation of a value,
or that designates an object or a function, or that generates side effects, or that performs a
combination thereof.

Between the previous and next sequence point an object shall have its stored value modified

at most once by

the evaluation of an expression. Furthermore, the prior value shall be accessed

only to determine the value to be stored.*

Except as indica

(), &&, 11, ?:,
in which side eff

Some operat
collectively desc
operators return
implementation-d

If an excepti
mathematically d
undefined.

An object sh:
types:*
— the declared t
a qualified vo
a type that is

a type that is
type of the ol

an aggregate
(including, re

a character ty

or otherwise specified later (for the function-call operator

rs (the unary operator ~, and the binary operators <<, >>, &, #*, and |,
ibed as bitwise operators) shall have operands that have integral type. These
values that depend on the internal representations of integers, and thus haye
efined aspects for signed types.

bn occurs during the evaluation of an expression (that is, if the resuly is” not
efined or not in the range of representable values for its type), the-behavior is

11 have its stored value accessed only by an lvalue that has oneof the following

ype of the object,
rsion of the declared type of the object,
the signed or unsigned type corresponding to.the_declared type of the object,

the signed or unsigned type corresponding.to a qualified version of the declared
hject,

or union type that includes one of. the aforementioned types among its members
cursively, a member of a subaggiegate or contained union), or

pe.

34 This paragraph

i

while allowing

renders undéfined statement expressions such as

++i #TT

i

i+ 1;

35 The syntax specifies the precedence of operators in the evaluation of an expression, which is the same as
the order of the major subclauses of this subclause, highest precedence first. Thus, for example, the
expressions allowed as the operands of the binary + operator (6.3.6) shall be those expressions defined in
6.3.1 through 6.3.6. The exceptions are cast expressions (6.3.4) as operands of unary operators (6.3.3),
and an operand contained between any of the following pairs of operators: grouping parentheses ()

(6.3.1), subscri
operator ?: (6.

pting brackets [] (6.3.2.1), function-call parentheses () (6.3.2.2), and the conditional
3.15).

Within each major subclause, the operators have the same precedence. Left- or right-associativity is
indicated in each subclause by the syntax for the expressions discussed therein.

36 The intent of this list is to specify those circumstances in which an object may or may not be aliased.
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6.3.1 Primary expressions

Syntax
primary-expression:
identifier
constant
string-literal
( expression )
Semantics

An identifier is a primary expression, provided it has been declared asde]
(in which case it is an Ivalue) or a function (in which case it is a function desi

A constant is a primary expression. Its type depends on its form ‘and v
6.1.3.

A string literal is a primary expression. It is an Ivalue with-type as detaile

A parenthesized expression is a primary expression. Its type and value ar
of the unparenthesized expression. It is an lvalue, a function designator, or 3
the unparenthesized expression is, respectively, dmylvalue, a function des
expression.

Forward references: declarations (6.5).
6.3.2 Postfix operators
Syntax

postfix-expression:
primary-expression
postfix-expression
postfix-expression

[ expression ]

( argument—expression-listopt

)

pOstfix-expression identifier
postfix-expression —=> identifier
postfix-expression ++

postfix-expression

argument-expression-list:
assignment-expression
argument-expression-list , assignment-expression

6.3.2.1 Array subscripting
Constraints

One of the expressions shall have type ‘‘pointer to object type,”’ the oth

Kignating an object
bnator).

lue, as detailed in

| in 6.1.4.

e identical to those
void expression if
gnator, or a void

er expression shall

have integral type, and the result has type "“fype.
Semantics

A postfix expression followed by an expression in square brackets [

1 is a subscripted

designation of an element of an array object. The definition of the subscript operator [] is that
E1[E2] is identical to (* (E1+(E2))). Because of the conversion rules that apply to the
binary + operator, if E1 is an array object (equivalently, a pointer to the initial element of an
array object) and E2 is an integer, E1 [E2] designates the E2-th element of E1 (counting from
ZET0).

Successive subscript operators designate an element of a multidimensional array object. If E
is an n-dimensional array (n>2) with dimensions iXjx ... Xk, then E (used as other than an
lvalue) is converted to a pointer to an (n—1)-dimensional array with dimensions jXx ... xk. If the
unary * operator is applied to this pointer explicitly, or implicitly as a result of subscripting, the
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result is the pointed-to (n— 1)-dimensional array, which itself is converted into a pointer if used as
other than an Ivalue. It follows from this that arrays are stored in row-major order (last subscript

varies fastest).

Example

Consider the array object defined by the declaration

int x[3][5];

Here x is a 3X5 array of ints; more precisely, x is an array of three element objects, each of

which is an array

of five ints. In the expression x[i], which is equivalent to (* (x+(i))),

x is first converted to a pointer to the initial array of five ints. Then i is adjusted according to
the type of x, which conceptually entails multiplying i by the size of the object to which the
pointer points, nafnely an array of five int objects. The results are added and indirection is
applied to yield an array of five ints. When used in the expression x[i] [J], that in turn is
converted to a pointer to the first of the ints, so x[i] [j] yields an int.

Forward referenc
declarators (6.5.4.3

€s:

).

additive operators (6.3.6), address and indirection operators (6.3.3.2), array

6.3.2.2 Function calls

Constraints

The expression
void or returning|

If the expressi
number of argumg
type such that its

that denotes the called function®” shall have type pointer €0 function returning
an object type other than an array type.

on that denotes the called function has a type thatlincludes a prototype, the
nts shall agree with the number of parameters. “Each argument shall have a
value may be assigned to an object with the unqualified version of the type of

its corresponding parameter.

Semantics

A postfix exp
separated list of
function. The list

If the express

ression followed by parenthesesy () containing a possibly empty, comma-
expressions is a function calhl-The postfix expression denotes the called
of expressions specifies the-arguments to the function.

on that precedes the parenthesized argument list in a function call consists

solely of an identifier, and if no declaration is visible for this identifier, the identifier is implicitly

declared exactly a
extern
appeared.®

An argument 1
the arguments ar

if, in the innermest.block containing the function call, the declaration

int identifier\() ;

hay bé an expression of any object type. In preparing for the call to a function,

évaluated, and each parameter is assigned the value of the corresponding
in 6-6-6-4

argument.39 The

37 Most often, this 1

1 £ el £ £1 1 3 3 ifad
araCOT e THNIC O CarT CAPTOSSTOT 15— SprmUaTT O 070+ s

is the result of converting an identifier that is a function designator.

38 That is, an identifier with block scope declared to have external linkage with type function without
parameter information and returning an int. If in fact it is not defined as having type ‘‘function

returning int,”’
39 A function may

the behavior is undefined.
change the values of its parameters, but these changes cannot affect the values of the

arguments. On the other hand, it is possible to pass a pointer to an object, and the function may change

the value of the

object pointed to. A parameter declared to have array or function type is converted to a

parameter with a pointer type as described in 6.7.1.

40
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If the expression that denotes the called function has a type that does not include a prototype,
the integral promotions are performed on each argument and arguments that have type £loat are

promoted to double. These are called the default argument promotions.
arguments does not agree with the number of parameters, the behavior is
function is defined with a type that does not include a prototype, and the type

If the number of

1o 1 ) FoRVS N
unacnnea. i1 ue
s of the arguments

after promotion are not compatible with those of the parameters after promotion, the behavior is
undefined. If the function is defined with a type that includes a prototype, and the types of the

arguments after promotion are not compatible with the types of the parameters,
ends with an ellipsis (, . ..), the behavior is undefined.

or if the prototype

Hf—the—expression tirar denotestheTatted—furnction as—atype tiratinctud
arguments are implicitly converted, as if by assignment, to the types—of
parameters. The ellipsis notation in a function prototype declaratot/caus
conversion to stop after the last declared parameter. The default argume
performed on trailing arguments. If the function is defined with(a)type that

with the type (of the expression) pointed to by the expression that-denotes the ¢

behavior is undefined.

No other conversions are performed implicitly; in\particular, the num

arguments are not compared with those of the parameters in a function defin
include a function prototype declarator.

The order of evaluation of the function designator, the arguments, and sub
the arguments is unspecified, but there is a¢seéquence point before the actual call.

Recursive function calls shall be pérmitted, both directly and indirectly thr
other functions.

Example
In the function call
(*p£[£1() 1)

the functions £1,(£2, £3, and £4 may be called in any order.
completed before the function pointed to by p£[£1 () ] is entered.

(£2(), £3() + £4(0))

All sid

Forward references: function declarators (including prototypes) (6.5.4.3), f
(6.7.1),¢heé  return statement (6.6.6.4), simple assignment (6.3.16.1).

6.3:2.3" Structure and union members
Constraints

The first operand of the . operator shall have a qualified or unqualified
type, and the second operand shall name a member of that type.

a prototype, the
the corresponding
Ps argument type
it promotions are
is not compatible
alled function, the

ber and types of
tion that does not

expressions within

pugh any chain of

e effects shall be

hinction definitions

structure or union

The first operand of the -> operator shall have type ‘‘pointer to quali‘ied or unqualified

structure’” or - pointer to qualified or unqualified union,” and the second operand shall name a

member of the type pointed to.

Semantics

A postfix expression followed by a dot . and an identifier designates a member of a structure
or union object. The value is that of the named member, and is an lvalue if the first expression
is an lvalue. If the first expression has qualified type, the result has the so-qualified version of

the type of the designated member.
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A postfix expression followed by an arrow -> and an identifier designates a member of a
structure or union object. The value is that of the named member of the object to which the first
expression points, and is an Ivalue.** If the first expression is a pointer to a qualified type, the
result has the so-qualified version of the type of the designated member.

With one exception, if a member of a union object is accessed after a value has been stored in
a different member of the object, the behavior is implementation—deﬁned.41 One special
guarantee is made in order to simplify the use of unions: If a union contains several structures
that share a common initial sequence (see below), and if the union object currently contains one
of these structures, it is permitted to inspect the common initial part of any of them. Two

oty ] £ 0 M M
structures share areommon—initint-seqrence—f-corresponding—embers—have-compatible-bypes—(and;

for bit-fields, the pame widths) for a sequence of one or more initial members.
Examples

1. If £ is a fgnction returning a structure or union, and x is a member of that structure or
union, £ ()[.x is a valid postfix expression but is not an Ivalue.

2. The following is a valid fragment:

union {
struct {
int alltypes;
} n;
struct {
int type:
int intnode;
} ni;
struct {
int type;
double doublenode;
} nf;
} ou;

u.nf.type = 1;
u.nf.doublenode."=-3.14;
/*...%/
if (u.n.alltypes == 1)
/*.( 3%/ sin(u.nf.doublenode) /*...*/

Forward references: address and-indirection operators (6.3.3.2), structure and union specifiers
(6.5.2.1).

6.3.2.4 Postfix|increment and decrement operators

Constraints

£ tha ooty o s decramant £ 1 1
The operand bf-the-pestfix—inerement-or-deerement-operator-shal-have-qualified-orunqualified

scalar type and shall be a modifiable lvalue.

40 If &E is a valid pointer expression (where & is the ‘‘address-of’’ operator, which generates a pointer to
its operand), the expression (&E)—->MOS is the same as E.MOS.

41 The “‘byte orders’” for scalar types are invisible to isolated programs that do not indulge in type punning
(for example, by assigning to one member of a union and inspecting the storage by accessing another
member that is an appropriately sized array of character type), but must be accounted for when
conforming to externally imposed storage layouts.

42 Language


https://iecnorm.com/api/?name=d9de05c120bca5aaa9013e43bad94a32

ISO/IEC 9899:1990 (E)

Semantics

The result of the postfix ++ operator is the value of the operand. After the result is obtained,
the value of the operand is incremented. (That is, the value 1 of the appropriate type is added to
it.) See the discussions of additive operators and compound assignment for information on
constraints, types, and conversions and the effects of operations on pointers. The side effect of
updating the stored value of the operand shall occur between the previous and the next sequence
point.

The postfix —- operator is analogous to the postfix ++ operator, except that the value of the
operand is decremented (that is, the value 1 of the appropriate type is subtracted from it).

Forward references: additive operators (6.3.6), compound assignment (6.3.16.2).
6.3.3 Unary operators
Syntax

unary-expression:
postfix-expression
++ unary-expression
-— unary-expression
unary-operator cast-expression
sizeof unary-expression
sizeof ( type-name )

unary-operator: one of
& * 4+ - ~M

6.3.3.1 Prefix increment and-decrement operators
Constraints

The operand of the préfix increment or decrement operator shall have qualified or unqualified
scalar type and shall be a modifiable lvalue.

Semantics

The valge of the operand of the prefix ++ operator is incremented. The result is the new
value of the operand after incrementation. The expression ++E is equivalerft to (E+=1). See
the discussions of additive operators and compound assignment for information on constraints,
types,-side effects, and conversions and the effects of operations on pointers.

The prefix —- operator is analogous to the prefix ++ operator, except that the value of the
operand is decremented.

Forward references: additive operators (6.3.6), compound assignment (6.3.1¢.2).

6.3.3.2 Address and indirection operators

Constraints

The operand of the unary & operator shall be either a function designator or an lvalue that
designates an object that is not a bit-field and is not declared with the register storage-class
specifier.

The operand of the unary * operator shall have pointer type.
Semantics

The result of the unary & (address-of) operator is a pointer to the object or function
designated by its operand. If the operand has type ‘‘type,”’ the result has type ‘‘pointer to type.”’

The unary * operator denotes indirection. If the operand points to a function, the result is a
function designator; if it points to an object, the result is an lvalue designating the object. If the
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operand has type

‘“‘pointer to rype,”’ the result has type ‘‘rype.””’ If an invalid value has been

assigned to the pointer, the behavior of the unary * operator is undefined.*?

Forward references: storage-class specifiers (6.5.1), structure and union specifiers (6.5.2.1).

6.3.3.3 Unary arithmetic operators

Constraints

The operand of the unary + or - operator shall have arithmetic type; of the ~ operator,
integral type; of the ! operator, scalar type.

Semantics

The result of
performed on the

The result of
performed on the

the unary + operator is the value of its operand. The integral promotion is
pperand, and the result has the promoted type.

he unary - operator is the negative of its operand. The integral promotion is
pperand, and the result has the promoted type.

The result of the ~ operator is the bitwise complement of its operand (that is, each bis in jthe

result is set if and
promotion is perfq
is equivalent to
(UINT_MAX-E)
UINT MAX are dg

only if the corresponding bit in the converted operand is not set). The\integral
rmed on the operand, and the result has the promoted type. The expréssion ~E

(ULONG_MAX-E) if E is promoted to type unsigned’long, to
if E is promoted to type unsigned int. (The constants ULONG_MAX and
fined in the header <1imits.h>.)

The result of the logical negation operator ! is O if the value of its operand compares unequal

to 0, 1 if the valu
'E is equivalent t

Forward referen¢

6.3.3.4 The si
Constraints

The sizeof
incomplete type,
field object.

Semantics

The sizeof
or the parenthesiZ
is not itself evalu

When applied
qualified version

e of its operand compares equal to 0. The result hasstype int. The expression
b (0==E).

es: limits <€float.h> and <limits.h>y(7.1.6).

geof operator

operator shall not be applied “to. an expression that has function type or an
o the parenthesized name of\such a type, or to an lvalue that designates a bit-

operator yields thejsize (in bytes) of its operand, which may be an expression
ed name of actype. The size is determined from the type of the operand, which
ited. The result is an integer constant.

to an gperand that has type char, unsigned char, or signed char, (or a
thereof) the result is 1. When applied to an operand that has array type, the

result is the total

number of bytes in the array.*> When applied to an operand that has structure

or union type, the result is the total number of bytes in such an object, including internal and

trailing padding.

42 It is always true that if E is a function designator or an lvalue that is a valid operand of the unary &
operator, *&E is a function designator or an lvalue equal to E. If *P is an lvalue and T is the name of
an object pointer type, * (T) P is an lvalue that has a type compatible with that to which T points.

Among the invalid values for dereferencing a pointer by the unary * operator are a null pointer, an
address inappropriately aligned for the type of object pointed to, and the address of an automatic storage
duration object when execution of the block with which the object is associated has terminated.

43 When applied to a parameter declared to have array or function type, the sizeof operator yields the

size of the point

44

er obtained by converting as in 6.2.2.1; see 6.7.1.
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The value of the result is implementation-defined, and its type (an unsigned integral type) is

size_t defined in the <stddef.h> header.

Examples

1.

A principal use of the sizeof operator is in communication with routines such as storage
allocators and I/O systems. A storage-allocation function might accept a size (in bytes) of
an object to allocate and return a pointer to void. For example:

extern void *alloc(size t);
double *dp = alloc(sizeof *dp);

I'ne implementation of the alloc Tunction should ensure that 1ts returp value is aligned
suitably for conversion to a pointer to double.

Another use of the sizeof operator is to compute the number of ‘elemer]ts in an array:

sizeof array / sizeof array[0]

Forward references: common definitions <stddef . h> (7,1.6); declarations (6.5), structure and

union specifiers (6.5.2.1), type names (6.5.5).
6.3.4 Cast operators

Syntax
cast-expression:
unary-expression
( type-name ) cast.expression
Constraints

Semantics

Unless the type name specifi€s void type, the type name shall specify qualified or unqualified
scalar type and the operand shall have scalar type.

Preceding an expression by a parenthesized type name converts the value of the expression to

the named type, ~This construction is called a cast.** A cast that specifies no|conversion has no

effect on the type or value of an expression.

Conversions that involve pointers (other than as permitted by the constraintp of 6.3.16.1) shall

be speeified by means of an explicit cast; they have implementation-defifed and undefined

aspects:

A pointer may be converted to an integral type. The size of integer reqyired and the result
are implementation-defined. If the space provided is not long enough, the behavior is
undefined.

An arbitrary integer may be converted to a pointer. The result js implementation-
defined ¥ 1

A pointer to an object or incomplete type may be converted to a pointer to a different
object type or a different incomplete type. The resulting pointer might not be valid if it is
improperly aligned for the type pointed to. It is guaranteed, however, that a pointer to an
object of a given alignment may be converted to a pointer to an object of the same

44 A cast does not yield an Ivalue. Thus, a cast to a qualified type has the same effect as a cast to the

unqualified version of the type.

45 The mapping functions for converting a pointer to an integer or an integer to a pointer are intended to be

consistent with the addressing structure of the execution environment.
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alignment or a less strict alignment and back again; the result shall compare equal to the
original pointer. (An object that has character type has the least strict alignment.)

A pointer to a function of one type may be converted to a pointer to a function of another
type and back again; the result shall compare equal to the original pointer. If a converted
pointer is used to call a function that has a type that is not compatible with the type of the
called function, the behavior is undefined.

Forward references: equality operators (6.3.9), function declarators (including prototypes)
(6.5.4.3), simple assignment (6.3.16.1), type names (6.5.5).

6.3.5 Multiplicative-operaters.

Syntax

multiplidative-expression:

cast-expression

multiplicative-expression * cast-expression
multiplicative-expression [/ cast-expression
multiplicative-expression % cast-expression
Constraints

Each of the ¢perands shall have arithmetic type. The operands of the % operator shall have
integral type.

Semantics
The usual arifhmetic conversions are performed on the operands.
The result of [the binary * operator is the product of the operands.

The result off the / operator is the quotient from the division of the first operand by the
second; the result of the % operator is the remainder. Jir*both operations, if the value of the
second operand i zero, the behavior is undefined.

When integers are divided and the division is inexXact, if both operands are positive the result
of the / operator is the largest integer less than“the algebraic quotient and the result of the %
operator is positlve. If either operand is megative, whether the result of the / operator is the
largest integer leps than or equal to the, algebraic quotient or the smallest integer greater than or
equal to the alggbraic quotient is implementation-defined, as is the sign of the result of the %
operator. If the quotient a/b is representable, the expression (a/b) *b + a%$b shall equal a.

6.3.6 Additivie operators
Syntax

additivelexpression:
mdtiplicative-expression

additive-expression — multiplicative-expression

Constraints

For addition, either both operands shall have arithmetic type, or one operand shall be a
pointer to an object type and the other shall have integral type. (Incrementing is equivalent to
adding 1.)

For subtraction, one of the following shall hold:
— both operands have arithmetic type;

— both operands are pointers to qualified or unqualified versions of compatible object types; or
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— the left operand is a pointer to an object type and the right operand has integral type.
(Decrementing is equivalent to subtracting 1.)

Semantics

If both operands have arithmetic type, the usual arithmetic conversions are performed on
them.

The result of the binary + operator is the sum of the operands.

The result of the binary - operator is the difference resulting from the subtraction of the
second operand from the first.

For the purposes of these operators, a pointer to a nonarray object béhaves the same as a
P f - N

______ Lo frct alamenst AF am omeay: oF langs one o 3
pointer to the first element of an array of length one with the type of ¢hedotjject as its element
type.
When an expression that has integral type is added to or subtracted from { pointer, the result

auul Su QLATU 11U poORRLCs, o IS

=
- =1

has the type of the pointer operand. If the pointer operand (points to an element of an array
object, and the array is large enough, the result points tolan element offsef from the original
element such that the difference of the subscripts of theresulting and origipal array elements
equals the integral expression. In other words, if the(expression P points to the i-th element of
an array object, the expressions (P)+N (equivalenfly, N+ (P)) and (P)-N|(where N has the
value n) point to, respectively, the i+n-th and i=a-th elements of the array object, provided they
exist. Moreover, if the expression P points €0 the last element of an array object, the expression
(P) +1 points one past the last element, of the array object, and if the expression Q points one
past the last element of an array objeci, ‘the expression (Q) -1 points to the Jast element of the
array object. If both the pointer eperand and the result point to elements [of the same array
object, or one past the last element of the array object, the evaluation shdll not produce an
overflow; otherwise, the behavior is undefined. Unless both the pointer opefand and the result
point to elements of the same‘array object, or the pointer operand points one ppst the last element
of an array object and thé<result points to an element of the same array objgct, the behavior is
undefined if the result-is used as an operand of the unary * operator.

When two poihters to elements of the same array object are subtracted, the result is the
difference of the subscripts of the two array elements. The size of the result|is implementation-
defined, and it type (a signed integral type) is ptrdif£ t defined in the <stddef .h> header.
As withtany other arithmetic overflow, if the result does not fit in the space provided, the
behavior'is undefined. In other words, if the expressions P and Q point to, rgspectively, the i-th
and_jrth elements of an array object, the expression (P)-(Q) has the value i—;j provided the
value fits in an object of type ptrdiff t. Moreover, if the expression P |points either to an
element of an array object or one past the last element of an array object, anld the expression Q
points to the last element of the same array object, the expression ((Q)+1) 1 (P) has the same
value as ((Q)-(P))+1 and as - ((P) - ((Q)+1) ), and has the value zero [if the expression P
pomts one past the last element of the array object, even though the expressign (Q)+1 does not
of the same array

object, or one past the last element of the array object, the behavior is undefined.*®

46 Another way to approach pointer arithmetic is first to convert the pointer(s) to character pointer(s): In
this scheme the integral expression added to or subtracted from the converted pointer is first multiplied
by the size of the object originally pointed to, and the resulting pointer is converted back to the original
type. For pointer subtraction, the result of the difference between the character pointers is similarly
divided by the size of the object originally pointed to.

When viewed in this way, an implementation need only provide one extra byte (which may overlap
another object in the program) just after the end of the object in order to satisfy the ‘‘one past the last
element’’ requirements.
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Forward references: common definitions <stddef .h> (7.1.6).

6.3.7 Bitwise shift operators

wntow

shift-expression:
additive-expression
shift-expression << additive-expression
shift-expression >> additive-expression

Constraints

Each of the operands shall have integral type.
Semantics

The integral pgomotions are performed on each of the operands. The type of the result is that
of the promoted l¢ft operand. If the value of the right operand is negative or is greater thaner
equal to the width|in bits of the promoted left operand, the behavior is undefined.

The result of E1 << E2 is E1 left-shifted E2 bit positions; vacated bits are filled withi\Zeros.
If E1 has an unsigned type, the value of the result is E1 multiplied by the quantity,(2)raised to
the power E2, redpced modulo ULONG_MAX+1 if E1 has type unsigned long, UINT_ MAX+1
otherwise. (The| constants ULONG_MAX and UINT_ MAX are defined ~in the header
<limits.h>)

The result of B1 >> E2 is E1 right-shifted E2 bit positions. If E1 a8 dn unsigned type or if
E1 has a signed ype and a nonnegative value, the value of the resultlis the integral part of the
quotient of E1 diVyided by the quantity, 2 raised to the power E2. If'E1 has a signed type and a
negative value, th¢ resulting value is implementation-defined.

6.3.8 Relational operators
Syntax

relational-expression:

fhift-expression

elational-expression < shiftséxpression
elational-expression > _shift-expression
elational-expression-<= shift-expression
elational-expression->= shift-expression

Constraints
One of the follJowing shall hold:

— both operands|hay¢ arithmetic type;

— both operands|arepointers to qualified or unqualified versions of compatible object types; or

— both operands are pointers to qualified or unqualified versions of compatible incomplete types.
Semantics
If both of the operands have arithmetic type, the usual arithmetic conversions are performed.

For the purposes of these operators, a pointer to a nonarray object behaves the same as a
pointer to the first element of an array of length one with the type of the object as its element
type.

When two pointers are compared, the result depends on the relative locations in the address
space of the objects pointed to. If the objects pointed to are members of the same aggregate
object, pointers to structure members declared later compare higher than pointers to members
declared earlier in the structure, and pointers to array elements with larger subscript values
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compare higher than pointers to elements of the same array with lower subscript values. All
pointers to members of the same union object compare equal. If the objects pointed to are not
members of the same aggregate or union object, the result is undefined, with the following

exception. If the expression P points to an element of an array object and the expression Q

points to the last element of the same array object, the pointer expression Q+1 compares higher
than P, even though Q+1 does not point to an element of the array object.

If two pointers to object or incomplete types both point to the same object, or both point one
past the last element of the same array object, they compare equal. If two pointers to object or
incomplete types compare equal, both point to the same object, or both point one past the last

element of the same arrav obilect 47
7 o

Each of the operators < (less than), > (greater than), <= (less thanCor-¢qual to), and >=
(greater than or equal to) shall yield 1 if the specified relation is true and)O iff it is false.** The
result has type int.

6.3.9 Equality operators

Syntax
equality-expression:
relational-expression
equality-expression == relational-éxpression
equality-expression 1= relational-expression
Constraints

One of the following shall hold:
— both operands have arithmetic type;
— both operands are pointers, to-qualified or unqualified versions of compatiblg types;

— one operand is a pointer to an object or incomplete type and the other|is a pointer to a
qualified or unqualified version of void; or

— one operand ig\a-pointer and the other is a null pointer constant.
Semantics

The_== ‘(equal to) and the !'= (not equal to) operators are analogou§ to the relational
operators-except for their lower precedence.** Where the operands have types gnd values suitable
for (the relational operators, the semantics detailed in 6.3.8 apply.

If two pointers to object or incomplete types are both null pointers, they pompare equal. If
two pointers to object or incomplete types compare equal, they both are nul] pointers, or both
point to the same object, or both point one past the last element of the same afray object. If two
pointers to function types are both null pointers or both point to the same funcfion, they compare
equal. If two pointers to function types compare equal, either both are null pointers, or both

point to the same function. If one of the operands is a pointer to an object or incomplete type
and the other has type pointer to a qualified or unqualified version of void, the pointer to an
object or incomplete type is converted to the type of the other operand.

47 If invalid prior pointer operations, such as accesses outside array bounds, produced undefined behavior,
the effect of subsequent comparisons is undefined.

48 The expression a<b<c is not interpreted as in ordinary mathematics. As the syntax indicates, it means
(a<b) <c; in other words, *‘if a is less than b compare 1 to ¢; otherwise, compare 0 to c.”’

49 Because of the precedences, a<b == c<d is 1 whenever a<b and c<d have the same truth-value.
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6.3.10 Bitwise AND operator
Syntax

AND-expression:
equality-expression
AND-expression & equality-expression

Constraints
Each of the operands shall have integral type.

Semantics

The usual arithmetic conversions are performed on the operands.

The result of the binary & operator is the bitwise AND of the operands (that is, each bit in the
result is set if and| only if each of the corresponding bits in the converted operands is set).

6.3.11 Bitwisg exclusive OR operator
Syntax

exclusivelOR-expression:
AND-expression
pxclusive-OR-expression » AND-expression

Constraints
Each of the operands shall have integral type.
Semantics
The usual arithmetic conversions are performed on the operands.

The result of the ~ operator is the bitwise exclusive @R of the operands (that is, each bit in
the result is set if and only if exactly one of the corresponding bits in the converted operands is
set).

6.3.12 Bitwis¢ inclusive OR operator
Syntax

inclusivelOR-expression:
pxclusive-OR-exppession
inclusive-OR-expression | exclusive-OR-expression

Constraints
Each of the operands:shall have integral type.

Semantics

The usual arithmetic conversions are performed on the operands.

The result of the | operator is the bitwise inclusive OR of the operands (that is, each bit in
the result is set if and only if at least one of the corresponding bits in the converted operands is
set).
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6.3.13 Logical AND operator

Syntax
logical-AND-expression:
inclusive-OR-expression
logical-AND-expression && inclusive-OR-expression
Constraints

Each of the operands shall have scalar type.

Semantics

The && operator shall yield 1 if both of its operands compare unequal(to O; otherwise, it
yields 0. The result has type int.

Unlike the bitwise binary & operator, the && operator guarantges-left-to-right evaluation; there
is a sequence point after the evaluation of the first operand. If‘th¢ first operand compares equal
to 0, the second operand is not evaluated.

6.3.14 Logical OR operator

Syntax
logical-OR-expression:
logical-AND-expression
logical-OR-expression |4 logical-AND-expression
Constraints

Each of the operands shall haye scalar type.
Semantics

The || operator shallyield 1 if either of its operands compare unequal to 0; otherwise, it
yields 0. The result has-type int.

Unlike the bitwise | operator, the | | operator guarantees left-to-right evaluation; there is a
sequence point-after the evaluation of the first operand. If the first operand gompares unequal to
0, the second_odperand is not evaluated.

6.3.15.Conditional operator

Syntax
conditional-expression:
logical-OR-expression
logical-OR-expression ? expression : conditional-expression|
Constraints

T'he first operand shall have scalar type.
One of the following shall hold for the second and third operands:
— both operands have arithmetic type;
— both operands have compatible structure or union types;
— both operands have void type;
— both operands are pointers to qualified or unqualified versions of compatible types;
— one operand is a pointer and the other is a null pointer constant; or

— one operand is a pointer to an object or incomplete type and the other is a pointer to a
qualified or unqualified version of void.
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Semantics

The first operand is evaluated; there is a sequence point after its evaluation. The second
operand is evaluated only if the first compares unequal to O; the third operand is evaluated only if
the first compares equal to 0; the value of the second or third operand (whichever is evaluated) is
the result.>

If both the second and third operands have arithmetic type, the usual arithmetic conversions
are performed to bring them to a common type and the result has that type. If both the operands
have structure or union type, the result has that type. If both operands have void type, the result
has void type.

If both the se¢ond and third operands are pointers or one is a null pointer constant and the
other is a pointer,|the result type is a pointer to a type qualified with all the type qualifiers of the
types pointed-to by both operands. Furthermore, if both operands are pointers to compatible
types or differentlly qualified versions of a compatible type, the result has the composite type; if
one operand is a rjull pointer constant, the result has the type of the other operand; otherwise, one
operand is a poinfer to void or a qualified version of void, in which case the other operand is
converted to type pointer to void, and the result has that type.

Example

The common fype that results when the second and third operands are pointers"is determined
in two independert stages. The appropriate qualifiers, for example, do not depend on whether the
two pointers have|compatible types.

Given the declarations
const yoid *c_vp;
void *vyp;
const int *c_ip;
volatile int *v_ip;
int *ip;

har *c_cp;

the third column [in the following table is the. common type that is the result of a conditional
expression in whi¢h the first two columns are the second and third operands (in either order):

c_vp _ip const void\*

v_ip volatile int *

c_ip ¢Vy_ip const volatile int *
vp _cp const\\woid *

ip _ip const int *

vp P void *

50 A conditional expression does not yield an Ivalue.
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6.3.16 Assignment operators

Syntax
assignment-expression:
conditional-expression
unary-expression assignment-operator assignment-expression
assignment-operator: one of
= *= [= %= 4= -= <<= DdO= &= = |
Constraints

An assignment operator shall have a modifiable lvalue as its left operand(
Semantics

An assignment operator stores a value in the object designated by the
assignment expression has the value of the left operand after the ‘assignment, b

The type of an assignment expression is the type of the left-operand unless th

qualified type, in which case it is the unqualified version ,0f'the type of the
side effect of updating the stored value of the left operand “shall occur betwee
the next sequence point.

The order of evaluation of the operands is unspecified.
6.3.16.1 Simple assignment
Constraints

One of the following shall hold:*

the left operand has a qualified or unqualified version of a structure or uni
with the type of the right;

type pointed to by the left has all the qualifiers of the type pointed to by thg

one operand is a pointer to an object or incomplete type and the other

left operand. An
it is not an lvalue.
e left operand has
left operand. The
n the previous and

the left operand has qualified_or unqualified arithmetic type and the right haf arithmetic type;

n type compatible

both operands are>pointers to qualified or unqualified versions of compatible types, and the

right;

is a pointer to a

qualified -or unqualified version of void, and the type pointed to by the left has all the

qualifiers of the type pointed to by the right; or
— ‘the left operand is a pointer and the right is a null pointer constant.
Semantics

In simple assignment (=), the value of the right operand is converted
assignment expression and replaces the value stored in the object designated by

If the value heing stored in an nhjpm is accessed from another nhje(‘t that ol

o the type of the
the left operand.

verlaps in any way

the storage of the first object, then the overlap shall be exact and the two

objects shall have

qualified or unqualified versions of a compatible type; otherwise, the behavior is undefined.

51 The asymmetric appearance of these constraints with respect to type qualifiers is due to the conversion
(specified in 6.2.2.1) that changes lvalues to ‘‘the value of the expression’’ which removes any type

qualifiers from the type category of the expression.
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Example
In the program fragment

int £ (void);

char c;
/*...%/
/*...%/ ((c = £() == -1) /*...*/

the int value returned by the function may be truncated when stored in the char, and then
converted back to int width prior to the comparison. In an implementation in which *‘plain’’
char has the same-range-of—values—as—unsigned-char(and-char—is—narrowe p-int)the

result of the convgrsion cannot be negative, so the operands of the comparison can never compare
equal. Therefore, for full portability, the variable ¢ should be declared as int.

6.3.16.2 Comppund assignment
Constraints

For the operafors += and -= only, either the left operand shall be a pointer to an object_type
and the right shgll have integral type, or the left operand shall have qualified or unqudlified
arithmetic type arjd the right shall have arithmetic type.

For the other pperators, each operand shall have arithmetic type consistent with“\those allowed
by the corresponding binary operator.

Semantics

A compound| assignment of the form E1 op= E2 differs from the simple assignment
expression E1 = E1 op (E2) only in that the lvalue E1 is evaluated only once.

6.3.17 Comma operator

Syntax
expressign:
assignment-expression
expression , assignment-expression
Semantics

The left opergnd of a comma operator is evaluated as a void expression; there is a sequence
point after its evdluation. Then the-right operand is evaluated; the result has its type and value.*?

Example

As indicated by the syntax, in contexts where a comma is a punctuator (in lists of arguments
to functions and|lists _of-initializers) the comma operator as described in this subclause cannot
appear. On the dther ‘hand, it can be used within a parenthesized expression or within the second -
expression of a cpnditional operator in such contexts. In the function call

f(a, (t=3, t+2), c)
the function has three arguments, the second of which has the value 5.

Forward references: initialization (6.5.7).

52 A comma operator does not yield an lvalue.
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6.4 Constant expressions

Syntax

on:
Or

nditional-expression

A constant expression can be evaluated during translation rather than runtime, and

accordingly may be used in any place that a constant may be.

;
Constraints

Constant expressions shall not contain assignment, increment, decrémerft, function-call, or

comma operators, except when they are contained within the operand of a’si

Each constant expression shall evaluate to a constant that isHin/ the ran
values for its type.

Semantics

An expression that evaluates to a constant is required in several conte)
expression is evaluated in the translation environmefit,"the arithmetic precision

of operator.5 3

be of representable

ts.* If a floating
and range shall be

at least as great as if the expression were being eyaluated in the execution environment.

An integral constant expression shall have integral type and shall only hay
integer constants, enumeration constants. character constants, sizeof expre
constants that are the immediate operdnds of casts.
expression shall only convert arithmetic types to integral types, except as pa
the sizeof operator.

More latitude is permitted for constant expressions in initializers. Such a
shall evaluate to one of the>following:

— an arithmetic congstant expression,
a null pointer-c¢enstant,
an addre§s constant, or
an address constant for an object type plus or minus an integral constant e

Anarithmetic constant expression shall have arithmetic type and shall
that“are integer constants, floating constants, enumeration constants, chara
sizeof expressions. Cast operators in an arithmetic constant expression
arithmetic types to arithmetic types, except as part of an operand to the sizeg

e operands that are
sions, and floating

Cast operators in af iniegral consiant

t of an operand to

constant expression

pressioil.

nly have operands
Cter constants, and
shall only convert
£ operator.

An address constant is a pointer to an lvalue designating an object of sta
or to a function designator; it shall be created explicitly, using the unary & op:

¢ storage duration,
rator, or implicitly,
nd member-access

. and -> operators, the address & and indirection * unary operators, and pointer casts may be

used in the creation of an address constant, but the value of an object shall not be accessed by

use of these operators.

53 The operand of a sizeof operator is not evaluated (6.3.3.4), and thus any operator

in 6.3 may be used.

54 An integral constant expression must be used to specify the size of a bit-field member of a structure, the

value of an enumeration constant, the size of an array, or the value of a case constant.

Further

constraints that apply to the integral constant expressions used in conditional-inclusion preprocessing

directives are discussed in 6.8.1.

Language

55


https://iecnorm.com/api/?name=d9de05c120bca5aaa9013e43bad94a32

ISO/IEC 9899:1990 (E)

An implementation may accept other forms of constant expressions.

The semantic rules for the evaluation of a constant expression are the same as for nonconstant
expressions.>

Forward references: initialization (6.5.7).

55 Thus, in the following initialization,

static int i =2 || 1 / 0;
the expression is a valid integral constant expression with value one.
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6.5 Declarations

Syntax
declaration:
declaration-specifiers init—declarator-listopt ;
declaration-specifiers:
storage-class-specifier declaration—speciﬁersopt
type-specifier declaration—spectﬁerso ;
type-qualifier declaration-speciﬁersopt
init-declarator-list:
init-declarator
init-declarator-list , init-declarator
init-declarator:
declarator
declarator = initializer
Constraints

A declaration shall declare at least a declarator, a’tag, or the members of an[ enumeration.

If an identifier has no linkage, there shall be ne more than one declaration pf the identifier (in
a declarator or type specifier) with the same §cope and in the same name space| except for tags as
specified in 6.5.2.3.

All declarations in the same scopé.that refer to the same object or funftion shall specify
compatible types.

Semantics

A declaration specifies-the interpretation and attributes of a set of identifiers. A declaration
that also causes storage\to be reserved for an object or function named by an identifier is a
definition >

The declaration specifiers consist of a sequence of specifiers that indicate the linkage, storage
duration, and part of the type of the entities that the declarators denote. The init-declarator-list is
a comma-separated sequence of declarators, each of which may have additional type information,
or an initializer, or both. The declarators contain the identifiers (if any) being declared.

Ifyan identifier for an object is declared with no linkage, the type for the object shall be
complete by the end of its declarator, or by the end of its init-declarator if it hgds an initializer.

Forward references: declarators (6.5.4), enumeration specifiers (6.5.2.2), irfitialization (6.5.7),
tags (6.5.2.3).

56 Function definitions have a different syntax, described in 6.7.1.
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6.5.1 Storage-class specifiers
Syntax

storage-class-specifier:
typedef
extern
static
auto
register

Constraints

At most, ong storage-class specifier may be given in the declaration specifiers in a
declaration.’’

Semantics

The typedef specifier is called a ‘storage-class specifier’” for syntactic convenience only;it

is discussed in 6.5.6. The meanings of the various linkages and storage durations were discussed
in 6.1.2.2 and 6.1.2.4.

A declaration| of an identifier for an object with storage-class specifier register suggests
that access to thle object be as fast as possible. The extent to which suchiksuggestions are
effective is impleentation-defined.’®

The declaratipn of an identifier for a function that has block scopesshall have no explicit
storage-class spedifier other than extern.

Forward referenices: type definitions (6.5.6).
6.5.2 Type specifiers
Syntax

type-spetifier:

void

char
short

int

long
float
double
signed
unsigned
struct=graunion-specifier
enum-specifier
typedef-name

57 See ‘‘future language directions’’ (6.9.3).

58 The implementation may treat any register declaration simply as an auto declaration. However,
whether or not addressable storage is actually used, the address of any part of an object declared with
storage-class specifier register may not be computed, either explicitly (by use of the unary &
operator as discussed in 6.3.3.2) or implicitly (by converting an array name to a pointer as discussed in

6.2.2.1). Thus the only operator that can be applied to an array declared with storage-class specifier
register is sizeof.
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Constraints

Each list of type specifiers shall be one of the following sets (delimited by commas, when
there is more than one set on a line); the type specifiers may occur in any order, possibly
intermixed with the other declaration specifiers.

— wvoid

— char

— signed char
——————————————unsigned-ehar

— short, signed short, short int, or signed short int

— unsigned short, or unsigned short int
— int, signed, signed int, or no type specifiers
— unsigned, or unsigned int

— long, signed long, long int, or signed long.int
— unsigned long, or unsigned long int

— float

— double

— long double

— struct-or-union specifier

— enum-specifier

— typedef-name

Semantics

Specifiers for ‘structures, unions, and enumerations are discussed in 6.5.2f1 through 6.5.2.3.
Declarations of typedef names are discussed in 6.5.6. The characteristics of the other types are
discussed in 6.1.2.5.

Eachof the above comma-separated sets designates the same type, except|that for bit-fields,
the type/signed int (or signed) may differ from int (or no type specifier

~

Forward references: enumeration specifiers (6.5.2.2), structure and union specifiers (6.5.2.1),
tdgs (6.5.2.3), type definitions (6.5.6).

6.5.2.1 Structure and union specifiers

Syntax

struct-or-union-specifier:
Struct-or-union identiﬁero . { struct-declaration-list }
struct-or-union identifier

Struct-or-union:
struct
union

struct-declaration-list:
struct-declaration
struct-declaration-list struct-declaration
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struct-declaration:
specifier-qualifier-list struct-declarator-list ;

specifier-qualifier-list:
type-specifier speciﬁer-qualiﬁer-listo ;
type-qualifier speciﬁer-quallﬁer-listopt
struct-declarator-list:
struct-declarator

struct-declarator-list ,

struct-decl
d
d

Constraints

A struciure or

struct-declarator

T ul‘ul .
bclarator

=claratorop ; constant-expression

inion shall not contain a member with incomplete or function type. Hence it

shall not contain ar instance of itself (but may contain a pointer to an instance of itself).

The expression

that has nonnegati

compatible type. I
Semantics

As discussed i

that specifies the width of a bit-field shall be an integral constant expression
e value that shall not exceed the number of bits in an ordinary, object of
F the value is zero, the declaration shall have no declarator.

6.1.2.5, a structure is a type consisting of a sequence, 0f named members,

whose storage is allocated in an ordered sequence, and a union is a type _consisting of a sequence

of named member

Structure and ul

The presence

within a translation

of the structure or
is undefined. The

A member of 3

declared to consist
called a bir-field;>

A bit-field shd

unsigned int,

“plain” int bit-fi

as an integral type

An implementd
If enough space rg

be packed into ad
that does not fit i
The order of alloc

whose storage overlap.
ion specifiers have the same form.

f a struct-declaration-list in a struct-or-union-specifier declares a new type,
unit. The struct-declaration-list is a s¢équence of declarations for the members
union. If the struct-declaration-list contains no named members, the behavior
fype is incomplete until after the } that terminates the list.

structure or union may havelany object type. In addition, a member may be
of a specified number of bits (including a sign bit, if any). Such a member is
its width is preceded by. a‘colon.

1l have a type that/is a qualified or unqualified version of one of int,
r signed int. -Whether the high-order bit position of a (possibly qualified)
eld is treated)as'a sign bit is implementation-defined. A bit-field is interpreted
consisting of the specified number of bits.

tion Mmay allocate any addressable storage unit large enough to hold a bit-field.

mains, a bit-field that immediately follows another bit-field in a structure shall
nnnnnnn heth

s put into the next unit or overlaps adjacent units is implementation-defined.
ation of bit-fields within a unit (high-order to low-order or low-order to high-

ST

order) is implementation-defined. The alignment of the addressable storage unit is unspecified.

A bit-field declaration with no declarator, but only a colon and a width, indicates an unnamed
bit-field.%® As a special case of this, a bit-field structure member with a width of 0 indicates that

59 The unary & (address-of) operator may not be applied to a bit-field object; thus, there are no pointers to

or arrays of bit-fi
60 An unnamed bit-

60

eld objects.
field structure member is useful for padding to conform to externally imposed layouts.
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no further bit-field is to be packed into the unit in which the previous bit-field, if any, was
placed.

Each non-bit-field member of a structure or union object is aligned in an implementation-
defined manner appropriate to its type.

Within a structure object, the non-bit-field members and the units in which bit-fields reside
have addresses that increase in the order in which they are declared. A pointer to a structure
object, suitably converted, points to its initial member (or if that member is a bit-field, then to the
unit in which it resides), and vice versa. There may therefore be unnamed padding within a
structure object, but not at its beginning, as necessary to achieve the appropriate alignment.

The size of a union is sufficient to contain the largest of its members. Thg value of at most
one of the members can be stored in a union object at any time. A pointér fo a union object,
suitably converted, points to each of its members (or if a member is a bit-field, [then to the unit in
which it resides), and vice versa.

There may also be unnamed padding at the end of a structure or unior], as necessary to
achieve the appropriate alignment were the structure or union to be an element ¢f an array.

Forward references: tags (6.5.2.3).
6.5.2.2 Enumeration specifiers
Syntax

enum-specifier:
enum identiﬁerol {. enumerator-list }
enum identifier

enumerator-list:
enumerator
enumerator-list , enumerator

enumerator:
enumeration-constant
enumeration-constant = constant-expression

Constraints

The «expression that defines the value of an enumeration constant shall be ap integral constant
expression that has a value representable as an int.

Semantics

The identifiers in an enumerator list are declared as constants that have type int and may
appear wherever such are permitted.! An enumerator with = defines its enumgration constant as
the value of the constant expression. If the first enumerator has no =,|the value of its
enumeration constant is 0. Each subsequent enumerator with no = defines its enumeration

constant as the value of the constant expression obtained by adding I to the value of the previous
enumeration constant. (The use of enumerators with = may produce enumeration constants with
values that duplicate other values in the same enumeration.) The enumerators of an enumeration
are also known as its members.

Each enumerated type shall be compatible with an integer type; the choice of type is
implementation-defined.

61 Thus, the identifiers of enumeration constants declared in the same scope shall all be distinct from each
other and from other identifiers declared in ordinary declarators.
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Example

enum hue { chartreuse, burgundy, claret=20, winedark };

/*...%/

enum hue col, *cp;

/*...%/

col = claret;

cp = &col;

/*...%/

/*...*/ (*cp !'= burgundy) /*...*/

makes hue the tjg of an enumeration, and then declares col as an object that has that type and
cp as a pointer fp an object that has that type. The enumerated values are in the set {0, 1, 20,
21}

Forward references: tags (6.5.2.3).
6.5.2.3 Tags

PR PP

Scmauuca
A type specifier of the form

struct-ontunion identifier { struct-declaration-list '}
or
enum identifier { enumerator-list }

declares the idenfifier to be the tag of the structure, union, or enumeration specified by the Iist.
The list defines the structure content, union content, or enumeratign)content. If this declaration
of the tag is visiple, a subsequent declaration that uses the tag and that omits the bracketed list
specifies the declared structure, union, or enumerated type. Subsequent declarations in the same
scope shall omit fhe bracketed list.

If a type spedifier of the form
struct-on-union identifier

occurs prior to the declaration that defines the content, the structure or union is an incomplete
type.%? It declargs a tag that specifies a type that may be used only when the size of an object of
the specified typ¢ is not needed.®® If the.type is to be completed, another declaration of the tag
in the same scoge (but not in an ericlosed block, which declares a new type known only within
that block) shall fefine the content._A declaration of the form

struct-on-union idedtifier ;

specifies a structyire or umon type and declares a tag, both visible only within the scope in which
the declaration accur§. yIt specifies a new type distinct from any type with the same tag in an
enclosing scope (if.any).

A type specifier of the form

62 A similar construction with enum does not exist and is not necessary as there can be no mutual
dependencies between the declaration of an enumerated type and any other type.

63 It is not needed, for example, when a typedef name is declared to be a specifier for a structure or union,
or when a pointer to or a function returning a structure or union is being declared. (See incomplete
types in 6.1.2.5.) The specification shall be complete before such a function is called or defined.
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struct-or-union { struct-declaration-list }
or
enum { enumerator-list }

specifies a new structure, union, or enumerated type, within the translation unit, that can only be
referred to by the declaration of which it is a part.®*

Examples
1. This mechanism allows declaration of a self-referential structure.

struct tnode {

41N1C COUNncT,
struct tnode *left, *right;
};

specifies a structure that contains an integer and two pointers/t6 objects of the same type.
Once this declaration has been given, the declaration

struct tnode s, *sp;

declares s to be an object of the given type and\sp to be a pointer [to an object of the
given type. With these declarations, the expression sp->left refers fo the left struct
tnode pointer of the object to which sp~points; the expression §.right->count
designates the count member of the rightyst ruct tnode pointed to from s.

The following alternative formulation uses the typedef mechanisnf:

typedef struct tnode TNODE;
struct tnode {

int count;

TNODE *left, *right;
}:
TNODE s~ *sp;

2. To illustrate the’use of prior declaration of a tag to specify a pair of mutually referential
structures, the declarations

struct sl { struct s2 *s2p; /*...*/ }; /* D1 */
struct s2 { struct sl *slp; /*...*/ }; /* D2 */

specify a pair of structures that contain pointers to each other. Note, however, that if s2
were already declared as a tag in an enclosing scope, the declaration DL would refer to i,
not to the tag s2 declared in D2. To eliminate this context sensitivity, the declaration

struct s2;

may be inserted ahead of D1. This declares a new tag s2 in thg inner scope; the
declaration D2 then completes the specification of the new type.

Forward references: type definitions (6.5.6).

64 Of course, when the declaration is of a typedef name, subsequent declarations can make use of the
typedef name to declare objects having the specified structure, union, or enumerated type.
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6.5.3 Type qualifiers

Syntax

type-qualifier:
const
volatile

Constraints

The same type
list, either directly

qualifier shall not appear more than once in the same specifier list or qualifier
or via one or more typedefs.

Semantics

The properties
Ivalues.®

If an atiempt

an lvalue with no:r-

to an object defin
qualified type, the

An object th{
implementation of
an object shall be
5.1.2.3. Furtherm
that prescribed by
previously.5” WH
implementation-dg

If the specific
qualified, not the
the behavior is un

For two qualif
compatible type; t
the specified type.

associated with qualified types are meaningful only for expressions that are

made to modify an object defined with a const-qualified type through use of:
const-qualified type, the behavior is undefined. If an attempt is made to refer
ed with a volatile-qualified type through use of an lvalue with non-volatile-
behavior is undefined.®

it has volatile-qualified type may be modified in ways unkmown to the
have other unknown side effects. Therefore any expression teferring to such
evaluated strictly according to the rules of the abstract maching, as described in
bre, at every sequence point the value last stored in the ©bject shall agree with
the abstract machine, except as modified by the unknown factors mentioned
at constitutes an access to an object that has\volatile-qualified type is
fined.

ation of an array type includes any type qualifiers, the element type is so-
nrray type. If the specification of a fungction type includes any type qualifiers,
Hefined.5

ed types to be compatible, both shall have the identically qualified version of a
he order of type qualifiers within“a list of specifiers or qualifiers does not affect

eclared
tern const volatile int real time clock;

ifiable by hardware, but cannot be assigned to, incremented, or decremented.

Examples
1. An object d
ex
may be moq
2.

modify an

giegate type:

The followaFg declarations and expressions illustrate the behavior when type qualifiers

65 The implementation may place a const object that is not volatile in a read-only region of storage.
Moreover, the implementation need not allocate storage for such an object if its address is never used.

66 This applies to those objects that behave as if they were defined with qualified types, even if they are
never actually defined as objects in the program (such as an object at a memory-mapped input/output

address).

67 A volatile declaration may be used to describe an object corresponding to a memory-mapped
input/output port or an object accessed by an asynchronously interrupting function. Actions on objects
so declared shall not be ‘‘optimized out’’ by an implementation or reordered except as permitted by the
rules for evaluating expressions.

68 Both of these can only occur through the use of typedefs.

64
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struct s ncs;

typedef int A[2][3];
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11}

/* the object ncs is modifiable */

const A a = {{4, 5, 6}, {7, 8, 9}}; /* array of array of const int */
int *pi;
const int *pci;
ncs = cs; /* valid */
cs = ncs; /* violates modifiable Ivalue constraint for = */
pi = &ncs.mem; /* valid */
3 — ‘cs mem. ‘! Hfﬂlﬂt@s ;ang E'Qﬂstﬁallﬂs tgn — *‘
&
pci = &cs.mem; /* valid */
pi = af0}; /* invalid: a[0] has type ‘‘const int)\*’ |*/
6.5.4 Declarators
Syntax
declarator:
pointer . direct-declarator
opt
direct-declarator:
identifier
( declarator )
direct-declarator [ constant-expressionop[ 1
direct-declarator ( pdrameter-type-list )
direct-declarator | identiﬁer-listop y )
pointer:
* type-qualiﬁer-listo
* type-qualiﬁer-listop ; pointer
type-qualifier-list:
typesqualifier
type-qualifier-list type-qualifier
paraméter-type-list:
parameter-list
parameter-list ,
parameter-list:
parameter-declaration
parameter-list , parameter-declaration
parameter-declaration:
declaration-specifiers declarator
declaration-specifiers abstract-declarator :
r J Op
identifier-list:
identifier
identifier-list , identifier
Semantics

Each declarator declares one identifier, and asserts that

when an operand of the same form as

the declarator appears in an expression, it designates a function or object with the scope, storage

duration, and type indicated by the declaration specifiers.
In the following subclauses, consider a declaration

T D1
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where T contains the declaration specifiers that specify a type T (such as int) and D1 is a
declarator that contains an identifier ident. The type specified for the identifier ident in the

various forms of declarator is described inductively using this notation.
If, in the declaration ‘‘T D1,”” D1 has the form
identifier
then the type specified for ident is T.

If, in the declaration ‘‘T D1,”’ D1 has the form

(D)

then ident has th
identical to the u|
by parentheses.

Implementation

The impleme
and function dec
or an incomplete

Forward referen
6.5.4.1 Pointer
Semantics
If, in the decl

* type-(

and the type spq
then the type spq
For each type qu

For two poin
pointers to comp

Example

The followin
a constant value’

const

e type specified by the declaration ‘T D.”” Thus, a declarator in parentheses is
hparenthesized declarator, but the binding of complex declarators may be altered

limits
htation shall allow the specification of types that have at least 12 pointer,_array,

arators (in any valid combinations) modifying an arithmetic, a structure; a-tnion,
type, either directly or via one or more typedefs.

ces: type definitions (6.5.6).

declarators

aration ‘T D1,”’ D1 has the form

ualiﬁer-listo D

pt

cified for ident in the declaration ‘‘T D’X\is ‘‘derived-declarator-type-list T,”’
cified for ident is ‘‘derived-declarator-fype-list type-qualifier-list pointer to T.”
plifier in the list, ident is a so-qualified pointer.

ter types to be compatible, both/shall be identically qualified and both shall be
htible types.

b pair of declarations~demonstrates the difference between a ‘‘variable pointer to
 and a ‘‘constant peinter to a variable value.”

int *ptr,to_constant;

int *¢onst constant_ptr;

The contents of
pointer, but ptx

hn object pointed to by ptr_to_constant shall not be modified through that
Similarly,

_to_constant itself may be changed to point to another object.

the contents of the d =y-
itself shall always point to the same location.

The declaration of the constant pointer constant_ptr may be clarified by including a

definition for the type ‘‘pointer to int.”’

typedef int *int ptr;
const int_ptr constant ptr;

declares constant_ptr as an object that has type ‘‘const-qualified pointer to int.”

66


https://iecnorm.com/api/?name=d9de05c120bca5aaa9013e43bad94a32

ISO/IEC 9899:1990 (E)

6.5.4.2 Array declarators
Constraints

The expression delimited by [ and ] (which specifies the size of an array) shall be an integral
constant expression that has a value greater than zero.

Semantics
If, in the declaration ‘‘T D1,”’” D1 has the form

D [constant-expi esszonop[]

amd—the—type—specified—for 7derr—mthe dectaratiom T —Ts—derived-decigrator-type-list T,”
then the type specified for ident is ‘‘derived-declarator-type-list array of Fy:8] If the size is not
present, the array type is an incomplete type.

For two array types to be compatible, both shall have compatibl€)élement| types, and if both
size specifiers are present, they shall have the same value.

Examples
1. float fa[ll], *afp[l17];
declares an array of £loat numbers and an array of pointers to £loat humbers.
2. Note the distinction between the declarations

extern int *x;
extern int y[];

The first declares x to be a peinter to int; the second declares y to be 4n array of int of
unspecified size (an incomplete type), the storage for which is defined elsewhere.

Forward references: function definitions (6.7.1), initialization (6.5.7).
6.5.4.3 Function declarators (including prototypes)
Constraints
A function déclarator shall not specify a return type that is a function type qr an array type.
The only storage-class specifier that shall occur in a parameter declaration i} register.

Anp-identifier list in a function declarator that is not part of a function Hefinition shall be
empty:

Semantics
If, in the declaration ‘‘T D1,”’ D1 has the form

D (parameter-type-list)
or

D(iderntifrer -t'iuopl)
and the type specified for ident in the declaration ‘T D’’ is ‘‘derived-declarator-type-list T,

then the type specified for ident is *‘derived-declarator-type-list function returning 7.”’

A parameter type list specifies the types of, and may declare identifiers for, the parameters of
the function. If the list terminates with an ellipsis (, .. .), no information about the number or
types of the parameters after the comma is supplied.”’ The special case of void as the only

69 When several ‘‘array of”’ specifications are adjacent, a multidimensional array is declared.

70 The macros defined in the <stdarg.h> header (7.8) may be used to access arguments that correspond
to the ellipsis.
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item in the list specifies that the function has no parameters.

In a parameter declaration, a single typedef name in parentheses is taken to be an abstract
declarator that specifies a function with a single parameter, not as redundant parentheses around
the identifier for a declarator.

The storage-class specifier in the declaration specifiers for a parameter declaration, if present,
is ignored unless the declared parameter is one of the members of the parameter type list for a
function definition.

An identifier list declares only the identifiers of the parameters of the function. An empty list
in a function declarator—that—is—part—of—a—funetion—definition—specifies—that—the—function—has—no
parameters. The pmpty list in a function declarator that is not part of a function definition
specifies that no iffformation about the number or types of the parameters is supplied.”!

For two function types to be compatible, both shall specify compatible return types.’?
Moreover, the parpmeter type lists, if both are present, shall agree in the number of parameters
and in use of the|ellipsis terminator; corresponding parameters shall have compatible types. “If
one type has a pafameter type list and the other type is specified by a function declarator that is
not part of a funcfion definition and that contains an empty identifier list, the parameter list“shall
not have an ellips{s terminator and the type of each parameter shall be compatible with)the type
that results from the application of the default argument promotions. If one type has.a parameter
type list and the qther type is specified by a function definition that contains a (possibly empty)
identifier list, both shall agree in the number of parameters, and the typ&€sof each prototype
parameter shall be compatible with the type that results from the application of the default
argument promotipns to the type of the corresponding identifier. (For €ach parameter declared
with function or afray type, its type for these comparisons is the onethat results from conversion
to a pointer type, ps in 6.7.1. For each parameter declared with qualified type, its type for these
comparisons is thq unqualified version of its declared type.)

Examples
1. The declaration
int f(void), *fip(), (*pfi) ();

declares a function £ with no paranieters returning an int, a function £ip with no
parameter specification returning a pointer to an int, and a pointer p£fi to a function with
no paramet{r specification retumninng an int. It is especially useful to compare the last
two. The Binding of *£ip()-is * (£ip () ), so that the declaration suggests, and the
same constriction in an expression requires, the calling of a function £ip, and then using
indirection {hrough the/pointer result to yield an int. In the declarator (*pfi) (), the
extra parentheses are(nécessary to indicate that indirection through a pointer to a function
yields a funftion designator, which is then used to call the function; it returns an int.

If the dpelaration occurs outside of any function, the identifiers have file scope and
external linkage. € declaration occurs inside for, i i i
£ and £ip have block scope and either internal or external linkage (depending on what file
scope declarations for these identifiers are visible), and the identifier of the pointer p£i has
block scope and no linkage.

2. The declaration

71 See ‘‘future language directions’’ (6.9.4).
72 If both function types are ‘‘old style,”” parameter types are not compared.
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int (*apfi[3]) (int *x, int *y);

declares an array apfi of three pointers to functions returning int. Each of these
functions has two parameters that are pointers to int. The identifiers x and y are declared
for descriptive purposes only and go out of scope at the end of the declaration of ap£i.

3. The declaration
int (*fpfi(int (*) (long), int)) (int, ...);

declares a function £pfi that returns a pointer to a function returning an int. The

L S ac tiiim maramaetercs 4 e ter a

function £p£i has two parameters: a pointer to a function returning an int (with one

parameter of type Long), and an int. 1he pointer returned by EPEL pgints to a function
that has one int parameter and accepts zero or more additional arguments of any type.

Forward references: function definitions (6.7.1), type names (6.5.5).

655 Tvnp names

Ve en) j3 223 33 Lo}

Syntax

type-name:

specifier-qualifier-list abstract-declaratorop ;

abstract-declarator:
pointer
pointeropt direct-abstract>declarator

A2t bl cdbaaind Ao ] e abnaas
direct-aoytraci-aecwaraLor .
( abstract-declarator,)
direct-abstract-degclarator [ constant-expressionop p 1

dzrect-abstract—declaratorop’ ( parameter-type-lzstop ; )

Semantics

In several contexts,.itis desired to specify a type. This is accomplished using a type name,
which is syntactically"a declaration for a function or an object of that type that omits the
identifier.”

Example

The ‘constructions

(a) int

(b) int *

© int *[3]

(d) int (*)[3]

(e) int *()

® int (*) (void)

Lo\ emde % 3 3 )
g) INTt— \.vuS't—H—)—('uﬁ'st'g'ned TRCTT———7

name respectively the types (a) int, (b) pointer to int, (c) array of three pointers to int, (d)
pointer to an array of three ints, (e) function with no parameter specification returning a pointer
to int, (f) pointer to function with no parameters returning an int, and (g) array of an
unspecified number of constant pointers to functions, each with one parameter that has type
unsigned int and an unspecified number of other parameters, returning an int.

73 As indicated by the syntax, empty parentheses in a type name are interpreted as ‘‘function with no
parameter specification,” rather than redundant parentheses around the omitted identifier.
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6.5.6 Type definitions
Syntax

In a declaration whose storage-class specifier is typedef, each declarator defines an
identifier to be a typedef name that specifies the type specified for the identifier in the way
described in 6.5.4. A typedef deciaration does not introduce a new type, only a synonym for

< rmadaf momna v 1
s a typedef name with the lype specified by the declaration

(known as [I'), and the 1dent1ﬁer in D has the type ‘‘derived-declarator-type-list T

cu
a@
@
(=9
[

Examples
1. After
typedef int MILES, KLICKSP();
typedef struct { double re, im; } complex;
the constructions

LES distance;

tern KLICKSP *metricp;
omplex x;

omplex z, *zp;

are all valid declarations. The type of distance is int, that of metricp is ‘‘pointer to
function With no parameter specification returning int,”’ and that of x and z is the
specified sfructure; zp is a poidfter to such a structure. The object distance has a type
compatiblg with any other int-object.

2. After the declarations
typedef (struct sl { int x; } tl, *tpl;
typedef-struct s2 { int x; } t2, *tp2;
type t1 and the type pointed to by tpl are compatlble Type tl is also compatlble with
type str 2 y

by tp2, and 1nt
3. The following obscure constructions

typedef signed int t;

typedef int plain;

struct tag {
unsigned t:4;
const t:5;
plain r:5;

}:

declare a typedef name t with type signed int, a typedef name plain with type int,
and a structure with three bit-field members, one named t that contains values in the range
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[0,15], an unnamed const-qualified bit-field which (if it could be accessed) would contain
values in at least the range [—15,+15], and one named r that contains values in the range
[0,31] or values in at least the range [—15,+15]. (The choice of range is implementation-
defined.) The first two bit-field declarations differ in that unsigned is a type specifier
(which forces t to be the name of a structure member), while const is a type qualifier

(which modifies t which is still visible as a typedef name). If these declarations are

followed in an inner scope by

t £(t ()’
long t;

then a function E is declared withh type — function returning
unnamed parameter with type pointer to function returning sign
unnamed parameter with type signed int,”’ and an identifier £ ‘with t

d int with one
d int with one
ype long.

4. On the other hand, typedef names can be used to improve code’readability. All three of the
following declarations of the signal function specify(eéxactly the fame type, the first

without making use of any typedef names.
typedef void fv(int), (*pfv) (int);

void (*signal (int, wvoid (*)\(int))) (int);
fv *signal (int, fv *);
pfv signal (int, pfv);

Forward references: the signal function)(7.7.1.1).
6.5.7 Initialization
Syntax
initializer:
assignment-expression
{ initializer-list }
{_initializer-list , }
initializer<tist:
initializer
initializer-list , initializer
Congtraints
There shall be no more initializers in an initializer list than there are objec
The type of the entity to be initialized shall be an object type or an array ¢

All the expressions in an initializer for an object that has static storag
initializer list for an object that has aggregate or union type shall be constant g

s to be initialized.
f unknown size.

e duration or in an
xpressions.

If the declaration of an identifier has block scope, and the identifier has

external or internal

linkage, the declaration shall have no initializer for the identifier.
Semantics
An initializer specifies the initial value stored in an object.
All unnamed structure or union members are ignored during initialization.

If an object that has automatic storage duration is not initialized exp

licitly, its value is

indeterminate.”® If an object that has static storage duration is not initialized explicitly, it is
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initialized implicitly as if every member that has arithmetic type were assigned O and every
member that has pointer type were assigned a null pointer constant.

The initializer for a scalar shall be a single expression, optionally enclosed in braces. The
initial value of the object is that of the expression; the same type constraints and conversions as
for simple assignment apply, taking the type of the scalar to be the unqualified version of its

declared type.

A brace-enclosed initializer for a union object initializes the member that appears first in the

declaration list of

The initializer
be an initializer
structure or union

The rest of thi

An array of ck
in braces Succe

An array with
literal, optionally
terminating zero-y
elements of the ar]

Otherwise, the
initializers for the
the initializer for
member of the un

If the aggrega
union is an aggrg
unions.
initializers enclos
subaggregate or t
from the list are t
contained union; §
of which the currg

If there are fe
the remainder of
storage duration.

If an array of
provided for its g

lemients.

the union type.

S LR

In the latter case, the initial value of the UU_]CLL 1

type.
b subclause deals with initializers for objects that have aggregate or union type.

aracter type may be initialized by a character string literal, optionally enclosed
sive characters of the character string literal (including the terminating~null

ic of
1

nknauwn
5 U

e raoom or if the arra
a LAAIIU WY i

v
5 1UVUI Ul 11 ulv aiia

1 itialize the elements of the darrav

1T CIC Qiay.

size) in

element type compatible with wchar_t may be initialized by a (wide string
enclosed in braces. Successive codes of the wide string literal\(including the
alued code if there is room or if the array is of unknown siZe) initialize the
ay.

initializer for an object that has aggregate type shall be/a brace-enclosed list of
members of the aggregate, written in increasing subscript or member order; and
an object that has union type shall be a brace-ericlosed initializer for the first
on.

e contains members that are aggregates orunions, or if the first member of a
gate or union, the rules apply recursivély to the subaggregates or contained

If the infitializer of a subaggregate or contained union begins with a left brace, the

bd by that brace and its matching- right brace initialize the members of the
he first member of the contained union. Otherwise, only enough initializers
hken to account for the members of the subaggregate or the first member of the
ny remaining initializers ‘are left to initialize the next member of the aggregate
nt subaggregate or contained union is a part.

ver initializers in\a/brace-enclosed list than there are members of an aggregate,
he aggregatesshall be initialized implicitly the same as objects that have static

unknoWn®size is initialized, its size is determined by the number of initializers
At the end of its initializer list, the array no longer has incomplete

type.

Examples
1. The declaration
int x[] = (1, 3, 5 };
defines and initializes x as a one-dimensional array object that has three elements, as no

size was specified and there are three initializers.

74 Unlike in the base document, any automatic duration object may be initialized.
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2. The declaration

float y[4][3] = {
{1, 3, 51,
{2, 4, 6},
{ 3, 5, 71},

};

is a definition with a fully bracketed initialization: 1, 3, and 5 initialize the first row of y
(the array object y[0]), namely y[0] [0], y[0] [1], and y[0] [2]. Likewise the next
two lines initialize y[1] and y[2]. The initializer ends early, so y[3] is initialized with

zeros. Precisely the same effect could have been achieved by

float y[4]1[3] = {
1, 3, 5, 2, 4, 6, 3, 5, 1
};

The initializer for y[0] does not begin with a left brace)yso three items from the list are
used. Likewise the next three are taken successively for y [1] and y[2].

3. The declaration

float z[4][3] = {
{1}, {21}, {33, {4}
};

initializes the first column of z as speeified and initializes the rest with z¢ros.
4. The declaration
struct { int &[3], b; } w[l = { { 1}, 2 };

is a definition with an.inconsistently bracketed initialization. It defines |an array with two
element structures:*w{0] .a[0] is 1 and w[1] .a[0] is 2; all the other|elements are zero.
5. The declaration
short q[4][31[2] = {
{1}
{ 2, },
{ 4 , 6}

oW~

14

|

contains an incompletely but consistently bracketed initialization. I{ defines a three-
dimensional array object: q[0] [0] [0] is 1, g[1][0] [0] is 2, q[1]{[0][1] is 3, and
4, 5, and 6 initialize q[2] [0]1[0], q[2][0][1], and g[2] [1] [O], respectively; all
the rest are zero. The initializer for g[0] [0] does not begin with a left brace, so up to
six items from the current list may be used. There is only one, so the values for the
remaining five elements are initialized with zero [ikewise the initialirers for q[1][0]

and q[2] [0] do not begin with a left brace, so each uses up to six items, initializing their
respective two-dimensional subaggregates. If there had been more than six items in any of
the lists, a diagnostic message would have been issued. The same initialization result could
have been achieved by:

short q[4][3][2] = {
i, o, 0, O, 0, O,
2, 3, 0, 0, 0, 0,
4, 5, 6

’ 14

or by:
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short q[4]1[3][2] = {

};

{
{11,
b
{
{2 31},
b,
{
{4, 51,
{61,
}

in a fully bfacketed form.

Note thpt the fully bracketed and minimally bracketed forms of initialization are, in

general, les

likely to cause confusion.

One form ¢f initialization that completes array types involves typedef names. Giyen~the

declaration

typedef int A[];

the declaratjon

A

is identical

fa = {1, 2}, b = {3, 4, 5};

to

int a[] = {1, 2}, b[] = {3, 4, 5};

due to the

les for incomplete types.

The declaration

chHar s[] = "abec", t[3] = tabec";

defines ‘‘plain”’ char array objects s and t whose elements are initialized with character
string literals. This declaration is idertical to

ch

The conten
ch

defines p
‘‘array of

ar S[] = { IaI, Ibl, IcI’ I\OI },
t[l = { 'al)"'b", 'c’ };
s of the arraystare modifiable. On the other hand, the declaration

jar *p =.{abc";

vith type™ ‘pointer to char’’ that is initialized to point to an object with type
char’ with length 4 whose elements are initialized with a character string

literal. If
undefined.

\n“attempt _is made to use p to modify the contents of the array, the behavior is

Forward references: common definitions <stddef.h> (7.1.5).
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6.6 Statements
Syntax

statement:
labeled-statement
compound-statement
expression-statement
selection-statement
iteration-statement
jump-statement

Semantics

A statement specifies an action to be performed. Except as indicated;-statg
in sequence.

A full expression is an expression that is not part of another expres
following is a full expression: an initializer; the expression “in an express
controlling expression of a selection statement (1 £ or switch); the controll
while or do statement; each of the three (optiopal)“expressions of a f
(optional) expression in a return statement. The g€nd-of a full expression is

Forward references: expression and null statements (6.6.3), selection
iteration statements (6.6.5), the return statément (6.6.6.4).

6.6.1 Labeled statements

Syntax
labeled-statement:
identifier : . Statement
case constant-expression statement
default statement

Constraints

A case ordefault label shall appear only in a switch statement. Fu
such labels are/discussed under the switch statement.

Semantics

Any statement may be preceded by a prefix that declares an identifier as a
in\themselves do not alter the flow of control, which continues unimpeded acro

Forward references: the goto statement (6.6.6.1), the switch statement (6
6.6.2 Compound statement, or block

Syntax

ments are executed

ion. Each of the
ion statement; the
ng expression of a
or statement; the
h sequence point.

statements (6.6.4),

rther constraints on

abel name. Labels
ss them.

6.4.2).

compound-statement:
{ declaration-list
opt

}

statement-list
opt

declaration-list:
declaration
declaration-list declaration

statement-list:
statement
statement-list statement

Language

75


https://iecnorm.com/api/?name=d9de05c120bca5aaa9013e43bad94a32

ISO/IEC 9899:1990 (E)

A compound statement (also called a block) allows a set of statements to be grouped into one
syntactic unit, which may have its own set of declarations and initializations (as discussed in
6.1.2.4). The initializers of objects that have automatic storage duration are evaluated and the
values are stored in the objects in the order their declarators appear in the translation unit.

6.6.3 Expression and null statements

Syntax
expression-statement.
PXpression ;
pre opt '
Semantics

The expressio
effects.”

A null statemd
Examples

1. If a functig

discarding
expression |

h in an expression statement is evaluated as a void expression for its side

nt (consisting of just a semicolon) performs no operations.

n call is evaluated as an expression statement for its side effects only, the
bf its value may be made explicit by converting the expression to a void
y means of a cast:

int p(int);
/*...*%/
(vpid)p (0) ;
2. In the progrEm fragment
chpr *s;
/*...*%/
whiile (*s++ != '\0’)
a null staterpent is used to supply an empty loop body to the iteration statement.
3. A null statement may also be usedtto carry a label just before the closing } of a compound
statement.
whiile (loopl) *{
/*. %/
while (loop2) {
/*...%/
if (want_out)
goto end_loopl;
/*...%/
}
/*...%/

end loopl: ;

}

Forward references: iteration statements (6.6.5).

75 Such as assignments, and function calls which have side effects.
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6.6.4 Selection statements
Syntax

selection-statement:
if ( expression ) statement
if ( expression ) statement else statement
switch ( expression ) statement

Semantics

A selection statement selects among a set of statements depending on the value of a

controlling expression.
6.6.4.1 The if statement
Constraints
The controlling expression of an if statement shall have scalap type.

Semantics

In both forms, the first substatement is executed if-the expression compares unequal to 0. In

the else form, the second substatement is executed if the expression comp3
the first substatement is reached via a label, the second substatement is not exe

ires equal to 0. If
cuted.

An else is associated with the lexically immediately preceding else-le§s if that is in the

same block (but not in an enclosed block).
6.6.4.2 The switch statement
Constraints

The controlling expression of a switch statement shall have integral typ

e. The expression

of each case label shall;be an integral constant expression. No two of the case constant

expressions in the same\switch statement shall have the same value after
may be at most one_ default label in a switch statement. (Any enclosed
may have a default label or case constant expressions with values th
constant expressions in the enclosing switch statement.)

Semantics

Arswitch statement causes control to jump to, into, or past the statemen|
body ydepending on the value of a controlling expression, and on the presen
label and the values of any case labels on or in the switch body. A case or
accessible only within the closest enclosing switch statement.

The integral promotions are performed on the controlling expression. The
in each case label is converted to the promoted type of the controlling
converted value matches that of the promoted controlling expression, con

conversion. There
lswitch statement
it duplicate case

[ that is the switch
ce of a default
default label is

onstant expression
expression. If a
trol jumps to the

statement following the matched case label. Otherwise, if there is a default label, control

jumps to the labeled statement. If no converted case constant expression m
no default label, no part of the switch body is executed.

Implementation limits

atches and there is

As discussed previously (5.2.4.1), the implementation may limit the number of case values

in a switch statement.
Example

In the artificial program fragment
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switch (expr)

{

int i = 4;

£(i);

case 0:

i=17; /* falls through into default code */

default:

}

the object whose
never initialized,

printf£ function

be reached.
6.6.5 Iteratio
Syntax

iteration

Constraints

The controllin

Semantics

An iteration s

printf ("$d\n", i);

el el M > — 4l + P + <l 41 L +tlas £l Ll | AN PP
IUCIILIIICT 15 AL CTAISLYS WILT dutulliativ DlUlaéb GUTAtIVIT (Wil uiv UIUCR JUuL 15
and thus if the controlling expression has a nonzero value, the call to the
will access an indeterminate value. Similarly, the call to the function £ cannot

h statements

statement:

while ( expression ) statement

do statement while ( expression )
j ; ression

for ( expresstonop, ; expressio opt

’

; expression, ) starement
g expression of an iteration statement shall have scalar type.

fatement causes a statement called the loop body to be executed repeatedly until

the controlling expression compares equal to 0.

6.6.5.1 The wh

The evaluatio
body.

6.6.5.2 The dg
The evaluatio|
6.6.5.3 The fc
Except for thg
for (

and the sequence

ile statement

n of the controlling expression takes place before each execution of the loop

statement

h of the controlling expression takes place after each execution of the loop body.
r statement

behavior ofyascontinue statement in the loop body, the statement
expression-1 ; expression-2 ; expression-3 ) statement

of statéments

1
=1

expressi
while

}

are equivalent.76

4
(expression-2) {
Statement
expression-3 ;

76 Thus, expression-1 specifies initialization for the loop; expression-2, the controlling expression, specifies
an evaluation made before each iteration, such that execution of the loop continues until the expression

compares equal
each iteration.

78

to 0; expression-3 specifies an operation (such as incrementing) that is performed after
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Both expression-1 and expression-3 may be omitted. Each is evaluated as a void expression.

An omitted expression-2 is replaced by a nonzero constant.
Forward references: the continue statement (6.6.6.2).
6.6.6 Jump statements

Syntax

jump-statement:
goto identifier ;

mamd S mara .
conicanue

break ;
return expression

opt '
]

Semantics
imp statement causes an unconditional jump to another place)
6.6.6.1 The goto statement
Constraints
The identifier in a goto statement shall name~a.label located somewhe
function.
Semantics

A goto statement causes an unconditional jump to the statement prefixed
in the enclosing function.

Example

It is sometimes convenient\fo jump into the middle of a complicated set

re in the enclosing

by the named label

pf statements. The

following outline presents, one possible approach to a problem based on these {hree assumptions:

1. The general initialization code accesses objects only visible to the curren
2. The generalinitialization code is too large to warrant duplication.

3. The codesto determine the next operation must be at the head of the lo
be reached by continue statements, for example.)

/*...%/

goto first time;

for (;;) {
/* determine next operation */
/*...%/

if (need to reinitialize) {
/* reinitialize-only code */

t function.

bp. (To allow it to

/% * /
7 7

first time:
/* general initialization code */

[*...%/

continue;
}
/* handle other operations */
/*...%/
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6.6.6.2 The continue statement

Constraints
A continue

Semantics

statement shall appear only in or as a loop body.

A continue statement causes a jump to the loop-continuation portion of the smallest
enclosing iteration statement; that is, to the end of the loop body. More precisely, in each of the

statements
while (/*...*/) { do { for (/*...*/) {
/*..|*/ /*...%/ /*...%/
continue; continue; continue;
/*..|*/ /*...%/ [/*...*%/
contin] ; contin: ; contin: ;
} } while (/*...*/); }

unless the conti
interpreted within

nue statement shown is in an enclosed iteration statement (in which casg it is
that statement), it is equivalent to goto contin;.”’

6.6.6.3 The break statement

Constraints
A break statg
Semantics

A break sta
statement.

6.6.6.4 The ref
Constraints

A return st
void.

Semantics

A return st
caller. A function

If a return
to the caller as th
from that of the fi
that type.

If a return

ment shall appear only in or as a switch body or loop bod¥«

fement terminates execution of the smallest en¢losing switch or iteration

furn statement

itement with an expression shall not/appear in a function whose return type is

htement terminates execution of the current function and returns control to its
may have any number of return statements, with and without expressions.

tatement with an €xpression is executed, the value of the expression is returned
e value of 4he function call expression. If the expression has a type different
inction il which it appears, it is converted as if it were assigned to an object of

statément without an expression is executed, and the value of the function call

is used by the ca
equivalent to exec

Iter, The behavior 1S undefined. Reaching e} UTar erminates @ Tumncton 1S
uting a return statement without an expression.

77 Following the contin: label is a null statement.

80
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6.7 External definitions
Syntax

translation-unit:
external-declaration
translation-unit external-declaration

external-declaration:
function-definition
declaration

al sy
Constraints

The storage-class specifiers auto and register shall not appdarn-ip the declaration

specifiers in an external declaration.

There shall be no more than one external definition for each identifier decllared with internal
linkage in a translation unit. Moreover, if an identifier declared,with internal linkage is used in
an expression (other than as a part of the operand of a sizeof operator), thefe shall be exactly

one external definition for the identifier in the translation ufit,

Semantics

As discussed in 5.1.1.1, the unit of programi text after preprocessing is p translation unit,
which consists of a sequence of external declarations. These are described as ‘{external’’ because
they appear outside any function (and hence-have file scope). As discussed in[6.5, a declaration

that also causes storage to be reserved for ‘dn object or a function named by |the identifier is a

definition.

An external definition is an exfernal declaration that is also a definition of a function or an

object. If an identifier declared Wwith external linkage is used in an expression [other than as part

of the operand of a sizeof operator), somewhere in the entire program there shall be exactly

one external definition fot-thé identifier; otherwise, there shall be no more than pne

6.7.1 Function définitions
Syntax

function-definition:

declaration-speciﬁers()pt declarator dec‘laration-listopt compund-statement

Constraints

The identifier declared in a function definition (which is the name of the fynction) shall have

R=]

a function type, as specified by the declarator portion of the function definition.

78 Thus, if an identifier declared with external linkage is not used in an expression, there need be no

external definition for it.

79 The 1ntent 1s that the type category in a function definition cannot be mheried rom typedef:

typedef int F(void); /* type ¥ is “‘function of no arguments returning int’’ */
F £, g; /* £ and g both have type compatible with ¥ */
F£{/*...%/} /* WRONG: syntaxi/constraint error */

Fg() {/*...%/ } /* WRONG: declares that g returns a function */

int f£(void) { /*...*/ } /* RIGHT: £ has type compatible with ¥ */

int g() { /*...*/ } /* RIGHT: g has type compatible with ¥ */

F *e(void) { /*...*/ } /* e returns a pointer to a function */

F *((e)) (void) { /*...*/ } /* same: parentheses irrelevant */

int (*£fp) (void); /* £p points to a function that has type F */

F *Fp; /* Fp points to a function that has type F */
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The return type of a function shall be void or an object type other than array.

The storage-class specifier, if any, in the declaration specifiers shall be either extern or
static.

If the declarator includes a parameter type list, the declaration of each parameter shall include
an identifier (except for the special case of a parameter list consisting of a single parameter of
type void, in which there shall not be an identifier). No declaration list shall follow.

If the declarator includes an identifier list, each declaration in the declaration list shall have at
least one declarator, and those declarators shall declare only identifiers from the identifier list.
An identifier declare ede e e rede i
in the declaratio
initializations.

d d DAramelc € _dcC araftion
list shall contain no storage-class specifier other than register and no

Semantics

The declaratqr in a function definition specifies the name of the function being defined and
the identifiers of its parameters. If the declarator includes a parameter type list, the list also
specifies the typgs of all the parameters; such a declarator also serves as a function protetype for
later calls to thg same function in the same translation unit. If the declarator inchides an
identifier list,®* the types of the parameters may be declared in a following declaration’list. -Any
parameter that is[not declared has type int.

If a function [that accepts a variable number of arguments is defined without’a parameter type
list that ends with the ellipsis notation, the behavior is undefined.

On entry to the function the value of each argument expression shall*be converted to the type
of its correspondling parameter, as if by assignment to the parameter. Array expressions and
function designafors as arguments are converted to pointers befove the call. A declaration of a
parameter as ‘‘afray of type’’ shall be adjusted to ‘‘pointef\to fype,”” and a declaration of a
parameter as “fj;ction returning type’’ shall be adjusted tol*pointer to function returning type,”’

as in 6.2.2.1. THe resulting parameter type shall be an_object type.

Each paramefer has automatic storage duration.*Jts identifier is an Ivalue.®!

storage for paranpeters is unspecified.

The layout of the

Examples
1. In the follgwing:

extern int max(int a, int b)

{

retdrn a > b ? a : b;

}

extern i3 the(stprage-class specifier and int is the type specifier (each of which may be
omitted as|thoSe are the defaults); max (int a, int b) is the function declarator; and

{ return a >b ? a : b; }

is the function body. The following similar definition uses the identifier-list form for the
parameter declarations:

80 See ‘‘future language directions’’ (6.9.5).

81 A parameter is in effect declared at the head of the compound statement that constitutes the function
body, and therefore may not be redeclared in the function body (except in an enclosed block).
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extern int max(a, b)
int a, b;
{

return a > b ? a : b;

}

Here int a, b; is the declaration list for the parameters, which may

be omitted because

those are the defaults. The difference between these two definitions is that the first form

acts as a prototype declaration that forces conversion of the arguments
to the function, whereas the second form may not.

of subsequent calls

TU }Jdbb UIIC fullbliUll w dllUl}lCl, UIIC lllis}ll aa_y
int £ (void);
/*...%/
g(£f);

Note that £ must be declared explicitly in the callingcfunction, as ity appearance in the
expression g (£) was not followed by (. Then the definition of g might read

g(int (*funcp) (void))
{
/*...*/ (*funcp) () \/* or funcp() ... *

}
or, equivalently,

g(int func(void))

{
/*...*/>func() /* or (*func) () ... */
}

6.7.2 External object, definitions
Semantics

If the declaration of an identifier for an object has file scope and an initial
is an external-definition for the identifier.

zer, the declaration

A declaration of an identifier for an object that has file scope without an initializer, and

withouf-a’ storage-class specifier or with the storage-class specifier sta
tentative definition. If a translation unit contains one or more tentative
identifier, and the translation unit contains no external definition for that

tic, constitutes a
definitions for an
identifier, then the

behavior is exactly as if the translation unit contains a file scope declaration of that identifier,
with the composite type as of the end of the translation unit, with an initializey equal to 0.

If the declaration of an identifier for an object is a tentative definitign and has internal

linkage, the declared type shall not be an incomplete type.

Example
int il = 1; /* definition, external linkage * /
static int i2 = 2; /* definition, internal linkage * /
extern int i3 = 3; /* definition, external linkage * /
int i4; /* tentative definition, external linkage * /
static int i5; / * tentative definition, internal linkage */
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84

int
int
int
int
int

il;
i2;

i3;

i4;
i5;

extern
extern
extern
extern
extern

/* valid tentative definition, refers to previous */

/* 6.1.2.2 renders undefined, linkage disagreement * /

/* valid tentative definition, refers to previous */

/* valid tentative definition, refers to previous */

/* 6.1.2.2 renders undefined, linkage disagreement * /
int il; /* refers to previous, whose linkage is external * /
int i2; /* refers to previous, whose linkage is internal */
int i3; /* refers to previous, whose linkage is external * /
int i4; /* refers to previous, whose linkage is external * /
int i5; /* refers to previous, whose linkage is internal */
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Syntax
preprocessing-file:
group,,
group:
group-part
group group-part
group-part:
[}P“IUI,&C";)O ¢ IlCW‘l’L.IlC
if-section
control-line
if-section:
if-group elzf-groupsopl else-groupop' endif-line
if-group:
# if constant-expression new-litte group
# ifdef identifier new-line groupy.. P
# ifndef identifier new-line groupoﬁt
elif-groups:
elif-group
elif-groups elif-group
elif-group:
# elif constant-expression new-line groupopr
else-group:
# else new-line groupopt
endif-line:

# endif new-line

control-line:
include pp-tokens new-line
define identifier replacement-list new-line

undef identifier new-line

line pp-tokens new-line

error pp-tokensn . new-line

pragma pp-tokenso . new-line
new-line

3 3 I I W I N

Iparen:

define identifier Iparen identiﬁer-listopt ) replacemdnt-list new-line

1 1o 1 . 1 el 3. los
UIC ITTI=PAITIIUITIIS UHdI allClh WIllTuut pIelUTUlITE WllltC‘bpa\,D

replacement-list:

pp-tokensopt

pp-tokens:

preprocessing-token

pp-tokens preprocessing-token
new-line:

the new-line character
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Description

A preprocessing directive consists of a sequence of preprocessing tokens that begins with a #
preprocessing token that is either the first character in the source file (optionally after white space
containing no new-line characters) or that follows white space containing at least one new-line
character, and is ended by the next new-line character.?

Constraints

The only white-space characters that shall appear between preprocessing tokens within a
preprocessing directive (from just after the introducing # preprocessing token through just before

the terminating - ces that have
replaced commenfs or possibly other white-space characters in translation phase 3).

Semantics

The implementation can process and skip sections of source files conditionally, include other,
source files, and replace macros. These capabilities are called preprocessing, because
conceptually they| occur before translation of the resulting translation unit.

The preprocegsing tokens within a preprocessing directive are not subject to macro expansion
unless otherwise $tated.

6.8.1 Conditipnal inclusion
Constraints

The expressign that controls conditional inclusion shall be an int€gral constant expression
except that: it shgll not contain a cast; identifiers (including those lexically identical to keywords)
are interpreted as|described below;®? and it may contain unary operétor expressions of the form

defin€d identifier
or

definjd ( identifier )

which evaluate fo 1 if the identifier is currently, défined as a macro name (that is, if it is
predefined or if|it has been the subject of a\#define preprocessing directive without an
intervening #undef directive with the same subject identifier), O if it is not.

Each preprocgssing token that remains ‘after all macro replacements have occurred shall be in
the lexical form ¢f a token.

Semantics

Preprocessing directives of) the forms

# if constant-expression new-line group .
# elif.L constant-expression new-line groupom

check whether thg controlling constant expression evaluates to nonzero.

Prior to evaluation, macro invocations in the list of preprocessing tokens that will become the
controlling constant expression are replaced (except for those macro names modified by the
defined unary operator), just as in normal text. If the token defined is generated as a result
of this replacement process or use of the defined unary operator does not match one of the two

)

82 Thus, preprocessing directives are commonly called ‘‘lines.”” These ‘‘lines”” have no other syntactic
significance, as all white space is equivalent except in certain situations during preprocessing (see the #
character string literal creation operator in 6.8.3.2, for example).

83 Because the controlling constant expression is evaluated during translation phase 4, all identifiers either
are or are not macro names — there simply are no keywords, enumeration constants, etc.

86 Language


https://iecnorm.com/api/?name=d9de05c120bca5aaa9013e43bad94a32

ISO/IEC 9899:1990 (E)

specified forms prior to macro replacement, the behavior is undefined. After all replacements due
to macro expansion and the defined unary operator have been performed, all remaining
identifiers are replaced with the pp-number 0, and then each preprocessing token is converted
into a token. The resulting tokens comprise the controlling constant expression which is
evaluated according to the rules of 6.4 using arithmetic that has at least the ranges specified in
5.2.4.2, except that int and unsigned int act as if they have the same representation as,
respectively, long and unsigned long. This includes interpreting character constants, which
may involve converting escape sequences into execution character set members. Whether the
numeric value for these character constants matches the value obtained when an identical

character constant occurs in an expression (other than within a #if or #elif directive) is
184 A1

+ 1 tots dafs hath M 1 L. $ L $.
TTPTCITTCITT A trOTOC IO U 735Uy WITCTITCT a STTEICTCITarac et CITaracicr \,uuatant may haVC a

negative value is implementation-defined.
Preprocessing directives of the forms

# ifdef identifier new-line groupom

# ifndef identifier new-line groupopt
check whether the identifier is or is not currently defined/as_d4 macro name. Their conditions are
equivalent to #if defined identifier and #if 'defined identifier respectively.

Each directive’s condition is checked in order. dfyit evaluates to false (zerp), the group that it
controls is skipped: directives are processed only through the name that detefmines the directive
in order to keep track of the level of nested conditionals; the rest of the direcfives’ preprocessing
tokens are ignored, as are the other preprOcessing tokens in the group. Qnly the first group
whose control condition evaluates to €pue” (nonzero) is processed. If non¢ of the conditions
evaluates to true, and there is a #else directive, the group controlled| by the #else is
processed; lacking a #else directive; all the groups until the #endif are skipped.®

Forward references: macro re€placement (6.8.3), source file inclusion (6.8.2).
6.8.2 Source file inclusion
Constraints

A #include-directive shall identify a header or source file that can he processed by the
implementation

Semantics
A preprocessing directive of the form
# include <h-char-sequence> new-line

searches a sequence of implementation-defined places for a header identified uniquely by the
specified sequence between the < and > delimiters, and causes the replacem¢nt of that directive
by the entire contents of the header. How the places are specified or the header identified is
implementation-defined.

84 Thus, the constant expression in the following #if directive and if statement is not guaranteed to
evaluate to the same value in these two contexts.

= 25
= 25)

#if reg’ — ’'a’

if (Izl - ra’

85 As indicated by the syntax, a preprocessing token shall not follow a #else or #endif directive before
the terminating new-line character. However, comments may appear anywhere in a source file, including
within a preprocessing directive.
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A preprocessing directive of the form

# include "g-char-sequence" new-line

c P

auses the repl

specified sequence between the " delimiters.
implementation-defined manner.

icement of that directive by the entire contents of the source file identified by the

The named source file is searched for in an
If this search is not supported, or if the search fails, the

directive is reprocessed as if it read

# include <h-char-sequence> new-line

with the identi

A preprocessin

# incly

(that does not mat

include in the d

as a macro name
which a sequence
of " characters is
defined.

There shall be
external source fi

COi‘lsisung
letter. The imple
mapping to six sig

~AL ~ean
01 OIC

A #include
of a #include
5.24.1).

Aiwnntiora
ciuve.

p directive of the form
de pp-tokens new-line

h one of the two previous forms) is permitted. The preprocessing tokens after
irective are processed just as in normal text. (Each identifier currently defined
is replaced by its replacement list of preprocessing tokens.) The direetive
replacements shall match one of the two previous forms.?® The method-by
hf preprocessing tokens between a < and a > preprocessing token pair, ora pair
combined into a single header name preprocessing token is implementation-

an implementation-defined mapping between the delimited s€quence and the
e name. The implementation shall provide unique mappings for sequences
mentation may ignore the distinctions of alphabetical case and restrict the
hificant characters before the period.

preprocessing directive may appear in a souree file that has been read because
directive in another file, up to an implementation-defined nesting limit (see

Examples
1. The most common uses of #include préprocessing directives are as in the following:
#iIclude <stdio.h>
#include "myprog.h"
2. This illustrales macro-replaced #include directives:
#if VERSION) ==
#define INCFILE "versl.h"
#elif VERSION ==
#define INCFILE '"vers2.h" /* and so on */
#felse
#define INCFILE "versN.h"
#endif

#include INCFILE

Forward references: macro replacement (6.8.3).

86 Note that adjacent string literals are not concatenated into a single string literal (see the translation
phases in 5.1.1.2); thus, an expansion that results in two string literals is an invalid directive.

88
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6.8.3 Macro replacement
Constraints

Two replacement lists are identical if and only if the preprocessing tokens in both have the
same number, ordering, spelling, and white-space separation, where all white-space separations
are considered identical.

An identifier currently defined as a macro without use of lparen (an object-like macro) may be
redefined by another #define preprocessing directive provided that the second definition is an
object-like macro definition and the two replacement lists are identical.

AT Tdemifier currentty defimed—as—a Tmacrousing—tparemr (@ farcrion=tiky macro) may be
redefined by another #define preprocessing directive provided that the-secgnd definition is a
function-like macro definition that has the same number and spelling of ‘parameters, and the two
replacement lists are identical.

The number of arguments in an invocation of a function-like”'macro shdii agree with the
number of parameters in the macro definition, and there shall eXist a ) preprdcessing token that
terminates the invocation.

A parameter identifier in a function-like macro shall"be uniquely declared wjthin its scope.
Semantics

The identifier immediately following the/define is called the macro najne. There is one
name space for macro names. Any white-space characters preceding for following the
replacement list of preprocessing tokens ‘afe not considered part of the replacement list for either

ng t
form of macro.

If a # preprocessing token, followed by an identifier, occurs lexically at the point at which a
preprocessing directive could bégin, the identifier is not subject to macro replacgment.

A preprocessing directive of the form
# define_identifier replacement-list new-line

defines an objectlike macro that causes each subsequent instance of the mgcro name®’ to be
replaced by thé\replacement list of preprocessing tokens that constitute the| remainder of the
directive. The Teplacement list is then rescanned for more macro names as spedified below.

Apreprocessing directive of the form

# define identifier Iparen idenriﬁer-list()p ) replacement-list ney-line

t
defines a function-like macro with arguments, similar syntactically to a fynction call. The
parameters are specified by the optional list of identifiers, whose scope ¢gxtends from their
declaration in the identifier list until the new-line character that terminafes the #define
preprocessing directive. Each subsequent instance of the function-like macro npme followed by a

(-as-the next preprocessing token introduces the sequence of preprocessing tokdns that is replaced

by the replacement list in the definition (an invocation of the macro). The replaced sequence of
preprocessing tokens is terminated by the matching ) preprocessing token, skipping intervening
matched pairs of left and right parenthesis preprocessing tokens. Within the sequence of
preprocessing tokens making up an invocation of a function-like macro, new-line is considered a
normal white-space character.

87 Since, by macro-replacement time, all character constants and string literals are preprocessing tokens, not
sequences possibly containing identifier-like subsequences (see 5.1.1.2, translation phases), they are
never scanned for macro names or parameters.
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The sequence of preprocessing tokens bounded by the outside-most matching parentheses
forms the list of arguments for the function-like macro. The individual arguments within the list
are separated by comma preprocessing tokens, but comma preprocessing tokens between
matching inner parentheses do not separate arguments. If (before argument substitution) any
argument consists of no preprocessing tokens, the behavior is undefined. If there are sequences
of preprocessing tokens within the list of arguments that would otherwise act as preprocessing
directives, the behavior is undefined.

6.8.3.1 Argument substitution

After the arguments for the invocation of a function-like macro have been identified,

argument substit

## preprocessing

corresponding ar
substituted, each
formed the rest o

tiom takes ptace. A parameter i the Teptacenemnt st umntess precededby a4 or
token or followed by a ## preprocessing token (see below), is replaced by the
rument after all macros contained therein have been expanded. Before being
argument’s preprocessing tokens are completely macro replaced as if they
[ the translation unit; no other preprocessing tokens are available.

6.8.3.2 The # pperator

Constraints

Each # preprq
by a parameter as

Semantics

If, in the repl
both are replaced|

of the preproces

cessing token in the replacement list for a function-like macro shall\be followed
the next preprocessing token in the replacement list.

acement list, a parameter is immediately preceded by, a“# preprocessing token,
by a single character string literal preprocessing token that contains the spelling -
ing token sequence for the corresponding argumeént)” Each occurrence of white

space between the argument’s preprocessing tokens becomes @;single space character in the
character string [literal. White space before the first preprogessing token and after the last
preprocessing toden comprising the argument is deleted. Otherwise, the original spelling of each
preprocessing toKen in the argument is retained in the clfaracter string literal, except for special
handling for proflucing the spelling of string literals, and character constants: a \ character is
inserted before gach " and \ character of a character constant or string literal (including the
delimiting " chagacters). If the replacement thdtresults is not a valid character string literal, the
behavior is undefined. The order of evaluation of # and ## operators is unspecified.

6.8.3.3 The ##
Constraints

A ## preprod
for either form o

Semantics

If, in the rg

operator

essing token shall not occur at the beginning or at the end of a replacement list
macro definition.

placement list, a parameter is immediately preceded or followed by a ##

preprocessing to!

<ETT, the parameter s Teptaced by the Torres pording argurent s preprocessing

token sequence.

For both object-like and function-like macro invocations, before the replacement list is
reexamined for more macro names to replace, each instance of a ## preprocessing token in the
replacement list (not from an argument) is deleted and the preceding preprocessing token is
concatenated with the following preprocessing token. If the result is not a valid preprocessing
token, the behavior is undefined. The resulting token is available for further macro replacement.
The order of evaluation of ## operators is unspecified.
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6.8.3.4 Rescanning and further replacement

After all parameters in the replacement list have been substituted, the resulting preprocessing
token sequence is rescanned with all subsequent preprocessing tokens of the source file for more
macro names to replace.

If the name of the macro being replaced is found during this scan of the replacement list (not
including the rest of the source file’s preprocessing tokens), it is not repiaced. Further, if any
nested replacements encounter the name of the macro being replaced, it is not replaced. These
nonreplaced macro name preprocessing tokens are no longer available for further replacement

even if they are later (re)examined in contexts in which that macro name preprocessing token

would otherwise have been replaced.

The resulting completiely
preprocessing directive even if it resembles one.

A8 C

oo o
Voo L)\'Ul.l\r v

A macro definition lasts (independent of block structure)”until a corresponding #undef
directive is encountered or (if none is encountered) until the end of the translatjon unit.
A preprocessing directive of the form
# undef identifier new-line

causes the specified identifier no longer to{be defined as a macro name. It is ignored if the
specified identifier is not currently defined‘as)a macro name.

Examples
1. The simplest use of this facility is to define a ‘‘manifest constant,”” as in
#define TABSIZE 100

int table/[TABSIZE];

2. The following.defines a function-like macro whose value is the maximufn of its arguments.
It has the>advantages of working for any compatible types of the |arguments and of
generating.in-line code without the overhead of function calling. It ha$ the disadvantages
of evaluating one or the other of its arguments a second time (includirlg side effects) and
generating more code than a function if invoked several times. It also cannot have its
address taken, as it has none.

#define max(a, b) ((a) > (b) ? (a) : (b))
The parentheses ensure that the arguments and the resulting expression afe bound properly.
3. To illustrate the rules for redefinition and reexamination, the sequence

#define x 3

# )
#hundef x

f#define x 2

#define g £

#define z z[0]
#define h g(~

#define m(a) a(w)
#define w 0,1
#define t(a) a

f(y+l) + £(£(z)) % t(t(g) (0) + t)(1);
g(x+(3,4)-w) | h 5) &m
(£) “m(m) ;
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results in

£(2 * (y+1)) + £(2 * (£(2 * (z[0])))) % £(2 * (0)) + t(1);
£(2 * (2+(3,4)-0,1)) | £(2 * (~ 5)) & £(2 * (0,1))"m(0,1);

4. To illustrate the rules for creating character string literals and concatenating tokens, the

sequence
#define str(s) # s
#define xstr(s) str(s)
#define debug(s, t) printf("x" # s "= %d, x" # t "= %s", \

x## s ## t)
fidefine INCFILE(n) vers ## n /* from previous #include example */
#define glue(a, b) a ## b
#define xglue(a, b) glue(a, b)
#define HIGHLOW "hello"
#define LOW LOW ", world"

debug (L, 2);

fputs (str(strncmp ("abc\0d", "abec", ’'\4’) /* this goes away */
== 0) str(: @\n), s);

#include xstr (INCFILE(2) .h)

glue (HIGH, LOW);

xglue (HIGH, LOW)

results in
Printf("x" "1" " %d, x" HZII W %sll , xl[ x2) ;
fputs (['strncmp (\"abc\\0d\", \"abc\", ’'\\4”) == 0" ": @\n", s);
#include "vers2.h" (after macro replacement, before file access)
"hellof';

"hello[' ", world"
or, after corjcatenation of the character string lit€rals,

printf|("x1l= %d, x2= %s", xl; x2);

fputs (['strncmp (\ "abc\\0dX",»* \"abc\", "\\4’) == 0: @\n", s);
#include "vers2.h" (after macro replacement, before file access)
"hello|";

"hello|, world"
Space arourjd the # and ## tokens in the macro definition is optional.

5. And finally| to demonstrate the redefinition rules, the following sequence is valid.

#define OBJ.LIKE (1-1)
#defi OBJ_LIKE /* white space */ (1-1) /* other */
#defiEE_EmN_LIKE4a) (a)

f#define FTN:LIKE( a)( /* note the white space */ \
a /* other stuff on this line
*/ )
But the following redefinitions are invalid:
#define OBJ_LIKE (0) « [/* different token sequence */
#define OBJ_LIKE (1 - 1) /* different white space */

#define FTN_LIKE (b)

(a /* different parameter usage */
#define FTN LIKE(b) ( b

)
) /* different parameter spelling */
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6.8.4 Line control

Constraints

The string literal of a #1ine directive, if present, shall be a character string literal.

Semantics

The line number of the current source line is one greater than the number of new-line
characters read or introduced in translation phase 1 (5.1.1.2) while processing the source file to

the current token.

A_preprocessing directive of the form
I r (=
# line digit-sequence new-line

causes the implementation to behave as if the following sequence of.source 1
source line that has a line number as specified by the digit sequence (interp
integer). The digit sequence shall not specify zero, nor a number-gréater than 3

A preprocessing directive of the form

# line digit-sequence "s-char-sequence M. \new-line
8 q q opt

nes begins with a
reted as a decimal
2767.

sets the line number similarly and changes the présumed name of the source file to be the

contents of the character string literal.
A preprocessing directive of the form
# line pp-tokens new-line

(that does not match one of the twoxprevious forms) is permitted. The preprod
line on the directive are proces§ed just as in normal text (each identifier cu
macro name is replaced by its replacement list of preprocessing tokens). The
after all replacements shall\match one of the two previous forms and is
appropriate.

6.8.5 Error directive
Semantics
A preprocessing directive of the form
# error pp-tokensom new-line
causes the implementation to produce a diagnostic message that includes the
of preprocessing tokens.

6.8.6 Pragma directive

Semantics

essing tokens after
rently defined as a
directive resulting
then processed as

specified sequence

A rr\rmr\rn(‘pccing directive of the form

# pragma pp-tokens{)pt new-line

causes the implementation to behave in an implementation-defined manner. Any pragma that is

not recognized by the implementation is ignored.

Language
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6.8.7 Null di

Semantics

has no effect.

6.8.8 Predefi

rective

ned macro names

The following macro names shall be defined by the implementation:

LINE Th
__FILE__ Th
DATE _ Th

d line number of the current source line (a decimal constant).
q presumed name of the source file (a character string literal).

d date of translation of the source file (a character string literal of the form

"Mym dd yyyy", where the names of the months are the same as those generated

by

the asctime function, and the first character of dd is a space character/if the

valfe is less than 10). If the date of translation is not availabl¢;” an

IUSS uidail Gail U1 Uansiauvon

........ 9

implementation-defined valid date shall be supplied.

TIME Th

¢ time of translation of the source file (a character string literal_of the form

"hh:mm:ss" as in the time generated by the asctime function). If the time of
tranjslation is not available, an implementation-defined valid timie shall be supplied.

__stoc__ Th

The values

¢ decimal constant 1, intended to indicate a conforming{implementation.

f the predefined macros (except for __LINE¢.)'and __FILE _) remain

constant throughqut the translation unit.

None of thes¢ macro names, nor the identifier defined, shall be the subject of a #define
or a #undef preprocessing directive. All predefined macro names shall begin with a leading
underscore followed by an uppercase letter or a second-uriderscore.

Forward refererlces: the asctime function (7,12.3:1).

94
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6.9 Future language directions
6.9.1 External names

Restriction of the significance of an external name to fewer than 31 characters or to only one

case is an obsolescent feature that is a concession to existing implementations.

6.9.2 Character escape sequences

Lowercase letters as escape sequences are reserved for future standardization. Other

characters may be used in extensions.

6.9.3 Storage-class specifiers

The placement of a storage-class specifier other than at the beginning
specifiers in a declaration is an obsolescent feature.

6.9.4 Function declarators

of the declaration

The use of function declarators with empty parentheses (n@\prototype-forat parameter type

declarators) is an obsolescent feature.
6.9.5 Function definitions

The use of function definitions with separate.parameter identifier and dg
prototype-format parameter type and identifier declarators) is an obsolescent fe

6.9.6 Array parameters

The use of two parameters declared“with an array type (prior to their ad
type) in separate lvalues to designate, thie' same object is an obsolescent feature.

claration lists (not
ture.

ustment to pointer

Language
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7.1 Introduction

7.1.1 Definitions of terms

A string is a

contiguous sequence of characters terminated by and including the first null

character. A ‘‘pointer to’’ a string is a pointer to its initial (lowest addressed) character. The

“‘length’ of a string is the number of characters preceding the null character and its

%3

value’’ is

the sequence of the values of the contained characters, in order.

A letter is a

brinting character in the execution character set corresponding to any of the 52

required lowercasg and uppercase letters in the source character set, listed in 5.2.1.

The decimal-|
numbers to or fr
character sequenc
by the setloca

Forward referen

7.1.2 Standa

Each library
#include prep
necessary types a

The standard

point character is the character used by functions that convert floating-point
bm character sequences to denote the beginning of the fractional part of such
es.88 It is represented in the text and examples by a period, but may be changed
Le function.

es: character handling (7.3), the setlocale function (7.4.1.1).
d headers

function is declared in a header,®® whose contents are madé available by the
focessing directive. The header declares a set of related<functions, plus any
nd additional macros needed to facilitate their use.

headers are

<asserft .h> <locale.h> <stddef.h>
<ctype|. h> <math.h> <stdio.h>
<errno|l. h> <setjmp.h> <stdlib.h>
<float|.h> <signal.h> <string.h>
<limitjs.h> <stdarg.h> <time.h>

If a file with

the same name as one of the, above < and > delimited sequences, not provided

as part of the implementation, is placed in~any of the standard places for a source file to be

included, the beh

Headers may

hvior is undefined.

be included in any~order; each may be included more than once in a given

scope, with no efffect different from b€ing included only once, except that the effect of including

<assert .h> dd
of any external d
any of the functi
if the identifier

associated header]

pends on the definition of NDEBUG. If used, a header shall be included outside
bclaration or/definition, and it shall first be included before the first reference to
ns or objects it declares, or to any of the types or macros it defines. However,
s declared or defined in more than one header, the second and subsequent
5 may-be included after the initial reference to the identifier. The program shall

not have any m

ros with names lpvir‘ally identical to I(Pyu ords currently defined prinr to the

inclusion.

Forward referen

ces: diagnostics (7.2).

88 The functions t

hat make use of the decimal-point character are localeconv, fprintf, fscanf,

printf, scanf, sprintf, sscanf, vfprintf, vprintf, vsprintf, atof, and strtod.

89 A header is no

t necessarily a source file, nor are the < and > delimited sequences in header names

necessarily valid source file names.

96
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7.1.3 Reserved identifiers

Each header declares or defines all identifiers listed in its associated subclause, and optionally
declares or defines identifiers listed in its associated future library directions subclause and

identifiers which are always reserved either for any use or for use as file scope

All identifiers that begin with an underscore and either an uppercase
underscore are always reserved for any use.

All identifiers that begin with an underscore are always reserved for use as
scope in both the ordinary identifier and tag name spaces.

directions) is reserved for any use if any of its associated headers is inchudef.

All identifiers with external linkage in any of the following subclduses (i
library directions) are always reserved for use as identifiers with.exteérnal li

Each identifier with file scope listed in any of the following)subclauses (i
library directions) is reserved for use as an identifier with file scope in the
any of its associated headers is included.

No other identifiers are reserved. If the programi.declares or defines an
same name as an identifier reserved in that context\(ether than as allowed by 7
is undefined.’!

7.1.4 Errors <errno.h>

The header <errno.h> definessseveral macros, all relating to the
conditions.

The macros are

EDOM
ERANGE

which expand to integral constant expressions with distinct nonzero values,
#if preprocessing'directives; and

errno

which expands to a modifiable Ivalue®” that has type int, the value of which
error (number by several library functions. It is unspecified whether errno
identifier declared with external linkage. If a macro definition is suppressed in
actual object, or a program defines an identifier with the name errno, the beh

The value of errno is zero at program startup, but is never set to zg
function.”® The value of errno may be set to nonzero by a library function
there is an error, provided the use of errno is not documented in the descript
in this International Standard.

identifiers.

letter or another
identifiers with file
the future library

cluding the future
kage.”

cluding the future
me name space if

identifier with the
.1.7), the behavior

reporting of error

uitable for use in

is set to a positive
iS a macro or an
order to access an
wvior is undefined.

ro by any library
all whether or not
on of the function

90 The list of reserved identifiers with external linkage includes errno, set jmp, and va_end.

91 Since macro names are replaced whenever found, independent of scope and name

Space, macro names

matching any of the reserved identifier names must not be defined if an associated header, if any, is

included.

92 The macro errno need not be the identifier of an object. It might expand to
resulting from a function call (for example, *errno () ).

93 Thus, a program that uses errno for error checking should set it to zero before a

a modifiable lvalue

library function call,

then inspect it before a subsequent library function call. Of course, a library function can save the value

of errno on entry and then set it to zero, as long as the original value is restored
still zero just before the return.

Library

if errno’s value is
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Additional macro definitions, beginning with E and a digit or E and an uppercase letter,”* may

also be specified

by the implementation.

7.1.5 Limits <float.h> and <limits.h>

The headers <float.h> and <limits.h> define several macros that expand to various
limits and parameters.

The macros, their meanings, and the constraints (or restrictions) on their values are listed in

5.2.4.2.

7.1.6 Common definitions <stddef .h>

The followingltypes and macros are defined in the standard header <stddef.h>. Some are

also defined in ot

The types are

ptrdif
which is the signe

size_ t

which is the unsi

wchar_|

which is an integ
the largest extend
have the code val

code value equal
The macros a

NULL

which expands to|
offset|

which expands to|

offset in bytes, t

of its structure (d

static

then the expressi

member is a bit-f]

er headers, as noted in their respective subclauses.

F t

d integral type of the result of subtracting two pointers;

gned integral type of the result of the sizeof operator; and

E

ral type whose range of values can represent distinct codes for all members of
led character set specified among the supported localesy the null character shall
e zero and each member of the basic character set defined in 5.2.1 shall have a
o its value when used as the lone character in an inteéger character constant.

) (]

an implementation-defined null pointer constant; and
of (type, member-designator)

an integral constant expression that has type size_t, the value of which is the
the structure membery(designated by member-designator), from the beginning
esignated by type). /Fhe' member-designator shall be such that given

type t;

n & (t . meniber-designator) evaluates to an address constant. (If the specified
eld, the _behavior is undefined.)

Forward references; ( localization (7.4).

94 See ‘‘future library directions’’ (7.13.1).
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7.1.7 Use of library functions

Each of the following statements applies unless explicitly stated otherwise in the detailed
descriptions that follow. If an argument to a function has an invalid value (such as a value
outside the domain of the function, or a pointer outside the address space of the program, or a
null pointer), the behavior is undefined. If a function argument is described as being an array,
the pointer actually passed to the function shall have a value such that all address computations
and accesses to objects (that would be valid if the pointer did point to the first element of such an
array) are in fact valid. Any function declared in a header may be additionally implemented as a
macro defined in the header, so a library function should not be declared explicitly if its header is
included. Any macro definition of a function can be suppressed locally by enclosing the name of

the function in parentheses, because the name is then not followed by the-lgft parenthesis that
indicates expansion of a macro function name. For the same syntactic réasonf it is permitted to
take the address of a library function even if it is also defined as a macdro”> The use of #undef
to remove any macro definition will also ensure that an actual function is| referred to. Any
invocation of a library function that is implemented as a mdere shall expand to code that
evaluates each of its arguments exactly once, fully protected. by parentheses where necessary, so
it is generally safe to use arbitrary expressions as arguments. Likewise, those function-like
macros described in the following subclauses may beé invoked in an exprgssion anywhere a
function with a compatible return type could be éalled.”® All object-like] macros listed as
expanding to integral constant expressions shall -additionally be suitable| for use in #if
preprocessing directives.

Provided that a library function can be declared without reference to any| type defined in a
header, it is also permissible to declaréhé function, either explicitly or implicitly, and use it
without including its associated header:If a function that accepts a variable number of arguments
is not declared (explicitly or by including its associated header), the behavior if undefined.

Example
The function atoi may,be used in any of several ways:
— by use of its associated header (possibly generating a macro expansion)

#include <stdlib.h>
const char *str;
/*¥...%/

i = atoi(str);

95 This means that an implementation must provide an actual function for each library function, even if it
also provides a macro for that function.

96 Because external identifiers and some macro names beginning with an undefscore are reserved,
implementations may provide special semantics for such names. For example, the identifier
_BUILTIN abs could be used to indicate generation of in-line code for the abs| function. Thus, the

uld cnacify

iata Rasdar
appropriate-heaaer—cotaSpecty

#define abs(x) _BUILTIN_ abs (x)
for a compiler whose code generator will accept it.
In this manner, a user desiring to guarantee that a given library function such as abs will be a genuine
function may write

#undef abs

whether the implementation’s header provides a macro implementation of abs or a built-in
implementation. The prototype for the function, which precedes and is hidden by any macro definition,
is thereby revealed also.
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— by use of its associated header (assuredly generating a true function reference)

or

#include <stdlib.h>
#undef atoi

const char *str;
/*...*/

i = atoi(str);

#include <stdlib.h>
const char *str;

/x .. %/
i = |(atoi) (str);

— by explicit dec]aration

extefrn int atoi (const char *);

conskt char *str;
/*..|.*/

i = ptoi(str);

— by implicit dedlaration

100

consk char *str;
/*...*/

i = ptoi(str);
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7.2 Diagnostics <assert .h>

The header <assert .h> defines the assert macro and refers to another

SSSL L Al

#define assert (ignore) ((void)O0)

EC 9899:1990 (E)

macro,

which is not defined by <assert.h>. If NDEBUG is defined as a macro name at the point in
ource fil <a

ssert .h> is included, the assert macro is defined simply as

The assert macro shall be implemented as a macro, not as an actual function. If the macro

AoGaases . : Aot cacc an antual it sbho baobaoviae 1o
UCUTITITILIVUIT 1O .)ul.lplpcnpu TIT UTOUT U aUTUTII alIT actTaar TOrnotroTTy aIiCcT OoUTTa vV 1o 1O Oty
7.2.1 Program diagnostics
7.2.1.1 The assert macro
oo e
Synopsis

#include <assert.h>

void assert{int expression);

Description

The assert macro puts diagnostics into programs. When it is executed, if
false (that is, compares equal to 0), the assert’ macro writes information al
call that failed (including the text of the argiiment, the name of the source fi
line number — the latter are respectively{the”values of the preprocessing macro
__LINE_ ) on the standard error filelin an implementation-defined format.’]
abort function.

Returns
The assert macro returns no value.

Forward references: ~the abort function (7.10.4.1).

efined.

expression is
pout the particular
e, and the source
__FILE _ and
It then calls the

97 The message written might be of the form

Assertion failed: expression, file xyz, line nnn

Library
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7.3 Character handling <ctype.h>

The header
characters.”® In a

<ctype.h> declares several functions useful for testing and mapping
11 cases the argument is an int, the value of which shall be representable as an

unsigned char or shall equal the value of the macro EOF. If the argument has any other
value, the behavior is undefined.

The behavior

of these functions is affected by the current locale. Those functions that have

implementation-defined aspects only when not in the "C" locale are noted below.

The term printing character refers to a member of an implementation-defined set of

characters, each gf—which—eeceupies—one—printin

a-nacition—an—a—dicnlav devicethe toron o]
Hpray—aeViees—ne—eH—coRH-61

character refers t
1 . 99
characters.”™

Forward referen

Tty

re—postion
a member of an implementation-defined set of characters that are not printing

Ces: EOF (7.9.1), localization (7.4).

7.3.1 Character testing functions

The functions

¢ conforms to thy

7.3.1.1 The is
Synopsis
#inclu
int is
Description
The isaln
7.3.1.2 The
Synopsis
#inclu
int is

Description

in this subclause return nonzero (true) if and only if the value of the argument
t in the description of the function.

alnum function

He <ctype.h>
Rlnum(int c);

function tests for any character for which isa¥pha or isdigit is true.

1pha function

He <ctype.h>
Blpha (int c);

The isalpha function tests for any-~character for which isupper or islower is true, or

any character thg
iscntrl, isdi
true only for the (

7.3.1.3 The is
Synopsis

#inclu
int is

t is one of an implementation-defined set of characters for which none of
git, ispunct, or isspace is true. In the "C" locale, isalpha returns
haracters for)which isupper or islower is true.

lcnt r1\function

de <ctype >

cntrl (int c);

98 See ‘‘future library directions’” (7.13.2).

99 In an implementation that uses the seven-bit ASCII character set, the printing characters are those whose
values lie from 0x20 (space) through Ox7E (tilde); the control characters are those whose values lie from
0 (NUL) through Ox1F (US), and the character 0x7F (DEL).

102
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Description

The iscntrl function tests for any control character.
7.3.1.4 The isdigit function
Synopsis

#include <ctype.h>
int isdigit (int c);

Description

Fhe—isdigitfunctionrtestsforany-decimal=digit-charactertasdefimed-np.2.1).
7.3.1.5 The isgraph function
Synopsis

#include <ctype.h>
int isgraph(int c);

Description

The isgraph function tests for any printing character except space (* ')
7.3.1.6 The islower function
Synopsis

#include <ctype.h>
int islower (int c);

Description

The islower function_tests for any character that is a lowercase lettgr or is one .of an
implementation-defined set>0f characters for which none of iscntrl, isdigit, ispunct, or
isspace is true. In the'"C" locale, islower returns true only for the cHaracters defined as
lowercase letters (as<defined in 5.2.1).

7.3.1.7 The isprint function
Synopsis

#include <ctype.h>
int isprint(int c);

Description

The isprint function tests for any printing character including space (* |").
7.3.1.8 The ispunct function
Synopsis

#include <ctype.h>
int ispunct(int c);

Description

The ispunct function tests for any printing character that is neither space (/ ‘) nor a
character for which isalnum is true.
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7.3.1.9 The isspace function

Synopsis
#inclu
int is

Description

de <ctype.h>
space(int c);

The isspace function tests for any character that is a standard white-space character or is
one of an implementation-defined set of characters for which isalnum is false. The standard

white-space characters are the following: space (’

carriage return (

isspace returns

7.3.1.10 The i
Synopsis

#inclu
int is

Description

The isuppe

implementation-dg
isspace is true

uppercase letters
7.3.1.11 The i
Synopsis

#inclu

int is

Description

The isxdigj

), form feed ( \£’), new-line (" \n’),

\x7), horizontal tab (' \t’ ), and vertical tab (" \v’ ). In the "C_locale,
true only for the standard white-space characters.

supper function

e <ctype.h>
hpper (int c);

- function tests for any character that is an uppercase letter coriS one of an
fined set of characters for which none of iscntrl, isdigit’ ispunct, or

In the "C" locale, isupper returns true only for the eharacters defined as
as defined in 5.2.1).

bxdigit function

He <ctype.h>
kdigit (int c);

Lt function tests for any hexadecimal-digit character (as defined in 6.1.3.2).

7.3.2 Character case mapping functions

7.3.2.1 The to

Synopsis

#inclu
int to

Description
The tolowe

Returns

lower function

de <ctype:“h>
1ower (int c);

- fiinction converts an uppercase letter to the corresponding lowercase letter.

If the argument is a character for which isupper is true and there is a corresponding
character for which islower is true, the tolower function returns the corresponding character;
otherwise, the argument is returned unchanged.

7.3.2.2 The toupper function

Synopsis

#include <ctype.h>
int toupper(int c);
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Description
The toupper function converts a lowercase letter to the corresponding uppercase letter.
Returns

If the argument is a character for which islower is true and there is a corresponding
character for which isupper is true, the toupper function returns the corresponding character;
otherwise, the argument is returned unchanged.
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7.4 Localization <locale.h>

The header <locale.h> declares two functions, one type, and defines several macros.

The type is

struct lconv

which contains members related to the formatting of numeric values. The structure shall contain
at least the following members, in any order. The semantics of the members and their normal
ranges is explained in 7.4.2.1. In the "C" locale, the members shall have the values specified in

the comments.

char *decimal point;
char *thousands_sep;
char *grouping;

char *lint_curr_ symbol;
char *currency symbol;
char *mon_decimal point;
char :E?n_;housands_sep;
char on_grouping;

char *positive_sign;
char *negative_sign;
char int frac_digits;
char firac_digits;

char
char
char
char

*|
*]
i
£
char p cs_precedes;
P
n
n
B

| sep_by space;
| ¢cs_precedes;
| _sep_by_ space;
| sign_posn;

char n sign_posn;

The macros d

LC_ALL

LC_COI|LATE
LC_CTYPE

LC_MONETARY
LC_NUMERIC
LC_TI

which expand to
argument to the
characters LC__ a

setlocale function.

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

nn

mwn

nn

mn

wn

nw

"wn

wn

CHAR_MAX
CHAR MAX
CHAR_MAX
CHAR MAX
CHAR_MAX
CHAR_MAX
CHAR MAX
CHAR_MAX

o */

*/
*/
*/
*/
*/
*/
*/
*/
*/

efined are NULL (described in 7.1.6); and

*/
*/
*/
*/
*
X/
*/
*/

integral con§tant expressions with distinct values, suitable for use as the first

Additional macro definitions, beginning with the

nd an uppercase letter,'™ may also be specified by the implementation.

100 See ‘‘future lib

106

rary directions’’ (7.13.3).
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7.4.1 Locale control
7.4.1.1 The setlocale function
Synopsis

#include <locale.h>
char *setlocale(int category,

Description

const char *locale);

The setlocale function selects the appropriate portion of the program’s locale as specified

by the ¢

or query the program’s entire current locale or portions thereof. The
category names the program’s entire locale; the other values for cate
portion of the program’s locale. LC_COLLATE affects the behayior~of

strxfrm functions. LC_CTYPE affects the behavior of the charaeter handli
the multibyte functions. LC_MONETARY affects the monetary formatting info
the localeconv function. LC_NUMERIC affects the decimal-point charact
input/output functions and the string conversion functions;,as“well as the nonn

be used to change
alue LC_ALL for
ory name only a
he strcoll and
and
'mation returned by
r for the formatted
honetary formatting

information returned by the localeconv function.\LC_TIME affects the behavior of the

strftime function.

A value of "C" for locale specifies the minimal environment for C trapslation; a value of

wn

for locale specifies the implementation-defined native en)
implementation-defined strings may be passed-as the second argument to set]

At program startup, the equivalentef
setlocale (LC_ALL, "C");
is executed.

The implementation shall behave as if no library function calls the setlo

Returns

ironment.  Other

locale.

rale function.

If a pointer~-fo a string is given for locale and the selection cap be honored, the

setlocale-function returns a pointer to the string associated with the speci
the new locale. If the selection cannot be honored, the setlocale fund
pointersand the program’s locale is not changed.

ied category for
tion returns a null

Arnull pointer for locale causes the setlocale function to return a pointer to the string

associated with the category for the program’s current locale; the prog
changed.'??

The pointer to string returned by the setlocale function is such that a s
that string value and its associated category will restore that part of the pro
string pointed to shall not be modified by the program, but may be overwritt

am’s locale is not

ubsequent call with
bram’s locale. The
en by a subsequent

call 1o the setlocale Tunction.

Forward references: formatted input/output functions (7.9.6), the multibyte character functions
(7.10.7), the multibyte string functions (7.10.8), string conversion functions (7.10.1), the
strcoll function (7.11.4.3), the strftime function (7.12.3.5), the strxfrm function
(7.11.4.5).

101 The only functions in 7.3 whose behavior is not affected by the current locale are isdigit and
isxdigit.

102 The implementation must arrange to encode in a string the various categories due to a heterogeneous
locale when category has the value LC_ALL.
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7.4.2 Numeric formatting convention inquiry

7.4.2.1 The localeconv function

Description

== - i

The localeconv function sets the components of an object with type struct lconv with

1 £ he—F H £ Attt H :
values appropriate fforthe—formaiting-ef-rumerie-quantites—{ronetnry—and-otherwise)accordingto

the rules of the cufrent locale.

The members §f the structure with type char * are pointers to strings, any of which (except
decimal point) can point to "", to indicate that the value is not available in the current
focale or is of zgro length. The members with type char are nonnegative numbers, any of
which can be CHAR MAX to indicate that the value is not available in the current locale. The
members include the following:

char *decimal point
The decimal-point character used to format nonmonetary quantities.

char *thousands_sep
The ¢haracter used to separate groups of digits before the decimial-point character in
formatted nonmonetary quantities.

char *grouping
A stfing whose elements indicate the size of each group of digits in formatted
nonnjonetary quantities.

char *int_curr_ symbol
The {nternational currency symbol applicableto the current locale. The first three
characters contain the alphabetic international currency symbol in accordance with
those| specified in ISO 4217:1987. The fourth character (immediately preceding the
null fharacter) is the character usedsto separate the international currency symbol
from|the monetary quantity.

char *curren¢y symbol
The local currency symbol)applicable to the current locale.

char *mon_de¢imal point
The flecimal-poirf.used to format monetary quantities.

char *mon_thousands-sep _
The pepatator for groups of digits before the decimal-point in formatted monetary
quanfitiess

char *mon_grouping
A string whose elements indicate the size of each group of digits in formatted
monetary quantities.

char *positive_ sign
The string used to indicate a nonnegative-valued formatted monetary quantity.

char *negative_sign
The string used to indicate a negative-valued formatted monetary quantity.

char int_frac digits
The number of fractional digits (those after the decimal-point) to be displayed in a
internationally formatted monetary quantity.
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char frac_digits
The number of fractional digits (those after the decimal-point) to be displayed in a
formatted monetary quantity.

char p_cs_precedes
Set to 1 or O if the currency symbol respectively precedes or succeeds the
value for a nonnegative formatted monetary quantity.

char p sep by space
Set to 1 or O if the currency symbol respectively is or is not separated by a
space from the value for a nonnegative formatted monetary quantity.

char n_cs_precedes
Set to 1 or O if the currency_symbol respectively precedes or succeeds the
value for a negative formatted monetary quantity.

char n_sep by space
Set to 1 or O if the currency_symbol respectively is or is rfot separated by a
space from the value for a negative formatted monetary quantity.

char p sign_posn
Set to a value indicating the positioning-of_the positive_sign|for a nonnegative
formatted monetary quantity.

char n_sign_posn
Set to a value indicating the{pgsitioning of the negative sign for a negative
formatted monetary quantity:

The elements of grouping andmon_grouping are interpreted according to the following:

CHAR MAX No further grouping:is to be performed.

0 The previous €lement is to be repeatedly used for the remainder ¢f the digits.

other The integer value is the number of digits that comprise the current group. The
next élément is examined to determine the size of the next groyp of digits before
the-current group.

The valué.of p_sign_posn and n_sign_posn is interpreted according fo the following:
Parentheses surround the quantity and currency_symbol.

The'sign string precedes the quantity and currency symbol.
The sign string succeeds the quantity and currency_symbol.

The sign string immediately precedes the currency symbol.

w» Wi +» O

The sign string immediately succeeds the currency_symbol.

i i v if no library function calls the localejconv function.

Returns

The localeconv function returns a pointer to the filled-in object. The structure pointed to
by the return value shall not be modified by the program, but may be overwritten by a subsequent
call to the localeconv function. In addition, calls to the setlocale function with
categories LC_ALL, LC_MONETARY, or LC_NUMERIC may overwrite the contents of the
structure.

Example

The following table illustrates the rules which may well be used by four countries to format
monetary quantities.
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Country

Positive format

Negative format

ITL.

AT
NLGS

NN
AN\

International format

_ _[symbol
currency |symbol
mon_decinal point
mon_thouj:nds_se_p
mon_grouping
positive [sign
negative_|sign
int_frac [digits
frac_digits
P_cs_pregedes
p_sep_by |space
n_cs_pregedes
n_sep_by |space
P_sign_pgsn
n_sign _pgsn

n

HHOMOKROO

"NLG ”

nE"

4

"

n\3n

n

B HHERRBRENN

n

n\3"

nn

NPFPOROKRNN

NP OROMAMFNND
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7.5 Mathematics <math.h>

The header <math.h> declares several mathematical functions and defines one macro. The

functions take double arguments and return double values.'®

iscussed later.

The macro defined is

ZITT,
0V

AT YIAT
Sa vaala

which expands to a positive double expression, not necessarily representable

Integer arithmetic functions

as a float.'®

, the

Forward references: integer arithmetic functions (7.10.6), u
strtod function (7.10.1.4).
7.5.1 Treatment of error conditions

The behavior of each of these functions is defined for all representable
arguments. Each function shaii execute as if it were a singie operation, with
externally visible exceptions.

[IN)

For all functions, a domain error occ dg
which the mathematical function is defined. The desctiption of each functior
domain errors; an implementation may define additional domain errors, provid
are consistent with the mathematical definitiorof the function.!> On a
function returns an implementation-defined yvalue; the value of the macro }

errno.

Similarly, a range error occurs if the result of the function cannot bg
double value. If the result overflows (the magnitude of the result is so larg
represented in an object of the (Specified type), the function returns the v
HUGE_VAL, with the same sign (except for the tan function) as the co
function; the value of the stiacro ERANGE is stored in errno. If the resy
magnitude of the result is~so small that it cannot be represented in an obje
type), the function returns zero; whether the integer expression errno acquir
macro ERANGE is, implementation-defined.

7.5.2 Trigonometric functions
7.5.2.1 The acos function
Synopsis

#include <math.h>
double acos (double x);

Description

values of its input
but generating any

+

th ain over
lists any required
ed that such errors
domain error, the

EDOM is stored in

A A
C UUIlL

represented as a
e that it cannot be
ilue of the macro
frect value of the
It underflows (the
ct of the specified
bs the value of the

The acos function computes the principal value of the arc cosine of

occurs for arguments not in the range [=1 +1]

xl. A domain error

103 See ‘‘future library directions’’ (7.13.4).
104 HUGE_VAL can be positive infinity in an implementation that supports infinities.

105 In an implementation that supports infinities, this allows infinity as an argument to
the mathematical domain of the function does not include infinity.
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e asin function

Th

’

,

r

double. x)

inciudie <math.h>

double|atan (double x)

#incluge <math.h>

double|atanz (double v,

.

Descripiion

-

#include <math.h>

’

)

X

ouble

double cos (d

Description

N

The cos function computes the cosine of x (measured in radians).

7

c

1

o

e}

J
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7.5.2.6 The sin function
Synopsis

#include <math.h>
double sin(double Xx);

Description
The sin function computes the sine of x (measured in radians).

Returns

Fhe st functom returmsthe sievatue:
7.5.2.7 The tan function
Synopsis

#include <math.h>
double tan(double x);

Description
The tan function returns the tangent of x (measured/in radians).
Returns
The tan function returns the tangent valde:
7.5.3 Hyperbolic functions
7.5.3.1 The cosh function
Synopsis

#include <math:i:h>
double cosh(double x);

Description

The cosh.function computes the hyperbolic cosine of x. A range efror occurs if the
magnitude ofx)is too large.

Returns

The’cosh function returns the hyperbolic cosine value.
7.5.3.2 The sinh function
Synopsis

#include <math.h>
double sinh(double x);

Description

The sinh function computes the hyperbolic sine of x. A range error occurs if the magnitude
of x is too large.

Returns

The sinh function returns the hyperbolic sine value.
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7.5.3.3 The tan

Synopsis

h function

#include <math.h>

double

Description

tanh (double x);

The tanh function computes the hyperbolic tangent of x.

Returns

The tanh fu
7.5.4 Expon
7.5.4.1 The ex

Synopsis

#inclug

double
Description

The exp fun
magnitude of x is

Returns

The exp func

7.54.2 The frp

tion returns the hyperbolic tangent value.

eTtial and logarithmic functions

b function

e <math.h>
exp (double x);

Ction computes the exponential function of x. A range erpor occurs if the
too large.

ion returns the exponential value.

xp function

Synopsis
#incluge <math.h>
double| frexp (double value, int *exp);
Description
The £rexp fynction breaks a floating-point’ number into a normalized fraction and an integral
power of 2. It stqres the integer in the int object pointed to by exp.
Returns
The frexp flinction returns \the value x, such that x is a double with magnitude in the

interval [1/2, 1) d
zero, both parts o

7.54.3 The 1l
Synopsis

r zero, and\yalue equals x times 2 raised to the power *exp. If value is
the result.are zero.

drxp function

#include <math.h>

double

Description

ldexp (double x, int exp);

The 1dexp function multiplies a floating-point number by an integral power of 2. A range

€rror may occur.

Returns

The 1dexp function returns the value of x times 2 raised to the power exp.
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7.5.4.4 The log function
Synopsis

#include <math.h>
double log(double x);

Description

The log function computes the natural logarithm of x. A domain error occurs if the
argument is negative. A range error may occur if the argument is zero.

Returns

The 1og function returns the natural logarithm.
7.5.4.5 The 10g10 function
Synopsis

#include <math.h>
double loglO (double x);

Description

The 1ogl0 function computes the base-ten legarithm of x. A domain|error occurs if the
argument is negative. A range error may occur(if‘the argument is zero.

Returns

The 1o0g10 function returns the base*ten logarithm.
7.5.4.6 The modf function
Synopsis

#include <math.h>
double modf(double value, double *iptr);

Description

The modf function breaks the argument value into integral and fractjonal parts, each of
which has.the” same sign as the argument. It stores the integral part as a dguble in the object
pointed.t0.by iptr.

Returns

The modf function returns the signed fractional part of value.
7.5.5 Power functions
7.5.5.1 The pow function

Synopsis

#include <math.h>
double pow(double x, double y);

Description

The pow function computes x raised to the power y. A domain error occurs if x is negative
and y is not an integral value. A domain error occurs if the result cannot be represented when x
is zero and y is less than or equal to zero. A range error may occur.

Returns

The pow function returns the value of x raised to the power y.
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7.5.5.2 The sqrt function
Synopsis

#include <math.h>
double sgrt (double x);

Description

The sqrt function computes the nonnegative square root of x. A domain error occurs if the
argument is negative.

Returns

The sqrt funiilon returns the value of the square root.
7.5.6 Nearest i

7.5.6.1 The ceill function

teger, absolute value, and remainder functions

Synopsis

#include <math.h>
double [ceil (double x);

Description
The ceil fundtion computes the smallest integral value not less than x.

Returns
The ceil fundtion returns the smallest integral value not less than x; expressed as a double.

7.5.6.2 The fahs function

Synopsis

#include <math.h>
double |[fabs (double x);

Description
The £abs fungtion computes the absolute value of a floating-point number x.

Returns
The f£abs fungtion returns the abselute value of x.

7.5.6.3 The £1lgor function

Synopsis

#include <math.h>
double |fl60or (double Xx);

Description
The £loor function computes the largest integral value not greater than x.
Returns

The £loor function returns the largest integral value not greater than x, expressed as a
double.
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7.5.6.4 The £mod function
Synopsis

#include <math.h>
double fmod(double x, double y);

Description
The £mod function computes the floating-point remainder of x/y.

Returns

Fhe—£mod—fu o ¢ e—v-alue » some o such-that, if y is nonzero,
the result has the same sign as x and magnitude less than the magnitudé. of y. If y is zero,
whether a domain error occurs or the fmod function returns zero isCithplgmentation-defined.

>
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7.6 Nonlocal jumps <set jmp.h>

The header <setjmp.h> defines the macro setjmp, and declares one function and one
type, for bypassing the normal function call and return discipline.'%

The type declared is
jmp_buf

which is an array type suitable for holding the information needed to restore a calling
environment.

It is unspecified whether set jmp is a macro or an identifier declared with external linkage.

If a macro definifion is suppressed in order to access an actual function, or a program defines an
external identifier| with the name set jmp, the behavior is undefined.

7.6.1 Save cjling environment
7.6.1.1 The s
Synopsis

#inc1e|u€e <setjmp.h>
int setjmp (jmp_buf env);

t jmp macro

Description

The setjmp|macro saves its calling environment in its jmp_buf argument for later use by
the longjmp function.

Returns

If the return |s from a direct invocation, the setjmp macrgyreturns the value zero. If the
return is from a dall to the longjmp function, the set jmp maero returns a nonzero value.

Environmental donstraint
An invocatior] of the set jmp macro shall appear-only in one of the following contexts:
— the entire confrolling expression of a selectiofor iteration statement;

— one operand pf a relational or equality ©Opgrator with the other operand an integral constant
expression, wjth the resulting expression being the entire controlling expression of a selection
or iteration sthtement;

— the operand qf a unary ! opefator with the resulting expression being the entire controlling
expression of |a selection or.itération statement; or

— the entire expfession of an*expression statement (possibly cast to void).

106 These functions are useful for dealing with unusual conditions encountered in a low-level function of a
program.
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7.6.2 Restore calling environment
7.6.2.1 The longjmp function
Synopsis

#include <setjmp.h>
void longjmp (jmp buf env, int val);

Description

The longjmp function restores the environment saved by the most recent invocation of the

setjmp macro in the same invocation of the program, with the corres

onding jmp_buf

argument.

the set jmp macro has terminated execution'?’

in the interim, the behavior)s

All accessible objects have values as of the time longjmp was-called, ex
of objects of automatic storage duration that are local to the function-containi

the corresponding setjmp macro that do not have volatile-qualified type and
between the set jmp invocation and longjmp call are ind€terminate.

As it bypasses the usual function call and return_mechanisms, the long
execute correctly in contexts of interrupts, signals Jand any of their ag
However, if the longjmp function is invoked frem a nested signal hand]
function invoked as a result of a signal raised during the handling of another {

is undefined.
Returns

After longjmp is completed, program execution continues as if the corre
of the setjmp macro had just qeturned the value specified by val. The

cannot cause the setjmp macro to return the value 0; if val is 0, the set

the value 1.

If there has been no such invocation, or if the function containin|

o the invocation of
undefined.

cept that the values
1g the invocation of
have been changed

jmp function shall
sociated functions.
er (that is, from a
ignal), the behavior

ponding invocation
longjmp function
jmp macro returns

107 For example, by executing a return statement or because another longjmp call
to a set jmp invocation in a function earlier in the set of nested calls.
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7.7 Signal handling <signal.h>

The header <signal.h> declares a type and two functions and defines several macros, for

handling various s

ignals (conditions that may be reported during program execution).

The type defined is

sig_atomic_t

which is the integral type of an object that can be accessed as an atomic entity, even in the
presence of asynchronous interrupts.

The macros de,

fined are

SIG_DF
SIG E
SIG_IG

which expand to
second argument
unequal to the add
positive integral (

condition:
SIGABRT
SIGFPE an err
overfld
SIGILL detecti
SIGINT receipt

SIGSEGV an inv
SIGTERM a term

An implement

constant expressions with distinct values that have type compatible with thée
fo and the return value of the signal function, and whose value compares
ress of any declarable function; and the following, each of which expands-to a
onstant expression that is the signal number corresponding to the ‘specified

abnormal termination, such as is initiated by the abort function

neous arithmetic operation, such as zero divide or an opération resulting in
W

bn of an invalid function image, such as an illegal instruction
of an interactive attention signal

lid access to storage

nation request sent to the program

hition need not generate any of thése-Signals, except as a result of explicit calls

to the raise function. Additional signals and-pointers to undeclarable functions, with macro

definitions beginn
an uppercase lette

ng, respectively, with the letters SIG and an uppercase letter or with SIG_ and
1% may also be specified by the implementation. The complete set of signals,

[}

their semantics, apd their default handling\is implementation-defined; all signal numbers shall be

positive.
7.7.1 Specify
7.7.1.1 The si
Synopsis

#inclu

signal handling

gnal function

le ‘<signal.h>

void (
Description

The signal

signal (1nt sig, void (*func) (int))) (1nt);,

function chooses one of three ways in which receipt of the signal number sig

is to be subsequently handled. If the value of func is SIG_DFL, default handling for that

signal will occur.

If the value of func is SIG_IGN, the signal will be ignored. Otherwise,

108 See ‘‘future library directions’” (7.13.5). The names of the signal numbers reflect the following terms

(respectively): ab

termination.
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ort, floating-point exception, illegal instruction, interrupt, segmentation violation, and
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func shall point to a function to be called when that signal occurs. Such a function is called a
signal handler.

When a signal occurs, if func points to a function, first the equivalent of signal (sig,
SIG_DFL); is executed or an impiementation-defined blocking of the signai is performed. (If
the value of sig is SIGILL, whether the reset to SIG_DFL occurs is implementation-defined.)
Next the equivalent of (*func) (sig); is executed. The function func may terminate by
executing a return statement or by calling the abort, exit, or longjmp function. If func
executes a return statement and the value of sig was SIGFPE or any other implementation-
defined value corresponding to a computational exception, the behavior is undefined. Otherwise,
the program will resume execution at the point it was interrupted.

If the signal occurs other than as the result of calling the abort or rJise function, the
behavior is undefined if the signal handler calls any function in the standard lihrary other than the
signal function itself (with a first argument of the signal numbercorresporiding to the signal
that caused the invocation of the handler) or refers to any object withStatic stofage duration other
than by assigning a value to a static storage duratiom)\variable of |type volatile
sig_atomic_t. Furthermore, if such a call to the sighal function resufts in a SIG_ERR
return, the value of errno is indeterminate.'”

At program startup, the equivalent of
signal (sig, SIG_IGN);

may be executed for some signals selected-in’ an implementation-defined manher; the equivalent
of

signal (sig, SIG_DFL)s
is executed for all other signals_defined by the implementation.
The implementation shall behave as if no library function calls the signall function.
Returns

If the request can.be honored, the signal function returns the value of func for the most
recent call to signal for the specified signal sig. Otherwise, a value of SIG_ERR is returned
and a positive value is stored in errno.

Forward:references: the abort function (7.10.4.1), the exit function (7.10[4.3).
7.7.2_Send signal

7.7:2.1 The raise function
Synopsis

#include <signal.h>
int raise(int sig);

Description
The raise function sends the signal sig to the executing program.
Returns

The raise function returns zero if successful, nonzero if unsuccessful.

109 If any signal is generated by an asynchronous signal handler, the behavior is undefined.
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7.8 Variable arguments <stdarg.h>

The header <stdarg.h> declares a type and defines three macros, for advancing through a
list of arguments whose number and types are not known to the called function when it is
translated.

A function may be called with a variable number of arguments of varying types. As
described in 6.7.1, its parameter list contains one or more parameters. The rightmost parameter
plays a special role in the access mechanism, and will be designated parmN in this description.

The type declared is

va 1li

which is a type shitable for holding information needed by the macros va_start, va_arg, and
va_end. If acdess to the varying arguments is desired, the called function shall declare an
object (referred t¢ as ap in this subclause) having type va_list. The object ap may be passed
as an argument tp another function; if that function invokes the va_arg macro with paramet€y
ap, the value of [ap in the calling function is indeterminate and shall be passed to the va_end
macro prior to anly further reference to ap.

7.8.1 Variable argument list access macros

The va_stalrt and va_arg macros described in this subclause shall be implemented as
macros, not as aftual functions. It is unspecified whether va_end is a macro*or an identifier
declared with ex{ernal linkage. If a macro definition is suppressed in ordér to access an actual
function, or a pfogram defines an external identifier with the name ya.end, the behavior is
undefined. The wa_start and va_end macros shall be invoked.in the function accepting a
varying number ¢f arguments, if access to the varying arguments isidesired.

7.8.1.1 The v3g_start macro

Synopsis

#inclyde <stdarg.h>

void va_start(va_list ap, parmi);
Description

The va_sta)
The va_sta

The paramete
in the function d

rt macro shall be invoked before any access to the unnamed arguments.
rt macro initializes-ap*for subsequent use by va_arg and va_end.

r parmN is the identifier of the rightmost parameter in the variable parameter list
efinition (thevene just before the , .). If the parameter parmN is declared

with the register storage  Class, with a function or array type, or with a type that is not

compatible with

the type.that results after application of the default argument promotions, the

behavior is undefined/

Returns

The va_sta

rt macro returns no value.

7.8.1.2 The va_arg macro

Synopsis

#include <stdarg.h>
type va_arg(va_list ap, type);

Description

The va_arg macro expands to an expression that has the type and value of the next

argument in the call. The parameter ap shall be the same as the va_list ap initialized by
va_start. Each invocation of va_arg modifies ap so that the values of successive arguments
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are returned in turn. The parameter fype is a type name specified such that the type of a pointer

to an object that has the specified type can be obtained simply by postfixing a
is no actual next argument, or if type is not compatible with the type of the ac
(as promoted according to the default argument promotions), the behavior is un

Returns

The first invocation of the va_arg macro after that of the va_start

* to type. If there
tual next argument
defined.

macro returns the

value of the argument after that specified by parmN. Successive invocations return the values of

the remaining arguments in succession.

7.8.1.3 The va_end macro

Synopsis

#include <stdarg.h>
void va_end(va_list ap) ;

Description

The va_end macro facilitates a normal return from the, function whose vai
was referred to by the expansion of va_start that initialized the va_list

iable argument list
ap. The va_end

macro may modify ap so that it is no longer usable (without an interveping invocation of

va_start). If there is no corresponding inyoecation of the va_start
va_end macro is not invoked before the returngthe behavior is undefined.

Returns
The va_end macro returns no value.
Example

The function £1 gathers intoran array a list of arguments that are pointers
more than MAXARGS argumeilts), then passes the array as a single argument tg
number of pointers is specified by the first argument to £1.

#include<<stdarg.h>
#define MAXARGS 31

void £l (int n_ptrs, ...)

{
va_list ap;
char *array[MAXARGS];
int ptr_no = 0;

if (n_ptrs > MAXARGS)
n_ptrs = MAXARGS;
va_start (ap, n_ptrs);

macro, or if the

to strings (but not
function £2. The

while (ptr_no < n_ptrs)

array[ptr no++] = va_arg(ap, char *);

va_end (ap) ;
f2(n_ptrs, array);
}

Each call to £1 shall have visible the definition of the function or a declaration

void fl(int, ...);

Library
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7.9 Input/output <stdio.h>
7.9.1 Introduction

The header <stdio.h> declares three types, several macros, and many functions for
performing input and output.

The types declared are size_t (described in 7.1.6);
FILE

which is an object type capable of recording all the information needed to control a stream,
including its file position indicator, a pointer to its associated buffer (if any), an error indicator

that records whether a read/write error has occurred, and an end-of-file indicator that records

whether the end o
fpos_t

which is an objec

f the file has been reached; and

type capable of recording all the information needed to specify uniquely every,

position within a file.

The macros ar

_IOFBF
_IOLBF
_IONBF

which expand to
argument to the s

BUFSIZ

which expands to
setbuf function

EOF

which expands to
indicate end-of-fil¢

e NULL (described in 7.1.6);

ntegral constant expressions with distinct values, suitableyfor use as the third
ptvbuf function;

an integral constant expression, which is the\size of the buffer used by the

a negative integral constant expression that is returned by several functions to
, that is, no more input from a stream;

FOPEN MAX

which expands to
implementation g

FILEN

which expands to
large enough to
opened;''0

L tmpnam

an integral constant.eXpression that is the minimum number of files that the
arantees can be opén simultaneously;

_MAX

an integral{constant expression that is the size needed for an array of char
hold thé\lengest file name string that the implementation guarantees can be

which expands to an integral constant expression that is the size needed for an array of char
large enough to hold a temporary file name string generated by the tmpnam function;

110 If the implementation imposes no practical limit on the length of file name strings, the value of
FILENAME MAX should instead be the recommended size of an array intended to hold a file name
string. Of course, file name string contents are subject to other system-specific constraints; therefore all

possible strings o

124

f length FILENAME _MAX cannot be expected to be opened successfully.
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which expand to integral constant expressions with distinct values, suitable for use as the third

argument to the £seek function;

TMP_MAX

which expands to an integral constant expression that is the minimum number of unique file

names that shall be generated by the tmpnam function;

stderr

stdin
stdout

which are expressions of type ‘‘pointer to FILE’’ that point to the, FILE
respectively, with the standard error, input, and output streams.

Forward references:
function (7.9.4.4).

7.9.2

Input and output, whether to or from physical devices such as terminals a
whether to or from files supported on structuréd storage devices, are mappe(
streams, whose properties are more uniform-~than their various inputs and outpy
mapping are supported, for text streams and for binary streams.'"!

files (7.9.3), the £seek function (79.9.2), streams (7.

Streams

A text stream is an ordered sequence of characters composed into lines, e
of zero or more characters plus a terminating new-line character. Whether the
terminating new-line character:is* implementation-defined. Characters may H
altered, or deleted on input and output to conform to differing conventions for 1
the host environment. Thus, there need not be a one-to-one correspond
characters in a stream.and those in the external representation. Data read in |
will necessarily compare equal to the data that were earlier written out to that
data consist only ©f printable characters and the control characters horizontal tal
new-line character is immediately preceded by space characters; and the last
line character. Whether space characters that are written out immediately
charactér-appear when read in is implementation-defined.

A binary stream is an ordered sequence of characters that can transparen|
data. Data read in from a binary stream shall compare equal to the data that o
out to that stream, under the same implementation. Such a stream may,
implementation-defined number of null characters appended to the end of the st

Environmental limits

bjects associated,

D.2), the tmpnam

nd tape drives, or
into logical data
ts. Two forms of

ich line consisting
ast line requires a
ave to be added,
epresenting text in
ence between the
rom a text stream
stream only if: the
b and new-line; no
haracter is a new-
before a new-line

[ly record internal
ere earlier written
however, have an
eam.

The value of the macro BUFSI
256.

111 An implementation need not distinguish between text streams and binary streams.

implementation, there need be no new-line characters in a text stream nor any lim
line.

Library
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Z shall be at least

In such an
it to the length of a
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7.9.3 Files

A stream is associated with an external file (which may be a physical device) by opening a
file, which may involve creating a new file. Creating an existing file causes its former contents
to be discarded, if necessary. If a file can support positioning requests (such as a disk file, as
opposed to a terminal), then a file position indicator''? associated with the stream is positioned at
the start (character number zero) of the file, unless the file is opened with append mode in which
case it is implementation-defined whether the file position indicator is initially positioned at the
beginning or the end of the file. The file position indicator is maintained by subsequent reads,
writes, and positioning requests, to facilitate an orderly progression through the file. All input

takes place as if characters were read by successive calls to the fgetc function: all output takes

place as if characfers were written by successive calls to the fputc function.

Binary files afe not truncated, except as defined in 7.9.5.3. Whether a write on a text stream
causes the associgted file to be truncated beyond that point is implementation-defined.

When a stream is wunbuffered, characters are intended to appear from the source or at the
destination as so@n as possible. Otherwise characters may be accumulated and transmitted-to er
from the host environment as a block. When a stream is fully buffered, characters are inteénded to
be transmitted to [or from the host environment as a block when a buffer is filled. When a*stream
is line buffered, fharacters are intended to be transmitted to or from the host enyironment as a
block when a n¢w-line character is encountered. Furthermore, characters are imtended to be
transmitted as a Block to the host environment when a buffer is filled, when input'is requested on
an unbuffered stfeam, or when input is requested on a line buffered strédm that requires the
transmission of [characters from the host environment. Support for)thése characteristics is
implementation-defined, and may be affected via the setbuf and setvbuf functions.

A file may bq disassociated from a controlling stream by closing the file. Output streams are
flushed (any unwfitten buffer contents are transmitted to the heStenvironment) before the stream
is disassociated from the file. The value of a pointer to a EILE object is indeterminate after the
associated file is|closed (including the standard text streams). Whether a file of zero length (on
which no characfers have been written by an output stream) actually exists is implementation-
defined.

The file may|be subsequently reopened, by\the same or another program execution, and its
contents reclaimgd or modified (if it can ‘be) repositioned at its start). If the main function
returns to its original caller, or if the exit-function is called, all open files are closed (hence all
output streams are flushed) before program termination. Other paths to program termination,
e abort function, ne€ed not close all files properly.

output), and standara
stream is not fully buffered; the standard mput and standard output streams are fully buffered if
and only if the stream can be determined not to refer to an interactive device.

Functions that open additional (nontemporary) files require a file name, which is a string.
The rules for composing valid file names are implementation-defined. Whether the same file can
be simultaneously open multiple times is also implementation-defined.

112 This is described in the Base Document as a file pointer. That term is not used in this International
Standard to avoid confusion with a pointer to an object that has type FILE.
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Environmental limits
The value of FOPEN_MAX shall be at least eight, including the three standard text streams.

Forward references: the exit function (7.10.4.3), the £getc function (7.9.7.1), the fopen
function (7.9.5.3), the fputc function (7.9.7.3), the setbuf function (7.9.5.5), the setvbuf
function (7.9.5.6).

7.9.4 Operations on files
7.9.4.1 The remove function

Synopsis

#include <stdio.h>
int remove (const char *filename);

Description

The remove function causes the file whose name is the stsing pointed to| by £ilename to
be no longer accessible by that name. A subsequent attempt to open that file using that name
will fail, unless it is created anew. If the file is open, the’ behavior of the rpmove function is
implementation-defined.

Returns

The remove function returns zero if the ppération succeeds, nonzero if it fpils.
7.9.4.2 The rename function
Synopsis

#include <stdio.h>
int rename (const'\char *old, const char *new);

Description

The rename funetion causes the file whose name is the string pointed| to by old to be
henceforth known by the name given by the string pointed to by new. The fil¢ named old is no
longer accessible_by that name. If a file named by the string pointed to by mhew exists prior to
the call to thé rename function, the behavior is implementation-defined.

Returns

3

The/’rename function returns zero if the operation succeeds, nonzero if it fails,''* in which

case-if the file existed previously it is still known by its original name.
7.9.4.3 The tmpfile function
Synopsis

#include <stdio.h>

mery : ‘ el
r .l.uE_*'tTﬂP‘f'ﬁe Voxra)—
Description

The tmpfile function creates a temporary binary file that will automatically be removed
when it is closed or at program termination. If the program terminates abnormally, whether an
open temporary file is removed is implementation-defined. The file is opened for update with
"wb+" mode.

113 Among the reasons the implementation may cause the rename function to fail are that the file is open
or that it is necessary to copy its contents to effectuate its renaming.
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Returns

The tmpfile function returns a pointer to the stream of the file that it created. If the file

cannot be created,

the tmpfile function returns a null pointer.

Forward references: the fopen function (7.9.5.3).

7.9.4.4 The tmpnam function

Synopsis

#include <stdio.h>

char *t
Description

The tmpnam
the name of an ex

The tmpnam
times. If it is call

The implemen

Returns

tmpnam (char *s);

function generates a string that is a valid file name and that is not the same as
sting file.!'*

function generates a different string each time it is called, up to TMP_MAX
ed more than TMP_MAX times, the behavior is implementation-defined.

ation shall behave as if no library function calls the tmpnam function}

If the argument is a null pointer, the tmpnam function leaves its result incan internal static

object and returns
the same object.
least L _tmpnam

a pointer to that object. Subsequent calls to the tmpnam function may modify
If the argument is not a null pointer, it is assumed teypoint to an array of at
chars; the tmpnam function writes its result in that array and returns the

argument as its value.

Environmental li

The value of t
7.9.5
7.9.5.1 The fc

File acc¢

Synopsis
#inclu
int fc

Description

The fclose
associated file to
environment to b
disassociated fron

mits
e macro TMP_MAX shall be at least 25.
pss functions

lose function

He <stdio.h>
Llose (FILE *stream) ;

function causes the stream pointed to by stream to be flushed and the
be closed. Any unwritten buffered data for the stream are delivered to the host
writfen*to the file; any unread buffered data are discarded. The stream is
the file. If the associated buffer was automatically allocated, it is deallocated.

h
C

114 Files created us

ing strings generated by the tmpnam function are temporary only in the sense that their

names should not collide with those generated by conventional naming rules for the implementation. It
is still necessary to use the remove function to remove such files when their use is ended, and before
program termination.

128
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Returns

The £close function returns zero if the stream was successfully closed, or EOF if any errors
were detected.

7.9.5.2 The ££f1lush function
Synopsis

#include <stdio.h>
int f£flush(FILE *stream);

Description

If stream points to an output stream or an update stream in which the.melst recent operation
was not input, the ££1ush function causes any unwritten data for that §tream|to be delivered to
the host environment to be written to the file; otherwise, the behavior.is undefirjed.

If stream is a null pointer, the ££lush function performs this flusljing action on all
streams for which the behavior is defined above.

Returns

The ££1ush function returns EOF if a write errorioccurs, otherwise zero.
Forward references: the fopen function (7.9.5(3); the ungetc function (7.9.7.11).
7.9.5.3 The fopen function
Synopsis

#include <stdio.h> ,
FILE *fopen (const char *filename, const char *mode);

Description

The fopen function dpéns the file whose name is the string pointed to by filename, and
associates a stream with it.

The argument'mode points to a string beginning with one of the following sequences: '

r open text file for reading

w truncate to zero length or create text file for writing

a append; open or create text file for writing at end-of-file

rb open binary file for reading

wb truncate to zero length or create binary file for writing

ab append; open or create binary file for writing at end-of-file

r+ open text file for update (reading and writing)

w+t truncate to zero length or create text file for update

a+ append; open or create text file for update, writing at end-of-fjle

r+b or rb+ open binary file for update (reading and writing)

w+b or wb+ truncate to zero length or create binary file for update
a+b or ab+ append; open or create binary file for update, writing at end-of-file

Opening a file with read mode (’ x’ as the first character in the mode argument) fails if the
file does not exist or cannot be read.

Opening a file with append mode (" a’ as the first character in the mode argument) causes all
subsequent writes to the file to be forced to the then current end-of-file, regardless of intervening

115 Additional characters may follow these sequences.
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calls to the £seek function. In some implementations, opening a binary file with append mode
("b’ as the second or third character in the above list of mode argument values) may initially
position the file position indicator for the stream beyond the last data written, because of null
character padding.

When a file is opened with update mode (’+’ as the second or third character in the above
list of mode argument values), both input and output may be performed on the associated stream.
However, output may not be directly followed by input without an intervening call to the
f£lush function or to a file positioning function (£seek, £setpos, or rewind), and input
may not be directly followed by output without an intervening call to a file positioning function,
unless the input operation encounters end-of-file. Opening (or creating) a text file with update

mode may instead open (or create) a binary stream in some implementations.

When opened
interactive device

Returns

The fopen

a stream is fully buffered if and only if it can be determined not to refer to an
The error and end-of-file indicators for the stream are cleared.

unction returns a pointer to the object controlling the stream. If the(open

operation fails, £¢pen returns a null pointer.

Forward referen

bes: file positioning functions (7.9.9).

7.9.5.4 The freopen function

Synopsis

#inclu
FILE *

Description

The freope

associates the strqam pointed to by stream with it.

fopen function.'

The freope
stream. Failure t
the stream are cle|

Returns

The freopen function returnS a null pointer if the open operation fails.

freopen returns

He <stdio.h>
freopen (const char *filename,
FILE *stream);

const char *mode,

function opens the file whose name is the string pointed to by £ilename and

The mode argument is used just as in the
16

h function first attempts to cldse any file that is associated with the specified
b close the file successfully is'ignored. The error and end-of-file indicators for
ared.

Otherwise,
the value of)stream.

7.9.5.5 The setbuf function

Synopsis

#inclu

void setbuf (FILE *stream,

de <stdio 1>
char *buf);

116 The primary use of the £reopen function is to change the file associated with a standard text stream
(stderr, stdin, or stdout), as those identifiers need not be modifiable lvalues to which the value
returned by the fopen function may be assigned.
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Description

Except that it returns no value, the setbuf function is equivalent to the setvbuf function
invoked with the values _IOFBF for mode and BUFSIZ for size, or (if buf is a null pointer),

with the value _IONBF for mode.
Returns
The setbuf function returns no value.
Forward references: the setvbuf function (7.9.5.6).

7.9.5.6 The setvbuf function

Synopsis

#include <stdio.h>

int setvbuf (FILE *stream, char *buf, int mode,
Description

The setvbuf function may be used only after the stream pointed to by

associated with an open file and before any other operation is performed or

argument mode determines how stream will jbe_buffered, as follows:
input/output to be fully buffered; _IOLBF causés-input/output to be line
causes input/output to be unbuffered. If buf isnot a null pointer, the array i

used instead of a buffer allocated by the sétvbuf function.''” The argumg

the size of the array. The contents of the-artdy at any time are indeterminate.
Returns

The setvbuf function returns, zero on success, or nonzero if an invalid
mode or if the request cannot be honored.

7.9.6 Formatted input/output functions
7.9.6.1 The fprintf function
Synopsis

#include <stdio.h>

int fprintf (FILE *stream, const char *format,

Description

S

Llze t size);

[stream has been
the stream. The
_IOFBF causes
buffered; _ TONBF
points to may be
nt size specifies

value is given for

)

The £print£ function writes output to the stream pointed to by stream, under control of

the string pointed to by format that specifies how subsequent arguments
output. If there are insufficient arguments for the format, the behavior is

format is exhausted while arguments remain, the excess arguments are evaluat

are otherwise ignored. The fprintf function returns when the end of th
encountered.

are converted for
undefined. If the
ed (as always) but
e format string is

The format shall be a multibyte character sequence, beginning and ending in its initial shift

state. The format is composed of zero or more directives: ordinary multibyte

characters (not %),

which are copied unchanged to the output stream; and conversion specifications, each of which

results in fetching zero or more subsequent arguments.
introduced by the character %. After the %, the following appear in sequence:

117 The buffer must have a lifetime at least as great as the open stream, so the strea

before a buffer that has automatic storage duration is deallocated upon block exit.
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— Zero or more flags (in any order) that modify the meaning of the conversion specification.

— An optional minimum field width. If the converted value has fewer characters than the field
width, it will be padded with spaces (by default) on the left (or right, if the left adjustment
flag, described later, has been given) to the field width. The field width takes the form of an
asterisk * (described later) or a decimal integer.''®

— An optional precision that gives the minimum number of digits to appear for the d, i, o, u,
x, and X conversions, the number of digits to appear after the decimal-point character for e,
E, and £ conversions, the maximum number of significant digits for the g and G conversions,
or the maximum number of characters to be written from a string in s conversion. The
precision takesthe—formrof—aperiod(—fottowed either by amasterisk—*—(deseribedtateryor———————
by an optional| decimal integer; if only the period is specified, the precision is taken as zero.
If a precision dppears with any other conversion specifier, the behavior is undefined.

— An optional h [specifying that a following d, i, o, u, %, or X conversion specifier applies to a
short int dr unsigned short int argument (the argument will have been promoted
according to the integral promotions, and its value shall be converted to short int ‘er
unsigned short int before printing); an optional h specifying that a folloying/ n
conversion spgcifier applies to a pointer to a short int argument; an optional\X (ell)
specifying that a following d, i, o, u, x, or X conversion specifier applies to a long int or
unsigned lpng int argument; an optional 1 specifying that a following\n-conversion
specifier appli¢s to a pointer to a long int argument; or an optional L specifying that a
following e, B, £, g, or G conversion specifier applies to a long doublke argument. If an
h, 1, or L appgars with any other conversion specifier, the behavior is-undefined.

— A character that specifies the type of conversion to be applied.

As noted abovg, a field width, or precision, or both, may be indicated by an asterisk. In this
case, an int argument supplies the field width or precision: . The arguments specifying field
width, or precisidn, or both, shall appear (in that order).before the argument (if any) to be
converted. A negative field width argument is taken as.@ - flag followed by a positive field
width. A negativg precision argument is taken as if the precision were omitted.

The flag charafters and their meanings are

- The result jof the conversion will be 1&ftsjustified within the field. (It will be right-justified
if this flag|is not specified.)

+ The result|of a signed convefsion will always begin with a plus or minus sign. (It will
begin with|a sign only when a negative value is converted if this flag is not specified.)

space If the first|character ofa'signed conversion is not a sign, or if a signed conversion results
in no chafacters, a(space will be prefixed to the result. If the space and + flags both
appear, thg spacéflag will be ignored.

L}

# The result|is™0o’ be converted to an ‘‘alternate form.”” For o conversion, it increases the
precision to—force te firstdigitof the Tesuttto—be—azero—Forx—for—¥)—converston,—=
nonzero result will have 0x (or 0X) prefixed to it. For e, E, £, g, and G conversions, the
result will always contain a decimal-point character, even if no digits follow it
(Normally, a decimal-point character appears in the result of these conversions only if a
digit follows it.) For g and G conversions, trailing zeros will not be removed from the
result. For other conversions, the behavior is undefined.

118 Note that 0 is taken as a flag, not as the beginning of a field width.
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For 4, i, o, u, %, X, e, E, £, g, and G conversions, leading zeros (following any

indication of sign or base) are used to pad to the field width; no space padding is

performed.
and X conversions,

X,

conversions, the behavior is undefined.

The conversion specifiers and their meanings are

d, i

If the 0 and - flags both appear, the 0 flag will be ignored. For 4, i, o, u,
if a precision is specified, the 0 flag will be ignored. For other

The int argument is converted to signed decimal in the style [—]dddd. The
precision specifies the minimum number of digits to appear; if the value being

in fou i1 ha avnan Adad

nnnnnnn tad ~an ha ranracantad 3 w
G in Iewer ulsuo it Wi oe CApanucu

" res
l./UllV\zll\/U Lair ve l\/lJ wvovilnw

ith laading 7ernc

wiln 18aGing Zeros.

o,u,x,X

9,6

The default precision 1S 1-
zero is no characters.

I'ne result or convertng a Zero value

The unsigned int argument is converted to unsigned octal (o)

ith a precision of

unsigned decimal

(u), or unsigned hexadecimal notation (x or X) in the style dddd; the letters abcdef

are used for x conversion and the letters ABCDEF_for-X conversion.

specifies the minimum number of digits to appear; if-the value bein
represented in fewer digits,
precision is 1. The result of converting a.zero” value with a prec
characters.

The double argument is converted\to decimal notation in the
where the number of digits after/the-decimal-point character is equ
specification.
tho # fa

uiv Ilué

character appears, at least\one digit appears before it.
appropriate number of digits.

cenecifie decimal_noint character qppnnrc

i not ol
15 II\JI. Dl.l\/\-flll\-«u, IIU u\a\rllll(—ll PUIIIL viiairavivi A% e ]

The value

The double argument is converted in the style [—]d.dddetdd,
digit before the.decimal-point character (which is nonzero if the ar

it will be expanded’ with leading zgros.

The precision
b converted can be
The default

sion of zero is no

style [—]ddd.ddd,
al to the precision

If the precision 4s ‘missing, it is taken as 6; if the prgcision is zero and

"" a I“Pl‘lmﬂl noint
GCClnar-point

is rounded to the

vhere there is one
pument is nonzero)

and the number of digits after it is equal to the precision; if the pfecision is missing,

it is taken as 6; if the precision is zero and the # flag is not spe|
point ‘character appears. The value is rounded to the appropriate

cified, no decimal-
number of digits.

The E’conversion specifier will produce a number with E instead of e introducing the

exponent. The exponent always contains at least two digits. If th

exponent is zero.

The double argument is converted in style £ or e (or in style E
conversion specifier), with the precision specifying the number o
If the precision is zero, it is taken as 1. The style used dep

value is zero, the

in the case of a G
f significant digits.
ends on the value

converted; style e (or E) will be used only if the exponent resgyilting from such a

conversion is less than —4 or greater than or equal to the precision.

removed from the fractional portion of the result; a decimal-poinf

only if it is followed by a digit.

Trailing zeros are
character appears

The int argument is converted to an unsigned char, and the
is written.

resulting character

The argument shall be a pointer to an array of character type.''® Characters from the
array are written up to (but not including) a terminating null character; if the precision

is specified, no more than that many characters are written.

If the precision is not

specified or is greater than the size of the array, the array shall contain a null

character.

119 No special provisions are made for multibyte characters.
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P The argument shall be a pointer to void. The value of the pointer is converted to a
sequence of printable characters, in an implementation-defined manner.

n The argument shall be a pointer to an integer into which is written the number of
characters written to the output stream so far by this call to £print£. No argument
is converted.

% A % is written. No argument is converted. The complete conversion specification
shall be %%.
If a conversion specification is invalid, the behavior is undefined.'?

If any argumef 1S, Or poInis {0, a union or an aggregate
using %s conversion, or a pointer using %p conversion), the behavior is undefined.

In no case dods a nonexistent or small field width cause truncation of a field; if the result of a
. conversion is wid¢r than the field width, the field is expanded to contain the conversion result.

Returns

The £printf function returns the number of characters transmitted, or a negative value'if an
output error occurfed.

Environmental lri[nit

The minimum value for the maximum number of characters produced)by any single
conversion shall He 509.

Example

To print a datg and time in the form ‘‘Sunday, July 3, 10:02"" followed by m to five decimal
places:

#inclufde <math.h>

#include <stdio.h>

/*. .. % .

char *weekday, *month; /* pointers to strings */

int daly, hour, min;

fprint|f (stdout, "%s, %s %¥d,'%.2d:%.2d\n",
eekday, month, day, hour, min);

fprintff (stdout, "pi =:%.5f\n", 4 * atan(1.0));

7.9.6.2 The £sicanf function

Synopsis

#include <stdio.h>

int fsicanf(FILE *stream, const char *format, ...);
Description

The £scan£ function reads input from the stream pointed to by stream, under control of
the string pointed to by format that specifies the admissible input sequences and how they are
to be converted for assignment, using subsequent arguments as pointers to the objects to receive
the converted input. If there are insufficient arguments for the format, the behavior is undefined.
If the format is exhausted while arguments remain, the excess arguments are evaluated (as
always) but are otherwise ignored.

120 See ‘‘future library directions’” (7.13.6).
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The format shall be a multibyte character sequence, beginning and ending in its initial shift
state. The format is composed of zero or more directives: one or more white-space characters; an
ordinary multibyte character (neither % nor a white-space character); or a conversion specification.
Each conversion specification is introduced by the character %. After the %, the following appear

in sequence:

— An optional assignment-suppressing character *.

— An optional nonzero decimal integer that specifies the maximum field width.

— An optional h, 1 (ell) or L indicating the size of the receiving objec

t. The conversion

specifiers d, i, and n shall be preceded by h if the corresponding argument is a pointer to

short int rather than a pointer to int, or by 1 if it is a pointer to Lo
the conversion specifiers o, u, and x shall be preceded by h if the cotresp,
a pointer to unsigned short int rather than a pointer to unsigned i
a pointer to unsigned long int. Finally, the conversion specifiers e
preceded by 1 if the corresponding argument is a pointer tocdouble rath
float, or by L if it is a pointer to long double. If an-h, 1, or L app
conversion specifier, the behavior is undefined.

A character that specifies the type of conversion\ to be applied. Th
specifiers are described below.

The f£scanf function executes each directive of the format in turn. If
detailed below, the £scanf function returns Failures are described as input
unavailability of input characters), or matching failures (due to inappropriate in

A directive composed of white-space character(s) is executed by reading i
non-white-space character (which remains unread), or until no more characters

A directive that is an ordinary multibyte character is executed by reading
of the stream. If one of the\characters differs from one comprising the dire
fails, and the differing and¢subsequent characters remain unread.

A directive thatyis)a conversion specification defines a set of matching
described below fdr.each specifier. A conversion specification is executed in t

Input white-space characters (as specified by the isspace function) are
specification includes a [, ¢, or n specifier.'?!

Am\input item is read from the stream, unless the specification includes
input) item is defined as the longest matching sequence of input characters, ur
specified field width, in which case it is the initial subsequence of that leng
The first character, if any, after the input item remains unread. If the length
zero, the execution of the directive fails: this condition is a matching failu
prevented input from the stream, in which case it is an input failure.

)lg int. Similarly,
onding argument is
nt, or by 1 if it is

£, and g shall be
er than a pointer to
ears with any other

¢ valid conversion

h directive fails, as
failures (due to the
put).

nput up to the first
can be read.

the next characters
ctive, the directive

nput sequences, as
he following steps:

skipped, unless the

hn n specifier. An
less that exceeds a
h in the sequence.
bf the input item is
re, unless an error

directive, the count

Except in the case of a % specifier, the input item (or, in the case of a $n

of input characters) is converted to a type appropriate to the conversion specifier. If the input
item is not a matching sequence, the execution of the directive fails: this condition is a matching
failure. Unless assignment suppression was indicated by a *, the result of the conversion is
placed in the object pointed to by the first argument following the format argument that has not
already received a conversion result. If this object does not have an appropriate type, or if the
result of the conversion cannot be represented in the space provided, the behavior is undefined.

121 These white-space characters are not counted against a specified field width.
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The following conversion specifiers are valid:

Matches an optionally signed decimal integer, whose format is the same as expected for
the subject sequence of the strtol function with the value 10 for the base argument.
The corresponding argument shall be a pointer to integer.

Matches an optionally signed integer, whose format is the same as expected for the
subject sequence of the strtol function with the value O for the base argument. The
corresponding argument shall be a pointer to integer.

Matches an optionally signed octal integer, whose format is the same as expected for the
trtoul function with the value 8 for the base argument.

Matches fan optionally signed hexadecimal integer, whose format is the same as expected
for the qubject sequence of the strtoul function with the value 16 for the base
argumeny. The corresponding argument shall be a pointer to unsigned integer,

Matches |an optionally signed floating-point number, whose format is‘the same as
expected|for the subject string of the strtod function. The corresponding argument
shall be g pointer to floating.

Matches fa sequence of non-white-space characters.'”> The corresponding argument shall
be a poirfter to the initial character of an array large enough to.accept the sequence and a
terminatipg null character, which will be added automatically.

Matches |a nonempty sequence of characters'?? from-a-set of expected characters (the
scanset).| The corresponding argument shall be a pointer to the initial character of an
array large enough to accept the sequence and a términating null character, which will be
added automatically. The conversion specifier-includes all subsequent characters in the
format| string, up to and including the*matching right bracket (]). The characters
between [the brackets (the scanlist) comprise the scanset, unless the character after the
left bracket is a circumflex (#), in which case the scanset contains all characters that do
not appejr in the scanlist between.the’circumflex and the right bracket. If the conversion
specifier |begins with [] or [\ the right bracket character is in the scanlist and the
next right bracket charactef i$ the matching right bracket that ends the specification;
otherwisg the first right bracket character is the one that ends the specification. If a -
charactet] is in the scanlist and is not the first, nor the second where the first character is
a ~, nor fhe last character, the behavior is implementation-defined.

Matches|a sequence of characters'?? of the number specified by the field width (1 if no

field widthds ‘present in the directive). The corresponding argument shall be a pointer to
the initi ccept the sequence. No null character

is added.

Matches an implementation-defined set of sequences, which should be the same as the
set of sequences that may be produced by the $p conversion of the £print£ function.
The corresponding argument shall be a pointer to a pointer to void. The interpretation
of the input item is implementation-defined. If the input item is a value converted
earlier during the same program execution, the pointer that results shall compare equal to
that value; otherwise the behavior of the $p conversion is undefined.

122 No special provisions are made for multibyte characters.
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n No input is consumed. The corresponding argument shall be a pointer to integer into

which is to be written the number of characters read from the input st
call to the £scanf function. Execution of a %n directive does
assignment count returned at the completion of execution of the £sca

ream so far by this
not increment the
nf function.

% Matches a single %; no conversion or assignment occurs. The complete conversion

specification shall be %%.
If a conversion specification is invalid, the behavior is undefined.'?’

The conversion specifiers E, G, and X are also valid and behave the same
g, and x.

as, respectively, e,

If end-of-file is encountered during input, conversion is terminated.~If

end-of-file occurs

before any characters matching the current directive have been read (6ther than leading white
space, where permitted), execution of the current directive termipates with| an input failure;

otherwise, unless execution of the current directive is termindted” with a
execution of the following directive (if any) is terminated with an\input failure.

matching failure,

If conversion terminates on a conflicting input character,.the offending inppt character is left
unread in the input stream. Trailing white space (including new-line characters) is left unread

unless matched by a directive. The success of literal ‘matches and suppressed
directly determinable other than via the %n directive.

Returns

any conversion. Otherwise, the £scanf function returns the number of in

pssignments is not

t items assigned,

The £scanf function returns the value of the macro EOF if an input fal}ure occurs before

which can be fewer than provided for, or even zero, in the event of an early m
Examples
1. The call:

#include <stdio.h>

VAN V)

int-n, i; float x; char name[50];

n = fscanf (stdin, "%d%£f%s", &i, &x, name);

with the input line:

25 54.32E-1 thompson

ching failure.

will assign to n the value 3, to i the value 25, to x the value 5.432, and name will

contain thompson\0.
2. The call:

#include <stdio.h>
/*...*/

int i; float x; char name[50];
fscanf (stdin, "%$2d4d%£f%*d %[0123456789]", &i,

with input:

56789 0123 56a72

&x, name);

will assign to i the value 56 and to x the value 789.0, will skip 0123, and name will

contain 56\0. The next character read from the input stream will be a.

123 See *‘future library directions’’ (7.13.6).
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3. To accept repeatedly from stdin a quantity, a unit of measure and an item name:

#include <stdio.h>
/*...%/
int count; float quant; char units[21], item[21];
while (!'feof(stdin) && !ferror(stdin)) {
count = fscanf (stdin, "%£%20s of %20s",
&quant, units, item);
fscanf (stdin, "$*[*\n]") ;
}

If the sfEdtmstreanT comains e toifowing HIes:

2 |quarts of oil
-12.8degrees Celsius
1gts of 1luck

19.0LBS of

dirt

1J0ergs of energy

the executipn of the above example will be analogous to the following assignmerits:

quant = 2; strcpy(units, '"quarts"); strcpy(item,~“"oil");

cqunt = 3;

qyant = -12.8; strcpy(units, "degrees");

cqunt = 2; /* "C" fails to match "o" */

cqunt = 0; /* "1" fails to match "$£" */

qyant = 10.0; strcpy(units, "LBS"); @strcpy(item, "dirt");
cgunt = 3;

cqunt = 0; /* "100e" fails to match "%E" */

cdunt = EOF;

Forward referefces: the strtod function (7.10.14), the strtol function (7.10.1.5), the
strtoul functipn (7.10.1.6).

7.9.6.3 The pyintf function

Synopsis

#inclyde <stdio.h>

int pyintf(const char *format, ...);
Description

The printf functiod is' equivalent to fprintf with the argument stdout interposed
before the arguments to"print£.

Returns

The print£ function returns the number of characters transmitted, or a negative value if an
output error occurred.

7.9.6.4 The scanf function
Synopsis

#include <stdio.h>
int scanf (const char *format, ...);

Description

The scanf function is equivalent to £scanf with the argument stdin interposed before
the arguments to scanf.
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Returns

The scanf function returns the value of the macro EOF if an input failure occurs before any
conversion. Otherwise, the scanf function returns the number of input items assigned, which
can be fewer than provided for, or even zero, in the event of an early matching failure.

7.9.6.5 The sprintf function

Synopsis

#include <stdio.h>

int sprintf(char *s, const char *format, ...);
Description

The sprint£ function is equivalent to fprint£, except that theldrgument s specifies an
array into which the generated output is to be written, rather than to.a:stream. |A null character is
written at the end of the characters written; it is not counted a$Jpart of thg returned sum. If
copying takes place between objects that overlap, the behavior {s\undefined.

Returns

The sprint£ function returns the number of characters written in the array, not counting the
terminating null character.

7.9.6.6 The sscanf function

Synopsis

#include <stdio.h>

int sscanf (const char *s, const char *format, ..|);
Description

The sscanf function istequivalent to £scang£, except that the argument s specifies a string
from which the input is to‘be obtained, rather than from a stream. Reaching t}re end of the string
is equivalent to enceuntering end-of-file for the £scanf function. If cdpying takes place
between objects that overlap, the behavior is undefined.

Returns

The sscanf function returns the value of the macro EOF if an input fajlure occurs before
any conversion. Otherwise, the sscanf function returns the number of input items assigned,
which-ean be fewer than provided for, or even zero, in the event of an early matching failure.

7.9:6.7 The vEprintf function
Synopsis

#include <stdarg.h>
#include <stdio.h>
————imt vEprimtf(FILE *stream, const char *format;, va_list arg);

Description

The vEprint£ function is equivalent to £print £, with the variable argument list replaced
by arg, which shall have been initialized by the va_start macro (and possibly subsequent
va_arg calls). The vEprintf function does not invoke the va_end macro.'**

124 As the functions vEprint£, vsprint£, and vprintf invoke the va_arg macro, the value of arg
after the return is indeterminate.
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Returns

The vEprint£ function returns the number of characters transmitted, or a negative value if
an output error occurred.

Example

The following

shows the use of the vEprint £ function in a general error-reporting routine.

#include <stdarg.h>
#include <stdio.h>

}
7.9.6.8 The vp
Synopsis

#inclu

Description

The vprintf
arg, which shal
va_arg calls). ]

Returns

The vprintf
output error occur

7.9.6.9 The vs
Synopsis

#inclu
#inclu
int vs

r *function name, char *format,

a_list args;

a_start (args, format);

* print out name of function causing error */

printf (stderr, "ERROR in %s: ", function_ name);
* print out remainder of message */

fprintf (stderr, format, args):;

a_end(args) ;

int £ function

e <stdarg.h>
e <stdio.h>
rintf (const char *format, va_list arqg) ;

function is equivalent to print £, withi-the variable argument list replaced by
have been initialized by the wa-start macro (and possibly subsequent
he vprint£ function does not invoke the va_end macro.'%*

function returns the number of characters transmitted, or a negative value if an
red.

print £ function

He <stdarg.h>
He , <stdio.h>
print £ (char *s, const char *format, va_list arg);

Description

The vsprint£ function is equivalent to sprint£, with the variable argument list replaced

by arg, which s
va_arg calls).

hall have been initialized by the va_start macro (and possibly subsequent
The vsprint£ function does not invoke the va_end macro.'?* If copying

takes place between objects that overlap, the behavior is undefined.

Returns

The vsprintf function returns the number of characters written in the array, not counting
the terminating null character.
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7.9.7 Character input/output functions
7.9.7.1 The f£getc function
Synopsis

#include <stdio.h>
int fgetc(FILE *stream);

Description

The £getc function obtains the next character (if present) as an unsigned char converted

to an int, from the input stream pointed to by stream, and advances

the associated file

position indicator for the stream (if defined).
Returns

The £getc function returns the next character from the input stream point
If the stream is at end-of-file, the end-of-file indicator for the stream is set 4
EOF. If a read error occurs, the error indicator for the stream is-5¢t and £getg

7.9.7.2 The f£gets function
Synopsis

#include <stdio.h>
char *fgets(char *s, int n,(FILE *stream);

Description

ed to by stream.
nd £fgetc returns
returns EOF.'%

The £gets function reads at most-one less than the number of characters specified by n from

the stream pointed to by stream ‘into the array pointed to by s. No additi
read after a new-line character (which is retained) or after end-of-file. A null
immediately after the last character read into the array.

Returns

The £gets function returns s if successful. If end-of-file is encountered
have been read into. the array, the contents of the array remain unchanged an

bnal characters are
haracter is written

and no characters
d a null pointer is

returned. If a‘read error occurs during the operation, the array contents are ifdeterminate and a

null pointer is-returned.
7.9.7.3+-.The fputc function
Synopsis

#include <stdio.h>
int fputc(int c, FILE *stream);

Description

The £putc function writes the character specified by ¢ (converted to an pnsigned char)

to the output stream pointed to by stream, at the position indicated by the associated file
position indicator for the stream (if defined), and advances the indicator appropriately. If the file
cannot support positioning requests, or if the stream was opened with append mode, the character

is appended to the output stream.

125 An end-of-file and a read error can be distinguished by use of the feof and ferror functions.
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Returns

The fputc function returns the character written. If a write error occurs, the error indicator

for the stream is

set and £putc returns EOF.

7.9.7.4 The fputs function

Synopsis

#include <stdio.h>

int fputs(const char *s,

Description

The fputs f

FILE *stream);

inction writes the string pointed to by s to the stream pointed to by stream.

The terminating null character is not written.

Returns

The fputs f

value.

inction returns EOF if a write error occurs; otherwise it returns a nonnegativeé

7.9.7.5 The getc function

Synopsis

#inclu
int ge

Description

The getc fu

may evaluate st
effects.

Returns

The getc fu

If the stream is
EOF. If aread

He <stdio.h>
tc (FILE *stream);

hction is equivalent to £getc, except that if it issimplemented as a macro, it

ream more than once, so the argument should neyer be an expression with side

iction returns the next character from the input stream pointed to by stream.
it end-of-file, the end-of-file indicator for the stream is set and getc returns
or occurs, the error indicator for'the stream is set and getc returns EOF.

€
7.9.7.6 The gJ;char function

Synopsis
#incl
int g
Description
The getcha

Returns

&

e <stdio.h>
char (void)\;

F funCtion is equivalent to getc with the argument stdin.

The getchar function returns the next character from the input stream pointed to by

stdin. If the
getchar return

stream is at end-of-file, the end-of-file indicator for the stream is set and
s EOF. If a read error occurs, the error indicator for the stream is set and

getchar returns EOF.

7.9.7.7 The gets function

Synopsis

#include <stdio.h>
char *gets (char *s);
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Description

The gets function reads characters from the input stream pointed to by stdin, into the
array pointed to by s, until end-of-file is encountered or a new-line character is read. Any new-
line character is discarded, and a null character is written immediately after the last character read
into the array.

Returns

The gets function returns s if successful. If end-of-file is encountered and no characters
have been read into the array, the contents of the array remain unchanged and a null pointer is
returned. If a read error occurs during the operation, the array contents are indeterminate and a

null pointer is returned.
7.9.7.8 The putc function
Synopsis

#include <stdio.h>
int putc(int ¢, FILE *stream);

Description

The putc function is equivalent to £putc, except that if it is implemerjted as a macro, it
may evaluate stream more than once, so the argument should never be an ej{pression with side
effects.

Returns

The putc function returns the character written. If a write error occurs, [the error indicator
for the stream is set and putc returns EOF.

7.9.7.9 The putchar funetion
Synopsis

#include <stdio.h>
int putchar (int c);

Description
The putchar function is equivalent to putc with the second argument stdout.
Returns

The putchar function returns the character written. If a write error| occurs, the error
indicator for the stream is set and putchar returns EOF.

7.9.7.10 The puts function
Synopsis

#inciude—<stdio >
int puts(const char *s);

Description

The puts function writes the string pointed to by s to the stream pointed to by stdout,
and appends a new-line character to the output. The terminating null character is not written.

Returns

The puts function returns EOF if a write error occurs; otherwise it returns a nonnegative
value.
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7.9.7.11 The ungetc function

Synopsis
Mo YA P o h A kL
fFLOCLUQGE SOSLULO.LL”
int ungetc(int c, FILE *stream);

The ungetc function pushes the character specified by c (converted to an unsigned
char) back onto the input stream pointed to by stream. The pushed-back characters will be
returned by subsequent reads on that stream in the reverse order of their pushing. A successful

intervening call (with the stream pointed to by stream) to a file positioning function (£seek,
fsetpos, or rewind) discards any pushed-back characters for the stream. The external storage

corresponding to

One character

on the same strea
operation may fail.

If the value o

unchanged.

A successful ¢

value of the file

characters shall bg

the value of its
unspecified until
position indicator
was zero before a

Returns

The ungetc
operation fails.

Forward referen

7.9.8 Direct i

he stream is unchanged.

of pushback is guaranteed. If the ungetc function is called too many times
m without an intervening read or file positioning operation on that stream, the

f ¢ equals that of the macro EOF, the operation fails and the input \Stream is

all to the ungetec function clears the end-of-file indicator for‘the' stream. The
position indicator for the stream after reading or discarding-all pushed-back
the same as it was before the characters were pushed back: For a text stream,
file position indicator
i1l pushed-back characters are read or discarded. For a binary stream, its file
is decremented by each successful call to the ungetc function; if its value

call, it is indeterminate after the call.

function returns the character pushed back after conversion, or EOF if the

Fes: file positioning functions.(2.9.9).

nput/output functions

7.9.8.1 The friead function

Synopsis

#inclu
size_t

Description

de <stdiolLh>
fread(void *ptr, size t size, size_t nmemb,
FILE- *stream) ;

The f£read function reads, into the array pointed to by ptr, up to nmemb elements whose

size is specified by size, from the stream pointed to by stream. The file position indicator for
the stream (if defined) is advanced by the number of characters successfully read. If an error
occurs, the resulting value of the file position indicator for the stream is indeterminate. If a
partial element is read, its value is indeterminate.

Returns

The £read function returns the number of elements successfully read, which may be less
than nmemb if a read error or end-of-file is encountered. If size or nmemb is zero, fread
returns zero and the contents of the array and the state of the stream remain unchanged.
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7.9.8.2 The fwrite function
Synopsis

#include <stdio.h>
size_t fwrite(const void *ptr, size t size, size t nmemb,
FILE *stream);

Description

The fwrite function writes, from the array pointed to by ptr, up to nmemb elements
whose size is specified by size, to the stream pointed to by stream. The file position

mndicator for the stream (if defined) 1s advanced Dy the number Ol characters stlccessfully written.
If an error occurs, the resulting value of the file position indicator for the stredin is indeterminate.

Returns

The fwrite function returns the number of elements successfully written| which will be less
than nmemb only if a write error is encountered.

7.9.9 File positioning functions
7.9.9.1 The fgetpos function
Synopsis

#include <stdio.h>
int fgetpos (FILE *stream, fpos_t *pos);

Description

The f£getpos function stores, the current value of the file position indicptor for the stream
pointed to by stream in the gbjéct pointed to by pos. The value stored contains unspecified
information usable by the £setpos function for repositioning the stream to its position at the
time of the call to the £gétpos function.

Returns

If successful-the £getpos function returns zero; on failure, the £getpds function returns
nonzero andstores an implementation-defined positive value in errno.

Forward.references: the £setpos function (7.9.9.3).
7.9.9.2 The £seek function
Synopsis

#include <stdio.h>
int fseek (FILE *stream, long int offset, int whence);

Description

The £seek function sets the file posiiion mndicator for the stream pointed to by stream.

For a binary stream, the new position, measured in characters from the beginning of the file,
is obtained by adding offset to the position specified by whence. The specified position is
the beginning of the file if whence is SEEK_SET, the current value of the file position indicator
if SEEK_CUR, or end-of-file if SEEK_END. A binary stream need not meaningfully support
fseek calls with a whence value of SEEK_END.

For a text stream, either of £set shall be zero, or of£set shall be a value returned by an
earlier call to the £tell function on the same stream and whence shall be SEEK_SET.

A successful call to the £seek function clears the end-of-file indicator for the stream and
undoes any effects of the ungetec function on the same stream. After an £seek call, the next
operation on an update stream may be either input or output.
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Returns

The £seek function returns nonzero only for a request that cannot be satisfied.

Forward references: the £tell function (7.9.9.4).

7.9.9.3 The £s
Synopsis

etpos function

#include <stdio.h>
int fsetpos (FILE *stream, const fpos_t *pos);

Description

The £setpos function sets the file position indicator for the stream pointed to by stream

according to the Y
earlier call to the

A successful {
undoes any effec
next operation on

Returns

If successful,
nonzero and store

7.9.9.4 The £t
Synopsis

#inclu
long i

Description

alue of the object pointed to by pos, which shall be a value obtained from an
fgetpos function on the same stream.

all to the £setpos function clears the end-of-file indicator for the stream dnd
s of the ungetc function on the same stream. After an £setpos call, jthe
an update stream may be either input or output.

the £setpos function returns zero; on failure, the £setpos*function returns
s an implementation-defined positive value in errno.

lell function

de <stdio.h>

nt ftell (FILE *stream);

The ftell function obtains the current value_of, the file position indicator for the stream

pointed to by st

beginning of thg

information, usab
to its position at {
necessarily a mea

Returns

If successful,
the stream. On

ream. For a binary stream, the Value is the number of characters from the

file. For a text stream,.jts file position indicator contains unspecified
e by the £seek function for returning the file position indicator for the stream
he time of the £tell call; the difference between two such return values is not
ningful measure of the\number of characters written or read.

the £telX function returns the current value of the file position indicator for
ailure, the )ftell function returns —1L and stores an implementation-defined

positive value i

n prrno:
7.9.9.5 The rﬁEind function

Synopsis

#include <stdio.h>
void rewind (FILE *stream);

Description

The rewind
the beginning of t

(void)

function sets the file position indicator for the stream pointed to by stream to
he file. It is equivalent to

fseek (stream, OL, SEEK_SET)

except that the error indicator for the stream is also cleared.
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Returns

The rewind function returns no value.
7.9.10 Error-handling functions
7.9.10.1 The clearerr function
Synopsis

#include <stdio.h>
void clearerr (FILE *stream);

Description

The clearerr function clears the end-of-file and error indicators fer<thel stream pointed to
by stream.

Returns

The clearerr function returns no value.
7.9.10.2 The feof function
Synopsis

#include <stdio.h>
int feof (FILE *stream);

Description
The £eof function tests the end-of:file indicator for the stream pointed to by stream.
Returns
The feof function return§ nonzero if and only if the end-of-file indicator i§ set for stream.
7.9.10.3 The ferror function
Synopsis

#include <stdio.h>
int\_ferror (FILE *stream);

Description
The” ferror function tests the error indicator for the stream pointed to by [stream.
Returns
The ferror function returns nonzero if and only if the error indicator is sgt for stream.

7.9.10.4 The perror function

Syn_npeie

#include <stdio.h>
void perror(const char *s);

Description

The perror function maps the error number in the integer expression errno to an error
message. It writes a sequence of characters to the standard error stream thus: first (if s is not a
null pointer and the character pointed to by s is not the null character), the string pointed to by s
followed by a colon (:) and a space; then an appropriate error message string followed by a
new-line character. The contents of the error message strings are the same as those returned by
the strerror function with argument errno, which are implementation-defined.
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Returns
The perror function returns no value.

Forward references: the strerror function (7.11.6.2).
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7.10 General utilities <stdlib.h>

The header <stdlib.h> declares four types and several functions of general utility, and

defines several macros.'?®

The types declared are size_t and wchar_t (both described in 7.1.6),
div_t

which is a structure type that is the type of the value returned by the div function, and

1div t

The macros defined are NULL (described in 7.1.6);
EXIT_FAILURE
and
EXIT_SUCCESS

which expand to integral expressions that may be used ds ‘the argument to the
return unsuccessful or successful termination status, respectively, to the host en

RAND MAX

which expands to an integral constant expréssion, the value of which is th
returned by the rand function; and

MB_CUR_MAX

which expands to a positive integer expression whose value is the maximum nu
multibyte character for the extended character set specified by the curren
LC_CTYPE), and whose valug,is never greater than MB_LEN_ MAX.

7.10.1 String conversion functions

The functions atof, atoi, and atol need not affect the value of the
errno on an errot: If the value of the result cannot be represented, the behavi

7.10.1.1 The’atof function
Synopsis

#include <stdlib.h>
double atof(const char *nptr);

Description

The atof function converts the initial portion of the string pointed to by
representation. Except for the behavior on error, it is equivalent to

exit function to
ironment;

e maximum value

mber of bytes in a
t locale (category

integer expression
or is undefined.

nptr to double

strtod (nptr, (char **)NULL)
Returns
The atof function returns the converted value.

Forward references: the strtod function (7.10.1.4).

126 See ‘‘future library directions’’ (7.13.7).
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7.10.1.2 The atoi function
Synopsis

#include <stdlib.h>
int atoi(const char *nptr);

Description

The atoi function converts the initial portion of the string pointed to by nptr to int
representation. Except for the behavior on error, it is equivalent to

trtol (nptr, (char **)NULL, 10)

(int) st

Returns
The atoi furction returns the converted value.

Forward referen

7.10.1.3 The a

bes: the strtol function (7.10.1.5).
tol function
Synopsis

He <stdlib.h>
ht atol (const char *nptr);

#inclu
long i

Description

The atol fu
int representatio

hction converts the initial portion of the string pointed ¢ by nptr to long
n. Except for the behavior on error, it is equivalent {@

strtol|(nptr, (char **)NULL, 10)

Returns

The atol function returns the converted value.
Forward referenfes: the strtol function (7.10.1.5)

7.10.1.4 The strtod function

Synopsis
#include <stdlib.h>
double| strtod(const(char *nptr, char **endptr);
Description
The strtod function-converts the initial portion of the string pointed to by nptr to

double represer
empty, sequence
sequence resemb
characters, inclu

jtation,_‘First, it decomposes the input string into three parts: an initial, possibly
of ,white-space characters (as specified by the isspace function), a subject
ing/a floating-point constant; and a final string of one or more unrecognized

g The Termimanng nutt character of the mputstring.—Them, tattempts—to

convert the subject sequence to a floating-point number, and returns the result.

The expected form of the subject sequence is an optional plus or minus sign, then a nonempty
sequence of digits optionally containing a decimal-point character, then an optional exponent part
as defined in 6.1.3.1, but no floating suffix. The subject sequence is defined as the longest initial
subsequence of the input string, starting with the first non-white-space character, that is of the
expected form. The subject sequence contains no characters if the input string is empty or
consists entirely of white space, or if the first non-white-space character is other than a sign, a
digit, or a decimal-point character.

If the subject sequence has the expected form, the sequence of characters starting with the
first digit or the decimal-point character (whichever occurs first) is interpreted as a floating
constant according to the rules of 6.1.3.1, except that the decimal-point character is used in place
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of a period, and that if neither an exponent part nor a decimal-point character appears, a decimal
point is assumed to follow the last digit in the string. If the subject sequence begins with a
minus sign, the value resulting from the conversion is negated. A pointer to the final string is
stored in the object pointed to by endptr, provided that endptr is not a null pointer.

In other than the "C" locale, additional implementation-defined subject sequence forms may
be accepted.

If the subject sequence is empty or does not have the expected form, no conversion is
performed; the value of nptr is stored in the object pointed to by endptr, provided that
endptr is not a null pointer.

Keturns

version could be
htable values, plus
alue of the macro
ro is returned and

The strtod function returns the converted value, if any. If ne-cor
performed, zero is returned. If the correct value is outside the range of ‘represe
or minus HUGE_VAL is returned (according to the sign of the value)’and the
ERANGE is stored in errno. If the correct value would causeCimderflow, z¢
the value of the macro ERANGE is stored in errno.

7.10.1.5 The strtol function
Synopsis

#include <stdlib.h>

long int strtol(const char, *nptr, char **endptr, |int base);

Description

The strtol function converts theNnitial portion of the string pointed to
int representation. First, it decomposes the input string into three parts: 3
empty, sequence of white-space_characters (as specified by the isspace f
sequence resembling an integér represented in some radix determined by the v
a final string of one or moFe unrecognized characters, including the terminatin
the input string. Then, it attempts to convert the subject sequence to an integ
result.

If the value:df’base is zero, the expected form of the subject sequence iS
constant as desdribed in 6.1.3.2, optionally preceded by a plus or minus sign, b
integer suffix. If the value of base is between 2 and 36, the expected fd
sequence-is a sequence of letters and digits representing an integer with the

by nptr to long
n initial, possibly
inction), a subject
hlue of base, and
p null character of
er, and returns the

that of an integer
it not including an
rm of the subject
radix specified by

base, Optionally preceded by a plus or minus sign, but not including an ipteger suffix. The

létters from a (or A) through z (or Z) are ascribed the values 10 to 35;
ascribed values are less than that of base are permitted. If the value of]
characters Ox or 0X may optionally precede the sequence of letters and digits,
if present.

The subject sequence is defined as the longest initial subsequence of the ir

bnly letters whose

base is 16, the
following the sign

put string, starting

with the Tirst non-while-space character, that is of the expected form. Ti

subject sequence

contains no characters if the input string is empty or consists entirely of white space, or if the
first non-white-space character is other than a sign or a permissible letter or digit.

If the subject sequence has the expected form and the value of base is zero, the sequence of
characters starting with the first digit is interpreted as an integer constant according to the rules of
6.1.3.2. If the subject sequence has the expected form and the value of base is between 2 and
36, it is used as the base for conversion, ascribing to each letter its value as given above. If the
subject sequence begins with a minus sign, the value resulting from the conversion is negated. A
pointer to the final string is stored in the object pointed to by endptr, provided that endptr is
not a null pointer.
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In other than the "C" locale, additional implementation-defined subject sequence forms may
be accepted.

If the subject sequence is empty or does not have the expected form, no conversion is
performed; the value of nptr is stored in the object pointed to by endptr, provided that
endptr is not a null pointer.

Returns

The strtol function returns the converted value, if any. If no conversion could be
performed, zero is returned. If the correct value is outside the range of representable values,
LONG_MAX or LONG MIN is returned (according to the sign of the value), and the value of the

macro ERANGE id stored in errno.
7.10.1.6 The strtoul function
Synopsis

#include <stdlib.h>
unsigned long int strtoul (const char *nptr, char **endptr;
int base);

Description

The strtoul function converts the initial portion of the string pointed ¢to“by nptr to
unsigned long int representation. First, it decomposes the input string into three parts: an
initial, possibly ¢mpty, sequence of white-space characters (as specified.by the isspace
function), a subject sequence resembling an unsigned integer repfesented in some radix
determined by th¢ value of base, and a final string of one or more.unrecognized characters,
including the terminating null character of the input string. Theh,”it attempts to convert the
subject sequence o an unsigned integer, and returns the result.

If the value of base is zero, the expected form of the subject sequence is that of an integer
constant as described in 6.1.3.2, optionally preceded by d-plus or minus sign, but not including an
integer suffix. If| the value of base is between 2_and 36, the expected form of the subject
sequence is a sequence of letters and digits representing an integer with the radix specified by
base, optionally|preceded by a plus or minus(sign, but not including an integer suffix. The
letters from a (or A) through z (or Z) ar€ ascribed the values 10 to 35; only letters whose
ascribed values are less than that of base are permitted. If the value of base is 16, the
characters Ox or X may optionally précede the sequence of letters and digits, following the sign
if present.

The subject sqquence is defined' as the longest initial subsequence of the input string, starting
with the first nop-white-space~character, that is of the expected form. The subject sequence
contains no characters if ‘the/input string is empty or consists entirely of white space, or if the
first non-white-space character is other than a sign or a permissible letter or digit.

If the subject pequénce has the expected form and the value of base is zero, the sequence of

characters starting with the first digit is interpreted as an integer constant according to the rules of
6.1.3.2. If the subject sequence has the expected form and the value of base is between 2 and
36, it is used as the base for conversion, ascribing to each letter its value as given above. If the
subject sequence begins with a minus sign, the value resulting from the conversion is negated. A
pointer to the final string is stored in the object pointed to by endptr, provided that endptr is
not a null pointer.

In other than the "C" locale, additional implementation-defined subject sequence forms may
be accepted.

If the subject sequence is empty or does not have the expected form, no conversion is
performed; the value of nptr is stored in the object pointed to by endptr, provided that
endptr is not a null pointer.
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Returns

The strtoul function returns the converted value, if any. If no conversion could be
performed, zero is returned. If the correct value is outside the range of representable values,

ULONG_MAX is returned, and the vaiue of the macro ERANGE is stored in errno.
7.10.2 Pseudo-random sequence generation functions
7.10.2.1 The rand function
Synopsis
#include <stdlib.h>

int rand(void);
Description

The rand function computes a sequence of pseudo-random -infegers ip the range O to
RAND MAX.

The implementation shall behave as if no library functior calls the rand fupction.
Returns

The rand function returns a pseudo-random intéger.
Environmental limit

The value of the RAND MAX macro shdll\be at least 32767.
7.10.2.2 The srand function
Synopsis

#include <stdlib.h>
void srand(unsigned int seed);

Description

The srand function uses the argument as a seed for a new sequence |of pseudo-random
numbers to be returned by subsequent calls to rand. If srand is then called with the same
seed value, thesequence of pseudo-random numbers shall be repeated. If rand is called before
any callsyto 'srand have been made, the same sequence shall be generated 4s when srand is
first called with a seed value of 1.

The implementation shall behave as if no library function calls the srand function.
Returns
The srand function returns no value.

Example

The following functions define a portable implementation of rand and srand.
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static

int rand(void)

{

next

unsigned long int next = 1;

/* RAND MAX assumed to be 32767 */

next * 1103515245 + 12345;

return (unsigned int) (next/65536) % 32768;

}

void srand(unsigned int seed)

{

}

7.10.3 Memor

The order and

Next seedq,

y management functions

contiguity of storage allocated by successive calls to the calloc, malloc,

and realloc fulctions is unspecified. The pointer returned if the allocation succeeds is suitably

aligned so that it
an object or an a
reallocated). Eac
object. The poin
the space cannot
zero, the behavior
unique pointer. T

nay be assigned to a pointer to any type of object and then used to access such
ray of such objects in the space allocated (until the space is explicitlyfreed or
h such allocation shall yield a pointer to an object disjoint frond any other
er returned points to the start (lowest byte address) of the allocated space. If
be allocated, a null pointer is returned. If the size of the space requested is
is implementation-defined; the value returned shall be either a-null pointer or a
he value of a pointer that refers to freed space is indeterminate.

7.10.3.1 The calloc function

Synopsis

#inclu
void *

Description

The calloc
size. The spacq

Returns
The calloc
7.10.3.2 The £

Synopsis

He <stdlib.h>
calloc(size_t nmemb, size_t size);

function allocates space for ansarray of nmemb objects, each of whose size is
is initialized to all bits zero:'2%

function returns eithera null pointer or a pointer to the allocated space.

ree function

#incl
void

Description

e <stdlib.h>
ee(void *ptr);

The free fu

nction causes the space pointed to by ptr to be deallocated, that is, made

available for further allocation. If ptr is a null pointer, no action occurs. Otherwise, if the
argument does not match a pointer earlier returned by the calloc, malloc, or realloc
function, or if the space has been deallocated by a call to free or realloc, the behavior is

undefined.

127 Note that this
constant.
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need not be the same as the representation of floating-point zero or a null pointer
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Returns

The f£ree function returns no value.
7.10.3.3 The malloc function
Synopsis

#include <stdlib.h>
void *malloc(size t size);

Description

The malloc function allocates space for an object whose size is specified by size and

whose value is indeterminate.

Returns

The malloc function returns either a null pointer or a pointep-to the allocgted space.

7.10.3.4 The realloc function
Synopsis

#include <stdlib.h>
void *realloc(void *ptr, size t size);

Description

The realloc function changes thesize of the object pointed to by ptr to the size specified
by size. The contents of the object.shall be unchanged up to the lesser gf the new and old

sizes. If the new size is larger, ‘the value of the newly allocated portio
indeterminate. If ptr is a null”pointer, the realloc function behaves
function for the specified size.“Otherwise, if ptr does not match a pointer

h of the object is
like the malloc
earlier returned by

the calloc, malloc, orrealloc function, or if the space has been deallocated by a call to

the free or realloc-function, the behavior is undefined. If the space cann
object pointed to byxp£r is unchanged. If size is zero and ptr is not a nul
it points to is freed:

Returns

The_realloc function returns either a null pointer or a pointer to t
allocated space.

7.10.4 Communication with the environment
7.10.4.1 The abort function
Synopsis

#include <stdlib.h>

ot be allocated, the
pointer, the object

e possibly moved

void—abort{void)
Description

The abort function causes abnormal program termination to occur,

unless the signal

SIGABRT is being caught and the signal handler does not return. Whether open output streams
are flushed or open streams closed or temporary files removed is implementation-defined. An
implementation-defined form of the status wunsuccessful termination is returned to the host

environment by means of the function call raise (SIGABRT).
Returns

The abort function cannot return to its caller.
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7.10.4.2 The atexit function

Synopsis

#include <stdlib.h>
int atexit (void (*func) (void));

Description

The atexit

function registers the function pointed to by func, to be called without

arguments at normal program termination.

Implementation 1
The implemen

Returns

jmits

ation shall support the registration of at least 32 functions.

The atexit function returns zero if the registration succeeds, nonzero if it fails.

Forward referendes: the exit function (7.10.4.3).

7.10.4.3 The exit function

Synopsis

#include <stdlib.h>

void e
Description

The exit fun|
exit function is

First, all funct
registration.' 28

Next, all open|
and all files creatg

Finally, contr
EXIT SUCCESS,
returned. If the
status unsuccessfi
defined.

Returns

The exit fun

kit (int status);

ction causes normal program termination to occure . If*more than one call to the
executed by a program, the behavior is undefined,

ons registered by the atexit function are called, in the reverse order of their

streams with unwritten buffered data are flushed, all open streams are closed,
d by the tmp£file function are removed.

| is returned to the host environment. If the value of status is zero or

an implementation-defined’ form of the status successful termination is
alue of status is EXIT_FAILURE, an implementation-defined form of the
[ termination is returned. Otherwise the status returned is implementation-

ction cannot return to its caller.

7.10.4.4 The thenv function

Synopsis

#include <stdlib.h>
char *getenv(const char *name);

Description

The getenv function searches an environment list, provided by the host environment, for a
string that matches the string pointed to by name. The set of environment names and the
method for altering the environment list are implementation-defined.

128 Each function is
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The implementation shall behave as if no library function calls the getenv function.
Returns

The getenv function returns a pointer to a string associated with the matched list member.
The string pointed to shall not be modified by the program, but may be overwritten by a
subsequent call to the getenv function. If the specified name cannot be found, a null pointer is
returned.

7.10.4.5 The system function
Synopsis

#include <stdlib.h>
int system(const char *string);

Description

The system function passes the string pointed to by string)to the host environment to be
executed by a command processor in an implementation-defined-manner. A njill pointer may be
used for string to inquire whether a command processor’exists.

Returns

If the argument is a null pointer, the system‘function returns nonzero oply if a command
processor is available. If the argument is not @ null pointer, the system fhnction returns an
implementation-defined value.

7.10.5 Searching and sorting utilities
7.10.5.1 The bsearch function
Synopsis

#include <stdlib.h>

void *bsearch{const void *key, const void *base,
size) t nmemb, size_t size,
int” (*compar) (const void *, const void *))

Description

The bsearch function searches an array of nmemb objects, the initial element of which is
pointed\to' by base, for an element that matches the object pointed to by key} The size of each
element of the array is specified by size.

The comparison function pointed to by compar is called with two argurpents that point to
the key object and to an array element, in that order. The function shall refurn an integer less
than, equal to, or greater than zero if the key object is considered, respective]y, to be less than,
to match, or to be greater than the array element. The array shall consist of: all the elements that
compare less than, all the elements that compare equal to, and all the elerrlents that compare

greater than the key object, 1n that order.>
Returns

The bsearch function returns a pointer to a matching element of the array, or a null pointer
if no match is found. If two elements compare as equal, which element is matched is
unspecified.

129 In practice, the entire array is sorted according to the comparison function.
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7.10.5.2 The gsort function
Synopsis

#include <stdlib.h>
void gsort(void *base, size_t nmemb, size t size,
int (*compar) (const void *, const void *));

Description

The gsort function sorts an array of nmemb objects, the initial element of which is pointed
to by base. The size of each object is specified by size.

The contents pf the array are sorted into ascending order according to a comparison function
pointed to by epmpar, which is called with two arguments that point to the objects being
compared. The flinction shall return an integer less than, equal to, or greater than zero if the first
argument is considered to be respectively less than, equal to, or greater than the second.

If two elemenlts compare as equal, their order in the sorted array is unspecified.
Returns
The gsort flinction returns no value.
7.10.6 Integer arithmetic functions

7.10.6.1 The aps function
Synopsis

#include <stdlib.h>
int abs (int j);

Description

The abs furction computes the absolute value ofan integer j. If the result cannot be
represented, the Hehavior is undefined.'*

Returns
The abs fundtion returns the absolute valug:

7.10.6.2 The div function

Synopsis

#inclyde <stdlib.h>
div_t [div(int.numer, int denom);

Description

The div furjctionr computes the quotient and remainder of the division of the numerator
numer by the denomimatordenom I the divisiom s mexact, the Tesultng quotient 15— the
integer of lesser magnitude that is the nearest to the algebraic quotient. If the result cannot be
represented, the behavior is undefined; otherwise, quot * denom + rem shall equal numer.

Returns

The div function returns a structure of type div_t, comprising both the quotient and the
remainder. The structure shall contain the following members, in either order:

130 The absolute value of the most negative number cannot be represented in two’s complement.
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int quot; /* quotient */
int rem; /* remainder */

7.10.6.3 The labs function
Synopsis

#include <stdlib.h>
long int labs(long int j);

Description

The labs function is similar to the abs function, except that the argument and the returned

value each have type long int.
7.10.6.4 The 1div function
Synopsis
#include <stdlib.h>
ldiv_t 1ldiv(long int numer, long int denom);

Description

The 1div function is similar to the diwv flanction, except that the
members of the returned structure (which has type Idiv_t) all have type lon

7.10.7 Multibyte character functions

The behavior of the multibyte character” functions is affected by the LC_¢(
the current locale. For a state-dependent encoding, each function is placed int
a call for which its character pointer-argument, s, is a null pointer. Subsequ|
other than a null pointer cause thé“internal state of the function to be altered a

irguments and the
g int.

CTYPE category of
b its initial state by
ent calls with s as
necessary. A call

with s as a null pointer cauges these functions to return a nonzero value if epcodings have state

dependency, and zero otherwise.'?!

these functions to be indéterminate.

7.10.7.1 The mblen function

Changing the LC_CTYPE category cause

Synopsis

#include <stdlib.h>
int mblen(const char *s, size t n);

Description

If s is not a null pointer, the mblen function determines the number of
the multibyte character pointed to by s. Except that the shift state of the mbt4
affected, it is equivalent to

mbtowc ((wchar t *)0, s, n);

s the shift state of

bytes contained in
bwe function is not

The implementation shall behave as if no library function calls the mblen

Returns

function.

If s is a null pointer, the mblen function returns a nonzero or zero value, if multibyte

character encodings, respectively, do or do not have state-dependent encodings

. If s is not a null

pointer, the mblen function either returns O (if s points to the null character), or returns the

131 If the implementation employs special bytes to change the shift state, these bytes do not produce

separate wide character codes, but are grouped with an adjacent multibyte character.
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number of bytes th

at are contained in the multibyte character (if the next n or fewer bytes form a

valid multibyte character), or returns —1 (if they do not form a valid multibyte character).

Forward references: the mbtowc function (7.10.7.2).

7.10.7.2 The mbtowc function

Synopsis

#include <stdlib.h>
int mbtowc (wchar t *pwc, const char *s, size_t n);

Description

If s is not a

null pointer, the mbtowe function determines the number of bytes that are

contained in the multibyte character pointed to by s. It then determines the code for the value of

type wchar_t
corresponding to

that corresponds to that multibyte character. (The value of the code
he null character is zero.) If the multibyte character is valid and pwc is not a

null pointer, the mbtowe function stores the code in the object pointed to by pwe. At mostCn

bytes of the array
The implemen|
Returns

If s is a null
character encodin{
pointer, the mbtg
number of bytes
bytes form a val
character).

In no case wil
7.10.7.3 The w
Synopsis

#inclu
int wc

Description

The wctomb
character corresp
It stores the mult
null pointer). At
wctomb function

pointed to by s will be examined.

tation shall behave as if no library function calls the mbtowc function:

pointer, the mbtowc function returns a nonzero or zero, valie, if multibyte
bs, respectively, do or do not have state-dependent encoding$. If s is not a null
wc function either returns O (if s points to the null character), or returns the
hat are contained in the converted multibyte character ‘(if the next n or fewer
d multibyte character), or returns —1 (if they de’not form a valid multibyte

the value returned be greater than n or the\value of the MB_CUR_MAX macro.

~tomb function

He <stdlib.h>
Lomb (char *s, wchar_ t wchar);

function determinies”the number of bytes needed to represent the multibyte
nding to the cdde whose value is wehar (including any change in shift state).
byte charactér representation in the array object pointed to by s (if s is not a
most MB_ CUR_MAX characters are stored. If the value of wchar is zero, the
is left in the initial shift state.

The implemer

tation shall behave as if no library function calls the wetomb function.

Returns

If s is a null pointer, the wetomb function returns a nonzero or zero value, if multibyte
character encodings, respectively, do or do not have state-dependent encodings. If s is not a null
pointer, the wetomb function returns —1 if the value of wchar does not correspond to a valid
multibyte character, or returns the number of bytes that are contained in the multibyte character
corresponding to the value of wchar.

In no case wil

160

1 the value returned be greater than the value of the MB_CUR_MAX macro.
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The behavior of the multibyte string functions is affected by the LC_CTYPE category of the

current locale.
7.10.8.1 The mbstowcs function
Synopsis

#include <stdlib.h>

size_t mbstowcs(wchar_t *pwcs, const char *s, size t n);

Description

The mbstowes function converts a sequence of multibyte characters that.b
shift state from the array pointed to by s into a sequence of correspondingco

more than n codes into the array pointed to by pwes. No multibyte characters

character (which is converted into a code with value zero) will be‘examined o

multibyte character is converted as if by a call to the mbtowc fiinetion, except
of the mbtowc function is not affected.

No more than n elements will be modified in the array\pointed to by pwcs
place between objects that overlap, the behavior is undefined.

Returns
If an invalid multibyte character isi{encountered, the mbstowcs
(size t)-1. Otherwise, the mbstowes function returns the number

modified, not including a terminating z€ro code, if any.'??

7.10.8.2 The wecstombs function
Synopsis

#include <stdlib.h>
size_t wcstombs (char *s, const wchar_t *pwcs, si

Description

The westombs function converts a sequence of codes that correspond to

kgins in the initial
es and stores not
that follow a null
converted. Each
that the shift state

If copying takes

function returns
f array elements

e t n);

Itibyte characters

from the array pointed to by pwcs into a sequence of multibyte characters fhat begins in the

initial shift'state and stores these multibyte characters into the array pointed to

multibyte character would exceed the limit of n total bytes or if a null charact
code-s converted as if by a call to the wetomb function, except that the
wetomb function is not affected.

No more than n bytes will be modified in the array pointed to by s. If ¢
between objects that overlap, the behavior is undefined.

Returns

y s, stopping if a
er is stored. Each
shift state of the

pying takes place

If a code is encountered that does not correspond to a valid multibyte character, the

wcstombs function returns (size_t)-1. Otherwise, the westombs fu
number of bytes modified, not including a terminating null character, if any.'¥

132 The array will not be null- or zero-terminated if the value returned is n.
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7.11 String handling <string.h>

7.11.1 String

function conventions

The header <string.h> declares one type and several functions, and defines one macro

useful for manip

ulating arrays of character type and other objects treated as arrays of character

type.!*® The type is size_t and the macro is NULL (both described in 7.1.6). Various methods
are used for determining the lengths of the arrays, but in all cases a char * or void *

argument points

to the initial (lowest addressed) character of the array. If an array is accessed

beyond the end of an object, the behavior is undefined.

7.11.2 Copying functions

7.11.2.1 The

mcpy function

Synopsis
#inclxe <string.h>
void emcpy (void *sl, const void *s2, size_t n);
Description
The memcpy/| function copies n characters from the object pointed to by s2 into~the object
pointed to by s1] If copying takes place between objects that overlap, the behaviofas undefined.
Returns
The memcpy [function returns the value of s1.

7.11.2.2 The memmove function

Synopsis

#inclu

de <string.h>

void *memmove (void *sl, const void - *s2, size_t n);

Description

The memmov

pointed to by s1.
are first copied if

by s1 and s2,
pointed to by s1

Returns

The memmoxI

7.11.2.3 The
Synopsis

e function copies n characters fron the object pointed to by s2 into the object
Copying takes place as if the'n characters from the object pointed to by s2
to a temporary array of n €haracters that does not overlap the objects pointed to
ind then the n characters .from the temporary array are copied into the object

function réturns the value of s1.

t rcpy function

#inclu

char *strcpy(char *sl,

Description

de <string- >
const char *s2);

The strcpy function copies the string pointed to by s2 (including the terminating null
character) into the array pointed to by s1. If copying takes place between objects that overlap,
the behavior is undefined.

133 See ‘‘future lib
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Returns

The strcpy function returns the value of s1.
7.11.2.4 The strncpy function
Synopsis

#include <string.h>

char *strncpy(char *sl, const char *s2, size_t n);

Description

The stxncpy function copies—not more—thanncharacters(characters—

character are not copied) from the array pointed to by s2 to the array pdint
copying takes place between objects that overlap, the behavior is undefingd:

If the array pointed to by s2 is a string that is shorter than n Characters,
appended to the copy in the array pointed to by s1, until n charagters in all haj

Returns
The strncpy function returns the value of s1.
7.11.3 Concatenation functions
7.11.3.1 The strcat function
Synopsis

#include <string.h>

char *strcat (char *sl; const char *s2);
Description

The strcat function_appends a copy of the string pointed to by
terminating null character)4o the end of the string pointed to by s1. The ini
overwrites the null character at the end of sl1. If copying takes place be
overlap, the behavioris undefined.

Returns

The strcat function returns the value of s1.
7.11.3:2°"The strncat function
Synepsis

#include <string.h>
char *strncat (char *sl, const char *s2, size t n

Description

8

that follow a null
bd to by s1.1% If

null characters are
ve been written.

2 (including the
1 character of s2
fween objects that

cter and characters

that follow it are not appended) from the array pointed to by s2 to the end of the string pointed
to by sl. The initial character of s2 overwrites the null character at the end of s1. A

terminating null character is always appended to the result.!%

objects that overlap, the behavior is undefined.

If copying takes place between

134 Thus, if there is no null character in the first n characters of the array pointed to by s2, the result will

not be null-terminated.

135 Thus, the maximum number of characters that can end up in the array pointed to by sl is

strlen(sl) +n+l.
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Returns

The strncat function returns the value of s1.

Pt o

7.11.4 Comparison functions

The sign of a

nonzero value returned by the comparison functions memcmp, strcmp, and

strncmp is determined by the sign of the difference between the values of the first pair of
characters (both interpreted as unsigned char) that differ in the objects being compared.

7.11.4.1 The mememp

Synopsis

function

TaIICTIoTT

#incluﬁe <string.h>

int me
Description

Th e
11C MEMTMP

first n characters
Returns

The memcmp
as the object poin
7.11.4.2 The s{
Synopsis

#inclu
int st

Description
The strcmp
Returns

The strcmp
as the string point

7.11.4.3 The s
Synopsis

#inclu
int st

cmp (const void *sl, const void *s2, size t n);

function returns an integer greater than, equal to, or less than‘zero, accordingly
ed to by s1 is greater than, equal to, or less than the objeet\pointed to by s2.

rrcmp function

e <string.h>

rcmp (const char *sl, const chaxr *s2);

function compares the string pointed to by s1 to the string pointed to by s2.

function returns an integér. greater than, equal to, or less than zero, accordingly
ed to by s1 is greaterithan, equal to, or less than the string pointed to by s2.

Ercoll function

He <string.h>

rcoll)(const char *sl, const char *s2);

Description

The strcoll function compares the string pointed to by s1 to the string pointed to by s2,
both interpreted as appropriate to the LC_COLLATE category of the current locale.

136 The contents of ‘‘holes’> used as padding for purposes of alignment within structure objects are

indeterminate.
comparison.
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Strings shorter than their allocated space and unions may also cause problems in
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Returns

The strcoll function returns an integer greater than, equal to, or less than zero, accordingly
as the string pointed to by s1 is greater than, equal to, or less than the string pointed to by s2

when both are interpreted as appropriate to the current locale.
7.11.4.4 The strncmp function
Synopsis

#include <string.h>

int strncmp (const char *sl, const char *s2, size t n);

Description

The strncmp function compares not more than n characters (characters
character are not compared) from the array pointed to by s1 to the array pointd

Returns

The strnecmp function returns an integer greater than, equal to, or less thai
as the possibly null-terminated array pointed to by sl is\greater than, equal I
possibly null-terminated array pointed to by s2.

7.11.4.5 The strxfrm function
Synopsis

#include <string.h>
size_t strxfrm(char *sl, const char *s2, size t |

Description

The strx£frm function transforms the string pointed to by s2 and places
into the array pointed to by*sl. The transformation is such that if the s
applied to two transformed’ strings, it returns a value greater than, equal to,
corresponding to the result of the strcoll function applied to the same ty
No more than n.gharacters are placed into the resulting array pointed to by
terminating null Character. If n is zero, s1 is permitted to be a null pointeq
place between objects that overlap, the behavior is undefined.

Returns

The’ strxfrm function returns the length of the transformed string
terminating null character). If the value returned is n or more, the contents o
to by s1 are indeterminate.

Example

The value of the following expression is the size of the array ne|

that follow a null
d to by s2.

h zero, accordingly
0, or less than the

n) ;

the resulting string
trcmp function is
or less than zero,
o original strings.
s1, including the

If copying takes

not including the
f the array pointed

eded to hold the

transformation of the string pointed to by s.

1 + strxfrm(NULL, s, 0)
7.11.5 Search functions

7.11.5.1 The memchr function
Synopsis

#include <string.h>

void *memchr (const void *s, int c, size_t n);
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Description

The memchr

90 (E)

function locates the first occurrence of ¢ (converted to an unsigned char) in

the initial n characters (each interpreted as unsigned char) of the object pointed to by s.

Returns

The memchr
character does no

7.11.5.2 The s
Synopsis

#inclu

char *
Description

The strchr
pointed to by s.

Returns

The strchr

character does no

7.11.5.3 The s

Qumangig
]

ynopsi

#inclu

size t
Description

The strcsp:
pointed to by s1

Returns

function returns a pointer to the located character, or a null pointer if the
t occur in the object.

trchr function

He <string.h>

ptrchr (const char *s, int c);

function locates the first occurrence of ¢ (converted to a char) in the string
The terminating null character is considered to be part of the string.

function returns a pointer to the located character, or a null\'p0inter if the
occur in the string.

L rcspn function

He <string.h>

strcspn (const char *sl, const char *s2);

n function computes the length of the\'maximum initial segment of the string
which consists entirely of characters not from the string pointed to by s2.

The stresph function returns the length.of the segment.

7.11.5.4 The s
Synopsis

#incl
char *

Description

The strpbr

trpbrk function

e <string: h>

trpbrki(const char *sl, const char *s2);

\function locates the first occurrence in the string pointed to by sl of any

character from the string pointed to by s2.

Returns

The strpbr

k function returns a pointer to the character, or a null pointer if no character

from s2 occurs in sl.

7.11.5.5 The s
Synopsis

trrchr function

#include <string.h>

char *

166

strrchr (const char *s, int c);
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Description

The strrchr function locates the last occurrence of ¢ (converted to a char) in the string
pointed to by s. The terminating null character is considered to be part of the string.

Returns

The strrchr function returns a pointer to the character, or a null pointer if ¢ does not occur
in the string.

7.11.5.6 The strspn function

Svynopsis

#include <string.h>
size t strspn(const char *sl, const char *s2)y

Description

The strspn function computes the length of the maximum initial segment of the string
pointed to by s1 which consists entirely of characters from the string pointed o by s2.

Returns

The strspn function returns the length of the, Segment.
7.11.5.7 The strstr function
Synopsis

#include <string.h>
char *strstr(constdchar *sl, const char *s2);

Description

The strstr function-locates the first occurrence in the string pointed to by sl of the
sequence of characters (excluding the terminating null character) in the string gointed to by s2

Returns

The strstzfunction returns a pointer to the located string, or a null pointer if the string is
not found. If 82 points to a string with zero length, the function returns s1.

7.11.5.8"The strtok function
Synopsis

#include <string.h>
char *strtok(char *sl, const char *s2);

Description

A sequence of calls to the strtok function breaks the string pointed to by sl into a

sequence of tokens, each of which 15 delimiied by a character from the string pointed to by s2.
The first call in the sequence has sl as its first argument, and is followed by calls with a null
pointer as their first argument. The separator string pointed to by s2 may be different from call
to call.

The first call in the sequence searches the string pointed to by s1 for the first character that is
not contained in the current separator string pointed to by s2. If no such character is found, then
there are no tokens in the string pointed to by s1 and the strtok function returns a null
pointer. If such a character is found, it is the start of the first token.

The strtok function then searches from there for a character that is contained in the current
separator string. If no such character is found, the current token extends to the end of the string
pointed to by s1, and subsequent searches for a token will return a null pointer. If such a
character is found, it is overwritten by a null character, which terminates the current token. The
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strtok function saves a pointer to the following character, from which the next search for a
token will start.

Each subsequent call, with a null pointer as the value of the first argument, starts searching
from the saved pointer and behaves as described above.

The implementation shall behave as if no library function calls the strtok function.
Returns

The strtok function returns a pointer to the first character of a token, or a null pointer if
there is no token.

Example
#incluge <string.h>
static|char str[] = "?a???b,,, #c";
char *t;
t = strtok(str, "?"); /* t points to the token "a" */
t = strtok (NULL, ","); /* t points to the token "?2?b" */
t = strtok(NULL, "#,"); /* t points to the token "c" */

t = strtok(NULL, "?"); /* t isa null pointer */
7.11.6 Miscellaneous functions
7.11.6.1 The memset function
Synopsis

#include <string.h>
void *memset (void *s, int c, size_t n)g

Description

The memset function copies the value of ¢ (converted to an unsigned char) into each of
the first n characters of the object pointed to by s.

Returns
The memset function returns the value. of-s.

7.11.6.2 The strerror function

Synopsis

#inclufle <string:.h>
char *ptrerrdér)(int errnum);

Description

The strerr¢rifinction maps the error number in errnum to an error message string.

The implementation shall behave as if no library function calls the strerror function.

Returns

The strerror function returns a pointer to the string, the contents of which are
implementation-defined. The array pointed to shall not be modified by the program, but may be
overwritten by a subsequent call to the strerror function.
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7.11.6.3 The strlen function
Synopsis

#include <string.h>
size t strlen(const char *s);

Description
The strlen function computes the length of the string pointed to by s.

Returns

he terminating null

Th
e

character.
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7.12 Date and time <time.h>
7.12.1 Components of time

The header <time .h> defines two macros, and declares four types and several functions for
manipulating time. Many functions deal with a calendar time that represents the current date
(according to the Gregorian calendar) and time. Some functions deal with local time, which is
the calendar time expressed for some specific time zone, and with Daylight Saving Time, which
is a temporary change in the algorithm for determining local time. The local time zone and
Daylight Saving Time are implementation-defined.

The macros defined are NUTLT, (described in 7.1.6); and

CLOCKS| PER_SEC

which is the number per second of the value returned by the clock function.
The types declared are size_t (described in 7.1.6);

clock_t
and

time_t
which are arithmgtic types capable of representing times; and

struct| tm

which holds the cpmponents of a calendar time, called the broken-downtime. The structure shall
contain at least tle following members, in any order. The semantics of the members and their

normal ranges are] expressed in the comments.'*’
int tm| sec; /* seconds after the minute — [0,561] */
int tm| min; /* minutes after the hour — {0, 59] */
int tm| hour; /* hours since midnight —0, 23] */
int tm| mday; /* day of the month—{, 31] */
int tm| mon; /* months since January — [0, 11] */
int t ear; /* years since 1900 */
int tm| wday; /* days since Sunday — [0, 6] */
int t day; /* days since January 1 — [0, 365] */
int tm| isdst; /* Daylight Saving Time flag */

The value of tm |isdst is positive.if Daylight Saving Time is in effect, zero if Daylight Saving
Time is not in efIlct, and negative"if the information is not available.

7.12.2 Time
7.12.2.1 The cllock function

anipulation functions

Synopsis

#include <time.h>
clock_t clock(void);

Description

The clock function determines the processor time used.

137 The range [0, 61] for tm_sec allows for as many as two leap seconds.
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Returns

The clock function returns the implementation’s best approximation to the processor time
used by the program since the beginning of an implementation-defined era related only to the
program invocation. To determine the time in seconds, the value returned by the clock
function should be divided by the value of the macro CLOCKS_PER_SEC. If the processor time
used is not available or its value cannot be represented, the function returns the value
(clock_t)-1."%

7.12.2.2 The difftime function
ermpsie

#include <time.h>
double difftime(time_t timel, time_t timeO0);

Description

The difftime function computes the difference between-two calendar times: timel -
timeO.

Returns

The difftime function returns the difference 'eXpressed in seconds as a double.
7.12.2.3 The mktime function
Synopsis

#include <time.h>
time_t mktime (struct/tm *timeptr) ;

Description

The mktime function-Converts the broken-down time, expressed as [local time, in the
structure pointed to by_timeptr into a calendar time value with the same pncoding as that of
the values returned by)the time function. The original values of the tm wday and tm_yday
components of the_stfucture are ignored, and the original values of the other pomponents are not
restricted to_«the’ ranges indicated above.'® On successful completion, [the values of the
tm wday and tm_yday components of the structure are set appropriately, and the other
components- are set to represent the specified calendar time, but with their values forced to the
rangessindicated above; the final value of tm_mday is not set until tm_monf and tm_year are
determined.

Returns

The mktime function returns the specified calendar time encoded af a value of type
time t. If the calendar time cannot be represented, the function |returns the value
(time_t)-1.

Example

What day of the week is July 4, 2001?

138 In order to measure the time spent in a program, the clock function should be called at the start of the
program and its return value subtracted from the value returned by subsequent calls.

139 Thus, a positive or zero value for tm_isdst causes the mktime function to presume initially that
Daylight Saving Time, respectively, is or is not in effect for the specified time. A negative value causes
it to attempt to determine whether Daylight Saving Time is in effect for the specified time.
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#include <stdio.h>

#include <time.h>

static const char *const wday][] {
*Sunday®, "Monday%, "Tuesday",
"Thursday", "Friday", "Saturday",

a_ R

ednesday
"—-unknown-"

"
’

};
struct tm time_str;

/*...*%/

time str.tm year

"

time_st
time_st
time_st
time_st
time_st
time_st
if (mkd
4
printf

7.12.2.4 The t1
Synopsis

Tt o™
r.tm_mday
r.tm _hour
r.tm min
r.tm_sec
r.tm isdst
ime (&time_str) -1)

ime_str.tm wday = 7;

"$s\n", wday[time str.tm wdayl);

me function

#include <time.h>
time t [time (time_t *timer);
Description
The time fufction determines the current calendar timé.> The encoding of the value is
unspecified.
Returns

ction returns the implementation’s “best approximation to the current calendar
time_t) -1 is returned if thé.calendar time is not available. If timer is not
return value is also assigned to the object it points to.

The time fun
time. The value
a null pointer, the

7.12.3 Time ¢

Except for the
a broken-down ti
overwrite the info
implementation s

7.12.3.1 The asctime function

pnversion functions

strftime funcfion; these functions return values in one of two static objects:
e structure and -an array of char. Execution of any of the functions may

ation retdrnéd in either of these objects by any of the other functions. The
11 behave _as if no other library functions call these functions.

Synopsis

#include <time.h>
char *asctime (const struct tm *timeptr);

Description

The asctime function converts the broken-down time in the structure pointed to by
timeptr into a string in the form

Sun Sep 16 01:03:52 1973\n\0

using the equivalent of the following algorithm.
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char *asctime (const struct tm *timeptr)

{
static const char wday name[7][3] =
"gSun" , "Mon" , "Maat , "Wad" , "rha" , n"Eri" , "ga
}:
static const char mon name[12] [3] = {
" Jan" , "Feb " , HMar" , "Apr " , "May " , n Jun "
n Jul " , "Aug" , " Sep!l , " oct " , "Novll , llDec "
}:
static char result[26];
sprintf (result, "%.3s %.3s%3d %.2d:%.2d:%.2d %d\L",
wday name[timeptr->tm wday],
mon_name [timeptr->tm mon],
timeptr->tm mday, timeptr->tm hour|
timeptr->tm min, timeptr->tm_ sec;
1900 + timeptr->tm year);
return result;
}
Returns

The asctime function returns a pointer to the string.
7.12.3.2 The ctime function
Synopsis

#include <time.h>
char *ctime(const time_t *timer);

Description

The ctime function converts the calendar time pointed to by timer tg
form of a string. It 1$*equivalent to

asctime (localtime (timer))
Returns

The)ctime function returns the pointer returned by the asctime functior
down/time as argument.

Forward references: the localtime function (7.12.3.4).
7.12.3.3 The gmtime function
Synopsis

#include <time.h>

struct tm *gmtime (const time_t *timer);

Description

local time in the

with that broken-

The gmtime function converts the calendar time pointed to by timer into a broken-down

time, expressed as Coordinated Universal Time (UTC).

Returns

The gmtime function returns a pointer to that object, or a null pointer if UTC is not

available.
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The localtime function

#include <time.h>
struct tm *localtime(const time_t *timer);

Description

The localtime function converts the calendar time pointed to by timer into a broken-
down time, expressed as local time.

Returns

The localti.Lne function returns a pointer to that object.

7.12.3.5

Synopsis

Description

The strftime function

#include <time.h>
size_t|[strftime(char *s, size_t maxsize,
¢onst char *format, const struct tm *timeptr);

The strftine function places characters into the array pointed to by s as(Controlled by the

string po

inted to By format. The format shall be a multibyte character sequ€nce, beginning and

ending in its initidl shift state. The format string consists of zero or more-Conversion specifiers
and ordinary multjbyte characters. A conversion specifier consists of a'% character followed by a
character that defermines the behavior of the conversion specifier. All ordinary multibyte
characters (including the terminating null character) are copiedZunchanged into the array. If

copying

takes plgce between objects that overlap, the behavior is undefined. No more than

maxsize charadters are placed into the array. Each_eonversion specifier is replaced by
appropriate characters as described in the following\Mist. The appropriate characters are
determined by th¢ LC_TIME category of the curren{Jocale and by the values contained in the

structure

$a
$A
$b
%$B
$c
$d
$H
$I
%3
$m
$M

p

%S
$U

W
$W

$xX
$X

sy
$Y
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pointed to by timeptr.

is replacdd by the locale’s abbreviated weekday name.

is replacgd by the locale’s full weekday name.

is replacgd by the locale’s abbreviated month name.

is replacgd by the locale’s fullLmonth name.

is replacgd by the locale s appropriate date and time representation.

is replacgd by the day,of*the month as a decimal number (01-31).

is replacgd by the fror (24-hour clock) as a decimal number (00-23).
is replacgd by thextiour (12-hour clock) as a decimal number (01-12).
is replaced by.thie day of the year as a decimal number (001-366).

is replacgd\By’the month as a decimal number (01-12).

is replaced by the minute as a decimal number (00-59).

is replaced by the locale’s equivalent of the AM/PM designations associated with a 12-
hour clock.

is replaced by the second as a decimal number (00-61).

is replaced by the week number of the year (the first Sunday as the first day of week 1)
as a decimal number (00-53).

is replaced by the weekday as a decimal number (0-6), where Sunday is 0.

is replaced by the week number of the year (the first Monday as the first day of week 1)
as a decimal number (00-53).

is replaced by the locale’s appropriate date representation.

is replaced by the locale’s appropriate time representation.

is replaced by the year without century as a decimal number (00-99).

is replaced by the year with century as a decimal number.
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%$Z is replaced by the time zone name or abbreviation, or by no characters if no time zone is
determinable.
%% is replaced by %.

If a conversion specifier is not one of the above, the behavior is undefined.
Returns

If the total number of resulting characters including the terminating null character is not more
than maxsize, the strftime function returns the number of characters placed into the array
pointed to by s not including the terminating null character. Otherwise, zero is returned and the
contents of the array are indeterminate.
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7.13 Future li
The following

brary directions

names are grouped under individual headers for convenience. All external

names described below are reserved no matter what headers are included by the program.

7.13.1 Errors

<errno.h>

Macros that begin with E and a digit or E and an uppercase letter (followed by any
combination of digits, letters, and underscore) may be added to the declarations in the
<errno.h> header.

7.13.2 Character handling <ctype.h>

Function namg
combination of ¢
<ctype .h> head

7.13.3 Localiz

Macros that beg

letters, and unders

7.13.4 Mather

The names of
are reserved respe
and return values.

7.13.5 Signal

Macros that by

(followed by any
in the <signal.

7.13.6 Input/q

Lowercase let

s that begin with either is or to, and a lowercase letter (followed by any
igits, letters, and underscore) may be added to the declarations in the
S

ation <locale.h>

gin with LC_ and an uppercase letter (followed by any combination of digits,
fore) may be added to the definitions in the <locale.h> header.

natics <math.h>

hll existing functions declared in the <math .h> header, suffixed\with £ or 1,
ctively for corresponding functions with £loat and long double arguments

handling <signal.h>

gin with either SIG and an uppercase letter or SIG_ and an uppercase letter
combination of digits, letters, and underscore) faay be added to the definitions
h> header.

utput <stdio.h>

ers may be added to the conversion specifiers in fprintf and fscanf.

Other characters miay be used in extensions.

7.13.7 Genera

Function namg

digits, letters, and

7.13.8 String

Function namg

combination of
<string.h> he
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1 utilities <stdlib.h>

s that begin with strtand a lowercase letter (followed by any combination of
underscore) may be-added to the declarations in the <stdlib.h> header.

handling <string.h>

s that begif/with str, mem, or wes and a lowercase letter (followed by any
ligits, letters, and underscore) may be added to the declarations in the
hder.
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