Release and Installation Notes

TN Microport's System VIAT
RO Software Development System
Release2,3 ;
April 1988

You have received Micropori's System VIAT Software Deve!apn:ém System,
releage 2.3, There have been many improvements in this release. Some of the
changes are minor, like fixing the shell scripts so they can be run with the ¢sh
command processor. Some major library and utility changes were also made,
: and the programs that were previously distributed on the Upgrade disk are now
! incorporated in this product.

Preface

These Release Noies use the same typeselting conventions as nsed by all UNIX
documentation to denote command names, command line format, file and
directory names, and the display of terminal input and output.

« Boldface words must be typed as they appear.

« ftalicized words are variables; you subsutute mafappmpnate valnes. These
TR
vatues may be file names s o da data values. “alice are also used to denote
product names and references !

L a;,,u L <
« Constant Width fant shows !ermmajl ovtput and e%b ples of SOHICe
code. ’

- .Squarc brack'é@*!‘&{f}-,!sé!rt’eund characters or words that are optional.

A command name followed by a number, for example ed(1), refers o th;i'
command’s manual page, and-the Bumber refers 10 the section of the’ nianua!'fs ‘
Pages noted like section {1) can be found, umless otherwise noted; in‘the Dsen.,
Reference Manual in the Runtime Manual. Pages noted like seciion {1M) appear
e ’Sf;mem Administrator's Reference Manual, also contained in, the- Runtime

HManual™
! vt ,-Examfiics in thege Releas Nore.r show the default system prompt for UNIX
[ ﬂ‘i:Systap V., the dollaq mglﬂj@g, Tihey also show the default prompt when you log
b g1 2% Bae SHSERISEL, the pound sign ().
‘.:;.,\_/;-j
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From the Upgrade Disk

The lint utility and its associated libraries are now part of this product.
The improved sdb, for better application debugging, is now included,

The prof utility has also been moved from the Upgrade diskette to this
product.

The libdial.a library, for accessing the modem capability database, is also
included.

New in this Release

The newer command processor, ksh, is included in this release. There is also
a manial pagie on line-that is available with the man command. '

There have been some fixes 1o the standard C library, libc.a, 1o fix a problem
with the pringf{) family of functions. (See section on fixed problems)

There have been some fixes to the math library, libm.a, to fix the log() and
log10() functions. (See section on fixed problems)

The utility ctags is now available with this product.

The cflow utility has been fixed for this release. (See section on fixed
problems)

A new version of yacc that icaii handle more comphcatéd syntax has been

‘included, - -

The include ﬁ'iés i "fusrfinclude” and "/uar/imclude/sys" have been updated.

P

Installation Descrtptlon

~There::are 4 diskettes that make up the Software Development System. The

. fourth dtskette is.an optlonal dtskette 'I'hese diskeites are in the installit format.

.'Please Tfollow the steps described below o install this package.

. Ste'ps" o Tnstail i

i.

Follow these steps t.o install this Software package

Log in as mot . _ . . HE

i i
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Insert the first floppy into the floppy drive.
Type installit to start the software package installation program.

Answer 'y’ to the question "Is this ok? (y or m)™
Insert the next floppy and repeat step 3 for each of the remaining diskettes,

“If you are adding the Software Development System after having

completely installed the rest of the system, it may be necessary to install
; the Upgrade Disk again. The Upgrade Disk is used to upgrade all the
P packages to the current release. If the Upgrade Disk has not yet been
installed, proceed with the installation instructions in the Runtime
Instatlation Notes.

i:)
[= LT B L

Fixed Problems

size over time (#764, fixed in 2.3.1).

« cflow pgets "1pfx: PANIC! nargs=258" no matter what args it’s fed.
There is no workaround available (#716, fixed in 2.3).

~—"  Open Problems

"4 File systems greater than approximately 130,000 blocks may experience
corruption over time that fsck can’t repair. fsek can give negative numbers
and corrupt the file system further. ‘Workaround: repair with fsck -f, check
again with fsck; Also, make file systems smaller than 130,000 blocks (#6053,
verified),

= Some systems with two drives installed can experience a prdble};l which “fnﬁy
be hardware-related, and which seems to occur rarely, as follows: Phantorn
hard disk I/O ermrors can appear at random, not consistently, when both
filesystems are being accessed at once, such as by running cpio -p between
the two drives. There is no workaround (#1047, verificd).

= In the C compiler, declaring an array of pointers to structures whose total size
would be greater than 64K causes the C compiler to complain, even though
the: ammay itself is not greater than 64K. Workaround: Aveid this
configuration (#329, verified).

{’““. « In the C compiler, a "wasted space" ermor message is generated when a
\_ ) - variable has the same name as a function. Workaround: Change the variable
: ooy
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name (#3350, verified).

+ The -L option to 1d does not work. Workaround: Keep all libraries in /lib or
Justflib (#435, verified).

« Compiling the following code with -O -Ml option 10 cc gets "Fatal
error in /lib/optim: Status 0213": struct { fleat

.a/br } *pr c(x.y) float *x,*y; | *x=p->a; *y=p->b;
} Workaround: compile without the optimizer; also, fixed in the V.3
optimizer (#472, fixed, not incorporated).

» The C compiler generates "compiler error: faulty register
move" with the following code: main() { int size,i; size =
{1%32==023:4)<<(1/2~2) ; } (#608, verified).

= The following C program gets "illegal indirection" eror at compile
time. Okay if only 3 dimensions. main() { char a [51(51E51151;
all1][11011[11=0; 1} (#828, verified).

* The following code causes the user to be logged out: #include
<curses.h> main() { initsecr(); nodelay (stdscr, TRUE) ;
endwin(); } Compiled with cc -Ml tiny.c -leurses -otiny Workaround:
add to the program: nodelay (stdscr, FALSE) ; (#1124, verified).

Software Development System R-4 286 Ver. 2.3
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MICROPORT SYSTEMS

The material contained in this manual was reprinted with permission from
AT&T and is comprised of excerpts from the following AT&T manuals.

*UNIX System V - Release 2,0 Support Tools Guide April 1984
307-108, Issue 2

UNIX System V - Release 2.0 Supplement September 1985
TINTEL Processors 307-624, Issue 2
UNIX System V - Release 2.0 Programming Guide April 1984
‘ 307-103, Issue 2

UNIX System V - Release 2.0 Programmer March 1985
Reference Manual 307-627, Issue 1

INTEL Processors

*UNIX is a trademark of AT&T Bell Laberatories
FTINTEL is a trademark of Intel Corporation
. Copyright © 1984, 1985 by AT&T
All tights reserved
Printed in U.S.A.

DIABLO is aregistered trademark of Xerox Corporation

UNIX is a trademark of AT&T Bell Laboratories

iAPX 286 is a trademark of Intel Corporation
DOCUMENTER'S WORKBENCH is a trademark of AT&T
PDP and VAX are trademarks of Digital Equipment Corporation
HP is 2 rademark of Hewlett-Packard, Inc.

TEKTRONIX is a registered trademark of Tektronix, Inc,
TELETYPE is a trademark of AT&T Teletype Corporation
VERSATEC is a registered trademark of Versatec Corporation
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Chapter 1

COMPILER AND C LANGUAGE

This chapter describe the UNIX System’s C compiler, ce, and the C
programming language that the compiler tranglates. The compiler is
part of the UNIX System Software Generation System (SGS).

The SGS is a package of tools used to create and test programs for
UNIX Systems. These tools allow high-level program coding and
source-level testing of code. The C language is implemented for
high-level programming; it contains many contrel and structoring
facilities that greatly simplify the task of algorithm comstruction.

Within the SGS, a C compiler converts C programs into assembly

language programs that are ultimately translated into object files by
the assembler, as. The link editor, 1d, eollects and merges object
files into executable load modules. Each of these tocls preserves all
gymbolic information necessary for meaningful symbelic testing at
C-language source level. In addition, a utility package aids in testing
and debugging.

The current manual page for the C compiler ean be obtained with the
SGS command:

man ¢

USE OF THE COMPILER

The main command of the SGS Is ce; it operates much like the UNIX
system cc command. To use the compiler, first creat a file (typieally
by using the UNIX system text editor) containing C source code. The
name of the file created must have a special format; the last two
characters of the file name must be .¢ as in filel.c.

Next, enter the SGS command
cc options file.e

to invoke the compiler on the C source file file.c with the appropriate

1-1




COMPILER AND C LANGUAGE

options selected. The compilation process creates an absolute binary
file named a.out that reflects the contents of filee and any
referenced library routines. The resulting binary file, a.out, can then
be executed on the target system.

Options ean control the steps in the compilation process. When none
of the controlling options are used, and only one file is named, ee
automatically ealls the assembler, as, and the link editor, 1d, thus
resulting in an executable file, named a.out. If more than one file is
named in a command,

ce filel.c file2.c filed.c

then the output will be placed on files filelo, file2o, and fileS.o.
These files can then be linked and executed through the 1d command.

The cc compiler also accepts input file names with the last two
characters .s. The .s signifies a source file in assembly language.
The ce compiler passes this type of file directly to as, which
assembiles the file and places the output on a file of the same name
with .0 substituted for .s.

Cec is based on a portable C compiler and translates C source files
into assembly code. Whenever the command ec is used, the standard
C preprocessor (which resides on the file /lib/epp) is called. The
preprocesser performs file inclusion and macro substitution. The
preprocessor is always invoked by ec and need not be called directly
by the programmer. Then, unless the appropriate flags are set, ec
calls the assemnbler and the link editor to preduce an executable file.

1-2
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COMPILER AND C LANGUAGE

O For more detailed information, see ce(1), epp(1), Id(1} in the Runtime System

manual.

Option Argument

Description

Suppress the link-editing phase of com-
pilation and force an cbject file to be
produced even if only one file is compiled.

Produce symbolic debugging information.

Produce an output object file by the name

- none

-g none

-0 outfile

- none

O -D identifier[=constant]
A
-E none
-1 directory

ortfiler Themameof hedefauliobject———~
file is a.out.

Reserved for invoking a profiler.

Define the external symbol identifier 1o
the preprocessor, and give it the value
constant (if specified).

Same as the -P option except output is
directed to the standard output.

Change the algorithm that searches for
#include files whose names do not begin
with / to Iook in the named directory be-
before looking in the directories on the
standard list. Thus, #include files whose
names are enclosed in "" are searched for
first in the directory of the file being
compiled, then in directories named by

the -I options, and last in directories on the
standard list. For #include files whose
names are enclosed in <>, the directory of
the file argument i3 not searched.

1.3



COMPILER AND C LANGUAGE

-0 none Invoke an object code optimizer.

-pP none Suppress compilation and loading;
i.e., invoke only the preprocessor
and leave out the output on
corresponding files suffixed .i.

-U identifier Undefine the named identifier to
the preprocessor.

-V none Print the version of the assembler
that is invoked.

-W carglfarg?. ] Pass along the argument(s) argf
to pass ¢, where ¢ is one of
[p012al]}, indicating preprocessor,
compiler first pass, compiler second
pass, optimizer, assembler, or link
editor, respectively.

This part provides additional information for those options not
completely deseribed above.

By using appropriate options, compilation ean be terminated early to
produce one of several intermediate translations such as relocatable
object files (-e option), assembly source expansions for C code (-S
option), or the output of the preprocessor (-P opticn). In general, the
intermediate files may be saved and later resubmitted to the ce
command, with other files or libraries included as necessary.

When compiling C sourece files, the most common practice is to use
the -c option to save relocatable files. Suhsequent changes to one file
do not then require that the others be recampiled. A separate ecall to
cc without the -c option then creates the linked executable a.out file.
A relocatable object file created under the -¢ option is named by
adding a .o suffix to the source file name.

The -W option provides the mechanism to specify options for each
step that is normally invoked from the cc command line. These steps
are preprocessing, the first pass of the compiler, the second pass of
the compiler, optimization, assembly, and link editing. At this time,

1-4
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only assembler and link editor options can be used with the -W
( ) option. The most common example of use of the -W option is “-Wa,-
e m”, which passes the -m option to the assembler. Specifying “-wl,-
m” passes the -m option to the link editor.

When the -P option is used, the compilation process stops after only
preproeessing, with output left on file.s. This file will be unsuitable

for subsequent processing by ce.

The -O option decreases the size and increases the execution speed of
programs by moving, merging, and deleting code. However, line
numbers used for symboliec debugging may be transposed when the
I 1 ) R 1 0 7/ 2N O LB _ I

The -g option produces information for a symbolic debugger. The
SGS currently supports the SDB symbolie debugger.

S
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Chapter 2
C LANGUAGE

LEXICAL CONVENTIONS

There are six classes of tokens - Identifiers, keywords, constants,
strings, operators, and other separators. Blanks, tabs, new-lines, and
comments (collectively, “white space”) as described below are ignored
except as they serve to separate tokens. Some white space is required
to separate otherwise adjacent identifiers, keywords, and constants.

~If—the—input—stream—has—been—parsed—into—tekens—up—to—a—given—-

character, the next token is taken to include the longest string of
characters which could possibly constitute a token.

Comments

The characters /* introduce a comment which' terminates with the
characters */. Comments do not nest.

Identifiers (Names)

An identifier is a sequence of letters and digits. The first character
must be a letter. The underscore (_) counts as a letter. Uppercase
and lowercase letters are different. Although there is no limit on the
length of a name, only initial characters are significant: at least eight
charaecters of a non-external name, and perhaps fewer for external
names. Moreover, some implementations may collapse case
distinctions for external names. The external name sizes inelude:

PDP-11 7 characters, 2 cases
VAX-11 >100 characters, 2 cases
AT&T 3B 20 >100 characters, 2 cases

2-1
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Keywords

The following identifiers are reserved for nse as keywords and may
not be used otherwise;

auto do for return typedef
break double goto short union
case else if sizeof unsigned
char enum int static void
continue external long struct while
default float register switch

Some implementations also reserve the words fortran and asm.

Constants

There are several kinds of constants. Each has a type; an
introduction to types is given in “NAMES.” Hardware characteristics
that affect sizes are summarized in “Hardware Characteristics”
under “LEXICAL CONVENTIONS.”

Integer Constanis

An integer constant econsisting of a sequence of digits is taken to be
octal if it begins with 0 (digit zero). An octal constant consists of the
digits 0 through 7 only. A sequence of digits preceded by 0x or 0X
(digit zero) is taken to be a hexadecimal integer. The hexadecimal
digits include a or A through f or F with values 10 through 15.
Otherwise, the integer constant is taken to be decimal. A decimal
constant whose value exceeds the largest signed machine integer is
taken to be long; an octal or hex constant which exceeds the largest
unsigned machine integer is likewise taken to be long., Otherwise,
integer constants are int.

Explicit Long Constants

A decimal, octal, or hexadecimal integer constant immediately
followed by 1 (letter ell) or L is a long constant. As discussed below,
on some machines integer and long values may be considered
identical.

2-2
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Character Constants
A character constant is a charaeter enclosed in single quotes, as in

<’. The value of a character constant is the numerical value of the
character in the machine’s character set.

Certain nongraphic characters, the single quote *) and the backslash
(\), may be represented according to the following table of escape
sequences:

new-line NL (LF) \n
horizontal tab HT \t
vertical tab vT \V
backspace BS \b
- carriage return CR Yy
form feed FF AT
backslash \ \\
single quote ’ \’
bit pattern ddd \ddd

The escape \ddd consists of the backslash followed by 1, 2, or 3 octal
digits which are taken to specify the value of the desired character.
A special case of this construction is \O (not followed by a digit),
which indicates the character NUL. If the character following a
backslash iz not one of those specified, the behavior is undefined. A
new-line character is illegal in a character constant. The type of a
character constant is int.

Floating Constants

A floating constant eonsists of an integer part, a decimal point, a
fraction part, an e or E, and an optionally signed integer exponent.
The integer and fraction parts both consist of a sequence of digits.
Either the integer part or the fraction part (not both) may be
missing. Either the decimal point or the e and the exponent (not
both) may be missing. Every floating constant has type double.

2-3
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Enumeration Constants

Names declared as enumerators (see “Structure, Union, and
Enumeration Declarations” under “DECLARATIONS”) have type
int.

Strings

A string is a sequence of characters surrounded by double quotes, as
in"..". A string has type “array of char” and storage class static
(see “NAMES”) and is initialized with the given characters. The
compiler places a null byte (\0) at the end of each string so that
programs which scan the string can find its end. Tn a string, the
double quote character (") must be preceded by a \; in addition, the
same escapes as described for character constants may be used.

A\ and the immediately following new-line are ignored. All strings,
even when written identicalily, are distinet.

Hardware Characteristics

The following figures summarize certain hardware properties that
vary from machine to machine.

IBM AT & Compatibles
(ASCCD)
char 8 hbits
int 16
short 16
long 32
float 32
double 64
float range +10#38
double range +1( 138

Figure 2,0. IBM AT HARDWARE CHARACTERISTICS
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DEC PDP-11
(ASCII)
char 8 hits
int 16
short i6
long 32
float 32
double 64
float range +10 38
double range +10 38

DEC VAX-11
(ASCII)
char 8 bits
int 32
short 16
long 32
float 32
double 64
float range +10 =48
double range +10 =%

C LANGUAGE

Figure-2-1—DEC-PDP-11. HARDWARE.CHARACTERISTICS . ___

Figure 2-2. DEC VAX-11 HARDWARE CHARACTERISTICS
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ATE&T 3B

{(ASCII)
char 8 bits
int 32
short 16
long 32
float 32
double 64
float range +10 *%8
double range +10 308

Figure 2-3. AT&T 3B HARDWARE CHARACTERISTICS

SYNTAX NOTATION

Syntactie categories are indicated by itafic type and literal words and
characters in bold type. Alternative categories are listed on separate
lines. An optional terminal or nonterminal symbol is indicated by
the subseript “opt,” so that

{ expresswnop ; }

indicates an optional expression enclosed in braces. The syntax is
summarized in “SYNTAX SUMMARY".

NAMES

The C language bases the interpretation of an identifier upon two
attributes of the identifier - its storage class and its type. The
storage class determines the location and lifetime of the storage
associated with an identifier; the type determines the meaning of the
values found in the identifier’s storage.

2-6
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Storage Class

There are four declarable storage classes:

« Automatic
« Static

« BExternal
« Register.

Automatic variables are local to each invocation of a block (see
“Compound Statement or Block” in “STATEMENTS”) and are
discarded upon exit from the block. Static variables are local to a
hlock but retain their values upon reentry to a block even after

oo O EEO)_has. left, the block, External variables exist and retain their

values throughout the execution of the entire program and may be
used for ecommunication between functions, even separately compiled
functions. Register variables are (if possible) stored in the fast
registers of the machine; like automatic variables, they are local to
each block and disappear on exit from the block.

Type

The C language supports several fundamental types of objects.
Ohjects declared as characters (char) are large enough to store any
member of the implementation’s character set. If a genuine
character from that charaeter set is stored in a char variable, its
value is equivalent to the integer code for that character. Other
guantities may be stored into character variables, but the
implementation is machine dependent. In particular, char may be
signed or unsigned by default.

Up to three sizes of integer, declared short int, int, and long int,
are available. Longer integers provide no less storage than shorter
ones, but the implementation may make either short integers or long
integers, or both, equivalent to plain integers. “Plain” integers have
the natural size suggested by the host machine architecture. The
other sizes are provided to meet special needs.
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The properties of enum types (see “Structure, Union, and
Enumeration Declarations” under “DECLARATIONS”) are identical
to those of some integer types. The implementation may use the
range of values to determine how to allot storage.

Unsignednintegers, declared unsigned, obey the laws of arithmetic
modulo 2° where n is the number of bits in the representation. (On
the PDP-11, unsigned long quantities are not supported.)

Single-precision floating point (float) and double precision floating
point (double) may be synonymous in some implementations.

Because objects of the foregoing types can usefully be interpreted as
numbers, they will be referred to as arithmetie types. Char, int of
all sizes whether unsigned or not, and enum will collectively be
called integral types. The float and double types will collectively be
called floating types.

The void type specifies an empty set of values. It is used as the type
returned by functions that generate no value.

Besides the fundamental arithmetic types, there is a conceptually
infinite elass of derived types constructed from the fundamenta)
types in the following ways:

» Arrays of objects of most types

» Funetions which return objects of a given type

« Pointers to objects of a given type

s Structures containing a sequence of objects of various types

» Unions capable of containing any one of several objects of
various types.

In general these methods of eonstructing objects can be applied
recursively.

2-8
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OBJECTS AND LVALUES

An object is a manipulatable region of storage. An Ivalue is an
expression referring to an object. An obvious example of an lvalue
expression is an identifier. There are operators which yield lvalues:
for example, if E is an expression of pointer type, then *E is an
lvalue expression referring te the object to which E points. The
name “lvalue” comes from the assignment expression E1 = E2 in
which the left operand E1 must be an lvalue expression. The
discussion of each operator below indicates whether it expects lvalue
operands and whether it yields an lvalue.

©
N}

(_.
pS—

.

CONVERSIONS
A number of operators may, depending on their operands, cause
conversion of the value of an operand from one type to another. This
part explains the result to be expected from such conversions. The
conversions demanded by most ordinary operators are summarized
under “Arithmetic Conversions.” The summary will be supplemented
as required by the disecussion of each operator.

Characters and Integers

A character or a short integer may be used wherever an integer may
be used. In all eases the value is eonverted to an integer. Conversion
of a shorter integer to a longer preserves sign. Whether or not sign-
extension occurs for characters is machine dependent, but it is
guaranteed that a member of the standard character set is non-
negative. Of the machines treated here, only the PDP-11 and VAX-11
sign-extend. On these machines, char variables range in value from
-128 to 127. The more explicit type unsigned char forces the
values to range from 0 to 255.

On machines that treat characters as signed, the characters of the
ASCIH set are all non-negative. However, a character constant
specified with an octal escape suffers sign extension and may appear
negative; for example, \377" has the value -1,

When a longer integer is converted to a shorter integer or to a char,
it is truncated on the left. Excess bits are simply discarded.
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Float and Double

All floating arithmetic in C is carried out in double precision.
Whenever a float appears in an expression it is lengthened to
double by zero padding its fraction. When 2 double must be
converted to float, for example by an assignment, the double is
rounded before truncation to fleat length. This result is undefined if
it cannot be represented as a float.

Floating and Integral

Conversions of floating values to integral type are rather machine
dependent. In particular, the direction of truncation of negative
numbers varies. The result is undefined if it will not fit in the space
provided.

Conversions of integral values to floating type are well behaved.
Some loss of accuracy occurs if the destination lacks sufficient bits.

Pointers and Integers

An expression of integral type may be added to or subtracted from a
pointer; in such a case, the first is converted as specified in the
diseusgion of the addition operator. Two pointers to objects of the
same type may be subtracted; in this case, the result is converted to
an integer as specified in the discussion of the subtraction operator.

Unsigned

Whenever an unsigned integer and a plain integer are ecombined, the
plain integer is converted to unsigned and the result is unsigned. The
value is the least unsigned integer congruent to the signed integer
(modulo 2%ordsize)  In 5 2’5 complement representstion, this
conversion is conceptual; and there is no actual change in the bit
pattern.

When an unsigned short int.eger is converted to long, the value of
the result is the same numerically as that of the unsigned integer.
Thus the conversion amounts to padding with zeros on the left.
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Arithmetic Conversions

O

A great many operators cause conversions and yield result types in a )

gimilar way. This pattern will be called the “usual arithmetic
conversions.”

1, First, any operands of type char or shori are converted to
int, and any operands of type unsigned char or unsigned
short are converted to unsigned int.

2. Then, if either operand is double, the other is converted to
double and that is the type of the result.

O

—————3—0therwise;-if-either-operand-is—unsigned-long,—the-otherds——

converted to unsigned long and that is the type of the result.

4. Otherwise, if either operand is long, the other is converted to
long and that is the type of the result.

5. Otherwise, if one operand is long, and the other is unsigned
int, they are both converted to unsigned long and that is the
type of the result.

6. Otherwise, if either operand is unsigned, the other is
converted to unsigned and that is the type of the result.

7. Otherwise, both operands must be int, and that is the type of
the result.

Void

The (nonexistent) value of a void object may not he used in any way,
and neither explicit nor implicit conversion may be applied. Because
a void expression denotes a nonexistent value, such an expression
may be used only as an expression statement (see “Expression
Statement” under “STATEMENTS”) or as the left operand of a
comma expression (see “Comma Operator” under “EXPRESSIONS").

An expression may be converted to type void by use of a cast. For
example, this makes explieit the discarding of the value of a funetion
call used as an expression statement.
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EXPRESSIONS

The precedence of expression operators is the same as the order of
the major subsections of this section, highest precedence first. Thus,
for example, the expressions referred to as the operands of + (see
“Additive Operators”) are those expressions defined under “Primary
Expressions”, “Unary Operators”, and “Multiplicative Operators”.
Within each subpart, the operators have the same precedence. Left-
or right-associativity is specified in each subsection for the operators
discussed therein. The precedence and associativity of all the
expression operators are summarized in the grammar of “SYNTAX
SUMMARY”.

Otherwise, the order of evaluation of expressions is undefined. Tn
particular, the compiler considers itself free to ecompute
subexpressiong in the order it believes most efficient even if the
subexpressions involve side effects. The order in which subexpression
evaluation takes place is unspecified. Expressions involving a
commutative and associative operator (¥, +, &, | ) may be
rearranged arbitrarily even in the presence of parentheses; to force a

particular order of evaluation, an explicit temporary must be used.

The handling of overflow and divide cheek in expression evaluation is
undefined. Most existing implementations of C ignore integer
overflows; treatment of division by 0 and all fleating-point exceptions
varies between machines and is usually adjustable by a library
function.

Primary Expressions

Primary expressions involving ., ->, subscripting, and function ealls
group left to right.



-
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primary-expression:
identifier
constant
string
( expression }
primary-expression [ expression |
primary-expression ( expression-list " )
primary-expression . identifier o
primary-expression -> identifier

expression-list:
expression
expression-list , expression

O

An identifier 18 a primary expression provided it has been suitably

declared as discussed below. Its type is specified by its declaration.
If the type of the identifier is “array of ...”, then the value of the
identifier expression is a pointer to the first object in the array; and
the type of the expression is “pointer to ...”. Moreover, an array
identifier is not an lvalue expression. Likewise, an identifier which is
declared “funetion returning ...”, when used except in the funetion-

name position of a call, is converted to “pointer to function returnin,
p » g

A constant is a primary expression. Its type may be int, long, or
double depending on its form. Character constants have type int
and floating constants have type double.

A string is a primary expression. Its type is originally “array of
char”, but following the same rule given above for identifiers, this is
modified to “pointer to ¢har” and the result is a pointer to the first
character in the string. (There is an exception in certain initializers;
see “Initialization” under “DECLARATIONS.”)

A parenthesized expression is a primary expression whose type and
value are identical to those of the unadorned expression. The
presence of parentheses does not affect whether the expression is an

Ivalue.
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A primary expression followed by an expression in square brackets is
a primary expression. The intuitive meaning is that of a subseript.
Usually, the primary expression has type “pointer to ...”, the
subseript expression ig int, and the type of the result is “...”. The
expression E1[E2] is identical (by definition) to *((E1)+(E2)). All
the clues needed to understand this notation are contained in this
subpart together with the discussions in “Unary Operators” and
“Additive Operators” on identifiers, * and +, respectively. The
implications are summarized under “Arrays, Pointers, and
Subseripting” under “TYPES REVISITED.”

A function call is a primary expression followed by parentheses
containing a possibly empty, comma-separated list of expressions
which constitute the actual arguments to the function. The primary
expression must be of type “function returning ...” and the result of
the function call is of type “...”. As indicated below, a hitherto
unseen lidentifier followed immediately by a left parenthesis is
contextually declared to represent a function returning an integer;
thus in the most common ease, integer-valued functions need not be
declared.

Any actual arguments of type float are converted to double before
the call. Any of type char or short are converted to int. Array
names are converted to pointers. No other conversions are performed
automatically; in particular, the compiler does not compare the types
of actual arguments with those of formal arguments. If econversion is
needed, use a cast; see “Unary Operators” and “Type Names” under
“DECLARATIONS.”

In preparing for the call to a function, a copy is made of each actnal
parameter. Thus, all argument passing in C is strictly by value. A
function may change the values of its formal parameters, but these
changes cannot affect the values of the actual parameters. [t is
possible to pass a pointer on the understanding that the function may
change the value of the object to which the pointer points. An array
name is a pointer expression. The order of evaluation of arguments
is undefined by the language; take note that the various compilers
differ. Recursive calls to any function are permitted.

A primary expression followed by a dot followed by an identifier is
an expression. The first expression must he a structure or a union,
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and the identifier must name 5 member of the structure or union.
The value is the named member of the structure or union, and it is
an Ivalue if the first expression is an lvalue.

A primary expression followed by an arrow (built from - and > )
followed by an identifier is an expression. The first expression must
be a pointer to a structure or a union and the identifier must name a
member of that structure or union. The result is an Ivalue referring
to the named member of the structure or union to which the pointer
expression points. Thus the expression E1->MOS is the same as
(*E1).MOS. Structures and unions are discussed in “Structure,
Union, and Enumeration Declarations” under “DECLARATIONS.”

o

Unary Operators

Expressions with unary operators group right to left.

unary-expression:
* exprassion
& Ivalue
- expression
! expression
- expression
++ Ivalue
--lvalue
lvalue ++
lvalue --
{ type-name ) expression
sizeol expression
sizeof ( type-name )

The unary * operator means indirection ; the expression must be a
pointer, and the result is an lvalue referring to the object to which
the expression points. If the type of the expression is “pointer to
...," the type of the result is “...".

The result of the unary & operator is a pointer to the object referred
to by the lvalue. If the type of the lvalue is “_..", the type of the
result is “pointer to ...".
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