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C PROGRAMMERS® MANUAL

SECTIONS
I. The C Language
II. Portable C Runtime Library
IIX. C System Interface Library
Iv. C Machine Interface Library
SCOPE

This manual describes the C programming language, as implemented by
Whitesmiths, Ltd., and the various library routines that make up the
machine independent C environment. Section I introduces the C
language, and Section II details the numerous functions callable
from C to extend the power of the language. Section I1I lists the
functions that interface to a given operating system, while Section
IV describes the functions that interface to a given machine ar-
chitecture. The distinction between Sections II, IIL, and IV, while
of considerable importance to implementors, is probably academic to
most programmers -- all functions in all of these sections are
present as desayibad on all systems supported by Whitesmiths, Ltd.

For documentation of the programming utilities, or information on
each implementation of system or machine dependent features of the C
support software, see the C Interface Manual for the appropriate

machine. .
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Introduction I. The C Language Introduction

NAME
Introduction - the C compiler

FUNCTION

The C compiler is a set of three programs that take as input, to the first
of the programs, one or more files of C source code, and produce as out-
put, from the last of the programs, assembler code that will perform the
semantic intent of the source code. OQutput from the files may be
separately compiled, then combined at load time to form an executable
program; or C subroutines can be compiled for later inclusion with other
programs. One can also look on the compiler as a vehiele for implementing
an instance of an abstract C machine, i.e., a machine that executes state-
ments in the language defined by some standard. That standard is
generally accepted to be Appendix A of Kernighan and Ritchie, "The C
Programming Language", Prentice-Hall 1978.

This section describes the current implementation, as succinetly, and, it
is to be hoped, as precisely as it is defined in the language standard.
It is organized into loosely coupled subsections, each covering a dif-
ferent aspect of the language. No serious attempt is made to be tutorialj;
the interested student is referred to Kernighan and Ritchie, then back to
this section for a review of the differences.

The recommended order of reading is:
Introduction - this is it.
Syntax - how to spell the words and punctuate the statements.

Identifiers - the naming of things, the scope of names and their important
attributes.

De¢larations - how to introduce identifiers and associate attributes with
them.

Initializers - how to specify the initial values of all sorts of data
types.

Statements - how to specify the executable code that goes with a function
name.

Expressions ~ the binding of operators, order of evaluation, and coercion
of types.

Constants - the kinds of expressions that can be evaluated at compile
time.

Preprocessor - iidefine and #include expansion.

Style - recommendations for what parts of the language to use, and what to
avoid; how to format code.

Portability - techniques for writing C that is maximally portable.

I-1




Introduction -2 - Introduction

Differences - comparative anatomy of this implementation, the language
standard, and other implementations.

Diagnosties - things the compiler complains about.

SEE ALSQ
Documentation for compiler operation proper is found in the various C In-
terface manuals, which also contain the descriptions of subroutines used
to communicate with various operating systems. The standard library of C
callable functions is documented in the remaining sections of this manual.




Syntax I. The C Language Syntax

Syntax - syntax rules for C

FUNCTION

At the lowest level, a C program is represented as a text file, consisting
of lines each terminated by a newline character. Any characters between
/% and #/ inclusive, including newlines, are comments and are replaced by
a single blank character. A newline preceded by "\’ is discarded, along
with any leading whitespace on the next line, so that lines may be con-
tinued within character or string constants, discussed below. The com-
piler cannot deal with a text line larger than 512 characters, either
before or after the processing of comments and continuations.

Text 1lines are broken into tokens, strings of characters possibly
separated by whitespace. Whitespace consists of one or more non-printing
characters, such as space, tab, or newline; 1its sole effect is to delimit
tokens that might otherwise be merged. Tokens take several forms:

An identifier - consists of a letter or underscore, followed by zero or
more letters, underscores, or digits. Uppercase letters are distinct
from lowercase letters; no more than eight characters are sig-
nificant in comparing identifiers. More severe restrictions may be
placed on external identifiers by the world outside the compiler (see
Differences). There are alsc a number of identifiers reserved for
use as Keywords:

auto extern short .
break float sizeof B
case for static -
char goto struct o
- continue if switch -

default int typedef -
do long union -
double register unsigned cee-
else return while

A numeric constant - consists of a decimal digit; followed by zero or more
letters and digits. If the leading characters are "0x" or "0X", the
constant is a hexadecimal literal and may contain the letters ‘a” —
through f“, in either case, to represent the digit values 10 through -
15, respectively. Otherwise a leading “0° implies an octal literal, o
which nevertheless may contain the digits “8° and ‘9°. A non-zero
leading digit implies a decimal literal. Any of these forms may end
in “17 or 'L’ to specify a long constant. The constant is also made
long if a) a decimal literal cannot be properly represented as a
signed integer, or b) any other literal constant cannot be properly
represented as an unsigned integer. Overflow is not diagnosed.

A floating literal - consists of a decimal integer part; a decimal point
“s"y a decimal fraction part, and an exponent, where an exponent cone
sists of an “e” or ‘E” and an optionally signed (‘+° or ’-°) decimal
power of ten by which the integer part plus fraction part must be
multiplied. Either the decimal point or the exponent may be omitted,
but not both; either the integer part or the fraction part may be

I-13




Syntax -2- Syntax

omitted, but not both. Any numeric constant that is not one of these
literal forms is illegal, e.g., "5ax3". A4 floating literal is of
type double. Overflow is not diagnosed.

A character constant - consists of a single quote, followed by zero or
more character literals, followed by a second single quote. A
character literal consists of a) any character except “\", newline,
or single quote, the value being the ASCIT representation of that
character; b) a \ followed by any character except newline, the
value being the ASCII representation of that character, except that
characters in the sequence <'b", “t°, “v’, °f’, ‘n’, Ty (7, 17,
")y “""> have the ASCII values for the corresponding members of the
sequence <backspace, horizontal tab, vertical tab, form feed, new-
line, carriage return, “{", “I°, "}, “~">; or e¢) a "\’ followed by
one to three decimal digits, the value being the octal number
represented by those digits. A newline is never permitted inside
quotes, except when escaped with a “\’ for line continuation. The
value of the constant is an integer base 256, whose digits are the
character literal values. The constant is long if it cannot be
properly represented as an unsigned integer. Overflow is not diag-
nosed.

A string comstant - is just like a character constant, except that double
quotes “” are used to delimit the string. The value is the (secret)
name of a NUL terminated array of characters, the elements
initialized to the character literals in the string.

Punctuation - consists of predefined strings of one to three characters.
The complete set of punctuation for C is:

>) \)
>= \°
>> "
?

[

]
A}
\1!
A

"
LA AN A L]
n oA
~

II!‘
—_— IV AN}
A%

il B ik
—_— o
™~ [ #*
Ui 1t
P e ———
—_——

T L I U [ I TR ]

oW
L Y

Punctuation in the sequence <°(<”, “(I1°, “>)7, “\1°, "\11’, N,
)Ty N7, “1)™> is entirely equivalent to the corresponding member
of the sequence <“{", “[“, “}*, “I°, “II", “{*, “}*, *~*, 1.

The longest possible punctuation string is matched, so that "==z4nm,
for example, is recognized as "==", "4+", and never as =, fogen,

Other characters - such as ‘€° or "\’ alone are illegal outside of charac-
ter or string constants, and are diagnosed.
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HOTATION

Grammar, the rules by which the syntactic elements above are put together,
pPermeates the remaining discussions. To avoid long-winded descriptions,
some simple shorthand is used throughout this section to deseribe gram=-
matical constructs.

A name enclosed in angle brackets, such as <statement>, is a "metanotion",
i.e., some grammatical element defined elsewhere. Presumably any sequence
of tokens that meets the grammatical rules for that metanotion can be used
in its place, subject to any semantic limitations expliecitly stated. Just

about any other symbol stands for itself, i.e., it must appear literally,
like the semicolon in

<expression> ;

Exceptions are the punctuation "[v, n]n, nj#w, win, u}ln, and "["; these
have special meanings unless made literal by being enclosed in single
quotes.

Brackets surround an element that may occur zero or one time. The op-
tional occurrence of a label, for instance, is specified by:

[ <identifier> : ] <statement>

This means that the metanotion <identifier> may but need not appear before
<statement>, and if it does must be followed by a literal colon. To o
specify the optional, arbitrary repetition of an element, the notation -
"[]¥" i3 ysed. A comma separated list of <id> metanotions, for example -
(i.e., one instance of <id> followed by zero or more repetitions), would )
be represented by: o

" <id> [, <id> 1=

Vertical bars are used to separate the elements in a list of alternatives, i
exactly one of which must be selected. The line: -

char | short | long ' o
requires the specification of any one of the three keywords listed. Such :
a list of alternatives is enclosed in braces in order to precisely delimit T T
its scope. For instance: =

{ <decl> [ = ] <expr> |
<deel> [ = ] <elist> }

emphasizes that a data initializer has the format given by the entirety
of one of the two lines specified.




EXAMPLE -
Various ways of writing a ten: ) -

integer 10, 012, 0Xa, ‘\n’
long 10L
double 10.0, 1el1, 1.0e+01

i
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Identifiers I. The C Language Identifiers

Identifiers - naming things in C

FONCTION

Identifiers are used to give names to the objects created in a C program.
Syntactically, an identifier is a sequence of letters, underscores, and
digits, starting with a non-digit. For the sake of comparisons, only the
first eight characters are significant, so "summation" and "summations®
are the same identifier. Externally published identifiers are typically
even more restricted (see Differences).

There are several name spaces in a C program, so that the same identifier
may have different meanings in the same extent of program text, depending
on usage. Things such as struct or union tags, members of struct or
union, and labels will be considered separately later on. The bulk of
this discussion concerns the name space inhabited by the names of objects
that occupy storage at execution time.

Each such identifier acquires, from its usage in a C program, a precisely
defined lexical scope, storage class, and type. The scope is the extent
of program text over which the compiler knows that a given meaning holds
for an identifier. The storage class determines both the lifetime of
values assigned to an object and the extent of brogram text over which a
given meaning holds for its identifier, whether the compiler knows it or
not. The type determines what operations can be performed on an object

and how its values are encoded. Needless to say, these important at-
tributes often interact.

SCOPE

There are two basic contexts in a C program -- inside a program bloeck and
outside it. The program block can be the entire body of a defined func-
tion, ineluding its argument declarations, or any contained region en-
¢losed in braces "{}". 1In either case, the scope of an identifier depends
strongly on what context it is first mentioned in.

If an identifier first appears outside a program block, its scope is from
its first appearance to the end of the file, less any contained program
blocks in which that identifier is explicitly declared to have a storage
class other than extern, i.e.y a local redeclaration. To legally appear
outside a program block, an identifier must be a) explicitly deeclared to
be extern or statie, or b) used in an initializer for an object of type

pointer. 1In the latter case, the identifier is implicitly declared to be
extern, with type (tentatively) int.

If an identifier appears inside a program block and is explicitly declared
to have a storage class othepr than extern, its scope is from that ap-
pearance to the end of that program block, less any local redeclarations.

The only other place an identifier may legally first appear is inside a
program block, within an expression, where the name of a function is re-

qQuired. 1In this case the identifier is implicitly declared to be extern,
with type function returning (tentatively) int.

i
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-2 - Identifiers -

In short, locals remain local while externals are made known as globally _f
as possible, without requiring the compiler to back up over the text.

STORAGE CLASSES —

Storage classes come in a variety of flavors, some with different
seasoning depending on context.

extern - outside a program block, means that the name should be published
for common use among any of the files composing the program that also
publish the same name. The published name may be shortened to as few
as six significant characters, and/or compressed to one case, depen-
ding on the target operating system; so while the compiler -
distinguishes "Counted" and "counter", subsequent processing of the -
compiled text may not. 1Inside a program block, extern merely em-
phasizes that an earlier definition in a containing block holds, if
any. If none, then the name is published as above. The lifetime of B
extern objects is the duration of program execution.

statie - outside a program block, means that the name should not be
published outside the file. Inside a program block, static means
that the identifier names an object known only within the program
block, less any local redeclarations. The lifetime of static objects
is the duration of program execution, so the value of a local static -
is retained between invocations of the program block that knows about = -
it.

it

auto - can only be declared inside a program block and means that the

identifier names an object known only within the program block, less o
any local redeclarations. The lifetime of auto objects is the time
between each entry and exit of the program block, so the value of an
auto is lost between invocations of the program block that knows
about it. Multiple instances of the same auto may exist simul-
taneously, one instance for each dynamic activation of its program
block.

register - can only be declared inside a program block, and means much the
same as auto, except that a) efficient storage, such as the machine’s
fast registers, should be favored to hold the object, and b) the -
address of the object cannot be taken. It is not considered an error -
to declare more objects of class register than can be accommodated;
excess ones are simply taken as auto. The lifetime of register ob- .
Jjects is the same as auto objects. An argument declared to be of =
class register is copied into a fast register on entry to the func-
tion. Currently, all implementations support at least three simul-
taneous register declarations, none of which hold an object larger -
than int.

il

i

|

(i

typedef - means that the name should be recognized as a type specifier,
not associated with any object. Lifetime is hence irrelevant.
Redeclaring a typedef in a contained program block is permissible but
mildly perilous.
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T

TIPE

All types in C must be built from a fixed set of basic types: the integer
forms char, unsigned char, short, unsigned short, long, and unsigned long;
and the floating types float and double. The type int is a synonym either
for short or long integer, depending on the size of pointers on the target
machine; c¢har, short, int, and long are signed unless explicitly declared
to be unsigned. From these are derived the composite forms struct, union,
bitfield, pointer to, array of, and function returning. Recursive ap-
plication of the rules for deriving composite types leads to a large, if
not truly infinite, assortment of types.

[

[ unsigned ] char - is a byte integer, something just big enough to hold
all of the characters in the machine’s character set. It is promised
that printable characters and common whitespace codes are small posi-
tive integers or zero.

[ unsigned ] short - is typically a two-byte integer, something Jjust big
enough to hold reasonable counts.

[ umsigned ] int - is either a short or a long, depending on the machine.
It is promised to be big enough to count all the bytes in the
machine ‘s address space.

[ unsigned ] long - is typically a four-byte integer, something com-
fortably large.

(e e

float - is a floating number of short precision, typiecally four bytes.

double ~ is a floating number of longer precision than float, if possible,
typically eight bytes. Also known as "long float".

struct - is a sequence of one or more member declarations, with holes as
needed to Kkeep everything on proper storage boundaries for the
machine. There are contexts in which a struct may have unknown con-
tent. Members may be any types but function returning, array of
unknown size, and struct of unknown content.

I

union - is an alternation of one or more members, the union being big
enough and aligned well enough to accept any of its member types.
Members may be any types but function returning, array of unknown
size, and struct of unknown content. A union of unknown content is
treated just like a struct of unknown content.

i

bitfield - is a contiguous subfield of an unsigned int, always declared as
a member of struct. It participates in expressions much like an un-
signed int, except that its address may not be taken. —

I

l

pointer to - is an unsigned int that is used to hold the address of some
object. It is promised that no C object will ever have an address of
Zero.




Identifiers - - Identifiers

array of - is a repetition of some type, whose size is either a compile-
time constant or unknown. Any type but function returning, array of
unknown size, and struet of unknown content may be used in an array.

function returning - is a body of executable text whose invocation returns
the value of some type. Only the basic types or pointer to may be
returned by a function.

OTHER MAME SPACES

struct or union tags have a scope that extends from first appearance
through the end of the program file; they may not be redefined. struct
tags are a separate name space, and union tags are a separate name space.

Labels in a function body have a scope that extends from first appearance,
in a goto or as a statement label, through the end of the function body;

they may not be redefined within that scope. Labels are a separate name
space.

Members of a struct or union have a scope that extends from first ap-
pearance, in the content definition of the struet or union, through the
end of the program file. They may not be redefined within any struct or
union, unless the new definition calls for the same type and offset.

[N.B. As a compile time option, each struct or union may be given its own
name space.)]
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Declarations I. The C Language Declarations

NAME -
Declarations - declaring names in C -

FUNCTION
Declarations form the backbone of a C program. They are used to associate
a scope, storage class, and type with most identifiers, to specify the
initial values of objects named by identifiers, and to introduce the body
of executable text associated with each function name. There are four
types of declarations, external, structure, argument, and local. The cast
operator uses an abbreviated form of declaration to specify type.

i

il
Il

|

EXTERNAL DECLARATIONS =
each having one of the forms:

[ <se> ] [ <ty> ] <decl> <fn-body>
[ <se> 1 [ <ty> 1 [ <decl> [ <dinit> 1 [, <deel> [ <dinit> ] 1% ] 3

|

i.e., a storage class and type specifier, optionally followed by either a
function body or a comma separated list of declarators <decl>, each op-
tionally initialized, the list ending in a semicolon.

i

The storage class <sc> may be extern, static, or typedef; default is ex-
tern. The type <ty> may be a) a basic type, b) a struct or union declara-
tion, described below, or c¢) an identifier earlier declared to be a
typedef; default is int. The basic types may be written as:

i
UL

|
|

{ [ unsigned ] [ char | short | long 1 [ int ] |
[ long ] float |
double }

il

i'-mn

where long float is the same as double.

Il

A <decl> is recursively defined as, in order of decreasing binding:

ident - ident is of type <ty>.

i ||‘

<deel> ( [ <id> [, <id> ]® 1 )} -~ <decl> is of type function returning
{ty>. The comma separated list of identifiers is used only if the
declaration is associated with a function body. -

<decl> ‘[ <comst> “]1° - where ‘[ and “]° signify actual brackets.
<decl> is of type array of <ty>. <const> is the unsigned repetition
count .

<decl> [” °]1” - where [ and “]1° signify actual brackets. <decl> is of
type array of <ty>, of unknown size.

#{decl> = <decl> is of type pointer to <ty>.
{ <decl>» ) - <ty> is redefined, inside the parentheses, as that type ob=

tained for ¥ if the entire declaration were rewritten with (<decl>)
replaced by X.

I-11




-2 - Declarations

The last rule has profound implications. [ It is intended, along with the
rest of the <{decl> notation, to permit declarators to be writben much as
they appear when used in expressions. Thus, "% for "pointer to' cor-
responds to ‘#° for "indirect on", "()" for "function returning" cor-
responds to "()" for "called with", and "[]" for "array of" corresponds to
"[]" for "subseripted with". Declarators must thus be read inside out, in
the order in which the operators would be applied.

The two critical examples are:

int #fpi(); /* function returning pointer to int #/
int (#pfi)(); /* pointer to function returning int #/

Accepting these Truths is the first step on the path to Enlightenment.

Initializers come in two basic flavors, for objects of type function
returning, and for everything else. The former is usually referred to as
the definition of a function, i.e., the body of executable text associated
with the function name. A typedef may not be initialized; a static must
be initialized exactly once in the program file; an extern must be
initialized exactly once among the entire set of files making up a C
program.

Function bodies <fn-body> are described in Statements; data initializers
<dinit> are described in Initializers. For now it will merely be observed
that each function body begins with an argument declaration list, and each
program block within the function body begins with a local declaration

list. Functions may only be declared to return a basic type or a pointer
to some other type.

STRUCTURE DECLARATIONS

If the type specifier in a declaration begins with struet or union, it
must be followed by one of the forms:

{ <tag> “{" <diist> “}° |
<tag> |
“{ <dlist> °}° }

where “{” and “}° signify actual braces. The first form defines the con-
tent of the structure as <dlist> and associates the definition with the
identifier <tag>. The second form can be used to refer either to a struc-
ture of unknown content or as an abbreviation for an earlier instance of
the first form. The last form is used to define content without defining
atas- .

dlist is a sequence of one or more member declarations of the form:

[ <ty> 1 <sudecl> [, <sudecl> ]# ;

where <{sudecl> is one of the forms:

Tt
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{ ¢dec1> [ : <width> 1 |
: <width> 1}

<ty> and <decl> are the same as for external declarations, except that the
types function returning, array of unknown size, and struct of unknown
content may not be declared.

If the type is int or unsigned int, a bitfield specifier may follow
<decl>, or stand alone. It consists of a colon “:° followed by a compile-
time constant giving its width in bits. Adjacent <sudecl> declarators
with bitfield specifiers are packed, as tightly as possible, into adjacent
bitfields in an unsigned int; bitfield specifiers that stand alone call
for unnamed padding. A new unsigned int is begun a) for the first field
specifier in a declaration, b) for the first bitfield specifier following
a non-bitfield specifier, c¢) for a bitfield specifier that will not fit in
the remaining space in the current unsigned int, or d) for a stand alone
field specifier whose width is Zero, €.g., my O, Bitfields are packed
right to left, i.e., the least significant bit is used first.

ARGUMENT DECLARATIONS

A function initializer begins with an argument declaration list, which is
a sequence of zero or more declarations of the form:

[ register 1 [ <ty> ] <decl> [, <decl> 1%

<ty> and <decl> are the same as for external declarations, except that the
types char (and possibly short), function returning, array of, struct, and
union are misleading if used. On a function call, any integer type shor-
ter than int is widened to int; funection returning and array of become
pointers; and struct or union cannot be sent, so any such declaration is
a (possibly dangerous) reinterpretation of the actual arguments sent.

The only storage class that may be declared is register; default is nor=-
mal argument. The default type for undeclared arguments is int.

LOCAL DECLARATIONS

Each program block begins with a local declaration list, which is a se-
quence of zero or more declarations having one of the forms:

{ <1se> [ <ty> 1 [ <deels> ] ; |
[ <ise> ] <ty> [ <decis> 1 ; }

where <decls> is
<decly [ <linit> 1 [, <decl> [ <linit> ] J¥

In other words, either the storage class ¢lse> or type <ty> must be
present.

I-13
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The storage class <lsc> may be auto, register, extern, static, or typedef;

default is auto. <ty> and <decl> are the same as for external declara-
tions.

A static may be followed by a data initializer <linit>, just 1like the
<dinit> of external declarations, desecribed in Initializers. An auto or
register may be followed by an linit of the form: optional ‘=", followed
by any expression that may appear as the right operand of ‘= in an ex-
pression in the same context. Such initializers for auto and register
become code which is executed on each entry to the program block.

A register may hold only an object of size int (which includes unsigned

and pointer). Anything larger than an unsigned int declared to be in a

register is quietly made an auto; anything declared smaller than int is
taken as register int.

CASTS

A cast is an operator that coerces a value to a specified type. It takes
the form

( [ <ty> ] <a-deci> )

<ty> is the same as for external declarations, except that, in con juncion
with <a-deel>, only the basic types and pointer to may be specified.
<a-decl> is an abstract declarator, much like the <decl> used for external -
declarations, but with the identifier omitted. Thus =

(int *) /% coerces to pointer to int #/

(struct x #(*)()) /% coerces to pointer to o
function returning pointer to
struct x (1) #/
To eliminate a lurking ambiguity before it bites, "()" is always taken as -
function returning, and never as (unnecessary) parentheses around the
omitted identifier.
EXAMPLE -
Some simple declarations:
char cj :_
int i, j;
long lo {37};
double df(); - i
-

More elaborate:

int #fpi(); /% fpi is a function returning pointer to int #/
typedef struct {

double re, imj

} COMPLEX; /% COMPLEX is a synonym for the structure #/
static COMPLEX #pc; /¥ pc is a static pointer to COMPLEX #/

ni
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Initializers I. The C Language Initializers

HAME
Initializers - giving values to data

FUNCTION

As part of the declaration process, a data object can be given an initial
value. This value is established at load time, for objects with storage
class extern or static, or on each entry to a program block, for objects
with storage class auto or register. If no initializer is gpecified in a
declaration then: an extern must be initialized in another declaration o
(not necessarily in the same file), a static outside a program block must S
be initialized in another declaration in the same file, a static inside a
program block is set to all zeros, while an auto or register contains gar-
bage.

The two basic formats for initializers are:

{ <deel> [ = ] <expr> |
<deel> [ = ] <elist> }

where <elistd> is =

U7 [ <expr> | <elist> 1 [, [ <expr> | <elist> 1 ]# [, ] “}°

i.e., a comma-separated list of expressions and lists, each list enclosed

in braces. Note that a trailing comma is expliecitly permissible in an
elist.

auto and register declarations with initializers behave much like assign-
ment statements. Only scalar variables may be initialized, but the
initializer may be any expression that can appear to the right of an as-
signment operator with that variable on the left. An <elist> is never ac-
ceptable in an auto or register initializer.

The remaining discussion concerns initializers for objects with storage
class extern or static.

A scalar object is initialized with one <expr». If it is an integer type
(char, short, int, long, or bitfield), <expr> must be an expression
reducible at compile time to an integer literal, i.e., a constant expres«
sion as described in Constants. If the object is a floating type (float
or double), <expr> must be a floating literal or a constant expression; a
constant expression is converted to a fleating literal by the compiler.
The compiler will not perform even obvious arithmetic involving floating
literals, other than to apply unary “+° or ‘- operators.

p A pointer is initialized with a constant expression or with the address of
an external object, plus or minus a constant expression. Any constant
other than zero is extremely machine dependent, hence this freedom should
be exploited only by hardware interface code. If the address of an object
appears in a pointer initializer, and the object has not yet been
declared, it is implicitly declared to be (tentatively) an external int.

A union is initialized with one expression; the first member of the union
is taken as the object to be initialized.

I-15




A struet is initialized with either an expression or a list. If an ex-
pression is used, the first named member of the struct is taken as the ob-
Jject to be initialized. Unnamed padding is implieitly initialized to
zeros,; in the presence of other initializers for the struect. If a list is
used, the elements of the list are used to initialize corresponding named
members of the struet. If there are more named members than initializers,
excess members are initialized with zeros. It is an error for there to be
more initializers in a list than named members in the struct.

An array of known size is initialized much like a struct: an expression
initializes the first element only, while a list initializes elements
starting with the first. If there are more elements than initializers,
excess elements are initialized with zeros. It is an error for there to
be more initializers in the list than there are elements in the array.

An array of unknown size, however, cannot have an excess of initializers,
as its multiplicity is determined by the number of initializers provided.
After initialization, therefore, an array always has a known size.

By special dispensation, an array of characters may be initialized by a
string literal. Thus

char al] {"heip"}; /®* is the same as %/
Ghat‘ a[5] {'h" 'e" ‘1‘, 'D‘, '\0'1;

Elaborate composite types, such as arrays of structs, are naturally
initialized with lists of sublists, whose structure reflects the structure
of the creature being initialized. It is often permissible, however, to
write an initializer by eliding braces around one or more sublists. In
this case, a struct or array (sub)element uses only as many elements as it
needs, leaving the rest for subsequent subelements.

In general, it is recommended that complex initializers either have a
structure that exactly matches the object to be initialized, or have no
internal structure at all. It is hard enough to get either of these ex-
tremes correct; intermediate forms frequently defy analysis.

EXAMPLE

char #p = "help"; /¥ p points at the string ¥/
char al] {"help"}; /% a contains five chars %/
struct complex {
float real, imag;
} xx[31[3]
{ { {o, o}, {O, 1}, {0, 2} },
{ {1, 0}, {1, 1}, {1, 2} },
{ {2’ 0}, '[2: 1]‘: {2’ 2} } }i




Statements I. The C Language Statements

NAME
Statements = the executable code

FONCTION

A C function definition consists of the function declaration proper, fol-
lowed by any argument declarations, followed by a <program-block> which
describes the action to be performed when the function is called. A
<{program-block> begins with a “{°, optionally followed by a sequence of
local declarations, optionally followed by a sequence of statements, and
ends with a “}”. In addition to the <{program-block> just desecribed, which
may be used recursively whenever a <{statement> is permitted, the following
are the legal <statement>s of a C program:

{expression>; - An <expression’> terminated by a semicolon is a statement
that causes the <expression> to be evaluated and the result
discarded. Assignments and function calls are simply special cases
of the expression statement. It 1is considered an error if the
<expression> produces no useful side effect, i.e., "a = b;" is useful
but "a + bj" is not.

A semicolon standing alone is a null statement. It does nothing.

if ( <{expression> ) <{statement> [ else <statement> ] - If <{expression>
evaluates to a non-zero of any type, the {statement> following it is
evaluated and the else part, if present, is skipped; otherwise the
<statement> following <expression> is skipped and the else part, if
present, has its <{statement> evaluated. As in all languages, each
else part in a nested if <statement> is associated with the innermost
"un-else "d" if.

switch ( <expression> ) <(statement> - If <expression>, converted to an
int, matches the value associated with any of the case labels in the
statement following, execution resumes immediately following the mat-
ching label. Otherwise if the label "default™ is present in the
statement following, execution resumes immediately following it.
Otherwise execution resumes with the statement following the switch
statement. The statement controlled by a switch is typically a
{program=block>, but doesn’t have to be.

cagse <{value>: <{statement> - The case <{statement> may only occur within a
switch <statement>, as described above. The value must be an int
computable at compile time and must not match any other case <valueds
in the same switch.

default: {statement> ~ The default <statement> may only occur wifhin a
switch <{statement>, as described above. It may occur at most once in
any switch.

while ( <expression> ) <(statement> - So long as <expression> evaluates to
a non-zero of any type, <{statement> is executed. <expression> is
evaluated prior to each execution of the <statement>, plus one more
time if it ever evaluates to zero. The <statement> may thus be ex-
ecuted zero or more times.
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Statements -2 = Statements

do <statement> while ( <expression> ); - The <statement> is executed and,
s0 long as <expression> evaluates to non-zero of any type, the
<statement> is repeated. The <{statement> may be executed one or more
times; <expression> is evaluated following each execution of the
<statement>.

for ( <exi>; <ex2>; <ex3> ) <{statement> - <ex1>, <ex2>, and <ex3> are all
{expression>s. <exl1> is evaluated exactly once, then so long as
<ex2> evaluates to non-zero the <{statement> is executed and <ex3> is
evaluated. Thus the for ©behaves much 1like the sequence
{<ex1>; while (<ex2>) {<statement> <ex3>; }}

break; - A break <{statement> causes immediate exit from the innermost con-
taining switch, while, do, or for <statement>, i.e., execution
resumes with the <{statement> following. A break <statement> may only
occur inside a switch, while, do, or for.

continue; - A continue <statement> causes immediate exit from the
<{statement> part of the innermost containing while, do or for
<statement>, i.e., execution resumes with the test part of a while or
do, or with the <ex3> part of a for. A continue <{statement> may only
occur inside a while, do, or for. -

goto <identifier>; - A goto <statement> causes execution to resume im-
mediately following the <statement> labelled with the matching iden-
tifier contained within a common <program-block>. Such a labelled

<{statement> must be present. :_ —
<{identifier>: <{statement> -~ A label {statement> serves as a potential tar- o
get for a goto, as described above. All labels within a given - -
<program-block> must have unique <identifier>s. - o
return [ <expression> ]; - If the <expression> is present, it is evaluated o
and coerced to the type returned by the function, then the function - o
returns with that value. If the <expression> is absent, the function ol -~
returns with an undefined value. There is an implicit return state- o
ment (with no defined value) at the end of each <program-block> at .
the outermost level of a function definition. -
W
o —
—
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Expreasions I. The C Language Expressions

ExXpressions - computing values in C

FUONCTION

C offers a rich collection of operators to specify actions on integers,
floats, pointers and, occasionally, composite types. Operators can be
classified as addressing, unary, or binary. Addressing operators bind
most tightly, left to right from the basic term outward; then all unary
operators are applied right to left, beginning with (at most one) postfix
"t or MeoWe finally all binary operators are applied, binding either
left to right or right to left and on a multi-level scale of precedence.

Parentheses may be used to override the default order of binding, without
fear that redundant parentheses will alter the meaning of an expression,
i.e., f(p) is the same as f((p)) or (f(p)). The language makes few
promises about the order of evaluation, however, or even whether certain
redundant computations occur at all. Expressions with multiple side ef-
fects can thus be fragile, e.g.; #*p++ = ®++p can legitimately be evaluated
in a number of incompatible ways.

Some operands must be in the class of "lvalues"™, i.e., things that make
sense on the left side of an assignment operator. An identifier is the
simplest 1lvalue, but any expression that evaluates to a recipe for
locating declared objects can also be an lvalue. All scalar expressions
also have an "rvalue", i.e.; a thing that makes sense on the right side of
an assignment operator. All lvalues are also rvalues.

Nearly all C operators deal only with scalar types, i.e., the basic types,
bitfield, or pointer to. Where a scalar type is required and a composite
type is present, the following implicit coercions are applied: array of
«ss is changed to pointer to ... with the same address value; function
returning ... is changed to pointer to function returning ... with the
same address value; structure or union is illegal.

ADDRESSTNG OPERATORS

func{ [ expr [, expr 1* 1 ) - func must evaluate to type "function retur-
ning ..." and is the function to be called to obtain the rvalue of
the expression, which is of type ... Any arguments are evaluated, in
unspecified order, and fresh copies of their values are made for each
" function call (thus the function may freely alter its arguments with
limited repercussions). char or short expressions are widened to int
and float to double; all arguments must be scalar. No checking is
made for mismatched arguments or an incorrect number of arguments,
but no harm is done providing the highest numbered argument actually
used and all its predecessors do correspond properly. Note that a
function declared as returning anything smaller than an int actually
returns int, while a function returning float actually returns
double.
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Expressions

alil - is entirely equivalent to "#(a + 1)", so the unary ‘#° and binary
“+° should be examined for subtle implications. If a is of type ar-

ray of ... and i is of integer type, however, the net effect is to
deliver the ith element of a, having type ...

X.m - x muat be an lvalue, which should be of type struet or union con-
taining a member named m (m can never be an expression). The value
is that of the m member of x, with type specified by m.

p->m - p must be coercible to a pointer, which should be a pointer to a
struct or union containing a member named m (m can never be an ex-

pression). The value is that of the m member of the struct or union

pointed at by p, with type specified by m.

UNARY OPERATORS

#p -~ p must be of type pointer to ... The value is the value of the ob-
Ject currently pointed at by p, with type ...

&x - x must be an lvalue. The result is a pointer that points at x; the
type is pointer to ... for x of type +..

+X - x must be of type integer or float. The result is an rvalue of the
same value and type as x.

=X - X must be of type integer or float. The result is an rvalue which is
the negative of x and the same type as x.

+4X - X must be a scalar lvalue. x is incremented in place by one, fol-
lowing the rules of addition explained below. The result is an
rvalue having the new value and the same type as x.

==X - X must be a scalar lvalue. x is decremented in place by one, fol-
lowing the rules of addition explained below. The result is an
rvalue having the new value and the same type as x.

X++ = X must be a scalar lvalue other than floating. x is incremented in
place by one, following the rules of addition explained below. The
result is an rvalue having the old value and the same type as X.

X=-- ~ X must be a scalar lvalue other than floating. x is decremented in
place by one, following the rules of addition explained below. The
result is an rvalue having the old value and the same type as X.

"X - x must be an integer. The result is the ones complement of x, having
the same type as x.

IX - x must be secalar. The result is an integer 1 if x is zero; otherwise
it is an integer 0.
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scalar type declaration with the identifier

— omitted, e.g.; (char #), The result is an rvalue obtained by coer-
cing x to <a-type>. This operator is called a #oast" (see Declara-
tions). MNote that a cast to any type smaller than int is taken as
(int), while (float) is taken as (double).

(¢a-type>) x - <a-type> is any

sizeof x, sizeof ( <a-type> } - The result is an integer rvalue equal to
the size in bytes of x or the size in bytes of an object of type

Ca=-type>.

1

BINARY OPERATORS

There is an implicit nyidening" order among the arithmetic types, to wit:
char, unsigned char, short, bitfield (if int is equivalent to short), un-
signed short, longs bitfield (if int is equivalent fto long}, unsigned
long, float, and double; double is the widest type. In general, the type
of a binary operator is the wider of the types of its two operands, the
narrower operand being implicitly coerced to match the wider. If arith-
metic is not done in place, as in i =+ j, then integer arithmetic is al-
- ways performed on operands coerced by widening to at least int, and
floating arithmetic is always performed on operands widened to double.

— Coercions are made up from a series of transformations: A char or short
becomes an int of the same value. Sign extension occurs for all int types

not declared as unsigned; the latter are widened by zero fill on the

left. An int is simply redefined as an unsigned, on twos complement

machines at least, with no change in representation. Bitfields are un- -

packed into unsigned integers. An integer is converted to a double of the -

same numerical value, while a float is reformatted as a double of the same e

value, often simply by right f£ill with zeros. o

Assignment may call for a narrowing coercion, which is performed by the
following operations: A double is rounded to its nearest arithmetic
equivalent in float format; conversion to integer involves discarding any
fractional part, then truncating as need be on the left without regard to
overflow. Similarly, integers are converted to narrower types by left

truncation. B

N

l

The binary operators are 1isted in descending order of binding, those with :
highest precedence first: o

x®y - Both operands must be arithmetic (integer or float). The result is
the product of x and Yy, with the type of the wider.

x/y - Both operands must be arithmetic. The result is the quotient of X
divided by y, with the type of the wider. Precedence is the same as

for #.

x$y - Both operands must be integer. The result is the remainder obtained
by dividing X DY ¥, with the type of the wider. Precedence is the

same as for ®.
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- If either operand is of type pointer to ..., the other operand must
be of type integer, which is first multiplied by the size in bytes of
the type ... then added to the pointer to produce a result of type
pointer. Otherwise both operands must be arithmetic; the result is
the sum of x and y, with the type of the wider.

= If x is of type pointer to ... and y is of type integer, y is first

multiplied by the size in bytes of the type ... then subtracted from
the pointer to produce a result of type pointer. Otherwise if x is
of type pointer to ... and y is of type pointer to ... and both point
to types of the same size in bytes, then x is subtracted from y and
the result divided by the size in bytes of ... to produce an integer
result. Otherwise both x and y must be arithmetic; the result is y
subtracted from x,; with the type of the wider. Precedence is the
same as for +.

-

x{<y - Both operands must be integer. The result is x left shifted y

places, with the type of x. No promises are made if y is large
(compared to the number of bits in X) or negative.

x>>y - Both operands must be integer. The result is x right shifted y

x<Y¥y

places, with the type of x. If the result type is unsigned, no sign
extension occurs on the shift; if it is signed, sign extension does
occur. No promises are made if y is large or negative. Precedence
is the same as for <.

x<{=y; X>¥, X>=y -~ If either operand is of type pointer to ... and the
other is of type integer, the integer is scaled as for addition
before the comparison is made. Otherwise if both operands are of
type pointer to ... the pointers are compared as unsigned integers.
Otherwise both x and y must be arithmetic, and the narrower is
widened to match the type of the wider before the comparison is made.
The result is an integer 1 if the relation obtains; otherwise it is
an integer 0.

x==y, XI=y - The operands are coerced as for <, then compared for equality

x&y

xy

xly

(==) or inequality (I=). The result is an integer 1 if the relation
obtains; otherwise it is an integer 0.

= Both operands must be integer. The result is the bitwise and of x
‘and ¥, with the type of the wider.

- Both operands must be integer. The result is the bitwise exclusive
or of x and ¥, with the type of the wider.

- Both operands must be integer. The result is the bitwise inclusive
or of x and y, with the type of the wider.

x&ky - Both operands must be scalar. If x is zero, the result is taken as

integer 0 without evaluating y. Otherwise the result is integer 1
only if both x and y are nonzero.

xlly - Both operands must be scalar. If X is non-zero, the result is

taken as integer 1 without evaluating y. Otherwise the result is in-
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teger 1 if either x or y is nonzero.

t?x:y - If t, which must be scalar, is nonzero the result is X coerced to
the final type; otherwise the result is y coerced to the final type;
exactly one of the two operands x and y is evaluated. The final type
is pointer to ... if either operand is pointer to ... and the other
is integer (the integer is not scaled). Otherwise if both operands
are of type pointer to ... the final type is the same as x. Other-
wise both operands must be arithmetic and the final type is the wider
of the two types.

.|||m.J||,-uH.u|.u....m..1|”

%=y - Both operands must be scalar, and x must be an lvalue. y is coerced -
to the type of x and assigned to x. If x is a pointer to ..., ¥y may :
be a pointer to ... or an integer (the integer is not scaled).
Otherwise both operands must be of arithmetic type. The result is an
rvalue equal to the value just assigned, having the type of x.

x8=y, x/=y, xb=y, Xezy, x-=y, <=y, XO>=y, xk=y, x =y, X|=y - Each of the
operations "x op= y" is equivalent to "x = x op y", except that x is
evaluated only once and the type of "x op y" must be that of X, €.8.s
"y -z y" cannot be used if x and y are both pointers. The operators
may also be written =op, for historical reasons, but in this form no
whitespace may occur after the =. Precedence is the same as for =.

o rrsd o var o vteed i deieiiea ..

X,y - Both operands must be scalar. x is evaluated first, then y. The
result is the value and type of y. Note that commas in an argument
list to a function call are taken as argument separators, not comma
operators. Thus f(a,b,e) represents three arguments, while
f{a,(b,e)) represents two, the second one being ¢ (after b has been
evaluated).
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Constants I. The C Language Constants

|

NAME
Constants - compile time arithmetic

o

nn

FUNCIION
There are four contexts in a ¢ program where expressions must be
evaluatable at compile time: the expression part of a #if preprocessor
control line, the size of an array in a declaration, the width of a bit-
field in a struet declaration, and the label of a case statement. In many
other contexts the compiler endeavors to reduce expressions, but this is
not mandatory except in the interest of efficiency.

i

il
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The #if statement evaluates expressions using long integer arithmetic. No
assignment operators, casts, or sizeof operators may be used. The result
is compared against zero. There is no guarantee that large numbers will
be treated the same across systems, due to the variation in operand size,
but this variation is expected to be minimal among longs.

e e

Ty

!

Bitfield widths, array sizes and case labels are also computed using long
integer arithmetic, but only the integer part (if smaller than long) is
retained. Moreover, the sizeof operator is permitted in such expressions.

|

|

In all other expressions, the compiler applies a number of reduction rules

to simplify expressions at compile time. These include the following
(assumed) identities:

I

Plus a number of others. In other words, certain subexpressions may
generate no code at all, if the operation is patently redundant. This is
worth keeping in mind when writing I/0 drivers and other machine dependent

routines that are expected to produce useful side effects not obvious to
the compiler.

X ¥ 1 ==x —
x/ 1==x i
X + 0 == x e —
X -0==x S
X+Y¥Y ==y + X R
(x+y) +2==x+ (y + z) E—
X && true =z x _:
x || false == x —
false && x == <nothing> o
true || x == <nothing> —
(x +y) ¥z ==2x%z 4y #%g -

The compiler does not perform common subexpression elimination, however,

nor rearrange the order of computation between statements, so that a
minimal determinism is assured.

To ensure that compile time reductions occur, on the other hand, it is
best to group constant terms within an expression so the compiler does not
have to guess the proper rearrangement to bring constants together.
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Preprocessor I. The C Language Preprocessor

Preprocessor - lines that begin with #

FONCTION

A preprocessor is used by the C compiler to perform #define, #include, and
other functions signalled by a control character, typically #, before ac-
tual compilation begins. A number of options can be specified at
preprocess time by the use of flags whose effects are sometimes mentioned
below, but which are more fully explained on the manual page for the pp
command, described elsewhere in this manual.

Unless -c¢ is specified, /* comments */ are replaced by a single space and
any line that ends with a "\’ is merged with its successor. If the first
non-whitespace character on the resultant 1line matches either the
preprocessor control character or the secondary preprocessor control
character, the line is taken as a command to the preprocessor; all other
lines are either skipped or expanded as desecribed below.

The following command lines are recognized by the preprocessor:

#define <{ident> <{defm> - defines the identifier <ident> to be the defini-
tion string <defn> that occupies the remainder of the line. Iden-
tifiers consist of one or more letters, digits, and underscores T
where the first character is a non-digit; only the first eight
characters are used for comparing identifiers. A sequence of zero or
more formal parameters, separated by commas and enclosed in paren-
theses, may be specified, provided that no whitespace occurs between
the identifier and the opening parenthesis. The definition string
begins with the first non-whitespace character following the iden-
tifier or its parameter list, and ends with the last non-whitespace
character on the 1line. It may be empty. If an identifier is
redefined, the new definition is pushed down on top of the older
ones.

#undef <ident> - pops one level of definition for {ident>, if any. It is
not considered an error to undef an undefined identifier.

#include <fname> - causes the contents of the file specified by <fname> to
be lexically included in place of the command line. A filename can
be a simple identifier, or an arbitrary string inside (literal)
quotes "', or an arbitrary string inside (literal) angle brackets <.
In the last case, a series of standard prefixes is prepended to the
filename, normally just "" unless otherwise specified at invocation
time, to locate the file in one of several places. Included files
may contain further includes.

#ifdef <ident> - commences skipping lines if the identifier <ident> is not
defined, else processing proceeds normally for the range of control
of the #ifdef. The range of control is up to and including a balan-

cing #endif command. An #else command encountered in the range of

control of the #ifdef causes skipping to cease if it was in effect,
or normal processing to change to skipping if skipping was not in ef-
fect. It is permissible to nest #ifdef and other #if groups; entire
groups will be skipped if skipping is in effect at the start.

I=-25
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Preprocessor

-2 - Preprocessor -

Preprocessor commands such as #define and #include are not performed
while skipping.

#ifndef <ident> - is the same as #ifdef, except that #ifndef commences
akipping if the identifier is defined.

#if <expression> - is the same as #ifdef, except that the rest of the line
is first expanded, then evaluated as a constant expression; 1f the
expression is zero then skipping commences. An expression may con-
tain parentheses, the unary operators +, -y !, and 7, the binary
operators +, -, %, /, %, &, |, 7, << >>, &, ==, >, &=, =>, =, &&
and ||, and the ternary operator ? :. The definitions and bindings
of the operators match those for the C language, subject to the con-
straint that only integer constants may be used as operands.

Il

#line <num> <fname> - causes the line number used for diagnostic printouts
to be set to num and the corresponding filename to be set to fname,
if present. If no filename is specified, the filename used for diag-
nostic printouts is left unchanged. num must be a decimal integer.

# - is taken as an innocuous line, if empty. Anything else not recog-
nizably a command causes a diagnostic.

Expansion of non-command lines causes each defined identifier to be
replaced by its definition string, then rescanned for further expansion.
If the definition has formal parameters, and the next token on the line is
a left parenthesis, then a group of actual parameters, inside balanced
parentheses, must occur on the line; formal parameters with no correspon-
ding actual parameters are replaced by null strings.

A

Note that no attempt is made to add whitespace, before or after replace-
ment text, to avoid blurring of token boundaries, just as no parentheses
are added to avoid bizarre arithmetic binding in expressions. No expan-
sion occurs within "" or °° strings.

(I

BUGS
Circular definitions such as

il

#define x x

cause the preprocessor to blow up.
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I. The C Language Style

NAME
Style - rules for writing good C code

FUNCTION
C is too expressive a language to be used without discipline; it can
rival APL in opacity or PL/I in variety. The following practices and
restraints are recommended for writing good C code:

ORGANTZATION

If a C program totals more than about five hundred lines of code, it
should be split into files each no bigger than that. As much as possible,
related declarations should be packaged together, with as many of these
declared static (LOCAL) as possible. Common definitions and type declara-
tions should be grouped into one or more header files to be #included as
need be with each file.

If any use is made of the standard library, its definitions should be in=-
cluded as well, as in:

/% GENERAL HEADER FOR FILE

# copyright (c) 1981 by Whitesmiths, Ltd.
#/

#include <std.h> #include "defs.h®

e

|

#define MAXN 100 /% definitions local to this file #/ ...

r
}

For the contents of <std.h>; including the definitions of LOCAL, etc., see
std.h in Section II of this manual.

If

!
It

Header files should be used to contain #defines, typedefs, and declara-
tions that must be known to all source files making up a program. They
should not include any initializers, as these would be repeated by mul-
tiple inclusion. A good convention is to use all caps for #define’d iden-
tifiers, as a warning to the reader that the language is being extended.

el

It is also good practice to explicitly import all external references
needed in each function body by the use of extern (IMPORT) declarations.
This not only documents any pathological connections, but also permits
functions to be moved freely among files without creating problems.

g

[

Within a file, a good discipline is to put all data declarations first,
then all function bodies in alphabetical order by function name. Data
declarations are typiecally clumped into logical groups, e.g., all flags,
all file control, ete.; an explanatory comment should precede each group
of data and each function body, with a single blank line preceding the
comment. If the body of a function is sufficiently complex; a good ex-
planatory comment is the half dozen or so lines of pseudocode that best
summarize the algorithm. There is seldom a need for additional comments,
but if they are used they are best placed to the right of the line being
explained, separated by one tab stop from the end of the statement.

Il

1l
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If the types provided in std.h are not sufficient to describe all the ob-
Jects used in a program, then all other types needed should be provided by
#defines or typedefs. All declarations should be typed, preferably with
these defined types, to improve readability.

RESTRICTIONS

The goto statement should never be used. The only case that can be made
for it is to implement a multi-level break, which is not provided in C;
but this seldom proves to be a prudent thing to do in the long run. If a
function has no goto statements, it has no need for labels.

Other constructs to avoid are the do-while statement, which inevitably
evolves into a safer while or for statement, and the continue statement,
which is typically just a shoddy way of avoiding the proper use of else
clauses inside loops.

More than five levels of indenting (see FORMATTING below) is a sure sign
that a subfunction should be split out, as is the case with a function
body that goes much over a page of listing or requires more than half a
dozen local variables. Naturally there are exceptions to all these
guidelines, but they are just that -- exceptions.

The use of the quasi-Boolean operators &&, ||, !, etc. to produce integer
ones and zeros should not be indulged to perform cute arithmetic, as in

sum{il] = a[i] + bl[i] + (10 <= sumli - 1]);

Such practices, if used, should be commented, as should most tricky bit
manipulations using &, | and ".

Elaborate expressions involving ? and :, particularly multiple instances
thereof, are often hard to read. Parenthesizing helps, but excessive use
of parentheses is just as bad.

If the relational operaters > and >= are avoided, then compound tests can
be made to read like intervals along the number axis, as in

if (0" <= c && ¢ <= "9")

which is demonstrably true when ¢ is a digit.

FORMATTING

While it may seem a trivial matter, the formatting of a C program can make
all the difference between correct comprehension and repeated error. To
get maximum benefit from support tools such as editors and cross referen-
cers, one should apply formatting rules rigorously. The following high-
handed dicta have proved their worth many times over:
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Style -3- Style

Each external declaration should begin (with optional storage class and
mandatory type) at the beginning of a line, immediately following its ex-
planatory comment. All defining material, data initializers or function
definitions, should be indented at least one tab stop, plus additional tab

stops to reflect substructure. Tabs should be set uniformly every four to
eight columns.

A function body, for instance, always looks like:

TYPE name(argl, arg2, arg3)
TYPE1 argi;
TYPE2 arg2, arg3;
{

{local declarations>

<{statements>

This example assumes that arg2 and arg3 have the same type. If no <local
declarations> are present, there is no empty line before <{statements>.

<local declarations> consists of first extern (IMPORT), then register
(FAST), then auto (no storage class specifier), then static (INTERN)
declarations; these are sorted alphabetically by type within storage
class and alphabetically by name within type. Comma separated lists may
be used, so long as there are no initializers; an initialized variable
should stand alone with its initializer. FAST and auto storage should be
initialized at declaration time only if the value is not to change.

<{statements> are formatted to emphasize control structure, according to
the following basic patterns:

- if (test)
<{statement>

if (test)
{
<{statement>
<statement>

}
alse
<{statement>

if (test1)
{statement>

else if (test2)
<statement>

else if (test3)

else

<default statement>

I-29
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Style -4 - Style

switeh (value)
{

case As

case B:
<{statement>
break;

case C:
<atatement>
break;

default:
{statement>

}

while (test)
{statement>

for (initj test; iner)
<statement>

for (; test; incr)
<statement>

for (init; ; )
{statement>

FOREVER
{statement>

return (expr);

Note that, with the explicit exception of the else-if c¢hain, each
subordinate <statement> is indented one tab stop further to the right than
its controlling statement. Without this rule, an else-if chain would be
written:

if (test 1)
{statement>
else
if {test 2)
<{statement>
elae
if (test 3)
{statement>
else
{default statement>

Within statements, there should be no empty lines, nor any tabs or mul-
tiple spaces imbedded in a line. Each keyword should be followed by a
single space, and each binary operator should have a single space on each
side. No spaces should separate unary or addressing operators from their

I-30
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Style -5 = Style

operands. A possible exception to the operator rule is a composite con-
stant, such as (GREEN|BLUE).

Parentheses should be used whenever there is a hint of ambiguity. Note in
particular that & and | mix poorly with the relational operators, that the
assigning operators are weaker than && and ||, and that << and > are im- T
possible to guess right. The worst offender is —

if ((a & 030) 1= 030)

i

which does entirely the wrong thing if the parentheses are omitted.

If an expression is toc long to fit on a line (of no more than 80 charac-
ters) it should be continued on the next line, indented one tab stop fur-
ther than its start. A good rule is to continue only inside parentheses,
or with a trailing operator on the preceding line, so that displaced frag- —
ments are more certain to cause diagnosties. —

EXAMPLE
A typical library function looks like this:

#include <std.h>

il

/% CONVERT LONG TO BUFFER
* copyright (c) 1978 by Whitesmiths, Ltd.
#/

BYTES ltob(is, 1n, base)
FAST TEXT #is;
LONG 1nj
BYTES base;
{

Il

il

FAST TEXT #s;
ULONG 1bs

1l

8 = isg
if (ln < O &% base == 0)
{

TN

In = -1n; -
g4+ = "3 I
} =
if (base == 0) ==
base = 103 —

else if (base < 0) e
= H

if (In < 0 || 1b <= 1n)

s =+ ltob(s, 1ln / 1b, base);
#s = 1n % 1b + ‘073
if (797 < #g)

s =+ ("2’ -« (797 + 1));
return (s - is + 1);

}
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Portability I. The C Language Portability

i

.

NAME
Portability - writing portable code

T

FUNCTION
Writing highly portable C code is remarkably easy, most of the time. When
machine dependencies creep in, however, they can be extremely difficult to :
dig out; and trying to keep them out of new code can often lead the =
programmer to paranoid extremes. Herewith a set of rules to follow that

eliminate nearly all the ghastlies before they bite. .

"

First and foremost, use the portable library. Pretend the C Interface
Manuals don’t exist, and fall out of love with the endearing peculiarities

of your current host system. It will change.

U

If your program processes text files, assume that carriage returns, NULs,
and other funny characters that don’t print may disappear if written out
and read back later. Assume that lseek will fail, even when it obviously
should work on your system. Text lines may be as long as 512 characters,
counting the terminating newline; but then they should never be longer
than that. It is usually best not to depend on the presence of that
trailing newline, if at all possible, in case the program is fed an =
unusually long line or a truncated last line. =

Fe

TR e

i\

If your program tries to process STDIN, SIDOUT, or STDERR as a binary
file, assume that the data will be corrupted; binary files must be opened
by name on most systems. The third argument to open and create should al- —_
ways be present and for binary files should always be non-zero. A third —_—
argument of 1 is always acceptable, and will not lead to storage inef-
ficiencies in the target file. Sadly, the set of functions fopen,

foereate, getfiles, ete. were frozen before the text/binary dichotomy -
became apparent, so they work smoothly only on text filesj getbfiles is a
later addition. Performing a binary open, followed by a finit with third
argument READ or BWRITE, does make the buffered I/0 mechanism safely .
available for sequential binary 1/0, however. o
Many operating systems will pad a binary file with NULs, which are hard to

detect in the interface code. Consequently, any program that does binary -
reads must be prepared to deal with trailing NULs. Treating NUL as end of —_
file is best, whenever possible. Another aspect of this problem is that
the length of a binary file is poorly determined on many systems; conse-
quently the ability to lseek relative to the end of a file is no longer
supported in the portable specification.

il

(T

(e

The order in which bytes are stored for encoded arithmetic types varies
all over the map. A long integer, °3210° for instance, can read out as
’3210°, ‘0123°, or ‘2301° on three popular computers, where "0° is the
least significant byte. The best rule is never to write a multi-byte
datum, unless it is an array of chars or unless it is clearly understood
that the resultant file will always be read into an identically declared
datum on the same machine. Look for sizeof operators not connected with
alloc calls; they are a sign of potential trouble. The library functions
1stoi and itols are provided to ease transmission of two=byte integers
among variocus implementations, while lstol and ltols provide a similar
mechanism for four-byte gquantities.
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Portability -2 - Portability

The portable specification says filenames should be no more elaborate than
WRXNXXX.y¥". Believe it. Better yet, use uname to build temp file names
and avoid wiring any other file names into code. That’s what the command
line is for, and what getfiles is designed to help with. In the same
vein, external identifiers should be chosen for the worst case, i.e., a
system where only six characters in one case are retained. It is possible
to have the compiler check the identifiers for conformance to this or
similar constraints.

Declarations are designed to ease portability among machines with dif-
ferent data formats, but they must be used properly to do so. C is very
tolerant of silly declarations for such things as: arguments to a func-
tion, values returned by a function, data held in registers, and casts.
3ince all of these items are essentially rvalues, they are never smaller
than an int, or a double if floating point; no matter how they are
declared. The difference matters only when some lvalueness creeps in, as
when assigning to a register or argument, or taking the address of an ar-
gument .

Never assume that assigning to one of these creatures, or applying a cast
such as (char), will perform any sort of truncation; it won’t, at least
not below integer. And while it is nice to be able to declare an argument
to be char for the sake of documenting its likely range, it is easy to
forget when taking its address that what you want is a pointer to int, not
a pointer to char. Storing a char in part of an int may work a little bit
right on some computers, but it will surely cause trouble sooner or later.
Look for address of (unary &) operators applied to arguments, and expect
problems.

The standard header provides a constellation of defined types to stylize
proper usage. If you know how big you want a datum, regardless of what
machine the program is run on, use the aliases for {char, short, long}:
i.e., {TINY, COUNT, LONG} or the unsigned versions {[UTINY, UCOUNT, ULONG}.
If something must hold a pointer, declare it as such by all means; if it —
must span most or all of the address space of the target machine, as a
subscript for example, declare it as unsigned int, or BYTES. Remember
that case switch values are ints; hence, only short values are portable
for case labels.

A A e

it

There are two other important malleable types besides BYTES. ARGINT is
used when talking about an argument that is known to have been widened to
an integer; it should serve as a red flag that something special is hap-
pening. TEXT, on the other hand, is used heavily to ensure efficient
code; it is declared in the header as either char or unsigned char,
depending on which is more easily handled by the target machine. When
using TEXT variables, the programmer must be careful to mask possible sign
extensions, using BYTMASK, should other than ASCII characters or small
positive integers be stored in them. This usage parallels the standard
uncertainty of char variables in other implementations of C.

To ensure maximum portability between 16 and 32-bit pointer machines, the

best mind set is that an int is not equal to a short and it is not equal
to a long, but it can and will be equal to either some time or other.
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Portability -3 - Portability

Avoid writing constants of fixed size, such as 0177777; instead write
stretchable forms such as ~0 for the above. If you know a constant must

be long on any machine, be sure to force it long; ~0 can be different
from ~0L.

To end on a positive note, there are some things you can depend on across
implementations. There will always be at least three registers available,
for instance. These can hold anything up to an unsigned int and almost
invariably offer substantial code space and execution time benefits if
used for the most important variables. Pointers benefit particularly from
being placed in registers. And the assigning operators, such as =+ or +=,
frequently lead to better code production. This is particularly true for
the smaller data types such as char, since C is obliged to compute (et +
e2) to int precision, but may do (el =+ c2) as a char operation. And it
is possible to parameterize code efficiently by writing expressions like:

if (sizeof (int)
sizeof (int)

= sizeof (short) && <short test> ||
= sizeof (long) && <long test>)

Only <short test> or <long test> will actually be generated as runtime
code; the rest is optimized ocut by the compiler.
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FUNCTION
The definitive standard for C is Appendix A of Kernighan & Ritchie, as ex-
plained in the Introduction to this section. This implementation hews
closely to that standard, save for minor changes in emphasis. There are
alao several available implementations of C that differ in more important
respects. Herewlth a summary of the things to look out for.

Differences I. The C Language Differences

Differences - comparative anatomy

THE STANDARD

] The major deviation is that this compiler requires each external
declaration to be explicitly initialized exactly once among all the
files that comprise a C program; the standard permits external
declarations to remain uninitialized.

o This implementation includes the types unsigned [char short longl,
which are not yet in the standard.

o Backslash is used to continue strings in the standard; its use is
generalized here.

o Character constants with more than one character are defined here,
but not in the standard.

o All struct and union tags share the name space of all members of
struct and union, in the standard; each kind of tag has its own name
space here.

] This implementation permits, as an option, separate name spaces for
each struct or union and much more rigorous checking of . and ->
operators.

[+] A union may be initialized in this implementation.

[ A preprocessor macro invocation, e.g., swap(a, b), must be written
all on one line in this implementation.

o The sizeof operator is explicitly disallowed in #if expressions, in
‘this implementation.

UNMIX/VE

o Not implemented in the UNIX/V6 compiler are: bitfields, short in=-

tegers, unsigned integers, long integers, casts, unions, #if, #line,
operators of the form op=, static external declarations (local to a
file}, or register arguments.

UNIX/V6 initializes a structure as if it were an array of integers.
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-2 - Differences

UNIX/VT

o Bitfields may not be initialized, in at least one of the UNIX/VT com-
pilers.

o Casts of the form (char) or (short) may actually truncate a value in

the UNIX/VT implementation; they have no effect on ints in this im-
plementation.

o The address of an array cannot be taken in UNIX/V7 C.

o Enumerated types, structure assignment, and functions returning -
structs have been added in UNIX/V7 C. .

P— -
SYSTEM DEPENDENCIES

Since this implementation produces assembler code for the target system,

there is some variation in naming caused by assembler limitations. There —
may be as few as six, but never more than eight significant characters in

external identifiers; often only one case of letters is significant. For
specific differences,

machine.

|

see the C Interface Manual for the relevant target
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I. The C Language Diagnostics

Diagnostics - compiler complaints

FURCTION

The first two passes of the compiler produce all user diagnostics, the
initial (preprocessor) pass dealing with # control lines and lexical
analysis, the next with everything else. If a pass produces diagnostics,
later passes should not be run. Any compiler message contalning an ex-
clamation mark °!° or the word "panie™ indicates problems with the com-
piler per se (they should "never happen™) and hence should be reported to
the maintainers. Here is a summary of the diagnostics that can be
produced by erroneous C programs:

PREPROCESSOR DIAGHOSTICS:

bad #define - illegal define.

bad #define arguments - cannot parse #define line.

bad #include - illegal include.

bad #line - illegal #line.

bad #undef -~ illegal undef.

bad f#fxxx - unrecognizable # control line.

bad macro arguments - cannot parse macro definitions.
bad output file - cannot create output file.

can’t #include xxx - cannot open file specified in #include.
can‘t open xxx - cannot open file specified as pp argument.
illegal #if expression

illegal #if syntax

illegal ? 3 in #if

illegal character: x - not a recognizable token in C.
illegal constant Xxx - not a recognizable numeric form.
illegal float constant

illegal number in #if

illegal operator in #if

illegal unary op in #if

misplaced #xxx - preprocessor control line out of place.
missing #endif - unbalanced #if, #ifdef, or #ifndef.
missing ) in #if

missing #/ - unbalanced /% comment.

string too long - more than 512 characters.

truncated line - more than 512 characters.

unbalanced X - x is a delimiter: 7, ", (, <, or {.

PASS 1 DIAGNOSTICS:

arithmetic type required - integer or floating.
array size unknown

bad (declaration) - stuff inside () unrecognizable.
bad external syntax

bad field width - negative or larger than word size.
bad output file - cannot create output file.

cannot initialize
conatant required
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Diagnostios -2 .

declaration too complex - more than 5 modifiers,

external name conflict - when truncated for output
function redefined

function required - arguments declared, but no function body.

function size undefined
identifier not allowed
illegal %

illegal &

illegal /

illegal =+

illegal assignment

illegal bitfield

illegal break

illegal case

illegal cast

illegal comparison

illegal continue

illegal default

illegal double initializer
illegal field

illegal field initializer
illegal indirection - unary "&#" gpapator,
illegal integer initializer
illegal member

illegal operand type
illegal pointer initializer
illegal postop

illegal return type

illegal selection

illegal statement

illegal storage class
illegal structure reference
illegal type modifier
illegal unsigned compare
illegal use of typeder
incomplete declaration
integer type required
lvalue required - see Expressions.
member confliect

member redefined

missing argument

missing expression

missing goto label

missing labe]

missing member name - identifier must follow . Or >,
no structure definition

not an argument

redeclared argument
redeclared external
redeclared loeal

redeclared typedef
redefined label

redefined tag

string initializer too long
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Diagnostics -3~ Diagnostics

structure size unknown

too many initializers

undeclared ¥ - no declaration of x was encountered
undefined statie

unexpected EOF

union size unknown

unknown member
useless expression - result unused, no side effect.
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Conventions
std.h

Runtime

V7lib

II. Portable ¢ Runtime Library

Il

|
!

using C with the standard libraries

standard header file

I/0 using the standard libraries

command line processing using the standard libraries
the file input/output structure

a library for UNIX support under the standard compiler
no memory error condition

find absolute value

allocate space on the heap

look for anchored mateh of regular expression
arctangent

build key schedule from key

convert buffer to double

convert buffer to integer

convert buffer to long

convert buffer to short integer
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Conventions II. Portable C Buntime Library Conventions

NAME
Conventions - using C with the standard libraries —

FUNCTION
The current section, and the two that follow, document C callable func- —
tions provided on all systems supported by Whitesmiths, Ltd. All library T
functions follow a set of uniform coding conventions, which form an impor- o
tant part of the Whitesmiths C environment. These conventions should be
mastered, the better to understand the descriptions following, to inter- -
face properly to the library functions, and, more generally, to write C in
a portable manner.

Most standard conventions are supported at compile time by the inclusion
of a standard header file, std.h, which is separately documented in this
section. The remainder are mainly described in the subsections on Style
and Portability in Section I of this manual. Here, however, are a few
general caveats: BEvery C program must contain a function named main,
which is called at the outset and whose return signals the end of program
execution; many library routines presume a conventional coding of main,
documented in Section III of this manual. Several of the "functions"
described in this section are actually macros defined in the standard
header. They appear on ordinary manual pages because, aside from certain
side effects for which warning is served, they look to the programmer much
like subprograms. On the other hand, there are a few secret library
routines that are not documented anywhere in this manual; their names in-
variably begin with an underscore, to minimize accidental collisions with
user~defined names.

Il

The rest of this document provides a blow-by-blow summary of the sections
in a typical library function description. For clarity, it is presented
as a psuedo-manual page, with the remarks on each section of a real page
appearing under the normal heading for that section. This page also
points out where the conventions just mentioned are likely to rear their
heads. The sections follow:

NAME
title - a name and concise deseription for the function
(The function is called from C by the name given.)

b i

SINOPSIS
Here the returned type and argument list of the function are given
precisely as they would appear in a C program defining the function.
Almost always, the types of arguments and function come from the set
of psuedo-types defined by the standard header. These psuedo-types
are for the most part simple equivalents to types pre-defined by C, -
renamed to increase their mnemonic value, to isolate machine depen- .
dencies, to promote disciplined coding practices, or (usually) to :
achieve some combination of all three. e

Il

Il

FUNCTION

Generally, this section contains three parts, which may or may not be
easily distinguishable. An opening sentence or two states the
utility of the function: usually what it does, not how it does it.
Next comes a summary of each argument to the function; including its

II -1
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general effect on the operation of the function. Each argument is
called by the same name as was given in the function synopsis. These
names are usually mnemonic,; to make citations distinet but still sel-
f-defining. Finally, an additional paragraph (or more) may provide
more details of how the routine works, or how specific argument
values affect it. This last component, for better or worse, has
traditionally been kept to a remarkable minimum.

Note that heavy use is made of the conventional symbol NULL to refer
to a zero-valued pointer, and of NUL to refer to the ASCII code zero,
or "\0"; other symbols defined in the standard header may also crop
up from time to time. Be prepared for them.

Ranges of numbers are often represented as in mathematics: "(0,4)n
is the open interval "1,2,3%, whereas "[0,4]" is the closed interval
"0,1,2,3,4". Thus, "[0,4)" is not a typo, but shorthand for the hal-
f-open interval "0,1,2,3%".

RETURNS
- This section describes the range of possible return values for the
function, and under what circumstances one value will be returned
rather than another. Any location in the calling program altered via
pointer access from the function is also documented here, though
usually it has already been mentioned in the preceding section.

EXAMPLE

Here are shown one or more typical calls to the documented function,
and (sometimes) their results. The examples are designed to be brief
and evocative, or even useful as code fragments directly interpolated
into user programs. O0Often, related functions have been given similar
examples, either to emphasize the differences in usage between
routines that perform similar tasks, or to show conventional patterns
of use that apply across a family of routines.

LI

1
{

il

A line consisting of just an ellipsis "..." is used to indicate the
omission of some (incidental) code between the line preceding and the
line following.

SEE ALSO
This section 1lists related functions that could be profitably ex-
amined in conjunction with the current one. Functions documented in
the same manual section are simply listed by name; functions docu-
mented elsewhere in the same manual are listed followed by the number
of the section containing them.

Ll |

If a description seems a bit impenetrable after a first reading, by
all means loock at the other ones mentioned here. Likewise if the
current function doesn’t do exactly what is wanted; a different one
may come closer.

BOGS
Known inconsistencies or shortcomings in the documented routine are
mentioned here. Most often, these relate to insufficient checking of
value sensitive user-supplied parameters. Also, notice is always
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given here if a ®“function" is in reality a macro.

SEE ALSO
Portability(I), Style(I), main(III), std.h

|

.-|.1|
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i
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NAME
std.h - standard header file

SYNOPSIS
#include <std.h>

FUNCTION

All standard library functions callable from C follow a set of uniform
conventions, many of which are supported at compile time by including a
standard header file, <std.h>, at the top of each program. The file
defines a number of quasi-types and storage classes (in terms of the stan-
dard C types), various system parameters, some useful macros, and the con-
trol structure used for buffered input/output. The macros in <std.h> are
each described in separate manual pages since, aside from certain curious

side effects for which warning is served, macros look to the C programmer
much like subroutines.

|
w
|

It is important to know these types and parameters, in order to understand
manual pages for subroutines, to interface to the C library in a portable
manner, and to code in good style. Herewith the principal definitions:

Quasi-types
ARGINT ~ int, used to signal use of value widening conventions
BITS - unsigned short, used as a set of 16 bits
BOOL ~ int, tested only for non=-zero, assigned YES or NO
BYTES - unsigned int, for address arithmetic, indexing
COUNT - short, for counting [-32,768, 32,768)
DOUBLE - double precision floating point
FILE - short, used for file descriptors
LONG - long integer
METACH - short, EOF or [0, 256)
TBOOL = char, or unsigned char, used like BOOL
TEXT - char, or unsigned char, containing printable text
TINY - char, for counting [-128, 128)
UCOUNT - unsigned short, for counting [0, 65,536)
ULONG - unsigned long
UTINY - unsigned char, for counting [0, 256)
VOID - int, for funections returning nothing

Al

BlITwthl

[

ALl

Quasi storage classes
FAST - register
GLOBAL - synonym for extern, used outside functions
IMPORT - synonym for extern, used inside functions
INTERN - synonym for static, used inside functions
LOCAL - synonym for static, used outside funetions

'J”

System Parameters
BUFSIZE - 512, the standard input/output buffer size
BWRITE - mode -1, opening for buffered writes
BYTMASK - 0377, mask for low byte of integer
EOF - -1, end of file metacharacter
FOREVER - for (; ; )
NO - BOOL 0
NULL - pointer 0

-
—
-
—
=
—
—
=
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—
oy
—
=
—
—
-




std.h -2 - std.h

READ - mode 0, opening for read access

STDERR - FILE 2, the standard error output
STDIN - FILE 0, the standard input

STDOUT - FILE 1, the standard output

UPDATE - mode 2, opening for reading and writing
WRITE - mode 1, opening for writing

YES - BOOL 1

Macros (documented in manual pages)
abs
gte
isalpha
iasdigit
islower
isupper
iswhite
max
min
pte
tolower
toupper

Control Structure for Input/Output -
FI0 - struct fio, for buffered input/output calls -

Note that TBOOL and TEXT are defined as unsigned char if the symbol UTEXT
is made known to pp; otherwise TBOOL and TEXT are defined as char.

EXAMPLE
/% THE MINIMUM PROGRAM
# copyright (e) 1983 by Whitesmiths, Ltd.
#y :

#include <std.h>

/: put string to STDOUT

BOéL main()
irite(STDDUT, "hello world\n", 12);
?eturn (YES);

BUGS

It is easy to forget about the macros, which cause bizarre diagnostics
when "redeclared". Also, despite its suggestive name, the type BITS can-

not be used to declare a bitfield, as bitfields have type int or unsigned
int.
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HAME
Files - I/0 using the standard libraries

FUNCTION
To the standard libraries, a file is an ordered sequence (or "stream") of
eight-bit bytes, period. No further structupe or control information is
made visible to user programs. The basic operations permitted on files
are determined by this very simple view. At the lowest level, a subset of
the library called the portable interface allows you to:

open a file - that is; establish g connection between your program and
some external source opr destination for data. This is usually a file

of information on disk, but could be your terminal, or even some
other device.

close a file -~ that is, break a connection that you previously set up.

read from a file - that is, given the address of a buffer within your
program, and the number of characters you want to read, transfer thenm
from the file into your buffer.

write to a file - that is, given a buffer address and the number of
characters to write, transfer them from yYour buffer into the file.

change position within a file - that is, instead of reading or writing
characters sequentially, move to a given character offset within the
file, in order to begin the operation at that point.

tions to perform input/output. Which ones to use, and in what context,
depends on three characteristics of the operation to be performed:

1) buffered or unbuffered? The most basic I/0 routines interface directly
to your host operating system. On a conceptual level, at least, a
call to one of these routines results directly in a request to the
system to perform some action. In addition to these, however, the
library provides g buffering mechanism (ealled an FI0 buffer), that
minimizes operating system overhead by buffering up to 512 characters
in either direction before making a read or write call.

2) formatted or literal? The most straightforward I/0 is just the trans-
fer of bytes between memory and a file, with no changes made en
route. For convenience, however, the library provides a family of
functions to perform "formatted I/0", in which arbitrary numeric or
text arguments are converted to tightly formatted text strings before

being output (or text strings are converted to arbitrary internal
values when they are input).

3) text or binary? This distinction is forced on the portable interface
by most of the operating systems under which it runs. On principle,
a byte stream is a byte stream; in fact, "text" files under most
Systems other than Idris/UNIX receive special treatment, such as the
mapping of newlines to CR/LF pairs within the file. To maintain the
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Y

integrity of the byte stream in such an environment, the interface
must work -- sometimes very hard -- to hide special actions performed
automatically (and most often inescapably) by the operating system.
To write code portably, therefore, files should be flagged as "text"
or "binary" when opened, as the two types may have to be treated dif-
ferently by the interface.

The Portable Interface

Here is a simple example of how to use the low level I/0 functions from
the portable interface:

/% COPY BINARY INFILE TO OUTFILE, UNBUFFERED
# copyright (ec) 1983 by Whitesmiths, Ltd.
2y

#include <std.h>

BOOL main(ac, av)
BITES acj;
TEXT ¥#av;
{
COUNT nj;
FILE inf, outf;
TEXT buf[BUFSIZEI;

inf = open("infile", READ, 1);

outf = create("outfile", WRITE, 1);

while (0 < (n = read(inf, buf, BUFSIZE)))
write(outf, buf, n);

close(outf);

close(inf);

return (YES);

}

This is a slightly dandified program to copy the file "infile" to a new
file called "outfile®. The function open tries to open a pre-existent
file with the name given, for the type of access specified. Similarly,
create tries to create an empty file with the name given, and opens the
result for the access specified (which will almost certainly be writing).
If successful, each of these routines returns a value called a file
descriptor, which is guaranteed to be a small non-negative integer.
Variables of type FILE, like inf and outf, are used to store file descrip-
tors. If an open or create operation fails, the functions return a nega-
tive number.

Given a file descriptor and the address and length of a buffer in memory,
the functions read and write tranafer data exactly as you would expect.
Each function returns the number of characters it transferred. Read will
return zero when it encounters end-of-file, and both routines will return
a negative number if an error occurs during the transfer.

Finally, close closes the file associated with a given file descriptor,

hence ending the program’s access to the file. The function returns the
(now useless) file descriptor, if successful, otherwise a negative number.

II -7




Aside from the functions used in the example, the portable interface
defines three others that deal with files. The function remove, given the
name of a file, tries to remove it from the external environment, retur-
ning zero if it succeeds in doing so, otherwise a negative number. The
function uname simply returns a text string that can be used for temporary
filenames; the contents of this string are unlikely to conflict with
ordinary filenames. The function lseek is used to change the value of the
read/write pointer for an open file. This pointer indicates the offset
from the start of the file of the next character to be read or written.
Changing the pointer thus changes your position within the file.

In slightly more general terms, the last two arguments to open and create
specify the access mode and record size to be applied to the file being
opened. The access mode has three significant values, named in std.h:
READ (0), WRITE (1), and UPDATE (2); the last value indicates mixed
reading and writing.

The record size value, specified as the third argument to open or create,
has two uses: first, if it is zero the file is opened as a "text" file
(the file is otherwise opened as "binary"). Second, a non-zero record
size may be used to determine the size of read or write requests to the
operating system. The first meaning is far the more important.

The portable interface, across all of its implementations, supports a
single notion of what constitutes a text file. In its view, a text file
consists of zero or more lines, each no more than 512 characters in
length, and each terminated by a single newline (i.e., an ASCII LF).

The interface can deal with longer lines, and last lines not properly ter-
minated with a newline. But it is dedicated to presenting exactly this
line structure to the user, regardless of the CR/LF (or LF/CR) pairs that
may actually be in the file, and regardless of other "special" conventions
a given environment may enforce. All of this can involve considerable
memorization of state information. So in most non-Idris/UNIX environ-
ments, unexpected changes to a text file should be avoided. Often, a file
opened as text cannot reliably be opened in UPDATE mode. Analogously,
lseek calls to a text file are sometimes not supported.

These restrictions do not apply to binary files, since they tend to con-
tain literally the data that was written to them. Many operating systens,
however, append ASCII NUL characters to pad the length of a binary file to
a multiple of some conventional size. Generally, the interface trustingly
reads this padding as part of the valid contents of the file, so applica-
tion code must be prepared to deal with it. Also, the pre-defined file
descriptors STDIN, STDOUT and STDERR cannot generally be used safely to
access binary files; on most systems, binary files must be opened by
name.

The treatment of binary files in your environment, and the exact restric-
tions governing text file usage, are noted in the description of your par-
ticular system interface, in Section III of the appropriate C Interface
Manual. Remember, however, that to code portably you should observe all
of the strictures noted here. The interface description should also be
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consulted about the meaning of the negative return values that the
portable interface uses to signal errors. Wherever possible, these are
directly related to the specific complaint made by the operating system.

If the restrictions imposed by the portable interface seem onerous, remem-
ber that they are not enforced arbitrarily. The interface provides the
largest common set of services that can be extracted from a range of
operating systems stretching from CP/M to VM5 to UNIX System V.
Input/output is traditionally one of the most unpredictable and system-
dependent areas of programming. If you code within the constraints of the
portable interface, however, you are assured that this aspect of your
programs, Jjust like the others, will be transportable across an in-
ereasingly broad spectrum of computers.

Portable Interface Extensions

Several functions are provided as convenient ways to use the portable in-
terface for a specific purpose. The functions error and remark are used
to output error messages to STDERR, with some simple additional format-
ting. error adds the program name, if available, to the messages output,
then exits, reporting failure; remark just outputs the messages and
returns. The function putstr, given a file descriptor and a series of
strings terminated by a NULL argument, writes the strings to the file.

The function fread takes the same arguments as read, but acts differently.
One difference between the two is that fread makes repeated calls to read,
trying to obtain the number of characters requested in its call; read may
return fewer, even before end-of-file. The other difference is that, on
any read error, fread uses the _when/_raise mechanism to raise the readerr
condition. By default, this results in an immediate exit, reporting
failure, with an appropriate message output to STDERR. But the function

_when can be used to take some other action when an error condition is
raised.

Similarly, the function fwrite takes the same arguments as write. If any
write error occurs, however, fuwrite raises the writerr condition. Note
that putstr and remark also raise the writerr condition if any writes

fail; error, however, does not (so as to minimize the chance of looping
on a severe error).

Buffered I/0 Routines

The standard libraries also provide a separate set of functions that per=
form buffered I/0 for better efficiency and ease of use. Instead of file
descriptors, these routines use the FIO buffers mentioned earlier. An FIO
buffer is a means of controlling transfers to or from a file, by buffering
characters in either direction 80 as to minimize the number of read or
write calls. The buffered I/0 routines also make it possible to think of
a text file in terms of lines or characters, rather than as fixed-size
records. To begin the discussion, here’s the same program as just
presented, rewritten to use some of these routines:

IT -9
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/* COPY TEXT INFILE TO OUTFILE, BUFFERED LINE BY LINE
# copyright (c¢) 1983 by Whitesmiths, Ltd.
&/

#include <std.h>

BOOL main(ac, av)
BYTES ac;
TEXT ##ay;

{

I

COUNT n;
FIO infio, outfio;
TEXT buf[BUFSIZE];

fopen(&infio, "infile", READ) 3

fereate(&outfio, "outfile", WRITE);

while (n = getl(&infio, buf, BUFSIZE))
putl(&outfio, buf, n);

felose(&outfio);

felose(&infio);

return (YES);

}

i

One thing to note about this second version is its strong similarity to
the first. Each portable interface function originally used has a direct
counterpart among the buffered I/0 functions.

FIO is defined by std.h. fopen and foreate serve, respectively, to open a
pre-existent file or to create an empty instance of a file. But note
their arguments. First of all, both routines (like most other buffered
I/0 routines) expect the address of an FIO buffer defined elsewhere,
usually in the calling program; they validate the buffer given, but they
do not allocate a buffer. Second, neither routine has any "record sizen"
argument; they implieitly deal with text files. (More about that later.)
If successful, fereate and fopen return a non-NULL value (the address of
the FIO buffer they were given). Otherwise, they return NULL.

i

NiTHT

|
[

Il

The routines getl and putl are designed to transfer lines of text between
memory and an FIO buffer, making read or write calls as necessary whenever
the buffer becomes unusable. Like read and write, getl and putl return
the number of characters they transferred; and getl returns zero upon en-
countering end-of-file. However, getl shows its bias toward text files in
that it stops transferring bytes after it transfers a newline, the intent
being to transfer exactly one line of text on each call. The function
felose, of course, closes the file associated with a given FIO buffer,
making sure that a buffer used for writing is flushed before the closing
is performed. Like fopen and fereate, felose, if successful, returns the
buffer address it was called with. Otherwise, feclose returns NULL.

I

Three pairs of routines in addition to getl/putl are available for doing
literal I/0 with a file controlled by an FIO buffer. The first pair,
getlin/putlin, act exactly like getl/putl, except that they use the pre-
defined FIO buffers stdin or stdout. The buffer stdin is initialized to
work with the pre-defined file descriptor STDIN ("standard input"), while -

E
'_—
b
——
—
P—————
—_—
|- ——
—
———
Now for the differences: infio and outfio are both FIO buffers; the type b—
'_
—
‘_F_
p———
—_—
—
—
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|
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the buffer stdout is initialized to work with the pre-defined file
descriptor STDOUT ("standard output"). Both are provided by the standard
libraries; if you want to use them expliecitly, however, you should import
them into your routine (because you“ll almost certainly be taking their

address). Thus the sample program could be made to transfer a text file
line by line from stdin to stdout by writing it as:

/% COPY TEXT stdin TO stdout, BUFFERED LINE BY LINE
* copyright (c) 1983 by Whitesmiths, Ltd.
&/

#include <std.h>

BOOL main(ac, av)
BYTES ac;
TEXT #*#ay;
{
COUNT nj
TEXT buf[BUFSIZE];

while (n = getlin(buf, BUFSIZE))
putlin{(buf, n);

return (YES);

}

And this latest version is exactly equivalent to:

/%  COPY TEXT stdin TO stdout, BUFFERED LINE BY LINE
*  copyright (e) 1983 by Whitesmiths, Ltd.
&y

#include <std.h>

BOOL main(ae, av)
' BYTES ac;
TEXT ##ay;
{
IMPORT FIO stdin, stdout;
COUNT n;
TEXT buf[BUFSIZE];

while (n = getl(&stdin, buf, BUFSIZE))
putl(&stdout, buf, n);

return (YES);

}

The other pairs of routines for literal 1/0 read or write single charace
ters, rather than lines of text, on each call. The most general ones are
gete and putc. Given the address of an FIO buffer, gete returns either
the next character available from the associated file, or the value -1
(named EOF in std.h) when it encounters end-of-file. The function putc
takes the address of an FIO buffer, and the character to be transferred to
it. If its second argument is a negative int-sized value, however, in-
stead of an eight-bit character, pute simply flushes the FIO buffer to the
assoclated file, and adds nothing to the buffer. pute always returns its
second argument. (Note that if pute is to be used to output arbitrary

II - 11
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character data (as opposed to ASCII text) to a file, each character output %'— —————
should be masked to prevent its sign-extension into a negative integer; P —
std.h provides the constant BYTMASK for this purpose.) The sample P ———
routine, rewritten to do literal buffered I/0 character by character, L .
looks almost identical to the line by line version: - e
/%  COPY TEXT INFILE TO QUTFILE, BUFFERED CHAR BY CHAR L
¥ copyright (c) 1983 by Whitesmiths, Ltd. . —
#include <std.h> e —
BOOL main(ac, av) —— —
BYTES acj _—
TEXT ®#ay;
{ —
FIO infio, outfio; N =
METACH ch;
TEXT buf[BUFSIZE];

L —
fopen(&infio, "infile", READ); -
fereate(&outfio, "outfile", WRITE); :
while ((ch = gete(&infic)) I= EOF) -

pute(&outfic, ch); b
felose(&outrio); -
felose(&infio); . =
return (YES); ’
} b

The type METACH (from std.h) is a synonym for short, as a reminder that
gete can return the value EQOF, in addition to character-sized values.

T
\

Like getl/putl, gete/pute have analogues that implicitly use stdin and
stdout; instead of being called with an explicit FIO buffer. These

routines, getch and puteh, otherwise act exactly like gete and pute. & e ——

Thus, to transfer a file character by character from stdin to stdout, the

following suffices:
/* COPY TEXT stdin TO stdout, BUFFERED CHAR BY CHAR b —_—
®  copyright (c) 1983 by Whitesmiths, Ltd. e
L4

#include <std.h>

BOOL main(ac, av)
BYTES ac;
TEXT ®#ay;
{
METACH ch;
TEXT burf [BUFSIZE]i

while ((ch = getch()) 1= EOF)
putch(ch);

return (YES);

}
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Unfortunately, the buffered I1/0 routines are affected by the text/binary
distinction mentioned earlier. As noted, fopen and fereate both
automatically open files as text files. To anccess a binary file through
an FIO buffer, you must open it using the portable interface functions
open or create, then associate the returned file descriptor with an FIO
buffer by calling the function finit. To adapt the sample program for
copying a binary file using buffered 1/0, one might use:

/% COPY BINARY INFILE TO OUTFILE, BUFFERED CHAR BY CHAR
# gopyright (e¢) 1983 by Whitesmiths, Ltd.

By

f#include <std.h>

BOOL main{ac, av)
BYTES ac;
TEXT ##av;
{
FILE inf, outf;
FIO infio, outfioj
METACH chj
TEXT buf[BUFSIZE];

inf = open(®infile®, READ, 13
outf = create(Moutfile", WRITE, 1)
finit(&infio, inf, READ); B —
finit (&outfioc, outf, BWRITE); —
while ({(ch = getc(&infio)) 1= EOF) =

pute(&outfio, ch & BYTMASK); —
felose(&outfio); p—
felose(&infio); . -
return (YES);

} R

finit expects three arguments: a valid file descriptor (returned by a e
previous open or create), the address of an FIO pbuffer, and a mode argu- ——
ment (like the one to fopen and fereate) specifying the desired access to g
the file. Once finit associates the buffer with the specified file e
descriptor, the buffer can be used exactly like one set up by fopen or e
foreate (in fact, fopen and fereate are implemented simply as calls to B
open or create followed by a call to finit). You should note as well
that, once a file descriptor has been associated with an FIOQ buffer, only
the FI0 buffer should be used to access the file.

fereate, finit, and fopen all take one of the following mode arguments:
BWRITE (~1), READ (0), or WRITE (1). The difference between BWRITE and
WRITE is that a buffer established with BWRITE is flushed only when fullj
a buffer established with WRITE is flushed when full or when the most
recent character transferred to it was a newline.

Qutput buffering has two further subtleties: whenever a buffer is
established using WRITE, finit checks to see whether or not the associated
file is one for which lseek calls are meaningful (e.g., a disk file as op-
posed to a terminal). If so, the buffer is established using BWRITE (so
that true 512-character buffering is in effect); if not, WRITE is used.

T - 13




Files -9 = Files

(Remember that since fopen and fcreate call finit, they also act this
way.} Further, output buffers explicitly established with finit are
automatically drained on program termination, so that trailing partial
lines or records are not lost. However, the buffer stdout, if used
without explieit initialization, will be drained only when full or when a
newline is written to it. So to make it fully safe, stdout should be

initialized with an finit ecall specifying WRITE if being used as a text
files

finit(&stdout, STDOUT, WRITE);

or with a ecall specifying BWRITE if being used for non-text output:

finit(&stdout, STDOUT, BWRITE);

As always, stdout must be explicitly imported when it is named in this
way .

All of the buffered I/0 routines respond to errors by raising an ap=-
propriate error condition. If a routine is called with a NULL FIO buffer
pointer, the fioerr condition is raised. On any read error, the readerr
condition is raised. On any write error, the writerr condition is raised.
By default, raising one of these conditions results in an immediate exit,
reporting failure, with an appropriate message written to STDERR.

A few other cautions apply to using the buffered I/0 routines: if an FIO
buffer is already associated with a file, it must not be associated with a
second file without an intervening fclose. Similarly, fclose must be
given the address of an FIO buffer that is currently associated with ex-
actly one open file. If finit is used to associate a file deseriptor with
an FIO buffer, only the FI0 buffer should be used after that; the file
descriptor should not be used for further I/0 to the file now open through
the FIO buffer. Finally, note that intermixed input and output through an
FIO buffer will not work properly.

Formatted I/0 Routines

A1l of the routines examined so far perform literal I/0, transferring
characters more or less verbatim between memory and a file. A related
group of functions performs formatted I/0: on output, a set of arguments
is converted to a text string, under the control of a "format string®
specifying the exact conversion to be applied to each argument. On input,
a text string is converted into values to be assigned to a set of argu-
ments, again under the control of a format string.

The functions getf and putf are the most general. Given the address of an
FIO buffer, a format string, and a set of pointers to the variables that
are to contain converted values, getf reads text from the buffer, conver-
ting it and assigning the result to each pointer in turn as specified by
the format string. Given the address of an FIO buffer, a format string,
and a set of arguments to be converted, putf converts each argument to a
text string and outputs it to the buffer, as specified by the format
string. The manual pages for getf and putf later in this section explain
the formatting conventions used.

II - 14
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- 10 = Files

Like getl/putl, getf and putf have analogues that implicitly use stdin and
stdout instead of an explicit FIO buffer. Except for the FIO buffer they
use, these routines, getfmt and putfmt, act exactly like getf and putf.
Naturally, just as no FIO buffer is named in a call to getlin/putlin, none
is named in calling getfmt/putfmt, so that the format string becomes the
first argument in the call. Except for this omission, the calling se-
quence for getfmt/putfmt is identical to the sequence for getf/putf.

One last formatted output routine is errfmt, which accepts a format string
and a list of arguments to be converted, exactly like putfmt. errfmt,
however, writes its converted text directly to the pre-defined file
descriptor STDERR ("standard error"), to minimize the chance of error ocut-
put being lost in the event of untimely termination.

To reiterate: getfmt uses the same formatting conventions as getf, while
putfmt and errfmt use the same conventions as putf. So the description of
formatting with getf or putf applies directly to the related routines, as
well.

Summary of Functions

The following functions provide unbuffered I/0 as part of the portable in-
terface:

FILE close(fd)
FILE create(fname, mode, rsize)
COUNT lseek{fd, offset, sense)
FILE open(fname, mode, rsize)
COUNT read(fd, buf, size)
FILE remove(fname)
TEXT #uname()

- COUNT write(fd, buf, size)

The following functions are convenient extensions to the portable inter-
face;

VOID error(sl, s2)

COUNT fread(fd, buf, size)

VOID fwrite(fd, buf, size)

VOID putstr(fd, argl, arg2, ..., NULL)
VOID remark(si1, s2)

The following entry points support buffered I/0 using FIO buffers:

FIO #fclose(pfio)
FIO #fcreate(pfio, fname, mode)

FI0 #*finit(pfio, fd, mode)

FI0 #fopen(pfio, fname, mode)

METACH getc(pfio)

METACH getch()

COUNT getf(pfio, fmt, argl, arg2, ...)
COUNT getfmt(fmt, argl, arg2, s..)
BYTES getl(pfio, s, n)

II - 15
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BYTES getlin(s, n)

COUNT putc(pfio, ¢)

COUNT putech(e)

VOID putf(pfio, fmt, argl, arg2, ...)
VOID putfmt(fmt, argl, arg2, -..)
BYTES putl(pfio, s, n)

BYTES putlin(s, n)

FIO stding

FIO stdout;

following functions provide formatted I/0:

VOID errfmt(fmt, argl, arg2, ...)
COUNT getf(pfio, fmt, argl, arg2, ...)
COUNT getfmt(fmt, argl, arg2, a..)
VOID putf(pfio, fmt, argl, arg2, ...)
VOID putfmt(fmt, argl, arg2, «..)

Files

Note that all of the formatted I/0 functions perform buffered I/0, except
for errfmt, which performs unbuffered output.

SEE ALSO

Cint(III), Conventions, Portability(I), Runtime, std.h.
terface is described in general terms in Section III of this manual;
specific details for a given operating system are in Section III of the

appropriate C Interface Manual.

The portable in-

all are described on separate manual pages later in this section.

The buffered and formatted I/0 functions
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Runtime II. Portable ¢ Runtime Library Runtime

HNAME
Runtime - command line processing using the standard libraries

FUNCTION

The standard libraries provide a consistent runtime environment across all
implementations of Whitesmiths C. Two major components of this environ-
ment are a set of predefined file deseriptors that simplify primitive I/0,
and a set of text strings drawn from the command line used to run a user
program. 1In non-Idris/UNIX implementations, both of these components are
Set up by a routine called main, which is internal to the portable inter-
face. This routine is called automatically by the initialization code
that gets control at the start of execution of a user program. (Note that
_main is completely separate from the routine main that you give in your
source file; main need not be -- ang ordinarily should not be -- men-
tioned at all in your source code.)

Under Idris or UNIX, all of the features described here are provided by
the operating system itselr; _main, in fact, is designed to emulate this
situation. To a user program, the two are equivalent, so the remainder of
this essay uses the term V"environment® to refer to either one.

The environment guarantees that three open text files are available to a
user program when it begins execution. These files are assigned the first
three file descriptors: STDIN (0), STDOUT (1), and STDERR (2). By
default, STDIN ("standard input®) is open for terminal input, while STDOUT
("standard output®) is open for terminal output. Thus STDIN reads what
you type at your keyboard, while STDQUT writes to your terminal screen.
Using the command line features of the environment, STDIN and STDOUT ecan
also be redirected to designate a named file; rather than your terminal.
Because of this, STDERR ("standard error") is also provided for terminal
output, as a 3eparate means of sending error output to your terminal.

The environment also obtains a command line, that is, the line typed to
your operating system in order to run your program. Where the operating
system itself does not support command line Specification, main will
prompt you directly for one. In either case; the command line can be used
to pass options, filenames, or other string arguments to Your program.

tor of NUL-terminated strings. The number of entries in this vector is
pPassed as the first argument to main (conventionally called aec, for
"argument count"). The veetor itself is passed as the second argument to
main (called ay, for "argument vectorn),

The zerceth element of av contains the name of the program being run, if
available, otherwise the contents of the variable _pname. Later elements
of av contain successive strings parsed from the command line. If a com-
mand line string is parsed that begins with the character <", however,
the environment uses the rest of the argument as a filename, and redirects
STDIN to read from that rfile. 1If a string is parsed that begins with the
character “>7y the enviromment uses the rest of the argument as a
filename, and redirects STDOUT to write to that file. Files opened in
this way are always opened as text files. Command line strings used for
redirection are not transferred into av,

I - 17
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A program to output each argument from its command line to STDOUT might
be:

/% QUTPUT COMMAND LINE ARGUMENTS

#*  copyright (c) 1983 by Whitesmiths, Ltd.
L4

#include <std.h>

BOOL main(ac, av)
BYTES ac;
TEXT ##ay;

{
COUNT n;

for (n = 0; n < ac; ++n)

if (n)

fwrite(STDOUT, " n, 1);
fwrite(STDOUT, av[n], lenstr(av[nl});
}

Mite (STmUT’ "\nw ' 1) H
return (YES);
}

Other routines in the standard libraries encourage a command line format

consisting of a program name, an optional series of flags (i.e., option
names), and a series of filenames, that is:

<{name> <{flags> <files>

Given a command line in this format, the routine getflags can be used to
skip the program name, then parse any flags present. A "flag" is con-
sidered to be an argument whose first character is “+* op "’ getflags
will assign values to variables within your program based on the flags it
encounters. Once getflags has been called to get the program name and any
flags out of the way, the routines getfiles or getbfiles can be used to
scan the command line filenames given, opening each file in sequence.

A simple-minded program to list text files to STDOUT might be:

II - 18
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/% LIST TEXT FILES TO STDOUT

# copyright (e) 1983 by Whitesmiths, Ltd.
&/
#inelude <std.h>

/% flags:

-n output name of file before listing it
&/
BOOL nfiag {NO};

BOOL main(ae, av)
BYTES acj;
TEXT #*#*av;
{
IMPORT BOOL nflag;
IMPORT FIO stdout;
BOOL ok;
COUNT nj
FILE fd;
FIO inf}
TEXT buf[BUFSIZE];

getflags(&ac, &av, "n: <files>", &nflag);
for (ok = YES; 0 <=z (fd = getfiles(&ac, &av, STDIN, STDERR)); )

{
if (nflag)

putstr(STDOUT, av[~11, ":\a", NULL);
if (fd == STDERR)

{
remark("can’t read: ", av[-11);
ok = NOj
}
else

{

finit{&inf, fd, READ);

while (n = getl{&inf, buf, BUFSIZE))
putlin(buf, n);

felose{&inf);

}

return (ok);

}

This routine would read each file given on its command line, and output
each to the standard output, using the library-defined FIO buffer stdout.
If binary files were to be accessed, then the routine getbfiles, rather
than getfiles, would be used. getbfiles {named for "get binary files")
adds a fifth argument to the getfiles calling sequence, which is used as a
record size value in opening each file. The routine getfiles can open

text files only.

One final task performed by the environment is to pass the return value of
your main program back to the runtime startup code, which in turn passes
it back to the operating system, if at all possible.

IT - 19
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The command line interface available in your environment may have more
features than those deseribed here; for specifies on non-Idris/UNIX en-
vironments, see the description of _main for your operating system, in the

appropriate C Interface Manual. For Idris or UNIX, the description of
your shell should do the trick.

SEE ALSO
Cint(III), Files, _pname(III), getbfiles, getfiles, getflags, main(III)
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FIO

II. Portable C Runtime Library FIO

FIO - the file input/output structupe

SYHOPSIS

FIO stdin, stdout;

FUNCTION

FIO is the type defined in <std.h> for the control buffers used by many of
the C library input/output routines. Its elements are:

FILE _fd = holds the file descriptor for the file with which input/output
is performed.

COUNT nleft - on input, tells how many characters are left undelivered in
the buffer; on output, tells how many characters have been placed in
the buffer for output. Setting nleft to zero is sufficient to
initialize an FIO buffer. Input routines set _nleft to -1 on end of
file, as an indication that no further reads should be attempted.

COUNT _fmode - is set to BWRITE, READ, or WRITE to indicate the mode of
operation.

TEXT # pnext - on input, points to the next character to be delivered; on
output, used to chain FIO buffers for draining on exit. If (_nleft
== 0) on input, _Ppnext is undefined.

TEXT _buf[BUFSIZE] - is the character buffer, where BUFSIZE is 512,

BWRITE is a mode not recognized by the low level interface routines. It
is used to indicate buffered writing, i.e., output only on buffer full or

program exit. WNormal output mode calls for draining the buffer whenever
an output sequence ends with a newline.

All actual input using FIO control buffers is via gete or getl. All ac-
tual output is via pute or putl.
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V71ib . Portable C Runtime Library V71ib

NAME ‘_“
V7lib - g library for UNIX support under the standard compiler
FUNCTION —
The UNIX interface library serveg two purposes: First, it allows programs -
written using the UNIX/VT (abbreivated V7) runtime library to be ported,
with a small loss in efficiency, into the Whitesmiths (abbreviated WSL) -
runtime environment, using the standard libraries. The entry points e B
Provided also represent a large subset of the library fop UNIX System ITT .
or UNIX System V. )
Second, it allows people studying Kernighan ang Ritchie g (abbreviated —
K+R) C Programmi Language to run theip brogram exercises using the stan-
dard Whitesmiths compiler, by performing the same mapping of V7-style -
library calls onto standard library calls. -
The second goal i=s easier, and oan be guaranteed for all functions men- -
tioned in K+R, except for the UNIX-dependent ones described in Chapter 8, . R
The first burpose crosses many grey areas: L '
The original V7 library ig not partitioned into portable subsets.
Thus, programs using it may contain UNIX dependencies - like calling -
fork() or popen(). -

Direct access (seek) varies widely under different operating systems. —
V71ib supports direct access to whatever extent the underlying system -
will allow. Under Tdris, this is almost exXactly what V7 Permits; on )
other Systems, seek often cannot be used relative to end-of-file, and
direct access may not be allowed to text files.

-
Some non-UNIX systems distinguish between text files and binary
files. The default file type of V71ib is text file, but this can be
overridden by setting the global variable recsize to g non=zero -
value. =
Programs to be run under V7iib should contain _—
#include <stdio.h>
at the start of the file, Normally, an existing V7 program contains this B
lineo ___h-
V71ib is available under some variant of the name "libu", subjeet to loar
operating system convention. Compilation seripts making use of V7lib are :
Provided with each standard distribution. —
Components of ¥7lib —
—
Users of K+R can simply use the deseriptions of functions given in that -
book. For more exact specification of the V7 library, users must obtain a
€opy of the V7 User’s Manual (available for public purchase from Bell —
Laboratories)’ The following notes can then be appended to each manual —
Page.
——.
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Each note tells whether V71ib supports the function; if so, restrictions
are noted; if not, reasons are given. Most of the portable library func-
tions are included in V7lib. The functions that are not in V7lib fall
into these categories: UNIX-specifie (which you may nonetheless be able o
to port); math functions (wnich would be easy to port, provided you at- -
tended to numerical analysis); semi-obsolete functions (which are o

discouraged even in UNIX environments). . o

Functions Supported

V] Manual Section 2 (System calls):

Most UNIX system calls are system~-dependent and therefore not in V7lib.
The following functions are supported by V7lib:

preprocessed by stdio.h to WSL sbreak {changes return value)

sbrk -

close - as-i3 in WSL T
creat - preprocessed by stdio.h to WSL create (uses global _pecaiza) e
exit - calls V7lib exitT which produces YES or NO return R
iseek - present (but only returns offset, not true ngegllh)

open - as-is in WSL (needs third arg on non-UNIX/Idris systems)

read - as-is in W3L

unlink -~ preprocessed by stdio.h into WSL remove

write - as-is in WSL

V7 Manual Section 3 (Library Functions):

The following V7 entry points are provided by y71ib with no changes
visible to the user:

atof fileno isalnum isspace gsort strepy
atol fprintf isalpha isupper rand strlen
-atol fpute isascii  log10 scanf stroncat
calloc fputs iscntrl malloc sprintf stroncmp
feof fread isdigit  pow srand strnepy
fflush fscanf islower  putc sscanf strrchr
fgete furite isprint  putchar strehre ungete
fgets gets ispunct puts stremp

The following V7 entry points are provided unchanged by the Whitesmiths
atandard libraries:

cos exp free ain sqrt

The following entry points are provided by ﬁ?lib, with the reservationsa
noted. In particular, note that V7lib defines the character comparison
entry points available with <ctype.h> in later versions of UNIX.

_tolower - from ctype.h; not in standard VT
_toupper - from ctype.h; not in standard V7

atan - preprocessed by stdio.h into WSL arctan
felose ~ no return value

fopen _ wan mode works only on some systens

fseek - some systems may have text/binary distinction
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gete - macro, as it is in VT N
getchar - macro, as it is in V7

index = synonym for strechr

isgraph -~ from ctype.h; not in standard VT
isxdigit - from ctype.h; not in standard VT
log = preprocessed by stdio.h into WSL 1n
printf - %g,%G = %d

rindex - synonym for strrehr

stdio - different internals

strcat - macro; avoid side-effects on args
toaseii ~ from ctype.h; not in standard V7
tolower - from ctype.h; not in standard V7
toupper - from ctype.h; not in standard VT

Functions Not Supported

The following UNIX-specific or obsolete functions are not provided in

V7lib:
abort end getlogin monitor  sleep
abs fdopen getpass nlist system
assert ferror getpw perror ttyname

ctime getenv getw putw
dbm getgrent 13tol realloc

The following math-related functions are not provided by V7lib:

acos atan2 floor hypot mp
asin ecvt frexp Jo 3inh

The following functions, though not in V7lib, have very close equivalents
in the WSL standard libraries:

erypt = proprietary algorithm (see WSL crypt)
mktemp - see WSL uname

setbuf - see WSL finit

set jmp
swab

see WSL enter
machine-dependent usage (see WSL 1stos)

SEE ALSO
Differences(I), for a discussion of differences between the UNIX/V7 and
Whitesmiths compilers.

BUGS
Some rather obscure special cases are uncommon, but must be noted. A few
V7 functions are implemented as macros in V7libs streat, strepy, strilen.
There will thus be no corresponding names in loader maps (e.g., for break-
pointing), and side-effects should be avoided on streat, which repeats an
argument. Also, the V7 function names exit, feclose, fopen, fread, furite,
and lseek, since they match names from the standard libraries, are mapped
by stdio.h into the names exit7, felos7, fopen7, freadT, fwrit?, and
1sek7. These last names will appear in any executable file.

-
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memerr II. Portable C BRuntime Library memerr

NAME
_memerr - no memory error condition

RTATAIT

SYROPSIS
TEXT # _memerr

FONCTION
_memerr is the condition raised when stack or heap space is exhausted. If
no handler is provided the message written to STDERR is "no memory".
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II. Portable C Runtime Library

abs
abs - find absolute value
SYHOPSIS
— abs(a)
abs obtains the absolute value of its argument. Since abs is implemented
as a C preprocessor macro, its argument can be any numerical type-
RETURNS
abs is a numerical rvalue of the form ((a < 0) ? -a a), suitably paren-
thesized.
putfmt ("balance $i%p\n", abs(bal), (bal < 0) 2 “CR" : .
BUGS
abs cannot be called from non-C programs, nor can

Because it is a macro,
its address be taken. ffects may be evaluated

other than just once.

An argument with gide e
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alloc II. Portable C Runtime Library alloc

NAME
alloc - allocate space on the heap

SYHOPSIS
TEXT *alloc{nbytes, link)
BYTES nbytes, link

FUNCTION
alloc allocates space on the heap for an item of size nbytes, then writes
link in the zeroeth integer location. The space allocated is guaranteed
to be at least nbytes long, starting from the pointer returned, which
pointer is guaranteed to be on a proper storage boundary for anything.
The heap is grown as necessary; if space is exhausted, the _memerr condi-
tion is raised.

RETURNS
If alloc returns, the pointer is guaranteed not to be NULL.

EXAMPLE
To build a stack:

atruect cell {
struct cell #prev;
e rest of cell ...
} #*top;

top = alloc(sizeof (¥top), top); /% pushes a cell ¥/

SEE ALSQ
_memerr, buybuf, free, frelst, nalloc, sbreak(III)

BOGS
The size of the allocated cell is stored in the integer location right
before the usable part of the cell; hence it is easily clobbered. This
number is related to the actual cell size in a most system dependent
fashion and should not be trusted.
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amatch If. Portable C Runtime Library amateh

NAME
amatch - look for anchored match of regular expression

SINOPSIS
BYTES amateh(buf, n, idx, pat, psubs)

TEXT *buf
BYTES n, idx;
TEXT #pat;

— struct {

TEXT ¥mtext;

BYTES mlen;

} #psubsj

FUNCTION
amateh tests the n character buffer starting at buf[idx] for a match with

the encoded pattern starting at paty the match is constrained to match
characters starting at buf[idx]. It is assumed that the pattern was built
by the function pattern, whose manual page describes the notation for
regular expressions accepted by these routines.

If (psubs is not NULL) then every balanced pair \(...\) within the pattern
will have the substring it matches recorded at psubs{i], where i counts up
; from one for the leftmost "\(" in the pattern. psubs[i] .mtext points at
- the first character of the matching substring, and psubs{i] .mlen is its
length. psubs[0] always records the full match.

bAoA i DR o DEBH 9y OB o

The pattern codes are a sequence of bytes with the values:

value name meaning

il

= 1 CCHAR literal character follows

= 2 ANY match anything but \n

5 3 SBOL match beginning of line (0 width)
) SEOL mateh end of line, or just before ending \n
5 CLOSE match following pattern zero or more times
6 cCcL character class follows (CCHARs or RANGEs)
T NCCL negated character class follows
8 RANGE lower and upper bound characters follow
9 CCLEND character class ends
10 PEND pattern end
19 RPAR right parenthesis "\)",

followed by a one=-byte order number

20 LPAR left parenthesis "\(",
followed by a one-byte order number

These codes need be known only if patterns are to be built by hand.
RETURNS
If the match was successful, amatch returns the index of the first charac-

ter in buf that was not matched. Otherwise amatch returns =1. The array
at psubs is also filled in, if present.
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EXAMPLE
To examine stdin for lines starting with a pattern specified by the first
command line argument, and output matching lines to stdout:

if (pattern(pbuf, av[11[0], &av[1]1[11))
while (n = getlin(buf, MAXBUF))
if ((n = amatch(buf, n, 0, pbuf, NULL)) 1= -1)
putlin(buf, m);

SEE ALSO
match, pattern

BUGS
Closures will not work properly unless buf is terminated by a newline. 1In
general, amatech is a sucker for bad patterns.
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arctan 1I. Portable C Runtime Library arctan

NAME
arctan - arctangent

SYNOPSIS
DOUBLE arctan(x)
DOUBLE xj

FUNCTIOH
arctan computes the angle in radians whose tangent is X, to full double
precision. It works by folding x into the interval [0, 1], then inter-
polating from an eight entry table, using the sum of tangents formula and
a fifth order telescoped Taylor series approximation.

RETURNS
arctan returns the nearest internal representation to arctan x, expressed
as a double floating value in the interval (-pi/2, pi/2).

EXAMPLE
To find the phase angle of a vector:

IMPORT DOUBLE arctan();

theta = arctan(y / x) # 180.0 / pij
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bldks II. Portable C Runtime Library bldks
NAME

bldks - build key schedule from key
SYNOPSIS

TINY *bldks(ks, key)
TINY ks[161(8];
TEXT key[81;

FUNCTION

bldks builds the key schedule used by the Data Encryption Standard al-
gorithm for encrypting or decrypting data. All eight characters of key

are used to form the key schedule, but the most significant bit of each
byte is ignored.

RETURNS
bldks returns the address of ks, which contains the key schedule.

EXAMPLE
To decrypt a file given a key already stored in passwd:

bldks(ks, passwd);
while (read(STDIN, buf, 8) == 8)
write(STDOUT, deerypt(buf, ks), 8);

SEE ALSQ
decrypt, encrypt -



1I. Portable ¢ rumtime Library

NAME
btod ~ convert puffer to double

SYNOPSIS

BYTES btod(s, n, pdnum)
TEXT *s;
BYTES nj
DOUBLE #pdnum;

a double, and

FUNCTION
btod converts the n character string starting at s into
en as the text representation of a

stores it at pdnum. The string is tal

decimal number, with an optional fraction and exponent . Leading
whitespace is skipped and an optional sign is permitted; conversion stops
at the end of the puffer or on the first unrecognizable character. Ac-

ceptable inputs match the pattern

[+\-]d*[.d'][e[+l-]dd']

where d is any decimal digit and e is ‘e’ or ‘E7.

No checks are made against overflow, underflow,

character strings.

or completely silly

RETURNS
ptod returns the number of characters actually consumed, which is
typically greater than zero but never larger than 1. The converted number

is stored at pdnum.

EXAMPLE
o a double at dbl:

To convert a program‘s first command line argument int

DOUBLE dblj

if (2 < ac)
brod(avitl, lenstr(avl11), &b1);

else
dbl = 0.03

SEE ALSO
dtento, dtoe, dtof

BUGS
Nothing simple can be said about the properties of a number that has over-

flowed.
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btoi II. Portable C Rumtime Library btoi

btoi = convert buffer to integer

SYHOPSIS

BYTES btoi(s, n, pinum, base)
TEXT ¥*s;
BYTES n, #pinum;
COUNT basej;

FUNCTIION

btoi converts the n character string starting at s into an integer, and
stores it at pinum. The string is taken as the text representation of a
number in the base specified. Leading whitespace is skipped and an op-
tional sign is permitted; if (base == 16) a leading "0x" or “OX" is
skipped; conversion stops at the end of the buffer or on the first un-
recognizable character. If the stop character is “1° or ‘L%, it is
skipped over.

Acceptable characters are the decimal digits and letters, either upper or
lower case, where the letter ‘a’ (or °A”) has the value 10, as in the
usual representation for hexadecimal. Letters with values greater than or
equal to base are not acceptable digits. Thus values of base from 2 to 36
are meaningful.

If base is 1, it is taken as a directive to adapt the base to the input
string, following the normal rules of C; i.e., if the string atarts with
"0x" or "0X" base 16 is used, else if the string starts with "O" base 8 is
used, else base 10 is used.

No checks are made against overflow, unreasonable values of base, or com=
pletely silly character strings.

btoi returns the number of characters actually consumed, which is
typically greater than zero but never larger than n. The converted number
is stored at pinum.

BYTES numj;
if (btoi(buf, size, &num, 10) = size)
putstr(STDERR, "not a decimal number\n", NULL);

SEE ALSO

btol, btos, itob, ltob, stob

BUGS '

Nothing simple can be said about the properties of a number that has over-
flowed.
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-—_ btol II. Portable C Runtime Library btol

S NAME
- btol - convert buffer to long

BYTES btol(s, n, plnum, base)

TEXT ¥s;
BYTES nj
LONG #plnum;
= COUNT base;
FUNCTION
. btol converts the n character string starting at s into a long integer,
- and stores it at plnum. The string is taken as the text representation of
a number in the base specified. Leading whitespace is skipped and an Op=-
tional sign is permitted; if (pase == 16) a leading "Ox" or noxe is

skipped; conversion stops at the end of the buffer or on the first un-
recognizable character. 1f the stop character is ‘1 or ‘L7 it is
skipped.

Acceptable characters are the decimal digits and letters, either upper or
lowercase, where the letter ‘2’ (or A°) has the value 10, as in the usual
representation for hexadecimal. If a letter has a value greater than or
equal to base, it is not an acceptable digit. Thus values of base from 2

to 36 are meaningful.

If base is 1, it is taken as 2 directive to adapt the base to the input
string, following the normal rules of Cj 1i.e., if the string starts with
wQx" or MOX" base 16 is used, else if the string starts with ngv pase 8 is
used, else base 10 is used.

oA 1 O

No checks are made against overflow, unreasonable values of base, or com-
pletely silly character strings.

RETURHS
btol returns the number of characters actually consumed, which is

typically greater than zero but never larger than n. The converted number
is stored at plnum.

EXAMPLE
LONG lnumj
1f (btol(buf, size, &lnum, 16) 1= size)
putstr(SIDERR, "not a hexadecimal numberin', NULL);

SEE ALSO
btoi, btos, itob, 1ltob, stob

BUGS

Nothing simple can be said about the properties of a number that has over-
flowed.
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btos II. Portable ¢ Runtime Library btos
NAME
btos - convert buffer to short integer
SYNOPSIS
BYTES btos(s, n, Pinum, base)
TEXT #s;
BYTES n;

COUNT #pinum, base;

FUNCTION

btos converts the n character string starting at s into a short integer,
and stores it at pinum. The string is taken as the text representation of
a number to the base specified. Leading whitespace is skipped and an op-
tional sign is permitted; if (base == 16) a leading "0x" or moyn is
skipped; conversion stops at the end of the buffer or on the first un-
recognizable character. If the stop character is “1° op ‘L it is
skipped over.

Acceptable characters are the decimal digits and letters, either upper or
lower case, where the letter ‘a’ (or “A’) has the value 10, as in the
usual representation for hexadecimal, Letters with values greater than or
equal to base are not acceptable digits. Thus values of base from 2 to 36
are meaningrful.

If base is 1, it is taken as a directive to adapt the base to the input
string, following the normal rules of C; i.e., if the string starts with

"0x" or "OX" base 16 is used, else if the string starts with "o" page § is
used, else base 10 ig used.

No checks are made against overflow, unreasonable values of base, or com-
Pletely silly character strings.

btos returns the number of characters actually consumed, which is
typically greater than zero but nevep larger than n. The converted number
is stored at pinum.

EXAMPLE
COUNT snum;

if (btos(bur, size, &snum, 8) 1= sige)
putstr(STDERR, "not an octal number\n", NULL);

SEE ALSO
btoi, btol, itob, 1tob, stob

BUGS
Nothing simple can be said about the properties of a number that has over-

flowed.
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buybuf IXI. Portable C Runtime Library buybuf
NAME
buybuf - allocate a cell and copy in text buffer
SYNOPSIS
TEXT *buybuf(s, n)
TEXT #s3
BYTES nj;
FUNCTION

buybuf allocates a cell of size n on the heap by ecalling alloe, then
copies the n characters starting at s into it. If the heap is full, alloec
raises the _memerr condition, as described on the alloc manual page.

RETURNS
The value returned is the pointer to the allocated cell.

EXAMPLE
To read a text file into memory:

struct
{
TEXT #text;
BYTES sizej;

} lines[];
for (p = lines; 0 < (n = getlin(buf, BUFSIZE)); ++p)
{
p->text = buybuf(buf, n);
p->size = nj
}

SEE ALSO
alloe, free, nalloc
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cmpbuf Ii. Portable C Runtime Library cmpbuf

NAME
cmpbuf - compare two buffers for equality

SYNOPSIS
BOOL ecmpbuf(s1, s2, n)
TEXT #s1, #a2;
BYTES nj

FUNCTION

empbuf compares two text buffers, character by character, for equality.
The first buffer starts at si1, the second at s2; both are n characters
long. =1 and s2 are said to be equal if the n characters in s1 and s2 are

identical.
RETURNS
The value returned is YES if the buffers are equal, else NO.
EXAMPLE
if (cmpbuf(name, "include", 7))
doinclude();
SEE ALS0

cmpstr, prefix
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—— cmpstr II. Portable C Runtime Library cmpstr

— HAME
cmpstr - compare two strings for equality

SYHOPSIS
BOOL cmpstr(s1, s2)
TEXT #s1, *s2;

FUNCTION
cmpstr compares two strings, character by character, for equality. The

- first string starts at sl and is terminated by a NUL "\07; the second is
likewise described by s2. The strings must match through and including

their terminating NUL characters.

RETURNS
The value returned is YES if the strings are equal, else NO.

- EXAMPLE
if (cmpstr(name, "include"))
doinelude();

- SEE ALSO0
cmpbuf, prefix
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cos 1I. Portable C Runtime Library cos
NAME

E—3 cos - cosine in radians

§§§ SYNOPSIS

= DOUBLE cos(x)

— DOUBLE x3

;gg- FUNCTION

cos computes the cosine of X, expressed in radians, to full double preci-
sion. It works by scaling x in quadrants, then computing the appropriate
sin or cos of an angle in the first half quadrant, using a sixth order
telescoped Taylor series approximation. If the magnitude of x is too
large to contain a fractional quadrant part, the value of cos is 1.

RETORNS
cos returns the nearest internal representation to cos X, expressed as a

double floating value.

EXAMPLE
To rotate a vector through the angle theta:

IMPORT DOUBLE cos(), sin();

gnew = xold * cos(theta) - yold * sin(theta);
ynew = xold # sin(theta) + yold * cos(theta);

SEE ALSO
sin
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II. Portable C Runtime Library cpybuf

!
J

cpybuf

NAME
cpybuf - copy cne buffer to another

SYNOPSIS
BYTES cpybuf(si, s2, n)
= TEXT #s1, ¥s2j
BYTES n3;

FUNCTION
cpybuf copies the first n characters starting at location s2 into th

fer beginning at s1.

e buf-

- RETURNS

The value returned is n, the number of characters copied.

EXAMPLE
To place "first string, second string" in bufl]:

n = cpybuf(buf, "first string", 12) 3
cpybuf(buf + n, ", second string", 15)3

SEE ALS0O
cpystr
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cpystr II. Portable C Runtime Library cpystr

HAME
cpystr - copy multiple strings

SYHOPSIS
TEXT #cpystr(ds, argl, arg2, arg3, argi, ..., NULL)
TEXT *ds, *argl, %arg2, ®arg3, ®argh, ...;

FUNCTION
cpystr concatenates a series of strings into the destination string ds.
Each string begins at argx and is terminated by a NUL ‘\0". The first
character of arg? is placed just after the last character (before the NUL)
copied from argl, ete. The series of string arguments is terminated by a
NUL pointer argument. A NUL is appended to the final destination string
to terminate it properly.

RETURNS
The value returned is a pointer to the terminating NUL in the destination
Btl‘ing-

EXAMPLE
To concatenate string ss1 with " middle ", s32, and " end." into buf:

cpystr(buf, ss1, " middle ", ss2, " end.", NULL);

BUGS
There is no way to specify the size of the destination area, to prevent
storage overwrites. Forgetting the terminating NULL pointer is usually
disastrous.
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decode 1I. Portable C Runtime Library decode

HAME
decode - convert arguments to text under format control

SYHOPSIS
BYTES decode(s, n, fmt, argl, arg2, ee-)
TEXT *s;
BYTES nj
TEXT #fmt;

FUNCTION
decode writes characters to the n character buffer starting at s exactly

as if the contents were written to a file by putf, using the format string
fmt and the zero or more arguments argl, arg2; ... 1t is not considered
an error to generate more characters than will actually fit in the buffer;

excess characters are simply discarded.

RETURNS
decode returns the number of characters actually written in the buffer, a
number between 0 and n, inclusive.

EXAMPLE - )
To convert the integer symno to a symbolic name:

decode (&name, 6, "L%+05i", symno)

SEE ALSO
dtoe, dtof, encode, putf, putfmt
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decrypt II. Portable C Runtime Library decrypt

NAME
decrypt - decode encrypted block of text

SYNOPSIS
TEXT *decrypt(data, ks)
TEXT data(8];
TINY ks[16]1[8];

FUNCTION

decrypt converts the eight characters in the buffer data to decrypted form
in place, using the key schedule constructed in ks by the function bldks.
The Data Encryption Standard algorithm is used, taking bit 1 as the least

significant bit of datal0] and bit 64 as the most significant bit of
datal7].

RETURNS

decrypt returns a

pointer to the start of data, which contains the
decrypted text.

EXAMPLE
To decrypt a file given a key already stored in passwd:

bldks(ks, passwd);
while (read(STDIN, buf, 8) == 8)
write(STDoOUT, decrypt(buf, ks), 8);

SEE ALSO
bldks, encrypt
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doesc II. Portable C Runtime Library doese

NAME
doesc - process character escape sequences

SYNOPSIS
COUNT doesc(pp, magic)
TEXT #¥pp, #magicj

FOHCTIION
doesc encodes the sequence of characters beginning at ¥pp, on the assump-
tion that (#pp)[0] is an escape character, following the same escape con-
ventions as the C compiler. It also updates the pointer at pp to point to
the last character of the (variable length) escape sequence.

1 ((*pp)[1] is NUL) the code value is (*pp)[0], i.e., the escape charac-
ter proper; this is the only escape sequence of length one. If ((¥#pp)[1]
is a digit) then up to three digits are taken as the octal value of the
code. If ((¥pp)[1] is in the sequence "bfnrtv", in either case) the code
is the corresponding member of the sequence (backspace, formfeed, newline,
carriage return, horizontal tab, vertical tab). If (magic is not NULL)
and (*pp)[1] is the ith character of the NUL terminated string at magic,
the code is (=1 - i). ' Otherwise the code is (¥pp)[1].

In all cases, ¥pp is updated to point at the last character consumed.

RETURNS
doesc returns the code obtained, and updates the pointer #pp as necessary
to point at the last character of the escape sequence.

EXAMPLE
for (s = buf; #s; ++s)
Bte+ = (¥s == “\\") ? doesc(&s, NULL) : #*s;

SEE ALS0O
mapchar
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dtento I1. Portable C Runtime Library dtento
NAME
dtento - multiply double by a power of ten
SYROPSIS
DOUBLE dtento(d, exp)
DOUBLE d;
COUNT exp;
FUNCTION

dtento multiplies the double d by 10%®*exp. No check is made for overflow
or underflow.

RETURNS
dtento returns d % 10%¥%exp as a double.

EXAMPLE
To combine a fraction string and an exponent string:

btoi{fr, nfr, &intpart, 10);
btoi(sexp, nsexp, &exp, 10);
dbl = dtento((DOUBLE)intpart, exp - nfr);

SEE ALS0
btod, dtoe, dtof

BUGS
If the exponent is large in magnitude, dtento can loop for quite a long
time. No special consideration is given (d == 0.0).
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— dtoe II. Portable C Runtime Library dtoe

NAME
dtoe - convert double to buffer in exponential format

SYHOPSIS
BYTES dtoe(s, dbl, p, q)
- TEXT #s;
DOUBLE dbl;
BYTES p, q;

FUONCTION
dtoe converts the double number dbl to a text representation in the buffer
starting at s, having the format:
[-1d¥.d%*e{+]|-}d*

where d is a decimal digit. p specifies the number of digits to the left
- of the decimal point, and q the number to the right. There are either two
or three digits in the exponent, depending upon the target machine.

RETURNS
The value returned is the number of characters used %o represent the
double number.

EXAMPLE
putfmt("area = ¥b\n", buf, dtoe(buf, area, 1, 5));

SEE ALSO
dtof
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dtof II. Portable C Runtime Library dtof
NAME
dtof' - convert double to buffer in fixed-point format
g SYNOPSIS
= BYTES dtof(s, dbl, p, q)
= TEXT #s;
= DOUBLE dbl;
z BYTES p, q;
- FUNCTION

dtof converts the double number dbl to a text representation in the buffer
starting at s, having the format:

[=]a#%.q%

where d is a decimal digit. p specifies the maximum number of digits to
the left of the decimal point, and q the actual number to the right.

RETURNS

The value returned is the number of characters used to represent the
double number.

EXAMPLE

SEE ALSQ
dtoe
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-—— encode II. Portable C Runtime Library encode

HAME
- encode - convert text to arguments under format control

SYNOPSIS
COUNT encode(s, n, fmt, pargl, parg2, ...)
TEXT #s;
BYTES nj;
TEXT *fmt;

FUNCTIOR
encode converts the contents of the n character buffer starting at s,
using the format string at fmt and the argument pointers pargx, exactly as
- if the contents were read from a file by getf. It is particularly useful
when multiple attempts must be made to read an input line.

encode returns the number of arguments successfully converted, or EQOF (-1)
if end of buffer is encountered before any are converted.

EXAMPLE
To read lines from stdin, each consisting of "x = <integer>" or "y =
{integer>":

= while (0 < (n = getlin(buf, BUFSIZE)))

if (encode(buf, n, "x = %i", &x) <= 0 &&
encode{buf, n, "y = %i", &y) <= 0)
errfmt ("unknown parameter %b\n", buf, n);

SEE ALS0
btod, decode, getf, getfmt
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encrypt II. Portable C Runtime Library enerypt

NAME
encrypt - encode block of text

SYHOPSIS
TEXT #encrypt(data, ks)
TEXT datal8];
TINY ks[161[8];

FUNCTION
encrypt converts the eight characters in the buffer data from encrypted
form in place, using the key schedule constructed in ks by the function
bldks. The Data Encryption Standard algorithm is used, taking bit 1 as
the least significant bit of datal[0] and bit 64 as the most significant
bit of datal7].

RETURHS
encrypt returns a pointer to the start of data, which contains the en-
crypted text.

EXAMPLE
To encrypt a file given a key already stored in passwd:

bldks(ks, passwd);
while (0 < (n = read(STDIN, buf, 8)))

{
while (n < 8)
bufln++] = "\0";
write(STDOUT, encrypt(buf, ks), 8);
}

SEE ALSOQ
bldks, decrypt
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enter II. Portable C Runtime Library enter

NAME
enter - enter a control region

SYNOPSIS
BYTES enter(pfn, arg)
BYTES (¥pfn)();
BYTES arg;
FUNCTION
enter establishes a new "control region", i.e., a function invocation that
can be terminated early by a leave call, then performs the sequence

leave((#pfn)(arg));

i.e., the function pointed at by pfn is called with the specified arg;
its return value is used as the argument of a call to leave. The control
region may be terminated before (¥pfn) returns by a call to leave in
(¥pfn) or in any of its dynamic descendants. In any cage, the first leave
call encountered disestablishes the new control region and causes enter to
return with the value specified by the argument to that call to leave.

Control regions may be nested to any depth.

enter returns the value of the argument to bﬁe first leave call encoun-
tered, or the value of the function at pfn if no leave was executed.

EXAMPLE
To restart a function after each error message:

while (s = enter(&func, file))
putstr(STDERR, s, "\n", NULL);

S0 that one can write in, say, one of func’s dynamic descendants:

if (counterr)
leave ("missing parameter®);

SEE ALS0
_raise(IV), _when(IV), leave

BUGS
There is no way to pass more than one argument to the function (¥®pfn).
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errfmt II. Portable C Runtime Library errfmt
NAME
errfmt - format output to error file
SYNOPSIS
VOID errfmt(fut, argl, arg2, ...)
TEXT *fmt;
FUNCTION

errfmt performs formatted output to STDERR, in much the same way as putf.
Output is performed by multiple calls directly to write, which may be
inefficient for large volumes of output but is least likely to lose diag-
nosties when a program malfunctions.

RETURNS
Nothing. An error exit occurs if any writes fail.

EXAMPLE
errfmt("can’t open file %p\n", fname);

SEE ALSO
putf, putfmt
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-_— error II. Portable C Runtime Library error

NAME
- error - print error message and exit

SYNOPSIS
VOID error(st, s2)
TEXT *s1, *s2;

FUNCTION
- error prints an error message to STDERR, consisting of the program name
_pname, a colon and space, the strings at s1 and s2, and a newline. It
then takes an error exit. Either s1 or s2 may be NULL.

RETURNS
error never returns to its caller.

- if ((fd = open(file, READ, 0)) < 0)
error("can’t open ", file);

SEE AL30
_pname(III), exit(III)
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exp II. Portable C Runtime Library exp

NAME
exXp - exponential

SYNOPSIS
DOUBLE exp(x)
DOUBLE x;

FUNCTION
©Xp computes the exponential of x to full double precision. Tt works by
expressing x/ln 2 as an integer plus a fraction in the interval (-1/2,

1/2]. The exponential of the fraction is approximated by a ratio of two
seventh order polynomials.

RETURNS
exp returns the nearest internal representation to exp x, expressed as a
double floating value. If the result is too large to be properly

represented, a range error condition is raised; if that is inhibited, the
largest representable value is returned.

EXAMPLE
IMPORT DOUBLE exp();

sinh = (exp(x) - exp(-x)) / 2.0;

SEE ALSO
_range(IV), 1n

‘ﬂTl’ﬂT\'ﬂTlTlﬂTlTlTITITITlTlTITl



11

felose II. Portable C Runtime Library felose

NAME
felose - close a file controlled by FIO buffer

SYNOPSIS
FIO ¥fclose(pfio)
FIO ¥#pfio;

FUNCTION
feclose closes the file under control of the FI0O buffer at pfio. If the
control buffer was initialized with a mode of WRITE or BWRITE, any
remaining output is drained before closing, and the control buffer is
removed from the list of buffers to be drained on program exit.

RETURNS :
fclose returns pfio if the file was successfully closed, else NULL. If
{pfio == NULL), feclose raises the fioerr condition.

ALSO
fereate, finit, fioerr, fopen
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fereate II. Portable C Runtime Library fereate

NAME
fereate - create a file and initialize a control buffer

SINOPSIS
FIO ®fereate(pfio, fname, mode)
FI0 ¥pfio;
TEXT #*fname;
COUNT modes

FUNCTION
fereate creates a file with name fname and specified mode, and if success-
ful initializes the control buffer at pfio for proper operation with the
file. mode should have one of the values BWRITE, READ, or WRITE. pfio
must be the address of an FIO buffer declared by the user, or the address
of the buffer stdin or stdout, both of which are provided by this library.
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If (mode == BWRITE) the control buffer is set up for buffered writes, to
be drained only when the buffer is full or the program exits. If (mode ==
READ) the control buffer is set up for reading. Otherwise (mode == WRITE) r"‘
of necessity and the control buffer is set up for writing; writes will be -
buffered as for BWRITE only if 1lseek calls are acceptable with the
specified fd, an indication that the output is a file and not an interac-
tive device or a pipeline. Unbuffered output is drained whenever a seg- [
..L'
h—
-
-
i
__h—
—
E,.

ment of output ends with a newline character, or on program termination.

RETURNS
fereate returns pfio, if successful, else NULL. If (pfic == NULL), the
fioerr condition is raised.

LR NN Y E AN R

EXAMPLE
FIO outf;

if (ifcreate(&outf, "file", WRITE))
errfmt ("can’t create file\n");

SEE ALSQ
create(III), felose, finit, fiocerr, fopen

BUGS
fereate always creates fname as a text file; on systems where text files
and binary files are distinguished, create followed by finit must be used

to associate a binary file with an FI0O buffer.



fill II. Portable C Runtime Library £ill

NAME
fill - propagate fill character throughout buffer

SYNOPSIS
BYTES fill(s, n, e)
TEXT #*s, cj
BYTES n;

FUNCTION
fill floods the n-character buffer starting at s with fill character c.

RETURNS
fill returns n.

EXAMPLE
To write a 512-byte buffer of NULs:

write(fd, buf, fill(buf, BUFSIZE, “\07));

SEE ALSO
squeeze
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finit ITI. Portable C Runtime Library finit

NAME
finit - initialize an FIO control buffer

HHe

SYHOPSIS
FIO *finit(pfio, fd, mode)
FIO #pfio;
FILE fdj
COUNT modej;

FUNCTION
finit initializes the FIO control buffer at pfio for proper operation with
the file specified by fd, in the mode specified by mode. mode should have
one of the values BWRITE, READ, or WRITE. pfio must be the address of an
FIO buffer declared by the user, or the address of the buffer stdin or
stdout, both of which are provided by this library.

If (mode == BWRITE) the control buffer is set up for buffered writes, to
be drained only when the buffer is full or the program exits. If (mode ==
READ) the control buffer is set up for reading. Otherwise (mode == WRITE)
of necessity and the control buffer is set up for writing; writes will be
buffered as for BWRITE only if 1seek calls are acceptable with the
specified fd, an indication that the output is a file and not an interac-
tive device or a pipeline. Unbuffered output is drained whenever a sSeg-
ment of output ends with a newline character, or on program termination.

RETURNS
finit returns pfio. If (pfio == NULL), the fioerr condition is raised.

EXAMPLE
To adapt stdout for most effective buffering strategy:

IMPORT FIO stdout;

finit (&stdout, STDOUT, WRITE);

SEE ALSO
felose, fereate, fioerr, fopen

BUGS
No check is made for (mode == UPDATE), which may or may not work satisfac-
torily.

———
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fioerr

II.

ficerr - NULL FIQ pointer condition

SYHOPSIS

FUNCTION

TEXT *fioerr

fioerr is
library routine.

is "NULL FIO pointer".

the condition raised when a NULL

1If no handler is provided,

Portable C Runtime Library

fioerr

FI0 pointer is passed to a
the message written to STDERR
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fopen II. Portable C Runtime Library fopen

NAME
fopen ~ open a file and initialize a control buffer

SYNOPSIS
FI0 #*fopen(pfio, fname, mode)
FIO #pfiog
TEXT #fname;
COUNT modej

FUNCTION
fopen opens a file with name fname and specified mode; and if successful
initializes the contrel buffer at pfio for proper operation with the file.
mode should have one of the values BWRITE, READ, or WRITE. pfio must be
the address of an FIO buffer declared by the user, or the address of the
buffer stdin or stdout, both of which are provided by this library.

If (mode == BWRITE) the control buffer is set up for buffered writes, to
be drained only when the buffer is full or the program exits. If (mode ==
READ) the control buffer is set up for reading. Otherwise (mode == WRITE)
of necessity and the control buffer is set up for writing; writes will be
buffered as for BWRITE only if lseek calls are acceptable with the
specified fd, an indication that the output is a file and not an interac-
tive device or a pipeline. Unbuffered output is drained whenever a seg-
ment of output ends with a newline character, or on program termination.

RETURNS '
fopen returns pfio, if successful, else NULL. If (pfio == NULL), the
fioerr condition is raised.

EXAMPLE

FIO inf;

if (ifopen(&inf, file, READ))
errfmt("can’t open fp\n", file);

SEE ALSO
fclose, fereate, finit, fioerr, open(III)

BUGS

fopen always opens fname as a text file; on systems where text files and
binary files are distinguished, open followed by finit must be used to as-
sociate a binary rfile with an FIO buffer.
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fread II. Portable C Runtime Library fread

HAME
fread - read until full count

SYNOPSIS
COUNT fread(fd, buf, size)
FILE fd;
TEXT #buf;
BYTES sizej

FUNRCTION

fread reads up to size characters from the file specified by fd into the
buffer starting at buf. It does so by making repeated calls to read until
an end of file is encountered or until size characters have been read.
Thus, fread should be used whenever an entire record must be read at once,
since read reserves the right to return a short count at all times.

If not all characters are read, fread raises the readerr condition.

Unless end of file is encountered, fread always returns size; otherwise
the value returned is between 0 and size, inclusive.

EXAMPLE
To copy a file in integral records:

while (fread(STDIN, buf, RECSIZE) == RECSIZE)
write(STDOUT, buf, RECSIZE);

SEE ALSO
readerr(II), read(III)
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free II. Portable C Runtime Library free

NAME
free - free space on the heap

SYNOPSIS
TEXT #*free(pcell, link)
TEXT *pcell;
TEXT #link;

FUNMCTION
free returns an allocated cell to the heap for subsequent reuse, then
returns link to the caller. The cell pointer pcell must have been ob-
tained by an earlier alloc call; otherwise the heap will become cor-
rupted. free does its best to check for invalid values of pcell. If an
invalid peell ‘is noticed, the _memerr condition is raised, with the
default error message changed to "bad free call".

A NULL peell is explicitly allowed, however, and is ignored.

If free returns, its value is guaranteed to be link, which is otherwise
unused by free.

EXAMPLE
To pop a stack item:

struct cell {
struct cell #prev;
«+s rest of cell ...
} #top;

top = free(top, top->prev); /¥ pops a cell %/

SEE ALSQ
_memerr, alloc, frelst, nalloc, sbreak(III)

BUGS
The size of the allocated cell is stored in the integer location right
before the usable part of the cell; hence it is easily clobbered. No ef-
fort is made to lower the system break when storage is freed, so it is
qMﬁpmﬂMemﬂewuwaunﬁymchmpmymmeBWrmnﬁw
on the stack to come to grief, at least on some systems.




frelst II. Portable C Runtime Library frelst

NAME
frelst - free a list of allocated cells

SYNOPSIS
struct list ¥frelst(plist, pstop)
struct list {struect list *next; ...} ¥plist, ¥pstop;

FONCTION
frelst walks a linked 1list that has been built with calls to alloc,
freeing each cell on the list. Any types of cells can occur on the list,
in any combination, so long as the first entry in each structure is a
pointer used to link to the next cell. A NULL next pointer or one equal
to pstop terminates the list.

RETURNS :
frelst returns the pointer that terminates the 1131‘.', either NULL or pstop.
EXAMPLE
struet list {

struet list ®next;
...} #list;

list = frelst(list, NULL);

SEE ALSO
alloc, free

If a 1list is freed that was not made from calls on alloec, all hell can
break loose.
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fwrite II. Portable C Runtime Library furite

NAME
fwrite - write and check

SYINOPSIS
VOID fuwrite(fd, buf, size)
FILE fd;
TEXT #buf;
BYTES size;

FUNCTION

fwrite writes size characters from the buffer starting at buf to the file
specified by fd.

If not all characters are written, fwrite raises the writerr condition.

RETURNS
Nothing.

EXAMPLE
fwrite(STDOUT, buf, RECSIZE);

SEE ALSO
writerr(II), write(III)




getbfiles IT. Portable C Rumtime Library getbfiles

NAME
- getbfiles = collect files from command line

SYNOPSIS
FILE getbfiles(pac, pav, dfd, efd, rsize)
- BYTES #pac, rsize;
TEXT ##¥pav;
FILE dfd, efd;

FUNCTION

getbfiles examines the file arguments passed to a command and opens files

as needed for reading. The arguments to examine are specified by the
o count pointed at by pac and by the array of text pointers pointed at by
pav; it is assumed that the command name and any flags have been skipped,
for instance by calling getflags. If there are no arguments left on the
first call to getbfiles (¥pac == 0), the default file descriptor dfd is
- returned and all subsequent calls will fail. Otherwise each call to getb-
files will inspect the next argument in sequence.

If a filename matches the string "-%, dfd is returned. Otherwise an at-
tempt is made to open the file for reading with the record size specified
by rsize. If the file is to contain arbitrary binary data, as opposed to
printable ASCII text, rsize should be non-zero. On success the file
o descriptor of the opened file is returned. If the open fails, efd is
returned instead. After the last filename is processed, all calls to
getbfiles will fail. It is up to the calling program to close any files
opened by getbfiles.

RETURKS
getbfiles returns either a file descriptor obtained as described above, or
the failure code -1; the first call to getbfiles will never return
failure. %®pac and ¥#pav are updated on each call to reflect the number of
arguments left to encode. To signal end of arguments, #pac is set to =1.
If the preturned file descriptor is not dfd, the name of the file under
consideration (successfully opened or not) is at (¥pav)[-1l.

EXAMPLE
To walk a list of binary files:

BYTES ac;
TEXT ##av;
while (0 <= (fd = getbfiles(&ac, &av, STDIN, STDERR, 0N
if (fd == STDERR)
errfmt ("can’t read %p\n", av[-11);
alse

process(fd);
close(fd);
}

SEE ALSO
getfiles, getflags, open(III)
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gete II. Portable C Runtime Library

HAME
gete - get a character from input buffer
SYNOPSIS
METACH gete(pfio)
FIO *pfio;
FUNCTION

getc obtains the next input character, ir any,

the FIO buffer at pfio; if end of file has been encountered a code is
returned that is distinguishable from any character. pfio is normally the
address of an FIO buffer declared by the user.

from the file controlled by

gete returns the character as zero (for “\0’) or a small positive integer;
end of file is signalled by the code EOF (-1). 1r any reads fail, the
readerr condition is raised; if (pfio == NULL), the fiocerr condition is
raised.

EXAMPLE
To copy a textfile, character by character:

FIO inf, outf;

fopen(&inf, "infile", READ);
fereate(&outr, "outfile", WRITE);
while (pute(&outr, gete(&inf)) 1= gEoF)

SEE ALSO
fioerr, getch, gte, pute, puteh, readerr
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— geteh II. Portable C Runtime Library getch
NAME
- getch - get a character from input buffer stdin
SYHOPSIS

METACH getch()

FUNCTIOHN
getch obtains the next input character, if any, from the file controlled
— by the FIO buffer stdin; if end of file has been encountered a code is
returned that is distinguishable from any character.
RETURNS

geteh returns the character as zero (for NUL) or a small positive integer;

end of file is signalled by the code EQF (-1). If any reads fail, the
readerr condition is raised.

EXAMPLE
To copy stdin to stdout, character by character:

while (putch(getech()) 1= EOF)

¥
Note that this is exactly equivalent to:

IMPORT FIO stdin, stdout;

while (putc(&stdout, getc(&stdin)) 1= EOF)

L

SEE ALSO
gete, pute, puteh, readerr, stdin
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getl II. Portable C Runtime Library getf

NAME
getf - read formatted input

SYNOPSIS
COUNT getf(pfio, fmt, argl, arg2,; ...)
FIO #pfioj
TEXT *fmt;

a0

FUNCTION

getf reads input text from the file controlled by the buffer at pfio, and
parses it according to the control format string starting at fmt, in order
to assign converted values to a series of variables, each pointed at by
one of the arguments argl, ... The format string consists of newlines and
literal text to be matched, interspersed with <field-specifier>s that
determine how the input text is to be read and how it is to be converted
before assignment. Input is consumed on a line-by-line basis. The number
of lines consumed in any one call is typieally equal to the number of new-
lines encountered in the format string, plus one if any character follows
the last newline encountered in the format. An exception to this may oc-
eur if "% " appears in the format string; this sequence matches arbitrary
whitespace, even extending across multiple lines.

For example:
getf(&stdin, "%i\n%i\n%i", &argil, &arg2, &arg3);

obtains values for the three integers argil, arg2, and arg3 from three suc-
cessive lines of stdin, whiles

getf(&stdin, "%i%ifi", &argl, &arg2, Rarg3);

obtains wvalues for the three integers argl, arg2, and arg3 from three
whitespace separated fields on a single line of stdin.

Matching of literal text occurs on a character by character basis. If the
character in the format string does not match the next character to be
consumed on the input line, the scan is terminated. A newline character
in the format string matches any characters remaining in the current input
line, up to and ineluding the terminating newline, if any. Since a new-
line is consumed only by a literal match, by "% ", or (impliecitly) by the
end of the format string, an embedded “\n’ is the most controlled way of
reading multiple lines with one call to getf.

A <field-specifier> takes the form:
#[+z|-z2]1[#]<field-code>

That is, a <field-specifier> consists of a literal °%°, followed by an op-
tional "+z" or "-z", where z can be any character, followed by an optional
field width #, and is terminated by a <field-code>. A "+z", if present,
calls for the stripping of any left fill with the fill character z, while
#.z" calls for the stripping of any right fill with z. A #, if present,
specifies the total width in characters of the field to be input, and is
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either a decimal integer, or the letter ‘n’. If an 'n” is given, then the
value of the next argument from the argument list is taken to specify the
field width.

To read a nine-character field left-filled with “#°, and interpret it as a
floating point number:

getf(&stdin, "%+¥9f", Zargl);
or:
‘getf(&stdin, "g+¥nf", 9, &argl);

The number of characters to consume during a fleld conversion is given by

the width specifier, if present. If there are fewer than that many
— characters before the next newline, the rest of the line is consumed. If

no width is specified, leading whitespace is skipped and the following

group of non-white characters is taken to be the field; at least one non-

white character must be present. The characters actually converted are
- the contents of the field less any fill characters. If no fill character
is given, getf presumes the field is left-filled with spaces.

Text input of

$  100.53
- can be read as two integers with:

getf(&stdin, "$%6i.%2i", &dollars, &cents);

- or as a single double with either:

getf(&stdin, "$+$10d", &cash);
or:

getf(&stdin, "$%d", &cash);

A <field-code> iz composed of a <modifier>, a <apecifier> or both. The
<{specifier> defines how the input field is to be converted, and is one of
the following:

char integer

short integer

integer

long integer

NUL=-terminated string
buffer of specified length
double

float

padding only (no conversion)

W oo Pn o
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A <modifier> causes the input to an integer variable to be interpreted as:
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e
——
3
i
g
——
—a—
—

ASCII bytes, in decreasing order of numerical significance
hexadecimal (with op without a leading moxn)

octal (with or without a leading “0°)

unsigned decimal

o on

SoPFm

If no <specifier) is given, it is presumed to be i’y and a <modifier>
given from the above Series will be taken ¢t apply to the implied integer
field. 1If a <specifier> of ‘e, ‘3%, ‘i’ or "1° is given with no
<modifier>, the input is interpreted as signed decimal.

In addition, an optiocnal preeision modifier, ".#v, 1ipits the number of
characters that may be input with a <specifier> of ‘P’ or ‘b’, and is per-
mitted but ignored with “d” and ‘£, for compatibility with putf, Like
the field width specifier, the precision modifier # may be either an ex-

plicit integer, or an ‘n", to make use of the next argument value in se-
quence.

Hence a <field-code> usually consists of one of the following combinations
of <specifier> and <modifier>:

lalhlolul{els|i1} /% integer input %,

[.#1{blpld|r} /® precision ignored for f and d #/
{alhlolu} /® default specifier is i By

{x} /% just skip field #/

Any other character in the place of a <field-code> is taken as a single
literal character to be matched in the input line. Thus a ‘%" may be
scanned with the specifier "%%" and a “\n~” may be scanned, without skip-
ping characters ipn the input line, by using the specifier LAV Hence,
while "% n ang w\nn have special meaning, " \n" and ¥ " each match only
one character,

Each <field-specifier> given in the format string requires the argument
list following to contain in identieal Sequence a pointer to g datum of

the appropriate type; the pointer argument is used to assign a correctly
converted field.

The following would read an int in hex, a char-sized value as ASCII, and a
short as signed decimal, all of them optionally Separated by whitespace:

getf(&stdin, "48h%acFsn, &addr, &code, &offset);

Entire text strings may be assigned to arguments under the ‘p° or “p*
field code. 1In the first case, the argument is a pointer to the start of
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a string, and input characters are copied inte that string with a ter-
minating NUL; in the second case, the argument is also a pointer to text
but characters are copied in without the terminating NUL, and the number
of characters copied is assigned using the argument following the pointer
as a pointer to integer. In either case, the number of characters ac-

tually copied will be no more than the precision modifier, if it is
present and nonzero.

For example, exactly 1 characters of an 80-character input line could be
assigned to str with:

getf(&stdin, "%80.np", 1, str);

Floating point numbers may be read in using ‘d’ for double variables and
‘f” for float. In either case, the input may be in either fixed point or
scientific notation (see btod). Leading whitespace will be skipped, even

after the stripping of fill characters. The precision modifier is ig-
nored.

The “x” field code consumes no arguments; it is a convenient way to skip
over text.

RETURNS

getf returns the number of arguments successfully assigned, or EOF if end
of file is encountered on input before any argument has been converted.
If any reads fail, the readerr condition is raised; if (pfio == NULL),
the ficerr condition is raised.

EXAMPLE
Given the code:

FIO input;
- TEXT buf1[BUFSIZE], buf2[10];
BYTES nargs, x, y, zZ3

nargs = getf(&input, "$b%-#i%.6pg4in, &bufl, &x, &y, &buf2, &z);
if (nargs 1= 5)
putstr{STDERR, "bad input format\n", NULL);

The input line:
LINE 17 %% IDENTIFIER 263

would assign:

"LINE" to buf1i, with no trailing NUL
4 to x

17 to y

"IDENTI" to buf2, with trailing NUL
263 to z

SEE ALSQ
— btod, encode, fioerr, getfmt, readerr

II -1




——t—
% getfiles II. Portable ¢ Runtime Library getfiles —_—
%E NAME i
= getfiles - collect text files from command line =
= SYNOPSIS -
FILE getfiles(pac, pav, dfd, efd) [ —
BYTES #*pac; o
TEXT ##¥pay;
FILE dfd, efd; e
s

FUNCTION

getfiles examines the file arguments passed to a command and opens text
files as needed for reading. The arguments to examine are specified by
the count pointed at by pac and by the array of text pointers pointed at
by pav; it is assumed that the command name and any flags have been
skipped, for instance by calling getflags. If there are no arguments left
on the first call to getfiles (¥pac == 0), the default file descriptor dfd
is returned and all subsequent calls will fail. Otherwise each call to
getfiles will inspect the next argument in sequence.

Tl

Tl

¥
'

If a filename matches the string "-", dfd is returned. Otherwise an at-
tempt is made to open the file for reading as a text file; on success the
file descriptor of the opened file is returned. If the open fails, efd is
returned instead. After the last filename is processed, all calls to

getfiles will fail. It is up to the calling program to close any files
opened by getfiles.

RETURNS
getfiles returns either a file descriptor obtained as described above, or
the failure code =-1; the first call to getfiles will never return
failure. *#pac and ¥#pav are updated on each call to reflect the number of
arguments left to encode. To signal end of arguments, *pac is set to =1.
If the returned file descriptor is not dfd, the name of the file under
consideration (successfully opened or not) is at (#pav)[-1].

EXAMPLE
To walk a list of files:

BYITES ac;
TEXT ##av;

while (0 <= (fd = getfiles(&ac, &av, STDIN, STDERR)))
if (fd == STDERR)
errfmt("can’t read %p\n", av[-11);
else
{
process(fd);
close(fd);
}

SEE ALSO
getbfiles, getflags, open(III)
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getflags II. Portable C Runtime Library getflags

NAME
getflags - collect flags Irom command line

SYNOPSIS
TEXT *getflags(pac, pav, fmt, argl, arg2, ...)
BYTES %pac;
TEXT ###payv;
TEXT *fmt;

sam

FUNCTION
getflags encodes the flag arguments passed to a command and sets the
flags, counts, character variables and string names specified by a format
string. The arguments to encode are specified by the count pointed at by
pac and by the array of text pointers pointed at by pav; it is assumed
that the first argument is a command name, to be skipped. Each succeeding
argqupt is taken as a set of one or more flags if a) it begins with ‘=~

or “+" and b) it is not the string "~" or "--", If an argument is taken
as a set of flags, a leading "-° is skipped before it is processed.

fmt is a concatenation of descriptors that determine how each of the suc-
ceeding arguments argl, ... is to be interpreted. A descriptor is a se=-
quence of mateh characters, terminated by a ",", a “>7, or by the “\0" or

:” that terminates the format string. Format characters have the fol-
lowing effect:

“&° . always matches the rest of the current argument, if any left, or all
of the succeeding argument, if present, or a null string otherwise.
The argument may contain escape sequences recognizable by doesc, such
as \n for newline, or \0 for NUL. The value of the match is a
{non-NULL) pointer to the start of the matched string.

“?” = always matches the next argument character, if any, or a NUL charac-
ter. An escape sequence recognizable by doesc may be used instead of
a literal character. The value of the match is the matched characw
ter, taken as an integer constant.

‘#° = tries to parse as an integer the remainder of the current argument,
if any left, or all of the succeeding argument. The value of the
match is the decimal value of the string, if it doesn’t begin with a
‘07, or its hexadecimal value if it begins with “0x° or “0X°, or its
octal value otherwise. In all cases, a leading ‘+” or "= is al-
lowed. An error occurs if no argument is found, or if it cannot be
completely scanned as an integer with the selected base.

‘##° - same as single # except that target is assumed to be a long instead

of an int.

‘s = delivers a successful match value to the corresponding argument (in
sequence) pointed at by argl, .... If no match, the command argu-
ments are rescanned, from the last successful match, using the

descriptor following.

II - 73




R TIIITIIII 1]

IT - 74

getflags -2 - getflags

“>° - behaves just like °,°, except the corresponding argument pointer is
taken as a pointer to a structure of the form

struet {
BYTES ntop;
TEXT *val[MAX];
} args {MAX};

for all argument types except long (##). For long arguments, the
form of the structure used is

struet {
BYTES ntop;
LONG val[MAX];
} args {MAX};

If (0 < ntop) ntop is decremented and the value is delivered to
vallntop]l; otherwise an error occurs.

“\0” - behaves just like ‘,”, except that if there is no successful match
an error oceurs.

“¢” - if a colon is encountered in the format string before a flag is
successfully matched, then the NUL-terminated string following the
colon is written to STDERR, preceded by "usage: <pname> " and fol-
lowed by a newline, where <pname> is the name by which the current
program was invoked. getflags then terminates,; reporting failure.
Any occurrence of an ‘F’ in the diagnostic string is replaced with a
slightly expanded representation of the flag format string preceding
the colon. For example, the format string "a¥*>+b,c?,z:F <filesd®
would produce the error messages

usage: pname -[a® +b c? 2] <Ffiles>

Any other character causes a successful match only if the next command

line character is identical to it. The value of the mateh is a boolean
YES.

The rules by which getflags parses flag arguments impose two significant
constraints on how flags are ordered within the format string. Any flag
whose name is a prefix of the name of another flag must appear in the for-

mat string after the longer flag. This also implies that unnamed flags,
such as "-#" or M. or "-¥M, must be given last.

RETURNS

getflags returns a pointer to the remaining command argument string, if an
error occurs and no colon is found in the format string; otherwise an er-
ror causes diagnostic output and an error exit from the program. If all
flag arguments are successfully scanned, getflags returns NULL. The
values pointed at by pac and pav are updated to reflect the number of ar-
guments consumed; "--" is consumed as a flags terminator, while "-" is
taken as a potential special file name and is not consumed. One or more
values should be delivered to locations pointed at by the argl, ...




— getflags -3- getflags

Note that all locations pointed at are assumed to be ints or pointers, ex-
B cept that a "##" descriptor expects a pointer to a long, and a "> expects
a pointer to a structure as described above.

EXAMPLE
To accept the line:

emd +3 =3 =f filename -mx =-b0x10000 <{files> ...
one might write:

BOOL mxflag {NO};
= BYTES ment {0};
BYTES from {0};
BYTES to {0};
LONG bias {0};
- TEXT #fname "default";

COUNT main(ac, av)

BYTES acj;

TEXT ¥¥av;

{

getflags(&ae, &av, "b#i#,f*,mx,mf#,+#,#:F <{filesd",
&bias, &fname, &mxflag, &ment, &from, &to))

SEE ALSO
doesc, getbfiles, getfiles, usage
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getfmt ITI. Portable ¢ Runtime Library getfmt

NAME
getfmt - read formatted input from stdin

SYNOPSIS
COUNT getfmt (fmt, argl, arg2, ...)
TEXT #fmt H

FONCTION
getfmt reads formatted input from the file controlled by the FIO buffer
stdin, in exactly the same way as getf.

To sum a series of longs read frop stdin:

LONG 1num, 1lsum;
for (lsum = 0; 0 < getfmt (g1, &lnum); )
lsum =+ lnum;

SEE ALSO
encode, getf, readerr, stdin
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getin II. Portable C Runtime Library
NAME

getin - build ac and av list from STDIN
SYNOPSIS

BOOL getin(aec, av)
BYTES #ac;
TEXT ¥#3¥gy,

FUNCTION

getin reads lines of text from STDIN,
and builds an av list, one item for

getin

sets ac to the number of lines read,

each line of text. Empty lines are
ignored. Newlines in the text are

changed in the calling program.
ten to STDERR if the filename > NAMSIZE characters,

replaced by NULLS. ac and av are
The message "argument too long" is writ-

NAMSIZE is eurrently
64,
RETURNS
getin returns success if all went well, and failure if any filenames were
too long.
EXAMPLE

To set up ac and av from STDIN:

Success = getin(&ac, &av);

SEE ALSO
stdin

BUGS
Filenames in the error message are truncated to NAMSIZE characters.
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getl II. Portable C Runtime Library getl
HAME
getl - get a text line from input buffer
SYBOPSIS
BYTES getl(pfio, s, n)
FIO ®pfio;
TEXT #s;
BYTES n;
FURCTION

getl copies characters, from the file controlled by the FIO buffer at
pfio, to the n character buffer starting at s. Characters are copied un-
til a) a newline is copied, b) end of file is reached, or e¢) n characters

have been copied. pfio is normally the address of an FIO buffer declared
by the user.

between 1 and n unless end of file has been encountered, from which time
on all getl calls will return zero. If any reads fail, the readerr condi-
tion is raised; if (pfio == NULL), the ficerr condition is raised.

EXAMPLE
To copy a text file, line by line:

FIO inf, outf;

fopen(&inf, "infile", READ);
fereate (&outr, "outfile", WRITE);
while (putl(&outf, getl(&inf, buf, BUFSIZE))) 3

3
SEE ALSO
fioerr, getlin, putl, putlin, readerr
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getlin II. Portable C Runtime Library getlin

NAME
getlin - get a text line from input buffer stdin

SYNOPSIS
BYTES getlin(s, n)
TEXT #s;
BYTES n;

FUNCTION

getlin copies characters, from the file controlled by the FI0O buffer
stdin, to the n character buffer starting at s. Characters are copied un=-
til a) a newline is copied, b) end of file is reached, or c) n characters

have been copied.
RETORNS

getlin returns a count of the number of characters copied, which will be
between 1 and n unless end of file has been encountered, from which time
on all getlin calls will return zero. If any reads fail, the readerr con-
dition is raised.

EXAMPLE
To copy stdin to stdout, line by line:

while (putlin(buf, getlin(buf, BUFSIZE)))

L

Note that this is exactly equivalent to:

IMPORT FIO stdin, stdout;

5w

while(putl(&stdout, getl(&stdin, buf, BUFSIZE)))

L

SEE ALSO
getl, putl, putlin, readerr, stdin
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gte II. Portable ¢ Runtime Library
NAME
gte - get a character from input buffer
SYNOPSIS
gte(pfio)
FUNCTION

gtc obtains the next input character, if any, from the file controlled by
the FI0 buffer at pfio. pfio is normally the address of an FI0 buffer
declared by the user, or the address of the buffer stdin, which is
dy in the buffer,
no function call is attempted; if the FIO buffer is empty, gete() is
called to fill the buffer. If end of file has been encountered, a code is

provided by this library. If there is a character alrea

returned that is distinguishable from any character.

gte significantly reduces per character I/0 overhead.

RETURNS
gte returns the character as zero (for “\N0’) or a small
end of file is signalled by the cede EOF (-1).

EXAMPLE ’
To copy stdin to stdout, character by character:

IMPORT FIO stdin, stdout;
while (pte(&stdout, gte(&stdin)) 1= EQF)
5
SEE ALSO
gete, getch, pte, pute, putch, stdin

Because it is a macro, gte cannot be called from non-C programs, nor can
its address be taken. An argument with side effects may be evaluated

other than just once.

positive integer;
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inbuf II. Portable C Runtime Library inbuf
NAME
inbuf - find ocecurrence in buffer of character in set
SYNOPSIS
BYTES inbuf(p, n, a)
TEXT #p, #¥3;
BYTES nj
FUNCTION

inbuf scans the n-character buffer starting at p for the first instance of
a character in the NUL terminated set s. If the NUL character is to be
part of the set, it must be the first character in the set.

RETURNS
inbuf returns the index of the first character in p that is also in the
set s, or n if no character in the buffer is in the set.

EXAMPLE
To blank out imbedded NUL characters:

while ((i = inbuf(buf, n, m™\0")) < n)
buffi] = * °;

SEE ALSO :
instr, notbuf, notstr, senbuf, scnstr, subbuf, substr
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instr - II. Portable C Fumtime Library instr
NAME

instr - find occurrence in string of character in set
SYROPSIS

BYTES instr(p, s)
TEXT %p, #g;

FUNCTION

instr scans the NUL terminated string starting at p for the first occur-
rence of a character in the NUL terminated set s.

RETURNS
instr returns the index of the first character in p that is also contained
in the set s, or the index of the terminating NUL if none.

EXAMPLE
To replace unprintable characters (as for a 64-character terminal):

while (string[i = instr(string, {1} M)
string[i] = ‘e°;

SEE ALSO
inbuf, notbuf, notstr, senbuf, scnstr, subbuf, substr
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isalpha I1. Portable C Runtime Library isalpha

HAME
isalpha - test for alphabetic character

SYHOPSIS
BOOL isalpha(e)

FUNCTIOH
isalpha tests whether its argument is an alphabetic character, either

lower or upper case. Since isalpha is implemented as a C preprocessor
macro, its argument can be any numerical type.

RETURNS
isalpha is a boolean rvalue.

EXAMPLE
To find the end points of an alpha string:

if (isalpha(¥first)})
for (last = first; isalpha(®last); ++last)

E

SEE ALS0
isdigit, islower, isupper, iswhite, tolower, toupper

BUGS
Because it is a macro, isalpha cannot be called from non-C programs, nor

can its address be taken. Arguments with side effects may be evaluated
other than once.
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isdigit II. Portable C Runtime Library isdigit

NAME
isdigit - test for digit

SYNOPSIS
BOOL isdigit(e)

FUNCTION
isdigit tests whether its argument is a decimal digit, i.e., between “0°
and ‘9° inelusive. Since isdigit is implemented as a C preprocessor
macro, its argument can be any numerical type.

RETURNS
isdigit is a boolean rvalue.

EXAMPLE
To convert a digit string to a number:

for (sum = 0; isdigit(¥s); ++s)
sum = sum ¥ 10 + #s - Q"3

SEE ALSO
isalpha, islower, isupper, iswhite, tolower, toupper

BUGS :
Because it is a macro, isdigit cannot be called from non-C programs, nor

can its address be taken. Arguments with side effects may be evaluated
other than once.
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— islower II. Portable ¢ Runtime Library

islower
- NAME
islower - test for lowercase character
SYNOPSIS
BOOL isiower(e)
FUNCTION
islower tests whether its argument is a lowercase character. Since is-
lower is implemented as a C preprocessor

numerical type.
RETURNS
islower is a boolean rvalye,

EXAMPLE

To convert to uppercase:

macro, its argument can be any

if (islower(e))
¢ =+ A" - "a%; /% but see toupper () #/
SEE ALSQ
isalpha,

- BUGsS

Because it is g macro, i
can its address be taken
other than once.

isdigit, isupper, iswhite, tolower, toupper

Slower cannot be called from non-C

programs, nor
» Arguments with side effects may

be evaluated
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isupper II. Portable C Runtime Library isupper
NAME

isupper -~ test for uppercase character
SYROPSIS

BOOL isupper(e)

FURCTION
isupper tests whether its argument is an uppercase character. Since

isupper is implemented as a C preprocessor macro, its argument can be any
numerical type.

RETURNS
isupper is a boolean rvalue.

EXAMPLE
To convert to lowercase:

if (isupper(e))

e =+ ‘a” = "A"; /® but see tolower() ¥/
SEE ALSO
isalpha, isdigit, islower, iswhite, tolower, toupper
BUGS

Because it is a macro, isupper cannot be called from non-C programs, nor

can its address be taken. Arguments with side effects may be evaluated
other than once.
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iswhite IX. Portable C Runtime Library iswhite

NAME
iswhite - test for whitespace character

SYNOPSIS
BOOL iswhite(e)

FUNCTION
iswhite tests whether its argument is a non-printing character code, i.e.,
- whether its ASCII value is at or below that of ~ ° (0U40) or at or above
that of DEL (0177). Note that both NUL "\0° and newline “\n’ qualify as
whitespace. Since iswhite is implemented as a C preprocessor macro, its
argument can be any numerical type.

RETURHS
iswhite is a boolean rvalue.
- EXAMPLE
To skip whitespace:

while (iswhite(®*s))
++33

SEE ALSO
- isalpha, isdigit, islower, isupper, tolower, toupper

BUGS
Because it is a macro, iswhite cannot be called from non~C programs, nor

can its address be taken. Arguments with side effects may be evaluated
other than once.
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itob II. Portable C Runtime Library itob
NAME
itob - convert integer to text in buffer
SYNOPSIS
BYTES itob(s, i, base)
TEXT #s3
ARGINT i;
COUNT basej
FUNCTION

iteb converts the integer i to a text representation in the buffer
starting at s. The number is represented in the base specified, using
lowercase letters beginning with “a” to specify digits from 10 on. If (0
< base) the number i is taken as unsigned; otherwise if (base < 0) nega-
tive numbers have a leading minus sign and are converted to -base; if
(base == 0) it is taken as -10. Only magnitudes of base between 2 and 36
are generally meaningful, but no check is made for reasonableness.

RETURNS
The value returned is the number of characters used to represent the in-

teger, which in hexadecimal can vary from four to eight digits, plus sign,
depending upon the target machine.

EXAMPLE
To output i in decimal:

write (STDOUT, buf, itob(buf, i, 10));

SEE ALSO
btoi, btol, 1ltob, stob

BUGS
The length of the buffer is not specifiable. If (l|basel == 1) the program

can bomb; if (36 < |basel) funny characters can be inserted in the buf-
fer.

nmmnmnnmnnnnnnnnmn




itols II. Portable C Runtime Library

NAME
itols - convert integer to leading low-byte string
SYNOPSIS
TEXT *itols(s, val)
TEXT #*s3;
COUNT val;

FUNCTION

itols

itols writes the integer val into the two-byte string at s, with the least

significant byte at s[0] and the next least at s{1].
boundary than that required for char is demanded of s.

No stronger storage

A number of de facto standard file formats have arisen on machines that
represent integers internally in this fashion; itols provides a machine-

independent way of writing such files.
RETURNS

itols writes the two bytes at s and returns s as the value of the func-

tion.

EXAMPLE
To write a library header:

struct
{
TEXT name[14];
UCOUNT size;
} %p;

itols(&p->size, p->size);
fwrite(fd, p, sizeof (#p));

SEE ALSO
1stoi, 1stol, 1lstou, ltols
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leave II. Portable ¢ Runtime Library leave
E NAME
= leave - leave a control region
- SYNOPSIS
VOID leave(val)
BYTES val;
FUNCTION

leave causes an exit from the control region established by the most
recent enter call. Execution resumes as if enter had just performed a
return with value val. Any number of functions may be terminated early by
a leave call, so long as all are dynamic descendants of at least one enter
call. The control region is disestablished by the call to leave.

RETURNS
leave will never return to its caller; instead val is used as the return
value of the most recent call to enter. If no instance of enter is cur-

rently active, leave writes an error message to STDERR and takes an error
exit.

EXAMPLE

To restart a function after each error message:

while (s = enter(&func, file))
putstr(STDERR, s, "\nn, NULL) ;

so that one can write in, say, one of fune s dynamic descendants:

if (counterr)
leave("missing parameterm);

SEE ALSO
_raise(IV), _when(IV), enter
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lenstr II. Portable C Muntime Library lenstr
NAME
lenstr - find length of a string
SYNOPSIS
BYTES lenstr(s)
TEXT #¥s;
FUNCTION

lenstr scans the text string starting at s to determine the number of
characters before the terminating NUL.

RETURNS
The value returned is the number of characters in the string.

EXAMPLE
To output a string:

write(STDOUT, s, lenstr(s));
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in II. Portable C Runtime Library Iin
NAME
1n = natural logarithm
SYNOPSIS
DOUBLE 1n(x)
DOUBLE x;
FONCTION

1n computes the natural log of x to full double precision. It works by
expressing x as a fraction in the interval [1/2, 1), times an integer
power of two. The logarithm of the fraction is approximated by a sixth
order telescoped series approximation.

RETURKS

1n returns the nearest internal representation to 1n X, expressed as a

double floating value. If x is negative or Zero, a domain error condition
is raised.

EXAMPLE
IMPORT DOUBLE In(), sqrt();

aresinh = In(x + sqré(x # x + 1));

SEE ALSO
_domain(IV), exp




lower

II.

Portable C Runtime Library

lower - convert characters in buffer to lowercase

SYNOPSIS

BYTES lower(s, n)
TEXT #*s;
BYTES n;

FUNCTION

lower converts the n characters in buffer starting at s to their lowercase

equivalent if posaible.
RETURNS

lower returns n.

EXAMPLE
buf[lower(buf, size}] = "\0°:

SEE ALSO

tolower
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latoi II. Portable C Runtime Library 1stol
NAME
lstol - convert leading low-byte string to integer
SYNOPSIS
COUNT lstoi(s)
TEXT #s3;
FUNCITON

1lstoi converts the two-byte string at s into an integer, on the assumption
that the leading byte is the less significant part of the integer. No
stronger storage boundary than that required for char is demanded of s.

A number of de facto standard file formats have arisen on machines that
represent integers internally in this fashion; 1lstoi provides a machine-
independent way of reading such files.

RETURES
1stoi returns the integer representation of the two-byte integer at s.

EXAMPLE
To read a library header:

struct

{

TEXT name[ 1413
COUNT sizej

} #pg

fread(fd, p, sizeof (¥p));
p->size = lstoi(&p->size);

SEE ALSQ
itols, lstol, lstou, ltols
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*__*—-: 1stol II. Portable C Runtime Library 1stol

NAME
— 1stol - convert filesystem date to long

SYNOPSIS
LONG 1lstol(s)
TEXT #sg;

FUONCTION

e lstol converts the four-byte string at s into a long, on the assumption
that the bytes are ordered 2, 3, 0, 1, where 0 is the least significant
byte. This bizarre order is used to represent dates in Idris filesystems,
thanks to their PDP-11 origins. No stronger storage boundary than that
— required for char is demanded of s.

RETURNS
1stol returns the long representation of the four-byte integer at s.

EXAMPLE
time = lstol(&pi->n_actime);

SEE ALSO
itols, lstoi, lstou, ltols
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1stou II. Portable C Runtime Library 1stou
NAME
1stou - convert leading low-byte string to unsigned short
SYNOPSIS
UCOUNT lstou(s)
TEXT #s;
FUNCTION

1stou converts the two-byte string at s into an unsigned short, on the as-
sumption that the leading byte is the less significant part of the number.
No stronger storage boundary than that required for char is demanded of s.

: A number of de facto standard file formats have arisen on machines that
represent integers internally in this fashion; lstou provides a machine-
independent way of reading such files.

Note that lstou’s primary raison d’etre is to prevent sign extension of
unsigned quantities on machines with 32 bit integers.

RETURHS
1stou returns the unsigned short representation of the two-byte integer at
S.

EXAMPLE
To read a library header:

struet

{

TEXT name[14];
UCOUNT size;

} *p;

fread(fd, p, sizeof (¥p));
p->size = lstou(&p=>size);

SEE ALSO
itols, lstoi, lstel, ltols
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1tob II. Portable C Runtime Library 1tob
NAME
ltob - convert long to text in buffer
SYNOPSIS
BYTES 1ltob(s, 1, base)
TEXT #s3
LONG 13

COUNT base;

FUNCTION

ltob converts the long 1 to a text representation in the buffer starting
at s. The number is represented in the base specified, using lower case
letters beginning with “a’ to specify digits from 10 on. If (0 < base)
the number 1 is taken as unsigned; otherwise if (base < 0) negative num-
bers have a leading minus sign and are converted to -base; if (base == 0)
it is taken as -10. Only values of base between 2 and 36 in magnitude are
generally meaningful, but no check is made for reasonableness.

The value returned is the number of characters used to represent the long,
which in hexadecimal can be up to eight digits plus sign.

EXAMPLE
To output 1 as an unsigned decimal number:

write (STDOUT, buf, ltob(buf, 1, 10));

SEE ALS0
btoi, btol, itob, stob

BUGS
The length of the buffer is not specifiable. If (Ibasel == 1) the program
can bomb; if (36 < |base|) funny characters can be inserted in the buf-
fer.
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1ltols II. Portable C Runtime Library ltols

NAME
ltols - convert long to filesystem date

SYNOPSIS
TEXT ¥*1tols(plong, lo)
TEXT ¥plong;
LONG loj;

FUNCTIOR
ltols writes the four bytes of the long lo into the buffer, starting at
plong, in the order 2, 3, 0, 1, where 0 is the least significant byte.
This bizarre order is used to represent dates in Idris filesystems, thanks
to their PDP-11 origins.

RETURNS
1tols uwrites the four bytes at plong and returns plong as its value.

EXAMPLE
1tols(&pi->n_actime, time);

SEE ALSQ
itols, lstoi, lstou, lstol

T
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mapchar II. Portable C Runtime Library mapchar

fh

mapchar - map single character to printable representation

“_
"ﬁ_'
SYNOPSIS
- S VOID mapchar(c, ptr)
- TEXT e, %ptr;
e — FUNCTION
e mapchar writes a visible representation of the character ¢ into a two-byte
buffer pointed at by ptr. A printable character (ineluding space through
..-.-?
o ———

“~’) is written as a space followed by the character. Other codes appear
asi:

CHARACTER BECOMES
P fo, 071 ANO - T
- backapace \b
tab \t
e —— newline \n
o —— vertical tab \v
formfeed \f
carriage return \r
—_— all other values \?
.H_-_
RETURHS
— Nothing. mapchar writes two characters at ptr[0] and ptr[1].

- EXAMPLE
To output a visible representation of an arbitrary character, one might
write:

l

TEXT e, strl2];

— § mapchar(e,str);
putfmt ("g4b\n", str, 2);

(

SEE ALSO
doesc
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mateh II. Portable C Runtime Library match
NAME
match - match a regular expression
SYNOPSIS
BOOL mateh(buf, n, pat)
TEXT #buf;
BYTES nj
TEXT #pat;
FUNCTION

match tests the n character buffer starting at buf for a mateh with the
encoded pattern starting at pat. It is assumed that the pattern was built
by the function pattern, whose manual page describes the notation for
regular expressions accepted by these routines.

RETURHNS
mateh returns YES if the pattern matches.

EXAMPLE
To test a line for the presence of three colons:

if (match(line, n, pattern(pbuf, “\0°, ":#¥:#.;m)))
return (YES);

SEE ALSO
amatch, pattern
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§- = max 1I. Portable C Runtime Library max
NAME
- max - test for maximum
L — SYNOPSIS
—— e—r ma.x(a, b}
FUNCTION

max obtains the maximum of its two arguments a and b. Since max is imple-

|

S—= mented as a C preprocessor macro, its arguments can be any numerical type,
and type coercion occurs automatically.
- RETURNS
— max is a numerical rvalue of the form ((a < b) 2 b : a), suitably paren-
thesized.
g ———
e EXAMPLE

]
l

hiwater = max(hiwater, level);

SEE ALSO
min

BUGS
Because it is a macro, max cannot be called from non-C programs, nor can
jts address be taken. Arguments with side effects may be gvaluated other

than just once.

BRE

{

ITERL!

;

{

"l
shasdd

3 A
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min II. Portable C Runtime Library min
NAME
min - test for minimum
SYNOPSIS
min(a, b)
FONCTION

min obtains the minimum of its two arguments a and b. Since min is imple-
mented as a ¢ preprocessor macro, its arguments can be any numerical type,
and type coercion ocours automatically. :

RETURNS

min is a numerical rvalue of the form ((a < b) 2 a : b), suitably paren-
thesized.

EXAMPLE
mmove = min(space, size);

SEE ALSO
max

BUGS .
Because it is a macro, min cannot be called from non-C programs, nor can

its address be taken. Arguments with side effects may be evaluated other
than just once.
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e mkord II. Portable C Runtime Library mkord

LA
|

NAME
- — mkord - make an ordering function

SINOPSIS
COUNT (#mkord(keyarray, lnordrule))()
TEXT ##keyarray, ¥lnordrule;

mkord uses the encoded text strings pointed at by lnordrule and the ele-
ments of keyarray to produce a function, suitable for use with sort, that
compares two text buffers for lexical order. The function produced can be

et —
e FUNCTION
H

= declared (symbolically, at least) as:

COUNT ordfun{i, j, ppa)
BYTES i, J3
struet {
UCOUNT len;
TEXT bufllen];
} ##%ppaj

That is, ppa is a pointer to an array of pointers to structures, each of
which consists of a two-byte buffer length len, followed by the text buf-
fer proper. The function is expected to compare the text in the structure
pointed at by (¥ppa){i] with that in the structure pointed at by
(#ppa)[j], returning a negative number if the first is less than the
second, zero if the two compare equal, and positive otherwise.

keyarray is a NULL terminated list of "keys", or ordering rules to be used
by ordfun, listed in reverse order of application, i.e., keyarray[0]
specifies a rule that is applied only if keyarray[1] is NULL or if it (and
all higher rules) says that the two text buffers compare equal, on a given
call to ordfun.

Each of the keys, as well as lnordrule, is a NUL terminated string that
specifies a rule (as shown below) for ordering two text buffers.
inordrule is the key tried last by ordfun; it also specifies the default
method of comparison for any keys in keyarray that don’t explicitly state
a method. Thus, if keyarray[0] is NULL, lnordrule alone specifies the
ordering.

Strings in lnordrule and keyarray take the form:
[adinl(bllrlt? 1[#.#=i#]
where

a - compares character by character in ASCII collating sequence. A mis-
sing character compares lower than any ASCII code.

b - skips leading whitespace.
d - compares character by character in dictionary collating sequence,

i.e., characters other than letters, digits, or spaces are omitted,
and case distinetions among letters are ignored.
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micord -2 - mkord

1 - compares character by character in ASCIT collating Sequence, except
that case distinctions among letters are ignored.

B - compares by arithmetic value, treating each buffer as a numeric
string consisting of optional whitespace, optional minus sign, and
digits with an optional decimal point.

P - reverses the sense of comparisons.

£? - uses ? as the tab character rfor determining offsets (described
below).

rule. The number before each dot ‘. is the number of tab characters
to skip, and the number after each dot is the number of characters to
skip thereafter, Thus, in the string "abed=efgh", with ‘=’ as the
tab character, the offset "1.2m yould point to ‘g”, and "0.0 would
point to “a‘., a missing number # is taken as Zero; a missing final
pair "-#.#" points Just past the last of the text in each of the buf-
fers to be compared. If the first offset is past the second offset,
the buffer isg considered empty, -

If no tab character is specified, each contiguous string of whitespace
will be taken as a tab. Thus, in the string " ABC DEF GHI", the offset
"3" would point to “G°.

Only one of ‘a”, ‘4, ‘L’ or "n* may be present in a rule, and no more
than ten ordering rules can be specified by keyarray.

RETURNS
If all keys make sense, mkord returns a pointer to an internal ordering
function as desecribed above; otherwise it returns NULL. Various internal
tables are rewritten, on each eall to mkord, so only one ordering function
may be defined at a time.

EXAMPLE
#define MAXKEY 10
INTERN struct {
BYTES nj;
TEXT *key[MAXKEY+1];
} kstack {MAXKEY}; = kstack.key[MAXKEY] is always NULL #/

o e M

getrlags(&ac, &av, "+ e[ b-ftabdlnp £21", &kstack);
order = mkord(&kstack.key[kstack.n], nan).

sort(nlines, order, &swapfn, linptrs);

SEE ALSO
sort
II - 104
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nalloc II. Portable C Runtime Library nalloc

NAME
nalloe ~ allocate space on the heap

SYNOPSIS
TEXT *nalloc(nbytes, link)
BYTES nbytes;
TEXT *link;

FUNCTION
nalloc allocates space on the heap for an item of size nbytes, then writes
link in the zeroeth integer location. The space allocated is guaranteed
to be at least nbytes long, starting from the pointer returned, which

pointer is guaranteed to be on a proper storage boundary for anything.
The heap is grown as necessary.

RETURNS

nalloc returns a pointer to the allocated cell if successful; otherwise,
it returns a NULL pointer.,

EXAMPLE
To build a stack:

struct cell {
struct cell #prev;
s». rest of cell ...
} ®top;

top = nalloc(sizeof (#top), top); /% pushes a cell #/

SEE ALSO
alloe, free, sbreak(III)

BUGS

The size of the allocated cell is stored in the integer location right
before the usable part of the cell; hence it 1is easily clobbered. This

number is related to the actual cell size in a most system dependent
fashion and should not be trusted.
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notbuf IT. Portable C Runtime Library notbuf
NAME

notbuf - find occurrence in buffer of character not in set
SYNOPSIS

BYTES notbuf(p, n, s)
TEXT #p, #g;
BYTES nj

FUNCTION

notbuf scans the n-character buffer starting at p for the first instance
of a character not in the NUL terminated set starting at s. If the NUL

character is to be part of the set, it must be the first character in the
set.

RETURNS

notbuf returns the index of the first character in p not contained in the
set s, or the value n if all buffer characters are in the set.

EXAMPLE
To check that an input string contains only digits:

if (notbuf{buf, n, "0123456789") < n)
errfmt("illegal number\n");

SEE ALSO
inbuf, instr, notstr, scnbuf, scnstr, subbuf, substr
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notstr II. Portable ¢ Funtime Library notstr

- NAME
notstr - find occurrence in string of character not in set

SINOPSIS
BYTES notstr(p, s)
- TEXT ¥p, #s;

FUHCTION
notstr scans the NUL terminated string starting at p for the first occur-
rence of a character not in the NUL terminated set starting at s.

RETURNS :
— notstr returns the index of the first character in p not contained in the

set s, or the index of the terminating NUL if all are in s.

i EXAMPLE
- To check a string for non-numeric characters:

if (strinotstr(str, "0123456789")1)
errfmt{("illegal number\n");

SEE ALSO
inbuf, instr, notbuf, scnbuf, senstr, subbuf, substr
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NAME

ordbuf - compare two NUL padded buffers for lexical order
SYNOPSIS

COUNT ordbuf(s1, s2, n)
TEXT #s1, ¥s2;

COUNT nj
FUNCTION —
ordbuf compares two text buffers, character by character, for lexical
order in the character collating sequence. The first buffer starts at s1,
the second at s2. Both buffers are n characters long. r"‘
Note that encoded numbers, such as int op double, seldom sort pProperly -
when treated as text strings. .
h.
RETURNS
The value returned is -1 when s1 is lower, 0 when si equals s2, and +1
when s2 is lower. :
EXAMPLE B
sort (nthings, &ordbuf, &swap, &data);
SEE ALSO . —

sort
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pathnm II. Portable C Runtime Library pathnm

NAME

pathnm - complete a pathname

SYNOPSIS

TEXT *pathnm(buf, nil, n2)
TEXT #*buf, *n1, #n2;

FUNCTION

pathnm builds a pathname in buf that is derived from the pair of NUL ter-
minated names pointed at by n1 and n2.

Under Idris and Unix, the name pointed at by n2 is assumed to end in °/°.

To this in buf is appended the longest suffix of the string pointed at by
n1 that does not contain a “/”".

Under other operating systems, if the name pointed at by n2 ends in “:” or
“]°y then to it in buf is appended the longest suffix of the string
pointed at by n1 that does not contain a “:*, “17, or “/°. 1If the string

pointed at by n2 does not end in “;” or “]°, then a “/” followed by the
same suffix is appended to the n2 string in buf.

Thus the following results are obtained:

nt n2 buf
X y y/x
b 4 as asx
X [2,3] [2,31x
z2/%x y y/x
a:x bs b:x

sfl:x sf2: 1f2:x

This scheme is designed to be maximally convenient on numerous operating
systems, provided that truly esoteric filenames, such as "a/3:", are
avoided.

RETURNS

pathnm returns the concatenation of n2, possibly a “/‘, and the suffix of
nl, NUL terminated in the area pointed at by buf. The value of the func=-
tion is always buf.

There is no way to specify the size of buf, which must be at 1least
lenstr(nl1) + lenstr(n2) + 2 characters.
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pattern II. Portable C Runtime Library pattern

pattern - build a regular expression pattern

SYMOPSIS

TEXT *pattern(pat, delim, p)
TEXT ®pat, delim, %p;

FONCTION

pattern builds an encoded pattern in the string buffer starting at pat,
suitable for use with amatch or matech in matching characters. The pattern
is created from the string p; the creation of the pattern stops with the
first unescaped cccurrence in p of the character delim. To prevent an
ill-formed pattern from confounding the code, p should be terminated with
a NUL, whether or not a delim other than NUL is given.

Values used in the encoded pattern are given by the manual page for
amateh; ordinary use, however, requires no knowledge of these inner
workings. It is sufficient to know that the encoded string at pat will
never occupy more than twice as many bytes as the length of the string p,
up to and including the terminating occurrence of delim.

The encoded pattern is derived by interpreting the string at p as a series
of "regular expressions". A regular expression is a shorthand notation
for a set of target strings to be searched for in a buffer. Any of these

target strings are said to "match" the regular expression. The following
regular expressions are allowed:

An ordinary character is considered a regular expression that matches
that character.

The character sequences "\bn, w\fw, w\pw  w\pw, "\t", "\v", in upper
or lower case, each match the single ASCII characters backspace (BS),
formfeed (FF), newline (NL), return (CR), tab (HT); and vertical tab
(VT), respectively. In addition, any eight-bit character may be
matched by "\ddd" where ddd is the one to three digit octal value of
the character; this is the safest way to match most non-printing
characters, and the only way to match ASCII NUL (\0).

A ’?° matches any single character except a newline.

A """ as the leftmost character of a series of regular expressions

constrains the mateh to begin at the leftmost of the target charac-
ters.

A """ following another regular expression matches zero or more oc—
currences of that expression. A °"" may thus match a null string,
which oceurs at the beginning of a line, between pairs of characters,
or at the end of the line. A "” enclosed in "\(" and ™\)", or fol-

lowing either a "\’ or an initial “"", is taken as a literal °

H
however.

A literal ""7, as just defined, or a ‘"’ in any position other than
the ones just mentioned, matches a ‘"’ from the target string.




iy
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-2 - pattern

A %’ matches zero or more characters, not including newline.
conceptually identical to the sequence "7°u,

It is

A character string enclosed in square brackets "[]" matches a single
character that may be any of the characters in the bracketed string,
but no other. However, if the first character of the string is a
“1°, then the expression matches any character except newline and the
ones in the bracketed string. Inside the bracketed string, a range
of characters in the character collating sequence may be indicated by
the three-character sequence <{low=character>, “-", <high-character>.
If <low-character> is greater than <high-character>, the expression
is ignored. Thus, [a0-9b] (or [ab0-9] or [0-9bal) is a regular exe
pression that will match one character, either a decimal digit or the
letter a or b. When matching a literal M., the "-" must be the
first or last character in the bracketed list; or must immediately
follow a range, as in [0-9-+]; otherwise it is taken to specify a
range of characters.

A regular expression enclosed between the sequences "\(" and m\)w
tags this expression in a way detectable by the amatch routine, but
otherwise has no effect on the characters the expression matches.
(See amateh for further explanation.)

A concatenation of regular expressions matches the concatenation of
strings matched by individual regular expressions. In other words, a
regular expression composed of a series of "sub-expressions" will
mateh a concatenation of target character strings implied by each of
the individual "sub-expressions".

A “$° as the rightmost character after a series of regular expres-
sions constrains the mateh, if any, to end at the end of the target
characters prior to the newline.

Note that arbitrary grouping and alternation are not fully supported by
this notation, as the expressions accepted are not the full class of
regular expressions beloved by mathematicians.

RETURES

If no syntax errors were found in p; pattern returns a pointer to the oc-

currence of delim that terminated its scan.

Otherwise pattern returns

NULL.

EXAMPLE

To put out only those lines that have a ‘T as their seventh character:

pattern(pbuf, °/°, n"222299T/n);
while (match(buf, n = getlin(buf, MAXBUF), pbuf))
putlin(buf, n);

SEE ALSO
amatch, match
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prefix II. Portable C Runtime Library prefix

NAME
prefix - test if one string is a prefix of the other

SYNOPSIS
BOOL prefix(s1, s2)
TEXT #s1, #g2;

FUNCTION
prefix compares two strings, character by character, for equality. The
first string starts at s1 and is terminated by a NUL “\0"; the second is
likewise described by s2. The strings must matech up to but not including
the NUL terminating the second string, i.e., s2 must be a prefix of si.

i

RETURNS
The value returned is YES if s2 is a prefix of s1, else NO.
EXAMPLE
if (prefix(line, "#include ")
doinclude();
SEE ALSO

cmpbuf, cmpstr
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NAME
pte - put a character to output buffer

SYNOPSIS
pte(pfio, o)

FUNCTION

¢ is treated as a character to be copled to the file controlled by the FIO
buffer at pfio. If there is room in the buffer to put ¢, no function call
is attempted; if the buffer is full, pute() is called to drain the buf-
fer. ptec significantly reduces per character 1/0 overhead.

RETURNS
pte returns c.

EXAMPLE
To copy a file, character by character:

while (pte(&stdout, gte(&stdin)) 1= EOF)

H

SEE ALSO
gete, geteh, gte, pute, putch

BOGS

Because it is a macro, pte cannot be called from non-C programs, nor can

its address be taken. An argument with side effects may be evaluated
other than just once.

II - 113

pte II. Portable C Runtime Library pte




pute II. Portable C Runtime Library pute

NAME
pute - put a character to output buffer

SYNOPSIS
COUNT pute(pfio, c)
FIO #pfiog
COUNT c;

FUNCTION
If ¢ is not negative, it is treated as a character to be copied to the
file controlled by the FIO buffer at pfio; otherwise pute simply ensures
that all characters in the buffer are written out. pfio is normally the
address of an FIO buffer declared by the user.

It may be necessary to explicitly drain the output buffer if pfio has not
been initialized by finit, which takes care to drain the output buffer on
exit from the user program. If the pfio buffer has been opened for WRITE,
the output buffer is drained whenever a newline is encountered,

RETURNS

putc returns ¢. If any writes fail, the writerr condition is raised; if
(pfio == NULL), the fioerr condition is raised.

EXAMPLE
To copy a text file, character by character:

FIO inf, outf;

fopen(&inf, "infile", READ);
fereate(&outf, "outfilen, WRITE);
while (putc(&outf, gete(&inf)) 1= EOF)

H

SEE ALSO
finit, fioerr, gete, geteh, pte, puteh, writerr

BUGS

Arbitrary characters, as opposed to ASCII text, are sometimes sign ex-

tended to make negative integers; these Quietly disappear on pute calls
unless properly masked.
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HAME
puteh - put a character to output buffer stdout

SYNOPSIS
- COUNT puteh(e)
COUNT c3

FUNCTION
If ¢ is not negative, it 1is treated as a character to be copied to the

file controlled by the FIO buffer stdout; otherwise puteh simply ensures
that all characters in the buffer are written out. It may be necessary to
explicitly drain the stdout buffer in this fashion, unless stdout has been
- initialized by finit, which takes care to drain the output buffer on exit

from the user program.

RETURNS

putch returns c¢. If any writes fail, putch raises the writerr condition.

EXAMPLE
To copy stdin to stdout, character by character:

while (putch(getch()) 1= EOF)
5
Note that this is exactly equivalent to:

IMPORT FIO stdin, stdout;

while (pute{&stdout, gete(&stdin)) 1= EOF)

¥

SEE ALSO
finit, gete, geteh, putc, stdout, writerr

BUGS
By default, the stdout buffer is drained only when the character written

is a newline, or when putech is called with a negative argument. If stdout
has not been explicitly initialized before use by the call

finit (&stdout, STDOUT, WRITE);

a partial line may not be drained on program termination. If non-text
output is to be written to stdout, the call

finit (&stdout, STDOUT, BWRITE);
should be made before stdout is used.

Arbitrary characters, as opposed to ASCII text, are often sign extended to
make negative integers; these quietly disappear on puteh calls unless

masked properly.
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NAME
putf - output arguments formatted

SYNOPSIS
VOID putf(pfio, fmt, argl, arg2,; ...)
FIO *pfio;
TEXT *fmt;

FUNCTION
putf converts a series of arguments argl, ... to text, which is output to
the file controlled by the FIO buffer at pfio, under control of a format
string at fmt. The format string consists of literal text to be output,
interspersed with <field-specifier>s that determine how the arguments are
to be interpreted and how they are to be converted for output.

A <field-specifier> takes the form:
%[+z]~z][#]1<field-code>

That is, a <field-specifier> consists of a literal %", followed by an op-
tional "+z" or ".z", where z can be any character, followed by an optional
field width #, and is terminated by a <(field-code>. A ™+z", if present,
calls for the field to be left-filled with-the character z, while "-z"
ealls for the output of right f£ill with z. A #, if present, specifies the
total width in characters of the field to be output, and is either a
decimal integer, or the letter ‘n’. If an ‘n” is given, then the value of
the next argument from the argument list is taken to specify the field
width.

For example, if argl is a double with the value 100.53, then:

putf{&stdout, "%+%#9.2f", argl);
putf(&stdout, "F+¥n.nfv, 9, 2, argl);

both will output:
##%100.53

If the number of characters needed to represent the output item is less
than the field width, fill characters are used to left or right pad the
item up to the field width. By default, left fill with spaces is used.
The default field width is zero.

A {field-code> is composed of a <modifier>, a <specifier> or both. The
¢specifier> defines how an output field is to be represented, and is one
of the following:

char integer

short integer

integer

long integer
NUL-terminated string
buffer of specified length

oo HE o 0
Womomonon o
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d = double output in scientific notation (e.g., 1.00e+00)
£ = double output in fixed point notation (e.g., 1.00)
x = fill characters (usually spaces) only

A <modifier> causes an integer value to be output as:

ASCII characters

hexadecimal (no leading "0x")
octal (no leading "07)
unsigned decimal

ECom

If no <specifier> is given, it is presumed to be "1, and a <modifier>
given from the above series will be taken to apply to the implied integer
field. If a <specifier> of ‘¢’ ‘s’, °i” or ‘1° is given with no
<modifier>, the associated value is output in signed decimal.

In addition, an optional precision medifier, ".#", limits the number of
characters actually output with a <specifier> of ‘p” or ‘b, and specifies
the number of fractional digits output with a <specifier> of “d” or ‘f’.
Like the field width specifier, the precision modifier # may be either an
explicit integer, or an ‘n’, to make use of the next argument value in se-
quence.

Hence a <field-code> usually consists of one of the following combinations
of <specifier> and <modifier>:

[alhlolul{elslil1} /% integer output #/
[.#1{blpldlf} /¥ string or floating output #*/
{alhlolu} /% default specifier is i #/

{x} /% just output fill characters */

Any other character in the place of a <field-code> is taken as a single
1iteral character to be output, permitting a ‘%’ to be output with a "%%"
specification.

The ‘a’ modifier treats the integer as a sequence of characters of the ap-
propriate length, and outputs the characters in descending order of their
significance within the number. This permits multi-byte binary data to be
written to a file in a host independent manner.

A string of characters may be output under the ‘p’° field code, if it is
NUL-terminated, or under “b° if its length is known.

If arg2 is a vector containing the 1l1-character NUL-terminated string
Thello worldM™, either of these calls would output the string:

putf(&stdout, "%p\n", arg2);
putf(&stdout, "%b\n", arg2, 11);

In the first case, the argument is a pointer to the beginning of the
string; in the second case two arguments are used, one a pointer to the
start of the string and the second an integer specifying its length. 1In
either case, the number of characters actually output will be no more than
the precision modifier, if it is present and non-zero.
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A double (or float) number may be output with “d” or “f", the precision
modifier specifying the number of characters to the right of the decimal
point. For the 'd’ field code, the number is written in the scientifie
notation form

oo

[=1#.#%e{+]| -} 2%
There is always one digit to the left of the decimal point; there are
either two or three digits in the exponent, depending on the target
machine. The °‘f° field code prints the number in fixed point format,
i.e., without exponent. In either case, no more than 24 characters will
be output.
For example, if argtl is a double with the value 100.53, then:
putf(&stdout, "%1.4d\n", argl);

would output it as:

Vrevonivndedenin |y

1.0053e+02

while:
putf(&stdout, "$#6.nf", 2, argl);

would output it in fixed point notation as:
$100.53

The ‘x° field code consumes no arguments; it is a convenient way to out-
put pure filler.

RETURNS
Nothing. An error exit occurs if any writes fail, or if (pfio == NULL).

EXAMPLE
putf{&stdout, "%i errcrs in file %p\n", nerrors, fname);

SEE ALSO
decode, dtoe, dtof, errfmt, putfmt

BUGS
A call with more <{field-specifier>s than argument variables will produce
unpredictable results.
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putfmt II. Portable C Runtime Library putfmt

NAME
putfmt - output arguments formatted to stdout

SYNOPSIS
VOID putfmt(fmt, argl, arg2, ...)
TEXT #*fmt;
FUONCTION
putfmt writes formatted output to the file controlled by the FI0 buffer

stdout, using the format string at fmt and the arguments argx, in exactly
the same way as putf.

RETURHS
Nothing. If any writes fail, the writerr condition is raised.

EXAMPLE
putfmt ("%i:%p\n®, lineno, line);

ALSO
decode, errfmt, finit, putf, stdout, writerr
BUGS
The stdout buffer is drained only when the last character written is a
newline. If stdout has not been explicitly initialized before use by the
call
finit(&stdout, STDOUT, WRITE);

é partial line may not be drained on program termination. If non-text
output is to be written to stdout, the call

finit(&stdout, STDOUT, BWRITE);

should be made before stdout is used.
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NAME
putl - put a text line to output buffer
SYNOPSIS
BYTES putl(pfio, s, n)
FIO #pfio;
TEXT #s;
BYTES n;
FUNCTION

putl copies characters from the n character buffer starting at s to the

file controlled by the FIO buffer at pfio. pfio is normally the address
of an FIO buffer declared by the user.

RETURNS
putl returns n. If any writes fail, the writerr condition is raised; if
(pfio == NULL), the fioerr condition is raised.

EXAMPLE
To copy a textfile, line by line:

FIO inf, outf;

fopen(&inf, "infile", READ) ;

fopen(&outf, "outfile", WRITE);

while (putl(&outf, buf, getl(&inf, buf, BUFSIZE)))

¥

SEE ALSO
ficerr, getl, getlin, putlin, writerr
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NAME
putlin - put a text line to output buffer stdout

SYNOPSIS
BYTES putlin(s, n)
TEXT ¥s3
BYTES nj
FUNCTIOH

putlin copies characters from the n character buffer starting at s to the
file controlled by the FIO buffer stdout.

RETURNS
putlin returns n. If any writes fail, the writerr condition is raised.

EXAMPLE
To copy stdin to stdout, line by line:

while (putlin(buf, getlin(buf, BUFSIZE)))

Note that this is exactly egquivalent to:

IMPORT FIO stdin, stdout;

while(putl(&stdout, buf, getl(&stdin, buf, BUFSIZE)))

SEE ALSO
finit, getl, getlin, putl, stdout

BUGS
The stdout buffer is drained only when the last character written is a
newline. If stdout has not been explicitly initialized before use by the
call
finit(&stdout, STDOUT, WRITE);

a partial line may not be drained on program termination. If non-text
output is to be written to stdout, the call

finit(&stdout, STDOUT, BWRITE);

should be made before stdout is used.
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NAME
putstr - copy multiple strings to file

SYNOPSIS
VOID putstr(fd, argl, arg2, ..., NULL)
FILE fd;
TEXT *argl, ®arg2, ...;

FUNCTION

putstr writes a series of strings out to the file with descriptor fd.

Each string begins at argl, ... and is terminated by a NUL “\0". The

series of string arguments is terminated by a NULL pointer argument. For

each string, putstr invokes lenstr to discover its size and issues a call

to fwrite; therefore, putstr should only be used for low volume output.
RETURNS

Nothing. If any writes fail, the writerr condition is raised.

EXAMPLE
putstr(STDERR, fname, ": bad format\n", NULL);

SEE ALSQ
fwrite, lenstr, writerr

BUGS :
Forgetting the terminating NULL pointer is usually disastrous.
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NAME
_— readerr - read error condition

SYNOPSIS
TEXT #readerr

FUNCTION

readerr is the condition raised when a read error occurs. If no handler o
is provided, the message written to STDERR is "read errorv, -
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NAME
remark - print non-fatal error message

SYHOPSIS
VOID remark(s1, s2);
TEXT #s1, ¥s2;

FUNCTION

remark prints an error message to STDERR, consisting of the conecatenation
of strings s1 and s2, followed by a newline. It then returns to the cal-
ler for further processing.

RETURNS
Nothing.

EXAMPLE

if ((fd = open(name, READ, 0)) < 0)
remark("can’t open: ", name);

SEE ALS0
errfmt, error, putstr
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NAME
round - round real to integer

i |

SYNOPSIS
ARGINT round(x)
— DOUBLE x3;

FUNCTION
round increases the absolute value of its argument by 0.5, then finds the
nearest integer closer to zero than the modified argument.

RETURNS
round returns the integer corresponding to its argument, rounded.

SEE ALSO
trunc

P O] T ] v
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HAME
senbuf - scan buffer for character

SYNOPSIS
BYTES scnbuf(s, n, c)
TEXT #s;
BYTES nj
TEXT o

FUNCTION

senbuf looks for the first occurrence of a specific character ¢ in an n
character buffer starting at s.

senbuf returns the index of the first character that matches ¢y or n if
none.

EXAMPLE
To map keybuf[] characters into subst[] characters:

= senbuf(keybuf, KEYSIZ, %s)) 1= KEYSIZ)
¥3 = subst[nl;

SEE ALSO
inbuf, instr, notbuf, notstr, senstr, subbuf, substr
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NAME
senstr - scan string for character

SYNOPSIS
BYTES senstr(s, c)
—_ TEXT %*s, o3

feiitEGn

FUNCTION
senstr looks for the first occurrence of a specific character ¢ in a NUL
terminated target string s.

i
s

RETURNS
senstr returns the index of the first character that matches ¢, or the in-
dex of the terminating NUL if none does.

I

EXAMPLE
— To map keystr[] characters into subst[] characters:

if (s[n = scnstr(keystr, ¥s)])
#s = substn];

SEE ALSO
inbuf, instr, notbuf, notstr, senbuf, subbuf, substr
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NAME
sin - sine in radiang

SYNOPSIS
DOUBLE sin(x)
DOUBLE x H

sin computes the Sine of x, express
sion. It works by scaling x in quadrants, then

» the value of s8in is 0.
RETURNS
sin returns

ed in radians, to fuil double precgi.
¢omputing the appropriate

using a sixth order
magnitude of x is too

the nearest internal representation to sin X, expressed as a
double floating valye.

EXAMPLE
To rotate a vector through the angle theta:

IMPORT DOUBLE cos(), sin();

e q

XDeW = xold * cos(theta) - yold # sin(theta);
ynew = xold # sin(theta) 4 yold # cos(theta);

SEE ALSO

cos
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II. Portable C Runtime Library

" NAME
sort - sort items in memory

SYNOPSIS
VOID sort(n, ordf, excf, base)
ARGINT n;
COUNT (¥ordf)();
VOID (¥exef)();
TEXT *base;

FUNCTION

(*ordf) (i, j, &base);

To exchange two items, sort makes the call
(¥exef) (i, j, &base);

and henceforth presumes that the items are interchanged.

simply be ignored.

RETURNS
Nothing. The items are sorted in place.

EXAMPLE
To sort an array of short integers in ascending order:
COUNT iord(i, j, pa)
COUNT i, j, #%pa;
{
return ((®*pa)[i] - (®pa)[j1);
}

VOID iswap(i, j, pa)
COUNT i, j, ®¥pa;
{
COUNT ¢;

? = (%pa)[i], (®pa)[i] = (%pa)[jI, (*pa)[j] = t;

sort orders n items in memory using the quicksort algorithm.
whether items i and j are in order by performing the ecall

where i and j are both guaranteed to be in the range [0,
is to sort less than item j) then the value returned mu
zero; otherwise if (item i is to sort equal to item j) then the value
returned must be zero; the value is otherwise unconstrained.

It decides

If (item i
st be less than

— Note that it is the address of base that is passed to both functions.
This permits multiple parameters to follow base in the original argument
list, which can be accessed as members of a structure pointed to by &base,
providing the structure is declared with careful knowledge of how C passes
arguments. For ordering and exchange functions in the know, base can also
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VOID isort(a, n)
COUNT all, n;
{

sort(n, &iord, &iswap, a);

BUGS
It can’t sort more than half of memory, i.e., n is taken as signed and
must be positive.
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sqr II. Portable C Runtime Library sqr

HAME
= Sqr - square an argument

SYNOPSIS
DOUBLE sqr(d)
DOUBLE d;

FUNCTION
sqr finds the square of its argument.

No check is made against overflow.

— RETURNS
2qr returns the square of its argument which is a double.
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sqrt II. Portable C Runtime Library sqrt

NAME
sqrt - real square root

SYNOPSIS
DOUBLE sqrt(x)
DOUBLE xj

FUNCTION

sqrt computes the square root of x to full double precision. It works by
expressing x as a fraction in the interval [1/2, 1), times an integer
power of two. The square root of the fraction is obtained by three itera-

tions of Newton’s method, using a quadratic approximation as a starting
value.

RETURNS

s3qrt returns the nearest internal representation to sqrt x, expressed as a

double floating value. If x is negative, a domain error condition is
raised.

EXAMPLE
To find the magnitude of a vector:

IMPORT DOUBLE sqrt();

mag = sqri(x ¥ x + y # y);

SEE ALSO
_domain(IV), exp
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squeeze II. Portable C Runtime Library

NAME
3queeze - delete specified character from buffer

SYNOPSIS
BYTES squeeze(s, n, ¢)
TEXT c, #g;
BYTES nj;
FUNCTION

squeeze deletes character ¢ from the n=-character buffer starting at s, and
compresses it in place.

— RETURNS
squeeze returns the nu
interval [0, n].

EXAMPLE
To write out a buffer after stripping off NULs and carriage returns:

mber of characters remaining in s, which is in the

write(STDOUT, buf, squeeze(buf, squeeze(buf, BUFSIZE, “\0"), "\r"));

SEE ALSO
fill

i

[ilm
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stdin II. Portable ¢ Runtime Library stdin ; =

NAME —
stdin - the standard input control buffer e

SYNOPSIS e —
FIO stdinj —

FUNCTION - e
stdin is an FIO control buffer initialized for input from STDIN.

EXAMPLE

To count lines:

for (nl = 0; getl(&stdin, bur, BUFSIZE); ++nl)

1]

SEE ALSO
stdout
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stdout II. Portable C Runtime Library stdout

NAME .
stdout - the standard output control buffer

SYNOPSIS
FIO stdout;

FUNCTION
stdout is an FIO control buffer initialized for output to STDOUT.

EXAMPLE
putl(&stdout, outbuf, outsiz);

SEE ALS0
finit, stdin

BUGS
stdout should not be used for non-text output unless initialized before
use by

finit(&stdout, STDOUT, BWRITE);
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stob II. Portable C Runtime Library stob

NAME
stob - convert short to text in buffer

SYNOPSIS
BYTES stob(s, i, base)
TEXT #gs;
COUNT i;
COUNT basej;

FUNCTION

stob converts the short i to a text representation in the buffer starting
at s. The number is represented in the base specified, using lower case
letters beginning with ‘a’ to specify digits from 10 on. If (0 < basge)
the number i is taken as unsigned; otherwise if (base < 0) negative num-
bers have a leading minus sign and are converted to -base; if (base == 0)

it is taken as -10. oOnly magnitudes of base between 2 and 36 are
generally meaningful, but no check iz made for reasonableness.

RETURNS

The value returned is the number of characters used to represent the
short, which in hexadecimal can be up to four digits plus sign.

EXAMPLE °
To output i in decimal:

write(STDOUT, buf, stob(buf, i, 10));

SEE ALSQ
btei, btol, btos, itob, 1ltob

BUGS

The length of the buffer is not Specifiable. If (ibasel == 1) the program

can bomb; if (36 < |basel) funny characters can be inserted in the buf-
fer.
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subbuf II. Portable C Runtime Library subbuf
NAME

subbuf - find occurrence of substring in buffer
SYNOPSIS

BYTES subbuf(s, ns, p, np)
TEXT ¥s3, #*p;
BYTES ns, np;

FUNCTION
subbuf scans the buffer starting at s of size ns,
occurrence of the substring at p of size np.
RETURNS

The value returned is the index in s of the first character in the sub=
string if subbuf is successful; otherwise, ns is returned. If np is zero,

zero is returned; i.e., a null string always matches the start of the
buffer.

and looks for the first

EXAMPLE
for(p = buf, 1 = size; (J = subbuf(p, i, "\r\n", 2)) < ij
P=tJ+2,1z=ja+2)
{

write{fd, p, j);
write(fd, "\nn, 1};
}

SEE ALSO

amatch, inbuf, instr, match, notbuf, notstr, senbuf, senstr, substr

II - 137

‘fl“IH'iHiHiiJIH'|||lii.ii'iiiiin.ll'.ii'.ilnl!i




II. Portable C Runtime Library substr
NAME
substr - find occurrence of substring
SYNOPSIS
BYTES substr(s, p)
TEXT #3, *p;
FUNCTION

substr scans the string starting at s, and looks for the first occurrence
of the substring at p.

The value returned is the index in s of the first character in the sub-

string if substr is successful; otherwise, the index of the terminating
NUL is returned.

EXAMPLE
if (line[substr(line, "Page")])
putfmt("%¥s: %\n", 1no / 66 + 1, line);

SEE ALSO
amatch, inbuf, instr, match, notbuf, notstr, senbuf, scnstr, subbuf
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tolower IT. Portable C Runtime Library
NAME
tolower - convert character to lowercase if necessary

SYNOPSIS
tolower(c)

FUHCTION
tolower converts an uppercase 1
all other characters unscathed.

RETURNS
tolower is a numerical rvalue guaranteed not to be an uppercase character.

EXAMPLE
To accumulate a hexadecimal digit:

etter to its lowercase equivalent, leaving

if ("a” <= ¢ && ¢ <= Al ‘AT <= e && e <= F’)
sum = sum * 10 + tolower(c) + (10 - ‘a’)s
SEE ALSO
isalpha, isdigit, islower, isupper, iswhite, toupper

BUGS
Because it is a macro, tolower
can its address be taken.
other than just once.

cannot be called from non-C programs, nor
Arguments with side effects may be evaluated
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toupper II. Portable ¢ Runtime Library toupper
NAME
toupper - convert character to uppercase if necessary
SYNOPSIS
toupper(ec)
FUNCTION

toupper converts a lowercase letter to its
all other characters unsecathed.

RETURNS

toupper is a numerical rvalue Buaranteed not to be a lowercase character.
EXAMPLE

To convert a character string to uppercase letters:

uppercase equivalent, leaving

for (1 = 0; i < size; ++i)
buffi] = toupper(bur(i]);
SEE ALSO

isalpha, isdigit, islower, isupper, iswhite, tolower

BUGS
Because it is a macro, t

can its address be taken
Other than just once.

oupper cannot be called from non-Q

programs, nor
« Arguments with side effects may

be evaluated
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trune
II. Portable ¢ Runtime Library
NAME
trune - truncate real to integer
SYNOPSIS

ARGINT trunc(d)
DOUBLE d;

FUNCTION

trune converts a
real numb
the original number. "Per to the nearest integer closer to zero than

RETURNS

trune returns the integer corresponding to it

SEE ALSOD
round

S argument, truncated.
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usage

II. Portable C Runtime Library

NAME
usage - output standard usage information

SYNOPSIS

COUNT usage(msg)
TEXT #msg;

FUNCTION

usage outputs to STDERR the string "usage: <pname> ", followed by the
string pointed to by msg, where <pname> is the name by which the current

program was invoked. TIf msg is terminated with a newline, usage im-
mediately takes an error exit.

RETURNS
If usage returns to the caller,

put to STDERR.
EXAMPLE
if (1 < aflag + bflag + nflag)
usage("~[a b n] <files>\n");
SEE ALSO
_pname(III), getflags

its value is the number of characters out-
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II. Portable C Runtime Library writerr

HAME
writerr = write error condition

SYNOPSIS
TEXT *writerr

FUNCTION

writerr is the condition raised when a write error occurs. If no handler
is provided, the message written to STDERR is "write error".
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III. C System Interface Library

C interface to operating system
enter a C program

program name

close a file

oren an empty instance of g file
terminate program execution

set file read/write pointer
call funetion on program exit
capture interrupts

open a file .

read characters from a file
remove a file

set system break

create a unique file name

write characters to a file
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Cint

III. C System Interface Library

HAME
Cint - ¢ interface to operating system

Each ¢ Program must provide a function main(),
manual page, that hag access to the command 11
Program. Returning from main, or calling exit(),

The first may be used with rea

no more than six characters
than two more letters,

A file deseriptor - is short integer (type
std.h) that is guara

nteed to be non-negative.
otherwise assumed t

0 be magic.

A mode - is a short integer that s
(mode == 1), or updating (mode == 2).
A binary file - looks to
Period. There is no
lowed. Trailing NU

A text file - is much like a binary file,
printable tex

t that may be mapped

Details of actual implementat
but these are bes
portability is considered z virtue.

3criptor 1), and STDERR (file deg
d() and close(); the latter two
with write() and close().

» Optionally followed by a “.”*

pecifies reading (mode == 0),
No other values are de

Cint

supplied, in
ions may be
t ignored if

detailed on a Separate
ne used to invoke the
terminates program ex-
st one bit of status, success op failure, to the
invoker,

¢ STDIN (file
eriptor 2),
may be used

For maximum por-
letters, of one case only, and
r and there should be

and no more

FILE in the standard header
Its value should be

writing
fined,

11 character codes are al-
Ls may be provided, free of charge, by some

except it is assumed to contain
between internal and external
forms. Most brograms deal with such files of printable text, where gz

) by the presence of a newline

Lines can be as-
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-2 - Cint

line has no newline at the end.

Space is reserved for each program to grow a stack, or LIFO list of func-
tion call argument lists and automatic storage frames, and a heap, or un-
structured data area. Heap is purchased in (not necessarily contiguous)
chunks by calls on sbreak(), and is never given back during program execu-
tion. Stack and heap often must contend for the same (limited) space, so
an otherwise correct C program may terminate early, or (sadly) misbehave,
because insufficient space was allotted.

Note that all objects in € are presumed to have non-NULL addresses; the
system is obliged never to bind an external identifier to the value zero.
The system interface ensures that address zero never ocours on the stack
or heap, as well. In fact, the addresses -1 and +1 are also discouraged,

since some functions treat these values as codes for discredited pointers,
much like NULL (0).
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main ITI. C System Interface Library main

NAME .
main - enter a C program

AR

SYNOPSIS
BOOL main(ae, av)
BYTES ac;
TEXT #¥ayv,

FUNCTION

main is the function called to initiate a C pProgram; hence every user
program must contain a function called main. Its arguments are a sequence
of NUL terminated strings, pointed at by the first ac elements of the ar-
ray av, obtained from the command line used to invoke the programs. By
convention, ac is always at least one, av[0] is the name by which the
program has been invoked, and av[1], if present, is the first argument
string, ete. Program execution is terminated by returning from main, or
by an explieit call to exit. In either case, one bit of status is
returned to the invoker to signify whether the program ran successfully.

RETURNS

main returns YES (or non-zero) if successf'ul, otherwise NO (zero).

EXAMPLE
/* ECHO ARGUMENTS TO STDOUT '

*  copyright (c) 1980 by Whitesmiths, Ltd.
®/

#include <std.h> .

A

BOOL main(ae, av)
BYTES ac;
TEXT #*#av;

{

if (1 < ae)
{

putstr(STDOUT, #++av, NULL) ;

for (~-ac, ++av; --ac; ++av)
putstr(STDOUT, " v, #ay, NULL);

write(STDOUT, ™", 1);

}

return (YES);
}
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_pname III. C System Interface Library _pname

NAME
_pname - program name

STNOPSIS
TEXT _pname;

FUNCTION
_pname is the (NUL terminated) name by which the program was invoked, if
that can be determined from the command line, or the name provided by the
C programmer, if present,; or the name "error", delivered up by a waiting
library module. The library definition is used only if no definition of
_pname is provided by the C program and/or the compile time name is not
overridden at runtime.

It is used primarily for labelling diagnostiec printouts.

SEE ALSO
error(II)




III. C System Interface Library close
NAME
close —~ close a file
SYHOPSIS
FILE close(fd)
FILE fd;
FUNCTION

close closes the file associated with the file descriptor fd, making the
fd available for future open or create calls.

RETURNS
close returns the now useless file descriptor, if successful, or a nega-
tive number.

EXAMPLE
To copy an arbitrary number of filest

while (fd = getfiles(&ac, &av, STDIN, -1)})
{
while (0 < (n = read(fd, buf, BUFSIZE)))
write(STDOUT, buf, n);
close(fd);
}

SEE ALSO
create, open, remove, uname

ﬂ
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create III. C System Interface Library create

create - open an empty instance of a file

SYNOPSIS

FILE create{fname, mode, rsize)
TEXT ¥#fname;
COUNT mode;
BYTES rsize;

FUNCTION

create makes a new file fname, if it did not previously exist, or trun-
cates the existing file to zero length. If (mode == 0) the file is opened

for reading, else if (mode == 1) it is opened for writing, else (mode ==
2) of necessity and the file is opened for updating (reading and writing).

If the file is to contain arbitrary binary data, as opposed to printable
ASCII text, the record size rsize should be non-zero. Not all systems
behave well if a textfile is created for updating.

RETURNS

create returns a file descriptor for the created file or a negative num-
ber.

EXAMPLE

if ((fd = create("xeq", WRITE, 1)) < 0)
write (STDERR, "can’t create xeq\n", 17);

SEE ALSO

close, open, remove, uname

MT
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I1I. C System Interface Library exit

NAME
exit - terminate program execution

SYNOPSLIS
VOID exit(success)

BOOL success;

FUNCTION
exit calls all functions registered with onexit, closes all files, and

terminates program execution. exit is called with a non-zero (YES) to in-
dicate success, or a zero (NO) to indicate unsuccessful termination; not

all systems provide a recipient for this information.

RETURNS
exit will never return to its caller.

if ((fd = open("file", READ, 0)) < 0)
{
write(STDERR, "can’t open file\n", 16);

exit(NO);
}
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1seek III. C System Interface Library 1seek —

NAME - —
lseek - set file read/write pointer - ———
SYNOPSIS e —
COUNT lseek(fd, offset, sense) L e
FILE fd; e e —
LONG offset; e
COUNT sense; - ———______
FUNCTION B
lseek uses the long offset provided to modify the read/write pointer for e ——
the binary file fd, under control of sense. If (sense == 0) the pointer Y —
is set to the byte offset, which should be positive. If (sense == 1) the -~ —_——
byte offset is algebraically added to the current pointer. Other values ——
of sense are extremely system dependent. e
- ——
The call lseek(fd, OL, 1) is guaranteed to leave the file pointer un-
modified and, more important, to succeed only if lseek calls are both ac=~
ceptable and meaningful for the fd specified. Other 1lseek calls may ap-
pear to succeed, but without effect, as when rewinding a terminal. ~
RETURNS .
lseek returns the file descriptor if successful, or a negative number. r
EXAMPLE
To read a 512-byte block:
i P
BOOL getblock(buf, blkno) = B
TEXT #bufj
BYTES blknoj
{

1seek(STDIN, (LONG)blkno << 9, 0);
return (read(STDIN, buf, BUFSIZE) I= BUFSIZE);
}




III. C System Interface Library onexit

onexit - call function on program exit

bl

SYNOPSIS
VOID (%*onexit()){pfn)
voID (#(¥pfn)())();

FUNCTION
onexit registers the function pointed at by pfn, to be called on program
exit. The function at pfn is obliged to return the pointer returned by
the onexit call, so that any previously registered functions can also be

called.

RETURHNS
onexit returns a pointer to another function; it is guaranteed to be non-

NULL.

T

EXAMPLE
To register the function thisguy:

GLOBAL VOID (#(¥nextguy)())(), (¥thisguy())Q);

if (tnextguy)
nextguy = onexit(&thisguy);

SEE ALSO
exit

I

BUGS
The type declarations defy description, and are still wrong.
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III. C System Interface Library onintr

NAME
onintr - capture interrupts

SYNOPSIS
VOID onintr{pfn)
VOID (¥pfn)();

FUNCTION
onintr ensures that the function at pfn is called on the occurrence of an
interrupt generated from the keyboard of a controlling terminal. (Typing
a delete DEL, or sometimes a ctl-C ETX, performs this service on many
systems.) Any earlier call to cnintr is overriden.

The function is called with one integer argument, whose value is always
zero, and must not return; if it does, a message is output to STDERR and
an immediate error exit is taken.

If (pfn is NULL) then the interrupt is disabled (turned off), assuming
that the system supports such an operation. A disabled interrupt is not,
however, turned on by a subsequent call with pfn not NULL. Systems that
support nothing resembling a keyboard interrupt behave as if the interrupt
were disabled at program startup, i.e., the function at pfn is never
called.

RETURNS
Nothing.

EXAMPLE
A common use of onintr is to ensure a graceful exit on early termination:

VOID rmtemp()
{

remove (uname());

}

onexit (&rmtemp) ;
onintr(&exit);

Still another use is to provide a way of terminating long printouts, as
with an interactive editor:

while (lenter(doemd, NULL))
putstr(STDOUT, "?\n", NULL);
VOID doemd()
{
onintr(&leave);

SEE ALSO
enter(II), leave(II), onexit




- open ITI. C System Interface Library open

NAME
open = open a file

SINOPSIS
FILE open(fhame, mode, rsize)
TEXT *fname;
COUNT mode;
BYTES rsize;

FUNCTION
open opens a file fname and assigns a file descriptor to it. If (mode ==
0) the file is opened for reading, else if (mode == 1) it is opened for
writing, else (mode == 2) of necessity and the file is opened for updating
(reading and writing).

If the file is to contain arbitrary binary data, as opposed to printable

ASCII text, the record size rsize should be non-zero. Not all systems
behave well if a text file is opened for updating.

open returns a file descriptor for the opened file, or a negative number,
if unsucecessful.

EXAMPLE
if ({fd = open("xeq", WRITE, 1)) < 0)
write(STDERR, "can’t open xeq\n", 16);

SEE ALSO
close, create
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read III. C System Interface Library read

|

NAME '—————w---—.._
read - read characters from a file - _—_
SYNOPSIS S rer——
COUNT read(fd, buf, size) M, —————
FILE fd; = =

TEXT #*buf; e

BYTES size; —

R, —————

mmw - [ ———
read reads up to size characters from the file specified by fd into the ———
buffer starting at buf. e

K P

RETURNS ——
If an error occurs, read returns a negative number; if end of file is en- B ——
countered, read returns zero; otherwise the value returned is between 1 !____.=
and size, inclusive, which is the number of characters actually read into —_———
buf. e —
e—

To copy a file: B
while (0 < (n = read(STDIN, buf, BUFSIZE))) —
write(STDOUT, buf, n); —_—

SEE ALSO
write

nnm

_z




III. C System Interface Library remove

NAME
remove - remove a file

SYNOPSIS
FILE remove(fname)
- TEXT #fname;

FUNCTION
remove removes the file fname; on most systems, this is an irreversible

act.

RETURNS
remove returns zero, if successful, or a negative number.

if (remove(uname()) < 0)
putstr(STDERR, "can’t remove temp file\n", NULL);

IIT - 13

|ll||II|ll|li|II|III|Il|!I|N|HIlIIlII||I||l|ll|l|||l||i|||l||IIIIIIIIIHIHII||||||I||i||||||||ll||l||I||I||l|||l|||||II|I||Il|IllIliIlllllilllllilllllllllilHIlllliill|Il|li|ll|IHIlIil|il|il|il|IIIlllllllllllllllﬂluim




sbreak III. C System Interface Library sbreak

NAME
sbreak - set system break

SYNOPSIS
TEXT ¥*sbreak(size)
ARGINT size;

FUNCTION
sbreak moves the system break, at the top of the data area, algebraically
up by size bytes, rounded up as necessary to placate memory management
hardware. There is no guarantee that successive calls to sbreak will
deliver contiguous areas of memory, nor can all systems safely accept a
call with negative size.

RETURNS
If successful, sbreak returns a pointer to the start of the added data
area; otherwise the value returned is NULL.

EXAMPLE
if (i(p = sbreak(nsyms ¥ sizeof (symbol)}))

putstr(STDERR, "not enough room!\n", NULL);
exit (NO);
}
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NAME
uname - create a unique file name

SYNOPSIS
TEXT *uname()

FUNCTION

uname returns a pointer to the start of a NUL terminated name which is
likely not tec confliet with normal user filenames. The name may be
modified by a letter suffix (but not in placel), so that a family of
process-unique files may be dealt with. The name may be used as the first
argument to a create, or subsequent open, call, so long as any such files
created are removed before program termination. It is considered bad man-
ners to leave scratch files lying about.

RETURNS
uname returns the same pointer on every call duri a given program in-
vocation. The pointer will never be NULL. " & prog

EXAMPLE
if ((fd = create(uname(), WRITE, 1)) < 0)
putstr(STDERR, "can’t create sort temp\n", NULL) 3

SEE ALSD
close, create, open, remove

III - 15
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write III. C System Interface Library write

=
e
NAME R

write - write characters to a file T =

COUNT write(fd, buf, size) e - —:
FILE fd; —
TEXT *buf; —
COUNT size;

FUNCTION
write writes size characters starting at buf to the file specified by fd.

RETURNS

If an error occurs, writes either returns a negative number or a number
other than size; otherwise size is returned.

EXAMPLE
To copy a file:

while (0 < (n = read(STDIN, buf, BUFSIZE)))
if (write(STDOUT, buf, n) != n)

{

putstr(STDERR, "write error\n", NULL);

exit(NO);

}




IV¥. C Machine Interface Library

Iv-1 Conventions of the C machine interface library

Iv - 2 _addexp scale double exponent

v -3 _domain report domain error

IV - & _domerr domain error condition

V-5 _dtens powers of ten

IV-6  _dzero double zero

v -7 _fean canonicalize floating point datum

v -8 _frac extract integer from fraction part

Iv -9 _huge largest double number

IV - 10 _norm convert double to normalized text string

IV - 11 _ntens number of powers of ten

IV - 12 _poly compute polynomial

IV - 13 _raise ralse an exception

IV - 15 _raperr range error condition

IV - 16 _range report range error e
IV - 17 _round round off a fraction string e
Iv - 18 _stop end of stack area R
Iv - 19 _tiny smallest double number —
IV - 20 unpack extract fraction from exponent part R —

il

handle exceptions
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IV. C Machine Interface Library Conventions

Conventions - of the C machine interface library

FUNCTION

The functions and variables documented in this section are usable just
like any of those in Section II or Section ITI, but need not be known to
the typical C programmer. Rather, they are called upon by higher level
functions to perform machine dependent operations, to provide machine
dependent information, or merely to provide an important service with ef-
ficiency and/or extra precision.

They are isclated in a separate section a) to avoid cluttering an already
extensive collection of useful functions with arcana, and b) to show
prospective implementors what is required in the way of low level support
for a new machine. Note that Section IIT serves much the same purpose for
implementors of new operating system interfaces.
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_addexp IV. C Machine Interface Library _addexp ‘i_

NAME I
_addexp - scale double exponent -

SYNOPSIS =
DOUBLE _addexp(d, n, msg) lc: :

DOUBLE d;
COUNT nj; B
TEXT *msg; r - —

FUNCTION IR
_addexp effectively multiplies the double d by two raised to the power n, =
although it endeavors to do so by some speedy ruse. If the double result g _
is too large in magnitude to be represented by the machine, _range is = T
called with msg.

RETURNS i e
_addexp returns the double result d # (1 << n), or any value returned by e
_range.

EXAMPLE E____ B —

DOUBLE sqrt(x) —
DOUBLE x3; P

{ —— e —
COUNT n; b— I

n = _unpack(&x); —

X = newton(x}; ! e

if {n & 1) P —

X =% SQRT2; S

return (_addexp(x, n > 1, "can’t happen")); . ———

} —_—

h

SEE ALSO
_frac, _range, _unpack

i
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domain

IV. C Machine Interface Library domain =

——————

NAME
_domain - report domain error

SYNOPSIS
VOID _domain(msg)
TEXT ¥msg;

FUNCTION
_domain is called by math functions to report a domain error, i.e., the
fact that an input value lies outside the set of values over which the
function is defined. It copies msg to _domerr, then calls _raise for the
condition _domerr. This exception, if not caught, results in an error
exit that prints the NUL terminated string at msg to STDERR,; followed by a
newline.

There is no way of inhibiting domain errors, though any code using _when
to handle them may choose to ignore their occurrence.

RETURNS
_domain never returns to its caller. It may return from an instance of
_when that is willing to handle a domain error; otherwise the program ex-
its, reporting failure.

EXAMPLE
DOUBLE sqrt (x)
DOUBLE x3;
{
if (x < 0)
_domain("negative argument to sqrt");
SEE ALSO

_domerr, _raise, _range, _when
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Iv. cllaehimlntermr.ibnry domerr

NAME
_domerr - domain error condition

SYNOPSIS
TEXT ¥_domerr

FUNCTION

_domerr is the condition raised when a domain error occurs, i.e., when a

math funetion discovers that an input value lies outside the set of values
over which the function is defined.

SEE ALS0
_domain, _raise, _ranerr




C Machine Interface Library dtens

NAME
_dtens - powers of ten

SYNOPSIS
DOUBLE _dtens[];

FUNCTION

_dtens is an array of doubles with values 1, 10, 100, 10%%Y, 10%%8, ete.
up to the largest such number the machine can represent. The number of
entries in _dtens is recorded in the variable _ntens.

SEE ALS0
_htens

IV - 5
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dzero

NAME
_dzero - double zero

SINOPSIS

DOUBLE _dzero;

FUNCTION
_dzero is a double zero, provided for convenience more than necessity.

SEE ALSO

_huge, _tiny

- e
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_fecan w. € Machine Interface Library
NAME
_fean - canonicalize floating point datum
SYNOPSIS
COUNT _;ean(pd)
TEXT #pd;
FURCTION

_fean is a machine dependent routine required by the C code generators to
translate native double floating data to a canonical format. Each code
generator can then translate from ecanonical to target machine format, ir-

respective of the host environment.

The canonical form is an array of eight characters stored in place of the
double number at pd. pdl0] is zero if the number is positive, else 02003
pd[1] is the most significant byte of the fraction, with an assumed binary
point to the left of its most significant bit; the remaining fraction
bytes are stored in descending order of significance at pdl2] through
pd[7]. If the number is nonzero, the most significant (0200) bit of pd[1]

is set, so that the fraction ig in the half-open interval [1/2, 1).

Tt is assumed that the number at pd is normalized on entry to _fcan.

RETURKS

_fean returns the power of two by which the fraction must be multiplied to

give the proper value. The sign and fraction bytes are written in
of the double number.

place
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NAME
_frac - extract integer from fraction part

SYNOPSIS
COUNT _frac(pd, mul)
DQUBLE *pd, mul;

FUNCTION
_frac forms the double product of ¥*pd and mul, then partitions it into an
integer plus a double fraction in the interval [-1/2, 1/2], delivers the
fractional part to ¥pd and the low bits of the integer part as the value
of the function. If the integer part cannot be properly represented as a
COUNT, it is truncated on the left without remark.

RETURNS

_frae returns the low bits of the integer part of the product (¥pd # mul)
as the value of the function and writes the fractional part of the product
at *pd.

EXAMPLE
DOUBLE sind(x)
DOUBLE x;
{

COUNT ng
n = _frac(&x, 1.0/90.0);

SEE ALS0
_addexp, _unpack

_frae IV. C Machine Interface Library frac
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huge I¥. C Machine Interface Library

NAME )
_huge - largest double number

SYNOPSIS
DOUBLE _huge

FUNCTION
huge is the largest representable double number.

SEE ALS0
_dzero, _tiny
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Iv. (:lhehinemtamﬂaum-nry

_norm - convert double to normalized text string
COUNT norm(s, d, prec)
BYTES prec;

_horm factors the double d into a) a double
zéro, and b) an integral power of ten.
tion are written as text characters in
number is negative on entry,

The value of the function on re
tion string in s must be raised
characters in s are ‘0°s and the value returned is zero.

in the interval [0.1, 1) or
The first prec digits of the frac-
the buffer starting at s. If the
it is forced positive.

turn is the power of ten to which the frac-
to give the value of d.

If d is zero, all
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IV. C Machine Interface Library

NAME
ntens - number of powers of ten

SYNOPSIS
COUNT _ntens;

FUNCTION
ntens is the number of e
Eowers of ten as double numbers.

SEE ALSO
_dtens

_ntens

Jements in the array _dtens, which holds various

IV - 11
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_poly IV. C Machine Interface Library _poly
NAME

_Poly - compute polynomial
SYNOPSIS

DOUBLE _poly(d, tab, n)
DOUBLE d, *tab;
COUNT nj;

FUNCTION

_Poly computes the polynomial of order n in the independent variable d,
using the coefficients in the table pointed to by tab. Horner‘s method is

used, taking tab[0] as the coefficient of the highest power of d, so the
value computed is:

tabln] + d * (tab[n-1] + d * (voe +d * tabn[0]))

No precautions are taken against overflow or underflow.

RETURNS
_Ppoly returns the double value of the polynomial of order n in d.

EXAMPLE

return (x * poly(x # x, coeffs, 6));
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raise IV. C Machine Interface Library _raise

_raise - raise an exception

SYNOPSIS

VOID _raise(ptr, cx)
TEXT ##¥ptr, ¥%¥cx;

FUNCTION

_raise signals the presence of a condition that must be handled by an ear-
lier call to _when. The _when/_raise mechanism is used to perform a broad
spectrum of stack manipulations normally beyond the scope of the C
language, including: Ada exception handling, Pascal nonlocal goto’s,
Idris process switching, editor interrupt fielding, and math error report-

ins'

The handler to be first considered is specified by ptr. If ptr is =1 or
NULL, the latest _when call is used as the start of a search for a willing

handler; otherwise ptr must have been set by an earlier _when call to
specify that call as the starting point of the search.

If ox is NULL or -1, then the first handler encountered returns to its
caller with the value zero; otherwise cx must match a condition argument
of one of the registered handlers to be considered, or at some level it
must be handled by a NULL terminating a list of condition arguments.

The return from _when caused by a _raise call cleans up the stack if
either ptr or ox is NULL. Otherwise, the handler for that _when call
remains on the stack and is made the latest of the chain of handlers.

_raise never returns to its caller. It returns from the latest willing
_when call with registers, stack, and handler chain restored to that
level; the value returned by _when is nonnegative. The handler chain is
initialized to a single catchall handler which calls error to print an er-
ror message, and takes an error exit. If the condition can be interpreted
as the address of a pointer to a NUL terminated string, then that string,
followed by a newline, is used as the error messagej otherwise the message
is M"unchecked condition".

EXAMPLE

To exit on end of file:
TEXT *endfile {"unchecked end of file"};

V0ID readrec(buf)
TEXT ¥buf;

{

if (fread(STDIN, buf, 80) t= BO)
_raise(NULL, &endfile);

}

switch(_when(NULL, &endfile, NULL))
{

case 1:

Iv - 13
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oneof();

SEE ALSO
_when, error(II), enter(II), leave(II)

BUGS
You are not expected to understand this.
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IV. C Machine Interface Library } ranerr

NAME
_ranerr - range error condition

SYNOPSIS
TEXT ¥ ranerr

FUNCTION

_ranerr is the condition raised when a range error occurs, i.e., when a
math routine discovers that a return value is too large to represent. Un-
like most conditions, the range condition may be inhibited from time to
time by writing a nonzero value in _ranerr.

SEE ALSO
_domerr, _range

IV - 15
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_range IV. C Machine Interface Library

NAME
_range - report range error
SYNOPSIS
DOUBLE _range(msg)
TEXT *msg;
FONCTION

_range is called by math functions to report a range error, i.e., the

production of an output value tha
machine. If _ranerr is NULL,
_raise for the condition _ranerr,

t cannot be represented properly by the
_range copies msg to _ranerr, then calls
This exception, if not caught, results

in an error exit that prints the NUL terminated string at msg to STDERR,

followed by a newline.

If _ranerr is not NULL, the condition is not raised y
its caller.

and _range returns to

If _range returns to its caller, the value returned is the largest double
that can be represented by the machine; otherwise the _ranerr condition

is raised and _range does not return to its caller.
instance of _when that

program exits, reporting failure.

EXAMPLE
if (_lphuge < x)
_range("exp overflow");

SEE ALSQO
_domain, _ranerr, _raise, _when

It may returnh from an
is willing to handle a range error; otherwise the
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round C Machine Interface Library _round

NAME
_round - round off a fraction string

SYNOPSIS
COUNT _round(s, n, prec)
TEXT ¥s;
BYTES n, prec;

FUNCTION :

_round rewrites the n character buffer starting at s as a properly rounded
String of prec digits. If prec is outside the buffer, or if (slprec] <
‘5’), no action is taken. Otherwise, the next character to the left is
incremented and carries are propagated. All ‘9°s is rewritten as
“1000...° to prec digits. )

RETURNS
_round returns 1 if all “9°s rounded up, otherwise zero.

SEE ALSO
norm

BUGS
No check is made for non-digits in the buffer.

v - 17
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_stop IV. C Machine Interface Library _stop

NAME
_8top - end of stack area

b

7

SYNOPSIS
TEXT ® _stop {1};

FUNCTION
_stop is checked, as a compile time option, on entry to each function to
ensure that the stack pointer will not be reduced below its value. Set-
ting _stop to zero thus effectively disables this check. Normally, if the

stack pointer is reduced below the value of _stop, the _memerr condition
is raised.

i

|

.

By convention, an initial value of 1 for _stop encourages system specific
startup code t.t_:l reset _stop to a more meaningful value.

mim

SEE ALSO
_memerr




_tiny IV. C Machine Interface Library
NAME
_tiny - smallest double number

SYNOPSIS
DOUBLE _tiny

- Zero.

SEE ALSO
_dzero, _huge

_tiny is the smallest positive representable double number larger than

(NN

R
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C Machine Interface Library _unpack

NAME
_unpack - extract fraction from exponent part

SINOPSIS
COUNT _unpack(pd)
DOUBLE ¥pd;

FUNCTION
_unpack partitions the double at %*pd, which should be nonzero, into a
fraction in the interval [1/2, 1) times two raised to an integer power,
delivers the fraction to *pd and returns the integer power as the value of
the function.

RETURNS
_unpack returns the power of two exponent of the double at pd as the value
of the function and writes the fraction at *pd. The exponent is generally
meaningless if d is zero.

EXAMPLE
DOUBLE sqrt(x)
DOUBLE x3;
{
COUNT nj;

n = _unpack(&x);
% = newton(x);
if (n & 1)
x =¥ SQRT2;
:i-eturn (_addexp(x, n >> 1));

SEE ALSO
_addexp, _frac
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when C Machine Interface Library when

NAME
_when - handle exceptions

SYNOPSIS
COUNT _when(ptr, e¢1, ¢2, ..., cend)
TEXT #¥ptr, #*#c1, #¥c2, ..., #¥cend;

FUNCTION
_when registers a willingness to handle certain exceptions that may be
raised by calls to _raise. The _when/ raise mechanism is used to perform
a broad spectrum of stack manipulations normally beyond the scope of the C
language, including: Ada exception handling, Pasecal nonlocal goto’s,
Idris process switching, editor interrupt fielding, and math error report-

ing.

The call to _when causes its argument 1list and certain non-volatile
registers to be left on the staeck, where they are made the latest part of
a chain of condition handlers. Should a subsequent call to _raise report
a condition that is to be handled by this part of the chain, control flow
resumes with a return from _when, indicating which condition has been
raised. Upon every return, all register variables are restored to their
values at the time of the initial call to _when. The _raise call may
cause the stack to be cleaned up as part of the return from _when; this
is a mandatory prelude to returning from any function that calls _when.

e

If ptr is not NULL, it is used as the address of a pointer that will be
set to point at the latest part of the handler chain; +this value may be
used by subsequent _raise calls to specify this particular call to _when
instead of the normal top of the handler chain. ptr is also used when the
stack is cleaned up on return, as the address at which to write the condi-
tion being handled.

The conditions el1, ¢2, etc. each may assume any value except NULL or -1,
although there is a strong presumption that the value is a valid data
space address of a pointer to a NUL terminated string of characters. A -1
is taken as a cend that indicates no further conditions, while a NULL is
taken as a cend that will handle any condition. The leftmost condition
argument that will handle a given condition, in the latest part of the
handler chain, is chosen to handle the condition.

I

Since _when plays fast and loose with the stack, it should never be used
except as the lone operand in a switch statment, and all _when calls must
. be carefully coordinated with appropriate _raise calls to stay sane.

RETURNS
_when returns -1 upon return from its initial setup. It returns zero on a
cleanup return that reports no condition. Otherwise it returns the
ordinal position, within the argument list, of the condition it is hand-
ling; a one indicates c¢1, two means ¢2, ete. If cend is NULL, its
ordinal position will be returned for any condition not otherwise handled.

The stack is cleared, and a non-NULL ptr is used to return the second ar-

gument to _raise, if a) either argument to _raise was NULL or b) if a NULL
cend is handling the condition.
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EXAMPLE -
To field interrupts interactively: e —

VOID endup()

[ E _:—_..."=
putstr(STDOUT, "7\n", NULL); :

_raise(NULL, NULL);
}

FOREVER
{
onintr(&endup) ;
_when(NULL, NULL);
if (edit() == EOF)
exit(YES);

E

S
. =

=

-

_raise, enter(II), leave(II) —
BUGS 5 R
You are not expected to understand this. P
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