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macro appears on a single input line.

The maximum extent of $§include file nesting was exceeded;
the current version of the compiler supports #include
nesting to a maximum depth of 4.

An invalid arithmetic or pointer conversion was specified.
Usually results when an attempt is made to convert something
into an array, a structure, or a function,

The named identifier was undefined in the context in which
it appeared, that is, it had not been previously declared.
This message is only generated once; subseguent encounters
with the identifier assume that it is of type "int" (which
may cause other ertors).

An error was detected in the expression following the " ("
character (presumably a subscript expression). May occur if
the expression in brackets is null (not present).

The length of a string constant exceeded the maximum allowed
by the compiler (256 bytes)., Will occur if the closing " is
omitted in specifying the string.

The expression preceding the "." or "->" structure reference
operator was not recognizable by the compiler as a structure
or pointer to a structure. May occur for constructions
which are accepted by other compilers; see Section 2,1,

An identifier indicating the desired aggregate member was
not found following the "." or "->" operator.

The indicated identifier was not a member of the structure
or union to which the "." or "->" referred. May occur for
constructions which are accepted by other compilers; see
Section 2.1.

The identifier preceding the “(" function call operator was
not implicitly or explicitly declared as a function,

A function argument expression specified following the " ("
function call operator was invalid, May occur if an
argument expression was omitted. N

During expression evaluation, the end of an expression was
encountered but more than one operand was still awaiting
evaluation.  May occur {f an expression contained an
incorrectly specified operation.

During expression evaluation, the end of an expression was
encountered but an operator was still pending evaluation.

May occur if an operand was omitted for a binary operation.
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The numbers of oper.ng and closing parentheses in an
expression were not er:al. May occur if a macro was poorly
specified or improperly used, but is generally due to the
obvious error.

An expression which Zid not evaluate to a constant was
encountered in a contzxt which required a constant result,
May occur if one of :-e operators not valid for constant
expres;igns was preser: (see Kernighan and Ritchie, Appendix
A, p. ).

An identifier declareZ as a structure, union, or function
was encountered in 2t expression without being properly
qualified (by a str.cture reference or function call
operator).,

{non-fatal warning) An :dentifier declared as a structure or
union appeared as a fu-ztion argument without the preceding
& operator. Express.:n evaluation continues with the &
assumed (i.e., a points:z to the aggregate is generated).

The conditional operat:z: was used erroneously. May occur if
the ? operator is prssent but the : was not found when
expected.

The context of the ex:tression required an operand to be a
pointer. May occur if the expression following "*" did not
evaluate to a pointer.

The context of the exz:ession required an operand to be an
lvalue. May occur if zhe expression following "&" was not
an lvalue, or if the 12£ft side of an assignment expression
was not an lvalue.

The context of the ex3dression required an operand to be
arithmetic (not a poin:er, function, or aggregate).

The context of the expression required an operand to be
either arithmatic or z pointer. May occur for the logical
OR and logical AND operators.

During expression eval:ation, the end of an expression was
encountared but not =2nough operands were available fort
evaluation. May occu:z if a binary operation is improperly
specified.
’

An operation was specified which was {avalid for pointer
operands (sucn as one of the arithmetic operations othec
than addition).
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(non-fatal warning) In an assignment statement defining a
value for a pointer variable, the expression on the right
side of the = operator did not evaluate to a pointer of the
exact same type as the pointer variable being assigned,
i.e., it did not point to the same type of object., See
Section 2.1 for an explanation of the philosophy behind this
warning. Note that the same message becomes a fatal error
if generated for an initializer expression.

The context of an expression required an operand to be
integral, i.e., one of the integer types ("char", "int",
"short", "unsigned", or "long").

The expression specifying the type name for a cast
(conversion) operation or a sizeof expression was invalid.
See Kernighan and Ritchie, Appendix A, pp. 199-200 for the
valid syntax,

An attempt was made to attach an initializer expression to a
structure, union, or array that was declared "auto". Such
initializations are expressly disallowed by the language.

The expression used to initialize an object was invalid.
May occur for a variety of reasons, including failure to
Sseparate elements in an initializer list with commas or
specification of an expression which did not evalute to a
constant. May require some experimentation to determine the
exact cause of the error.

During processing of an initializer list or a structure or
union memper declaration list, the compiler expected a
closing right brace but did not find it. May occur if too
many elements are specified in an initializer expression
list or if a structure member was improperly declared.

This implementation does not allow initializer expressions
to be used for unions.

The specified statement label was encountered more than once
during processing of the current function,

In a body of compound statements, the numbers of opening
left braces ({) and closiny right braces (}) were not equal.
May occur if the compiler got "out of phase" due to a
previous error. ’

One of the C language reserved words appeared in an invalid
context (e.3., as a variable name),. See Kernighan and
Ritchie for a list of the reserved words (p. 180). Note
that "entry" is reserved although it is not implemented in
the compiler.

A "break” statement was detected that was not within the
scope of a "while", "do", "“for", or "switch" statement. May
occur due to an error in a preceding statement,

~
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A "case" prefix was encountered outside the scope of a
"switch" statement. May occur due to an error in a
preceding statement,

The expression defining a "case" value did not evaluate to
an "int" constant.

A "case" prefix was encountered which defined a constant
value already used in a previous "case" pr2fix within the
same "switch" statement.

A "continue” statement was detected that was not within the
scope of a "while", "do", or "for" loop. May occur due to
an error in a preceding statement,

A "default" prafix was encountered outside the scope of a
"switch" statement. May occur due to an error in a
preceding statement,

A "default” prefix was encountered within the scope of a
"switch" statement in which a preceding “"default” prefix had
already been encountered.

Following the body of a "do" statement, the "while"” clause
was expected but not found. May occur due to an error
within the body of the "do" statement.

The expression defining the looping condition in a "while®
or "do" loop was null (not present)., 1lndefinite loops must
supply the constant 1, if that is what is intended.

An "else" keyword was detected that was not within the scope
of a preceding "if" statement. May occur due to an ercdr in
a preceding statement.

A statement label following the "goto" keyword was expected
but not found. .

The iudicated identifier, which appeared in a "goto"
Statement as a statement label, was already defined as a
variable within the scope of the current function.

The expression following the "if" keyword was null (not
present). ’

This error is generated when the expression following the
"return" keyword could not be legally converted to the type
of the value returned by the function. May be generated if
that expression specifies a structure, union, or function,

The expression defining the value for a "switch" statement
did not define an "int" value or a value that could be
legally converted to "int".

-—
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The statement defining the body of a "switch" statement did
not contain at least one "case" prefix.

The compiler expected but did not find a colon (:). May be
generated if a "case" expression was improperly specified,
or if the colon was simply omitted following a label or
prefix to a statement,

The compiler expected but did not find a semi-colon (;).
This error generally means that the compiler completed the
processing of an expression but did not find the statement
terminator (;). May occur if too many closing parentheses
are included or if an expression is otherwise incorrectly
formed.

A parenthesis required by the syntax of the current
statement was expected but not found (as in a "while" or
"for" loop). May occur if the enclosed expression is
incorrectly specified, causing the compiler to end the
expression early.

In processing external data or function definitions, a
storage class invalid for that declaration context (such as
"auto" or "register") was encountered. May occur if, due to
preceding errors, the compiler begins processing portions of
the body of a function as if they were external definitions.

A storage class other than "register” appeared on the
declaration of a formal parameter.

The indicated structure or union tag was not previously
defined, that is, the members of the aggregate were unknown.

& structure or union tag has been detected in the opposite
usage from which it was originally declared (i.e., a tag
originally applied to a "struct" has appeared on an
aggregate with the "union"™ specifier). The Lattice compiler
dzfines only one class of identifiers for both structure and
union tags. R
The indicated identifier has been declared more than once
within the same scope. This error may be generated due to a
preceding error, but is generally the result of improper
declarations,

A declaration of the membess of a structure or snion did not
contain at least one member name,

An attempt was made to define a function body when the
compiler was not processing external definitions. May occur
if a3 preceding error caused the compiler to "get out of
phase® with respect to the declarations in the source file,
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The expression defining the size of a subscript in an array
declaration did not evaluate to a positive "int" constant,
May also occur if a zero length was specified for an inner
(i.e., not the leftmost) subscript.

A declaration specified an illegal object as defined by this
version of C. Illegal objects include functions which
return aggregates (arrays, structures, or unions) and arrays
of functions. :

A structure or union declaration included an object declared
as a function. This is illegal, although an aggregate may
contain a pointer to a function.

The structure or union whose declaration was- just processed
contains an instance of itself, which is illegal, May be
generated if the "*" is forgotten on a structure pointer
declaration, or if (due to some intertwining of structure
definitions) the structure actually contains an instance of
itself,

A function’s formal parameter was declared illegally, that
is, it was declared as a structure, union, or function. The
compiler does not automatically convert such references to
pointers, which is what is usually intended.

Reserved for expansion. Check the latest addendum to see if
this error has been newly defined; otherwise, treat it as a
compiler error and report it accocrding to the directions in
Appendix B.

An external item has been declared with attributes which
conflict with a previous declaration. May occur if a
function was used earliear, as an implicit "int" function,
and was then declared as returning some othar kind of value.
rfunctions which return a value other than "int™ must be
declared before they are used so that the compiler is aware
of the type of the function value,

In processing the declaration of objects, the compiler
expected to find another line of declarations but did not in
fact £ind one. This error may be generated if a preceding
error caused the compiler to "get out of phase™ with respect
to declaratioans, :

During processing of extecnal declarations, an attempt was
made to define a function, but it was not the ficst
identifier declared on the input line.

An attempt was made to define the same function more than
once within the same soucce module.
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The compiler expected, but did not find, an opening left
brace in the current context. May occur if the opening
brace was omitted on a list of initializer expressions for
an aggregate.

In processing a declaration, the compiler expected to find
an identifier which was to be declared. May occur if the
prefixes to an identifier in a declaration (parentheses and
asterisks) are improperly specified, or if a sequence of
declarations is listed incorrectly.

The indicated statement label was referred to in the
previous function in a "goto" statement, but no definition
of the label was found in that function.

In processing a list of declared items, the compiler
expected a separator (comma or semi-colon) but did not find
one. Usually rvtesults from an improperly specified list of
names being declared, or from an attempt to initialize an
object for which initialization is not permitted (such as an
"extern" object).

The number of bits specified for a bit field was invalid.
Note that the Lattice compiler does not accept bit fields
which are exactly the length of a machine word (such as 16
on a l16-bit machine); these must be declared as ordinary
"int" or "unsigned" variables.

The current input line contained a reference to a pre-
processor symbol which was defined with a circular
definition, or loop. See Section 2.2.1 for an example,.
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APPENDIX B Compiler Errors

This appendix describes the procedure to be used for reporti
compiler errors. These are errors that result not from t
user’s incorrect specifications but from the compiler itse
failing to operate properly. There are four general kinds

errors which can occur:

1. The compiler generates an error message for a sour
module which is actually correct.

2. The compiler fails to generate an error message for
incorrect source module,

3. The compiler detects an internal error condition a
generates an error message of the form

CXERR: nn
where "nn" is an internal error number.

4. The compiler dies mysteriously (crashes) while compili
a source module,

5. The compiler generates incorrect code for a corre
source module,

The last type of error is of course the most difficult
determine and the most vexing for the programmer, who has
indication that anything is wrong until snmething inexplicab
doesn’t work and only concludes that the compil2c is at fau
after a long and painstaking study of his or her own code.

We would like to know about and repair any compiler erco
as soon as possible, sSo please help us out by reporting a
problems promptly. The difficulties you suffer may be spared t
next programmer if you do so. In order to maintain a mo
precise record of the bugs that are discovered, we would like a
problms to be reported in writing. You can send the probl
reports to Lifeboat, but the problem will be attended to mo
Juickly {f you send it to Lattice directly at .this address:

Lattice, Inec,

P. 0. Box 3072

Glen Zllyn, Illinois ’
60138

In all rcases, include the following items of information
your package: .

1. A listing of the source module for which the errc
occurred. Don’t forget to include listings of any #include Eil
used (and watch out for #include file nesting; don”t focrget t
inner files as well). Supplying the source on disk will possib
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save us some typing, but there’s no guarantee we“ll be able to
read it (unless it°s IBM PC format), and if you don”t want to
spare a disk just send listings,

2. The revision of the compiler and when it was purchased.

3. Your name and address and, if you’re willing to talk
about the problem with a technical person, a phone number with
the times you will be available,

4. A description, brief or lengthy as it suits you, of the
problem, along with any other information you think may be
helpful. Obviously, errors of type 3 (see above) don’t need
anything morte than a terse "Causes CXERR 23." 1If you“ve
investigated the problem yourself to some extent, let us know
what you found,

Once you have determined that there is a definite compiler
problem, put together a problem report and ship it off to us.
We“ll try to get to it as soon as possible, and we are attempting
to institute a liberal update policy, especially for those who
report bugs. Meanwhile, try coding around the problem; if that
doesn’t work, mutter a few curses directed at "lousy compiler
writers" and work on something else. Remember, Lattice is in the
business of supplying portable C compilers and we use them for
our own development work, so we’re well motivated to fix any
problems you find,

A\
J
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APPENDIX C Conversion of CP/M Programs

Because of its similarity to CP/M, it is reasonable to exp
that C programs written for that operating system will
transported to MS-DOS without a great Jdeal of difficulty. T
appendix attempts to point out some of the pitfalls likely to
encountered when moving source from CP/M to MS-DOS
compilation with the Lattice C compiler,.

The least amount of trouble lies in store for those who h
written programs for the BDS C compiler. At the source ¢
level, every effort has been made to be compatible. While
Lattice compiler is a little stricter in some things, genera
the correction is accepted by the BDS compiler as well, wh
facilitates keeping one set of source for both systems.
example, 2 sequence like

char *cp;

cp = cfunct(i);
char *cfunct(n)
int n;

¢ s e

will cause the Lattice compiler to complain about a mismatch
external attributes, because "cfunct" is used implicitly as "i
before it is defined as "char *"., Inserting

char *cfunct():

prior to the first use of "cfunct” eliminates the ercor, and
acceptable to the BDS compiler as well., As for othecr cod
constructions, the warning generated for structures supplied
function arguments without a preceding & was inclu
specifically for 8DS C programs. The problem of extecnal d
definitions posed by the BDS implementation”s lack of stor
class specifiers is solved by the -x compile time option. H
are the rules for using it on BDS C programs:

l. When compiling the main module, do NOT specify the
option. The various external declarations are interpreted
definitions of the objects, and storage is actually allocated
them,

2. When compiling any of the other modules, specify the
option on the LCl command, The various external declarations
then interpreted as references to objects defined elsewh
(presumably in the main module),

Be careful not to compile more than one of the modules
the program without using the -x option; otherwise, the lin
will inform you that multiple definitions of the external it
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were encountered,

At the library level, there are other, more serious
difficulties. Although the BDS library does a good job of
supplying most of the standard functions described in the
Kernighan and Ritchie text, the details of their operation are
different from the Lattice functions in a number of small ways.
In particular, "putchar" and "getchar" are direct console I/0
functions under BDS C, whereas they are implemented as macros in
Lattice C. This problem can be avoided by using the console 1/0
functions described in Sections 1.5.5 and 3.2.3. In general, it
is best to review all of the functions supplied in both libaries
with a view toward locating potential trouble spots. Many of the
more specialized CP/M functions have not yet been provided in the
Lattice library, but check the latest compiler addendum; others
will probably be added as newer versions of the compiler are
released.

Users of the Whitesmiths C compiler are not likely to
encounter any problems with source language compatibility, but
the library is for the most part completely different. Still,
judicious use of #d=2fines may eliminate some problems,
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INDEX

Inc

Note: index references containing punctuation (such as funct:
names, which are enclosed in double quotes, as in "printf®) ¢
listed at the beginning of the references for each letter.
sure to check the entire list for each letter when searching |

a particular reference.

8087 numeric data processor

8088 processor

"allmem” function
"auto" data elements
-a option

address-of opecator
aliasing

alignment requirements

amendments to the C Reference Manual

arguments

arithmetic
arithmetic
arithmetic

conversions
objects
operations

"1-7, 1-14, 1-17, 1-18

1-5

3-9
1-28
1-5, 1-24
2-2, 2-12
1-5, 1-24
2-6

2-11

1-28

1-16

2-5

1-16

array name
ASCII

assembly language interface

auto storage class

"bdos” function

-b option

BDOS function entcies
binary mode

bit fields

branch instructions
buffecring

byte alignment

byte ordaring

"calloc" function
"cgets™ function
"close" function
"clrerr™ function
"cprintf® function
"cputs" function
"creat"™ function
"cscanf" functicn
"_ctype" array
-c option
C.0BJ
character constants
character type macros
code generation
command line arguments
comments

common Ssubexpressions

2-2,
3-61
1-29
2-6.

1-39

1-5

1-39
1-35,
1-18
1-22
3-16,
1-5
1-14

3-4
1-40,
3-47
3-34
3-53
1-40,
3-12
3-53
3-61
1-5,
1-2,
2-11
3-61

‘1-21

1-11,
1‘5 ’
2-9

2-12

3-16, 3-39

3-40

3-51

3-52

2-11
-8, 1-27
2-11

1-38

2‘1; z’ll
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compiler errors
compiler processing
conditional compilation
console I/0 functions
constant operands
constant test values
control flow

control flow analysis
conversions

CTYPE.H

CXERR error message
CXFERR library function

$¢define command
-d option

data elements
data formats
DATA segment
debugging
derived objects
devize 1/0
device names
DGROUP group
jifferences from standard language
division by zero
dollar sign
double precision

"exit" function
"extern” storage class’
¥_exit" function

echo

equality operators
error messages

error processing

escape character
expression evaluation

extarnal
external
extarnal
external
external

"fclose"

data definitions
declarations
function definitions
names

storage class

function

"feof" macro

"ferror"
“fflush"
"Egetc”

macro
macro

function

"fgets™ function
"fileno" macro
“fopen" function
"fprintf" function
“fputc* function
“fputs" function
"free" function

Index

1-21

1-19

2733, 3-a -
= ’ - .
2-9 )
2-10

2-10

1-22

1-16

3-61

1-21

1-18

2-4
1-6
1-14
1-14
1-26
1-6
2-5
1-36
1-36
1-27
2-1
1-16
2-1
1-17 \

3-55
2-7
3-56
3-48
2-12
1-21
1-21
3-77, 3-78
2-9
2-13
1-6
2-13
1-15
2-6

3-20

3-33

3"33 ’”

3-37

3-23 .

3-25 “-

3-35

= -
3-29

3-23

3-26

3-5
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"freopen®" function
"fscanf" function
"fseek™ function
"frell™ function

" _fmode"” flag word
-f option

file access mode
file descriptor
file 1I/0

file names

file number

file pointer

file position

floating point exceptions
floating point formats
floating point operations
formal storage class
formatted input

formatted output

function arguments
function call conventions
function extract utility
function return value
FXU.EXE

"getc"” macro
"getch®™ function
"getchac®™ macro
"getmem" function
"gets" function
qgroups

hardware characteristics
nardware reqgisters

"inp" function
"isalnum® macro
*isalpha®™ macro
"isarcii® macro
"iscntrl” macro
"iscsym® macro
"iscsymf" macro
"isdigit" macro
"isgraph" macro
"islower® macro
"isprint®™ macro
"ispunct" macro
"isspace” macro
" isupper"” macro
*isxdigit" macro
$if command

1/0 and system functions
include files
initialization

3-19

3-27

3-31

3-32

3-16

1-7

3-18

3-39, 3-41
1-34

1-34

3-39, 3-41
3-15, 3-18
3-31, 3-32,
3-45, 3-46
1-18

1-14

1-17

2-6

3-27, 3-53
3-29, 3-53
1-28

1-28

1-12

1-29

1-12

3-21
1-39, 3-49
3-21
3-7
3-25
1-26

1-14
1-23

1-38
3-61
3-61
3-61
3-61
3-61
3-61 °
3-61
3-61
3-61
3-61
3-61
3-61
3-61
3-61
2-4, 2-13
3-15
1-15
2-8

3-39,

In

3-44
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integer
"kbhit”

"lseek"
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overflow

function

function

$line command

languag
LC.BAT

LC.LIB

level 1
level 1
level 2
level 2
level 3
library
library
library
line bu
line co
linkage
linking
local 4
logical
lvalue

“main®
"malloc
“movmem
" _main"
machine
macros
maximum
maximum
maximum
member
memory
memory
memor y
MS-DOS

“open"
"outp”
& opera
-0 opti

e definition

1/0 functions
memory allocation
1/0 functions
memory allocation
memory allocation

functions
implementation
E€ering
ntrol
conventions

eclarations
end of file

function

" function

" function
function
dependencies

size of a file

size of declared object
subscript-length
names

allocation

allocation functions
utilities

function
function
tor

on

object code conventions
object code format
object module

operating instructions
operating system
operators

optimization

order of evaluation
overflow

Index

2-8
1-16

1-39 : f*~)
{

3-46 -

2-14

2-1

1-2

1-2, 1-9

3-39

3-12

3-15

3-6

3-2

3-1

3-1

1-33

3-16, 3-38

2-14

1-26.

1-8

2-7

3-39, 3-46

2-12

1-8, 1-10 ‘\

. 3-3 p g

3-59

1-38

1-13

3-17

1-34

2-2

2-2

2-2, 2-12, 2-13, 2-14
1-25, 1-37
3-1

3-57

1-1, 1-33

3-41 .
1-39

2-2, 2-12
1-6, 1-7
1-26

1-26

1-20

1-1 (
2-9 R
1-22

2-10

1-18

S 1-1 ,.)
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"printf" function
"putc" macro
"putch” function
"putchar" macro
"puts” function
PGROUP group

phase 1 command line options
phase 1 execution

phase 1 processing

phase 2 command line options
phase 2 execution

phase 2 processing
‘pointer conversion warning
pointer overlap

pointers

pointer variables

portable library functions
pre-processor features
pre-processor macro substitution
primary expressions
program entry/exit

orogram execution

program exit functions
program generation

program linking

program structure

PROG segment

quad file
quadruples

"rbrk®™ function

"read" function

"register"™ storage class
"repmen” function

"rewind" macro

"rlsmem® function

“rstmem” function

register allocation
registers

register variables

regular expression notation
relational operators
run-time program structure

"sbrk" function

"scanf" function

"setmem" function
"setnbf" function
"sizeof" operator
"sizmem" function
"sprintf® function
"sscanf" function
"stcarg"” function
"stccpy” function

3-29

3=-22

1-39, 3-49
3-22

3-26
1-27

1-5

1-4

1-19

1-7

1-6

1-20

2-2, 2-3
1-24

1-14, 2-5, 2-8, 2-12
1-23

]
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1-19, 1-21
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‘Lattice 8086/8088 C Compiler
MANUAL SUPPLEMENT FOR VERSION 2.00 OF COMPILER
1.0 DIFFERENCES FROM PREVIOUS VERSIONS

The following list summarizes the most important differences
between Version 2.00 and previous versions for users who are
upgrading their compiler. For complete information about the new
features, refer to the latest manual and supplement.

1.1 Compiler Differences

The meaning of some previously defined compile time flags has
been changed, and several new options have been added.

1.1.1 Effect of the -a flag

The effect of the -a flag has been extended so that it forces all
assignment statements (that is, the actual store operation) to be
performed before the execution of the next statement. This is
important only in (1) unions, where a value is stored and then
immediately inspected or passed to a function via another member;
(2) real-time processing where shared data values are used as
"lock"™ words, and immediate execution of an assignment statement
is critical to subsequent actions; and (3) memory-mapped I/0
assignments, where values must be stored repeatedly in the same
“"memory" location. .

1.1.2 Alignment of data elements

The alignment of storage for arithmetic objects has been changed.
Now, the only data elements which force alignment to a word
offset are pointers, structures, and unions. (In previous
versions of the compiler, all objects except simple "char"
variables were word-aligned.) The -b flag still has the effect
of dropping alignment requirements for all objects.

1.1.3 Extensions to -i flag

The -i option has been generalized to accept a prefix which is to
be prepended to file names from #include statements; up to 4 -{
options may be specified. Note that the current directory is
always searched first before the -i options are checked. R

1.1.4 Optional long identifiers flag

A special -n option has been added which, if used, forces the
compiler to retain up to 39 characters for all identifiers
(including pre-processor $define symbols).
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1.1.5 Stack overflow checkiag

The compiler now, by defaul:z, generates code at the beginning of
each function to check fo:r stack overflow. The code for stack
overflow detection can be eliminated by compiling your source
module with the new =-v c:ztion on LC2. Library functions are
supplied with stack overfl:cw detection included.

1.1.6 Expanded memory addressing

The -m and -s flags on LCI are new compile time options used for
the new expanded memory acizessing feature of the compiler. Pour
different memory "models® are supported, allowing a range of
addressing capabilities fc: compiled programs. Note that a sin-
gle program must be compilz2< and linked according to one and only
cne of the memory models, zhat is, functions compiled according
to different memory model: may not be combined in a single pro-
gram.

1.1.7 Code group and segme=z name override

Two-new flags (-g and -s) =n LC2 allow the user to specify code
group and segment names in the generated object file.

1.2 Run-time and Library D:fferences

In addition to new versicas of the library to support the new
memory addressing capabili:zies, the implementation of many of the
library routines has been .aproved, resulting in some differences
in their operation. :

1.2.1 Processing of =, <, and > specifiers on command line

The special command line specifiers "=", "<", and ">" are now
processed by C.OBJ instead of " main", and must appear before all
other command line argumenzs following the program name.

1.2.2 New version of stdic.h and level 2 1/0 functions

The level 1 and level 2 I/0 functions have been upgraded but are
compatible with the old functions; however, any program using
level 2 1/0 (i.e., any that #included "stdio.h") must be
recompiled because the stdio.h definitions have changed.

- 1.2.3 Extensions to “open®” and "fopen" functions
7

The level 1 I/0 "open" function has been extended to Support a
number of new flags, defined in the new header file "fcntl.h”,
The level 2 I/0 "fopen" function has been extended to accept a
"+" after the mode character to indicate that both reads and
writes are allowed on the file. TO switch from one mode to the
other, you must execute "fseek"” or "rewind" on the file pointer.
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1.2.4 Implementation of level 2 I/0 buffering

The level 2 I1/0 functions now perform I/0 for all devices (inclu-
ding the console) in true unbuffered fashion. The old "line
buffered" mode supported by the previous version has been
scrapped, so that "printf" to the console sends its characters
immediately, whether or not a newline is sent. Similarly, input
from devices is also normally unbuffered, but buffered console
input is supported and processed using the BDOS function. The
new version of "_main” sets up "stdin" to be buffered, so back-
space and line cancel features will now work on reads from
"stdin" when assigned to the console.

1.2.5 Implementation of level 1 1/0 buffering

The level 1 I/0 functions (open, read, write, lseek, close) do
not acquire buffers via the level 2 memory allocator, as they did
in previous versions. This means that you no longer have to
worry about messing up files when you do a"rstmem”, and that the
"_block"™ external is no longer supported. Under MS-DOS, buffer-
ing is now performed by the operating system itself, resulting in
improved performance for large read/wtite data transfers.

1.2.6 Support for MS-DOS Version 2.0

The compiler and library for MS-DOS Version 2.0 supports the new
path names available under that operating system. Your programs
should not require any changes unless they are sensitive to the
file name format. I/0 redirection now works properly under DOS
Version 2 for programs compiled using this new library.

1.2.7 Extensions to level 2 memory allocation

The memory allocation functions have been extended to support the
new extended addressing capabilities of the compiler. In
particular, the "sizmem" function has been changed to return a
"long" integer, and two new functions ("getml"™ and "lsbrk") have
been added which support a "long" integer requested block size.
The other functions are compatible with the old versions.

1.2.8 New utility functions

Several new utility functions have been added to the library
which allow access to all of the features of the 8086/8088
processors, including (1) software interrupts (useful for making
direct ROM BIOS calls); (2) BDOS functions; (3) access to segment
register contents; (4) inter-segment memory transfers; and (5)
"peek" and "poke"” functions for examining and setting any memory
locations,
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2.0 MANUAL ERRATA

Please note the following errors in the original version of the
manual.

2.1 Missing ENDS statement

On page 1-33 of the manual, the last four statements of the
assembly language example should read as follows:

XCFIND ENDP

XCMAKE ENDP
PROG ENDS
END

Inclusion of the ENDS statement is critical; if omitted, the
linker will produce an invalid EXE file when the module is
linked. Note that the assembly language interface is slightly
different for each of the memory models; see below.

2.2 Call "_exit", not "exit"

On page 1-38 of the manual, a short version of " main” is presen-
ted; however, the final statement before the closing brace should
read:

_exit(0);

If "exit" is called, the level 2 I/0O functions are included in
the program. Note that the correct version of this function has
now been supplied as TINYMAIN.C,

2.3 "kbhit" function described incorrectly

Page 1-39 of the manual describes a function called "kbhit",
which returns a status indicating whether a character has been
typed at the user”s console. Please note that the action of the
function as described in the manual is exactly opposite to its
actual characteristics: it returns zero if a character has NOT
been typed at the keyboard, and non-zero if a character is wai-
ting input.
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3.0 MAJOR NEW FEATURES

The most important new features present in Version 2.00 of the
compiler are (1) expanded memory addressing capabilities; (2)
run-time stack overflow checking; and (3) support for MS-DOS
Version 2.0.

3.1 Expanded memory addressing

The compiler now supports program and data spaces greater than
64K bytes. Four different "memory models" are defined, as
follows:

Model Program Address Space Data Address SPAce

s 64K 64K
P up to 1M ) 64K
D 64K up to 1M
L up to 1M up to 1M

The D and L models use four-byte pointers, and the P and L models
generate FAR calls and returns, None of this requires you to
change any of your C code if you have played by the rules. The
main pitfall is any assumption that a pointer will fit into an
integer, since integers are still only two bytes under all mo-
dels.

In all of the models, a single DATA segment is used to contain
all statically allocated data within the program, thus restric-
ting the combined total of static data to 64K bytes or less.
Similarly, the stack segment where "auto" data elements are
allocated can never be greater than 64K, In the D and L models,
however, dynamic memory can be allocated without restriction, and
pointers can be used to access any location in memory.

3.1.1 Choosing the memory model

All of the functions in a single program must be compiled and
linked according to one and only one of the available memory
models. In other words, you may not combine functions compiled
for different models, It becomes important, therefore, to choose
the right memory model for your application. The tradeoff
involved is between efficiency and memory addressability. There
are two choices that must be made. ’

(1) Will the combined size of the functions in your program be
greater than 64K bytes? If not, select one of the models
that uses NEAR calls (the S or D models), which are faster
and require less ¢ode. Otherwise, you must select a model
that supports FAR calls (the P or L models), unless your
application is suitable for program section overlays, which
can be created using the Phoenix Software Associates PLINKS86.

(2) Does your application require more than 64K bytes of data

~
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storage? 1If not, selec: one of the models that uses 2-byte
data pointers (the S or P models), because pointer operations
are performed much more efficiently in these models. 1If you
simply need access to specific memory locations beyond the
program”’s 64K address space, you can probably use the new
library functions "peek" and "poke" and retain the efficient
2-byte pointers., Otherwise, if data storage in excess of 64K
bytes is a must, you must select a model that uses the 4-byte
data pointers (the D or L models) and pay the price of
somewhat less efficient code.

3.1.2 Compiling for the memory models

Generation of code for the various models is controlled by a new
compile time option specified on the first phase (LCl) of the
compiler. The -m option must be followed immediately (no spaces,
please) by a letter (either lower- or upper-case) specifying the
desired memcry model. The model may also be specified as a
single numeric digit from 0 to 3. 1If no -m option is present,
code is generated for the S model,

S model: LCl filename ) (no flags)
’ LC1l filename -ms
LC1 filename -m0

//\-_
P model: LC1 filename —mp>

LCl filename -ml

D model: LCl filename -md
LCl filename -m2 .
L model: LC1l filename -ml

LC1 filename -m3
3.1.3 Linking programs

When using the various memory models, you must be careful to link
with the appropriate library (LCS.LIB, LCP.LIB, LCD.LIB or
LCL.LIB). The compiler generates code segments with different
names for each model, which allows you to examine the LINK map
and determine if you have erroneously mixed code for different
models. Only one of the following segment names should appear on
the link map.

S model: PROG {code group PGROUP)

P model: _CODE ,
D model: CODE (code group CGROUP)

L model: _PROG

Note that for the P and L”models, several segments with the name
_CODE (or _PROG) will be anlgded (one for each separately com-~
Piled module containing functions).
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3.1.4 Run-time program structure

Two different memory layouts are now used. For the small data
case, the layout remains exactly as described in the manual. For
the large data cases, the stack resides immediately above the
static data area, and the free memory pool (allocated by "sbrk")
is above the stack. DS is the base of the static data, SS is the
base of the stack, and ES is undefined. The public symbol
" base" still contains the base of the stack relative to DS (it
specifies the number of static data bytes). The symbol "_top”
contains the top of the stack relative to SS (it contains the
number of bytes allocated for the stack).

It is important that your programs reserve sufficient stack space
in the large models, since there is no free space to absorb stack
overflows, (Stack overflow checking is now a default option; see
below,) If you define a public unsigned integer called "_stack",
that value will be used as the number of bytes in the stack.
Note that the stack can be as large as 64K bytes in the D and L
models.

3.1.5 Code generation for pointer operations

The code generated by the D and L models uses four-byte pointers
and can therefore address any location in memory. These pointers
are stored as an offset portion in the low two bytes, followed by
2 base portion in the high two bytes (the format expected by the
machine language instructions LDS and LES). Objects are ad-
dressed from these pointers by loading the base portion into the
extra segment register ES, the offset portion into an index
register, and using the segment override prefix for ES to force
the indexed operation to refer to the correct memory location.
Since there is only one ES register, such common operations as
copying from one pointer to another require ES to be reloaded for
each step in the copying process. Pointer references are there-
fore much more efficient in the 2-byte memory models, and if your
application can live with a 64K data space, use the S or the P
model,

The four-byte pointers used in the D and L models are manipulated
according to the following rules:

(1) Pointer arithmetic is performed by adding or subtracting a
32-bit offset to the pointer, using a call to a library
routine. Thus, dynamically allocated arrays (addressed by
subscripting a pointer variable) may be larger than 64K, and
address manipulations work properly for all offset values.
Note that, since the compiler requires statically declared
arrays (extern, static, or auto) to be less than 64K bytes in
size, only a 16-bit offset is used in accessing elements of
these arrays, resulting in more efficient code. The compiler
also performs pointer arithmetic for constant offsets which
fit in 16 bits by performing the operation on the offset
portion of the pointer, and then adjusting the base portion
by 1000H if overflow occurs.
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(2) When two 4-byte pointers are subtracted, a library routine is
called which returns a "long" result.

(3) Conversions between long integers'and 4-byte pointers are
automatically performed, again by calling library routines,

(4) Comparison of pointers for equality or relative rank is
performed by calling a library routine which converts the
pointers to normalized (canonical) form before comparing.
Thus, two pointers which have different base and offset
portions but which actually point to the same location will
be recognized as equal.

(5) Any function which returns a pointer as its return value
calls a library routine which converts that pointer to nor-
malized (i.e., offset in the range 0 to 15) form.

3.1.6 The -s option for four-byte pointers

While the above rules provide complete generality in the use of
four-byte pointers, the additional overhead of library routine
calls can be inefficient if a significant amount of pointer
manipulation is being performed. A special compile time option
(specified on LCl) is provided for knowledgeable users who are
willing to work within certain restrictions. Adding the =-s flag
to LC1l causes the following changes in the above rules: )

(1) Pointer arithmetic is performed by adding or subtracting a
l6~bit offset to the pointer. Thus, no single object may be
greater than 64K bytes in size,

(2) Pointer arithmetic affects only the ocffset portion of the
pointer (not the base). When pointers are compared for
equality, an exact match of both base and offset portions is
required. When compared for relative rank, only the offset
portions are compared, 8o the comparison is meaningful only
if they are pointers to the same array.

(3) When two pointers are subtracted, only the offset portions
participate in the operation, and the result is a "short”®,

(4) Pointers and long integers are not converted when one is
assigned to the other; instead, a simple copy operation is
performed.

’

(5) The return value from a function which returns a pointer is
not normalized.

We expect that most functions can be safely compiled with the =-s
option, with the result of improved code generation quality. 1In
fact, all of the library functions written in C supplied in our
libraries are compiled with the -s option, except for the memory
allocation functions. Note that the -s flag has no effect on the
S and P models.
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3.1.7 Assembly language interface

While C functions can be adapted for a memory model simply by
changing a compile-time switch, assembly language functions pre-
sent a bigger problem, because you must change your code to
process long pointers or use FAR linkages or both. The pointers
can be handled in the following way:

S/P model: MOV BX, [BP].ARGl ;get a pointer arg
MOV  AX, [BX] juse it

D/L model: LES BX, [BP].ARGl ;get offset and base
MOV AX,ES:[BX] suse it

As noted above, DS always points to the base of static storage
for any of the memory models, so assembly language functions must
be careful not to change DS. In the S and P models, ES must also
be preserved (but not in the D and L models).

The use of PAR linkages requires the PROC statements to be
changed. Note also that the position of any EXTRN statements for
external funétions is critical. Por FAR linkages, they must
appear before the SEGMENT definition for the code segment, while
for NEAR linkages, they must appear after the code segment defi-
nition. These rules can be summarized in the following example:

S/D model: define code segment
) EXTRN XYZ:NEAR, ...
ABC PROC NEAR
P/L model: EXTRN XYZ:FAR, ...
define code segment
ABC PROC FAR

To deal with this messy problem, we’ve put conditional statements
into our assembly language functions. This keeps a single source
file for each function, and it is then re-assembled with a dif-
ferent macro library for each model. Our libraries (SM8086.MAC,
DMB086.MAC, PMB086.MAC, and LM8086.MAC) are included and should
be s~lf-explanatory. We put the following statement at the
beginning of each assembly language module:

INCLUDE DOS.MAC . -

Then, we merely copy the appropriate library to DOS.MAC before
assembling for a particular model. The source Jiles for .C.ASM

and I1I0.ASM, which are supplied, illustrate the use of these
macros,

3.1.8 Special cautions on using the D and L models

As noted above, the biggest potential problem when converting
code to use the four-byte pointers of the D and L models is that
pointers and integers are no longer the same size. While you may
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think that your code does not depend in any way on this fact, you
may find that the assumption has crept into your implementation
without your being aware of it. Be alert for problems that might
relate to this, Here are three other important cautions you
should take note of:

(1) wWhen supplying pointer arguments to C functions, it is common
practice to supply a null pointer (i.e., one that does not
point to anything) as the #define constant NULL, which is
defined as 0 by "stdio.h". If you compile code for the D or
L models, you MUST change NULL to be OL so that the null
pointer value supplied to functions is the same size as the
pointer argument. If you fail to do this, the called
function will not correctly address its parameters, and all
sorts of chaos will result.

(2) The "sbrk"™ memory allocator is supposed to return a value of
-1 when no more memory is available (for compatibility with
other implementations). Under the D and L models, the result
of casting -1 into a character pointer depends on whether the
-s option was used (see sections 3.1.5 and 3.1.6). Since the
library function was compiled WITHOUT the -s option, the =1
gets converted to the four-byte pointer format. The result
is that a function compiled WITE the -s option cannot
properly test for the -1 value! Avoid all of these problems
by using the library function "lsbrk", which accepts a long
integer number of bytes and returns zero if no more space is
available (see section 5.3 of this supplement).

(3) The four-byte pointers implemented under the D and L models
allow direct access to all of the memory on the machine,
This can be extremely useful, but it can also be extremely
dangerous. Memory on the 8086 and 8088 processors is not
protected, and storing values via an uninitialized pointer
can crash the system -- or worse. MS-DOS stores a number of
very important system elements in lower memory; we have
already heard one horror story about a user who destroyed the
File Allocation Table for his hard disk by using a garbage
pointer to set up a structure. All we can do is caution you
to be extremely careful. Our advice to beginning C users is
to stick with the S and P models, where uninitialized poin-
ters are much less likely to access critical locations,

-

3.1.9 Creating an array greater than 64K bytes

L4
Since static data ir all of the memory models is limited to a
maximum of 64K bytes, the only way to create an object of greater
31ze 1is through the memory allocation functions. A quick check
of the manual, however, shows that the allocation functions only
accept a size argument of "unsigned" type, which has a maximum
value of 64K. We have overcome this shortcoming by adding two
1ew allocation functions which accept a size argument which is a
"long” integer. These functions are described in more detail in
section 5.3 below, but an example here will illustrate the use of
one of them.,

10
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Suppose that we must allocate an array of 10,000 double precision
values; 80,000 bytes of storage will be required for such an
array. First, declare a pointer which will contain the array’s
address after allocation:

double *4d;

Note that a simple "double™ pointer is all that is needed,
despite the fact that it will actually point to an array. Next,
declare the memory allocation function:

char *getml():;

Note that you MUST declare the memory allocation function to
return a pointer; otherwise, the compiler will assume it returns
an "int" and the cast operation shown below will not work
correctly. The only difference between "getml™ and "getmem" is
that "getml” gets an argument which is a "long"” integer. The
array is then allocated by the expression:

d = (double *) getml(80000L);

Note the "L" specifier on the constant. The size could also be
specified as "(10000L * sizeof(double))". (Special note: 1if you
compute the size argument for "getml” using a multiplication
expression, be sure that one of the operands is a long constant
or is cast to a long BEFORE the multiplication; otherwise, the
compiler will perform the multiplication in "short" arithmetic
and obtain an incorrect result, 1If the example above is written
as "((long) (10000 * sizeof(double))", the size argument is
incorrectly computed as 144641!)

The returned pointer, of course, must be checked for NULL (zero)
before use; NULL is returned if there is not enough memory
available for the requested allocation. The variable "d" can now
be subscripted as if it were an array, i.e., d{12]) will address
the thirteenth element of "d", etc. 1In this example, the number
of elements in the array is less than 64K, so ordinary "int"
variables can be used as subscripts; if we had allocated a "char"
array, "long" integers would be needed to subscript an array of
this size. One final note: since we are addressing an object
with a size greater than 64K, the =-s option cannot be used.

3.2 Stack overflow checking
,

The compiler now, by default, generates code at the beginning of
each function to check for stack overflow. The cost in code size
for each function is 9 bytes for the S and D models, and 1l bytes
for the P and L models. The benefit is elimination of a very
nasty class of errors which can be very difficult to find. When
stack overflow is detected, the error message

*#* STACK OVERFLOW *#*#

11
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is written to the console, and the program terminates immedi-
ately.

Stack overflow occurs when the program fails to supply sufficient
storage for the run-time stack. The number of bytes of storage
for which the stack is set up is defined in the external location
"_stack", and can be changed when the program is executed by the
"=nnn” option on the command line. The size of the stack can
thus be set in any of three ways:

(1) If no definition for "_stack"” is found in the user”s object
modules during linking, the Lattice C library provides a
definition of "_stack" containing 2048 (2K). Thus, the
default stack size is 2048 bytes,

(2) If one of the user’s object modules includes a definition for
" _stack", that value will be used. All that is required is
that a statement like

int _stack = 4096;

appear outside the body of a function. That value then
becomes the default stack size.

{(3) Either one of the above methods can be overridden at
execution time (after linking) by executing the program with
a command like

PROQVAME . =8000

The decimal value after the equals sign becomes the stack
size during execution of the program,

Unfortunately, there is no hard and fast rule for determining how
much stack space a program will need. You will need at least as
much storage as the largest amount of "auto"” storage in any of
the functions included in the program (i.e., if one of your
functions has an "auto" array of 4000 bytes, you will need at
least that much stack space, because "auto" data items are
allocated on the stack). Since C functions typically call other
functions, the storage needed by the called function must be
added to that needed by the caller, and so on. Our intention in
supplying the various setting mechanisms described above is to
make the stack size easily adjustable.

The code for stack overflow detection can be eliminated by com-
piling your source file with the -v option on LC2. Library
functions are supplied with stack ovarflow detection included.

3.3 Support for MS-DOS Version 2

If you specified DOS Version 2 when you ordered the compiler, you
received a version of the compiler and library set up for that
operating system. The compiler and the programs generated will
execute only under DOS Version 2.

~—
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3.3.1 Compiler support for MS-DOS Version 2

The compiler now recognizes the full Version 2 path names for all
file names, The name can be specified on the command line, as in

LCl b:\lowlevel\file

(which specifies b:\lowlevel\file.c for compilation), or it can
be specified in #include statements, as in

$¢include "b:\headers\stdio.h"

The ~i option has been extended to support an alternative form of
the above, where the command line might specify, for example:

LCl xyzfile -ib:\headers\
and the tinclude statement could then read
¢include "stdio.h"

Note that the trailing backslash must be suppiied on the prefixv
attached to the -i flag; it is not automatically supplied by the
compiler, .

A maximum of 4 -i prefixes may be specified on the LCl command.
When an #include statement is encountered naming a file that is
not already prefixed by a drive or directory specification, the
current directory is searched first for the file; if not found,
each -i prefix (in the same order specified on the LCl command)
is prepended to the #include file name and searched for, in turn,
until the file is located. An error message is produced if none
of the searches is successful. No spaces, please, between the -i
and the desired text to be used for prepending.

The -o option for both LCl and LC2 has been similarly extended,
allowing the output file to be written directly to another direc-
tory, if desired. .

Special versions of the utility programs FXU and OMD for MSDOS
Version 2 have also been provided.

3.3.2 Library support for MS-DOS Version 2

The main change in the library for MS-DOS Versior. 2 is thdt the
1/0 functions recognize path names because they use the new UNIX-
like file interface provided in Version 2. Your programs should
not require any changes unless they are sensitive to the file
name format. The I/0 redirection mechanism has been adjusted to
work properly for Version 2 programs. The "exit" and "_exit"
functions pass the exit code back to the operating system, and
the value can be tested in a batch file command such as

if errorlevel "value"

—
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4.0 COMPILER AND RUN-TIME CHANGES

The following items are new or substantially changed, as compared
to the descriptions in the manual., Some minor changes to the
language accepted by the compiler are not remarked upon if they
were not explicitly mentioned in the manual (or unless they are
incompatible with previous versions).

4.1 Compile time options for LCl

Here are the new or changed compile time options on the first
phase of the compiler.

-a Same as in previous version, but additionally forces
all assignment statements to be performed (i.e., the
actual store to memory) before execution of the next
statement. Normally, the code generated for assignment
causes a value to be loaded to a register, but it may
not be stored immediately; the -a flag now forces the
store operation. This is important only in (l) unions,
where a value is stored and then immediately inspected
or passed to a function via another member; (2) real-
time processing where shared data values are used as
"lock" words, and immediate execution of an assignment
statemen is critical to subsequent actions; and (3)
memory-mapped I/0 assignments, where values must be
stored repeatedly in the same "memory"” location. ’

-d Causes debugging information to be included in the quad
file. Specifically, line separator quads are inter-
spersed with the normal quads. This allows the second
phase to collect information relating input line num-
bers to program section offsets. If this option is
used, the object file produced will contain line num-
ber/offset records, and can be processed by the object
module disassembler to produce an intermixed source
code and machine code listing (see 6.1 below). Note
that the =-d option does not affect the size of the
function itself, only the object file.

-iprefix Specifies that #include files are to be searched for by
prepending the file name with the string "prefix®,
unless the file name in the #include statement is
already prefixed by a drive or directory identifier,
If "prefix™ is a single character, a colon is added;
thus, -ia causes prepending with "a:". Up to 4 dif-
ferent -i strings may be specified., Note that un-
prefixed #include file names are searched for first in
the current directory, and then by prepending with the
prefixes specified in -i options, in the same left-to-
right order as they were supplied on the command line.

14
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-mM

-n

-oprefix

Causes the compiler to generate code for the specified
memory model. The model can be specified as a single
letter, either upper- or lower-case, naming the model;
or a numeric indicator from 0 to 3 may be used (S=0,
P=1l, D=2, L=3). The model specifier must be adjacent
to the "m" (no intervening blanks).

Causes the compiler to retain up to 39 characters for
all identifier symbols, including #define symbols. The
default symbol retention length is 8 characters.

Specifies that the output (.Q) file name is to be
formed by prepending the input file name (the .C file
which is being compiled) with "prefix". If “"prefix” is
a single character, a colon is added; thus, -ob causes
prepending with "b:". Any drive or directory prefixes
attached to the input file name are discarded before
the prepending is performed.

Changes the way code is generated for four-byte poin-
ters in the D and L models; .see section 3.1.6.

4.2 Compile time options for LC2

Here are the new or changed compile-time options on the second
phase of the compiler,

-f

-ggroup

-oprefix

-ssegment

-v

This option, described in the manual, has not yet been
implemented. 8087 support will be provided in a future
release of the compiler.

Specifies that the name "group" is to be used for the
code group in the ,0BJ module. "“group” must be 15 or
fewer characters in length, and must be adjacent to the
"-g" (no intervening blanks),

Specifies that the output (.OBJ) file name is to be
formed by prepending the quad file name (the .Q file
which is being processed) with "prefix". If "prefix”
is a single character, a colon is added; thus, =-ob
causes prepending with "b:", Any drive or directory
prefixes attached to the quad file-name are discarded
before the prepending is performed.

’
Specifies that the name "segment® is to be used for the
code segment in the .0BJ module.- "segment" must be 15
or fewer characters in length, and must be adjacent to
the "-s" (no intervening blanks).

Causes the code generator toomit the code at the entry
to each function which checks for stack overflow.

The -g and -s options for LC2 are provided to override the
default code group and segment names. Only users who need to
interface to very specialized applications (other languages,
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etc.) will need to make use of these options.
4.3 Alignment of data elements

The alignment of storage for arithmetic objects has been changed.
Now, the only data elements which force alignment to a word
coffset are pointers, structures, and unions. The -b flag still
has the effect of dropping alignment requirements for all ob-
jects.

4.4 Language definition: arbitrary limitations

This section attempts to clarify some of the limitations of the
compiler which are omitted or not clearly defined in the manual.
Although the definition of a programming language is an idealized
abstraction, any real implementation is constrained by a number
of factors, not the least of which is practicality, The Lattice
compiler imposes the following arbitrary restrictions on the
language it accepts:

[} The maximum size, in bytes, of any declared object is the
largest positive integer which can be represented as an
"int", This implies a maximum size of 32767 bytes for 16-
bit "int" machines. The total size of all objects declared
with the same storage class is also subject to the same
restriction.

o The maximum value of the constant expression defining the
size of a single subscript of an array is one less than the
largest positive "int"™ (32766 for a l6-bit "int").

o The total size of the formal parameters for any function is
limited to a maximum of 256 bytes., Thus, the maximum number
of formal parameters depends on their sizes.

) The maximum size of a string constant is 256 bytes.

o Macros with arguments are limited to a maximum number of 8
arguments.
o The muximum level of #include file nesting is 4.

These limitations are imposed because of the way objects are
represented internally by the compiler; our hope is that they are
reasonably large enough for most real programs.

4

4.5 Change in the processing of the $if command

The processing of the #if command has been modified internally,
with two important consequences for programmers. First, as
should be noted in the list of differences from the standard
language, "sizeof" cannot be used in #if expressions, and the
expression must appear on a single line. These restrictions
fesult from a desire to keep #if expressions simple, and because
the pre-processor generally has no information about the size of
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declared objects. One other clarification should be noted: if a
symbol appears in a #if expression which has not been defined in
a $define command, it is interpreted as if a value of zero had
been specified. This seems consistent with #ifdef usage and
permits the use of symbols which may or may not be defined,
Otherwise, #if expressions support the full range of operations
described in Section 15 of Appendix A of Kernighan and Ritchie,

4.6 New error/warning messages

Two new numbered messages are now generated by the compiler; here
is an explanation of them.

82 The object declared caused the total storage for its
storage class to exceed 32767 bytes, the maximum legal
value. ‘

83 This non-fatal warning complains of an indirect refer-

ence (usually a subscripted expression) which accesses
memory beyond the size of the object used as a base for
the address calculation. It generally.occurs when you
refer to an element beyond the end of an array.

4.7 Exit error code
The MS-DOS Version 2 compiler returns an exit code of zero if no
errors were detected, and a code of one otherwise. This allows
the use of "if" expressions in batch files, such as:

LC1 %1

if errorlevel 1 goto errs
5.0 CHANGES TO LIBRARY FUNCTIONS
The following features of the standard library functions provided
with the compiler are new or substantially changed in Version
2.00.
5.1 Program entry/exit functions

Three changes are important in the cperation of the program
startup and termination features of the new library.

5.1.1 Processing of =, <, and > options on command line

The special command line specifiers "=", "<", and ">" ate now
processed by C.OBJ instead of " main", and must appear before all
other command line arguments following the program name.

5.1.2 Source for "_main" now supplied

The standard library version of " main" has been supplied as

MAIN.C, while a smaller version which does not open any buffered
files has been supplied as TINYMAIN.C. Users may modify these

17
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modules to produce their own versions of "_main". Please note,
however, the following cautions:

(1) The library function "printf" sends its output to the pre-
defined file pointer "stdout", which is normally opened by
* main®", If you remove the code that performs this fun-
ction, don’t be surprised when "printf" calls produce no
visible output (the I/O library functions ignore attempts to
read or write unopened files)., A similar caveat applies to
the use of "scanf", which reads from "stdin".

{2) 1If your intention is to avoid including the level 2 I/0
functions in the linked program, don”t call the library
function "exit", because it closes all buffered output files
before terminating execution. This will cause the level 2
functions to be included anyway. Call "_exit" instead.

5.1.3 Exit functions under MS-DOS Version 2

The functions "exit" and "_exit" pass the error exit code back to
the operating system, where it can be tested in a batch file
using a command like: :

if errorlevel 1 goto error
This feature is supported only under DOS Version 2,
5.2 1/0 library

Extensive revisions to the 1/0 library have extended its capa-
bilities and retained compatibility with the previous version.
The implementation of some features has changed internally, with
effects that are noted in this section.

5.2.1 Upgrades to level 1 and level 2 I/0 functions

This version upgrades the level 1 and level 2 functions to be
compatible with the latest UNIX releases and with the UNIFORUM
draft standard. You will not need to make any program changes,
since the new functions are still compatible with the old. How-
ever, any programs using level 2 I/0 (i.e., any that $included
"stdio.h®) must be recompiled because the stdio.h definitions
have changed.

Here is a summary of the extensions and changes: ,

(1) The "open” function currently accepts a second argument of
0, 1, or 2 for read, write, or update mode, respectively,
Now you can include the header file "fcntl.h" which defines
the following codes for that second argument:

O_RDONLY Same as code 0

O_WRONLY Same as code 1
O_RDWR Same as code 2
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(2)

(3)

(4)

Also, the following flags can be ORed into the above codes:

O_CREAT Create the file if it doesn’t exist

O_TRUNC Truncate (set to zero length) the file if it
does exist

O_EXCL Flunk the create if file exists

O_APPEND Seek to end-of-file before each write

O_RAW Use untranslated 1I/0 (Lattice addition)

A new public symbol called "_iomode" has been added to
preset the translation mode. Normally, _iomode is 9 and
translated mode is used unless O_RAW is specified. If you
change _iomode to 0x8000, then untranslated mode is used
unless O_RAW is specified. 1In other words, O_RAW toggles
the meaning of _iomode.

The "fopen" function recognizes a + after the mode character
to indicate that both reads and writes are allowed. 1In
order to switch from one mode to the other, you must execute
an "fceek” or "rewind". We’'ve improved on the typical UNIX
implementation in this area by returning EOF if you fail to
do this, Many versions of UNIX will silently smear your
file if you violate the rule.

Normally the level 2 I/0 functions acquire buffers via the
level 2 memory allocator unless the file is on some device
other than a disk. We“ve added the standard UNIX “"setbuf"”
function that allows you to attach your own buffer via the
call:

char buffer [BUFSIZ]);
FILE *fp;
setbuf (fp, buffer);

Note that this function assumes that the buffer is the
standard size, which is defined via the BUFSIZ constant in
stdio.h. If you call it with a null pointer, it behaves the
same as "setnbf" and makes the file unbuffered.

Level 1 I/0 no longer acquires buffers via the level 2
memory allocator, so you don’t need to worry about screwing
up files when you do a "rstmem”. Under MS-DOS, buffering is
now performed by the operating system itself, resulting in
improved performance for large read/write data transfers.

5.2.2 Level 1 I/0 device processing ’

Device names are now recognized by the level 1 "open" and “"creat"
functions only if the trailing colon is supplied. If the colon
is omitted, the name is passed to the operating system and may be
processed specially by it; however, the level 1 functions will
deal with it as if it were a disk. The device names recognized
are as follows: .

Console CON:

~
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Printer PRN:, LST:, LPT:, LPTI1:
Aux port AUX:, COM:, COMl:, RDR:, PUN:
Null NUL:, NULL: N

I1/0 is performed to these devices, one character at a time, using
the appropriate BDOS function calls. One exception occurs for
the console device: 1f a translated mode "read” operation re-
guests more than 1 byte, the BDOS buffered console input function
is used to read the data (a maximum of 128 bytes per read). Any
special editing features supported by the operating systen
(backspace processing, etc.) will therefore be enabled.

5.2.3 Implementation of level 2 I/0 buffering

The level 2 I/0 function "fopen" sets operations for files to be
suffered in 512-byte blocks, as in the previous version. If the
name it passes to "open" is recognized by that function as being
a device, "fopen” sets operations to be unbuffered. The old
"line-buffered” mode supported by the previous version has been
scrapped; now, unbuffered 1/0 is handled in true single-character
fashion, as in UNIX. Thus, "printf" to the console sends the
characters immediately, whether or not a newline is sent. Input
is also unbuffered, and only a single character is read at a
time. Note, however, that the " main" function provided in the
library sets up "stdin" to be buffered, which causes buffered
console input to be used.

5.2.4 New functions: fread/fwrite
Two new functions for -reading and writing blocks of data to
buffered files have been added to the library. These functions

work with the level 2 I/0 functions ("fopen", "fclose"). Here
is the manual page for these new functions.
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NAME
fread/fwrite -- read/write blocks of data from/to a file
SYNOPSIS
nact = fread(p, s, n, fp):
nact = fwrite(p, s, n, fp):
int nact; actual number of blocks read or written
char *p; pointer to first block of data
int s; size of each blcck, in bytes
int n; number of blocks to be read or written
FILE *fp; file pointer
DESCRIPTION
These functions read ("fread”) or write ("fwrite"™) blocks of
data from or to the specified file. Each block is of size
"s” bytes; blocks start at "p" and are stored contiguously
from that location. "n" specifies the number of blocks (of
size "s") that are to be read or written.
RETURNS
nact = actual number of blocks (0f size "s") read or writ-
ten; may be less than "n" if error or end of file occurred
CAUTIONS

Return value must be checked to verify the correct number of
blocks were processed. The "ferror" and "feof"” macros can
be used to determine the cause if the return value is less
than "n°".




Lattice 8086/8088 C Compiler Supplement for Version 2.00

5.3 Memory allocation functions

The new versions of the memory allocation functions have been
extended to support the capability of a memory pool in excess of
64K bytes, For the most part, the new functions are compatible
with the old. The exceptions are listed below.

5.3.1 "sizmem®” function now returns "long” size in bytes

In the old version, "sizmem” returned the size of the memory pool
as an "unsigned"” number of l16-bit words. The new version returns
the available memory in bytes, and must be declared as a "long"
integer function: )

long n, sizmem():;
n = sizmem():
5.3.2 "getnl®” function

The new function “getml" works exactly like the "getmem" function
except that it accepts a "lcng" integer argument.

P = getml(lbytes);
char *p; pointer to memory block, or NULL
long lbytes; size of desired block, in bytes

In accordance with the usual convention, "getml” returns a null
(zero) pointer if it cannot allocate the requested block. Note
that the function must be declared "char *",

5.3.3 "lsbrk®™ function

The new function "lsbrk"™ is similar to "sbrk", but accepts a
"long"” integer for the size argument. Its return value on
failure is zero instead of the -1 returned by "sbrk".

p = lsbrk(lbytes); .
char *p; pointer to allocated block, or NULL
long lbytes; size of desired block, in bytes

5.3.4 Change in the action of the "rstmem” function

According to the manual, the level 2 memory allocation function
"rstmem" restored the memory pool to its empty state by calling
"rbrk®", This had the effect of deallocating all of the memory
obtained by calls to "sbrk", as well as calls to "getmem". In
the current version, the action of "rstmem" has been changed so
that only allocations made (by calls to "getmem") after a call to
"allmem" are affected. Thus, the cautions on page 1-37 of the
manual should read:

(1) The reset function "rbrk" cannot be used if any of the
standard 1/0 functions are also being used on currently open
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files. This restriction applies only to level 1 functions.
Files may be closed, then re-opened after the reset function
is called; however, any file pointers must be updated if
this is done, because there is no guarantee that the same
value will be returned when the file is opened again.

(2) A similar restriction applies to use of the function
"rstmem”, except that files opened BEFORE the most recent
call to "allmem” are not affected. Thus, if a program opens
all files first and then calls "allmem", it may safely call
“rstmem" without affecting those open files. Any files
opened AFTER the "allmem"™ call must be closed before
"rstmem” is called.

5.4 Utility macros
The standard I1/0 header file "stdio.h" defines three general

utility macros which are useful in working with arithmetic
objects., They are:

max(a,b) returns the maximum of “"a" and "b"
min(a,b) returns the minimum of "a" and "b"
abs (a) returns the absolute value of "a"

Several important restrictions must be noted.

First, since these are macros which use the conditional
operator, arguments with side effects (such as function calls or
increment or decrement operators) cannot be used, and the
address-of operator cannot be applied to these "functions.” Sec-
ond, beware of using the macro names in declarations such as

int min;

because the compiler will try to expand "min" as a macro, and you
will get an error message complaining of invalid macro usage.
Third, only arithmetic data items should be used as arguments to
these macros; "max" and "min® should be supplied two arguments of
the same data type, although conversion will be performed if
necessary.

5.5 New utility functions

-

Several new utility functions have been added to the library
which allow access to all of the features of the 8086/8088
processors, including (1) software interrupts (useful for ’making
direct ROM BIOS calls); (2) BDO2Z functions; (3) access to segment
register contents; (4) inter-scgment memory transfers; and (5)
"peek” and "poke" functions for examining and setting arbitrary
memory locations.

3




Lattice 8086/8088 C Compiler Supplement for Vetsloﬁ 2.00

NAME
int86/int86x -- generate 8086 software interrupt
‘SYNOPSIS
int86(intno, inregs, outregs):
int86x (intno, inregs, outregs, segregs);
int intno; interrupt number
union REGS *inregs; input registers
union REGS *outregs; cutput registers
struct SREGS *segregs; segment registers (int86x only)
DESCRIPTION
Performs an 8086 software interrupt of the specified number.
Check the system-level documentation for your operating
system to determine the interrupts and calling sequences
supported; generally, values in the registers are used as
inputs. ®"inregs"” must contain the register values which
. will be loaded into the working registers before the inter-
rupt is performed; "out:segs" will receive the register val-
ues after control returns from the interrupt, With
"int86x", you can specify the values which will be placed in
the secment registers before the interrupt; although the
SREGS structure defines all of the segment registers, only
DS and ES will actually be loaded. The REGS and SREGS
structures are defined in the DOS.H header file., :
CAUTIONS

The software interrupts on the 8086 are used to implement
all sorts of system level processing, and invalid input data
can cause unpredictable (and occasionally disastrous) re-
sults. Defining the segment register values for "int86x" is
best accomplished by calling "segread” to obtain current
values (see below for details on this function),

Note that "inregs”", “"outregs", and "segregs” are shown as
point2rs above; the usual technique is to declare thenm
directly, and then use the address-of operator to pass a
pointer to them. .
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NAME
intdos/intdosx =-- generate DOS function call

SYNOPSIS
ret = intdos(inregs, outregs); )
ret = intdosx(inregs, outregs, segregs);

int ret; operating system return code

union REGS *inregs; input registers

union REGS *outregs; output registers

struct SREG *segregs; segment registers (intdosx only)
DESCRIPTION

Generates a DOS function reguest to the operating system.
Check the system-level documentation for your operating
system to determine the DOS functions and calling segquences
supported; the values in the registers are used as inputs.
In particular, the exact function request is specified by
placing a value in one of the registers (under MS-DOS, the
function number is specified in AH; under CP/M-86, in CL).
"inregs" must contain the values which will be loaded into
the working registers before the function call is made;
"outregs”" will receive the values in the registers after
control returns from the function request. With "intdosx",
you may specify the values which will be placed in the
segment registers before the interrupt; although the SREGS
structure defines all of the segment registers, only DS and
ES will actually be loaded. The REGS and SREGS structures
are defined in the DOS.H header file.

CAUTIONS

Defining the segment register values for "intdosx™ is best
accomplished by calling "segread" to obtain current values
(see below for details on this function).

Note that "inregs", "outregs”, and "segregs" are shown as
pointers above; the usual technigue is to declare them
directly, and then use the address-of operator to pass a
pointer to them, .




Lattice 8086/8088 C Compiler Supplement for Version 2.00

NAME

segread -- return current segment register values
SYNOPSIS

segread(segregs) ;

struct SREGS *segregs; structure for return of values
DESCRIPTION

Places the current 8086 segment register values into the
SREGS structure whose pointer is supplied. 1Its main purpose
is to obtain current values in order to make a subsequent
call to "int86x"™ or "intdosx". The definition for the SREGS
structure is found in the DOS.H header file.
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NAME

movedata -- move data bytes from/to segment/offset address
SYNOPSIS

movedata(sseg, soff, dseq, doff, nbytes);

int sseg; segment portion of source address
int soff; offset portion of source address
int dseg; segment portion of destination address
int doff; offset portion of destination address
unsigned nbytes; number of bytes to move

DESCRIPTION

Moves the specified number of data bytes from the source to
the destination address. The addresses must be specified as
(segment:offset) in accordance with the standard 8086 nota-
tion. This function is primarily intended for use in pro-
grams compiled using the § and P models; in the D and L
models, the standard library function "movmem" can be used.
The "segread" function can be used to obtain segment regis-
ter values.

CAUTIONS

Memory is not protected on the 8086, so supplying invaliad
parameters to this function can have disastrous results.
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NAME
peek/poke -- examine/modify arbitrary memory locations
SYNOPSIS

peek (segment, offset, buffer, nbytes);
poke (segment, offset, buffer, nbytes);

int segment; segment portion of memory address

int offset; offset portion of memory address .

char *buffer; local memory buffer

unsigned nbytes; number of bytes to transfer
DESCRIPTION

These functions copy data values between an arbitrary memory
location and a local memory buffer: "peek" moves data to
the local buffer from a specified memory address, while
“poke"” moves data from the local buffer to the arbitrary
memory address. These functions are primarily intended for
use in programs compiled using the § and P models; in the D
and L models, the standard library function "movmem” can be
used.

ZAUTIONS
Memory is not protected on the 8086, so supplying invalid

parameters to the "poke" function can have disastrous re-
sults.
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6.0 UTILITY PROGRAMS

The function extract utility has been modified, and a new utility
program -- the object module disassembler -- has been added to
the compiler package.

6.1 New version of Function Extract Utility

Extensive modifications to the function extract utility have made
the description in the manual (Section 1.1.5) inaccurate. Here
is the corrected version of that section.

(1.1.5 Function Extract Utility)

Because the compiler generates a single, indivisible object
module for all of the functions defined in a source file, the
function extract utility FXU is provided so that groups of small
functions may be kept together in a single source file and object
modules produced for them individually., The utility operates by
extracting the source text for a single, specified function, thus
creating a source module which can then be compiled to produce an
object module defining only that specific function,

Programmers who are a little puzzled by the need for this
utility may find the following example helpful., Suppose that one
user has a module called STRING.C, which defines several string
handling functions, and that a program calls one of those
functions (say, "strcnt"), If STRING.C is compiled as a single
source module, the resulting object module defines "“strcnt® along
with several other functions. When the program is linked, then,
the machine code for "strent" is included (as part of the object
module produced when STRING.C was compiled), but the code for all
of the other functions is included as well, even though the
program does not make use of them. Only by compiling "strcnt" as
the only function defined in its source module will the compiler
produce an object module which just defines that function. FXU
can be used to produce such a source file.

The format of the command to invoke the function extract
utility is

FXU (<header-file] ([>output-file] filename function

The various command line specifiers are shown in the order they
must appear in the command; optional specifiers are shown
enclosed in brackets. The first two options are part of the
general command line options for all C programs (see Section
1.1.4). :

<header-file The first option specifies a file which will be
copied to the output file when the specified
function is found. The entire file is copied
before any text from the function is written, If
only the function itself is to be written to the
output file, the <NUL option should be used. 1If




Lattice 8086/8088 C Compiler Supplement for Version 2.00

this option is omitted, text will be read from the
user’s console and copied to the output file
until a control-2 is typed.

>output-file The second option specifies the output file which
will contain the text of the extracted function
(preceded by the header file text, if any). If
this option is omitted, text is written to the
user“s console.

f€ilename Specifies the name of the file containing the
function to be extracted.

function Specifies the name of the function to be extracted
from the specifed file. The function name must be
specified exactly as it appears in its definition,
except that alphabetic characters may oe specified
in either case (upper or lower).

The function extract utility counts braces defined in the
sody of the functions in order to determine when it has reached
the end of a function. Although it recognizes comments and will
not make the mistake of counting any braces which might be
2nclosed in them, it assumes that comments can be nested, which
.5 the same assumption normally made by the compiler. The
compiler, however, can be requested by command line option to
Srocess comments as if they did not nest; FXU has no such option.

The text extracted consists of all the characters between
the closing brace of the preceding function, up to and including
the closing brace of the extracted function. 1If the specified
Zunction is the first one defined in the source file, then all
characters from the beginning of the file to the function’s
closing brace are included. Note that functions which refer to
2xternal data items defined in the source module cannot be easily
orocessed with the function extract utility. As the example
dcelow illustrates, however, the header file option can be used to
avoid this limitation.

If the specified function is not encountered in the
specified source file, the output file will receive the single
2rror message "Named function not found". Note that FXU works on
only a single function, not a list of functions. A-source module
Jefining more thin one extracted function can be generated,
Aaowever, by executing FXU repeatedly and then combining the
2xtracted texts using the CAT program, which is supplied as an
2xample source file.

The supplied version of FXU uses an internal buffer to store
characters between functions, while it scans for the next. The
ouffer size can be expanded, if necessary, by a simple
nodification to the source text, which is supplied as FXU.C.

ZXAMPLES
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FXU <NUL STRING.C strcnt

Extract the function called “strcnt" from the text file STRING.C;
do not include any preceding text; and write the extracted text
to the user”s console.

FXU <IOS.H >INPUT.C IOFUNC.C input

Extract the function called "input"™ from the text file IOFUNC.C,
and prepend the output with the text from the file IOS.H; and
write the resulting text to INPUT.C. If each function in
IOFUNC.C can refer to the external locations "flagl" and "flag2”®,
for example, and needs the information from the standard I/0
header file, then IOS.H should include the text

tinclude <stdio.h>
extern int flagl, flag2;

A similar technique can be used for functions which need more
extensive external references,

6.2 New utility program: Object Module Disassembler

For programmers who wish to debug C modules at the machine
code level, the object module disassembler provides a listing of
the machine language instructions generated for a particular C
source module., If the module is compiled with the -4 option so
that line number/offset information is included in the object
file, the disassembler utility can produce a listing with
interspersed source code lines. This listing can then be used in
association with the link map for the program to perform
interactive debugging using the MS-DOS debug program. The
usefulness of this utility, of course, is limited to those
programmers who are knowledgeable about the 8086 architecture and
instruction set.

The format of the command to invoke the object module
disassembler is

OMD [>listfile] [options] objfile [textfile] -

The various command line specifiers are shown in the order they
must appear in the command. Optional specifiers are shown
enclosed in brackets.

>listfile The first option is used to direct the listing produced
by OMD to a specified file or device. If this option
is omitted, the listing output is written to the user’s
console,

options Four override options can be specified; each consists
of the special character "-" followed by a single -
letter which indicates the value to be overridden, and
a string of decimal digits specifying the override
value. There must be no embedded blanks in any single
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option, but each must be specified as a separate field.
The valid options are:

-Pnnn Overrides the default size provided for the program
section of the object module being processed. “nnn”
specifies a decimal number of bytes of storage to be
allocated for the program section. The default value
is 1024 bytes.

-Dnnn Overrides the default size provided for ¢the data
section of the object module being processed. “nnn"
specifies a decimal number of bytes of storage to be
allocated for the data section. The default value is
1024 bytes.

-Xnnn Overrides the default maximum number of external items
which can be processed by OMD; this number applies
separately to both external definitions and external
references. "nnn" specifies a decimal number of
external items which can be processed. The default
value is 200.

-Lnnn Overrides the default size for the line number and
offset information tables. These tables are used only
if the object file was produced with the -d option;
line number/offset information from the file is placed
in these tables. The default size (which defines the
maximum number of line number/offset pairs which can be
processed) is 100.

objfile Specifies the name of the object file, produced by the
compiler, which is to be processed by OMD. The full
name including the .OBJ extension must be specified.

textfile Specifies the name of a C source code file which is to
be listed along with the disassembled instructions. 1If
this option is present, the object file must have been
compiled using the -d option for the LCl command. The
full name including the .C extension must be specified,

OMD processes only a single object module. The entire
module is read and loaded into memory before the listing is
generated. The various override options are useful for
processing very large object modules, or for reducing the amount
of memory needed by OMD on systems which are cramped for memory.

If the "textfile" option is used, only the source text from
the specified file is listed; if it refers to any #include files,
they will NOT be listed. Some limitations of the "textfile®
option should be noted. First, the code generated for the third
portion of "for" statements is placed at the bottom of the loop;
that code will appear in front of the next statement after the
end of the loop. Second, the compiler tends to defer storing
registers until the last possible moment, so that the code shown
for assignment statements often consists merely of loading values

e
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into registers; the registers will be stored later. Finally, the
code generated for entry to a function will often be displayed in
front of the source lines defining that function. Thus,
inspection of the surrounding code may be necessary to determine
the actual code generated for a source file construct.

EXAMPLES
OMD -P2048 -D8000 QRS.OBJ

Disassemble the object module QRS.OBJ and write the listing to
the user’s console, Allocate 2048 decimal bytes of storage for
the program section defined in the object module, and allocate
8000 decimal bytes for the data section.

OMD >TEMP.LST -X400 XYZ.0BJ XY¥z.C

Disassemble the object module XYZ2.0BJ and write the listing to
the file TEMP.LST. Include source code lines from XY¥Z.C in the
listing, provided that line number and offset information was
present in the object file. Provide for a maximum number of 400
external items (same limit for both external definitions and
external references).

ERROR MESSAGES

A variety of error conditions are detected by the object
module disassembler; all cause early termination of the output
file and result in the writing of an appropriate error message to
"stderr". These messages are self-explanatory for the most part.
I1f one of the run-time-specifiable options is not sufficiently
large, the error message will indicate the specific option which
was not large enough; for example, if the module defines too many
words of program section, the message

Program section overflow

will be produced. Note that OMD was designed specifically for
use with modules generated by the C compiler; attempts to use it
with other object modules will probably cause an error message to
be generated.
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7.0 STOCKRLIST

Jue to the support for the extended memory addressing models, the
List of files supplied with the compiler has grown considerably.
Vote that the manual describes the linking process as involving
-he files C.0OBJ and LC.LI3; in the current release, four differ~-
ant versions of each of these files have been supplied. The
orocedure for linking programs is the same, but now you must use:
for C.OBJ, either CS.0BJ, CP.OBJ, CD.OBJ, or CL.OBJ; and for
.C.LIB, either LCS.LIB, LCP.LIB, LCD.LIB, or LCL.LIB. Make sure
the same memory model is selected for both files.

You should find the following files on your release disk(s):

Zxecutable Piles

LC1.EXE C compiler (phase 1)
LC2.EXE C compiler (phase 2)
FXU.EXE Function extract utility
OMD.EXE Object module disassembler

Run~-time and Library Files

CS.0BJ C program entry/exit module (S model)

CP.0OBJ C program entry/exit module (P model)
CD.OBJ C program entry/exit module (D model)
CL.OBJ C program entry/exit module (L model)
LCS.LIB Run-time and I/0 library (S model)
LCP.LIB Run-time and I/0 library (P model)
LCD.LIB Run-time and 1/0 library (D model)
LCL.LIB Run-time and I/0 library (L model)

Source Files

o)

MAIN.C Standard library version of " main®
TINYMAIN.C Abbreviated version of "_main™
FTOC.C Fahrenheit-to-Celsius sample program
CAT.C File concatenate sample program
FXu.C Source for function extract utility
CONIO.C Basic console I/0 functions -

Header Files

(@]

STDIO.H Standard I/0 header file

CTYPE.K Character type macros header file .
ERROR.H Header file defining UNIX error numhers "
FCNTL.H Header file defining level 1 I/0 codes
I0S1.H Header file defining level 1 I/O structures
DOS.H Environment information header file

MSDOS .H Defines MS-DOS version

SM8086 .H Memory model header file for S model
PM8086.H Memory model header file for P model
DM8086.H Memory model header file for D model
LM8086.H Memory model header file for L model
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(Note: in order to use the DOS.H header file, you must copy
one of the last four files into M8086.H)

Assembly Language Source Files

C.ASM Source for C.OBJ (all ,versions)
IO0.ASM Sample assembler language function

Assembly Language Macro Files

SM8086.MAC Macro include file used with S model
PM8086.MAC Macro include file used with P model
DM8086 .MAC Macro include file used with D model
LM8086.MAC Macro include file used with L model

(Note: in order to assemble the sample source modules, you
must copy one of the last four files into DOS.MAC)
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OBJECT MODULE LIBRARIAN REFERENCE MANUAL

by Phoenix Software Associates, Ltd.

The Object Module Librarian (OML) manipulates libraries
object files on the Intel Corporation (1) 8086 (or 80
processor (tm) under the MS-DOS (2) or CP/M-86 (3) operat
systems.

OML handles object files and libraries conforming to
format generated by the Microsoft compilers for the Intel 80
This is actually the standard Intel format with an enhan
library index. A list of compilers that produce object ¢
compatible with this format is given later.

The first section of this manual provides an explanation
the "object library" concept and the capabilities of OML. Us
unfamiliar with library managers would do well to start he
Also, the OML user”s guide contains a chapter discussing obj:
files and linkage editors that may be helpful,.

The next section of this manual describes how to use OML
handle several common object library situations. At the s:
time it provides an informal explanation of what the commands
Those readers experienced with linkage editors and library m
agers may wish to skip directly to this portion of the manu
it provides enough information to handle most applijcations.

The final portion of the manual is an exhaustive list of
commands and features offered by OML. This should be examii
when it becomes necessary to go beyond the examples given in
previous section. Side issues such as error codes are genera
referred to appendices.

Trademark Acknowledgment:
(1) Intel is a trademark of Intel Corporation.
(2) MsS-DOS is a trademark of Microsoft, Inc.

-

(3) CP/M-86 is a trademark of Digital Research.
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I. LIBRARY MANAGER CONCEPTS

Typically it is convenient (if not essential) to divide a
large programing job into smaller pieces called "modules"™ that
can be edited and compiled separately. Actually, compilers
available on micro-computers tend to have severe limitations on
how many lines of code can be compiled at-one time, forcing the
programmer to use modularization anyway. On the positive side,
modular programming offers a method of organizing a program into
manageable pieces that are easier to understand and work with,

After the program modules are created and compiled the
programmer must “"link" thez together with a "linkage editor" to
produce the executable program.

Once one has created a2 modular program one may find that
some of the modules are useful in a different program. With a
little effort these modules can be made more general in function
and can be used in many programs. The programmer can gradually
ouild up a "library” of useful routines that can be hooked in by
the linkage editor whenever needed. .

In fact, virtually all compilers are sold with a "library",
since functions like arithmetic on real numbers are often not
supported by the hardware and have to be implemented as procedure
calls. The compiler library also contains modules that support
the high level features of the language such as formatted output
in FORTRAN. This library is often called the "run time support"”
since its modules are required while the program executes,

Other software products in addition to compiler run time
support are often sold in the form of libraries. An example
might be a data base manager that is combined with the applica-
tion program by the linkage editor to produce a complete system.

Because of the importance of libraries, linkage editors
typically have special facilities for handling them. To save
memory space, only those modules in the library that are
actually required by the program are linked in. Sometimes a
library is simply a concatenation of object modules, requiring
the linkage editor to search sequentially for the required
modules. More sophisticated systems provide a "library index",
It contains a list of the public symbols offered by each library
module, and the location of the module that defines each symbol,
Therefore the linkage editor can rapidly locate the modules that
are required. The Microsoft library format is an indexed
structure.

The purpose of the 1§bra;y manager is to create and
manipulate object module libraries. It is therefore a useful
assistant to the linkage editor.

OML provides commands that can create libraries from
individual object modules, and to extract a selected module from

a library. It can also merge libraries, and can replicate the
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library search process undertaken by the linkage editor wh

creating a program. In other words, one can create a libr
consisting of only those modules that the linkage editor wo
have included in a particular program.,

OML also provides a powerful cross-reference function
optionally generates a report listing each public symbol,
module which defines it, and a list of other modules that re
to it. This may be used to cross-reference a single library
several libraries together, or, in combination with the lib:
search feature described above, to generate a cross-reference
a program that will be created by the linkage editor,

CREATING/MERGING LIBRARIES...

To create a new library use the BUILD and FILE comma:
For example, executing OML and entering

BUILD DB.LIB
PILE BTREE,SORT, REPGEN, FIRSTLIB.LIB

would create a library named DB.LIB containing the files lis
after the FILE command. These files could be single obj
modules or complete libraries. Everything is merged int
single library.

Normally you can just execute OML and type in commands or
many lines as desired. Then end the the last line with a se
colon to begin processing. Each statement begins with a key v
like BUILD or FILE and is followed by arguments, possibly s
arated by commas. Input is free format, and blank lines
ignored. Also, key words may be abbreviated by leaving
characters at the end. For example, you can use BU and FI inst
of BUILD and FILE. An error message will be given if
abbreviation could be confused with another command.

Another way to use OML is to specity its actions on the
command line, For example, the above library could have t
created by entering (on one line):

OML BU DU FI BTREE,SORT,REPGEN,FIRSTLIB;LIB

Note that the output file type defaults to LIB automa
cally.

SEARCHING A LIBRARY...

Suppose you want to create a library consisting of seve
modules plus those portions of another library that
referenced by the modules. Use the LIBRARY command:

BU DB FI BTREE,SORT,REPGEN,LIB FIRSTLIB.LIB

The portions of FIRSTLIB not referenced by the three ot
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files are not put into the DB library.

UPDATING A LIBRARY...

To update a library it is necessary to copy the old library
to the output file while omitting the module to be updated, and
also include the new module. For example, to replace module
COSINE 'in library MATHLIB, rename the current MATHLIB.LIB to
MATHLIB.,OLD and enter '

BU MATHLIB FI COSINE,MATHLIB.OLD EXC COSINE

The EXCLUDE statement applies to the preceding file and
causes the COSINE module in the MATHLIB to be ignored.

MODULE EXTRACTION...

The EXTRACT statement causes a single object module file to
oe created. It may not be used at the same time as BUILD. The
Zirst object module found in the input files is extracted, so the
rarticular module to be selected from a library must be speci-
"ied. The object file extracted may be given any file name, The
.odule name remains the same. For example, typing

EXT OLDCOS FI MATHLIB.LIB INCLUDE COSINE

:reates file OLDCOS.OBJ containing object module COSINE. The
_NCLUDE statement is the counterpart of EXCLUDE: it applies to
the previous input file and causes only those modules named to be
considered for processing. There wouldn”t be any point to
INCLUDing more than one module in this case since only the first
one found is extracted.

CROSS REFERENCE LISTING...

. To create a cross-reference listing use the LIST command
with input file commands like those given in previous examples,
For example,

LIST = DB S FI BTREE,SORT,REPGEN,FIRSTLIB.LIB,

Creates a crocss reference report named DB.LST describing the
modules in all of the files listed. The "S" selects the crosse-
reference report. For a description of other reports available
See the LIST command description, The "=" specifies that the
feport is to be put into a disk file. If omitted the report
appears on the console.
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operating system it is executing under. The first character not
allowed to be in a file name terminates the name. The escape
character may be used to put any character into a file name.

In this manual, MS-DOS format file names are used for purposes of
discussion., These file names are of the form [device:] name
[.type]l, with optional portions in brackets. Here are some
examples:

MATHLIB.LIB
B:CHESS.OBJ
SCANNER

When the "device"” is not given, OML assumes that the
currently logged-in disk is to be used.

INITIATING OML

OML may be used interactively, or input may be given on the
command line:

OML <statements> <cr>

where <cr> means to press the RETURN key. This means that OML
may be used in .BAT files.

To use OML in the interactive mode, enter
OML <cr>

on the console. OML will read statements from the console,
prompting with "=>", All input is stored uninspected until a
carriage return is typed. The standard line editing features
supplied by the operating system are available.

A disk file containing all or only part of a command may be
inserted into the input at any point by preceding the disk file
name with an "@". The default file type is ".LNK". These disk
files can contain further "@" specifications, up to three levels
deep. The most common use of this feature is to prepare a file
containing a complete command; then,

-

OML @<file name> <cr>

.
Ccreates the library. Sometimes these ".LNK" files may be pre-
pared once for a given library and used over and over again,
greatly simplifying the whole process.

OML reads an entire command, checking for syntax only,
before any file processing is done.
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operating system it is executing under. The first character not
allowed to be in a file name terminates the name. The escape
character may be used to put any character into a file name.

In this manual, MS-DOS format file names are used for purposes of
discussion. These file names are of the form [device:] name
[.typel, with optional portions in brackets. Here are some
examples:

MATHLIB.LIB
B:CHESS.OBJ
SCANNER

When the "device" is not given, OML assumes that the
currently logged-in disk is to be used.

INITIATING OML

OML may be used interactively, or input may be given on the
command line:

OML <statements> <cr>

where <cr> means to press the RETURN key. This means that OML
may be used in ,BAT files.

To use OML in the interactive mode, enter
OML <cr>

on the console. OML will read statements from the console,
prompting with "=>", All input is stored uninspected until a
carriage return is typed. The standard line editing features
supplied by the operating system are available,

A disk file containing all or only part of a command may be
inserted into the input at any point by preceding the disk file
name with an "@". The default file type is ".LNK". These disk
files can contain further "@" specifications, up to three levels
deep. The most common use of this feature is to prepare a file
containing a complete command; then,

-

OMIL, @<file name> <cr>

Creates the library. Sometimes these ".LNK" files may be prer
pared once for a given library and used over and over again,
greatly simplifying the whole process.

OML reads an entire command, checking for syntax only,
before any file processing is done.

RahaS
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COMMAND FPORMAT

All OML input is free format. Blank lines are ignored,
a command may extend to any number of lines. Comments maj
included with input from any source by using a percent sign
When this is encountered, all remaining characters on the ¢
line are ignored.

Input is a list of statements:
<statement> <statement>...<statement>

Each statement begins with a key word, and many are follc
by arguments separated by commas. For example, in

FILE A,B,C

FILE is the key word, and A,B, and C are the arguments.
words may be abbreviated by omitting trailing characters, as
as the abbreviation is unigue among the entire group of
words., For instance, the previous statement could have t
entered as '

FI A,B,C

If a syntax error is found, the current input line is ecl
with two guestion marks inserted after the point at which
error was detected. This is followed by an error message
Appendix) . The command must then be re-entered.

If some other error occurs, OML terminates with an er
message also listed in the appendix.

OBJECT FILES

OML must be told what object files and libraries to use
input and what modules to select from them. The FILE commanc
typically used, and normally causes all modules with the gi
files to be processed:

FILE COSINE, SIN, ARCTAN .

The LIBRARY and SEARCH commands are similar, but are 1
only on libraries and select only those modules that defir
public symbol that is needed by some other module that
already been processed. This is called a "library search®™ anc
a process carried out by most linkage editors, It insures |
only those library modules that are actually needed are incl
in the program.

LIBRARY MATHLIB
SEARCH FORTRAN

The LIBRARY command causes the given libraries to

~
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searched once. When the SEARCE command is used the libraries may
be searched multiple times as long as undefined symbols remain.

This won“t be needed unless two or more libraries are being:

searched that each refer to symbols defined in the others.

If OML cant find a requested object file it will look on
drive A to find it, and will zhen ask the operator to enter the
drive id. Diskettes may be changed at this time if necessary. Of
course, the operator must insure that any diskettes removed do
not contain open files like the BUILD or EXTRACT file.

Also, if OML runs out of aemory a work file is opened on the
default disk, which then may not be removed.

Under MSDOS 2.0 operating systems OML will accept a path
name as part of an object file name. Also, if an object file
can“t be found OML will loox for a string named "OBJ" in the
environment and append its value to the front of the file name,
after stripping any drive id. For example, suppose that the
operator enters

SET OBJ = \OBJECT

and then runs OML. Let us suppose that one of the commands to
OML is

FILE B:TEST.OBJ

and that TEST.OBJ doesn’t in fact exist on drive B. OML would
strip the B: from the name and then try \OBJECT\TEST.OBJ to
obtain the requested file.

If an object file (not a library ) is being processed the
module it contains is glven the same module name as the name of
the file it came from. This is done because some compilers don’t
supply a unigue module name. This default may be changed by
using the AS statement. It supplies the module name for the most
recent FILE given, For example,

FILE MPTHL AS COSINE
would name the module in MATHl COSINE instead of MATH1.

If you are processing libraries built with Microsoft’s
library manager you will get several checksum errors, These
arise because the Microsoft library manager renames the modules
as OML does but does not re-compute the checksum field at the end
of the module name record. The messages should no longer appeaf
once the library has been re-puilt by OML.

The modules Selected from a library may be further

restricted by using the INCLUDE and EXCLUDE statements. These

are followed by a list of module names:

9

@)
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FILE MATHLIB INCLUDE SIN, CONSINE
LIB MATHLIB. DB EXCLUDE.BTREE

The INCLUDE statement causes only those modules listed to
considered for processing, and this selection precedes a libr
search. EXCLUDE is the opposite. The modules listed are
processed. INCLUDE and EXCLUDE apply to the FILE, LIBRARY
SEARCH file immediately preceding. In the second example abo
for instance, the EXCLUDE BTREE applies only to the DB libra
not MATHLIB. i

BUILDING A LIBRARY

The BUILD command is used to create a library out of
modules selected from the input files. It is followed by
name of the file to create. The file type defaults to .LIB:

BUILD DB.LIB
BUILD D:MATHLIB

After all modules are output the library index is created.

One must be careful that the output file does not have
same name as any of the input files, For instance, entering

BUILD MATHLIB
F£I COSINE, ARCTAN, MATHLIB

won’t work because MATHLIB will be erased before it is read.

The BUILD command may not be used simultaneously with
EXTRACT command (described next). If no output is requested £
OML (i.e. there is no BUILD, EXTRACT or LIST command) then (
will simply read the input modules and report any ecrors
finds. ‘

EXTRACTING A LIBRARY MODULE

The EXTRACT command is used to extract a single obj«
module from a library file and place it into a separate d
file. 1It is followed by the name of the file to create:

EXTRACT COSINE.OBJ ’
EXTRACT ARCTAN

If the file type is omitted OBJ is assumed.

The EXTRACT command extracts the first module found in
input files, Therefore it is usually necessary to use
INCLUDE statement to specify which library module should
extracted. For instance,
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EXTRACT COSINE FI MATHLIB

extracts the very first module in MATHLIB, even if it is not the
COSINE module. To get the correct one enter

EXTRACT COSINE FIMATHLIB INC COSINE

s

GENERATING REPORTS

The LIST command is used to generate reports about the
object files being processed. It may optionally be followed by a
file name, causing the reports to be directed to that disk file
or device., The file name must be preceded by an equal sign. Then
a character is entered for each report desired, separated by
commas. There are currently two reports available:

M - A list of all modules processed in alphabetical order.

S - A list of all public and external symbols in
alphabetical order. Each is followed by the name of the
module defining the symbol in parenthesis (this will be
blank for external symbols). Following this is an
alphabetical list of all modules that access
the symbol (i.e. this is a cross-reference report).

Here are some examples:

LIST M
LIST = DB,LST M, S
LIST = XREF.LST S -

The report generator can be re-configured for different size
papetr. It assumes 80 columns and 66 rows per page as a default,
The number of columns may be changed with the WIDTH command, and
the number of rows with the HEIGHT command. Here are some exam-
ples:

WIDTH 132
HEIGHT 88

CONTROLLING THE LIBRARY INDBX

Normally all public symbols from all modules are inserted
into the library index. If a duplicate symbol is found library
Creation continues but a warning message is given and the index
entry for that symbol will select the first module defining the
symbol.

Sometimes it is useful to exclude certain symbols from the
library index., This may be accomplished by using the NOINDEX
command. For example,

NOINDEX SYM1,SYM2,SYM3

~excludes SYM1, SYM2, and SYM3 from the index.

- 10
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Suppose you wish to create a library that contains sever
versions of the same module, for instance a device driver
some kind of hardware, If you try to place all of the modul
into the library you will get duplicate symbol warnings, and
link time the linkage editor wouldn”t be able to select t
desired module.

This can be made to work by using NOINDEX on the modu
entry points. This excludes all of these symbols from ¢
library index. To get the linkage editor to select the corre
modules insert an un-used but unigue dummy symbol into e:
module. At linkage edit time one of these dummy symbols would
accessed in order to create a need for the desired module. 1
linkage editor would then select it when the library is search

Using OML, for instance, one could use a statement like
DEFINE FOO=DRIVER1

to select the module containing driver 1. An alternative is
rely on the fact that the name of each module is actually in t
library index as well, followed by an exclamation point., F
example, if the library contains a module named DRIVERL tt
there will be a dummy index entry named DRIVERl!, These symbc
can be used instead of creating a dulmy module entry point
discussed above.

11
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more uncommon Or oObscure errors a number is printed on the
console that may be looked up below,

COMMAND SYNTAX ERRORS

The following errors are caused by mistakes made in the
input given to OML. The input line causing the problem will be
displayed on the terminal, with a couple of gquestion marks
inserted at the point where the error was detected. Re~-run OML
after correcting the problem.

1l - "@" files are nested too deeply. Only three levels of "@"
files may be active at any given time. Do you have a loop
in your "@" file references?

2 - Disk error encountered while reading "@" file., Try re-
building the file.

5 - The item given for input at this point is too large. The
maximum size allowed is 64 characters.,

6 - Invalid digit in number (i.e. not 0 thru 9).

10 - Invalid file name,. The input stream should contain a
valid file name for the particular operating system being
used. .

11 - Expecting a statement. A key word which begins a
statement should be present here,

12 - The INCLUDE and EXCLUDE statements may not be used
simultaneously on the same input file.

14 - Expecting identifier. A section, module, segment, or
symbol name must be entered at this point.

15 - Expecting "="

16 - Expecting a value. A expression or 16 bit quantity must
appear at this point.

17 - No files were given to process! You must use the FILE
statement and specify at least one input file.

18 - The BUILD and EXTRACT commands may not be used simulta-
neously. You must run OML twice with one command in
each. .

%
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WORK FILE ERRORS

When OML runs out of memory it opens a work file on 4di
named PLIB86.WRK to hold the description of the 1library. The
error codes indicate a problem with processing the work file.

30 - The work file can”t be created. Probably there is no spa
in the disk directory.

31 - An 1/0 error occurred while writing the work file.

32 - An I1/0 error occurred while reading the work file.

33 - An I1/0 error occurred while positioning the work filef

34 - There are too many module description objects in th

library (about 50,000 symbols, modules, and so on may
defined). This library is too large for OML to handle.

INPOT OBJECT FILE ERRORS

The following errors have to do with the object files th
are given to OML to process. Usually they occur when a file h
been corrupted somehow. Try re-compiling to get a new copy
the object file, If it is a library supplied by the compil
manufacturer that is causing the problem, try to get a fresh co
of it,

41 -~ Premature end of input object file. The end of the ind
cated file was reached unexpectedly. Possibly, the f£i
was truncated by copying it with a program that assumes
CNTL-2 (lAd) is the end of the file.

42 - Fatal read error in object input file.

43 - Fatal file position error in object input file. This ¢
occur when a library file is truncated.

OUTPUT FILE ERRORS

The following errors are caused by a problem in creati
the output code file or memory map file (when written to disk
Often, they are caused by a full disk nr disk directory, a di
that is write-protected, or some kind of hardware problem wi
the disk.

45 - Can”t create output disk file. Possibly the disk directo
is full, or the disk is write protected.

46 - Output file too large. The given modules won”t f£fit in

the library. You will have to break up the library in
one or more smaller ones,

13




47 - Patal disk write error in output file. Possibly the disk
is full or write protected, or some kind of hardware error
has occurred.

48 - Fatal disk read errar in output file. Probably, an
irrecoverable hardware error has occurred,

49 - Can’t close output file, Probably the disk is write
protected, or a hardware error has occurred.

50 - Can“t create the LIST output file. Possibly the disk
directory is full, or :he disk is write protected.

MISCELLANEQUS ERRORS

S1 - There are too many svmbols to be placed into the 1library
index. You will have to break up the library into one or
more smaller ones,

52 - No modules were selected (by library search, INCLUDE, or
EXCLUDE) to.be placed in the output file BUILD or EXTRACT).

54 - There 1isn“t enough memory in the computer to run OML,
You must have a really tiny memory - better buy more!
SYSTEM ERRORS

These errors indicate that a system error has occurred
through no fault of your own. They are 1listed here for
completeness in the manual, although it is unlikely that you can
do anything to correct them. Try running OML again. If the error
persists, please gather the relevant -information and contact the
software distributor from wnoom you obtained OML.

201 - Expandable array bug.

205 - Seek errors while writing output file (attempt to
seek past end of file).

219 - Bad object block (GetBlock).
221

Invalid object key (Q). -
222 ~ Invalid object key (QM).
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