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About the Microsoft C Compiler

Welcome to the Microsoft® C Compiler for MSem-DOS. Microsoft C is a
full implementation of the C language, a language known for its efficiency,
economy, and portability. The Microsoft C Compiler provides a simple
command structure with a flexible set of options to accommodate all levels
of programming experience.

With the Microsoft C Compiler, you can take advantage of C’s strengths.
Three different memory models are defined to let you set up your program
in the most efficient way, taking advantage of the segmented architecture
of the Intel® 8086 [amily of processors. In addition, the Microsoft C Com-
piler lets you combine leatures [rom different memory models in “mixed
model" programs. Mixed model programs let you change addressing con-
ventions for one or more program items without changing the addressing
conventions [or the program as a whole.

. Included with your C compiler is a set of more than 200 run-time library

routines that provides you with an extensive base of built-in functions for
use in your C programs. The MS-DOS C run-time library is designed to
make writing portable programs easier by providing compatibility with
the XENIX® run-time library for 80286 systems.

In fact, compatibility with the 286 XENIX operating system is a built-in
feature of the Microsolt C Compiler for MS-DOS. This compiler shares its
design with the 286 XENIX C compiler, written by Microsoft Corporation
and chosen by IBMa for its Personal Computer AT.

The Microsoft C Compiler offers advanced optimizing capabilities. Opti-
mizing is performed automatically whenever you compile. Command line
options are available to select alternative optimizing procedures or to turn
ofl optimizing in the early stages of program development.

The compiler generates a broad range of error and warning messages to
help you locate errors and potential problems. A special command line
option lets you adjust the level of warning messages to suit your own
needs.




Package Contents

Your Microsoft C Compiler package contains the following programs, .
stored on floppy disks. ,

The compiler soltware

The Microsoft LINK utility

The Microsoft LIB utility :

EXEPACK, the executable file compression utility i
EXEMOD, the executable file header modification utility - -

Two documentation binders are included with the package.

System Requirements

To use the Microsolt C Compiler, your machine must run MS-DOS Version
2.0 or later. You must have two double-sided disk drives and a minimum -
of 256K (kilobytes) of memory (one kilobyte is 1,024 bytes). You must use
Microsoft LINK Version 3.0 or later (included in this package). You can- -
not use earlier versions of Microsoft LINK with the compiler.
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The two documentation binders in your Microsoft C Compiler package !
hold the three manuals listed below. S '
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Microsoft C' Compiler User’s Guide . LRI

The C User’s Guide gives you the information you need to set up
and operate the Microsoft C Compiler on your computer and
explains how to compile, link, and run your C programs. Refer to
the C User’s Guide when you have questions about invoking the
compiler and linker or about this particular implementation of C
on MS-DOS. :

Microsoft C Language Reference

The C Language Reference defines the C language as implemented
by Microsoflt. Use the C Language Reference when you have ques-
tions about the rules and behavior of the C language.

Microsoft C Run-Time Library Reference

The C Library Reference describes the run-time library routines
provided for use in your C programs. The first part of the C
Library Reference gives an overview of the run-time library, while
the second section presents the routines in alphabetical order for
quick reference.
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Introduction

1.1 Overview

" The C language is a powerful general-purpose programming language

that is capable of generating efficient, compact and portable code. The
Microsolt® C Compiler for the MSg-DOS operating system is a full imple-
mentation of the C language as defined by its authors, Brian W.
Kernighan and Dennis M. Ritchie, in The C Programming Language.
Microsoft Corporation is actively involved in the development of the ANSI
(American National Standards Institute) standard for the Clanguage; this
version of Microsoft C attempts to anticipate and conform to the forth-
coming standard.

Microsoft C oflers several important leatures to help you increase the
efficiency of your C programs. You can choose between three standard
memory models (small, medium and large) to set up the combination of
data and code storage that best suits your program. For flexibility and
even greater efficiency, the Microsoft C CompiFer allows you to “mix"
memory models by using special declarations in your program.

The C language does not provide such standard features as input and out-
put capabilities and string manipulation features. These capabilities are
provided as part of the run-time library of functions that accompanies the
'C installation. Because the functions that require interaction with the
operating system {for example, input and output) are logically separate
from the language itself, the C language is especially suited for producing
portable code.

The portability of your Microsoft C programs is increased by the use of a
common run-time library for MS-DOS and XENIX® installations. Using
the routines in this library you can easily transport programs [rom a
XENIX development environment to an MS-DOS machine, or vice versa.
See the Microsoft C Run-Time Library Reference (included in this package)
for more information on the commeon library for MS-DOS and XENIX.

Compared to other programming languages, C is extremely flexible about
data conversions and nonstandard constructions. The Microsolt C Com-
piler offers several levels of warnings to help you control this flexibility.
fopment. can be processed using the full
warning capabilities of the compiler to catch mistakes and unintentional
data conversions. The experienced C programmer can use a lower warning
level for programs that contain intentionally nonstandard constructions.
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1.2 About This Manual

This manual explains how to use the Microsoft C Compiler to compile,
link, and run C programs on your MS-DOS system. The manual assumes
that you are familiar with the C language and with MS-DOS and that you
are able to create and edit a C language source file on your system. If you
have questions about the C language, turn to the Microseft C Language
Rteference, included in this package. The Microsoft C Run-Time Library
Reference documents the run-time library routines you can use in your C
programs. For more information about C, refer to Section 1.4, “Learning
More About C."” A briel description of the remaining chapters of the C
User’s Guide is given below,

£y

Chapter 2, “Getting Started,” covers installing and organizing the com-
piler software. This chapter explains how to set up an operating environ-
ment for the compiler by defining environment variables and includes a
practice session to acquaint you with the Microsolt C Compiler.

Chapter 3, “Compiling,” discusses the process ol compiling a program
using the basic compiler command MSC. This chapter contains a detailed
description of the options most commonly used to control preprocessing,
compilation, and output of files. The standard memory models (small, .,
medium, and large) are discussed in this chapter.

Chapter 4, “Linking,” describes the Microsolt LINK Object Code Linker
and the options available to control its operation. This chapter includes a
discussion of the special requirements that apply when linking C program
files. i

)

L
.

Chapter 5, “Running Your C Program,” explains how to run your execut- -
able program file and how to pass data to a program at execution time.

Chapter 6, “Managing Libraries,” describes the Microsoft LIB3 Library
Manager. This utility enables you to create and maintain your own
libraries of uselul functions. You can use these libraries to customize the -
run-time support available to your programs.

\-
"
-
-
-
-
_
»
-
h.

Chapter 7, “Advanced Topics,” describes additional command line options’
for the experienced programmer and gives the technical information neces-.
sary to use them. “Mixed model” programming {combining leatures from
the three standard memory models) is discussed in this chapter, as well as |
the EXEPACK and EXEMOD utilities, which can be used to modily exe-
cutable files.
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Chapter 8, “Interfaces with Other Languages,” covers two main topics: the
interface between assembly langua%_e routines and C routines, and declara-
tions of Microsolt Pascal and FORTRAN routines in C programs.

The appendices at the end of this manual contain useful reference
material. Appendix A, “ASCII Character Codes,” gives the ASCII deci-
mal, octal, and hexadecimal equivalents for characters.

Appendix B, “Command Summary,” provides a complete list of command
line options for the MSC command and summarizes characteristics of the

small, medium and large memory models. It also summarizes command
characters and options for Microsoft LINK, Microsoft LIB, and the EXE-

PACK and EXEMOD utilities.

Appendix C, *T'he CL. Command,” describes an alternate command for
invoking the compiler, the CL command. This command provides an
interface that is similar to the XENIX and UNIXg “cc” command.

Appendix D, “Converting from Previous Versions of the Compiler,” sum-
marizes the differences between this version of the Microsoft C Compiler
and previous versions. This appendix gives instructions for converting
your existing programs to work under Version 3.0 and later.

Appendix E, “Error Messages,” lists and describes the error messages gen-
erated by the compiler, the linker, and the library manager. It also lists
and explains run-time error messages.

Appendix F, “Working with Microsolt Products,” gives an overview of
Microsoft products included in the C compiler package and in other
Microsolt language packages, and explains how these products work
together. In particular, it demonstrates how to use SYMDEB, the
Microsoft Symbolic Debug Utility (not included in this package) with C
programs.

Appendix G, “Microsoft LINK Technical Summary,” is a technical discus-
sion of the linker’s operation.
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1.3 Notational Conventions

The following notational conventions are used throughout this manual.

ttalics Italics mark the places in command line and
option specifications and in the text where
specific terms appear in an actual command.
For example, in

/W number

number is italicized to indicate that thisisa
general form for the /W option. In an actual
command, the user supplies a particular number
for the placeholder number.

Italics are also used when referring to specific
identifiers sugplied for functions, variables,
types, and labels, For instance, when a program
example such as

pc = &count;

is provided, the variable names pc and count are
italicized in the discussion of the example.

Occasionally, italics are used to emphasize par-
ticular words in the text.

[brackets) Brackets enclose optional fields in command line
and option specifications. For example, in

/D identifier[=(atring] )

the brackets around the phrase “= [siring]”
indicate that you are not required to supply this
phrase when you use the /D option. Further-
more, within this phrase, string is enclosed in
brackets, Thus, when you give an equal sign (=),
the string is optional. Notice, however, that you
may not give a siring without first giving the
equal sign.

The C language also uses brackets for array dec-
larations and subscript expressions, In

CAPITALS

Introduction

examples, brackets have the meaning specified
by C. For instance,

a[10]
is an example showing a C subscript expression.

Ellipses following an item indicate that more
items having the same form may appear. For
example, in '

LIB library [/pagesize] operations. . .

the ellipses indicate that one or more operations
are allowed.

Vertical ellipses are also used in program
examples to indicate that a portion of the pro-
gram is omitted. For instance, in the following
excerpt, three statements are shown. The
ellipses between the statement indicate that
intervening program lines occur but are not
shown.

count = 0;
apé++;
coﬁnb = 0,

Capital letters are used for the names of files,
directories, environment variables, and manifest
constants and macros. Commands typed at the
MS-DOS level are also capitalized. These com-
mands include built-in MS-DOS commands such
as SET, as well as the MSC, LINK, and LIB
commands, which invoke the compiler, linker,
and library manager programs. You are not
required to use capital letters when you actually
enter these commands.

For example, in the command




SMALL CAPITALS

“quotation marks”

koywords

programming
examples
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SET TMP=B:\SCRATCH

the MS-DOS command SET is capitalized, as is
the environment variable name TMP and the
directory name to which it is set, B:ASCRATCH.

Small capital letters are used for the names of
keys and key sequences, such as RETURN and
CONTROQL-C.

Quotation marks set off terms defined in the-
text. For example, the term “far” appears in
quotation marks the first time it is defined.

Quotation marks are also used to set off pro-
gram [ragments and to refer to command line
prompts. For example, Microsoft LINK prompts
you for the name of the executable file; this
prompt is referred to as the “Run File” prompt.

Some C constructs require quotation marks.
(%uotat.lon marks required by the language have
the form " " rather than “”. For example,

"abe"

is a C string.

C keywords, such as gote and char, are set in a
different type font (the Helvetica font) to distin-
guish them from ordinary identifiers and text.
Programming examples are displayed without

proportional spacing so that they look similar to
the programs you create with a text editor.

o
3

53

e

3

O

L)

TS

Introduction

1.4 Learning More About. C

The three manuals in this documentation package provide a complete
rogrammer’s reference for Microsoft C. They do not, however, teach you

ﬁow to program in C. If you are new to C or to programming, you may

want to familiarize yoursell with the language by reading one of the fol-

lowing books.
Hancock, Les and Morris Krieger. The C Primer. New York:
McGraw-Hill Book Co., Inc., 1982, -

Kernighan, Brian W., and Dennis M. Ritchie. The C Programming
Language. Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1978.

Kochan, Stephen. Programming in C. Hasbrouck Heights, New Jersey:
Hayden BooE Company, Inc., 1983.

Plum, Thomas.. Learning to Program in C. Cardiff, New Jersey: Plum
Hall, Inc., 1983. '
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Getting Started

291 Introduction

This chapter explains how to install the compiler software and set up an
operating environment for the compiler. It describes the files that make
up your compiler package and suggests methods for organizing the files.

Several MS-DOS procedures are mentioned in this chapter. In particular,
the MS-DOS SET and PATH commands are used to give values to
“environment variables,” which control the compiler environment. If you
are unfamiliar with the SET and PATH commands or with other MS-DOS
procedures mentioned in this chapter, consult your MS-DOS manual for
-instructions.

This chapter includes a sample disk setup for your files and a practice ses-
sion to introduce you to the process of compiling and linking a program
with the Microsoft C Compiler and Microsoft LINK utility. The practice
session, while not required, allows you to confirm that your files are set up
properly and provides a quick overview of the MSC and LINK commands.

2.2 Backing Up Your Disks

The first thing you should do when you have unwr?&ged your system disks
is to make working coEies, using the COPY or DISKCOPY utility supplied
with MS-DOS. Save the original disks for backup.

2.3 Disk Contents

When you first open your compiler package, you may want to verify that
you have a complete set of software. You should find the following files on
your disks.

13
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Executable Files

Filename

MSC.EXE
P0.EXE
P1.EXE
P2.EXE
P3.EXE

LINK.EXE
LIB.EXE

EXEPACK.EXE
EXEMOD.EXE

CL.EXE

Include Files

Filename

ASSERT.H
CONIO.H
CTYPE.H
DIRECT.H
DOS.H

ERRNO.H
FCNTL.H
10.H

MALLOC.H
MATH.H

MEMORY.H
PROCESS.H

SEARCH.H
SETJMP.H

" SHARE.H

Microsoft C Compiler User’s Guide

Description

Control program for the compiler
Preprocessor

Language parser

Code generator

Optimizer, linik text emitter, and assembly
listing generator

Linker utility, Microsoft LINK

Library manager utility, Microsoft LIB
File compression utility

File header modification utility

Alternate control program for the compiler

Description

Defines assert macro
Declares console [/O functions
Defines character classification macros
Declares directory control functions
Defines data types and macros for DOS inter-
lace functions and declares DOS interface
functions
Defines system-wide error numbers
Defines flags used in open functions
Declares functions that work on file handles
“low-level” functions)
eclares memory allocation lunctions
Declares math functions and defines related
constants
Declares buffer manipulation unctions
Declares process control functions and defines
flags for spawn functions
Declares searching and sorting functions
Declares and sets up storage for sefjmp and
longjmp Munctions
Defines flags for file sharing

Wod

TR

I TR RERER
' A

SIGNAL.H
STDIO.H
STDLIB.H

STRING.H
TIME.H

V2TOV3.H

SYS\LOCKING.H

SYS\STAT.H

SYS\TIMEB.H
SYS\TYPES.H
SYS\UTIME.H

Library Files

Filename

SLIBC.LIB
SLIBFP.LIB
SLIBFA.LIB

MLIBC.LIB
MLIBFP.LIB
MLIBFA.LIB

LLIBC.LIB
LLIBFP.LIB
LLIBFA.LIB

EM.LIB
87.LIB

UeLting Started

Declares signal function and defines related
constants )

Declares stream functions and defines related
macros, constants, and types

Declares all functions from the C run-time
library that are not declared in other include
files

Declares string manipulation functions
Declares time functions and defines structure
type used by time functions

Defines macros to aid in converting programs
from Microsoft C Versions 2.03 and earlier

Defines flags for file locking

Declares slat and fstaf functions and defines
staf structure type and related constants
Declares ftime [unction and defines the {tmeb
structure type

Defines types used for file status and time
information

Declares utime function and defines the utim-
bufstructure type

Description

Small model standard C library
Small model floating-point math library
Small model alternate math library

Medium model standard C library
Medium model floating-point math library

‘Medium model alternate math library

Large model standard C library
Large mode| floating-point math library
Large model alternate math library

Emulator floating-point library
8087 /80287 floating-point library

15
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Other Files

Filename Description

BINMODE.OBJ Routine for processing binary data.

SSETARGV.OBJ Small model routine for processing wild card
characters,

MSETARGV.OBJ Medium model routine for processing wild
card characters.

LSETARGV.OBJ Large model routine for processing wild card
characters.

DEMO.C Sample C program.

README.DOC Documentation of most recent changes and

additions not appearing in this manual. If
you see files on your disks that do not appear
in the above list, they will be explained in the
README.DOC file. Your release of the
software may not include a README.DOC
file, so don’t be alarmed if you are unable to
find this file on your disks.

2.4 Understanding the Compiler Software

The software for the Microsoft C Compiler consists of three main
categories of files: compiler executable files, include files, and library files.
T'hese files are listed in Section 2.3, “Disk Contents.” Sections 2.4.1, 2.4.2,
and 2.4.3, respectively, describe each of the three file categories in more
detail. A number of additional files do not fall into the three main
categories and are discussed separately in Section 2.4.4, “Other Files.”

2.4.1 Executable Files

Executable files have an “. EXE” extension. MSC.EXE, the control pro-

gram for the compiler, is an executable file. To run the compiler, invoke
MSC.EXE by typing “MSC" or “msc”.

PO.EXE, P1L.LEXE, P2.EXE, and P3.EXE are the four stages, or “passes,”

of the compiler. They are executed in order when you process a file using
the compiler control program (MSC.EXE or CL.EXE).

16
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The file LINKK.EXE is the linker utility, Microsoft LINK. You invoke the
linker by typing “LINK", after you have compiled a file or files. The linker

.produces an executable program file from your compiled files.

The library manager program, LIB.EXE, is used to create and organize
libraries of object modules. You invoke this utility by typing “LIB”.

EXEPACK.EXE and EXEMOD.EXE are special programs you can use to
modify your executable program files. They are discussed in Sections 7.9.1
and 7.9.2, respectively, of Chapter 7, “Advanced Topics.”

CL.EXE is an alternate control program for the compiler. It is provided
for those users who are familiar with the cc command from XENIX or
UNIX systems. Like MSC.EXE, CL.EXE invokes the four passes of the
compiler for you. You can also invoke the linker through CL.EXE.

2.4.2 Include Files

Include files are text files you can incorporate into your program by using
the C preprocessor directive #include. These files contain definitions used
by run-time library routines.

By convention, some include files are stored in a subdirectory named SYS.
This convention originated in the practice of storing files that define
“system-leve]” constants and types in a separate “system” subdirectory on
UNIX and XENIX systems. However, not all the include files that are
traditionally stored in the SYS subdirectory contain system-level
definitions, and some of the include files not in the SYS subdirectory con-
tain system-level definitions. Since many programs, particularly those
created under the XENIX and UNIX operating systems, rely on the SYS
subdirectory convention, Microsoft continues to recognize this convention
to maintain compatibility with existing programs.

2.4.3 Library Files

Library files contain compiled run-time library routines to be linked with
your program. A separate set of library files is included for each standard
memory model: small, medium, and large. The terms “small model,”
“medium model,” and “large model” refer to standard memory models you
car:l c(:ihoose for your program, based on its storage requirements for code
and data.

17
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You do not have to choose a memory model in order to process and run
-our program. The small model is appropriate for most programs, and the
compiler uses the small model and the small model library files by default.

Two additional library files, EM.LIB and 87.LIB, are model-independent;
they can be used with all three memory models. EM.LIB is the floating-
point emulator, used to perform fAoating-point operations. 87.LIB is the
8087 /80287 floating-point library. This hbrary provides minimal
floating-point support and can only be used when an 8087 or 80287 copro-
cessor is present. The compiler uses the emulator (EM.LIB) by default,
but you can override the default to use 87.LIB (if you have a coprocessor)
or the alternate math library, described below. Floating-point options are
described in more detail in Section 3.7 of Chapter 3, “Compiling,” and in
Section 7.7 of Chapter 7, “Advanced Topics.”

‘The library files beginning with an “S” belong to the small model library
set. SLIBC.LIB is tﬁe standard run-time library. SLIBC.LIB contains all
the routines included in the Microsoft C run-time library except for math
routines that require floating-point support.

SLIBC.LIB also contains an object module named CRT0.0BJ, which is the
start-up routine for small model programs. The start-up routine performs
several important tasks. It allocates the stack for your program and ini-
tializes the segment registers. It sets up the “argv,” “arge,’ and “envp”
variables to allow command-line arguments and environment settings to
be passed to the program. The start-up routine is responasible for setting
up and maintaining the operating environment for the program. The
start-up routine also initializes the emulator, if loaded.

SLIBFP.LIB is the ﬂoatin%-point math library. It is required whenever
your program uses EM.LIB or 87.LIB.

SLIBFA.LIB is the alternate floating-point library. You can use
SLIBFA.LIB instead of EM.LIB and SLIBFP.LIB when speed is more
important than precision in floating-point calculations. See the discussion
of floating-point operations in Section 3.7 of Chapter 3, “Compiling,” and
in Section 7.7 of Chapter 7, “Advanced Topics," [or details op-this option.

When you compile a source file using MSC.EXE or CL.EXE, the compiler -
places the names of the standard librar (SLIBC.LIB) and the floating- *" °
point libraries (EM.LIB and SL]BFP.LI% are the default) in the object file
for the linker. 'Thus, LINK is able to link these libraries with your pro-
gram automatically. If you compile using one of the /FP options, you can
control which floating-point libraries are specified in the object files. You
can also override the default at link time by substituting the name ofa

18
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different floating-point librar '

: A y for the libra. i :

ahgse options are discussed in Section 3.7 ;1)" (l;l?:;)et.;l: ;h?‘éggct_.rﬁle.”
ection 7.7 of Chapter 7, “Advanced Topics.” g piling,” and

The files beginning with an “M” i
3 bey DE With are medium model lib
E:Ieds :):E::::ngr wl:t L" are large model library files. {‘ﬁzyofée:ﬁi::gi;: ¢
of these files are analogous to that of the small model library

set. MLIB.LIB and ! )
routine named (?F?'D(I)J(')Igf ‘LIB, like SLIBC.LIB, each contain a start-up

If you specify the medium or lar
3 ge model wh
{,}ll,el g%mlﬁ%er uses the appropriate standear: l?lr:rﬁ; I\'rli(i%s(s) ﬁ%ro;:_rogram,
Vi Bagslilf%gg- I01?1’51l‘zwllilbrarile-s (by defauit, EM.LIB plus
. P. en placing information i i
for the linker. Otherwise, the comp?ler uzgslzhgr;nn?:i??ng:i:ﬁiloe::'e“' fle

2.4.4 Other Files

The object file BINMODE.OB/J is i i
. provided f. difyi
fwt)il; l?ati?&les from text mode to binary modt'::.'r 'i‘nl?e ls?rl:egﬁtl];ec:;f?):lfl m:l) de
all three memory models (see Section 7.10, “Controlling Binary Samend

Text Modes,” “ i
BINMOCI’) Egjs(')B?Is .Chapter 7, “Advanced Topics,” for details on

Ellis iiEiT/}'RGV.OB{ ?f,i,le provides a routine that expands the MS-DOS
i1d cas characters “?” and “+” in filename arguments passed to C
sgionm;f :}c:m the command line. SSETARGV.OBJ is the small mod lgro-
sion of ¢ ae {r{o]utme; MSETARGYV.OBJ and LSETARGV.OBJ are thee -
fmedit ln : iatr e model versions. Wild card expansion is performed onl
you explicitly link with the appropriate SETARGYV file. See Sectionog g

“Expandin ild i A _
gram,” forfiet.alils.card Arguments,” in Chapter 5, “Running Your C Pro-

;Il"h:nRg!:{])l\zlE.DOC file, if present, contains documentation of recent
is inc udedtnn;rz{l:g?st: ul';gludedtm thi3 n;|an1?1al' If = README.DOG file
software, since the fils s sure to read the file before trying to use the
: ' y contain informat
lll‘"ﬂlgll\);éal%%b In case of conflict betweg:n f’héor':]:ﬂ z;]agsgt:hheow the com-
. file, the README.DOC file takes precedence.

19




Microsoft C Compiler User’s Guide

2.5 Setting Up the Environment

Before you compile and link a program usinF MSC.EXE and LINK.EXE, - ¢,
you must make sure that the programs can {ocate all the files they need to*
process your program. The required files are listed below,

Executable files These are the files the control program executes as
it processes your program. The names of these files
are PO.EXE, P1.EXE, P2.EXE, and P3.EXE.
When using CL.EXE, the alternate control pro-
gram, LINK.EXE may also be executed by the con-
trol program. Notice that MSC.EXE and CL.EXE

are also executable files.

Include files If your program uses the preprocessor directive
#include, tf\e compiler attempts to find the given
text file and inclucfe it in your program at compile
time. Your program cannot be compiled if the
given include file is not [ound.

Library files At link time, LINK.EXE attempts to find the
library files that are specified in the object file or
on the link command line and link them with your
program.

When you invoke the compiler or linker, it determines whether you have
defined certain “standard places” to search for the necessary files. You
can define these places by using environment variables. Environment vari-
ables are defined at the MS-DOS command level using the MS-DOS com-
mands SET and PATH. They are called environment variables because
theyda.re effective throughout the environment in which a program is exe-
cuted.

Although environment variables are usually helpful, you are not required
to set them. If you do not set these variables, the current working direc-
tory is used to search for files and to create temporary files. An erroris
produced if the files are not found in the current working directory or if
insufficient space is available in the directory for creating temporary files.

MSC.EXE looks for three environment variables: PATH, INCLUDE, and
TMP. LINK.EXE uses one environment variable, LIB. The alternate con-
trol program, CL.EXE, uses all four environment variables.
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" PATH tells the compiler where to look for executable files, and INCLUDE

tells it where to look for include files. The LIB environment variable tells
LINK.EXE where to find any library files it needs.

The TMP environment variable has a slightly different function. The com-
}i:ller creates a number of temTOrary files as it processes a program. The

MP enyironment variable tells the compiler where to create these files.
The temporary files are removed by the time the compiler finishes process-
ing. The space required for the temporary files is typically two times the
size of the source file, It is often helpful to create the temporary files on
another disk to avoid running out of space on your default disk.

Note

‘If you have a memory-based disk emulator {for example, the Microsoft
RAMCard Memory Board), you can speed up processing by assigning it
to the TMP variable,

To define the environment variables INCLUDE, LIB, and TMP, use the
SET command to assign a directory specification or specifications to the
variable. You must set PATH INéLBDE, and TMP before invoking the
compiler if you want the variables to be effective while the compiler is run-
ning. Similarly, you must set LIB before the linking stage.

The TMP variable can only be assigned one pathname. The INCLUDE
and LIB variables can contain more than one pathname. Each pathname
is separated from the next pathname by a semicolon S,) The compiler or
linker searches through all directories specified, in order of their appear-
ance, until it finds the file it needs. This means that include files and
library files can be separated and placed in different directories.

For example, you can tell the compiler where to look for include files by
setting the INCLUDE variable. Here is an example.

SET INCLUDE=B:\INCLUDE;B:\CUSTOM
The compiler will first look for include files on Drive B in the directory

named INCLUDE; then, if necessary, the compiler will search the CUS-
TOM directory.
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Use the PATH command instead of the SET command to define the PATHt
variable. (Although it is permissible to define the PATH variable with the
SET command, using this method under versions of MS-DOS earlier than '
3.0 can cause the PATH variable to work incorrectly for some directory
sEeciﬁcations using lowercase letters.) To define the PATH variable using
the PATH command, simply give the PATH command foliowed by a space
{or an equal sign) and one or more directory specifications separated by
semicolons. For example,

PATH A:\BIN;A:\LINKER

tells the compiler to search for executable files on Drive A in the directory
named BIN, then, il necessary, in the LINKER. directory.

MSC.EXE searches through all directories specified, in order of their
appearance, until it finds the executable file it needs. Thus, executable
files can be separated and placed in different directories, as long as the
pathname of each directory containing an executable file appears in the
PATH specification.

The MS-DOS operating system also uses the PATH setting to locate exe-

cutable files. For example, when you invoke MSC.EXE (by typing

“MSC"), the MS-DOS system locates MSC.EXE by looking in your default '

directory and in the directories specified in the PATH setting. If you

include the pathname of the directory containing MSC.EXE }or CL.EXE)

Ln your PATH setting, you can execute the control program from any
irectory.

Once you have set an environment variable, it remains eflective until you
reset it to a different value (or to an empty value?_ or until you turn off the
machine. If you frequently set up your compiler files in a standard way,
you should place SET and PATPF commands in your AUTOEXEC.BAT
file, ]'fhen you will be ready to use the compiler each time you bhoot your
machine. '

You can also use SET and PATH commands in an MS-DOS batch file to
define the environment for a particular program or programs. If you fre-
quently switch back and forth between different environments, you can
save time by setting up batch files that contain the SET and PATH com-
mands {or each environment. Then you can just execute a batch file each
time you want to switch to a new environment.
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Certain command line options available with the compiler override the
effect of environment variables. For example, the /X option (described in
Section 3.5.6 of Chapter 3, “Compiling”) tells the compiler not to
automatically search the standard places for include files. The result is

that the compiler does not search for include files in the directories
specified by the INCLUDE variable.

2.8 Setting Up Your CONFIG.SYS File

Before you can run the compiler you must make sure that your
CONFIG.SYS file allows the compiler to open at least 10 files. Check this
by looking in your CONFIG.SYS file for the line

files=n

where n is some integer. If nis less than 10, edit CONFIG.SYS to set n to
10 (or greater). If you do not currently have a CONFIG.SYS fle, create a
file by that name and insert the following line. :

files=10

It is recommended, but not required, that you also set the number of

E}::ﬂ';:_rs allowed in your CONFIG.SYS file. Check your CONFIG.SYS for
e line

buffers=n

where nis an integer. If nis not already set, 10 is a reasonable number.

Alter you have edited or created your CONFIG.SYS file, reboot the system
so the new settings will take effect.
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2.7 Using an 8087 or 80287 Coprocessor

If you have an 8087 or 80287 coprocessor, you should read Section 3.7,
“Selecting Floating-Point Options,” in Chapter 3, “Compiling.” With an
8087 or 80287, you can perform [ast, efficient floating-point operations.
You may want to select one of the 8087 options described in Section 3.7.1,
“If You Have an 8087 or 80287 Coprocessor,” to take maximum advantage
of your processor’s capabilities.

2.8 Using an 801886,
80188, or 80286 Processor

You can use the compiler with an 80188, 80188, or 80286 processor
without taking an{ special steps. However, to take advantage of your
processor’s capabilities you wiFl probably want to use the /G1 or /G2
option when you compile your programs. These options enable the
instruction set for the 80186/80188 and 80286 processors respectively (see
Section 3.8 of Chapter 3, “Compiling”).

2.9 Converting Existing C Programs

If you own the Microsoft C Compiler Version 2.03 or earlier, or if you have
programs written for that compiler, turn to Appendix D, “Converting
from Previous Versions of the Compiler,” for a discussion of differences
between this compiler and earlier versions.
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2.10 Organizing Your Software

Before you begin using the compiler, you will probably want to spend some
time organizing the files on your disks. The optimal arrangement of files
depends on your specific needs and on how you most frequently use the
compiler, as well as your machine configuration. You can also take advan-
tage of the compiler’s use of environment variables to determine search
paths for various pieces of the software.

it is recommended that you create a separate directory for each type of
file: executable, include, and library. (E.efer to your MS-DOS documenta-
tion il you are unfamiliar with the procedures for setting up and maintain-
ing directories.) The “system-level” include files are conventionally placed
in a separate subdirectory of the include file directory named SYS, but this
is not required.

If you use the SYS subdirectory convention, you should give the subdirec-
tory name along with the filename when you use a “system-level” include
file in your program. For example, the line

#include <sys\timeb.h>

causes the compiler to look for the subdirectory named “sys” in the direc-
tory specified by the INCLUDE variable, and to include the file timeb.h

from that subdirectory. On-the other hand, il you do not use the SYS con-
vention, the line

#include <timebdb.h>
is sufficient.

Notice that, although case is significant within C programs, case is not

. significant to MS-DOS. The names “sys” and “SYS” are equivalent when

used as MS-DOS directory names.
Sample setups for hard disk systems and floppy disk systems are given

below. It is not necessary to read both sections; just read the one that
applies to your system.
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2.10.1 Sample Hard Disk Setup

he following sample setup is suitable for a hard disk system. The setu
'iIx‘xcludes onlygthe s?nall mo!zlel library files. If all your programs are sma, 1
model, or if you are not concerned with memory models at all, then the .
small model library files are the only ones you need. On the other hand, 1
you use more than one memory model in your programming, you will
probably want to add the appropriate library iles to the LIB directory.

e 8087/80287 floating-point library and the alternate math library are
Egt incluc{ed in the sa.mf)lz setup because you do not need both the regular
floating-point library and the other floating-point libraries at the same
time. %I' you want to use one of the other floating-point libraries, you can
substitute it or add it to the LIB directory. Similarly, only the MSC.EXE
control program is included in this setup. If you prefer to use CL.EXE,
add it to the BIN directory or substitute it for MSC. EXE.

C:\BIN\MSC.EXE
C:\BIN\PO.EXE
:\BIN\P1.EXE
:\BIN\P2.EXE
:\BIN\P3.EXE
+\BIN\LINK.EXE
:\BIN\LIB.EXE

:\INCLUDE\ASSERT .H
:\INCLUDE\CONIO.H
:\INCLUDE\CTYPE.H
:\INCLUDE\DIRECT.H
:\INCLUDE\DOS .H
:\INCLUDE\ERRNO.H
:\INCLUDENFCNTL.H
:\INCLUDE\IO.H
:\INCLUDE\MALLOC.H
:\INCLUDE\MATH.H
:\INCLUDE\MEMORY.H
:\INCLUDE\PROCESS .H
:\INCLUDE\SEARCH .H
:\INCLUDE\SETJMP .H
:\INCLUDE\SHARE .H
:\NINCLUDE\NSIGNAL .H
:\INCLUDE\STDID.H
:\INCLUDE\STDLIB.H
:\INCLUDE\STRING.H
:\INCLUDE\TIME . H
:\INCLUDE\V2TOV3.H

:\INCLUDE\SYS\LOCKING.H

a aaaoaanaaoaoaaanaanaaancaa aogaoann
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C:\INCLUDE\SYS\STAT.H

C:\INCLUDE\SYS\TIMEB.H
C:\INCLUDE\SYS\TYPES.H
C:\INCLUDE\SYS\UTIME.H

C:\LIB\SLIBC.LIB
C:\LIB\SLIBFP.LIB
C:\LIB\EM.LIB

Y

Using this setup, your environment variables can be given the values
shown below.

PATH C:\BIN

SET INCLUDE=C:\INCLUDE
SET LIB=C:\LIB

SET TMP=C:\

Notice that the TMP setting simply specifies the root directory of Drive C.
The temporary files created by the compiler are removed by the time pro-
cessing is completed, so you don’t need to create a separate directory to
store them. C.EXE deletes the temporary files automatically; you are
not responsible for removing them.

With this sample setup you can run the compiler and linker from any
directory or disk. If you use the EXEPACK. and EXEMOD .EXE utili-

ties, put them in the BIN directory. Then you can execute the programs
from any directory.

Il you use one of the SETARGYV files (SSETARGV, MSETARGV, or
LSETARGY, dmnding on the memory model) to enable wild card expan-
sion, or the BINMODE.OBJ file to change the default text processing
mode, you can place the file either in your C program file directory or in
the LIB directory. Notice, however, that the LIB environment variable is
not used to find the SETARGYV or BINMODE file; if it is not in your
current working directory, you must specify a pathname at link time.

2.10.2 Sample Floppy Disk Setup

You will need at least two Aloppy disks to set up the files so that you can
run the compiler. The sample setup given below uses two disks and
assumes that you will swap these two disks in and out of Drive A as neces-

sary. You can develop your programs and create listing files on a separate
disk in Drive B.
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This sample setup includes only the small model library files. You can
save space by keeping only one set of library files on a disk, since any given
program uses only one set (either the small, the medium, or the large
model set). If all your programs are small model, or if you are not con-
cerned with memory models at all, then the small model library files are
the only ones you need.

The 8087 /80287 floating-point library and the alternate math library are
not included in this sample setup because you do not need both the regular
ﬂoatinf-point library and the other floating-point libraries at the same
time. If you want to use one of the other Roating-point libraries, you can
substitute it. Similarly, only the MSC.EXE control program is included in
il;ésg%;}ta% If you prefer to use CL.EXE instead, substitute it lor

Disk 1:
BIN\MSC.EXE
BIN\PO.EXE
BIN\P1.EXE
BIN\P2.EXE
BIN\P3.EXE

INCLUDE\ASSERT.H
INCLUDENCONID.H
INCLUDENCTYPE.H
INCLUDE\DIRECT.H
INCLUDE\DOS .H
INCLUDE\ERRNO.H
INCLUDENFCNTL . H
INCLUDENIO.H
INCLUDE\MALLOC .H
INCLUDE\MATH.H
INCLUDE\MEMORY .H
INCLUDENPROCESS .H
INCLUDE\SEARCH.H
INCLUDE\SETJMP . H
INCLUDENSHARE . H
INCLUDE\SIGNAL .H
INCLUDE\STDIC.H
INCLUDE\STDLIB.H
INCLUDE\STRING.H
INCLUDENTIME.H
INCLUDE\V2TOV3.H

INCLUDE\SYS\LOCKING .H
INCLUDE\SYS\STAT.H

INCLUDE\SYS\TIMEB .H
INCLUDEASYS\TYPES.H

o
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INCLUDE\SYS\UTIME.H

Disk 2:
BINALINK.EXE
BIN\LIB.EXE

LIB\SLIBC.LIB
LIB\SLIBFP.LIB -
LIB\EM.LIB

With this setup, all the files required in the compiling stage are on Disk 1,
and all the files required in the Jinking stage are on Disk 2. This organiza-
tion allows you to change disks easily when you have finished compiling 2
file and are ready to link.

Using this sample setup, your environment variables can be given the
values shown below, assuming that Disks 1 and 2 will be swapped in and
out of Drive A.

PATH A:\BIN

SET INCLUDE=A:\INCLUDE
SET LIB=A:\LIB

SET TMP=B:\

With this setup, you should create and store your programs on a separate
disk on Drive B. "You should also run the compiler from Drive B, so that B
is the default drive for output files {the object file, listing file, map file, and
executable program file). If you try to run the compiler from Drive A,
there may be insufficient space available for creating these files. For the
same reason, the TMP vanable is assigned to Drive B.

Notice that the TMP setting simply specifies the root directory of Drive B.
The temporary files created by the compiler are removed by the time pro-
cessing is completed, so you don't need to create a separate subdirectory
to store them. MSC.EXE deletes the temporary files automatically; you’
are not responsible for removing them.

If you use the EXEPACK.EXE and EXEMOD .EXE utilities, put them in
the BIN directory on Disk 2. Then you can execute them from your pro-
gram disk in Drive B.

If you use one of the SETARGYV files (SSETARGV, MSETARGV, or
LSETARGYV, depending on the memory model) to enable wild card expan-
sion, or the BINMODE.OBJ file to change the default text processing
mode, you can place the file either in the directory with your C program
files or in the LIB directory. Notice, however, that the LIB environment
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variable is not used to find the SETARGY or BINMODE file; when it is not

in your current working directory, you must apecify a pathname at link
time.

Il you use more than one memory model in your programming, you will
probably want to set up a separate library disk for each model. Notice
that the files stored on Disk 1 (the compiler passes and the include files) do
not change with the memory model, so you can use the same disk in the
compiling stage for all three models.

On each separate library disk you will have the library files for that model,
plus a copy of the LINK and LIB utilities. Although the LINK and LIB
utilities do not change with the memory model, it 1s convenient to have a
copy on each disk so that you can invoke LINK and LIB without changing
back to your small model disk.

Use the same directory structure on all three disks (small, medium, and
large). That way, you will not have to change the values of your environ-
ment variables when you change disks. For example, to process a medium
model program using the alternate math library inatead of the emulator,
you could set up a disk like the following, to be used in Drive A.

BIN\LINK.EXE
BIN\LIB.EXE

LIB\MLIBC.LIB
LIB\MLIBFA.LIB

This organization is identical to the setup for Disk 2 given earlier, except
that the medium model standard library file replaces the small model fi e,
and the medium model alternate math ﬁbrary {)MLIBFA.LIB] is used
instead of EM.LIB and SLIBFP.LIB. The PATH setting (A:\BIN) and
TMP setting (B:\) used above are valid for this disk as well, since it is
organized with the same directory structure. Notice that you must use the
same disk drive, Drive A, when you change from the small model disk to

the mgdium model disk. Otherwise, your environment settings become
invalid.
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2.11 Practice Session

- This section shows you the steps involved in compiling and linking a pro-

gram using the Microsoft C Compiler. By following these steps you can
produce and run an executable program file.

The source file used for this practice session is the sample source file
DEMO.C, which is included with your compiler software. DEMO.C is a
very simple C program that contains only one function, the main function.

_ The main function is designed to print on your terminal any command line

arguments you pass to the program at execution time. It will also print
out the current value of environment settings. You can examine the
DEMO.C source file to see how it accomplishes this. For a full discussion
of passing command line data to programs, accessing i;.‘h?‘ program environ-
ment from within a program, and declaring the “arge,” “argv, "and
“envp” parameters, see Chapter 5, “Running Your C Program.

This practice session assumes that you are using the sample disk setup and
environment that is appropriate for your system. The sampl_e_setv and
compiler environment was discussed in Section 2.10, “Orgamzing Your
Software.”

The first thing you should do is verify that the compiler environment is set
up correctly, You can do this by typing SET. When you give the SET
command without an argument, it lists all environment variables and their
current settings. Make sure the PATH, INCLUDE, TMP, and LIB vari-
ables are in the list and that they are set appropriately for your system, as
shown below.

Hard Disk Settings Floppy Disk Settings

PATH=C :\BIN PATH=A:\BIN
INCLUDE=C:\INCLUDE INCLUDE=A:\INCLUDE
LIB=C:\LIB LIB=A:\LIB
TMP=C:\ TMP=B:\

Il your settings do not match these, turn back to the previous section to
review the disk setup and environment settings.
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Once you have set up the environment, you are ready to begin processing

DEMO.C using steps 1-13 below.

32

1.

First, set up a directory to hold program files. The directory can
be on the hard disk or on a floppy disk. You can give the directory
any name you like; for this session, the name PROG will be used.
Next, copy DEMO.C into the PROG directory.

Now you are ready to begin compiling. Make sure that the PROG
directory is your current working directory (use the CD command
to change directories if necessary.) Then give this command:

MSC

The MSC command invokes MSC.EXE, the compiler control pro-
gram. MSC.EXE displays prompts on your screen to guide you
through the compiling process.

The first message to appear on your screen is

Microsoft C Compiler Version 3.xx
(C)Copyright Microsoft Corp 1984 1985
Source filename [.C]:

Following the “Source filename” prompt, specily the name of the
file or files to be compiled. If you don't include the filename exten-
sion, MSC.EXE assumes that the extension is *.C” (or “.c”). Type

DEMOD

in response to this prorript..
The next prompt is

Object filename [DEMO.OBJ]:

This prompt allows you to supply 2 name for the object file.
Instead of typing a name, respond to this prompt by pressing the
RETURN key, causing MSC.EXE to use the delault response for the
prompt. The deflault response for the “Object filename” prompt is
to name the object file DEMO.OBJ. The object file is created in
the current working directory, which is the PROG directory.

The next prompt is

Object listing [NUL.COD]:

This prompt lets you create a listing of your object file, containing
the machine instructions that correspond to your C instructions.
Type

DEMO

in response to this prompt. MSC.EXE appends the default exten-
sion “]?COD" and creates a listing named DEMO.COD. The listing
file is created in the current working directory (PROG).

MSC.EXE now begins to compile your program. If your program

has errors, they will be displayed as the compiler operates. _
DEMO.C does not have errors.) When the compilation process is
nished, the MS-DOS prompt reappears.

You now have an object file named DEMO.OBJ and a listing file
named DEMO.COD in your current working directory.

Next you need to link your program.

Important

If you are using a floppy disk setup, you should change the disk
in Drive A at this point. Remove the disk containing the com-
iler files and include files, then insert the disk containing the

EINI{ utility and the library files.

To link your file, simply type
LINK

The LINK command invokes the linker. You will see the [ollowing
message On YOUr screen.

Microsoft 8086 Object Linker

The message is followed by a version number and copyright notice.
The first linker prompt is

Object Modules ‘ [.0BJ]}:

You have only one object file to link, so just type
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DEMO

in response to this prompt. Microsoft LINK aﬁpends the “.0OBJ"
extension to find your file on the disk. Since the file is in the

current working directory, you do not have to specily a pathname
for LINK to find it.

The next prompt is
Run File [DEMO.EXE]:

This prompt lets you name the executable program file. Press the
RETURN key in response to this prompt. The linker uses the default
name shown in brackets [or the executable file if you don't supply a
different name. The executable file is created in the current work-
ing directory (PROG). '

The next prompt is
List File [NUL.MAP]:

If you give a filename following this prompt, the linker creates a
map file listing all the external symbols in your program and their
locations. Type the response

DEMQ /MAP

This response tells the linker to create a listing file named
DEMO MAP. The ".MAP" extension is used because you did not
supply your own extension. The map file is created in the PROG
directory by default. The /MAP option causes global symbols to
be listed at the end of DEMO.MAP.

The final prompt is
Libraries [.LIB]:

The names of the standard C and floating-point libraries are pro-

vided in the abject file, and the LIB environment variable tells the
linker where to find-the given library files, Therelore, you do not

need to give any library names following this prompt. Just press

the RETURN key.

Microsoft LINK now proceeds to link your file. Il any errors are
found, they are displayed on your screen. When the MS-DOS sys-
tem prompt reappears, the linker has finished processing your lile.
You now have an executable file named DEMO.EXE in your

directory, plus an object listing named DEMO.MAP.

You may want to examine the object listing fDEMO.COD) and
map file (DEMO.MAP) to familiarize yourself with their formats.
These files are especially useful for debugging programs. However,
the listing and map files are not required for running the program,
so you can delete them if you like.

You can also delete the object file (DEMO.OBJ); since you have the
executable program file, it is no longer needed. Chapter 6,
“Managing Libraries,” discusses how to use the Microsoft LIB pro-
gram to organize object files into libraries of useful functions.

13. You can run the sample program simply by typing “DEMO”. How-
ever, since the sample program is designed to take command line
arguments and print them, you will probably want to give com-
mand line arguments when you run the program. For instance,
you can run the program and pass three arguments by typing:

DEMO ONE TWO THREE

The program name is displayed on your screen, followed by the
arguments ONE, TWOQO, and THREE and a listing of al] current
environment settings. The environment settings include PATH,
LIB, INCLUDE, and TMP, as well as any other settings that are
currently in effect (whether or not they apply to the C program or
to the compilation and linking process).

Note

Under versions of MS-DOS earlier than 3.0, the program name
is not available and will not be displayed.

This practice session used the simplest form of the MSC and LINK com-
mands to show you their basic operation. The chapters that follow
describe alternate forms and explain how to specily options with the MSC,
LINK, and LIB commands. Notice that the CL command, described in
Appendix C, “The CL Command,” can be used to perform the same tasks
as MSC and LINK. :
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2.12 Using Batch Files

You can create an MS-DOS batch file to set up the compiler environment
and invoke the compiler. Creating and using batch files is discussed in full
in your MS-DOS manual. This section is intended simply to demonstrate
possible uses of the MSC command in 2 batch file.

A batch file is a text file containing a series of executable MS-DOS com-
mands. Batch files always have the extension “.BAT”. You execute a
batch file by typing the filename without the “ BAT” extension. This
causes MS-DOS to execute the series of commands the file contains.

Batch files are especially useful with the MSC command because they
allow you to set up an environment before using the command. The
examples below use the command line method of invoking MSC and Micro-
soft LINK. The command line method lets you give all responses to the
prompts on a single line instead of waiting for the individual prompts.
The command line method is discussed in Section 3.2.8 of Chapter 3,
“Compiling,” and in Section 4.4.10 of Chapter 4, “Linking.”

For example, the following batch file, MYCOMP.BAT, could be used to
create a program {rom a C source file in an environment set up for that

Getting Started

ensures that linking is only attem i

¢ pted if the source file was

::;:i?:léeg;r ;l:ll:ec stslgl a,c:;in filfai?" trol 'IPI:'ogrq.ms Beturp an existucc;gis{gl:sl’low
information on the other codesogée S tion 3.0.3, “Commtlas puccess; for

i n h ) ection 3.9.3, “Compil i ”
in Chapter 3, “Compiling.” The MS-DOS batch commanpc; fll:" %ﬁﬁ%}:{d_es,

LEVEL is used to test the exi :
more on phed to test ¢ e exit code; see your MS-DOS documentation for

If compilation is successful, the obj is i
» the object file THIS.OBJ
THIS.EXE (the default name, since none is su plied).l'sl‘;::l:l;?'n?'legﬁgui:e

also supplied (by m wgy 1»
map flb name(d ljrmesazmti};ep%m?gd.%l ) for the map file prompt, so a

2%;:;};:2%1;:3;1;‘?15;;? tol]'NSLU}?E when you execute the batch file

i explicitly change it or until you reboo

machine. To restore your usual i i Tou can oreoe

bateh file that reore I ual environment settings, you can create a

environment variables to the directori

gﬁ?;lcfl}lltl]sysl?lgﬁi?f et):)a.lr)nple, th: I(';)lliowing lines might be pI::(l:isi{lo: I?I?St
. e execute typin

to restore your usual environment setiinyg];. § RESET whenever you want

ZA A o
E=A:\INCL
SET LIB=A:\LIB UDE

urpose. 2 X
purp , SET TMP=B:\

SET INCLUDE=B:\TOP\MYINC -
MSC %1 } ‘

1F ERRORLEVEL O LINK %1..%1;

The value given to INCLUDE in the first line alters the environment for
the MSC command. Since no value is given for PATH, TMP, or LIB, their -
current values, if set, are unaffected by the batch file. :

The symbol “%1" tells MS-DOS to look for an argument on the command h
line when you execute the batch file. When you type l D

i

MYCOMP THIS L -

the filename THIS is substituted for “%1", and THIS.C is compiled, pro- -
ducing the object file THIS.OBJ. :
}h

The line
IF ERRORLEVEL O LINK %i,.,%1; - ,

. n
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3.7 Selecting Floating-Point Options 63

3.7.1 If You Have an 8087 or 80287 Coprocessor 64
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- 3.1 Introduction

One basic command, MSC, is all {_ou need to compile your C source files
with the Microsoft C Compiler. The MSC command takes care of execut~
ing the four compiler passes for you.

By drawing on the large set of MSC options, you can control and modify
the tasks performed by the command. For example, you can direct MSC

3.7.3  Compatibility Between
Floating-Point Options 66

to create an object listing file or a preprocessed listing. Options also let
you give information that applies to the compilation process, such as the
definitions for manifest (symbolic) constants and macros and the kinds of
warning messages you want to see.

3.8 Using 80186, 80188, or 802806 Processors 68 The MSO ) . y
. e command automatically optimizes your program. You never
3.9 Understanding Error Messages 08 h]iwe It?S gcgve an optimizing instructi%n, ubriless you want tolchan%:, theSwa,y
1 that optimizes or you want to disable optimization altogether. See
3.9.1 C Compiler Messilges 69 Section 3.11, “Optimizing,” for more on these choices.
3.9.2  Setting the Warning Level 70 ' _ _ _
) . This chapter explains how to run the compiler using the MSC command
3.9.3 Compiler Exit Codes 72 and discusses commonly used MSC options in detai%.
3.10 Preparing for Debugging 72 Additional MSC options are coveéred in Chapter 7, “Advanced Topics.” A
3.11 Optimizing 73 summary of the MSC command and all available options is provided in
' . Section B.2 of Appendix B, “Command Summary,” of this geide. Appen-
3.12 Compiling Large Programs 75 dix C, “The CL Command,” is a summary of the CL command, an alterna-
. . Model 6 tive to the MSC command. The CL command is similar to the cc com-
3.13 Working with Memory Models 7 mand on XENIX and UNIX systems, and is included for users who are
3.13.1 Creating Small Model Programs 79 comfortable with the XENIX ¢c command.
3.13.2 Creating Medium Model Programs 79 This chapter assumes that you know how to create, edit, and debug C pro-

3.13.3 Creating Large Model Programs
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You can override any defaults by typing all or part of the name. For
example, if the currently logged drive is B and you want the output file to
be written to the disk in Drive A, type just the response “A:”. The output
file is written on Drive A with the default filename.

3.2 Running the Compiler

MSC requires two types of input: a command to atart the compiler and

responses to command prompts. Start the compiler by typing Notice that if yoWge any part of a legal pathname following the “Object

listing” prompt, produces a listing file. The default name is the
“basename” of the source file with the extension “.COD”. The basename of
a file is the portion of the name preceding the period (.). For example, if
ou compile a file named TEST.C and type “A:” following the “Object
isting” prompt, MSC produces a listing file on Drive A with the name
A:TEST.COD.

MSC

at the MS-DOS command level. MSC prompts for the input it needs by
displaying the following three messages, one at a time.

Source filename [.C]:
Object filename [.OBI]:

Object listing [NUL.COD]: 3.2.2 Special Filenames

You can use the following MS-DOS device names as filenames with the
MSC command. This allows you to direct files to your terminal or to a
printer. Notice that you cannot use these names for ordinary filenames.

The responses you make to each prompt are explained below.

If you want to stop the compiling session for any reason, type CONTROL-C
at any time. You will be returned to the MS-DOS command level, where

you can restart MSC [rom the beginning. Name Device

AUX Refers to an auxiliary device (such as a printer or disk drive).
CON Refers to the console {terminal).
PRN Refers to the printer device.

NUL Specifies a “null” (nonexistent) file. Giving NUL as a
filename means that no file is created.

3.2.1 Filename Conventions

You can use uppercase, lowercase, or a combination of both for the
filenames you give in response to the prompts. For example, the following ,
three filenames are considered equivalent. i

abcde.fgh . . . . . .
AbCAE.FgH Even if you add device designations or filename extensions to these special
ABCDE.fgh filenames, they remain associated with the devices listed above. For
. example, A:CON.XXX still refers to the console and is not the name of a
You can include spaces before or after filenames, but not within them, disk file.
Options (see Section 3.2.9) can appear anywhere spaces can appear. )
MSC uses the default file extensions “.C", “.0BJ", and “.COD” when you Z
do not supply extensions with rour filenames. You can override the ' Note
default extension for a particular prompt by specilying a different exten- i ] ) ) _
sion. To enter a filename that has no extension, type the name [oliowed i Object files contain machine code a;xd are not printable. When
by a pericd. For example, typing “ABC.” in response to a prompt tells " responding to the “Object filename” prompt, do not give a filename

MSC that the specified file has no extension, while typing just “ABC" tells that refers to a printer or console.

MSC to use the default extension [or that prompt.

43
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3.2.3 Source Filename Prompt

Following the “Source filename” prompt, give the name of the source file ..
you want to compile. If you do not supply an extension, MSC automati-
cally looks for a file with the “.C" extension.

Pathnames are allowed with the source filename. Therefore, you can
specify the pathname of a source file in another directory or on another

disk.

You may compile only one file at a time, so only one response to this
prompt is allowed. There is no default response; MSC displays an error

message il you do not supply a source filename.

3.2.4 Object Filename Prompt

Following the “Object filename” prompt, you can supply a name for the
object file produced by compiling your source file. You are free to give any
name and any extension you like. However, it is recommended that you
use the conventional “.OBJ” extension because it simplifies operation of
Microsoft LINK and Microsoft LIB, both of which use“.OBJ" as the
default extension when processing object files.

If you supply just a drive or directory specification [ollowing the “Object
filename” prompt, MSC creates the object file in the given drive or direc-
tory and uses the delault filename. You can use this option to create the
object file in another directory or on another disk. When you give just a
directory specification, the directory specification must end with a
backslash {\) so that MSC can distinguish between a directory
specification and a filename.

The delault name supplied for the object file is the basename of the source
file with an “.OBJ” extension. Il no pathname is supplied, the object file is
created in the current working directory.

3.2.5 Object Listing Prompt
Following the “Object listing” prompt you can tell MSC to create an

object listing for the compiled file. The object listing contains the
machine instructions and assembled code for your program.

44
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If you supply any filename following this
Iy | prompt, MSC creates an object
listing, using the filename you supply. By convention, these listings g::

iven the ion ¢ » _
lsike. extension “.COD”, but you are free to choose any extension you

Vhen you do not S“rpl a filename, the default is the speci
1 ’ t
NUL.COD, which tells I]\’/ISC not to create a ]istinlsg, ¢ special name

The MSC command optimizes by default, so the object listi

optimized code. Since optimization may ‘involve reirggrllls:::egnrtegl? f::)sdt«;he
the correspondence between your source file and the machine instructions
may not be clear. To produce a listing without optimizing, use the /Od
option, discussed in Section 3.10, “Preparing for Debuggin’g.”

To produce a combined source and asse isti
' | ] mbly code list
option, described in Section 3.4, “Producing Listing Flirllegs:.’?se the /Fe

3.2.6 Selecting Default Responses

To select the default res
| def ponse to the current prompt, press the RETURN
key without giving any other response. The next prorr;:pt willeappear.

To select default responses to all remaining prom i i
colon (;]”al'ter the filename following the “Sgoll)lrce glt;:ﬁ::‘eeg g:rngé)e:izr::-
filename” prompt. Once the semicolon has been entered, you cannot
:espond to any of the remaining prompts for that compiling session. Any
ext appearing after the semicolon (fsuch as an option) is ignored Use the
semicolon to save time when the default responses are acceptablé.

There is no default for the first “
S 1O ] prompt, “Source filename”.
5°(r)t3hﬁ’ Object filename” is the basename of the sourzglf?le \:rl:?lf ::fa.ult,
g extension. The default for the “Object listing” prompt is the spe-
cial name NUL.COD, which tells MSC not to create an object listing file.

3.2.7 Swapping Disks

MSC suspends execution and displ i
plays a prompt when
gxie Et:)ﬁnore of the executable files that rga.ke ]l:np the c?:;:'];i]lte:? nl;IOOliﬂf}igE?
Pl é.P2.EXE, and P3.EXE. This behavior lets you store the compifer
es on different disks if necessary and swap disks when MSC prompts you.
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" i istent
the “Source filename” prompt with a nonexis )
}irlgt?:n::sg?ntg t:l:e “Object filename” or “Object listing prqm;‘);ts w%}'.ohua,n
invalid p:at.hname, MSC displays an error message and terminates.
must restart MSC with the correct information.

3.2.8 Using the Command Line

k, you can

' derstand how the MSC prompts and responses work,

uosr;c:h)eoc:loumnm:;d line method of running the compiler. W'i‘tll] this m;t;lh&)d
ou type all the filenames on the line used to start MSC. The comm

ine method has the following form.
MSC sourcename [, [objectname)] [, (lestingname] ] (]
The entries following MSC are responses to the command prompts.

i ¢ t not within them.
{ include spaces belore or after filenames, bu
?);lttig:z (Hescribeg in Section 3.2.9) can appear anywhere spaces can

appear.

You can leave the objectname and listingname fields blank t.ottl:ause NiSG to
select the default responses. The semicolon (;) character has {% IsaanSC
effect in the command line as it does with the MSC prompts. Whe

sees a semicolon on the command line, it uses the default responses to the

remaining prompts. Any text after the semicolon on the command line is
ignored.

The comma character serves as a separator and also has a special function .

] field in
i d line. If you place a comma after the objeciname
:;[lll: I::g:!‘:;nal:l‘sriine“(‘fvhetger o‘: not an ebjeciname is actually ggven), tr'.r}lx: of
default for the listing field is changed from NUL.COD to the a.senind
the source file plus *.COD". For example, the following two comm
. lines are equivalent.
ST e
MSC TEST, TEST, TEST;
MSC TEST, , ;

l.n' tile first command line, the name TEST is explicitly specified for all

; i i files are produced: . .. ..
th rompts, so TEST.C is compiled and two o
TIEESEI‘I.)OBJpand TEST.COD. FEON

FLE
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In the second command line, only the source filename is supplied. The
default name (TEST.OBJP is used for the object filename, since none is
specified. The comma following the object filename field causes the default
for the listing file to be changeg to TEST.COD. Since no alternative name

is supplied in the command line, a listing file named TEST.CQOD is
created.

By contrast, the line

MSC TEST;

creates an object_ file named TEST.OBI, but does not create a listing file,
Since no comma 1s present in the command line to change the default from

NUL.COD to TEST.COD.

You can combine the prompt methed and command line methods by giv-
ing MSC a partial command line. It prompts you for the fields you do not
supply. You can end a partial command line with any of the items listed in
the first column below. The second column describes the results.

semicolon (;) MSC uses the default responses for the remaining
prompts.

filename MSGC prompts you for the remaining responses, il
any. .

comma If you give just a source filename followed by a

comma, MSC prompts for both object filename and
object listing name, as usual. However, if you supply
both a source filename and an object filename, :amdp
then terminate the command line with a comma,
MSC changes the default object listing name from
NUL.COD to the basename of the source file plus
“.COD”. MSC then prompts you for an object listing
name to allow you to override the default. (You can
give the name NUL.COD to suppress the creation of
an object listing.)

Options can also appear at the end of a partial command line, as discussed

li_n the next section. The following examples demonstrate partial command
ines.
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Examples

1. MSC ASK.C, TELL.OBJ
2. MSC ASK, TELL,;

3. MSC ASK.C, TELL.QBJ,
4. MSC ASK

Example 1 causes MSC to prompt with
Object listing[NUL.COD]

since you supplied the source filename and object filename but not the list-
ing filename.

Notice the difference between Example 1 and Example 2, which tells MSC
to use the default response (no file} for the object listing. No further
prompts appear in this case.

In Example 3, the trailing comma (after TELL.OBJ) has a special mean-
ing. It causes MSC to prompt as follows.

Object listing(TEST.COD):

Notice that the default name in brackets is TEST.COD rather than
NUL.COD. In this case an object listing is created by default, unless you
override the default to specily a different listing name (or the name
NUL.COD, to suppress the listing).

In Example 4, MSC starts prompting with the “Object filename” prompt,
since only the source filename is supplied.

3.2.9 Options

The MSC command offers a large number of command options to control
and modify the compiler’s operation. Options begin with the forward
slash character (/) and contain one or more letters. The hyphen character
(-) can be used instead of the forward slash il you prefer. For example,
[Zg and -Zg are both acceptable forms of the Zg option.
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Important

Although filenames can be given in either uppercase or lowercase,
o&f’iona must be given exactly as shown in this manual. For example,
/W and /w are two different options.

Options can appear anywhere a space can appear when you give the MSC
cotimand, excegt that options following a semicolon are ignored. Thus,
oEtions can go belore or after any of the three filenames (source filename,
object filename, and object listing.) The options apply to the entire compi-
lation process, not just to the line on which they appear.

Some options take arguments, such as filenames, strings, or numbers. In
most of these cases, spaces are allowed between the option letter and the
argument. For example, these are both acceptable forms of the /W
option:

/W 3
/W3

The /Gt option and{F family of options (/Fa, /Fe, /Fl, and /Fo, plus /Fe
and /Fm with the CL, command) form the only exceptions to this rule.
The /Gt option accepts an optional numerical argument, while the /F
options accept an optional pathname or partial pathname argument.
When you supply an argument to one of these options, no spaces may
appear between the option and the argument. For example,

/FcMINGLE

is acceptable, but

/Fc MINGLE

is not.

Some options consist of more than one letter. For example, the /F options
mentioned above are two-letter options. No spaces are allowed between

the letters of an option. Thus, in the above example, no spaces can appear
between “F” and “¢”.
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The order of the options is not important, and they can be given following
any prompt or in any command line field. ‘The defauit for the prompt is
still used 1l you supply an option but no filename in response to the
prompt. )

The compiler options and the tasks they perform are discussed in the
remainder of this chapter and in Chapter 7, “Advanced Topics.” The
command line form of the MSC command is used for the examples of
options in this manual. Remember that you can use options with the
prompts as well, as shown below.

Examples

1. MSC '

Source filename [.C]: A:\LOAD.C
Object filename (LOAD.OBJ]: OUT
Object listing [NUL.COD]: /Oas /Fc

2. MSC A:\LOAD.C /0as /FoOUT /Fc;

The two examples above produce exactly the same effect. The source file
LOAD.C on Drive A is compiled. The ol‘;ject file is named OUT.OBJ. The
/Fc option produces a combined source and assembly code listing; since no
argument was given with the /Fc option, the listing is given the default
name LOAD.COD, formed by appending “.COD" to the basename of the
source file. The object file and combined listing are both created on the
default drive, since no drive was specified. The /Oas option tells the com-
piler how to optimize the object file. The Fc and Qas options are dis-
cussed in detail in Section 3.4, “Producing Listing I'iles,” and Section 3.11,
“Optimizing,” respectively.

3.3 Naming the Object File

Option
/Foobjeciname

You can name the object file produced by compiling your source file using
the /Fo option. Using this option has the same effect as giving a filename
at the “Object filename” prompt. When using the /Fo option, the
objectname argument must appear immediately after the option, with no
intervening spaces.
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You are free to supply any name and any extension you like for the
objeciname. However, it 1s recommended that you use the conventional
“.OBJ”" extension because it simplifies operation of Microsoft LINK and
Microsoft LIB, both of which use“.OBJ” as the default extension when
processing object files. If you give an object filename without an exten-
sion, MSC automatically appends the “.OBJ” extension.

If you give just a drive or directory specification following the /Fo option,
MgC creates the object file in the given drive or directory and uses the
default filename (the basename of the source file plus “.OBJ”). You can
use this option to create the object file in another directory or on another
disk. When you give just a directory specification, the directory
specification must emi with a backslash f{\) so that MSC can distinguish
between a directory specification and a filename.

If you give a name following the “Object filename” prompt and also use
the /Fo option, the name you give after the /Fo option overrides the name
you give following the prompt.

Examples

1. MSC THIS, B:\OBJECT\;

2. MSC THIS /FoB:\OBJECT\;

The two examples above produce exactly the same effect. The source file
THIS.C is compiled; the resulting object file is named THIS.OBJ (by

default). The directory specification “B:\OBJECT\” tells MSC to create
THIS.OBJ in the given directory on Drive B.
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3.4 Producing Listing Files

Options

/F1 [listingname]
/Fa[listingname]
/Fc [listingname]

You can create a listing of your compiled source file by responding to the
“Object listing” prompt when you run MSC or by using the /Fl option.
The object listing shows the machine instructions and assembled code for
your program. -

The /Fa listing produces an assembly listing of your program. The
assembly listing contains the assembly code corresponding to your C file.
The listing is suitable as input to the Microsoft Macro Assembler, aiso
called Microsoft MASM.

To produce a listing that shows your source program along with the
assembly code, use the /Fec option. This option produces a line-by-line
combined source and assembly code listing, showing one line of your
source program followed by the corresponding line %or lines) of machine
instructions.

When using the /Fa, /Fe, and /F] options, the listingname, if given, must
follow the option immediately, with no intervening spaces. The listing-
name can be any one of the items listed in the first column below. The
second column describes the results, If the listingname does not include an
extension, the default extension is used. The default extension is “.COD"
for the /Fe and /Fl options and “.ASM” for the /Fa option.

Filename MSC uses the given filename, appending
the default extension if the filename has

no extension. The filename can include a

ath to tell MSC where to create the
isting.

MSC creates the object listing in the
given directory, using the default listing
name, which is formed by appending the
delault extension to the basename of the
source file. The directory specification
must end with a backslash (\) so that
MSC can distinguish between a directory
specilication a.n%l a filename.

Directory specification
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Omitted When no listingname is given with the
/Fl, /Fa, or [Fe option, MSC uses the
default listing name (basename of the
source file plus the default extension)
and creates the listing in the current

working directory.

The MSC command optimizes by default, so listing files refiect the optim-
ized code. Since optimization may involve rearrangement of code, the
correspondence between your source file and the machine instructions may
not be clear, especially when you use the /Fc option to mingle the source
and assembly code. To produce a listing without optimizing, use the /Od
option (discussed in Section 3.11, “Optimizing”) along with the listing
option.

When you examine a listing file, you will notice that the names of globally
visible functions and variagles begin with an underscore. The Microsoft C
compiler automatically prefixes an underscore to all global names to
rreserve compatibility with XENIX C compilers. If you write assembly
anguage routines to interface with your C program, this naming conven-
tion is important,; see Section 8.1.6, “Naming Conventions,” in Chapter 8,
“Interfaces with Other Languages.”

In the listing file, you may also see names that begin with more than one
underscore. Identifiers with more than one leading underscore are reserved
for internal use by the compiler. You should not attempt to use these
identifiers in your program, Moreover, you should avoid creating global
names that begin with an underscore in your C source files. Since the
compiler automatically adds another leading underscore, these names end
up with two leading underscores, possibly causing conflicts with the names
reserved by the compiler,

At most one listing file is produced each time you compile. The /Fc option

overrides other listing options; whenever you use /Fc, a combined listing is
produced.
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Example
MSC HELLO.C, , /FcHELLO.LST;

The example creates a combined source and a.ssembg code listing file
named HE.PLLO.LST and an object file named HELLO.OBJ from the source
file HELLO.C.

3.6 Controlling the Preprocessor

The MSC command provides a number of options that give you control
over the operation of the C preprocessor. You can define macros and mani-
fest (symbolic) constants [rom the command line, change the search path
for include files, and stop compilation of a source file alter the preprocess-
ing stage to produce a preprocessed source file listing. The options that
perform these tasks are described below.

The C preprocessor recognizes only preprocessor directives, It treats the
source file as a text file, processing substitutions and definitions as
directed. The preprocessor can be run on a file at any stage of develop-
ment, whether or not the file is a complete C source file. In fact, the

reprocessor i not restricted to processing C files; it can be run on ary
ﬁind of file. See the Microsoft C Language Iteference for a complete discus-
sion of C preprocessor directives.

3.5.1 Defining Constants and Macros

Option
/Didentifier (= [siring) ]

The /D option lets you define a constant or macro used in your source file.
The idenfifier is the name of the constant or macro and the siring is its
value or meaning.

If you leave out both the equal sign and the string, the given constant or
macro is assumed to be defined, and its value is set to 1. For example,
/DSET is sufficient to define SET.
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If you give the equal sign with an empty string, the given constant or
macro 18 considered defined; its definition is the empty string. This
definition effectively removes all occurrences of the identifier from the
source file. For example, “/Dregister=" removes all occurrence of “regis-
ter” from the source file. Notice that the identifier “register” is still con-
sidered to be defined.

* The effect of using the /D option is the same as using a preprocessor

#define directive at the beginning of your source file. The identifier is

" defined throughout the source file being compiled.

. A W Fl
You can s_ug_ply a command line definition [or an identifier that is also
defined within the source file. The command line definition holds up to
the point of the redeflinition in the source file.

Up to 16 definitions may appear on the command line, each preceded by
the /D option. If you need to define more than 16 identifiers, see the dis-
cussion ol the /U and /u options in Section 3.5.3, “Removing Definitions
of Predefined Identifiers.”

Example

MSC MAIN.C /D NEED=2;

The example defines the manifest constant NEED in the source file
MAIN.C. Notice that spaces are permitted (but not required) between /D
and the identifier. This definition is equivalent to placing the directive
#define NEED 2

at the top of the source file.

The /D option is especially useful with the #It directive. You can use the
option to control compilation of statements in the source file. For
example, suppose a source file named OTHER.C contains the following
fragment. '

#1f defined(NEED)

#endif

Suppose further that OTHER.C does not explicitly define NEED (that is,
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no #define directive for NEED is present). Then all statements between
the #It and the #andif directives are compiled only if you supply a
definition of NEED by using /D. For instance, the command

MSC MAIN.C /DNEED;

is sufficient to compile all statements following the #if directive. Notice
that NEED does not have to be set to a specific value to be considered
defined. The following command, on the other hand, causes the state-
ments in the #If block to be ignored (not compiled).

MSC MAIN.C;

3.5.2 Predefined Identifiers

The compiler defines four identifiers that are useful in writing portable
programs. You can use these identifiers to compile code sections condi-
tionally, depending on the current processor and operating system. The
predefined identifiers and their functions are listed below. ’

Identifier Function

MSDOS Always defined. Identifies target operating system as
MS-DOS.
M.I86 Always defined. Identifies target machine as a member

of the 186 family.

M_I862M Always defined. Identifies memory model, where zis
either S gsmall model), M (medium modelj, or L (large
model). Small model'is the default. Memory models
are discussed later in this chapter.

SS_NE_DS  Defined only when memory model options are used to
. set up separate stack and data segments. Memory
model options are discussed in Section 3.13, “Working
with Memory Models,” of this chapter and in Section
7.11, “Mixed Model Programming,” of Chapter 7,
“Advanced Topics.”
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3.5.3 Removing Definitions of Predefined Identifiers

.Options

/Utdentifier
/u

The /U (for “undefine”) option can be used to turn off the definition of one
or more of the predefined identifiers discussed in the previous section. The
/u option turns off all four definitions.

These options are useful if you want to give more than 16 definitions on
the command line, or if you have other uses for the predefined identifiers.
For each definition of a predefined identifier you remove, you can substi-
tute a definition of your own on the command line. When the definitions of
all four predefined identifiers are removed, you can specify up to 20 com-
mand line definitions.

Example
MSC WORK /U MSDOS /U M_I86 /U M_IB6SM;

This example removes the definitions of three predefined identifiers.
Notice that the /U option must be given three times to do this.

3.5.4 Producing a Preprocessed Listing

Options

/P
/E
/EP

The /P, /E, and /EP options produce listings of preprocessed files. These
options allow you to examine the output of the C preprocessor.

The preprocessed listing file is identical to the original source file except
that all preprocessor directives are carried out, macro expansions are per-
formed, and comments are removed. All three options suppress compila-
tion; no object file or listing is(}))roduch,_even if you supply a name follow-
ing the “Object filename” or “Object listing” prompt.
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The /P option writes the preprocessed listing to a file with the same
basename as the source file but with a “.I" extension.

The /E option copies the preprocessed listing to the standard output (usu-
ally your terminal}, and places a #llne directive in the output at the begin-
ning and end of each included file. You can save this output by redirecting
it to a file, using the MS-DOS redirection symbol “>" or “>>" (see your
MS-DOS manual for a description of these symbols).

The /E option is useful when you want to resubmit the preprocessed list-
ing for compilation. The #lina directives renumber the lines of the prepro-
cessed file so that errors generated in later stages of processing reler to the
original source file rather than the preprocessed file.

Using the /EP option combines features of the /E and /P options: the file
is pre Jo(ci:essed and copied to the standard output, but no #/ine directives
are added.

Examples
1. MSC MAIN.C /P;

2. MSC ADD.C /E ; > PREADD.C
3. MSC ADD.C /EP ;

The first example creates the preprocessed file MAIN.I from the source file
MAIN.C. The second command creates a preprocessed file with inserted
#line directives from the source file ADD.C. The output is redirected to
the file PREADD.C. The third command produces the same preprocessed
output as the second example without the #line directives. The output
appears on the screen.

b8
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3.5.5 Preserving Comments

Option

/C

Normally comments are stripped from a source file in the preprocessing
stage, since they do not serve any purpose in later stages of compiling.
The /C (for “comment”) option preserves comments during preprocessing.
The /C option is valid only when the /E, /P, or /EP option is also used.
Example

MSC SAMPLE.C /P /C;

The example produces a listing named SAMPLE.L. The listing file con-

tains the original source file, including comments, with all preprocessor
directives expanded or replaced.

3.5.8" Searching for Include Files

Options

/Idirectory

/X

The /1 and /X options temporarily override or change the eflects of the

environment variable INCLUDE. These options let you give a particular
file special handling without changing the compiler environment you nor-

'mally use, {See Section 2.5, “Setting Up the Environment,” in Chapter 2,

“Getting Started,” for a discussion of environment variables.)

You can add to the standard places for include files by using the /I (for
“include“l) option. This option causes the compiler to search the directory
you specily before searching the standard places given by the INCLUDE
environment variable. You can add more than one include directory by
giving the /1 option more than once in the MSC command. The direc-
tories are searched in order of their appearance in the command line.

59



nuutvowie wowasnpiler User's Guide

The directories are searched only until the specified include file is found. If
the file is not found in the given directories or the standard places, the
compiler prints an error message and stops processing. When this occurs

. you must restart compilation with a corrected directory specification. -

You can prevent the C preprocessor lrom searching the standard places for
include files by using the /X (for “exclude”) option. When MSC sees the
/X option, it considers the list of standard places to be empty. This
option is often used with the /I option to define the location of inciude
files that have the same names as include files f[ound in other directories,
but that contain different definitions. See the second example, below.

Examples

1. ‘MSC MAIN.C /I A:\INCLUDE /IB:\MY\INCLUDE;
2. MSC MAIN.C /X /I B:\ALT\INCLUDE;

The first command directs the compiler to search flor include files
requested by MAIN.C first in the directory A:\INCLUDE, second in the
directory B:AMY\INCLUDE, and finally in the directory or directories
assigned to the INCLUDE environment variable.

In the second example, the compiler looks for include files only in the
directory B:N\ALT\INCLUDE. First the /X option tells MSC to consider
the list of standard places empty; then the /I option specifies one directory
to be searched.

3.6 Syntax Checking

The options described in this section are useful in the early stages of pro-
gram development. They allow you to identify syntax errors and argu-
ment type mismatches quickly, without having to compile the source file.

80
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3.6.1 Identifying Syntax Errors

Option
/Zs
The /Zs option causes the compiler to perform a syntax check only. No

code is generated and no object file is produced. If the source file has syn-
tax errors, error messages will be displayed.

This option provides a quick way to locate and correct syntax errors
before attempting to compile a source file.

Example
MSC /Zs PRELIM.C;

This command causes the compiler to perform a syntax check on
PRELIM.C, displaying messages about any errors it finds.

3.6.2 Generating Function Declarations

Option
/Zg

The /Zg option generates a function declaration for each function defined
in the source file. The function declaration includes the function return
type and an argument type list created from the types of the formal
parameters of the function. Any function declarations already present in
the source file are ignored.

The generated list of declarations is written to the standard output. It
can be saved in a file using the MS-DOS redirection symbol “>" or
“>>", :

" When the /Zg option is used, the source file is not compiled. As a result,

no object lile or listing is produced.
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The list of declarations is helpful for verifying that actual arguments and
formal parameters of a function are compatible. You can save the list and
include it in your source file to cause the compiler to perform type-

checking. The presence of a declared argument type list for a function
“turns on” the comriler's type-checking between actual arguments to a
ipnction (given in the function call) nns the formal parameters of a func-
ion.

This type-checkin% can be a helpful feature in writing and debugging C
programs, especially when working with older C programs, Argument
type-checking is a recent addition to the C language, so existing C pro-
grams do not have argument type lists. See the M?cro.soft C Language
fleference for details on function declarations and argument type lists.

You can use the /Zg option even il your source program already contains
some [unction declarations. The compiler accepts more than one
occurrence of a function declaration, as long as the declarations do not
conflict. No conflict occurs when one declaration has an argument type
list and another declaration of the same function does not, as long as the
declarations are identical otherwise.

Your program may include calls to Microsoft C run-time library routines.
The include files provided with the Microsoft C run-time library contain
function declarations so that you can enable type-checking on library
calls. The declarations are enclosed in preprocessor #lfdef blocks and are
included only if you define the special identifier LINT_ARGS. You can
define LINT_ARGS either with a #detine directive in your program or by
using the /D option when you compile.

Example
MSC FILE.C /Zg;

The above command causes the compiler to generate argument type lists
for functions defined in FILE.C.

B2
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3.7 Selecting Floating-Point Options
Options
/FPa Generates floating-point calls and selects alternate math library
/FPc Generates floating-point calls and selects emulator library
/FPcB7  Generates floating-point calls and selects 8087 /80287 library
/FPi Generates in-line instructions and selects emulator library

/FP187  Generates in-line instructions and selects 8087 /80287 library

The Microsoft C compiler offers several methods of handling floating-point
operations. This section provides an overview of the Boating-point options
available and discusses the default floating-point behavior. For more
detailed information on the floating-point libraries, plus a discussion of
overriding fAoating-point options at link time and using the NO87 environ-
ment variable, see Section 7.7, “Controlling Floating-Point Operations,”

in Chapter 7, “Advanced Topics.”

The Microsoft C Compiler can use an 8087 or 80287 coprocessor if one is
Fresent and can emulate 8087 operation through the use of an emulator
ibrary if not. The emulator library }EM.LIB provides a large subset of
the functions of an 8087 /80287 in software. The emulator can perform
basic operations to the same degree of accuracy as an 8087 /80287. How-
ever, the emulator routines used for transcendental math functions differ
slightly from the corresponding 8087 /80287 functions, causing a slight
difference (usually within 2 bits) in the results of these operations when
performed with the emulator instead of with an 8087 /80287.

By default, the Microsoft C compiler bandles floating-point operations by
making calls to the emulator library (this is the /FPc option). The emula-
tor library is loaded, but if an 8087 or 80287 coprocessor is present at run
time, the coprocessor will be used instead of the emulator. This method of
handling floating-point operations always works, whether or not you have
a coprocessor installed. Thus, you do not have to give a floating-point
option at compile time unless you want to use one of the other options
described below.

When you compile a source file usinf one of the floating-point options, the
name of the required floating-point library (or librariess 1s placed in the
object file. At‘iink time, the linker refers to the names in the object file to
link with the appropriate libraries. You can override the library name
given in the object file at link time and link with a different library
instead; see Section 7.7.1, “Changing Libraries at Link Time,” in Chapter
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7, “Advanced Topics,” for details. The only restriction on overriding at
link time is that you are not allowed to change to the alternate math
library after you have compiled using the /FPi or /FPi87 option.

3.7.1 If You Have an 8087 or 80287 Coprocessor

The /FPi87 option is the fastest and smallest option available for
floating-point operations. It generates in-line instructions for an

8087 /80287 coprocessor and selects the 8087/80287 library (87.LIB), plus
SLIBFP.LIB, MLIBFP.LIB, or LLIBFP.LIB, depending on the memory
model. An 8087 or 80287 must be present at run-time if the /FPi87 option
is used.

The /FPc87 option generates function calls to routines in the 8087 /80287
library (87.L1B} that perform the corresponding 8087 /80287 instructions.
The 8087 /80287 library (87.L1B) plus SLIBFP.LIB, MLIBFP.LIB, or
LLIBFP.LIB, depending on the memory model, are selected. The /FPc87
option is slower than /?-'PiST because it makes function calls instead of
using in-line instructions. However, /FPc87 is more flexible. Using the
/FPc87 option allows you to change your mind at link time (without
recompiling the file} and use either the emulator or the alternate math
library instead of relying on an 8087 /80287 coprocessor. This is possible
because the calls to 8087 /80287 instructions are interchangeable with calls
to the emulator and the alternate math library. See Section 7.7.1 of
Chlr:pter 7, “Advanced Topics,” for instructions on changing libraries at
link time.

Both the /FPi87 and /FPc87 options select the 8087 /80287 library
587.LIB), which provides minimal floating-point support. Whenever

7.LIB 1s used, an 8087 or 80287 coprocessor must be present at run time.
If no coprocessor is present, the program will not run and the message

Fleoating point not loaded

will appear.

The /FPi option generates in-line instructions for an 8087 /80287 and

selects the emulator library S.IEM.LIB), plus SLIBFP.LIB, MLIBFP.LIB, or
t

LLIBFP.LIB, depending on the memory model. If an 8087 /80287 coproces-
sor is present at run time, it will be used. If not, the emulator is used.
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Loading the emulator requires approximately 7K of additional space, so
programs that use the lélg Pi option are larger than programs that use
{FPiS?. However, /FPi is a particularly useful option when you do not

now in advance whether an 8087 or 80287 coprocessor will be available at
run time.

In some cases, you may not want to use an 8087 or 80287 coprocessor,
even though one is present. For example, you may be developing pro-
grams to run on systems that lack coprocessors. Conversely, you may
want to write programs that can take advantage of an 8087 /80287 at run
time, even though you don't have one installed. There are several ways to
control the use of an 8087 or 80287:

1. Use the /FPc (default) or /FPi option to specify use of an
8087 /80287 il present, and use of the emulator il not. To use the
emulator even when an 8087 or 80287 is present, set the NO87
environment variable, as discussed in Section 7.7.2 of Chapter 7,
“Advanced Topics.”

2. Use the /FPc87 or /FPi87 option if you always want to use a
coprocessor. Programs compiled with these options will fail if a
COprocessor is not present at run time.

3.7.2 If You Don’t Have a Coprocessor

The /FPi option generates in-line instructions for an 8087 /80287 coproces-
sor and selects the emulator library (EM.LIB), plus SLIBFP.LIB,
MLIBFP.LIB, or LLIBFP.LIB, depending on the memory model. If an

8087 /80287 is present at run time, it will be used. If not, the emulator
library, which mimics the operation of an 8087, is used. Because this
option uses in-line instructions, it is the most efficient way to get max-
imum precision in floating-point operations without a coprocessor.

The /FPc option is the default when you do not specily a floating-point
option. It generates floating-point calls to the emulator library and selects
the emulator library (EM.LIB), plus SLIBFP.LIB, MLIBFP.LIB, or
LLIBFP.LIB, depending on the memory model. The /FPc option is slower
than /FPi because it makes function calls instead of using in-line instruc-
tions. However, /FPc is more flexible than /FPi. Using the /FPc option
allows you to change your mind at link time (without recompiling the file)
and use an 8087 /80287 coprocessor or the alternate math library instead
of using the emulator. This is possible because the same function call
interface is provided in all three libraries: the 8087/80287 library, the
alternate math library, and the emulator library. See Section 7.7.1 of
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Chapter 7, “Advanced Topics,” for instructions on cha.ngi'ng libraries at
link time.

The /FPa option generates floating-point calls and and selects the alter-
nate math library (SLIBFA.LIB, MLIBFA.LIB, or LLIBFA.LIB, depending
on the memory model). The alternate math library uses a subset of the
IEEE (Institute of Electrical and Electronics Engineers, Inc.) standard for-
mat numbers, sacrificing some accuracy for speed and simplicity.
(Infinities, NaN's, and denormal numbers are not used.) Calls to this
library provide your fastest and smallest option if you do not have an 8087
or BO287 coprocessor. With this option, as with the /FPc option, you can
change your mind at link time and use the emulator or an 8087 /80287
instead; see Section 7.7.1 of Chapter 7, “Advanced Topics,” for details.

In some cases, you may want to write programs that will be able to take
advantage of an 8087 or 80287 at run time, even though you don't have
one installed, See Section 3.7.1, “If You Have an 8087 or 80287 Coproces-
sor,” for a description of the appropriate options.

3.7.3 Compatibility Between
Floating-Point Options

Each time you compile a source file, you can specily a floating-point
option. WKen you ripk more than one source lile together to produce an
executable program file, you are responsible for ensuring that loating-
point operations are hamﬁed in a consistent way and that the environment
is set up properly to allow the linker to find the required libraries. See
Chapter 4, “iinking," for a detailed discussion of linking,.

Note

If you are building libraries of C routines that contain floating-point
operations, the /FPc default.l floating-point option is recommended
for all compilations. The /FPc option offers the greatest amount of
flexibility.

Whenever a file is compiled using the /FPi or /FPi87 option, in-line
instructions are generated. In the case of the /FPi87 ogt.ion, the library

file 87.L1B and either SLIBFP.LIB, MLIBFP.LIB, or LLIBFP.LIB, depend-
ing on the memory model, must be present at link time, and an

)
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8087 /80287 coprocessor must be present at run time. For /FPi, the emu-
lator library (EM.LIB) plus SLIBFP.LIB, MLIBFP.LIB, or LLIBFP.LIB
must be present at link time, and either the emulator or an 8087 /80287
must be present at run time. As long as these requirements are satisfied,
object files produced using the /FPi and /FPi87 options can be linked
together without compatibility J)roblems. Such object files can also be
linked with object files produced using /FPa, /FP¢, or /FPc87.

Whenever a file is compiled with the /FPa, /FPc, or /FPc87 options,
floating-point function calls are generated. Each option places the name
of the appropriate library file or files in the object file. However, when
linking several such object files together, you must be aware of the process
used to resolve the function calls.

Since Aoating-point calls to the emulator, the alternate math library, and
8087 /80287 coprocessor instructions are interchangeable, only one library
is used at link time to resolve the calls. In other words, you must choose
one of these libraries per program; the same program cannot make calls to
more than one library.

You can control which library is used in one of two ways:

1. At link time, as the first name in the list of object files to be linked
ive an object file that contains the name of the desired library.
or example, if you want to use the alternate math library, give
the name of an object file compiled using the /FPa option. All
floating-point calls will refer to the alternate math library.

2. At link time, give the /NOD (no default library search) option and
then give the name of the floating-point library file or files you
want to use in the “Libraries” field. This library overrides the
names in the object files, and all floating-point calls will refer to
the named library. Since the /NOD option causes all default
libraries to be ignored, you must also specify the name of the stan-
dard C library (SLIBC.LIB, MLIBC.LIB, or LLIBC.LIB). Always
give the names of the floating-point libraries before the name of the
standard C library in the “Libraries” field.
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3.8 Using 80186, 80188, or 80286 Processors

Options

/GO
/Gl
/G2

If you have an 80188, 80188, or 80286 processor, you can use the /G1 or
/G2 option to enable the instruction set [or your processor. U_s.e./Gl for
80186 and 80188 processors; use /G2 for an 80286. Although it is usually
advantageous to enable the appropriate instruction set, you are not
required to do so. If you have an 80286 processor, for example, but you
want your code to be able to run on an 8088, you should not use the 80286

instruction set.

The /GO option enables the instruction set for the 8086/8088 processor.
You {lo nofhave to specify this option explicitly since the 8086/8088
instruction set is used by default.

3.9 Understanding Error Messages

" compiler generates a broad range of error and warning messages to
Ifehl; gou logate egrrors and potential problems in programs. The I'ollonw.rmgd
sections describe the form and meaning of the compiler error messages an
warning messages you can encounter while using the MSC command. For
a list of actual error messages, see Appendix E, “Error Messages.

Error messages produced by the compiler are sent to the standard output,
which is usu%.llypyour console. You can redirect tl:e messages toa file or
printer by using an MS-DOS redirectior symbol, “>" or “>>". This is
especially useful in batch file processing. For example, the following com-
mand redirects error messages to the printer device (designated by PRN).

MSC ALPHA.C; > PRN
Note that only output that ordinarily goes to the console screen is

redirected. The object file is given the name ALPHA.OBJ and is created in
the current working directory.

-
»::-:
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3.9.1 C Compiler Messages

The C compiler displays messages about syntactic and semantic errors,
such as misplaced punctuation, illegal use of operators, and undeclared
variables, in a source file. It also displays warning messages about state-
ments containing potential problems caused by data conversions or the
mismatch of types. If you give invalid or incompatible command line
options, the compiler will notify you of the error.

The error messages produced by the C compiler fall into five categories:
warning messages, fatal error messages, compilation error messages, com-
mand line messages, and compiler internal error messages.

Warning messages are informational only; they do not prevent compilation
and linking. These messages alert you to potential problems such as type
mismatches, data conversions, redeclarations, and overflow conditions.
The conditions described by warning messages are not necessarily illegal or
undesirable, but you shoulg examine the messages carefully to verify that
your program produces these conditions intentionally. Otherwise, your
program may not operate as you expect. You can control the leve] of

warnings generated by the compiler by using the /W option, as described
in Section 3.9.2.

Fatal error messages indicate a severe problem, one that prevents the com-
iler from processing your program. Fatal errors can be caused by prob-
ems such as insufficient disk space or malformed preprocessor commands.

After printing out a message agout the fatal error, the compiler terminates

without producing an object file or checking for further errors.

Compilation error messages identily actual program errors. No object file is
produced for a source file that has such errors. When the compiler
encounters a nonfatal program error, it attempts to recover from the
error. If possible, the compiler continues to process the source file and
produce error messages. If errors are too numerous or too severe, the com-
piler terminates processing.

Command line messages give you information about invalid or inconsistent
command line options. If possible, the compiler continues operation,
printing a warning message to indicate which command line options are in
effect and which are disregarded. In some cases, command line errors are
fatal, and the compiler terminates processing.
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Compiler internal error messages indicate an error on the part of the com-
piler rather than your program. See Section E.3, “Compiler Error Mes-_
sages,” in Appendix E, “Error Messages,” for instructions on how to notify
Mierosoft about internal compiler errors.

Error messages of all types have the same basic form:
Jilename { linenumber } : mesaage

where filename is the name of the source file being compiled, linenumber
identifies the line of the file containing the error, and message is a self-
explanatory description of the error or warning. For warning messages
and fatal errors, the word “warning” or “fatal” appears at the beginning
of the message, followed by a colon.

The messages for each category are listed in alphabetical order and
described in more detail in Appendix E, “Error Messages.”

3.9.2 Setting the Warning Level

Option

/W number
/v

You can set the level of warning messages produced by the compiler by -
using the /W (for “warning”) option. This option directs the compiler to
display messages about statements that may not be compiled as the pro-
grammer intends. Warnings indicate potential problerms rather than
actual errors.

To use the /W option, choose one of the warning levels described in Table

3.1 and specily the corresponding number alter the option. The /w option.

provides a shorter way to say /W 0 and has the same eflect.
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Table 3.1
Warning Levels

Level Warning

0 Suppresses all warning
messages. Only messages
about actual syntactic
or semantic errors are
displayed.

1 Warns about potentially
missing statements, unsafe
conversions, and
other structural
problems. Also, warns
about overt type
mismatches.

2 Warns about all type
mismatches (strong
typing).

3 Warns on all automatic
data conversions.

The delault is level 1, so you do not need to give the /W option when you
want level 1.

The higher option levels are especially useful in the earlier stages of pro-
ram development when messages about potential problems are most help-
ul. The lower levels are best for compiling programs whose questionable

statements are intentionally designed.

Example

1. MSC /W 3 MAIN.C;
2. MSC /w MAIN.C;

The first command directs the compiler to perform the highest level of
checking, and produces the greatest number of warning messages. The
second command causes N.C to be compiled at the lowest level of

checking, with no warning messages. Note that the /w option has the
same effect as /W Q.
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3.9.3 Compiler Exit Codes

The MSC control program returns an exit code of 0, 2, or 4 to indicate the
status of the compilation. The exit code is useful with the MS-DOS batch
command IF ERRORLEVEL,; it allows you to test for the success or failure
of the compilation before proceeding with other tasks in the batch file.
The exit codes listed in the first column below have the meanings
described in the second column.

0 Successful compilation. Notice that compilation can be suc-
cessfu} even il warning messages are produced.

2 Unsuccessful due to program errors.

4 Unsuccessful due to system-level errors {such as insufficient

disk space) or compiler internal errors. Compiler internal
errors indicate an error on the part of the compiler rather
that your program.

See Appendix E, “"Error Messages,” lor details about specific error mes-
sages.

3.10 Preparing for Debugging

(_)p}:'mna

S /Zas v
.“/qd.' re
The /Zd option produces an object file containing line number records
that correspond to the line numbers of the source file. The /Zd option is
useful when you want to pass an object file to a symbolic debugger. The
debugger can use the line numbers to refer to program locations. (See Sec-
tion .5 of Appendix F, “*Working with Microsolt Products,” for informa-
tion on using SYMDEB, the symbolic debugger for Microsolt Macro
Assembler, with C programs.

The /Od option tells the compiler not to perform optimization, Without
the /Od option, the default is to optimize. You may want to use this
option when you plan to use a symbolic debugger with your object file.
Optimization can involve rearrangement of instructions. If you optimize
before debugging, it may be difficult to recognize and correct your code.
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Other optimization options are discussed in Section 3.11, “Optimizing.”

Example
MSC TEST.C, /Zd /04, TEST.COD;

This command produces an object file named TEST.OBJ that contains
line numbers corresponding to the line numbers of TEST.C. A listing file,
TEST.COD, is also created. No optimization is performed.

3.11 Optimizing

Option
/Qstring

The optimizing procedures available with the Microsoft C Compiler can
reduce the storage space and execution time required for a compiled pro-
gram by eliminating unnecessary instructions and rearranging code. The
compiler performs some optimization by default. You can use the /O (for
“optimize”) options to exercise greater control over the optimizations per-
formed. Some additional advanced optimizing procedures are discussed in
Section 7.8 of Chapter 7, “Advanced q‘opics."

The string after the /O option lets you influence how the compiler per-
forms optimization. The string is formed from the following characters.

Character Optimizing Procedure

8 Favor code size during optimization

v Favor execution time during optimization
d Disable optimization

a Relax alias checking

The letters can appear in any order: /Oat and /Ota have the same effect.

The letter “x” is also available with the /O option to perform maximum

optimization, as discussed in Section 7.8.2 of Chapter 7, “Advanced
opics.”
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When you do not give an /O option to the MSC command, it automati-
cally uses /Os, meaning that code size is favored in the optimization.
Wherever the compiler has a choice between producing smaller Sbut
perhaps less efficient) and larger {but perhaps more efficient) code, the
compiler chooses to generate smaller code. To cause the compiler to favor
execution time instead (generating more efficient but perhaps larger code),
use the /Ot option.

The /Od option turns off optimization. This option is useful in the early
stages of program development to avoid optimizing code that will be
changed. Because optimization may involve rearrangement of instruc-
tions, you may also want to specily the /Od option when you use a
debugger with your program or when you want to examine an object file
listing. If you optimize before debugging, it can be difficult to recognize
and correct your code.

The “a” option can be used with either the “s” or the “t” option to relax
alias checking. The compiler perlorms alias checking to make sure that it
does not eliminate instructions incorrectly when you refer to the same
memory location by more than one name. You should include the “a”
option only when you are sure that your program does not use aliases.

For example, consider the following code fragment.

int. count, #*pc;
pc = &count;
count = 0;

(téc)++;

- |
count = 0, j

The reference to count through a pointer, (*pe}, is known as an “alias” for
count because it provides another way to access the same memory loca-
tion. When the compiler performs alias checking, it detects the indirect
reference to count through pe and does not eliminate the second instruc-
tion that assigns zero to count.

When you use the “a” option, you are telling the compiler that your pro-
gram does not use aliases. Therefore, the compiler does not check for
indirect references, such as the reference to count through a pointer. It
would be an error to use the “a” option with the above example. The
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compiler would see only that the same value, 0, is assigned to count twice,
without any intervening assignments that change its value. The second

assignment would be considered redundant and would be eliminated in the
optimization stage, possibly causing the program to give incorrect results.

Example
MSC FILE.C /Ota;

This command tells the compiler to relax alias checking and to optimize
for faster execution time when it compiles FILE.C.

3.12 Compiling Large Programs

If you are compiling a program or file with more than 64K (kilobytes) of
data or with more than 64K of code you should use one of the memor
models described in Section 3.13, “Working with Memory Models.” (A
kilobyte is 1,024 bytes.) You can use map files to determine data and code
sizes for each individual program file.

The compiler uses a small memory model by default. The small memory
model allocates one segment each, up to 64K in size, for the code and data
of your program. (The code segment of a program may also be referred to
as the “text” segment.) MSC produces an error message, like the one
listed below, if an individual file exceeds these limits.

Illegal allocation of acgment-lype segment > 64K

The segment-type will specify either “data” or “code,” depending on which
limit was exceeded.

Even if no individual file exceeds the small model restrictions, you may
exceed the 64K limit when you link several compiled files together to form
a large program. If this occurs you must recompile the files using a larger
memory model. Using a medium memory model allows you to create pro-
grams with more than 64K of code (the 64K-restriction on data still
applies, however). In large model programs, code and data can both
exceed 64K {although no single data item can be larger than 64K).
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If your program exceeds the 64K limit on data but has less than 64K of
code, you may want to use the tar keyword for one or more data items.
See Section 7.11.1 of Chapter 7, "Advanced Topics,” for a discussion of
this option.

Even in medium and large model programs you cannot exceed the limit of
64K of code per program file compiled. The total code size for the pro-
gram may be greater than 84K, but each individual program file (or “com-
piland™) must contain less than 64K of code.

3.13 Working with Memory Models

Options

/Aletter
/Astring

The MSC command lets you create programs of a variety of sizes and pur-
poses using the /A options. The /A option has two forms. In the first
form, you give a single capital letter after /A to select one of the three
standard memory models {small, medium, and large) defined by MSC. The
compiler uses the small model by default. If your program is too large to
compile with the default small model, use a medium or large model, as
described below.

In the second form, you supply a string of three lowercase letters that tells
the compiler the attributes of the memory model you -want to use, The
second form is more flexible but it requires a thorough understanding of
the memory model attributes: code pointer size, data pointer size, and the
stack and ga,ta. segment setup.

The remainder of this chapter discusses the first form of the memory
mode| option {/Aletter). For a discussion of the second form of the memory
model option {)Astr:'ng) and the near and far keywords, see Section 7.11,
“Mixed Model Programming,” in Chapter 7, “Advanced Topics.”

The memory model options allow you to set up memory in the optimal

way for your program. They also determine how the system loads the pro-
gram for execution.
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C programs in memory consist of the actual machine code created from
the program’s source statements and the data storage created for the
program’s variables. The data storage, in most cases, also contains the
stack used by the program for temporary storage during execution.

The MS-DOS system loads the code and data into “segments” in physical
memory. Each segment is up to 64K bytes long. Separate segments are
always allocated for the program code and data, so the minimum number
of segments allocated for a program is two. Depending on its size (and the
use of near and far, as discussed in Section 7.11.1 of Chapter 7, “Advanced
Topics”), a program may require more segments for its code or data. Note
that the program size includes any data and code required for library rou-
tines.

Three commonly used memory models are defined for you by the MSC
command: the small model, the medium model, and the large model.
Library support is provided for each of these standard models. Each
model defines a diflerent type of program structure and storage.

Small model programs are typically C programs that are short or have a
limited purpose. Code and data for these programs each occupy one seg-
ment, so they are limited to 64K bytes each (128K bytes maximum total).

Medium model programs are typically C programs that have a large
number of program statements but a relatively small amount of data.
Program code can occupy any amount of space and is given as many seg-
ments as needed. However, no single module (program file) can exceed
64K bytes of code. Program data must not exceed 64K bytes total.

Large mode] programs are typically very large C programs that use a large
amount of data storage during normal processing. Program code can
occupy any amount o% space, as long as no single module exceeds 64K
bytes. Program data may have any size, except that the program must
not contain any single data item exceeding 64K bytes.

The limitation on data item size in the large model program allows the
compiler to perform address arithmetic on just 16 bits Fthe offset portion)
of the address to refer to individual elements or members of the item.
This is much more efficient than using a ull 32-bit address and is possible
because all elements or members of an item are known to reside in the
same segment.
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When you choose one of these memory models, the compiler operatea with
certain assumptions about the addresses of code and data for your pro-
gram. In a small model program, all code is stored in a single segment and
all data are stored in a single segment. Because the segment addresses are
constant for all code items and all data items, the segment address is not
required each time an item is addressed. Instead, any items in the pro-
gram can be addressed with just an oflset [rom the appropriate segment
address. Only 15 bits are required to store an oflset from an address, as
opposed to 32 bits for a full segmented address. Thus, the compiler gen-
erates 16-bit, or “near”, pointers for use in small model programs. This is
the smallest and [astest option.

A medium model program uses multiple segments for code and a single
segment for data. The address of a function, lor example, in a2 medium
model program must include the address of the appropriate code segment
plus the offset of the beginning of the function from the base of that seg-
ment. Full 32-bit, or “Tar” pointers, are generated by the compiler to
access code items in a medium model program. However, just an offset is
sufficient for data items, since all data reside in one segment. Data items
are accessed with “near” pointers in a medium model program. The
medium model provides a useful trade-ofl of speed and space, since most
programs refer more frequently to data items than to code.

A large model program requires the compiler to produce “far” pointers for
both code and data items, since multiple segments are allotted lor both
code and data. Although this is the slowest option, the large model is use-
fu] because it can accommodate very large programs.

To provide additional flexibility within the standard memory models, the
Microsoft C Compiler allows you to override the default addressing con-
ventions for individual program items by using the special near and far
keywords. These keywords let you access an item with either a “near” or
a “far” pointer. This is particularly useful when you have a very large or
infrequently used data item that you want to access [rom a small or
medium model program.
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3.13.1 Creating Small Model Programs

Option

/AS

The small model option tells the compiler to create a program that occu-
pies two segments, one each for code and data, when loaded into physical
memory.

The compiler creates small model programs by delault when you do not

otherwise specify a program model. Thus, the /AS option is never
required. :

3.13.2 Creating Medium Model Programs

- Option

/AM

The medium model option creates one segment for the data of the pro-
gram and one code segment per file compiled.

3.13.3 Creating Large Model Programs

Option
/AL
The large model option directs the compiler to create multiple segments,

as needed, for both instructions and data. However, no single module can
exceed 64K bytes of code, and no single data item can exceed 641 bytes.
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Linking
4.1 Introduction

The Microsoft LINK Object Code Linker links object files compiled on
8086/8088 machines and produces an executable run file as output. The
format of ingut to Microsoft LINK is a subset of the Intel® object module
format standard.

The output file from Microsoft LINK (the run file) is not bound to specific
memory addresses. It can, therefore, be loaded and executed by the operat-
ing system at any convenient address. Microsoft LINK can produce exe-
cutable files containing up to 1 megabyte of code and data.

4.2 How the Linker Works

Microsoft LINK performs the following steps to combine object modules
and produce a run file.
1. Reads the object modules you submit

2. Searches the given libraries, if necessary, to resolve external refer-
ences

Assigns addresses to segments

Assigns addresses to public symbols

Reads data in the segments

Reads all relocation references in object modules

Ne ok W

Performs fix-ups
8. Qutputs a run file (executable image) and relocation information

Microsoft LINK produces a list file that shows how external references are
resolved and prints any error messages.

The “executable image” contains the code and data that make up the exe-
cutable file. The “relocation information” is a list of references, relative to
the start of the program, each of which changes when the executable
image is loaded into memory and an actual address for the entry point is
assigned.
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Microsoft LINK uses available memory lor the link session, If the files to
be linked create an output file that exceeds available memory, Microsoft
LINK creates a temporary disk file to serve as memory. The temporary file
is created in the current working directory and is named VM. TMP. When
this happens, you will see the [ollowing message.

YM.TMP has been created.
Do not change diskette in drive, <d:>

-Aftef this r;essage appears, you must not remove the disk [rom the given
drive (d) until the link session ends. I the disk is removed, the operation
of Microsoft LINK is unpredictable, and you may see the [ollowing mes-
sage.

Unexpected end of file on VM.TMP
When this happens you must restart the link session from the beginning.

VM. TMP is a working file only. Microsoft LINIK deletes it at the end of the
link session.

Warning

Do not give any of your own files the name VM.TMP. If you have a file
named VM. TMP on the default drive when Microsolt LINK needs to
create a temporary file, LINK deletes the existing VM. TMP file and
creates a new one. The contents of the old VM.TMP are lost.

4.3 Linking C Program Files

A number of special considerations should be kept in mind when using
Microsolt LINK to process C files. These considerations are discussed

below.
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4.3.1 The Main Function

When linking C programs, one {(and only one) of the object files you sub-
mit to Microsoft LINK must have a function named “main”. The start-up
object module in the standard C library contains a call to the “main”
function to begin program execution. If none of the object files you submit
contains a “main” function, Microsoft LINK will display an error message
informing you that the reference to “main” is unresolved or that the pro-
gram has no starting address.

4.3.2 Default Libraries
and the Library Search Path

- Object files created using the Microsoft C Compiler are encoded with the

names of the default C libraries for the appropriate memory model. The
default C libraries are the standard C library and the floating-point
library or libraries selected at compile time. This encoded information
enables Microsoft LINK to search for the default library files and link
them with your C program.

You do not bave to give the names of the default library files when you
link. However, you must specifly the directory or directories where the

library files reside. You can do this by giving directory specifications fol-

lowing the Microsoft LINK “Libraries” prompt, by setting the LIB
environment variable, or by combining the two methods.

‘You can give zero or more directory specifications following the Microsoft
LINK “Libraries” prompt. Each directory specification must end with a
backslash (\) so Microsolt LINK can recognize the specification as a direc-
tory name rather than a library name.

The LIB variable can contain one or more directory specifications. See Sec-
tion 2.5 of Chapter 2, “Getting Started,” for a detailed discussion of
environment variables.

Tc:i locate library files, Microsoft LINK goes through the following pro-
cedure,

1. First, the current working directory is searched.

2. Next, if the library files have not been found, Microsoft LINK
searches any directories specified following the Microsoft LINK
“Libraries” prompt. The directories are searched in order of their
appearance on the Jine.
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3. Finally, if the library files have not been found, Microsoft LINK
searches the libraries specified by the LIB environment variable.
;_l‘he (ci!irect.ories are searched in order until the given libraries are
ound.

Note that you can separate the library files and store them in different
directories, since Microsoft LINK searches as many of the specified direc-
tories as necessary to find the files.

If you want to link with additional libraries, give the library names follow-
ing the “Libraries” prompt. Microsoft LINK uses the same procedure to
search for additional libraries as it does for the default libraries. However,
if you give a library name that includes a pathname, Microsoft LINK
searches just that pathname for the library; no other directory
specifications apply.

4.3.3 Changing the Default Libraries

If you use the /FPa, /FPc87, or /FPc (the default) option when you com-
pile, you are allowed to switch to a different floating-point library at link
time. You can do this by giving the name of the library or libraries you
want to use following the “Libraries” prompt. See Section 7.7.1 of
Chapter 7, “Advanced Topics,” for details.

If you do not want to use the standard C library (SLIBC.LIB, MLIBC.LIB,
or LLIBC.LIB), you must give the /NOD }l‘or “no default library”) option
when you link. This option tells Microsoft LINK to ignore the encoded
information in the C object files. This option should be used with caution;
see-the discussion of the /NOD option in Section 4.5.4 for details.

4.3.4 LINK Options to Avoid

Some of the options available with the Microsoft LINK utility are not suit-
able for use with Microsoft C programs. They include the /HIGH option,
the /NOGROUPASSOCIATION option, and the /DSALLOCATE option.
Overlays are permitted with C programs, but the /OVERLAYINTER-
RUPT option (to change the default interrupt number) should not be used.

These options are documented in this chapter along with the other LINK
options because you may need them if you use Microsoft LINK to link files
written in other languages. 'The discussion of each option that is not suit-
able for C programs includes a warning note to that eflect.

Linking

i i 1 ibi but it is

ing the /DOSSEG option with C programs is not prohibited, but it is
E:\lrgg ;e:eésa.ry. The s?egment order specified by the /DOSSEG option ISC

the default segment order for C programs, so the option has no effect on

programs.

4.4 Running the Linker

i i i : d to start Micro-
Microsoft LINK requires two types of input: a commanc
sofirE?NK and responses to command prompts. Start Microsoft LINK by

typing
LINK

i for the
t the MS-DOS command level. Microsoft LINK prompts you f¢
?nput?it needs by displaying the following four lines, one at a time.
Microsoft LINK waits for you to respond to each prompt before printing
the next one.

Object Modules [.0BJ]:
Run File [.EXE]:

List File [NUL.MAP]:
Libraries [.LIB]:

The responses you can make to each prompt are explained below.

e you understand the Microsoft LINK prompts and cperations, you
cOar:lcuge the two alternate methods of running Microsoft LINK. ']I_‘hese
alternate methods are described in detail below. The command m]e_
method lets you type all commands, options, and filenames on the line
used to start Microsoft LINK. With the response file method, you c?eate a
file that contains all the necessary commands, and then tell Microsoft
LINK where to find that file.

Both of the alternate methods require that you understand how Microsoft
LINK works and what your responses to its prompts mean. It is recom-t.l
mended that you allow Microsoft LINK to prompt you for responses unti
you are comfortable with its commands and operations.

invoke LINK through the CL command. See_Sectipn C.3 of
X;:ec:;i:l(sf :'r'lIY}?e EL Commandg,” for a discussion of linking with the CL

command.
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4.4.1 Filename Conventions

You can use either uppercase, lowercase, or a combination of both for the
filenames you give in response to the prompts. For example, the following
three filenames are considered equivalent.

abcde. fgh
AbCAE . FgH
ABCDE.fgh

Microsoft LINK uses the default file extensions “.0BJ”, “. EXE”, “ MAP”,
and “.LIB” when you do not supply extensions with your filenames. You
can override the default extension for a particular prompt by specifying a
different extension. To enter a filename that has no extension, type the
name lollowed by a period. For example, typing “ABC.” in response to a
prompt tells Microsoft, LINK that the given file has no extension, while
typing just “ABC” tells Microsolt LINK to use the default extension for
tzab prompt.

4.4.2 Object Modules Prompt

At the “Object Modules” prompt, list the names of the object files you
want to link. For C programs, one (and only one) of the object files must
contain a “main” function to serve as the entry point for the program.
You must respond to this prompt. There is no default.

Microsoft LINK automatically supplies the “.OBJ” extension when you
give a filename without an extension. If your object file has a different
extension, you must give the full name, with the extension, for the file to
be found.

Pathnames are allowed with the object filenames. This means that you
can give Microsoft LINK the pathname of an object file in another direc-
tory or on another disk. If Microsoft LINK cannot find a given object file,
it displays a message and waits for you to change disks.

Each object filename must be separated from the next by blank spaces or a
plus sign (+). Il a plus sign is the last character typed on the line, the
“Object Modules” prompt reappears on the next line, allowing you to give
more object files,
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4.4.3 Run File Prompt

The “Run File” prompt lets you supply a name for the executable program
file. You can give any filename you like; however, it is recommended that
you use an “.EXE” or “..COM” extension, since MS-DOS will only execute
files having those extensions.

You are allowed to skip this prompt by typing a carriage return without
giving a name. By default Microsoft LINK gives the executable file the
name of the first “.OBJ” file listed at the previous prompt, with an
“.EXE" extension replacing the “.OBJ” extension of the object file.

4.4.4 List File Prompt

At the “List File” prompt you can tell Microsoft LINK to create a listing
file. A listing file contains the names of all segments in order of their
appearance in the load module. By adding the /MAP option (discussed in
S;cét:on 4.5.2.1) you can also list all external (public) symbols and their
addresses.

If you give a filename without an extension, Microsoft LINK provides the
“.MAP” extension. The “MAP” extension is not required, so you can give
another extension if you like. Microsoft LINK creates the listing file in the
current working directory unless you give a different pathname.

You can skip this prompt by hitting a carriage return without giving a
name. The default response is the special filename NUL.MAP, which tells
Microsoft LINK not to create a listing file.

4.4.5 Libraries Prompt

Following the “Libraries” prompt you can give zero or more entries,
separateg by blank spaces or a plus sign (+). If the plus sign is the last
character typed, the “Libraries” prompt reappears on the next line, allow-
ing you to type in additional entries. Each entry can be either a directory
specification or a library name, Directory specifications must end with a
backslash (\} so that Microsoft LINK can distinguish the directory names
from the library names.

When you give a directory specification or specifications, Microsoft LINK
uses the specifications to search for the default libraries and for any other
libraries without & pathname on the same line. To locate the default
libraries, Microsoft LINK searches in the following order.
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1. In the current working directory

2. In the directories listed following the “Libraries” prompt (in the
same order in which they are listed)

3. In the libraries specified by the LIB environment variable

When you give a library name, Microsoft LINK searches for the given
library and links it with your program. If the library name includes a
directory specification, Microsolt LINK searches only that directory for the
library. If just a library name is given (no directory specification), Micro-
??f t LINK uses the search path described above to locate the given library
ile.

You can give any combination of directory specifications and library
names. Notice that you are not required to give any entries; in this case
your program will be linked only with the default libraries, and Microsolt
LINK will search for the default libraries in the current working directory
and in the directories specified by the LIB variable.

Microsolt LINK automatically supplies the “.LIB" extension if you omit it
from a library filename. If you want to link a library file with a different
extension, be sure to specify the extension.

Microsoft LINK searches all libraries in order of their appearance on the
line and searches only until the first definition of a symbol is found. The
default libraries are searched after libraries given on the command line are
searched. The default floating-point library {or libraries) is searched
before the standard C library.

If you do not want to link with the default floating-point library, you can
give the name of a different floating-point library instead, provided that
you compiled with a “calls” option {/FPc, /FPc87, or /FPa). See Section
3.7 of Chapter 3, “Compiling,” for a discussion of floating-point options.
If you do not want to link with the standard C library, you must use the
/INOD option, discussed in Section 4.5.4.
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4.4.86 Separating Entries

Use the plus sign (1) or one or more space characters to separate filename
entries in a list of object files or libraries.

4.4.7 Extending Lines

To extend 2 line, type the plus sign (+) as the last character of a line to be
continued. (This is valid only for the “Object Files” and “Libraries”
prompts.) The prompt will reappear on the next line, and you can add
more entries. Do not type the plus sign in the middle of a filename entry;
the plus sign may only be used alter complete filenames. '

Example

Object Modules [.OBJ): FUN TEXT TABLE CARE+<RETURN>
Object Modules [.0BJ]: YOYO+FLIPFLOP+JUNQUE+<RETURN>

_ Object Modules [.0BJ]: CORSAIR<RETURN>

4.4.8 Selecting Default Responses

To select the default response to the current prompt, type a carriage
return without giving 2 filename. The next prompt will appear.

To select default responses to the current prompt and all remaining
prompts, use a single semicolon %) followed immediately by a carriage
return. Once the semicolon has been entered, you cannot respond to any
of the remaining prompts for that link session. Use this option to save
time when the default responses are acceptable. Note, however, that the
semicolon character is not allowed with the first prompt, “Object
Modules [.OBJ]”, because there is no default response for that prompt.

Defaults for the other linker prompts are as follows.

1. The default for the “Run File” prompt is the name of the first
object file submitted for the previous prompt, with the “ EXE”
extension replacing the “.OBJ” extension.

2. The default for the “List File® prompt is the special filename
NUL.MAP, which tells Microsoft LINK not to create a listing file.
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3. The default for the “Libraries” prompt for G programs is the
floating-point library and the standard C library for the appropri-
ate memory model (small model is the default).

4.4.9 Terminating the Link Session

To terminate the link session at any time, use CONTROL-C. If you type an
erroneous response, you may have to type CONTROL-C to exit Microsoft
LINK before you can restart the program.

4.4.10 Using the Command Line

To invoke the linker on the command line, give your responses to the com-
mand prompts discussed in the last section on a single line, following the
LINK command. The responses to the prompts must be separated by com-
mas, as shown below.

LINK object-list[, executable-name] [, map-name) [, library-list] [ foption . ..] [;]

Here object-list is a list of object modules, separated by plus signs or
blanks. The ezecutable-name is the name of the file to receive the execut-
able cutput. The map-name names the file to receive the map listing. The
library-list consists of libraries and directories to be searched, separated by
plus signs or blanks.

The /option argument or arguments shown at the end of the line are
optional. You do not have to give any options when you run the linker.
When you do specify options, you can put them after any of the responses
in the line. The options available with Microsoft LINIK are described in
Section 4.5, “Controlling the Linker.”

You can select the default response for any prompt by omitting the
filename or list before the comma.

You can also select default responses by using the semicolon. The semi-
colon tells Microsoft LINK to use the delault responses for all remaining
prompts. :

02
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Example
LINK FUN+TEXT+TABLE+CARE, ,FUNLIST,COBLIB.LIB

Microsoft LINK loads and links the object modules FUN.OBJ, TEXT.OBJ,
TABLE.OBJ, and CARE.QOBJ, searching for unresolved references in the
library file COBLIB.LIB. By default, the executable file produced is named
FUN.EXE. A list file named FUNLIST.MAP is also produced.

4.4.11 'Using a Response File

To operate the linker with a response file, you must set up the response
file, and then type

LINK 8filename

Here filename gives the name of the response file, possibly preceded by a
directory specification. You can name the response file anything you like.

Iglﬁcrosof t LINK does not impose any naming restrictions for the response
e. :

A response file contains responses to the Microsoft LINK prompts.
Options may be appended to any of the responses or given on a separate
line or lines. The responses must be in the same order as the Microsoft
LINK prompts discussed above. Each new response must start a new line;
however, you can extend long responses across more than one line by typ-
ing a plus sign (+) as the last character of each incomplete line.

Options and command characters are used in the response file in the same
way they are used for responses typed at the keyboard. For example, if
you type a semicolon on the line of the response file corresponding to the
“Run File” prompt, Microsoft LINK uses the default responses for the exe-
cutable file and for the remaining prompts.

When you give the Microsoft LINK command with a response file, each
Microsoft LINK prompt is displayed on your screen with the corresponding
response from your response file. If the response file does not contain
answers [or all the prompts {in the form of filenames, the semicolon com-
mand character, or carriage returns), Microsoft LINK displays the missing
prompts and waits for you to enter responses. When you type an accept-
able response, Microsoft LINK continues the link session.
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Example

FUN TEXT TABLE CARE
/PAUSE /MAP
FUNLIST

COBLIB.LIB

This response file tells Microsoft LINK to load the four object modules
FUN, TEXT, TABLE, and CARE. Two output files are produced, named
FUN.EXE and FUNLIST.MAP. The /PAUSE option causes Microsoft
LINK to pause before producing the executable file (FUN.EXE). This per-
mits you to swap disks il necessary. See the discussion of the /PAUSE and
/MAP options in Section 4.5, “Centrolling the Linker,” for more on these
options.

4.5 Controlling the Linker

This section explains how to use linker options to specify and control the
tasks performed by the linker. All options begin with the linker option
character, the forward slash (/). Options may be placed at the end of any
Microsolt LINK response. :

When more than one option is given, the options can be grouped at the
end of a single response or distributed among several responses. Every
option begins with the slash character, even if other options precede it on
the same line.

When you use the command line method to invoke Microsolt LINK,
options can appear at the end of the line or after individual responses on
the line, but before the comma separating each response [rom the next
item. In a response file, options can go after individual responses or by
themselves on one of the prompt lines.

The options are named according to their function, with the result that
some names are quite long. You can abbreviate the options to save on
space and typing. Be sure that your abbreviation is unique so that the
linker can determine which option you want. For example, several o tions
begin with the letters “NO" so abbreviations for those options must be
longer than “NO” to be unique.
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Abbreviations must be sequential from the first letter of the option

~through the last letter typed. No gaps or transpositions are allowed. To
- illustrate this rule, the following list shows legal and illegal abbreviations

for the /NOIGNORECASE option.
Legal Illegal

/NOI  /NO
JNOIG  /NIG

Some linker options take numerical arguments. A numerical argument
can be any of the following. )

¢ A decimal number from 0 to 65,535.

¢ An octal number from 0 to 0177777. A number is interpreted as
octal if it starts with a zero. For example, the number “10” isa
decimal number, but the number “010” is an octal number
equivalent to 8 in decimal. ' '

® A hexadecimal number from 0 to OxFFFF. A number is intérpreted
as hexadecimal if it starts with “Ox”. For example, “0x10" is a
hexadecimal number, equivalent to 16 in decimal.

4.5.1 Pausing During Linking

Option
/PAUSE

Unless you instruct it otherwise, Microsoft LINK performs the linking ses-
sion from beginning to end without stopping. The /PAUSE option tells
Microsoft LINK to pause in the link session before writing the executable

file to disk. This option allows you to swap disks bef :
outputs the executable (“.EXE") file. p disks before Microsoft LINK

H the /PAUSE option is given, Microsoft LINK displays t i
sage before creating the rgun file. ‘splays the following mes-

About to generate .EXE file

Change diskette in drive leiter: and press <ENTER >
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The letter corresponds to the current drive. Microsoft LINK resumes pro-
cessing when you press either the ENTER or the RETURN key.

Nete

Do not remove the disk that will receive the list file or the disk used for
the VM. TMP file, if one has been created.

4.5.2 Producing a Listing File

You can tell Microsoft LINK to produce a listing file by responding to the
“List File” prompt. A listing file contains a list of segments in order of
{.hei.r appearance within the load module. The list might look like the lol-
owing. :

.t

Start  Stop Length Name ~Class.
00000H O172CH 01i72DH TEXT .CODE.
01730H O1E19H OOBEAH _DATA ‘DVATA o

The information in the “Start” and “Stop” columns shows the 20-bit
address Sin hexadecimal) of each segment relative to the beginning of the
load module. The load module begins at location zero. The “Length”
column gives the length of the segment in bytes. The “Name” column

gives the name of the segment, and the “Class” column gives information -

about the segment type. For example, a CODE segment contains program
code and a DATA segment contains data.

The starting address and name of each group is listed at the end of the

" file. The group listing might look like the following.

Origin Group
0000:C  IGROUP =
0173:0 DGROUP ':-

In this example, IGROUP is the name of the code (instruction) group and
DGROUP is the name of the data group.

At the bottom of the listing file, Microsoft LINK gives you the address of
the program entry point.

H
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4.,5.2.1 Listing Public Symbols

Option
/MAP

You can list all public (global) symbols defined in an object file or files by
using the /MAP option. The /MAP option forces a listing file to be created
il it aﬁpears belore the “List File” prompt. By default, the file is given the
same basename as the executable file plus the extension “MAP”. You can
override the default name by responding to the “List File” prompt. How-
ever, if the /MAP option arpears after the “List File” prompt, the option
takes effect only il you explicitly created a listing file (by giving a name at
the “List File” prompt).

Without the /MAP option the listing file gives only the starting and end-
ing addresses, length, and name of each segment. The /MAP option
appends two lists of global symbols to the listing file. The first list is
alphabetical by symbol name and the second is sorted by symbol address.
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Example

Start Stop

Length Name Class

0000CH 0172CH 0172DH TEXT CODE
01730H O1E16H OOBEAH “DATA DATA

Address Publies by Name
0000:01dB chkstk
0173:0035 fac
0000:1587 _brk
0000:16866 chmod
0000_131C “clearerr
Address Publics by Value
0000:0035 chkln
0000:01D2 :'fpbraﬁ
0000:01DB “ehkst
0000:023F “main

T _exit

0000: 0254

The address of the external symbols are in “frame:oflset” format, showing
the location of the symbo! relutive to zero (the beginning of the load
module).

When you examine a map file, you will notice that the names of globally
visible functions and variables begin with an underscore. The Microsoft C
compiler automatically prefixes an underscore to all global names to
preserve compatibility with XENIX C compilers. If you write assembly
language routines to interface with your C program, this naming conven-
tion is important; see Section 8.1.6 of Chapter 8, “Interfaces with Other
Languages.”

In the listing file, you may also see names that begin with more than one
underscore. Identifiers with more than one leading underscore are reserved
for internal use by the compiler. You should not attempt to use these
identifiers in your program. Moreaver, you should avoid creating global
names that begin with an underscore. Since the compiler automatically
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adds another leading underscore, these names end up with two leading
underscores, possibly causing conflicts with the names reserved by the
compiler.

4.5.2.2 Displaying Line Numbers

Option
/LINENUMBERS

You can include the line numbers and associated addresses of your source
program in the linker listing by using the /LINENUMBERS option. Ordi-
narily the linker listing does not contain line numbers.

duce a linker listing with line numbers, you must give Microsoft
Ef Izoa.n object file {or ﬁlegs with line number information. With the C
compiler you can use the /Zd switch to produce line numbers in the object
file. If you give Microsoft LINK an object file without line number infor-
mation, the /LINENUMBERS option has no effect.

The /LINENUMBERS option forces a listing file to be created if it appears
before the “List File” prompt. By default, the file is given the same
baseriame as the executable file plus the extension “.MAP”. You can over-
ride the default name by responding to the “List File” B;oTpt. However,
if the /LINENUMBERS option appears after the “List File” prompt, the
option takes effect only if you explicitly created a listing file (by giving a
name at the “List File” prompt).

4.5.3 Ignoring Case

Option
/NOIGNDRECASE

efault, Microsoft LINK treats uppercase and lowercase letters as
Eci’u(i]valent.s. Thus, “ABC”, “abc”, and “Abc” are considered to be the
same name. When you use the /NOIGNORECASE option (usually abbre-
viated /NOI), the linker distinguishes between uppercase and lowercase
letters and considers “ABC”, “abc”, and “Abc” three separate names.
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The C language is case-sensitive: two names are identical only il they
have exactly the same letters in the same case. Il your C programs rely
on this behavior, you should use the /NOIGNORECASE option. Keep in
mind, however, that some programs, such as assemblers and other
language compilers, may not make case distinctions. II you want to link
such programs with your C programs, it is beat to give each identifier a
unique spelling to avoid conflicts.

4.5.4 Ignoring Default Libraries

Option
/NODEFAULTL.IBRARYSEARCH

The /NODEFAULTLIBRARYSEARCH option (usually abbreviated to
/NOD) tells Microsoft LINK not to search the default library, if there is
one, to resolve external references. With C files this has the elfect of tel-
ling Microsoft LINK to ignore the information in the object files that gives
the names of the standard C library and selected Roating-point library.

Most C programs will not work correctly without the standard C library,
so il you use the /NOD option you should explicitly specily the name of
the standard library, as well as any floating-point ﬁbraries needed by the
program. If you do not use the standard library, you must provide your
own start-up routine, or extract the start-up routine from tﬁe standard
library and link it with your program. {See Section 2.4.3, “Library Files,”
in Chapter 2, “Getting Started,” for a discussion of the start-up routine.)

When using the /NOD option with C programs, always use the lollowing
order to specifly libraries.

1. Any libraries other than the standard C library or floating-point
libraries

2. The floating-point library or libraries
3. The standard C library
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4.5.5 Controlling Stack Size

Option
/STACK : number

The /STACK option allows you to specify the size of the stack for your
program. The number is any positive value (decimal, octal, or hexade-
cimal) up to 65,536 (decimal). It represents the size, in bytes, of the stack.

All compilers and assemblers should provide information in the object
modules that tells the linker how to set U{J the stack. For C programs, the
default stack size is 2K bytes. The default stack size is set by the start-up

- routine (CRTO0.0BJ) in the standard C library.

If your program has a large amount of local data or is heavily recursive,
you may get a stack overflow message. In this case you need to increase
the size of the stack. On the other hand, il your program uses very little
local data, you may achieve some space savings by decreasing the stack
size.

If Microsoft LINK cannot find the stack information it needs, it displays
the following error message. Since the start-up file provides stack infor-
mation, this message usually means that the start-up file is not being
linked with your program.

WARNING: NO STACK SEGMENT

Note

The EXEMOD utility (described in Section 7.9.2 of Chapter 7, _
“Advanced Topics”) can also be used to change the default stack size
for C program files.
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4.5.6 Allocating Paragraph Space

Option
/CPARMAXALLOC : number

This option allows you to change the default value of the “cparMaxAlL-
LOC” field, which controls the maximum number of paragraphs in
memory allocated for your program. A paragraph is defined as the smal-
lest memory unit addressed by a segment register, or 16 bytes,

The maximum number of paragraphs allocated for a program is deter-
mined by the value of the “cparMaxALLOC" field at offset 0xOc in the

EXE header. See your Microsoft MS-DOS Programmer’s Reference Manual
for details.

By default, the “cparMaxALLOC” field is set to 65,535 (decimal), or 64K
minus 1. The /CPARMAXALLOC option lets you set the value to any
number between 1 and 65,535 by giving the desired number (decimal,
octal, or hexadecimal) with the option. This is useful when you know that
the efficiency of your program wiﬁ not be increased by allocating all avail-
able memory, or when you want to execute another program from within
your program and you need to reserve space for the executed program.

If the value you specily is less than the computed value of “cparMinAlloc”

(at oﬁzet OA hexadecimal), the linker uses tﬁe value of “cparMinAlloc”
instead.

4.5.7 Controlling Segments

Option
/SEGMENTS : number

The /SEGMENTS option controls the number of segments the linker
allows a program to have. The default is 128. The number can be set to

any)value (decimal, octal, or hexadecimal) in the range 1 to 1,024 (deci-
mal).
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i track of
For each segment, the linker must allocate some space to keep
segment infirmat'ion. By using a relatively low segment limit as a default
;128), the linker avoids having to allocate a large amount of storage space
or all programs.

When you set the segment limit higher than 128, the linker cqrrespond-
ingly a:)lrlocates moregspace for segment information. This option al!Iows
you to raise the segment limit for programs with a large number o ;eg—
ments. For programs with fewer than 128 segments, you can keep tt. e
storage requirements of the linker at the lowest level possible by :;e ting
the segment number to reflect the actual number of segments in the pro-
gram.

4.5.8 Using Overlays

i i id versi f your pro-
You can direct Microsoft LINK to create an overlaid version o )
gram. This means that parts of your program will only be loaded 1rf and
when they are needed, and will share the same space in memory. \?ur
Erogram will be smaller as a result, but will usually run more slowly

ecause of the time needed to read and reread the code into memory.

vi our modules obey the restrictions described below, all you have
FJ%J?:ggecify the overlay )sftructurg to the linker. Loading of the overlays
is automatic. You specify overlays in the list of modules that you submit
to the linker by enclosing them in parentheses. Each parenthetlcalglst
represents one overiay. For example, in the following response to the
“Object Modules” prompt,

Object Modules [.DBJ] a + (b+c) + (e+f) + g + (1)

e elements “(b4c)”, “(e+f)”, and “(i)” are overlays. The remaining
:r}:odules, and a(ny d)ra.\ws frd)rn the run-time libraries, make up the res!dentr
part of your program, or root. Overlays are loaded into the same region o
memory, so only one can be resident at a time. Duplicate names |ln _
different overlays are not supported, so each module can occur only once in

a program.

i i lls from an
The linker will replace calls from the root to an overlay and ca
overlay to another overlay with an interrupt (followed by the module
identifier and offset.) The interrupt number is 3F hexadecimal.
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4.5.8.1 Restrictions

The name for the overlays is appended to the “. EXE" file, and the name of
this file is encoded into the program so the Overlay Manager can access it.
If, when the program is initiated, the overlay manager cannot find the

“ EXE" file (perhaps you have renamed it or it is not in a directory
specified by the PATH environment variable), then the overlay manager
will prompt you for a new name.

You can only overlay modules to which control is transferred and returned
by a standard 8086 long (32-bit) call/return instruction. With C pro-
grams, long calls are the default only in medium and large model pro-
grams. See Section 3.13 of Chapter 3, “Compiling,” for details on the
standard memory models.

You cannot use long jumps (via the longjmp library function) or indirect
calls {through a function pointer) to pass control to an overlay. When a
function is called through a pointer, the called function must be in the
same overlay or in the root.

4.5.8.2 Overlay Manager Prompts
Suppose that B: is the default drive. In the {ollowing example,

Cannot find PAYROLL.EXE
Please enter new program Bpec:

the ressonse EMPLOYEE\DATAN\ causes the overlay manager to look for
EMPLOYEE\DATA\PAYROLL.EXE on B.

Now, suppose that it becomes necessary to change the disk in Drive B. If :
the overlay manager needs to swap overlays, it will find that
PAYROLL.EXE is no longer on B, and will give the following message.

Please put diskette contailning B:\EMPLOYEE\DATA\PAYROLL .EXE

in drive B: and strike any key when ready.

After the overlay has been read from the disk, the overlay manager will
give the following message. -+

Please restore the original diskette.
Strike any Xey when ready.
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4.5.9 Setting the Overlay Interrupt

Option
/OVERLAYINTERRUPT : number

By default, the interrupt number used for passing control to overlays is 3F
hexadecimal. The overlay interrupt option allows the user to select a
different interrupt number. The number can be a decimal number from O
to 255, an octal number from 0 to 0377, or a hexadecimal number from 0
to OxFF. Numbers that conflict with MS-DOS interrupts are not prohib-
ited, but their use is not advised, .

Warning

Do not use the /OVERLAYINTERRUPT option with C programs.

4.5.10 Ordering Segments

Option
/DOSSEG

The /DOSSEG switch forces segments to be ordered according to the fol-
lowing rules.

I. All segments with a class name ending in CODE come first.
2. All other segments outside of DGROUP come next.
3. DGROUP segments come last, in the following order.

a. Any segments of class BEGDATA (this class name is reserved
for Microsoft use)

b. Any segments not of class BEGDATA, BSS, or STACK
¢. Segments of class BSS
d. Segments of class STACK
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See Section 7.13 of Chapter 7, “Advanced Topics,” for a discussion of the
segment names used by the C compiler.

Warning : .
4.5.11 Controlling Data Loading () f\ Do not use the /HIGH option with C programs.
Option
/DSALLOCATE 4,5.13 Preserving Compatibility
By default, Microsoft LINI{ loads al! data starting at the low end of the
data segment. At run time, the DS (data segment) pointer is set to the Option
lowest possible address to allow the entire data segment to be used.

/NOGROUPASSOCIATION

Use the /DSALLOCATE option to tell Microsolt LINK to load all data
starting at the high end of the data segment instead. In this case the DS
pointer is set at run time to the lowest data segment address that contains
program data,

The /DSALLOCATE option is typically used with the /HIGH option, dis-
cussed in the next section, to take advantage of unused memory within
the data segment. The user can allocate any available memory below the
area specifically allocated for DGROUP, using the same DS pointer.

The /NOGROUPASSOCIATION option causes the linker to process a cer-
tain class of fix-ups in a manner that is compatible with previous versions
of the linker {Versions 2.02 and earlier). It is provided primarily for com-
patibility with previous versions of other Microsoft language compilers.

"y

Warning
Do not use the /NOGROUPASSOCIATION option with C programs.

Warning

Do not use the /DSALLOCATE option with C programs.

4,5.12 Controlling Run File Loading

Option

/HIGH

- The run file can be placed either as low or as high in memory as possible.
Use of the /HIGH option causes Microsoft LINI? to place the run file as
high as possible in memory. Without the /HIGH optior, Microselt LINK
places the run file as low as possible.
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Running Your C Program

5.1 Running a Program

Once you have created an executable file, you can run your program by

_giving the name of the file without the extension. However, the file must

have a “.EXE" or “.COM" extension; otherwise MS-DOS will not execute
it.

MS-DOS uses the PATH environment variable to find executable files.
You can execute a program from any directory, as long as the executable
program file is either in your current working directory or in one of the
directories on the PATH.

The spawn, exec, and system routines provided in the Microsoft C Run-
Time Library let you execute other programs and MS-DOS commands
from within a program. See the Microsoft C Run-Time Library Reference
lor a description of these routines.

Example
MYPRDG

This example runs the executable file named MYPROG.EXE (or .
MYPROG.COM).

5.2 Passing Data to a2 Program

You can access data on the command line or in the environment table at
execution time by declaring arguments to the “main” function. Command
line data are any data that appear on the same line as the program name
when you execute the program. The environment table contains all
environment settings in eflect at execution time (see Section 2.5, “Setting
Up the Environment,” in Chapter 2, “Getting Started,” for a discussion of
environment variables). Since the “main” function is where program exe-
cution begins, “main” is the function that takes charge of data pased at
execution time.
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To pass data to your program on the command line, give one or more
arguments alter the program name when you execute it. Each argument
must be separated from the arguments around it by one or more spaces or
tab characters, and may be enclosed in quotation marks {(""). If you want
to give a single argument that includes spaces or tab characters, you must
enclose the argument in quotation marks. For example, the command
line

TEST 42 "de " 16

executes the program named TEST.EXE (or TEST.COM) and passes three
arguments: “42”, “de {”, and “16".

Under MS-DOS, each command line argument, regardless of its data type,
is stored as a null-terminated string in an array o%st._rings. The combined
length of all arguments on the command line (including the program
naine) may not exceed 128 bytes.

To set up your program to receive the command-line data, declare argu-
ments to the “main” function, as shown below. By declaring these vari-
ables as arguments to “main”, you make them available as local variables
in the “main” function,

main {arge, argv, eavp)

int argc;
char #argv():
char #envp{]);

You do not have to declare all three arguments. However, you must
declare the arguments in the order shown above. Thus, if you want to use
the “envp” arguments, you must declare “arge” and “argv”, even if you do
not use them. -

'The command line is passed to the program as the “argv” array of strings.
The number of arguments appearing on the command line is passed as the
integer variable “arge”:

The first argument of any command line is the name of the program to be
executed. Thus, the program name is the first string stored in “argv”, at
“argv [0]”. Since a program name must be given in all cases, the integer
value of “argc” is always at least one. The first argument given alter the
program name is stored at “argv[1]”, the second is stored at “argv [2]",
and so on through the end of the arguments. The total number of argu-

ments, including the program name, is stored in “arge”. :
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Note

Under versions of MS-DOS earlier than 3.0, the program name nor-
mally stored in “argv [0]” is not available. References to “argv[0]”
yield the empty string. Under MS-DOS Version 3.0 and later, refer-
ences to “argv[0]” give the program name.

The third argument passed to the “main” function, “envp”, is a pointer to
the environment table. You can access the value of environment settings
through this pointer. However, the putenv and getenv routines from the C
run-time library accomplish the same task, and are easier and safer to use.
Use of the pulenvroutine may change the location of the environment
table in memory, depending on memory requirements. Thus, the value
given to “envp” at tﬁe beginning of the program execution may not be
valid throughout the program’s execution. The pufenvand getenv rou-
tines, on the other hand, access the environment table properly, even when
its location changes. These routines use the global variable environ
(described in the Microsoft C Run-Time Library Reference), which always
points to the correct table location.

Example
MYPROG ABC "abc e" 3 8

This command line executes the program named MYPROG and passes the
four command line arguments to the “main” function. The arguments are
stored as null-terminated strings, and the number of arguments is stored
in “arge”. To access the last argument, for example, you would use an
expression like the following.

argy (argc - 1]
Since the value of “arge” is 5 (counting the program name as an argu-

ment), this expression is equivalent to “argv [4]”, or the fifth string of the
array.
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5.3 Expanding Wild Card Arguments

You can use the MS-DOS wild card characters, the question mark (?) and
the asterisk (+#), to specify filename and pathname arguments on the com-
mand line. To prepare for using wild cards, you must link with the special
routine SSETARGV.OBJ (MSETARGV.OBJ or LSETARGV.OBI for
medium or large model programs). These object files are included with
your compiler software. If you don't link with the appropriate object file,
wild characters are treated literally. '

The SSETARGV.OBJ expands the wild card characters in the same
manner as MS-DOS. (See your MS-DOS documentation if you are unfami-
liar with these characters.) Enclosing an argument in quotation marks

(" ") suppresses the wild card expansion. Within quoted arguments, you
can represent quotation marks literally within an argument by preceding
the double quote character with a backslash (\).

If no matches are found for the wild card argument, the argument is
passed literally. For example, if the argument B:\*.C is given, but no files
with the extension *“.C” are found in the root directory of Drive B, the
argument is passed as the string “B:\+.C".

If you frequently use wild card expansion, you may want to place the wild
card routines (SSETARGV.OBJ, MSETARGV.ORJ, and
LSETARGV.OBJ) in the appropriate standard C libraries (SLIBC.LIB,
MLIBC.LIB, and LIBC.L[?JE. ']l‘hat way the routine will be linked with
your program automatically. To do this, use the LIB utility {described in
Chapter 6, “Managing Libraries”) to extract the module named stdargv
from the library Q} e module name is the same in all three libraries) and
insert SSETARGV, MSETARGV, or LSETARGYV, as appropriate. When
you replace stdarfv with the appropriate SETARGYVY routine, wild card
expansions will always be performed on comnmand line arguments.

Example

LINK BETA SSETARGV;
BETA *.INC *WHY?“ \"HELLO\*

In this example, SSETARGV.0BIJ is linked with BETA.OBJ, producin
the executable file BETA.EXE. When BETA.EXE is executed, the wil
card character “*+" is expanded, causing all filenames with the extension
“INC” in the current working directory to be passed as arguments to the
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BETA program. The second command line argument, WHY?, is enclosed
in quotation marks (" "), so expansion of the wild card character “?" is
suppressed and the argument WHY? is passed literally. In the third argu-
ment, the backslashes cause the quotations to be represented literally so
the argument "HELLO" is passed.

5.4 Suppressing Command Line Processing

Il your program does not take command line arguments, you can achieve a
small space savings by suppressing use of the library routine that performs
command line processing. This routine is called _setargv. To suppress its
use, define a routine that does nothing in the same file that contains the
“main” function, and name it .setargv. The call to _setargv will be
satisfied by your definition of _setargy, and the library version will not be

loaded.

Similarly, if you never access the environment table through the “envp”
argument, you can provide your own empty routine to be used in place of
-selenup, the environment processing routine. In the same file that con-
tains the “main” function, define a routine that does nothing and name it
—selenvp,

If your program makes calls to the spawn or ezec routines in the C run-
time library, you may not want to suppress the environment processing

routine. This routine is used to pass an environment from the parent pro-
cess to the child process.

Example

?satargv 0
} -

: Eset‘.emrp()

}

The above example shows how to define the _setargv and _selenvp func-
tions to suppress command line and environment processing. It 1s recom-
mended that you place these definitions in the file containing the “main”
function.
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5.6 Suppressing Null Pointer Checks

When you execute your C{rrogram a special error-checking routine is
automatically invoked to determine whether the contents of the NULL
segment have changed and to display the following error message if they
have.

Null pointer assignment

The NULL segment is a special location in low memory that is not nor-
mally used. I the contents of the NULL segment change during a
program’s execution, it means that the program has written to this area,
usually by an inadvertent assignment through a null pointer. Notice that
your program can contain null pointers without generating this message;
the message appears only when you write to a memory location through
the null pointer.

This error does not cause your program to terminate; the error is detected
and the error message is printed following the normal termination of the
program.

Important

The “null pointer assignment” message reflects a potentially serious
error in your program. Although a program that produces this error
may appear to operate correctly, it is IlEely to cause problems in the
future and may fail to run in a different operating environment.

The library routine that performs the null pointer check is named
—nullcheck. You can suppress the null pointer check for a particular pro-
gram by defining your own routine named _nulicheck that does nothing.
‘The call to _nullcheck will be satisfied by your definition of _nullcheck, and
the library version will not be loaded. It is recommended that you place
the _nulicheck definition in the file containing the “main” lunction.

To suppress the null pointer check for all programs, you can replace the

corresponding error-checking routine in the standard C library, The rou-
tine is stored in a module called chksum in all three libraries (SLIBC.LIB,
MLIBC.LIB, and LLIBC.LIB}. Do not remove the routine entirely or there
will be an unresolved reference in your program. Instead, use the LIB
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utility (described in Chapter 6, “Managing L:brarles(} to replace the
chksum module with a module cont.ammg the empty definition of -

~nullcheck. This replacement will satis{y the call to _nullcheck and null
point.er checking will not be performed.
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6.1 Introduction

The Microsoft LIB Library Manager is a utility designed to help you
create, organize, and maintain run-time libraries. Run-time libraries are
collections of compiled or assembled functions that provide a common set
of useful routines. Any program can call a run-time routine, exactly as if
the function were included in the program. The program is linked with
the run-time library file and the call to the run-time routine is resolved by
finding the routirie in the library file.

" Run-time libraries are created b)-f combining separately compiled object

files into one library file. Library files are usually identified by their
“ LIB” extension, although other extensions are allowed.

In addition to accepting MS-DOS object files and library files, Microsoft
LIB accepts 286 XENIX archives and Intel-style libraries. You can add the
contents of a 286 XENIX archive or an Intel-style library to an MS-DOS
library by using the append operator (+).

" Once an object file is incorporated into a library, it becomes an object

“module.” LIB makes a distinction between object files and object
modules: an object “file” exists as an independent file while an object
“module” is part of a larger library file. An object file can have a full
pathname, including a drive designation, directory pathname, and
filename extensionlésually “.0OBJ”). Object modules have just a name.

For example, “B:\RUN\SORT.OBJ” is an object filename, while “SORT”
is the corresponding object module name.

Using LIB, you can create a new library file, add object files to an existing
library, delete library modules, replace library modules, and create object
files from library modules. LIB also lets you combine the contents of two
libraries into one library file.

The command syntax is straightforward, and LIB prompts you for
responses. Once you have learned how LIB works and what its prompts
mean, you can use one of the alternate methods of invoking LIB, described
in the sections entitled “Using the Command Line” and “Using a Response
File” later in this chapter. The alternative methods let you give LIB com-
mands without waiting for the LIB prompts.. .
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6.2 Overview of LIB Operation

You can perform a number of library management functions with Micro-
soft LIB. LIB ecan

Create a library file
Delete modules
Extract a module and place it in a separate object file

Extract a module and delete it

Append an object file as a module of a library, or append the con-
tents of a library

e Replace a module in the library file with a new module
e Produce a listing of all public symbols in the library modules

For each library session, LIB first reads and interprets the user’s com-
mands. It determines whether a new library is being created or an existing

library is being examined or modified.

Deletion and extraction commands (if any} are the first commands pro-
cessed. LIB does not actually delete modules from the existing file.
Instead, it marks the selected modules for deletion, creates a new library
file, and copies only the modules not marked for deletion into the new

library file.

Next, LIB processes any addition commands. Like deletions, additions are
not performed on the original library file. Instead, the additional modules
are appended to the new%ibrary file. (If there were no deletion or extrac-

tion commands, a new library file is created in the addition stage by copy-

ing the original library file.)

As LIB carries out these commands, it reads the object modules in the
library, checks them for validity, and gathers the information necessary to
build a library index and a listing file. The library index is used by the

linker to search the library.

The listing file contains a list of all public symbols in the index and the
names of the modules in which they are defined. L1B produces the listing

file only if you ask for it during the library session.
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LIB never makes chan igi i i i
ges to the original library; it copies the lib
)l'rr:)s:.lkgséJ c;lhoatnl%ess; t;’oog};eog?gp.y. ]Tﬁlllus,lwh]en you termina.tl.)e LIB I'E':c»rl aixa;{'ezl;gn
inal hie. It also means that when L ’
enough space i i il libra,
ene aﬁd t.ﬁe cor:;st be available on your disk for both the original library

When you modify a library file, LIB gives you the option of specifying a

different name for the file containin i i

: C 3 I g the modifications. If i

ophclm, the modified library is stored under the name you g}i?: :,snedt:.lﬁi ori-

E:)r:.’;att’:)uglil\?;o:lnﬁEd verswnLi%preserved under its own name. If Srou choose
ew name, gives the modified file the original lib

name, but keeps a backup co igi i . This copy |

the extension *.BAK"” ins]::ecac{) )éfo‘[.tiillﬁg.r ‘ginal library flle. “This copy has

Example
LIB LANG-HEAP+HEAP:
This command first deletes the libra
ry module HEAP from the li '
'II_.‘)‘h&NG.LIB, then adds the file HEAP.OBJ as the last modr::le i: ;]l:;a;:{ -
e same command could be given as hid
LIB LANG+HEAP-HEAP:
The effect is the same because delet i
] e operations are alw i
Eefore a;:iplqnd o%e(atlons, regardless of the order of the ag:e::g;i ?r:l T{'.he
ommand line. ‘This order of execution prevents confusion in LIB when a

new version of a module replaces an old version in the library file.

Aflter the library is modified, the modified file is wri
y b 1s tt
LANG.LIB. A copy of the original LANG.LIB is swtglreg r;nbiﬂcl\?g.BAJ(.

6.3 Running LIB

LIB requires two types of input:
put: a command to start L]
command prompts. Start LIB at the MS-DOS com?nar{"dl?ea\:t?l)r;stgrc;)ﬁ? v

LIB

LIB prompts you for the input it needs by displaying the following four
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messages, one at a time. LIB waits for you to respond to each prompt,
then prints the next prompt.

Library name:
Operatlions:
List fila:
OQutput library:

The responses you can make to each prompt are explained in the following
four sections. '

Once you understand the LIB prompts and operations, you may want to
use one of the two alternate methods of running LIB. The command line
method lets you type all commands, options, and filenames on the line
used to start LIB. QVith the response file method, you create a file that
contains all the necessary commands, then tell LIB where to find that file.

Both of the alternate methods require that you understand how LIB works
and what your responses to its prompts mean. For this reason it is recom-
mended that you allow LIB to prompt you for responses until you are com-
fortable with its commands and operations.

8.3.1 Library Name Prompt

At the “Library name” prompt, give the name of the library file you want.
Usually library files are named with the “.LIB” extension. You can omit
the “.LIB" extension when you give the library filename since LIB assumes
that the filename extension is “.LIB". '

If your library file does not have the “.LIB” extension, be sure to include -

the extension when you give the library filename. Otherwise, LIB cannot
find the file. o

Pathnames are allowed with the library filename, so you can give LIB the
pathname of a library file in another directory or on another disk.

Because LIB manages only one library file at a time, only one filename is
allowed in response to this prompt. There is no default response, so LIB
produces an error message 1l you do not give a filename.

If you give the name of a library file that does not exist, LIB displays the
prompt:

Library file does not exist. Create?
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Type “y” to create the library file. If you answer “n”, LIB returns control
to the MS-DOS level.

If you type a library filename and follow it immediately with a semicolon
(;), L1B performs only a consistency check on the given library. A con-
sistency check tells you whether all the modules in the library are in usable
form. LIB prints a message only if it finds an invalid object module; no
message appears if all modules are intact.

You can also set the library page size following this prompt. For details,
see Section 6.4.10 “Setting the Library Page Size.”

6.3.2 Operations Prompt

Following the “Operations” prompt, you can type one of the command
symbols for manipulating modules (+, -, =+, *, - *) followed immediately
by the module name or the object filename. You ca,n‘specﬂ'g,r more than
one operation following this prompt, in any order. The default for the
“Operations” prompt is no changes.

When you have a large number of modules or files to manipulate (more
than can be typed on one line), type an ampersand (&) as the last symbol
on the line, immediately belore the carriage return. The ampersand must
follow a filename; you cannot give an operator as the last character on a
line to be continued. The ampersand causes LIB to repeat the “Opera-
tions” prompt, allowing you to specily more operations and names.

The following list describes command symbols and their meanings and
uses.

C d
S)?r!r?l?;?n Meaning and Use
+ The plus sign makes an object file the last module in

the library file. Give the name of the object file
immediately after the plus sign. You can use path-
names for the object file. LIB automatically supplies
the “.OBJ” extension, so you can omit the extension
from the object filename.

You can also use the plus sign to combine two libraries.
When you give a library name after the plus sign, a

copy of the contents of the given library is added to t,he:’
library file being modified. You must include the “.LIB’
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extension when you give a library filename. Otherwise,
LlB&:lses the default “.OBJ” extension when it looks for
the file.

- - The minus sign deletes a module from the library file.
Give the name of the module to be deleted immediately
after the minus sign. A module name has no pathname
and no extension.

-+ Type a minus sign lollowed by a plus sign to replace a
module in the library. Give the name of the module to
be replaced alter the replacement symbol. Module
names have no pathnames and no extensions.

To replace a module, LIB first deletes the given module,
then appends the object file having the same name as
the module, The object file is assumed to have an
“.0BJ" extension and to reside in the current working
directory.

* Type an asterisk lollowed by a module name to copy a
module from the library file into an object file of the
same name. The module remains in the library file.
When LIB copies the module to an object file, it adds
the “.OBJ" extension and the drive designation and
pathname of the current working directory to the
module name to form a complete object ﬁﬁma.me. You
cannot override the “.OBJ” extension, drive designa-
tion, or pathname given to the object file, but you can
la.l:.er rename the file or copy it to whatever location you
like.

- - Use the minus sign followed by an asterisk to move an
object module from the library file to an object lile.
This operation is equivalent to copying the module to
an object file, as described above, then deleting the
module from the library.

8.3.3 List File Prompt

Aflter the “List file" prompt, you can give a filename for a cross-reference
listing file. You can specily a full pathname for the listing file to cause it
to be created outside your current working directory. You can give the
listing file any name and any extension. LID does not supply a delault
extension if you omit the extension. .
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A cross-reference listing file contains two lists. The first is an alphabetical
listing of all external (public) symbols in the library. Each symbol name is
followed by the name of the module in which it is referenced.

The second list is a list of the modules in the library. Under each module
name is an alphabetical listing of the public symbols defined in that
module. The default when you omit the response to this prompt is the
special filename NUL., which tells LIB not to create a listing file.

8.3.4 Output Library Prompt

After the “Output library” prompt you can give the name of a new library
file to create with the specified modifications. The delault is the current
library filename; the original, unmodified library is saved in a library file
with the same name but with a *.BAK” extension replacing the “.LIB"
extension, This prompt appears only if you specify modifications to the
library following the “Operations” prompt.

6.3.5 Using the Command Line

The command line method of starting LIB has the form

LIB library [/pagesize] [;] operations... [, lsting] [, neuwdibrary)
The entries following LIB are responses to the LIB command prompts.

The library entry, with the optional /pagesize specification, corresponds to
the “Library name” prompt. If you want LIB to perform a consistency
check on the library, follow the library entry with a semicolon (;).

The operations entries are any of the operations allowed [ollowing the
“Operations” prompt. The listing entry, if you include it, tells LIB to
create a listing file with the given name. The newlibrary entry, if it
appears, is the name of the revised library.

If you want to create a cross-reference listing, the name of the listing file
must be separated from the last operations entry by a comma. If you give
2 filename in the new library field, the library name must be separated
from the listing filename or the last operations entry by a comma.
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You can use a semicolon after any entry but the frsat to tell LIB to use the
default responses for the remaining entries. The semicolon should be the
last character on the command line.

Examples

1. LIB LANG-+HEAP:
2. LIB C;
3. LIB LANG,LCROSS.PUB

The first command instructs LIB to replace the HEAP module in the
library LANG.LIB. LIB first deletes the HEAP module in the library, then
appends the object file HEAP.OBJ as a new module in the library. The
semicolon command symbol at the end of the command line tells LIB to
use the delault responses for the remaining prompts. This means that no
listing file is created and that the changes are written back to the original
library file instead of creating a new library file.

The second command causes LIB to perform a consistency check of the
library file C.LIB. No other action is performed. LIB displays any con-
sistency errors it finds and returns to the operating system level. The
third command tells L1B to perform a consistency check of the library file
LANG.LIB, then output a cross-reference listing file named LCROSS.PUB.

68.3.8 Using a Response File

The command to start LIB with a response file has the form

LIB @response-file

The response-file field is the name of a response file. The response-file
name may be qualified with a drive and directory specification to name a
response file from a directory other than the current working directory.
Before you use this method you must set up a response file containing

answers to the LIB prompts. This method lets you conduct the library ses-
sion without typing responses at the keyboard.

| ; §
" - - i 3 U . - r 2
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A response file has one text line for each prompt. Responses must appear
in the same order as the command prompts appear. Use command sym-
bols in the response file the same way you would for responses typed on
the keyboard.

When you run LIB with a response file, the prompts are displayed along
with the responses from the response file. If the response file does not con-
tain answers for all the prompts, LIB uses the default responses.

Example

SLIBC
+CURSOR+HEAP-HEAP*FQOIBLES
CROSSLST

This response file causes LIB to delete the module HEAP from the
SLIBC.LIB library file; extract the module FOIBLES and place it in an
object file named FOIBLES.OBJ; and then append the object files
CURSOR.OBJ and HEAP.OBJ as the last two modules in the library.
Finally, LIB creates a cross-reference file named CROSSLST.

6.3.7 Extending Lines

If you have many operations to perform during a library session, use the
ampersand (&) command symbol to extend the operations line. Give the
ampersand symbol alter an object module or object filename; do not put
the ampersand between an operations symbol and a name.

If you use the ampersand with the prompt method of invoking LIB, the

ampersand will cause the “Operations” prompt to be repeated, allowing
you to type in more operations. With the response file method, you can
use the ampersand at the end of a line and then continue typing opera-

tions on the next line. '

6.3.8 Terminating the Library Session
At any time, you can use CONTROL-C to terminate a library session. If you
type an incorrect response, such as a wrong or incorrectly spelled filename

or module name, you must enter CONTROL-C to exit LIB. You can then res-
tart the program.
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6.3.9 Selecting Default
Responses to Prompts

Alter any entry but the first, use a single semicolon (;) followed immedi-
ately by a carriage return to select default responses to the remaining
Frompts. You can use the semicolon command symbol with the command
ine and response file methods of invoking LIB, but it is not really neces-

sary, since LIB supplies the default responses wherever you omit responses.

The delault response for the “Operations” prompt is no operation. The
library file is unchanged. -

The delault response for the “List file” prompt is the special fil
NUL., which tells LIB not to create a lis[:.ing Ele. pec ename

The default response for the “Output library” file is the current library

name. This prompt appears only i you specify at least one operation fol-
lowing the “Operations” prompt.

6.4 Library Tasks

T!\ti; ielclz?fion summarizes the library management tasks you can perform
wi .

8.4.1 Creating a Library File

To create a new library file, simply give the name of the library fle you
want to create following the "Lif)rary name” prompt. LIB supglies tjlrle
.LIB” extension.

The name of the new library must not be the name of an existing file, or

else LIB will assume you want to modify the existing file. When you give

the name of a library file that does not currently exist, LIB displays tge
following prompt. X

Library file does not exist. Create?

Type “yes" to create the file, “no” to terminate the library session.
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You can specify a page size for the library when you create it. The default
page size is 16 bytes. See the section on setting the page size below for a
discussion of this option.

Once you have given the name of the new library file, you can insert object
modules into the library by using the add operation (+) following the
“Operations” prompt. You can also add the contents of another library if
you wish. These options are discussed below in the sections entitled
“Adding Library Modules” and “Combining Libraries,” respectively.

6.4.2 Modifying a Library File

You can modify an existing library file by giving the name of the library
file following the “Library name” prompt. All operations you specify fol-
lowing the “Operations” prompt are performed on that library.

However, LIB lets you keep both the unmodified library file and the newly
modified version, il you like. You can do this by giving the name of a new
library file following the “Output library” prompt. The modified library
file is stored under the new library filename, while the original library file
remains unchanged.

If you don’t give a filename following the “Output library” prompt, the
modified version of the library file replaces the original library file. Even
in this case, LIB saves the original, unmodified library file. The
unmodified library file has the extension “.BAK” instead of “.LIB". Thus,
at the end of the session you have two library files: the modified version
with the “.LIB” extension and the original, unmodified version with the

“ BAK” extension.

6.4.3 Adding Library Modules

Use the plus sign (-+) [ollowing the “Operations” prompt to add an object
module to a library.” Give the name of the object file to be added, without
the “.OBJ” extension, immediately after the plus sign.

LIB strips the drive designation and the extension from the object file-
specification, leaving only the basename. This becomes the name of the
object module in the library. For example, if the object file
B:\CURSOR.OBI/ is added to a library file, the name of the corresponding
object module is “"CURSOR”.
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Object modules are always added to the end of a library file.

6.4.4 Deleting Library Modules

Use the minus sign (=) following the “Operations” prompt to delete an
object module from a library. Give the name of the module to be deleted
immediately after the minus sign. A module name has no pathname and
no extension; it is simply a name, like “CURSOR".

6.4.5 Replacing Library Modules

Use a minus sign followed by a plus sign &}-+) to replace a module in the
library. Give the name of the module to be replaced after the replacement
symbol (-+). Remember that module names have no pathnames and no
extensions.

To replace a module, LIB first deletes the given module, then appends the
object lile having the same name as the module. The object file i1s assumed
to have an “.OBJ” extension and to reside in the current working direc-
tory.

6.4.6 Extracting Library Modules

Use an asterisk (*) followed by a module name to copy a module from the
library file into an obhject file of the same name. The module remains in
the library file, When LIB copies the module to an object file, it adds the
“.0OBJ” extension and the drive designation and pathname of the current
working directory to the module name to form a complete object filename.
You cannot override the “.OBJ” extension, drive designation, or pathname
given to the object file, but you can later rename the file or copy it to
whatever location you like.

Use the minus sign lollowed by an asterisk (- *) to move an object module
from the library file to an object file, This operation is equivalent to copy-
ing the module to an object Elle, as described above, then deleting the
module from the library.
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6.4.7 Combining Libraries

You can add the contents of a library to another library by using the plus
sign {(+) with a library filename instead of an object filename. Following
the “Operations” prompt, give the plus sign (+L[o]lowed by the name of
the library whose contents you wish to add to the library being modified.
When you use this option you must include the “.LIB"” extension of the
library filename. Otﬁerwise, LIB assumes that the file is an object file and
looks for the file with an “.OBJ” extension.

In addition to allowing MS-DOS libraries as input, LIB also accepts 286
XENIX archives and Intel-format libraries. Thus, you can use LIB to con-
vert libraries from either of these formats to the Microsoft format.

LIB adds the modules of the library to the end of the library being
modified. Notice that the added library still exists as an independent
library. LIB copies the modules without deleting them.

Once you have added the contents of a library or libraries, you can save
the new, combined library under a new name by giving a new name follow-
ing the “Output library” prompt. If you omit the “Output library”
response, LIB saves the combined library under the name of the original
library being modified.

68.4.8 Creating a Cross-Reference Listing

Create a cross-reference listing by giving a name for the listing file follow-
ing the “List file” prompt. Il you omit the response to this prompt, LIB
uses the special filename NUL., which means that no listing file is created.

You can give the listing file any name and any extension. You can specify
a [ull pathname, including drive designation, for the listing file to cause it
to be created outside your current working directory. LIB does not supply
a default extension if you omit the extension.

A cross-reference listing file contains two lists. The first is an alphabetical
listing of all public symbols in the Jibrary. Each symbol name is followed
by the name of the module in which it is referenced.

The second list is an alphabetical list of the modules in the library. Under

each module name is an alphabetical listing of the public symbols refer-
enced in that module.
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8.4.9 Performing Consistency Checks

When you give just a library name followed by a semicolon following the
“Library name” prompt, LIB performs a consistency check, displaying
messages about any errors it inds. No changes are made to the li rarg.
This option is not usually necessary, since LIB automatically checks o ject
files for consistency before adding them to the library.

To produce a cross-reference listing along with a consistency check, use
the command line method of invoking LIB. Give the library name followed
by a semicolon, then give the name of the listing file. LIB performs the
consistency check and then creates the cross-reference listing.

6.4.10 Setting the Library Page Size

The page size of a library aflects the alignment of modules stored in the
library. Modules in the library are aligned so that they always start at a
position that is a multiple of n bytes from the beginning of the file. The
value of n is the page size. The default page size 1s 16 [or a new library or
the current page size for an existing library.

Because of the indexing technique used by LIB, a library with a large page
size can hold more mogules than a library with a smaller page size. How-
ever, for each module in the library, an average of n/2 bytes of storage
space is wasted {where n is the page size). In most cases a small page size
is advantageous, and you are advised to use the smallest page size pos-

sible.

To set the library page size, add a page size option after the library
filename following the “Library name” prompt:

library /pagesize:n

The value of n is the new page size. It must be a power of 2 and must fall
between 16 and 32,768.
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| 7.1 Introduction

The Microsoft C Compiler offers a number of advanced programming
options that give you control over the compilation process and the final
form of the executable program. This chapter describes the advanced

" options. :

7.2 Enabling Special Keywords

Option
/Ze

The /Ze option tells the compiler to consider the following identifiers key-
words when processing a given file.

far
fortran
huge
near
pascal

You must give this option when compiling any program that uses these
identifiers as keywords. The huge keyword is not yet implemented but is
reserved for [uture use.

7.3 Packing Structure Members

Option
/Zp
When storage is allocated for structures, structure members larger than a

char are ordinarily stored beginning at an Int boundary. To conserve
space you may want to store your structures more compactly. The /Zp

_option causes structure data to be “packed” tightly into memory. This

option is also useful when you want to read existing packed structures
from a data file.
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When you give the /Zp option, each structure member (after the first) is
itoged beginning at the first available byte, without regard to Int boun-
aries.

On most processors, using the /Zp option results in slower program execu-
tion because of the time required to unpack structure members when they
are accessed, This option also reduces cfficiency when a program accesses
16-bit members (with int type) that begin on odd boundaries.

Example
MSC /Zp PROG.C;

This command causes all structures in the program PROG.C to be stored
without extra space [or alignment of members on Int boundaries.

7.4 Restricting Length of External Names

Option
/Hnumber

The MSC command allows you to restrict the length of external (public)
names by using the /H option. The number is an mtefer specifying the
maximum number of significant characters in external names.

When you use the /H option, the compiler considers only the first number
characters of external names used in the program. ‘The program may con-
tain external names longer than number characters; the extra characters
are simply ignored.

i
The /H option is typically used to conserve space or to aid in creating
portable programs. The Microsoft C Compiler imposes no restrictions on
the length of external names (although it uses only the first 31 characters)
but other compilers or linkers may produce errors when they encounter
names longer than a predetermined limit. :

?
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7.5 Labeling the Object File

Option

/Y atring®

Use the {V q‘or “version”) option to imbed a given text stringintoan
object file. The quotation marks surrounding the string may be omitted if
the string does not contain whitespace characters.

Object files are machine readable but are not easilf[ read énd_ understood
by humans. A typical use of the /V option is labeling an object file with a
version number or copyright notice.

Example

MSC MAIN.C, /V"Microsoft C Compliler Version 3.0%;

The above command places the string “Microsoft C Compi]ér Version 3.0”
in the object file MAIN.OBJ.

7.6 Suppressing Default Library Selection

Option
/21

Ordinarily the compiler places the names of the default libraries St]le stan-
dard C library plus the selected floating-point library or libraries} in the
object file for tEe linker to read. This allows the default libraries to be

linked with a program automatically.

The /Z] option suppresses the selection of default libraries. No library
names are placed in the object file; as a result, the object file is slightly
smaller.
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The /Z1 option is useful when you are building a library of routines. 1t is
not necessary for every routine in the library to contain the default library
information. Although the /ZI option saves only & small amount of space
for a single object file, the total space savings is significant in a library
containing many object modules. When you link a library of object
modules created witk the /Z1 option with a C program file compiled
without the /Z option, the default library information is supplied by the

program file.

Example

MSC ONE.C;
MSC /Z1 TWO.C;
LINK ONE+TWO;

The first two commands create an object file named ONE.OBJ that con-
tains the names of the standard C library (SLIBC.LIB} plus the emulator
library and floating-point math library (EM.LIB and LIBFP.LIB) and an
object file named TWOQ.OBJ that contains no default library information.
When ONE.OBJ and TWO.OBJ are linked, the default library information
in ONE.OBJ causes the given libraries to be searched for any unresolved
references in either ONE.OBJ or TWO.OBJ.

7.7 'Controlling Floating-Point Opefations

By default, the compiler handles floating-point operations by using calls to
an emulator library, which emulates the operation ol an 8087 or 80287
coprocessor. 1f an 8087 or 80287 coprocessor is present at run time, it will
be used. The floating-point {/FP) options give you a choice of five
different methods of handling floating-point operations.

The advantages and disadvantages of each of the five /FP options are
described in Section 3.7 of Chapter 3, “Compiling.” You should read the
discussion of floating-point options before reading this section. This sec-
tion discusses two additional ways to control floating-point operations: by
changing libraries at link time and by using the NO8S7 environment vari-

able.
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7.7.1 Changing Libraries at Link Time

When you compile usin i i
comp g one of the floating-point optio
ggr;::.po‘?g:lng ibrary or libraries is placedgir? the oﬁiectng'ieb?grntir:iig{c:{'w
to use. o us(;?ug i;.:s;r&geb]:&ker t.odu?e aid]iﬂl';arent. floating-point library
_ ng. or no default library search i i
hl;r;;i:nfl spectlfybmg the name of a different libra.t'};r or libr)acr)ﬁtslm’ll‘?lté fink
g-point library names you can give on the link command line are

1. EMLIB (the emulator) plus SLIBFP LIB
LLIBFP IB' depending on the mem'ory ;nLOg;I]BFPLIB, or

2. 87.LIB (the 8087/80287 library), pl '
LLIBFP.LIB, depending on thg')[,ngr::r?LILEEZ.LIB, MLIBFP.LIB, or

3. SLIBFA.LIB, MLIBFA.LIB, or L
library), depending on the ’rr?ermg-l‘-lyBrl:lﬁ&I;}B (the alternate math

The 8087/80287 library (87.LIB) provides only minimal floating-point sup-

port. When you specifly this lib
present at run time or {he prog::rzly,waiﬂ lgi?i?.7r or 80287 coprocessor must be

When you compile usin

: g the /FPa, /FPc, or /FPc87 opti

?;?%f{haen}f}:gpfithe7Fbgy8e?l|brqries at link time/. Howegzr“ourflﬂgr?;cf:?:ompile
“Pi or i87 option, you are not allowed to if

nate math library at link time; if you want to override thsffiilfzutlteli%lrt:r;

at link time, you must i :
ibrary, as ap)[()ropria?;e.use either the emulator library or the 8087 /80287

;rYf}::‘rr'ni(;}l " t.l;je /N'OD option, the linker ignores all default librar
the st-andlg:ld"(l}tlil?r:l:;e:: Tefl Thtnz means that you must give the ngme of
link time. Always gi el as the names of floating-point libraries at

. give the name of the floating-point li , i i
before the name of the standard C library on rt'}%ep:o';tnllfnrﬁn‘f libraries
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Examples

1. MSC /AM CALC,
LINK CALC+ANOTHER+SUM /NOD,, ,MLIBFA, MLIBC;

2. MSC /FPa CALC,
LINK CALC+ANOTHER+SUM /NDD,,,EM.LIB+SLIBFP.LIB+SLIBC.LIB;

3. MSC /FP187 CALC; .
LINK CALC+ANOTHER+SUM /NOD,, ,EM.LIB+SLIBFP.LIB+SLIBC.LIB;

In the first example, the program CALC.C is compiled with the medium
model option (/AMj No floating-point option is specified, so the default,
/FPc, is used. /FPc generates floating-point calls and specifies the emula-
tor (EM.LIB) plus MLIBFP.LIB in the object file. In the LINK command,
the /NOD option is specified and the names of the alternate math library
and the standard C library are given in the “Libraries” field. This causes
any foating-point calls in CALC.0OBJ, ANOTHER.OBJ, and SUM.OB/J to
refer to the alternate math library instead of to the emulator. Notice that
the medium model libraries (MLIBFA LIB and MLIBC.LIB} must be used.

In the second example, CALC is compiled as small model {by default) and
with the alternate math option (/FPa). The LINK command specifies the
/NOD option and gives the names EM.LIB, SLIBFP.LIB, and SLIBC.LIB in
the “Libraries” field, causing all floating-point calls to refer to the emula-
tor library instead of the alternate mat.ﬁ ribrary.

In the third example, CALC.C is compiled with the /FPi87 option. The

library names 87.LIB and SLIBFP.LIB are placed in the object file. The

LINK command overrides the default library specification by giving the
NOD option and the names of the emulator library (EM.LIB),
LIBFP.LIB, and the standard library (SLIBC.LIB).

7.7.2 Using the NO87 Environment Variable

Programs compiled using the /FPc or /FPi option will automatically use
an 8087/80287 coprocessor at run time if one is installed. You can over-
ride this and force the use of the emulator instead by setting an environ-
ment variable named NOB7. {See Section 2.5 of Chapter 2, “Getting
Started,” or your MS-DOS documentation for a discussion of environment
variables.)
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If NO8?7 is currently set to any value when the program is executed, use of
the 8087 /80287 coprocessor is suppressed. The value of the NO87 setting
is printed on the standard output as a message. The message is only
printed if an 8087/80287 is present and suppressed; if no coprocessor is
present, no message appears. 1f you don’t want a message to be printed,
set NOB7 equal to one or more spaces; nothing will be printed.

Note that only the presence or absence of the NO87 definition is important
in suppressing use of the coprocessor. The actual value of the NO87 set-
ting is only used {or printing the message.

The NOB87 variable takes effect with any program linked with the emulator
library (EM.LIB). It has no effect on programs linked with 87.LIB or
SLIBFA.L)IB (MLIBFA.LIB or LLIBFA.LIB for medium and large model
programs).

Examples_

e .

1.. _S'ET NOB7=Use of coprocessor suppressed
2. .- 5ET NOB7=space

The first example causes the message “Use of coprocessor suppressed” to
appedar on the screen when a program that can use an 8087 or 80287 is exe-
cuted.

The second example sets the NO87 variable to the space character. Use of
the coprocessor is still suppressed, but no message is displayed.

7.8 Advanced Optimizing

This section describes additional optimizing procedures that can be used
with the optimizing options described in Section 3.11 of Chapter 3, “Com-
piling,” to create more efficient programs from your code.
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7.8.1 Removing Stack Probes

Optior;
/Gs

You can reduce the size'of a program and speed uX execution slightly by
using the /Gs option to remove all stack probes. A stack probe is a short
routine called by a function to check the program stack for available
space. The stack probe routine is called at every entry point. Ordinarily,
the stack probe routine generates a message when it detects a stack
overflow. When the /Gs option is used, no message is printed.

The /Gs option is useful when a program is known not to exceed the avail-
able stack space. For example, stack rrobes may not be needed for pro-
grams that make very few function calls.

Although the /Gs option, combined with the /Osa option, described with
the O string options in Section 3.11 “Optimizing,” makes the smallest pos-
sible program, it should be used with great care. Removing stack probes .
from a program means that some execution errors may not be detected.

Example

MSC FILE.C /Ota /Gs;

This example optimizes the file FILE.C by removing stack probes with the
/Gs option and relaxing alias checking with the /Ota option. The letter

“¢” in the /Ota option tells the compiler to favor execution time over code
size in the optimization.
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7.8.2 Maximum Optimization

Option
/0x

The /Ox option is a shorthand way to combine optimizing options to pro-
duce the smallest possible program. Its effect is equivalent to

f0as /Gs

" Thus, the /Ox option removes stack probes, relaxes alias checking, and

favors code size over execution time.

7.9 Modifying the Executable File

The EXEPACK and EXEMOD utilities (supplied with your compiler
soltware) allow you to modify an executable program file. The EXEPACK
utility “compresses” the executable file by removing sequences of charac-
ters [rom the file and by optimizing the relocation table. Programs that

. have large data structures {arrays and struct types) contain sequences of

null characters to initialize the data structures. By using EXEPACK on
such program files, you can significantly reduce the size of the executable
file and the time required for loading.

The EXEMOD utility allows you to examine and modify file header infor-
mation. The program assumes that you are familiar with the fields and
format of the file header. See your Microsoft M5-DOS Programmer's
Reference Manual for details.

The [ollowing sections explain how to invoke and pass arguments to the
EXEPACK and EXEMOD programs. :
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7.9.1 The EXEPACK Utility

Command
EXEPACK ezccutable-file outpul-file

The EXEPACK utility compresses sequences of identical characters from
the given ezecutable-file and optimizes the relocation table. The
compressed file is written to the output file, and the original file is

unmodified.

il if it is
he EXEPACK utility produces self-explanatory error messages il 1
rtf‘n:bll.:e to compress t.l?epgiven file. See Section E.6 of Appendix E, “Error
Messages,” for a listing of these error messages.

7.0.2 The EXEMOD Utility

Command
EXEMOD ezcculable-file [/stack n} [/min n] [/max n)

ili i ] i instruc-
XEMOD utility modifies fields in the header according to ins
'tIi‘gl?stgiven on the coymmand line. To display the header fields without
modifying them, give the executable-file without any options.

The options are shown with the [orward slash (ﬁloption character, but a

i i iven in either
-} may be used instead if you prefer. ey can be given in ei
:ggz::a.ge )or lgwercase. The options have the ellects listed below.

Option Effect

Sets the initial SP (stack pointer) value to n, where nis
/mtackn a hexadecimal value in bytes. The minimum allocation

value is adjusted upward if necessary.
/min n Sets the minimum allocation value to n, where nis a

hexadecimal value in paragraphs. The actual value set

may be different from the requested value if adjust-
ments are necessary to accommodate the stack.

/max n Sets the maximum allocation to n, where n is a hexade-

cimal value in paragraphs. The maximum allocation
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value must be greater than or equal to the minimum
allocation value.

Notice that the modifications you can make with the /stack and /max
options can also be made by relinking the program with the corresponding
linker options (/STACK and /CP LOC). The advantage of the
EXEMOD utility is that it modifies the executable file directly, without
requiring the program to be relinked.

¥ N
S

The EXEMOD program produces self-ex']'ilé,né;tdry error messages when it
is unable to carry out the given instructions. For a listing of these mes-
sages, see Section E.7 of Appendix E, “Error Messages.”

Warning

The /stack option can only be used on programs compiled with the
Microsoft C Compiler Version 3.0 or later, the Microsoflt Pascal Com-
piler Version 3.3 or later, or the Microsoft FORTRAN Compiler Ver-
sion 3.3 or later. Use of the /stack option with other programs may
cause the program to fail.

7.10 Controlling Binary and Text Modes

Most G programs use one or more data files for input and output. Under
MS-DOS, data files are ordinarily processed in “text” mode. In text mode,
carriage return-linefeed combinations (CR-LF) are translated into a single
linefeed (LF) character on input. Linefeed characters are translated to car-
riage return-linefeed combinations on output.

In some cases you may want to process files without making these transla-

tions. In binary mode, carriage return-linefeed translations are
suppressed.

Standard library routines such as fopen or open give you the option to
override the default mode when you open a particular file. You can also
change the default mode for an entire program from text to binary mode.
Do this by linking your program with the file BINMODE.OBJ, which is
supplied as part of your C compiler software. Simply add the filename or
pathname of BINMODE.OBI to the list of filenames when you link your
program.
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When you link with BINMODE.OBJ, all files opened in your program
default to binary mode, with the exception of stdin, stdout, and stderr.
However, linking with BINMODE.OBJ does not force you to process all
data files in binary mode. You still have the option to override the default
mode when you open the file.

Use the setmode library function when you want to change the default
mode of stdin, stdout, or stderr {rom text to binary, or the default mode of
stdauz or stdprn from binary to text. The setmode [unction can change the
current mode for any file and is primarily used for changing the mode of
stdin, stdout, stderr, stdauz, and stdprn.

7.11 Mixed Model Programming

Option
/Astring

The Microsoft C Compiler defines three standard memory models {small,
medium, and large) to accommodate programs with differing memory
requirements. For an introduction to memory models, along with a discus-
sion ol the standard memory models and an alternate form of the /A
option, see Section 3.13 of Chapter 3, “Compiling.”

One limitation of the predefined memory model structure is that all
pointers for code or data change size at once when you change memory
models. To overcome this limitation, the Microsoft C Compiler lets you
override the default addressing convention for a given memory model and
access an item with either a “near” or a “far” pointer. This is particularly
useful when you have a very large or infrequently used data item that you
want to access from a small or medium model program. You can access
that item in another segment, saving space in your defaunlt data segment.

There are two ways to create mixed model programs. You can use the spe-
cial keywords near and far in your program declarations to override the
default addressing conventions for individual items. In a small model pro-
gram, the far keyword lets you access data and [unctions in segments out-
side the program. In medium and large model programs, near lets you
access data with just an offset. The near and far keywords can be used
with a standard memory model to overcome nddressing limitations for
particular items without changing the addressing conventions for the pro-
gram as a whole.
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In the second method you combine features of the standard memory
models to create your own customized memory model. To do this, you use
the /A option followed by a string of three letters that tells the compiler
the attributes of the memory model you want to use. The three fields of
the string correspond to the code pointer size, the data pointer size, and
the stack and data segment setup. The letters allowed in each field are
unique, so you can give them in any order after /A. All three letters must
be present.

Using the near and far keywords is the recommended procedure for creat-
ing mixed model programs. These keywords are particularly useful when

‘you have a very large or infrequently used data item that you want to

access [rom a small or medium model program. You can use the far key-
word to cause a new segment to be allocated lor the data item, and then
access that item with a far pointer, while still using near pointers (the
default) for your other data. You must take care when calling library
routines in programs that use the near and far keywords (for example, you
cannot pass a far data item to a small model library routine), but in most
cases you can easily use the standard libraries (small, medium, or large
model) with these programs. :

When you use a customized memory model (the /Astring option), you are
responsible for making sure that your program reflects the customized
model and handles pointers and the stack and data segments consistently
and correctly. Moreover, you are responsible for selecting and modifying a
library for your program. Library support is not guaranteed for mixed
model programs, and adapting one of the standard libraries (small,
medium, or Jarge model) to produce the appropriate combination of near
and far routines and data may require considerable time and effort.

The sections below discuss the near and far keywords, pointer size, the
stack and data segment setup, and library support for mixed model pro-
grams.

7.11.1 Using the Near and Far Keywords

The near and far keywords let you override the default addressing conven-
tions of a particular memory model for an individual item {either code or
data) without changing the default addressing conventions. The near and
far keywords are special type modifiers you may use in your program dec-
larations to override the default length and meaning of the address of a
given variable. The near keyword defines an object with a 16-bit address.
The tar keyword defines an object with a full 32-bit segmented address.
Any data item or function can be accessed with a tar pointer.

149



Microsoft C Compiler User’s Guide

When you use the near and far keywords in a program, you must specify
the /Ze option at compile time to enable the keywords. (See Section 7.2,
“Enabling Special Keywords.”) Without the /Ze option, the compiler will
treat near and tar as ordinary identifiers, causing program errors.

Since there is no type-checkinibet.ween items in separate source fles, the
near and far keywords should be used with great care.

The examples in the Table 7.1 illustrate the tar and near keywords as used
in declarations in a small model program.

Table 7.1

Uses of near and far Keywords with Small Model
Declaration Address Size Item Size

char c; near (16 bils) 8 bits (data)

char far d; far (32 bits) 8 bits (data)*

char *p; near (18 bits) 18 bits {near pointer)

char far =q; near {186 bits) 32 bits (far pointer)

char » far r; far (32 bits) 16 bits {near pointer)®
char far * far s; far (32 bits) 32 bits (far pointer)*

int foo(); near (16 bits) function returning 18 bits
int far foo(); far (32 bits) function returning 16 bits®

s

® This causes the variable to be atlocated to a new segment.
® This example has no meaning; it is shown for syntactic completeness only.
© This is similar to accessing data in a long mede) program.

4 This example leads to trouble in small modet programs. In small model programs, calls
to library Rmct.ions are near, The lar call shown in the example changes Lthe CS (code seg-
ment) register, making the offset values used for library calls invalid.
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The following example is from a medium model compilation.
int near foo();

This declaration prepares for a near function call in an otherwise far (cal-
ling) program.

7.11.2 Creating Customized Memory Models

The /A string option lets you change the attributes of the standard
memory models to create your own memory models. With the /A string
option you can control the default code pointer size, data pointer size, and
the stack and data segment setup, as described below.

The standard memory model options (/AS, /AM, and /AL) can also be
specified in the /A string form. The standard memory model options are
listed with their /A siring equivalents below.

/AS /Asnd
/AM /Alnd
/AL JAlfd

7.11.2.1 Code Pointers

Options

/Aszz
/Alzz

The letter “s” (for “short”) tells the compiler to generate near (16-bit)

" pointers for all code items. This is the default for small model programs.

The letter “1* (for “long”) means that far (32-bit) pointers are used to

.address all code items. Far pointers are the default [or medium and large

model programs.

"The letters “1” and “s” are used for code pointers to distinguish them in

the memory model string from the letters for data pointers, discussed
below. The terms “short” and “long” are equivalent to “near” and “far”,
respectively.
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7.11.2.2 Data Pointers

Options

/Anzz
/Afzz

Two sizes are available for data pointers: near and far. The letter “n”
tells the compiler to use near {16-bit) pointers for all data. This is the
default for small and medium model programs.

The letter “I" specifies that all data pointers are far (32-bit). This is the
default for large model programs. When far data pointers are used, no
single data item may be larger than a segment (64K bytes) because address
arithmetic is done only on 18 bits (the offset portion) of the address. All
elements or members of the data item must be within the same segment to
be referenced correctly.

7.11.2.3 Setting Up Segments

" Qptions

/Adzx

/Auzr

AwzE <

The letter “d” tells the compiler that SS equals DS; that is, the stack and
data segment pointers contain the same address. This is the default for all
programs. In small and medium model programs, the stack and all data
segments combined must occupy less than 64K bytes; thus, any data item
is accessed with just 16-bit offset from the address in SS and DS.

In large model programs, global and static data are placed in a single seg-
ment called the “default” data segment. The address of this segment is
stored in the DS and SS registers. All pointers to data, including pointers
to local data (the stack), are full 32-bit addresses. This is important to
keep in mind when passing pointers as arguments in large model pro-
grams.
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The letter “u” allocates different segments for the stack and the data seg-
ments. Each object file modu]e) is allocated its own segment for global
and static data items. en the “u” option is specified, the address in the
DS register is saved at the entry point for each program module, and the
new DS value for the module is loaded into the register. The previous DS
value is restored at the module exit point. Thus, only one data segment is
accessible at any given time.

A single segment is allocated for the stack, and its address is stored in the
stack register. The stack cannot be placed in a data segment since it must
be available throughout the entire program.

The “w” option sets up a separate stack segment, like the “v” option, but
does not automatically load the DS register at each module entry point.
This opticn is typically used when writing application programs that
interface with an operating system or with a program running at the
operating system level. The operating system or the program running
beneath the operating system actually receives the data intended for the
application program and places it in a segment; then it must load the DS
register with the segment address for the application program.

7.11.3 Library Support

Most C programs make function calls to the routines in the C run-time
library. Library support is provided for the three standard memory
models (small, medium, and large) through three separate run-time
libraries. When you write mixed model programs, you are responsible for
determining which library (if any) is suitable for your program and for
ensuring that the appropriate library is used.

When using the near and far keywords to modify addressing conventions
for particular items, you can usually use one of the standard libraries
(small, medium, or large) with your program. However, you must take
care when calling library routines; for example, you cannot pass far data
items to a small model library routine.

Library support for programs using a customized memory model (the
/Astring option) is not guaranteed, and you will probably need to spend
some time creating a customized library to be used with your customized
memory model. It is recommended that you use the /NOD (for no default
library search) option when linking, and then explicitly specify the library
files and object files you want to use. Be sure to use the correct startup
routine for your memory model; for example, if the source file containing
the “main” function is compiled with far code pointers and near data

!
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pointers as the default, you should use the startup file from the medium
model library. '

Moreover, you must make sure that any library routines called in those
files are taken from the appropriate library. For example, suppose (ou
compile the “main” function with the small memory model option /AS)
and compile another source file from the same program with the option
/Alnd (which makes all code pointers far pointers). If the second program
file contains calls to library routines, you can create a customized librar
file (using the LIB utility) that replaces each routine called in the secon
file with the corresponding large model version.

Notice that you must declare these large model routines appropriately as
well. This procedure requires great caution, however, because the replaced
routines may be called in other source files of the program as well. More-
over, some routines in the run-time library call other run-time routines to
accomplish their tasks.

7.12 Setting the Data Threshold

Options
/Gt [n]

By default, the compiler allocates all static and flobal data items to the
default data segment. The /Gt option causes all data items greater than n
bytes to be allocated to a new data segment. When nis gpecified, it must
follow the /Gt option immediatelr, with no intervening spaces. When nis
omitted, the default threshold value is 256. .

You can only use the /Gt option with large model programs since smail
and medium model programs have only one data segment. It is particu-
larly useful with programs that have more than 641 bytes of static and
global data in small data items.
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7.13 Naming Modules and Segments

Options

/NMmodule-name
/NTliext-segment-name
/NDdata-aegment-name

“Medule” is another name for an object file created by the C compiler.

Every module has a name. The compiler uses this name in error messages

if problems are encountered during processing. The module name is usu-

ally the same as the source filename. You can change this name using the
NM (for “name module”) option. The new module-name can be any com-
ination of letters and digits.

A “segment” is a contiguous block of binary information (code or data)
produced by the C compiler. Every module has at least two segments: a
text segment containing the program instructions and a data segment con-
taining the program data. Each segment in every module has a name.
This name is used by the linker to define the order in which the segments
of the program appear in memory when loaded for execution. (Note that
the segments in the group named DGROUP are an exception; see Section

3.1.1.11,]"Segment.s,“ in Chapter 8, “Interfaces with Other Languages,” for
etails.

Text and data segment names are normally created by the C compiler.
These default names depend on the memory model chosen for the pro-
gram. For example, in small model programs the text segment is named
“.TEXT"” and the data segment is named “_DATA”. These names are the
same for all small model modules, so all text segments from all modules
are loaded as one contiguous block, and all data segments from all
modules form another contiguous block.

In medium model programs, the text from each module is placed in 2
separate segment with a distinct name, formed by using the module
basename along with the suffix “_“"TEXT”. The data segment.is named
“_DATA”, as in the small model.

In large model programs, the text and data from each module are loaded

into separate segments with distinct names. Each text segment is given
the name of the module plus the suffix “_“TEXT”. The data from each seg-
ment are placed in a private segment with a unique name (except for glo-
bal and static data placed in the default data segment). The naming con-
ventions for text and data segments are summarized in Table 7.2.
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Table 7.2

Segment Naming Conventions

Model Text Data Module
Small _TEXT _DATA filename
Medium module_TEXT _DATA filename
Large module_TEXT _DATA® filename

% Name of default data segment.

You can override the default names used by the C compiler (thus overrid-
ing the default loading order) by using the /NT (for “name text”) and
/ND (for “name data.’% options. These options set the names of the text
and data segments, in each module being compiled, to a given name. The
text-segment-name and data-segment-name can be any combination of
letters and digits.
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8.1 Assembly Language Interface

This section explains how to use 8086/8088 assembly language routines
with C language programs and functions. In particular, it outlines the seg-
ment model used by the Microsoft C compiler and explains how to call

-assembly language routines from C language programs and vice versa.

This assembly language interface is especially useful for those assembly
language programmers who want to use the functions of the standard C
library and other C libraries. '

If you have assembly language programs that were written to work with
the Microsoft C Compiler Version 2.03 or earlier, turn to Section D.4 of
Appendix D, “Converting from Previous Versions of the Compiler,” for a
discussion of differences between the assembly language interface for this
compiler and earlier versions.

- 8.1.1 Segment Model

This section describes the run-time structure of Microsoft C programs.
Memory on the 8086 /8088 processor is divided into segments, each con-
taining up to 64K bytes. When a program is linked, the segments are
organized into groups and classes. The segments, groups, and classes of
Microsolt C programs are described below.

8.1.1.1 Segments

Figure 8.1 shows the order of primary segments of a C program in

“ memory, from the highest memory location to the lowest. When you look

at a map file produced by linking a C program, you may notice other seg-
ments in addition to the names listed below. These additional segments
have specialized uses for Microsoft languages and should not be used by
other programs.

The /DOSSEG option available with Microsoft LINK produces the order-
ing shown here. Since this is the default ordering lfor C programs, you do
not need to use /DOSSEG with C programs, but you may find it useful
when linking assembly language routines.
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_DATA

NULL
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Figure 8.1 Segment Setup in C Programs

The “heap” is the area of unallocated memory that is available for
dynamic allocation by the program. Its size varies, depending on the
program's other storage requirements, )

The segment contents are listed below.

The STACK segment contains the user’s stack,
which is used [or all local data items.

)

-BSS

c_comman

CONST

-DATA

NULL

Data Segments
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The _BSS segment contains all uninitialized static
data items except for those that are explicitly
declared as far items in the source file.

The c_.common segment contains all uninitialized
global data items for small and medium model pro-
grams. In large model programs, this type of data

item is placed in a data segment with class
FAR_BSS.

The CONST segment contains all constants that
can only be read. These include floating-point con-
stants, as well as segment values for data items
declared far in the source file or data items that
are forced into their own segment by use of the
/Gt option.

Writing to string literals is allowed in C. Thus,
strings are stored in the _.DATA segment rather
than the CONST segment.

The _.DATA segment is the default data segment.
All initialized global and static data reside in this
segment for all memory models, except for data
explicitly declared far or data forced into different
segments by use of the /Gt option.

The NULL segment is a special purpose segment
that occurs at the beginning of DGROUP. The
NULL segment contains the compiler copyright
notice. This segment is checked beflore and after
the program executes. If the contents of the NULL
segment change in the course of program execu-
tion, it means that the program Eas written to this
area, usually by an ina.crvertent, assignment
through a null pointer. The error message “Null
pointer assignment” is displayed to notify the user.

Initialized static and global tar data items are
always placed in their own segments with class
name FAR_DATA. This allows the linker to com-
bine these items so that they all come before
DGROUP. Uninitialized static and global far data
items are placed in segments that have class
FAR_BSS. Again, this allows the linker to place
these items between the TEXT segment or seg-
ments and DGROUP. In large model programs
global uninitialized data are treated as though
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e St wddd

Punmetms gk e align bined in this segment. In medium and large model

declared as far (unless specifically declared near)
and given class FAR_BSS.

-TEXT The _TEXT segment is the code segment. In small
model programs the code for all modules is com-

programs each module is allocated its own text

‘H re '-L‘H'L segment. The segments are not combined, so there
W X L;k are multiple text segments in medium and large
grt s o g¢' model programs. Each segment in a medium or
) large model program is given the name of the
module plus t.lj_ suffix _TEXT. TedT
Al 'eme' i uweeded, e b vl wh coamliw Wi © Plegen e
l When implementing an assembly language routine to call or be called from

a C program, you will probably refer to the _TEXT and _DATA segments
most [requently. The code for the assembly language routine should be
placed in the _TEXT segment (or module-name_TEXT for medium and
large model programs). Data should be placed in whichever segment is
appropriate to their use, as described above. Usually this is the default
data segment, _DATA.

8.1.1.2 Groups

All segments with the same group name must fit into a single physical seg-
ment, which is up to 64K bytes long. This allows all segments in a group
to be accessed through the same segment register. The Microsoft C com-
piler defines one group named DGROUP.

The NULL, _DATA, CONST, BSS, c_.common, and STACK segments are
grouped together in the data group, called DGROUP. This allows the com-
piler to generate code for accessing data in each of these segments without
constantly loading the segment values or using many segment overrides on
instructions. DGROUP is addressed using the DS or SS segment rsgifter.

DS and SS always contain the same value except when the “u” or “w
option of the /A option is used.

In large model programs, or small and medium model programs using far
data declarations, DS may be changed temporarily to a different value to
allow the program to access data outside the default data segment. The
ES register may also be used in these cases.
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SS is never changed; =it.s‘segment, registers always contain abstract “seg-
ment values” anﬁ the contents are never examined or operated on. This
provides compatibility with the Intel 80286 processor.

In smail model programs, there is only one text segment, named _TEXT.

In medium and large model pro%ra,ms, the names of all text segments must
end with the suffix “_TEXT"”. The text segments are not grouped.

8.1.1.3 Classes

. Table 8.1 gives the align type, combine class, class name, and group for

each segment discussed above. All segments with the same class name are
loaded next to each other.
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Table 8.1
Segments, Groups, and Classes for Standard Memory Models
Memory  Segment Align Combine Class
Model Name Type Cilass Name Group
Small -TEXT byte public CODE
Data Segmgnu“ para privat.e FAR_DATA
Data Segmente® para public FAR_BSS
NULL para public BEGDATA DGROUP
_DATA word  public DATA DGROUP
CONST word  public CONST DGROUP
-BSS word  public BSS DGROUP
STACK para  stack STACK DGROUP
Medium module TEXT byte public CODE
Data Segments*  para private FAR_DATA
Data Segments®  para public FAR_BSS
NULL para public BEGDATA DGROUP
DATA word  publie DATA DGROUP
CONST word  public CONST DGROUP
-BSS word  public BSS DGROUP
STACK para stack STACK DGRCUP
Large module_TEXT byte public CODE
Data Segments® para private FAR_DATA
Data Segments? para public FAR_BSS
NULL para public BEGDATA DGROUP
_DATA word  publie DATA DGROUP
CONST word  public CONST DGROUP
-BSS word  public BSS DGROUP
STACK para stack STACK ¢ DGROUP

* Segmenls) flor initialized far data.

b Segment{s) for uninitialized lar data.

¢ Segment(s} lor initialized globa! and static data.

4 Segment(s) for uninitialized global and static data.
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8.1.2 The C Calling Sequence

To receive values from C language function calls or to pass values to C
functions, assembly language routines must follow the C argument passing
conventions. C language function calls pass their arguments to the given
functions by pushing the value of each argument onto the stack. The call
pushes the value of the last argument first and the first argument last. If
an argument is an expression, the call computes the expression’s value
before pushing it onto the stack.

Arguments with char, short, Int, unsigned char, unsigned short, or
unsigned Int type occupy a single word (16 bits) on the stack. Arguments
with long or unsigned long type occupy a double word (32 bits); the
value’s high order word is pusged first. Arguments with float type are con-
verted to double type (64 bits). Note that char type arguments are sign-
extended to Int type before being pushed on the stack; unsigned char type
arguments are zero-extended to unsigned int type. N

, e
Pointers occupy either 16 or 32 bits, depending on the memory model, the
type of item addressed (code or data), and whether the pointer is modified
with 2 near or far declaration. The segment value of far pointers is
pushed first, then the offset.

If an argument is a structure, the function call pushes the last word of the
structure first and each successive word in turn until the first word is
pushed. Arrays are passed by reference; the array identifier evaluates to
the array address, wﬁich is used to access the array.

Alter a function returns control to a routine, the calling routine is respon-
sible for removing arguments from the stack.

8.1.3 Entering an Assembly Routine

Assembly language routines that receive control from C function calls

should preserve the contents of the BP, SI, and DI registers and set the BP
register to the current SP register value before proceeding with their tasks.

' flt is not necessary to preserve the contents of SI and DI if the assembly

anguage routine does not modify them.)

If the assembly routine modifies the contents of the SS (stack segment), DS
(data segment), and CS (code segment) registers, their values should be
saved on entry and restored at exit. The values of SS and DS are always
equal in C programs unless the “u” or “w" letter of the /A option is
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specified to set up separate stack and data segments.

The following example illustrates the recommended instruction sequence
for entry to an assembly language routine. :

entry:
push bp
mov bp.Bp
push di
push 81

This is the same sequence used by the C compiler.

If this sequence is used, the last argument pushed by the function call
(which is also the first argument given in tﬁe call’s argument list) is at
address [bp+4] for a near [unction call, [bp+8] for a far function call.
Subsequent arguments begin at [bp+61, [bp+8], or [bp+10], depending
upon the size of the first argument and whet.g

far. If the first argument is a single word and the function call is near, the
next argument starts at [(bp+6}. Il the first argument is a single word
and the function call is far, or the first argument is a double word and the
function call is near, the next argument starts at (bp+8]. II the first
argument is a double word and the function call is far, the next argument
starts at [bp+10].

Notice that the push instructions in the above sequence are not necessary
if the assembly language routine does not modily the contents of the SI
agfl DI registers, wﬁich are used by the compiler to store reglster vari-
ables.

It is recommended that macros be written and used to distinguish between
near and far function calls and returns. Such macros make the code more
readable and can help to insulate a program from changes in the calling
sequence,

8.1.4 Return Values

Assembly language routines that wish to return values to a C language
program or receive return values from G functions must follow the C
return value conventions. The conventions are shown in Table 8.2.
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Table 8.2
C Return Value Conventions

Return Value Type

char

short

int

unsigned char
unsigned short
unsigned Int

long high order word in
DX; low arder word
in

high order word in
DX; low order word
in

address of value in
AX; value must be
in a static area in
memory

address of value in
AX; value must be
in a statie area in
memory

2EEERE |§
¥

unsigned long

struct or union

float or double

near pointer AX

far pointer segment selector in
DX; offset in AX

8.1.5 Exiting a Routine

Assembly language routines that return control to C programs should
restore the values of the BP, SI, and DI registers belore returning control.
(The contents of the Sl and DI registers do not have to be restored if the
entry sequence did not push them.) The following example illustrates the
recommended instruction sequence for exiting a routine called by a small
model program.
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o 81
go; di
mov sp,bp
pop bp
ret

This sequence does not change the AX, BX, CX, or DX registers or any of
the segment registers. The sequence does not remove arguments from the
stack; this is the responsibility of the calling routine.

Notice that the “pop” instructions for SI and DI in the above sequence are
not necessary if the contents of the S1 and DI registers are not modified by
the assembly Janguage routine and were not saved on entry.

8.1.6 Naming Conventions

An assembly language routine can access globally visible items {data or
functions) in a C program by prefixing the item name with an underscore
s_). (C items declared as static cannot be accessed.) For example, a C
unction named add can be accessed in an assembly language program by
declaring the name _add as external. '

For a C program to access an assembly language routine or data item, the
name of the assembly language item must begin with an underscore S_)
The C program refers to the assembly language item without the under-
score. For example, a C program could call a publicly defined assembly
language routine named _miz by declaring

extern mix();

If the assembly language name does not begin with an underscore, it can-
not be accessed in a C program.

The C compiler reserves some identifiers beginning with two underscores
for internal use. You should avoid using identifiers with two leading
underscores in your assembly routines and identifiers with one leading
underscore in your C source files, as these identifiers may conflict with
internal names.

Some assemblers translate all lowercase letters to uppercase, or vice versa.
Since the C language is case-sensitive, this can pose problems. Check
your assembler documentation for information on this topic. The Micro-
soft Macro Assembler, Version 3.0 or later, oflers an option to control case
sensitivity.
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8.1.7 Register Considerations

The SI and DI registers are used to store the values of variables given
reglster storage in a C program. An assembly language routine that
changes the S% and DI registers is responsible for saving their contents on
entry and restoring them before exiting.

The C compiler assumes that the direction flag is always cleared. If your
assembly routine sets the direction flag, be sure to clear it (using the “cld”
instruction) before returning.

If the assembly routine modifies the contents of the SS (stack segment), DS
(data segment), and CS (code segment) registers, their values should be
saved on entry and restored at exit. The values of SS and DS are always
equal in C programs unless the “u” or “w” letter of the /A option is
specified to set up separate stack and data segments.

8.1.8 Program Example

To illustrate the assembly language interlace, consider the following
example. The example assumes that the C program is small model.

int a=1, b=1, c¢;

?ain()
c = add(a,b);
}
add(1,])
%m-. 1.1;
) return(i+j);

If the add function is written as an assembly language routine instead of a
C function, it must save the proper registers; retrieve the arguments from
the stack; add the arguments; place the return value in the AX register;
and then restore registers and return control. Here is an example of how
the routine can be written. Notice that preserving and restoring S! and DI
is shown for illustration, although the procedure is not strictly necessary
in this case. (If the assembly routine were written to work with a medium

. or large model C grogram, the —add procedure would be declared FAR

instead of NEAR
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"o

{bp + 4)

s 1=
;) = [bp +.8]
_add ~ PROC NEAR
push bp
mov bp,8p
push di
push . 81
‘mov_ - ax, [bp+4]
add ax, [bp+8]
pop st
Eo; di
mov sp.bp
il bp
ret
—add endP

If, on the other hand, the C function is to be called by an assembly
language routine, the routine must contain instructions that push the
arguments on the stack in the proper order, call the function, and clear
the stack. It may then use the return value in the AX register. These
instructions are shown in the following example.

push )|
push [_a)
call —add
add sp.4
mov [c].ax

8.2 Calling FORTRAN and Pascal Routines

‘This section describes how to use the fortran and pascal keywords in C

rograms to declare routines written in Microsoft FORTRAN or Microsoft
F'ascal. To call such routines, you must have Version 3.3 or later of the
Microsoft FORTRAN or Microsoft Pascal compilers.

Writing mixed-language programs requires that you have a thorough
understanding of the languages involved. For example, you must consider
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e the correspondence between data types in different languages

e the rules for converting, passing, and returning values in different
languages

® naming conventions .
¢ library support and compatibility between libraries
¢ the memory models available in each Janguage
This section discusses only the syntax of pascal and tortran declarations

and does not attempt to cover the many issues that arise in mixed
language programming. For a complete discussion of mixed language pro-

‘ gramming, see your Pascal or FORTRAN manual, Version 3.3 or later.

The special keywords foriran and pescal let you declare external FOR-
TRAN and Pascal routines in C programs. To enable the keywords, you
must use the /Ze option when compiling.

You can also use the fortran and pascal keywords when declaring 3 C
function. In this case the keyword instructs the C compiler to use FOR-
TRAN or Pascal conventions for entry and exit sequences when compiling
the C function. This option is useful when you want to call a C function
from within a FORTRAN or Pascal routine.

You declare FORTRAN and Pascal routines in the same manner that you
declare C lunctions: you specily the function identifier, the return type,
and the type and number of arguments to the function. (See the Microsoft
C Language Reference for a complete discussion of the syntax of function
declarations.) ' o

The following additional rules apply to fortiran and pascal declarations.

1. Whenever aforiran or pascal keyword is used in a declaration, the
types of the arguments must be declared with an argument type
list. (Ordinarily the argument type list is optional.)

2. The tortran and pascal keywords modify the item immediately to
the right in a declaration.

3. The special near and far keywords can be used with the fortran and
pascal keywords in declarations. The sequences far toriran and tor-
tran far are equivalent,

Complex declarators are allowed in pascal and fortran declarations, just as
in C function declarations. With the addition of the near and far

modifiers, these declarations can become quite long. The following
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examples illustrate the syntax of pascal and fortran declarations. For
more on complex declarators, see the Microsoft C Language Reference.

Examples

1. short pascal thing(short, short);

2. long (pascal sthing)(void);

3. short (pascal *(*thing) (void)) (long);
4. short near pascal thing(short);

5. short pascal near thing(short);

Example 1 declares thing to be a Pascal routine taking two short argu-
ments and returning a short value.

In Example 2, thing is declared as a pointer to a Pascal routine that takes
no arguments and returns a long value.

Example 3 declares thing to be a pointer to a C [unction taking no argu-
ments that returns a pointer to a Pascal routine. The Pascal routine is
declared to take one long argument and return a short value.

Examples 4 and 5 are equivalent. Both declare thing to be a near Pascal

routine. The routine takes one short argument and returns a short value.
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Appendix A

ASCI Cha.racter Codes

Dec Oect Hex Chr Dec Oect Hex Chr
000 000 O0H NUL 032 040 20H Sp
001 001 01H SQH 033 041 21H !
002 002 02H STX 034 042 22H n
003 003 03H ETX 035 043 23H #
004 - 004 04H EOT 038 044 24H 3
005 005 05H EN 037 045 25H %
006 008 06H AC 038 048 26H &
007 007 07H BEL 039 047 27H !
008 010 08H BS 040 050 28H
009 011 09H HT 041 051 29H
010 012 0AH LF 042 052 2AH
011 013 0BH vT 043 053 2BH +
012 D14 OCH - FF 044 054 2CH
013 015 O0DH CR 045 055 2DH -
014 D16 OEH SO 046 056 2EH )
015 017 OFH SI 047 057 2FH /
016 020 10H DLE 048 060 30H. 0
017 021 11H DCi 049 061 31H 1
018 022 12H DC2 050 062 32H 2
019 023 13H DC3 051 063 33H 3
020 024 14H DC4 052 064 34H 4
021 025 15H NAK 053 065 35H 5
022 026 16H SYN 054 066 36H 6
023 027 17H ETB 055 067 37H 7
024 030 18H CAN 056 070 38H 8
025 031 19H EM 057 071 39H 9
026 032 1AH SUB 058 072 3AH :
027 033 1BH ESC 059 073 3BH :
028 034 1CH FS 060 074 3CH <
029 035 1DH GS 061 075 IDH =
030 036 1EH RS 062 076 3EH >
031 037 1FH Us 063 077 3FH ?
Dec=Decimal, Oct=0ctal, Hex=Hexadecimal(H), Chr=Charaster
LF=Line Feed, FF=Form Feed, CR=Carriage
DEL~Rubout
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Appendix A (continued)

Dee Oct Hex Chr Dee
064 100 40H @ 098
065 101 41H A 097 -~
088 102 412H ° B 098
067 103 43H . C 090
068 104 44H D 100
089 105 45H E 101
070 106 46H F 102
071 107 47H G 103
072 110 48H H 104
073 111 49H I 105
074 112 4AH J 108
075 113 4BH K 107
076 114 4CH L 108
077 115 4DH M 109
078 116 4EH N 110
079 117 4FH O 111
080 120 50H P 112
081 121 51H Q 113
082 122 s52H R 114
083 123 53H S 115
084 124 54H T 116
085 125 55H U 117
086 128 S6H v 118
087 127 57TH W 119
088 130 58H X 120
089 135 50H Y 121
0980 132 5AH Z 122
091 133 5BH ( 123
052 134 5CH \ 124
093 135 5DH ] 125
094 136 5EH B 128
095 137 5FH - 127

Oet

140
141
142
143
144

" 145

146
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
178
177

Hex

50H
81H
82H
63H
64H
65H
68H
67H
68H
69H
6AH
6BH
6CH
6DH
6EH
6FH
70H
71H
72H
73H
74H
75H
76H
77H
78H
79H

7BH
7CH
7DH
7EH
7FH

Ml M g e m @100 0 :5-—3-1_..-—-:-“ o a0 op

o“
g .

O

SEERRERRE

)
Eﬂ .

Dec=Decimal, Oct=0ctal, Hex=Hexadecimal(H), Chr=Character
LF=Line Feed, FF=Form Feed, CR=Carriage Return
DEL=Rubeout
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Command Summary

B.1 Introduction

This appendix summarizes the commands and options available with MSC
i&ldShe following Microsoft utilities: LINK, LIB, EXEPACK, and EXE-
OD.

o

B.2 Compiler Summary

The compiler is invoked with the MSC command. Type MSC to be
prompted for responses or use the command line method to give informa-
tion to MSC. If you don’t give MSC all the information it needs on the
command line, it will prompt you for the remaining responses.

" Options can appear anywhere a space can appear. The options available
with MSC are summarized below. :

MSC uses three environment variables to locate the files it needs. Before
invoking MSC, use the MS-DOS commands PATH and SET to assign a
pathname or pathnames to the following variables.

PATH Executable compiler files
INCLUDE Include files
T™MP Temporary files
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B.2.1 MSC Options

The following is a complete list of MSC options in alphabetical order. The
hyphen character (-) can be used in place of the forward slash (/) to intro-
duce the option il you prefer. Some additional options are available with
the CL. command; see Section C.4 of Appendix C, *The CL. Command.”

180

Option
[Aletter

[Astring

/C

/Didentifier [= [string) ]

/E

/EP

/Falfilenamel
/FeLfilename]

Task

Sets the program configuration. The leiler
may be §, M, or L, standing for “small,”
“medium,” and “large” model, respectively.

Sets the p'roFram configuration. The string
consists of three characters in any order,
one [rom each of the following groups.

Code Pointer Size s small
Il large

Data Pointer Size n  near
f far

Segment Setup d 55 equal to DS
u SS not equal

to DS, DS loaded
for each module

w  SS not equal to
DS, DS fixed

Preserves comments when preprocessing a
file (use only with /E, /P, or /EP).

Defines identifier to the preprocessor. The
value is string or empty.

Preprocesses the source file, copying the
result to the standard output and inserting
#line directives.

Preprocesses the source file, copying the
result to the standard output without #line
directives.

Produces assembly listing.

Produces combined source-assembly listing.

/Filfilename]
/Fofilename
/FPa

/FPec
JFPc87
JFPi

/FPis7

/GO
/Gt
/G2
/Gs
/Gt [number]

/Hnumber

/ldirectory

/NDdata-segment-name
/NMmodule-name
/NTtext-segment-name

Command Summary

Produces object listing.
Names the object file.

Generates floating-point calls and selects
alternate math library.

Generates floating-point calls and selects
emulator (uses 8087 /80287 if one is
present). SN

Generates floating-point calls and selects
8087 /80287 library (requires an 8087 or
80287 at run time{.

Generates in-line 8087 /80287 instructions
and selects emulator {uses 8087 or 80287 if
one is present).

Generates in-line 8087 /80287 instructions
and selects 8087 /80287 library (requires an
8087 or 80287 at run time).

Generates 8086 /8088 instructions.
Generates 80186/80188 instructions.
Generates 80286 instructions.
Removes calls to stack probe routine.

Places data items greater than number
bytes in new segment (256 bytes is the
default).

Restricts significant characters of external
names to number characters.

Adds directory to the top of the list of
directories to be searched for include files.

Sets the data segment name.
Sets the module name.
Sets the text segment name.
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B.2.2 Standard Memory Models

/Ostring Controls optimization. The string consists
of one or more of the following characters. Table B.1 defines the number of text and data segments for small,
d disable optimization - medium, and large memory models.
a - relax alias checking s
s [avor code size Table B.1
t I tion ti
X x:;:irr:l):f:l:u;ginmilz]:gion Text and Data Segments in Standard Memory Models
(equivalent to /Oas /Gs) Model Text Segments Data Segments
/P Preprocesses the source file and sends out- Small
put to file with the basename of the source mal 1 1
file and the extension “.I”. Medium 1 per module 1 .
Ju Removes definitions of all four predefined Large 1 per module 1 default data segment®
|denl;|f_iers. * The number of additional data segments depends on the program
JUidentifier Removes definition of the given predefined requirements.
identifier.
/Vstring Copies string to the object file. B.2.3 Pointer and Integer Sizes
/w Suppresses compiler warning messages. Table B.2 defines the sizes (in bits) of data pointers, text pointers, and
/\Wn Sets the output level (n=0, 1, 2, or 3) for integers (Int type) in the three standard memory models.
compiler warning messages. ‘
/X Ignores the list of “standard places” in the Table B.2
search for include files. Pointer and Integer Sizes
JZd ;iricludes line number information in object in Standard Memory Models
& ) Model . Data Pointer Text Pointer Integer
/Ze Enables Janguage extensions far, fortran,
huge, near, and pascal. Small 16 16 ' 16
/2g Generates function declarations from lunc- Medium 16 32 16 -
tion definitions and writes declarations to Large 32 32 16
standard output.
/2] Removes default library information from
object file.
/Zp Packs structure members.
/Zs Performs syntax check only. p.
1
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-B.2.4 Segment Names

The Table B.3 lists the default text and data segment names in the stan-
dard memory models. The default modulename is the filename.

Table B.3

Segment Names in Standard Memory Models
Model Text Data
Small _TEXT _DATA
Medium modulename_TEXT _DATA
Large modulename_TEXT _=DATA'

* Name of default data segment; other data segments have unique,
private names.

B.3 Linker Summary

Microsoft LINK, the object code linker utility, recognizes the command
characters and options listed in this section. LINK uses the environment
variable LIB to locate library files. Before invoking LINK, use the MS-
DOS command SET to assign & pathname or pathnames to the LIB vari-
able.

B.3.1 Linker Command Characters

Character Task

+ Use the plus sign (+) to separate entries and to extend
the current line in response to the “Object Modules”
and “Libraries” prompts.

To select delault responses to the remaining prompts,
use a single semicolon (;) followed immediately by a
RETURN any time alter the first prompt.

Type CONTROL-C to terminate the link session at any
time.

CONTROL-C
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Command Summary

B.3.2 Linker Options

. Options control various linker functions. Options must be typed at the

end of a prom[i)( response, regardless of which method is used to start
Microsoft LINK. Options may be grouped at the end of any response, or
may be scattered at the end of several responses. If more than one option

is ty(red at the end of a response, each option must be preceded by a for-
ward slash (/).

All options may be abbreviated. The only restrictions are that an abbrevi-
ation must be sequential from the first letter through the last typed and
must uniquely identify the option.

Some linker options take numerical arguments. A numerical argument
can be any of the following.

e A decimal number from 0 to 65,535.

¢ An octal number from 0 to 0177777, A number is interpreted as
octal if it starts with a zero. For example, the number “10” is a
decimal number, but the number “010” is an octal number,
equivalent to 8 in decimal.

® A hexadecimal number from 0 to OXFFFF. A number is interpreted
as hexadecimal if it starts with “Ox”. For example, “0x10” is a
hexadecimal number, equivalent to 16 in decimal.

The linker options, summarized below, are listed in alphabetica'l order.
Option Task

/CPARMAXALLOC: number
Sets the cparmaxALLOC field at offset 0x0c¢ in the EXE
header to number.

/DOSSEG Enforces the following loading order.

1. All segments with a class name ending with CODE.
2. All other segments outside of DGROUP.

3. DGROUP segments, in this order: (a} any seg-
ments of class BEGDATA (this class name is
reserved for Microsoft us¢2; (b) any segments not of
class BEGDATA, BSS or STACK; (c) segments of
class BSS; (d) segments of class STACK.

185



Microsoft C Compller User's Guide

/DSALLOCATE
Tells Microsoft LINK to load all data at the high end of

the data segment. Do not use the /DSALLOCATE
option with C programs,

/JHIGH Causes the run file to be placed as high as possible in
memory. Do not use the /HIGH option with C pro-
grams.

/LINENUMBERS

Includes in the list file the line numbers and addresses
of the source statements in the input modules.

/MAP Creates a file listing all public {global) symbols defined
in the input modules.

/NODEFAULTLIBRARYSEARCH
Causes default libraries to be ignored.

/NOGROUPASSOCIATION
Provides compatibility with previous versions of LINK.

Do not use the /NOGROUPASSOCIATION option with
) C programs.
JNOIGNORECASE
Causes the linker to distinguish between uppercase and
lowercase letters.
JOVERLAYINTERRUPT: number

Sets the overlay interrupt number to number.

/PAUSE Causes Microsoft LINK to pause in the link session
when the option is encountered.

/SEGMENTS: number
Sets the number of segments the linker allows a pro-

gram to have. The default is 128.

JSTACK:number
Sets the stack size to number, which may be any posi-

tive value up to 65,536 bytes. The default for C pro-
grams is 2I< (2,048 hyt.es{

184
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' B.4 The LIB Utility

The following command ch i i
e managger o, characters are recognized by Microsoft LIB, the

Character

+

—

&

CONTROL-C

Task
ﬂl?f:rl;(,is an object file or library file to the given
Deletes a module from the library.

Replaces a module by deleting a modul ;
an object file with the same ngame. vle and appending

Extracts a module from the Ii it i
object file e library and saves it in an

Extracts a module from the library and d .
i At eletes it
the library after saving it in an Ob%ect, file. es it from

Uses default responses to remaining prompts.

Extends current physical line;
o phy e; Tepeats command

Terminates library session.

B.5 The EXEPACK Utility

Commapd

EXEPACK excculable-file output-file

;I;lhe EXEPACK utility compresses sequences of identical characters from
e given execulable-file and optimizes the relocation table. The
compressed file is written to the output file, and the original file is

unmodified.
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B.6 The EXEMOD Utility

Command

EXEMOD czecutable-file [/stack n] [/min n) [/max n)

The EXEMOD utility modifies fields in the header according to instruc-
tions given on the command line. To display the header fields without
modifying them, give the ezecutable-file without any options.

Option

/stack n

/min n

/max n

188

Task

Sets the initial SP {stack pointer) value to n, where nis
a hexadecimal value in bytes. The minimum allocation
value is adjusted upward il necessary.

Sets the minimum allocation value to n, where nis a
hexadecimal value in paragraphs. The actual value set
may be different [rom the requested value if adjust-
ments are necessary to accommodate the stack.

Sets the maximum allocation to n, where nisa
hexadecimal value in paragraphs. The maximum allo-
cation value must be greater than or equal to the
minimum allocation value.
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The CL Comnmand
C.1 Introduction

This appendix summarizes the CL command. The CL command can be
used instead of the MSC and LINK commands to invoke the compiler and
linker. It is similar to the “cc” interface used on XENIX and UNIX sys-
tems; therefore, it may be familiar to some users.

The CL command uses the same four environment variables used by the
MSC and LINK commands. They are:

PATH
INCLUDE
TMP

LIB

C.2 Command Syntax and Options

The CL command has the form:
CL [options...] filename... [/1ink lib-field)

where each oplion is a command option, and each filename specifies a file
to be processed. You can give more than one option or filename, but you
must set off each item with one or more spaces. The /link option allows
you to pass information to the linker; see Section C.3, “Linking with the
CL Command,” for a description of the /link option.

Each filename must be the name of a C language source file or an object
file. If a source file, the filename must include the extension “.c” or “.C”.
When CL processes the file, it looks at the filename extension to determine
whether it should start processing at the compiling or linking stage. Any
files ending with “.c” or “.C” are compiled; files with any other extension
or no extension are assumed to be object filés.

You can use the MS-DOS “wild card” characters (? and #)} in filenames on
the CL command line. The CL command expands these characters in the
same manner that MS-DOS does. See your MS-DOS documentation for
more details. .
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inati f one
i ists of a forward slash (/) followed by a combination of
oArnn?g:;olttiz?: ltfha.t. have special mea.m/ng to CL. You can use a hyphel;
(-) instead of the slash as an option character if you prefer. Yox;z_nt.u e ,
any of the options available with the MSC command with CL. iticna

options that apply to CL only are given below.

. . d
i rocess more than one file at a time with the CL command,

?llx:c:r)éz:'l i%arv‘vl]:ich you give listing options (the /F g'rouia of 0 t.u}:lns 130
important. The /Fa, /Fc, /Fl, angL FIo O]:&t;?tl_ls availab :n“\lllsf.el t.th :/Fe
command are also available with CL. In addition, you ¢ .

i duced in the linking stage and the
option to name the executable file pro | Jin; stage and the o

ion t te a map file. The /F options that can

gl‘,":::ngtrlg;doaize:ummarifed in Table C.1. Some additional rules tha‘.it.
apply to arguments of the /F options when used with the CL command are

given in Table C.2.

192
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Table C.1
Summary of /F Options
. Default Default

Option  Task Filename® Extension

[Fa Produces assembly listing  Basename of source file ASM
plus “ASM"

[Fe Produces combined Basename of source file .COD

source-assembly listing plus “.COD”

[Fe Names the executable file  Basename of first source EXE
or object file on command
line plus “. »

/Fl Produces object listing Basename of source file .COD
plus €.COD”

/Fm Creates map file Basename of first source MAP
or ol:iiect, file on the com-
mand line plus * MAP®

[Fo Names object, file Basename of source ile ~ .OBJ

plus “OBJ"

* The default filename for the {Fa, [Fe, [Fl, and /Fm options is used when the opticn is
iven with no argument, or with a directory name as argument. The delault filename for the
5}’ e and /Fo options is used when the option is not given at all, or when a directory name is
given as the argument to the option.
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Table C.2
Arguments to /F Options
No
Filename Pathname .
Options A.lr;ument Argument Argumen
isti Creates listings in Creates listings 1{1
e (e l?er:f t;?u:cl;sﬁ:lr;goflor the given directo the drel'ault. direc
A command line; uses for every source file  tory o?‘ Ie:fil;{ed
‘ default extension il listed after the sourceh sted
tension is sup-~ option on the com- alter the op fon o
olied. mand line; uses the command line;
plied. default names. uses default names.
Not applicable;
i R me Creates executable !
[Fe tl’f;-eihg;‘::ﬂc:}::&e file in the given argu.me(llat is
file; uses default directory; uses required.
extension il no default name.
extension is sup-
lied. .
%ses given filename Creates map file in Uses default name,
/Fm for the map file; uses  the given directory;
default extension if uses default name.
no extension is sup-
lied. - |
/Fo fjses given filename Creates object files  Not applicable;

as the object
filename for the next
source file on com-
mand line; uses
default extension if
no extension is sup-
plied.

in the given direc-
tory lor every
source file listed
after the option on
the command line;

uses default names.

argument is
required.

Note: No spaces are allowed between the option and the argument (if any) for any of the /F

options.

Unlike the MSC command, the CL command invokes the linker as well as

the compiler. By default, CL automatically performs linking; you can

i is wi option, described in S _ i -
g:{igg: ’Eh\l(sozrl::nt:fsécpags yoﬁr own arguments to the linker, in addition

to the default arguments given b):‘
"?.,inking with the CL Command.

104

ection C.4, "Additional

CL. This is described in Section C.3,

-
|

i

The CL: Command
C.3 Linking with the CL Command

By default, the CL command invokes the linker after compiling. You can

override the default and cause CL to stop after compiling by giving the /c
(“compile only”) option.

The CL command uses the response file method of invoking the linker. By
default, it builds the following response file.

LINK object-list /NOI
basename
NUL,;

Notice that, by default, the “Libraries” field is not given. The names of
the default libraries (the standard C library of the appropriate memory
model, plus the appropriate floating-point library as determined by the
floating-point option used) are encoded in the object fle. The linker
searches for the default libraries in the current working directory, then in
the directories specified in the LIB environment variable, if any.

The object-list is a list of all object files produced in the compiling stage of
the CL command, plus any object files specified on the CL command line.
The /NOI option tells the linker not to ignore case; uppercase and lower-
case letters are considered distinct. The bosename is the name supplied for
the executable file; it corresponds to the basename of the first source or

"object file on the CL command line. (However, you can provide a different

name by using the /Fe opt.ion.LBy delault, no map file is produced, since
the name NUL is provided in the third field. Notice, however, that the

Fm option can be used in the CL command to override the default and
produce a map file.

You can suppl,}your own responses for the “Libraries” field by using the
/link option. This option, if included, must be the last item on the CL

command line. Any libraries specified in the library-field are searched
before the default libraries.

The library-field can contain one or more of the following.

1. A pathname. The linker searches the given pathname for the

dg{ault libraries before searching directories given by the LIB vari-
able. .

2. Additional or alternate library names. If a pathname is included
with the library name, only that pathname is searched. Otherwise,
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the linker uses the standard library search path.

3. The name of a floating-point library or libraries. Any floating-point
calls in your program refer to the given floating-point library
instead of the default floating-point library.

4. Options. You can give any ol the linker options described in
Chapter 4, “Linking.”

See Chapter 4, “Linking,” for more details on default libraries (Sections

4.3.2 and 4.3.3); the library search path (Section 4.3.2); and linker options -

(Sections 4.3.4 and 4.5).

C.4 Additional Options

In addition to the MSC options summarized in Section B.2.1 of Appendix
B, “Command Summary,” the Cl, command recognizes the options listed
below. The options are shown with the slash character (/) but can be
given with the hyphen (-) character if you prefer.

Option Task

/e Creates an object file for each source file on
‘the command line; suppresses linking.

. [Feprogname Names the executable program file with prog-
name. _
/Fm [mapname) Creates a map file.

[link library-field Passes the given library-field to the linker as

the “Libraries” field.

C.5 XENIX-Compatible Options

To provide as much compatibility as possible with XENIX C compilers,
the CL. command also accepts the options recognized by the “cc” com-

mand on XENIX systems. Many ol these options are identical to the MSC

and CL options given in this manual; others have identical [unctions but
different names. The complete list of XENIX options accepted by the CL
command is given in Table C.3.

1908
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Table C.3

XENIX Options Accepted by the CL Command

XENIX Option  Task MSC/CL Option

-c Creates a linkable object Same; CL only.
file for each source file.

-C Preserves comments Same.
when preprocessing a file
(only when -Por-E).

.D name[=string] Defines name to the Same.
preprocessor. The value
Is slring or 1.

-E Preprocesses each source Same.
file, copying the result to
the standard output.

-F num Sets the size of the No equivalent in MSC, but
program stack. The given /STACK option can be
size must be a hexa- used with LINK or with the
decimal number. /link option of CL.

-1 pathname Adds pathneme to the list Same.
of directories to be
searched for #include files.

-K Removes stack probes from  -Gs
a program. .0 R b

-L Creates an object’ -Fl1
listing file c'o'ht:ziining
assembled object code.

-Mstring Sets the program -Me is equivalent to Ze.
configuration. The string -M2 is equivalent to G2.
may be any combination of  -Mt is equivalent to Gt.
“s" jsmall modell. “m” -Mb has no equivalent.
(middle model), “I” (large -Ms is equivalent to AS.
model), “e” (enable far and  -Mm is equivalent to AM.
near keywords), “2” -Ml is equivalent to AL. ~
(enable 286 code genera-
tion), “b” (reverse word
ordei?‘, and “t” (set data
threshold for largest item
in a segment). The “s",

“m", and “1” options are
mutually exclusive.

-nl Sets the maximum length -H

of external symbols.
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«ND name

-NM name
-NT name

-0 filename

-0
-P

-5
-V string
-w

-Wnum

-X

198

Sets the data segment

' name.

Sets the module name.

Sets the text segment
name,

Makes filename the name
of the final executable
program.

Invokes the chject code
optimizer.
Preprocesses source files

and sends output to files
with the extension “i".

Creates an assembly source
listing.

Copies string to the

object file.

Suppresses compiler
warning messages.

Sets the output level
for compiler warning
meéssages.

Removes the standard
directories from the list of
directories to be searched
for #includa files.

Same.

Same,
Same.

-Fo

-Os (default)

Same.

-Fa
Same,
Same.

Same.

Same.
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‘Converting from Previous

Versions of the Compiler

D.1 Introduction 201

D.2 Language Definition Differences  201-

D.3 Run-Time Library Differences

D.3.1
D.3.2

. D.3.3

D.3.4
D.3.5
D.3.6
D.3.7
D.3.8
D.3.9
D.3.10
D.3.11

abs 208

creat 208

fopen, freopen 209
isesym, iscsymf 210
max 210

min 210

movmem 210

open 211

setmem 211
setnbuf 211

steis, steisn, stelen,
stpbrk, stpchr, stscmp
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D4 Diff . D.1 Introduction
4 ifferences in

Assembly Language Interface 212
D.4.1  Register Usage Conventions. 213

D.4.2  Stack Setup and
Subroutine Entry/Exit Code 214

D.4.3  Global Variable
" Naming Conventions 219

D.4.4  Segment Usage and Naming 219

This appendix describes differences between Version 3.0 and earlier ver-
sions of the Microsoft C Compiler. The differences fall into three
categories: language definition differences, run-time library differences,
and assembly language interface differences.

The changes in Version 3.0 are designed to conform to the ANSI standard
for the C language (still under development) and to the original language
definition. Some features of Versions 2.03 and earlier were not compati-

_ble with these standards; such features have been eliminated or changed in
Version 3.0. The changes in Version 3.0 also provide greater portability of
source code, particularly in the run-time library.

An include file, V2TOV3.H, accompanies youf compiler software to help
you run your existing Microsolt C programs under Version 3.0.

" The following sections describe language, run-time library, and assembly
language differences in detail, and outline strategies for converting existing
programs,

D.2 Language Definition Differences

This section lists differences in the definition of the C language between
Versions 3.0 and earlier versions. The differences are listed by section
number from Appendix A of The C Programming Language, by Brian Ke;-
nighan and Dennis Ritchie, published in 1978 by Prentice-Hall.

Section Number Differences in
Kernighan and Ritchie =~ Versions of Microsoft C

2.1 Comments do not nest in Version 3.0.
Versions 2.03 and earlier permitted nest-
ing of comments, unless nesting was deli-
berately turned off with a command line
option. Code containing nested com-
ments will not compile correctly under
Version 3.0. In Version 3.0 you can
suppress compilation of program sections
that contain comments by using a
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preprocessor directive {#If).

Under Version 3.0, identifiers must begin
with a letter of the alphabet {uppercase
or lowercase) or the underacore character
8_.) The same characters plus the digits

9 are allowed for the rest of the
identifier. Versions 2.03 and earlier also
allow the dollar sign character ($) in
identifiers. This is no longer permitted;
code containing dollar signs in identifiers
will not compile correctly under Version
3.0.

Multicharacter char constants are
allowed under Versions 2.03 and earlier,
but are not permitted under Version 3.0.
Code containing multicharacter char
constants will not compile correctly
under Version 3.0,

Every C string is unique. A string can
initialize an array an% can be modified at
run time. Version 3.0 gives every string
separate storage, whether or not a string
is identical to another string in the pro-
gram. Versions 2.03 and earlier detect
whether two strings are the same and
store only one instance of the string.
Existing programs that depend on com-
mon storage for identical string literals
will not run properly under Version 3.0.

Version 3.0 implements the char type as
a signed quantity, and provides the
unsigned char type to represent
unsigned quantities of the same size.
Versions 2.03 and earlier treat the char
type as unsigned. Programs that depend
on the char type being unsigned will not
run properly under Version 3.0,

Version 3.0 implements the unsigned
long type, a leature not provided in pre-
vious versions.

The enumeration type is also provided in
Version 3.0. Previous versions did not

7.1

7.2

7.6-7.7

8.5

11.2
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offer this feature.

Under Version 3.0, an array or function
identifier is considered an address: a
constant pointer to the named array or
procedure. You can express the address
of the array or function simply by giving
the identifier. Under Versions 2.03 and
earlier, the address-of operator (&) must
be applied to an array or function name
to express the address of the array or
function. Expressions that use this con-
vention will produce unexpected results
under Version 3.0.

In Version 3.0, the name of a structure
or union variable represents the value of
that structure or union. In versions 2.03
and earlier, the name of a structure or
union represents the address of the struc-
ture or union. Expressions that depend
on this convention will produce unex-
pected results under Version 3.0.

In Version 3.0, casting a value to a
pointer type produces an lvalue. This
was not true in previous versions.

The relational and equality operators
perform the usual arithmetic conversions
in Version 3.0. In Versions 2.03 and ear-
lier, the right operand is converted to
the type of the left operand.

Version 3.0 allocates bitfields low order
to high order, whereas versions 2.03 and
earlier allocate bitfields high order to low
order.

Version 3.0 differs from earlier versions
in its treatment of uninitialized variables
declared outside of functions (at the
external level). A variable declaration at
the external level that lacks both a
storage class specifier and initializer is
treated either as a reference to a
definition of the variable elsewhere in the
program or, if no definition appears, as a
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“communal” variable that is allocated
storage by the linker and initialized to
zero when the program is loaded. In pre-
vious versions, the variable was allocated
storage and initialized at compile time,

12 : Version 3.0 adds several new features to
* the C preprocessor. The special
constant-expression “detinad(identifier)”
can follow any #If or #ellf directive. The
f line “#if deﬁned[ANYTHING)I” has the
same effect as “#ifdel ANYTHING”.

)

The new directive #ellf directive allows
for “else-i[” clauses in #It blocks.

In Version 3.0, the pound sign {#) intro-
ducins the preprocessor directive can be 15
preceded on the same line by any combi-

nation of tabs and spaces. [n previous
versions, the pound sign had to be the

first character of the line.
Macro definitions can occupy more than

) one line in Version 3.0. The newline scellaneous
l _ character is preceded by a backslash (\)
to indicate continuation. Earlier ver-
N

sions do not allow continuation.

14.1 Under Version 3.0, structures and unions
can be assigned. values, passed as argu-
ments to functions, and returned from
functions. Earlier versions do not sup-
port these features.

. 143 " Version 3.0 allows you to check array
limits by comparing pointer values
against the address just beyond the end
of the array. Earlier versions also allow
this, but they warn that you have
exceeded the array bounds. For

' ) example, the following code fragment
' checks for the bounds of an array.

—_
oy b
2 wwiny

204

s .
Converting [romi i revious velsivns vi e Cuibpi

int a[MAX]:

¥roc()
int «p;
if (p < 2a[MAX]) {
}

}

Version 3.0 accepts this construction,
while earlier versions generate a warning
message.

The logical AND and OR operators (&&
and | i, respectively) can be used in
constant-expressions. These operators
were inadvertently omitted from the
language reference in previous versions.

Version 3.0 makes conservative assump-
tions about aliases through pointer vari-
ables. This means that, in the optimizing
stage, the compiler assumes that a
memory location referenced indirectly
through a pointer variable may also be
referenced directly, by another name.
The possibility that a program uses
aliases (references to the same location
by different names) restricts some of the
compiler’s optimizing procedures. You
can use a command line option with Ver-
sion 3.0 to override the conservative
assumptions, allowing the compiler
greater [reedom in optimization.

Earlier versions do not make any
assumptions about aliases and do not
restrict optimization.
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. . Version ?._03 Routines Definition
D.3 Run-Time lerary Differences allmem - Level 2 memory allocation
Many of the library -routines documented in Version 2.03 and earlier will getmem ' Le\-.'efl 2 memory allocation
e o e oy Lo Uiy
'?I?ezgggﬂ:?;(:sl:.rgg:ggibéd 111!{1 detail below. The changes to the routines poke Utility |
are designed to provide greater compatibility with UNIX and XENIX stan- rlsmem i Level 2 memory allocation
dard libraries. _ rbrk ' “ Level 1 memory allocation
The include file V2TOV3.H provi_dedhw_it.h your ‘l:?'glrl:rimh::rnil%?\\‘}g:igl:%wg repmem Utility
fon o uee the modified routina ia thei oiginal form andes Voon 0. mem Level 2 memory allcation
without having to change your source code. sizmem Level 2 memory allocation
Some routines supported under Version 2.03 are not supported at all stcarg String manipulation
under Version 3.0. The following routines from Version 2.03 are not sup- stcepy String manipulation
ported in any form under Version 3.0. sted_i String manipulation
stchi String manipulation
stci.d String manipulation
stcpam String manipulation
stcpm String manipulation
steu_d String manipulation
stpblk String manipulation
stpsym String manipulation
stptok String manipulation
stsplp St..ring manipulation

Il your program uses any of the above routines, you must provide your
own definition of the routine or alter the code to remove the call to the
routine.

The following functions and macros are supported in Version 3.0 in a
slightly different manner than in previous versions. The routines are listed
under their Version 2.03 names; the sections that follow describe the
differences between the versions.
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abs _ iscsym " movmem stcis stpchr
creat isesymf open steisn stscmp
fopen max setmem stclen

freopen min setnbufl stpbrk

Use the include file V2TOV3.H, or the appropriate definitions from
V2TOV3.H, if your program calls any of the above routines, The
remainder of this section summarizes the changes to each of the above rou-
tines, and lists the corresponding definition {rom V2TOV3.H that provides

compatibility.

D.3.1 abs
The macro abs is defined in the include file V2TOV3.H as follows.

#define abs(a,b) (((a) < 0)) 7 -(a) : (a))

If abs is not defined as a macro, it will be interpreted as a call to the stan-
dard math library function abs.

In previous versions, the abs, min, and maz macros were defined in stdio.A.

D.3.2 creat

The previous version of this function differs [rom the Version 3.0 in two
ways. In Version 3.0, the permission bits specified in the mode argument
control access to the created file, For example, il a file is opened [or read-
ing, an attempt to write to the file causes an error. Versions 2.03 and ear-
lier do not guarantee this interpretation of the permission bits.

Versions 2.03 and earlier allow the user to create a file in binary mode by
giving the O_RAW flag in the creat call. The flag can be joined with the
permission setting arguments with the bitwise OR operator (1).

Version 3.0 maintains a distinction between the permission setting of a file
and the file translation mode. You can specify the permission setting of a
file when you create it using the creat routine, but you cannot join the
translalion flag with the file permission setting. The creal routine creates
a file in the current default mode, whether that is text mode or binary
mode. You can change the default mode for a single file with the selmode
function, or change the default mode for all opened files from text mode to
binary mode by linking with BINMODE.OBJ. BINMODE.OBJ is discussed
in Section 7.10 of Chapter 7, “Advanced Topics.”
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You can also control the translation mode of a particular file by giving an
appropriate flag when you open the file. See the discussion of open later in

. this section.

The O_RAW flag is renamed to O_BINARY in Version 3.0. V2TOV3.H
can be included to define O_RAW as O_BINARY. Howeve}, the user is
responsible for removing the O_RAW flag from calls to creat and for pro-
viding appropriate calls to open instead.

Example

int infile;

/* VERSIONS 2.03 AND EARLIER */
infile = creat(“test.dat”, O_RAW);

/* EQUIVALENT CALL IN VERSION 3.0 %/
infile = open (“test.dat",

O_CREAT | O.TRUNC | O_BINARY | O_RDWR),
(S_IREAD | S_IWRITE)):

This example shows a call to creat in Version 2.03 and an equivalent call
in Version 3.0. The call to open specifies the O_CREAT and O_TRUNC
flags, thus accomplishing the same task as the creat call. Using open
rather than creat is recommended for new code.

D.3.3 fopen, freopen

In Version 3.0, when a file is opened for a ing (“a” or “at”

. 0, ppending (“a” or “at” type), all
write operations take place at the end of the file. A(lt.hough the ﬁ){\le) gointer
can be reEosmoned using fseek or rewind, the file pointer is always moved
back to the end of the file before any write operation is carried out.

In Version 2.03 and earlier, when a file is o d [ i

; on 2.0, rlier, pened [or appending, the file
pointer is initially positioned at the end of the file. All write gperations
take place at the current position of the file pointer; if the file pointer is

repositioned (using fseek or rewind), any write operations will be carried
out at the new position. '
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D.3.4 iscsym, iscsymf

These macros are extensions to the character classification {ctype) macros.
Version 3.0 does not include the isesym and iscsymf macros in the ctype
set, but you can continue to use them by including the file V2TOV3.H

along with the CTYPE.H file.
The V2TOV3.H file defines these macros as [ollows. ..

(c) ==

#define iscsynm(c) (1salnum(ec) || ( ==."_")
I ((e) ==:"2")

)}
#define iscsymf(c) (1salpha(c) )

The Version 3.0 definition of iscsym/ produces a slightly different result

than produced by previous versions since Version 3.0 does not allow the
dollar sign ($) as a character in identifiers. Note that if the argument ¢
has side eflects the results of these macros are unpredictable.

D.3.5 max
The macro maz is defined in the include file V2TOV3.H as follows.

#define max(a,b) (((a) > (b)) ? (a) : (b))

[n previous versions, the abs, min, and maz macros were defined in stdio.h,

D.3.6 min
The macro min is defined in the include file V2TOV3.H as l:ol]ows.

gdefine min(a,b) (((a) < (b)) ? (a} : (b))

In previous versions, the abs, min, and maz macros were defined in stdio.h.

D.3.7 movmem

This routine copies a specified number of characters from a given source
string to a given destination string. The movmem routine handles the
transfr correctly in cases where the source and destination strings over-

lap.
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.’rl;}:let i\l{:rsgog t?ho routine memcpy performs the same task as the movmem
, but the arguments are given in a different order. i
V2TOV3.H defines movmem as follows. er. The include fle

#define movmen(s, d, n) memcpy(d, s, n)

D.3.8 open

The open routine has the same basic form and function in Versi i

does in earlier versions, with two exceptions. unction in Tersion 3.0 as it
I. The flag for binary mode is named O_BINARY instead of O_RAW.
2. The pmode argument is required when O_CREAT is specified.

To process a program that uses the O_RAW flag in th
‘ _ ecallt
include V2TOV3.H or the following definition ingyour progra?n.opm'

#define D_RAW  O_BINARY

The Version 3.0 open routine takes a third ar i

) 0o ' gument. The third argument
gives the permission setting of the file; it is optional 1
O_CREAT flag to create a new file. ptional sxcept when using the

D.3.9 setmem

This routine sets a specified number of b i i

£ : ytes in a buller to a given charac-
ter. The Version 3.0 routine memset performs the same taskga.s the setr- ¢
mem routine, but the arguments are given in a different order. The
include file V2TOV3.H defines setmem as follows.

#define setmem(p, n, c) memset(p, ¢, n)

'D.3.10 setnbuf

The setnbuf routine sets up an empty buffer, and is equivalent to the call

setbuf (sfream, NULL);

X;as‘lg{}g.ﬁsupports the setnbuf routine through the following definition in
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#define setnbuf (stream) setbuf(stream, NULL)

D.3.11 stcis, stcisn, stclen,
stpbrk, stpchr, stscmp

These routines are renamed in Version 3.0, but otherwise function exactly
the same as in Versions 2.03 and earlier. The names in Version 3.0 are as
follows. :

Version 2.03 Name Version 3.0 Name .
stcis strspn

stcisn strespn

stclen strlen

stpbrk strpbrk

stpchr strchr

stsemp stremp

You can continue using these routines under their Version 2.03 names by
including V2TOV3.H or the following definitions in your program.

#define stecis(sl, s82)
#define stcisn(si, s2)
#define stclen(s)
#define stpbrk(s, b)
#define stpehr(s, c)
#define stscmp(sl, 82)

strspn(sl, s2)
strespn(sl, B2)
strlen(s)
strpbrk(s, b)
gtrchr(s, c)
stremp(si, s2)

D.4 Differences in
Assembly Language Interface

This section covers the basics of converting assembly language routines
written for Versions 2.03 and earlier Lo run with Version 3.0. Much of the
information in this section is also presented in Section 8.1 of Chapter 8,
“Interfaces with Other Languages”; this discussion attempts to consoli-
date the information to make the task of conversion easier. For additional
assembly language information not found below, see Section 8.1 of
Chapter 8, “Interfaces with Other Languages.”
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Assembly language routines that are compatible with Versions 2.03 and
earlier differ from Version 3.0-compatible routines in five basic areas:
Register usage conventions

Local variable access (stack setup)

Subroutine entry/exit code

Ll

Global variable naming conventions
5. Segment usage and naming

Each of these areas is discussed in detail below.

D.4.1 Register Usage Conventions

The S and P model programs of Version 2.03 correspond to the small and
medium model programs of Version 3.0. In S and P model programs under
Version 2.03, Eg is always assumed to point to the same segment as SS
and DS. However, the “mixed model” programming supported by Version
3.0 allows data in segments outside DS to be accessed. In mixed model
programs, the compiler uses ES to reference data outside of the data seg-
ment g)Sj Thus, ES may not always contain the same value as SS and
DS. (Note that SS and DS always contain the same value in Version 3.0

. small and medium model programs, unless specifically overridden with the

", n

u” or “w” letter in the /A option.)

Version 3.0 also expects the direction flag of the 8086/8088 processor to be
cleared at all times. Therefore, if the assembly routine sets the direction
flag, it must clear it (using the CLD instruction) before calling or returning
to a C function. This is not required in Version 2.03.

Version 3.0 implements register variables, which were not available in pre-
vious versions. The Version 3.0 compiler allows up to two register vari-
ables per function. (More than two may be declared, but the extra register
requests will be ignored.)

The compiler uses the SI and DI registers to store any register variables.
This means that any routine that uses either the SI or DI register must
save the register contents upon entry to the subroutine and must

_ restore the original contents before exiting. The compiler takes care of

this automatically for C routines, but the user is responsible for providing
the necessary instructions in assembly routines. Any assembly routine

called from a C function that uses either or both of the Sl and DI registers
should push the values of the registers onto the local stack (after the stack
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is set up) and pop them off the stack before returning to the calling rou-
tine.

In the reverse case, where an assembly routine calls a C function, these
instructions are not necessary, since the C function automatically saves
and restores SI and DI. Since the assembly routine can rely on the values
in these registers being preserved across calls to C routines, the registers
may not need to be reloaded as often. This assumption may allow more
efficient register usage in the assembly routine. See Section D.4.2 for an
example.

D.4.2 Stack Setup and
Subroutine Entry/Exit Code

All versions of the C compiler use BP as a “lrame pointer.” Local vari-
ables and parameters (also called the “stack [rame”) are always accessed
using offsets from the BP register. However, Version 3.0 differs from ear-
lier versions of the compiler in the entry/exit sequences for subroutines
and in the setup of the local stack for subroutine calls,

Figures D.1 and D.2 show the stack frame setups under Version 2.03 and
Version 3.0, respectively.
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HIGH MEMORY

Caller’s stack frame

Parameters, if any

Return address (2 or 4 bytes)

Local variables and temporaries, if any

Saved value of caller's BP -

ﬁCaller’s BP

LOW MEMORY -4—SP, new BP

Figure D.1 Version 2.03 Stack Frame Setup
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HIGH MEMORY
Caller’s stack [rame B S
Parameters, if any
Return address {2 or 4 bytes)
Saved value of caller's BP
-«— New BP
Local variables and temporaries, if any
Saved values of SI and D1, if needed

LOW MEMORY -+— SP

Figure D.2 Version 3.0 Stack Frame Setup

The differences in these two setups are reflected

1. in the entry and exit code sequences [or subroutine calls; and
2. in the locations for local variables and parameters.

. .\ |
In Version 3.0, parameter references are positive offsets from BP. Loca
variable referen‘::es are negative offsets from BP’. The first parameter,
occurs at either [BP+4) or [BP+61, depending on whether the routine
was called using a near call (2-byte address} or a [ar call (4-byte address).

lersion 2.03. all parameters and local variables are referenced via posi-
{'.Iilv: f)rf?stet,s from thepBP register. The oflset to the first Earamcper can be
calculated as (n + 4) or (n +6), depending on whether the routine is tocal
accessed by a near or far call. The value n is the number of bxl‘.cs of c;ca.
storage allocated following the saved caller’s frame pointer. IFrequently n
is zero, in which case parameter oflsets in Versions 2.03 and 3.0 are identi-

cal.
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The versions also differ in the handling of stack checking and stack alloca-
tion for local variables other than parameters. In Version 2.03, when
stack overflow checking is enabled, the number of bytes of local storage
desired (which should be a positive even number in all cases) is subtracted
from the stack pointer (SP). The resulting value is compared to a
predefined limit value. If the value is less than the limit, a routine named
XCOVFT is called to report the stack overflow error and terminate the pro-
gram. If stack checking is disabled, the number of bytes is subtracted
from the stack pointer and no overflow checking is performed.

Version 3.0 uses the __chkstk routine for stack checking. (The __chkstk
routine was chosen to help ensure compatibility with XENIX C compilers.)
The —~chkstk routine performs stack checking and produces an error mes-
sage when appropriate. If stack overflow checking is enabled (the default),
the number of bytes of stack space desired is stored in the AX register and
the —_chkstk routine is called. The __chkstk routine determines if the
request will cause the stack to overflow. II so, —_chkstk produces an error

-message to this eflect and terminates the program. Otherwise the routine

subtracts the given value [rom the stack pointer and returns. If stack
checking is disabled (using the /Gs or /Ox option), the compiler simply
subtracts the requested number of bytes from the stack pointer and con-
tinues. :

Because of the diflerences in stack setups, exit sequences for Version 3.0
also differ from previous versions. In Version 3.0, the called routine sets
SP to the same value as BP. This has the eflect of removing local variables
from the stack and causing SP to point to the location where the caller’s
BP was stored. The called routine then pops the caller’s saved frame
pointer back into BP and returns. The calling routine is responsible for
reacliljtasting SP by adding the number of bytes of arguments that were
pushed.

In Version 2.03 the called routine first adds the number of bytes of local
variables and temporaries to SP, thus causing SP to point to the location
of the saved caller’s frame pointer. Then the called routine pops the saved
frame pointer into BP and returns. After the return, the calling routine
must restore the stack pointer by copying the value of BP into SP.

The examples below show typical entry/exit sequences for Versions 2.03

and 3.0. Both examples assume that stack checking is disabled and that 8
bytes is the amount of local variable space required.
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Version 2.03

ENTRY  push bp .save caller’'s frame pointer (BP)
sub sg,a ;allocate local variable space on stack
mov bp,sp ;new frame pointer points to bottom
; of stack
EXIT add sg,e ;deallocate local variable space
pop P .restore caller’'s frame pointer
ret ;appropriate to type of call
Version 3.0
ENTRY push bp .save caller’'s frame pointar (BP)
mov  bp,sp ;frame pointer points to old BP
sub sp.8 ;allocate local variable space on stack
push di ;required only if routine changes di
push si ;required only if routine changes si

L] - -

EXIT pop .si ;required only 1f si saved on entry

po_p _djT ;required only 1f .di saved-on entry
mov sp,bp ;Temove local variable spﬁce., 2
pop bp .restore caller’s frame pointer,
ret ;appropriate to type of call .'

Despite the differences listed above, it is not strictly necessary to change
the entry/exit sequence of your assembly routines from Version 2.03 to
Version 3.0 unless your routines attempt to check for stack overflow or use
the SI and DI registers. For all other contexts, the setup of the local stack
is irrelevant, The parameters are pushed onto the stack in the same wa

in both versions; the local variable access method is always defined by the
routine itself, so any method can be used. The exit sequences of both ver-
sions work in essentially the same manner and return to the calling routine
with the stack pointer in the same position.

However, changing your code to conform to the Version 3.0 format is still

recommended. Debugging will be much easier if your programs con-
sistently use one stack format instead of two.
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D.4.3 Global Variable
Naming Conventions

In Version 2.03 and earlier, a global name such as XYZ causes a public
definition of the name XYZ to be put in the object module. In Version 3.0,
for reasons of compatibility with XENIX compilers, an underscore is added
to the beginning oFthe global name when the public definition is put in
the object module. For example, the global name XYZ in the source file
produces a public definition for the name _XYZ in the object module.

The underscore convention in Version 3.0 means that the name of any
assembly routine called from a Version 3.0 program must be defined with a
leading underscore in the assembly routine. The C program calls the
assembly routine without the leading underscore, since the underscore is
automatically added by the compiler. For example, the name of an assem-
bly routine might be defined as _strdo; the corresponding call in the C pro-
gram would be “strdo {...)".
Another difference between the compilers arises in the area of case sensi-
tivity. In Version 2.03, external names are not case-sensitive; in Version
3.0, they are. However, when invoking the linker directly (through the
LINK command) with a Version 3.0 program, case is ignored by gel’ault.
You can take advantage of this behavior when linking programs from Ver-
sion 2.03 and earlier. By contrast, the Version 3.0 compiler control pro-
gram CL.EXE, which can be used to invoke the linker, automatically tells
the linker not to ignore case.

Some assemblers are not sensitive to the case of external names, so care
must be taken when defining the name of an assembly routine ina C

_source program.

D.4.4 Segment Usage and Naming

The structure of a Version 3.0 program in memory differs slightly from the
Version 2.03 structure. Version 3.0 has the same structure in all memory
models. In Version 2.03 there are two different memory layouts, depend-
ing on the memory model used. The S and P models in Version 2.03,
which correspond to the small and medium models in Version 3.0, use a
different layout from Version 3.0. The Version 2.03 D and L models use
essentially the same layout as do Version 3.0 programs, with two excep-
tions:
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1. There is no equivalent to the Version 3.0 segment for far data. .

2. In Version 2.03 and earlier, SS always points to the atack sﬁgTen‘;
base instead of DS. This is similar to specifying the letter “w
with the memory model {/A) option in Version 3.0.

The Version 2.03 § and P mode! layout and the Version 3.0 layout are
shown in Figures D.3 and D.4, respectively.

HIGH MEMORY -4—SP (initial) .
Stack
Dynamic Memory
Static/Global Data
-a—DS, §S, ES
Code
LOW MEMORY -+—CS

Figure D.3 Version 2.03Sand P Model Layout
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HIGH MEMORY
Dynamic memory
-—SP (initial)
Stack
Static/Global Data
-4+—DS§, §S
Far Static/Global Data
Code
LOW MEMORY -+—CS

Figure D.4 Version 3.0 Layout

There are two main differences between the above layouts. First, in Ver-
sion 2.03, the stack resides above dynamic memory. In Version 3.0 it
resides below dynamic memory. The Version 3.0 layout means that a pro-
gram that uses little or no dynamic allocation requires much less space lor
execution.

The second difference is more important for assembly programmers. In
Version 3.0, ES does not necessarily contain the same value as DS. Ver-
sion 3.0 supports the concept of “far” data in small and medium model
programs, while Version 2.03 does not. \When far data items are refer-
enced, ES is used to hold the segment value for the far item. Since the
compiler has no way of knowing in advance that no far data will oceur in
the program, it does not rely on ES being the same as DS. Instead, the
compiler loads ES whenever it is needed.

Assembly routines written to run with Version 2.03 S and P model pro-

grams may have relied on ES being the same as DS. Under Version 3.0,
they must load DS into ES to be safe.
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Some additional differences between the compilers in the naming of seg--
ments and classes are as follows. '

¢ In Version 2.03 the code segments in an S model program are all
given class PROG. In Version 3.0 all code segments have class
CODE. In Version 3.0 small model, the code segments are all
named _TEXT by default; in medium and large model, each compi-
land forms a segment named module-name_TEXT.

¢ In Version 2.03 S model programs, the code segment is grouped

into a group named PGROUP. In Version 3.0 small medel pro-
grams, the code segment is not grouped.

Both versions use DGROUP to group the DATA and STACK segments in
all models.

The general rules and methods for accessing segments in both versions are
the same. Usually, the programmer should only be accessing the CODE,
_DATA, BSS, c_common, and STACK segments. (Other data segments
with class FAR_DATA or FAR_BSS can be uselul in some cases.) See Sec-
tion 8.1.1, “Segment Model,” in Chapter 8, “Interfaces with Other
Languages,” for more information on what kinds of data items are stored

in each of the segments.
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Error Messages

FE.1 Introduction

This appendix lists error messages you may encounter as you develop a
program and gives a brief description of the action to take to correct the
error. The first section lists run-time errors. Run-time errors are errors
you encounter when you execute your program.

The remaining sections describe errors generated by the following pro-

grams:

E.2

The Microsoft C Compiler
The Microsoft LINK utility
The Microsoft LIB utility
The EXEPACK utility

The EXEMOD utility

Run-Time Error Messages

Run-time error messages fall into four categories:

1.

2.

Error messages generated by the run-time library to notify you of
serious errors. These messages are listed and described below.

Floating-point exceﬁtions generated by the 8087 /80287 hardware
or t.hE emulator. These exceptions are listed and described in Sec-
tion E£.2.2.

Error messages generated by calls in the program to error-handling
routines in t.ie run-time library (the abort, assert, and perror rou-
tines.) These routines print an error message to standard error
whenever the program calls the given routine. For a description of
these routines and the corresponding error messages, see the Micro-
soft C Run-Time Library Reference. ‘

Error messages generated by calls to math routines in the C run-
time library. On error, the math routines return an error value
and some print a message to the standard error. See the Microsoft
C Run-Time Library Heference for a description of the math rou- -
tines and corresponding error messages.
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/

E.2.1 Run-Time Library Error Messages

The following messages may be generated at run time when your program
has serious errors.

Floating point not loaded
Your program needs the [loating-point library, but the
library was not loaded. The error causes the program to be
terminated with an exit status of 255. This occurs in two
situations:

1. A format string for one of the routines in the printfor
scanf family contains a [loating-point lormat specifica-
tion and there are no floating-point values or variables in
the program. The C compiler attempts to minimize the
size of a program by loading loating-point support only
when necessary. Floating-point format specifications
within format strings are not detected, so the necessary
floating-point routines are not loaded. To correct this
error use a floating-point argument to correspond to the
loating-point format specification. This causes
lNoating-point support to be loaded.

2. XLIBFP.LIB or XLIBFA.LIB (where X'is S, M, or L,
depending on the memory model) was specified alter
ALIBC.LIB in the linking stage. You must relink the
program with the correct library specification.

Null pointer assignment in program

The contents of the NULL segment have changed in the
course of program execution. The NULL segment is a special
location in low memory that is not normally used, If the
contents of the NULL segment change during a program's
execution, it means that the program has written to this
area, usually by an inadvertent assignment through a null
pointer. Notice that your program can contain null pointers
without generating this message; the message appears only
when you access a memory location through the null pointer.

This error does not cause your program to terminate; the
error message is printed following the normal termination of
the program.

This message reflects a potentially serious error in your pro-
gram. Although a program that produces this error may
appear to operate correctly, it is likely to cause problems in
the future and may fail to run in a diflerent operating
environment.
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Stack overflow
Your program has run out of stack space. This can occur
when a program uses a large amount of local data or is
heavily recursive. The program is terminated with an exit
status of 255. To correct the problem, relink using the
linker /STACK option to allocate a large stack, or modily
the stack information in the executable file header by using
the EXEMOD program.

E.2.2 Floating-Point Exceptions

The error messages listed below correspond to exceptions generated by the
8087/80287 hardware. Refer to the Intel documentation for your proces-
sor for a detailed discussion of hardware exceptions.

Using C’s default 8087 /80287 control word settings, the following excep-
tions are masked and do not occur.

Exception Default Masked Action:
Denormal Exception masked
Underflow Result goes to 0.0
Precision Exception masked

The following errors do not occur with code generated by the Microsolt C
Compiler or provided in the Microsoft C Run-Time Library.

Square root

Stack underflow

Unemulated

The floating-point exceptions are listed and described below.

Floating point error: Denormal
A very small [loating-point number was generated, which
may no longer be valig due to loss of significance. Denor-
mals are normally masked, causing them to be trapped and
operated on.

Floating point error: Divide by 0 )
An attempt was made to divide by zero.
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Floating point error: Integer overflow
Overflow on assigning a [loating-point value to an integer.

Floating point error: Invalid _
Invalid operation; usually involves operating on NaN’s or
infinities.

Floating point error: Overflow
Overflow in floating-point operation.

Floating point error: Precision
Loss of precision occurred in a floating-point operation.
This exception is normally masked, since almost any
floating-point operation can cause loss of precision.

Floating point error: Stack overflow
A floating-point expression has used toco many stack levels
on the 8087/80287 or emulator. (Stack overflow exceptions
are trapped up to a limit of seven additional levels beyond
the eig;n. lever:; normally supported by the 8087 /80287 pro-
CESSOT.

Floating point errot: Stack underllow
A floating-point operation resulted in a stack underflow on
the 8087 /80287 or emulator.

Floating point error: Square root
The operand in a square root operation was negative. (Note:
the sgrt function in the C run-time library checks the argu-
ment before performing the operation and returns an error
value if the operand is negative; see the Microsoft C Run-
Time Library Reference for details on sgrt.)

Floating point error: Underflow
Under{low in a [loating-point operation. {An underllow is
normally masked so that the operation yields the result 0.0.)

Floating point error: Unemulated
An attempt was made to execute an 8087 /80287 instruction
not supported by the emulator or an invalid 8087 /80287
instruction.
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E.2.3 Run-Time Limits

Table E.1 summarizes the limits that apply to programs at run time. If
your program exceeds one of these limits, an error message will inform you
of the problem.

Table E.1

Program Limits at Run Time
Program Item Description Limit
Files Maximum file size 232_1 bytes
(4 gigabytes)
Maximum number 20

of open files (streams)

Command Line Maximum number of 128
characters {including
program name)

Environment Maximum size 2K
Table

* Five streams are opened aulomatically (s{din, stdout, siderr, stdauz, and stdprn), leaving
15 available for the program to open.
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E.3 Compiler Error Messages

The error messages produced by the C compiler { all into five categories:

Warning messages

Fatal error messages
Compilation error messages
Command line error messages

oo W o

Compiler internal error messages

Warning messages are informational only; they do not prevent compilation
and linking. You can control the level of warnings generated by the com-
piler by using the /W option, described in Section 3.9.2 of Chapter 3,
“Compiling.” The list of warning messages below include & number for
each message indicating the minimum level that must be set for the mes-

sage to appear.

Fatal error messages indicate a severe problem, one that prevents the com-
piler from processing your program. Aflter printing out a message about
the fatal error, the compiler terminates witﬁout producing an object file or
checking for further errors.

Compilation error messages identify actual program errors. No object file
is produced for a source file that has such errors. When the compiler
encounters a nonfatal program error, it attempts to recover from the
error. If possible, the comlpiler continues to process the source [ile and
produce error messages. If errors are too numerous or too severe, the com-

piler terminates processing.

Command line messages give you information about invalid or inconsistent
command line options, If possible, the compiler continues operation,
printing a warning message to indicate which command line optiona are in

effect and which are disregarded. In some cases, command line errors are °

fatal, and the compiler terminates processing.

Compiler internal error messages indicate an error on the part of the com-
piler rather than your program. The following messages are compiler
internal error messages. No matter whal your source program contains,
these messages should not appear. I they do, please report the condition
to Microsoft Corporation, using the Soltware Problem Report at the back
of this manual. Although these errors are not the fault of your program,
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you will prob
compiledl.) ably want to rearrange your code so that the program can be

Compiler error (assertion): file filename, line n source=filename
thhe compiler performs internal consistency checks during
e course of compilation. This message indicates that the
consistency check lailed. In this message, the first filename
identifies the compiler file producing the error; the line .

number n refers to that file. The second fil h
name of the source file being compil(:a(c)ir.l Jilename gives the

Compiler error (code generation)

The compiler could not generate code for an expression.

Usually this occurs with a compl ion;
ing the expreseion. mplex expression; try rearrang-

Compiler error (internal)

The compiler’s internal consi i
. sistency check
compiler cannot continue. Y failed, and the

Fatal(assewl?n count exceeds 5; stopping compilation)
en this message appears, more than five assertion errors

: .

g I

filename ( tinenumber ) : message

i\z};:l;tiaﬁj:ierﬁ;nﬁniz t};ilrlnaglle of the source file being-compiled, linenumber
of the file containing the error, and message i
explanatory description of the error o ing. e e
and fatal errors, the word “warning” or “latals Lor warning eginair
of the message, followed by a colong. or fatal” appears at the beginning

Command line error mess i i '
. ages simply give a message about the
line, so they do not contain references to line numEers and ﬁleng?nrggand

The messages for each category are listed below in alphabetical order

_ along with a brief explanation of each error. To look up an error message
4 1

first determine the message category. If the message pertains to the com-

mand line, look in the command li i
in t ine section. If the message begins wi
the word “warning” or “fatal,” look in the corresponding sictioil.n(s)t‘,‘lr:::]-

¥ g ]
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Within each section the error messages are listed alphabetically. Disre-
gard opening single quotes (‘) when looking up error messages alphabeti-
cally.

An error message may begin with an operator or with an item from your
program, such as an identifier. In these cases look up the error message
under the first complete word [ollowing the symbol or program item in the
message. For example, to find the description of the message

warning : ‘=" : illegal pointer combination
look in the “warning” messages section under “illegal”.

If the message begins with a keyword or preprocessor directive, such as
typedel or #deline, look up the message under the keyword or the first
letter of the directive. For example, loock up the message

#include expected a file name
under “include” in the error message section.

Section E.3.5, “Compiler Limits,” summarizes limits imposed by the
Microsoft C Compiler (for example, the maximum size of a macro
definition).

E.3.1 . Warning Error Messages

The messages listed in this section indicate potential problems but do not
hinder compilation and linking. The number in square brackets ([ 1) at
the end of each message gives the minimum warning level that must be set
for the message to appear.

warning : address of frame variable taken, DS =S5 [1]
You must use a far pointer when taking the addressof a
frame variable in a program with separate data and stack
segments.

warning : array’s declared subscripts differ [1]
An array is declared twice with differing sizes. The larger
size is used.

warning : at least one void operand [1]
An expression with type void is used as an operand.
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warning :°

Error Messages

-

bad storage class specifier on function identifier [1]
Functions must have slatic or extern class; any other storage
class specifier is ignored.

bitfield type must be integral {1]
Bitfields must be declared as unsigned integral types. A
conversion has been supplied.

bitfield type must be unsigned (1]
Bitfields must be declared as unsigned integral types. A
com_fersion has been supplied.

cast of int expression to far pointer [1]

A far pointer represents a full segmented address. On an
8086 /8088 processor, casting an Int value to a far pointer
produces an address with a meaningless segment value.

constant too big [1]
Information is lost because a constant value is too large to
be represented in the type to which it is assigned.

conversion lost segment [1]

The conversion of a far pointer (a full segmented address) to
a near pointer {(a segment offset) results in the loss of the
segment address.

converting a long address to a short address [1]

The conversion of a long address (a 32-bit pointer) to a short
aggress (a 16-bit pointer) results in the loss of the segment
address. :

data conversion [3]
Two data items in an expression had different types, causing
the type of one item to be converted. :

declared parameter list differs from definition [1]

The argument type list given in a function declaration does
not agree with the types of the formal parameters given in
the function definition.

diflerent enum types [1]
Two different enum types are used in an expression.

operator': different levels of indirection [1]
An expression involving the specified operator has incon-
sistent levels of indirection. For example,
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.

warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :

) char #ip;

char *q;
v +

p=q; /* different levels of indirection */
different tyrpes : parameter n ] .

The type of the given parameter in a function call does not
agree wilh the argument type list or the function definition.

first parameter list is longer than the second [1)
A function is declared more than once and the argument
type lists in the declarations differ,

identifier : formal parameter has bad storage class [1]
Formal parameters must have aute or reglsier storage class.

formal parameter identifier is redefined (1] .

‘The given formal parameter is redefined in the function
body, making the corresponding actual argument unavail-
able in the [unction.

‘identifier’ : formal parameters ignored (1]

Formal parameters appeared in a function declaration (for
example, “extern int *[{a,b,c);"). The [ormal parameters are
ignored.

‘tdentifier’ : function used as an argument [1}

A formal parameter to a function is declared to be a func-
tion, which is illegal. The formal parameter is converted to
a function pointer,

function declaration specified variable args [1] - _
The argument type list in a function declaration ends with a
comma, indicating that the lunction can take a variable
number of arguments, but no formal parameters [or the
function are declared.

function must return a value (2} o
A lunction is expected to return a value unless it is declared
as vold.

function identifier too large for post-optimizer (0]

The named function was not optimized because insufficient
space was available. To correct this problem, reduce the size
ol the function by breaking it down into two or more smaller
functions.

warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :
supplie

warning :
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function was declared with formal arguments [1)
The function was declared to take arguments, but the func-
tion definition does not declare formal parameters.

function was declared without formal arguments [1]

The function was declared to take no argument (the argu-
ment type list consists of the word vold) but formal parame-
ters are declared in the function definition or arguments are
given in a call to the function.

‘tdentifier’ : has bad storage class [1]

The specified storage class cannot be used in this context (for
examJ)Ie, function parameters cannot be given extern cla,ssg.
The default storage class for that context is used in place o
the illegal class.

identifier truncated to “rdentifier” [1)
Only the first 31 characters of an identifier are significant.

illegal null char (1)

The single quotes delimiting a character constant must con-
tain one character. For example, the declaration “char a =

* ** isillegal. To represent a null character constant, use an
escape sequence (for example, *\0*).

‘operator’ : illegal pointer combination [1]
AJ:omter to a given type is forced to point to an object with
a different type.

‘operator’ : illegal with enums [1]
You may not use the given operator with an enum value.
The enum value is converted to Int type.

operalor : indirection to different types [1]
he indirection operator (*) is used in an expression to
access values of different types.

[If]ng/short mismatch in arguments : conversion

An integral type is assigned to an integer of a differe.t size,
causing a conversion to take place. For example, a long is
given where a short was declared, etc.

macro identifier requires parameters [1]

The given identifier was creﬁned as a macro taking one or
more arguments, but the identifier is used in the program
without arguments.
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warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :

warning :
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missing close parenthesis alter 'defined’ [1]
The closing parenthesis is missing [rom an #if defined
phrase.

near/far on identifier ignored [1]
The near or tar keyword has no effect in the declaration of
the given identifier and is ignored.

near/far mismatch in arguments: conversion supplied [1]

A pointer is assigned to a pointer with a dilferent size, result-

ing in the loss of a segment address [rom a far pointer or the
addition of a segment address to a near pointer.

newline in string constant {1]
A newline character is not preceded by an escape character
(\) in a string constant.

no function return type [2]
The return type is missing from a function declaration; the
default return type will be Int.

no return value '[2}
A lunction declared to return a value does not do so.

not enough actual parameters for macro identifier [1]

The number of actual arguments specified with an identifier
is less than the number of formal parameters given in the
macro definition of the identifier.

not enough arguments (1]

The number oF arguments specified in a lunction call is less
than the number of parameters specified in the argument
type list or in the function definition.

‘&’ on lunction/array, ignored [1]
You cannot apply the address-of operator to a [unction or
array identifier,

overflow in constant arithmetic [1]

" The result of an operation exceeds Ox7FFFFFFF.

warning :

warning :

warning :

overflow in constant multiplication [1]
The result of an operation exceeds Ox7FFFFFFF.

'Ydentifier’ : overflows array bounds (1]
Too many initializers are present for the given array. The
excess initializers are ignored.

parameter n diflers

The type of the given parameter does not agree with the
corresponding type in the argument type list or with the
corresponding formal parameter.

-
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warning : parameter n's type is not in union identifier
The declaration of the given parameter specifies a union
type, but the parameter’s type does not correspond to the
type of any of the union members.

warning : pointer mismatch: parameter n [1]
The given parameter has a different pointer type than is
specified in the argument type list or the lunction definition.

warning : procedure too large, skipping loop inversion optimization
and continuing [0]
Some optimizations for a function are skipped because
insufficient space is available for optimization. To correct
this problem, reduce the size of the lunction by breaking it
down into two or more smaller functions.

warning : procedure too large, skipping branch sequence optimi-
zation and continuing [0]

Some optimizations are skipped because insufficient space is
available for optimization. To correct this problem, reduce
the size of the function by breaking it down into two or more
smaller functions.

warning : procedure too large, skipping cross jump optimization

and continuing [0]
Some optimizations for a function are skipped because
insufficient space is available for optimization. To correct
this problem, reduce the size of the function by breaking it
down into two or more smaller functions.

warning : recoverable heap overflow in post optimizer - some optimi-
zations may be missed 51
Some optimizations are skipped because insufficient space is
available for optimization. To correct this problem, reduce
the size of the function by breaking it down into two or more
smaller functions.

warning : identifier : redefinition [1]
The given identifier is redefined.

warning : ‘register’ on ‘identifier’ ignored [1]
Only integral and pointer type variables may be given regis-
ter storage class.

warning : second parameter list is longer than the first {1)
A function is declared more than once, and the argument
type lists in the declarations differ.
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warning :

warning :

warning :
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warning :
warning :
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sizeof returns 0 [2] )
The slzeot operator is applied to an operand that yields a
size of zero.

: string too big, leading chars truncated (1]

A string exceeds the compiler limit on string size. To correct
this problem, you must break the string down into two or
more strings.

: strong type mis-match (2]

Two different but compatible types are used: [or example, a
typodal type with a non-typadel type, or two different but
equivalent struct or unton types.

too many actual parameters for macro identifier [1)

The number of actual arguments specified with an identifier
is greater than the number of formal parameters given in the
macro definition of the identifier.

too many actual parameters[1]

The number of arguments specified in a function call is
greater than the number of parameters specified in the argu-
ment type list or in the function definition.

type following ‘keyword' is illegal, ignored (1]
An illegal combination occurs %I'or example, unsigned float).

#undef expected an identifier .
The name of the identifier whose deﬁpil’.ion is to be removed
must be given with the #undef directive.

unexpected formal parameter list (1] . _
A formal parameter list is given in a function declaration
and is ignored.

‘identifier’ : unknown size [1] .
The size of the named variable is not specified.

unmatched close comment ‘+/' [1] _
A comment is started {with */+') but is not closed (with ‘+/").

unnamed struct/union as parameter [1]

The structure or union type being passed as an argument is
not named, so the declaration of the formal parameter can-
not use the name and must declare the type.

identifier uses undefined struct/union identifier [2]
The name of a structure or union type is used before the type
is defined.
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warning : ‘tdentifier' : void type changed to int [1]
Only functions may be declared to have void type.

E.3.2 Fatal Error Messages

The following messages identily fatal errors. The compiler cannot recover
from a fatal error; it terminates after printing the error message.

fatal : bad parenthesis nesting
The parentheses in a preprocessor directive are not matched.

fatal : bad preprocessor command ‘siring’.
The characters following the number sign (#) do not form a
preprocessor directive.

fatal : cannot find filename
The given file does not exist or cannot be found. Check to
make sure your environment settings are valid and that you
have given the correct pathname for the file.

fatal : cannot open filename
The given file cannot be opened.

fatal : cannot open listing file filename
The filename or pathname given for the listing file is not
valid.

fatal : cannot open source file filename
Thlgdﬁlena.me or pathname given for the source file is not
valid.

fatal : compiler limit : macro expansion too big
The expansion of a macro exceeds the available space.

fatal : compiler limit : possibly a recursively defined macro
The expansion of a macro exceeds the available space.
Check to see whether the macro is recursively defined, or if
the expanded text is too large.

fatal : DGROUP data allocation exceeds 641K
Large model allocation of variables to the default segment
exceeds 64K; use the /Gt option to move items into separate
segments.

fatal : error count exceeds n; stopping compilation
Errors in the program are too numerous or too severe to
allow recovery, and the compiler must terminate.
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fatal : error on compiler intermediate file .
Not enough disk space is available for the compiler to create
intermediate fles used in the compilation process. The space
required is approximately two times the size of the source
file. To correct thia problem, you must make more space
available.

fatal : expected ‘#endil’ _ _
An #it, #ltdet, or #itndef directive was not terminated with

an #endlf directive.

fatal : #if [n] defl expected an identifier
You must specily an identifier with the #itdet and #itndef

directives.

fatal : no input file specified o
You must give at least one source file as input to the com-

piler.

fatal : not able to execute compiler pass
One of the compiler executable files cannot be found. Check

your environment settings and directory setup.

fatal : parser stack overflow, please simplily your program
Your program cannot be processed because the space
required to parse the program causes a stack overflow in the
compiler. To solve this problem, try to simplify your pro-
gram.

fatal : recursively defined macro identifier
The given identifier is defined recursively.

fatal : too many include files
Nesting of #include directives exceeds the limit of ten levels.

fatal : too many open files, cannot redirect filename
The specified redirection cannot be carried out because the
system limit on the number of open files has been reached.

fatal : unexpected ‘#elif’ )
The #allt directive is legal only when it appears within an #1f,
#itdef, or #iindef directive.

fatal : unexpected ‘#else’ _
The #else directive is legal only when it appears within an
#1f, #1idef, or #lindaf directive.
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fatal : uriexpected ‘#endif’ .
An #endlf directive appears without a matching #If, #itdat,
or #linde! directive.

fatal : unexpected EQF
This message appears when you have insufficient space on
the default disk drive for the compiler to create the tem-
porary files it needs. The space required is approximately
two times the size of the source file.

E.3.3 Compilation Error Messages

The me'ss-ages listed below indicate that your program has errors. When
the compiler encounters any of the errors listed in this section, it continues
parsing the program (il possible) and outputs additional error messages.

However, no object file is produced.

‘+': 2 pointers
Two pointers may not be added.

*tdentifier’ : array inits require curly braces
The braces ({ }) around an array initializer are missing.

array of [unctions
Arrays of functions are not allowed.

auto allocation exceeds 32K
The space allocated for the local variables of a function
exceeds the limit of 32 kilobytes.

‘class’ : bad storage class
The given storage class cannot be used in this context.

operalor : bad lelt operand
Thle left-hand operand of the given eperator is an illegal
value.

bad octal number ‘n’.
The character nis not a valid octal digit.

operator : bad right operand
Thle right-hand operand of the given operafor is an illegal
value.

‘tdentifier’ : base type with near/far not allowed
Declarations of structure and union members may not use
the nesar and far keywords.
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identifier : can't init arrays in functions
Arrays can only be initialized at the external level.

cannot init struct/union in functions
lSt.rulct:ures; and unions can only be initialized at the external
evel. '

case expression not constant .
Case expressions must be integral constants.

case expression not integral
Case expressions must be integral constants.

case value ‘n’ already used
The case value n has already been used in this switch state-
ment.

cast has illegal formal parameter list
A formal parameter list is given in a type cast expression.

cast of ‘void’ term to non-void
The vold type may not be cast to any other type.

cast to array type is illegal
An object cannot be cast to an array type.

cast to function returning . . . is illegal
An object cannot be cast to a function type.

compiler error
Compiler errors indicate an error on the part ol the compiler
rather than your program. See Section E.3, “Compiler Error
Messages,” for instructions on notilying Microsoft about
these errors.

Although this message does not indicate errors in your pro-
gram, you may want-to try rearranging your code so that the
program will compile. In the error message, the first
filename identifies the compiler file producing the error; the
line number n refers to that file. The second filename gives
the name of the source file being compiled.

compiler limit : initializers too deeply nested
The compiler limit on nesting of initializers has been
exceeded. The limit ranges from 10 to 15 levels, depending
on the combination of types being initialized. To correct

&
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compiler limit : struct/union nesting .
Nesting of structure and union definitions may not exceed
five levels.

constant expression is not integral '
The context requires nn integral constant expression.

#define syntax o
A #define directive has a syntax error.

‘identifier’ : definition too big
Macro definitions may not exceed 256 bytes.

‘operator’ : different aggregate types
Pointers to different sfructure ar nnion types are not allowed
with the given operalor.

divide by O _ _ _
The second operand in 4 division operation (/) evaluates to
zero, giving undefined results.

‘identifier’ : enum/struct/union type redefinition
The given identifier has already Leen nsed for an enumera-
tion, structure, or union tag.

expected "{" to follow ‘identifier _
The context requires patentheses afler the function
tdentifier.

expected constant expression _
The context requires u constant expression.

expected ‘defined(id)’
An #1t directive has a syntax error.

expected exponent value, not ‘n’ - _
The exponent of a fating-puint constant is not a valid
number.,

expected formal parameter list, not a type list _ o
An argument type list appears in a function definition
instead of a formal parameter list.

expected preprocessor command, found ‘¢’ .
The character following 4 number sigu (#) is not the first
letter of a preprocessor directive.

this problem, simplily the data type being initialized to
reduce the levels of nesting, or assign initial values in
separate statements after the declaration.

‘identifier’ : field has indirection _
The bitfeld is declurd us u pointer (1), which is not allowed.

p,
-
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‘ddentifier’ : field type too small for number of bits
The number of bits specified in the bitfield declaration
exceeds the number of bits in the given unsigned type.

‘identifier' : fields only in structs ,
Only structure types may contain bitfields.

function returns array :
A function may not return an array. (It may return a
pointer to an array.)

function returns function
A function may not return a function. (It may return a
pointer to a function.)

‘identifier’ : functions are illegal members
A lunction cannot be a member of a structure; use a pointer
to a function instead.

‘string’ : ignored
he given text appeared out of context and was ignored.

illegal allocation of segment-type segment > 64IK
A segment exceeds the limit of 64 kilobytes. The segment-
type indicates whether the code or data segment exceeds the
lim(i]t..l To correct this problem you must use a larger memory
model.

illegal break

A break statement is legal only when it appears within a do,
for, while, or swlich statement.

illegal case

The case keyword may only appear within a switch state-
ment.

illegal cast
A type used in a cast operation is not a legal type.

illegal continue
A continue statement is legal only when it appears within a
do, for, or while statement.

illegal default

The detault keyword may only appear within a switch state-
ment.

illegal escape sequence

The character(s) after the escape character (\) do not form a
valid escape sequence.
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illegal expression
An expression is illegal because of a previous error. (The
previous error may not have produced an error message.)

‘operator’ : illegal for struct/union
.Structure and union type values are not allowed with the
given operator.

illegal index, indirection not allowed
A subscript was applied to an expression that does not evalu-
ate to a pointer.

illegal indirection.
The indirection operator (*) was applied to a nonpointer
value,

illegal initialization
An initialization is illegal because of a previous error. (The
previous error may not have produced an error message.)

‘operator’ : illegal pointer combination
Pointers that point to different types cannot be used with
the given operator.

illegal pointer subtraction.

Only pointers that point to the same type may be sub-
tracted.

illegal sizeof operand -
The operand of a sizeof expression must be an identifier or a
type name.

#include expected a file name
An #Include directive lacks the mandatory filename
specification.

identifier : incompatible types
An expression contains types that are not compatible.

‘identifier’: init of a function
Functions may not be initialized.

identifier is an undefined struct/union

The given fdentifier is declared as a structure or union type
that has not been defined.

keyword ‘enum’ illegal )
The enum keyword appears in a structure or union declara-
tion, or an enum type definition is not formed correctly.
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tdentifier : label redefined
The given identifier appears before more than one statement
in the same lunction.

label ‘identifier’ was undefined. )
The function does not contain a statement labeled with the
given identifier,

left of ‘- > rdentifier’ must have a struct/union type
The expression before the member selection operator - >’
does not point to a structure or union type.

left of ‘.identifier’ must have a struct/union type
The expression before the member selection operator *." does
not evaluate to a structure or union type.

left of ‘->>' specifies undefined struct/union ‘tdentifier’
The expression before the member selection operator '->’
points to a structure or union type that is not defined.

left of ‘." specifies undefined struct/union ‘identifier’
The expression belore the member selection operator ‘.’ has a
structure or union type that is not defined.

operalor : left operand must be lval.
The left operand of the given operator must be an lvalue.

#line expected a line number
A #lne directive lacks the mandatory line number
specification.

‘identifier’ : member of enum redefinition
The given tdentifier has already been used for an enumera-
tion constant, either within the same enumeration type or
within another enumeration type with the same visiﬂility.
missing '>’
"~ The closing angle bracket (' >') is missing from an #Include
directive.

missing name {ollowing ' <'
An #include directive lacks the mandatory filename
specification.

missing open paren alter keyword ‘defined’ i
Parentheses must surround the identifier to be checked in an
#if directive,
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‘identifier’ . missing subscript
To reference an element of an array you must use a sub-
script.

mod by 0
The second operand in a remainder operation (%) evaluates
to zero, giving undefined results.

more than one delault

A swilch statement contains too many defauit labels (only
one is allowed).

‘operator’ needs lvalue.
The given operator must have an lvalue operand.

negative subscript
A value defining an array size was negative.

newline in constant
A newline character in a character or string constant must
be preceded by the backslash escape character (\).

no closing single quote
A newline character in a character constant must be pre-
ceded by the backslash escape character (\).

non-address expression

f\n]attempt was made to initialize an item that is not an
value.

non-constant offset
An initializer uses a non-constant offset.

non-integer switch expression
Switch expressions must be integral.

non-integral field initializer identifier
An attempt is made to initialize a bitfield member of a struc-
ture with a non-integral value.

non-integral index
Only integral expressions are allowed in array subscripts.

‘identifier’ : not a function
The given identifier was not declared as a function, but an
attempt was made to use it as a function.

‘tdentifier’ : not struc:‘./union member

The given identifier is used in a context that requires a struc-
ture or union member.
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‘&’ on bit field ignored '
Bitfields cannot have their address taken.

‘&’ on constant
Only variables and functions can have their address taken.

‘&' on register variable
Register variables cannot have their address taken.

out of heap space
The compiler has run out of dynamic memory space. This
usually means that your program hkas many symbols and
complex expressions. To correct the problem, break down
the file into several smaller source files.

out of macro actual parameter space
Arguments to preprocessor macros may not exceed 256
bytes. '

parameter allocation exceeds 32K
The storage space required for the parameters to a function
exceeds the limit of 32 kilobytes.

parameter has type void
Formal parameters and arguments to functions may not
have void type.

pointer + non-integer
Only integral values may be added to pointers.

‘operator’ : pointer on left. Needs integral right.
The left operand of the given operatlor is a pointer; the right
operand must be an integral value,

‘+’: 2 pointers
' Two pointers may not be added.

preprocessor command must start as first non-whitespace
Non-whitespace characters appear before the number sign
(#) of a preprocessor directive on the same line.

‘identifier’ : redefinition
The given identifier was defined more than once.

redefinition of formal parameter identifier
"~ Aformal parameter to a function is redeclared within the
function body.

‘&’ requires lvalue
The address-of operator can only be applied to lvalue expres-
sions.
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‘.’ requires struct/union name _ .
The expression before the member selection operator *." is
not the name of a structure or union.

‘="' requires struct/union pointer _ _
The expression before the member selection operator ‘=’ is
not a pointer to a structure or union.

reuse of macro formal identifier
The parameter list in a macro definition contains two
occurrences of the same identifier.

‘~': right operand pointer )
The right-hand operand in a subtraction operation {-) is a
pointer, but the left-hand operand is not.

static procedure 'identifier’ not found. .
A forward reference was made to a missing static procedure.

struct/union inits need curly braces L
The braces ({}) around a structure or union initializer are
missing.

struct/union member needs to be inside a struct/union o
Structure and union members must be declared within the
structure or union.

struct/union member redefinition
The same identifier was used for more than one structure or
union member.

structure/union comparison illegal
You cannot compare two structures or unions. (You can,
however, compare individual members of structure and
unions.)

subscript on non-array.
A subscript was used on a variable that is not an array.

syntax error .
This statement or the preceding statement is not formed
correctly.

term does not evaluate to a function ] )
An attempt is made to call a function through an expression
that does not evaluate to a [unction pointer.

‘n’ : too big for char
The number n is too large to be represented as a character.
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too many chars in constant

A character constant is limited to a single character or

escape sequence. {Multicharacter character constants are
not supported.) '

toc many _iIt‘ll.i‘tializers.
e number of initializers exceeds th j
Lhe pumber eeds the number of objects to
typedef specifies different enum

Two diflerent enumeration tyges defined with typedef are
used to declare an item, but the enumeration types are

different.
typedefl sp%ciﬁes different struct
wo structure types defined with typedef are used t
an item, but the structure types are different. e to declare
typedefl specifies different union

Two union types defined with
. _ ypede! are used to decla
item, but the union types are dilferent. e

‘typedels’ both define indirection

Two lypedat tﬂpes are used to declare an item and both
typedef Lypes have indirection. For example, the declaration
of p in the lfollowing example is illegal.

typedef int lrP_Ill"I":
typedef short *P_SHORT;

/* this declaration is 111
P_SHORT P_INT p; °gat */

‘identifier’ : undefined
The given identifier is not defined.
‘¢’ : unexpected in formal list

The character ¢ is misused in a macro definition’s list of for-
mal parameters.

Ca ) .
¢ : unexpected in macro definition

The character ¢ is misused in a macro definition.
unknown character ‘Oxn’

The given hexadecimal number does not correspond to a
character.

‘tdentifier’ : unknown size

A member of a structure or union has an undefined size.

1)
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use of undefined struct/union identifier _
The given identifier was used to refer to a structure or union
type that is not defined.

‘void’ iIleg%] with all types _ .
he vold type cannot be used in operations with other types.

‘expression’ was the use of the struct/union ’ ) _
An undefined structure or union type variable is used in the
given ezpression.

E.3.4 Command Line Messages

The following messages indicate errors on the command line used to
invoke the compiler. If possible, the compiler continues operation, print-
ing a warning message. In some cases, command line errors are fatal and
the compiler terminates processing.

80286 selected over 8086 for code generation
Both /G1 and /G2 were specified; /G2 is selected.

a previously defined model specification has been overridden
Two different memory models are specified; the model
specified later is used.

argument list for name too big _
The combined length of all arguments on the command line
(including the program name) may not exceed 128 bytes.

assembly files are not handled
You cannot give assembly source files as input to the com-
piler.

-C ignored S‘must also specify -P or -E or -EP) _
The -C option takes effect only when you are creating a
preprocessed listing using -P, -E, or -EP.

could not execute name. Please insert diskette and hit any key.
One of the compiler passes cannot be found on the current
disk. Insert the disk containing the named file and press any
key.

ignoring unknown switch identifier o
One of the options given on the command line is not recog-
nized and is ignored.
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incomplete model specification
Either one capital letter (S, M, or L) or a string of three
lowercase letters must be specified with the /A option.

listing has'Iprecedence over assembly output )
wo different listing options were chosen; the assembly list-
ing is not created.

-ND not allowed with -Ad
The -ND option cannot be used when “d” or “w” is specified
with the -A option.

-ND not allowed with -Aw
The -ND option cannot be used when “d” or "w” is specified
with the -A option.

only one floating-point model allowed
You can only give one of the five floating-point (/FP) options
on the command line.

only one of -P -E(/-EP allowed, -P selected
Each of these options produces a diflerent kind of prepro-
cessed listing; only one can be used at a time.-

only one memory model allowed '
You must choose one memory model; you cannot specily
more than one.

optimizingrfor space over time

This message confirms that the /Os option is used for optim-
izing.

threshold only for lfar/huge data, ignored

The threshold option (/Gt) is effective only in large model
programs.

too many linker flags on command line
Too many linker options are specified with the CL command,
not all of them can be passed to the linker.

toco many symbols predefined with -D
The limit on command line definitions is normally 16; the /U
or /u option can be used to increase the limit to 20.

unknown -A subswitch ‘¢’ .
One of the letters given with the -A option is not recognized.

unknown floating-point option
The specified floating-point option (an /FP option} is not one
of the five valid options.
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unknown -M substring ‘¢’
One of the letters given with the -M option is not recognized.
(The -M option is a XENIX-compatible option.)

unknown option (¢) in eplion
One of the letters in the given option is not recognized.

E.3.5 Compiler Limits

To operate the Microsoft C Compiler, you must have sufficient disk space

available for the compiler to create temporary files used in processing.

The space required is approximately two times the size of the source file.

Table E.2 summarizes the limits imposed by the C compiler. If your pro-

grag} exceeds one of these limits, an error message will inform you of the
problem. :
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Table E.2

Limits Imposed by the C Compiler

Program Item Description Limit
String Literals Maximum length of 512 bytes

a string, including
the terminating null
character (\0).

Maximum size of a
constant is deter- .
mined by its type;
see the AMicrosoft C
Language Reference
for a discussion of
constants.

Maximum length of
an identifier.

Constants

ldentifiers 31 bytes (additional

characters are dis-

carded)
Declarations Maximum level of 5 levels
nesting for
structure/union
definitions.
Preprocessor Directives Maximurmn size of a 512 bytes

macro definition.

Maximum number
of actual arguments
to a macro
definition.

Maximum length of
an actual preproces-
sor argument.

Maximum level of
nesting for #If,
#iidef, and #lindel
directives.

Maximum level of
nesting for include
files.

8 arguments

‘ 250 bytes

32 levels

10 levels

The compiler does not set explicit limits on the number and complexity of
declarations, definitions, and statements in an individual function or in a
program. If the compiler encounters a [unction or program that is too
large or too complex to be processed, it produces an error message to that
eflect.

254

HHHHHHHE

.,_‘

~

Error Messages

E.4 Linker Error Messages

_ All error messages, except for warning messages, cause the link session to

end. After you locate and correct a problem, you must relink.

Messages appear in the map file and are displayed on the screen. If you
direct the map file to CON, the error messages will not be displayed on the
screen.

About to generate .EXE file

Change diskette in drive A: and press <ENTER>.
This message appears before the “EXE” is written if the /P
switch is given. Insert the disk the “.EXE" file is to be writ-
ten to into the specified drive (A: for example).

Ambiguous switch error: switch
You did not enter a unique switch name prefix after the

switch indicator /, such as LINK /N ALPHA; linker will
abort.

Array element size mismatch
A far communal array is declared with two or more different
array element sizes (e.g., declared once as an array of charac-
ters and once as an array of floating-point values). Reconcile
the definitions and recreate object module.

Attempt to put segment name in more than one group in file
Jilename

A segment is declared to be a member of two different
groups. Correct the source and recreate the object files.

Bad value for cparMaxAlloc
The number specified using the /CPARMANALLOC switch
does not lie in the range 1 to 65,535. Try again.

Cannot find library: name.lib

Enter new file spec.
The linker cannot find the given library and is giving you a
chance to specify a new file name or a new path specification
or both. You should respond to the prompt with a new file
name or a new path specification or both.

Cannot nest response files

_Yq}ll ha\{e named a response file within a response file, which
is illegal.
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Cannot open list file - ' <k or §
anno Op,f“ﬁe directory or disk is full. Make space on the disk or in

the directory.

Cannot open response file
I)You mrmed a response file the linker cannot open. Try
again.
Cannot open run file _ o
. pThe directory or disk is full. Make space on the disk or in

the directory.

Cannot open temporary file ) ]
pThe dirgctory or disk is full. Make space on the disk or in

the directory.

Cannot reopen list file . _
ou did not actually replace the original disk when
prompted. Restart the linker.

Common area longer than 65536 bytes _ .
Your program has more than 84 kl!ob{tes of communal vari-
ables. NOTE: at the present time, only Microsoflt C pro-
grams can cause this message to be dis layed. Rewrite your
program using fewer communal variables or making some of

our communal variables far; or recompile your program
arge model.

ecord too large
Dupr LIDATAgrecord contains more than 512 bytes of data. Most
likely, an assembly module contains a struc definition that is
very complex, or a series of deeply nested DUP statements
{e.g. alpha db 10 dup (11 dup (12 dup (13 dup (...))))). Sim-
plify and reassemble.

Fixup overflow near address in segment name in file. OBJ(file) offset
cffsel
Some possible causes:

A group is larger than 64 kilobytes.

The user’s program contains an intersegment short jump or
intersegment short call.

The user has a data item whose name ct_mﬂicts with that of a
subroutine in a library included in the link.

In an assembly language source file, the user has an EXTRN
declaration inside the %ody of a segment. For example,
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beta . segment pudblic "code’
extrn bar:far. -

alpha proc far:
call bar’
T ret Je .
alpha endp -t

beta ends

' The following construction is preferable.

extrn. bar:far '
beta . segment pudlic ’code’

alpha’  .proc far
‘ call bar
ret
alpha endp

beta ends

To correct the problem, revise the source and recreate the
object file.
Incorrect DOS version, use DOS 2.0 or later

Linker will run only on MS-DOS Version 2.0 or later.
Reboot your system with MS-DOS 2.0 or later and try link-

ing again.
Insufficient stack space

There is not enough memory to run the linker.
Interrupt number exceeds 255

A number greater than 255 has been given after the /OVER-

LAYINTERRUPT switch. Try again with a number/in the

range 4 to 255.
Invalid numeric switch specification

You made a typographical error entering a value for one of
the linker switches (for example, entering a character string

I'%r atswitch that requires a numeric value). Linker will
abort.

Invalid object module

One of the object modules is invalid. If the error persists,

contact Microsoft via the Software Problem Report at the
back of this manual.

name is not a valid library

The file specified as a library i ¢ N I
Linker will abort. rary is not a valid library file.
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Segment limit too high
There is insufficient memory for the linker to allocate tables
to describe the number of segments requested (either the
value specified with /SEGMENTS or the default: 128).
Either try the link again using /SEGMENTS to select a
smaller number of segments (for example, 64, if the default
was used previously) or free some memory.

Segment size exceeds 64K
You have a small model program with more than 64 kilo-
bytes of code, or a medium model program with more than
64 kilobytes of data. Try compiling and linking with the
medium or large memory model.

Stack size exceeds 65536 bytes

The size specified lor the stack using the /STACK switch i
more than 65,536 bytes. Try agahin.g ¢/ switch is

Symbol table overflow
- Your program has more than 256 kilobytes of symbolic infor-
mation (pub!:cs, externs, segments, groups, classes, files,
etc.). Combine modules and/or segments and recreate the
object files. Eliminate as many public symbols as possible.

Terminated by user
You entered CONTROL-C, causing the linker to terminate.

Too many external symbols in one module

Your object module specified more than the allowed number
of external symbols. Break up the module.

Too manyéroup-, segment-, and class-names in one module
our program contains too many group, segment, and
class names. Reduce the number of groups, segments, or
classes and recreate the object files. '

Too many groups

Your program defines more than nine groups. Reduce the
number of groups.

Too many GRPDEFs in one module
Linker encountered more than nine GRPDEF's in a single

module. Reduce the number of GRPDEFs or split up the
module.

Too many libraries
You tried to link with more than 16 libraries. Combine
libraries or link modules that require fewer libraries.

LEDATA record contains more than 1024 bytes of data.
Please note the translator (compiler or assembler) that pro-
duced the incorrect object module and the circumstances
under which it was produced; report the information to
Microsoft via the Software Problem Report at the back of
this manual.

Link failed: status (-1)
LINK.EXE could not be found or could not be executed.

Nested lelt parentheses _
You have made a typing mistake while specifying the con-
tents of an overlay on the command line. Try again.

No object modules specified _
You have failed to supply the linker with any object file

names. Try again.

Out of space on list file
Disk on which list file is being written is full. 'ree more
space on the disk and try again.

Qut of space on run file
Disk on which “.EXE" is being written is full. Free more

space on the disk and try again.

Out of space on scratch file
Disk in default drive is full, Delete some files on that disk,

or replace with another disk, and restart the linker.

Overlay manager symbol already defined: name
You have defined a symbol name that conflicts with one of
the special overlay manager names. Change the offending
name and relink,

Please replace original diskette in drive A: and press <ENTER>
This message appears after the “EXE" has been written if
the /P swit.(ﬁ1 is given. Insert the disk with the list file so
that it can be reopened.

Relocation table overflow
More than 16,384 long (far) calls, long jumps or other
long pointers occur in the user's program. Rewrite program,
replacing long references with short references where pos-
sible, and recreate object module, NOTE: Pascal and FOR-
TRAN users should first try turning off debugging.

Segment limit set too high
The limit on the number of segments allowed was set too
high using the /SEGMENTS switch. Linker will abort.
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Too many overlays
Your program defines more than 63 overlays. Reduce the

number of overlays.

Too many segments _ .
Your program has too many segments. Relink using the

/SEGMENTS switch with an appropriate number of seg-
ments specified.

Too many segments in one module _
Your object module has more than 255 segments. Split the
modules or combine segments.

Too many TYPDEFs
TYPDEFs are records emitted by the compiler to describe
communal variables. Create two sources from the old
source, dividing the communal variable definitions between

them; recompile and relink.

Unexpected end-ol-file on library
The disk containing the library has probably been removed.
Try again alter inserting the disk containing the library.

Unexpected end-of-file on scratch file
Disk containing VM.TMP was removed. Restart linker.

Unmatched left parenthesis _ L
You have made a typing mistake while specifying the con-
tents of an overlay on the command line. Try again.

Unmatched right parenthesis _ .
You have made a typing mistake while specifying the con-
tenis of an overlay on the command line. Try again.

Unrecognized switch error: o
You entered an unrecqinmed character after the switch indi- |

cator (/}, such as LINK /ABCDEF BETA,; linker will abort.

VM.TMP is an illegal file name and has been ignored
You have used VM. TMP as an object file name. Rename file

and link again.

Warning: no stack segment .
Your program contains no segment of combine-type stack.

Warning: too many local symbols KN
You asked for a sorted listing of-local symbols in the list file,
but there are too many symbols’to sort. The linker will pro-
duce an unsorted listing of the local symbols.
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Warning: too many public symbols
You asked for a sorted listing of public symbols in the list
file, but there are too many symbols to sort. The linker will
produce an unsorted listing of the public symbols.

E.5 Library Manager Error Messages

‘The following are Microsoft LIB error messages.

symbol is a multiply defined PUBLIC. Proceed?
Two modules define the same public symbol. You are asked
to confirm the removal of the definition of the old symbol.
To correct the source, remove the PUBLIC declaration from
one of the object modules and recompile or reassemble. If
y:')ut respond “no”, the library will be left in an indeterminate
state,

Allocate error on VM. TMP

t.OUt of disk space. Make space on the disk or in the direc-
ory.

Cannot create extract file

No room in directory for extract file. Make space on the disk
or in the directory,

Cannot create list file

No room in directory for library file. Make space on the disk
or in the directory.

Cannot nest response file
@filespec within response file.

Cannot write library file
gut. of disk space. Make space on the disk or in the direc-
ry.
Close error on extract file

t‘Out of disk space. Make space on the disk or in the direc-
ory.

Error: An internal error has occurred
Contact Microsolt Corporation via the Soltware Problem
Report at the back of this manual. .
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tal Error: Cannot open input file
Fote You mistyped an object filename.

E.6 EXEPACK Error Messages

: Module is not in the library _ ]
Fatal Erro‘;ou tried to delete a module that is not in the library.

t & d error :
Input file g:d object module or laulty disk.

Invalid object module/library

Bad object module and/or library.

Libraty Dil's\ll; 11?12;2 room on disk. Make space on the disk or in the

directory.

Listing ﬁle()\:rt]f)e[ fili:?crspace. Make space on the disk or in the direc-
tory.
' VM.TMP

MS-LIB ca’l{llgizgglelf]or VM. TMP in disk directory. Make space on the
disk or in the directory.

ib file specified "
Noli ra.ryNO response to “Libra.l‘y name prompt.

Read error on VM. TMP
Disk not ready for read.

ity exceeded L _ _
Symbol t.a"cf‘lgocz‘p;:‘c; gublic symbols {the limit is approximately 30 kilo-
bytes in symbols).
Too many object modules
° yMc:»re than 500 object modules.

many public symbols .
Too YIF,}024 public symbols maximum.

Vri ib extract file . . .
Write erro(r)‘?g(}ll_ c{izicyé]mce. Make space on the disk or in the direc-

tory.
Vri  on VM. TMP L .
Write erro(r)l?;lor disk space. Make space on the disk or in the direc-
tory. .
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The EXEPACK utility generates the following error messages.

exepack: can’t change load-high program
en the minimum allocation value and the maximum allo-
cation value are both zero, the file cannot be compressed.
exepack: error reading relocation table
The file cannot be compressed because the relocation table
cannot be found or is invalid.
exepack: invalid .EXE file (actual length < reported)
The second and third fields in the file header indicate a file
size greater than the actual size.
exepack: invalid .EXE file (bad header)
hThedgi\-ren file is not an executable file or has an invalid file
eaqer.

exepack: filename: No such file or directory
The given file cannot be found.

exepack: filename: Permission denied
The given file is a read-only file.

exepack: out of memory
The EXEPACK utility does not have enough memory to
operate.

exepack: too many segments in relocation table
The given file is too large to be compressed in the available
system memory.

usage: exepack infile outfile
The EXEPACK command line was not specified properly.

You may also encounter MS-DOS error messages il the EXEPACK pro-
gram cannot read, write to, or create a file
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E.7 EXEMOD Error Messages -

The EXEMOD utility generates the following error messages.

exemod: can’t change load-high program -
When the minimum allocation value and the maximum allo-
cation value are both zero, the file cannot be modified.

exemod: file not EXE: filename
EXEMOD automatically appends the “.EXE” extension to
any filename without an extension; in this case, no file with
the given name and an “.EXE" extension could be found.

exemod: invalid .EXE file (actual length < reported)
The second and third fields in the file header indicate a file
size greater than the actual size.

exemod: invalid .EXE file (bad header) _
'Ehedgiven file is not an executable file or has an invalid file
eader. -

exemod: min > max (correcting max)
If the minimum allocation value is greater than the max-
imum allocation value, the maximum allocation value is
adjusted. (Note: this is a warning message only; the
modification is still performed.) :

exemod: min < stack (correcting min)
If the minimum allocation value is not enough to accommo-
date the stack (either the original stack request or the
modified request), the minimum allocation value is adjusted.
(Note: this is a warning message only; the modification is
still performed.)

exemod: filename: No such file or directory
The given file cannot be found,

exemod: filename: Permission denied
The given file is a read-only file.

usage: exemod file (-/h) (-/stack n] (-/max n] [-/min n]
The EXEMOD command line was not specified properly.

The EXEMOD utility also produces error messages when the file header is
not in recognizable “.EXE" format, or il errors occur in reading or writing
to a file.
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F.1 Introduction

This appendix gives an overview of how the Microsoft C Compiler works
with other Microsoft languages and tools. In particular, Section F.5
discusses how the compiler works with SYMDEB, the Microsoft Symbolic
Debug Utility.

F.2 Microsoft LINK, Microsoft LIB,
EXEPACK, and EXEMOD

The programs that accompany the Microsoft C Compiler (the linker,
library manager, EXEPACK utility, and EXEMOD utility) work with
other Microsoflt languages as well as with C. Once you become familiar
with the procedures for running these programs, you can use them with
other Microsolt languages without having to learn a new program. How-
ever, when using these tools, you should always consult the appropriate
language documentation to find out what version of the program you have
and to learn about any special requirements that may apply when using

_the tools with a particular language.

The Microsoft Object Code Linker SLINI{), which accompanies the C com-
piler, is the same linker used with all Microsoft compilers, and it offers a
wide variety of options to suit the needs of programmers in different
languages.

The Microsoft Library Manager (LIB) also accompanies the C compiler. It
is used to create and maintain libraries of object files. The library
manager accepts MS-DOS object files produced by any Microsoft C com-
piler. In addition, LIB accepts 286 )&%‘MX archives and Intel-style
libraries and allows you to merge these libraries with MS-DOS libraries.

The EXEPACK and EXEMOD utilities (provided with the C compiler) can
be used on MS-DOS executable files in any Microsoft language, not just C
program files. However, the EXEMOD utility should be used with care,
and you should read the discussion of EXEMOD in Section 7.9.2 of
Chapter 7, "Advanced Topics,” for information about the constraints that
apply to executable files in different languages.
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F.3 286 XENIX Operating System

The Microsoflt C Compiler for MS-DOS shares its design with the C com-
piler for 286 XENIX systems, and was developed to [acilitate portability of
C programs between XENIX and MS-DOS systems. If you are interested
in writing programs that can be ported to XENIX systems, refer to the
Microsoft C Run-Time Library Reference, which contains information on
portability between the MS-DOS and XENIX C run-time libraries.

F.4 Microsoft FORTRAN
and Microsoft Pascal

Versions 3.0 and later of the C compiler allow you to declare and call rou-
tines written in Microsoft FORTRAN or Microsoft Pascal. To do this you
must have Version 3.3 or later of the Microsoft FORTRAN or Pascal com-
pilers. Section 8.2 of Chapter 8, “Interfaces with Other Languages,”
describes the syntax for declaring Pascal and FORTRAN routines; how-
ever, before attempting to use this feature, you should read the discussion
of mixed language programming provided with the Microsoft FORTRAN
or Microsoft Pascal Compiler, Version 3.3 or later.

F.5 Microsoft Macro Assembler (MASIVI%:
and Symbolic Debug Utility (SYMDEB)

The Microsoft Macro Assembler (MASM) Version 3.0 and later can be used
to create assembly language routines to work with C programs. The list-
ing file output by the /Fa option of the C compiler is suitable for input to
MASM. See Section 8.1 of Chapter 8, “Interfaces with Other Languages,”
for a discussion of the assembly language interface to C programs.

The symbolic debug utility (SYMDEB) provided with the Macro Assembler
Version 3.0 or later can also be used to debug C programs, SYMDEB can
access program locations through addresses, global symbols, or line
number references, making it easy to locate and debug specific sections of
code. See your Macro Assembler (MASM) documentation for a full
description of SYMDEB's capabilities. An introduction to using SYMDEB
with (!;source files is given below.
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F.5.1 SYMDEB Procedures
To use SYMDEB with C programs, follow these procedures.

1. When you compile a C source file, use the /Zd and /Od options.
The /Zd option Eroduces line numbers in the object file and the
/Od option disables optimization so that your code will not be
rearranged. (Note: these options are not mandatory for debugging,
but they are usually helpful.)

2. When you link, use the /MAP and /LINENUMBERS options to
produce a map file that contains line number information.

3. Convert the resulting map file {7MAP) to a symbol file {.SYM) using
MAPSYM. MAPSYM is described in the SYMDERB section of the
Macro Assembler documentation.

4. Invoke SYMDEB with the symbol file and executable file as argu-
ments (followed by any arguments to the executable file).

When using SYMDEB to debug C programs, you should keep in mind that
the C compiler automatically adds a leading underscore to the beginning
of every global name. Be sure to include the leading underscore when you
specify global symbol names to SYMDEB.

You should also remember that all C programs are linked with a start-up
routine (CRT0.0BJ) from the standard C library for the appropriate
model. Program execution actually begins with the start-up routine,
which then calls the program’s “main” function. When you first invoke
SYMDERB, the current position will be the beginning of the program,
corresponding to the beginning of the start-up routine. Thus, after you
invoke SYMDEB, you will probably want to give a command to move to
the beginning of the “main” function and start your debugging there.

F.5.2 Sample SYMDEB Session

This sample session with SYMDEB gives examples of some commonly used
SYMDERB instructions and shows how to display lines from your source
file. For a complete list of SYMDEB opticns, see your Macro Assembly
{(MASM) documentation.

A sample program for use in the SYMDEB session is listed below. The
sample program contains two functions, main and add, which are stored in
two separate source files named MAIN.C and ADD.C.
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/% CONTENTS OF MAIN.C #/
double £ = 32.5, g = 18.2;

?ain()
double a;
double add{double, doubdla);
a = add(f, g):

}

/% CONTENTS OF ADD.C %/
double add(x, y)
%oubla X, Y.

return (x + y);

}

Give the lollowing commands to compile and link the files.

MSC /Zd /0d ADD.C;
MSC /24 /0d MAIN.C;

LINK /MAP /LINE ADD.OBJ+MAIN.DBJ;

You now have a map file (ADD.MAP) and an executable file (ADD.EXE).
To create a symbol file, type

MAPSYM ADD.MAP

This command creates a symbol file named ADD.SYM that the debugger
uses to access global symbols. To start the debugger, type

SYMDEB ADD.SYM ADD.EXE

This command invokes SYMDEB and passes it the names of the symbol
file and executable file for the program to be debugged. (In this case, the
program ADD.EXE does not take any command line arguments; if it did,
they would be given after ADD.EXE on the SYMDEB command line.) The
SYMDEB prompt is the hyphen character (-); it appears whenever SYM-
DEB is waiting for instructions from you.

You can get a quick demonstration of some of SYMDEDR's features by [ol-
lowing the steps in this list.

270

SEEEERNER

P 2

Step

10.

Command
?

G _main

s&

S+

BP _add
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Task

Displays a listing of SYMDEB commands.

Executes all lines up to the beginning of the
“main” function. The start-up code precedes the
“main” function.

Displays the current values of all registers.

Lists program lines. By delault, the listing is an
assembly listing, so the assembler instructions
that correspong to your program code are
displayed. When you type “u” without any
further arguments, lines are displayed starting at
the current location, which corresponds to the
beginning of the main function.

Changes the delault listing type to a combined
source and assembly listing. After you give this
command, type “u —add” to produce the listing.
The global symbol “_add” specifies the starting
point for the listing. SYMDEB prompts you for
the name of the appropriate source ﬁre the one
containing the add function). Type ADD.C in
response to the prompt, and the source file lines
corresponding to the add function will be
displayed.

Changes the default listing type to just source file
lines. Type “u _add” after giving this command
and the source file lines for the add function are
displayed. Since the source file, ADD.C, was
already specified, you do not have to give the
filename again.

Sets a break point at the beginning of the add
function.

E:ic;cut.es the program up to the break point at
a

Displays the value of the global variable fas a
long float. The bytes corresponding to the value
of fare displayed, and the value is also given in
exponential notation.

Exits the debugger.
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Microsolt LINK Technical Summary

G.1 Introduction

This appendix provides a summary of the operation of the Microsoft LINK
linking loader. LINK creates an executable file by concatenating a
program’s code and data segments according to the instructions supplied
in the original source files. These concatenated segments form an “execut-
able image” which is copied directly into memory when you invoke the
program for execution. Thus, the order and manner in which LINK copies
segments to the executable file defines the order and manner in which the
segments will be loaded into memory.

You can tell LINK how to link a program’s segments by using command
line options with the Microsoft C compiler or by using SEGMENT and
GROUP directives in the Microsoft Macro Assembler (MASM). See Sec-
tion 8.1.1 of Chapter 8, “Interfaces with Other Languages,” for a discus-
sion of the segment model for C programs and for a listing of class names,
align types, and combine types.

The following sections explain the process LINK uses to concatenate seg-
ments and resolve references to items in memory.

G.2 Alignment of Segments

LINK uses a segment’s alignment type to set the starting address for the
segment. The alignment types are BYTE, WORD, PARA, and PAGE.
These correspond to starting addresses at byte, word, paragraph, and page
boundaries, representing addresses that are multiples of 1, 2, 16, and 2586,
respectively.

When LINK encounters a segment, it checks the alignment type hefore
copying the segment to the executable file. If the alignment 1s WORD,
PARA, or PAGE, LINK checks the executable image to see if the last byte
copied ends at an appropriate boundary. If not, LINK pads the image
with extra zero bytes.
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G.3 Frame Addresses

LINK computes a starting address for each segment in a program. The
starting address is based on a segment’s alignment and the size of the seg-
ments already copied to the executable file. The address consists of an
offset and a “canonical frame number.”

The canonical frame number for a particular segment can be determined
from the list file produced by LIN]J’as follows. The list file gives the start-
ing address for each segment as a five-digit hexadecimal number. The four
most significant digits taken as a four-digit hexadecimal number give the
canonical frame number lor the segment. The offset is given by the least
significant digit of the starting address. The frame number selects a par-
ticular paragraph. A paragraph is a set of 16 contiguous bytes such that
the address of the first byte in the set is a multiple of 16. The offset is the
number of bytes from the first byte in the paragraph to the first byte in
the segment.

For BYTE and WORD alignments, the offset may be nonzero. The offset
is always zero for PARA and PAGE alignments.

G.4 Order of Segments

LINK copies segments to the executable file in the same order that it
encounters them in the object files. This order is maintained throughout
the program unless LINK encounters two or more segments having the
same class name. Segments having identical class names belong to the
same class and are copied as a contiguous block to the executable file.

For example, in the following program [ragment the segments “DATAX"

and “DATAZ"” form a class. Both segments are copied to the executable
file before the “TEXT” segment.
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‘DATAX segment °DATA’

D:A;!'Ax ends
segment °'CODE’
‘TEXT ends

All segments belong to a class. Segments for which no class name is
e_xp]lCltlﬁ defined have the “null” class name, and will be loaded as a con-
tiguous block with other segments having the null class name.

LINK imposes no restriction on the number or size of se ments in a class.
The total size of all segments in a class can exceed 64K Fkilobyt.es).

Note

The Microsoft C Compiler, Versions 3.0 and later, and the Microsoft

FORTRAN and Pascal Compilers, Versions 3.3 and later, use the seg-
ment ordering specified by the /DOSSEG linker option. This imposes
additional constraints on the segment loading order. See the discus-

sion of the /DOSSEG option in Section 4.5.10, “Ordering Segments,”
of Chapter 4, “Linking,” for details.

G.5 Combined Segments

LINK uses combine types to determine whether or not two or more seg-
ments sharing the same segment name should be combined into a single
large segment. The combine types are “public,” “stack,” “memory,”
“commeon,” and “private.”

Il a segment has public type, LINK will automatically combine it with any
other seFment.s having the same name and belonging to the same class.
When LINK combines segments, it ensures that the segments are contigu-
ous and that all addresses in the segments can be accessed using an offset
from the same frame address. The result is the same as if the segment
were defined as a whole in the source file.
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LINK preserves each individual segment’s alignment type. This means .
that even though the segments belong to a single, large segment, the code
and data in the segments do not lose their original alignment. If the com-
bined segments exceed 64K (kilobytes), LINI displays an error message.

Il a segment has stack or memory ty'{)e, LINK carries out the same com-
bine operation as public segments. The only exception is that stack seg-
ments cause LINKPto copy an initial stack pointer value to the executable
file. This stack pointer value is the offset to the end of the first stack seg-
ment (or combined stack segment) encountered.

If a segment has common type, LINK will automatically combine it with
any other segments having the same name and belonging to the same
class. When LINK combines common segments, however, it places the
start of each segment at the same address, creating a series of overlapping
segments. The result is a single segment no larger than the largest seg-
ment combined.

A segment has private type only il no explicit combine type is defined lor
it in the source file. LINK does not combine private segments.

G.6 Groups

Groups let segments that are not contiguous and do not belong to the
same class be addressable relative to the same frame address. When LINK
encounters a group, it adjusts all memory references to items in the group
so that they are relative to the same frame address. LINI does not check
to see il all elements of a group fit within the same 64K of memory.

Segments in a group do not have to be contiguous, do not have to belong
to the same class, and do not have to have the same combine type. The
only requirement is that all segments in the group fit within 64K.

Groups do not affect the order in which the segments are loaded. Unless
you use class names and enter object files in the right order, there is no
guarantee that the segments will be contiguous. In fact, LINK may place
segments that do not belong to the ﬁroup in the same 64K of memory.
Although LINK does not explicitly check that all segments in a group fit
within 64K of memory, LINIK is likely to encounter a fix-up overflow error
if this regnirement is not met.
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G.7 Fix-ups

Once the starting address of each segment in a program is known and all
segment combinations and groups have been established, LINK can “fix
up” any unresolved references to labels and variables. To fix up
unresolved references, LINK computes an appropriate offset and segment
address and replaces the temporary values generated by the assembler
with the new values,

LINK carries out fix-ups for four different references:

Short
Near self-relative
Near segment-relative

Long

The size of the value to be computed depends on the type of reference. If
LINK discovers an error in the anticipated size of a relerence, it displays a
fix-up overflow message. This can happen, for example, if a program
attempts to use a 16-bit offset to reach an instruction in a segment having
a different frame address. It can also occur if all segments in a group do
not fit within a single 64K block of memory.

A short reference occurs in JMP instructions that attempt to pass control
to labeled instructions that are in the same segment or group. The target
instruction must be no more than 128 bytes [rom the point of reference.
LINK computes a signed, 8-bit number for this reference. It displays an
error message if the target instruction belongs to a diflerent segment or
group (has a diflerent frame address) or the target is more than 128 bytes
distant (either direction}.

A near sell-relative reference occurs in instructions which access data rela-
tive to the same segment or gr_ou& LINK computes a 16-bit offset for this
reference. It displays an error if the data is not in the same segment or
group.

A near segment-relative reference occurs in instructions that attempt to
access data in a specified segment or group or relative to a specified seg-
ment register. LINK computes a 16-bit offset for this reference. It displays
an error message il the offset of the target within the specified frame is
greater than 64K or less than O or if the beginning of the canonical frame
of the target is not addressable,
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A long reference occurs in CALL instructions that attempt to access an
instruction in another segment or group. LINK computes a 16-bit frame
address and 16-bit ollset for this relerence. LINK displays an error mes-
sage il the computed offset is greater than 64K or less than zero or il the
beginning of the canonical frame of the target is not addressable.

G.8 Controlling the Loading Order

You can control the loading order of the segments in a program by creat-
ing and assembling a dummy program file that contains empty segment
definitions given in the order you wish to load your real segments. Once
this file is assembled, you simply give it as the first object file in any invo-
cation of LINK. LINK will automatically load the segments in the order
given.

For example, the I'ollowinidummy program file defines the loading order
of segments in a program having segments named CODE, DATA, STACK,
CONST, and MEMORY.

CODE segment °‘CODE’

CODE ends

CONST segment °"CONST'

CONST ends

DATA segment ‘DATA’

DATA ends

STACK segment stack 'STACK'
STACK ends

MEMORY segment "MEMORY'
MEMORY ends

The dummy program file must contain definitions for all classes to be used
in your program. II it does not, LINK will choose a deflault loading order,
which may or may not correspond to the order you desire. When linking
your program, the dummy program must be the first object file specified in
the LINIK command line.
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Important

Do not use a dummy ¥rogram file with C, Pascal, or other high-level
language programs. These languages define their own loading order.
This order must not be modified.

You can force LINK to load MEMORY segments as the last segments in a
program by placing an empty MEMORY segment at the end of your
dummy program file. The empty segment should have the form

segmeni-name SEGMENT MEMORY ’class-name’
segment-name ENDS

where segment-name is the name you intend to use for MEMORY segments
and class-name is the name you intend to use for the memory class.
Example

MEMORY segment memory ‘MEMORY'
MEMORY ends
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80186 /80188 processor, 24, 68
80286 processor, 24, 68
8087/80287 coprocessor, 63, 64
controlling use, 65, 143
in-line instructions, 64, 65
87.LIB, 18, 64, 141

$ (dollar sigﬂ 202
& {ampersan j, 125, 129
* {asterisk)

as LIB command symbaol, 126, 132
as wild card character, 19, 114
in CL command, 191
+ (plus sign)
as LIB command symbol, 125, 131
in LINK command, 91
, &comma) 416
- hyphenj option character, 48, 192
~ (minus sign), 126, 132
-* (minus-asterisk}, 126, 132
-+ (minus-plus), 126, 132
/ gorward slash) option character
INK, 94
MSC, 48
; (semicolon)
in LIB command, 125, 128, 130
in LINK command, 91
in MSC command, 45
1 (question mark)
as wild card character, 19, 114
in CL command, 191
~ (underscore}
in global names, 219
in 1dentifiers, 168

/A options, 76, 148, 149, 151, 152

abs, 208

Adding an object module to a library,
125, 131

/AL option, 79

Alias checking, 73
in previous versions of the compiler,
205
Align types, 163, 275
allmem, 207
Allocating paragraph space, 102
Alternate math library, 18, 55, 141
/AM option, 79
Ampersand (&), 125, 129
arge variable, 112 .
Argument type checking, 61
Arguments
command line, 115
conversion, 165
pushing, 165
to /F options, 49, 193
to £Gt. option, 49
to LINK options, 95
to macros, 254
to main function. See main function.
to MSC options, 49
wild card, 114
argv variable, 112

ray
identifiers, 203
limits, 204
/AS option, 79
ASCII character codes, 175
Assembly language interface, 159
in prevzious versions of the compiler,
21
Assembly listing file, 52
Assertion count exceeds 5; stopping
compilation, 231
Assertion error messages, 231
Asterisk (*)
as LIB command symbol, 126, 132
as wild card character, 19, 114
in CL command, 191
AUTOCEXEC.BAT file, 22
AUX, 43
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Backing up disks, 13

Batch files, 22, 38
BEGDATA class name, 105
Bibliography, 9 i

Binary mode, 19, 147
BINMODE.OBJ, 19, 147
Bitfields, 203 .
BP register, 165, 167, 214
Brackets, 6

BSS class name, 105

_BSS segment, 161

Buffers, 23

BYTE align type, 275

/C option, 59
/c option, 195, 196
Calling conventions, 165
in previous versions of the compiler,
214

Calling FORTRAN and Pascal routines,

170 .
Canonical frame number, 276
Capital letters, 7, 8
Carriage return-linefeed (CR-LF)
translation, 147
Case significance
assembly language interface, 168
filenames, 42
in previous versions of the compiler,
219 :
LINK, 88, 99
MSC options, 49
Changing libraries at link time, 141
char constants, 202
char type, 202
Checking syntax, 60
—chkstk, 217
chksum, 118

- CL. command, 41, 87, 191

/¢ option, 195, 196

/F options, 192

/Fe option, 192, 196

/F'm option, 192, 198
link option, 195, 198
inking, 195

syntax, 191
}gENDt-compat.ible options, 198
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CL.EXE, 18, 17
Class names, 163
BEGDATA, 105
BSS, 105
CODE, 105
FAR_I3S5, 161
FAR_DATA, 161
STACK, 105
Classes, 163, 277
in previous versions of the compiler,
222 :
CODE class name, 105
Code pointers, 151
Code segments, 162
naming, 155
restrictions, 75
Code size, 73
Combine types, 163, 277
Combined listing file, 52
Combining libraries, 125, 131
Comma (,}, 46
Command line
arguments, 111 :
error messages, 59, 230, 251
executable file, 111
maximum length, 112, 229
method
LIB, 127
LINK, 92
MSC, 48
su (rressing processing of, 115
wild cards, 114
Command symbols
asterisk (*), 126, 132
minus (-), 126, 132
minus-asterisk -*), 128, 132
minus-plus g--f—};' 126, 132
plus [+J, 125, 131
Commands
CL. See CL command.
IF ERRORLEVEL, 37
notational conventions, 7
PATH, 13, 20, 22
SET, 13, 20, 21, 22
summary, 179
Comments

in previous versions of the compiler,
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Comments {continued)

preserving, 59
Common combine type, 277
Communal variables, 203, 204
Compatibility

between floating-point options, 66

with MASM, 268

with Micresolt FORTRAN, 268

with Microsoft Pascal, 268

with SYMDEB, 258

with the 286 XENIX operating

system, 268

with XENIX options, 108
Compilation error messages, 69, 230
Compile only opticn, 195, 196
Compiler differences, 201

alias checking, 205

array identifiers, 203

array limits, 204

assembly language interface, 212

bitfields, 203

char constants, 202

char type, 202

comments, 201

enum type, 202

equality operators, 203

function identifiers, 203

identifiers, 202

language definition, 201

logical AND and OR operators, 205

Ivalue expressions, 203

macro definitions, 204

preprocessor, 204

relational operators, 203

run-time library, 206

strings, 202

structure identifiers, 203

structures and unions, 204

type casts, 203

uninitialized variables at external

level, 203

union identifiers, 203

unsigned long type, 202
Compiler error messages, 230

assertion, 231

code generation, 231

command line, 230, 251

compilation, 230

Index

Compiler error messages (continued)
fatal, 230, 239
internal, 230
warning, 230, 232
Compiler exit codes, 72
Compiler limits, 253
Compiler naming conventions, 53, 98
Compiler options. See MSC options.
Compiler passes, 16
Compiler summary, 179
Compiling large programs, 75
Compressing executable files, 145
COl\E 43 .
Conditional compilation, 54
CONFIG.SYS file, 23
Consistency check, 125, 134
CONST segment, 161
Constants
defining, 54
maximum size, 254
Control program, 16
CONTROL-C, 42, 92, 129
Conversions, 165
Converting from previcus versions of
the compiler
assembly language interface, 212
compiler differences, 201
run-time library differences, 206
Coprocessor, 24, 63
suppressing use of, 143
cpar OC field, 102
CPARMAXALLOC option, 102
CR-LF (carriage return-rinef eed)
translation, 147
creat, 208
Cross-reference listing (LIB), 126, 133
CRTO0.0BJ, 18, 101
CS. See Code segments.
CS register, 185, 169
Customized memory models, 149
c_common segment, 161

BD option, 54

ata files, 19

Data loading, 106

Data passed at execution, 111
Data pointers, 152
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Data segment, 152
default, 154, 161
default name, 155
naming, 155
restrictions, 75

_DATA segment, 155, 161

Data threshoid, 154

Debugging ‘
reparation for, 72
procedures (SYMDEB), 264
Declarations, 254
Default data segment, 154, 161
Default file extensions
LINK, 88
MSC, 42
Default libraries, 18, 85, 80
changing, 88
ignorm?, 100
order of linking, 141
overriding at link time, 141
search path, 85, 90
suppressing selection, 139
Deflault responses
IB, 130
LINK, 91
MSC, 45
deﬁ!;eo{c%(ident.iﬁer) constant-expression,

Defining constants and macros, 54
Deleting an object module from a
library, 126, 132
Denormal numbers, 88, 227
Device names, 43
DGROUP, 105, 162
DI register, 1685, 167, 164, 213
Differences. See Converting from
previous versions of the compiler. °
Direction fAag, 169, 213
Directory names, 7
Disabling optimization, 72, 73
Disks
backing up, 13
contents, 13
organizing, 25
swapping, 45
Displaying line numbers, 99
Dollar sign ($}, 202
/DOSSEG option, 105

286

DS register, 162, 185, 189, 213, 221
DS, See Data segment.
/DSALLOCATE, 108

/E option, 57
/EP option, 57
#elif directive, 204
Ellipses, 7
.LIB, 18, 63, 64, 65, 141
Emulator
in-line instructions, 84, 65
library. See EM.LIB.
Enabling special keywords, 137, 150
Entry sequence, 185
in previous versions of the compiler,
214
enum type, 202
environ variable, 113
Environment table, 113
maximum size, 229
suppressing processing of, 115
Environment variables, 13, 20, 179
defining, 21
natational conventions, 7
overriding, 23
Environment
changing, 23
setting up, 20
with batch files, 38
envp variable, 112
E‘" option, 57
Laquality operators, 203
Ercor messages, 225
compiler, 68, 230
assertion, 231
command line, 69, 251
compilation, 69, 230
fatal, 89, 239
internal, 230
warning, 89, 230, 232
EXEMOD, 284
EXEPACK, 263
floating-point exceptions, 227
library manager, 261
linker, 256
run-time, 225
ES register, 162, 213, 221
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Exceptions, 227

Exclude option, 80
Executable files, 13, 16, 111

command line arguments, 111

compressing, 145

modifying, 145

naming, 89, 192

passing data to, 111

search path, 20, 21
Executable image, 83
Executing programs, 111
Execution time, 73
EXEMOD, 17, 145, 148

compati‘ai]ity with other Microsoft -

products, 267
error messages, 264
/max option, 146
/min option, 146
/stack option, 146
summary, 188
EXEPACK, 17, 145, 146
compatibility with other Microsoft
products, 267
error messages, 263
summary, 187
Exit codes, 72
Exit sequence, 167
in przelv;ous versions of the compiler,
Extending lines, 91, 125, 129
Extensions, 42, 88
External names, 138
Extracting an oi)ject module from a
library, 126, 132

/F options, 50, 52, 192
arguments, 49, 193
in CL command, 192
{Fa option, 52
ar keyword, 137, 148, 149
Far pointers, 78, 148
FAR_BSS, 161
FAR_DATA, 161
Fatal error messages, 69, 230, 239
/Fe option, 52 .
Fe option, 192, 198
ilename extensions
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Filename extensions {continued)
conventions
LINK, 88
MSC, 42
extensions, 42, 88
notational conventions, 7
special, 43
Files
batch. See Batch files.
data. See Data files.
executable. Se¢ Executable files.
in CONFIG.SYS file, 23
include. See Include files.
library. See Library files.
locating, 20
maximum number open, 229
maximum si;e, grzs :
temporary. See Temporary files.
Fix-ups, 278 id
lopt.ion, 52
loating-peint error, 227
Floating point not loaded, 64, 226
Floating-point libraries, 18, 63
alternate math, 66
Floating-point operations, 63, 140, 141
compatibility, 86
default, 65,
error messages, 227
exceptions, 227
Tunction calls, 64, 65
in-line instructions, 64, 85
maximum efficiency, 64, 66
maximum flexibility, 66
maximum precision, 64, 66
Floating-point options, 63
/Fm option, 192, 196
(Fo option, 50
open, 209
fortran keyword, 137, 170
FORTRAN routines, 268
declaring, 170
Forward sFash (/)
as LINK option character, 94
as MSC option character, 48
/FPa option, 63, 66, 141
/FPc option, 63, 65, 141
/FPe87 option, 63, 84, 141
/FPi option, 63, 84, 85, 141
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éFPiS? option, B3, 64, 141
rame addresses, 276
Frame number, 276
Frame pointer, 214
freopen, 209

Function declarations, 61
Function identifiers, 203

/GO option, 68
/Gl option, 68
/G2 option, 68

. Generating function declarations, 61

getenvy, 113
etmem, 207 ' .

%lobal symbols. See Public symbols.

Global variables, 219

Groups, 162, 278
DGROUP, 105, 162 i
in previous versions of the compiler,

222

/Gs option, 144

/Gt option, 154
arguments, 49

{H option, 138
{eap, 160
Helvetica font, 8
{HIGH option, 106
wuge keyword, 137
Hyphen, 48

(l option, 59
dentifiers

array, 203

function, 203 i

in previous versions of the compiler,

notational conventions, 8
maximum length, 254
predefined, 56

removing definitions, 57
structure, 203
union, 203

Identifying syntax errors, 81
IF ERI{O ENEL command, 37, 72

Ignoring case, 99 ]
Ignoring default librariea, 100
lﬁcgal allocation of segment-type
segment >64K, 75
In-line instructions, 64, 65
#include directive, 17"
Include files, 14, 17
changing search path for, 60
Include files -
maximum level of nesting, 254
search path, 20, 21, 58
standard places, 59
V2toV3i.l, 208
INCLUDE variable, 21, 59
overriding effect. of, 60
Infinities, 66
Installation, 13
Instruction set
80186/80188 processor, 68
80286 processor, 88
8086/8088 processor, 68
Integer size summary, 183
Interfaces with other languages, 159
Internal error messages, 230
iscsym, 210
iscsymj' , 210
Italics, 8

Key sequences, 8

Keywords
notational conventions, 8
special, 137

Kilobyte, 75

Labeling the object file, 139

Language definition differences, 201

Large model, 77, 79

Large model library files, 17

Large programs, 75

Learning more about C, 8

LIB command, 17
adding a library module, 125, 131
backup library file, 123
command line met.f:od, 127
command symbols, 125
default responses, 130

|

LIB command feontinued) -
deleting a library module, 126, 132
error messages, 261
extending lines, 125
extracting a library module, 126, 132
modification methods, 123
order of operations, 122
/pagesize option, 134
prompts, 123
replacing a library module, 126, 132
response file method, 128
setting page size, 134
sumimary, 187
terminating, 129

_ LIB variable, 21, 85, 50

Libraries
8087 /80287, 141
alternate math, 66, 141
combining, 133
creating, 121, 130
/Z1 option, 140
default. See Default libraries.
emulator, 141
floating-point, 63
for mixed model programs, 153
modifying, 121, 131
search path, 85, 50

Libraries prompt, 89
Library files

deflaylt, 18
floating-point, 18
large model, 17
medium model, 17
search path, 21
small model, 17
standard C, 18

Library listing, 126, 133
Library manager, 17

See also LIB command.

compatibility with other Microsoft
products, 267

error messages, 261

Library name prompt, 124
Library page size, 134
Library search path, 85, 90
Limits

compiler, 253
run-time, 229

Index

Line number option, 72
Line numbers

displaying in linker listing file, 99
I option, 99
INK command, 17, 20
default responses, 91
extending lines, 91
prompts, 87
separating entries, 91
terminating, 92

{’link option, 195, 196

INK options, 94
/CPARMAXALLOC, 102
/DOSSEG, 105
/DSALLOCATE, 106
/JHIGH, 106

/MAP,
/NOD, 67, 141
/NODEFAULTLIBRARYSEARCH

(éNOD , 100
/NOGROUPASSQCIATION, 107
/NOIGNORECASE (/NOI), 99
/OVERLAYINTERR , 105
JPAUSE, 95

/SEGMENTS, 102

/STACK, 101

abbreviations, 94

allocating paragraph space, 102
controlling data loading, 106
controlling run file loading, 106
controlling segments, 102 .
controlling stack size, 101
gllsplgying line numbers, 99
ignoring default libraries, 100
map file, 97

no default library search, 67, 141
no ignore case, 99

numerical arguments, 95
ordering segments, 105

pausing, 95

preserving compatibility, 107
setting the overlay interrupt, 105
summary, 185

with C programs, 86

Linker, 17

See also LINK command
compatibility with other Microsoft
products, 267 -
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Linker fcontinued}
error messages, 255
operation, 83
summary, 184
technical summary, 275
Linking
C program files, 84 )
overriding default libraries, 141
with CL command, 195
LINT_ARGS, 62
List File prompt, 89, 126, 133
Listing files
assembly listing, 52
combined listing, 52
LIB, 122, 126, 133
LINK, 89, 96
object listing, 52
preprocessed listing, 57
with public symbols, 97
LLIBC.LIB, 19
LLIBFA.LIB, 19, 66, 141
LLIBFP.LIB, 19, 64, 141
Loading order, 280
Logical AND and OR operators, 205
Long pointers. See Far pointers.
Long references, 279
LSETARGY OBJ, 19, 114
Livalue expressions, 203

Macro Assembler. See MASM
Macros
defining, 54
maximum number of arguments, 254
maximum size, 254
natational conventions, 7
main function, 85
arguments to, 111
Manifest constants, 7
defining, 54
maximum size, 254
notational conventions, 7
Map file, 97
naming, 192

%P option, 97
M g\dm:ro Assembler), 268

max, 210
/max option, 146
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Maximum allocation value, 148
Maximum file size, 220
Maximum length of a string, 264
Maximuim length of an identifier, 254
Maximum length of command line, 229
Maximum length of preprocessor
argument, 254
Maximum level of nesting
" declarations, 254
preprocessor directives, 254
Maximum number of macro arguments,
254
Maximum number of open files, 229
Maximum optimization, 145
Maximum size of constant, 254
Maximum size of environment table,
229
Maximum size of macro definition, 254
Medium model, 77, 79
Medium model library files, 17
Memory model options, 76, 149
code pointer size, 151
data pointer size, 152
segment setup, 152
standard memory models, 79
Memory models
customized, 149
default, 79
large, 17, 79
medium, 17, 79
mixed, 148, 149, 151, 152
library support, 153
small, 17, 79
standard, 76

summary, 183
Mierosolt % See LIB command.

Microsoft LINK. See LINK command,

Microsoft products, 267
min, 210
min option, 148

inimum alfocation value, 146
Minus sign (-), 126, 132
Minus-asterisk (-*), 126, 132
Minus-plus (-+), 126, 132
Mixed memory models, 148, 149, 151,

152

library support, 153

MLIBC.LIB, 19

e

MLIBFA.LIB, 18, 66, 141
MLIBFP .LIB, 18, 64, 141
ifying the executable file, 145

Modules, 155

See also Object modules.

. movmem, 210

MSC eommand
_ default responses, 45
partial command line, 47
prompts, 42
responding to prompts, 42
using the command line, 46
MSC options, 48
/ﬁ"zs,g 148, 151, 152

/D option, 54
/ E, 57

JEP, 57

/Fa opticn, 52

/F¢ option, 52
/Fi og&ion 52

o,
/FPa, 63, 66, 141
/FPc, 63, 85, 141
/FPc87, 63, 64, 141
//g“ggégaégax,.%, 141
- i87, 63, 64, 141
Go, 68

/G1, 68
/G2, 68
/Gs, 144
/Gt, 154
/H, 138
e
155
/NM, 155

Index

MSC options fcontinued)

;)“é, 70

, 09
fZ4,72
/Ze, 137, 150
/ ZF, 61
/21, 139
/Zp, 137
/Zs, 61
arguments to, 49
assembly listing, 52
case of, 49
combined listing, 52
defining constants and macros, 54
disabling optimization, 72 ’
enabling special keywords, 137, 150
floating-point, 63, 64, 65, 141
generating function declarations, 61
identilying syntax errors, 61 '
labeling the object, file, 139
line numbers, 72
memory model

code pointer size, 151

customized, 149

data pointer size, 152

large, 79

medium, 79

mixed, 148, 151, 152

setting up segments, 152

small, 79

standard, 76
naming data segments, 155
naming modules, 155
na_n'un%.t.ext. segments, 155
object listing, 52
optimizing, 73, 144, 145
packing structure members, 137
preprocessed listing, 57
preprocessor, 54, 57, 59
preserymgdc?_lmments, 59
removing definitions of prede

identifiers, 57 predefined

removing stack probes, 144
rest.r;gtémg length of external names,
searching for include files, 59
setting the data threshold, 154
setting warning level, 70
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MSC options (continued}
spaces in, 4
summary, 180 . )
suppressing default library selection,
139

using 80186/80188 and 80286
rocessors, 68
XENIX-compatible, 196
MSC.EXE, 18, 20
MSDQOS, 56
MSETARGV.OBJ, 19, 114
M_I86, 56
M_I86xM, 58

Naming conventions
compiler, 53, 98, 168 .
in previous versions of the compiler,
219
segments, 155
Naming modutes, 155
Naming segments, 155
Naming the executable file, 89, 192
Naming the map file, 192
Naming the object ﬁie, 50
NalN's, 66
near keyword, 137, 148, 149
ND option, 155
ear pointers, 78, 148
Near segment-relative references, 279
Near self-relative references, 279
Nesting
declarations, 254
include files, 254
reprocessor directives, 254
Q\?M option, 155 )
o default library search option, 87
NQB87? variable, 143
/NOD option, 67, 100, 141
/NODEFAULTLIBRARYSEARCH
option, 67, 100, 141 .
/ NO(?ROUPASSOGLA’I‘ION option,
107
NOI option, 99
/ NQ{GKJORECASE option, 89
otational conventions, &
&NT option, 155
UL, 43, 127, 133

202

NUL.MAP, 89

Null pointer assignment, 116, 228
NULL segment, 116, 181, 228
_nullchegk, 118

/O option, 73
Object, file, 121
labeling, 139
naming, 50
Object filename prompt, 44
Object listing file, 52
Object listing prompt, 44
Object modules, 121
Object Modules prompt, 88
/Od option, 72 ‘
open, 211 .
Operations prompt, 125
Operators
equality, 203
logical AND and OR, 205
relational, 203
Optimization, 73, 145
advanced, 143
default, 74
disabling, 72, 73
favoring code size, 73
favoring execution time, 73
maximum, 145
options, 73
relaxing alias checking, 73
removing stack probes, 144
Optional fields, 6 ‘
Options
INK. See LINK options.
MSC. See MSC options.
summary, 179
Ordering segments, 105
Organizing hles
OPXY disk system, 27
hard disk system, 26
Output library prompt, 127
Overflow, 228 .
JOVERLAYINTERRUPT option, 105
Overlays, 103
overlay manager prompts, 104
setting the interrupt number, 105
Overview, 3

{Jlst.ic.m 145

jox
é)_B ARY, 209

. O_RAW, 209

P option, 57
é’U.E&E, 18, 20
P1LEXE, 186, 20
P2.EXE, 16, 20
P3.EXE, 16, 20
Packing structure members, 137
PAGE align type, 275
épages_ize option, 134
age size, 134
align type, 275
Paragraph, 276
Paragraph space, 102
ascal keyword, 137, 170
ascal routines, 170
Passing data at execution, 111
PATH command, 13, 20, 22
in AUTOEXEC.BAT file, 22
in batch files, 22
PATH variable, 21, 22, 111
Pathnames, 7
(JPAI_JSE option, 95
ausing during i.i.nking, 95
eek, 207
lus sign (+)"
in LIB command, 125, 131
in LINK command, 91
Pointers
code. See Code pointers.
data. See Data pointers.
far. See Far pointers.
near. See Near pointers.
summary of sizes, 183
Boke,_?()?
ractice session, 31
Precision, 227
Predefined identifiers, 56
removing definitions, 57
Preparing for debugging, 72
Preprocessed list.ing%le, 57
Preprocessor options, 54

defining constants and macros, 54

preserving comimnents, 59
producing listings, 57

Index

Preprocessor options (continued
removing definitions of predefined
identifiers, 57
searching for include files, 59
Preprocessor
#elif directive, 204
defined(identifier) constant-
expression, 204
in p;e[;.;ious versions of the compiler,
maximum level of nesting, 254
maximum number of macro
arguments, 254
maxi21151‘|i|m size of macro definition,
Preserving comments, 59
Private combine type, 277
PRN, 43
Processors
80186/80188, 24, 68
80286, 24, 68
B0B6 /8088, 24, 68
Producinf listing files
assembly listing, 52
combined listing, 52
object listing, 52
preprocessed listings, 57
Public combine type, 277
Public names. See External names.
Public symbols, 97
Pushing arguments, 165
putenv, 113

Question mark (7
as wild card character, 19, 114
in CL command, 191
Quotation marks, 8

rbrk, 207
README.DOC, 19
References
long, 279
near segment-relative, 279
near self-relative, 279
short, 279
Register usage conventions, 169
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Register usage conventions {continued)
in previous versions of the compiler,
213 ’
Register variables, 213
Registers, 169
P, 165, 167, 214
CS, 165, 169
DI, 165, 167, 169, 213
DS, 162, 165, 169, 213, 221
ES, 162, 213, 221
SI, 165, 187, 169, 213
§P, 165
SS, 162, 165, 169, 213
Relational operators, 203
Relocation information, 83
Removing definitions of predefined
identifiers, 57
Removing stack probes, 144 )
Replacing an object module in a library,
126, 132
repmem, 207
Response file
. LIB, 128
LINK, 93
Restricting length of external names,
- 138
Return value conventions, 166
rlsmem, 207
rstmem, 207
Run file, 83 ‘
See olso Executable files.
Run file loading, 108
Run File prompt, 89
Run-time error messages, 225
Run-time library differences, 206
abs, 208
allmem, 207
creat, 208
fopen, 209
freopen, 209
gelmem, 207
1scsym, 210
isesyml, 210
max, 210
min, 210
movmem, 210
open, 211
peek, 207
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Run-time library differences fcontinued)
poke, 207
rbrk, 207
repmem, 207
rlsmem, 207
rstmem, 207
setmem, 211
setnbuf, 211
sizmem, 207
stecarg, 207
stcepy, 207
sted3, 207
stch_j, 207
stei_d, 207
steis, 212
stcisn, 212
stelen, 212
stcpam, 207
stepm, 207
ste , 207
stpblk, 207
stpbrk, 212
stpchr, 212
stpsym, 207
stptok, 207
stscmp, 212
stspfp, 207
VetoV3.H, 208
Run-time limits, 229
Running programs, 111
Running the compiler
command line method, 48
partial command line, 47
responding to prompts, 42
Running the library manager
command line method, 127
respondinﬂ to prompts, 123
responase [ile method, 128
Running the linker
command line method, 92
responding to prompts, 87
response file method, 93

Sample setup, 25
floppy disk, 27
hn.rtr disk, 26

Search paths, 20 -
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Search paths (continued)

changing, 2

executable files, 20, 21

include files, 20, 21, 59

libraries, 20, 21, 85, 80
Segment mode], 152, 159

in pr2e\30us versions of the compiler,

1 .

Segment naming conventions, 155

in previous versions of the compiler,
) 219, 222

summary, 184
Segment order, 105, 159, 276
Segments, 159

illia%n type, 163, 275
S, 161

class name, 163
code, 155, 162
combine class, 163, 277
CONST, 161
c_common, 181
—DATA, 161
data, 152, 154, 155, 161
loading order, 280
naming, 155
NULL, 1186, 161, 226
number allowed, 102
setting up, 152
stack, 152
STACK, 180
~TEXT, 162
text, 1565, 162
éSEGMENTS option, 102
emicolon {;)
LIB command, 125, 128, 130
LINK command, 91
MSC command, 45
SET command, 13, 20, 21, 22
—setargv, 115
setenvp, 115
setmem, 211
setnbul, 211
Setting up the environment, 20
Setling up segments, 152
Short pointers. See Near pointers,
Short references, 279
Sl register, 165, 167, 169, 213
sizmem, 207

Index

SLIBC.LIB, 18
SLIBFA LIB, 18, 66, 141
SLIBFP.LIB, 18, 64, 141
Small capitals, 8
Small model, 77, 79
Small mode] library files, 17
Source filename prompt, 44
SP register, 146, 165, 217
setting initial value, 146
Special filenames, 43
Special keywords, 150
enabling, 137
S8 register, 162, 165, 169, 213
SSETARGV.OBIJ, 19, 114
SS_NE_DS, 56
Stack checking, 144
in pr2ev;ous versions of the compiler,
1
STACK class name, 105
Stack combine type, 277
/STACK option, 101
stack option, 146
tack order, 165
Stack overflow, 227
Stack pointer. See SP register.
Stack probes, 144
Stack segment, 152
STACK segment, 160
Stack setup, 152, 159
in previous versions of the compiler,
214
Stack size, 101
Standard C library, 18
Standard memory models, 76, 183
Standard places, 20
changing, 60
ignoring, 60
include files, 59
libraries, 85, 90
Standard search paths., 20
See also Search paths.
Start-up routine, 18, 85, 101
stearg, 207
stecpy, 207
sted_i, 207
steh_i, 207
steis, 212
steisn, 212
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steid, 207

stelen, 212
stepam, 207

stepm, 207

steu_d, 207
stdargy, 114
Stopping LIB, 129
Stopping LINK, 92
St.oplping the compiler, 42
stpblk, 207
stpbrk, 212
stpchr, 212

‘stpsym, 207

stptok, 207
Strings
in previous versions of the compiler,
202
maximum length, 254
notational conventions, 8
Structures
in previous versions of the compiler,
203, 204
packing, 137
stsemp, 212
stsplp, 207
Sup;;resssing command line processing,
1
Sup[iregssing default library selection,
3 .
Suppressing null pointer checks, 116

Suppressing processing ol environment

table, 115
Suppressing use of coprocessor, 143
Swapping disks, 45, 95
Switcﬁes. See Options.
Symbolic constants. See Manifest
constants,

SYMDEB (Symbolic Debug Utility), 268

Syntax checking, 60
Syntax conventions.
See Notational conventions.
Syntax errors, 61, 69
S¥S subdirectory, 17

Temporary files, 21, 253
Text mode, 19, 147
-TEXT segment, 155, 162

208 .

Text segments, 162
naming, 155
regtrictions, 75

TMP variable, 21 :

Translation mode, 19, 147

Type casts, 203

Type-checking, 82

/U option, 57
{Ju option, 57
nderflow, 227
Underscore ts_), 53, 98, 168, 219
Uninitialize variat)les, 161
in previous versions of the compiler,
203
Unions, 203, 204
unsigned long type, 202

CV option, 139
2TOV3.f1, 208
Variables
communal, 203, 204
environment. See Environment
variables.
global, 168, 219
register, 213
uninitialized, 161, 203
VM. TMP, 84

/W option, 70
w option, 70, 71
Varning messages, 69, 230, 232
selting level of, 70
WAR(I;{I G: NO STACK SEGMENT,
H
Wild card arguments, 19, 114
in CL command, 191
WORD align type, 275

%o tion, 59
XE compatibility, 268
XENIX-compatible options, 196
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/Zd option, 72
/Ze opticn, 137, 150
/ZF option, 81
/Z option, 139

/Zp option, 137

Zs option, 61
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