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SuperSoft C Compiler User's Manual (<)

CHAPTER 1
} : | -
Introduction

i
The SuperSoft T Compiler is a self-ccmpiling, optimizing,
compiler generating a final output file in assembly scurce
code, It acrcepts essentially the full C language, with the
few exceptions detalled in Appendix A of this manual. "Jndar
CP/M, the compiler reguires two passes; under CP/M-86 and
MS-DOS, the optimization and code generation are split 1into
individual phases, effectively making it a thr2e-pass
compiler. Supersoft C is adaptable for a variaty of
operating systems and central processing units (CPUs). See
Appendix B for a list of the currently availadle machine and
operating system configurations. Due <to the 1inherant
porcability of the C language and its particular
implementation in our compiler, <configurations £or other

operating systams and machines can be easily and rapidly

developed.
|

A wealth £ wuser callable functions ars supplied with
SuperScoft C. These includes many UNIX compatidle £functizsns,
allowing the porting of source between UNIX C and SuperSofc
C with few 1f{ any source c¢hanges. A full standard 1/0

package (STDIO) 1s provided. This package allows £file 1/0
that is indecendent of th2 naturzal recozd size of the tarsec
system. For instance, under CP/M, a SuperScft C program may
open a file, seek to any byte in the progzam, and then close
the file. The appropriate byte and only the appropriate
byte will be changed by this sequence of operations. Beyond
that, porting services are available from SuperSoft.

Writing our compiler in the language it implements not only
has facilitated its development and maintenance but also has

provided the most direct means of testing 1it. It has
undergone many other extensive tests including the fact that
it is used in most of our prosramminc projects. As 2

result, SuperSoft C has been tested on tens of thousands of
unique lines of C source c¢ode.

As a result of the optimizations performed, ¢the code
generated by the compiler has spatial and temporal
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|

efficiency adeguate for system- as well as application-level
programming. One measure of its 2fficiency is that for at
least one op=rating system, CP/M, with the exception of a
ten line procedure in assembly code required as a link to
the operatiny system, the entire 1I/0 interface of the
compiler is written in SuperSoft C.

: |
Design decisions made with regard to code generation allow
the SuperSoft C Compiler to generate rather qood «code for
subzoutine entry and exit. These decisions allow us to have
true register variables aven on machines with faw registers.
(Specifically, on the 8083 series SupersSoft C uses the BC
register pair as a true register variable.)

MOOULARITY

”~

The fact that each pass of the SuperSoft C Compiler is
modular confa2rs certain important advantages. Dividing the
compiler into separate self-contalned programs allows i1t o
run with a relativaly small amount of available memory and
still support most o9f the € languzage. This modular
structure also leads to a clean interface between the first
pass, or Parser (CC), and the optional optimization ©pass
(COD2C0D) and between the ovotimization pass and the final
pass, or Code Generatsar (T2 or C2I36)., The output file of
one pass simply becomes the 1input file o0f the next.
Modularity also facilitates adapting the comzilier &2 other
machines and operating systems, sinca the first module 1is
machine- and system-independent and only portions of ths

code gen=2rator need be changed.

INTERMEDIATE 0OUTPUT: U-CODE

The compiler's first pass, CC, accepts as input a SuperSoft
C source cod2 file and parses it. As output it generates a
file in an intermediata code known as Universal code oOT
U-code (implying code not specific to any one system or
machine). Since one of the design specifications of our
compiler was that the output of all of 1its passes be

intelligible to a human being, U-code may be viewed and
modified using an ordinary text editor.
A machine-independent, U-code to U-code cotimizer is

supplied with your compiler. Under CP/M-86 and MS-DOS, the
optimizing process takes place in a s2parate pass (COD2COD);
under CP/M, this procass occurs during the code generation
pass (C2).  The optimizer accepts as input the U-code _file
generated by CC. The input file undesrgoes a complex

4.4
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optimization process involving global code rearrangement
within functions as well as reitarative local code
transformations within a "peephole" or window of a certain

number of lines of code. The code generation process (C2 or
C2186) producas a2 final output file in assambly lansuage.

FINAL QOUTPUT: ASSEMBLY CODE ' .
Saveral benefits result from the choice of assemdly code as
the final output of the compiler, some of particular value
to the system level programmer. Since the code jeneratad is
intentionally not specific to any one of the assemdblars in
uyse on a given machine, practically anv hardwars-compatiblie
assembler (including aposolute as wall as relocatin:g
assemdbliears) may bYe used. Thus %the output of tnhnis compoilear
can be intejrated into any soitware system already written
in, or compatible wi<h, assemtl source code. ~e
projrammer can also insert lines of assemboly <c¢ode directly
into a C souvrce file by bracketing them with the compliler
directives 2ASM and #ENDASM. Lines so inserted ' are not
cptimized or altered in any way by the compiler.
{

Use of assembly sourc code also satisfies our design
specification requiring that the ocutput of each pass
intelligi=le %o a human beinz., The resulting readability of
the compilar's output facilitates deduzging and allows any
user to see tha xind of code generated by the compiler.
Thus the programmer need not take for granted that the coce
generated is what was desired and may eilther alter tnh2
source code or "hand polish™ the generated code to make &he
result more suitaolie for a particularly damanding

application.

EXECUTION TIME VS. COMPILATION TIME

A major trade-off in the design of any compiler 1is 1in the
time required ¢£o compile a program versus the time required
to execute it. Since one of our primary design goals was to
generate code efficient enoush for system level programming,
we have emphasized speed of execution at the expense of
speed of compilation. (Certain optimizations performed Dy
the code optimizer requirza time proportional to the square
of the size--number of U-code instructions--of the largest C
function to be optimized.) Optimization can be turned off
for faster compilation. This emphasis, while increasiag the
turn-around time during program development, does make o0uUr
compiler useful for a far broader range of programming
tasks. The SuperSoft C Compiler is unique in tpat it allows
you to do efficient system level programming with
and clarity on a relatively small hardware system.
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RECOMMENDED READING
The standard ra2ference for the C language is:

Brian W. Kernighan, an2 Dennis M. Ritchie, The C
Programming Language (Znglewoed Cliffs, NJ:
Prentice-Hail Inc.), 1978.

The programming manual that Dennis Ritchie, the chisf
designer of C, and Brian Kernighan have written is a
well-conceived and rsadable introduction to C and includes
the T Referenc2 Manual as an appendix. It is indispensable

-

to anv would-be C programmer. An article which touches on

”~

tha evolution and philosophy of the € language, 1is:

D. M. Ritchie, et al., "The C Programming
Language," The Bell Svsta2m Technical Journal,
-~ S7(6) (July-August 1978), 1391-2413.
4 tutorial on C is: I

Thomas Plum, Learning &2 Program in C (Cardiff,
NJ: Plum Hall, 1583).

Also useful ara: |

Alan R. Seuer, The <C Pu
Cliffs, NC: Pren<cice-Hall I

zl2 Book (Englawooad
., LI82).

Jean Yates and Rebecca Thomas, A User Guide t9 the
UNIX Systam (Berkaley, CA: OS30RNEZ/McGraw-H1ll,

L282) . i

Ann and Nico Comuto, A Unix Primer (Znglewood
Cliffs, NJ: Prentice-Hail Inc., 1983). :
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ORGANIZATION OF THIS MANUAL

The chapters that follow provide the information you will
need to use the SuparScft C Compiler. Chaptar 2 preasents
instructions £or invoxing the compiler and tne preprccessor
directives., Descriptions of the standard library functions
supplied with the compiler are given in Chapter 3. Chapter
4 describes how to insert code 1into the c¢ode generator's
run-time library. The differences between SuperScoft T and
Standard Version 7 UNIX C are listed in Appendix A. The
currently available machine and operating system
configurations of the SuperSoft C Compiler are listed in
Appendix B. Appendix C describes some common prodlems and
their solutions. Appendix D consists of a list of supplied
functions organized according to the £file 1in which they
reside. Appendix E discusses the use of overlayed programs.
The program's error messages are listed 1in Appendix F.
Appendix G desczribes the Double ~Floating Point Functions;
Appendix H, the Long Integer Functions. T '

i

We hope that the SuperScofr C Compiler beccmes one ¢f your
most useful drogramming tools. We welcome any comments yo2u
may have about the compiler or its documentation.
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]
CHAPTER 2 ' ‘

Using the SuperSoft C Compiler

TO2ICS DISCUSSED

This chapter presents the information you will need to make
~ the best use of the SuperSoft € Compiler. The topics
discussed are: "the files supplied on the compiler disk, - .
which of those files you will need to compile your programs,
cther software you will need, the syntax of the compiler's
command lines, the wuse 0f our compiler 1in a @ specific
operating system environment, the command line options
available for each pass, and the compiler preprocessor

directives supported in SuperSoft C.
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FOR YOUR OWN PROTECTICN, make a copy of your SuperSoftc C
Compiler disk when you first receive 1t.. Store the original
in a safe place as a master disk and for all subsegquent work

use only the copy.

FILES SUPPLIED,..
. I . . ‘c'

...UNDER THE CP/M-80 OPERATING SYSTEM

If you have the CP/M-8¢ version of the compiler, you should
find the following files on your working cecpy:

~«CC.COM : first pass of the compiler: the parser
- C2.C0M : second pass: Code Optimizer/Generator
-«C2.RH : run-time library header file used for ASM
=L C2.RT : run-time trailer £file used for ASM
=%C2.RTM : run-time trailer for RMAC and MSd
C2PRE.ASM : run time header source for L8J i

C2090ST.ASM : run time trailer source for LZEJ
VC2Z2ZPRE.REL run time header for L8EG

s* q8 @

VC2POST.REL run time trailer for L83

* ASM + various other run-time sources
- MDEP.C :  $ASM/4ENDASM version of run-time
v C.SUB : Cp/M SUBMIT fil2 for compilation

—CBRACK.H : upper case defines for keyboards w/c lowe:z case

—CUSTOMIZ.H ¢ € library compile time paramet=ars
~8TDIO.H : stancéarcd I/0 functions header
—-~STDIO.C : standaré I/0 functions
ALLOC.C : dynamic memory allocation functions
~CRUNT2.C : € language parts of the run-time
=FUNC.C- : auxiliary functions
~—FORMATIO.C : printf, scanf, et al. functions
—LONG.C : long integer functions
~DOUBLE.C : double floating point functions
—BCD8J.C : assembly language support for DOUBLE.C
=samMpP?.C : sample programs which test features of C
VLIBC.REL : C library in relocatable format
LIBC.SUB : SUBMIT file- to compile the library functions
v _SUB ¢ various SUBMIT files
vV SH.COM ¢ enhanced SUBMIT facility

CC.COM aﬁd C2.COM ars the compiler executable files under
. CP/M=84.

TRTET G ACTERTOT N W T L T IR 1LY L [P TRy Yy
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.« o UNDER THE CP/M-36 OPERATING SYSTEM

If you have the CP/M=~-86 versicn of tne compiler, you should
find the following files on your worxing copy:

CC.CMD : first pass of the compiler: the parser
COD2COD.CMD: second pass: Code Optimizer

C2186.CMD : third pass: Code Generator ' !
C2I86.RH : run-time library header file used for ASME85
C2I86.RT : run-time trailer file used for ASMB6
C2PRE.ASM : run time header ;

C2POST.ASM : run time trailer

* ASM : various other run-time sources

MDEP.C : #ASM/4ENDASM version of run-time

C.SUB : Cp/M SUBMIT file for compilation

CBRACK.H : upper case defines for kevboards w/c lower cas=a
CUSTOMIZ.H : C library compile time parameters

STDIO.H : standard 1/0 functions header

STDIO.C t standard I/0 functions

ALLOC.C : dynamic memory ailocation functicns
CRUNT2.C : & language parts of the run-tine ‘
FUNC.C : auxiliary functions | ‘

FORMATIO.C : printf, scanf functions and so on

LONG.C : long integer functions

DOUBLE.C : double floa%ing point functions

SAMP?.C : sample programs which test features of C

CC.CMD, COD2COD.CMD, and C2I186.CMD are the compller
executable files under CP/M-86. The second pass 1s split
into COD2COD (the coptimizer) and C2I86 (the code generatar!,
which we zall a third pass.

LA
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|

«««UNDER THE MS-DOS ANT PC-~-D0OS OPERATING SYSTEMS

If you have the M5-D0S or PC-DOS versions of the compiler,
you will find these files on your worxing copy:

|

C2I86.RTM run-time library trailer file for MASM
Mpee.C $ASM/4ENDASM version of run~time
C.BAT 1 MS5-DOS BATCH file for compilation

CC.EXE : first pass of the compiler: the parser
COD2COD.EXE: second pass: Code Optimizer
C2186.EXE : third pass: Code Generator
C2PRE.ASM : run-time header for LINK S
C2POST.ASM : run-time trailer for LINK

" C2I8A.RTB : run-time library header file for MASM

CBRACK.H : upper case defines for keyboards w/o lowar case
CUSTOMIZ.H ¢ C library compile time parametzacs
STDIO.H : standard I/0 functiosns header
STJI10.C : standard /0 functions .
ALLOC.C : dynamic memocry allocation functiens =~
CRUNT2.C : C language parts of the run-tinme
FUNC.C : auxiliary functions
FORMATIO.C : printf, scanf functions and so on
LONG.C ¢t long integer functions
DOUBLE.C : double flocating point functions
SAMP?.C : sample programs which test features of C
LIBC.BAT : ATCH file to compile the library functions
LIBC.LIB : C library in relocataonle format

i
CC.EXE, COD2COD.EXE, and (C2I86.EXE are the compLilar
executable files under MS-DOS and PC-DOS. The second pass
is split into COD2COD (%he optimizer) and C2I36 (the code

generator), wnich we call a third pass.

For the CP/M, CP/M-86, and M$-D0S versions of the program,
the following--C2PRE, C22P0ST, STDIO.H, STDIOC.C, FORMATIO.C,
ALLOC.C, FUNC.C, CRUNT2.C, LONG.C, and DOUBLE.C--are the
built-in function files. (The other files on the disk with
the extension ".C" are programs in SuperSoft T source cod=

provided as examples.)

9

£
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| N
...UNDER THE ZMOS OPERATING SYSTE!
|

1f you have the ZMQ0S version of the compilar, you should
find the following files on your working copy:

first pass of the compiler, the parser
second pass, the Code Optimizer/Generator

(L]

CC.IMAG
C2280@01.IMAG
WHEADER. REG

WTRAILER.REG : run-time trailer file output by C2Z84641
ZSTDIO.REG : standard I/0 functions

ALLOC.REG : dynamic memory allocation functions
CRUNT2.REG : C language parts of the run-~time

FUNC.REG : auxiliary functions

FORMATIC.REG : printf, scanf et al.

LONG.REG : long integer functions

ODOUBLE.REG : double floating point functions

SAMP?.REG : sample programs which test features of C°

CC.IMAG and C22Z830L.IMAG area the compiler executadle filas

under ZMOS. TFiles with the extension of ".,REG" c¢contaln
headezr files, 1library functions, or, 1in the case of
SAMP?.REG, the sample programs, ;

ldJ

run-time library header file output by C223331

£
|
g
!
.
i
!
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|
'I
FILES NEEDED FCR COMPILATION OF YOUR PROGRAMS

To compile a program you will need the executable files
appropriate to your particular operating system. In
addition, you will need the aopropriate header and trailer
files and the files <containing any library functions
desired. The code generation pass of the compller
automatically incorporates all the code segments ani
functions contained in its run-time library and the header
and trailer files into your program during compilation. 1€
using a relocating assemdler, you will need the appropriats
trailer file (C2.RTM for CP/M-83) anéd LIBC. Using a
relocating assemdbler, you will have to link in the run-time
library functions. A ",.H" or
if your program calls one or more of its functions. Since
the functions contained in these files ars such basicz
buildiag blocks, most programs will call a substantial
number of them. Therefore, 1f your program does require any

of the functions defined in these ".C" cr "“.H" files, vyou

must see that 1t incorporates all necessary function and
data definitions from those files and, 1in turn, ¢that 1t
incorporates the same information fzrem the functions that
thesa functions call for. Five methods of acccmplishing
this are desczibed in the section o0f Chapter 4 called
"Incorporating Standard Library ¢tunctions”, Also se=
Appendix D for a summary o¢f which supplied C funcrtions are

in whicn files. |
Since the final ocutout of this compiler 1s in your machine's
assemaly source code, vyou will also need an assemblier
compatible wizhn vour coperatin: system and hardware, plus the
software reguired to load and run programs on your systanm,.

".C" file will be needed only .

-
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COMMAND FORMATS AND SEQUENCZES

To compile a SuperSoft C source program, eacn of the passes
must be invoked with a sequence something like the

following:

passname filenam=2.ext ... options

i g
Filename refers to the pr2fix portion of the file
specification required by your operating system. Passnama

-y

refers to the name 2f a pass of the C compiler.

Command line options for each pass should be separat=zd by
spaces. No options need be listed, since ¢the d=fauic
conditions specify the normally desized made of operation
for the compiler. However, if you ar= running the c¢cmpilar

"‘on a CPU other than an 8088, 8685, 8086, or 8¢ (tne 3033

series), or are targetting for a different machine than the
host machine, y2u may have to s2¢ ¢the machine-dependant
options, +«J, ~-I, and -P, described on page 31, ¢to their

oroper values for your processor.

when invokxing CC, you may list as many filenames in the
cominand line as you desire, s=aparated by spaces. The files
specifiad need not contain complete funzttions since tas=v
will all be parsed, in the order list2d, as if they wer= ons
file., The U-code ou%tput file will be assigned the firs<«
filename given. You may specify only o¢ne <£filename wiz2n
executing the other passes. Each pass emits 3 file with tns=
same name you specified but with a different exta2nsion.

By convention, C source code files have the extension or
suffix ".C", althoujh any extansion |is lejal. cC
automatically provides the extension ".COD" for 1its U-code
output files. The extansion ".U" is used .for optimizad
U-code. Th2 extension ".ASM" 1s used for assembly language

output. Other passas have similar specifications. These
are:

2
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OPERATING SYSTEM PASS5 NAME INDPUT FILE OUTPUT FILE

and MS-D0S cC £.C -=> £.C0D
CP/M-80 C2 £.COD > £.ASM

CP/M=-86, MS-DOS COD2COD £.C0OD - £.0
ZMOos ' c2z3eel f£.COD -=> CASM.RES
UNIX C228G82 . £.COD - £.ASM
UNIX 228062 £.0 - £.ASM
CP/M=-86 C2136 - £.,C0D - ==> £.A36
CP/M=86 C2186 £.0 -> £.A86
MS-DOS C2186 £.C0D - £.ASM

... M§-~DOS _ C2136 £.0

3 """") f OASI\‘.
i .

After the SuperSoft C Compiler has done its work, it leaves
a file that should be run throuqh an assemdler. The choice
of assemdlers is wide, cdepending on the operating systam and
your preference.

OPERATING SYSTEM PASS NAME INPUT FILE QUTPUT FILE .
cC?/M-80 ASM f.ASM -—> f.HEX
Cp/M-83 MAC - f£L.ASM -—> £.HEX
CP/M=-80 M3d £.ASM - f.REL
Cp/M=-81 RMACS f .ASM - £.REL
cP/M-86 ASM86 f.A86 - f.H86
MS-COS MASH B £.ASM -—> £.0BJ
ZMQOSs RASM f .REG - f.IMAG

After the compilation pass, the output file must b2

transformed into an exeacutable file. This completes ;he
compilation process. Here are some examples of tals
" completion, organized by operating system and file

transformation.
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OPERATING SYSTEM PASS NAME INPUT FILE OUTPUT FILE
Cp/M-8G LOAD f.HEX -—> £f.COM
CP/M-80 L8@ £.REL -—> £.COM
cp/M-83 - . SLINK £.REL -> £.COM
‘CP/M-86 GENCMD  f.HB86 -=> £.CMD
M5-DOS LINK .. £.0BJ  ==>  f£.EXE -

As an example of the Xind of procedure that must be followed
to compile and run a Super3oft C program in a specific
machine and operating systa2m environment, we will describe
the procedures raquired under the varicus operating .systems.

L4

We will -assame that ycu feel ready to compile and run your |

first C program, S$aMPl.C. After first checking that all the
necessary files are availlazle on your disx and cthat youdr
program inciudes all data and function definitions regqui:zed,
you are ready to begin. ‘ '

SRIELMIt 8 18 T2 AR LR TRTE O W PTR 1ST TY W TR Y TR Y
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COMPILATION USING ASM, THE STANDARD CP2/M-83 ASSEMBLER

To transform SAMPL.C into an executable command file so that
it can be run under C2/M-8d, you should tyve each of tha
commands listed Dbelow 1in sequence. This procedure is
similar to the procedure for MAC described latar, Make sure
that the files C2.RH and C2,.RT are on the default disk
(usually the same disk as C2.COM). Execution of each of
these CP/M commands begias as soon as you hit RETURN at the
end of the line. Type:

CC SaMPl.C
C2 SAMPL.COC +ASM

ASM SA“?l
SAﬁPl ‘ ,

£ach of the above commands causes a new file to he created
cn the disk which contains SaMpl.C. The names of these
files are, respectively:

SAMPL.COD ; output from CC
SAMPLl.ASM ; outout from C2
SAMPL.HEX ; output from ASM
SAMPL.COM ; outout Srom LOAD

The last file crezatad is the eaxecutable command file for
your program. This is the only form in which your projran
can be run under CP/M. (The others may be deleted.) Once
this file is created, you need only type:

SAMPL

Then hit RETURN, and execution of your program will Dbegin.

CC, C2, and ASM may also generate error messages indicating

defects in your Dprogram. Although these messajes ar=
largely self-explanatory, a complets explanation of them can
be found -in Appendix F of this manual. The CP/M

documentation provides informaticn on the error messages
generated by ASM. Two types of messages from ASM can have
roots in poorly formed < programs: (1) Phase errors ans
multiply defined labels are usually caused by the
redefinition of a C external (including T functions). Note
that exta2rnals have only so many significant leading
characters. This. number depends on the assembler (and

L3
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loader) wused. (2) Und2fined labels wusually indicate un-
defined C externals (including C functions). ‘

In the course of devalonping projrams, you are likaly ¢to
repeat the procedure just descrived--with no change excent
in the filename specified~-an 2normous numbder of times. 1§
would save considerable time if you could cause this entirs
procedure to be carried out by means of a single commangd.
Under CP/M, the SUBMIT ccmmand and SU3BMIT files provide tha
means of accomplishing this. y _ S

An appropriate SUBMIT file, with filename C.SUB, would
contain the following command lines

(ASM_.SHB) o

cc sl.c

C2 $1.COD +AsM
ASM S1

LOAD Sl

Sl

wheze "SL" is a symbolic parametz2r £o5 be lat2r replaced by
the first actual parameter of a SUBMIT command.

After you have cra2ated such a file on your 4disk, type:

SUBMIT C SAMPL

Then press RETURN. I1I£ C2/M finds C.SUB on the current 2isk,
the following five commands will b2 executed (SAMPLl has Ddeen

substituted for each occurrasnce of "S1"):

CC SAaMPl.C

C2 S5AMPl.COD +ASM
ASM SaMPl

LOAD SAMPL

SAMPLl

For further information about SUBMIT files, consult the C?/M
documentation or one of tha several CP/M manuals available.

»
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COMPILATION USING _MAC, THE DIGITAL RESEARCH MACRO ASSEMBLER

To transform SAMPL.C into an exacutable command file  using
the Digital Research Assembler MAZ and actually execute that
file under CP/M=~87, you should type each of the commands
listed below in sequence. This procedure is similar to the
procedure for ASM. Mak2 sure that the files C2.RH and C2.Rr7
are on the default disk (usually the same disk as C2.COoM).
Execution of each of thess CP/M commands begins as soo0on as
you hit RETURN at the end of the line. Type: .

CC sSaMPl.C

C2 SAMPL1,.CO0D +ASM
MAZ SAaMPl

LoaD SAvPl

SAMPl

Each of the above commands causes a new file to be crea+t=24
on the disk which contains SAavPl.C. The names of these
files are, r2spectively:

output from CC

SAMPLl.COD ;
SAMPL.ASM ; outoput frem C2
SAMPLl.,HEX ; output from MAC

SAaMP1l,C0oM outout frzom LOAD

The last file creat=2d 1is the executable c¢ommand £file £or
your pro3jram. This 1is the only form in which your program
can be run under CP/M. (The others may be deleted.) onc=2
this file is created, yocu need only type:

SAMPL

Then hit RETURN, and execution of your program will begin.

CC, C2, and MAZ may also generate error messages indicating

defects in your program. Althougqh these messages ar?2
largely self-explanatory, 2 complate explanation of them can
be found 1in Appendix F of this manual. The cp/™

documentation prozides information on the error messajes
generated by MAC. Two types of messages from MAC can have

roots in poorly formed C projrams: (1) Phase errors and

multiply defined 1labels are usually caused by the
redefinition of a C external (including C functions). Nozte
that externals have only so m@many significant leading

‘characters. This number depends on the assembler _(and
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loader) wused. (2) Undefined labels wusuvally 1indizate un-
defined C externals (including C functions).

i .
In the course of devzloping programs, you are likely to
repeat the procedure just described--with no change except
in the filename specified--an enormous number of times. 1t
would save considerable time if you could cause this entire
procedure to be carried out by means of a single command.
Under CP/M, the SUBMIT command and SUBMIT files provide ¢he
means of accomplishing this,. |

{

An appropriate SUBMIT file, with filename C.SUB, would
contain the following command lines

cC sl.cC

C2 S$1.COD +ASM

MAC S1

LoanD Sl ‘
sl

b
i

where "S1" is a symbolic paramet=sr to be later replaceé by
“he £first actual parameter of£ a SUBMIT command. .

After you have creatad such a file on your disk, type:
SUBMIT C SaMmMpl

Then press RETURN. If CP/M £finds C.SUB on the current &isk,
the following five commands will be execu+ted (SAMPl has been
substituted for each occurrence of "Sl"):

CZ SaMprl.C

C2 SAMP1.COD +aSM
MAZ SAMPl

LOAD SaMPl

SAMP1

For further information about SUBMIT files, consult ;he Cp/M
documentation or one of the several CP/M manuals available.
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COMPILATION USING ASMB86, THE STANZARD CP/M-86 ASSEMBLER

To transform SAMPL.C into an ex2cutable command file so thas
it can be run under ZP/M-86, you should type each of the
commands listed below i seguence. Type: l

CC SAMPl.C

COD2COD SAMP1.COD , ‘

C2186 SAMPL.U : - 1
r

L.

AS¥M86 SAMPI
GENCMD SAMPl DATAIX1008)

Each of the adbove ccmmands causes a new file to be «cresa
on the disk which contains SAMPLl.C. The names ©of &
files are, respectively: I

SaMPl.COD ; ouvtput from CC

SAMPLl.U ; outoutrt from CCD2C0D
AMPL.ABS ; output from C2I86 f
SAMPl.HB86 ; output f-om ASMB6
SAaMPl.CTMD ; output from GEINCMD

Th2 last file created is -he executazle command file for
¥Your program. This is the ¢only £orm in which your progranm
can be run under CP/M=85, (The othars may be deleted.) Once
thnis file 1is creata2d, vou ne=d oniy type:

SAMF1

- - -

Then hit RETVJRN and execution of your program will begin.

cC, COD2COD, (C2186, and ASM86 may also generate error
messages indicating defects in your program. Although thes=2
messages are largely self-explanatory, a complete
explanation of them can be found 1in Appendix F of this
manual. In addition, the CpP/M-86 documentation provides
information on the error messages generated by ASMS8S6. TwoO
types of messages from ASM36 can have roots in poorly formed
C programs: (1) Phase errors and multiply defined labels
are usually caused by the redefinition of a C external
(including C functions). Note that externals have only so
many significant leading characters. This number depends on
the assembler (and loader) used. (2) Undefined labels
usually indicate undefined C externals (including C
functions). In the course of developing programs, you are
likely to repeat the procedure Just described--with no
chanse except in the filename specified--an enormous numder
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of times, It would save consideranle time 1f you <could
cause this entire procedure to be carried out by means of a
single command. Under CP/“-86, the SUBMIT command and
SUBMIT files provide the means of accomolishing this.

An appropriate SUBMIT file, with filename C,S5UB, would
contaln the £following command lines

cC sl.C - g
COD2COD $§1.COD ' .

C2186 S1.U

ASM86 S1

GENZMD S1 da+a{x1d09)
$1

where "S1" 1s a symboli:c paramater to be later replaced by
the firstc actual parameter of a SUBMIT command.

After you have creatad such a £il2 on your disk, type:

STUBMIT C Sam™Pl

Then press RITURN. If Cp/M £finds C.SUB on the current disk,
the following five commands will be executed (SAMPl has been

subs<ituted £5r each occurrence 2¢& "S1™):

CC SaMPl.C

COZ2C0D SAMPL1.ZOD

C2I186 SAMPL1.U

ASM84 SAMPL

GENCMD SAMPl DATA[X10Q0]
SaMrFl

For further information about SUBMIT files, consult the
CPp/M-86 documentation or one of the several CP/M-86 manuals

available.

i 4
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COMPILATION USING MASM, AN M5-DOS/PC-DOS ASSEMBLER
| .

To transform SAMPL.C into an exezutable command file so that

1t can be run under MS-DOS, yocu should type each of the

commands listed below in sesguence. Type:

| |
CC SAMPL.C ;
COD2COD SAMP1.COD :
C2186 SAMPl.U =-ASM +MSDOS
MASM SAMPLl.ASM:

LINK C2PRE+SAMPl+C2P0OST,SAMPL,NUL,LI3C
SaMP1 |

Cazh of the above commands zzauses a new file ¢ be creat=3

L)

on the disx which contains SAaMPl.C. The names o0of these
files are, respectively:

L.

-~

sS3v>1.C0D ; output frem CC

SAMPL.U ; output from COD2COD .

SAMPLl.ASM ; output from C2186 ’

SAMP1.OBJ ; output from MASM

SAMPl.,EXE ; output from LINK
T™a last file crzated 1s th2 executable comand file feor
your program. This is the only form in which your program

can be run under MS-DOS. (The others may be deleted.) Once
this file is created, you ne=23 only type:

SAMP1

Then hit RITURN, and execution of yosur program will begin.

CC, COD2COD, (C2I8hK, and MASM may also generate error
messages indicating defects in your program. Although these
messages are largaly self-explanatory, a - compiete
explanation of them can be found 1in Appendix F of this
manual, In addition, the MS-D0S documentation provides

information on the error messages generated by MASM. Two
types of -messages from MASM can have roots in poorly formed
C programs: (1) Phase errors and multiply defined labels

are usually caused by the redefinition of a C external

‘(including € functions). Note that externals have only so

many significant leading characters. This number depends on.

the assembler (and 11locader) used. (2) Undefined 1labels
usually indicate undefined C externals (including c

functions).

Ll -‘i‘“ |

1 LC VL




L h e e aawe m——— =

I

SuperSoftr C Compiler User's Manual (c) 1983 SuperSof: 22

|

In the course of devaloping programs, vyou are likely o
repeat the procedure just Jescrived--with no change excep:
in the filenama specified--an enormous number of times, 1t
would save consideraocle time if you could cause this entire
procedure to be carried out by means of a single command.
dnder MS-D0OS, the BATCH command and BATCH files provide <the
means of accomplishing this. :

An. appropriate BATC file, with filename C.BAT, would
contain the fellowing command lines

. . .
cC §1.C ?
COD2COD %1.COD |
C2186 $1.U -ASM +45D905 |
MASM $1.ASM;
LINK C2PRE+3$1+C2POST,$1,NUL,LIBC
31 o

'
t
H

where '3l' is a symbolic parameter to be replaced later by
the first actual parameter 2f a BiTCH command. f

after ycu have creata2d such a £file o¢on your disk, type:
C SAaMPl

%
Then hit RITURN. i

For further iaformation abou:t BATCH files consult the MSE-D0S
documentation o0r one of the several M5-DOS manua.s
availabla. |

|
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COMPILATION USING MB@, A RELOCATING ASSEMBLER

! .
To transform SAMPL.C into an executable command file so that
it can bde used under CP/M-88, you should type each o0f the
commands listed below in sequence. This procedure 1is the
same as those described abcve with the exception that
relocatable modules are produced and mocdules are linked

together, Type: , |

CC SAMPL.C

C2 SAMPL1.COD
MBC =SAMPl.ASM :
L88 C2PRE,SAMPLl,LIBC/S,C2POST,SAMPL/N/E/Y

SaMprl
4
C2P0OST must be specified as shown (last module).

Alternatively, ¢the LEZ 1lins <can be replaced Dby using
ScperSoft's ZILINK:
i

ELINK BC(SAMPLl);C2PRE,SAMPL;SR(LIBC) ;IN(C2POST) ;EN;

Each 0f the above ccmmands causes new files to be createc on
the current 2isk. Thess zre:

SAMP1.COD ; ocutput from CC
SAMP1,ASM ; output from C2
SAMPl.REL ; output from M84Y
SAMPL.COM ; output from LBE or ELINK

Using the above procedure will reguire the availability of

the following files in relocatable format:

run-time header from C2PRE.ASM

C2PRE.REL ;

C2POST.REL : run-time trailer from C2ZPOST.ASM
LIBC.REL ; the C library

Ca . RTH

LIBC.REL is a library created from the recompilation o the
following sources: ALLOC.C, STD1O.C, CRUNT2.C, FUNC.C, and

FORMATIO.C.
disk.

An aooroprlate SUBMIT file for :elccatlng assemblers using
L8@ is:

3

You will also need the file C2.RTM present on

h .
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cc $1l.C

C2 §1.COD

M80C =S1.ASM .
L8l C2PRE,S1,LIBC/S,C2POST,SL/N/Z/Y
§l

s

Or if ELINK 1s usez:

cc §1l.C

c2 §1.COD

M33 =$1.ASM

ELINK BC(S1);C2PRE,S51;8R(LIBC);IN(C2POST) ;EN;

Sl >

[}
™
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COMPILATION USING RMAC, A RELOCATING ASSEMBLER

To transform SAMPL.C into an executable command file so that
it can be used under CP/M-88, you should type eacn of the
commands listed below 1n seguence. This procedure also
produces REL modules and links them together as in the M80
and L86 example above. Below is the procedure:

o

CC SAMPLl.C - : |
C2 SAMPL.COD -OFILESAMPL.MAC
RMAC SaMpPl o
LINK SAMPl,C2PRE,LI3C{S),C2POST

A bt f-._‘.,i- ¥ 1

SaMpl
C2POST must be socecified as shown {last module). ;
Alternatively, the LINK3Z line can be replaced by using E
SuperSoft's ELINK: =
ELINK BC(SAMP1);C2PRE,SAMPL; SR(LIBC); IN(C2POST) ;EN; -
C2POST must be specified last. £Each o¢f the above commancs
causes a new file to be crz2ated on the currently logged 1In k-
disk, These are: _ _ &
SAMPL1.COD ; output from CC pos
SAMPL1.MAC ; outout from C2 3
SAMPLl.REL ; output from RMAC '
SAMP1.COM ; output from LINK8Z or ELINK -
Using the above procedure.will require the availability of ?
the following files in RMAC REL format: 2
C2PRE. REL : from run-time library C2PRE.ASM 5
C2POST.REL : run-time trailer from C2POST.ASM :
LIBC.REL ; the C library 3
- I '."
LIBC.REL is a library created from the recompilation of the

following sources: ALLOC.C, STDIOC.C, CRUNT2.C, FUNC.C, and - E
FORMATIO.C. _ :

X
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COMPILATION USING AS, A RILOCATING ASSEMBLER

To transform SAMPLl.C into an executable command file so that
it can be used under UNIX, you should type each of the

.commands listed below In seguence. This procedure also

produces relocatable modules and links them together as in
the M82 and L8@ example above. Below 1is the procedure:

. -
]
-

CC sampl.C : !
COD2COD SAMPL.COD .
C228062 SAMPLl.U ;
AS SAMPl.ASM -0 SAMPl.O

LD SAMPLl.O C2PRE.O LIBC.A C2PCST.O

SAMPL

C2POST.O must be specifiec last. Eacn of the above commands
cauvses a new file to be created on the currentl logged 1n
disk. These arce: .

SAMPLY.COD ; output from CC
SAMPL.U ; output from COD2COD
SAMPL.ASM ; output from C2280¢2
SAMP1.0 ; outpur from AS
SaMPl ; outpuet from LD

Using the above procedure will reguire the availability of
the following £fi1les 1n UNIX.0 format:

C2PRE.O ; from run-time library C2PRE.ASHM
C2P0ST.O ; run=time trailer from C2POST.ASM
LIBC.A ; the C library

LIBC.A is a library created from the recompilation of the
following sources: ALLOC.C, STDIO.C, CRUNT2.C, FUNC.C, and

FORMATIO.C.

o
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COMPILATION UsSING RASM

To transform SAMPL.C 1nto an executable command file so that

it can be usei under IZIMOS,
commands liste2d below 1in

you should ¢type each o0f the

sequence. This procedure also

produces IMAG meodules and links them together as iIn the ASM
example., Below 1s the procedure:

CC SAMPL.C

c228821 5AMP1l.COD
RASM SaM?Pl '
SAMPI

Each of tns above commanis
on the currently loj3sed in

he e wm m . e

SAMP1,C0OD ;
SaMPl,REG 7 outDut
SAMPL,.IMAG ; output

output

L.

mp e Uk Ahg b ey ——
.

cauvses a2 new file to be created
disk. These are:

from CC
from 2280341
from RASM

Vou will also need the files WHZADER.REG and WTRAILEZR.REIG

opresent on disk.
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COMMAND LINE OPTIONS

i

CC MACHINE-INDEPENDENT COMMAND LINE QOPTIONS

i

+A places the address of the last memory location used by
CC in front of each C source code line inserted as a

comment into the output file. This option has no
effect unless the option +L has also been selected.
This memdry allocaticn information is helpful in
determining if ard when the compiler is out of memory,
Default is =A. Co : - '
~-BUFSIZ is followed immediately by a decimal integer. This

integer becomes the buifer size for 1/0 operations.
The larger this wvalue, the faster the compilation.
Smaller sizes use less memory. A numdber of 123 1is
about the minimum £for most systems. This size 13 :iIn
effect f£or both inpuet and output buffers (see -WBUFSIZ
below.) If this option 1s used, the selected value will
be printed on the console. Default 1s -BUFSIZ1824,

+C0 <forces output to conscle. Default is -C0 (output to
filename,COD). '

+CR appends a Carriage Rreturn to each U-code output 1line
generated, Certain text editors e.3., CP/M's ED)
expect this format. Default is -CR,.

-D followed immediately (no white space) by an identifier,
defines that identifier- just as if a $#DEFINE was
encountered for that identifier. Useful for #IFDETF and
$ENDIF preprocessor directives, Default is to
pred2fine no identifier.

+DDT incorporates additional dedbug3jing information into the
output file. Default is -DDT.

+T flushes (writes t2 file) all U-code lines generated
immediat=2ly after each 1line of C source code |is
processad. If options +L and +F are both selected,
then each source code comment line placed in the output
file is followed immediately by all the U-code lines
generated from 1it, Selecting this option slows
execution of both CC and C2 (or C2136) and 1inhibits
certain optimizations normally performed by €2 (or

-G turns off U-code generation. This option is useful Zor
checking the syntax of a source code file, Selecting

N 5 T
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this option and option +L below will also produce a
numbered listing o0f the C source code with macro
defines expanded, Default is to generate U-code.
Default is +G. . 1 ‘
+L lists each line of C source code as a2 comment in the
U~-code output file, The source lines are grouped
together by £function and are thus only loosely
associated with their corresponding U-code lines.
Macros are expanded and line numbers appear before each
source code line. Default is =-L. '
i -
~LISTLNO suppresses listing of line numbers in the output
file. Active only 1f +L is also specified. Default is
+LISTLNO. ' ;

+LNC places source c¢ode line number in front of first
corresponding line of U-code in the output file.
Qutput also indicates line number at which each file
incorporated by use of a #INCLUCE directive Dbegins.
Nested $INCLUDEs are «clearly indicated as well,
Default is =LNO.

-N is followeld immediately by an integer specifying the
) 3

initial value for the <consecutively numoered
generated by CC. Default is an initial value ocf ¢two.

~OFILE redirects the output file to any specifijed drive

under any specified filename, It is followed
immediately by a filename which will pe wused for the
cutput file. There must be no whitespace between

-QFILE and the filename.

+PRE is eguivalent to specifying +L =LISTNO =G. Creatas a
file that has been preprocessed only. The cutput can
be rerun through CC., Default is -PRE,

+5 prints symbol takble information as each symbol 1is
entered into the symbol table. Mostly of use to the
compiler writer. Default is -S.

+SILENT suppressas some output header information. Helos
lower the clutter on the consoie. Default is =-SILENT.

+5UBM conditions the ocutput to allow separate assembly of
each C function. If this switch is specified as a CcC
parameter then it also should be specified as a C2 (or
C2186) parameter, Default is -SUBM.

+CASE accepts keywords without regard to (upper/lower) case.

This applies to preprocessor keywords as well as C
keywords. Useful with terminals that accept upper case
only. Note the include file CBRACK.R has upper <case
keywords for common C tokens such as { and } . This is

useful for keyboards without lower case. Default 1is

29
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-WBUFS51Z is followed immediata2ly by a decimal integer. Tals
integer becomes the buffer size for output operations,
The larger this wvalue, the faster the compilation,
Smaller sizes use less memory. A number of 128 s
about the minimum for most¢ systems. If this option 1is
used, the selected wvalue will De printed on the
console. Default 1s ~-WBUFSI1Z1824.
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: . ’
CC MACHINE-DEPENDENT COMMAND LINE OPTIONS
!

The three options below may be wused to tailor CZ for a
particular tarset pProcessor (CPU) . They are the only
machine-dependent options. If the wvalue set for anv of
these opticons 1s not apzropriate for your processor, the
compiler will not function properly. (In what €follows,
Jflag, int size, and pad size all refer to the names ©of
variables within the compiler.)

+J sets jflag equal to one (l). Whenever a single byte
regresenting a char 1is passed as a local parameter t2 a
function, it is widened to an int. A setting of ¢n2
(1) for jf.aj causes such a byte to be stored in the

rightmost byte of 1ts assigned storage location. This
ls the proper setting for the Z8000. The defzult
condition 1s to set 3Jjflag egual to zero (8) -wnich

causes the same bytz representing a char to be storel
in the leftmost byte of its assigned storage locaticn,
This 1s the proper setting for the 38033 series CPUs.

-1 is followed immediately by an integcer specifying the
size of an int (int_size) in bytes. Default 1is two
bytes.

-7 1s followed immeZdiately by an integer specifying *the
aporopriate mocuius (pald size) fer all inteser
agcdresses. Since 'each integer addéress will Dope a

maltiple 22 ths value ¢f pac size, each intege:r address
moduio ths wvalus2 Of pad size will be egual to zero (2).
Default 1s a mo2ulus of one (l).

The values for the three above options required to taiior
this compiler £for a particular target processor may bYe sa%
in one operation through use of one of the composite fla:ss
defined below.

+18080¢ sets: Jflag = 0, int_size = 2, pad_size = 1. Target
processors are the Intel 8382, 8685, 8686, 80BE&, 186,
188, ané 286.

+280 sets the sam2 values as abcove. Target processor 1is the
Zilog 2z88. Note: This is a CC option and not a C2
option, so 8380 mnemonics are still output by C2.

2. Target

+28000 sets: Jflaz = 1, int size

_ 4, pad_size
processor is the 2Zilog ZB8@@l.

31
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+28001 sets: 3flag = 1, int_size = 4, pad_size 2. Tarsget

processor is the Zilog 28661.

+28002 sets: jflag = 1, int_size = 2, pad_size 2. Target

processor is the Zilog 28962. |

Default condition is identical to the result of +180848 or

+Z288. j :
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C2, COD2COD, and C2I86 COMMAND LINE OPTIONS

+ASM

-A5SM

~BUFSIZ is followed immeciatse
£

+C0O

{
1s used to indicate that an absolute assembler is being
used., It includes the header file (default: C2.RH or
C2I86.RH) before any generated code and the trailer
file (default: C2.RT or C2I86.RT) after any generated
code. Thesa files should be on the default disk. +ASM
is not used under MS-DOS or PC-DOS. -

is the default and it 1indicates <that a relocating
assembler is being used. Under CP/M, C2.RTM, ¢the
default trailer file for relocating assemblers which is
appended to the end of the file, 1is wused instead of
C2.RT. (There is no header file.) Under MS-D0S or
PC~D0OS, ~ASM uses C2I86.RT2 and C2I86.RTM as the header
ané trailer files, respectively, ¢to output cocde
definitions. : : -

ly by a decimal integer. This
inteszar becomes the buifie size for 1I1/0 operations.
The larger this value, the faster <the <compilaticn.
Smaller sizes use less memory. A number of 128 1is
about the minimum for most systems. This size 1is 1In
effect for both input and output buffers (see ~WBUFSIZ

y
r
[

below.) If this option is used, the selected value will’

be printed on the console. Default 1is =BUFSIZ1@Z24.

forces output to conscle where output may be viewed.
Default 1s to output tc filename.ASM.

LY

-ENT<keyword> defines the keyword used to declare the entry

point of a label for relocating assemblers. (Note: no

space between ~-INT anéd the keyword.) Default 18
-ENTENTRY.,

-ZXT<keyword> defines the keyword wused to declare an
external label for relocating assemblers. (Note: no
space between -EXT and the keyword.) Default is
-EXTPUOBLIC.

-G turns off assembly code generation. Default 1is to
generate assembly output code.

+L places each line of U-code in the assembly code output

file as 2 comment,. 1f optimization is performed,
U-code lines are grouped together by function;
otherwise, they occur directly before the code that 1is
generated for the line. Default is =-L.

+MSDOS instructs C2I86 to output code compatible with

MS-DOS/PC-DOS assembler.
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=0 turns off optimizasion, J-code to assemdly code
translation oniy 1is dgcne. Defauvlt is t5 operform

optimization,

+QC traces optimization process by writing information to
the output file indicating each code change as 1t is
mada. This option will slow exezution of C2 or COD2COD

and wvastly increase the amcunt ©0f output. (o34
particu.ar use only to the optimizer author. Defaulzs
is ~0C. '

-0OFILE redirects the output file to any specified drive
under any specified filename, It 1s followed
immediately by a filename which will be used for <the
output file. Ther2 must be no whitespace Dbetween

-0FILE and the filena=e,

-0ORG followedé immediat=ly by a decimal integer forces the
output code to be OR3Zed at the value specified,.
Defavlt 1s 256 1f +ASM 1s specified; no ORG at all
otherwise,

+DPRGL causes ¢the name of the function currently beinsz
opcimizel to be Jdisplavyed on the console as an
indication of where C2 or CODZI0D 1s in its executinn.
D2fault is -PRGL. '

-Q is followed immediately Dy an integ specifying the
optimizaticn level. Dafanl

(Not currently impiemsnted.)

-RH<filename> causes the optimizer to us2 the specified file

as the run-time header £file. (Not2: <there 1S no spac:
between =RH and the filenames.) Default Is C2.
(C2186.RY under CP/M-86 ) 1f +ASM is specified. 1)
-ASM, no file is prepsnded under CP/M; C2I86.RT3 1

used undar MS5=DODS.

Q a1 0

LTI D T M |

-RT<filename> causes the optimizer ¢to use the specified file
as the run-time trailer file. (Note: there 1s no
space between -RT and the filename.) Default 1is C2.RT
(C2186.RT under CP/M-B6) if +ASM 1is specified; for
~-ASM, C2.RTM (C2186.RTM under MS-D0S).

+T generates and inserts code in outout file that, at
run-time, causes the name of each function ¢to Dbe
displayed each time it is entered. This option, useful
in debujging, allows the programmer to trace the
control flow within a projram. (Not currently
implemented.) Default is =-T.

-WBUFSIZ is followed immediately bv a decimal integer. This
integer becomes the buffer size for output operations.
The larger this valuve, the faster the compilation.
Smaller sizes use less memory. A number of 128~ IF

avout the minimum for most systems. If this option 1S

er
= 1s €uvll optimizzticn.,
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used, the sele-ted value will be printed on the
console, Default 1s -WBUTSIZIlg24.

causes generation of slightly smaller code at the
expense o2f 1ts speed of exezution. NDotimization
performed trades speed efficiency for space efficiency.
Default 1is to trade space efficiency for speed
efficliency. The difference s relatively slight
because most optim:izations have a positive effect on
‘both speed ané space efficlency. (Not <currently
implemented.) . ‘

' ] .
is followed immediately by a character string whic C2
(C2186 under TP/M-86 and MS-DOS) uses as a prefix for
all the labels it 3enerates. A prefix 'C' 1s the
dafault (+ZC).
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THE COMPILER PREPROTESSOR DIRECTIVES

All files i1nput to the SuperSoft C Compiler pass through a
preprocessdor which scans them for lines beginning with ‘'#',
Such lines, which are not themselves compiled but instead
direct the compilation process, are known as compiler
preprocessor directives. These lines are terminated Dby
newline characters rather than semicolons. The preprocessor
directives supported in SuverSoft C are: -

t¢define

$endif

telse

tincluede

¢y f

$§1f3ef

¢1fndef -
tline

tundef

iagm i
tendasno ;

Each of these directives 1s syntactically independent of the
rest of the C syntax and may 2ppear anywhere in a program.
The effects of all the directives extend to the end of a
compilation. Their effects ans uses are described iIn  the
parazraphs below,
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THE #DEFINE DIRECTIVE

If a line of the form

#define IDENTIFIER TOKENSTRING

£
-

is found in source input, it causes the preprocessor ¢to

replace all subseguent occurrences of the identifier
specified with the TOKINSTRING specified. (A token is a
lexical unit 1in a programminly language, such as an
identifier, an operator, a keyworéd, etc.) This 1is the
simplest form of macro substitution. If a #DEFINZ'A
identifier occurs within double or single guotes, it will
not be replaceéd. Each replacement string will be rescanned
for other $#DEFINE'd identifiers, thus allowing nesting of
$DEFINE directives. Redefining an icdentifier results in a
compilation error. A  parameterized $DETINE is nes
supported. i
The most common use of this directive is in defining a set
of symbolic constants in a program's header for use 1in the
functions that follow (a2 far better practice than inserting .
literal constants in prosram statements). An abbreviacted ' :
example of this kind c¢f use is: , E -
idefine BSIZ @x103d f
char Bufl(BSIZ]), Buf2[(2381Z];
main{) ]
{ -
register int 1i;
for(i=@g;i++<BS1Z;){ X
Buflfi] = Buf2li] = @;

Macro substitution through the #define directive has many
other uses. For further examples and information refer to
pages 12; 86, and 287 in Kernighan and Ritchie.
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$LINE DIRECTIVE

used b
printesd

The line directive sets the source line number as
the compiler. This will affect the line number as
by the compilar when errors occur. The form is:

~

$#]line LINENUMBER

where LINENJUMBER 1s a constant.

]

If a line cf the form

$include "drivename:filename"
cr a line of the form: .

tinclcde <drivename:filename>

is input to the compiler, it causes the
replace that line with the entire contents of the file so
named on the drive specified. If the preprocessor cannot
find a file, it will look for it on the current drive. In
the future (that 1is, not in the current version) the
preprocessor will look for the named file on all drives that

preprocessor to

it knows are available (all drives mentioned up to this
point) if the #INCLUDE <filename> directive is used, Any
#INCLUDE directives found in a #INCLUDE'd file will Dbe
processed in the same way. Hence, nesting of #INCL%DE

refer

directives is possible. For examples and information :
to pages 86, 143, and 287 1in Kernighan and Ritchie.
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THE #IF, #17DEF, #I1INDEF, #ELSE, AND #ENDIF DIRECTIVES - e
These directives perform cecnditional compilation. The =
general form is: -

g

$CONDITIONAL o

. o

7

TRUECODE M

_ telse . b~
N . ™
e

(M ]
1)
Q
O
™

FALS

L] L
+

s
(0
3
0.
._l
rh

where #CONDITIONAL 1s one of #17, #IFDEF, or 4ITNDEF. The f!
¢ELST 1is optional. That is, the form can be: . -
$CONDITIONAL ;
TRUZICOCE 3

i

. ¥

$endif 3

: . : : 4

1£f the #CONDITIONAL is considered to be true, then lines ;
labeled o

(//J‘I /
¢

compiled and the lines

the #CONDITIONAL is considered to

shown as TRUECODE are
and :E

FALSECODE are ignored. If
be false, then the lines labeled FALSECODE are compiled

the lines shown as TRUECODE are ignored.

The $IF directive is of the form:

$if CONSTANT

The CONSTANT must be a constant. If it is, then the $IF 1is

considered to be true.

The #IFDEF directive is of the form:
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$1fdef IDENTIFIER

The IDENTIFIER must be a 4DEFINE-style identifier. If.
IDENTIFIER has been previously defined via a #DEFINE, then
the #IFDEF is considered to be true,

$1fndef IDENTIFIER

The IDENTIFIER must be a 4DEFINE~-style identifier. 1<
IDENTIFIER has been previously defined by means of a
$DEFINE, then the #IFNDEF 1is considered <¢o be falsz.

#§ASM AND $TINDASM DIRECTIVES

This special feature of SuperScft C allows you to insert
lines of assembly code directly 1into your C source code
file. This would appear as follows: .

putchar('y'});

gasm
!'ﬂVi 3,88 -
call output
$endasm
crlf();

All assembly language lines between #ASM and #ENDASM go
through the passes of the compiler unchanged and are
incorporated at the corresponding locations in the final
output file. Inside of a C function, the lines will be
executed as encounta2red; outside of a function the 1lines
must contain a label and must be explicitly called in order
to be executed. The type of assembler language lines that
are put outside of a C function are directives and egquateEs.
No included assembly language lines are optimized or checked
for errors. Labels beginning with 'C' in the inserted code
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should be avoided, since labels with this prefix a
generated by the compiler and may result in a duplica
label when the program 1s assembled.

Included assemdly language lines may be used anywhere in a C
source file. 1If they occur outside of a C function or if
the -0 option (don't optimize) option is used on the C2 or
COD2COD pass, then the amount of included assemdly languase
is unlimited. Otherwise, the amount of assembly language

will be limited by the per-procedure optimizations of C2 or
CoD2C0oD.

The following options are assumed by C2 under CF/M-8C3 an
will affect how the included assembly language lines ar

used:

e

LRADIX 13 (decimal radix),
.18232 (8082 mnemonics!),
CSZG (code segment). .

C globals may de referenced in 1included assembly languaje
(and also 1n linkx2d assemoly langsage) and assembly symb:sls
may be referenced by C, Currently, € globals will maczi
assemoler symbols by the same nam2, This will not always Dde
the case. In e subseguent version of the compiler, an ex<tre
postfix character will be added to a C symbol for i1t o
matcsh an assembler global., Also STATICs will not have a
reacdily avalladle assemscler symtol.

C makes use 0f these reglsters:

primary register (the current sub-expression),
secondary regilster (the previous sub-expression),
stack pointer, .
register variable,

base pointer (only in some implementations).

C expects the register variable to be preserved at all
times; the primary register t> be set to the return valuaes
on function returns; and the primary and secondary registers
to be presesrxved within the computation of any
sub~-expression. The stack pointer should also be preserved
across function calls and included assembly language. The
secondary register is more transitory: it is not expected
to be preserved across function <calls, However, 1t 13
expected to be preserved within most sub-expressions and
during the vectoring into a switch case. It is not normally
desiranlie or useful to impose included assembly languase
inside of a C sub-expression. An example of includ:ing
assembly language in a C sub-expression which would cause

problems:
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a -
$asm
' MVI H,9
$endasm

When calling C code from assembly language or from any other
language, it is best not to assume that any registers are
preserved by the C code, althoujzh some registers are
presarved by some SuperSoft C code gensrators. When calling

assambly language from C, or when "falling througn"
including assemdbly language lines, be sure to press2rve the
register variable and the stack pointer. Other (primarily

state) registers may have to be preserved on various
m3achines. For instance the D8, CS, and 35S registers must de
preserved on the 8886. The following table summarizes the
assignment of C registers. '

Register 8e82/288 8@86,/286 Z8@0¢2 286C1l
primary HL 8X R4 RR&
secondary DE SI RS RR®
stack polinter SP SP R1>5 RR14
rej. variable c DI R8 RRS8

$# UNDEF DIRECTIVE

This directive is of the form:-
$undef IDENTIFIER

It forces the preprocessor to forget the named JIDENTIFIZR.

NI R g AR
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USING LIST FUNCTIONS

o~

SuperSoft T 1s adle to handile functions without a
predetermined number of arguments. This 1is done with an
additional function attricute called list. The SuperScitc C
standard library functions include the following predefined
list functions: printf, scanf, fprintf, f£fscanf, sprintf,
and sscanf. The operation of these list functions s
transparent to the user: vyou need not do anvthing special
to take advantage of these bullt-in functions.

However, 1f you wish to use your own 1list functions, you
will have to know how the list attribute is declared and how
paramatars ar2 passed, For the list functions of wvour own
cresztion to execute properly, they must be declared Dbefore
they are first vsed by your vrogram~-as follows:

TYPE listf(.); .
where list{ is an arbitrary list function, and TYPE 1is th=
return value declaration for listi, whnich shcould, ©of course,
matcn all other declarations for listf. T™is declaration

causes, for each 1invocation of that functieon, the last
argument on the parametz2r stack to be the arzument count.
If this declaration appears at th= top of your prcjram as a
global ext=2rnal, 1t need zppear HNly once 1n  vour DILOJIam,.

The pody of & list function must collect i1ts arzument
spesial manner in order ¢o take 1ntd aczsount the 1
parameter stack. You may want to look at the body of o©
the above functions for the special codinl necessar
utilize <the additional information availliadle via
paramet2r stack. The list attribute allows C functions
which expect a certain number of arguments to protect
themselves Zfrom Dbeing passed an incorrect number of
arguments, permitting the coding of very reliable projrams.
For instance, the following poorly formed function call can

be detected:
fprintf ("%s");

This detection ability is a fa2ature that few C compilers
have. Witn most C compilers the above code would caus2
undefined (and potentially disastrous) I/0 operations T3

oCCur.
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The body of a list funztion should look somethingy like this:

pf (narys)
[int nargs(];
unsigned cnt;
int * p;
cnt = nargs;
if(cnt<MINIMUM H Cnt>MAXIMUM)
return;

p = Xrev(&nargs); /* lib ar3y reversal fn */

/*
* at this point:
R * cnt 1s the count of passed parameters ‘
* P[] is the leftmost parameter
* p{l] 1s the 2nd leftmost parameter
* p{2] is the 3zd leftmost paramet=ar
* ... and s2 on up to pi{cnt-1]
t/ i
}
T - - <

’i
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CHAPTER 3
Tne SuperSoft C Standard Library Functions

The standard library functions supplied with the SupersSof: ¢
Compilar are defined in the following files:

oooUNDER :P/M"'ag - - - . - _

C2.RH ¢ run-time library header )
C2.RT : run-time library trailer

C2.RTM : run-time trailer for RMAS and MB¢
C22RE.ASM : run-time header for L83

C2POST.ASM: run-time trziler for LB86

MDEP.C :  $#ASM/%ENDASM version of run-time . - i
CUSTOMIZ.H: header for the C library 3
CBRAZX.H :t header for keyboards w/0 lowercase

STOIQ.H : header for STOIO.LC

STDIO.C : standard UNIX-style I/0 functions

ALLOCC.C : cdynamic memory allocation fanctions 3
CRUNT2.C : auxiliary, common run-time functions :
LONG.C : long integer functions

DOUBLE.C : doudle floating polnt functions

BCDEE.C : assembly language support for DOUBLE.C

FUNC.C : auxiliary functions
FORMATIC.C: printf, scanf, et al.
.. .UNDER CP/M-86 _ ‘ 3

C2I186.RH run-time library header
C2I186.RT : run-time library trailer

I A N

MDEP.C : #ASM/4ENDASM version of run-time

CUSTOMIZ.H: header for the C library

CBRAZCK.H : header for keybeoards w/o lowercase

STDIN.H : header for STOION.C 4
STDIC.C : standard UNIX-style I1/0 functions 3
ALLOC.C : dynamic memory allocation functions L
CRUNT2.C : auxiliary, common run-time functions

LONG.C ¢ long integer functions 3
DOUBLE.C : double floating poiat functions y

FUNC.C : auxiliary functions
FORMATIO.C: »printf, scanf, et al.
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e+ UNDER MS-D20§ AND PC-DOS

CZ2PRE.ASM run-time header for LINK
C2POST.ASM: run-%<ime trailer for LINK

*e

C2I86.RT3 : run-time header file for MASM

C2I86.8RT : run-time trailer file f£or MaSM

MDEP.C : $ASM/2ENDASM version of run-time N
CUSTOMIZ.H: header for the C library

CBRACK.H : header for keyboards w/o lowercase
STDIC.H : header for STDIN.C

§TD10.C : standard UNIX-style I/0 functions
ALLOC.C : dynamic memory ailocation functions
CRUNT2.Z ¢ auxiliary, common run-~tim2 £functions
LONG.C : long integer functions '
DOGBLE.Z : doudle floz+ting pnint funciions

FUNC.C : aurxiliary functions

FORMATID.C: printf, scanf, et al. o

During its second pass (or third pass, 1in the case :
CP/M-86 and MS5-D0OS), the compiler automatically lncorporates
certain precompoiled, vreop:timizad assambly ¢ode into your
program. This code is contained in the compiler's run-tinme
library files. The o<ther files ccntain the definitions of
the remaining standard library functions in  SupersSoft =
source code. There are various me<hods for combining vsour
programs with the library functions. These are deszribed 1In
Chapter 4.
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DESCRIPTICNS OF THE SUPERSOFT C STANDARD LIBRARY FUNCTIONS

The rest of this chapter will consist of descriptions of
each of the SuperScft C standard library functions in
alphabetical order. The pages in The C Programming Language
by Kernighan and Ritchie referred to under most of the
functions do not provide details on our particular
implementation of that function but are, instead, given as-a
guide to using such a function in general. Since the
majority of the standard library functions are provided 1in
SuperSoft C source code and the rest in assembly code, you
can discover the details of our implementation by examining
that code. '

In presenting each of the functions below, we have adopted a
kind of shorthand for indicating the data types returned by
and passed as arguments tc each function. The first few
lines appearing before the description of each function are
the first lines of its definition in SuperScfc C, namely the
declarations of the function itself and of 1its arguments.
The type cf a function is the type ¢ the value 1t returns.
If the tvpe of a function 1s not indicated, then it does not
return any defined value. The type of each of i1ts arguments
will always be indicated.

The file STDIO.H contalins $DETINE statements establishing
the following predefined symbolic return values (the actual

nemezric values returned are shown in parentheses) :
TRUE (1)
FALSZ (8)
SUCCEZSS (@) ‘
ERROR (=1) .
NULL (@)

The file STDIO.H also contalns $DEFINE statements
establishing the various data types that are used by library
functions. These include:

|
l
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DATA TYPE DEFINITION EXPLANATION

BOOL char ' TRUE or FALSE

RESULT int SUCCESS or FAILURE

FILE struct filedesc file descriptor

FILESPEC char = ' filename

STREAM FILE * buffered file descrigtor

TYPE an arbitrary or varying
type

STDI0.C contains a #INCLUDE of STDIO.H and many of the
functions defined in STDIO.C will return these values.
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bdos
bios
exit
ccexit
call

ccalla
comlen
comline

BUFFERED

fcicse
fflush
fgetc
foets
fopen
fprintt
fputce
fpucts
fdooen
clearerr
poutc

The SuperSofﬁ C Built-in ?unctﬁons:

Grouped According %to Use

 SYSTEM ACCESS

inp
outp
inplé6
outplsd
cpmver
Xmain
lock
nice

rhoHh o Hj
m £ 0 -
O T
w M

et 23 0L
M tn —
~
O

r) [

g
getw
putc
putw
wnzess
frecpen
pcesc
ferror
DUt 2>

CONTROL FLOW

exec
execl

setjimp
setexit

longjmp sleep

reset
pause

wails

DIRECT FILZ I/0

cet2d
fileno

STRING PROCESSING

atoi
index
isprint
isspace
ispunct
iswhite
isalnum
isalpha -
isascili

iscntrl

isdigit
isupper
islower
isnumeric
gsort
swab

xrerintf
xrscant
rindex
sprintf
sscanf
strcat
strcmp
Strcpy
streg
strlen
strncact
strncmp
strncpy
substr
tolower
toupper

c.ose rcell
creat seak
copen tell
otell write
read access
chmod

MEMORY INITIALIZATION
initb peek
initw poke
movmem getval
setmem

CONSOLE

getchar
gets
kohit
scanf
ugetchar

1

GENERAL

faboret
unlink
perror
isfd

mKktemp

NUMIRI

ans
max
rand
doutle
assert

DYNARMIC MIMORY ALLOCATION

alloec malloc
calloc realloc
brk sbrk
ubrk wrdbrk
evnbrk free
xrev isheap
topofmem

1/0

putcher
putdes
puts
printf

FILE

renzmsa
link
errno
isastey

C

ansval
min
sraznd

long

f -
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int abs (i)

int i;

abs returns the absolute valuve of i (-i if i1 is 1less than
zero, i otherwise). This function is not available under
MS-DOS or CP/M-86 because of an assembler keyword conflict.
See absval below.

BSVAL

[ N

int absval(i)

int i;

acsval returns the absolutce value ¢f 1 (-1 1f 1 1s less than
zero, 1 otherwise). See abs above.

CCESS

B —
™~

]
<

BOOL access(filename,mode)

FILESPEC filename;
unsigned mode;

access returns TRUZ (1) if the file is accessible to thne
given mode; FALSE (@) otherwise.

b}
—f
.Y
'y
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ALLOC

0,24
-

char *alloc(n)
unsigned n;
alloc allocates a contiguous memory region of length n.

Every block 1t allocates starts on an even address, See
malloc, its identical <«win. -

SSERT ..
BOOL ASSERT(Db) )
i
BOOL b;
assert prints "Assertion failed\n" on the console and exits
if b is FALSE; otherwise, asser*t merely returns.
WTOT - -
int atoi(s)

char *s:

atoi returns the decimal integer value corresponding to the
null-terminated ASCII! string pointed ¢to by s. I£f ¢this
string contains characters other than leading tabs, blanks,
and a minus sign {all optional) followed by consecutive
decimal digqits, atoi returns @ (see K&R, pp. 39, 58).
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int béos{fn, parm)

int fn, parm

bdos enables users to incorporate direct BDOS function calls
into programs written in SuperSoft C. Programs utilizing
bdos will nect always be portable, For example, BDCS
function call 7 under CP/M-86 and CP/M-86 represents "Get
1/0 Byte", but under MS-D0OS the same function number
represents "Direct Console Input". ©On the other hand, BDCS
function <c¢all S, "Print String", represents the same
function under all three systems. Users should consult

their system iInterface guide for further information,

Q.

Under CP/M-80, bdos locads machine register C with £fn a
machine register pair de with parm, then calls location
It returns (as an integer) a single byte identical to ¢!
contents of the A register, except under 3DCS function cal
12, 24, 27, 2%, and 31, when 1t returns a wersd identical
the contents of the HL register pair.

gl BV B |
Qv b -

Under CP/M-86, bdos loads machine register CX with f£n
machine register DX with parm, ¢then perfcrms an INT
instruction., It returns (as an integer) a single
identical to the contents of the AL register, except

BDOS func+ticn czlls 12, 24, 27, 29, ans2 3. when it retur
ward identical to the contents of the BX register,

adéicion, calls 27 and 31 set the glonal variaple ESS to
valye returned in register ES; call 52 returns a wo
idea<izal to the contents 0f the ES regjister and also se
the gSlobal variable BXX to the value returneéd in BX;

c2ll 59 returns a word identical to the ccntents of the

m r t2 2D

c
oo
n O

3

»

*

r

b NS G & B S
btn Db 3 @ ' D o>

W
P g
>4

52

rejist2r. For information about call 58, see BIOS, which is

descrined later.

Under MS§-D0S, bdos loads machine register AH wich f£fn and
machine register DX with parm, then performs an INT @x21
instruction. It returns (as an integer) a single Dbyte
identical to the contents of the AL register, except under
BDOS function call 6 when it returns AL, plus @x480 1if the
zero flag was se2t. Other excz2ptions under MS-DOS: function

calls 12 and 31 through 46 will return invalid results;
calls 24 and 28 through 32 are not defined wunder <this

syst=2m.

A summary of BDOS exceptions under CP/M, CP/M-86, and MS-D0S
follows:

W s Ee Smme e b ek a——
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~P/M-BG All return A except:
BDOS Function Call Returns
12 (Return Version Number) HL
24 (Return Login Vector) HL
27 (Get Addr (Alle=)) HL
29 (Set R/D Verctor) KL g
31 (Get Addr (Disk Parms)) HL
CP/M-86 All return AL except: '
BD0S Func+ion Call Returns Sa+ts
12 (Return Version Number) BX i
24 (Return Login Vector) : BX
27 (Get AZdr (Allo~=)) BX ESS
29 (Get Addr (R/O Vector)) BX
31 (Get Addr (Disx Parms)) =94 eSS
58 (Direct BIOS Call) (See bios)
52 (Get DMA Segment Base) S BXX
59 (Pregram Loacd) AX
MS-DOS All return AL except:
8D0S Function Call Returns

 NOTE:

AL and @x406Q¢ if zero

6 (Direct console 1/0)
£lag was set

12 (Character input with Invalid. Function
buffer flush) :
24, 28-32 Thase functions not
defined undzr MS-29S.
33-40 Invalid Functions

The value that bdos returns is not sign-extended.
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CP./4-389 CP/+-86
int bios{jmpnum, bc, de) int bios(jmpnum, cx, dx)

int jmpnum; int jmpnum;

int c, de; int cx, dx;
bios enadbies CP/M users to 1ncornorate direct BIOS ~£alls
into programs written 1in SupersSoft C. Programs that call
bios will not be portadle beyond CP/M systems. bios s=2ts
machin2 rejistar Pair BT (CX under CJ?P/M-85) tTo %92 valug:z
given in b¢ (cx under CTP/M-86) and reqgister pair DT (DY
under CP/M-86) to the value given in dz2 (dx under CP/M=2§)
and 13i%i1z235 the avprspdriata 3105 <call »hy transfarring
control to the BIOS jump vector entry point specified 1n
jmpnum. This entry point may be soecified numerically or
symbolicalliy. .
The appropciates mnemcni=s 9r syabolis names for 23 Y ealzy
point (as given in the CP/M Alteration Guide and Z22/4-25
System Reference Guid=s sutplied by Pigital R2search, Inc,)

- — — - — ) E— ——————— .

and the nun2riz noint are given below:

Tatry Points Under ZTP/M-E0

BOOT —=ww- @ SELDSK === 8

W300T ===- 1 SETTRK === 17

CONST =wwe=- 2 SETSEC === 11

CONIN ===- 3 SETDMA === 12

CONDUT ===~ & - READ ww-=- 13

LIST ==--- 5 WRITE ===~ 114

PONZY —==-- 6 LISTST === 15

READER === 7 SECTRAN -~ 158

HOME =w===~ 8
Under CP/M, 1f jmpnum 1s =21ither SELDSK (9) or SECTRAN (16),
bios returns the wvalue remaining 1in register HL after
exa2zution of the BINS call; otherwis2, i% ra2tucns the value

remaining in register A without sign-extension (that is, as

a value between @ and 253).
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INIT

w3007
CCKST
CONIN
CONOUT
LIST

PUNCH
RIADZR ==-
HOME ewece-
SELDSK
SETTRK ===

Unéer CP/M-8€, iZ
or GITSIG3 (1l8)
register BX after
retuorns the value
SZLDSX ané GZTSEICE
Treturned in regis

Pcints Under CP/M=-86
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BRK

brk sets the external variadle name CCEDATAX to the mems:oy
byte pointed to by p and returns CCIDATA, whieh- is
ecuivalent to the pointer valiue it was passed. CCZDATA is
initially set to the byte immecdiately fecllowing the 1las<
byte in your program's external data area. Since CCEIDATAE is
used as a base value by the other cdyvnamic memory alloca%ion
functions, this croperzly 1initielizes <+those functions for
your 2rog Veu will 2lmest never neeé 4c c¢a2ll brk in

by ;e Zrk returns ERROR 1if it coulé nct

kK

)

!ULC
m O
Hor
rh M

Allocates 2 ccocntigucus memory regicn whese length ecuals the
crocduct ¢f nthings and sizecfitnings, ZIvery bdlecck allsczted | |

* st-arts on zn even acddiress. The tvyies oI the block contzin &
zero (2) velus, See mallos.
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int ccall(addr, hl, a, bz, 4=2)

char *adir, a;
inat hl, 5c, d=2;

call s=2ts machin2 reygistc2c:s hl, a, bec, and de to the wvalues
given 1n hl, a, be, and J2 cesoectively and calls Jthe
a5332moly lanjuage subroutine Dbeginning at addr. ccall
c=2tarns tha vala2 Hres=21% 1n th2 hl register after execution
of the sudbroutina, Prsjrams cSalling ccail will not Dbe
pIrtadle Beydnd the 8383 saries CPUs.,

N
STALLA .
i
1nt co2ila(=2id3dr, hl, a, zz, de)
cnar *addr, a;
int hl, bc, de;
ccalla is identical <0 cz3ll  exzevt that 1t ra2turns  the
value pres2nt in the A4 resister aftar execation o0f  th-
subroucine. Prozrams calllay ccailta wiliooalss o asie 32
portacle bevond tne 8332 s2-7i23 TPIs,
As an a2xample of the use <¢I tnis function, consider iz
~ Eollowing: .
——
~N C L s
~ int S3os{c, de)
<
char ¢;
int de;

{
}

ratarn -caiia(s, @, 6, c, de);

The C function listed above is zlearly an implzmeatatingy 21
‘the function BDDS in t=2rms of czalla. (This is not th2 wa)s
BDOS is implemanted.) Both c2a3il and ccalla may also bz asal
to  ismsok%2 ass21bly lanjuas= sSabriatines  of yo3r 241
~sreation.
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CoeXIT

crexit (1)

Returns to the operating system

1 is the return code.

should be @ i1f th2 projram is 2oyapieted
should be between 1 and 255, otaz2rwis-=.
be arovitrarily assijn2d to error codes.)

close any opsn files.

HMOD
SUCCESS cnmod {mode)

unsigned mode;

'™
s 1
-
Vi

Sets the filemode. 1€ =a= dxéd o

under T2/ ans CP/M-296.

cleararrc(£4)
STREAM £4;
Sets the file errnr stat2 to be clear

just one global error state wvarilabdl
later).

successfully.
(These values

ccexit

N
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o

"

.

ko

RESULT clos=(£3) bt
1

FILE *£d; 5

S5

Closes th2 file specified by the pointer fd ¢to its file g
descriptor. <clos2 cetarns SUIJESS (3) 1f the Sil2 snaczifie? >
was successfully closed., close returns ERROR (-1) and do=s B
not close the file 1f: (1) £32 does not poiat t£2 3 saliid &
file descripn:ioc, or (2) the file could not be closed du= to 3
an error at tna2 opecatingy svstem level. k=
2

S105=2 does not vlace an end-o0f-file (EJF) charazter in th=
Haffar (if th2c=2 1s 202 assolated with the file) and does
n.t catl ££iusn.  Tf w3u call clas2 for a fii=2 oOnznedl fH:
buffered outout via fcopen, withouz first zalling Efluash,
wilt lose any d2%1 remnaininy 1a t$hat file's 1/0 bpuffzrc,
(Se2 X&R, Dp. 163).
i

ND

char *cocend!)

codeni reaturns a polnt=2r tO tne byhe ITm=3iazely Hllowin;

the end of the code for th= rasdt s2gm2nt of youar 2r237an
Jnless vaou have re-origin2d .your projram's exte-aal dac
| =Y

ar=a, the wvalu2 r=2tucn2l Hy =»1z2a1 will point t2 &5
osejinaing of that area. (N2t currenkti implementel.
’ -
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1nt conlen(}

Raeturns th2 lenjth 52 th2 Sonm2:2 Jlna2. 3dvailaolz only on
systems that hava thz2 command line available as an array of
znaracters.

£
—
4
"

char *comiina2{)

ine. A&va:iladle 2nly 20

Returns %he 222:-=28% OfF tHh2 commanl L
svstens that “asz the -ommnzal liae available as a3 array of

charachk2rs.
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<PMVER

int cpmver ()

Returns the value present in register HL after executinn of
a call to BDOS function number 12 (See the CP/M Interfacza
Guide supplied by Digital Research Inc.). This r=tarn
value, which is not sign-extended, 1iIs @ if the callin:
program is running under CP/M versions released prior to
Version 2.9, 9x6329 1if it is running under C2/M Version 2.7,
in the range @x0921 to dx032F under versions sudseguent t23
2.3, and @x319@ under MP/M. This function 1s useful 1in
writing C programs t> run under CP/M or MP/M--independant of
version numbder. Programs calling c¢pmver will not b
portaols beyond CP/M, CP/M-E6, and MP/M.

S’
i
j REAT
1
!
; FILE *creat (fspec,mode)
i FILESPEZ fspac;
unsigned mode;
Creaz=s a fil2 on éisk with the file specification given in
£spec and opens it for output., If the vaiue 5f mode has the
- _ gx8J bit set, then a readadble-writealle file 1s <created;
T "Gtherwise, a3 read-only filz is created. Any existing 112
: with the samz2 specification will be deleted,
~N
S creat, if successful, returns a pointer to a valid fils

descriptor for the file specified. You should store2 thls
pointar for subseguent use 1n your Projzam. creat r2tarns
ERROR (-l) and does not create or open any file 1if: (1) nc<
enough user memory 1s available to store a new fll=2
descriptor, (2) the file specificatisn given is invalid, or
(3) tha file could not be created and openad dus tO an errdr
at the cperating system level (See X&R, p. 1l62}.
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ENOEXT

char *endext(}

Returns a polater t2 the byt immediataly £ollowing the lasst
byte in your praogram's extarnal data area. This valuye
should be 1dentical t2 the initial value of CCEDATA. (Na<
currently implamented.)

IRNO '
int arrno .

Not 3 fancetion, but an aex%arnal varjiab.2 that Wwill be sec .%2
an erro>r c232 whenever an 1/0 errar occurs. Not2 that 1T 15
not automaticallyv cleared if no error occurs. Thera 1s ne

-
- .

Z2ro error message, S0 Clearint errno 1s the accepted way to
'preset’ it for picking up error values. nDerror, descrioed

later, prints an error message o©n  the c¢onsdl2, given a
non-z2rd erzdr,.

E
4
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DOUBLE arithmetic

The file DOUBLE.C contalins a double pra2cision floating poiat
aritmetic packags. Thes2 functisns perform arithma2tic on
BCD numpers which are 8 bytes long. ALl variablas wused by

this package should be declared DOUBLE or LONG FLOAT. The
functions are passed the address of each arjument. Usually
the functions return the destination address so that calls
can be nested in the following manner: -

Badd (&d, 2mul(aa, &b, &2), &e)

In this exampls d=b*c+e.

Sea2 Appendix G for descriptions of these functions.

62

-



R S

SuperSoft C Compil=2r User's Manzal (c) 1383 SuperSof:

EVNBRK

o b S T ———

XE

0,24 .
(

-

cnar *evnbrk(n)

unsigned n;

Performs identically to sbrk with the exception that i=
always returns an even value (2 pointer with its low order
bit zero). It accomplishes this by skipping one byt=2  if
sbrk returns an odd value for the given n argument. It
successful, evnbrk returns a pointer to the first memorzy
location in the bleck added; otherwise, it returns a valuye
cf ERROR (-l). Failure can be caused by: (1) overlaocoing a
stored projram, (2) overlaopping the run-time stack, or (3)
exceeding the availables memory. Not2 that na 13 unsijned.

Also sae sbrk, ubrk, wrdbrx, and brk,

Performs an inta2rsrogram jumpo %22 the file specified in the
null-terminated string pointed to by £fspec. exec 1s a call
to2 exec-l wWwith two arsum=2nis: axazl (£spec,d). It is
included for compatibility with BDS C. Sea eaxazl Dbelow.
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RESULT execl{f{spec, ar3@, arsl, arg2,...ar3gn)

FILESPEC fspec; .
char *ar3@, *argl, *ar32, ..., *arjyn;

Performs an interprogram jump to the fils specified in =£he
null-terminated string pointed to by fspec. That 1is, -it
loads and executes the code that file fsoec is assumed ¢to
contain, Interprogram jumping is sometimes raferred to as
projram chaining. execl enabl2s you to successively executa
a series of programs, with each program {n the seri=as
overlaying the memory image of the preceding progranm.

command line paramet=2rs may be passed to the invoked program
in a series of null-terminated strings pointed to by az3l,
ar32, ...., a8rgn. The last argument (argn) must be zero.
This is for compa*ibility with UNIX. argd is ignored under
CP/M duea to an unfortunate f2acture of that operating sys:tam.
execzl constructs a command lin2 from the strings pointed 2
oy 1&ts arjuments (under CP/M and MS=D20S tnis m23ns
interleaving spaces between the arguments).

Data may also be passed from the inveokiang program to the
invoked program within files or through the external data
ar=a. To pass data wWwitchin a file, the 1invoking ©Drog:zam
shoald close the file ans the 1avoke2 program should regoen
it. To pass daca (including open file descriptcrs) through
tha ext=2rnal data area, the origin of that ar=2a must be th2
sam2 for both programs. On CP/M-86 and M5-2CS, this could
be accomplished by having bSoth programs define the exa:z:t
same sa2%t of globals.

agxcsl returns TAROR (-1), siace any return £-om exezl is o
error. Thils will happen if the file Ispec does not exist oOr
could not be read for any reassn, prevanting overiayiang of
the memory image of the invsking program and the execution
of the invoked program., The invoked program can Jjum® back
to the invoxing progran wvia another call Lo execl.

exacl is a list function. (See Chapter 2, USING LIST
FUNCTIONS.)
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EXIT

exit(1)
int i;

Transfars control from the program back &9 the operating
system (caus2s an exit to systam level), exit never
returns. It calls fclose t2 close stdout and stderr (the
redirected standard output file and standard error fils.
See xmain). No other £files are flushed (written to disk)
nor are any otha2r ooen files closed, (See X&sR, », 154.) The
paramater 1 is currently ignored under CP,/M and MS-D0S. I1£
n exit to the oparating system is desired without any 1I/0
occurring, call czcexlit instead of axit.

chnar *exsta2rnas()

Returns a pointer t> the first byta2 in the ext2zrnal 4
ar=2a of your projram. Unless you have re-origined thlis a
this value will be the sam2 as that returned Dby code
(Not currently implemented.)

asa
re=
A
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FABORT

RESULT fabort(£d4)

FILE *£4;

Frees the fil2 descriptor allocated to an open file wi=hout
closing that file. The file is specified by the pointer f3
to its file descriptor. Calling fabort will have no effact
on the contents of a fil2 opened for input only, but calling
it for a file opened for output may cause %the loss of soma
or all of the data written ts that file. (We have 1includel
this function for the sake of compatability with BDS C--w2
do not recomamend that you use it,)

fabort, 1f successful, returns SUCZESS (@). fabort returns
ERROR (-1) 1f £2 does not point to a valid file descriptsr.

RESULT fclose(fd)

STR

AaM f£4d;

Closes a file openad for buffared output wvia fopen. T
file is specified by the poninter £d to its file descripto
frlose places an end-of fils'(POF) character at the c¢urre
position in the file's I[/0 buffer and «calls £fflusn Dbefo
closing the file '

zlose returns SUCCESS (gd) if the file specified was
successfully closed., £fclose returns ERROR (-1) and does not
close the file if: (1) the file specified was not openead
for buffered outout via fopen, (2) £4 does not point to 3
valid file descriptor, or (3) the file could not be closed
due to an error at the operating system level (see K& R,

p. 153).
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FDOPEN
STREAM fdopen(fd, mode, bufiar sizs)

FILE *£3;
char *mod=;
unsigned buifer_size;

Converts from an unbuffared file descriptor (FILE *) to a
STREAM (buffered file descript2or). mode must be compatible
with the read/writs attrioutes of f4d. buffer size 1is the
size of the buffer to be usad by the STREAM descriptor.
No%=2 tha% 12 czan be used %5 changz2 the size of a STREA™
descripter 1f used in conjunztion with fileno, as in:

e
strm = I{Jopen(fileno(strm) ,moda,buffer_size);
) : i
Returns NULL 1Z unsuccessful.
RPOR
Aint ferrorc(£4)
~ STRZAM fd; .
-
3 .
< Returns the =2rreor value £or the given stream. The error
value, which is read from errno, is set on errocr. To clear
it, use clz2arerr (described earlier). Currently there 1s

caly one errsr value.
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FFLUSH

STC

RESULT fflush (£d)

STREAM £4;

Flushes or writes to file the current contents of the /9
buffer associated with a file opened for buffered ocutput via
fopen. The file is specified by the pointer fd to its filsz
descriptor. The size of the I/0 buffer is set when the file
is opened. After a call to ££flush, <he file 1I/0 pointar
will point to just past the last byte accessed, as expected.

f£lush returns SUCCESS (@) if the buffer was successfully
written to file. (Calling fflush when the buffar is empty
has no effect other %than to return SUCCESS.) £flush returns
ERROR (-1) and does not flush the buffer if: (1) the file
was not opened for buffared ocutput via fopen, (2) £f3 does
not point to a valid file descriptor, or (3) the  entirs
contants of the buffer could not be written due to an error
at the operating system level (se2 KaR, p. l66). |

int £getcs(£3)

STREAM f&;

Identical to get: (describvbed lat=sr). Guaranteed t2 Dbe a
function rather than a preprocesseor macro.
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FGETS

TILEN

char *fgets(s, n, £4)

char *s;
unsigned n;
STREAM f4;

i
-

Reads a maximum of n-1 characters (bytas) from a file opened
for buffered input via fopen into the string beginning at s.
The file 1is specified by the pointer £d to its file
descriptor. £fgets will not r=zad past a newline or more than
n-1 characters, whichever comes £irst. fgets then appends a
null <character to the <characters read to create a2
null-terminated string. i

fgets, if successful, returns a pointer to this string
(identical to the value passed in s). fgets returns a null
pointer value (g) if: (1) €£d does not point t2 a valid file
descriptor, (2) the file could not b2 read due to an error

at the operating system level, or (3) the end of tne fil=2
has been reached (se2 K&R, p. 153).

0
FILE *fileno({sfd)

STREAM sfd;

Returns the file descriptor associated with the STREAM sfd.

TR Wt TRWE &

;
!
;
’
|
:
]
:
;
]
b
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STREAM fopen(fspec, mode, buffer_size)

-

FILESPEC fspec
char *mode;
int buffer_size;

Creatas and/or opens a file for buffared I/0 with ¢the file
specification given in fspec. It uses open (see the oden
function latar in this chapter) to actually open the file.
Thus full file specifications may be used. I£ fopen is
successful, it returns a poiater to a valid £file descriptor
for the file specified. You should store this pointer for

subsequent use in your program. f£open returns NULL (@) and
does not create or open any file if: (1) th2 £file meZde is
unrecognized, (2) not anough user memory is available for s
new file descriptor, (3) the £fil=2 specification given is
invalid, or (4) the file cannot be opened or creat2d due &2
an erro>r art the operating system level, '

For mode you must speclify cne cf the following: "w", ™Ma",

cgr "r". Whichever you specify det2rmines thz file's 1/0
mode, as indicated in the £sllowing table:

"w" write-only mode
"a" write-only moda, apoend outout to end of file
"r™ read-only mode

If a file's I/D2 mode is ei%her "w" or "a", it is said to b
open for buffered ocutput. I£ a file's I/0 mede is "r", 1
is said to be open for buffered input.

«r 1D

The value you specify for buffer_size determines the size of
the I/9 buffser associated with the file. This value 1s best
set as a positive integral multiple of the system record

size. (A system record is the minimum uynit of data
transferred during file I/0 coperations. Under CP/M, the
system record size 1s 128 bytes. Under UNIX it 1is 512

bytes. Consult your operating system's documentation for
further information.) A pointer to the first by+te in this
I/0 buffer is stored in the file descriptor. Thus, only a
pointer to this file descriptor need be passed to any of the
other buffered file I/0 functions (see K&R, po. 151, 167).

/

¢,

ey

d-d

3
-

v
-
—




SuperSoft C Compilar User's Manual (c) 1983 SuperSoft

FPRINTE

"'t-\_'

0,21

RESULT fprintf(£fd, format, argl, arg2,...)

FILE *£d4;

char *format;

TYPE argl; _ .
TYPE ar32;

Identical to printf except that instead of writing to the

standard output 1t writes its formatted output string to the

I/0 buffer associated with a file opened for buffered outputk
via fopen, beginning at the current location in that buffer.
whenever that Dbufier becomes full, it 1is automatically
flushed (i.e2., its entire conten%s arz written to the fila).
The file is specified by the pointer £4 to its file
descriptor.

fprintf is a list function. See D. 43. ‘

fprintf returns SUCCZESS (@) if its entire output string was
successfully written to the buffar. However, due to> the
buffering of file I/0 operations, such a return value cannst
gquarantee that this same string will be successfully written
t> the file, since errors resulting from and affecting &th2
outcoma of a particular call ¢to fzrintf may not Dbecoms2
apoarent until soms later function call causa2s that fil2's
I/0 buffer to be flushed. fprintf returns ERROR (-1) if:
(1) £4 does not point to a valid file descroiptor, (2) the
file was not opened for buffered output via fopen, (3) the

file could not be written due to an error at the operating
system level, or (4) the enzire string could nct be written
to the file due to a lack of disk space (see KiR, ©®n. 152).

72
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FPUTC
RESULT fputc(c, £3)
char c;

STREAM fd;

Writes the character ¢ to the STREAM fd. Identical with
putc (descrivced later), except that it is guarant2ed not  to
be a preprocessdor macro.

o
'PUTS
RESULT fpuss(s, £4) . i
char *s;
; STREaM £4;
: - " . -
: Writes the null-terminated string colatad £2 by s £9 the 1/0
‘ buffar associated with a2 file ooened f2r buffsred output +ia
fooven, beginning at the curra2nt lscation in that buffsr.
whenever that bpuffer Dbeccmes full, it 1s automaticaily
flusned (i.e., 1ts entire contants are written to the file).
Th2 file 1s specified by ¢the pointer £f4d to its file
descriptor. For each newline character ('\n’') appearing in
i the string, a carriage return and a newline ("\r\n") are
~— wrltten ta the buffer., The te2rminal null character 1s not
F
.
> fputs returns ERROR (-1) and does ndt write the string if:

(1) £4 does not point to a valid file descriptor, (2) the
file was not opened for buffered output via fopen, or (3)
the file could not be written due to an error at the
cperating system level. Otherwise, fputs ra2turns the numbder
of bytes actually written to the buffer minus the number of
carriage return characters inserted. However, due to tne
buffering 'of file I/0 operations, sucnhn a return value does
not guarant2e that thosz same bytes will be successfully
written to tha file, since errors resulting from and
affecting the cutcome of a particular call to fputs may not
become apparent un%til som2 later function call causes that
file's 1/0 buffsar to be flushed (see K&R, p. '153).




SuperSoft C Compiler User's Manual (c) 1983 Supersofe

FREAD

i1

b1

1nt fread (buf, fsizeofitem, nitems, f4)

TYPE *buf;

unsigned sizeofitems;
unsigned nitems;
STREAM £4;

Reads a number of items (ni*tems) from STREAM f3. The size
of an individual item is 3izeofitems. buf is the address to
read i1into. fread ra2%turns the number 2f items r=2ad or
ERROR (-~1l) on error. freads can be int=2rspersed witha g=2tz,
fgets, get2>, and ga2tw (all described in thls chaster).
Alignmenz 1s ©f no concern. Also se2 read described lateaer,

free(p)

charz *p;

Frees a block in memory previcusly ailocated by a call o
alloc. The argument p, which should be 1dentical £2 the
value returned by that call to alloc, is a pointar t2 th2
first memory location in the block. Allocated olocks may 22
freed in any order. To <c¢all free with an arjument 1ot
previously obtained by a call to alloc is a serious errs:
(see K&R, pp. 97, 177).
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FREOPEN .

0,24
.(\

STREAM freopen(fspec, mod2, bhuffer size, strm)

FILE *fspec;
STREAM strm;
char *mod=;
unsijned buffar_size;

b
V1)
G

Radirecks strm as if strm=fopen(fspec,mode,buffar size)
been called. Returns NULL if unsuccessful.

S5CANT

RESULT £scani(fd, format, ar3l, arg2,...)

FILE *£4;

cphar *format, *argl, *ar3l, ...;
TYPE *argl;

TYPE *ar3yl;

Identical %o scanf except that the inpu%t string is read fronm
the I/0 buffer associated with a file opened for buffered
input via fopen rather than £from the standard input. The
file is specified by the pointer fd to its file descriptor.
fscanf begins resading at the current position in the 179
buffer. It stops reading when it has successfully assigned
values to the bytes corrasgondiang to each item listed in the
format string or when it has reached the end of th=2

file--whichever comas first.

fscanf is a list function. See USING LIST FUNCTIONS at tae
end of Chapter 2.

If no errors occur, fscanf returns the number of wvalues
successfuylly assigned, fscanf returns ERROR (-1) and
performs no input if: (1) f4 does not point to a valid file
descriptor, (2) tha file was not opened for buffered input
via fopen, or (3) the file could not be read due t5 an erroc
at the operating systam level (see K&R, D. 152).

User's Manual (c) 1983 SuperSofs: 7
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FWRITE

LTC

int fwrite(buf, sizeofitem, nitems, f3)

TYPE *buf;

unsigned sizeocfitem;
unsigned nitems;
STREAM f4d;

Writ2s a number of items (nitems) into STREAM fd. The size
of an individual item is sizeofitems. Dbuf is the address to
write from. fwrite raturns the number of items written o=
ERROR (-1} on error. fwrites can be interspersed with oputz,
fpute, putl2b, and putw (all descrived in this chapter;.
Alignment is of no concern. Also see writ2 described later,

int getc(£4)

STREAM f4;

Re+urns one character (byt2) as an lat=ager (betwe=2n J an
253 inclusively) in seguence from a file npened for buffere
input via fopen. The file is specified by the pointer £4 t>
its file deszriptor. Carriage returns and linzfeeds are
returned explicitly. get:s reaturns ERROR (-1) 1f: (l) the
file was not opened for buffered input, or (2) the end of
the file has been reached (sz2e K&aR, op. 152, 1661},
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GETCHAR

char getchar () B :

Returns the next character from standari input (the CP/M aor

M5-DOS CON: device--usually the <coas>le keyboard). It

getchar encount2rs a Control-Z (CP/M's EDF marker), 1t
returns an error(-l). (Se= X&R, pp. 13, 48, 144, 152, 161,
162.)

{
¢ - ! -

t

gets(s)

char *s;

~dd
~—

Reads the next line from standard input (%Zne CP/M or MS§-203
CON: device=--usually the consale keybocari) into the strin:g
beginaing at s. gets '=p iaces tne newline charact2rc  ('\n')
or the carrciagse return/newline comsinatiocn ("\z\o") thax
terminates the input line witnh a null charactar to cr=at2 a
null-terminacted string. Since gets &32s not  test whethsr
the string b2jinnin3i at s is 1long envugh €2 gontain t
input line, you shou 4 dafine tnis string such that 1% ¢
contaln the longest input line y2u could r=2sonaviy expect.

77
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GETW
int getw(£3)

STREAM fd;

Returns one inta2ger in sequence from a file opened for
buffered input via fopen. The file 1is specified by the
pointer fd4d to its file descriptor. Carriage returns and
linefeeds are returned explicitly. getw returns ERROR (=1)
if: (1) the file was not cpened f2r bufferad input, or (2)
the end of the £ile has been reached, or (3) if the intecer
equal to ERROR (-1) appears in the input file. Thus arrno
should be cha2cked for trua2 error conditions. Calls to g=2tc
may be interspersed with calls to getw. Information read by
getc and getw may be written by putc and putw, There need
not be any particular alignment 2f ianformation in the 1input
file.

int get2blf3d)
STREZAM f4;
Raturns a &two byta2 guantity from a buffzred input strean,

o get2b is similar to get=w and fread, wexcept that 1t is
invariant with respect to byte ordering.
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INDEX

NITB

char *index (s, c)

char *s, ¢;

Returns a pointer to thes first occurr=nce of the character 2
in the string beginning at s. index r=2turns a null opointar
value (@) 1£f c does not occur in the string. See rind=x
described later in this chapter. '

initb{array, s)

char *array, *s;

Permits relatively conveni=ant initialization 2f charactza:
arrays. It should be passei tws parametars: th2 firsc,
array, shou:d be a pointer £o an array oL naracters; tne
second, s, should bDe a3 poin%t2r to a null-terminated string
of ASCTII c¢characters repr2senting decimal 11ntejer wvaluaes
separated by commas. when called, 1inich converts eazn
decimal integer value in tne string beginningy at s, 1ia
segquence, to a bcinary 1aktecz2z value and assigns tha least
significant 8 bits ©f <that wvalue t2 the corresponding

l2ment 1n the c¢nargack2r -array pointed to Dby arrav.

<
2
e

1f tnere ar2 n integer values in the string and gr=zatar than
n elements in th2 array, only th2 first n elements of the
array will be assigned wvalues and the contaents of <cne
ra2mainingy 2lements will be unaltered. - I1£f thera are =n
lnteger values in the string and l2ss than n elams2ncs in the
array, bytes beyond the end of th=s array will be assignad
values as if they were elama2ncs of the array and data may De
overwritten in error. It is the projrammer's responsibility
to prevent or provide for these situatioas.
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i

INITW

initw(array, s}

int *array; : b
char *s; ' - K

Permits relatively <conveni2nt initializatien of integer &
arrays. It should be passef two parameters: the first, ' 2
array, shouid be a pointer to an array of integers; the °
second, s, should De a pointer to a null-terminated string

of ASCII <characters reprasenting decimal integer vwvalues ke !
separated by commas. When called, 1initd converzs each -
decimal integer value ia the string beginningy at s, in =
sequence, to a binary integer value and assigns that value e
to the corrasponding elament in the integer array point2d €3 B

by

by array.
.1f thera ara n intejer values in the string and grzater %than
n elements in the array, onaly %he first n elements o©of th2 k-
array wiil be assigned values nd tne contents of the
laments will be unaltaered. If thers are n 2

remaining el
integer values in the string and less than 0 elemants in the

array, bytes beyond the end of the array will b2 assign
values as 1f they wer= elements of the array and data may
overwritten in error. It is the projrammer's responsibili

to prevent or provide for these situations.

.
es

Sa =3
[

Yy

¢har inp(zort) -

int port;

Returns the byte value present at the specified input port
after execution of a byte IN machine instruction for that
port. (This functicn is available only on machines £or
which the byte IN instruction 9r equivalent makes sense.)
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ISASCII

~

Y

BOOL isascil(¢)
char ¢;

Returns TRUZ (1) 1f ¢ is an ASCII! character; otherwisa, it
returns FALSE (@).

aTTY
BOOL isatty(£3)

TILE *id; ;

Returns TRLE(l) 1f tnis £ile descriptor is a
otherwise, FALST (). Re+-urns TRUZ 1f tha file &
rafers £2 the consola (M"™CON:") .,

-1

re =4
[
'0:-'
r

M qr
0w D
)
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~
<

BOOL iscntrl(c)

char c¢;

Returns TRUE (1} if ¢ is an ASCII control character;
otherwise, it returns FALSE (@).
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int inplé(port)

int port;
inplé, not available under CP/M-83, returns the value
present at the svecified input port after execution of. a
l6=-bit IN machine instruction for that port. (This functioan

is available only on machines for which the 1l6-bit 1IN
instruction or equivalant makes sense.)

oM
BOOL isalaum(c}
char ¢

Returns TRUE (1) 1f < 1is an ASCII alohanumeric characss=r;
otherwise, 1t returns FALST (2).

HAa
BOOL isalpna(c)

char ¢;

Returns TRUE (1) if ¢ is an ASTII alphabetical <character;
otherwise, it returns FALSZ (@) (see KsR, po. 127, 156}).
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ISDIGIT
800L isdigzit(c)
char ¢;
Returns TRUE (1) if ¢ is an ASCII character repfesenting ane

of the decimal digits ¢-3; otherwise, it returns FALSES (3)
(see X&R, DpD. 127, 1356). )

N
‘D
BOOL 1sf3(£3)
FILE *£3;

: Returns TRUE. 1if fd is a wvaliid £file descriptor; FALSE
: otherwise.
{

"< 1ZAP -

ry BOOL isheap(ptr)
<

char *ptr;

Returns TRUE 1ff ptr points t» a data area resturned £from
malloc. Must be called only after the first call to malloc.

~
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Combining Source Code and Altering Assambdbly Code

MZTHOT l: THE RELOCATING AS3ZMBLERS, MCDULES, AND LISRARIES

Tne € language 1s constructad sO that variablas and
functions can be com:iled separataly 1into relocatazl=2
mocdulas and tnen linked teogather to> form working orogzams
using features that arsz available with most linkers. (See
Chapter 2, "Using the SuperSoft C Comzilar".) SuperSofit C
allows the T EXTERN storage c¢lass for ext=rnal (giobally
accessisle or global) wvariables and functions. In tn=2
special zase of functions, those not previocusly declarad ar=
agtomatically declared as ex:ta2rnal SuperScit C translat=s
the IZXTEIRN storage slass into the prope: assamndler directiva
to allow the references to> ba resvived at link time.

Thare must bz exactly on2 dafinition of each lobal
accessitla variable or function. Every eaxta2rnal w1th t
sama2 name will be bound to the same da=finition i3 ¢
program. The various declarations should agr2e wWith ¢t
definitions. Althougn the. € compiler will <check al
declarations in a given source file for consistency, ¢t2
linker may not be asle to check fully for consistenzy. ;
variable may be declared as many times as Jdesired with th
EXTERN storage class aexplicitly stated, but must be deciared
axactly once wWwithout the EXTEIRN storage class and outside of
a funztion body. A funstion must appear exactly once witn 2
function body and without the EXTIRN keyword.

"
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Of course, variables must differ within tha first fev
characters to appear unique to an assamblar or linker. In
the zase of M83, names are truncated at six or se£vean
characters depending upon the version. In Cp/M-83 .REL
format, names ar= limited to sevan charactars. Also, many
assemblers (inciudiag M8(0) translate lower Ccase <charactars
in a name into upper case, effectively lowering the namder
of unigque names. For portability reasons at least, <ase

tw
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shoild not b2 used tn distingiish variable or funswisa—
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names. For example, a porojgram should not contain ‘THelp!'
and 'ThelLP' as unigue variable names.

IT IS HIGALY RECOMMENOED THAT SUPERSOFT C BE USED wWIT A
RELOCATING ASSEMBLER, rather than an apsolute assemdl=ar such
as ASM or ASMB86, Reiocation, availabla to wusers with a
relocating assaemdler package such as DJigital Research's RMAC
package, is by far th= easiest and most usable method of
incorporating both user and library functions into a final
executanle (COM, CMD, or EXE) file. R

Linking is usually faster than compilatinn. Once linkad, a
fila may be used over and over ajain, Linking also allows
gqroups of people to work on a proagzam, giving any one of
thos2 people the ability to combine and execute the projzranm,
put disallowing each access %o the other's source. TA: 3
last advantaje is extremely important in a large project, or
in a8 small oproject complated over time, especially on
systams that do not have adegquatz2 security between usars,

The use of libraries is the easiest method of combining
variables and funztions into working preograms. It requi:es
a librarian as w21l as a linker. In the case o0f JP/™-87
the linker might be SupersSoft's ELINXK and the Llibdrar: aﬁ
might be LI38d. You must compila each relocataole modulsz,
follow tha2 librarian instruztions to create a library thac
includes all modules, and then specify that library to link
a pregram.

Most linkezs 20 not max2 much 90fZ a distinction batwe2n a
ralocatadbls moduls and a library. Either can be specified
to> builéd an executabl2 file, The differsnce is maialy 10
the way thact they ars cocmnoined, Relocatanle modules are
loadei 1into the exezcutadla file in thelir entiracy,.
Libraries are built from multiple relocataXle modules. hey

are searched by the linker in order to inclede only those
modules wnich satisfy exterzal references not pQrevious.y
defined.

The SuperSoft C compiler under CP/M~83 comes with a library
of standard functions (LIBC.REL) built from ¢the £fil=s
FORMATIO.C, STDIN.C, STDIO.H, FUNC.C, CRUNT2.C, MDEP.C,
LONG.C, DOUBLE.C, and a number of .ASM files, The +5UBM
option 2f£ the C compiler (described balow) and the SUBMIT
file LIBC.SUB was used to build this library. Version 3.44
of M8F and LIB8@ from Microsoft was used to assemble and
collect the library. This library contains all of tne
functions that ars descsribed in Chaptar 3. You could add
your own functioanas, or alter ¢the supplied £unctions Dy
adding relocatable module names to the LIBL.SUB file and
compiling the apgropriate source files,. ,

© C Compil2r User's Manua' (o) 1983 Super5oic 126
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If you are using another linking system, you may or may not
be able to max2 use of the LIBC.REL library. ELINK i3
compatible with LIBC.REL; the LINK3@ may not be. If you
have any prodlems, you shoald rebuild the library, as
described below. This is not a task to take lightly. It
requires a consideradble amount of disk space (mostly
directory space for a lot of small files) and time. It Tay
take hours.

The method descrived below may also be used to build vyour
own unigue lidraries. In building a library you will
probably have to sort the modules into a dependency orier:
if module A refers to module B, then module A will have t>

be before moduls B in the library. If this is t20 much
trouble, you can try searching th2 library mors than once in
order to pick up all references. Mos= linkers allow tha

searching of more than on2 library, so addiag another
library to2 a linkar command line is the easie2st and sanes:
method for adding funstions to your C library. Note,
however, it is not necessary to comdile source files 1nto
libraries. For many uses, leaving th=2m as r=a2locatanle
modules is adequate., The libraries are mainly wuseful f:z¢
the selection of variadles or £fuonctiosns rather cthan =asz
inclusion of whole relocatable modulas into a progra

The SuyperSoft C compiler «contains a method for creazing
libraries in which each function can be saparatad and loaded
only if needed. In order to do this, svecify the +3U3M flaz
on the command line of both the first (CC) and second (C2 or
CO0D2COD) passes 2f ths ceompiler. The ocutput of tha seconi
pass is altered: no longer is the output a siagle fils with
the extension ,ASM. Instead, it is a file per £function,
each file consisting of tne name of <tne function and <tne
extension .MAZ (under CP/M, MS-20S, and PC-D0S these namas
have ' ' removed and are ¢truncat2d to eight charcact2rs  in
order to be compatible with the native assemdler/linXer
systems). Also a file is ~reatad which contains diractives
to form the relocatable modules (named REL wunder CP/M-33

and .0BJ under MS-D0S). This file is named $.5UB. Under
CP/M this file is directly executable wvia SUBMIT and it will
assamble the appropriate relocatabls modules. After

executingy the $.SUB file, the librarian must D2 wused t2
collact the functions into a library.

The file LIBC.SUB contains a SUBMIT file that will creats
the standard SuperSoft C library. This is not an ordinary

SUBMIT file, but requires recursive capability. The
SuperSoft program SH.COM (supplied with the C compiler under
CP/M=-82) will allow recursion and must be used Wwith
LIBC.SUB.

SH is similar to, but more powerful than, SUBMIT. SUSMIT
allows nine arjuments: $1 through $§9. SH allows an

indefinite number of arguments: $? contains the name of the
SUBMIT file, and S§1, $2, §3, ..., §9, §le, sll, ... contaln

.:
E
3
E
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4
3
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the arguments. As a tge2sult, Sl1 woald be interpra2teld
differently by 5H and SUBMIT. SH 1ilnterprets it as the
eleventh argument and SUBMIT interprets it as the firsg
argument followed by a 1.

An SH file may contain other lines invoking SH. £ach time
SHd 1s invoked it stacks the old $$3.5U8 file by renaminy 1i%
as Snn.SUB, where nn is replaced b5y a unique decimal number,
Then it places at the end of the SUBMIT file a line of the
form 'SH «E $nn.SUB', which unstacks the old $58$.SUB flle oy
erasing $$$.50UB and renaming $nn.SUB to be $$S.5UB.

Additional features of SH: (1) the SHIFT operator shifts
the arjument list "down”™ by one (51 becomes $3, $2 becomes
Sl, and so on). (2) SH strips comments (lines preceded by
*;') from the $§5.5UB file to allow largar §55.5U8 files t»o
work. 'S$*' in a .SUB file expands to be the arjument list,
each arjument separated by 3 spac2 and '$:,' expands to  be
the argjument list, each argument saparated Dy a ','. (3)
Blank lines, partial last lines, and large SUBMIT files
cause SUBMIT to exacute in an uneexpected manner; ther2 1S
no such problem with SH. (4) SH can b2 used from any 3rive;

SUBMIT can be usa2d only from drive A, i

-
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METHOD 2: THE #INCLUDE DIRECTIVE

The #INCLUDE preprocessor directive is able ¢to incorporate
the entire £file containing the desired variables or
functions into your program. A good practice is to placs
any $INCLUDZ directives £or the standard library function
files in your program's preamble, immediately aftar any
extaernal data definitions.

The sampls orograms given out with Super3of: C maka2 use c¢f
this m2%hod 2f buildin: prozgzams from fun<tions, It is
assumed that you ar2 using an absolute assemblar such as
CP/M~-83's ASM, The use of the #INCLUDE directive 1is the
least common denominator: <the sample programs as supplizd
will work with either an abso.ut2 3ssembler 0r a relocating
assembler. At the top 0f the sampls programs ar= #INCLUDES
statements f{or the appropriate library modules. rfor example
5AMPLl.C inziludes CRUNT2.C ané FUNC.C.

A disadvantase to $INCLUDZing 211 necessary library files
into vour program is that <he time to compile vour progrzan
will includz the time t2 compile all of the included <code.
I£ may also max2 your 2rogram  unnecessarily large Doy
incorporating into 1t functicns that are never called. 1%
you are using a relocating assem>l2r, you will prooadly wanc
to comPile thz sample projsrams 10 2 modlfied mannar, Reaovs:
tne #INCLUCI stataments from the sampla2 Dpragrams., Then
commpile as specified i1n Thaptar 2.

The result will be about 25 percent of the size 0of the
executasla file that you woi.d get 1Z you used an absolute
assemdlar, Also?, mompilaticon <1me will be a small perczen:

~ -
of the 2rginal compilation time.
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MTTHOD 3: THE CC COMMAND LUINE FILEINAME LIST

I€ you list a number of filenames on the command line for
CC, the first pass of the compiler, all the files named will
be parsed, in the order listed, as if they were one file,.
The output will still be placed in a single output fils,
Thus yo>u may incorporat2 any C source code file 1into vyour
programn simply by listing its filename in the command line
for CC. The CC command line that would incorporate all the
SuperScofec C standard library functions into the program Y.C

is:

CC Y¥.Z CRUNTZ2.C STDIO.C ALLOC.C FUNC.C FTCRMATIO.C

This method has all the advantages and disadvantages of ths
previous cne (2sing #$INCLUDES), but 1s mor= laxible. T=
change the files incorporated ints your prozram, rathez than
changying vour 2rogram, you would just type a differsant sec

cf filenmames in the CT command line,
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METHOD 4: PRECOMPILATION AND INSERTION IN A HZAD

Any of the library files which are 1in SuperSoft C sour
code may be compiled and the resulting file inserted, wi
minor editing, into the compiler's run-time library. Thi
increases the speed with which you can compile programs th

X

I ar i 3 O

incorporats thes2 functions. However, this method sha
the same disadvantage of possibly excessive program s
with the twe other all-inclusive methods described above.

Nﬂ)ﬂ’l‘;t(l

{1

Of course, yo2u are not limited to including the libraries as
a whole., If you have an idea of the fu :tions you will
commonly use in your programs, Yyou may <create your Oown
version of the run-time library by nrecomdoiling and
inserting these functions iato your header file. Nor is 1=
necessary that thes2 functions be <the functions scpgliel

I8

with the compiler: they may be of your own cre=ationi:~~" This

method can save you considarabls time 1In compiliny vour
programs and consideradbls progzam space by elimipatins
unnecessary functions. :

0

iU ‘.)a [ RS ]

oI
h -.J :J. (8] {)l fu "[l:

SuperSoft's C allows the user to add code to the
generator's header file, th= file that 1is automatica
placed at the becinning of < programs. (The header provi
necessary machine dependeqf functions.) Any function alre
in assem>2ly source and iacluded in the headear £file need

be recompilad and re-opzimized each time the rest of

program is compiled. This 1s particularly useful when us
an absolut2 assemszler like CP/M-8¢'s ASM or C2/M-86's ASM

W I TP LG 7 L R 1 ]

rn LKA ] §

To use ¢this method, %the user comdiles <the neces
routine(s), producing an assemdly languac= file,
assem>dly source file is then added into the hezader fila.

Below is a detailed, step by step, description of how the
CRUNT2.C file 0f subroutines can bde moved into the runtima
routines under CB/M-8¢, thus eliminating the need to usa a
# INCLUDE "CRUNT2.C" directive (or a link of a CRUNT2 objecc
file).

1) We are ready to <compile the CRUNTZ2.C. Issue the

foliopwing commands:

RO AL S SR 0 A4 LN [N IR RYT (WIS 1P RPN pYMY S mErmryny
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A>CT CTRUNT2.C

A>C2 CRUNTZ2.COD +ASM +ZA -RH =-RT

The '+ZA' opticns tells the code generator ton start all
labels with the latter 'A'. This avoids any conflict
with the code produced by normzl compilations which
start e2ach label with a 'C'., The -RT and -RH options
pr=2vent the inclusion ¢f the header and trailer files.

2) Next, RENam2 ths file to CRUNT2.LI3, in preparation for
merging into the C2.RH £fila:- - -

REN CRUNT2.LIB=CRUNT2.A45M

3) A minor amount 2f edising must be done befera the
CRUNT2.LI3 file can be maczed. Type the followinc:

A>ED CRUNTZ.ZI3

*3T
you will then see

;C Optimizer V1.2
ORG 258
;C Compiler V1.2

Whenr you list the top of the file on your screen, your
file should be tha same (except for version numbers) as
that listed here. You must now delete the following

line:

ORG 256

4

4) After deleting this line, exit the edit with an 'E'
(thus saving your changes).

TR Y
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METHOD S5: CUT AND PASTE

This method is simple in concept but laborious in exacution.
The idea is to create, from the standard library function
files, a file or files «containing only those data ani
funstion definitions required by your program (cut) and then
merje the files thus «creatad 1in%o your program befors
compiling it (paste). '

The advantage of this approach is that both the sour-e and
object code for your program will be as small 23s vyour
program's implementation will allow. Of course, y2u mus%t be
careful that all data and function definitions reguired for
exezution of your program are prasent and intace. Clearly,
this can be time-consuming, and some troublescme bugs can
creep in during the process.

However, it may be essential in som2 applications that vour
orograms mak2 &the most efficient possibkla c¢se of &the
availabla memory. The size o0f some progr-ams alone a2y
aporoach or exceed the memory capacity of your systam, whil2
others may require correspondingly large amounts of dacs
storage durinj execution.

You may alss £iad yourself repeatedly wusing a particular
suoset of the standard library functicns, mingled with some
functions of your own. In this situation, you could |use
this method as a first step toward <crceating your own
customizecd s2t of SuperSoft C standard library functions.

You should not attempt to use this method unless you are
guite familiar wi=h C and with your own operating systam.
what follows is only a very general outline o0£f tha stiegs
necessary to the cut and psste ma2thod.

1) Make 2 copy on disk of each file <c¢ontaining data cr
function definitions that you wish to incorporate iato
your program,

2) Using your editor, delete from each file those data and
function definitions you do not wish to incorporate
into your program, Be careful not to delete the
definitions of thosa functions called by tha funztions
your program calls or any of the data definitions
required by any function that you intend to
incorporate,

3) 1If you now have more than one file containing the
definitions of interest, you may leave them as separate
files or concatenate them as you choocse.

Compiler User's Manual (c) 1983 Supezsofs 134
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5) Now you must edit tha C2.RY file. Your screen sheuld
show:

ADED C2.RH
32
*F** insert any user”Z@lt
; ***** insart any user code here *****
rrcrunt2.lib
*e
{

This will cause the editor to read in the CRUNT2.LIZ
file.

After exiting the editor with the 'E' command, all of =the
functions contained in CRUNT2.C will hav2 Dbeen moved 1in%to

- the system runtime file C2.RH. This means that you will nc
longer have to us=2 <the #INCLUDE "CRUNT2.C" directive,
However, since you will always be loading these functions
even if they are not needed, ther2 may be a need  for 2
differant C2.RH for different programs.
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You are again faced with the choize o0f how €2 1in-
corporate the files you have created into your progran.
You may use any one ¢of the methods previously descrioed
£or incorporating the SuperSoft € standard library
function files. Your programs will now contain only
the data and function definitions they requira,
Another option is t> use your editor to insert the
definitions you have created into your program a-

appropriate places.
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HOW TO REORIGIN THE CODE GENERATED BY THE COMPILER

A relocating assembler frees programmers from concerning
themselves with the actual locations at which their programs
execute or fetch data. 1t does this by generating c¢bj
code in which memory addrasses appear as displacements fron
some re=lative poiat. These relative points can be either
externally defined references or ra2lative projram origins.
An external reference uses a symbolic label referring =5 a
location in another module. For examplas, an external
reference in module A is a way to refersnce a location 1in
module B without knowing the absolute addraess of thac
location., The relative program origin is the beginning of a3
particualar module, relativa to which all of 1its int2rnszl
addrassas are calculated. Relative addressas ares fixed wnen
the program is linked.

Assemblers will support some means of specifying the

absolute (or relative) origin for vour code. In the casa2 5¢
CP/M's absolute assembler, ASM, the ORG lnstrucctinn
accomplishes tht func<ion., The zgement of° an CRG
statament 15 used by ASM as the origin for the cozde that i=
precedaes--up t> the next ORG stata2ment or the end of <he
file. The ORG instruction c¢an also be used 2 establisn
different r2lative and absolute origins £for each prc3ran
segment or data area. This «capability 1is particularly
importanst when you wish t£o lcad your pro3ram into ROM Dbu%
your datza 1n%0 RaM. If a program you wish to load inwo ROM
requlires writeasle datsz areas, at least tw>y> ORG stataments
must appear 1in your £il2: one at the Dbegianingy o¢f your
projram specifying 1ts aobsolute origin in ROM and another ax
the beginning of the writeatis data ar=a3 s:e_l.y*ﬁg its

absolute origin ia RAM.

The final assembly code output generatad by this compilse
contains :two ORG staktaments, appearing (at the beginning o
the program and data aresas respactively) as fallows:

h it

ORG * ; REORIGIN PROGRAM HERE
ORG * ; REORIGIN DATA HERE

The argument '*' signifies the current leocation, but the ORG
statement is not activated until you insert the wvalues for
theses arjuments appropriate t2 your situation,

ON
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A NOTE ON THE GENERATED CODE: The code produced Dby tne
compiler requiras that the heap and stack grow toward each
other. This usually means that the stack will be at larger
numbered locations than the heao. This relationshi? should
be maintained even if the code produced by the compilar is

goiny to Se ROMmed.

el
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ISLOWER

BOOL islower(c)

char c¢;

Returns TRUE (1) 1f ¢ is an ASCII 1lower <case alphabetical

charactar; otherwise, it returns FALS:T (9). (see K&R,
p. 156). -
~—
SNUMERIC o
BOOL isnumeric(c, radix)
char c; |
int radix;
Returns TRUE (l) 1f ¢ is an ASCII character representing a
valid digit in the number systam with the base specified 1in
radlx; otherwlis2, 1t returns FALSZ (4). For exampli=z,
isnumeric('a',l3)
returns TRUE. isnumeric is defined only if 1 < radix < 36.
'\\v -
Y
~
<
ISPRINT

BOOL isprint(e)

char ¢;

Returns TRUE (1) if ¢ is a oprintable ASCII <character;
otherwise, it returns FALST (¢).

AR

AL RO ¢ LR
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ISPUNCT
B00L ispuncti(c)

char ¢;

Returns TRUE (1) 1f ¢ is an ASCII character

S

S
~

—p——n

~
o S
<

(c) 1383 SupersSofc

86

representing a

punctuation mark; otherwise, it returns FALSE ¢g) .
[(SSPACEC )
BOOL 1isspzaca2(c¢)
char ¢; . i
Returnas TRUE (1) if ¢ is an ASCII character representing a2
space, a3 tab, or a newline; otherwise, i1t returns FALSZ (¢).
This function is included for compatability with BRS C; the
standard UNIX C funcction 1s iswhite, However, se2 K&i?2,
p. 156.)
ISUPPER
BOOL isupper{¢)
char ¢;
Returns TRUE (1) if ¢ is an ASCII upper case alphabetical
FALSE (@) (see KsR,

character; otherwise, it returns
.pp. 145, 156).
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ISWHITE
BOOL iswhite({c)

char ¢;

Returns TRCE (l) 1f ¢ is an ASCII character representing a
space, a tab, a newline, or 'a formfeed; otherwise, -it
raturns FALSE (9}).

BHIT

BOOL kbhit()

Tests whether a character has been &typed on the console
keyboard--returning true if it has, FALSE 1if it has not.
More precisely, kbni%t returns true (non-zero) if a charac:tar
is present at the standard input (the CP/M or MS-DCS
CON: device--usually the consola keydoard); otherwise, 1t
returns FAL3Z (3). This functieca 1s not availlaldle on
systems %=hat do not havs suzh a function (such as UNIX).

link(ofspec, nfspec)

FILESPEC ofspec;
FILESPEC nfspec;

Makes nfspec into a synonym for the filename nsfspec. Not
possible under CP/M or MS-DOS. Under these systems, link
operates just like rename (described later). y

37
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LOCK

lock()

Locks a process in fast memory. A no-c¢p under CP/M and
MS-DOS.

ING arithmexzic . .

The filea LONG.Z contains a machine independent LONG inteczer
aritlimetic package. These functisns pverform arithmetic on

32-0it two's complamant int2g=rs. All wvariazles uysed DLy
this package snould be declared LONG oz UNSIGNED LONG. The
functions ar=2 passed &the addrass of each ar-zumnant, Usually

the functions return no value.

See A
funz<i

pendix H for Jdescriptions of the long intager

pbe
ons.
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LONGIMP

longjmp({savear=a, i)
int savearesal];
int 1i;
Restores the program stat2 from the savearea, (savears=a

should be 6 bytes long on the 3033 and 8086 series.) Tha
program state includes all register wvariables, the raturn
program counter, and ths stack pointer. savearea Sshoulld
nave been previously used as an arjument to s2%jmp
(described later). Upcn a call t2 longjmp with tha same
savesarcea, the statz is restored, effectively apoearing as if
a return from setjmp has occurred, with the return value
beingy 1. longjmp 1s =2 generalized version of resetx,

WLLOC

char *malloc{n)

unsigned n;

Allocat2s a contijuous mamary region of length n. Every
block 1t allocates starts on an even adiress.

malloc, 1 successful, returns a pointer to the first memory
location in the block. You should store this pointer for
subsegquent use in your program. malloc returns a NULL
pointer value (34) and does not allocate any memory 1if
allocating a contiguous block of the size requested would
overlap: (l) a stored program, (2) the run-time stack, or
(3) a praviously allocated block in memory. (See K&R's
description of alloc, pp. 97, 175}). '
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r~
MAX 5
int max(a, b)
int a, b;
Returns the greater of a or b. | | | A
. : : : o
N -
~ 4
min(a, b) %
int a F 4 b; -
; Returns the lasser of a or b. 3
i 3
TEMP -
; ~ mkcemp ( £) . :
Nemr
X FILESPEC £; o
<
Alters the FILESPEC string to a unigue filename: the string "
that is retucrned can be used in an fopen, open, or <creac %
without conflicting with an existing file. If amktemp cannot g
form a unique filename, then it returns NULL; if it can, it |
returns £, its argumant. mktamp loocks for a capital X and B

replaces it and the following character with a two digit
decimal number. :

v
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MOVMEM
movmenm (source, d=2st, n)

char *source, *dest:
int n;

Copies the cont2nts of the n contiguous bytes in memory
beginning at source into the n contiguous bytes beginning .a+
dest. There 1s no restriction on the overlapping of tnész
two regions. The bytes 1n the region pointed to Yy sourca
are unaltered unless they are overwritten as a rasult of
overlapping between the regions.

Sets the priority of the currant process. A null procedurs
under C?2/M and M5-D0S.
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FILE *open(fspec, mode)

FILES?EC fspec;
unsigned mode;

Opens the file specified in fspec for direct I/0. This fila
must alrzady exist. (See <creat.) open, 1f successful,
returns a pointer to a valid file descriptor £for the fils=
specified. You should store this pointer for subsequent uss
in your program. open returns ERROR (-1) and does not open
the file if: (1) not enough user memory is available for a
new file descriptor, (2) the f£file specificatinon given i3
invalid, (3) tha fil2 specified eithar does not exist or was
not created via <creat, or (4) the file could not Dbe opena2i
du2 to an error at the operating system level, ‘

For-mode you must specify one of the £followinz: .8, 1, or 2.
Which one you do specify determines the file's I/0 mode, as
indicatad 1n the following tadia:

@ read-only mode
) write-only moede
2 read-writa mode

(See X&R, p. 1l62.}
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unsigned 1int ot=2ll(£4)

FILz *£4d;

Returns the byte offset from the beginning of the curren
accessed 5l2-byte block of a file, at whicn the next f
I/0 operation on that file will Dbegin. The file 1is
specified by the pointer fd to its file descriptor. otell
does not indicate within which Sl2-byte block the 1/90
- operation will begin. See rtell and tell.

S
YIT? _
!
outp(pret, b)
! int pr&;
i .
| int by
Places b at the output port designatad in prt and executss a
byte QUT mazhine instruction for that porz. (This function
is availazl2 only ¢n machines <for whish <&he Ddyz2 0OU7
instrusticn makaes sense.)
\\-—/ -
——
™3 L 4
b
QUTPLS

outplé(prt, w)

int prt, w;

Places the word w at the output port designatad in prt and
executas a word OUT machine iastruction for that port.
(This function is availabls only on machines for which tne

word OUT instruzstion maka2s sense.)
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PERROR
perror(s)

chac *

n
~a

Prints the string s then a colon and then prints a string
interpreting the value of errno, the I1/0 errar value, 1<
errnc 1s z2ro, no interpretation is printed. .

] Identical to getc exzep
¥

: ¢ that it replaces the system 2nd of
: line indicator with a '\n'.
ic

Under CP/M and MS-D0OS, this

: means that whenever 2ncounc=2rs  a c3rriage retur
? character ('\r') followed immediat2ly by a newline character
(‘\n'), 1% returns only the newline. ngetz  thus convarts
lines within files from <C£2/M to UNIX (ANSI) format.
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POKE
poke (addr, b)
char *addr, b;
Writes the byte b into the mamory byta2 at addr. b musz be
an lvalus expression (see X&R, ». 183). Th2 funztion poke,
which has been included £or compatipbility with 323 C, is
radundant in C, since indirection 1s a feature of <the
language.
N
'PUTC
i
int oputc-{c, £32) L
char ¢
STREAM £23;
Identical to puts exseoit %=hat 1t replaces %the '\n' ¢haraci-r
witn the system end of 1line cnaracter. Jnder C2/M anid
MS-20S, this msans that whenever 1t passes a newline
character ('\n'), 1%t first writas a carriage r=2t .0
chaczact=r ('\r') to the £fil2's I/0 buffi=2r and <then wri:czs
the newline character tha%t was gassed. pouts thus converss
- lines written to files from UNIX (ANSI}) ¢35 CP/M format.
N -
- .
r
Ny
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PRINTT

0,24’ c |

printf(format,ar3yl,arg2,...)

char *format;
TYPE *argl;
TYPZ *arg2;

Writes a formatted output string to the standard output (the
CP/M or MS-DOS CON: derice~-usually your console screen',
printf must be passaed the vointer, format, £o a
null-terminated string. (A string constant s also wvalid
for format, since it avaluatas t9 a null-tzraiaatad striag.)
This string contrals the generation of the output string.
printf may be passed a series oI, c¢cther argumancs: argl,
arg2, .... The individual arguments in this series may be
characters, intejers, unsigned integers, or string pointers

Oaly tha firzst arjument, format, (s required; all others a:r

optional. '

printf is a list function. See USING LIST FUNCTIONS at the
end of Chaptar 2.

The string pointed tc by format may contain either ordinary

charcacters 2r special substrings, beginning witn the
character %, tha:t are calls2 conversicon specifications.
Each ordinary character, when ancountered by printf as 1icx

scans the string from right to left, is simply written &>
the standard output. Each conversion specification, whan
encountared, causes the value 0f the next arjument in the
sa2rles argl, 3rg2, ... to be converted and formatt=2d as
specified and written to the standard output,

Following the character % in each «conversion specification
thera may appear:

1) an optional minus sign, '-', which, if present, causes
the converted value to be left-adjusted in its field.
Right-adjustment 1is the defaulc.

2) an optional string of decimal digits specifyiny the
minimum number of characters in the field in which the
value is to be written. The converted value will nevear
be truncated. However, if it has fewar charact2rs than
are hera specified, it will be padded on the left (23r
right, if left-adjustiment has been specified) with
spaces to the width specified. If this digit string

begins with a zerc, the converted value will be padded

with zeros instead of spaces.
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.,-\

3) anotha2r oozional string of decimal digits, which musrz .
be preceded by a p2riod, '.', specifying %the maximum 4
number of charastars to be copied fronm 3 5
null-terminata2d string. S

\]

4) 2 character, called the conversion character, in- ]
dicatiny tha type of conversion to be performed., -

Of the above, only the conversion character must he presént , 2

in a conversion specification. All the others, if przsent, ’

must be in the order they are listed. 7

The (valid) conversion characters and the tyoes of 3

conversions %they specify are: . | 3

c --the least significant byta of the argument 1s -
interpreted as a character. That character is written 3
only if it is printabdle. N

é --the arzument, which should be an integer, is
converted to decimal notation. o .

1

o --the arjument, which should be an  intesger, is &
converted t5 octal notation. '

X --the argsument, which should be an inteqger, is : T
converted to hexadecimal notation. "

u ~--the arszuma2nft, which should e an unsisned integer, is 3
converted to decimal notation. %

s --the arjument 1s 1interpreted as a string polat=ar. :
Charactars from the string pointed to are teac ani 2
written until either 2 null character is read or an ]
optionally svecified maximum number of characters has N 3
be=n written. See item-3 apove, ‘

-

% ~-the character % is written. This 1s an escape o

sequence. No arjument is involved. "
g
(See X&R, pp. 7, ll, 145.) ' ;|
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RESULT putc(c, £3) -
char c¢;

STREAM £3;

Writas the character ¢ to the I/0 buffa2r associated with a
file opened for buffered output via fopen, beginning at the

currant locatian in that Syffiar. Whenewver that bufiar
becomes full, it is automatically £flushed (that 1is, 1its
entire contents are writtan ¢o the file). The file 1is

specified by ¢the pointer fd to 1its file descriptor.

putc returns ERROR (-1) and does not write the charactar
(1) £4 does not poin%t to 3 valid file descriptor, (2)
file was act openad for bHuffsred output via fopen, or
the buffer couald not be writt=2n due to an error at
operating system level. Otherwiss, pusc Wwritas
character to the file's I/0 buffar and returns SUCIESS
Howaver, due t3 the buifzaring of file I/0 cperations, ‘su
return value does no%t guarantese that that same charact2
will be suczessfully written &3 the fila, since error
resulting from and affecting the outzome of a partizula
call to putz may not become apparant until some la:za
funztion call causes thart fi1le's I1/0 puffer to be flushe
{see K&R, op. 152, 1l66}).
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putchar(c)

char c¢;

Writes the charactar ¢ to the standard output (the CP/M Or
MS-DOS CON: devize--ysually your consosle screen). (Sees KsR,

PP. 13, 144, 152).
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~
PUTDEC
putdec (an)
int nn; ;
Prints the decimal number nn on the console. S=2e printf for
a more elaocrata function, ;
T3
puts(s) .
char *s; i :
Writes the string beginning at s t2 the standard output (the _
CP/M or MS-DJS CON: device--usually your console screen). ,
All carriaje ccmmands must appear exdlicitly in this strins.
h\—/ - :
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PUTH
ESULT putw(i, f£4)°
int i;
STREAM f3;

Writes the int2g9er i to the 1/0 buffer associated with a
file opened for buffered output via fopen, beginning at fhe
currant location in that buffsr, Whenever that bufiszr
becomes full, it is autcmatically flushed (that is, 1i%s
antire contents are wrilitten ¢t the file). The file \is
specified by the pointer £34 to 1its file descriptor.
putw returas ERROR (-1) and does not write the iateger if:
(1) £4d does not ponint to a valid file descriptor, (2) tha
file was not opened Zor buffered output via £fzcpen, or (3)

N the buffar could not be written due o an error at tha
operating system level. Otherwise, putw writes the ~integear
to the file's 1/0 puffar and returns SUCZESS (@). However,
Aue +t2 the buifering of £ile I/0 opearations, such a r=2%urn
value does not guarantee that that same integer will De
successfully written %2> the £fil=s, since errors rasulting
from and affecting the outcome 5£ 3 particular call to putw
may not become appar=nt until some latar function call
causes that file's I1/0 buffer t£o be flushed, Calls to putc
and putw may be interspersed. Filles written with putc and
putw~ may b2 read using getc and Jetw.

A, UT2B )

{

int put2b(i, £3)

int 1i;
STREAM £4d;

Outputs & two byte quantity to a buffered output stream.
put2b is similar to putw and fwrite, except that 1t 1S
invariant with respect to byte ordering.
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int gsort(tdl, nrecs, reclan, cmp)

char tbl[]{};
unsigned nregs, reclen;
int (*cmp) ();

{

gsort performs an ascending order sort on the doubls
dimensioned array .

thl (nrecs) [reclen]

That is, &5l points ¢to thes basa of the array; raclan i3 the
length of ths reco>rd that Is to be sorted; nrecs 1s th2
number o9f records; cmp the function &> be wusad to perform
the comparison. It will be called with <wo oponintars =3
racords. Eff=2ctively, its declaration is:

int
cmo(a,d)

char a[reclen!;
char blreclen];

It must return a value less than zero if the compariscen is
"less than"; a value 2f z=2ro 1Z the comparison is ‘"same";

and it mMust return a wvalue Ggr2at2r  than zers otherwise.

int rand{)

Returns the next value in a pseudo-random number sequance
initialized by a prior call to srand. Values 1in the
s2quence will range from @ to 65,5353,

L

The C expression

rand() % n ‘ ]

/

will evaluatz to an integer gr=at2r than or equal to @ Dut
less than n. - : . .
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int read(fd, bufr, n)

FILZ *£4;
TYPE *poufr;
unsigned n;

Reads a maximum of n bytes from a <£il2 opened for either
direct or buff=2red inout, beginning at the current locatidn
of the f£ile I/0 pointer, into the mamory buffer pointed ¢>
by bufr. The file is specified by the pointer £f3 to its
file descriptor.

You should define the buffar pointed to by buf:r such that i=
can contain 2t least n bytes., .

The file I/? pointer will always psint to the bejinningy ocf a
system record, After a2 call to read, ths file 1/0 pointer
will point to the begianing ¢f the system record following

tha last on2 read.

If no errors occur, read returns the actual numbder of Dytas
read. 1I£ those byts2s are beiny r2ad from a file, =232
returns elther a multipla of the system reccrd size or zer»
(g). Z2ro will e returned only 1f the end of the file has
been raached. I bve2s are beini r2ad from a sesrial devize’
(such as the l?/M or MS-D0S CON: or ROR: devices] opened as
a file, rz2ad resturns one (l), since cnly one byte per call
to read can b2 rzad from a serial device, read returns
ERROR (-1) and does not attempt to read the file if: (L)
the fila was no2% ooened f£2r inou%t, (2) n is less than the
system record size, or (3) the file could not be read due 2

an error at the operating systam level (see KX&R, 0. 164d).

PREACE. 4
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REALLOC
TYPE *r=alloc(p, nbyt=zs)

TYPEZ *p;
unsigned ndyte2s;

Changes the size of the allocated region pointed t2 by p (»
must have been previously set by a call to malloc). reallé:
preserves the conta2nt of the region, as best as can be done,

sinc2 %the region may have a new size. realloc returnas a
pointer to the new size region.

N
£UAME
i
RESULT rename(inam=2, fspec) '
FILESPESZ £fname;
. FILESPEC fspec; .
; Renames the file specified in fspec, giving it the nan=
5 contained in the null-terminated string pointed to by fnamz.
(A string canst2nt, such as "pewnan2", 1s also wvalid I»sr
fname, since it evaluates to a pointer to a null-terminated
string.) The drive nam2 and tae nqnumbdber, 1f any, ar=2
- unchanged.
| -
L-—'__..
[

X M



N (3). Each non-z2ro vallde could be used £ indicate =2
different error comiition. The error number c¢ould Dde
printed and command loop exacution could continue. Calls to
res2% wouald be sorinkled in appropriastz plac2as throujhnoax
the loop. In each 1nstance %he param2t2r passed €0 ras:zc
wolld indicate the presence (non-z=2r9o) Or assance (z=2ro) of
a particular error condition,
resat and seta2xit, while %they rzsembla functisons 1in  usaje
and syntax, are imglemented as compiler Dreprocassar -
directives rather than as functions. Thus, you will nct
find them in any of the2 s+tandard 1library <function files.

S )
-r'——.. . .
YINDEX .
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resat{n)

int nj;

Causes program 2xecution £2 return to the point set by

prior call to setexit. This transfer has the appearance o
a ra2turn f£rom satexit. The paramet=2r 0 passed t> rese
appears as the value returned by setexit. -

(Y th [0

raset and seta2xit together allow simpler and cleaner coding
of repeated exits to a comman point--particularly when such
transfers require unraveling a numbder 9f levels of <functien
calls, For example: 1in writing an interactive editor you
could call setaxit at the <op 0f the command lcop and tast
whether or not its apparent return valus was equal to z2r5

char *rindex(s, c)

char *s, ¢;

[ad

Returns a.pointer to the last occurrence of the character ¢
in the string beginning at s. =zindex returas a null pointer
value (@) if ¢ does not occur in the string. See 1index
deszribed earlier in this chapter.
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RTELL
unsigned int rtall (£3)

FILE *£d4;

Returns the offset, in 512-byte blocks, from the beginning
of a file of the 51l2-byte file block within which the nex=:
file I1/0 operation on that fil2 will begin. =rtell does nor
indicate the offset into that blocx 2t which the I/2
operation will begin. The file is specified by the poiater
fd to its file descriptor., See otell and tell.

N
8RK '
!
char *sbrk(n) '
int n;
Adds n by%2s %5 usar memdry (inccements CTIDATA by nj.
sbrk, 1f successful, returns a polnter t2 ths first byt2 1n
the block added. sbrk returns 3 valus of ERROR (-1) an<
adds no bytes &> user qemory 1f a Dbdlock 9f the 3122
specified would: (1) overlap a storad program, (2) overiap
th=s run-time stack, or (3) exceed the availablza mamory.
RN IMPORTANT: Do not -cail sbrk with a negative arjyum=2nt
between calls to alloc (see KsR, p.94l73).
T
rv
S
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RESULT scanf(format, argl, arg2,...)

char *format;
TYPE *ar3l; .
TYPE *arg2;

L ]
-

Reads a formatted input string from the standard input (the
CP/M or MS-DOS CON: devica--usually the consale keybvard),
Und=2r control of the format string pointed to by its firss
argument, forma+t, scanf extracts a series of substrings,
known as input fields, from i%s input string, converts <the
values regresented In each of these €fisids, known as inpu=
vaiues, and assigns these convert2d values, in seguence, =2
the objects pointed to by 1its r2maining arguments argl,

AL32, aan

scanf 1s a list function. S2e USING LIST FUNCTIONS at <the
end of Chapter 2. !

- - -

format, to an appropriate null-terminated £ormat string.
string constant 1s also valid for forcmatc, since 1t avasuaa
tc a pointer to a null-terminated string.) A series of okf
may be passed to scanf, all
2 individual objezts pointed
e =2ither <characters, charact

As i%s first argument, scanf must be passad a polinter
{

T
i}

nO Mty in

arjumencs, arc3yl, ar3z2, ...,
wnich must be pointars. Th
by ar3l, ar32, ... may b
arrays, Or 1lntegers.

iL v O

The format string may contain either "whit2space”™ characters
(¢hat is, spaces, tabs, and newlines), ordinary charactars,
or special subs:trings, bedinning wizwh the character %, known
as conversian specifications. The firse conversian
specification 1in the format string <corresponds t> and
detarmines the boundaries of the first input £field 1in <the
input string. It also detzrmines %the tyoe of conversion o
be performed on the input value represented in that fi=2id.
Each successive pair of conversion specifications and 1input
fields bears this same r=lationship.

Following .the character % in each conversion specification
thare may appear:

1) an optional assijynment suppression character, '*'

’
which, if present, causes the corresponding inpaut fi=2id
to> be skipped. ,

2~
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2) an optional string of decimal digits specifyiny the
maxinum numder Of characters in the corraspanding input
field. ' '

3) a character, <callad the <conversion character, in-

dicating th2 type of conversion to be performed on tha
corresponding input value.

Of the above, cnly the conversion character must be present
in a conversion specification. All the others, if present,
must be in the order they are listad above,

The valid conversion characters and the types of conversions
they specify ara:

% --a single % character is expacted in the input striag
at this point. This 1is an.  escape seguenca--ns
assignment is performed.

¢ -=the 1input value 1s interpreted as a character. - The
corresponding argument should be a character pointer.
The normal skip over spacte <charack2rs 1s supnressa3.
To read the next non-space character, use ils. 1£ a
field width s also spacified, the corresoonding
rgument should be a pointer &9 an arrcay 2% charactars,
and tae specified number of characters will be r=2ad,.
s -—the input value is interpretad as a character stzing.
The corresponding arjum=2nt should be a pointer ¢
array of charactasrs large enough to hold the strin
addirtion to a t2rminal null-charactsr added by s
The input field is terminated either by a space
newline or when the maximum num2er of c¢characters ha
heen read, whichever comes fizst.

o}

fu W)

9 BN

Iy b=

U v .

2
g
can
or

[ --the input value is int2rpreted as a character string.
The corresponding argument should be a pointer ¢to a
character array larje enough to hold the string plus a
terminal null-character added by scanf. Where ths
input field is terminatad 1is determined as £ollows.
Tha left bracket above 1is followed by a set of
characters and a right bracket. If the first character
in that set is not a circumflex, '"', the input fiel3l
is terminatad by the first character not in the sec
within the brackets. I1f the first character 1s a
ciczumflex, the input field is terminatad by the first
character in ths set within the brackets (the '~

excluded) .
d -~the input value 1is interpreted as a decimal int2jear
and 1is converted to a binary integer. The

corresponding argumant should be an integer pointar.

- LY T S,
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o --the 1nput valuae 15 int2rpret=d as an octal intagsar
and converted to a binary integer. 'The corresponding

arjyunent snhould be an int=2jer pointer.

X ~=the input value 1s interpretad as a haexadecimal
integer and is convertad %5 a binary integar. The

corresponding argument shculd be an integer point=ar.

The central taskx of scanf is to determine the boundaries of
the iaput fields in its 1input string, which contaia ths
input values to be convertad and assigned. To £find these
substrings, szanf scans the characters in its input string,
comparing eacnh of them with the corra2sponding charact2rs in
the strin3 pcianted to by £faormat. I£f a c¢haracter in the
input string matches the corresponding character 1n  the
format stringy, 1t is diszarded and tne nex% character in ths
input string is read. £ the «corr2sponding charactars 489
not matzh, scanf returns immediata2ly. Nete that any amounc
of whitespace in the input string matches any amount of
whnitespace in the format string. Whitasspace in the -formaz
string is optional (it is 1ign2red', while, in %hae 1inpous
string i1t can delimit input £fielids. Thus, corressonding
charactars are not simply thoss charactars that ares tha same
number of bytes from the bejinning of tnelr. respective
strings. Whenever the charact2r %, which introduc=s a
conversinn specification, 1s encount=2red in the format
string, the correspending character in the input string 13
assumes t£o be th2 first byt=2 of an input fia2ld. An  1npuct
field extends either until a spaze character is encountaread
in the input string or the number ©of oytes specifi2d £o5r the
Field width has been read, witicnever comes firsz. The
sonversion charactars ¢ and { above ara the on.y excentions
to this otherwise general rule. Any inappropriate cnaractar
in an input £i2ld causes scanf to return immedlately.

scanf returns either the number of converted input values it
assigned or, if no input 1s pr=sent at the staandard 1nput,
the constant EOI (see X&R, p. 147).
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int seek(fd, cffset, origin)

FILE *£2;
int offset;
int origin;

Sets the value of the file I/0 pointer associated with an
open file. A fila I/D pointer must be between @ and- 3
ma2gaby+t=2s. The file is specified by the pointer fd to 1its
file descrigtor and may have be=2n opened for either direct
or buffered I/0. seek is primarily used in coniunction wizn
tell and the direct file I/0 functions re2ad and writa. Sesk
must be used with mora car=2 in conjunction with the buffared
file 1I/0 £funcztions in  order to prevens data loss.

The value assizned %0 offset has a diff2rent interoretation
depending on the value assigned to origin:

I£ origin is @, then the fil= 1/9
beginning oI ths file plus of

th'0)

ointar will point t2> ths

set Dytes. \

I1£ origin is 1, then the £fila I/2 pointar will point to> 1t
currant position in the file plus offsat bvtes.

If origin is 2, then the fils I/0 pointer will point t5> the
end of th2 file plus offset bDy=es.

If origin is 3, then the file I/0 pointer will point to> tne
beginning of tha file plus offset times 3.2 DLytes.

oint &9

If origin is 4, then the file I/0 pointer izs
times 512

will
current position in the file plus offse
bytes.

1€ origin is 5, then the file I/0 pointer will point to tne
end 92f£ the (file plus offsat times 512 bytes.

(522 X&R, D. 164.) :

b 1 sk ota

_ LA
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SEZETEXIT
int sataxit()
Calling setexit sets its location as the "reset" point--~the

polnt to wiich sudbsequent calls to reset transfer projran
exacution; 3 1s returned. £Each call to rese: that follsows.
caus2s an apparant return frem the function setexit,
seta2xit appears to return the value of the paramet2r, n.,
that was passed to reset. Se2 resa2t and sa2tjmd.

r=2a{savesizel;

~
3
T
n
o
n
fu

Calling setimp stores the procrcam stat2 in the savear=2a and
retyrns @. (savear=22 should be 6§ bytes long on Dboth the
8630 and 8086 series.) The program scat2 includes 3il
reqistar variables, th2 r=2tara pro3zam counter, and =th=2
stack Dpointar., Upon a call to longjmo (see =2arlier
descripzion) with the samsz sarearea, the stat2 is restored,
effactively appearing as 1f a return £rzm s2¢jmp  hz2s
cccurrad, with the return valus2 being supplied by longjmp.

setimp is 2 generalized version of setexit,
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SETHMEIM
seatmen(p, n, o)
TYPE *p;

unsisned n;
char b;

Sets the n contiguous by<tss beginniny at p t2 the
specified in b,
of buffars and arrays.

SLEE?
slz2eo(n) f
unsigned n;
Suspends execution for n tenths o0f a second on a 233
running ac 4 Mhz. Yeu <T23a tailo2r this funceion

different CPY and/or clock rat2 by c¢hanging
or =wo constcants located in th2 function's code.

0,21 .

You can us2 satmem to initialize a varisty

te
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SPRINTF
sprintf(s, format, argl, arg2,...)

char *s, *format;
TYPE ar3l;
TYPE arg2;

Identical to printf except that it writes 1its formattad

outpit into the string beginning at s. Contrast this wizh

printf, which writes its output to the standard output, and

forintf, wnich writes its output to a file. sprintf appends

- a null character to the formatted output stringy (s2e KsR,
N ©. 158). sprincf is a list function,

-
-

AND
srand (seed)
in: seed;

Initializes %the return value of rand to the value passad 1in
seed. '

[ BN
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SSCANF
sscanf(s, formac, ar3yl, ar32,...)

char *s, *format;
TYPE *ar3l;
TYPZ *argl;

Identical to scanf (and £szanf) except that its formattad
input string 1is read from the null-terminated string
bpecinning at s rather than from tha standard input. sscant

does not read the terminal null charazter (se2 X&sR, p. 133).
sscanf is a listc function.

char *str-cat(sl, s2)

char *sl, *s2;

Appends a copy of tne string beginning at s2 t£o the =2nd of
the string beginning at sl, creating a single
null-ta2rminated string. No%2 that the resulting strinsg
Deqgins at sl and contains 2 singls, tarminal onull cnaractar.

strcat raturns a pointer to the resulting string identical
to the parameter, sl, that i¢ was passed (see K&iR, D. 43).
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STRCMP
1ot strcmo(sl, s2)

char *sl, *s2;

Comdar2s %the strind beginning at sl with the string
beginning at s2. This compariseoa is similar ta an
alzshavetical comparison except that it 1is basad o2 the
numerical values 9f corresn»onding charactars in the <Swo
strings. This comparison ends when the first null charactsr
in e2ither stzing 1s encountered.

strcmp returns a positive intezer, zero (@), or a negative
intesar depending on whether the string beginning at sl is,
respectively, gr2atar than, egual to, or less ¢aan ths

~ string beginning at s2 (se2 K&R, p. 1g1). .
i
TRI?PY
strcpy({si, s2)

char *sl, *s2;

Coples the string beginning at s2 into the string beginning

~ at sl, stopping after a null character has bea2n copied. 1€

=~ . the length of the string begianing at s2 1s greatar than the

~ lenyth of the string beginning at sl, data 1I1n the D>Hy:ie

o~ following the latter may be overwritten in error (see Ka&R,
o. 1dg).
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STRED
1Nt *streqg(sl, s2)

char *sl, *s2;

Compares the characters in the strings beginning at sl and
s2, whare n is the numb=2r of <characters (excluding the

terminal null) in the string beginningy at s2.
n if the corresponding characters in the two
identical; otherwise, it returns zero (7).

streqg returns
strings aze
Like substr

(described later), except that 1t returns end of stzing

ins==2ad of beginning.

|
TRLEN
int strlan(s)
char *s;
Raturns %*he number 0of characters (excluding
null) in th2 stsins beginning at s (see KiR,
98) .
—
™~
<
STRNCAT

char *strcat(sl, s2, n)

char *sl, *s2;
int o;

Ié%ntical to strcat except that strncat appends at

the ta2rminz!
po. 36, 3%,

mest n

characters from the string beginning at s2 (truncating from
the right) to the end. of the string beginning at sl.

. —

prrats
LAt RN

bl s L

wWrae s p.



wn
C

©
(]
r
L V4]
O
rny
fad
)

Compiler User's Manual (c) 1383 SuperSof- 12

STRNCHP .

it strncmo(s, %, n)
char *s;

char *t;
unsignad n;

Comparas

the strings pointed to by s and t. The comparisdgn
stops at fizst '"\No' (like stremp) or after o characters ara
scannad, whichever comes first.

N
CRNCPY
char *strncoy.sl, s, nj j
char *sl, *s2;
int n;
Identical to strzcopy except that strncpy copies exactiy 0
charactars into the striang beginning at sl, trzuncating Oor
null-padding the s<ring beginning at s2 i1f necessary. The
resulzing striny may not be null-terminated 1I the string
beginnians at 52 contains n or more charactars.
<
——
s
Ny .
~UBSTR

char *substr(pz, 29}

char *pa;
charc *pD;

Locates the Dbeginning of the £first occurrence of the
supstring (pointed to by pa) in the string pointed to by pt.
Returns NULL if pa is not found in po. See strcmp, strag,
and index, also desczibed in this chapter, for similar

string functions.

~4
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SWAS
swac (s, s2, n) 3
char *sl, *s2;
int n;
Copies n bytes from sl to s2, swapping evary pair of bytes. '
«~ LL -
unsigned int =ell (£d) :
FILz ~ £3 : §
Returns the byte offset £rom the beginning of a file ac :
which the next I/0 op=2ration on that file will begin. Tha | . c:.
file is specified by the pointar £4 t2 its file descriptor. 5
I£f tell 1s called for a file greater than 64X long, 1icts Y
return value 1s subjecst Lo arithmetic overflow. See otslLl a P
and rtell. -
i
- '\, - »
-_ ’ - -"t
PQ . "'!
¥
char tolower{c) %
|
char &; 2|
G

Returns the lower case eqguivalasnt of ¢ if ¢ is an upper case &
alphanbetical ASCII character; otherwise, it returns c. 1
(K&R, pp. 145, 156.)
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TOPOFMEM

char *topofmam()

Returns CTEIDATA (see brk, evnbrk, and sbrk).

TOUP?PER

JBRK

0,21

char toupper (<)

char ¢;
-
Returns the ucper case 2gquivalant 2f ¢ if ¢ is a lzwer Zz=zs52
alphabetical ASCII character; otherwisa, 1t returns ¢ (s22

K&R, p. 156}.

char *ubzrk(u)
unsigned u .

Returns a pointer to a memory r25ion of size u. Since u 1is
unsigned, ubrkx cannot "give back" any allocated memory. It
returns ERROR if it cannot locate a free region of proper
size. See sbrk, evnbrk, wrdbrk, and brk alse described 1in
this chapter.




SuperSoft C Compii=r User's Manual (c} 1983 Supersoft <29

UGETCHAR
ugetchar (<) ' | ;
char c;
Causes the next zall to getchar %o return c. Calling

ugetchar more than oncs between successive calls to getchar
will have no 2ffect on the state 0f the standard inpuc.

SETC

RESULT ungetc (e, £3) ‘
char ¢; J E
STREAM f4; ‘ p

Writes the charactar ¢ in%o the most recently read byts of

the I/0 buffar associated with a file opened £for buffered

input via £op2n. unsets also dacremants the pointer o the -

next byta to be read £from the file I/0 buffer so that 1= &

points to the byte that was jus:z written.

ungetc, 1f successful, returns an undefined value. uyngats

returns ZRROR (-1) 1f it could not perform its functisn: 12

the fila specified was not opened for buffered 1input via

- fopen, for examdla. . -

P To call ungetc for a file serves no purposa unlsass either 3

fgets, fscanf, getc, or getw (the buffered £file input
functions) has been previously called for the same £file.
Only one call to ungats between calls to the buffered fil2 . :
input functions for a given file can be gjuaranteed t2 have \
the desired effect (see Ks&R, n. 156). A
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UNLZINK
RISULT unlink(fspec)

TILESPEZ fspec;

Delates the file specifi2d in fspec from the file system.
unlink returns SUCCESS (¢) 1f ¢the file was successfully
dele2ted. wunlink returns ERROR (-1) and does not delate tha
file 1£f:- (l) the fila specification given is invalid or (2
the file could not be delest2d due t2 an error at the
oparating system level (see X&R, ». 1l63).

NAIT

RESULT wait(pid) .

unsigned 21d;

L]
4

Blocks the 2xecutisn of the procass until the como
the procass with process 12 p1d. Returns ZRIAIR (-
such process 1d is wailzting. Always raturns immedl
an ERROX value.

n 3 O
3 i

L)
-

WROBRX

—p—tm—
-~

o
<

wrdbrk{u)

unsigned n;

Returns 4 pointer to a memory ragion of size u. Since u 1is
unsigned, w~rdbrkx cannot "give back" any allocated r mamory.
I% returns ERRQOR(-1l) if it cannot locate a free <regiosn of
the proper size. 2e sbrk, evnbrk, wubrk, and ©DbDrk als>

descrived in this chapter.
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WRITE

int write(fd, buffer, num_bytzs)

FILE *fd;
TYPE *puffar;
int num_bytes;

Outputs the number of bytes specified in num bytes from the
area pointed %o by buffer. Output is to a file opened for
direct (unbuffered) output. The file is specified by a file
descriptor, fd.

write returns the actual number of by%2s written. This may
be less than num_bytes. If the file descriptor 1is invalid
or the file cannot be written, a wvalue of ERRO2® (-1) is
returned to indicate an error.

tvery file descriptor contains a pointer to the nex:t racord
to be accassed in file I/0 oparz=ions. A call ¢to "write
advancas that pointer by the number 2f Dbyta2s wWritt=an. A
subseguent call to resad or to write will begin at <the new
position of tnis pointer, By calling s=sek, you aay altar
the position of this file I/0 peinter without reading or
wrising. (Se=2 K&R, p. 180).
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xmain ()

The first C function called upon program start up. It se:s
up the arguments t5 main and does 1I/0 redireztion 1if the
switsh REDIRECT is set in CUSTOMIZ.H before CRUNT2.C s
recompiled. I/0 redirection is the ability to redirect the
console input, the consol2 output, or command arguments .to
or from files. Console input is redirected by specifying a
filename preceded by a '<' on the command line. Consola
input is then taken from the file. Csnsole output is
redirected by specifying a filename praceded by a '>' on ths
comaand line. <Console outpuk 1s then sent to that file.
Command argumnent redizection 135 specified Dby preceding a
filename with an '3' on the command lina. <Command arguments
are then takxen from the £fil=.

Command line arguments are passed €9 the drogram by setting
up Swo parameters in the call to main. The left parametar
is the c¢count of the num=zezr of arjum=2ncts. The right
parameta2r is an array of pointa2rs to stiings, one string for
each argJument. '

£ the command line and I1/0 redirection code is not desired,
or if a different action 1s required, a program can be
specified with its top level procedure beinz xmain rathe:
than nain.

23
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XREV
TYPE *xrev{nars3)

TYPE nazgs|(]

Reworks the parametars in list functions.  Under SuperSoft
C, the count of pointers is assumed to be in nargs{3] and an
array of parametars starts at &nar3s(l]. Xrev raturns a

pointer to the argument list. Turn to Chapter 2, USINS LIST
FUNCTIONS, to see xrav 1n use,.

W
‘PRINTE »
xrpriantf(line, args) .
i
char *line;

' TYPE ar3s{]);
| : : .
; Does all the work for orintf 2t al. (See printf Zescrived
} earlier.) It expects a char array (line}) ¢to writ2 its outzuez
! string %2 an array of arcscum=2n<s (ar3s). The £first el2mant
' of args should bSe a formaz string. (See printcf desczinel

earlier).
:h -\-/ .

~ RSCANF
xrscanf(kind, u_kind, where, ar3s)

int (*xind) (), (*u_kind) (), where;
TYPE ar3s(]; :

Does all the work for scanf et al. (See scanf descrioed
earlier in this chapter). xrscanf expects to be passed ¢two
functions. Xind(where) should return a byts from the input.
u kind(c, where) should push back a byte into the input.
args is a format string (see scanf) followed by an array ©of
addresses. xrscanf cannot be called recursively, because it
.. makes use of a global static for some inter-function

communication.
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Appendix A

The Differences betwa2en Supers3oft C and Standard C

SuparSoft is committed to implementing the full C language.
All purchasers of SuperSaft C will receive notice as updatas

are available., The standard C language features not vet
implemented are: TYPEDEF declarations; declaration and use

of bit fields: initializations. TATIC declara«ions ar=

recognized; howevar, they have no initial value. Otherwise,
EXTERN STATICs operate as expected and local STATICZs do nos
nave their values ratained across function 1invocations.

LONG, FLOAT, DOUBLE and LONG FLOAT variables may be defined.
These data types may bde used In any declaration except as a
function's formal argument. This 1Includes declaration of
STRUCTs, UNIONs, and arrays. The address operator 1s tne
only available operatsr on these data types. Note that
there are library <functions (DOUBLE.C and LONG.Q) tnat
operate on these data types.

SuperSoft C expects parame to £functions €5 b2 pushed
cnto the stack in righ:t < ft order, followed by the
recurn address (presumably by the call instrzuction of the
machine)., Either right to le order or lef: to right order
ar=2 allowed under the language as defined in K & R, however,
a number of compilars push arguments in th2 reverse order to
SuperScft C. In particular, the orizinal DEC POP-L
implementation pushes left to right.

All the formal arguments to -“a function must be declared
within that function. That 1is:

func{aa,bb,cc)
int bb;
int aa, cc;

{

se.15 accepted, but

func(aa,bb,cc)

{

«es.Will generat2 an error. )

b W N ST 1Y 2L S0 SRR O N S PTYIINCT I | WA IYTIR BN )] ITTTY Y
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The code generator d72es not yat attach aany unique oprefixes
or suffixes to variable names. Thus Jlobal identifiers in
your C source c¢ode may conflict with the assembla2r's names
and keywords., You must therefor2 avoid the use in vyour C
source code 2f any of your assemdlar’'s reserved symbols or
keywords. This deficiency will be remedi2d in a future
release.

Paramatarized $DEFINEs and $1F (with expression)
poreprocessor directives are not yet supoorted. Unlike
standard C, lines are only scanned once for SDEFINE macro
substitutions. This means that there is no way to get into
indefinite looping during preprocessing. However, this also
means that the order of #DEFINEs is significant. tor

instance, i10--

#define x y
$define y z

--x will De replaced with y and y will be replazed with =z.
However, 1n--

$define
$4define

b L

-=-both v ans x will be replaced with z,

In SuperSoft C, thare must be no intervening newline between
a label and izs associated ':'. Array declarations can
contain only limited expressions, In particular, SIZEOF and
paranthesized expressions are no¢t allowed. Because of the
way SuparSoft C parses local declarations, a varianiz
declarad t> be REGISTER will not truly refer to a rejiscar
unless it is <the first REGISTER declaration and 1t 1is
declared by ifself. So the follawing will declara x as a
true register variable, but y will be declared as an
crdinary local:

funct ()
{ .

register char x;
register char y;

4

The following will not succeed in declaring any true
register variabdle:

3

T
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funct ()

{

register char x, Yy;

Dup and fork as availabdle under UNIX are not implamented,
mostly due to the inconvenience of single process operating
systems. Link operates differently than UNIX's link. Fopen
and fdopen have an additional 9parameter over the UNIX
implementation, allowing for clearer buffered 1/0 usag=z,
This poses no proolems if the additional paramet=2r is used
in most UNIX C implementations, since the final, additional
parameter is ignored.

Release 1.2 of SuperSoft C has fuller UNIX compdatidilisy
than the previous relzase (l.l). There are no longer any
record size limitations on £fil=a 1/0. This has affectad
read () and write()., Also thare has been a mode parametar
added to cr=at(), and an ar3yd varameter adcéaé %o exezl () to
bring SuperSoft C into line witlf 'UNIX. This release of C
aisoc contains a much fuller set o2f preprocesscr direcltives.,

|
1 *¥

3
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appendix B
Currently Available Machine and Operating System

Configurations of the SuperSoft C Compiler -

Current operating systams are: CP/M-80, MP/M-8G, <P/M-8%,
Concurrent CP/M-86, CP/M+, (CP/M=-87 3.4, MP . 'M-86 (2nd
compnztible); PC-D0OS5S, MS-00S (and compatible); UNIX, XENIX
(and compatinle); and Central Data ZIMOS.

N~
Current nost or target CPUs are: Intel 8089, Intal 838%,
Intel 8636, Int=l 3088, Intcel 186, "Intel 138, 2ileg Z33&,
Zilog 28091, Ziloz 28002, <Zilog 28%¢3, and 2Zilog 23304.
SuperSoft supplies any valid combinatimsn of host, tarser,
and operating system. Those lnterested in  such sys<2=s
should contact SuperSoft for i1nformation abcutt availability.
- . *
£~y
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Apnendix C

Some Common Problams and Solutions

lem: During assem3ly or link, a function is unie
tion: Remember to include the files containing th
needed functions. See Chapter 4.

lam: During assamdly or link, some variablas ar=
undafined.
tion: Remenber to declare all variadblas,

ila2m: Duringy assamdly or link, a function or variznle
is flagged with duplicats definition errors.

=ion: Have yocu accidentally defined a function or
variable more than once? Hava you us22 a nama
that the C support uses? Hew many significant
letters (truncatinmn limis) does your assemzl2
use?

i2m: Durlang assemdly a "P", or pnhases, erzor is
indicaterd.

tion: A variabla or function has been dz2fined =:c-2
than onca.

iem: During assembly a symdol 1is indicated as
" being punlic and external at tha2 sam2 tinz2,

Solutinn: This variable or function is misspelled and

the assambdler is not catching it becauss tne
difference 1s an upper-lower case change or
a difference beyond the &truncation limit of
the assembler. For example, TPuts and Tputis
may be th2 same to the assamdler. verylongname

and verylongnam=2l may be the same, also.

Problem: During linking a symbol that should be in a

library is not £found.

Sclution: Scan the library twice during linking. If th2

symbol is then found, you need %5 reorder tne
library. In the interim, double scanning should
be adequate. If the symbol is still not found,
then the symbol is not in the library.

e AR

u‘.ll! s
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Propolem:
Solution:

Proplem:

Solution:

Problem:

Solution:

-

alliocB® is undefined during link.

You are calling functions without their
"matching" precursor. For instance, you are
calling fclose witnout fopen or free wizhout
malloc.

Execution of a C program cannot be tarminatagd
with Control~-C under CP/M.

This is because CP/M is usually not interrupt
driven and cannot respond to characters ftgex
the keyboard in an arbitrary circumstance.
However, during output toc the console, typing
Control=-S and then Control-C will work.

The linker dies, halts your system, or says
that it 1s out of space. .

Find more memory or switch linkers. Under
CpP/M-88, we suggest SuperSoft's ELINK, a
disk-based linxer, K that should not run out
cf space.
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Appendix D

-=ALLOC.C
alloc free
realloc isheap
S -C2.RH, C2.RT, C2I36.RH, C2I36.RT,
~  (C2PRE.ASM, C2POST.ASM, C2.RTM
bdos bios
ccalla exit
longjmp Qutp
s2texit setjmD
. comlen comline
|
l
! --CRUNT2.C
|
i
; evobrk getchar
. isdigit islowar
: MOVMET putchnar
' S2tmenm strlen
assert ugetchar
- --EUNC.C -
v abs abswval
< getval index
. lsalnum isascii
isprint ispunct
min max
poke putdec
rindex sleep
strcemp strcpy
strncpy substr

malloc

FES
F e

Supers3sit 1

Locations of Supplied Functions and Extarnals

MDEP,C, C2136.R]TS, C2I36.R17TNM,

brk
ino
ou%plh
strag
ccexit

jets
isupper
outs
touppar
wrdzrk

atoi
inith
iscncrl
lsspace
pause
gsort
srand
strncat
tolower

0O

b I |
e 'J fu

e |
O

M 1t
oW
rlﬁ .‘ .—.
(v Oy

isalz=na
iswhits
sorX
ubrk
Xxmaln

DerrLor
inicw
isnumeric
kbhit
peek

rand
strcat
strancmp
topofmem

-t Q"‘"‘"

-t by

s g




SuperSoft C Compiler User's Manual (c) 1983 SuperSoft 145 | %
| !
~-=STDIN.C I
close comver craat axac g
execl fabort fclose f£lush 5
fgets fopen £puts fread E
fwrite getc getw access I
link open ~ otell pgetc ]
pputc putc - putw read i
renamsa rtell seek : tall £
ungetc : unlink - write wait - :
lock , nice swab lsatty E
mktemp clearerr frecpen fdopen E
isfd ferror fileno fgetc "
fputc get2b put2b chmod 4
' B
TORMATIO.C 2
~, fprintf fscanf orintf scanf #
sprintf «+~ -gscanf xrprintf xrscant e~ . §
Xxrev E
k
: i &
JOUBLE.C (Doubla Floating Point. See Appendix G.) E
badd bsub . bdiv bmul &
bmodulo bxtofy s2bcd bcd2s
bneg bunesy babs buabs E
bint dentier D109 bsgr B
bexop fac bsin bcos 3
btan barztan bsign blt
bgt beg bne ole
bge btest oseterrflg bmant
Sexpo bmov bround int2bcd
bcd2int bcheby
. \-)/ -
"LONG.C (Long Integer Functions. See Appendix H.)
A
Q& cclprt cclneg ccline ccldec
cclcom cc2mov * ¢cl2add cc2com
cclor ccixor cc2cmd ce2mul
cc2imul ccl2iadd cc2and cc2sub o
cclor cc2neg <3add cc3and x
cc3or cc3xor cclsub ccidiv -
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Appendix E

Using Overlays under CPp/M-88

€.

SuperSoft's ELINK (which is available as an additional cost
option to the C Compiler) allows the creation of overlayed
programs from existing C and assembler relocatadle modules.
ELINK is a disk based, stand-alone, multiple sesmant
(overlay) linkage editosr and loader, ELINK produces
exacutanle s2gments which run under CP/M-89 and is able t>
process relocatadle files prcduced by various assemdlars
including M83 (Microsoft) and RMACZ (Digital Researcn).
Relocatable files may be gathered to libraries and searched.
Larje programs (J4p to 64k) may be linked, even under CP/M
systams with .2ss than 64% memcry. Even larger prosrams may
be divided :1ntd segmants and overlayed. Overlayed programs
obviate many of the storage related limitations in your
programs and do so without chaining or changing your code.

Creating overlays is a fairly automatic ©process,. The C
source code does nct have to e altered at all to take into
account the diffarences between 3 call to a function in the
same gQverlay and a call t2 a functiocn 1in another overlay.
The structure ¢f the overlay 1is defined exclusivaly by
commanids t3 EILINK, which separate modules ints overlays and
a root executasle ,COM fila. An overlay structure might
look 1i1ke this (followizng the example 1in the ELINK
documentation): :

. L L L L T Y

level @ (root) | cmain.rel |
/ \ '
/ \
/ \
level 1 | covl.rel | | cov2.rel |
/ \
/ \
/ \

- o e WDy S ap il S e el -

level 2 ‘ covl.rel | | cov22.rel |

RN d A B



0,21 (

SuperSoft € Compiler User's Manual (c) 1983 SuparSof: 14

An overlay structure is a tree structure in which lavels ara
important. Each overlay (represented by a box in the above
diagram) can contaln any numder of local functions that will
be accessible to itself and its children. Each funztion 1in
an overlay can call any number of functions 1iIn other
overlays. You can have up to 83 overlays with up to 2553
laevels deep.

Overlays have the added benefit of requiring discipline in
structuring the modularity 9f a program. Th2 tree structuts
imposed by coverlays is fortunately ideal for supporting a
number of tyses of systems, such as menu driven programs,
The overlays can mirror exactly the structure of the

projram.

By putting the C libraries in the root, significant savinzs
can be made because they occur in only one place and do not
have to be loaded with each overlay.

ELINK does NO CALL PATH CHECKING and assumes that the parent
in the overlay tree is resident with the child. This '  n=22-ns
simply that each overlay structure ca2n only call routines 1n
the e2ntire path to the r20t up the tree. You must avoid
having 2 function make an AUTO load call to a funckion in

another overlay at tne same level in the struckture. This
would cause the return to 3o &5 a non-rasident funcsion
because %the function that was called overlayed the caller.

ELINK contains a modified C2.R4 anc C2.RT which use
features 0of ELINK and ar=2 required £for overlaving.
chanses are very simple anZ de3al only with the 1locating ¢
the top c¢f the user progranm. (ALLOC and several othe
functions will not worx preperly without these modilis
files.)

<

w

(]

..J-

1 0
)y o

-

Lty rnib W

To create and execute an overlayed program perform ths
folinswing staps.

l. Compile all of the .C files with SuperSoft C and
assemdle with M8d. (RMAZ may also work, but we have no

verification of this.)

2. With all the ".REL"™ files on the <current disk, type:

. ELINK so(cex);

This will cause ELINK to read CEX.LNK for commands that
will create the overlay structure defined above. (For
furthur reference, see the ELINK documentation).

i

-
[
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CMAIN.COM and CMAIN.OVL ar2 created., The .COM file should
contain the root and C libraries along with the ELINK run
time package. The source of this run %time is included witnhn
ELINX in <case you wish to ocustomize your environment.
CMAIN.OVL contains all of the overlay code in absolute form
along with a directory to th2 overlays in the file, CP/M
2.2 is required for single file overlays and AUTO locad enctry
points., Direct overlay of files 1is supported under CP?P/M
1.4. See the EILINK manual for more details. ;

Simply typing CMAIN will execute the program. The overlays
will be called as needed.

LAY, ]
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Apoendix F

Error Messages

“a formal ary is not declared"” (CC)

The function declaration that precedes this error has a
formal argument witlout a corresponding type declaration.
For instance:

func(a,b)
char *a;
{
} .
will generats this error. .
i
"Already defined" (CC)

This is a function, £formal arjument, local (aute), or
structure eizament that was previously defined.

"Array or pointer being langthened” (CC)

Tis declaration increases the stated size of the array
being referenced. In the casa of a pointer this means that
the objec% that it points to will appear bigger than before,
S causing any pointer arithmetic to multiply or divide 2y &h
new size. This 1s nct always 1in error, as 1t 1s common to
declare externs with arbitrary size:

extern char arrl];

and then elsewhera declare a specific size:

L char arr(99];

RSN LLRANEL B AR AR S LN 12 ANE E o PN LA%ES S SN WEL RIPYEN R LD 5 REL LIRYT R SNTTTRTT WTWPTRIeI
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"Bad break" ' . (Cé)

A oreak was encountera2d outside of all loops (for, while,
do, or switch).

"Bad register op" (C2 or COD2COD)

U-code error. A register is used on an opcoda that does no-
have a register mode.

"Bad reqister struct cor union™ (C2)

A register variable may be a struct or a union, buf its sizs
currently must be no larger than an int.

N
3ad rz2gister sype" (CC)
Too complex a declaration is being appolied to a register.
For instance:
register int arz[99];
is not possible.
Bad usage" (CC)
This wusage of a variable |is inconsistent with its
- declaration.
o -
—-q—-—.
™
< Can't open include file" (CC)
A tinclude preprocessor directive has been encountered but
the specified file does not exist.
"Can't subscript" . (CC)

Attempt to subscript any expression (including a variable)
that is not ag array or a pointer.

4
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"Can't take address” (CCH

Attempt to tare the address of an expression.

"Can't write to output £file" {CC, C2, or COD2COD)

Attempt to write to the output £ile, but an I/0 error has
occurred. Usually indicates that the output file systam -is
full, Se= the -o0file option for a remedy. '

"Cast" (CC)
w An attempt to use casts. May not work. '
'Continue without matching loop” (CC)
A continue has been encountered outside of an enclosing for,
while, or do statement. :
"Declaration mismatch® (CC) _
A redeclaration of a variable is different from a o2revious :
declaration. This message will not.appear 1f a variable 1s
redeclared identically to prsvious declarations.
; ~ "Divide by @" (C2 or COD2COD)
i . _ -
2 S During optimization (constant £folding) a divide by zero was
o detected. VYaur algorithm should not require a divide by
| zero. '
!
"Don't add pointers” : (CC)

An attempt to add a pointer (or array) to a pointer (or
array) . This is not an appropriate use of pointet
arithmetic, which expects one side of the binary operator to

be a pure value,

’
-
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"Don't negate pointers® (CC)

A subexpression of the form int-pointer was found. Perhaps
you meant pointer-int,

"Duplicate default” (CC) )
More than one d=2fault "label” has appeared in the coantext of
the current switch. Nested switches <can each have on=
default.

- «(pecting formal arg" {CC) '

S’

This error appears when, inside of the arsument lisc
declaration 0f a function, an identifier is expactad, That
is, a '(', or a ',' has bheen seen.
i
Xxpecting function body” (CC)
All of the fcrmal arguments for this function declaration
havse been declar=d., The first '{' of the function body |is
expected a+ this point,
xpecting ',' or '"}'" (CC)

-~ Inside ¢f a function €formal argument list, neither a ',' or
T~ a ')' was founi when expected. ,
——

N -
:xpecting ',' or ';'" (CC)

A declaration 2f the type of a formal argument was not
followed by a ',' or a ';' Somatimes 1indicates confusion

[ 4 r 3
on the part of the compiler with regard to your lintentions
in declarations. It appears that the C syntax leaves little

ocpportunity for error recovery in declarations.

s

“"Expecting ')' or ',' in function call" (CC) .

Refers to a badly formed function call.

i

bt o
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"Expecting type declaration" (CC)

A struct element declaration is axpected. This should start
with a Dbase type declaration such as int or char.

"File close earrocr" : (CC, C2, or CODZ2COD)

An output error has occurred while writing the last- few

byt2s to the output file or during the actual «close.
Usually indicates that there is just short of enoujh space
on the output file system. See the -ofile option for a
remedy.

"gen-e:r £l (C2I1836)

An invalid U-code has been seen. Etither an 1invalid U-col=
was read by C2I3&8 or ther2 is a ma2mory preoclem int2ranal t2
Cc2I84.,

i
"gen err t2" (C2I36)
An invalid U-code has be2n seen. Either an invalid U-coda

was read by C2I86 or ther=2 15 3a mamory Ddroolem internal o
C2I185.

"gen ert t3" (C21386)

was read by C2I36 or there is a ma2mory problam iInternal to
C2I8%6.

"gen err t6" (C2186)

An invalid U-code has been seen. Either an invalid U-code
was read by C2I86 or there is a memdry probolem internal to
c2186. '

An invalid U-code has bees seen. Tither an invalid U-code-

B D A e+ e e e s mma
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"gen err t7" . (C2185%)

An invalid U-code has been seen. Either an invalid U-code
was read by C2I186 or thers is a memory problem intarnal to
C2186. -

"Internal error: close on bad f4" . (CC) -

A close on an include file that should have succeeded
didn't. This should never happen and usually means that the
compilaer's stack has been overwritten. Adé mora2 memory +£3

your system or decrz2ase the number of declarations in this
compile (for instance by splitting ¢thz program into more
files, each separately compiled). Also see the =bufsiz
aoption for decreasing the compiler's [/0 buffer sizes,
nternal error: extra free™ (CC)
An expression left a sub-expression danjling. Should nevar
happen. Perhapos m2ans %that the compiler's heap has been
overwritten. Add more memory to your system or decrease the
number of declarations in this compile (for 1nstance Dby,
splitting the projgram into more files, each separataly
compiled). Also see the -bufsiz option for decreasing *he
complier's I/0 buffer sizes.
:nternal error: missing free" (CC)
An expression contained a spurious sub-expression. Should
) never happen. Perhaps m=2ans that the compiler's heap has
. g— been overwritten. Add more memory to your system, OC

decreasa the number of declarations in this compile (feor
instance by splitting the program into more files, eacn
separately compiled). Also see the -~bufsiz opticn for
decreasing the compiler's I/0 buffer sizes.

"Internal error: optdel"” - (C2 or COD2COD)
An attempt was made to delete a U-code from an inval;d
location in the internal memory of the optimizer. This
should never happen, May mean a memory overrun has

happened. Reduce the size of the largest function or use
the -0 option. Also see the -bufsiz option for decreasiny

the compiler's 1/0 buffer sizes.
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"Internal warning: basic bolock” (C2 or COD2COD!

Ignore this warning: . indicates a minor inconsistency ia the
optimizer basic olock processing.

"inval pseudo op type" (C2186)

An invalid U-code has been seen. Either an invalid U-code
was read Dy C2I86 or there 1s a memory proolem internal -to

c2Igs.

"Line to0o long"™ {CC)

-

4 source line is too long or a line becomes %20 long aftzr
N~ preprocessingy. what the compiler "seas" is printed with the
+1 option. ;

Missing bracketing symbol” . (CC)
A bracketing symbol, usually ']J*, ')', *':', oz '}', s .
missing. The exact symbel is printed in the output f£fil=,

Missing '}'" (CT) .
Eand of file was se=n b=2for=z the last '}' was sean. This s :
an insidious error, as it can involve an ex<tza '{' or a
missing '}' that is other than the last '}'. Check <tae :
prover closure of all pravious compound statements.

) -

Missing ':'" (CC)

':' is missing while trying ¢to parse the tarnary 1if

A
operator, '?2'.

ni P

"Missing labell (CC) y

A label was missing from a goto statement,.

o

AITAIE: CORT

13
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"Missing quote or apostropne”

A string 1is being read that has no terminating

Us2r's Manual

be considered valid or sensible,

anyway.

”

"No symbol table room”

The compiler's heap is filled up or

Add more memory to your system or

declarations in this compile (for instance by splitting

'. -~
)
)
LD
(¥]]
C
O
{1
m
vl
O
rt
(ad

(c)

(CC)

quot2 oz a

character literal is beiny read that has no terminating
apostrophe,
"Missing ‘';"'" {CC)
A semicolon is expected at the end of a stat2ment or
declaration.
"Missing whila" (CC)
—~ Missing while at end of a do statsment, '
N
Must be a constant” (C2) ’
Ixpecting a constant in an array declaration, Currencly
sizeof is not allowed in array declarations. Paranthesized
expressions are not currently allowed. Variables never will
be allowed.
Must be lvalue” (CC)
A valid left-hand-side 1is expected at this point, A
laft-hand-side must have an address and oust be abi2 t3 hoild
a variable value, Note that an array name Jay not De
~ assigned ¢35, and thus is net a good, left-hand-side.
~ ! -
.
> ‘'Nonsensical pointer operation” (C7Z)
The pointer operation you are performingy would not norma:ly

but it will be performed

(CC)

overwrittaen.
number of
the

has beeaen
decraasea the

- —— e =

|
;
E
E
:
E_
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program into more files, each separataly compiled). Also
see the -buisiz option for decrzasing the compilar's 1I/0
buffer sizes.

a label" (CZ)

Attempt to perform a goto to scmething that is not a label.

an array or pointer" (CC)

Attempt to subscript a variadle that 1s not an array or
peiatar.

a pointer or array"” ‘ (CC)

An attempt to us2 the indirection operator, '*!', on
somatnins other than a P2.nter ar array.

a pointer to a function” (CZ)

A call to a fancticn is being attempted, but the called
function has been previously declared as something other
than a functicn. For instcance, the following will cagse
this message:

a struct or union elament™ (CC)

An attempt to use a '.' operator or a '->' oparator, but the
right hand side of the operation is not a struct or unilon
element.

declarad™ d | (CC)

An attempt to use an undeclared variabdble, This error
massage will appear only on the first such occurrence of the

variable. '
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"Opcode error" . . *(C2 or COD2COYD)

Either an invalid U-code was input <2 C2 (or Z0OD2C20) or the
optimizer gena2rated a bad opcode: most. likely an interna:l
er:oro *

"Open failure"” (CC, C21386, COD2COL, or C2)

Can't open the output file. Such an error could be caused
1f£ the file system does not exist, if it is not correctiy
set-up (i.e. no disk in drive), if ther2 is no room on the
disk, or if the filename is incorrectly formed. X

"Operation on incompatible pointers" (CC)

Two pointers are used in an arithmetic operation, but they

point to different objects.
i ’ . .

"Optimizer table overflow" (C2 or COD2COD)
An attempt was mad=a to add a U-code to the internal memmcry
of the optimizar but thers was no room. This indicates <ha=s
the optimizer is out ©of m=2morvy. Reducz the size of th=
largest function or use the -0 ¢ption. Also see tne -bufis:iz
ootion for decreasing the compiler's I1/0 buffsr sizes,

"Optout empty” (C2 or CCD2COD)
Attempt to emit 2 U-cod2 £rom the internal memory of the
optimizer, but none was found. This should newvsar happen 2and
even 1f it does, it should Have no effect on %the correctness
of the code that is generatad.

"Out of heap" (CC)

This usually means that the compiler's heap is out of room
or has been overwritten. Add more memory to your system, 3T
decr=2ase the number 9of declarations in this compile (for
instance by splitting the program 1into more files, eacnh
separately compiled). Also see the =bufsiz option for
decreasing the compiler's I/0 buffer sizes.

an
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"psu err t4" (C2I186)

An invalid U-code has been seen. Etither an invalid U-code
was read by C2I86 or there is a memory prodlem ianternal to
c2I8e6.

"psu err t£5" (C2136) -

An invalid U-code has been seen. Either an invalid U-coda
was read by C2I186 or there is a memory problem internal to

c2I8s.
edeclaration of a label™ . (2C) .
g
A label has.been declared more than once inside of a singla_-.
function. Labels ars declarad just Dby following them by
"' You probadly shouldan't be wusing labels anyway.
!
Redeclaration cf struct type" (CC)
A struct type has been declared more than once:
struct x {
struct x {
int i
char j;
}
}
T~ In the above, x has been redaclarsad. -
—_—
py
Redefined" . {(CC)
A #defined identifier has been redeclared. This messasge
will only appear if the new declaration 1is a different
string than the old. '
"Registers have no address" (CC)

An attempt has been made to5 take the address ('g' ope:ato;)
of a register variable. This error message will appear |if
and only if the register variable is a true registar

variable.
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"shli error" (C2 or COD2CLCD)

An invalid U-code has been seen. Either an invalid U-cada
was read by C2I86 or there is a memory prablem inta2rnal ta

C21386.

"String size exceeded” ‘ (CC)
A string is larger than the compiler can handle. Tha strins
may be unterminated. Otherwise, try wusing strcat at run
time.

"Too many '&'s" (CT)

~ Attemot to take the adiress, using the 'a' cperator, of an

address.

“Undefined struck® . {CC)

Tha keyword struct has besn followed by an identifier that
has never been defined,

" e hem -
-
[

"Unrecognized '#'" {(C2)

:

A % is followed Dy a dir=ctive that 1s not z2cognized., Seom2
valid directives arz2 1f, 1fdef, 1ifndef, else, endif,
include, and define.

-

—_ ~
i
L "Variable or constant expected” (C2)

e

-

A variable or a constant was axpected at this point 1in the
projram. Most likely a badly formed expression has Dde2n

used,.
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Appendix G

Double Floating Point Functions

The functions in DOUBLE.C can be divided into four groups:

addition, subtracticon, multiplication, division and modulus
(remainder). These functions return the computed wvalue in
their first argument. Th2 return value is the address of
this first argument.

Group 1 contains the three operand arithmetic functicas of
e

Group 2 functions are for the most part two arjumnents
functions which return the computed wvalue 1in the second
argument. These commands are double to string, string %o
double, integer truncation, sine, c¢o2sine, tangent, sguars
root, exponentiation, natural logarithm, negation, absolute
value, and factorial. Radians are used for functions
reguiring or returning angle measursment.

Group 3 contains, for the most part, two operand conditional
and testing functions. These £unctions return TRUEZ (1) 1f
the given condition is met between the arjuments; ctherwvise,
FALSE (@). Group 3 commands are egual, not egual, gr=actesr
than, greater than or equal to, less than, and less than 0or
equal to. Also available is a tast functicon whic returns
POSITIVE (1), ZERO (2), or NEGATIVEI (-1) depending upon the
argument. Thesa functions do not sat Berrflazg.

Group 4 contains miscellaneous functions. - oz

&

— A ot W e — . 4
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1 - S

-

double * .
Badd (dest, argl, arg2) doubls *dest, *argl, *ar32;

Three operand addicion:

*dest = *argl - *arg?2;

double * ‘
Bsub(dest, ar3l, arg2) double *dest, *argl, *arj2;

Thr=2e operand subtraction:
*dest = *argl + *ar32;
_ f
doudle * :
Bdiv(dest, ar3gl, arg2) doutl2 *dest, *ar3jl, *ar3z2;
Thr2e operand division:

*dest = *argl / *ar3g2;

double *
Bmul (dest, arzl, ar32) double *dest, *argl, *argl;

Thrze operand multiplication:

*dest = *argl * *argl;

doudle *
Bmodulo(dest, argl, arg2) double *dest, *argl, *argl;

Thrae operand modulus:
*dest = *argl % *argl;

Bmodulo assumes *arg?2 is positive,

Re BLE- AN A SN L b L LT L L T T L i ———————
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double *

gxta2fy(dest, argl, arz2) double *dést, rargl, *argz;.

Three operand exponentiation:

*argl
*daest = *argl

163
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-==Group 2-==

doubla *

s28cd {ddest, strsource) doublz *ddes:; char *strsource;
string to doubla:
ddest is the addrzss of a double variable in
which is placed the value of number in the
string strsource.

char *

Bcd2s (strdest, dsource) char *strdest; doublz2 *dsource;

- douzle to string: .
This function 15 the inverse 0of s2bcs, whera

strdest must b2 long encugh to £it the
rapresentaction of the given dsocurce number,
Th=2 maximum size2 f2r 3 double number 1is
currently twenty-one bytes. This 1inciludes
th2 exponent and th2 two signs, plus an extra
pyte for null termination.
|
' double *
3nez (dest, arzl) double *dest, *arzl;
Two oparani negacion:
*dest = =-*ar3zl
—— double * , .
g BUneg (dest) double *dest;
QJ . [
One operand negation:
*dast = -*dest

double *
Babs(dest, argl) double *dest, *argl;

Two oparand absolute value:

*Jest = [*argl|

b.
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double =
BUabs(dest) double *dest:

One operand absolute value:

*dest = l*dest]

Bint(dest, argl) doublszs *dest, *argl;

Returns the integer part of *argl in

*dest (towards @).

Bentier (dest, ar3yl) dcuble *des%, *argl;

Returns the floor (entier) of *argl

into *dest (towards -infini:ty).

double *

wn
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3log(dest, arsl) double *dest, *arzl; i

Returns the natural log of *argl in *dest.

*dest = log(*argl}):

double *
Bsgr{éesc, ar3l) double *dest, *ar3l;

Return the sguare root of *argl in *dest.
*dest = sgrt(*argl)

*argl is tested against being negative.

double *
Bexp(dest, ar3l) double *dest, *ar3jl;

Raises e (e == 2.7...) to the *argl power:

*argl
*dest = e

*argl is tested against being too large.

/
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h
h

doubls * :
Bfac (dest, argl) double *dest, *argl;

Takes the factorial of *argl:
*dest = (*argl)!;

*argl is tested against being negative or too larse.

-

transcendental func=ions:

double *
3sin(dest, arzl) double *dest, *argl;

- Returns th2 sine of *argl in *dest:

*dest = sin(*argl);

. double *
' Bocos (dest, ar3l) double *dest, *argl;

I Returns the cosine of *argl 1n *dest:

*dest = cos(*ar3l);

doudble ~*
Btan(dest, ar3l) doubls *dest, *arsl;

~ _ Returns th2 tangent cf *argl in *dest:
S | ,
N *dest = tan(*argl);
S :
double *

Barctan(dest, ar3jl) double *dest, *argl;
Sets *dest to the arc tangent of *argl:

*dest = arctan(*argl);
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-—=Group 3-=--

Bsign(x)
double *x;

3le(x,

3gt(x,

Beg(x,

Bnel{x,

Bla(x,

Bge(x,

Btest(x, y) double *x, *y

Returns 1 if *x
g 1f *x
-1 1f *x

y) double *x, *y;

Returns 1 1f£f =*x

y) double *x, *y;

Returns 1 1fZ =*x

y) dcuble *x, *y;

Returns 1 1i££f =*x

y) doudle *x, *y;

Retuarns 1 iff =*x

y} doudlle *x, *y;

Returns 1 i1£ff =*x

y) doudle *x, *y;

Returns 1 1ff *x

-

Returns 1 1f *x
g i1f *x

is positive;
is zeroa;
otherwise,

1]

[}

*
G

> *ys

== *y;

-1 if otherwise.
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Bsaterrilg (=2)

Sets the glcbal Berrflg t2 e if

it is cl=ar.
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-==0I0Up 4---
doubdble *
Bmant (dest, n) double *n; .char *dest;

Places the mantissa of *n into *dest.

Thne functions Bmant and Bexpo return values

a and b respectively where the argument x 1is
of the form x = a * 18**b for .1 <= Ja| < 1.
(except when x == @g). i

Bexpo(x) doubla *x;
Returns the integer exponent of *x.

The functions 3mant and Bexpo return values
a and b respectively where the argument x 1is
of the form x = a * 1@g**d for .l <= [af < 1.
{except when x == 7).

Bmov (dest, argl) double *dest, *argl;
Copia2s *ar3jl iatc *dest:

*rdest = *ar3l;

Bround(dest, i) doubl=a *dest; 1int ij;

Rounds *dest by adding 5.@E1 to the *dest
(mantissa 5 with exponent 1i).

int2bcd (dest, 1) double rdest; int 1;

Converts from integer to double.

Bcdiint(argl} double *argl;

Returns the integer part of *argl, rounded
away from zero.

163
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double *
Bcheby(res, x,

Returns

fanctio
in coef

- - e —

2r User's Manual (c) 1983 SuperSof: 17¢

coef, n) doublz *res, *x, coef{nj [BCDS];
in res the nth approximation of the

n wnose Chebyshev coefficients are
evaluated at *x,.

- = s o -

1n<s
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appendix H

Long Integer Functions

The following functions ares availadle in the £file LONG.C.

cclprt(a) long *a;

' Prints *a in hexadecimal,

cclneg(d) long *8; ]

One operand negate:

o
-
g
i
i
f
!

*d = -*3;

cclinc{a) long *a;
One operand incr=mant:

++%3

czldec(a) long *a;

One operand decrament:

w-*a

cclcom(a) long *a;
. One operand complament:

*a - "*a

- ————
-
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cec2mov(a,b)

TwWO

cc2add(a,b)

Two

cc2com(a,bh)

Twd

cc2or(a,b) 1

TWO

cc2xor{a,b)

TwO

ccl2cmp(a,b)

Two

e e e — - "

piler User's Manazal (<)

long *a, *b;

operand copy:

*a = *b

long *a, *b;

operand addition:

*a += *b

long *a, *b;

operand compdlamant:

~ep

'a =

ong *a, *b;

operand logical or:

*a |= *D

*D;

long *a,

operand Xxor:

_~

- *a "= *p

long *a, *Do;

operand compariscn:
L if *x > *y;

@ if *x == *y;
-] if otherwis=.

Returns

'44
}

1983 SuperSofs
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ce2mul {pa,pb) long *za, *pb;
Two operand mnltiplicatiohﬁ

lpa "= *PD

-

cec2imul(x,bd,21) loen; *x; int b3, bl;

Two opa2rand iTmediate multiplication

whzre b@, bl are integers that form the
mzst significant and least significant
past (respectivaly) of tne immed:i:ate long:

*x *= (b@,bl)

cc2iadd{x,b8,21) lona *x; int b@, bl;

Two o»erand immediate additicon where b@,
5l 3re 1ntegers that form the most
significant and least significant part
(respectively) of the immediat2 long:

H

(>8,51)

cz2and(a,b)

Two operand icgical and:

cc2neg(a,s, leng *a,
Two opezand negaticn:

*a = -*b

cc2sub(a,by long *a, *u;
Two opzrand subtraction:

*a -= b ’

- - ————

-
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nz3add(g,3,=) lang *g, *a, *b;
Three cperand addition:

*q - 'a +* 'Rb

ccl3and(a,b,c) long *a, *b, *c;
Three operand logical and:

*3 x *h g *¢

ccl3or(a,2,c) long *a, *b, *c;
Three operand logical or:

*a = *b | *c

cc3xor(a,b,¢c) long *a, *b, *c;
Three cperand exclusive or:

-~

ccldsuk({a,b,c; long *a, *bH, *c;

Tnree operand subtr-action:

*a - fb - *C

SuperSo:i-=

ccldiv(d,s,ccxid.2m;, long *<, *s, *ccxdrem;

3 fsra of thres operand signed division

with rema2inder:

*d /= *s

*ocexdrar = *@ ¢ *s

. Td
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