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User—supported softwares

The o9 compiler, libraries, associated software and
documentation are provided for yvour use and that of vour friends
arnd colleagues.

mip e than media and reasonable distribution cos
the of? relsase diskette must include this disclaimer.

If you are using this software and find it of value, your
donation ($28.00 suggested) to the author will be appreciated and
will help support further development of this product.
Contributing users will be placed on a mailing list and advised
of new releases.

If you develop useful applications using o999 vou may market them
provided that the software and documsntation acknowledge the use

of o99. The author would appreciate receiving a complimentary
copy of any such programs.

Flease mail all correspondence hos

Clinmt Pullay

328 Townsend Avenue
Burlington, Ontarioc
Canada L7T 1Yé

41&6/639-B583
BTE TIZEIS

Any correspondence requiring a reply must include a stamped,

szl f-addressed snvelops. Reguests for copies of the c99 release
diskette must include a formatted diskette (855D please) in a
mailer and return postage.

This software carries no warranty , eilther written or implisd,
regarding its performance or suitability. Neither the author nor

any subsequent distributor accepts any responsibility for losses
which might derive from its use.
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T. INTRODUCTION

cF9 is based on small-oc version 1| which was published by Ron Cain
in Dr. Dobb's Jownal No.o 45, May 1988, Small-c iz & useful
subset of the C programming language, It produces assembler
source code as its oubput. This code is assembled to produce an
object file which is loaded together with all required libraries
and rur.

7% was written and adapted by Clint Fulley as a pesrsonal
project. It has the potential for considerable furthers
development i+ swufficient interest is shown by the TI-29/48 user
community.

c?% haz these features:

-It supports a2 subsebt of the © languags.

-Most of the compiler is coded in c99.

=It is syntactically identical to standard C.

~It produces assembler source code rather than an
object file.

-1t is a stand-alone single pass compiler. It doess
its own syntax checking and parsing.

=1t can compile itself.

Although 99 lacks many of the features of standard C svstems and

producss code which is less than optimal, it iz, in the opinion
of the author, a worthwhile addition to the software repertoire
of the TI-99/468 compubter. For the first ftime a structured

language with a true compiler is available to TI users. c99, even
at its present level of development, is sufficiently powerful for
the development of utilities, text processors, database svstems
and games. With fulbuwrs compiler enhancements and new libhraries
its capabilities will increase.

Initial testing of this version (including compilation of the
compiler itself) has nobt revealed any glaring errors. I+ vou
find bugs or wish to suggest improvements, please drop the author
A 11ne or leave a message on The Source (TI7399). Collect phone
calls will nobt be accephted.

c?%9 was developed on a 1987 (black) TI-99/4A with 32k memory
sxpansion, TI disk controller, two 858D drives, RE2IZ2 interfacs
and a Centronics printer. The Editor/Assembler softwars
environmant was used for all software development. 6811 code was
written or adapted by Clint Fullev.

This manual assumes a knowledge of standard C or the availability

of a suwitable reference. The file C998FECS, found on the release
disketts, identifiss the features of © which are available in
-l‘}l’?
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IT. USING o297

A. Entering the souwce program

Input to the compiler must be a display/ variable 80 disk file or
(for test purposes! the console kevboard. The standard TI esditor

is normally used for this purpose. If TI-Writer is preferred, be
suwire to save the source program with the Print File option to
avoid getting & line of tab data at the end.

B, Compiling the source program

From the Editor/fAssembler menu, select option 5 (Load Frogram
File). Enter DBEn.CP?C, where n is the diskette drive containing
the compiler disk. When the compiler has besn loaded it will
identify itself and ask about a number of options. The guestions
asked ares

Include c-text?

This provides the option of including the 99 source code as
comments in the owubput file. If vour response is v or Y sach lines
of o souwce will appear in the output file preceded by an
asterisk. This option should not be selected for large programs
as it will result in a wvery largs oubtput file.

Main program?

This controls the insertion of startup code at the bheginning of
the oubput fFile. You must reply with v or ¥ if the function
main{) occurs in the input file. If vou are building a function
library, the startup code is not wanted so reply noor B

The compilsr will then prompt for the input and ocubtput filenamss.
In sach case, respond with the full filenamse (in upper or lowsr
casel. I+ % is unable to open a file it will display "Bad
filername” and prompt for anobther name. If the response is a null
nams (pressing enter only) that file will map to the kevboard or
screen. This may be usseful for providing a quick check of a short
program. Screen oubtput will pause when a k e pressed.

[H]

&y i

The compiler will now procesd o process the sowroce program.  As
gach function header is encountered, the first six characters of
the function name are displayed on the soreen. If it is desired

to abort execution at any btims, press FCOTH 4 (CLEAR). This will
terminate the compiler and close all filss.

When the compiler has finished, it will display ''"Errors!! on the
soresn only if errors were found. It will thesn ask if mors
compilations are to be done. & response of v or Y will restart
the compiler, & response of noor M will exit.
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C. Assembling the compller oubpuol

The output files should be asssesbled using the TI Assembler
(ophtion 2 from bthe EdBsm menw). The R option is not requiced
sincs o9 gsnerates numeric register references. This reduces
the size of the output +tile and spesds the assembly slightly.

D. Loading the program and librariess

The object file from the assembly may be loaded using option
from the Ed/8sm menu. After loading the objsct files the CSUFP
library must always be loadesd. I+ the program uses file I/0 and
contains the statemsnt:

Hinclude dskl.stdio
then the CFIO library must also be loaded.
E. Runming the loaded program

When the last file has besn loaded, press enter to display the
program name prompb. A1 o9 programs begin execution at ths
entry point BTART. When this has been entered, your program will
thopefully) execute correctly. 6t program exit the messags
"oFPexit-press any key" will be displayed. This enswes that the
@ will not be clsared at the instant the program stops.

any key to exit to Ed/dSsm.

II1T. ERROR MESSAGES

When o9 detects an error in the source program it inserts

three comment lines in the owubtput files. The first line displavs
the souwrce line containing the error. The second line is a
pointer to the aspprodimate location of the error. The third line
of the form:

"l Error nn” where nn is the sreor nunber

I any grrors oocouwr duwring & compilation, "!'1'Errors!!" ig
digplayed on the scoresen.

ion for esach
diskette,

The documsntation file CPFERRORS contains a descript
grror. The progeram ERRFIND, included on the relesase
will =z=can arm output file and pause at each error.

Mohes

K‘x

a) The source line displayed has been pre-procssssd, so all
multiple spaces have been renoved, all names have be:r truncated
to six characters, and all macro 5ubst1tu+'an» Fravy

parformesd.

B} The error handling in this version of 99 leave something to
he desired in thalt a single error will often produce a veritable
multitude of srror messages. This problem has been noted in other
foxpensive) L compilers.
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IV, LIBRARIES AND INCLUDE FILES

The object libraries provided with this release ars:

a) CBUF -~ The compiler support library. This contains the
initialization, exit, and direct support (C$) functions required
by all o9 programs as well as conscle I/0 functions.

by CFIO - The file input/output library. This contains the file

tables and 2811 $ile I/70 functions,

The include files provided with this release ars:

i}

) CONIO - I/0 definitions for console functions only.

by STDIO — I/70 definitions for console and $file functions as well
as REF directives for all functions in CFIO0. IF STDRIO is i00 71 oded
in a program, CONIO must not be included or duplicate definitions
will result.

V. LIBRARY FUNCTIONS

Each function is introduced by a sample call. If a function
returns a value, an assignment is shown. You may, of course,
discard the function result. Argumesnts must be of the same btype

sz the sample.

The following declarations specify the tvpe of all variables and

arguments wused in the sample calls.

int cyrow,col  key,unity

char bDuffFLELD:

char #mode, $nams, ¥string;
Functions in CSUP:
~Read one character from the kevboard.

o=getohar ()3
Waitse for a key to be pressed and returns the character value.
The character is echoesd to the soresn. I+ the character is
"ENTERY, the screen spaces to the start of a new ling and a value
of 18 (E0LY is rebtuwned. I+ the character is CTRL-Z, —~1 (EOF) is

returned.,

~lWrite one character to bthe sorsen.



c=putchar (o) g

Writes the character whose ascii value is ¢ to the screen. If c==
18 (E0OLY, the scoreen spaces to the start of a new line. I+ c==
(BE8), the cursor is backspaced. I+ c==12 (FF),the screen is
cleared and the cursor is homed. If o represents a non-printing
character, a % is echosd., Thes values of o is rebuwrnsd.
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~Fead a line from the kevboard.

rs

c=gets (huffd g

i}

Feads one line from the kevbosrd into a character array. The lins
is terminated with ENTER, CTRL-Z or the 88th character. The arrav

§Ti

is assumed to be Bl characters characters long and a null (&)
character is appesnded to the snd of the string. A value of butf
is returned unless CTRL-Z is pressed. In that case, 8 (NULL) is

raturned. Use of the backspace key (FORTH-5) for inline editing is
asupparted.

~Write a string to the sorsen.

puts{stringl;
Writes a string to the screen, stopping when it finds a null
character. The null character is nobt written. The cwsor is nob

spaced to the start of a new line unless newline (A\n) is
encountered.

~Exit the program.
@it {cdg o abort {o)g

Bramnches to the o9 exit function which closess any open files.
The value of o may be betwsen B8 and 7. I+ c==0, the normal exit
message is displaved. Otherwise the values of o is displaved in an
o message. The o exit function is also esecuted when
function main terminatss normally.

~Locate the cursor on the scresn.
locate (row, ool b
Flaces the cursor alt the screen location specified by row and

col. Subseguent console I/70 will start at the new cursor
location. Row and coluamn numbering start at 1 as in TI Basic. Th

i



checked,

s
it

o

b

validity of row and ool

~Check kevboard status.

key=pol L {ohs

n
i

Scans the kevboard and returns the key values (if one is pressed)
or B, IF o = @8, the program will pause while a key is down., I+ o
'= @ and FCTHN-4 (CLEAR) is pressed, the program will branch to
the o9 exit function.

Functions in CFI0:

Mote: In all of the file I/70 functions which reference the
argument "unit; the opsrabtion will defaullt to the corresponding
console I/70 function i+ the value of unit is <= A, For this

reason, the values for stdin, stdout, and stderr as definsd in
STDIO are -1, -2 and -3.
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~Open a file.
unit=fopen (nams,mode) 3

Opens the named file in the specified mode. Both name and mods

must e strings o pointers to strings. Qurrently supported modes
Ar e
Y - read

B .

Tut - update

"‘.:J." pa— fé’tf"‘[ﬁ&?ﬁﬁ!

A unit ruamber is returned for use with the files I/0 functions.
This wunit number must nobt be alitersd. I+ the open fails, MNULL (@)
iz returned. No more than four files may be opensd and no more
tharm thres may be disk files. &t this time, only display/variable
880 files are supported. The filename may be upper or lower Casg.

~Close & file.;
c=foloselunitdg

Paerforms the appropriate file closing action and makes the wunit
availahle for anothsr file. In the case of oubpub files being
wiritten with putc, an incosplete line is lost. This function
Freturns MULL i the close fails and non-null if it succeeds.
All open files are closed avtomatically if a program terminates



normally.
~Fead one charachter from a file.

cegeto {unitl g
Feads and retuwns bthe next character from the file corresponding
to unit., I+ the snd-of-line is reached a value of 168 (EOLY is
raturned. IFf the end-of-file is reached, a value of -1 (EOF) is
returned. IF an srror ooocurs, -2 (ERR) is returned.
~Write one character to a file.

c=putcic,unitl
Writes the character whose ascii value is o to the file. If c==10
(EOLY , the actual write operation occws. The value of o is
returned., If an srvor occcurs, -2 {(erer) is rebturned.
~Fead a line from a file.

£

c=dgets (buff,ool unit)g

Feads one line from bthe file into a character array. Ot mosht,
col=1 characters will be transferred. & null character is

appended to the end of the lins. If a partial line is
transferred, the remainder of the line is discardsd. I+ unitd=@,
gets is called and the value of col is ignored. This could result
in buffer overdlow., A value of buff is retuwrned. If an
grd-of-file o error condition oocw s, MULL is returned.
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~Write a string to & file.;

c=fputsistring,unit);
kirites a string to a file, stopping when it finds & null
character or sighty characters have been transferred. 8 values of
butt is retwned. On end-of-file or srror, NULL iz returned.
~Rewind a fils.

rewindiunit)
If a disk file is open for read or append it is rewound. A11
obther cases are ignored.
YI. ASBEMBLY LANGUAGE INTERFACE

Interfacing to assembly language is relatively straightforeard.



The "#asm ... #endasm" form allows the placing of assembly source
code directly into the program. Since the compiler considers it
to be a single statement, it may be used as:

wWhilel{l) #asm ... #Hendasm
or

iflexpression) #asm ... #endasm else ...

In actual program coding, the #asm directive must be the last

item on a line and the #endasm directive must appear on a line by
itself. Since the compiler is free-format otherwise, the sipeched

format is:
iflexpression! #asm

Hendasm
else statement:

A semicolon is not required after #endaszm.

Assenbly code within the "#asm ... #endasm" form has access to
all global symbols and functions by name. It is the programmer’s
responsibility to know the data type of the symbol {(whether "int"
or "char" implies word or byte access). Stack locals and
arguments may be retrieved by offzet.

The push-down stack used by % is located in the upper part of

the low (BE) bank of the TI-99/44 meEmsry exdpansion. Register 14

in the 99 workspace is reserved as the stack pointer. The stack
begins at »3IFFE and grows towards >2000.

External assembly language routines accessed by function calls
from ¢ code may use regist R thru R7. They may push items on
the stack, but must pop them off before suit. It iz the
responsibility of the calling program to remove argumants from
the stack after a function call. Since arguments are passed by
value, the arguments on the stack may be modified by the called
PO A
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YIT. MEMORY UTILIZATION

~F&D Usage.

9% reserves FAD locations 8308 thru *832F for its workspace and
support code. Other FAD locations nobt used by o mraale routinss

are availabls to the programmer. In pa r+icu1%r; locations HBIEE

thru FB348 can be used to store freguently accessed global
variables by use of ADRG and DORE directives. The file 3IEVE;C,
found on the release diskette, uses this technique

The c?9 workspace is at »8380. Register utilizati imz
RA-R7 temporary storage

[Re= primary computation register

e ﬁetmﬁdqry computation register

R1@ subroutine address for indirect calls

R11 return address for BL instruction

F12 address of recursive subroutine call routine

R1ZE address of recursive subroutine retwn routine
Ri4 the stack pointer

1S first word of the PUSH routine (hencs BL 15}

~Memory Expansion Usage.

The entire 24k bank of memory is available for program usages. The
B2k bank contains the standard Editor/fAssembler uwtilitiss (2000
thiru »2676). As previously mentioned, the o?? stack grows down
from EFFE. Since typical stack ussge is & few hundred bytes, the
intervening space is available.

Since no indication of stack/program overlap is provided in this
version of o999, very large programs couwld crash. Howsver, the o9
ompiler which uses all of the 24k bank and much of the Bk bank
is able to compile itseld successfully, =0 bthis problem may never

arise for mosht ussrs.

~YDF Ram Usage.

fzide from the are normally used in the EdSAsm environment, o9
reserves VDF memory locations >1B86 thra IFFE for +ile 170
requirensnts. This area was chosen to permit fulture

implensntation of bit-map graphics.

VIII. STACKE USAGE

c?% makes sxtensive use of the previocusly-mentionsd push-down
stack for temporsry storage. Funcbion argumsnts are pushsd onto

the stack as they are encountered betwsen pJFﬁﬁLhGEch i hhe

7

last argument is at the "top" of the stack. This is
somawhat unconventional . &fter all argumsnts have been pushed on
the stack, the return sddress is pushed on by the recursive call
code accessed vwia R1Z2. Since the stack grows downwards in memory,

the last argument wvalue is located 2 byvites above the stack
pointer®s current contents at furnction entrvy.
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Az specified in the © language definition, parameter passing is
"call by value". If ¥ and Y are global variables, the compi ler
generates the Tmllmwing code for this C statement:

X=functionl(X,Y,zf ());

MOV EX,8 value of X to primary register
BL 15 push onto stack

MOW @Y. & ditto for Y
BL 15

BL %12 recursive call to zf

DaTa IF function value is returned in primary reg
. 15 push value onto stack

BEL #12 call functionl

DATA FUNCTI note & characters used

a1 14,4 restore stack pointer

MOV g, 3 primary reg to ¥

As functionl is snter red, the stack contents are:

value of ¥

valus of ¥

zf Ffom valus

return adde === oghack pointer (R1D)

In this case, the value of ¥ could he accessed by "MOY 84(14),8".

Local variables allocate as much stack spane azs nesded and are

assigned the current value of the stack pointer {(after
allocation) as their addrsss. The compiler ensures that sach
variable is located on a word boundary. The declaration:

int z3
gensrates:
DECT 14
which allocates space on the stack for 2 bytes (not initialized).

References to 2z will row be made to %14 {stack pointer+B:. I+
declaration is:

the next

}

i

char array(

[T

the code gensrated is:
AT 14,

Note that
following

3] i

te3

the stack pointer chan nges by & bytes, ensuring that ary
declarations fall on a word boundary.
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Now, arrayl@l is at #14, array[l1] is at 81014), arrayll] is at
ER(14)y, etoc. 2 is now accessed as B&{14). For this reason,
1mUdeed AEEE language code using "#asm ... #Hendasm" cannot

{ variables by name, bubt must know their location
the stack pointer’s current contents.

I¥. PROGRAMMING IMFORMATION

~Phen a o9 program begins execution, the soreen is in text mode
(40 characters/line displaving black cheracters on a ocvyan
background., Fubuwre releases will include functions to change
modes and colors. It is possible to accesss VDP registers and
mamory from o9 by using the appropriate valuss with pointers.
~The logical operators "8%" and "11" are not avallable in 299,
However, the bitwise operators "&" and "1" will vyield the correct
results in logical supressions. of? follows the usual convenhtion
i using & non-zero value to repressnt a true condition and a
zero valus bto represent a false condition.

~Global variables result in more efficient codes than local
variables but they cannot be used in recursive situations. I
addition, global variables {especially arrays) inorease the size
of a Qrmuram moacdial e,

o

~Functions may be passed the namss of other functions as

jumants for indirect calling. The dummy argument for a funochion
nams must appear in the argumsnt list as a simple name and must
be declared as an integer pointer.

—-Zince o9 programs sre self-contained, bthey may be saved as
program files. Two object files, CFIFFI and C99FFF, have besen
placed on the relsase diskelbte to facilitate prmgram il

craation. CFPPFI must be loaded before user programs and
librariss since it definss the snbey points SFIRET a:d SLOAD and

contains code to load the standard whbiliti the Ed/dsm

iFOM. C99PFF must be loaded afiter all programs and librariss as
ik ﬁETiﬂEh the entry point SLASBT. If the Ed/fsm program SAVE is

then loaded and run, a usesable program file should resulit. The
29 compiler and utility program files were oreated in this
MAFMEF .

~The relsase disketbte contains a file, CONVEC, which consists of
functions for string to int {(atoi) and int to string (itod)
conversions. Uss of these functions is documented in the fils
COMVE O may be edited or included in any program regquiring the
functions. Fulture releases of o9 will contain a library of
conversion funchions as well as printd and scantf.

¥X. REFEREMCES.

~The C Programming Language by Briam Hernighan and Dennis Ritchis
Frentice-Hall 1978

~The 0 Pri xnw-r“ by
Mo Graw-—-Hil 1282

Les Hancock and Morris Hreilger



c?? Compiler Specificstions (Revised B5/712/84)

A 3 Features of o?9

o7 currently supports:
1. Data type declarations of:
"ohar' (8 bits)
"imt" {14 bits)
pointers to either of the above by using an "=V
before the variable name.
2. Arrays:

One-dimensional arrays may be of type char or int.

[

. BEupressio

unary operatorss
P {minusd
Yl dindivection?
"EY {address of)
et {ones conplement)
Y flogical neEgation)
Tkt fincrement, either prefix or postfix
Pt {deorensnt, sither prefix or postfix)
hinary operators:
" {additiond
" Agubtraction
et fmultiplication
AU fdivision)
AR {modulo, ie. remaindsre from division)
Y {bitwise inclusive or)
et fbhitwise exclusive or)
fhlumlde arcd?

{test i sgquall
[ if mot sguall
g M it if less bhand
Wizt if less or egual)
" (t if gresater than?
the if gresater or equall
fz" Ltme+1c lefdt shiftl

PrEY farithmebic right shifi)
"=t {assignment)
primariss:
arraylespressionl
function(argl,arg2; ...,argnd
constant
decimal number
quoted string {("sample string™?
primed string (Ta® or “ab®}
local variable or pairtpr
global f{static) variable or pointer



4.

2
¥ a

Frogram control s

iflespression) shatemenl;
I%fc,ﬁrerwzur statement; =lse statement;
Apression) statement;

hirealkg
cort i iEs
rehurTg
r@turn sxpreassiong

3 (null statement)

£ utai ement; statement; ... ¥ {compound statement)

Fointerss

Local and static pointers can contain the address
of char or int data slemsnbs.

Compiler commandss

Bdefine namse string
(pre-processor will replace name with string?
#include "filenams
{take inpul from Filename until send-of-file.
cannot be nested.?

#asm {not in standard C)
{allows all code betbwsen "#acm" and "#sndasm" to
be passed unchanged to the assembler. this

comnand is actually a statement and may be used

ass "if (expression) #Hasm ... #Hendasm else ...™)
#outseg (mot in standard 0

{(closes and reopens the oubpub file so that very

large programs may be compilled with segmented

ocutput files which may be read with the sditor)

Miscellansous:

Expression evaluation maintains the same heirarchy
as in standard .

Fointer arithmetic recognizes the data tyvpe of the
destination. ptr++ will incremsent by 2 if ptr was
declared "int #phe!

Fointer compares are unsigned since addresses are
rot signed numbsers.,

Opsrations whoh require more than two words of
instructions generate calls to routines in the
CEUPF libary to minimize the size of the program.
all such support routines have names beginning with
C#.

The generated code is re-entrant as required by C.
gach timg a function is referenced, the local
variables refer to a fresh area of the stack.




c?9 Compiler Error Codss (Rewv., B5/8%2711)
Missing ¥

Bad filename for include

A Ay 2 must be a constant

Illegal array size specification

Illegal name for functiom or declaration
Missing ( in function declaration
Illegal argument nams

Comma was expected

Incorrect number of arguments

i@ argumant name was supechted

11 missing semicolon

12 Illegal svmbol name

= Symbol already defined

14 Mi ng brackelt or token

15 Must be lvalus

16 Can™t subscript

17 Blobal symbol table overflow

g

9

AR B B S

Local symbol table overtlow
Too many active loops
o oactive whiles

2 Missing guote

22 Missing apostrophe

23 Line too long

2 Maoro table Full

28 Oubput file error

2é Bad sddress

=7 Imnvalid sxpression

28 String space full

PJ
=



flg=spcall ()
Fetuwrns truse if any sprites are in coincidence.

Motes s

For sprite avtomotion to ocowr, interrupts must be enabled at
least 60 timess per second. The functions poll, key, and joyst
srnabls interrupts when called. If they are not called often
snougil, & function such as the following may be ussd

intorn )

£

#asm
LIMI 2
LIMI 8

#endasm

.

inton should be invoked at a suitable place in the program to
ensure smooth sprite motion.

It is neccessary to include REFs for sach function referenced.
An include file (BGRFLIRF) containing REFs for 211 funchtions in
this library is on this diskette. It is acosssed withs:

Hinclude "dskl.grfles"

i
®

The following functions may also be used in text mode

chrdef hohar vohar gohar  joyst key

/¥ grtl references
#/
#amm
REF GRFI1, TEXT,SCREEN, COLOR, CHRDEF , CLEAR , HCHAR ,, VOCHAR
REF GCHAR, JOYST,KEY,SFRITE, SFDEL, SFDALL , SFPCOLR, SFFAT
REF SFLOCT, SPMAG, SFMOTN, SFMCT, SPPOSKN, SFDIST, SFDRC
REF SFCNC, 8FCRC, BPCALL
#endasm



it
an
~
b=
ot
f
i
el
s
g
)
i
X}
dy
i
3
£

o9 does nobt supporhts

1. Bitructures and wunions.

2. Multi-dimensional arravs.

Z. Data btypes obher than "ohar" and "int".

4. Function calls rebturning other tham "int" valuss

5. The unary "sizeof" and casts.

o The operators: &, 11, P2 and , .
7. The assignment operators: 4=, —=p#s, Jo, U=,

2. Storage classes: aubto, static, sxtern, register and
typeded,

?. The statements: for, do while, switch, case, defaull and
goato.

18, The uss of argumsnts within a "#defin

11, Conditional compilation {(#ifdef, ebc).

12, Imitializers on declarations.

13, Pointers to anyithing but char or int.

14, The use of _ (underscors) in Nanss.

command.

Other limitations of o9%9:

Since c?? is & single-pass compiler, undefined names are notb
deteate and are assumed to be function or variable names nob

@ I this assumption is incorrect, an undefined
@rror will ocowur when the compiled program is

Becauss a single-pass compiller scans the sowce code only onoce,
little object code optimization is possible. For example,
the statement ==1+32; r;aalLb in code to add 1 oand 2 at runbtime.

Mames may be of any length but the compiler only recognizes the
first six character

REF directiva% are generated for functions in the CBUPP library
only. REFs to functions in other libraries must be provided
‘hpllcitl? using #asm and #Fendasm. The include file STDRIO
contains REFs for all functions in the CFIO0 library.

The file I/70 library (CFIO) is cwrently limited to processing
Display/Variable 88 type files. Up to four filess may be open at
ore time bubt only three may be disk files.



;¥
#% CONIO @0 099 console 170 definitions
t 4

#Fdeting
Hodefins
Fdefines
#deting
#Fodafins
HFdefine
#Hdefine NULL
#define EOL 1
#define FF 1
#define BE

F¥ zimple conversion functions %/
%

#% m=atol {s) - convert string to integer
*/
atoi (s} char #aj

T
%

}

rL
H¥
B3
*%
¥
/7
it

e
y

int sign,ng

phile (sgm=® 7 Y ddmy

sigr=1;

if (g=="-"3) { sign=-ly ++z; I
i .f' ('*‘E‘}:xﬂ 47 } i ®

ris=@y
wWhile{ (s$gk="0" 1R {(#xI="9" ) =10 % n + #{z++) - "7°
return{sign¥nl;

“an

itodinbr,str,ssr ~
convert nbr to signed decimal string of widbth sz
right justified, blank fillsd, result in strll.
zx includes @-byte string terminator

od (nbrystrysz) int nbr,szy char strll;
char sgng
E:',gl"'l:::' k] ;
i inberd@) { nby=-npbhry sgn=T-%3 3
gt l——sz I=H;
whilelsz)
L o stri-—szl=mnbrll@8+"8°%;
f i inbr=nbr/ 180 Ybreak;

wn

i £
3
o
iflsz) stri-—szl=sgng
whilelsz) strl-—-szl=" 73



/% 99 error finder
i
#% this program scans a c%9 comp
#% padsing on srrors. during exe
#¥% key will cause the display to
#% (FOTHN=-4) will tsrminate sxecu
#*/
#inmoclude "DEKL.STRIOY
#deftine LEM 21
char fnl4@1,1inellENI;
int c,inps
main ()
fowhilel{l}
I putchar (FFIj
pubts {("c?? esrror finderiinian®l
inp=getfr " Input", "r");
Pi l.’.. l'"'h"""'l"' { kd ."x r,x:' ')
wh:le(wngmfllne LEN, inp3?
{ puts{line);
putLhmr(EDL*;
ifF{linelll==""""arrpausse ()}
poll (YES)
foloselinpd;
puts ("SNnmore Filss?")i;
c=gatohar ()3
iF{{m==" N Y (o==" 0 Yy hreak;

1-
E)

A getfn returns wunit # or 8 1F

%/
getfn{text,m) char #texlt,%m;
{ imt wunitg
i ey
whilel{l)
{ puts{text);
puts{" filsnama?");
gets{fnlg
if il #sfrdbreaks
iffunit=fopen{fn,m) ibreak;
puts ("bad filename-—-try again

o
returniunit) g

)
E)

F¥ srrpadse waits for oa key

iler output fils,
cution, pressing a
halt. pressing CLEAR
tion.

null name entered

St

&7
arirpauss ()
£ mntcin\npregﬁ a key to conbinus:"lg

getochar (3
putchdr(EQL)g

ot



F¥ o929 file copy ubility
* %
#% this wubility program copies a display/variable B8
#% file. Any legal filename may be used.
## responding to a filename prompt by pressing ENTER
#% will result in that file being mapped to the
#% console. kevboard input is terminated with CTRL-Z.
*# during execubtion, pressing a key will pause the
#¥% program, CLEAR (FOTHN-4) will abort.
¥ ’/
#include "DEKI1I.ETDIO"
#define LEN Bl
char Ffrl4873, linselLENI;
int cyinp,out;
main ()
£ while(l)
L putchar (FF) 3

pubs {("c?? file copy ubilityisnisn'li

inp=getfr (" Input”, "r";

out=getfrn ("Oukput™, "w"i

putchar {*wn®J;

while{fgets{line,LEM;inp))?

I Fputsilins;oul);

if (loutyputchar (EOLDY 3
poll{YES);

ubts ("\nmore copiss?")lg
=getohar () g
iF({om= WY H{o=="n" ) Yoreal;
“.
<
¥

% getfn returns unit # o 8 if null name entered
# 4
gatfrni{text,m) char #texl,#m;
£ oint wmity
vird b=y
whilel{l:
{ pubtsitext);
puts (" filenams?");
gets (frn)g
ifitafnibrealks
if unit=fopeni{fn,m)ibreak;
puts {("bad filename-~try againin"ig

.‘.

returnfunit)g



Hasm
REF FOFEN,FCLOSE,GETC,FUTC,FEETS,FFUTS, REWIND
#endasm
£
#% BTDIO @ standard c99 I/0 definitions
*_,/
#define stdin {13
#define stdout (20
#define stderr (-3

#defins EOQOF {—13
#Hdefine ERR (—2)

#odafine YES
#defineg NO
Holefins MULL
#define EOL
#define FF
#odefine EBS

ke ot
AR O 0 B s B

A% Malcolm®s test program 1 %/
#include "dskl.conia”
int row,cols
main ()
T owhile(l}
L orow=@;
putchar (FF g
while (++rowd25)
{ col=é;
while {++hool 235)
1 locate{row,col i
putchar (423
b3

.
5

it {getchar (}<1) break;

[}

#¥# 9% random number funchions

#% by Clint Pulley, based on TI-FORTH
#% last edit BE/11/146 2819

#4
s
#¥ initialize the random seed
*/
randomize ()
Hamm

MOVE @-8802,0 RESET VDFSTA
CLk 1
Rl

ING 1 COLNT

MOVE 2>8802,8 READ VDPSTA
ANDI @, »8000

JER R#l IF NOT VDF INT
FMOY 1,E8:>83CE STORE SEED
Hendazm

¥ gensrate a 1lé-bit random number
#/
rrodnum ()

K
t

#asmm
MO et e e mf v B | 2T oren



HFPY BR#C1, 6

] ER#CE, 1

gRrc 1,5

Moy 1,8 RETURKMN NUMBER
MOY 1, 8:83068  NEXT SEED
Fendasm
#asm

R#CL DATS H&FED

REC2  DATH >7ABT

#endasm

¥ generate a2 random number between
## @ and n—1

rrd{m} int ng
#asm
BL 12 CaLL rndnum
DAETA RNDNUM
ARS8
CLR 7
MOV @2414),%9 GET n
DIv 2,7 REMSINDER IN RE8
#endasm

¥ random function test
*/
int i,avg.rng
char chlé&ls
main ()
£ randomize();
i=avg=a;
while (++id ] 66
L orn=rnd {186 ;
B AV R
puts{itodirn,ch,&8));
puts{"\nfiverage ="}3;
puts{itodiavg/l&8,ch, &3 53
#Fimclude dskl.randomic
/%
#% itodinbr,str,s=) —

* % convart nbr to signed decimal string of widbh sz
## right justified, blamk filled, result in strll.
# ¥ gz includes @-byte string terminator

7

itodinbryastryse) int nbr,se; char strll;

£ char sgng

sgn=" 73
if inbr<@®) { nbr=-nbri; sgn="-"3 ¥
strl——sz I=@;
whileisz)
L ostrl-——sz I=nbril@+ 67
if (! inbr=nbr 10 break;

-

3
ifisz) strl-—szl=sgn;
while(sz) strli--s=zl=" 7

return strg



f¥% o9 code optimizer v1.2 by Olint Pl ley

¥

#% Last Edit 85/716/21 2830

%

#/

Linclude dskl.stdico

fdefine MAYLIN 21

Podefins LINES 12

char 1huflB1873;

char §1inely%linezﬁ%lineﬂ,*lineﬁ,*lineﬁg

char #patl,onlél;

int dnp,otf,ni,nb;

int out,in,rptr,ecflg;

L3

%7

main i}

{ puts{"c99 optimizer v1.2\n\n")j
patl=" MOV 28, 4"
ni=nb=in=aoflg=A;
out=-L INES;
wWhile (1)

{ inp=getfrn{"Input™,"r");
iflinpibreak;
puts ("Illegal filenamsin");

}

roll (LINES) 5

obf=gatfr ("Output”, "w"is

fputs ("#c9%opt v1.2",0tf)

A% main loop ®/

whiledread(Zlinel)}

T opoll {1l
ifimatch{linel,” MOV 14,8"))
L iflbypel ()Y continues

o
h

if (match(linel, " BL 15"))

L iFlbype2)) continues
a,

ifimatoch{linel, " MOV #14+,9"))
L iFitype3()) continues
X
fputs{linel, obfig
rmll {1
%
folosslingd
folose (obf);
puts{"\nInstructions optimized =");
putsfitodind  on, &) ) ;
puts={"\nBytes of memory saved =");
puts{itodinb,cn,6));
-
¥ get filename and opsn fils
#* 4/
getfrnitesxt,m) char shtest,¥m

#
3
o

©oint umits

char fnl2@073;

i b=y

while(l)

L opubsibent)y
pubts (" filename? ")
gets{fri;

ifilsfribreaks; /% return @ 1iF null name %/

iflunit=Ffopen (frn,m) Ibreak;
puts{"bad filename—try againin"}:

ud

returrfunit);



-

typel ()

~

",
¥

t

~

.‘.
¥

t

£ oread (&]insedl;

ifimatch{lineZd,patll)}
{ Fputsd" MOV #14,8",o0bf)g
il g
rib=ribhay
roll (23
raturn 1g

ifimatch{(lineZ, " INCT 8"))
T returnitypslall)ldg
o,

ifimmatch{(linel, " &1 8,",4))
returnitypelhil);

et (g

return B

vipelall
reacd {21ine3g
it imatoh{linef, patl)}
{ Fputs (" MOV B2014),8", o0bf);
++mig

rb=nbh+d;
roll I3 g
return 13
N
%

reset ()
return B

ypelh ()

{ reacd{®linel;
ifimatoch{linel, patll;

{ o stropy (Tinsl " MOV B")g
stroat (linsel,linsed+ddg
strocat{linel,"(14) ,8");
fputs{linel,obf);
++mi g
rib=nk-+dy
roll{3);
return g

:}.

resst ()

raeturn Ay

¥
typezt?
f read{linel;

ifimnmatoh(line2, " LI B,",6) | match{linel,"
f read{(lins3;
ifilmatoh{lined, " MOV #14+,9"%);
£ Fpubs (" MOV B,9",0bf);
fputs{lined,obfl;
ki g
rnby=nb+d
Foll (5
raturn 1

ket

1
o

reset (3
return B;

CLR 8"0)



1%’m%t:kf1|mah," A F,8N
fpubtsd" & #14+,8" , obf);

"..
++id g
nb=nh423
Folli3):
return 1;
'\.
Fl
resaet (g
return E;
2
¥ matoch entire string
#7

matohis, b)) char #s,%43
< whl ﬁi'S“**L)

Tgadreturn(ll
++5, R o

return (8 3

i
o
/% match partial strings

#®4
nmatohis,t,n) char %*s,¥t; int ng
£ owhilein——)
£ if{sg+rd==wi+ttocontinues
Frebturn (@)

s
5

returnill;
1.
o+
/¥ concatenate © oto end of s
#/
strocat{s,t) char #s,%b;

wh1191%+4¢ H
while {#s++ = FL++)g

T

t to

i

Cop

s

LS
N 3

st cpy(;,_) char %g,%Lj
{ whilasi{ts+te=shaetd
5

7 *
% itodinbr,str,sz) -
# convert nbhr to signed decimal string of width sz
% right justified, blamk filled, result in stril.
*¥ includes 8-byite string terminator.
i returns str.
*/
itod(nbr,stry,sz) int nbr,sz; char stril;
{ char sgng
sgr=" "3

El k)

ifinbra@) { nbr=-nbrg sgn="-"3 7
strl—-—asz I=@;
while{sz)
£ sty sz I=nbriiB+" 87 ;
iF{ inbr=nhr /10 tbreak;

if{mz) stri--szl=sgng
while{sz) strli--gzl=*
retuwrn shrg

an



1,
B

/¥
##% circular loockahesad buffer handling
L

A oroll n o linss in ciroular buffer
-
rollind int ng

£ char #opherg

rptr=out={out+rn) LLINES:
ifleotlgireturng
while (-3
{ cptr=bufloci{ind;
ifFi{ifgets{ocplbr ,MAXLIM, inp))
£ #ophr=127;
rebturng
}
in=erinLIMNES
3

-’.
¥

¥ read a linme by setting ptr to the buffer loc
#% praeturn B i+ end-of-file

* 7

readiptr) int *¥pbtrg;

{ char #ophrg
#ptr=cptr=bufloc(rptr):

rptrs=ssrpher DL INES
if (#optr==127)rasturn @;
Freturn g

reget rptr to starting line

1 rpbtr=out
b
&

A oretuwrn buffer location for lins n
%/

bBuflocin? int ng

I return (Ol buf+rrnsMAXLTIND &

T
b3
E;



GRF1 @ 9% graphicse mode 1 funchtion library

Interim Documsntation (85/12/65)

This library provides functions analogous to those in Estendsd
Basic for character graphics and sprite control. Except as
noted, all functions pesrform the same operation as the equivalent
Ex Basic call although names may differ.

ALl argumsnts are of tyvpe int sxcept for the character definition
string in chrdef. Argumsnts preceded by & are used to return
values. Omission of & (address of) will result in highly
unpredictable results!

Mumbering conventions:
Character positions : row 1-24, column 132
Characters 1 8-2535 ( full ascii sebt available)
Character sets 3 0-31 (add 4 to Ez«Basic set number)
Sprites @ B-31 (32 sprites available)
Sprite characters 3 B-255 (co-incide with normal characters)
Sprite positions @ row B8-285 (invisible above 191D
ool B-255
Functions available in graphics | mode 3
gr+l()g .
Set to graphics 1 mode (24232 characters). Char char set colors
set to black/transparent; backdrop set to ovan.
text ()
Set to text mode (24:x40 characters, no sprites). Screen set to

black/ocvan.

soreen{c) g
Set scresn (backdrop) color to oo

color{cs,f,b);
Change colors for char set cs to +7b.

chrdef (ch,strlg

Define character patterni{s) starting at character ch. Up to 4
characters may be defined with one call. str is sgither a quotsd
string or a pointer to a string consisting of 1-&4 hex (8-9, A-F)
digits. Incomplete patterns are zero—filled.

i
s

lear (
1 r

Pl

e
W

it

{

£t 8 HOFeeM.

hohar {(raoceoh,ndg
Flace character ch at row r, ool
horizontally.

A1)
i |
1
i
I
f
i
o
fas
3
+
=
o
il



viohar {(rgo,ch,nd g
Flace character ch at row v, col o and repeat n times
vartically.

c=gohar (ko) g
Feturn the value (int) of the cheracter at row ©y, col o.

s=joysh (u, o, Byl g
sad joyvetick w (1 or 2) and return the x and v valuss (@ , +4,
or ~4)., s is true if » or v = @,

celay (i, Resd g

Read kevbosrd u (-3 and return char value o and status s (-1,
B, or 1.

sprite(sprn,ch,col, dr,dc)g
Define sprite number spn with char ch, color col, located at
dir,do.

spdel {(spndj
Delete sprite spn.

spdall (g
Delete all sprites and cleasr automobtion table.

rispn,ooldg
Set sprite spn to color ocol.

sppat{isprn,ochl;
Set pattern for sprite spn to char ch.

aploct (sprn,dr,de) g
Socate sprite spn abt row der, col do.

spma (F) 3
Set sprite magnification to £ (143,

spmotn {Spr, v, cv)j
Set row velocity rv and col velocity cv for sprite spn.

spmet ind g
Ernable auvtomobtion for the first n sprites (numbers 8 to n—-1).

spposn (spn, qrp, &opld g
Return row position rp and col position cp for sprite spn.

desg=spdist(spnl,spnidl;
Feturn the sguare of the distance between sprites spnl and spni.

deg=spdroisprn,dr,ded s
Retwn the square of the distance between sprite spn and location
dr oo,

flg=asponocispnl,;spn2,toll;
Feturns true i+ the distance belbwesen sprites spnl and spr2 is 4=
tol.

flg=sporcispn,dr,dclg g
Fetwns true i+ the distance beltween sprite spn and location
dry,do is <= tol.



oo RLNOFF test formatting program - documentation
e RLUNOFF documentation 85/718/87

- fo Fage #

Lin 1@

Wi FE

This is a translation of the text formatting program from
Eernighan and Plauger’®s book "Software Tools', modifiesd to
take advantage of the features of C. If the following
command summary is not sufficient, plesse refer to the
book.

«Bp 2
« Tf
in +E
commarnid break? default resul t
pon YEs +1 begin page numbered n
- b WEE cause a paragraph break
S TE T YRS i center ths next n lines
. 0 o includes & comment in input
«Fi VES begins fill mode
LFoos taln) emphy sets footer btext
e s no emphty gets headsr {(page top) text
Linon o @ indent lines by n spaces
18 n ro 1 saets line spacing
. f VES stops filling
pl n no &b sets lines per page
o ro &HA zsets right margin
< B YES 1 spaces down n lines
«Eion VES a temporary indent of n spaces
iR —2
- Ep 2

FRun Imnstructions:

After RUNMOFF has been loaded in the usual mannmesr, it will
identify itself and prompt for an outpub filesnams. This
will normally be the same printer filename (FIO,

RGEIZ. BA=4800, etc.) that i=s used for listing files with
the Editor. Next, the program will reguest kevboard input.
This allows titles, margins, sbtc. to be input. Press CTRL-Z
to end keybosrd input. The program will then prompt for an
input filenamse and procesd to print it. When the input file
has besen printed, the program will prompt for anobher
filemname. When all files have been printed, it is
gssential to respond to the prompt by pressing enter. This
causes the fill buffer to be flushed and the last footer to
be printed before program sxzit.

- BpF
MNotes:

i 43

- Fi

1y Inm the above
it wnsigned, it
preceded by + or

le;, n designates a numeric constant. If
an absolute valuse. I+ the number is
i

L o
P
juy

it iz a relative value and is added to

2y In the tables, = represents a string of characters used
for a title. If the string includes a # ; the current page
number is substituted for the #.

Iy Filling consists placing as many words as possible on
each line and right-justifyving them. Faragraph breaks are
gensrated by .br, an empty ling, or a line beginning with
aparefs). FParacoranh indsntation is nrecserved.



4) The book "Software Tools" by B.W. Eernighan and P.J.
Flauger {(Addison-kesley 19748) is a standard reference which
is well worth reading.



/¥

#¥ text formatter transcribed from the book So
¥

#% Converted to o9 by Clint Fulley

Py

## Last edit B9718/87 2138

3

#/

finclude dskl.
FAGEWIDTH &8

fdefins

stdio

Edefinse PARBELEN bhé
fdefine MAXLINE B2
fdefine FPAGECHAR *£°

foaefine HLUGEE

g

TETOG

#% global storags

4

int fill, /%
laval, /%
inval, /#
rmval , /¥
tival, /%

ceval, ¥
CUrpag, /¥
mewpag, /¥
linsno, /¥

plval, 7%
mival, /%

m2val
m3wval,
mdwal,
bottom, /%

e
outp, S
o, S
outwds, /%
dir, f#
inp, S
ot g £#

char header IMAXLINED,
fooker TMAXLINED,
outbuf TMAXLINED,
inbuf CHMAXLINED ;

/o
*/
main ()

in Fill mode
current
cuwrrent indentg
current

current

/¥ default page widhth #/
¥ default page length =/

if YES %/
line spacing #/

= @ oS

right margin #/
temporary indent %/
number of lines to

center %/

current output page number %7
next output page number %/
next lins to be printed %/

page lenghth in
top margin,

margin after
margin aftter

bottom margin,

last live line on
maval
outhud */7

= plval -
index inkto
widbth of

text in
number of words

lines =/
including header %/
header #/

last text line #/
including foober #/

pagss #/
- midval #/7

outbuf #/
imn oubtbuf =/

directions flag #/

input umit #/
output unit #/
L3
:‘,'?‘#4'
/¥
£ %

top of page title =/
bottom of page title %/
linss to be fillsd go here %/
input line bhuffer =/

{ inval=tival=ceval =curpag=1lineno=0;
outp=oubw=oubtwds=dir=0;
leval =newpag=1;

mival=m3val=2:
maval=mdval =3

fill=YES;

at.
-
]

2
u
K]

rmval =FAGBEWIDTH;
plval =PAGELEN;

imit (g

puts ("RUNOFF text formatter

out=getfrn ("Oubtput’, "w");

puts ("\wn Feyvboard input?
gets {inbufl;

A s 3
LR

putchar (7

Y=
¢ 3

iFff#inbufiPE)=="Y")

{ puts{"Enter data,

(vl

vl

ll)g

/% page number escape char #/

terminate with CTRL-ZWwnmn™)g

Tools



“t

roff (stdind ;

[

whilelinp=get+fr (" Inpub”, "r")}

{
rofflinpd;
foloselinpls

if (lineno > @)
space (HMLUIGE 3
folosedioul)s

}
% imitialize hesader, footer, and line-count invariant
L4
imit
L
bottom = plval — m3val — midvaly 7% invariant =/
#header=nNULL;
#footer=MULL
}
/¥ get filename and opsn file
% :/
getfrnitexst,m) char #hexlt, ¥mg
P

L oint unity
char fnlZ2@1;
wnit=0;
while{l}
{ puts{text);
puts{" filsnams? ")
gats(fnds
iftefndtbhreaky /% return B iFf null nams ¥/
iflunit=faopen{fn,m) tbreak;
puts{"bad filename-try againin"iji
.
returniunit)g
F¥ format current file
*7
roff f) int +3
T while {(fgets{inbuf MAXLINE-L1,4) !'= KNULLD
{ strip{inbufl;
if {#inbuf == 7.7}
command () g
@l s
text (g
S strip owut TIi-Writer control characters
4
strip{b) char #bg
L dF (¥==FF}
L stropy (b, ".bp");
raburng
iF (b 127 /% TIW tab data =/
shropyib,".co"i;
raburng

ey B

)



et o 1
while{#++h);
if (b= 3 #h=NULL;

-

)
/% perform formatting command
#/

command ()
T int val, spval,argtyps
val = getwval (karghtvp)s
it {lookup ("hp"))
if (limeno > &)
gpace (HUGE
set (kourpag, val yargtyp, curpag+1, ~HUGE, HUGE) 3

NEWpag = Curpags

[

else if {lookup{("he"))
il -
else if {lookup("ce"))

birk{);
set (kceval ,val ;argtyp, 1,0,HUBE) ;

elase if (lookup{("co"))jg
else if {(lookup("fi"))
brkiis
fill = YES;
else i+ {(lockup{"fo"))
stropy (footer, inbuf+3);
@lase i+ {(lookup (Mhe'))

i

stropy theader, inbuf+3) g
else if (lookup{"in"))

¥ o

set (kinval yval jargtyp,@8,0,rmval-1);
tival = inval
elss i+ (lookup{"ls"))
set (dlsval ,val ,argtyp, 1,1, HUGE)
elag if (loockup{'nf"))

x

S

=
kS

b {3 g
fill = MNOj

else if {(lookup("pl"))

set (dplval,val ;argbyp,PAGELEN, mival +m2val +m3val +mdval +1, HUGE) 3
bottom=plval -m3val —mdval:

-
o

@lase if (lamknp{"rm"})
set (Zrmval ;val argtyp,FAGEWIDTH, tival+1,HUGE) ;
elze if f‘aukup("ﬁp"))

x
.



set (qspval ;val ;argtyp, 1,8, HUGE) 3
spacs (spvall;

}

glese if (lockup{("hi")}

i

bk ()

seb (qtival yval,,argtyp,8,8,rmval )
}
el e

returng S dgnore unknown commands ¥

.

/% lookup routine for commands

*/

loghup {string? char *sirings

£ oretwn {inbuflld == stringl@3) & (inbufl2]

3
F

/% evaluate optional numeric argument
*/

getval {(argbyp) int #argbvps

£ imt dij

io= 3

. B

fE oL .find argument.. #5

while {(inbuflid == % %)
e 1 :

#arghyp = inbuflils

if {#argbyp == "+ | Zarghyps="-"1}
iy

return{atol (inbuf+ild )z

a,
/¥% set parameter and check range

set (param,val,argbtyp,defval jminval ;maxval)l
int #param,val,argtyp,defval ;minval ,maxval;
£ int tg
t=%¥params;
if targbtyp }
#oaram = dsfvalg
@lse if (argtyp ==
#param = t+val;
@lse if {arglbyp == "~}
#¥param = t-wvalg
el s
¥param = wvalj
#¥param = min{¥param,mmadvall;
#param = max (¥param,minvallg

/¥ process text lines
E'S i!
tent ()
£ char wrdbuf CMAXLINED;
int i
if (#winbuf==" ")
leadbl {inbufl; 7% go left. set tival =/
if foewal @)
L menter (inbuflg
put {inbut) g
ceval -—3

o0

i

stringll1ll;



else if {(!#inbuf)

L obrk();
pak (" Mg

elsse if (Fill == N
put {inbuflg

=

:B;

while (getwrdiinbuf,i,w-dbuf) > M
putwrd (wrdbuf) g

1

i

i

fobe

i
.

-

/% delete leading blanks. Sest tival

%*7
leadhl (buf) char =bufj
L imt i,53
brk (g
¥ find first non blambk =/
io= @
while (buflil == = )

ity
if o fbufLil f= NULLD
tival = tival+is
z#lzs ++tivals
A% move linse to left =/
j = @
while ({(buflj++1 = bufli++1) !'= NULL) ;
2
/% put out line with proper spacing and indenting
#4
put (buf) char #bufj
L inmt ig
if ({(lineno == @) | (lineno > bobtomd)
phead () ;
o= 1z
while (i++ <= tival)
putc{® *,oub);
tival = invalg /% tival good for one line only #/
while (Ehuf)

r

1 putci{zhuf++,oubd;
}
putc(*An® out);
skipimin{lsval-1,bottom—linenn));
lineno = linenotlsval;
it (limeno » bobtom)

pfoot ():

}

¥ pul oul page header

%/

pheaad ()

{ cwrpag = newpaght;
if (mival > @

Ed

gkipimlval-1);
puttl {(header,curpagl;

I,
¥



skip (m2vallg
lineno = mlvaldm2val+ls
/¥ put out pags footer
#*/
pfoot (3
{ skipim3vall;
if (mdval > @3
puttl (footer,curpag)l
skipimdval-1);
¥ put out title line with optional page
*/
puttl (butf,pagenc}) char *bufy int pageno;
£ while (#bhutf)

£ if {xbutd == PAGECHAR)
numout (pagenol
=]l se
putc (Fhuf,outd
bt g

r
putc{sn® ,outl;
¥ print page numbsr without ldg spaces
*/
numout (rmumd int numg
£ char nbuflél, #ptr;
itod inum, nbuf &) 3
pte=nbuf-1j
while (#++pltr==" ")z
while(¥ptriputc (#ptr++,outd g
3
/% space n lines or to bottom of page
*/
space{n) int ng
Lok ()
if (lineno > bobttom)
returng
if (linenoc == @)
phead ()
skip{minin,botton+li-linenodd;
limeno = linenodns
if (lineno > bottom?
pfoot () ;
¥ output n blank liness
*/
skipiny int nj
f owhile ({n--3} » @)
L putocd® 7, oubd;
putc(®A\n® ,oubdg

.
E)

L

number



S¥ get non—-blank word $from inlil into out.
##% increment #i.,
*/
getwrd{in,ii;out) char *#in,%¥out; int #iig
Limt i, j3
io= ¥ilg
while {(inlil == " %3} i-+g
i = B3
whiled{inlil) & {inlil != * ")}
oubtlj++3 = inli++1g
outblid = NULLg
#idi = i A oreturn index in ii #/
return{jly /% retuwn length of word /7
A
S¥ oput oa word in outbuf; includes margin justificabtion
%/
pubtwrd (wrdbuf) char #wrdbufsg
£int last, 1lval, w, nextraj
wo= widbth (wrdbutdg
A new end of wdbuof =/
last = strlen{wrdbuf)+outp+ls;
1lvwal = rmval-tival;
if ( foutp > @ & ({oubwtw>llwval}) | {(last>=MAXLINEY) )
I
F¥ too big #/
last = last-oubtp; 7% remsmber snd of wrdbuf */
nestra = llval-oubw+ls
gpread {outbuf , outp—-1l,nestraoutwds) g
it fnextra » 8 % outwds > 1)
outp = outp+nextrag
birk{)y /7% flush previous line %/

B
¥

stropy (outbufroutp,wrdbutd g

oubp = lashts

oputbufloutp—-11 = * "3 /% blank between words %/
oube = oubwhesl fE 1 sxtra for blank =/
oubwdsd+g

i

e

/% spread words to justify right margin
%/
aspread (buf, outp, ne, outwds) char ¥buf; int oubtp,ne,outwds;
€ int nholes, i, j, nbg
if (ne 4= @ | oubwds <= 1)
Feturng
dir = 1-diry /% reverse direction %/
rholes = outwds—1g
i = outp-1j
¥ leave room for EO0E »/
j = min{MAXLINE-2,i+ned;
while {1 < §)
buflil = buflils
if (buflild == * ")
/¥ compute # of blanmks =/
if {dir == @)
rbh = {ns-1/nholes+l;
al se
rb = nesnholes;
e o= el
nholeg—--—-g
¥ put blanks in buffer ®/
while (inh--— > @)



tasd

3
&

f¥ computes width of character string
e !.-"
widbh{but) char =bhuf;
£ int wvalg

wal = B3

while{sbhuf 4l

wval 4ty
return{vall;

-+
5

¥ end current filled line

#®/

bk 03

£ if f(oubtp > @)
outbufloutp~-11 = NULLj
put foutbutd g

outp = outw = outwds = @;

F¥ center a lin

L4

centar (buf) char #bufg

T tival = maxi{rmval+tival ~width{(buf))/2,8);

]

by setting tiwval

}

max {a,b) int a,bj

{ if(b<adreturni{al; else returnib);
:}.

min{a,b) int a;bg

L ifibralreturnial; else returnib);
}

/¥ concatenate t to end of =

# 4

astrcat (s, t) char ¥s,%bg

while {(#+4+s)
while (#s++

i es

Fp b )

s

o

/% copy t to
*/
asbtropy (s, t) char ¥s,%4;
{ while(#s++=xb++);

L
.
5

i

A return lenghth of
#/
strlen{s) inlt *sj
£ char #ty
besez—-1 g
while (%44t g
return{t-s);

]

w3



£¥®
#¥ itodinbr,str,sz) -

i convert nbr to signed decimal string of widibh sz
*¥% right justified, blank filled, result in strll.
* ¥ gz includes B-byte string terminator

E

itodinbr,strysz) int nbrysz; char strll;
{ char sgng
sgr=" T

it inbr<@) { nbr=-nbr; sgn="-"3
sty [--sz I=6;
while{sz)
£ strl-—azl=nbril@+ 07 ;
if{inbr=nbr/1@) Ybreak;
3
ifisz) stri-—szl=sgng
whilei(sz) strl-—szl=" 73
:}.
!.! e
##% n=atol {s) - convert string to integer
%7

atoi {s)  char %*sg
£ int =sign,ng
while {tg==" 7 )+tsg
sign=13;
if(g=="="1) { sign=-1; ++s53
ifisg=="4") +4gy
rn==fg
while ((#s="A" )& {#sI="9")) n=18 % n + #{s++) - "@":
return{sign¥nd g

tod

ot
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CFRELLL ~ Felesase Notes B5/1Z2/04

This is the first relesase of 99 but I
sincerely hope it’s not the last.
CFPRELL includes version 1.3 of the o9
compiler, console and files 170
libraries, sample and whility programs,
and documentation.

The compilsr is based on Ron Cain's
original small-o as revised by Jeff
Lomicka. Considerable insight and some
improvements resulted from looking at
Jim Hendris®s small-o version 2.

The initial development of the o9
compiler was done on another computer
using standard C. I started with Ron's
I-80 version of small-c and, three
months and 32 revisions later, had a
c?? outpult file to download to my TI.
The release version of the compiler has
besn revissd and rebuilt ssveral times
on the TI. The I/70 libraries, written
in assembly code, wers devsloped
entirely on the TI.

!

fomnd g™ m

I do not sxpect that the compiler is
bug—-fres (what 2,808+ line program sver
ig! ). However, it works well snough to
recompile itseld reliably. This,
together with much testing and poring
ovar generated code, leads me to
believe that o¥7RELL is a ussable piecs
of sofltware.

I vou are an experienced assembly
language programmer you will find that
the generated code is very strangs
looking. o9 is a rather primitive,
singls pass compiller, and it produces
somawhat inefficisnt code. Howsver, it
runs the Byle Magazins prims number
giaeve benchmark in &8 ssconds, compared
to 175 seconds in TIi-Forth and almost
4,008 seconds in console Basic. I have
replaced the call to the stack PUSH
subroutine with inlins instructions and
reduced this to &2 seconds {(a new
conpile option in rel2?). With all its
warts, o% has enough of the powsr of C
to srable significant programs {(such as
compilers! to be writbten and can run
2.5 times faster than Forbh.




Ernough rambling! Hers iz a summary of
the contents of the CPPRELD diskette:

cogt/b/E The o compiler pgm files
CHPERRORS Text of srror messages
CEIMANL/2/T The oY user’s manual

CRPPFF/APFTI Obj files for pgm file
generation {of manual)l

CHRTEFECS c?%? specifications

CFIOo Obji file I/0 library

CONIO Include file {(cf manual)

CONVs C o source for string /5
int conversions

CEUP Obj support and console

/70 library
ERRFIND Fgm file of error findere

ERRFIND; C o source for above

FCORY o source for file copy pgm

5D Fgm file of my disk
directory pgm {(not in o)

STEVE;C o source of benchnaek

STDIA Include file (of manual?l

TESTL; R Basic/ExE test pgm

TEESET1;C o source of above

TEST1;0 i file for asbovs

The TEST! program is a simpls
demonstration of c%? vs Basic. Run
TEST1:E in sithsr consoles o extendsd
Basic, nobting the tims taken to Fill
e rhreeﬁ, Then load TEST1;0 and CBUF
with Ed/fsm and run program START. The
program loglc is the same in bobth
varsions, bubt not so the sxecution
time. CTRL-Z exits the o version.

The source files for ERRFIND and FOOPY
include brisef instructions for use.

During fimal testing, & problem was
encountersd with the rewind function.
TI's designers regarded attempting to

~ead past an end-of-file as a fatal
grror, o0 rewinding a file which is at
EOF doesn®t work. It is necosssary ho

close and re-open the files instead. The
nedt relesse will include a soft EOF
test {(as in Basic) to handle this case.
The rewind function doss work when the
£ile iz nobt at EOF.

A1l documentation files were writhen
and saved with TIi-Writer. They do not
recgquire the formatter and contain no
form fesds so they can be listed with
the Editor on any printer.

Much more could be done to and with
7%, My plans include:



—Compiler changss to provide "for" anc
"gswitch/case", function calls with
variable argument count (needsd by
printfl, and better codej

~Library additions including printf,
scant and graphics functionss

-Some classic C applications such as AR
and ROFF.

If new libraries and applications are

not too large I will upload them to the
Bource/Texnet. Major changes such as a

new compiler will require a8 new release
diskette.

Flease let me know what vow think of
c?7.

Clint

FS ¢ This diskebtte now contains v1.32
of the compiler, which corrects a bug
and genesrates bett code for the ++
and - operators. The restriction on an
ooctal constant following the Y in a
string has been removed. The filenams
in the #include statemsnt may now be
snoclosed in guotes to prevent the
pre-processor from btruncating the name
to six characters. Also, an object fils
called printt contains the printf
function. It performs as in standard ©
and supports o, dy 0, 5, u and =
CONVersions.

¥ vou know of anyvone who has received
an sarlier version of o9, plesse fael
free to provide them with this version.

FFS 2 The CEUF library now contasins a

tecrni{f,bhiy where § and b are fgdibgd
colors using Basic color numbers.

It is neccessary to provide a REF
directive if this function is used.



o?% extra diskette - 85/11/14

sy

A number of people have sent me 2
diskettes for CP9RELL so I have put
together this extra diskebte containing
some things which may be of interest. I
wish I had snough applications in c99
to fill a disk but developing ths
compiler has taken most of my time.

GRF1 iz a function library for graphics
1 mode. All of the graphics facilities
in Extended Basic have been implemented
except CHRPAT and CHRSET.

OFT is a 99 program which optimizes

a numbar of the less sfficient
instruction ssquences produced by the
compiler. Its input File is the
compiler output and its output file is
the new assembler input. Typically, an
improvemsent of aboubt 10% is realized.

RANMDOM provides a random number
generator similar to TI-FORTH s,

RUNOFF is a text formatter in c99. It
doss a lot of the things that TI-Writer
doss but it does not require imbedded
control characters for paragraphing and
will offset texut with tables, etc. in
no Fill mode which the TIW formatter
cannot do. I think RUNOFF is a good
example of a c?%9 application. To run
ity load the program file RUNOFF1. This
vaersion has been optimized.

The files ares:

GRF1 The graphics function library

GRFIDOCS Documentation for BRF1

OFT;C The source file for the o999
optimizer,

RAMDOM; C The souwrce file for the random
rumber generator

RMDTST; O & test driver for random

RUNMOFF;C The c99 source program

RUNOFF1/2 The program files

RLUNDFFDOC A short writeup in RUNOFF
format

TIW is a mini-memory resident loader
for TI-WRITER whch supports all
functions, including show directory and
recover edit. It doess nobt allow
alternate filenamss for the wbility
program load. TIW is the object file
and TIWL;E iz the sssembler source.

SDIR3E is the souwce file for the SD
program which is on DP9RFLL.

The files BTHU... are the object and
documentation for a game which I wrote



