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Errata found in the C /65 manual

UPPER CASE versus lo wer c a s e

In a last minute effort to fix a bug having to d o with l ower case
global labels being improperly sent to the assembly file, we put in a
simplistic and not altogether desirable kludge: generally, lower case

We promise that this stats of events will not last very long. Watch
for our update announcements.

C/65 Manual , P age 4

The supposedly "Simple Example' on this page was a disastert Several
t ypographic er r o r s (and one misunderstanding) crept into it. Please
replace the entire example sequence with the followings

names are not allowed.

TEXT

(Dl s ) MAC65
(EDIT)

{TEXTHODE)
1 8 MAIN ( )
28 $(
38 PUTS ( "TH I S I S h C/65 PROGRAM" ) g
48 $)
58 fASH DsIO • LIB
L IST f D : T EST C
(TEXTMODE)

{ Dls) C65 T EST.C TEST.A - T
{Dls} HAC65 TEST. A E c TES T . COM -h
{Dls ) TEST

DOS

Please note that we have also included a demo program and EXeCute file
on your master disk. Try listing, compiling, modifying, etc.. this
demo program. It inc ludes a reas onable "ITOA" ( Integer TO Ascii)

~conversion routine which you can "lift' for other programs

THE LI B RARIES

All the assembly language libraries on this disk are H A C /65 SAVEd "
files, NOT standard ASCII files. Zf you have HAC/65 (as over 98% of
you do), this is exactly what you want. Zf you are one of those brave
souls intending to co nvert the compiler output to run o n other
assemblers, these files are u seless. Unfortunately, there is no t
enough room on'ths diskette to include both types of library files.

Pear not. If you really wa nt or need the ASCII versions of these
files, simply return your master disk to us (after making a co p y, i f
you desire) along with your license agreement and we will airmail yoa a
disk with ASCIZ libraries instead.

P.S.s If you DO have MAC/65 but want an ASCII library anyway, simply
LOAD the various library files one at a time, following each LOAD with
a LIST to another disk.
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PREFACE

We realise that C/65 L • not the most sophLstLcated,
most complete, I anguags on the market today, but ue
believe that the inherent pcwer and fiesibLLLty that it
• shlbits within its compact site are a good match for
the • ise and features of the machines Lt i • Intended
tor.

C/65 @as authored by Sam Dillon and John Lcwry,under
the company name of l.lghtSpeed Softuare, based on t he
Small C Com p i l e r pub l i sh e d i n Dr . Dobb' • Journal .
C/65 is a hand-coded translation from C code t o 6 581
assembly language and i • , as • result, a test and easy
to use compiler.

TRADENARKS

The following trademarked names are used Ln vsr iuus
places vi t h i n t h L • manual. and c r edi t i • h e r eby g l veni

OS/At, BASIC At, NAC/65, and C/65 ar • trademarks of
Optimtted Systems Softvara, Inc.

Apple, Appl • II, and Appl • Computer(s) are trademarks
of Appl • Computer, Inc., Cupertino, CA

AtarL, Atari 488, Atari 888, AtarL Home Computers, and
Atari 858 Interface Nodule are trademarks of
Atari, Inc . , Sunnyval • , CA.
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LSTHODUCTJOIICNAPTSN 1 r

C/65 1 • s subs e t o f t ho C p r o gramming L a n guage as
dsf ine4 b y Ker n i gh a n a nd H i t e nt • i n t he bouk , Ths C
Programming Language, p ubl ishs4 by Prentice-S • 11 •

With a few cLearly noted eacoptiorrs, programs v ri t t e n
in C/65 are comp i lab l • without modificat io n u n der
• tandard C.

The C/05 package comes with a runtrmo Library , vhi ch
includes • t a n d s r d - Lookang ch a r a c t e r in pu t and o u t p u t
f unctions , s l l o f wh i c h a re ds scr a bod Lat e r i n thi •
document. Th a ou tput of the C/65 compiler a • mAC/65
• s • embly language, which must be run through the MC/6$
assembler to produce a runnabL • object module l t L •
possibl • f or t h i • t o b e do n • automattcal iy • Since the
output is assembly language, it is easy to writ • your
own assembly Languauge routines that are compatibl •
with ths co4e generated by ths compiler.

SCCT IOII 1 • 1 W H AT ' S I i l I T

Very briefly, C/65 supports

the basic data types CHAR an4 ILLT

- pointers to the basic types (s)

one dimensional ar rays of t h e basic t ypes ( ( . ] )

the basic arithmetic, Logical, and bLt operations
famLllar to C programmer •

s imp l • source loveL cha racter subs t L tut ion
( $QSP I SS )

f i lo i n c l u s ion o f C s o urce code

1'll • i nc l u s ion of assom hl y langwgs s ource code
(not compatible v i , th s t andar4 C)

functions with parameters «n4 Local variables

• n it • tatsment, with sn optional • ls» clause

a whiL • statement
--L"­



- break an4 continue statsaents

- a return statenent, vith en optional return value

- coapound s t a t enente gr o uped by braces (a l t hough
'5{' a n4 '$) ' s ue t b e us e d i nst e ad ot ' ( ' and
' ) ' ) •

- separate capiiation

Linited er ternal 4eclarat iona

SECTION I o 2 NHA T ' 0 N OT I N I T

for exper ienced C prograeaors, use of t he t ol lov i ng
fron standard C wilL get you in troubles

l ong in t a

- unsigne4 inta (but nots that pointers to char vill
do nost of what you want here)

- floats and doubles

structures, unions and bit fields

- nulti-dinensionai arrays

- paraaeters to IDEFINE nacros

+ < and his b r o t h er s >> +>, • to •

for statensnt

- do-while statenent

- svitch ststeaent

- 66, ) I , un ary I

There are other restrictions not Listed here, but these
peen t o be t he najor ones. De spite this, C/65 is
cosplete enough that one could write C/65 in itself.
• pace considerations aside. for various reasons, C/65
ix written in assenbiy Language, w hich s a k e s Lt
extranely fast and quite snaLL •



C LLAFl'KR 2> VNL N O C / 6 $

Are you • C hacker already? O ld the introduction
{sect ions l . 1 a n d L . 2 t e i L enou gh ? Ana lo u e t o get
• tarted? Na r c you g o l

After using your favorite test editor to create • C
source file, enter the cossand to OS/At<

C65 filananeL filenaae2 [-T)

Dere

fLLsnaaeL i • the nasa of the source fll •,
fLLenase2 i • the nasa of the output fil • ,
-T is an optionaL flag which tell • C/6$ to include

the C source test as cosuasnta Ln the asseabler
output file •

Opeci • L Notes

l • i • a valid fLLenaee for • ither source or output
fi les (o r bo t h ) . Z . • . , ca ap L Lsr ou tp ut ca n g o d i r e c t l y
to t h e scr ee n , o r yo u c an e ven t y pe Ln y our C pr o graa
o n the f l y .

Assenbl • the output f il • using L LAC/65. Co n sul t you r
LLAC/65 reference nanuaL for det • il • of thi • operation.
A coaplete, s t ar t t o f i n i sh , c oepi l a t io n a n d ass ssbly
is shovn in the neat section.

NOTC> lLAC/65 nay be used to edit C source files it
T lKFLLODt is se l ected ( vL • th e T tXT c ~ a nd) .

- -3- ­



2 • l SINPLE EXANPLE

The following I • an eaanpie of a complete, s t art t o
f iniah, C/65 prograa edit. cc>spile, assembly, and

NOTE > This eaanple aasu>ses you a re working w i th an
unprotecte4 version ot the >seater disk which has had
NAc65.cQN copyed to it • pLEAEE don't do this on your
nester system disk) ite purposely do not protect our
systea disks so that you can keep safe, backup copiesi

run •

)Dl>l Wu:65
[EDIT)
TEXT
(TErmoDE )
I S ~ I S ( )
2S 0{
3S PUTS('~ll THIS IS A C/65 PROGIUWKN )>
41 )5
5S IASN D>IO.L I S
I IST ID>CTEST.C
(TEXTIIODEI

t Dl > ) C65 TEST. C TEST • A -'T
(Dl>) HAC65 TEST • A D>TEST • COH A
(DI>) TEST

DOS

HOTS> The characters in brackets (thusly) srs intended
to sho« you «hat the cos>putsr has put on the screen.

you type MhC65'. NAC/65 loads froa disk an4 preapts
you «ith "EDIT t you respond with "TEXT , and so on.

tor SEaa~lr> ths oo>sputsr has 'Oli" on the screen, and

2 • 2 SOURCE PORII

In general> please note that the l ine nuebsrs ars
opttonal an4 that line boundaries ars ignored ercept
far those at ths end of conpllsr control statsnents
( ) ASll > I INCLUDE > IDEP ISE ) •



CIIAPTKA 3e LAH OUAOE DKPINITIO N

This chap t o c v i l l begin an i nt ora a l , t op- d o vn
diocuooloa ot C/65. In general, C ie a s i spl i st i c
looking languagsI lt achieves its populacity and povsr
froa its nodular approach to progc ing. S y i t e v er y
nature, C onc ourageo the user to buil4 his/hec ovn
library ot capabilities { I • � o • tune'Clone) o

3 • l RKSKRVKQ WORDS

'buil t i n' ot at o aenc � a nd no pre4efined I /O c apabil i t y
� t all I n f act 'Che conplot � list ot C/65 koyvords ls

Unlike aany oontesporary l anguages, C hao very tev

� o fol loval

BREAK
CHAR
COHT IHUE
ELSE
EXTERN
Iy
I HT
RETURN
W)II LK

These keyvords are re s erved tor c o epi l o r u so and na y
NOT be us e d fo r any ot h er pu r pose. A dditiona l l y , ve

vould like to rscoessnd that ths C/65 user a vo i 4 t he
tol loving k e yvords, vhich constitute tho rest ot tho
li,st used by standard C, if coepatibility vith other C
coopilere is desired.

c a s � 4 o to u I 'c
t los t tor
short ai sso!
typsdot

doub I �
long
� truct
uno igned

SPECIAL N OTE i Th e current version ot C/65 recogniaos
koyvords in UPPER CAKE ONLY and i � sensitive to case ln
� ll vords. We anticipate that futur � versions vill
r ecognise k eyvords i n both upper and lover case (or
p erhaps even a i s ed case). In tho leontine, those
� sperlencod in C vho prefer the lover case koyvordo nay
use iDKPINE, it d e s ired, to redefine lover case
versions ( � . g., O DKPIHK int I N T ) . B oe section 3 . 3 tor
nor � Inforeation on t he iDKFINE ccmpiler c ont r o l
4iract ive .

do
goto
� tatlc
union

auto
� ntry
rsg la'cor
svitch



he 2 USER CONNCIITS

C/65 confoc%s to the C standac4 foc Lncluslon of user
ccasents ln C prograas • Comonte begin vl th t he
character pai r '/ • ' an4 cont inue, i gn o r in g L L ne
boun4ar Lese untlL the chacactsc pale ' /' ls foun4.

Comments nay be used anyvhece Ln C, even in the nlddle
of an «sprees Lon or stateaent, so they vil L not be
fucthsr 4>scussed hereafter.

CAUTLONc Cosssents ace IIOT neste4 by C.

KXANPLE
/s
/o

this begins a coaaent
this does nothLngl
then soae nore cosaents
vhlch en4 vith ths

thi • i • HOT a coasent
an4 vLLL cause coapLL • tlon

• /

• rrocsl

and that vas too late...this
generate • Ours er ror • e

• /

/ • a consent again...on one Line s/



3 e 3 OCllCNAL PONH OP A C/65 PNOONAH

Ths outeraost level of a C/65 progras aey bs thought of
as consisting of just TliNCC distinct types of • Lssents>
which aay be aised an4 rspeate4 in any or4sr.

The • Losonts of a C / 6 5 p rogras sr • >
Coapi 1 sr Con t r o 1 s
Punction Definitions
OLobal Data Declarations

Cach of these • Lssents wiLL be separat • Ly discussed in
t hs sect i o ns whi ch f oLLo w , but a • Lapi s
(non-functionaL) eaasple of each, uss4 in the or4er
above, sight bs as followers

IDCPLL)C char CIL AN
• q uare ( n u a ) ?bl T n u n

$ ( r e t ur n ( nun'nw ) t
$)

C XTCNLI char C



3 • 4 CONPILCN CONTROM

>e C/S5 co n pi ler rs e egniaes certa in coepLLer control
directives which begin with • I' Ln ths first colmn.
Ccmpller controls do not DINSCTI Y generate or affect
ths coepLLed code and need not bs considered patt o f
ths fornal Language. Nevertheless, thespeci fleet tone
of C do in c lude the ccapi l e r c o n troL • • Nh i l e C/ 0 $ d oes
not Laplenent • ll ths specifieh controls, it Lnplwents
three very usefu l c o nt ro l • . i n c l ud ing one which Ls not
specified in standard C..

3.i . l Sou rce f i l e In c l u s i ons I INC IAID!

fores IINCLUDE filenane

pur pose I requests Lnclusion ot the source code of
the ap ecifLed file Ln the current
ccepL let Lon.

lINCtAJDS Ds STDIO.H• sanpl • c

The iINCIUDK statenent is nost c~ nly used to include
header files which define and/or Lapleaent various
• tandard functions. variables, etc.

NOTE c The f LLenane should not be enclosed by or
preceded by a ny sp e c ia l cha r a cters [Ln contrast to
• tandard C, where it would be enclosed by " . . . or
( • • • • ) •

CAUTIONs IINCI.UDS statsnents are NOT nestabl • . A file
which has been lINCLUDtd nay not it self contain a
• INCNDC cc&piler control directive •

1

--0­



3 .4 • 2 Teat Subst i t u t i on s i DS t I S S

formi

purpose I

iDKCISS anycharactsre anyothercharactors

allows substitution ot one character
• tring for another, throughout • ~pile

iDZriWS SSOIS St
1DSrISS SND i )

These saamples el low the us e r to
redefine the C/65 block delmitere $ l
• nd 4 ) to a Corm pose lbl'y more Cami) lar
looking.

• samples

The • DEtINE compiler control will cause the compiler to
change • ll occuroncee of the first given string to tho
• eoond Qivoh string •

ItyfSi Nacre arguments are lOT allowed ae ia Standard C.
C/45 simply psrtorme a teat «ubstitution.

3. 1.3 Assembly Language Inclusioni IASN

Cores • AN f i l e name

purposes includes tho named assembly language
Cil • (in place ot the current line).

cavoatI iASN ie not a � tandard C directive.

• sample~ iASN DI IOoLIS

Since the OSS products C/65 and NAC/6S do not yet
produce ralocatabls, linkabl • ob)oct code, some means
of including various library routines needs to be
provided. i ASN i • t ho me a ns by which t h i • l e do n e i n
C/65.

NOTE< C/6S implement • the I ASN direct ive by w r i t i n g t h o
l ine . INC LUDE i t i l s n ams" t o t he assemb ly la ngu a ge
output f i l e , i n • fo rm co mpatibl • w i t h N AC/65. Secauso
ot this. the assembly language til • cannot itself
contain a . INCLUDE direct i vs. ALSO, if tho a s sembler
used ie i ndeed NAC/65, th e i n c l uded t i l • NUST be • t i l e
� AVSd under NAC/45 and may HOT be an ASCII format Clio.

— 9­



SPECLA4 IKItt i T h e l i br a r i e e t o b e i nc l u ded v i a t h e L ASN
direct ive n e e d N O F ha v e be e n or i gi n a l l y vr i t t e n L n
• sssably Language. Ln fact, • eamon way of perforainS
sult ipL • nodui • caapi lee vi t h C/ 6 5 i • t o coa pi l • one
noduL • {o r seve r aL) , So to NAC/65 and ENTES the C/65
ssssably LanSwSe output, SAVE tha assenbly LanSuaSe to
• nother file, and then SASN the SAVEd code.

lf doing ccapiles of ve ry L arge f i l es , i n fact , the
only vsy to assenbL • the entire result night be to
break the C/65 source into nodules uhlch ssy then be
• AsNed by • n ester sodul • . The critical restriction
here Ls that any one asssnbly Lsngwge file output by
C/6$ aust be capabl • of fitting into NAC/65' • editor
nsnory space so that it can then be SAVEd.

w LS a



$o 5 F lMCt IDN DEFINIT IONS

Functions a re t he Lar ge s t bui l di n g b l o cks o f C . I n
tact, the language supports no other tots ot callable
sodule. A progras written Ln C ls not Ln end ot itself
ca11ableI

There is a convention, however, that the tunction assed
HAIN will recei.ve control when the progras le loaded
and run by ths operating systes. T his ccAIN function
suet then setup and control the flow to the rest of the
progras by, Ln turn, asking tunction calls •

In any case, we tirst need a t orsat for tunction
detinitionsc

Function Definition

Function Declaration
$(

Local Data Defin i t i o n( • )
Statement( • )

$)

The character pairs $( and $) ara the block delisiters
ot C/65, since ths keyboard of Apple and Atac'i
cosputers c annot usually generate the ( and )
characters which are used by standard C (but see
• ection 3.<. I Lf you don't like those characters) •

Local data definitions will be discussed Ln section
3.6, al o n g wi th t he global dat a d ef i ni t i o n s .
btatesents will be introduced Ln section 3,1, but the
• ubject i • cosplex enough to require Lt • own chapter
(chapter 5, because before we can seriously discuss
• tatssents we suet understand expressions, chapter i).

The function declaration, however, needsexplanation
now. In sany ways. the C/65 function declarations are
signiticantly • Lspler and sore restricted than those ot
• tsndsrd C, I n tac t the g eneral tors I • • Lsply as
tollowsc

— 11­



Punction Declaration

i4clarat ion of opt paraaT >
declaration of opt~rsxL3

function nano ( opt pscaaL , opt poraw3 , � � . )

Punctions in C/65 are presumed to return INTs. I f y o u
need to return scaething • lse ( • .g., a pointer ) , • Laply
• ssign its returned value to • variable of the proper
type (see tho oxaapL • below).

Thoro nay be any nuabor of paraneters ( incLuding aero) •
• ach of which i • proouned to be an INT unless otherwise
declared. The fora of a paraneter decLaration L s t h e
• awe as that of • LocaL varlabL • decl • cation, to bo
discussed in section 3 • 6. but briefly is nay state hers
that • pacsneter say be of any standsr4 C/65 variabL •

As proaised, then, here i • an exanpL • of a f u nction.
This routine will search • string of characters for •
4Lgit an4 return ths a44r • so of (or • pointer to • • saws
thing) the f i r st di g i t fou ndx

type •

l OOky ( her e ) CHAR s hore l
0( WHIM ( ' he re x ' 9' ) ' he r e x 'I)' )

++hero
RETURN ( here ) g

5)

Several parts of thl • function need the • xplanations
which wi l l f ol l o w i n sub sequent chapter • , but tho
points to be aade hors arei

The variable 'hers' i • a character pointer (or
character string) passed into ' looky' f r(a t hs
calling functLon.

The function returns the updated
the address of the d agit.
f unc'tion i s f l av o 4 • Ln t hat
forever for that digit, which it

Since C/65 believes that functions always return
INT, the calling prograa could pLay it safe thuslyc

value o f 'here' ,
(Of course, thi •
i t ke ep s L o oking
night not f i n d • )

CHAR i foundit
foundit i Looky ( ' fi n d • d i g i t l 3 3" ) i

-"L2­



3 • 6 DATA DECLARATIONS

Ther � • re four places in C/65 where one or m ore d a ta
d ecl • ratLons a re l sgaL , t hr ee o f t hose pl ac e s h a v e
4 lready been noted ( the fourth « I L I b s d i scu sssh i n
S ection S. 2) . The l eg a l p la ces a r e i

GLOBAl VAR IABLES
O utside o f a ny f un c t Lone (a t t h e g l o ba l L e v e L )i
a ny number at a n y p l a c e ,

FUNCTIOII PARAHETKNS
I n • f unc t io n d e c larat ion , at t er the right
parenthssi • and be f o re t he L • f t b race ( arid
matching name( • ) «ith parameter names Listed
b et«esn the p a r e n theses) .

LOCAL VARIABLES
In 4 function definition, after ths I • tt brace
and before the first • tatement(s).

LOCAL VARIABLES
In any compound � t a t e ment, • f t er t hs Le t t brace
and before the first statement( • ).

Although there are tu ndamental differences Ln the
implementation ot tha various types ot variabLes, t he
ussr « i l l sse Li t t l • Lt any dt t f • r ance i n u s age or
form. However, one important litfersnce to be noted i •
the scope ot the vsrLoue types of variables •

3. 6. I SCOPE OF VARIABLES

Global v a r i a b l e s a r e k n own t h r oui)bout a pr ogr a m { HOT
)ust 4 program module, ln t h • cas • ot separate I y
compiled modules) . Function parameters are kno«n
throughout the f unct ion in w h ich they are dec)ared •
L ocal va r i a b les a r • k nown «Lthi n t h e b lo ck ( de l i m i t e d
b y b ra c es , «bat h e r o r ri o t f un c t i o n d e l i m it i n g b r a c e s )
in which they � re defined.

Given t«o variables o ! t h e • arne name, « h Lch must be
d eclared • t di f f er e n t l eve l s" { as l ev e l • a r e g i v e n
b elow), t h e "inner" varlabl • «Ill be known v hil • the
outer one I • temporarLly forgotten.
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Any 4ata de c l a r a t i o n v h i c h i s , a t t hs g l oba L l svi L,
prefaced by the keyword aaSRN i • presumed to rater to
a nens which vLLL be 4sfined IN ANIyrHSR HOOVES of the
• aas (assesbled} progroa. This nsans that, in any
conplsts prograM each vsriabL • naae should be declared
WITNOUT the keyword tXTSQI one tine and one tine onlyl

Finally, the other Laportant point to be noted is that
� rray declarations have • siailar problsss the siss of
an array aust be defined once an4 only once. Thus, it
is good practice to a void putting an array else {a
constant) betveen the brackets vhen ths CXTtRN ksperd
ls used.

SPtCIAI N O Tt s T h e gl ob al n a me A " I • i l l ega l i n C/ 6 5 ,
to avoid confLict with 65$I aneaonics vhich use "A" to
des i gna te the ace uauL ator .

16



$ • 6 • i LOCAL OATA DECLARATIONS

All occurrences o! data declaratione within s pair of
braces ( recall that C/65 uses 5( and S ) in Lieu of
• nd ) ) are presused to be local declaratione.

In C/65. Local variables are allocated space on the
C/65 stack an4 live" only as long as the f unction
d efining t h e e l i v e s ( i . • . , unt i l t he f un c t i o n e x i t s o r
RETUMs ) • Access to local variables is thus soa e what
aors coepl icate4 and slower than access to global
variablest and yet. through a quirk in t he ne cessary
6512 implementation of the language, an a ccess to a
local variabL • actually requires Less sesory t h a n a
• Leilar g l obaL access'

Since all l ocal variables can only be defined within
ths enclosing block, there i • no need for an awbiguoue
� rrey reference (that I •, one which does not declare
the constant • ixe of the array) . The prograa SHOULO
provi4e • • ice for each local array.

Incidentally, C /6$ generates l es • c o d e f or Loc al
variables which � re contained within the f i rst 1 2 7

bytes of local space (also known as AUTOeatic space in
standard C) • I t I • the r efore a g ood idea to p l ace • 11
local arra y decl arations A PTER t he non- ar r a y
4eclarations unless the arra y naIe s are used
considerably aors than the non-array nales.

NOTE> The ksyword EXTEILN is ILLEGAL inside the body of
• function. A local variable nay NOT be dec l ared
EXTEILN •
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3. 6 e 5 P A IULNETER DATA DECLAllATIOHS

Function parameter variables, as described above, are
also • l located space within the C/65 • tack (and see
chapter 7 for a descrLption of esactly what part of the
• tack is used ) . In most respects. then. function
parameters are ldenti,cal to local variables.

However. there is one important difference. having to
do with how C defines and uses pointers • Bri • fly, any
eaprsssion involving a pointer may be converted by the
C compiler to orle invoLving an array reference (or vlcc
versa, as desired by the Implementer) . Section i.s
w ill present mor • details on thi • concept, an d
generally the substitution will be Lnvi • Lble to the
User

Howhere. though, I • thi • subtl • point more strong I y
felt than when function parameters are involved. To
i l l us t r a t e s

• nyfunction ( bufi’er ) CHAS buffer

anyfunction ( buffer ) CHAS buffer[ ]
i • E 3(ACTIY th e s ame as

And within 'anytunction', the programmer could code

s (buffer+i ) I ~buf!er t

buffer ( i ] I bLif f s r [ S ] I
or, EXACTLy equivalently,

NOTE T HE I HP L ICATIONS> t he c al l i ng f unc t i on wi l I
presumably pass the function s CHAsacter • rray (which
might be a literaL string. as in 3. 5 above). H hat l s
• ctually passed, though, L • the ADDAEsS of the ar r ay.
Thus, the use of the pointer ( ’ ~buffer� ’, etc •, above)
LS • better ViaualicatLOn Of What aCtuaLly OCCura. HUT
the user who prefers to think in terms of a rrays i •
• ncouraged to do sos the compiler Literally cannot see
the difference,

Finally. note that parameter arrays should not have a
• isa defined (t here should be no constant between the

i brackets) , • inca n o a r r a y i • ac t ua L Ly a l l oca t e de (A
not uncaasen practice. incidentally. Ls to passa
function not only the array--via it • address--but • Lao,
~ • a separate parameter. the acray' • sits.)



s I DSLloIIT s Though n ot Lav osdiat • l y obv i o us , a L l t he
• bove taken as • vho l • suggest • that a u s age o f
'arraynaee' L • equivalent to • usage of
'iI a rraynase[0] ' ( that i a , 'th • addr � a � of the aerostn
• Leeent ot arraynase). Indeed, this La true,and i t L •
perfectly Legal in C to uee either o! the following
fornax

given>
CILAA buf far[SOS]

then<
call funct i on( bu f f e r )

i • ths sa ne a s s
callfunction( a buffer [I] )

llote> ' a' i • t he ’address-of ’ o pe r at or . Ss e asct Lo n
4.5.L for clarification •

- -19-"



'. 7 Introduction to Bta tern»nt s

Just as fun ctions are the hu ildcng blocks ot c
programs, so are statements che bur(ding blocks nf
functions. If. you are new co C and'or other block
structured languages (e.g.. if ynu are only familiar
with B A SI C o r PI LO T or si mi i « r s i mpl e La n guages),
• tat«ments may be t he m ost fami l i a r Look i n g par t o t
C/65 • After all, most languag»s prove I • for statemvnc •
• cmiL • r to t h i s i

total « total + n«wnmounc

And perhaps the semicolon looks fnrecgn ro you, but at
least it looks "right" � Bo i t i • wi t h most C/ 65
• catementsi they "look r i ght, " (w«L L...m»ybe a l mo s t
right7) to mo st p r o g rammers.

EXCEPT. There always has to be a catch. The catch i n
C . l s t hat t he re a re so f ew • t a t « m ent t y p e s. The c
novice almost always asks, But how do I do
Input/Output7" And the anew«r I •, • imply, "With
functions • The LA NGUAGE DEEINIT tot o t c doe s noc
actually include • s pec i f i cat inn of ANY input/output
capabilities whatsoever. An l yet, it yo u exa mine
chapter 6, you wilL find a rich array nt I/O functions
defined ( w i t h d e t i ni t lo n e v i r t ue ! Ly i l e n t r e a l t o t ho se
used on UNIX) • BUT...the r«»L 'beauty ot C is that, if
you don't Like what we give you, ynu can write your own
functions •

A nd this a pp l i e s t o a l l as p e ct s c ! . . ! i • Languagei l l ' y o u
don' t find • sta tement to do «hat you want, write •
function which wi l l (u si ng t he � cx rm« n ts wh i ch a r e
provided. ot course) . Then, any' ime you need such •
• tat«ment, use your function.

Chapter 5 pre se n t s z t x i r L y comp l e te v i ew of t he
varcous types of stat«~e«s, huc L • t ls finish chi •
• ection by • imply notinn .hit any • xpression ( including
an assignment, of cnar su’ .iiay ' • used ss a statement,
• ny funct'on riay be us id i • a ic • tement, and any grnup
ot st a t e ments m»y be nmb i n ~ ."1 ento a • L n g l « s t a t em ent •
Th's xs ALL i n w l d i t i on ' . ) t ' i ksywnrd statements ( IF
4'!',ILE, e tc. ) «hi c h a » n a . "e co C 65 •
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Chapter as SXI'RCSSIONS

Expres • Lone are tho building blocks of C statement • .
In point of fact. an expression L • a vaiLd statement Ln
C, whether it be an assignment • tatemont or not. Th i •
1 • not surpri • Lng, • inca an expression may contain one
or more function cal 1 • and/or may perform variabl •
incrementing or decrementing, • ll of which may alter
the values of ono or more C variables •

When used with the various C keywords, expressions aro
built into ail the statement typos recognised by C/S5.

Cxpressions aro built "from the inside out'. Rather
than give • formal 4 • finltLon { • .g., e Ba ckus-Naur
listing) of t he va r ious expression forms, wo vi ll
present the components of expressions Ln • " bottom u p "
ordore

< • 1 Local or gl o b al v a r i a b le n ames'

Any name previously declared as a lo cal var labl •,
parameter, or global varlabl • may be used, by itself,
as an expression.

Remember, names are • tgnificant to 8 characters, must
begin with an a Lphabotic character, and case 1 •
preserved.

eXAmpI.Ri

EXTRA CIIAR »name I
INT gl obal ln t

anyfunct ion( t hi s i s a )
INT this isa t

$( l e l oca l int g
/» • f 'ter the above 4ac l orat Lone •

all the f ollowing are v a l i d
expressionsI /

local int I
nome
thi • isa t
globslinf • 11Lbl •

/» nots that this last is the
• arne as g l o b a i i n t s i nc e o n l y
• ight characters aro used /

S)



4. 0 Constants

Recognised constant foras ars as follower

- decisal nusabers, i,n the ra nge • LLowd by C/45

- one or two ascii characters enclosed in single
q uotes { ' ) ,

S.ge, 'a' , 'ab' e

Standard C escape sequences are • Lao recognised.

They ares
' in ' - - ne w l i n e
' ib' backspace
' it ' ­ tab char
' innn' — three octal digits

(e.g. , i 0 0 4 i s c ont roL-D)

( • .g., i0a04 is also control-9)
'i0ahh' - tuo hea digits

- a string of ascii characters inside of double
q uotas ( ) .

'this is a string".

ks in standard C, the value of a string constant
is the ad dress o f the first char acter.
Succeeding characters ars stored sequentially
and are tsnainated vith an ascii nul (aero
byte) •

The escape sequences defined above for character
constants aLso work in string constants.

s

• 9 • � inl inc l inl ine2

NyfSs Of course, an expression consisting of
only • singl • contstant or varisbL • naae doesn' t

do' anything -­ it )ust sits there and
• valuatee its navel.
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4 • 3 Pu n c t lone

Properly. 4 f unct ion usage ( remember. «e a re here
talking about • Lemeni • of erpressions) consL • t • of a
function name, f oLLoved by a set of cer o or more
parameter ecpressions enclosed in parentheses. Ln
• tandsrd C, • pointer to • function may be used in
place of the function name, and the call i � then made
to the address contained in the pointer •

Since C/6$, at this time, has no means to declare that
• omething ( • .g., a variable) is indeed • pointer to •
function, the C/6$ definition L • • impleri

Punctions are MY ecpression followed by an open
parenthesi • .
(And, o f cours e, 4 name qualifies as an
• cpression, so the • Lmplsst. standard C fora l s
asti • fied by thL • definition.)

Whil • th i • L • 4s r fr om s t a ndard C. Lf • pr ogr a m l i mi t •
itseLf t o n a me( • ) fo l l o wed by t he o pen parsnthssl • , Lt
wil l r em a i n up« a r d com pst i b l • « i t h st anda rd C .
However, the looser def inltion • L laws such crudities
(or niceties, depending upon your vLswpoint) ass

LSSSL) > /’ call • location lSQS decimal s/

array[2]() / � call • routine whose address l •
in the 3rd • lament of array

remember, C aero- i n deces arr ays)
s/



The parameters 'to tunctions are simply L isted be t v e s n
ths op e n pace n t hesis and • c l os i n g parenthesis,
• operated by c h a s , and ar e th eses ives e a preaaions(
(see hew ciovecly and easily w begin to build up to
nore ooepLLcatod eaprooaiona.)

L nt i 1 /s declare L an integer • /

toobar( L ) i / • a valid eaprosaion,

tha sxistenco oC the
tunction 'toobar' •

• lthough Lt d oss a s a w o

• /

Parasetora aro pushed onto the C systen stach Ln t he
of 40f 1 lated ( !lot L n pof tant unless y ou a re tf yi ng ' to
Lntsrtace t o C/ 6 $ t re e a ss e s b ly l an g uage, L n v h i c h c a s e
• ee Chapter 7 ) •

h value ia hLNhYI returned tree • Cunction call, but it
need no t be used and n a y bs )unh ( i t t ho oa l L ad
Cunctlon neglects t o r e t ur n • ap e c i t i c val u e ) •
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4 .4 Subs c r i p t e d V a r i a b Lss

Arrays and pointers may be followed by an • xpression
encLoaed in sq uare brackets to access the element • of
the given array (or • laments of the pre sumed • rray
pointed to by a pointer).

A convention in s tandard C which is carried over to
C/65 is that any su b scripted variabl • may also be
represented by its pointer expressLon equivalent. That
i s, th e f o r m

name [ • l ament ]

ia functionaLly and properly equivalent to

name + • lament

The sub t l e i mp l i cat Lon he r e 1 • t hat t he ' • Lament'
number is • ized". Ln C,'65, thi • mean • that Lf "name
i • • character pointer or charxct • r array, the value of
" • lament" 1 • added to the address o! name t for arrays)
or the content • of name (for pointer • ) t o a c h i e v e t he
• ddrsas of the • lament asked for.

tor integer pointers or integer arrays. though, the
value of " • lament" must be doubled before the addition
takes place, • inca integers occupy two bytes each.

If thi • point seems esoteric and unnecessary at thi •
time. ve apologize. But the concept needs explanation,
• inca otherwise integer pointers can and vill cause
problems. (And see also section 3.6.5 for r elated
discus • ion) .

char vsctor[38]
int spointer

U@ctor [8]I I
vector( j +LO]r / '

pointer [9] i /a

first • Lament of array vector a/
18 is added to $, with the r • suit

baLng used as th e i n dex «/
the number � tored Ln pointer 1 • added
to 18 and the value at that location
Ls f • tche<L '/
• xactly t he at m an x • '.hs l i n e sh o v e l

As mantto n ed, nn I y xan g l i - xuh s cr i p t sr-. i y s ir e a l l owe ) .

pointe r +9 ;



6. 5 I nt r o duction t o Operators

Nore coeples erpreesions nay be constructed froa the
prisary espreesions by using three kinds of operatorss
unar y. binary. and comparison.

i.5.1 Unary Capression Operatores

Given an espreeeion a,

negates a

Standard C definitions if a i • a pointer, refer
to the ob)ect pointed to by a. Hossever, C/65
allosss a l oo se r def i ni t i o n s I f x i s an
• apreeeion. r e fe r t o t he (as susssed) INT pointed
to b y t h e e xpression. 'Pointed to by a " ssseans
that the value oi s is a s«es«ory address and the
progress ie to operate on the content • of that
address (rather than the address itself).

CXINPI Ks
cHAR 'pc s / • pc i • a cHARacter pointer«/
INT «pi s / • pi is an INTeger pointer «/
INT i s /» 1 1 • a • Lnpl • in'teger »/

p c pi 1008 i / « both n oss point t o
Location 10SS • /

• s

1 ~ «pi s

i ~ «1008

«pi ~ 2 5 7

»L800~257
«pc ~ ' I '

»pc ~ 5 s / » loc' n 18 80 noss contains 5 »/
« (pc+I)>0 t / « a n d 1801 contains 0 ' /

/« 1 gets ths INT at location
L 080, vh ich i s 5 + 25 6 « 8
( standard 6502 order) so
i noss equals 2053 « /

s / sassse effect as a bove!I • /

g /» stores the INT 257 into
locations LOOO-LOSL /

/» ditto...in C/65 only /
/« stores the CHAR value of

6 5 into Locat ion 1080 . . .
d oes not a f f e c t 1 0 8 1 . «/

s / NOT t h e sa sssel Sto r e s t h e
I VT value 65 i n t o l ac ' ns
1000 ssnd LOOL...careful • /

-26-­
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RKHKHBKRi un L • ss otherrlae sxplicLt Ly
declared, pointer expressions
ars always assumed to point
t o I NTagero j l l

ax evalusteo to the address of x • Gener • lly, this
o perator m ay onl y be a p p L Lsh to v a r i a b l e s a n d
array • laments. Since most expressions have a.
v alue o n l y ( • inca th e y ex i st onl y on tho
system stack), trying to take their addresses
i • illegal •

SLOBS t / i i l l eg a l I i /

hftsr all. just what memory location
contains the constant LBBB2 Per haps
none, perhaps severa12 C says that, it
can't know and von't try to tell you.

KXAMPLK i

KXAHPIK>

Then I
I f you doc

C HAR p c i

p r L ci
• p io equivalent to c

Lp i o no't aqua L to ac • • nd
ap io not equal to c • stc •

Bute

Thi • e«ampl • shows tha t there la no
relationship between the address of p and the
• ddrsoo of c. Hero ve lst p equal the address
ot c. Then rs can oay that the object pointed
to by p i • equivalent to c. But the address of
p does not equal ths address of c nor doss the
address of p e q u al t o c .

xt+ The two forms of thi • operator refer to p o st
++x increment and pro increment respectively. Post

increment means that the s torage location x
will be incrementeh hFTKR ' it i • used. Pre
increment means that the s torage location x
wil l b e i nc r e mantsd SKFORK i t i • used . Ths
value that x will be incrsmentsd by (whether it
be post or pr e ) de p ends on vhat x wao decla red
• o • If x vao declared as anything other than •
pointer to I N l ' t h on x+t a nd ++x wi l l i ncr em ent
the storage location of x by one. If x rao
declared ao • pointer to INT then xta and +tx
rill increment the storage Location of x by
'tvo o
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x e
x

The two fores ot this operator re Car t o post
decrement sn4 pre decreaent respectfully. Post
deer nt w ane t hat tho location x will be
deer n te4 atter it ls used. Pro docr ew n t
w ana t h ea t he st or a g e l ocat io n x wi l l bo
docreaantod beCore it is used • The value t hat
x will be decrewnted by (whether it be poet or
pre) 4 e p ende o n what x wss 4ec l s red as . IC x
was declare4 ae anything other than • p o i n t e r
to INT then x-- wiiL docrenent the storage
Location ot s b y o no . It x w as d e c l a r ed ae

•

pointer to I1T then x­ will docrewnt the
• torago locat ion oC x by two.

MOTti Usages of ++x and --x generate Less code
than usages ot s o t a nd x - - . So use the fo r ser
versions when no order oC operation is needed .

• I

4. $.2 Iinary Operators i

value producing a • igned result.

Binary o perator s t ak e two expressions, operate on
thea. and result in another expression.

Given expressions a and b,

a+b adds • t o b.

a-b s ubtracts b f r a n a .

• b nultiplies the signed • v a l u e t o t h e • i g nsd b

• /b divides the • igned a value by t he si g no4 b

• lb The value returne4 for this operation i • ths
rensinder of a d i v i de d by b (o r a nc A u io b ) •

value pro4ucing • signed result.

txanpl • s

( $ t a )

w ould produce t h e va l u e I •
per formed i • signed.

T he di v i si o n

ChUT IOH s Th e a bove $ opera lors do
over Clows and under flows.

not r e c ognise
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a lb g i v e s t he b i t wi se Lnc i us L ve or o C e an d b •
Inclusive or’ cen be defined as • OLven the

binary va lue oC a- and the b i n a ry v e i n s o C b , LC
� Lther o C t he cor r e s ponding b it • a r e a 1 t hea
the resulting bit l • a 1, otherwiee the
result i n g b i t }s • 8 • As- s hown below<

Eaanpl • I

{5 I LT ) » 1 3

where
and

result 8 8 8 8 1181

88808101 5
80801188 s 13

a b gives the bit~isa • aclesive or ol a snd b.
' EIclusive or ' can be d e fi ne d a s s OL w n t he
binary value of • a n d t h a b i n a ry v a lue of b , i f
both of the corresponding bits are the seas
then the resulting bit i • a I. otherwise the
resulting bit 1 • • l. As shown below>

Csasplei

( 5 L2 ) w w 9

where
and

result 80 8 01081

a 5
wing

8080018)
08801188

• ab gives ths bitwise and oC a and b • h bi t wi se
a nd" can b e defined ass OLven the binary value
oC • and the binary value of b, LC both oC the
corresponding bits are a 1 then the resulting
hit 1 • a l. otherwise ths, resulting bit la a • .
As shown belows

Eaaepl • s

t 5 1 13 ) « 4

where
and

0000818 1 5
00801 IOO wl 3

08808188 ~ 4

--k9­
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4««b shifts • ar i thl xetical Ly le ft b bi t s

Exa«xple«

( 7 « • 3) eva luates to 5 6

( 8 « • 3) e vs luatea to 6 4

4 4>b shi f t s • a r i t h «xotica l l y r i g h t b bi t s

Exanpl • «
( 7 » 3 ) eva l u a te s t o P

(8 » 3 ) eva l u a tes to I

NOTE« In the 2 shift operators above, any bit or
bits 'shifted too far I • ft or right, out o f
the CHAI or IHT, vill be Lost as C doss not
recognise the concept of • " carry bi t " .

a~b Th e a s a i gnsaent operator '

~

' can bo used anywhere
a binary operator can bs used •

Exaapl • >

x[k ik+3 ] i 4 ­ (b c/d)

This exawpl • psrfonas 3 asxigneent • . b is ss t
to the value of c/d. k is sst to k+3. The
array • Leeont x (nsw value of k) is sot to •
m inus new value o f b .

Exaapl � c

b + c ~ S

c ia set to S. Then b L • ast to c, i. • ., to R.
Then • is set to b, also S.
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4. 5. 3 Compari • ion Operators s

Comparison opecators return • l
cesult o! a c omparison ot ti" asp«s • Lone �
ceturne4 J f the s sp ression t • suit in9 f r om 'hq
comparison L • true, • I ia retur» � � 'l Lf it L • false •

Oiven the espcessiona • and b:

a~ib Tost • if a Ls equal to l

• lmb Tests foc Lneqwlity

a<b Tests for s less than b

• ~b Tests for a greater than

• <~b Tests for • less than oi ' ~q«1 t o b

• )~b Tests for a greater than "r equal

lf a compa r i so n i nv<. < 'I s • a Pointer ,
unsigned comparison is l-... formed' Other’s,qo,
a signed comparison casu~ . • •

Example s
1HT i $ spi ~p f
pi m L o 1 QOQ l / but C/6 5 ' t h i r .w q �

as c onta i n i n g
. i".dress of 5 5 S35 . . �

p] ] laNS l

pi ~
3 f / • i • t • . • • • • returns l

g / • i s f .i . ss .. • unsigned

so re. . Lens e • /
l / s i s t I • � � � c • 'turns l

' .Lka 5553S • l f ZZ

Ph ~ Pi



i. 5- < O p e r a tor P r ecedences

The table belov a~r ises the rules of precedence of
• l 1 operators • Operators on the sane l i ne have the• ase p r e cedenceg r are i n or de r ot decreasing
precedence. so for e sanpl •, s, / > and 5 a l l ha ve the
• ase precedence. vhlch i • higher than that of + and -.

Operator

( ) ( ]

I ++ - - s ( po i n te r) 4 (ad d re ss)
I
I • /

+ e

4 4 ) )

• ( a ) ) s

ae la

0 NOTE< operators on these two lines associate right
to le f t > a l l o t he r operators associate left to
r ight .

KXMPLEc
• p t+ i • equ iv a l e n t t o
• ( ~ + )

• 4 q i • equivalent to
( aq )



4 • 6 Building CompLex Expressions and St»tsments

The various primary operators and operands presented
above may be combined in some very compLex and • xot Lc
ways to provide some sophisticated power to the C /65
ussr. And. since any sxpres • ion may bs turned into •
C/65 • tatement by • imply appending a semicolon, ve can
• asLLy expand ths built in structures oC the language.

Soma of ths more obviousLy useCul • tatement/expressions
may bs grouped as f o l l ows>

E xpressions vh ich c aLL f unct i o ns .
S ince ca l l i ng • Cunct i o n i n v o kes • LL t h e
code of that function and aLL the code of
any funct ion L t L n t u r n c a l l s .

Expressions which perform assignmsnts.
Since ve ar e changing program and system
variabl • s i n h o pef u l l y msaningCul ways.

Expressions which perform Ln crementLng or
decrsmenting.

AgaLn. • L .nce v e • r e ch a nging • s y s t em or
program location in • me aningful v a y .

EXANPL.KS<
PUTC( c ) l /» call a function to

i v j» k > /» calculate a nev value

++counter l / • count how many times
something happens '/

perform I/O • /

Cor • va r i ab l e »/

Sut the real pover of C becomes apparent when ve start
combining al l t h e s e c apabi l i t i e s i n t o • i n g l e s t a t ements
• nd sequences oC statements •

EXAMPLES i

CHAR • to, » Crom;
t o +» » • f rom ++

/» moves a character
pointed t o by
location p o L ntad
L ncrsments b o t h
AFTER using each

from ths Location
' Crom' t o t he
tO by ' to' r • l ao

' to' and ' from’
l l • /
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f lag s ( ( c ~ O CTC(channel) ) i~ ' I ' ) a (e (~ '9') g
/ � gets • chacactoc' fc~ the l/0 foal •

• pocLfiod by channel and as s i g ns i t
to tho variabl • c. Chocks to seo
i f tho character i • n i g e r i a ( Ln t h e
r ange o f ASCl l ’ I ’ to
inclusive) . l f i t L • nui or i c ,
assigns l to f l ag • l f i t L • not
nuaeric, assigns 1 to tlag. � /

• paces ~ spaces + ( ( +bu f + + s QETC(channel) )ei32 ) g
/’ gets a chacsctec fry tho file and

stores i t in a bu f tor at the
location pointed to by ' buf ' . lf
the character L • a space, thon tho
counter 'spaces' i • Lncr s a ented.
l n a n y cas e , 'but' i • increnentod
to point to the neat loc'n � /

HQFC POR SASlC USERS ONLYI
Just co give you an idea o! the power inpiicit hero, we
present the DASlC A+ equivalents of tho above oaaoplesi

l . po k e f c caa,peek(to ) c
froa~fron+1
to i t o + i

2 . g e t i ch annel , c s
flag e ( c i ~ A SC("8") ) AND

(c a AS C ("9" ) )
3 . g e t i ch annol , c s

p oke buf,c s
buf ~ b u ! + 1 s
it c~32 then spaces w spaces+i
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CHAPTKA 5 c STATEHVNTS

There are 3 Linda of C atatemanta< • impl • etatesente,
cospound atatesenta, and keperd atatesente •

S o l S INPUTS STATRIISNTS

A eispl • e t a t esent i • ser e l y an e a p reealon f ol l +ed by
• eesicolon. That i •, • aisple etatesent hae the torss

• apreaeiont

Sose eaasplea o ! • a i sp l e a t a t ement fo l lcm.

l) c m I >

2) ++buffer pointer;

3) PUTS ( a s • Oaa9e ) t

4) • a + dol t ( 3 , doo c hect ( 7 , d o ( 7 ) ) , d o l 3 ) ) r

NOTE s A n ex p r eaa ion s a y o r say no t i nvol ve an
aaa i9nsant operation, aa ahovn.

B y de f i n i t i o n , any pl ace • a i sp l e a ta t e sent i • l eg a l
• nd/or needed in C, a cospound statement ia equally and
• quivalantly legal and/or neceaaary •
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5. 2 COHPOUNQ SThTENENTS

Compound statements can be defined as
statements (of a n y ki nd, including
statementsl inclosed in braces to
• tateaent .

any n umber o f
other com pound

fona • s i ng l •

(Ilemeaber. braces cannot be generated by the keyboard,
• o C/65 uses '$(' fo r t he ' ( ' and '$) ' fo r t he ' ) ' of
s tandard C. )

Compound statements have the forms

$ ( st a t ement l t
• tatement2I

• tatementNI
$)

AA • Kample of • compound statement I

$ ( INT • , b . c I

a ~ 1 I
b e 2 I
c ~ • + b I

$)
NUKED Variables aay be declared at the
compound stateaent as shorn above. See

0! course other atatementa can be us ed i n cc sapound
statements and seas examples tol los in the k ayvo r d
• tatement definition.

beginning of an y
also s ect i on 3 . 6
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5 • 3 KEYbloiLD STATCllKHTS

C i • by n ature • recursive Langusget hence it l • not
• urpri • Lng that t h e d e f i n i t i o n of tho l ang uage i n v o lv es
recursive definitions. C ompound • tatemrnta ( last
section) are a p e rfect sxampl •of th i • e a c ompound
statement consists of a coLLection ot statements any ot
vhich might in t,urn be a compound statement, etc •

The keyvord statement • of C/45 build on t hi • sam e
concepts some of tho keyvord definitions require the
uso of a • tatemont to compLote their definition. And
vhat kind of statement can be used t husly ' Any
• tatement, o! course, including a simpl • statement, a
compound statement (vhich consi • to of any number of
• tatements, stc.), or a keyword statement (vhich can be
of tho same type aa tha o riginaL statement, thus
requiring yst another statement, ad nauseum). Perhaps
• ection $,3.3 gives the best exampl • ot this Logic, in
the example ol an FUSE 1P atructur • .

$.3 • l IF statements

The IP statement is used in decision making . I t ha a
the forms

IP (expression) atatemontl

Here the expression ie evaluated. if i t i s non- a e r o
then the statement is executed, otherwise lt ia not.

CXAMPLS<

• • •

lhlT c t
C e GKTCHAli() l
IP ( c » ' • ') PUTCHAR(c)1

• • •

Thl • sxampl • vii i ge t o ne charact • r Irum the k eyboards
I f th e c haracter i s t h e L e t t e r " • " t hen i t v i i L p u t t he
Letter back oat on the screen, othervLse it vilL do
nothing .
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S • 3.2 It-CLSC etateaents

• IP-CLSC atateoent group ia alao ueed for decialon

eeking' It hae the foras

It ( e xpreeeion)
• teteaent I I

Otat0%0nt2I
CLSC

Here the expreaalon ia evaluated. If it ls non-xero
then atatenentl ie executed and control paeaee to • fter
• tateeent2. If the expression evaluatee to aero then
• tateaent2 le exec uted and control continues
• equentia I ly.

CXAHPLC s

IDCFIHC Alfnua ' I '

IHT cr
c ~ QCTCHAR() g
I P (c + ~ a )

CLSC
PUTCHAA( Al fn~) I

PUTCHAR(c) t

The word Alfnw g eta d efined aa a con stant, the
character ' l ' . The variabl • c will be equal to the
letter typed at the keyboard. If the Letter typed in
wae the letter "a' then the atateeent PUTCHAR(alfnunN
will be executed putting the character ’ l ' back o n t o
the e c r e en t ot he r w ie e t he Le t t e r t yped i n wi l l be
r epeated on the e c reen, by th e ex ecution of t h e
atatenent following the CLSE.
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5 • 3 • 2 (cont inued )

It-KL$6 etateaonta can aleo bo neeted aa slee bolov •

eRAHPI.6 s

INT cr
c ~ 06TCHAR() I
IP ( c • ~

'A')
$ ( PUTCHAR( ' I ' ) >

IP (c ~ ~
'8' )

PUTCHAR('2' l>
$)
ELSE

PUTCHAR(c) I
$)

Here c v i l l equal a c h a r ac te r t ype d in fr@a the

keyboard. If the Letter i • greater than the letter "A"
the neaber "L' r i l l be pr i nt e d o n t h e acreen . At the
• aae t i ne i f tho letter i • a " s" then t h e n waber " I
• nd the nusber " 2 " wil l be pr i nt ed o n t h e ecr o e n .
Othorviee tho ch a racter input wiLL be repeated on the
• creen.

- -39- ­



5.3.6 CONTINUJ etatemnti
4 e e o

The CONTINUE atateaent ie related to the SARAH'
• tateaent, but leea often ueed • CONTINUR caueee the
neat interation o! the encloaing WHILC loop to begin.
T hi • o e ana t he t eat par t of t he WHILR loop v i l l b e
• aecuted i~diately. CONTINUE hae the fores

CONT I HUE g

CXAHPLSc

INT c>

WHILC ((c ~ OWTCHAR() ) l ~ 'X')
S(

I F ( c i i 'A')
CONTI NUt r

PUTCHAR(c) i
S)

Here the WHILC loop will get c haractera froa the
keyboard and ~rite thea back to the acreen aa long aa
the letter X" ia not typed in. The CONTINUC atatament
cceee in t o p l ay on ly w hen the l e t t e r "A " i a t yp ed i n .
When the letter "A" ie typed in the CONTINUt atateoent
cauaea the control of the WHILE loop to go back and gat
another character fros the keyboard without printing
the letter 'A' on the acreen.



5 .3.7 RETURN sta t s a e n t g

The return stateaent is used to return control back to
th • cal ler � It can • iso pas • back values «0 the caller
if they ars needed • the RETURN statmn t has the fores

RETURNg

RA'URN sapressiong
or

EXMPLEg

1NT c,dg
c s OETCHARl)g

I P ( c i ' I ' ) I (c < '9' )

EL6E

RETURN(d) g

d i l g

d ~ l g

1n th i • example c 1 • equal t o t he c h a r a c te r ty ped i n
frogs the keyboard. If the character 1 • in the r an9e
0-9 then the variabl • d vill be returned with • one in
it, othervtae d vill be returned with • aero.

This saagsple could be used vhen only nuneric input is
allovsd f roe the ke yboard. Th e prograa that called
this function would look at what was returned and if it
vaa a aero an error gaeasa9 • could be printed on the
• creen reeindin9 the user that only nugseric entries ar •
• l loved.
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5.3 • S Null stat nts
• \

The NULL stat nt dose nothing. It can eoaetiaee be
ur

'
ae a place holder in NHILC and Iy et atesente.

It the toras

CXAHPLC s

INT cs

NHILC ((c • GCTCHAR() ) l~ 'C')
I P (c ~i 'A')

PUTS( ALLRIQHT ) I
CLS t

s

This • Iasapl • illuetratea hov ths NULL stat n t i • used
ae • place holder. Here ae long ae the Letter 'Z" ie not
input troa the keyboard the NHILC Loop vill continue •
It the letter A' ie typed, the aeaaaps ALLRLOHT gates
printed on the screen. It the letter i • not an A" then
nothing happens, but by putting the NULL • tatenent in
ve have asads it easier to change the prograsa it Later
ve would like it to do aoeething atter the CLSC.

CXAHPLC s
NHILC (( abut++ OC TCHAR() ) i e ) s

In this exasple because all our dat a checking and
aoveaent I • done vithin the control part ot the WILE
loop, a NULL atatesent aust be used because. the rules
of the WHILC atateessnt opacity it.
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CHAPTEA 6 « C/65 LLSNASY PUHCTIONS

C /65 comes with f o u r L i b r a r l e o «

routines
t o do

a runtime Library to provide the
col led di rectly by the compL l o r
arithmetic and Logic •
an 1 /0 l i bra r y to pr o v id e Low l oveL i n put a nd
output functions •

a simple graphics library, a 1 l owing o n ly t ha
most fundamental gr a p hics ca pablLLt ioo •

a storage allocation 1Lbrary to provide a
dynamic storage a l l o ca t ion capabiLLty.

The runtime library 1 • • lways necessary and is
• utomatical l y i nc l u d e d by t he compiler • ? t • l s o
contains the routines GETCHAR and PUTCHA1, so it may be
ail that you need, including 1/0 �

The 1/0 library l • only necessary 1 f you ri LL perform
1/0 in vo l v i n g the st a nd a rd C /45 f u n c t i o ns LL • ted and
described i n sect i o n 6 . 3. Si mi Ls r l y . t he g r aph i c s
l ibrary fun c t i on s ar e opt i o na l and ar o l i st ed a n d
described in section 6.4.

The s t o r ag e • l l oc a t i o n l i br a r y 1 • onl y ne c e ssary i f
c all • will be made to A4LOC and PSEE, a s they ar e
described in section 6,$.

lf you uas any of the ro u tines of the C/6$ 1/0,
g raphics, a nd /or a l l o c a t i o n l i br a r i e s , i t i e ne ce s s a r y
t o include one or m o r e of t he fo l l ow i n g 1 i n e s (ae
appropriate) at tho QiD of your C source codes

IASH D«1 0 . LLR
I ASH Ds QMPHICS. 1 18
IASH D « ALLOC � LIB
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5 • 2 RNITLNI LLSMRY CIACTCOHO

The '
tine Library supplied with C/C5 has the basic

bull. blocks needed by C/CS to create the sssenbly
landau~. !or yo u r C pr o@rane. l t i a aost l y i nv i s i b l •
to the user an4 per!ores sll the operations us e d i n
C/CS, such as nultiply, divide, stacking and aany nore.
The two functions that are visible to the user, tttKHRR
• nd QCTCHhR are describe4 be lcw,
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6 • 2. I R u nt Lee Punct Lon s PUTCIIAR

forts<
PUTCIIAR ( c )

CHAR c

purpose 1
PUTCIIAR takes i t • a rgwa ent a n d wr L tea L t
on the staelard output •

h single ch a r a c t e r . I f pa sse d a n I N T o r
other nun-CIIAR value, only the Least
• igni f Leant byte of the argument Le
used •

argumenta l

returner
L NT3 Th e va l ue r et u r ned w i l L • L t he r b e
pos 1 tive, i n d i c a t ing prop er esec ut ion,
or negative indicating a standard • rror
cods. See section 6-1 for Ln foraation
about s t and a rd e r r or s .

dlscussioni

Currently • tandard output 1 • t h e sc r e en a nd c annot b e.
r edirected . l f f i l • i nde p e ndent I / O L s d e s i r e d , we
recossssnd that t h e f un c t i o n P UTC be used.
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6. 3. 2 I/O Punctions OPCN

form s OPKN ( filename. mode)

I NT m o d e g
CNAR • filename I

purposes 4
Opens a filo with given name for access
• ccording to given mode. Allows groatoc
control over mode o! opening than POPKN.

argmsntss
filename, a character string specifying
• standard OS/h+ device or filo name.

mode i • an INTeger � The l ow b yte o f
mode goes into AUX1 and tho high byte
into AUX2 of the IOCS associated with
the OPE N’od t ile� . (See your OS/h+
reference manual tor mors details ot the
IOCS. )

retucnei
A positive INT ( a channe l n umb e r ,
usually referred t o in su bsequent
• actions ae iochan ) is returned upon a
successtul OPKNI errors ars indicated
by the standard error code re tu rn .

discussion >

CAUTION> the INTeger iochan' retucnsd by POPKN must be
retained and used as a n argument to subsequent I/O

ations. Severe errors and/or strange and wondrous
~ • can occur lf the various I/O operations are not

p ed a channel numboc obtained via a successful POPKN
or OPKN.

There are two flies that do not have to bo oponods
standard input and standard output. They toter to tho
keyboard and sceeen, respectively and currently cannot
bs,rodirected. The,IOCHAN for both ot those ie 1.

HODKS I , I , and 2 ( read, vr i t s , and upd a te ) a r s
converted to 6, 8, and 12, for convenience and to
provide conformance vith standard C.
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S. 3.3 I / O t un c t i o n s PG ETC

Cora>
tOETC ( iochan)

INT Lochant

puf pose I

argwenta I

FGE'K returns tho neat byte fry the
• pacified I/ O channel.

tochan HOST
of a f i l •
r ead/wri t e
r esul t o f
to t 0 PEN.

be an IN Teger c h annel n w b e r
cponod f o f r o a d access ( o r

access) obt a i n e d as t ho
a previously successful c a L L

returnee
I NTi t he nea t byt e f r oa t he s p e c i f i e d
channels A -I i • returned on end of
files other negative values sre standard
� rror codes •

discussions

Note that tGETC returns an INTeger character, N0T a
CHAR eatendod to INT. T hi • iwpllos that • Ucce • sful
returned values wilL always be in the range of I to 255
deciaal. Howe v er, if the cha racter returned ls
assigned to a C HAR and then used in a signed
ccNaparl son, • negative value (indicating an error) wilL
result if tho character' • value is actually L28 to 255,
• inca the CHAR wiLL then be • ign oatended •

CXAHPLC s
CHAR cg

I t ( (c i fgetc(P) ) a 8 )
PLOTS ( I/O CHROR )

In this eaanpL •, the user wilL soe an apparent I/O
error anytise the byte fetched tros the f i le h as •
value froe L28 to 25$. A better approach would have
been to declare c' to bo INT.

A s wi t h a l l I / O o p e r a t i o ns , i och a n n a y b e s pec i f i e d
• s aero (I), indicating input frcaa the standard input
(tho keyboard).
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5. 3.i I / O P unct ions I O E TC

rormI
GSTC { iochan)

IIPP iochanI

purpose I
OCTC i • eaactly the same as POETIC. Ths
• econd entry name is tor consistency and
convenience only.

argumentsI
lochan l • an Ib lTeger channel number ol' •
tile previously opened tor read access
(or read/write access).

rsturhs I
IM' I Same as POCTC

discussionI
• ee POBTC tor cautions and hints
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6. 3. 5 I/0 Functions i PPUTC

fores
PPUTC (c, Lochsn)

CHAR c
IMT i o c han I

purposely
PPUTC vrites the CH ARacter c to the
specif ied channel, L o chan.

c L s 4 si ng le c h a r a c t er. I f pas s e d a n
INT or other non-CHAN value, only the
least significant byte of the arguwsnt
L • Used •

Lochan i • an INTsger channeL natcher of •
fi l e p r e v i o usl y o pened fo r v r i t e a cce s s
(or re ad/writ • a ccess)

arglslsnt • I

returner
I NTA Th e va l ue r e t u r ned v LLL • Lther b e
posit ive , i n d i c a t i n g pr o pe r ese c ut i on,
or n egat ive i ndicating • s tandard • r ror
code. S s e s e c t i o n 6 . L fo r L nfo rs a t i o n
• bout standard e r r o r s .

discussion i

As with a l l I / O op e r a t i o n s, i ochs n sa y be spe ci f i ed
• s taro (1), indicating Lryut fra standard input (the
keyboard).
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6. 1.6 l / D P u ct l onss P UTC

fora<
PUTC {c, Lochan)

tiff Lochans
CllAR c>

purpose I
PUTC is eaactly the sane as PPUTC. T he
• econd entry naae is for consistency and
convenience only .

• r9$ I Ient • I
c i • • • ln9l • character. tf passed an
Llrf or ot h er n o n -CllAR v a l u e , onl y t he
least • l 9 n l f icant byt e of t he ar 9 u sent
is used.

lochan l • sn Wl'e9ac channel nunber of a
fl l • previously opened for writ • access
(or read/1g ite aces • s) •

rsturnss
1HTi Aeturn codes sr • eaactly the same
• s PPUTC

dlscussiona

See PPUTC for di s cussion.
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6. ) . 1 I / O t unc t i on i READ

Cores
READ (Lochan, bu t f o r . c ou n t )

LNT Locha n )
CHAR a butte r >
LNT count

purposely
READ re ad s • b i na r y r ecord o t up t o
CouNT characte rs tr e e the Ci l • spo c L Cled
by IOCNAN Lnto 8 UC PER.

iochan i • an INTegor channel nmber ot a
t il • p reviously opened Cor rea4 acc e ss
(or rea4/write access) .

buffer L • • pointer to an array ot
c haracter • . Th o a r ra y m ust h a v e been
declared large enough (at least of siss
count) to contain the requested record.

count i • an INTegsr which specifies tho
• Lao of th e r e cord t o b o r e a d .

� rgumontsi

roturnsi
I NTs The r e t u r n v a l u e w l l L • L t he r b e t he
number ot char ac t er s road , • aer o
i n4icat in g an en d - o t - C i l • o c c ured, o r •
negative number Ln4icatLng an e rror.
Soe section 6 • I Cor detail • on standard
• rf of c o4s • •

discussioni

Under OS/At vsr • ion 2, READ «Ill • Lvays return count
unless an ond oC f L Lo wa • encountered whil • trying to
road tho spocitis4 record, Ln whLch csea the actuaL
number ot characters read L • returned. If thi • 'short
count" L � non-aero, then the next and • ll eubsogwnt
roads will return toro.

Under 06/At versLon 6, tho above ru l es apply • xcept
that. Lf the program reads • record in a random access
fil • which h as a "hol • in Lt, Lt L • possibl • that a
short road vill result. The next. rea4 will then result
Ln • i t h o r ae ro by t e s re a d or a n er r o r co d s . Nowe v or ,
it the f i l • p o i nt e r L s m oved past t h e h o l e ( v L • PO INT),
further reads might bo successful.



6. ~.8 I / O tu nc t i o n s W RI T R

formi
WRITR ( IOCHAN, SUFFRR, COUNT)

I NT i ocha n
CHAR • buf far I
I lrr cou n t I

purpose I
WRITt vritea • binary record of Length
COUNT f r o m SUFFCR to th e f i i • spe c i f i ed
by IOCHAN.

arguments I
iochan i • an INTsger channel number of •
fi l • p re v iously opened for vr i t • acc e ss
(or read/vr i t e a ccess) •

buffer is a po inter to an array of
c haracters . T h e a r r a y should have b e e n
declared large enough (at Least of siss
count} to contain the requested record.

count ie an INTeger vhich specifies the
• isa of the record to be vritten.

returnss
Il(Ts The return value vill either be the
number of characters transfered or a
negative number indicating an error
occured. See section 4.1 for detail • on
• tandard error codes.
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1.3.8 ( c ont i nued)

discuoeMn t

General ly , t he r et ur n ed I N Teger v i l l • l s a y e b e e q u al t o
count unlace ooae fa t a l error ( • . g . . di sk write
protected or disk full) occurred.

Since C i • st upi d' about buf fere, the user sight
consider setting up oose record I/O like thie t

EXAHPLC t
CHAR naae[25] t
CHAR a ddress[IS] t
CHAR city l .'1$] t
C HAR state[ ) ]
CHAR aipcode[5]
iDCPINC record noae
4 DKPINC recordo ise 7 3

HAIN ( )
$(

• •

NRITC ( i o c han,record,recordsioe ) t

CAUTIONS This trick only works if the c haracter ar r ay s
defining the record are globals. Order of a l l oc a t i o n
of local (auto) variables on the eyetes stack i • not
oo neatly predictable.
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6.3.9 I/O Punction< PQSTS

fora'
PQETS (buffer, count, lochan)

CHAS +buffer g
I ST count
I ST i ocha n

purposes
PQtTS reads up to count characters froe
lochan into buffer. Input i • terainated
early if • carriage re turn is
encountered. A cero i • appended after
the last character road .

• rgwaentss
buffer ia • pointer to a character array
which will contain the characters read •
Because of t he appen d ed se r o byt e ,
buffer should be declared aa containing
a t L e a s t cou n t + I byt e s. I t i s t he
user' • responsibility to ensure thi • , as
no checking of th i • i s d onee

count I • an IN T eger which speci f i e s t he
naaiaus nether of bytes (character • ) to
be read into buffer. Th e re ad will
teplinate upon reaching a carriage
return character or upon reading count
bytes, whichever occur • first.

lochan ie an INYeger channel number of a
file previously opened for read access
(or read/write access).

returnss
IblTc The value wi l l ei t h e r b e t h e n umber
of characters gotten or' • negative value
indicating an error. See section 6.1
for mre Lnforaation on standard errors.

discussion<

The sane discussion noted for the RSAD function,
• ection 6 • 3.7, re end of tile and/or holes' Ln fi les
• pplles hers as velL.
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6 . 3.LO I / O Puc t i on s c GKT S

forms
GKTS (bUPPKR)

char i b u f f e r '

purpose I
GKTS reads th e standard Lnput unt L a
carriage return is se en. pu tting hs
charact er s i n BUPP KR . The ca r r i ge
return i • overwritten by 4 zero.

arguments i
buffer is a pointer to a character ar ay
which will contain the characters re d.
Because o f t he appen ded cer o by • ,
buffer should be declared as contain ng
at least count+I bytes • It i • he
user's responsibility to ensure thi � , as
no check ing o f t h i s i s do ne .

count i • an INTeger which specifies h e
mes imum number of bytes (characters| to
be read into buffer. Th e read w LL
terminate upon reaching • carrL ge
return character or upon reading co nt
bytes, whichever occurs first.

returns>
INTi Th e v a l u e w i l l • Lt he r ' b e t h e nu m r
of characters gotten or a negative va ue
indicating an error. See sec tion • l
for mora information on standard erro s.

d iscuss i on i

See di sc u s s i on o f PGKT S, sec t i o n 6 • 3 . 9 • GKTS i •
• qulvalent to PGKTS, sscepting that channeL S •
assumed and the terminating RKTURN cods l s hand d
dif f eront ly.
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6.3 • 11 I/O Functionl PPUTs

Of% I
FPUTS (buffer. ioc h an)

C11AR • t uf far I
I MT i o chan I

purpose I
PPUTS writes ths nul L ter®Lnated buf fer
on the in4icate4 IOCLQN. Ro newline ia
appende4.

arguQlsnts I
buffer ia a pointer to an arr ay of
characters . Th e ar ra y sh ould h ave been
declared largo enough to contain the
character string which i • to be written.

i ochan L • an I i lTeger channel nualber of a
tile previously opened tor' write access
( or rea4/vr its access ) •

rsturnsl
INTI The value returned wail ei ther be
positive (nuslbsr of characters written)
or negative, indicating an � rror � See
section 6. 1 fo r 4s t a i l • on stan4ard
• rror codes •

d iscussion l

FPVTS i • des igns4 to b e u a s d with Line oriented and
character string oriented output, since ths rscor4 (or
lane) to be wrttten to the fiL • is nul terminated, just
as is a norwl C character string.

Rsasaber, the nul byte i • not written, an4 a Ret urn
character 1 • no t appen ded. If a Return character i •
desired i n • Li t er a l st r i ng , uss th e st and a rd e sca p e
convention, thuslyl

EXRNPl K I

Pl?VTS(')SaQCPrintsr Fags t l eadxngkn".p r ) I

The QaQd L • • st a n<1ar4 ASCII f I I r e t oe d c ha r s c l s r , Ths
gn Ls • A swi ine characte r i spec 1 f y 1 ng th e a pp r Qpr ist •
byte vaLue for the aachlns on which it I a used .
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6 • 3 • L2 I / O e unct tons P UTS

fora>
PUTS ( buffe r )

CNAR • b u f f e r ’

purposeI
Writes the nul I-terminated string BUA'lR
on the s t andard output • R newl i no I S
appen4ed.

buffer is a po in tsc to an arcay of
c haracters . The a c r a y s hould have b e e n
dsclace4 largo enough to contain tho nul
Cocaine ted • t c ing .

a cg umsn t s I

ISTIC The value returned wilL e i ther b e
posit i ve, ind i c a t i n g pr o poc esscucion,or
negative indicating a atandac4 error.

returner

discussioni

PUTS i • designed to be used with Line or L sntsd a nd
characte r • t c a n g o r i e n t ed o u t p u t , since tho rs c oc4 ( o r
Line ) co bo wc i c t on co ths f i l • i • nu L c • roinated, Just
• s Lo • normal C character sccing.

CAUTLO4ls note t h e di f f oc e ncs b e t ween INPUTS an4 PU T SI
PUTS doss ind eed aut omaticaL iyappen4 • Ret ur n
character to the output li ne wh i le / PUTS d o e s not .
Should you need to out p ut a Line t o t he scr e en
(standard ou t p ut) wi t ho ut t h e a p p ended R etucn. • i m p l y
uso PPUTS( bu f f o c , I ), s i nc e chan n el 1 i • • l wa y s
• tandar4 output.
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6. i . l i I / O Pu n c t i on I PK RROA

PCRROA (iochan)
IIIT iochan I

pUcpose I
PAHROA returns the lest return codq,
generated by the operating system for
the speci f ied I / O c hannel .

• rglslents I
iochan IIUsT be an INTeger channel nuabsr
of an accessibl • filed obtained as the
result of • previously successful call
to POPEN (or OPAM).

cetUcnsI
IIITI Alvays returns an error code, as
• pacified i n sect ion 6 .1 I b ut t he c o de
r eturned na y a l so be I , Isea n ing n o
• Crore •

discussionI

The nein purpose for PKAAOA is that it allows the user
to "trap certain errors that nay require sons sort of
• pecial attention Such as I

IP (PAAAOA(channel) «Dful I)
PUTS( inOisk Pul i } I
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6 , 3 • L4 I ! 0 Pun r t i o nI PKO P

fora i
FKOF ( iochan )

LHT Lochani

purposeI
FKOF returns non-taro (TRUE) if end of
fi le hs s b een re a ched o n t he spec i f i ed
L/0 channeL •

a rgwent e s
iochan NUST be a n I N Tsger c hannel n w b e r
of an accessibL • filed obtained as the
result of • pr ev i o u s ly suc c essful caLL
to POPCII (or OPKN).

INTi lf the value returned is non sero,
then an end-of-fil • has been reached on
the specified channel> othenrise it hae

returner

not.

discussionss

The advantage of F KOP Ls that it aLLovs the user to
control the reading of a file arith onLy one etateoent,
such as Ln i

W HLL.K (FKOF(l) ~~ e )
S(

S)
• • •



6.3 • 15 I / O F u c t i o n s FC LOSE

forDI
PCLOSE { iochan )

INT lochan!

pur pose I
FCLOSE c loses the speciii ad channel.

argumentss
iochan NUST bs an INTeger channel number
of a n scce s s ib le f i l e d o b t a i n ed as t h e
r esult o f • pr e v i o usl y su c cessfu l ca l l
to FOPEN {or OPEN) •

returnsi
INTs The value returned vill either be
positive indicating proper execution or
negative indicating an erro r . See
• ection 6. l for details on error codes.

discussioni

The function FC4OSE is the reverse of FOPENg it breaks
the connection batmen the f ile descri pter and the
� sternal name that vas established by FOPEN.

IIOTEs When control i • returned to OS/hs all open files
are closed automatical lyo

"73-­



6 . 3. I6 I / O F u c t l o n s CLOSd

fores
CLOSd { 1OCIIAN 1

int io chans

pur poee s
CLOSd le l4entlcel to FCLOSd.

arg nt es
See 4eacrlption of FCLOSd,

returnes
1lrrs Ileturn value aaae ae FCLOSd

4iecuee ion s

Sane ae FCLOSS.



6. 3. 17 I 0 Ruc t i on t EX I I '

form~
E XI. ( e r r o r )

I N. » r r n r r

purposeI

argument • i

EXIT r e t ur . . • con t ro l cc ' he opera t i n g
� yatem •

• r r >r i s xn I ." T« i . c ' . ai ie , l n t e n le d t o
l ealgnate t he dc >rse o f f szl ure (or
• ucceasl c f ' .h » C !65 programs

INT> Tne ia.'ua re t urne3 i • i gnor e d by
the operatinq sys em at the p resent

returns :

t ime.

dis. . a s i ons

It is expected that if s returned error code„s ystem i s
t mplsmented t n ')S: h+, it shall oe a one byte • rror code
and the following convention v il l be u s e d >

0, I :4o r m a l • rr or f r ee r • t ur n
2-12' s4sr :ii.gaga...ron- fa ta!. e r r o r s
I28-255 9’ate� '. e rrors



6 • 3 • LS I/ O Functions c NOTE and POINT

formal
N OTE ( iochan. t y p e )

INT iochan g
I NT t ype f

INT iochan
I NT pointe r g
I NT pointer i

POINT ( iochan. poin te r l , pointerl )

pur pose s
Used for random access to disk files •
NOTE reports the current position in an
opened fil • . POINT changes the current
posit ion i n a n o pened fi l • .

argumentsi
iochan NUS T be the INT eger c hannel
number of an accessibl • fil • obtained as
ths result of a pr eviously successful
call t o P OPEN (or OPEN).

t ype (NO T E onl y ) i s a f l ag vhi ch
determines ~hich f i le position pointer
is to b e r e ' t urned •

pointerO «nd point er l (P OINT on l y ) ar e
the sector and byte (or page number and
byte, sse below) of th s t o-be-made­
current position in the fil • .

• turns I
NOTE returns INTs • lther pointer value 8
(sector or page number) or pointer value
I (byte number) of the current position
within t h e o pen f i l • .

POINT returns INTi a st andard error
code s

discussion c

NOTE and POINT are grouped together here because, in
Version 2 of OS/5+ (and. n atural l y , At a r i DOS 2 dies ) ,
they ar e a t i ght l y l i nke d p a i r us e d i n bu i l di n g a n d
using random access files.
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(Section 6.3 • LP continued)

eciticaLLy, • inca trw r andoa access tiles are not
uppocte4 by Vocsion 3 OS/At, ono aust build a

• equontlal t l L • (op e ned tor wr i t e ) an d NOTS the disk
• ectoc and byte nuabors at the beginning ot each record
( perhaps oav lng the NOTSd nuabecs in yot an other
• oqusntial tile) . Thon, when one wishes to cea4 or
update • record in that saao tile, one SIST uso • s ot
ot the %7CS4 valws to POINT to an absolute sector and
byte number on the 4isk.

Under version 6 o t os/A+ (tho only version avallablo
tor Apple II users, an optional double density diskette
version for Atarl owners), proper and trw ra ndoa
access l • supported. So NOTS becooes a convenience
function rather than a necessity, and POINT aay be uso4
to ssok to any position in any open tile (including
positions not yot written. • .caution) •

An eaaainotion ot section $.6.3 of the OS/A+ aanual
vilL show that NOTE returns an integer (in AUX3 and
AUX< of t he l OC I ) and a b y t e ( l n AUX$ ot t h e I OCS).
Tho 'typo par aaotor to the C/6$ HOTS t unction
dotsralneo which will be roturnods lt type ia aero, the
• actor nuabar (page nuaber under version 4) vill be
returned (and is known as pointorP vhon used with
POINT) r it type l • non-aero, tho byte nuaber within the
current sector (pags) vill be returned (and ls known as
polntorl when used vlth POINT) •

CXAHPI l s

• • •

• actor ~ NOTS ( t i l • , 4 )
byte e NOTE ( t i l e , I )

/ • alscellaneoua operations.. •
presuaably including til • I/0
on channel 'Pll • ' ~/

a lnuai tor r o r i POINT ( sector , b y t e )
/~ tho t i l e po i n t e r I • r epo s i t l .oned

to the sane place lt was when the
NOTS function call • were aado ~/

• • •



(Section 6 . 3 . 18 cont i n ued)

FINAL NOTS for Vs r � son i o f o8 / A+ oN I .Yi

POINT raay be used in an appcoaiaation ot the standard
(Unix-oriented) C function "Lssek". which us u a l l y ha s
t he t o r a <

L seek( i o chsn, b y t s posl t ion )
int l o chang Long byteposit ion

Jn fortunately, C/65 dossn' t ( yeti) support the type
"long" (t raditionallya 32 b i t i nt e g e r ) . s o � � i a i l a r
f unct Lon would � 1 Low r a n dos f I 1 � positioning only
within t h e f i r s t 6 < K b y te s o i a f i L � . Thus w e b or r owed
� chapter fcoa pre-version 1 unis and pcovided POINT,
which say be thought ot as

POINT( iochan, pagsposit ion, byt a i npage )
int iochan, pagsposit ion, byte lnpage

R ameebec, t he pages ar e a l way s 2 56 b y te s l on g ,
regardLesa of the sector or block aiae in use w i t h
version 6 0$/A+. There l'oc, if you need to port � c/45
prograa to a s y s te msupporting the Leech" tunctlon,
you could ea s i l y r e w r i t e P OINT as f o l l o wer

POINT( io , p a ge , b yt e ) i nt l o , p a ge, byte
( return Laser ( i o , ( pa g eccS)tbyts ) • 8 t )

Or, if the new sy stem's C coepllec supports idsf inc
aaccos vith parameters, one could siaply code

idef inc POINT(i . p, b) L ee c h( i . p’ 2S6 +b, • )

Por nore Lnforaation on these possibilities and other �,
we recosuasnd � thorough study of chaptecs 7 and 8 o t
'The C Prograeming I.anguage'.



6 • 3. Lg I/O tunctiona XIO

tora>
XIO ( ccmaand, i o chan, a u xl , au x2 , f i l en aae )

IHT c oe eaand
I NT l och a n g
INT aux l
I MT a ux2
CHAR • t ilenaae i

purpoee I
XIO providee a aaxiaua level of acceee
to the varioue tile aanager functione of
Oe/A+.

� r g~ente <
ccewand i e t he equ i v a l ent of t he OI / A +
CONNMlQ byte ( I CCOH in th e I OCB).

i ochan a u e t be an I NTeg er chann e L
nuaber. D epending on the XIO tunction
deeire4, the channel may or aay not be
one aaeociated with an OPtsed tile.

auxl � nd aux2 are the equi valent of the
ICAUXl and ICAUX2 bytee ot the 08/A+
IOCB.

tilenaae ia a character etring
� pacifying � etandard 0$/A+ 4evice o r
fi l � nasa l Gener a l l y , i f "iochan"
retere t o a pr evi o u e l y ope ned f il � ,
t i lenaae wi l L be ig no r e d. I t "i ocha n "
refere t o a n a v a i l a b l � ( C LOStd) ch anneL,
then tilenaae will be eignificant.

re’turne I
IllTs � et and a rd er r o r co d e

diacueeions

'Thle function ie a generally non-traneportabl � eyetea
cali deeigned to provide properly compatibl • acceee to
OS/A+. Thoee of you faailiar with htari BASIC and/or
BASIC At will recognixe XIO ae a direct tranelation of
BASIC’ � XIO etateaent.
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(Sant ion 6 . 3 . 19 cont inued)

Rather t h a n g i v e a c o mpl et e l i s t of a l 1 t he pos a i b l •
uses of XI O he r e , v e v i l l re f e r you to Cha p t e r 5 of t he
OS/A+ manuaL. The C/ 6 5 XI O f u n c t i o n c an pe r f O rm • 1L
the system commands Listed therein other than N OTE,
POINT, and the various data transfer operations--all of
which are available via other C/65 standard functions
previously described in this chapter.

XIO can even be used to open s f i 1 • on • specific
channel, cather than Letting C/65 choose the channeL
for youi

EXAMPLES
minuet f error ~ XI O ( 3 , 7 , 6, i), "Di •, • )

/ vi 1 1 perform an open (command 3) on
channel 7 tor directory read (auxla6)
ot • Ll t i l es ( " • . • ') o n dr i v e 1 ( "D i ) • /

And, of course, XIO can be used for such functions aa
renaming, • rasing. protecting, and unprotecting files,
• s well aa much more. Aa a final exampL •, we ahov here
the implementation of an ERASE ( f Lie f rom d isk
directory) f un c t i o n i

ERASE ( f i 1 • )

S(
RETURN XIO( 33 , 7 , 8 ,8 , fi 1 • )
6)

CHAR ’t i l •

CAUTIONs Th i • example as sumes th at channeL 7 i •
available for use by th e X I O fun ction. General ly,
� inca the C/65 P OPKN a nd OP EN fu nctions allocate
channel • i n i n c r e a s ing o rder s t a r t i n g f r o m ch a nneL 1,
channel 7 v ill be the last one used. Still, 1! you
wanted to vrite a tr uly safe fu n ction, you should
perhaps ex a mine t he I CHI O f i e l d o f chan n el 7 ' • I OC G
(and, again , s e e y our OS/At m a nuaL f or t he spec i f i c
location of the field and the IOCSs) . Of course, you
can avoid the problem by also using XIO to perform your
f i l • ope n s to spec i f i c chan n e l s , b u t t h i s v i l l soke
your program less portable to other ". systems •



01APNXCI LISIARZ FWCTLONI

se graphtce library of C/CS givee you liaited acceaa
to aoao of the graphice featurea of the Atari and Apple
aicroamputer. Theee functiona are not aupported by
• tandard C and they probably will wke your C prograsa
non portable . Th e y d o howe ver n ak e l i fe a l ittl •
ceo ier when trying to uee your coQputer • graphica



6. 4.1 Gr a p h ic s Punct ton< GHAPHLCS

form<
GSAPHICS (mode )

I NT a<oda g

purpose<
The GRApHICS function allo« • the ueur to
set hie/her system to a particular mode •
� uch as mode I for h i gh r e s o l u t i o n .
color graphics.

arguments<
mode i s an LNTe g e r va l ue . the <egal
values for mode are S-l 1 and
remember that not � 11 oi these '. • luce
ar � le g al o n t h e A p pl � I I •

returns<
The value returned ls the � tandard � 'rror
c ode, see s e c t i o n 6 • l f o r dat ai « on
� rror co des.

discussion<

The modes selected are simply those modes ava «abl �
via the systems graphics driver. C/65 @no«s n • < hin9
about GRAPHICS per se but instead peri'orms an opei.<t«9
� ystem call to execute the requested function.
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4.4.6 Graphics functloni PLIyf

Jr%i
PLOT (x, y)

?Hf xg yl

puf poco I
PLOT allcwa the user to plot a point
• nywhere on the sc reen.

arguments I
x an d y ar e IHT e ger v a l u e s- Ths v a l u e
for each depends on the particular
graphics mode you &ra ln and represent
the requested horixontal and vertical
position ot the po i nt to be plotted.
Consult your operating «yst em,
technical, or BASIC manual to be sure
you are using legal values for. the
graphics mode you' ve selected.

re'ternal
PLOT returns the standard error code.
Refer to section 6. l for details on
• rror codes •

discussions

The PLOT function works the same vay that BASIC' • doss,
«ith the x value corresponding to the horironal axis
and the y value corresponding to the vertical axi • •
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6.4.5 Gr a phics L>unctions D RAWTO

fora<
DIAWTD( a, y)

INT 5 • yg

purpose I
DAAWTO will dr aw a 1 i n e fr o a t h e l as t
point plott«4 to the point a,y.

arguaantss
and y acs INTOger vaLUsa representing

the horitontal and verticaL poaltlon n f
t he s n d poi nt of a Li ne t o be dr a v n .
Legal values for a and y depen4 on the
graphics aode au l sc t ed .

returns>
DAAWTo returns the atandacd error codes.
Ses section 6.L for details on ec r or
codes.

discussions

DAAWTO causes a Line to bs dravn fros the last point
PCOTted to tha specified a,y c oordinately Again, ve
• uggsst you consult the appropriate operating systea>
technical , o c BASIC aanuaL for d e t a i l • a n d l e gaL va l ues
for a and y .



CoioC Oraphioe PunCtionl POSITION

fora>
PoSI Tior ( a. y l

I ST

purpose I
P ositions the ho r l s o na l and ver t i ca l
pointer to the x y value selected.

• rguwente<
I and y a r e I blTegef values • Their
Liaits depend on the particular graphics
Isode s e l e c t ed o

returner
The valu • POSTIObl returns I • undefined.

discussion s

ALthough the POSITIOS function can be used in • LL
graphics nodes, its beat use is in tert node(a) |vhere
the cursor uiLL be positioned at the point s,y.
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6. 5 S T ORhGK ALLOChTOR I. IBRARY FUHCTCOOIS

The atorage allacatar functiona provide • ~ay o f
obtaining a n d r e l ea a Lng var i a b l e - a i ae d bl ocke of
meaory. Freed bLocka are coalaeced it poeeible • The
aaaory � l l o c a ted ia obt a i n ed f r o e t ha f r ee eeaor y
above t he end of your C/ 65 pr o g ras and b a l es I IZ IIOI •
The uaer ehould r e f r a i n fr o s c a L l i n g ope r a t i n g eyet e s
routinea that change the v alue o ! IIIIIQI after the
atorage • Liocator (ALLOC) haa been called the f irat
tine •
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6. 5. l Al l o c a t i o n t u n c t i on t AL L OC

Jr%I
ALLOC (SZXC)

lIFF siss I

pur pose I

ALLOC returns a pointer to an area o f
sosory SIKE bytes long--if such an area
ia avai l abl • .

site is an INTeger value and represents
the area in bytes that you want to
allocate ,

arguaents s

returner
CHAAs The va l u e r e t ur ne 4 wi l l ba •
pointer to the area of aemory • ias bytes
long. lf a aero i • returned then there
waa no large enough availabl • block of
Senor y e

4isc us • ion I

The ObILY area the can be allocated by hLLOC i • the
aeaory s pace b e t ween t he end of yo u r C p r ograo and
hiam.
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6 • 5 • 2 Alloca t i o n t u n c t i o n > PhK K

torai
PACC (STOilAGc) char 'etorageL

puf poee I
tLLEC returne previouely al located seaory to
the avai l a b l e pooL •

ergueentai
s torage i e • poi n t e r t o t h e b l o c k o t eeao r y
to be fr e ed �

returner
Unde!ined.

d iscueeion i

The Pl lEC t un c t i o n r eq ui r e s spec i • L a t t e n t i o n by t h e
user. Lt the poLnter paeeed to FREE i • not the result
oC • successful celL to AUAC, the coneequencea coulh
be dieaeteroue.



- - t hea page i n tent ional l y l • t t b l a nk- - ­
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CIIAPTER 7i inter facing to Asseably Language

Although p r o g raas vritten in C/65 can run up to 10
tines faster than SASIC prograss. acaotiaea it is
dssirabl • t o use Asaenbly Langwge routines for even
greater sp eed and cospactness. Cor esaaple , t he f / 0
library pr ovided with C/65 is written entirely in
NAC/65 Nacro Asseably Langwge.

Since t h e r e i • (cu r r e n t l y ) n o l i nk i n g l o ader ava i l abl •
for OSS and NAC/65, the sas isa't Nay t o uee asse ebl y
code is via the IASN directive � This directive • imply
causes • . INCLUDS directive t o b e pl ac e d i n t he
assembly language output fil • generated by C/65. lSee
NAC/6$ sanual for a full description o! the . INCLUM
directive, but the toro is gen erally .!SCUJQC
• ~filespec>.l

Typical l y , i A SN di r e c t i v e s ar e p l ac ed
functions to de f i ne ent i r e func t i o n s ,
• lso be used inside of C functions for
At this writing, ve have sade littl • .
this latter capability.

A littl • theory about hew C/65 generates code nay help.

out • ide o f C
b ut t he y c o u l d
opt in i sa t ion.

i t any. use o f
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7. I C/65 Sero Pago and System Stack Usage

rst. C/65 detineo oevsraL Locations in aero page, A
bit primary register catered to as RL i • whee • C/6$

does eat ot ito work. Tho high byte ot thi • register
may be rotocred to as Nl in addition to RL+I • A 14 bit
• ocondary register callo4 RE (high byte known ae RD) is
aLso hoaviL7 Used s

Binary operators have their operands placed in Rl an4
RE bofors th» operation is executed, the result going
back into RL.

There is also a 16 bi t tact fary register used tor
internal opecations calle4 RC, whose high byte may be
referenCe4 by the name RR , and t horo is an 8 bit
temporacy register called RA that is only used for
’temporary • 'torageo

Those c'ogisters aro used by • series ot routines that
the cmpilor call • directly (ovoc and over again) .
Collectively those routines aco known as the 'runtime
libc'acy

Thoro is one other 16 bit register used by tho runtime
library. a stack pointer known as RSPL( whose high byte
can b e a d dressed as RSPH 1! ne c essary ) • Tho C s y s t e m
• tack (not to be contuse4 with the 6582 stack located
fry S I S S t o S L t t ) i s i ni t i a l i c e d t o what 1 • a s sumed to
be the bottcss of tho user program upon program
osecution and grows DN NWARD. Sy default, a C
program' • base address is 54SSS, with the system stack
residing between the contents of lAHEM a nd $3PFP
(CAV1'ION> C makes no chock fo r a "crash" of the system
• tack with LOHEN) •

Rote . that although the standard stack oporattons,
p ush' a n d 'pop must bo do n e wi th m oro than one
instruction. at least the C/65 stack can be mors than
256 bytes deep an4 reside anywhere in memory.

SPECIAI. ROTE< The inital value ot the stack pointer msy
bs changed by editing the runtime library source code.
(Change the equate ot tho str ing STARTSTACK" ) • Tho
• cecutab I • c o4 o I 1 L • grows vp f rom the in t i a 1 stack
pointer va l ue .
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7.2 h ccsssing Punction Parsesters

Para%ster • ace passed to ca l led function • g whe~
written in C or asssebly language, via C/65's sys«»
s tack . The r u l e )or placing paraeetsra on the • l ~ • 'k
i • i Decrsesnt first, and then store, Cor each paraeru«sr
i n the order which t ey ar e de C ined.

Pafaestsrs are sto ed in th e standard Low byte/h<gh
byte Corset l i.s. th high byte of a l6 bit p arse<'«r
is stored in the hig er address). heal paraestsr •, r~ "n
character paraestsrs are sign-extended, and arrays
strings are passed • pointers to the actwl data •

For sxaeple, suppos that the stack pointer ' • value L •
$35SO, and that therl i • • Cun ct ion naeed FOO n >R
which . expects 3 plraesterss an integer, a charac< • < i
• nd • st r i ng (or, sor e pr op e r l y, • "pointer t o
character ) . Then, issues • call of the Cores

'abc )FOOBhR t 3, ' c



? f we a ssume that th e compiler has allocated specs tor
t he st r ing ab c starting at locat ion $ $000 • t hen upon
entry to P000AR. the stack looks Like thi • s

$36PP I $00

$3410 ) $03

$3irD I $ 00

$36PC I $ 6 3

$34PB ) $$0

$3ith I $00

/+ the cone'tant 3 +/

/s hea equivalent of 'c' • /

~ - — - - - RSPl p o i n t s h e r a

Nov, let ue assume that POOBAA is an assembly Language
routine vhich ve are vriting. Let ua i'urther assume
that ve vent access to th e th ird parameter, the
c haracter poi n te r (or st r i n g ad d ress, o r . . . ) . A
function compiled by C/65 will uae code similar to the
fol loving s

LDY IS
LDA (RSPl ), Y
STA RL
INY
LDA (RSPL) • Y
STA RH

hnd that code Loads the address of "abc" in the primary
register • Of course, an as sembly language routine
might vleh to place the p arameter it has retrieved
• aaevhere • L se, but t h e principal l • t he same . The
• econd parameter to th e function i • accessed in the
'ms way by simply replacing the "I DY I S wi t h "LDY

And, of course the tirat parameter is accessed
•

"LDY Il'. Remembers the receiving tunctlon sess
the parameters on the stack in reverse order compared
to the vay they are written in the tunction call.

CAN'IONA Th» c ompi le r a l l oca t e s apa ce for l oca l
variables on the stack BELOw the system • tack pointer.
'Thus the above code will not work LNSIDt of a compiled
routine u n Leae lt le pla ced d irectly atter the
tunction' • opening lett brace ael betore any Local
d eclarat i o ns . (Of co u r se , i f t he f un c t i o n de f i n e s n o
Local va r i a b l es , t h e c od e g i v e n might b e v a l i d . )
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7 . y pas s inn \ ' .w Luce Vi • O l oba l V a r i a b l e s

Rny v a r i a b les teclared at the 9lobal Lev e l i n a C/ 6 ;
program I • k n ,~i •, b y i t s l abe l • t o t he aaaea b l er •
+ er • fof e a»y a aaesbI y I an9uage progr4a ca l l ed by

Q/8 $ prog ra® +. I 'r r • far to these variables by naaa .

Rlso I f t he q ' / I • 5 decl area a var i abl e t o be CX7 CRN"
that va r i ab ) � ’ iaay be defined in the aeaoably lang>a9+
r outine ( ao ) ) < I I t l s i ndeed • C XTCRN t o t he ~ lg r
Nodule) .

Regeggbef I Q var lab 1 as are equival ent to

aaaeQ+iy lang p $ /4 locations, wi th th e LSS bef or e
H8$.

7 • 4 Return[ /» f Va luce to the C Cypress ion

Rny Q/ 8 $ f i ct ion ( and t hat i nc l u d es f .n . : i’l l,

• ubro„t i« s „ , I i ten i n a s a etably l anguage ) aay paar -„a:)
one and only i » • ' value to the function which calle~
I n th e c u r r e n > '>«sion of C/65 • the returned vai.q
always t ak e ' " b' • an I%ager. If sose other
desired , i t i » � ne cal l e r ' s an d c a l l ee ' • r esp ons..-„
to coordinate • »4 eeaning of the returned value.

To re t u r n a y . v l >e t o a c al ler • s i mply p l ac e t h e
r eturn va l ue u location RL (which is the LS:-,
t he H8$) . ga, • »hould be taken to aero or • ign
the ass if a ..: ' byte value is being returned.



1.5 A Simpl • I x a mpl •

The following exampl • shows a C/6$ pro gram a nd a
C-callable as sembly language routine which demonstrate
nearly all of the points made in sections I. 1 through
7. 4. The C/65 function NA1H() uses both entry and
CXTRIW 9 lobe( variables and local var lab les and expects
the assembly Language routine to return a proper value.

The assembly Language, i I N ROlfl'INC, adds % a t i s i n a
global location named GORP to a passed parameter and
returns the result. T his routine illustrates three
princLples s ( i ) pass ( n g va l u e s i n .g l o ba l L o cat Lnns,
(ii) passing values via the C system stack, and (iiL)
returning values to the ca l ler via the C expression
• valuation mechanism. 1n addition. though not part of
the code ot th e ro utine per se , the assembly code
defines a v a r i a bLe ( a n i ni t i a l i r e d a rr a y , n o l eal ) t o
be referenced by t h e C r o u t Lne .

Also, please note that since the C program defines the
global GORP, the assembly Language routine need not do
• o. And, co n trariwise, since the assembly language
code defines the variabl • SORTABM, the C program needs
only make an EXTERli reference to it •

(The program example follows on the next page.)
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The C Ca l l i n g P ro g r a a i

I HT GORP< / • a gl o b a l . . . de f i n e d h e r e «/
EXTERN LNT SORTAILE() I / • an aatarnaLLy defined

a rray o f i nt e g e r a '/

N ALN () S (
LNT RES
O ORP ~ 5 I
R ES e NEWROVl'LNE (7 ) I
«ES I( 2R TXILE( R EI ]

/» • L o ca l v a r Lab 1 e «/

/ • RES ahould be 1 2 • /
/« a nd now RES

the aquara u f
Lteelf... Lib «/

The NAC/65 Aaeeably Language Routines

NEW RCKll' 1 N E
LDY II
CLC
LDA ( RSPL)iY
ADC GORP
STA RL
INY
LDA (RSPL),Y
ADc GQRP+1
STA RII
RTS

Ito fetch paraaeter
Iget ready tO add
Ifetch Low byte o f pa r a a e ta r
I add to Low byte of gLobal
I atore Low byte o i ' r e a u l t
Ipoint at high byte of parasol’ r
I fetch i t
Iadd to high byte of global
Iatore high byte ot raault
Ireturn to c/65

SQRTABLE Ia table of aquarea
. WORD I « I , l «l , 2 • 2 , 3» 3
. WORD I 4 , 5 5 , 6»6 , 7 7
. WORD 8»8 , 9 9 , LI »L I , 1 1 l l
. WORD 12 • 12, 1 3 «13 , l i « l i , 15«L S

note how we Let the aaaeebler do the work
I for ua • • • and it' • faater than letting C/65
do the work at runtiae
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