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FROGRAME DEVELDPED IN ASSEMBLY LANGUAGE Fase 1-.

CHAFTER 1
PROSRAMS DEVELOPED IN AES=EMBLY LANGUAGE
When the Editnr:&iﬁambler car-ridoe is used to develop
ma:hine-iﬁnguags orograme. these programe must rcllow conventions
appropriate to Co—40 hardware &and 5=$tﬁara desiqQqn. They must.
for example, be developed as one or two specitic types of
nr:gr%ms. They nust also be developed for inclusion in linked

lists of other programs and subprograms. If they are designed

for inclusion in cartridges, they must be accounted for in

cartridge-header design.

TYPES OF PROGRAMS
The Editor/Assembler cartridge can be used to develop two
tvpes of CC-40 machine-language pPrograms: mgin preogramg &nd
subprogramg. Main programs differ +rom subprograms in the
following ways. - | .
The way they are loasded intc memory
Their location in memory

The way they are run
The way thev stop running.

¥ % & %

MAIN PROGRAMS

Only one main program can be present in system RAM. I+ &
subsegquent main program is lanaa; it replaces the one previously
inadnd. |

a m;in progrem ise loaded irto system FAM by an OLD ca@mand.
The syrtax of the command is DLD “device.filename. The device
designation is the devicé number of the peripheral unit from

which thef?ile is lcaded. and the +ile name 18 the rname of trne
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file as it is stored ocn the paripheral. The fila must consist of
@ single record that contains the aqtirﬁ pragram in ralocatabla
tormat.

Loading a program with the OLD command places it at the high
@nd of systam RAM, overwriting any péuvinus main ﬁraqram locatad
there. The praogram remains in the main program spaca until a NEW
or NEW ALL command is executed, until anothar program is loaded,
or until some cother circumstance causes complete systam
initialization.

A main program in syﬁtﬁm RAM is eaxecuted by a RUN command
.with na'argpment. A RUN command with an argument c#n be used to
both lcad and execute a main program with a single command. The
syntax af the statemant is RUN "device.filename".

A main program terminataes execution by returning contrcl to
the BABIC operating system. Contral is returnad to BASIC through

entry-point routines in system ROM. Cne of thras entry points,

RETSYS, RETNEW, or RETINT, is used. The current state of systam -

RAM datarmines which entry point shaould be usad.

+or q:taili.}

ot
SUBPRQGRAMS

While aoanly ene main program can be presant in systam ﬁﬁn,
multigle :gbpraérams can ow pra:ént. Suborograms ara2 losaded Ly
the LOAD SuUBpraogran in intim:RUH. The syntax oOf the statement
which acceassas the subprogram iz CALL LOAD(“"device.+filename"):
thae +ila named may contain one or nora sﬁbpraqrams. The fila

MUusSt cansist of a singla.racord that gontains the subprogramis)

in ralnc%tabla tormat. When the fila ccentaing mora than cona |

L -

(Sea@ chaptar 3 z

™
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subprséram. “he subprogrem headers (see below) must +orm & lﬁnhad
1is£. The last suborogrem in the file {(loaded highest in memory)
must be first in tﬁ& linked list. The last subprogram in the
-ist mu=ﬁ~hav§ & "zero” link to terminate the list.

The LOAD subprogram places & subprogram in the machine-~
language subprogram ares OFf memory. The subDrogram area ie
lazatéﬂ in the low end of system RAM between thse systenmn reserved
arega and the user aesigned string area. I¥ the arez containe
previously losded subprograms. subsegquently lnadnﬁ subprograms
are linked to the enc of the list. Subprograms remain in this
arga until & NEW ALL command is executed or until some other
circumstance causes conplete system initislization.

L.oaded subprocgrams are executed by the CALL commant from the
commanc level of EBASIC or by & CALL statement in a EASIC proram.
The general form of the CALL statement is CALL subprogram-—
namelargument~listl, wheére the subprogram name is the hame
included in the subprogram header, and the argument-list contains
information to be uﬁed in the subprogram,.

‘*%1ﬂfﬁklargumént li:t!in the CALL command or statement is
optional. It is not required by the CALL. but it mav be
required by the subprogram. When an argument list i€ reauired by
the subprogram. the argument liﬁt has a syntax defined in the
subprogram. Tﬁﬁ process Oof passing information from tﬁe CALL
statement to the subprogrem is described in the chapter .

The name cof & subprogram must beée chosen with care. When the
eveltem exMecutes a CALL tdﬁﬁaﬁﬁ or statement, it must_siar:h =t
the 5ubprqérﬁm througn four iinked iists. It executes the Tirst

e gelm o=

subprogram with the specitied name. ANy subsequent subproaram
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with the same name is naver found. The linked lists, in tha

grder in which thay &are searchad. are as follous.

1) Subpragrams that are built into the systam RCM, such as

LOAD, PEEK, and FOKE

=) Subprograms develcoped through assembly language which arae

loaded by LOAD into the subprogram area of systaen [RaM

-) BASIC subprograms in system RAMS that is those which are part

of a BASIC program that is running in the main program area

4) Any subprograms Qr programns. in BASIC or nachine languaga,

in cartridga mamory

A subprogram returns control tc the calling pragramn ov
axa@cuting the machine Iiﬂq;iQﬂ ccde far a RETS instruction.
Howaever, subprograms which are designed to be called only From
the cémmand lévul of the systam may use the sane systian &nNtry

points that ara used Sy main programs.

PROGRAM HEADERS
Evary main program and subprogram cavelsged in assaembly
language nugt Nave a program haader. A Neader provices

e

Jinfernation necassary for the svetam 20 19dd. find, &nd $:aculs &

e

sragram or subprogran. The Maeadaer i3 lccated &t the nigh @na Qf

M@ progran. It Ras thae raoliswing forrn.




'thé*tﬁ&é-¥ar a header for subprogram.
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A S P S S S S A S -

Frogram—tyoe
byte&
Heserved
byte

ODne word
cisplacement
to the name
lengtn bvyte
One word
displacement
to the next
program in
this list
Frogram encry
address

Name length
bvte

High mempory

displ acement

W osan sl AN LEE AgE AEF FEE VAR o sum A

A
!
!

SR FEE amm FwS aml rul o saph =N g FEl oy aE B Japs Tk I gl mams W AME Sy Tl Sdaw  +um 4

pointer

- L]

Frogram name
in reverse
order '

A S Sl da Wl e Ml S M S S ek s
Executabla :

>! code and data ! |

Low memory e g e e e e e , .

1-
!

!

1

*

'

|

!

'

'

| ]

J
'

]

1

| J——

W sar teas Falh siln gim yEp FEE AEN TAE ER P par 3 Em Taw s SR Bah SE Aday v dml Al I A anlh wEE e s vus

The +following nﬁample shows the assenbl y=language listing of
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S I A il AR W A N il A iy ek sl il el sy sall sl sy S Sy S A S A A A A SN S A A S s i vl S i Sl i N il e i W el S e e S oI S A A AN walbel SN AR il el S ekl i

L . ]
' 0012 0017 - NAMLCW EQU 3 '
: 0013 0017 50 ‘ '
' Qo118 39 '
' OQL® 4% '
! 001A 42 ARTEXT *REEP’ Nama@ in reaversa ordar!
! Q014 CO1B’ NAMHCGH EQU 3 '
' 0013 COLR 04 BYTE NAMHGH-=-NAMLOW Nane length bvte !
' QO01l&s COLC 0000® DATA BEEF Fragram 2ntry point !
! Q017 OOLE QQUO DATA O Displacement to next !
' QU188 0020 FFFEC DATA NAMHGH-=%+1 Displacemant to name !
' 0019 0VOR2 CO BYTE O© - Reserved bvte '
! QQ20 QO 34 BYTE >44 Frogram typae byte !

L]

- PROCGRAM TYPE BYTE
The program—type byta, locatead at the highéit address in tnhe
Haadnr, idantifias four important characteristics of the grcocgram

. Or subprogram, as shown in the fallowing table.

»

! BIT ! VALUE ! SIGNIFICANCE !

7 1 1 ! main pregram :

! ! Q ! subprogram !
VSRS —— N

' & ! 1 ! machine languags :

! ' O ! BASIC language !

- Q ! reservead !

S —————

LTS S - - Q ! ressrved '

' | s o 40 < Pt AV AP R P 0 D S S B A A S D D i et S i i o |

3t i ! located in cartridga memcry ¢

! ' O ! lacatad in system RAM !

S ——

2 3 ' ralocatable formatc '

' ! Q ! absaluta rarmat ,

b o ot 1 o e < i 1 0 = 0 et 1 i s e 0 oy 4m o |

° S Q ! raservad H =~

W S R P U |

L - I ¥ ! raserved !

3

vl gl wnlll S Sl S S S I N SN S S - SN N S SN A A PR -SR-S S G SN S S S R N S S ey - e sl il e =S

Thae tyg=2 bQyta 1n the headar axampls is set €0i- a ralocataspls
k)

machina-language subgrogram. Tha laecation infermatien in bit 3

J-SE—
.

k-
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FRIGRAME DEVELDFED IN ASSEMELY. LANGUAGE FAGE 1-7
i% used only when the program is in 3REIL language. The Fpraat
indormation in Sit 2 is usad pnliy when the proQram is in mashine

s AnQuUEg®.
3 |
DISPLACEMENT TD NAME-LENGTH BYTE
Thae displacemant o the name-laength byte is usec by the
eystem when it searches the linked list 40or & program or
subprogram. This displacement is the additive otrset from the
addrese praeceding the displacement word to the address of the

rname—length byte. A the example shows, the displacement word i&

calculated by the sollowing expression.

&ddress OFf name-length bvige - current address + 1

A Collar sign (%) is used in an assembly to specify the viue of

the current address.

DISPLACEMENT TO THE NEXT FPROGRAM

The displacement to the next program links programs ang

 Subprograms into lists. The system searches through ithesa linked

ligts +or & particular program ﬁr subprogram. The displacement
igs the «dditive of+set from th-.addrls: preceding the
displacement word to the addrais of the program—-type byte in the
next header in the list. The displacement is calcul ated at

L

the timeé of assembly by the +fpllowing expression.

afddrees OFf next header = current &doress -+« 1

: by T
L




FROGRAME DEVELOFED IN ASEEMBLY LANGUAGE FARGE |-ad

In the expression above, thae addrazs of na2xt haader is the
addrass of the program—tvpe byvita for the next pragram header. A
displacement value of zZero, as shown in the header aéampla, is }{

usad to tarminate a linked list of headers. -

| Sy

PROGRAM ENTRY ADDRESS

The program entry address is the addrass at which program

h-

exacution is to Bagin. This address is usually the lowaest byta
ot executable coda, but for spaecial applicaticons it mav be sat to

any paint within the pragraam.

NQME-LENGTH.BYTE

The name-langth bvte is the number of characters in the J
program nane. <8 shown in the example, the namﬂ.lﬁngth can be
compulad curing asseambly through tha croper usae of labels before and
after the nama. Although the exampla shows tne name-length Qyta
- &Nnc name &s & part of the program haader, these two items ara nc£”
regquired o be in the headar. The nane langth and name mav be o
ioCataed anywhere in memorv as lang as the length byvta appears ab
a“EA;ﬂ;;éhait address and the name precaedes it in revarse crder.,
PRGGRAMHNAHE

The gregran nane ias the itriﬁg of charactars which “nw
Systam examinaes when it ssarches for a ArIgram.  ThE nade U3t S@
stored in reversas order mnediacaly praceding <Me nane—lmnabs
Svia., AS shewn in the axampla. text can Ce ahored in reversa
QrIar autcmaticaliy By the RTELT assaemt.&r diractive. A pregram

Nname daay SIntain up to L8 charactars. Tha first character must

‘ e b g




FROGRAME DESVELDOFED IN ASSEMELY LANGUABGE ragE 1-F

be an dpper:asa alphabetic character or an underline. The

remaining characters may be uppercase alphabetic characters,

numeric digits, or underlines.

CARTRIDGE MEMORY

In addition to its use a8 an extension of system RAM,
cartridge RAM can be used to store and run machine language
praqrdhs and subprograms. Therse are minor differences between
laadin; &rc runmning programs in cartridge mnmnfy and loading «nd
running them in svstem RAM.

To load programs and subprograms into cartridge RAM &and to
create and maintain the necessary linked list nflhaaderﬁ, wtility
subprograms named CARTINIT «nd CARTLOAD must be loaded into .
system RAM (ses "Cartridge Loader" in chapter 7 of the LLz30
Edifor/Agsembler User’s bujde).

brnlike system RAM, cartridge RAM permits @more than one main

program to be present. In cartridge memory, all available .

programs and subprograms are linkec togather in & single linked

list of program headers. Although no specific ordering is

reguirsd, the normal cenvention is that the aain .progrems appear

in the list before the subprograms.

Main programs in 2 cartridqu are axecuted by & RUN statement
which includes the program name. Tha syntax of the :taiamnnt is
EPN “program—riame", where the p}agram name is pointed to through
the displacement in the proaram header. Similarly. subprograms
in & :artridqa arn.eﬁe:utad kv & CALL statement which includes

'

the subprogram namne.




FRCGRAMS DEVELCPED IN ASSEMBLY LANGUAGE FaGe =10

Each cartridge must contain a cartridge haader in tha twelve
bytes which bagin at addrasszs >»9000 of page® zeroc. The haader

cantains the following ihfarmatian.

L > . L ]
-—*---‘m-----_—-_-----—-—'---—'_-_--_------- i i A A A Al Sl s R ki S S S — . " - il L -

! Address t{ Information

| [ [ preprspp—————— S SR B T BT E b LD D
239000->9001 ! Expectad value »AS3IA

F9002 ! Size information / Version number

! Bit 7 = O 3 8K cartridge

! = 1 5 16K cartridge

t Bit & = Q0 resarved

! Bits 3-0 = Cartridge versicn number

! Exscution and spaeed infarmation

! Bit 7 = 0 ¢ ng immaediate execution pragram

! = | : execute first program in list
|
;
!
!
!
!
'
'

»2003

immediataly on powarup

Bits &6-0 = Spaed contral in taenths of microsaconds
Fointer to first programn header
Rasarved word: always >0000
Painter to next available addrass

betwean »>F000 and >CFrFF
Painter to next available address

batweaen >5000 and 8FFF

>9004->9003
»90Q&e~=>9007
>9008=2>9009

»FO0A/A-2>900B

!
!
!
!
!
!
;
:
!
!
!
!
!
.r
!
b
:

i
|
!
|
|
|
i
i
)
.
|
!
i
!
|
|
l
|
l
|
|
|
|
|
{
j
l
i
|
|
{
i
}
}
l
|
|
i
|
|
!
!
|
!
i
|
|
|
l
I
i
I
|
|
|
|
|

The expectad value in the cartridge header permita the svitem
ta verity that a cartridge is presant.

Bit 7 at addrass >9002 indicates whaether the cartridge

- centainrs 8K of RAM or 16K of Rﬁﬁ. Bit & of Lthat lucation is

resarved and i3 resat to zero. The remaining & bits can be usad
for # varsion number

Whan Bit 7, at addrass )76&3; ig sat o ONE,. it indicatas
that thMa cartridge contains a ﬁain arcgram Jesignad for Laoedlista
axacution aftar CC=40 power uUug Or rasat. This progrem is tha
sirst pregram in tha linked list. The iLnnediste-exaecut:ior

orogram must S@ a main prodran.  Scecification of a subprogran

Will generata a "Baag progran Lypa” ericar.

L

!
'
t

‘--l-i-l-i---tﬂllil-llll.l-ll-l-ll-l-l_l-ll-l-l
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FROGRAME DEVELOFED IN SSSEMELY LANBUABE FemcE 1-11

BRits O through 6 at address >P00T control memory—aftCess
time. For cartricow anf1uhi:h can be accesset at processcor clock
rate, this value shoulc be 7000011, Cartridge RAM may be run &t
&] ower E?Eidﬁ, i?? sor example, the RAM is used to Esimulate Slow-
access ROM.

The velue irm these six bits represents memory access time 1n
tenths of microseconds., but within the RB&SIC qperating

environment only certain ranges Of values &are used. 'al ues

between 7000100 and 7010010 cause the :artridﬁﬁ to be accessed at

the sume rate that system ROM is accessed with (the processor
clock frequency divided by 7). Larger vaiues in these bits Cause
both cartridge memory and system ROM to be accessed &t the
processcr clock rate divided by %. Bea Chapter & for details
abbut memory atCcess times.

The two-byte word at addres:s >7004 i a pointer to the
program—type byte in the header of the first prngram or )
subpregram in_the cartridge. The CARTINIT subprogrﬁﬁlis used tn}‘
load a cartridge haeaader into the cartridge memory. I+ no program
i; Inqq?d with thiucartridga header, this word should be
iﬁigi;iizad to zero. ’If one or more prooramg are loaded &long
with the cartridge header, this pointer must be initialized to

the first header. After the initial load into the cartridga. the

CARTLOAD subprogram can be usad to load additional proarams and

subprograms into the cartridee. The linked list is automatically

upcdated bv CARTLDAD.

The word at addkesﬁ >200& is resarved. It muet contain &

L T
ol -

value bf zero.




PROGRAMES DEVELOFPED IN ASSEMBLY LANGUAGE FaGE 1-12

The word at addreas >7008 points to the next avaellable
locading location above the header. I+ the cartridqQe header (s
loaded alcne, this word should point to the address following thae
neader. i+ one or more prograns aré loaded with the cartiridge
headﬁf, this word should point to the address following the last
program. The CARTLOAD utility automatically updatas this
pointer.

The word at address >900A points to the next available
loading location below the header. Whaen the cartridge hedader is
loaded into am 8K RAM cartridge. this word should be initialized
Lo zers. When the cartridge header is loaded into a 16K RAM
cartridge, this word should be initialized te >0000, The

CARTLOAD utility also updates this pointer.

i
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EVBTEM SO TWARE CONVERT IDINE AHD ROUTINEED FmoE -

CHAFTER EI
SYETEM SOFTWARE CONVENTIONS AND ROUTINES
The sottware in CO~-40 svestem ROM containg & BAREIL
irterpretir ant opereting routices wi:ich suoport nput o =ru
cuTout I om BRBIL. T sofiwere is organizad inlo a nuaber of
SUDEvETHmE. wnid vach subtvEtem containg « nlmber u+ iimi b1l e
ianguage subroutines which may be Uiwd within progremsé &and

subprogr ams devel oped in iiiﬂmbly'lanUnge-

FLOATING FOINT SUBSYSTEM
Thﬁ t+1oatitg paint Iubiystem COMELELE UV @ Oldis of a?tLum
subroutines that can b@é usec (o manipulaste %lpatiﬁu point .
fumb@rs. Tliese rouwtines perfora teske which rebige 1 o ﬁimaiu
arithmatic'aﬁﬁrﬂtianﬁ, such a&s a&ditiﬁn #ny iubtrgctxan,
fun;tinn evasustions, sSuclh «F &ine. wriponential, and-!ag;ritnm )
evalustion. The EUBﬁiitim+iliﬁ includes & variety uF.rautinie

‘or manipulation of {loating pLint nuebers it the register file

and svstem RAM.

'?Jq;; REPRESENTATION OF FLDATING PDINT NUMBERS

I--.'._i.,',_h

LThE flﬁitrng paint iubiyitﬂm UEwE Dése (00 rapr*ieﬂtitlan
for floating point numbers. Eacl floating poinl nusber requires
eight bytes oFf memory. The firstl byfe (st Lhe 1Oucel addresa: 1§
used Lo rePresﬁﬁt a2 base 100 expgnant_ﬁnd“Inralgrbrﬁié cign of
tive number. The ramaining le?an py{ai raprgqenfhthﬁ ﬁlﬁtiisi of

“the number.

THi.- Dase |00 GHPGHant is fﬁpr.uﬁﬂl1tﬁd' a= 3 T-ht ﬁé"qu.g,;mal
valvue biased b){' }40 (64). I R es:lfing range of the exéariﬁartt is
\'\ . ) .
frm ~64 ta +63. The fbllqwirlg taDle ehows tha tﬁl"t’bﬁpﬂﬁtjut'liﬁ

f.'_‘\n.ﬂ-
r
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3YSTEM SOFTWARE CONVENTIONS AND ROUTINES PAGE 2-

between tha biased hexadecimal valuﬂ and the exponant of the

numbar.

Biased hexadaecimal exponant  >00 tc 210 eto »7F
‘Base 100 expcnent -84 to o to +63
Base 10O (decimal) exponent -128 to O to +l2é
The most significant bit of the axponent byte datermines the

alg;praic sign of the floating point number. If the nuabar is

' negative, the entire exponent bvyte is {nvertad (cne's

i

i

complenent), thus setting the mast significant bit to cne. The
result is that the most significant bit of the axponent byvte is
sat to aone for all negative numbars and reset to zereo for all
positive numhcrs; .
Each bytse aof the mantissa ccntains a basw 100 digit betwaen
O and 99 representad in binary coded decimal (ECD) farmat. In
othar wards, sach four-bit nibble containag a decimal digit
between O and 7. The resulting daci;al precision iiﬂiz'ﬁ?:f; o
Eiqlt:, depanding upen the contants of the first n?ta oF Eha_

mantiszsa. The flirst bytu o+ the mantissa (at the lowast adudress)

’ﬁ?”thﬂfféaﬁigiﬁg,thg;hnlt-iidhificint_Baia 100 aigit. The mantissd i

Always narmalizwd: the implied position of the Jacimal pcint is
immeciataly follaowing this mast significant digit.

Tha expanant and mantissa combine to provide a decimal
- "'iu. . i _ -

numeric range +ram -?.9?9??99??????E+12T thrcugh -1?5;125; 3ero;

andgd +L.E~128 thrcugh +%,.399999939559°5+1247.
) :
The numnbar z&rc dggs nQk follow the rulas just definec ror

fl3ating paint Numeric repragentaticn. When the first bvia of

tha mantiasa is zarp, the antire flcating coint riumber ia

i, —

L &

F
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TEm EOFTWARE ZONVENTIONE midl FOUTINES Féadng Z2=0

ill
o

considered %o b Zero. f&glrdleis of ilie v=luee in Lhe olher
§even bytes.
The fﬁll:.:wir-g e)fi:inplti show &0me Jecimel nuupers 8nNd the.:

:carr:'tnpa'{ﬁding base 100 and flaat:ng point repfesenlealigns.

Decimal value Base 100 Representation (low to high)
_. - x X
O DO%100 A 200 DX DA% PKX DKX XX PR
i umoo >40 >0l >oo 700 >00 (00 mé 7200
-1 _ ~1nloo?' >F 01 200 200 Y00 >00 Y00 >00
10 jouooo | Me >10 00 >00 >00 >80 300 >00
| IW | | uloo‘ >4i Y01 >00 >80 >00 »>00 »>00 >00
1060 o l.o*mol >4} 210 >D0 >80 >00 >00 >00 >00
10000 | l-wo; >A2 >0} 500 »©0 200 >_0é 200 »00
£.243 i zasuoaa - M1 >01 >24 >30 >Q0 >00 >Q0 500
i23456707188 12. 3654789188100 D45 212 >34 )56 D78 P9I 88 300
. 00102 10. znoe-z YIE )16 )20 Y00 »00°200 »3D »00
.01 B l*l-w_l - Y3F D0i 200 200 >80 500 >06 >00 .'—

-~ 'FLOATING PDINT ROUTINE MEMORY UBAGE

. Floatino point routines use bolh registers and eystan RAM
f#r-abtiinlng and storing flueating point nunbers.
Registers | \

| - 3
Fleating point 1routines use an dred of the reqiater file

called the functlen level tenporary area to Pﬁ:-r'ﬁ:rn most
apﬁréliaﬁs. Thae ares 45 erom rggnitar »58 through rlgxitbr >TF.
Three key ?u-l‘*vi-r'i within this arsg are ths €louting point
acﬁuMuiéth; tfagiﬁteri >715 thrauqn ;Z;&; the flouabing point

4
¢c?




SYSTEM SOFTWARE CONVENTIONS AND ROUTINES FAGE 2-4

second argument (registaers »>&B through »72), and the floating
naint status byte (reglster >7F). The function lavel araa is all
*ha memory that is reguired for most of the lower lavel floating

point routines. such as addition and division.

Floating Point Stack

_Higher lavel floating point routines require the use of a
flu&ting pa@nt-:tack in system RAM. The fluatiné palnt stack is
d-+iﬁﬁd =~} ﬁhrlu painters. -

A pointer to the base addrass of the ficating point stack is

'maintainﬁd in the lyitim reserved area of RAM at addressas

{>EEA.>Eﬁﬁ1. Systam inttialization sats this pointer to thé

| hlghast addressad bytn of th. variable name table araa. Tha next

hlqher addruslad byte is the first bytae of the floating paint
stack.

L) pa:ntnr to the adcress of the last bytl of the last va.un

which has baen pushnd anta the flcating pn‘nt stack 13 ma:ntalnnapg

in register palr (86,>37). The stack poiniar 1S initielized to

_value of {he LDase address poinltsr.

wir

;~tha :ama valui s thn Dasa addrass paintar. Thers«fter. the

',.. a\..:...-l" i;‘ }

______

addrassad byte of the stack.  The stack, tharafors, is considerad
@MpP L #hunqvnr tha value of the stack ouinter is Fqual Lo =he
A psintar Lo frse system mgmcry gpaca i3 haint&iﬁa? in
ragistar palr (54,233 . Thii_ircj Bpacd scinter dntirminai_thg
Righast addrsss which can bLe usad by tha flaating point Iuihk..
aﬁnatharxiqnctian of thil sointer iz Lo Jdeiinik the lcowast #ng
\ _

SF the dvnam:r AEMCrV MANAGWNENT Ara. 48 Jescrited Salcw.)

*.H-m-—

-
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TaTENM BoFTWarE TORVERNTIONRDS b ROUTTHES FeOE 2~9

A stacK entry consicsts u% Liew azght bytei thet mare LPp a
ficeting poict nuiber. T stacK 1 s Pre-incramenting. Puahzng a
Vilue OMLte Lthe stacK tncludes (l) tncremanling the stack polvter
bv eighti'{ZJ va@rirying that ¢the E#tacs puini® @ (ot excCedded
Lhée Frew Bpete polmter, and 32 Copying the eiuht byte etack
entry (from low TO hagh) into the eight bDytes JU'I'Q". added to the
ita::-f::. Similar ly, POpPiIng & Value from Lhie BLacKk includes 1)
verifying that the etaucK pointamr domri not tq@al the biiﬁ.#ddfﬁii,
W23 cap*ing Lhe @ight byle entry-+r§m the top of L vltacK-——Llhe
byte lndicated by the poanier arnd Liw next seven lowsr addresEsd
Eytna. and (3) decrwmenting itha stuck pointer Dy eight.

Routi fien ﬂF*IpFQHidﬂd in Lhe floeting point iuﬁiyitﬁm.Fﬁﬁ
pgihing & value fraom 1the +1uutiﬁq Pwiht ectunmiul alor wnto e
£tack unﬂ TOr POPPRing & value *rom tha stact (nTto the flaat;ng'
peinl sccumilator or 1nte the flowting poinl seconc v gument.

The mhly othetr reguirement of LH; fluatnna ﬁuiﬁLWSUUiYIaiﬁ 5l;
Invol vies Lhie Dabhdliing of errors. Thiew hicgher level Flouating point
roulines report nrgument-arrur; by loadinu the ~ regiﬁter hitn &0
ingtruction trengfers control to « breanch vector in Lthe Svstew
rﬁﬂnrved'arta.at addiesaws JBLL throuan P8IE. ¥ thie BARLIC

!

oberating envirornment has not been wltered., this branch vector
\ w .

‘Walstfers cunitrol Ltu Lhe BQEIC'ﬁrrar handl «r . xHoNhJ;?, the BABIL

i

wrror handler is ndl appropriate for wmachine-language progqrams

operzling oul#zide the BABIC envivormurt. Such pPrograng .k

initialize the Lrancst wtos. Lo -t'.rm{.i' OnWN @rrvor handigrs. (Bee

“"Ere or Pf}ﬁiiitns} an {hapter 3.)

b
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SYSTEM SOFTWARE CONVENTIONS AND ROUTINES FARGE Z2-&6

TYPES OF FLOATING POINT ROUTINES
Floating point routines range +rom thosa which perform
arithetic operations to those which parform utility «nd . -

haousakeeping cperations.

~ Arithmetic Routines
'Flu#tinq point arithmetic rﬁutinus, Jascribed completely in
. the aiﬁhabitizud list of descriptions in chaptar 4, iﬁ:ludu thé
+ollowing. |
Flecating point additicn (FADD) -
Floating paint subtractiaon (FSUB)

Floating point multiplication (FMUL)
Floating point division (FLIV)

comparison Ruutin-

Syitam ROM includes one flocating point Comparison called

FLTCMP,

Polynomial Evaluation Routine

A T e gdlgﬁgmigl_.égluatiungruutinn called FCOLYX is inclucdad

in systam ROM.

Floating Peint Stack Routines

. Threa floating peint stack routines in svatam FOR include

tha following.

Slcating point atack push freom Flcating seint accumulatcr (FPPUEH)
Floating poin: stack pop into floating peint accumul ataor (FPPOP)
Fioating point stack pao-<4nia second argument (FCPARE)

kN

\
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Exponential Function Evaluation Routines
The four routings 1n aystern ROM whisi: calguiate thes vrlve of
@xpondnlial ~urativne are & 10llows.
Ekﬂéﬁlﬂtiil function (EXP)
Natural logaritha fuynction (LN)

Commen 1 -Trr- of | thirt function (LQG)
Square root function (S&R)

Trigonometric Function Evaluation Routines
Four roulines in systew ROM whicl cLalcduiste thie Velue of
trigonometric functions arg@ as follows.
Arecnsinu Ffunetion (ACDS)
Arcsine function (ASIN) :
Arctangent funclion (ATN) -
- Eosina function (CDO%) ‘ -
. Sine function (S5IN)
Tangant function (TAN)
Random Number Routines
Two routinaes in eystar RO are used in gan*ratinswa sarias -

o7 Pandon €leating ooint nuadbers.

. Bensrate & randon number in the Range O <= N { {1 (RND)

ST et thal rendom Aumber gwnwerator (RSTRND)

lnttgtrlFloating Foint Conversion Routines

Systea ROM canéiin: two routines o converlt buetwien intTeger
1"._ ’

-

ang floeling point rHpresentations uf Veluws., 3

Convert flaating poirnt vatuve to infeger Valus (th}

Convart floating point valua toe unsighed inlegar value CFyinm)

Convert integer velus to ftouting porit value (CIF) A
=l CFIUNS ?

Hit:lllanpéus Floating-Foint Operations

s




SYSTEM SOFTWARE CCNVENTIONS ~ND ROUTINES FPAGE 2-8

Elaven additicnal routines in ROM, listad belaw, perfcrm
utiltty and housekeeping operations.
Claar the floating point seccond argument (CLRARG)

Clear the flcating point accumulatcr (CLRFAC)
Clear the non-argumant portion of the function level araa {CLRRES)

Copy tha floating point accumulator to the seccnd argument (COFYFA)

Divide by zera warning (DIVIER)

Lead the floating point second argument (GCOM&)
Flocating pecint graatest integer function (GRINT)
Floating point normalization (NORMAL)

Overtlaw warning (QVFLOW)

Floating point rounding (ROUND, ROUNDZ)

Swap the flaating point accumulator and the second arqumnnt-tswnPFA:}

STRING-OPERATION SUBSYSTEM

A string is any saquence of ASCII character ccdes. In the

wlr

EC=30 system, strings are stored as a one hvte itrtng'lanqtﬁ
preceded by the sequance oF character codes in reverss order, a1
pointar to a string points to the length bvta. For axampla. the

atring “HELLO" takes the form:

low address ! D4F ! 4C ! 3aC ! >4% ! 36 ! 0% ! high addresi

' s S ey i S e - - - S e S S N i AN A o A aymile s il ukal S S N NN VDY S ik selel-al

. .-
N - L] i "_-.-l-""' .
L I | I
' N R R
P

.

Syatem RCM provices five rautines for string comparison and
for conversion to and from other forams of Sata ragrasantation.

Thesa routines aras as follows.

v Cemparison routine (STRCMP) "
Canvart intager to string (CIS)
Convars string to intager (CS51)
Convart fisating paint nunber ca atring {(CN3)
Canvers string to. flosting caint nunbaer LON?

TR eema, .
-I._‘

DYNAMIC MEMERY MANAGEMENT SUBSYSTEM

. Affasn

N
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Trie dyriafic @@mor ¥y aefiso@nent Eubiyittm ig composed oy four
rovtines whizh cen be veed tu.ﬁllﬁtiti .10 dﬁillﬂCith_bIOCkE-fEGm
an arak of dwnory thet ie delini L_ﬁ'd_B\/ four eyslew porvter s,

The' base addrede of the dyneuwic My SCER i maintai ned by
] Pﬁintur stored in the iYﬂthm rasal Vad ared ﬂt_ﬁddfﬂiiwi
YBEC.>BED. This valuw points to the Firsl byte below tie cur rent
Program iudge in Ll Gini ' ProOOrain -rﬁ;.

é free space pointer 18 walntained in regisater pairy (34, )55,

This value points €o the first free byte belor thw lowesT

#llocated block in the dynxmic memory Aarwa. & mejor function of

this poiuter iu.tﬁ.ihdic&te tra highwst addrE&aswd byﬁe wisdal: mey
be used by the floeting puint gtack. - -
The floﬁtxmg ﬁuint slackK poirler ie micitRmined 1h reglﬁtﬁr
pair {)56,)57). The stack pointer always puints 1o thie highest
idd;iiiﬁﬁ bytﬂ-ﬁf the stack. The atack pointir alse iﬂﬁlﬁn&?ﬁ;*
*he low end of Lthe lowwest Block of aveiluwble dynmnic. et Y3 Lhe
block Lounded by the fréw specs pﬂintéf anJd Lha_itauK paintwr:
Tha fourih puinter is thw firet-free-bleck poiiter locatad

at addresses )BE&,}PE7.in thae svetew reserewd area, This valus

J““ﬁﬁgﬁfgita fﬁawiirnt'(highust addresaed) freow LIGOK 07T aenar'y 1N

the dynamic memory areik. Other free bLlocks are meirtained in &
linked list.
Initializetion of dvﬁamiu_mﬁmarv menadenent &ets tHe 17 e
. \ .
ﬁﬁicﬂ pointer and the #irst-frt#-bla:k polinter Lo the &eme Val ue

é$ Lhe base sddress pointer. Dynemic wemoty allecélion uses a

firet-f1t wlgorithm: The firet available Blocg ©orF suftriclient

Bi11€ is reducsd by the rédeestied uuwmbes of bytes (Fll.li twe bytes

\
\
tor ovartieed intormetion). The remeinger of Lhe tloek (46 iny)

2 e,
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is reentered in the linked list of free blockis. The search for a
free Dilock is linear, alwavs beginning with the highest addrassaed
black (indicated by the first free bBlock painter), and ending at
the lowest addressed block (the one delimitaed by the free space
pointer and the stack pointer). Whan a block is deallocated, it
is linked inta the list at the appropriate position depending
upun¥}ts address. If (it is immediately adjacent to any other
free blockis), thea dlillacat-d Block and thwe eadjacant frae

hlaock (s irﬁ lizted as a single free block.

The faur dynamic msemory management rautin¢s :ansilt aof two
nllncatinn-rnutino; {(MNEW, STGNEW) and two deallccation routinaes
'{MDISP, STEDSP) . IThu STGNEW and STGDSF rcutinns'arlaunud-té
manlpulatn blocks of 253 bytes or less. Thesae two rcutines nust
be used in conjunction with one ancther and are usad by Eﬂ5155“+.
almost exclusively to handle string values. The MNEW and MDISP
routines also must b. used together and can prucusl'blﬁcks.affiﬁ?515
gize from 1 to S2767 bytes. Thaeasa two routines are usad by |
EASIC ta handle all structuras other than string values.
““¢J5“ﬁﬁuadditiéna1'rnuiintghiﬁﬁﬁi can be usad to detaraice the
total amount of +ree :ﬁaﬂi, the largeet availabla block of +rae

Ipaca, and the number of individual blacks of rfree apeca.

The +tive routines which manage the Jvaanic nemcry arda ars

)
- :

“ ]

Memorv allocaticn routines iHNEW,xﬁTGNEw}
Mamcry Jdeallccation rautines ‘MDISF. STEISP).
Free meancry inFgormaticn routine (FRI)

I T

\
Y

Yol vl

- -
. ) o
R

L " F
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DISPLAY CONTRDL BUBSYSTEM

The ﬁiaplav contral subsveEtem CoNE &EtE o7 & Sl OF PFLMiti#e
vlow-level)r)» rovtines that el D L the« 1iqU1d cryttal diﬁp]gyu_
Thi;& rugtinei turn the CUrsd o &l OFF. Puiitian the CuUrsoer.
clewr the display, &nd wite AS5CY] chargctars to tha dliplay.
ilia; @ routing s provide Lo uptate the dispiey indicalicrsE roa
iﬁdfcitnr claluLE byteﬁ that ares feinitelned 1 the SvalLedn reésay vead
& a.

The Evsliem UBES reqiﬁtar 83 {to wmaintasn Lhe Ccurrant. cursor

| pa:itian relstive 10 the s8tart oy the aiﬁplqy.' Cursor pegitione

réenge® fTrom 0 to JO. The displav (ontroel routines igror€ » Lur &

o ;ﬁuitinn ureater Lhan 30 and placte the cursor in the 1ast

ﬁaiitiou. Orily the diﬁnlay"nhartctar, di gl av bDuffer, wing Liéar
d:fﬁlay rodiines ULee memurr’other Lhet registe 283 ond the A.B

rédister peir. These roulines Jee oily - Faw-ragtstﬁls-;n Lhe
furctlon ;évﬁl t&mpwrary e R .
The nine routines lisied beldw fiche P Liie Eyﬁti;u Lu:ie:i Te

wmérage the diipliy.

L e 3;_'.- R wh | '.r thw entire Ji Eplaé v {(CLARDEP)

visplay contenls of burcier (DSFBUF)

Displav & #s1nalie chat acter (DSPCHR) |
Initializae the displeav hirduarﬂ'(DSPINTT

Turn off the cursar (DFFLCRS)

Turn on the +lashing Block cursor (ONCRS)

Bet Lhe vursor position (SETERS

Turn on the nor-flaghing underline cursur (UNCRS)
Lpdate tle Jisplev indicator stetus (WRTINDY

i

KEYBDARD ROUTINES

The CC-40 Kﬁrbaard'ia w software kcared Jevisw. The zystem

q'*
e
-

provides three routines for the purpoas of resdinue the qurrent
\ .

staluz of the Keybourd. One rouline yYesds the sintus of the
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keybcard and returns thae appropriate information. A sacond
routine continually reada the keyboard uﬁtil d kav is pfcssad and
thaen returns the appropriate information. Thullast routine
chucﬁ: whether the BREAK key is being pressed.

In addition to the A,3 registar pair, €hi keybeoard raoutines
use the low and of the function leavel temporary area. Thly.alla
use a.specific part of the system reserved area .(>834 tao »83%9) to
‘iavn 1mﬁartant informatiaon between lu:cnsiivniucan: of the
kaybcard. Finally, they modify locations »83A and 3333_35 neadad
to maintain the status of the kayboard indicators—--SHIFT, CTL,
FN, and UCL. -

The thrase routines which make up the kevbcard lubtytt&# are
liuﬁtd bhel ow,

Read the kayboard ;tatus (KSTAT)

Wait for a single-key entry (KEYIN)
Check the BREAK key (CHKBRKY . -

DATA ENTRY ROUTINES

"‘.H;?yﬁﬁgﬂpgta entry routines 4re provided vor the purpcsas af

accapting input from thrcough thae kevboard and maintaining the
di;piay. Thesa routines use ih ao-hyta“bﬁ¥+ar in the svstam
ragarved arsa from SB83E *o 288D. 'They uss the ku#bﬁard and
display :un&rul routines -0 Jdisplay tha currsnt icntgp;:“ai ﬁhe
‘;ufiar, Accapt usar input from the kavbcard, m#aiFy tﬁi contants

a3+ the Cussar, and'updati thae dispiav fram LSthe Sursar,

Addicional routines ara provide to claar the input GuY fdr ang TS

i

-ﬂ--‘I

copy the gantants of the input BuFfar into Ehe pliySeck QuTTIr

ila:itiaﬁ; 2328 L4 D977 of the svetem resarved area’.




S

'  pages of MBNCTY V.

SYETEM BOFTWHNALE SDINVERTIONE =ND ROUTINCE | Feal3e -3

The four routines Lawd o k:ybonrd ynput, display, «nd

Buffer marsgenent are &6 $011owe. ?

*

¢

Atowdl and display 1nput €rom ey omrd {BUFI&, L INE IN)

Cleer ther 1nput DufFfer (CLRINF)

Cooy sountents of input burfer YO FLlyblﬁk'bufTar (11 INPBI
. )

¢

SENERAL UTILITY BUBEYETEM
 grroup of routines 4n svetem ROM i aveilable for a varl&ly
of UG@EE BUCh aE sccesaing HRMIry, maving Llocks at Ceis, s#Ouhding

tne beeper. and accesking the Debog Monitor.

~ MEMDRY FAGINE ROUTINES =

' The wvetam provides four paging routines for Lhe puriposs of

'trdﬁiﬁﬁéring GiIrodran control from one paQE oF the Svetedn or

cartridge mwaor'v to anv other E#gw oFf the EyRLem o cartt tdoe
Memorv. ThueSe rouLinegs raJuire branch tewbles Lo be pregant at :
specific l@cwtions in @ecl: page of wewory. Branch tTables in

cartridce memmry'bagin at addrat#')QOQO; (Bﬁé.ﬂtg prew Z8FO ot

ff'-_cartrldu& Mumary, hnwﬂvur. must conlain @ chrtfldgf hewndar in

..:....lr t-i. }

”aﬁdrasﬁ )9006'thruugh N?ﬂOB.'thu page zero brareir Lable can

contain useful entries only «t and abuve )900C. )
‘ ﬁ branch table i simply & list of braench vettors to each Of
the routine @ntrv points on « pqge‘th@L fAr & tn bs -ﬁt:iﬁud other
¥
Paging reutines include mefpairs of routines——on+ patr used
oI iYi-wm mamury BRP&E (CALPQG} alid the other pallr for .
Cartridae memory (BTERP. tTEﬁFﬁ. Within el p=ir. ONE routineg

‘».

(BRPAG or ﬁTERP) isg uge:s to brangh to #octiier page of EMOrY wi th

bme.—
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no provision for raturning to thae currant page. The other

reutine {CALPQG.dr CTERP) is used ﬁa call subroutinaes that will

- return contral to the calltnq program.

All four routines require the same input--the mamery page
number (O to 3) in the A registar and the branch table of+fset in
the E registar. The branchinq routines select the requestied page

numhaw, add the ba:- addr-:l ‘of the table (39000 for cartridgea

memory) to the branch table affsat, and traﬁs%ur contrel to thn

resulting address in the selectad page. The branch vector at
that address transfers control to the entry point of the rautina
in nemory. - S -

The calling routines do more than the branching rcutinas.

Since execution is expected to rsturn, the :allinq routines must

save the memory page number and return address. The assambly-

" language CALL instruction that resulis in a transfer of contral

e

to the paging routine automatically places the return iddr-n: aﬁ"}:

the procassor stack in the register file. The paging rnutinn

reads the uurrnnt mencry page nuaber and pushii it con tha

',...h:“.,... E.:

'LVAﬂrccisiur stack as well. Then, ‘the routine selacts the

destination page, adds the tatle bass address to the tabie
cffsat, ‘and calls the resulting aqqrngg. This laal call glaces

the return addrass of the Qaging rauiide on the procassor dtack.

-

Thug, & pecged call requires five bvtas oFf itack?inatﬁad_ai tha

!

twe Dvies required he cali a iubraut*na withiin the 340 caqs 3r

mneamory. When the 3ubroutine inicutii-tha Machine code froa e

REYS instrugtlian, :cnf?bi'?htarna te Lthea paging roubine. e

\
paging routine poes Lhaé rsturn gage numbar from tha stick.

.-




Ly these routinies are in the function level tewporery area and

] ) - . " . -
L S i-ﬂ I .
L - - - r b
* wT

Ovﬁrldp. E&pd?itw routines Bre provided for MOViitQ wimity £Y om

SVETEM SLFTemrE CONVENTIOLNG &ARD FOUTIHES T

restores ins piage ~o Lhe previous ene ;nd eiccutian returns ¢to
T i qulxhg progrean &t the l@8El wddrwsz On the rugiﬁt&rvGilﬁ
stack.

T!w-'rf-'mr reuvtiines “ow b’rih—f:hnaa ad cql.-l.:iua mb Pase,g of

EVELED ANT CaRrIr1doe menl'y Qrd the fo,lLaﬂhlﬂ.. .

Brench Lo svelam mhmﬁl"'y  KF R *TT ‘BRP&G”
o Call to system wemory paue (CALPAB)
‘ EBrarch to cartridue semory pesge (BTERP)
Call tu cartridoe mEscry page {LTERP)

BLOCK MEMORY MOVE ROUTINES

Twe MEmDIY Dove routicged «re used Lo copy e JONTeENLE OF «

EloCk =T memory +ron oie jocation fto anuther. The regislers usdgd

dre the sama for both routines. . Each routine reguires
soecCiticetion of & BoOurce pouinier. & dEEtiﬁntJﬁN pmintar,'ind if
Llouck size (uumhar'ﬂF Eytﬂh to De mauud). Thiw mﬂ}y ﬁiffaranﬁai ;ﬁ
Lthe routines arée Lthe d1rectiUn.uf the mve «nc Lie eﬁﬁs ct the |

Dlocks to which the pointers sar- initiaellzed.

Since = s Cée'bloK wiid & Jdemtinelion block wey Bouwtlines

o

dGw=tbe=high and from high-tﬁ-lbw'addrisﬁuﬁ. The fpove-down
rautini 12 uUuswed to CIPY & LIOLK Lo A Ianér nddruss. The block

peinters must therefere initlally point te Lthe iuow ends OF ! &l
. | : - X

Yot .
source &id destination Llovks. The move-up routine ié Vsed to

"

cony = bitck Lo & highevr address. and the POlLLter @t POINT Lo Lhiw

high @nds of the tWo corresponding bloChs.

. -+ - —— v
A h

The Lwd swmory-move Ingtrucllions are as €ol Jows.
N, .

%
|

A ——

Move memory contents frem high address to low addrass (MOVDWNY
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Move memory conteants from low addrass to high addrass (MCVUFR)

-

CARTRIDGE . PROGRAM SEARCH ROUTINE
A cartridge search routine is used to iind.a specifiad

program or subprogras through the linked list in cartridge
memory. The name of the desired pragram or gubprogram is input
to the routine, and a pointer to the header of the first program
or i?bpragram uith_thatfﬁamo is returned. Since the sesarch
routine does not vi&ify'pragram-typn, main programs and
subprograms should not be given the sama Nname. Cnly the first
occcurrsnca of a name will be found.

| The routine used te search cartridqe mamary for a pranam is

the following.

Saarch the cartridge meamory faor 4 specifiad program/subprogram (CRTLST)

RANDGH INTEGER ROUTINE

The random 1ntnqar routine a-nﬂratlu a lé&~ and E- Bit pRURCO— -

random intsgars. The 8-bit integar is raturned in Both Dinary

and BCD fcrm. The routine is tha following.
Gﬁﬁtriti p;auda—randam intager (RNDBYT)

SOUND BENERQTIDN RGUTINI

The iv:tnm pravidas a sirgln sgound routine that generataes a

S

‘ghort tone through tha besoar. This rcutine El idantifiad as

+3llows,

Sassnar routine (BEEP)

.----l--|.||--.-._'.I )
-"‘

CE3UG MCNITOR ENTRY ROUTINE

N
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Thﬁ_ﬁehuq MONITOR is uses to debuy PimOgramns devel opec in
assembiy landuaug. The mahiLar-may be'entafaj G iTO e ELLe i D
O i mi:hlﬁa—liﬂQumgﬂ PO @i thrﬁUﬂh.ﬁHFDuﬁlﬂi 1t E«Elan ROM.
Eamplﬁiéfinimrm#ﬁimn cohicEriing LNE Uee wr Line ﬁebug Munltﬁr-can
be found i chetter 8 0F the CCI0 Ediicy "Misenmilwe: Ve " 8§ Own de:.

The routine wsed to whter the Dwbuy Monilor from & meditiia-

TRNULAGE prograim is the fullowing,

Erter the debuo monitor (MONPEG)

FOWER-UF, FOWER~-DOWN, AND BATTERY CHECK ROUTINES

SVELEM DOwer ~Li and pOwer “duwn Oper altions il"e per fe¥ med b}'

G0ftwarg routinaes in the svesten ROM. The vower-—down roublins Ca

bi'ﬂﬁid Lo twro Lhe COonputer Oofs. Transfaerring contrul Lo Chie
ﬁ;;ar;up routineg has the same efrect as pressing ths RESEY bution
curirng program execution. The Evetem «l 5w provides = rouline ng
checkirg the conditicen o the betteries. .

The Lhree routines which control a&nd cliwcd cansule power  ar e

at TLliowe,

PR R

Y Chelh condition ov bDatterieu (BATCHK)
Fower —down routine {(POWMDWN)
Fower—-ug routine (POWUP)
- H'- -h
- 1/0 SUESYSTEM ’

The 1/0 SULEYFL & :Qniiitiudf'i.SIHQIe subroutine ¢Alled 108

thatk PﬁrPEFME @il commumications On the HEX-BUS-{m. The

e

— r

usE UF & oste Structure calied &

N

‘ner1nhﬁrnr'a::a=a:b1méh (FAB) to covitrol comiunicat.ons wWith

i%-—_—i-
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paripheral deavicaes.
Making a call through 10S to perrorm an I/0 aperaticn

includes tha Fnllawinq stecs.

1. Buildihg'PﬁB that is apropriate +or desirad peripharal

devica apirltian;

2. Placing the address of the PAB in the first two bytes of
the floating point accumulator (FAC) with tha most significant
byts of tha addrass in register >73 and the least significant

bvtia in >7&.
S. Calling the 1/0 subroutine (I0S8).

4. Tasting the status bvia in the FAB fcr an errer condition
after the return from the call to 103. The a3tatus byte is

peinted to by the first two bytes oFf FaC.

PERIFPHERAL ACCESS BLOCK (PAB) - . *
The FPAB contains the informaticn nesdad By the 1/0 subavatam
to communicate with a pari--eral device. Toe Fdilcwan diagQram
-.'~:~;-'sﬁfmwii'ii:‘h- i{nfgrmaticn /which the FA3 contains and tha order in
uht;h the ip%urmatian must appﬁir. Twn-hyta fields ars storad

with the laeast significant bvta =¢ the valua at the highaest

address.

R \,

e ' k3

- e -
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Ly 1 _Fr-f O 1 N 1 K _F- W L ¥ _§F _ B 1 _r _J I

s il B S gl el ko g e el i wa - w7 e e s Y e - i

high ~ddiress ~:! Device code

Command cOUw

B .
L 3wy aey ¥ 3 F F 3 1 1 7 3 ! 3 B ° B F
[ d

' Loglcal unit number

. | B g S T = i

f t Record ‘

! nymnber ;

' Butfar ?

' tenath ;

‘ L 1] -----—-I---;i--t - . -'-I-f-i-i-lll--ll"i—lﬁ-l - !

. . ! Datm '
' lanpth !

| S — - i M - e W e @ e — l

! Return status code !

T o oot o e e e v e

" Bufifer - !

POWw muddréesE —-. address ' .

The device code i & niunmbes that 1a uniqut +or each

peitipherral Jdevice on the buk. Thie Ccade delwrimiies !h# Cevile

[ )
with ehiich Loe I1/0 subaveten Ccominicaxtes.
T COMMand code ik « Nunber the! EpwetCiflici ilw npirmtxun~Tn
e Lot vTormed by the weripherasl deVice. cﬁmmunly tiSed Cudihimtid

Codwit onNd thelr ukes are Jdescribed Leiouw,

he logical unit number (LUND} i6 used by peripheral devices

. - _'.".F-"
— -i-i_}_",

TthEE permit acCems to device sub~units suth as multiple ORON

filus O a gingle auss~eYoragh duvice. A LUND must D s wer
and iust L uniqualy assiygned tc & cdevice Sub-unit. ..

| The record number if uied Ly Jdevices theat supperT relative
record (1]es. Ral.t;vé racurd +{1ei ai & Choee Ehat p:fmit
indivicual records LU be RCccEEBSwd 17 &y Qrder desited, 0@

record nuader 1% lgnored in sccesses tO sequential fileg. The

first rezcrd of & Tile i3 refbrd nunbea Zero.

N\
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The buffer length specifias the size aof the I{O bufrer that
is used to stcre data tnlb- gant to thae perigheral or cata that
is raceived from the paripheral.

The data langth specifias the actual number of bvtas of data
in the 170 buffer. The cdata is stored in reversa ordar from the
highast buffer address through the lowast address.

“Thae return status code is a number that is sant by the
pnripknral davica to indicate the status 64 the attampted
cparation. If zerc is roturn-d,'thu requested oparation has been
camplated without error. Anv'nnn-zlfn value ¢ an error code
Ehat indicates the causa of the failure, such as A_Filt not being
. Opan Qr a war;Fy arrar occuring. %

The buffer address is the addrass of the highast byta ai-thﬁ

1/0 Burter.

1/Q CALLS

iy

Communication with a peripheral device i3 perfarned with a -

gacuence® of calls to the [/0 subsystam. First, tha devica is asat

.

_up far HEx*EUﬁ-tm communications with an "cgpen® 1/0 call. Nexc,

e e g }

" the duvic- is ic:nnsad by I/0 c¢alla that “ra@ad" cr "writa" Jdata

or parform scme ather cparation. When the operations ara

completed, devica operations are completed and comaunications &rd

tarminatad Oy & "close" 1/0 ca}l.

ﬂ .

e The following tabla lists comaon Operatisns and cammand
cades usad Bv IR8 to communicate with parigheral ﬂiwicii.

coaration . | Cammend Scda

S ——a——— ksl sl S L JEea——————— R ¥ L

GFEN Javica or Fil® o ¢ ¢ o o o o o o . o . 200
CLESE Jeviaa or 'Filﬂ l a = W - . * - . & - }ﬂl

.,




T o

iy
e
-

F_

| ]
1

=MTIONE misD ROGUTINED F DS Zel

n
l-tI
1"

TEM SOFTRARZ O

DELETE OFEN TILE . v ¢ ¢ o o o o o « « = o« 22
READ c&taea +rom cdevice O Tilive &+ « & » & . 203
WRITE data L0 Uevii® UY TI1@ . &« « « = « » 04
RESTORE file LOEITiONr o« o o « o = « s o » & 200
GELETE FILE $rom JevickE « o « o« o . » =« » p0B6
RETURN STATUDS in+oraetlon on GevVicw « -« - « 207
TFORMAT wkbs storegée wedium . . . o « « o+ & >QD
FREAD CATRLEDDS $1rom deVic@: « ¢« =« « « « » +» « o0E
GET DETIONS Fur Jda&viCwe. « o » o « « « o = « JOF
RESET all Oe-ices on Lha MEX-BUS . . . . . DOFF

In the Jessraictions oy sach 170 operation winlcte to0llow, Lhe

regquirenents for buildinu a PAB are listecs. bheneve: 4 PAD Tiwel g

13 rnot listed in the descrivlion, the fiewid i8 ignnrld'duriﬂg the

partiﬂular

DFEN Command (>00)

170 cperatiocn.

The OPEN commard ig uses to initializ@ Comwmunicaltion #ith a

HEX-BUS devise.

The device checKu ihe requeatwd ac¢ees mode =i

budfar lenglh and sakes sure chet the Cevice 1& nol &lr<ady opedn.

T PAB.G@? arr DFEN Cal1]l should Le built as shwown i the

+ollowing tmble.

FAE field

Yo Jevice  codw

;umar:d wOde

L.0Qichki Jdnit numba-

=3 Record sumber

Burier lengtii
Di.ti. 1 lﬁsth

Retuart sletus

Contents

Unique code nunber €for the d@sred devics
>00

Uni que nﬂn-ﬁrﬂ value L2 be
ascociatud willy the device on file

ta-bt.qpantd
>0000
' X

Langth of the "open 1/0 buffer
(mst. be &t least four hytes)

Langth of the data to bs sent to the
device in the ocpen aoperation

>0 ~ @ status value is returned by
the peripheral device.




______

“Tgﬁﬁiguﬁﬁ”itihuq;b?tt;

SYSTEM SOFTWARE CONVENTIONS AND ROUTINES PAGE 2-22

Suffer addrass Fointer to tha high enda of the 1/0
bu+tfer R

The 1/0 buffer must contain the foliowing information o te

sant to the peripharal anicy during the open cperation.

4
high addraess —-—->! Requested buffer
“ : langth
" | i :
! Davice attribute byte !
| JE—
' !
Ry Ng B Ay Ng By Mg By By g g Mg P i Mg Pg By By By Ry Py Py By By Sy

Device aptions

Py Py P gy P P P P g Pip N Pop Pg Ry Pop Pog Py Pg Pap Py Py Py Pig Pig Py

low addresg —=>! '

’
:

A AN N s A A S S !‘

The geripheral compares the requested buffer langth to its
Cwn capabilities. If 4i€ can support the recuested length, it .

returns the requested langth. [+ the ragquasted length is zero,

the poriphﬁral returns the Jdefault buffaer length spewcified in Ehwwx

devica. I1If the rnqun:tid length i3 a non—-caro value that cannct
Ce supported by the device, an errar code is returned {n the

| ZThl davice attribute bvte contains flag Sits that. indlicalis
tha access mode and attributes o the davice or file that is

Belng apendd. Two of the ¥1iq1'arl iénurﬂd by peripheral davicas

L N ’
and m&av be usad as Jesired. The follawing tacle shaows thae

e

detiniticns of the +iags. Bit O is the leaat significant atit.




LU B Ll b v ek sl e e ——— N R S P bk S F e R —

SYSTENM SOFTWmRE CTO/ENTIINIE SO ROUT LIES P o T
Bit(s) Flap meaning
7-b RLCERE mude
= 00 = append mod=
® 0} =) irnput acde
®= 1O ~2 output uGde
N = [] => ypdate woie
< inn'ﬁrQﬁﬁii-tiQn
& 0 -) eeguential organization
= 1 -~ relative organizetion
" 4 Record typw
f ® 0 =) variable lengrl 1 #cords
= | = +ixed length records
> rile Jdate tvpe
# O ~-» display type dete
= } = internil]l type data
2 Device dependent use -
£-0 Ingored By peripheral davices: available tor use

The peripheral verifies Lhal the rvouestwd eCCHEE mode

mAtches Its uuwh Capabilities. T+ the a&cCaEf mode ¥ not

oy

 BUpPOried. an @rror i returned. The acceg8s wodves of'e Jd@fF: e g

t0llows.

Append mode Specifiws timl detlé cet ONly Le writien (o

- appefided) to the wid of e fila.” (The peripheral returns Lhe

rumbat OFf the next record to be written in the returnad data +r o
the OLwi. operetiun.) | |

Input mode :pscif.iei-'thnt fintn c»h only be read frem 8
&;viCﬂ Or ftile. I ' x o

Output mode Specifies that data can enly e Written t Q

‘device or file. Ouiput beqins with the firet record ef the €ile.

Update mode spwc:¢i<dithit data can D= both re«d from and

wrod bt t'g?,tl'li- deviee or file.
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Biﬁ i of the davice attributes is resarved for device-
dapendent usagae. Software that dces not use dny special device
dependaent feature requiring this flag should set thae bit to #ira.

The devica cptions field containe ASCII text that indicat-s'
the desired :titus_af'any.d-vicu dependent charactaristics.
Examples of this type of information ara the Filq neme +0r a mass
storage device, the carriage return and line feed settings for a
prinénr, and the haud rates and parity settings for an R5—232

device. The device options +ield can remain ampty {f no device

dependent cpkions are involved in the cpan. However, the

}-quustad buffer langth and the davice attributes byte are always

. required. If these three bytes are not present 7cor the open, an

arror is returnad. Even when the device aoptions field is eampty,
tha open 1/0 buffer must be & least four bytas long because a

succassful npén operation returns four bytes aof information.

The following sxample shows a FAB and asscciataed 1/0 buffer.

Jusad Lo 2§¢n an RS-132 device with a device code set tao 20. The

raquestad buffar iength is 80 bytes. The davice attributas 4ra

.xgﬁﬁ;ﬂguﬁgmudl,_qﬁquaﬁtt;} organizatien, varianla length rwcords, ang

display type data. The device dapendent options are a baud ratas
of 4800 (B=4300), even parity (FsE), and perform parity chack
(Ca¥}, Tha lcgical unit numcer for this example i L.

-1\'.

"y




- iy

L

L-—‘

.
......
R,

A m Ceman ow L emmas r S + AT T T - . - - e T p——— [ — Ll B o b o B wddeas 1 - -

DY 2Tz AlrTWARE CONVERTIOND miHg HOLITINED | ok S -2T
| ~ paB
hi e
addr ess ~.: »14 C 0] Te ewdie
e
' )60 ' zommadts Codhe
" 1 >0l Do logical wmil taaber”
|
; )OOOO YV resord ounber
I T —— l
)Gﬁll L Gpwiy 150 buffer jaauth
l L T s l
! )':’Lu 1 ! Gp&h Jdala IIEIH;.‘I'.I‘:
! e o e e e
‘ ' 00 ! return status
I.....-.. - ot 4 '
1 ow Ot butter b oweinter to wpen 1/0 buifer
address ->! addresz !
B i e e it e e T
Dpen 1,0 buffer T
h:gh A —— )
 @UOr @SE - 20090 N | ' requeited butfer Iunﬁtu
T i iy S s SRS I ST e b Ra e A I @ S e e s A A el S t
' 240 ' Jevice atilriliwtiee
1 e i bl + o e et o -0 B h Cs emEmAmtein  smiehe samee cmowr ] . __
L D42 X3D )33 DIQ IIO P36 )l ' B=4800 .
i....-....._.. . S @ . - - '
;280 )3D »at yal P = E . .
HE - TN b e o s e g e o e e e A = @ o e e & ko ir wmrem s e ) T
- s8drees -:! 243 J3D 59 | ' C = Y

»

R * 1] 1x hﬁ;ﬁpﬁn cparation is Euccessvil (retdrn etatus = ),

four -bvies cf information are returned in tha open 1/0 buifer .

The sccepted 170 butfer lencth 18 in the highest aduresses Lwo

£

bvites. The nex<t two lower addresssd bLyvtes contain che recurd
\ | |

.‘JL

huabkér Lo whith the file is opened. The Cillinu proéfam muE L

e thes inforaation Lo initiwlize tine PAB for subsegquent 1/0
Coareblions.

The following tapTe whowg ilie return status Codes

that can be retursed by an OPEN I/0 csli.

ety
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Return status

Meaning

Q0 Successful cpen

>01 Device ocptions srror -

>Q2 Error in devica attributes byta

03 File not fqund

0% File ar device already open

»0é Devica related "arror

>0 File or device write protectad

>OB Directory full error |

‘ >QC Buffer sizea error |
>11 File crganizatiaon (seguential/relative)
| . ingerrect or not supported

»13 Append access mcde not suppertad

>14 Output accass mode not supportasd

719 Input access made not supported

>lé Undate accass modae not supported

>17 File data type {(displavy/internal)
incorrect ar not supgorted -

+19 Low battaries in peripheral Jdevica

>1A Uninitialized megdium

>1B Error Jdetacted in bus transfar

»20 Media full

FAGE 2-236

CLOSE Command (>03%)

The CLOSE command is usad toc terminate communication with a

specific device. When a CLOSE command is received. the device

Can parform any necessary houzsa-keeping tasks such aa writing an

_:;*;; 5;;gﬁgfﬁﬁffilﬁhmﬁrk*r: The +oilowing FAR fieids shculd be

1ﬁitializad it ;hawn.

i




-

SVETEN BOr TwaiiE LONVENTIONS ~L: FPOUATIRHEL | rep® L2

FAE field _Cuntunts

Devive Cube | UMiQue Clude nambies Tor Lie desirw=d
CavViia

Lommﬁpa L o0 >01

Loglzal uwurit aumbier Ling QU!& vind Liw lpczi F;mrl in The opg,n
whar elich

Dasa lencth | 0000 - hNu dale :fF =&t Ffor &« CLOSE

- C COiRaS i .
relfurn Et=tus 00 ~ A status value is relurnaed by

the perigpheral tevice.

w CLOSE Conamantd muat be lesued Lreddr e ancbher ouwshn COmmsal ol |
calt spacidfv the Bame Tilag Or deviue. ~P &P OF albkw il Wheh &
CLOSE commans speuifies &« 7ile O Cevice Lhelt if alraady cibﬁid

{or Lias Never been opened). The fullowing table ahows the + elurn

etatus cocuas that can sccur cwing & CLOSE /0 call,

Return status Mesaning
- )00 TucCweesful cioee wuoer sbiun
»>04 Device Or file a&ir @adv Cioeed L
Nevel ODiwiled)
>06 Ievice releted @rrot

208 | “ | Data or fila Lco long etror

Y
£ P T . W
I.-.-.- . -I- ":_hi“.z""r
Ta p =" e
.o
»

DELETE OPEN FILE Command (>02)

Bometimes it iE cdesireble L0 Jelete w +ii@ Lhat i cwrenid v

open: four exenple. it mav be desiraklie to celete &« Ltawborary yile
- \ | i
ipmecdimtel v mfir resding its counlLants. Lit hh&ﬁj canai the

" DELETE OFPEN FILE ctominsnd Ca D ui&d in plece of 2 CLDSE cCinnend

followsd LGv « DELETE towmmand. Toe follcowina PAB €ieldy sriou. s tw
initimliz®@d wi SHEOWH ¥¢¥Tﬁ—0EL§TE~ﬁFEN~F1LE.I/b -3

,

\

. e e e —
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PAB field
Davice code

Command coda

Legical unit number
Data length

Return ﬂtltulh

Contants

Uniqua code numbar for the diiirld
deavice

>0Z

Unigue valuae specified in the open
operation

20000 = Nag data is sant for a
delete~cpen~file command.

>00 - A status value is returned by
the perigheral device.

The +ollowing return status codes can occur during a DELETE

QFEN FILE 1/0 call.
Return status

+Q0
»Q4
>04
1)
»Qh
~1C

READ DATA Cammand (503)

Mesaning

Successful cperation

Device or file not currently apan
Devica related errsr

File or device write protected
Comnand not sugportad

File is delata protected

ihrinoeTha READ DATA command is usad to request a racord of data

from an opan daevice or file. Tha input or update access acde

RUSt -currantly be aslaected or an arrar cccurs. The Fhe for &

r=E~D DATA I/0 call {3 as follows.

R

i

\




= o

A l———

.

aVETEM LGF

chewx the
READ DATA
'1f’;,_r¢9unsgeﬂ
| 2tn

bytes in the buffer.

the

the

e

The

175

thi 1w ﬁnd.

__ [rum T

FAR +tield

Commaind Zods

Loegici) wil vuebar

Resord Ndnb e
]

eufrer lencth
LCatwm lenpthr

Returnm sLtatuae

Buyfer aagdress

Upon completion OFf Tha

calling progream should incremant Lha record nueaber ta.eld of

G o mmm s e e v N ey e oy — - o B e ek e onw vl e eneegy gl 1 o = = ow wrdr ki uhew

TWSRE CONVENTIONS ~WD ROUTINFE

I/0 cail.

combary 18 succwssful. e 1/0 buffer gorntesna the

Lhti inr rv¥er$a ar Jdei

mft@r walh BUCCE#SEFUL

e — - -t o omr e T - - - S b i

ry |
I
k1!
1k
j?
b

contents

il due Sode umieer 1ol Lha Jdeei P

Uev:i Lo

>03

Lirid wie vml e Eoecdiitewc I8 the 20w
Gperstl On |

Muabel: of thw recore tor be | ®ad

AccEotled buffer length retw ned o
the UevICE Juring Lhie ULen GDet miloil

& NEnmL

O000 ~ w0 data is asent +foi
ale wOuial:d.

200 - ~ itﬂLUi value 1 ruturnud b
the pwriphar ml Cov. . Cw.

cadrege oFfF the /72 buiffet
Lthe dets 45 r é#wmd.

the Celiing proqrem LT

returr Bratug COLs W sy WoFaible &l G . 1F Lhe

fram tihe high end wi Lhe Lui

The ditn lﬂﬂﬂlh $ielo Lal‘t.il ng the nunbie: o7

READ DATA 1/0 c&ll.

Pﬂﬁ 30 that relelive raﬁurq fileE are wroauverly EuUtar .

*

rOllowing retarn itdtdi Codes Calh QOCCUF JdUi"ing = ﬁEHD D T i

Cmiil.

- .
fn i
iy

imto which




SYSTEM SOFTWARE CONVENTIONS AND ROUTINES FAGE 2=30.

Return status Meaning
~0QQ Successful reaad—-data cperation
p T s - Attribute erraor
>04 Device or file not open
204 | Device relatad arror
>07 End-Qf-~File (EOF) arror
>0C Buffer size error
>~QD Command not sugportad
>OF File or device not cpen far read

WRITE DATA Command (>04)

| The WRITE DATA command is usad to send a data.rnccrd to an
open device or file. The cutput, update, Cr append access mode
MUIt bn :urri;tly selected or an error occurs. The fullauinq FAR

rields area initializaed as shcwn for a WRITE UATA I/0 call.

PAB field . Contents

Device code Unicue code number for the diiiruﬁ
device
Command ccde 204
Logical unit number Unigque value iﬁecifiad in the oten
- - cperatiaon :
,Hhr;hﬁacnrd numh-r L Numhnr or the record to be written
Qata Iangth | A:tual langth of thae data rucard te

ba written

- Raturn status Q0 - A gtatus vialue is riturnua Bwv
| the peripheral device.

. 2utFar addriss mAdress c° the 1/0 SUffer Firsm whicn
“he cdata s wrikbttam

Upon comp.ation oF the I/C call, %“he calling sroaram aust
=h@sk the raturs statusd Todee-tor any ccsainla ar-sr. 1+ Llhe

WRITE DﬂTﬂlcnmmand i3 succssasrul. 2Ne cailinmg crocram showld

M
T

]
e ey




)

=

[

- - L e - - - - R S - - SR - b el g T - TEEEE A A Bk T - — - " r ow - A wink ——— o @ o= RS dr imtymm ma oLge an . el gepes EmsEw gl g B b ddem vk e dem

S2YSTEM SUFrTWaRE CORNVERTIONE &ND RCGUTINES FrFRbE S-351

tncrenant the record Number +16&lc of Lhe FAal 80 thel relative

recv d Tilee oré prode’ls suuborted. The tollewinog retuwrn sgtutus

LOQwaE Can oocur during @ WRITE DaTA 1/0 ceoll.

Return status

o2

A ¥ L
i >06
N ).oa
09
*OC

>00D

»OE

RESTORE command (>05)

Meaning

Stei@usflil write-date CLwr alic;
~ttribute er: or

Device O +iie not uwpen

Levicw relatead er. ur

Data or +ile tuo long @rror

File Or device wite orutected
DATfer £ize error

Commaiitd five sdphor ted

File or device not opwls for wite

il

Thae RESTORE commend is used with mass Elorege devices to

paqitinn art open file Lo it irst record. The FAB fielde i the

fullowing tatle are initielized as shown.

Y

1t
-

FAR field

Device code

o
. "_'_,n-i
-

M ol i i .
. . ’ . L ‘- : - LS _ ' T .
- . . ! LI . T " !
* - . L] - . B Fl -
sl emand coiie

Legiuai it nuaber

| 'batﬁiiength

Return status

Cont-ntil

Uil gue code numbet +ur the Jesir od
vidvsi oW |

»08

Unioue v-lﬂ&?ip&cified in the coen
wpEr at.on

200008 ~ No data is sent for a

t wStore operation.

5 : - " ’

200 -~ & status value ig returnaed b.
the.periphfieral vevice.

The following return stetus codes Car oCeuyr durind e restore

Caalda \

L
CoR

T — - .
e -
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Return status

»00
»04
Qb
>0D .

DELETE Cocmmand (>04)

FAGE Z-73
Meaning

Successtul restore operatiaon
Devica aor +ile not open
Devica relatad arror

Comnand not suppocrtad

The DELETE caommand is used to remove closad files from mass

storage devices.

shudﬂ in the table.

PAB field
Dnvicn codae

Command cods.

Data length
Raturn status

Buffer-addE¢¢:

.
- [
-

The following PAB fields are initialized as

Contents

Unique code numbar for tha delﬁrld
dcvi:o

706

l.ength of thl data to ba ilﬂt ta tﬁe
devica

00 = A status value is returned by
the peripheral Jdevice. .-

Paintnr te the high end a# the /0
buffer

Thn IXE bufiar :antains thn name cf the *ilu hc be dclatnd.

Tha fila nam- is sptcificd in th- SAM8 MENNEr as thl cptiani ara

in thn cpen operatlion:

that il, it is ltcrad as ~SCI1II taxt in

reverss crdar ﬁfum tHu ﬁigh and &F the Busfer taward the low andc.

+Tha fallﬁwinq ~eturn status cades mav occur, “

o




-

-0 [ [ _ L B

........

Return status

KRETURN STATUS Command (>07)

200

203

207
200

‘208

>0D
>1C

The RETURN STATUS ﬁUmmind is

soTormation.

calling program in the 170 buffer

pravided.
thiaste the Standerd ohe Lyle.

tha foliowing table.
FAERE +ield

D&viﬁa coude

Lata length
FeEturt etatus

Bufrar aduruss

Ccenteining defines vlso bits. I

Eome peripnerel Jevices return moure £teslus inforanation

device
Hut R | | “
| Cammand zaue >07
Loyica) unit number Urigue valuve spwcifiad in the open
| oparstion, or Y0 for general cevice
Statys .
Buffer lenath angth m’ i/70 buffer 1nlo which

\.
!

- g o = = » - ulm- w - A A - = 1 —

FONVENMTTIONS AMD ROUTINES FOBE S-=7

Meaning

Buccesatul delete aperatic,
File mot found

File 19 Qp@

Iwvica related oreey |
File or davice wite protecied | -
Conmsiid Nat SupPOrf Cud '
Filw i€ Oklewle proteclsd

LwEed Lo rend revice slatls
4 Variitf oF stwbtud infOruwation ise 1 eturned to the
in the Torm u{-a Eingle Lvte
surficient lernigtir ie
The PAB ie initialized =5 #i00WH i_i'i

The recrd nusber is 1anvred.
LContents

Uni Quie Code Nvwiber for the des . «d

statlus i read (nuat be' qreater than
or equal te one)

>0000 - No data 18 sent &w & RETURN
STATRIS oparastian.

YOO - A stetus V&luq ig retyrned by
e perichereal device.

Pointer Lo the high thd o the 1/0

bu'FTd-F"‘“'
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When the logical unit number is the unigue non~zaro valua
assccliated with an open file or devics, ghl status in$érmatiun
for that file or device is riﬁurned. Whan the Iaqi:11 unit
number is specified ah-:-rn,'q&n-rll Jevicae status iiffuturn-d.

The device is not required to be cpen when LUNO Zerc is useds

however, mass storage devices that only support one opan file

will return file status. The flag Dits in tha standard status

byte are shown in the following table. Bit O is th- loast

signiticant bit.
Biti(s) Flag meaning

7 End—of-file status
= Q - Nnot at end of +ile
= §{ ~> at end of file
& Randcm access support ~
= QO -2 +ile or device does naot ;upnurt randcm accnis
= | -> vile or device does support random access

- File protaction |
= Q0 =-> file is not protactad . .
w1 -> filadis prataﬁtad

4 - Open status

w Q) -> $ile or dﬂviui is nct cpan
= 3 -5 file gr cevice i3 opwn
-2 Fila Qr davice type |

i e ., = 00 -> display type file ur Jevice

= Q1 -> internal type file or deavics
= {QO => data :ummunicatiun: typu device
B - = {1 - unde+tined -
l=0 . Supparted acceead modes
1 = Q0 = undetined
D1 => file or davice onlv succarts read ACCass:
10 =~ $ile cr cavice only IUpports wriltd 4CCess

-~ = 1l =» file or Jdevice sSupcorts read end «ritd acs9sd
. - 't

¢

Scme 2evicas can rédturn rurthér Jdevics denandant ln+oraaticn
tr susfigiant /0 EBUuf-ar aAgdca s grovides, For aandls., # data-

zommunicaticns davice (HEX4§U$- tm REZTZ cr MCLEM. $s5r axamplay

\ ' .
Can ratury 4 two-cyte value :ndicating the NumBer @7 SYTddE

A iy s
gl

| S

-
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SYSTEM SOFTWARRE CONVENTIOME wmim

rame.nins in itE outout outTter. Levice-decanient stetus
infurnetion that can be obledned throual » RETURN ET&0US 170 Cild

ie degperibed in the wanuael Tor each per 1ph¢t¢l Jewv i Cw. .

Tre ffcllowing can rasult fraw & RETURILG 3TATLS vosretion,

Return status Meaning
»00 SuCcesgfal read-glatis wowrebion
045 baevice o file Dot oD&N |
>12 | Buffer iz28 @ ror

FORMAT Medium Command (O0D)

The FOFRMAT mediunm comnand instiructs a mass storage denice to

T

inilislige the currertlv instelled storaoe medion. e fe.llowing

table &lows the PAB Jields {or this 10 call. The loQical uiiit

numbetr and recaurd nuabe can be any values.

FAE field Contents
e  ice code 'Uniqut codw numiiet For the Jeeired device
Commanc Lo0e >0D
.. .. Bufiar lencth = Length af 1/0 buffer
Data lanqth L-ﬁgth OF tlate tC bir kent to device
Return status 00 ~ A status Velue i reiur ned by the peril.
- * - devica. | |
Buffer address Peinter to the hiagh end of ths I1/0 buifer
. \
cach TyYype v+ mass itarnjﬂ devite Reg & dufault procedare FoY .

tormeliing lts;stahage s Uni.  Bomne devices alsd grovide the

Capaiility tu spacity formatting options. Thwse oplieng Jre

L r
A o

déscrived {n the mandel FOr the dievices. I the data length in

e s ——




SYSTEM SCFTWARE CONVENTIONS AND ROUTINES FPREE 2-3é&

the PAB is zera, the Jdevice fcocrmats the medium using its default
procedura. If the data length is non—-iero, the data :nntainld in
the 1/0 buffer speciiiii desired formatting opticns. The

following return status values can occur.

Return status Meaning

>Q0 Successful format—medium operation
- >0% ' Device or file i{s open
, plu Davica related error

>09 File aor device write pratict-d

20D Command not supported

READ CﬁTﬂLﬂE Cnnmlnﬂ ()OE)

Thl REQB CﬁTALOl cammand inatructs a nass storage duvian te

’rnturn directory in#nrmahian abcut a garticular file. Tha FAB

for a READ CATALOG 1/0 call ia initialized as follcws. The

logical unit number can be anv value.

PAR field . Contants
Device code Unigue code numbar <or the desired
davics
iﬁ'iwtcgmmand eﬁd- - >0E
'Jﬁa:ard numhu# . Fila oasiticn in directsoryv
Buffnr langth >001? .
Data lnnéth | >0000
- Return status >$o - A status value isﬂriturned =D

the paripheral Zavica.

Suffer adcdress Smintsr 20 tha hign end oS¢ hhe /0 our

P e -
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The file number iz trhe position of the 4ile in the
directory. The f3rdl file is number Zero. A complate dﬁ\"ufﬂy
can be cxtalagad'br sterting wiin file n;mber-zaro a~d
tnci‘emarre.ﬁ'ng the file nuiber &fter escl S0CCassFul ;reh.a:!-ca‘tnlog
1/6 catl. The and @of the divectory has bean rexched whan @ "File
not sound" @rror ()G3) is returrnad. A succeSciul READ CATALDSG
command return€ the following 18 bytei of informetion in the LA
bu{fir. Thﬂ){ ™ itaraq in revergad order frui The hiﬂh ﬂ.fd of the

buffar itcoward the low end.

File riuaber . | ¢ te

- Flle neas 12 Lvites
MiXimum R@COrd lencth 2 Livies | -
Numbaer of recnrd: 2 Lvies |

Levicw depandent 4laua ) L:ivie

The following relurn status Zodes may ooiur.

Return status Meaning - : - .
>00 Successful read-cetalcy operati oy
>03 | File pok ¢éound
>0 Lavice or ¢tile is coen
L .. »06 - levice relatec orvor
AN LSL S . Tl - : Buffer rength error
20D Coamanc not suppoRled

SET OPTIbNBICQMHIﬂd { >OF)
.. The SET OPTIONS comwand Can t@ veed to gend Jdevige dptleons

#z defined in the DPEN comsand wilhout closing and re—-op'enmg the

- device. The ABLIY text that 'lpm.t,fi-i the desired status of the

Gevice dﬁ-nﬁr;dﬁ-nt-optiﬁf}f _15 stored in reverse order starting at
the high end of the 1/0 buffer- The PAE flelds ave initialtlzed

e a
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as follows.

PAB field
Device code

Command code
- 4ogical unit aumber
Data length

Raturn status

Buffar address

Sincwe the record numbaer is igncred,

PARGE 2-33

it can be any

Cnnt-nti .

Unigua code numnlr for the dniirid
'davt:n

’QF

Unique value ip!:ifind in the opaen
oparacion

Length of the data to be sent to the
devics

00 - A status value is returned by
the peripheral davt:-.

Pointer to the high end of the' 1/0Q
buffar

The following return status codes can occur during a SET-

OFTICNS I/0 call.
Raturn status

»00Q
301
R >04
Ly 08
e 208

REEET Comaand (>FF)

The RESET comnand sets all

Lhelr scwer

davicas on the bus.

D BLAtUS.

~1 3

231 Qw,

Meaning - - <

Successtul sat—-device-opiticrsa aniratxnn
Error in gevice cptions

Device or file not ccan

obeavice reslated error

Cemmand not supcpertad

davicés cn the HEA-BUS-tm t3

This ctnnand closes all cpen-filas and

1‘.

Tha FAS fidl:i POr Snis cnmm;nd ar; as shawn

ather +islda are ignorad.

[ DFR TR A —
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WD REUTINES FABE Z-T7

FAER ~ield Contents
Device code | 200
Eﬂmmghd sode YFF

Data ‘length - >0000

The return statug ceds Fﬁllﬁu:-na & ragat-bus coamand thoutd

Ee ignored.

USE ﬁ# THE Iﬂé FROM EASIC |
The 1/0 subsystiem may ke cetled dtr-&.ﬂy from BASIC @5 wel 1'
&8s from mactine larngoﬁa_-. | I
| In addition to the gtamderd 170 commands of .'il'-ttimtt'!f.s;
!f.'INPUT ahd'PR]FJ?, TOr @sRefie), BREIL 1ncludss a buile-in .
suSprogram (10) that can .bc Called by & BASIT program or
Bué;'.‘aragr'am to aczess a device on the HEX-BUE. Tne gyntax ef the

cell Ffruwm BASIC 1-1_ " -.'_c;lluws.

CALL 1O(device.comnandl yEtatus-variablel)
or }
CALL 1O(stri ng-varjgblel. status—-variablel)

B
"

where
device is & numeric @xprassion whose valua t8 the uni que device
Code associater willr &« paripheral davice.

CHMmMano +8 & Numaric¢ etprcﬁﬁlm\%ait value iz (he Coviuind mde
- thet specifies the oparglion 1o be purFormed.

| String-variable is @ simple Scring variable that contarns from :
;O

£2 char agrers Lhat raepregent altl v part ef g Pw;phequ
dccess block, -

status-varigbie is a nu;{;i:ﬁ“ﬁinzhh in vhich the re¢tum statos
| from the 1/0 ocperxtion 15 stored. The bracKets [ 3 avound
“.slatus-variable® indicate th.t it ts opTional.




SYBTEM SOFTWARE CONVENTICNS AND RCUTINES PAGE 2-30

“he I0 aubpraogram begins by setting tha :antiﬁtl ot the FA3
to erc and then storing >0036 ai the buffaer length and *OOFF as
the buffer address. I+ the first syntax is used, th-.rasdlt o+
tha_dnvt:a axpressicon is placed {n the device code fiald of thae
FAB, and the result of the command expression is placed in the
command éadi field. If the second syntax is used, the value of
thQ'limplu string variable is &api-d into the PAE starting at the
device code fleld. The minimum contents ci-thﬁ stﬁiﬂqtarc, |
thnr.farn,.thl-dnvtcn cud--and cammand code, .If ﬁhi lﬁring
contains more than 12 characters, the axtra Ehara:turi'irc
ignored. .

gnce tha'Péa is initialized, the IQ subprogram performs the -
170 call., 1¢ Ehn=lu¢uﬁd syntax is used, the cuntgnts of the PAB
+a11cwing:£hc 1/G operation are assigned to the jtriﬁg variable.
Thus, the string variatble Ccantains 12 charactif:_#ullauing tha
operation regardless of the number of characlters pri&r to t;q:'
oparation.

Attar completion of the I/C operaticn, Iﬂ{ch;cki rar the
Uldtafus-variable. I 1t is prwsent, the rsturn status in the FAB
i assigned to the numeric variabla. If the status-variable is

not presant and an errcr occurred, the error is raportad tc the

328:iC arraor handlar,
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SYSTEM SUFTRARE CONVENTIONS 4ilis ROUTINES FPaiGE Z-7T%

FAE vield Contents
Device code ' 200
Conmand codeg >FF

Data ‘1ength > 0000

The return gtatus cedsz follewing & reset-bus command sheuld

be ignorwd.

USE OF THE IDS FROM BASIC _
The 1/0 subsysiem may e cetled directly from BASIC @5 well
88 from mechine lar.guusu.

In addition to the gtmriderd 170 couumcls of jl:utmnents_

CINPUT and PRINT, for e<ample), BASIL 1rncludes & built-in o

subprogram (10) that can be called by a BASIC program or
suéprngr'ﬂm to acless A device on tre HEX-BUS. Tne Syntax of the

Cell frum BASIC {8 we {olluowes.

CALL 1O0(device.comnand l,iti‘tUl*Vﬂ”i ab leJ)_
w "
CALL I1O(stri ng-var | ablel. ertatus~variablel)

. W a A . . 1
- rr P g - {"_ i .‘_ " . -
. ; .- o - N . ] . .. . J..F

wherg

-

devite is & nuwmeric oxpresston whose valua t8 the unlque devi ce
Code assoCiated wilh = peripheral davice.

COMANc i A& NUMer ¢ expreéset an' whose value ia A wumaﬁd code

- that &pecirfies the optr..tlarf 1o be performﬁd

Otflﬂé‘\firim ‘& & gsimple §Lying variable that contarns from =
o (2 c&?r acrerg Lhat repregent @LL ¢r part of pevipheviel
SCCeEE oc K. :

STatus~variable is @ numeri¢ Variable Ln which the return stabos
| r onm the 1/0 opergtion 18 Stored. The bracKets L 3 ;vounﬁ
".status-variable® indicate t™h.t it ts optional.

i
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The 10 subpragram begins Dy setting the contents of the Fa3
to zero and then storing }0036 as tha buffer langth and »OCFF as
the buffer address. ¢ the first syntax is usad; the result of
the_davi:e expreassion is placed in the device code field af the
FAZ, and the result of tha command expression is placed 1n the
caommand ﬁod. field. If the second syntax is used, the value of
thtilimplu atring variable is Eapi.d into the PAR starting at the
device code field. The minimum Cﬁﬁtlﬂti.nf-thi itéiﬁqaaru, |
therc#crd;'th- d-viﬁn code and cocmmand ccd-.. 1£ ﬁhi string

contains mera than 12 characters, the axtra éharactnri are

-iqnarnd;

Once the Pﬂﬁ is initialized, the 10 lubpraqraﬁ'ﬁlrfarﬁs the
1/0 call, 1If ﬁhn-nuénﬁd syntax is used, the :untgnti_af the FAB
fallawinq.thl 1/0 opearation are assignead to the itring vari#bl?.
Thus, the string variable ;untain: 12 characters following the
cperation regardless cf the numbar n¥ characters pridgr to tga o

operation.

mt Lar :amplctinn of the 1/C operatign, IGL:hﬂcki S Lha

S gtAdus-variable. Lfiit is present. the rsturn status in the FAB

is assigned to the numeric variabla. If the status-variaidle is

not presant and an errdr occurred, the arrcr (s rapgortad o the

HaﬂSIE arrcr handlar,
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CHAPTER 3
RUNNING PROGRAMS IN THE BASIC ENVIRONMENT

BASIL OPERATING ENVIRDNMENT

"Svsfam subroutiﬁes, discussed in th& 1§5t chapter, are parts
of the interpreter and svstem code which are u#e+u1 within
prngrimé and subpragr;mi develnptdﬁin assambly 1anguage. in this
sense, the system in ROM in the CC-40 “supports" programs
devei;pnd by assembly language.

In & different sense, prngf;ms developed in assembly
language support BASIC programs. The prevalent use of
subprograms written in assambly.laAQuagﬁ is 0 peartorm various
functions within a B&5IC program during th; tima the BASIC
brngram s running. Integer arithmetic operations, for exampl e,

Can be performed in machine~language programs much Faster than

they can be through the floating point operations of BASIC.

Values to be used in integer arithmetic functions can be input to

& BASIC program and transferred to a machine—languge subprograms.
the integer value of the function obtained by ma:hiné—language

calculation can be ruturned to thE'BQSIC program.

" L - - -
' . . . - i P ' L . T
. ...w'-.1‘ oL hli'.}-*'

L

" Because BASIC is a machine-ianguage program using CC-~40
hardware resources, writing a machine language subprooram through
ass&mbly‘languaga requires a knowledge of the resources used by

BASIC. For the source and destinaton of values it processes, &

| _ . Y
muchine—lanquage subprogram often uses memory which BEASIC also

 UEes Tor tasks such as passing values to and from « BASIC

program. Equally impartant, a machine-1anguaae program must

évoid the “gestructive" u#gna?‘mﬁmary used by BABIT: the machirne-

Y
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RUNNING FROGRAMS IN THE BASIC ENVIRGHMENT

language subprogram must store values and be exscutsd in areas of
memary that ar2 not in use by EBASIC,
Designing machine-lanquage programs te be axscutad whila

cperating gggj_r_:gninﬁnt; Ragisters and RAM imust be carsfully

accounted for in the assambl y-lanqQuage devalopment process.
BASIC REGISTERS

Tha genaral-purpose register +ila of the CC-40Q is gegmented
by BASIC intoc five disitinct areas, as shown in the fallowing

MAMOry map.

» D D D 4 7 R o Rt S S e <t .

! A and B registarg ! >00-:01

| e e —————t

! Processor stack S 1

! | v 239

R —————t

! Statamant level ! R3A

b tamporary araa LY. ¥.) ' .
o SR "
! Raserved pcintars -! 4B

! and flags Y 287

| R ——

' Function level . ' >33

! tamgorary area ' k4=l

>

L b _-4-“-—-“-“—,:—_-

Tha A and B ragisters are the mcst heavilyv usad ragisters in

Ass3anbly langusace arogramning, \becausw they ars uges 1y Lhe most
b i : . ) . : - . .
varsatile and 2conamical instructions. Tc perait freguent usa cf

thasa registers by orograms daveliored in assendlyv ! anguaus=s., BASIC

L

daoes nct stare any values ia them when &= maching—languags

._1._““ .
- .

- Subecragran can Se called.
Y
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The processor stack, on the other hard, is in use at all
cimes by both BRAEBIC and Mmachire-language programs. Every CALL or
TRAP ingtruction reauires two bvtes of this stacl, @very paped

cal: (CALFAG, CTERP) reguires five bytes, «and many systen

‘routines push &nd pop data onto and o+f of the siack while

execution is under their control.
The statement level temporary area is used during tne
interpretation of BASIC program statements, but they are free for

use Hy machine—language programs after statement interpfetatian.

- Atter a BASIC CALL statement to a machine—-language subprogram is

interpreted and put intn.§++uct, the 17 registers in the

statement temporarv area are always avaeilable for subprogram use.

1+ the machine-language program, however, calls routines imn system

ROM, these registers may ba used. They are used by thﬂ data
antry rautinas BUFIN and LINEIN and by the Cartridoe search
routine CRTLST. 1In addition, system ROM routines such as DPEN,f
CLETMF, CLSALL, and & memory clean-up routine cnlled'TRSHDY Use
this arez extensively. .ﬂ 1-

The reserved pointers and flags are organizred as follows.

‘”'?”fﬁlr:HE System 1ags B E >4B, 54T
E c:::;;;_;:;;::;_;;:;:;:::ﬂﬁh-E >4D
i-;;;;E—;:;;::;-;;;::::ff__ffﬁ-E >4E, Y4F
! Wl e D LR AL A U S A S S e s S e i S S mie i WA S s i s eyt '

E Farse staclk pu:nter | % }EO,}EI

D oy mer s T
L A Sl B S 4 S ) Al S S AP Pl e . 4 e e S S e S s e S e s e
i Cursor position . i >03
I _._..._...__......___......_.____...____-—___.___ 1‘ :

E Free space pointer D W S
____________________________ ——— :
i Floating péiﬁ%hﬁfﬁhk pointer ! >5&,5%57

"? T SRR e R e i - - ey _——”“—'ﬁ'--——‘-—_-—-—“ '

kY

fbarte——
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Rs shown in the mamory map, this block of reqgistars contains

execulion—caontrol information and must remain un:hangad
thraughuut the execution of a machxna-languaga subpraaram.

The functian level tumpcr#ry area i3 usad by alwmost all
system aa{twira routines. Use of thesa raglisters, therafora, mﬁst

bé carefully planned when system RCM rcutines are being called.

x
BASIC RAM
BASIC sagments the system RAM into aight distinct areas.

The lowast addressed area (system resarved area) is fixed in

'ﬁumary_ﬁram address »>800 to address >591. Each of the saven

other areas is delimited at the low end by the highest byte used
in the préviaus area and at the high end by a two byte pointer to
the highest byta in this area. Addresses of highﬂit—byta

paintnrﬁ ara shown in brackets in the following diagram.

B b L g ————

Svgtem reserved araa !
»>80CQ through >%91% ;

aam gus W

' Machine lanquaga subprograms !
' 059590, >9911 :
) T D gt . S S e e St . g il il i s e e i e . b
! Usar assignad string Eabla !
! (>EEB, >8] !
| o s i s ot it i i ok S i e iy s S A D A el sl D s e sl s - s
1 i
 § I

' Variabla name table
' L58REA, SBER]

! Flaating point (=413 .

- ' L3S, »573 A : .

' frae mamory SPACS o
LXE8,.23%1] ;

 mpl

JyNeamic meamory &rsa

Cy8EC, D@EP1] N

“-“—__—‘—_——1_-__—-**-_ —————— t N

Mailn praogram arsa -
:}SG‘:’, 2‘801] i

a i N =N o ma b
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RUNNING FROBRAMS IN THE ZIASIC SNVIRONMENT FR3E Z-3

 System Reserved Ares

The svetem resarved area i: & fixed E'ock o OEMOrv between
addresﬁa; >800 and %1, Thie are: stores a wide variat; or
Eyﬁtam control information, and it must be used with graav care.
The following table lists the usage of this arsa by address.

La&;tinns within this area which are genersglly available tc

macHine-language programs are discussed later in thieg chapter.

Locations System Usage

»800, >801 Fointer to highest RAM address (which is alsc the

highest address in the main program aree)

>BO02 to »804 System power up information (usad to determine
| Nnecessary level of initialization auring power-up)

>BO%S to >»>BOF Recerved

»812 to »B27 Eranch vectors sor TRAPS 4 to 11

i

»B2E to »B2B Fointers to main program and subprngréh headers

when running a BASIC program in & cartridge

+B20. »8B2D Line number increment when command level is in
auto-line-number mode |

in systam RAM during BASIC program execution

HQ?ZﬁﬁiﬁﬁgéiF 'm;; Fointet to linked list of BASIC Subprogoram headers

=y

»2B30 Autn*paucr—dahﬁ'itltus, zero indicates AFD in
effect, non-zero indicates AFD not in effect

>831 Used by system to indicate whether RAM cartridge
| has been appended to the system RAM .
& . "l, .

“)832;}833 Used tco maintain position of vendirnrg output to the

cwdispiav in BASIC

>EBRB4 tc >E3T Usec to maintein important lnTormaticn between
SUCCessive &Cans of the kevooard

B H‘--;

- . (- >630  Used tc maintain current displav indicator status

bty =
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Locations

+83& to »88D

+88E to »BAY

+8AR to >8AF

+3R0, >8B1

>3B2, 883

8B4 tao S8CS3

SBCT, >8CA
>8C3 Lo >EDA
808, >8DC

>8EL . SBED

program

Paintar to “ir~at imi

L)
I
)
Al
L4
|
0

System Usage

Usaed by data antrv routines as primary 80
Character input buffer

Used by 1/0 subsvstem

- Usad by psusdo-random integer generator (RNDEYT)

Foginter to linkad list of headers in the machine

language subprogram arasa

Usad to maintain current GCATA context while
axacuting a BASIC program

Pointaer to the currant program line while editing
a BASIC program

Line number at which toc stop whan listing a BASIC

General teamporary area usad by BASIC mostly whan
converting floating point numbaers to their string
rlprusantatians with the CNS rautznu

Pointer to the next BASIC program line ¥Fcllowing
the ona currently being executed .

Floating point numbers used By the rtloating point
random numbaear ceneratcr (RND)

iy
"y

Peintar to the first pragram header in tha
cartridge

Pointer to tha currant BARSIC statament teling
axecutad |

Pointér to the current function (FN) kav tabie
aisacxatﬁd with the nan—usﬁr-agiignabla Kaysz

Feinter to the symbol tabla for the currsntl v
@xacuting BASIC program or suborogram

Currsntly iiiiﬂ%id ;anquaqe indicatar

Foainter ko the 1ﬂsarauive g;mbaf ablas which

contaims thosa s abcls cresbed at the cammand
laval rather than ﬁur=ng Arogriaim &<SCUnian

hest acddresged! ‘res Slock n
linkad liat oF frae
Fointar to highest addrass in the usar assicrec
string tabls

- ——
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=DCacions System Usage

~BEm,. »BEL Fointer to highest address irn the variabls name
table which is &lsoc the bese «ddress of the
+loating point stack

»BEC, >BED Fointer to the highest address in the cvrhamic
s

MEMDTY & @d

+~8EE, *8EF Foimter to the +tirst entry in the lanled ligt of
paripheral access blocks

;8FO . >8F1 Reserved

~BF 2, >BFZ Fainter to the header of tha currently executing
BAREIC program or subprooram -

~8BF4 to »BFY Used by the debug monitor to handle machine
: language breakpoints

SBFA Pointer to the end of the processor stack in the
ragister file

+EFE to BFF Used by BASIC to maintain current status of ON~

- BREAK, DN WARNING, ON ERROR, and FAUSE ALL
statements

| }?QQQta >977 Used by EBASIC line compresaion algorithm to

convert program lines from ASCII text into
internakl BASIC formats Also used at the command
-level as the playback buffer

e

5?73 to >98F Used by the axpression ebaiuatian alga?ithm
(pirsar) &6 an operstor precedence stack

2790, 991 Fointer to highest address in the machina
language subpragram area -

LI 't"' } L

?:Na:hiﬂl Lanquagi Subpraqran Area -

The machine language subprogram area contains subprograms
loaded into memory by tha LOAD subprogram in system ROM. Each

tima the LDAD subprogram is called, the user asﬁignad string

- -4 .

'";Qtabla. the variable name table, and tha ¢1nat1ng paint gtack are

:li

*mcved Up in memdry, and the suhprngram area is expanded to

acctomodate the new subprogramis).

sk,
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The system maintains & pointar E???G,)??i] that indicates
the highest address im this area. This gointar is 4lsu used to
delimit the low end of tha usar assigned string table. Another
pointer [>8A8, »BAT]1 points to the first header in the linkaed list
of %ubprngréms in this aréa. When new subprograms are loaded
into the area, the headers d% the subprograms are added to tha

end Qf the nxiitinq praviagug lisgt. The low end of this area is

always at address >992.

Usar ﬁssiﬁnnd String Table

The usar assigned string table is a table of strings
asgignad to the ten numbaer kevs (0-9), When this tablae is
’initializad,'it consists of tan Z@ros, each rapresenting a null
st:ing. When & string is assigned to & particuler number Yksy.
that atring raplaces th; caorresponding null string (ar anv
previously assigned string) in the tabla. _

The systﬁm:miintains & pointer (>8EB,3E?] that inéfcatﬁa tﬁ;F“%

nighest address used by the tabie. This addrass is also the

address of the length byte of tha'étring asiignad to the “O" hav.

--\.:-'J'- Liill

" 'The next lower string in the tabla belongs to the “1° key. and 0.

cn. The string cqrrpipunding to a particular kav is found bv

using the langth bytes (plus L) to step through. tha tatls from

nigh to low until “ha string inkthe carrect position 1ad round.

e low and oFf this tadle is calimitad bv =~hea Righ enc ascinher

(>RF0.59911] ef thae machine languags Sublbgrogram arada.

Variable Name Table

o " e
-

Whan ¢ FASIC statamant s entsrzd. the variasleé names are

“tokgnized”: that iz. each varlaola %35 assidnad a one oviE2 vaiwus
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which represents the.variabln rame in the "inlternal torm" used bv
BE&RSIC., The string representation of the name i then placed in
the variable name (able. The token value assigned to & name |
cnrrapnnas tu the position o the name in the table‘biasaﬂ bv
+20. Thereatter, eath time the same variatle name is used, it (s
reprasented by this same token value.

The table &also uses two bytes of overhead.,. At the low end
Of the'tabla'iﬁ-a zerc, rﬁprnﬁnntiﬁg a Nnull string. The purpose

of the null string is to terminate the search used for finding

variable names. At the high end of the table is a byte which

contains the next available token value to be asﬁigned te the
ﬁéaﬁﬁnéﬂ variable name. Within the table. each variable naméhis
.fﬁéﬁhtkinﬁ representation of thé name (length byvte above ASCII
£eu¥1 with the most significant bit of the last chara:te&haf thg
name set to ONE. .

The system maintains a pcinter [>BEA, >EEBR] thet indicates

the highest address used by the table&. This sddt-ess is the

address of the naxt—-available token byte. The ssarch algorithm
! - | . .

' .uses the length bytes to step through the table until the correct

""'J::t‘-.l ‘{_"' : .

.

variable name is found. The low @nd of the table is delimited by
the high end pointer E>EEB,}BE?3 of the user assiagned string

£

tablea.

Fiﬁatinq Foint Stack '- X
The floating point Etack. in addition to its being usad irn
floating paint routines aﬂ'Siﬁcriﬁ;d in chapter 2, is usad by tﬁa
BASIC interpreter as an%EﬁEEpé%?n—cuntral gtack. The interpreter
. . -,

uses Lhe stack tO save & variety of data structures 1NCluding

TR R
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variable in%ﬁrmatian antries, FBR;NEXT loop entries, CEGOSUBR-RETURN
antries, subprogram CALL antries, arror codes, and BASIC
braakpcinﬁ_ﬂntrins. gach o these structures requires one or
more @ight byte stack entries. (Variable information entriss are
dis:usﬁad latar in this chapter in connection with asubprogran
Pparametar passing). Thae othar structures allow the interprater
to pPoperly control the flow of a running BABIC program.

The sys#am-maintaing saveral peinters tn‘thn floating point
| stack including the floating point base address (>8kER, 8], Lhe
flcattnq-pqint'ﬂtack pointer [(>34,>371, and the free space

pointer (>34,>383). The floating point base address painteriis

the same as the high andgﬁnintar +or the variable nama table.

Free Memcry Space
Free memary space is presant between the floating paiht
stack and the dvnamic mnﬁnry'araa. Thﬂ.fldating pcint”stick

extends inktc the frae hemory-ﬁpace A6 NEecCassary, and dynami ¢

memory managemant allocates sSpace “"from above" into this area as

”H1'”"QQ”A?IIEEﬁPéﬁdhgiﬂhﬂn-itf%ails to +ind a su*ficiéntly large block in

the_linkﬂd'list of free memory blocks. If a ltﬁck.puah aauld
ver causa thi Qiiuﬁ b¥'tha sStack paint;r'tn i#:aad the value o+
the frae 3paca pointer, or if dynamiﬁhmamary managenwsant cannot
. _

;}ind & large ancugh bhlock inclﬁding Ehﬁ Traad maenory ;péaa, tha
svaeatem rsccerts a fﬁamcry Fuli“ ﬁ;ror. ¥,

“heée +raa M@NCryY Spaca puintaé is méintajnad in raclistars
sat, "E28. This pointar indigates the highast byss that can Lte
Uusad bv téa floating paint stack and the highast byta or khe last

e —

available frae bDlaock var the dvrnamic mamery Mmanager. The loaw end

-L_‘

=" ey rel—

L . -
L aka

Y L'

——

1

o S

4

. —_——————— .




f~éjiﬁpg§igqﬁ;inks the Eéltaped'blo:k into the linked list of free

. EpécE pointer [(3>354,23C) indicates ¢he last available free block,

and the floating pnint stack pointer [>54,>573 di]imitﬂnthi ]l Sw

- TS OTEEY i e e w AR - w— == n o Pl e . ' - e e — e ak wr W r A mam A ewrrear = S —

RUNNINS FROBRAMES IN THE B&S5IC ENVIRDONMENT FRigE S-11

O+ this last free block is delimited by +he sti:k_pnintar
L>3S6,>57].
o
|".I 4 '. |
Dynamic Memory Area
Tha dvnamic mamory area i used by the EBASIC interpreter to

store run~time déta structures, including the rollowing.

[ hr e e ———— s s s - .

: o values of string variabies
o temporary strings used dufing evaluation of
string expressions 1 - .
- peripheral access blocks and associated I/0
buffars
c subprogram symool tablas

When a block of memory is needed, the interpreter calls the

app;npriate maemory &llocation routine. The allocation routine
searches a4 linked list of fres memory blocks until it finds &«
sursficiently large area (or fails to do 'so and reports "Memorv

L ‘ "-' ..‘

full™). When & Block is no longer nesded, the interpreter calls

the qppr&priata deal locatiaon routine. and the deallocation

memorv blocks.
The systam maintains a pointer t}BEC;bsEDJ 0 the highest
addressed byte in the dvnamic memory area and a_pninter

[ ABE6, *BE7) to the linked list of free memory blocks. - The +ree

v

ernc ot thic areas.

!
\
Main Program Area
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The system permits one main program in memorv at a time.
That program resides in the main program area. The lcw end af
the main program is delimited by the dynamic mamory basa addrass
pcintar L[>3EC,>8ED], and the high end is the last available byte
of mamury,_always pointed ta by the high RAM pceinter L5800, >8011.
The pigh @nd is also the location of the main program headar.

MEMORY USAGE AND SYSTEM REENTRY

Pragrams and'ﬁubpfﬁgramﬂ developed in assambly langquage can
be classified into four groups depending upon tha extent to which
ﬁhay usa@ register file and the system reservad area of NENCry.
. Each ;iﬁul'of memory un#qa requires a distinct method of
r-tﬁrning exwcution control to system softwara.

The four levels are numbered from zerc to thred: level zero
correaponds to the least extensive mamdry usage, and laval'thra;

-

corresponds to the most extensive mcm&rv usage.
. . | -
LEVEL ZERO MEMORY USAGE

Lavel zerc usage is for programs and subprograms daesigned to

r L] "a
] - - - - H .
= e . : - ..i' } L } LI
. . L I

Fun entirely within the context of the BASIC cperating

anvirsnmant. Al though main programs can ba designad tc run &t
this level, tha most common use for this level is an amachine

language subprogram cesigned t¢ be callad by a BASIC progranm
_ . : , -
"which is currsntly running. |
Because level zarc programs must return conirol ta’ &« 3IR31IC

i Coerating

N
X
)

pragram, they mnayvy use aonly those 2lsments 27 Ltha

.inuiranmiht Surrsntly unusad by BASIC in running ig:
x\.

Subpreogram calls from BASIC are at tha statement level ofF

M
-+

FoQi Al

bl
1)

Eande S

. :
' l-u-[_ '

1 LL

i

o E—EEmL LLEE Ry -— "
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xecution, and thersfore level zeroc subprograms mav uss the

entira Scatement levael temporary area. rnlsc, they may use the

function level tempqrary'araa. i1+ svetem subroutines are to be
Called, however, use of these two arecas must be carefully

deaigﬁad arpund register usage in the called routines.

lLevael zera subprograms can use the dynamic memory management

subs?itam to allocate and dexllocate blocks of memary for their
Own uses. They can il;ﬁ use the FPFUSH, FPFPOP, and POPARE
rnutihés to manipul ate entriss on the +1natinglpaint stack.
Traps 4_thrnugh 11 tr;nsier cantrol through.a branch table
that is located in the system reserved arwa. Two of these traps
{n@ﬁbars.? and 10) #ra designed to be used by lﬁvél zerd
SUbprograms. TRAP & anfern tha‘tablﬂ at location »81F, and TRAF

10 enters the table at location >822. A level zero subprogram

Can direct these TRAF instructione to any desired location bv

'staring appropriate branch instructions at these locations.

Leval zero subprograms return control En fhe calling RASIC
program by exa&cuting the machine—-language code for a RETS

instruction. Level zero main programé Can return control to the

. _fyngggqﬁ?*braﬁghﬁng id the RETSYS entry point.

LEVEL ONE MEMORY USAGE

Level one usage is for proarams ancd subproorams that are

designed “O run outside the restrictions of the BASIC operating

*

S @anvircnment but which maintain Ot Oof the memory structures

dafined sbove. Level one programns and subprograms mav use the

memory areas described in level zere. They mav &lsc use the

+loating soint itack and th
™
- .

iy

& dyfhamic memory arés through the

. t L

— e e ——————— e i - i mm e - - - -
1 d
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routinaes in system ROM. If they do not use thesa areas through

~<CM rautinas, all RAM between the variable name table and the
main program ar2a is free ftor program use.

In additicn, the following register +ila and 5yatnm'ﬁﬁﬂ
locations can be usad provided that the routines associataed with

them are not also being used.

Registars System Usage -

>4D - >81 Used by subprogram paramater passing routines

(GETNUM, GETITR, GETADR, and GETCHR described
later in this section)

>l = 233 .Used by the display control routines and the data
entry routinaes (CLRDSP, DSPBUF, DSPCHR, SETCRS,
BUFIN, LINEIN) |

354 - 557 Usad by dynamic memory management subsvstam and

floating point subsystem (sae previous chapter)

System RAM System Usage

>828 to >BZF Available bacause BASIC is not running

E-..-..., }833 T | L] ' | 1 | " " it

. }EﬂE ta }EEB Uaad by data antrv rnutinas (EUF;N, LINEIN,

>Eﬂ&,}6ﬁ?“ Used by'psuada-randam intager generator (RNDBYT)

_}sné ta.?EBE_ ﬁvaiLabla because BASIC is not running

=83 ta ::-Eca L . . " .. I "o e '" "

“8C?, »8CA Available becausa EQEIC is not rqpning"

~28C3 to >8DA Used By rloating pﬁxru random numbar SRN\|rator
. - /
(RNDJ | .

80D, »8DE HVillihlﬁ ba:auﬁé PRz IC is not running

L] =l
L n

>80F, »8EQ ;'usud by data antry routines in connecticn with

-.{E nan—unar—asaxgnabla functzan \FiN) kaevs (BUFIN.

-,
B LINE,I N) |
a n= * . - r -
o ' - 1 v T - r. 1--
: . J e S e = o A ans —
MR . r, T E Tl T . - aia
' ' - . L - a' R . r L I '
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System RAM System Usage

851, »BED mvailable pecause Ba3IC i3 rmot running
}az_q‘ :EEE on ] L] | o M L}

?BEE;}EE? Used by dvneamic memorv management subsvstem (MNEW,

~8F& to »3FF Available because BAQIC is not running

-

»%00 to 977 Used by tha machine language Debug Monitor

#5978 to »5BF ¢ Available because BASIC is not running

Level one programs, howevaer, must maintain the main PIrOogt an
a&aﬁ, the variable nane table, the user aisignedlstring table,

the machine language subprogram area, and all associatad control

pointers. T

L Bl

N

Unlike ievel zero subprogram: wh}ch"afe called from &
running BﬁS}C.program, level éne subprograme are daesigned to ba
called only from the1:ammand level of the system. A lavel ond
ﬁubprbgra@ should therefore determine whether or not it has been

called from a BASIC program by checking the “program running”

.f_i;ilaqh-pit QT ilag rngistnr }45. 1¥f & BASIC prpgram is running,

the level one program should return to dﬁSIC through the BﬁbIC
®rror handlnr 10 pravent memory usage athtr “than that used in

r@eval zero t+tc occur.

. ' % '
*  Often level one programs are implemented a% & sUulprograms

e

rather than as & main precarams so that they can be kept in memory

while other prdgrans and subprograms are loaded and run.

Exampleés of this type of program «re the cartridge initialization

{(CARTINIT) \and cartridge lcading (CARTLOAD) suborograms.

. ﬁ‘ll
ﬂun—"'
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lLeval one main programs arae of two t?paﬂ, those cesigned to
run repeatedly in the main program area of svstem RaM and those
designed to run in the cartridge mﬁmar? without destroying
whatever main program may currently be in tha_systﬂm RAM.

All level one programs and subprograms return cantrol to the
5yst?m by branching to thq.RETSYS routine in systam =OM. This

routine reinitializes the floating paint stack, dynamic mamory

- management, and the associated control gointers.

LEVEL TWO MEMORY USAGE

Level two usage is for programs and subprograms that raguire

. mare of thc'syﬂtiﬁ'ﬁﬂnfthan laval one allows. These pfbgramﬂ'may

use areas resarvad in lower lavels of usage for the main praogram
and variable name table. These programs ca; use all of the RRMT
memory betwaen thea aﬂniﬁned gtring area and tﬁa high end oF
systom RA&M. chuvﬁf,'thﬁ'paintar to fhn'assiqnﬁd"itring ara#ﬁ
{>8E3, >8EF1 and the high RAM pointer [>800,380i1 must be-

maintained. In addition to the memorv usage described 1n laevels

'L*;nggngﬂiﬁﬂ'ﬁnaibj lavel Awo program may alter the floating point

basa address pointer t)&EA,>EEEJ and the dynamic memory base
addkisﬁipnintnr't)ﬂEC,iaEﬁ3. If the flocating point stack ;hd

dynamic memory management are not usad through system ROM
| x _

routines, the associated RAM locations can be ugad by laval two

oecause programs and subprogramns designed feor lasvel 2 usade

S&sStroy the main pgrogram-éreg and variable name tatble. thev nust

racurn :aﬁ@ral to the asystem throuch the RETNEW routine (v ROM.

il L ] | ) L 3 * a : L - H-l:'.'."""' )
iNis routing initializes the main pircgram area and variable rians

t L"L

-y ub—y-

e

L

u

+

A
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‘tablw for & null prooram. it also initializes the floating point
stack. the dvhamic memory managamént. and associated control
pointers. FRecause RETNEW initializes the main program area. a
lavel ‘twd main program running in the main prﬂgram-area Can onlv
be run once before it must be relcaded. For thii1rﬁaﬁﬁﬁ, most

ievel two main programs «re run in the cartridge mamory.

5 LEVEL THREE MEMORY USABE

- . Layel thraé consists of programs and subproorans deaigngd to
ﬁia ail RAM mambry above the system reserved area (which ends at.
address :%9!). In addition to the memory usage for all the 1 ower

levels, level three programs may use the following system RAM.

locations provided that the wssociated system ROM routines are ,

nutﬁﬁﬁing used.

Locations Associated system usage

-y

: ~BARB, »BAT | Pointer to linked list of headers in the machine
- | language subprogram area

4 >8E8, »BE® ‘ Fointar to highest addrass in the user assigned

é:ﬁjﬁ,ﬁ. . etring table

- 3BF4 thrbugh Used by the debug monitor to handle machine

o >BF % - language breakpoints

>?90,}991 Fointer %o highan£ address in the machine
- : language subprogram area

\

A + g

.« bince level three programs and subprograms destroy all of
e _

C the memory structuwres used by BASIC, they must return control to

-

L

the svstem by branching to thne RETINT routine. This routine

- perforns & complete initialitlation of the svstem. including

/—\ - \

display n?_ﬁbe “Eystam'initialized" NeSS&QE. 14 & level three
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program or subprogram is run in the svstas RAM, it is destroved

sy tha initialization procedure. Thesa programs, therefore, ara

usually run in the cartridge memory.

TRAP VECTOR MEMORY USAGE

Twenty faur bytes of RAM in the systam ragervad area nay

also pe used by machine-language programs. These locations are

most uqaful in prﬁvidiné for specialized uses far TRAP

addressing).

instructions (single-byte call instructions with implied

The system igs initialiﬁad g0 that TRAP instru:tlans 4

':-'ﬁh--

thraugh 11 trans*ar cantral to a branch table copied frum RﬂM

into RAM at addresses >810 through >827. Traps 4 thraugh 7 ara

us@d by a BARSIC lina—-compression routine. Trap 8 is usaed

throughout tha system to transfer control to thae BASIC error

. handler.

Traps 9 and 10 are intanded ﬁpe:i#ically for usa hy;‘

machine language programs (as described abave for laval zsro

MANOry usage).

Trap 11 is used by the Debug Monitor in exwcuting

‘“i;ifﬂ];bragkpqxnts in ma:hina-languaga prugrams.

Ea:h of thasa traps can ba rnd1r¢ctad by rnplaaing thi

:urrant branch vector with an a bran:h to the dasired location.

HCcwavear,

-

e

1.

the following restrictions applv,

- leval zarac,

N

* -

on@, and twa prograung and dUbprograne myst

savé the currant branch vecicrs for trags 4 through 3
and trap |1 before raplacing LShem. Thesae vectirs nust
b@ restorad before returning contral ts the svatem
through a RETS. instruction or the RETSYS cr RETNEW

ravtinaes.

~avel thrae Fragrams and suchorderams 2o not

Nave to save the velSars because the RETINT rocutine

ﬁrmnlatﬁlf
Ivnctari}._

initialices the svetam (1nclud;nq thase

- —

-
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- e Manyv sveten subroutines use trap & to transter cortrol
to the error handler. Either the corresponding vector
muet be used to redirect trap 8 to a machine-lanquage
error handling routine, or these system subroutines
muet not Le used.

2. ¢ If trap !1 is rediracted, machine-language breakpoints

and the €ingle step command will not %unctian in the
vebug Monitor.

SUBPRDGRQH'PARAHETER FASSING
ﬁPst subprograms require some sort of information to be
prnvidnd.tn them for processing. Normally, this infqrm#tinn is
ﬁaﬁsad in the form of & list of arauments included in_tha.CﬁLL

:nmmandi or sctatements from pAEIC which transfer control to then,

- Subprograms must check the syntax of argument lists and mugt -take

the necessary steps to access each of tha arguments. This

process ie called parameter passing.
Subpragfams are executed with a CALL itatamant_with the

tollowing syntax.
CALL subprogram_name(argument_list)

"t?ﬁfﬂgwhrgumnﬁt-list-iﬁ aptinntl. 1f no argument list is

required, the parentheses are omitted. I the argument ligt is

required,. the subprogram defines the number, type, and order of

s

the1arguments that must be presant. AN individual.argﬁment Can

A

L

bg any of the following depending upen the requirements of the

SUDEroaram.
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iy oy
1

1. a numeric constant or gucted string constant

2. a simple (single-elament) numeric or ﬁtrinq variable -i

- 2 numaric or string expression -

4. an elament of a numeric or string arr:y | f

e an. antire numeric or ;tring Array | _f{
y

éﬁ a subprogram accessas an argument list, it must verify P

;hat proper syntax has been usad. Synta: chﬁ:king'cnnsiﬁtﬁ of

varifying the following. ?
1. That the argument list begins with a left paranthﬂiis Zf
2. That the list includes the correct number of irquméhts .
e That thﬂ.arguments are separated by commas | .f
8. That.thg,arqumnnt list is terminated by a right
paranthesis | | | T
S. That the CALL statamant is terminated by am end of 1&6%
. - JJ_
Takens are the “intarnal form™ of punctuation symbols usad | T
“;;;:;%:;?qﬁﬁﬁSIE“cﬂmmaqﬁi_aﬁa s;atﬁmﬂntsﬁ_ Four token values, shown in
thé follawing tghlo, are impnrt#nt in syntax checking. During =
par;mﬁtarlpasginq, a subprnqram.usas the compare instruction _
(CMP) to test a cgrrnnt charactar_régiﬁﬁar (>4D) for tha |
igprupriata token valuas. | " o . | . o -
o e K
i Char#cter_ : ' Yokan ! | -
N WU
i La*tﬁggffﬂthﬂﬁli \ 3MCO
| Comma ) | ' Yan ! ':ﬁ\
) Right parenthesis f >AF E S

End—ocfr—statemant

ey mEr AN
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SYNTAX CHZCKING AND FARMETER PASSING
DLeps uséd in & subprogram for syntay checking and paramater

DaSEIiNCe &re asg 0l lows.

L)

1. Checking for & lett parenthesis

< Advancing the prdgram pointer
3., _Calling an appropriate argument accwss routine

2. it this argument is not the last one
Sa. Checking for & comma
4b. Looping to step 2.

e Checking for & right parenthesis

6. Advancing the program pointer

7 Checking for an end~of-statement token

Checking for a Left Parenthesis

hen a CALL statement transfers control to *he subprogram, .

the current character reqgister (>4D) contains the character )

following the subprogram namae. The BAEILC program pointer

L24E, X4F ] ﬁaints to the character ‘following the current

‘ lf_fQFbi§!F#gr' If the subprogram is not designad to be called with

an argument, the current characfer register can be checked +for an
end-Qof—-statemant token (>00). 1+ the end-of-statement token is

present, the subprogram can :nmplafi ite processing and return

control to the calling pragram.a

ot

argument list. the current character register is checked for «

"I+ the Subprogaram USES an

ledt parenthesis (2C0). if the left pearenthesis is present. the

BLUDProgram continuses with the parameter passing process. iv the

required cheracters ars not present. the subprogr am reports an

e
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"Illagal syntax" aearror by loading the value 01 into the A

register and axecuting a TRAF o.

Advancing the Program Pointer
The first step in accaﬁsing any individual irgument is to

gat the first character of the argument into the current
character register and advance the BASIC program paointar. The
aystam pruvidﬁﬂ a TRAP routine €GETCHR) spacifically for this
purpose. This routine loads the next program character into the
& register, idvancaa the pragram painter, :cpia; the character
ifrum the A register to the current character register, and -~

. returns to the sdbﬁ*ﬂéram. (When control returns to the = e

subprogram, the processcor status byte 1ls set according to the

currant program character.)

Calling the Appropriate Argunent-Accessing Routine

o

The system pravides four routines that ara used to aCCESS

individual argumehts. Thaese routines are the following.

-

TEAL T e e et S | ; :
GETNUM -~ Gat the value of a numeric arguwaent
BETESTR - get the valua of 4 string argument
GETADK Get the address cf an argumant

SYM - Flnd & svmbol in the current symbol tatla

!

t

. \ | |
Thesa routines raturn the argument cor infgrmacidn about tha

afgumant in & spaclifiad seat oOr Eﬂqiitars. vinhan thev raeurn

contral to th; iubprﬁgfam, the current characiar ragistar

céntains the :harictirwinllgﬁrnq the argument and the pragran
. pointar fﬁ advancaed aporcpriately. I+ the arguiment i3 neh what

<

the syborcgram raquiress. the subprggram skould ragort a “Ead

TN

1 L_L

L

L.




e el i
-
L]

proceeds by repeating steps 2 and 3 again.

'“f';QQngpgéng.thp Program Pointer

P Rmmd o ol- e ogeg - e— - o= — rw - W  mAsagEmas -kl . Ry - -

RUNNING FROGRAMS IN THE EBARSIC ENVIRDNMENT FALz S-2ZT

argument” error (>1D) through a TRAF & nstruction.

Getting Further Arguments
For ~rurther arguments in & list. the subprogram musi check

f

Ter the presence of a Comma. I+ & comma is present, the current

:haratter regiscer contains the comma token (HAD). it the comme
is nﬁt pra;ent and the subprqgram requires & further argument,
the_sybpragram should report an "lllegal syntax* arrqr_(}ﬂli to
the e?rar ﬁindlar. 1+f tﬁt comma is present, the subprogram

In othaer words the
5ubprngram repeatedl v cha:ks fOr a comme token, advances the
program pointer, a&nd calls,the apprapriate argument accessing

T T

routine until the last argument has been accessed.

Checking for the Right Parenthesis

Aftar getting the last "legal" argument, the subprocoram
shuuld check for & right parenthesis rather than &« CQMMma.
Absaence oFf the right parenthesis can tﬁen be reported as &an

"lllegal syntax® error (>01) to the error handler.

-

In nrdarwfa check for the énd-n+-statem¢nt token, the
subprogram must get the next prﬁgram character and advance the
program peointer. The GETCHR routine is used to advance the

pointer. | \ o

e

- Checking +or the End-of-Statement Token

The firnal step in parameter passing is to varirty that Lthe

LALL statement is properly—teraminated. The last character should

,

\
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be the end-of-stataement token. I+ anv other character is

present, the subprogram can raport an “Iilegal svitax" arrar.

PASSING VARIABLES AS PARAMETERS
FParamater passing often involves accessing 3GSIC variables.
Each:#ariggla in a program has a cnr?uapanding nhtry 1n the
program symbol table. This entry consists of a f1lag b?tn and a

valun'ﬁpaca. The flag byte indicates tha tvypea {ﬁtrihg or

numeric), the scope (local or shared)., and the complaxity (simpln

or array) of tha variable. The value spaca may contain either

the actual value.nf the variable or information about thﬁf N

location of the value, as indicated by the contents of the flag

byte. An entry in the symbol table has the following general

form.

bit position -> 7 6343210 .

: T IR

high address -> !S8!x!P!xix!x!A'A!

B e o e e o e e e 5

! :

value spaca
L - N | (variable langth’
Cetrrimietll T low address (-2 ! . !

i- T - R =R i AN R ’

- ern

1{__,

.. =

el ,_?‘_\\




N

RUNNING

EByte O ~> Flaas

FROcRAME ]

N THzZ ARSI ENVIRONMENT

W T eEm g EeEEE S — - - prom e e

FAGE

-— o g
1.."'--:-.!

Bit 7 = O ~2 numeric entry
2 1 => gtring entry
Bit 5 = 0 -> local variable. The valuse oF thig variasle
i In thisg svmbpol table.
‘' = 1 =) shared variable. The vaiue i€ in & difterent
svmbo.l tabl&. The following value space

contains a pointer

to the value space in the

other svmbol

table.

gits 11— =
-1
=

Bitg Z2,3.4

00
01
10
11

+ and 6

-> simple variable

-> one—-dimensional array
-> two-dimensional array
-2 three~dimensional array

are reserved

-
L d - -
. ' L] - L | a
T e e T
-,

o i 1ea

theé +ollowing figure.

Bytes 1+ =) Valua space
The contents and the length of this space are dependant
uwpon the type of svmbal table entry.

Numeric -> B byte floating point value with the least
, : signiticant byte at the highest address

- 8tring -~ 2 byte pointer to the length byte at the high
- &énd of the string value

2 byte nuaber of elements for each dimension
(number of elemants = maximum Bubscript + 17
Then either -

ﬁrrayﬁ' -

* B8 bvtes for each floating paint number or
* L bytes for each string pointer

Shared -> 2 byte pointer to the value space (not the
- .flag byte) of thﬁ variable in the original
" symbol table

SIMFPLE NUMERIC VARIABLES ,

- Each simple (non-array) numeric variable has a corresponding

©ing point format entry in pragram svebol tabdiGe @8 shown in

-
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. e ¢ 1 r r I _§® % L L R B L__ B B __ R 2 _FL R _KE__§R L L p.

high address -3! flag byte

l I . r_ £ r £ 2 * 3 r I ¥ _ £ I L 3 X N T _ K §_ ¥ ¥ |
+

: | ! least significant byvta !

l ' SR el SR A ol A il ST n i L S S S S ey Sl JEE E E c S —

nina bytas

!
!
!
:

g Py Py Py Prg P P P P P P P P Py Py Py Py Py Py Py Py Py Py Py Py Py

mantissa o+
number

My g Pp P Ay Py Py Aoy Pog Prop Py Py g Py P Py Py g Py Py Prg Pog Py Py Py Py

M oiar v am e e

! most significant byte !<{--

low addraess -=>! exponent byvta !

’ .- L . .t . . r i £ r 7 1 X £ L L 2 £ 2 ' L _ L 1] ,

Tha only exception ta this form occurs when the numeric |

variabla is shared batween a "calling" BASIC prugram ar

ey

.iubprngram';nd,thg"“&al!nd“ B8ASIC subprﬁgram. whﬁg the variabla

is shared (as indicated by a one in bit & of the flag byte), the
viiuﬂ space containe a pointer to the value rather than-gha va;ue
itself. The pointar is located in the highest addressaed two
bytes of the value space with the least significant byte at tkRe
highaest address. Tha other six bytes cf the value SPate ar