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ACOS:? . ARCCOSINE FUNCTION

. .z r r r I Lt . ___ J . 1 [ )]

S
ACOS calculates the trigonometric arceosine of the tloating point
value in registers 7% through »7C. The result, in the angul ar
drnite set in the indicator status bvieg, is returned in registers
»7% throuoh >7C. I+ the input valus is less than -1 or greater
than 1, & BAD ARBUMENT error code (>1D) is stored in & and the
routing traps to the error handler. I+ anyv errors occur during
the evaluation, the appropriate error code is returned in
register >7F.

ENTRY CONDITIONS: Floating point value in »785 through >7C

EXIT CONDITIONE: Arccosine in »735 through >7C: Error status in
>7F -
CALL ADDREES: MOVD “>0146C,.B
1 CALL @CALFAR
REGISTERS USED: A, B, >358 through >7F

ASIN: ARCSINE FUNCTION

ASIN calculates the trigonometric arcsine of the tloating pcint
value in registers >75 through 7C. The result, in the angular
wnits set in the indicator status bvite. 18 returmed in registers 2705
through >7C. If the input value is less than ~! or grester than

1. & BAD ARGUMENT error code (>1D) is stored in A and the routine .
traps to the error handler. I+ any errors occur during the
evaluation, the appropriate error code is returrned in register

+7TF.

ENTRY CONDITIDNS: Floating point value in >75 through >70C

EXIT CONDITIONS: Arcsine in 75 through >7C% Error status in »7F

CALL ADDRESS: MOVD ZL>0169,.E
CALL @CALFAG
REGISTERS USED: A, B, >33 through >7F
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ATAN: ARCTANGENT FUNCTION - -
ATN calculates the tri gonometiic arctangent of the flocating

point value in registers 75 through >7C. The result, in the -
angular units set in the indicator status bvte, is raturned in jf
regiscers »73 through >7C. If any errors accur during the 2
evaluation, the appropriate error code is returned in register |

>7F. JT

ENTRY CONDITIONS: Floating point value in >73 through >7C .

EXIT CONDITIONS: mrctangent in >73 through >7C5 Error status in >7F ~

CALL ADDRESS: MOVD %>01656,B ]
CAl.L. @CALPAG -

REGISTERS USED: A, B, >58 through >7F -

ASSIGNS ASSIGN A VALUE TQ A VARIABLE - | """*j'""'%

ASSIGN assigns the value identified by the contents of registars -
>75 through >7C to the variable identified by the entry on tcp of o
the floating point stack. If the value and the variable are not
thae same type., AS3IIGN storas the "String-numbar mismatch” error
code »03 in register A and TRAFs ta thae error handler. B

ENTRY CONDITIONS: BASIC operating snvircnment .
Variable information entry on top _‘JJ
of floating point stack
Value information in registers

>73 through >7C L,

EXIT CONDITIONS: Value assigned to variable -
CALL ADDRESS: MOVD %>014%,.B -
CALL BCALPAG | | ) ;
REGISTERS USED: A, B, 234, 235, >53C through >4&7, : . =
~ >6B through >72, »>77, >78 S

RAM USED: >8ES, >BET

. BATEHK: .~ - CHECK BATTERY CONDITION

BATCHK checks the condition of the batieries and returns the
status in RAM lccation »>83C. This location contains the status
of some of the dispglay indicators including the LOW battery -
indicater {(bit 1). I+ the batteries are low, bit 1 ar locatian
>85C is Set to OME. If the bhatteriaes are nNnot 1cow. the indicataor
h%t is Reset to ZZRC.

ERTRY CONDITICNS: None ,
. BX1IT CONDITIONS: Battaryv conditicon in >87C !
- CALL ADDRE=SS: . MCVE L0060, 8 '
| Calll BCALFAG |
REGISTERS USED: e o

RAM USED: 2830 | .

il r - AR A e —EE J SEE | RE . LSS . M S T - LI | - —— e e - s = -l - L 3 e . o r . = rmrr—— - -




lkj'

rl-'
1

e e Brmrn L _g—_p e e

— A—— [

——— —— - ——

ELEHARETIC LIST OF SYSTEM FOUTINES IN ROM FABE 4~

.+ ¥ - t+T " * - - t "3 - % r¥ - J - £ r r 5 _tr_ J - 1 - 1 . 7 F _ . ]

REEP: BEEF ROUTIN=
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BEzF sounds & single short tone througnh thée beeper.

=NTRY CONDITIONS: None

EXIT CONDITIONS: None

-ALL ADDRESEt: MOVD #:-005D,. 3
- cAal.ll., eECALPAL

RERISTERS USEDL: Ry B. »SC. 8D

BRKPFPT: BREAKFOINT HANDLER

L' 1 .t . r - . . __ 1 ° ! J . . - 1 o b . -

BREFT is & routine that ie used within the BASIC operatinag
envirenment to process breakpoints., This routine should be
ctalled when a program or subprogram detects that the EREAK kev

has been pressed.

I+ ON BREAK STOP (default) is in effect, EBRKFT reports
breakpoint message through the error handler, stacks the current
BASIC program execution context on the floating point stack, and
transtfers control to the system command level. 1+ the RASIC
CONTINUE command is entered execution begins at the beginning of
the line in which the BREAK key was detected. I+ ON BREAK NEXT is
in effect, BRKFT simply returns control to the calling program.
I+ DN BREAK ERROR is in effect, EBRKFT sends the breakpoint to the
error handler to be procecsed && an error.

ENTRY CONDITIONS: None
EXIT CONDITIONS: None 3
CALL ADDREES: MOVD “L>0130,.E . )

, CALL GCALFAG
REGISTERS UEED: AR, R
e e e e ettt e e e e e e e e e e e e e
BRPAG: o SYSTEM ROM FAGING ROUTINE

BRFAG transfers control to a specified branch table entry point
in a specified system ROM page. The paoe number in register A is
selaected, the program number is used to calculate the entry
polnt., and control i€ transterred to the calculated address.

ENTRY CONDITIDNS: FPage Aumber in A
- Frogram number in E

EXIT CONDITIONS: None
BRANCH ADDRESS: - BR @>FE39
FEGISTERS USED: A. B
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BTERP: CARTRIDGE MEMORY PAGING ROUTINE

e L L T R S ———— e L T

BTERP transfers control to a specifiad branch table entry point
On & specified cartridge—-memorv page. The page number in

ragister A is selected,

the program number is used to calculate

the entry poink,
address., o

ENTRY CONDITIONS:

EXIT CONDITIONS:
BRANCH ADDRESS:
REGISTERS USED:

BUFIN:

and control is transferred to tle calcul ated

Fage number in A
Fregram number in B
Naone

BR @>F3SA

A, B

ACCEPT AND DISPLAY KEYBOARD INPUT

Thigs routine uses

BUFIN ig used to accept input from the user.
»83E and the starting address. First, BUFIN displays the
caontents of the kayboard input buffer from the starting addrass
~88D. The cursor is placed in the pgsition indicated by register

pair (547, >48),.

After displaying the contents of the buffer,

BUFIN accepts usar input, modifies the contents of the buffer
dccordingly, and rewrites the displav with the new data. User
input is restricted to the input field defined by the parameters

passad to the routine.

While the data preceding the input field

may be displaved,

it cannot be =dited.

Editing and cursar-

control keys are implementad within this routine (with the single

exception of FCRWARD TAER).

Break kays are allcwed to terminate the input.

Unly the enter , shift-enter, and

The w®nter and

oy

shift-antar keys return control to the calling program.

oea

"Break Key" below for a discussion of the handling of this kev.
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ACCEPT AND DISPLAY KEYEDARD INPUT
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Registers oA, »44, and >4C cont&in various tlags which
atrect operation of the BUFIN routine as follows:

‘BUFINS

Register 14
Eit Mez&anhing
Y ne ChﬁFﬁCtEF validation
i validate input &according to
flags in register 44
~ll pther +lags ignored.

=
-l

Register 44 (more than one option may be set)
Bit Meaning
alphai

O
il

allow A~Z and a=-2
alphanums: &allow A-Z, a—z,
walphas: allow A-Z

ual phanum: allow A&=Z and O0-%

gigits allow O-%

numericy allow 09, +, -, .. and E

User defined string: When this +laag is eet.
register pair (>45, >46) must point to an ASCII
string to be used +or character validation.
j | BUFIN will &llow those characters which appear in
} | the string.  The +irst byte at the indicated
address is the length of the string. The ASCII
characters are 1in reverse order aextending +rom
the ienath byte to the lowest addressed
character.

andg q—¢

O- 8 B (A b)

: . Register >4C

- Eit Meaning .

'r- O This flag is usad within BUFIN.

. 3 O= assignment (SHIFT-FN) keyvs and fun:hicn

- (FN) hkeys are ignored by BUFIN

1= assignment keys assign contants of input buffer
to indicated numeric key and then clear the input
butfer. function keys display appropriate hkevword

. L .y @r text assigned to numeric key. Assignment and

r R function keys do not términate BUFIN.

¢ All others are ignored.

(CONT)Y
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Indicators

BUFIN turns cn the leaft arrow when data is scrolled aff the
left side of the display and the right arrow when data is
scralled off the right side of the display. The SHIFT, FN,
and CTL indicators are on when the kewvboard is in shift,
functicn, and cantrol mode, respectively. The SHIFT and FN
lndicators ara on simultaneously when the kavboard is in
assignment made. The UCL indicator is on when the keyboard
1s placed in upper case lock mode. BUFIN turns on the LOW
battery indicator if the batteries are low.

Break Key

Two flags control the processing of the break ka&y  within
BUFIN, the ‘“"program running® flaq (hit S of register >45)
and the "ON BREAK NEXT" flag (bit 1 of RAM locaticn >8FE).

If both flags are sat, the break key is ignorad in BUFIN,

I+ the “"program running” flag is reset, BUFIN stores the
"BREAK" code >AS in register & and TRAPs to the error
‘handler.

I+, the "program rumnning” flag is set, but the "ON BREAK
NEXT" flag is reset, some operations necessary for a BASIC
breakpoint are performed before storing the "BREAK" ccde
and TRAFPing to the error handler.
ENTRY CONDITIANS: Start of input fiald in (>37,>43)
End of input field in (:32,3>843)

Flag bits in registers >3A, >34, and >4C

Addreaess of validate stiring (I'f any) in

FeT. 2ab)

eXI7T CONDITIONS: Input data in input +ield pointed to by (IR, >3I0)

. Kavecda of terminabting key in »5C
- CALL ADDRESS: MCVD 4>0057.B
S - CALL aCaLPAG

REGISTERS USED: ~y By 2>39, >3ZB, »3IC, >3E, »3IF, »47, »a3.

~4C, >4E, >4F, >%3, >%& through »70, >7%, 374

RAM USED: »824 through >83B, >83E through >33D.
‘ +8B4 through »>8C3, »8E8 through »8EH

L




n-nu--.—...:t

e S Sl S

CALPAG:

- - m— - ————reel—
- h—_ - L el - - A4 - . L. . .l B L.

AlLPHABETIC LIBST Jr &EYz7eM ROUTINZS IN ROM

et W daliniieiinky S vl R S - w—-— ey -2 —-E——-—- A - - S

SYSTeM ROM FASING RDUTINE

L . &t . >\ . & 1t 1 . [ & L 1. L . __ .. . . ___ .. [ . L L __ ]

CALFAG places the current svstem pale numser on the processor
gtack, selexts the new systenm page., usesE & routine numbar o
caitulate the address of Lthe routine, and calls the indicated
routine. When the called routine returns control to TALFAG, the
saved syvysiem pape number is popped +rom the st&ck and restored
betore control is returned to the origina. calling program.

ENTRY CDONDITIONS:

=X1I7T CONDITIDNG:
CALL ADDRESS:
REGISTERS USED:

Fage nrmumber in A
Foutine numbetr in E
NOneE

CaLl @:-FB3é

~. B
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CONVERT FLDATING POINT VALUE TO INTEGER VALUE
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CFI converts the floating point value in registers >75 through
s7C into a 1é-bit signed integer +rom —-3IZ7468 to JI2767. I+ the

floating point value
rall in this range,

(rounded to the nearest integer’ does not
CFI returns the "kad value" code >04 in

register »/F. Otherwise, the integer value is returned in
register pair (»>75,>76) and reqlister >7F contains zero.

ENTRY CONDITIONS:
EXIT CONDITIONSG:

CALL ADDRESE:

REGISTERS USED:

. il e el A AN A S S A - S (e S S e A e e oo s s i sy Al oo i alni Sl -ty e A S . e o o — = ._ -

' CFILNG: . .

Floating point value in 75 throush >7€
Integer value in (373, >7&)

Crror status in >7F

MOVD 4>011S.B

CALL GCALFPAL

A, B, *»73 through >7C, >7E, >7

CONVERT FLOATING POINT TO UNSIGNED INTEGEK

-

CFILNG converts the floating point value in registers 75 through
»7C into a 16-bit unsigned integer from O to &533S8. 1I1f the
floating point value {(rounded to-the nearest integer) does not

fall in this range,

CFl places the "Bad argument" code >1D in the

A register and TRAPs to the error handler. Otherwise. the
integer value i¢ returned in register palr (>735,:76).

ENTRY CONDITIONS:
EXIT CONDITIDNS:
Cri.l. ADDRESS,

REGISTERSE USED:

Floating peint value in =75 throuagh >7C
Integer value in {(>735. 576!

MOVD “-017E.EB o
CalLl. 2CALFAG :

e KBy *SD through >60., 6B ithrcuoh =>7F
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CHKBRK : CHECK FOR THE BREAK KEY

CHKBRK. directly checks the kevboard to determine whether the |
BREAK key is currently pressed. If the BREAK key is down, FF is
returnaed in the B ragister. I+ the BREAK kay is not down, zaro
is returned in the B register.

ENTRY CONDITIONS: None

EXIT CONDITIONS: Ereak kay status in B register
CALL ADDRESS: MOVD XL-00&635,8
e CALL ECALFAG
REGISTERS UEED: R, B
ClF: CONVERT INTEGER TO FLOATING POINT

ClF converts the signad 1&-bit intaeger value in register pair
(273,>76) inta the ccorraesponding floating point value in
ragisters >735 through >7C.

ENTRY CONDITIONS: Integer value in (5735, >76)

EXIT CONDITIONS: Floating point value in 7% through Fﬂﬁ'
. CALL ADDRESS: MOVD %30127,EB o

CALL @CALFAG
RESISTERS USED: A, B, >SD, >SF, >40, >7% through >TE
Cis: CONVERT INTEGER VALUE TO ASCII STRING

Cl1S convarts tha gsigned 15-bit integer value in register pair
(275, 276) into the corresscnding ASCII string representation in
raegistaers »>6E through >73. The string is in resversa arder
beginning with the length byte in register >734 and the AZCII
charactars extending toward register »éE&.

ENTRY: CONDITIONS: Integer value in (375, >748)

EXIT CONDITIONS: String in registars »6E through >73
CALL ADDRESS: - MOVD %S012A,B

| CALL aCALFAG
REGISTERS USED: A, B, 5D, >&E throuagh >7E
e e e e et e o e e
CLRARG: CLEAR SECOND ARGUMENT )

MR - — A AP Al iy - N S naki bl i e — el S - TS - SR S . N S S Sy S S oo N ol A S A

CLRARG clears the sacaond argument ragistars 6B thrcough ;7 by
writing nulls into them. -

ENTRY CONDITICNS:  None

ZAIT CCNDITICONS: Nulls.in_>6B through 72
CALL. ADDRESS: CALL @:»F33F

REGISTERS UESED: &y 3, »&B threough 72
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CLRDSFP: CLEAR LCD DISPLAY

CLRDSF writes blani: characters throughout the disclay.

ENTRY CONDITIONS: None

EXIT CONDITIONS: dianks in display
CALL ADDRESS: MOVD L>004%5,.F
g cALL GLCALPAG
REGISTERS USED: ~, B, >53, >5C
CLRFAC: CLEAR FLOATING FOINT ACCUMULATOR

CLRFAC stores nulls into registers »>7% through >7C,

ENTRY' CONDITIONS: None

EXIT CONDITIONS: Nulls in >75 throuagh >7C

CALL ADDRESS: TRAP 310

REGISTERS USED: A, B, >75 through >7C

{ RINF: CLEAR THE KEYBOARD INPUT BUFFER

CLRINF places blanks in the B0 character keyboard input bufter
from >BIE to »BBD in the RAM.

ENTRY CONDITIONS: Nome

EXIT CONDITIONS: 2lanks in *B3E throuagh >88D
CALL ADDRESS: MOVD 7%>0021.E
CALL GCALPAG |
REGISTERS USED: ~y, B . .
R&M USED: ~BSE through >88D . ‘

-_——h—l—u—-“——----_—-“ﬂﬁ_—-“-__ﬂ—-“--—----__“ﬂ-u--—.- e = pr M = owmm oam

- LLRRES: - .. CLEAR NON-ARGUMENT PORTION OF FP AREA - -

CLRRES clears registers >5D through >6A, the non—argument portion.
of the floating-point area.

ENTRY CONDITIONS: None

EXIT CONDITIDNS: Nulls in 2D through >6A
CALL ADDRESS: CALL #>F82A

REGISTERS USED: A. B, >3D through >&A

£ o el
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CLSALL: CLOSE ALL OPEN FILES

CLSALL closas all open files and devices includad in the linked
list of FABs. First, CLSALL calls CLSTMF to check whether thare
is a tamporary FAB in registers >34 through >3&, and if sa it
closes that file or device. Than, CLSALL steps through the
linked list of PABs, closing each file aor device and rel=asing
the its buffer and PAB back to +rae memory spaca.

ENTRY CONDITIONS: BASIC operating esnvironment
Address of linked list of peripharal access
blocks in (>BEE, »>BEF)
Temporary PAB flag in >4B

EXIT CONDITICNS: Nonea
CALL ADDRESS: MOVD Z>021E,.B
CALL @GCALPAG .
REGISTERS USED: A, B, >3A through >4B, 54, >335,
2aC through >7&, >79, >7A, »>7D, >7E
RAM USED: ~ »8BES, »8E7, ~BEE, BEF -
CLSTMP: . CLOSE- TEMPORARY PAB oo | o )

CLSTMP tests the tempaorary FAB flag (bit 3) in register >4B to
determine whaether registers >3A through >446 contain a temporary
PAB. I+ the flag is set, CLSTMF closaes the file or device and

resaets the flag.

ENTRY CONDITICNS: BASIC operating environment
Tamporary FAB in registers >ZA through >4&
Tamporary FAB flag in >4F

EXIT CONDITICNS: None

CALL ADDRESS: MOVD Z>0239.E
CALL @aCALFAG

REGISTERS USED: Ay, B, >»3A through >3E, >6& through >76

e
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LNS: * CONVERT FLOATING FDINT TD BSTRING
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CNS converts the flocating paint number in registers >73 throuagh
+7C to a corresponding ASCII representation pasec upon the {ordat
information specitied in registers % through >S5S0, The raegister
pair (258, *3%) pcints to the high end of the busfer where the
resultant string is to be placed. The string is placed in this
buffer in reverse order with the length byvte Ffirst and the ASCII
Character codes extending toward the low end.

The values in reqgisters oA, 5B, and >5SC determine the format of
the resultant etring. If &all thres registers are zerc, CNS
acdheres to the standard BA&SIC format for numeric output. I+ the

values are non—-zero, they have the +ollowing effects.

/ol = number of character positions in the exponent including
the "E" svmbol and the &algebraic sion of the exponent
(range: O, 4, or o)

s238 = number of character ,J.sitions to the left of the

gdecimal peoint including the algebraic sign position

(rangel O to 14)

number of digit positions to the right of the decimal
point including the decimal point (range: O to 15

»aC

I1f the sum of the conmtents of registers -5S8 and >SC is greater
than 15, CNS stores the “Error in image” code »17 in register A
and TRAFs to the error handler.

The fTloating point value is rounded, if mecessary to fit the
cpecitied format. i¥f tha value cannot be rounded to +it the
format, CNS outputs & string of asterisks the length of the
detined format.

ENTRY CONDITIONS: Floating point number in 375 through 57C
Destination address of string in (>SB, +59)
Format information in >S54 through »SC

EXIT CONDITIONS: Formatted ASCII1 representation of the
floating point number
CALL ADDRESS: MOVD %>0242, 8B
B - CALL @CALFAG. -
REGISTERE USED: A, B, >»38 through >7F
COFPYFA: - o COPY FLOATING POINT ACCUMULATOR TO SECOND ARG

COFYFA copies the contents of registers >»>75S through >7C (the
+loating-point accumulator) into registers >6B throuah 72 {(the
second argument). t

ENTRY CONDITIONSG: None

EXIT CONDITIONS: V&lues in »75 - =5C also im 6B ~ »7ZF
CALL ADDREESS: CALL E:FBO9

REGISTERS USED: +&B throuah >72

SEEEETS e
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CosS: COSINE FUNCTION

COS calculates the trigonametric caosine of the floating peint
value in registers >73 through >7C, which is interprated in
accordance with the current angular measure in the indicatar
status byta. result is returned in reQisters 7% through >7C.
I+ a value qutside the range of a valid angular argument is
input, this routine stores a BAD ARGUMENT aerror (:iD) in the A
register and traps to the error handler. I+ any eaerrors occur
during the evaluation, the appropriate error code is returned in

register >7F.

ENTRY CONDITIONS: Floating point value in »73 through >7C

EXIT CONDITIONS: Cosine in >73 through >7C
' Error status in >7F
CALL ADDRESS: MOVD %L>01460,B
- CALL QCALPAG
REGISTERS UWSED: A, B, >58 through >7F
CRTLST: SEARCH CARTRIDGE FOR PRQGRAM OR SUBPROGRAM

- CRTLST se@arches the linkaed list of programs and subprograms in
cartridge ROM or RAM. The registaear pair (>3SE,>SF) contains the
address of the program-name string for which to search. This
namae is matched character-by-charactar, with a distinction made
betwaen upper—-case and lower—-case charactars. Atiter salecting
page zero of the cartridge memory, CRTLST searches through the
list baginning at the address set intoc RAM locations >8DB, »68DC in
the powerup sequence. If the program is found, the addrsss of the
program header is returned in register pair (38, 73B). If the |
program is not found, zero is returnad in register >3IA.

ENTRY CONDITIONS: Address of linked list or programs in (>B8DE, *BDC)-

Address of program name in (>5E, >SF)
EXIT CONDITIONS: . Address of program header in {3/, »S8)

':~chu~ﬁﬁnasss;; MOVD %>O0149E.R

CALL @GCALFAG
REGISTERS USED: A, B, »3A through >IF, >»&B through »&E
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Csl: CONVERT STRING TO INTEGER

C51 converts the =8LI] string which register gpair RHIE8.RX5YS
points to the ~irst byte of into a 1&é-bit integer value from O
througn 6SESS. The lencgth of the string is in register R>5E, and
register R>3A is null. Leading spaces «re shkipped prior to
beginning tne conversion. The conversion stops when any
character other than & decimal digit (0-9) is encountered or when
no more characiters remain. The pointer and string lengsh are
adjusted as the conversi{ion is perftormed. The pointer will return
pointing to the character which terminated the conversion or
beyond the end cof the string. The length will be the remaining
number ot characters. I+ an error occurs, CSI returns with the
most significant it of register >7E set. Otherwise. the most
gignificant bit or register >7E is reset.

ENTRY CONDITIONS: Address of first ASCII character in (>5B,359)
. Null byte in >%A
Length of string in (>5SB)

EXIT CONDITIODNS: lo~bit integer value in (>&0, >611}
Error status in >7E
CALL. ADDRESS: MOVD Z>003(C.B
* - CALL @CALFAG
REGISTERS USED: A, By, 208 through >5B, 23D through »61, >7E
CSN: CONVERT STRING TO FLOATING POINT

- = - - x egu  dm Tmwr 2w o=

CSN converts the ASCII string which reagister pair

~o8, *&% points to the first byte o into & floating pcint number.,
The lencth of the string is in register R>*34, and register RS54
is null., . Leading spaces are skipped prior to beginning the
conversion., The conversion stops when a non—-numeric character
(anything but -9, +, =y ., Or £) is encountered or when noc more
characters remain. The pointer and string length are adjusted as
the conversion i{s performed. The pointer will return pointing to
the character which terminated the conversion or beyond the end
of the string. The length will be the remainino number of

- characters. I1f an overflow occurs, the value >Al is returned in

register >7F and the largﬂﬁt possible floating point value is
stored in registers >7% thrugh >7C with tha appropriate algebraic
&ign.

ENTRY CONDITIONS: Addrass of firgt ASCI] character in (353, »5%
" Null byte in >3A
Length of ASCII string in >SE

EXIT CONDITIONES: Floating point value in }7u thrnu@h }
- Error status in 7F
CALL ADDRESS: MOVD “>0G18, 8
. CARLL &CALF=E
REGISTERS USED: ms E, >39, »5B throuah >8k, *8D. »SF.

60, &1, >6E through >7F

- - ey
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CTERP: CARTRIDGE MEMORY PAGING CALL -

CTERF placas the current expansion ROM page number on tihe
processor stack, s2lects the new cartridge ROM or FAM gage, usas
the routine number to calculate the addrass of the routine. and
calls the indicated routine. When the called routime returas
contral to CTERP, the saved axpansion ROM page number is pcooed
from the stack and restored tefore control is returned to *ns
original calling program.

ENTRY CONDITIONS: ~age number in A
Routine number in B

EXIT CONDITIONS: Naone

CALL ‘'ADDRESS: CAlLl. R>FS8%7

REGISTERS USED: A, B

DIVZER: DIVIDE BY ZERO WARNING

DIVIER placaes the “"Divisicn by zaero" warning'numbar AAL in
register >7F and places the largest possible floating point

- numb@r in registers >75 through >7C. The most significant Sit of

register >ID is used to set the appropriate algebraic sign fcor
the floating point numbar.

ENTRY CONDITIONS: Algebraic sign in >%D

EXIT CONDITIONS: Value >&2 in >7F

"Infinity" in >75 through >7C
CALL ADDRESS: CALL @8>F830 .
REGISTERS USED: = A, B, »>7%5 through >7C, »>7F |
DSPBUF: DISPLAY CONTENTS OF BUFFER

A S S S S S S— - i sl sl-A = S ==l l-ayy - S S S

'l'DQEEU#*dianlgys 31 charactars starting at the address speci<isd

in register pair (-%3,>%9). The specified address is the hiah

address of the busfer. The characters are in reverse order from

the high address to the low address of the buffer. After

displaying the characters, the cursor is set to the positicn

indicated in ragister »>33. UISP3UF does not turn the cursor on.

The cursor is not seen unlaess the calling orogram turrs ic- 2.

ENTRY CONDITIONS:  Buffer addraess in (%3, >S9 X

M Final cursor pesiticen in :S3

EXLIT CONDITIONS: Maone ?

CALL ADDRESS: | MCWD WSOULIE,B |
CALL SCALPAG .

REGISTERS USED: he 2, »=2C, 233. »E7

el
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DSPCHR: DISPLAY A SINGLE CHARACTER
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1

Doaromi selects the displav position indicated inm register >ST.
weites the characlter code specitied in register >*5C to the
se:ected display position, and moves the cursor to the next
pcgition if possible.

ENTRY DDQEITIDNS: cursor position (G therough 3G in »EC
Character code in >5C
EXIT CONDITIONS: “haracter is cdisplaved inm position specified
CaLL ADDRESE: MOVD U200356.E
CALL @®CALFAG
REEIZSTERE USED: Re Joo
DSFINT: INITIALIZE THE DISPLAY HARDWARE

i —-E— - S S o S Sl ek e il S N - i

DSFINT initializes the display hardware to the defined default
state. ‘

ENTRY CONDITIONS:  None

EX:T CONDITIONS: None

CALL ADDRESS: MOVD “>00466. R
' CaLlL. GLCALFA&DL

REGISTERS UBED: A, B

ERROR: ERROR HANDLER

ERROR is @ routine which is used within the BASIC operating .
enviraonment to proceses breakpoints., warninas. &nd errors. This
routine is accessed by storing & break codes (:AS), warnmning code
(negative value) or an error code iopositive value) im the A
reglister and executing &« TRAFP >0B instruction. TRAF 0B
transrers control to RAM location S1C. In the BASIC operating
envirpnment this location contains & BR(anch) instruction to the
ERRDOR routine. ' An assembly lanalacs oroagram mav perform its own
error handling by storing an appropriate BR(anch) instruction in
this three byte location (»8BIC threough >E1E).

The ERRIR routine is written epecificallyv to function in the
#ASIC operating environment. The actions Paken by the routine
depend upon the type of input value (break. warning. or error)
amC the current status or the BASIC ON BREAK, ON WARNING, and ON

ERROR statements., The following fisures show the three tvpes of
1nput values and the corresponding SRROR routine RFrocessing.
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ERROR? ERROR HANDLER (CONT?
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ON BREAK

I+ the break errcr number (+AS) is sent to tha errar handler, the

result depends cn the status of the CN BREAK basic statement.

The default (condition i+ no ON BREAK stataement is used) ON RFEEAK

statement is ON 3REAK STCP, this causae®s the errocr handler to
display & messace and then transfer control to the basic command

lavel.

I+ ON BREAK NEXT is in effect then the error handler will dog
rnothing but return to the calling program. The onlv adresses
changed by this will be the registers A,B,>3C,>7F. No system ram
will be changed. . |

If ON BREAK ERROR is in affect then the error handler will treat
the break command as an arror (see below under ON ERRCRY.

ON WARNING

I1f the error code is negative (the most significant bit set) the
result depends on the status of the ON WARNING statament.

The default {(condition i+ nma ON WARMING statement is used’? ON
WARNING statement is ON WARNING PRINT, this causas a message to
be displaved and then the error handler to return to the calling
pragram. The redisters and ram described at the end are altered
by this path through the error handler. -

I+ GN WARNING NEXT is in effect then the error handler will do
nothing but toc the calling program. The only adresses changed by
this will be the registers A,B, >4C.*7F. No svstem ram will be
changed |

1+ ON BREAK ERRCR is in effect them the error handler will

Tt AW s 4 'R A mE o amg— [

procass the warning as an errdr (see below under UM ERRORI.

Fas
e —
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ERRDR: . ERROR HANDLER (CONT)

N eRROR

-f the error coge is ooeitive (the most zianificant bhit reset)
the resu:t depends on the status of the DN ZRROR statement. I+ ar
JN BRZAF (ERROR or OW WARNING ERRCOR is ussc then tre code iz
treateg as an rror ((positive error codse! and the result is
dependent on the ON =zRrOR statement.

The default {(condition if¥ no ON ERARDR statement is used) ON ERRDK
statement is ON ZRROR STOF, this causes the error handler to
displav the error message and ftransfer control to the basic
command level.

Ir ON ERRDR line~number is in effect then the error handler
transters control to & specified basic error processing
. —aoroutine,

ANy candition which causes the error hardler to transfer control
to the basic command level, will alter the comtents of mogt of
the registers and many ram locations.

ENTRY CONRITIONS: BASIC operating environment
Break, warning, or error code in register A
A BR{lanch) instruction to the appropriate
error handling routine in RAM locations
(>81T through >BIE)
EXIT CONDITIONS: None

CALL ADDRESS: TRAF 03
REGISTERS USED: A, B, #4E, »4C, >53., »7TF o .
RAM USED: 834 through :83E. »63D. »BEC threunh >B8E3,

G523 throuoh »545

Note: When the error handler is waliting for an
@acknowleddgement of & warning, the user mav terminate
the .program Oy pressindg the BREAK key or OFF hkey.

When a RETURN statement is used to terminate a basic

error—-processing subroutine (called by an ON ERROR

line-number statement:. the statement which caused the

error is re-executed. Thus, i+ an assembly language

subprogram raported the errar then the subprooram CALL
. will be re—executed. +




EXP: EXPONENTIAL FUNCTION

ELF calculates the axponent (the value of i in e to the x power)
value for the floating point value in registars >73 through >7C.
The result is returned in ragisters »75 through »>7C. I an
overflow @rror aoccurs during the evaluation, the code Al is
returnad in register >7F.

ENTRY CONDITIONS: Floating point value in >73 through >7C

EAIT CONDITIONS: Exponential value in >73 through >7C
Error status inm >7F
CALL. ADDRESS: MOVD >Q172,.EB
CALL @LCALFAG T
REGISTERS USED: Ry B, >38 through >7F
FADD: FLOATING-FPOINT ADDITION

FADD adds the floating point value in ragisters S4B through 372
to the floating point value in registers >75 through >7C. If the
addition causes an overftlow, the value >Al is returned in
register >7F and the largest possible floating point value with
the appropriate algetraic sign is placed in registers >7% through
»7C.,

ENTRY CONDITIONS: Floating point value #1 in 73 through >7C
Floating point value #2 in >&6B throuah >72

EXIT CONDITIONS: Sum of &1 and 832 in >75 through >7C

Error status in >7F |
ALl ADDRESS: CALL 3:F2313 .
FREGISTERS USED: Ry B, >5D through >&60, >&B thraough >7
FDIV: FLOATING=-FQINT DIVISION

A A S S

. .FDIV-divides the floating coint value in raegisters 6B through
>72 by the floating peint value in registers 75 through 72 and
places the raesult in registars >75 through *7C. If the divigion
results in an overflow, the value Al is returned in register
*>7F. 1F the divisor is zerc, the value A2 is raturned in
registar >7F, For either arror the largest possible floating
paint number with the apcrcoriate algebraic sian is raturned in

te, -

registars »73 through >7C.

_— e A - ) EEE-E S-S - vl ol
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ENTRY CONDITIONS: Flcating point value #1 in >*73 thraugn »70C
* Ficating point value #Z in »&8 throuch 772
EXIT CONDITIONS: Value %s civided oy valuwe 8l in 73 &heocugh
Error status 1o FTF
CALL ADDRESS: Calll 3:F221
FESISTERS UEED: . D. S/ Lhrough 7F
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FLTCMP FLOATING-POINT VALUE COMFARISON

FLTCM= combares the “lpating point value in registers »6F through
7Z Lo the fioating 2o0int vaiue in registers 78 through 78 and
revurne the «oproprieie status. The CALL can be fzllowed bv

il o

congdlional jump instructions (JHS.JL.JEG,ONE) tc transter
control oese8c upon The result of thEe comparison.

ENTRY CONDITIONS: =lpating point value #1 in >7% through 7C

rloating point value &2 in &5 through 72
(carrv) status if 82 is higher than or equal
\negative) status i+ #2 is lower than #1
(2eroc) status if #Z 1s equal to #1

1

EXIT CONDITIONG:

- il

«. ()

CALL ADDRESS “ALL @>FB1%
REGISTERS USED: s, E
FMUL. FLOATING-POINT MULTIPLICATION

- A A A A e Al AN e e b R S I A N S
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FMUL multiplies the floating point value in registers &R through

~, ¥

72 times the floating point value in registers 75 through 7
and places the result in registers 75 through »7C. I+ the
multiplication results in &an over+flow, the value 8! is returned
in register >7F, &and the largest possible flosting point number
with the appropriste algebraic gigrn is returned in registers >75
through 4 o

ENTRY CONDITIAONS: rloating point value #1 in >7% through 7C
ricating point value #2 in >65 through =72

EXIT CONDITIONS: ~roduct of #1 and 82 in 73 through 7
=rror status in >7F -

CALL ADDREES: CALL B>F8LE )

REGISTERS USED: « som through >64&, >73 through »>7F

D
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FPPOF: FLOATING-POINT #OP

A S e e il it e e . . S
FPPDF moves the tcp entry from the rlo&ting point.stack to
registers 375 through >7YC. First, FPFROP checks whether the stack
is empty. I+ the stack pointer (register pair (558, :57)) is
lower than or equal to the base qdc*ass contained in RAM
locations (»BEA, 825, FFFOF reports & “Stack urmderflow' by

toring *he error code in the = rec.star and TRAFi~g to the srror
handler. if the stéck pointer ig higher than the Lase address,
the top =ight bvies o¢ the stack ar2 copied into rezisters 75
thmough 70, and trhe pointer ise &d:;usted to point o the resxt
iower stack entrwv.

to #31
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FPPOP: FLOATING—-POINT POF (CONT) ‘ .

ENTRY CONDITIONS: Address of top ofr +loating point stack

| in registers (>5&,2>37)

Base address of floating point stack
in (>8EA, >8ER)

Top @ntry or floating point stack popped
into registers >73% through >7C

TRAF 23

A, B, 236, >57, 275 through >7C

EXIT CONDITIONS:

CALL ADDRESS:
REGISTERS UEED:

FLOATING—-POINT PUSH

FPPUSH

- -

FFFUSH copies the contents of ragister >73 through »7C to the top
- of the floating point stack. First. FFPUSH checks whether
sufficient spaces exists for the eight byte entry. If the stack
pointer {(register pair (>36,>37)) is within eight bytes of the
@nd of the dynamic area {(register pair (>%4,>35)) or if the stack
pointer is higher than the end of the dynamic area, FFFUSH
reports "Maemory full" by storing the error code in register A& and
TRAPing to the error handler. If sufficient space is available
betwean the current top of stack and the end aof the dynamic area,
the contents of registers >73 through >7C are coplied abave the
current top of stack and the stack pointer is adjusted to point
to the naw taop of stack.

Address of top of rloating point stack
in registers (-:56, 257

pddress of end of dynamic area in
registers (334, >33)

Contents of registers >75 through >7C
copied to top of stack

TRAP 22

Ay, Be ~3&, 237

ENTRY CONDITIONS:

EXIT CONDITICONS:

CALL ADDRESS:
REGISTERS USED:

* ™ 3.

-

FRE: | FREE MEMORY FUNCTION

FRE returns information about the currant use of RAM. The input
paramatar determines the information to be rasturned. a3 follows.

Q1 Tatal RAM space not regquirad tv the svstem
N : Total space usaed by the program in memory

2 Total amount of frae space and tamperarily allocatasd
N spacs |

- Siza or the largast free blocck inm memory A

4: Total amount of free menorv | ‘

= Numbar of glocks of free mamcry

ENTRY CONDITIONS: DRSIC wpsrating Snvironment
| Input parameter LN 75,27 d

-l

EXIT CONDITICNS: Qutput value in 73,575
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FRE: FREE MEMORY FUNCTION (CONT)
CALL ADDRESS: MOVD %>0227.B
CALL GCALFAG
REGISTERS USED: A. E., 7% throuah 37E
FSUE ’ FLOATING-POINT SUEBTRACT1ON
FSUE subtracts the floating point value in registers 375 througkh

+7C from the floating point value in registere >6B through -7
alc leaves the result in registers >»75 theouagh »7C. it the
sUbtraction causes an overt+low, the value ARl is returned in
register >VF and the largest possible +flcoating point value with
the appropriate algebrait sign is placed in registers 735 through

+7C.

ENTRY CONDITIOND: rflcating point value #1 in 275 through >7C
Floating paint value #2 in 26B through 272

EXIT CONDITIONS: Value #2 - value 1 in 73 through >7C
_ Error status in »7F

CALL ARDDRESS: CALL @>FBI1E

REGISTERS USED: Ay B, 0D throuch >0, >&F through >7F

GCONA LOAD FLOATING-FPOINT ARGUMENT

GCONA copies eight bytes from the address indicated in register
pair (:3B,>5%) into registers >68 through >72. The eight bvies
Copied are the bvte pointed to and the previous seven bytes. The
order is maintained. 1In cther words the first byte is copied to
reglster 7%, the next previous byte is copied to register 71,
the next to register >70, and so on.

ENTRY CONDITIDN: Rddress of B-tivie value in registers (258, >335
EXIT CONDITIONS: Value copied into registers >4 through »72
CALL ADDRESS: | TRAF 15 )

RECGISTERS USED: ~, B, »58, >89, >6E through >72
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GETADR: BUILD SYMBOL INFORMATION ENTRY
GETADR builds a svmbgl information entrv af the +ollowing +orm
about the variable token passed in register >4D0.

Registers Information
>75 I+ numeric entrv, byte unused.
1+ string entry, the bit +1lags:
Bit 72 8Set to indicate that string
is assigned to a variable

Bit 6 8Set if string value is

in dynamic memory areas;
Reset i+ string value is

within the program image

»>76 | 200 i1+ numeric entry
2AQ L+ string entry
>77, 278 Fointer to value )
279, >7A4 Pointer to symbol table eantrvy
»78, »7C Fointar to string pointer i+

string antry

IThe @ntry is pushed on the floating point stack and returns
contraol to the :;lling program. =

ENTRY CONDITICONS: BASIC operating environment
Variable taken in register >4D
Address of next character in prngram
, pointer (>3E, >4F)
EXIT CONDITIONS: Symhol information entry Iin registers

273 through >7C and on top of the +loating

point stack

CALL ADDRESS: MOVD %30138, B
CALL ECALFAG
REGISTERS USED: A, B. >4D through >Si. 33 through >7F
- BETCHR: L ~ BET PROGRAM CHARACTER

GETCHR loads the character pointed to by ragister pair (-4E,

into the A registar. The pointer is dacrementad to paint to the
next charactar. Finally, the charactar is cocpied to register 4D
consecuently se@tting status based on the character.

BNTRY CCNDITIONS: BASIC cperating envircmnant

- mddress or charactar in program
pcinter (4B, #4F)
EXIT CCNDITIONS:  Frogram character in ragistar & %

and 1n register- -40
AOadress Qf Next prugraﬁ charactsr

in gragram acintsr (a3, #=F)
Statud tezsed on ﬁﬂﬁtuﬁt: 3T A reglster
CALL. ADCREZS: TRAF L3

REGISTERS USED: " A. 34D through aF
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- -=- BETNUM FARSE A NUMERIC EXPRESSION

CETNUM parses the numeric exgression with & first charaecter in
register >4D and & next-character address in regieter pair
(254 44Fy, The resuliting Tloating point value is returned in
recisters 75 through »>7C.
result inetead of & number,
entry on the floating point

mismatch" error code 05
handl er,.

in

it the expression vields & string
GETNUM pushes the string information
2tack, stores the "String-rnumber
reqister A, and TR~ Lo the error

ENTRY CONDITIONS: 5RSIC operating environment
Firet character oy expresesion in
register >4D
Address of next character in program
pointer (>4E, >4F)
eXIT CONDITIONS: Floating point number in regicsters
7% throuagh >7C

CALL ADDRESS:

CALL &CALFAG
REBISTERS USED: A&y, By, >»4D through »31, >3558 through >7F
CETSTR: FARSE A STRING EXPRESSION

MOVD %>0136,B

GETETR parses the siring expression indicated bv the contents of
register »4D and the address in register pair (-3E, >4F).

Information about the resulting string is returned in registers
*78 ' through >78 as Tollows.

Registers Information

R i Bit 7:

Set if string value i already
assigned to & variables

Reset i string value is temporarvy
(result of expression evaluation)

or 18 constant {(resides within
program image)

BRit 6: Set if string resides in dynamic

memory areas
Feset if string resides in program
image

76 *RA =2 String ID bvte
~77.278 Pointer to string value

I+ the expression yields a numeric result instead of a string.
BETSTR pushes the number on the flcating point stack, stores the
"String—-number mismatch" error code >0% in register &. and TRAPS

toc the error handler.

. T "
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GETSTR: PARSE A STRING EXPRESSION (CONT)
ENTRY CCONDITIONS: BASIC operating environment
Firgt character of supression in
register >4D
Address of next character in grogram
pointer (>34, >4F;

il — N A il Sy Sy P Al - -l ek Sy - S S M s

EXIT CONDITIONS: String intarmation entrv in registers

7= through >78
CALL ALDDRESS: MOVD #%-013F.B
CALL @CALFPAG | T
REGISTERS USED: A, B, 24D thrcough >Si, >54 through >7TF
GRINT: GREATEST INTEGER FUNCTION

GRINT returns the largest floating point integer which is less
than or equal to the value supplied in registers >735 through >7C.
The raesult is also returned in registers >735 through :7C. -

ENTRY CONLITIONS: Floating point value in 735 throuagh >7
EXRIT CONDITIONS: Result in >73 through >7C
CALL ADDRESS: - MOVD 4>013B,.B
| _ CALL @CALFAG
REGISTERS USED: A, B. 23D, >79 threough >72
108: I1/0 SUBSYSTEM

-

I0S performs the I/0 operation specified in the indicated |
peripheral access block. When I0S is used, bath the FAR and the

associated I/0 buffer must be in the system FAM or register file.

See chapter 2 for additicnal information abcut usirma the 1,0
subsystam. |

'ENTR?‘CGNDITTGNS: Addrass anParipharal mAccess Block (FARAB)Y inm (3

Null in & register

EXIT CONDITICONS: I1/0 oparation depandent
CALL. ADDRESS: Call >»F84B
REGISTERS USED: A, B, >6& thrcugh >75

RAM USED: »>808 througn 3>380C, >33 through »8AS
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KEYIN: =~ WAIT FOR A SINGLE KEY ENTRY .. = .

KEYIN waits for the input of a single kevsiroke and then returns

the corresponding kevceode in >5SC. If KEYIN determines that the

same key has been helcd down for a specified lenoth of time, the -
kevcode is returned again as if it were a new keystroke,

cenerating the auto-repeat feature of the kevboard. When a kev

which is held down is first recognized by KEYIN, the routine

outputs the corresponding character and delays for approximately

one second berore it outputs it for & second time. Thereatter it

del ays ~or onlyv one—twelfth to one—+ourteenth second before

putting 1t ocut subsequent- times. -

KEYIN also tests the automatic power—down bvte at RAM address
>83C, 14 the value is non—zero, automatic power down is disabled
(ag it is when the ALDS is running). IF the parameter is zero and
no key is pressed for approximately tan minutes, KEYIN returns
the "OFF" keycode as i+ [OFF] has been pressed. I+ any machine-
language program changes this bvyte to & non—zero value before
returning to BASIC, automatic powar down remains disabled,
resulting in a possible decrease in console battery life.

ENTRY CONDITIONS: Auto—-Fower-Down parameter. in >B30

EXIT CONDITIONS: eycode in >5C
CALL ADDRESS: MOVD %>000C, B
CALL GCALFASG
REGISTERS USED: A, B, »5C through >&7
RAM USED: >834 throuah >83E
KSTAT: READ KEYBOARD STATUS - -

IKSTAT scans the keyboard to determine the status and returne the
requested information in the B reqgister. The B register contains
>FF if¥ no key is down, >00 if & new key is down, and 301 if the
csam@ key is down (that is the current key was alsc down onm the

~last call to KSTAT). The code for the key preseed is returned in
>SC. | -

- ENTRY CONDITIONS: None

EXIT CONDITIONS: Mevboard atatus in B
‘ ey caode in »5C
CALL ADDRESS: MovD Z>00T9. B
CAalLl @LaLFAG
REGISTERS USED: Ry Be +0C through »6Z "
FRAM USED: 834 throuah >BIE ;

e
L ol T e A - g """-.,_F' Ly - oy W ol
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LLINEIN: ACCERPT KEYBOARD INFPUT AND ECHO IN DISPLAY

LINEIN is used to zccept input from the user. This routine first
displavs the contents of the keyboard input buf+=r (RAM >83E
through >88D). The data must ba in reverse order with the first
bvte of data at the highest address (2>58D). The displav offset
in register 52 is subtracted from the buffer address (>830) to
locate the first character to be displaved. This character and
the next J0 lower addressed characters are output tc the display.
Next, the cursor is displaved in the display relative pogsition
indicated in register >%53.

L E R r—— A S S

Atter displaying the specified contents of the buffer, LINEIN
accapts user input, modifies the contents of the buffer
accordingly, and rewrites the display with the new data. The edit
and cursor contrel keys as described in the User’s Guide are
implemaented within this routine.’

Register pair (>4B,>3C) contains varicus flags which affect
operation of the LINEIN routine as follows:

Ragister >4B
« «» Bit Meaning

O 0= any key which is not a displayable character, an
@dit key, or a cursor control character tersinates
exscutions L[FNI1 and [SHIFTILFN] kevs are ignored.

1= only the BREAK, ENTER, and SHIFT-ENTER kavs
terminate execution of the routine

normal operation with blinking cursor

1= pause modas display underline cursor instead of

blinking cursar; LEFT, RIGHT, BACK TAB, FORWARD

k)
O
Il

TAE, and HOME keys can be usad toc move the :ursar;;'

CLR, BREAK, ENTER, and SHIFT-ENTER can be ussd ko
tarminate displays ALL oth&rekays are ignored.

Al]l other flag bits in this byte are used by other marts of

.. ~Ehe system and should not be modified. The twec flags

mentioned are also used elsaewhere in the system and should
be clearad after using them with the LINEIN routine.

¢

t

W
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ACCERT KB INPUT AND ECHD IN DISFLAY (CONT)

Register »4C

Eit
)
1

Mearing

This +l&ag is used within LINEIN.

U= normal operation

i= galculator mode: clear the input busser i+ the
first key pressed is NDOT one of the Ttollowing: =,

+, = /. T LEFT, B&RCK TAaAER, HOME, FPLAYZRACK, ENTER,
SHIFT-ENTER, INSERT. or assigrnment of text to a
pumeric key. If the 4irst key pressed is INSERT,
the cursor is homad beftore beginning insertion.
This tlag is used by the system when displaving
the result of an immediate ca&lculation.

i)

This flag is used within LINEIN

O= assignment [SHIFTIIFN] kevs and Function (FNI] kevs
terminate execution of LINEIN (But if bit © of
R:4F is set to ONE. these kevs are ignored’.

1= assignment kevs assign contents of input buffer
to indicated numeric key and then clear the inmnput
buffer. Tunction keys display appropriate kevword
or text assigned to numeric key. ~Assignment and
+function keys do rmot terminate LINEIN.

%

4 Thig flag is set upon return from LINEIN {f the
contents o+ the display were modified. The
calling program should clear the flag before
calling LINEIN.

0= normal cperation
i1 = This flag is used in conjunction with bit ¢ of -
register >4B. 1+ both bits are set and the first
key pressed i€ L(ENTER] or [(SHIFTILENTER]., then the
input buffer is cleared before returning to the
calling program.

1

- -Fits & and 7 are used elsewhere in the system and should not
be modified. i

LINEIN turns on the left arrow when data is scrolled off the laft
side of the display and the right arrow when data {is scrolled off
the right side of the display. The SHIFT. FN, and CTL indicators
are on whern the keyboard is in shift. function, and control mode.
respectively. The SHIFT and FN indicators are on simultitanecusly
when the keyboard is in assignment mode. The UCL inditator is on
when the keyboeard is placed in upper case lock mode. LINZIN
turns on the LOW batterv indicateor i+ the batteries are 1low.
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LINEIN: ' ACCEPT KB INPUT AND ECHO IN DISPLAY (CONT)
ENTRY CONDITIONS: Crfget to start of display in >52
Of reset from start of displav to cursor in =37
Appropriate flag bits in (>4R, >30C)
EXIT CONDITIONS: Input data in 283E through >88C0

Bit 4 of registar >4C is set if- the input
butfar was modified. (NOCTE: The contents of
the input buffer mav still be the same &as
when the Joutine was called.) I[£ is the
responsibility of the calliing pragram to
clear this flag bit prior to the call.

: Keycode of terminating key in »5C

The low battery indicator is turnad en if the
batteriaes are low.

CALL ADDRESS: MOVD %L>000Q46,B
. - CALL Q2CALFAG -
REGISTERS USED: ~, B, »3B, »3C, >4, >332, >33, »3Jé& through ~54

RAM USED: 2834 through >83C, »83E through >88D, »8B3
. through >8C3, >BEB through >8EB

A -l S iy s vy a—

L ]

LN | NATURAL LOGARITHM

LN calculates the natural logarithm of the floating point wvalue
in registers >75% through >7C. The rasult is returned in §
registers »73 through >7C. If the input value is less than or

8gqual to zero, the routinaes stores a BAD ARGUMENT code (>1D) into

the A register and traps the the errcr handler. If any =rrars
cccur during the evaluation, the appropriaste error code is
returned in register >7F.

. ENTRY- CONDITIONS: +F1qating point value in 75 thirough »7C

EXIT COMDITIONS: Natural lcgarithm in 73 through »7C
error status in >7F .
CALL ADDRESS: MOVD “4>0175,8B
| CALL G@CALFAG
REGISTERS USETD: ~. B, 238 through »7F
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LOG: _ COMMON LOGARITHM
LOG calculates the common logaritha of the floating point value
in registers 73 through »70. The result is returned in
recisters 73 throuah >7C. I+ the input vealue is less than or
equal to zero, the routines stores a SAD ARSUMENT code (»1D) into
the A register and traps the the error handler. I+ any errors
cccur during the evaluation, the &pproprisate error code is
returned im register >7F.

L L - - - . . " owm ee -

ENTRY CONDITIONS: Floating point value in 7% through >7C

eXIT CONDITIONS: Common lagarithm in >735 through »>7C
Error status in >7F
CALL ADDRESS: | MOVD “>»0178,F
: CALL @ECALFAG
REGISTERS USED: Ay, B, 208 through >7F
MDISP: DYNAMIC MEMORY DEALLOCATION

L L. I - 1 1 _ 3 - - LI - - - - - - . . - -

MDiSF deallocates a block of memory whichk was previously

allocated bv MNEW, The address of the block (returned by HMNEW)

must be provided in register pair (>6B,>46C). Calling MDISF with -
any address other than one specified by MNEW will cause .
destruction of the dynamic memory area. MDISF returns the

specified block to the appropriate position in the linked list of

free space. If the deallocated block is adjacent to ancther +free

block, the two blocks are combined intc one free block.

ENTRY CONDITIONES: rddress of alloceation in (26B, >60)
Free space pointer in (>S4, >59)
Floating point stack pointer in (256, >%57)
Fointer to +irst block in free space list in
(86, >BE7)

EXIT CONDITIONS: None
CALL. ADDRESS: MOVD %>0100,E
CALL @CALPAG
REGISTERS USED: A&, B, >S54, 55, >5C through >67, >&BE, »&C
'RAM USED: o >BEs, »BE7
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MINEW allocates a block of memary from the dvrfiamic memoryv area. _I
The size of the block is specified in register paiv (6D, >6E)., @£ |
the requested allocation is zeroc or greater than 2278687, MMEW
stores the "Svstem error" code >7E in register A and TRAPs to the
@rror handler. [+ the requested bloclk: cannct be allocated, IMNEW
stores the "Memory full® code >7F in register & and TRAFs to the
error handler. if the block is successfully allocatad. the
address of the high end of the block is returned in register pair
(2aB, >60) .,

- iy oyt .

ENTRY CONDITICNS: Size of allocatian in (>&D, >8E)
| Free space pointer in (54, :55) - R
' Floating point stack paointer in (384,557
Paointer to first block in frae space list in ;

(>8E&, >BET7) -
Address of allocation in (8B, »&l) -
MOVD %L>0103.,.B | S

CALL @CALPAG

EXIT CONDITIONS:
CALL ADDRESS:

| o e e
MOVDWN:2 o

REGISTERS USED: AR, B, >4, >33, >5C through >8&, 6B through »6E R
RAM USED: - >8E&, >8E7 | | A
MONBEG: DEBUG MONITOR | T
MONBEG is the assembly language DERUG Monitor. See chaptar 28 of . .
the CL-3vu Editor/Assambler User’'s Guide for a discussion of thae -
use of the DEBUG Monitor. ™
ENTRY CONDITIONS: None _ -
EXIT CONDITIONS: None g .

CALL ADDRESS:

S A -l Sy Tk sl

MOVD %»>0300,EB
CALL GCALFAG

L

-t

MOVE MEMORY BLOCK FROM HIGH. ADDRESS TO LOW

i el S Sl ~lalel-snle-alpy S S - A Al A S - A A AR = N Al gy Sl

L

MCVDUWN copies the contents of a bleock of memcry pointed ko bv

reagilater pair (-63,>64) to a block pecinted to bwv register pair =
(>67,:68)., The address painters must point to the lowest addrass

in the respective blocks. Tha number of oytas moved iz

deternined by the contents aof registsr pair (}&G,F&G{:

ENTRY CONDITIONS:

cAIT COMDITIONS:
Cei.l ADDRESS:
RECSISTERS USED:

Squrece addrass in (2465, 2 &&)
Destination address in (:&67,:43) A
Byte ccocunt in (369, >dn) *
The Block is coocied to the new addrags
Call fR5F30F

A, }&Shtgnnuqh T .
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MOVUP: ~. "~ - MOVeE M=MORY EBLOCH FROM LDW ADDRESS TO R1GH
MOVWUF copies the contentes of & bloci: of memory peinted to bv
recister pair (460, 2606) to & kElock pointed to by register pair
Lro7,. #2687, The address pointere must point to the highest
adoress im the respecttive blocke. The number of bytes moved is
decermined by the contente of register pair (6%, >6A).

in

¢
; =NTRY CONDITIDNE: Source address in (¢35, réé)
Degtination address in (67, »&B8)

Evite count in (:69, >6A)

EXIT CONDITIONS: The block is copied *to the new address
CALL ADDRESS: CALL @>FB0C
REGISTERS USED: A, »65 through >6A

- MVINFE: MOVE INPUT BUFFER TO PLAYBACK BUFFER

- ' MVINFE copies the contents of tha keyvboard input butfer {EQN

= locations >83E through »8ED) to the plavback buffer (RAM
[ locations >92B through >577). 1In addition the RAM locations >926
| e and >927 are cleared.
—~
f | ENTRY CONDITIONS: None
\ o EXIT CONDITIONS: The buffer is copied and the word cleared
- CALL ADDRESS: MOVD %3>0024,B
- CALL @LCALPAE
: REGISTERS UBED. A, E
“E RaM USED: 226 through »977
H
Tt - NEWPRO: INITIALIZE NEW PROGRAM IN MEMORY oL

| NEWFRD deletes the current program in memory by overwriting it
£ with & "null" program. In addition many of the associated
BN ) pointers are initialized or cleared. The routine sets the
' S cartridge page to zero: if it is called from cartridge,
- therefore, it must be called from page zero. This routine is
b used by the EASIC "NEW" command to initialize the program space.

ENTRY CONDITIONS: Highest KAM address in (>8B00, >801)

4 | Floating point stack base address in (-8EA, HBEE
- EXIT CONDITIONS: Null program
- Cartridge page set to zero
| CALL ADDRESS: MOVD %>0030,B ? "
LT CALL @CALFAG
REGISTERSE USED: A, B, »4E, 2»4C, %G, >851. >S4 throuah >5E,

- , &S through >66, 7R through >7
[ RAM USED: +B828, »BRAR, SB2E, >83I2. 833, »BEO, »BEL,

. *8CE throuah »>BDA, »>8DF ‘throuah »BEZ, +BEA4,.
L‘-'*_'SEn'Ew,.,.j.“-:;EET-"",I ~8EC, ~BED. -BFZ. >8F3., +BFA.
»8F B, »&FE "
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NORMAL: FLOATING POINT NORMALIZATION

NORMAL normalizes a floating point value in registers »7S through
#70 sg that the rapraesentation does not have leading zeros in the
mantissa. The floating point valua must be positive with the
appropriate algebraic sign in the most significant bit of
register >3D (O=positive.!=negative). The most significant byte
of the mantissa must be 00, or control will be transferred to
the ROUND routine. The sign bBit in raegister >8D is used to set
the appropriate algebraic sign for the value in >7S through >7C.
For sach byte that the mantissa is shifted to the left in NORMAL,
the exponent is decremented by ona.

ENTRY .CONDITIONS: Floating point value in >73 through >70 (with
- a most—-significant byte of 500)

. rlgebraic sign in >3S0 - :

EXIT CONDITIONS: = Normalized and sign adjusted value

- in >73 through >7C ~ e -

Error status in >7F

]

CALL ADDRESS: CALL Q@>FB27
REGISTERS USED: A, B, >3F, >60, 7% thraugh >7D, »>7F
OFFCRS: TURN QFF THE CURSOR

OFFCRS turns off the cursor regardless of which one is currentlv
displaved.

ENTRY CONDITIONS: Nane

EXIT CONDITIONS: The cursor is turned off. |
- . CALL. ADDRESS: MOVD %004H,B | .
| CALL Q[CALFAG _
ReGISTERS USED: M, B
TURﬂ ON THE FLASHING CURSCR

ONGRS |

ONCRS turns an the flashing cursaor.

ENTRY CONDITICNS: Nane
EXIT CONDITICNS: ine flashing cursor is turned cn.
wall., ADDRESS: | MOVD Z>0QUuag.B |
Call. BCALPAG
FREBISTERS USED: A, B )

we
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ODPEN: OPEN A FILE Ok DEVICE
OFEN ie used to open a peripheral file or & device. The open
etiributes are passed to OFPEN in register >3A as rollows.

Eti ¢ Meaning

7.6 . C.0=F Append atcess mode
Q,i= Input access mods
1,0= Dutput access mode
i.1= Update access mode

5 O= bequential File structure
1= Relative file structure
4 O= Variable length records
_ 1= Fived length records
- O= Display type data
‘ 1= Internal type data
2L=~Q O

The requested 1/0 buffer length must be provided in register pair
(>40,2>41). I+ the requested buffer length is zers, it will bhe
replaced by the default buffer length returned by the peripheral
during the open operation. The unique file number (lpgical unit
number or LUNDO) to be assigned to the file or device is passed
to DFEN in register >44. The device/file specificeation is passed
teo OFPEN as & BASIC egtring entry on the tloating point stack.

OFPEN uses the above information to build a temporary peripheral
access block in registers >3A through »4&6. Then., & temporary
buffer is allocated +for any device dependent intormation which
follows the device number in the device/file specification. This
information is copied into the buffer with &ll lower-case
alphabetic characters translated to upper—-case. Next;, 108 is -
called to open the device or. file. If the open is successful,
UPEN places the buffer length and record number returned by the
peripheral in the PAB, releases the temporary buffer, sets the
“tamporary FAEY flag (bit 3 of register >4F), and returns control
to the calling program. If an error n:curred during the open
aparatinn, OFEN releases the temporary buffer, stores the "1/0

error" ‘code >00 in rlgiiter R, and TRAFs to the error handler.

ENTRY CONDITIONS: BASIC nperating environment
Open attributes in >3JIA
Requested 1/0 buffer lengoth in (>40, >41;
LUND in >44 |
String entry on floating point stack
- containing device/file specificstion
EXIT CONDITIONS: Temporary FAH flag in 4B >
CALL ADDRESS: MOVD L>0220D,.B
CALlL GCALF&G

"REGISTERS USED:"’ &, B, >3A through »43Z, »>4%, »4&. »4E,

so4 through >70, »7E
RAM USED: ~BEL, »BE7

b

- - . -
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OVFLOW places the "Overflow" warning number Al in register »TF

OVERFLOW WARNING

and places the largest possible floating point number in

registers >7% through »>7C.

#oD 15 used to set the appraopriate algebraic sign for the
tlaating paint number.

EMTRY COMDITIONS:
EXIT CONDITIONS:

CALL ADDRESS:

Rrlgebraic sign in >5SD
Value >Al in >7

“Infinity" in %735 through >7C

CALL ®>F833

REGISTERS USED: A, B, >7% through >7C.

POLYX:

b

SINGLE-VARIABLE POLYNOMIAL EVALUATION

The mast significant bit of register

POLYX evaluates a single-variable polynomial defined by a set of

coefficients.

in DATA (or BYTE) statements with the lowest order coefficient
nust be

the following
Polynomial requiras the coefficisnts listed beneath it.

first and the highest order coefficient last.
preceded by. the one byte value >FF.

The address passaed in ragisters >%58 and
last bvte of the list (in this case the
in tha floating point representation of

"'Thé"QEiue of the variiblﬁ for which the
evaluated must be on top of the floating point stack.

BYTE
BYTE
BYTE
BYTE
BYTE

3 2
.59 X - S53.798 X + 104 X - &
SFF |
>BF, 06, 300, 300, >00, 300, 00, >00

341, 301, >04, 300, >00, >00, 500, >00
SBF , ¥53, 379, >80, >00, >00, >00, >00
>40, 203, 59, >00, >00, 00, 300, >00

Far example,

1

-&
04

The list

-95. 798
Se0?

polvnomial Is to be

The polvnomial is evaluated using a recursive procass called

rmestad multiplication.
necessary ta stop the recursiocon.
+loating point accumul ator (275 - 57C)
variable is left on too of tha flosating goint stack. -

e

-

S0

The byte *FF at the top of the list is
The answer is le&+t in the
and the valuwe oy the

Thia routine iz used to svaluate the imtrinsic furctions buils
ints the system. =2.g9. SIN, COS. LN. EXF, and so0 cn.

intormation about this methed o+

in the rollowing two refarencas.

S Sl ki) —_— T __F - ¥ 7 " "F - Fr T

rdnctiocon evalualkion

Further

cain be vound

i
Ll I 1

“4s
. e it

ur 17
LI {1

The coefficients are {floating point numbers listed

*S% ig the address o the
address of the last
—e 7).

)

L

M

Li
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~POLYX: - SINGLE-VARIABLE FOLYNOMIAL EVALUATION (CODN7T)

. o e S S Rl S s el e S ki S U SN RS-

Hart. J.rFres t.W. Cheney. C.L. Lowson, H.J. Mashly, C.l.

Mesztenvyi. J.R. Rice., H.C. Thacher, Jr.. and L.
Witzgalil [iS&68). Computer Approuvimations. Wilev, New

Yori.

ENTRY CONGITIONS: Ligt of polynomial coetticients
mOdress DOF palvnomiul coetsicients
in register pair (:58, *0%)
Value o4 varlable on top of rlocating
point stack

CEXIT CONDITIONS: Value of polynomial in registers 75

through »7C
Value of variable still on top of
floating point stack

CALL ADDRESS: CALL @&>FBO&
REGISTERS USED: 4, E, and >S8 through >7F
POPARG: . - - . - POP VALUE FROM FP STACK INTO SECOND ARGUMENT

FOFARE compares the top and base stack addresses. I+ the base
address is higher than or equal to the top &address, FOFARGE stores
the "Stack under+low" value 05 in the A register and trape tc
the error handler. Otherwise. the eight byte value pointed to by
register pair (556,257 is moved into registers 6K through 72
and the address of the top ofr the stack is adjusted to point to
the next lower stack entrvy. |

ENTRY CONDITIONS: Address of top of floating point stack R
in (#D&e >57) |
- fase address of floating pnxnt stack
in (*BEA, >BEB)

EXIT CONDITIONS: Floating point value in >6B through »>72
- Address of next lower stack entrv in (356, 257)
CALL ADDRESGS: CALL &>FBSC

REGTSTERS USED: A, ‘B, >5&6, »57, »6B through >72
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POWDWN : POWER DOWN

FOWDWN closes all open files in bhe linked list of PABs and
devices, initializes some important memory pointars in RAM,
resets the I/0 bus, calculates and stores an exclusive-or (XOR?
checksum of the contents of RAM emorv, and turns the computar
off. There is no return from a call toc FOWDWN.

ENTRY CONDITIONS: Nane

EXIT CONDITIDNS: Computer is turned off.
SRANCH ADDRESS: MOVD “L>Q08A.B
BR @BRFAG

RAM USED: -804, >803, 808, >809, »828, >32A, »B2E, 832,

»833, >8A&, >8BA7, >8BO, »8Bl, »>8CB through »8DA,

>8E1, >8E2, >B8E4, >BEs, SE7, EEE, 8F2, >8FZ,
>8FA, >8FB, >3FE

POWLIP: POWER-UP ENTRY ADDRESS

POWUP is the powar-up entry point where exacution beging when-the
computer 1s turned on. When a program transfers control to .
POWUP, tha effect Iis the same as pressing the RESET button.

- There is no raturn from POWUF. :

ENTRY CONDITIONS: None

EXIT CONDITIONS: Computear is resat
- BRANCH A&DDRESS: MOVD Z>0003.B
BR @EBRFAG
REGISTERS USEZD: Rl1
RETINT: RETURN TO SYSTEM WITH INITIALIZATION

RETINT perfcrms a cold start of the system and thus, initializes
- the entire cperating @nvironmaent. This return paoint should be

" usaed to terminate any assembly language program which has
destroyaed the BASIC operating environment.

ENTRY CONDITIONS: Nore

EXIT CONDITIONS: None

CALL &DDRESS: MOVD %Z>000%9,.B
SR BBRRPAG

REGISTERS USED: ALl )

b

L

™y

I

i
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N ° RETNEW: - SYSTEM RETURN WITH INITIALIZATION OF PROGRAM

i mr o ik

RETNEW is used to terminate any assembly language program which

- ras not destroyed the BAESILC operating environmant, bLut which has
destroved anv BASIC program in memory. The initializes the
system &8s “hough the BASIC "NEW" command were e&xecutad.

ENTRY CONDITIONS: None

EXIT CONDITIDNS: Main program area is initialized
l CALL ADDRESS: MOVD %0248, B
Es ER  EERFAG
. © . RETSYS RETURN TO SYSTEM COMMAND LEVEL

- RETSYS is used to terminate any assembly language program which

- has not destroved the BASIC operating environment. This entry
point resets the cartridge page to ze&ro, resetes the register +ile

| stack pointar to one, resets the dynamic memory management

I subsvystem, and enters the command level of BASIC.

D
PR T

ENTRY CONDITIONS: The BASIC operating environment is intact.

~ _ EXIT CONDITIONS:  As listed above
Bl CALL ADDRESS: MOVD %>0042,B
- - BR WERFAB
I
[ - RND: BENERATE A RANDOM NUMBER BETWEEN O AND 1

| Each tima@ it is called this routine generates the next value in
| - the current seagquence of pseudo-random numbers in registars >79

- through >7C. The sequance iz determined by the two floating—-point.
r values maintained by this routine in RAM locations >8CR through
- >8DA.
foor ENTRY CONDITIONS: None
(= EXIT CONDITIONS: ‘A random floating peint number
‘ - I L in 27% through »7C
B CALL ADDRESS: MOVD %50327.B
v CALL &CALFAG |
' _ REGISTERS USED: A, B, >58 through >7F

RAM USED: >80 through >8DA
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RNDEBYT: GENERATE 8 AND 16 BIT RANDOM INTEGERS

RNDBYT reads tha saed value in RAM locations (>BA&, »3R7), usas

this value to calculate the naxt psauvdo-random integer in the
sequence, and stores that value back in RAM locabtions
{>8A6, >BA7). Tha most significant byte of the new value l1s

!
returned as a binary 8-bit random integer in register >75. This ) (

valua moduls 100 is converted to BCD farmat and returned in
. register >76.

ENTRY CONDITIONS: Sead value: in (>BRs&, >8A7)
EXIT CONDITIONS: Binary 8~bit pseudc-random integer in 273
BCD 8~bit psaude—random integar in >7&

Binary l&6-bit pseudo-random integer
in (>8A&, PBAT)

CALL ADDRESS: MOVD %>0324,B - -

CALL. QCALPAB . o

REGISTERS USED: A, B, 7%, »>74 .
RAM USED: >8Ab, >BA7 g
' T, ':..--._l-

ROUND: | FLOATING POINT ROUNDING - - +-c---ememermemimmm e n 2

" ROUND rounds tha floating point value in registers »Y5 through
»7C to the byte position indicated in register B. The fleoating
point value must be positive with the appropriate algaetraic si

gn

stored in the most significamnt bit of reaister 23D (Ompositive, _
i=negative). The routine adds one toc the byte indicated by the .

contants of the B register. If a carry rasults, E i3 decremen
and one is added toc the mext lower byta, and s on. I+ the
rounding results in an overflow, the valua >4l is returnad ipn
register >7F and the largest possible floating point vaiua is
returned in registers >7% through >7C. In any case, the sign
in register 58D ie used to set the apprcpriate algebraic sSign
the value in »>7% through >7C.
- ENTRY. CONDITIONS: °~ Floating paint value in >75 thrnuqh ~ 70
AR B Rounding pasition in B
Algebraic sign in >3O
EXIT CONDITIONS: Rounded and sign adjusted value
in >73% thraough >7C
L error status in »7F
CALL ~DDRESS: CALL ®>r8id -
FEGISTERS USED: . By, 73 through >7C, 7F

ted "~
| _J
it h
for -
e

org
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ROUND2Z FLOATING POINT ROUNDING
ROUNDZ rounds the flcatinmg poant value in registers 75 through
+7C basad omn the value in register >7D. I+ the valua in 7D is
higher than or equal >30, the flocating point value is rounded up.
The fipcating point value must be positive with the approoriate
aloebraic sign stored in the most signiticant bit of register >5D
(O=positive, 1mnegative). I+ the rounding results in an
overflow, the value >4l is returned in recister »>7F and the
laroes: possible floating point value is returned in registers
>7% tnrouch »7C. In any casa, the sign bit in register .00 is

used to set the appropriate algebraic sign for the value in 270
through »>7C.

ENTRY CONDITIONE: Floatimg paint value in >735 through 57D
| Algebraic sign in >5SD
EXIT CONDITIONS: Rounded and sign adjusted value
- in >75 through >7C
Error status in >7F

CALL ADDRESS: CaLl G>FB8S1
REGISTERS USED: A, B, >75 through >7D, >7F
RSTRND?® RESET THE RANDOM NUMBER BENERATOR o

L ] - - L] [ L

ﬁSTRND places the default random number seeds in the KAM
locations >8BCE through >8D2 and >BD3 through >BDA.

ENTRY CONDITIONS: None

£XIT CONDITIONS: .Random number Qenerator raset
CALL ADDRESS: MOVD “>0306.B

CALL GTALFPAG | :
REGISTERS USED: A, B, >U8 through >5B . con
RAM USED: »8CEB through 2>8DA '
SETCRS: - SET THE CURSOR POSITION s .

[T R e S e L N - 0 d =-- ¢ .

SETCésﬂsnluctthhc cursor position indicated in register >¥3,
This routine does not turn the cursor cn. I4 the indicated

position is bavond the last display position, the cursor is set
to the last display position.

ENTRY CONDITIDNS: Cursor position in >53

EXIT CONDITIONS: Cursor at position specified.
CALL ADDREES: MOVD 430051

“ CALL @CALFAG

RESISTERS USED: Ay E

a =« 0m = ge i =  m - am dEm - W=




RlLEHABET IO LIST OF  3SYSTEM ROUTINES Iid ROM FRLE d=4.

SIN: SINE FUNCTION

S5IN calcul ates the trigonometric sine of the floating point value
in registaers >73 through >7C, which is interpreted in accordanca
with the current angular mesasure in the indicator status byta.
The result is returned in registaers >73 through »>7C. If tha
input value is cutside the range of angul ar measurement, this
routine stores a BAD ARGUMENT error ceode in the A ragister and
traps to the error handler. If any errors occur during tha
evaluation, the appropriate error code is returned in register

Py
ENTRY CONDITIONS: Floating point value in >75 through >7C
EXIT CONDITIONS: Sime in 573 through >7C
. Error status in 57F
CALL ADDRESS: MQVD %>013D,B

. uUEE “"-T

REGISTERS USED:

SR

CALL QCALPAG
A, B, 208 through >7F

SUUARE ROOT FUNCTION

SAR :al:ulafas the square root of the floating point value in

registers >735 through >7C.

°>7a through >7C.

appropriate error cods is returned in registar >7F.

ENTRY CONDITIONSS
EXIT CONDITIONS:S

CALL ADDRESS:

REGISTERS USED:

Floating point value in >73% through »7C
Square root in >735 through >7C
Error status in >7F

MOVD %>016F,E | | .

CALL GCALFAG .
A, B, »>%58 through >7F -

' RELEASE STRING VALUE

STECLZ :hncki whethar the :trin§ antry in regQisters 6B through

»72 is tempaorary and residing in the dynamic area, and i+ so,

relaases the string back to free mendry Space.
registars >&8 through »72 is nat a string entrvy,

value is not temporary, or {f the string valus is not in the
dvnamic area, STGCLZ simply returns to the calling program.

SNTRY CONDITIONSS

EXIT CONDITIDNS:
CALL ADDRESS:

SEGISTERS USELDRS
RAM UScs2:

=y

8ASIC operating environment

String entry in registers eR through 572
Nona )
MOVD %>0lZD.3 .

CaAlL RCALFPSGE

by B, »rS4, %%, »>3C through &7, 6B, 20
FBES, “8BeT -

C o ——E— - .

The rasult is returned in registers
If any errars occur during the evaluation, the

I1f the contant of
i+ the string
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STGLCLR:

STSCLr pops the too &ntryv from the Tloating point stack into
through
and residing in the dynamic area,
back tc free memory space.

registers 6B

entry,
calling program.
ENTRY CONDLITIDONS:

EXIT CONDITIONS:
CALL ADDRESS:

REGISTERS USED:

RAaM LUSED:

it the string value is ot temporary,
value is not in the dvrnamic arsa,

. - - r - = o m .om T T

FAGE S-a1

RELEASE STRING

S A e = e O s A

VALUE - L.

i = v A o A W G @ W - e Ey .

. wp
fl":!,

checks whether the string is temporary
&N if sc, releases the Etring
1+ the stack entryv is not a string

or i+t the string

STEOCLR simzgly returns to the

&Sl operating enviromnment

String entry on floating point stack
None

MOVD Z»0124,5
CALL @CALFAB

A, &, >54, »TT,
6B through >72
+8b6, »BE7

ol through >&7,

L ) - o 1 o W . +  ma a e s g W o mE W -uk W

DYNAMIC MEMORY DEALLDCATION T

STGDSF dealleocates & block of mamory which was previously
allocated by STGNEW. The address of the block (returned by
STGNEW? must be provided in register pair (>65,260). Calling
STEDS™ with anvy address other tharm one specified by STGNEW wili
cause destruction of the dynamic memory area. 5STEDSFP returns the
spacitied block to the appropriate position in the linked list of
free space. If the deallocated block is adjacent to another +rna
block, the two blocks are combined into orne free block.

ENTRY CONDITIONS:

EXIT CONDITIDNS:

CALL ADDRESS:

REGISTERSE USED:
RAM USED:

Address of allocation in (368, »60)

Free space pointer in (>34, >83)

Floating point stack pointer in (2%56.2>07)

"Poirter to first block in free space
1ist in (>BEd. »SE7)

None

MOVD %4>0121.B

CALL QCALFALG

A. B, >34

>BE&, 4+BE7

- e

s through >67,




~ the appropriate status.
"pcintnr ils the langth 4f each string.
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STGNEW: DYNAMIC MEMORY ALLOCATION

STENEW allocates of block of memory from the dynamic memcry area.
The siza of the block is spacifisd in register »é6=. If the
requested allocation iz zero, STGNEW stores the "“Svstem error®
code »>VE in register A and TRA&PS to the error handler. If the
requested block cannot be allocated, STENEW stores the "Memorvy
full" code >7F in register A and TRAPs to the arror handler.
the Block is successfully allocataed, the address of the

length byte at the high end of the block is raeturned in register
pair (ré2,-60). This length byte must remain intact for the
purposa of deallocaticon., The first availabla byte is at the
addrass bensath the length byte (the total number of bytas -~ -
allocatad is one greater than the number requestad in order to
account for the length byta@). This memory allocation routine is
most often used to allocate memory for the values of string
variables. However, it can be used for any allocatiaon for which
the length is less than or equal toc 275%.

I+

Size of allocation in >&E

Free space polnter in (>34,530)
Floating point stack pointer in ((>35&, >37)
Fointar to first block in free space list

in (>BES, >BE?Y)

Address of allocation in (xéB &Y

MOVD “L>011E,B
CALL 2RCALPAG

ENTRY CONDITIONS:

EXIT CONDITIONS:
CaLlL ADDRESS:

REGISTERS USED-: >6B through »&E

Re By 294, sua, 2,50 through sée,
RAM USED: ~BEb, »BE7
STRCMP: ASCII STRING COMPARISON

STRCMP comparas the string pointed ta by register pair
to the string pointed to by register pair

(>&D,. 26E)
(6B, +all) and returns
The first byvie pointad to by each

Than, tha string
represantations are in reverse order maving from high address to
low address. The CALL can be followed bv conditiconal jump
instructicons (JHS, JL, JE&, JNE? to transfer control basad ugon
the result cf the comparison.

eNTRY CONDITIONS: ~ddress of string #1 in (&8, >al’

mddress of string #2 in (:80. rel).

C (carry) status if string ¥ higher cr acual
N {(negative) status i+ string #2 lowar than ztring
e (c@erc) status if string #2L ecual to string #1
CAlLL R>F542 .

s Be 268 thrcuagh

EAIT CONDITIONS:

CALL ADDREEZS.:
REGIZTeERS USED:

el-1

[ S
-, e "
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P A W ey e — - |- — il . nmm AW WA e — - B

sLring




e L ] = s w s

1 ———— - - e ———— C e - e ———
. -+'-.a. - . .

ALEHABETIC LIST OF CSYETEM ROUTINESZ IN ROM FaBE 4~43

[ ———— - - ' — - kN e — =
.

SWAPFA: . SWAF FP ACCUMULATOR AND SZCOND ARGUMENT -

--—“_-__. - - - - L ] -

SWAFFA exchanges the contents of registers »&B through »72 with
the contents of registers >735 through >7C.

ENTRY CONDITIONS: NoOne

EXIT CONDITIONS: Contente of blozks are swapped.

CALL ADDRESS! CaLl &->FB2D

REGISTERS USED: A. B, »68 throuoh >7Z, >75 through >7C
SYM: SEARCH BASIC SYMBOL TABLE

SYM searches the current RASIC program symbel table. The
variable token is specified in register >4D. When the value
provided in >4D is less than >20 or greater than >7E, 5YM stores
arm ILLEGAL SYNTAX error coda (>01) in the A reqgister and traps to
the error handler. If the symbol is not found irn tha symbol
table, the imperative symbol table ig searched.

1§ thae symbol {is not found, &a Z (zerc) status condition is
returned. I+ tha symbol is found, a NI (non—-zerg; status
condition is returned along with the address of the symbol table

entry in register pair (079,742,

ENTRY CONDITIONS: BASILC operating environment
Previous call to GETCHK
Variable token in »4D
EXIT CONDITIONS: Z status if¥ svmbol not found
NZ status i+ symbol <found
Address of svmbol table entry in »79, »7A

CALL ADDRESS: CALL &>F812 . .
REGISTERS USED: A, B, 7% through >7C
TANS TANGENT FUNCTIDN . -

= u. LB U S BN F - o o iy owy e Al ol S

_TAN Calculates the trigonometric tangent of the +loating point
-valuk'in registers >73% through >7C, which is interpreted in

accordance with the indicator status byte., The result is
returned in registers >7% through >7C. I the value provided to
TAN is outside the valid range of angular measurement, the
routine stores & BAD ARGUMENT error code (>1D) in the & register
and trape to the error handler. If any errors occur during the

evaluation, the appropriate error code is returned in register
b4 R .

ENTRY CONDITIDNS: Floating point value in »7% through »7C

EXIT CONDITIDNS: Tangent in >7% through »>7C
Error status in >7F

CALL &DDRESS: MOVD 4>01635, B
CALL &CALF&E

REGISTERS USED: Ry B,—s08 througn >7F

,
%,




TURN ON UNDERLINE CURSOR

ItE

UNCRS *urme on the mon=Elinking underline Cursor.

ENTRY CONOITIONE: None

EXIT CONDITIONES The underiime cursor is displayed.
Cal. RDDRESER MOVD > O002A, B

| . CaLl. CALFAB

RECIETERS USED: ~, B

o -l 2l

VERSIDNS GET INTERFRETER VERSION NUMBER

__.___.__.__._--—-|_--I_-—I--l'_l_'-l_'-l-"—'—'_'-“l

VERSION returns & value which identifies the version of BaREIC in
ROM. The EBASIC interpreter in CC-40 ROM returns the value (0.

ENTRY CONDITIONS: None
EXIT CONDITIONE: DAaZSIC interpreter vercsion number in & reglister
CALL ADDRESS: MOVD %>0O0TE.E
CaLlL GCALFAQL
REGISTERS USEDS &, B

WRTINDS WRITE STATUS OF INDICATORS TGO DISPLAY

WRTIND writes the current status of the indicators as defined by
the contents of RAM addresses 834 through »83D to the display.
ONE bBits turn indicators ont Z2ERQO bits turn them off. The
siginificance of the bits within the four bytaes is as follows.

Bit *EB3A »~B3E »B3C 8D
MSE 7 . uwhused unusad uwnused unusad . .

é Uunusedc unused unused unusad

- uNnused Uwnused unused unused

.| RAD - user 4 eRROR

- GRAD SHIFT usar % user 1

< 1/0 CTRL user o user <

IR | UCL FN CLOW) USer o

LBE O - DEG unused unused

ENTRY CONDITIONS:
EXIT CONDITIONE:
CALL RDDREES:

REGISTERS USED:

&

b

Sstatus of indicators in »>83A through »83D

Indicators on or o+

MOVD L0000, E
CALL @CALFAG

A, H
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r*. . n ASSEMBLY LANBUAGE PROGRAMMING EXAMPLES

t - This chaptar contains extended examp.@es O pPrograms wriI;en

r‘_ sar the 0OC-40 in assamSly language. The examnples demansirats
various %a:nniquﬁs fcr using svetam routines in RDOM and

l:‘ programming in thae BASIC environment.

. Twe subpregrams, PIR and COFRY demonstrate communication on

l.- e HEX=SUZ=tm. To illustrate parameter pagsing in detail, &

subprﬁgram called NUMHEX converts a numeric value passec to'it by

f‘ RASIC intc & string to bae returned to BASIC., A subprogram called

PRMYN damonstrates keybcard and display managemant, &s well as

Yo data-format conversion.

[' | This chapier also contaimns & group of five subroutines which
illustrats “he handling of peripheral access blocks used in
['- imput/ocutput cperations. These subroutines may be Leed as &

“ligrarv" routines to simplify ang spead up pragramming.\

=Lt T Llen DIR: A WAFERTAPE DIRECTORY SUBFROGRAM ‘
= A subprogram called DIR lists the directory of & WAFERTAPE

cartridce to the display of the CL-40. DIR is & subprogram

l;;”'." designed fOor 1avn1'1 memory usage: it verifies that that a

program is not running.
I,i The subgrogram illustrates illustrates the following

{ assembly language programming tachnigues.

- e




. -

ASSEMBLY LANGUAGE FROGRAMMING EXAMFLES FAEE S-2 )

GENERAL PROGRAMMING TELHNIWUES

!
’

* How to use dquates for registers and cther constants in a prac
* How to pass 2 numeric paramater. to a subroutine. - 1
» How to sat up & subroutine haader. s
» How to find out if a subprogram is called frcom a K ]
ranning program. |
* How to stcre tatt messages in a program. ll
HEX-BUS-tm COMMUNICATION TECHNIQUES -H
* Mow to create® and use a PAB in the statement temporary area. -
* How to issue the MEX~-BUS catalog command. | -
* How to dynamically allocate a buffer needed for the cataleg 7
command. "
* How to clcsa all open files and resat the dynamic area. _'1
DATA FORMAT CONVERSION | | a
* How to :nnvart a floating point number to an intaqar. ¥
* How to canvert a floating peint numbar to a string. _

ERROR CHECKING AND REPORTING

* How to check thae syntax of a passed parametar.
* How to usa the ERROR firmware routina to displiy errors and ;r
return to the bazic environment.

_ | L o
KEYBOARD-DISFLAY 1/0 N -
»* How tgo d:splay nessages on tha LCD display.
* How to wait £till a kay is pressad and chack for the BREAK kK@Y

Ly

The fcllowing syntax is used %o call DIR from 3&A5IC. -

CALL DIRN)
!

where N is the daevica nﬁmbﬁf of 2ha WAFERT~E drive
containing files fcr the directory

e S — - S B e —— -m - - - a

-

l
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TITL "Tape directory Viility’

LIST 60
17 "R
DPTION X

De 60 lines/oage in listing

X RN RN RN RN R R R R RN R

Baifertipe

¥

Pireztory Utility ¢
4

ta §

This progras raads the dirsciory of 3 NAFEATAPE water.?
1t is 2 level | assemnly language subroutine. ¢

4
s
eril' LOAD{*DX.DIR*) : ¢
CALL BIR(DRIVE) whers DRIVE is the drive nusher to ¢
'
&
'

 J
¥
&
¢
¥
¢ To load and 2all it, use the following procsdure.
&
+
¢
'
'
:

get the directory of.

1ttt st EEEIERLEIALEE Y

'
¢ General systes mQuales
KRINPT EQU 088D ¢ Xeyboard iapul bufter
. PAUSKD EQU D04 ¢ Pause acde set for linein
RUNMOD EQU 20 ¢ The basic ruaniag flag (1 if progras running)
KSBRK EQR DOE7 ¢ The key code for the dreak key
EV3ARS EQU 1D # Bid arguseat error code
ESIIP BV D10 # 11lagal in orogras srror code
E$1D EOU D00 & 1/0 error code
ESSYN ERU D)ol ¢ I1lega]l syntax error code
TSRPAR ESU AF + Token tor right parentheses ' :
TSLPRR EBU OC0 ¢ Token for left parenthases N h
¢ BASIC ROX koutise equites
BETNIX EQD 0138 ¢ GETNUN
108  EQU FB4S s 108
CALPAG ERU OF836 & CALPAG
CI5 ERET 0124 # I8 ,
SionEN ECU  MMIE & STRNEY |
STels? B¢ 0121 _ # STBIS?
CLRINP EQU 5001 + CLRIN?
LINCIN ERU 0006 ' LIKZIN
TRSHDY ERU 20072 4 TRSHDY
OF1  EdU X115 ¢ CF1
D5SPBUF cdU H001E ¢ DEPSUF
WKCRS EQU 0024 ¢ UKCRS )
"KEYIN EQU )000C ¢ KEYIN ’ .
enkir EQU G ¢ ERRDR trac nusoer
BETuHR ERU 32 ¢ BZTCHR trac nusber
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+ Registar equales

TEXPO ECQU 34 ¢ Stateaent tesporary aguats
TeNPF EQU )49 § slatsaent lampariry equate
FLAGS EQU )48 ¢ Systes flag register
CURCHR &30 4D ¢ Current program charicter {byta)
DSPST B3 32 - » Display ofiset froa start of buffer (bytel
LRSPAS Ed 33 ¢+ Cursor positicn {bytw)
[CBUF? EaU )59 t Pointer to 1/0 BUFFER (ngrdl
~ FPARER &3 33C * Baginaing of the ¢lsating geint ares
ARE  EQU 4B ¢ 3econd floating point accusulator
PR EQU 273 ¢ Floating point accusslitor
FPSIAT ESU 7P % Floating point status (bytel
DYNRDR ESU ARGH! ¢ Dynasic sesory allscation paintsr (word)
DYNLEN EQU ARG+I % Dyniaaic aesory allocation length {ward)
CATBUF 28U TENPF ¢ Catalog buffer
B PR3 statesent tasporary regqister aquites
BUFADR €@l TEMPO+2. + Address af ths data buifer
STATUS EQU TENPO+3 # Returned [/0 status
DATLEN Eall TENPO+#3 ¢ Data length of PAB
SUFLEN ESU TENPO+7 & Bufier longth
~ RECORD EWU TENPO+4 & Record auaber/File nuaber
LING  ESU TENPO+1Q ¥ Lagical uait asusher !
COMANE EQU TEMPOel! ¢ Hex-bus coasand code
DEVICE ERU TENPO+IZ ¥ Davice susber
SR HH LA A F A M M SR LR 1 4E
t THE PROGAAN ENTRY POINT
'
TTART _ | -
8730 IRUNMOD,FLAGS,RUNERR ¢ 1f runaing progras, thea [LLSGAL IN PROBAAN
MOVE ITREHDY,3 % Closs a1l ooen files, sanly dyniatc arn
CALL YCALPAG & CALL TREHDY
P ITSLPAR, CUREAR ¥ 1s corrent character a2 *{°
JNE  SYNTAL ¢ If not thea IYNTAX ERROR
~ TRAP SETCHR ® Bet the next pragria chiriciar
- MOVD. T8ETMUN, B . # Parsa the pariseters fer. 3 ausger
CALL RCALPRG » CALL SETNUN It will issue 3AD ARGUMENT if a
¥ ¢ gusber is not faound
nove iL71,B # Coavert the flaating poiat nusder to ao integer
CALL MCALPAR # CALL CF1 -
3730 LIFF,FPSTAT,3ARE - ¢ Has there & bad conversion? IF 30 3AD ARREUNENT
aTsD I:FF,FAC,BARS # Mas the device nusber greater than 257
LBlel RFr,rai+l,OK ¢+ das ths deviza ausber cera? yes, then 389
' + ARGURENT ERROR .
SARG
MOV IZSBARS, A " & Nove 3AD ARGUMENT arvar into A
iRAP ZHRER ¢ TRA? Lo ZRRCA for 3AD ARGUNENT

PAGE S~3 ‘.l
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o

OMF  CTSRSNA, CURCHR
IND SYNTAY
TRUF BITOHR

sha TNV

o

). 0P

L] _‘-I. ‘

f -
o+
|
F o o . 1 " .
l i
+ T
.

I

b

NOVD 2)000¢,RECORD
MOV 2318, DYNLEX
MOVG IZTRIER. 3
Call #uALFAs

MOVE DYNwOR,CATSUF
DzCD CATBUr

Clik LURS

MOV I1)0E, LDMAND

NOVD 130018, BUFLEN
KOVD 236090, DATLER
MOVD CATELR, BUFADR

vD IDSVILE,FRC+l
Call 1108
3130 1577, 5TATUS, IDERR
IR REZORD
ADC  1500,RESDRD-1

~ NOVD LTLRINF,B

CALL RCALPAG
L34 &BUFADR
L 110.4
oL  NUTVEN
PUSH &

ny I'y.h
STa  SKBINPY
POP 4

SuR 16,4

NOTTEX

BR  T)30,A
n BEINFT-}

ENDFUL

BV VA
ST EAINFT-2
®Ov 2' LA
3TA  BINPT=3
MoV 717,

- FRANLP

DD BUPAIR

LDn #BUFADR

STn XBINPT-14(3)
BINT B, NANLP

Xov 17,5

NLRLP!

L3R BMAILEN-1(3B)
oTm WEINFT-25(B)
DIN: B ELILF!

—— - o R w e ey

FrOS~AMMING EXAMPLES

¢ I8 curramt character *)°

¢ 14 not then SYNTAZ ZRKOA

¢ ot next progrias character

% 13 it & EOL zharacter(>00) no, then ILLZonL SYNTA:
¢ Py. device nusher in the PRZ t2r the Salilog

# Put zero ic the recard nusher in PAB

¢ Sstaclish the length of the bufter for Citaiad
» Dvaasizally allocite that ssace a3 3 string

¢ CALL STENEX don't resturn i MEMOKY rULl errer
¢ CATRUF paints to the length byte or allecation
¢ TATSUF points to the ¢irst byts ar allacation
t Use logical unit ausder of 0 ic PAE &0 oevice
¢ is printad bv 1/0 errer

# ¥ove catalog zomsand in to PAB

¢ Zstablish burfer lensth of 24 in FRB

% Move 2073 1n to C3td length of the PAB

# Nove CATBYUF in tc buffer sointer in Fud

& Nove the address of PAB in to FAC and FRlel

¢ CaLl 108 to do the catalog cossand

¢ ¥ag there a non-zero status, Issue 1/0 error

¢ lacresent LS2 of file number im PRE

+ Ad¢ any carry to the N8B of file ousber {n PAB
¢ Clear the display bufter

¢ CALL CLRINP

¢ bet the file nusber froa the buffer

# 15 the File nusper ) %7

¢ 14 file nusbar is lower than 10 only priat 1 diaid
& Save the vi{ie aumber

* Use '1° as digit

¢ Store it in the dizalav Bufser

¢ Restore the tile auaber

¢ Subtract the 10°s digit

+ {reate ASCI auaeric charazter
# Store it as second digit of display buiter

¥ Nove the : saparitor ia to the A register

¢ Store §% in the naxt buftfer location

¢ Nova 2 dlank in to the A register

¢ Store it in th2 next buffer losition

*# Nove the 12 character filanise length im to 3 <

¢ Skip the tile nuaber byte
% Bet the first charactar of the filenase

» Store it in the proper buffer lecation %
¢ Decrement the file length Jump while non-zero
¢t Put lengih of KAILEN sessage in to B 2

v 3et a character of the sessage
¢ Store it in to the displav butter 1
¢ Decresent the sessige lsngth juap while non-2ero

L




CALL 9BET14B

MOVD XXBINPT-15,FACH!
CALL aoUTEUF

AV 17,3

ALLP

LOA EMAXREC-1(3)
STRA WKBINPT-40(B)
DINZ B,RCELPY

CALL ¥ET16B

HOVD IXBINPT-41,Fnl¢]
CALL MQUTRWF

DECD BUEADR

v 1,3

LDA #BUFACR

PUSR A

w1 NOACTE

MY 2’R,3

NCACT]

101 A

STA  HBINPT-30
oY 23,4
5TA UGINPT-SI

MV 2'D°,A

3737 D10,8,01SPT
"My 1A

3iseT

STA WBINPT-52

LR CRSPOS

CLR DSPST

0R  ZPAUSND,FLASS
MOVD ZLINEIN,3

CALL ACALPAS

AND  IOFF-PAUSHD,FLASS
PP A

NP IXSERK,FRARER
INE CONTIN

CBMES.

IRC CATF

ADC 1)G0,CATBUF-1
NOVD CATRUF, DYMAIR
HOVD SSTSASP,9
CALL ICALPAS

RETS

CONTIN
_ 3130 1540,3,J0NE

3R 3T

ASSEMBLY LANGUAGE PROGRAMMING EXAPMFLES

¥ Gat 2 16 Bit saxiaus reccrd leagth

* Move address of the Display Suffer in to FACet 16
% Nave the auaber in to the display bufter

¢t Nove the langth of recard muchber sessage 4

% Gat charscter of ¥ 2BLS:¢

¢ Store it in the display buffer 1%
¢ Decresent sessage length, Jusg whiie non-zero

¢ Get a 14 Bit nusber of records

* Nove addrass of the display buifer in to FNCHl 23
* Move nusber of records string ig display butfer
® Paint it next Syt of input butfer

¢ Default to inactive file chariciwr

& Get ¢1ag infersation fros input butfer

¢ Save Lthe byts

¢ 1§ negative flag thea file is active

¥ Set active file Character

¢ Mave flag to b and file charactar ko A

¢ Store 1t in the display buffer 29

¥ sove an *:° in the & register

# Store It {p tbe display buffer 29

b Default to DISPLAY type file

¢ 1f bit is zaro then it is disslay type tile
# Move i to a to indicate INTERMAL typa tile

% Store the $ile type character in displiy Butter 30
% Set cursor positisn te 2ers

¢ Set display start otfset Lo sarn

# Set Piuse aode $lag

% Display it ind wait for any orassad character

¢ CALL LINEIN

¥ Clear pause s0de flag

¢ Get Back flag inrersaltion

¢ ¥as the break key pressed

+ 1§ oot then continue wilth the catalog

+ Incresest CATRUF to peint at length byle of
# the strisg so it can ba deillocatad

¢ Restars the dynamically allocated area

* dealldcate the string

* CALL 3Tsus?

* fetury dasic systea

% 1+ thig is Last ¢ile thtn leave y
¢ reseat Shis far amt fila

FAGE S-6

-
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AESEMELY LANBUREE FRASRAMMING EXAMFLES

Ny e  aastsasintlaitesninsansarataadd sl dalyasaaandanziasdy sy

% ET188
# This routine takes & 1& hit nusber in the buiier
¢ and converts it to & strinc with the length byte in fag-!

o168

DEZI BUFRDA & Point to the LSE of the nusdber

LOn #BUFADR | ¢ Bet the L3B or the auader

MOV R, rmut] ¢ Store the LSt of the auedber in FAl+!

Deoy BUFADR ¢ Point io the ¥c3 of the ouader

LD&  #BUFADR & Get the FSE of te nuaber

B3V RPRC 1 Store the NS¢ of the nusber in FAC
LISz

VD acis, b ¢ Convert the nuader in Fac,Fhi+! Lo a STring
tﬂLa RCALPAE ¢ Call CI&
REIS ¢ keturn to calling iastrustion

FEREHE HHHE SRR R M E R R R A R R H H R
¢ OUTEUF

¢ Takes 3 string xith 2 length byte in Fac-l and sove it to
¢ the dispiay bufter,

QUTBUF

Bovh WFRe-2,FACtS t Set painter ta first RSC1I character
-~ DUTLOP

. LOR  #FARL+S ¢ 82t a character of the ASCL] susber
T4 SFALeL ¢ Store it In to the display butfer
DECD FAC+Y + Poiat at the aest chiracter of the string
DEZd FAL+l t Point 3t mext display buffer location
CoR7 Fal-1,0UTLOP t Decresent string length brte, juap i¢ non=-2ers
RETS ¢ Return to calliag instruction

3 S P H M S H L R FL R HE S H AR R R A R R R SR S

* TAPE 13 ENPTY MESSaec

SuDONE
NoVe IEXPTY, IOBUFP ¢ Display tape waply asssige
NOV 1300,CRSPUS ¢ St cursor position tg O
rove Z03PBUF,D ¢ Displav the sessige
CALL RCALPRG ' ¢ CALL DSPRUF

- KOVD UNCRE.B & Turn on the snderline cursor
call SCALPAG % CALL UNCRS
FOVE SXEYIN, S + Kait tor any key
CALL &ZALPAS + CALL KEYIN
RETS | t Retyre to basiz sysies

!ffiiiii!ffiiiiiifiliif§§ifiiliiififi!!liiiiiiii+iitiiiiiiiiiilll

) ILLEExL IN PRUBRAY EXMOR

RUNZRR |
MOV RESIIP.A & Nove ILLESAL IX PROSRAX error code to A
TRAP eRADK ¢ TR"® TO ERROR tor ILLEnal IR PROERAR
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ASSEMELY LANGUAGE FROGRAMMING EXAMFLES FAGE S-8&
HAMMIIH I I M R R 1R R R M M P M 1 R 6 30 R H R 1 6 44 R0 43302
i ILLESAL SYNTAI EXROR
SYNTAY .
ARGV ZESSYN,A + Move ILLESAL SYNTAL arrar code {a te A
TRAP ERROR ¥ TAAP to ERROR for ILLEGAL SYNTAI
A H A A PR R R S E 0 H A H M R SRt R b 1S b et b b4 4
$ 1/0 ERROR
IBERR
CALL, QO3ONE ' ¢ Deallocata dynianic aescry spice usad
0P 1203,STATUS % das the File not feund?
oed GODONE ¢ IF yes then Tape was espty
R0V IE${0,A t %0 then save [/Q error cade in 3 S
“RAP ERROR ¢ TRAP ta ERARGR for L/0 arror
R e a st e e s atiatutasadadaistoasintsintatanasisstatasdill;
| NESSAGE STRINGS
4
FAILEN
TEXT *INELZAN & "MAILEN’ ia raversa
NAIREC
. TEIT LR & - & '% KELS:? in reverse
3
TEIT ? ytpal epal’ t *Tape Espty’ in reverse
BIPTY EQU $-t | |
R R R H A
3 EXD OF THE PROGRAM READER
TEIT "RIW ¢ Sghroutine nase "BIR" ia rwversa capilals
3YTe I + Langth byte
NRE ERU $-i '
DATRA STARY © ¢ Poiater %o subroutine watry goint
BATA 30000 # Offsat to aext header: zero sinc: no other heade”
*- - DATA NANE=$+] . ¥ Qffsat to subroutine aase
3TTE )00 7 & Resaryed Yyte :
BYTE XM ¢ Flag intarmations relocatable asseably subroutine
HESDER EC 8-} - |
¢ BEZINNING OF THE PROBRAN HERDER
HHHHH L R R H R Y
=Nl
e ——— ==
!

w— il il -=ie




ASSEMBELY LANSUABE FROBRAMMINE EXAMFLES  PAGE S~%

CoPy: A FILE COpY SUBFROGRAM
The +ollowing subpraogram Ccoovs on@ tii@ tco another. Tha

subprogram illustirates saveral technigues not usec i the LDIR

SUDProgr M.
']

GENSRAL FROGRAMMING TETHNIQUES

* How to pass & string paramaiter.

HEX=2US COMMUNICATION TECHNIQUES (FILES)

+* How to open a file using the OFEN firmwarse routine.

* How to put & PAE in the dyneamic memory ares into the
linked list of rFABS. ‘

* HMow to copy a PAE inm the linked list into the statement
temporary arga for an 1/0 operation. |

%* Mow to irmdicate that a FPAE is no longer in the statemant

Lemporary area.

How to use & data buffer in read and write cperations.

* How t0 close all files in the linked list of FABS.

i

. The syntax used to call COPY +from basic is &S tcllows.
CALL CORPY{"WW.XXXXXXX","YY,2222222")
Where WW.XXXXXXX comprisaes tha device number and nama
o+ the source file and YY.ZZZZII1Z comprises the devics
nunber and nama@ of the destination filea.

COPY is a level ! subprogram which makes sure & program is

not running before it starts copying files.
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ASSEMEBLY LANGUAGE FROCGRAMMIMNG EXAMPLES

TITL 'Fila copy utility’

107 'C0PY°

OPTICN IREF

FR et e R e R R EERERELEELEEREEPDREEEREY

Fila

FaGe S~-10 fl*

1
S gl S A A S S S S A A A el S AR S U S o S S S s S nl A r

H

I
.l__ H - ‘.
! - i
T R e, iair—t

% Srror cooe for /0 EXROR

——
[ Y

"

%
¥ copy uwitility $
3 *
» This progria copies a file from cne sass storige device @
¢ to another davize. $
% - ¢
¢ To lcad and call this subprogras, use the follcwing ¥
¢ progadure. . |
# s
& CALL LOAD{“DN.FILZNAME™) ¢
¢ CALL COPY{"DN.FILEI®,*DN.FILEZ"} whery filel {s the file ¢
+# to be copiad ta filel. 3
R R R R SRR E R AR EEE R S EE R E R ER R .
¢
* Senaral systaa equates - .
PABTMP EQU 08 & BASIC PA3 ia statasent tesp flag (R)4B)
fNn0n E5U 220 * ASIC progras running flag § if rus
& Ragister sauates
TENPO EQU O34 ¢ Bagianing of stataeent tamodrary ared
TEMPF ERU )49 * Z2od to last dyts in stst teap irsid
FLAGS ENU D43 ¢ Systea flag register
CURCHR EQU 4D . ¥ Current progras character (byta)
IDBUFP QU 339 ¢ Pointar to i/e Buftfer
FPRRER EQU OIC ¢ Seginning of the floating potat irma
e  <SU 4B # Second floating seial acsusulatar
FAC  ESU D73 ¢t Floating point accusylatar
Preing EQU )7F ¢ Flaating point status register
 DYNADR ECU. ARG+l &+ Dynasic sesory allocatien paeinter
DYMLEN €30 ARS+3 . o Dynaaiz aesory allocatica leagth
TENP  EQU Fals? ¢ Tesporary ragistar pair
IPAB  EQU TEMPO+#13 ¢ Pointer to the input PAB
GPAB ESU TENPFel & Poiater ta the cutput PAB
PASADR EQU TEMPF+l ¢ Tesgorary usa is PAB address
IPARZ EU TEMPO+L ¢ Paintsr to index into iapul pab -
{PAB2 E3U TENPO+Y ¢ Paiatar i index ints ocutpul pis
TOLEX E3U ARG+ % Temporary data length
JOPTR ZRU  ARG#S t Tesporary peintar to buffer
¢ zrror code dcualas
EISYY TR 01 % Error code for SYNTAY ZRROR
ESllP B30 I3 » Error cade for ILLESM. IN PROBRAN
es10 &5 00

PIL? .!t’l_t-"l_l.l
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ASSEMBRLY LANGUAGE FROGRAMMINZ EXAMPLES

+ BRZIZ RON routine eguates

CLSALL £kl
Boisia U
NNZE  EQU
gPEX &
TREDY ERY
CALPAE EQU
Iz =
elnds ERV
BeTCHR 28U

218
H13F
20103
W
0072
Walk
yWask
g
18

¢ ERROR trip nuader
¢ BzicHr Srip nusber

FAGE -

]
ok

...-l

¢ PAG statement teaporiry register aguatss

ATTR  EQU TENPO
BUFATR EQU TENPLS2
STATUS 50U TeMpo+l
DATLEX EQU TENPO+S
BUFLEN SQU TEMPO+7
RECORD EDU  TEMPOSO
LING  EDU TENPO+10
CONAXD ZQU  TEXPO+1)
JEVICE EQU TEPO+12
CURBUF S5 TEMPO+14

-+ Token equites

TsCOMA EQU OAD
TSLPAR ERU 30O
TIRPAR ZQU AP

¢ 1/0 coasind codes
OPENr EQU 00
CLOSE EQU >6!
RERD ERU )03
WMITE EX DM

¢ RAR ecuales
FSiPAB BTV Dacr

¥
CopY

§ Devica attributas

¢ Address of tha data burfer

§ Returnad 170 status

¢ Data length of PAR

¢ Bufter langth

¢ Record nuader/File ausber

¢ Logizal unit eusher

¢ Rex-bus cossand code

+ Device nusber

¢ Current pointer in the buiter

¢ Token for cocesa
# Token ¢or left paruntheses
¢ Token tor right parsntheses

¢ Coesand tode for ocom
* Lomsand code for close
¢ Cossand code tor read
t Coneand cade tor wits

L HH I M N 1

. EXTRY MIDNY - -

8131 TRUNMCD,FLASS, 0K ¢ I+ ruaniag progras, them ILLESAL IK

¢ PRUSRAN srror

EER AL SRR RN ¢ FE F R HH R R MR R S H R E R H A H N Y

$
MV IES1IF,A
~haP ERROR

1LLEoal IN PROGRAN error
¢ JLLESRL IR PREDGRAM error Code i A
¢ TRAF ZRROR ror ILLEGAL IN PROGRAX




ASSEMELY LANGURGE FROGRAMMING EXAMFLES

1!

¥

$
§
¥

~ Cp ITSCOMA,CURCHR

NOVD TTRSHDY,3
CALL §CALPAG

CHp ZTHLPAR, CURCAR

JHE SYNTAX
TRAP GZICHR
¥OVD 182737R,3
CALL WALPRE

POV 1001,LUNO
MOV 1340,ATTR

NOVD %0000, 3UPLEN

NOVD 10FEN,3
CALL SCALPAE

CALL QS7CPA3

MOVD PABADR, IPAB
SUB 1204,IPRB
Sg8 100, [PaB-)

oiE SYNTAX

¢ Close al] ogen files, wapty dynasic
¢ CALL TRSHDY irea

t Is currant characler a *(°

¢ [# not then svatax error TPAP

t Get the amt progria charactsr

¢ Set file-naan string iroe pariaeters
# CALL 5eT37TR. it will issue the error
¢ BAD ARGUMENT if striag is not found
+ 3ot lung to |

& Attributes ingut,disgiav,secusntiil
¥ Set bdutfer length to 1ars to

¢ datersine the newded buffer size

¢ Opan the iile with the fils nase

% CALL QPEN

& Store the PAB in stalemant tmagaorary
¢ area dynasically and craate buiter,
% also allocate the i/o buffer ind

% put it ia the input PAR

# Save the paintar ta input PR3

® Poind at the coasind byte of the

¢ PAR instaad of the ptr to aext aane

¢ 13 it 3 coeaa?

¢ If aot thea jusp to SYNTAI Z2ROR

$ uﬁin the sacand tile For autput

#

TRAP BeTCHR
MOVD 352757%,3
CALL CRLAAG

CHP  ITSAPAER, CURCHR

sta CONT

¢ gat the next progras character

¢ et file—nass string froa parasataers
¢ CALL GETSTR, it will issue the arrer
# BAD ARGOMENT if string is aot found
¢ 1s it 2 left parenthesis

¢ [t it is 2 left parenthasis juse

13445 3 2343 44 PR L R HE SR R R E 4 Y R
Svntax error coda

|

-

CSINTAT
ROV TEENLA

TAAP ESAGR

CONT

tRAP seTTHR
M0V CURCHR,A

- wXL SINTAL

e

NOV  2302,LUNO
MOV I380,ATTR

2
¥

20VD CPEN,B
ALl ACALAAG
ML $5707A8

A

- % cgea the second tile tor output

¢ Check tor the taken

¢+ 1+ nat zZad 3¢ Statzaent token 00

¢ Issus Syntax error |

+ 2t lung 30 two -
Atiributas cutsut,disclay,sesuential
Suflen is still ip sxistance #r20
*he gravious OPEN of imput

Opan the File with the tiie naae
eAll, OPEN

store the £83 in-stataaent ‘asgoriry

e e

ey el s bkt m -.‘




ASSEMELY LANGUAESE FROGRAMMING EXAMFLES

s Outout iile is now open and the pab is dvmamically allocated
» gc “he stateaen: Leaporary ared is now available
SUE 2204,0PRB $ Since PABADR = OPAS adiust it w2
S83 2)00,0PaB-1 t Ppint at device ausber

¢ Set up for the read of the first record
RORES

MOVD IFRS, Fﬁ'i;.* !
CALL QLOADLY
MOV XESAD, CONAND

t Read 1 record fros the

KOVE 2)0000, DATLEX
KOVD 3DEVICE,FACH]
CALL 8105

"V STATUS, A

NI DONE

IS RECORD

ADC 1300, REZORD-1
KOVD DATLEN, TOLEN
KOVD BUFADR. TBPTR
NOVD IPAT,FACS
CALL €SAVETT

NOVE OFAB,FACH
CALL SLDADIT

" HOVD TLEK, DATLEN

MOVD TBFTR,BUFADR
¥OY T4RITE,CONAND
NOVD 1DEVICZ,FRL+!
CRL 205

INC RECORD

ADC 2300, RECORD-
MOV STATUS,R

NI 10ERK

NOVD 220000, BUFRIR
BOVD OPAB,FRC+]
CALL ASAVELT

J¥P RDREL

T0ERR

KoV 32418, A
TRAP ERROR

DONE

CXP  2)07,5TATUS
I TO0ERR
HOVD ZLSALL,E
CALL €CALPAS

- REIS

¢ Point to the iaput PAE
% bring the PA3 in tc tasooriry ared
t Put a resad cossand it input pab

inout tile

s Clear data length in imout PAE

¢ Point 3% tesporary PAB for the read
# Do the read cperation -

3 Check the status

¢ 1 1/0 error then it is dons

¢ Update the record susber for randos
& azcess davices

& Save datlen in tamoorary cpice

# Save burlen in teagoriary spale

t Point to input PAR

¢ Store the PAB back to linked PRE
¢ Point to the output PA>

& Load the outpud tasporary PAB

t Restore the data lengtd

+ Restore the buffer pointer

¢ Nrite out the racard

¢ Poiat at the FAB for INS

¢ Do the write

3 Upcate the record susber for

¢ randos access devices

¢ Check the status on the arite

4 Juap i¢ 1/0 error has otcured

¢ Clear pointer o Buéfer FIRST

$ Point 2% the PRB To save it

¢ Save updated PRD

¢ Set the aext record

& 1ssue i/o errer

¢ lssue 170 errov

+ Any sessage other than ELF error
% seans copy fails issue 1/0 error,
¢ Close all open ¢iles and dealscate
* the butfers and PAB's

'H
) b
G
1]

[T




ASSEMBLY LANGUAGE PROGRAMMING EXAMFLES

HEHHH 3R 4 HH I H LA M B T 1 33040

$ - LORADIT
& {Copy the linked PAB into the statesent tesporary for sasier access.)

LOADIT
MV 130,88 + Cooy 12 of tha PAD entries
LOoPt
L0A #FACHL ¢ Get 2 hyte tros the linked PA3
StA  GDEVICE-)OR(B) § Stare it is 3 tesparary PR3
DELD FAC+t t Paint at tha next byte
93Nz 3,L00P1 ¥ Repeat for 12 bytes
helS # Retura froa the subroukine
HIFH M R T A R H AR R
4 ‘ SAVEIT
* (Copy a tasporary PAS into the linked 1ist of PAD’S so anether one can De
t used.)
SAVEIT *
#ov  1500,3 ¢ Cogy 12 af the PAB entriss
LOaP
LDA QODEVICE-)0D(3}  * Bet a byte of the teaporiry PAB
STA ¢FACH! _ ¢ Stare it ia the linked PRB
" DEED FACHL % point ¢t next space ia linked PAD
BINZ 8,L0CP * Rapeat for 12 bytas
RETS + Return fros the subroutioe

HAAHH I R T H P R HH T T RN

& - STCPAB

% {Stora teaporary PAS into dyaaaic semary area, set up 3 buffer for i,
¢ and link it into the PA3 1list.)

SICPAB |
¢ ALLOCATE SPACE FOR PA3
Mavh I17,JYNLEN + Reguest 17 bytas
~ NOVD THMNEA,B ¢ Request 17 Sytes for the FAB
- LAUL YCALPAS 8 CAll WHEY -

¢ 1§ M3 coulda’ allocate the ras, it wea’t return hers
MCVD DYNADR,PABADR ¢ Save address for PAB Chajning

’OVD 220000, 3UFAUR ¢ Clear out butfer poinier

woy 13,3 # Store the I3 Bvieg of PAB : |
MOVD PABASR, TEMP + Temp is first byte of allocited area
. DECY TENP ¢ Skip the toco 2 bytas of the linkad
.. 90D TEXP ¥ PA3 list for the sointer :3 aeat PAB
LR A & Clear painter to currsnt defier
STA #7ecdP ¢ Wirita LSB sut is z2ro
JECD) TP + Poiat it AS3
SiA  ATRNP ¢ Write #S3 ut is aro
oELY TENP ¢ Poiat it laginning 3f real PR

ity .
L T "

FaGE

14




STPAR)
LDA ETeMR(~1(B) ¢ oet & bvte ot the PRE to store
STA 43P ¢ Store 5 Dvte in the linked Fab
L=CD Texe + Point 2+ oext place to store a byt
DINI E.3Trmb! t B = E=] jusp ¢ 1t is not zero
{ Now the FAD is out in dvaadil aeasry
I 1)01,LURD ¥ I5 1% inout tilet
gk kIl 2 ] not than don’t allocate butier
ROVD BUFLEX, DYRLEX ¢ Allpzate Sutter tor input/outout
HOVD SMNEW, B + Regques: Suflen dytes for the PAB
CALL BCALPAG ¢ CALL MNc¥
¢ ¥ill not re-urn i the reguest is toc large
KOVD PARBADR, TERP + ot the bufter addrass in the PAB
BUE 20z, T=NP ¢ Point at the buffer address in the
SER 040, TEMP-] ¢ linked FAB
IV DYNaIR.A ¢ Put LSE of butfer address io &
Sie ATENP # Store L53 in linked PAB
Dl TeXP ¢ Point to linked PAR's NSH
NOV  DYNADR-1, A ¢ Put BI: ~% bufter address in A
STR #T2XP | ¢ Store NS3 in linked PAR
NEI1T
t DO PAB CHAINING
NOVD PAEADR,FRC+] ¢ FAL+i peints to top of linked PAB
LDA ¥F5iPAB ¢ Bet systes pointer to first linked
4 ¢ PRB’S LS
Th R0+l & Put pointsr LSB iata linked PAB
DECD FALHL ¢ Point at linked PAP’x second bvte
LOn #FSTPRe-! + Bl systes poiater to first linked
$ + PiB’S MS3
§1h Fhctl ¢ Pyt pointer 5B ieta linked PAS
MOV PRBADR.A & Put LSB of new PAY'g adoress in &
2in UF3TPAB ¢ Store it in systes pointer to
R | * ¢ Linked PAR’S .
MOV PREADR-{,A ¢ Put N33 of new PAB's address in A
STR ErSiPRE-} # Store it in systaa pointsr to
& ¢ linksd PAR'S
MO FE-PASTNP,FLASS ¢ Turn of PAB in stst teep flag
' The PAR is nos aoved and linked in to the sysies
T TrPTTpprPPrrPrPrTTTRTPRT TTTRRTTTRTTTRTRI YT TTY R 33T 11T 70 10 )
t EXD OF THZ PROORAM HEAD=R
T2I7 'YPOl ¢ Subroutine nase *COPY' ia revarse capitals
Wied ¢ Langth byle
NAME EN ¢!
DaTa COPY ¢ Pointer to subroutine eniry point
* Bala 20000 4 Dftset to aext hsader; zero sinca no other heade-
« DATA NANE-$+1 ¢ Bifsat to sudroutine nase k
BYTE >0¢ ¢ Raservad byta
BYTE 44 -+ Flag inforsation; relocatable assesdly subroutine
BEnuch zal §-!
J DESINNING OF The PROGRAYM HZADZR

ASSEMILY LANBUAGBE FROGRAMMING EXRMFLES FREE S—-1i%

SHEEHL IR PSR HEL B LS R P EEREE M _i*iﬂ-liii*ﬂ'lﬂﬂ'il FHH R £ PR A RS B

g 1‘
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ASSEMBLY LANGUAGZ PROGRAMMING EXAMFLES : PAGE S—146

NUMHEX : NUMEER TO HEXIDECIMAL STRING SUBPRQGRAM
A subprogran callad NUMHEX converts a numeric argument toc a
ASCII hexacecimal string. The subprogram illustrates the

fallowing tﬁchniques-not usad in the DIR and COFY subprograms.

» How to get the address of a variable.

* How to check a variable to see if it is a string variabla.

E Mow to assign a value to a string variablae.

* How to dynamically allccate a string variable.

* How to get a numeric parameter.

* How to convert a floating paint numbear ta a pnsit:vc integar
in the range 0 to &552S.

*

How to convert a numbar to a ASUII haxadecimal string.

The syntax usad to call NUMHEX is as fallaws.

CALL NUMHEX (NUMBEFR, STRINGS)

Where NUMBER ie a variable cor axpression in the range O
to &553%, and STRINEGS is a string variable to which the
hexadecimal string is to be assigned. The character

string generated will be from ona to four characlers in
langth.

NUMHEX is dasigned for level O mamcry usages it ig callabla from’

a BASIC progranm.

d
F

J




ASSEMBLY LANGUASE FROGRAMIMINEG =XAaMFL

TITL *kusber to HEX String’

LIST &0 So o0 lines/page in listing

IDT *NUNRED

JTIBRI 'r
NN EEREEEEEEEEEEEEREEEREE R R E X BB
? $
¢« Nusbder To BEI Strinmg Utilityt
+ *

ts |
This suborpgras takes 1 nusber as input and creates 3 ¢
HEXRDITINAL strise. 1t converts nusbers fros O to
55538, Yo zall it usse the following pracsdure:

%
:
L
*
¢
¢«  CALL LDAD{"DK.XUSHEI"®)

&+  LALL NUMHEX (NUMBZR,STRINGE) whers NUNBER is a
'

¢

&

&

$

']

m o W o W

variable or axpression in the raonge & to 83535, andd
STRiNGS is 4 string variable to «high the .
KEXAJECINAL string is to be aszignad. The ¢
charactar sitring generatad will be froa one 3

to four characters in lengih, t .

EEEBEEEEREEEREEEEEEREE R E RN EEEE R

*
& Genpral sysies eguates
ESBARG ERL I ¢ Bad argusent srror code
EsCIP ERU O ¢ 11iegal in progras ervor code
ESSYX B )0 ¢ lllegai syataz arror Code
TSCOMA ERY ORI ¢ Token for comsa
TSRPAR ZEU ORF * Token $or right parmntheses
TSLPAR ERU OC0 ¢ Token tor left paranthesas
# Register souites
TRMPY EQU 3R & Statesant tessorary squate
TENPF EBU )49 ¢ S=atesent terporary equate
CURCHR EGU - X4D ¢ Current progras Sharacter (byls)
- ARS ECU )43 . # Second Floating poiat aczusulator
FAL EQU OF ¢ Floating point accumulator
FPSIAT ERU DY ¢ Floating point status (byte)
THPBUF EDU FACH ¢ Tescorary charicter dutfer
DYNADR EQU ARGe! ¢ Dynaaic sesory allocation pointer (word)
DYNLEX ERU ARG # Dynasic sescry allocation langth lwerd)
NUMBER ERU TelMPO+| ¢ Suader to be convertad

KE¥aD EOU TEMPO4D * hddrass of dynasic allocated

e




ASSEMBLY LANGUAGE FRLGRAMMING S XAIMFLES

+ Systea ROM equates

gzTNUN =Y 0135 ¢ gelNUl
CALPAG <3U JFR3s t CAHPAS
ASSIEN EQU 20143 % aSaich
CFILNG S50 JOI'E ¢ 71
GeTADR EQU D0148 ¢ geinlR
STGNEY s0U O0LIE + STENEA
ERRCR E2U B & ERROR trag nusber
gETCAR QU 18 ¢ BETCHR trip nusber
NUNHEI
CAP ITSLPAR,CURCHR ¢ 1s current character a *{(°
INE SEAR ¢ [f not then SYNTAX ERROR
TRAP GETTHR t Get the next progris characler
MOVD 1BcTRUN,D # Parse the pirisetars for a nusber
- CaLL SCALPRG & CALL SETNUM It will issue BRD ARGUMENT
¢ * it 2 ousber is not found
NOVD ILFILNG, B ¢ Cosvert the floating point ausber ts
CALl CALPAG ¢ CALL CFILNG in iateger

MOVD FAl#l , MUMBER & Save imay the nuaber to be converiad
CNP  TTSCOMA,CURCHR # 15 there a cosaa saparator?
oiE SERR ¢ 1¢ act then svatax error

. TRAP GeTCAR 3 Bet the next progras character

MOVD ISETRDR,3 ¢ Bet inforastion abaut the string
- CRL tCALPAS # CALL GETADR variable

QF T3AA,FaCH # Chack the variable type
JEQ X ¢ 1s It 3 string variabls?

¢ $ No then bdad argusent error

3ARE
MOV iE$BARG,A ¢ Haove SAD ARBUNENT arror code to A
TAA? ERACR t lssue 3AD RRGUNENT error

ox

CAP  ITSRPAR,CURCHR # IS current character *)°

«NE SERR % 1f agt then SYNTAl EAKOR
TRAP GETLHAR ¢ §et next progras character |
Ji HEIV ¢ Is it a 20U charactar (300} no, then
B U S I 3 ,' ILLESAL SYNTAL
BV =SSN, A ¢ ILLEZAL STNTAI erreor
TRAP XROR ¢ [g¢sun ILLES&L SYNTAY error
HEXV .
MOVD NMBER,FAC:S + Reszore the nusber to B¢ converisd
(iR 3 ¥ Haven’t rcund any digits yet
MV FAC+Z,A # Put the M52 in to A register
SHAP A ¥ Csavert Most Significant Nidbla
T3 HEXVOS # e 1st two digits are zpre?
CAlL SCXVCHR ¢ If it is >0 then sake 3 digit
HEXY04
MV FACZ, A ¢ Put the ME3 back in ihe » registir
call $CNVOER ¢ Canvert Laast Significiat Niable
REIV08 R
My FRCe3,A # Put *he L3R in %5 & reciztar
AP & # {anvers Most 3igaifizant Nibale
tall SOWCHR. ¢ 1§ ik is )C then aake i digit

FAGE S5-18

' |




ARZEZMzLY L=

Keiviz
BOY FAL+I,A
AN IX07LA
eALL BCRVO4

PUSH B

MOV E.DYNLEX
HOVD 1SToken,T
CALL ECALPAB

KOVE DYNADR, Rohal

PGF Fre
or B
DONESS
Dl WAL
LDA  BTHPBUF (B)
Ein SNZHAD
IS &
o 8,FAC
JH  DONEOé

NEUARSE FROGRAMMING EXAMFLES

¢ Convers Least signiticant Nibble
¢ bat rig of M3X 30 »¢ can force "0°
¢ Donvert L3N of nusher

séve lengih of Lhe siring
estaclish ovnaajc strings langeh
allocate dvnesgic string io hold it
CALL STENSN

¢ Stors string painter

+ Ketrieve string lenath

¢ Clear counter of tharaliers

- e W

+ Point at mext characisr pogition

+ det character fros tesporary burier
i Store character is string

+ Lontinus till emtire string storsd
¢ Check i¢ last characier done

¢ [ not rapeal

¢ BUILD UP A STRINE VALUE INFOURMATION ENIRY

HOVD T)40AR,FACH
MDVD DYNADR,FAC+3

MOVD TXSSIEN,2
. CALL RCALPAG
RETS

t Notation tor Teaporary String

¢ Establish Poinler tg the string

+ hszign the hex strimg to variable
& CALL ASSIGN

t RETURN to calling code

$HEEH A HE 4R L £ 14 (R EE R HE L FR 1 AP MR T R M SR TS

s Convert a nibble in A to a ASCII hexadecisal digit and store § if it
2 is > 0 or is a pravious digit has besm fownd. lacresent the B register

CAVCHR

¢ if 3 digit is found.

CIVCHR

AND  30F,A
Ji CRVO4

1578

J7 CXVOUT

& Cisar out the MSN of the A register
¢ 15 digit >G7 i so convert it

# Chack for pravious auabers

¢ 1¢ aone then don’t convert the 2070

SRS EE H 4 5 o4 HEHEE HHHL M H A HHS R HH N

¢

¢ Convert the least signifizant aidble in A to an 5331 hexadecisdi digit

CNVO4

¢ and store i3, Incresent the B ragister.

CRYO4
L Lok, &
JHS RRKudr
R LI, A
v JMP  BAVLHR
HAKCHR
RID 2'A’=D0R.R
SAVCHR -
Sin  RTNPBUF {B)
INC &

- CavouT

RETS

¢ Was digit > 2

¢ Yes then convert i1 to alghabdetic
& hscil 0 tc 9 = 330 to 33F
¢ Bo and save the Character

¢ 3011 A TOF = )41 to e

# Save the character tesnoriarily
¢ Usdate nuaber of characters

§ Return to calling code

Ll

D

Gl

M

"

!
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ASSEMELY LANGUAGE FROGRAMMING TXAMPLES FAGE S~20

HHHH P P M PR A HHI L R T R R R H 1 E S

4

EXD OF THE PROGRAM HENDER

TelT ' XEHMON® ¢ Subroutine aase ia raverse cipilals
BITE & ¢ Leagth byta .
NAME £00 §~1
OATA NMIDHE ¢ Painter to subrsutine mntry peint
BRTA »0040 & Ofésat to aext Redder terc ng other header
DATA NARE~4+1 ¢ Qftcat ta subrouting case
BYTE >00 # Resarved hyte
BYTE >4 t Flag byta relocitable subroutine
HEADER ERU -1
¢ SESINNING OF THE PRCGRAM HEADER

HHHHHH PR P H HA T M A e

PRMYN: PROMPT FCR Y(ES) OR N(Q)

A subprogram called PRMYN displays the first Z9 charactars

of a string variable and then waits fcr a Y or an N to be

pressed. 1+ any

 for ancother kay.

tachnl ques.

DISFLAY HANDLING

How ko
How o
How €9
How to

k% k-

other charactar is pressed it beeps and waits

The PRMYN subprogram demcnstiratas the followlng

TECHNIQUES

clear the display

display a string charactar by characler
turn the curscr on and ofs

sat the curscr positian

KEYBCARD INPUT TECHNIGQUES

-

% HCewW Lo
* Hew to

NUMERIC VARRIABLE

HMow 2
C HHow to

$ ¥ %

input a key from the kevbcard
program for tha BREAK key

HANDL ING

check if 4 variabcle iz numeric
assign a numeric valua
canvert frem {ntager to Ticating point format

2
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ASSEMELY LANSUAGEZ FROGRAMMING SAAMPLES

T

-y 1 + L]

I}

“"
|
W
ni
f
[
e

The Svyntax used ttc FEMYN is as fcllicws.

Ak PRMYN(ZSTRINGS, NUMEER)
Whers STRINGS is a ssring variablie to which the
‘mMexacecimal strimg is toc Se assignad and NUM3ER 1isx &

variable in which the status is returnec I +or Y and ©
+cr N,

The PRMYN subprogram is designaed for lavel C mamcry Uusagesl

i+ ig callable from & BASIC program.

-—-—*--—-—-—----___-_-_——_

TITL "Yes or Np prosst’

LIZT &0 S0 40 lines/page in listing
IET CPRNVX

DPTION I

Yas or No Proapt

This subprogras displays the first 29 characters of 2
string on the LCD and wails $or 3 ¥ or N rasponse

i+ thea returns | $or Y and ¥ for O ia & nuseric
variable,

CALL LORD{*DN.FREYN®)
CALL PRMYN{AS,STATUS) where &8 is the string o be
_ Gisplayed and STATUS is a auseric varizble shich is

*
’
¢
]
:
*
&
The subprogras is loaded and talled as follows. ¢
v
'
'
_ .
raturned sither O or 1 deoending on the Key prassed ¢
¢

'

Y REEEEEEEEEEXEEEEEEREEEE RN RN N,
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+ Ragister aquates

TeAP0  EQU
TefF tEU
FLRCS EN
CURCHR U
DSFST EQU
€R5PES ewl
{3BUF? EQU
FPanta EWl
ARE  ESU
Fal  EOU
SInPTR &
PIR EWU
N EW
CURSOR el
STATUS QU
(HAR  EQU

¥ Systes ROM equatss

geT3iR 20U
GaTADR Eall
- BRXPT &l
CALPAG EQU.
Sz EQU
CLRBS? iU
DSPCAR EQU
ScitRe EN
SSiek EQU
CIF EQU
OFFCRS £l
ONCRS  EQU
KEYIN EQU
"ERRCR  EQU
6citaR call

+ baneral systaa aquatss

ESBARG ERQU
ESSTN ECU
K$BRK ERU
TsCONA EQU
TIPAR 23U

TICPAR Esll

pxt-
349 .
348
)4
252
AR
Pht
¥SC
248
73
FAC+3

TeNPoO+|
TeNPO+2
TENPO+3
TENPO43
FPAREA

2013F
X0148

20130

F8l5
005D
70043
20034
20031
20143
20137
20048
70044
000C
8

18

21D
YO}
2E7
WD
IR
I

stitazaent tamporary saquats
Statenent t2uparary egquate

Systes ¢lag registar

# Current grooras chiaractar byte

+ Jisplay oftset Dyle

¢ Cursar position Byte

+ Peiazer to 1/0 3UFFeR (word)

¢ deginning of floating point area
# Second floating point accuaulator
# Floating point aczuasulitor

¢ Pointar to teaparary string entry
% Teaporary pointer

t Tesgorary langth of string byte

¥ Tesgorary cursor gosilicn

¢ Integer to retarn in suseric variadle
¢ Charactear to put in %o display

o oup W

¢ &cI3'R

+ GETADR

+ BRIPT

t CALPnG

+ BEZP

% CLRES?

+ DSFCHR

¥ SeiLRE

& ASSIEN

$ CIF

¢ CFFCXS

¥ ORCRS

# XEYIA

& EXROR trap nuaber
¢ EZTCHR triap ausber

¢ 3ad argusent erroe code
- # Qllagal syntax error coda
¢ Xey code for BRERK key

¢ Taken for coaaz A

¢ Token for right piranthesas
* Tokea for laft paraathesas

B aazasalzsscazniabostazananiazag HHHIH!H*HH*_

~ PREYN

e K

3R 3SEAR

I TTSLPAR,SURCHR ¢ Is curreat character a *(°

* 1f not then STNTAL GROR

“,_
u - - " - -_ """‘i.'-. '_..-‘. "'". ' ' 3
. . .
RAP GETedR ¢ Get the next progria carictar
T . ]
#OVD I1S8T3R.8  * Parsa the caraaeters far i string
- AL #CALPaE + ALl geT wil Sed ARGUMENT
| | utia . £ H- ‘ _
© o - . . -'_I _-'.:". -l < I an Rl ‘:‘#.' :‘; l.l- - - H . ’ ' .l-. ... ] -"-
B el Wi T ke g string gt fouad L oo U
- . . . - .i T | - ar ' -. .1 - T "'“"1 - — ."‘I am T F v ] ' . . ',f"ql‘}‘ - a . N -m
. I . . .'n- A 'r'-" ' w St . 5 - . niri- ' EH* l"'.-f‘ .. L. F- .J . ."-'.:': _.1I-l- ?.-'.
' s e T i ‘e ";_;h?.:'-r-.'f‘,,.-;?;.::i:':ﬁﬂ:f;fi:_::-l._j‘:?'--,-_"-‘.'-‘.\;1:{‘-:‘.'-3,..‘:" A _-“:.-.:':."‘*.i;":“?"-h,_
' 4 et T - L --1"1 . Ka :' -.'.'.IJ...‘-I " -.'" a ot * R L v
' - o ol e g Y R .r'. ' J A -.,-l-..r:.:‘.. LY p*"-:{r;g'f:rlijﬁl'ﬁ.-. ui-'\:-. -:1:..‘- . *H-*T"i:l . A .
: : o e i ¥ ¥ "4 ] -l Y . . ) . MR e Caw - -
AR LT H‘:-: LI P ."_"_':';::_,._':r_'?‘..ﬂ 'ﬁ-"ﬁ.‘l‘ﬂ'-i‘?ﬂ_‘:}_‘&:# A ‘,..'3"*_‘:-,_-;:# R RS
r . a - [N 3 . it L . . NCLN -. '-r . _: Al .1. . L - H w hy aw -
e AL & S [ —— MR- " ke o1 J':ﬁ..-*'. -.A“:._... *"":'--'l"""'l""ll:il : : " ﬁ-;"-"'-'.'.'.'.' g mndt ..'.'.t.--'..* -
e . . “'_l"'_ w "i:".".":-" o R -, e _ ‘!' L. :'1,' PR r-;-q:'_"_“'_"‘f'?f"hu 'F-Ili i Uorn r W AL e
T A A ST e e R T TS RE N S i Y
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A Al T e . "l..._' - LI * T - .‘ . ¥ "li-;" o [ 2 * —-,' sl g _: i T} v
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ASSEMILY LANGSUABES FROGRAMMING ZXAMFLES

MOVD ICLRDIF.E ¢ Clear the display

cAul BCALPRG ¢ CaLL CLRDE?
NOVD 5VRPTR, PTR ¢ Bat pointer to toe siring
- CLr  CUrSOR + Start 2t tne begioning of the dizsldy
CLE  STATUS-I # Clgar N3B of tloating point auaber
(D& +PTR ¢ set the length byte
so NULETK
- "MP A + Rake sure that i% is only 29 charactars
!
b X!
nov a3%,A
- OXi
N0¥ A, TLEX ¢ Save che length
OEXD PR ¢ Faint &L first byte of the siring
— LOOF
. MOV CURSDR,CRSPOS ¢ Use the ¢irst éree charactar position
Lik TR ¢ el the character to be displayed
MOV A.CHAR ¢ Put character to be diszplayed in LHAR
r DESD PTR + Foint 2t aest byte of string
. INC CURSOR $ Incrasent to next cursor position
' HGVD 1DSPCHR, R ¢ Display charaster at positios CURSOR
r‘ CALL CALPAD + CALL CALFAS
‘ DINI TLEX,LDOP + Repeat if chbaracters resain in string
NULSTR
— KOV CURSDE,CRSPGS ¢ Establish the zurser pasition
H MOVD ISETCARS,B ¢ Set the corsor position for call
- . CALL eCALPAS ¢ CALL SEVERS
- MOVD ZDRCRS, 3B ¢ Turn oo the cursor
i CALL SCALPAR ¢ CALL ONCRS
| - MOVE IXEYIN,B + Return the first key prassad in CHAR
i CALL 8CALPAB ¢ Call KEVIN
r _ MOvD I0FFCRS,B t Turn cff the carsor
- CALL SCALPAS # CALL OFF(RS
- P IXSBAK,CHAR  ® Mas it the break key?
— JKE DSPLY ¢ Conzinue
ff' nOVD LBRKPT,B ¢ Check ON BRZAX status and
- CALL #CALPAG ¢ CALL BRXPT
- P NUL3IR ¢ Try again if ON BREAX MNEIT
DSPLY

MOV CURSOR,ZRSPIS ¢ Restore the cursor positos

: . BOVD IDSPLWR,B ¢ Display the pressed cparacisr
" CALL SCALPAS ¢ CALL DSPCHR -
B R D20,CHAR  + Convert it to lower cass

Cr 'y ,LHAR t 1s it 4 yes rasponse?

: JER YES ¢ Juse if Ye3
] CP 2'n’ ,CHAR ¢ 15 it a no resoonse?
o= s NG ¥ Juap it RO
¢ Invalid kev bees than iry again
“MOVD SBEER,E ¢ keey the beeper
- ~Call $CALPRG + CALL BE=?
MoV [URSOR,CRSPOS ¢ Restore the cursor positon
T BV 2 ', CHAR # Usv & biank as the display charicler
i NOVE ZDSPCHR, & ¢ Display 3 biank over inout character
| oall, BUALPARG ¢ CAlL DSPCHR
; INP  RULSTR # Try again




ASSEMBLY LANGUAGE FRCGRAMIMING EXAMFPLES

MV 2:01,57ATUS
NP CONT

CLR SiNTUS

¢ Indicate YES
+ Continue to azsign the varisble

+ Indicate X0

4P ZTSCCMA,CURCHR ¢ Is thare i coasa separator?

JEQ X2
SERR
MV ZESSYN,A
TRAP ERRGR
o2
TRAP GETCHR
MOVD SETADR,3
CaL ECALPAS
OV FACH, A
SR 3
MOV 2E382A8, A
TRAP ERROR
OX3
VD STATUS.FACH
NOVD ILIF,3
CALL OCALERS
MOVD ZASSIGN,3
CALL GCALPAG
NaVD ICLROSP, S
CalL SCALPAS
RETS

¢ If nct than syatax error

+ lzsus SYNTAX ERROR
& CALL ERRCR

¢ Gat the next pragris chiractar

+ Build syabol info ta of the arquasnt
¢ CALL SETAOR

¢ Check if nusberic variable fe 00

¢ Jusp if It is 2 nusaric variabls

¢ Issue BAD ARGUNENT error

¢ B0 to the ecror Randler

¢ Convert stitus to floating point
# Coavert integer ta floatiag paiat

.+ oAbl ClF

? assign the value o the suaber
¥ CALL CALPAG

# Claar the d1splay voon exit

¢ CALL CLRaSP

# Return to calling code

M raaiisazasaziiiniassasiasciiasasaxliaailoaloaoalad il agalatleld st

TelT "HYHRP'

8YTE 3
NANE EiU 3l
DT IRE
TR X000
OATA NANE-$+]
3YTe Y00
BYTE Y44

HEADER €U 4-1
t

.

L

END OF THE PROGRAM AEAUER

# Subroutine nase in reverss CaPS
t Langth byte

¢ Pointar to entry joint

# Na other Seader so :ero offses
& Bffsat to subroutine niae

¢ Reserved byta

¢ Flig infersation

BESINNILG OF THE PROGRAM HEASER

N Ramazimsiatiasasisaiaciacasacicisadasiisiilioalasncasaiiasadsndl

FPAGE 5-24 .

SUBRCUTINES FCR PERIPHERAL ACCES

J

The Five subrcutines which follow shcw hicw tgo gragran for

use of périnhiral access blocus (PFABs) within tha BASIC cowrating

e et o — W s o ——

- A S wp ot gl AR - mE ]

L

i

L !
]

ll‘

Ly

Ly
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anvironment. They show how & FAE can be addec or celetec from

*re linked list of FPARs that is meaintainec Iin tThe ayhamil memory
arsa. Thev also show hiow Lo find & specitic FRAE, Copy it into
e statement level temporary area, oOr Copy it from the statement

level temporary area inte the dyrnamis memory &aras.

ADDING A PAB INTO THE LINKED LIST

The foclliowing subroutine carn be used to add a FA2 to the
limked list in the dynamic maemory area. The FAR must currently

reside in the ctatement level temporary areas &s shown in the

+ollowing figura.

register >4A =-=3! PAB

|
i
p-T-% . address !
| P ——— e am ¥
>48 ! Current bufter H
>87 - position !
| - p—— —————
pY- ¥ ! Devicae coce !
' _— - e el wink A VA Y A SR !
>4% ! Command code ' N
A —— N |
p- ¥ ! Logical unit number !
l e -~ r - § t L . 1 - - < - !
»435 ! Record !
240 t number !
>41 ! Buffer K 1
>&0 ' length !
I S e el S wiil-ol A o - S -2 S S A A S !
P 1 Data .
p ' length !
[ A p—— |
—-i) I Return status code !
- ! ---————-é vl e o S Rl A S !
- p ncted 1 Buffer !
o ' adcdress !

reaistar oA -——>! Device attribuies :

L4 o il sl - Sl S A S il ANl R S G S-S o S
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The buffer length and record number must reflect tha
informaticon returned by the cpen cperation, but the /0 budfer
has not been allocated. Thus, the PAB address, the currant
Buffar positicon, and the buffar address are not yet initialized.
The subroutine verifies that the 1/0 buffer length is non-—-zaro,
allocatas thg 1/0 buffer, initializes the buffer pointaer,

allocates space for the PAB, links the PAB space into the list,

)

and calls another subroutine tc copy the PAB into the allocated

| spaca.

MOVD JYNADR,PABADR

Save the PAB address

e g a— -

# Equates -
PABTMP EOU 308 "Tesporary PAB® flag bit in register )43 j
FLAES EWU »4B Systes flag registar v
¥ .
SUFADR £vU >IC Buftar address :j
BUFLEN EQU )41 Suéter lenath
CURRUF EBl >48 Current buffer position =
PABAIR EQU 244 PAB address | . »
t -
DYNADR EXU YL " Addrass of allocated seacry block .
BYNLEN ESU »éE Size of requestad aescry allocitien
| i
F3irhB E0U JEEF Paintar -to first PAB in linkad list =
Lo e el _ :

EIL 50103 Dynasic sesary allccation routine |
CaLPAg QI OF33A Systen piged call routine E
#

LNKPAR
NOVD BUFLEN,DYNLEX  Prepare %o allacats the 1/0 bufier b
oHi LNKPLO Jusp if valid buffar langth
#0V BUFLEN.s Get here if NSB={), now check L33
T TR Regort fila seror 1F Buéfer langth 2 0 . i
“LKKP10 "’ 7
NOVD WINEW, 3 allocats zhe 1/0 butier
CaLl SCALPAS
NOVD OYMADR,3UFAOR  lnitialize the bufier addrass in ihe A3 -
MOVD JYNADR.CURBUF  Initialize tha curreat buifer pesiticn
MOVD 217,0YNLEN Pregars %3 allacata spica ior the PAB
MOVD MNEM, 3 Allacate spaca for the PRI -
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& Ros link the PAD into the front or the lisked list

LD% BF3TPAE Fetch L35 of pointer to first PAR fn list
TR #DYNRDR Stare i PAR 33 link pointer
Deol DYNADR Faint to agxt PAB location
LDA BFETPRE=! Fetzh NS§ of painter to first Pad in list
STa  EDYNADR Store ia PPE as link paiater
%OV PAZADR,A Fetch LS5 of pninter tD asw PAS
STa &FEIPAs - tore as pointer to first PRS in list
N0V PABADR-!,A Fetch 45§ of pointer tc new PAB
Sia EF3TPAR-1 Stors a5 pointer to first PiE in list
orll 9STOPAB Call subrautine to store the Pud isee beipw)
AXD LIFF=SASTHMF,FLAES Turn orr the “lsaporary PhE" tlag
RETS keture to calling progras

¢

FeRR
MOV LESFILE.A Prepare to report a file error
TRaF =RROR keport the arror

s il A N N N N A AN i il ol A ST T Sl - S S-S S

STORING A PAB INTD DYNAMIT MEMORY

The fallowing subrnutin; copies a FAERB from the statement
'laﬁel temporary area to its designated position in the dynamic
memory area for access by the linked list of FABs. The pointer

tn the address in the area is in the FABADR reglister pair. A

temporary pointer called FTR {is alsoc used.

b

¢ Equatss H
- THPPAS KLU 354 Low mnd of PRD in statesent leaporary arma
PABADR EDU 44 'PAR adéress -
$
STOPAE
KOVD PABADR,PTR Copy PAB address
DECD PTR Skip the liak pointer
BECD PTa
MoV 215.3 Copy =he resaining 15 bvies of the PAB
STPABL EGU $ |
~ LDA QTNPPAB-1(3) Fetch i byts fros the taaporiry arss ’
STA #PTR Store the byte in the PAB
DECD PR Point to the next pusition in the PRR
DIRL B,2TFms! Decresent counter/ofiss:, locs until doae
RET3 keturn to calling prograa

ki

i el e P - Ay Al A S-S Al S - S il ke i S -y Al k- A A -
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d

FINDING A PAB IN THE LINKED LIST

The following subroutine sasarches the linked list of FALSS
for the one containing a specitic legical unit number (LUNQ).,

‘ The target LUNQ {8 passed to the routine in a ragister called
LUNC. The routine reduires twe cther registaer pairs, one callad
FABADR that i3 used to point toc each PAB in turn, and ancther
callad PﬁVPAE that is usad to save the previocus FAB addrwess.

The routine returns three pie:ns'of informnation. The status
register Failacts whaether or not the LUNO has baeen found. I+ thae
CERHY bit is set, the LUNO was found. 1If it is resat, the LUNO
was not feund., 14f the LUND was found, the address of tha_PﬁB is
tn“PAEﬁDR and the address of the previocous FAR is {in FRVF&AB, The
addraess uf tha pravious FAR is not required but can be quite
us@ful when linking a FA2 into the list or removing a FAB frcm}
the list. I% the LUNDC was not found, FPABADR and FRUPQB both
contain the address of the last FAB in the list.

FSTPAB is a pointer in the systam reserved area of the
. system. RAM that in&i:itas tha first PAB in the linked list. If
the most significant bytae of this peintar is zerc, the list is
empty.

Since the pacing rcutines da:nat_praiarva thae status
.fagiiter, this roctinme cannoct Ea callad a:rnsiﬁpaqa“bcundarias
urless soMe@ me&ans othar than the status ragistar is used Lo

K,
indicate whether or not the LUNGC was rTcound,

Lo L |

- _"‘-m\_h r
r .I'
:

g 1L4_'1L_Lf gi.. ]

} :“[ .
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I=ny

] "-—1

§ Eguates

PASADR EBU >4k PAt addiress

$

FSTPAR EQU >8EF  Firs: PRE pointer

\ | P

FROPAS
MOVD TFETPAR.PABADR  Set op pointer ic the tirst PAB sointer

FROPI0 E01 ¢

" MOVD PABADR,PRVPAR save aderess in previous PAE paintar

LD& #PABRDEK Fetch the teast sigrificant dyie
MOV A.3 Save it in the b register
DEZD PRDADR Point to the sost signiticant byte
LD4 +PABRIR Fetch the B33
41 FRDF2D Jusg if at end of linked list
NOVE B,PADAIR Copy the paintar to the PRE
StB 10,8 Adjust pointer to the LUND Jazation
358 10,4
LA B Fetzh the LUNC froa the PAB
D LUNG,A Cospare to the target LUND
4% FRLFL0 susp if this is not the corract LUNG
Cr Y4 lndicate that the LIND xas found

FADF20

" RETS katorn to the calling progras

LOADING A PAEB INTO THE TEMPORARY AREA o Coe

b3

The following subroutine can be usad to load & FAB $rom the -

l1inked lis: ints the statement level temporary area. The FAB

- must have Deen located and the location pointed to by the

contents of ﬁhe FRBADK ragi:tlﬁ pair. A taemporary pointer FIR is

also used.

& Eouates \
TEFPAE el Y3m Low end of PRE in stataaent Lemporary ares

PRBAOR EQU 4k PR2 address
3
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T LDPA3

HOVD PABALR,PTR Copy the PAB iddrass

RETI PR Skip ovar the link pointer

DECD PTR

ny uls,3B Cspy the reaaining i3 dytas of {aforaatian
LEPARL

LOA TR Fetch 4 bhyte ]

STA (TnPPAR=-1(B) Store it in teaporiry arsd

DECD PTR Paint to naxt Byte of PAS

DJNT 3,L07R01 Jecresent countar/oéfsat, loop uatil dcae

AE13 Return to calling prograa

¥
i S-SR S S S A sl S S-S -_-----—--——-—--—--—“---—_-—-ﬂ-—- W o S S i A

DELETING A PAB

Tha following subroutine can be used to deleta a FAS from
tﬁc linkad list and releasa the allocated blccki of dynamic
mamoary. 1his code agsumas that the PAER has been copied tc the
statament level temporary &area and that « regQister pair called

FRVFAB points to the previcus PAB in the list (as returned bv the

FNDFAR subrnutinn).l

+ Equates

BUFADR £xU )30 Sufier address

- PASADR ‘ERU 343 PAB iddress .

. |

DYNADR EuU X6C Address of allocatsd semcry block

. |

ND1SP? XU 50100 Oynaaic semory dexllocation routine -
CALPAG EBU 3F304 Systes paged call routine

L

o

Lf

L_I
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UelLPhs

XOVD PABADR,DYNADR
LD& #PABADR

CTs &PRVPAD

DLl PABADR

OECD PRVPAR

LDk +PABAIK

Sth  FPRUPLS

KOvD IHﬁiSP,i;
CALL ACALPAG

NOVI BUTADE,DYNADR
NOVD 2MBISP,3
CALL SCALFRS

RETS

i i A L RS S r—" . I———— - el - .

in

Szve -he PAE adoress tfor later ralsase
Petcn the LS2 of the link to the next Pab
Store as the link is the pravicus PAE
Point to MSH

Foint to HEE

Fetzh the MSD o7 the link to the next Pl
Store as the link in the pravious Fab
kelsase the allocated PAD space

Prapare tc relaase the 1/C buiter
Releass the 1/0 butser

turn to the calling prograe
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CHAFTER 6
CC-40 SYSTEM HARDWARE DESCRIFPTION

| The CC-40 svetem is designed around a TME7OCZIC wight-Bit

CMOS microprocessor with & clock rate of 2.5 megahert:. The
pr::ai;a; imtegratad—circuit chip contains both random—acsess
memory (R&M) &and reacd-onlyvy memery (RQM). addditionally. the
processcor adcdresses internal and external registers in a 2Sé6-bvyties
addresy block at >100-1FF for “peripheral” ragisters which are
accessad by processor input/output commands. During mormaal CC-40
cperatieon, the first eight addresses of this blcck access
registers which are in the processor chip. The remaining
adcdressas access cevices external tec the chip.

The processor chip is designed for intérrupt operation in
£mnjun:tinn with a built-in timer and svent counter,

Svstem elements external to the 70C20 chip but inside tha

CC=40 console include the following.

* I2K bytes of FOM containing system software (code for BASIC
and a debug moniter) |
* &K bytes of RAM (with the capability of internal exXpansion
to 18K)
*»  A’'stanning-type keyboard
* A dieplay contrcller and a liquid crystal displav (LCD)
R A cartridge port through which external FAM or Rﬁn mav be

added toc the svstem bv the user

* A HEX-BUS—-tm intelligent Feripheral Interface for
communication with devices axternal o thg CC=40 conscle

* = DOWar supply

System eiements outside the the CC-30 cConscle are

intalligeqt-peripheral devici's controlled bv softwara—-generataed
L




SYSTEM HARDWARE DESCRIPTICN

conmmand codes lssuaed over the HEX-3US-ta {nterface.

FAGE &-d

Thesa

davices include B3232 interface cdevicas and Wafertape-~tm devices.

A block diagram of tha CC-40 svstem is shown kelow,

SCANNING
KEYZ0ARD

ILCD DISPLAY! :

- | :
#===3 1 HEX=BUS-tm
! 1 INTRFaCE

o=!L3!=y, 2.3 MH=
g T ———— ! ! Clock g e
: ! g ==’ e, . =——2! CARTRIDGZ!
! ' ! SYSTEM ! : ' PORT
! | {mmmmaa=n]  CONTROL | { mm e e e P o o o et e
! ' LOGIC ! : g ——— ——
: ! ! ettt e o e e +=e=>! INTERNAL
: 1 e s i e e e : RAM
! 70C20 g e —————— ! ? e e e e e
: CPU !DISPLAY | {mmem—tr g e e
! ICONTROLLER ! ===t INTERNAL
: | e e | : ! ROM
'
!
i
1
¥
!

1
1
|
)
|
t
'
|
1
1
i
i
\
i
»

% g swm W)

ol - I S e A oS- S

.
1<
t
»

EATERNAL
DEVICES

e Sl il S S

iy,

THE 70C20 FROCESSCR

e o The 70C0Q processor, as it is us

modes of coeration. It oparates in

powarup. Attar powerup, it cperatas

full intertaca to other CC=30 systam

L

e

procassor. as listed below, ara group

@d in the CC-40, has two

gincle~chip mcde during

+ull-eupansion mcde with

alements.

ed into four “ports."
4

lines of which 4unction differently during full-anpansién and

gingle-chip cperation.

ey
- .

FCRT. A2 1IN
D oeraus  ef

(Fa). o

@ithar full-sipansion <
aight inpult lines sccessad at

r singcla-chip
adcrass

W sms s B

Control, data. and memery-adcdress signals to and from tha

sChe

operation. a

» 1 os

]
Eaye T liph ==

.i[
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~ORT E-; in
bidirectional
controel

+uxll-expansion

operation,

1/0 lines and a grous of four
and status lines.

@ight=-bit latched output port.

ForRT Co n

. lines

full-axpansion

operation,

&n eight=-bit
with multiplexed bidirectional data-bus
and low—-srder address—cutput signals. in

four—-bit grcocup of

rocessor

In single-chip cperation. an

Qrous of
signals
singlae=chip

operation, an eight-bit bidirectional 1/C port.

FORT D3 in
ordar

full—expansion
address lines. In

operation,

@ight=-bit bidirectional 1/0 port.

The 7OCL20 is initialized during
operation in which only the 2K byles
registar and peripheral files can De
.tht 70C20 chip becins axecution,
is switched to full~expansion moce sc that all
processcr addressing capability can ba used in

In full=-expansion cperation,

as.shown in the figure below.

30=B3

. Ba
B7

CG-C7

’

!

z

z

z

:

!

'

:

3 o
! 70C20 Bé
1

!

!

!

!

!

1

! DO-07
|

;

!

A g A A S-S i

XXXXXXXXXXAXX

'

'

!
PXXXXXXX2XX2XX
' .

!

!

+

a arous or eight
gingle~chip

accessad.

the cperation

the linas of

high=-
cparation, an

reset to single-chip

ot internal ROM angd the

Whern tirmware in

cf the procassor

64K bytaes of
CC—-40 operation.

the 70CC0 appear

Fert A input lines

ey
]
r

Port B ocuitsut lines"

Aadress lateh
Read/write
Mamory scrobe
Clock output

strobe

LE address/
bidirectional
data lines (mux)

ME address lines
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Further information on the 70CZ0 processor is includaed in
TMS7000 Data Manual, available from Taxas Instrunants XXX

Division, 123 X Street, Somewhnara.

MEMORY OQORGANIZATION

In the CC-40, the 70C20 microprocassor addressas L4K Bytes

of memary. This memory is mapped intoc the following blocks.

* The 128-bytw general-purpcsa on-chip RAM registaer tile

* The peripheral-registaer file implementad in beth on-
chip and off=chip registers -

* Svstem RAM in the CC-40 consola

» °* RCOM or RAM in a cartridge plugged into the console
cartridge port

* Systam ROM (firmware) within the CC-40 consale

* System ROM within the 70CZ0 processor chip - -

EBach of thesa blocks is addressad at a specific area in the

. CB=40: m@mory map as shown below.

bt
[ ]

L

g

"'-'_--H"l-\.,'
Y



EYSTEM Hm

GENERAL-PURPQOSE REGISTER FILE

WARE DESCRIFTION = ABE 5-5

CS-40C MEMORY MAP

! HEX ! Deszription :

-“*-_'_—--

'O S0000- ' Register i
1 »Q07F ) <¢ile {128 bvties’ !
! o I A iy R Sl (N T S G A A S A S s il S S -l AN -t S i S !
U »O080- | Unusec !
' >OO0FF (128 bvies) !

! S S S SV S S o S . dl-J S S S S S S-S i S A - S -

I »0100= ! Faripharal !
1 S01FF ' File {o%e bvies: '

E ey e S A e Al W

1 0200~ !} Unusad !

L >OTFF ! ¢ (1.5 bvtes) !
D - e |
1 »0800- ! Svetem or Cartridge !
1 8FFF ! RAM (up to 18k bytes) !
1 e e e e e e e ot e e e n e ]
L 3EOO00~- ¢! Cartridge ROM or RAM '
1 SCFFF ! (maximum 4 pages of 2K !
! ! bytes/page) .
| e o o s o et o 0 o e i - = |
1 >DO00O~- ! Svysteam ROM !
' SEFFF ! (maximum four pages of !
! ! B8k bytes/pagel '
| an e showm - - - 1
' OSFOOQ0=- !‘Unused !
t SF7FF ] (2K bvytaes) !
! e e e e a—— 1
1 SFB00- ! Frocessor !
' SFFFF ' ROM (2K bytaes) !
| P ——————————— i S S A v S sl S S S S S S S » i

" Thae register file contains the following genearal-purpose

registers implemented in en-~chip RAM.

F

4 register designated “A* or RO at address SO0
A register cesignated “B" or Rl at'address 20001

Registers designated bv numbers R2=R127 {or R»2 through
R:7E) at addresses »OQ02-007F
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PERIPHERAL-REGISTER FILE

The 70C20 procaszor interprets Input/Cutput cocmmands by
raading from and writing to addrassas >LlO0-LFF with ragistar

names PO through P58 (cr P>Q through P>FF). Thesae ragisters,

and their functions, are listed belaw.

MEMORY IN THE CONSQLE

Mamary in the console consists of three areas: (1) system
RAM from >800 through (as high as) D4FFF, (2) systam ROM from

D000 through >EFFF, and (3) procassor ROM fram >F300 through
EFFF

PERIPHERAL~-FILE REGISTERS

’ L S S sl 1 ,

! REG ' HEX ! !

1 NO. ! ADR ! Descripticon !

! e D A Sy — i A S i S !

' POt 5100 ' 1/0 control !
R s o . ———————— )

¢t P1T ! 310t ! Procassor usa only !

] e et e o e e e 2 s s et S S D D T S ol ——— 1

1 P2 2102 ' Timar data !

| e o o e e e e . S S i e . . o e . §

O RPT Y 5103 ! Timar control '

B R e e s e . 020 s e s e e s |

1 P& t 104 ! Byte from kevboard |

b o s v v oo e s e e e e e ittt o s o e e v

! PSS 1 310% ! Procassor use only '

' - SN SEDE—— t

' PSS Y D104 ! Bytae. to kevboard !

e g sl S o s el s AN A SN PN e -l e S A - A JE S S s

"CONTINUED ON FOLLOWING PAGE
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PERIPHERAL~-FILE REGISTERS (CONTINUED)

T e S S-S A Al i o Y A S - S T -

. —Smm———1
I REG ! HEX ! !
1 NQ. ! ADR ! Description '
| et it o e o = e o e !
t o P7 Y 2107 ' Processcor use only !
I

1 PiS Y 2110 ' Address. speed ctrl !

! e S - ke ol S S I S i A

' P17 !t i1t ' Fower on held latceh !

et S i o wm e et e e e e o
t P18 Y 5113 ! 1/7C bus data !
R ——— ———

. P3? Y 2133tV I/0 bus available J

e e coemtres. |

¢ =0 ' 3114 ' 1/0 bus handshake !

--“_-'
=

t P21 ! »11% ' Besper control '

b o o e o e s o . o e e e i it e
' P2 Y J1ié6 ' Low battery sanse !
1 o it i e i e e e s e o e e e s i s s {
! 25 ! 211A ! Systam clock control !

! =0 ¢ 311E ! LED commands / status!

! e ey . et s s s S S S S e S s ey Sl Y SRS S S WU SV S P S S s s s S S 1

1 P31 Y S11F ! LCD data !

Svetem RAM

Depending on the siza of the memary chips insetalled dur{nq |
manufacture, systam RAM within the conscle extends to as nigh as
>4FFT o

System RAM installed in the LC-40 console is alwavs mapped
talﬁgqfn at >é6¢, uithézk bytasfnf CC-4¢0 system RAM always
present at >B0O0 through >FFF. During manufacture, additional Ra&M
chips aré ingtalled in the conscle tc provide RAM beginning &at
>1000. These chip; mav ba k-bvie chips. Sk-byte :h}ps, or one
5? each. Dits 2 and T of peripheral-+ile rggi;tar Fié are set to
provide tor contiguous addrassing of the two Eizes of RAM chips,

&8 showrm im the following table.

——

b
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CONSOLE 2K AND SK RAM EXPANSION

. .
! Fla ' RAM CHIP S1ZE ! : !
I B3 ' B2 ' RAM L ' RAM 2 ' Adr RAM 1 ! Adr RAM L !
1 e o o e e e e et s et Al 2 e e A 2 o e e e o e it et s |
t Q0! © ! 1.4 ' 82K ' 1000O-=2FFF ! SR00-4FFF :
! e o it e o e e e e s o e i e i e et — s e o e et e e e i e e e |
t o' 11 8K ! <K ' 100Q—-2FFF 1 3000=-IT7FF ! J
o s o e e et o 7 20 . S e S A o et -
1! ¢! 2K : ak ! 1000-17FF 1 1800-3537FF !
et et et e e e e et s 4 et e o . e e . e s ot s s |
S T N O <k ' 2K ! 1000-17FF ! 1600-1FFF ! -
U Y L Pep—— )
. )
|
 System ROM
Systam ROM addresses begin at >D0O00 .and extend thrcough | j
$EFF?. This S8k~byte Block of memory is actually one of four

' distinct "pages“ of a T2k-byta ROM. The page (from page O “_ '
through paga 3) which is active at a2 particular time is _ -
contralled by bits O and L of PIS, as shown in tha following "

' el
table. —
SYSTEM ROM PAGE SELECTION BY PIS ' L s

' Bi! BO! PAGE !

' 01 QO ¢ o !
| e o e e e e e |
't Q! 1! 1 ' ~
e s e
IS L s I 2 !
e e —— -
S S B S - ! -

. 3

At systam rasat. bath bits affacting system RCM paging ara

imitiali=ad to O. Until changed Sy sciftwara., pege O oFf systam

T

ALM is active. B
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Processcor ROM

Frocessor ROM contains firmware im a single 2K byte page

beginning at >r8Q0,

CARTRIDGE MEMORY

Cartridce mamory may be RAM or FOM addressed Trom »S000
through “CEEE. As in systam RAM, peripheral-register control
provides for addressing of different-sice ROM or RAM chips. AS
in svetem RDOM, cartridge memory mav D& selectad from among four
pages.

Cartridece mamory addreszing within the >S000—-CFr+ adoress
bBlock is set up under control of bits T and & or Flé sc thac ak-
8k—-, or l&k=byte ROM chips may be used in contiguous address
blocks.

Additionally, cartridoe memory may be mapped to be
contiguous with the first two kilobytes of system RAM; When 8O0

mapped, cartridge memory containing 8K bvtﬁ.:hips appears tfrom

51000 through >4FFF, and all system RAM chips installed in the

console at or above 1000 are Sisabl ed.

CARTRIDEE.MEMDRY ADDRESSING BITS IN Plé

L

tCMIF SIZE! bé ' BS ! ROM & ADR ! ROM 2 ADR !

! 2k bvtes! ©O ¢! 0O ! wOO0O=57FF ! S800-uFFF !
| e s v 0 s o o e o o 0 e S e o 4 e s e e . e i o e !
! Ek bytes! o ! 1 ' =000=6FFF ! 7000-8FFF !
* et e e i i ST el e S D S S s A . A A S v e —— |
v ti6k bytes! 1 ! O ! BOOO-8FFF ' SOOU-CFFF !

' 8k bvtes'! 1 ! 1 !t 100Q00=2FFF ! S0UO-3FFF

L i S - A P N S S e S S A A _--—-'_----'—'_--_--““—'---—_'_ L *
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The sana parihhnril-+iln register which controls paging for
systam RCM alsgo controls paging of cartridge memory. B8its 2 and

T of register F2% (>119) salect tha page, &s shown in the

fellowing table.

CARTRIDGE PAGE SELECTION BY P23

! 0! QO ' Page O !

| e e o e e o e e o e e et
1t Q' 1 ' FPaga 1 !
o e - 1

1 4§ ! 0! FPagae 2 !
) e e e i e e et e §

1 1t 1! Fage 3 !

' - e Wik A SN AR - Aol A - '

At system reset, both bits affecting cartridge memcory paging

ard initialized to 0. Until changed by scftwara, page O of

cartridge memary is active.

Cartridoe Memcry Speed Control ' | -

The speed of the CC-40 systam clock is normally 2.5 MHZ,

rasu1t1n§ in a memory access timae of JI00 nancseconds. "~ Tha clock

- may. b!“:lawad by any add—numbnred factor between 5 and 17. Slow

cleck spaed parmits the usa nﬁ AROM chips with access times

L

grnahnr than S00 nanoseconds (and it parmits RAM To De usad &t

gslow sbeed €O ﬂimulati avecution in slow ROM). The factor bv

‘which tha clock is slowed., a diviscr cf thae clock scead, is
' b

placaed in F24, bBits O, L. and 2 in accordanc? with the valuaes in

A
the +sllowimg tabla.

B — s ozl - - N WL B
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SLOW-CLOCK BITS

’ s
: Register F2é6 ! Divigion ! Elow eclock ! ACcess Timae \
I mTt B ' BO ' factor ! Spead (MHZ) ! {(Average, usac) !
o — e e St e A S i s S U S A D P S e e S e ———— !
L« A Q 1 O ! )7 ! G.147 B .8 !
| o et s o s i o e o o ot e s e e o |
< - 1% ! O.1467 I Be 5 !
| e e o s e e s e e e S i e i s s . e e o . e s e . S 0 70, e e e e e v e |
¢ ¢t 1+ 1 O ! 13 ! ©.192 ! e !
| e e ot e e e e e S e S s o o et e o o e e e e s }
Y« R S S - 11 ! 0, &d : b. < !
} m cn ctcrm e e i e e e e e 4 e . s € e e e e e o e e e |
t 1 o v ¢ Q ' C.278 ! -V '
: e e P e e e D P o Sk Sl D e S e s e e s s s e e |
1 ¢ v 0 'Y 1 ! 7 ! o ol ! <. 8 '
1 s e et e o e e e o e o e e e e e e 2 e . e o
(A S S S A - ' C. 3500 ! oy - !
] i s e e e it . 6 = - e it o B e D Al o S e S 4 e e ————atema et
S S A - L C.B53 't 1.4 !

' i - i A RN S aln M- S i S SN - i W - e e SN N SN O A i e SN S A AN — -l aleelie-oiiniie JE SEDUN-SENE SN A i S ANM A S -l Al »

CAUTION: Setting the division factor to 9 or graater ady impair
| processor ocperation. |

Setting bits in P24 Ffor slow system—clock operation only
defines the speed of slow-clock cperation. Clock speed is
uwnatfected until certaln conditions, sit under either Sarduari or,
software control, are in effect.

The clock is slowed under scfitwarae control by writing ONE
iRty Bit 3 of P2s. ﬂl.lnt’il a ZERD.is written into the bit, the
clock thereatter runs at the +r§qu-ncv sat by bits O, 1, and <.

The clock may be automatically slowed for sslected blocks of
ma@&mory undnr.hardware.cnntrnl. Fa; hafdnarn control of clock
4£§auen:y, bits must be sat in ;16.tu identify gystemn memcry,

' cartridge memory., or both for sléw—:lu:k access. Setting bhit 6
.c+ Flé identi+ieﬁ svstem RCM (30000 throuch >EQ0Q) for slow

cperatisn. Eatﬁing bits G-apg 1 of Flé, respectively, identifv

\
\
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the first and second chips in cartridge memcry for Slow

cperation. | J

PROCESSOR INTERRUPTS AND TIMER CONTROL

TMS7000-family: processors have thrae maskabl e interrupts, ]
two af which are inputs from a%i;Ehip devices and a third of -
which is an inmput +rom an on-chip timer and event counter.

Within the CC-40, only the timer interrupt is of practical use: R

thae aff-chip interrupts must be resarved for controcl of system :!‘
+functions by iirmwari. _H
USE OF INTERRUPTS _ ' _ ;f

Interrupts are initiated by an interrupt request, whiéh is a # -

Low signal apﬁoarlnq on a processor interrupt-input line 6r a I
similar signal from the timer in the processor chip. I+ the )
processor i{s set to recogniza an interrupt request, it rnspnn&s -
to thd requast (after it completes execution of its current- -
1nﬁtructinﬁ) by pushing the status register, the mc:t-signifi:aﬁtﬁ
program countar byte, and the Iqast-siqnificant program counter —

'ﬁﬁfﬁniﬁﬁtn thgiitaék.;;Th- program ccunter ig then lcaded -
indirectly with addresses lta;id in firaware for the TRAF 1, TRAF -T
prd ﬁndiTRﬁP - (TRAF QO is rnsérvod_fnr ui; bv £he processcr upon .
recaiving a RESET signal).

:’ The thrni intarrupts aruxasaiqncd priarisy lavels in ~

accordance with thae cerdar cf processcr racognition when ,thay
cccur simultanecusly. Intarrupt 1, which branchas to the TRAFP I
Address stored at >FEF;ﬂ§ﬂdE>FFFD, nas highast prioritv.

"y
y

Intsrrunt 2. which Branchas 2o the TRAF I adcdress storad &t HFrrs SR

2 et

n omm o W v TN ey ofeh ko s g
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and >FFFE. has interaediate prioritys interrupt S. which branches

+e the TRAF 3 adcress at »FrrB and »FFr-, has lowest prioritv.

Within the CC-40. interrupts 1 and = and the routines which
service them are inactessable except IO svetem devicas and systaenm
sirnware (through tha HEX-3US interface, and the lika).

Interrupt < is a:#nssabln tihrough software contrel of the timer

and event counter (see below).

For the timer and event-counter interrupt to be recognized,
two conditions must bHe preseant. Processor interrupt logic must
ba enabBled with ar EINT instruction. Alsc, &n individual bict
corresponding to the interrupt must De sat in the TME7OL2Z0

input/output contrel register (I0CR), which is accessed at FO of

ghl peripheral-register ¢file.

. The IQCR is an @ight=bit register which provides scftware
control of the use of input—output pins on the TME70C20 chip.
The lower six bits of the register :antrnl_intnrrupt rac;gnitiﬂn.
The upper two bits control whether thclprn:nssur is in~sinqli¥"~
chip or full-expansion mode. Fit 2 must remain CNE and bit &
must remnain ZERO iohdurinq normal CC~-40 program execution.
'“ﬁiéiﬁlgéhthiilfbitl results in loss of data and program control.

The lower six bits of the IOCR are written to in order to

enable ("magk®) &ach of the three interrupts, and they arae read
in order to determine whethar an gntnrfupt is enabled and whethar
#L integrrupt FlﬁUIiflhil nc:ur;nd.- For @ writeg aperitidn, thase

bits appear as in the following table.
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! BITS ! 8BIT4 ' BITS3S ! BITZ2Z ' BITL!I ! BITO !
l mmmmemea | ccmeccws | caccacae | seeaemen | cccocc—ee | ceamm———-]
' INT 2 ¢t INT 3 ! INT 2 ' INT 2 !t INT 1 ! INT 1 !
! CLEAR ! ENARLE ! CLEAR ! ENABLE ! CLEAR ! ENABLZ !

. __—‘——---ﬂ-_--.-ﬂ--—_--_---n_“—ﬂ-_---—-—-—---—— ¥

wrttinq a ONE o an interrupt—enable bit masks the

carresponding intarrupt input for processor rasponse. &~ftar tﬁis
hit-ii g2t to ONE and an EINT {nstruction is in effect, the
prc:::;ar responds ta the interrupt requast as cescribed abova.
Aftar it is sat to ZERO (or a DINT instruction is 1n-ef¢n¢t),ath-
processcr does not respeond to an {nterrupt request.

| The interrupt-clear bits resst interrupt riqu-it: that have
been latched upen receipt of interrupt requasts, as dtscribid
below. Interrupts may not be cleared and enabled simultanescusly.

) Tha lowar six éltn of the IO0CR are read {n order o

determine whether interrupts are anabled and whether an 1nt-rruﬁt

request has bewn recaived. Input bits of the IOCR agpear as-in

the folliowing table.

S

bl A S

'y

¥ .

e L BITS Y BIT4!BITS ! BITZ ! BIT L1 ! pilT O !
!
'

L]
. -~

: o D
. » .

- b
INT 3 ! INT I ! INT 2 | INTZ ! INT L ! INT LI !
FLAG ! ENABLE ! FLAG ! ENABLE ! FLAG ! ENABLE !

S - S SN Sl -l -G AR e i A L4

- If intarrupt | has baen enabled by writing CNE into bit Q, a
, j

CNE bBit is presant for reading +raom bit &,
The intarrupt-{<lag bhits are set tc ONE by interrupt racuaesis
rsgardlsss Sf shether int@rruots are snablsd or an EINT

ng;;gg;;ég i3 in afregk. Thay ramain s&t until tha procEsIcor

i —

el ~—— e —— e | 2
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vallla u.hn *he ~urrent count ang s*ore the result as the count

modulus.

CONSOLE INPUT/OUTPUT DEVICES

{

Input/outaut devices in the Co-40 'console incliude the
compact kevbcard, the liguid :ryst#l digspiay. and the baeper.
These units communicate directly with the 7OC20 procasscor via
registers in the peripheral-register t+ile. Peripharal units

external to the conssle rely on the HEX-RUS-tm, while the HEX-
BUS~tm itsals is {mplementad via registers in the peripheral-

register +ilea.

CﬁNSQLE KEYBOARD

Keyboard comtact closure is detected by scanning :alumﬁs and
rngi of keyswitches in an eight—column by oiqht-rbw matris.
Successive bvtes cutaut by the 70C20 processar write & single
latched ONE Bit (High signal level) to each of the eight :nlumﬁs
a* the keyswitch matrix. Nhiie each individual column lines is.
latch-d High1 & byte input to the 70C20 from the gight rows Of .
the matrix is testad for a High signal (ONE bit). 1If a Hiqh
mignalis dlg!ttﬁd; the keyswitch corresponding to the column (to
which the ONE is written) and the row {(from which the ONE is
read) is uniguely ildentified.

Calumn bvtes are written thF:ugh'periphﬁraliiila register Fé
;End latched, and row bvies ar;'r.ad through tQG unleatched Port A

{rFrd) inputs.
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LIQUID=-CRYSTAL DISFLAY (LCD) AND CONTROLLER

The ligquid—crystal display shcws Il of the 30 alphanumeric
or user—de+ined éharactlrs in display RAM. Each character is
+termed from a S-by-=7 dot matrix. generaticn of which is paéfcrmed
in a 190 character ROM or a 7-character RAM.

The display unit is addressed at P3O and Fll of the
Eiriphﬂral-rngistnr file. It i controlled with instructian bytas
and RAH addressas written to F30. Bytes for dlapliy R&M or
charactar-generator RAM are written into P3l. The current FAM
address {automatically incramented atter each read or write -to
the displiy) is avallable %rum reading bits Q=6 of FJ0 and Ehn
controller status {(ready/busy) is available from biﬁ 7. Th&

currently addreszad display~ artcharact-r—qnnﬂratnr RaAaM character

is read from FPIl.

Instructions provided to the display control the inllawing1

oparations. | - - . .

(1) disslay clearing and scralling

(2) curscer positioning, blinking, and disable (off)
(T) display disable/snable (on/cff)

. - ! - L
-l A - :--_._.:. . ;"IZ-*T
4 T

Fa
'

BEEPER
The beeper is driven by a transistor amplifier +from the

latchad Bit O output of P21. Altarnataly writing CNEs and ZERCs

%0 this register producss &an amolified square wava whicsh causas
. : T

oy

the hescer to amit sound. P,

'II:'Lt'iLI-_LI
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acknowl edges the corresponding interrupts or unitil thev are

clgared urder prodram contrel by writing ONEs to corresponding

interrupt-clear bits in the IOCE.

USE OF THE TIMER AND EVENT COUNTER

The *imer and even: counter consists OT &N e@ight-dit
decraménting couniter and a count-—Trequency prescal er. When the
:nuntgr decremants past »00, it provides the processor with a
level £ interrupt pulsae.

The counter s loaded with a :nﬁnt modulus therough
peripheral—-file register Fl. After the modulus valus is stored
and the counter is inablnd,'thn counter decrements at the
counter—cglock frequency until i1t decrements past »00. The

counter then issues an interrupt 2 to the procwssor. ~Rftar

{gsuing the interrupt, the counter is once again loaded with the

count modulus, and it continues decrementing.

The counter—-clock is either internal to or axtarnal to the

Uy

processor. A IERQD written to bit & of FS sets the clock input tb;:
be internal to tha.praccisnr st one sixtesnth the processsor clock

- +regquency. A ONE bit sets clock input to be axternal to the

4 -} -il-’ 1

orocessor through bit 7 of Port A, enabling the clock to count
events. The event counter decrements on the positive-goling edge

of an inpu: signal.

N The counter is loaded with the modulus and enabled when ONE

Is writtem to bit 7 of F3. When ZERD is written to the bit, the

-y

counter is c¢isabled ans the count is frozen until it is onca

again enabled. 1§ &« ONE 18& written to the counter—enable bit
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whan the countar ig already enabled., the count modulus is
restaored once again.

The prescaler divides the fraquency of {ncoming pul ses 5y
any value up to 52. This prescaling divisor is one pius the
value written inta the least signiticant +ive bits oy P3.

Bit & of PSS must always be CNE. UWriting a ZERQ ta this bit,
whi:ﬁ is unrelated to counter operation, powers down some of the
elements of the TMS70C20 and, whan an IDLE instruction is
- executad, r.ﬁults in a loss of data and program control.

A value of >AS written into FS, for example, sets tha clock
gn the procassor clock divided by 16, starts the clock, and seats
the prescaler diviscr ts 4. The clock tharefors decraments thae
P:nuntar at ‘'t/64th the procassor clock rata.

Infarmation written (Qutput) to P2 and FS is net the same as
information which may be read (input) from the registersa.

Whereas the count modulus is written to PZ, the currsnt value in

the Countar i reac from the registar. Whaersas :nuntir-ﬁnntralf i

information is written to F3, the latched value of the counter

when the last interrupt S pulse cccurred is read from thae

wrfiﬁiltir.

-

.l

Difi-runc-s in in+nrm¢t1§n writtan to «nd resad from tha
countar registars make lt verv iﬁpartint that only the MQOVP RN.PN
;?nd the STQ tnstructions ara &!ad to cutput tq; count mdaulus and
countaer—-contrcl byza. GOthar ocutsut ins:rudticﬁs, which raac <
caripheral ragiitér heatore writing o {t. precuce unanii;able
results. Using any afugggwggriphural-€ila lcgical instructions.

w

(ANDP, CRP, or ACRP), fcr axample, will logically coerate en a

11

- A v i sk g
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HEX-RUS-tm INTELLIGENT FPERIPHERAL INTERFACE

The HEX~EUS intertace is a four—-bit, medium-soeed 1/0 bus
which transtrers daﬁa at speeds up to 6000 bvias/seconc. Tha bus
communicates over aﬁ @isht-line catle which contains the

fcllowing groups of lines.

(1) Four bidirecticnal data lines interfacaed to the lower
four bits of peripheral-file register FlS8

(=)} A bus=-available line intertacaed <¢o the leasgst—
significant bit of F19

(Z) & handshakae line intertaced to the least-significant
Bit of FIO

(4} A ground line

»

(=) A line reserved for for +tuture expansion of the bus

Signals for the data lines are clocked aut of and intuf
processor address and cCata lines ¢ through 3 (bits O thrcﬁgh - F*
Port C at Fi8). On output, the nibble of data is latched and
provided through open-—drain buffers to the bus lines. On input,
tri-gstate buffers strobe data into bits O through 3 n% FiG).

Data “ransters on the bus are controlled by the ”
bidirectional bus—available and handshake lines. The bus-
:vailap;- signal controls the itart and $inish of & transmission’
'iﬁi“:iéna1 ii"ﬁullod fan by the CC-40 consolae or & peripheral to
'indi:ata that a4 messace is about to be transmitted over the bus.

The handshake signal indicates, when low, that a nibble is

available on the bus.

i

Message transmission on the Dus consists bf the tan:clﬁ

W

transmitting & bus command message along with any reouired data

to a particular device., and the device transaitting & responss

T L}
_I‘

] |
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message with anmv returned data and the status of the cperation.
Program-~controllad speration of the HEX-BUS-tm through the

Input/Output Subsvstem is describad in chapter 2 of This manual.

]

POWER-ON HOLD REGISTER QUTPUT

To provide for program—-cantrol of CC-40 power down, power to
the unit is controlled by register P17 in the peripheral filwe.
Bit d.il sat to ONE by hardware durling pawér up to lateh the

power on. Power cantinues to be provided to the unit until a

ZERO is written tc the bit as thae last step of a pawer—~dawn

. saquance.

LOW BATTERY VOLTAGE INPUT

Whan battsry voltage to the CC-40 becomes marginal, bBit O of
P22 is ZERO. Frograms developed with the ALDS may use this bit

to detect impending battery failure.

LY |



