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INTRODUCTION

This is not just a memory map of the Commodore 64 micro
computer, it's a memory guide. So, what's the difference?
A memory map is a list of all the memory locations used
within a computer. A memory guide is much more than this.
It's a detailed description of each location, explaining
what it’s for, how it is used by the computer, and, more
importantly, how it can be used by the programmer .

The memory guide to the Commodore 64 is split up into three
main sections; the RAM guide, the I/0 guide, and the ROM
guide. The ROM guide also includes a complete and annotated
disassembly of the Commodore 64 ROMs.

14 you are a machine code programmer, this book will be
invaluable in helping you to write programs that incorporate
the subroutines contained within the Commodore 64 ROM. It
explains how to pass any parameters that may be required to
the routines, and how to recover the results of calculations
etc. that are returned by these routines. Also covered is
the procedure used by the computer to cope with errors in
the data operated on by the routines.

1f you are a BASIC programmer, this book will enable you to
manipulate the system variables used by the Commodore 64 to
your own ends. This will allow you to use the advanced
features of the Commodore 64 to their full.

This book does not, however, teach you how to program in
machine code, or give explanations of the 6502/6510
instruction set. 1 have assumed that you possess, or have
access to some other book which can do this for you.

NUMBER FORMATS

In general, the hexadecimal (base 16) number system has been
used throughout this book. Decimal numbers are sometimes
used, though, and to distinguish these from hex numbers, and
also to distinguish data from pointers, vectors etc., a
system of prefixes has been used.

If the number has no prefix, then it is a decimal number.
1 the number is hex data, then it is prefixed with a hash
3 This is mainly to conform to the 6502 immediate

addressing mode format, where data is prefixed in this way.
Examples are #60, #1F, #CA.



If the number is a hex address, then it is prefixed with a
dollar sign ($). Examples are $FF, $A000, $BS06.

If the number is a pointer or vector, then it is enclosed in
parentheses (). For example ($C1) represents a pointer or
vector that is held in locations $C1 and $C2.

Many locations are referred to by a label. A label is
simply a mnemonic device to aid the programmer in
remembering which locations perform which functions. The
labels used in this book are those widely accepted as
‘Commodore standard’.



SECTION 1.
MEMORY MAPS



PAGE @
LABEL
D&S10
R&510
ADRAY1
ADRAY2

CHARAC
ENDCHR

DIMFLG
VALTYP

INTFLG
GARBFL
SUBFLG
INPFLG
TANSGN
CHANNL
LINNUM
TEMPPT

LASTPT

TXTTAB
VARTAB

ARYTAB
STREND

FRETOP

RAM memory map

ADDRESS COMMENTS

s08 ° 6510 onboard Data Direction
Register

so1 1 651@ onboard 1/0 port

$02 2 Unused

$03-504 3-4 Jump vector: convert flpt to
integer

$05-506 s-6 Jump vector: convert integer
to flpt

so7 7 Search character

so8 8 Flag: scan for quote at end of
string

$09 9 Screen column before last TAB

$0A 10 Flag: @ = LOAD, 1 = VERIFY

$OB 11 Input buffer pointer, No. of
subscripts

soc 12 Flag: default array DIM

s 13 Data type: #FF = string, #80 =
numeric

$oE 14 Data type: #8@ = integer, #00
= flpt

soF 15 Flag: DATA scan/LIST
quote/garbage collect

s10 16 Flag: subscript ref/ user
function call

s11 17 Flag: #2@ = INPUT, #4@ = GET,
#98 = READ

$12 18 Flag: TAN sign / comparison
result

13 19 Flag: Current 1/0 channel

$14-$15 28-21 Integer value

$16 22 Pointer: temporary string
stack

$17-18 24-24 Last temporary string address

$19-$21 25-33 Stack for temporary strings

$22-$25 34-37 Utility pointer area

$26-02A 38-42 Temporary fac for product of
multiply

$2B-$2C 43-44 Pointer: start of BASIC text

$2D-$2€ 45-46 Pointer: start of BASIC
variables

$2F-$30 47-48 Pointer: start of BASIC arrays

$31-$32 49-50 Pointer: end of BASIC arrays
+1

$33-$34 51-52 Pointer: bottom of string



FRESPC
MEMSIZ

CURLIN
OLDLIN
oLDTXT

DATLIN
DATPTR

INPPTR
VARNAM
VARPNT

FORPNT

ARGSEN
ARISGN

CHRBET
CHRBOT
TXTPTR
RNDX

STATUS

STKEY
SUXT

$35-$36
$37-38

$39-$3A
$3E-$3C
$3D-$3E

$3F-040
$41-$42

$43-$44
$45-$46
$47-$48

$49-34A

$4B-$4C
$4D

SAE-$4F
$50-$52

353

$54-$56
$57-$60
$61
$62-$65
$66
$67

$70
$71-$72
$73-$8A

$79
$7A-$7B
$BB-$6F
90

$91
92

75-76

78-79
80-82

83

84-86
87-96
97
98-101
102
103

104
105
106-109
118
111

112
113-114
115-138

121
122-123
139-143
144

145
146

storage
Utility string pointer
Pointer: highest address used
by BASIC

Current BASIC line number
Previous BASIC line number
Pointer: BASIC statement for
CONT

Current DATA line number
Pointer: current data item
address

Vector: INPUT routine
Current BASIC variable name
Pointer: start of current
variable data

Pointer: index variable for
FOR/NEXT

Operator table displacement
Mask for comparison

Pointer: Current FN descriptor
Pointer: Current string
descriptor

Constant for garbage
collection

651@ JMP to function

Temp data area

Fac#i: exponent

Fac#1: mantissa

Fac#i: sign

Fointer: constant for series
evaluation

Fac#1: overflow digit

Fac#2: exponent

Fac#2: mantissa

Fac#2: sign

Fac#l v fac#2 sign comparison
result

Fac#1: low order (rounding)
Pointer: cassette buffer
Subroutine: get next byte of
BASIC text

Entry to get current byte of
BASIC text

Pointer: current byte of BASIC
text

Seed value for RND

Kernal 1/0 status word (ST)
Flag: <STOP> key pressed
Tape timing constant



CNTDN
BUFPNT
INBIT
BITC1
RINONE

RIDATA

RIPRTY
sAL
EAL
CMPO
TAPEL
BITTS
NXTBIT
RODATA

FNLEN

$96

$9E
$9F
$AB-$A2
$AT
$A4
$AS
A6
$A7
A8
$A9

$AA

$AB
$AC-$AD
SAE-$AF
$BO-$B1
$B2-$B3
B4
$BS

$B6

$B7

150
151
152

153
154

155
156
157
158

159
160-162

171

172-173
174-175
176-177

178-179
180

KERNAL flag: #@@ = LOAD, #@1 =
VERIFY

Flag: buffered character for
serial bus

Buffered character for serial
bus

Cassette sync no.

Temp data area

No. of open files, index to
file table

Default input device (@)
Default output (CMD) device
3)

Tape character parity

Flag: tape byte received
Flag: Control KERNAL message
output

Tape pass 1 error log

Tape pass 2 error log
Real-time jiffy clock (approx)
1/60 sec.

Serial bit count / EOI flag
Cycle count

Cassette sync countdown
Pointes tape 1/0 buffer
RS-232 in bits, tape leader
short count

RS-232 in bit count, tape
write new byte, read error
RS-232 check for start bit,
tape count zeros

RS-232 input byte buffer, tape
function mode (bits 6 & 7),
sync countdown

RS-232 input parity, tape
short count

Pointer: tape buffer, screen
scrolling

Tape end address, end of
program

Tape timing constants
Pointer: start of tape buffer
RS-232 out bit count, #1 =
tape timer enabled

RS-232 next bit to send, tape
EOT flag

RS-232 out byte buffer, tape
read character error

Length of current file name




LA

FA
FNADR
ROPRTY
FSBLK

MYCH

INDX

LXSP

SFDX
BLNSW

BLNCT

GDBLN
BLNON
CRSW

PNTR
Qrsw

LNMX
TBLX

INSRT

LDTB1
USER

KEYTAB
RIBUF
ROBUF
FREKZP

B8
$B9
$BA
$BB-$BC
$BD

sc8

$C9-$CA

$D8

$D9-$F2
SF3-$F4

$FS-$F6

$FB-$FE

184
185
186
187-188
189

191
192
193-194
195-196
197
198
199
200

201-202

209-210

211
212

213
214
215
216

217-242
243-244

245-246

Current logical file number
Current secondary address
Current device number

Fointer to current file name
RS-232 out parity, tape
receive 1/F character

Number of blocks to read/write
to tape

Serial word buffer

Tape motor interlock

1/0 start address

Data start address

Current key pressed

No. of characters in keyboard
buffer

Flag: print reverse
characters. #2@ = no

Pointer: end of logical line
for INPUT

Cursor X-Y position at start
of INPUT

Keyboard matrix coordinate
Cursor blink enable: #00 =
flash cursor

Timer: countdown to toggle
cursor

Character under cursor

Flag: cursor blink phase
Flag: INPUT / GET from
keyboard

Pointer: current screen line
address

Current cursor column on line
Flag: editor in quotes mode,
#00 = no

Screen line length

Current cursor line number
Tape: most recent dipole bit
value

Flag: INST mode. >#20 = #
inserts

Screen line link table
Pointer: current screen colour
location

Vector: keyboard decode table
RS-232 in buffer pointer
RS-232 out buffer pointer
Free @-page space for user
programs




BASZPT

PAGE 1

KEYD
MEMSTR

MEMSIZ

TIMOUT
COLOR

AUTODN
M51CTR

M51CDR

M51AJB
RSSTAT

BITNUM

BAUDOF
RIDBE

RIDES

$FF

$100-$1FF

$100-$10A
$100-$13E

$200-$258
$259-$262
$263-$26C
$26D-$276

$277-$280
$281-$282

$283-$284

$28F-$290
$291

$292
$293

$294

$295-$296
$297

$298

$299-$29A
$298

$29C

256-511

256-266
256-318

512-600
601-610
611-620
621-630

631-640
681-642

683-644

646

655-656
657

658
659

660

661-662
663

664

665-666
667

668

Temp data area

Microprocessor system stack
space

Flpt to ASCII string work area
Tape input error log

BASIC input buffer

Table of active file numbers
Table of device numbers for
open files

Table of secondary addresses
for open files

Keyboard buffer queue (FIFO)
Pointer: bottom of BASIC
memory

Pointer: top of BASIC memory
1EEE timeout flag

Current character colour code
Character colour under cursor
Top of screen memory (page)
Size of keyboard buffer

Flag: repeat keypress, #80 =
all keys

Repeat speed counter

Repeat delay counter

Flag <SHIFT>/<CTRL>/<CBM> key
Last keyboard shift pattern
Vector: keyboard table setup
#00 = disable <SHIFT>/<CBM>,
480 = enable

#00 = auto scroll down on
RS-232 6551 control register
image

RS-232 6551 command register
image

RS-232 non-standard bit time
RS-232 4551 status register
image

RS-232 number of bits still to
send

RS-232 baud rate (bit time)
RS-232 index to end of in

RS-232 start page of in buffer



RODBS
RODBE
IRQTMP

ENABL

SPRT11
PAGE 3
IERROR
IMAIN
ICRNCH
1OPLOP
1GONE
IEVAL
SAREG
SXREG
SYREG
SPREG
USRPOK

USRADD

CINV

CBINV
NMINV
10PEN

ICLOSE

$29D
$29€
$29F-$200

%201

$206
$2A7-$2FF

$300-$301

$302-$303
$304-$305
$306-$307
$308-$309

$30A-$308

$311-$312

$313
$314-$315

$316-$317
$318-$319
$31A-$31B

$31C-$31D

669

670

671-672

673

674

675

676

677

678
679-767

768-769

77@-771

772-773

774-775

776-777

778-779

785-786

787
788-789

79@-791

792-793

794-795

796-797

RS-232 start page of out
buffer

RS-232 index to end of out
buffer

IR@ vector store during tape
1/0

RS-232 enables (NMI interrupt
control)

TOD sense during tape 1/0
Temp store for tape read

Temp D1IR@ indicator for tape
read

Temp screen line index

#0@ = NTSC, #@1 = PAL

Unused (sprite block 11)

Vector: print BASIC error
message ($E38B)

Vector: BASIC warm start
($A483)

Vector: tokenise BASIC text
($AS7C)

Vector: list BASIC text
($A71A)

Vector: BASIC character
dispatch ($A7E4)

Vector: evaluate BASIC token
($AEB6)

(A) register for SYS

(X) register for SYS

(Y) register for SYS

(P) register for SYS

JMP (#4C) instruction for USR
function

Lo-hi address for USK user

Vector: hardware IRQ interrupt
($EA31)

Vector: software BRK interrupt
($FE66)

Vector: hardware NMI interrupt
($FEAT)

Vector: KERNAL OPEN routine
($F34A)

Vector: KERNAL CLOSE routine
($F291)



ICHKIN $31E-$31F  798-799 Vector: KERNAL CHKIN routine

($F20E)

ICKOUT $320-$321 8@0-881 Vector: KERNAL CHKOUT routine
($F250)

ICLRCH $322-$323  8@2-883 Vector: KERNAL CLRCHN routine
($F3I33)

IBASIN $324-$325 B804-885 Vector: KERNAL CHRIN routine
($F157)

IBSOUT $326-$327 B8@6-807 Vector: KERNAL CHROUT routine
($F1CA)

ISTOP  $328-$329 8@8-B@9 Vector: KERNAL STOP routine
($F6ED)

IGETIN $32A-$32F  810-811 Vector: KERNAL GETIN routine
($F13E)

ICLALL $32C-$32D 821-813  Vector: KERNAL CLALL routine
($F32F)

USRCMD $32E-$32F 814-815 User-defined vector ($FE66)

ILOAD  $338-$331 B16-817 Vector: KERNAL LOAD routine
($F49E)

ISAVE  $332-$333  818-819 Vector: KERNAL SAVE routine
($FSDD)

$334-$338  820-827  Unused
TBUFFR $33C-$3FB  B828-1819 Cassette 1/0 buffer
SPRT13 $348-$37E 832-894 Unused (sprite block 13)

$37F 895 Unused

SPRT14 $380-$3BE  896-958 Unused (sprite block 14)
$3BF 959 Unused

SPRT1S $3CO-$3FE  968-1822 Unused (sprite block 15)
1823 Unused

PAGE_4_UPWARDS

VICSCN $4@@-$7E7  1024-2023 Video matrix: 25 lines by 40

columns

$7F8-$7FF  2040-2047 Sprite data pointers

$800-$9FFF  2048-40959

BASIC RAM program area

$1008-$1FFF 4896-8191 Bank @ character ROM image

$8000-$9FFF 32768-40959

External 8K plug-in ROM area

$9000-$9FFF 36864-40959

Bank 2 character ROM image

$A0BB-$BFFF 48968-49151

BASIC ROM (or B8k RAM)

$COBO-$CFFF 49152-53247

4k RAM

$DROR-$DFFF 53248-57343

Character ROM / 4k RAM

$DORR-$DB2E 53248-53294



Video Interface Controller (VIC)
$D4B0-$D41C 54272-54300
Sound Interface Device (SID)
$DBOB-$DEFF S55296-56319
Colour RAM (nybbles)
$DCOB-$DCOF S56320-56335
Complex Interface Adaptor #1
$DD@@-$DDOF 56576-56591
Complex Interface Adaptor #2
$E@OB-$FFFF 57344-65535
Kernal ROM (or 8k RAM)



COMMODORE 64 ROM _MEMORY MAP

BASIC interpreter ROM ($A000 — $BFFF)

$A00D 40960 Restart vectors
$ABOC 48972 STMDSP BASIC command vectors

$AB52 41042 FUNDSP BASIC function vectors
$A0B® 41088 OPTAB  BASIC operator vectors
$A@Y9E 41118 RESLST BASIC command keyword table
$A129 41257 MSCLST BASIC misc. keyword table
$A140 41288 OPLIST BASIC operator keyword table
$A14D 41293 FUNLST BASIC function keyword table
$A19E 41374 ERRTAB Error message table

$A328 41768 ERRPTR Error message pointers

$AT64 41828 OKK Misc. messages

$A3BA 41B66 FNDFOR Find FOR/BOSUB entry on stack
$ASB8 41912 BLTU Open space in memory

$ASFB 41979 GETSTK Check stack depth

$A408 41992 REASON Check memory overlap

$A435 42037 OMERR  Output ?0UT OF MEMORY error
$A437 42039 ERROR  Error routine

$A469 42089 ERRFIN Break entry

$A474 42180 READY Restart BASIC

$A488 42112 MAIN Input & identify BASIC line
$A49C 42140 MAINI  Get line number & tokenise text
$A4A2 42146 INSLIN Insert BASIC text

$AS33 42291 LINKPRG Rechain lines

$AS6@ 42336 INLIN  Input line into buffer

$AS79 42361 CRUNCH Tokenise input buffer

$A613 42515 FNDLIN Search for line number

$A642 42562 SCRTCH Perform NEW

$AGSE 42590 CLEAR  Perform CLR

$AGBE 42638 STXPT  Reset TXTPTR

$ALIC 42652 LIST Perform LIST

$A717 42775 QPLOP  Handle LIST character

$A742 42818 FOR Perform FOR

$A7AE 42926 NEWSTT BASIC warm start

$A7C4 42948 CKEOL  Check end of program

$A7E1 42977 GONE Prepare to execute statement
$A7ED 42989 GONE3S  Perform BASIC keyword

$ABID 43037 RESTOR Perform RESTORE

$AB2C 43052 STOP Ferform STOP, END, BREAK

$AB57 43095 CONT Perform CONT
$AB71 43121 RUN Perform RUN
$ABB3 43139 GOSUB  Perform GOSUB
$ABAG 43168 GOTO Perform GOTO

$ABD2 43218 RETURN Perform RETURN
$ABFB 43256 DATA Perform DATA
$A906 4327@ DATAN  Search for next statement / line



STRREL

Perform IF
Perform REM

Perform ON

Fetch LINNUM from BASIC
Ferform LET

Assign integer

Assign floating point
Assign string

Assign TI$

Add digit to facl
Perform PRINTH

Perform CMD

Print string from memory
Perform FPRINT

Output variable

Output CR/LF

Handle comma, TAB(, SPC(
Output string

Output format character
Handle bad data

Perform GET

Perform INPUT#

Perform INPUT

Read input buffer

Do input prompt

Ferform READ

General purpose read routine
Input error messages
Perform NEXT

Check valid loop

Confirm result

Evaluate expression in text
Evaluate single term
Constant - pi

Continue expression
Expression in brackets
Confirm character

Output ?SYNTAX error

Set up NOT function
Identify reserved variable
Search for variable
Convert TI to ascii string
Identify function type
Evaluate string function
Evaluate numeric function
Perform OR, AND

Perform <, =, >

Numeric comparison

String comparison



45182

Perform DIM
Identify variable
Locate ordinary variable

Does (A) hold an alphabetic character?

Create new variable

Create variable

Allocate array pointer space
Constant 32768 in flpt

Fac#1 to integer in (A/Y)
Evaluate text for integer
Fac#1 to positive integer
Get array parameters

Find array

?BAD SUBSCRIPT/?ILLEGAL QUANTITY
Create array

Locate element in array
Number of bytes in subscript
Ferform FRE

Convert integer in (A/Y) to flpt
Ferform POS

Confirm program mode

Ferfarm DEF

Check syntax of FN

Perform FN

Perform STR$

Set up string

Save string descriptor
Allocate space for string
Garbage collection

Search for next string
Collect a string

Concatenate two strings
Store string in high RAM
Perform string househeeping
Clean descriptor stack
Perform CHRS

Perform LEFT$

Perform RIGHTS

Perform MIDS

Pull string parameters
Perform LEN

Exit string mode

Perform ASC

Evaluate text to 1 byte in (X)
Perform VAL

Convert ascii string to flpt
Get parameters for POKE, WAIT
Convert fac#1 to integer in LINNUM
Perform PEEK

o



Perform
Perform
Add @.5
Perform

POKE

WAIT

to fac#l
subtraction

Normalise addition

Ferform

addition

2's complement facki
Output ?0VERFLOW error
Multiply by zero byte
Table of flpt constants

Perform
Perform

LOG
multiply

Multiply by a byte
Load fac#2 from memory
Test both accumulators
Over f1ow/under f1ow
Multiply fac#l by 1@
Constant 1@ in flpt
Divide facki by 1@
Divide fac#2 by flpt at (A/Y)
Divide fac#2 by fac#l
Load fackl from memory
Store fac#l in memory
Copy fack2 into fac#l
Copy fackl into fach2
Round fac#1

Check sign of fachi

Perform
Perform
Compare
Convert
Perform
Convert
fac#l

SBN

ABS

fac#l with memory

fackl to integer

INT

ASCIT string to a number in

String conversion constants

Output
Convert
Convert

IN' and line number
fac#1 to ASCII string
TI to string

Table of constants

Perform
Perform

SR
power

Negate fac#l
Table of constants

Perform

EXP



KERNAL ROM ($E000 — $FFFF)

$E000
$E043

$E@8D
$E097
SEQFT
$E10C
$E112
$E118
$E11E
$E124
$E12A
$E156
$E165
$E1EE
$E1C7
$E1DA
$E200
$E206
$E20E
$E219
$E264
$E26B
$E2B4
$E2EQ
SE3QE
$EIIE
$E37B
$E394
$E3A2
$E3BA
$E3BF
$E422
$E447
$E4S3
$E4SF
$E4AD
$E4B7
$E4DA
$E4EQ
$EAEC
$ES00
$ES@S
$ES0A
$E518
$ES44
$ES66
$ES6C

57344
57411
57485

POLYX
RMULC
RND
BIODERR
BCHOUT
BCHIN
BCKOUT

10BASE

EXP continued from BASIC ROM
Series evaliation

Constants for RND

Perform RND

Handle 1/0 error in BASIC
Output character

Input character

Set up for output

Set up for input

Get one character

Perform SYS

Ferform SAVE

Ferform VERIFY/LOAD

Ferform OPEN

Perform CLOSE

Get parameters for LOAD/SAVE
Get next one byte parameter
Check default parameters
Check for comma

Get parameters for OFEN/CLOSE
Perform COS

Perform SIN

Perform TAN

Table of trig constants
Perform ATN

Table of ATN constants

BASIC warm restart

BASIC cold restart

CHRGET for zero-page

RND seed for zero-page
Initialise BASIC RAM

Output power-up message
Table of BASIC vectors
Initialise vectors

Fower-up message

Patch for BASIC call to CHKOUT
Unused bytes for future patches
Reset character colour

Fause after finding tape file
RS-232 timing table - PAL
Get 1/0 address

Get screen size

Put/get row and column
Initialise 1/0

Set screen pointers



SCNKEY

TALK

SECOND

TKSA

Set 1/0 defaults
Get character from keyboard buffer
Input from keyboard

Input from screen or keyboard
Quotes test

Set up screen print
Advance cursor

Retreat cursor

Back on to previous line
Output to screen

Go to next line

Output <carriage return>
Check line decrement

Set colour code

Colour code table

Scroll screen

Open a space on the screen
Move a screen line
Synchronise colour transfer
Set start of line

Clear screen line

Print to screen
Synchronise colour pointer
Main IRQ entry point

Scan keyboard

Process key image

Keyboard select vectors
Keyboard 1 - unshifted
Keyboard 2 - shifted
Keyboard 3 - commodore
Graphics / text control
Keyboard 4 - control

Video chip setup table
Shift-run equivalent

Low byte screen line addresses
Send TALK / LISTEN

Send data on serial bus
Flag errors

Send LISTEN SA

Clear ATN

Send TALK SA

Wait for clock

Send serial deferred

Send UNTALK / UNLISTEN
Receive from serial bus
Serial clock on

Serial clock off

Serial output 1

Serial output @



GETIN
CHRIN

CHROUT
CHKIN

CHKOUT
CLOSE

LOAD

SAVE

uDTIM

RDTIM
SETTIM
STOP

Get serial data and clock in

Send new RS-232 byte
No DSR / CTS error
Disable timer

Compute bit count
RS-232 receive

Set up to receive
Process RS-232 byte
Submit to RS-232

No DSK error

Send to RS-232 buffer
Input from RS-232

Get from RS-232

Serial bus idle

Table of kernal 1/0 messages
Print message if direct
Get a byte...

Input a byte...

Get from tape/serial/RS-232
Output one character
Set input device

Set output device
Close file

Find file

Set file values

Abort all files
Restore default 1/0
Open file

A

Open RS-232

Load RAM

Load from serial bus
Load from tape

Frint "SEARCHING"
Print filename

Print "LOADING/VERIFYING"
Save RAM

Save to serial bus
Save to tape

Print "SAVING"

Bump clock

Log CIA key reading
Get time

Set time

Check stop key

Output error messages
Find any tape header

o
3
a
]



RESTOR
VECTOR

RAMTAS

I0INIT

SETNAM
SETLFS
READST
SETMSG
SETTMO
MEMTOP
MEMBOT

Write tape header

Get buffer address

Set buffer start/end pointers
Find specific tape header
Bump tape pointer

Print "PRESS PLAY"

Check tape status

Print “PRESS RECORD"
Initiate tape read
Initiate tape write
Common tape code

Check tape stop

Set read timing

Read tape bits

Store tape characters
Reset tape pointer

New character setup

Send tone to tape

Write data to tape

IR@ entry point

Write tape leader
Restore normal IRQ

Set IRQ@ vector

Kill tape motor

Check read/write pointer
Bump read/write pointer
Power reset entry

Check for 8-ROM

8-ROM mask

Kernal reset

Kernal move

Kernal reset vectors
Initialise system constants
IRQ@ vectors for tape 1/0
Initialise 1/0

Enable timer

Save filename data

Save file details

Get STATUS

Flag STATUS

Set IEEE timeout
Read/set top of memory
Read/set bottom of memory
NMI entry point

Warm start BASIC

RS-232 timing table - NSTC
NMI RS-232 in

NMI RS-232 out

Fake IRQ entry



CINT

IRQ entry
Initialise screen editor
KERNAL version I.D.
Kernal jump table
System hardware vectors
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$0000

$0001

°

1

110 memory map

D6S1@  Onboard data direction register
(xx101111) .
R651@  Onboard 1/0 port. Bits are assigned as

follows:

@ LORAM signal (@ = switch EASIC ROM
out)

1 HIRAM signal (@ = switch kernal
ROM out)

2 CHAREN signal (B = switch
character ROM out)

I Cassette data out line

4 Cassette switch sense (1 = switch
pressed)

5 Cassette motor control (1 = motor
ON)
6-7 UNDEF INED

656676567 VIDEQ INTERFACE CONTROLLER (VIC IT)

D012
$D213
$D014

53266
53267
53268

Sprite #2, X position
Sprite #@, Y position
Sprite #1, X position
Sprite #1, Y position
Sprite #2, X position
Sprite #2, Y position
Sprite #3, X position
Sprite #3, Y position
Sprite #4, X position
Sprite #4, Y position
Sprite #5, X position
Sprite #5, Y position
Sprite #6, X position
Sprite #6, Y position
Sprite #7, X position
Sprite #7, Y position

Sprites @-7, MSB of X position
VIC control register
Raster compare (MSE of $D012)
6 Extended colour text (1 = ON)
S Bit map mode (1 = ON)
4 Blank video display (@ = BLANK)
3 Row select (1 = 25, @ = 24)
2-@ Smooth scroll vertical bit position
Raster Read/Write
Light pen X (latch)
Light pen Y (latch)

~
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D015
$D016

D017
$D018

window)

window)

$D019

$DO1A

53269
53270

53271
53272

53273

53274

Sprites @-7, enable (1 = ENABLE)
VIC control register
S Reset VIC (1 = RESET)
4 Multicolour mode (1 = ON)
3 Column select (1 = 4@, @ = 38)
2-0 Smooth scroll horizontal bit position
Sprites @-7, expand Y direction
Memory control register
7-4 Video matrix base address (in VIC

3-1 Character ROM base address (in VIC

IRQ flag register

7 Set on any VIC IRQ condition
Light pen IRQ
Sprite to sprite collision
Sprite to background collision
Raster compare IRQ
IRQ mask reg.

7-4 UNUSED
3-@ As above (1 = interrupt enabled)

Sprite priority (8 = bckground priority)
Sprite multicolour (1 = M.C.M.)
Expand Sprite in X direction
Sprite-Sprite collision
Sprite-data collision
Border colour
Screen colour
Screen colour
Screen colour
Screen colour
Sprite multicolour @
Sprite multicolour 1
Sprite @ colour
Sprite 1 colour

s=Nu

N-®

“

Sprite 2 colour
Sprite 3 colour
Sprite 4 colour
Sprite 5 colour
Sprite 6 colour
Sprite 7 colour

6581 SOUND INTERFACE CHIP (SID)

$D400
$D401
$D402
$D403
$D404

54272
54273
54274
54275
54276

1 frequency control low byte
1 frequency control high byte

Voice 1 pulse width low byte
1 pulse width high nybble (bits 3-@)
1 control
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$D40S

$D406

$D40C

$D40D

$D4RBE
$D40F
$D410
$D411
$D412

54277

54278

54284

54285

Select random noise (1 = ON)

Select pulse waveform (1 = ON)

Select sawtooth waveform (1 = ON)
Select triangle waveform (1 = ON)
Test bit (1 = disable voice 1)

Ring modulate voice 1 with voice 3 O/P

NusUaoN

= oN)
1 Synchronise voice 1 with voice 3 freq.

@ Gate bit (1 = start AD, B = start
release)
Voice 1 envelope
7-4 Select ATTACK cycle duration
3-8 Select DECAY cycle duration
Voice 1 envelope
7-4 Select SUSTAIN cycle duration
3-@ Select RELEASE cycle duration
Voice 2 frequency control low byte
Voice 2 frequency control high byte
Voice 2 pulse width low byte
Voice 2 pulse width high nybble (bits 3-@)
Voice 2 control

7 Select random noise (1 = ON)

& Select pulse waveform (1 = ON)

5 Select sawtooth waveform (1 = ON)

4 Select triangle waveform (1 = ON)

3 Test bit (1 = disable voice 2)

2 Ring modulate voice 2 with voice 1 O/P
= ON)

1 Synchronise voice 2 with voice 1 freq.
= ON)

© Bate bit (1 = start AD, @ = start
release)
Voice 2 envelope
7-4 Select ATTACK cycle duration
3-8 Select DECAY cycle duration
Voice 2 envelope
7-4 Select SUSTAIN cycle duration
3-8 Select RELEASE cycle duration
Voice 3 frequency control low byte
Voice 3 frequency control high byte
Voice 3 pulse width low byte
Voice 3 pulse width high nybble (bits 3-@)
Voice 3 control
Select random noise (1 = ON)
Select pulse waveform (1 = ON)
Select sawtooth waveform (1 = ON)
Select triangle waveform (1 = ON)
Test bit (1 = disable voice 3)

~

wasao
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$D413

$D414

$D415
$D416
D417

$D418

$D419
$D41A
$D41B
$D41C

54291

54292

54296

54297
54298
54299
54300

6526 _COMPLEX

2 Ring modulate voice 3 with voice 2 O/P (1
= ON)
1 Synchronise voice 3 with voice 2 freq. (1
= ON)
0 Gate bit (1 = start AD, @ = start release)
Voice 3 envelope
7-4 Select ATTACK cycle duration
3-@ Select DECAY cycle duration
Voice 3 envelope
7-4 Select SUSTAIN cycle duration
3-@ Select RELEASE cycle duration
Filter cutoff frequency low nybble (bits 2-@)
Filter cutoff High byte
Filter resonance control
7-4 Select filter resonance
3 Filter external input (1 = YES)
2 Filter voice 1 O/P (1 = yes)
1 Filter voice 2 O/P (1 = yes)
© Filter voice 3 O/FP (1 = yes)
Filter/volume
7 Cutoff voice 3 O/F (1 = OFF)
6 Filter high pass mode (1 = ON)
S Filter band pass mode (1 = ON)
4 Filter low pass mode (1 = ON)
3-8 Select output volume
A/D converter 1
A/D converter 2
Voice 3 random Number generator
Envelope 3 output

INTERFACE_ADAPTOR 1 (CIA #1)

$DCoR

$DCO1

$DCO2
$DCO3

56320

56321

56322
56323

Data port A
7-0 Keyboard column select (write)
7-6 Read paddles on port (81 = A, 18 = B)
S UNUSED
Joystick 2 fire button (read) (1 = fire)
3-@ Joystick 2 direction (read)
3-2 Paddle fire buttons
Data port B
7-0 Keyboard row value (read)
Timer B toggle/pulse output
Timer A toggle/pulse output
UNUSED
Joystick 1 fire button (read) (1 =fire)
Joystick 1 direction (read)
3-2 Paddle fire buttons
D.D.R.A (Bit = 1 for O/P, @ for I/P)
D.D.R.B (Bit = 1 for O/F, @ for 1/P)

a

sruoN
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$DCOE

$DCOF

56324
56325
56326
56327
56328
56329
56330
56331

56332
56333

56334

56335

Timer A low
Timer A high
Timer B low
Timer B high
T.0.D. clock 1/
T.0.D. clock Se
T.0.D. clock Mi
T.0.D. clock

7 AM/PM flag
6-@ Hours regis
Serial data reg
Interrupt contr

10 secs register
conds register
nutes register

ter

ol register

7 IR@ occurred flag

6-5 UNUSED

4 FLAG1 - cas:
3 Serial port
2 TOD clock a
1 Timer A IRQ
Timer B IRQ

sette read / serial SRQ input
IRG
larm IRGQ

Control register A

7 TOD frequen:
6 Serial port
S Timer A cou
clock)
4 Force load
3 Timer A run
2 Timer A O/F
1 Timer A out
@ Start/stop
Control registe
7 set alarm/Ti
6-5 Timer B mod
00 = Count
@1 = Count
1@ = Count
11 = Count
Force load
Timer B run
Timer E O/P
Timer B out
Start/stop

S =N

cy (1 = 50 Hz, @ = 6@ Hz)
mode (1 = 0/P, @ = I1/P)
nt (1 = CNT pulses, @ = o2

timer A? (1 = YES)

(1 = one-shot, @ = continuous)
to PB6 (1 = toggle, @ = pulse)
put on PB&? (1 = YES)

timer A (1 = START, @ = STOP)
r B
0D clock (1 = ALARM, @ = CLOCK)
e select:
system 02 clock pulses

+ve CNT transitions
timer A underflow pulses

timer A underflow while CNT +ve
timer B? (1 = YES)

(1 = one-shot, @ = continuous)
to PB7 (1 = toggle, ® = pulse)
put on PB7? (1 = YES)
timer B (1 = START, @ = STOP)

6526 _COMPLEX INTERFACE ADAPTOR 2 (CIA #2)

$DDB@ 56576 Data port A

7 Serial bus
6 Serial bus
5 Serial bus

DATA INPUT
CLK pulse INPUT
DATA OUTPUT
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$DDO1

$DDRE

$DDOF

56577

56590

56591

4 Serial bus CLK pulse OUTPUT
3 Serial bus ATN OUTPUT
2 RS-232 DATA OUTPUT
1-@ VIC memory bank select
Data port B
USER PORT / RS-232 DSR
USER PORT / RS-232 CTS
USER PORT
USER PORT
PORT

~

RS-232 Carrier Detect
RS-232 Ring Indicator
2 DTR
RS-232 RTS
RS-232 Received Data
D.D.R.A (Bit = 1 for O/P, @ for 1/P)
D.D.R.B (Bit = 1 for O/P, ® for 1/P)
Timer A low
Timer A high
Timer B low
Timer B high
T.0.D. clock 1/1@ secs register
T.0.D. clock Seconds register
T.0.D. clock Minutes register
T.0.D. clock
7 aM/PM flag
6-0 Hours register
Serial data reg
Interrupt control
NMI occurred flag
UNUSED
FLAB1 - USER PORT / RS-232 Received Data
Serial port NMI
TOD clock alarm NMI
Timer A NMI
Timer B NMI
Control register A
7 TOD frequency (1 = S8 Hz, @ = 6@ Hz)
6 Serial port mode (1 = O/P, @ = I/P)
S Timer A count (1 = CNT pulses, ® = o2
clock)
4 Force load timer A? (1 = YES)
3 Timer A run (1 = one-shot, @ = continuous)
2 Timer A O/P to PB6 (1 = toggle, @ = pulse)
1 Timer A output on PB&? (1 = YES)
© Start/stop timer A (1 = START, @ = STOP)
Control register B
7 Set alarm/TOD clock (1 = ALARM, @ = CLOCK)
6-5 Timer B mode select:
0@ = Count system 02 clock pulses
@1 = Count +ve CNT transitions

S.Nu.m,
§§
if
e
2
2
a
3
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2
7

;
3
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S-NUSs

10

11
Force
Timer
Timer
Timer
Start

Count timer A underflow pulses

Count timer A underflow while CNT +ve
load timer B? (1 = YES)

B run (1 = one-shot, @ = continuous)
B 0/P to PB7 (1 = toggle, @ = pulse)
B output on PB7? (1 = YES)

/stop timer B (1 = START, @ = STOP)

27



SECTION 2.
RAM GUIDE



HEX DEC

$00 D6S1@ __ 651@ ONBOARD DATA DIRECTION REGISTER @

This location is used to define the hardware 1/0 port at
$01. It is discussed in greater detail in the 1/0 guide.

so1 R6518 6510 ONBOARD 1/0 PORT

This location is a hardware bi-directional 1/0 port. It is
discussed in greater detail in the I/0 guide.

302 UNUSED 2

$@3-$04  ADRAY1 JUMP VECTOR: CONVERT FLPT TO INTEGER 3-4

This vector points to the routine at $B1AA (FACINX) to
convert a number from flpt into an integer. This vector,
however is not actually used by the BASIC interpreter. It
can still be used by the programmer who needs to perform the
conversion in a machine code program that interacts with
EASIC, as the vector will point to the routine regardless of
changes that may have been made to the BASIC ROM by
Commodore. See also ($311) USRADD.

$05-$06 _ ADRAY2 VECTOR: CONVERT INTEGER TO FLPT S5-6

This vector points to the routine at $B391 (GIVAYF) to
convert a signed integer into flpt. This vector, however is
not actually used by the BASIC interpreter. It can still be
used by the programmer to convert numbers into flpt, as the
vector will point to the routine regardless of changes that
may have been made to the BASIC ROM by Commodore. See also
($311) USRADD.

$07 CHARAC _ SEARCH CHARACTER 7

CHARAC is used by the BASIC routines that scan the input
buffer at $0200. Its purpose is to detect certain
significant characters such as quotes, commas, and colons by
holding their ASCII values during the search. This location
is also used by other BASIC routines.

$08 ENDCHR _FLAG: SCAN FOR _QUOTE AT END OF STRING 8

ENDCHR is used extensively as a work byte during the
tokenisation of BASIC text. It is also used as a search
character for quotes and colon terminators in the same way
as CHARAC.
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309 TRMPOS _SCREEN COLUMN BEFORE LAST TAB 9

TRMPOS 1s used by both TAB and SPC. The cursor position is
moved here from $D3 (PNTR), and is used to calculate the
final cursor position. This value represents the cursor
position on a logical line, and so can range from @ to 79.

-1 VERCK _FLAG: @ = LOAD, 1 = VERIFY 19

The BASIC interpreter uses a single KERNAL routine for both
LOAD and VERIFY. Which is performed depends on the state of
(A) on entry to the routine. This is either @ for LOAD or 1
for VERIFY. VERCK is set by the BASIC routine, and another,
similar flag at $93 is set by the KERNAL routine.

$08 COUNT __INPUT EUFF_POIN./NUMBER OF SUBSC. 11

COUNT is used by two routines. Firstly by the routines to
process text from the input buffer at $8208, as a pointer to
the current working position in the buffer. Once text
processing has been completed, COUNT is equal to the length
of the text.

COUNT is also used by the routines that deal with arrays to
calculate the number of DIMensions required and the amount
of memory needed for a newly created array. It is also used
to hold the number of subscripts during the referencing of
an element within an array.

$oc DIMFLG _FLAG: DEFAULT ARRAY DIM 12

DIMFLG is used by the routines that create or reference an
array to determine, firstly, that the variable concerned is
an array, secondly, whether it has already been DIMensioned,
and thirdly, whether a new array assumes specified or
default DIMensions.

$eD VALTYP _DATA TYPE (STRING OR NUMERIC) 13

VALTYP is used whenever a variable is created or located to
determine whether the data is string or numeric. A value of
#00 indicates numeric data, and #FF indicates string data.
The data type is decoded from the information stored with
the variable in high RAM (see $B@BE, IDENTIFY VARIABLE).

$OE INTFLG DATA TYPE (INTEGER OR FLPT) 14

If a test on VALTYP has determined data to be numeric, then
a further test is performed on this location to determine
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the type of numeric data. A value of #8@ indicates a flpt
number, and a value of #8@ indicates an integer.

$OF GARBFL_FLAG:DATA SCAN QUOTE/GARBAGE COLLECT 15

GARBFL is used by three major sections of the BASIC
interpreter. The LIST routine uses it as a flag to indicate
whether or not quotes mode is on. If it is, then the BASIC
text string is output directly. If it is not, then the
string is scanned for keyword tokens.

GARBFL is used by the garbage collection routines to
indicate that garbage collection has already been attempted.
If there is still insufficient memory to create a new
dynamic string then an ?0UT OF MEMORY error results.

GARBFL is finally used as a general work area in converting
a line of BASIC text from the input buffer at $820@ into a
tokenised and linked program line.

310 SUBFLG FLAB: SUBSCRIPT REF/USER FUNCTION CALL 16

SUBFLG is used during the process of finding or creating a
variable. The flag is set if an open parenthesis is found
immediately after the variable name. This indicates that
the variable is either an array or a user-defined function
(FN) .

11 INPFLG FLAG:DIRECT DATA TO INPUT/GET/READ 17

INPUT, READ and GET all perform similar functions, thus the
BASIC interpreter uses some of the same routines for all
three keywords. However, they do need to be separated for
the areas in which they differ. This flag indicates which
of the keywords is currently being executed (#80 = INPUT,
#40 = READ, #98 = GET).

The main areas of difference are:- INPUT displays a ?
prompt and echos typed characters on the screen. It also
waits for a carriage return (CHR$(13)) before processing the
text. GET accepts whatever is the first character in the
keyboard buffer without waiting for a keypress (it will even
accept null values). READ takes its data from within the
BASIC program, and so must search for the next valid DATA
statement.

$12 TANSGN FLAG: TAN SIGN / COMPARISON RESULT 18
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TANSGN indicates whether the result of a TAN or SIN
operation is positive or negative.

TANSGN is also used by the comparison routines ($BB16 -
$BO7D) to indicate the result of a comparison between two
variables. Note that the two variables being compared must
be of the same type, or ?TYPE MISMATCH error occurs. If the
two variables being compared are A and B, then if A > B, the
result is #01. If A = K, the result is #82. If A < B, the
result is #@4. When more than one operator is being used,
then the value of TANSBN is a combination of all the
results.

$13 CHANNL_CURRENT 1/0 CHANNEL 19

During the input and output of data from BASIC, CHANNL is
examined to see which I/0 device is to be used. This is not
to determine where the data is to be sent ($BB is used for
this purpose), but to determine what is needed in terms of
prompting and output of control characters.

When the default input device (keyboard) or default output
device (screen) is being used then the value in CHANNL =
#00.

For all other input or output devices, the value in CHANNL
is the logical file number (or CMD channel) being used.
BASIC is thus informed that, for instance, where TAB would
output cursor right characters to the screen, it must output
spaces to other devices. During input, the ? prompt is
suppressed, as is the printing of ?EXTRA IGNORED or 7?REDO
FROM START messages.

The +lag is cleared to zero whenever an error occurs or GET,
GET#, INFUT, INPUT# or PRINT# commands have been completed.
This effectively redirects output to the screen, and CMD
will have to be used again to redirect the I/0. Note that
PRINT and LIST do not reset this location.

$14-3$15 LINNUM INTEGER VALUE 20-21

LINNUM is wused to hold the destination line number for ON,
GOTO, GOSUB, LIST, and RUN. The line number is a two byte
integer in lo-hi format. It is also used to point to the
address for use in the PEEK, POKE, WAIT and SYS commands.
The LIST routine also stores the highest line number to be
listed here, or #FFFF if the whole program is listed.

B0TO makes a test to see if the target line number is
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greater than the current line number. If so, then text is
searched from its current position, otherwise it must be
searched from the beginning. This test, however is only
performed on the most significant byte.

$16 TEMPPT_POINTER: TEMPORARY STRING STACK 22

TEMPPT points to the next available space in the temporary
string descriptor stack held at $19 - $21 (For detail on
the construction of a string descriptor, see the notes on
the descriptor stack). There is room for three descriptors
on the stack. When the stack is empty, TEMPPT = #19.  Its
value increases by three whenever a new descriptor is added,
until when it is full, its value is #22. Should further
attempts be made by EASIC to add to this stack, then a
2FORMULA TOO COMPLEX error is generated.

$17-%$18 LASTPT LAST TEMPORARY STRING ADDRESS _ 23-24

This is a pointer to the location of the last temporary
string descriptor in the descriptor stack. The address is
in the normal lo-hi format, but since the string stack is
wholly contained in zero page, the MSE ($18) will always be
zero. The LSB will be 3 less than the value in TEMPFT.

$19-$21 TEMPST STACK FOR TEMPORARY STRINGS 25-33

The temporary string stack contains the descriptors of
strings that have not been assigned to a variable. These
may be literal strings for printing, e.g. PRINT "ERIK", or
the intermediate product of a string manipulation, e.g. X$=
MID$ (LEFT$ (A$,2)) .

The data held on each string consists of its two byte
absolute start address and one byte indicating its length.
Thus, the descriptor stack can contain the descriptors of 3
temporary strings.

$22-%25 INDEX UTIL1TY POINTER AREA 34-37

INDEX consists of four locations, used by the majority of
BASIC routines to hold temporary pointers and the results of
calculations. ($22) is often referred to as INDEX1, and
($24) as INDEX2.

$26-$2A RESHO TEMP_FAC_FOR _PRODUCT OF MULTIFLY 38-42

These S bytes form a floating point accumulator (fac) which
is used as a store for intermediate results during the flpt
multiply routines. It is also used by the array creation
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routine. See also $61-$70.

$ZE-$2C TXTTAE _FOINTER: START OF BASIC TEXT 43-44
TXTTAE points to the first byte of BASIC text. This is
normally $0801. This pointer may be changed to set the

start of BASIC to some other location. Reasons for doing
this include:

1. PET emulation (BASIC text here starts at $8401). This
is helpful in transferring programs from the 64 to a PET,
since the FET always loads programs at their absolute start
address and not at the start of BASIC as does the 64.

2. Saving an area of memory to tape or disk that is not a
normal BASIC program. This pointer should be set to the
start of the area of memory, and ($45) must be set to the
end address +1 of the area of memory to be saved.

3. Raising the start of BASIC text so that a safe area is
created in low RAM. This can then be used for sprite data,
graphics screens etc.

4. Storing more than one BASIC program in memory at one
time. Each program can be accessed by setting the pointers
to its start and end. Also programs can be merged or
appended using this technique.

It is important to set the byte preceeding the start of
BASIC text to zero ($0800 in the 64, $@400 in the PET)

before trying to use the new text area.

$2D-$2€ VARTAB POINTER: START OF BASIC VAR. 45-46

VARTAE points to the end address +1 of BASIC text, and the
start address of variable data storage. All variables are
stored from this address, except for arrays, which are
stored in their own separate area. The descriptors to
strings are stored here, but the actual strings are stored
right at the top end of RAM. Each variable or string
descriptor is 7 bytes long, consisting of 2 bytes for the
variable name and 5 bytes for the variable data. A detailed
description of variable structure can be found under $BOBE
in the ROM guide.

Variables are stored in the order in which they are created.

They are also searched for in the same order. Variables
that are used frequently should be assigned at the start of
the program in order to achieve the fastest possible

34



execution speed. Try not to assign a variable and then only
use it once. The variable cannot be deleted from the table
and must be searched past to find other variables.

Because arrays are stored immediately after the variable
table, any arrays that have been created must be moved up by
7 bytes every time a new variable is created.

When the commands CLR, NEW, RUN or LOAD are executed, VARTAB
is reset to one byte following the end of BEASIC text.
Modifying a program will cause this pointer to be moved to
the new end of BASIC text. This will result in the loss of
the variable table.

When LOAD is executed from within a program, VARTAE is not
reset. This allows chained programs to share the same
variables.  This assumes that the chained program is shorter
than the calling program, and does not overwrite the
variable table. It is not possible to use previously
defined functions from chained programs.

$2F-$30 ARYTAE FOINTER: START OF BASIC ARRAYS 47-48

ARYTAE points to the end of the ordinary variable table and
the start of the array variable table. The format of array
variables is detailed under $B194 in the ROM guide. The
actual data contained in the array is stored after the array
header in the same format as ordinary variables. The major
difference, however is that they only take up the space
required.  Thus, flpt variables use S bytes, integers use 2
bytes, and string descriptors use 3 bytes. As with ordinary
strings, array strings are actually stored in the dynamic
string area, with only the descriptor in the array table.

$31-332 STREND POINTER: END OF BASIC ARRAYS +1 49-50

STREND points to the end of the BASIC array table +1 and the
start of free RAM. The function FRE(n) returns the
difference between the end of arrays (STREND) and the bottom
of strings (FRETOP).

Should the addition of a new dynamic string cause FRETOF to
be lower than STREND (or the addition of an array or
ordinary variable), then garbage collection is performed to
remove all strings that are no longer pointed to by a
descriptor. 1f FRETOP is still lower than STREND, then an
20UT OF MEMORY error results.
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$33-$34 FRETOP POINTER: BOTT OF STRING STORAGE 51-52

FRETOP points to the end of the dynamic string storage area
and the top of free RAM. When a new string is created, it
is added to the bottom of the dynamic string area, and

FRETOP adjusted down to accomodate it. This may cause the
garbage collect routines to be called (see STREND).

$35-$36 FRESPC UTILITY STRING POINTER 53-54

FRESPC is used by the routines that manipulate strings as a
pointer to the most recent string to be worked on.

$37-$38 MEMSIZ POIN: HIGHEST ADD. USED BY BAS. 55-56

MEMSIZ contains the highest address of RAM available to the
BASIC interpreter. It is normally $9FFF, but is set to
$7FFF by the power-up routine if there is an external ROM
cartridge present.

This pointer may be lowered by the user to create a safe
area of RAM that will not be disturbed by BASIC. CLK must
be issued after MEMTOP is lowered, to ensure that strings do
not overwrite the protected area.

When a file is opened to the RS-232 port, MEMTOP is lowered
by S12 bytes in order to create the input and output buffers
for the port. The computer automatically performs CLR at
this point, so any variables created will be lost.

$39-$3A CURL INCURRENT BASIC LINE NUMBER 57-58

CURLIN holds the current line number that is being executed.

the computer is in direct mode, ie. no program is
currently being run, then $3A holds #FF. This is used by
certain keywords to check the mode in case of an ?ILLEGAL
DIRECT error.

CURLIN is updated as each new line is executed. Valid line
numbers are in the range @ to 63999. Error messages use

CURLIN to indicate the location of an error.

$3B-$3C OLDLIN PREVIOUS BASIC LINE NUMBER 59-60

When STOP, END or break are performed, the contents of
CURLIN are copied into this location. $3A is then set to
#FF  to indicate direct mode. If CONT is performed, then the
contents of OLDLIN are copied into CURLIN, and execution
continues.
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$3D-$3E OLD TXTPOINTER: ADD. OF STAT. FOR CONT 61-62

OLDTXT holds the address (not line number) of the BASIC
statement being exexcuted. Each time a new keyword is
executed, the value of TXTPTR ($7A) is copied into OLDTXT.
When CONT is performed, then OLDTXT is copied back into
TXTPTR. If LOAD is executed, or the program was stopped by
an error, or the program has been modified, then $3E is set
to #@@, and CONT produces a ?CAN'T CONTINUE error.

$3F-340 DATLIN CURRENT DATA LINE NUMBER 63-64

DATLIN holds the line number of the current DATA statement
being READ. This is only used as a reference for when an
20UT OF DATA error occurs, as the actual datum is referred
to by DATPTR ($41).

$41-$42 DATPTR POINTER: CURRENT DATA ITEM ADD. 65-66

DATPTR holds the address (not line number) of the current
datum being accessed by READ. If this pointer becomes
greater than the contents of VARTAB during a READ operation,
then ?0UT OF DATA results. DATPTR is reset to the start of
EASIC text by the RESTORE command.

$43-344 INFPTR VECTOR: INPUT ROUTINE 67-68

This vector points to the source of the data being read by
the INPUT. GET and READ routines. For INPUT and GET, this
vector points to the input buffer at $0200. For READ, it
points to the current DATA statement.

$45-$46 VARNAM_CURRENT BASIC VARIAELE NAME 69-70

When a variable is being searched for, its name is placed in

VARNAM. The format of the variable name is firstly an
alphabetic  character, then an optional  alphanumeric
character. The ASCII values of these characters are

modified by the variable type concerned. Flpt variables are
unmodified, integer variables have #8@ added to both
characters, string variables have #82 added to the second
character, and defined functions have #80 added to the first
character.

$47-$48 VARFNT POIN: START OF CURRENT VAR DATA 71-72

VARPNT points to the third byte of the descriptor to the
current variable being accessed. For numeric variables,
this is the start of the actual data, but for string
variables, this is the string descriptor.
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$49-34A FORPNT _POINTER: INDEX VAR. FOR NEXT 73-74

FORPNT holds the address of the variable being used to index
a FOR/NEXT loop. The address is pushed onto the stack by
the FOR/NEXT routines so that FORPNT can be used as a work
area by other BASIC keywords.

$4B-$4C OPPTR_OPERATOR TABLE DISPLACEMENT 75-76

OPPTR holds the displacement of the current mathematical
operator being used in the operator table at $A@E@.

$4D OPMASK_MASK_FOR_COMPARISON 77

During the evaluation of a BASIC expression, OPMASK is used
to indicate the type of comparison being used (<=>).

$4E-$4F DEFPNT POINTER: CURRENT FN DESCRIPTOR _78-79

DEFFNT is used as a pointer to the address of the variable
data in which the results of an FN operation is stored. Its
operation is much the same as for VARPNT.

$50-352 DSCPNT_POINTER: CURR STRING DESCRIFTOR 8@-82

hen a string is being assigned, the first two bytes of
DSCPNT are used as a temporary pointer to the string
descriptor, and the third byte holds the string length.

$53 FOURG __CONSTANT FOR GARBAGE COLLECTION 83

FOUR6 is used by the garbage collect routines to indicate
whether a 3 byte array string descriptor, or a 7 byte
ordinary string descriptor is being collected.

$54-$56 JMPER 651@ JMP_TO FUNCTION 84-86

This area consists of the 6518 JMP instruction (#4C)
followed by a two byte function address taken from the table
at  $ADS2. It is used as a linking subroutine by the
function evaluation routines at $AFB1 and $AFD1.

$57-360 TEMP_DATA_AREA 87-96

This area is used by many BASIC routines as a temporary work
area.
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s61 FACEXP FACH1: EXPONENT 97
The two flpt accumulators (fac) are used by the BASIC
interpreter for all of its calculations. The results of the
calculations are held in fac#l ($61-$66). A flpt number
consists of three parts: mantissa, exponent, and sign. The
mantissa is the normalised value of the flpt number (between
1.08000 and 1.99999). The exponent is a power of 2.  When
the mantissa is multiplied by 2 raised to the power of the
exponent, then the result is the actual value of the flpt
number .

FACEXP is the exponent value for FAC#1. In order to take
into account negative numbers, #81 is added to the value in
FACEXP. Thus #80 represents @, #81 (2%@) = 1, #82 (2™1) =
1, #83 (2V2) = 4 etc.

When the value in FACEXP indicates a zero number, the
contents of the mantissa and sign byte are ignored by the
BASIC interpreter.

$62-$65 FACHO FACH#1: MANTISSA 98-101

FACHD is the 4 byte numeric part of fac#l. Since the value
of the number is normalised before being stored here, it
will always be in the range 1.00000 to 1.99999. The most
significant digit of the number is therefore always going to
be 1. Knowing this, the most significant digit is not
actually needed, thus when a flpt number is stored as a
variable, the most significant bit is used to represent the
sign of the number, with the remaining 31 bits representing
the number.

When a flpt number is converted into an integer, the result
is stored in the first two bytes of FACHO ($62).

366 FACSGN FACH1: SIGN 102

FACSGN represents the sign of the flpt number in fac#l. #20
indicates a positive number, while WFF represents a negative
number .

$67 SGNFLG CONSTANT FOR SERIES EVALUATION 183

SCNFLG represents the number of terms to be used in the
series calculations for evaluating LOG, EXP and trig
functions.

$68 BITS _ FACH#1: OVERFLOW DIGIT 104

BITS is the overflow byte used in converting integers or
ASCII strings into flpt numbers.
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369 ARGEXF FAC#2: EXPONENT 105

ARGEXP 1is the exponent of the second flpt accumulator,

facH2. This accumulator is used whenever flpt operations
are undertaken that involve more than one flpt number. The
result of such operations is always left in fac#i. The

format of this accumulator is identical to fac#l.

$6A-$6D ARGHO FACH2: MANTISSA 106-109

ARGHO is the 4 byte mantissa for fac#2. It is identical to
FACHO.

$6E ARGSGN FACH2: SIGN 110

ARGSBN is the sign byte for fac#2. It is identical to
FACSGN.

$6F ARISGN FAC#1 Vs FACH2 SIGN COMPARISON RESULT 111

ARISGN is used to indicate whether or not the two flpt
accumulators have like sign bytes. #@@ indicates like
signs, and #FF, unlike signs.

$70 FACOV _FAC#1 LOW ORDER (ROUNDING) 112

FACOV is used to extend the accuracy of intermediate flpt
mathematical operations when the mantissa of fac#l is too
large to fit into 32 bits. This byte will then hold the low
order bits of the number. FACOV is also used for rounding
of the final result to be placed in FACHO.

$71-$72 FEUFPT_POINTER: CASSETTE BUFFER 113-114

FEUFPT does not appear to be used by any of the EASIC
routines to point to the cassette buffer. Instead, it is
used as a work byte during formula evaluation, string setup
and TI$ manipulation.

$73-%7A CHRGET SUE.: GET NEXT BYTE OF EASIC 115-138

CHRGET is a machine language subroutine which is copied from
ROM at $E3A2 into this location at power-up. It is used by
the BASIC interpreter to read characters of text from the
BASIC text area or the input buffer at $@200. It s
discussed in detail at the beginning of the ROM guide.



379 CHRGOT SUBROUTINE: GET CURR BYTE OF BASIC 121

CHRGOT is an entry point to the CHRBET subroutine which
places into (A) the byte of BASIC text currently pointed to
by TXTPTR. It is used by BASIC routines to re-read the byte
of text being worked on.

$70-37R TXTFTR FOINTER: CURRENT EYTE OF BASIC 122-123

TXTFTR  holds the address of the current byte of BASIC text
being executed. It forms an integral part of the CHRGET and
CHRGOT subroutines, and is incremented every time that
CHRGET is called.

$BH-$8F RNDX SEED VALUE FOR_RND 139-143

RNDX is a 5 byte flpt value representing the seed for the
RND function random number generator. It is copied into RAM
from ROM along with the CHRGET subroutine at power-up.  Its
initial value is #B88 4F C7 52 58. See also $E@97 in the ROM
quide.

459 STATUS KERNAL 1/0 STATUS WORD 144

STATUS contains the current status of 1/0 operations being
undertaken by KERNAL routines. It is identical in its
structure to the BASIC reserved variable, ST. RS-232
routines use RSSTAT ($297) as a status byte. See also the
KERNAL routine READST.

391 STKEY FLAG: STOF KEY FRESSED 145

STKEY is updated 6@ times each second by the IRG interrupt
service routine. Its function is to indicate whether the
STUF  key has been pressed. During the IRQ service routine,
the value of the row of the keyboard matrix that holds the

STOF key is stored in STKEY. This has the additional
benefit that the 7 other keys on this row of the matrix can
be detected. The values returned for the 8 possible keys

pressed (and no key) are detailed below:

255 #FF = NO KEY

<1 PRESSED 239 #EF = <SPACE FRESSED
<> PRESSED 223 #DF = <CBM>  PRESSED
<CTRL> PRESSED 191 #BF = <@ FRESSED
<23 PRESSED 127 #7F = <STOP> FRESSED

392 SVXT___TAPE TIMING CONSTANT 146

This is an ‘adjustable constant’, used during tape read
operations. It is adjusted in order to compensate for
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variations in the tape speed and for variations in the speed
of tapes recorded on different cassette units.

493 VERCK__KERNAL FLAG: LOAD/VERIFY 147

The same KERNAL routine is used for both LOAD and VERIFY
operations.  This location is used to determine whether the
data being loaded from tape or disk is to be stored in RAM
or compared against RAM.

$94 C3PD__ FLAG: CHARACTER READY FOR SERIAL BUS 148

C3F0 is used to indicate when there is a character in the
serial bus data buffer (BSOUR) awaiting output to the bus.

$95 BSOUR _BUFFERED CHARACTER FOR SERIAL BUS 149

This is the character waiting to be sent to the serial bus.
#FF  in this location indicates that there is no character
awaiting output.

296 SYNG__ CASSETTE SYNC NUMEER 150

SYND is a constant used by the cassette handling routines.

57 XSAV _ TEMP DATA AREA 151

XSAV is used as a temporary (X) register save area during
many of the KERNAL 1/0 routines.

%98 LDTND _NUM OF OFEN FILES/INDEX TO FILE TABLE 152

LDTND holds the number of currently open I/0 files. This
number is also used as an index to the end of the Jogical
file number, device and secondary address tables held at
$259-£277.

OFEN causes this value to be incremented to its maximum
value of 10, while CLOSE causes this value to be
decremented.  The KERNAL CLALL routine sets this location to
zero, effectively closing all files.

99 DFLTN DEFAULT INPUT DEVICE 153

DFLTN is normally set to #@@ to indicate the keyboard as
input device. The device number can be changed by the
KERNAL routine CHKIN which opens an input channel.
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The BASIC routines INPUT and INPUT# call CHKIN to set DFLTN
to the required device, however the device number is reset
on termination of the routines.

94 DFLTO _DEFAULT OUTPUT (CMD) DEVICE 154

DFLTO is normally set to #@3 to indicate the screen as
output device. The device number is normally changed by the
KERNAL routine CHKOUT which opens an output channel.

The BASIC routines PRINT# and CMD call CHKOUT to set DFLTN
to the required device, however the device number is reset

on termination of the FRINT# routine.

$98 PRTY _ TAPE CHARACTER PARITY 155

PRTY is used to determine the parity check performed when
tape read/write operations are performed. Parity is
calculated by determining the number of 1s or @s present in
the byte. The parity bit is set depending on whether this
number is odd or even.

$9C DPSW __FLAG: TAPE BYTE RECEIVED 156

DPSW is set once all 8 bits of a byte have been received
from the tape.

$9D MSGFLG FLAG: CONTROL KERNAL MESSAGE OUTPUT 157

MSGFLG is set by the KERNAL routine SETMSG, and it
determines whether or not the KERNAL control or error

messages are enabled. The possible values for this flag
are:

#8@ - A1l KERNAL messages are suppressed. This is the value
set when

° BASIC RUN mode is entered.

#40 - Enable KERNAL error messages only. These consist of
"1/0 ERROR

64 #" and a number. Since they are not self explanatory,
BASIC

prefers to use its own set of error messages.

#80 - Enable KERNAL control messages. These are messages
such as
128 "SAVING", "SEARCHING", "FOUND" etc. They are enabled
by BASIC

in direct mode but not in RUN mode.
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#CQ - Enable both KERNAL error and control messages.
192

39E FPTRL ___TAPE FASS 1 ERROR LOG 158

FTR1 is used to set up a log of any bytes in which a tape
read error has occurred during the first pass of the data
block. (Each block of data is recorded twice to minimise
data loss.)

$9F PTRZ _ TAPE FASS 2 ERKOR LUG 159

FTRZ is an index used in correcting those bytes in which an
error occurred on the first pass of the tape data block.

$AB-3A2 TIME REAL-TIME JIFFY CLOCK 160-162

The three bytes form a software clock that is incremented by

the IRQ service routine 6@ times a second. It is therfore a
count of thenumber of 6@ths of a second (jiffies) that have
occurred since the computer was switched on. After 24

hours, the jiffy clock is reset to zero.

The jiffy clock may be accessed via the reserved variables
TI and TI$. TI$ may also be used indirectly to change these
three bytes (TI$ is effectively TI put into HHMMSS format).

The Liffy clock is updated by the IRQ service routine, so
anything that affects the operation of this routine (such as
tape or serial bus 1/0) will stop the clock until the IR@
routine is restored. This will cause the jiffy clock to
become inaccurate.

$A3 SERIAL EIT COUNT / EOI FLAG 163

This location is a counter used by the routines that input
and output data to the serial bus. It is first set to the
value 8 in readiness to send or receive a byte. As each bit
is cycled to or from the bus, this value is decremented
until it reaches zero, when it is reset to 8 for the next
byte.

This location is also used as a flag to indicate when the
EOI (End-Or-Identify) handshake has been received from the
bus. EOI is sent on the bus along with the final byte of
the message to indicate the end of data transmission.
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A4 _CYCLE COUNT 164

This location is used by tape 1/0 as a temporary counter.

$AS CNTDN CASSETTE SYNC COUNTDOWN 165

CNTDN is used to count the number of sync pulses sent on the
tape before the actual data block.

A6 BUFFNT POINTER: TAPE 1/0 BUFFER 166

BUFPNT does not point to the tape buffer directly, but is an
index to the last character to be written to the buffer.
The tape buffer is 192 bytes long, so the value in EUFPNT
can range from @ to 191 (#BF). When this location reaches
#EF, the contents of the tape buffer are written to the
tape.

A7 INBIT RS-232 INPUT BITS/TAPE LEADER SHORT COUNT 167

INBIT stores each bit of serial data as it is received from
the RS-232 port. These bits are later shifted together to
form the final byte value. The location is also used by the
tape 1/0 routines to detect short block errors.

A8 BITC1 RS232 IN BIT CNT/TAPE READ ERR/WRT NEW BYTE 168

BITC1 counts the number of bits received from the RS-232
port. This is so that the RS-232 routines know when a
complete word has been received. BITC1 is also used to flag
read errors and the start of a new byte to be written by the
tape 1/0 routines.

A9 RINONE RS-232 FLAG: CHK FOR STR EBIT/TAFE CNT ZEROS 169

RINONE is used as a flag by the RS-232 routines to indicate
whether or not a start bit was received. A value here of
#98 indicates that no start bit has been received, while #20
indicates a start bit has been received.

RINONE is also used by the tape 1/0 handling routines for
counting zeros.

$AA RIDATA RS-232 INPUT BYTE/TAPE FUNC MODE/SYNC CNTDN 170

RIDATA is used by the RS-232 input routines to build up each
byte as it is received in bit form from the RS-232 port.
The byte, once completed is stored in the RS-232 in-buffer,
which is pointed to by RIBUF ($F7).

Bits 6 and 7 of RIDATA are used by the tape routines to
indicate the current function mode being used. This
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includes a flag to indicate whether the current character
should be treated as data or a sync character. Bits @-5
form a counter for sync characters to indicate when the end
of a sync block has been reached.

$AB RIPRTY RS-232 INPUT PRTY/CASSETTE SHORT CONT 171

RIPRTY is used by the RS-232 input routines as a flag to
detect when a parity error has occurred. For more detail,
see the RS-232 section.

RIPRTY is also a flag used by the tape routines to indicate
the end of a header or leader block. The flag is set when

the block ends before the computer is expecting it to.

$AC-$AD SAL_POINTER: TAPE BUF/SCRN SCROLLING _ 172-173

SAL points to the start address of a block of memory that is
going to be saved. During the save, this pointer is
incremented until it points to the end address of the block
of memory to be saved as indicated by EAL. Once the save is
completed, SAL is restored to its start value. When data is
being written to tape, SAL points to the start of the tape
buffer. It is incremented to the end of the tape buffer in
the same way.

SAL is also used as a temporary pointer during screen
scrolling and other screen management routines.

$AE-SAF EAL_TAPE END ADDS/END OF PROGRAM 174-175

EAL points to the end address +1 of a block of memory to be
saved. The save is completed once the contents of SAL are
the same as EAL. When data is being written to tape, EAL
points to the end of the tape buffer.

$BO-$B1 CMP@ TAPE TIMING CONSTANTS 176-177

These two bytes are sometimes used together as a constant,
and are used separately at other times. $B@ is used to
calculate the value of the adjustable constant SVXT at $92.
$B1 is just used as a timing constant during tape read.

$B2-$B3 TAPE1 POINTER: START OF TAPE BUFFER 178-179

TAPE1 is set to the start address of the cassette tape
buffer ($@33C). Since the buffer is always referenced
through this pointer, it is possible to change the location
of the tape buffer by merely adjusting this pointer. It is
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not possible to set the buffer to start below $0208, since
doing this not only overwrites the system variables, but it
causes an ?ILLEGAL DEVICE NUMBER message when used.

$B4 BITTS RS-232 OUT BIT COUNT/TAPE TIMER ENBL 180

BITTS is used by the RS-232 output routines to count the
number of bits being transmitted to the port. This is to
adjust for the number of stop bits and parity bit.

During tape input operations, BITTS is used as a flag to
indicate when the tape timer is enabled. A value of #21
indicates that the timer is enabled and the system is ready
to receive a byte.

$BS NXTBIT RS-232 NEXT BIT TO SEND/TAPE EOT FLAG 181

NXTBIT holds the value of the next bit to be sent on the RS-
232 port (#8@ or #@1). It is also used as a flag by the
tape read routines to indicate that an End-Of-Tape (EOT)
header has been read.

$B6 RODATA RS-232 OUT BYTE BUF/TAPE READ CHRCTER ERR 182

RODATA holds the byte of data currently being sent on the RS-
232 port. Each bit of data is consecutively shifted out into
the system carry flag, and then shifted into NXTBIT before

being sent.

RODATA is also used as a flag by the tape routines to
indicate that a character read error has occurred.

$B7 FNLEN LENGTH OF CURRENT FILENAME 183

FNLEN indicates the number of characters in the current
filename. This can be from @ to 187 for a tape file, from 1
to 16 for a disk file, or 4 characters for an RS-232 file.

Disk files always require a filename to be specified. Tape
files do not require a filename to be specified, and so this
location may contain #8@.

Only the first 16 characters of a tape filename will be
displayed on the screen by the SEARCHING FOR, SAVING, and
FOUND messages, but the whole filename will be written or
searched for. The length of the filename field on the tape
header allows short machine language programs to be saved as
filenames.
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$B8 LA CURRENT LOGIGAL FILE NUMBER 184

LA holds the logical file number of the 1/0 file that is
currently in use. Valid file numbers can range from #01 to
#FF. #0@ is used to indicate that there is no file
currently open. A file number greater than #7F will cause a
line feed character (#@A) to be sent with each carriage
return.

LA is set up by the KERNAL routine OFEN.
B9 sA CURRENT SECONDARY ADDRESS 185

SA holds the secondary address of the 1/0 file that is
currently in use. Valid secondary addresses can range from
#00 to W7F, although #1F is the usual upper limit for serial
devices. Secondary addresses are used to send commands to a
device, say to change character set. Since each device has
its own set of secondary addresses, each meaning something
different, it is not possible to give a comprehensive list
here.

SA is set up by the KERNAL routine OPEN.

$BA Fa CURRENT DEVICE NUMBER 186

FA holds the number associated with the device currently
being used. Device numbers can range from #00 to #1F, but
not all of them have been assigned to a particular device.
All devices greater than 3 are assumed to be on the serial
bus. The devices currently assigned are as follows:

- KEYBOARD

~ ALTERNATIVE PRINTER

- PRINTER/PLOTTER

- DISK DRIVE

~ ALTERNATIVE DISK DRIVE

CDCUBUNRS
|
k]
Z
z
]
o
2

$BI

BC FNADR _POINTER: CURRENT FILE NAME 18

88

FNADR is a pointer to the start of the filename associated
with the current open file. The length of the filename is
held in FNLEN. 1If a null filename is specified, then FNLEN
is set to #@@, and this location is not used.
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$BD ROPRTY RS-232 OUT PRTY/TAPE RECVE INFUT CHRCTR 189

ROPRTY is used by the RS-232 input routines to calculate the
output parity bit. For more detail, see the RS-232 section.

It is also used as a temporary store for the character being
received from tape.

$BE FSELK _NUMBER OF BLOCKS TO READ/WRITE TO TAPE 190

FSBLK is a counter, used by the tape 1/0 routines to
indicate the number of blocks outstanding in a tape I/0
operation.

$EBF __ MYCH  SERIAL WORD EUFFER 191
MYCH is used by both the tape and serial bus input routines
as a temporary work area for assembling the bits received

into the final byte.

sco CAS1 __ TAPE MOTOR INTERLOCK 192

CAS1 holds the current status of the cassette unit motor.
When a button is pressed on the cassette unit, this byte is
checked. If it holds #@@, the motor is turned on and this
location is set to #01. Similarly, when a button is
released on the cassette unit, this byte is checked, and i
it holds #@1, the motor is switched off.

By setting the value in this location, the tape motor can be
turned on or off. However, the IRQ service routine, which
processes this byte will reset the value to its initial
value if it is not #@@ with no buttons pressed, or #81 with
a button pressed.

$C1-3C2 STAL 1/0 START ADDRESS 193-194

STAL points to the start address of a block of data to be
saved or loaded. If the device concerned is tape, then this
location points to the start of the tape buffer as indicated
by ($B2). This is because the tape buffer is always the
first block saved or loaded from tape. The start address of
the actual RAM block is indicated by ($C3).

$C3-3C4 MEMUSS DATA START ADDRESS 195-196

MEMUSS points to the start address of a block of memory to
be loaded or saved to tape. It is only used for tape
operations, since the first block to be recorded must be the

49



header contained in the tape buffer. Thus, the normal
pointer, ($Cl1) points to the start of the tape buffer.

$CS LSTX _ CURRENT KEY PRESSED 197

LSTX holds the value of the current key being pressed. This
is not its ASCLI value, but a value based on the position of
the key in the keyboard matrix. Shift, CTRL and CBM keys
are not indicated in this location, neither do they modify
the value of anv key pressed. RESTORE is not accounted for
in the keyboard matrix, since it is caonnected to the
microprocessor NMI line. A value of #4@ indicates no key.

$C6 NDX NUMBER OF CHRCTR IN KYBRD BUF (GUEUE) 198

NDX holds the number of characters waiting to be processed
in  the keyboard buffer, which starts at $8227. Manipulation
of this byte can be used to create a ‘dynamic keyboard’
effect. For example, any keypresses can be removed from the
keyboard buffer by the command POKE 198,0. The command RUN
can be executed by POKEing the ASCII values of the
characters R, U, N and <CARRIAGE RETURN> into the start of
the keyboard buffer at $8227 (649 decimal), and setting NDX
equal to 4.

sC7 RVS FLAG: PRINT REVERSE CHARACTERS 199

When RVS holds #@8, characters are printed to the screen
normally.  When it contains #12, all characters are printed
to the screen in reverse mode. This involves the screen
editor adding #88 to the screen code of each character.
Pressing CTRL-RVS sets this flag, and CTRL-OFF clears it.
Note that the flag is also cleared whenever a carriage
return (#0D) is encountered.

$CB____INDX __ POINTER: END OF LOGICAL LINE FOR INPUT 200

INDX points to the final valid character on the logical
screen line that is to be INPUT. Since a logical screen
line can be two physical lines long, the pointer can range
in value from %00 to #4F (B-79).

$c9-sCA LXSP_CURSOR X-Y POS AT_START OF INPUT _ 201-202

LXSP keeps track of the position of the cursor on its
current logical line. The format is row in the first byte,
and column in the second. Since a logical screen line may
be either 48 or 8@ columns long, there can be anything
between 13 and 25 rows on the screen. See also $D9-$F2.
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$CB SFDX___KEYBOARD MATRIX COORDINATE 203

The keyboard scanning routine uses SFDX to indicate the
current key being pressed. The value here is used as an
index to the keyboard decode matrices, from which the ASCII
value of the key is derived. This value is the same as that

scc BLNSW _CURSOR BLINK ENABLE 204

When BLNSW is set to #@@, the cursor blink facility is
switched on. A non-zero value will turn the cursor off.
The cursor is automatically turned off when the keyboard
buffer contains a keypress, or when program execution
commences.

$CD BLNCT _TIMER: COUNTDOWN TO TOGBLE CURSOR 205

BLNCT is used as a counter by the IRQ service routine to
toggle the cursor on or off. Firstly, the location is set
to #14, then every IR@, it is decremented until it finally
reaches zero. At this point, the cursor is toggled and the
process is started all over again. Normally, the curser
will blink 3 times in each second.

$CE GDBLN _CHARACTER UNDER CURSOR 206

GDBELN holds the normal screen code of the character
occupying the current cursor position. This is so that when
the cursor moves on, the character can be restored to its
original value. (The cursor works by switching the character
between normal and reversed modes).

$CF BLNON _FLAG: CURSOR BLINK PHASE 207

BLNON indicates whether the cursor is currently on (the
character under the cursor is reversed), or off. It
contains the value #@@ if the cursor is on, and #@1 if it is
off.

$D0 CRSW___FLAB: INPUT FROM SCRN OR GET FROM KYBRD 208

The KERNAL routine CHRIN uses CRSW to indicate whether data
should be input from the screen or the keyboard.

$D1-$D2 PNT_PNTER: CURRENT SCRN LINE ADDRESS _ 209-210

PNT indicates the start address of the first column of the
screen line which currently contains the cursor.
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$D3 PNTR __ CURRENT CURSOR COLUMN ON LINE 211

PNTR holds the column in which the cursor is currently
posi tioned. The value can range from @ to 79, since each
logical screen line can be up to two physical screen lines
long. This location holds the number returned by the BASIC
POS  function. It is possible to change the cursor
horizontal position by altering the value contained here.

$D4 QTSW___FLAG: EDITOR IN QUOTES MODE 212

A zero in OTSW indicates that quotes mode is off. Any non-
zero number indicates that quotes mode is on. Guotes mode
is toggled on or off every time the quotes character is
typed. The effect of quotes mode is to cause cursor control
keys, and other non-printing characters to print a reversed
character instead of performing their normal function. The
only exception to this is DELETE, which operates normally in
quotes mode.

It is possible to escape from quotes mode by pressing
RETURN, or SHIFT-RETURN.

$DS LNMX _ SCREEN LINE LENGTH 213

LNMX is a flag used by the screen editor to indicate whether
the current logical screen line is 4@ or 8@ columns long.
The flag is then referred to when the cursor reaches the end
of a line to determine whether the logical 1line can be
extended, or a new logical line must be started.

$D6 TBLX __ CURRENT CURSOR LINE NUMBER 214

TBLX holds the current physical (not lagical) line number on
which the cursor is placed. It can range in value from @ to
24.  The cursor vertical position can be altered by changing
the value contained here.

$D7 TAPE: MOST RECENT DIPOLE BIT VALUE 215

This location is used by the tape routines to hold bit data
used in the building and unpacking of data bytes. It is
also used by the screen editor as a temporary store for the
last character to be printed.

$D8 INSRT _FLAG: INST MODE 216

INSRT is used to indicate whether or not the screen editor
is in insert mode. Any number greater than zero indicates
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that insert mode is on. Additionally, the value indicates
the number of inserts that have been opened.

When INST is pressed, the screen line from the current
cursor position is shifted right by one character, another
screen line is added to the logical line if necessary, the
screen line link table is updated, LNMX is adjusted, and
INSRT incremented. The editor is now in quotes mode and all
cursor etc. keys (including DELETE) will print a reversed
character to the screen. As each character is printed,
INSRT is decremented, until it reaches zero, when insert
mode is terminated.

$D9-$F2 LDTB1 SCREEN LINE LINK TABLE 217-242

This is a table consisting of 25 bytes. Each byte
represents one physical line of the screen. The table is
split up into several functions, each performed by different
bits within the 1 byte entries. Each function will be looked
at separately here.

BITS @-3. Screen memory on the Commodore 64 is 1000 bytes
long. This means that it occupies four pages of computer
memory. These three bits indicate on which of these four
pages the line starts. The pointer PNT ($D1) can then be
calculated by adding this number to the start page of screen
RAM, held at $0288, and also adding to it the entry for the
particular line in the table of screen address low bytes
held at $ECF@.

BIT 7. This is a flag used by the screen editor to indicate
the position of the physical line in a logical line. If it
is the first line, then it is set to 1. If it is the
second line, it is @.

$F3-$F4 USER PNTR: CURRENT SCRN COLOUR LOC 243-244

USER points to the first byte of the line of colour RAM that
corresponds to the current physical screen line. The
pointer is synchronised with PNT ($D1).

$FS-$F6 KEYTAB VECTOR: KYBRD DECODE TABLE 245-246

KEYTAB points to the start of the keyboard matrix table
currently being used. There are four tables, each returning
a unique ASCII code for each of the 64 keys on the keyboard.
This is so that different key values can be obtained for
the SHIFT, CTRL and CBM keys. The addresses of the keyboard
tables are as follows:



$EBB1 - DEFAULT UNSHIFTED CHARACATERS
$EBC2 - SHIFTED CHARACTERS

$EC@3 - CBM LOGO CHARACTERS

$EC78 - CTRL CHARACTERS

These keyhoard matrix tables should not be confused with the
toggling of character sets brought about by SHIFT-CBM.  The
toggling serves only to change the portion of the character
shape ROM used to display characters on the screen.

$£7-3F8 RIBUF_RS-232 IN BUFFER POINTER 247-248

RIBUF points to the start of the 256 byte input buffer which
is set up at the top of memory whenever an RS-232 file is
opened.

$F9-$FA ROBUF_RS-232 OUT_BUFFER POINTER 249-250

ROBUF points to the start of the 256 byte output buffer
which is set up at the top of memory whenever an RS-232 file
is opened.

$FB-$FE FREKZP_FREE_@-PAGE SPACE FOR USER PROG 251-254

These are locations that it is guaranteed BASIC will not
aiter for use in user written machine code programs.
However, these locations are often used by commercial BASIC
extension packages.

$FE BASZFT_TEMP_DATA AREA 255

BASZPT is used as a temporary store during the conversion of
£1pt numbers into ASCII strings.
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$1@0-$1FF __ MICROPROCESSOR SYSTEM STACK SFACE 256-511

This whole page of memory is reserved for the hardware stack
of the 6510 microprocessor. The stack is organised on a
Last In, First Out (LIFO) basis, rather like placing cards
onto the top of a deck and then removing them, again from
the top.

The stack is controlled by a 9-bit register within the
microprocessor, called the ‘stack pointer’ (SP). The low 8
bits of this register point to the last stack location to be
used, called ‘top of stack’. The high bit indicates the
page of memory on which the stack is to be found. Since it
cannot be changed, the stack is limited to the range $0120 -
$01FF.  For most purposes, the high bit of (SP) is ignored,
and its contents referred to as being in the range #00 -
HFF.

The first number to be placed on the stack will be at $@1FF,
the second at $@1FE and so on. Should more than 256 bytes
be pushed onto the stack, (SP) will reset to #FF and an
overflow error results. Similarly, if too many bytes are
pulled from the stack, (SP) becomes #0@, and an underflow
error results. These errors do not cause the program to
halt, but execution continues using the new but erroneous
value of (SP). As a result, the system will go haywire and
cause nothing to operate correctly until the system is reset
or powered on again.

Most of the BASIC and KERNAL routines make heavy use of the
stack for GOSUBs, FOR-NEXT loops, DEF FNs, the storing of
return addresses from subroutines, the saving of the
processor internal registers during interrupt servicing,
etc. Part of the stack space is also used separately by
BASIC as a temporary work area.

$100-$10A _ FLFT TO ASCII STRING WORK AREA 256-266

This part of the stack is used by BASIC routines in the
conversion of numbers into their equivalent ASCII digits
ready for printing to the screen etc. This area is
protected by BASIC from being overwritten by the stack.

$100-$13E __BAD TAPE INFUT ERROR LOG 256-318

During tape 1/0, these 62 bytes are used as indices to which
bytes in a tape block were not received correctly during the
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first pass of the data, so that on the second pass, any
corrections can be made. For more detail, see the section
on the cassette port in the 1/0 guide.

2PAGE 2

$200-$258  BUF BASIC INPUT BUFFER 512-600

In BASIC direct mode, this buffer is used to process text
that is typed onto the screen. When the return key is
pressed, the contents of the logical screen line which the
cursor is currently on are placed into this buffer. The
line is then scanned, and all recognised keywords are
converted into 1 byte tokens. Finally, the first byte of
the buffer is checked. If it is an ASCII number, the
contents of the buffer are stored in memory as part of a
BASIC program. If it is any other character, the line of
text is passed to the keyword execution routine, which then
performs the typed command.

This input buffer is also used for storing the text typed
during the INPUT and GET commands. INPUT  transfers
characters from the screen on the pressing of return, and
processes them via the INPUT routines. GET simply processes
the first character that it finds in the buffer. As a
result, INPUT and GET cannot be used in direct mode, as they
would both be trying to use the same buffer for different
things at the same time.

So that the processing routines know where the valid text
ends, and do not try to process text from a previous line
that was not overwritten, a #@® character is used as a
terminator . Thus, when #@@ is reacked, the processing
routine knows that it is time to stop and return control to
the editor. It is interesting to note that although a limit
of B8 characters exists on typing lines of BASIC text (88
characters for disk 1/0), the maximum length of a line of
BASIC text is 252 characters.

$259-$262 _ LAT TABLE OF ACTIVE FILE NUMBERS 601-610

This is a 1@ byte table of the file numbers of currently
open 1/0 files. All of the information needed to operate a
file is held in this and the following two tables. The
number of valid entries in the table is held at $98. Each
time the OPEN command is used, the file number, device
number and secondary address are added to this table, and
$98 is incremented.

When a file is CLOSEd, $98 is decremented. I1f the file



being closed is not the last one in the table, then all the
entries below it are moved up by 1 byte to overwrite that
entry. When a file is written to, its details are read from
these tables, and used to determine the current 1/0 device.

Since each table is 1@ bytes long, only 1@ logical files can
be open at a time.

$263-$26C FAT TABLE OF DEV NUM FOR OPEN FILES 611-620

This is a 10 byte table containing the device numbers
associated with each of the open files held in the active
files table.

$26D-$276 __ SAT TABLE OF SEC. ADD. FOR OPEN FILES 621-630

This is a 10 byte table containing the secondary addresses
associated with each of the open files held in the active
files table.

$227-$280  KEYD KEYBOARD BUFFER QUEUE (FIFQ) 631-640

KEYD is a 10 byte buffer that holds the ASCII value of
characters typed at the keyboard. During the IR@ interrupt
service routine, the keyboard is scanned, and if a key was
pressed, its ASCII value is added to the end of the queue,
and the buffer pointer at $C6 is incremented.

When the screen editor sees that there are characters in the
keyboard buffer, they are removed, in the order they were
typed in, and displayed on the screen. The maximum size of
the keyboard buffer is held in $289, and can be varied from
@ to the absolute maximum of 1@8. The buffer does not ‘wrap
around’ once it is full, so all characters typed when the
buffer is full will be ignored.

The BASIC INPUT and GET commands transfer the contents of
this buffer to the BASIC input buffer at $0200 for
processing.  Thus any characters already in the buffer will
be treated as part of the input. There are two ways of
preventing this from happening, both involving the emptying
of the keyboard buffer. The first reads any characters
present and discards them using a loop: FOR I=1 TO 1@:GET
Z$1NEXT 1.

The second sets the keyboard buffer pointer to zero,
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indicating no characters present: POKE 198,@.

By POKEing characters into the keyboard buffer, and setting
the buffer pointer to the number of characters POKEd, a
‘dynamic keyboard®' effect can be achieved. Thus commands
that are required to be executed in direct mode, but must be
executed from within a BASIC program, can be executed in the
following way.

Firstly, print the commands to be executed onto the screen,
paying very careful attention to their layout and position.
End the command sequence with a BOTO statement, so that the
BASIC program will continue execution afterwards.

Secondly, place the required number of return characters and
any other characters needed into the keyboard buffer.

Thirdly, set the buffer pointer to the number of characters
in the buffer.

Finally, perform END. This activates the screen editor, and
causes the contents of the keyboard buffer to be read. The
direct commands will be executed, and the BASIC program will
continue at the line indicated by the GOTO.

It is also possible to achieve a similar effect by directly
POKEing the commands into the keyboard buffer.

$281-$282  MEMSTR _POINTER: BOTTOM OF BASIC MEMORY _641-642

MEMSTR is set to point to $880@ by the hardware reset
routine. It is then used by the BASIC interpreter to set
its own start of BASIC pointer at ($2B). This pointer can
be read or changed by using the KERNAL routine MEMBOT.

$282-$284  MEMSIZ POINTER: TOP OF BASIC MEMORY 643-644

MEMSIZ is used by the KERNAL operating system to point to
the highest byte of RAM that is directly accessible to BASIC
text. On power up or reset, the KERNAL routine RAMTAS is
called, which performs a non-destructive test on RAM from
$8488 upwards, stopping only when the test fails due to the
presence of a ROM. This is normally at $A@@@, but can be
$800@ if an extension ROM is fitted. This location is then
set according to that result.

This location is changed automatically when an RS-232 file

is opened, to allow space for the two 256 byte buffers that
are created at the top of memory. The pointer can also be
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set or read using the KERNAL routine MEMTOP.

$285 TIMOUT _IEEE TIMEOUT FLAG 645

TIMOUT is used by the operating system to signal that a
timeout has occurred on the IEEE bus.

$286 COLOR __CURRENT CHARACTER COLOUR CODE 646

COLOR indicates the colour that characters printed to the
screen will appear in. During the print operation, the
operating system stores the printed characters in screen
RAM, and stores the contents of this location in the
equivalent parts of colour RAM. Thus the text appears to be
printed in this colour. The colour of the characters
printed can be changed in three ways.

1. Selecting a new colour directly from the keyboard. This
is done by holding down the CTRL or CBM key, and pressing a
number from 1 to 8. In this way, all 16 colours can be
obtained.

2. Printing the CBM ASCII code for a particular colour to
the screen.

3. Directly POKEing the value of the new colour into this
location. The table below shows the POKE, CHR$ code and

keypress for each colour.

COLOUR POKE CHR$ KEYBDARD COLDUR POKE CHR$ KEYBOARD

BLACK ° 144 CTRL 1 ORANGE 8 129 CBM 1
WHITE 1 5 CTRL 2 BROWN 9 149 CBM 2
RED 2 28 CTRL 3 PINK 18 150 cBM 3
cyAl 3 159  CTRL 4 DK GREY 11 151 CBM 4
PURPLE 4 156 CTRL S MID BREY 12 152 CBM 5
BREEN £ 3@ CTRL & LT GREEN 13 153 CBM &
UE & 31 CTRL 7 LT BLUE 14 154 CBM 7
YELLOW 7 158 CTRL B LT GREY 1S5 1S5 CBM 8
$287 GDCOL __CHARACTER COLOUR UNDER CURSOR 647

GDCOL holds the colour code of the character currently under

the cursor. This is because the cursor blinks in the
current character colour, which may not be the same as the
colour of the character on the screen. Thus, when the

cursor moves on, the character is returned to its original
colour.
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$288 HIBASE _TOP OF SCREEN MEMORY (PAGE) 648

HIBASE indicates the logical page on which the 4@ by 25
video screen matrix starts. On power up, this is set to the
value 4, indicating that the screen starts at location
$0400. The purpose of this location is to tell the screen
editor where in memory to store printed characters.

The screen display can be moved around in memory by changing
the VIC II control register ($D@18) and the VIC II memory
bank select register ($DD@@). The only limitation on moving
the screen is that it must always start on a 1K boundary
($0400, $@80Q, $@COQ etc.). The screen editor will not be
able to print to this new screen until HIBASE is altered to
point to it.

HIBASE can be used to print characters to other areas of
memory that are not to be directly displayed. For example,
by setting HIBASE to point to the start of a block of sprite
data, the data can be printed as a string straight into
memory, instead of a whole series of POKEs.

$289 XMAX SIZE OF KEYBOARD BUFFER 649

XMAX indicates the maximum number of characters that can be
held in the keyboard buffer (located at $0277). The
absolute maximum size of the keyboard buffer is 1@
characters, but the only restraint on extending the buffer
beyond this value is the fact that it would cause the buffer
to overwrite the pointers to the top and bottom of memory
and  screen. If needed, the pointers can be saved and
restored by using KERNAL routines.

Note that when the keyboard buffer pointer reaches the same
value as is stored here, all keypresses will be ignored,

until a character has been read from the buffer.

$28A RPTFLE FLAG: REPEAT KEYFRESS 650

RPTFLG is used by the keyboard scan routine to determine
what keys, if any, should repeat. When a key is repeated,
its ASCII value is written into the keyboard buffer
continuously, at a rate determined by KOUNT and DELAY, until
the key is released. I a key is not repeated, it is placed
into the keyboard buffer once and then ignored until the key
is released.

The default value in this location is @, which repeats only
the space bar, cursor and INST/DEL keys. A value of #8@
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will cause all keys to repeat, and a value of #42 will
prevent any keys from repeating. Other values will cause
different keys to repeat.

$28B KOUNT __ REPEAT SPEED COUNTER 651

KOUNT is a counter, used by the keyboard reading routine to
determine how long to wait between placing each successive
repeat ‘keypress’ into the keyboard buffer. The IRQ service
routine initially sets this location to &, and, once $28C
indicates that the key should repeat, it is decremented once
every 60th of a second. When it reaches zero, it is set to
4, and the process repeated. The rate of repeat on each key
is 15 repeats per second.

$28C DELAY __ REPEAT DELAY COUNTER 652

DELAY is used by the keyboard scan routine to determine how
long a key must be held down before it is repeated. It is
set to #1@, and, once a key is pressed, decremented every
6@th of a second. Once this counter reaches zero, the
counter at $@28R, to time the delay between repeats is
enabled. The initial value is only restored once the key
has been released. The delay between pressing the key and
it repeating is approximately 1/3 of a second.

$28D SHFLG __FLAG SHIFT / CTRL / CBM KEY 653

SHFLG holds a flag to indicate to the operating system
which, if any, of the SHIFT, CTRL or CBM logo keys are being
pressed. The value 1 indicates SHIFT, while the values 2
and 4 indicate CBM and CTRL respectively. The values are
cumulative when more than one key is being held down.

SHFLG is used by two routines. Firstly, by the keyboard
decode routine, to indicate which of the four keyboard ASCII
lookup tables will be used, and secondly, by the screen
editor, which uses SHIFT/CBM to toggle between the upper
case/graphics and upper/lower case character sets. This
last use is completely separate from the keyboard SHIFT
decoding, and only changes the part of the character ROM
that is displayed on the screen.

$28E LSTSHF _LAST KEYBOARD SHIFT PATTERN 654

LSTSHF is used by the keyboard scan routine in conjunction
with SHFLG ($828D) to debounce the SHIFT, CTRL and CBM keys.
It prevents the screen editor from repeatedly toggling the
upper/lower case character sets during one pressing of the
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SHIFT and CBM keys.
$28F-$298  KEYLOG VECTOR: KEYBOARD TABLE SETUP 655-656

KEYLOG is a pointer to the keyboard decode routine, which
takes the value of the keypress from the keyboard scan
routine and converts it into a CBM ASCII character. This
involves using one of four keyboard lookup tables (one for
straight kevpresses, and one each for SHIFT, CTRL and CBM).
The routine is situated at $EADD.

$291 MODE FLAB: ENABLE SHIFT/CBM 657

The MODE flag enables or disables the screen character set
toggling feature of the SHIFT and CBM keys. By setting this
location to #8@, the feature is disabled. Setting the value
#820 will enable the feature. This flag does not affect the
normal operation of either the SHIFT or CBM key when used on
its own. The effect of the flag is identical to PRINTing
CHR$(8) or CHR$(9).

$292 AUTODN _FLAG: AUTO SCROLL DOWN ENABLED 658

AUTODN is used as a flag by the screen editor to determine
whether or not moving the cursor beyond the 4@th column of a
screen line will cause another physical line to be added to
the logical line. When this location is set to #28, the
lines below the current one will be scrolled down in order
to add the new physical line. Any non-zero value will
prevent the scroll.

4293 MSICTR _RS-232 6551 CONT REGISTER IMAGE 659

MSICTR is used to control the baud rate, word length and the
number of stop bits applied to characters being transmitted
on  the RS-232 port. The format used is identical to that of
the 6551 ACIA chip (table 2.1). When a file is opened to
the RS-232 port, the first character of the file name is
stored here. See also the section on RS-232 in the [/0
ports guide.

$294 M51CDR__RS-232 6551 COMMAND REG TMAGE 560

MSICDR is used to control the parity, duplex mode and the
handshaking protocol used on the RS-232 port. The format
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used is identical to that of the 6551 ACIA chip (table 3.1).
When a file is opened to the RS-232 port, the second
character of the file name is stored here. See aiso the
section on R3-232 in the 1/0 ports guide.

$295-$296 _ MS1AJB RS-232 NON-STANDARD BIT TIME 661-662

MS1AJB  is used to store the non-standard baud rate when this
option is selected in $8293. This was probably put here to
conform to the 6551 ACIA, however the non-standard bit
timing is rot implemented in the Commodore software version
of the device. Commodore have specified that the value
stored here should be the system o2 clock frequency, divided
by 2, and minus 1@8@8. This result is stored in the lo-hi
format. o2 clock rates are, for NTSC systems, 1.02273 MHz,
and, for PAL systems, 8.98525 MHz.

4297 RSSTAT _RS-232 6551 STATUS REG IMAGE 663

RSSTAT is used to indicate the current error status of the
RS-232 port. Apart from direct PEEKing, this location can
be read by calling the KERNAL routine READST. or by
referring to the BASIC reserved variable, ST. Both READST
and ST reset this location to zero after use, so it is
important to preserve the original value if more than one
test is to be made. The detail of the status register is
set out in table 2.1. It is up to the user to take any
action on the detection of an error in data transmission,
since no automatic action is taken by the computer.

$298 BITNUM _RS-232 No OF BITS STILL TO SEND 664

BITNUM holds the number of bits of the current byte that
have not been transmitted onto the RS-232 port.

$299-$29A _ BAUDOF _RS-232 BAUD RATE (BIT TIME) 665-666

BAUDOF  holds the baud rate (number of bits sent per second)
currently being used on the RS-232 port. The value here is
used as & basis for setting the two timers on the CIA#2
chip. When these timers reach zero, an NMI interrupt is
generated. The NMI service routine then handles data
transmission to and from the port. The actual vaiue (called
a prescaler) that is stored in the CIA timers can be
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calculated as follows. FRESCALER = ((02 CLOCK / BAUD RATE)

/ 2) - 100
The 02 system clock frequency is 1.82273 MHz for NTSC
systems, and ©.98525 MHz for PAL systems. A table of

prescaler values for the valid baud rates is held at $FEC2

for the American NTSC version, and $E4EC for the
PAL version.

CONTROL REGISTER

European

7 6 5 [ 4 3 2 1 o]
STOP BITS 'WORD LENGTH ‘ UNUSED BAUD RATE
0= 1bit 00 = 8bits | 0000 = USER RATE )
T=2bis|  O1=7bts | 0001 = 50 BAUD
10 = 6 bits 0010 = 75 |
11 = 5 bits 0011 i
1000 = 1200
1001 = (1800) 2400
1010 = 2400
1011 = 3600 ™y
1100 = 4800 ™) |
1101 = 7200 (NI) ‘
1110 = 9600 [}
1111 = 19200 (NI) 1
NI = Not Implemented
COMMAND REGISTER
3 5 4 3 2 1 [
PARITY OPTIONS DUPLEX UNUSED HanD.
XX0 parity disabled — none | 0 = FULL 0=3 LINE
generated / received 1 = HALF 1=X LINE
001 0dd parity

Receiver/transmitter
011 Even parity
Receiver/transmitter
101 Mark transmitted
Parity check disabled
111 Space transmitted
Parity check disabled

*‘* ‘4
~
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STATUS REGISTER

0 = PARITY ERROR

1 = FRAMING ERROR

2 = RECEIVER BUFFER OVERRUN
3 = RECEIVER BUFFER EMPTY

4 = CTS SIGNAL MISSING

5 = UNUSED

6 = DSR SIGNAL MISSING

7 = BREAK DETECTED

TABLE 2.1

$298  RIDBE RS-232 INDEX TO END OF IN BUFFER 667

RIDBE points to the final byte of the RS-232 input buffer.
Both RS-232 buffers operate on a wrap-around principle, ie.
once data reaches one end of the buffer, it starts to write
again from the other end. Thus, the start and end points
may be anywhere within the 256 byte buffer.

$29C _ RIDBS RS-232 START PAGE OF IN BUFFER 668

This location is an index to the start of the RS-232 input
buffer, and is used as a pointer for reading data from the
buffer. Both RS-232 buffers operate on a wrap-around
principle, ie. once data reaches one end of the buffer, it
starts to write again from the other end. Thus, the start
and end points may be anywhere within the 256 byte buffer.

$29D _ RODBS RS-232 START PAGE OF OUT BUFFER 669

RODBS is an index to the start of the RS-232 output buffer,
and is used as a pointer for reading data from the buffer.
Both RS-232 buffers operate on a wrap-around principle, ie.
once data reaches one end of the buffer, it starts to write
again from the other end. Thus, the start and end points
may be anywhere within the 256 byte buffer.

$29B  RODBE RS-232 INDEX TO END OF OUT BUFFER 670
RODBE points to the final byte of the RS-232 output buffer.
It is used as a pointer for writing data to the buffer.
Both RS-232 buffers operate on a wrap-around principle, ie.
once data reaches one end of the buffer, it starts to write
again from the other end. Thus, the start and end points
may be anywhere within the 256 byte buffer.
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$29F-$2A0 IRQTMP_IRQ VEC STORE DURING TAPE 1/0  671-672

When data is read or written to tape, the normal IRQ
interrupt vector at ($0314) is replaced with a series of
special vectors that point to the tape 1/0 routines. IRQTMP
is used to store the normal vector during this time, so that
once tape I1/0 has finished, the normal vector can be
restored.

The vector is saved and replaced in this way, instead of
just copying it back from the ROM vectors list, so that any
user IRQ vector (for, say, IR@ driven music or sprites) will
be preserved. When tape 1/0 is taking place, all the normal
functions performed by the IRQ service routine (reading the
keyboard, updating the clock etc.) are suspended.

$2A1  ENABL _RS-232 ENABLES (NMI INTERRUPT CONTROL) 673

ENABL holds the value which is written into the CIA#2
Interrupt Control register (ICR) at $DD@D. It is used as an
indicator to what the system is currently doing. Three bits
are significant here, and all are active 1.

BIT @ - SYSTEM IS TRANSMITTING DATA

BIT 1 - SYSTEM IS RECEIVING DATA

BIT 4 - SYSTEM IS WAITING FOR RECEIVER EDGE

$2A2 TOD SENSE DURING TAPE 1/0 674

This location is used as a store of the CIA#1 Control
Register B during tape 1/0.

$2A3 TEMP_STORE FOR TAPE READ 675

This location is used as a store of the CIA#L Control
Register A during tape 1/0.

204 TEMP_D1IRQ INDICATOR FOR TAPE READ 676

This location is used as a store of the CIA#L Interrupt
Control Register during tape 1/0.

$2A5 TEMP_SCREEN LINE INDEX 677

This is a temporary pointer, used by the screen editor to
indicate the start of the next 4@ column screen line during
screen scrolling.

$206 PAL_/ NTSC FLAG 678

This location is set to @ if the computer is an NTSC
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(American TV) standard, and 1 if it is PAL (European TV)
standard.

A test is performed on power up to determine the type used.
This consists of setting the Raster Interrupt flag for
raster line 311. If the interrupt occurs, then the computer
is a PAL system (NTSC monitors only have 262 raster scan
lines).

The difference between PAL and NTSC is important, because
they both operate on a different system 02 clock frequency
(NTSC = 1.02273 MHz, PAL = 0.98525 MHz). This clock
frequency is used as a basis for generating the IRQ
interrupts every 6@th of a second, and also for the RS-232
baud rate timing. A prescaler is used to offset the
differences in frequency when calculating the values to use
in the timers for these functions.

$2A7-$2FF SFRT11 UNUSED (SPRITE BLOCK 11) 679-767

This area is unused by both BASIC and the KERNAL operating
system. It can therefore be used by the programmer for
short machine language programs, or for storing sprite data.
When being used for sprite data, this area is designated as
block 11.
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PAGE_3
$300-$301 1ERROR VEC: PRINT BASIC ERROR MESSAGE _768-769

IERROR points to the start of the BASIC error handling
routine at $E38B. In order to generate a particular error
message, the (X) register must be loaded with the error
code, and this routine called. It is important to note that
once the message has been printed, a EASIC warm start is
performed. A table of error codes and their related
messages is given with the notes on this routine in the ROM
GUIDE.

$302-$303 IMAIN VECTOR: EBASIC WARM START 770-771

IMAIN points to the start of the main BASIC input, identify
and execute loop at $A483. This routine performs all the
BASIC functions in direct mode.

$304-$305 ICRNCH VECTOR: TOKENISE BASIC TEXT 772-773
ICRNCH points to the routine at $AS7C which takes a line of
BASIC text from the system input buffer at $0200 and

converts it into 1 byte tokens.

$306-$307 I1QPLOP VECTOR: LIST BASIC TEXT 774-775

IGPLOP points to the routine at $A7A1 which converts BASIC
keyword tokens into their full length keywords, and lists
the current BASIC program to the screen.

$308-$309 1GONE VECTOR: BASIC CHARACTER DISPATCH 776-777

IGONE points to the routine at $A7E4 which executes a BASIC
keyword token.

$30

308 IEVAL VECTOR: EVALUATE BASIC TOKEN 778-779

IEVAL points to the routine at $AEB6 which evaluates a
single term of an arithmetic expression.

$30C__ SAREG _(A) REGISTER FOR SYS 780

SAREG can be used to set the processor accumulator to a
predetermined value on entry to a SYS call. Once the
machine language routine has finished, the final value of
(A) is returned here.
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$30D  SXREG __(X) REGISTER FOR SYS 781

SXREG can be used to set the pracessor X index register to a
predetermined value on entry to a SYS call. Once the
machine language routine has finished, the final value of
(X) is returned here.

$30E  SYREG (Y) REGISTER FOR SYS 782

SYREG can be used to set the processor Y index register to a
predetermined value on entry to a SYS call. Once  the
machine language routine has finished, the final value of
(X) is returned here.

$30F _ SPREG__(P) REGISTER FOR SYS 783

SPREG can be used to set the processor status register to a
predetermined value on entry to a SYS call. Once the
machine language routine has finished, the final value of
(P) is returned here.

$310  USRPOK JMP INSTRUCTION FOR USR FUNCTION 784

USRFOK holds the 6518 machine language op-code for JMP
(#4C) . It is used in conjunction with the following two
bytes, which form the operand, to execute a USR function
machine language routine.

$311-$312 USRADD LI

1 _ADDRESS FOR USR ROUTINE  785-786

USRADD contains the target address of a machine language
routine for use with the USR function. The programmer must
set up the address here before calling the function, since
the default address generates an ?ILLEGAL QUANTITY error.

The parameter in parentheses in the X = USR(Y) statement is
placed into the flpt accumulator fackl ($61-$66). At the
end of the routine, the contents of fac#l are assigned to
the preceeding variable (X in this case).

$313 UNUSED 787

$314-$315 CINV VECTOR: HARDWARE IRQ INTERRUPT 788-789

CINV points to the routine at $EA31 which services and IRQ
interrupt request. Normally an IRQ is generated 6@ times
each second by timer B of CIA#1. During the servicing of
each IRQ, the system jiffy clock is updated, the keyboard is
scanned, the cursor is blinked, the tape motor interlock is
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maintained and the STOP key tested for.

By changing this vector, it is possible to substitute
another machine language routine to be executed every 68th
of a second. This routine must either perform the normal
IRQ service functions itsel, or call the normal IR@ routine
once it has finished. Several factors must be borne in mind
when changing the IRQ vector.

An  IRQ request may occur while the vector is being changed.
This would cause a fatal error, and recovery could only be
made by resetting the machine. This can be overcome by
using the 6518 SEI instruction before changing the vector.
This has the effect of preventing an IRQ from being
serviced. Once the vector has been changed, the IR@ can be
enabled again with the CLI instruction.

It is possible for an IRQ to be generated from sources other
than CIA#1 timer B. There is the remainder of CIA#1, and
the VIC II chip to take into consideration when handling an
IRQ. Thus the source of the IR@ should be established
before it is processed.

The 6518 BRK instruction also generates an IR@. This is
tested for by the ROM IRQ routine before being directed to
this vector. A BRK IR@ is directed to the vector CEINV at
($316).

$316-$317 CBINV VECTOR: SOFTWARE BRK INTERRUPT _ 790-791

CBINV points to the routine which is executed every time
the 6518 BRK (#@@) instruction is encountered. This
defaults to the BASIC warm start routine called by pressing
RUN/STOP and RESTORE. This vector is often used by machine
language monitors to call the monitor warm start routine.

$318-$319 NMINV VECTOR: HARDWARE NMI INTERRUPT _ 792-793

NMINV points to the routine at $FE47 which is executed
whenever an NMI interrupt request is generated. There are
two sources of an NMI interrupt, and the routine pointed to
by this vector checks to see which of them caused it, and
acts accordingly.

1. CIA#2. 1f the NMI was generated here, the routine
checks to see if one of the RS-232 routines should be

called.

2. The RESTORE key is connected directly to the processor



NMI line. When the NMI comes from this source, the STOP key
is checked. If it was pressed simultaneously with RESTORE,
a BASIC warm start is performed, unless an external ROM
cartridge is present, in which case that is warm started.
If the STOP key was not pressed, the NMI routine exits
without taking any further action.

Note that by changing this vector to point to the RTI
instruction at the end o e service routine, the
STOP/RESTORE keys can be disabled. This, however does have
the effect of disabling all NMIs.

-
Bl

$31A-$31B I0PEN_VECTO!

KERNAL _OPEN ROUTINE 794-795
IOPEN points to the KERNAL OPEN routine located at $F34A.
The GOPEN entry at $FFC@ in the KERNAL jump table is directed
here.

$31C-$31D ICLOSE VECTOR: KERNAL CLOSE ROUTINE 796-797
ICLOSE points to the KERNAL CLOSE routine located at $F291.
The CLOSE entry at $FFC3 in the KERNAL jump table is

directed here.

$31E-$31F ICHKIN VECTOR: KERNAL CHKIN ROUTINE 798-799

ICHKIN points to the KERNAL CHKIN routine located at $F2@E.
The CHKIN entry at $FFC6 in the KERNAL jump table is
directed here. CHKIN is used to open a channel for input
from a device.

$320-$321 ICKOUT VECTOR: KERNAL CHKOUT ROUTINE _ 80@-801
ICKOUT points to the KERNAL CHKOUT routine located at $F250.
The CHKOUT entry at $FFCY in the KERNAL jump table is
directed here. CHKOUT is used to open a channel for output

to a device.

$322-$323 ICLRCH VECTOR: KERNAL CLRCHN ROUTINE _ 882-883

ICLRCH points to the KERNAL CLRCHN routine located at $F333.

The CLRCHN entry at $FFCC in the KERNAL jump table is
directed here. CLRCHN is used to close all currentluy open
channels.

$324-$325 IBASIN VECTOR: KERNAL CHRIN ROUTINE 804-805

IBASIN points to the KERNAL CHRIN routine located at $F157.
The CHRIN entry at $FFCF in the KERNAL jump table is
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directed here. CHRIN is used to input a character from a
channel opened by CHKIN.

$326-$327 IESOUT VECTOR: KERNAL CHROUT ROUTINE _ 806-887
IBSOUT points to the KERNAL CHROUT routine located at $F1CA.
The CHROUT entry at $FFD2 in the KERNAL jump table is
directed here. CHROUT is used to output a character to a

channel opened by CHKOUT.

$328-$329 ISTOF VECTOR: KERNAL STOP ROUTINE 808-809

ISTOF points to the KERNAL STOF routine located at $F4ED.
The STOP entry at $FFEl in the KERNAL jump table is directed
here. STOF is used to scan the <STOP> key. This routine
can be disabled by incrementing the vector by three bytes,
ie. FOKE 808,239. Note that this does not stop the
STOP/RESTORE sequence.  FOKE 888,234 will cause the BASIC
LIST function to be disabled. Both instances can be
returned to normal by POKE B8@8,237.

$32A-$32B IGETIN VECTOR: KERNAL GETIN ROUTINE 810-811

IGETIN points to the KERNAL GETIN routine located at $F13E.
The GETIN entry at $FFE4 in the KERNAL jump table is
directed here. GETIN is used to get a character from a
currently open file.

$32C-$32D ICLALL VECTOR: KERNAL CLALL ROUTINE 812-813

ICLALL points to the KERNAL CLALL routine located at $F32F.
The CLALL entry at $FFE7 in the KERNAL jump table is
directed here. CLALL is used to close all open channels and
files.

m

$321

32F USKCMD_USE!

EFINED VECTOR 814-815

USRCMD points to the software BRK routine located at $FE66.
This vector is used by machine language monitors (MLMs) when
they encounter a command that they don't understand. It can
thus be used to add new commands to an MLM. Since there is
no MLM built into the Commodore 64, this vector is mostly
redundant.

$330-$331 1LOAD VECTOR: KERNAL LOAD ROUTINE 816-817

ILOAD points to the KERNAL LOAD routine located at $F49E.
The LOAD entry at $FFDS in the KERNAL jump table is directed
here. LOAD is used to load or verify a file into RAM.



$330-$331 ISAVE VECTOR: KERNAL SAVE ROUTINE

ISAVE points to the KERNAL SAVE routine located at $FSDD.
The SAVE entry at $FFDB in the KERNAL jump table is directed
here. SAVE is used to save RAM to an external device.

$334-$338 UNUSED 820-827
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$33C-$3FB TBUFFR_CASSETTE 1/0 BUFFER 828-1819

TBUFFR is the 192 byte buffer used for reading and writing
data to tape. When LOADing or SAVEing programs, the buffer
is only used for the tape header block, the rest of the 1/0
directly accessing the RAM concerned. When accessing data
files, the data is read and written from the buffer.

The format of a tape header block is as follows. Byte 1 is a
header block type id. This indicates to the operating
system which type of file is currently being accessed. The
header types are shown below.

#01 - RELOCATABLE FROGRAM FILE (SA = @)
#02 - DATA FILE (ACTUAL DATA BLOCK)
#03 — ABSOLUTE PROGRAM FILE (SA = 1)
#84 - DATA FILE HEADER

#05 - END-OF-TAPE HEADER

The second and third bytes of the header indicate the file
start address. This is the start address of the program for
program files, and the start of the data within the buffer
for data files.

The next two bytes of the header indicate the file end
address.  This is the end address of the program for program
files, and the end of the data within the buffer for data
files.

The remainder of the header is used to store either the
actual data bytes, or the file name. The file name can be
up to 187 bytes long, and can include things like sprite
data and short machine language programs that need to run in
the cassette buffer.

When the buffer is not being used for tape 1/0, it is
possible to use it for storing data for sprite blocks 13,14
and 15. It is also a favourite place for storing short
machine language programs.

$3IFC-$3FF UNUSED 1020-1023




PAGE_4 UPWARDS

$400-$7FF VICSCN VIDEQ MATRIX: 25 LNS * 4@ COL 1024-2047

VICSCN holds the video screen matrix and the sprite data
pointers. Screen memory can be relocated to start at the
beginning of any 2K boundary by setting the VIC II memory
control registers at $D@18 and $DDOO.

The video matrix is used to store characters for display on
the screen. Each byte stored here represents a number,
letter or graphical symbol to be displayed on the screen
(A=HO1, B=HB2 etc.). The VIC-II chip takes these screen
codes and uses them as an index to the position of the
character in the character dot ROM.

Characters may be stored here either by printing them
through the BASIC PRINT statement and the KERNAL CHROUT
routines, or by directly POKEing the character screen codes
into screen memory. This second method requires a value to
be POKEd into the equivalent byte of colour RAM ($D8@@-
$DBFF), since the character colour is set to the background
colour whenever the screen is cleared.

The final eight bytes of the video area are used as sprite
data pointers. These locations point to the start of the 63
byte block of data that defines a particular sprite. The
final byte of each sprite block is unused, so that they can
be divided into convenient blocks of 64 bytes.

$800-$9FFF BASIC_RAM_PROGRAM AREA 2048-4@959

This is the area where BASIC programs and variables are
stored. A BASIC program is made up of linked lines of
tokenised BASIC keywords. The format of each BASIC line is
as follows:

1. A two byte lo-hi link address, pointing to the start of
the next BASIC line. In the final line of the program, this
link address is set to $0000.

2. A two byte lo-hi line number (lo-hi). This is the BASIC
line number

given the line by the programmer. It must be in the range @
to 63999.

3. The tokenised BASIC keywords and data. This section can

be up to 250 bytes long, although only 88 bytes can be
written directly from the keyboard.
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4. The line terminator character (#8@). This informs the
BASIC interpreter that the end of the line has been reached.
The very first line of BASIC must also be #@@, as this is
treated by the interpreter as an end of line.

$1000

1FFF___BANK @ CHARACTER ROM IMAGE 4896-8191

This is the default character ROM image that is seen by the
VIC II chip when looking at bank @ (the ist 16K of RAM).
The actual character ROM is located at $C0@@, but due to the
construction of the machine, the VIC II chip can see it
here. The ROM is used for holding the dot images of all the
characters that can be displayed on the screen. There are
two complete 256 character character sets. Both sets can be
toggled between by pressing the <SHIFT> and <CBM> keys
together.



SECTION 3.
ROM GUIDE



CHRGET_AND CHRGOT

This is probably the most important part of the BASIC
interpreter. When the computer is switched on, it is copied
from ROM into RAM at $@@873 to $@@8A. The purpose of CHRGET
is to find the next byte of BASIC text from either the input
buffer ($0200-$0258) or from BASIC text ($880@-$9FFF).

The index TXTPTR ($7A) is in the middle of the routine. This
points to the current byte of text and is modified by the
routine as it is executed. This is the reason it is in RAM
and not ROM.

On exit, the byte of text is held in (A) and the carry flag
is set according to the ASCII code of the character: If the
ASCI1 code is between #38 and #39, (ie a decimal number),
then carry is clear, otherwise it is set. If the Zero flag
is set, then a terminator has been found - either End-0f-
Line or colon.

A popular way of adding new commands to BASIC is to modify
CHRGET by using a ‘wedge’ to point to a user replacement
routine. An example of this is the DOS support program
supplied by Commodore.

., @873 e6 7a  inc $7a jincrement TXTPTR

., @875 d@ @2  bne $0079

., 2877 e6 7b inc $7b

., 0079 ad @8 02 1da $0208 ;CHRGOT entry. read TXTPTR
., @87c c? 3a  cmp #$3a 3ASCIT colon (terminator) -

sets Z flag
., @@7e bd Ba  bcs $@08a

., @080 c9 20 cmp #$20 ;ASCII space - get next
character

., @082 0 ef beq $0073

., @085 38 sec

., @285 e9 30  sbc #$30 3ASCII zero

., @087 38 sec

., @288 €9 d@  sbc #$d@

., @08a 60 rts
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4096@__RESTART VECTORS

These are vectors to cold ($E394) and warm (E37b) reset
routines, and the ASCII string 'CEMBASIC'. The cold restart
vector is used to initialise EASIC when the computer is
first switched on, and the warm restart vector is used when
<STOF/RESTORE> is pressed.

12000 94 e3 7b e 43 42 4d 42
008 41 53 49 43

40972 _STMDSI

BASIC COMMAND VECTORS

These are vectors to the routines indicated by the BASIC
keyword table. The vector is pushed onto the stack and RTS
performed via the CHRBET routine. As a result, the vector
points to the start address

-1 of the routine.

3@ a8 41 a7 id ad §7 a8

c6 el 7a ab 41 aé

41@42 FUNDSP: BASIC FUNCTION VECTORS

These are vectors to the functions indicated by the BASIC
keyword table. Functions are distinguished from commands
and operators by a following argument in parentheses ().

39 bc cc bc S8 bc 1@ B3
7d b3 Fe b3 71 bf 97 ed
ea b9 ed bf 64 e2 &b e2
b4 e2 Qe eX @d b8 7c b7
65 b4 ad b7 8b b7 ec bé
@@ b7 2c b7 37 b7

BASIC OFERATOR VECTORS

Here each operator vector is preceeded by a priority code.
This is used to determine the order in which operators are
performed. The vectors point to the start address of the
routine -1. When the operator is called, its vector is
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pushed onto the stack and RTS performed from the CHRGET
routine.

79 69 b8 79 52 b8 7b 2a
ba 7b 11 bb 7f 7a bf 5@
e8 af 46 eS5 af 7d b3 bf
Sa d3 ae 64 15 b@

41118 RESLIST: BASIC COMMAND KEYWORD TABLE

This is a table of BASIC keywords. The keywords are written
in token order, ie. END = #80, FOR = #81 etc. To calculate
the token value for a keyword, add 127 to its position in
this table. Each keyword has bit 7 of the last character
set to 1. The end of the table is denoted by a zero byte.
This table is used by the routines to convert BASIC text
into compact 1 byte tokens, and also by the LIST routine to
expand the tokenised text. The keyword GO (#CB) is included
to allow the use of GO TO as well as GOTO. Note that there
is no separate token for GETH.

4e c4 46 4f d2 4e 45 enDfoRne
d4 44 41 54 c1 49 4e xTdatAin
S5 54 a3 49 4e 50 55 put#inpu
44 49 cd 52 45 41 c4 TdiMreaD
45 d4 47 4f 54 cf 52 leTgotOr
ce 49 cé6 52 45 53 54 uNiFrest
52 c5 47 4f 53 55 c2 orEgosuB
45 54 55 52 ce 52 45 returNre
53 54 4f d@ 4f ce 57 MstoPoNw
49 d4 4c 4f 41 c4 S3  aiTloaDs
56 ¢S5 56 45 52 49 46 avEverif
44 45 c6 S@ 4f 4b c5 YdeFpokE
52 49 4e 54 a3 5@ 52 print#pr
4e d4 43 4f 4e d4 4c  inTconTl
53 d4 43 4c d2 43 4d isTclRem
53 59 d3 4f 50 45 ce DsySopeN
4c 4f S3 c5 47 45 d4 closEgeT
45 d7 54 41 42 a8 S4 neWtab(t
46 ce 53 S8 43 a8 54 OfNspc(t
45 ce 4e 4f d4 S3 54 heNnoTst
d@ ab ad aa af de 41 ePanDoRs
c4 4f d2 be bd bc 53 gNinTabS
ce 49 4e d4 41 42 d3 usRfrEpo
53 d2 46 52 c5 5@ 4f SsqRrnDl
53 51 d2 52 4e c4 4c oGexPcoS
c7 45 S8 d@ 43 4f d3 siNtaNat
49 ce 54 41 ce 41 54 NpeeKleN
S0 45 45 cb 4c 45 ce str$valLa
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53 54 52 a4 Sb6 41 cc 41 sCchrsle
53 c3 43 4B 52 a4 4c 45 ftsright
46 54 a4 52 49 47 48 54 Smid$g0
a4 4d 49 44 a4 47 cf @0

41374 ERRTAB: ERROR MESSAGE TABLE

This is the table of error messages used by BASIC. Each
message has bit 7 of the last character set to 1.

41 4e 59 too many
d3 46 49 fileSfi
45 ce 46 le opeNf
4f 54 20 ile not

49 4c 45 opeNfile

46 49 4c  tput fil
49 4e 47 Emissing
20 4e 41 file na
45 47 41 nEillega
49 43 45 1 device
45 d2 4e  numbeRn
49 54 48 ext with
4f d2 53 out foRs
52 45 54 yntaXret
49 54 48 urn with

55 41 4e gal quan
S6 45 52 titVover
55 54 20 floWout
4d 4f 52 of memor
46 27 44 Yundef'd
45 4d 45  stateme
28 53 55 nTbad su
56 d4 52 bscripTr
44 20 41 edim'd a
49 56 49 rravdivi
42 59 20 sion by
4c 4c 45 zerDille
49 52 45 gal dire
45 20 43 cTtype m
43 cB S3  ismatcHs
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52 49 4e 47 20 54 4f tring to
20 4c 4f 4e c7 46 49 o lonGfi
45 2@ 44 41 54 c1 46 le datAf
52 4d 55 4c 41 20 54 ormula t
4 20 43 4 4d S@ 4c oo compl
dB 43 41 4e 27 54 20 eXcan't
4f 4e 54 49 4e 55 ¢S5 continuE
4e 44 45 46 27 44 20 undef’'d
S5 4e 43 54 49 4f ce functioN
45 52 49 46 d9 4c 4f verifYlo
a1 c4 aD

41768 ERRPTI

ERROR MESSAGE POINTERS

This is a table of vectors to the start address of each
message in the error messages table. There are 3@ error
messages including BREAK, which is in the table below.

9e al ac al b5 al c2 al
d® al e2 al @ al f al
10 a2 25 a2 35 a2 3b a2
4% a2 Sa a2 6a a2 72 a2
7f a2 99 a2 9d a2 aa a2
ba a2 cB a2 d5 a2 e4 a2
ed a2 @8 a3 Qe a3 le a3
24 a3 83 a3

41828 OKK: MISC MESSAGES

This is a table of miscellanecus messages used by BASIC.
Each message in the table has a zero byte terminator.

-1a364 @d 4f 4b @d @B 20 20 45 ok e
a36c 52 52 4f 52 @@ 20 49 4e rror in

.:a374 20 0@ 8d @a 52 45 41 44 read
-:a37c 59 2e Od @a 02 @d @a 42 y. b
-:a384 52 45 41 4b 00 reak

41866 FNDFOR: FIND FOR/GOSUB ENTRY ON STACK

This routine is called by NEXT and RETURN. The stack is
searched for a FOR token. If not found then ?NEXT WITHOUT
FOR, unless called from RETURN when further tests are
performed by that routine.

., a38a ba tsx
., a38b eB inx
., a38c e8 inx
., a38d e8 inx

a3



., a38e e8 inx 5 (X) points to where token

should be

., a38f bd @1 @1 lda $8101,x

., a392 9 81 cmp #381 ;token FOR

., a394 d@ 21  bne $a3b7  j;no - RTS

., a396 aS 4a  lda $4a 5 >FORPNT - pointer to index
variable

., a398 d@ @a  bne $a3a4 jindex exists

., a3%a bd @2 @1 lda $8102,x

., a39d 85 49  sta $49 jrecover FORPNT from stack

., a39f bd @I 01 lda $@103,x

., a3a2 85 4a  sta $4a

, a3ad dd 03 @1 cmp $@103,x jcheck same index variable

., a3a7 d0 @7  bne $a3bd ;if different then check next
entry

., aZa9 a5 49  lda $49

., aJab dd @2 @1 cmp $8102,x

., alae @ @7  beq $a3b7 jsame index so end (Z=0)

., albd 8a tra

., albi 18 cle

., a3b2 69 12 adc #$12 5FOR entry is 18 bytes long

., a3bd aa tax

., a3bS d@ d8  bne $a38f jstart again

., a3b7 60 rts

41912 BLTU: OPEN SPACE IN MEMORY

This routine enables text to be inserted into a BASIC
program. A check is made to ensure that sufficient RAM is
available, then an upwards memory move takes place. This is
done by subtracting the block pointers to find the length of
the block then moving memory up by the required amount. The
following locations must be set on entry: ($58)=Top of

destination +1, ($5A)=Top of source +1, ($5F)=Bottom of
source.
., a3b8 20 08 a4 jsr $a408 scheck memory space
., a3bb 85 31 sta #31 ;<STREND - end of arrays +1
., abd 84 32 sty $32
., asbé 38 sec
., a3c@ aS Sa 1da $5a ;<top of source+i
, alc2 eS Sf sbc $5¢ ;<bottom of source
., alc4 85 22 sta $22 ;<number of bytes to move
., a3ct a8 tay
., a3c7 a5 Sb 1da $5b jrepeat for hi bytes
., a3c9 e5 6@  sbc $60
., a3chb aa tax ;>number of bytes to move
., a3cc ed inx
., aled 98 tya
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0 23 beq $a3¢3 ;10 byte of counter = @
a5 Sa 1da $5a

e5 22 sbc $22
85 Sa sta $5a
bo 03 bcs $a3dc

c6 Sb  dec $5b
38 sec
a5 58 1da 58
eS 22 sbc $22
., a3e@ 85 58  sta $58
., aJe2 b@ @8  bcs $alec
., aSed cb 59  dec $59
., ale6 9@ 84  bcc $alec
., ae8 bl Sa  lda ($5a),y j;move source to destination
., aSea 91 58  sta ($58),y
., aJec 88 dey jnext byte
., a3ed d@ f9  bne $ale8
., aSef bl Sa  1da ($5a),y ;move source to destination
a3f1 91 S8 sta ($58),y
a3f3 c6 Sb dec $5b jadjust block pointers
a3S cb 59  dec $59
a3f7 ca dex snext page
a3f8 d@ 2  bne $alec
a3fa 60 rts

41979 GETSTK: CHECK STACK DEPTH

This routine checks whether a given number of bytes will fit

onto the stack. (A) must be set to HALF the required
number . 1f there is insufficient room then ?0UT OF MEMORY
error. The stack does not occupy all of page 1 since 62

bytes are used as a workspace for other routines.

., a3fb @a asl jdouble test quantity
., a3fc 69 3e  adc #$3e ;bottom 62 bytes are used as
RAM
a3fe b@ 35  bcs $a435  jout of stack space
2400 B85 22  sta $22
2402 ba tsx
., 2403 e4 22 cpx $22 jcheck stack pointer is ok
, a4@5 9@ 2e  bcc $a435 $70UT OF MEMORY error
., 2407 60 rts

41992 REASON: CHECK MEMORY OVERLAP
This routine is used to check to see if there is enough

space in RAM for a program addition. (A/Y) must hold the
address to be tested. This is compared against bottom of
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strings. 1f they overlap, then garbage is collected. 14
there is still no room then ?0UT OF MEMORY error.

., ad@8 c4 34  cpy $34 3 >FRETOP - bottom of strings
., adBa 90 28  bcc $a434 jok

., ad@c d@ 84  bne $a412  ;not - garbage collect
., ad@e c5 33 cmp $33 3<FRETOP

., a410 9@ 22  bcc $a43s 0k

., a412 48 pha jpush test address

., 2813 a2 @9  ldx #$Q9

., ad15 98 tya

., ad16 48 pha

., a417 bS5 57 1da $57,x ;push temp pointers $57 - $60
., @819 ca dex

., adla 10 fa  bpl $ad1s

., a8lc 20 26 bS jsr $bS26  ;garbage collect

., adlf a2 7 ldx #$§7

., a821 68 pla

., @422 95 61 sta $61,x 3pull pointers

., a424 e8 inx

., a425 30 fa  bmi $a421

., a827 &8 pla spull test address

., a428 a8 tay

., a429 &8 pla

., ad2a c4 34 cpy $34 jrepeat test on FRETOF
., a82c 9@ @6  bcc $a434 jok

., ad2%e d® @5  bne $a435  ;?0UT OF MEMORY error
., a430 5 33 cmp $33

.y ad32 b0 01 bcs $a435  370UT OF MEMORY error
., 2434 60 rts

42037 OMERR: OUTPUT ?0UT OF MEMORY ERROR

This routine sets the error pointer to ?0UT OF MEMORY, then
enters the next routine.

., @435 a2 18 1dx #$10
42039 ERROR: ERROR ROUTINE
This routine prints an error message from the error messages

table.  (X) must hold the error number on entry. A table is
given below of and their corr ing numbers.

-, a437 6c @0 @3 jmp ($030@) ;vector IERROR - points to

$A43A
., a43a 8a txa
., ad3b @a asl ;double to provide offset
., a43c aa tax
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bd 26 a3 lda $a326,x ;pointers to message
85 22 sta $22 3<INDEX1

bd 27 a3 lda $a327,x

85 23 sta $23

20 cc ff jsr $ffcc 5CLRCHN - close 1/0 channels

a? 89 1da #s00

85 13 sta $13 sinput prompt flag

20 d7 aa jsr $aad7 joutput CR/LF

2@ 45 ab jsr $abas joutput question mark

a0 28 1dy #s00

bt 22 1da ($22),y jload byte of message into
@)

a8 pha

29 74 and #$7¢ szero bit 7

2@ 47 ab jsr $aba7 joutput character in (A)

c8 iny

68 pla

10 €4 bpl $a456

20 7a ab jsr $ab7a sdisable CONT

a% 69 1da #$69

a@ a3 1dy #$a3 5$A369 points to message
ERROR

ERROR MESSAGES AND THEIR CORRESPONDING NUMBERS

#01

#18

TOO MANY FILES

FILE OPEN

FILE NOT OPEN

FILE NOT FOUND
DEVICE NOT PRESENT
NOT INPUT FILE

NOT OUTPUT FILE
MISSING FILENAME
ILLEGAL DEVICE NUMBER
NEXT WITHOUT FOR
SYNTAX

RETURN WITHOUT GOSUB
QUT OF DATA

ILLEGAL QUANTITY

UNDEF *D STATEHENT
BAD SUBSCRIPT
REDIM'D ARRAY
DIVISION BY ZERO
ILLEGAL DIRECT
TYPE MISMATCH
STRING TOO LONG
FILE DATA
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#19 25 FORMULA TOO COMPLEX
#1A 26  CAN'T CONTINUE

#1B 27  UNDEF ‘D FUNCTION
#1C 28 VERIFY

#1D 29 LOAD

42089 ERRFI

BREAK ENTRY

This routine prints "ERROR" or "BREAK" depend
program or direct mode is engaged. In prograr
prints "IN" and CURLIN.

ing on whether
m mode, it also

., a469 20 le ab jsr $able joutput string at (A/Y)

., adc a4 3a  1ldy $3a 5>CURLIN - line number or #FF
if direct

., adbe c8 iny

., ad6f §@ 83  beq $a474 jdirect mode - restart BASIC

., a471 20 c2 bd jsr $bdc2  joutput ‘IN and CURLIN

42100 READY: RESTART BASIC

This routine prints “READY.", sets direct m
waits for the next BASIC line or direct
entered.

ode, and then
command to be

., 24784 a9 76  1da #$76 ;point to ‘READY at $A376
., a476 a@ a3 1dy #$a3
2478 20 te ab jsr $able joutput string at (A/Y)
ad7b a9 80 1da #$80
., @47d 20 90 ff jsr $§§90 ;SETMSG - control KERNAL

messages

42112 MAIN: INPUT & IDENTIFY BASIC LINE

This is the major BASIC interpreter routine,
in direct mode. BASIC text is placed in the
with a zero terminator and processed.

character is numeric then it is treated as a
If not then it is treated as a direct command.

20 6@ a5 jsr $a560 3input line to
86 7a stx $7a sTXTPTR

84 7b sty $7b

20 73 @0 jsr $0073 3CHRBET

aa tax

a2 4 1dx #$§F

a8

executed when

input buffer
1f the first
program line.

6c 02 @3 jmp ($0302) jvector IMAIN points to $A483

input buffer

0 0 beq $a480 jterminator - start again



-, a492 86 3a stx $3a 5>CURLIN - set direct mode

., 2494 90 86 bcc $a49c snumber so set up text
-, a496 2@ 79 a5 jsr $aS79 scrunch keywords
., @899 4c el a7 jmp $a7el sexecute statement

4214@ MAIN1: GET LINE NUMBER & TOKENISE TEXT

This part of the MAIN routine reads the line number at the
start of the BASIC line. It then searches the existing
program for that line. If it is found, the line is deleted
and the replacement inserted. All the keywords are crunched
into tokens.

., a49c 20 6b a9 jsr $aPeb sread LINNUM from text
, a49f 20 79 a5 jsr $aS579 jcrunch keywords to tokens

42146 INSLIN: INSERT BASIC TEXT

1f the line number already exists in text then memory is
moved down to overwrite the line. CLR is performed and the
link pointers are rebuilt. Memory is moved up to make room
for a new (or replacement line if given) which is written
into memory. Finally CLR is performed, the link pointers
are rebuilt and the main loop re-entered.

., a%a2 84 @b sty $@b SCOUNT - input buffer pointer
adad 28 13 ab jsr $a613 ;search for LINNUM in text
ada7 9@ 44  bcc $aded snot found - insert new line
asa? a@ 01 1dy #s@1

., ad4ab bl S5f lda ($5f),y ;($5F) points to line header

., a%ad 85 23 sta $23
adaf a5 2d 1da $2d $<VARTAB - start of variables
adbt 85 22 sta $22

., adb3 a5 6@  1da $68

., a4b5 B85 25  sta $25

., adb7 a5 Sf 1da $5¢

., a4b9 88 dey

., adba F1 S sbc ($56),y

., asbc 18 cle

., asbd 65 2d  adc $2d ;<VARTAB

., adbf B85 2d  sta $2d

., adct 85 28  sta $24

., adc3 a5 2e  1da $2e 3 >VARTAB

., adeS 69 £ adc #$4

., a8c7 B85 2e  sta $2e 3 VARTAB

., adc9 e5 6@ sbc $60

.y a4cb aa tax

., adcc 38 sec
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ab

o1

1da

tay
bes
inx
dec
cle
adc
bee
dec
cle
1da
sta
iny
inc
inc
dex

jsr
jsr

$5¢
$2d ;<VARTAB

$a4d7
$25
$22
$aadf

23

($22),y jmove memory to delete line
($24),y ;($22) = source

; ($24) = destination

$addf 5(X/Y) = number of bytes

$23

$25

saddé

$ab59  jreset execution and do CLR

$a533  jrebuild link pointers

$0200  ;input buffer

$a480 jterminator - input &
identify BASIC

$2d ;VARTAB

$Sa

sob 3 COUNT

ss8

$2e

$5b

$ases

$59

$a3b8  jmove block of memory up

$14 SLINNUM - temp integer value

$15

s01fe

$0144

$31 JSTREND - end of arrays +1

$32

$2d 5VARTAB

$2e

sob 3COUNT

$@1fc,y ;write line of text into

memory
($56) ,y
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., a528 1@ €8  bpl $aS522

., aS2a 28 59 a6 jsr $a659 jreset execution and do CLR
., a52d 2@ 33 a5 jsr $a533 srebuild link pointers
., a538 4c B8 a4 jmp $a480 jinput & identify BASIC

42291 LINKPRG: RECHAIN LINES

Starting from TXTTAB, BASIC text is searched for a zero byte

terminator denoting the end of a line (EOL). Once found,
the link address for that line is calculated.  INDEX1 is
updated to point to the end of this line and the search is
repeated.  Note that lines longer than 255 characters cause

the routine to hang.

., a533 a5 2b 1da $2b 5TXTTAB - start of BASIC text

., aS535 a4 2c  1dy $2c

., a537 85 22  sta $22 SINDEX1 - temp pointer to
text

., aS539 84 23 sty $23

., as3b 18 cle

., aS3c a@ @1 1dy #s01

., a53e bl 22  lda ($22),y jexamine link address

., a54@ @ 1d  beq $aSSf szero - end of program

., a542 a®@ B4 ldy #$04 sby-pass link addr and line
number

., as4s c8 iny

., a545 bl 22 1da ($22),y jget next byte of text

., a547 d® fb  bne $aS544 ;not EOL so repeat

., aS49 c8 iny

., aS4a 98 tya

., aS4b 65 22  adc $22 scalculate link addr

., aS4d aa tax

., aS4e a@ @0  1dy #$00

., aS5@ 91 22 sta ($22),y j;store link addr for this
line

., a552 a5 23 1da $23

., a554 69 @0  adc #$00

., asse c8 iny

., aS57 91 22  sta ($22),y ;store hi byte

., a559 86 22  stx $22 jset INDEX1 to point to new
line

., aS55b 85 23 sta $23

., a55d 98 dd  bcc $aS3c jrestart search

-, aS5¢ 6@ rts

42336 INLIN: INPUT LINE INTO BUFFER

This routine inputs a character from the keyboard. If it is
a carriage return (#8D) then the zero byte input buffer
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terminator is set up. If not, then the character is placed
into the queue in the input buffer. I the length of the
queue exceeds 8@ (#59) characters, then ?STRING TOO LONG
error.

., a5ed a2 00 1dx #$00

., aSk2 28 12 el jsr $el12  ;BCHIN - input character from
keyboard

., a565 c9 @d  cmp #$@d 3<CR>?

., a567 @ @  beq $aS76  jyes - set terminator and
exit

., a569 9d @0 02 sta $8200,x ;store character in input
buffer

., aSéc e8 inx

., aS6d e® 59  cpx #$59 sbuffer full?

., aSef 98 1 bce $a562 ;no - repeat pracess

, a571 a2 17 1dx #$17 ;¥1ag ?STRING TOO LONG

., aS73 4c 37 a4 jmp $a437 jdo error

., a576 4c ca aa jmp $aaca jadd zero terminator to
string

42361 CRUNCH: TOKENISE INPUT BUFFER

The input buffer is scanned until its zero byte terminator
is found. Characters are compared with the keyword table and
each recognised keyword is converted into a 1 byte token
consisting of the position of the keyword in the table ORed
with #80. This routine can be fooled by such as eN, dA, nE
etc. <?>, <">, and <pi> are tested for and processed
separately. The routine is vectored through ($8324) to
enable additional keyword tokens to be added to BASIC.

., a579 éc @4 B3 jmp ($@3@4) ;vector ICRNCH - points to

$AS7C

., a57c ab 7a  1dx $7a 3TXTPTR - position in input
buffer

, aS7e a@ @4  1ldy #$04

, aS8® B84 of sty $of ;BARBFL - flag for quotes

-, a582 bd @@ @2 lda $@200,x ;input buffer

., aS87 c9 Ff cmp #$f4 3<pi>?

., a589 8 3e  beq $aSc9 syes - skip it

., a58b e8 in

., aSBc dB f4  bne $a582 jdo next byte

., aSBe 9 20  cmp #$20 ;<space>?

., a598 @ 37  beq $aSc9 sskip it

., a592 85 @8  sta $@8 SENDCHR - scan for next quote
., 8594 c9 22 cmp #$22 ;<quote>?

., aS9 @ 56 beq $aSee jyes — skip to next quote
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0

0

o1
o1

02

bit
bvs

bne
1da
bne
cmp
bec
cmp
becc
sty

1dy
sty

$0200,x

$a0%e,y
$aSbé

$01¢b,y
$01fb,y
$a609

#3$3a

#$55
$a582

$0200,
$asc9

$a5c9

3 GARBFL
sskip it

3 <query>?

5no - continue checks
;token PRINT

jstore & get next char
3<@>?

scii <?

sskip it

5 (A) now holds poss keyword
char

5COUNT - keyword # - makes up
token

s TXTPTR

jinput buffer

skeyword table
smatch - test next character
send of keyword

3no match - try next keyword
SCOUNT - OR with #80 to give
token

jstore processed character

jterminator - end

3 GAREFL

jstart again
SENDCHR - scan for end quotes
sinput buffer

sterminator

3 ENDCHR

jyes - reenter main routine
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., aSef 99 fb @1 sta $@1fb,y

., a5f2 e8 inx
+y aSf3 do fO bne $aSeS jnext character

., aS5f5 ab 7a  1dx $7a

.y aSf7 et @b inc $2b ;COUNT - next keyword

., a5f? c8 iny

., aSfa b9 9d a@ lda $a@9d,y ;keyword table

., aSfd 1@ fa  bpl $a5¢9 3¥ind end of current keyword
., a5ff b9 9e a@ lda $ad9e,y

., abD2 d@ b4  bne $aSbe ;not end of table - continue

w

o
]
2
4
a
]
s

@2 1da $0208,x ;input buffer

., abd7 18 be  bpl $aSc7
.y abl9 99 fd @1 sta $@1fd,y ;move character down
, ablc €6 7b  dec $7b

., abDe a9 £ lda #%§§

., ab10 B5 7a  sta $7a sset TXTPTR to #FF
., ab12 60 rts

42515 FNDLIN: SEARCH FOR LINE NUMBER

BASIC text is scanned from its start to the end of the BASIC
program using ($5F) as a pointer. The line number for each
line is compared with that in LINNUM. If they match then
carry is set and ($5F) points to the header for that line.
1f the line number is not found, then the carry flag is
cleared.

.y @abl3 a5 2b lda $2b sTXTTAB - start of BASIC

., ab15 a6 2c 1dx $2c

.y 2617 ad 01 1dy #3081

., 8619 85 5f sta $5¢ jtemp pointer

., ablb 86 6B stx $60

., abld bl Sf lda ($5f),y jexamine link address

., ablé §B 14 beq $a640 jend of program - address not
found

., ab21 8 iny

., 8622 B iny

., a623 a5 15 1da $15 sOLINNUM - temp integer

., @625 d1 Sf  cmp ($5f),y ;line # in text

., ab27 9@ 18 bcc $as4l SLINNUM > line #

., @629 @ 03  beq $abZe jequal - test other byte

., ab2b 88 dey

., ab2c d@ 09  bne $a&37 ;next line

., ab2e a5 14 1da $14 3<LINNUM

., ab30 88 dey

., ab31 d1 S cmp ($5f),y jline # in text

., @633 98 0c  bcc $abdl SLINNUM > line #

, a635 €@ @a  beq $abdt spositive match - RTS

., ab37 88 dey
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., a638 bl Sf 1da ($5f),y ;get link addr & store in

sy
., ab3a aa tax
., ab3b 88 dey
., ab3c bl S 1da ($56),y
., ab3e b® d7  bcs $as17 jexamine next line in text
., a6a® 18 cle
.y abdt 6@ rts

42562 SCRTCH: PERFORM NEW

Firstly there is a syntax check to ensure no parameters are
passed (ie NEW 2@ etc.), otherwise a 7?SYNTAX error is
generated. . The 1link address of the first line of BASIC
text is set to $@000. VARTAB is set to TXTTAB + 2 and
TXTPTR is reset. (A) is set to zero for the syntax check in
CLR which is then performed.

., ab42 d@ fd  bne $ab41 jsyntax check - RTS if
invalid

., ab44 a9 @@  lda #sQ0

., 2646 a8 tay

., ab47 91 2b  sta ($2b),y jset 1st link addr to $0000

., ab49 c8 iny

., abda 91 2b  sta ($2b),y

., abdc a5 2b  lda $2b ;TXTTAB - start of BASIC

., abde 18 cle

., abaf 69 @2 adc #$@2

., a6S51 85 2d  sta $2d JUARTAB = TXTTAB +2 (start of
vars)

., a653 aS 2c 1da $2c

., ab55 69 @0 adc #3500

., a657 85 2e  sta $2e

., ab59 20 Be a6 jsr $atBe  jreset TXTPTR

., atSc a9 @@  1da #$00 jprepare for CLR syntax check

4259@ CLEAR: PERFORM CLR

As with NEW, CLR has a syntax check. All channels and files
are closed and variables are erased by resetting FRETOP =
MEMSIZ and ARYTAE, STREND = VARTAB. RESTORE is performed,
the string descriptor stack pointer is reset and the CONT
pointer is zeroed.

., aéSe d@ 2d bne $a&8d ssyntax check - RTS if
invalid

., ab6@ 20 e7 ff jsr $ffe7 3CLALL - close 1/0 files &
channels

., abb3 a5 37 1da $37 3MEMSIZ - highest BASIC
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address

., abbS a4 38 ldy $38

., abb7 B85 33 sta $33 JFRETOP - bottom of strings

., abt9 B4 34 sty $34

., abbb a5 2d 1da $2d JVARTAB - start of variables

., abbd a4 2e  1dy $2e

., abbf B85 2f sta $2¢ SARYTAB - start of arrays

., ab71 B84 38 sty $30

., ab73 85 31 sta $31 JSTREND - end of arrays +1

., ab75 B84 32 sty $32

.y @677 20 1d aB jsr $adid ;do RESTORE

., ab7a a2 19 ldx #$19

., ab7c 86 16  stx $16 ;TEMPPT - descriptor stack
ptr

., ab7e 68 pla

., ab7f a8 tay

., ae8e 68 pla

., abB1l a2 fa  ldx #¥fa

., 2683 9a txs jreset stack

., ab84 48 pha

., ab8s 98 tya

., ae86 48 pha

., ab87 a% 80 lda #$00

., a689 85 3Je  sta $3e ;0LDTXT - pointer for CONT

., abBb B85 18  sta $10 3SUBFLG

., a6Bd 60 rts

42638 STXPT: RESET TXTPTR

This routine resets TXTPTR to the start of BASIC text.

., abBe 18 cle

., abBf a5 2b 1da $2b 3TXTTAB - start of BASIC
.y ab91 69 £ adc #$6+

., a693 85 7a  sta $7a STXTPTR

., ab95 aS 2c 1da $2c

., 2697 69 FF adc #$§

., a699 85 7b  sta $7b

.y ab% 60 rts

42652 L1ST: PERFORM LIST

Any parameters that follow the LIST command are thoroughly
tested for start and finish line numbers. If either is not
found, the defaults are:- start =#0@0@, end =#FFFF. LIST is
performed until either the end of the program (link address
=$000@) or a line number greater than that in LINNUM is
found.  The line number is output, then each byte of text is
processed. If it is a token (>#7F), then it is expanded and
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the

it
main BASIC input and identify loop is entered.

keyword output, unless the token is within quotes, when

is

as9c

output intact.

90

20

85

6

24
ab
e9
&b
13

a9
a6

a9

a8
aa

bd

bec

beq
cmp
bne
jsr
jsr

jsr
beq
cmp

jer

jsr
bne
pla
pla
1da
ora

1da
sta

sta
1dy
sty
1da

jsr
jsr
iny
1da
tax
iny
1da

Finally, direct mode is set, and the

saba4 jascii number? (entry is from
CHRGET)

sabad sno parameters

#sab stoken -2

$a68d jno - RTS

$a96b jread LINNUM from text

$a613  jsearch for LINNUM - header
in ($5F)

$0079 JCHRGOT - recap parameter

$aébb 3no parameter

#sab jtoken -2

$a641 sno - do RTS

$0073  ;CHRGET - get next byte of
text

$a96b sread LINNUM from text

$a6a1 snot found - RTS

$14 SLINNUM ~ end line number

$15 5 ($5F) holds start line
address

$abc9

EEf

$14 SLINNUM defaults t@ #FFFF if
no param

$15 5 ($5F) defaults to $0801

#$01

s0¢ 3GARBFL - quotes flag

($56),y jget link address

$a714 jend of program

$a82c jtest STOP key

$aad7 joutput CR/LF

($56),y ;put line number into (X/A)

($56) ,y
$15 jcompare with end line number
$abeb

$14

$ase8

sa714 sline # > LINNUM

$49

sbdcd joutput number in (X/A)

#$20 ;ASCII space
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., abef a4 49 ldy $49

. 29 74 and #$74
., abf3 20 47 ab jsr $ab47 soutput character in (A)
€9 22 cmp #$22 3ASCIT quotes?
do @6 bne $a700 sno
as of 1da sof
49 §4 eor HSEE ;set quotes flag
85 of sta s+
c8 iny
f0 11 beq $a714
b1 Sf lda ($5f),y j;get byte of text
d0 1@ bne $a717 snot EOL - process character
a8 ta
bl Sf 1da ($5f),y ;get link address for next
line
., a78a aa tax
., a7db c8 iny
., a78c bl Sf 1da ($5f),y
., a7@e 86 Sf stx $5f jstore link address in ($5F)
a71@ 85 60 sta $60
., a712 d® bS  bne $abc9 snot end of program - list
line
., a714 4c 86 e3 jmp $e386 jrestart BASIC

42775 GFLOP: HANDLE LIST CHARACTER

This routine tests for a keyword. The character is Printed
straight if it is not a token, or if it is <PI> (#FF) or if
it is in quotes. The token is expanded into the keyword,
and output, then LIST is continued.

-, a717 6c @6 @3 imp ($@3B6) ;vector IAPLOP - points to

%$a7la
., a7la 1@ d7  bpl $abf3 snot token - output character
.y aZ7lc €9 f cmp #$ff jtoken - pi?
., a7le @ d3  beq $abf3  joutput character
., a720 24 BF  bit $Of ;GARBFL - LIST quote flag
., a722 38 cf bmi $a6f3 jquotes flag set-output
character
38 sec
e? 7 sbc #$7F
aa tax 3 (X) now holds keyword number
84 49 sty $49
a8 £f 1dy #$§f
ca dex
., a72d @ 08  beq $a737 skeyword is next in table
., a72¢ «c8 iny
., a730 b9 9e ad lda $aB%e,y jscan table for correct
keyword
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., a733 1@ fa  bpl $a72f
., a735 30 §5  bmi $a72c

.y @737 c8 iny

., a738 b9 9e a@ lda $ad9e,y j;get character from table

., a73b 30 b2 bmi sasef jend of keyword - continue
Li1sT

., a73d 2@ 47 ab jsr $ab47 joutput character in (A)

., a748 do {5 bne $a737 snext character in keyword

42818 FOR: PERFORM FOR

This routine sets up a block of 18 bytes of data on the
stack. The loop variable is assigned and the stack checked
for 1B bytes of available space. The token TO is confirmed,
and the limit value of the index is evaluated into fac#i.
14 the token STEP is found then this value is evaluated. If
not, it defaults to 1. The last byte to be pushed onto the
stack is the token FOR (#81). The following routine is
dropped through to and a BASIC warm start performed. The 18
bytes pushed onto the stack are as follows:

pointer to the following statement. (2)
current line number. (2)

upper limit of index variable. (S5)
step value with sign. (7)

pointer to index variable. (2)

token FOR. (1)

., a742 a9 8@ 1da #$80

., a744 85 18 sta $10 JSUBFLB - user function call

., a746 20 a5 a9 jsr $a9aS jdo LET - FORPNT is pointer
to index

., a749 20 B8a a3 jsr $a38a  ;find FOR entry on stack

., a74c d® @5  bne $a753  ;not found

., a78e B8a txa

., a74f 69 of adc #$0¢

., a751 aa tax

., a752 9a txs

., a753 &8 pla

., a754 68 pla

., a755 a9 @9  lda #$@9

., a757 20 fb a3 jsr $a3fb jcheck stack for 18 bytes
space

., a75a 20 @6 a9 jsr $a906 jsearch for next statement

., a75d 18 cle

., a75e 98 tya

., a75¢ 65 7a  adc $7a spush TXTPTR - points to next
statement

., a761 48 pha
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42926 NEWST

48
a5 49
a8
a9 81
48

ae

bb
-1}

-1}
ad
be
ae

1da

pha
1da
pha
1da
pha
1da
isr
jsr
isr
lda
ora

sta
1da
1dy
sta

Jmp

jsr
1da

$7b

#500

$3a ;push CURLIN-current line num

$39

#$aa stoken TO

$aeff sconfirm character in (A)

sadg sconfirm numeric result

$adBa jevaluate expression in text

s66 5FACSBN - fac#l sign

74

$62

$62

#$8b

#$a7 5$A78B is return adds for JMP

$22

$23

$ae43 spush fac#t

#sbc

#309

sbba2 5load fac#1 at (A/Y)=$BIBC=#1

0879 5CHRGOT

#$a9 ;token STEP

$a79f snot found - default = #1

50073 5CHRGET

$ad8a jevaluate expression in text

$bc2b scheck sign of fac#l

$ae38 ;push fac#i plus sign

$4a spush FORPNT - pointer to
index var

$49

#3581

BASIC WARM START

This routine tests
program/direct mode.
updated and if EOL
program is checked.
a7ae 20 2c aB jsr
a7bi a5 7a  1da
., a7b3 a4 7b 1dy

the stop key, and then tests for
In program mode, the CONT pointer is
is found on examining TXTPTR, end of

$aB2c jtest stop key
$7a 3 TXTPTR
$7b



., a7b5 c@ 82 cpy #3082 5$0200- ie input buffer —
direct mode

., a7b7 ea nop
a7b8 9 04 beq $a7be sdirect mode - don’t do
update
., a7ba 85 3d sta $3d 50LDTXT - pointer for CONT
84 3e sty $3e
ap 00 1dy #$20
., a7cd bl 7a 1da ($7a),y jget byte of text indicated
by TXTPTR
a7c2 d@ 43 bne $ag@7 5if not EOL - do keyword

42948 CKEOL: CHECK END OF FROGRAM

This routine assumes that TXTPTR points to EOL. It then
tests for a null value link address, signifying end of
program. 1+ +found then END is performed. If not, then

CURLIN is updated with the next line number and TXTPTR is
also updated.

a7c4  a@ 92 1dy #3502

a7c6 bl 7a 1da ($7a),y jcheck link address for zero

byte

., a7c8 18 clc

., a7c? d@ 83  bne sa7ce snot end of program

., a7cb  4c 4b a8 jmp $a84b 5do END

., a7ce 8B iny

., a7cf bl 7a lda ($7a),y ;get next line number

., a7d1 85 39 sta $39 3into CURLIN - current line
number

., a7d3 c8 iny

., a7d4 bl 7a lda ($7a),y

., a7d6 85 3a  sta $3a

., a7d8 98 tya

., a7d9 45 7a  adc $7a supdate TXTPTR

., a7db 85 7a sta $7a

., a7dd 90 @2 bee $a7et

., a7df eb 7b inc $7b

42977 GONE: PREPARE TO EXECUTE STATEMENT

(A) is loaded with the next byte of text by CHRBET, the
keyword is performed and a warm start is called.

., a7el  6c @8 @3 jmp ($0308) ;vector IGONE - points to
$ATE4
., a7e4 2@ 73 @0 jsr $0O73 5 CHRGET



a7e7 20 ed a7 jsr %a7ed sperform BASIC keyword
, a7ea 4c ae a7 jmp $a7ae 3BASIC warm start

42989 GONE3: PERFORM BASIC KEYWORD

1f (A)=@ then EOL. The byte is tested. If is not a token
(ie. <#8@) then it is assumed to be a variable and LET is
performed.  If it is a token then it is processed to give an
offset to the keyword vector table. The vector is pushed
onto the stack so that the keyword routine is ‘returned to’
when RTS is performed. The token is also tested to ensure
it is in the valid range (#8@ - #CA) so that BASIC 4 tokens
cannot be executed. There is a patch for GO to check that
it is followed by TO.

a7ed @ 3c  beq $aB2b 3RTS
a7ef e9 88  sbc #$80
., a7f1 9@ 11 bcc $aB04 snot a token - assign
variable
a7f3 €9 23 cmp #$23
a7¢5 b@ 17  becs $a8le
a7¢7 @a asl
a748 a8 tay 5(Y) now gives vector offset

b9 @d a@ lda $a@@d,y ;get and push keyword vector

b9 @c a@ lda $a@dc,y

a8 pha
4c 73 @0 jmp $0073 ;CHRGET and RTS to keyword
4c a5 a9 jmp $a9as ;do LET
€9 3a  cmp #$3a
ag@9 @ d6  beq $a7el ;prepare to execute statement
a8@b 4c 08 af jmp $af@s 3 7SYNTAX error
., a80e c9 4b  cmp #$4b
., a818 d@ {9  bne $ag@b ;token beyond limit of table
., a812 208 73 0@ jsr $0073 3 CHRGET
2815 a9 a4 1da #$ad stoken TO
aB17 20 ¢4 ae jsr $aeff sconfirm character in (A)
., aBla 4c a® a8 jmp $aBad ;do 6OTO

43@37 RESTOR: PERFORM RESTORE

This routine sets the DATA pointer to equal start of BASIC.

., a81d 38 sec
., aBle a5 2b 1da $2b ;TXTTAE - start of BASIC
2820 e9 01 sbc #$O1
a822 a4 2c 1dy $2c
aB824 bo 21 bcs $aB27
., a826 88 dey



., a827 85 41 sta $41 ;DATPTR — pointer to DATA
statement

., aB29 84 42 sty $42 sDATPTR = TXTTAB +1

., aB2b 60 rts

43052 STOP: PERFORM STOP, END, BREAK

This routine tests for the <STOP> key being pressed. END

and STOF also use this routine. If STOP or <STOP> is

pressed, then the message 'BREAK IN‘ and CURLIN is printed.

BASIC is finally restarted. In the course of the routine,

OLDTXT, OLDLIN and CURLIN are updated.

., aB2c 20 el ff jsr $ffel
., aB2f b0 01 bes $aB832
., a83t 18 cle

., aB32 dB 3¢ bne $a870
., a834 a5 7a  1da ¥7a

, aB36 a4 7b 1dy $7b
., a838 a6 3a  1dx $3a
., a83a e8 inx

., a83b B 8c  beq $a849
., a83d B85 3d  sta $3d
., a83f B4 3Je sty $3e
., aB4l a5 39 1da $39
., aB43 a4 3a  ldy $3a
., aBaS 85 3b  sta $3b
., aB47 B84 3¢ sty $3c
., 8849 68 pla

, aBda 68 pla

., aBab a9 B1 1da #$81
., aB4d a@ a3 ldy #%a3
.y aB4f 90 @3 bcc $a854
., aBS1 4c 69 a4 jmp $ad69
., a854 4c 86 e3 jmp $el86

FERFORM_CONT

5 CON

A check
given,

?CAN’'T CONTINUE error
TXTPTR and OLDLIN in CURLIN.
de 17

., aB57 bne $a870

;STOP - test stop key
jstop pressed - RTS

3RTS
3 TXTPTR

5>CURLIN - line no. or #FF
for direct

;direct mode - don't do
update
50LDTXT - pointer for CONT

5CURLIN

3OLDLIN - previous line
number

5$A381 points to message
“BREAK

JEND not STOP

joutput *BREAK/ERROR
jwarm restart

is made on syntax to ensure that no parameters
then if the high byte of the CONT pointer is zera,
is generated.

OLDTXT is put

ssyntax check - RTS if
invalid

are
a

into



., aB59 a2 1a ldx #%la spointer — ?CAN’T CONTINUE

., aBSb a4 3e 1dy $3e ;0LDTXT - pointer to CONT
., aBSd d@ @3  bne $aB62 jnot zero - can continue
, a85f 4c I7 a4 imp $a437 3do error
., aB62 aS 3d 1da $3d sput OLDTXT in TXTPTR
., aB64 85 7a sta $7a
., aBbb 84 7b sty $7b
., aBeB a5 3b lda $3b sput OLDLIN in CURLIN
aBba a4 3c 1dy $3c
aBec 85 39 sta $39
aBke 84 3a sty $3a
., a870 &0 rts

43121 RUN: PERFORM RUN

KERNAL messages are disabled and CLR is performed. 14
parameters are given (eg. RUN 20@) then GOTO is performed,
otherwise the program is run from the start.

., aB71 @8 php
., aB72 a9 @ 1da #$00
., aB74 20 90 f jsr $£490 ;SETMSG - control KERNAL
nessages
aB77 28 plp
a878 d@ 03 bne $aB7d ;parameters included
., aB7a 4c 59 ab jmp $a6S9 sreset TXTPTR to start of
program
., aB7d 20 60 ab jsr $a6sd jdo CLR without syntax check
., aBBO 4c 97 aB jmp $a897 ;do 60TO

43139 GOSUB: FPERFORM GOSUB

The stack is tested for 6 free bytes and the following S
bytes are pushed onto the stack: TXTPTR, CURLIN, token
BOSUE. Having done this, GOTO is performed.

-, a883 a9 @3 lda #$03
., a885 20 fb al jsr salfb scheck stack for space (6
bytes)
., a888 a5 7b 1da $7b spush TXTPTR
, aBBa 48 pha
a88b  aS 7a lda $7a
aBed 48 pha
., aBBe a5 3a 1da $3a spush CURLIN - current line
number
., ag8%90 48 pha
.y 2891 a5 39 1da $39
., a893 48 pha
., a894 a9 Bd 1da #$8d spush GOSUE token



ag96 48 pha

., aB97 20 79 @B jsr $0079 3 CHRGOT
-, aB%a 20 a@ a8 jsr $aBad sdo GOTO
., aB%d 4c ae a7 jmp $a7ae 3BASIC warm start

43168 _GOTO: PERFORM GOTO

The line number given in text is searched for in one of two

ways: If the new line number is higher than the old line
number, BASIC is searched from its current position. If it
is lower, then BASIC is searched from the start. This
proceedure can save time in searching long programs. The
difference may be seen in 10000 GOTO 12081 and 1000@ GOTO
9999. Once the line has been found, execution continues

from that point.

., aBa@ 28 &b a9 jsr $a%b jget line number into LINNUM

., aBa3 20 @9 a9 jsr $a%09 jsearch for next line

., aBa6 38 sec

., a8a7 a5 39  1lda $39 SCURLIN - current line number

., a8a9 e5 14 sbc $14 ;LINNUM — temp integer value

., aBab a5 3a 1da $3a

., aBad €5 15  shc $1S

., aBaf b@ @b  becs $adbc ;do search from start

., a8b1 98 tya

., a8b2 38 sec

., aBb3 65 7a  adc $7a sTXTPTR - do search from here

., aBbS ab 7b  1dx $7b

, aBb7 98 87  bcc $aBcd

., aBb9 e8 inx

., aBba b® B84  bcs $aBc@®

., aBbc aS 2b 1da $2b ;TXTTAB - start of BASIC

., aBbe ab 2c 1dx $2c

., a8c@ 20 17 a6 jsr $ab17 ssearch for LINNUM from (A/X)

., aBc3 9@ le  bcc $aBe3  ;line not found - 2UNDEF D
STATEMENT

., aBcS as Sf 1da $5¢ jstore header posn -1 in
TXTPTR

., a8c7 e9 01 sbc #s01

., aBc9 85 7a  sta $7a
., aBcb a5 60 1da $60
aBcd e9 00 sbc #$00
., a8cf 85 7b  sta $7b
aBd1 60 rts

43218 RETURN: PERFORM RETURN

Syntax is checked for no parameters. >FORPNT is set to $FF
for the fetch BOSUB/FOR routine. This should return with the



GOSUB token in (A), or a ?RETURN WITHOUT GOSUB error is
generated. The return address is recovered and execution
continues via DATA

., aBd2 d@ fd  bne $aBd1 jcheck syntax - RTS if
invalid

., aBd4 a9 £ 1da #$6F

., aBd6 85 4a  sta $4a 3>FORPNT - pointer to index
variable

., aBd8 20 8a a3 jsr $a3Ba ;€ind FOR/GOSUB on stack

., a8db 9a txs

., aBdc 9 8d  cmp #$8d ;token GOSUB?

, aBde 0 @  beq $aBeb

., aBed@ a2 Oc 1dx #$0c ;£lag PRETURN WITHOUT GOSUB

., aBe2 2c a2 11 bit $11a2 jmask - flag PUNDEF ‘D
STATEMENT

., aBeS 4c 37 a4 jmp $a437 jdo error

., aBe8 4c @8 af jmp $af@s 3 7SYNTAX error

., aBeb 68 pla

., aBec 68 pla

., aSed 85 39  sta $39 ;pull CURLIN - current line
number

., aBef 68 pla

., aBf0 85 Ja  sta $3a

., aBf2 68 pla

., aBf3 B85 7a  sta $7a spull TXTPTR

., aBfS 68 pla

., aBf6 85 7b  sta $7b

43256 _DATA: PERFORM DATA

The start of the next statement is found and stored in
TXTPTR. Execution of the program continues at this point,
thus all parameters given are just passed over in the same
way as REM ($A93B).

., aBf8 20 06 a9 jsr $a906 jsearch for next statement
., a8fb 98 tya joffset is in (V)

., aBfc 18 cle

., aBfd 65 7a  adc $7a jadd to TXTPTR

agff 85 7a sta $7a

, a901 90 02 bcc $a9@5
., a%03 e6 7b inc $7b

, a%05 60 rts

43270 _DATAN: SEARCH FOR NEXT STATEMENT / LINE

There are two entry points to this routine. $A906 is the
entry to find the next statement, and $A9@9 is the entry to



find the next line. Text is searched until a zero terminator
or colon (#3A) is found. On exit, the offset to this point
is held in (V).

., a%06 a2 3a 1dx #$3a 3ASCII colon - search for
statement /EOL

., a%08 2c a2 @@ bit $0@a2 ;mask - entry point for EOL
only

., a%b 86 07  stx $@7 JCHARAC - search character

., a%0d a@ 00 1dy #s00

., a%0f B84 08 sty $@8 SENDCHR - search character

., a%11 a5 @8  1da %08

., a913 a6 07 l1dx $07

., a%15 85 87  sta $@7

., a917 86 88  stx %28

., a%19 bl 7a  lda ($7a),y jscan text

., a%lb @ eB  beq $a9@5  ;terminator - EOL

., a9ld c5 @8  cmp %28

., a91f 0 e4  beq $a905  ;found search character

., a921 8 iny

., a922 c9 22 cmp #$22 5ASCIT quotes?

., a924 d@ £3  bne $a919 jcontinue search

., a926 @ e9  beq $a911
43304 _IF: PERFORM IF

The expression in text is evaluated, then the next statement
is checked for either GOTO (#89) or THEN (#A7). If it is
neither of these, then ?SYNTAX error. The result of IF is
in  FACEXP. A zero result indicates FALSE and non-zero
indicates TRUE. For TRUE, the next statement is executed.
For FALSE, the next line is sought.

.y @928 20 9e ad jsr $ad9e jevaluate expression in text

., a92b 20 79 @@ jsr $0@79 3CHRGOT

., a92e c9 89 cmp #$89 ;token GOTO?

., a930 0 05 beq $a937

., a932 a9 a7 1da #sa7 stoken THEN

-, a934 20 ff ae jsr Saeff jconfirm character in (A)

., a937 a5 61 1da $61 sFACEXP - fac#1 exponent

., a939 de s bne $a940 jresult TRUE - do next
statement

43323 REM: PERFORM REM

This routine searches for the next line and then performs
DATA. The remainder of the routine is concerned with
processing a true result from the IF routine. An  ASCII
number is tested for and if found, GOTO performed. If not,



the next statement is executed.

a93b 20 89 a9 isr $a909 jsearch for next line
a93e @ bb beq $aBfb sdo DATA
., a%40 20 79 @0 jsr @079 5 CHRGOT
., a%43 b@ @3 bcs $a948 snot numeric
a%45 4c a@ a8 imp $aBad ;do BOTO
., av48 4c ed a7 jmp $a7ed sinterpret and execute
keyword

43339 _ONGOTO: PERFORM ON

The argument is evaluated into fac#l and then GOSUE or GOTO

tested for. The variable is decremented to zero, working
through the list of line numbers and testing for a comma
between each. When the argument reaches zero, the line

number reached is executed. If a comma is not found, then
the routine ‘drops off’ onto the next line.

., a%4b 20 9e b7 jsr $h7%e jevaluate expression to 1
byte in (O
., av4e 48 pha
c9 84  cap #$8d stoken GOSUB?
£0 @4 beq $a957
c9 89  cmp #$89 stoken GOTO?
d@ 91 bne $aBe8 37SYNTAX error
cb 65  dec $65 ;FACHD4 - fac#l mantissa
d® 04 bne $a95f
68 pla
4c ef a7 jmp $avef sinterpret and execute
command
20 73 @0 jsr 30073 5CHRGET
20 6b a9 jsr $a%6b sfetch line into LINNUM
€9 2c cmp #32c 3ASCIT comma?
f0 ee  beq $a957 jread next number
48 pla
&0 cts

43371 LINGET: FETCH LINNUM FROM BASIC

This routine takes an ASCII numeral from text and converts
it into a 2 byte integer. LINNUM is set to a default value
of  $0000. If the character returned from CHRGET is non-
numeric then the default is returned. Each digit is
multiplied by 1@ and added to the next until the first non-
numeric character. On exit, (A) holds the next byte of
text, and TXTPTR has been updated by CHRGET.

ag6b a2 00 1dx #3500 jset default location in




©

2
'3
a
@
o
=

stx $14 SLINNUM - integer value

., a971 b@ §7 becs $a%6a snot numeric - RTS
., a973 e 2f sbc #$2€ sgives number value
., a975 85 o7 sta 307 ;CHARAC - store for new digit
., a977 a5 15 1da 15 sLINNUM

., a979 @85 22 sta $22 5 INDEX1 — temp

., a%7b 9 19 cmp #¥19

., a97d b d4 bes $a953

., a97¢ a5 14 1da %14 sprocess digit - * 10
., a981 @a asl

., a982 26 22 rol $22

., a984 @a asl

., a985 26 22 rol $22

., av87 65 14 adc #14

., a989 85 14 sta $14

., a98b a5 22 1da $22

., a98d 65 15 ade $15

., a98f 85 15 sta $15

., a991 6 14 asl $14

., a993 26 15 rol #1S

., a995 a5 14 1da 14

., a997 &5 @7 ade @7 5add on next digit
., a999 85 14 sta #14

., av% 90 02 bce $a994

., a99d  eb 15 inc #15

., a99f 20 73 0@ jsr $0073 5 CHRGET

., a%a2 4c 71 a9 jmp $a971 sprocess next digit

PERFORM _LET

The variable in text is identified and created if it doesn't

already exist. The token = (#B2) is confirmed and the
following expression evaluated. The result is assigned to
the variable according to its  type. LET is called

automatically whenever a variable assignment isencountered
(eg. A=5).

., a%aS 2@ 8b b jsr $b@8L sidentify variable in text

., ava8 85 49 sta $49 $FORPNT - pointer to variable

., a%aa B4 4a sty $4a

-, a%c a? b2 lda ##b2 stoken =

., aYae 20 ff ae jsr faef sconfirm character in (A)

., a%1 a5 Qe 1da $0e spush INTFLG - data type

., a3 48 pha

., a%4 aS od 1da $0@d spush VALTYF - data type

., a%e6 48 pha

., a%7 20 e ad jsr $ad9e jevaluate expression into
facH!



., a%ba 68 pla

., a%b 2a ral

., a%bc 20 98 ad jsr $ad9® sconfirm variable type = da
type

., a9bf dB 18  bne $a%d9  jassign string

., a%1 68 pla

., a%2 1@ 12 bpl $av%dé ;assign flpt

This routine assigns an integer variable. FACH#I is roun
and converted into a positive integer. The two inte
bytes are then stored in RAM.

., a%4 20 1b bc jsr $bclb sround fac#i

., a%7 2@ bf bl jsr $bibf jconvert fac#l to integer i
(364)

., a%a a@ @9 1dy #3500

., a%c a5 64 1da $64 sFACHOI - integer value

-, a%e 91 49 sta ($49),y jstore in address at FORPNT

., a9d® c8 iny

-, a%dl a5 &S 1da $65 s FACHO4

., a%d3 91 49 sta ($49),y

., avds &0 rts

43478 PTFLPT: ASSIGN FLOATING POINT

This routine assigns a flpt variable. It stores the wh
of fac#l in RAM.

., a9dé6 4c d@ bb jmp $bbd® jstore fac#l in high RAM

43481 PUTSTR: ASSIGN STRING

This routine assigns a string variable. It sets wup

string descriptor and stores the string in high RAM.

., a%d9 68 pla

., a%da a4 4a  1dy $4a 3 >FORPNT - pointer to
variable data

., a%dc  c@ bf cpy #$bf

., a%de d@ 4c bne $aaZc ;store string descriptor in
high RAM

., a%@ 28 ab b6 jsr $hbab jdo string housekeeping

43491 PUTTIM: ASSIGN TI$

This routine assigns a value to TI$. The length of

string is in (A). For TI$ this must be & characters or

ta

ded
ger

n

ole

the



?ILLEGAL QUANTITY error. FACH1 is zeroed, then each digit
is checked to be numeric, placed in fac#l, multiplied by 10

and added to the next.
into

converted

KERNAL routine.
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43564 GETSPT:

At the end of this process, fac#l is

an integer and used to set the clock by the

cmp #$06 jstring must be 6 characters
1on
bne $aa24  jor ?ILLEGAL QUANTITY error
1dy #$20
sty s61
sty $66
sty $71 jcounter for & bytes of
string
aa jsr $aald et character in string
ba jsr $bae2 jmultiply fac#1 by 10
inc $71
1dy $71
aa jsr $aatd jget character in string
bc jsr $bc@c jcopy fackl into fac#2
tax
beq $aad7
inx
txa
ba jsr $baed
1dy %71
iny
cpy #306 ;6th character yet?
bne $a%ed jno - do next character
ba jsr $bae2  jmultiply fac#i by 10
bc jsr $bcb jconvert fac#l to 4 byte
1dx $64
1dy $63 jtime low byte
1da $65 jtime high byte

$f jmp $ffdb

ETTIM - set real time clock

1da ($22),y ;get string character

00 jsr $0080 jconfirm numeric
bee $aa27
b2 jmp $b248  ;?ILLEGAL QUANTITY error
sbc #$2f
bd imp $bd7e jconvert ASCII string to flpt

ADD ASCII DIGIT TO FACHL

This is used by the previous routine to add a digit to
The string descriptors are checked, setting up the

facHi.
string

in high RAM if necessary.

are then taken and added to fac#1.

The contents of the string



., aa2c a®@ 02 1dy #$02

., aaZe bl 64 1da ($64),y

., aa3@ cS5 34 cmp $34 5 >FRETOP - bottom of strings

., aa32 90 17 bee $aadb

., aa34 do o7 bne $aa3d

., aa36 88 dey

, aa37 bl &4 1da ($68),y

.y aa39 c5 33 cmp $33 5 <FRETOP

., aa3b 9@ @e bce $aadh

., aa3d a4 &5 1dy $65 ;FACHD4 - fac#1 mantissa

., aa3f ca4 2e cpy $2e 3>VARTAB -start of variables

., aadl 98 @8 bcc saadb

., aas3 do od bne $aaS2

, aad5 a5 64 1da %64 3 FACHDI

., aad7 c5 2d cmp $2d ;<VARTAB

., aad9 ba 07 bcs $aas2

., aadb a5 &4 1da $64 3 FACHO3

., aadd a4 65 1dy $65 ;FACHO4

., aadf 4c 68 aa jmp $aasB ;descriptor is good - add

digit

a0 o0 1dy #$00
bl 64 1da ($64),y
20 75 b4 jsr $b475 jallocate string pointers
a5 50 1da $50 5 ($5@) points to ASCII digit
as s1 1dy $51
85 &f sta $6f spointer for next subroutine
84 7@ sty $70 ;FACOV - fac#l rounding byte
20 7a bt jsr $bb7a jstore string in high RAM
a9 61 1da #$61
ap 00 1dy #s00
85 58 sta $50 5 ($5@) points to digit
84 51 sty $51

., aabc 20 db bé jsr $bédb jupdate descriptor stack

pointer

., aabf a0 00 1dy #$00

., aa7t bl 5B lda ($5@),y ;add digit to fac#1

., aa73 91 49 sta ($49),y

., aa75 c8 iny

., aa76 bl S8 lda ($58),y
2a78 91 49  sta ($49),y

., aa7a c8 iny
., aa7b bl S@ lda ($50),y
., aa7d 91 49  sta ($49),y
., aa7f 6@ rts

43648 PRINTN: PERFORM PRINT#

This routine performs CMD, then 'UNLISTENs' the serial port
and restores default 1/0. Note that both PRINT# and CMD

112



have identical syntax. ie. CMD4,"hello” is valid, however
only PRINT# closes the output channel on completion.

2aB@ 20 Bb aa jsr $aaBb 3do CMD
, aaB3 4c b5 ab jmp $abbS srestore default 1/0 channels

43654 _CMD: FERFORM CHD

1 the parameter taken from text is not a terminator then it
is checked to be a comma. The output device is set up and
the main PRINT routine entered.

., aaB6 20 9e b7 jsr $b7% jevaluate text to 1 byte in
X0
aa89 @ @5  beq $aa%@ sno parameter in text

a9 2c 1da #$2c $ASCIT comma
20 ¢4 ae jsr $aeff sconfirm character in (A)
2a%0 @8 php
aa91 86 13 stx $13 joutput channel
., aa93 20 1B el jsr $ellB jset up for output
., aa% 28 plp
2a97 4c a@ aa jmp $aaad 3do PRINT

43674 STRDON: PRINT STRING FROM MEMORY

This is a subsection of the main PRINT routine. Its purpose
is to output a string pointed to by ($64). The string
length must be in (A).

aa%a 20 21 ab jsr $ab21 joutput string pointed to by
($64)
., aa%d 2@ 79 0@ jsr $0879 3 CHRGOT

43688  PRINT: PERFORM PRINT

This is the main PRINT routine. If there are no parameters
a CR/LF is output. TAB(, SPC( comma and semicolon are
checked and dealt with. I1f none of these is found then text
is evaluated and variables output via the KERNAL CHROUT
routine.

@ 35  beq $aad7 jno parameter - print CR/LF
£0 43 beq $aae7 ;end of PRINT — RTS

€9 a3 cmp #%a3 stoken TAB(?

0 58 beq $aaf8

€9 a6 cmp #$ab stoken SPC(?

18 cle

£0 4b beq $aafd

€9 2c cmp #$2c ;ASCIT comma?




., aaaf @ 37  beq $aaed

., aabl c9 3b  cmp #$3b 3ASCIT semicolon?

, aab3 0 Se  beq $abl3 jget next parameter & reenter
at sAAA2

., aabS 20 9e ad jsr $ad9e  ;evaluate expression in text

43704 VAROP: OUTPUT VARIABLE

The variable type is examined. If it is a string then this
is output. If it is a number then it is converted into an
ASCII  string and output. A space is output and any further
PRINT parameters dealt with.

aab8 24 @d  bit $0d 3VALTYP - string or number?
aaba 3@ de  bmi $aa%a sprint string
., aabc 20 dd bd jsr $bddd jconvert fac#i to string
., aabf 20 87 b4 jsr $b487 jcreate string descriptor
.y aac2 20 21 ab jsr $ab21 joutput string pointed to by
($64)
aacS 20 3b ab jsr $ab3b joutput cursor right or space
., aac8 d@ d3  bne $aa%d jre-enter PRINT
aaca a9 88 1da #$00
., aacc 9d @@ @2 sta $020@,x ;input buffer
.y aacf a2 ff 1dx #$6F
aadi a@ 01 1dy #s01
., aad3 a5 13 1da $13 soutput channel
., aadS d@ 10  bne $aae7 jchannel is open - RTS

43735 _CRDO: OUTPUT CR/LF

A carriage return is output and if the channel »>127 ie
location $13 >#7F then a line feed is also output.

., aad7 a9 @6 lda #$0d jcarriage return
., @aad9 20 47 ab jsr $ab47 joutput character in (A)
., aadc 24 13 bit $13 joutput channel

.y aade 10 @5  bpl $aaeS

., aaed a9 Ga 1da #$0a sline feed

., aae2 2@ 47 ab jsr $ab47 joutput character in (A)
., aae5 49 £ eor #$6f

., aae7 60 rts

43752 COMPRT: HANDLE COMMA, TAB(, SPC(

The routine first handles COMMA, reading the cursor X-Y
position then flagging the next 1@ column TAB position. The
entry point at $AAFB deals with TAB( and SPC(. Having read
the cursor position, a right bracket is checked for. The
two must be distinguished here since SPC( works from the



current

., aae8
.y aae?

., ab@f
., abi@
., abtt
., ab13
., ablb
., ab19
., ablc

43806 _STROUT:

There are several entry points
how the string is pointed to
character in the
terminator is reached.

up and

.y able

., ab21
., ab2a

., ab2s

cursor position and TAB( from the start of the line.
The cursor is advanced and then PRINT is reentered.

38
20

98
38

8a
es
90
aa
e8
ca
d8
20
4c
20
0

each

sec

£0 £f jsr

tya

sec

@a  sbc

fc becs

£ eor

o1 adc

16 bne

php

sec

£0 £f jsr

89 sty

9b b7 jsr

29 cmp

59 bne
pl

26  bee

txa

@9  sbc

85  bec
tax

inx

dex

@  bne
73 @0 jsr

a2 aa jmp
3b ab jsr

2 bne

OUTPUT

$6640

#$0a
$aaee
#SEE
#$01
$abde

$£6£0

$b79b

#8$29
$abS¢

$abo+

$ab13

$ab19
$0073
$aaa2
$ab3b
$ab1@

STRING

20 87 b4 jsr $b4B7

2@ ab bb jsr $bbas

aa

tax

1dy

#3500

3PLOT - read cursor X-Y

position

;flag next TAB position

3PLOT

jevaluate expression to 1

byte in (X)
SASCIT )72
37SYNTAX error

3SPC - cursor right from

current posn.

jset column to start of line

sdo TAB/SPC

3CHRGET - TAB finished

jreenter PRINT

joutput cursor right

snext TAB

to this routine depending
The string descriptor is s

string is output

until ti

on
et
he

jcreate descriptor for string

at (A/Y)

jdo string housekeeping

jlength is in (A),
pointer

INDEX1 is



es inx

ca dex

£0 bc  beq $aae7 sfinished - RTS

bi 22 1da ($22),y jget character from string
20 47 ab jsr $ab47  joutput character in (A)
8 iny

€9 84 cmp #$0d jcarriage return?

d0 §3  bne $ab28  j;no - output next character

20 eS5 aa jsr $aaeS
4c 28 ab jmp $ab28

43835 _OUTSPC: OUTPUT FORMAT CHARACTER

1f the output channel is zero (ie the screen) then a cursor
right is output, and if not then a space. There is also a
provision to output a question mark.

ab3b a5 13 1da $13 joutput channel
ab3d 0 03 beq $ab42 jscreen - do cursor right
ab3f a9 20 lda #$20 ;set for space
ab41  2c a9 1d bit $1da% smask - set for cursor right
., ab4a 2c a9 3f bit $3fa9 smask - set for question mark
ab47 20 @c el jsr $el@dc joutput character in (A)
abda 29 ff and #$§§
., abac 6@ rts

43853 DOAGI

HANDLE BAD DATA

INPFLG is tested for mode: #@@=INPUT, #40=GET, #98=READ.
These are separated out and dealt with. READ takes DATLIN
and then joining with GET, stores it in CURLIN. ?SYNTAX
error is then performed. INPUT checks for open channels.
1f none are open then ?REDO FROM START and execution
continues at the last statement. If a channel is open then
?FILE DATA error is performed in the normal way.

., abdd a5 11 1da $11 3INPFLG - flag for
INPUT/GET/READ
., abaf 0 11 beq $abb2 ;do for INPUT (#0@)
abS1 3@ 04 bmi $abS7 ;do for READ (#98)
., abS3 a@ 4 1dy #$éf SGET (#40)
., abS5 d@ @4  bne $abSb
abS7  aS 3f 1da $3¢ ;DATLIN - DATA line number
abS9 a4 48 1dy $40
abSb 8BS 39 sta $39 SCURLIN - current line number
abSd 84 3a sty $3a
abSf 4c 08 af jmp $af@8  ;?SYNTAX error
ab62 a5 13 1da $13 jinput channel

., abbd @ @5  beq $abéb



abest a2 18 ldx #$18 sflag ?FILE DATA

abbB  4c 37 a4 jmp $ad37 ;do error
abéb  a% @c lda #$0c
absd  a@ ad 1dy #$ad ;$ADBC = message ?REDD FROM
START
., ab6f 20 le ab jsr $able  joutput string at (A/Y)
ab72 a5 3d lda #3d 30LDTXT - CONT pointer
ab74 a4 3e  1dy $3e
., ab76 85 7a  sta $7a $TXTPTR - set to previous
statement
., ab78 84 7b sty $7b
«y ab7a 60 rts

43899 GET: PERFORM GET

GET will only operate in program mode. If '# is found after
the token, ie GET#, then the file number is input, comma

checked for and the device set up for input. The system
input buffer is set up for a single character and the
universal ‘read’ routine entered. Finally, any open

channels are restored.

ab7b 20 a6 bI jsr $h3ab scheck direct mode
ab7e c9 23 cmp #$23 JASCIT #?
., ab82 do 10 bne $ab92
ab82 28 73 @8 jsr $0073 5CHRGET
., abBS 20 9e b7 jsr $h7%e jevaluate text to 1 byte in
ab88 a9 2c 1da #$2c 5ASCIT comma
abBa 28 ff ae jsr $aeff sconfirm character in (A)
., abBd 86 13 stx $13 sinput channel - holds file
number
., abBf 20 le el jsr selle ;set up for input
ab92 a2 @1 ldx #$01
ab94  ad @2 1dy #$02
ab9s a9 08 1da #500
ab98 8d @1 @2 sta $8201 sinput buffer
ab9b a9 4@ 1da #$40 5¥lag BET for later
ab9d 20 @f ac jsr $ac@f 5do READ
abad a6 13 1dx $13 sinput channel
abaz do 13 bne $abb7 sclose channel
., abas 6@ rts

43941 INPUTN: PERFORM INPUTH#

The file number is obtained and a comma confirmed, then the
device is set up for input and the main INPUT routine
performed.  Finally the channels used are restored to their
defaults.



., abaS 20 9e b7 jsr $b7% ;evaluate text to 1 byte in
x)
., abaB a9 2c  lda #%2c ;ASCII comma
., abaa 20 ff ae jsr $aeff sconfirm character in (A)
., abad 86 13 stx $13 ;input channel - holds file
number
20 1e el jsr selle jset up for input
20 ce ab jsr $abce sdo INPUT
a5 13 1da $13 ;input channel
20 cc #f jsr $ffcc SCLRCHN - close 1/0 channels
a2 @0 ldx #$00
86 13 stx $13 jset channel = 0
., abbe 6@ rts
43967 _INPUT: PERFORM INPUT
1f quotes are found after the token, then the string within
them is output. A semicolon is then sought at the end of
the string. An input prompt is printed and the data input
to the system input buffer. If the input channel is not
zero then the 1/0 status word is read. The routine exits
via DATA.
., abbf c9 22 cmp #$22 3ASCII quotes?
abci d@ @b bne $abce
., abc3 2@ bd ae jsr $aebd jset up string in quotes
abcé a9 3b 1da #$3b 3ASCIT semicolon
., abcB 20 £f ae jsr saeff sconfirm character in (A)
., abcb 2@ 21 ab jsr $ab21 joutput string at ($64)
., abce 20 ab b3 jsr $h3ab jcheck direct mode
., abdl a% 2c 1da #$2c 5ASCIT comma
., abd3 Bd £f @1 sta $B1+
., abdé 2@ f9 ab jsr $abf9  ;do prompt and input
., abd9 a5 13 lda $13 ;input channel
., abdb f@ @d  beq $abea  ;read input buffer
., abdd 20 b7 £ jsr $§¢b7 ;READST - read 1/0 status
word
., abe@ 29 @2  and #$@2
., abe2 {0 06 beq $abea jread input buffer
., abed 2@ bS ab jsr $abbs jclose input channel
., abe7 4c B8 aB jmp $aBf8 ;do DATA

4421@ BUFFUL:

READ INPUT BUFFER

This routine looks for a null input. If return was pressed
with the buffer empty then DATA is called to skip to the
next statement. On old PETs, END was called, thereby

crashing the program.



-, abea ad @0 @2 lda $0200 sinput buffer

., abed d® le  bne $ac®d ;do READ
abef a5 13 lda $13 sinput channel
abfl d@ e3  bne $abdé  jnot zero - input again
abf3 20 06 a9 jsr $a906 jscan for next statement
., abf6 4c fb aB jmp $aBfb ;do DATA

44825 QINLIN: DO INPUT PROMPT

If INPUT is from the screen, then a question mark and cursor
right are output. The input buffer is filled from the
keyboard until carriage return, when the routine exits.

-, abf9 a5 13 lda $13 sinput channel

., abfb do @& bne $ac@3 schannel - input data to
buffer

., abfd 20 45 ab jsr $abas soutput question mark

-, ac@d 2@ 3b ab jsr $ab3b soutput cursor right

., ac@3 4c 6@ a5 jmp $aS68 sinput data to buffer

44038 READ: PERFORM READ

This is a universal routine also used by GET and INPUT.
INPFLG is set according to the function being performed.
INPPTR is set to the location to be read from (ie. DATA
statements or the input buffer). The variable to be
assigned is identified and set up as needed. Finally the
GENERAL PURPOSE READ ROUTINE is performed.

., acB6 a6 41 1dx $41 ;DATPTR - pointer to DATA
item

., ac@8 a4 42 1dy $42

., acda a% 98 1da #598 ;¥1ag READ

., aclc 2c a9 @0 bit $80a9 smask — flag INPUT

., acdf 85 11 sta $11 SINPFLG - flag for
GET/INPUT/READ

., actl B6 43  stx $43 5INPPTR - input vector

., acl3 84 44 sty $44

., aclS 2@ 8b b@ jsr $h@8b jidentify variable

., ac18 8BS 49 sta $49 ;FORPNT - pointer to variable

., acla 84 4a sty $4a

., aclc a5 7a 1da $7a FTXTPTR

, acle a4 7b 1dy $7b

., ac20 85 4b sta $4b stemp area

., ac22 84 4c sty $4c

., ac24 ab 43 1dx $43 5 INPPTR

., ac26 a4 44 1dy $44

.y ac28 86 7a stx $7a s TXTPTR



., ac2a 84 7b sty $7b

., ac2c 20 79 @@ jsr $0079 3CHRGOT - get input byte
ac2f de 20 bne $acSt ;do general purpose read
ac31 24 11 bit $11 5 INPFLG
ac33 50 @c bvc $ac4i

44085 RDGET: GENERAL PURPOSE READ ROUTINE

This routine is in three major sections - GET, INPUT and
READ.  The first section, GET, loads one character into the
input buffer, then passes it on to the second section,
INPUT.

., ac35 20 24 el jsr $el24 jget 1 character
., ac38 Bd @0 02 sta $0200  ;input buffer

., ac3b a2 ff 1dx #Sf

., ac3d a@ @1 1dy #s01

., ac3f 9B Oc bne $acad ;process character

., ac4l 30 75 bmi $acb8

If there are no channels open then a question mark is output
and DO INPUT PROMPT ($ABF9) is performed. Data type is
checked and if it is string, then the string is set up and
assigned. If it is numeric, then it is converted from
ASCII, and LET called to assign the variable. If neither a
comma nor a terminator is found at the end of this, then the
HANDLE BAD DATA routine is entered.

, ac43 as 13 1da $13 jinput channel
., acA5 d@ @3  bne $acda
ac47 20 45 ab jsr $abd5  joutput question mark
acda 20 9 ab jsr $abf9 sprompt and input to buffer
ac4d 86 7a  stx $7a 3TXTPTR
ac4f 84 7b sty $7b
acS1 20 73 @@ jsr $0@73 3 CHRGET
acS4 24 @d  bit sod SVALTYP - string or numeric?
acS6 10 31 bpl $ac89  ;do numeric
., acs8 24 11 bit $11 3INPFLG - flag for
INPUT/GET/READ
., acSa 5@ 89  bvc $acéS
., acSc e8 inx
., acSd 86 7a  stx $7a 3TXTPTR
., acS¢ a9 08 1da #$00
., acél B85 87  sta $97 JCHARAC - search character
., ac63 @ 8c  beq $ac71
., ack5 85 @7  sta $07 3CHARAC
., ack7 €9 22 cmp #$22 JASCII quotes?
., ack9 @ @7  beq $ac72
., actb a9 3a  1da #$3a 3ASCIT colon?
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sta $07 ;CHARAC

., acef a9 2c lda #$2c 5ASCIT comma?
., ac71 18 clc

., ac72 85 @8  sta $08 JENDCHR - scan for end quotes
., ac74 a5 7a  lda $7a ;TXTPTR - points to string
., ac76 a4 7b 1dy $7b

., ac78 69 @@ adc #$00

., ac7a 9@ @1 bce $ac7d

., ac7c 8 iny

., ac7d 20 8d b4 jsr $basd screate string descriptor
., ac8@ 20 e2 b7 jsr $b7e2 jset TXTPTR

., acB3 20 da a9 jsr $avda sstore string in RAM

., acB6 4c 91 ac jmp %ac9l

., ac89 20 §3 bc jsr $bcf3 sread number into fac#1
., acBc a5 @e  lda $@e JINTFLG - data type

., acBe 20 c2 a9 jsr fa%c2 jassign variable

., ac91l 20 79 00 jsr $0079 5 CHRGOT

.y ac?4 f0 07 beq #ac%d jterminator

., ac96 c9 2c  cmp #$2c 3ASCIT comma?

., ac98 @ 03 beq $ac9d

., ac%a 4c 4d ab jmp $abdd ;handle bad data

., ac9d as 7a 1da $7a S TXTPTR

., ac9f a4 7b 1dy $7b

., acal B85 43  sta $43 5INFPTR - input vector

., aca3 B4 44 sty %44

, aca5 a5 4b  lda $4b jtemp store

., aca7 a4 4c  1dy %4c

., aca9 85 7a  sta $7a STXTETR

., acab 84 7b sty $7b

., acad 20 79 00 jsr $0079 5 CHRGOT

., acb@ @ 2d  beq $acdf jterminate routine

., ach2 20 fd ae jsr $aefd sconfirm comma

., acbS 4c 15 ac jmp $aciS ;do READ

The third section, READ, searches for the next statement,
then works through the line searching for a DATA statement.
The search continues until either one is found or the end of
the program is reached. Once found, DATA is processed by
the INPUT section.

.y acb8 20 86 a9 jsr $a906 jsearch for next statement
., acbb c8 iny

., acbc aa tax

.y acbd d@ 12 bne $acd1l jnot EOL

., acbf a2 @d 1dx #3@d s¥lag 20UT OF DATA

., acct 8 iny

., acc2 bl 7a 1da ($7a),y jread link pointer

., acc4 §@ 6c  beq $ad32  ;do error

., accé 8B iny



., acc7 bl 7a  lda ($7a),y ;read line number
., acc9 85 3¢ sta $34 ;DATLIN - holds DATA line
number
accbh 8 in
acce bl 7a  lda ($7a),y
acce <8 iny
., accf 85 40 sta %40
.y acdl 20 fb aB jsr $aBfb ;do DATA
., acdd 20 79 @B jsr $@@79 5CHRBOT
., acd7 aa tax
., acdB ed 83  cpx #$83 ;token DATA?
., acda d@ dc bne $acbs8 sno - next statement
., acdc 4c 51 ac jmp $acSi jread data from text
This last section is concerned with terminating the routine.
1f READ then the DATA pointer is set to the next line. I
there is any extra data in the input buffer then ZEXTRA
IGNORED is output, unless an input channel is open, when the
message is suppressed.
., acdf a5 43 1da $43 5INPPTR — input vector
., acel a4 44 1dy $44
., ace3 ab 11 1dx #11 5 INPFLG
., aceS 1@ @3 bpl $acea
., ace7 4c 27 aB jmp $a827 sset DATPTR
., acea a@ 02 1dy #$0@
., acec bl 43 lda ($43),y ;more data?
acee @ @  beq sacfb
acf® a5 13 l1da $13 ;input channel
., acf2 d@ 87  bne Sacfb ;file open - suppress error
message
., acf4 a% fc 1da #sfc
., acf6 aB ac  ldy #sac 5$ACFC points to ?EXTRA
IGNORED
., acf8 4c le ab jmp $able  joutput string at (A/Y)
., acfb 60 rts
44284 EXINT: INPUT ERROR MESSAGES
The messages ?EXTRA IGNORED and ?REDO FROM START are stored
here.  Both messages are followed by a carriage return, and

#0@ is used as a terminator for
45 58 54 52 41 20 49
4f 52 45 44 od 90
45 44 4f 20 46 52
20 53 54 41 52 54

both messages.

7extra i
gnored

?redo fr
om start



44318 NEXT: PERFORM NEXT

1f there are no parameters, then FORPNT is set to $0000,
otherwise the variable is sought, identified, and put into
FORPNT. A FOR entry is looked for on the stack and if it is
not found, or if it is the wrong one, then ?7NEXT WITHOUT
FOR. The step value is added to the loop variable. These
are compared and (A) set according to the result, which is
then dealt with by the next routine.

., adle d@ @4  bne $ad24 SNEXT has parameters

., ad20 a@ @@  1dy #$00 ;set default value for FORPNT

., ad22 4@ @3  beq $ad27

., ad24 20 8b b@ jsr $b@eb jidentify variable in text

., ad27 85 49  sta $49 ;FORPNT - pointer to loop
variable

., ad29 84 4a sty $4a

., ad2b 20 Ba a3 jsr $a38a  ;find FOR entry on stack

., ad2e @ 85  beq $ad35

., ad3® a2 @a  ldx #$0a 3¥lag - PNEXT WITHOUT FOR

., ad32 4c 37 a4 jmp $ad37 jdo error

., ad35 9a txs

., ad36 8a txa

., ad37 18 clc

.y ad38 &9 04 adc #$04

o
a
o
®
Y
©

pha
ad3b 69 06 adc #3096

., ad3d B85 24  sta $24 3 INDEX2

., ad3f 68 pla

., ad4® a0 o1 1dy #so1

., add2 20 a2 bb jsr $hba2 jload fack#l with flpt at
(AZY)

., ad45 ba tsx

., ad46 bd @9 @1 lda $8109,x

., add9 85 66  sta $66 ;FACSGN - fac#l sign

, addb a5 49  1da $49 3 FORPNT

., adad a4 4a  ldy $4a

., addf 20 67 bB jsr $b867 sadd FORPNT to fac#1

., adS2 2@ d@ bb jsr $bbd@ ;put result in loop variable

., adS5 a@ @1 1dy #s01

., ad57 20 Sd bc jsr $bcSd jcompare result with fackl

., adSa ba tsx

., adsb 38 sec

., adSc 4d @9 @1 sbc $0109,x
., adSf 0 17 beq $ad78

44385 DONEXT: CHECK VALID LOOP

A valid loop is assumed on entry, thus NEXT is performed



here.  CURLIN and TXTPTR are recovered from the stack and a
BASIC warm start performed. If the loop is finished, then
the FOR entry is deleted from the stack, and if a comma is
found, (ie from NEXT 1,J) in the parameters, then NEXT is
reentered from the top.

, adél bd @f @1 1da $018f,x ;recover CURLIN from stack
, ad6a 85 39 sta $39

, adé6 bd 10 @1 lda $811@,x
.y adb9 B85 3a sta $3a

., adéb bd 12 @1 lda $8112,x

., adbe 85 7a  sta $7a irecover TXTPTR from stack
.y, ad7@ bd 11 @1 lda $0111,x

, ad73 B85 7b  sta $7b

, ad75 4c ae a7 jmp $a7ae ;do BASIC warm start

, ad78 8a txa

., ad79 69 11 adc #$11 sdelete FOR entry from stack
., ad7b  aa tax

+y ad7c  %a txs

.y ad7d 2@ 79 0B jsr $2@79 3 CHRGOT

, ad8® c9 2c  cmp #$2c 3ASCIT comma?

., ad82 do f1 bne $ad75 jno — do warm start

, ad84 20 73 00 jsr $073 3 CHRBET

., ad87 20 24 ad jsr $ad24 jreenter NEXT

44426 FRMNUM: CONFIRM RESULT

Firstly, the expression in text is evaluated into fac#l.
The condition of the carry flag is used to determine which
test is carried out. If carry is set, then string mode is
confirmed. 1¥ carry is clear, then numeric mode is
confirmed. In either case, if the test is failed, 7?TYFE
MISMATCH error results.

., adBa 2@ 9e ad jsr $ad%e  jevaluate expression in text
ad8d 18 clc ;flag = confirm numeric mode
adBe 24 38  bit $38 ;mask - SEC = confirm string

mode

., ad98 24 @d  bit $0d ;VALTYF - data type (string

or numeric)
-, ad92 30 03 bmi $ad97

., ad94 bo @3 bcs $ad99

., ad96 6@ rts

., ad97 b@ fd bcs $ad96

.y ad99 a2 16 1dx #3516 sflag ?TYPE MISMATCH
., ad%  4c 37 a4 jmp $a437 jdo error

44446 FRMEVL: EVALUATE EXPRESSION IN TEXT
This is the main function keyword evaluation routine.  The




expression in text, including all operators and functions,
is evaluated into either a number in fac#l or a string with
pointers in ($64). Since this is a rather long routine, it
is divided up into sections, each section being described
individually. The first section decrements TXTPTR before
entering the start of the first major recursive routine.

., ad9%e ab 7a  1dx ¥7a 3TXTPTR
., adad d@ @2  bne $adad

., ada2 c6 7b  dec $7b ;decrement TXTPTR
., adad c6 7a  dec $7a

., adab a2 @@  ldx #$00

(A and (X) are pushed onto the stack, which is then tested
for two free bytes. The single term in text is then
evaluated.

., adaB 24 48 bit $48

., adaa B8a txa

, adab 48 pha

., adac a9 @Ot 1da #501

., adae 20 fb a3 jsr $a3fb jcheck stack for two free
bytes

., adbl 20 83 ae jsr $ae83 jevaluate single term

, adbd a9 @0  1da #$00

., adb6 85 4d  sta $4d joperator code

This section tests for <, =, >. If not found, then the
following section is performed, otherwise a code is stored
in $4D and the section reentered.

., adb8 20 79 0@ jsr $0@79  ;CHRGOT
.y adbb 38 sec

., adbc e9 bt sbc #sbi stest for <=>

., adbe 9@ 17  bcc $add7 ;not found - code too low
., adc@® c9 @3 cmp #$03

, adc2 b® 13 bes $add7 ;not found - code too high
., adc4 c9 Ot cmp #3501

., adc6 2a rol

., adc7 49 @1 eor #$01

, adc9 45 4d  eor $4d joperator code

., adcb ¢S 4d  cmp $4d

, adcd 90 61 bee $ae30

., adcf 85 4d sta $4d joperator code

, addl 20 73 @@ jsr $@@73  ;CHRGET

., add4 4c bb ad jmp ¥adbb jreenter section

This section processes other operators not found by the
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previous section. $4D is tested for <, =, > being found, and
data type is checked. The operator priority code is
retrieved from the operator vectors table. If this has a
lower hierarchy than the current result on the stack, then
the result is pulled from the stack into fac#2 and combined
with fac#1. If the operator has a higher hierarchy value
than the current result, then both the operator and fac#l
are pushed onto the stack. This section is recursive by
operator precedence until the operator with highest priority
is located, when control is passed to the next section.

., add7 a6 4d 1dx $4d joperator code
., add9 d@ 2c bne %$ae@7 jalready exists
.y addb b@ 7b bcs #aeS8 3pull fac#2 and end

., addd &9 07 adc #$07
., addf 9@ 77  bcc $aeS8

., adel &5 @d adc #0d 3VALTYF - data type

., ade3 dd @3  bne $adeB

., adeS 4c Id bé jmp $be3d jconcatenate two strings

., adeB 69 4 adc #$€+

., adea 85 22 sta $22 3 <INDEX1

., adec @a asl

., aded 65 22 adc $22 ;produces operator offset in
table

., adef a8 tay

., adf® &8 pla

., adfl d9 8@ aB cmp $a@8@,y ;operator priority code

., adf4 b@ &7 bcs $aeSd spull result from stack

.y adfé6 20 8d ad jsr #$ad8d jconfirm numeric

., adf9 48 pha

., adfa 28 20 ae jsr $ae20 spush result and do operator

., adfd &8 pla

., adfe a4 4b 1dy $4b

., aed2 1@ 17 bpl $aeld

., ae@2 aa tax

., ae@3 @ S6  beg $aeSb 5get FACEXF and end

., ae@S d@ Sf bne $aeéé spull fac#2

., aed7 46 0d lsr $@d ;VALTYP

., ae@9 Ba txa

., aeBa 2a rol

., ae@b ab 7a 1dx $7a STXTRTR

., aedd do 82 bne $aeil

., ae@f cb 7b dec $7b ;decrement TXTPTR

-y aell cé 7a dec $7a

., ael3 a@ 1b 1dy #$1b

., aelS 85 4d  sta sad jset operator code

., ael7 d@ d7 bne $adf@
., ael9 d9 BB a@ cmp $aPBO,y joperator priority
., aelc b@ 48 bcs $aeés 3pull fack2



., aele 98 d9  bcc $adf9 jreenter section

The operator address is taken from the table, pushed onto
the stack and placed in INDEX1. FACH1 is rounded and pushed
onto the stack. The operator is then executed. It should
be noted that the argument of the operator has already been
evaluated into fac#l by the major routine here before the
operator itself is called.

., ae28 b9 82 al@ 1da $a@82,y ;push operator vector

., ae23 48 pha
., ae24 b9 81 ad lda $a@8l,y
., ae27 48 pha
., ae28 20 33 ae jsr $ae33  ;push fac#l and do operator
., ae2b a5 4d  1da $4d
., ae2d 4c a9 ad jmp $ada9  jre-enter main routine at
start
4c @8 af jmp $af@s ;?SYNTAX error
as &6 lda $66 3FACSBN — fac#1 sign
be 80 a@ ldx $a080,y
a8 tay
68 pla
85 22 sta $22 ;INDEX1 - operator vector
e 22 inc $22
68 pla
85 23 sta $23
98 tya
, ae42 48 pha
28 1b bc jsr $beib sround fac#t
as 65 lda $65 spush fac#i
a8 pha
a5 64  1da s64
a8 pha
as 63 lda $63
a8 pha
as 62 1da $62
a8 pha
as 61 1da %61
a8 pha

6c 22 @8 jmp ($8822) ;do operator

This final section confirms the result, then pulls fac#2
from the stack. Comparison is made with fac#l. On exit,
(A) holds FACEXF.

., aeS8 a@ £ 1dy #s¢f
., aeSa 68 pla
., aeSb @ 23 beq $aeB®  ;get FACEXP and end

., aeSd c9 64  cmp #$64



., aeSf 0 @3  beq $aeé6s

., ae6l 20 8d ad jsr $ad8d jconirm numeric mode

, ae64 B84 4b sty $4b

., aebb 68 pla

., aet7 4a 1sr

., ae68 85 12 sta $12 3TANSGN - comparison result

., aeba 68 pla

., aeéb 85 69  sta $69 ;pull ARGEXP - fac#2 exponent

., aeéd 68 pla

., aebe B85 ba  sta $6a ;pull fack2 mantissa

., ae70 68 pla

., ae71 85 b  sta $6b

., ae73 68 pla

., ae74 85 6c  sta $éc

, ae76 68 pla

., ae77 8BS 6d  sta $6d

., ae79 68 pla

., ae7a B85 be  sta $te ;pull ARGSGN - fac#2 sign

, ae7c 45 66  eor $66 ;FACSGN - facki sign

., ae7e B85 6F sta $6f 3ARISGN - sign comparison
result

., ae8@ a5 61 1da $61 SFACEXP - facki exponent

.y aeB2 60 rts

44675 EVAL: EVALUATE SINGLE TERM

This routine takes a single term from an expression in text

and evaluates it to a flpt number in fac#i. Data type is

set to numeric then CHRGET performed. If this points to an

ASCIT numeral, then this is converted to a number in fac#l.

If it is a letter, then a variable is searched for. If it

the token PI, then this value is set into fac#l. If it is

none of these, then the expression handling is continued by

the next routine.

., ae83 64c Ba @3 jmp ($830a) ;vector IEVAL - points to
$AEBG

., aeB6 a9 @0 lda #500

., ae88 85 8d  sta $0d jset VALTYP to numeric mode

., aeBa 20 73 @@ jsr $0@73  ;CHRGET

., ae8d bd B3  bcs $ae92 jnot numeric character

., aeBf 4c 3 bc jmp $bcf3  jread number into fachl

., ae92 20 13 bi jsr $b113 jis character a letter?

., ae95 90 @3  bcc $ae9a  ;no

., ae97 4c 28 af jmp $af28  ;find named variable

., ae9a c9 £f cmp #EEE jis it pi?

., ae9c d@ @f  bne $aead jn0 - continue expression

., ae9e a9 a8  lda #$a8

., aead a@ ae  ldy #sae $$AEAB = pi in flpt



-, aea2 2@ a2 bb jsr $bba2

., aea5 4c 73 0@ imp $0O73

PIVAI

CONSTANT - PI

;load fac#l with flpt at

sy
3 CHRBET

The value 3.1415965 in 5 byte flpt format.

44717 _@DOT
This part
terms. 1

decimals,

eaB B2 49 OF da al

: CONTINUE EXPRESSION

of
t

the evaluation routine
tests for and handles the following

+, NOT,

FN,

SBN.

Also,

the string within them is set up.

., aead c9

., aeaf @
., aebl c9
., aeb3 0
., aebsS c9
., aeb7 4@
., aeb9 9
., aebb d@
., aece d@
., aedd a@
., aed2 do
., aeda 20
as
a9
a8
as
49
ac
9
da
4c
<9
90
ac
44785 _PARCH

A left bracket

evaluated

HK

by

bl jsr
1da

tay
1da

b3 jmp
cmp
bne
b3 jmp
cmp
bee
af jmp

$af@f
$bibf

5ASCIT

handles non-:

if quotes are

decimal?

variable
- ASCIT
found,

jread number into fac#l

;s token
jset up
stoken

-2
monadic minus
+?

jread number into fac#l

5ASCIT
3NOT?

svectar
jset up

quotes?

offset for NOT
NOT function

jconvert fac#l to integer in

($64)

snegate

it

jconvert integer to flpt

;token

sda FN
s token

FN?

SBN?

;do expression in brackets

sidenti
functio

EXPRESSION IN BRACKETS

is confirmed, then

£y and evaluate
n

the expression

calling the FRMEVL ($ADSE) routine.
finally drops through to the next routine to confirm a right

within
Control



bracket.

., aefl 20 fa ae jsr $aefa jconfirm left bracket
., aef4 20 9e ad jsr $ad9e jevaluate expression in text

44791 CHKCLS: CONFIRM CHARACTER

There are several entry points to confirm preset characters
(left and right brackets and comma) and also for entry with
the character to be confirmed in (A). If the character is
not the same as that pointed to by TXTPTR, then ?SYNTAX
error

., aef7 a9 29 1da #$29 3ASCIT )
., aef9 2c a9 28 bit $28a% smask - ASCII (
., aefc 2c a9 2c bit $2ca9 smask - ASCII comma

., aeff a@ 20 1dy #$00
., af@1l di 7a cmp ($7a),y jcompare (A) with byte of

text
., af@3 do o3 bne $af@s8 sdifferent - ?SYNTAX error
., af@5 4c 73 00 jmp $0O7I 5CHRBET

44808 SYNERR: OUTPUT ?SYNTAX ERROR

This routine prints the message ?SYNTAX ERROR, and then
restarts BASIC in direct mode.

., af@8 a2 @b 1dx #$@b sflag ?SYNTAX
., af@a 4c 37 a4 jmp $a437 3do error

44813 DOMI

SET_UP_NOT FUNCTION

This routine sets up monadic minus or NOT for later
evaluation. The vector offset for minus (#15) or that for
NOT (#18) is placed in (Y), then the operator is executed.

., af@d ad 15 ldy #$1S jvector offset for minus
., af0f 68 pla

., af10 68 pla

., afll 4c fa ad jmp $adfa  jpush fac#1 and do operator

44820 RSVVAR: IDENTIFY RESERVED VARIABLE

If the variable pointed to by ($64) is either TI or ST, then
the carry flag is set, otherwise it is cleared.

., af14 38 sec
., af1S a5 64  lda $64 ;pointer to variable
., afl7 e9 08 sbc #$0Q



., af19 a5 65 1da $65
., aflb e9 a® sbc #$a@
., afid 9@ @8 bcc $af27

., aflf a9 a2 1da #sa2
af21 e5 64 sbc $64
af23 a9 e3 1da #se3
af25 eS5 65 sbc $65

., af27 60 rts

44840 ISVAR: SEARCH FOR VARIABLE

The variable is identified from text. If it is reserved and
a string (ie TI$), this is processed. If it is numeric, it
drops to the following routine for further processing.

af28 20 8b b jsr $b@Bb jidentify variable in text
af2b 85 64  sta $64 jholds pointer to variable

.y, af2d 84 65 sty $65

., af2f ab 45  1dx %45 3VARNAM - variable name
af31 a4 46 1dy $46
af33 a5 @d 1da sod SVALTYP - data type

., af35 @ 26  beq $afSd jnumber - put into fac#l

., af37 a9 80 lda #$00

., af39 85 78 sta $70 ;FACOV - fac#1 rounding

., af3b 20 14 af jsr $af14 jidentify reserved variable

., af3e 9@ 1c  bcc $afSc ;not reserved - RTS

., afdd ed 54  cpx #$54 ;ASCIT T2

., af42 d® 18  bne $afSc

, af44 c@ c9  cpy #$c9 3ASCIT shift 1 - ie TI$

., af46 d@ 14  bne $afSc

44872 TISASC: CONVERT TI TO ASCII STRING

Firstly, the real-time clock is read into $63 - $65. This
is then converted into an ASCII string, and the string set
up in memory.

., af48 20 84 af jsr $af84 jread real time clock
afdb 84 Se sty $Se
afad 88 dey
afde B84 71 sty $71
afS0 a0l @6 ldy #s$06
., afS2 84 5d sty $5d
., af54 a@ 24 1ldy #$24
., afS6 20 68 be jsr $bes8 jconvert TI into ASCII string
., afS9 4c 6f b4 jmp $basF ;set up string
., afSc 60 rts

The remainder of the routine handles numeric variables. If



it is flpt, then it is tested to see if it is reserved. If
TI, then the real-time clock is read. If ST, then the 1/0
status word is read. The variable is placed into fac#i.

., afSd 24 @e  bit $%e $INTFLG - data type

., afSf 18 @d  bpl safée 3f1pt

., af6l a@ @0 1dy #s@0

., af6é3 bl 64  1lda ($64),y jset up integer in (A/Y)
.y af6S aa tax

., afbs 8 iny

., af67 bl 64  lda ($68),y

., af69 a8 tay

., afba 8a txa

., aféb 4c 91 b3 jmp $bIIL jconvert to flpt in fac#1
., afée 20 14 af jsr $afls jidentify reserved variable
., af71 98 2d  bcc $afa@  jnot reserved

., af73 €@ S4  cpx #$54 SASCIT T

., af75 d@ 1b  bne $af92

., af77 c@ 49  cpy #$49 5ASCIT T

., af79 d@ 25  bne $afa@

., af7b 20 B4 af jsr $af84  jread TI

., af7e 98 tya

., af7f a2 a@  ldx #$a@

., afBl 4c 4f bc jmp $bcaf ;do SGN

., af84 20 de ff jsr $éfde  ;RDTIM - read real-time clock
., afB7 86 64  stx $64 jstore time in fac#l

., af89 84 63 sty $63
., afBb 85 65 sta $65

., af8d a@ @0 1dy #300

., afBf 84 62 sty $62 3sign byte of fac#l

., af91 60 rts

., af92 ed 53 cpx #$53 3ASCII §?

., af94 d@ Qa bne $afa@

., af9% c@ 54 cpy #$54 3ASCIT T2

., af98 d@ @6 bne $afa@d

., af9a 20 b7 f jsr $ffb7 3READST - read 1/0 status
word

., af9d 4c 3c bc jmp $bc3c 5do SGN

., afa® aS 64 1da $64

., afa2 a4 &5 1dy $65

., afad4 4c a2 bb jmp $bba2 jload fac#l with flpt at
3%

44967 _1SFUN: IDENTIFY FUNCTION TYPE

(A) is doubled, pushed onto the stack and placed in (X).
After performing CHRGET, the result of comparing (X) with
#BF determines whether a string or numeric function is
evaluated.



., afa7 @a asl

., afaB 48 pha
., afa9 aa tax

., afaa 20 73 00 jsr $2073 3 CHREET

., afad e@ 8f cpx #$8F sstring or numeric?
., afaf 90 20 bcc safdl 3do numeric

44977 STRFUN: EVALUATE STRING FUNCTION

Left bracket is confirmed and the expression within
evaluated. The next character is confirmed to be a comma
and the variable confirmed as a string. A 1 byte parameter
is input and the function performed.

., afbl 20 fa ae jsr $aefa jconfirm left bracket
., afb4 20 9e ad jsr $ad9e  jevaluate expression in text
., afb7 20 fd ae jsr Saefd sconfirm comma
., afba 20 Bf ad jsr $adBf jconfirm string result
., afbd 68 pla
., afbe aa tax
afbé a5 65  1da $65 spush ($64)
afci 48 pha
afc2 a5 64  lda $64
afca 48 pha
afc5 8a txa
afcé 48 pha
afc7 20 9e b7 jsr $b79e jevaluate text to 1 byte in
(X)
afca 68 pla
afcb a8 tay
afcc 8a txa
., afcd 48
., afce 4c db af jmp safd6  jperform function

45009 NUMFUN: EVALUATE NUMERIC FUNCTION

The expression within brackets is evaluated. The address of
the function is set up in ($55) and the function performed.
Finally the result is confirmed as numeric.

., afdl 20 f1 ae jsr $aefi jdo expression in brackets
., afda 68 pla
., afds a8 tay

afd6 b9 ea 9 $9fea,y jget function address
afd9 85 55  sta $55

afdb b9 eb 9 1da $9feb,y

., afde 85 56  sta $56

., afed 20 54 00 jsr $0054 sperform function

., afe3 4c 8d ad jmp $aded jconfirm numeric result

b
a
»
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45030 OROP: PERFORM OR, AND

This is essentially the same routine for both keywords,

flag $@B being used to distinguish them. The two arguments

are in fac#1l and fac#2. First, fac#l is EORed with $OB

the result put in ($@87). Next, fac#2 is copied into fac#l
and EORed with $@E. It is then ANDed with the first result

and finally EORed again with $@B. The entry point for
is $AFE9, and is given the label ANDOF.

., afet a0 ff 1dy #%€f

., afeB 2c ad @B bit $00ad smask — AND entry point

., afeb 84 @b sty $@b SCOUNT - #FF = OR, #2@ = AND

., afed 20 bf bl jsr $bibf jconvert fac#! to integer in
($64)

., aff@ a5 64 lda $64

., aff2 45 @b  eor 30b 3 COUNT

., aff4 B85 @7 sta $07 5 ($87) holds intermediate
result

., affb a5 65 lda $65

., affB 45 @b eor $0b 3 COUNT

., affa 85 08  sta %08

., affc 2@ fc bb jsr $bbfc scopy fac#2 to fac#i

., afff 20 bf bi jsr $bibf jconvert fac#l to integer in
($64)

., b@@Z a5 65 lda $65

, b@@4 45 @b  eor $Bb 5 COUNT

., bOD6 25 @8  and %08

., bOB 45 @b  eor Bb 5COUNT

., boGa a8 tay

.y bBOb a5 64 lda $64 jrepeat for next byte

.y bB2d 4S5 @b eor $0b

., bBBf 25 @87  and $07

., bB11 45 @b  eor @b sresult in (A/Y)

., b@13 4c 91 bI jmp $b391 jconvert (A/Y) to flpt in
fac#1l

45078 DOREL: RERFORM <, =,

The routine confirms both items to be of the same data type,

then does string or numeric comparison accordingly.

., b@16 28 90 ad jsr $ad9@ jconfirm result
., bB19 b@ 13 bcs $b@2e 5do string comparison

45@83  NUMREL: NUMERIC COMPARISON

FAC#Z is modified to include the sign bit in its mantissa.



(X/Y) are set to point to fac#2 which is compared with
fac#1l. Finally (A) is set according to the result.

., b@lb aS ée  lda $be ;ARGSGN — fac#2 sign
., bBld @9 74 ora #$7+

., bB1f 25 6a  and $6a 3ARGHO1 - fack2 mantissa

., bB21 85 ba  sta $éa ;put sign into fac#2 mantissa
., bB23 a9 69  lda #$69

., b@25 ad @0  1dy #$00 5(A/Y) points to fack2

., b@27 20 Sb bc jsr $bcSb jcompare facki with fac#2

, bd2a aa tax

., bB2b 4c 61 bO jmp $bO61 jset (A) according to result

45102 STRREL: STRING COMPARISON

The two strings for comparison are set up. String 1 has $61

= length and ($62) = pointer. String 2 has (A) = length and
($6C) = pointer. The two strings are compared throughout
their length until an inequality is found. (X) is set
according to the result of the comparison - string 1 >

string 2 and (X)=1, string 1 < string 2 and (X)=#FF, equal
and (X)=@, Finally (A) is set according to this result.

b@2e a% 00 lda #s00

be3@ B85 @d  sta $@d SVALTYP - set numeric data
., b@32 cb 4d  dec $4d
., bB34 20 a6 b6 jsr $hbab 5do string 1 housekeeping set
pointers
., bB37 85 61  sta $61 jstring 1: length
., bB39 B6 62  stx $62 jstring 1: pointer
., b@3b B4 63 sty $63
., bB3d a5 6c  lda $éc 3ARGHOS
, b@3F a4 6d  1dy séd
., bB41 20 aa bé jsr $béaa 3do string 2 housekeeping set
pointers
., b4a B6 bc  stx $bc s8tring 2: pointer. length is
in (A
84 6d sty $6d
aa tax
38 sec
es 61 sbc $61 ssubtract string lengths
£0 @8 beq $b@S6
a9 o1 1da #s01
9@ @4  bcc $b@S6
a6 61 1dx $61
a9 §f 1da #$ff
85 66 sta $66 scounter
a0 §f 1dy #$ff
e8 inx




3
8
@
4
n
©
)
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., b@Sc ca dex
., bBSd d@ @7  bne $b066 ;not end of string - compare
., bOSE ab 66 1dx $66 jcounter

., b6l 30 OF bmi $b072

., bR63 18 clc

.y bB&4 90 Oc bcc $b@72

., bB66 bl 6C lda ($6c),y ;get string 2

., b@6B dl 62  cmp ($62),y ;compare with string 1

., b@ba 0 ef beq $b@Sb

«y bB6C a2 fF 1dx #$ff

., bBbe b@ 82  bcs $bO72

., bB70 a2 @1 1dx #$01

., b@72 e8 inx

., bB73 Ba txa

., b®74 2a rol

., bO75 25 12 and $12 ;TANSGN - comparison result
., b077 §@ 82  beq $b@7b

., bB79 a9 ff lda #$6f

., bB7b 4c 3c bc jmp $bcic ;do SGN

45182 DIM: PERFORM DIM

The variable is identified and set up. 1f the next byte of
text is a comma, then DIM is reentered, otherwise it must be
a terminator.

., b@7e 20 fd ae jsr $aefd jconfirm comma

., bBBI aa tax ;normal entry point here
., b@B2 20 90 bd jsr $bO9®  ;identify variable

., bBES 20 79 @@ jsr $2@79 3 CHRGOT

., b@E8 dB {4  bne $b@7e  ;reenter DIM

., boBa 6@ rts

45195 PTRGET: IDENTIFY VARIABLE

The first character of the variable name is checked to be
alphabetic. The second character of the name is checked to
be either alphabetic or numeric. All further characters are
bypassed until the first invalid character. If this is a
dollar sign, then string mode is set; if it is a percentage
sign, then integer mode is set. The name in VARNAM is then
set according to type (see table below). If a left bracket
is found, then array parameters are set up.



INTEGER VARIABLE

FLOATING POINT VARIABLE

byte ©

cU s UN -

name character 1 +128

name character 2 +128
integer high byte
integer low byte

[}

[

°

STRING VARIABLE

name character 1

name character 2
exponent +128

sign hit % mantissa 1
mantissa 2

3
a

FUNCTION DEFINITION

byte

name character 1
name character 2 +128
length of string
start address low byt
start address high b

[
-]

az 0o 1dx #5090
28 79 @0 isr $8079
86 Oc stx $0c
85 45 sta $45
20 79 @6 jsr %0079
2@ 13 bl jsr $b113
be @3 bcs $bOYF
4c 88 af jmp $af08
a2 oo 1dx #3038
86 od stx s@d
86 Qe stx $2e
2@ 73 @8 jsr $8073
98 05 bcc $b@af
28 13 bl jsr $b113
50 Ob bcc $bBba
aa tax

20 73 @8 jsr $8073
90 b bec $bOb@
20 13 b1l jsr $b113
be f6 bcs $b@b@

name character 1 +128
name character 2

DEFFN= address low byte
e DEFFN= address high byte
yte pointer to var. exponent
pointer to var. exponent
]
1CHRGOT

sDIMFLG - default array
dimension

5<VARNAM - variable name
3CHRGOT
sis (A)
sves

3 7SYNTAX error

alphabetic?

3VALTYP - set numeric data
3INTFLG - set flpt

3CHRGET

3(A) is numeric

jcheck for alphabetic
character

sno - invalid character - end
of name

5CHRGET
snumeric or

jalphabetic -

sloop till end of variable



name

., bBba c9 24  cmp #$24 3ASCIT 37
., bBbc d® @6  bne $bocad

., bdbe a9 ff 1da #$§§

., bBc@ 85 @d  sta $@d jset VALTYP = string

., bBc2 d@ 18  bne $b@d4 jadjust VARNAM

., bBcA €9 25  cmp #$25 3ASCIT %2

., bBcbt d@ 13 bne $b@db

., bBcB a5 18 1da $10 ;SUBFLG - subscript ref
., bBca d@ d@  bne $ba%c ;7SYNTAX error

., bBcc a9 B8  lda #$80

., bBce 85 Ge  sta $Qe ;set INTFLG to integer
., bBd® @5 45  ora $45 jset bit 7 of <VARNAM
., b@d2 85 45  sta $45

., b@ds Ba txa

., bBdS @9 80  ora #$80 jset bit 7 of >VARNAM
., bBd7 aa tax

., b0dB 20 73 00 jsr $8073 HRGET

., bddb 86 46  stx $46 ;store >VARNAM

., bedd 38 sec

., bdde @5 18  ora $10 3SUBFLG

., bOed e9 28  sbc #$28 jcheck for left bracket
., b@e2 d@ @3  bne $bde7 jlocate ordinary variable
.y bBed 4c di bl jmp $bidi jget array parameters

45286 ORDVAR: LOCATE ORDINARY VARIABLE

This is a loop to search for a variable between VARTAB and
ARYTAB. ($5F) holds a temporary pointer. Each variable
found is compared with that in VARNAM. I they match, then
the variable is set up. If not, then the next variable is
checked. All variables are 7 bytes long so the next
variable is located simply by adding 7 to the pointer to the
last one. If the variable is not found then it is created.

ble7 a@ @0 1dy #$00

-

., b2e9 84 10 sty $10 5SUBFLG - subscript ref

., bBeb a5 2d  lda $2d JVARTAB - start of variables

., bled ab 2e  ldx $2e

., bBef B6 68  stx $60

., bOFL 8BS SF sta $5¢

., bBFS ed4 30 cpx $30 5>ARYTAB - start of arrays

., bBFS d@ B4  bne $bdFb

., bOF7 €5 2f cmp $2¢ 5<ARYTAR

., bBF9 §@ 22  beq $bild jcreate new variable

., bBfb a5 45  1da $45 5<VARNAM - variable name

., bBfd dl 5f  cmp ($5f),y jcompare it with name in
table

., b@ff dB @8  bne $b189  jnot same - next



., b1@1 a5 46 1da $46 3 SVARNAM

., b1@3 c8 iny

., b1@4 di Sf cmp ($5f),y jcompare it with name in
table

., bl@s @ 7d beq $b18S jset up variable

., bieg 88 dey

., b1@9 18 clc

., bi@a a5 5f 1da $5¢

., bl@c 69 @7  adc #$07 sset pointer to next variable

., bl@e 90 el bcc $b@F1L

., b11® e8 inx

., bill d@ dc bne $b@ef

45331 ISLETC: DOES (A) HOLD AN ALPHABETIC CHARACTER?

If (A) >= #40 or (A) <= #AS then it is alphabetic and C=1.

., bI13 €9 41 cmp #$41 ;ASCII A?

.y bl115 92 @5 bcc $blic jless - end

., bl17 9 Sb  sbc #$Sb 3ASCII ¢ - next character to
z

., b119 38 sec

., blla e9 a5  sbc #saS

., bllc &0 rts

45341 NOTFNS: CREATE NEW VARIABLE

1f the top byte on the stack is #2A then the variable is not
created since the routine was called from EVALUATE
EXPRESSION. A null result is returned by using the constant
at $BIF3.  If #2A is not found, then the following routine
is called to create the ordinary variable.

., blid &8 pla

., blle 48 pha

., bl1f c9 2a cmp #$2a jcalled from evaluate
expression?

., b121 d@ 85 bne $b128 sno - create variable

., b123 a9 13 lda #$13

., b125 a@ bf 1dy #sbf 3$BF13 = constant @ in flpt

., b127 6@ rts

45352 NOTEVL: CREATE VARIABLE

Reserved variables are tested for. TI$ produces a null
string, but both TI and ST produce ?SYNTAX error. If there
are arrays in existance, they are moved up by 7 bytes to
allow space for the new variable. If there are a large
number of arrays, this can take a second or two. ARYTAB is



updated and VARNAM written into RAM followed by S5 zeros.
Thus the variable is created with an initial null value. On
exit, ($5F) points to the name and VARFNT to its value (or
the string pointers).

., b128 a5 45  lda $45 SVARNAM - variable name
biZa a8 46  1dy $46
bi2c c9 54  cmp #$54 3ASCIT T2
biZe d@ @  bne $b13b
b130 c@ c?  cpy #$c9 SASCIT shift 17
b132 0 ef beq $5123  ;TI$ - return null string
b134 c@ 49  cpy #$49 3ASCIT 17
bi36 d@ @3  bne $b13b
b138 4c 08 af jmp $af@8  ;?SYNTAX error
bi3b €9 53 cmp #$53 3ASCIT §?
bi3d d@ 04  bne $b143
bi3f c@ 54  cpy #554 5ASCIT T7
b141 @ 5  beq $b138 ;ST gives ?SYNTAX error
b143 a5 2f 1da $2f ;ARYTAB - start of arrays
b145 a4 30 1dy $30
.y bl147 8BS Sf sta $5¢ jpointer for memory move
., b149 84 68 sty $6@
., blab a5 31 1da $31 5STREND - end of arrays +1
., blad a4 32 1dy $32
., b1af B85 Sa  sta $Sa ;pointer for memory move
biS1 84 Sb sty $5b
b153 18 cle
b154 69 @7 adc #$07 jmove up by 7 bytes
b1S6 9@ 01 bee $b159
., b158 c8 iny
., b159 85 58  sta $58 ;pointer for memory move
., biSb B84 59 sty $59
., biSd 20 b8 a3 jsr $aIb8  ;move memory
bl6@ a5 58  lda $58
b162 a4 59  1ldy 59
bled c8 iny

8s 2f sta $2f jupdate ARYTAB
84 30 sty $30@
a@ @2 1dy #s00 jindex through variable
a5 45 lda $45 3 <VARNAM
biled 91 Sf sta ($5f),y jwrite variable name
bi6f c8 iny
., b170 a5 46  1da $46 5 YVARNAM
., b172 91 S¢ sta ($56),y
., b174 a9 80  lda #$00
., b176 c8 iny
., b177 91 Sf sta ($5f),y jwrite null value to variable
., b179 8 iny
., b17a 91 Sf sta ($56),y



bi7c c8 iny

., b17d 91 Sf sta ($56),y
., b17¢ <8 iny

., b180 91 5f  sta ($5f),y
., b182 c8 iny

., b183 91 S¢ sta ($56),y
., b185 a5 Sf 1da $5¢

., b187 18 cle

., b188 69 @2  adc #$@2

., biBa a4 60  1dy %60

., biBc 98 @1  bcc $bisf
., biBe cB iny

., biBf 85 47  sta $47 SVARPNT - pointer to variable
., b191 84 48 sty $48

., b193 60 rts

4546@ ARYGET: ALLOCATE ARRAY POINTER SPACE

The number of subscripts for the array is held in COUNT.
This is doubled, #5 added then the result added to ($5F).
This provides space for the array header and not for the
data itself. The header format is shown below:

byte:
@ 1ist character in name (type coded)
1 2nd character in name (type coded)
2 pointer to next array, low byte
3 pointer to next array, high byte
4 number of dimensions in array
S number of elements in last subscript
low byte
& number of elements in last subscript
high byte
7 number in penultimate subscript low
byte

., bi94 aS @b 1da $@b

., b196 @a asl

., b197 69 @5 adc #$@S

., b199 65 5 adc $5¢

., bi% a4 68  ldy $6@

., b19d 90 @1  bcc $biad

., bl9f c8 iny

., bla® 85 58 sta $58

., bla2 84 59 sty $59

., blad 6@ rts scontinuing to first
subscript



45477 N32768: CONSTANT 32768 IN FLPT

.:bla5 90 80 00 00 @0

45482 FACINX: FACH#1 TO INTEGER IN (A/Y)

., blaa 20 bf b1 jsr $bibf jconvert fac#i to integer in
($64)

., blad a5 64  lda %64 sput integer into (A/Y)

., blaf a4 65  ldy $65

., bibi 6@ rts

45490 INTIDX: EVALUATE TEXT FOR INTEGER

The next byte of text is fetched and evaluated. It is
confirmed as numeric, and if the result is positive and less
than 32768 then the following routine is performed.

., blb2 20 73 0@ jsr $0073 CHRGET
., bibS 20 9e ad jsr $adve jevaluate expression in text
., blbB 20 8d ad jsr $ad8d jconfirm numeric result

., bibb a5 66 1da $66 ;FACSGN - fac#l sign

., bilbd 3@ 0d  bmi $hicc 37ILLEGAL QTY error

45503 AYINT: FACH#1 TO SIGNED INTEGER

FACEXP is compared with #9@. If not less, then it is
compared with the flpt number 32768. If not equal, then

2ILLEGAL  QUANTITY. Finally, fac#l is converted to an
integer in the range -32768 to +32767.
., blbf a5 61 1da $61 3FACEXF - fac#1l exponent

., blcl c9 98 cmp #$90
., blc3 90 @9 bcc sbice

., blcS a9 a5  1da #$aS

., bic7 ad bi 1dy #$b1 ;$B1AS = constant 32768 in
flpt

., blc9 20 Sb bc jsr $bcSb jcompare fac#l with flpt at
A/Y)

., blcc d@ 7a  bne $b248 ;?ILLEGAL QUANTITY error

., bice 4c 9b bc jmp $bcb jconvert fackl to integer

45521 ISARY: GET ARRAY PARAMETERS

The array parameters are read from text and the details of
the array are set up on the stack. Text is evaluated to an
integer, giving the number of elements in the first
subscript (including @th). This is placed on the stack. I



there is a

the number
checked and

bidi as
b1d3 @5
bids 48
bide as
., bld8 48

., bld9 a@

.y bldb 98
bidc 48
bldd a5
bidf 48
bled a5
., ble2 48
., blel 20

comma immediately following in text then the
procedure is repeated for the next subscript etc. Finally,
of subscripts is put in COUNT, a right bracket
the next routine performed.

oc
e

82

b1

o1

o1

o1

o1

-]

ae

1da
ora
pha
1da
pha
1dy

tya
pha
1da
pha
1da
pha
jsr

pla
sta
pla
sta
pla
tay

1da

pha
1da
pha
1da
sta
1da
sta
iny
jsr
cmp

sty
sr
pla
sta
pla
sta

sta

$0c
$0e

$0102,x

$0101,x

$64
0102, %
%65

50101 ,x

$0079
#$2c
$bidb

$0b
$aef7

$0d

#$7F
$0c

3DIMFLG - default array DIM
SINTFLG - data type

;push VALTYP
5(Y) holds number of

subscripts

spush VARNAM - variable name

jevaluate text - get #
elements

3pull VARNAM

sinsert ($64) under top 2
stack bytes

5CHRGOT
5ASCIT comma?

sget elements for next
subscript

sconfirm right bracket
spull VALTYP

spull INTFLG

;DIMFLG



45592 FNDARY: FIND ARRAY

This is a loop to check for the presence of the subscripted
variable between ARYTAB and STREND. There are only two
exits to the loop: (1) if the array is not found, then it
must be created, and (2) if the array is found, when the
element within it is located.

., b218  ab 2¢ 1dx $2f 5ARYTAB - start of arrays

., b21a a5 3@ 1da $30

., b2lc 86 Sf stx $5¢ ;pointer - current position
in table

., b2le 85 60  sta $60

., b220 €5 32 cmp $32 3>STREND - end of arrays +1

., b222 d® @4  bne $b228

.y b224 ea 31 cpx $31 ;5 <STREND

., b226 8 39  beq $b261 jarray not found - create it

., b228 a@ @0  1ldy #$00

., b22a bl Sf 1da ($5f),y ;get array name

., b22c 8 iny

., b22d c5 45  cop $4S 5VARNAM - variable name

., b22 d@ @6  bne $b237

, b231 a5 46 1da $46

., b233 d1 S cmp ($5f),y jcompare names

., b235 0 16  beq $b24d jarray found - find element

., b237 8 in

., b238 bl Sf 1da ($5f),y ;increment pointer to next
position

., b23a 18 cle

., b23b 65 SF adc $5¢

., b23d aa tax

., b23e 8B iny

.y b23f b1l Sf lda ($5f),y

., b241 65 60 adc $60

., b243 98 d7  bcc $b2ic ;loop back to continue search

45637 BSERR: ?BAD SUBSCRIPT/?ILLEGAL QUANTITY

The. two entry points are $B245 for ?BAD SUBSCRIPT and $B248
for ?ILLEBAL QUANTITY. The remainder of the routine is
concerned with an array being found by the previous routine.
If DIMFLG is set, then ?REDIM'D ARRAY error, otherwise
pointer space is allocated and the number of subscripts is
checked. Finally the element is located within the array.

., b245 a2 12 1dx #$12 s¥lag ?BAD SUBSCRIPT
., b247 2c a2 @e bit $Qea2 jmask - flag ?ILLEGAL
QUANTITY



., b258
., b2Sa
b25c
., b2Se

45665 NOTFD]

37 a4 jmp
13 1dx
oc 1da
€7 bne
94 b1 jsr
b lda
04 1dy
B cmp
e7  bne
ea b2 jmp

CREATE

$a437
#8513
$0c
$b24a
194
$0b
#504
($56) ,y
$b245
$b2ea

ARRAY

;do error
3¥lag ?REDIM'D ARRAY

;DIMFLG ~ array DIM flag

jset - do error

jallocate array pointer space
SCOUNT - number of subscripts

jcheck subscripts in array
jwrong - ?BAD SUBSCRIPT error
j¥ind element in array

This routine is called to create the array if it was not

found.

through
storing
memory

Array
The variable

header space is allocated and memory checked.
name is written into high RAM. A loop works

each of the subscripts, calculating its size and
from the stack. Once this is done,

the
is again checked and the pointer to the end of arrays

is updated.

element

94 b1 jsr
08 a4 jsr
0  1dy
72 sty
s 1dx
45 lda
s¢ sta
o1 bpl
dex
iny
46 1da
S5f  sta
02 bpl
dex
dex
71 stx
ob 1da
iny
iny
iny
s¢ sta
ob 1dx
0  1da
oc  bit
8 bvc
pla
clc

$b194
$a408
#500
$72
#30S
45
($56) ,y
$b274

$46
($56) ,y
$b27d

$71
30b

(#56),y
#$0b
4300
$oc

6296

jallocate array pointer space
3is (A/Y) lower than FRETOP?

3VARNAM - variable name
swrite <VARNAM in memory

jwrite >VARNAM in memory

;COUNT - number of subscripts

jstore count in array

;DIMFLG - array dimension
flag



c8

es

o1

b3

as

tax
pla

iny
sta
iny
txa
sta
jsr

stx
sta

sta
1da

#501

#3500

($5€) ,y

($56) ,y
$b3ac

$71

$52b9

$b30b
$a408
$31
$32
#3500
$72
$71
$b2cd

($58) ,y
$b2c8

;store DIMFLG

jcalculate # bytes in
subscript

5 <INDEX1
5COUNT - next subscript

370UT OF MEMORY error

570UT OF MEMORY error
5is (A/Y) lower than FRETOP?
5STREND - end of arrays +1

5 <STREND

3 >STREND

3DIMFLG



d@ 62 bne $b34b 3 - RTS

c8 iny

bt S¢ lda ($56),y

85 @b sta $@b SCOUNT - number of subscripts
a9 00 1da ¥$00

85 71 sta $71

85 72 sta $72

8 iny

&8 pla

aa tax

B85 64 sta $64

68 pla

85 65  sta $65

d1 5¢ cmp ($5€),y

98 @e  bcc $b3%e ;locate element in array
d0 86  bne $b308 ;7BAD SUBSCRIPT error

c8 iny

Ba txa

di 5§ cmp ($56),y

98 @7  bcc $b3BF slocate element in array
4c 45 b2 jmp $b245  ;?BAD SUBSCRIPT error
4c 35 a4 jmp $a435 370UT OF MEMORY error

45838 INLPN2: LOCATE ELEMENT IN ARRAY

This routine works through the array until the required
element is found. VARPNT is set to point to its location.

., b3%e c8 iny 5(Y) points to subscript
., b3Bf a5 72 1da $72 ;pointer to array
., b311 @5 71 ora $71
., b33 18 cle
., b314 0 @a  beq $b320
., b316 20 4c b3 jsr $b34c jcalculate bytes in subscript
b319 8a txa
., b3la &5 64  adc $64 jadd result to ($64)
aa tax
98 tya
a4 22 1ldy $22 5 INDEX1
65 65  adc $65
., b322 86 71 stx $71 s<pointer
c6 @  dec $Ob 5COUNT - number of subscripts
d0 ca  bne $h2¢2
85 72  sta $72 3 >pointer
a2 85  ldx #$@S
as 45 1da $45 3VARNAM - variable name
12 91 bpl $b331
ca dex

a5 46 1da $46



., b333 10 @2 bpl $b337

., b337 86 28 stx $28
., b339 a9 @0 1da #5008
.5 b33b 20 S5 b3 jsr $b35S

-, b33e 8a txa

.y b33f 65 58 adc $58

-, b341 85 47 sta $47 5VARPNT - points to element
-, b343 98 tya

-, b34a 65 59 adc $59
-, b346 85 48 sta $48

., b348 a8 tay
., b349 a5 47 1da $47
.y b34b 60 rts

45908 UMULT: NUMBER OF BYTES IN SUBSCRIPT

This routine calculates the size of an array subscript. The
subscript () is stored in INDEX1 and the number of elements
in the subscript in ($28). The number of bytes is
calculated by a loop which loops 16 times. The result is in
X/ .

., b34c 84 22 sty $22 5 INDEX1

., bl4e bl 5¢ 1da ($5f),y ;get number of elements in
subscript

., b35S0 85 28  sta $28

., b352 88 dey
, b3IS3 bl Sf lda ($56),y

., b355 85 29  sta $29

., b357 a9 1@ lda #$10

., b359 85 Sd sta $5d ;lo0p counter

., b3Sb a2 @8 1dx #5020

., b35d a0 0 1dy #$00

., b35f Ba txa

., b36B @a asl

., b361 aa tax

., b362 98 tya

.y b363Z 2a rol

., b36a a8 tay

, b365 bd a4  bcs $b3IBb 570UT OF MEMORY error
.y b367 @6 71 asl $71

., b369 26 72 rol $72

., b36b 9@ @  bcc $b378

., b36d 18 clc

., b3te Ba txa

., b36f 65 28  adc $28 ;<no of elements
., b371 aa tax



., b372 98 tya

., b373 65 29  adc $29 ;>0 of elements
b375 a8 tay
b376 b® 93 bes $b3Bb 570UT OF MEMORY error
b378 cb6 Sd  dec $5d 3lo0p counter

., b37a d@ e3  bne $b3SF jcontinue loop

., b37c 6@ rts

45949 FRE: PERFORM FRE

This routine causes unwanted strings to be erased, and the
amount of available RAM to be calculated. If string mode is
set then string housekeeping is performed. Garbage collect
is performed and STREND is subtracted from FRETOP to give
the number of bytes free. The result is transferred from
(A/Y) to fac#l by the next routine. The dummy argument in
FRE(n) is ignored. This value was placed in fac#l before
the routine was called. Note that any value above 32767
will be treated as negative by the next routine, since the
most significant bit of the integer value is used to
indicate the sign of the number.

as ad 1da $0d JVALTYP - data type
0 @3 beq $b384 snumeric

20 ab bé jsr $béab ;do string housekeeping

20 26 bS jsr $b526  ;do garbage collect

38 sec

a5 33 lda $33 SFRETOP - bottom of strings
es 31 sbc $31 ;STREND - end of arrays +1
a8 tay

as 34 1da $34
e5 32 sbc $32

45969 _GIVAY

CONVERT INTEGER IN (A/Y) TO FLPT

(A/Y) holds a signed integer in the range -32768 to +32767.
This is placed in fac#l and converted to flpt.

b3I91 a2 @0 1dx #$00

, b3I93 86 @d stx $@d 3VALTYP - set numeric mode
b395 85 62 sta $62 5FACHO - fac#l

, b3I97 B4 63 sty $63

b399 a2 90 1dx #$90

, b39b 4c 44 bc jmp $bcad sconvert fac#l to flpt

45982 POS: PERFORM POS

The dummy argument in POS(n) has been placed in fac#l and is
ignored. The KERNAL routine, PLOT is called to read the

149



cursor X-Y position. The Y position is discarded and the
previous routine performed.

., b3%e 38 sec
.y B394 20 @ Ff jsr $£440 JPLOT - read cursor position
., b3a2 a9 @8  lda #$00 jignore cursor row

., b3a4 §@ eb  beq $b391 jconvert to flpt

4599@ ERRDIR: CONFIRM PROGRAM MODE

This routine is called from keywords which do not operate in
direct mode. The high byte of CURLIN is checked. If it
holds #FF, then the command was entered in direct mode and
?ILLEGAL DIRECT error is called.

., b3a6 a6 3a  ldx $3a 3>CURLIN - current line
number

., b3aB e8 inx

., b3a9 d@ a@  bne $b34b ;program mode - RTS

b3ab a2 15  ldx #$15 ;flag ?ILLEGAL DIRECT

., b3ad 2c a2 1b bit $iba2  ;mask - flag 2UNDEF ‘D
FUNCTION

., b3Ib@ 4c 37 a4 imp $a437 ;do error

46@03 DEF: PERFORM DEF

The syntax of FN is checked, program mode confirmed, a left

bracket checked for and SUBFLG set. The variable is
identified, confirmed as numeric and right bracket
confirmed. Once the token = is confirmed, it is pushed onto

the stack along with VARPNT and TXTPTR.

., b3b3 20 el b3 jsr $b3el jcheck syntax of FN

., b3b6 208 ab b3 jsr $b3aé  jconfirm program mode

., b3b9 20 fa ae jsr saefa jconfirm left bracket

., b3bc a? 80 lda #$80

., blbe B85 18  sta $10 jset SUBFLG - user function
call

., b3c@ 20 8b b@ jsr $boeb jidentify variable

.y b3c3 20 8d ad jsr $aded sconfirm numeric result

., b3ck 20 £7 ae jsr $aef7 jconfirm right bracket

.y b3c9 a% b2 lda #$b2 stoken =

., b3cb 20 £f ae jsr $aeff jconfirm character in (A)

., b3ce 48 pha

., b3cé a5 48 1da $48 ;push VARPNT - variable data
pointer

., b3d1 48 pha

., b3d2 a5 47  1da $47

., b3da 48 pha



.+, b3dS
., b3d7
., b3d8
., b3da
+4 b3db
., b3de

46049 GETFNM:

a5
a8
as
48
20
4c

7b 1da $7b
pha

7a 1da $7a
pha

48 a8 jsr $aBf8

4f b4 jmp $ba4f

CHECK SYNTAX OF

;push TXTPTR

;do DATA
spull FN data

FN

This routine checks that DEF is immediately followed by the
and that the dependant variable is numeric.

keyword

., b3et
., b3e3
., b3es
., b3e8
-, b3ea
., b3ed

., b3ef
., b3f1

FN,

a9
20
a9
85
20
85

a4
ac

as 1da #s$a5
4 ae jsr Saeff
80 ora #$80
18 sta $10
92 b@ jsr $b@92
4e sta $de

a5 sty $af
8d ad jmp $aded

46@68 FNDOER: PERFORM FN

jtoken - FN
sconfirm character in (A)

3SUBFLG - user function call
;identify dependant variable
sDEFPNT - pointer to FN
descriptar

sconfirm numeric result

This routine evaluates the FN expression and assigns the
result to the function variable. The dependant variable X,
is not changed by the routine.

as in FN(X),

., b3fa
.y b37

., b3F9
., b3fa
.5 b3fc
., b3fd

o
>
8
5

coogoag
S S8
sSsss
a3 3

208
a5

a8
as
48
20

el b3 jsr $b3et
af lda $4f

pha
4e  1da sde
pha
f1 ae jsr $aefl

Bd ad jsr $ad8d

pla
4e sta sde
pla
4 sta $4f
02 1dy #s02
2e 1da ($4e),y
47 sta $47
tax
iny
4e 1da ($8e),y

99 beq $b3ae

jcheck syntax of FN
;DEFPNT - pointer to FN
descriptor

jevaluate expression in
brackets
sconfirm numeric result

3 DEFPNT

5<VARFNT - pointer to current
variable

5 ?UNDEF D FUNCTION error



85 48 sta $48 5 SVARPNT

c8 iny

b1 47 1da ($47),y

48 pha spush dependant variable

88 dey

10 fa bpl $b418

a4 a8 1dy 48 5 VARPNT

20 d4 bb jsr $bbdd sstore fac#l in memory

as 7b 1da $7b spush TXTPTR

a8 pha

as 7a 1da $7a

a8 pha

bl 4e 1da ($4e),y ;point TXTPTR to FN
expression

85 7a sta $7a

c8 iny

bl de 1da ($4e),y

85 7b sta $7b

a5 48 1da %48

a8 pha

a5 47 lda $47

a8 pha

2@ Ba ad jsr sadBa jconfirm result

68 pla

85 4e sta $de

68 pla

a5 4f sta $4f

20 79 00 jsr $0B79 3CHRGOT - get current byte of
text

0 03 beq $b449 sterminator

4c @8 af jmp $af@dB 3 ?SYNTAX error

&8 pla

85 7a sta $7a spull original TXTPTR

68 pla

85 7b sta $7b

a0 @9 1dy #s00

68 pla

91 4e  sta ($4e),y jrestore dependant variable

68 pla

c8 in

91 4e  sta ($de),y

68 pla

c8 in

91 42 sta (s4e),y

68 pla

8 iny

91 de sta ($4e),y

68 pla

8 iny



., ba62 91 4e sta (s4e),y
., basa 6@ rts

46181 STRD: PERFORM STR$

Firstly, a check is made to ensure that the operand is
numeric, then it is converted into an ASCII string, and the
string set up in memory.

., b46S 20 Bd ad jsr $ad8d sconfirm numeric operand
., ba68 a@ @@  1ldy #$00
bdba 20 df bd jsr $bddf jconvert fac#l to ASCII
68 pla
68 pla
a9 ¢ 1da #$¢§
a0 @2 1dy #s500
£0 12 beq $b487  jset up string at $@100
a6 64 1dx $64 ;FACHO - fac#l mantissa
a4 65  1ldy $65
86 50  stx $50 SDSCPNT - temp pointer to
descriptor
b47b 84 S1 sty $51
b47d 20 f4 b4 jsr $baf4  ;allocate space for string
b480 86 62  stx $62 3 FACHO
., baB2 B4 63 sty $63
b4gs 85 61 sta $61
bag6 60 rts

46215 STRLI

SET_UP_STRING

On entry, (A/Y) holds start of string -1. $87 and $88 hold
the string terminator. This is usually quotes (#22) but can
be other characters -colon, comma, etc., depending on the
entry point and calling routine; (this routine is also
called from INPUT, READ etc). The string is scanned from
the start until a valid terminator is found. The length is
stored and if the string resides in the input buffer,
pointers are allocated and it is stored in high RAM.
Finally, the descriptor is saved.

., baB7 a2 22 1dx #$22 3ASCII quotes

., baB9 B6 B7  stx $07 jstring terminator
., baBb 86 @8  stx $08

., b4Bd 85 &f sta $6f jstart of string -1
., baBF 84 70 sty $7@

, b491 B85 62  sta $62 jstart of string -1
., b493 B4 63 sty $43

.y bA95 a@ f+¢ 1dy #$¢+

., b497 8 iny



., ba98 b1 &F 1da ($6f),y jexamine string character

., b4%a §@ Bc  beq $b4as jzero terminator

., b4%c c5 @7  cmp $@7 jvalid terminator?

., ba% @ 84  beq $b4ad

., bda@ c5 @8  cmp $08 jvalid terminator?

., bda2 do 3 bne $b497 ;no - read next character in
string

., bdad c9 22  cmp #$22 ;ASCII quotes

., blab @ 01 beq $bda%

., baag 18 clc

., bdag B4 61 sty $61 5(Y) holds string length

., bdab 98 tya

., blac 65 6f adc $6f

., bdae 85 71 sta $71

., bAbD ab 7@  1dx $70 3($71) points to end of
string

., bab2 98 @1  bcc $H4bS

., babs e8 inx

., bAbS 86 72 stx 72

., bab7 a5 70  1da $70 ;>start of string

., bAb9 0 @4  beq $babf

., babb c9 02  cmp #$02 sinput buffer?

., babd d@ @b  bne $baca

., babf 98 tya

., bAc@ 28 75 b4 jsr $b475 ;allocate string pointers

., bAc3 a6 bf 1dx $6f

., bacS a4 78 1ldy $70

., bAc7 20 88 b6 jsr $b688 jstore string in high RAM

., baca ab 16  ldx $16 ;TEMPPT - descriptor stack
pointer

., blcc e@ 22 cpx #$22 jdescriptor stack full?

bdce d@ @5  bne $b4dS  jsave string descriptor
b4d® a2 19  ldx #$19 5¥lag ?FORMULA TOO COMPLEX
., b4d2 4c 37 a4 jmp $ad37 ;do error

46293  PUTNW1: SAVE STRING DESCRIPTOR

The string descriptor is saved on the descriptor stack ($19 -
$21). VALTYP is set to string and the descriptor stack
pointer is updated.

., bads a5 61 1da $61

., bad7 95 @0 sta $00,x 5(X) points to descriptor
stack

., bad9 as 62 lda $62

., badb 95 @1 sta $01,x

., badd a5 63 1da $63

95 82 sta $82,x
bdel ad @2  1dy #$0@

3
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a
kS



., bde3 86 &4 stx $64
., bae5 B4 65 sty $65
., bde7 84 70 sty $7@

., bse9 88 dey

., bdea 84 Bd sty $0d jset VALTYP to string

., bdec B6 17  stx $17 SLASTPT - last temp string
address

., bdee e8 inx

., blei e8 inx

., bafd ed inx

.y baf1 B6 16 stx $16 ;TEMPPT - descriptor stack
pointer

., bAE3 60 rts

46324 GETSPA: ALLOCATE SPACE FOR STRING

The length of the string is pushed onto the stack and FRETOP
is decremented by this amount using a 2's complement method.
The result is compared with STREND. If they overlap, then
garbage is collected and the routine is reentered. If they
still overlap then 70UT OF MEMORY error.

<y baf4 46 OF 1sr sof ;GARBFL - garbage collect
flag

., bafs 48 pha ;push string length

., baf7 89 §f  eor W$Ef

-, baf9 38 sec

., bafa 65 33 adc $33 ;FRETOP - bottom of strings

., bafc a4 34 1ldy $34

., bafe bd 01 bcs $bS01

., bSoD 88 dey

., bSB1 c4 32 cpy $32 ;<STREND - end of arrays +1

., bSO3 90 11 bec $b516 joverlap - garbage collect

., bSBS d@ B4 bne $bSBH

., bSB7 5 31 cmp $31 5 >STREND

., bSB9 98 @b  bcc $b516  joverlap - garbage callect

., bS@b 85 33 sta $33

., bSed 84 34 sty $34

., b5Bf 85 35  sta $35 SFRESPC - utility string
pointer

., bS11 B4 36 sty $36

., bSI3 aa tax

., bS14 &8 pla

., b515 60 rts

., bS16 a2 18 1dx #$10 ;¥lag 70UT OF MEMORY

., bSi8 a5 Of 1da sof 3GARBFL

., bSla 3@ b6  bmi $had2 ;¥lag set - do error

., bSlc 20 26 bS jsr $b526 ;do garbage collect

., b51f a9 88  1da #$80



., bS21 85 0Ff sta $@¢ sset GARBFL
., b523 68 P
., b524 d@ d®  bne $bafe ;

e-allocate string space
46374 _GARBAG: GARBAGE COLLECTION

This is a routine to tidy up unwanted strings held in the
high end of RAM. Unwanted strings are built up every time a
dynamic string is re-allocated, since the old value is not
removed.  In BASIC 2, garbage collection is notoriously slow
when compared to later versions.

., bS26 a6 37 1dx $37 3MEMSIZ- highest address in
BASIC text

., bS2a 86 33 stx $33 5FRETOP - bottom of strings

., bS2c 85 34  sta $34

., bS2e ad @0  1ldy #$00

., bS3I0 B4 4f sty $af spointer to unwanted string

., bS32 84 4e sty $de

., b534 a5 31 1da $31 5STREND - end of arrays +1

., bS36 ab 32 ldx $32

., bS38 B85 5 sta $5¢

., bS3a 86 6@  stx $60

., bS3c a% 19 1lda #$19

., bS3e a2 @0 ldx #$0@ jpointer to TEMPST -
descriptor stack

, bS4@ 85 22 sta $22 5 INDEX1 points to TEMPST

., bS42 86 23 stx $23

., bS44 c5 16  cmp $16 STEMPPT - descriptor stack
pointer

., bS46 @ @5  beq $bS4d

o
a
>
©

208 c7 bS jsr $bSc7 jget descriptor for
collection

., bS4b @ §7  beq $b544

, bS4d a9 @7  1da #$@7

., bS4f 85 53  sta $53 slength of variable data = 7
bytes

., bS51 a5 2d 1da $2d 5VARTAB - start of variables

., bS53 a6 2e  1dx $2e

., bS55 85 22  sta $22 5INDEX1 - current var under
test

., bSS7 86 23 stx $23

., bS59 e4 3B cpx $30 5ARYTAB - end of arrays

., bSSb d® @4  bne $bS61

., bS55d c5 2f  cmp $2f

, bSSf @ @5  beq $bS66

4, bS561 2@ bd bS jsr $bSbd ;¥ind string descriptor for

collection



, bSéa

. bS91
., bS92
b594

o
Q
2
3

o
a
-4
S

o
a
g
-3

3  beq
s8 sta
59 stx
03 1da
53 sta
s8 1da
59 1dx
32 cpx
07 bne
31 cmp
03 bne
@6 b6 3mp
22 sta
23 stx
1) 1dy
22 1da

tax

iny
22 1da

php

iny
22 1da
s8 adc
58 sta

iny
22 1da
59 adc
59  sta

plp
d3  bpl

txa
4@ bmi

iny
22 1da
o0 1dy

asl
(5] adc
22 adc
22 sta
@2  bcc
23 inc
23 1dx
59 cpx
04 bne
s8 cmp
ba  beq
€7 bS jsr

$b559
$58

$59

#$03
$53

#$00
($22),y

($22),y

($22),y
$58
58

($22) ,y
359

$59
$bS6e

$bSée

($22) ,y
#3500

;points to next variable

table

jlength of variable data

bytes
snext variable in table

3 STREND

jcollect string
3 INDEX1



.y bSbb 0 £3 beq $bS5bo
46525 DVARS: SEARCH FOR NEXT STRING

The variable pointed to by INDEX1 is scanned to ensure that
it is (1) a string variable and (2) not a null string. The
descriptor is placed in (A/X) and compared with FRETOP.
Assuming this to be ok, it is stored in ($5F) and the
pointer to the variable in ($4E). INDEX1 is updated to
point to the next variable by adding the variable length
held in $53.

.y bSbd bl 22  1lda ($22),y ;ist character in variable
name

., bSbf 30 35  bmi $bSf6 jinteger - wrong type

., bSci c8 iny

., b5c2 b1l 22 1da ($22),y ;2nd character in variable
name

., b5c4 10 38  bpl $bSf6 5#1pt/function - wrong type

., bSc6 8 iny

.y BSC7 bl 22 1da ($22),y j;get string length

., bSC9 @ 26 beq $bSF6  jnull string

., bScb 8 iny

., bSce b1 22 lda ($22),y j;string address low
-, bSce aa tax

-y bScf cB iny
., bSd® b1 22 1da ($22),y ;string address high
., bSd2 c5 34 cmp $34 3 >FRETOP - bottom of strings

., bSd4 90 @6 bcc $bSdc
., bSdé6 d@ te bne $b5f6
-, bSdB e4 33 cpx $33 5 <FRETOP
., bSda b@ 1a bcs $b5f6

6!

., bSe2 ed4 Sf cpx $5f

., bSe4 90 10 bcc $b5f6

-, bSet 86 Sf stx $5f

., bSeB 85 60 sta $60

., bSea a5 22 1da $22 3 INDEX1 - pointer to current
variable

-, bSec a6 23 1dx $23

., bSee 85 4e sta sde spointer to unwanted variable

., bSf@ 86 4f stx $4f

.y bSf2 a5 53 1da $53 slength of variable data

., bSf4 85 S5 sta $55

., bSf6 a5 S3 1da $53

., bSf8 18 clc

-, bS9 65 22 adc $22 3 INDEX1 points to next



variable
., bSfb 85 22 sta $22
., bSfd 90 02 bcc $béd1
., bSff e6 23 inc $23

., b6l a6 23 1dx $23
., b6@3 a0 20 1dy #$00
., bs@s &0 rts

46598 GRBPAS: COLLECT A STRING

The length of the string is obtained and added to its
pointer. The pointer to the end of the string is then
stored in ($5A). A space is opened and the string is moved
up over that which was not required. Finally the pointers
are updated and the main garbage collect routine reentered.

., beB6 a5 af 1da s4f spointer to unwanted string
., b6@8 @S 4e  ora $4e

., b6Ba @ §5  beq $b6@1 ;nothing to collect - end
., bblc a5 S5  1da 355

., beBe 29 B4  and #3504

., b610 4a isr

., bblt a8 tay

., b612 B85 55  sta $55

., b614 bl 4e  1da ($4e),y ;get length of string

., bbl6 65 S adc $5¢ jtop of string = ($5F)

., b618 85 Sa  sta $5a sbottom of string = ($5A)
.y béla aS 60 lda $60

., bélc 69 @0 adc #3500
., béle 85 Sb sta $5b

.y b620 aS 33 1da $33 sFRETOP - bottom of strings
.y b622 ab 34 1dx $34

., b624 85 58 sta $58

., b&26 86 59 stx $59

., b628 20 bf a3 jsr $albf smove memory

., b62b a4 S5 1dy $55

., b62d c8 iny

., be2e a5 58 1da $58

., b&3R 91 4e sta (s4e),y jupdate pointers
., b632 aa tax

.y b633 6 59 inc $59

.y b635 a5 59 1da $59

., b637 c8 iny

., b638 91 4e sta ($4e),y

., bb3a 4c 2a bS jmp $bS2a

46653 _CAT: CONCATENATE TWO STRINGS

This routine adds one string onto the end of a second



string. ($64) must point to the first string. This is
pushed onto the stack and the second string evaluated. The
pointer to the first string is then recovered into ($6F),
and the lengths of the strings are added. The total length
must not exceed 255 characters or ?STRING TOO LONG.
Pointers are allocated to the new string and the old strings
are stored side by side in high RAM.  Finally expression
evaluation is continued.

., b63d a5 65  1da $65 5 ($64) points to string 1
., b63f 48 pha
., b6a® a5 64  lda $64

b642 48 pha

b643 20 83 ae jsr $ae83  jdo single term in expression

., bbab 2@ 8f ad jsr $adef jconfirm string result
b649 68 pla
bbda 85 6f sta $6f spull string 1 into ($6F)
bbac 68 pla
bbdd 85 70 sta $70
b6af ad @2 1ldy #5900
b6S1 bl 6f 1da ($6),y ;get length of string 1
b653 18 cle
., b654 71 64  adc ($64),y jadd it to that of string 2
., b6S6 9@ @5  bcc $bsSd 54255 characters long - ok
., b6S8 a2 17  ldx #$17 ;lag ?STRING TOD LONG
b6Sa 4c 37 a4 jmp $a437 jdo error
b6Sd 20 75 b4 jsr $b47S jallocate string space
., b66® 208 7a bb jsr $bé7a jstore string 1 in high RAM
., b663 a5 50  1da $50
b66S a4 51 1dy $51
b667 20 aa bé jsr sbbaa ;do string housekeeping
., bbba 20 Bc bé jsr $beBc jstore string 2 beside string
1
., bbbd a5 6f 1da $6f
., bobf a4 70 1dy $70
., b671 20 aa b6 jsr $bbaa jdo string housekeeping
., b674 20 ca b4 jsr $baca jsave new string descriptor
., b677 4c b8 ad jmp $adb8  jcontinue evaluation of text

46714 MOVINS: STORE STRING IN HIGH RAM

This routine stores a string at the bottom of the dynamic
string area. On entry, ($6F) points to the byte following
the variable name or start of string. Its length and
pointer are placed in (A), (X) and (Y) respectively. The
pointer is then placed in INDEXi. This method provides for
several entry points to the routine. The string is finally
stored in RAM with the aid of ($35).



a0 o0 1dy #3500

bl &f 1da ($6f),y ;push string length
a8 pha
c8 in
bl &f 1da ($6f),y ;pointer to string in (X/Y)
aa tax
c8 iny
bl &f 1da ($6f),y
a8 tay
68 pla spull string length
86 22 stx $22 ;INDEX1 — pointer to string
84 23 sty $23
a8 tay
0 2a beq $b699 snull string - nothing to
store!
., beBf 48 pha
a8 de
b1 22 1da (322),y
., b693 91 35  sta ($35),y jstore string in RAM
., b&95 98 tya
., b6% do 8 bne $b690
., b698 &8 pla
., b699 18 clec
., b&%a 65 35 adc $35 SFRESPC - utility string
pointer
., be9c 85 3I5 sta $35 ;points to next store for
strings
., b6%e 90 @2  bcc $béa2
., bbad eb 36 inc $36
., ba2 6@ rts

46755 FRESTR: PERFORM STRING HOUSEKEEPING

String mode is confirmed and the string descriptor placed in
INDEX1. The following routine is used to clean the
descriptor stack, then (A) is loaded with string length, and
(X/Y) with its start location. If the string was the last to
be defined then FRETOP is moved up to overwrite it. On
exit, INDEX1 points to the string.

20 8f ad jsr $ad8f sconfirm string mode
aS 64 1da %64 jpointer to string descriptor
a4 65 1ldy $65

85 22 sta $22 3 INDEX1

B84 23 sty $23

20 db bé jsr $bédb jclean descriptor stack

o8 php

a0 oo 1dy #3020

bt 22 1da ($22),y jpush string length




., bébs 48 pha

., b6b7 8 iny
., b6bB bl 22  1da ($22),y jget string pointer

., béba aa tax

., bébb 8 iny

., bébc b1 22 lda ($22),y

., bébe a8 tay

., bébé 68 pla spull length

., bbcd 28 plp

., bécl d@ 13 bne $bodé

., b6cI 4 34 cpy $34 SFRETOF - bottom of strings
., b6cS d@ BF  bne $hbdé

., bbc7 e4 33 cpx $33

-y b6c? dO @b bne $bédé

., bécb 48 pha

., bécc 18 cle

., béed 65 33 adc $33 jadd length to FRETOP

., bbcf B85 33 sta $33
., bédl 98 B2  bcc $b6dS
., bbd3 e6 34 inc $34
.y beds 68 pla

., beds 86 22 stx $22
., b6d8 B4 23 sty $23
., béda 60 rts

46811 FREFAC: CLEAN DESCRIPTOR STACK

On entry, (A/Y) holds a string vector. If this matches that
held in LASTPT then the descriptor stack is cleaned.

-y bédb c4 18 cpy %18 FLASTPT - last temp string
address

., bedd d@ @c bne $béeb

.y bedf €5 17 cmp $17

., béel dB @8 bne $beeb

-y bée3 85 16 sta $16 STEMPPT - pointer to temp

string stack
., béeS e9 @3 sbc #3083

., bse7 85 17 sta $17 5<LASTPT
., bee ad 00 1dy #s2@
., beeb 6@ rts

46828 CHRD: PERFORM CHRS$
X$=CHR$(Y) . The one-byte parameter following the token is
input and pointers allocated for a string of length 1. The

string character is stored and the descriptor saved.

., béec 20 al b7 jsr $h7al jevaluate text to 1 byte in



., beef 8a txa
., befd 48 pha
a9 o1 lda #$01
20 7d b4 jsr $ba7d jallocate space for 1 byte
string
., bbfs 68 pla
., bbf7 aB 88 1dy #5080

., b6f9 91 62  sta ($62),y jstore string character in
RAM

&8 pla
8 pla
4c ca b4 jmp $baca jsave string descriptor

46848 LEFTD: PERFORM LEFT$

X$=LEFT$(Y$,2). The string parameters for the new substring
are pulled from the stack. ($5@) holds the vector to the
string. Pointers are allocated and housekeeping performed.

The new string is finally stored in high RAM. If Z is
specified greater than the length of Y$, then X$ is made
equal to Y$.

20 61 b7 jsr $b761 ;pull string parameters
d1 5@  cmp ($5@),y ;string descriptor

98 tya

90 84  bcc $h7@c

bl S8 lda ($5@),y

aa tax

98 tya

a8 pha

8a txa

a8 pha

20 7d b4 jsr $b47d jallocate string space

a5 5@ lda $50

a4 st 1dy $51

2@ aa bé jsr $héaa jdo string housekeeping

68 pla

a8 tay

68 pla

18 cle

65 22 adc $22 jadd string length to INDEX1

85 22 sta $22
908 02 bcc $b725
e6 23 inc $23

98 tya
20 Bc bé jsr $beBc jdo string housekeeping
, b729 4c ca ba jmp $baca jsave string descriptor



46892 RIGHTD: PERFORM RIGHTS$

X$=RIGHT$(Y$,7). The string parameters for the new
substring are pulled. The length of the parent string is
reduced by the right parameter, ensuring that it does not
reach beyond the end of the parent string. Carry is used to
select the shorter length in this case. Finally LEFT$ is
performed.

., b72c 28 61 b7 jsr $b761 ;pull string parameters

., b72¢ 18 clc

, b730 €1 50 sbc ($5@),y jsubtract length from parent
string

., b732 49 §f  eor #$ff

., b734 4c 86 b7 jop $b706 sdo LEFTS

46983 MIDD: PERFORM MID$

W$=MID$(X$,Y,Z).  $65 holds the right limit. This defaults
to #FF. CHRGOT checks for a right bracket, indicating only
two parameters, in which case the default limit is set. The
string parameters are pulled and if the length of the
resultant substring is zero Z?ILLEGAL QUANTITY error is
called. LEFT$ is performed.

., B737 a9 4 1da #$6f

., b739 B85 65  sta $45 sset default value of right
limit

., b73b 20 79 @@ jsr $0979 3 CHRGOT

., b73e c9 29  cmp #$29 3ASCIT )72

., b740 @ 06  beq $b748

., b742 208 fd ae jsr $aefd sconfirm comma

., b745 20 9e b7 jsr $h7% ;evaluate text to 1 byte in
x)

., b748 2@ 61 b7 jsr $b761 jpull string parameters

, b74b 0 4b  beq $b798 5?ILLEGAL QUANTITY ERROR

., b78d ca dex

., b74e Ba txa

., b7af 48 pha

., b750 18 cle

., b751 a2 80 ldx #$00

., b753 §1 58 sbc ($50),y

., b755 b@ b6  bcs $b7@d jdo LEFTS

s+ b757 49 f eor #$ff

., b759 565  cmp %65 jright limit

., b75b 9@ bl bcc $b70e sdo LEFTS

., b75Sd a5 65  1da %65 sright limit

., b75f bB ad  bcs $b7@e ;do LEFTS



46945 _PREAM: PULL STRING PARAMETERS

This routine is called by all of the string functions. A
right bracket is confirmed, then the string pointer is
pulled into ($5@) and the string length is pulled into both
X) and (A). All additional parameters pulled in the
process are replaced on the stack.

., b761 20 §7 ae jsr $aef7  jconfirm right bracket
., b764 68 pla

., b765 a8 tay spull (Y)

., b766 68 pla

., b767 BS 55  sta $55 spull $55

., b769 68 pla

., b76a 68 pla

., b76b &8 pla

., b76c  aa tax ;pull string length

., b76d 68 pla

., b76e 85 50  sta $50 ;pull string descriptor
., b770 68 pla

., b771 85 51 sta $51

., b773 a5 55  lda $55 spush $55

., b775 48 pha

., b776 98 tya spush (V)

., b777 48 pha

., b778 a@ @8  1ldy #300

., b77a 8a txa sstring length

., b77b 60 rts

PERFORM_LEN

This routine returns the length of a string. String mode is
exited and the length of the string (in (Y)) is then stored
in fac#i.

., b77c 20 B2 b7 jsr $b782 exit string mode
-, b77f 4c a2 b3 jmp $b3a2 convert (Y) to flpt in fac#l

46978 LENi: EXIT STRING MODE
The string is checked for and pointed to by the string

housekeeping routine then numeric mode is set. On exit,
INDEX1 points to the string and (Y) holds its length.

., b782 20 a3 b6 jsr $héal ;do string housekeeping
., b785 a2 @8 1dx #$00

., b787 86 @Bd stx $@d SVALTYP - set numeric mode
., b789 a8 tay

., b78a &0 rts



46987 ASC: PERFORM ASC

String mode is exited, If the length of the string is zero
then ?ILLEGAL QUANTITY. Finally, the first character in the
string is converted to flpt.

., b78b 20 82 b7 jsr $b782 jexit string mode

., b78e 0 @8  beq $b798  ;?ILLEGAL QUANTITY error

., b790 2000 1dy #s00

., b792 bl 22  1da ($22),y ;get ist character in string
., b794 a8 tay

., b795 4c a2 b3 jmp $b248  jconvert (Y) to flpt in fackl
., b798 4c 48 b2 jmp $b248  ;?ILLEGAL QUANTITY ERROR

47003 _GTBYTC: EVALUATE TEXT TO 1 BYTE IN (X)

This routine evaluates an ASCII number in the range @-25%5
into a single byte value in (X). Text is evaluated and a
numeric result confirmed. This is converted into a two-byte
parameter of which the high byte must be zero. Finally the
result is placed in (X) and the current byte of text in (A).

., b79b 20 73 00 jsr $0073 5 CHRGET

., b79e 20 8a ad jsr $adBa jevaluate expression &
confirm numeric

., b7al 20 bB bl jsr $bibg jconvert to integer in ($64)

., b7ad a6 64 1dx $64 jinteger hi byte must be
zero, or...

., b7a6 do@ @ bne $b798 3?ILLEGAL QUANTITY error

., b7a8 ab &5 1dx $65 ;put parameter in (X)

., b7aa 4c 79 @@ jmp $Q079 3CHRGOT

47021 VAL: PERFORM VAL

String mode is exited. I the string pointed to is null,
then fachl is set to zero. Otherwise the string is
converted to flpt by the next routine.

., b7ad 20 82 b7 jsr $b782 jget string and exit string
mode

., b7b@ d@ @03 bne $b7bS sconvert to flpt

.y b7b2 4c £7 b8 jmp $b8F7 jset fac#l to zero

47@29 STRVAL: CONVERT ASCII STRING TO FLPT

TXTPTR is placed into a temporary store for the duration of
this routine. INDEX1 must point to the string, and (A) hold
its length. The end of the string is found and its
terminator replaced by #8@ as the valid terminator for the



routine to convert text to a flpt number. TXTPTR is restored
and the routine exits.

ab 7a  1dx $7a 3 TXTPTR
aa 7b 1dy $7b
86 71 stx $71 ;FBUFPT - temp store for
TXTPTR
., b7bb 84 72 sty $72
., b7bd a6 22 ldx $22 5INDEX1 - points to string
., b7bf 86 7a  stx $7a jstore in TXTPTR
., b7ct 18 cle
., b7c2 6522  adc $22 jadd length of string to
TXTPTR
85 24  sta $24 jend of string pointer
ab 23 1dx $23 sput >INDEX1 in TXTPTR
86 7b  stx $7b
90 1 bce $b7cd
e8 inx

86 25 stx $25
a0 00 1dy #$00

bl 24  1lda ($24),y jreplace string terminator
with #20

a8 pha sand push original

98 tya

91 24 sta ($24),y

20 79 @8 jsr $8079  ;CHRGOT

20 £3 bc jsr $bcf3  jget number from text into
fac#t

68 pla

a0 @0 1dy #5080

91 24  sta ($24),y jreplace original terminator

a6 71 1dx $71 jrestore TXTPTR from FBUFPT

aa 72 1dy $72

86 7a stx $7a
84 7b sty $7b
60 rts

47083 GETNUI

GET_PARAMETERS FOR POKE/WAIT

This routine gets the parameters for, say, POKE 5432,1 and
WAIT 1234,5,6. Firstly the expression in text is evaluated

and confirmed numeric. FACH#1 is converted to a 2-byte
integer in LINNUM and the i-byte parameter after the comma
is evaluated into (X). For its other parameter, WAIT must

reenter the routine.

., b7eb 2@ Ba ad jsr $adBa sevaluate expression &
confirm numeric
.y b7ee 20 §7 b7 jsr $b747 sconvert fac#l to integer in



LINNUM

., b7f1 20 fd ae jsr saefd jconfirm comma

-, b7f4 4c 9e b7 jimp $b7%e jevaluate text to 1 byte in
)

47095 _GETADR: CONVERT FAC#1 TO INTEGER IN LINNUM

The sign and exponent of fac#l are checked to ensure the
number is positive and below 65536. FACH1 is converted into
a 4-byte integer of which the two low bytes are stored in
LINNUM.

., b7§7 a5 66  lda $66 SFACSGN - facHi sign byte

., b7f9 30 9d  bmi $b798 5?ILLEGAL QUANTITY error

., b7fb a5 61 1da %61 SFACEXP - fac#l exponent

., b7fd €9 91 cmp #$91

., b7ff bB 97  bcs $b798 5?ILLEGAL QUANTITY error

., bBBL 2@ 9b bc jsr $bcb jconvert fackl to 4-byte
integer

., bBO4 aS 64  lda $64 ;put low two bytes in LINNUM

., bBB6 a4 65  ldy $65

.y, bBOB8 B84 14 sty $14 5LINNUM - integer value

., b8Ba B85 1S  sta $15

., b8Oc 60 rts

PERFORM PEEK

LINNUM is pushed onto the stack, then the flpt address in
fachl is converted to an integer in LINNUM. The address
pointed to is peeked and the result put in (Y). This is
converted to flpt and LINNUM restored to its original value.

., bBBd a5 15  1lda $15 ;push LINNUM - integer value

., bBOF 48 pha

., b810 a5 14 lda $14

., bB12 48 pha

., bBIS 208 £7 b7 jsr $b747 jconvert fac#l to integer in
LINNUM

., bBl16 a@ @0  ldy #$00

., bB18 bl 14  1lda ($14),y j;peek contents of address
into (A)

., bBla a8 tay

., b8lb 68 pla

., bBlc 85 14 sta $14 srestore LINNUM from stack

., bBle &8 pla

., bB1f 85 15  sta $15

., bB21 4c a2 b3 jmp $b3a2 jconvert integer in (V) to
flpt



47148 POKE: PERFORM POKE

The parameters are obtained, the address to be poked is in
LINNUM and the value in (X). This value is then poked into
the correct address.

., bB24 20 eb b7 jsr $b7eb ;get parameters for FOKE

., b827 B8a txa

., bB28 ad @8  1ldy #$02

., bB2a 91 14  sta ($14),y ;poke value into address at
LINNUM

., b82c 60 rts

47149 WAL PERFORM WAIT

The first two parameters are obtained with the address in
LINNUM and value 1 in <FORPNT. If there is a third
parameter, this is obtained and the result put in >FORPNT.
If there is no third parameter, it defaults to zero. A loop
is performed, in which the contents of the address in LINNUM
are exclusive-ORed with value 2 and ANDed with value 1.
When the result is non-zero, the loop ends.

., b82d 2@ eb b7 jsr $b7eb  jget first 2 parameters for
WAIT

., bB30 86 49  stx %49 5<FORPNT - value 1

., bB32 a2 80  1ldx #%00

., b834 20 79 00 jsr $0079  ;GHRGOT

., b837 @ 83  beq $b83c  jterminator - no third
parameter

., bB39 20 f1 b7 jsr $b7f1  ;get third parameter for WAIT

., bB3c B6 4a  stx $4a 3 >FORPNT - value 2

., bB3e ad 08  1dy #5090

., bB42 b1 14  1lda ($14),y ;LINNUM - holds address

., bBA2 45 4a  eor $4a svalue 2

., bB44 25 49  and %49 jvalue 1

., bBA6 0 8 beq $b8AG

., bBaB 60 rts

47177 FADDH: ADD @.5 TO FACH1

The address of the flpt constant @.5 is placed into (A/Y)
and this is then added to fac#l. This routine is commonly
used in rounding.

., bB49 a9 11 1da #$11

., bBAb aB bf 1dy #sbf $$BF11 holds constant ©.5 in
flpt

., bBad 4c &7 bB jmp $bB67 sadd (A/Y) to fac#l



47184 FSUB: PERFORM SUBTRACTION

fac#l = fac#2 - fac#l. Firstly fac#2 is loaded from the
address at (A/Y) - this must be a S-byte flpt number. The
sign byte of fac#l is reversed and compared with that of
facH2. Finally the addition routine is called to add the

two facs together. Thus the result is facHl = fac#2 + (-
fac#l).

20 8c ba jsr $baBc
as &6 1da $66

49 §+ eor #$4f
85 66 sta $66
45 e eor $ée
85 6f sta $6f
as 61 1da $61

4c ba b8 jmp $bBba
47202 FADDS: NORMALISE ADDITION
This is part of the main addition routine below.

., bB62 208 99 b9 isr $b999 smultiply by zero byte
.y bB6S 90 3c bcc $bh8a3 jcheck sign and add

47207 FADD: PERFORM ADDITION

fac#l = fackl + fack2Z. On entry, (A/Y) points to a flpt
number which is placed in fac#2. A test is made for fackl =
zero, in which case fach2 is simply copied into fac#l. When
the two accumulators are added together, they must have
equal exponents. If the exponents are not equal, one number
must be modified until they are.

., bB67 20 8c ba jsr $baBc ;load fac#2 from memory

, bBéa dB B3  bne $b8&F

., bBbc 4c fc bb jmp $bbc jcopy fack2 to fac#l

., bB6f a6 70 1dx $70 3FACOV - fac#i rounding

., bB71 86 S6  stx $56

, bB73 a2 69  ldx #$69

., bB7S a5 69  1da %69 SARGEXP - fach2 exponent

, b8B77 a8 tay

., bB78 @ ce  beq $bB4B  ;facH2 is zero - end

., b87a 38 sec

., bB7b eS 61 sbe 61 SFACEXP — fac#! exponent

., bB7d f0 24 beq $bB8a3 jexponents are equal - add
numbers

., bB7f 98 12 bcc $b893



b9

b9

sty

bit

$62
$b929
$63
$62

3 FACEXP
3ARGSGN - fac#2 sign
5FACSGN — fac#l sign

;FACOV

jnormalise addition
;FACOV

3ARISGN — sign comparison
result

;add numbers
jsign -ve - subtract numbers

;FACOV
spoints to fac#(2/1)
;points to fack(1/2)
;store in fackl - FACHD4

3 FACHO3

;FACHD2

3FACHO1

;FACHO1 - low byte
jrotate fac right
smove fac#l left 1 byte



a6

1dx

$62

$b936

sput FACOV into FACHO4

sand (Y) into FACOV

;FACEXP - zero fac#l exponent
JFACEXP - zero fac#2 exponent

;FACOV
jadd fack2 to fackl

sround fac#l and end

;FACOV - fac#l rounding byte
jrotate fackl left

sFACEXP - fac#1 exponent

;FACEXP
;FACEXP

jrotate fac#l right



., bP44 &6 70 ror $70
., b946 60 rts

47431 NEGFAC: 2°S COMPLEMENT FACH1

This routine takes the 2's complement of fac#l and places it
in  fac#i. All the bits in the accumulator are reversed and 1
is added. Since the accumulator is spread over several
bytes, if a carry occurs in a less significant byte, all the
others must be updated accordingly.

a5 66 1da $66 sFACSBN - fac#l sign byte
49 £f cor #EFE
85 66 sta 66
as 62 1da %62 jcomplement fac#l
49 §f eor #$ff sie make all @'s 1 and 1's @
85 62 sta %62
a5 63 1da $63
49 £f cor #EFF
85 63 sta s63
as 64 1da $64
49 £+ eor #5Ef
85 64 sta $64
a5 65 1da $65
49 §£ eor #$FE
85 65 sta $65
as 70 1da $70 sFACOV - fac#l rounding byte
49 §f eor #EEF
85 70 sta $70
es 7@ inc $7@ sadd 1 to make it 2's
complement
., b96d  do @e bne $b97d
-y b96F 6 65 inc $65 ;adjust the rest of fac#l as
needed
., b971 do@ @a bne $697d
, b973 eb 64 inc $64
, b975 d@ @6 bne $b97d
.y b977 eb 63 inc $63
., b979 do 82 bne $b97d
, b97b  e6 62 inc $62
., b97d 6@ rts

47486 _OVERR: OUTFUT ?0VERFLOW ERROR

., b97e a2 of 1dx #s@f sflag POVERFLOW
., b98@ 4c 37 a4 jmp $a437 sdo error



47491 MULSHF: MULTIPLY BY ZERO BYTE

This routine

within the

., b983 a2
., b985 b4
., b987 B84
., b989 b4
., b98b 94
., b98d b4
., b9BF 94
, b991 b4
., b993 94
., b995 a4
., b997 94
.y b999 69
., b99b 30
., b99d 0
., b99¥  e9
., b9al a8
., b%a2 as
., b%as bo
., b%as 16
., b9a8 9@
., b%aa fé
., b%ac 76
., bvae 76
., b9b@ 76
., b2 76
-, b9ba 76
., b9b6 ba
., b7 c8
., b8 do
., bba 18
-, bbb 60

47548 FONE:

flpt multiplicand. It is called as part of
main multiplication routine.

25 1dx
24 1dy
70 sty
83 1dy
24 sty
22 1dy
03 sty
01 1dy
22 sty
68 1dy
@1 sty
o8 adc
e8 bmi
et  beq
%8  sbc

tay
70 1da
14 bes
o1 asl
02  bee
a1 inc
o1 ror
o1 ror
2  ror
@3 ror
4 ror

ror

iny
ec  bne

cle

rts

TABLE OF

$04,x SRESHO - temp product fac

performs multiplication of zeros contained

the

$70 3FACOV - fac#1 rounding byte

$68 $BITS - fac#l overflow digit

5(Y) holds count
70 ;FACOV

$01,x jplace bit to multiply in
carry

$01,x sadd 1
$01,x% jadjust product

jincrement counter
$ba6

FLPT_CONSTANTS

The table

includes the following numbers, starting at
following addresses:

$B9BC
$B9C1

1
#3 - counter for LOG series

$B9C2 = ©.434255942 - LOG constant 1
$B9C7 = 8.57658454 - LOG constant 2
$B9ICC = 8.96180@759 - LOG constant 3
$B9D1 = 2.885390073 - LOG constant 4
$B9D6 = ©.7071@6781 - SAR(D.5)

the



$B9DB = 1.41421356 - SQR(2)
$B9E@
$B9ES

-0.5

@.693147181 - LOG(2)

@0 00 00 PO @3 7 Se
cb 79 8@ 13 9b Ob &4
76 38 93 16 B2 38 aa
20 80 35 @4 3 34 81
@4 €3 34 80 80 00 0O
80 31 72 17 48

47594 _L0OG: PERFORM LOG

This routine takes the natural log (base e) of the number in
fachl. The value is calculated by the major series
evaluation routine using the values in the above table. The
result is stored in fac#l.

., b%ea 28 2b bc jsr $bc2b scheck fac#i sign

., b%d @ 02  beq $HFF1 sfac#tl is zero

., b9ef 10 @3 bpl $b9¢4 sfac#l is positive

., b9f1 4c 48 b2 jmp $b248 5?ILLEGAL QUANTITY error

., b9£4 a5 61 1da $61 ;FACEXP —fac#1 exponent

., b9f6 e9 7¢ shc #$7F

., b9f8 48 pha

., b9f9 a9 80 1da #$80

., b9¥b 85 61 sta $61 ;FACEXP

., b9fd a9 db 1da #$d6

., b9FE  ad b 1dy #3b9 5$E9D6 = SOR(D.5) - flpt
constant

., ba®l 2@ 67 b8 jsr $b867 sadd (A/Y) to fackl

., bada a9 db 1da #$db

., ba®6 a@ b9 1dy #$b9 ;$BYDB = SOR(2) - flpt
constant

., ba@8 20 Bf bb jsr $bbdf ;divide (A/Y) by fackl

., baBh a9 bc 1da #sbc

, badd aB b9 1dy #3b9 5$B9BC = 1 - flpt constant

., baBf 20 5@ b8 jsr $b85D jsubtract fackl from (A/Y)

., bal2 a9 ci1 1da #s$c1

., bald a@ b9 1dy #$b9 $$BICL = #03 - LOG series
counter

., bal6 20 43 ed jsr $e043 sevaluate series for function

., bal9 a9 ed 1da #$e@

., balb a® b9 1dy #sb9 $$B9E@ = -B.5 - flpt constant

-, bald 20 67 b8 jsr $b847 tadd (A/Y) to fackl

., ba2o &8 pla

., ba2l 2@ 7e bd jsr $hd7e

., ba2a a9 e5 1da #%eS

., ba26 a@ b9 1dy #$b9 $BYES = LOG(2) - flpt
constant

175



47656 _FMULT: PERFORM MULTIPLY

fac#l = fac#2 * fackl. On entry, (A/Y) must hold the
address of the flpt number to be put in fac#2. FACEXP is
checked, and if zero, then fac#l is zero and the routine

ends. The accumulators are tested for a potential
under/overflow and the two accumulators are multiplied
together byte by byte using the following routine. The

intermediate result is kept in RESHO, a temporary
accumulator held at $26 - $29.

., ba28 2@ 8c ba jsr $baBc 510ad fac#2 from flpt at
(AZY)

., baZb d@ @3  bne $ba3® 5(A) holds FACEXP - facki
exponent

., ba2d 4c 8b ba jmp $badb sfac#l is zero - end

., ba3@ 20 b7 ba jsr $bab7 jtest both accumulators

., ba33 a9 @@ lda #$00

., ba35 85 26 sta $26 jset RESHO - intermediate

product =@

o
1

“
N

85 27 sta $27
., ba39 85 28 sta $28
ba3b 85 29 sta $29

., ba3d a5 70 1da $70 5FACOV - fac#1 rounding byte
., ba3f 20 59 ba jsr $baS9 smultiply by a byte
., bad2 a5 65 1da $65 ;FACHO4

., bads 2@ 59 ba jsr $baS9 smultiply by a byte
., bad7 a5 64  lda %64 3FACHO3

., bad9 20 59 ba jsr $baS9 smultiply by a byte
., badc a5 63 1da $63 3 FACHO2

., bade 20 59 ba jsr $bas9 smultiply by a byte
., baSt a5 62 1da $62 3 FACHO1

-y baS3 20 Se ba jsr $baSe jmultiply by a byte
., baSé 4c Bf bb jmp $bbBf sput RESHD into fac#i

47705 MULTPLY: MULTIPLY BY A BYTE

A zero byte is tested for and, if found, processed by its
own routine. The carry flag is used to determine multiply;
if set then fac#2 is added to the temporary accumulator,
RESHO. The product is rotated left in readiness for the
next bit, and (A) is shifted left, putting the next bit in C
and introducing a zero. The routine ends when all 8 bits
have been processed.

., baS9 dd @3  bne $baSe
., baSb 4c 83 b9 jmp $b983 jmultiply by a zero byte



., baSe 4a 1sr
, basf @9 80 ora #380

., ba6t a8 tay sholds byte for multiply
, bab2 98 19  becc $ba7d jcarry clear - don’t add
., bakd 18 clc

., batS a5 29  1da $29 jadd fac#Z to RESHO - temp

fac

., bab7 65 6d  adc $6d

., bab9 85 29  sta $29

., babb a5 28  lda %28

, babd 65 6c  adc $bc
., babf 85 28  sta $28

, ba7i a5 27  lda $27
., ba73 65 6b  adc $6b

, ba7s 85 27  sta $27
., ba77 aS 26  lda $26

, ba79 65 6a  adc $éa

., ba7b 85 26  sta $26

, ba7d 66 26  ror $26 srotate RESHO

, baBt &6 28 ror $28

., baB3 66 29  ror %29

., baB5 66 70 ror $70

., baB7 98 tya sbyte for multiply

., ba88 4a 1sr ;put next bit in sequence
carry

., baB9 d@ dé6  bne $babl ;loop through byte sequenc

., baBb 60 rts

47756 _CONUPK: LOAD FAC#2 FROM MEMORY

On entry, (A/Y) must hold the address of a S-byte
number . This address is transferred to INDEX1 and
number placed in fac#2. The sign bit is unpacked from
mantissa at this point and stored separately in ARGSGN.
exit, the exponent of fac#l is put in (A).

., baBc 85 22  sta $22 ;INDEX1 - points to start
f1pt

., baBe 84 23 sty $23

., ba%0 a@ @4  ldy #$04 jstore mantissa in ARGHO -
fachz

., ba92 bl 22  lda ($22),y

., ba94 85 6d  sta sed 5 ARGHDA

., ba% 88 dey

., ba97 b1 22  lda ($22),y

., ba99 85 6c  sta $6c 5 ARGHO

., ba%b 88 dey

., ba% b1 22 lda ($22),y

in

f1pt
the
the
On



ba%s 85 éb sta $6b 3 ARGHOZ

’
., baad 88 dey
., baal b1 22 1da ($22),y jget lsb/sign for unpacking
., baa3 85 6e  sta ste 5ARGSBN — fac#2 sign
., baa5 45 66 eor $66 ;FACSGN - fac#1 sign
., baa7 85 &f sta $6f 3ARISGN — sign comparison
result
., baa9 a5 e  1da $te 5ARGSGN
., baab @9 88  ora #$80
.y baad B85S é6a sta $ba 3 ARGHO1
., baaf 88 dey
., bab@ bl 22  1da ($22),y
, bab2 85 69  sta $69 ;ARGEXP - fac#2 exponent
, babd aS 61 1da $61 ;FACEXP - fackl exponent
-, babe 6@ rts

47799 _MULDIV: TEST BOTH ACCUMULATORS

This routine checks for possible overflow/underflow of both
floating point accumulators. If an overflow or underflow
occurs, then it is passed to the next routine for
processing.

., bab7 a5 69  1da $69 3ARGEXF - fac#2 exponent
., bab9 @ 1f beq $bada ;fac#2 is zero - cause
under flow
., babb 18 clc
., babc 65 61 adc $61 ;FACEXF - fac#1 exponent
, babe 9@ 04  bcc $bacd
bac® 30 1d  bmi $badf 3 0VERFLOW error
bac2 18 cle
bac3 2c 10 14 bit $1410 smask - BPL $BADA - do
under f1ow
., bace 69 80  adc #$80
bacB 85 61  sta $61 3 FACEXP
baca d@ @3  bne $bact
., bacc 4c fb b8 jmp $bBfb 5add fac#2 to fac#l
., bacf a5 &f 1da $6f 3ARISGN — sign comparison
result
badl 85 66  sta $66 5FACSGN - fackl sign
bad3 60 rts
47828 MLDVEX: OVERFLOW/UNDERFLOW

FACSEN is tested and the error processed according to the

result. The return address is pulled from the stack and
discarded.  If an underflow has occurred, both accumulators
are set to zero. 1f an overflow has occurred, then

70VERFLOW error is called.



., bad4 asS 66 1da $66 ;FACSGN - fac#1 sign

., bade 49 £+ eor #$ff

., bad8 3@ @S bmi $badf
bada &8 pla jdiscard return address
badb &8 pla

., badc 4c 7 b8 jmp $b8F7 szero both fac's

., badf 4c 7e b9 jmp $b97e 3 ?0VERFLOW error

47842 MUL1@: MULTIPLY FAC#1 BY 10

fac#l = fac#l * 10. The flpt constant 1@ in ROM is not
used, but instead the following procedure is carried out -
Firstly copy fachl into fac#2, then multiply fac#l by 4.
Add fack2 to this and double the final result. As an
example, 2 % 4 = 8, + 2 = 10, * 2 = 20.

., bae2 2@ @c bc jsr $bclc scopy fackl to fac#2

., baeS aa tax

., baet @ 18  beq $baf8

., bae8 18 clc

., bae? &9 @2  adc #$02

., baeb b@ {2  bcs $badf ;?0VERFLOW error

., baed a2 88  ldx #$0@

., baef B6 6f  stx $6f SARISBN - sign comparison
result

., bafl 20 77 b8 jsr $b877 sperform addition

., bafa eb 61 inc $61 $FACEXP - fac#1 exponent

., baf6 @ e7  beq $badf 3 ?0VERFLOW error

., bafg8 60 rts

47865 TENC: CONSTANT 1@ IN FLPT

.:baf9 B4 20 00 82 00

47870 DIV1@: DIVIDE FAC#1 BY 1@

fac#1 = fac#l / 10. The routine copies fac#l into fac#2,
sets up pointers to the flpt constant 1@ in ROM and enters
the following divide routine.

., bafe 28 @c bc jsr $bclc jcopy fac#l to fac#2
., bbB1 a9 9  lda #$§9

., bb@3 a@ ba  1dy H$ba ;$BAF9 = flpt constant 1@
., bb@S a2 @@  ldx #5009 jsign comparison result

47879 __FDIV: DIVIDE FACH2 BY FLPT AT (A/Y)

fac#1l = fac#2 / flpt at (A/Y). On entry, (A/Y) must point



to a S-byte flpt number and (X) hold the sign comparison
result byte. This number is then loaded into fac#2 and the
main divide routine entered.

., bb@7 B6 &f stx $6F 3ARISGN - sign comparison
result

., bb@9 20 a2 bb jsr $bba2 sload fac#1l with flpt at
@ary)

-, bb@c 4c 12 bb jmp $bb12
47887 FDIVT: PERFORM DIVIDE

fac#l = fac#2 / fac#l. On entry, (A) must hold FACEXP. The
sign comparison result should also be set up on entry. This
can be done by ORing FACSGN with ARGSBN. The result should
be placed in ARISGN.

., bb@f 20 8c ba jsr $baBc 51oad fac#2 with flpt at
(A/ZY)

., bbl2 @ 76  beq $bbBa 5?DIVISION BY ZERQ error

., bbl4 28 1b bc jsr $bcib sround facki

., bbl7 a9 @@  1lda #$00

., bb19 38 sec

., bbla eS 61 sbc $61 ;FACEXP - fac#l exponent

., bblc 85 61 sta $61

., bble 2@ b7 ba jsr $bab7 stest both accumulators

., bb21 eb b1 inc %61 ACEXP

., bb23 @ ba  beq $badf OVERFLOW error

., bb25 a2 fc 1dx #$fc

., bb27 a9 @1 1da #s01

., bb29 a4 ba 1dy s6a ;ARGHO1 - fack2 mantissa

., bb2b c4 62 cpy $62 ;FACHO1 - fac#1 mantissa

., bb2d d@ 1@  bne $bb3f

., bb2f a4 &b 1dy $6b 3 ARGHO2

., bb31 4 63  cpy $63 ;FACHO2

., bb3I3 dB Ba  bne $bbIF

., bb3S a4 6c 1dy $6c 3 ARGHOS

., bb37 c4 64  cpy $64 3FACHO3

., bb39 dd B84  bne $HLIF

., bb3b a4 &d 1dy $6d 3ARGHO4

., bb3d c4 65  cpy %65 ;FACHO4

, bb3¢ 08 php

., bba@ 2a rol

, bbal 9@ B9  bcc $bbac

3
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bbas @ 32 beq $bb7a
., bbag 10 34 bpl $bb7e
., bbda a9 @1 lda #3$01



., bbac 28 plp

., bbad b@ Qe bcs $bbSd
., bbaf @6 6d asl s$6d ; ARGHO4
., bbS1 26 6c rol s$éc 3 ARGHO3
., bbS3 26 &b rol $6b 3 ARGHO2
., bbS5 26 6a rol séa 5 ARGHO1
., bb57 b@ eb bcs $bb3f

., bbSd a8 tay

., bbSe a5 é&d 1da $éd 3ARGHO4 = ARGHO4 — FACHO4
., bb&B eS &5 sbc $65

., bbé2 8BS é&d sta s6d

., bbéa a5 éc 1da séc ;ARGHO3 = ARGHO3 - FACHO3
., bbés e5 64 sbc $64

., bbéB 85 éc sta $6c

., bbéa aS éb 1da $6b 3ARGHO2 = ARGHO2 — FACHO2

., bb7@ a5 éa 1da $6a 3ARGHO1 = ARGHO1 - FACHO1

., bb77 4c 4f bb jmp $bbaf

., bb7e @a asl

., bb7¢ @a asl

., bbe@ @a asl

., bb81 @a asl

., bbB2 Qa asl

., bb83 @a asl

., bbB4 B85 70  sta $7@ ;FACOV - fac#1 rounding byte
., bbB6 28 plp

., bb87 4c 8f bb jmp $bbBF

., bbBa a2 14  ldx #$14 ;lag ?DIVISION BY ZERO
., bbBc 4c 37 a4 jmp $a437 ;do error

., bbBf a5 26  1da $26

., bb91 B85 62 sta $62
., bb93  as 27 1da $27

., bb95 85 63 sta $63
., bb97 asS 28 1da $28
., bb99 85 64 sta $64

., bb% a5 29 1da $29
., bb9d 85 65 sta $65

., bb9f 4c d7 b8 jmp $b8Bd7 3 (add?)
48034 MOVFM: LOAD FACH#1 FROM MEMORY
On entry, (A/Y) must point to a S-byte flpt number. This



address is stored in INDEX1 and from there the number is
placed in fac#l. The sign byte is unpacked from bit 7 of
FACHO1 and placed in FACSGN.

., bbaz 85 22  sta $22 ;INDEX1 - points to 5 byte
flpt

., bbad B84 23 sty $23

., bbab a@ @4  1ldy #5094

., bba8 bl 22  lda ($22),y ;get byte from memory

., bbaa 85 65  sta $65 ;FACHD4 - fac#1 mantissa

., bbac 88 dey

., bbad bl 22  lda ($22),y

., bbaf B85 64  sta $64 ;FACHOS

., bbbt B8 dey

., bbb2 b1l 22 lda ($22),y

., bbba BS 63  sta $63 ;FACHD2

., bbbe 88 dey

., bbb7 bl 22  lda ($22),y jget lsb/sign for unpacking

., bbb9 BS 66  sta $66 ;FACSGN - fac#l sign

., bbbb @9 80  ora #5890

., bbbd B85 62  sta $62 ;FACHOL

., bbbé 88 dey

., bbc@ b1 22 lda ($22),y

., bbc2 85 61 sta $61 ;FACEXP - fac#l exponent

., bbc4a B84 70 sty $70 3FACOV - fac#1 rounding

., bbce 60 rts

48071 MOVZF: STORE FACH1 IN MEMORY

This routine stores fackl in the S bytes following the
address held in (X/Y). In the process, the sign byte is
loaded into bit 7 of FACHOI and the accumulator is rounded.
This ensures that the b-byte accumulator fits into the S
byte space allocated. There are four entry points to this
routine. The first two point to zero-page locations for
calculating TAN and series expansions. They are $@8@SC -
$0060 and $00S57 - $0OSB. The third uses FORPNT to point to
the current variable address, and the fourth is where (X)
and (Y) must be manually set.

., bbe7 a2 Sc 1dx #$Sc jentry point for series
evaluation

., bbc? 2c a2 57 bit $57a2 smask - LDX #$57 entry point
for TAN

., bbcc a@ 0@ 1dy #3500 shi byte - points to zero
page

., bbce @ 04  beq $bbd4 jstore facki

., bbd® a6 49  1ldx $49 3FORPNT entry - point to

182



a4 4a

86 22

84 23
ap 24
a5 &5
91 22

a5 66
@9 7¢
25 62
91 22

91 22

84 70
60

48124 MOVFA:

bc

1dy
jsr
stx

1dy
1da
sta

sta
dey
1da
ora
and
sta
dey
1da
sta

sty
rts

$4a
$bcib
$22

$23
#3504
$65
($22),y

$64
$22) ,y

$63
($22),y

$66
#$7¢
$62
($22),y

$61
($22),y

$70

variable data
sround fac#i

5 INDEX1 - location for
storage

jstore FACHD4 - fac#1
mantissa

sstore FACHO3

sstore FACHOZ2
;FACSGN - fac#l sign
;pack sign onto FACHD1

;store FACHOL & sign

jstore FACEXP - fachi
exponent
;FACOV - fac#l rounding

COPY_FAC#2 INTO FACH#1

This routine copies the value of fac#2 into fackl and sets
FACOV = @. This causes a little information to be lost by
rounding.
., bbfc aS be  1da $ée 5ARGSGN - fac#2 sign
., bbfe 85 66  sta %66 ;FACSGN - facki sign
., bc@d a2 85  1dx #$0S
., bc@2 bS 68 1da $68,x  ;copy exponent and mantissa
., bc@4 95 60 sta $60,x  jfrom fack2 to fachl
, bc@s ca dex
., bc@7 d@ §9  bne $bc@2
, bc@9 86 7@ stx $70 ;FACOV - fac#1 rounding
., bcob 60 rts

48140 MOVAF:

COPY FAC#1 INTO FACH2

FACH1

into

is
fach2.

rounded by the following routine and then

to be lost.

FACOV is set to zero,

copied

thereby causing some data



., bc@c 2@ 1b bc jsr $bclb sround fac#l
-, bc@f a2 @6 1dx #3506

., bcil bS 68  lda $68,x jcopy fackl to fac#2
., bci3 95 68 sta $68,x

., bc1S ca dex

., bclé d@ §9  bne $bcit

., bcl8 86 78 stx $70 ;FACOV - fac#l rounding
., bcta 60 rts

48155 _ROUND: ROUND FACH1

This routine exits if fackl is zero (ie. FACEXP = @ or
FACOV < #7F. A single bit is added to fackl. If this is
rippled throughout the accumulator then the exponent is
incremented and the mantissa is rotated right. 1 this
occurs then the rounding bit is lost.

., bclb a5 61 1da $61 ;FACEXP — fac#l exponent

., bcid @ b beq $bcla sfac#l is zero - RTS

., bcif @6 70 asl $70 sFACOV - fac#1 rounding byte
., bc21 9@ €7 bce $bcla ;<HTF - RTS

., bc23 20 &6f b9 jsr $bI6F sadd a single bit to fac#l

., bc26 do €2 bne $bcla

., bc28 4c 38 b? jmp $b93I8 jincrement FACEXF and rotate

FACHO

48171 SIGN: CHECK SIGN OF FACHL

FACEXP and FACSGN are examined to determine the sign of
fac#l. The result is placed in (A) as follows:

#0@ = fac#l zero
#@1 = fac#l positive
#FF = fac#l negative

a5 61 1da $61
@ 09 beq $bc38
a5 66 1da $66

2a rol

a9 £f 1da #$fF
b0 02 bcs $bc38
a9 01 1da #3501
60 rts

48185 SGN: PERFORM SGN

The previous routine is called to compute the sign of fac#l.
This is held in (A), thus there is an entry point to store



the contents of (A) in fac#l. The exponent is set to #88 to
set the size of the accumulator for normalisation later. At
this point, if an entry is made with X=#9@ and ($62) holding
an integer value, this integer can be converted to flpt.
Carry is used to indicate the sign - set to indicate
positive, and clear to indicate negative. The number is set
into flpt and normalised via the addition routines.

., be39 28 2b bc jsr $bczb scheck sign of fac#l

., bcIc 85 62 sta %62 ;FACHO1 - entry to put (A) in
f1pt

., bc3e a9 @0 1da #s5@0

., bcad B85 63  sta $63 $FACHOZ - fac#l mantissa

., bcd2 a2 88  1dx #$88 jexponent size for
normalisation

., bcad a5 62  1da $62 ;FACHOL

., bcab 49 §F eor #$6f

., bca8 2a rol

., bc49 a9 @@  lda #5002

., bcab 85 65  sta %65 ;FACHO4

., bcad 85 64  sta $64 ;FACHOS

., bcaf 86 61 stx $61 3FACEXP - fackl exponent

., bcS1 B85 78 sta $70 3FACOV - fac#1 rounding byte

., bcS3 B8S b6 sta $66 ;FACSGN - fac#1l sign

., bcSS 4c d2 b8 jmp $b8d2  ;put number in flpt and

normalise
48216 ABS: PERFORM ABS

A zero is put into bit 7 of FACSGN, thus making fac#l a
positive value.

., bcS8 46 66 1sr $66 sFACSGN - fac#1 sign
., bcSa 6@ rts

48219 FCOMP: COMPARE FACH#1 WITH MEMORY

On entry, (A/Y) must point to a 5 byte flpt number. This
number is then compared byte by byte with that in fac#l.
The result is placed in (A) on exit and holds one of the
following values:

#00 = both values are equal
#01 = fac#l > memory flpt
#FF = fac#1 < memory flpt

., bcSb 85 24 sta $24 ; INDEX2 - points to flpt
number
., bcSd 84 25 sty $25



., bcSf a@ @@ 1dy #$00

., bcél bl 24 1da ($24),y
., bce3 8 iny
., bcbd  aa tax
., bckS §@ c4  beq $bczb scheck sign of fackl
., bce7 b1 24 lda ($24),y
., bck9 45 b6 eor $66 ;FACSBN - fac#i sign
., bcéb 3@ c2  bmi $hc2f jsigns are different - set
A)
e4 61 cpx $61 ;FACEXP - fac#l exponent
do 21 bne $bc92
bl 24 1lda ($28),y j;compare mantissas
29 80 ora #$80
€5 62 cop %62
d0 19  bne $bc92
8 in
bi 24 1da ($24),y
€5 63 cmp $63
d8 12 bne $bc92
8 in
b1 24 lda ($24),y
cS 64 cmp %64
do @b  bne $bc92
c8 iny
a9 7f 1da #$7¢
€570 cmp $70
bl 24 lda ($24),y
€5 65 sbc $65
£0 28 beq $bcba
a5 66 lda $66 ;FACSGN
9@ 02  bcc $bc98
49 ¢ eor #$ff
4c 31 bc jmp $bc31 ;set (A) according to sign

48283 QINT: CONVERT FACH#1 TO INTEGER

The number in fac#l is converted into a 4 byte signed
integer within the mantissa of fac#l. ie. $62 - $65. This
is in the hi - lo format. ie. $62 is the hi byte and $65
the 1o byte.

., bcob a5 61 1da $61 ;FACEXP - fac#1 exponent

., bc9d f@ 4a  beq $bce9 jzero - write zero value in
factt

., bc9f 38 sec

., bcad e9 a@  sbc #$a®

., bca2 24 66  bit $66 ;FACSGN - fackl sign

., bcad 1@ @9  bpl $bcaf

., bcab aa tax



.y bca7 a9 ff lda #$§f

.y bca? B85 é8 sta $68 3BITS - fac#1 overflow digit
.y bcab 20 4d b9 jsr $b%4d 52's complement fac#1i

., bcae 8a txa

«, bcaf a2 61 1dx #361 jpointer to fac#1i

., bebl €9 £9  cmp #$9
., bcb3 1@ @6 bpl $bcbb

., bchbS 2@ 99 b9 jsr $h999 jrotate accumulator
., bcbB B4 68 sty $68 sBITS

., bchba 6@ rts

., bcbb a8 tay

., bcbc a5 66 1lda $66 3 FACSGN

., bcbe 29 88 and #$80

., bcc® 46 62 1sr $62 5FACHD1-put sgn in mantissa

., becc2 @5 62 ora $62
-y bcca BS 62 sta $62

., bccé 20 b® b9 jsr $bbd srotate FACHO2 - FACHO4 right
., bcc9 B4 68 sty $68 ;BITS

., beeb 60 rts

48332 INT: PERFORM INT

This routine converts fac#l into the nearest integer value
(rounding down). However instead of leaving the result in
integer form, it is converted back into flpt and normalised
by part of the addition routine. The final part is used by
the previous routine to set fac#l to zero when FACEXP was
found to be zero.

., bece  aS 6t 1da $61 ;FACEXP - fac#i exponent
., bcce c9 a@  cmp #$ad jalready integer value?
., bcdd b® 20 bcs $bcf2  jyes - RTS

., bcd2 2@ 9b bc jsr $bcb jconvert fac#i to integer

., bcdS 84 70 sty $70
., bcd7 a5 66  lda $66

ACOY ~ fac#l rounding
ACSEN - fac#l sign

., bcd9 B4 66 sty $66
., bcdb 49 80 eor #3580
., bedd  2a rol
., bcde a9 a@  lda #%a@
., bced 85 61 sta $61 sFACEXP
., bce2 a5 65  lda $65 ;FACHD4 - fackl mantissa
, bced B5 @7  sta $07 ;CHARAC - search character
., bce6 4c d2 b8 jmp $b8Bd2  jset to flpt and normalise
, bce9 B85 62  sta $62 3 FACHO1
., bceb 85 63  sta $63 ;FACHOZ
., bced BS 64  sta $64 3 FACHOS
., bcef 85 65  sta $65 ;FACHD4
., bcfl a8 tay
bcf2 60 rts



48371 FIN: CONVERT ASCII STRING TO A NUMBER IN FACH1

This routine evaluates a number which is in ASCII string
form, and places it in fac#l. The characters -, +, ., E
etc., are scanned for and dealt with. As each digit is
encountered, the accumulator is multiplied by 18 and the
digit, now placed in (A) is added to it. Thus the entry
point $BD7E can be used to add the contents of (A) to fac#l.
Note: for the main routine, TXTPTR must point to the start
of the ASCII string to be scanned.

., bcf3 a@ 90 ldy #$00
.y bcfS a2 @a ldx #3$0a ;counter
bcf7 94 Sd sty $5d,x jzero fac#l + temps
., bcf9 ca dex
., bcfa 1@ fb  bpl $bck7
., bcfc 98 @F bee $hddd
., bcfe c9 2d  cmp #$2d ASCIT minus?
., bd@@ d® @4  bne $bdds
., bd@2 86 67  stx $67 3SCNFLG

f0 04 beq $bd@a
€9 2b  cmp H$2b JASCIT +2
do @5 bne $bdof
20 73 @0 jsr $0073 3 CHRGET
90 Sb  bcc $hdéa
c9 2 cmp #s$2Ze ;ASCII decimal?
£0 2 beq $bdal
€9 45 cmp #$4S ;ASCIT E?
dd 38 bne $bd47
bd17 20 73 0@ jsr $0073 3 CHRGET
bdla 98 17  bcc $bd33
., bdlc c9 ab  cmp #S$ab ;token NOT?
., bdie @ @e  beq $hdZe
., bd20 c9 2d  cmp #$2d 3ASCIT minus?
., bd22 @ @a  beq $bdZe
., bd28 c9 aa  cmp #Saa stoken +?
, bd26 0 08  beq $bd3@
€9 2b  cmp #$2b SASCIT +2

20 73 @0 jsr $0@73 3CHRGET
98 Sc bcc $bd91

24 60 bit $60

10 Qe bpl $bd47

., bd39 a9 @0  lda #$00
., bd3b 38 sec
., bd3c e5 Se  shc $Se



ac
66

0

a6
4c
as

90
a9
24
38
4c
@a

49 bd

fe ba

e2 ba

b4 bf

e2 ba

7e bd
@a bd

@c bc

3c be

6a b8

7e b9

imp
ror
bit
bve
lda

jsr
bne

sr
dec

1da
bmi

jmp
pha
bit
bpl
inc
isr
pla

sbc
isr
smp

s
pla
jsr
1da
eor
sta

ldx
imp
1lda

bee
1da
bit
bmi
imp
asl

$bd49
$5¢
$5¢
$bd@a
*5e

#$30
$bd7e
$bdda

$bcdc

$bc3c

$66
$6f

$61
$b86a

#$0a
$bda@
#3564
$60
$bdae
$97e

sdivide fackl by 10

smultiply fac#l by 1@

snegate fac#l
3-— add digit to mantissa

smultiply fac#l by 10

sadd contents of A to fac#l

scopy fac#l to fac#2

jstore A in fackl
;ARGSGN - fack2 sign
;FACSGN - fackl sign
$ARISGN - sign comparison
result

;FACEXP - fackl exponent
jadd fac#2 to fac#l

3 ?0VERFLOW error



Qa asl

. 18 clc
. 65 Se adc $Se
2a asl
. 18 clc
. a0 00 1dy #3500
., bda% 71 7a adc ($7a),y
., bdab 38 sec
., bdac e9 3@ sbc #$3@
., bdae 85 Se sta sSe

, bdb@ 4c 30 bd jmp $bd3Q

48563 N@999: STRING CONVERSION CONSTANTS

There are three S-byte constants in this table: 99999999.9,
999999999 and 100000000.

.:bdb3 9b 3e bc 1f fd Fe be &b
.:bdbb 27 fd 9e e &b 28 00

48578 INPRT: OUTPUT "IN‘ AND LINE NUMBER

Fointers are set up to the message 'IN’, which is then
output. CURLIN is placed in ($62) and converted from an
integer to flpt and then to a string. This string is
finally output. There are several possible entry points to
this routine, for example, to output (A/X), or to output
fac#i.

a9 71 1da #$71
ad a3 1ldy #$a3 3$A371 points to message ‘IN’
20 da bd jsr $bdda joutput string
a5 3a  1da $3a SCURLIN - current line number
ab 39 ldx $39
85 62  sta $62 ;FACHD1 - fac#l mantissa
86 63 stx $63 ;FACHDZ
az 90 1dx #$90
38 sec
bdd4 20 49 bc jsr $bca9 jconvert integer to f1pt
., bdd7 2@ df bd jsr $bddf jconvert fac#i to ASCIT
string
., bdda 4c le ab jmp $able joutput string

48605 _FOUT: CONVERT FAC#1 TO ASCII STRING

This routine converts the flpt number in fac#l to an ASCII
string starting at $21@@. This is a reserved area of memory
at the low end of the stack. The string is terminated with
a zero byte. The two tables of constants at $BDB3 and $BF11



are used in the conversion process, the three constants at
$BDB3 being used to determine e use of scientific

notation. Note that the contents of fac#l are destroyed in

the process. On exit, (A/Y) points to the start of the

string.

., bddd a0 @1 1dy #s01

., bddf a9 20 lda #$20 ;ASCIT space

., bdel 24 66  bit 366 sFACSBN - fackl sign

., bde3 1@ 02  bpl $hde7

., bdeS a9 2d  1da #s2d 3ASCIT minus

., bde7 99 ff @0 sta $@0ff,y ;store minus or space in
buffer

., bdea 85 66  sta %66 5FACSGN

., bdec 84 71 sty $71 FBUFPT

., bdee c8 in

., bdef a9 30  1da #$30 ;ASCIT @

., bdfl ab 61 1dx $61 ;FACEXP - fackl exponent

-y bdf3 do @3 bne $bdf8 jnot zero

., bdf5 4c @4 bf jmp $Hf04 jstore zero and end

., bdf8 a9 @8  1lda #$00

., bdfa e@ 80 cpx #$80

., bdfc @ 02  beq $be@d@d

-, bdfe b@ @9  bcs $hed?

., be@B a9 bd  lda #$bd

., be@2 ad@ bd 1dy #$bd ;$EDBD=conversion constant 3

.y be@4 20 28 ba jsr $ba28 ;multiply fac#l by flpt at
asyv)

., be@7 a9 £7  1da #$¢7

., be@9 B85 Sd  sta $5d

., be@b a9 b8  lda H$b8

., bedd a@ bd 1dy #$bd 3 $BDBB=conversion constant 2

., be@f 2@ Sb bc jsr FbcSb jcompare fachl with flpt at
arvy

., bel2 +2 le beq $be32

., bels 18 12 bpl $be28
-, bels a9 b3 lda #$b3

-, bel8 a@ bd 1dy #s$bd ;$BDB3=conversion constant 1
-, bela 20 Sb bc jsr $bcSb jcompare fac#l with flpt at

A/Y)

-, beld @ 82  beq $be2l

., belf 10 @e  bpl $be2f

-, be2l 20 e2 ba jsr $hae2 smultiply facki by 10

ompare with constant 1

be28 20 fe ba jsr $hafe jdivide fac#l by 10
.y be2b e6 Sd inc $5d
, be2d dB dc bne $be@b jcompare with constant 2
-y be2f 2@ 49 b8 jsr $bB4Y jadd 8.5 to fac#l



a2 o1
a5 sd

bebl 99 4
beéd 84 71
., bets ad @0

48744 FOUTIM:

L]

be32 28 9b bc jsr

1dx
1da
clc
adc
bmi
cmp
bes

beq
bpl
1dy
1da
iny
sta
txa
beq
1da
iny
sta
sty
1dy

$bcob jconvert fac#l to integer in

fac#1
#$01

$bes3

$bebs

$71 s FBUFPT

#$2e 3ASCIT decimal

$00¢f,y ;store character in buffer

$bebd
#3530 3ASCII @

$00Ff,y ;store character in buffer
$71 3 FBUFPT
#500

CONVERT TI TO STRING

This routine converts the three byte value of the real-time
clock, TI into an ASCII string starting at $0100.  In
process, the table of constants at $BF11 is used. On exit,
(A/Y) points to the start of the string.

bf

1dx
lda
clc
adc
sta
1da
adc
sta
1da
adc
sta

#3580
$65 3FACHO4 - fac#1 mantissa

$b§19,y
$65

$64 3 FACHOS
$bf18,y

$64

$63 ;FACHO2
$bf17,y

$63

the



b9

c9
@

0

16

bf

1da
adc

1dy

cpy

bne
1dy
1da

$62 3FACHO1
$bf16,y

$47 JUARFNT - pointer to variable

$71 3FBUFPT

(243

$00ff,y jstore string character in
buffer

$5d

$beb2

#$2e 3ASCII decimal point

$00ff,y jstore string character in

buffer

71 FBUFPT

$47 5 VARPNT

wees

#$80

#$24

$becd

#$3c

sbeba

$71 ;s FBUFPT

$00Ff,y jget string character from
buffer

#$30 5ASCIT @7

$becé  jyes - get previous character

#$2e ASCIT decimal?

$bed3 jves



., bed2 c8 iny

bed3 a9 2b 1da #$2b 5ASCIT +
bedS ab Se  ldx $Se

., bed7 @ 2e  beq $bf@7

., bed? 10 @8  bpl $beel

., bedb a9 @B 1da #5020
., bead 38 sec
., bede eS Se sbc $5e
., bee® aa tax
-, beel a9 2d 1da #s2d 5ASCIT minus
-: bee3 99 @1 @1 sta $@1@1,y ;store character in buffer
., beeé a9 45 1da #$45 3 CVARNAM
-, beeB 99 8@ B1 sta $0100,y tore character in buffer
., beeb 8a txa
., beec a2z 2¢ 1dx #$2f
38 sec
e8 inx
e9 @a sbc #30a
b@ fb bcs sbeef
69 3a adc #33a

., bef6 99 B3 B1 sta $0103,y jstore character in buffer

., bef? 8a txa

., befa 99 B2 @1 sta $0102,y j;store character in buffer
., befd a9 02  1da %500

., beff 99 04 B1 sta $Bi@4,y ;store zero terminator

., bf02 @ 88  beq $bfdc sset pointer to start of

string
bf@4 99 ff @@ sta $OOFF,y
bfe7 a9 o0 1da #s00
bf@9 99 0@ @ sta $21@0,y ;store zero terminator
bfec a9 90 1da #$00
., bfe aB O1 1dy #s01 338100 is the start of the
string

bf10 60 rts

48913 FHALF: TABLE OF CONSTANTS

These are constants for string conversion. TI$, SGR and
rounding. They include 8.5, @ (zero) in S-byte flpt, plus 4-
byte powers of 18 and constants for 1 hour, 1 minute and 1
second.

@2 oC B2 @D fa Da 1f
@2 98 96 80 ff £ bd
@0 B1 B& aB ff fF d8
@0 08 83 e8 ff ff f
o0 @8 BB Ba ff ff fF

£ 4 73 60 00 00 De



fd a8 00 20 00

aa aa aa aa aa
49089 SOR: FERFORM SOR
Fac#1 is copied into fac#2 and then loaded with the flpt

value @.5 from the above table, before control is dropped
through to PERFORM POWER.

., bf71 20 @ bc jsr $bcldc jcopy facHl to facH2

., bf74 a9 11 1da #s11

., bf76 a® bf 1dy #s$bf 5$BF11 = flpt constant @.5

., bf78 2@ a2 bb jsr $bba2 ;load fac#l with flpt at
AsY)

49019 FFWRT: PERFORM POWER ™

fac#l = facHz ~ facHl. On entry at $BF7B, (A) must hold
FACEXP. Alternately, by entering at $BF78 in the previous
routine, fac#l can be loaded from (A/Y). If fac#l is found

to be @, then it is set to 1 and the routine exits.
Similarly, if fac#Z is found to be @, then fac#l is set to
zero.  The power 1s obtained by first saving fac#l in memory
at  $QB4E onwards, taking the LOG of fac#2, multiplying it by
the value of fac#l previously saved, then taking the
exponent of the result.

., bf7b B 70 beq $hied ;do EXP ie set fac#l = 1

., b¥7d a5 69  lda $69 SARGEXF ~ fack2 exponent

., bf7¢ d@ 23 bne $bfB4

., bf81 4c 9 b8 jmp ¥bBFT jadd fac#2 to fac#i

., bfB4 a2 4e ldx #%4e

.. bfB6 a0 o2 1dy #s00 sset (X/Y) to $004E

., bf88 20 d4 bb jsr $bbd4 jstore fac#1l at (X/Y)

., bf8b aS e lda #be 3ARGSGN - fac#2 sign

., bfBd 10 B bpl $bive

., bfBf 20 cc bc jsr $becc ;do INT

.y bf92 a9 4de 1da #s4e

., bf94 ad 00 1dy #5080 sset (A/Y) to $Q@IE

., bf9 2@ Sb bc jsr $bcSb jcompare fac#l with flpt at
BrY)

., bf99 d@ @3  bne $hive

., bib 98 tya

.y bf9c a4 @7 ldy %07 3 CHARAC

., bf%e 20 fe bb jsr $bbie jcopy fac#Z into facki

., bfat 98 tya



4a
90

ed

a

49076 NEGOP:

Fac#1

is

the sign
WFF, and if

-, bfb4 as
., bfbs f0
., bfb8 as
., bfba 49
., bfbc 85
., bfbe 60
49@87 L OGE!

byte

61
o6

pha
b9 jsr
1da
1dy
ba jsr

b jsr
pla
1sr
bec

sboea
#sde
#3500
$ba28

sbfed

sbibe

NEGATE FAC#1

;do LOG

sset (A/Y) to $004E

smultiply facki by flpt at

A%
jdo EXP - e ™~ fac#l

SRTS

first checked to see if it is zero. If not,

is reversed, so that if it was @ it is
#FF, now O.

1da
beq
1da

sta
rts

$61
$bfbe
66
wEEE
$66

3FACEXP - fac#l exponent
jfac#l is zero - RTS
3FACSGN - fac#l sign
jreverse sign byte

TABLE OF CONSTANTS

The table holds the following 5 byte flpt constants
1.44269504 (1/L0G to base 2 e
$EFC4 = #07 (1 byte counter for EXF series)

$BFBF =

.:bfbf

.:bfc7

.:bfc

.:bfd7

. :bfdf

81

58

77

38

Je

2

2a

+d

7c 63 59 58

e7 «cb6 80 31

.:bfe7 10 81 00 00 00

4913

fac#l

e

~ facHi.

EXP: PERFORM _EXP

$BFCS = 2.149876 E-S
(constant 1)
$BFCA = 1.435231 E-4
(constant 2)

71 34 $BFCF = 1.342263
(constant 3)

b3 1b  $BFD4 = 9.6414217
(constant 4)

1d 84 $BFD9 = S5.550513
(constant 5)

@a 7e $BFDE = 2.402263
(constant &)

72 18 S$BFES = 6.931471
(constant 7)
SBFES = 1

This routine is unique in that it

then
now

E-3

E-3

E-2

E-4

spans

over two roms - the start is in the BASIC rom and the finish



the KERNAL rom.

., bfed a9 bf 1da #sbf

., bfef ad bf 1dy #sbf ;$BFBF points to constant for
X

.. bffl 20 28 ba jsr $ba28 smultiply fac#l by lpt at
[7YA%)

., bffa as 7@ 1da $70 sFACOV - fac#l rounding

.. bffe 69 50 adc #350

., bff8 98 @3 bec sbffd

., bffa 2@ 23 bc jsr $bc23 ;add a bit to fac#i

., bffd 4c 00 ed jmp $e00R scontinue in KERNAL rom

., e000 85 S6 sta $56

., e@82 20 @f bc jsr $bcd jcopy fac#l to fac#2

., 2805 a5 61 1da s61 ACEXF - fachl exponent

., @87 c9 88 cmp #$88

., €029 98 @3  bcc $e@de

., €@@b 2@ d4 ba jsr Sbad4 ;do overflow/underflow

., e@Be 20 cc bc jsr $beco 3do INT

-, e@13 a5 87 1da $@7 3 CHARAC

., @13 18 clc

., eB14 69 81 adc #$81

., 016 0 f3  beq te@@d

., e018 38 sec

., €819 e9 01 sbc #501

., e@1b 48 pha

., eBlc a2 @5 1dx #$05 jset loop counter

., e@le bS 69 1da $69,x jswap over accumulators

., @220 ba 61 1dy $61,x

., e®22 95 61 sta $61,% jstore fac#2 in fac#l

., @024 94 69 sty $69,x jstore fac#l in fac#2

., e826 ca dex

., €827 10 ¢5 bpl sedle

., €829 aS S6 1da $56

., e@Zb 85 70 sta $70

., e@2d 2@ 53 b§ jsr $b8S3 ssubtract fac#l from fackZ

., @30 20 b4 bf jsr $bibs snegate fac#l

., e@33 a9 c4 1da #$cd

.. €035 av bf 1dy #$bf 3$BFC4 - counter for EXP
series

., e@37 20 59 e@ jsr $e@59 sevaluate series function

., e@3a a9 @0 1da #s00

., e@3c 85 &f sta $6f 5ARISGN - sign comparison
result

., e@3e &8 pla

., e@3f 20 b9 ba jsr $baby jtest both accumulators

., e042 &0 rts

57411 POLYX: SERIES EVALUATION

This routine evaluates all of the mathematical functions,

eq



Los, SIN etc. On entry, (A/Y) points to the number of
constants in the series. After the argument has been set to
a suitable range, the series is evaluated through the range
of constants, both by adding and multiplying. The result is
finally modified to give the correct exponent, sign etc.

., eB43 85 71 sta $71 ;s FEUFPT

., €045 B84 72 sty $72

., e@47 B ca bb jsr $bbca jstore fac#l at $8@57 to
$0050

., eBda a9 57 1da #$57

., e@4c @ 2B ba jsr $ba28 smultiply fac#l by flpt at
0057

., e@4f 20 S5d e@ jsr $e@Sd sevaluate series

., e852 a9 57 1da #$57

., @54 a0 20 1dy #30@ sset (A/Y) = 30057

., e@S6 4c 28 ba jmp $ba28 smultiply fac#l by flpt at
(Y23

., e@55 85 71 sta $71

., edSb B4 72 sty $72 3(A/Y) points to # constants
in series

., edSd 20 c7 bb jsr $bbc7 jstore facHl at $0@5c - $0060

., e260 b1 71 lda ($71),y jget number of constants

., e62 85 67 sta $67 3SCNFLG - pointer for series
eval const

., e@64 a4 71 1dy #71 spoint to first constant

., eB66 B iny

., e@67 98 tya

., e@eB do B2 bne $e@bc

., e@ba et 72 inc $72

., eB6c 85 71 sta $71

., ebe ad 72 1dy $72

., @870 20 28 ba jsr $ba28 jmultiply fackl by series

constant

., eB73 a5 71 1da $71

., ed75 a4 72 1dy $72

-, e@77 18 cic

., e878 69 @5 adc #3505 ;point to next constant

., e@7a 9@ @1 bee $e@7d

., e®7c c8 iny

., e@7d 85 71 sta $71 jstore pointer in FBUFPT

., e@7f 84 72 sty $72

., eBBl 208 67 b8 jsr $bB67 5add constant to fac31

., e@84 a9 Sc 1da #$5c

., e@86 ad 08 1dy #3560

., e@88 cb& 67 dec %67 3SCNFLG

., e@Ba dO e4 bne $e070 jprocess next constant in



series
., eB8c 6@ rts

57485 RMULC: CONSTANTS FOR RND

Two flpt constants for performing RND. The first is
11879546.4 (multiplicative) and the second is 3.927677786-8
(additive)

.:e@Bd 98 35 44 7a 0@ 68 28 bl
.:e@95 46 08

57495 RND: PERFORM_RND

The sign of fac#l is tested for the processing of the three
possible types of argument. If zero, then fac#l is loaded
from the CIA#1 timer A and TOD clock. Since these values
will change at every clock cycle, this argument can be
considered to produce a truly random result. However, the
TOD clock must be started by the programmer, since it is
never started by the operating system. Also, the clock
counts in BCD rather than true binary. If the sign is
positive, then the random number seed in zero page is loaded
into fackl, and the first RND constant is multiplied and the
second added to it. Control is then passed on to process
the argument in the third section. If the sign is negative,
the 4 bytes of FACHD are swapped over; 1 for 4 and 2 for 3.
Finally, all three methods have a common exit section.
This makes fac#l positive, and ensures that an exact zero
result does not occur. The final result is then stored in
zero page as the seed for the next random number.

. 28 2b bc jsr $bc2b jcheck sign of fac#l

- 38 37 bmi $e@d3 jnegative

. do 20 bne $e@be ;positive

. 20 £3 £f jsr $££43 ;10BASE - read 1/0 base
address

., e@al 86 22 stx $22 s INDEX1 - holds 1/0 base
address

., e@a3 84 23 sty $23

., eBa5 a0 04 10y #3504

., e@a7 bl 22 1da ($22),y iread CIA#1 timer A lo

., eBag 8BS 62 sta $62 3FACHO1 - fac#l mantissa

., edab c8 iny

., eBac b1 22 1da ($22),y ;read CIA#1 timer A hi

., eBae 85 64 sta $64 3 FACHO3

., edb® a0 @8 1dy #$08

., edb2 bl 22 lda ($22),y ;read CIA#1 TOD 1@ths sec

register



LX)
ss
-4
)

., e@cS
.y ©0c7

., edcy

., e

., edfb

57593 _BIOERR:

85 63 sta
c8 iny
bt 22 1da
85 65 sta
4c e3 ed jmp
a9 8b 1da
a0 00 1dy
20 a2 bb jsr
a9 8d 1da
a0 ed 1dy
20 28 ba jsr
a9 92 lda
a0 ed 1dy
20 67 b8 jsr
a6 65 1dx
as 62 1da

85 65 sta

86 62 stx
a6 63 1dx
a5 64 1da

85 63 sta

86 64 stx
a9 00 1da
85 66 sta
as 61 1da
85 70 sta
a9 8@ 1da
85 61 sta
28 d7 b8 jsr
a2 8b 1dx

a@ @2 1dy

4c d4 bb mp

$63
($22) ,y
$65
$edel
#$8b
#$00
$bba2

#$8d
#sed

$ba28

#$92
#sed

$bbd4

3 FACHO2

jread CIAR1 TOD secs register
;FACHO4
5do common exit section

5 (A/Y) points to RNDX - seed
value

51oad fac#l with flpt at
AsY)

3 (A/Y) points to 1st RND
constant

smultiply flpt at (A/Y) by
facH1

5 (A/Y) points to 2nd RND
constant

jadd flpt at (A/Y) to fac#l
;swap FACHO1 and FACHO4

jswap FACHO2 and FACHO3

3FACSBN - set fac#l positive
;FACEXP - fac#1 exponent
3FACOV - fac#l rounding

3FACEXP
sadjust fac#i

3 (A/Y) points to RNDX - seed
value
sstore fachl at (A/Y)

HANDLE 1/0 ERROR _IN BASIC

This routine is called whenever BASIC wishes to call one of
the KERNAL I/0 routines.
errors in BASIC.

., eBf9
edfb
edfd

c9 @ cmp
42 @7  bne
84 38 sty

#$50
$e104
38

It is also used to handle 1/0

$MEMSIZ - highest address in
BASIC



edff 86 37 stx $37

e1@1 4c 63 ab jmp $abb3I  jdo CLR without aborting 1/0
e1@4 aa tax ;put error flag in (X)

eld5 de ez bne $eld9

e107 a2 le ldx #s$le

€189 4c 37 a4 jmp $a437 jdo error

57612 BCHOUT: OUTPUT CHARACTER

This routine uses the KERNAL routine CHROUT to output the
character in (A) to an available output channel. A test is
made for possible 1/0 error.

-, el@c 28 d2 ff jsr $§fd2 5CHROUT - output character in
[}

., e1@f b e8 bcs $e@f9 shandie 1/0 error

.y elil 60 rts

57618 BCHIN: INPUT CHARACTER

This routine uses the KERNAL routine CHRIN to input a
character to (A) from an available input channel. A test is
made for possible 1/0 error.

-, el12 20 cf £f jsr $ficé 5CHRIN - get character from
1/P channel

., e115 bo e2 bcs $eBf9 shandle 1/0 error

., el17 60 rts

$7624 _BCKOUT: SET UP_FOR OUTPUT

This routine opens an output channel ready for future output
and tests for a possible 1/0 error. On entry, (X) must hold
the logical file number as used in OPEN.

-, e118 20 ad e4 jsr Sedad sopen output channel via
CHKOUT
ellb b@ dc bcs $edf9 shandle 1/0 error
elld 6@ rts

57630 BCKIN: SET UP FOR INPUT

The KERNAL routine CHKIN is used to open a channel for
future input. A test is made for possible 1/0 error.

.y elle 28 c6 £f jsr $ffcé 3CHKIN - open channel for
input

-, e121 b@ d& bcs $e@§9 shandle 1/0 error

.y €123 60 rts



57636 BGETIN: GET ONE CHARACTER

The KERNAL routine GETIN is used to get a character from the
keyboard buffer into (A). A test is made for possible 1/0
error.

., e124 20 ed ff jsr $ffed 5GETIN - get char from
keyboard queue

-y e127 b@ de bcs $e@f9 shandle 1/0 error

.y e129 6@ rts

57642 _SYS: PERFORM SYS

This is the routine which enables user machine language
routines to be executed from BASIC. It is possible for
initial values of all 6510 internal registers to be set by
placing their values in $@30C - $@30F. The return address to
this routine is pushed onto the stack, the register values
set up and an indirect jump made to LINNUM, which holds the
address of the user routine. On return, the register values
are taken and stored in RAM.

., el2a 20 Ba ad jsr $adBa sevaluate text & confirm
numeric
.y el2d 20 §7 b7 jsr $b747 jconvert fac#l to +ve integer
in LINNUM
.y €130 a9 el 1da #s$el jpush return address = $E146
e132 48 pha
., e133 a9 46 lda #$46
e135 48 pha
., @136 ad Bf 03 lda $030F $SPREG - user flag register
., e139 48 pha
., el3a ad @c O3 lda $030c $SAREG - user (A) register
., e13d ae @d @3 ldx $030d 3SXREG - user (X) register
., @140 ac @e @3 ldy $@30e  ;SYREG - user (Y) register
., e1a3 28 plp spull SPREG into (P)

., @144 &6c 14 @@ jmp ($0014) j;execute user code -
terminate with RTS

el47 @8 php
€148 8d Bc @3 sta $830c sstore (A) register
., el4b Be @d 03 stx $030d sstore (X) register
elde 8c Ge B3 sty $30%e jstore (Y) register
e151 68 pla
., el52 Bd Of 03 sta $030f sstore (P) register
.y 155 60 rts

57686 SAVET: PERFORM SAVE
The parameters for SAVE - filename, device number etc. are



obtained from text. The start and end addresses are
obtained from TXTTAB and VARTAB respectively, then the
KERNAL SAVE routine is called. Finally a test is made for
any 1/0 error.

.y 156 20 d4 el jsr $elds jget SAVE parameters from
text

., e159 a6 2d 1dx $2d jVARTAB - start of variables

., elSb a4 2e 1dy $2e

., e15d a9 2b 1da #$2b 3<TXTTAB - start of BASIC
text

.. elSf 20 dB ff jsr $£fd8 3SAVE - KERNAL save routine

.. 2162 b@ 95 bcs $e@f9 jhandle 1/0 error

., el64 60 rts

57701 _VERFYT: PERFORM VERIFY/LOAD

This routine is essentially the same for both LOAD and
VERIFY. The entry point determines which is carried out,
and sets VERCK accordingly. The LOAD/VERIFY parameters -
filename, device number etc. are obtained from text before
the KERNAL LOAD routine is called. A test is made for an

1/0 error. At this point, the two functions are
distinguished. VERIFY reads the I/0 status word and prints
the message OK or ?VERIFY error depending on the result of
the test. LOAD reads the 1/0 status word for a possible

7LOAD error, then updates the pointers to text and
variables, exiting via CLR.

., el65 a9 @1 1da #s01 5flag VERIFY

., el67 2c a9 @0 bit $00a? smask - flag LOAD

., eléa 85 @a sta $0a ERCK - LOAD/VERIFY flag

., eléc 28 d4 el jsr seldd et LOAD parameters

., elef as @a 1da $@a 5 VERCK

., el71 a6 2b 1dx $2b sTXTTAB - start of BASIC text

., el73 a4 2c 1dy $2c

., el175 20 dS §f jsr $§4dS 5LOAD - KERNAL routine

., e178 b@ 57 bcs seldi

., el7a aS @a 1da $@a

.. el7c @ 17 beq $e195 andle LOAD separately

., el7e a2 1c 1dx #$1c 3flag PVERIFY

., e180 20 b7 £f jsr $4fb7 XEADST - read 1/0 status
word

., e183 29 10 and #$10 sdata mismatch?

., el85 do 17 bne sel9e syes - do error

., el87 a5 7a 1da $7a 3<TXTPTR

., elB9 c9 @2  cmp #$02

., el8b @ 07 beq $e194 3RTS



., e18d a9 64 1da #$64

., e18f a@ a3  ldy #$a3 ;$A364 = message 'OK
., e191 4c le ab jmp $able joutput string at (A/Y)

.y €194 60 rts

., @195 20 b7 £f jsr $ffb7 ;READST

., e198 29 bf and #sbé sany error?

., el9a @ @85  beq $elal ino

., e19c a2 1d 1dx #$1d 3¥lag ?LOAD

., el9e 4c 37 a4 jmp $a437 jdo error

., elal a5 7b  1da $7b 3 >TXTPTR

.y 1a3 c9 92 cmp #$02

., ela5 d@ e  bne $eibS

., ela7 86 zd  stx $2d JUARTAB - start of variables
., ela9 B84 2e sty $2e

., elab a9 76  1da #$76

., elad a@ a3  ldy #$a3 ;$A376 = message 'READY

., elaf 2@ le ab jsr $able joutput string at (A/Y)

., elb2 4c 2a a5 jmp $aS52a jdo CLR & restart BASIC

., elbS 20 Be ab jsr SatBe eset TXTPTR

., elb8 2@ 33 a5 jsr $a533  jrechain BASIC lines

., elbb 4c 77 ab imp $ab77 ;do RESTORE & reset OLDTXT

5779@ _OPENT: PERFORM OPEN

The parameters for OPEN are obtained from text, then the
KERNAL OPEN routine is performed. A test is made for an 1/0
error.

., elbe 20 19 e2 jsr $e219 ;get parameters for OPEN
., elcl 20 c@ £f jsr $ffcO ;OPEN - KERNAL routine
.y elc4 bl Ob bcs seldt jhandle 1/0 error

., elce 6@ rts

57799 _CLOSET: PERFORM CLOSE

The parameters for CLOSE are obtained from text, and the
logical file number placed in (A). The KERNAL CLOSE routine
is performed and a test is made for an 1/0 error.

., elc7 20 19 e2 jsr $e219 ;get parameters for CLOSE

., elca a5 49 1da $49 3<FORPNT - holds logical file
number

., elcc 20 c3 £f jsr $ffc3 5CLOSE - KERNAL routine

.y elcf 9@ c3 bcc $e194 3RTS

., eldl 4c 9 e® jmp $edf9 jhandle 1/0 error

57812 SLPARA: GET PARAMETERS FOR LOAD/SAVE

This routine gets the filename, device number and secondary



address for LOAD/SAVE operations. The KERNAL routines
SETNAM and SETLFS are used to do this. Firstly the default

values are set = null filename, device = cassette, secondary

address = ©, then tests are made to see if any of the

parameters were given. If so, these are set up in the same

way. <FORPNT holds the device number on exit.

., eldd a9 @0  1da #3080 ull filename length

., eldé 20 bd ff jsr $ffbd ;SETNAM - set up filename

., eld9 az 81 1dx #$01 sdefault device = cassette

., eldb a@ 20 1dy #3%00 iSA = @

., eldd Z0 ba £f jsr ¥ffba JSETLFS - set up logical file

., ele@ 20 @6 e2 jsr $e206 jcheck default parameters

.. eled 2@ 57 e2 jsr $eZ57 et up given file name

., ele6 20 06 e2 )rsr #e206 jcheck default parameters

., ele9 20 BB ez jsr $e200 ;obtain given device number

., elec a@ @0  1dy #500

., elee 86 49  stx $49 ;<FORFNT - holds device
number

.y 1@ 22 ba ff jsr #ffba 3SETLFS

.y e1f3 26 06 e2 jsr $e206 jcheck default parameters

., elfe 20 20 e2 jsr $e20C jobtain given secondary
address

., e1$9 8a txa

., elfa a8 tay

., elfb ab 49  ldx %49 3 <FORPNT

., elfd 4c ba ¢ jmp $ffba $SETLFS

57856 COMBYT: GET NEXT ONE BYTE PARAMETER

This short routine checks thsat the next character of tex
is a comma, and then inputs the parameter following it into
0.

., e200 20 @e e2 jsr $e20e scheck for comma
., €283 4c e b7 jmp $b7%e sinput 1 byte parameter to
)

57862 DEFLT: CHECK DEFAULT PARAMETERS

This routine tests CHRGOT to see if a particular optional
parameter was included in text. If it was, the routine
exits. If it was not, the return address on the stack is
discarded, and the routine exits both this and the calling
routine.

., e206 2B 79 @O jsr $0079 s CHRGOT
., e209 do @2 bne $ez@d jparameter is in text
., e2eb 68 pla

M
s
@



., e20c 68 pla
.y e20d 60 rts

5787@ CMMERR: CHECK FOR COMMA

This routine confirms that the next character in text is a
comma, and also that the comma is not immediately followed
by a terminator, otherwise ?SYNTAX error.

., e20e 7@ fd ae jsr $aefd sconfirm comma
., €211 20 79 2@ jsr $0079  ;CHRGOT
e214 d@ 7  bne $e20d ;no terminator - ok

., €216 4c @8 af jmp $af08 3 ?SYNTAX error

57881 _OCPARA: GET FARAMETERS FOR OPEN/CLOSE

This routine gets the logical file number, device number,
secondary address and filename for OPEN/CLOSE operations.
Initially the default filename is set null, and device =

cassette. The logical file number is compulsory, and is
obtained from text and placed in <FORPNT. The other
parameters are optional and are obtained if present. The

device number is stored in >FORPNT. The parameters are set
via the KERNAL routines SETNAM and SETLFS.

., €219 a% 06 lda #500 snull default filename
., e21b 20 bd 4 jsr Sffbd ;SETNAM - set up filename
., e2le 20 11 e2 jsr $e211 jconfirm TXTPTR is no
terminator
., e221 20 Je b7 jsr $b7% jinput 1 byte parameter to
X)
., e224 B6 49  stx $49 ;<FORPNT - logical file
number
., e226 8a txa
e227 a2 01 1dx #s@1 jdefault device = cassette
., e229 a@ @0  ldy #$@0 jdefault SA = @
70 ba $f jsr $ffba JSETLFS - set up logical file
20 06 e2 jsr $e206 icheck default parameters
., e231 20 @0 e? jsr $e206  jobtain given device number
., e234 86 4a  stx $4a 3>FORPNT - device number
., @236 aG @0  ldy #3200
.. e238 a5 49  lda $49 3 <FORPNT
., e235 ed 03 cpx #$03
., e23c 9@ @1  bcc $e23f
e23e 68 dey
e23f 20 ba 4 jsr $ffba $SETLFS
e242 20 06 e2 jsr $e206  jcheck default parameters
., e245 20 B0 e2 jsr $e200 jobtain given secondary
address



.. e248 Ba txa

., e249 a8 tay

., e2d4a ab 4a 1dx %4a
., ezdc a5 49 1da $49
., e2de 28 ba ff jsr $ffba
., e251 20 B6 e2 jsr $e206
., e254 20 Qe e2 jsr $e20e
., e257 20 9e ad jsr $ad%e
., e25a 20 a3 bé jsr Sbbal
., e25d a6 22 1dx $22
., e25f ad 23 1dy 323
., €261 4c bd £f jmp $ffbd

PERFORM_COS

Fac#1 = SIN(fac#l + P1/2).
fac#! and SIN performed.
radians.

., €264 a% ed lda #%e0
., €266 aB e2  1dy #e2
.y @268 20 67 bB jsr $bB67
57963 SI PERFORM SIN
Fac#1 = SIN(fac#1). Note:
radians.

., e26b 20 Bc bc jsr $bclc
., e26e a7 e5  lda #$eS
.. €270 a@ e2 ldy #$e2
.y 2272 ab be ldx $ée
., €274 20 07 bb jsr $bb@7
., €277 208 Bc bc jsr $bclc
., e27a 2@ cc bc jsr $bcec
., e27d a9 oo lda #300
.y ©27f 85 b6f sta $6F
., e281 20 53 b8 jsr $b8S3
., e284 a9 ea 1da #$ea
., e286 a@ e2  ldy #$e2
.y ©288 28 S@ bB jsr $bBSO
., e28b a5 b6 lda %66
., e28d 48 pha

., e28e 10 @d bpl #$e29%d
.y €290 20 A9 bB jsr $b849

the argument

sFORPNT

ETLFS

scheck default parameters
jcheck for comma

sevaluate expression in text
;do string housekeeping

3 INDEX1 - points to given
filename

5 SETNAM

P1/2 is added to the argument

Note: the argument must be
SSEZEQ = pi/2 in flpt
1add flpt at (A/Y) to fac#l

in fac#l must be

scopy facH#l to fac#2

S$EZES = 2%pi in flpt
JARGSGN - fack2 sign
;divide fac#Z by flpt at
A/Y)

jcopy fac#l to fac#2
3do INT

3ARISGN - sign comparison
result
isubtract fackl from facH2

3$E2EA = 8.25 in flpt
jsubtract fackl from flpt at
A7)

3FACSBN — fac#l sign

sadd 8.5 to fac#l

in
in

in



a5 66 1da $66 3 FACSGN

as 12 lda $12 STANSGN - comparison result
49 ¢4 eor #$6
85 12 sta $12
20 b4 bf jsr $bibs snegate fac#i
a9 ea  1da #tea
a0 e2  ldy Wse2 J$E2EA = @.25 in flpt
20 67 b8 jsr $6867 jadd flpt at (A/Y) to fac#i
68 pla
10 03 bpl $ezad
20 b4 bf jsr $biba snegate fachl
a9 ef lda #sef
a0 e2  ldy #se2 J$E2EF = counter for SIN
series
., e2bi 4c 43 ed jmp $e@43  ;evaluate series for function

58036 __TAN: PERFORM TAN

fac#1 = TAN(fac#l). This routine finds the sine of fac#i,
and then divides it by the cosine of fac#l. Intermediate

products are stored in zero page locations. Note:
argument must be given in radians.

e2b4 20 ca bb jsr $bbca jstore fac#l in memory
e2b7 a9 00  lda #$00
e2b9 85 12 sta $12 ;TANSGN - tan sign
., e2bb 20 6b e2 jsr $e26b ;do SIN
.y @2be aZ 4de ldx #sde
., e2cd ad 00  1dy #$00
e2c2 20 6 eB jsr $eBf6  jstore fackl at (A/Y)
e2c5 a9 57 1da #$57
., e2c7 ad 00  1dy #$00
., e2c9 20 a2 bb jsr $bba2 ;load fackl with flpt at
@y
a9 @@ 1da #$00
85 66  sta $66 SFACSGN - fac#i sign
as 12 lda $12 3 TANSGN
20 dc e2 jsr se2dc 3do COS
a9 4e  lda #sde
ad @0 1dy #$00
4c @f bb jmp $bLOF ;do divide
48 pha

e2dd 4c 9d e2 jmp $e29d

58080 FI2: TABLE OF TRIG CONSTANTS

The following constants are held in S byte flpt for
evaluation:

the

trig



(1 byte counter for SIN series)

4y

o

28

o1

Sd

@f $E2FD = -14.3813907 (SIN
constant 1)

@5 $E2FS - 42.0077971 (SIN
constant

@7 $E2FA = -76.70417@3 (SIN
constant 3)

87 S$E2FF = 81.6052237 (SIN
constant 4)

e7 $E304 = -41.3417021 (SIN
constant 5)

66 $E309 = 6.28318531  (SIN

constant 6)

This produces an answer in radians.

$E2E@ = 1.57@796327 (pi/2)
$E2ES = 6.28318531  (pi*2)
$E2EA = 0.25

SE2EF = #05

.:e2e®@ 81 49 Bf da a2 83
.ieZe8 da a2 7f 00 @0 @0
.:e2f@ B84 eb6 la 2d 1b 86
.:e2B fb 8 87 99 &8 89
.:e300 23 35 df el 86 a5
.:e308 28 83 49 Of da a2
58126 ATN: PERFORM ATN
fac#l = ATN(fac#l).

The

12

calculation is based on a long but very simple series of

terms.

+ X /21
e3te a5
e310 48
e311 10
e313 20
e316 a5
e318 48
e319 c9
e3lb 9@
e3id a9
e31f a@
e321 20
e324 a9
e326 a@
e328 20
e32b 68
e32c c9
e32e 90
e338 a9

The series follows the pattern X - X /3 + X /5 -

- x /23
66 1da $66
pha
o3 bpl $e3t6
b4 bf jsr $biba
61 1da $61
pha
81 cmp #381
a7 bee $e324
be 1da #$bc
b9 1dy #$b9
Bf bb jsr $bbdf
3e 1da #$3e
e3 1dy #se3
43 e@ jsr $e043
pla
81 cmp #$81
o7 bee $e337
e 1da #3e@

spush FACSGN - fac#i sign

snegate fac#l
spush FACEXP - fac#1 exponent

5$B9BC = 1 in flpt
jdivide flpt at (A/Y) by
facHt

$$EIIE = counter for ATN
series
sevaluate series for function



-y €332 a0 e2 1dy #$e2 3$E2E@ = pi/2 in flpt

., e334 20 50 b8 jsr $bESA jsub fac#l from flpt at A/Y)
., e337 68 pla

, e338 10 83  bpl $e33d

, e33a 4c b4 bf jmp $bfba jnegate fachi

., e33d 60 rts

58174 ATNCON: TABLE OF ATN CONSTANTS

The table holds a 1 byte counter an the following 5 byte
f1pt constants:

$E3I3E = #OB (counter for ATN series)
$E33F = -0.000684793912 (constant 1)

$E344 = 0.00485094216 (constant 2)
$E349 = -0.161117018 (constant 3)
$E34E =  0.034209638 (constant 5)

$E353 = -0.0542791328  (constant 6)
$E3S8 = 0.0724571965  (constant 7)
$E35D = -0.0898023954  (constant 8)

$E362 = 0.110932413 (constant 9)
$E367 = -0.142839808 (constant 1@)
$E36C = 0.19999912 (constant 11)
$E371 = -0.333I3IZ316 (constant 12)
$E374 = 1 (constant 13)

le

10

53

7d

S1 7a 7d 63 30 88
92 44 99 3a 7e 4c
€7 7 aa aa aa 13
.:e376 81 00 00 @0 0 20 cc ff

58235 BASIC WARM RESTART

This is the BASIC warm restart routine that is vectored at
the very start of the BASIC ROM. The routine is called by
the 6518 BRK instruction, or STOP/RESTORE being pressed. It
outputs the READY prompt via the vector at ($83@@).  Not
14 bit 7 of (X) was not a 1, then an error message would be

produced.
.y e37b 28 cc ff jsr $ffcc SCLRCHN - close 1/0 channels
., e37e a9 @@ lda #$00
., €380 B85 13 sta $13 sinput prompt flag
., €382 208 7a ab jsr $ab7a ;do CLR

e385 58 cli

., €386 a2 B0 1dx #$80



., e388 6c 0@ @3 jmp ($@30@) ;IERROR - vector to error

routine
8a txa
30 03 bmi $e391
4c 3a a4 jmp $ad3a jdo error
4c 74 a4 jmp $a474 srestart BASIC

58260 INIT: BASIC COLD RESTART

This is the BASIC cold restart routine that is vectored at
the very start of the BASIC ROM. BASIC vectors and
variables are initialised, the power-up message is output
and BASIC restarted.

20 53 e4 jsr $e4S3 sinitialise vectors

20 bf e3 jsr $e3bf sinitialise BASIC

20 22 e4 jsr $ed22 joutput power-up message
a2 b 1dx #$fb jreset stack

9a txs

do e4 bne $e386 jrestart BASIC

58274 INITAT: CHRGET FOR ZERO PAGE

This is the CHRGET routine which is transferred to RAM
starting at $@@73 on power-up or reset.

., e3a2 eb 7a inc $7a
do 02 bne $e3a8
., e3ab eb 7b inc $7b

ad 6@ ea 1da $eat@
., e3ab c9 3a cmp #$3a
b 0a bcs $e3b9
c9 20 cmp #$20

0 ef beq $ela2
38 sec
€9 30 sbc #5390
38 sec
e9 d@  sbc #$d@
., e3b9 60 rts

58298 RNDSED: RND SEED FOR ZERO PAGE

This is the initial value of the seed for the random number
function. It is copied into RAM from $Q0BE - $@OBF. Its
f1pt value is 0.811635157.

.:e3ba 8@ 4f c7 52 58

58383 INITCZ: INITIALISE BASIC RAM
This routine sets the USR jump instruction to point to

211



?ILLEGAL QUANTITY error, sets ADRAY1 and ADRAY2, copies
CHRGET and the initial RND seed value into RAM, sets up the
start and end locations for BASIC text and sets the first
text byte to zero.

, e3bf a9 4c 1da #s4c

., e3c1l 85 54 sta $54

., e3c3 8d 1@ 83 sta $0310 3USRPOK - set USR JMP
instruction

., e3c6 a9 48 1da #$48

, e3c8 ad b2 1dy #$b2

., e3ca 8d 11 @3 sta $@311 jset USRADD = $B248 ie

2ILLEGAL QTY
, e3cd B8c 12 @3 sty $@312

, e3d®  a? 91 1da #$91
., e3d2 a@ b3 1dy #3b3
., e3d4 85 @5 sta $05 jset ADRAY2 = $B391

, e3d6 84 @6 sty $06
, e3d8 a? aa  lda #$aa
., e3da a0 bi 1dy #sb1
., e3dc 85 @3  sta $03 ;set ADRAY1 = $B1AA
., e3de B84 04 sty $04
.y e3ed a2 tc 1dx #$1c
, e3e2 bd a2 e3 lda $e3a2,x jstore CHRGET routine in RAM
, e3eS 95 73 sta $73,x
, e3e7 ca dex
, e3eB 10 §8  bpl seJe2
., e3ea a9 @03  lda #$03
., eSec B85 53  sta $53
a9 @0 1lda #$00
85 68 sta $68 3BITS - fac#l overflow
85 13 sta $13 sinput prompt flag
85 18 sta $18 SLASTPT

a2 81 1dx #$01
8e fd @1 stx $014d
Be fc 81 stx $01fc

a2 19 1dx #$19

86 16 stx $16 sTEMPPT - pointer to
descriptor stack

38 sec

20 9c ff jsr $ff9c sread MEMBOT

86 2b stx $2b jset TXTTAB = bottom of RAM

84 2c sty $2c

38 sec

20 99 ff jsr $§£99 sread MEMTOP

86 37 stx $37 jset MEMSIZ = MEMTOP

84 38 sty $38



e412 B6 33 stx $33 sset FRETOP = MEMTOP
e414 84 34 sty $34
., 416 a@ @8 1dy #$00

e418 98 tya
e419 91 2b sta ($2b),y jplace zero at start of BASIC
edlb e6 2b inc $2b sincrement TXTTAB
eald de o2 bne $e421
-, e841f eb 2c inc $2c
e421 6@ rts

58402 INITMS: OUTPUT POWER-UP MESSAGE

This routine outputs the message *¥** COMMODORE BASIC V2
*xkx  <CR> 64K RAM SYSTEM <CR>. It then calculates the
number of bytes free by subtracting TXTTAB from MEMSIZ,
outputs this number and prints the BASIC BYTES FREE message.
The routine exits via NEW.

., @422 a5 2b 1da $2b $TXTTAB - start of BASIC

., 424 a4 2c 1dy $2c

., @426 20 @8 a4 jsr $ades scheck memory for overlap

., €429 a9 73 1da #$73

., e42b  ad e4 1dy #sed 5$E473 = 'CBM BASIC message

., e42d 20 le ab jsr $able toutput string at (A/Y)

., @438 a5 37 1da $37 SMEMSIZ - highest address in
BASIC

., e432 38 sec

., 433 e5 2b sbc $2b ssubtract TXTTAB - gives
bytes free

., e435 aa tax

., 436 a5 38 1da $38

., e438 5 2c sbc $2c

., e43a 28 cd bd jsr $bdcd soutput number in (A/X)

., e43d a9 6@ lda #$4@

., e43f a0 es 1dy #ses $$E460 = message 'BASIC BYTES
FREE

., e441 20 le ab jsr $able soutput message from table

., 444 4c 44 at jmp $abas sperform NEW

58439 _BVTR! TABLE OF BASIC VECTORS

This table contains the addresses of the vectored BASIC
routines. They are copied into RAM, starting at $8300 by
the next routine.

€447 8b e3 83 a4 7c a5 la a7
©44f ed a7 B6 ae

58451 INITV: INITIALISE VECTORS
This routine copies the vectors from the table starting at




$E447 into RAM, starting at $0300.

., @453 a2 @b 1dx #$@b jcounter for vector table
., €455 bd 47 e4 lda $e447,x
., e458 9d @2 @3 sta $@30@,x jstore vectors from $3300 -

$030B
., 45b ca dex
., e45c 10 €7 bpl $e455
., e4aSe 6@ rts

FOWER UP_MESSAGE

This is the message displayed on the screen when the
Commodore 64 is first switched on. The byte after the
message string ($E4AC = #5C) appears to be a checksum or
identification code. See also appendix 1.

@2 28 42 41 53 49 43 20 basic
42 59 54 45 53 28 46 52 bytes fr
45 45 ©d 00 93 Bd 20 20 ee

28 208 2a 2a 2a 2a 20 43 *xXx C
4f 4d 4d 4f 44 4f 52 45 ommodore
20 36 34 20 42 41 53 49 64 basi
43 20 56 32 28 2a 2a 2a © v2 k%
2a Bd @d 20 36 34 4b 20 * b4k
52 41 4d 20 53 59 53 54 ram syst
45 4d 20 20 @9 Sc em

58541 PATCH FOR BASIC CHKOUT CALL

This is a short patch added to the KERNAL ROM to preserve
(A) when there was no error returned from BASIC calling the
CHKOUT routine. This corrects a bug in the early versions
of PRINT# and CMD.

., edad 48 pha

.y edae 20 c9 Ff jsr $Ffc9 SKERNAL routine CHKOUT
., e4bl aa tax

., e4b2 &8 pla

., e4b3 90 o1 bee $edbs

., e4bS 8a txa

., edbs 60 rts

58551 UNUSED BYTES FOR LATER PATCH ROUTINES

.1e4b7 aa aa aa aa aa aa aa aa
.:ed4bf aa aa aa aa aa aa aa aa



.:e4c7 aa aa aa aa aa aa aa aa
aa aa aa aa aa aa aa aa
aa aa aa

58586 RESET CHARACTER COLOUR

This patch routine sets the current character colour code
equal to the background colour. The routine is called by
‘clear a screen line’, and is the source of the apparent bug
which makes characters POKEd to the screen invisible.  This
bug has been fixed in the new version 3 ROM (see appendix
0.

., edda ad 21 d@ lda $d@21 sbackground colour
., eddd 91 3  sta ($f3),y jcurrent screen colour
., eadf 6@ rts

58592 PAUSE AFTER FINDING TAPE FILE

When a file is searched for on tape, the message
SEARCHING... is displayed. Once the file is found, the
message FOUND... is displayed. At this point, the original
KERNAL routines required that the CBM key be hit before the
file would be loaded. This patch enables the load to
continue after a short pause regardless of the keypress.

., e4e® 69 @2  adc #382
., ede2 a4 91 1dy $91 ;STKEY - stop/rvs flag

ed4e7 cS al cmp #$al
., ede9 d@ f7  bne $ed
., edeb &0 rts

58604 RS-232 TIMING TABLE - PAL

This table contains the prescaler values for setting up the
standard RS-232 baud rates. The table corresponds exactly
with the NTSC table at $FEC2. The RS-232 baud rates need
separate prescaler tables because European PAL machines
operate at a slightly lower system clock frequency than
American NTSC machines.

4ec 19 26 44 19 1a 11 eB Od
4£4 70 @c @6 06 d1 @2 37 @1
afc ae 08 69 00

58624 10BASE: GET 1/0 ADDRESS
The KERNAL routine IOBASE ($FFF3) jumps to this routine. It



returns the base address ($DCO@) of the 1/0 registers in
(X/Y). The format is Lo/Hi.

., eS5e8 a2 @0 1dx #$00
., 502 a@ dc 1dy #$dc jset (X/Y) = $DCOR
., e504 60 rts

58629 SCREEN: GET SCREEN SIZE

The KERNAL routine SCREEN ($FFED) jumps to this routine. It
returns the screen size; columns in (X) =#28 =4@, and rows
in (V) =#19 =25.

., €505 a2 28 1dx #$28 540 columns
., €507 a@ 19 1dy #$19 325 rows
.y €509 60 rts

58634 PLOT: PUT/GET ROW AND COLUMN

The KERNAL routine PLOT ($FFF@) jumps to this routine. The
option taken depends on the state of the carry flag on
entry. 1f it is set, the column is placed in (Y) and the
row in (X). If it is clear, the cursor position is read
from (X/Y) and the screen pointers are set.

., e58a b® @7  bcs $e513 jget row/column

., eS8c 86 d6  stx $db 3TBLX - current physical line
number

., eSPe 84 d3 sty $d3 3PNTR - cursor column on line

., e510 20 6c eS jsr $eSéc ;set screen pointers

., @513 a6 d6  1dx $d6 3 TBLX

., e515 a4 d3  ldy $d3 $PNTR

., eS17 60 rts

58648 CINT1: INITIALISE 1/0

This routine is part of the KERNAL CINT initialisation
routine. The 1/0 default values are set. Shift keys are
disabled and the cursor switched off. The vector to the
keyboard decode table is set up and the length of the
keyboard buffer is set to 1@ characters. The cursor colour
is set to light blue and the repeat parameters set up.

., €518 20 a@ e5 jsr $eS5ad sset 1/0 defaults

., e51b a9 22 1da #$00

., e51d Bd 91 02 sta $0291 3MODE - disable shift keys
., e520 85 cf sta $cf 3BLNON - cursor blink flag
., @522 a9 48 1da #348



n
o
o
4

8d

8f 02

90 82

89 02

86 82

8b 02

sta

1da
sta
1da
sta
sta
1da
sta

1da
sta
1da
sta
sta

58692 CLEAR SCREEN

SKEYLOG - vector to keybd
decode
jvector = $EB48

;XMAX-size of keybd buffer=1@
SDELAY - repeat delay counter
5¥lag light blue

5COLOR - current character
colour

sKOUNT - repeat speed counter

$BLNCT - cursor toggle timer
3BLNSW - cursor enable

which the top of the screen starts is

screen line link table reset.

the screen is cleared line by line, starting at the

Once this is finished, the next

SHIBASE - top of screen RAM
(page)

5LDTE1 - screen line link
table

jadd 4@ to screen address

jaddress for line is on next
page

jlast line done?
jno - set line link

;last pointer
sclear screen line

jclear next line up

The page number at
ORed with #80 and the
Finally,

bottom and working up.
routine is used to home the cursor.
., €544 ad 88 @2 1da $0288
., e547 09 80 ora #$80
., e549 a8 tay

., eS4a a9 @0 1da #s00
., e54c  aa tax

., e5ad 94 d9 sty $d9,x
., e54f 18 clc

., e550 69 28 adc #$28
., e552 90 @1 bcc $eS55
., e554 c8 iny

., 555 e8 inx

., e556 e0 la cpx #$1a
., e558 d@ 3 bne $eS4d
., e55a a9 ff 1da #$6f
., e55c 95 d9 sta $d9,x
., eS5e a2 18 1dx #$18
., €560 20 ff e9 jsr $e9ff
., 563 ca dex

., e564 10 fa bpl $e560
58726 HOME_CURSOR

The pointers to the cursor line and column are set to zero.



1dy
sty
sty

#3500
$d3
$d6

58732 SET SCREEN POINTERS

3PNTR - cursor column on line
3TBLX - current physical line
number

This routine positions the cursor on the screen and sets up

the screen

number ,
., eSbc

eSée
e570

n o
aa
NN
N

nonoon
aaaaaa
Q@NNNNY
IR PN

0

a
@
“

)
@
o
A

LN
aoaa
MR
2322

and

ab

as
ba

30
69
es
ca
10
bS
ad
85

bd

608

pointers.

dé

44
d9
o3
88

f6
ds

@2

ec

1dx

1da
1dy

bmi
clc
adc
sta
dex
bpl

1da

1da

sta
1da
inx
ldy
bmi
clc
adc
inx
bpl
sta

rts

On entry, TBLX must hold the line
FNTR the column number of the cursor position.

$d6

$d3
$d9,x

$eS7c

528
$d3

$e570
$d9,x
4303
s0288
$d2
$ecfd,x

$d1
#$27

$d9,%
$e597

#$28

$e58d

58778 SET 1/0 DEFAULTS

The default

output

3TBLX - current physical line
number

3PNTR - cursor column on line
5LDTB1 - screen line link
table

3PNTR

3LDTBL

JHIBASE - page for top of
screen RAM

3OPNT - current screen line
address

jtable of screen line address
1o bytes

S<PNT

5LDTB1

JLNMX - physical screen line
length

device is set to 3 (screen), and the
default input device is set to @ (keyboard). The VIC II



chip registers are set from the video chip setup table. The
cursor is then set to the home position.

., eS9a 20 a@ eS jsr $eSa@ jset 1/0 defaults

., e59d 4c 66 e5 jmp $eS66  jhome cursor

., eSa@ a9 @3  lda #$03

., e5a2 85 9a  sta $9a 3DFLTO - default output
device

., eSad a9 00  lda #$00

., eSab B85 99  sta $99 3DFLTN - default input device

., eSa8 a2 2¢ 1dx #$2¢

., eSaa bd bB ec lda $ecb8,x ;VIC II chip setup table

., eSad 9d f cf sta $cfff,x ;VIC II chip I/0 registers

., eSbe ca dex

., eSbi d@ f7  bne $eSaa

., eSb3 60 rts

GET_CHARACTER FROM KEYBOARD BUFFER

It is assumed that there is at least one character in the
keyboard queue. This character is obtained and the rest of
the Qqueue is moved up by one to overwrite it. On exit, the
character is in (A).

., e5b4 ac 77 ©2 ldy $8277  ;KEYD - keyboard buffer queue
., eS5b7 a2 @@ ldx #$00

., e5b9 bd 78 @2 lda $8278,x joverwrite with next in queue
., eSbc 9d 77 02 sta $0277,x

., eSbé ed inx

., e5c@ ed cb  cpx $cb $NDX - number of characters
in queue

., e5c2 d@ 5  bne $eSb9 jmove up next character

., e5c4 cb c6  dec $cb $NDX

., eSc6 98 tya

., esc7 58 cli

., esca8 18 clc

., e5c9 60 rts

58826 INPUT FROM KEYBOARD

This routine uses the previous routine to get characters
from the keyboard buffer. Each character is output to the
screen, unless it is <shift/RUN> when the contents of the
keyboard buffer are replaced with LOAD <CR> RUN <CR>.  The
routine ends when a carriage return is encountered.

., eSca 20 16 e7 jsr $e71é6 joutput to screen

., eScd a5 cé 1da $cé sNDX - # characters in
keyboard queue

219



L}
aQ
g

n
@
a
>

)
@
a
<

o

@
a
a

38
g8
N

n
o
s
®

40
78
as

0
as

ca

40
c9

23
84

30

92

02

22

ea
es

ec
22

22

sta
sta

beq

1da

1da
1dx

1dy
sty
jsr
jsr

bne
1dx

$cc
$0292

$eScd
$cf

seSe7
$ce

$0287
#$00

seall
$eS5ba

#$83
$eSfe
#$09
$c6
seceb,x
$0276,x
$e5¢3
$eScd
#$0d
seSca
$d5
$d@

($d1) ,y

$c8

#$00
$0292

$d4
$c9

$eb3a

$BLNSW - cursor blink enable
5AUTODN - auto scroll down
flag

3BLNON - last cursor blink
(on/of )

36DBLN - character under
cursor

;GDCOL - background colour
under cursor

3 BLNON
jprint to screen

5get character from keyboard
buffer

;shift/RUN pressed?

sno

3NDX
;shift/RUN equivalent message
KEYD - keyboard buffer

jwrite next character to
buffer

sfinished - restart input
jcarriage return pressed?
jno - restart routine

5LNMX - screen line length
5CRSW - flag INPUT/GET from
keyboard

5PNT - screen address
jspace?

3no

3INDX - end of logical line
for input

3 AUTODN

3PNTR - cursor column

;QTSW - editor not in quotes

3LXSP - cursor X-Y position



1dx
isr
cpx
bne
1da
sta
cmp
bec
becs

$d6
sebed
$c9
ses3a
$ca
$d3
$c8
seb3a
$es5d

3TBLX - cursor line number
jretreat cursor
LXSP

$PNTR
5 INDX

INPUT_FROM SCREEN OR KEYBOARD

preserved.
to be from.

are tested

98

tya
pha
txa
pha
1da

beq

1dx

sta

the Commodore serial

routine is used by INPUT to input data from devices
bus. ie. from the screen
entry, both the (X) and (Y) registers are
A test is made to determine which device

1f it is the screen, then quotes
for and the character is echoed on
Keyboard inputs make use of the previous routine.

$do

$eScd
$d3

$d1),y

$d7
w36

spreserve (X) and (Y)
registers

5CRSW - flag INPUT/GET from
keyboard

sinput from keyboard

3PNTR - cursor column
jcurrent screen address
jtemp data

5QTSW - editor in quotes
mode?
syes

3PNTR

;do quotes test

FINDX - end of logical line
for input

3 CRSW

not

the
and



., ebbl a9 @d 1da #s@d

., e6b3 ab 99 1dx $99 sDFLTN - default input device
., @665 e B3  cpx #$@3 jscreen?
., ebb7 §@ B6  beq $ebbf ives
., @669 ab 9a  ldx $9a 5DFLTO - default output
device
., ebbb €@ @3  cpx #$@3 jscreen?
., ebbd §@ @3  beq $eb72 ives
., ebbf 20 16 e7 jsr se716  joutput to screen
€672 a9 @d 1da #s@d
e674 85 d7  sta $d7
€676 68 pla
., @677 aa tax
., @678 68 pla
., @679 a8 tay
., eb7a a5 d7 1da $d7

., eb7e do 02 bne $es82

680 a9 ff 1da #$§f
., @682 18 clc
., @683 60 rts

59012 QUOTES TEST

1# (A holds ASCII quotes, then the editor quotes flag is
toggled on/off, ie from @ to 1 or vice versa. Since the
contents of (A) are destroyed in this process, (A) is
restored to #22 on exit.

., @684 c9 22 cmp #$22 3ASCII quotes?

., @686 d® @8  bne $et90 ;no - RTS

., e688 a5 d4  lda $d4 ;0TSW - editor in quotes mode
flag

., ebBa 49 O1 eor #s01 jtoggle quotes mode on/off

., eé8c 85 d4  sta $d4

., e6Be a9 22  lda #$22 jrestore value in (A)

., 2690 60 rts

59825 SET UP_SCREEN PRINT

The RVS flag is tested to see if reversed characters are to
be printed, and if they are, bit 7 is set to 1. If insert
mode is on, then the insert counter is decremented by 1.
The character colour code is placed in (X) and the character
is printed to the screen and the cursor advanced.

., @691 @9 40 ora #$40
.y €693 ab c7 1dx $c7 3RVS - print reverse
characters?



., @695 §0 02 beq $e699 3no

., @697 @9 80  ora #$80 jset bit 7 to reverse
character

., @699 a6 d8  ldx $d8 3INSRT - insert mode on?

., e69b €0 B2  beq $eb9 ino

, e69d cé d8  dec $d8 ;now one less insert

., e69¢ ae B6 02 ldx $0286 ;COLOR - current character
colour code

, eba2 20 13 ea jsr $eald jprint to screen

, ebaS 20 b6 eb jsr $ebbb jadvance cursor

, e6aB 68 pla

, eba9 a8 tay

, ebaa a5 d8  lda $d8 3 INSRT
., ebac @ @2  beq $ebbd
., ebae 46 d4 1sr $d4 ;0TSW - editor in quotes flag
., etbd 68 pla
., ebbl aa tax
., etb2 68 pla
., e6b3 18 clc
., etbd 58 cli
., e6bS 60 rts

59@62 ADVANCE CURSOR

The cursor is advanced by one position on the screen. 14
this puts it beyond the 4@th column, then it is placed at
the beginning of the next line. If the length of the screen
line <B@, then the new line is linked to the previous one.
A space is opened if data already exists on the new line.
1f the cursor has reached the bottom of the screen, then the
screen is scrolled down.

., ebbb 20 b3 eB jsr $eSb3 jcheck line increment

., e6b9 e6 d3  inc $d3 ;PNTR - cursor column on
current line

., eébb a5 dS5  1da $dS SLNMX - physical screen line
length

., ebd c5 d3  cmp $d3 PNTR

, e6bf bd 3f  bcs $e700 ;not beyond end of line - RTS

., ebcl <9 4F  cmp #E4 37972

., e6c3 §@ 32 beq $ebf7 sput cursor on next line

., e6cS ad 92 @2 lda $@292  ;AUTODN - auto scroll down
flag

., e6cB f@ @3  beq $ebcd jauto scroll is on

., ebca 4c 67 e9 imp $e967 jopen a space on the screen

., ebcd ab db  1dx $d6 5TBLX - current line number

.y ebcf eB 19 cpx #%19 5257

., ebdl 9@ @7  bcc sebda

., ebd3 20 ea eB jsr $eBea jscroll screen



., ebd6 cb d6  dec $db 5 TBLX

., e6dB ab d6  1dx $d6

., ebda 16 d9  asl $d9,x ;LDTB1 - screen line link
table

., ebdc 56 d9  1sr $d9,x

., ebde e8 inx

., ebdf bS d9  lda $d9,x

., ebel @9 88  ora #$80

., e6e3 95 d9  sta $d9,x

., eteS5 ca dex

., ebeb a5 dS  lda $dS SLNMX

.y ebeB 18 cle

., ebe9 69 28 adc #$28
., ebeb 85 dS5 sta $dS

59117 RETREAT CURSOR
The screen line link table is searched, and then the start

of line is set. The rest of the routine sets the cursor
onto the next line for the previous routine.

., ebed bS d9  lda $d9,x 5LDTB1 - screen line link
table

., ebef 30 83  bmi sesfd

., ebfl ca dex

., e6f2 dB 9  bne $esed

., e6f4 4c i@ e9 jmp $e9@  ;set start of line

., e6f7 cb db6  dec $d6 5TBLX - current physical line
number

., e6§9 20 7c e8 jsr $eS7c 50 to next line

., ebfc a9 80 lda #$00

., ebfe 85 d3  sta $d3 3PNTR - cursor column on line

., e700 &0 rts

59137 BACK ON TO PREVIOUS LINE

This routine is called when using <DEL> and <cursor LEFT>.
The line number is tested, and if the cursor is already on
the top line, then no further action is taken. The screen
pointers are set up and the cursor placed at the end of the
previous line.

., €781 a6 dé 1dx $dé 5TBLX - current physical line
number

., €783 do 86 bne $e7@b

., e785 86 d3 stx $d3 sPNTR - cursor column on line

., €707 &8 pla

., €708 68 pla

., €709 d@ 9d bne $etad



., e78 ca dex

., e70c 86 dé& stx $dé 3TBLX
28 6c eS jsr $eSéc jset screen pointers
a4 ds 1dy $dS SLNMX - physical screen line
length
., e713 84 d3 sty $d3 SPNTR
., e715 6@ rts

59158 OUTPUT TO SCREEN

This routine is part of the main KERNAL CHROUT routine. It
prints CBM ASCII characters to the screen and takes care of

all the screen editing characters. The cursor is
automatically updated and scrolling occurs where necessary.
On entry, (A) must hold the character to be output. For

convenience, the routine is split into sections showing the
processing of both shifted and unshifted characters.

., e716 48 pha

., e717 85 d7  sta $d7 stemp data area

.y €719 8a txa

., e71a 48 pha

., e71b 98 tya

., e7tc 48 pha

., e71d a9 @8  lda #$00

., e71f ©5 d0  sta $d@ JCRSW - flag INPUT/GET from
keyboard

., 721 a4 d3 ldy #d3 3PNTR - cursor column on line

., e723 a5 d7  1da $d7 stemp - character for output

., e725 10 83 bpl $e72a ;do unshifted characters

., e727 4c d4 e7 imp $e7dd jdo shifted characters

UNSHIFTED CHARACTERS.  Ordinary unshifted ASCII characters
and PET graphics are output directly to the screen. The
following control codes are trapped and processed: <RETURN>,
<DEL>, <HOME>, <CRSR RIGHT> <CRSR DOWN>. If either insert
mode is on or quotes are open (except for <DEL>) then the
control characters are not processed but output as reversed
ASCII literals.

. c9 @ cmp #$0d 3<RETURN>?
4o @3 bne $e731 3no

. 4c 91 eB jmp $eB91 5do <RETURN>

. c9 20 cmp #$20 3ASCII space?

. 90 18 becc $e745

. c9 60 cmp #5368 51st PET graphic character?

. 90 04 bce $e73d

. 29 df and #$df




0

b1

da
a9
91
ad

91

eb
eb

e6

e7

e8

ea

22

e

e5

e8

Jsr
Jmp

bne

1da

sta
bpl
1dx

Jmp
cmp
bne
sta

cmp
bne
jsr
cmp
bne
iny
isr

$eBal

$d3
$ea2s

($d1),y
($d1),y
($£3),y
($£3),y
$d5

$e762
#3520
($d1) ,y

$0286

($£3),y
se7ch
$d4a
$e785
$e697
#$12
$e76b
$c7

#3513
$e792
$e566
#s1d
$e7ad

$eB8b3

5do quotes test
;set up screen print
5INSRT - insert mode flag
imode not set

soutput reversed character
3<DEL>?

sno

3 (Y) holds cursor column
snot start of line

;back on to previous line

jcheck line decrement

3PNTR
ssynchronise colour pointer

smove character back 1

smove colour back 1

sLNMX - physical screen line
Length
smove next character back

sstore delete character on
screen

3COLOR — current character
colour

sput it in colour RAM

;0TSW- editor in quotes mode?
ino

joutput reversed character
5<RVS>?

sno

3RVS - print reversed
characters flag

5 CHOME >?

sno

shome cursor

3<CRSR RIGHT>?

sno

scheck line increment



e7d1

SHIFTED
order:
<shift RETURN>,

<CLR>.

the

literal

84 d3 sty
a8 dey
c4 dS  cpy
90 @9  bcc
c6 d6  dec
20 7c e8 jsr
ad @0  1dy
84 d3 sty
4c aB eb jmp
€9 11 cmp
de 1d bne
18 clc
98 tya
69 28 adc
a8 tay
e6 d6  inc
c5d5  cmp
90 ec  bcc
0 ea  beq
c6 d6  dec
e9 28 sbc
90 94 bce
85 d3  sta
d@ §8  bne
20 7c e8 jsr
4c a8 e6 jmp
20 cb e8 jsr
4c 44 ec jmp
CHARACTERS.

4c

a0
4c
a6
de

e8

is printed.

$d3

$e7aa
$d6

$eB7c
#3500
$d3
$ebaB
#8511
se7ce

$PNTR
5 LNMX

3TBLX - current physical line
number
590 to next line

SPNTR
sfinish screen print
5<CRSR DOWN>?

sno

3 (Y) holds cursor column
5 TBLX
3 LNMX

;finish screen print

5 TBLX

5PNTR

o to next line
;#inish screen print
;set colour code

do graphics/text control

These are dealt with in the following
Shifted ordinary ASCII and PET graphics characters,
<INST>, <CRSR UF>, <RVS OFF>, <CRSR LEFT>,
If either insert mode is on, or quotes are open then
control character is not processed but a reversed ASCII

jset up screen print
shift RETURN>?

ino

;do <RETURN>

50TSW

jeditor is in quotes mode



o

c9

14

e9

ea

[-F}

e6

bee
bpl
isr
bne

#$14
$e829
%45
($d1),y
#3520
Se7fe

($d1),y
($d1) ,y
($£3),y
($£3),y

$d3
$e80a
#320
($d1),y
$0286
($£3),y
$d8
$eb6a8

$e847

$e871
$eS6c
$e871

3CINST>?
;no

SLNMX

jget screen character
sspace?

sno

SPNTR

5792

;end of logical line - can't
insert

;open space on screen

3LNMX

;synchronise colour pointer

jmove character right 1

smove screen colour right 1

sPNTR
smove next character along

;finish screen print
5 INSRT
sinsert mode is off

jset up screen print
5<CRSR UP>?

sno

3 TBLX

jtop line - do nothing

sback 4@ columns for double
lines

3PNTR

sfinish screen print
jset screen pointers
sfinish screen print



., eBac <9 12 cmp #$12
., eBde d@ B4  bne $eB54
., €850 a9 08 lda #$00
., e852 85 c7  sta $c7
., €858 c9 1d  cmp #$id
., e856 d@ 12 bne $eBba
., e858 98 tya

., e859 @ 89  beq $e864
., eBSb 20 al e8 jsr $eBal
., e8Se 88 dey

., e85 84 d3 sty $d3
., eBb1 4c aB e6 jmp $esad
., €864 20 @1 e7 jsr $e701
., eB67 4c aB eb imp $ebad
., eBba c9 13 cmp #$13
., eBbc dB @6  bne $e874
., eBbe 20 44 €5 jsr $eS44
., @871 4c aB eé imp $ebaB
., €874 @9 80  ora #$80
., @876 208 cb eB jsr $eScb
, 879 4c 4% ec jmp Secaf

59516 GO _TO NEXT LINE

5<RVS OFF>?
sno

5RVS - disable reverse print
3<CRSR LEFT>?
sno

scheck line decrement

SPNTR
;finish screen print
;back on to previous line
sfinish screen print
$<CLR>?

sno

jclear screen

s¥inish screen print

;set colour code
jset graphics/text mode

The cursor is placed at the start of the next logical screen
line. This involves moving down two lines for a linked
line. If this places the cursor below the bottom of the
screen, then the screen is scrolled.
., eB7c 46 c9 1sr $c9 5LXSP - cursor X-Y position
at start
.y e87e ab db 1dx $d6 5TBLX - current line number
., €880 e8 inx
., e881 €@ 19 cpx #319 326th line?
., €883 de @3 bne $eg88 sno - scroll is not needed
., eBB5 20 ea e8 jsr $eBea 3scroll screen
., e888 b5 d9 1da $d9,x 5LDTB1 - screen line link
table
., eBBa 10 4 bpl $e88@
., eBBc 86 db stx $dé 3 TBLX
., e8Be 4c 6c eS jmp $eSéc ;set screen pointers

59537 _OUTPUT <CARRIAGE RETURN>

a1l
at the start of the next line.

., e891 a2 20
., €893 86 d8

1dx #$00
stx $d8

the editor modes are switched off and the cursor

placed

3 INSRT - disable insert mode



., eB95 86 c7 stx $c7 3RVS - disable reverse field

print
., e897 86 d4 stx $d4 ;0TSW - disable quotes mode
., e899 66 d3 stx $d3 sPNTR — put cursor at 1st
column
., €89 20 7c eB jsr $ed7c 300 to next line
., 8% 4c a8 es jmp $ebad sfinish screen print

59553 CHECK LINE DECREMENT

When the cursor is at the beginning of a screen line, if it
is moved backwards, this routine places it at the end of the
line above.

eBal a2 @02 1ldx #$02
., eBal a9 @@  lda #+00
eBaS5 ¢S d3  cmp $d3 :PNTR - cursor column on
current line
., eBa7 @ 07  beq $e8b@® sstart of line
., eBay 18 cle
., eBaa 69 28 adc #$2: ;add 40 to column
., eBac ca dex
., eBad d@ f6  bne $eBaS
.y €9af 60 rts
., eBb0 cé dé& dec $dé 3TBLX - current line number
-y e8b2 60 rts

59571 CHECH

LINE INCREMENT

When the cursor is at the end of a screen line, if it is
moved forwards, this routine places it at the start of the
line below.

., eBbI aZ 02 1dx #$02

.y eBbS a9 27 1da #$2

., eBb7 ¢S d3  cmp $d3 sPNTR - cursor column on
current line

., e8by 8 @7 beq $e8c2

., eBbb 18 cle

., eBbc 69 28 adc #$28

., eBbe ca dex

., eBbf dB f6  bne $eBb7

., eBcl 60 rts

., eBc2 a6 dé 1dx $d6 5TBLX - current line number

., eBcd e@ 19 cpx #%19 3257

., eBct €0 02 beq $eBca sves

., eBc8 eb dé inc $d6 S TRLX

., eBca 60 rts



$9595 SET COLOUR CODE

This routine is called by the output to screen routine. The
ASCII code in (A) is compared with the ASCII colour codes
table. If a match is found, then the table offset (and hence
the colour value) is stored in COLOR

., eBcb  az OFf 1dx #30f

., eBcd dd da e8 cmp $eBda,x jcolour code table

., eBdB @ B4 beq se8dé sset colour code

., eBd2 ca dex

., =843 10 8 bpl $eBcd jtry next value in table

., e8d5 60 rts

., eBdé Be 86 B2 stx $8286 5COLOR - current character
colour

., eBd9 6@ rts

59618 COLOUR CODE TABLE

This is a table of 16 CBM ASCII codes representing the 16
available colours. Thus red is represented as #lc in the
table (in the third position) and would be obtained by FRINT
CHR$ (28) or POKE 646,2.

.:eBda 9@ @5 ic 94 9c le 1+ Se
eBeZ 81 95 96 97 98 99 Fa 9b

59626 SCROLL SCREEN

This routine scrolls the screen down by one line. If the
top two lines are linked together then the scroll down is
repeated. The screen line link pointers are updated, each
screen line is cleared and the line below is moved up into
it. The keyboard is directly read from CIA #1 by setting
the keyboard row in port A, and reading the column from port
E. If <CTRL> was pressed, then there is a 8.5 second delay

before the routine exits.

., eBea a5 ac lda $ac spush SAL - scrolling pointer
., eBec 48 pha

.y eBed a5 ad lda $ad

., eBef 48 pha

., eBf0 a5 ae lda $ae jpush EAL - end of program
., eBf2 48 pha

., e8f3 a5 af 1da $af

., e8¢5 48 pha

., eBf6 a2 4 1dx #$45

.y eBfB cb6 db dec $dé& 3TBLX - current line number
., eBfa c6 c9  dec $c9 ;LXSP - cursor X-Y position



10

c9

o1

9
c6

@2

e9

ec

e9

e9

dc
dc

dc

inx
jsr
cpx
bes
1da
sta
1da
jsr

jsr
1dx
lda

inc
inc
1da
sta
1da
cmp
php
1da
sta
plp
bne

$82a5

$e9¢0
#$18
%913
$ecfl,x
$ac
#da,x
$e9cB
seBff

at start
stemp for line index

sset start of line

smove a screen line
jclear a screen line

sLDTB1 - screen line link
table

sbottom line link
sunlink it

stop line link

jline is linked - scroll
again

5 TBLX

stemp for line index

;set keyboard decode row
jread keyboard decode column
5<CTRL>?

;store row in decode register

jkey was not pressed
;half second delay loop

send of delay loop
NDX - # characters in keyb'd
buffer
3TBLX



., e958 68 pla

., @959 85 af sta saf spull EAL
., e95b &8 pla

., e95c 85 ae sta sae

., e9%5e 68 pla

., e95¢ 85 ad sta sad 1pull SAL
., €961 68 pla

., 8962 85 ac sta sac

., e964 &0 rts

59749 OPEN A SPACE ON THE SCREEN

This routine opens up a space on the screen for use with
<INST>. If needed, the screen is then scrolled down,
otherwise the screen line is moved and cleared. Finally the
screen line link table is adjusted and updated.

., @965 a6 db 1dx $d6 sTBLX - current cursor line
number

., €967 e8 inx

., €968 bS5 d9 lda $d9,x 5LDTEL - screen line link
table

., e%6a 10 fb bpl $e967

., e96c Be a5 @2 stx $02a5 stemp line for index

., e96f e 18 cpx #$18 ;bottom of screen?

., 8971 0 e beq $e981 syes

., €973 9@ @c bcc $e981 jabove bottom line

., @975 20 ea eB jsr $eBea sscroll screen up

., €978 ae a5 @2 ldx $@2aS stemp line for index

-y €976 ca dex

., e97c cé d6  dec $dé 5 TELX

., e97e 4c da et jmp Seéda sadjust link table and end

., e981 aS ac 1da $ac spush SAL - scrolling pointer

., e983 48 pha

., €984 aS ad lda $ad

., e986 48 pha

., €987 a5 ae 1da $ae spush EAL - end of program

., e989 48 pha

., e9Ba a5 af 1da $af

., e98c 48 pha

., e98d a2 19 ldx #$19

., e98f ca dex

., €990 20 B e jsr $e9¢0 jset start of line

., @993 ec a5 @2 cpx $@2a5 stemp line for index

., €996 98 @e bce $efas

., €998 @ @c beq $e%aé

., e99a bd ef ec lda $ecef,x jscreen line address table

., e99d 85 ac sta $ac $SAL

., €994 bS d8 1da $d8g,x 5LDTEL



., e9al 20 cB e9 jsr $e9c8  jmove screen line

., e9a4 30 e9 bmi $e98f
., e9a6 20 ff e9 jsr $e9ff jclear screen line
.y €939 a2 17 1dx #$17
., e9ab ec aS @2 cpx $@2aS stemp line for index
.y e9se 90 Of bce $e9bf

bS da 1da $da,x sLDTB1
.y @92 29 7f and #$7¢

b4 d9 1dy $d9,x
., e9be 10 @2 bpl $eSba
., e98 @9 88 ora #$80
e9ba 95 da sta $da,x

., e%bc ca dex

.y e9bd dO ec bne $eYab

., e9bf ae a5 @2 ldx $@2a5 stemp line for index
., e9c2 2B da e6 jsr $ebda jadjust link table
., e9c5 4c 58 e9 jmp $e958 spull SAL and EAL

59848 MOVE A SCREEN LINE

This routine synchronises colour transfer, and then moves
the screen line pointed to vertically character by
character. The colour codes for each character are also
moved in the same way.

., e9%c8 29 83 and #$03

., e9ca ©d 88 02 ora $0288  ;HIBASE - top of screen page

, e9cd 85 ad  sta sad 3>8AL - screen scroll pointer

.y e9cf 20 eB e9 jsr se9ed ssynchronise colour transfer

., e9d2 a@ 27 1dy #$27 joffset for character on
screen line

., e9d4 b1 ac 1da ($ac),y ;move screen character

., e9d6 91 di sta ($d1),y

., e9d8 bl ae  1da ($ae),y jsmove character colour

., e9da 91 43 sta ($3),y

., e%dc 88 dey

., e9dd 10 ¥5  bpl $e9d4 jnext character on screen
line

., e9dé 6@ rts

59872 SYNCHRONISE COLOUR TRANSFER

This subroutine sets up a temporary pointer in EAL ($AE) to
the colour RAM address that corresponds to the temporary
screen address held in EAL ($AC).

., e9%e@ 20 24 ea jsr $eazd jsynchronise colour pointer
., e%e3 a5 ac lda $ac 3SAL - pointer for screen
scroll



85 ae sta sae SEAL

a5 ad 1da sad
29 83 and #$03
29 d8 ora #$d8
85 af sta saf
68 rts

59888 SET START OF LINE

On entry, (X) holds the line number. The low byte of the
address is set from the ROM table and the high byte derived
from the screen link and HIBASE.

., e9§@ bd @ ec lda ¥ecf@,x ;table of screen line lo

bytes

., e9f3 85 di sta $d1 5<PNT - current screen line
address

., e9f5 bS d9 1da $d9,x sLDTE1 - screen line link
table

., @967 29 @3 and #303

., e9¥9 @d 88 B2 ora 0288 SHIEASE - page for top of
screen

e9fc 85 d2 sta $d2 5 5PNT

., e9fe 60 rts
59983 CLEAR SCREEN LINE
The start of line is set and the screen line is cleared by

filling it with ASCII spaces. The corresponding line of
colour RAM is also cleared to the value held in $D@21.

., e94f ad 27 idy ##27

., a1l 20 @ e9 jsr $e9f0 jset start of line

., eaB4 20 24 ea jsr $ea2d ;synchronise colour pointer

., @ad7 a% 20 lda #320 3ASCII space

., a9 @91 di sta ($d1),y jstore character on screen

., eaBb 20 da e4 jsr sedda ;set character colour =
screen colour

., eale ea nop

., eadf 88 dey

., eald 10 5  bpl $ead?

., eal2 6@ rts

59923 _PRINT TO SCREEN

The colour pointer is synchronised, and the character in (A)
directly stored in screen RAM. The character colour in  (X)
is stored at the equivalent point in colour RAM.



eat3 a8 tay sput print character in (Y)
eald a? 02 lda #$02

., eal6 85 cd  sta $cd SELNCT - timer to toggle
cursor

., eal8 20 24 ea jsr $ea2d ssynchronise colour pointer

., ealb 98 tya jprint character back in (A)

., ealc a4 d3  1dy $d3 3PNTR - cursor column on line

., eate 91 di sta ($d1),y jstore character on screen

., e@a20 8a txa

., ®a2l 91 3 sta ($f3),y jstore character colour

., ea2d 60 rts

59940 _SYNCHRONISE COLOUR FOINTER

The pointer to the current byte of colour RAM is set to
equal the current screen line address (modified to take into
account the different start locations of the two areas of
RAM) .

., ea24 aS di 1da $d1 3PNT - current screen line
address

., ea26 85 §3 sta $£3 3USER - current colour RAM
location

., ea28 a5 d2 lda $d2

., ea2a 29 @3 and #$03

., ea2c B9 dg ora #+d8 smodify hi byte to point to
calour RAM

., eaZe B85 f4 sta $£4

eald o0 rts

$9953  MAIN IR@ ENTRY POINT

This routine services an IRQ request unless the vector CINV
($@314) is altered or the interrupt is masked by the SEI
instruction. The first function performed is to test the
<STOP> key and update the real-time clock. This routine can
be bypassed by advancing the IRQ vector by 3, resulting in
the <STOP> key being disabled. The next function updates
the cursor if BLNSW indicates that it is enabled. BLNCT is
decremented. If this timer has reached zero, then the
cursar is toggled. The final function of the service
routine is to read the keyboard. (A), (X) and (Y) registers
are restored on exit. See also $FF48.

<. ea3l 20 ea ff jsr $ifea SUDTIM - update reai-time
clock

-y ea34 a5 cc 1da $cc sBLNSW - cursor blink enable

., ea36 do 29 bne $easl scursor is off

., ea3@ c6 cd dec $cd $BUNCT - timer to toggle



cursor
., ea3a d@ 25 bne $eabl

., ea3c a9 14 1da #$14 jcursor timeout - reset timer

., eale 85 cd sta $cd

., ead@ a4 d3 1dy $d3 sPNTR - cursor column

., ead2 46 cf 1sr $cf $BLNON - flag last cursor
blink on/off

., eads ae 87 @2 ldx $0287 56DCOL ~ background colour
under cursor

., ead7 bl di 1da ($d1),y ;get screen character

., ead9 bO 11 bcs $eaSc

., eadb e6 cf inc $cf 3BLNON

., eadd 85 ce sta sce $BDBLN - character under
cursor

., eadf 20 24 ea jsr $ea2d ;synchronise colour pointer

., eaS52 bl 3 lda ($¢3),y ;get character colour

, eaS54 Bd 87 B2 sta $0287 36DCOL

., eaS7 ae 86 @2 ldx 8286 5COLOR - current character
colour code

., eaSa a% ce 1da sce s GDBELN

., eaSc 49 80 eor #380 stoggle cursor

., eaSe 20 ic ea jsr %ealc sprint to screen

, eabl a5 01 1da $01 ;R6516 - processor onboard

1/0 register
eab3 29 10 and #$10

., ea67 ad @@ 1dy #300
, ea69 84 cB sty $co 5CAS1 - tape motor interlock
., eatb aS @1 1da 3@1 $R6510

ea7l a5 c@ 1da $c@ 5CAS1

., ea75 as @1 1da s@1
., ea77 29 1f and #$14
., ea79 85 @1 sta $01
., ea7b 20 87 ea jsr $eaB7 jscan keyboard
., ea7e ad @d dc 1da $dc@d sclear CIA #1 I.C.K.
., eaBl &8 pla
., eaB2 a8 tay
eag3 68 pla
., eaB4 aa tax
., eaBs 68 pla
eaB6 40 rti

60839 SCNKEY: SCAN KEYBOARD

The KERNAL routine SCNKEY ($FF9F) jumps to this routine.
Firstly, SHFLAG is zeroed and the key image is set to 'no



key'. The keyboard is then scanned. The keyboard is set up
in an B by B matrix and is read by writing a zero to the
required row and reading the column in which a key was
pressed. Therefore a column reading of #FF indicates that
no key was pressed, #7F that a key in column 7 was pressed
and so on. A small debounce loop is included to allow the
key value to settle. A larger loop scans through each row
until a keypress is found. The key image is then passed to
the next section for decoding.

a9 @@  1lda #3500
8d 8d 02 sta $028d $SHFLAG - flag SHIFT/CTRL/CBM
ad 40 1dy #$40
84 cb sty $cb 3SFDX - print shifted

characters

., ea90 8d @0 dc sta $dc@@ jkeyboard write register
ae @1 dc ldx $dc@1 jkeyboard read register
el £+ cpx WEFF 3no key pressed?

0 61 beq seafb ;50 end
a8 tay
a9 81 1da #$81

., ea%d 85 5  sta $§5 ;KEYTAB - keyboard decode

table vector

., ea% a9 eb  lda #seb

., eaal 85 f6  sta $§6 jvector = $EB81

.y @aa3 a9 fe lda #$fe

., eaaS 8d @0 dc sta $dc@®  jwrite keyboard row
a2 @8 1dx #s08 jcounter to write B rows

., eaaa 48 pha

., eaab ad @1 dc lda $dc@1 jread keyboard column

., eaae cd @1 dc cmp $dc@l

. de 8 bne seaab jwait for value to settle
4a 1sr
b8 16  bcs seacc
48 pha

., eab7 bl £5  lda ($§5),y ;get value from decode table
€9 @5 cmp #$05

., eabb b@d @c  bcs $eacH

., eabd c9 @3  cmp #$03
, eabf 0 @8  beq seac
., eacl @d 8d @2 ora $@28d JSHFLAG
., eac4 8d 8d 02 sta $028d
., eac7 10 82  bpl $each

., eac9 B4 cb sty $cb
68 pla
c8 iny
c@ 41 cpy #$41
b@ @b bcs $eadc
ca dex




eadz
., eadsd
., eadS
eads
ead?
., eada
., eadc

d@ df
38
68
2a
ad 00
4@ cc
68

dc

bne
sec
pla
rol
sta
bne
pla

$eab3

$dcoe
$eaad

60125 PROCESS KEY IMAGE

The keypress

1ookup

tables.

is

skeyboard write register

decoded into an ASCII value by use of 4

image generated by

repeat

particular

buffer
occur if

., eadd

., eaed
eae2
eaed
eae5
eae?

eae9

eaeb

n
1
o
n

L)
- E-4-8-8-8-8- 8N
88888868~ +
a3 3IJIaa~+ra

20
o
Ay

section
key).
and its relevant pointers are updated. This does not
the buffer

If the key pressed is the same as the last

the previous interrupt, then the key

is entered (if repeats are enabled on that

The new key is stored in the keyboard

bc 8F 02 imp

a4 cb
b1l 5

c4 c5

02

@2

[

@2

o2

1dy
1da
tax
cpy
beq
1dy
sty
bne
and
bit

is already

($028¢)

scb
$5),y

$cs
S$eafd
#5190
$028c
$eb26

full.

jvector KEYLOG - points to
$EAED

3SFDX

jget value from decode table

JLSTX - current key pressed
;same key

SDELAY - repeat delay counter
JRPTFLG ~ repeat key flag
jrepeat all keys

srepeat none - end

5<DEL>?

;<space>?

5<CRSR RIGHT/LEFT>?

5<CRSR DOWN/UP>?

send
;DELAY

;KOUNT - repeat speed counter
send
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60281

8c
a4

10

es
bd
85
4c

KEYBOARD SELECT VECTORS

8b
cé6

cé
a9

.5
77

2

02
22

@2

@2

a2

-7}

[}

do

d8
eb

eb

sty
1dy

dey
bpl
1dy
sty
1dy
sty

cpx
beq
txa
1dx
cpx

sta

1da

eor
sta
smp
asl

cmp
bee
1da
tax
1da

sta
1da
sta
Jmp

$028b
$c6

$eba2
$cb
$cS
$028d
0280

#SFE
$eba2

$c6
0289

$eb42
$0277 ,x

$c6
wETH
$dcoo

$d018

#3502
$d018
$eb76

#s08
$ebbb
#5026

$eb79,x
$§5
$eb7a,x
$f6
Seacd

5KOUNT
sNDX - # keys in keyboard
queue

send

5 SFDX

5LSTX

;SHFLAG

SLSTSHF - last keyboard shift
pattern

sno key pressed

send

3NDX
3XMAX - size of keyboard
buffer

5KEYD - keyboard buffer queue
$NDX
;keyboard write register

3 SHFLAG

SLSTSHF
jsame - end

SMODE - shift key enable flag
jkeys enabled - process key
image

3VIC 11 memory control
register

stoggle character set

sprocess key image

skeyboard table select
vectors
sKEYTAB - decode table vector

jprocess key image



This is a table of vectors pointing to the start of the four
keyboard decode tables.

.:eb79 81 eb c2 eb @3 ec 78 ec
60289 KEYBOARD 1 — UNSHIFTED

This is the first of four keyboard decode tables. The ASCII
code for the key pressed is at the intersection of the row
(written to $DCO®) and column (read from $DCO1). The matrix
values are as shown:

.:eb81 14 @d 1d 88 85 B6 87 11
41 34 Sa 53 45 @1
44 36 43 46 54 58
47 38 42 48 55 56
4a 30 4d 4b 4f 4e
4c 2d 2e 3a 4@ 2c
3b 13 @1 3d Se 2f
@4 32 20 @2 51 03

READ FROM $DCO01

#FE #FD #FB #FT #EF #DF #8F #TF
#FE oEL | ReTuRN| GRSR [ F7 F1 F3 Fs | SEWR
#FD 3 w a 4 z s e S5
3| w8 5 [ d 6 c f t x
ol #F7 7 y g 8 b h u v
E HEF 9 i i [] m k o n
g oF + p | - @
#8F £ . B HOME '.3,'&’# = t /
#7F 1 - CTAL 2 | sPAcE | caMm q STOP




60354 __KEYBOARD 2 - SHIFTED

This is the second of four keyboard decode tables. The
ASCII code for the key pressed is at the intersection of the
row (written to $DC®@) and column (read from $DCO1). The

matrix values are as shown:

1ebc2 94 8d 9d Bc B89 Ba 8b 91
23 d7 c1 24 da d3 c5 01
25 d2 c4 26 c3 cé d4 d8
27 d9 c7 28 c2 cB dS dé
29 ¢9 ca 30 cd cb cf ce

21 5f 04 22 a® 02 d1 83

+#
READ FROM $DC{1
we | #F0 | #B | #F7 | #eF | #OF | seF | w7F
we | st | Return | GBRR | Fe F2 4 Fe | COR°
gl #D " w A s z s e | &
gl B % A o & c F T X
R w7 Y G ( B H u v
G ) I J 0 M K o N
#DF =B P L m > [ a <
wr | P 8 1 o | B9HT | - ™ ?
#7F ' « | om | seace | cem | a | mun |




68419 KEYBOARD 3 —~ COMMODORE

This is the third of four keyboard decode tables. The ASCII
code for the key pressed is at the intersection of the row
(written to $DC@®) and column (read from $DC@1). The matrix
values are as shown:

94 8d 9d 8c 89 Ba Bb 91
96 b3 bB 97 ad ae bl @1
98 b2 ac 99 bc bb a3 bd

29 a2 bS 3@ a7 al b9 aa
ab af b6 dc 3e Sb a4 3c
a8 df 5d 93 @1 3d de 3f

£
READ FROM SDCO1

#FE 4D we | e | wer | woF | wmr | e

#E | nsT |meTURN| OBSH | rs | F2 Fa Fo | 07 |

s D } PINK 5] 8 |orevi| (9 Al ERER
Q| B | GREYZ| ] FRE ] w m} 23]
g Bl O | Ojeres B D[8 B
w| e ) [ 8] o a| o - a
g #oF B [] [ &8 > i ] <
Twer | &= L] ] ctr | BIGHT ™ 2
r #TF ] ORANGE -— CTRL BROWN | SPACE CEM’ ‘ CE RUN

6@484 GRAPHICS / TEXT CONTROL

This routine is used to toggle between text and graphics
character sets, and to enable/disable the <shift-CBM> keys.
The routine is called by the main ‘output to screen’
routine, and (A) holds a CBM ASCII code on entry.

ecas c9 Ge  cmp Qe s<switch to lower case>?
., ecab d@ 07  bne $ec4f ;no

ec48 ad 18 d@ lda $d@18  ;VIC memory control register
., ecdb @5 02  ora #$02 ;set lower case character ROM
., ecadd d@ @9  bne $ecS8
-y ec4f c9 Be cmp #$8e ;<switch to upper case>?
«, ec51 d@ @b bne $ecSe ;no
., ec53 ad 18 d@ 1da $d018 3VIC memory control register



WRITE TO $DC00

29 d and #$fd jset upper case character ROM

4c a8 eb jmp $ebad sfinish screen print
c9 o8 cmp #308 5<disable <shift-CBM>>?
do o7 bne $ecs? sno

a% 80 1da #$80

@d 91 @2 ora $0291 $MODE - disable shift keys
30 89 bmi $ec72

c9 89 cmp #$09 j<enable <shift-CBM>>?

o ee bne $ecSb sno - finish screen print
av 7+ 1da #$7¢

2d 91 82 and $8291 3 MODE

8d 91 B2 sta $8291

4c a8 et jmp sebad sfinish screen print

60536 KEYBOARD 4 - CONTROL

This is the fourth of four keyboard decode tables. The
ASCII code for the key pressed is at the intersection of the
row (written to $DC@®) and column (read from $DCB1). The

matrix values are as shown:

L:1ecTB £f Ff £ £F £f £F £ £
-:1ecB80 lc 17 @1 9f la 13 @5 £
9c 12 @4 le @3 86 14 18
1 19 87 9e @2 08 15 16
12 89 Ba 92 @d @b OF Qe
ff 10 @c £ €f 1b @D ++
lc ff 10 #f f 1f le f
9@ 06 FF @5 £ £ 11 §F

£
READ FROM $DCO1
[ #FE #FB #FF #EF #DF #BF #TF ‘

et

[ #0 | me0 cvAN HOME N
#FB | PURPLE CTRL | GREEN | STOP
w7 [ swe | V] YELLOW | CBM | DISABLE [v]
wer | R | enssLe BY8  |retumn LOWER

| #DF E

[ see | meo i) [ BLUE | GREEN

[ v Jewec [ [ WHITE 55




60601 VIDEOD CHIP SET UP TABLE

This is a table of the initial values for the VIC II chip
1/0 registers.

2@ 00 00 00 00
20 00 00 00 ©0
20 00 00 28 @@
@0 00 00 00 0B
82 03 04 20 @1
25 06 07

68647 SHIF’

RUN_EQUIVALENT

This is the message LOAD <CR> RUN <CR> which is placed in
the keyboard buffer when <shift-RUN> is pressed.

ece7 4c 4f 41 44 @Od 52 55 4e
ecef @d

60656 LOW BYTE SCREEN LINE ADDRESSES

This is a table of the low bytes of screen line addresses.
The high byte of the address is obtained by derivation from
the page on which the screen starts. There was an
additional table of high byte addresses on fixed screen
model FETs.

.:ecf@ @0 28 50 78 a@ c8 0 18
.:eciB 40 68 98 b8 ed 08 30 58
.:ed0d 80 aB dO 8 20 48 70 98
edos c@

60681 _TALK: SEND 'TALK'/'LISTEN'

The KERNAL routines TALK ($FFB4) and LISTEN ($FFB1) are
vectored here. The routine sends the command ‘TALK' or
‘LISTEN' on the serial bus. On entry (A) must hold the
device number to which the command will be sent. The two
entry points differ only in that to TALK, (A) is ORed with
#48, and to LISTEN, (A) is ORed with #2@. The UNTALK (#3F)
and UNLISTEN (#5F) commands are also sent via this routine,
but their values are set on entry. If there is a character
waiting to go out on the bus, then this is output.
Handshaking is performed, and ATN (ATteNtion) is set low so
that the byte is interpreted as a command. The routine
drops through to the next one to output the byte on the
serial bus. Note that on conclusion, ATN must be set high.



., ed@9 @9 40  ora #$40 jset ‘TALK' flag

., eddb 2c B9 20 bit $2009 jmask - ORA #$20 - set
LISTEN' flag

., edle 20 a4 {@ jsr $fQad jcheck serial bus idle

., edll 48 pha

., ed12 24 94  bit $94 3C3P0 - character in serial
buffer?

., ed14 10 @a  bpl $ed20 ;no

., edi6 38 sec

., edl7 66 a3 ror %a3 jtemp data area

., ed19 20 40 ed jsr $eddd ssend data to serial bus

., edic 46 94 Isr $94 3C3F0

., edle 46 a3 1sr $a3

., ed20 68 pla

.y @d21 B85S 95 sta $95 3BSOUR - buffered character
for bus

., ed23 78 sei

., ed24 20 97 ee jsr $ee9’ jset data 1

., ed27 c9 3f cmp #$3f SUNTALK?

., ed29 d@ @3  bne $ed2e ino

., ed2b 20 85 ee jsr $eedS sset CLK 1

., edZe ad @0 dd )da $ddo@ jserial bus 1/0 port

., ed31 @9 @8  ora #3508 sclear ATN - prepare for
command

., ed33 8d @@ dd sta $ddo@

., ed36 78 sei

., ed37 20 8e ee jsr $eeBe ;set CLK @

.y ®d3a 20 97 ee jsr See97 jset data 1

., ed3d 20 b3 ee jsr $eeb3 sdelay 1 @S

68736 _SEND DATA ON SERIAL BUS

The byte of data to be output on the serial bus must have
been previously stored in the serial buffer, BSOUR. An
initial test is made for bus activity, and if none is
detected then ST is set to #8@, ie. ?DEVICE NOT PRESENT.
The byte is output by rotating it right and sending the
state of the carry flag. This is done B times until the
whole byte has been sent. The CIA timer is then set to 65
milliseconds and the bus is checked for ‘data accepted’. I+
timeout occurs before this happens then ST is set to #83, ie
Write Timeout.

., ed4® 78 sei

.y ed4l 20 97 ee jsr $ee97 jset data 1

., ed4d 28 a9 ee jsr $eead sget serial in and clock

., ed47 bB 64 bcs $edad 3no activity - device not
present

.y ed49 20 85 ee jsr $eeBS sset CLK 1
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., edac

ee

ee

dd
dd

ee

ee
ee

dd

dc

dc
dc

bit
bpl
jsr

isr
bcs
jsr
becc
Jsr
1da
sta
1da

bne

sta
1da

jsr
becs
cli

rts

68845 _FLAG ERRORS

stemp data area
jget serial in and clock
sget serial in and clock
jget serial in and clock
;set CLK @

SCNTDN - counter for O/F byte
sserial bus I1/0 port

swait for port to settle

sset timeout error
3BSOUR - character for serial
bus

swrite 1 to bus

sset data @

jset data 1
sset CLK 1

sserial bus 1/0 port
sset data 1
et CLK @

3CNTDN
joutput next bit in byte

;CIA timer A high byte

;set 1 shot & start timer
;CIA ICR

stimeout?
jyes
sget serial in and clock

(A) is loaded with one of two error flags, depending on the



entry point. #80 signifies the device was not present, and
#03 signifies a write timeout. The value is then set into
the 1/0 status word, ST. The routine exits by clearing ATN
and giving the final handshake.

., edad a9 80  1da #$80 ;lag ?DEVICE NOT PRESENT
., edaf 2c a9 @3 bit $83a9 jmask - flag write timeout
., edb2 20 ic fe jsr $felc ;set 1/0 status word

., edbS 58 cli

., edbs 18 cle

., edb7 98 4a  bcc $eedd ;do final handshake

60857 SECOND: SEND LISTEN SA

The KERNAL routine SECOND ($FF93) is vectored here. on
entry, (A) holds the secondary address. This is placed in
the serial buffer and sent to the serial bus ‘“under
attention". Finally the routine drops through to the next
routine to set ATN false.

., edb9 B85 95 sta $95 3BSOUT - character for serial
bus
., edbb 2@ 36 ed jsr $ed36 jhandshake and send byte

68862 CLEAR ATN

The ATN (ATteNtion) line on the serial bus is set to 1, ie.
ATN is now false and data sent on the bus will not be
interpreted as a command.

., edbe ad @2 dd 1da $dd@0 jserial bus 1/0 port
., edcl 29 §7 and #$£7 sset ATN 1

.y edc3 8d @@ dd sta $dd@@

., edce 6@ rts

68871 _TKSA: SEND TALK SA

The KERNAL routine TKSA ($FF96) is vectored here. On entry,
(A) holds the secondary address. This is placed in the
serial buffer and sent out to the serial bus ‘“under
attention". The routine drops through to the next routine
to wait for CLK and clear ATN.

., edc7 85 95  sta $95 $BSOUR - character for serial
bus

., edc9 20 36 ed jsr $ed36  ;handshake and send byte to
bus

60876 WAIT FOR CLOCK



This routine sets data = @, ATN = 1 and CLK = 1. It then
waits to receive CLK = @ from the serial bus.

., edcc 78 sei
., edcd 20 a@ ee jsr $eead  jset data @

., eddd 20 be ed jsr $edbe ;set ATN 1

., edd3 20 85 ee jsr $eedS jset CLK 1

., edd6 20 a9 ee jsr $eea9  jget serial in and clock
., ©dd9 30 fb bmi $eddé

., eddb S8 cli

., eddc 68 rts

68893 _CIOUT: SEND SERIAL DEFERRED

The KERNAL routine CIOUT ($FFAB) jumps to this routine.  If
there is a character awaiting output in the buffer, then it
is sent on the bus. The output flag, C3F0 is set (ie. bit 7
= 1) and the contents of (A) placed in the serial buffer.

., eddd 24 94  bit $94 5C3P0 - character in serial
buffer?

., eddf 30 @5  bmi sede6t sves

., edel 38 sec

.y ede2 66 94  ror $94 3C3P0 - set flag to send
character

., eded dB @5  bne $edeb

., ede6 48 pha

-, ede7 20 40 ed jsr $eddd jsend data to serial bus

., edea 68 pla

., edeb 85 95 sta $95 $BSOUR - buffered character
for bus

., eded 18 clc

., edee 60 rts

6@911 UNTLK: SEND 'UNTALK'/'UNLISTEN'

The KERNAL routines UNTALK ($FFAB) and UNLSTN ($FFAE) are
vectored here. CLK is set to @ and ATN set to 0. () is
loaded with #SF for 'UNTALK' and #3F for 'UNLISTEN'. The
command is then sent to the serial bus via the nd
TALK/LISTEN' routine. Finally ATN is set to 1, and after a
short delay, CLK and DATA are both set to 1.

-, edef 78 sei

-, edf® 20 8e ee jsr $eeBe jset CLK @

-, edf3 ad @2 dd lda $dd0@ jserial bus I1/0 port
., edf6 09 08 ora #s08 sset ATN @

., edf8 Bd @@ dd sta $dd@@



., edfb a? Sf 1da #8$5¢ 3flag UNTALK

., edfd 2c a9 3f bit $3fa? smask - LDA #$3F - flag
UNLISTEN

., ee@® 20 11 ed jsr $edll jsend command to serial bus

., ee@3 20 be ed jsr $edbe sclear ATN

., eet Ba txa

., ee@7 a2 Qa 1dx #$0a jdo delay

., eed9 ca dex

., eeBa d@ fd bne $eed?

., eedc aa tax

., ee@dd 20 85 ee jsr $eeBS jset CLK 1

.y eel@ 4c 97 ee jmp $ee7 jset data 1

60947 ACPTR: RECEIVE FROM SERIAL BUS

The KERNAL routine ACPTR ($FFAS) jumps to this routine. It
is essentially the reverse of the 'send data to serial bus’
routine. A timing loop is entered using the CIA timer, and
if a byte is not received within 65 milliseconds, ST is set
to #@2, ie. a read timeout. A test is made for EOI and if
this occurs, ST is set to #4@8, indicating end of file. The
byte is then received from the serial bus and built up bit
by bit in the temporary store, $A4. This is transferred to
(A) on exit, unless EOI has occurred.

., eet3 78 sei
., eeld a9 00  1da ¥$00

., eet6 B85 a5  sta $aS SCNTDN - counter

., eel8 20 85 ee jsr $eeBS jset CLK 1

., eelb 20 a9 ee jsr $eea?  jget serial in and clock
., eete 1@ fb  bpl $eeib swait for CLK =1

., ee20 a9 @1 lda #3$01

., ee22 8d 07 dc sta $dc@7 ;CIA timer B high byte
., ee25 a9 19  lda #$19

., ee27 8d 0f dc sta $dc@f jstart timer on 1 shot
., ee2a 20 97 ee jsr $ee97 jset data 1

., ee2d ad @d dc lda $dc@d 5CIA ICR

., ee3@ ad 0d dc lda $dc@d

., ee33 29 82  and #$02 stimeout?

., ee35 dd @7  bne Seele  jyes

., ee37 20 a9 ee jsr $eead jget serial in and clock
., ee3a 30 f4 bmi $ee3d 3CLK 1

., ee3c 1@ 18  bpl $eeS6 3CLK @

., eeSe a5 a5  1da $aS

., eedd @ @85  beq seed?

., eed2 a9 02  lda #$02 ;¥lag read timeout

., eed4 4c b2 ed jmp $edb2 ;set 1/0 status word

., eed7 20 a@ ee jsr $eea®  jset data 1

., eeda 20 B85S ee jsr tee8S ;set CLK 1
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., ee76
ee79
ee7b

., ee7d

., ee80
ee82
eed3

., eeB4

61061

as
s8
18
60

fe

dd

dd
dd

ee

ee

1da #$40 ;flag EOI

jsr sfelc jset 1/0 status word

inc $as ;CNTDN

bne $ee20

1da #$08

sta $a5 3CNTDN

lda $dd@®  ;serial bus 1/0 port

cmp $dd0R

bne $eeSa  jwait for bus to settle

asl

bpl seeSa jwait for data in =1

ror a4 stemp data area

lda $ddo@ jserial bus 1/0 port

cmp $dd0@

bne see67 swait for bus to settle

asl

bmi $eet? swait for data in = @

dec $aS 5CNTDN

bne seeSa

isr $eead sset data 1

bit $90 3STATUS - 1/0 status byte

bvc $ee8®  ;not EOI

jsr seedé ;handshake & exit without
byte

1da $as jtemp - holds received byte

cli

clc

rts

SERIAL CLOCK ON

This routine sets the clock out line on the serial bus to 1.
By convention,
value is reversed

ad @@ dd

29

ef

8d 00 dd

60

this means writing a @ to the port. This
by hardware on the bus.

1da $ddee jserial bus 1/0 register
and #sef sset CLK out = 1

sta $ddee

rts

61070 SERIAL CLOCK OFF

This routine sets the clock out line on the serial bus to @.
By convention,
value is reversed

., eeBe
.. ee9t

., ee93 8d @8 dd

this means writing a 1 to the port. This
by hardware on the bus.

1da $ddoe sserial port 1/0 register
ora #$10 jset CLK out = @
sta $ddee



., ee9 60 rts
61879 SERIAL OUTPUT 1
This routine sets the data out line on the serial bus to 1.

By convention, this means writing a @ to the port. This
value is reversed by hardware on the bus.

., ee97 ad @@ dd 1da $dd@@ sserial bus I/0 register
., ee9a 29 df and #$df sset data out = 1

., ee9c 8d @@ dd sta $dde@

., ee%% 68 rts

61088 SERIAL OUTPUT @

This routine sets the data out line on the serial bus to O.
By convention, this means writing a 1 to the port. This
value is reversed by hardware on the bus.

., eea® ad @2 dd lda $dde@ sserial bus 1/0 register
., eea3 @9 20 ora #3520 jset data out = @

., eea5 8d @@ dd sta $dde@

., eeaB 68 rts

61897 GET SERIAL DATA AND CLK IN

The serial port 1/0 register is stabilised and read. The
gata is shifted into carry and CLK into bit 7, thus the
state of both inputs can be determined by flags in the
status register. Note that the values read are true and do
not need to be reversed in the same way that the output
lines do.

., eea9 ad @@ dd 1da $dd@@ sserial port 1/0 register
., eeac cd @@ dd cmp $dde@

., eeaf do 8 bne $eead swait for value to settle
., eebl Qa asl jput data in C, and CLK in
bit 7

., eeb2 60 rts

61107 DELAY 1 MS.

This is a software delay loop where (X) is repeatedly
decremented for a period of 1 millisecond.

., eeb3 8a txa
., eebd a2 b8 1dx #$b8
., eebé ca dex

., eeb7 do fd bne $eebs



., eeb? aa tax
., eeba 60 rts

61115 RS-232 SEND

This routine is concerned with sending a byte on the RS-232
port. The data is actually written to the port under NMI
interrupt control (the CTS line generates an NMI when the
port is ready for the data). If all bits in the byte have
been sent, then a new RS-232 byte is set up. Otherwise, this
routine calculates parity and number of stop bits set up in
the OPEN command. These bits are added to the end of the
byte being sent.

eebb a5 b4 1da $b4 3BITTS - RS-232 out bit count
eebd 0 47 beq $ef@6 ;send new RS-232 byte
., eebf 3@ 3f bmi $ef0o
., eecl 46 bs 1sr $bé 3RODATA - RS-232 out byte
buffer
eec3 a2 0@ 1dx #3500
eecS 90 @1 bcc seec8
eec7 ca dex
eec8 8a txa
eec9 45 bd eor $bd sROPRTY - RS-232 out parity
eecb 85 bd sta sbd
., eecd cé b4 dec $b4 SBITTS
.y eecf 0 @6 beq $eed7
., eedl Ba txa
., eed2 29 @4 and #504
., eedd4 85 b5 sta $b5 SNXTBIT - next RS-232 bit to
send
., eed6 &0 rts
., eed7 a9 20 1da #520
., eed9 2c 94 @2 bit $0294 sMSICDR - 6551 command
register image
., eedc 0 14 beq $eef2 sno parity
., eede 38 1c bmi $eefc smark/space transmit
., eee® 70 14 bvs seefé seven parity
., eee2 a5 bd 1da $bd 3ROPRTY - out parity
., eee4 do @1 bne $eee7
., eeeb ca dex
., eee7 cé b4 dec $b4 5BITTS - out bit count
., eee9 ad 93 @2 lda $8293 3MSICTR - 6551 control
register image
., eeec 10 e3 bpl seed1 jone stop bit only
., eeee cb b4 dec $ba 3BITTS
., eef@ d@ df bne seed1
., eef2 eb ba inc $b4 3BITTS
-, eefd do @ bne seeet



., eef6
.y eef8

eefa
eefc
eefe
efop
ef02

., efoa

61198 SEND

Thi
new

s

ef06

efa9
efla
efdc
eff
efl1
ef13
ef1s
ef17
ef19

eflc
efle

ef21
ef24
ef26
ef28

ef2a
ef2d

ad

4a
90
2c
19
50
a9
85
a5
ae

a6
ac

2
b1
85

ee
60

NEW RS-232 BYTE

routine

In X line mode,

94

b4
9d

e

13

$9

9d

3ROPRTY

3BITTS

sets up the system variables ready to send a
byte to the RS-232 port.
line mode.

22

dd

2

@2

[

@2

1da

1sr
bec
bit
bpl
bve
1da
sta
sta
1dx

stx
1dy

cpy
1da
sta

inc
rts

$0294

$ba
$029d

$029e
$e§39
($£9) ,y
$b6

$029d

41238 NO DSR / CTS ERROR

3]
for

is

no CTS.

loaded with the error
This is then ORed

stored in RSSTAT.

ef2e
ef30
ef33

a9

a0

1da

#$40

2c a9 1@ bit $10a9
@d 97 82 ora $8297

A test is made for 3 line or X

DSR and CTS are checked.

;MSICDR ~ 6551 command
register image

jtest handshake mode

3 line mode (no handshake)
5RS-232 port

;no DSR - error

sno CTS - error

$ROPRTY - RS-232 out parity
$NXTBIT - next bit to send
3BITNUM - number of bits left
to send

SBITTS - RS-232 out bit count
5RODBS - start page of out
buffer

SRODBE - index to end if out
buffer

sdisable timer

3RS-232 out buffer

sRODATA - RS-232 out byte
buffer

;RODBS

flag - #48 for no DSR and #18
with the 6551 status image and

5¥lag no DSR
smask - flag no CTS
;RSSTAT - 6522 status
register image



., ef36 8d 97 02 sta $0297
61241 DISABLE TIMER

This routine sets the interrupt mask on CIA#2 timer B. It
also clears the NMI flag.

., ef39 a9 o1 1da #s01

., ef3b Bd @d dd sta $dded ;CIA interrupt control
register

., ef3e 4d al @2 eor $@2al JENABL - RS-232 enables

., ef41 09 B0  ora #s80

., ef43 8d al @2 sta $@2al $ENABL

., efd6 B8d @d dd sta $ddod 5CIA I.C.R.

., efa9 60 rts

61258 COMPUTE EIT COUNT

This routine computes the number of bits in the word to be
sent. The word length information is held in bits S & 6 of
M51CTR.  Bit 7 of this register indicates the number of stop
bits. On exit, the number of bits is held in (X).

., efda a2 @9 1dx #$09

., efdc a9 20 lda #$20
., efde 2c 93 02 bit $8293  ;MSICTR - 6551 control
register image

., efS1 @ 81  beq $efS4

., ef53 ca dex

., efS4 5@ 82  bvc $efS8

., efS6 ca dex

., efS57 ca dex

., ef58 60 rts

61273 RS-232 RECEIVE

This routine builds up the input byte from the RS-232 port
in RIDATA. Each bit is input from the port under NMI
interrupt control. The bit is placed in INBIT befoore being
passed to this routine, where it is shifted into the carry
flag and then rotated into RIDATA. The bit count is
decremented and parity updated.

., ef59 a6 a9  ldx $a9 SRINONE - check for start
bit?

., efSb d@ 33 bne $ef9d

., efSd cé aB  dec $aB $BITCL - RS-232 in bit count

., efSf @ 36 beq $ef97 jprocess received byte

., ef61 30 @d bmi $ef7@



., ef63 aS a7 1da $a7 5INBIT - RS-232 in bits

., ef6S5 45 ab  eor $ab SRIPRTY - RS-232 in parity

., ef67 85 ab  sta sab

., ef69 46 a7 1sr $a7 $INEIT - put input bit into
carry

., eféb 66 aa  ror $aa SRIDATA - RS-232 in byte
buffer

., efed 6@ rts

., efée cb a8  dec $aB 3BITCL

., ef70 a5 a7  lda $a7 5 INBIT

., ef72 0 67  beq Sefdb

., ef78 ad 93 02 lda $0293  ;MSICTR - 6551 control
register image

., ef77 @a asl

., ef78 a9 @1 1da #s01

., ef7a 65 a8  adc $a8

., ef7c do ef bne seféd

6131@  SET UP TO RECEIVE
This routine sets up the I.C.R. to wait for the receiver
edge, and flags this into ENABL. It then flags the check

for a start bit.

., ef7e a9 90 1da #$90

., ef80 B8d @d dd sta $ddad 5CIA 1.C.R.

., ef83 @d al @2 ora $@2al SENABL - RS-232 enables

., efB6 8d al @2 sta $@2ai

., ef89 85 a9 sta $a9 sRINONE - check for start bit
., efBb a9 @2 1da #$02

., ef8d 4c 3b ef jmp $eflb jdisable timer & end

61328 PROCESS RS-232 BYTE

The byte received from the RS-232 port is checked against
parity. This involves checking the input parity options
selected, and then verifying the parity bit calculated
against that input. If the test is passed, then the byte is
stored in the in-buffer. Otherwise an error is flagged into
RSSTAT.

., ef90 a5 a7  1da $a7 $INBIT - RS-232 in bits

., ef92 d@ ea  bne $ef7e  jset up to receive

., ef94 85 a7 sta $a9 SRINONE - check for start bit

., ef9% 60 rts

., ef97 ac 9b 02 ldy $029b $RIDBE - index to end of in
buffer

., ef9a c8 iny

., ef9 cc 9c 02 cpy $029c ;RIDBS - start page of in



buffer

ef9e 8 2a  beq $efca jreceive overflow error
efa@ Bc 9b @2 sty $829b ;RIDBE
efa3 88 dey
., efad a5 aa  1lda $aa ;RIDATA - RS-232 in byte
buffer
., efab ae 98 02 1dx $0298  ;BITNUM - number of bits left
to send
., efa? e@ @9  cpx #3509 ;#ull word to come?
., efab @ 84  beq Sefbly jyes
., efad 4a 1sr
., efae e8 inx
., efaf d@ 8  bne $efad
., efbl 91 §7  sta ($f7),y ;RIBUF - RS-232 in buffer

(store byte)
., efb3 a9 20 1da #$20

., efbS 2c 94 02 bit $0294  ;MSICDR - 6551 command
register image

., efb8 @ b4  beq Sefée  jparity disabled

., efba 3@ bl  bmi $eféd sparity check disabled - RTS

., efbc a5 a7  lda $a7 5INBIT - parity bit

., efbe 45 ab  eor $ab JRIPRTY - RS-232 in parity

., efc® 4@ @3  beq $efcS  jreceive parity error

., efc2 7@ a9  bvs seféd

., efc4 2c SO ab bit $a65@  ;mask - receive parity error

., efc7 a9 B1 lda #5091

., efc? 2c a9 B4 bit $84a9 smask - receive overflow

., efcc 2c a9 80 bit $80a9  j;mask - receive break

, efcé 2c a9 @2 bit $82a9  jmask - framing error

., efd2 @d 97 @2 ora $8297  ;RSSTAT - 6551 status

register image
., efdS 8d 97 02 sta $0297

., efdB 4c 7e ef jmp $ef7e  jset up to receive
., efdb a5 aa  1da $aa ;RIDATA

., efdd d@ f1  bne $efdd  ;framing error

., efdf @ ec  beq sefcd jreceive break

61409 SUBMIT TO RS-232

This routine is called when data is required from the RS-232
port. Its function is to perform the handshaking on the
port needed to receive the data. If 3 line mode is being
used, then no handshaking is implemented and the routine

., efel 85 9a  sta $9a $DFLTO - default output
device

., efe3 ad 94 02 lda $0294 ;MSICDR - 6551 command
register image

257



., efes 4a 1sr

., efe7 9@ 29 bce $§012 53 line RS-232 - no
handshaking

., efe9 a9 @2 1da #$02

., efeb 2c @1 dd bit $dd@1 5RS-232 1/0 port

., efee 10 1d bpl $f@ad 3no DSR - error

., effd da 20 bne $812

., eff2 ad ai @2 lda $@2al SENABL - RS-232 enables

-y eff5 29 02 and #5082
., eff7 dB 9 bne seff2
., eff9 2c @1 dd bit $dd@1 5RS-232 1/0 port
., effc 70 fb bvs $eff9 swait for no CTS
., effe ad @1 dd 1da $dd@1
.y fOO1 09 @2 ora #s02

., f083 8d ©1 dd sta $dde1 jset RTS (Request To Send)
., f006 2c @1 dd bit $dd@1

., f809 70 ©7 bvs $§812 ;€TS set

., §00b 30 9 bmi $006 swait for no DSR

61453 NO DSR ERROR

This routine sets the 6551 Status register image to #4@ when
a no DSR (Data Set Ready) error has occurred.

., ¥BBd a9 40 lda #$40

., fORf 8d 97 @2 sta $8297 jRSSTAT - 6551 status
register image

., 012 18 cle

., $013 &0 rts

61463 SEND TO RS-232 BUFFER

Note: The entry point to the routine is at $F@17, not $F@14.
The byte of data being held in PTRL is placed in the RS-232
out buffer. A test is then made to see if the port is in
transmit maode. If so then no further action is taken. If
not, the baud rate is set in the CIA timer and CTS is

., 814 20 28 @ jsr $§@28  jtest for transmit mode

., £017 ac 9e 82 ldy $@29e 5RODBE - index to RS-232 out
buffer

., fO0la B iny

., ¥81b cc 9d 02 cpy $029d 5RODBS - start page of output
buffer

-, fOle f0O f4 beq $f014

., 020 Bc 9e 02 sty $029e ;RODBE

., 023 88 dey

., 824 a5 9  lda $9e 3PTRI



., 026 91 §9 sta ($f9),y jstore character in buffer

., 028 ad al @2 1da $@2al SENABL - RS-232 enables
$02b  4a 1sr
02c b0 le bcs $§04c jtransmit mode on - end
f02e a9 10 1da #$10 jforce load timer A

., 030 Bd Qe dd sta $ddGe 3CIA control register A

., 033 ad 99 02 lda $0299 5<BAUDOF - RS-232 baud rate

., 836 8d B4 dd sta $ddO4 stimer A low

., $839 ad 9a @2 lda $029a 3 >BAUDOF

., f83c 80 @5 dd sta $dd@S stimer A high

., 03¢ a9 81 1da #$81

., 041 20 3b ef jsr seflb jset interrupt control

register

., £844 20 Q6 ef jsr $ef@db jsend RS-232

., 047 a9 11 1da #$11
849 8d @e dd sta $dd@e jforce timer out on RS-232

port (CTS)
., f0ac 60 rts

61517 INPUT FROM RS-232

The RS-232 port is prepared for input. The data is actually
input from the port via the NMI interrupt service routine
A test is made for 3 line/X line mode and full/half duplex.
In half duplex mode, the port is set to transmit data, and a
loop waits for the outgoing data to be cleared before
continuing. RTS is cleared and DTR waited for, before the
NMI control register is set up.

., f8ad 85 99  sta $99 JDFLTN - default input device
., f04f ad 94 02 l1da $0294 $MSICDR - 6551 command
register image
., f852 4a 1sr
., @53 90 28 bcc $407d 33 line mode - no handshaking
., f055 29 @8 and #$08 jtest duplex
., 857 4@ 24  beq $£07d ;full duplex
. a? 82 1da #$02
., f85b 2c @1 dd bit $ddoi ;RS-232 1/0 port
10 ad  bpl $f00d sno DSR - error
., f@60 @ 22  beq $£084
., ¥862 ad al @2 lda $02a1 JENABL - RS-232 enables
4a lsr
bd fa  bcs $4062  jsystem transmitting - wait
ad @1 dd lda $dd@i 3RS-232 1/0 port
29 ¢4 and #$fd jclear RTS (Request To Send)
8d @1 dd sta $dd@i
ad @1 dd 1da $dd@1 3RS-232 1/0 port
29 @4 and #$04
0 §9  beq $f@7@  jwait for DTR (Data Terminal




Ready)

., 077 a9 99 1da #$9@
£079 18 clc

., £@7a 4c 3b ef jmp $ef3b sset CIA interrupt control
register

., $87d ad al @2 lda $@2al ENABL

., 080 29 12 and #$12 stest for port
recieving/awaiting data

., f882 @ £3  beq $f@77 sneither

, feBa 18 cle

., 285 60 rts

61574 GET FROM RS-232

This routine returns a byte from the RS-232 in buffer. If
the buffer is empty, this state is flagged in RSSTAT and a
null byte returned.

., 086 ad 97 02 lda $0297 sRESTAT - 6551 status
register image

., 889 ac 9c 02 ldy $829c SRIDBS - start page of RS-232
in buffer

., ¥8Bc cc 9b 02 cpy $029b SRIDBE - index to end of in
buffer

., f88f @ @b  beq $f09c

., $891 29 £7  and #$§7 jclear break flag bit

., ¥893 8d 97 02 sta $0297 ;RSSTAT

-y 096 b1 7 lda ($f7),y jget character from in buffer

., 098 ee 9c @2 inc $@29c ;RIDBS

., f09% 60 rts

., f89c @9 88  ora #$08 ;¥lag receiver buffer empty

.y f@9e 8d 97 02 sta $0297 ;RSSTAT

., fBal a9 80  lda #3500

., f8a3 60 rts

61604 SERIAL BUS IDLE

This routine checks the RS-232 bus for data
transmission/reception.  The routine waits for any activity
on the bus to end before setting the I.C.R. The routine is
called by tape and serial bus routines, since these devices
use IRQ generated timing, and conflicts may occur if they
are all used at once.

., f0as 48 pha

., ¥8a5 ad at 02 1da $02a1 SENABL - RS-232 enables
., fRaB 0 11 beq $f@bb jbus not in use

., fBaa ad al 02 1da $02al SENABL

., ¥8ad 29 @3 and #$03 3RS-232



recieving/transmitting?

., f@af d@ f9  bne ¥fRaa syes - wait for port to clear
., f8b1 a9 10 1da #$10

., b3 Bd Od dd sta $dded 5CIA I.C.R.

., fOb6 a9 @8  1lda #$0Q

., f@b8 8d al 02 sta $@2al SENABL

., f0bb 68 pla

., fObc 60 rts

61629 TABLE OF KERNAL 1/0 MESSAGES

This is a table of messages used by the Kernal in
conjunction with its 1/0 routines. Bit 7 is set in the last
character in each message as a terminator.

@d 49 2f 4f 20 45 52 52 i/o err
4 52 20 a3 @d 53 45 41 or # sea
52 43 48 49 4e 47 a@ 46 rching
4f 52 a®@ @d 50 52 45 53 or pres
53 20 5@ 4c 41 59 20 4 s play o
4e 20 54 41 50 c5 S0 52 n tapepr
45 53 53 20 52 45 43 4f  ess reco
52 44 20 26 20 50 4c 41 rd & pla
59 2@ 4f 4e 20 54 41 58y on tap
c5 @d 4c 4f 41 44 49 4e e loadin
c7 ©d 53 41 56 49 4e 47 g saving
al Bd 56 45 52 49 46 59 verify
49 4e c7 @d 46 4f S5 4e  ing foun
44 a@ @d 4f 4b Bd 24 9d d ok

61739 PRINT MESSAGE IF DIRECT

This is a routine to output a message from the 1/0 messages
table starting at $F@BD. On entry, (Y) holds the offset to
control which message is printed.

., f12b 24 94  bit $9d $MSGFLG - direct/program
mode?

., $12d 10 @8 bpl $£13c ;program - don’t print
message

., £12f b9 bd @ lda $f@bd,y jget character from message
table

., $132 @8 php

.y £133 29 74 and #$7¢ jcleat bit 7

., £135 2@ d2 £ jsr $§§d2  ;CHROUT - output character

., £138 c8 iny

., £139 28 plp

., f13a 10 3 bpl $§12f jget next character in
message



., f13c 18 clc
., f13d 60 rts

61758 GETIN: GET A BYTE.

The KERNAL routine GETIN ($FFE4) is vectored to this

routine. It loads (gets) a character into fac#l from the
external device indicated by DFLTN. Thus, if device = @,
GET is from the keyboard buffer (assuming that it is not
empty) . 14 device = 2, BET is from the RS-232 port. 1€

neither of these devices then GET is further handled by the
INFUT routine following on from it.

., f13e a5 99  1da 99 SDFLTN - default input device

., 140 d@ @8  bne $f14a inot keyboard

., 182 a5 c6  1da $cé sNDX ~ no. chars. in keyboard
queue

., £184 f@ O  beq $§155 sbuffer is empty - end

., 146 7B sei

., 147 4c ba e5 jmp $eSb4  jget character from keyboard
buffer

., flaa c9 02 cmp #$02 3RS-2327

., f14c d@ 18  bne $§166  ;no - try next device

«y fl4e B4 97 sty $97 jtemp data area

., 150 20 86 f@ jsr $f@86  jget character from RS-232

., 153 a4 97 ldy %97 jtemp data area

., f155 18 cle

., f156 &0 rts

61783 CHRIN: INPUT A BYTE...

The KERNAL routine CHRIN ($FFCF)  is vectored to this
routine. It is similar in function to the BET routine
above, and also provides a continuation to that routine. I
the input device is @ or 3, ie keyboard or screen, then
input takes place from the screen. INFUT/GET from other
devices are performed by calls to the next routine. Two
bytes are input from the device so that end of file can be
set if necessary (ie. ST = #4@).

., 157 a5 99  1da $99 SDFLTN - default input device

., 159 d@ @b  bne $§166 ;not keyboard

., f15b a5 d3  lda $d3 $PNTR - cursor column on
screen

., 154 85 ca  sta $ca $5LXSP - cursor position at
start

., fI5f aS d&  1da $dé 3TBLX - cursor line number

., £161 85 c9  sta $c9 5<LXSP

., £163 4c 32 e6 jmp $e632 jinput from screen or



keyboard

.y §166 €9 @3 cmp #$03 jscreen?
., 168 do @9 bne $£173 sno - next device
., flba B85 d@  sta $d@ 3CRSW — flag INPUT/GET from
keyboard
., f16c a5 dS 1da $dS $LNMX - physical screen line
length
., flée 85 c8 sta $c8 5INDX - end of logical line
for INPUT
.y 178 4c 32 eb jmp $eb32 jinput from screen or
keyboard
., €173 b@ 38  bcs $flad
.y 175 C9 @2 cmp #3502 5RS-2327
£177 §@ 3¢ beq $1b8 jyes - get from RS-232 port
£179 86 97 stx $97 jtemp data area
., £17b 28 99 f1 jsr $§199 jget byte from tape/serial
bus
.y f17e b0 16 bcs $£196
., $180 48 pha
., £1B1 28 99 £1 jsr $§199 jget byte from tape/serial
bus
., €184 b0 @d bcs $£193
., $186 d0 @5 bne $f18d
€188 a9 4@ 1da #$40 sflag EOI
f18a 20 1c fe jsr sfelc jset 1/0 status word
., £18d c6 a6  dec $ab 3BUFPNT - tape 1/0 buffer
pointer
£18F a6 97 1dx $97 jtemp data area
£191 68 pla
£192 60 rts
£193 aa tax
£194 68 pla
£195 Ba txa
.y £196 a6 97 1dx $97 stemp data area
., 198 60 rts

61849 GET FROM TAPE/SERIAL/RS-232

This is effectively three separate routines in one, since
each device is dealt with separately. It is assumed that
the routine is entered from a previous routine in the
GET/INPUT chain at the start point for the relevant device
In the first section, the Cassette Read advances the buffer
pointer and loads another buffer of data if necessary. The
serial bus section checks the state of ST. If zero, then
the data is received from the bus, otherwise carriage return
(#@D) is returned in (A). In the third section, the byte is
read from the RS-232 port.



., £199 20 @d 8 jsr $f80d sbump tape pointer

., $19c do @b bne $f1a% sbuffer not full
f19e 20 41 £8 jsr $§841 jinitiate tape read
flal b@ 11 bes $§1ba send
f1a3 a9 0@ 1da #$00
f1a5 85 ab sta $ab 3BUFPNT - tape buffer pointer
fla7 40 0 beq $§199
f1a9 bl b2 1da ($b2),y ;TAPEl - read tape buffer
., flab 18 clc
flac 60 rts
., flad a5 90 1da $9@ 3STATUS - 1/0 status word
flaf 0 04 beq $£1b5 sstatus ok
£1b1 a9 @d 1da #s@d sreturn <CR> value
., £1b3 18 clc
1b4 60 rts
., $1b5 4c 13 ee jmp $eell sreceive from serial bus
£1b8 20 4e f1 jsr $flde sget from RS-232
f1bb b@® 7 bcs $£1b4 jend with Carry set
f1bd  c9 @8 cmp #$00
f1bf  dO §2 bne $f1b3 jend with Carry clear
flct  ad 97 @2 lda $0297 3RSSTAT -~ 4551 status

register image

., flcd 29 68 and #8560
., fic6 OB e9  bne $f1bl jreturn with <CR>
., f1c8 0 ee  beq $f1b8  jget from RS-232

61898 CHROUT: OUTPUT ONE CHARACTER

The KERNAL routine CHROUT ($FFD2) is vectored to this
routine. On entry, (A) must hold the character to be
output. The default output device number is examined and
output directed to the relevant device. The screen, serial
bus and RS-232 all use previously described routines for
their output. Tape writes the byte to the cassette buffer,
only sending the buffer contents out to the cassette port
when the buffer is full.

flca 48 pha
ficb a5 9a  lda $9a ;DFLTO - default output
device
., flcd c9 @3 cmp #303 jscreen?
ficf d@ 84  bne $41d5 ;no
., f1d1 68 pla
£1d2 4c 16 e7 jmp se716 joutput to screen
., 1d5 9@ @4  bcc $fidb sdevice <3
£1d7 68 pla
., £1d8 4c dd ed jmp Seddd ;send serial deferred
., $1db  4a 1sr
.y fldc 68 pla



., f1dd 85 9e sta $9e 3PTR1

., f1d¢ Ba txa
., fled 48 pha

., flet 98 tya

., flez 48 pha

., £1e3 98 23 bcc $§208 ;RS-232

., fleS 20 @d 8 jsr $f80d sbump tape pointer

uffer not full
nitiate tape write

fleB8 dO Ve bne $£1f8
., flea 20 64 £8 jsr $§864
fled b Qe bcs $f1fd
., flef a9 02 lda #$02
., £1§1 a0 00 1dy #$00
., F163 91 b2 sta ($b2),y

., 145 c8 iny

., 166 B4 a6 sty sab 3BUFPNT - pointer to tape
buffer

., £1§8 a5 9e 1da $9e sPTRL

., flfa 91 bz sta ($b2),y ;TAFE1 - write byte to tape
buffer

., flfc 18 cle

., f1fd 68 pla

., f1fe a8 tay

. fLE6 68 pla

., 200 aa tax

., 201 a5 9e 1da $9e $PTR1

., 203 90 @2  bcc $£207

., £205 a3 00 1da #$00

.y f207 60 rts

, $208 20 17 @ jsr $£017 ;send to RS-232

., £20b Ac fc 1 jmp $f1fc jend output

61966 CHKIN: SET INPUT DEVICE

The KERNAL routine CHKIN ($FFC6) is vectored to this

routine. On entry, (X) must hold the logical file number.

A test is made to see if the file is open, or ?FILE NOT

OFEN. 1 the file is not an input file then ?7NOT INPUT

FILE. 14 the device is on the serial bus then it is

commanded to TALK and the secondary address is sent. ST is
then checked and if non-zero, then ?DEVICE NOT PRESENT.
Finally, the device number is stored in DFLTN.

.. f20e 20 Of £3 jsr $£30F ;4ind file number
.. #211 @ @3 beq $£216
.4 £213 4c 01 £7 jmp $£701 31/0 error #3 - file not open
.. £216 20 1 £3 jsr $£314 jset file values
$219 aS ba l1da $ba 3FA - current device number
£21b 40 16 beq $§233 i keyboard
., $21d €9 @3 cmp #$03 sscreen?



. f214

62032 CHKOU

The
routine.

221
$223
225
227
$22a

$22c
f22e
230

4233
€235
236
237
238
#23b
#23d
$23F
242
245
4248
249
$24b
$24d

KERNAL

0

£7

ed

ed
42
ed

tax
isr
lda
bpl
3sr
jmp
jsr
txa
bit
bpl
smp

#$60

$£70a

$99

$eddy

$£245
$edcc
$248
sedc7

$£233
$£707

sves
iserial bus device
3RS-2327

ino

sinput from RS-232

3SA - current secondary
address

31/0 error #6 - not output
file
;DFLTN - default input device

jsend TALK to serial device
3SA

ssend SA

swait for clock

jsend talk secondary address

3STATUS - 1/0 status word
jstore default input device
51/0 error #5 - device not
present

SET_OUTPUT DEVICE

routine
On entry,

CHKOUT

($FFC9) is vectored to this

(X) must hold the logical file number.
A test is made to see if the file is open, or ?FILE NOT OPEN

file

device is @ (ie. the keyboard), or the file
then ?NOT OUTPUT FILE error is
1f the device is on the serial bus then it is

to LISTEN and the secondary address is sent. ST
checked and if non-zero, then ?DEVICE NOT PRESENT

error. If the
is not an output
generated.
commanded
is then
error. Finally,
£250 20 OF 3 jsr
£253 0 03 beq
., 255 4c @1 €7 Smp
., £258 20 1§ £3 jsr
., $25b a5 ba  1da
., £25¢ d0 @3  bne
.y £25¢f 4c ©d £7 jmp
.y $262 €9 03 cop
.y £264 0 OF beq

$£30F
$£258
$£701
$£314
$ba

$£262
$£70d

#$03
$£275

the device number is stored in DFLTO.

s¥ind file number

51/0 error #3 - file not open
;set file values
jFA - current device number

31/0 error #7 - not output
file
sscreen?



., $266 b0 11 bzs $§279 jserial bus device

., 268 c9 02 cmp #$02 3RS-2327
., f26a do @3 bne $§26f 3no
., f26c 4c el ef jmp sefel jsubmit to RS-232
., #26f ab b9 1dx $b9 5SA - current secondary
address
ed 60 cpx #$60
0 ea beq $§25f snot output file error
85 9a sta $9a 3DFLTO - default output
device
18 clc
60 rts
aa tax
20 Oc ed jsr seddc jsend LISTEN to serial device
as by 1da %b9 3SA
10 05 bpl $§286 ssend SA
20 be ed jsr $edbe jclear ATN
a0 83 bne $£289
., 286 20 b9 ed jsr $edb9 jsend listen secondary
address
., 4289 8a txa
., 28a 24 90 bit $9@ 3STATUS - 1/0 status word
.. $28c 10 e7 bpl $£275 jset output device
., f28e 4c @7 £7 jmp $§707 31/0 error #5 - device not
present

62097 CLOSE: CLOSE FILE

The KERNAL routine CLUSE ($FFC3) is vectored here. The file
parameters are fetched, and if not found, the routine exits
without action. The device number associated with the file
is checked. If it is RS-232, then the RS-232 port is reset.

1 cassette, then a zero byte is written to the tap and
if desired, the optional End-Df-Tape header can be written.
1f it is a serial device (>3), then the device is UNTALKed
or UNLISTENed. Finally, for all devices, the number of open
logical +4iles is decremented and the table of active file
numbers updated.

., $291 20 14 £3 jsr $£314 3¥ind logical file

294 0 02 beq $§298

296 18 clc ;file not found

297 60 rts

298 20 1f 3 jsr $£31F sset file values

£29b 8a txa

f29c 48 pha

$29d a5 ba 1da $ba 3FA - current device number
., §29¢ 40 50 beq $§2f1 jkeyboard - update file table
.y f2al c9 @3 cmp #$03 jscreen?



$2a3
$2a5
$2a7
$2a9
£2ab
f2ac
f2af
$2b2

205

$2b7
$2b9
f2ba

#2bc
$2be
42bf
$2c1
$2c3
$2c5
$2c8

$2ca
$2cc
$2ce
$2d1
$2d3
+2d4
$2d7
$2da
$2dc
$2dd
£2d¢
$2e0
f2ze2
$2e4
$2e6
$2e8
f2eb
f2ee
241
262
$2§3
£2¢5
247
£2¢9
€2¢b

2
83
27

$2
4
fe

4

1
8

7
€2
f6

22

beq
becs
cmp

pla
sr
jsr
s

1da

iny
1da

beq
iny
1da
sta
sta
imp
1da

dec

1da

$2ba

$fa

$620f

#3500
8
$fa
$§479
b9

#s0¢
$62f1
$£7d0
#$00

$£1dd
$£864
$£2e0

#$00

862
$£261
#505
$§76a
$£2F1
$§642

jyes - update file table
;serial bus

§RS-2327

ino

jdecrement file table
jread top of memory into
X/Y)

3 >RIBUF - RS-232 input buffer
pointer

5 >ROBUF - RS-232 output
buffer pointer

jzero RIBUF
szero ROBUF

3SA - current secondary
address

lecrement file table
jget tape buffer address

soutput zero byte to tape
jinitiate tape write

38A

jdecrement file table
lag end-of-file
jwrite tape header
jadjust file table
3UNTALK/UNLISTEN device

3LDTND - number of open files

;LDTND
5LAT - table of active file
numbers



., f2fe 94 59 B2 sta $8259,x ;update table
€301 b9 63 @2 1da $8263,y

., £304 9d 63 B2 sta $B263,x

.. £387 b9 &d 02 1da $026d,y

., £30a 9d &d @2 sta $@26d,x

£30d 18 cle

f30e 60 rts

62223 FIND FILE

On entry, (X) must hold the logical file number to be found.
The table of file numbers is searched, and if the file is
found, the Z flag is set and (X) provides the offset to the
position of the file in the table. Conversely, if the file
number is not found, Z=0.

., £38f a9 00 1da #500

., £311 85 90 sta $99 3STATUS - 1/0 status word

., £313 Ba txa

., 314 ab 98 1dx $98 5LDTND - number of open files
., £316 ca dex

.. #317 3015 bmi $f32e send of table - RTS

., 319 dd 59 82 cmp $@259,x ;LAT - table of logical files
-y £31c do 8 bne $f316 3no - try next file in table
., f3le 60 rts

62239 SET FILE VALUES

This routine sets the current logical file number, device
number and secondary address from the file parameter tables.
Gn entry, (X) must hold the offset to the position of the
file in the table.

.y £31f bd 59 82 1da $8259,x ;LAT - table of active
logical files

., £322 85 bE sta $b8 5LA - current logical file
number

., £324 bd 63 @2 1da $8263,x ;FAT - table of device
numbers

-, 327 85 ba sta $ba sLA - current device number

., #329 bd &6d @2 1da $826d,x ;SAT — table of secondary
addresses

., £32c 85 b9 sta b9 $SA - current secondary
address

., £32e 60 rts

62255 CLALL: ABORT ALL FILES

Yhe KERNAL routine CLALL ($FFE7) is vectored here. The



number of open files is set to zero and the next routine
performed.

., £32¢ a9 @@ 1da #s00
., 331 85 98 sta $98 3LDTND - number of open files

62259 CLRCHN: RESTORE DEFAULT 1/0

The KERNAL routine CLRCHN ($FFCC) is vectored here. The
default output device is UNLISTENED if it is on the serial
bus, and then the device is set to screen. The default

input device is UNTALKED if it is on the serial bus, and
then set to keyboard.

., 333 az @3 1dx #$03

., £335 e4 9a cpx $9a 3DFLTO - default output
device

., £337 bo 03 bcs $£33c

-, 339 20 fe ed jsr $edfe jsend UNLISTEN to serial bus

., £33c ed4 99 cpx $99 3DFLTN - default input device

-, 33e b@ @3 bcs $£343

., £330 20 ef ed jsr Sedef 3jsend UNTALK to serial bus

., 343 B6 9a stx $9a ;DFLTO

-, 345 a9 @@ 1da #$00

., 347 85 99 sta $99 5DFLTN

-, 349 60 rts

62282 OPEN: OPEN FILE

The KERNAL routine OPEN ($FFC®) is vectored here. It is
assumed that the file parameters are already set on entry.
The table of logical file numbers is searched in case a file
already exists, in which case 1/0 error #2 - ?FILE OPEN is
generated. 14 there are more than 1@ logical files open
then 1/0 error #1 - ?T00 MANY FILES is generated. The file
parameters are set into their respective tables, and then
the device number is checked. Keyboard and screen exit here
with no further action. RS-232 is opened via a separate
routine. Secondary address and file name are sent to the
serial bus. If the secondary address for tape is @, then it
is aread file. The 'PRESS FLAY...' message is printed and
the next header (or a specified header if a file name is
given) is searched for. 1/0 error #4 if the file is not
found. 1f the secondary address is 1 or 2, then it is a
write file and the tape header is written.

., 34a a6 b8 1dx $b8 5LA - current logical file
number
., £34c do @3 bne $£351



., ¥34e 4c Qa £7 jmp $§70a 51/0 error #6 - not input

file
., £351 20 Bf §3 jsr $430F jfind file
., 354 dB @3  bne $¢359
., 356 4c fe €6 jmp $fbfe ;1/0 error #2 - file exists
., £359 a6 98 ldx $98 JLDTND - number of open files
., ¥35b €@ @a  cpx #3Qa
., ¥35d 90 @3  bcc $§362  jless than 10
., £35¢ 4c fb f6 jmp $£6fb 31/0 error #1 - too many
files
., ¥362 eb 98 inc $98 5LDTND
., £364 a5 b8  1da $b8 LA
., £366 9d 59 02 sta $0259,x ;LAT - table of active file
numbers
., £369 a5 b9  1da %b% 38A - current secondary
address
., £36b @9 68 ora W$eR
., f36d 85 b9  sta $b9 =
., £36f 9d 6d @2 sta $826d,x §SAT - table of secondary
addresses
., 372 a5 ba  lda sba jFA - current device number
., 374 9d 63 02 sta $0263,x ;FAT - table of device
numbers
€@ Sa  beq $f3d3  jkeyboard - end
€9 83 cmp #s03 jscreen?
4@ 56  beq $£3d3 syes - end
99 @5  bcc $£384  jnot serial bus
20 d5 3 jsr $£3dS jsend SA
90 4¢  bcc $§3d3  jend
€9 82  cmp #s92 3RE-2327
d0 83 bne $§36b ino
4c 09 4 jmp $£409 jopen RS-232 file
20 d@ f7 jsr $§7d0  jget tape buffer address
b® 83  bcs $£393
ac 13 £7 jmp $£713  ;1/0 error #9 - illegal
device number
a5 b9 lda $b9 35A
29 of and #$0F
d0 1f  bne $f3b8  jwrite file
20 17 8 jsr $§817 jprint "PRESS PLAY..."
message
b@ 36  bcs $£3d4 3RTS
20 af 5 jsr $fSaf sprint "SEARCHING" message
a5 b7  1lda $b7 JFNLEN - length of current

file name
., £3a3 f0 Qa beq $¢3af
20 ea §7 jsr $f7ea 3f¥ind specific tape header
90 18 bec $§3c2
., f3aa f0 28 beq $§3d4 3RTS




., £3ac  4c @4 7 jmp $§704 51/0 error #4 - file not

found

., £3af 20 2c £7 jsr $$72c ;#ind any tape header

., f3b2 f@ 2@ beq $£3d4 3RTS

.y ¥3b4 90 @c bce $£3c2

.. ¥3b6 bB £4  bcs $f3ac 51/0 error #4 - file not
found

., ¥3b8 20 38 8 jsr $£838 jprint “PRESS RECORD..."
message

., £3bb b@ 17  bcs $43d4 3RTS

.y ¥3bd a9 04 lda #s04

., £3bf 20 ba £7 jsr $€76a jwrite tape header

., f3c2 a9 bf lda #s$bf

., £3c4 a4 b9 1ldy $b9 ;sA

., f3c6 c@ 60 cpy #3460

., f3c8 {0 Q@7 beq $§£3d1

., 3ca a0 @0 1ldy #$00

., #3cc a9 @2 lda #$02

., f3ce 91 b2  sta (sb2),y ;TAPEL - tape buffer

., f3d0 98 tya

., f3d1 8BS a6 sta $a6 3BUFPNT - pointer to tape
buffer

., $303 18 clc

., ¥3d4 6B rts

62421 SEND_SA

This routine exits if there is no secondary address or file
name given. The 1/0 status word, ST is reset, and the
serial device commanded to LISTEN. A check is made for a
possible 7?DEVICE NOT PRESENT error. Finally, the file name
is sent to the device.

., 3d5 a5 b9 1da $b9 384 - current secondary
address

., £3d7 30 fa  bmi $§3d3 3RTS

., £3d9 a4 b7 1dy $b7 SFNLEN - length of current
file name

., £f3db B f& beq $£3d3 ;RTS

., f3dd a9 B0 1da #$00

., §3df 85 90 sta $90 STATUS - 1/0 status word

., 381 a5 ba  1da $ha ;FA - current device number

., f3e3 28 @c ed jsr $eddc ssend LISTEN to serial bus

., £3e6 a5 b9 1da $b9 ;A

.y f3eB 09 0 ora #$f0

., f3ea 2@ b9 ed jsr $edb9 ;send LISTEN SA

., f3ed a5 99  1da $9@ ;STATUS

.. f3ef 10 05 bpl $§3f6

., £3F1 &8 pla



.y $362
oy $3§3
., £3f6
., €348
., $3fa
., £3fc

f3fe
-, fa01
., f402
.. $404
., f406
62473 __OP!

EN

The RS-232

interrupt
bit coun

timing tables.

232.

., 409
., f4@c

., fa0f
., fa11
., £413
.y £415
£418
£419

., f41b
., fa1d
£420
., £423

£426
£428
+42a
., f42b
£42c
£42f
., £431
.y 434
€437
., £43a

t

pla
@7 €7 jmp $§707 51/0 error 45 - device not
present
b7 1da $b7 3FNLEN
ac beq $£406 3
L) 1dy #s00
bb 1da ($bb),y ;FNADR - pointer to file name
dd ed jsr $eddd ;send serial deferred
iny
sb7 SFNLEN
$§36c jsend next character in name
$4654 ;
port is set to its start values, setting the
mask and data direction register on the CIA. The

is computed and the bit time is set up from the
Note that a different table is used for PAL
and NSTC models because of the difference in the clock cycle
time (0.98 MHz PAL compared to 1.2 MHz NTSC). Finally the
input and output buffers are initialised. See section on RS-

83

42
4a
98
93

1c

a6

c1
@
40
eb

4
02

@2

ef
02
22

02

fe
fe
4
e4

jsr
sty

cpy

1da
sta
iny
cpy

jsr
stx
1da

beq
asl
tax
1da
bne
1dy
1da
jmp
1dy

$£483
$0297

$b7
$fa1d
($bb) ,y
$0293,y

#$04

sfa0f
sefda
40298
$08293

#$0F
$£446

$02a6
$£43a
$fecl,x
$fecd,x
$£440
sedeb,x

jset RS-232 1/0 port defaults
JRSSTAT - 6551 status
register image

SFNLEN - length of file name

SFNADR - get file name
jset 6551 register images

smax 4 characters in
‘filename’

scompute bit count

SBITNUM - # bits left to send
sMSICTR - 6551 control
register image

;test baud rate given

juser rate specified

3PAL/NTSC flag
3PAL
5RS-232 timing table — NTSC

jset up BPS time from table
3RS-232 timing table - PAL



., f43d
.y fa4e

£443
f446
£449
f44a
f44d

., f450

£457
459
+45¢c

$45¢

-
Y
S
N

-y £49d

ea
96

95
a5

2e
94

o1

ea
02

22
22

$F
02

dd

0
22

fe

fe

dd

dd
dd

dd

22

1da
sty

sta
1da
asl

jsr
1da

1da
sta
sta
1da
ora

I}
"
Y

1dy
sty
rts

sedea.x
$0296

$0295
$0295

$i4ze
$0294

$£45c
$dde1

$£45c
$£00d
$029b

$029¢c
$829e
$029d
$fez7
$£8
$£474
$48
$£7

$fa
$£47d

3M51AJB - non standard BPS
time

jset baud rate
3MSICDR - 6551 command
register image

3RS-232 1/0 port

ino DSR error
JRIDBE - index to end of in
buffer

SRIDBS - start page of in
buffer

;RODBE - index to end of out
buffer

JRODBS - start page of out
buffer

jread top of memory

3>RIBUF - in buffer pointer

$RIBUF

3 >ROBUF - out buffer pointer

5 <ROBUF

jset top of memory
jwrite interrupt mask to
3CIA I.C.R.

jdata direction register B
jset DSR & RTS

3RS-232 data out port

SENABL - RS-232 enables



62622 _LOAD: LOAD RAM

The KERNAL routine LOAD ($FFDS) is vectored here 1 a
relocated load is desired (eg. as for LOAD "FRED",8) then
the start address is set in MEMUSS. The 1/0 status word, ST
is reset and the device number is tested. If @ or 3 (ie.
keyboard or screen), then ?ILLEGAL DEVICE NUMBER error.

., f49e 86 c3 stx $c3 $MEMUSS - relocated load addr
., ¥4a0 84 c4 sty $c4
., 422 6c 30 @3 jmp ($033@) ;vector ILOAD-points to $F4AS

., 4a5 85 93 sta $93 JVERCK - load/verify flag

., f4a7 a9 @8  1da #s00

., £4a9 85 98  sta $90 ;STATUS - 1/0 status word

., f4ab as ba 1da $ba 3FA - current device number

., f4ad d@ @3  bne $f4b2

., f4af 4c 13 £7 jmp $£713 31/0 error #9 - illegal
device number

., £4b2 C9 @3 cmp #$@3 sscreen?

., £4b4 @ £9  beq $fdaf jves - illegal device

., f4b6 9@ 7b beec $£533 ;load from tape

62648 LOAD FROM SERIAL BUS

A filename is assumed by the routine, and if not present,
?MISSING FILENAME is output. The message “SEARCHING" is
printed and the filename sent with the TALK command and
secondary address to the serial bus. If EOI occurs at this
point, then ?FILE NOT FOUND. The message "LOADING" or
"VERIFYING" is output and a loop entered, which receives a
byte from the serial bus, checks the <STOP> key and either
stores it in memory or compares it with memory, depending on
the state of VERCK. Finally the bus is UNTALKed.

., $4b8 a4 b7  ldy $b7 SFNLEN - length of filename

.y f4ba do O3 bne $fabf

., fAbc 4c 10 §7 jmp $§718  ;1/0 error #8 - missing
filename

-y fabf a6 b9 1dx $b9 3SA - current secondary
address

.y fAct 20 af #5 jsr $fSaf sprint "SEARCHING"

., f4ca a9 6@ 1da #$60

., f4c6 85 b9  sta $b9 =D

., f4cB 20 d5 £3 jsr $£3dS ;send SA & filename

., facb a5 ba  1da $ba 5FA - current device number

., f4cd 20 89 ed jsr $edd9 ;send TALK to serial bus

., £4d0 a5 b9  lda $b9 35A

., $4d2 20 c7 ed jsr $edc? ssend TALK SA

., £4d5 20 13 ee jsr $eelS  jreceive from serial bus



f4dg
f4da
f4dc
$4dd
f4de
£4e0
f4e3
f4e5
fae6
$4e8

£4ea

85
as
4a

b@
20
a5

de
as

1c

ee

45

$F

f6
ee

fe

ae

ed
6

sta
1da
1sr
1sr
bes
jsr
sta

bne
1da

sta
1da
sta
isr
1da

sta
jsr

jsr

inc
bne
inc
bit

jsr
isr
bec
Jmp

$£443

$93
#651c
#$00
($ae),y
$fSle
#$10
sfelc
$ael

;<EAL - load address
$STATUS ~ 1/0 status word

3EOI set — file not found
sreceive from serial bus
3 >EAL

sMEMUSS - relocated load
address
SEAL

sprint “LOADING/VERIFYING"

$STATUS

3STOP - scan stop key
snot pressed

jreceive from serial bus

$STATUS

JEOI set

3VERCK
;load - store byte

scompare with byte of RAM

sflag mismatch

jset status byte

smask - STA ($AE),Y - store
byte in RAM

SEAL - next address

5 >EAL

;STATUS

sget next byte

;send UNTALK to serial bus

send
51/0 error #4 - file not
$ound



62771 _LOAD FROM_TAPE

A test is made for load from RS-232, which generates
?ILLEGAL DEVICE NUMBER error. Otherwise the messages "PRESS
PLAY" and then "SEARCHING" are printed. If a filename was
specified, then the specific file header is searched for,
otherwise the next header on the tape is searched for. If
there is no header then ?FILE NOT FOUND error results. The
start and end addresses are read in from the tape buffer and
the program is then read from tape. On exit, (A/Y) points
to the end address of the program.

., 533 4a 1sr

., 534 b@ @3  bcs $§539

., £536 4c 13 §7 jmp $§713 31/0 error #9 - illegal
device number

., £539 20 dB £7 jsr $£7d@ jcheck tape stop

., £53c bB @3  bcs $§541

., £S3e 4c 13 £7 jmp $£713  ;1/0 error #9 - illegal
device number

., £541 20 17 48 jsr $4817 sprint "PRESS PLAY"

., £544 b® 68  bcs $iSae

., $586 20 af 5 jsr $fSaf jprint "SEARCHING"

., 549 a5 b7  lda $b7 $FNLEN - length of filename

., §54b @ 89  beq $§556

., $54d 20 ea f7 jsr $f7ea  ;find specific header

., 558 90 @b  bcc $§55d

., 552 §@ Sa  beq $¢Sae

., 554 b@ da  bes $§530

., $556 28 2c §7 jsr $§72c 3find any tape header

., £559 §@ 53  beq $fSae

., £55b b@ d3  bes $6530  ;1/0 error #4 - file not
found

., $55d a5 90  1da $90 JSTATUS - 1/0 status word

., £55f 29 10 and #$10

., £561 38 sec

., £562 d@ 4a  bne $fSae  jread error - RTS

., 564 €@ 01  cpx #$@1 jsecondary address =17

.y £566 08 11 beq $§579

., £568 €@ B3  cpx #$03

., £S56a d® dd  bne $¢549

., ¥56c  a@ 91 1dy #$01

., fSée bl b2  1da ($b2),y jget character from tape
buffer

., 570 B85 c3  sta $c3 J<MEMUSS - load address

.y £572 c8 iny

., §573 b1l b2 lda ($b2),y

., 575 85 c4  sta sc4 3 YMEMUSS

., 577 b @4 bcs $£57d



., 579 a5 b9  1da %b9 3SA - current secondary

address
., 57b d0 ef bne $f56c jset absolute load address
., £57d a0 @3 1dy #s@3
., £57f bl b2 1da ($b2),y ;get from tape buffer
., 581 aG @1 1dy #s@1
., £583 1 bZ sbc ($b2),y
., ¥585 aa tax
., ¥5B6 a2 @4 1dy #s@3
b1 b2 1da ($b2).y
a0 92 1dy #s@2
£1 b2 sbc ($b2),y
a8 tay
18 cle
8a txa
65 c3 adc $c3 3<MEMUSS
85 ae sta sae $<EAL - end of load address
98 tya
., 596 65 ca adc $ca 5 YMEMUSS
., 598 85 af sta saf 3 >EAL
., #59a a5 c3 1da $c3
., ¥59c 85 c1 sta $ci 3STAL - 1/0 start address
$59e aS c4 1da $c4
£5a0 85 c2 sta $c2 5<STAL
£5a2 20 d2 5 jsr $§5d2 sprint "LOADING/VERIFYING"
., 5a5 208 4a B jsr $fB4a jread tape
., ¥5a8 24 18  bit %18
., f5aa a6 ae 1dx sae sset (X/Y) = end address
., fSac a4 af 1dy saf
., f5ae &0 rts

62927 PRINT "SEARCHING.

1f MSGFLG indicates program mode then the message is not
printed, otherwise the message "SEARCHING" is printed from
the KERNAL I1/0 message table. If the length of the filename
>@ then the message "FOR" is also printed and the routine
drops through to print the filename.

., ¥5af a5 9d 1da $9d 3MSGFLG - direct or program
mode?

., £5b1 1@ le  bpl $fS5d1 sprogram - don't print

#5b3  a@ Oc 1dy #sec

., £5bS 20 2f £1 jsr $£124 sprint “"SEARCHING"

., ¥5b8 a5 b7 1da $b7 $FNLEN - length of current
filename

., ¥Sba @ 15 beq $fSd1

., ¥5bc  a® 17 1dy #$17

., £Sbe 20 2¢ f1 jsr $F12f sprint "FOR"



62913 _PRINT FILENAME

The filename pointed to by FNADR, with length in FNLEN is
printed via the KERNAL routine CHROUT.

., £5ct a4 b7 1dy $b7 $FNLEN - length of current
filename

., £5c3 @ @c  beq $f5d1

., ¥5c5 aB @0 ldy #$00

., ¥5c7 b1 bb 1da ($bb),y ;FNADR - get character from
name

.. £5c9 20 d2 §F jsr $§fd2 SCHROUT — output character in
(A)

., fScc  c& iny

.. #Scd c4 b7 cpy b7 jend of filename?

., ¥Scé d@ f6  bne $§5c7 3no - next character

.y ¥5d1 60 rts

62930 _PRINT “LOADING/VERIFYING"

The load/verify flag is checked, and the message to be
output is flagged according to the result. This message is
then printed from the KERNAL 1/0 messages table.

., §5d2 a0 49 1dy #$49 5¥lag verify message
., #5d4 a5 93 1da $93 SVERCK - load/verify flag

., ¥5d6 B @2  beq $¢5da

., £5d8 a@ 59 1dy #$59 ;¥lag load message

., #5da 4c 2b f1 jmp $£12b sprint message flagged by (Y)
62941 _SAVE: SAVE RAM

The KERNAL routine SAVE ($FFD8) jumps to this routine.  On
entry, (X/Y) must hold the end address +1 of the area of
memory to be saved. (A) holds the pointer to the start
address of the block, held in zero-page. The current device
number is checked to ensure that it is neither keyboard (@)

or screen (3). Both of these result in 7?ILLEGAL DEVICE
NUMBER.
-, f5dd 86 ae stx $ae sEAL—end address of block +1
., £5df 84 af sty saf
.y fSet aa tax
.. ¥S5e2 b5 @8 1da $0@,x
., ¥5e4 85 ci sta sci 3STAL - start address of
block
., fSes b5 @1 1da $81,x

., f5eB 85 cz  sta $c2



., fSea 6c 32 @3 jmp ($@332) ;vector ISAVE - points to

$FSED
., 5ed a5 ba 1da sba 5FA - current device number
., ¥5ef d@ @3  bne $£5¢4
., #5f1 4c 13 §7 jmp $£713 51/0 error #9 - illegal
device number
., 5¢4 c9 @3 cmp #$03 sscreen?
., 566 0 9 beq $§5¢1 jyes - illegal device
., £5f8 90 Sf bcc $£659 ssave to tape

62978 _SAVE TO SERIAL BUS

A filename is assumed by the routine, or ?MISSING FILENAME
error is called. The serial device is commanded to LISTEN,
and the filename sent along with a secondary address of 1.
The message "SAVING..." is printed, and a loop sends a byte
to the serial bus and checks the <STOP> key until the whole
specified block of memory has been saved. Note that the
first two bytes to be sent are the start address of the
block. Finally, the serial bus is UNLISTENed.

., #5fa a9 61 1da #s61
#5fc 85 b9  sta $b9 ;SA-set secondary address =1
., fSfe a4 b7 1dy $b7 3FNLEN - length of current
filename
., f608 d@ 83  bne $£405
.y f602 4c 16 §7 jmp $710 31/0 error #8 - missing
filename
., £605 20 dS £3 jsr $§3dS ;send SA & filename
.. £6DB 20 8f f6 jsr $684 sprint "SAVING"
., £68b a5 ba 1da sba 3FA - current device number
£68d 20 @c ed jsr $eddc 3send 'LISTEN'
£618 a5 b9 1da $b9 35A
., £612 20 b9 ed jsr sedbd ssend LISTEN SA
£615 a@ @0  1dy #$00
€617 20 Be fb jsr $fbSe jreset pointer
f61a a5 ac 1da $ac 3SAL - holds start address
f61c 20 dd ed jsr $eddd ssend serial deferred
f614 aS ad lda s$ad 3 >SAL
£621 20 dd ed jsr $eddd ;send serial deferred
£624 20 di fc jsr $fcdl jcheck r/w pointer
.y £627 bB 16  bcs $£63F
.y 629 b1 ac lda ($ac),y j;get character from memory
., #62b 20 dd ed jsr $eddd ;send serial deferred
., fb2e 20 el §f jsr $ifel 5STOP - test stop key

. 631 do 07 bne $fé63a
., $633 20 42 £6 jsr $£642
., $636 a9 00 1da #$00 5¥1ag ?BREAK



., $639 60 rts

., ¥63a 2@ db fc jsr $fcdb sbump r/w pointer
., $63d dO eS bne $624 jsave next byte
., f63f 20 fe ed jsr sedfe ssend "UNLISTEN'
., 642 24 b9 bit $b9 3SA

., f644 30 11 bmi $f657

., $646 aS ba 1da $ba sFA

., 648 20 Oc ed jsr $ed@c ‘LISTEN'
., f64b  aS b9 1da $b9 3SA

., f64d 29 ef and #sef

.. f64F 09 eQ ora #te@

., §651 20 b9 ed jsr $edb9 ;send LISTEN SA
., $654 20 fe ed jsr sedfe ssend "UNLISTEN'
.. $657 18 cle

., $658 60 rts

63065 SAVE TO TAPE

1f the device number is 2 (ie RS-232), then 7ILLEGAL DEVICE
NUMBER error. The tape buffer is set up and the messages
"PRESS RECORD" and “SAVING..." are printed. The tape header
is written and the block of memory saved. Finally, if the
secondary address was given as Z, the End-Of-Tape header is
written.

., £659 4a 1sr

., f65a b@ 83 bcs $§65F

.. f65c  4c 13 £7 jmp $£713 51/0 error #9 - illegal
device number

-, f65f 20 do £7 jsr $£7d@ ;get tape buffer address

., 662 90 8d bcc $§5f1 51/0 error #9 - illegal

device number

664 20 38 8 jsr $£838 rint “"PRESS RECORD"

., f667 b@ 25 bcs $feBe sRTS
., f669 20 Bf £6 jsr $£68F sprint “SAVING"
-y fbbc a2 @3 1dx #3503
., fbee aS b9 lda $b9 3SA - current secondary
address
., £679 29 1 and #3501 517
., f672 do @2 bne $f676
., f674 a2 @1 1dx #301
., f676 Ba txa
«y £677 20 6a 7 jsr $f76a swrite tape header
., f67a bB 12 bcs $F68e
.y £67C 20 67 §8 jsr $£867 jwrite to tape
-y f67% b0 @d bcs $fé6Be
.. f6B1 aS b9 1da $b9 3SA
683 29 02 and #$02

., 685 0 06 beq $f68d



., 687
., 689
., fé6Bc
.y f6Be

a9

s

1da

#505

20 ba 7 jsr $§76a

24
60

18

bit
rts

63119 _PRINT "SAVING

$18

jwrite end-of-tape header
smask - CLC

and if direct mode is on, then the
“SAVING" is flagged and printed from the KERNAL 1/0

MSGFLG is checked,
message

messages table.

.. £6BF a5 9d 1da $9d
., 691 10 fb bpl $f6Be
., £693 a@ 51 1dy #s51
., 695 20 2f §1 jsr $12f
., $698 4c cl £S5 jmp $fS5cl
63131 _UDTIM: BUMF CLOCK

The KERNAL routine UDTIM ($FFEA) jumps to this routine. The

three byte
reached #4F
represents

hours + 1

the CIA key
., F69b a2
., £69d eb
., $69¢ d0
., fbal e6
., f6a3 do
., f6a5 eb
., f6a7 38
., f6a8 as
., f6aa e9
., f6ac a5
., fbae e9
., $6b8 a5
., f6b2 e9
., f6b4 50
., f6be 86
., f6b8 86
., féba 86

jiffy clock in
1A @1, then it
5184001 jiffies
jiffy. Finally,
reading.
) 1dx #3500
a2 inc $a2
L bne $f6a7
a1 inc %al
@2 bne $féa7
a0 inc $a@
sec
a2 1da $az
o1 sbc #so1
a1 1da $a1
18 sbc #$la
a0 1da $a@
4f sbc #sa+
@6 bce $f6bc
ap stx $a@
at stx $al
a2 stx $a2

63164 _LOG CIA KEY READING

This routine

pressed.

14 so,

RAM is incremented. If it has
is reset to zero. This number
(each jiffy = 1/6@ sec.) or 24
the next routine is used to log

slow byte of jiffy clock
;mid byte of jiffy clock
shigh byte of jiffy clock

;TIME reached 24 hours yet?

sno
jreset TIME to zero

tests the keyboard for either <STOF> or <RUS>
the keypress is stored in STKEY.



f6bc  ad @1 dc lda $dc@t jkeyboard read register
f6bf cd @1 dc cmp $dc@1

$6c2 d@ 8 bne $fébc jwait for value to settle
foc4  aa tax
$6c5 30 13 bmi $fé6da
f6c7 a2 bd 1dx #sbd
$6c9 Be @@ dc stx $dc@@ jkeyboard write register
., fécc ae @1 dc 1dx $dc@1 skeyboard read register
., f6cf ec @1 dc cpx $dc@i
., 6d2 dO 8 bne $fécc jwait for value to settle
$6dd B8d @0 dc sta $dc@@
., f6d7 eB inx
., $6d8 d0 @2 bne $fé6dc
., féda 85 91 sta $91 3STKEY - flag STOP/RVS key
., fbdc 60 rts

63197 _RDTL

GET_TIME

The KERNAL routine RDTIM ($FFDE) jumps to this routine. The
three byte jiffy clock is read into (A/X/Y) in the format
high/mid/low. The routine exits, setting the time to its
existing value in the next routine. The clock resolution is
1/60 second. SEI is included since part of the IR@ routine
is to update the clock.

f6dd 78 sei
.. féde a5 a2 1da $a2 sTIME - real time jiffy clock
., f6eB ab al 1dx $atl

., f6e2 a4 a® 1dy $a@

63204 SETTI

SET TIME

The KERNAL routine SETTIM ($FFDB) jumps to this routine. On
entry, (A/X/Y) must hold the value to be stored in the
clock. The +format is high/mid/low byte. The clock
resolution is 1/6@ second. SEI is included since part of
the IRQ routine is to update the clock.

foed 78 sei

f6e5 B85 a2 sta sa2 sTIME - real time jiffy clock
., f6e7 86 at stx sal
., f6e9 B84 a® sty $a@

fbeb S8 cli

feec 60 rts

63213 STOP: CHECK <STOP> KEY

The KERNAL routine STOP ($FFE1) is vectored here. If STKEY
=#7F, then <STOF> was pressed and logged whilst the jiffy



clock was being updated, so
the keyboard buffer reset.

all 1/0 channels are closed and

., féed a5 91 1da 391 3STKEY - STOP/RVS key flag
., fbef c9 7§  cmp WETF 3<STOP>?
.. f6f1 dO @7  bne $féfa ino
., f6f3 08 php
., 6§84 20 cc F jsr $ffcc $CLRCHN - close /0 channels
., f6f7 85 c6  sta $c6 ;NDX - # characters in
keyboard buffer
f6f9 28 plp
., fofa 60 rts
63227 _OUTPUT KERNAL ERROR MESSAGES
The error message to be output is flagged into (A) depending
on the entry point. 1/0 channels are closed, and then if
KERNAL messages are enabled, "1/0 ERROR #" is printed along
with the error number.
f6fb a9 @1 1da #$01 serror 1 - too many files
f6fd 2c a9 @2 bit $02a9  ;mask error 2 - file open
., $708 2c a9 03 bit $83a9 smask error 3 - file not open
., $7@3 2c a9 @4 bit $04a9 smask error 4 - file not
found
., £7@6 2c a9 OS5 bit $85a9  ;mask error 5 - device not
present
., £709 2c a9 06 bit $Bbad ;mask error 6 - not input
file
., $70c 2c a9 @7 bit $07a9 ;mask error 7 - not output
file
.y f70f 2c a9 @B bit $08Ba9 jmask error B - missing
filename
., $712 2c a9 B9 bit $89a9 smask error 7 - illegal
device number
., §715 48 pha
€716 20 cc £§ jsr $ffcc ;CLRCHN - close 1/0 channels
£719 ad 00 1dy #$00
., $71b 24 94 bit $9d JMSGFLG - KERNAL messages
enabled?
.y £71d S0 0a bvc $§729 jno
£71F 20 24 1 jsr $F124 jprint "I1/0 ERROR #"
722 68 pla
$723 48 pha
£724 @9 30 ora #$30 jconvert (A) to ASCII number
., £726 20 d2 §f jsr $§§d2 ;CHROUT - output character in
@
., $729 68 pla
., f72a 38 sec



., £72b 6@ rts
63277 _FIND ANY TAPE HEADER

The next block on tape is read into the cassette buffer.
The first character is read from the buffer and compared
against the valid file types (see below). Assuming the type
to be valid and not end-of-tape, then MSGFLG is checked to
determine direct or program mode. In direct mode, “FOUND",
then the filename, is output. A loop is entered which waits
several seconds for either <SPACE> or <CBM> to be pressed.
On exit, (A) holds #0@ if no header found or end-of-tape,
and #@1 for a valid header. The header format is as
follows:

BYTE CONTENTS VALID FILE TYPES:

° file type flag 1,3 program or KAM image

1-2 start address 4 data

3-4 end address S5 end-of-tape

5-21 filename

.y f72c a5 93 l1da $93 3VERCK - load/verify flag

., $72e 48 pha

., $72f 20 41 4B jsr $¢841 jinitiate tape read

.. £732 68 pla

.. §7353 85 93 sta $93 3 VERCK

., 735 b@ 32 bcs $£769

.. $737 a@ @0  1dy #$00

., £739 b1 b2  lda ($b2).y jQet st character from
buffer

., £73b €9 @5 cmp #$0S jend-of-tape?

., £73d §@ 2a  beq $§769 syes - RTS

.. £73F <9 01 cmp #$01 ;program?

., £741 f@ 08  beq $§74b

., £7843 <9 83 cmp #$03 ;program?

., £745 §@ 04  beq $§74b

., 747 €9 @4 cap #$04 jdata file?

., £749 d® el  bne $§72c

., £78b aa tax

., f78c 24 94 bit $9d sMSGFLG - program/direct
mode?

., £78e 10 17 bpl $§767 ;program - don’t print

., $750 a@ 63 1dy #8$63

., $752 20 2% £1 jsr $£12f sprint message "FOUND"

., $755 a@ @5 1ldy #s05

«y 757 bl b2 lda ($b2),y j;get character in filename

., $759 20 d2 £§ jsr $§4d2 SCHROUT - output character in
G



., £75¢ c8 iny
., £75d c@ 15 cpy #$15

., £75f dO 6 bne $§757 sget next character in
filename

., £761 a5 a1 1da $at sTIME - mid byte of jiffy
clock

., £763 20 €@ e4 jsr seded jdelay or keypress

., 766 ea rop

., 767 18 cle

., 768 88 dey

., £769 60 rts

43338 WRITE TAPE HEADER

STAL and EAL are pushed onto the stack. The cassette buffer
is then cleared by filling it with spaces (#20). The header
type code (see notes for previous routine), start address

and end address are then written to the buffer. ¥ a
filename was specified then this is also written to the
buffer. Finally the start/end pointers to the cassette

buffer are set up and the contents of the buffer written to
tape along with a 1@ second leader tone (S@+ cycles of short
pulses - see $FBA4). EAL and STAL are pulled from the stack.

., £76a 85 9e  sta $9e 3PTR1 - holds type of header
flag

., £76c 28 d@ §7 jsr $§7d0 jget buffer address

., 76 9@ Se  bcc $§7ck

., 771 a5 c2 lda $c2 ;push STAL - 1/0 start
address

., £773 48 pha

., 778 a5 c1 1da sci

., £776 48 pha

., €777 a5 af 1da saf jpush EAL - tape end address

., $779 48 pha

.. £77a a5 ae 1da

., £77c 48 pha

., £77d  a@ bf 1dy #sbf

., £77f a9 20 1da #$20 5ASCII space

., £781 91 b2 sta ($b2),y ;fill cassette buffer with
spaces

., €783 88 dey

., £784 dO b bne $§781

., £786 a5 % 1da $9e ;PTR1 - tape pass | error log

., £788 91 b2 sta ($b2),y jwrite header type to buffer

., £78b aS ci 1da sci 3STAL 1/0 start address
., §78d 91 b2 sta ($b2),y jwrite start address to
buffer

286



., §78¢ c8 iny

., 798 a5 c2 1da $c2
, $792 91 b2 sta ($b2),y
.. £794 c8 iny
., 795 a5 ae  lda $ae JEAL - tape end address
.y £797 91 b2 sta ($b2),y jwrite end address to buffer
$799 c8 iny
$79a as af 1da saf
., £79c 91 b2 sta ($b2),y
, §79e c8 iny
.y £79¢ 84 9% sty $9¢ $PTR2 - holds write to buffer
pointer
f7al a@ 08 1dy #$09
f7a3 84 %e sty $%e 3PTR1
£7a5 a4 9e  1dy $9e
., $7a7 c4 b7  cpy $b7 $FNLEN - length of filename
£7a9 @ 8c  beq $§7b7 ;no name specified
$7ab b1 bb 1da ($bb),y ;get character from filename
f7ad a4 9¢ 1dy $9¢ ;PTR2
., f7af 91 b2  sta ($b2),y jstore character in cassette
buffer
£7b1 eb 9e  inc $9e
703 eb 9% inc $9¢
., 7bS dB ee  bne $f7a5  jwrite next character in name
., $7b7 28 d7 47 jsr $§7d7 ;set buffer start/end
pointers
., ¥7ba a% 69  1da #$69
., $7bc 85 ab  sta $ab SRIPRTY - cassette short
count
y f7be 20 &b 8 jsr $£86b jwrite buffer to tape
., §7c1  aB tay
., $7c2 68 pla
., §7¢3 85 se  sta sae spull EAL
.y §7c5 68 pla
$7c6 85 af sta saf
f7cB8 68 pla
47c9 85 ci sta $ci spull STAL
€7cb 68 pla
., f7cc 85 c2  sta $c2
., $7ce 98 tya
.y £7cF 60 rts

63440 _GET BUFFER ADDRESS
This routine places the start address of the cassette buffer
in  (X/Y). It then compares the start page of the buffer with
page 2.

.y $7d0  ab b2 1dx $b2 sTAPE1 - start of tape buffer

287



., $7d2 a4 b3 ldy $b3
., £7d4 @ 02 cpy #$02
.y ¥7d6 60 rts

43447 SET BUFFER START/END POINTERS

The start address of the buffer ($@33C) is placed in STAL
and the end address ($83FB) in EAL.

.y £7d7 208 dO §7 jsr $§7d0 jget buffer address
., ¥7da 8a txa

., £7db 85 c1 sta sci 3<STAL - 1/D start address
.y f7dd 18 clc

., f7de 69 c®  adc #$c@

., f7e@ 85 ae  sta sae JEAL - tape end address

.y f7e2 98 tya

., §7e3 85 c2  sta $c2 5 >STAL

.y £7e5 69 00  adc #$00

., £7e7 85 aé sta saf 5 >EAL

.y f7e9 6B rts

63466 FIND A SPECIFIC TAPE HEADER

The next header on the tape is searched for. Once it is
found, the name in the header is compared with the specific
filename given (the name starts at byte 5 in the buffer).
If the names do not match, then the next header is sought,
and so on, until either end-of-tape or the tape runs out.
1f a match is found then on exit, (Y) holds the length of
the filename.

.y f7ea 20 2c 7 jsr $£72c 3find next tape header
., f7ed 1@ 1d bcs $£80c jnone found - RTS
f7ef a8 05 1dy #3@5
., £7F1 B4 9F sty $9¢ sPTR2 - points to filename in
buffer
, $73 ao 00 1dy #s0@
., §745 B4 9e sty $9e sPTR1 - holds length of
£ilename
ca b7 cpy $b7 SFNLEN — length of filename
0 10 beq $£80b send of filename - RTS
., £7¢b bl bb 1da ($bb),y jget character from specified
name
£7¢d  ad 9F 1dy $9¢ sPTR2
€766 d1 b2 cmp ($b2),y jcompare with name in buffer
801 d@ e7 bne $§7ea ;different — find next header
£803 et 9e inc $9e $PTRL
., 805 et 94 inc $9f 3PTR2
., 807 a4 9e 1dy $9%e



., 809 d@ ec  bne $§7§7
., f80b 18 clc

., ¥80c 6@ rts
63501 BUMP_TAPE POINTER

The pointer to
incremented and then checked
end of the buffer.

.. §8@d 20 dB f7 jsr $§7d0

., 818 et as inc $a6
812 a4 a6 1dy $a6
814 cG c@ cpy #3cO
£816 60 rts

63511 PRINT "PRESS PLAY

The tape status is checked,

the cassette
printed. A loop waits until
then prints the message "OK".

., $B17 20 2e 8 jsr s$f82e
., f8la @ 1a beq $836
., f8lc a@ 1b 1dy #$1b
., fBle 0 2f 1 jsr $£124
., £821 20 d® £8 jsr $§8d0
., £824 2B 2e 8 jsr $§B2e
., 827 do 8 bne $£821

829 a@ 6a 1dy #36a
., £82b 4c 2¢ f1 jmp $F12f

63534 CHECK TAPE STATUS

the next free byte in the

deck then the message

jcheck next character in name

tape buffer

to see if it has

jget buffer address
$BUFPNT - pointer to tape
buffer

jend of buffer?

and if <play> is not pressed

"PRESS PLAY ON TAPE"
the <play> key is pressed

scheck tape status
jkey already pressed — RTS

sprint "PRESS PLAY ON TAPE"
jget buffer address

scheck tape status

jkey not pressed - wait

jprint message "OK"

The 651@ onboard 1/0 port is checked to see if <play>
pressed on the cassette deck (ie bit 4 =1). If so, then
is set, otherwise it is cleared.
., £82e a9 10 1da #$10
., 830 24 @1 bit s@1 ;R651@ — microprocessor 1/0
port
., £832 de ez bne $f836 i<play’ pressed
834 24 @1 bit $01 sR6510
£836 18 clec
., £837 6B rts

is

reached the

is

and

is
7



63544 PRINT "PRESS RECORD"

The status of the cassette deck is checked, and if no keys
are pressed then the message "PRESS RECORD & PLAY ON TAPE"

is flagged. The message is then processed by the ‘press

play’ routine.

., 838 20 2e 8 jsr $f82e  jcheck tape status

., £83b @ f9  beq $§836  ;key pressed - RTS

., $83d a@ 2e  1dy #$2e ;#lag "PRESS RECORD & FLAY ON
TAFE"

., ¥83f d@ dd  bne $fBle  ;print message & wait for key

63553 INITIATE TAPE READ

STATUS is reset and VERCK flagged to load. STAL and EAL are
set to point to the start and end of the cassette buffer.
These last two pointers can be preset to any load address if
the routine is entered at $FB4A. A series of temporary
values are set to zero and the read I.C.R. mask and [RQ
vector flagged. Finally, the common tape code is entered.

, ¥841 a9 00 1da #$00

., €843 85 90 sta $90 ;STATUS - 1/0 status word

., 845 B85 93 sta $93 JVERCK - load/verify flag

., £847 20 d7 47 jsr $§7d7 ;set buffer start/end
pointers

., £84a 20 17 £8 jsr $6817 sprint "PRESS PLAY"

., ¥84d b0 1f bcs $686e  jend

., $84¢ 78 sei

, $858 a9 @0  1lda #$@0

., 852 85 aa  sta $aa sRIDATA - sync countdown

., 854 85 b4 sta $ha 3BITTS - byte sync flag

., 856 85 b  sta $b@ 5<CHPO

., 858 85 9e  sta $92 3PTR1 - tape pass 1 error log

., ¥85a 85 9¢ sta $9¢ 3PTR2 - tape pass 2 error log

., ¥85c 85 9c  sta $9c ;DPSW - tape dipole switch

., 85 a9 98  1da #$90 jinterrupt mask byte

., 860 22 Ge  1dx #$@e 3IRQ vector offset

., 862 d@ 11 bne $£875 ;do common tape code

63588 INITIATE TAPE WRITE

The start and end pointers to the cassette buifer are set

up, and the message "PRESS RECORD..." is printed. The

correct 1.C.R. mask for write is flagged., as is the tape

write IRQ vector. Finally, the common tape code is

executed.

.. £B64 20 d7 £7 jsr $§7d7 iset buffer start/end
pointers
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., 867 a9 14 1da #$14

., ¥869 85 ab sta $ab 3RIFRTY - cassette short
count
£86b 20 38 8 jsr $f838  jprint "PRESS RECORD"
f86e bB 6c  bes $FBdc 3RTS
., f870 78 sei
., $871 a9 82  1da #s82 jinterrupt mask byte
., €873 a2 @8 1dx #3208 31RQ vector offset

63605 __COMMON_TAPE_CODE

On entry, (X) holds the offset for the tape 1/0 IRQ vector
table and (A) the CIA interrupt mask byte. The mask is
written and the CIA control registers are set up. The
screen is blanked and the normal IRQ vector is stored and
replaced by the tape IRG vector ($FC6A for write and $F92C
for read). These new interrupts will only come into force
once the SEI mask is cleared. The cassette motor is
switched on and there is a delay loop of 1/3 second to allow
the motor to pick up speed. Finally the interrupt is
enabled and a loop entered which waits for the normal IRQ
vector to be restored. <STOP> is tested for and the clock
updated by this loop.

€875 a@ 74 1dy #$7¢
£877 Bc @d dc sty $dc@d ;initialise CIA I.C.R.
$§87a 8d Bd dc sta $dc@d swrite given I.C.R. mask
., £87d ad ®e dc 1da $dc@e sset C.R. A
., ¥882 @9 19 ora #$19
., ¥882 6d @f dc sta $dc@f jset C.R. B
29 91 and #$91
8d a2 82 sta $@2a2 3TOD sense during tape {/0
20 a3 £@ jsr $£0ad jcheck serial bus idle
., #88d ad 11 d@ lda $d@11 3VIC II control register
., $890 29 ef and #sef
.y ¥892 Bd 11 d@ sta $dO11 jblank screen to border
colour
., ¥895 ad 14 @3 1da 38314 SCINV - hardware IRQ@ vector
., £898 8d 9¢ 82 sta $829f 5IRQTMP - store for normal

IRQ vector
ad 15 @3 1da $0315
8d a@ B2 sta $82a0

28 bd +c jsr $fcbd jset tape IR@ vector

a9 82 1da #$02

85 be sta sbe 3FSBLK - read/write block
count

28 97 fb jsr $fb97 jnew character setup

as @1 1da s@1 5R651@ - onboard 1/0 port




., #Bad 29 1f and #$14

.. fBaf 85 B1 sta 301 jswitch on cassette motor

., f8b1 85 c@  sta $c@ ;CAS1 - tape motor interlock

.. £8b3 a2 £4 1dx #$EF

., £8bS  a@ 1dy #$6F

.. £8b7 88 dey

., £8b8 d@ fd  bne $f8b7 idelay part 1

., ¥8ba ca dex

.. fBbb d@ f8 bne $£8bS jdelay part 2 - total delay =
1/3 sec

.. f8bd S8 cli

.. fBbe ad aG @2 lda $82a0  ;>IRQTHP

., #8cl cd 15 @3 cmp $@31S 3 >CINV

., f8c4 18 clc

.. ¥8c5 4@ 15  beq $f8dc jnormal IRG restored - end

., 8c7 20 dO 8 jsr $£8d0 jcheck tape stop

.+ fBca 2@ bc f6 jsr $fébc 3log ClA key reading

., ¥8cd 4c be 8 jmp $f8be ;compare IR@ vectors

63696 CHECK TAPE STOF

This routine checks to see if <STOP> has been pressed and
1ogged. If it has, then the normal IRQ vector is restored
and >IRQTMF set to zero.

., £8dB 208 el §f jsr $ffel 3STOP - scan <STOP> key &
update clock

., 843 18 clec

., #8d4 d@ oo bne $f8el jkey not pressed

., #Bd6 20 93 fc jsr $FCII srestore normal IRG vector

., f8d9 38 sec

., f8da &8 pla

., f8db 68 pla

., f8dc a9 @0 1da #s00

., f8de 8d a@ @2 sta $02a0 3 7IRQTHP - temp store for IRQ
vector

., f8el 60 rts

63714 SET_READ TIMING

This routine sets CIA timer A to a new value, synchronised
with CIA timer B. The value set into timer A is derived
from the tape timing constant CMP® and (X).

., ¥8e2 86 b1 stx b1 3CMP@ - holds dipole time
., f8e4 a5 b® 1da $bo jtape timing constant

., f8e6 @a asl

.. f8e7 ©a asl

., 8e8 18 clc



., ¥8e9 65 bB  adc
., ¥8eb 18 clc
., f8ec &5 b1 adc
., fBee 85 bl sta
., £8f8 a9 @@  1da
., 862 24 bB  bit
., £8F4 30 01 bmi
., $8f6 2a rol
.y ¥BF7 06 b1 asl
., 8f9 2a rol
., #8fa @6 bl asl
., 8fc 2a rol
., $8¢d aa tax
., ¥8fe ad @6 dc lda
., $981 c9 16  cmp
., £903 98 9 bec
., 985 &5 b1 adc
.y f907 Bd 04 dc sta
.y f90a Ba txa
., ¥98b 6d @7 dc adc
., ¥98e 8d @5 dc sta
., #911 ad a2 @2 lda
.y f914 Bd Qe dc sta
., $917 8d a4 @2 sta
., ¥91a ad @d dc lda
., ¥91d 29 1@ and
., §914 0 89  beq
., £921 a9 9 1da
., §923 a8 pha
., 924 a9 2a 1da
., £926 48 pha
.y 927 4c 43 §4 jmp
., ¥92a S8 cli
., £92b 60 rts

63788 _READ TAPE BITS

This is
Although

the interruj
it is a long
quite simply. Before
timed with the CIA
milliseconds and the

bit, each bit being
completed, DPSW is set
., ¥92c ae @87 dc ldx
.. €92 aD £ 1dy
., £931 98 tya
., 932 ed 86 dc sbc

$b@ )
$bi

sbi

#5200

$b0

$£8¢7

sb1

sbi

$dc@6  jtimer B low byte

#$16

siafe

sb1 ;CHPR

$dc@a jtimer A low byte

$dc@7 stimer B high byte

$dces jtimer A high byte

$02a2 ;70D sense during tape 1/0
$dc@e  ;CIA C.R. A

$0224 jtemp D1IR@ indicator

$dc@d 5CIA I.C.R.

#$10 stape read IRG?

$§92a

#$£9

#$2a

$§443  jdo IR@ routine

pt routine for the vector offset #0E.
routine, its function can be described
the byte is read in, there is a delay
timers. Timer B is then set to 65
tape read. The byte is read in bit by
rotated into MYCH. Once the read is

and the interrupt exited.
$dco7 jtimer B high byte
22

$dc@6  jtimer A high byte



a7
€2

26
a7
19
o

ed
a3

dc

dc
dc

dc

dc
@2

fa

cpx
bne

tax
sty
sty
1da
sta

1da
sta

$dc@7
$£92c
sb1

$dco6

3>CMP@ — tape timing constant

stimer A high
stimer B high

5CIA C.R. B - set & start
timer B

sCIA I.C.R.

jtemp store

3 >CMPR

3 >CMPR

3<CMPO

;DPSW — byte received flag

sbyte not received

jstore characters in RAM

buffer
stemp data area

5<CMPD

$<CMPO

;CrPe

3BITTS - byte sync flag
sno sync error
;BITC1 - flag read error

SRINONE - count of zeros



€995
£957
999
998
£99c
$99e
$9a0
$9a2
$9a4
$9a6
$9a8
$9aa
$9ac
$9ae
4900
£9b3
£9b5
£9b7
#9ba
#9bc
#9be
£9c0
£9c3
£9c5
#9c7
£9c9
£9cb

$9ce
$9d0
$9d2
$9d5
$9d7
49d9
$9db
$9dd
$9e0
$9e2
$9ed
£9e6
$9e8
$9e9
#9eb
#9ed
f9ef
$941
943
£9¢5
947

b8
c6

02
a9

02

02

b

sta

bpl

1dx
jsr

1da

$£999
$a9

$£98b
$a9
$£9ac
#$10
$£9ac

$9ac

3 RINONE

3 5CMPO
3SVXT - tape timing constant

jtemp data area

jtemp data area
$BITTS - byte sync flag

sno error - exit interrupt
stemp store for cassette read

stemp D1IRQ indicator

jtape cycle count
stemp D1IR@ indicator
stemp store for cassette read

sread timing value
;set read timing for next
dipole

;PRTY - tape character parity

jexit interrupt
$SVXT - tape timing constant
3 <CMP@

smask - INC $BO

3SVXT
scurrent dipole bit value

3RINONE - counts zeros

3SYND - cassette sync number



45
85
as
0

8

8

dc

dc

sta
1da

dec
bmi

1sr
ror
1dx
jsr

Jmp
1da

1da
beq

sta
1da

1da
sta
sta
1da
sta

1da
sta
1da
sta
1da

$9b
90

$£9d2

$a3
$£9c9

$d7
$bf
#s$da
$£8e2

3PRTY - tape parity bit

;BITTS - byte sync flag
3no sync error - exit
interrupt

sserial bit count

jset read timing for next
dipole

slatest dipole bit value
$MYCH - serial word buffer
jread timing value

;set read timing for next
dipole

sexit interrupt

$SYNO - cassette sync no

3BITTS - byte sync flag
sserial bit count
jread next bit

;CMPO

;CMPO

sset read timing
;DPSW - byte received flag
sBITTS

3SYNO - block sync flag
jend of block - exit
interrupt

3BITCL - flag read error

3SYNO - block sync flag
5CIA I.C.R.

3BITTS

3SYNO

sNXTBIT - tape EOT flag

sBITTS - byte sync flag

5CIA I.C.R.
3MYCH



faS5 85 bd sta sbd sROPRTY - recieve input

character
.. fa57 aS a8  1da $a8 SBITCI - read errar flag
.. §a59 @5 a9  ora $a9 sRINONE - count zeros
.. faSb BS b6  sta $bé ;RODATA - combined errors
flag
.. faSd 4c bc fe jmp $febc sexit interrupt

64096 STORE TAPE CHARACTERS IN RAM

The character read from the cassette player is stored in RAM
or verified against RAM, depending on the state of VERCK.
Tests are also made for the following error conditions:
LONG BLOCK (ST = #@8), SHORT BLOCK (ST = #24). UNRECOVERABLE
READ ERROR (ST = #10) and CHECKSUM ERROR (ST= 2@). Where an
error occurs, its position is flagged into the tape error
log at the low end of the stack, and also in PTR1. The
errors are then rechecked on pass 2 of the data. Finally
the r/w pointer is bumped and the interrupt exited.

., fabd 20 97 fb jsr $fb97 snew character setup

.. f263 @5 9c sta $9c sDPSW - byte recieved flag

., fab5 a2 da 1dx #$da

.. f2b7 20 e2 8 jsr $fBe2 iset read timing

.. faba a5 be 1da $be sFSBLK — cassette r/w block
count

.. fabc €0 02 beq $fa70

.. fate 85 a7 sta $a7 3INBIT - tape short count

., fa70 a9 0f 1da #sa¢

.. fa72 24 aa bit $aa sRIDATA - function mode

.. fa74 10 17 bpl $fadd

.. fa76 a5 bS 1da $bS SNXTBIT - tape EOT flag

.. fa78 do @c bne $fag6

.. fa7a a6 be 1dx $he sFSELK - block indicator

., fa7c ca dex

.. fa7d do @b bne $faga sexit interrupt

., fa7f a9 08 1da #s08 5¥lag long block error

.. §281 2@ ic fe jsr $felc sset STATUS

.. £a84 do 84 bne $fada sexit interrupt

.. f286 a9 @0 1da #s00

.. faB8 85 aa sta $aa sRIDATA - sync countdown

.. faBa 4c bc fe jmp $febc sexit interrupt

.. faBd 7@ 31 bvs $fac@® ;1oad byte

.. f2Bf dO 18 bne $faa?

., 391 a5 bS 1da $bS SNXTBIT

., fa93 dB §5  bne $faBa sexit interrupt

., fa95 aS bs 1da sbe ;RODATA - combined errar
values

., 297 do £1 bne $faBa serror - exit interrupt



d1

b

1da
1sr
1da

bec

bes

bne
1da
sta
jsr
1da
sta

beq
1da
sta

1da
beq
1da
jsr

$a7

$£bas
sa7

$£bOR

$faeb
#$00
$bd

(sac),y
$faeb
#so1
sbo

$bé
$¢b3a
#$3d
$9%e
$£b33

3 INBIT

3ROPRTY - receive input
character

3RIDATA - sync countdown
iexit interrupt

3RIDATA
ireset pointer

SRIPRTY - cassette short
count
sexit interrupt

;RIDATA

sexit interrupt

$NXTBIT

5flag short block error
iset STATUS

scheck r/w pointer

3INBIT - tape short count

FVERCK - load/verify flaa

sROPRTY - receive input
character

jcompare byte with RAM
sbyte matches

3RODATA - combined error
value

;FTR1 - tape pass 1 error loa
sunrecoverable read error



$afs
$af7
faf9
fatc
fafe
$bot
£b02
$b03
#b05

. fbe8
.. fb@a
.. fb@c
.. fble
.. fb1G
.. b13
.. ¥b15
., $b17

. fbla
.. fblc

.. fb22
.. $b24
$b26
$b28
#b2a

. ¥b2d

.. b33

.. #b35
.. ¥b38
.. fb3a
.. fb3c
., fb3e
.. Fb3F

.. fbat
.. fba3
., fbas
., fbag

.. fbaa
-« fbac
.. fbad
.. fbaf
.. $bS2

as
78
az
8e

o1

@ad

o1

o1

b

o1

o1

fe

dc

1dx
1da
sta
1da
sta
inx
inx
stx
jmp
1dx
cpx

1da
cmp

1da
cmp

inc
inc
1da
1da

1dy
cmp
iny
sty
1da
1da
isr
bne

1da

tay
1da

sta
jsr

1da
sta
ldx

stx
1dx

$9e
sad
$0101 .x
$ac
$0108,x

$£b4a3
sac
$0100 . x
$£ba3
$ad
$2101.x
$£b4a3

$Fb2F
sbd
#s00
($ac) ,y
$b43

$fcdb

$20

#$01
$dced
$dcod

- tape buffer pointer
5<BAD - tape input error log
1<SAL
3<BAD

3PTRL
3PTR2 - tape pass 2 error log

3PTR1
sbump pointer

pointer

pointer

sROPRTY

ompare byte with RAM
imatch - bump pointer

:RODATA

:flag unrecoverable read
error
jset STATUS

sROPRTY - receive input
character

jstore character in RAM
sbump r/w pointer

jexit interrupt

;¥lag - ignore bytes until
RINONE set

sRIDATA - function mode

3CIA 1.C.R.



a6 be 1dx $be 3FSBLK - current block #

30 02 bmi $fbSc

86 be stx sbe 5FSBLK

c6 a7 dec $a7 $INBIT - tape short count

0 @8 beq $fbé8

a5 e 1da $9e $PTRL

do 27 bne $fbBb sexit interrupt

85 be sta sbe $FSBLK

£0 23 beq $fbeb jexit interrupt

20 93 fc jsr $£c93 srestore normal 1K@ vector

20 8e fb jsr $fbBe jreset pointer

a0 oo 1dy #$00

84 sb sty $ab sRIPRTY - cassette short
count

bl ac 1da ($ac).y j;get stored character from
RAM

4s ab eor $ab SRIPRTY

&5 ab sta $ab

208 db fc jsr $fcdb sbump r/w pointer

20 d1 fc jsr sfcdl jcheck r/w pointer

9@ £2  bcc $§b72

a5 ab lda $ab SRIPRTY

45 bd eor $bd sROPRTY - receive input
character

40 05 beq $fbSb sexit interrupt

a9 20 1da #s20 3flag checksum error

20 1c fe jsr sfelic ;set STATUS

4c bc fe jmp $febc sexit interrupt

64398 RESET TAPE POINTER

This routine sets the two byte buffer pointer to the start
address of the load. Thus a program would be loaded
directly into its RAM space, rather than via the cassette
buffer.

.+ fbBe aS c2 1da $c2 3 >STAL - 1/0 start address
., 698 65 ad  sta sad 3>SAL - tape buffer pointer
.. 092 a5 c1 1da $ci

- fb94 85 ac sta $ac

.y fb96 60 rts

63407 _NEW CHARACTER SETUP

This routine sets the serial bit counter to 8, and zeros
four temporary pointers.

-, b97 a9 08 1da #$@8



-, fb99 B85 a3 sta $a3 3bit counter for tape 1/0
.. fb9 a9 @8 1da #3500

-y fb9d 8BS a4 sta sa4 jhalf dipole marker

.. fb9f 85 a8  sta $a8 $BITC1 - error flag
fbal 85 9b  sta $9b sPRTY - tape character parity
fba3 85 a9  sta $a9 SRINONE - count zeros

., fbaS 60 rts

64422 SEND TONE TO TAPE

This routine loads CIA timer B with either #0040 or #@@B@,
depending on the state of bit @ of ROPRTY. The next routine
uses a later entry point to load the timer with #8110. The
data output line to the cassette unit is then toggled.  The
value in the timer causes a particular tone to be written
onto the tape.

.. fbab as bd 1da sbd sROPRTY - receive input
character
., fba8 4a isr
¥ba9 a% 68  lda #$60 3¥lag #0260 for timer
fbab 9@ 02  bcc $fbaf
., fbad a9 b®  1da #$b@ 5flag #0@B@ for timer
.. fbaf a2 00 ldx #$00
., fbbl Bd @6 dc sta $dc@6 stimer B low byte
., fbb4 Be @7 dc stx $dc@7 stimer B high byte
.. ¥bb7 2d @d dc lda $dc@d jclear CIA 1.C.R.
.y fbba a9 19 lda #$19
.. fbbc Bd Bf dc sta $dcof 3CIA control register B
.. fbbf a5 01 1da $01 5R6518 - 6510 onboard 1/0
port
fbcl 49 @8 eor #s@8 ;toggle data output line
fbc3 85 01 sta s@1
fbcS 29 @8 and #3508
-y fbc7 60 rts

64456 WRITE DATA_TO TAPE

This routine is the IR@ entry for the IRQ vector offset #0A.
The data is written by using the previous routine to send a
tone to the tape. Different signals are written to the tape
for a @ and 1. A parity bit and inter-byte marker are also
written to the tape, and a two-second inter record gap is
written after each 192 byte block of data. Data is also
divided into blocks of eight bytes, with a ninth byte being
computed and written as a checksum.

-« fbcB 38 sec
.. bc9 &6 bé ror $bé 3RODATA - combined error

301



fbcb
fbcd
fbcf
£bd1

$c24

a6

b

b

b

fe

b

isr
bne
inc
lda

bpl

1da

beq

jsr
cli
1da

$£c09

sfbe3
#510
#3501
$fbb1
$£c09

$hé

$£c09
$fc57

$£bf0
$fbad
$c@9
$a9

$£c09
$fbab

$£c@9

$bd

$£b97

value
jexit interrupt
JBITC1 - errors flag

s¥lag #0110 for timer

;send long transition to tape
jexit interrupt

3BITC1

sRODATA ~ combined error
value

jexit interrupt

jwrite tape block

;RINONE - count zeros

jsend medium transition to
tape

sexit interrupt

3 RINONE

jexit interrupt

jsend short transition to
tape

jexit interrupt

;half cycle count

3ROPRTY - receive input
character

$ROPRTY
$PRTY - tape character parity
sexit interrupt

3ROPRTY
iserial bit count

sexit interrupt
snew character setup

3CNTDN - cassette sync
countdown

smost r
3CNTDN
3FSBLK - cassette r/w block

ent dipole bit value

302



count
., fc26 e@ 02 cpx #$02
$c28 do 02 bne $fc2c
fc2a @9 80 ora #s8@

fc2c 85 bd sta sbd OPRTY

.. fc2e d@ d9 bne $§c@9 sexit interrupt
fc38 20 di fc jsr $fcdi scheck r/w pointer
£c33 90 @a bcc $fc3

de 91 bne $fbc8 swrite data to tape
e6 ad inc $ad ;>SAL - tape buffer pointer
a5 d7 1da $d7 smost recent dipole bit value
.. fc3b 85 bd  sta sbd 3 ROPRTY
.. fc3d b0 ca bcs $4c@9 jexit interrupt
., fC3f a0 00 1dy #s@@
.. fcal bl ac 1da ($ac).y ;get character from buffer
.. c43 85 bd  sta $bd sROPRTY
£c45 45 a7 eor $d7 smost recent dipole bit value
£c47 85 d7 sta $d7
£c49 20 db fc jsr $fcdb sbump r/w pointer
., fcdc d@ bb  bne $fc@9 sexit interrupt
fcde a5 b 1da $5b 3PRTY - tape character parity
fc58 49 @1 eor #$01
€c52 85 bd sta sbd 5ROPRTY
., fcS4  4ac bc fe jmp $febc sexit interrupt

64599 WRITE TAPE LEADEK

This routine writes a block of data onto the tape. It first
checks to see if there are blocks left to send; if not, then
the tape motor is switched off. The CIA timer is loaded
with #0078 and the corresponding tone sent to the tape.
After a delay of #5@ (set in INBIT and decremented each
IR®), the IRQ vector offset is set to #0A and the new vector
set up. This will use the WRITE BITS routine to send data
to tape in every interrupt.

., $c57 cb be  dec $be 3FSBLK - cassette r/w block
count
.y fc59 do @3 bne $fcSe
fcSb 20 ca fc jsr s$fcca 3kill tape motor
fcSe a9 5B  lda #$50
fc6B 85 a7 sta sa7 $INBIT - temp delay counter
fc62 a2 @8 ldx #$@8
fcoa 78 sei
fc65 2@ bd fc jsr sfcbd jset IRQ vector #08
fc6B d@ ea  bne $fcS54 jexit interrupt
.y fcba a9 78 lda #s$78 jtimer value = #0078
, fcbc 20 af b jsr sfbaf jsend transition to tape
.y fcbf dO e3 bne $fc54 jexit interrupt



., fc71 cb a7 dec $a7 5INBIT - tape leader short

count
.y fc73  dO df bne $fcS54 jexit interrupt
.. €75 20 97 fb jsr $§b97 snew character setup
., fc78 cb ab  dec $ab SRIPRTY - cassette short
count
10 d8  bpl $fcS4 jexit interrupt
a2 @a  1dx #s$@a
2@ bd fc jsr $fcbd jset IRQ vector #OA
58 cli
e6 ab  inc $ab SRIPRTY
as be  1da sbe 3FSBLK
0 30 beq sfcbe ;set IRQ vector
20 Be b jsr $fbse
a2 09 ldx #$Q9
86 a5 stx $aS ;CNTDN - cassette sync
countdown
., feBE 86 b6 stx $be ;RODATA
.. fc91 dB 83  bne $fclé  jexit interrupt

64659 RESTORE NORMAL IRQ

This routine turns the screen back on, switches off the tape
motor, restores normal operation of the CIA and replaces the
hardware IRQ vector from its temporary store.

£c93 @8 php

$c94 78 sei

£c95 ad 11 dB 1da $d@11 3VIC control register
fc98 @9 10 ora #$10 jswitch screen on
fc9a Bd 11 dO sta $d@11

fc9d 20 ca fc jsr $fcca 5kill tape motor

a9 7¢ 1da #$7¢

8d @d dc sta $dcOd 5CIA 1.C.R.

20 dd fd jsr $fddd jenable timer

ad a@ 02 lda $02a@  ;IRGTMP - holds normal vector
fcab @ 89  beq $fcbb jvector already restored
fcad 8d 15 @3 sta $8315  ;CINV - hardware IRQ vector

fcb®  ad 9f 82 1da $029¢
., fcb3 Bd 14 03 sta $0314
fcbe 28 plp
-, fcb7 60 rts

64696 _SET_1R@ VECTOR

This routine first restores the normal IRQ vector, then sets
a new vector from the table at $FD94 according to the offset
in (0.

-, fcb8 20 93 fc jsr $fc93 store normal IRQ

304



., fcbb §@ 97  beq $fcS4 jexit interrupt
fcbd bd 93 fd 1da $£d93,x ;get new vector from table
fcc@ B8d 14 03 sta $0314 5CINV - hardware IRQ vector
fcc3  bd 94 fd 1da $£d94.x

fccé 8d 15 @3 sta $0315

., fcc9 6@ rts

64714 KILL TAPE MOTOR

This routine turns off the cassette motor via the 6518 1/0
port.

fcca a5 @1 1da s@1 3R6510 - onboard 1/0 port
fcce @9 20 ora #$20 jswitch off tape motor
fcce 85 01 sta $01

., fcdo 60 rts

64721 _CHECK R/W_POINTER

1f the buffer pointer has reached the EOT address then Z is
set to 1.

., fcd1 38 sec

., fcd2 a5 ac 1da sac 38AL - tape buffer pointer
., fcdd eS ae sbc sae FEAL - tape end address

., fcd6 a5 ad 1da $ad

., fcd8 e5 af sbc saf

.. fcda 60 rts

POINTER

This routine is used to increment the tape buffer pointer.

fedb e6 ac inc sac 3<SAL - tape buffer pointer
fecdd d@ 02  bne $fcel
fcdf eb ad  inc $ad 3 >8AL

., fcel 60 rts

64738 _POWER RESET ENTRY POINT

The system hardware reset vector ($FFFC) points here.  This
is the first routine executed by the machine when it is
switched on. Firstly it sets the stack pointer to #FF, ie.
the top of the stack. The interrupt flag is set and decimal
mode cleared. Next a check is made for autostart code on
any external ROM plugged into the cartridge port. If the
autostart code is present, then an indirect jump is made to
the cartridge cold start vector at $8@@@. The 1/0 chips are
initialised and system constants (including the IR@ vector)



set up. Finally the interrupt mask is cleared and an
indirect jump made to $AQ@@ to cold start BASIC. Note that
there is an NESSS timer attached to the power reset line to
ensure that reset is pulled low for a minimum of 6 clock
cycles after power is first switched on. This forces the

processor to start executing the reset routine.

., fce2 a2 ff 1dx #$§F

., fced 78 sei
fceS 9a txs 3set stack pointer = #FF
fce6 d8 cld

.. fce7 20 @2 fd jsr $fdO2 jcheck 8-ROM

., fcea do @3 bne sfcef 3no autostart code

., fcec 6c @2 8@ jmp ($80@@) ;cold start 8-ROM

., fcef Be 16 d@ stx $dO16 3VIC control register
fcf2 20 a3 fd jsr $fdal jinitialise 1/0
$cf5 20 5@ fd jsr $dS0 jinitialise system constants
fcfB 20 15 fd jsr $£d1S 3KERNAL reset

., fcfb 20 Sb ff jsr $£§Sb ssetup for PAL/NSTC

«y fcfe S8 cli

.. fcff 6c 00 a@ jmp ($200@) jcold start BASIC
64770 _CHECK FOR 8-ROM

This routine checks memory from $800@ to $8008 for external
ROM autostart code. If found, then the routine exits with
z=1. The autostart code is as follows: a two byte cold
restart vector, a two-byte warm restart vector, the message
“CBM" in CBM ASCII, but with bit 7 of each character set.
and the ASCII numerals "8@".

£d02 a2 @5 1dx #$@5
£d@4 bd Of fd lda $§d@f,x ;B-ROM mask
£d07 dd 03 88 cmp $80@3,x jcompare with actual 8-ROM

code
$d0a do @3 bne $do+
$d@c ca dex
., fdod d@ 5 bne $fd@4
£dOf 60 rts

This is a table of 5 bytes holding the CBM ASCII message
"CBMBO" . Note that CBM has bit 7 set and 80 has bit 7
clear. It is used in conjunction with the previous routine
to check for autostart code at the beginning of a plug in
ROM cartridge.

.14d1@ c3 c2 cd 38 30



64789 RESTOR: KERNAL RESET

The KERNAL routine RESTOR ($FFBA) jumps to this routine. It
resets the KERNAL RAM vectors at $@384 onwards from the

table at $FD3@. The routine drops through to perform
VECTOR.

., 4d15 a2 30 1dx #3308

., £d17 a0 fd 1dy #s¢d 5$FD3@ = table of KERNAL

reset vectors
., ¥d19 18 clc

64794 VECTOR: KERNAL MOVE

The KERNAL routine VECTOR ($FFBD) jumps here to read or set
the vectors depending on the state of carry. In this case,
the vector table address must be in (X/Y).

., fdla 86 €3 stx $c3 ;MEMUSS - temp for moving
vectors

., fdic 84 c4 sty $c4

., fdle a@ 1f 1dy #$14 jpointer to end of table

., £d20 b9 14 03 1da %0314,y

.« £d23 bo 02 bcs $§d27

., £d25 bl c3  1da ($c3),y jget KERNAL reset vector

.. #d27 91 c3  sta ($c3),y jreplace it in 'ROM’

., £d29 99 14 O3 sta $0314,y jstore vector in RAM

.. fd2c 88 dey

.y £d2d 10 1 bpl $d20

.. fd2¢ 60 rts

64816 KERNAL _RESET VECTORS

This is a table of vectors for page 3. They are used to
point to the KERNAL 1/0 routines and by altering them,
provide a start point for user routines.

.1£d30 31 ea 66 fe 47 fe 4a 3
.1d38 91 f2 Ge 2 5@ £2 33 43
.:1£d40 57 f1 ca 1 ed 6 3e f1
.1d4B 2f 3 66 fe a5 4 ed 5

64848 RAMTAS: INITIALISE SYSTEM CONSTANTS

The KERNAL routine RAMTAS ($FFB7) jumps to this routine. It
starts by writing zeros into pages @, 2 and 3 of memory.
The pointer to the start of the cassette buffer is set up.
A test is performed on RAM to determine where it ends and




ROM begins. This is done by writing a value, reading it and
then comparing it with the value originally written. Note
that the original RAM contents are preserved. Top of memory
is then set by this test. Finally, bottom of memory and top
of screen pointers are set.

., fd50 a9 00  1da #$00
., $d52 a8 tay

., £d53 99 02 @0 sta $@002,y ;clear page @
., fdS6 99 @0 02 sta $020@,y ;clear page 2
., fdS59 99 00 @3 sta $230@,y ;clear page 3
., fdSc c8 iny

., fd5d d@ 4  bne $fd53

., fd5¢ a2 3c 1dx #$3c

., fd61 a@ @3  ldy #$03

., fd63 B6 b2 stx $b2 STAPE1 - start of tape buffer

., fd65 B84 b3 sty $b3

., fd67 a8 tay

., £d68 a9 @3 1da #$@3

., fdéa 85 c2  sta $c2 ;>STAL - 1/0 start address

., fdéc e6 c2  inc $c2

., fdée b1 ct 1da (sc1),y

.y fd70 aa tax

.y fd71 a9 SS l1da #$55

., $d73 91 c1  sta ($ci),y

., £475 d1 ct cmp ($c1),y

., £d77 d@ OFf  bne $fd8s

.y £d79 2a rol

., fd7a 91 c1 sta (scl),y

., fd7c 01 ct cmp ($c1),y

.. fd7e d@ @8  bne $fdee

.. fdB0 8a txa

.. £dB1 91 ci sta scts,

.. fdB3 c8 iny

«. fdB4 dO eB bne $fdee

.. fdB6 0 ed beq $fdéc

.. fd88 98 tya

.. fdB9 aa tax

.. fd8a a4 c2  ldv $c2 $5STAL

.. fdBc 18 cle

.. fdBd 20 2d fe isr $fe2d iset top of memory

.. $d90 a9 @8  lda #$08

«. fd92 8d 82 02 sta $©282 1 >MEMSTR - pointer to bottom
of memory

.. £d95 a9 @4  lda #$04

.. £d97 Bd 88 02 sta $8288  :HIBASE - page holding start
of screen

.. #d9a 60 rts



64923 TABLE OF TAPE 1/0 IRQ VECTORS

This table holds the vectors for the four IRQ routines that.
are used in tape 1/0. The vectors arei- $FC6A - tape write
part 1, $FCBD - tape write part 2. $EA31 - normal keyscan
1IR@, and $F92C - tape read.

-:1£d9b ba fc cd fb 31 ea 2c 9
64931 10INIT: INITIALISE 1/0

The KERNAL routine IOINT ($FFB4) jumps to this routine. It
sets the initial values of the Interrupt Control Register,
Control Registers and Data Direction Registers for both
ClAs. The SID filter/volume register is also set, and the
6510 onboard 1/0 port is initialised.

.. #da3 a9 7¢ 1da #$7+
.. fda5 B8d @d dc sta $dc@d 3CIA #1 I.C.R.
<. fdaB 8d @d dd sta $dd@d 5CIA #2 1.C.R.
.. fdab 8d @@ dc sta $dc@@ 3CIA #1 data port A
.. fdae a9 @8 1da #$08
.. fdb® Bd Qe dc sta $dc@e #1 C.R. A
.. fdb3 8d Qe dd sta $dde #2 C.R. A
.. fdbe B8d @f dc sta $dc@f #1 C.R. B
.. #db9 8d Of dd sta $dd@F #2 C.R. B
.. fdbc a2 @0 1dx #$00
fdbe Be 03 dc stx $dc@3 5CIA #1 DDRB
fdcl Be 83 dd stx $dd@3 3CIA #2 DDRB
.. fdc4 Be 18 d4 stx $d418 381D filter / volume register
fdc7 ca dex
#dc8 Be @2 dc stx $dc@2 3CIA #1 DDRA
fdcb a9 @7 1da #$07
fdcd 8d @@ dd sta $dd@@ 3CIA #2 dats port A
$dd@ a9 3 1da #$3f
fdd2 8d 02 dd sta $dd@2 3CIA #2 DDRA
4dd5 a9 e7 Lda #se7
$dd7? 85 @1 sta $01 3R6510 - onboard 1/0 port
€dd9 a9 2f 1da #$2¢
4ddb 85 @0 sta $00 5D6518 - onboard DDR

64989 ENABLE TIMER

This routine loads and starts CIA1 timer A with a value
according to the PAL/NTSC flag. PAL sets the timer to #4025
and NTSC sets the timer to #4295. This is due to different
system clock rates being used in PAL and NTSC systems.

.. fddd ad a6 @2 lda $02a6 iPAL/NTSC flag



.. fde@ f@ @a beq $fdec sNTSC
.. fde2 a9 25 1da #$25

.. fde4 8d 84 dc sta $dc@4 stimer A low byte

.. fde7 a9 4@ 1da #$40

.. fde9 4c §3 £d jmp $4df3 jset timer A high byte
.. fdec a9 95 1da #395

.. fdee 8d @4 dc sta $dc@4 stimer A low byte

.. fdf1l a9 42 1da #$42

.. £df3 8d @5 dc sta $dc@S stimer A high byte

.. fdf6 4c 6e ff imp $ffbe sload and start timer

65817 SETNAM: SAVE FILENAME DATA

The KERNAL routine SETNAM ($FFBD) jumps to this routine. On
entry, (A) must hold the length of the filename and (X/Y)
its start address.

.. fdf9 85 b7 sta $b7 3FNLEN - length of current
filename

.. fdfb 86 bb stx $bb 3FNADDR - pointer to current
filename

.. fdfd B4 bc sty sbc

.. fdEF 60 rts

65824 SETLFS: SAVE FILE DETAILS

The KERNAL routine SETLFS ($FFBA) jumps to this routine. On
entry. (A) must hold the logical file number. (X) the device
number and (Y) the secondary address. These values are
stored in their respective zero page locations.

.. fe®@ 85 b8 sta $b8 5LA - current logical file
number

.. fe@2 86 ba stx sba iFA - current device number

.. fe@4 84 b9 sty $b9 35A — current secondary
address

.. fe@s &0 rts

45031 READST: GET STATUS

The KERNAL routine READST ($FFB7) jumps to this routine.
The current value in the I/0 status word, ST is returned in
“* 1f the current device number is 2 (ie. RS-232) then
the value of RSSTAT is returned.

.. fe@7 a5 ba 1da $ba 3FA - current device number
.. fe@9 c9 82 cmp #3502 3RS-2327

.. fe@b do @d bne sfela sno - read STATUS

., fedd ad 97 @2 lda $0297 3RSSTAT - 6551 status



register image

.. fe10 48 pha
.. fell a9 08  lda #$00

.. fel3 8d 97 02 sta $@8297 sRESTAT
.. fele 68 pla

.. fel7 6@ rts

65048 SETMSG: FLAG STATUS

The KERNAL routine SETMSG ($FF9@) jumps to this routine.
The value in (A) is stored in MSGFLG, then the I1/0 status
word, ST is placed in (A). If the routine is entered at
$FEIC, then ST will be set to the value held in (A).

., fel8 85 9d sta $9d 3MSGFLG - control KERNAL
messages
.. tela a5 92 1da $9@ 3STATUS - 1/0 status word

.. felc @5 90 ora $90
.. fele 85 99 sta $90
.. fe20 &0 rts

65@57 SETTMO: SET TIMEOUT

The KERNAL routine SETTMO ($FFA2) jumps to this routine.
The value held in (A) is stored in the IEEE timeout flag.

.. fe21 B8d 85 02 sta $0285 3TIMOUT - IEEE timeout flag
.. fe24 60 rts

65861 MEMTOP: READ/SET_TOP_OF MEMORY

The KERNAL routine MEMTOP ($FFA9) jumps to this routine. If
carry 1s set on entry, then the top of memory address is
loaded into (X/Y). If carry is clear. then top of memory is
set to the address held in (X/Y).

.. fe25 9@ @6bcc $fe2d sset top of memory
., fe27 ae B3 @2 ldx %0283 $MEMSIZ - top of memory
pointer

., te2a ac 84 02 ldy %0284
., fe2d Be B3 02 stx $@283
., +e38 B8c 84 02 sty $0284
.. fe33 60 rts

65076 MEMBOT: READ/SET BOTTOM OF MEMORY
The KERNAL routine MEMBOT ($FF9C) jumps to this routine. If

carry is set on entry, then the bottom of memory address is
loaded into (X/Y). 1f carry is clear, then bottom of memory



is set to the address held in (X/Y).

., fe34 98 86  bcc $fedc  jset bottom of memory
., fe36 ae B1 02 ldx $0281  ;MEMSTR - bottom of memory
pointer

.. fe39 ac B2 02 ldy $0282
.. fe3c Be B1 02 stx $0281
., fe3f Bc B2 02 sty $0282
., fe4z 60 rts

65091 _NMI_ENTRY POINT

This routine is executed every time a hardware Non-Maskable
Interrupt occurs (eg. from RS-232). All 6510 internal
registers are preserved on the stack, and if a ROM cartridge
with autostart is present, it is warm started, otherwise
the following warm start routine is called.

.. fe43 78 sei
., fedd 6c 18 @3 jmp ($8318) jvector NMINV - points to $FE47
., fe47 48 pha
.. fe48 B8a txa
.. fe4s a8 pha
.. feda 98 tya
.. feab 48 pha
. fedc a9 7 1da #$7¢
.. fede 8d @d dd sta $dd@d sCIA I.C.R. (NMI)
feS1 ac @d dd ldv sdded
feS4 30 1c bmi $fe72 $RS-232 NMI - service RS-232
.. fe56 20 02 fd jsr $£dO2 jcheck B8-ROM

.. fe59 do o3 bne sfeSe
.. feSb  6c @2 B0 jmp ($8002) ;warm start 8-ROM

., feSe 20 bc f6 isr $fébc ilog CIA key reading
-, feol 20 el ff jsr $ffel 3STOP - scan stop key
., fesd do oc bne $fe72 swarm start without resets

65126 __WARM START BASIC

This routine is called from the NMI service routine and is
vectored through $ABB2. 1f <stop> was pressed then KERNAL
vectors are reset and 1/0 vectors initialised. 1f there are
RS-232 bits to send then the next in line is sent. The NMI
RS-232 out/in routines are executed dependant on the state
of ENABL. Finally the 6510 registers are restored and the
interrupt exited.

.. fee6 20 1S fd isr $fdi1S 3KERNAL reset
-, fe69 20 a3 fd jsr $fdad sinitialise 1/0
. feéc 20 1B e5 jsr $eS518 sinitialise 1/0

.. febf 6c B2 a0 imp ($a002) jwarm start BASIC



2d a1 @2 and $@2a1 FENABL - RS-232 enables
aa tax
29 @1 and #s01
0 28 beq $feal
ad @0 dd lda $dd@®  jread RS-232 port
29 b and #$fb
@5 bS  ora $bS SNXTBIT - next RS-232 bit to
send

.. feB2 Bd @@ dd sta $dd@@  :write bit to RS-232 port
ad al 82 1da $@2a1 SENABL
8d @d dd sta sdded sCIA I.C.R. (NMD)
8a txa
29 12 and #$12
0 8d  beq $fed 5RS-232 send
29 82 and #s02
@ 06  beq $fe9a

.. fe94 20 d6 fe jsr $tede
4c 9d fe imp $fe9d :RS-232 send
20 @7 £ jsr $F§07 sNMI RS-232 out
20 bb ee jsr Seebb 3RS-232 send
4c bo fe mp $febs treset IR@ and exit
8a txa
29 82 and #$02
f0 86  beq sfeae
2@ d6 fe jsr $fedé  3NMI RS-232 in
4c be fe imp $febo sreset IRQ and exit
8a txs
29 18 and #s10
£6 @3 beq $febo
20 07 §f isr $£§07 $NMI RS-232 out
ad al @2 lda #$B2al SENABL
8d @d dd sta $dd@d 5CIA 1.C.R (NMI)
68 pla
28 tay
&8 pla
as tax
68 pla
a0 rti

65128 RS-232 TIMING TABLE — NTSC

This is the RS-232 baud rate timing prescaler table for use
with NTSC machines. Each of the 18 entries in the table
corresponds to one of the fixed RS-232 baud rates, starting
with the lowest (5@ baud). and finishing with the highest
(2400 baud). Because of the difference in clock frequency
between PAL and NTSC machines, there is a separate PAL
timing table at $E4EC.
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.:fec2 c1 27 3e la c5 11 74 Qe
.:1feca ed Oc 45 @6 @ 02 46 01
.:fed2 b8 @8 71 @0

65238 NMI_R:

32

N

inputs a bit from the RS-232 port and sets up
rate timing for the next bit. The RS-232 receive

$ddot
#$01
$a7
$ddos
#s$ic
$0299
$ddo6
$dde7
$029a
$dde7
ws11
$ddoF
$02a1

This routine
the baud
routine 1s then called.
.. fed6 ad @1 dd 1da
. fed? 29 @1 and
, fedb 85 a7 sta
. fedd ad 06 dd lda
.. feed e9 ic  sbc
., fee2 6d 99 02 adc
., feeS 8d @6 dd sta
, feeB ad @7 dd lda
., feeb &d 9a @2 adc
.. feee B8d @7 dd sta
., fefl a9 11 lda
., fef3 8d 0f dd sta
., fef6 ad a1 02 lda
.. fef9 Bd @d dd sta
.. fefc a9 ff lda
.. fefe 8d @6 dd sta
., ff01 8d @7 dd sta
.. $§04 4c 59 ef imp
65287 _NMI_RS-232 OUT
This routine sets up

and adjusts the n

07
#40a
f¢0d
410
413
415
418
$f1a
f41d
£420
£422
425
428

£42b
€£2d
f42e

ad
8d
ad
8d
a9
8d
a9
4d
8d
a9
8d
8d
ae

86
60
aa

95
26
96

[F
dd
02
dd

dd

02

dd
dd
02

1da
sta
1da
sta
1da
sta
1da
eor
sta
1da
sta
sta
1dx

stx
rts
tax

the baud

umber of bits

40295
$dde6
$0296
$dde7
(2388
$ddof
#$12
$02a1
$02a1
wEEf
$ddo6
+$dd@7
40298

$a8

S5-232 1/0 port

sINBIT - input bit buffer
imer B low

$<BAUDOF - baud rate
stimer B low

itimer B high

3 >BAUDOF

stimer B high

5CIA C.R. B
$ENABL - RS-232 enables
5CIA I.C.R. (NMI)

stimer B low
stimer B high
3RS-232 receive

rate for sending the bits out,
remaining to send.

$MS1AJB - non standard BFS time
stimer B low

stimer B high
;CIA C.R. B

FENABL - RS-232 enables
stimer B low

imer B high

:BITNUM - # bits still to

send
$BITC1 - RS-232 in bit count




.. £§2f ad 96 @2 1da $8296 3MS1AJB - non standard BPS time
.. $£32 2a rol

., $$33 a8 tay
., $£34 Ba txa

., 435 69 B  adc #$c8

.. $$37 Bd 99 02 sta $0299  ;BAUDOF - baud rate
., f$3a 98 tya

.. $£3b 69 @0 adc #5200
-, £¥3d B8d 9a B2 sta $@29a
.. ££40 60 rts

65347 _FAKE_IRQ

.. ff41 ea nop
., ff42 ea nop
.. $£43 @8 php
-, ff44 68 pla
.. £F45 29 ef and #sef
.. £F47 48 pha

65352 IR@_ENTRY

This is the routine pointed to by the hardware IRQ@ vector at
SFFFE. its main function is to distinguish between a
hardware IRQ and a software BRK. Each type of interrupt is
processed by its own routine.

.. £f48 48 pha isave processor registers
.. ££49 Ba txa
.. ffaa 48 pha
.. ff4b 98 tya
., ffac 48 pha
.. ft4d ba tsx

.. ffde bd @4 01 lda $0104.x

.. #§51 29 10 and #5109

., 53 0 @3 beq $§58

.. 55 6c 16 @3 jmp ($8316) ;vector CBINV - points to $FE&6
.. ££58 6c 14 B3 jmp ($0314) ;vector CINV - points to $EA3L

65371 CINT: INITIALISE SCREEN EDITOR

The KERNAL routine CINT ($FF81) jumps to this routine. It
sets up the VIC 11 chip for normal operation. This section
of code here is actually a patch to the original CINT

routine, located at $ES18. This patch serves to test
whether the machine is built for NTSC or PAL use. The
raster compare register is set to 311, and an interrupt
awaited. because of the different number of scan lines on

NTSC monitors. the interrupt will only occur if the machine
operates the PAL system.

.. £fSb 20 18 e5 jsr $e518 sinitialise 1/0



.. ff5e ad 12 d@ lda $d@12
.. £f61 d@ fb bne $ffSe
.. ££63 ad 19 dB lda $d@19
.. £f66 29 O1 and #$01
.. £f68 8d a6 02 sta $02ab
.. ff6b 4c dd fd imp $fddd
.. ffoe a9 81 1da #$81
.. £f78 8d @d dc sta $dc@d
., $$73 ad @e dc lda $dc@e
.. §§76 29 8@ and #$80
.. £f78 @9 11 ora #s11
.. $f7a Bd @e dc sta $dc@e
.. §7d 4c Be ee jmp SeeSe

65408 KERNAL VERS1ON ID

This is
KERNAL ROM.

.:£$80 @0

65409 KERNAL _JUMP TABLE
This is a table of

what

jump vectors to 1/0 routines. No
Commodore machine, or where the routine is in ROM. the

3VIC raster register
swait for top of screen
3VIC interrupt flag register

$PAL/NTSC flag
jenable timer

3CIA I.C.R. (IR®)

sCIA C.R. A

iCIA C.R. A
iserial clock off

an I.D. byte, used to identify the version of the
The original 64 had a KERNAL 1.D. of #AA.

matter

jump vector is always at the same location in this table.

.. £§B1 4c Sb £4 jmp $FfSb
.. ££84 4c a3 fd jmp $Ffda3
.. #£87 4c 5@ fd jmp $fd50
.. £8a 4c 15 fd imp $£d15

.. £f8d 4c 1a fd imp $fdla
., £490 4c 18 fe jmp $fel8

.. $$93 4c b9 ed jmp $edb?

., $§96 4c c7 ed imp $edcy
.. ££99 4c 25 fe jmp $fe25

.. ff9c  4c 34 fe jmp $fe34
.. §£9¢ 4c 87 ea imp $eaB7?
.. ffa2 4c 21 fe imp $fe2l

., ffa5 4c 13 ee jmp Seeld

-, #fa8 4c dd ed jmp $eddd

$CINT - initialise screen
editor
310INT - initialise

input/output
3RAMTAS - initialise RAM.

tape. screen

iRESTOR - restore default 1/0
vectors

VECTOR - read/set vectored 1/0
3SETMSG - control KERNAL

messages
:SECOND - send SA after
LISTEN

$TKSA - send SA after TALK
SMEMTOP - read/set top of
memory

sMEMBOT - read/set bottom of
memory

5SCNKEY - scan keyboard
$SETTMO - set IEEE timeout

5ACPTR - input byte from
serial bus
sCIOUT - output byte to

serial bus



., ffab command serial bus

$fae 4c fe ed jmp sedfe FUNLSN - command serial bus

$£b1  4c Oc ed jmp $eddc command serial bus

£$b4  4c @9 ed jmp $ed@I ;TALK - command serial bus

.. #fb7 4c @7 fe jmp $fed? read 1/0 status word

.. #fba 4c 00 fe jmp $fedd

set logical file
parameters

.. #fbd 4c £9 +d jmp $£dF9 :SETNAM - set filename

.. £4CO 6 la @3 jmp ($@31a) - open logical file

.. £fC3 6c 1c @3 jmp ($@31c) - close logical file

.. ffce 6c le @3 jmp ($@31e) - open channel for input

.. £fC9 6Cc 20 03 jmp ($0320) - open channel for

ffcc  bc 22 @3 jmp ($0322) ;CLRCHN - close all 1/0

channels

.. ffcf 6c 24 O3 jmp ($0324) ;CHRIN - I/P character from
channel

.. $fd2 6c 26 O3 jmp ($@326) ;CHROUT - O/P character to
channel

.. $4dS  4c 9e f4 jmp $fage ;LOAD - load RAM fromdevice

- save RAM to device

- set real-time clock
- read real-time clock
- scan <stop> key

- get from keyboard

.. $£d8 4c dd 5 jmp $+5dd
.. ffdb 4c ed f6 imp $fbed
.. #fde 4c dd 6 imp $fé6dd
.. ffel 6c 28 03 jmp ($0328)
.. fted 6c 2a B3 imp ($032a)

.. ffe7 bc 2c 03 imp ($832c) ;CLALL - close all channels
and files

.. ffea 4c 9b §6 imp $F69b JUDTIM - increment real-time
clock

.. ffed 4c @5 eS jmp $e505  :SCREEN - return screen
organisation

.. £460 4c Da e5 jmp $eS50a :PLOT - read/set cursor X/Y
position

.. ££§3 4c @0 eS imp $e50@  :10BASE - return I/0 base
address

65530 SYSTEM HARDWARE VECTORS

This table contains the vectors for system reset. IRG and
NMI. They point to ROM routines which contain an indirect
jump to RAM, so that user interrupt routines etc. can be
written.

F£§4 00 e5 52 52 42 59 43 fe
fffc e2 +c 4B 44




SECTION 4.
KERNAL GUIDE



A _GUIDE TO THE KERNAL

When the operating system of a computer has been changed,
most machine language programs written for that machine will
no longer work since the machine language program will need
to access specific locations in memory which may have been
moved. This problem happens not only between models in a
range but also in different ‘issues’ of the same model.

On Commodore computers, the most important Operating System
routines have been written so that they always start at the
same location no matter what version or model of the
machine. This first instruction is always a JMP to wherever
the actual code has been written. This group of JMP
instructions is called the KERNAL JUMP TABLE. The routines
within the table are as follows (in alphabetic order):

NAME ADDRESS DESCRIPTION

ACPTR $FFAS Input byte from serial port
CHKIN $FFC6 Open channel for input
CHKOUT ~ $FFC9 Open channel for output
CHRIN $FFCF  Input character from channel
CHROUT  $FFD2 Output character to channel
crout $FFAB Output byte to serial bus
CINT $FFB1  Initialise screen editor
cLALL $FFE7 Close all channels and files
CLOSE $FFC3  Close specified file

CLRCHN  $FFCC Close all channels

GETIN $FFE4 Get character from file
I0BASE  $FFF3 Return base 1/0 address
IOINIT  $FF84 Initialise 1/0

LISTEN $FFB1 Send LISTEN to serial bus
LOAD $FFDS Load file into RAM

MEMBOT  $FF9C Read/Set bottom of memory
MEMTOFP  $FF99 Read/Set top of memory

OPEN $FFC® Open a logical file

PLOT $FFF® Read/Set cursor position
RAMTAS  $FFB7 Initialise RAM, tape buffer & screen
RDTIM $FFDE Read TI jiffy clock

READST  $FFB7 Read 1/0 status word

RESTOR  $FFBA Restore default 1/0 vectors
SAVE $FFDB Save memory to a device
SCNKEY ~ $FF9F Scan keyboard

SCREEN  $FFED Return screen dimensions
SECOND  $FF93 Send secondary address after LISTEN
SETLFS $FFBA Set up file parameters



SETMSG
SETNAM
SETTIM
SETTMO

Control KERNAL messages
Set file name

Set TI jiffy clock

Set timeout on serial bus

Scan <STOP> key

Send TALK to serial bus

Send secondary address after TALK
Increment TI jiffy clock

Send UNLISTEN to serial bus

Send UNTALK to serial bus
Read/Set vectored 1/0



A_NOTE ON_KERNAL ERROR HANDLING

During the use of the KERNAL 1/0 routines it is possible to
create an error condition (for example, OPENing a write file
to the keyboard). If this occurs in BASIC, this fact is
recognised and the program is halted with a descriptive
error message, but this does not happen when using the
KERNAL routines. However, errors can be easily detected and
dealt with.

For all KERNAL routines in which it is possible to generate
an  error, the carry flag in the Processor Status Word is
used as a flag. If an error has occurred, the flag is set,
and, if not, the flag is clear.

Many possible errors can be found by examining the 1/0
status word, ST (See the comments on READST for details of
this). Other errors are flagged into (A). These errors
follow the same sequence as the BASIC error codes and are
summarised as follows:

1/0 ERROR #0
1/0 ERROR #1
1/0 ERROR #2
1/0 ERROR #3
1/0 ERROR #4
1/0 ERROR #5
1/0 ERROR #6
1/0 ERROR #7
1/0 ERROR #8
1/0 ERROR #9

<STOP> KEY WAS PRESSED
TOO MANY FILES

FRER
Moo
<rrcr
Smmm
o

mzza
5§61
zAaAm
=] z
ER.N-]
-]
DEM
22z
n

m

z

L

NOT INPUT FILE

NOT OUTPUT FILE

. MISSING FILENAME

. ILLEGAL DEVICE NUMBER

Additionally, it is possible to have the "I/0 ERROR #.
message printed on the screen when the error occurs by
calling the KERNAL SETMSG routine with (A) = #4@ or #C@.
Note that this routine also controls the printing of
"SEARCHING", "FOUND" etc messages.




ACPTR ($FFAS)

Purpose: Get a byte from the serial bus into (A).
Registers used: [

Registers affected: (A), (X)

Stack used: 13

Preparation: TALK, (TKSA)

Errors: #0, See READST

This routine is used to get a byte of data from a device on
the serial bus. No information needs to be passed to this
routine when it is called, and the byte of data is returned
in (A).  The TALK routine must be called first to command
the device to send the data. The optional secondary address
can also be sent by using the TKSA routine. Any errors
encountered will be flagged into the 1/0 status word, ST.

Use: 1. Command device to TALK (using TALK, TKSA)
2. JSR ACPTR
3. Process data in (A)
4. Command device to UNTALK

CHKIN ($FFC6)

Purpose: Open a channel for input
Registers used: [§3)

Registers affected: (A), (X)

Stack used: )

Preparation: (SETLFS, SETNAM, OPEN)
Errors: #O, #3, 5, #6.

Any logical file that is already OPEN can be defined as an
input channel by this routine. The routine will
automatically abort and return an error code if the device
on the channel is not an input device. If the device is on
the serial bus, then TALK and TKSA are sent automatically
onto the bus.

14 input is to be from the keyboard and there are no other
channels open, then CHRIN or GETIN can be called without
having to use either OPEN or CHKIN.

Use: 1. OPEN the logical file (with SETLFS, SETNAM and OPEN)
2. LDX #$ logical file number
3. JSR CHKIN
4. Input the data (using CHRIN or GETIN)
S. CLOSE the logical file



CHKOUT ($FFC9)

Furpose: Open a channel for output
Registers used: )

Registers affected: (A), (X)

Stack used: a+

Freparation: (SETLFS, SETNAM, OPEN)
Errors: #8, #3, #S,

Any logical file that is already OPEN can be defined as an
output channel by this routine. The routine will
automatically abort and return an error code if the device
on the channel is not an output device. If the device is on
the serial bus, then LISTEN and SECOND are sent
automatically onto the bus.

If the output is to be to the screen and there are no other
channels open, then CHROUT can be called without having to
use either OFEN or CHKOUT.

Use: 1. OPEN the logical file (with SETLFS, SETNAM and OPEN)
2. LDX #$ logical file number
3. JSR CHKOUT
4. Output data to the device (with CHROUT)
5. CLOSE the logical file

CHRIN ($FFCF)

Purpose: Input a byte from current input channel
Registers used: )

Registers affected: (A), (X)

Stack used: 7+

Preparation: (OPEN, CHKIN)

Errors: #0, see READST

This routine gets a byte from the input channel. No data
needs to be passed to the routine when it is called. The
input data is returned in (A). Note that the channel
remains open after the call is made. A check must be made
for the terminator to the data being input (carriage return
for the keyboard, and the EOI flag set for other devices).
The EOI signal is sent when the last byte in the file is
sent, and is found via the READST routine.

Keyboard entry is handled somewhat differently. If there
are no other channels open, then the OPEN and CHKIN calls
are not needed. On the first call to CHRIN, the cursor is
turned on, and all keys pressed are echoed on the screen
until RETURN is pressed, when the logical screen line is
transferred to the input bufer. The first character in the



buffer is then returned in (A). Subsequent calls to CHRIN
will read characters from the input buffer, until it is

Use: 1. OFEN file and set input device
2. JSR CHRIN
3. Process data byte
4. JSR READST
5. AND #$4@ (Check for EOD)
6. BEQ step 2 (Not EOI so get next byte)
7. CLOSE file

CHROUT _($FFD2)

Purpos: Output a byte to the current channel
Registers used: [ty

Registers affected: (A)

Stack used: 8+

Preparation: (OPEN, CHKOUT)

Errors: #0, See READST

This routine sends a byte of data to the output channel. If
this is the screen, and there are no other channels open,
then the OPEN and CHKOUT routines are not needed. When this
routine is called, the character in (A) is sent to the open
channel. Note that the channel remains open after the call
has been made.

Data is sent to the serial bus in the following way.  When
CHROUT is first called, the character is merely stored in
the serial buffer. Subsequent calls to CHROUT cause the
character in the buffer to be sent, and the new character
stored in the buffer. The final character in the buffer is
not sent until the channel is closed, when the EOI signal is
sent with the last byte, and the device is UNLISTENED. This
routine sends data to all open channels on the bus, so some
care must be taken.

Use: 1. OPEN the logical file and channel
2. LDA #$ data to be output
3. ISR CHROUT
4. Repeat from step 2 as necessary
S. CLOSE the channel and logical file

CIOUT ($FFAB)

Purpose: Send a byte to the serial bus
Registers used: @)



Registers affected:
Stack used:

Preparation: LISTEN. SECOND
Errors: #@, See READST

This routine is used to send a byte of data to a device on
the serial bus. The byte of data to be sent must be placed
in (A) before calling the routine. Any errors are flagged
by the carry bit in the status register, and can be found by
reading the /0 status word or (A)=@. The LISTEN routine
must be called first to command the device to receive the
data. The optional secondary address can also be sent by
using the SECOND routine. Note that the byte to be sent is
buffered. ie. the byte given is stored in the buffer, and
the brevious byte from the buffer is sent to the bus. This
is so that the last byte of the message can have the EOI
handshake superimposed on it when the device is UNLISTENED.

Use: 1. Command the device to LISTEN (using LISTEN, SECOND)
2. LDA #5 data to be output
3. JSR cIouT
4. Repeat from step 2 as needed
S. Commend device to UNLISTEN

CINT ($FFB1)

Purpose: Initialise screen editor
Registers used:

Registers affected: @, X, (V)
Stack use 4

Preparation:

Errors:

The VIC II chip is set up and the screen editor initialised
by this routine. Any external ROM cartridge used should
call this routine.

Use: 1. JSR CINT

CLALL ($FFE7)

Purpose: Close all files and channels
Registers used:

Registers affected: @), 0
Stack used: 1

Preparation
Errors:




This routine effectively aborts all 1/0 operations and
restores the system defaults. All of the entries in the
file table are deleted and the CLRCHN routine is used to
send UNTALK and UNLISTEN to all devices on the serial bus
and restore keyboard and screen as the default input and
output devices. The use for this routine is limited by the
fact that the devices involved are not informed that the
files have been closed.

Use: 1. JSR CLALL

CLOSE ($FFC3)

Furpose: Close a logical file
Registers used:  (A)
Registers affected
Stack used: 2+
Preparation:

Errors: #@, %3, See READST

W, 00, )

This routine closes a specified logical file that was opened
using the kernal OPEN routine. Unlike the CLALL routine,
the file to the device is closed ‘properly’ as well as

UNLISTEN or UNTALK being sent. The RS-232 receive and
transmit buffers are de-allocated if an RS-232 file is being
closed.

Use: 1. LDA #$ logical file number
2. JSR CLOSE

Furpose: Clear all 1/0 channels
Registers used

Registers affected: @, X
Stack used: 9

Preparation:

Errors:

This routine closes down all active 1/0 channels (NOT the
logical files), and restores the default input device
(keyboard) and output device (screen). If the channel(s) ta
be closed are on the serial bus, then UNTALK or UNLISTEN are
sent to the bus. Note that all open channels on the bus
will receive any data sent. Thus if, say the printer were
commanded to LISTEN and the disk drive to TALK, a disk file



could be printed directly.
Note that this routine is called automatically by CLALL.

Use: 3SR CLRCHN

GETIN (SFFE4)

Purpose: Get a byte from the keyboard buffer

Registers used:  (A)
Registers affected: @), (X1, (V)
Stack used: 7+

Preparatior (CHKIN, OPEN)
:  See READST

Error

This routine gets a byte from the keyboard buffer or RS-232

channel. No data needs to be passed to the routine when it
is called. The input data is returned in (A). Note that
the channel remains open after the call is made. A check

must be made for the terminator to the data being input.
Keyboard entry is handled in this manner: if there are no
other channels open, then the OPEN and CHKIN calls are not
needed.  The routine will return the first character in the
keyboard buffer in (A). This character is placed in the
buffer by the IRG routine (which calls SCNKEY) and is not
echoed to the screen. Once the keyboard buffer is full (1@
characters), then all further keypresses are ignored until a
character has been removed from the buffer. For channels to
devices other than RS-232 or the keyboard. use CHRIN or
ACPTR routines.

Use: 1. OPEN file and set input device
2. JSR GETIN
3. Process data byte
4. JSR READST
5. BEQ step 2
6. CLOSE file

I0BASE (S$FFF3)

Purpose: Get base address of 1/0 devices
Registers used:  (X), (Y)

Registers affected: X))
Stack used: 2

Preparation:

Errors:

The (X/Y) registers are set to the base address of the 1/0



chips in the format (X) = low, (Y) = high. By addressing
I/0 registers as an offset from this address, compatibility
will be maintained with any future version of the Commodore
64,

Use: 1. JSR IOBASE

I0INIT ($FF84)

Purpose: Initialise 1/0 devices
Registers used:

Registers affected: Ay, O, (V)

Stack used

Preparation:

Errors:

This routine initialises all 1/0 devices and routines. It

should be called by an external ROM cartridge.

Use: 1. JSR IOINIT

LISTEN ($FFB1)

Purpose: Command a serial device to LISTEN

Registers used:  (A)

Registers affected: @)
Stack used:

Preparation:

Errors: See READST

This routine commands a specified device on the serial bus
to LISTEN. The device number must be placed in (A) before
entry.  The device number is converted into a LISTEN address
by ORing it with #20. and then sending it to the bus as a
command ‘under ATN’. The device will then receive data via
the CIOUT routine.

Use: 1. LDA # device number
2. JSR LISTEN

LOAD _($FFDS)

Purpose: Load / Verify RAM from a device
Registers used:  (A), (X, (V)

Registers affected: (A, 0O, )
Stack used:



Preparation: SETLFS, SETNAM
Errors: #0, #4, #5, #8, #9, See READST

This routine is used to load or verify RAM from = device.
(A) must hold #@® to load, and #B1 to verify. It is not
possible to load from the keyboard, RS-232 or screen. 14
the input device is given a secondary address of #@@. then
the header of the file is ignored, and the program is loaded
at the relocated address given in (A/Y). If the secondary
address is #@1, then the program is loaded at the absolute
address specified in the file header. 0On exit, the end
address of the load is held in (X/Y).

Use: 1. Call SETLFS to set the file and device parameters
(Note: SA = @ for relocated load, and 1 for absolute

1oad)

2. Call SETNAM to specify the filename

3. LDA #$ (@0 for LOAD, @1 for VERIFY)

4. LDX #% Load address low (For relocated load only)

S. LDY #% Load address high (For relocated load only)

6. JSR LOAD

7. STX VARTAE

8. STY VARTAE +1

MEMBOT ($FFSC)

Furpose: Read / set bottom of memory
Registers used:  (X), (Y)

Registers affected: 00,
Stack used:

Preparation:

Errors:

This routine reads or sets the bottom of memory according to
the state of the carry flag. If it is set, then the address
of the lowest available byte of RAM is returned in (X/Y).
If carry is clear, then the pointer to the beginning of RAM
is set to the address held in (X/Y).

Use: 1. SEC (This reads MEMBOT)
2. JSR MEMEOT
3. Process (X) and (Y) registers

OR 4. LDX #% address low byte
5. LDY #% address high byte
6. CLC (This writes MEMBOT)
7. JSR MEMEOT



MEMTOP ($FFF9)

Purpose: Read / set top of memory
Registers used:  (X), (Y)
Registers affecte
Stack used: 2
Preparation:
Errors:

X, Y

This routine reads or sets the top of memory according to
the state of the carry flag. 1f it is set, then the address
of the highest available byte of RAM is returned in (X/Y).
1f carry is clear, then the pointer to the top of RAM is set
to the address held in (X/Y).

Use: 1. SEC (This reads MEMTOP)
2. JSR MEMTOF
3. Process (X) and (Y) registers

OR 4. LDX #5 address low byte
5. LDY #$ address high byte
6. CLC (This writes MEMTOP)
7. JSR MEMTOP

OPEN_($FFC@)

Purpose: Open a logical file
Registers used:
Registers affecte
Stack used:
Preparation: SETLFS, SETNAM
Errors: #1, #2, #4, #S, #6, See READST

. 0, ()

This routine is used to open a logical file, which can then
be used by other KERNAL 1/0 routines. The arguments
required to open the file (file number, device, secondary
address and filename) must be set up using the SETLFS and
SETNAM routines before OPEN is called. As a result, OFEN
needs no parameters to be passed to it.

Special conditions apply to the RS-232 port. Firstly, two
256 byte FIFD (First In First Out) buffers are set up at the
top of memory. The 512 bytes required are automatically
allocated, and if there is insufficient space, the buffers
will overwrite (and hence destroy) the end of any program or
data present. No error message is printed, so care must be
taken.



Secondly, there can be only one RS-232 file open at any
time, since the buffer pointers would be reset by further
OFEN commands.

Thirdly, a filename can be specified. containing up to 4
characters, representing the baud rate, parity, word length
etc to be used. Se the section on the RS-232 port for more
detail.

Use: 1 Call SETLFS to set file parameters
2. Call SETNAM to set filename
3. JSR OPEN
4 Perform other KERNAL 1/0 routines

FLOT (SFFF@)

Purpose: Read / set cursor position
Registers used:  (X), (Y)

Registers affected: [ RS SINI%)
Stack used: 2

Freparation:

Errors:

This routine reads or sets the current cursor position
according to the state of the carry flag. If it is set,

then the X-Y coordinates of the cursor are returned in
XY If carry is clear, then the X-Y coordinates of the
cursor are set to the values held in (X/Y).

Use: 1. SEC (To read the cursor)
2. JSR PLOT
3. (X) and (Y) hold the cursor X-Y position

OR 4. LDX #$ cursor X position
5. LDY #% cursor Y position
6. CLC (To set the cursor)
7. ISR PLOT

RAMTAS ($FFB7)

Purpose: Ferform RAM test and initialise RAM
Registers used:  (A), (X), (Y)

Registers affected: A, 00, (V)
Stack used: 2

Preparation:



Errors:
This routine tests RAM, and sets its top and bottom pointers
according to the result. Pages @, 2 and 3 are cleared, the
screen base is set to $040@, and the cassette buffer is
allocated. The routine is normally called by an external
ROM cartridge as part of the initialisation process.

Use: 1. JSR RAMTAS

RDTIM ($FFDE)

Purpose: Read system jiffy clock

Registers used:  (R), (X, (V)
Registers affected: @, 0, )
Stack used: 2

Preparation:
Errors:

This routine reads the system real-time software jiffy
clock. The result is returned as three bytes, the most
significant in (A), the next most significant in (X), and
the least significant in (Y). The time is given in jiffies,
each jiffy being 1/6@ second.

Use: 1. JSR RDTIM

READST ($FFB7)

Furpose: Read 1/0 status word

Registers used:  (A)
Registers affected: )
Stack used: H

Preparation:
Errors:

This routine returns the current value of the 1/0 status
word, ST in (A). This word gives information about the
status of the last 1/0 action performed. The significance
of each bit is shown below. Note that the result of RS-232
communications is obtained from RSSTAT rather than STATUS,
although it is still read through this routine.



BIT| TAPEREAD | TAPE L( SERIAL RS-232

0 WRITE TIME OUT | PARITY ERROR

1 READ TIME OUT | FRAMING ERROR

2 | SHORT BLOCK SHORT BLOCK IN BUFFER OVERRUN
3| LONG BLOCK LONG BLOCK IN BUFFER EMPTY

4 | READ ERROR ANY MISMATCH NO CTS

5 | BADCHECKSUM | BAD CHECKSUM

6 | END-OF-FILE (EOF) END-OR-IDENTIFY | NO DSR
7 | END-OF-TAPE (EOT) | END-OF-TAPE (EOT)| DEVICE NOT BREAK DETECT
PRESENT

Use: 1. JSR READST
2. decode information in (A)

RESTOR _(4FFBA)

Furpose: Restore detault system and interrupt vectors
Registers used:
Registers affected:
Stack used: 2
Preparation:
Errors:

This routine restores the default values of all BASIC and
KERNAL vectors and interrupts.

Use: 1. JSR RESTOR

SAVE_(4FFDE)
Purpost Save memory to a device

Registers used: )y, (X), (Y)

Registers affected: R, (X, (V)
Stack used:

Preparation: SETLFS, SETNAM

Errors: #S, #8, #9, See READST

This routine saves memory to a specified device (not the
keyboard, RS-232 or screen). (A) must point to a two byte
area in zero page that holds the start address of the save.
(X/Y) must point to the end address of the area of memory to



be saved. The file parameters must be set up before entry
(using SETLFS and SETNAM), although the filename is optional
when saving to cassette.

Use: 1. Call SETLFS (to set file parameters)
2. Call SETNAM (to set filename)
3. Set start address of save into zero page

(TXTTAB ($2B-$2C) is often used)

4. LDA #% zero page offset (to, say, <TXTTAB)
S. LDX #% end address low byte
6. LDY #% end address high byte
7. JSR SAVE

SCNKEY ($FF9F)

Purpose: Scan the keyboard
Registers used:

Registers affected: By, (X, (V)
Stack used: s

Preparation: TOINIT

Errors:

This routine scans the keyboard and places any pressed keys
(except for CTRL, SHIFT, CBM, STOP and RESTORE) in the
keyboard buffer. This routine is called by the normal IRQ
routine, and need not be called by the user, unless the
normal IR@ service routine is bypassed.

Use: 1. JSR SCNKEY

SCREEN ($FFED)

Purpose: Return screen format
Registers used:  (X), (V)

Registers affected: X, (V)
Stack used: 2

Freparation: 1OINIT

Errors:

This routine returns the number of rows and columns on the
screen. Rows are held in (Y), and columns in (X).

Use: 1. JSR SCREEN
SECOND _($FF93)

Purpose: Send secondary address after LISTEN



Registers used:  (A)

Registers affected: (L))
Stack use 8
Preparation: LISTEN

Errors: See READST

This routine sends a secondary address to a device on the
serial bus after it has been commanded to LISTEN. The
secondary address must be placed in (A) before calling the
routine.

Use: 1. Command device to LISTEN
2. LDA #$ Secondary address
3. JSR SECOND

SETLFS ($FFBA)

Purpose: Set up a logical file
Registers used:  (A), (X), (V)
Registers affected:

Stack used:

Preparation:

Errors:

This routine sets up the logical file number, device number
and secondary address for the OPEN, LOAD and SAVE kernal
routines. The logical file number is used for the table of
active logical files and can be any value (#@1 - #FF).
Device numbers refer to CEM peripheral devices and can range
from #@2 to #IF. Device numbers greater than 3 are all on
the serial bus. A table of commonly used devices is given

NUMBER DEVICE

(] Keyboard
1 Cassette

2 RS-232 port

3 Screen

4 Printer

5 Printer (optional)
& Plotter

8 Disk drive

A secondary address can be sent to the device during the



initial ATN handshake. For information on the use of
secondary addresses, see the manuals to the devices
concerned.  If no secondary address is to be sent, then (Y)
should be set to #FF.

Use: 1. LDA #$ Logical file number
2. LDX #% Device number
3. LDY #% Secondary address (or #FF)
4. JSR SETLFS

SETMSE_($FF90)

Purpose: Control kernal messages

Registers used:  (A)

Registers affected: )
Stack used: 2

Freparation:

Errors:

This routine controls the output of kernal control and error
messages. Bit & controls the output of control messages (eg.
‘SEARCHING FOR... "), and bit 7 controls the output of error
messages (I/0 ERROR #...'). When the bit is set, the
messages are enabled, when it is clear, the messages are
disabled. Note that messages of the type 'PRESS PLAY...

cannot be disabled using this routine.

Use: 1. LDA #$ Control byte (#20, #4@, #88, #CO)
2. JSR SETMSG

SETNAM _($FFBD)

Purpose: Set up file name

Registers used: A, (X1, (V)

Registers affected: Ay (X, (Y
Stack used:

Preparation:

Errors:

This routine sets up a file name for use with the kernal
OFEN, LOAD and SAVE routines. (A) is loaded with the length
of the file name, and (X/Y) with its start address (format:
low/high) . This address can be anywhere in system memary.
1f no file name is required for cassette 1/0 then (A) should
be set to zero. Note that in this case, the values in (X)
and (V) are unimportant.



Use: 1. LDA #5 File name
Z. LDX #% Start address of name low
3. LDY #$ Start address of name high
4. JSR SETNAM

SETTIM ($FFDB)
Purpose: Set the system jiffy clock

Registers used:  (A), (X), (Y)
Registers sffected:

Stack used: 2

Preparation:

Errors:

This routine is used to set the real-time jiffy clock. The

clock is three bytes long, and is set with (A) holding the
MSB. then (X), and then (Y) holding the LSB. The clock is
automatically incremented by an IR@ request and resets to
zero after 5,184,000 jiffies (24 hours).

Use: 1. LDA #§ MSB of time (jiffies)
2. LDX #$ Next most significant byte (jiffies)
3. LDY #$ LSB of time (jiffies)
4. JSR SETTIM

SETTMO ($FFA2)

Purpose: Set serial bus timeout

Registers used:  (A)
Registers affected:
Stack used: 2
Preparation:

Errors:

This routine is used to enable and disable timeouts on the
serial bus. 1f bit 7 of (A) is clear on entry, then the
timeout will be enabled, and the Commodore will wait 64
milliseconds for a device to respond on the serial bus
before flagging 7?DEVICE NOT PRESENT or 1/0 ERROR #S.
Setting bit 7 of (A) will disable the timeout. Note that
timeouts are also used to communicate ?FILE NOT FOUND during
a BASIC OPEN command.

Use: 1. LDA #$ Timeout flag (#0@ to enable, #88 to disable)
2. JSR SETTMO



STOP_($FFEL)

Purpose: Check if <STOP> was pressed

Registers used:  (A)
Registers affected: @, o
Stack used:

Preparation: «WDTIM)

Errors:

1f <STOP> was pressed during the last call of UDTIM
(normally during IR@ servicing), then the Z flag will be set
on exit. Additionally, the input and output channels will
be reset to their initial values. If <STOP> was not
pressed, then Z remains clear and (A) will hold the value of
the last row of the keyboard scan. This enables certain
other keys to be checked for.

Use: 1. Call UDTIM if IRQ is disabled
2. JSR STOP
3. BEQ <STOP> pressed

TALK _(SFFB4)

Purpose: Command serial device to TALK

Registers used:  (A)
Registers affected: )
Stack used: 8

Preparation:

Errors: See READST

This routine commands the device specified in (A) (where the
number can be from 4 to 31), to TALK. This is done by ORing
the device number with #4@ and sending this byte to the
serial bus ‘under ATN'.

Use: 1. LDA #$ Device number
2. JSR TALK
TKSA ($FF96)

Purpose: Send secondary address after TALK
Registers used:

Registers affected: @)
Stack used: 8
Freparation: TALK

Errors: See READST



This routine sends a secondary address to the serial bus
after the TALK command. On entry, (A) must hold the
secondary address to be sent to the device ‘under ATN'. For
an explanation of the effect of a particular secondary
address, see the manual for the device concerned.

Use: 1. LDA #$ Secondary address
2. JSR TKSA

Purpose: Update system jiffy clock
Registers used:

Registers affected: B,
Stack used: 2

Preparation:

Errors:

This routine updates the system real time jiffy clock and
scans the keyboard. It is normally called by the IRG
service routine 6@ times each second. However, if the IRG
1s disabled, then this routine must be called by the user
and then STOP called if the clock and <STOP> key are to
remain enabled.

Use: 1. JSR UDTIM

UNLSN_($FFAE)

Purpose: Command serial bus to UNLISTEN
Registers used:

Registers affected: A
Stack used: 8

Preparation:

Errors: See READST

This routine commands all devices on the serial bhus to
UNLISTEN, ie. to stop receiving data. Devices commanded to
TALK are not affected by this routine. No parameters are
needed.

Use: 1. JSR UNLSN

UNTLK ($FFAB)

Purpose: Command serial bus to UNTALK



Registers used:

Registers affected: (e
Stack used: 8

Preparation:

Errors: See READST

This routine commands all devices on the serial bus to
UNTALK, ie. to stop transmitting data. Devices commanded to
LISTEN are not affected by this routine. No parameters need
to be passed to the routine.

Use: 1. JSR UNTLK

VECTOR ($FFBD)

Purpose: Read / set RAM vectors

Registers used:  (X), (Y)

Registers affected: @), (X), (V)
Stack used: 2

Preparation:

Errors:

This routine manages the system jump vectors stored in RAM
from $@314 to $0333. An address must be specified in (X/Y).
1§ the routine is entered with carry set, it will copy the
RAM vectors to the new location pointed to by (X/Y). 1f
carry is clear, then the block of memory pointed to by (X/Y)
is copied to the RAM vector area. This can be used to, say
copy the vectors into RAM, alter those desired, then copy
the vectors back again.

Use: 1. Set (X/Y) to address for storing vectors
2. SEC (or CLC to copy vectors back)
3. JSR VECTOR



SECTION 5.
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THE CASSETTE PORT

The Commodore &4 has one dedicated external cassette deck
for use in storing programs and data. The cassette port
consists of six lines; MOTOR, SENSE, WRITE, READ. +5V and
GND.. The six lines can be divided into three functions:
control, power and data.

The two power lines (+5V and GND) are used to drive the
printed circuit board within the cassette unit and to
provide a general power supply.

The MOTOR control line is used to directly drive the
cessette motor. This line is connected to P5 of the 6510
onboard 1/0 port. The SV signal from the port is boosted to
an unregulated 9V, S@@mA signal by a series of cascaded
transistor amplifiers.

The SENSE control line is an input to P4 of the 6510 onboard
1/0 port, and is active low. It is used to detect whether
the play, fast forward or rewind button has been pressed.
The detection is performed using a switch inside the
cassette deck. (Note that it is unable to differentiate
between which of the buttons has been pressed.)

The two data lines are used to WRITE and READ data from the
cassette deck. The WRITE line is connected to P3 of the
6510 onboard 1/0 port, and the READ line (normally pulled
high) is connected to the FLAG input of 6526 CIA#I. The
operation of the data lines is controlled entirely by
software. Some amplification and pulse shaping circuits are
required within the cassette deck itself to give the correct
signal to the record head, and to amplify the signal from
the playback head to give a SV pulse train.

All Commodore 1/0 devices are assigned a ‘device number .
The Cassette deck is assigned as device number 1. Logical
files can be opened to this device and data read or written.
Programs or blocks of memory can also be saved to it and
loaded from it. Each open file must have a unique logical
file number. This is to distinguish between other files
which may be open. However, only one file may be opened to
the cassette deck at any time. In addition to a device
number, a logical file can specify a secondary or command
address. This has the effect of sending a command to the
device concerned. The available secondary addresses (and
hence commands) for the cassette deck are detailed below for
both data and program files.



SeconpaRY DATA FILE PROGRAM FILE

0 Read from tape Load/save at start of BASIC ($0801)
1 Write to tape Load/save at absolute address
2 Write & force EOT

(EOT = End Of Tape header)

Program (binary) files are created using the SAVE command.
They are normally read using the LOAD command, but it is
possible to read a binary file using an OPEN....GET#
sequence. A binary file is normally used to store programs.
This is because it stores the binary value of each
consecutive memory location between specified start and end
addresses.

The start address is normally $0801 (start of BASIC text)
and the end address is the end of the program. However. any
block of memory can be specified and saved using the KERNAL
save routine ($FFDB). This enables the saving (and loading)
of machine language programs, which are often address
dependant.

ASCI1 files are created using the OFEN and PRINTH# commands.
They are read by using the OFEN and GET# or INFUT# commands.
ASCII files are normally used to store strings of variables
but programs can be stored in this way if required. Storing
variables on tape as they were written would require the
tape motor to be turned on and off repeatedly for a few
bytes at a time, or leaving long gaps of unused (wasted)
tape between each item. This problem is overcome on the
Commodore 64 by use of a 192 byte buffer. Data is written
to the buffer as required, and is only transmitted to the
tape once the buffer is full or the file is closed.
Similarly, 192 bytes of data are recieved from the tape into
the buffer, and this data is removed from the buffer as it
is required by the program. Once the buffer is empty then
the process is repeated. There is a two second Qqap left
between each 192 byte block on the tape to allow the motor
time to achieve correct speed.

The Commodore 64 employs extensive error checking in the use
of cassette tape. This provides for the greater reliability
of Commodore tape systems over those employed by most other
home computers. The error checking operates on two levels:
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1) Data is split into chunks of 8 bytes. These are added
together and the low byte of the result is written to tape
as byte 9. This byte is known as a checksum. When the tape
is read, the eight bytes are added together and the result
is compared with the checksum digit. 1f they are different,
then an error has occurred.

2) The second level of error checking involves recording
each block of 192 bytes twice (or the whole program twice
for binary +iles). Any errors that were detected and
flagged by the checksum digit can be corrected with the pass
2 data. The two blocks are verified against each other,
detecting those few errors not found by the checksum.

Each byte of data is recorded as a series of audio pulses.
There are 8 data bits, one parity bit and a byte marker
recorded per byte. The audio pulses are square waves with a
mark:space ratio of 1:1. There are three different width
pulses used. Long pulses have a frequency of 1.488 KHz,
medium pulses are 1.953 kHz and short pulses are 2.840 KHz.

Data and parity bits are recorded as logic @ or 1. ‘@' is
defined as one short pulse followed by one medium pulse.
‘1’ is defined as one medium pulse followed by one short
pulse. Both of these values have the same overall "bit
time" of 864 uS. A word marker indicates the start of a new
byte and consists of one long pulse followed by one medium
pulse. The gap between the pass 1 and pass 2 data is
indicated by one long pulse and at least fifty short pulses.

At the start of recording, a 1@ second leader is written
consisting of short pulses. This enables the operating
system to synchronise the read timing to the tape timing,
ensbling a wide variation of tape speeds to be read
sucessfully.  The two second inter-block gap is also written
as a series of short pulses.

The synchronisation of tape and read timing allows for
variations in tape motor speed of up to 28 percent.
Unfortunately, the Direct Memory Access (DMA) operations
required by the VIC Il chip to generate the screen display
can occasionally push the timing beyond its limits. To
overcome this, the VIC II chip is disabled and the screen
blanked during cassette operations.

Immediately after the leader, a 192 byte file header is
written. This contains details of the file type, its
filename and the start and end addresses (these point to the
start and end of the cassette buffer in an ASCII file). An



additional header can be written at the end of the file
indicating that End Of Tape has been reached.

When an error has occurred in a tape read/write operation, a
flag is set in the 1/0 status word, ST. A different bit is
set in ST according to which error has occurred. The
significance of the bits within the /0 status word is
detailed in the section on the KERNAL routine READST.



THE_RS-232 PORT

The Commodore &4 contains one RS-232 style serial
communications port for interfacing with printers, modems
etc. The term RS-232 refers to an industry standard
protocol for serial communications. Recognised variations
to this standard are referred to by adding an extra letter
to the name. eg. RS-232C. These variations usually refer to
the voltage and polarity of the data signal.

Normally the RS-232C port transmits data using a V24

protocol (‘@ = +12v, ‘1’ = -12V).  The Commodore 64
however only provides a 5 volt signal direct from one of the
4526 ClAs. An interface card may be needed to boost the

signal to the required voltages and to provide the 25 way
‘D’ connector required by RS-232 devices.

There are two transmission modes available on the Commodore

64, The simplest of these is the '3 line’ interface (Data
in, Data out, GND). The other, more complex mode is the ‘X
line’ interface which incorporates full handshaking. The

pin out of the RS-232 port on the Commodore &4 is shown
below:

PIN 6526 DESCRIPTION EIA __ABVY _ 1/0 MODES
c  FPBO RECEIVED DATA (BB) Sin  IN 12
D FPB1 REQUEST TO SEND (CAY RTS ODUT * 2
E  PB2 DATA TERMINAL READY  (CD) DTR OUT * 2
F  PB3 RING INDICATOR (CE) RI N 3
H PB4 RECEIVED LINE SIGNAL (CF) DED IN 2
J  PBS UNASSIGNED ¢y oxxxIN 3
K PB& CLEAR TO SEND ©B C€TS IN 2
L PB7 DATA SET READY (C) DSR  IN 2
B FLAG2 RECEIVED DATA (BBY Sin  IN 12

PA2 TRANSMITTED DATA (BA) Sout OUT 1 2

A GND PROTECTIVE GROUND (AA)  GND 12
N GND SIGNAL GROUND (AB)  GND 123

MODES

1:  3-line interface

2: X-line interface

: User available only

#: Held high during 3-line mode



The RS-232 port is implemented in a rather interesting way.
Software emulation is used to simulate the operation of the
6551 Asynchronous Communications Interface Adaptor (ACIA).

Like other I/0 chips. the 6551 functions through the use of
memory mapped internal registers These registers are
duplicated in RAM for this emulation. These locations in
RAM are called PSEUDO REGISTERS or REGISTER IMAGES. The
three most important are the Control, Command and Status
registers.

The Control register sets the speed of data transmission and
reception (baud rate), the number of bits in each character
of data (word length) and the number of stop bits attached
to each word.

The Command register controls the mode of bus operation (3
line or X line), duplex mode and parity options.

The Status register returns any errors that may have
occurred in data transmission or reception. With the
hardware device in operation, these errors would have
generated an Interrupt ReQuest (IRQ).

The lavout and functions of these register images are shown
in table 1

The RS-232 port has been assigned as 1/0 device 2. A
logical file can be opened to it and data transmitted and
recieved using the PRINT# and GET# commands; (INPUT# is not
recommended for use with RS-232 since it causes the computer
to hang while waiting for a carriage return character).
When a file is opened to the port, input and an output
buffers are set up. Each buffer is 256 bytes long, and they
are located in the top 512 bytes of RAM. Care must be taken
in opening an RS-232 file, since these buffers will
overwrite any data or program which is stored in this area
without returning an error condition.

Since there is provision for only one set of buffers, there
can only be one file open to the RS-232 port. An attempt to
open additional files to the port will cause the buffer
pointers to be reset, and any data in the buffers will be
lost.

A four character 'file name’' should be specified in the OPEN
command to set up the control, command and user baud rate
register images. The user baud rate is not implemented by
the software emulation of the system and need not be
specified in the command. Typical syntax of the OPEN



command is:

OPEN 2,2,"<Control word><Command word><opt baud low><opt
baud high>"

It must be noted that no error checking is carried out on
the ‘file name’, and using a non-implemented baud rate will
cause a system malfunction. High baud rates (above 300
baud) are not recommended for use from BASIC due to its
inherent slowness.

The RS-232 bhuffers are organised on a First In First Out
(FIFO) basis. Data is read from and written to the buffer by
the user (rather than directly to the port) using PRINT# and

GET# commands. The data is transmitted from the buffer to
the port, and read from the port into the buffer under Non
Maskable Interrupt (NMI) control. This allows accurate

implementation of the baud rate via crystal controlled
timers, and saves BASIC having to wait for data input before
processing. Should the input bufer overflow (due say, to
reading data at a high baud rate from BASIC), an error
condition is set in the RS-232 status register, and all
characters received whilst the error persists will be lost.

Note that neither the cassette unit nor serial bus should be
used during RS-232 operations, as this would cause interrupt
conflicts to occur (both cassette and serial bus operations
involve IR@ interrupts).



The Commodore 64 has & six line serial 1/0 bus for
communicating with the Commodore range of serial peripherals
- printers, plotters, disk drives etc. Although it is a
serial port, it has an advantage over, say, RS-232 in that
it can communicate with more than one device at a time.

In essence, the serial port is a cut down version of the
IEEE-488 port found on the PET range of business computers.
Both ports obey & strict protocol between devices which are
listening and talking on the bus. The six lines employed by
the serial bus are as follows:

1. Serial Service Request (SR@) in
2. GND

3. Serial Attention (ATN) in/out
4. Serial CLK in/out

5. Serial DATA in/out

6. RESET

There are three classes of device which can be attached to
the IEEE bus (serial or parallel). These are:

1. CONTROLLER (one only - CBM 64)

2. TALKER (Device transmitting to the bus - one
at a time)
3. LISTENER (Device recieving from the bus — any

number)

Note that the Commodore 64 is the only legal controtler of

the bus. It can also act as a listener or talker. A1l
devices on the bus can be listening, but only one device can
talk at asny time. The controller is responsible for

commanding each device to TALK or LISTEN. Similarly, it is
responsible for commanding the device to stop talking
(UNTALK) or to stop listening (UNLISTEN).

Commands are differentiated from normal data on the bus by
use of the ATN (ATteNtion) line. When this line is pulled
low, data is sent ‘under attention’ and is interpreted as a
command. Such  commands incorporate device numbers,
secondary addresses and file names as well as instructions
to TALK, LISTEN, UNTALK and UNLISTEN.

The CLK line is used for handshaking on the port and for
indicating when data is valid.



The IEEE serial port does not have its own unique device
number as do other peripherals. Instead, it is a means of
accessing a range of individually numbered peripherals which

are all attached to the one bus. The device numbers
allocated to peripherals on the serial bus can range from 4
to 3. Any file open to a device within this range is

automatically directed onto the serial bus.

The controller communicates with a device on the serial bus
in the follawing way,

Firstly, the device number (or primary address) is sent to
the bus ‘under attention’. The controller will then wait
for up to 65 milliseconds for the device to respond. If it
does not respond within the required time, then a response
timeout occurs and the controller returns with a ?DEVICE NOT
PRESENT ERROR.

Next, a ‘TALK - ATteNtion or 'LISTEN - ATteNtion’ sequence
is sent, commanding the device to TALK or LISTEN. The
filename, if specified, is also sent in this sequence. If a
65 millisecond timeout occurs at this stage, then the
controller responds with ?FILE NOT FOUND.

Data transfer can now proceed with ATN set at 1 tie. not
‘under ATteNtion). The final byte in the message being sent
on the bus contains an End-Or-Identify (EOI) handshake.
This informs the controller that it is time to UNTALK or
UNLISTEN the device. (For more information see the
Commodore 64 Programmer ‘s Reference Guide)

Secondary addresses have great importance on the serial bus,
as they are used to command devices to enter various modes
of operation. The effect of a secondary address is unique
to the peripheral being addressed. Therefore the function
of any particular secondary address on any particular device
must be obtained from the relevant manuals of the device
concerned, as it is not within the scope of this book.

Files are opened to serial devices using the OPEN command.
and data is transferred via PRINT#, CMD....PRINT, GET# and
INPUT# commands. It is also possible to SAVE blocks of
memory to some of these devices. A total of up to ten files
may be open to serial bus devices at any one time.



THE_USER FORT

The user port is a general purpose 8-bit parallel 1/0 port.
It is situated at the back of the Commodore &4, next to the
cassette port. Physically, it consists of a flat 24 way,
.15 pitch, male. edge connector.

In addition to the B data lines and two handshaking lines
available to the user, this port contains control lines from
other 1/0 ports on the Commaodore é4. A pin description of
the user port is shown below:

TOR 1 2 3 45 & 7 B 910 11 12
BOTTOH A B C DEF HJI KL

USER _PORT LOOKING IN
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PIN | DESCRIPTION | NOTES

1 GROUND
2 +5V 100 mA MAX
3 RESET Active low. Causes CBM 64 to COLD START. Al pointers are
reset but memory is not cleared.
4 CNT 1 Serial port counter from CIA#1
5 SP1 Serial port from CIA#1
6 CNT2 Serial port counter from CIA#2
7 spP2 Serial port from CIA#1
8 PC2 Handshaking line from CIA#2
9 SERIAL ATN Serial bus ATN line
10 9V AC + PHASE | Connected directly to CBM 64 transformer. 50 mA MAX
11 9V AC - PHASE
12 GROUND
GROUND
8 FLAG2 Negative going edge sensitive interrupt input. Sets FLAG
interrupt bit in Interrupt Control Register.
c PBO User 10 port, RS-232 Sin
o PB1 User 110 port, RS-232 DTR
E PB2 User /O port, RS-232 RI
F PB3 User /O port, RS-232 DCD
H PB4 User 110 port
J PBS User 110 port, RS-232 CTS
K PB6 User 110 port, RS-232 DSR
L PB7 User 110 port, RS-232 Sout
M PA2 User /O port
N GROUND

The user port is derived from one of the two 6526 Complex
Interface Adaptors (CIA) used by the Commodore 64. These
6526s control the keyboard, joysticks, light pen, serial
bus, RS-232 port and serial port. The RS-232 port and the
user port share the same data lines, and so cannot be used
simultaneocusly. Exact usage of the two CIAs is shown in the
1/0 memory map in the next section.



Two handshaking lines are provided on the 6526: FLAG and PC.

PC is an output and will go low for one clock cycle after
data is written to port B. It can thus be used to signal
that data is available.

FLAG is an input and is sensitive to negative going signals.

It sets the FLAG bit in the interrupt register, and hence
can be used to signal that data is avasilable from an
external device.

The 6526 has 16 internal registers, listed below:

REG. NAME FUNCTION
o FRA Peripheral register A

1 PRB Peripheral register B

2 DDRA Data Direction Register A
3 DORB Data Direction Register B
4 TA LO Timer A low register

s Ta HI Timer A high register

& TB LO Timer B low register

7 TB HI Timer B high register

8 TOD 1OTHS 10ths of seconds register
9 TOD SEC Seconds register

10 TOD MIN Minutes register

11 TOD HR Hours and AM/PM register
12 SDR Serial Data Register

13 ICR Interrupt Control Register
14 CRA Control Register A

15 CRB Control Register B

CIA REGISTER FUNCTION DESCRIPTIONS

PERIPHERAL REGISTER A

This register reads or writes data to the outside world data
port A. Its contents reflect the value held on pins PAB-PA7
of the chip. The direction of flow of data through each bit
of the port is controlled by register 2.

PERIPHERAL REGISTER B

This register reads or writes data to the outside world data
port B. Its contents reflect the value held on pins PB@-PB7



of the chip. The direction of flow of data through each bit
of the port is controlled by register 3.

DATA DIRECTION REGISTER A

This register determines which bits of PRA will be inputs or
outputs. If a bit in this register is set to @, then the
corresponding bit in PRA is an input. Similarly, if a bit
in this register is set to 1, its corresponding bit is an
output. This register is set to all zeros (ie inputs) on

DATA DIRECTION REGISTER B

This register determines which bits of PRB will be inputs or
outputs. If a bit in this register is set to @, then the
corresponding bit in PRB is an input. Similarly, if a bit
in this register is set to 1, its corresponding bit is an
output. This register is set to all zeros (ie inputs) on
power-up.

4,5: TIMER A

These two registers taken together form a 16 bit value.
Once a value is written into these registers, it is latched
and remains until a new value is written. This means that
the timer can be repeatedly used without having to rewrite
the start value. The timer. once started counts down from
its set value to zero. Its action is controlled via
register 14. Reading the timer returns its current value
regardless of the start value latched into it by the write
operation.

6.7: TIMER B

These two registers taken together form a 16 bit value.
Once a value is written into these registers, it is latched
and remains until a new value is written. This means that
the timer can be repeatedly used without having to rewrite
the start value. The timer, once started counts down from
its set value to zero. Its action is controlled via
register 15. Reading the timer returns its current value
regardless of the start value latched into it by the write
operation.

10THS OF SECOND

Writing to this reaister sets the value for 1@ths of a
second in the Time Of Day (TOD) clock, or the alarm, depending
on the state of the ALARM bit in register 15. When this



register is read. 18ths of seconds value of the TOD clock is
returned. This register only uses the low four bits, and is
in BCD (Binary Coded Decimal) format.

9: SECONDS
Writing to this register sets the value for seconds in the
Time Of Day (TOD) clock, or the alarm, depending on the
state of the ALARM bit in register 15. When this register
is read, the seconds value of the TOD clock is returned.
This register is in BCD format.

18: MINUTES

Writing to this register sets the value for minutes in the
Time 0Ff Day (TOD) clock, or the alarm, depending on the
state of the ALARM bit in register 15. When this register
is read, the minutes value of the TOD clock is returned.
This register is in BCD format.

11: HOURS and AM/PM

Writing to this register sets the value for hours in the
Time OFf Day (TOD) clock, or the alarm, depending on the
state of the ALARM bit in register 15. When this register
is read, the hours value of the TOD clock is returned.
Bits -5 represent the hours value and bit 7 the AM/PM value
(@=AM, 1=PM). All values are in BCD format.

1

SERIAL DATA REGISTER

Data written to this register is shifted out one bit at a
time (MSB first), through a shift register onto the SP pin
of the chip. The port operates in a synchronous manner. the
timing pulses appearing on the CNT pin of the 6526. The
baud rate for the serial port is generated by TIMER A, with
a maximum possible rate of o2 divided by 4. After each byte
has been sent, an interrupt bit is set in register 13. Should
the processor write new data to the SDR before this interrupt
occurs, then data will be sent continuously. Data can also be
shifted into the SDR from the outside world. The process in this
case is essentially the same as for output. The direction
of data transfer is controlled by bit 6 of register 14.

13: INTERRUPT CONTROL REGISTER

This register can be used to cause the 4510 processor in the
Commodore 64 to stop its current task and execute a program
called the Interrupt Service Routine (see $EA31 in section 3).
This register allows an Interrupt ReQuest (IR@ to be
generated when any one of five bits is set. The IR@ will
only be sent to the 6518 however if a 1 is written into that
bit. The function of each bit is shown below:

3s5



BIT 7 SET/CLR When set to 1, all other bits with 1 in them
will be set When set to @, all other bits with 1 in will be
cleared BIT 4 FLAG When set, any -ve transition on FLAG pin
causes IRQ@ BIT 3 SP When set, IRQ occurs after 8 bits of
serial data have been shifted in or out

BIT 2 ALKM When set. IR@ occurs when TOD clock = value in ALARM
BIT 1 TB When set, IR@ occurs on TIMER B timeout

BIT @ TA When set. IR@ occurs on TIMER A timeout

NOTE: CIA#1 is connected to the IRQ line, and CIA#2 to the
NMI line.

14: CONTROL REGISTER A

This register is used to control TIMER A. Each bit has
a separate function and is detailed below:

BIT 7 TODIN 1 = S@Hz signal required on the TOD pin for
accurate timing. © = 6@ Hz required.

BIT 6 SPMODE 1 = Data input to serial port. @ = Data
output from serial port. Timing is at CNT pin.

BIT 5 INMODE 1 = Timer driven by pulses on CNT pin. @ = Timer
driven by 02 system clock.

BIT 4 LOAD 1 = Latched value is forced into timer regardless
of current state. Bit returns to @ value.

BIT 3 RUNMODE 1 = Count from latched value to zero and stop.

@ = Count from latched value to zero and repeat.
BIT 2 DUTMODE 1f FEON is set, then 1 = Toggle PB6 on each

timeout.@=Pulse PB6 high for 1 cycle each timeout.
BIT 1 PBON 1 = Direct timeout IRQ onto PB6 of user port.

® = PB6 normal.
BIT @ START 1 = Start timer. ©

Stop timer.

15: CONTROL REGISTER B

This register is used to control timer B. Bits @ — 4 are as
CRA, except that bit 1 directs output to PB7 and not PBé.
The function of bits 5 - 7 are shown below:

BIT S,6 INMODE Set one of 4 possible sources to drive timer:
CRB6 CRBS

° @ Run timer on system o2 clock
° 1 Run timer on +ve CNT transitions

1 @ Count TIMER A timeouts

1 1 Count TIMER A timeouts while CNT = 1

BIT 7 ALARM 1 = Write to TOD sets alarm. @ = Write to TOD
sets clock.



651@ ONBOARD 1/0 PORT

$0080: 6518 DATA DIRECTION REGISTER e
This register determines which of the lines on the 6512 1/0
port are inputs, and which are outputs. By setting a bit in
this register to 1, the corresponding bit of the 1/0 port is
defined as an output. By clearing a bit in this register to
@, the corresponding bit of the I/0 port is defined as an
input. The register is set to the value %@@181111 during
the system initialisation process.

30001: 6510 1/0 PORT 1

This register is a é-bit bi-directional 1/0 port. The
direction of flow of data for each bit is determined by the
corresponding bit of the data direction register ($0000).
Although this is an 8-bit register, the two most significant
bits do not appear on the 6518 pin out. The I/0 port is
allocated as follows:

BIT FUNCTION

] LORAM signal (@= switch out BASIC ROM)
1 HIRAH signal (@= switch out KERNAL ROM)
2 CHAREN signal (B=switch in charaacter ROM)
3 Cassette data output line
4 Cassette switch sense (1= switch closed)
s Cassette motor control (8= on)
6566/7 VIC 11 _CHIP
$DB@B: SPRITE @, X POSITION 53248

This register controls the X or horizontal position of
sprite @. There are 512 possible horizontal positions for
the sprite, with the most significant bit of the register
being held at $DB10. Note that only positions 23 to 347 are
visible on the screen, all other positions being behind the
border.

$D@@1: SPRITE @, Y POSITION 53249

This register controls the Y or vertical position of sprite
°. There are 256 possible vertical positions for the
sprite. Note that only positions 5@ to 249 are visible on
the screen, all other positions being behind the border.



$DO@2: SPRITE 1, X POSITION 53250
This register is the same as $D@@®, but for sprite 1.
$DQ@3: SPRITE 1, Y POSITION 53251
This register is the same as $D@@@, but for sprite 1.
$D0@4: SPRITE 2, X POSITION 53252
This register is the same as $D@@@, but for sprite 2.
$DO@S: SPRITE 2, Y POSITION 53253
This register is the same as $D22@, but for sprite 2.
$D@@6: SPRITE 3, X POSITION 53254
This register is the same as $D@@@, but for sprite 3.
$D0@7: SPRITE 3, Y POSITION 53255
This register is the same as $D@@@, but for sprite 3.
$D@@8: SPRITE 4, X POSITION 53256
This register is the same as $D@@@, but for sprite 4.
$D@@9: SPRITE 4, Y POSITION 53257
This register is the same as $D@@, but for sprite 4.
$DO@A: SPRITE S, X POSITION 53258
This register is the same as $D@@@, but for sprite 5.
$DO@B: SPRITE 5. Y POSITION 53259
This register is the same as $D@@®, but for sprite 5.
$D@AC: SPRITE &, X POSITION 53260
This register is the same as $D@@@, but for sprite 6.
$DO@D: SPRITE 6, Y POSITION 63261
This register is the same as $D@@@, but for sprite 6.
$D@PE: SPRITE 7, X POSITION 53262




This register is the same as $D@@@, but for sprite 7.

$D@@F: SPRITE 7, Y POSITION 53263

This register is the same as $DO@®, but for sprite 7.

$D01@: SPRITES @-7 MSB OF X POSITION 53264

This register contains the most significant bits of the 9-
bit registers controlling the horizontal position of sprites
2-7. Bit © of this register is for sprite @, bit 1 for
sprite 1 etc. When a bit is zero, the corresponding sprite
will be displayed in horizontal positions @ to 255 (ie. on
the left of the screen). When a bit is set to 1, the
corresponding sprite will be displayed in horizontal
positions 256 to 511 (ie. on the right of the screen).

$D81

: VIC CONTROL REGISTER 1 53265

BIT 7: RASTER COMPARE REGISTER MSB

This is the most significant bit of the raster compare
register ($D@12). A full explanation of its function is
given in the description for that register.

BIT EXTENTED COLOUR TEXT MODE

This mode is enabled by setting bit 6 to 1. Extended colour
mode enables an individual background colour to be selected
for each individual character cell. The colour of the
actual character is determined by colour RAM in the normal
way, but the background colour is determined by a
combination of the two most significant bits of the
character screen code and the background colour registers as
shown below:

MS BIT PAIR
OF CHARACTER | BACKGROUND COLOUR DISPLAYED
00 Background #0 (§D021)
o1 Background #1 ($D022)
10 Background #2 ($D023)
1 Background #3 ($D024)

Because of the limitations imposed by this mode, only 4 of
the possible 16 background colours may be on the screen at



any one time. Also, because the two most significant bits
of the character value are used to

determine the background colour, only the first 64
characters of the character set may be displayed. It is not
recommended that this mode be used in conjunction with
multicolour mode.

BIT S: BIT MAP MODE

Bit map mode is enabled by setting bit S of $D@11 to 1.
This mode provides a screen resolution of 320 by 200
individually addressable pixels. Each pixel to be displayed
is stored as part of a byte in an 8008 byte ‘display base'.
Each 8 consecutive bytes in the display base form a block
equivalent to a character cell in normal text mode. The
text video matrix is used in this mode to determine the
screen colour. The high 4 bits determine the colour of any
‘set’ pixel, and the low 4 bits determine the colour of any
‘clear’ pixels within that block. Colour RAM is not used in
this mode.

BIT 4: DISPLAY ENABLE

This bit is used to enable or disable the video screen
display. During normal display operations, the screen is
enabled, with this bit set to 1. When this bit is clear, the
screen is blanked to the background colour held in $D@z@.
and the VIC display operations are suspended. This means
that the processor can run slightly faster, as the chip is
no longer stealing o2 clock cycles for display purposes.
Some 02 cycles may however be required if there are sprites
enabled, even though they are not displayed. The screen is
automatically blanked during cassette operations.

BIT 3: SELECT 24/25 ROW TEXT

By clearing this bit to @, the height of the text screen
window can be reduced from 25 to 24 rows. This facility is
normally used in conjunction with smooth scrolling to allow
data to be hidden behind the screen border and smoothly
scrolled into view. The expansion of the border over the
screen does not atfect the data in the display matrix.

BITS 2-8: SMOOTH SCROLL VERTICAL DOT POSITION

These bits are used to scroll the screen smoothly up or
down. The bits can hold a value between @ and 7 to indicate
the pixel position in a single character block to be
scrolled. By reducing the height of the screen, new



information can be written to the hidden row and
subsequently scrolled onto the screen.
$D@12: RASTER READ/WRITE REGISTER 53266

This is a dual function 9-bit register (the MSB is bit 7 of
+D011). Reading this register returns the current raster
scan position on the screen (the raster is the dot of light
that scans across the tv tube). The screen display window is
from raster 51 to raster 251.

Wwriting to this register causes a latch to be set for an
internal raster compare. When the raster scan reaches the
latched value, the raster interrupt bit is set in $D@19.
This facility can be used, for example, to display more than
8 sprites on the screen, to produce a text screen window on
a hires screen etc.. It is also used by the operating
system to determine whether a PAL or NTSC system is being
used.

$D@13: LIGHT PEN LATCH, X POSITION 53267

This register can be used to read the horizontal position of
a light pen on the screen. Horizontal resolution is 2
pixels.  The light pen latch can only be triggered once per
frame, so several readings may have to be taken and averged
to form the final value.

$D@14: LIGHT PEN LATCH, Y POSITION 53268

This register can be used to read the vertical positicn of a
light pen on the screen. Vertical resolution is 1 pixel.
The light pen latch can only be triggered once per frame, so
several readings may have to be taken and averged to form
the final value.

$D@15: SPRITE DISPLAY ENABLE 53269

This register is used to enable each of the eight sprites.
By setting a bit in this register, the corresponding sprite
is enabled and can be displayed on the screen. Note that
the displaying of sprites may cause the processor to slow
down slightly, as the VIC II chip needs to make additional
memory accesses.

$DB16: VIC CONTROL REGISTER 2 53278

BITS 7-6: UNUSED

BIT S: RESET BIT

This bit resets the VIC II chip and should always be set to
°.
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BIT 4: ENABLE MULTICOLOUR MODE

Setting this bit will enable either multicolour character
mode or multicolour bit map mode, dependant on the mode at

In multicolour character mode, up to 4 colours can be
displayed in each character cell, but with reuced horizontal
resolution.  The character cell is divided into 4 horizontal
blocks, each 2 pixels wide. The patterns of the bit pairs
within that character cell determine the colour of the
blocks in the following menner:

BIT PAIR COLOUR
o Background #9 ($D@21)
o1 Background #1 ($D@22)
18 Background #2 ($D@23)
11 Determined by colour RAM

Bit 3 of any location in colour RAM is used to select
multicolour mode for each character cell. Bit 3=1 sets
multicolour mode, and bit 3I=@ sets the normal high
resolution character mode.

Multicolour bit map mode is similar to multicolour character
mode in that 4 colours can be displayed in each character
cell. The bit pattern, however, is held in the 8008 byte
hires display base.

BIT 3: SELECT 38/4@ COLUMN TEXT

By clearing this bit to B. the width of the text screen
window can be reduced from 4@ to 38 columns. This facility
is normally used in conjunction with smooth scrolling to
allow data to be hidden behind the screen border and
smoothly scrolled into view. The expansion of the border
over the screen does not affect the data in the display
matrix.

BITS 2-@: SMOOTH SCROLL HORIZONTAL DOT POSITION

These bits are used to scroll the screen smoothly right or
left. The bits can hold a value between @ and 7 to indicate
the pixel position in a single character block to be
scrolled. By reducing the width of the screen, new



information can be written to the hidden columns and
subsequently scrolled onto the screen.
$D@17: SPRITES @-7 EXPAND, VERTICAL DIRECTION 53271

Setting a bit in this register causes the corresponding
sprite to be expanded in the vertical (Y) direction. This
expansion doubles the height of the sprite, but affords no
increase in resolution.

$D@18: VIC MEMORY CONTROL REGISTER 53272

BITS 4-7: VIDEQ MATRIX BASE ADDRESS

These 4 bits determine the start location of the normal
video matrix within the 16K memory bank currently selected
for the VIC chip. There are 14 possible start locations for
the screen, each occurring on a 1K boundary in memory
($0000, $040@, $080G etc.). The default velue of these bits
is %0001, which places the screen at $048@ (in bank ).
Whenever this value is changed, the KERNAL must be informed
by adjusting location $9228.

BITS 3-1: CHARACTER MATRIX DOT DATA BASE ADDRESS

These three bits determine the start location within the 16K
VIC memory window (or bank) of the data used to make up the
screen characters used for display. There sre B possible
start locations for the character data. each accurring on a
2K boundary in memory ($Z02@, $080@, $1828 etc.). The
default value is %810, pointing to $108@ in bank @. This
location provides an image of the character ROM which is
at $D@@B-$DFFF. There are also ROM images at value %818 in
bank 2, and at value %811 in banks @ and 2.

BIT_@: UNUSED

$D@19: VIC INTERRUPT FLAG REGISTER 53273

BIT_7: IR@ LATCHED

This bit is set to 1 if any of the four interrupt sources
have been triggered, and if the corresponding enable bit in
register $DB1A has been set. This represents an IR@ signal
being sent to the processor.

BITS 6&-

UNUSED

BIT

LIGHT PEN



This bit is set to | on a negative transition of the light
pen input. This can only happen once per video frame. In
order for this to cause an IRQ, bit 3 of $D@1A must be set
by the programmer.

BIT SPRITE TO SPRITE COLLISION

This bit is set to 1 on a collision between any two sprites.

The bit is set only by the first such collision, and is
unaffected by any further collisions. In order to determine
which sprites have collided, the sprite collision register
($DR1E) must be examined. In order for this to cause an
IRQ, bit 2 of $DB1A must be set by the programmer.

BIT 1: SPRITE TO BACKGROUND COLLISION

This bit is set to 1 on a collision between any sprite and
screen data. The bit is set only by the first such
collision, and is unaffected by any further collisions. In
order to determine which sprites have collided, the sprite
collision register ($D@IF) must be examined. For collision
purposes, multicolour data @1 is cosidered transparent, even
though it is visible on the screen. In order for this to
cause an IR@, bit 1 of $DB1A must be set by the programmer.

BIT @: RASTER COMPARE

This bit is set to 1 when the screen raster count reaches
the value written into the raster compare register ($D@12).
In order for this to cause an IR@, bit @ of $D@1A must be
set by the programmer .

$D@1A: VIC INTERRUPT MASK REGISTER 53274

The bits in this register correspond with the bits in the
Interrupt Flag register ($D@19). In order to allow a set
interrupt flag bit to cause a processor interrupt request
(IR®), the corresponding bit in this register must be set to
1. Once an interrupt flag is set, it can only be cleared by
writing a 1 to the corresponding bit in this register.

$D@1B: SPRITE - BACKGROUND DISPLAY PRIORITY 53275

This register determines whether a sprite or screen data
will be displayed when both share the same screen co-
ordinates. Setting a bit to 1 causes the corresponding
sprite to be displayed, while clearing the bit causes the
screen data to be displayed. The effect is that of passing
the sprites in front of or behind screen data. Note that



sprite @ will always be in front of sprite 1 etc.

$DOIC: SFRITE MULTICOLOUR MODE 53276

Multicolour sprite mode can be enabled for a particular
sprite by setting the corresponding bit in this register to
1. In this mode, the sprite horizontal resolution is halved
to 12 pixels, whilst the vertical resolution remains the
same at 21 pixels. The same number of bits are used to
determine the sprite, but they are interpreted in pairs.
each pair forming one pixel. Up to 4 colours can be
displaved in the sprite (including transparent), but two of
these must be shared with all the other multicolour sprites.
The colour displayed for each bit pair is shown below:

BIT PAIR COLOUR
20 Transparent
o1 Multicolour #1 ($D@25)
10 Sprite colour
11 Multicolour #2 ($DB26)

The sprite colour is the colour that is used to display a
high resolution sprite and is determined by registers $D327 -
$D@2E.

$D@1D: SPRITES @-7 EXPAND, HORIZONTAL DIRECTION 53277

Setting a bit in this register causes the corresponding
sprite to be expanded in the horizontal (X) direction. This
expansion doubles the width of the sprite, but affords no
increase in resolution.

$D@1E: SPRITE TO SPRITE COLLISION 53278
A bit is set to 1 in this register whenever the
corresponding sprite has collided with another sprite. A

‘collision’ occurs whenever visible data from two sprites
overlaps (with the exception of ‘81’ data in multicolour
sprites). Thus if sprites @ and 4 were to collide, bits @
and 4 of this register would be set. With collisions
between 3 or more sprites, the position of each sprite
should be examined in order to determine exactly which
sprites are touching each other. ie. sprite 2 may collide
with sprites 3 and 6, but sprite 6 is not touching sprite 3.
This register should be used in congunction with bit 2 of
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$D@1F: SPRITE TD SCREEN DATA COLLISION 53279

A bit is set to 1 in this register whenever the
corresponding sprite has collided with foreground screen
data. Thus if sprite @ were to collide with an object on
the screen, bit @ of this register would be set. This
register should be used in congunction with bit 1 of $D@19.

$D02@: BORDER COLOUR 53280
The value in this register (8-15) determines the colour of
the border that surrounds the central display screen. When
the screen is blanked using bit 4 of $D@11, the whole screen
becomes this colour. Note that only the lower four bits of
this register have any meaning.

$D@21: BACKGROUND COLOUR @ 53281
The value in this register (2-15) determines the colour of
the central display screen. This is the colour seen in both
the text and bitmap modes. Note that only the lower four
bits of this register have any meaning.

$D022: BACKGROUND COLOUR 1 53282
The value in this register (8-15) determines the colour of
‘@1 bit pair pixels in all multicolour modes. It is also
the background colowr for characters in extended colour mode
having screen codes 64 —127. Note that only the lower four
bits of this register have any meaning.

$D@23: BACKGROUND COLOUR 2 53283

The value in this register (#-15) determines the colour of
‘18° bit pair pixels in all multicolour modes. It is also
the background colour for characters in extended colour mode
having screen codes 128 -191. Note that only the lower four
bits of this register have any meaning.

$D@24: BACKGROUND COLOUR 3 53284

The value in this register (@-15) determines the background
colour for characters in extended colour mode having screen
codes 192 - 255. Note that only the lower four bits of this
register have any meaning.

$D025: SPRITE MULTICOLOUR REGISTER @ 53285

The value in this register (0-15) determines the colour
displayed by a ‘@1 bit pair in multicolour sprite graphics.
Note that only the lower four bits of this register have



any meaning.

$D@26: SPRITE MULTICOLOUR REGISTER 1 53286

The value in this register (@-15) determines the colour
displayed by a ‘11° bit pair in multicolour sprite graphics.
Note that only the lower four bits of this register have
any meaning.

$D@27: SPRITE @ COLOUR 53287

The value in this register (2-15) determines the <oreground
colour of sprite @. It also determines the ‘1@° colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@28: SPRITE 1 COLOUR 53288

The value in this register (8-15) determines the foreground
colour of sprite 1. It also determines the 10° colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@29: SPRITE 2 COLOUR 53289

The value in this register (@-15) determines the foreground
colour of sprite 2. It also determines the ‘18° colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@2A: SPRITE 3 COLOUR 53298

The value in this register (@-15) determines the foreground
colour of sprite 3. It also determines the '1@° colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@2B: SPRITE 4 COLOUR 53291

The value in this register (2-15) determines the foreground
colour of sprite 4. It also determines the ‘1@’ colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@2C: SPRITE 5 COLOUR 53292

The value in this register (8-15) determines the foreground
colour of sprite 5. It also determines the ‘18° colour
displayed by the sprite when in multicolour mode. Note that



anly the lower four bits of this register have any meaning.

$D@2D: SPRITE 6 COLOUR 5329:

The value in this register (@-15) determines the foreground
colour of sprite 6. It also determines the °i@° colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

$D@2E: SPRITE 7 COLOUR 53294

The value in this register (2-15) determines the foreground
colour of sprite 7. It also determines the ‘18’ colour
displayed by the sprite when in multicolour mode. Note that
only the lower four bits of this register have any meaning.

6581 SID CHIP

$D40@: VOICE 1 FREQUENCY LOW BYTE 54272

This register is used in conjunction with the next register
($D4@1) to form a 16 bit number. This value is used to
control the frequency output of voice 1. The frequency can
be determined by the following formula:

FREQUENCY = REGISTER * 02 CLOCK / 1677216 Hz.
Where REGISTER is the value of the 16 bit number stored in
$D40@ and $D4B1, 02 CLOCK is the sysstem o2 clock frequency
(1.82273 MHz for NTSC machines, and 8.98525 MHz for PAL

machines) .

As an approximation, a low value in the frequency registers
gives a low note, and a high value gives a high note.

$D4@1: VOICE 1 FREQUENCY HIGH BYTE 54273
This is the high order byte of the 16 bit frequency register
for voice 1. The value of the 16 bit number can be
calculated from BASIC using the following formula:

REBISTER = (HIGH BYTE * 256) + LOW BYTE

$04@2: VOICE i PULSE WIDTH LOW BYTE 54274

When veice 1 is played using the pulse waveform, this
register (and the following one) are used to form a 12 bit
number . This value is used to control the pulse width (also



called duty cycle) for voice 1.
The duty cycle of the waveform indicates what proportion of
the total cycle time will be spent in the ‘high’ state. The
range of values is from O%, ie. no time spent high, to 100%,
ie. always high in 4096 steps.

The +following formula can be wused to calculate the
proportion of the cycle spent in the high state:

PULSE WIDTH = REGISTER / 40.95 %

Note that the frequency or cycle time for the note is
determined by the frequency control register ($D402-$D401).

$D403: VOICE 1 PULSE WIDTH HIGH NYBBLE 54275

Bits ©-3 of this register form the high order nybble of the
12 bit pulse width register for voice 1. The value of the
16 bit number can be calculated from BASIC using the
following formula:

REGISTER = (HIGH NYBBLE * 256) + LOW BYTE
Note that the high order nybble (bits 4-7) are unused.

$D4@4: VOICE 1 CONTROL REGISTER 54276

BIT

SELECT RANDOM NOISE

Setting this bit to i enables the noise waveform for voice
1. This waveform produces a random noise output, centred
around the voice 1 frequency. It is not recommended that
any other waveform be selected whilst noise is enabled,
since this can cause the oscillator to lock up.

BIT 6: SELECT PULSE WAVEFORM

Setting this bit to 1 enables the pulse waveform for voice
1. This waveform produces a rectangular pulse output,
centred at the voice 1 frequency. The pulse width or duty
cycle can be varied by using the pulse width register ($D402-
$D403) . Values can be made to vary from dc to a square
wave. Selecting additional waveforms while pulse is enabled
is not additive, but produces a logical ANDing of the
result.



BIT S: SELECT SAWTOOTH WAVEFORM

Setting this bit to 1 enables the sawtooth waveform for
voice 1. Selecting additional wavetorms while sawtooth is
ensbled is not additive, but produces a logical ANDing of
the result.

BIT 4: SELECT TRIANGLE WAVEFORM

Setting this bit to 1 enables the triangle waveform for
voice Selecting additional waveforms while triangle is
enabled is not additive, but produces a logical ANDing of
the result.

BIT 3: TEST BIT

Setting this bit to | causes the output of voice 1 to be
disabled. It is only enabled again when this bit is
cleared. This is useful in generating very complex
wavetorms, software speech synthesis, synchronisation of the
voice to external events etc. This bit must be set in order
to reset voice 1 if it has locked up from, say selecting
multiple waveforms.

BIT 2: RING MODULATE VOICE 1 WITH VOICE 3

Setting this bit to 1 causes the triangle waveform of voice
1 to be replaced with a ring modulated combination of voices
1 and 3. By varying the frequency of voice 1 with respect
to voice 3, a range of non-harmonic overtones can be
produced for special effects etc. Note that only the
frequency register of voice 3 has any influence on ring
modulation, and the voice 1 triangle waveform must be
selected.

BIT 1: SYNCHRONISE VOICE 1 WITH VOICE 3 FREQUENCY

Setting this bit to 1 causes the fundamental frequency of
voice 1 to be synchronised with the fundamental frequency of
voice 3. By varying the frequency of voice 1 with respect to
voice 3, a range of harmonics can be produced from voice 1.
Note that only the frequency register of voice 3 has any
influence on synchronisation.

BIT @: GATE BIT

Setting this bit to | causes the sound output from voice 1
to be triggered (gated). This will start the
attack/decay/sustain part of the cycle. Clearing this bit
to @ causes the release part of the cycle to be started.




$D4@5: VOICE 1 ENVELOPE 54277

BITS 7-

: ATTACK CYCLE DURATION

The value in these four bits determines the time taken for
the note to reach its peak volume once the voice has been
gated. This is known as the attack phase of the envelope
cycle. A value of @ here will cause the attack phase to
last 2 milliseconds, while a value of 15 causes the phase to
last 8 seconds.

BITS 3-@: DECAY CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its peak value to its sustain level.
This is known as the decay phase of the envelope cycle. A
value of @ here will cause the attack phase to last 6
milliseconds, while a value of 1S causes the phase to last
24 seconds.

$D4B6: VOICE 1 ENVELOPE 54278

BITS 7-4: SUSTAIN VOLUME LEVEL

The value in these four bits determine the volume of the
note during the sustain phase of the envelope cycle. The
volume levels are the same as those of the master volume
register ($D418). The sustain phase will continue until the
gate bit of $D4@4 is cleared to zero.

BITS 3-

RELEASE CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its sustain level to zero volume.
This is known as the release phase of the envelope cycle.
The release phase is only started once the gate bit of $D4@4
is cleared to zero. A value of @ here will cause the attack
phase to last & milliseconds, while a value of 15 causes the
phase to last 24 seconds.

$D4@7: VOICE 2 FREQUENCY LOW BYTE 54279

This register is used in conjunction with the next register
($D408) to form a 16 bit number. This value is used to
control the frequency output of voice 1. The frequency can
be determined by the following formula:

FREQUENCY = REGISTER * 02 CLOCK / 1677216 Hz.



Where REGISTER is the value of the 16 bit number stored in
$D4@7 and $D4@8, 02 CLOCK is the system o2 clock frequency
(1.82273 MHz for NTSC machines, and @.98525 MHz for PAL
machines) .

As  an approximation. a low value in the frequency registers
gives a low note, and a high value gives a high note.

$D4@B: VOICE 2 FREGUENCY HIGH BYTE 54280

This is the high order byte of the 16 bit frequency register
for voice 2. The value of the 16 bit number can be
calculated from BASIC using the following formula:

REGISTER = (HIGH BYTE * 256) + LOW BYTE

$D4@9: VOICE 2 PULSE WIDTH LOW BYTE 54281

When voice 2 is played using the pulse waveform, this
register (and the following one) are used to form a 12 bit
number.  This value is used to control the pulse width (also
called duty cycle) for voice 2.

The duty cycle of the waveform indicates what proportion of
the total cycle time will be spent in the ‘high’ state. The
range of values is from 8%, ie. no time spent high, to 1@8%,
ie. always high in 4@96 steps.

The following formula can be wused to calculate the
proportion of the cycle spent in the high state:

PULSE WIDTH = REGISTER / 48.95 7.

Note that the frequency or cycle time for the note is
determined by the frequency control register ($D4@7-$D408).

$D49A: VOICE 2 PULSE WIDTH HIGH NYBBLE 54282

Bits ©-3 of this register form the high order nybble of the
12 bit pulse width register for voice 2. The value of the
16 bit number can be calculated from BASIC using the
following formula:

REGISTER

= (HIBH NYBBLE * 256) + LOW BYTE

Note that the high order nybble (bits 4-7) are unused.

$D4@B: VOICE 2 CONTROL REGISTER 54283




BIT 7

SELECT RANDOM NOISE

Setting this bit to | enables the noise waveform for voice
2. This waveform produces a random noise output, centred
around the voice 2 frequency. It is not recommended that
any other waveform be selected whilst noise is enabled,
since this can cause the oscillator to lock up.

BIT 6: SELECT PULSE WAVEFORM

Setting this bit to 1 enables the pulse waveform for voice
2. This waveform produces a rectangular pulse output,
centred at the voice 2 frequency. The pulse width or duty
cycle can be varied by using the pulse width register ($D409-
$DA0A) . Values can be made to vary from dc to a square
wave. Selecting additional waveforms while pulse is enabled
is not additive, but produces a logical ANDing of the

BIT S: SELECT SAWTOOTH WAVEFORM

Setting this bit to 1 enables the sawtooth waveform for
voice 2. Selecting additional waveforms while sawtooth is
enabled is not additive, but produces a logical ANDing of

the result.

BIT 4: SELECT TRIANGLE WAVEFORM

Setting this bit to 1 enables the triangle waveform for
voice 2. Selecting additional waveforms while triangle is
enabled is not additive, but produces a logical ANDing of
the result.

BIT 3: TEST BIT

Setting this bit to 1 causes the output of voice 2 to be
disabled. It is only enabled again when this bit is
cleared. This is useful in generating very complex
waveforms. software speech synthesis. synchronisation of the
voice to external events etc. This bit must be set in order
to reset voice 2 if it has locked up from, say selecting
multiple waveforms.

BIT 2: RING MODULATE VDICE 1 WITH VOICE 1

Setting this bit to 1 causes the triangle waveform of voice
2 to be replaced with a ring modulated combination of voices
2 and 1. By varying the frequency of voice 2 with respect
to voice 1, a range of non—harmonic overtones can be



produced for special effects etc. Note that only the
frequency register of voice 1 has any influence on ring
modulation, and the voice 2 triangle waveform must be
selected.

BIT 1: SYNCHRONISE VOICE 2 WITH VDICE 1 FREQUENCY

Setting this bit to 1 causes the fundamental frequency of
voice 2 to be synchronised with the fundamental frequency of
voice 1. By varying the frequency of voice 2 with respect to
voice 1, a range of harmonics can be produced from voice 2.
Note that only the frequency register of voice 1 has any
influence on synchronisation.

BIT @: GATE BIT

Setting this bit to 1 causes the sound output from voice 2
to be triggered (gated). This will start the
attack/decay/sustain part of the cycle. Clearing this bit

to @ causes the release part of the cycle to be started.

$D4PC: VUDICE 2 ENVELOPE 54284

BITS 7-4: ATTACK CYCLE DURATION

The value in these four bits determines the time taken for
the note to reach its peak volume once the voice has been
gated. This is known as the attack phase of the envelope
cycle. A value of @ here will cause the attack phase to
last 2 millisecands, while a value of 15 causes the phase to
last 8 seconds.

BITS 3-@: DECAY CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its peak value to its sustain level.
This is known as the decay phase of the envelope cycle. A
value of @ here will cause the attack phase to last &
milliseconds, while a value of 15 causes the phase to last
24 seconds.

$DABD: VOICE 2 ENVELOPE 54285

BITS 7-4: SUSTAIN VOLUME LEVEL

The value in these four bits determine the volume of the

note during the sustain phase of the envelope cycle. The
volume levels are the same as those of the master volume
register ($D418). The sustain phase will continue until the



gate bit of $D4@B is cleared to zero.
BITS 3-@: RELEASE CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its sustain level to zero volume.
This is known as the release phase of the envelope cycle.
The release phase is only started once the gate bit of $D4@B
is clesred to zero. A value of @ here will cause the attack
phase to last & milliseconds, while a value of 15 causes the
phase to last 24 seconds.

$DAGE: VOICE 3 FREQUENCY LOW BYTE 54286

This register is used in conjunction with the next register
($D4DF) to form a 16 bit number. This value is used to
control the frequency output of voice 1. The frequency can
be determined by the following formula:

FREQUENCY = REGISTER % 02 CLOCK / 1677216 Hz.
Where REGISTER is the value of the 16 bit number stored in
$D40E and $D4BF, 02 CLOCK is the system o2 clock frequency
(1.82273 MHz for NTSC machines, and ©.98525 MHz for PAL

machines).

As an approximation, a low value in the frequency registers
gives a low note, and a high value gives a high note.

$D4OF: VOICE 3 FREQUENCY HIGH BYTE 54287

This is the high order byte of the 16 bit frequency register
for voice 3. The value of the 16 bit number can be
calculated from BASIC using the following formula:

REGISTER = (HIGH BYTE % 256) + LOW BYTE

$D41@: VOICE 3 PULSE WIDTH LOW BYTE 54288

When voice 3 is played using the pulse waveform, this
register (and the following one) are used to form a 12 bit
number. This value is used to control the pulse width (also
called duty cycle) for voice 3.

The duty cycle of the waveform indicates what proportion of
the total cycle time will be spent in the 'high’ state. The
range of values is from 8%, ie. no time spent high, to 100%,
ie. always high in 4096 steps.




The following formula can be used to calculate the
proportion of the cycle spent in the high state:

PULSE WIDTH = REGISTER / 408.95 %

Note that the frequency or cycle time for the note is
determined by the frequency control register ($D4QE—$DAOF).

$D411: VOICE 3 PULSE WIDTH HIGH NYBBLE 54289

Bits ©-3 of this register form the high order nybble of the
12 bit pulse width register for voice 3. The value of the
12 bit number can be calculated from BASIC using the
following formula:

REGISTER = (HIGH NVBBLE % 256) + LOW BYTE
Note that the high order nybble (bits 4-7) are unused.

$D412: VOICE 3 CONTROL REGISTER 54290

BIT 7: SELECT RANDOM NOISE

Setting this bit to 1 enables the noise waveform for voice
3. This waveform produces a random noise output, centred
around the voice 3 frequency. It is not recommended that
any other waveform be selected whilst noise is enabled,
since this can cause the oscillator to lock up.

BIT SELECT PULSE WAVEFORM

Setting this bit to 1 enables the pulse waveform for voice
3. This waveform produces a rectangular pulse output,
centred at the voice 3 frequency. The pulse width or duty
cycle can be varied by using the pulse width register ($D410-
$D411) . Values can be made to vary from dc to a square
wave. Selecting additional waveforms while pulse is enabled
is not additive, but produces a logical ANDing of the
result.

BIT S: SELECT SAWTOOTH WAVEFORM

Setting this bit to 1 enables the sawtooth waveform for
voice 3. Selecting additional waveforms while sawtooth is
enabled is not additive, but produces a logical ANDing of
the result.

BIT 4: SELECT TRIANGLE WAVEFORM

Setting this bit to 1 enables the triangle waveform for



voice 3. Selecting additional waveforms while triangle is
ensbled is not additive, but produces a logical ANDing of
the result.

BIT 3: TEST BIT

Setting this bit to 1 causes the output of voice 3 to be
disabled. It is only enabled again when this bit is
cleared. This is useful in generating very complex
waveforms, software speech synthesis, synchronisation of the
voice to external events etc. This bit must be set in order
to reset voice 3 if it has locked up from, say selecting
multiple waveforms.

BIT 2: RING MODULATE VOICE 3 WITH VOICE 2

Setting this bit to 1 causes the triangle waveform of voice
3 to be replaced with a ring modulated combination of voices
3 and 2. By varying the frequency of voice 3 with respect
to voice 2, a range of non-harmonic overtones can be
produced for special effects etc. Note that only the
frequency register of voice 2 has any influence on ring
modulation, and the voice 3 triangle waveform nust be
selected.

BIT 1: SYNCHRONISE VOICE 3 WITH VOICE 2 FREQUENCY

Setting this bit to 1 causes the fundamental frequency of
voice 3 to be synchronised with the fundamental frequency of
voice 2. By varying the frequency of voice 3 with respect to
voice 2, a range of harmonics can be produced from voice 3.
Note that only the frequency register of voice 2 has any
influence on synchronisation.

BIT @: GATE BIT

Setting this bit to 1 causes the sound output from voice 3
to be triggered (gated). This will start the
attack/decay/sustain part of the cycle. Clearing this bit

to @ causes the release part of the cycle to be started.

$D413: VOICE 3 ENVELOPE 54291

BITS 7-4: ATTACK CYCLE DURATION

The value in these four bits determines the time taken for
the note to reach its peak volume once the voice has been
gated. This is known as the attack phase of the envelope



cycle. A value of @ here will cause the attack phase to
last 2 milliseconds, while a value of 15 causes the phase to
last 8 seconds.

BITS 3-@: DECAY CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its peak value to its sustain level.
This is known as the decay phase of the envelope cycle. A
value of @ here will cause the attack phase to last 6
milliseconds, while a value of 15 causes the phase to last
24 seconds.

$D414: VOICE 3 ENVELOPE 54292

BITS 7-

SUSTAIN VOLUME LEVEL

The value in these four bits determine the volume of the
note during the sustain phase of the envelope cycle. The
volume levels are the same as those of the master volume
register ($D418). The sustain phase will continue until the
gate bit of $D412 is cleared to zero.

BITS 3-@: RELEASE CYCLE DURATION

The value in these four bits determines the time taken for
the note to decay from its sustain level to zero volus
This is known as the release phase of the envelope cycle.
The release phase is only started once the gate bit of $D412
is cleared to zero. A value of @ here will cause the attack
phase to last 6 milliseconds, while a value of 1S causes the
phase to last 24 seconds.

$D415: FILTER CUTOFF_FREQUENCY LOW BITS 54293

BITS 7-3: UNUSED

BITS 2-@: FILTER FREQUENCY LOW BITS

These are the 3 low order bits of the 11 bit filter cutoff
frequency register, the high order bits being held in $D416.
This register controls the cutoff frequency for the
programmable low and high pass filters, and the centre

y for the filter. The cutoff frequency
ranges from 3@ Hz with a register value of @, to 12 KHz with
a register value of 2047.




$D416: FILTER CUTOFF FREQUENCY LOW BITS 54294

This is the high order byte of the 11 bit filter cutoff
frequency register.

$D417: FILTER RESONANCE CONTROL 54295
BITS 7-4: FILTER RESONANCE

The value in these 4 bits control the resonance of the
filter. A value of @ gives no resonance, while a value of
15 gives maximum resonance. The effect of resonance is to
emphasize the frequencies around the cutoff value, causing a
sharper filtering effect.

BIT FILTER EXTERNAL INPUT

Setting this bit to 1 causes the sound from the external
audio input to be processed through the programmable filter.

BIT 2: FILTER VOICE 3

Setting this bit to 1 causes the sound from voice 3 to be
processed through the programmable filter.

BIT 1: FILTER VOICE 2

Setting this bit to 1 causes the sound from voice 2 to be
processed through the programmable filter.

BIT @: FILTER VOICE 1

Setting this bit to 1 causes the sound from voice 1 to be
processed through the programmable filter.

$D418: VOLUME / FILTER REGISTER 54296
BIT 7: DISABLE VOICE 3 OUTPUT

Setting this bit to 1 causes the audio output from voice 3
to be disabled. This allows voice 3 to be used for ring
modulation etc without actually being heard.

BIT 6: SELECT MIGH PASS FILTER
Setting this bit to 1 causes the filter to operate in high
pass mode. This means that frequencies above the cutoff
frequency are left alone, while frequencies below the cutoff

frequency are attenuated at the rate of 12 dB per octave.

BIT S5: SELECT BAND PASS FILTER



Setting this bit to 1 causes the filter to operate in band
pass mode. This means that frequencies above and below the
cutoff frequency are attenuated at the rate of 12 dB per
octave.

BIT 4: SELECT LOW PASS FILTER

Setting this bit to 1 causes the filter to operate in low
pass mode. This means that frequencies below the cutoff
frequency are left alone, while frequencies above the cutoff
frequency are attenuated at the rate of 12 dB per octave.

BITS 3-@: SELECT OUTPUT VOLUME

The value in these four bits determines the overall output
volume of all three voices. A value of @ will produce no
sound, whilst a value of 15 will produce maximum volume.

$D419: A/D CONVERTER i 54297

This register can be read by the microprocessor to determine
the position of a potentiometer attached to the POTX line of

the 6581 chip. The pot varies the voltage on the pin
between @ and +5V, and the register returns linear values
between @ and 255 for these voltages. This register is

updated by the chip every 512 o2 clock cycles.

$D41A: A/D_CONVERTER 2 54298

This register can be read by the microprocessor to determine
the position of a potentiometer attached to the POTY line of

the 6581 chip. The pot varies the voltage on the pin
between @ and +5V, and the register returns linear values
between @ and 255 for these voltages. This register is

updated by the chip every 512 o2 clock cycles.

$D41B: VOICE 3 OSCILLATOR OUTPUT 54299

This register allows the upper 8 bits of the output from
voice 3. (Most of the other registers on this chip are
write only, and will return a value of @ 1f read from.) The
pattern of variation of the numbers in this register is
dependant on the waveform selected.

A sawtooth waveform will produce values increasing from @ to
255, then starting again from @. A trianle waveform will
produce numbers increasing from @ to 255 and then decreasing
back to @ again. A pulse waveform will produce a value
alternating between @ and 255. A noise waveform will



produce a series of random numbers between @ and 255. The
rate at which these values change is determined by the
frequency of the voice.

$D41C: VOICE 3 ENVELOPE OQUTPUT 54308

This register allows the output of the voice 3 envelope
generator to be read. This can be added to other voice
registers to produce wah-wah etc. effects. By adding this
output to the filter cutoff frequency, harmonic envelopes
can be produced.

6526 CIA CHIP #1

$DCO@: DATA PORT A 56320

This register is used in the process of reading the keyboard
matrix. The column to be read is written to this register,
and the keyboard row is read from data port B ($DCB1). The
procedure is detailed at $EAB7 - $ECBB in the ROM GUIDE.

Additionally, the following bits of this register are used
for other purposes:

BITS 7-6: READ PADDLES ON GAME PORT 1 OR 2

These bits determine whether the SID chip reads the game
paddles from game port 1 or 2. This is needed because there
can be four paddles attached to the computer. but there are
only 2 A/D converters on the SID chip. Setting these bits
to the value B1, allows the paddles on port 1 to be read.
Setting these bits to the value 1@, allows the paddles on
port 2 to be read.

BIT 4: JOYSTICK 2 FIRE BUTTON

Reading this bit will return a value of 1 if the fire button
on a joystick attached to game port 2 is pressed.

BITS 3-@: JOYSTICK 2 DIRECTION

Reading these bits will return a value dependant on the
direction selected on a joystick attached to game port 2.

BITS 3-2: PADDLE FIRE BUTTONS

Reading these bits will return a 1 if the relevant fire
button is pressed on the paddles attached to game port 2.

$DCO1: DATA PORT B 56321




This register is used in the process of reading the keyboard
matrix. The column to be read is written to data port A
($DCO@), and the keyboard row is read from this register.
The procedure is detailed at $EAB7 - ECB8 in the ROM GUIDE.

Additionally, the following bits of this register are used
for other purposes:

BIT 7: TIMER B TOGGLE/PULSE OUTPUT

This bit can be used by the CIA timer B as an output. 1t
will either toggle the value here between @ and 1 or pulse
the bit for one machine cycle, depending on the setup of
bits 1 and 2 of $DCOF.

BIT

TIMER A TOGBLE/PULSE OUTPUT

This bit can be used by the CIA timer A as an output. It
will either toggle the value here between @ and 1 or pulse
the bit for one machine cycle, depending on the setup of
bits 1 and 2 of $DCOE.

BIT 4: JOYSTICK 1 FIRE BUTTON

Reading this bit will return a value of 1 if the fire button
on a joystick attached to game port 1 is pressed.

BITS 3.

JOYSTICK 1 DIRECTION

Reading these bits will return a value dependant on the
direction selected on a joystick attached to game port 1.

BITS 3-2: PADDLE FIRE BUTTONS

Reading these bits will return a 1 if the relevant fire
button is pressed on the paddles attached to game port 1.

$DCe:

DATA DIRECTION REGISTER A 56322

This register controls the direction of flow of data over
port A. By setting a bit of this register to 1, the
corresponding bit of the data port is defined as an output.
The default value of this register is #FF, ie all outputs.

$DCO3: DATA DIRECTION REGISTER B 56323

This register controls the direction of flow of data over
port B. By setting a bit of this register to 1, the
corresponding bit of the data port is defined as an output.



The default value of this register is #80, ie all inputs.

$DC@4: TIMER A LOW BYTE 56324

This register along with $DC@S form a 16 bit timer. The
action of this timer is described in detail on page 524.
Timer A is used by the operating system to generate an
interrupt every 6@th of a second. This interrupt is used
for reading the keyboard etc.

Timer A is also used for timing during the cassette tape and
serial bus 1/0 routines.

$DC@S: TIMER A HIGH BYTE 56325

This is the high byte of the 16 bit timer A.

$DC@6: TIMER B LOW BYTE 563246

This register along with $DCO7 form a 16 bit timer. The
action of this timer is described in detail on page 524.
Timer B is used by the operating system for timing during
cassette tape and serial bus 1/0.

$DCO7: TIMER B HIGH BYTE 56327

This is the high byte of the 16 bit timer B.

$DC@B: TOD CLOCK 1@THS OF SECOND 56328

This is the first of four registers that comprise the Time

0f Day (TOD) clock. This is a timer, organised into
registers of hours, minutes, seconds and 1@ths of seconds.
Each register counts upwards in BCD format. This enables

easy conversion into ASCII digits.

$DCO

TOD CLOCK SECONDS REGISTER 56329

This register indicates seconds in the Time of Day (TOD)
clock in BCD format. Bit 7 of this register is not used.

$DC@A: TOD CLOCK MINUTES REGISTER 56330

This register indicates minutes in the Time of Day (TOD)
clock in BCD format. Bit 7 of this register is not used.

$DC@B: TOD CLOCK HOURS AND AM/PM 56331




This register indicates hours in the Time of Day (TOD) clock
in 12 hour BCD format. In addition, bit 7 is used to
indicate AM or PM (@=AM, 1=PM). Bits 5 and & of this
register are not used.

$DCOC: SERIAL DATA REGISTER 56332

This register forms a synchronous serial 1/0 port. The
direction of data flow is controlled by bit 6 of $DCOE. In
input mode, data is read from the SP pin of the chip
whenever a pulse appears on the CNT pin. After 8 bits have
been read, the byte can be read from this register. In the
output mode, a CNT pulse appears whenever data is available
at the SP pin.

The speed of data transfer on the port is determined by
timer A, with a maximum speed of the system o2 clock / 4.
Data is always transferred starting with the MSB (bit 7).
Once a byte has been sent or received, a flag is set in the
interrupt control register ($DC@D).

The 6526 serial data register is not used by the Commodore
64, preferring to use parallel 1/0 ports for asynchronous

serial 1/0.

$DCOD: INTERRUPT CONTROL REGISTER 56333

BIT 7: IRQ OCCURRED FLAG

1¢ one of the S5 sources of interrupt on the 6526 has caused
an interrupt, then this bit is set to 1. This can be used
for polling during an interrupt routine to determine the
source of the interrupt.

In order for an interrupt bit in this register to cause an
IR® at the processor, the IRQ output must be set for that
bit. Similarlv, to prevent it from causing an IRQ, that bit
must be cleared. Both actions are performed by writing a 1
to that bit. The action taken is determined by writing a
value to this bit. Write a value @, and other bits written
will be cleared. Write a value 1, and other bits written
will be set.

BITS 6-5: UNUSED
BIT 4: FLAGL

This bit will be set to 1 whenever a signal is received on
the CIA#1 FLAG line. This line is used as the cassette read



line, and also as the serial bus SRQ input.

Writing a 1 to this bit will enable or disable the FLAG1
IRQ, depending on the value written to bit 7.

BIT 3: SERIAL DATA REGISTER

This bit will be set to 1 whenever the chip serial port has
finished reading or writing a byte of data.

Writing a 1 to this bit will enable or disable the SDR IRQ,
depending on the value written to bit 7.

BIT 2: TOD CLOCK ALARM

This bit will be set to 1 whenever the chip TOD clock has
reached the time set in the TOD alarm registers.

Writing a 1 to this bit will enable or disable the TOD alarm
IR@, depending on the value written to bit 7.

BIT 1: TIMER A
This bit will be set to 1 whenever timer A reaches zero.

Writing a 1 to this bit will enable or disable the timer A
IRQ depending on the value written to bit 7.

BIT @: TIMER B
This bit will be set to 1 whenever timer B reaches zero.

Writing a 1 to this bit will enable or disable the timer B
IRQ depending on the value written to bit 7.

$DCOE: CONTROL REGISTER A 56334

The 8 bits in this register are used to control timer A.

BIT 7: TOD FREQUENCY

This bit determines whether a 58 Hz (1) or 6@Hz (@) signal
has to be applied to the TOD pin in order for the TOD clock
to keep accurate time.

BIT 6: SERIAL PORT MODE

This bit is used to determine whether the on-chip serial
port operates in input mode or output mode. A value of @



indicates input, and 1 indicates output.

BIT 5: TIMER A COUNT MODE

This bit determines the manner in which timer A counts down.
A value of @ here, and the timer counts system 02 clock
pulses. A value of 1, and the timer counts pulses on the

external CNT line.

BIT 4: FORCE LOAD TIMER A

Writing a 1 to this bit forces the contents of the timer A
low and high byte registers to be loaded into the timer
itself. Reading this bit has no effect.

BIT 3: TIMER A RUN MODE

Setting this bit to | causes timer A to operate in one-shot

mode. This means that once the timer has reached zero, it
will stop. The original value is loaded back into the
timer.

Clearing this bit to @ causes the timer to operate in
continuous mode. This means that once the timer has reached
zero, the starting value is re-loaded into the timer, and
counting is continued.

BIT 2: TIMER A OUTPUT ON PBé

This bit is only operative when bit 1 is set. Writing a 1
here causes the current value of PB& to be toggled whenever
the timer resches zero. Writing a ® here causes a single
pulse of approximately 1 microsecond (ie. 1 clock cycle) to
appear on the port.

BIT 1: TIMER A OUTPUT ON PBS

Setting this bit to 1 enables the timer output on PB&6. This
output occurs whenever the timer reaches zero, but its
nature is determined by bit 2

BIT @: START / STOP TIMER A

Setting this bit to 1 will start the timer counting from the
value loaded into it dowm to zero. Clearing this bit to @

will stop the timer from counting.

$DCOF: CONTROL REGISTER B 56335




The 8 bits in this register are used to control timer B and
the TOD clock-

BIT

SET_ALARM / TOD CLOCK

This bit determines what happens when the TOD clock
registers are written to. If this bit is set to 1, then
writing to the registers sets the alarm. If this bit is
cleared to ©, then writing to the registers sets the TOD
clock.

BITS &

TIMER B COUNT MODE

These four bits are used to determine what is counted by
timer B. The four modes are as follows:

Count system o2 clock pulses o0 -
Count CNT pulses o1 -
Count timer A underflow pulses 10 -

Count timer A underflows while CNT is high 11 -
BIT 4: FORCE LOAD TIMER B

Writing a 1 to this bit forces the contents of the timer B
low and high byte registers to be loaded into the timer

itself. Reading this bit has no effect.

BIT 3: TIMER B RUN MODE

Setting this bit to 1 causes timer B to operate in one-shot

mode. This means that once the timer has reached zero, it
will stop. The original value is loaded back into the
timer.

Clearing this bit to @ causes the timer to operate in
continuous mode. This means that once the timer has reached
zero, the starting value is re-loaded into the timer, and
counting is continued.

BIT 2: TIMER B OUTPUT ON PB7

This bit is only operative when bit 1 is set. Writing a 1
here causes the current value of PB7 to be toggled whenever
the timer reaches zero. Writing a @ here causes a single
pulse of approximately 1 microsecond (ie. 1 clock cycle) to
appear on the port.

BIT

TIMER B OUTPUT ON PB7



Setting this bit to 1 enables the timer output on PB7. This
output occurs whenever the timer reaches zero, but its
nature is determined by bit 2

BIT START / STOP TIMER B

Setting this bit to 1 will start the timer counting from the
value loaded into it dowm to zero. Clearing this bit to @
will stop the timer from counting.

6526 CIA CHIP #2

$DD0@: DATA PORT A 56576

This register is used to handle the serial bus 1/0, the RS-
232 data output line and the VIC II chip memory management
lines.

The operation of the serial bus is explained in detail on
page 517, and the RS-232 port is explained on page S13..

BIT 7: SERIAL BUS DATA INPUT
BIT 6: SERIAL BUS CLK PULSE INPUT

SERIAL BUS DATA OUTPUT

BIT 4: SERIAL BUS CLK PULSE OUTPUT

SERIAL BUS ATN OUTPUT

RS-232 DATA OUTPUT

BITS 1-@: VIC II1 CHIP MEMORY BANK SELECT

These two bits are used to control which of the four 16K
blocks of memory is ‘seen’ by the VIC II chip. The default
bank for the VIC II chip is @ ($0000 - $3FFF), but, for
hires graphics especially, this conflicts with program
memory usage. A suitable solution to this is to move the
graphics bank somewhere out of the way. A favoured location
for this is bank 3 ($COP@-$FFFF), where the graphics screen
can sit in the RAM that is hidden underneath the Commodore
64 ROM. The bit values needed to select each bank are shown

($COBB — $FFFF)
($800@ — $BFFF)
($4000 - $7FFF)
($0000 - $3FFF)
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$DD@1: DATA PORT B 56577

This register is used to handle the RS-232 serial 1/0 port,
and to provide the user-defined general purpose 1/0 port.
All B bits of this port appear at the user port connector on
the back of the Commodore 64, along with the serial ports
and CNT strobes of both CIA chips. The RS-232 port is
assigned to this register in the following way:

BIT 7 - Data Set Ready (DSR)

BIT 6 - Clear To Send (CTS)

BIT 4 - Carrier Detect

BIT 3 - Ring Indicator

BIT 2 - Data Terminal Ready (DTR)

BIT 1 - Request To Send (RTS)

BIT @ - Received Data

$DD@2: DATA DIRECTION REGISTER A 56578

This register controls the direction of flow of data over
port A. By setting a bit of this register to 1, the
corresponding bit of the data port is defined as an output.
The default value of this register is #FF, ie all outputs.

$DD@3: DATA DIRECTION REGISTER B 56579

This register controls the direction of flow of data over
port B. By setting a bit of this register to 1, the
corresponding bit of the data port is defined as an output.
The default value of this register is #00, ie all inputs.

$00@4: TIMER A LOW BYTE 56580

This register along with $DD@S form a 16 bit timer. The
action of this timer is described in detail on page 524.
Timer A is used by the operating system to time RS-232
transmit and receive operations.

$DD@S: TIMER A HIGH BYTE 56581

This is the high byte of the 16 bit timer A.

$DD@6: TIMER B LOW BYTE 56582

This register along with $DD@7 form a 16 bit timer. The
action of this timer is described in detail on page 524.
Timer B is used by the operating system to time RS-232
transmit and receive operations. It is also used for all
serial bus timing.

389



$DD@7: TIMER B HIGH BYTE 56583

This is the high byte of the 16 bit timer B.

$DD@8: TOD CLOCK 1@THS OF SECOND 56584

This is the first of four registers that comprise the Time
0f Day (TOD) clock. This is a timer, organised into
registers of hours, minutes, seconds and 10ths of seconds.
Each register counts upwards in BCD format. This enables
easy conversion into ASCII digits.

$DD@9: TOD CLOCK SECONDS REGISTER 56585

This register indicates seconds in the Time of Day (TOD)
clock in BCD format. Bit 7 of this register is not used.

$DDBA: TOD CLOCK MINUTES REGISTER 56586

This register indicates minutes in the Time of Day (TOD)
clock in BCD format. Bit 7 of this register is not used.

$DD@B: TOD CLOCK HOURS AND AM/PM 56587

This register indicates hours in the Time of Day (TOD) clock
in 12 hour BCD format. In addition, bit 7 is used to
indicate AM or PM (@=AM, 1=PM). Bits 5 and & of this
register are not used.

$DD@C: SERIAL DATA REGISTER 56588

This register forms a synchronous serial 1/0 port. The
direction of data flow is controlled by bit & of $DCOE. In
input mode, data is read from the SP pin of the chip
whenever a pulse appears on the CNT pin. After 8 bits have
been read, the byte can be read from this register. In the
output mode, a CNT pulse appears whenever data is available
at the SP pin. Both the SP and CNT pins are available on
the user port.

The speed of data transfer on the port is determined by
timer A, with a maximum speed of the system o2 clock / 4.
Data is always transferred starting with the MSB (bit 7).
Once a byte has been sent or received, a flag is set in the
interrupt control register ($DC@D).

$DD@D: INTERRUPT CONTROL REGISTER 56589




BIT 7: NMI_OCCURRED FLAG

1+ one of the 5 sources of interrupt on the 6526 has caused
an interrupt, then this bit is set to 1. This can be used
for polling during an interrupt routine to determine the
source of the interrupt.

In order for an interrupt bit in this register to cause an
NMI  at the processor, the NMI output must be set for that
bit. Similarly, to prevent it from causing an NMI, that bit
must be cleared. Both actions are performed by writing a 1
to that bit. The action taken is determined by writing a
value to this bit. Write a value @, and other bits written
will be cleared. Write a value 1, and other bits written
will be set.

BITS UNUSED

BIT 4: FLABL
This bit will be set to 1 whenever a signal is received on
the CIA#1 FLAG line. This line is used as the cassette read

line, and also as the serial bus SRQ input.

Writing a 1 to this bit will enable or disable the FLAGI
NMI, depending on the value written to bit 7.

BIT 3: SERIAL DATA REGISTER

This bit will be set to 1 whenever the chip serial port has
finished reading or writing a byte of data.

Writing a 1 to this bit will enable or disable the SDR NMI,
depending on the value written to bit 7.

BIT 2: TOD CLOCK ALARM

This bit will be set to 1 whenever the chip TOD clock has
reached the time set in the TOD alarm registers.

Writing a 1 to this bit will enable or disable the TOD alarm
NMI, depending on the value written to bit 7.

BIT 1: TIMER A
This bit will be set to 1 whenever timer A reaches zero.

Writing a 1 to this bit will enable or disable the timer A
NMI depending on the value written to bit 7.



BIT @: TIMER B
This bit will be set to 1 whenever timer B reaches zero.

Writing a 1 to this bit will enable or disable the timer B
NMI depending on the value written to bit 7.

$DDPE: CONTROL REGISTER A 56590

The 8 bits in this register are used to control timer A.

BIT 7: TOD FREQUENCY

This bit determines whether a 58 Hz (1) or &@Hz (8) signal
has to be applied to the TOD pin in order for the TOD clock
to keep accurate time.

BIT 6: SERIAL _PORT MODE

This bit is used to determine whether the on-chip serial
port operates in input mode or cutput mode. A value of @
indicates input, and 1 indicates output.

BIT 5: TIMER A COUNT MODE

This bit determines the manner in which timer A counts down.
A value of @ here, and the timer counts system 02 clock
pulses. A value of 1, and the timer counts pulses on the
external CNT line.

BIT 4: FORCE LOAD TIMER A

Writing a 1 to this bit forces the contents of the timer A
low and high byte registers to be loaded into the timer
itself. Reading this bit has no effect.

BIT 3: TIMER A RUN MODE

Setting this bit to 1 causes timer A to operate in one-shot

mode. This means that once the timer has reached zero, it
will stop. The original value is loaded back into the
timer.

Clearing this bit to ® causes the timer to operate in
continuous mode. This means that once the timer has reached
zero, the starting velue is re-loaded into the timer, and
counting is continued.

BIT 2: TIMER A OUTPUT ON PB6



This bit is only operative when bit 1 is set. Writing a 1
here causes the current value of PB6 to be toggled whenever
the timer reaches zero. Writing a @ here causes a single
pulse of approximately 1 microsecond (ie. 1 clock cycle) to
appear on the port.

BIT 1: TIMER A OUTPUT ON PB&

Setting this bit to 1 enables the timer output on PB6. This
output occurs whenever the timer reaches zero, but its
nature is determined by bit 2

BIT @: START / STOP TIMER A
Setting this bit to 1 will start the timer counting from the
value 1loaded into it down to zero. Clearing this bit to @

will stop the timer from counting.

$DD@F: CONTROL REGISTER B 56591

The 8 bits in this register are used to control timer B and
the TOD clock.

BIT 7: SET ALARM / TOD CLOCK

This bit determines what happens when the TOD clock
registers are written to. If this bit is set to 1, then
writing to the registers sets the alarm. If this bit is
cleared to @, then writing to the registers sets the TOD
clock.

BITS 6-5: TIMER B COUNT MODE

These four bits are used to determine what is counted by
timer B. The four modes are as follows:

Count system 02 clock pulses o0 -
Count CNT pulses o1 -
Count timer A underflow pulses 10 -

Count timer A underflows while CNT is high 11 -
BIT 4: FORCE LOAD TIMER B
Writing a 1 to this bit forces the contents of the timer B
low and high byte registers to be loaded into the timer

itself. Reading this bit has no effect.

393



BIT 3: TIMER B RUN MODE

Setting this bit to 1 causes timer B to operate in one-shot

mode. This means that once the timer has reached zero, it
will stop. The original value is loaded back inte the
timer.

Clearing this bit to © causes the timer to operate in
continuous mode. This means that once the timer has reached
zero, the starting value is re-loaded into the timer, and
counting is continued.

BIT 2: TIMER B OUTPUT ON PB7

This bit is only operative when bit 1 is set. MWriting a 1
here causes the current value of PB7 to be toggled whenever
the timer reaches zero. Writing a @ here causes a single
pulse of approximately 1 microsecond (ie. 1 clock cycle) to
appear on the port.

BIT 1: TIMER B OUTPUT ON PBY

Setting this bit to 1 enables the timer output on PB7. This
output occurs whenever the timer reaches zero, but its
nature is determined by bit 2

BIT @: STARY / STOP_TIMER B

Setting this bit to 1 will start the timer counting from the

value loaded into it down to zero. Clearing this bit to @
will stop the timer from counting.



Appendix 1
The version 3 KERNAL ROM

Commodore have recently introduced a new version of the
KERNAL ROM for the Commodore &64. This ROM, dubbed version
3, fixes several of the known ‘bugs’ of version 2. The
changes in the ROM are as follows:

1. A patch has been added to the RS-232 input routine to
initialise the RS-232 parity byte RIPRTY ($AB) on reception
of a start bit.

2. The clear screen routine now fills colour RAM with the
current character colour instead of the screen background
colour. This enables characters to be POKEd into screen
memory without having to POKE colour memory in order to make
them visible.

3. The screen edit bug which t causes the
to crash when deleting characters from the bottom line of
the screen has now been fixed.

4. The input prompt bug, that caused the prompt string to be
included with the input data when text went beyond the end
of a screen line has now been fixed.

A disassembly of the new sections of code is given below:

., ef94 4c d3 e4 jmp $edd3 3jump to new RS-232 patch

., e4d3 85 a9 sta $a9 3RINONE - check for start bit
., e4d5 a9 01 1da #$01

.. edd7 85 ab sta sab SRIPRTY - RS-232 input parity
.. e4d9 6@ rts

SCREEN CLEAR FIX

., edda ad 86 @2 1da $0286 ;COLOR- current character colour

.. ea®7 20 da e4 jsr sedda  jreset character colour

., eala a9 20 lda #$20 3ASCII space

. 91 d1 sta ($d1),y jstore character on screen
- a8 dey

. 10 §6  bpl sead?

- ) rts

. ea nop




INPUT / DELETE FIX

., @621 20 92 e5 jsr $e592 jcheck cursor position
., eS7c 20 @ e9 jsr $e9@  jset start of line
.y 57F a9 27 1da #$27
e581 e8 inx
eS82 b4 d9  1dy $d9,x JLDTBI - screen line link
table
.. eS584 30 86  bmi $eS8c
clc
adc #$28
inx
bpl $es82
sta $d5 SLNMX - physical screen line
length
B jmp $ea2d ssynchronise colour pointer
.. e591 es nop
. @592 e4 c9 cpx $c9 3LXSP - cursor at start of
INPUT
., @594 0 @3  beq $e599
., @596 4c ed et imp Sebed sretreat cursor
., €599 &0 rts
., eS% ea nop

CHECKSUM CORRECTION
.: edac 81
KERNAL VERSION ID

.: §§80 @3



Appendix 2
HEX/Decimal converter

Low BYTE
Low BIT
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Appendix 3

CBM ASCII codes

1F <BLUE>
20 <SPACE>

1D
1E

<SHIFT>
<CBM>
<STOP>
<CTRL>
<WHITE>

<sC= OFF>
<sC= ON>

<RETURN>
<LOWER>

<DOWN>
<RVS ON>
<HOME>
<DEL>

<RED>
<RIGHT>
<GREEN>

21
22
23
24
25
26
27

PN

N o o s e N

®

o0

N<Xg<cH0oDOD
SEEOXRNOO®O




L1]
m
m
)
<ORANGE>

<t>
<f3>
<fs>
<f7>
<>
<t4>
<t6>
<fe>
<sh RET>
<UPPER>

<BLACK>
<up>
<RVS OFF>
<CLR>
<INST>
<BROWN>
<PINK>
<GREY 1>
<GREY 2>
<L GREEN>
<L BLUE>
<GREY 3>
<PURPLE>
<LEFT>
(YELLOW>
<CYAN>

222235283823

AC
AD
AE
AF
BO
B1

B2

228828

ANCENO0N0SMOSIER0EuEoND0B0000N

B9
BA
BB
BC
8D
BE
BF
co
c1

c2
c3

s SPACE>

A

c4

E8
E9

€8
EC
ED
EE
EF
Fo
F1

F2
3
Fa4
F5
6

8
Fo
FA
8
FC
FD
FE
FF




INDEX

6510 onboard i/o port 352
6526 CIA chip  381.388
6566/7 VIC II chip 357
6581 SID chip 368
A/D Converters 380
ABS  15.185
ACPTR 250,319,322
Add digit to fac#l 111
Advance cursor 223
aND 13,134
asC 14,166
Assign floating point 118
integer 110
string 110
ATN 16,209

?Bad subscript error 144
BASIC command vectors 8@
input buffer 46
keyword table 81
program space 76
warm restart 210
warm start 100

Cassette buffer 75
Cassette port 342
Character ROM image 77
Check for 8-ROM 306

CHKIN  1@,265,319,322
CHKOUT  19,266,319.323
CHR$ 15,162

CHRGET subroutine  4@,79,211
CHRGOT subroutine 40,79
CHRIN  1@,262,319,323
CHROUT  10,264,319,324

CIA reg description 353
timers 524

CINT 319,325
CIOUT 249,319,324
CLALL 18,319,325

Clear screen 217

CLOSE  10,16,204,267,319,326

CLR 12,95

CLRCHN  9.278.319,326

CcMD 13,113

Compare facki with mem 185

Concatenate two strings 159

Confirm char in (A) 130
program mode 150

result 124

CONT 12,103

Convert ASCII string to flpt 131
fackl to integer 246,274
fac#1 to string 149
TI to string 192

Copy fac#l into fac#2 183
fac#2 into fac#l 183

cos 16,207

Current BASIC line number 34
BASIC variable name 34
character colour code 61
DATA line number 37
device number 42
filename length 47
1/0 channel 39
logical file number 48
secondary address 48

DATA 12,186

DATA type flag 30

DEF 14,150

Default output device 43

DIM 14,136

Divide flpt 179

END 12,103

Error message table 82
routine 86

Evaluate exp. in text 124
single term 128
text to 1 byte 142

EXP 15,196

FAC#1L 39

FACK2 40

Find any tape header 285
specific tape header 288

Flag insert mode 52
repeat keypress 62

FN 14,151

FOR 12,99

FRE 14,149

Garbage collection 156
GET 16,117
from RS-232 260

GETIN  10,262,319,327
GOSUB 12,37
GOTO 4,185



Home cursor 217

Identify variable 136
IF 13,107

INPUT  13,37.118

error messages 122
from keyboard 219
INPUTH 13.117

INT 14,187

I0BASE 215,319,327
IOINIT 309,319,328

IR@ entry point 236,315

Kernal Jump table 316
Keyboard buffer queue 50

LEFTS 14,163

LEN 14,165

LET  11.189

LIST 13,94

LISTEN  319.328

LOAD  1@,16.203,275.319.328
FAC#1 from memory 181
FACH2 from memory 177
from serial bus 275
from tape 277

LOAD/VERIFY flag 42,37

LO6  15.175

Log CIA key reading 282

MEMBOT 311,319,329
MEMTOP 311,319,330

MIDS 14,164

Multiply fac#1 by 18 179

Negate fac#l 196
NEW 12,95

NEXT 13,123

NOT 13,

ON 13,108

OPEN  10,16.204,278.319,330
RS-232 273

OR 13,134

?0ut of memory error 86
Output to screen 225
20verflow error 173

Page 4,8,9,10.53,57
PAL/NTSC flag 65

PEEK 14,168
Perform basic keyword 102

string housekeeping 161

PLOT 216,319,331
Pointer - bottom of basic mem 6@

bottom of strings 35
current filename 47

end of arrays +1 35
highest basic address 36
start of arrays 35
start of basic text 34
start of variables 34
top of basic 6@

POKE 15,169
FOS 14,149

POMER ()  15.195

Power reset entry point 385
Previous basic line number 36
PRINT 13,113

Print power up message 213
PRINT# 13,112

RAMTAS 387,319,331

RDTIM 283,319,332

READ  113.118

READST 310,319,332

REM 13,107

Repeat speed counter 62
Restart BASIC 88

RESTOR 307,319,333

RESTORE ~ 12.102

Retreat cursor 224

RETURN 12,185

RIGHTS 14,164

RND 16,199

RS-232 port 346

register images  9.64
timing table 215,313

RUN  12.104

SAVE  10,16,202,279.319,333

to serial bus 280
to tape 281

SCNKEY 237,319,334
SCREEN 319,334

Screen line link table 53
Scroll screen 231

Search for line number 94

for variable 131

SECOND 248,319,334



Send tone to tape 349
Serial bus 268
Series evaluation
Set colour code
1/0 defaults

197
231
218

SETLFS 318,319,335
SETMSG 311,320,336
SETNAM 310,320,336
SETTIM 320,337

SETTMO 311,320,337

SBN 15,184

shift-run equivalent 245
SIN 16,207

Smooth scroll horiz 362

Sprite collision registers 364
colour registers 366
enable register 368

position registers 358
SGR 15,195
stack 8,83
Start of current variable 37
STATUS - 1/0 status word 41
sTOP  10,12,183,329,338
Store fac#l in memory 182
string in high ram 160
tape characters in ram 297
STR$ 14,153
sYS  9,16,202
System hardware vectors 317

TABC 13

Table of active file numbers 58
device numbers 59

59

Tape error log 44
Temporary fac for multiply 33
string stack 33

TKSA 248,320,338
Tokenise input buffer 92
Top of screen memory 62

uDTIM 282,320,339
UNLSN 320,339
UNTLK 249,320
User port 351

VAL 14.166

VECTOR 320,348
BASIC char dispatch 69
BASIC warm start &9
evaluate basic token 69

hardware IR@ interrupt 7@
hardware NMI

KERNAL CHKIN 72

KERNAL CHKOUT 72

KERNAL CHRIN 72

KERNAL CHROUT 73

KERNAL CLALL 73

KERNAL CLOSE 72

KERNAL CLRCHN 72

KERNAL BETIN 73

KERNAL LOAD 73

KERNAL OPEN 72

KERNAL SAVE 74

KERNAL STOP 73

keyboard decode table 53
keyboard table setup 64

list basic text 69
print basic error message 69
software BRK 71
tokenise basic text

VERIFY 16,203

VIC control register

Voice 368,371,378

69

363

WAIT 15,169

Warm start BASIC

Write data to tape
tape header 286

312
301



Commodore 64 Whole Memory Guide is much more than a memory
map. Instead of just giving memory locations it gives you a detailed
description of each location, explaining what it's for, how it is used by
the computer, and, more importantly, how it can be used by the
programmer.

The memory guide to the Commodore 64 is split up into three main
sections; the RAM guide, the I/O guide, and the ROM guide. The ROM
guide also includes a complete and annotated disassembly of the
Commodore 64 ROMs.

If you are a machine code programmer, this book will be invaluable in
helping you to write programs that incorporate the subroutines contained
within the Commodore 64 ROM. It explains how to pass any parameters
that may be required to the routines, and how to recover the results of
calculations etc. that are returned by these routines. Also covered is the
procedure used by the computer to cope with errors in the data operated
on by the routines.

If you are a BASIC Programmer, this book will enable you to manipulate
the system variables used by the Commodore 64 to your own ends. This
will allow you to use the advanced features of the Commodore 64 to their
full.

All in all, Commodore 64 Whole Memory Guide is a book for everybody
wishing to utilise their Commodore 64 to its maximum.

ISBN 0-8blbl-194-2
N5 Louse I
L'!_ Publishers 9 7808611611942
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