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What you see before you is the collection, culmination, and collation
of almost 5 years of information about Commodore Computers. It all
began with The Best of The Transactor Volume 2 and a photocopier
with a reduction feature. It occurred to me that if all my most
referenced facts were together on one page they would be infinitely
more useful. Memory maps, conversion charts, machine code
tables, and everything else went into the copier over and over until
they were small enough to paste together on one sheet. But the
photocopier had its drawbacks; each new reduction meant a drop in
quality and the distortion factor of the copier had the top lines slanting
down and the bottom lines slanting up.

After [ departed from Commodore to run The Transactor indepen-
dently, I was thrust into the world of the phototypesetter, the ultimate
printer. At first I was totally consumed by the superb quality of the
type, but that didn't last long. I began experimenting with point sizes
(character size), leading (line spacing), and the over 300 other
commands that are available including an entire text programming
language. With vertical spacing down to 1/s7eth of an inch and
horizontal accuracy to /1296 th of an inch, I found myself accounting

theraidag o

for every fraction. This exact science of typesetting was the perfect
answer to the question of how the next generation of compact
reference material would be created.

After about eight months of practice I decided it was time. Four
months later The Special Reference Issue of The Transactor (Volume
4, Issue 5) was released. The brown cover earned it the nickname,
“The Brown Bible” and it wasn’t long before many were referring to it
as “the most photocopied magazine of all time”. Everyone seemed to
be happy with it, except me.

It was about six months later when Attic Typesetting took delivery of
the first Quadex Preview in Canada, a fabulous device that shows on
a screen exactly what the type machine will produce. Typesetting:
the Science, became Typesetting: the Art. It was then I decided the
next generation was within my reach. Although the Preview simpl-
fied the task by easily ten-fold, the amount of target material had
more than tripled. After eight months of organizing (in the time
between making magazines) and almost two months of double shifts
at the type shop, I now find myself writing this paragraph. The
Complete Commodore Inner Space Anthology is finally finished.
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SuperCharts Printer Section —
BASIC 2.0/4.0 SuperChart 16 Matrix Printer Control Characters
VIC 20/Commodore 64 SuperChart 16 Matrix Printer Format Characters
TRUE ASCI Conversion Chart 16 Letter Quality Printer Commands -
Binary Conversion Chart 16  Greek Alphabet Characters
Parity Tables
BCD Conversion Chart -
‘ Business Software Section |__
BASIC Section 17 Wordprocessing Reference Guide .
19 Spreadsheet Commands
g;hf?g";:al:‘nd:ﬁ f;:g Staternents 20 +4: 3+ 1 Software Commands L
Arithmetic Functions
‘;‘p’fg:le;c Ol;’:]r:ms Machine Language Section |__
HierarchyygfI Operations . 21 Machine Language Monitor Commands
BASIC 4.0 Disk Commands 22 CPU Model
BASIC RAM Memory Allocation 22 Pocket Op-Codes Chart —
BASIC Text Line Structure 22 6502 Extra Op-Codes
Variable Formats 22 Hexadecimal Conversion Table
FOR' Stack Entry 23 Instruction Set Summary L
Reserved Variables: ST, DS, DS$ 25 AddresingModes
Additional +4,/C16 Commands 27 BASIC 2.0/4.0 Kernal Routines
B/ +4/C16 Escape Key Sequences 27 VIC 20/Commodore 64 Kernal Routines
BASIC 2.0/4.0 Error Messages 28 Keyword Tokens and Entry Points -
B Series/ +4/C16 Error Messages
BASIC Abbreviations J
C64 Super Expander Commands Memory Maps
31 BASIC2.0/4.0RAM, ROM, I/O
33 BASIC 2.0/4.0 Zero Page Contents
COMAL Section 35 VIC 20 RAM, ROM, I/0 -
Reserved Variables 39 Commodore 64 RAM, ROM, I/0
COMAL Commands 41 VIC 20/C64 Zero Page Contents
Sprite Commands 43 B SeriesRAM, ROM, I/O -
Turtle Graphics Commands 45 +4/C16RAM,ROM, /O
COMAL 2.0 Library Descriptions 50 4040 Memory Map
COMAL 2.0 Memory Map 54 8050 Memory Map -
COMAL 0.14 Memory Map 57 1541 Memory Map
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Disk Drives Section Telecomputing Section
47 Disk Spedifications 75 Network Phone Numbers
47 Directory Header Formats 77 CompuServe Commands
47 Directory Sector Formats 78 CompuServe Category Index
48 Block Availability Map Formats 79 Bulletin Boards by Area Code
48 Sector Recording Format 84 Time Zone and Area Code Map
49 Data File Format 85 Bulletin Boards in Alphabetical Order
49 PET/CBM Disk Access Routines 90 Computer Clubs
49 Utlity Command Set
49 User Command Jump Table
49 LED Exror Diagnostics Hardware Section
49 Track/Sector Distribution Table 97 Tape Recording Format
49 GCR Codes 97 Cassette Port
50 4040 Memory Map 97 IEEE Standard Definitions
54 8050 Memory Map 98 IEEE 488 Bus Sianals
57 1541 Memory Map S San
98 [EEE Byte Transfer Sequence
98 IEEE Cable Connector Pinouts
. . 98 IEEE Port Pinouts
Music Section 99 PET/CBM User Port
60 Music Symbols 99 6522 Registers
61 Note Frequency Table 99 Commodore 64 User Port
61 Chord Note Derivatives 99 Commodore 64 Expansion Port
62 CB2 Note Values 99 VIC 20/C64 Keyboard Matrix
62 VIC 20 Note Values 100 VIC 201/0 Ports
62 Commodore 64 SID Note Values 100 Commodore 64 I/0 Ports
62 Commodore 64 ADSR Envelope Values 101 6520 PIA Registers
62 +4/C16 SOUND Values 102 6522 VIA Control Registers
103 6526 CIA Control Registers
104 Commodore 64 Board Layout
Video Section 104 Resistor Colour Codes
104 Transistor Lead Assignments
g Ycégsz&iae? and Border Colours 105 RS 232 and ACIA Control Registers
eo Chip Registers .
63 Colour Codes 106 B Sgnes I/0 Ports
63 8032 Screen Control Characters 107 ChipPinouts
63 Secondary Address Table 109 Semiconductor Testing Guide
64 VIC 20 Screen Memory Addresses
64 VIC 20 Character Base Addresses _ .
64 Commodore 64 Screen Memory Arithmeﬁc alld Mathematlcs
64 Commodore 64 VIC Il Chip Addresses 111 Inch Fractions
64 Commodore 64 Character Base 111 International System Of Units
64 Character ROM Contents 112 Names For Large Numbers
65 Sprite Design 112 Roman Numerals
66 Programmable Character Design 112 Constant Values
66 PET/CBM 40 Column Screen Map 112 Boolean Truth Table
67 VIC 20 Screen and Colour Table Maps 112 Force Formulae
69 C64 Screen and Colour Table Maps 112 Mathematical Functions
70 80 Column Screen Map 112 Trigonometry Rules .
71 B Series 80 Column Screen Map 113  Unit to Unit Conversion Tables
72 +4/C16 Screen and Colour Table Maps 118 Geometric Areas and Volumes
73 Decimal Page Boundary Addresses 121 Periodic Table Of The Elements
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BASIC - Beginners All-Purpose Symbolic Instruction Code

Commands and Statements

Command/

Statement Example Purpose
CLOSE 10 CLOSE n Closes logical file 'n’".
CLR CLR Sets variables to zero or null.
CMD CMDD Keep ieee device ‘D’ open to monitor bus.
CONT CONT Continue program execution after a stop command. No program changes are permitted.
DATA 10DATA 1,234 Specifies data to be read left to right.
20 DATA TOM, SUE Alphabetics do not need to be enclosed in quotes.
30 DATA "DOE, TOM™ if strings contain spaces, commas, colons, or graphic characters, the string must be enclosed in quotes.
DEF 10 DEF FN R(X) Defines function ‘R’
DIM 10 DIM A(n) Specifies maximum number of elements in an array or matrix.
20 DIM A(n,m,0,p) Specifies maximum number of dimensions in an array.
30 DIM A(n),B(m) Number of arrays limited by memory.
40 DIM A(N) May be dimensioned dynamically.
50 DIM A$(n) Strings to be dimensioned.
END 999 END Terminates program execution.
FOR 10FORI=1TO 10 Begins repetitive loop, specifying loop variable and number of intended iterations (in this example ‘I' for 10 iterations).
FRE PRINT FRE (0) Returns number of bytes of available memory.
GET 10GETC Accepts single numeric character from keyboard.
20 GETCS Accepts single string character from keyboard.
30GET #d,C Accepts single character from specified logical file.
40 GET #d, C$ Accepts specified single string character from logical file.
GOosuB 10GOSUBn Begins execution of a subroutine which begins on line 'n'.
GOTO 10GOTONn Transfer program execution to line n.
IF..GOTO 10IFX=10GOTOn Transfers execution to line 'n’ if result of condition is true.
IF..THEN 10IFX=10THENY=3 Code following THEN is executed only if result of condition is true. May also be followed by line number to transfer execution.
INPUT 10INPUT A Accepts value of ‘A’ from keyboard.
20 INPUT A$ Accepts value of string variable ‘A’ from keyboard. The string does not have to be enclosed in quotes.
30 INPUT A A$,B.BS Accepts specified values from keyboard. .
40 INPUT #d, A Accepts value of ‘A’ from logical file 'd’.
50 INPUT #d, a$ accepts specified string from logical file 'd".
60 INPUT #d, A A$,B,BS Accepts specified values and string from logical file ‘d’. Strings do not have to be enclosed in quotes.
LET LETX=10 Optional. Assigns variable ‘X’ the value of 10.
LIST LIST Lists current program.
LIST-n Lists current program through line 'n".
LIST n-m Lists lines 'n’ through ‘'m’ of current program.
LIST n- Lists current program from line ‘n’ to end.
LOAD 10LOAD Loads next encountered program from tape unit into memory.
20 LOAD "NAME" Loads program or file ‘NAME' into memory from tape unit.
30 LOAD "NAME",d Loads specified file ‘NAME' from device 'd".
30 LOAD "NAME",d,c Loads specified file 'NAME' from device 'd’ for command ‘c’. (VIC/C64 only - ¢ = 1 for direct memory load)
NEW NEW Deletes current program in memory, sets variables to zero.
NEXT NEXT Indicates end of code contained in a FOR/NEXT loop.
ON...GOSUB| 100N AGOSUBI, m, n Begins execution of subroutine which begins on specified line (in this example, 'I','m’, or ‘n’ ) depending on value of index ‘A".
ON...GOTO | 10ONAGOTO!l, m, n Transfers control to specified line 'I','m’, or 'n’ depending on value of index ‘A’
OPEN 100PEN a Opens logical file ‘a’ for read only from tape unit.
200PEN a, d Opens logical file a’ for read only from device ‘d".
300PENa, d.c Opens logical file *a’ for command ‘¢’ from device ‘d’.
. 400PEN a, d. ¢, "NAME " | Opens logical file ‘a’ on device ‘d". If device ‘d’ accepts formatted files, file name is positioned for command.
PEEK PEEK(a) Returns byte value from address ‘a’.
PEEK(A) Address can be dynamic.
POKE POKE a, b Puts byte ‘b’ into address ‘a’.
POKEA, B Parameters can be dynamic.
POS 10 PRINT POS(0) Prints next available print position (position of cursor on screen).
PRINT 10 PRINT A Prints value ‘A’ on clisplay screen.
20 PRINT A% Prints specified string on screen.
30PRINTA, AS Prints specified values or strings on screen, beginning in next available print position (pre-tabbed positions are in columns
10,20,30,40 etc.).
40 PRINT #d, A Prints value of ‘A’ on device 'd".
50 PRINT #d, A$ Prints specified string on device ‘d".
READ 10 READ AS, B$ Reads next two data elements into variables A$ and BS.
REM 10 REM Comment Remark indicator. Execution skips entire line.
RESTORE 10 RESTORE Resets data pointer so that next READ receives first element of first DATA statement.
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Commands and Statements, cont’d

Command/
Statement Example Purpose
RETURN 9990 RETURN Subroutine exit; transfers control to the statement following most recent gosub directing transfer to the subroutine.
RUN RUN Begins execution of program at lowest line number.
RUN n Begins execution of program aline 'n’.
SAVE SAVE "NAME" Saves current file or program ‘NAME’ on tape unit.
SAVE "NAME", d Saves current program or file ‘NAME' on device 'd".
SAVE "NAME".d,c Saves file 'NAME' on device 'd". ‘¢’ specifies eof or eot.
STEP 10FORI=1TO10STEP 2| Alters loop variable increment.
STOP STOP Stops program execution.
SYs SYS (x) Complete contro! is transferred to a machine language program at the decimal address contained in the argument. Brackets|
optional.
USR USR (x) Transfers program control to a program whose address is at locations 1 and 2 (VIC/C64 - locations 784,785). 'x’ is a parameter]
. passed to and from the machine language program.
VERIFY VERIFY Verifies current program against next program on tape unit.
VERIFY "NAME" Verifies current program against program ‘NAME' on tape unit.
VERIFY "NAME", d Verifies current program ‘NAME’ on device 'd’.
WAIT WAITa, b, ¢ Halts execution of Basic until contents of address ‘a’, and’ed with value 'b’ and exclusive or'ed with value 'c’, is not equal to zero. 'c’
is optional and defaults to zero.
String Functions
Function Example Purpose
ASC 10 A=ASC("XYZ") Returns the integer value corresponding to ASCH code of the first character in string.

CHR$ 10 A$ = CHR$(n) Returns character corresponding to ASCIl code number.

LEFTS 10 PRINT LEFT$(XS$, a) Returns leftmost ‘a’ characters from string.

LEN 10 PRINT LEN(X$) Returns length of string.

MID$ 10 PRINT MID$(X$, a, b) Returns ‘b’ characters from string, starting with the ‘a’th character.

RIGHTS 10 PRINT RIGHT$(X$, a) Returns rightmost 'a’ characters from string.

STR$ 10 A$ = STR$(A) Returns string representation of variable ‘A’

VAL 10 A=VAL(AS$) Returns numeric representation of string.

20A=VAL("A") If string not numeric, returns "0".
ASC, LEN and VAL functions return numeric results. They may be used as part of any numerical expression.
Assignment statements are used here for examples only; other statement types may be used.
Arithmetic Functions

Function Example Purpose

ABS 10 C=ABS(A) Returns magnitude of argument without regard to sign.

ATN 10 C=ATN(A) Returns arctangent of argument. 'c’ will be expressed in radians.

Ccos 10 C=COS(A) Returns cosine of argument. ‘A’ must be expressed in radians.

DEFFN 10 DEF FNA(B)=C+«D | Allows user to define a function. Function label ‘a’ must be a single letter; argument ‘b’ is a dummy.

EXP 10 C=EXP(A) Returns constant ‘e’ raised to the power of the argument.

INT 10C=INT(A) Returns largest integer less than or equal to argument.

LOG 10 C=LOG(A) Returns natural logarithm of argument. Argument must be greater than or equal to zero.

RND 10 C=RND(A) Generates a random number between zero and one. If ‘a’ is less then 0, the same random number is produced in each call to rnd. If
‘a’ =0, the same sequence of random number is generated each time rnd is called. If ‘a’ is greater than 0, a new sequence is produced
for each cali to rnd.

SGN 10 C=SGN(A) Returns -1 if argument is negative, returns O if argument is zero, and returns + 1 if argument is positive.

SIN 10 C=SIN(A) Returns sin of argument. "A’ must be expressed in radians.

SQR 10 C=SQR(A) Returns the square root of argument.

TAN 10C=TAN(A) Returns tangent of argument. ‘A’ must be expressed in radians.
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3 Arithmetic Operators Hierarchy of perations
Symbol | Example Purpose Operator | Description
= 10A=8B Assigns a value to a variable. () Brackets always dictate priority
20LETA=8B LET is optional. L
t Exponentiation
t 30 PRINT At2 Exponentiation X .
- Negation (unary minus)
/ 40C=A/8 Division. o -
*/ Multiplication & Division
50C=As Multiplication.
* 8 ultiplication + - Addition & Subtraction
+ 60C=A+8 Addition. . X
S <=> Relational Operations
- 70C=A-8 bt ion.
i c ubtraction, NOT Logical NOT (Integer two's complement)
= 10 IF A=B THEN PRINT ‘A’ Equals ‘B'.
E quals AND | Logical AND
<> 10IFA<>BTHENC=4 ‘A’ D t I'b".
ENC 08s notequa OR | LogicalOR
< 10 IFAKBTHENC$="X" ‘A’ Is less than ‘B".
> 10IFA>BTHENCS="Y" ‘A’ Is greater than 'B'. .
<= | 10FA<=BTHENC=20 ‘A’ Is less than or equal to ‘B". Reserved Variables
= 10IFA>= =D- A ‘B
> 0 >=BTHEN C=D-1 s greater than or equal to 'B' variable | Pur
AND 10IFAANDBTHENC=9 ‘A’ and ‘B' must both be true for statement 10 to be true.
o OR 20IFAORBTHENC=9 ‘A’ must be true or ‘B’ must be true for statement 20 to be true. bs Disk Status number (except 2.0)
= NOT | 30IFNOTATHENPRINTC | Expressionistrueif ‘A" false. DS$ | Disk Status string (except 2.0)
g EL Error Line (B Series/ +4/C16 only)
Note: the numerical values used in the evaluation of logical comparisons are: ) .
0] ‘true’ is any non-zero number and ‘false’ is zero. ER Error number (B Series/ +4/C16 only)
ERR$( Error String array. See table for messages.
. (B Series/ +4/C16 only)
Special Symbols Ti | TimeinJiffies (Yeoth's sec)since power up of
TI$ reset (except B Series)
Symbols | Example Purpose TI$ Time in HHMMSS
: 10A=1:B=2:C=3 Allows multiple statements on a line. ST The Status variable. See table for functions.
H 10 PRINT A;B Suppress Carriage Return for same line printing.
20 PRINT A$;B$ Optional after $ or % variables.
X=10.99 Decimal Point
' 10PRINT A, B Allows same line printing. Elements are separated and printed in
pre-‘tab’ed print positions ( columns 10,20,30, etc.).
- LOAD "NAME" d Separates parameters in load, save, open, mid$, on..goto, etc.
° 107A Abbreviation for ‘print’. Stores as one character; lists as word PRINT.
é $ 10A$="ABCDEFG" | String identifier.
é 10 A%=INT(X) Integer identifier.
- 10A$="ABCDEFG" | String enclosures.
8 n 10C=n.D Value of Pi 3.1415927.
) Basic 4.0 Disk Commands
s Function Example Purpose
E APPEND 10 APPEND#d, " NAME " Open file 'NAME' on device ‘d’ for appending. New data is added to end of existing data.
] BACKUP BACKUP DO TO D1 Duplicate disk in drive 0 onto disk in drive 1
2 CATALOG CATALOG DO Displays list of filenames in specified drive.
° COLLECT COLLECT D1 Purges disk in specified drive of any improperly closed files (indicated by » beside file type).
g CONCAT CONCAT "NAME1" TO "NAME2", D1 Concatenates file *NAME1" tofile *NAME2". le. NAME2=NAME2 + NAME1
COPY COPY "NAME",DOTO "NAME" D1 Copies file “NAME " from drive O to drive 1
a : COPY "NAME",DOTO "DUP",DO Makes duplicate of file "NAME "
a COPY DO TO D1 Copies entire contents from DO to D1
DCLOSE DCLOSE #n Closes disk logical file 'n’
8 DIRECTORY | DIRECTORY DO Exact same as Catalog. Use preference.
Q DLOAD DLOAD “NAME " ,Dd,Uu Loads program "NAME " from drive ‘d’ on unit ‘u’
'g DOPEN DOPEN#n, " NAME ",Dd,Uu Opens file *NAME " for reading from drive ‘d’, unit ‘u’. Default values: d=0, u=8. Data is retrieved through file]
number ‘n’.
-a DOPEN#n, " NAME",Dd,UuW Opens file "NAME " for writing to drive ‘d’, unit ‘u’. Not necessary for RELative files.
a DSAVE DSAVE "NAME " ,Dd,Uu Saves current program to drive ‘d’ on unit ‘v’ as file “NAME "
8 HEADER HEADER " DISKNAME " ,Dd, lid,Uu Formats disk in drive ‘'d’ unit ‘u’ assigning it a " DISKNAME " and ‘id".
RECORD 10 RECORD#n, a Positions relative file open on logical file number 'n’ to record number ‘a’. ‘a’ may be dynamic but must bg
) enclosed in brackets.
‘ RENAME RENAME "NAME " TO "NEWNAME *,D0| Changes a file name.
h SCRATCH SCRATCH "NAME ",D1 Eliminates file *NAME " from disk.
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BASIC Text Variable Table ~ Arrays Space Empty Space String Space
[0 000] | | l |
t t t ? h t
Start of BASIC Start of Variables Start of Arrays End of Arrays Bottom of Strings Top of Memory
BASIC 4/2: $28,29 $2A,2B $2C,2D $2E,2F $30,31 $34,35
VIC/C64: $2B,2C $2D,2E $2F,30 $31,32 $33,34 $37,38
B Series: $2D,2E $31,32 $35,36 $37,38 $3B,3C $0380,0381
+4/C16: $2B,2C -$2D,2E $2F,30 $31,32 $33,34 $37,38
BASIC Text Line Structure
I Link Link end of prg
o|L]H]L]H]linetext [o]L[H|L|H][linetext [0]0]0]
3 1
FOR'’ Stack Entry R 11
L0 | Pointer to first Start of BASIC line # line #
il st‘atement in loop pointer to next line pointer to next line = Q
HI Line number of first P~
LO | statement in loop g
M4 . ~4]
Vi ] Variable Formats
M2 | “TO' value Floating Point Integer String
Mi ] INN T T T T ] [Dlufufcfofofo] [s|c] [r[H[o]o]
EXP | name ? tmsb—Isb?t name value unused name I ot
. ‘ X (NN) exponent + 128 0J%) (SG$) start address of string
Sign of 'STEP length of string in bytes
M4
o STEP vaue ‘GOSUB’ Stack Entry _ ,
| DS & DS$ - Disk Status Variables
M1 HI Pointer to
D y | DS | Error Description =
EXP LO | ‘GOSUB' statement o P -]
. o , NO error exists
HL | Pointerto HI_| Line Number of 1| files scratched response (not an error) 5 :
LO | ‘FOR’ variable LO | ‘GOSUB’ statement 2;8 Umésed: Cat';‘IOC:lr‘:ﬂ sgould:)fe igr:jored g
, . , read error; block header not foun
$81 | ‘FOR' Token $8D | ‘GOSUB'’ Token 21 | read error; sync character not found o
(LAST ON) (LAST ON) 22 | read error; data block not present Q
23 | read error; checksum error in data «
24 | read error; byte decoding error
25 | write error; write verify error ﬁ
26 | write protect on m )
H 27 | read error; checksum error in header
Reserved System Varlables 28 | write error; data extends into next block s
29 | disk id mismatch =
30 | syntax error; general syntax (-]
31 | syntax error; invalid command [ =]
- 32 | syntax error; command line > 58 chars
ST - The status Val’lable 33 | syntax error; invalid filename 2
34 | syntax error; no filename given (-]
Bit Val |Cassette Read |IEEE/Serial |Tape Load/Ver. |Vic/64 RS-232 39 | syntax error; command file not given
50 | record not present .8
0-7 0]OK OK OK OK 51 | overflow in record a
- - 52 | file too large
0 1 time c_;tut parity 60 | file open for write E
on write error 61 |file not open
g 2 time out framing 62 | file not found 8
on read error 63 | file exists
rec. buffer 64 | file type mismatch
2 4 | short block short block overrun 65 | no block; t,s is next available block %
66 | illegal track or sector
3 8 | long block long block unused 67 | illegal system track or sector -ﬁ
" 70 | no channels (available)
a4 16 'r"e"a'gc;‘lfg:ab'e any mismatch g};i;'g"a' 71 | dir error (dire(ctory error) a
9 72 | disk full or directory full
5 32 | checksum error checksum error |unused 73 |cbm dos v2 (or v2.x for later dos's); power up 8
OSSR ol message, also indicates write attempt with dos Y
signal mismatch
6| 64|endoffile EOl missing 74 | drive not ready ﬁ
device not break 75 | format speed error
7 -128 | end of tape present end of tape detected 76 | controller error
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Additional B Series Commands

Function Example Purpose
BANK BANK b Sets bank number to ‘b’.
BLOAD BLOAD "NAME ",Dd,Uu,ON Bb,Pp Loads file "NAME" from drive ‘d’ unit ‘u’ into bank ‘b’ at position ‘p’
BSAVE BSAVE " NAME " ON Bb,Pp1 to Pp2 Saves current memory in bank ‘b’ from address ‘p1' to ‘p2" as file "NAME " to drive O unit 8. Addresses are in decimal)
DCLEAR | DCLEARD1 Initialize disk in drive 1
DELETE DELETE 10-30 Deletes lines from current program. Specify line range same as LIST.
DISPOSE | DISPOSE GOSUB Purges stack of unwanted return addresses (like ‘POP")
ELSE IFSTTHENE=1ELSEE=0 Alternate condition following IF..THEN. May also be used to transfer execution
INSTR PRINT INSTR (A$, B$) Returns position of string B$ within A$. Returns 0 if not found.
KEY KEY Dispiays list of function key definitions
KEYn, " CATALOG DO" +CHR$(13) Defines function key ‘n’.
PUDEF PUDEF"-.,£" Re-defines Print Using format characters. Defaultis * ,.$". In this example, space is changed to ', comma to period,
period to comma, and dollars to pounds.
RESUME | RESUME Continues execution after program error or editing
RESUME n Resumes execution at line ‘n’
RESUME NEXT Resumes execution at start of current active FOR/NEXT
TRAP TRAP 50000 Specifies routine at line 50000 as an ON ERROR routine.
USING PRINT USING " -S##,### "X Specifies format to be used for numerical output.
Additional +4, C16 Commands
Function Example Purpose
Editing:
AUTO AUTO 100, 10 Supply line numbers starting with 100 in increments of 10
DELETE DELETE -10 Delete BASIC lines up to line 10. Parameters work like LIST.
HELP HELP Hi-lites BASIC execution error in RVS field
KEY KEY Display Function Key assignments
KEY FK, FK$ Define Function Key FK (1-8) as FK$. Allows any string expression.
RENUMBER RENUMBER 1000, 10, 500 Renumber BASIC text starting with line 1000 in increments of 10, from line 500 on.
TROFF TROFF Turns BASIC execution trace feature OFF.
TRON TRON Turns BASIC execution trace feature ON.
Structure:
DO LOOP can be followed by WHILE or UNTIL
EL PRINT EL Reserved variable: Error Line
ER PRINT ER Reserved variable: Error Number
ERR$ PRINT ERR$(ER) Reserved variable: Error Message (example would print last error string)
GETKEY 10 GETKEY A$ Instead of 10 GET A$ : IF AS="" THEN 10
IF THEN ELSE  |.1000 IF J=K THEN 1010 ELSE STOP Must all be on same line.
INSTR INSTR A$, B$, PO Insert AS into B$ at position PO.
PRINT USING PRINT USING F$, A$ Print A$ using format F$
PUDEF PUDEF "-.,&" Re-Define USING format characters
RESUME RESUME 1200 Resume loop at 1200
TRAP 5 TRAP 1000 Equivalent to ON ERROR GOTO 1000
EXIT 2090 EXIT Terminate loops started with DO
Graphics
FLASH 100 FLASH A$ Sets flashing attribute on string A$
BOX BOXCS, X1,Y1,X2,Y2, AN, 1 Draws a box from X1,Y1 to X2,Y2, at an angle AN, filled in with same colour as colour source CS
CHAR 210CHARCS, X. Y, AS$, 1 Will print AS at XY position on the Hi-Res screen, using colour source CS, reversed.
CIRCLE CIRCLE 2, X,Y,XR,YR, S, E, A, | Draws a circle where: 2 = Use Multicolor 1 S = Starting Arc (default O degrees)
X.Y = Position of center ~ E = Ending Arc (default 360 degrees)
XR = X Radius A = Clockwise rotation (default 0)
YR = Y Radius | = Increment or Coarseness (default 2)
COLOR COLOR BK, FG, M1, M2, BD Set colours for Background, Foreground, Multi-Colour 1, Multi-Colour 2, Border (range 0-15).
DRAW 230 DRAW 4,X1,Y1,X2Y2,C Will draw a line from X1,Y1 to X2,Y2 in Border colour
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Additional +4, C16 Commands, cont'd
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Function Example Purpose
GRAPHIC GRAPHIC M, C Specify screen mode M. 0 = Text
1 = Muilti-Colour Graphic
2 = Hi-Res Graphic
3 = Split-Screen (Text on bottom 3 lines)
C <> 0 clears screen.
GRAPHICCLR | GRAPHIC CLR Clear current GRAPHIC screen
GSHAPE 250 GSHAPE S$, X1, Y1,M Gets a shape from S$ and print it on the Hi-Res screen at X1,Y1 using mode M.
. 0 = Draw Shape as is (default)
1 = Draw Shape inverted
2 = Draw Shape OR'd with Screen
3 = Draw Shape AND'd with Screen
4 = Draw Shape XOR'd with Screen
JOoy PRINT JOY(JS) Returns direction (0-8) of Joystick 1 or 2 (0-1). Fire Button adds 128 to direction value.
LOCATE 220 LOCATE X1, Y1 Set initial co-ordinates for plotting type commands to X1,Y1
PAINT PAINTC, X, Y, M Fills the area surrounding X.Y in colour C using mode M. 0 = Bordered by same colour as C
. 1 = Bordered by any foreground colour
RCLR PRINT RCLR (CS) Returns Colour Source information for: 0 = Background colour number
1 = Foreground colour number
2 = Multi-Colour 1 colour number
3 = Multi-Colour 2 colour number
4 = Border colour number
RDOT PRINT RDOT (M) Returns information for the next pixel to be plotted using mode M. 0 = X co-ordinate
1 = Y co-ordinate
2 = Colour Source
RGR PRINT RGR (0) Returns current GRAPHIC mode (0-3)
RLUM PRINT RLUM (CS) Returns luminance for colour source CS.
SCALE 200 SCALE X Set scale to: 0 = Standard co-ordinates based on GRAPHIC mode.
1 = 0-1023 co-ordinate system.
SCNCLR 200 SCNCLR Clears screen in any GRAPHIC mode
SOUND 260 SOUND Single voice. followed by parameters for note, tone, etc.
SSHAPE 250 SSHAPE SS. X1, Y1, X2, Y2 Saves a shape into S$ from X2,Y2 to X1.,Y1 (the diagonaily opposite corner)
VoL 270VOLV Sets volume from 0 0 & maximum
Machine Language:
DEC DEC "FFFF" Converts the string FFFF to decimal. variable can also be used.
HEX$ HEX$(1024) Converts the number 1024 10 a string representing the hexadecimal equivalent. DEC and HEXS$ comple-
ment much like ASC and CHR$
MONITOR MONITOR Enters Machine Language Monitor
F F EA 6000 7000 Fill memory from ADDR1 to ADDR2 with specified hex value
H H 6000, 7000, A9 FF Hunt memory from ADDR1 to ADDR2 for the sequence A9 FF
A A JSR $FFD2 Assemble. works like Supermon assembler
D D 6000 Disassemble from $6000 on.
M M 6000 6050 Memory dump displays memory contents in hex and screen POKE characters.
G G 6000 Go to $6000 and execute machine language there.
X X Exit MLM
S S "program",08,6000.7000 Save ML program between $6000 and $7000 on Gevice 8
L L "program” Load specified program. Load address is contained in file.
R R Display registers
B Series/ +4 / C16 ESCAPE Key Functions
ESCape + | Function ESCape + | Function
A Automatic Insert Moge N Set Normal Screen display size
B Set Bottom of Screen Window o Cancel Insert, Quote, and Reverse Modes
[ Cancel Automatic Insert Mode P Erase Begin
D Delete line Q Erase End
E Use Nonflashing Cursor (B Series only) R Set Reduced Screen dispiay size
F Use Flashing Cursor (B Series only) S Use Solid Cursor (B Series only)
G Enable Bell T Set Top of Screen Window
H Disable Bel! 1] Use Underscore Cursor (B Series oniy)
I Insert a line v Scroll Up
J Move Cursor to Start of Current line w Scroll Down
K Move Cursor to End of Current line X Cancel ESCape
L Enable Scrolling Y Use Normal Character Set (B Series only)
M Disable Scrolling r4 Use Alternate Character Set (B Series only)

BASIC
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Error Messages

NOT INPUT FILE
NOT OUTPUT FILE
OUT OF DATA
OUT OF MEMORY

OVERFLOW
REDIM'D ARRAY

REDO FROM START

RETURN WITHOUT GOSUB
STRING TOO LONG

SYNTAX

TYPE MISMATCH
UNDEF'D FUNCTION
UNDEF'D STATEMENT
VERIFY

Message Description

BAD DATA String data was received from an open file, but the program was expecting numeric data.

BAD SUBSCRIPT The program was trying to reference an element of an array whose number is outside of the range specified in the DIM statement.

CAN'T CONTINUE The CONT command will not work, either because the program was never ‘RUN’, there has been an error, or a line has been edited.

DEVICE NOT PRESENT The required IO device was not available for an *OPEN’, ‘CLOSE’', ‘CMD", ‘PRINT#', INPUT#', or ‘GET#".

DIVISION BY ZERO Division by zero is a mathematical oddity and not allowed.

EXTRA IGNORED Too many items of data were typed in response to an input statement. Only the first few items were accepted.

FILE NOT FOUND If you were looking for a file on tape, an ‘end-of-tape’ marker was found. If you were looking on a disk, no file with that name exists.

FILE NOT OPEN The file specified in a ‘CLOSE', ‘CMD", ‘PRINT#", 'INPUT#', or ‘GET#', must first be ‘OPEN"ed.

FILE OPEN An attempt was made to OPEN a file using the number of an already open file.

FORMULA TOO COMPLEX The string expression being evaluated should be splitinto at least two parts for the system to work with, or a formula has too many parentheses.
ILLEGAL DIRECT The 'INPUT' statement can only be used within a program, and not in direct mode.

ILLEGAL QUANTITY A number used as the argument of a function or statement is out of the allowable range.

LOAD A problem has occured during program LOAD, disk or tape
"NEXT WITHOUT FOR This is caused by either incorrectly nesting loops or having a variable name in a ‘NEXT' statement that doesn't correspond with one in a ‘FOR’

statement.

An attempt was made to 'INPUT" or 'GET" data from a file which was specified to be for output only.
An attempt was made to 'PRINT' data to a file which was specified as input only.

A 'READ’ statement was executed but there is no data left unread in a 'DATA’ statement.

There is no more ‘ram’ available for program or variables. This may also occur when too many ‘FOR’ loops have been nested, or when there are
too many ‘GOSUB's in effect.

The result of a computation is larger than the largest number allowed, which is 1.70141884e + 38.

An array may only be 'DIM’ensioned once. If an array variable is used before that array is 'DIM'd, an automatic ‘DIM’ operation is performed on
that array setting the number of elements to ten, and any subsequent ‘DIM's will cause this error.

Character data was typed in during an 'INPUT" statement when numeric data was expected. Just re-type the entry so that it is correct, and the
program wili continue by itself.

A 'RETURN' state:nent was encountered, and no ‘GOSUB’ command has been issued.

(except 2.0) Maximum string length is 255 characters. This error will also occur if INPUT# receives more than 80 characters without a carriage
return (ie. BASIC input buffer is 80 bytes long), or if a disk filename is longer than 16 characters.

A statement or command is unrecognizable. A missing or extra parenthesis. misspelled keywords, etc.
This error occurs when a number is used in place of a string, or vice-versa.

A user defined function was referenced, but it has never been defined using the ‘DEF FN’ statement.
An attempt was made to ‘GOTO’ or ‘GOSUB' or ‘RUN'" a line number that doesn't exist.

The program on tape or disk does not match the program currently in memory.

O
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B Series, +4, and C16 Error Messagé

This list is a summary of error messages that are displayed by PRINTing ERR$(X) where X equals the ;/alue down the left column.

X Message Explanation

0 ?STOP KEY DETECTED Occurs when doing a KERNAL 1/O function and the STOP key is pressed. May occur during LOAD or SAVE (or OPEN, CLOSE, GET#,
INPUT#, PRINT# when the cassette tape is moving). CLOSE any open write files to save data.

1 ?TOO MANY FILES Maximum OPEN files is ten.

2 ?FILE OPEN An attempt was made to OPEN or DOPEN a file with a file number already in use.

3 ?FILE NOT OPEN An attempt was made to access a file not previously OPEN or DOPENed

4 ?FILE NOT FOUND The file specified in OPEN or LOAD was not found on the device specified. For tape I/O, an end of tape marker was encountered.

5 ?DEVICE NOT PRESENT An attempt was made to access a device not currently connected or powered-up on the IEEE-488 bus. May happen on OPEN, CLOSE,
CMD, INPUT#, GET#, PRINT#. If filename is not specified with OPEN, this error will occur.

6 ?NOT INPUT FILE An attempts was made to read a file originally OPENed for writing.

7 ?NOT OUTPUT FILE An attempts was made to write data to a file originally OPENed for reading. The keyboard cannot be written to.

8 ?MISSING FILENAME All LOADs and SAVEs from the IEEE port (eg. disk) require a filename.

9 ?ILLEGAL DEVICE NUMBER Occurs if you try to access a device in an illegal manner. For example, LOADing or SAVEing from/to the keyboard, screen, or RS-232.

10 | .?ARE YOU SURE Confirmation prompt for BACKUP, SCRATCH, and HEADER. It is not an error message and occurs only in direct mode, not during
BASIC program execution.

11 ?BAD DISK Media failure on HEADER command.

12 | <return> READY. <return> This Is Not An Error Message. This message lets you know that your system is ready to ue.

13 <space> IN <space> Not An Error Message. Used to indicate which line an error has occurred “'in"".

14 ?BREAK This occurs when the STOP key is pressed during BASIC execution. CONT can be used to restart the program.

15 | ?EXTRA IGNORED Too many items of data or separators were entered in response to an INPUT statement.

16 | ?REDO FROM START This diagnostic message occurs when a numeric variable is used with INPUT and non-numeric data is received. INPUT continues to
function until acceptable data has been received.

17 Last Evaluated Number This Is Not An Error Message. This is the last value that has been processed through the numerical output buffer. (eg. print 100/10 : print
ERRS$(17) ...will print 10 both times.

18 | "MORE" <return> This Is Not An Error Message. Prints *“MORE" and carriage return.

19 Power On Message This Is Not An Error Message. Prints the same screen message that is displayed immediately after power-up

20 | ?NEXT WITHOUT FOR Either a NEXT is improperly nested or the variable in a NEXT statement corresponds to no previously executed FOR statement.

21 ?SYNTAX BASIC cannot recognize the statement you have typed. Caused by such things as missing parenthesis, illegal characters, incorrect
punctuation, misspelled keyword.

22 ?RETURN WITHOUT GOSUB A RETURN statement was encountered with noprevious GOSUB.

23 | ?0UT OF DATA An attempt was made to READ data from a DATA statement but no data exists or the program has already read them all.

24 ?ILLEGAL QUANTITY Occurs when a function is accessed with a parameter out of range caused by:

1. A matrix subscript out of range (0 < X < 32767)

2. LOG (negative or zero argument)

3. SQR (negative argument)

4. AtB where A<0 and B not integer.

5. Call of USR before a machine language subroutine has been patched in.

6. Use of string functions MID$, LEFT$, RIGHTS, with length parameters out of range.
7. Index on...GOTO out of range.

8. Addressof PEEK, POKE, WAIT or SYS out of range.

9. Byte parameters of WAIT, POKE, TAB and SPC out of range.

25 | ?OVERFLOW Numbers resulting from computations or input that are greater than 1.70141184E + 38 or less than 2.93873587E-39.

26 ?20UT OF MEMORY BASIC text space, or Variables space, or Arrays memory space has been completely filled

27 | ?UNDEFINED STATEMENT A GOTO, GOSUB, or THEN has been executed with a line number that does not exist.

28 | ?BAD SUBSCRIPT An attempt was made to reference an array element which is outside the dimensions specified in the DIM statement.

29 ?REDIM'D ARRAY An attempt was made to define an array using a variable already used in an array.

30 | ?DIVISION BY ZERO llegal divide. Message is followed by the line number - list and check variables.

31 ?ILLEGAL DIRECT INPUT, INPUT#, GET, GET#, and DEF cannot be used in direct mode.

32 | ?TYPE MISMATCH An arithmetic operation has been given non-numeric data. or a string operation has been numeric data.

33 | ?STRING TOO LONG Maximum string length is 255 characters. This error will also occur if INPUT3# receives more than 80 characters without a carriage return
(ie. BASIC input buffer is 80 bytes long), or if a disk filename is longer than 16 characters.

34 ?FILE DATA Occurs when a numeric variable is used with INPUT# and non-numeric data is received.

35 | ?FORMULA TOO COMPLEX BASIC has run out of temporary pointers 10 keep track of substrings in evaluating a string expression. Break the expression into two
smaller parts to cure the problem.

37 | ?UNDEFINED FUNCTION Reference was made to a user defined function which had never been defined with DEF.

38 | ?LOAD ERROR Cassette tape only. To improve tape reliability, programs are recorded twice with SAVE. This error will occur if LOAD finds recording
errors in corresponding positions of both recordings. If more than 31 errors are detected in the first pass, LOAD will not attempt to read
the second.

39 ?VERIFY ERROR A VERIFY operation did not match the contents of file with the contents of memory. Re-SAVE your program on another disk or tape.

40 | ?0UT OF STACK Too many oper FOR...NEXT loops or too many GOSUB cals.

41 ?UNABLE TO RESUME Resume will not operate after a fatal error.

42 ?UNABLE TO DISPOSE Al of the DISPOSE type items have been disposed of or none exist.

43 | ?0UT OF TEXT A LOAD or DLOAD has attempted to bring in a file larger than 64K. This error will not cccur when using the BLOAD command.

1
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Command Abbreviation [2.0(3.5|4.0( B Command Abbreviation 12.0|3.5(4.0 Command Abbreviation |2.0|3.5{4.0| B
ABS aSHIFTB o | o e | e ||IFRE fSHIFTR L2 B I RDOT r SHIFTD ] -
APPEND aSHIFTP e | o ||GET gSHIFTE oo oo READ rSHIFTE L I I )
ASC aSHIFTS e | o | e | e |IGETKEY getk SHIFTE J RECORD reSHIFTC o | o
ATN aSHIFTT oo oo ||GET# none e | e | e | e |IREM none LI I U
AUTO aSHIFTU o GOTO gSHIFTO o | oo o RENAME re SHIFTN L3 I
BACKUP b SHIFTA e | o | e |]GOSUB goSHIFTS LI I 2 RENUMBER ren SHIFTU U —
BANK ba SHIFT N e || GRAPHIC gSHIFTR U RESTORE reSHIFTS o | o e |
BLOAD b SHIFT L e || GSHAPE gSHIFTS . RESUME res SHIFTU L .
BOX b SHIFTO . HEX$ h SHIFT E ] RETURN reSHIFTT e | o e}
BSAVE b SHIFTS e || HEADER hSHIFT E o | RGR rSHIFTG o L
CHR$ cSHIFTH LI 2 B he SHIFT A e e | e RIGHT$S rSHIFT | LI B I
CHAR ch SHIFTA . IF none o | e[ e]e [IRLUM rSHIFTL .

CIRCLE CcSHIFTI . INPUT none el e ] e | e |IRND rSHIFTN oo e foe
CLOSE cISHIFTO e e | e | e IIINPUT# iSHIFT N LI I I RUN rSHIFTU L2 I I B
CLR CSHIFT L e | e oo INSTR in SHIFT S U o SAVE sSHIFTA o | oo el
CMD CSHIFTM | o | e | e | e |1INT none e | e} e | e ||SCNCLR sSHIFTC .
CONT CSHIFTO | e | o | e | e |}JOY iSHIFTO . SCALE sc SHIFT A ]
COLOR CcoSHIFTL . KEY k SHIFT E ° e || SCRATCH sSHIFTC o | o
COLLECT CoSHIFTL o | o ||LET ISHIFTE L2 I B sc SHIFTR oo | o
col SHIFT L o | o | o |ILEFTS le SHIFT F e | e ] e | e |ISGN sSHIFTG L2 B R )
CONCAT coSHIFTN e | e ||LEN none e |[e | e ] e |ISIN sSHIFT | oo |e]e
COPY co SHIFT P e (e | LIST ISHIFT | o (e | el e |ISOUND sSHIFTO o
Cos none o [e e e |lLOAD ISHIFTO | e | e | e | o ||SPC( sSHIFT P oo |e| e
DATA d SHIFT A o | e | e | e |ILOCATE loSHIFTC . SQR sSHIFTQ L2 2 R
DCLOSE dSHIFTC e | o ||LOG none e (e | e | e ||SSHAPE sSHIFTS .
DCLEAR dc SHIFT L e || LOOP loSHIFTO o STOP SSHIFTT o | o (e | o
DEC none . MID$ m SHIFT | o (e | e | e |ISTRS stSHIFT R oo | e
DEFFN dSHIFTE L3 I I MONITOR mSHIFT O U SYS sSHIFTY o | o (eole U
DELETE de SHIFT L ] e || NEW none oo | e | e |]TAB( tSHIFT A oo | e e
DiM d SHIFT | o | e[ e | e IINEXT nSHIFTE e e | e e llTAN none oo e e
DIRECTORY diSHIFTR e | e | e |ION none e | e | e ] e |]lTRAP tSHIFTR . .
DISPOSE diSHIFT S A e. || OPEN oSHIFTP e | e e | e |ITRON tr SHIFT O . ’
DLOAD dSHIFTL e | o | o || PAINT pSHIFTA . TROFF tro SHIFT F .
DO none . PEEK pSHIFTE e |o e e UNTIL uSHIFTN .
DOPEN dSHIFTO e | o |1 POKE p SHIFT O L3 I B USR uSHIFTS oo oo
DRAW d SHIFTR . POS none oo e | e |IVAL none e |eoje e
DSAVE dSHIFTS o | e | o || PRINT ? e | e | o | e ||VERIFY vSHIFTE L2 I I
END e SHIFTN ol oo o IlPRINT# pSHIFTR ele e e [IVOL vSHIFTO .
ERR$ e SHIFTR . e || PRINTUSING | ?usSHIFTI . e || WAIT wSHIFT A oo e | e
EXP e SHIFT X o | e | e[ e lPUDEF pSHIFT U U e || WHILE w SHIFT H .
FOR fSHIFTO o e | e e ]IRCLR rSHIFTC J |
C64 Super Expander Commands
Function Example Purpose
i
BOX BOX 1, X1,Y1,X2,Y2, 45,1 Draws a box in the foreground colour, from X1,Y1 to X2,Y2, at a 45 degree angle, filled in with same colour.
CHAR 210 CHARCS. X. Y, AS, 1 Will crint A$ at XY position on the Hi-Res screen, using colour source CS, reversed.
CIRCLE CIRCLE2.X.Y.XR, YR, S.E. A, | Draws a circle where: 2 = Use Multicolor 1 S = Starting Arc (default 0 degrees)
X.Y = Position of center E = Ending Arc (default 360 degrees) —
XR = X Radius A = Clockwise rotation (default 0)
YR = Y Radius I = Increment or Coarseness (default 2)
COLINT COLINT 0, 1050 Process events at BASIC line 1050: 0 = Sprite to Sprite collisions
1 = Sprite to Bit Map display collisions
2 = Light Pen activity —
COLOR COLORBK, FG. M1, M2, BD Set colours for Background, Foreground, Multi-Colour 1, Multi-Colour 2, Border (range 0-15).
DRAW 230 DRAW 4,X1Y1,X2Y2.C Will draw a line from X1,Y1 to X2.Y2 in Border colour l_—
FILTER 230 FILTERCO. LP. BP, HP. R Set filter parameters. CO = Cutoff frequency (0-2048)
LP = Low Pass (1=0ON, 0=0OFF)
BP = Band Pass (1 =0ON, 0 = OFF)
HP = High Pass (1 =ON, 0=0FF) L
R = Resonance (0-15)
GRAPHIC GRAPHICM.C Specify screen mode M. 0 = Text
1 = Multi-Colour Graphic
2 = Hi-Res Graphic
3 = Split-Screen (Text on bottom 3 lines) U
C <> 0O clears screen.
GSHAPE 250 GSHAPE S$, X1, Y1, M Gets a shape from S$ and print it on the hi-res screen at X1,Y1 using mode M.
0 = Draw Shape as is (default)
1 = Draw Shape inverted
2 = Draw Shape OR'd with Screen U
3 = Draw Shape AND'd with Screen
4 = Draw Shape XOR'd with Screen
KEY KEY Display Function Key assignments
KEY FK, FK$ Define Function Key FK (1-8) as FK$. Allows any string expression. U
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Function Example Purpose
LOCATE 220 LOCATE X1, Y1 Set initial co-ordinates for plotting type commands to X1,Y1
MOVSPR 240 MOVSPRN, X, Y Move Sprite Nto X, Y
PAINT PAINTC, X, Y, M Fills the area surrounding X.Y in colour C using mode M. 0 = Bordered by same colour as C
1 = Bordered by any foreground colour
RBUMP PRINT RBUMP (E) Returns collision information for: 0 = Sprite to Sprite
1 = Sprite to Background
RCLR PRINT RCLR (CS) Returns Colour Source information for: 0 = Background colour number
1 = Foreground colour number
2 = Multi-Colour 1 colour number
3 = Multi-Colour 2 colour number
4 = Border colour number
RDOT PRINT RDOT (M) Returns information for the next pixel to be plotted using mode M. 0 = X co-ordinate
1 = Y co-ordinate
2 = Colour Source
RGR PRINT RGR(0) Returns GRAPHIC mode (0-3).
RJOY PRINT RJOY(JS) Returns direction (0-8) of Joystick 1 or 2. Fire Button adds 128 to direction value.
RPEN PRINT RPEN(L) Returns Location of Lightpen. 0 = X co-ordinate
. 1 =Y co-ordinate
RPOT PRINT RPOT(P) Returns Position (0-255) of Paddle P. 0 = Paddle 1
1 = Paddie 2
2 = Paddie 3
3 = Paddle 4
Fire Button adds 256 to position value
RSPCOL PRINT RSPCOL(C) Returns Spritecolour information. 0 = Multi-Colour 1 number
1 = Muiti-Colour 2 number
RSPPOS PRINT RSPPOS(SP,C) Returns information for Sprite SP (0-7). C = 0 X co-ordinate
C =1 Y co-ordinate
RSPR PRINT RSPR(SP.F) Returns information for Sprite SP (0-7). F = O Sprite ON or OFF (1 or 0)
F = 1 Foreground colour (0-15)
F = 2 Display Priority (0 = above, 1 =below)
F =3 XExpand (1=0N)
F = 4 Y Expand (1=0N)
F = 5 Display mode (0 =Hi-Res, 1 =Multicolour)
SCALE 200 SCALE X Setscaleto: 0 = Standard co-ordinates based on GRAPHIC mode.
1 = Super Expander co-ordinate system.
SCNCLR 200 SCNCLR Clears screen in any GRAPHIC mode
SPRCOL 200 SPRCOL M1, M2 Set sprite Multicolours 1 and 2 (0-15)
SPRDEF SPRDEF Enter Sprite Designer Function. Key detected are:
07 Destination Sprite (prompted)
A Automatic Cursor movement toggle
CRSR keys Moves Cursor
RETURN Move to start of next line
RETURN Exit Sprite Designer (prompted)
HOME Move to Home position
CLR Erase grid
1-4 Selects Colour Source
CTRL 1-8 Sprite Foreground Colour (0-7)
Commodore 1-8 Sprite Foreground Colour (8-15)
STOP Cancel changes
Shift RETURN Save Sprite
X X Expand
Y . Y Expand
M Multi-Colour/Hi-Res toggle
SPRITE 200 SPRITE SP, EN, FG, PR, XE, YE, M Set Sprite parameters. SP = Sprite number (0-7)
EN = Enable (1 =0ON)
FG = Sprite Foreground colour (0-15)
PR = Priority (O = above, 1 =below)
XE = X Expand (1 =0ON)
YE = Y Expand (1=0N)
M = Mode (0 = Hi-Res, 1 =Multi-Colour)
SPRSAV 200 SPRSAV SP, SP$ Save Sprite SP into SP$
SSHAPE 250 SSHAPE S$, X1, Y1, X2, Y2 Saves a shape into S$ from X2,Y2 to X1,Y1 (the diagonally opposite corner)
TEMPO 200 TEMPO T Sets Tempo T =0-255 (default 8)
TUNE 200 TUNE EV, AT, DC, SU, RL, WV, WT Sounds note using: EV = Envelope number (0-9)

AT = Attack rate (0-15)
DC = Decay rate (0-15)
SU = Sustain volume (0-15)
RL = Release rate (0-15)
WV = Waveform 0 = Triangle
1 =Sawtooth
2=Pulse
3 =Noise
4 =Ring Modulation
WT = Pulse Width (with WV = 2 only)
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n COMAL Commands

COMAL Flags & Reserved Variables COMAL Commands NOT Found in CBM BASIC (* except BASIC 3.5) J
*AUTO AUTO [<start line>][,<increment>] automatic line numbering
EOD EOD End Of Data flag BASIC BASIC back into BASIC mode
EOF EOF(<filenum>) End Of File flag . " " .
ESC ESC stop key pressed fla: CASE CASE <control expression> [OF] multiple choice decisions
TRAP ESC<type> P key p S CHAIN CHAIN <filename> load & run program on disk
FALSE FALSE ype predefined value = 0 CLOSED PROC <procname>[(params)] [CLOSED] all proc or func variables local
STATUS$  STATUSS status of disk channel . FUNC <funcname>{(params)} [CLOSED] .
TRUE TRUE predefined value of 1 DEL DE.L <range> . dglgl.es lmgs .
DIV <dividend> DIV <divisor> division with integer answer
*DO DO <statements> do the following statements
EDIT EDIT [<range>] lists lines without indentations
Note 1: Commodore BASIC, with the exception of a few ELIF ELIF <expression> ['_l'HEN] short for ELSE IF condition L
commands, is a subset of COMAL. COMAL has all but *ELSE ELSE alternative statements in IF structure
ASC, CLR, DEF FN, GOSUB & RETURN, POS, REM, ENDCASE = ENDCASE end of CASE structure
USR. VERIFY, WAIT, and BASIC 4.0 Disk Commands ENDFOR ENDFOR [<control variable>) end of FOR structure
are sent via the COMAL PASS Command; other 1/0 ENDFUNC  ENDFUNC [<function name>] end of function
commands (DLOAD, DCLOSE. RECORD?, etc) are ENDIF ENDIF end of IF structure L
much like BASIC 2.0 format. ENDPROC  ENDPROC [<procedure name>} end of procedure
Note 2: GOSUB (and ON...GOSUB) & RETURN are replaced ENDWHILE ENDWHILE end of WHILE structure
by PROC Commands ENTER ENTER <filename> merge a program segment from disk
Format: () Numeric Brackels - numeric input required EXEC [EXEC) <procname>[(<actual parameter list>)) execute a procedure
" <> An gle Brackets - denotes user sﬁppli ed input FUNC FUNC <name>[(<params>)] [EXTERNAL <filename>] start of a multiline function
JuEnY L PErE FUNC <name>{(<params>)] [CLOSED] b
| | Ly oo B e piema ot | congi> N <snnge> ot prsonct g vtiaingt
. N . o N scans keyboard (not in .
< be of numeric nature, if the option is exercised. LABEL <label name>: assigns a label name to the line
E MOD <dividend> MOD <divisor> gives remainder of division (modulo)
o NULL NULL does nothing (no op)
o Commands Common to COMAL and CBM BASIC OF CASE <expression> [OF] part of DIM or CASE structure

DIM <stringvar> OF <max char>

With NO Differences DIM <stringarray>(array index) OF <max char>
ABS gives the absolute value OTHERWISE OTHERWISE default for CASE
AND logical AND PROC PROC <name>{(<params>)] [EXTERNAL <filename>] start of multiline procedure
ATN arctangent in radians PROC <name>{(<params>)] [CLOSED]
CHR$ gives that numbers character RANDOM OPEN FILE <filenum> <filename> RANDOM <recin> random access disk file
cos cosine in radians RANDOMIZE RANDOMIZE generate new random numbers
DATA provides data for a READ REF REF <var> param var used in reference in proc
END halt program execution *RENUM RENUM [<targetstart>][.<increment>] renumber program
EXP natural loge to n REPEAT REPEAT start of REPEAT structure (-
INT gives nearest integer less than or equal *TRAP TRAP ESC<type> disable stop key
LEN gives the length of string *UNTIL UNTIL <expression> end of REPEAT loop
LET assign value to variable *USING PRINT USING <format>: <var list> allows formatted output (not PET 0.14)
LOG natural logarithm of n PRINT [FILE <filenum>:] USING <format>:<vars> including FILE output.
NEW clears program from memory WHEN WHEN <list of values> choice in CASE structure L
NOT logical NOT *WHILE WHILE <expression> [DO] [<statement>] start of WHILE structure
- OR logical OR WRITE WRITE FILE <filenum>[.<recnum>]: <var list> write to a file
° PEEK look at memory OPEN [FILE] <filenum><filename>,WRITE
‘ POKE change memory location ZONE ZONE <tab interval> tab increment
™} RESTORE  reuse DATA with READ ZONE
s o M ifnes 010 1itpos Commands Common to COMAL and CBM BASIC With SLIGHT Differences
< SIN gives sine in radians // //[<anything>] allows comments in a program
Q SQR gives square root APPEND OPEN [FILE] <filenum> <filename> APPEND start at end of seq file
o STOP halt program execution CAT CAT [<drive number>] gives disk directory
-] SYS transfer control to assembly language CLOSE CLOSE [FILE] [<filenum>) closes files -
TAB print spaces up to specified column CON CON continue program execution
ﬁ TAN gives tangent in radians DELETE DELETE <filename> deletes a file from disk
m THEN part of IF structure DIM DIM <string var> OF <max char> reserves/allocates string & array space i
TO increment FOR variable start TO end DIM <str array>(<array index>) OF <max char>
o) DIM <array name>(<array index>)
Q FILE INPUT FILE <filenum>[,.<recnum>): <var list> specifies that a file is to be used
(-] PRINT FILE <filenum>[.<recnum>]: <val list>
= SPECIAL INFO READ FILE <ﬁlenum>[.[<recnum>]:] <var list>
. WRITE FILE <filenum>(.<recnum>}: <var list>
- Line numbers allowed: 1'9999.' . . OPEN [FILE] <filenum> <filename>[,<type>]
Identifiers up to 16 chars (unshifted alpha. digits. [. ], *, <-.1) " -
0 dentifiers CLOSE [FILE] [<filenum>]
‘ll Null input is accepted. FOR FOR <var>= <start> TO <end> [STEP <step>] [DO] start of FOR loop structure
° First time into graphics: SETGRAPHICO GOTO GOTO <label name> go to line with this name
After that simply: SETGRAPHIC IF IF <condition> [THEN] start of conditional IF structure
RUN/STOP RESTORE keys restore default colors. IF <condition> THEN <statement>
To clean up the identifier . . INPUT INPUT [<prompt>:] <var list> input from keyboard or file L
E gfeI:se::brLee:mory h‘g&l PROGRAM.L INPU‘[T FILE <ﬁ]lenum>[.<rec]num>]:<var list>
AT . . LIST . LIST [<range>] [<filename> list program
E removes unused 1depu!"ners) ngEEB P;ggSARSML LOAD LOAD <filename> load a program from disk
° SL:;Z aprogram ;0 d's:;'. K LOAD " PROGRAM " OPEN OPEN [FILE] <filenum><filename>[.<type>] open afile
Q U aprogram from 's. ' SELECT "LP:" ’ ORD ORD(<string expression>) (sarme as ASC(in BASIC)  returns integer representing the char L
st a program to printer: LSt ~ OUTPUT  SELECT [OUTPUT] <type> select output location Like CMD
Q PASS PASS <disk command> passes a string to disk command channel
L] PRINT PRINT (FILE <filenum>:] [<items>) prints items to screen/printer/file
S PRINT [FILE <filenum>-] USING <formal>:<va]rs> ]—
. . y (RANDOM file use: [FILE <filnnm>,<recnum>:])
a _ b(;Ol::IAI.L 64 g;:::lr: List (COMA::'? 20 CHR$ READ READ <var list> read data from DATA line or file
E umber_Colour umber olour READ FILE <filenum>[ <rec num>}: <var list>
0 BLACK 144 8 ORANGE 129 OPEN [FILE] <filenum>.<filename>,READ
Qe 1 WHITE 5 9  BROWN 149 RND RND(<num>) random number ‘
Q 2 RED 28 10 LIGHT RED 150 RND(<start num>:<end num>) l_
3 CYAN 159 11 DARK GREY 151 SAVE SAVE <filename> record program on disk
Q 4 PURPLE 156 | 12 MEDIUMGREY 152 SELECT SELECT [OUTPUT] <type> choose output location
‘ 5 GREEN 30 13 LIGHT GREEN 153 SIZE SIZE reports on memory usage (free memory)
h 6 BLUE 31 14 LIGHT BLUE 154 STEP STEP <numeric expression> increment FOR loop var by this amount
7 YELLOW 158 | 15 LIGHTGREY 155 UNIT OPEN FILE <#><nm>,UNIT <dev>[.<sec>][.<typ>] specify unit (device) L
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SPRITES (COMAL 0.14/2.0) GRAPHIES CHARTriNt Witholt|P ﬁ‘

DATACOLLISION DATACOLLIS}ON <sprite*>,<reset collisn flg?> test for colli;iop with data Turtle Control: CBM LOGO CBM COMAL
DEFINE DEFINE <sprite definition num>,<64 byte def$> set up a sprite image for later use m W ORW,
HIDESPRITE HIDESPRITE <sprite number> turn off specified sprite e e & LGWARD  FORWARD
IDENTIFY IDENTIFY <sprite number> <definition number>  assign a sprite an image Hove bac| lward length GCK E‘A Mli:
PRIORITY PRIORITY <sprite number>,<data priority?> does data has priority over sprite Tome "“;t ? f HE ME !?FI'
SPRITEBACK  SPRITEBACK <colorl > <color2> set two multicolor sprite colors Torn turte left . i
SHOWSPRITE  SHOWSPRITE <sprite number> turn on specified sprite urn turtle right RIG GH
SPRITECOLLISION SPRITECOLLISION <sprite”> <reset collsn flg?> test for sprite collision Movetoapoint  ~ SETXY SETXY
SPRITECOLOR  SPRITECOLOR <sprite number><color number> st color of sprite prnto specific heading  SETHEADING  SETHEADING
SPRITEPOS SPRITEPOS <sprite*>,<x coord>,<y coord> position sprite at x,y location ake turtle visib] le SHOWTURTLE = SHOWTU IE
SPRITESIZE SPRITESIZE <sprite*> <y expand?><x expand?>  set sprite size (expand or not) r::z;‘gg;‘;gg:'ble EEK%FURTLE gé?‘la,URT

HIGH RES and TURTLE Graphics (COMAL 0.14/2.0) o o T B Or b,
BACK BACK <length> move turtle backwards Nurll:ger of colors 16 16
BACKGROUND BACKGROUND <color riumber> set the screen background color Set size of turtle _ TURTLESIZE
BORDER BORDER <color number> set the screen border color Pl otla int PLOT
CLEAR CLEARSCREEN clear the graphics screen (in frame) Print toxt in graphics 7 PLOTTEXT
DRAWTO DRAWTO <x coordinate>,<y coordinate> draws a line from current point grap -
FILL FILL <x coordinate>,<y coordinate> fills in area with current color Screen And Colour Control:
FORWARD FORWARD <length> move turtle forward n window 7
FRAME FRAME <x0>,<x1>,<y0>,<yl> set up a screen window s ;e,:p,,i;;“:‘;,ee,, " LEARSCREEN thenm
FULLSCREEN FULLSCREEN fullscreen graphics (f5) Set to graphics mode DRAW SETGRAPHIC
HIDETURTLE HIDETURTLE make the turtle invisible Set to text screen NODRAW SETTEXT
HOME HOME put the turtle in its home position Set background color ~ BACKGROUND BACKGROUND
LEFT LEFT <degrees> turn turtle left Set border color - BORDER
MOVETO MOVETO <x coordinate> <y coordinate> move to specified point without line Fill in an area - FILL
PENCOLOR PENCOLOR <color number> sets the current turtle pen color Full screen mode FULLSCREEN  FULLSCREEN
PENDOWN PENDOWN put pen down, turtle draws line Split screen mode SPLITSCREEN  SPLITSCREEN el
PENUP PENUP pick up pen, turtle doesn't draw line - <
PLOT PLOT <x coordinate> <y coordinate> plot a point in current color Function Key Actions:
PLOTTEXT PLOTTEXT <x coord><y coord> <text$> print text on graphics screen F1 TEXT SCREEN TEXT SCREEN z
RIGHT RIGHT <degrees> turn turtle right F3 SPLITSCREEN  SPLITSCREEN o
SETGRAPHIC SETGRAPHIC [<type>] turn on graphics screen FS FULLSCREEN  FULLSCREEN Q
SETHEADING SETHEADING <degree> set turtle heading
SETTEXT SETTEXT turn on text screen (f1)
SETXY - SETXY <x coordinate>,<y coordinate> set turtle x and y coordinates
SHOWTURTLE SHOWTURTLE (note: sprite 7 is used for the turtle) make turtle visible COMAL 2'0
SPLITSCREEN SPLITSCREEN 2 text lines above graphics (f3) 3 ° 3
TURTLESIZE  TURTLESIZE <size> set turtle size (0 10 10) Library Descriptions
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Library (page $80, $A59A-$BFF1): 950B PROC border(int) 8D9B PROC pencolor(int) 9CEB FUNC spritex(int)
A5C1  Sense routine 951E  PROC textborder(int) 8DBE PROC textcolor(int) 9CFF  FUNC spritey(int)
8E2A PROC graphicscreen(int) il;Cié Eugg getcolor(real real) 9D3F FUNC spriteing(int,int)
ish: 90FC PROC textscreen 7 ROC fill(real,real) 9ECD PROC stampsprite(int)
i:g:A?Efn g?sh A25D PROC splitscreen A380 PROC paint(real,real)
nit routine A258 PROC fullscreen 9496 PROC background(int) PACKAGE font:
88FA PROC clearscreen 9483 PROC textbackground(int) f :
PACKAGE dansk: 895E PROC clear 950B  PROC border(int) R P uine
A68C  Init routine A23B PROC showturtle 951E  PROC textborder(int) ABDF PROC loadfont(str)
A248 PROC hideturtle 8E2A PROC graphicscreen(int) AC49 PROC keepfont
PACKAGE system: A20F PROC turtlesize(real) 90FC PROC textscreen ABF1 PROC savefontstr)
CA2F  Init routine 90A9  FUNC xcor A25D PROC splitscreen AC57 PROC getcharacter(int,int,REF str)
A80B PROC setprinter(str) 90D6  FUNC ycor A258 PROC fullscreen AC87 PROC putcharacter(int,int.str)
A96A PROC hardcopy(str) 8CA3 PROC setxy(real,real) 88FA PROC clearscreen
A976 PROC setrecorddelay(int) 904D PROC setheading(real) 895E PROC clear PACKAGE sound:
A97D PROC setpage(int) 9094 FUNC heading A23B PROC sljowturtle B287 Init routin
A984 FUNC inkey 903F  PROC left(real) A248 PROC hideturtle BOFE PROC note(
A9B6 FUNC free 903C  PROC right(real) A20F PROC turtlesize(real) BIDE PROC mojcumLstn
A9C3 PROC keywords'in'upper'case(iny) || 9014 PROC forward(real) 90A9  FUNC xcor B3FA PROC P"t:(e.‘;:“.;:‘)"
A9C6 PROC names'in'upper case(int) 99]7 PROC back(real) 90D6 FUNC ycor B412 PROC g:un:‘lt o inting)
A9C9 PROC quote'mode(int) 9536 PROC penup 8CA3 PROC selxy(re.al.real) B436 PROC rin mo{il:?(t 'l;l)
A9E]1 FUNC currow 9542 PROC pendown 904D PROC setheading(real) B455 PROC n gc( l'": z
A9E9  FUNC curcol 354E  PROC home 3094 FUNC heading B474 PROC adsrint mintint int)
A9F6 PROC texicolors{int,int,int) 9576  PROC wrap 903F  PROC left(real) B4AD PROC fite m'('.‘n;‘)" it
AA34 PROC defkey(int,str) 9584  PROC nowrap 903C PROC right(real) BACD PROC r' ar?cle('nl
AATF  PROC showkeys A8D7 FUNC ing(int) 901A  PROC forward(real) B4EG PROC 'ﬁls"r’(‘,mi tl ):'nt)
AB21 PROC bell(int) AFD7 PROC savescreen(str) 9017 PROC back(real) BS08 PROC ﬁherl pé(?n'tl?n'tlinl in)
AB2D PROC serial(in) B027 PROC loadscreenstr) 9536 PROC penup B32C PROC voumemy
ATFF  PROC settimefstr) ADF4 PROC printscreen(str.int) 9542 PROC pendown B343 FUNC eg‘g"‘e('“
A805. FUNC gettime 954E PROC home B549 FUNC osc3
A878 PROC getscreen(REF str) PACKAGE turtle: 9576  PROC wrap BS4F FUNC frequency(str
ABTB _PROC setscreen(REF str) 8CE2  Init routine 9284 PROC nowrap B55B PROC setscore(int,REF int().REF
- . 9017  PROC bk(real) A8D7  FUNC inq(int) " int),REF i
Library (page $83, $800F-5C000): 9496 PROC bty AFD7 PROC savescreen(str) ~ int(),REF int()
8081 Sense routine 88FA PROC cs B027 PROC loadscreen(str) B59F  PROC playscore(int,int.int
ADF4 PROC printscreen(str.int) BSCD PROC stopplay(int.int,int)
PACKAGE graphics: S0La  PROC Mireal priSceenn BSFC FUNC waitscorefintint,nt)
8CDC Init routine 903F PROC Itfreal) PACKAGE sprites: B2ES PROC setirequencyfintreal)
95CB  PROC windowreal,real real real) 8D9B PROC pc(int) 98B9 Init routine .
8F15 PROC viewport(int,int,intint) 9542 PROC pd 9979 PROC define(int,str) z‘cﬁAfgm‘!’”
8CA3 PROC drawlofreal,real) 9536 PROC pu 9BOD PROC identify(int,int) AZF Init routine | REF
8ADA PROC drawireal,real) 903C  PROC ri(real) 99AC PROC spritecolor(int.int) BG2C PROC paddlelint REF real REF
8805 PROC plot(real,real) 904D PROC seth(real) 99BB  PROC spritepos(int.int,int) real.REF real, REF real)
8C7C PROC moveto(real,real) A23B PROC st 9A4A PROC spritesize(int,int,int) R R
8AES PROC move(real,real) 9483 PROC textbg(int) 9B46 PROC showsprite(int) PACKAGE joysticks:
A62A PROC circle(real,real,real) 95CB PROC window(real,real real,real) 9B52 PROC hidesprite(int) CA2F Init routine
A64F PROC arc(real,real,real,real,real) 8F15 PROC viewport(int,int.int.int) 9A83 PROC spriteback(int.int) B6B9 PROC joystick(int,REF
A564 PROC arcl(real,real) 8CA3 PROC drawto(real,real) 9A93 FUNC spritecollision(int,int) real REF real)
A55B PROC arcr(real real) 8ADA PROC draw(real real) 9A96 FUNC datacollision(int,int)
9426 PROC textstyle(int,int,int,int) 8B06 PROC plot(real,real) 9ABF PROC priority(int,int) PACKAGE lightpen:
9157 PROC plottext(real,real,str) 8C7C PROC moveto(real.real) AB54 PROC linkshape(int) B77D Init routine
8D9B PROC pencolor(int) 8AE8 PROC move(real,real) ABSA PROC loadshape(int,str) B7FA PROC offset(int.int)
8DBE PROC textcolor(int) A62A PROC circle(real,real.real) AB6E PROC saveshape(int,str) B7D1 FUNC penon
8FC3 FUNC getcolor(real.real) A64F PROC arc(real real real.real,real) 9B6F PROC movesprite(int.int.int,int,int) || B79B PROC readpen(REF real,REF
A37B  PROC fill(real,real) A564 PROC arcl(real,real) 9A11 PROC stopspritefint) real.REF real)
A380 PROC paint(real,real) A55B PROC arcr(real,real) 9DFC PROC animate(int,str) B820 PROC timeon(int)
9496 PROC background(int) 9426 PROC textstyle(int.int,int,int) 9D13 FUNC moving(int) B82A PROC delay(int)
9483 PROC textbackground(int) 9157 PROC plottext(real.real.str) 9DIF PROC startsprites B80D PROC accuracyfint,int)
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0015

0068
0069

006F
0070
0071

0073

-0008

-000F
-0011

-0017
-0019
-001B
-001D

-0023
-0025

-002C
-002E
-0030
-0032

-0035
~0037

-003C
-003E
~0040

-0044
0046

-0048
-004A

-006E

0072

103
104
105-110

m
1n2
13-114

15
116
17
118
19
120-121
122-123
124
125
126-127
128-129
130-131
132-133

D6510 6510 On-Chip Data-Direction Register
R6510 6510 On~Chip 6-Bit 1/0/Map-Register
PRPROC  Chain of Local Names (prepass)
INTEGR  Floating Point Work

PAGE Current Memory Map

PAGEPT  Pointer used by Load/Store/Exec
PAGEX  Overlay for Load/Store/Exec Routines
PAGEY  Overlay used for contro! of Jump table
P6510  Old C64-Overlay for control of Jump Table
RESOL  Graphics Resolution

GCOLH  Graphics Pencolor®16

‘COMAL Variables

LOCLPT  Chain of old Variable Descriptions
FORPT  Stack Entry Chain

SCTYPE  Type of Symbo! from Scanner

TANSGN  Tan Sign / Comparison Evaluation Flag
CODE  Used to hold a generated code

CPNT Pointer to Code Buffer, CDBUF
SPROG  Pointer to Start of Program

SVARS  Pointer to Start of variable table
SSTACK  Pointer to Start of Stack

SMAX Pointer to top of Memory

EXINF  Inf for Result Expression from EXPR
LNLEN  Length of Line to be Executed

NPNT Pointer to Name

TPNT Pointer to String

INDEX1  Utility Pointer

INDEX2  Utility pointer

RESM1  Product Area for Multiplication

RESM2

RESM3

RESM4

RESMS

DATAPT  Current Data pointer

STOS Pointer to Top of Stack

SFREE  Pointer to Free Area of VAR.RES
PRGPNT  Pointer to Start of Line

CODPNT  Pointer to Code During Execution
SCLSD!  Old SFREE (closed)

SCLSD2  Old STOS (closed)

INF2 Used for Operand Checking

Q Short Span Work Areas

COPY1  Work Space for Copy: From
COPY2  Work Space for Copy: To
COPY3  Work Space for Copy: Lengih
BUS 0=Bus Idle
STINF Information for Statement
$0i = NoLine Number
$02 = Another Statement Follows
$04 = After WHILE. . .DO
$08 = After FOR.. .DO
$10 = Statement Ended by Comment
$20 = After IF. . THEN
$40 = After REPEAT. . .UNTIL
EXCINF  Execution Information
$02 = Escape is Trapped (STOP)
$04 = Make call of COMAL Interrupt Handler
S08 = Escape met (STOP)
$10 = SRQ Enabled
$20 = User Request Enabled
$80 = Software SRQ Only
Variables for Floating Point
TEMPF3  Misc. Floating Point Work Area
ESCAPE  STOP Key Flag
Not used
OLDOV  Old Overflow (rounding)
TEMPF1  Misc. Floating Point Work Area (5 bytes)
TEMPF2  Misc. Floating Point Work Area (5 bytes)
AC1 Accum”1
ACI1 +0 = Exponent
ACl +1 = Mantissa |
ACl +2 = Mantissa 2

AClH+5
DEGREE  Series Evaluation Constant pointer
BITS Accum® 1: Hi-order (overflow)
AC2 Accum*2
AC2+0 = Exponent
AC2+1 = Manlissa |
AC2+2 = Manlissa 2
AC2+3 = Mantissa 3
AC2+4 = Mantissa 4
AC2+5 = Sign
ARISGN  Sign Comparison. Acc”1 vs Acc®2
FACOV  Accum®): Lo-order (rounding)
POLYPT  Pointer to Polynomial
More COMAL Variables
ASAVE  Save for .A (call/goto)
XSAVE  Save for .X (call/goto)
PSAVE  Save for .p (call/goto)
INDPNT  Pointer to last code where an address was loaded
SCFLAG  Flags in Scanner
LNNO Line Number
MOVEAD Address for Move
TXTLO  Address of Text for PRTXT
TXTHI
XX Current X (graphics)
Yy Current Y (graphics)
GRWK]
GRWK2

0086
0088

0089
008A
0088

0030
0091
0092
0093
0094
0095
0096
0097
0098
0099
009A
0098

00F5
00F7
(0F9
00FB
0100
01e0
0100
0200
0201

0250
0252
0253

-0087

-008F

-00A2

-00BC

-00C2
-00C4

-00D2

0276

7 -0280

-0282
0284

134-135
136

137
138
139-143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160-162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178-179
180
181

59
596-397
398
399
600
601-610
611-620
621-630
631-640
641-642
643-644
615

646
647
648
649
650
651

GRWK3

EXCFLG Flags:  $O1 = New Name has been inserted
$02 = New Line has been inserted

CHARPT  Pointer to INBUF

CHAR  Char from INCHAR

RNDX Random Number Seed

Variables for 1/0

STATUS  1/0 Operation Status

STKEY  STOP Key Flag

SVXT Temporary

VERCK  Load or Verify Flag

C3pP0 IEEE Buffered Char Flag

BSOUR  Char Bulffer for IEEE

SYNO Cassette Sync

XSAV Temp for BASIN

LDTND  How many Files Open

DFLTN  Default Input Device *

DFLTO  Default Output Device #

PRTY Cassette Parity

DPSW  Cassette Dipole Switch

MSGFLG  OS Message Flag

PTR1 Cassette Error Pass |

PTR2 Cassette Error Pass 2

TIME 24 Hour Clock in 1/60 sec.

PCNTR  Serial Bus usage/Cassette stuff

FIRT

CNTDN  Cassette sync countdown/temp used by seriat routine

BUFPT  Tape Buffer Pointer

INBIT RS232 Receiver Input bit storage/Cassette short count

BITCI RS232 Receiver bit count in/Cassette read error

RINONE  RS232 Receiver Flag for start bit check/Cassette reading zeroes

RIDATA  RS232 Receiver byte buffer/Cassette read mode

RIPRTY  RS232 Receiver parity storage

SAL Pointer: Tape Buffer/Screen Scrolling/Casselte short count

SAH

EAL

EAH

CMPO Tape Timing Constant

TEMP  Tape Timing Constant

TAPE) Start of Tape Buffer

BITTS  RS232 Transmit bit count/Cassette stuff

NXTBIT  RS232 Transmit next bit to be sent

RODATA  RS232 Transmit byte bufier/EOT received from tape

FNLEN  Length of Current File Name

LA Current File Logical Address

SA Current File Secondary Address

FA Current File Primary Address

FILADR  Current File Name Address

ROPRTY  RS232 Transmit Parity Buffer

FSBLK  Cassette Read Block Count

MYCH  Serial word Buffer

CAs1 Cassette Manual/Controlled Switch

STAL Tape Start Address Low.High

MEMUSS Tape Load temps

Variables for Screen Editor

LSTX Key Scan index

NDX Key Bulfer Pointer

RVS Reverse Field ON Flag

INDX Byte Pointer to End of Line for [nput

LSXP Start of Screen Input (row)

LSTP Start of Screen [nput (column)

SFDX Shift Mode on Print

BLNSW  Cursor Blink Enable

BLNCT  Counter to flip Cursor

GDBLN  Old Char before blink

BLNON  ON/OFF Blink Flag

CRSW Input/Get Flag

PNT Pointer to Start of Line where Cursor is flashing

FBUFFR
BAD

ERTLEN
ERTEXT

Column Position where Cursor is flashing
Flag for Quote Mode

Current Screen Line Length (39/79)

Line Number where Cursor is flashing
temp Data Area

Number of Insert Keys pushed to go

Line flags + endspace

Screen Editor Color Pointer

Kevboard Decode table

RS232 input Buffer Address

RS232 Output Buffer Address

Free Kernal Zero Page Space

System Stack

FPASC Work Area (15 bytes)

Tape Input Error Log

Lengih of ERTEXT. max. lengih of ERTEXT = 79
Buffer to hold Error Message. max. len. 79

Storage for CON Command

CONPNT
CONFLG
CONCOD
CONFOR
FPWORK
EXTROM
IEEEIN
LAT

FAT

SAT
KEYBUF
MEMSTR
MEMSIZ
TIMOUT

Old PRGPNT
Old EXCINF
0Old CODPNT
Old FORPT

External ROM Flag (0 = no. i’ - ves)
IEEE Installed {0 = no. i - ves)
Table of Logical Addresses

Table of File Addresses

Table of Secondary Addresses
Kevboard Buffer Queue (fifv)

Start of Memory

Top of Memory

IEEE Time Out Defeat

Screen Editor Storage

COLOR
GDCOL
HIBASE
KBFLIM

. RPTFLG

RPTCNT

Active Color nybble
Original Color Under Cursor
Base Location of Screen
Size of Kevboard Buffer

Key Repeat Flag

Repeat Speed Counter

.Ca

s3Mon

i

)

J
J
i
i
J
J
j
i
i
L
i

'

)
i
)

i
J
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‘! { May Not Reprint Without
- '|o28C 652 DELAY  Repeat Delay Counter C7E7 -CTE8 51175-51176 IGETLN  Page A: Input Command Line, CA36 -CA3C 51766-51772 EXCUTE Execute Code in CDBUF
028D 653 SHFLAG  Keyboard Shift Key/Ctrl Key/Commodore Key C7E9 -C7EA 51177-51178 ISAVEC  Page C; Save Additional Info CA3D -CA43  51773-51779 JLOAD  Load COMAL Program
028E 654 LSTSHF  Last Keyboard Shift Pattern C7EB -C7EC  51179-51180 ILOADC Page C: Load Additional Info CA44 -CA4A 51780-51786 ARRLEN Compute * of Array Elements
028F -0290  655-656 KEYLOG Vector: Keyboard table Setup C7ED -C7EE  51181-51182 IFNKEY Page A: Handle Function Keys
ﬁ 0291 657 SHMODE 0= PET Mode. | =Cattacanna C7EF 51183 LIBPT  Pointer: to Place for Next Library Descrip. 6566 VIC 1l Video Interface Controller
H [ 0292 658 AUTODN Auto Scroll Down, 0=0N C7F0 -C7F9 51184-51193 LIBLO Library Descriptions. max. 10 DOD0 53248 SPRPOS Sprites 0-7 X & Y Position
i RS232 Storage C7FA -C803 51194-51203 LIBHI D010 53264 SPRXPS  Sprites 0-7 X Position (msb of X-coord.)
© o3 659 M51CTR 6551 Control Register Image €804 -C80D 51204-51213 LIBPAG D01l 53265 VCTRLI VIC Control Register
0294 660 M51CDR 6551 Command Register Image C80E -C817 51214-51223 MODET  Open Mode for Files D012 53266 RWRAST Read/Write Raster Value for compare IRQ
0295 -0296 661-662 MS1AJB  Non-Standard BPS (time/2-100) USA C818 -C821 51224-51233 COUNTT Table of Byte Count for Files D013 53267 PENX  Light-Pen Laich X Position
0297 663 RSSTAT 6551 Status Register €822 -C82B 51234-51243 STT Status for Opened Files D014 53268 PENY Light-Pen Laich ¥ Position
0298 664 BITNUM  Number of bits left to send C82C -C835 51244-51253 RECOTL Table of Record Puosition for Files D015 53269 SPRDSP  Sprite Display Enable
0299 -029A  665-666 BAUDOF Baud Rate: full bit time (microsec) C836 -C83F 51254-51263 RECOTH D016 53270 VCTRL2 VIC Conirol Register
~- -1 0298 667 RIDBE  Index to End of Input Buffer €840 51264 PPAGE  Overlay to PEEK/POKE/SYS D017 53271 SPRYEX Sprites 0-7 expand 2°vertical (Y)
029C 668 RIDBS  Start of Input Butfer (page) [e:2] N 51265 NOREST  <>0- Disable STOP/Restore D08 53272 VCTRL3  VIC Memory Contro! Register
029D 669 RODBS  Start of Output Buffer (page) C842 51266 LOADIN  <>0- Loading COMAL Program D019 53273 IRQOCC VIC Interrupt Flag Register
'1 029E 670 RODBE  Index to End of Output Buffer C843 51267 UNITFL  O-simp.dev: |-Drive: 2-Cassette DOIA 53274 IRQMSK IRQ Mask Register
! 029F -02A0 671-672  IRQTMP  Holds IRQ-Vector during Tape I/0 C844 51268 MODE  File Mode DOIB 53275 SPRBDP Sprite to Background display priority
l Temporary Space for C64 Variables C845 51269 CSTAT  Status of COMAL Program DOIC 53276 SPRMCM Sprites 0-7 Multi-Color mode select
. '[02A1 673 ENABL  RS232 Enables 1 = Input analysis from screen DOID 53277 SPRXEX Sprites 0-7 expand 2°horizontal {x)
02A2 674 CASTON  TOD Sense during Cassette I/0 = Input analysis from file DOIE 33278 SPRSPR  Sprile to Sprite collision detect
02A3 675 KIKA26  Temp Storage for Cassette read 3 = Prepassing DOIF 53279 SPRBCK Sprite to Background collision detect
02A4 676 STUPID  Temp DIIRQ Indicator for Casselte read 4 = Executing a command D020 53280 BORCOL Border Color
02A5 677 LINTMP  Temp for Line Index 5 = Executing program D021 53281 BCKCOL Background Color (-3
02A6 678 PALNTS  Flag: 0=NTSC. | = PAL (846 51270 LSTFLG  Bit Vector for RCREAT D025 53285 SPRMCL  Sprite Muli-Color Register 0-1
! 02A7 -02DD  679-733  FILNAM used for Storage of File Name/Disk Commands C847 51271 LPMODE Default Printer Open Mode D027 53287 SPRCOL  Sprite 0-7 Color
- '|02DE 34 RANGNO Line # Range Pointer 848 51272 LPSA Default Printer Secondary Address
02DF 735 RANGPT Line “ Range Pointer (849 51273 LPFA Default Printer Unit 6581 SID Sound Interface Device
02EQ -02FF 736-767 RANGES Line ~ Ranges. max. 32 C84A 51274 RECDEL Record Positioning Delay D400 54272 VIFREQ Voice 1Frequency Control
0300 -0301 768-769  IERROR  Vector: Print Error Message C84B -CB4C 51275-51276 ENDADR Top of RAM D402 54274 VIPWW  Pulse Waveform Widih
F 0302 -0306 770-774 Not used 84D 51277 HEADLN Power On Message Flag D404 54276 VICTRL Control Register
i l 0307 -0308 775-779  NUM2  Floating Point Work Area (PRINT USING) C84E -C84F 51278-51279 KWTAB  Kevword Table (Page A) D405 54277 VIENVL Envelope Generator (adsr)
.| 030C -0313 780-787 SAREG  Unused €830 51280 DFBORD Defaul: Border Color D407 54279 V2FREQ Voice 2Frequency Control
Kernal Vectors 851 51281 DFBACK Default Background Color D409 54281 V2PWW  Pulse Waveform Widil
0314 -0315 788-789  CINV IRQ RAM Vector 852 51282 DFFORG  Default Foreground Coior D408 54283 V2CTRL Control Register
0316 -03i7 790-791 CBINV  BRK Instr RAM Vector C853 51283 ACBORD  Actual Text Border D40C 54284 V2ENVL Envelope Generator (adsr)
0318 -0319 792-793  NMIVCT  NMIRAM Vector C854 51284 ACBACK  Actual Text Background D40E 354286 V3FREQ Voice 3Frequency Control
031A -031B 794-795 IOPEN  OPEN Routine Vector C835 -C864 351285-31300 KEYLEN Lengths of Function Kev def's D410 54288 V3IPWW  Puise Waveform Widih
031C -031D  796-797 ICLOSE CLOSE Routine Vector C865 51301 KLEN # of Chars left of Define D412 54290 V3CTRL Contro! Register
= 1031E -03IF 798-799  ICHKIN  CHKIN Routine Vector C866 -C867 51302-51303 KPNT  Pointer 1o Key Def D413 34291 V3ENVL Envelope Generator (adsr)
0320 -032) 800-801  ICKOUT CKOUT Routine Vector €868 51304 DEFINP  Select Input Flag D415 54293 FCUTOF Filter Cutoff Frequency
0322 -0323 802-803 ICLRCH  CLRCHN Routine Vector C869 51305 HZ50 0=60 Hz, 1 =50 Hz TOD D417 34295 FRESON Filter Resonance/Voice Input Control
[ 0324 -0325 804-805 IBASIN  CHRIN Routine Vector C86A -C8TA 51306-51322 Reserved for future use D418 54296 FMOVOL Select Filter Mode and Volume
0326 -0327 806-807 IBSOUT CHROUT Routine Vector Subroutines to use in COMAL Assembler Routines S 7 PADDLI A/D-Converter Game Paddle |
0328 -0329  808-809 ISTOP  STOP Routine Vector C87B -C87D 51323-51325 COLD  Cold Start of COMAL PADDL2  A/D-Convener: Game Paddle 2
- -, 032A -032B  810-811 IGETIN  GETIN Routine Vector C87E -C880 51326-51328 WARM  Warm Start of COMAI. 0sC Oscillator 3 Random Number Generator
032C -032D 812-813  ICLALL  CLALL Routine Vector C881 -C883 51329-51331 CALL JSR to another page. D4IC 54300 ENV Envelope Generator 3 Qutput
032E -032F 814-815  USRCMD For Machine Language Monitor C884 -C886 51332-51334 GOTO  IMP to another page. D500 SIDIMG  SID Images
o 0330 -0331 816-817 ILOAD  LOAD Routine Vector C887 -C889 51335-51337 LOAD  Load from Page X D800 COLRAM  Color RAM (nvbbles)
0332 -0333 818-819 ISAVE  SAVE Routine Vector CBBA -C88C 51338-51340 STORE  Store to Page X
0334 -033B  820-827 Unused CB8D -C88F 51341-51343 EXEC  JSRtoPage X 6526 CIA 1 6526 CIA #2
033C -03FB  828-1019 TBUFFR Tape I/O Buffer CB90 -C892 51344-51346 LDACI  Load Acl DCoo - CoLM Kevboard Matrix PRA ~ DCOD  D2PRA
03FC -03FF  1020-1023 Unused €893 -C895 51347-51349 LDAC2  Load Ac2 DCO1 - ROWS Kevboard Matrix PRB DCO1  D2PRB
0400 -07E7  1024-2023 SCREEN Screen Memory Area (1000 bytes) CB96 -C898 51350-51352 FNDPAR Find Parameter (asm.calls) DCO2  DIDDRA DCO2  D2DDRA
07E8 -07F7  2024-2039 Screen Memory Excess €899 -C8AIl 1361 COPY  Copy Area towards lower addu-\\es DC03  DIDDRB DCO3  D2DDRB
07F8 -07FF  2040-2047 SPRPNT Sprite Data Pointers CBA2 -C8AA 1370 COPYDN Copy Area towards higher add: 2 DC04  DITIL DCH D2TIL
‘COMAL Program Follows Here C8AB -CBAD 51371-51373 FPADD  Load Ac2 and add Ac2 to Acl DCO5  DITIH DCO5 - DATIH
{0800 -0803  2048-2051 MBEGIN Start of Memory CBAE -C8B6 51374-51382 FPADD2 Add Ac2to Acl DCOs  DIT2L DCu6  D2T2L
‘0804 2052 MBEGN1 Start of Name table C8B7 -C8BF 51383-51391 FPAHF  Add0.5t0 Acl DCO7  DIT2H DCO7T  D2T2H
0805 2053 MBEGN2 Stan of Stacks C8CO -C8C2  51392-51394 FPSUE  Load Ac2 and sub \o 2 trom Acl DCv8  DITODI DCO8  D2TODI
C000 -C87A 49152-51322 - Additional COMAL Storage C8C3 -C8CB  51395-51403 FPSUB2  Sub Ac2 from Ac! DCO9  DITODS DO DITODS
C87B -CA4A a COMAL Subroutines C8CC -C8CE  51404-51406 FPMUL  Load Ac2 and mult Ac2 by Acl DCOA  DITODM DCOA  D2TODM
D000 -D027 6566 VIC Il Video Interface CBCF -C8D7 51407-51415 FPMUL2  Muh Ac2 by Acl DCOB  DITODH DCOB  D2TODH
D400 -D41C 6581 SID Sound Interface C8D8 -C8DA 51416-51418 FPDIV  Load Ac2 and div Ac2 by Acl DCOC  DISDR DCNC - DSDR
D500 -D7FF 54528-55295 SIDIMG  SID images C8NB -C8E3  51419-51427 FPDIV2  Div Ac2 by Acl DCOD - DUCR DCOD - D2ICR
D800 -DBFF 55296-56319 COLRAM Color RAM (nybbles) C8EY -C8EC 51428-31436 MULI0O  Multiply Acl by 10.0 DCOE  DICRA DCOE  D2CRA
DCO0 -DCOF  56320-56335 6526 Complex Interface Adapter 1 C8ED -C8F5 51437-31445 DIVI0  Divide Acl by 10.0 DCOF  DICRB DCOF - D2CRB
DDO0 -DDOF  56576-56591 6526 Complex Interface Adapter #2 C8F6 -C8F8 51446-51448 STACI  Store ACI
™9DE00 -DEFF 56832-67087 OVERLAY Overlay Control Port C8F9 -CY01  51449-51457 CIT2 Copy Ach to Ac2 DEU)  OVERLAY Overlay Control Port
| FF81 -FFF9  65409-65529 Kernal Jump Table €902 -CS0A  51458-51466 C2T1 Copy Ac2 1o Acl Kernal Jump Table
C90B -C913  51467-51475 FPNEG  Negate Acl FF8!  CINT Init Screen Editor
-C000 -COFF  49152-49407 RSIBUF 232 Input Bulfer CY14 -CYIC 51476-51484 FPSGN  Sign of Acl FF84  IOINIT  Initl/O
C100 -CIFF  49408-49663 RSOBUF RS5232 Output Buffer C‘)ID -C925 51487-7]49’3 FPSIN Sine of Acl FF87  RAMTAS Init RAM
€200 -CSE7T 49664-50663 STDPCK  Variables for standard packages -C92E Cosine of Acl FFRA  RESTOR  Restore Default 170 Vectors
'SE8 -C660 5 5 Input Buffer (121 bytes) -CY37 Square root of Act FF8D  VECTOR  Read/Set Vectored 170
i £661 -Ci5F Code Buffer -C840 Tangent of Acl FF90  SETMSG  Control Kernal Messages
| €760 -CTAF 51040-51119 TXT String Constant Buffer Ruise Ac2 to the power of Acl FF93  SECOND  Send SA after Listen
I C7B0 51120 FLEVEL FOR/TRAP Nesting Level during prepass Arctangent of Acl FF96  TKSA Send SA after Talk
C7B1 -C7B2 51121-31122 Q6 Temporary Raise Acl to the power of ¢ FF99  MEMTOP Read/Set Top of Memony
C7B3 -C7B4  51123-31124 Q7 Temporary Logarithm Base e of Acl FFSC  MEMBOT Read/Set Bottom of Memory
C7B5 -C7B6 5i1 2 Temporary C965 Compute pseudo-random number (0to 1) FF9F SCNKEY  Scan Kevboard
C7B7 -C7B8 51127-31128 Q9 Temporary CI6E Compare Number to Acl FFA2  SETTMO  Set Timeout Defeat
| 7BY -C7BB 51129-51131 Unused CY77T Convert Acl to Integer (- FFAS  ACPTR  loput byte from Serial Port
i 7BC SN SPSAV  Save of .S during execution CY81 Convent Acl to Integer ( FFAS  CIOUT  Output byte to Serial Pont
1134 SCINF Name Pointer €989 Convert Acl to Integer (1457 FFAB  UNTLK  Command device to Untalk
1136 AUTO1  Current Line Number for AUTO €992 Convert Integer to Floating Point in Acl FFAE  UNISN  Command device to Unlisten
7 51138 AUTOST  Step for AUTO €998 Convert Acl 10 ASCH equiv. (STRS) FFBI  LISTN Command device to Listen
7C3 -C7C4 51139-531140 DSTART  Stan of Data Queue CYA4 Convert Decimal string to Binary in Acl FFB: TALK Command device to Talk
‘_ T7C5 5114 TABSET  value of Last ZONE Stalement CYAA -C9B2 Pop Acl FFBT RDSTAT  Read 170 Status Word
£7C6 5142 ALTPOS  Position in Select Output Flle CYB3 -CYBB 5 POPA2  Pup Ac2 FFBA  SETLFS  Set Logical. First, and Second Addr.
CTCT -C7C8  51143-51144 INTRNO  Procedure given by | Pt $ CYBC -C9C4 2 PUSHAL  Push Act FFBD  SETNAM  Set File Name
T7C9 51145 ERRPNT  Character Position of Error CYC5 —C9CD 3 PUSHRI  Push Real Number FFCh  OPEN Open Logical File
C7CA -C7CB  51146-51147 NORINT Normal Interrupt vector CY8CE -CYD6 5 1670 PSHINT  Float & Push Integer (<3276 FFC3  CLOSE  Close Logical File
C7CC 1148 SAFE bdk‘bldlu\ CODT -CADF  51671-51679 INTFPA  Float & Push Integer (0 .65535) FFC6  CHKIN  Open Channel for Input
7CD 51148 MAINRV CYEO -CYER  51680-51688 EXCGST  Allocate Local Storage FFC®  CHKOUT  Open Channel for Output
.TCE 51150 SUBRV CYEY -CYF)  51689-51697 EXCREM  Reclaim Local Storage FFCC  CLRCHN  Close 170 channels
TCF 51 hl TESTRV CYF2 -CYFA TO6 RESTOP  Allocate Global Storage FFCF  CHRIN Input Char from channel
oy 3 MSGLIN  Address of Me\saqe Line CYFB -CA) 2 RUNERR  Goto COMAL Error Handler FFD2  CHROUT  Output Char to channel
D2 UPPER2  Copy of Borge CALY =CAN3 CRDT Read C FFD3  LOADF  Load RAM from a Device
[egox EXTPRC  Flag for Luading of External PROC/FUNC CAO4 -CAOS PACE FFD8  SAVEF Save RAM to Device
T 7 EXTONT  Nesting Level of External PROC/FUNC CAOG IK—wI 720 CWRT  Write Character FFDB  SETTIM  Set Real Time Clock
i 706 SSIZE 40 Cul /80 Col. CAUY =CAOB ; 23 CCHRIN  Sehect loput File FFDE  RDTIM  Read Reat Time Clock
] ‘,“' LUNIT L status) CAOC =CAVE 3 T2 CCROUT  Select Output File STOP Svan STOP Kev
' BORGE  Special Flags for Listing CAOF -CAL CCLRCH  Clear Channel GET Get Char from Kevboard Bulfer
i OPENFL  Flag used by COPEN CAI2 -CAIS8 CFNAME  Parse & Copy file name Ci.ALL Close all channels and files
LN Length of Default Unit Text CAY =CAIB COPEN  Open File UnTIM Increment Real Time Clock
Default Unit (power up value= byte F) CAIC <( AIE CCLOSE  Close File SCREN Return Row.Column of Cursor
T Select Output Flag CAIF CRLF Output CRand LF PLOT Read/Set Row.Column for Cursor
7 TRAPVC  Page B: Error Handler GETLIN  Inpat Kevboard Line 1OBASE.  Returns Base Address of 170 Devices
# 2 i EXTNVC Page B: External Load 738 RESET  Reset Program Pointers CNMI Non-Maskable interrup: Vector
- TE2 <CTE3 SRQ Page B Interrupt Facility DUMMY  Empty Subroutine (RTS) CRESET m Reset Vector
I(‘TFA =CTE6  51172-31174 IERTXT Error Message Datiy 765 COMAL  Goto COMAL Fefitor CIRQ Interrupt Reguest Vector
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028F -028E
0291
0292
0293
0294
0295 -0296
0297
0298
0299 -029A
0298
029C
028D
029E
029F .-02A0
02A1
02A2
02A3
02A4
02A5
02A6
O2A7 -0313

679-787

6510 On-Chip Data Direction Register

6510 On-Chip 5-bit Input/Output Register

Temporary Storage of Error Number about to be generated
Stan of Program (start value 35153)

Start of Variables (start value 35153)

Start of Name Table (stant vaiue 35153)

End of Name Table (start value 35154)

Stan of Variables (start value 35161)

Bottom of DIM Variables (stant value 45056)

(reset by NEW/RUN/chain) (reset takes value from 2066-2067)
Highest Location used by COMAL (stant value 45056)
(reset by NEW/chain) (reset takes value from 2056-2067)
Floalnq Point Accumulator”1: Ex

Floating Accumulator”1: Sign
Pointer: Series Evaluation Constant
Floating Point Accumulator*1: Overflow Digit
Floating Point Accumulator®2: Exponent
Floating Accumulator”2: Mantissa
Fioating Point Accurnulator®2: Sign
Sign Comparison Result: Accum.”| versus 72
Floating A 1: Low=Order (R
Pointer to the Cassette Buffer
Kernal 1/0 Status Word
Reverse Field (0 = off 1 = on)
Timing Constant for Tape
Flag: 0= Load, | - Verify
Flag: Serial Bus~Output Char. Buffered
Buffered Char. for Serial Bus
Cassette Sync Number
Temp Data Area
0 =screen 1 = printer // Output Location - see also 4348
Default Input Device ()
Default Ouput Device (3)
Tape Character Parity
Flag: Tape Byte-Recieved
Tape Pass | Error Log
Tape Pass 2 Error Lug
Real Time Jiffy Clock
Cassette Sync Countdown
Pointer: Tape 1/0 Butfer
RS-232 Input Bits / Cassette Temp
RS-232 Bit Count / Cassette Temp
RS-232 Flag: Check for Start Bit
RS-232 Input Byte Buifer / Cassette Temp
RS-232 Input Parity / Cassette Short Count
Potnter: Tape Buifer 7 Screen Scrolling
Tape Timing Constants
Pointer: Start of Tape Buffer
RS-232 Qut Bit Count / Cassette Temp
RS~232 Next Bit to Send / Tape EOT Flag
RS-232 Out Byte Buffer
Length of Current File Name
Current Lugical Fite Number
Current Secondary Address
Current Device Number
Pointer: Current File Name
RS-232 Qut Parity /7 Cassette Temp
Cassette Read/Write Block Count
Serial Word Buffer
Tape Monitor Interlock
1/0 Start Address
Tape Load Temps
Las: Kev Pressed (255 = none)
Kevstroke Buffer Count
0 = Cursor Enable 1 = Cursor Disable
Cursor Timing Countdown
Character Under Cursor
Las: Cursor Blink: ON/OFF
Input from Screen / from Keyboard
Current Physical Screen Line Address
Pasition of Cursor on Line
Quote Mode (0= off 1 = on)
Current Physical Screen Line Length
Line Cursor is on (0-24)
Last Inkey/Checksum/Buifer
Number of Inserts Outstanding
Screen Line Link Table / Line Wrap Table
Pointer: Current Screen Color Map Start
Vector: Kevboard Decode Table
Pointer: RS-232 Input Buffer
Pointer: RS-232 Output Buffer
Free Memory (zeroed by NEW and Chain)
Free Memorny
Microprocessor Stack Area
System Input Buffer
Kernal Table: Active Logica! File Numbers
Kernal Table: Device Number for each File
Kernal Table: Secondary Address for each File
Kevboard Buffer
Flag: Kernal Variable for IEEE Timevu:
Current Penculor
Current Color Under Cursor (Background Color)
Top of Screen Memary Page
Size of Kevboard Bu'fer
Repeat Enable: 128 = repeat any key alter approx 1/2 second
Repeat Speed Counter
Repeat Delay Counter
Special Keys (0 = none 1 = $hift 2= Commodote Key 4 - Control Kev)
Last Keyboard Shift Patiern
Vector: Kevboard Table Setup
Flag: 0 = Disable Shift Key, 128 = Enable Shift Kev
Flag: Auto Scroll Down. 0 =on
RS-232: 6551 Control Register Image
RS-232: 6551 Command Register Image
RS-232: Non-Standard BPS (time/2-100) USA
RS-232: 6551 Status Register Image
RS-232: Number of bits left to send
RS$-232 Baud Rate: full bit time (micro seconds)
RS-232 Index to End of Input Buffer
RS-232 Start of input Buffer (page)
art of Output Buffer (page)
2 Index to End of Qutput Buffer
Holds IRQ Vector during Tape 1/0
232 Enables
TOD Sense during Cassette 1/0
Temp Storage for Cassette Read
Temp DHIRQ Indicator tor Cassette Read
Temp for Line Index
PAL/NTSC Flag. 0 - NTSC 7 1 = PAL
UNUSED! 108 Bytes

0314 -0315
0316 -0317
0318 -0319
031A -031B
031C -031D
031E -031F
0320 -0321
0322 -0323
0324 -0325
0326 -0327
0328 -0329
032A -032B
032C -032D
032E -032F
0330 -0331
0332 -0333
0334 -0338
033C -03FB
0400 -O7ET
07E8 -O7F7
07F8 -07FF

0812 -0813
07E8 -0811
0814 =0ACA
10E}

10E5 -10E6
i

6ATT -6ATS

6ACS
8753 -894F
8835

8848
8951 -BOOO
B000
BUO1 -BFFF
B391

B7F7T
B853

B86A
BIEA
BA2B
BAFE
BB12
BBA2
BBFC

Con0 -Co3F
Co80 -COBF
C10 -CI3F

788-789  IRQ Vedtor

790-791  BRK Instruction Vector

792-793  NMI Vector

794-795  OPEN Vector

796-797  CLOSE Vector

798-799  CHKIN Vector

780-781  CHKOLT Vector

782-783  CLRCHN Vector

784-785  CHRIN Vector

786-787  CHROUT Vector

808-809  STOP Vector (Scan for STOP Key pressed)

810-811  GETIN Vector

812-813  CLALL Vector

814-815  User Delined Vector

816-817  LOAD Vector

818-819  SAVE Vector

B20-827  UNUSED! 7 Bytes

828-1019  Disk / Cassette Buffer

1024-2023  Text Screen Memory

2 Free Memory

2040-2047  Sprite Pointers (not applicable normally)

2049 BASIC program "sys 2063

2066-2067 Top Address Space availuble on power-up (only used once)

2024-2065 UNUSED (by COMAL) 22 Bytes

2068-2762  Start of COMAL Keyword Table. Format 1 Byte Length of word lollowed by Command Word (CBM Format)

4321 Linefeed After Carrage Retutn if not zero ()

4325-4326  Old IRQ Vector

4348 Output Location 0 = screen | = printer - see also 152 (S0098)

4357 Routine to Send Carrage Return (and Linefeed if necessary)
SYS 1o this location to call the Error Number in Luc 43 ($002b)

IIS()O-I 1513 Code to Rese: DIM Variables and High Mem Pointers

1160: New Text IRQ

1 l%’ New Graphics NMI

11924 New Graphics IRQ

11951 New Text NM!

12002 Number of Border Color used by RUN/STOP RESTORE

12007 Number of Background Color used by RUN/STOP RESTORE

120012 Number of Pencolor used by RUN/STOP RESTORE
COMAL starts here

12036-12089 Setup New Interrupt Vectors: Hardware IRQ Vector 1o 11605 ($2D55) and NM Vector to 11951 (S2EAF)
12090-12112 Copy BASIC ROM to hidden RAM underneath
12113-12116 Switch BASIC ROM Out
1”21 2121 Set Background Color to Blue
1”2 26 Set Border Color to Light Blue
12127-12159 print mitial greeting screen’
12543 Prints the '9902" portion of 9902 Bytes Free,
12547 General Print Message Routine use 10 print greeting screer.. Uses 117118
as Indirect Pointers to /\SCII Bvtes of text to print. Message ends with a $00 (hex)
27255-27256 X Coordinate of Turtle

27258 Turtle Size
27260 Y Coordinate of Turtle
27261 Type of Graphics Screer: ow in use = Hi-Res (0) or Mult=Color (1)
27276 Sprite on or off bits
2 7278 Heading of Turtle
27295 Turtle State - Visible (1) or Invisible (0)
27333 Turtle Pen State ~ Down (1) or Up (0)
34643-35151 Logon Message / Tokenized Display Line last entered
34869 Text entered in Quote Mode
34891 ASCII (PETASCII) Display Line last entered
35153-45056 COMAL Program Work Space
5056 Top of Programing Space
45057-49151 BASIC Routines copied to RAM underneath (Maik:, [nput, etc.)
Fix to Float
Floa: to Fix
Perform (subtract)
Perform (add)
Perform (log)

Perform (mukiply)

Divide by 10

Perform (divide)

Memory 1o Floating Puint Accumulator *1

Move Floating Point Accumulator #2 10 *1

Move Floating Point Accumulator 71 1o 72

Perform (sgn)

Perform (abs)

Compare Floating Point Accumulator =1 to memony

Float to Fix

Perform (INT)

Float to ASCH

Perform (Negative)

Perform (EXP)

49152-19215 Sprite Image 0 40 -CO7F 19.'1«»-49.'711 Sprite Image |
4928049343 Sprite Image 2 CoCu ~COFF 4934, 407 Sprite Image 3
49408-19471 Sprite Image 4 C140 <CITF  49472-49535 Sprite Image 5
495’96—495% Sprite Image 6 CIC -CIFF  49600-49663 Sprite Image 7

Sprite Image 8 €240 -C27F  49728-19791 Sprite Image 9

2BF  49792-49855 Sprite Imige 10 C200 -C2FF  49856-49919 Sprite Image 11

C300 -C33F 49920-19983 Sprite Image 12 C340 -C3TF  49984-50047 Sprite Image 13
€380 -C3BF  50048-30111 Sprite Intage 11 C3C0 -C3FF  50112-30175 Sprite Image 15
C400 -CA3F  50176-50239 Sprite linage 16 C440 -C47F  50240-50303 Spnte Image 17
CA80 -C4BF  50304-50367 Sprite Image 18 CACO -CAFF  50368-50431 Spnte Image 19
C500 -C53F  50432-50495 Sprite Image 20 €540 -C571 504%-)055‘! Sprite lmage 21

CB80 -CBBF
CC -CC3F

CC80 -CCBF 52

CDOO -CD3F

Cnan -CDBF 5!

CEN -CFFF
D00
DooY
Dann
ngno

DBCO -NBFF

DCOF
EMO -FFFF

F - 51328-51391 bpmelm..geM

500 ~C3FF
C640 -C67F
C6Co -C6FF
0 =C77F il(NlR-)lOnl Sprite Intage 29
C7C0 -CTFF 51136-51199 Sprite Image 31
(R0 -C8TF  51264-51327 Sprite Image 33
(BCO -CRFF  51392-51455 Sprite Image 35
(40 -C97F  51520-51583 Sprite Image 37

30560-50623 Sprite Image
50688-50751 Sprite Image 2
50816-50879 Sprite Image
50944-51007 Spnte Imag
5107251135 Sprite Imag
51200-51263 Sprite image 32

51456-51519 Sprite Imag

51581-516: prite Image :18 CUCO -CYFF  51648-51711 Sprite Image 39
51712-51775 Sprite Image 40 "A) <CATF 51776-51839 Sprite Image 41
51840-51903 Sprite Image 42 CACH -CAFF SIS(H-)RBS; bpme Image 13

CB40 -CB7F
CBCU -CBFF
CC0 -CCTF
CCCh -CCFF
DAY -CDTF
0 -CDFF

2 Bytes)

ﬁlan VIC Chip = refer to Programmers Reference Guide page 321

Start of first Character Generator ROM (UPPER/GRAPHICS)

Stant SID Chip = refer to Programmers Reference Guide page 324

Start of Screen Character Colors & Graphics Screen (lu=res Color Map under the 1/0)

Start of secund Character Generator ROM (lower/ UPPER)

3-56319 Start of Turtles Current Inkage = just a Quess

) Stan CIAT Chip (Kevboard CIA Chip) refer to Programmers Reference Gude page i.{&

dovstick & Button - Pont |

56331 Hardware Clock / Timer

3 Poke .1 - Disable Timer A Interrupt 7/ Poke 129 Enable N

56335 Part of Clock / Timer

57344-63535 Start of Bit map for Graphics Screen

51968-52031 Sprite Image 44
52096-32159 Spnite Image 16
2 5-'.’8: Sprite Image 4h

2. ’8&-"’.}»! Spnlr Ique 19
b "J Spnle mage 51
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Printer Control Characters

CHRS values are sent to printer with Secondary Addr 0 or 1. Not all codes are implemented on all printers

g www.Commodore.ca
May Not Reprint Without firé ssion

CHRS Operation CHR$ Operation CHR$ Operation
1 | Begin double-width (enhanced) character mode 14 | Begin double-width character mode 19 | Set top of page
129 | End double-width character mode 15 | End double-width character mode 147 | Feed to top of next page
8 | Begin dot-programmable graphic mode 16 | Tab to position in next 2 characters 26 | Repeat graphics data
10 | Line Feed 17 | Switch to upper/lower case character set 27 | Move to specified dot position
13 | *Carriage Return’ (automatic Line Feed on CBM printers) 145 | Switch to upper case/graphics character set 29 | Skip to next format field
141 | Carriage Return without Line Feed 18 | Begin reverse character mode 160 | Shifted Space is necessary for leading spaces
146 | End reverse character mode 254 | Output Programmable Character

Commodore Dot-Matrix Printer Format Characters

Format Format Data Output P
Char Supplied Supplied Result Description
9 99999.99 3.14159 3.14 Specifies numeric field, leading zeros suppressed
.99 3.14159 .14
99.99 23 23.00
z 22222.22 3.14159 00003.14 Specifies numeric field, leading zeros printed
. Decimal point. Used to align data
$ $$$5.99 129.95 $129.95 Specifies numeric field with a $ sign printed preceding data
s $999.99 -273.6 -273.60 Prints sign of value as first character in field
$$$$5.99 129.95 +$129.95
- $999.99- -129.95 $129.95- Prints trailing sign if negative
$999.99- ~-273.6 -273.60-
$$999.99- 129.95 +$129.95
a aaaaaa String String Specifies a left-justified alpha field
aaa String Str
b Space or blank. Use spaces to seperate fields
I Eaaaa 999 over 100 ?over 100 Allows format-string characters to be printed

Letter Quality Printer Command Summary

Commands are for the StarWriter F10 printer. Most letter-quality printers are similar. Note: ESC is escape, or chr$(27).

Command Format Description Command Format Description
chr$(12) Form Feed ESC Pnn Feed paper to line nn
chr$(8) Backspace ESCA Alternate Ribbon Colour
ESCLnn Line feed spacing ESCB Normal Ribbon Colour
ESC chr$(10) Backwards Line Feed ESCU Half Line Feed
ESC9 Set Left Margin ESCD Half Backwards Line Feed
ESC Enn Set horizontal spacing to nn/120 ESC1 Set Horizontal Tab at Current position
ESC2 Clear all horizontal tabs ESC Hnnn Move Carriage nnn spaces horizontally
ESCS8 Clear one Horizontal tab at current position ESC Vnnn Line feed of nnn/48 inches
ESC (t1,2,...ff Sets horizontal tabs at t1, t2, etc. ESC Fnn Set number of lines per page
ESC )t1.22,...ff Clears horizontal tabs at t1, t2, etc. ESCN Ignore auto-spacing on next character
ESC Cnn Move to Column nn

Greek Alphabet

Dot Matrix CHRS Values Letter "(’:':';r Lg;v;r 'é::’l:n Common Unit
14 17 10 4 26 1 | Alpha A a A Area, Angles, Coefficients
0 1 62 8 42 4 | Beta B B B Angles, Coefficients, Flux Density, Transistor Amplification Factor
0 64 54 9 54 64 | Gamma r y G Specific Gravity, Conductivity, Micrograms
0 22 41 41 6 0 | Delta A [ D Density, Variation
0 10 21 21 17 2 | Epsilon E € E Natural Logarithm Base (e"=2.1242657)
0 64 44 350 35 64 | Zeta Z ¢ Z Coefficients, Coordinates, Impedance
0 64 48 65 62 0 | Eta H n H Efficiency, Hysteresis Coefficient
0 62 73 73 62 0 | Theta (] ] v Phase Angle, Temperature
0 0 30 1 2 0] lota ! ' I
17 14 4 8 30 17 | Kappa K x K Dielectric Constant, Susceptibility
65 66 352 12 2 1 Lambda A A L Wavelength
1126 32 32 120 4 | Mu M M M Amplification Factor, micro (10*), Permeability
0 16 12 3 4 24 | Nu N v N Reluctivity
0 66 53 41 65 0| Xi = ¢ Y
0 6 9 17 18 12 | Omicron o o [0}
0 9 30 16 30 33| Pi n n P 3.1415926
0 62 73 72 48 0 | Rho P ) R Resistivity
6 9 9 14 8 8 [ Sigma z 4 S Summation
99 8 73 65 65 99 | Capital Sigma
0 8 16 30 17 16 | Tau T T T Time Constant
8 6 1 1 18 12 | Upsilon Y v U
48 73 14 24 40 48 | Phi ° é F Angles. Magnetic Flux
34 36 24 22 33 65 | Chi X X X
112 9 126 8 48 64 Psi Y w w Dielectric Flux, Phase Difference
0o 6 9 2 9 6 | Omega Q w Q Ohms, Angular Velocity
25 38 64 64 38 25 | Capital Omega

Printer

The Complete Commodore Inner Space Anthology
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Wordprocessing Reference (Q?

Function Superscript EasyScript 64 PaperClip Control = Speedscript 64 WordPro WordPro 64
Control = RVS Key Control = F1 Key PET/CBM:RVS, 64:.CTRL | Control = CTRL Key Control = RVS Key Control = CBM Key
Restart Control CLR Control CLR
Exit to BASIC Control STOP Control STOP Control X Control Shift Q Control Q
TOGGLE MODES Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Capitals ESC or Control Shift/C | Control Shift/C t \ £
Decimal Control . F6 Control N
Insert Control | Control | Shift Ctrl (64:CBM Key) | Control | Shift Control Control |
Sound Control » Control = Control \
LINE Mode F1
Forced Space Mode Control -
CURSOR POSITIONING Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Scroll Right CRSR Right CRSR Right CRSR Right CRSR Right CRSR Right
Scroll Left CRSR Left CRSR Left CRSR Left CRSR Left CRSR Left
Scroll Down CRSR Down CRSR Down CRSR Down CRSR Down CRSR Down
Rapid Scroll Down Control CRSR Down Control CRSR Down Control CRSR Down
Scroll Up CRSR Up CRSR Up CRSR Up CRSR Up CRSR Up
Rapid Scroll Up Control CRSR Up CRSR Up CRSR Up
UpalLine - -
Next Screen Control Space Control Space
Previous Screen Control Shift/Space Control Shift/Space
Next Word F1
‘Previous Word F2
Next Sentence F3
Previous Sentence F4
Next Paragraph FS
Previous Paragraph F6
Beginning of File CLR CLR HOME twice HOME twice
Home Position HOME HOME HOME HOME HOME
End of Text Control GE or 0 Control GE Shift RUN/STOP Control Z
Goto Line x Control G Control G Control G Control G
Goto Maximum Line Number Control G 999 Control G 999
Pan Up Control CRSR Up Control CRSR Up
Pan Down Control CRSR Down Control CRSR Down
Pan Left Control CRSR Left Control CRSR Left
Pan Right Control CRSR Right Control CRSR Right
Stop Panning STOP STOP
Speed Panning Shift Shift
Highlight Panning Cursor hold Space
Pause Panning tap Space tap Space
TEXT Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Change Line Length Control CLR Control CLR Control Shift L
Reformat Paragraph Control R
Delete Line Control DEL Control DEL Control - Control DEL
Insert Line Control INST Control INST Control + Control INST
Insert Multiple Lines Control |
Delete Text Control D Control D Control D Control D
Erase All Control E A Control E A Control E Shift CLR Control E A Control E A
Erase Remainder Control ER Control ER Control ER Control ER
Erase Paragraph Control E P Control EP Control DPorEP Control DP
Erase Sentence Control ES Control ES ControlDSorES Control DS Control D S
Erase Word Control DWorEW Control D W Control DW
Erase Delete Buffer Control K
Retrieve Buffer Contents Control R
Set Range Control R Control R Control R Control R Control J
Transfer Range Control T Control X Control T Control T Control T
Copy Range Control A Control A Control C Control L
Erase Range Control E Control EL
Append Characters Control V Control V
Append Lines Control A Control A
Switch Text Space Control X Control X
Set Column Control Shift C
Move Column Control Shift M
Delete Column Control Shift D
Erase Column Control Shift E
Shift Column Control Shift S
Insert Space Before Column Control Shift [
Repeat Column Control Shift R
Add Numbers in Column Control = Control =
Sort Column Control Shift A
Set Sort Delimiters Contro! Shift Q
Set Delimiter Column Control Shift W
Add Row Using Delimiters Control Shift H
Modify Hunt/Search & Replace Text | Control M Control S Control F Control Shift H Control M Sor R
Hunt or Find Local Control HL Control HL Control For H Control H ControlHor FL Control Hor FL
Hunt or Find Global Control HG Control HM Control FG
Hunt C Control HC
Display Old Search & Replace Shift RUN/STOP
Search & Replace Local Control@ L Control @ L Control @ Control @ L Control @ L
Search & Replace Global Control @ G Control @ M Control @ Control @ G Control @ G
Set Phrase Control P
Move Phrase Control M
Kill Phrase Control K
Toggle Case Control U Control U Cantrol A
Toggle Case in Phrase Control Shift K
Transpose Characters Control X
Change Border Colour F2 Control B
Change Background Colour F4 Control B
Change Character Colour F6 Control L.
Copy Text to Status Line Shift Control RUN/STOP \
Copy NX Filename to Status Line Shift RUN/STOP HOME HOME
Read Stored Filename F5
Display Available Memory Control =
Automatic Optional Hyphen Control - Control - Control : Control - Shift -
Forced Space Shift Space Shift Space Shift Space Shift Space Shift Space
Breakpoint (soft Space) Comtend |
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m TABS Superscript EasyScript 64 PaperClip Speedscript 64 'ordRro, v Mot Do ;!qu;dPr\g bt
Set Decimal Point Control . )

" | Set Decimal Tabs Control . Control . Control N Control N
Set Horizontal Tab Control SH Control TH Shift CLR Control S Control S

== | Clear Horizontal Tab Control CH Control CH Shift CLR Control C Control C

| | | Tab 5 Spaces RUN/STOP

1 || Set Vertical Tab Control SV Control TV

... | Clear Vertical Tab Control CV Control CV
Set Graphic Tab Control £
Goto Next Horizontal Tab TAB (or Shift >) F7 TAB or RUN/STOP TABor -~ -

™ | Goto Next Vertical Tab Shift TAB (or Shift <) F8

| } Display Horizontal Tab positions Control P Control P

I ] Clear All Tabs Control CLR Control K Control K

7| Clear All Horizontal Tabs Control KH Control ZH
Clear All Vertical Tabs Control KV Control ZV

- FILES Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
; Enter FILE Mode Shift CLR F7 or CLR (F1 cancels)
"__'| Insert or Merge Files Set Insert Mode, Load | Set Insert Mode, Load | Control A Shift CLR | F7 or Shift CLR1
Load PRG Text File Control L Control L Control L F7 Shift CLRR F7 or Shift CLRR
Load SEQ Text File Control L Control Control L Control Control J F8

= | Load Printer Interface File Control W Control P

i || Save PRG Text File Control F Control F Control § F8 Shift CLRM F7 or Shift CLRM

| 1| Save SEQ Text File Control F Control Control F Control Control Z

- | Verify Data File Control U Control V
Save Range Control Shift F Control Shift F Control Q Shift CLRM R F7 or Shift CLRM R
Read Screen from Cursor F3

! Copy Global/Linked Files Control Q Control Q Control G Control * Control *

] Scan loaded Directory names Shift Control

'__!| Disk Command Mode Control > F4 Control > Control t Control . or > Control .
Display Directory $0 or $1 $0or $1 Control 0, 1,2 Control 4 F3
Load Directory to Text +80or +81 +$0or +$1 $0. $1 Control 0, 1, 2
Display Disk Status RETURN RETURN Control < RETURN Control , Control ,

ﬂ Initialize Drive(s) i0oril i0oril i0oril i0oril RUN/STOPQor 1 i0 oril

Cd All other disk commands are entered in CBM DOS Command Channel format (ie c = Copy, d = Duplicate, n = New, r=Rename, s=Scratch, v = Validate).

FILL FILES Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Set Fill File Name Control Shift Z
m Variable Block Control B Control B Control B Control B Control B
| {] Variable Block Separator Control Z Control Z
'| Measured Variable Block Ctrl B, CRSR Left, Ctrl M|
Fill Next Variable Block Control Shift B Control TAB Control M
Fill Blocks from Cursor on Control V Control V

=1 Fill All Variable Blocks . Control Shift V Control | F4 (1st set)or F6

| ‘ Clear Variable Blocks Control Shift V Control Shift V Control Shift N Control t F2

! Find Next Variable Block Control TAB or Shift > | Control F7 Control Shift F Control TAB

—| Reset Data Pointer Control HOME
Close Fill File Control HOME Control HOME

(- OUTPUT FORMAT Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64

i Format Command Indicator Control / (v~) F3 (. ) Control \ or £ () Control £ Control / (») Control / ()

! Format Command Separator : : : : t

""| Text following Format Commands H H H
Justification On, Off v»jul, jud jul, jud wijul, jul wiul, juld »jul, jud
Centering On, Off wcenl, cn0 cnl, cn0 »cnl, cn0 c w»cnl, cn0 wcnl, cn0
F Right Alignment On, Off vral, ra0 ral, ra0 vral, ra0 wral, ra0 vwral, ra0
i |l Linefeeds On, Off w111, 10 ’ wIf1, 110
| Left Margin »im - Ll »im 1 vim vim
Add to Left Margin vim+
Subtract from Left Margin vim-

| Right Margin vrm . rm vrm r vrm vrm

i | Edge Right e

' il Add to Right Margin vrm+

" | Subtract from Right Margin v rm-

Release Left Margin Left »ma . ma v ma- »ma » Ma-

| Release Left Margin Right vma- vma+

} 1 Auto Indent Paragraphs Right vai+

{ Il Auto Indent Paragraphs Left v ai-

' . -| Offset from Column 1 on Printer wof . of » Mo
Double Column Width w»dc (1-160)
Total Lines per Page (Paper Length) | +pp pl v pp v pp v pp

["'( Text Lines per Page (Text Length) v g t vpg v pg v pg

| Line Spacing v Sp sp vSp v'Sp v'sp

] Vertical Positioning »Vp vp Pa%) t »Vp v Vp
’| Bottom Margin b

Advance Lines vin In vin »In vin

| Pause Output - v ps ps vps w v ps vps

I | Force Paging w»ip0 fp0 vip vip vip

i || Force Paging within N Lines »IpN fpN »IpN wIipN wIpN

| # of List Data Fields vid
Next Linked File v nx:filename . nx:filename v nx:filename v nx:filename v nx:filename
Non-Specific Global File Link vik

| External File Link vex:

{ 1 Open Table of Contents File w»itfilename

I ] Add to Table of Contents File wib:

7| Lines per Inch (form advance) vla Ip wvis via via
Characters per Inch (pitch) vpt pt vt vpt v pt

] Comment wem nb »cm wem: vem:

| {Heading o+ hdxx:text., hdxx:text,, + hdxx:text., h + hdxx:text,, » hdxx:text.,

i | Alternate Heading »hdxx;text.,
Footing v ftxx:text,. . ftxx:text.. v ftxx:text,, f v ftxx:text,, v fxx:text,,
Alternate Fooling » ftxxstext,,

Set Page Number »p© E p*” »p* v p* vp*

=1 Output Page Number Control # (in hd/ft) ntrol # (in hd/ft) Control # (in hd/ft) Control £ # <> (in hd/ft) Shift £

|| Heading/Footing Left Margin whl hl whi whi «hl

I { Heading/Footing Right Margin vhr hr wvhr whr whr
Unlock Header Margins »ml0
Lock Header Margins v»mll

_— Printer Command v pC

] Send True ASCIl Control 0-9 Control 0-9 Control : 1-9 a Control 09 Control 0-9

i | Define Character as ASCII Value v 1:9=N Bi9=N »19=N Control £ 1-9=N +»0-9=N v 0-9=N

Business Software
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OUTPUT Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Select Default Output Control Shift O
Set Disk Device Number Control $
Set Printer Device Number Control #
Select Output Options Control O + Control O + Control O + Control P Control O + F5 or Control O +
Continuous Print C C
Non-Continuous (sheets) N
Device Number D |
Fill File to be used F F s |
Fill Using List Data L L
Linked or Global File G L G G
Global Restart R
Map Mode M
0Odd Mode (odd “ pages) (0]
Even Mode (even “ pages) E
Number of Copies X X X X
Output to Printer P P Default
Output to Video \" \ Control V \ "
Output to SEQ file S S D ¢
Q || Speed up Video Output Hold down Shift Hold down Shift l
s | | Pause Video Output Tap space Tap space L
® || stop Output STOP STOP
E Continue Output C C
= | | Toggle Video/Printer Output V/P V/P
© || Toggle Continuous/Non-Continuous | Shift P Shift P
D || Toggle Map/Video Mode A
8 BACKGROUND PRINTING Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
Q || Start Background Printing Control X Control P (file "dp™)
< Resume after Page Break Z (X for non-8032)
Oa Stop Background Printing Control Shift X Control P
- PRINTER CONTROL CHARACTERS Superscript EasyScript 64 PaperClip Speedscript 64 WordPro WordPro 64
R ][ etter Qualiy MX80 CEM
Underline ON Enhance ON Enhance ON Control | Control | Control [ Control £ U Control | Control |
Underline OFF Enhance OFF Enhance OFF Control ] Control | Control | Control £ U Control ] Control |
Bold ON Emphasise ON Reverse ON Control ( Control ( Control ( Control 8 Control {
Bold OFF Emphasise OFF Reverse OFF Control ) Control") Control ) Control 9 Control )
Shadow ON Double print ON n/a Control &
Shadow OFF Double print OFF n/a Control
Print Red Condense ON n/a Control ! Control Shift ( .
Print Black Condense OFF n/a Control * Control Shift )
Single Superscript n/a n/a Control * Control 4 Control 4 Control 6
Superscript Begin n/a n/a Control 7
Superscript End n/a n/a Control 8
Single Subscript n/a n/a Control , Control 6 Control 6 Control 4
Subscript Begin n/a n/a Control 9
Subscript End n/a n/a Control /
Bold ON n/a n/a Control 3
Bold OFF n/a n/a Control :

-° Special Character | Special Character | Special Character Control ;

o=
g

< Spreadsheet Commands
8 Commands shown are for the CalResult spreadsheet, but most spreadsheet programs use similar syntax. U
“ System Commands: Description P: Page Command Description
a B Blank: Cancel Contents of Cell Under Cursor P A | Add Pages, checking that label and formula match

m L Leave: Title, Split-Screen, Window P C | Copy one Page to another ,

o Order of Recalculation (Row or Column) P D | Delete Page from Work Area
) Q Quit Program P E | Erase Work Area J
Q R Recalculate: Automatic or Manual P G | Get Page from Work Area
= - Automatic Repetition of Characters at Cell Under Cursor P N | Negate: Change Signs (+ and -) in one Page
= P P | Put 2nd Page from Work Area (to get extra memory)

-— P R | Renumber Page )
) E: Edit Command Description P + | Add Pages, reading Values and Formulae only B
- E C | Copy Data Area to another Data Area

E D | Delete Row or Column —
] E G. | Graphics: Histogram instead of Values G: Global Command Description ;

g E I | Insert Row or Column G C | Sets Global Column Width, except in Protected Title-Column

E M | Move Data Area to another Data Area G F | Set Format in all Cells
s E P | Print Worksheet or User-Defined Format G R | Recalculate Pages by moving the highest column in one Page to the Alpha Column

E R | Replicate Data Area to other Data Areas in the Next Page
E E S | Split Screen (Horizontally or Vertically) .
° E T | Title: Protects a Title in the Left Column

Q E W/| Insert Window on Screen D: Disk Command Description
° D B | Backup Drive 0 to Drive 1

— D C | Catalog of Drive 1

"6 F: Format Command Description D D | Save and Load DIF-fles |

-— F C | Select Colour D E | Erase File on Drive 1 1
&, | |F G |Gobal Cell: Sets giobal format D I | Initialize Drivas O and | U

Global: Clears all Formats to CalcResult's normal power-up mode (labels D L | Load File from Disk to Work Area

E left, values right and maximum precision) D N | New Disk (formatted in Drive 1)

° F M | Maximum Precision display mode D S | Save Work Area to Drive 1
Q F I | Integer display mode D U | User Register: Contains language for Help screens, type of printer, paper format,

F $ | Two Decimal display mode etc. Type of Printer:

0 F L | Sets Contents at Left 1 =8023P 2=4022 4 = ASCl
‘ F R | Sets Contents at Right 3 = 8024, 8026, 8027, 8028, 8026b
h F * | Replaces Integer Number digits with stars (always left justified) D V | Load a VisiCalc-File

|
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Word Processor
Special Keys:
INST/DEL Insert/delete character CTRLY Set reverse video for formatting instructions
HOME Move cursor to top line of text CTRLO Turn off reverse video
CLR Move cursor to bottom line of text CcC Enter command mode
RETURN Terminate a paragraph FlorC=L Move cursor to left margin
SHIFT RETURN Move cursor to left margin of next line F2orC=R Move cursor to column 41
SHIFT = Tab key cCQ Repeat previous keystroke
CTRL = Set a tab CGe Replace line deleted by a RETURN
Commands: All commands are initiated with C= C
CA Display disk directory (CAtalog) DL Delete a Line of text PR Saves current document to disk with name
CB Create a Block EP Erase a Pointer “..tw"” then prints it
CM Clear Memory IB Insert a Block created with CB RE Search and Replace words or phrases
CP Clear Pointers ID Initialize Disk SF Save File to disk o
CT Clear Tabs IL Insert a Line of text SP Set a Pointer ()
DB Delete Block LF Load a File from disk SR Search for a word or phrase 8
DF Delete a disk File MF Merge a File from disk into text *P  Print document 'E
Formatting Instructions: (enter in lowercase) ©
ASC Send an ASCII character to the printer OTHER Used for non-Commodore printers (standard ASCII) »
CENTER Center the text on the current line PAGELENRN;  Set the number of lines on a page to 'n’ lines (default 60) 8
JUSTIFY Right-justify text PAGEPAUSE Stops printing after each page Q
LINKFILE Links documents at print time PAPERSIZEn; Sets up paper size to ‘n’ lines long (default 66) .E
LMARGn; Set left margin to 'n’ (default 0) PAUSE Stops printing until RETURN is pressed 7}
NEXTPAGE  Forces a new page RMARGn; Sets the right margin to 'n’ (default 77) =
NOJUSTIFY  Turns off right justification (default) SET*PGn; Sets page number to ‘'n’ [~]
NOWRAP Turns off word-wrap; used for spreadsheet tables *PAGE Prints page number at bottom of each page
NO*PAGE Turns off page numbering WRAPON Turns word-wrap on (default)
Spreadsheet
Special Keys:
Cursor Down moves the cursor down a cell Flor C= L moves the cursor left a cell C=T  Entertextin current cell
Cursor Up moves the cursor up a cell CcC enters command mode C=F  Enteraformulain current cell
F2orC=R moves the cursor right a cell CQ repeats last command C= N  Enter a number in current cell
Commands: (Command mode is entered with C= C)
AUTO Turns on automatic calculation mode HOME Moves the cursor to cell 1;1
BLKMAPr;c Moves block of cells from cursor to 'r;c’ into the Word Processor | ID Initialize Disk
CA Display disk directory IN Displays number in current cell in integer format
CCOc; Copies column ‘c’ to the cursor's column LEFTJ Left justifies number in current cell —
CDEL Deletes the current column LF Load spreadsheet File from disk °
CINS Inserts a new column MAN Manual calculation mode (default) é
(&7 Clear memory; deletes current spreadsheet MAP Maps cell contents into the Word Processor
COLORn; Changes the screen colour to colour 'n’ (default 0) OFF Turns off MAP mode (default) =
COPY ric Copies cell 'r;c’ to the current cell RCOr; Copies row 'r’ to the current row <
DF Delete a disk file RDEL Deletes the current row Q
FIT r;c Copies the formula in 'r;c’ to current cell and adjusts it to reflect | RESET System reset (same as pressing RESET button) b
the new cell position RIGHTJ Right justifies number in current cell (default) -]
FL Puts number in current cell in floating point format RINS Inserts a new row a
FORMAT Format a disk SF Saves current spreadsheet to disk
FRE Freeze - locks a cell - cannot be modified until THAWed THAW Unfreezes a frozen cell m
FU Full screen display mode (default) ™ To the Word Processor 7]
GOTO r;c Moves the cursor to cell 'ri¢’ $$ Displays number in current cell in dollar format (two decimal Q
HA Half screen display mode - allows simultaneous display of Word places) =
processor and spreadsheet (-]
Arithmetic Operators: =
# Indicates a numeric constant in formula DIV rl;cl1 TOr2;c2 Divides a series of numbers in a row or column 2
+,=, *,/ Add, Subtract, Mult, Divide MAXrl;c1 TOr2;c2 Gives the largest value of the specified row or column )
t Exponentiation MIN rl;c1 TOr2;c2  Gives the smallest value of the specified row or column
EXP “Raises e (2.71828183) to a given power MLTrl;cl TOr2;c2 Multiplies all values in the given row or column g
LOG Calculates logarithm SUB rl;cl1 TOr2;c2 Subtracts all values in the given row or column
ABS Absolute value SUMrl;cl TOr2;c2 Adds all values in the given row or column E
ATN Arctangent (in radians) rl;cl < r2;c2 Moves the contents of cell ‘r2:c2" to cell ‘rl;cl’ E
Ccos Cosine IFTRUE Used with < to move the contents of a cell to another if the condition is true
SIN Sine in radians IFTRUE operators: =, >, <, nte (not =), not 8
File Manager 0
Commands: (C= C enters command mode) g
CA Display disk directory RV n; Reviews records in a file starting with record 'n’ (pause with S, stop with Q) -
DS £1;£2;£3 DiskSort - Sorts a disk file by specified fields (up to 3) Pl Pick a range of records meeting certain criteria to create a subfile ﬁ
HIGHRC n; Specifies max record for sorts, searches. reviews, selects. reports SR Search for a record . E
NR Next Record - updates current record and displavs next record TC Move to the Spreadsheet
RCn; Displays record number ‘n’ TF Display filename, number of records left, and the last record * entered 8
RESETLIST Sets upper record limit set by HIGHRC to maximum number of | TW  To the Word Processor i
records in the file UD  Update Record - files displayed record:; use UDn; to file under record ” 'n o
Word Processor commands used with the File Manager ‘
TF;:RC; Indicates that the document is using File Manager data FLD n; Prints the contents of field number 'n’ h
RCn;  Start printed output with record number 'n’ #RC Prints the record number ) )
TTL n; Prints the name of field number 'n’ EOF? Ifplaced at the end of a document, causes output to continue for all records in the file
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Machine Language Monitor Corfthands o, o

The following is a summary of typical MLM commands. Command syntax shown may vary slightly between different monitors.

ASSEMBLE Assemble at address $2000. Branch QUICK TRACE Trace code from $1000 (or PC if no
.A 2000 BEQ $2010 offsets are calculated. .Q 1000 address specified), disassembly sup-
BANK POWER ON RESET pressed.
.BBIN Bank BASIC IN (Commodore 64) P Executes BASIC cold start
-BBOUT Bank BASIC OUT REGISTER DISPLAY Displays the PC, IRQ, Status or .P, .A, X,
-BKIN Bank Kernal IN .R Y, and Stack Pointer.
BKOUT Bank Kernal OUT SAVE Save to drive 1 from $7000 to $7FFF
' BREAK SET Sets a break at 1000 HEX on the FF HEX .S " 1:FILENAME " ,08,7000,8000 (end address -1)
.B 1000 0OFF occurence of the instruction at 1000. ey ,
) ) TRANSFER MEMORY Memory from $1000 to $1FFF is
COMPARE MEMORY Print the locations of bytes from $1000to | T 1000 1FFF 7000 transfered to $7000
. 000 CO00 0 th al t ndi .
€ 1000 2000 C0O S aGo0g ualto correspondind | wayk cope Single step code from $1000 (or PC if no
) W 1000 address specified) and dis bl
DISASSEMBLE Disassemble from $2000 to $3000 adcress speciied) and disassemble
; EXIT TO BASIC -
.D 2000 3000 (second parameter optional). X Returns to BASIC READY mode
FILL Fills memory from $1000 to $2000 with :E In Micromon, combines .X with K
-F 1000 2000 FF $FF. K In Micromon, restores BRK & IRQ
GO Execute code at $1000. Uses PC 3 vectors
~.G 1000 register as start address if none specified. | cHANGE CHARACTER SETS  Upper Case/Graphics to Lower/Upper
HUNT Hunt for the ASCII string "READ"" from Z Case mode or vice versa.
-H €000 D000 'READ $C000 to $D000. HEX CONVERSION Displays Dec (16706), the ASCII charac-
.H C000 D000 20 D2 FF Hunt for the byte sequence of 20 D2 FF $4142 tersp(askl)), and(Binary)i01OO 0001 0100
INTERROGATE Displays memory from $7000 to $8000 0010
.1 7000 8000 with screen printable characters. DECIMAL CONVERSION Displays Hex ($4142) followed by ASCI!
LOAD Load file from device 8, BASIC text #16706 and Binary as above.
.L "FILENAME", 08 pointers unaltered. BINARY CONVERSION Displays Hex, Decimal, followed by
MEMORY DISPLAY .% 0100000101000010 ASCII
.M 0000 0100 Display memory from $0000 to $0100. ASCII CONVERSION Displays Hex (41), Decimal (65). and
.N 1000 17FF 6000 1000 1FFF Relocate code from 1000 to $17FF at ADD Displays the sum of the two Hex values
w] $6000,.adjusting any addres; within .+ 8000 7FFF (FFFF)
$1000 to $1FFF. Use W to adjust WORD | sygTRACT Displays the difference of the two Hex
tables. - FFFF 7FFF values (8000)
CALCULATE BRANCH OFFSET Calculate Branch Offset from $6000 to CHECKSUM Displays a Checksum of memory from
.0 6000 5FFF FD $5FFF (Result is $FD) & 7000 7FFF $;O%0yto phihss of memory
Assembler Pseudo-Ops Prefix Characters
.BYTE Place bytes in memory according to the operands specified . Indicates an assembler directive
.DBYTE Place 16-bit values in memory, stored hi order, low order (notin PAL) | # Immediate Addressing mode
.END Ends assembly of a source file () Indirect Addressing mode
.FIL (.FILE in PAL) Links another source file to the current one ! Forces Zero-Page Addressing mode
.LiB Allows Library files to be inserted during assembly $ Specifies a hexadecimal value
.OPT Sets options for assembly % Specifies a binary value
.PAGE Advances the listing to a new page (noy in PAL) @ Specifies an octal value
.SKIP Generates blank lines in listing *  Specifies an ASClI literal
TEXT  (.ASCinPAL) Puts a string of ASCII characters in memory 3 Indicates that comments follow
WORD Puts 16-bit values in memory. stored low order, high order < Specifies the low byte of a 16-bit value.
‘= Set program counter to a given address > Specifies the high byte of a 16-bit value
= Equate: assigns a value to a symbol -
*=*+N Reserve N bytes for data storage Expression Operators
Y] Add val ions,
Additional PAL Pseudo-Ops ot expressions
JF Conditional assembly pseudo-op. Follow with EXPR: and the source | *  Multiply
. code to assemble if EXPR is true. !  Boolean OR
.GOTO Transfers assembly to the line number specified. & Boolean AND
.GTB Go To BASIC. Exits assembly and enables the BASIC interpreter. *  Boolean Exclusive OR
STM Symbol Table Minimum. Prevents the Symbol Table from inhabiting < Placed to the right of an expression specifies the expression shifted
memory below the specified address. left n bits. EXPR<4 would shift EXPR left 4 bits. EXPR can be 16 bits.
SST Save Symbol Table > Placed to the right of an expression specifies the expression shifted
.LST Load Symbol Table right n bits. EXPR<4 would shift EXPR right 4 bits.
.SYS JSR to the specified address during assembly (either pass). ! Forces Absolute Addressing
CBM .OPT Directives PAL .OPT Directives
ERR Generate Error File (default) P Print Assembly Listing
NOE Suppress Error File generation , ! Pn Print Assembly Listing to the previously OPENed logical file n.
LIST Generate Listing File containing the Assembler output, including P = Print through a user routine at the address specified after the = sign
errors, comments, ‘symbol table, etc. (default) (character in .A)
NOL Suppress Listing File O Output Object code to BASIC Arrays memory
MEM Generate Memory File (default)
NOM Suppress Memory File 00 Output Object code to Origin
GEN Display beyonq the first two bytes of a .BYTE (ie. for ASCII strings) On g;é?:;gggﬁggg?e totne previously OPENed logical fle n (start
NOG Show only the first two bytes of a .BYTE directive. (default) 0= Output Object code through a user routine at the address specified
after the = sign.
N Nullorreset OPT directives
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. CPU Model Pocket -%ocmc Lo
- ,1_5..'_4.1_3_1_2_1.1_19_2_2 76543210 Mae:|IMM | ZPg [ 2x | ax) | my |l Mde: IMM ng zx |aBS|AX
] | 10 Port Data Direction | o e S I I I 2|33
pmeoZIIIIIIIZZZCCIC 6510 (C64), 7501 (+4/C16)  ora| 09 |05 |15 01 | 1t oD |10 | 19| [Brm 2 2
I | Processor /O Port | AND| 20 (25 |35 | 21 {31 |20 | 3D | 39 sTY 84 |94 | 8C
P T T EOR| 49 | 45 (55 | 41 [ 51 [ 4D | 5D | 59 LDY| A0 | A4 | Ba [AC | BC
I Sttt - - ADC| 69 |65 | 75 | 61 [ 71 [eD [ 7D | 79 CcPY|co | ca cc
;, _______________ LBank Executlon Reg'SterI . STA 85195 | 81 91 18D |9D | 99 CPX| EO | E4 EC
B ittt Bank Indirection Fech 6509 (B Series) LDA| A9 | A5 |85 [ At |87 [AD |80 |89 | [To0cogmencsm o 4.0 -C
! ‘., _______________ [Bank Indirection Register | cmp| co (s |os | ¢1 | o |co|op | e i
' 11514131211109 8 7 6 5 4 3 2 1 0 SECJEdJES|FS|ET [P ]EDJFO PO
E """""""" I A ] Accumulator OpCodeendsin -1. -5. 9. or -0 Jim Butterfield
--------------- Mde: (MM |zPg | zx | zy |aBS| AX [ AY
S ittt : Byis| 2 | 2 2|3|3]3
P Y Index Register _
ﬂ" --------------- L | ¢ BPLB':;“':SM‘O — = J:’;zs(m) ASL 06 | 16 oF | 1€
e iutetee e bbbt . e. ROL 2 | 36 % | 3E
e [ X | Index Register BvC| 50 [8vs| 70 | [TsrT 20 LSR % | 56 « |5
' BCC| 90 {BCS| B0 | [ymp| ac | 6c | |ROR 66 | 76 6E | 7€
P\I PC Hi | PC Lo | Program Counter BNE| DO [BEC| FO STX 8 % |8e
N LOX| A2 | A6 B6 | AE BE
L jo[1] S | Stack Pointer DEC| 1C6|D6| |CE|DOE
----------- INC E6 | F6 ZE | FE
r_{ 7 6 543 210 Op Code ends in -2. -6. o -E
a [NJV] |B]D]1[z]|C]| .P-Processor Status
P L_ 1= Carry or No Borrow Single Byte Op Codes (* Accumulator Mode)
; [o-[1-{2-]3-[a-[5-[6-[7-[8-Jo-[a [B-]Jc-[o-[e- [F-
Lt—— 1 = Result Zero o ey e
;'—\ 1 = IRQ Disabled -8 |PHP[cLc|PLp [sec|PHA|cLi |PLa| se: [DEY|Tva | Tav |cLv | nv [cLD| Inx [sED
P 1 = Dec, 0 = Binary Mode -Alase|  [roc|  ksme|  [Romf  |Txa|Txs|Tax|Tsx|DEX NOPI
- BRK Command = 1
Not Used
M 1 = Overflow
§
}_ | 1 = Negative
- 6502 Extra Op-Codes
[ The table shows Op-Codes that are not generally recognized as part of the 650X Instruction Set.
— Mnemonics and descriptions are from B. Grainger's article in IPUG (Jan 1981) and 'Programming the PETICBM" by Raeto Collin West
Instruction Description Abs |Abs X [AbsY | Zer | ZerX | ZerY |(Ind,X)|(IndY)| Imm
™ ASO | (ASL. ORA) ASL then ORA the result with the accumulator OF 1F 1B 07 17 03 13 0B
|| RLA | (ROL, AND) ROL then AND the result with the accumulator 2F 3F 38 27 37 23 33 2B
~ -] LSE | (LSR, EOR) LSR then EOR the result with the accumulator 4F 5F 5B 47 57 43 53 4B
RRA | (ROR, ADC) ROR then ADC the result to the accumulator 6F 7F 7B 67 77 63 73 68
= AXS | (STX, STA) Store the result of A AND X 8F 87 97 83
© | LAX | (LDX, LDA) LDA and LDX with the same data AF BF A7 B7 A3 B3
I 1ocMm (DEC, CMP) DEC memory then SBC the result from the accumulator CF | DF DB | C7 D7 C3 D3
INS | (INC, SBC) INC memory then SBC the result from the accumulator EF FF FB E7 F7 E3 F3
ALR | (LSR, EOR) AND the accumulator with data and LSR the result 4B
1 ARR | (ROR, ADC) AND the accumulator with data and ROR the result 6B
I ] XAA | (TXA, ) Store X AND data in the accumulator 8B
OAL | (TAX, LDA) ORA the accumulator with #8EE, AND the result with data, then TAX AB
SAX | (DEX, CMP) SBC data from A AND X and store the result in X cB
MKA | (AND, STA)  Store the result of .A AND #$04 in memory (Mask A bit 2) oF
{- MKX'| (AND, STX) Store the result of .X AND #$04 in memory (Mask X bit 2) 9E
| {noP No operation 1A, 3A, 5A. 7A. DA. FA
| SKB Skip next byte 80, 82, C2. E2. 04, 14, 34, 44, 54, 64, 74, D4, F4
SKW Skip next word (two bytes) 0C. 1C. 3C. 5C, 7C. DC. FC
[ . - -
. Hexadecimal Conversion Chart Bit Values
Hex| 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -A -B -C -D -E -F| -00 -000 Dec Hex
o, e-f o 1+ 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 0 [} [} 1 $0001
v -] % 17 18 19 20 21 22 23 284 25 26 27 28 29 30 31| 25 409 1 2 0002
- 2-| 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47| 512 8192 2 4 0004
3-] 48 49 50 51 52 53 54 55 56 57 58 59 60 &1 62 63| 768 12288 3 8 0008
r] 4| 64 65 66 67 6 69 70 71 72 73 74 715 76 77 78 79| 1024 16384 4 16 0010
! _l_ s-| 86 8 8 8 8 8 8 8 88 8 9 9 92 93 94 95| 1280 20480 5| 32 0020
6-| 9 97 98 99 100 101 102 103 104 105 106 107 108 109 116 111| 1536 24576 6 64 0040
— 7-1 112 113 114 115 116 117 18 119 120 121 122 123 124 125 126 127| 1792 28672 7| 128 0080
i ! 8-| 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143| 2048 32768 8 | 256 0100
9-1 144 145 146 147 148 149 150 131 152 153 154 155 156 157 158 159 2304 .36864 9 512 0200
A-| 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175| 2560 40960 10 | 1024 | o400
F B-| 176 177 178 179 180 181 182 183 184 i85 186 187 188 189 190 191| 2816 45056 11 | 2048 | o800
‘ E C-] 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207| 3072 49152 12 | 4096 | 1000
D-| 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223| 3328 53248 13 | 8192 | 2000
- E-| 22¢ 225 226 227 228 229 230 23i 232 233 234 235 236 237 238 239| 3588 57344 14 | 16388 | 4000
D F-| 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255| 3840 61440 15 | 32768 | 8000
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Addressing

Assembler

Op Code

Clock

Instr Mode Format Operation Hex Dec Bytes Cycles Status Register - P Instr
ADC Immediate ADC #oper A+#+C— A C 69 | 105 2 2 NjVID|I|Z]|C ADC
Zero Page ADC addr A+[addr]+C—.A C 65 | 101 2 3 [l -1-Trlr

Zero Page, X ADC addr, X A+[addr+.X]+C—.A,C 75 | 117 2 4
Absolute ADC ADDR LA+[ADDR]+C— .A,C 6D | 109 3 4
Absolute, X ADC ADDR, X LA+[ADDR+.X]+C—~.A,C 70 | 125 3 4*
Absolute, Y ADC ADDR, Y A+[ADDR+.Y]+C—+.A,C 79 | 121 3 4
(Indirect, X) ADC (addr, X) A+([addr+.X+1,addr+.X]]+C—=.A,C 61 97 2 6
(Indirect).Y ADC (addr).Y A+([[addr+1,addr}+.Y]+C—~.A,C 71 | 113 2 5"
AND Immediate AND #oper AN#— A 29 41 2 2 N{VI[D|I]|Z AND
Zero Page AND addr AN [addr] ~ A 25 | 37 2 3 [el=-T-1-T~T=
Zero Page, X AND addr, X AN [addr+.X]—~ A 35 53 2 4
Absolute AND ADDR .AN[ADDR] —~ .A 2D | 45 3 4
Absolute, X AND ADDR, X LAN[ADDR+.X] = .A 3D | 61 3 4-
Absolute, Y AND ADDR, Y AN[ADDR+.Y]—= A 39 | 57 3 4*
(Indirect, X) AND (addr, X) AN [[addr+.X+1, addr+.X]] =~ .A 21 33 2 6
(Indirect),Y AND (addr)Y AN [[addr+1, addr]+.Y] = .A 31 49 2 5*
ASL | Accumulator ASLA A=)~ A ;0—~bit0,bit7~C | OA | 10 1 2 [N DI [Z|C| ASL
Zero Page ASL addr [addr] (=) = [addr] " 06 6 2 5 [~ [-T-T-T~l~
Zero Page, X ASL addr, X {addr + .X] (+) = [addr +.X] 16 | 22 2 6
Absolute ASL ADDR [ADDR] (+) — [ADDR] OE | 14 3 6
Absolute, X ASL ADDR, X [ADDR +.X] (+~) = [ADDR+ .X] 1€ | 30 3 7
BCC | Relative BCC oper BranchonC=0 90 | 144 2 2" |INjVID]IfZ]C| BCC
BCS Relative BCS oper BranchonC=1 BO | 176 2 2" [ -[-1-1-T-T- BCS
BEQ | Relative BEQ oper BranchonZ=1 FO |240| 2 2" All Branches BEQ
BNE | Relative BNE oper BranchonZ=0 DO | 208 2 2" | ~_Add1ifbranchto | BNE
BMI Relative BMI oper BranchonN=1 30 48 2 2" same\page BMI
BPL | Relative BPL oper BranchonN=0 10| 16] 2 2" | -.Add2ifbranchto | BPL
BVS | Relative BVS oper BranchonV=1 70 112 2 2" ditf page BVS
BVC Relative BVC oper Branch on V=0 50 80 2 2" BVC
BIT | Zero Page BIT addr AN [addr] bit7>N. bt~V | 24 [ 36| 2 3 |N[v]o]i]z]c] BIT
Absolute BIT ADDR AN [ADDR} " 2C | 44 3 4 b [-T-T~1-
BRK | implied BRK  1—Bflag | PC+24P{, [FFFE]=PCL. [FFFF]—~PCH 00 0 1 7 -T-T-T7T7-T7T-| BRK
- N{v|D|I}|Z]|C
CLC | Implied CcLC 0—~C 18 | 24 1 2 -1-T-1-1-T0] cLc
CLD | Implied CLD 0-D D8 | 216 1 2 -T-Tol-1-1T-1 cLp
CLl Implied CLl 01 58 | 88 1 2 -[-T-To1-1T- cL
CLV | Implied CLv (12d' B8 | 184 1 2 -fo1-T-1T-T-1 cwv
CMP | Immediate CMP #oper A-# C9 | 201 2 2 [N|viD]1]Zz]C| cmP
Zero Page CMP addr A - [addr] C5 | 197 2 3 [P I=1-1T-T<lr
Zero Page, X CMP addr, X A - [addr + X] D5 | 213 2 4
Absolute CMP ADDR A~ [ADDR] CD | 205 3 4
Absolute, X CMP ADDR. X .A-[ADDR +.X} DD | 221 3 4"
Absolute, Y CMP ADDR, Y LA -[AJDR+.Y] D9 | 217 3 4
(Indirect, X) CMP (addr, X) A= [[addr +.X + 1, addr +.X]] C1 | 193 2 6
(Indirect),Y CMP (addr).Y A -~ [[addr + 1, addr] +.Y] D1 | 209 2 5°
CPX Immediate CPX #oper X-# EO | 224 2 2 N Di{l|Z]|C]| CPX
Zero Page CPX addr X - [addr] E4 | 228 2 3 |re]|-[-1-Trl¥
Absolute CPX ADDR X - {ADDR] EC | 236 3 4
CPY Immediate CPY #oper Y-# Co | 192 2 2 N D{l1]Z]|C| cCPY
Zero Page CPY addr Y - [addr] C4 | 196 2 3 [el-1-1-1rT~
Absolute CPY ADDR Y - [ADDR] CC | 204 3 4
DEC | Zero Page DEC addr [addr] - 1 - [addr] C6 | 198 2 5 N D{I]Z|C| DEC
Zero Page, X DEC addr, X [addr +.X] - 1 = [addr + .X] D6 | 214 2 6 [~ |-T-T-Tr1]-
Absolute DEC ADDR [ADDR] - 1 -~ [ADDR] CE | 206 3 6
Absolute, X DEC ADDR, X [ADDR + .X] - 1 = [ADDR + .X] DE | 222 3 7
DEX | Implied DEX X-1-+X CA | 202 1 2 |N|V|[DjI|Z}|C| DEX
DEY | Implied DEY Y-1-Y 88 | 136 1 2 [vwI-1-1-1~1-] DEY
EOR | Immediate EOR #oper AY#—~ A 49 | 73 2 2 [NJVvID]I]Z]|C] EOR
Zero Page EOR addr AY [addr] = A 45 | 69 2 3 [PT-T-1T-T~1-
Zero Page, X EOR addr, X AV [addr+.X] = .A §5 85 2 4
Absolute EOR ADDR A [ADDR] —~ .A 4a | 77 3 4
Absolute, X EOR ADDR. X LAY [ADDR+.X] = A 50 | 93 3 4"
Absolute, Y EORADDR, Y LAY [ADDR+.Y]—~ A 59 | 89 3 4"
(Indirect, X) EOR (addr, X) AL [[addr +.X+1, addr + .X]] = .A 41 | 65| 2 6
(Indirect).Y EOR (addr).Y A [[addr+1, addr] +.Y] = A 51 81 2 5°
INC | ZeroPage INC addr addr]+1 — [addr] E6 | 230 2 5 (Nfv[D|I]Z[C| INC
Zero Page, X INC addr, X addr +.X] + 1 - [addr + .X] F6 | 246 2 6 |wrl-1-1-]r1]-
Absolute INC ADDR ADDR] + 1 — [ADDR] EE | 238 3 6
Absolute, X INC ADDR, X ADDR +.X] + 1= [ADDR + .X] FE | 254 3 7
INX Implied INX X+1=X E8 | 232 1 2 [NfJVID|I1}Z]C] INX
INY | Implied INY Y+1=Y C8 | 200 1 2 [vw[=-T-T-T<1T=-1 INY
JMP | Absolute JMP ADDR PC+1) -~ PCL, [PC+2]—PCH 4C | 76 3 3 |NJVD[I]Z|C]| JmP
Indirect JMP (ADDR) ADDR] - PCL, [ADDR + 1] = PCH 6C | 108 3 5 -1-1-1-1-1-
JSR | Absolute JSR ADDR PC+24,[PC+1)—=PCL,[PC+2]—=PCH | 20 | 32 3 6 JSR
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Instr Adf“'::z'"g Ai?,::':’ Operation :e';c"::c Bytes &feks Status Register - P Instr
LDA Immediate LDA #oper #-= A A9 | 169 2 2 NjviID|I]Z]C LDA
Zero Page LDA addr addr] = .A A5 | 165 2 3 v i-1-1-T~1[-
Zero Page, X LDA addr, X addr+.X] = A B5 | 181 2 4
Absolute LDA ADDR ADDR] -~ A AD | 173 3 4
Absolute, X LDA ADDR, X ADDR+.X] = .A BD | 189 3 4*
Absolute, Y LDA ADDR, Y ADDR +.Y] -~ .A B9 | 185 3 4"
(Indirect, X) LDA (addr, X) [addr +.X+1, addr + .X]] = .A A1 | 161 2 6
(Indirect).Y LDA (addr).Y [addr + 1, addr] +.Y] = .A B1 | 177 2 5"
LDX Immediate LDX #oper #—= X A2 | 162 2 2 N|V|D]!I]Z]|C| LDX
Zero Page LDX addr addr] =~ X A6 | 166 2 3 v]i-1-1-1~1-
ZeroPage, Y LDX addr, Y addr+.Y] = .X B6 | 182 2 4
Absolute LDX ADDR ADDR] —~ .X AE | 174 3 4
Absolute, Y LDXADDR, Y ADDR +.Y] = X BE | 190 3 4~
Loy Immediate LDY #oper #=Y A0 | 160 2 2 N[v|D]I]Z]C Loy Q
Zero Page LDY addr addr] -~ .Y A4 | 164 2 3 v -1-1-[~l- N
ZeroPage, X | LDY addr, X addr+.X] =Y B4 | 180 2 4 [}
Absolute LDY ADDR ADDR] = .Y AC | 172| 3 4 g’
Absolute, X LDY ADDR, X ADDR + .X] =Y BC | 188 3 4" )
LSR Accumulator LSRA A(=)= A ; 0—bit7, bit0—~C | 4A 74 1 2 Nflvi|D|I}|Z]|C LSR (-}
Zero Page LSR addr addr] (-) - [addr] " 46 70 2 5 0Of-T-1-Telwr -]
Zero Page, X LSR addr, Y addr +.X] () = [addr + .X] " 56 86 2 6 Q
Absolute LSRADDR ADDR] (—) = [ADDR] " 4E | 78 3 6 -]
Absolute, X LSR ADDR, X ADDR+.X] (=) = [ADDR+.X] " 5E 94 3 7 E
NOP | Implied NOP No OPeration EA | 234 1 2 -T-T-T-T-T-1 NopP g
ORA | Immediate ORA #oper AU#E—~ A 09 9 2 2 NIV|D|I1]Z]|C| ORA z
Zero Page ORA addr AU [addr] = A 05 5 2 3 v -1-1-1-]-
Zero Page, X ORA addr, X AU [addr+ .X]—~.A 15 21 2 4
Absolute ORA ADDR AU [ADDR]— A oo | 13| 3 4
Absolute, X ORA ADDR, X A U[ADDR+ .X]— A D[ 29 3 4°
Absolute. Y ORAADDR, Y, AU[ADDR+.Y]—~ A 19 25 3 4°
(Indirect, X) ORA (addr, X) AU [[addr+ .X+1, addr+ .X]] = .A 0i 11 2 6
(Indirect).Y ORA (addr),Y AU [{addr+1, addr] + Y] = .A 1 17 2 5
PHA Implied PHA ‘1 Al SP-1—SP 48 72 1 3 N|{V[D|I|Z]|C]| PHA
PLA Implied PLA At SP+1—+SP 68 | 104 1 4 -1-1-1-1-1- PLA
PHP Implied PHP P, SP-1—-+SP 08 8 1 3 |AlPush/Pullsxcptpip| PHP
PLP Implied PLP Pt SP+1—=SP 28 40 1 4 from stack PLP
ROL Accumulator ROLA A(=)—~.A ; C~bit0, bit7—C | 2A 42 1 2 Nlv|D|I]|Z]|C ROL
Zero Page ROL addr addr] (+) — [addr] - 26 38 2 5 vi-1-1-]vilv+r N
Zero Page, X ROL addr, X addr + .X] (+~) = [addr + .X] " 36 | 54 2 6
Absolute ROL ADDR ADDR] (+) = [ADDR] ¢ 2E 46 3 6
Absolute, X ROL ADDR, X ADDR+.X](+) =~ [ADDR+.X] " 3E 62 3 7 —
ROR | Accumulator RORA A=)~ A ., C—*bit7, bit0—+C | 6A | 106 1 2 N|{v|D|]I|Z]C]|] ROR °
Zero Page ROR addr addr] (—) — [addr] " 66 | 102 2 5 v -1-[-1rlv ‘
ZeroPage,X | RORaddr, Y addr + .X] (=) = [addr +.X] “ 76 |18 2 6 =
Absolute ROR ADDR ADDR] (~) = [ADDR] " 6E | 110 3 6 =
Absolute, X ROR ADDR, X ADDR+.X] (=)~ [ADDR+.X] " 7E | 126 3 7 <
RTI Implied RTI Pt PCtSP+3—~SP.PC+1—~PC 40 | 64 1 6 from stack RTI Q
RTS Implied RTS PCt,SP+2—~SP,PC+1—PC 60 96 1 6 -1-1-{-1-1- RTS (3]
SBC | Immediate SBC #oper A-#-C—AC C=Borrow | E9 [ 233 2 2 [Njv]|D|1]|Z]|C]| sBC \-]
Zero Page SBC addr A-[addr]-C—~.AC E5 |229| 2 3 [vilrl==-1v1r &
Zero Page, X SBC addr, X .A-[addr+.X]-C—~.A,C F5 | 245 2 4 m
Absolute SBC ADDR .A-[ADDR}-C— A C ED | 237 | 3 4
Absolute, X SBC ADDR, X A -[ADDR+.X] - (_5 - .AC FD | 253 3 4° ]
Absolute, Y SBCADDR, Y A-[ADDR+Y]-C—= AC F9 | 249 3 4° Q
(Indirect, X) SBC (addr, X) A -[laddr+.X+1,addr+ X]]-C—~.A,C | E1 | 225 2 6 =
(Indirect).Y SBC (addr).Y A~[faddr+1,addr]+.Y]-C— A C F1 [241] 2 5" a
N|V|D|l1}Z]|C ]
SEC Implied SEC 1-C 38 56 1 2 -1-1-]-1-1]1 SEC ”
SED Implied SED 1-D F8 | 248 1 2 -1-11[-1-1- SED -
SEI implied SEI 1= 78 | 120 1 2 -1-1-]1]-1- SEl °
STA Zero Page STA addr A = [addr] 85 | 133 2 3 N D{I1|Z|C| STA
Zero Page. X STA addr, X A~ [addr+.X] 95 | 149 2 4 -T-T1-1-1-T-
Absolute STA ADDR .A - [ADDR} 8D | 141 3 4
Absolute, X STA ADDR, X .A—[ADDR + X] 9D | 157 3 5 E
Absolute, Y STAADDR, Y .A—[ADDR +.Y] 99 | 153 3 5
(Indirect, X) STA (addr, X) A= [[addr+.X+1, addr +.X]] 81 1129 2 6 E
(Indirect).Y STA (addr).Y A= [[addr + 1, addr] +.Y] 91 [ 145 2 6 °
STX | ZeroPage STX ador X~ [addr] 86 (134 2 | 3 |N[v][p[i]z]c]| s (&)
Zero Page. Y STX addr, Y X~ [addr+.Y] 96 | 150 2 4 -1-1-1-1-1-
Absolute STX ADDR X [ADDR] 8E (142 3 | 4 2
STY | ZeroPage STY addr Y — [addr] 84 [132]| 2 3 [NJvo]i]z[c] sTY Q
Zero Page, X STY addr, X Y = [addr + .X] 94 | 148 2 4 [=1-1-1T-1-1= -
Absolute STY ADDR .Y - [ADDR] 8C [140] 3 4 (-
TAX Implied TAX A= X AA | 170 1 2 N|lVv|D|I}|Z]C TAX E
TXA Implied TXA X=.A 8A | 138 1 2 vi-1-1-]~]- TXA °
TAY Implied TAY A=Y A8 | 168 1 2 TAY
TYA Implied TYA Y- A 98 | 152 1 2 All Transfers xcpt TXS TYA Q
TSX Implied TSX SP— X BA | 186 1 2 TSX 0
TXS | Implied @S X—SP 9A | 154 | 1 2 [CI-I-I-I1-1-1 7xs =
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Addressing Modes

Machine Language

Mnemonic Definition
ADC Add memory to accumulator with carry.
AND AND memory with accumulator.
ASL Shift left one bit (memory or accumulator).
BCC Branch on carry clear.
BCS Branch on carry set.
BEQ Branch on result zero.
BIT Test bits in memory with accumulator.
BMI Branch on result minus.
BNE Branch on result not zero.
BPL Branch on result plus.
BRK Force break.
BvVC Branch on overflow clear.
BVS Branch on overflow set.
CLC Clear carry flag.
CLD Clear decimal mode.
CLI Clear interrupt disable bit.
CcLv Clear overflow flag.
CMP Compare memory and accumulator.
CPX Compare memory and index ‘X',
CPY Compare memory and index 'Y’.
DEC Decrement memory by one.
DEX Decrement index ‘X' by one.
DEY Decrement index ‘Y’ by one.
EOR Exclusive-OR memory with accumulator.
INC Ingrement memory by one.
INX Increment index ‘X' by one.
INY Increment index ‘'Y’ by one.
JMP Jump to new location.
JSR Jump to new location saving return address.
LDA Load acculmulator with memory.
LDX Load index ‘X" with memory.
LDY Load index ‘Y’ with memory.
LSR Shift right one bit (memory or accumulator).
NOP No operation.
ORA OR memory with accumulator.
PHA Push accumulator on stack.
PHP Push processor status on stack.
PLA Pull accumulator from stack.
PLP Pull processor status from stack.
ROL Rotate one bit left (memory or accumulator).
ROR Rotate one bit right (memory or accumulator).
RTI Return from interrupt.
RTS Return from subroutine.

.SBC Subtract memory from accumulator with borrow.

SEC Set carry flag.
SED Set decimal mode.
SEI Set interrupt disable status.
STA Store accumulator in memory.
STX Store index ‘X' in memory.
STY Store index 'Y' in memory.
TAX Transfer accumulator to index ‘X'.
TAY Transfer accumulator to index 'Y".
TSX Transfer stack pointer to index ‘X'.
TXA Transfer index ‘X' to accumulator.
TXS Transfer index ‘X' to stack pointer.
TYA Transfer index ‘Y’ to accumulator.

Accumulator Addressing - This form of addressing is represented with a
one byte instruction, implying an operation on the accumulator.

Immediate Addressing - In immediate addressing, the operand is contained
in the second byte of the instruction, with no further memory addressing
required.

Absolute Addressing - In absolute addressing, the second byte of the
instruction specifies the eight low order bits of the effective address while the
third byte specifies the eight high order bits. Thus, the absolute addressing
mode allows access to the entire 65k bytes of addressable memory.

Zero Page Addressing - The zero page instructions allow for shorter code
and execution times by only fetching the second byte of the instructions and
assuming a zero high address byte. Careful use of the zero page can result in
significant increase in code efficiency.

Indexed Zero Page Addressing - (X, Y Indexing) - This form of addressing is
used in conjunction with the index register and is referred to as " Zero Page, X
" or "ZeroPage, Y " . The effective address is calculated by adding the second
byte to the contents of the index register. Since this is a form of " Zero Page "
addressing, the content of the second byte references a location in page zero.
Additionally due to the " Zero Page " addressing nature of this mode, no carry
is added to the high order 8 bits of memory and crossing of page boundaries
does not occur.

Indexed Absolute Addressing - (X, Y Indexing) - This form of addressing is
used in conjunction with X and Y index register and is referred to as
Absolute, X", and " Absolute, Y". The effective address is formed by adding
the contents of X or Y to the address contained in the second and third bytes
on the instruction. This mode allows the index register to contain the index or
count value and the instruction to contain the base address. This type of
indexing allows any location referencing and the index to modify multiple
fields resulting in reduced coding and execution time.

Implied Addressing - In the implied addressing mode, the address contain-
ing the operand is implicitly stated in the operation code of the instruction.

Relative Addressing - Relative addressing is used only with branch instruc-
tions and establishes a destination for the conditional branch. The second
byte of the instruction becomes the operand which is an " offset” addedto the
contents of the lower eight bits of the program counter when the counter is set
at the next instruction. The range of the offset is -128 to + 127 bytes from the
next instruction.

Indexed Indirect Addressing - In indexed indirect addressing (referred to as
(Indirect, X)), the second byte of the instruction is added to the contents of the
X index register, discarding the carry. The result of the addition points to a
memory location on page zero whose contents is the low order eights bits of
the effective address. The next memory location in page zero contains the
high order eight bits of the effective address. Both memory locations specify-
ing the high and low order bytes of the effective address must be in page zero.

Indirect Indexed Addressing - In indirect indexed addressing (referred to as
(Indirect). Y), the second byte of the instruction points to a memory location in
page zero. The contents of this memory location is added to the contents of
the Y register, the result being the low order eight bits of the effective address.
The carry from this addition is added to the contents of the next page zero
memory location, the result being the high order eight bits of the effective
address.

Absolute Indirect - The second byte of the instruction contains the low order
eight bits of a memory location. The high order eight bits of that memory
location is contained in the third byte of the instruction. The contents of the fully
specified memory location is the iow order byte of the effective address which
is loaded into the sixteen bits of the program counter.

§
|

N e e

L

- .

—



1

1

|

]

—1

]

]

1

1

]

1

1

1

1

B

|

__M.

Some l/O routines require extra memory set up. See the appropriate Memory Map. Address pairs within parenthesis are for Basic 2.0/4.0 users. (Direct call) indicates no required set up.
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psSION

Entry Point For: " Registers In Registers Out
20 4.0 VIC 20 Cea Operation A X Y A X Y
1 | C2D8 [49880 | B350 | 45904 | C3BB | 50107 | A3BB | 41915 | Open Up Space In BASIC Text New: | AryTop Lo[ IAryTopHi Unaltered
2 | C328 | 49960 | B3A0 | 45984 | C408 | 50184 | A408 | 41992 | Check Available Memory (called by 1) (same as above) Start address of move in $5F, 60 ($5C, 5D)
3 | C355 | 50005 | B3CD | 46029 | C435 | 50229 | A435 | 42037 | 20UT OF MEMORY (direct call)
4 | C357 | 50007 | BC3F | 48191 | C437 | 50231 | A437 | 42039 | Send BASIC Error Message Eror# | |
5 | C389 | 50057 | B3FF | 46079 | C474 | 50292 | A474 | 42100 | Warm start, BASIC (direct call)
6 | C399 | 49960 | B40D | 46093 | C48A | 50314 | A48A | 42122 | Main CHRGET entry (direct call) $7A = #3FF, $7B = #301 ($77, 78) ;:01FF =Basic Inbuf-1
7 | C3AB [50091 | B41F | 46111 C49C | 50220 | A49C | 42028 | Crunch tokens, insert line | Inbutlen. |
8 | C439 | 50233 | BAAD {46253 | C52A | 50474 | AS2A (42282 | Fix chaining, CLR, & READY. (direct cail)
9 | C442 | 50242 | B4B6 | 46262 | C533 | 50483 | A533 | 42291 | Fix chaining (direct call) i
10| C46F | 50287 | B4E2 | 46306 | C560 |50528 | A560 | 42336 | Receive line from keyboard (direct call) $7A = #3FF, $7B = #8301 ($77, 78) .01FF =Basic Inbuf-1
11| C495 | 50213 | B4FB | 46331 | C579 | 50553 | A579 | 42361 | Crunch tokens (called by 7) X =Inbuf Len. ($0200,X) = #300 :
12| C52C | 50476 | BSA3 | 46499 | C613 | 50707 | A613 | 42515 | Find line in BASIC StrtBAS LolSmBAS Hi| i
13| C55D | 50525 | BSD4 | 46548 | C642 | 50754 | AB42 | 42562 | Do NEW (direct call) 7]
14| C572 | 50546 | B5E9 | 46569 | C659 | 50777 | A6S9 | 42585 | Reset BASIC and do CLR (direct call)
15| C575 | 50549 | BSEC | 46572 | C65E | 50782 | AGSE | 42590 | Do CLR (direct cal))
16| C597 | 50583 | B612 |46610| n/a nfa n/a n/a | Purge stack of all Returns & Nexts (POP) (direct call)
17 | C5A7 | 50599 | B622 | 46626 | CE8E | 50830 | AGSE | 42638 | Reset Chrget to Start of BASIC (direct call) StrtBAS Hi
18| C6C4 | 50884 | B74A | 46922 | C857 | 51287 | AB57 | 43095 | Continue BASIC execution [CONT] CurLin Lo| |CurLin Hi |
19| C873 | 51315 | B8F6 | 47350 | C96B | 49771 | A96B | 41579 | Get fixed-pt number from BASIC text Address of text in Chrget ptr; $7A, 7B (377, 78)
20 | CODE | 49886 | BADB | 47835 | CAD3 !51923 | AAD3 | 43731 | Send RETURN, LF if in screen mode (direct call) LF (#$0A)l
21| C9E2 | 49890 | BADF | 47839 | CAD7 | 51927 | AAD7 | 43735 | Send RETURN, LINEFEED (direct call) LF (#80A)
22| CA1C | 51740 | BB1D !47901 | CB1E ' 51998 | AB1E | 43806 | Print string from A, Y Addr Lo fL Addr Hi
23| CA22 '51746 | BB23 {47907 | CB24 | 52004 | AB24 | 43812 | Print pre-compuled string Length |Addrin $22,23 ($1F,20)
24 [ CA43 {51779 | BB44 | 47940 | CB45 | 52037 | AB45 | 43845 | Print *? (direct call)
25| CA45 : 51781 | BB46 | 47942 | CB47 | 52039 | AB47 | 43847 | Print char (output .A to device) Char i i Char
26 | CCOF | 52383 | BD98 | 48536 | CDOE | 52638 | ADOE | 44446 | Evaluate  Result: string $0D = #8FF ($07) Address of Expression Addr Lo ! AddrHi
Expression 1 meric $0D = #3500 (807) In Chrget Pointer resultin Acc#
27 | CDF8 {52728 | BEF5 | 48885 | CEFF | 52991 | AEFD | 44797 | Check for comma : (direct cal)) Char
28 | CDF7 | 52727 | BEF2 | 48882 | CEFA {52986 | AEFA | 44794 | Check for ‘(! (direct call) Char
29| CDF4 | 52724 | BEEF | 48879 | CEF7 | 52983 | AEF7 | 44791 | Check for *)’ (direct call) Char
30| CEO3 | 52739 | BFOO | 48896 | CFO8 | 53000 | AFO8 | 44808 | Send 'SYNTAX ERROR' (direct call)
31| CFC9 [ 53193 | C187 {49543 | DOE7 | 53479 | BOE7 | 45287 | Find fl-pt variable, given name [ ] \VarAddr Lo VarAddr Hi
32| D069 | 53353 | C2B9 | 49849 | D185 | 53637 | B185 | 45445 | Bump Variable Addr by 2 (called by 31) Name in $45, 46 ($42, 43) VarAddr Lo VarAddr Hi
33 | DO9A | 53290 | C2EA | 49898 | D1BF | 53695 | B1BF | 45503 | Float to Fixed conversion in Acc#1 (direct call)
34| D26D | 53869 { C4BC | 50364 | D391 | 54049 | B391 | 45857 | Fixed to Float conversion in Acc#1 (direct call)
35] D678 | 54907 | C8D7 | 51415 D79E [ 55086 | B79E 46894 | Get Acc#1 least significant byte to X register l | Data
36 | D68F | 54927 | C8EB | 51435 | D7B5 | 55221 | B7B5 | 47029 | Evaluate string [VAL] Address = (Chrget Ptr.) Fl. Pt. result in Acc#1
37| D69D | 54931 | C8EF | 51439 | D7B9 | 55225 | B7B9 | 47033 | Evaluate string from X, Y (above + 4) | Addrlo ] Addr Hi FI. Pt. resultin Acc#1
38 | D6C6 | 54982 | C921 | 49697 | D7EB | 55275 | B7EB | 47083 | Get two params for POKE, WAIT Address = (Chrget Ptr)) X=Pram2, Pram1 in Acc#1 (fxd pt)
39| D773 | 55155 | C99D (49709 | D867 |55399 | B867 |47207 | Add (from memory) Addr Lo Addr Hi Fl. Pt. result in Acc#1
40| D934 | 53812 | CBSE | 52062 | DA28 | 55848 | BA28 | 47656 | Multiply from memory location Addr Lo Addr Hi Fl. Pt. result in Acc#1
41 | D9EE | 53998 [ CC18 | 52248 | DAE2 | 56034 | BAE2 | 47842 | Multiply Acc#1 by ten (resultin Acc#1)
42 | DAAE | 55982 | CCD8 | 52440 | DBA2 | 56226 | BBA2 | 48034 | Unpack memory variable to Acc#1 Addr Lo Addr Hi !
43 | DAE3 {56035 | CDOD | 52493 | DBD7 | 56279 | BBD7 | 48087 | Copy Acc#1 to (X.Y) Location AddrLo ; AddrHi
44 | DBO8 | 56072 | CD32 | 52530 | DBFC | 56316 | BBFC | 48124 | Move Acc#2 to Acc#1 (direct call)
45| DB18 {56088 | CD42 | 52546 | DCOC | 56332 | BCOC | 48140 | Move Rounded Acc#1 to Acc#2 (direct call)
46 | DB1D | 56093 | CD45 | 52549 | DCOF | 56335 | BCOF | 48143 | Move Un-Rounded Acc#1 to Acc#2 (direct call)
47 | DB27 | 56103 | CD51 | 52561 | DC1B | 56347 | BC1B {48155 | Round Acc.#1 (direct call)
48| DCD9 | 56537 | CF83 | 53123 |DDCD | 56781 | BDCD ! 48589 | Print fixed-point value ValueHi | Valuelo :
49 | DCE3 [ 56547 | CF8D {53133 | DDD7 | 56791 | BDD7 | 48599 | Print floating-point value in Acc#1 (direct call)
50 | DCEQ [ 56553 | CF93 | 53027 |DDDD | 56797 { BDDD | 48605 | Cnvert num to strng at $0100 (calld by 48) #800 | | #301
51| FD11 | 64785 | D472 | 54386 | n/a na nla n/a |Entry to M.L.M. (direct call)
52 | E3D8 | 58328 | E202 | 57858 | E742 | 59202 | E716 | 59158 | Print a character Char
53| F156 {61782 | F185 (61829 | F1E6 (61926 | F12F {61743 | Print system message Offset
54 | FOB6 |61622 | FOD2 | 61650 | EE14 | 60948 | EDO9 | 60681 | Send 'talk’ to I[EEE/Serial Dev #
55| FOBA {61626 | FODS ' 61653 | EE17 | 60951 | EDOC {60684 | Send ‘listen’ to IEEE/Serial Dev #
56| F128 161736 | F143 61763 | FF93 | 65427 | FF93 | 65427 | Send secondary address SA OR $60
57| F16F |61807 | F19E {61742 | EEE4 61156 | ED40 | 60736 | Send char to IEEE/Serial Char
58| F17F 161823 | F1AE ;61870 | EEF6 [61174 EDEF {60911 | Send 'untalk’ (direct call)
59| F183 {61827 | F1B9 |61881| EF04 | 61188 | EDFE | 60926 | Send ‘unlisten’ (direct cal)
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BASIC 4.0 / 2.0 Kernal Routines

i

L —

. Regi | i

abel | Hox " Dec Operation P S I P W S
CHKIN FFC6 65478 | Open channel for input LF# alt.
CHKOUT | FFC9 65481 | Open channel for output LF# alt.
CHRIN FFCF | 65487 Input character from channel data alt.
CHROUT | FFD2 | 65490 | Outputcharacter to channel data
CLALL FFE7 65511 | Close all channels and files alt. alt.
CLOSE FFC3 | 65475 | Close a specified logical file LF# alt. alt. alt.
CLRCHN | FFCC | 65484 | Restore default /O devices alt. alt.
CSYS FFDE [ 65502 | SYS vector addr lo addr hi alt. alt. alt.
CVERF FFDB | 65499 | Verify ram from a device startlo start hi endlo+1 end hi
GETIN FFE4 | 65508 | Getcharacter from current input device data alt. alt.
LOAD FFDS | 65493 | Load ram from a device startlo start hi endlo+1 | endhi
OPEN FFCO | 65472 | Openalogical file alt. alt. alt.
SAVE FFD8 | 65496 | Save 'ram’to device, from $28,29t0 .X..Y ﬁft’;(sgaa ;) endlo end hi endlo+1 end hi
STOP FFE1 65505 | Scan stop key depressed yes:.Z=1, no .A=last row kybd scan
UDTIM FFEA [ 65514 | Increment real time clock | alt. alt.

alt. = altered
-
VIC 20 And Commodore 64 Kernal Routines
. Registersin Registers Ou

&%ﬂl n&ddrest?ec Operation Ay Y Al o v
ACPTR FFAS 65445 | Input byte from Seria! Port data alt.
CHKIN FFC6 | 65478 | Open.channel for input LF# alt.
CHKOUT | FFC9 65481 | Open channel for output LF# alt.
CHRIN FFCF 65487 | Input character from channel data alt.
CHROUT | FFD2 | 65490 | Outputcharacter to channel data
ClouTt FFA8 65448 | Output byte to serial port data .
CINT FF81 65409 | Initialize screen editor alt. alt. alt.
CLALL FFE7 65511 | Close all channels and files alt. alt.
CLOSE FFC3 | 65475 | Close a specified logical file LF# alt. alt. alt.
CLRCHN | FFCC | 65484 | Restore default I/O devices alt. alt.
GETIN FFE4 65508 | Get character from current input device data alt. alt.
IOBASE FFF3 65523 | Returns base address of I/O devices addr lo addr hi
I0INIT FF84 65412 | Initialize Input/Output alt. alt. alt.
LISTEN FFB1 65457 | Command devices on the serial bus to listen DEV#
LOAD FFDS5 | 65493 | Load(.A=0)or Verify (A=1) ‘ram’ from a device startlo start hi endlo+1 end hi
MEMBOT | FF9C | 65436 | Read(.C=1)or Set(.C=0)the bottom of memory .C=0: botlo bot hi C=1 bot lo bot hi
MEMTOP | FF99 65433 | Read(.C=1) or Set(.C =0) the top of memory .C=0: top lo top hi C=1 top lo top hi
OPEN FFCO | 65472 | Open alogical file alt. alt. alt.
PLOT FFFO 65520 | Read (.C=1)or Set(.C=0)x, y cursor position row col row col
RAMTAS FF87 65415 | Init. ram, allocate tape buff, set screen $0400 alt. alt. alt.
RDTIM FFDE 65502 | Read real time clock msb msb2 Isb
READST FFB7 65463 | Read I/O status word ST
RESTOR FF8A | 65418 | Restore default /O vectors alt. alt. alt.
SAVE FFD8 | 65496 | Save ‘ram’to device, from $2B,2Cto .X,.Y f:f:stéas? endlo end hi endlo+1 endhi
SCNKEY FFOF | 65439 | Scan keyboard alt. alt. alt.
SCREEN FFED | 65517 | Return screen size in rows & columns #rows #cols
SECOND | FF93 65427 | Send secondary address after ‘listen’ SA OR $60
SETLFS FFBA | 65466 | Setlogical, first, and second addresses LF# DEV# SA
SETMSG FF90 65424 | Enable/Disable ‘Kernal' messages .A val: $40 control msgs on. $80 error msgs on. $00 off
SETNAM | FFBD | 65469 | Setfile name len addr lo addr hi
SETTIM FFDB | 65499 | Setreal ime clock msb msb2 Isb
SETTMO FFA2 65442 | Set(.A<#128) Reset (.A>#127) Serial/|EEE timeout
STOP FFE1 65505 | Scan stop key depressed yes: .Z=1, no .A =last row kybd scan
TALK FFB4 65460 | Command serial bus device to ‘talk’ DEV#
TKSA FF96 65430 | Send secondary address after ‘talk’ SA
UDTIM FFEA | 65514 | Increment real time clock alt. alt.
UNLSN FFAE 65454 | Command serial bus to ‘unlisten’ alt.
UNTLK FFAB | 65451 | Command serial bus to ‘untalk’ alt.
VECTOR FF8D | 65421 | Store(.C=1)or Restore (.C=0) ram vectors .C=1 tabl lo tabl hi .C=0: tabl lo tab! hi

alt. = altered
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# 2.0 “;mv VIC 20 csa Operation A Reg'im " Y A Res a:s o Y

60| F18C | 61836 | F1CO | 61888 | EF19 |61209 | EE13 | 60947 | Input from IEEE/Serial Data

61| F2A9 |62121 | F2DD | 62173 | F34A | 62282 | F291 | 61985 | Close logical file (kernal rin) F#

62| Fa01 | 62209 | Fa35 |62261| FT70 | 63344 | FGED | 63213 | Check for STOP key Zfiag=1if pressed

63| Fa22 | 62242 | Fa56 | 62294 | F542 | 62786 | FA9E | 62510 | LOAD subroutine #500 | Startlo | StartHi

64| FA0A | 62474 | F449 | 62537 | F647 | 63047 | FSAF | 62895 | Print SEARCHING... (direct call

65| F41D | 62493 | F45C | 62556 | F659 | 63065 | F5C1 | 62913 | Print file name (direct call

66| F494 | 62500 | FAD3 | 62675 | F867 | 63591 | F7EA | 63466 | Find specific tape header block Len | Pointer to string in $BB, BC (same for 2/4.0)

67| F5A6 | 62886 | FSE5 | 62949 | F7AF | 63407 | F72D | 63277 | Find any tape header block (direct call) ;

68| F812 63506 | F857 | 63575 | F894 |63524 | F817 |63511 | Press PLAY... wa (direct call

69| F855 |63573 | FB9A | 63530 | FBCO | 63680 | F841 | 63553 | Read tape to buffer (direct call)

70| FBSE | 63582 | FBA3 | 63651 | FEC6 | 63686 | F847 | 63550 | Read tape (direct cal)

71| F886 | 63622 | FBCB | 63691 | FBE3 | 63715 | F864 | 63588 | Write tape from buffer ‘

72| FBBE | 63630 | FBD3 | 63699 | FBES | 63720 | F869 | 63593 | Write tape, leader length in A LdrLen. |

73| FB76 | 64374 | FBBB | 64443 | FCF6 | 64756 | FBE | 64398 | Reset tape IO (direct call)

74| FC9B | 64555 | FCEO | 64736 | FCF9 {64761 | FCBD (64701 | Set interrupt vector (direct call)

75| FCD1 | 64721 | FD16 | 64790 | FD22 | 64802 | FCE2 | 64738 | Power On Reset (direct call)

BASIC Keyword Tokens and Entry Points
Toren ROM Enry Pomt Token _ BASIC20 __ BASIC40 ___ VIC20 Co4
Keyword Hex Dec BASIC 20 BASIC 4.0 VIC 20 Cé4 LIST 9B | 155 | C5B5 | 50613 | B630 | 46640 | C69C | 50844 | A6SC | 42652

ABS B6 | 182 | DB64 | 56164 | CDSE | 52622 | DC58 | 59408 | BCS8 | 48216 LOAD" 93 | 147 | FFDS5 | 65493 | FFD5 | 65493 | FFD5 | 65493 | FFDS | 65493
AND AF | 175 | CECB | 52939 | C089 |49289 | CFE9 | 53225 | AFE9 | 45033 LOG BC | 188 | D8F6 | 55542 | CB20 | 52000 | D9EA | 55786 | BOEA | 47594
APPEND"* D4 | 212 FFAB | 65451 MID CA | 202 | D611 | 54801 | C86D [ 51309 | D737 !55095 | B737 | 46903
ASC C6 | 198 | D665 | 54885 | C8C1 | 51393 | D78B | 55179 | B78B | 46987 NEW A2 | 162 | C55B [ 50523 | BSD2 | 46546 | C642 | 50754 | A642 | 42562
ATN C1 | 193 | EO8C | 57484 | D32C | 54060 | E30B | 58123 | E30E | 58126 NEXT 82 | 130 | CC20 | 52256 | BD19 | 48409 | CD1E | 52510 | AD1E | 44318
BACKUP** D2 | 210 FFAS | 65445 NOT A8 | 168 | CDCF | 52687 | BECC | 48844 | CED4 | 52948 | AED4 | 44756
CATALOG"* DA | 215 FFB4 | 65460 ON 91 | 145 | C853 [ 51283 | B8D6 | 47318 | C94B | 51531 | A94B | 43339
CHR C7 | 199 | D5C6 | 54726 | C822 | 51234 | D6E6 | 55020 | B6EC | 46828 OPEN" 9F | 159 | FFCO | 65472 | FFCO | 65472 | FFCO | 65472 | FFCO | 65472
CLOSE* AO | 160 | FFC3 | 65475 | FFC3 | 65475 | FFC3 | 65475 | FFC3 | 65475 OR BO | 176 | CEC8 | 52936 | C086 | 49286 | CFE6 | 53222 | AFE6 | 45030
CLR 9C | 156 | C577 | 50551 | BSEE | 46574 | C65E | 50782 | A65E | 42590 PEEK C2 | 194 | D6E8 | 55016 | C943 | 51523 | D8OD | 55309 | B8OD [ 47117
CMD 9D | 157 | C991 | 51601 | BASE | 47758 | CAB6 | 51846 | AASS | 43654 POKE 97 | 151 | D707 | 55047 | C95A | 51546 | D824 ; 55332 | B824 | 47140
COLLECT"* D1 | 209 FFA2 |65442 POS B9 | 185 | D27A | 53882 | C4C9 | 50377 | D39E [ 54174 | B39E | 45982
CONCAT"* CC | 204 FF93 {65427 7] PRINT"® 99 | 153 | FFD2 | 65490 | FFD2 | 65490 | FFD2 | 65490 | FFD2 | 65490
CONT SA | 154 | C76B | 51051 | B7EE | 47086 | C857 | 51287 | A857 | 43095 PRINT# 98 ;| 152 | C98B | 51595 | BA8S | 47752 | CAB0 | 51840 | AABD | 43648
COPY"* D3 | 211 i FFA8 | 65448 READ 87 | 135 [ CBO7 | 51975 | BCO2 | 48130 | CCO6 | 52230 | ACO6 | 44038
Ccos BE [ 190 | DFD8 | 57304 | D282 | 53890 | E261 | 57953 | E264 | 57956 RECORD"* CF I 207 FFOC | 65436
DATA 83 | 131 | C800 | 51200 | B883 47235 | C858 | 51448 | ABF8 | 43256 REM 8F . 143 | C843 ’51267 B8C6 ; 47302 | C93B | 51515 | A93B | 43323
DCLOSE"* CE | 206 FF99 | 65433 RENAME"* D08 | 216 FFB7 | 65463 :
DEF 96 | 150 | D28D ;53301 [ CADC | 50396 | D3B3 | 54195 | B3B3 | 46003 RESTORE 8C | 140 | C730 | 50992 | B7B7 | 47031 | C81D | 51229 | A81D " 43037
DIM 86 | 134 | CF6E3 | 53091 | C121 | 49441 | DO81 | 53377 | BO81 | 45185 RETURN 8E | 142 |C7DA ;51162 | B85D {47197 | C8D2 | 51410 | A8BD2 | 43218
DIRECTORY"* DA | 218 FFB4 | 65460 RIGHT o] | 201 | D606 | 54790 | C862 | 51298 | D72C 55084 | B72C | 46892
DLOAD"* CD | 205 FF96 | 65430 i ! RND 88 ' 187 | DF7F 157215 | D229 | 53801 | E094 | 57492 | E097 | 57495
DSAVE"* D5 | 213 FFAE | 65454 I | RUN BA | 138 | C785 51077 | BBOB {47112 | C871 | 51313 | As71 43121
END 80 | 128 | C741 | 51009 | B7C8 | 47048 | C831 ‘ 51249 | A831 i43057 SAVE" 94 148 | FFD8 ] 65496 | FFD8 | 65496 | FFD8 | 65496 | FFD8 | 65496
EXP BD | 189 | DEDA | 57050 | D184 | 53636 | DFED | 57325 | BFED '49133 SCRATCH" * D9 . 217 'l FFBA | 65466
FN A5 | 165 | D2CE | 53966 | C51D {50461 | D3F4 | 54260 | B3F4 | 46068 SGN 84 | 180 | BD45 I 56133 | CD6F | 52591 | DC39 | 56377 | BC39 | 48185
FOR 81 129 | C658 | 50776 | B6DE | 46814 | C742 51010 | A742 | 42818 SIN BF | 191 | DFDF | 57311 | D289 | 53897 | E268 | 57960 | E26B | 57963
FRE B8 | 184 | D259 | 53849 | C4A8 | 50344 | D37D ! 54141 | B37D | 45949 SPC( A6 | 166 | COFC {51708 | BAFD | 47869 | CAF8 | 51960 | AAF8 | 43768
GET" Al | 161 | FFE4 | 65508 | FFE4 ‘ 65508 | FFE4 ;65508 | FFE4 | 65508 SOR BA | 186 | DESE | 56926 | D108 | 53512 | DF71 | 57201 | BF71 | 49009
GOosuB 8D | 141 | C790 [ 51088 | B813 | 47123 | C883 | 51331 | A883 | 43139 STEP A9 : 169 | C6AB | 50859 | B731 | 46897 | C795 (51093 | A795 | 42901
GOTO 89 | 137 |C7AD 51117 | B830 |47152 | C8AD i 51360 { ABAO | 43168 STOP 90 | 14¢ | C73F [ 51007 | B7C6 | 47046 | C82F | 51247 | AB2F | 43055
HEADER" " 00 | 208 FFOF | 65439 STR Ca | 196 | D33F 154079 | CS8E | 50574 | D465 | 54373 | B465 | 46181
IF 88 139 | C830 | 51248 | B8B3 | 47283 | C928 | 51496 | A928 | 43304 SYs* 9E ! 158 | F684 {63108 | FE6C3 {63171 | E127 {57639 | E12A | 57642
INPUT* 85 = 133 | FFCF | 65487 | FFCF | 65487 | FFCF | 65487 | FFCF | 65487 TAB( A3 :ﬁISS C9FC : 51708 | BAFD | 47869 | CAF8 | 51960 | AAF8 | 43768
INPUT# 84 | 132 | CAA7 | 51879 | BBA4 | 48036 | CBAS | 52133 | ABAS | 43941 TAN co ' 192 | E028 {57384 | D2D2 | 53970 | E2B1 | 58033 | E2B4 | 58036
INT B85 | 181 | DBD8 | 56280 | CE02 | 52738 | DCCC | 56524 | BCCC | 48332 USR B7 | 183 | PET/ICBM: JMP $0000. VIC/64: JMP($0311) ;USR Jump Vector
LEFT C8 | 200 | DSDA |54746 | C836 | 51254 | D700 ! 55040 | B700 i46848 VAL C5 | 197 | D687 | 54919 | C8E3 | 51427 | D7AD | 55213 | B7AD | 47021
LEN C3 | 195 | D656 | 54870 | C8B2 | 51378 | D77C | 55164 | B77C | 46972 VERIFY* 95 | 149 | FFDB [ 65499 | FFOB | 65499 | FFDB | 65499 | FFDB | 65499
LET 88 | 136 | C8BAD | 51373 | B930 | 47408 | C9AS i 51621 | A9AS | 43429 WAIT 92 | 146 | D710 | 55056 | C963 | 51555 | D82D | 55341 | B82D | 47149

* Kernal Routine / * * BASIC 4.0 Kerna! Routine

Machine Language
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SuperChart: BASIC2.0/4.0
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DECIMAL HEX ASCll SCREEN BASIC 6502 DECIMAL DECIMAL HEX ASClHl SCREEN BASIC 6502 DECIMAL U
0 00 @ end-line BRK 0 64 40 @ =) @ RTI 64
1 01 A ORA(1,X) 1 65 41 A ®a A EOR(,X) 65 :
2 02 B 2 66 42 B Db B 66 U
3 03 stop C 3 67 43 C B.c C 67
4 04 D . 4 68 44 D H.d D 68
5 05 E ORAZ 5 69 45 E O.e E EORZ 69 1
6 06 F ASL Z 6 70 46 F g f F LSRZ 70 L‘
7 07 bel G 7 71 47 G DOg G 71
8 08 H PHP 8 72 48 H ,h H PHA 72
9 09 tab | ORA # 9 73 49 | &, | EOR # 73
10 0A J ASL A 10 74 4A J 3, J LSRA 74 U
11 0B K 11 75 4B K 7.k K 75
12 oC L 12 76 4C L ol L JMP 76
13 0D carret M ORA 13 77 4D M ,m M EOR 77 i
14 OE text N ASL 14 78 4E N A,n N LSR 78 U
15 OF top left o] 15 79 4F 0 O.,0 0 79
16 10 P BPL 16 80 50 P Op P BVC 80
17 11 curdown Q ORA(l)Y 17 81 51 Q [_Ke] Q EOR(l)Y 81 )
18 12 reverse R 18 82 52 R Or R 82 U
19 13 curhome S 19 83 53 S S S 83
20 14 delete T 20 84 54 T Ot T 84
21 15 delline U ORA ZX 21 85 55 U Q.u U EOR Z X 85 .
22 16 ers start Vv ASL ZX 22 86 56 \ v \Y LSR Z,X 86 U
23 17 w 23 87 57 w Ow w 87
24 18 X CLC 24 88 58 X X X CLI 88
25 19 scrolldn Y ORAY 25 89 59 Y Oy Y EORY 89 |
26 1A z 26 90 5A Z @z z 90 1
27 1B escape [ 27 91 5B [ &8 [ g1 -—
28. 1C \ 28 92 5C \ 0] \ 92
29 1D curright ] ORA X 29 93 5D ] o ] EOR X 93 .
30 1E t ASL X 30 94 5E t B t LSR X 94 J
31 1F - 31 95 5F -« N, - 95
32 20 space space space JSR 32 96 60 O RTS 96
33 21 ! ! ! AND(1,X) 33 97 61 i} ADC(,X) a7 i
34 2 " ) 34 98 62 =] 98 f
35 23 # # # 35 99 63 (] 99 -
36 24 $ $ $ BITZ 36 100 64 O 100
37 25 % % % AND Z 37 101 65 O ADCZ 101
38 26 & & & ROL Z 38 102 66 | RORZ 102 U
39 27 / / / 39 103 67 O 103
40 28 ( ( ( PLP 40 104 68 &= PLA 104
41 29 ) ) ) AND # 41 105 69 | 407/ ADC # 105 L
42 2A * * * ROLA 42 106 6A | ROR A 106 u
43 2B + + + 43 107 6B B 107
44 2C , , s BIT 44 108 6C ) JMP() 108
45 2D - - - AND 45 109 6D | ADC 109 |
46 2E . . . ROL 46 110 6E =y ROR 110 Ll
47 2F / / / 47 111 6F (] 111
48 30 0 0 0 BMI 48 12 70 3 BVS 112
49 31 1 1 1 AND(l)Y 49 113 71 2] ADC(l)Y 113
50 32 2 2 2 50 114 72 = 114 U
51 33 3 3 3 51 115 73 =] 115
52 34 4 4 4 52 116 74 D 116
53 35 5 5 5 AND Z X 53 117 75 D ADC Z X 117
54 36 6 6 6 ROL Z X 54 118 76 1 | RORZX 118 U
55 37 7 7 7 55 119 77 B 119
56 38 8 8 8 SEC 56 120 78 = SEI 120
57 39 9 9 9 ANDY 57 121 79 =] ADCY 121 .
58 3A : : 58 122 7A 0.2 122 U
59 38 ; ; ) 59 123 78 B ] 123
60 3C < < < 60 124 7C ™ 124
61 3D = = = AND X 61 125 7D (=] ADC X 125
62 B3 > > > ROLX 62 126 7E 0 RORX 126 U
63 3F ? ? ? 63 127 7F "] 127
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DECIMAL HEX ASCIl SCREEN BASIC 6502 DECIMAL| |DECIMAL HEX ASCIl SCREEN BASIC 6502  DECIMAL

128 80 END 128 192 CoO = 7 TAN CPY # 192

129 81 FOR STA(LX) 129 193 C1 ®a ATN CMP(),X 193

130 82 NEXT 130 194 C2 @b PEEK 194

131 83 load & run DATA 131 195 C3 B¢ LEN 195

132 84 INPUT# STYZ 132 196 C4 HB.d STR$ CPYZ 196

133 85 B INPUT STAZ 133 197 C5 DO.e VAL CMPZ 197

134 86 DIM STXZ 134 198 Ce Bif ASC DECZ 198

135 87 bell READ 135 199 C7 DOg CHR$ 199 =

136 88 LET DEY 136 200 C8 Mh LEFT$  INY 200 8

137 89 setlcrtab | GOTO 137 201 co A& RIGHTS CMP# 201 e

138 8A RUN TXA 138 202 CA O, MID$ DEX 202 e

139 8B IF 139 203 CB @Ak GO 203 €3]

140 8C @ RESTORE STY 140 204 cCc Ol CONCAT CPY 204 R

141 8D carret GOSUB  STA 141 205  CD .m = DOPEN CMP 205 £

142 8E graphics RETURN STX 142 206 CE @n ¥ DCLOSE DEC 206 ®

143  8F botright REM 143 207 CF LCo < RECORD 207 -5

144 90 STOP BCC 144 208 DO dp S  HEADER BNE 208 4

145 91 curup ON STA()Y 145 209 D1 ®q €  COLLECT CMP()Y 209 g

146 92 rvsoff WAIT 146 210 D2 Cvr 3  BACKUP 210 =

147 93 clear LOAD 147 211 D3 Ms o  COPY 211 /]

148 94 insert SAVE STYZX 148 212 D4 DOt APPEND 212

149 95 insline VERIFY STAZX 149 213 D5 Bu DSAVE CMPZX 213

150 96 ersend DEF STXZY 150 214 D6 Ry DLOAD DECZX 214

151 97 B POKE 151 215 D7 Ow CATALOG 215

152 98 PRINT# TYA 152 216 D8 WX RENAME CLD 216

153 99 scrollup PRINT . STAY 153 217 D9 Oy SCRATCH CMPY 217

154  9A CONT  TXS 154 218 DA @z DIRECTORY 218

155 9B escape m LsT 155 219 DB 22 219

156  9C CLR 156 220 DC D 220

157 9D curleft oI CMD STAX 157 221 DD m CMP X 221

158  9E B SYS 158 222 DE N DEC X 222 5

159  OF B OPEN 159 223 OF NN | 223 -

160 A0 m| B CLOSE LDY# 160 224  EO [ ] CPX # 224 o

161 A1 3] B GET LDA(LX) 161 225 E1 m SBC(),X 225 o=

162 A2 = B NEw LDX # 162 226  E2 - 226 L~

163 A3 ] B T1AB 163 227  E3 ] 227 é

164 A4 O TO LDY Z 164 228  E4 ] CPXZ 228

165 A5 0 FN LDAZ 165 229 E5 [ ] SBCZ 229 Q

166 A6 ] SPC( LDX Z 166 230 E6 = INCZ 230 2

167 A7 ] @ THEN 167 231 E7 [ ] 231 8

168 A8 =] NOT TAY 168 232  E8 .| INX 232 -

169 A9 LN/] STEP LDA # 169 233 E9 «, SBC # 233 &

170 AA a B + TAX 170 234 EA [ | NOP 234 g

171 AB a] - 171 235 EB 235 &

172 AC P B =« LDY 172 236 EC [ ] CPX 236 a

173 AD © B / LDA 173 237 ED SBC 237 -

174  AE & B LDX 174 238  EE a INC 238 0

175  AF jm| AND 175 239  EF ] 239 -

176  BO 3 B Or BCS 176 240 FO B BEQ 240 (-]

177 - B1 B B > LDA()Y 177 241 F1 -] SBC()Y 241 'g

178 B2 =] = 178 242  F2 = 242

179 B3 2] < 179 243  F3 243 E

180 B4 0 SGN LDYZX 180 244  F4 m 244 g

181 B5 D INT LDAZX 181 245 F5 m SBCZX 245 o

182  B6 m ABS LDXZY 182 246  F6 1 INCZX 246 (&)

183  B7 ] USR 183 247  F7 = 247

184 B8 = B FRE CLv 184 248  F8 = SED 248 3

185 B9 =] B POs LDAY 185 249  F9 - SBCY 249 Q

186 BA O2 B SOR TSX 186 250 FA LN ] 250 ‘a

187 BB o B RN\D 187 251 FB . | 251 E v

188 BC ™ LOG LDY X 188 252 FC [ = 252

189  BD ] B Exp LDA X 189 253 FD a SBC X 253 8

190 BE ] cos LDX Y 190 254  FE " ] INC X 254

191 BF = SIN 191 255 FF n = n 255 Q
=
o
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BASIC 2.0 / BASIC 4.0 Memory Map

Supplied by Jim Butterfield. Reference to DOS, MLM, 80-Column, or those marked with an * are for BASIC 4.0 only.

|

!

—

Hex Dec Description
0000 - 0002 0-2 USR jump 0097 151 Which key down; 255 = no key
%gi 3 gceard;’:hamer fag %g 008, lgg ghih key: 1 if depressed
an-between-quotes -009A  153-134 orrection clock
0005 5 Input buffer pointer: # of subscripts 0098 155 Keyswitch PIA: STOP and RVS flags
0007 7 Type Fesing 0= numeric WD 1 Lot
o = . = i =0, Verify =
gggg g Rpe: SR_FAimegeru?ir =floating point %E 158 Number of characters in keybd buffer
ag: scan; quote; memory 159 Screen reverse fl ‘
g%é :(l) gublﬁgsir ﬂ.;%:oFNéEqragsgs READ %AO 160 IEEE output; 255 =character pending
= : $40=GET: $98 = Al 61 End-of-line-for-input pointer
ooomD 000F lg s STN sign/Comparison Evaluation flag 00A3-00A4  163-164  Cursor log (row, colzmrlv;°
- 13-1 isk status DSS$ descriptor 00A5 165 |EEE output buffer
0010 16 Current |70 device for prompt-suppress 00A6 166 Key imagpe
0011 - 0012 17-18 Integer value (for SYS, GOTO etc) 00A7 167 0= flash cursor
0013 - 0015 19-21 Pointers for descriptor stack 00A8 168 Cursor timing countdown
0016 - 001E 22-30 Descriptor stack(temp strings) 00A9 169 Character under cursor
001F - 0022 31-34 Utility pointer area 00AA 170 Cursor in blink phase
0023 - 0027 35-39 Product area for multiplication 00AB 171 EOT received from tape
gggs - %g 42—4:1‘ Pl?oii:ler-. gtan g{l 5ASIC 00AC 172 Input from screen/from keyboard
A- 42-4, ointer: Start of Variables 00AD 173 X save
002C - 002D 44-45 Pointer: Start of Arrays 00AE 174 How many open files
002E - 002F 46-47  Pointer:End of Arrays 00AF 175 Input device, normally 0
%gg - %:l, 453:-;9 ;oil::ter: ering gl'orage {moving down) 00B0 176 Output CMD device, normally 3
- 1 ointer: Utility String 00B1 177 Tape character parit;
0034 - 0035 52-53  Pointer: Limit of Memory 0082 178 Byte received flag Y
0036 - 0037 54-55  Current BASIC line number 0083 179 Logical Address temporary save
0038 - 0039 56-57 Previous BASIC line number 0084 180 Tape buffer character/MLM command
8g§é - %g 2&2? lc’oimer[:) ?\'ﬁllc slalemiren for CONT %g; lgl File name pointer/MLM flag, counter
- urrent ine number 183 Serial bit count
003E - 003F 62-63  Current DATA address 0089 185 Cycle counter
0040 - 0041 64-65 Input vector 00BA 186 Tape writer countdown
%2 - %g gg:g; gurrem varia::e :da‘r’ne %gg- 00BC  187-188  Tape buffer pointers, 1 and *2
4 - urrent variable address 189 Write leader count: read pass1/2
0046 - 0047 70-71 Variable pointer for FOR/NEXT 00BE 190 Write new byte; read error flag
gg:i - 0049 73-73 g—save: op-save:bilASlC pointer save % 191 Write stan bit; read bit seq error
7 ‘omparison symbol accumulator -00Ct  192-193  Error log pointers. pass1/2
004B - 0050 75-80 Misc work area, pointers, etc 00C2 194 0= Scang'/llx-,ls = Co':ml/540= Load/$80 = End
0051 - 0053 81-83  Jump vector for functions 00C3 195 Write leader length: read checksum
0054 -005D  84-93  Misc numeric work area 00C4-00C5  196-197  Pointer to screen line
005E 94 Accum”1: Exponent 00C6 198 Position of cursor on above line
005F - 0062 95-98  Accum*l: Mantissa 00C7-00C8  199-200  Utility pointer: tape, scrolt
0063 99 Acgum'l: ngp . 00C9-00CA  201-202 Tape end addrs/End of current program
ggg; :g(l) SAenes mev]al;auo:;«:nya:]t po)nmev %g- 00CC 5'78:5;-204 'gap; timing consl?ms "
ccum®1 hi-or joveriiow] =direct cursor, else ramm
0066 -006B  102-107  Accum*2: Exponent, etc. 00CE 206 Tape read timer | ena';gg
006C 108 Sign comparizon, Acc”1 vs 72 00CF 207 EOT received from tape
006D 106 Accum) lo-order (rounding) 00D0 208 Read character error
006E - 006F  110-111  Cassette buff len/Series pointer 00D1 209 “# characters in ‘ile name
0070 - 0087  112-135  CHRGET subroutine: get BASIC char 00D2 210 Current file logical address
ggg - %;(8: ::1,2:58 gaAs‘le poimez(ewi;:ier:1 subrtn) %gz 211 Current file secondary addrs
- ndom number seed. 212 Current file device number
008D- 008F  141-143  Jiffy clock for Tl and TIS 00D5 213 Right-hand window or line margin
m - %g; 1446: :4? :aR:(dwale interrupt vector oogg- 00D7  214-215 Pointer: Stan of Tape Buffer
2 - 146-14' interrupt vector 001 216 Line where cursor lives
0094 - 0095  148-149  NMIinterrupt vector 00D9 217 Last key/checksum/misc.
0096 150 Status word ST 00DA-00DB  218-219  File name painter
00DC 220 Number of INSERTS outstanding
00DD 221 Write shift word/read character in T
00DE 222 Tape blocks remaining to write/read E810 Sense Elglgfn (aazsseue ber:sle ] Keyboard Row Select pal 59408
00DF 223 Serial word buffer Tape *1 |
00E0-00F8  224-248  (40column) Screen line wrap table E8IL P g EOIOu ,, | OORA Read Comros cAL | 59409
00E0-00E1  224-225  (80-column) Top, bottom of window
00E2 226 (80~column) Left window margin E812 Keyboard Row Input 59410
%3 2:% :w-mm::m:; kgl::;e‘;m buffer E813 Rle'l:zace I Cassette *1 Motor Uulpu; I ??Ef l fexrace fnterru pt 59411
00ES 229 (80-column) Repeat countdown L_ag a2 fccess Control, _CBI
00E6 230 {80-column) New key marker
00E7 231 (80-column) Chime time
232 (80-column) HOME count E820 IEEE Input 59424
00E9- 00EA  233-234  (80-column) Input vector = — 3
00EB- 00EC ~ 235-236  (80-column) Output vector E821 | AIN 4[ IEEE NDAC Out5, 235; CEEEATA I | 59425
00F9 - 00FA  249-250  Cassette status, *1 and 2 =
O00FB-00FC  251-252  Tape start address/MLM Pointer ES22 IEEE Output 59426
00FD-00FE ~ 253-254  MLM/DOS pointer/misc. <R = -
0100-010A  256-266  STRS work area/MLM work E823 | RQ | | IEEEDAV Outg, | wone | JEEESRQIN | 59427
0100-013E  256-318  Tape read error log =
0100 - OIFF  256-511  Processor stack
0200 - 0250  512-592  MLM work area: Input buffer 5 R q R .
025B-0264 603-612  File device number table - _
0265 -026E  613-622  File secondary addr table E841 Parallel User Port (PUP.) 170 with Handshake 59457
026F - 0278  623-632  Keyboard input buffer — - _
027A-0339  634-825  Tape*! input buffer E842 Data Direction Register B (for E840) 59458
033A-03F9  826-1017 Tape“2 input buffer - - - _
033A 826 DOS character pointer E843 Data Direction Register A (for E84F, PUP.) 59459
0338 827 DOS drive 1 flag
033C 828 DOS drive 2 flag E844 L | 59460
033D 829 DOS length/write flag . i -1 .
033E 80  DOSsynax flags E845 Timer 1 H| 59461
033F -0340  831-832 DOSdisk ID .
0341 833 DOS command string count E846 L [ 59462
0342 -0352  834-850  DOS file name buffer B Timer 1 Latch -1 _
0353 -0380  851-896  DOS command string buffer E847 H| 59463
03EE-03F7 1006-1015 (80-column) Tab stop table _
03FA-03FB  1018-1019 Monitor extension vector E848 L | 59464
03FC 1020 IEEE timeout defeat® SFF—disable B Timer 2 i IR
0400 - 7FFF  1024-32767 Available RAM includi i E849 H| 59465
8000 - 83FF 3276833791 (40-column) Video RAM " " =
8000 - 87FF 3276834815 (80-column) Video RAM E84A Shift Register 59466
9000 - AFFF 3686445055 Available ROM expansion area® TT Control STl - - ~PB_PA Laich _
B000- DFFF 4505657343 SASIC DOS, Machie Lang Monitor E84B Loy o '.’.’.'::Z;?.? il Sen j;h.,l.ﬂ Fegier Control Lonirol 59467
(2.0 BASIC: COOO-EOFS, 49152-57592) E84C | |\ vow Cuneie: 59468
E0D0- E7FF 5734459391 Screen, Keyboard. Interrupt programs TT TT—ICBI Cass -
(2.0: EOF9-) E84D | siaris | INT | INT | e2iRT | INT | INT 59469
EBI0-E813 5940859411 PIA I - Keyboard I/0 E84E | Enable | T TS BT CBS 1SRG T—CAT A -
ER0-ERZS  SSMEBAZT PIAZ- IEEE-4881/0 Clear/Set |INT Enab |INT Enab |INT Enab|INT Enab [INT Enab|INT Enab |INT Enab{ 39470
E880-E881 5952059521 (80-column) CRT Controller E84F Parallel User Port 1/0 (PA) pal 39471
F000 - FFFF 6144065535 Reset, 170 handlers, Tape routines

— [ [
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BASIC 2.0 / BASIC 4.0 ROM Routines
The BASIC 4.0 40-character and 80-character machines are the same except for addresses SE000-$E7FF. This map shows where various routines lie.
The first address is not necessarily the proper entry point for the routine. Similarly, many routines require register setup or data preparation before calling.
BASIC 2.0 ROM Routines
Address  Description
€000 - C045 Action addresses for primary keywords CDEC Evaluate expr. within() D8C8 - D85  Constants. E34C ~ E3BA  Set screen print parameters F66C - F683  Set buffer stant & end addrs
C046 - €073  Action addresses for functions CDF2 - CE02 Check parenthesis. comma  D8F6 Perform |LOG) E38B - F395  Prevent 8i-char line getting longer F684 - F66C  Perform |SYS|
C074 -C091 Hierarchy & action addrs for operators ~ CEO3 - CEO7 Syntax error exit D937 - D997 Perform multiplication E396 - E383  Turn 40 char line into 80 char line F68D - F69D  Set tape write start & end
C092 - C192 Table of BASIC keywords CEO08 - CE88 Variable name setup D998 - DIC2  Unpack memory into accum*2 E3B4 - E3D7 Back into previous line F69E - F728  Perform [SAVE]
C193 - C2A9 BASIC messages, mostly error msgs CE89 - CEC7 Set up function references D9C3 - DIDF  Test & adjust accumulators E3D8 - E518 Handle ASCH char for screen output — F729 - F76C  Update clock
C2AA-C2D7 Search stack FOR/GOSLB CEC8 - CEF7 Perlorm [OR). [AND] D9ED - D9ED Handle overflow and underflow ~ ES519 - ES3E  Goto next screen line F76D - F76F Tl constant: modulus 24 hrs
C2D8 - C31A  Open up space in memory CEF8 - CFSF  Perlorm comparisons DSEE - DA04  Muttiply by 10 ES3F - ESBY  Scroll screen F770 - FiBB Connect input device
C31B - (327 Test: stack 100 deep? CF60 - CF6C  Pertorm [DIM] DAO5 - DA0O9 10 in floating binary E5BA - E61A  Open a line on screen F7BC - F805 Connect output device
€328 -C354 Check available memory CFGD - CFF6  Search for variable DAOA Divide by 10 E61B - E62D  Main Interrupt entry F806 - F811 Bump tape bufler pointer z
€355 Send canned error message, then: CFF7 - D077 Create new variable DAI3 Perform divide-by E62E - EGEY Interrupt: clock, cursor, keyboard FBI2 - F834 Wait for PLAY m
C389 - C3AA Warm start (ready.) D078 - D088  Setup array pointer DAIE - DAAD Perlorm divide-into E6FA - E6F7  Output character FB35 - F846  Test cassetle swilches
C3AB-C44]1 Handle new BASIC line input D089 - DOBC 32768 in floating birary DAAE- DAD2 Unpack memory into accum®] E6F8 - F769 Table: keyboard matrix decoder FB47 - F854  Wait for PLAY AND RECORD U
C442 - C46E Rebuild chaining of BASIC lines DO8D - DOAB  Evaluate integer expression ~ DAD3- DBO7 Pack accum”1 into memory E76A - E796  MLM sub: output hex digits F855 Initiate tape read
C46F -C494 Receive line from keyboard DOAC-~ D258 Find or make array DBO08 - DB17 Move accum*2to “1 E797 - ETA6  MLM sub: swap TMPO and TMP2 FB86 - FBES Initiate 1ape write =~
C495 -C52B  Crunch keywords into BASIC tokens D259 Perform [FRE], and: DBI8 - DB26 Move accum”l to *2 E7AT - ETFG MM sub: input hex digits FBE6 - FBEF  Test I/0 complete h
C52C - CS5A  Search BASIC for given line number D26D - D279  Convert lixed-to-floating DB27 - DB36 Round accum”1 E7F7 - E7FF  MLM sub: print > FBFO - FOFF  Test STOP key
C558B Perform [NEW}. and; D27A - D27F  Perform [POS) DB37 - DB44  Get accum” | sign F000 - FOBS  File messages F900 - F930  Tape bit timing adjust m
€577 - C5A6 Perform [CLR] D280 - D28C Check not Direct DBA45 - DB63  Perform [SGN) FOB6 - F127  Send ‘Talk’, ‘Listen’, IEEE command ~ F931 Read tape bits m
C5AT -C5B4  Reset BASIC execution 1o start D28D - D2BA Perform [DEF) NB64 - DBE6  Perform [ABS) F128 - FI35 Send char to IEEE FAS7 -FB75 Store tape characters
C5B5 -C657 Perform [LIST| D2BB - D2CD Check FNx syntax DB67 - DBA6 Compare accum*1 to memory F136 - F155 Write Timeout, Device Not Present FB76 - FB7E Reset tape read address o2
€658 - C6FF  Perform [FOR] D2CE - D33E  Evaluate FNx DBA7-DBD7 Floating-to-fixed F156 - F163 Send canned I/0 message FB7F - FB83 Flag error into ST [/}
C700 - C72F Execute BASIC statemen: D33F - D34E Perform [STRS) DBD8- DBFE Perform [INT} F164 - FI6E Send ‘Listen’, secondary address FB84 - FB92 Resel counters for new byte Q
C730 -C73E Perform [RESTORE] D34F - D360 Do string vector DBFF - DC8Y  Convert string to floating=puint FI16F - FITE  Send normal (delerred) IEEE char FB93 - FBAE Write a bit to tape [\
C73F -C76A Perlorm [STOP] or (END} D36] - D3CD Scan, set up string DCBA- DCBE  Get new ASCII digit FI17F - FI18B  Drop IEEF. device FBAF - FC40  Tape write
C76B - C784 Perform [CONT) D3CE - D3FF  Allocate space for string DCBF - DCCD Constants F18C - FIDO Input byte from IEEF, FC4) - FCTA  Write tape leader z
C785 - C78F Perform [RUN] D400 - D516  Garbage collection DCCE Print IN. then: FIDI -FIED GETabwie FC7B - FC95  Terminate tape; restore inferrupt
€790 ~C7AC Perform [GOSUB] D517 - D553 Concatenate DCD3- DCE8  Print BASIC line # FIEI -F231 INPUT abyte FC96 - FCAS  Set interrupt vector =~
C7AD-C7D9 Perform [GOTO] D554 - DS7C  Store string DCE9 - DEIC  Conven fluating-point to ASCI! F232 - F26D Output a byte FCA6 - FCB3  Turn uif tape motor =y
C7DA Perform {RETURN], then: D57D - DSB4  Discard unwanted string DEID-DESD Constants F26E Abort files FCB4 - FCC5 Checksum calculation °
CiF3 -CBOD Perform [DATA): skip statement DSBS - D5C5  Clean descnptor stack DESE. Perform [SQR] F284 - F28C  Restore default 1/0) devices FCCh - FCDA Advance luad/save pointer N E
C80E Scan for next BASIC statement D5C6 - DSDY  Perform [CHRS) DES8 Perform power function F28D - F2A8 Find/setup file data FCDI - FCFD Power-on Rese:
C811 -C82F Scan for next BASIC line DSDA- D605  Perform [LEFTS) DEAI - DEAB Perform negation F2A9 - F300  Perform |CLOSE] FCFE - FDI0 Table of interrupt vectors Q
€830 Perform [IF], and perhaps: D606 - D610  Perform [RIGHTS] DEAC- DEDS Constants F301 - F30E  Test STOP key FDI: - FFBO  Machine Language Monitor z
€843 - 852 Perform [REM): skip line D611 - D63A Perform [MIDS) DEDA- DF2C Perform [EXP) F30F - F314  Action STOP key FFBI - FFBF CBM copyright staternent
C853 -C872 Perform [ON} D63B - D655  Pull string data DF2D - DF76 Series evaluation F315 - F31C  Send message if Direct mode Jump Table:
C873 - CBAC Accept fixed-poirt number D656 - D6SB  Perform [LEN] DF77 - DFTE. RND constants F31D - F321  Test if Mirect mode FFCn OPEN
C8AD - C98A Perform [LET)] D65C - D664  Switch string to numeric DF7F - DFD7 Perform [RND) F322 - F3C1  Program load subroutine FFC3 CLOSE
C98B - C990 Perform [PRINT?] D665 - D674  Perform {ASC) DFD8 Perform (COS) F3C2 - F409  Perform [LOAD] FFC6 Set input device
€991 - C9A4  Perform {CMD)] D675 - D686  Get byte parameter DFDF- E027  Perform [SIN) F40A - F43D Print Searching. Luading, Verilying FFCY Set output device
C9AS5 - CAIB Perform [PRINT] D687 - D6C5  Perform [VAL] E028 - E053 Perform [TAN] FA3E - FASF  Get Luad/Save parameters FFCC Resture default 170 devices
CAIC - CA38 Print string from memory DSC6 - DSD1  Parameters for POKE/WAIT  E054 - EO8B  Cunstanis FA6) - FAG5  Get a byte parameter FFCF INPUT a byte
CA39 - CA4E  Print single format character D6D2 - DEE7 Conven floating-to-lixed E08C - EOBB  Perform {ATN]) F466 - F493 Send filename to IEEE FFD2 Output a byte
CAA4F - CATC  Handle bad input data D6E8 - D706 Perform [PEEK] EOBC - EOF8  Constants Find specific tape header FFDS LOAD
CA7TD- CAA6 Perform [GET) D707 - D70F Perform [POKE] EOF9 - E110  CHRGET sub for zero page Perform |VERIFY] FFD8 SAVE
CAA7-CACO Perform |INPUT”| D710 - D72B  Perform [WAIT] Elll -EN15 Initial RND seed Get Open/Close parameters FFDB VERIFY
CACI - CAF9  Perform [INPUT) D72C - D732 Add 0.5 EN6 -EIB6 BASIC cold start FS0E - F515  Abort if end-ol-line FFDE SYS
CAFA - CB06  Prompt and receive input D733 - D744  Perform subtraction EIB7 - EIDD Power up msg. “bytes free” F516 - F520 Check comma, else Syntax Error FFE) Test stap key
CBO7 - CBFB  Perform [READ) D745 - D76D Microsoft Joke (WAIT 6502)  EI1DE Init 170 regs and: F521 - FSAS Perform |OPEN] FFE4 GET byte
CBFC - CCIF  Canned Input error messages D76E - D352  Perform addition E229 Clear screen and: F5A6 - FSD9  Find any tape header FFET Abort all files
CC20 - CC78 Perform !NEXT) 0853 - D889 Complement accum®1 E257 - E284 Home cursor F3DA - F63B  Write tape header FFEA Update clock
CC79 - CCOE  Check type mismatch D88A - D8BE  Overflow exit E285 - E33E Input fron: screen or keyboard F63C - F655 Get start/end addrs from header FFED - FFF9  Unused
CCSF Evaluate expression D88F - DBC7 Multiply-a-byte F33F - E34B  Test for quote; test quute flag F656 - FG6B  Set bufler address FFFA - FFFF  Hard vectors: NML, Reset. IRQ
BASIC 4.0 ROM Routines
Address  Description °
B000 - BO65 Action addresses lor primary kevwurds ~ C086 - COBS  Perform [OR], [AND) CCD8 - CCFC  Unpack mem. into accum? | NBYE - DBDE Query ARE YOU SURE? F6AB - F6C2  Set buffer stant & end addrs
BUG6 - BN93  Action addresses for functions Q086 - C11D  Perform companisans CCFD-CD31  Pack accum” 1 im0 memory NBD7 - DBEO  Print BAD NDISK F6C3 - F6CB Perform [SYS) ‘
B0Y4 - BOB]  Hierarchy & action addrs for operators. CIE -CI2A Perlorm [DIM| CN32 -CD4l  Muve accum®210 *1 DBE! - DBFY  Clear DSS and ST F6CC - FENC  Set tape write start & end “
BuB2 - B20C Table of BASIC kevwords C12B - CIBF Search for vanable CD42 - CD50 Move accum®] 10 *2 DBFA - DC67 Assemble disk command string F6DD- F167 Perfurm [SAVE] =
B20D - B321  BASIC messages. mostly error msgs CICH - C2C7  Create new variable CD51 -CD60  Round accnm” DC6% - DE2Y  Parse BASIC NOS command F768 - FTAE Update clock
B322 - B34F Search stack for FOR/GOSUB C2C8 - C2D8  Setup array puinter CD61 - CDBE  Get accum” 1 sign DE2C - DE48  Get Device number F7AF - FiFD Connect input device <
B350 - B392 Open up space in memory C2D9 - C2DC 32768 in fluating binary CDS6F - CD8D Perform [SGN) DEAY - DESG  Get file name F7FE - FB4A Connect output device
B393 - B39F Test: stack too deep? C2DD- C2FB  Evaluate integer expression CDSE - CD90  Perform |ABS] DERT - DEIC  Get small variable parameter F84B - F856 Bump tape bulffer pointer
B3A0 - B3CC Check available memory C2FC - C4AT Find or make array CDY1 - CDDI Compare accum® | 1o menivny FBST - F879 Wait fur PLAY 0
R3CD Send canned error message, then- C4A8 Perform |FRE). and: CND1-CEM  Fluating-to-lixed **Entry points only for ENO-ETFF ** FBTA - FB8B Tes! cassette switch 9
B3FF - B41E. Warm start: wat for BASIC command C4BC - C4C8  Convert lixed-to-fluating CE02 - CE28  Perform [INT) Enon Register/screen initializ FB8C - FR99  Wait for RECORD
BAIF - B4B5 Handle new BASIC line input CA4CY - C4CE  Perform |POS) CE29 - CEB3 Convert stnng to flvating-pt E0AT Iaput from keyboard F89A Initiate tape read G
B4B6 - B4E1  Rebuild chaining of BASIC lines C4CF - C4DB  Check not Direct CEB4 - CEER  Get new ASCIl digit EN16 Input from screer. F8CB Initiate tape write a
B4E2 - BAFA  Receive line from keybuard C4DC-C509  Perform |DEF] CEEY - CEF8  Cunstants E202 Output character FBEO - F92A  Common tape 1/0
B4FB - B5A2  Crunch keywords into BASIC tokens C50A = C51C  Check FNx syntax CF78 Print IN. then. Main Interrupt entry F92B - FY34  Test I/0 cumplete m
BSA3 ~ BSD1  Search BASIC for given hine number C51D - C58D Evaluate FNx CF7F - CF92  Prnt BASIC line © 45" Interrupt: clock, cursor, kevhoard  F935 - F944  Test STOP key
BSD2 Perform [NEW). and: CS8E -C59D Perform {STRS) CF93 - DOC6  Counvert Hoating=pt to ASCI E60) Exit frum Interrupt F945 - F975 Tape bit uming adjust h
BSEC - B621  Perform [CLR] CS59E - CSAF Do stnng vector DOCT - DT Constanis FY76 -FA9B Read tape bits
B622 - B62F  Reset BASIC execution 10 start C5B0 - C61C  Scan. set up string nog Perform |SQR| FOt) = FUD!  File messages FASC - FBBA Read tape characters Q
B630 - B6DD Perform [L'ST] C61D - C669  Allucate space fur sting N2 Perform power tunction FOD2 Send Talk’ FBBB - FBC3  Reset tape read address =
B6DNE - BT84 Perform [FOR) C66A - CTAE  Garbage cullection DI4B - D155  Pertorm negation FoD5 Send ‘Listen” FBC4 - FBC8 Flag error into ST
B785 - B7B6 Execute BASIC statement CT4F -C788  Concatenate D156 - DIB3  Constams Fon7 Send IEFE command character FBCO - FBD7 Reset counters for new byte =
B7B7 - B7C5 Perform [RESTORE] C78C - C7B4  Store string DIR4 - DIDG Perfurm |EXP] FI0Y -F142  Send byte 1o [EEE FBD8 - FBF3 Write a bit to tape -
B7C6 - BTED Perform [STOP) or [END) C7B5 - CHI0  Discard unwanted string DINT - D220 Series evaluation F143 = F150 Send byte and ciear ATN FBF4 ~FCBS Tape wnte
BTEE - BROT  Perform [CONT] CB11 -CH21  Clean descriptor stack D221 - D228 RND constants F151 - FI6B Option: hmeout or wait FC86 - FCBF Write tape leader °
BROB - BRI2  Perform [RUN] €822 - CB35 Perlorm [CHRS) D229 - D281 Perform |[RND] F16C - FI6F DEVICE NOT PRESENT FCCO - FCDA Terminate tape; restore interrupt
BH13 - BR2F  Perform [COSUB) C836 - C861 Perform |LEFTS) D282 Perturr [COS) F170 -F184 Timeout on read. clear contro} mes FCDB - FCEA  Set interrupt vector h
B830 - BESC  Perfurm [GOTO) C862 - CBGC Perfurm [RIGHTS) D289 - D2D1 Perform [SIN] F185 -F192  Send canned file message FCEB - FCF8 Turn off tape motor °
R8SD Perform [RETURN]. then: C86D - C896  Perform [MIDS] D2D2-D2FD Perfurm [TAN) F193 - F19D  Send byte, clear control lines FCFY -FDOA Checksum calculation
BR&I - BBY)  Perform [DATA|: skip statement C8Y7 -C8B1  Pull string data D2FE - D328 Constanis FI9E = F1AD Send nurmal (deferred) IEEF. char  FDOB - FD15  Advance load/save pointer
BA9) Scan for next BASIC statement C8B2 - CHBT Perfurm |LEN] D32C - D35B  Perform [ATN} FIAE = FIBF  Drop IEEE device FDI6 -FD4B Power-on Resel
BH#Y4 - BRB2  Scan for next BASIC line C8B8 - CBCD  Switch stnng to numeric N35C - D398 Constans FI1CO - F204  Input byte from IEEE. FD4C - FDSC  Table of interrupt vectors
B8#B3 Perform [IF). and perhaps: C8C1 - C8DN)  Perfurm |ASC) D399 - D3BS  CHRGET sub for zero page F205 - F2i4  GET abyte
BHC6 - B8NS Perform [REM]: skip line C8D1 - CBE2  Get byte parameter D3B6 - D471 BASIC cold stant F215 -F265 INPUT ahyte Jump Table:
BRDG - BAFS  Pertorm [ON] CBE3 - Y20 Perform |VAL] D472 - D716 Machine Language Monitor F266 - F2Al  Output a byte FF93 -FFSE CONCAT.DOPEN,DCLOSE.RECORD
BHF6 - B92F  Accept fixed-point number €921 -CY2C  Parameters fur POKE/WAIT D717 - DTAB MLM submutines F2A2 Abort files FF9F - FFAA HEADER.COLLECT.BACKUP.COPY
BY30 - BAKT Perfurm [1LET] €920 - €942 Cunven fluating-to-hxed DTAC- D82 Perfurm |RECORD) F2A6 - F2C0  Restore default 170 devices FFAB -FFB6 APPEND,DSAVE.DLOAD.CATALOG
BABR - BASD Perform [PRINT) €943 - (Y59  Perform [PEEK] DRO3 - DB3T  Disk parameter checks F2C) -F2DC Find/setup file data FFB7 -FFBC RENAME SCRATCH °
BABE - BAAL Perform [CMD) C95A = QY82 Perlorm |POKFE) DK3B - D8T2  Dummy disk control msgs F2DD-F334  Perform |CLOSE) FFBD Get disk status
BAAZ-BBIC Perform |PRINT] CY63 - CITE  Perform |WAIT] DA73 - D919 [CATALOG] or [DIRECTORY]  F335 - F342  Test STOP key FFCO OPEN ‘ ’
BBIN-RR3Y  Print string frum mentory CYTF - CY85  Add 0.5 DYIA - DY2E OQuiput F343 - F348  Action STOP key FFC3 CLOSE
BB3A - BRIB  Print mngle tormat character CYH6 Perform subtraction NY2F - DY41  Find spare secondary address F349 - F350  Send mexsage if Direct mode FFC6 Set input device 0
BBAC - BB7Y  Handle bad input dasta CY48 - CATC Perform addition DY42 - DY76  Perform [ DOPEN] F351 - F355 Testf Diredt mode FFCY Set vutput device
BBTA - BBA3 Pertorm [GET] CATD-CAB3 Complement accurm®| DY77 - DY Perfurm |APPEND) F356 - F40)  Program load subroutine FFCC Restore default 170 devices <=
BBAJ - BBBN Perform [INPLT?| CAB4 - CABB  Overflow exit DYY1 - DYDT Gt disk status F401 - FA4s  Perform [LOAD] FFCF INPUT a byte Q
BBBE - BBF1 Perfurm |INPUT] BY - CAFI Multiply-a-byte DYD2 - DAVG  Perform [HEADER] F449 - F46C  Primi SEARCHING FFD2 Qutput a byte -
B Prompt and receive input CBIF Constants DAOT - DA30 Perform [DCLOSE) FA6D - F47C Prim LOADING or VERIFYING FFDS LOAD
6 Perform |READ] Perform |LOG) DA31 - DAG4  Set up disk record FATD = FAA4  Get Luad/Save parameters FFD8 SAVE =
Canned Input error messages CBC1 Perfurm multiplication DA65 - DATD Perform {COLLECT] F4A5 - FAD2  Send name to IEEE FFDB VERIFY
Perdorm |NEXT) BEC Unpack mem. into accum 2 DATE - DAA6 Perform {BACKUP] F4N3 - FAFS  Find specific tape header FFDF. SYS
Check 1vpe mismatch CBED - CCOY  Test & adjust accumulators DAAT-DACE Perform [COPY| FAF6 - FSOC  Perform |VERIFY) FFE1 Test stop key
luate expression CCOA - CCIT  Handle overflow & underflow DACT = DADI Perform [CONCAT] F500 - FS5F  Get Open/Close parameters FFE4 GET byte
luate expr. within parentheses CC18 = CC2E Multiply by 10 DADA- DBOC Insent command string values F560 - FSE4  Perlorm JOPEN] FFET Abon all files
Check parenthesis, comma CC2F - CC33 10 in floating binary DBOD- NB3Y  Perlurm |DSAVF) FSE5 - F618  Find any tape header FFEA Update clock
Svntax error exil €34 Divide by 10 DB3A-DBGS  Perfurm {DLOAD) F619 - F6TA  Write 1ape header FFED - FFF9  unused
BFC - (046 able name setup cCIn Perform divide-by DBE6 - DBYR  Perform [SCRATCH) F67B - F6Y4  Get start/end addrs from header  FFFA - FFFF  Hard vectors: NMI, Reset, IRQ 9
CO47 = CORS Set up function references. CC45 - CCDT Perform divide-into NBYY - DBIN Check Direct command F6Y5 - FGAA Set bulfer address ‘
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BASIC 2.0 / BASIC 4.0 Memory Map

With Zero Page Contents at Power-Up

Reference to DOS, MLM, 80-Column, or those marked with an * are for BASIC 4.0 only.
There are some differences between the 40 and 80-column machines. BASIC 2.0 Zero Page contents are mostly identical except for vectors.

Location Contents Description Location Contents Description
4000 | 8000 4000 | 8000
Hex Dec Hex Dec|Hex Dec Hex Dec Hex Dec | Hex Dec
00-02 00 f 0-2 0/4C | 76{4C | 76|USR jump instruction 4C 76 |FF |255 |FF |255
01 1|73 [115[73 | 115]|.JMP $C373 4D T7(16 | 22{00 | O
02 2|C3 |195(C3 |195 4E 78|00 | O|FF |255
03 03| 3 3|22 | 34|22 | 34|Search character 4F 79]00| 0j00| O
04 04| 4 4|00 | 0[00 | O|Scan-between-quotes flag 50 80(03 [ 3j03| 3
05 05| 5 5{5B | 91|5B| 91 |Input buffer pointer 51-53 31 | 81-83 81|4C| 76|4C | 76|Jump vector for functions
06 06| 6 6|00 | O|FF |255|Default DIM flag 52 82143 | 67|FF |255
07 07| 7 7|00 1 0]00 | O0fType: $FF =string, $00=numeric 53 83|00 | o0fco| O
08 08| 8 8|00 | 0{00 | O]Type: $80=integer, 00=floating pt 54 -3D 54 | 84-93 84 |FF |255|FF (255 |Miscellaneous numeric work area
09 09| 9 9|04 | 4(04 | 4|Flag: DATA scan; LIST quote; memory 55 85187 [135{00 | O
0A 0A] 10 10{00 [ 000 | O|Subscript flag; FNx flag 56 86|04 | 4|FF (255
0B O0B| 11 11100 | 0[00 | 0[0=INPUT; $40=GET; $98=READ 57 87/80 |128{00 | 0
oc oc| 12 12{00 | O|FF [255|ATN sign/comparison evaluation flag 58 88103 | 3[FF |255
O0D-OF OD | 13-15 13|00 | 0[00 | OfDisk status DS$ descriptor 59 8900 0f00}{ O
OF 14|FF [255|FF [255 5A g0foo | ojoo| ©
OF 15{00 | ofjoo| O 5B 91100 | 0/00| O
10 10 16 16{00 { 0[00 | OfCurrent!/O prompt flag 5C 92{00 ( O[00O| O
11-12 11| 17-18 17|72 | 114]72 |114|Integer value (for SYS. GOTO etc.) 5D 93|00 o0foo| O
12 18{D4 |212|D4 | 212 SE SE| 94 94190 [144[94 |144|Accum*1: Exponent
13-15 13 | 19-21 19{16 | 22|16 | 22|Pointers for descriptor stack SF-62 SF | 95-98 95|00 | 000 [ O]Accum®l: Mantissa
14 20(13 | 19{13 | 19 60 96(00 | 0[00| O
15 21100 | ofoo| O 61 97|D4 |212|D4 | 212
16 -1E 16 | 22-30 22|08 | 8{08 | 8|Descriptor stack (temporary strings) 62 98172 [114(72 {114
17 23{12 | 1812 | 18 63 631 99 99(00 | 0f{00 | O|Accum®l:Sign
18 24 (B3 [179(B3 [179 64 64 {100 100/00 | 0]00 | OfSeries evaluation constant pointer
19 25(00 | 0j00| O 65 65 {101 101|100 | 0|00 | OfAccum®l hi-order (overflow)
1A 26 |FF {255 |FF [255 66 -6B 66 [102-107 102[90 | 14490 |144|Accum®2: Exponent
1B 27100 | 0jo0 | oOf 67 103|D4 | 212| D4 |212 | Accum®2: Mantissa
1C 28|FF | 255|FF |255 68 104{6C | 108(6C {108
1D 2900 ( O0j00| O 69 105/00 | 0j00| O
1E 30|FF | 255|FF | 255 6A 106/00 | o0f00| O
1F-22 1F | 31-34 31|40 | 64|40 | 64|Utility pointer area 6B 107/100 | 0]00 | 0fAccum®2: Sign
20 32{B2 |178]B2 178 6C 6C | 108 108|100 | 0]00 | 0|Sign comparison, Acc*1 vs #2
21 33|E9 (233(E9 [233 6D 6D | 109 109]100 | 0]00 | 0O|Accum®! lo-order (rounding)
22 34|{CE | 206 | CE | 206 6E -6F 6E |110-111 110{0A | 10|0A | 10|Cassette buff len/series pointer
23-27 23| 35-39 35|48 | 72|00 | OfProduct area for multiplication 6F 111|B3 |179|B3 | 179
24 36(00 | OfFF |255 70 -87 70 |112-135 112|E6 |230|E6 | 230 | CHRGET subroutine; get BASIC char
25 37100 | O0fc0| © 71 13|77 |119{77 | 119[:INC $77
26 38|00 | OfFF |255 72 114|D0 | 208{ DO {208 |:BNE $0076
27 39{00| ofco| 0 73| 11502 | 2f02 | 2
28 -29 28 | 40-41 40|01 | 1|01 | 1|Pointer: Start of BASIC 74 116|E6 |230{E6 {230[:INC $78
29 4104 | 4]04 | 4]:0401 75 11778 112078 | 120
2A-2B 2A| 42-43 42|03 | 3|03 | 3|Pointer: Start of Variables 76 118{AD|173|AD| 173 |;LDA $0202
2B 43|04 | 4|04 | 4].0403 77 11902 | 2{02| 2
2C-2D 2C | 44-45 44|03 | 3|03 | 3|Pointer: Start of Arrays 78 120102 | 2f{02 | 2
2D 45|04 | 4{04 | 4/;0403 9 121{C9 | 201{C9 | 201 |:CMP #$3A
2E-2F 2E | 46-47 46|03 | 3|03 | 3|Pointer: End of Arrays 7A 122|3A| 58[3A| 58
2F 47104 | 404 | 4/.0403 7B 123{B0 | 176{B0 | 176|;BCS $0087
30-31 30 | 48-49 48(00 | 0]00 | 00|Pointer: String Storage (moving down) 7c 124|0A | 10|0A | 10
31 49{80 |128]80 |128{:8000 7D 125{C9 |1201(C9 | 201 |:CMP #$20
32 -33 32| 50-51 SO|FE |254|FF |255Pointer: String Utility 7E 126]20 | 32]20 | 32
33 51|7F |127{00| O F 127|F0 | 240(FO {240(;BEQ $0070
34-35 34| 52-53 52|00 | 0|00 | O|Pointer: Limitof Memory 80 128|EF | 239|EF |239
35 53180 {128{80 |128};8000 81 129138 | 56|38 | 56):SEC
36 -37 36 | 54-55 54|14 | 20|FF |255|Current BASIC line number 82 130|E9 | 233|E9 |233|:SBC #$30
37 55| FF | 255|FF |255 83 131{30 | 48{30 | 48
38-39 38 | 56-57 56|00 | O|FF |255]Previous BASIC line number 84 132{38 | 56{38 | 56|:SEC
39 57{80 |128{00 | 0 85 133|E9 |233|E9 | 233|;SBC *sDO0
3A-3B 3A| 58-59 58|01 | 1|FF |255|Pointer: BASIC statement for CONT 86 134|DO [ 208 | D0 | 208
3B 59100 | ofco| 0 87 135|160 | 96(60 | 96]:RTS
3C-3D 3C| 60-61 60]/00 | OfFF |255|Current DATA line number 77-78 77 |119-120 119]02 | 2{02 | 2}BASIC pointer (within subroutine)
3D 61{50 | 80({C0| 0O 78 120102 | 2j02| 2
3E-3F 3E| 62-63 62|00 | 0]00| OfCurrentdataaddress 88 -8C 88 [136-140 13680 {128{80 |128|Random number seed
3F 63[04 | 4[04| 4 89 137|4F | 79{4F | 79
40 -41 40 | 64-65 64(00 | OfFF |255(Input vector 8A 138(C7 [199|C7 | 199
41 65(00 | o0f00| O 8B 13952 | 82|52 | 82
42 -43 42 [ 66-67 66[04 | 4|FF |255|Current variable name 8C 140|F4 |244|FF | 255
43 67/100( O0J0O| O 8D-8F 8D |141-143 141|100 [ 0{00 | O}Jiffy clock for T1 and TI$
44 -45 44 | 68-69 68|24 | 36|24 | 36|Current variable address 8E 142|115 ] 21/08 | 8
45 69]04 | 4J|00| O 8F 143189 [137|1F | 31
46 -47 46 | 70-71 70|82 | 130|FF | 255 Variable pointer for FOR/NEXT 90 -91 90 |144-145 144|55 | 85|55 | 85|Hardware interrupt vector IRQ
47 71104 | 4j00| O 91 i15|E4 |228|E4 | 228
48 -49 48 | 72-73  72|FF | 255|FF |255|Y-save; op-save; BASIC pointer save 92 -93 92 |146-147 146{78 [120{78 | 120|BRK interrupt vector
49 73{00 | o0j00| O 93 147|D4|212|D4|212
4A 4A| 74 74|00 | 0]00 | O}Comparison symbo! accumulator 94 -95 94 | 148-149 148 |FF | 255|FF |255 | NMI interrupt vector
4B-50 4B | 75-80 75|00 ] 0{00 | O}Miscellaneous work area, pointers, etc. 95 149|B3 [179|B3 {179
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Location Contents Description Location Contents Description
4000 | 8000 4000 | 8000
Hex Dec Hex Dec|Hex Dec Hex Dec Hex Dec |Hex Dec
96 96 | 150 150{00 | 0]00 | O|Status word ST D7 215|100 | 0j00| O
97 97 | 151 151|FF | 255|FF | 25|Which key down: 255=no key D8 D8 |216 216{0A | 10{0A | 10|Line where cursor lives
98 98 1152 152100 | 0|00 | OfShift key: 1 if depressed D9 D9 (217 217|0D | 13{0D | 13|Last key/checksum/misc.
99 -9A 99 {153-154 15319 | 25|D5 |213|Correction clock DA-DB DA|218-219 218{09 | 9|09 | 9|File name pointers
9A 154{02 ] 2]00| O DB 219102 | 2/02| 2
9B 9B | 155 155| FF | 255 | FF | 255 Keyswitch PIA: STOP and RVS flags DC  DCj220 220{00 [ 0|00 | O[Number of INSERTS outstanding
9C 9C [ 156 156/00 | 0|00 [ OfTiming constant for tape DD  DDj221 221(00 | 0{00 | O|Write shift word/read character in
9D 9D | 157 157|100 | 0{00 | 0|Load=0, Verify=1 DE DE|222 222{00 | 0)|00 | O|Tape blocks remainingto write/read
9E 9E {158 15800 | 0]00 | 0}* of chars in keyboard buffer DF DF|223 223|100 | 0{00 | O|Serial word buffer
SF 9F | 159 159(00 | 000 | 0|Screen reverse flag E0-F8 EO [224-248 224180 |128
A0 A0 | 160 160 FF | 255|FF | 255| IEEE output; 255=character pending El 225180 | 128 (40~column) screen wrap table
Al Al 161 161|1E | 30/20 | 32|End-of-line-for-input pointer E2 22680 |128
A2 A2 1162 162{00 | 0[00 | O|Not used E3 227(80 [128
A3-A4 A3|163-164 163[0A | 10|0A | 10|Cursor log (row, column) E4 22880 |128
Ad 164[1E| 30|20 | 32 ES 229(80 | 128
A5 A5|165 165(1E | 30/20 | 32|IEEE output buffer E6 23080 | 128
A6 A6 166 166| FF | 255 FF | 255| Key image E7 231181 |129
AT A7|167 16701 | 1|01 | 1|0=flash cursor E8 232|81 1129
A8 A8 (168 168/02 | 2[02 | 2|Cursor timing countdown E9 233(81 129
A9 A9 169 169120 | 32(20 | 32|Character under cursor EA 234(81 1129
AA  AA|170 170/00 | 0{00 | 0|Cursorin blink phase EB 235(81 {129
AB AB|[171 171100 | 0]00 [ O|EOT received fromtape EC 236(81 |129
AC AC|172 172|100 | 0[{00 | O|input from screen/from keyboard ED 237(82 |130
AD  AD|173 173(00 | 000 | O|Xsave EE 238(82 130
AE AE|174 174{00 | 0{00 | 0|How many open files EF 239(82 {130
AF AF|175 175{00 [ 0]{00 | O|Input device, normally 0 FO 240182 |130
BO BO [176 176/03 | 3{03 | 3|Output CMD device, normally 3 F1 241(82 130
Bl Bl | 177 177(00 | 0|00 | O0|Tape character parity F2 242(82 130
B2 B2 178 178/00 | 0{00 | O|Byte received flag F3 243182 1130
B3 B3 |179 179{00 | 0|00 | 0|Logical address temporary save F4 244(83 131
B4 B4 | 180 180(07 [ 7[07 | 7|Tape buffer character; MLM command F5 245(83 {131
B5 B5 | 181 181100 | 0[00 | O|File name painter; MLM flag, counter F6 246(83 131
B6 B6 | 182 182|100 | 0[00 | O|Function not known F7 24783 {131
B7 B7 (183 183|00 | 0]{00 | OfSerial bit count F8 248183 [131
B8 B8 | 184 184(00 | 0/00 | OfUnused EO EO0 [224 224 00 | 0/(80 column) Screen top window
B9 B9 | 185 185(00 | 0]00 | O|Cycle counter El El {225 225 18 | 24{(80 column) Screen bottom window
BA BA|186 186{00 | 0[00 | 0]Tape writer countdown E2 E2|226 226 00 [ 0](80 column) Left window margin
BB-BC BB |187-188 187|00 | 0{00 | 0}Tape buffer pointers, #1 and *2 E3 E3 {227 227 09 | 9{(80 column) Limit of keyboard buffer
BC 188|100} 0|00 | O E4 E4 (228 228 00 | 0[(80 column) Key repeat flag
BD BD|189 189|100 | 0{00 | 0fWrite leader count; read passl/2 ES ES | 229 229 OE | 14|(80 column) Repeat countdown
BE BE | 190 180/00 | 0j00 | OWrite new byte; read error flag E6 E6 |230 230 10 | 16|(80 column) New key marker
BF BF | 191 191100 | 0]00 | OWrite start bit; read bit seq error E7 E7 1231 231 10 | 16{(80 column) Chime time
C0-C1 CO [192-193 192{00 | 000 | O|Error log pointers, pass1/2 E8 E8 [232 232 00 | 0((80 column) HOME count
Cl 193(00 [ ojo0| O E9 -EA E9 |233-234 233 1D} 29{(80 column) Input vector
c2 C2 (194 194|100 | 0[00 | 0]|O=scan/1-15=count/$40=load EA 234 El (225
$80=end EB-EC EB |235-236 235 0C | 12{(80 column) Output vector
C3 C3 1195 195]00 | 0]00 | OfWrite leader length; read checksum EC 236 E2 (226
C4-C5 C4 |196-197 196(90 | 144]20 | 32|Pointer to screen line ED-F7 ED|237-247 237 00 | 0{(80 column) Not used
C5 197181 1129}83 (131 EE 238 0| 0
Cc6 C6 | 198 198{1E | 31|21 | 33|Position of cursor on above line EF 239 0| 0
C7-C8 C7 |199-200 199|C7 | 199|C7 | 199 Utility pointer: tape, scroll FO 240 0] o
c8 200100 | ofc0o| O F1 241 0| o0
C9-CA C9 |201-202 201100 | 024 | 36|Tape end addrs/end of current prog F2 242 0| 0
CA 202|101 | 1[10| 16 F3 243 0| o
CB-CC CB|203-204 203|100 | 0(00 | 0] Tape timing constants F4 244 0| o0
cCc 204100 | 0f{00| O : F5 245 0} o0
CD  CD|205 205/00 | 0(00 | 0]0=direct cursor, else programmed F6 246 0| 0
CE CE | 206 206/00 | 0|00 | O]Tape read timer 1 =enabled F7 247 00| 0
CF CF | 207 207|100 | 0]00 | OfEOT received from tape F8 F8 | 248 248 00 | 0{(80 column) Counter to speed Tl by 6/5
DO D0 | 208 208]00 | 0{00 | OfRead character error F9 -FA F9 [249-250 249(00 [ 0|00 | O] Cassette status, *1 and #2
D1 D1 {209 209|0D| 13|OF } 15| charactersin file name FA 250{00 | ofo0| O
D2 D2 {210 210{00 | 0]00 | 0]Current file logical address FB-FC FB[251-252 251{00 [ 0|00 | O{MLM pointer/tape start address
D3 D3|211 211161 | 97|61 | 97(Current file secondary address FC 252|100 0J00} O
D4 D4 (212 212|108 | 8|08 | 8|Current file device number FD-FE FD{253-254 253|00 | 0|24 | 36|MLM, DOS pointer, misc.
D5 D5 (213 213|127 | 39|4F | 79|Right-hand window or line margin FE 254|101 1]|10| 16
D6-D7 D6 |214-215 21400 | 0|00 | O] Pointer: Start of Tape Buffer FF FF |255 255|100 | 0j00 | OfUnused
0100-010A | 256-266 |[STRS$ work area/MLM work 0353-0380 | 851-896 |DOScommand string buffer
0100-013E | 256-318 |Tape read error log 03EE-03F7 | 1006-1015 |(80-column) Tab stop table
0100-01FF | 256-511 |Processor stack 03FA-03FB | 1018-1019 |Monitor extension vector
0200-0250 | 512-592 |MLM work area; Input buffer 03FC 1020 IEEE timeout defeat* $FF - disable
0251-025A | 593-602 |File logical address table 0400-7FFF | 1024-32767 | Available RAM including expansion
025B-0264 603-612  [File device number table 8000-83FF |32768-33791 |(40-column) Video RAM
0265-026E | 613-622 |File secondary addr table 8000-87FF |32768-34815 | (80~column) Video RAM
026F-0278 | 623-632 |Keyboard input buffer 9000-AFFF | 36864-45055 | Available ROM expansion area®
027A-0339 634-825 |Tape®1 input buffer (2.0: -BFFF, —49151)
033A-03F9 | 826-1017 |Tape“2 input buffer BO00-DFFF |45056-57343 | Basic, DOS, Machine Lang Monitor
033A 826 DOS character pointer (2.0: Basic, CO00-EOF8, 49152-57592)
033B 827 DOS drive 1 flag EO00-E7FF | 57344-59391 |Screen, Keyboard, Interrupt programs
033C 828 DOS drive 2 flag (2.0: EOF9-)
033D 829 DOS length/write flag E810-E813 |59408-59411 | PIA 1 - Keyboard I/0
033E 830 DOS syntax flags E820-E823 |59424-59427 | PIA 2 - [EEE-488 1/0
033F-0340 | 831-832 |DOS disk ID E840-E84F |59456-59471 |VIA - 1/0 and timers
0341 833 DOS command string count E880-E881 |59520-59521 |(80-column) CRT Controller
0342-0352 | 834-850 | DOS file name buffer FOO0-FFFF | 61440-65535 | Reset, /0 handlers, Tape routines
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0000 -(002 0-2 USR jump 009C 156 Byte-received flag 0287 647 Colour under cursor
(003 0004 3-4 Float-Fixed vector 009D 157 Direct = $80/RUN = 0 output control 0288 648 Screen memory page
0005 -006 5-6 Fixed-Float vector 009E 158 Tp Pass | error log/char butfer 0289 649 Max size of keybd buffer
0007 7 Search character 003F 159 Tp Pass 2 err log corrected 028A 650 Repeat ali keys
0008 Scan-quotes flag 00A0-00A2  160-162  Jiffy Clock HML 0288 651 Repeat speed counter
0009 TAB column save 00A3 163 Serial bit count/EOI flag 028C 652 Repeat delay counter
000A 0=LOAD. | = VERIFY 00A4 164 Cycle count 028D 653 Keyboard Shift/Control flag
0008 Input bulfer pointer/* subscept 00AS 165 Countdown.iape write/bit count 028E 654 Last shift patterr.
000C Default DIM flag 00A6 166 Tape buffer pointer 028F -0290  655-656  Keyboard table settup pointer
000D Type: FF - string. (0 = numenc 00A7 167 Tp Wrt Idr count/Rd pass/inbit 0291 657 Keymode (Kattacanna)
OO0E Type: 80 = integer. 00 = floating point 00A8 168 Tp Wrt new byte/Rd error/inbit cnt 0292 658 0=scroll enable
00OF DATA scan/LIST quote/memry flag 00A9 169 Wrt start bit/Rd bit ers/stbit 0293 659 VIC chip control
0010 Subscript/FNx flag 00AA 170 Tp ScanCnt:Ld:End/byte assy 0294 VIC chip command
oot 0= INPUT:$40 = GET:$98 = READ 00AB 17 Wr lead length/Rd checksum/party 0295 -0296 661-662  Bittiming
0012 ATN sign/Comparison eval flag 00AC-00AD  172-173  Pointer: tape bulr, scrolling 0297 663 RS-232 status
0013 Current 170 prompt flag 00AE-00AF 174-175  Tape end adds/End of program 0298 664 # bits to send
0014 -5 Integer value 0080 -00BI 176-177  Tape timing constants 0299 -029A  665-666  RS-232 speed/code
0016 Pointer: temporary sirg stack 00B2 -00B3 178-179  Pointer: Stan of Tape Buffer 0298 667 RS232 receive pointer
0017 0018 Last tlemp siring vector 00B4 180 1=Tp timer enabled. bit cat 029C 668 RS232 input pointer
0019 -0021 Stack for temporary strings 0085 181 Tp EOT/RS232 next bit to send 029D 669 RS232 transmit pointer
0022 -0025 3 Utility pointer area 0086 182 Read character error/vutbyte bul 029E 670 RS232 output pointer
0026 -0027 38-42 Product area fur multiplication 0087 183 # characters in file name 029F -02A0  671-672  IRQ save during tape 170
0028 -002C Pointer: Start of BASIC 0088 184 Current logical file 0300 -0301 768-769  Error message link
002D-002E Pointer: Stant of Variables 0089 185 Current secndy address 0302-0303  770-771  BASIC warm start link
002F -0030 Pointer: Start of Arravs 00BA 186 Current device 0304 -0305  772-773  Crunch BASIC tokens link
0031 -0032 Pointer: End of Arrays 00BB-(0BC  187-188  Pointer to file name 0306 -0307 774-715  Print tokens link
0033 -0034 Pointer: String Storage (moving down) 008D 189 Wr shift word/Rd input char 0308 -0309 776-777  Start new BASIC code link
0035 -0036 Pointer: Utility Stiing 00BE 180 * blocks remaining to Wr/Rd 030A-030B  778-779  Get arithmetic element link
0037 ~0038 Pointer: Limit of Memory 00BF 191 Serial word buffer 030C-0313  780-787  Unused
0039 -003A Current BASIC line number 0oco 192 Tape motor interlock 0314 -0315 788-789  Hardware interrupt vector (EABF)
(03B -003C Previous BASIC line number 00C1 -00C2 193-194 170 stan adds 0316 -0317  790-791  Bieakinterrupt vecior  (FED2)
003D-0N3E. Pointer: BASIC statement for CONT G0C3 -00CH 195-196  Kernel setup pointer 0318 -0319 792-793  NMl interrupt vector (FEAD)
003F -0040 Curren! DATA line number 00CS 197 Last key pressed 031A-0318  794-795 OPEN vector (F40A)
0041 -0042 Current DATA address 00C6 198 # chars in keybd buffer 031C-031D  796-797  CLOSE vector (F34A)
0043 -0044 Input vector 00CT 199 Screen reverse flag 031E-031F  798-799  Set-input vector (F2C7)
0045 -0046 Current variable name 00C8 200 End-of-line for input pointer 0320 -0321 800-801  Set-output vector (F309)
0047 -0048 Current variable address (OCI-00CA  201-202  Input cursor log (row. column) 0322 -0323  802-803  Restore 1/0 vector (F3F3)
0049 -004A Variable pointer for FOR/NEXT 00CB 203 Which key: 64 if no kev 0324 -0325  804-805  INPUT vector (F20E)
0048 -004C Y-save: op-save: BASIC puinter save 00CC 204 0 =flash cursor 0326 -0327  806-807  Outpui vector (F274)
004D Comparison symbol accumulator 00CD 205 Cursor timing countdown 0328 -0329 Test-STOP vector (F770)
CO4E -0053 Misc work area. pointers, etc 0OCE 206 Character under cursor 032A-032B  810-811  GET vector (FIF5)
0054 <0056 84-86  Jump vector for functions OCF 207 Cursor in blink phase 032C-032D  812-813  Abort I/0 vector (F3EF)
(1057 ~0060 87-96  Misc numeric work area 0ono 208 Input from screen/from kevboard 032E-032F  814-815  USR vector (FED2)
0061 a7 Accum?1: Exponent 0DI-00OD2  209-210  Pointer to screen line 0330 -0331 816-817 LOADlink (F549)
0062 -0065 98-101  Accum?1: Mantissa (0D3 m Position of cursor on above line 0332 -0333 818-819  SAVElink (F685)
0066 102 Accum”1: Sign 00D4 212 0 =direct cursor, else programmed 033C-03FB  828-1019 Cassette buffer
0067 103 Series evaluation constant pointer 131053 a3 Current screen line length 03FC-03FF  1020-1023 Unused
0068 104 Accum”1 hi-order (overflow) 00D6 214 Row where curosr lives 0400 -OFFF  1024-4095 3K RAM expansion area
0069 105 Accum“2 Exponent 00D7 215 Last inkey/ checksum/buffer 1000 -1DFF  4096-7679 Normal BASIC memony
006A-006D  106~109  Accum”2 Mantissa 0NDR 216 * of INSERTs outstanding 1E00~1FF3  7680-8191 Normal Screen memory
006E 1no Accum”2. Sign 00D9-00FD  217-24¢  Screen line link table 1000 -11F9  4096-4601 Screen memory w/expansion
006F m Sign comparison, Acc”l vs 2 00F1 22 Dummy screen link 1200 - BASIC memory w/expansion
0070 12 Accum?| lo-order (rounding) DOF2 242 Screen row marker 2000 -7FFF  8192-32767 Memory expansion area
0071 -0072 113-114  Cassette bulf len/Series pointer O0F3 -00F4 243-244  Screen color pointer 8000 -BFFF  32768-36863 Character bit maps
0073 -008A  115-138  CHRGET subroutine: get BASIC char OOF5 -00F6  245-246  Keyboard pointer 9000 -900F 36864-36879 Video Interface Chip
007A-007B 122-123  BASIC pointer (withif subrin) O0F7 <00FR 7- RS- 9110 =912F  37136-37151 VIA Interface - NMI
0088 -008F 139-143  RND seed value 00F9 -00FA 9120 -912F  37152-37167 VIA Interface - IRQ
0090 144 Status word ST O0FF -010A 2 Floating to ASCH work area 9400 -95FF  37888-38399 Alternate Colour Nybble area
0091 145 Keyswitch PiA: STOP and RVS flags 0100 -013E  256-3i8  Tape error lug 9600 -97FF  38400-38911 Main Colour Nybble area
0092 146 Timing constant for tape 0100 -0IFF  256-511  Processor stack area A0 -BFFF  40960-49151 Piug-in ROM area
0093 w7 Load =0, Verify = | 0200 -0258 512-600  BASIC input buffer CO00 -FFFF  49152-65535 ROM: BASIC and Operating System
0094 148 Serial output: deferred char flag 0259 -0262 601-610  Logica! file table FF8A-FFF5 65418-65525 Jump Table, Including:
0095 19 Serial deferred character 0263 -026C  611-620  Device * table FFC6 Set Input channel
0096 150 Tape EOT received 026D -0276 621-630  Sec Adds table FFC9 Set Quiput channel
0097 151 Register save 0277 -0280  631-640  Kevbd buffer FFCC Restore default 170 channels
0098 152 How many vpen files 0281 -0282 641-642  Start of BASIC Memonv FFCF INPUT
0099 153 Input device. normaly 0 0283 -01284 643-644  Top of BASIC Memory FFD2 PRINT
009A 154 Output CMD device. normally 3 0285 645 Serial bu timeout flag FFEI Test Stop key
0098 155 Tape character parity 0286 646 Current culour code FFE4 GET

VIC 20 ROM Routines

€000  ROM cuntrol vectors
C00C  Keyword action vectors
€052  Function vectors
€080  Operator vectors
CO9E  Keywords

CI9E  Error messages.

€328  Error message vectors
€365 Miscellaneous messages

€38A  Scan stack lor FOR/GOSUB

€388 Move memory
C3FB  Check stack depth
C408 Check memory space
€435 "OUT OF MEMORY"
€437 Error routine

€469 Break entry

€474 ‘READY'

C480  Ready for BASIC
C49C  Handte new line
€533  Re-chain lines
Receive input line
Crunch tokens
Find BASIC line
Perform |NEW)
Perform |CLR]
Back up text pointer
Perform [UIST]
Perform |FOR}
Execute statement
Perform |RESTORE]
Break

Perform [STOP)
Perform |END)
Perform [CONT]
Perform |[RUN|
Perform [GOSUB]
Perform [GOTO)
Perform |RETURN]
Perform {DATA]
Scan for next statement
€928  Perform (IF}

C93B  Perform [REM]
C94B  Perform {ON]

C96B  Get fixed point number

C9AS Perform
CABO Perform [PRINT*]
CA86 Perform [CMD]

CAAD Perform |PRINT]
CBIE Print message from (v.a)
CB3B  Print format character
CB4D Bad-input routines
CB?B Perform |GET)

CBAS Perform [INPUT*)
CBBF Perform [INPUT]
CBF9 Prompt & input

CC06  Perform {READ}
CCFC Irput error messages

CDIE Perform | NEXT]
CD78 Tvpe-match check
CDSE Evaluate expression
Constant - Pl
Evaluate within brackets
Check for 'y

Check for comma
Syntax error

Check range

Search for variable
CFAT  Set up FN reference
CFE6  Perform |OR)

CFE9 Perform |AND}

D016 Compare

D081 Perform | DIM]

DUBB  Locate vanable

D113 Check alphabetic
DIID Create variable

D194  Array puinter subroutine
DIAS Value 32768

DIB2 Float-fixed conversion
DID! Set up array

D245 "BAD SUBSCRIPT
D248 ILLEGAL QUANTITY
D34C  Compute array size
D37D Perform |FRE]

D391 Fixed-float conversion
D39E  Perform {POS]

D3A6 Check direct

D3B3 Perform [DEF}

D3EI  Check FN syntax
D3F4  Perform [FN]

D465 Perform |STRS}
D475 Calculate stnng vector
D487 Setup string

D4F$  Make room for stnng
D526 Garbage collection
DSBD Check salvageability
D606  Collect string

D63D Concatenate

D67A  Build string to memory
D6A3  Discard unwanted string
DSDB Ciean descriptor stack
DSEC  Perform [CHRS)
D700 Perform |LEFTS}
D72C Perform [RIGHTS]
D737 Perform [MIDS)
D761  Pull string parameters
DI7C Perform [LEN)

D782  Exit string-mode
D78B Perform |ASC]

D798 Input byte parameter
D7AD Perform [VAL]

D7EB  Get params lor POKE/WAIT
D7F7  Float-fixed

D80D  Perfurm |PEEK]

NA24  Perform |POKE]
DR2D Perform [WAIT)
D849 Add 0.5

D850 Subtract-from
N8S3  Perform [SUBTRACT]
NB6A Perform |ADD]
D947 Complement fac”1
DYTE "OVERFLOW"
D983 Muliply by zero tvte
D9EA Perform {LOG]
DA2B Perform [MULTIPLY]
DAS59  Multiplv~a-bit
DASC Memory to FAC2
DAB7 Adjust FAC1/°2
DAD4 Underflow/uverfiow
DAE2 Multiplv by 10
DAF9 < 10 in floanng pt
DAFE. Divide by 10

DBI2 Perform | DIVIDE]
DBA2 Memory to fac”1
DBCT FAC”1 to memury
DBFC FAC?2 10 fac®
DQUC FAC1 1o FAC*2

DCIB Round FAC1

DC2B Get sign

DC3Y  Perform [SGN]

DCS8  Perform [ABS]

DC5B8 Compare FAC#1 to mem
DCIB Fluat-fixed

DCCC Perform {INT}

DCF3  Stringto fac

DD7E Get ASCII dignt

NDND Float to ASCI

DF16  Decimal constants

DF3A Tl constants

DFT1 Perform [$QR)

DFTB  Perfurm [POWER]

DFB4  Perfurm [NEGATIVE]
DFED Perform |EXP)]

EO40  Series evaluate |

EO56  Series evaluate 2

E0Y4  Perform [RND)

EO6 ™ Breakpoints ™
Perform: |SYS]

Perform |SAVE]

Perform |VERIFY)
Perorm |LOAD)

Perform |OPEN]

Perform |CLOSE)
Parameters for LOAD/SAVE
Check default parameters
Check for comma
Parameters for open/close
Perform |COS]

Pertorm |SIN]

Perform [TAN]

E30B  Perform |ATN]
E378  Initialize
E387  CHRGET for zero page
E3A4  Initiatize BASIC
E429  Power-up message
E43F  Vectors for $300
E45B Initialize vectors
EAGT  Warm restan
E476  Program paich ares
E4A0 Senial output ')
E4A9  Serial output (1
E4B2  Get senal input & clock
E4BC  Program patch area
ES00  Set 6522 addrs
ES05  Set screen limis
ESOA  Track cursor location
ESIH  Initatize 170
ES4C  Normalize screen
ESSF  Clear screen
E581  Home curvr
ES87  Set screen pointers
ESBB  Set I/0) defauits
ESC3  Set VIC chip defaults
ESCF  Input from kevboard
E64F  Input from screen
E6BR  Quote mark test
E6TS  Set up screen print
Advance cursor
ET15  Retreat cursor
F72D  Back into previous fine
ET42  Quiput to screen
EBC3  Goto next line
E8D8 Do RETURN
E8ES  Check hine decrement
ESFA  Check line increment
EY12 Set colour code
E921  Colour cude table
E929  Code conversion
EY75  Scroll screen
E9EE  Open spice on screen
EAS6  Move screen line
EAGE. Synch colonr transler
TE Set stan-of-line
EA8D Clear screen line
EAAL Printto screen
EAAA Store o screen
EAB2 Svnch colour to char
EABF Interrupt (IRQ)
EBIE Check kevhoard
ECOD  Set text mode
EC46 Kevboard vectors
ECSE  Kevboard maps
ED21  Graphics/text conieol
ED30  Set graphics mide
ED3B  Wrap up screen line
EDSA  Shifted key matrix

EDA3 Control kev matrix F675 SAVE program

EDEA  VIC chip defaulis F728 "SAVING'

EDFD Screen line udds low F734  Bump clock

EEI4 Send alk’ F760  Get time

EEI7 Send 'listen’ F767 Set ime

EEIC Send control char F770  Action stop key'

EE49  Send 1o serial bus FT7E  File Error Mensages
EEB7 Timeout un serial F7AF Find any tape header
FECO  Send listen SA FTET  Wnite tape header

EEC5 Clear ATN F84D  Get bulfer address
EECE Send talk SA FRS54  Set bulfer start, end puinters
EEEY  Send serial deferred F867 Find specific header
EFF6  Send untalk’ FB88A  Bump tape pointer
EFM - Send uniisten’ F894 ‘PRESS PLAY .."

EF19  Receive from senal bus F8AB Check cassette status
EF84  Clock line un F8BT 'PRESS RECORD
EFBD  Clock hine oft FBCO  Inmate tape read

FF96  Delav | ms F8E3 Initiate tape wnte

EFAY RS232 send (NMI) F8F4  Common lape read/ write
EFEE  New RS232 byte send F94B  Check tape stop

FOI6  Error or quit FISD  Set iming

FO27  Compute bit count F98E  Read bits (IRQ)

Fu3s  RS232 receive (NMI) FAAD Store characters

FOSB  Setup to receive FBD2 Reset pointer

FUOUD  Receive parity error FBDB New t1ape character setup
FOA2  Receive overrun error FBEA Toggle tape

FUAS  Receive break error FC06 Data wnte

FOAB  Receive frame error FCOB  Tape write (IRQ)

FOBY  Bad device FC95  Leader write (IRQ)
FOBC  File 1o RS232 FCCF  Restore vectors

FOED  Send to RS232 bufter FCF6  Set vector

F116  Input from RS232 buffer FDOK  Kill motor

FI4F  Get from RS232 buffer FDI1  Check read/write puinter
F160  Check serial bus idle FDIB Bump read/write poitier
F174  Messages FD22  Powerup enine

FIE2  Print if direct FD3F  Check A-ROM

FIFS  Get. FDS2  Set Kernal2

F205  _from RS232 FD8D Initiahize system constants
F20E  Input FDF1 IRQ vectors

F250  Get tape/senal/RS232 FOF9 Initiahze 1/0) regs

F27A  Output 4 i

F29  totape

F2(7  Setinput device FEST  Get status

F3089  Set output device FE66 Flag ST

F34A  Close FEGF  Set imeout

F3CF  Findfile ET3 Read/set top of memony
F3DF  Set fle values Read/set bottom of memon
F3EF  Abort all files Test memory location
F3F3  Restore default 110 NMIinterrupt entrv
F40A Do fiie opemng RESET/STOP warm start
FA95  Send SA NMI RS232 sequences
FAC7 Open RS232 56 Restore & exit

F542  LOAD program 5C RS232 iming table
F647 SEARCHING' Main IRQ entry:

F659  Print file name FFRA  Jumbo jump table
FG6A LOADING/VERIFYING' FFFA  Hardware veclors
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VIC 20 Standard Configuration
FFFF 65535
8K Kernal ROM
EC00 57344
8K BASIC ROM
C000 49152
A000 40960
95FF Colour Nvbbie Ar 38399
9000 P 36864
Character Set
8000 32768
2000 /2K S RAM f basic VIC 20 409
1E00 2K Screen rom basic 7680
31/2 K RAM for BASIC
1000 4096
0400 TKRAM Work s 1024
0000 ok opace 0
VIC 20 Expansion RAM Memory Changes
Exp RAM at: BASIC Text Screen Colour Table
none 4096 / $1000 | 7680 / $1E00 | 38400 / $9600
1024 7 4095* 1024 /7 $0400 | 7680 / $1E00 | 38400 / $9600
8192 and up 4608 / $1200 | 4096 / $1000 | 37888 / $9400
*VIC 1210 3K RAM Expander
VIC 20 With 40K RAM
VIC 1020 Expansion Module Required with:
1-VIC 1210 3K RAM
2 - VIC 1110 8K RAM (Switches 2,3,4 down - Switch 1 up)
3- VIC 1110 8K RAM (Switches 1,3,4 down - Switch 2 up)
4-VIC1111 16K RAM
FFFF 65535
8K Kernal ROM
E000 57344
8K BASIC ROM
C000 49152
VIC 1110 8K RAM (2)
(usable only with PEEK, POKE & M/L)
A000 40960
95FF Colom Nvobe A 38399
3400 Va0 a7888
9000 P 36864
Character Set
8000 32768
VIC 1110 8K RAM (3)
VIC 1111 16K RAM (4) 272 K for
BASIC
312K of RAM from basic VIC 20
1200 4608
1/2K Screen RAM from basic VIC 20
1000 4096
VIC 1210 3K RAM (1)
(usable only with PEEK, POKE & M/L)
0400 1K RAM Work S 1024
0000 ok opace 0

9000
9001
9002
9003
9004
9005
9006
9007
9008
9009
900A
900B
900C
900D
S00E
S00F

9110

911

9112
9113
9114

9115
9116
9117
9118
9119
911A
911B
9nc
911D
911E
911F

9120

9121

9122
9123
9124
9125
9126
9127
9128
9129
912A
912B
912C
912D
S12E
912F

< www.Commodore.ca

May Not Reprint Withouf] Péﬂ Ppission
6560 VIC Chip
Interlace| Left Margin (=5) 36864
Top Margin (=25) 36865
Sc’gﬁng‘\d Number of Columns (=22) 36866
Bit0 Number of Rows (=23) Double | 36867
Input Raster Value: Bits 1-8 36868
S A [ Ceiir 36869
Horizontal 36870
— Light Pen Input —
Vertical 36871
paddle Inout X 36872 S
— addle Inpu —
P Y 36873 8
ON Voice 1 Frequency 36874 s
ON Voice 2 Frequency 36875 ..
ON Voice 3 Frequency 36876 8'
ON Noise Frequency 36877 L]
Multi Colour Mode Sound Amplitude 36878 S
Background Colour Roregnd/ Border Colour 36879 E‘
gnd °
Q
6522 VIA 1 =
DSR | CTS DCD* RI* DTR | RTS Data
In In In In Out Out In 37136
RS-232 Interface or Parallel User Port
*Unused - see $911F 37137
Data Direction Register B (for $9110) 37138
Data Direction Register A (for $911F) 37139
TI-L 37140
— RS 232 Send Speed:; —
TI-H 37141
—— Tape Write Timing R
Tl-Latch L 37142
T1 Latch H 37143
T2-L RS 232 Inout Timi 37144
— 2 Input Timi —
T2H pul Timing 37145 "°'
Shift Register (* unused) 37146 ‘
T1 Control T2 Ctrl |  Shift Register Control I PBLE | PALE | 37147 E
CB2: RS 232 Send CB1 Ctrl] CA2: Tape Motor Ctrl  |CA1 Ctrlf 37148 <
. 1: 1
NMI: T1 T2 Rsc'z%z n 'Rg}ORj] 37149 )
NMI En.|T1 Enab|T2 Enab|CBI En. CAl En. 37150 (3]
6{3\; STear’l)see Fire I.aeflJ oysmllb‘own Up_ I)S:l'aﬁln CnggLagn 37151 g
6522 VIA 2 S
Joystick T
[ 5 ] 2 g
Keyboard Row Select ot
Keyboard Column Input 37153 0
Data Direction Register B (for $9120) 37154 1™
Data Direction Register A (for $9121) 37155 °
Ti-L 37156 g
— Cassette Tape Read; —
TI-H 37157
— Keyboard and Clock e —
Ti-Latch L . 37158
— Interrupt Timing —] E
T1 Laich H 37159 °
T2-L Serial Bus Timing 37160 o
T2-H Tape R/W Timing 37161 Q
Shift Register (* unused} 37162 ]
T1 Control T2 Ctrl |  Shift Register Control PBLE | PALE | 37163 2
Serial Bus DataOut ~ [CB1 Ctrl{ Serial Clock Line Out  [CA1 Ctrl| 37164 =
RQ: | T | T2 | B AL 37165 &
IRQ En. {T1 Enab|T2 Enab|CBI En. CA1 En. 37166 (=]
*Unused (see $9121) sner | Q9
&
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DECIMAL HEX ASCIl SCREEN BASIC
0 00 @ end-line
1 01 A
2 02 B
3 03 stop o]

4 04 D

5 05 white E

6 06 F

7 07 G

8 08 lock H

9 09 unlock |

10 0A J

11 0B K

12 oC L

13 0D carret M

14 OE text N

15 OF (0]

16 10 P

17 11 curdown Q

18 12 reverse R

19 13 curhome S

20 14 delete T

21 15 U

22 16 \Y

23 17 W

24 18 X

25 19 Y

26 1A Zz

27 1B [

28 1C red \

29 1D curright ]

30 1E green *

31 1F blue - )
32 20 space space space
33 21 ! ! !
34 22 " " "
35 23 # # #
36 24 $ $ $
37 25 % % %
38 26 & & &
39 27 / / ’
40 28 ( ( (
41 29 ) ) )
42 2A * * *
43 2B + + +
44 2C , , .
45 2D - - -
46 2E . . .
47 2F / / /
48 30 0 0 0
49 31 1 1 1
50 32 2 2 2
51 33 3 3 3
52 34 4 4 4
53 35 5 5 5
54 36 6 6 6
55 37 7 7 7
56 38 8 8 8
57 39 9 9 9
58 3A : : :
59 3B ; ; ;
60 3C < < <
61 3D = = =
62 3E > > >
63 3F ? ? ?

6502

BRK
ORA(1,X)

ORAZ
ASLZ

PHP
ORA #
ASL A

ORA
ASL

BPL -
ORA().Y

ORAZX
ASLZX

CLC
ORAY

ORAX
ASL X

JSR
AND(1,X)

BITZ
AND Z
ROLZ

PLP
AND #
ROL A

BIT
AND
ROL

BMI
AND().Y

AND Z X
ROLZX

SEC
ANDY

AND X
ROL X

DECIMAL

OCoOoONOTOMhWN 2O

DECIMAL HEX ASCIl SCREEN BASIC

127

40
41
42
43

b 2 —N<XXE<KCHNWITIOUVOZZIrXce—IOTMTMOOD>O

 ®OBO
BBEBEN< %3

» O

" =~oBbos3T—x""To™0oo0doTw®

MDSO00NPDNGERNEE000DE®

IS
CF"

@®

2]

g0BO0D0OD®™O

Y

D0DEEOEHOBRHOBDEUEQ

o
|

BEEHEN

P o= —N<XSE<CAHNWIOUOZZIrXc—IOMMOOW>O

6502

RTI
EOR(,X)

EORZ
LSRZ

PHA
EOR #
LSRA

JMP
EOR
LSR

BvC
EOR().Y

EOR Z X
LSRZX

CL
EORY

EORX
LSR X

RTS
ADC(,X)

ADCZ
RORZ

PLA
ADC #
RORA

JMP()
ADC
ROR

BVS
ADC().Y

ADCZX
RORZX

SEl
ADCY

ADC X
ROR X

DECIMAL

117
118
119
120
121
122
123
124
125
126
127

Ga

pn

B

— [ [ [ [ L*°_
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DECIMAL HEX ASCHl SCREEN BASIC 6502 DECIMAL| |DECIMAL HEX ASCIl SCREEN BASIC 6502  DECIMAL -

128 80 END 128 192 CO = 7] TAN CPY # 192 O

129 81 orange FOR STA(X) 129 193 C1 ®a ATN CMP(),X 193 )

130 82 NEXT 130 194 C2 Db PEEK 194 8

131 83 load &run DATA 131 195 C3 B¢ LEN 195 'g

132 84 INPUT# STYZ 132 196 C4 BEd STR$ CPYZ 196 g

133 85 Fi B wput  sTAZ 133 197 C5 D VAL CMPZ 197 g

134 86 F3 DIM STXZ 134 198 C6 Of ASC DECZ 198 s

135 87 F5 READ 135 199 C7 [Cg CHR$ 199 O

136 88 F7 LET DEY 136 200 €8 dh LEFTS  INY 200 =

137 89 F2 0 como 137 200 C9 &, RIGHTS CMP# 201 =

138  8A F4 RUN TXA 138 202 CA O, MID$ DEX 202 N

139 8B F6 IF 139 203 CB @k GO 203 Q

140 8C F8 B RESTORE STY 140 204 CcC O CPY 204 >

141 8D carret GOSUB  STA 141 205 €D Nm CMP 205 £

142 8E graphics RETURN STX 142 206 CE @Zn g DEC 206 -]

143 &F REM 143 207 CF Do < 207 £

144 90 black STOP  BCC 144 208 DO Tp o BNE 208 9

145 91 curup ON STA()YY 145 209 D1 ®gq & CMP()Y 209 2,

146 92 rvsoff WAIT 146 210 D2 i 2 210 g

147 93 clear LOAD 147 211 D3 Ms 211 ]

148 94 insert B sae STYZX 148 212 D4 DOt 212

149 = 95 brown VERIFY STAZX 149 213 D5 Qu CMPZX 213

150 96 It red M orF STXZY 150 214 D6 Rv DECZX 214

151 97 dk grey POKE 151 215 D7 Ow 215

152 98 md. grey PRINT# TYA 152 216 D8 @ CLD 216

153 99 It green PRINT  STAY 153 217 D9 Oy CMPY 217

154  9A It blue H conT XS 154 218 DA @z 218

155 9B It grey B usT 155 219 DB E 219

156  9C magenta CLR 156 220 DC [} 220

157 9D curleft B cvmD STAX 157 21 DD O CMP X 221

158  9E vyellow B svs 158 22 DE @B DEC X 222 E

159  9F cyan E OPEN 159 23 DF NS J ) 223

160 A0 0 B CLOSE LDY# 160 224  EO ] CPX # 224 -°'

161 A1 o B ocer LDA(X) 161 225  Ei i ] SBC()X 225

162 A2 = B nNew LDX # 162 226 E2 - 226 5

163 A3 o B 1Ay 163 227  E3 ] 227 g

164 A4 a TO LDYZ 164 228 E4 [} CPXZ 228

165 A5 O FN LDAZ 165 229 E5 [ ] SBCZ 229 Q

166 A6 ] SPC( LDX Z 166 230 E6 [} INCZ 230 Q

167 A7 O H THEN 167 231 E7 ] 231 ]

168 A8 = NOT TAY 168 232  E8 ] INX 232 S

169 A9 BB STEP LDA# 169 233 E9 4.2 SBC # 233 /)]

170 AA a B -+ TAX 170 234 EA ) NOP 234 s

171 AB E - 171 235 EB B 235

172 Ac = B « LDY 172 236 EC " CPX 236 s

173 A0 = B LDA 173 237 ED E SBC 237 =

174  AE g BN LDX 174 238 EE a INC 238 ®

175  AF ] AND 175 239  EF ] 239 -

176  BO 3 OR BCS 176 240  FO e BEQ 240 (<)

177 . Bt = > LDA()Y 177 241 F1 SBC()Y 241 'g

178 B2 = = 178 242 F2 = 242

179 B3 = < 179 243 F3 a 243 &

180 B4 C SGN LDYZX 180 244  F4 i ] 244 E

181  B5 O INT LDAZX 181 245 F5 @ SBCZX 245

182  B6 o ABS LDXZY 182 246  F6 [} INCZX 246 8

183  B7 = USR 183 247 F7 | 247

184 B8 = B Frre cLv 184 248  F8 - SED 248 Q

185 B9 = B ros LDAY 185 249  F9 = SBCY 249 "5

1868 BA 0O@m B SR TSX 186 250 FA K] 250 -

187 BB & B &\ 187 251 FB ] 251 &

188  BC ™ LOG LDY X 188 252  FC [ . 252 a

189  BD e B Eexp LDA X 189 253  FD g SBE X 253

190  BE =B cos LDX Y 190 254  FE @ INC X 254

191 BF s SIN 191 255  FF @ n 255 )
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Memory Maps: Commodore 64

The Complete Commodore Inner Space Anthology

0000 0 Chip directional register 009F 159 Tp Pass 2 err log corrected 0291 657 Keyboard shift mode
0001 1 Chip 1/0: memory & tape control 00A0-00A2  160-162  Jiffy Clock HML 0292 658 0 =scroll enable
0003 - 0004 3-4 Float-Fixed vector 00A3 163 Serial bit count/EO! flag 0293 659 RS-232 control reg
0005 - 0006 5-6 Fixed-Float vector 00A4 164 Cycle count 4 660 RS-232 command reg
0007 7 Search character 00AS 165 Countdown,tape write/bit count 0295 - 0296 661-662  Bit timing
0008 8 Scan-quotes flag 00A6 166 Tape buffer pointer 7 663 RS-232 status.
0009 9 TAB column save 00A7 167 Tp Wrt 1dr count/Rd pass/inbit 0298 664 “ bits to send
000A 10 0 LOAD. 1 = VERIFY 00A8 168 Tp Wrt new byte/Rd error/inbit cnt 0299 -029A  665-666 RS-232 speed/code
0008 n Input buffer pointer/* subscrpt 00A9 169 Wrt start bit/Rd bit err/stbit 0298 667 RS232 receive pointer
000C 12 Default DIM flag 00AA 170 Tp Scan:Cnt:Ld:End/byte assy 029C 668 RS232 input pointer
000D 13 Type: FF = string, 00 = numeric 00AB 1 Wr lead length/Rd checkwﬂ/pamv 0290 669 RS232 transmit pointer
000E 14 Type! 80 = integer, 00 = floating point 00AC-00AD 172-173  Pointer: tape bufr, scrolling 029E 670 RS232 output pointer
000F 15 DATA scan/LIST quote/ memry flag 00AE- 00AF  174-175  Tape end adds/End of program 029F -02A0  671-672  IRQsave during tape I/0
0010 16 Subscript/FNx flag 0080 - 00B1 176-177  Tape timing constants 2A1 673 CIA 2 (NM1) Interrupt Contro!
0011 17 0=INPUT:$40 =~ GET:$98 = READ 00B2-00B3  178-179  Pointer: Start of Tape Buffer 02A2 674 CIA | Timer A control log
0012 18 ATN sign/Comparison eval flag 00B4 180 1= "Tp timer enabled; bit count 02A3 675 CIA 1 Interrupt Log
0013 19 Current /0 prompt flag 0085 181 Tp EOT/RS232 next bit to send 02A4 676 CIA 1 Timer A enabled flag
0014 - 0015 20-21  Integer value 0086 182 Read character error/outbyte buf 2A5 677 Screen row marker
0016 22 Pointer: temporary string stack 0087 183 *# characters in file name 02C0-02FE  704-766 (Sprite 11)
0017 - 0018 23-24  Last temp string vector 0088 184 Current logical file 0300 - 0301 768-769  Error message link
0019 - 0021 25-33  Stack for temporary strings 00B9 185 Current secndy address 0302-0303  770-771  BASIC warm start link
0022 - 0025 34-37  Uiility pointer area BA 186 Current device 0304 - 0305 772-773  Crunch BASIC tokens link
0026 - 002A 38-42 Product area for multiplication 00BB-00BC  187-188  Pointer to file name 0306 -0307  774-775  Print tokens link
0028 - 002C 43-44  Pointer: Start of BASIC 00BD 189 Wr shift word/Rd input char 0308-0309  776-777  Stant new BASIC code link
002D~ 002E 45-46  Pointer: Start of Variables 00BE 190 # blocks remaining to Wr/Rd 030A-030B  778-779  Get arithmetic element link
002F - 0030 47-48 Pointer: Stant of Arrays 00BF 191 Serial word buffer 780 SYS A-reg save
0031 - 0032 49-50  Pointer: End of Arrays 192 Tape motor interlock 030D 781 SYS X-reg save
0033 - 0034 51-52  Pointer: String Sterage (moving down) 00C1-00C2  193-194  1/0 start address 030E 782 SYS Y-reg save
0035 - 0036 53-54  Pointer: Ltility String 00C3-00C4  195-196  Kernel setup pointer 030F 783 SYS status reg save
0037 - 0038 55-56  Pointer: Limit of Memory 00C5 197 Last key pressed 0310-0312  784-786 LUSRfunctionjump  JMP B248
0039 - 003A 57-58  Current BASIC line number 00C6 198 # chars in keybd bufier 0314 - 0315 788-789  Hardware interrupt vector (EA31)
0038 - 003C 59-60  Previous BASIC line number 00CT 199 Screen reverse flag 0316-0317 790-791  Break interrupt vector  (FE66)
003D~ 003E 61-62 Pointer: BASIC statemen: for CONT 00C8 200 End-ol-line for input pointer 0318 - 0319 792-793  NMI interrup! vector (FE4T)
003F - 0040 63-64  Current DATA line number 00C9-00CA  201~202  Input cursor log (row, column) 031A-031B  794-795  OPEN vector (F34A)
0041 - 0042 65-66  Current DATA address 00CB 203 Which key: 64 if no key 031C-031D  796-797  CLOSE vector (F291)
0043 - 0044 67-68 Input vector 00CC 204 0= fiash cursor 031E-031F 798-799  Set-input vector (F20E)
0045 - 0046 69-7C  Current variable name 00CD 205 Cursor timing countdown 0320 - 0321 800-801  Set-outpu! vector (F250)
0047 - 0048 71=72  Current variable address 00CE 206 Character under cursor 0322-0323  802-803  Restore 170 vector (F333)
0049 - 004A 73-74  Variable pointer for FOR/NEXT 00CF 207 Cursor in blink phase 0324 -0325  804-805 INPUT vector (F157)
0048 - 004C 75-76  Y-save; op-save; BASIC pointer save 00D0 208 Input from screen/from keyboard 0326 -0327  806-807  Output vector (FICA)
004D 7 Comparison symbol accumulator 00D1-00D2  209-210 Pointer to screen line 0328 -0329  808-809  Test-STOP vector (F6ED)
004E - 0053 78-83  Misc work area, pointers, etc 00D3 21 Position of cursor on above line 032A-032B  810-811  GET vector (F13E)
0054 - 0056 84-86  Jump vector for functions 00D4 212 0=direct cursor. else programmed 032C-032D  812-813  Abort 1/0 vector (F32F)
0057 - 0060 87-96  Misc numeric work area 00D 213 Current screen line length 032E-032F  814-815  Warmstan vector (FE66)
00D6 214 Row where curosr lives 0330 - 0331 816~817  LOAD link (F4A3)
00D7 215 Last inkey/checksum/buffer 0332-0333  818-819 SAVElink (FSED)
gn 00D8 216 # of INSERTS outstanding 033C-03FB  828-1019 Cassette buffer
0067 103 Series. exaluanon constant pointer 0009~ 00F2 217242 Screen line link table 0340 -037E  832-894  (Sprite 13)
0068 104 Accum®! hi-order (overflow) 00F3-00F4  243-244  Screen colour pointer 0380 -03BE  896-958  (Sprite 14)
0069 Accum®2: Exponent. etc. 00F5-00F6  245-246  Keyboard pointer 03C0-03FE  960-1022 (Sprite 15)
00F7 - 00F8 247-248  RS-232 Rev pnir 0400 - 0TF7  1024-2039 Screen memory (default)
006E no Accum®2: Exponent, etc. 00F9-00FA  249-250 RS-232 Tx pntr 07F8 -G7FF  2040-2047 Sprite Pointers { (defauly)
006F m Sign comparison, Acc”l vs “2 00FF-010A  256-266  Floating to ASCIl work area 0800 - 9FFF 204840959 BASIC ROM memory
0070 n2 Accum®1 lo-order (rounding) 0100-013E  256-318  Tape error log 8000 - 9FFF  32768-40959 Alternate: ROM plug-in area
0071 -0072  113-114  Cassette bulf len/Series pointer 0100-01FF  256-511  Processor stack area AQ00- BFFF  40960-49151 ROM: BASIC
0073-008A  115-138  CHRGET subroutine; get BASIC char 0200-0258  512-600  BASIC input bufer A000- BFFF 40960-59151 Alternate: RAM
007A-007B  122-123  BASIC pointer (within subrtn) 0259-0262  601-610  Logical file table C000- CFFF  49152-53247 RAM memory. including allernate
008B-008F  139-143  RND seed value 0263-026C  611-620  Device * table D000~ DO2E  53248-53294 Video Chip (6565)
0080 144 Status word ST 026D-0276  621-630  Sec Adds table D400~ D41C 54272-54300 Sound Chip (6581 SID)
0091 145 Keyswitch PIA: STOP and RVS flags 0277 -0280  631-640  Keyboard buffer D800~ DBFF 5529656319 Colour nybble memory
0092 146 Timing constant for tape 0281 -0282  641-642  Start of BASIC Memory DC00- DCOF  36320-56335 Interface chip 1. IRQ (6526 CIA)
0083 147 Load =0, Verify =1 0283-0284  643-644  Top of BASIC Memory DD00- DDOF 56576-56591 Interface chip 2. NMI (6526 CI1A)
0094 148 Serial output: deferred char flag 0285 645 Serial bus timeout flag D000~ DFFF 53248-53294 Alternate: Character set
0085 149 Serial deferred character 0286 646 Current colour code E000 - FFFF  57344-65535 ROM: Operating System
0036 150 Tape EOT received 0287 647 Colour under cursor E000 - FFFF  57344-65535 Alternate: RAM
0097 151 Register save 0288 648 Screen memory page FF81 - FFFS 65409-65525 Jump Table, Including:
0098 152 How many open files 0289 649 Max size of keybd bulfer FFC6 Set Input channel
0099 153 Input device. normally 0 028A 650 Repeat all keys FFC9 Set Qutput channel
009A 154 Output CMD device, nonnall) 3 0288 651 Repeat speed counter FFCC Restore default 1/0 channels
0098 155 ‘Tape character parity 028C 652 Repeat delay counter FFCF INPLT
003C 156 Byte-received 028D 653 Keyboard Shift/Control flag FFD2 PRINT
003D 157 Direct = $80/RUN = 0 output contro! 028E T 654 Last shift pattern FFEl Test Stop key
009E 158 Tp Pass | error log/char buffer 028F-0290  655-656  Keyboard table setup pointer FFE4
Commodore 64 ROM Routines
A000 ROM control vectors ADIE Perform [NEXT) B824 Perform [POKE) E30E Perform [ATN] EDDD Send serial deferred F72D Find any tape headr
AQOC Keyword action vectors AD78 Type match check B82D Perform [WAIT] E37B Warm restant EDEF Send ‘untalk’ F76A Write tape header
A052 Function vectors ADIE Evaluate expression B849 Add0.5 £394 Initialize EDFE Send 'unlisten’ F7D0  Get bulfer address
A080 Operator vectors AEA8 Constant - PI B85S0 Subtract-from E3A2 CHRGET for zero page EEI3 Receive from serial bus F7D7  Set buffer start/end pointers
AOSE Keywords AEF1  Evaluate within brackets B853 Perform [subtract) E3BF Initialize BASIC EE8S  Serial clock on FTEA Find specific header
AISE Error messages AEFT Y B86A Perform [add) E447  Vectors for $300 EEBE Serial clock off F8OD Bump tape pointer
A328 Error message vectors AEFF  comma.. B947 Complement FAC*1 E453 Initialize vectors EE97 Serial output ‘1" FBIT ‘pressplay..’
A365 Misc messages AF08  Syntax error BI7E ‘overflow’ E45F Power-up EEAQ Serial output 0" F82E  Check tape status
A38A  Scan stack for FOR/GOSUB AF14  Check range Multiply by zero byte ES00 Get 170 address EEA9 Get serial in & clock F838 ‘press record.."
A3B8 Move memory AF28  Search for variable BYEA Perform [LOG] ES05  Get screen size EEB3 Delay | ms FB4l Initiate tape read
A3FB  Check stack depth AFA7  Setup FN reference BA2B Perform [multiply] ESOA  Put/get row/column EEBB RS-232send FB64 Initiate tape write
A408 Check memory space AFE6  Periorm [OR) BAS9 Multiply-a-bit ES18 Initializel/O EF06 Send new RS-232 byte F875 Common tape code
A435 ‘out of memory AFES  Perform [AND] BASC Memory to FAC”2 E544 Clear screen EF2E No-DSR error FBDO Check tape stop
A437  Error routine B016 Compare BAB7 Adjust FAC*1/°2 ES566 Home cursor EF31 No-CTSerror FBE2  Set read timing
A469 BREAK entry B081  Perform [DIM] BAD4 Underflow/overflow ES6C  Set screen pointers EF3B Disable timer F92C Read tape bits
A4T4 5 BO8B Locate variable BAE2 Multiply by 10 ESAO Set 170 defauls EF4A  Compute bit count FAS0 Store tape chars
A480 Ready for BASIC B113  Check alphabetic BAF9 - 10in floating pt ESB4 Input from keyboard EF59 RS232 receive FBBE Reset pointer
A49C Handle new line B11D Create variable BAFE Divide by 10 E632 Input from screen EFTE Setupto recerve FB97 New character setup
A533  Re-chain lines B194  Array pointer subroutine BBI12 Perform [divide] E684 Quotetest EFCS Receive parity error FBA6 Send transition to tape
A560 Receive input line BIAS Value 32768 BBA2 Memory to FAC*1 E691  Setup screen print EFCA Receive overflow FBCB Write data to tape
A579  Crunch tokens B1B2 Float-fixed conversior. BBC7 FACI to memory E6B6 Advance cursor EFCD Receive break FBCD IRQ entry point
A613 Find BASIC line BID1 Setuparray BBFC FAC”2to FAC”! EGED Retreat cursor EFDO Framing error FC57  Write tape leader
A642 Perform [NEW] B245 ‘BADSUBSCRIPT' BCOC FAC”! to FAC*2 E701 Back into previous line EFE1  Submit to RS232 FC93 Restore normal IRQ
A65E  Perform [CLR] B248 ILLEGAL QUANTITY BCIB Round FAC*1 E716 Output to screen FOOD No-DSR error FCB8  Set IRQ vector
AG8E Back up text pointer B34C Compute array size Get sign E87C Goto next line FOIT Sendto RS232 butfer FCCA Kill tape motor
A69C Perform [LIST) B37D Perform [FRE] BC39 Perform {SGN] EB91 Perform <return> FOAD Input from RS232 FCD! Check t/w pointer
AT742 Perform [FOR) B391  Fix-float conversion BCS58 Perform [ABS] EBAl Check line decrement F086  Get from RS232 FCDB Bump t/w pointer
ATED Execute statement B39E  Periorm [POS] BC5B Compare FAC”1 to mem EBB3 Check line increment FOA4 Check serial bus idie FCE2 Power reset entry
ABID Perform [RESTORE] B3A6 Check direct BC9B Float-fixed EBCB  Set colour code FOBD Messages FDO2 Check 8-rom
A82C Break B3B3 Perform [DEF] BCCC Perform (INT] ESDA Colour code table FI2B Print if direct FDI0 8-ROM mask
AB2F  Perform [STOP) B3E1 Check FN syntax BCF3 String to FAC EBEA Scroll screen FI3E Get.. FDI5 Kernal reset
A831 Perform [END) B3F4  Perform [FN] BD7E  Get ASCl digit E965 Open space on screen FI4E  .irom RS232 FDIA Kemnal move
A857 Perform [CONT] B465 Perform [STRS) BDC2 Print’IN.. E9C8 Move a screen line FI57 Input . FD30 Vectors
A8T1  Periorm [RUN] B475  Calculate string vector BDCD Print line number E9EO Synchronize colour transfer F199 Cet.. tape/serial/rs232 FD50 Initialize svstem constnts
A883  Perform [GOSUB] B487 Se