






















































































































































































































































B. RETRIEVING A VARIABLE-LENGTH MESSAGE WITH AN INDEX 
This program retrieves a variable-length message (e.g. error message) 
from a table of up to 128 messages given its index (e.g. error number). An 
index table is kept at zero page pointing to the start of each message. 
The first byte of each message is actually its length. 
The two unique index addressing modes of the 6500 family processors 
are utilized here for illustration purposes 

Afl ?P r:I'I retr iv Ida index ;get index 
nA 1 ; times 2 to ace.55 the 

tax :corr·ect 2 byte pointer 
HI "'<1 Id" ( ixtbl,x) :taKe firs.t byte of mass&g. 
"["1 ?r: CI'l st..;. I"ngth ; as length of me.s.sage 

's"t up pointers for retrieving actual maSftilga 

R':i n<1 Ida ixtbl,x ) in it pointer at stArt 
R") sta msgptr :of desired mlli!ssage 
R70 .,5 Ida ixtbl+l,x 
9"'i 02 sta msgptr+l 

id' 111 Idy III ;start from ac:tual massage 
A. 2n CI') Idx bllfptr )output buffer pOinter 

;move message to buff"r using 
.! 11'"10 irec"t inde:1( addressing 

81 02 move Ida (tnSgptr-) ,y :retr iev. message 
'-=1[1 2E C0 s1:a buff ,x )put in buffer' 

':8 in>' 

lOB inx 
c:r 2C Cf'J dec length :for its whole length 
nn FP bne move 
.,F ?f1 r.1'I stx bufptr ;updat. buffer pOinter 
Fn rts 

;data area 
index .ds 1 ) index no. (0-127) 
1 en9th . ds 1 )mt!ssage l .. ngth count .. r 
bufptr .d. 1 )bllffer po inter 

text 

msgptr .. de 2 .!message pointer (zero page) 
huff .ds )256 byte buffer 

:index tab! ... (zeor"o page) 

ixtbl .de <1 ;table of addresses 
;of msg 1 ,rnssa2 a.nd msg3 

;table of variablp. length m@ssages 
msg 1 .by 9 'i/o error' 

• to,' 12 

.bT' 15 
'synt&x error' 
'buff.r over11ow' 

MON-- SIMPLE MACHINE CODE MONITOR 
Purpose: to enable the user to examine and change the contents of 
memory displayed in hex. 

When the program is run the user is prompted for a start address. This 
may be entered in decimal or hex. Hex addresses are indicated by a $ 
immediately preceding the address, e.g. $0800. Following this, 200 
bytes, from the start address on, will be displayed. Cursor control keys 
move the cursor around the screen as usual. A RETURN keystroke will 
clear the screen and redisplay the start address prompt. Memory 
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locations are changed by changing the appropriate display. Only legal 
hex digits will be accepted. 

Where there are ROM/RAM overlays the ROM values will be displayed 
and the RAM values changed unless the ROM is switched out by the 
user. 
5 REt-'1 ;>'!ACH I NE': CODE tvl0N J TOR 
10 GfJTO 9.00. 
20 REM DEC TO HEX. CO~VERSION 
.30 H$= II II 

40 V=NR- IN'( NR/16):t 1E: 
50 H$=H,*< '} ) +H$ 

80 NR = 1 !'-../T( f'.!R,.-"1 S ;. 

7S ~F t-·JR< >0 THEt-..J 41(1 

F0 RE.TURt··~ 

80 REt'1 HEX TO DES CON'lERS ION 
100 t--lR=O 
lie FOR .J= 1 TO LEN( NF:$) 
12~ NR=OCASC(MIO$(NRS,J,1»-48)+(NR*IS) 

160 REM CRSR MOVE LEFT/RIGHT 
170 CA =CA +"'10VE 
180 REM DISABLE CRSR,PRINT,ENABLE CRSR 
180 1.,.JA I T207 ; 255,- 1 : POKE204 F 255: PCY.E205 F 1 : PR I!··JTK$; 

:POKE204,0:RETURN 
195 RHl CR2R t'10VE UP 
2e0 I~ SA(SA+8 THEN RETURN 
210 S~=CA-8:SM=SM-40:GOSU8 180:RET~RN 

30~ IF CA)SA+121 THEN RETURN 
21 a ::Cj =CA +F: S~1=SI1+4(l: GOSUS 180: RETURN 
400 IF SM=2020 THEN RETURN 

'1lf' T<:,t"1-J.060 

42C :F T/40=INTCT/40) THEN CA~CA+l:SM=SM+l1 
: K$= " •••••••••••• " : GOSUB 180 : RETURN :c: I cSRffi tImes 11 

430 1',10VE -ABse ! t--!TC ::::t,I./2 ) -SJ'YI/2) 
440 St>-l=St"1+( 2 H-1ClVE ) + 1 ~1-CS-R-R-T-time-s3---'1 

450 T="'lQ\,l~*2+1:K$=RIGHT$( "I.U",'T):GOSUB 
160:RETURN 

500 REt" CR~;R tvl0VE L~~T 

510 IF ~H',-= 1031 "'!'"HEN RETURt'·! 

530 ~~ T/40=INT(~/40) THEN CA=CA-l:SM=SM-12 
: KS- "I ........... " : GOSUB 180: RETURN 

I CSRLFT times 1211 
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540 rl0VE =( I NT( SH/2 ) < >SH/2;' 

550 SM=SM+(3*MOVE)-1 I CSRLFTtimes4 I 
J. 

560 T=ABS( t'10'.IE) *3 + 1: K$=R I GHT$( "1lUI •• " F T;' ,GOSUB 

160:RETURN 

600 REM GET VALUE FROM SCREEN 
S 10 POi<E204, 255, HE; ::OPED=>: sr'·l- 1) : LB =PEEK( SI'D : POKE204,0 

e:~ ·c HB)127 THEN H8=HB-128 

S~7 IF L8>127 THEN L8=L8-128 

820 IF HB<48 THEN NR$=CHR$(64+HB):GOT0640 

EAC I? :""8< 48 THEN i'·;R$=t'..LR$+CHR$( 64 +LB ) : GOTO 550 
':::.50 r··jR$:=NR$+CHR$( L8) 

eS0 RE-:-UI;(N 

70e RErl POKE VALUE-2ND DIG I T CHANGED 

710 GOSUB 800:GOSU8 90 

720 POKECA., r·lR 

730 IF CA=SA+400THEN PRINT"U":RETURN 

740 T=(CA-SA+l)/·8<>INT«CA-SA+l)/8» 

75("1 IF : THEN K$="_" :GOSU8 180:St<1=St'1+3:CA=CA+l 

: RETURN J CSRRTtimes7 

760 511="01<1+ 11 : CA =CA + 1 : K$=CHP$( 13) + " ........ 1" 

:GOSUB 180:RETURN 

800 REM CONVERT START ADDRESS 
810 IF LE:FT$(SA$,-l)<>"$" THEN SA=VAL(SA$):RETURt;l 

820 NR$=MIO$(SA$,2):GOSU8 80:SA=NR=RETURN 

288 RF:~1 SE: UP CCNVERS I ON ARRAY~3 
':11>:'" i'IN C::;:::?) 

~:-:C~;J Fr::'RJ=0 TO 9:0( J)=~T:I'.J.E;-;T 

838 ~OR J=17 TO 22:0lJ)=J-7:NEXT 

1 1 1 () 'J H'1 H $( 1 5 ) 

~ 1;:'8 FOR .J=0 TO 9: H$(J;' =CHR$( 48+J): NEXT 

1130 FOR J=18 TO 15:H$(J)=CHR$(55+J):NEXT 

1148 RDl INITIALIZATION fjCi:RJ .. 
1150 PRINT".:J":INPUT "START ADDRESS";SA$:GO:::::U8 800 

1160 CA=SA:SM=1031 

1170 FOR J=0 TO 24:PRINT 

11:::::8 NR =SA +.J *8: GOSLl8 20 

1190 PRINTRIGHT$( "0000"+H$+" 

1200 FOR K=0 TO 7: 

1210 r···1R==PEEK(SA+J+K):GOSU8 20 

:PRINTRIGHT$( "00"+H$+" 
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1220 /'·ID<:T I<. ,.J 

1230 REt··1 t-IA IN L.OOP I HOME&CSRRTtimes7 I 
1240 PRINT"~rtiRtm1".: 
125e 

;E70 

!280 
1280 
12.('0 

1310 

POKE204,0 
seT K$: IF K$=!I I! THF'N 1260 

.t 1 CSRupl 
:F K5="O"THEN GOSUB 200:GOTO 1260 
T.r- ....... ,:$ = "..:.:;;;-:" T:;:. ~H~E:;;~. ~.J ~~~~~~-;;;~~~~;IIQC~S~RD~W~NI _~ - I' GOSU8 300:GOTO 1260 
IF K$= "FJ"THEN GOSUB 400: GOTO 12601 CSRRTI 

IF ~:.$="f~"THF!'J GOSU8 500:GOTO 1260~ 
IF K$=CHRS( 13) THEN GOTO 1150 

1320 REM CH~CK IF LEGAL HEX DIGIT 
123('\ r.=ASC( KS) 
1340 IF K(4S QR K)70 THEN 1260 
1350 IF ~: >57 ANO K( 65 THEN 1260 
t360 GOSUS 180 

1370 IF S!Y1/2 (> INT( ~;"'V2) THEN Stvt=SM+ 1: GOSUB 
600:GOSUB 90:POKECA,/'~:GOTO 1260 

1380 IF CA=:3A+198 THEN KS="II" :GOSU8 180:GOSUB 
600:GOSUB 80:POKECA,NR:GOTO 1260 

1390 GOSUB 700:GOTO 1260 
2000 PRINT"~":POKE204,0 
2010 PRINTn~Q;FEEK(E51);PEEK(652); :GOTO 2010 

117 



COMMODORE 64 MEMORY MAP & MANAGEMENT 

MEMORY MAP & 'SHADOW ZONES' 
As you should know by now, the 6510 processor with a 16-bit address 
bus has a capability of addressing 64K bytes of memory. For any 
computer to operate, or almost any, this memory has to be a combination 
of ROM, RAM and 1/0. With a clever design, Commodore 64 actually 
puts more than 64K of memory into the machine. 

Let us examine the memory map and find out how this is achieved. The 
64K memory can be divided into 6 zones, 3 of which are 'shadow zones'. 
In a shadow zone, more than 1 bank of memory exists. These memory 
banks can be switched in and out under memory management. 

Zone 6 : EOOO-FFFF 

Zone 5 : OOOO-OFFF 

Zone 4 : COOO-CFFF 

Zone 3 : AOOO-BFFF 

Zone 2 : 8000-9FFF 

Zone 1 : 0000-7FFF 

8K KERNAL ROM ~ RAM 

4K 1/0 I RAM ~ Character ROM 

4K RAM 

8K BASIC ROMIExternal ROM~RAM 

8K RAMI External ROM 

32K 

RAM 

Commodore 64 Memory Map 
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ZONE 1 - 32K RAM 
The first 32K of memory is RAM and RAM only. No 'shadow' memory is 
hidden in this zone. However, addresses 0000 and 0001 are overridden 
by the 6510 internal I/O port registers. Also, remember that Page 1 
($0100 - $01 FF) is reserved as the processor stack. 

ZONE 2 - 8K RAMI'AUTO-START' EXTERNAL ROM CARTRIDGE 
Normally this is a RAM zone but will be overridden by a plug-in ROM 
cartridge. This external ROM cartridge plugged in can have an 'auto­
start' feature to override the usual operating system. The 'auto-start' 
ROM executes its own codes on power-up if the first nine bytes ($8000-
$8008) are as shown. 

$30 "0" 
$8007 $38 "8" 

$CD "M" 
$C2 "B" 

$8004 $C3 "C" 
WSVL Warm Start 

$8002 WSVH vector 
CSVH Cold Start 

$8000 CSVL vector 

"Auto-start" ROM Header 

ZONE 3 - 8K (BASIC ROM/EXTERNAL ROM CARTRIDGE) - RAM 
Usually this is the BASIC ROM but will be overridden by the second half 
of a 16K ROM cartridge plugged in (A 16K plug-in ROM covers Zone 2 
and 3). A 'shadow' RAM exists in this zone which can be banked in and 
out under software control. A processor signal LORAM is used for this 
purpose. More on this later on. 

ZONE 4 - 4K RAM 
This 4K of RAM in a higher portion of memory is normally used as a buffer 
area by the operating system. 

ZONE 5 = 4K (I/O / RAM) - CHARACTER ROM 
Normally this is the I/O devices' area. Only with memory configuration 
that does not have any I/O device will RAM appear in this zone. The 
'shadow' character ROM can be banked in and out under processor 
control of signal CHAREN. 

ZONE 6 - 8K KERNAL ROM - RAM 
Usually this is the KERNAL ROM but the 'shadow' RAM can be switched 
in and out under software control of processor signal HIRAM. 
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NOTE: Even when RAM is banked out in case of Zone 3 or Zone 6, a 
WRITE or POKE operation to a ROM address wil store the data in the 
'shadow' RAM. This characteristic allows, for example, a hi-resolution 
screen to be stored in a 'shadow' RAM area without banking it in and out. 

MEMORY MANAGEMENT 
Memory management on Commodore 64, in essence, is the selection of 
banks in particular zones of memory by using some control signals. It is 
best illustrated in a table:-

--

Zone Address Signal Level Ac~ess (Bank-in) 

$AOOO - $BFFF 1 BASIC/External ROM 
3 LORAM 

(8K) 0 RAM 

$DOOO - $DFFF 1 I/O / RAM 
5 CHAREN (4K) 0 Character ROM 

$EOOO - $FFFF 1 KERNALROM 
6 HIRAM (8K) 0 RAM 

Memory Management Signals (NOTE: All three signals are normally 1) 

These control signals are taken from the 6510 internal I/O port which 
also has 3 other signals that control a cassette. The direction of each line 
of the port is set up by a bit pattern written into the data direction register 
(address $0000). A 0 bit designates an input line on the I/O port (address 
$0001) while a 1 bit corresponds to an output line. 

Data Direction Register I/O Port Control Lines 
Bit ($0000) ($0001 ) 

0 1 (output) LORAM 
1 1 (output) CHAREN 
2 1 (output) HIRAM 
3 1 (output) Cassette write line 
4 o (input) Cassette switch sense 
5 1 (output) Cassette motor control 

6510 Input/Output Port Assignment 

SOME MEMORY CONFIGURATIONS 

Here are some illustrations of possible memory configurations available 
on the Commodore 64. The characteristics and main use of each 
configuration and the levels of control signals that achieve it are listed. 

(NOTE: 1 = HIGH, 0 = LOW, X = DON'T CARE) 
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Standard - 8K ROM BASIC 2.0 and 38K contiguous user RAM 

EOOO 
DOOO 
COOO 

AOOO 

8000 

0000 

8K KERNAL ROM 

4K I/O 
4K RAM (buffer) 

8KBASICROM 
1-----. 

8KRAM 

32K RAM 
(30K user 
1Kvideo 
1KOS) 

LORAM = 1 
HIRAM = 1 
CHAREN = 1 
EXROM = 1 
GAME = 1 

Enhanced BASIC - 8K BASIC standard ROM and 8K enhanced BASIC 
ROM and 32K contiguous RAM 

EOOO 
DOOO 
COOO 

AOOO 

8000 

0000 

8K KERNAL ROM 
~. 

4K I/O 
4K RAM (buffer) 

8KBASICROM 

8K ROM Cartridge 
(Enhanced BASIC) _ ..... --'-

32K RAM 
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LORAM = 1 
HIRAM = 1 
CHAREN = 1 
EXROM = 1 
GAME = 0 



Language ROM - 8K Language ROM (override BASIC) and 40K 
contiguous RAM 

EOOO 
0000 
COOO 

AOOO 

8000 

0000 

--

8K KERNAL ROM 

4KIIO 
4K RAM (buffer) 
8K Language 
ROM cartridge 

8KRAM 

32KRAM 

LORAM = 0 
HIRAM = 1 
CHAREN = 1 
EXROM = 0 
GAME = 0 

Allocation ROM - 16K application or language ROM and 32K 
contiguous RAM. 
e.g. word processors, intelligent terminals 

8K KERNAL ROM 
EOOO 1----4-K-I-IO----1 
0000 1---C:-=~~--:-:---:------1 
COOO 1--_4_K_R __ AM_{_b_uff_e_r}_-t 

16K Rom Cartridge 

8000 

32K RAM 

0000 ~-------' 
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LORAM = 1 
HIRAM = 1 
CHAR EN = 1 
EXROM = 0 
GAME = 0 



UL TIMAX Video Game - 16K ROM and 4K RAM only 

EOOO 
0000 

AOOO 

8000 

1000 
0000 

8K ROM Cartridge 

4KI/0 

12K open 

8K ROM Cartridge 

28Kopen 

4KRAM 

LORAM = X 
HIRAM = X 
CHAREN = X 
EXROM = 1 
GAME = 0 

Softload Language 52K contiguous RAM for softload languages, user 
RAM, I/O devices and I/O drive routines, e.g. CP/M 

EOOO 
0000 
COOO 

8000 

0000 

8K KERNAL ROM 

4KI/0 
4KROM 

16K RAM 

32KRAM 
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LORAM = 0 
HIRAM = 1 
CHAR EN = 1 
EXROM = X 
GAME = 1 



64K RAM - I/O devices must be banked in for any I/O operation 

8KRAM 
16K RAM EOOO 4KI/0 

DOOO 4KRAM 
COOO COOO 

LORAM = 0 LORAM=1 
16K RAM HIRAM = 0 16K RAM HIRAM=O 

CHAREN = 1 CHAREN=1 
8000 EXROM = X 8000 EXROM=X 

GAME = 1 GAME=1 

32KRAM 32KRAM 

0000 '---------! 0000 '----__ ---I 

PROGRAM ENTRY 
There are 3 common methods of entering machine code programs on 
the Commodore 64. 

1. BASIC STATEMENTS 
This method is suitable for simple and short machine code routines used 
within a BASIC program. First of all, the routine has to be assembled, 
usually by hand. Each code is converted to its decimal value (an 
unfamiliar numbering system to a machine language programmer). Then 
the codes are stored in BASIC DATA statments. A simple READ and 
POKE loop will set up the machine code routine at a specific location. 
Subsequent SYS or USR statements can use this routine. 

This is the cheapest method because no additional purchase of software 
is required. However, the amount of time required to debug or mOdify the 
code will increase drastically with the size of the routine. Imagine typing a 
500 byte program in decimal values or several scores of DATA 
statements and then having to locate a typing or conversion mistake. 
Example: 

5 RESTORE: M = 12 * 4096 : REM $COOO 
6READX:IFX<> -1 THENPOKEM,X:M=M+1,GOTO 6 

10 Initialization of formal basic 

1000 DATA 32, 207,255,157,0,193,232,201,13,246,96,-1 
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Notes:-
a) The use of delimiter -1 avoids the problem of having to count the 
numbers of bytes as in a FOR. .. NEXT loop. 
b) Subsequent running of this BASIC program should start at line 10. 
This eliminates the time-consuming READ and POKE process to set up 
the machine code registers (of course, self-modifying codes are always 
forbidden!) . 

2. MACHINE LANGUAGE MONITOR 
A ROM cartridge called 64MON is provided by Commodore to let you 
a) enter machine code programs in Hexadecimal codes or Mnemonic 
forms 
b) assemble and disassemble machine language 
c) debug machine code programs 
d) save and load machine code programs. 
A monitor of this kind is recommended for any serious machine language 
programmer. With 64MON, you can enter a machine code routine by 
specifying the starting address and then the instructions. 
Example: 
A COOO JSR $FFCF 
A C003 ST A $C1 00, X 
AC0061NX 
A COO? CMP #$00 
A C009 BNE $COOO 
ACOOA RTS 

3. EDITOR/ASSEMBLER PACKAGE 
An editor/assembler allows you, at the very least, to use label references 
in programs and save source programs instead of object codes. A more 
sophisticated package can have the following features:-
- macro, conditional and/or interactive assembly 
- symbol table and cross reference 
- formatted assembly listing 
- object modules linking and relocation 
- run-time debug aids 
With an editor/assembler, you can write much better documented 
assembly language programs. 
Example:­

CHRIN 
LlNEBUF 
CR 

GETLlNE: 
* 
JSR 
STA 
INX 

$FFCF 
$C100 
13 
$COO 
CHRIN 
LlNEBUF, X 
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; input 1 character routine 
; input line buffer 
; [RETURN] character 
; code starting address 
;input 1 character 
; put character in line buffer 



CMP #CR 
BNE GETLINE 
RTS 

PROGRAM EXECUTION 

; is it [RETURN] character? 
; NO - get next charcter 
; exit only if whole line input 

A machine language program can be executed by calling it in a BASIC 
program or directly run under a machine language monitor. Some of the 
system handling routines can be substituted by user written ones with 
careful modification of the vectors. 

1. BASIC CONTROL PROGRAM 
A BASIC porgram can use machine code routines as subroutines. These 
subroutines must end with a 'RTS' instruction to return control to the 
BASIC calling program. There are 2 ways of calling machine language 
subroutines in BASIC. 

a) SYS [addr] statement 
This BASIC statement enters a machine language subroutine at address 
[addr]. Execution continues with the next BASIC statement on return. 
Parameters can be passed by putting them in commonly known memory 
locations. This method allows simple and efficient interface between 
BASIC and machine language programs. Multiple parameters and 
several machine code subroutines are handled with ease. 

b) USR ( [x] ) Function 
This BASIC function calls a machine language subroutine whose entry 
point is stored at address 785, 786 (conventional low, high byte order). 
The parameter [x] is passed by putting its value in the Floating Point 
Accumulator #1. On return, BASIC will take the value in the floating point 
accumulator as the value of the function. This method is more suitable for 
routines that pass a single parameter only, especially with floating point 
numbers. Be careful to set up the correct entry point at 785 and 786 
before calling this function when you have more than one machine code 
subroutine. 

$0066 ~_~ __ ~i~ n ... 

! 

I 
I 

Mantissa 

$0062 t--··-···~ 
$0061 . Expone~ 

Floating Point Accumulator #1 
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2. MACHINE LANGUAGE MONITOR 
With 64MON, you can execute a machine code routine by specifying its 
starting address. The routine should end with a 'BRK' instruction to return 
control the the monitor. 
Example: 
GCOOO 
By setting up breakpoints, memory and registers can be examined at 
critical pOints. The routine can then be resumed with or without any 
alteration. This makes debugging of the machine language program 
easier. 

3. SUBSTITUTION OF SYSTEM HANDLING ROUTINES 
For those system routines which are called via their indirect vectors in 
RAM, they can be easily substituted by modifying their corresponding 
vectors to point to the user written routines. 
Such user routines must end in the same way as their system 
equivalents - either with a 'RTS' or a 'RT!' instruction. Normally, you 
want to do something extra before transferring the control back to the 
standard routine. Therefore a 'JMP' instruction will be more frequently 
used here. 
Here are some system handling routines that can be substituted. 
a) BASIC Interpreter Routines 
- e.g. tokenize keywords, LIST, print error messages and evaluate 
tokens, etc. 
The vector table resides at $0300 - $030B 
b) KERNAL Input/Output Routines 
- e.g. OPEN/CLOSE, LOAD/SAVE, CHRIN/CHROUT, etc 
The vector table resides at $031 A - $0333 
c) Processor Interrupt Handlers 
-e.g. hardware interrupt request (IRQ), non-maskable interrupt (NMI), 
software interrupt instruction (BRK) 
The vector table resides at $0314 - $0319. 
(NOTE: IRQ interrupts every 1/50 of a second (1/60 in U.S.A) and the 
KERNAL makes use of this to update the time (TI, TI$) and scan the 
keyboard. Make sure you return to the system handler unless you intend 
otherwise. Disable IRQ before you modify its vector) 
d) 'Wedge' New Commands 
- By detouring from the CHRGET (get next BASIC byte) routine at $73 
- $SA, new commands can be added. If all new commands begin with a 
common character (@ is a popular choice), 'wedging' interpretation will 
be faster. Commands that do not start with '@' are passed back to the 
standard handling routine; those that do start with '@' are searched and 
executed by the user routine. 
e )Keyboard Entry Routines 
- e.g. keyboard table setup and decode, INPUT routine 
Keys can be redefined according to user requirement. 
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SOME COMMODORE 64 USEFUL ROUTINES 

A. PAUSING 'LIST' OUTPUT 
A very short machine language routine can add to the Commodore 64 a 
highly desirable feature on the LIST program command. The continuous 
scrolling of text lines on the screen is usually too fast for the human eyes. 
It would be nice to pause the output by holding down the shift key and be 
able to freeze it by pressing the shift-lock key. The following routine does 
just that. 

~ h f 1 3.~ .de *028 ;( $Ol=~hift-I(,,>· pr'l!!:sEtad) 

31 13 t . de $,171" ; £)I..ite.Tl LIST toKen: .. routin~ 

• b a $cOO0 .: pa.l..i$e iQutina :it .. rts at k0<leJ 

~OEl0 M5 ::8 ,oJ 1 it 1 d a shf 1 ail ;"hlft K .. y pressed? 
C0"12 CIt) FC bne lola i t ; :,r' ~ S , ~a.l t for reloaase 
':<,)El4 fi8 pia ;no restare toKen 
;:"005 4C 1M M7 JITlP 5.1 is t ;LIST toKan 

This is an example of substituting BASIC interpreter routines - the LIST 
tokens handler. By modifying the vector at $0306, this coding of pause 
check can be inserted before the actual printing of tokens. If we have the 
above codes at $COOO, we can enable the pause feature by POKE 774, 0 
:POKE 775, 192 (i.e. $COOO- $0306). 

B. PROGRAMMING FUNCTION KEYS 
Each of the Commodore 64's eight function keys can be used to 
represent a series of keystrokes as entered from the keyboard. 
The operating system uses a keyboard buffer queue to store any key 
entered from the keyboard. The system IRQ interrupt handler puts 
entered keys at the end of the queue while the BASIC interpreter takes 
them off the queue in a first-in-first-out (FIFO) order. If a user interrupt 
routine puts on the queue a string of pre-defined chracters when a 
function key is pressed, the system will be deceived to ttlink that the 
string was actually typed on the keyboard. 
This method of programming function keys can illustrate the technique of 
substituting a system interrupt handling routine. The following simple 
example will put "LIST [RETURN]"on the keyboard buffer queue when 
[f1] key is hit. 

128 



.ba k000 
o:r .d .. 13 ; RETURN cn .. racter 
ndx .de k6 ; no. of cha.racters 1n 

Ka¥board b ... ff"" qua",. 

" .. ,'d .de *~277 ;)(ej.'boa.r1 b ... ffe..- ~uaua 

( 10 b,tes long) 
c. in'J .. d~ *0314 ; IRQ l:i"t.arru.pt vector in RAM 
.; irq .tie * .... 31 ; SF'stem !RQ h-i-ndl in.; routine 
scnt(ey .de *ff9f ;~can v 2:).'b:t3.rd .. nd rut Key 

e.ntered onto q,ueuQ 

;Sl!t '.'p tl) oV'i!f'ride sjlst-=:m IRQ ha.ndl 'l!r ",ith use.r routine 
78 in it s~i ;IRQ must be di"abled during 
... 9 !'!d Ida ttl ,u irq ;:nodifi:::)."tion of its vector 

8d 14 03 sta einv 
a9 cl1l Ida ~h,uirq 
ad 15 03 sta c inv+l 

58 eli 

68 rts 
;user IRQ handler( .. xec ... ted every VS0th af ... .. acond) 

2" 9f ff 1-' ir Cl jsr scnKey .:sca.n Keyboard 
.0.6 cS Idx 1<ndx 

f" 16 beq exit ;exit if no K.¥ 
ca dex ;point at la~t Kill' in q .... u. 
bd 77 "2 Ida Keyd,x 
0:9 85 C/I'f> 11$85 ;[ F 1 J? 

d" €Ie bne axit ;no, do nothing 
a"l ff Id, 11255 ; yes, put ?r .. defined string 
.:8 put iny ;onto Keybo ... rd buff .. r qu.",. 
.. 8 inx 
b9 2d cl1l Ida str ing,y 
9d 77 02 sta Ke;od,x 
dl1l f6 bne put ;string t .. rmin ... ted by byte 8 
86 c6 ;.t'll( *nrJx ;update na. af bytas in quau. 
4c 31 ea exit j "'" So irq ;resume with .;.ystem IRQ handler 

;user defin .. bl .. string af Keys 

4c 49 53 s t r in 9 .b, 'LIST' cr 12! 

54 
0d 00 

With the machine codes residing from $COOO upwards, the initialization 
routine can be activated by SYS 12*4096. 

C. RECOVERING "NEWed" PROGRAM 

This program we will use will also serve to show how additional 
commands can be 'wedged' into the BASIC operating system. Below is a 
listing of an operating system routine 'CHRGET' that we will wedge our 
routine into. 
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0073 E6 7 A CHRGET 
00750002 
0077 E6 7B 
0079 AO ?? ?? CHRGOT 
007CC93A 
007E NOOA 
0080C920 
0082 FO EF 
008438 
0085 E930 
008738 
0088 E9 00 
008A 60 CHRET 

NOTE: 

INC TXTPTR ; get next byte 
BNECHRGOT 
INC TXTPTR+1 
LOA ???? ; get current byte 
CMP#$3A 
BCS CHRET ; ignore ASCII '9' 
CMP #$20 
BEQ CHRGET ; skip space characters 
SEC 
SBC#$30 
SEC 
SBC#$OO 
RTS 

Locations $7 A and $7B are used as TXTPTR which points at the current 
byte in the BASIC text buffer to be interpreted. This routine is kept in RAM 
so that it can modify ????, the address of the current byte, continually. 

We will make use of the fact that CHRGET resides in RAM by wedging 
our routine into CHRGET. To use this routine, it must have already been 
loaded before the NEW command was executed. To recover a NEWed 
program, simply type @OLO. 

HI 
2f'! 
30 CHRGET 
4f'! CHRGOT 
:50 TXTPTR 
Sf'! IERROR 

.0. 

.ba 

.de 

.de 
• de 
.de 

$cf'!00 
$73 
$79 
$7 • 
$f'!300 

70 .toa. $cf'!0e1 
B0 ; DETOUR FRO~l CHRC,ET 
90 LOX 112 

;get next BASIC byte routlna 
;get ~urrent BASIC byt. routlne 
;current BASIC byte pointer 
;vector of print &rror ~~»_ga routin8 

11'11'1 OETRI 
IleI 

LOA JCODE,X ;r"pla.~e l.t in.truction uf CHRGET 
STft CHRGET,X ;with 'jump wedge' 

121'1 
130 
140 
150 JCOOE 
lS0 XSAVE 

OEX 
BPL DETRI 
RTS 
JMP I£DGE 
.OS 1 

171'1 ; CHECK FOR WEDGE COMMANDS 
lB0 I£DGE 
196 
200 
210 
226 I£OG1 
236 
24e1 

INC TXTPTR 
BNE WEOGI 
IN: TXTPTR+l 
STX XSAVE 
TSX 
SEC 

;jump in$truction code. 

JPOINT RT NEXT BYTE 
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L.OII .el101,X 
SBC II$BC 
AOC $0102,X ;wa.$ CHRGET c;>lled from 
SBC II$A4 ;the direct mode? 

2~1!l 

260 
270 
280 
290 
300 
3H'l 
320 
330 
340 
3:50 

BNE l<EOG9 ; ignore wedge c:olTInilnds 
; from other modes 

JSR CHRGOT 
CMf' 1I'f! ;Ioledga command identifi .. r? 
BEQ WDGCMD ;yes,dispatch command 

WEOG9 L.OX XSAVE ; rio res.tore X 
JMf' CHRGOT ;return 

360 ; dispatch wedge commands 
370 ;(for the simplicity of this ex~mple 
380 proper handling should involve storing 
390 all valid comrr~nds in a t~bl. and 
400 searching the input cOmmAnd through 
410 the table). 
420 WDGCMD JSR CHRGET 1get next byte 

C/YP 11'0 lold? 
BEQ RECOVR ;yas,racoV8ry routine 
C/YP .'R 
BEQ RECOVR 
L.OX 1I$0B 
JMf' ( tERROR) 

; RECOVER "NEl<EO" PROGRAM 
TXTTAB .de $cb 

Jif invalid command 
;print syntax error 

JPointer :start of bas ic 

430 
440 
4~0 

460 
470 
480 
490 
500 
510 
520 
530 
~40 

550 
:560 
:570 
580 
~S0 

600 
610 
E.20 
630 
640 
651!'! 
661'1 
671!'! 
6Se 
6SI!'! 
71!'!0 
7 II!'! 

VARTAB • de $2d IPointer .atart of bcs ic vari.ble .. 
ARYTAB .de $2f ;pointer :start of bas ic _rr_y~ 
STRENO .de $31 ;pointer lend of ba .. ic .rr.yit 
PTR .de $2d 
TEMP .de $2f 
RECOVR 

LOY 113 ; d i511a.rd next-lin .. point .. r IS. lin .. 
RCVRI tNY 

LOA (TXTTAB) .Y ; s.ea.rch for 1 in .. d .. l imit .. r 
BNE RCVR1 H *00) of first 1 in .. 
TYA 
SEC ; + 1 to point to 2nd 1 ina 
AOC TXTTAB 
LOY III!'! 
STA (TXTTAB) .Y ;rectify next-I ine pOinter 

}for first I in" 
STA $20 ; In it temp worK pOlntar 
INY 
LOA $2C 
STA (TXTTAB). Y 
STA $2E 

721!'! ;trace next line until end of program text 
731!'! LOY III!'! 
740 RCVR2 L.OA ($20),Y 
750 
761!'! 
771!'! 
78 I!'! 
790 
81!'!€) 
810 
820 

STA 
INY 
LOA 
TAX 
ORA 
BEQ 
STX 
LOA 

$2F 

($CO),Y 

$2F 
RCVR3 
$2E 
$2F 

;po.ition to addr"ss hilih 

; 11nl< il.ddress :$01!'!0e? 
;yes,lInd of pro\iram 
;no,tr.ca n .. xt I inl< 
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83£1 
84£1 
850 
S6e Jcorrect 
870 RCVR3 
880 
890 
90£1 
91£1 
92£1 
93£1 
940 
9:50 
960 
97£1 
98£1 
99£1 

1688 

STfI $20 
OEY 
BEQ RCVR2 

;r.poalt,on to .ddr.55 low 
;~l"&)'l> br~nch 

~ll BASIC pOlnter5 
Cl..C 
LOA 
tlOC 
STA 
STA 
STA 
LOA 
AOC 
STA 
STA 
STA 
LOX 
JMP 
.EN 

$20 
112 
$20 
$2F 
$31 
$2E 
118 
$2E 
$38 
$32 
.$S0 
( IERROR) 

;po5ition right .fter end of progr.m 
;for 5t~rt of u.ri.ble5 
;for 5t.rt of &rr.Y5 
;for and of .rr.r5 

;prlnt REflOY 
;& r~turn to BASIC 

30 REtv1 t..lEDGE THAT ADDS CONr·'t~N[ ~OLD 

82 REt-! l;.JH I CH RESTORE:=; NEl . .jEC' PROGRAtvlS 

1210 FOR 1=0 TO 129:FEAO A :POKE 48152+I,A:l-·lE:'-;T 
1 t e 
12f'l 
t20 

140 
15!,) 

17f'l 
180 

190 

8~T~lS2,2F!88?11,192,149T115~202 

nATA1G,248,96,76,~5,182;255,230 

DATA122,208.2.23~,123.142,14,192 

OATAt88,~S,t89,l,I.233,140.125 

DATA2.~ ~ .232.r 164 ;208,7 .• 32; 121 

DATAO.r 201 ,64.240, E: , 174. 14,192 
OATA76,121,0,32,115,0,201,79 
OATA240,8,201,82,240,5,162,11 
DATA108,0,3,160,3,200,177,43 

2100ATA20S,251,152,5e,!01,4S,IB0,0 
220 OATA145,42,133,45,200,165,44,145 
230 DATA43,133,46,160,0,17?,45.133 
240 rATA47,2~0,177,45,170,5,47,240 
25~ DATA9,13 4 ,48,165,47,133,45,136 
?e~ ~ATA240,235,24,165,45,105,2,133 

~7~ DATA45,t33,47,133,49,165,46,105 
28~ DATAO.133.48,133,48,133,50.182 
2913 DATA128,108,0,.3 
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COMMODORE 64 KERNAL 

CONCEPTS OF KERNAL AND OPERATING SYSTEM 
A microprocessor, no matter how large its instruction set is and no matter 
how fast it can run, will get nowhere without a well-knit piece of software 
that supervises it. This supervisory program is known as an 
OPERATING SYSTEM. The operating system accepts what you type on 
the keyboard; echoes it on the monitor; prints an error message if it does 
not understand what you typed; executes your command if it makes 
sense; loads a program from disk drive if necessary; prints something on 
the printer if required; ... In other words, the operating system co­
ordinates and manages all resources of the computer to be at your 
service. 

The operating system has a large collection of routines that perform 
system initializations, memory management and all kinds of input! 
output. These routines are usually highly hardware dependent which 
means different routines have to be written for different devices. From a 
user point of view, you want to be able to use these routines without 
worrying about what hardware you are dealing with. Most microcomputer 
manufacturers prepare a list of callable system routines with their 
addresses and methods of calling. The problem arises when a later 
version of the operating system is released; all these entry points will be 
different. Old software which made use of these routines is no longer 
compatible. 

Commodore 64 has solved this problem by storing all the entry points of 
the supported system routines in a Jump Table called KERNAL. This 
jump table is located on the last page of memory, in the KERNAL ROM. 
The entries of this table are well documented and will remain unchanged 
in future ROM releases. Any individual system routine can be modified 
and relocated inside the ROM. However,such a change will be 
'transparent' to the user program as long as the jump pointer in the 
KERNAL has been updated. 
Example·,--____ ---, 

$FFC6 JMP $FABC 

$FABC f-f--------i 
RTS 

ROM 1.0 

JSR $FFC6 

Application 
Program 

f---------./'1 $E678 

RTS 

ROM 2.0 

The application program will run just as well on both ROM versions. 
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POWER-UP INITIALIZATIONS 
On power-up, the KERNAL performs a series of self-tests and system 
initializations. The sequence of activities is outlined below:-

1. For the 6510 processor, the Stack Pointer is reset to $FF and the 
Decimal Mode Flag is cleared. 

2. Location $8004 - $8008 are examined. If an 'auto-start' ROM header 
is found, control is passed to the 'auto-start' ROM using the vector at 
$8000. Otherwise, normal power-up sequence continues. 

3. I/O ports and devices are initialized 
- CIA#1 to scan keyboard, joystick, paddle and light pen 
- CIA#1 to activate real-time clock 
- CIA#2 to initialize Serial Bus 
- CIA#2 to reset User/RS-232 port 
- SID to clear all voices 
- 6510 I/O port to select memory configuration for BASIC mode 
- 6510 I/O port to turn off cassette motor. 

4. RAM test is carried out from $0300 upwards. The top memory pointer 
is determined by the first non-RAM location encountered. The bottom 
memory pointer is always set to $0800. The screen memory always 
starts at $0400. 

5. All I/O vectors, pointers, flags and variables in RAM are initialized. 

6. The screen is cleared and all the screen editor variables reset. Control 
is passed to BASIC using the vector at $AOOO. 
Next time if you notice a slight delay when turning the power on, you will 
know that it is working very hard to get all these things straightened out. 

USING KERNAL ROUTINES 
For you to use the KERNAL routines, you must:-
- find out the right one to use and its entry point address 
- call preparatory routine, if necessary 
- pass parameters in communication registers, 
- call the routine 
- handle any return error (indicated by Carry Flag set) 
- save and restore registers affected by the routine, if necessary 
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SOME USEFUL KERNAL ROUTINES 
Regis-

Preparatory Communications ters 
Routine Address Function Routines Registers Affected 

User Interface 

1. CHRIN $FFCF Input 1 Character - .A~input character .X • .Y 
(from keyboard) 

2. CHROUT $FFD2 Output 1 Character - .A~output character -
(to Screen) 

3. GETIN $FFE4 Get 1 Character from - .A~character removed .X •. Y 
Keyboard Queue ~Oifnone 

4. PLOT $FFFO Read/Set Cursor Position - C flag ~ 1 read .A 
~Oset 

.X~row(O-24) 

.Y~column(O-39) 

storage I/O 

5. SETLFS $FFBA Set Up Logical File No. - .A~logical file no. -
First Address (Device No.) .X~device no. 
and Second Address .Y~command 

(Command) of Device ~ $FF if no command 

6. SETNAM $FFBD Set Up File Name - .A ~ length of filename -
.X~filename address 
(low) 
.Y~filename address 
(high) 

7. LOAD $FFD5 LoadlVerify Memory SETLFS .A~Oload .X •. Y 
from Device SETNAM ~ 1 verify 

B. SAVE $FFDB Save Memory to Device SETLFS .A~page-zero address 
SETNAM of start SAVE pointer 

.x~end SAVE pointer 
address (low) 
. Y ~ end SAVE pointer 
address (high) 

1. CHRIN - INPUT 1 CHARACTER (FROM KEYBOARD) 
When this routine is initially called, the cursor will blink and input a line of 
characters terminated with a carriage return. The routine will return with 
the first character in .A. Subsequent calls will retrieve the characters 
already input one by one. Detection of a carriage return means the whole 
input line has been retrieved. A subsequent call will initiate the cursor 
blinking and line input again. 

2. CHROUT - OUTPUT 1 CHARACTER (TO SCREEN) 
A character whose ASCII value is in the .A is printed on the screen and 
the cursor advances. 

3. GETIN - GET 1 CHARACTER FROM KEYBOARD QUEUE 
Any key pressed on the keyboard is detected by the system IRQ interrupt 
handler. Its ASCII code will be stored in a keyboard buffer queue which 
can hold up to 10 characters. When called, this routine will remove the 
first character from the queue. If there is no character in the queue, a byte 
zero will be returned in the .A. 
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4. PLOT - READ/SET CURSOR POSITION 
This routine can read/set the current cursor position when called with the 
Carry Flag set/clear accordingly.X stores the row number (0 - 24) and 
Y stores the column number (0 - 39). 

5. SETLFS - SET LOGICAL FILE NUMBER, FIRST AND SECOND 
ADDRESS OF DEVICE 
This routine assigns a logical file number to a physical device (device 
number 0 - 31). The secondary address or command of the device is 
also declared here. There are a number of reserved device numbers for 
the Commodore 64:-
Device number 

o 
1 
2 
3 
4 
5 

evice 
Keyboard 
Cassette 
RS-232 Device 
Screen 
Serial Bus Printer 
Serial Bus Disk Drive 

.A is used to pass the logical file number.X the device number and.Y the 
command. If no command is required, put $FF in Y. 

6. SETNAM - SET UP FILE NAME 
This routine sets up a file name for the LOAD or SAVE routine .A is used 
to pass the length of the file name and,X and Y contain the address of the 
file name 9< = low order, .Y = high order address). If no file name is 
necessary, .A stores a zero showing a file name of null length. 

7. LOAD - LOADIVERIFY MEMORY FROM DEVICE 
When called with a zero in .A, this routine loads a file from device into 
memory. When called with a one in .A, this routine verifies a file from 
device against the corresponding contents in the memory. 

8. SAVE - SAVE MEMORY TO DEVICE 
This routine saves a contiguous portion of memory onto a device file. The 
start address of the memory to be saved is stored in a page· zero pointer. 
The.A is used to pass the page-zero address of this start pointer. The.X 
and 'Yare used to pass the end address (in low, high order) 

SIMPLE PROGRAMS THAT CALL KERNAL ROUTINES 

A. PLOT USING GRAPHICS CHARACTERS 
This program plots anywhere on the screen using different graphics 
characters. Three KERNAL routines are called - CHROUT, GETIN and 
PLOT. 
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Call 'plot' from BASIC by typing SYS 49152_ 
Plot instructions: 

[f1] = up 
[13] = right 
[f5] = left 
[f7] = down 
8 to ~ = graphics characters 
(space) = blank 

I :r~Np I = End plot 

10 
20. 

30. chr-out 
40. getin 
50 plet 

10.8 i"P"t-qg 

110 

12!'1 " 

.. 0:=· 

.b-'" $c80e 

•• j", $f.(. + 2) 

• dE' .t::26 
• ,j,? $27 

,'1,= $2'::: 

"oj e $c c 
• rl~ $02':::-3_ 

J 30 ,: in! + j 0,1 j z e. s c r' '? e'~ 

\<.18 

150 plotg 
:6~ 

170 
180 

180 

280 
21.0 

23e' 

240 IJPshp 

250 

2E:0 " 

.j S~" ,:hr'f)'Jt 

Ida #0 

s t ·3. *b 1 n :=. til 

<;,f:~. r'p"t-flg 

ld:>·: #1.=' 

ld,.. #19 

1 da, **$77 
st.", *shape 

270 ;print shape char 
2S€! ," 

280 olJtshp 

137 

;shap~ char to plot 

.:clE:a.~· SC~·-='2n 

.: ~! inK cursor 

_~ init cur'::·or 
;at screen centre 

; LJ P fj~. t e s h ~~p e 



300 
310 
32~) 

330 

340 
350 
360 
370 

380 .. 

st:l{ 
3- t}-· 
elc 

*>~ save 
:~}-'save 

plot 
1 d.;;. *shape 

jsr· chrollt 
l;j ·3. #$9d 

.jsr chr·out 

330 ;Ltiait for· Ke>' inplit 
400 ; 
410 inKe;} 
420 
430 

450 

.j sr- :3 e tin 
1 d}~ *;.~sa.'·.Je 

l.d;i *>,s·:!.ve 
cmp #0 

b,=q ird<e;.-" 
4 70 .~ e ::{ i -: j f (:E. to F > 

490 

51 f~ 

c ";,p *i3 

beq E'X).t 

cmp #$20 
beq tfP::,r.P 

5321 .:cursor· '.l? if <fl> 
540 cmp #$85 

550 beq up 
560 .:C'.lrso::w r·ight if <f3) 
570 ernp i:I:$8S 

580 beq ~i9ht 
590 ;cursor 12ft if (f5) 

600 
610 

crop #$87 
beq left 

620 .: e ' .. r :; ..... r· d o~, n if (f 7 :> 
G30 cmp #$88 

84e beq down 
650 ;if not graphics char 
660 ; -: $a.0-$df-' 

570 ; ':hen i3nore 

880 

830 
700 
7j0 

cn,p #$0.0 

bce i.nKe;.-' 

emp #$e0 

bes inKe,.· 
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720 ;update shape char 
730 jmp upshp 
740 ." 
7SC 
730 .: cu.r·sor· mOI.}enient 
770 .. 
780 up 

Sel0 
8i0 
820 up 1 

830 .' 
840 dO.in 

850 
860 

870 

880 dOloln 1 

890 .' 
900 I'ight 

910 
92.0 

93"-1 

940 r-ight1 

850 .' 

cpx #$ff 

bne up 1 
Id): #24 

jmp outshp 

inx 
cpx #25 
bne downl 
Idx #0 
jmp c.utshp 

cpy #40 

bne right1 

1 d;.-' #0 

j mp outshp 

Idee row 

Fine row 

; inc col 

960 left 

970 

dey Idee col 

980 
990 

1600 left1 

1610 .' 

cp;v' #$ff 

bne left1 

Id;.-' "*39 
j rr-,p Qutshp 

1620 lexit to basic 

1630 

1640 exit 
1 F::50 

Ida #$93 

jsr chrout 
1260 ;elear screen 
1670 rts 
1680 .. en 

PLOT 

H~0 FOR 1=0 TO 131:READ A:POKE49152+I,A:t--lEXT 

110 5'1548152 
120 DATAI69,147,32,210,255,169,0,133 
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1~0 DATA204,16S,128,141,138,2,162.12 
14~ DATA1Se,19,168,119,133,38,134.38 
130 DATAI32,40,24,32,240,255,165,38 
lE0 DATA32,210,255.1B9,157.32,210,255 
170 DATA32,228,255,lBB,39,164,40,201 
120 DATAO.240,245,201,3,240,71,201 
190DATA32,240,217,201,133,240,23,201 
200 DATA134,240,39,201.135.240.45.201 
210 OnTAt36,240.21.201,160,144,217,201 
2200ATA224.176.213,76,20.192.202,224 
230 DATA255,208,2,162.24,76.22.192 
240 nATA232.224,25,208,2.1B2.0,76 
25A DATA~2.192,200.182.40.208.2,160 
2~0 nATAO,7~.22.1R2,136.192,255,208 

270DATA2,t60,39,76,22.192.169.147 
280 DATA32,210,255. gS 

Graphics Using Machine Code 
The following programs enable the BASIC programmer simple access to 
extended graphics facilities such as high resolution plotting. When used 
creatively these programs can produce quite impressive displays on 
your Commodore 64. 

Graphics.asm is an assembly listing of a program that provides the 
BASIC programmer with access to graphics commands. These 
commands, whilst being very useful, also serve as a demonstration of 
assembly language programming. They enable the programmer to set 
up a bit mapped screen with one SYS statement, and also to plot points 
by specifying X and Y co-ordinates. Resourceful programmers will be 
able to incorporate these routines into their own line drawing and circle 
drawing programs. 

Graphics.bas is BASIC program which reads the assembly code into 
memory. It also demonstrates the correct use of the assembly routines. 
Graphics.asm consists of two main routines, HIRES and PLOTXY, as 
well as several subroutines. HIRES is an excellent example of changing 
video banks, screens and character sets as well as clearing blocks of 
memory. PLOTXY is the routine that handles the plotting of points. It calls 
the routine PARAMS to obtain the X and Y co-ordinates. PARAMS in turn 
calls many subroutines that reside in the BASIC operating system.The 
correct use of these routines is shown in the assembly listing. 

PLOT, the routine that actually plots the points in memory uses the 
following formula to determine the address of the byte to be changed. 
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ROW = INT (Y / 8) 
COL = INT (X /8) 
LINE = YAND7 
BIT = 7 - (XAND7) 
ADDRESS = BASE + ROW * 320 + COL * 8 + LINE 
where base is the address of the start of the bit map. 

The correct bit within the byte is set as follows:­
POKE ADDRESS, PEEK (ADDRESS) OR 2 t BIT 
NOTE: the assembly program uses an array containing the values of 
2 t BIT. 

GRAPHICS ASM 
.0» ,,.tore obJect eodro in tnli:ffiOry 

.ba $<:000 ;b.~in iL$,.errb I y iLt $e000 ( 49152) 
tbase .de $fb i ViLr liLb I ro. pointror to bit m-.p bill •• 

par arns Jsr $aefa Jcheck for braeKrot 
j,.r $adaa ;"valuiLt. formuliL 
js.r $b7f7 ;convert to 16 bit number 
IdiL $14 
sta ne:wcol ix POi. .. low 
Ida $15 
.. ta neweol+l ix pas. high 
j£r $aafd 'checK for eornrna 
jsr $l>7ge ;981: a bit nurrber 
stx newrow iy p05. 
j s.r· $aef7 ;chack for right briLeKet 
r·ts 

plot Ida rowers iget row 
lsr a 
lsr .. 
isr a idivide by a 
st ... trow ;t .. mp row 
Ida coler,. 
st. teal ; temp column 
Ida colers+1 
lsr a idivid" eolurm by a 
ror teal 
lsr a 
ror teal 
lsr a 
ror teal 
sta teal .. ! 
Ida rowers. 
and 1t7 
,.ta line offset in row 
Ida eolers 
and 1t7 
sta bit 
Ida 1t7 
.. ee 
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sbe bit 
sta bit ;of 
Ida 110 
sta *tbase ;start of 5creen (low byte) 
Ida 11$60 
sta *tbase + 1 ;start of screen (h igh byte) 
Idx trow 
b"q p1 

p3 lne *tbasa+1 , add 2:56 to Acre.n addr .. ss 
Ida *tbase 
ele 
ade 1164 ;add 64 to screen ... ddress ( ia 320) 
sta *tb ... se 
bee Pc 
inc *tb ... se+1 

pc dex 
bne p3 

p 1 Id ... teol 
asl ... 
asl ... 
asl a ;multiply column by B 
bee p8 
inc *tb ... se + 1 
ele 

p8 ade *tbase 
sta .tbas. 
bee p9 
inc *tb ... se + 1 

pS Ida .tbase 
ele 
ade 1 ine J add rOW offs.t 
sta *tbasa 
bee p4 
inc *tbas .. + 1 ;tbase ... nd tb ... se + 1 eont ... in byte ... ddress 

p4 ldx bit Joffs.t into b)'te 
ldy 118 
Ida (tbase) ,)' 
ora ort.a.b,x 'set proper bit to 1 
sta (tbas.) ,)' 
rt .. 

hires jsr s .. tbanK ; .. at vid .. o b ... nK 
j sr setehba" .. ;set bit map base 
j sr 5.Rtscr •• n 'set s.cr •• n (b it map color d ... t ... ) 
J sr e 1 rb it ;el .... r bit map memor)' 
j£r elrscraan 'set bit map color dat ... 
Ida $dell 
ora 1132 
sta $dIU 1 ;turn on bit map 
Ida lie 
sta oldrow ;set oldrow ... nd oldeol 
sta oldeol 
sta oldrow 'set oldrow ... nd oldeol 
sta oldeol 
sta oldeol+l 
rt. 
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setb .. nK Ida $dd02 
ora 113 
sta $dd02 ; set to outputs 
Ida $dd00 
and 11252 
ora 112 ;s.et banK 
sta $dd00 
rts 

setehb .. se Ida $d018 
and 11240 
ora 118 ;58t char base to $2000 

, ie bit map ..,t $6000) 
sta $d018 
rts 

setsereen Ida $diB8 
and 1115 
ora 11112 Jset licrean to S1c00 

( ie 5cra8n addralir. i. $::ie00 
IOta $d018 
rts. 

clrscreen Ida IU6 ;cle.r screen d .. t .. ( i .. bit map color dat.> 
Idx 110 ;foreground color =white.baeKground=blaeK 

elr sta $5c00.x 
sta S5d00.x 
sta $5e00.x 
sta $5f00.x. 
dex 
bne elr 
rts 

e I rb It I d .. 11$60 Jcle .. r. mamory from $600£1 to $7fff) 
sta .tb .. se + 1 
Ida 110 
sta .tbase 
ldy 110 

elb sta 'tbalie >.1' 
dey 
bne elb 
inc .tbase + 1 
ldx *tbalie + 1 
epx 1I$8e1 
bne elb 
rts 

plotxy jsr p.ram5 ; get x and I' 

Ida newrow 
crop 11200 ;legal row? 
bee Xl' 1 
rts 

XI'I Ida naweol 
emp 1164 ; legal column 
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ort.b 
n .. weol 
newro .. 
oldrow 
oldeol 
rowers. 
eolers 
trow 
teol 
I in. 
bit 

bee 
ld. 
beq 
rts 
Id. 
st. 
st .. 
Id. 
st. 
IOta 
Ida 
st. 
st. 
jsr 
rts 

.by 

.ds 

.ds 

.ds 

.ds 

.ds 

.ds 

.ds 

.ds 

.ds 

.ds 

.en 

xy2 
neweol+1 
xYC 

n ... row 
rowers 
oldrow 
n .. weol 
eolers 
oldeol 
neweol+1 
oldeol+1 
eolers+l 
plot 

C 
1 
1 
2 
1 
2 
1 
2 

1 

GRAPHICS BAS 

;plot point 

2 4 8 16 32 64 128 
;cont~in5 new column 
;eont.ins new row 
;eont.ins old row 
;eont.ins old column 
;tempory row 
I tempory eolullVl 
;t"mpory row 
1 teDlPory co 1 umn 
loffs.t into ch.r.ct.r 
;offs"t into byte 

90 REM READ MACHINE CODE INTO ADDRESS 49152. 
Ot-.JWARDS 

100 FOR I =0 TO 345: F:EAD A: POKE 48152. + I , A: NEXT 
110 GOT0600 
120 DATA32.,250,174,32.,138,173,32,247 
130 DATA183,165,20,141,90,183,165,21 
140 DATA141,81,193,32.,253,174,32.,158 
150 DATA183,142,82,193,32,247,174,96 
160 DATA173,86,193,74,74,74,141,99 
170 DATA193,173,87,193,141,100,193,173 
180 DATA98,193,74,110,100,193,74,110 
190DATA100,193,74,110,100,193,141,101 
200DATA193,173,96,193,41,7,141,102 
210 DATA193,173,87,193,41,7,141,103 
220 DATA183,169,7,56,2.37,103,193,141 
230 DATA103,193,169,0,133,251,169,86 
240 DATA133,252,174,99,183,240,16,230 
250DATA252,165,251,24,105,64,133,251 
260 DATft144,2,230,252,202,208,240,173 
270DATA100,193,10,10,10,144,3,230 
280DATA252,24,101,251,133,251,144,2 
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290 DATA230 ,252,165,251 ... 24, 1~~8,. 102,1:33 
300DATA133.2S1,144.2,230,252,174,103 
310 DATA183,166.0,177,251,29,82.193 
328 DATA145,251,86,32,198.192.32,217 
330 DATA192;-32.:-22S), 182 ... 32,3, 193,:32 
240 DATA239,192;173,17,268,.9,32;141 
350DATAI7,208,168,0,141,93,183,141 
260DATA34,133.141,85,193,36,173,2 
370DATA221,9,3,141,2,221,173,0 
380 DATA221,41,252,9,2,141,0,221 
390 DATA96,- 173,24,208,41,240,:3,8 
4000ATA141,24,208,96,173,24,208,41 
410DATA15,9,112,141,24,208,96,169 
420DATA16,162,0,157,0,82,157,0 
430 DATA93,157,0,84,157,0,95,202 
440 DATA208,241,96,169,96,133.252,169 
450DATA0,133,251,160,0,145,251,136 
480 DATA208,251,230,252,168,252,224,128 
470 [)ATA208,243 ... 9E ... 32,0, 192, 173,82 

480 DATA193,201,200,144,l,96,173,80 
490 DATA 193 ,201 ,64, 144,6, 173.81 , 193 
500DATA240,l,98,173,92,193,141,36 
510DATA193,141,33,183,173,80,183,141 
520DATA87,183,141,34,193,173,91,133 
5::::0 DATA 14 1 ,. 95 .F 193 .t' 141 ... 88 }" 133 F 32 F :32 

540 DATA192.9E,l,2,4,B,16,32 

590 REt-,: PLOT S It~·JE CURVE 

600 HIRES=49315:PLOT=49435 
6!O S\'S(HIRES) 

620 FOR 1=0 TO 319 
830 SY£(PLOT)( I,100+SIN( 1/50)*80) 
640 t"-·JEXT 

650 GOTO 650 

RASTER INTERRUPTS 
The raster interrupt is one of the most powerful and versatile features of 
the Commodore 64. However, taking advantage of this feature requires 
some knowledge of machine language. 
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Raster interrupts take advantage of the sequential nature of the 
television display. The electron beam which draws the television image 
starts at the top left corner of the screen and traces horizontally accross 
the screen. When it reaches the right edge of the screen, it is turned off 
and brought back to the left side of the screen, at the same time being 
moved down a line. It repeats this process 312 times on a pal television 
(262 times on a NTSC set). At the bottom of the screen, the beam is 
turned off and returned to the upper left corner of the screen. Then the 
whole cycle is repeated again. 

At any given time you can determine the line at which the beam is on by 
reading the raster register at location 53266 ($0012). This returns the 
lower 8 bits (0 - 255). The most significant bit is bit 7 of location 53265 
($0011). If this bit is set, add 255 to the previous value. The visible 
display area is located from line 51 to line 251. 

When the raster register is written to (including the most significant bit), , 
the number that is written is saved for use with a raster compare function. 
When the actual raster value becomes the same as this number, bit 0 of 
the interrupt status register at location 53273 ($0019) is set to 1. If bit 0 of 
the interrupt enable register at location53274 ($001 A) has been set to 1 
previously, an IRQ interrupt will occur. 

When the Commodore 64 responds to an IRQ interrupt it saves all 
registers before jumping through the hardware IRQ interrupt vector at 
location 788 ($311) and 789 ($312). This is where the programmer can 
gain control of the interrupt process. 

A new interrupt routine must be written and its address must be stored in 
locations 788 (lOW byte) and 789 (high byte). This routine should first 
check to see if the interrupt is indeed a raster interrupt and not the 
keyboard or timer A interrupt. If it is not a raster interrupt, control should 
be returned to the normal interrupt routine at location $EA31. However, if 
it is a raster interrupt then to turn subsequent raster interrupts on, a 1 
must be written to bit 0 of the interrupt status register. Exit your interrupt 
routine by jumping to location $FEBC. 

Helicopter demonstrates the entire process involved in setting up a 
raster interrupt. It is a simple program that puts 16 sprites on the screen 
by changing the vertical position of the sprites with a raster interrupt. 
The applications to which raster interrupts can be put are quite diverse. 
As seen above, sprite registers can be changed, enabling the 
programmer to have up to 8 entirely different sprites on every vertical line 
if need be. Colour registers can be changed as can character sets. It is 
also possible to mix graphics modes. This is demonstrated in the 
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program SPLIT SCREEN. The top half of the screen is in normal text 
mode, while bottom half is bit mapped. 

You may notice that the border between the 2 modes jumps around at 
times. This is because the raster interrupt is an IRQ interrupt and is 
therefore queued up after previous interrupts. This problem can be 
remedied by adding the following line which turns off keyboard interrupts. 
1045 POKE 56334, PEEK (56334) AND 254 

The afore-mentioned technique for handling raster interrupts may also 
be used to handle sprite-data collisions, sprite-sprite collisions and light 
pen negative transitions. Simply use the following table when writing to 
the interrupt enable register and reading the interrupt status register. 

bit # description 
o raster interrupt 
1 sprite-data collision 
2 sprite-sprite collision 
3 lightpen negative transition 

Note: Before attempting any cassette 1/0 the normal hardward IRQ 
vector MUST be restored. 
HELICOPTER 

:~~ PR It'..JT";,]" 
90 REM INTERRUPT CODE DATA 
1.1)('1 FOR I=I?) Tr) 61~REA[l A~POKE 48152"'I,A:t'.JE~-{T! 

105 REM SPRITE DATA 
j 10 !='OR 1=0 TO 32:READ A:POKE 832+l,A:t~EET I 
t:=':i7I FOP 1=33 TO 62:POKE 832+!,0:NEi-:T 1 
J25 REM ALL SPRITES POINT TO LOCATION 13 
1~8 Fr)R 1=2040 TO 2047 :POKE 1,!3:NEXT I 
185 REM SPRIT~ COLORS 
i,q", FnR !=53287 TO 532~3'1:POKE I,4:I'-1EXT I 
145 REM HORTZONTAL POSITIONS 
150 FOR 1=0 TO 14 STEP 2:POKE 53248+I,24+12*! 

: NEi.;T 1 
155 REIYl VERTICAL F'OSITIONS 
180 FOR I=~3249 TO 53263 STEP 2:POKE 1,60:NEXT I 
500 POKE 53269,255:REM ENABLE SPRITES 
510 POKE 56333,127:REM TURN OFF INTERRUPTS 
520 REM CHANGE IRQ INTERF:UPT VECTOR 
53~ P~KE 788,I):POKF 788,192 
54('1 F'OKF:. 53285 ,r'EEK( 53265 )AND 127 

~~~ REM F1RST INTERRUPT AT LINE 100 
5~0 POKE 53266,100 
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57'Z'! REt! Et'Jt,BL.E H·1TERRUPTS tH··!O RASTEP. ONES 
~80 POKE ~~333,129:PO~~ 53274,129 
:=:8tl r.n·! ''1NII1ATE i-!F:L ICClPTER 

S00 POKE 833,0:PO~E 834,0 
f=; I.:::: FOR [=fJ TO ~,O: NEXT I 

S~0 POKE 823,255:POKE 834,255 
SJ3 FOR 1=0 TO 50:NEXT I 
640 80TO 600 
:en0 F<:Etl RASTER ItlTEF~RUPT 

IQ00 DATA 173,25,208,41,1,208,3,76 
1005 DATA 49,234,141,25,208,173,18,208.48,34 
1010 DATA 168,180,141,18,208,169,100,141 
1015 DATA 1,208,141,3,208,141,5,208,141 
1020 OATA 7,208,141,9.208,141,11,208 
1025 DATA 141,13,208,141,15,208,76,188,254 
1030 DATA 169,9B,141,18,208,168,60,24 
IB35 DATA 144,219 
;~0"'B REtyl :-:;PR I TE DATA 
2010 DATA 0,255,255,~,0,128,96,0 

2015 nATA 123,144,1,240,159,255,200,103,255,254 
2020 DATA 0,14,127,0,6,127,0,3 
?030 DATA 254,0,0,32,0,15,255 

The machine language source code for this program is included as a 
matter of interest for machine language programmers: 
1 €I i r· q i n tId .~. $,j 1;1 1 9 
20 ;r~~d interrupt status register 
30 and #1 

40 .: i<;. it .:;.. r.:;..ster interrupt? 
50 bne i 1 

6B ;if not then jump to normal interrupt 
routine 

7B jmp $ea31 
813 .: r·es e t t' -0<.$ t er· in t erT I.lP ts 
9B i 1 s t -3. $d 019 

100 .:o:urrent t'a:=:·ter· 1 ine 
110 Ida. $d012 

120 .:bra.nch if gr·e.~tet' th.:;..n 1 ·-=>0 
'-'-' 

130 bmi i3 
140 .:next interTtlPt at 1 ine 
15B Ida ttlE0 
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st.=,. $d012 

170 ;sprjt~ vertical position 
180 Ida #100 
190 ;sprlte vErtical registers 
20!,) i;=: 

210 
220 

240 

250 
2r::~ , 

270 

s t a. 
:: .• t ". 
::.t ~. 
:=·t.s. 
",. t.;;, 

s t a 
st a 
.=, ta. 

$0100 1 

$d003 

$d005 
$d0B7 
$<:1009 
$d0 l "lb 

$d~)Od 

$:d00f 

::::"30 .: t;,: r m·=:>.l in t e r-r- tl pte x itt' Gut in e 
;':.=tfl jmp $febc 
300 .: n~ :.:-t: 

310 i3 
320 

t"aster" at 1 ine 90 
1 da. *'I9l'l 

<.:.ta $d012 

330 ;sprite vertlcal position 
340 
350 clc 

bec i2 

SPLIT SCREEN 

1000 REt'! READ IN INTERRUPT ROUTIl'lE 
1010 FOR 1=0 TO 58:READ A:POKE ·:l9152+I,A:I'.JEXT 
1020 POKE 56333,127:REM DISABLE !NTERRUPTS 
1030 POKE788,0:POKE789,192 

1040 REt·! CHANGE IRQ INTERRUPT VECTOR 
1050 Po.KE5'::265, PEEK( 53;~65:; AND 127 

1080 REt'1 FIRST RASTER INTEf.:RUPT AT LINE 30 

1H70 POKE 5~266,30 

1080 RFM ~URN INTERRUPTS ON 

1090 POKE 56333, 129:POKE53274,129 

1100 POKE 53281,0:RFM BACKGROUI'ID COLOR 

1110 8A=2:tA096: REI"I 8 IT t'1AP EASE 

I 120 REl"1 CLEAR BOTTOI"! HALF OF BIT tYll~P 

1130 FORI=8f;+3520TOBA+7888:POKEI,f}:ND<T 

1140 REM SET COLORS 

11!'50 FOR I=t504 TO 2~"24:POKEI,16:NDn 
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2000 FOR X=0T0319STEP.5:REM DRAW CURVE 
2010 Y=ABS( INT( 90+8B*ABSO: S INC X/10»)) 
2020 CH=INT(X/8) 
20313 RO=INTCY/S) 
2("<.10 U·.J:::YAND7 
2050 8Y=BA+RO*320+8*CH+LN 
20(;[1 B I = 7 -( )-{AND7 ) 
2070 POKEBY.PEEKCBY)OR(2tBI) 
208(': NCn X 

3000 PRINTla":LIST 
5000 DATAI73,25,208,41,1.208.3,76 
5010 DATA49,234.141.25.208.173,18,208 
5020DATA48.21,173,17,208,41,95,141 
5030DATA17,208.169,21,141,24,208,169 
5040DATA145,141,18,208,76,188,254,173 
5050 DATA17,208.9.32,141,17,208,169 
SOR0 DATA25.141.24,208,169.30,141,18 
5070 DATA208,76,188,254 

The machine language source code for this program is included 
as a matter of interest for machine language programmers: 

1 0 s p 1 i tin t 1 :j a $d 13 1 9 
20 ;read interrupt status register 
30 and ~1 

bne int 1 

50 ;if not ra5t~r interrupt go to normal routine 
R0 jmp $ea31 
70 ;r·es~t raster interr·upts 
80 intI sta $d019 
90 ;r~ad raster register 

100 Ida $d012 
110 .:br;:..nch if greater than 128 
12e'1 bmi int2 
130 :turn off bit map 
140 Ida $d011 
150 
160 

and ~95 
sta $d011 

170 ;reset char base 
180 Ida "21 
190 sta $d018 
200 .: next interrupt 
210 lria ~145 
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220 sta $d012 
230 ;exit interrupt routine 
240. jmp Sfebc 
250 ;tur~ on hit map 
260 int2 
270 

280 
290 ;ch~ng~ 
300 
310 

Ida $dOll 
ora #32 
sta $dBII 

char base 
Ida #25 
sta Sd018 

320 ;next interrupt 
330 Ida #30 
340 sta Sd012 
350 ;exit 
360 jmp $febc 
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CHAPTER 7 

EXTERNAL DEVICES 
The Commodore 64 system can be upgraded with the addition of 
external devices (peripherals). In this chapter we will describe the more 
common of these devices - the Datasette, floppy disk drives and printers. 

DATASETTE 
This is the most economical method of data storage. Its disadvantages, 
in comparison to disk drives, are that it is relatively slow and can only 
store program and data files sequentially. So, to access a file that has 
been passed on the tape, you must manually rewind it. It is a good idea to 
keep a record of the locations of programs with the tape counter so that 
they can be quickly located. For the same reason it is best to use short 
tapes. Even fast forward takes a lot of time to run through a 90 minute 
tape. 
Unlike most microcomputer systems the Commodore 64 requires a 
particular cassette recorder, the Datasette. This has circuitry which 
enables the Commodore 64 to sense whether certain keys are 
pressed. It can therefore prompt the user when the required key is not 
pressed. Unfortunately it cannot discriminate between record and play 
modes. This means that it is still possible to inadvertently write over 
programs you had meant to read. 

Write-protecting tapes 
On the near edge of cassettes you will find two write-protect tabs, one for 
each side of the tape. Breaking these out will lock out the RECORD key, 
so you will be unable to write onto that side of the tape. Use this method to 
protect programs with which you do not want to run the risk of overwriting. 
You can reverse the write-protect by placing a piece of tape over the 
write-protect opening. 

Care of tapes 
Avoid touching the tape surface. The oils on your skin can destroy the 
oxide coating, thus corrupting your data. Store cassettes away from 
magnetic fields, which can also corrupt data. Television sets produce 
quite a strong magnetic field, so don't store tapes on or near them. 
Relevant BASIC commands 
SAVE, LOAD, GET#, INPUT#, OPEN, CLOSE 

FLOPPY DISK DRIVES 
The Commodore 64 can use any of the Commodore disk drives, but the 
model 1541 is designed to connect directly to the Commodore 64. Other 
models need an interface cartridge. 
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Disk drives are more flexible and provide faster access than the 
Datasette. They can store and access data randomly on any part of the 
diskette surface. Their disadvantage is that, being precise electro­
mechanical devices, they are expensive. 
Diskettes come in a protective jacket. Under no circumstances should 
the diskette be removed from this jacket. 

Data storage on diskette 
Each diskette used by the 1541 consists of 35 concentric circles called 
tracks. Each track is broken up into sectors, each of which holds 256 
bytes. 
Tracks 1-17 have 21 sectors/track 
Tracks 18-24 have 19 sectors/track 
Tracks 25-30 have 18 sectors/track 
Tracks 31-35 have 17 sectors/track 
Thus 1 1541 diskette can hold 174,848 bytes (170. 75K) 

Types of diskette 
If you rotate the diskette within its jacket you will find one or more holes 
which align with the small hole in the jacket. If there is only one hole, the 
diskette is soft-sectored. If there is more than one hole, the diskette is 
hard-sectored. The 1541 drive uses only soft-sectored diskettes. 

Loading and Unloading Diskettes 

Soft/hard sector hole ------
0----.. --- Read/write slot 

o 
Write protect hole --- r 

Insert into drive 

To load a diskette, gently slide it, in the orientation shown above, into the 
drive slot until it clicks in. Close the slot door. The drive will not operate 
with the door open. 
To unload, press the slot door down and release. The door will open and 
the diskette will be ejected an inch or so. Remove it carefully. 
There are two indicator lights on the drive. The green one is a power-on 
indicator. The red one lights only when there is some disk activity. 

Formatting Diskettes 
Before use, a new diskette must be formatted. This writes a disk name, 
ID number and track and sector information onto the diskette. Formatting 
is done by the commands: 

153 



OPEN 1,8,15 
PRINT#1, "NEW: diskname, 10" 

The disk name can be any string up to 16 characters long. The 10 number 
should be different for every diskette. 
A shorter version of the format command used on diskettes which have 
previously been formatted will erase all data on the diskette and rename 
it, leaving the 10 number unchanged. 

OPEN 1,8,15 
PRINT#1, "NEW: diskname" 

Note: NEW may be abbreviated to N 

Block Availability Map (BAM) and Initialization 
The BAM is found on track 18. It contains memory allocation information 
used when the disk drive is accessed. Each time this happens, the drive 
compares the 10 number on the diskette with the 10 number held in drive 
memory. If they don't match, the drive loads the diskette BAM into drive 
memory and uses this copy to access the diskette. This copying is called 
initialization. If the 10 numbers match, initialization is not carried out. This 
is why different diskettes should be given different 10 numbers. If they're 
not, the situation could arise where the BAM for another diskette with the 
same 10 number is used to access a diskette. At best this will cause 
searches to be unsuccessful. At worst programs will be overwritten. 
However, if you have given diskettes the same 10 numbers, you can 
force the drive to copy the BAM using the following: 

OPEN 1,8,15 
PRINT#1 "INITIALIZE" 

This can be abbreviated to: 
OPEN 1,8,15, "I" 

Diskette Directory 
This is located on track 18. It contains the names, starting sector 
addresses and file types of all files on the diskette. It can be displayed 
using the following commands 

LOAD "$",8 
LIST 

Write-protecting Diskettes 
Like cassette tapes, diskettes can be write-protected. This is done by 
covering the write-protect slot on the edge of the diskette jacket with 
tape. Removing the tape restores the diskette to read/write condition. 

File Manipulation Commands 

Renaming files. 
This is done with the commands: 

OPEN 1,8,15 
PRINT#1 ,"RENAME: NEW-NAME=OLO-NAME" 
R is an acceptable abbreviation for RENAME 
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Erasing files 
This is done with the commands: 

OPEN 1,8,15 
PRINT# 1, "SCRATCH: FILENAME" 
S is an acceptable abbreviation for SCRATCH 

Copying files 
This is done with the commands: 

OPEN 1,8,15 
PRINT# 1 ,"COpy : NEW-NAME = OLD-NAME" 
C is an acceptable abbreviation for COpy 

Joining files 
This is done with the commands: 

OPEN 1,8,15 
PRINT# 1 ,"COpy : NEW-FILE=FILE1,FILE2 

Note: Disk command strings must not be greater than 40 characters in 
length. 

VALIDATE 
This command does housekeeping on the diskette, deleting any files that 
were not properly closed, and freeing blocks which may have been 
allocated as temporary storage but are not now associated with any file. 

Multiple Disk Systems 
If you have a multiple disk system you may need to assign different 
device numbers to the different drives. At power-up they are all device 
number 8. Drives can have device numbers 8, 9, 10 and 11. To change 
the device number: 
1) Turn off all drives but the one you are changing 
2) Open a command file to the device 

e.g. OPEN 1,8,15 
3) Type PRINT # 1, "M-W" CHR$ (119) CHR$ (0) CHR$ (2) CHR$ 

(new-device-number + 32) CHR$ (new-device-number + 64) 
Leave that drive on. Turning it off will erase the new device number. Turn 
on the next drive you want to change. This is now device 8 so you already 
have a command channel open to it. If you want to change it or have more 
drives be sure to use a different device number. 

Closing Disk Files 
When a program writes to, or reads from, a disk, the data is first placed in 
a buffer. Only when the buffer is full is the data actually written to the 
diskette or, only when it is empty is more data read in. Thus, if you finish 
writing to the disk with the buffer not full, this data will not be stored on 
disk. To avoid this, you must close the file. This automatically 
writes the buffered data to disk, whether or not the buffer is full. 
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Maximum Number of Opened Files 
The Commodore 64 can only handle 10 open files at a time, and only 5 of 
these to disk. It is therefore a good idea to close all files immediately after 
use. . 

Disk Data Files 
Three types of file can be stored on disk. Program files have already 
been dealt with. The other two are sequential and random access files. 
Sequential Files 
These must first be opened using the following format: 
OPEN If, dev , sa, "dn : filename, SEQ, W" 
If - logical file number 
dev - device number 
sa - secondary address 
dn - drive number - this may be omitted on single-drive systems 
SEQ - indicates sequential file 
W - indicates write mode - it can also be R for read. 
e.g. OPEN 1, 8, 4, "0 : RECIPES, SEQ, W" 
To overwrite an existing file use an "@" before the drive number. 
e.g. OPEN 1, 8, 4, "@O : RECIPES, SEQ, W" 
This also applies to program files. 
e.g. SAVE "@O: PROG-NAME", 8 

Random Access files 
These are created by directly addressing diskette sectors and memory 
buffers. There are 8 buffers available on the Commodore 64 but 4 of 
these are used by the BAM, variable space, command channel I/O and 
the disk controller, so don't open more than 4 buffers at a time. The 
format for opening a random access file is as follows: 

OPEN If,dev,sa,"#buff nr" 
If - logical file number: 2-14 for data transfer, 15 for utility 

commands (see below) 
dev - device number 
sa - secondary address (2-14) 
buff nr - buffer number. This can be ommitted as the Disk Operating 

System (DOS) will automatically select one. 
Information is written to random access files using the PRINT# 
command 

Disk Utility Instructions 

Block-Read 
Purpose 
To use 

- reads any sector into one of the memory buffers 
- 1) Open a command channel 

OPEN 15,8,15 
2) Open a direct access channel 
e.g. OPEN 2,8,4,"#" 
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3) Specify track and sector and read it in. 
PRINT#15,"B-R:"sa;dn;T;S 
sa - secondary address from 2 above 
dn - drive number - mandatory when using direct 
access commands 

You may now use GET # and INPUT # to get the data from the buffer. 
e.g. GET#2,B 
Check ST for end of data 
Close all files when you are through. 
Note: B-R is an acceptable abbreviation for BLOCK-READ 
BLOCK-ALLOCATE 
Purpose 

To use 

- checks a sector to see whether it is availabe or 
already allocated. If available it marks it in the BAM 
as allocated. If already allocated, it leaves the BAM 
unchanged and returns the next available track and 
sector in the error channel. If no sector is available it 
returns track 0, sector 0, which is non-existent. If the 
sector you initially asked for is available the message 
'OK' is returned in the error channel. 

- 1) Open command channel 
OPEN 15,8,15 
2) Specify track and sector and check it. 
PRINT#15, "B-A":O;T;S 
T - Track number 
S - Sector number 
3) Check error channel 
INPUT # 15, E, EM$, T,S 
E - error code 
EM$ - error message 
T - track 
S - sector 
Proceed on the basis of the error channel return. 
4) Close channels 

Note: B-A is an acceptable abbreviation for BLOCK-ALLOCATE 

BLOCK-WRITE 
Purpose 

To use 

- To write data to a sector specified by you. With this 
instruction you can write to the BAM or the directory, 
thus destroying them, so it is wise ro use a BLOCK­
ALLOCATE first, to find a free sector. 

- 1) Do a BLOCK-ALLOCATE (not mandatory, but 
wise) 
2) If EM$='OK' or other free sector returned, 
continue 
3) Open direct access file 
e.g. OPEN3,8,4,"#" 
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4) PRINT# the data - from DATA statements, 
arrays keyboard 
e.g. PRINT #3,A 
5) The data is now in the buffer. To block-write it 
use: 
PRINT #15, "B-W:"4;0;T;S 
6) Close files 

Note: 1) The format for the BLOCK-WRITE instruction is the same 
as for BLOCK-READ 
2) B-W is an acceptable abbreviation for BLOCK-READ 

BUFFER-POINTER 
Purpose - To change the buffer pointer to start GETting at a 

particular byte, rather than starting at the first byte in 
the buffer 

To use - 1) Do a block-read to the point where you are about 
to GET # bytes 
2) Change the buffer pointer 
e.g. PRINT#15,"B-P:"sa;byte 
sa - secondary address used in setting up the direct 

access file 
byte - number of byte you want to start GETting at 
e.g. PRINT#15,"B-P:"4;47 

Note: B-P is an acceptable abbreviation for BUFFER-POINTER 
BLOCK-FREE 
Purpose - to de-allocate any block on the disk. 
To use - 1) Open command channel 

OPEN15,8,15 
2) Specify track and sector and free it 
PRINT#15, "B-F:"dr;T;S 
dr - drive number 
T - track number 
S - sector number 
e.g. PRINT#15,"B-F:"0;1;4 

Note: B-F is an acceptable abbreviation for BLOCK-FREE 

Disk Drive Memory Manipulation 
The 1541 drive controller contains a 6502 microprocessor. It has 2K of 
RAM and DOS, which resides on ROM. Some of the RAM is used for 
housekeeping. The rest is used for buffers. This is also available to the 
programmer for machine code programs. 
The buffers are: 

Buffer 
1 
2 
3 

Address (hex) 
300- 3FF 
400 -4FF 
500- 5FF 
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4 
5 

600- 6FF 
700-7FF 

Buffer 5 is often used by DOS, so it is not advisable to use it for machine 
language programs. If you intend to use buffer space for machine code, 
specify the buffers you want for direct access files, rather than leaving it 
up to DOS which may overwrite your machine code if left to its own 
devices. 

MEMORY-WRITE 
Purpose - to store machine code in drive memory 
To use - a singe M-W commands allows you to store up to 34 

bytes 
- All the data must be transferred as character strings 

using CHR$ 
- The number of bytes to be stored must be indicated 
- ONLY the abbreviation M-W can be used. 

MEMORY-WRITE, in full, is unacceptable 
- The machine code must end with an RTS instruction. 

Otherwise the 1541 may loop endlessly, or do 
something catastrophic to the data on the diskette. 

1) Open command channel and transfer data 
OPEN 15, 8,15 
PRINT # 15, "M-W" CHR$ (LO-ADDRESS-BYTE) 
CHR$ (HI-ADDRESS-BYTE) CHR$ (NR-BYTES­
TRANSFERRED) CHR$ (BYTE-1) CHR$ (BYTE-
2) ... 
CLOSE 15 

MEMORY-READ 
Purpose - to read data from drive memory one byte at a time 

To use: - The byte read is transferred through the error channel 
so use GET # 15 to get it 

- ONLY the abbreviation M-R is acceptable. MEMORY­
READ, in full, is not 

- The address to be read is specified using CHR$, as 
for MEMORY-WRITE 

1) Open command channel 
OPEN 15,8,15 

2) Specify address and read 
PRINT #15, "M-R"CHR$(LO-ADDRESS-BYTE) 
CHR$(HI-ADDRESS-BYTE) 
GET#15,A$ 
PRINTA$ 
CLOSE 15 
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MEMORY-EXECUTE 
Purpose - to run a machine language program loaded into drive 

memory by MEMORY-WRITE 
To use - ONLY the abbreviation M-E is acceptable 

1 ) Open command channel 
OPEN 15,8,15 
2) Specify start address of routine and execute 
PRINT # 15, "M-E"CHR$(LO-ADDRESS­
BYTE)CHR$(HI-ADDRESS-BYTE) 
3) Close channel 
CLOSE 15 

User Commands 

U1 
Purpose 

To use 
U2 
Purpose 

To use 
U3-U9 
Purpose 

U (orUJ) 
Purpose 
To use 

- similar to B-R. The only difference is that U1 reads 
the 2 bytes preceding the data in the sector. These 
bytes are the link address to the next sector in the file, 
giving track and sector. 

- same as B-R, but replace B-R with U1. 

- similar to B-W. The difference is that B-W terminates 
the file at the sector written. U2 allows you to write the 
link address, ie. track and sector - to the next sector 
in the file 

- same as B-W but replace B-W with U2 

- similar to M-E but they cause a jump to specific 
locations as given below: 
U3 $0500 
U4 $0503 
U5 $0506 
U6 $0509 
U7 $050C 
U8 $050F 
U9 $FFFA 
These locations are only 3 bytes long as they are 
intended to hold a JMP instruction to a location the 
programmer defines. 

- jumps to DOS to its power-up routine 
- all the U3-J commands have the following syntax for 

use: 
OPEN 15,8,15 
PRINT #15, "U4" 
CLOSE15 
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The 1515 Graphic Printer 
This has a built in character set including upper and lower case letters, 
numbers and graphics. To access the printer you must first open a file to 
it using the following syntax: 

OPEN If,dev,sa 
If - logical file number (0-255) 
dev - device number - either 4 or 5 - it is selected using a switch at 

the rear of the printer 
sa - used to select between character sets. If omitted the 

default character set (upper case & graphics) is used. 
If sa = 7 the alternate character set (lower case) is selected. 

Having opened a channel to the printer you now use PRINT # If to print 
your data. 

Print Formatting 

Comma 
If the PRINT# data items are seperated by a comma the print puts 11 
spaces between items printed. 

Semicolon 
This has the same effect as it does on a screen display 
TABandSPC 
These cannot appear immediately after a PRINT # 
ie. PRINT#1 ,TAS(6) is illegal; PRINT#1 ,"";TAS(6) is OK 
On the printer, both T AS and SPC have the same effect as SPC does on 
the screen display 
POS 
This reproduces the screen T AS function on the printer. That is, it starts 
printing at an absolute position rather than relative to where the current 
printing is being done. 
pas is sent to the printer as CHR$(16). The two characters immediately 
following this determine the print position. 
e.g. PRINT #1 ,CHR(16);"16";"starts printing at column 16" 

Printer Graphics 
The printer has several modes, in which characters received are treated 
differently. The modes and commands to get into them are shown below: 

Mode Command 
Double-width characters CHR$ (14) 
Single-width characters CHR$ (15) 
Reverse characters CHR$ (18) or "[CTRl] [RVS ON)" 
Normal characters CHR$ (146) or "[CTRl] [RVS OFF)" 
Graphics CHR$ (8) 
Alternate character set CHR$ (17) 
Standard character set CHR$ (143) 
Repeat Graphics CHR$ (26) 
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These are used in PRINT# statements 
e.g. PRINT#1 ,CHR$(17);"LOWER CASE" 
Apart from the following two, the functions of the modes are obvious 

GRAPHICS mode 
This is similar to defining custom character sets in character memory in 
that it creates patterns of dots. However, in printer graphics, rows not 
columns are given values, as below, and columns, not rows, are added. 

Row 
values 

Column values 

1 

2 

4 

8 

16 

32 

64 

COLUMNS 
ABC D E F G H 

64 64 126 126 126 12664 64 

Note that only 7 rows are used. 
To print this character do the following: 

OPEN# 1 ,4 - open a channel to the printer 
PRINT # 1 , CHR$ (8) - get into graphics mode 
PRINT# 1 , CHR$ (64 + 128) ; CHR$ (64 + 128) ; CHR$ (126 + 
128); CHR$ (126 + 128) ;CHR$ (126 + 128) ;CHR$ (126 + 128); 
CHR$ (64 + 128) ; CHR$ (64 + 128) 

Note that the column values are added to 128. It would of course have 
been simplerto put the column values in a DATA statement and read and 
PRINT #ed them in a loop. 

Repeat Graphics Mode 
This mode allows you to repeat a pattern of seven vertical dots up to 255 
times per command. 
e.g. OPEN 1,4 - open a channel to the printer 

PRINT# 1 , CHR$ (26) CHR$ (5) CHR$ (255) 
the first CHR$ value puts the printer into repeat graphics mode. The 
second CHR$ value sets the number of repeat(s). The third CHR$ value 
defines the vertical dot pattern (in this case just a solid bar 7 dots high) 
These two lines will just cause 5 bars to be printed. There is no space 
between them, they're continuous. 

Games Controls 
There are three types of games controls in common use - the keyboard, 
joysticks and paddles. This section describes these, and how they are 
used. 
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Keyboard 
This is the most common device for games control. Keys are assigned to 
various functions, such as move left, move right, fire, etc. 

When choosing keys for your games, ensure that they are easily usable. 
Their position should reflect their function. For example, if you have 4 
keys for up, down, left and right, use keys in corresponding positions, as 
below: 

left 0 o right 

~down 

The space bar makes a good fire button since it's large and hard to miss. 
It is annoying to have to repeatedly press and release keys to repeat an 
action, so you should set all keys so that they automatically repeat when 
held down. This is done by POKEing 128 into byte 650. POKEing 0 into 
this byte makes only the cursor control keys repeat automatically. 

Checking the keyboard. 
GET is the command to use to check the keyboard, as it doesn't echo the 
character typed in, or stop the program to wait for input. It merely checks 
the keyboard buffer and continues. If there is no character in the buffer 
the GET variable is set to 0 or the null string. If there is a character in the 
buffer it is assigned to the variable and the buffer is cleared. The GET 
variable should be a string variable, since this will accept almost any 
keystroke (except STOP, RESTORE,SHIFT, CTRL, ~ and the colour 
control keys). If a numeric variable is used you will only be able to GET 
numeric characters without causing an error. 

Having got the character, the program must decide what to do. This can 
be done in various ways. 
(i) Repeated IF-THEN-
e.g. 10 GET K$ 

20 IF K$ = "S" THEN - : GOTO 70 
30 IF K$ = "E" THEN - : GOTO 70 
40 IF K$ = "X" THEN - : GOTO 70 
50 IF K$ = "F" THEN - : GOTO 70 
60 IF K$ = "" THEN -: GOTO 70 
70 
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The statements after the THEN may carry out the required actions and 
then branch past the rest of the IF statements. If the actions required are 
too complex to fit on a line, the program may GOTO or GOSUB a section 
of code to carry out the actions. 
(ii) ON-GOTO-
If you are using many keys, going through all the IF statements may be 
too time-consuming. It may be quicker to use some calculation or ASCII 
values with an ON statement. The disadvantage of this technique is that 
the ASCII values of the characters you are using may be widely 
seperated, necessitating complex calculations which take as much time 
as stepping through the IF statements. 

Joystick 
This consists of a moveable stick and a fire button. When moved, the 
stick closes 1 or 2 of 4 switches. 

Up 

0 

Left 0 + 0 Right 

0 

Down 

If the stick is moved upor down or to one side, only one switch is closed. If 
it is moved diagonally, the two switches it moves between are closed. 

The state of the switches can be discovered by PEEKing certain memory 
locations. Each switch controls one bit, delivering a 0 when the switch is 
closed, a 1 when the switch is open. 

7 6 5 4 3 2 o 
_=-t FIRE I RIGHT [ LEFT DOWN I ~ 

(Bits used by location 56320 and 56321 for joystick ports 1 and 2 respectively) 

Since the program must check individual bits, bit masks must be used. 
For example, to check the fire button bit - only use: 

FB = PEEK (56320) AND 16 

If FB = 0 then the Fire button has been pushed. 
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The joystick direction is checked by using the following statement: 

DIR = 15-(PEEK (56320) AND 15) 

The direction is determined by the following table: 

DIR Direction 
o None 
1 Up 
2 Down 
3 
4 Left 
5 Up and Left 
6 Down and Left 
7 
8 Right 
9 Up and Right 

10 Down and Right 

The following program demonstrates joystick control: 

10 REt'l * .JOY ~:T I CK DEIY10 * 
20 FOR P=0 TO 19 
30 READ X,Y 
40 X$(P)=CHR$(X) : Y$(P)=CHR$(Y) 
50 NE?<T P 
60 DATA O,0,O,145,O,17,0,0,157,O,157,145,157, 
17,O,0,28,0,29,145,29,17 
100 30Y=56320 :PRINT CHR$( 147) 
110 PRINT"><".:CHR$( 157).: 
120 IF (PEEKC_TOY)At'''[)16)=0 THEf'..1 PRINT"."; 
CHR$( 157); 
130 P=15-(PEEKe30YJANDI5) 
lA0 PR INT " "; CHR$( 157),: X$( P); Y$( P); 
150 GOTO 110 

Paddles 
Paddles are used in place of joysticks where a variable control of 
direction is needed (e.g. moving a racquet up and down the screen for 
tennis, etc.). Each port can take two paddles, one for the x-direction and 
one for the y-direction. 
The paddles are read into memory locations 54297 and 54298. These 
are the sound chip's paddle read registers. 
A paddle set to zero position and rotated through to its maximum rotation 
will return values from 0 to 255 in increments of 1. Owing to such a large 
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range of possible output values and the rate that they can change, it is 
impossible for BASIC to keep up with the paddles. 
However, the 'REGLlNK' routine used in the Sound chapter can be 
modified to link the output of the paddles to the x and y co-ordinates of a 
Sprite. Use the following method to link Sprite#O to the paddles. 

1. Connect paddles to port labelled 'Port-2' 
2. Load 'REGLlNK' (listed on page 67) and change Line 110 to: 

110 DATA 208 
3. RUN "REG LINK" with the above change 
4. LOAD "SQUARE" from Graphics chapter (listed on page 94) 
5. Type: POKE 820, 0 : POKE 821, 1 
6. RUN Square 

You should be able to move the Sprite square around the screen 
independently of the operating system. 
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Appendix A 
1) CHR$ Value Codes 

CHR$ CHR$ 
Character Code Character Code 

0 # ~5 
1 $ 36 
2 'Y. 37 

STOP 3 & 38 
4 

.. 39 
WHITE 5 ( 40 

6 ) 41 
7 * 42 
8 + 43 
9 , 44 
10 45 
11 46 
12 / 47 

RETURN 13 0 48 
Lower case switch 14 1 49 

15 2 50 
16 3 51 

CRSR ...... 17 4 52 
RVS ON 18 5 53 
CLR/HOME 19 6 54 
INST/DEL 20 7 55 

21 8 56 
22 9 57 

23 ~ 58 
24 ; 59 

25 < 60 

26 = 61 

27 :> 62 
RED 28 ? 63 
CSRS., 29 Q) 64 
GREEN 30 A 65 
BLUE 31 B 66 
space 32 C 67 

33 D 68 
II 

34 E 69 
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Character CHR$ Character CHR$ 
Code Code 

F 70 lSI 109 
G 71 12J 110 
H 72 [J 111 
I 73 n 112 
J 74 • 113 
K 75 d 114 
L 76 Y 115 

'" 77 IT,"] 116 
N 78 (£I 117 
0 79 I8J 118 
P 80 101 119 
Q 81 + 120 
R 82 Cl 121 
S 83 • 122 
T 84 EH 123 
U 85 I[) 124 
V 86 tl] 125 w 87 ....... 126 
X 88 ~ 127 
Y 89 128 
Z 90 129 
[ 91 130 
L 92 SHIFT RUN/STOP. 131 
::J 93 132 
'1'- 94 f1 133 
~ 95 f3 134 
'- .. , 96 f5 135 • 97 f7 136 
tlJ 98 f2 137 
8 99 f4 138 
'- .. , 100 f6 139 - 101 f8 140 
'- .. , 102 SHIFT RETURN 141 
~r ., 103 Upper case switch142 
~Ij 104 143 
Ii] 105 BLACK 144 
~ 106 CRSR .,... 145 
~ 107 RVS OFF 146 
[J 108 CLR/HOME 147 
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Character CHR$ Character CHR$ 
Code Code 

INST/DEL 148 CJ 170 
149 lE 171 
150 Gil 172 
151 [9 173 
152 fi] 174 
153 - 175 
154 [D 176 
155 E!3 177 

PURPLE 156 ED 178 
CRSR ~ 157 Ell 179 
YELLOW 158 r"' ""' 180 
CYAN 159 I""' 

"' 181 
space 160 LI 182 
• .-J 161 ..... 183 
i.i 162 ~ 184 - 163 i.i 185 
........ 164 U 186 
r""' ""' 165 ~ 187 
~ 166 ~ 188 
C.1 167 EJ 189 
b;I 168 f!] 190 
~ 169 ~ 191 

Codes 192-223 are the same as 96-127 
Codes 224-254 are the same as 160-190 
Code 255 is the same as code 126 

2) Screen Codes 
Character Character Screen 
Set 1 Set 2 Code 

:i) 0 
A a 1 
B b 2 
C c 3 
D d 4 
E e 5 
F f 6 
G 9 7 
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Character Character Screen 
Set 1 Set 2 Code 
H h 8 
I i 9 
J j 10 
K k 11 
L 1 12 
1'1 m 13 
N n 14 
0 0 15 
p 

P 16 
Q q 17 
R r- 18 
S s 19 
T t 20 
U u 21 
V v 22 
W w 23 
X )( 24 
Y Y 25 
Z z 26 
[ 27 
£.. 28 
] 29 
....... 30 
-+- 31 

space 32 
H 

33 
34 .. 35 

$ 36 
% 37 

" 38 
~ 

39 
( 

40 
) 

41 

* 42 
+ 43 , 44 

45 

/ 
46 
47 
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Character Character Screen 
Set 1 Set 2 Code 

0 
48 1 
49 2 
50 3 
51 4 
52 5 
53 6 
54 7 
55 

8 
56 9 57 . 
58 

.. 
; 

59 < 60 = 61 > 62 
? 

63 
B 64 • A 65 
~1] B 66 
8 C 67 :::; D 68 - E 69 = .... : ...., F 70 
I""' 6 71 "~ 

[1 H 72 
Ii] I 73 
~ J 74 
~ K 75 
0 L 76 
lSI M 77 
I2J N 78 
0 0 79 n p 80 
ill Q 81 
~ R 82 
¥ S 83 
~": T 84 "~ 

UI U 85 
181 V 86 
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Character 
Set 1 

D 
+ 
CD 

• EB 
I[] 

tIJ .,.. 
~ 

space 
.OJ 

roo, 
oo~ .. 

C] 
b;) 

~ 
r.] 
IE 
GI 
[!J 

6J 

Character 
Set 2 

w 
X 
Y 
Z 

172 

Screen 
Code 

87 
BB 
89 
90 
91 
92 
93 
94 
95 

96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 



Character 
Set 1 

Character 
Set 2 

Screen 
Code 

126 
127 

Codes 128-255 produce reversed images of 
codes 0-127 

3) ASCII Codes 

Character Code Character Code 
NULL 0 GS 29 
SOH 1 RS 30 
STX 2 US 31 
ETX 3 space 32 
EDT 4 33 
ENQ 5 II 34 
ACK 6 # 35 
BEL 7 $ 36 
BS 8 % 37 
HT 9 &: 38 
LF 10 39 
VT 11 ( 40 
FF 12 ) 41 
CR 13 * 42 
SO 14 + 43 
SI 15 , 44 
DLE 16 45 
DCl 17 46 
DC2 18 / 47 
DC3 19 0 48 
DC4 20 1 49 
NAK 21 2 50 
SYN 22 3 51 
ETB 23 4 52 
CAN 24 5 53 
EM 25 6 54 
SUB 26 7 55 
ESC 27 8 56 
FS 28 9 57 
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Character Code Character Code 

. 
58 . a 97 

; 59 b 98 
< 60 c 99 
= 61 d 100 
> 62 e 101 
? 63 f 102 
G) 64 g 103 
A 65 h 104 
B 66 i 105 
C 67 j 106 
D 68 k 107 
E 69 1 108 
F 70 m 109 
G 71 n 110 
H 72 0 111 
I 73 P 112 
J 74 q 113 
K 75 r 114 
L 76 5 115 
M 77 t 116 
N 78 u 117 
0 79 v 118 
P 80 w 119 
Q 81 x 120 
R 82 Y 121 
S 83 z 122 
T 84 ; 123 
U 85 < 124 
V 86 = 125 
W 87 > 126 
X 88 DEL 127 
Y 89 
Z 90 
[ 91 
\ 92 
] 93 

...,... 94 
~ 95 

space 96 
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AppendixB 
Complete Memory Map 

Address 
(Decimal) 
o 
1 - 2 
3-4 
5-6 
7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20- 21 

22 
23-24 
25-33 
34 -37 
38 -42 
43-44 
45-46 

47 -48 
51 - 52 

53- 54 
55- 56 
57 -58 
59-60 
61 - 62 
63- 64 
65- 66 
67 - 68 
69-70 

Description 

Chip directional register 
Memory and tape control 
Floating point - fixed point vector 
Fixed point - floating point vector 
BASIC counter. Search character ':' or end of line 
Scan-quotes flag 
Column position of cursor on line 
Flag; 0 = LOAD, 1 = VERIFY 
BASIC input buffer pointer; subscript number 
Default DIM flag 
Variable type flag: FF = string, 00 = numeric 
Numeric type flag: 80 = integer, 00 = floating 
point 
DATA scan flag: LIST quote flag; memory flag 
Subscript flag; FNx flag 
Flag; 0 = INPUT, 152 = READ, 64 = GET 
ATN sign flag; comparison evaluation flag 
Current I/O prompt flag 
Where BASIC stores integers used in 
calculations 
Temporary string stack pointer 
Last temporary string vector 
Stack for temporary string descriptors 
Utility pointer area 
Product area for multiplication 
Pointer to start of BASIC program 
Pointer to end of BASIC program; start of BASIC 
variables 
Pointer to end of variables; start of arrays 
Pointer to start of string storage - strings move 
down from top of available memory towards 
arrays. 
Pointer to end of string storage 
Pointer to top of RAM available to BASIC 
Current BASIC line number 
Previous BASIC line number 
Pointer to BASIC statement (for CO NT) 
Current OAT A line number 
Pointer to current DATA item 
Jump vector for INPUT statement 
Current variable name 
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71 - 72 
73-74 
75-76 
77 
78 -79 
80 - 81 
82 
83 
84-86 
87 - 96 
97 -102 

103 
104 
105 - 110 
111 
112 
113-114 
115-138 

139 - 143 
144 
145 
146 
147 
148 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 - 162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

Current variable address 
Variable pOinter for FOR/NEXT statement 
Y save; operator save; BASIC pointer save 
Comparison symbol 
Work area; function definition pointer 
Work area; string descriptor pointer 
Length of string 
Garbage collect use 
Jump vector for functions 
Numeric work area 
Floating point accumulator 1 ; Exponent, 4 byte 
Mantissa, Sign 
Series evaluation constant pointer 
Accumulator 1 overflow 
Floating point accumulator 2 
Sign comparison - Acc 1 with Acc 2 
Acc 2 rounding 
Cassette buffer length; series pointer 
CHRGOT BASIC subroutine - gets next BASIC 
character 
RND storage and work area 
ST - status byte 
STOP and REVERSE flags; Keyswitch PIA 
Timing constant for tape 
Flag: 0 = LOAD, 1 = VERIFY 
Serial output; deferred character flag 
Tape EOT received 
Register save 
Number of OPEN files 
Current input device 
Current output (CMD) device 
Tape character parity 
Flag : byte received 
Output control flag: direct = 128 ; run = a 
Tape pass 1 error log 
Tape pass 2 error log 
Jifie clock - TI and TI$ use this 
Serial bit count 
Cycle count 
Tape write bit count 
Pointer to tape buffer 
Tape write count; input bit storage 
Tape write new byte; Read error; input bit count 
Write start bit; Read bit error 
Tape scan; count 
Write read length; Read checksum; parity 
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172 - 173 
174-175 
176 -177 
178 - 179 
180 
181 
182 
183 
184 
185 
186 
187-188 
189 
190 
191 
192 
193 - 194 
195 - 196 
197 
198 
199 
200 
201 - 202 
203 
204 
205 
206 
207 
208 
209 - 210 
211 
212 
213 
214 

215 
216 
217 - 240 
241 
242 
243 - 244 
245 - 246 
247 - 248 
249 - 250 
251 - 254 
255 

Pointer to tape buffer; scrolling 
Tape end addresses; end of program 
Tape timing constants 
Pointer to start of tape buffer 
Tape timer; bit count 
RS232 next bit to send 
Read character error; next byte out 
Number of characters in current file name 
Current logical file number 
Current secondary address 
Current device number 
Pointer to current file name 
Write shift byte; Read input character 
Number of blocks remaining to Read/Write 
Serial word buffer 
Tape motor interlock 
I/O start addresses 
KERNAL setup pointer 
Current key pressed (see Appendix H) 
Keyboard buffer counter 
Flag: screen reverse - 1 is on, 0 is off 
Pointer to end-of-line for input 
Cursor log (row, column) 
Current key pressed 
Flag: cursor blink enable (0 is on) 
Cursor blink delay 
Character under cursor 
Flag: cursor on/off 
Input from screen/keyboard 
Pointer to screen line on which cursor appears 
Position of cursor on line 
o = direct cursor, else programmed 
Screen line length, 21, 43, 65, 87 
Current screen line number - To change cursor 
position, 201, 210, 211 and 214 must be changed 
ASCII value of last character printed 
Number of INSERTs outstanding 
Screen line link table 
Dummy screen line link 
Screen row marker 
Pointer to current location in colour memory 
Pointer to keyscan table 
Pointer to RS-232 receiver buffer start 
Pointer to RS-232 transmitter buffer start 
Free zero-page locations 
BASIC storage 
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256- 266 
256 - 318 
256 - 511 
512 - 600 
601 - 610 
611 - 620 
621 - 630 
631 - 640 
641 - 642 
643 - 644 
645 
646 
647 
648 
649 

650 
651 
652 
653 

654 
655 - 656 
657 
658 
659 
660 
661 - 662 
663 
664 
665 - 666 
667 
668 
669 
670 
671 - 672 
673 
674 
675 
676 
677 
678 
679-767 
768 -769 
770 - 771 

Float - ASCII work area 
Tape error log 
Processor stack area 
BASIC input buffer 
Logical file table for OPEN files 
Device number table for OPEN files 
Secondary address table 
Keyboard buffer 
Pointer to start of memory for operating system 
Pointer to end of memory for operating system 
Serial bus timeout flag 
Current colour code (for PRINTed character) 
Colour under cursor 
Screen memory page indicator 
Maximum length of keyboard buffer - must be 
less than 11 
Key autorepeat (0 = cursor controls, 255 = all) 
Pre-repeat delay 
Inter-repeat delay 
Keyboard flag for SHIFT, CTRL and C= keys. If 
SHIFT pressed, bit 0 is set, if CTRL, bit 1, if C=, bit 
2 
Last shift pattern 
Pointer for keyboard table set-up 
Shift mode (0 = enabled, 128 = disabled) 
Auto scroll down flag (0 = on, else off) 
RS-232 control register 
RS-232 command register 
Non-standard (bit timel2 -100) 
RS-232 status register 
Number of bits to send 
Baud rate (full) bit time 
Pointer to RS-232 receiver buffer (end) 
Pointer to RS-232 receiver buffer (start) 
Pointer to RS-232 transmit buffer (start) 
Pointer to RS-232 transmit buffer (end) 
Holds IRQ during tape operations 
CIA 2 (NMI) Interrupt control 
CIA 1 Timer A control log 
CIA 1 Interrupt log 
CIA 1 Timer A enable flag 
Screen row marker 
PALINISC flag, 0 = NTSC, 1 = PAL 
UNUSED 
Error message link 
Basic warm start link 
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772 -773 
774 - 775 
776-777 
778 -779 
780 
781 
782 
783 
784-785 
788 -789 
790 - 791 
792 -793 
794 -795 
796 -797 
798 -799 
800 - 801 
802 - 803 
804 - 805 
806 - 807 
808 - 809 
810-811 
812-813 
814-815 
816-817 
818-819 
828-1019 

1024 - 2039 
2040 - 2047 
2048 - 40959 
32768 - 40959 
40960 - 49151 
49152 - 53247 
53248 - 53294 
53248 - 57343 
54272 - 54300 
55296 - 56319 
56320 - 56335 
56576 - 56591 
57344 - 65535 
57344 - 65535 
65409 - 65525 
65478 
65481 
65484 
65487 

Tokenization routine link 
Print tokens link 
Start new BASIC code link 
Get arithmetic element link 
Temporary storage of A during SYS 
Temporary storage of X during SYS 
Temporary storage of Y during SYS 
Temporary storage of P during SYS 
USR function jump 
Hardware interrupt vector (EA31) 
Break (BRK) interrupt vector (FE66) 
NMI interrupt vector (FE47) 
OPEN vector (F34A) 
CLOSE vector (F291) 
Set input device vector (F20E) 
Set output device vector (F250) 
Restore 1/0 vector (F333) 
Input vector (F157) 
Output vector (F1 CA) 
Test STOP-key vector (F6ED) 
GET vector (F13E) 
Close all files vector (F32F) 
User vector (FE66) 
Load-fram-device vector (F4A5) 
Save to device vector (F5ED) 
Cassette buffer - useful for holding machine code 
when no files are being used 
Screen memory 
Sprite pointers 
Basic programs and variables 
ROM plug-in area 
ROM Basic 
Unused 
6566 video chip 
Character set 
6581 Sound chip 
Colour memory 
6526 Interface chip-1 
6526 Interface chip-2 
ROM operating system 
Unused 
Jump table including the following: 
Set Input channel 
Set Output channel 
Restore default 1/0 channels 
INPUT 
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65490 
65505 
65508 

PRINT 
T est STOP key 
GET 
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AppendixC 
Keyboard Graphics and how to get them. 

Symbol Keypress Symbol Keypress 
----------- -------- ----------- --------

E9 or E .. IiJ or R 
8] or w lB or Q 
~ or 0 ILl or F 
~ or c ~ or v 
lSI or B • or + n or T L! or y 
!""! or U IiiiI ()[ 
~ ()[ 0 U ()[ P 
lJ or a IJ or 
Lj ()[ 8 [.j ()[ H 
IJ Ot J R"J ()[ t< 
LI Ot L LJ ()[ N 
[.1 or " ~ ()[ L 
6] ()[ S E!l ()[ x 
UJ ()[ A [9 or z 
r'I or • U BHIFT L [] SHIFT ., 
n SHIFT 0 n SHIFT P 
6J SHIFT I UI SHIFT U 
~ SHIFT I< [9 SHIFT J 
CI SHIFT W • SHIFT Q 
EB SHIFT + 181 SHIFT V 
IS'J SHIFT " IZl SHIFT N • SHIFT Z V SHIFT S 
+ SHIFT X ... SHIFT A 
0 SHIFT E t':':'l SHIFT D e SHIFT • R SHIFT C 1'··1 SHIFT F W SHIFT R .". 

Lj SHIFT T lD SHIFT G m SHIFT B lJj SHIFT -r.u SHIFT H [J SHIFT Y 
~ SHIFT L 

'" UP ARROW +- LEFT ARROW 
fl' PI 

As wRII as thR •• th.r. ar. a •• t of By~bol. u •• d to r.pr ••• nt control charact.r •• uch a. color control. and cur.or control •• 

Thw ~y.ool5 vary d.pending upon whwth.r thw COGput.r i~ in uppwr ca~. or l0W8r ca5W ~ode. 
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The liyllbolli are. 

Upp8r C"~IiI. 

BylRbol Keypreli. 
-------

1:.1 CLR 
~ HOt'IE 
liJ cur.er dOt«l 
D curlier up 
111 cur.er right 

•• curlier left 
Ia ctrl 1 
till ctrl 2 
GIl ctrl :5 
~ ctrl ~ • ctrl 
H ctrl b 
rill ct.rl 7 
Iii ctrl a 
~ ctrl 9 

• ctrl 0 

Low.r c •• e 

6yllbol Keypre •• 
--------

B HotIE 
III cur.er dOt«l 

• ctrl 2 
~ ctrl 4 
~ ctrl a 

• ctrl 9 

•• The (It sy8bol iii the lipeci.l lihift key 
locAted to the l.ft of the l.ft hAnd shift 
key 
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Appendix 0 

Useful ROM routines 
The KERNAL is the operating system of the VIC 20. It contains many 
subroutines which can be of use to the machine language programmer. 
All of these can be accessed using a JSR instruction. Control will be 
returned to your program after the KERNAL subroutine has executed. In 
the brief descriptions of these subroutines below, the following 
information is presented. 

Name, Purpose 
Address: in hex 
Communication registers: registers used to pass information to and from 

the KERNAL subroutine. 
Preparatory routines : these routines must be called prior to the 

subroutine in question. 
Possible errors: if an error occurs, when the subroutine returns the carry 

flag will be set, and the error code will be in the 
accumulator. 

Stack: number of bytes of stack used by the routine. 
Registers used: a list of all registers used by the KERNAL routine. 

1) Name: ACPTR 
Purpose: Get data from serial bus 
Address: $FF A5 
Communication registers: A; data returned in accumulator 
Prep. routines: TALK, TKSA 
Possible errors: see READST 
Stack: 13 
Regist~rs used: X, A 

2) Name: CHKIN 
Purpose: Open a channel for input 
Address: $FFC6 
Communication registers: X; load X with number of logical file to be 

used 
Prep routines: OPEN 
Possible errors: 3,5,6 
Stack: 0 
Registers used: A,X 

3) Name: CHKOUT 
Purpose: Open a channel for output 
Address: $FFC9 
Communication registers : X; load X with logical file number to be 

used 
Prep. routines: OPEN 
Possible errors: 3,5,7 
Stack: 0 
Registers used: A,X 
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4) Name: CHRIN 
Purpose: Get a character from input channel 
Address: $FFCF 
Communication registers: A; data byte returned in A 
Prep. routines: OPEN, CHKIN (unless device is keyboard) 
Possible errors: see READST 
Stack :0 
Registers used: A,X 

5) Name: CHROUT 
Purpose: Output a character 
Address: $FFD2 
Communication registers: A; load byte to be output in A 
Prep. routines: OPEN,CHKOUT (unless device is screen) 
Possible errors: see READST 
Stack: 0 
Registers used: A 

6) Name: ClOUT 
Purpose: Transmit a byte over the serial bus 
Address: $FFA8 
Communication registers: A; load byte to be output in A 
Prep. routines : LISTEN, (SECOND if device needs secondary 

address) 
Possible errors: see READST 
Stack: 0 
Registers used: A 

7) Name: CLALL 
Purpose: Close all files 
Address: $FFE7 
Communciation registers: none 
Prep. routines: none . 
Possible errors: none 
Stack: 11 
Registers used: A,X 

8) Name: CLOSE 
Purpose: Close a logical file 
Address $FFC3 
Communication registers : A; load A with logical file number to be 

closed 
Prep. routines: none 
Possible errors: none 
Stack :0 
Registers used: A,X 

9) Name: CLRCHIN 
Purpose: Clear 1/0 channels 
Address: $FFCC 
Communication registers: none 
Prep. routines: none 
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Possible errors: none 
Stack: 9 
Registers used: A, X 

10) Name: GETIN 
Purpose: Get a character from keyboard buffer 
Address: $FFE4 
Communication registers: A; character code returned in A 
Prep. routines: none 
Possible errors: none 
Stack: 0 
Registers used: A, X 

11) Name: 10BASE 
Purpose: Define I/O memory page 
Address: $FFF3 
Communication registers: X, Y; respectively low and high address 

bytes of memory section where memory 
mapped I/O devices are located are 
returned in X, Y 

Prep. routines: none 
Possible errors: none 
Stack: Two registers used: X, Y 

12) Name: LISTEN 
Purpose : Command a device on the serial bus to receive data 
Address: $FFB1 
Communication registers: A; load A with number 4-1, 3 indicating 

device. 
Prep. routines: none 
Possible errors: see READST 
Stack :0 
Registers used: A 

13) Name: LOAD 
Purpose: Load RAM from device, or verify 
Address: $FFD5 
Communication registers: A; set to 0 for load. 1 for verify. X. Y; low 

and high bytes of starting address of load 
Prep. routines: SETLFS, SETNAM 
Possible errors: 0,4,5,8,9 
Stack: 0 
Registers used: A,X, Y 

14) Name: MEMBOT 
Purpose: Set or read the address of the bottom of RAM 
Address: $FF9C 
Communication registers : Carry flag; 1 to read. 0 to set bottom of 

memory. X. Y; low and high bytes of 
address. If carry is set, the address will 
be returned in X, Y. If carry clear. 
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Prep. routines: none 
Possible errors: none 
Stack: 0 
Registers used: X, Y, P 

15) Name: MEMTOP 

address in X, Y will be transferred to 
pointer to bottom of RAM 

Purpose: Set or read the address of top of RAM 
Address: $FF99 
Communication registers: Carry, X, Y; as for MEMBOT 
Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: X, Y, Carry 

16) Name: OPEN 
Purpose: Open a logical file 
Address: $FFCO 
Communication registers: none 
Prep. routines: SETLFS, SETNAM 
Possible errors: 1,2.4,5,6 
Stack: 0 
Registers used: A, X, Y 

17) Name: PLOT 
Purpose: Set cursor location or read cursor location 
Address: $FFFO 
Communication registers : Carry: 1 for set cursor location 

o for read cursor location 

Prep. routines: none 
Possible errors : none 
Stack: 2 

X; column number (0-21 ) returned to or 
loaded from 

Y; row number (0-22) returned to or 
loaded from 

Registers used: Carry, X, Y 

18) Name: RDTIM 
Purpose: Read system clock - 3 byte value 
Address: $FFDE 
Communication registers: A; most Significant byte returned 

Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: A, X, Y 

X; next mostsignificant byte returned 
Y; least significant byte returned 
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19) Name: READST 
Purpose: read status word 
Address $FFB7 
Communication registers 

Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: A 

20) Name: RESTOR 

A; error code returned in A. See 
discussion of ST in BASIC section for 
codes and meanings 

Purpose: Restore default system and interrupt vectors 
Address: $FFBA 
Communication registers: none 
Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: A, X, Y 

21) Name: SAVE 
Purpose: Save memory to a device 
Address: $FFDB 
Communication registers : A; load with zero-page address. This 

address and the next byte contain the 
address of the start of memory to be 
saved. 
X, Y; low and high bytes of end address 
of memory to be saved. 

Prep. routines : SETLFS, SETNAM (SETNAM not needed If a 
nameless save to Datasette is desired) 
Possible errors: 5,B,9 
Stack: 0 
Registers used: A, X, Y 

22) Name: SCNKEY 
Purpose: Scan the keyboard, put value in keyboard queue 
Address: $FF9F 
Communication registers: none 
Prep. routines: none 
Possible errors: none 
Stack: 0 
Registers used: A, X, Y 

23) Name: SCREEN 
Purpose: Return number of screen rows and columns 
Address: $FFED 
Communication registers: X; number of columns returned in X 

Y; number of rows returned in Y 
Prep. routines: none 
Possible errors: none 
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Stack :2 
Registers used: X, Y 

24) Name: SECOND 
Purpose: Send secondary address for LISTEN 
Address: $FF93 
Communication registers : A; load with secondary address to be 

sent 
Prep. routines: LISTEN 
Possible errors: see READST 
Stack: 0 
Registers used: A 

25) Name: SETLFS 
Purpose: Set up a logical file number, device and secondary 
addresses 
Address: $FFBA 
Communication registers: A; load logical file number into A 

X; device number 

Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: A, X, Y 

Y; command (secondary address) 

26) Name: SETNAM 
Purpose: Set up file name 
Address: $FFBD 
Communication registers: A; load length of file name into A 

Prep. routines: none 
Possible errors: none 
Stack: 0 
Registers used: A, X, Y 

X, Y; low, high bytes of address of start of 
memory where file name is stored 

27) Name: SETTIM 

28) 

Purpose: Set the system clock - 3 byte value 
Address: $FFDB 
Communication registers: A; most significant byte 

Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: A, X, Y 
Name:STOP 

X; next most significant byte 
Y; least significant byte 

Purpose: Check if stop key pressed 
Address: $FFE1 
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Communication registers: zero flag; set if STOP key pressed 
Prep. routines: none 
Possible errors: none 
Stack :0 
Registers used: zero flag, A, X 

29) Name: TALK 
Purpose: Command a device on the serial bus to TALK 
Address: $FFB4 
Communication registers: A; load device number into A 
Prep. routines: none 
Possible errors: see READST 
Stack :0 
Registers used: A 

30) Name: TKSA 
Purpose : send a secondary address to a device commanded to 

TALK 
Address: $FF96 
Communication registers: A; load secondary address into A 
Prep. routines: TALK 
Possible errors: see READST 
Stack :0 
Registers used: A 

31) Name: UNLSN 
Purpose : Command all devices on the serial bus to stop receiving 

data 
Address: $FFAE 
Communication registers: none 
Prep. routines: none 
Possible errors: see READST 
Stack :0 
Registers used: A 

32) Name: UNTLK 
Pupose : Send an UNT ALK command to all devices on serial bus 
Address: $FFAB 
Communication registers: none 
Prep. routines: none 
Possible errors: see READST 
Stack: 0 
Registers used: A 

33) Name: VECTOR 
Purpose: Set or read system RAM vectors 
Address: $FF8D 
Communication registers: X, Y; address of list of system RAM 

vectors 
Carry flag; if S13t, the RAM vectors are 
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vectors. 

read into the list pointed to by X, Y and 
if clear, the contents of the list pointed 
to by X, Yare read into the RAM 

Prep. routines: none 
Possible errors: none 
Stack: 2 
Registers used: Carry flag, X, Y 

Error Codes 
Value 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Meaning 
Routine terminated by STOP key 
Too many open files 
File already open 
File not open 
File not found 
Device not present 
File is not an input file 
File is not an output file 
File name is missing 
Illegal device number 

190 



Appendix E 

BASIC error messages 
BASIC's error messages aren't always illuminating. This list of 
messages and explanations may be helpful. 
BAD DATA: 
The program expected numeric data, but received string data (from an 
OPENed file) 
BAD SUBSCRIPT: 
The program tried to reference an element of an array whose subscript 
was outside the dimensions of the array. 
CAN'T CONTINUE: 
CONT doesn't work because (a) the program was never run, (b) it 
stopped due to an error condition or (c) an attempt was made to edit the 
program. 
DEVICE NOT PRESENT: 
The relevant I/O device isn't present. 
DIVISION BY ZERO: 
Not allowed. 
EXTRA IGNORED: 
Too many data items typed in response to an INPUT statement. Only the 
required numer of items were accepted. Doesn't stop a program. 
FILE ALREADY EXISTS: 
The name of the source file being copied with the COpy statement 
alread exists on the destination diskette. 
FILE NOT FOUND: 
On tape, this means that an END-OF-TAPE marker was found, so 
search stops. On disk no such file exists. 
FILE NOT OPEN: 
You tried an I/O command on a file that hasn't been opened. 
FILE OPEN: 
You tried to open a file using a number assigned to a file already OPEN. 
FORMULA TOO COMPLEX: 
Either a string expression is too intricate, or an arithmetic expression is 
too complex. If it's a string, break it up into two parts. If it's an arithmetic 
expression, try using parentheses. 
ILLEGAL DIRECT: 
The command attempted in direct mode can only be used in program 
mode 
ILLEGAL QUANTITY: 
A number used as an argument is out of range. e.g. POKEing a value 
greater than 255. 
LOAD: 
Too many errors ( ) 31) were found on a tape LOAD 
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NEXT WITHOUT FOR: 
Either you've put in too many NEXT statements, forgotten a FOR 
statement or branched past a FOR statement. 
NOT INPUT FILE: 
An attempt has been made to read from a file designated as output only. 
NOT OUTPUT FILE: 
An attempt has been made to write to a file designated as input only. 
OUTOFDATA: 
A READ statement has run out of data. 
OUT OF MEMORY: 
No more RAM left for program or variables. Also caused by too many 
nested FOR loops and/or GOSUBs. In this case you may have lots of 
memory but no stack left. You may also have inadvertently changed the 
top-of-memory pOinter. 
OVERFLOW: 
The result of a calculation is greater than 1.70141884E+38. 
REDIM'D ARRAY: 
An array name appears in more than one DIM statement, or has been 
both implicitly and explicitly DIMensioned. 
REDO FROM START: 
An INPUT statement received the wrong type of data. Doesn't stop the 
program, just continues prompting until the correct type of data is input. 
RETURN WITHOUT GOSUB: 
A RETURN for which there is no corresponding GOSUB. Usually caused 
by dropping into the subroutine inadvertently. 
STRING TOO LONG: 
Strings can be a maximum of 255 characters long. 
SYNTAX: 
BASIC doesn't recognise the statement. 
TYPE MISMATCH: 
Number used in place of string, or vice-versa. 
UNDEF'D FUNCTION: 
A user defined function was called but has not yet been defined, with a 
DEF FN statement 
UNDEF'D STATEMENT: 
An attempt has been made to go to a non-existent line number. 
VERIFY: 
The program on tape or disk being VERIFYd does not match the program 
in memory. 
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AppendixF 
Current Key Pressed 
Location 197 stores a coded value of the current key depressed. If more 
than one key is depressed the higher value is stored. 

Key Value Key Value Key Value Key Value 

1 0 none 16 SPACE 32 Q 48 
3 1 A 17 Z 33 E 49 
5 2 D 18 C 34 T 50 
7 3 G 19 B 35 U 51 
9 4 J 20 M 36 0 52 
+ 5 L 21 • 37 @ 53 
£ 6 

CRSRf7 
22 none 38 ...... 54 

DEL 7 23 f1 39 f5 55 
f 8 STOP 24 none 40 2 56 
W 9 none 25 S 41 4 57 
R 10 X 26 F 42 6 58 
Y 11 V 27 H 43 8 59 
I 12 N 28 K 44 0 60 
P 13 29 45 61 
* 14 / 30 46 HOME 62 

RETURN 15 CRSRZ 31 f3 47 f7 63 
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INDEX 
Abbreviating BASIC ....... .42,43,44 Echo ........................... 68 
Absolute addressing ............. 106 Editor I Assembler ............... 125 
Accumulator .................... 104 Envelope ........................ 52 
Appending programs ............ .44 Exclusive OR XOR ............... 41 
Arrays ....................... 10,43 Expanding sprites ................ 93 
ASCII ............................ 6 Extended background colour ....... 90 
Attack ....................... 52, 72 EXTRA IGNORED ............... 25 
Attenuating ...................... 58 
Autostart . . . . . . . . . . . . . . . . . . . . . . . 119 False ............................ 2 

File manipulation ................ 154 
BAM .......................... 154 Filters ................. 56,73,74,78 
Base address .............. 107, 108 Flags .......................... 105 
BASIC interpreter ................. 2 Floating point variables ............. 9 
BASIC storage .................. .45 
BASIC syntax .................... 17 
Binary digit ................... 6, 102 

Floppy disk drive ................ 152 
Formatting Diskettes ............. 153 
FOR-NEXT ..................... 2 

Binary number system ........ 14, 102 Function keys ................... 128 
Bit mapped screen ........... 91,140 
Bits ............................. 15 Gatebit ......................... 71 
Block allocate ................... 157 GOSUB ...................... .4,43 
Block free ...................... 158 GOTO .......................... .4 
Block read ..................... 156 Graphics memory ................ 79 
Block write ..................... 157 Graphics printer ................. 161 
Boolean operators ................ 13 
Buffer ..... .45,47,119,155,156,158 Hexadecimal number system .. 14, 102 
Buffer pointer ................... 158 Hires graphics ................... 86 
Byte ............................. 6 

IFTHEN ......................... 2 
Character colour ................. 80 ILLEGAL QUANTITY ............. 17 
Character memory ............... 79 Immediate addressing ........... 106 
Caractertable ................... 82 Immediate mode .................. 1 
Collision detection ............. 91,98 Implicit addressing .............. 106 
Colour control keys ............... 80 Indexed addressing ............. 107 
Colour Memory ............ 79,80,82 Indexed indirect addressing ....... 108 
Command number ............... 30 Indirect indexed addressing ....... 108 
Concatenation ................. 8, 12 Indirect pointers ................. 108 
Control structure .................. 2 Initialisation .................... 134 
Conversion Instruction sel(6510) ............ 109 

hex to binary .................. 103 I nteger variable .................. 10 
hex to decimal ................ 103 I nterrupt request ............ 127, 146 
dec to hex .................... 103 1/0 device ...................... 119 
dec to binary .................. 103 1/0 port ........................ 105 

Datasette ...................... 152 Joy~~ ........................ 163 
Data structure. . . . . . . . . . . . . . . .. . .. 6 
Debugging ....................... 5 Kemal ......................... 133 
Decay ....................... 52, 72 Keyboard ...................... 163 
Decimal number system ........... 14 Keyword ........................ 45 
Default ................ 11, 19, 80, 99 
DEVICE NOT PRESENT .......... 36 Label references ................ 125 
Device number ................... 30 Loop variable ..................... 3 
Diskette directory ............... 154 Lores graphics ................... 79 
Disk user commands ............ 160 LIFO .......................... 104 
Drive number ................... 155 Linking registers ................. 67 
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Machine language ............... 101 Scientific notation ................. 9 
Masks ....................... 16,88 Screen codes .................... 81 
Memory bank ................... 118 
Memory configuration ............ 120 

Screen memory .................. 79 
Sectors ........................ 153 

Memory execute ................ 160 
Memory management signals ..... 120 
Memory map ................... 118 
Memory read ................... 159 

Sequential access ............... 156 
Sequential execution ............... 2 
Sound chip registers .............. 70 
Sound effects .................... 67 

Memory write ................... 159 
Microprocessor ................. 101 

Source program ................. 125 
SPC ............................ 43 

Mnemonics ..................... 109 
MMON ........................ 1V 
Monitor ........................ 125 
Modulation ...................... 68 
Multicolour ...................... 89 
Multicolour bit map mode .......... 91 
Multicolour sprites ................ 93 
Multiple statements .............. .42 

Sprites .......................... 91 
Sprite collisions ................. 147 
Sprite collision register ............ 98 
Sprite colour ..................... 93 
Sprite movement ................. 94 
Sprite pointer .................... 91 
Sprite priority .................... 96 
Sprite priority register ............. 97 
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COMMODORE 64 EXPOSED 

REGISTRATION CARD 

• Please fill out this page and return it promptly in order that we may keep 
• you informed of new software and special oHers that arise. Simply cut 
: along the dotted line and return it to the correct address selected from 
• those overleaf. 

• • • • • • • • • • • • • • • • • • • • • 

Where did you learn of this product? 

o Magazine. If so, which one? 

o Through a friend. 

o Saw it in a Retail Store 

o Other. Please specify ....................................... . 

Which Magazines do you purchase? 

Regularly: .......... . ....................................... . 

Occassionally: ................................................ . 

What age are you? 

010-15 016-19 020-24 0 Over 25 
• We are continually writing new material and would appreciate receiving 
• your comments on our product. • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

How would you rate this book? 

8 Excellent 
Good o Poor 

o Value for money o Priced right o Overpriced 

Please tell us what software you would like to see produced for your 
COMMODORE 64. 

Name ____________________________________________ _ 

Address ______________________ _ 

__________________________________ Code 



PUT THIS IN A STAMPED ENVELOPE AND SEND TO: 
In the United States of America return page to: 
Melbourne House Software Inc., 347 Reedwood Drive, 
Nashville TN 37217 .. 

In the United Kingdom return page to: 
Melbourne House (Publishers) Ltd., Melbourne House, Church Yard, 
Tring, Hertfordshire, HP23 5LU 

In Australia & New Zealand return page to: 
Melbourne House (Australia) Pty. Ltd., Suite 4,75 Palmerston Crescent, 
South Melbourne, Victoria, 3205. 





Here is the definitive book for the Commodore owner. 

A complete and comprehensive guide to make you total master 
of your Commodore 64. 

Commodore 64 Exposed is an encyclopedia of solutions from 
Basic programming through to machine language, and 
includes vital tables of memory locations and system variables. 

The step by step format is designed to ensure that every 
owner will understand exactly how their Commodore 64 
works. Every feature and program variable is carefully 
explained with the aid 'of simple demonstration programs 
that can be entered in minutes. 

Whether you are a first time computer user or a serious 
programmer, if you want to take full advantage of your 
Commodore 64's impressive capabilities, then this is the book 
for you. 
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