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Memory 7

commodore 64
Memory Map

Compiled by Jim Butterfield

Hex Decimal
0000 0
0001 1
0003-0004 3-4
0005-0006 5-6
0007 7
0008 8
0009 9
000A 10
000B 11
000C 12
000D 13
000E 14
000F 15
0010 16
0011 17
0012 18
0013 19
0014-0015 20-21
0016 22
0017-0018 23-24
0019-0021 25-33
0022-0025 34-37
0026-002A 38-42
002B-002C 43-44
002D-002E 45-46
002F-0030 47-48
0031-0032 49-50
0033-0034 51-52
0035-0036 53-54
0037-0038 55-56
0039-003A 57-58
003B-003C 59-60
003D-003E 61-62
003F-0040 63-64

Description
Chip data direction register
Chip I/O; memory and tape control
Float-Fixed vector
Fixed-Float vector
Search character
Scan-quotes flag
TAB column save
0=LOAD, 1=VERIFY
Input buffer pointer/ #subscript
Default DIM flag
Type: FF =string, 00 =numeric
Type: 80 =integer, 00 =floating point
DATA scan/LIST quote/memory flag
Subscript/FNx flag
0 =INPUT; $40 =GET; $98 =READ
ATN sign/Comparison eval flag
Current I/O prompt flag
Integer value
Pointer: temporary string stack
Last temporary string vector
Stack for temporary strings
Utility pointer area
Product area for multiplication
Pointer: Start-of-BASIC
Pointer: Start-of-Variables
Pointer: Start-of-Arrays
Pointer: End-of-Arrays
Pointer: String-storage (moving down)
Utility string pointer
Pointer: Limit-of-memory
Current BASIC line number
Previous BASIC line number
Pointer: BASIC statement for CONT
Current DATA line number
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7 Memory

0041-0042
0043-0044
0045-0046
.0047-0048
0049-004A
004B-004C
004D
004E-0053
0054-0056
0057-0060
0061
0062-0065
0066

0067

0068
0069-006E
006F

0070
0071-0072
0073-008A
007A-007B
008B-008F
0090

0091

0092

0093

0094

0095

0096

0097

0098

0099

009A
009B
009C
009D
009E

009F
00A0-00A2
00A3
00A4
00A5
00A6

00A7

00A8

00A9

184

65-66
67-68
69-70
71-72
73-74
75-76
77
78-83
84-86
87-96
97
98-101

102

103

104

105-110

111

112

113-114

115-138

122-123

139-143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160-162

163

164

165

166

167

168

169

Current DATA address

INPUT vector

Current variable name

Current variable address

Variable pointer for FOR/NEXT
Y-save; op-save; BASIC pointer save
Comparison symbol accumulator
Miscellaneous work area, pointers, etc.
Jump vector for functions
Miscellaneous numeric work area
Accum#1: Exponent

Accum #1: Mantissa

Accum#1: Sign

Series evaluation constant pointer
Accum #1 hi-order (overflow)

Accum #2: Exponent, Mantissa, sign
Sign comparison, Acc#1 vs #2
Accum #1 lo-order (rounding)
Cassette buffer length/Series pointer
CHRGET subroutine; get BASIC character
BASIC pointer (within subroutine)
RND seed value

Status word ST

Keyswitch PIA: STOP and RVS flags
Timing constant for tape

LOAD =0, VERIFY =1

Serial output: deferred character flag
Serial deferred character

Tape EOT received

Register save

Number of open files

Input device, normally 0

Output CMD device, normally 3
Tape character parity

Byte-received flag

Run =0, Direct mode =$80

Tape Pass 1 error log/character buffer
Tape Pass 2 error log corrected

Jiffy clock HML

Serial bit count/EOI flag

Cycle count

Countdown, tape write/bit count
Tape buffer pointer

Tp Wrt 1dr count/Rd pass/inbit

Tp Wrt new byte/Rd error/inbit count
Wrt start bit/Rd bit err/stbit

cocccoecoccoeccceccccccCc0CcoCcC0CcoC
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00AA
00AB
00AC-00AD
00AE-00AF
00B0-00B1
00B2-00B3
00B4

00B5

00B6

00B7

00B8

00B9

00BA
00BB-00BC
00BD

00BE

00BF

00Co
00C1-00C2
00C3-00C4
00C5

00Cé

00C7

00C8
00C9-00CA
00CB
00CC
00CD
00CE

00CF

00D0
00D1-00D2
00D3

00D4

00D5

00D6

00D7

00D8
00D9-00F2
00F3-00F4
00F5-00F6
00F7-00F8
00F9-00FA
0100-010A
0100-013E
0100-01FF

170
171
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
217-242
243-244
245-246
247-248
249-250
256-266
256-318
256-511

Memory 7

Tp Scan; Count; Ld; End/byte assembly
Wr lead length/Rd checksum/parity
Pointer: tape buffer, scrolling

Tape end address/End of program
Tape timing constants

Pointer: start of tape buffer

1 =Tape timer enabled; bit count
Tape EOT/RS-232 next bit to send
Read character error/outbyte buffer
Number of characters in filename
Current logical file

Current secondary address
Current device N
Pointer to filename

Wr shift word/Rd input character

# blocks remaining to Wr/Rd

Serial word buffer

Tape motor interlock

I/O start address

Kernal setup pointer

Last key pressed

Number of characters in keyboard buffer
Screen reverse flag

Pointer: end of line for INPUT
Input cursor log (row, column)
Which key: 64 if no key

0 =flash cursor

Cursor timing countdown
Character under cursor

Cursor in blink phase

Input from screen/from keyboard
Pointer to screen line

Position of cursor on above line
Quote mode flag, 0 = off

Current screen line length

Row where cursor lives

Last inkey/checksum/buffer
Number of INSERTs outstanding
Screen line link table

Screen color pointer

Keyboard pointer

Pointer: RS-232 input buffer
Pointer: RS-232 output buffer
Floating point to ASCII work area
Tape error log '

Processor stack area
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0200-0258
0259-0262
0263-026C
026D-0276
0277-0280
0281-0282
0283-0284
0285

0286

0287

0288

0289

028A

028B

028C
028D

028E
028E-0290
0291

0292

0293

0294
0295-0296
0297

0298
0299-029A
029B

029C
029D

029E
029F-02A0
02A1
02A2
02A3
02A4
02A5
02C0-02FE
0300-0301
0302-0303
0304-0305
0306-0307
0308-0309
030A-030B
030C
030D
030E

186

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
704-766
768-769
770-771
772-773
774-775
776-777
778-779
780
781
782

BASIC input buffer

Logical file table

Device #table

Secondary address table
Keyboard buffer

Start of BASIC Memory

Top of BASIC Memory

Serial bus time-out flag
Current color code

Color under cursor

Screen memory page
Maximum size of keyboard buffer
Repeat all keys

Repeat speed counter

Repeat delay counter
Keyboard Shift/Control flag
Last shift pattern

Pointer: keyboard table setup
Keyboard shift mode

0 =scroll enable

RS-232 control register
RS-232 command register

Bit timing

RS-232 status register
Number of bits to send
RS-232 speed/code

RS-232 end of input buffer index
RS-232 start of input buffer
RS-232 start of output buffer
RS-232 end of output buffer index
IRQ save during tape I/O
CIA2 (NMI) Interrupt Control
CIA1 Timer A control log
CIAlInterrupt Log

CIA1 Timer A enabled flag
Screen row marker

(Sprite 11)

Error message link

BASIC warm start link
Crunch BASIC tokens link -
Print tokens link

Start new BASIC code link
Get arithmetic element link
6510 accumulator store

6510 X-register store

6510 Y-register store

ccccccCcCccCcCcCcCccCcoCccCcccCcCccCccccCccCccccccccccccccceccceccecc
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030F

0310
0311-0312
0313
0314-0315
0316-0317
0318-0319
031A-031B
031C-031D
031E-031F
0320-0321
0322-0323
0324-0325
0326-0327
0328-0329
032A-032B
032C-032D
032E-032F
0330-0331
0332-0333
0334-033B
033C-03FB
0340-037E
0380-03BE
03CO0-03FE
0400-07FF
0800-9FFF
8000-9FFF
AO000-BFFF
A000-BFFF
C000-CFFF
D000-D02E
D400-D41C
D800-DBFF
DC00-DCOF
DDO00-DDOF
D000-DFFF
EO000-FFFF
E000-FFFF
FF81-FFF5

783
784
785786
787

788789
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
820-827
828-1019
832-894
896-958
960-1022
1024-2047
2048-40959
32768-40959
40960-49151
49060-49151
49152-53247
53248-53294
54272-54300
55296-56319
56320-56335
56576-56591
53248-57294
57344-65535
57344-65535
65409-65525

Memory 7

6510 status register store

USR function jump instruction
USR function jump address
Unused

Hardware interrupt vector
Break interrupt vector

NMIl interrupt vector

OPEN vector

CLOSE vector

Set-input vector

Set-output vector

Restore I/O vector

INPUT vector

Output vector

Test-STOP vector

GET vector

Abort /O vector

Warm start vector

LOAD vector

SAVE vector

Unused

Cassette buffer

(Sprite 13)

(Sprite 14)

(Sprite 15)

Screen memory

BASIC RAM memory
Alternate: ROM plug-in area
ROM: BASIC

Alternate: RAM

RAM memory, including alternate
Video Chip (6566)

Sound Chip (6581 SID)

Color nybble memory
Interface chip 1, IRQ (6526 CIA)
Interface chip 2, NMI (6526 CIA)
Alternate: Character set

ROM: Operating System
Alternate: RAM i

Jump Table, Including:

FFC6 - SetInput channel

FFC9 - Set Output channel

FFCC - Restore default I/O channels
FFCF -INPUT
FFD2 -PRINT

FFE1 - Test Stop key
FFE4 - GET

4C)
(B248)

(EA31)
(FE66)
(FE47)
(F34A)
(F291)
(F20E)
(F250)
(F333)
(F157)
(FICA)
(F6ED)
(F13E)
(F32F)
(FE66)
(F4A5)

- (F5ED)
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Figure 1. 6510 Processor 1/0 Port

$0000 1IN : IN , Qut | IN | Out Out | QOut | Out DDR 0
$0001 | Tape  Tape . Tape | DRom EFRAM ABRaM | PR 1
[ Motor  Sense  Wnte | Switch  Switch- . Switch
i : | R | | (.
Figure 2. 6566 SID Chip

Vi V2 V3 [ v Vi V2 V3

R S ;L -
D400 D407 D40E | : | 5427254279 54286
D401 D408 D4OF [ Frequency 1 54273 54280 54287

D402 D409 D410
D403 D40A D411

D404 D40B D412

D405 D40C D413

D406 D40D D414 |

D415
D416

D417

D418 |3

188

- Voice Type . - s
NSEPULSAWTRI| Koy
; N

[N
" Decay Time
. 6ms-24sec-
1 1 L

Release Time

Voices

Filter & Volume
(Write Only)

54274 54281 54288

54275 54282 54289

54276 54283 54290

| 54277 54284 54291

54278 54285 54292

54293
54294

54295

54296

ccccocccoccccccccccccccccccccccCcccccccccccccccc
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D419

D41A

D41B

D41C

Sense

(Read Only)

54297
54298
54299
54300

Special voice features (TEST, RING MOD, SYNC) are omitted from the above diagram.

Figure 3. 6526 CIA1 Chlp

Paddle SEL|’
A ‘B

$DCO0 | — o — 4
. Keybo

$DCO01

$DC02

$DC03
$DC04
$DC05

$DC06
$DC07

$DCOD pinE

$DCOE

$DCOF

PRA 56320

PRB 56321

DDRA 56322
DDRB 56323

| TAL 56324

ICR 56333

CRA 56334

| CRB 56335
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Figure 4. 6526 CIA2 Chip
T T T 11 T
$DDO0 | Serial Clock Serial Clock ATN RS-232 PRA 56576
In In , Out, Out , Out, Out ,  , .~
Dsti“i*""fcrsi - | DCD* | RI* | DTR | RTS* | RS-232
$ppo1 | In 1 'In In VIn ! Out ! Out In PRB 56577
Parallel User Port
$DD02 [IN . IN Out. Out ©Out Out Out Out DDRA 56578
$DD03 $06 For RS-232 DDRB 56579
$DD04 T __| TAL 56580
$DDO05 ‘ ; mmer. TAH 56581
$DD06 TimerB — | TBL 56582
$DD07 TBH 56583
~ ~
$DDOD T ‘ ‘~RS-232_: ‘ Timer  Timer | [CR 56589
E ' ] In '.~~ i ‘r".B i A
$DDOE T "~ Timer | CRA 56590
, AStart
$DDOF - | CrRB 56591
Timer
. B Start
*Connected but not used by system.
190
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Soft-16

Douglas D. Nicoll

This program, “USR(PEEK)’, demonstrates several interesting concepts
about managing the memory of the 64. BASIC programs can be run
essentially without BASIC, and you can switch between ROM and RAM
during a program RUN to access an additional 16K of RAM for data
storage. You'll also see how to use the USR( ) statement.

An inexpensive 16K RAM expansion for the Commodore 64? Run
BASIC programs without BASIC or the Kernal? Well, almost. The
6510 microprocessor has the three ROM banks (BASIC [AB]
$A000-$BFFF; characters [D] $D000-$DFFF; and Kernal [EF]
$E000-$F000) with blocks of RAM. It switches between ROM and
RAM with the control port located at $0001. Bit zero in $0001 con-
trols AB, bit one controls EE and bit two controls D. Setting the bit
to one switches in ROM (the normal state), and zero switches in
RAM memory.

In normal BASIC operation, it is possible to POKE values to
the RAM at the AB and EF locations, but PEEKing these locations
will show only the ROM data. POKEs and PEEKs to the RAM at D
work fine, but you can’t PEEK the character ROM without setting
a number of switches so the system won't crash. Thus, without
the ability to PEEK the hidden RAM memory, AB and EF loca-
tions are effectively eliminated from use in BASIC programs.

“USR(PEEK)” is a valuable machine language utility program
that opens up the hidden RAM for use in BASIC programs, giv-
ing the user 16K of additional memory for data storage. The pro-
gram is loaded into $C001-$C0OE4 and uses $C000 as a temporary
storage cell. The vector for the USR( ) function is set (POKE
785,1:POKE 786,192). BASIC programs are loaded normally, and
any RAM location can be PEEKed by using X =USR(N), where X
is any variable and N is any number from 1 to 65535. Any number
less than 0.5 will set X to -1, 0.5 to 1.9 evaluate as 1, and all other
decimal numbers are truncated to the integer. If a negative num-
ber is given for N, the value returned is for ABS(N). If a number is
greater than 65535, then X is -1. If N is between 53248 and 57343, X
is the value of data stored in character ROM (D).
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Automatic Switching

How does USR(PEEK) work? The statement X =USR(N) in a
BASIC program loads N into the floating point accumulator and
sends the computer to the machine language program pointed to
by the USR vector. The machine language program evaluates the
number in the FP accumulator, switches out BASIC and Kernal
ROM, loads the desired RAM data into the FP accumulator,
switches BASIC and Kernal ROM back in, and finally sets up the
FP accumulator so that X contains the values on return to the
BASIC program. When character ROM is desired, it is switched in
for the manipulation.

The techniques used to dynamically switch between RAM
and ROM have many other uses for programmers who use both
BASIC and machine language. For example, machine language
programs can be LOADed under BASIC or Kernal ROM and run
with BASIC programs — this leaves more space for BASIC pro-
grams and variable storage. It is possible to envision LOADing a
BASIC program editor under BASIC ROM and calling it for re-
numbering, searching, etc.

Type in the program and, after saving a copy, RUN it to see a
demonstration of how easy it is to use. Then eliminate lines 10-540
and SAVE it with the name USR(PEEK). To use with your pro-
grams, LOAD and RUN USR(PEEK) and then LOAD and RUN
your own BASIC programs that can be constructed to utilize the
additional 16K of RAM data storage.

USR (PEEK)

1 GOSUBl@@@:REM SET UP USR(PEEK)

5 REM**{9 SPACES}USR(PEEK){12 SPACES}**

10 PRINT"{CLR}USR(PEEK) AT CHARACTER ROM
1]

20 v$="{HOME}{24 DOWN}"

30 H$=""+"{39 RIGHT}"

4@ UC=53248:LC=55296:GC=53760

50 H=@:V=10@:L=83*8+UC:GOSUB500

60 H=8:V=10:L=3*8+UC:GOSUB500

70 H=14:V=5:1,=85*8+UC:GOSUB50@:H=14:V=14

:L=74*8+UC:GOSUB500

80 H=22:V=10:L=54*8+UC:GOSUB500

99 H=30:V=10:L=52*8+UC:GOSUB500

109 PRINTLEFTS$ (V$,5);LEFTS$(HS,18);"sC
{up}u{2 DOWN}{LEFT}J{UP}64";LEFTS (VS
,22)

119 PRINT"PRESS ANY KEY TO CONTINUE";
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120
130

140
150
le0
170

180
190

200

205
210

220

230
240

250

260
279
280

290
300

31@

320
330

340
500
510

520
530
540

GETAS : IFAS$=""THEN120

PRINT" {CLR}USR(PEEK) INTO BASIC HIDD
EN RAM"

PRINTLEFTS$(V$,5); "INPUT 19 NUMERS(0-
255) TO STORE IN $AQQQTO $AQQA :"
FORI=1TO10Q

PRINT"NUMBER ";I;": ";:INPUT"";X
IFINT(X)<>XORX<@ORX>255THENPRINT" INV
ALID ENTRY...":GOTO169
POKE40959+1, X : NEXT

PRINT" {CLR}USR(PEEK) INTO HIDDEN BAS
IC RAM"

PRINT:PRINT:PRINT"LOCATION{3 SPACES}
PEEK{3 SPACES}USR(PEEK)"

PRINT" === m e e e e e "
FORI=1TO10:PRINTI+40959,PEEK(I+40959
) ,USR(I+48959) : NEXT

PRINTLEFTS$ (V$,22); "PRESS ANY KEY TO
CONTINUE ";

GETAS$ : IFAS=""THEN230
PRINT"{CLR}USR(PEEK) INTO KERNAL HID
DEN RAM"

PRINTLEFTS$ (V$,5); "INPUT 1@ NUMERS(@-
255) TO STORE IN S$FO@QTO $FOQA :"
FORI=1TO10

PRINT"NUMBER ";I;": ";:INPUT"";X
IFINT(X)<>XORX<@ORX>255THENPRINT "INV
ALID ENTRY...":GOTO1l60
POKE61439+1I,X:NEXT

PRINT" {CLR}USR(PEEK) INTO HIDDEN KER
NAL RAM"
PRINT:PRINT:PRINT"LOCATION{3 SPACES}
PEEK{3 SPACES}USR(PEEK)"

FORI=1TO1@:PRINTI+61439,PEEK(I+61439
) ,USR(I+61439) :NEXT

END

FORJ=LTOL+7 :X$="":X=USR(J)
FORI=7TO@STEP-1:IFX=>2TITHENX=X-21T1:
x$=xX$+"{wHT} {RVS} {OFF}":GOT0530
X$=X$+" {RIGHT}"

NEXTI : IFJ=LTHENPRINTLEFTS$ (V$,V);
PRINTLEFTS (H$, H) ; X$ : NEXT : RETURN

1008 POKE785,1:POKE786,192:REM USR VECTO

R

1010 FORI=49153T049380:READX:POKEI,X:NEX

T

1915 RETURN
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1020

1030
1040
1050
1060

1070
1080

19090
1100

1119

1120

194

DATA173,97,0,201,144,208,3,76,188,1
92,56,201,128,176,3,76,163,192,201,
145
DATAl44,3,76,163,192,73,128,141,97,
9,56,169,16,237,97,0,2490,13,170,24
DATA78,98,0,1106,99,0,202,224,0,208,
244,173,98,0,141,78,192,173,99,0
DATAl41,77,192,173,1,0,141,8,192,12
9,73,7,141,1,0,173,255,255,141,98,0
DATA173,0,192,141,1,94,88,173,98,0,2
¢1,9,208,3,76,140,192,162,8,173,98,
)
DATA24,42,176,5,202,224,0,208,247,1
06,141,98,0,73,128,141,102,08,138
DATA9,128,141,97,90,169,0,141,99,0,1
41,100,0,141,101,9,96,169,0,141,97,
2
DATA141,99,0,141,100,0,141,101,0,14
1,102,0,169,128,141,98,08,96,169,129
DATAl141,97,0,169,128,141,98,0,141,1
02,0,169,0,141,99,0,141,100,0,141,1
21,0
DATA96,56,173,98,0,201,224,144,3,76
,223,192,201,208,176,3,76,223,192,1
69,4
DATAl41,72,192,173,97,9,32,26,192,1
69,7,141,72,192,96,173,97,0,76,11,1
92
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Advanced 8
Memory

Assembler in
BASIC

Ronald Thibault

Here is a symbolic Assembler in BASIC for the Commodore 64.
The original version of this was written by Eric Brandon for the
PET. I modified this Assembler because there were none available
for the 64 and no symbolic assemblers that use only a cassette (I
have no disk). [Disk users need only make the changes shown in
lines 12025 and 13025 — Editor.] In addition, being cheap, this
Assembler is good for those who are just starting out in machine
language programming.

A symbolic assembler is one that allows the use of variable
names in the label and operand fields. This Assembler could also
be used on many other machines using the 6502 with slight modi-
fications, most notably the LOAD and SAVE commands.

Since the Assembler is in BASIC, it does have a couple of dis-
advantages. The first is that it is slow. The other is that, because it
resides in memory and needs the BASIC Interpreter, the amount
of memory available for machine language programs is reduced.

The major additions to the Assembler from the original are:

1. Bounds checking on the commands that affect the line
numbers.

2. The LOAD and SAVE commands modified for cassette.

3. Compact Command eliminates blank lines between code.
4. 40-column screen printout.

5. Instructions internal to the program.

The Assembly Listing

The assembled listing is broken into two segments: the first seg-
ment is the memory locations of the variables and labels; the sec-
ond is the actual code. The format is as follows:

Column Value

0-5 Line #

6-10 Start of Instruction Address
1113 Opcode Value
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14-16 & 1719  Other Bytes of Instruction

20-26 Label Field
27-30 Opcode Field
31-40 Operand Field

A note about this program specifically and all Commodore 64
programs in general. This listing (except where all code would not
fit on the line) has spaces between code elements to make it more
readable. Now that we have more memory available there is no
longer a need to compact the code just to fit it in memory. The
spaces and REM statements (remember them?) can be taken out
later for speed. It is much easier to type in and correct/modify
readable code instead of 80-character strings. So start putting in
spaces and REM statements.

Also, you will notice that in the instructions portion of the
program there is code that stops the printing of the instructions
after the screen is full, until any key is hit. This is of great help to
those of us without printers who cannot read 800 characters per
minute.

Typing in the Assembler in BASIC
I have left spaces between the code elements to make the code
more readable. I have omitted the spaces when the line would not
fit otherwise. If you wish to save typing and memory space, the
spaces and REM statements can be removed. The instructions
come at the end of the listing. With the proper adjustments to the
code, the instructions can also be removed.

Well, there it is. You are now ready to begin writing your
machine language routines using this BASIC Assembler.

BASIC Assembler/Editor

1 REM ASSEMBLER/EDITOR 2.9 -MODIFIED FOR
{SPACE}C-64

2 MEM=50:M2=20

5 PRINT" {CLR} {WHT}" :POKE 53281,@:POKE 532
80,11

6 PRINT"INTRUCTIONS ? (Y/N)";

8 GET Z$:IF Z$="" OR (Z$<>"Y" AND Z$<>"N"
) THEN 8

9 IF 7$="Y" THEN GOSUB 11000

16 PRINT"{CLR}"

11 DIM A$(MEM),S$(M2),V(M2),LI(3)

15 H$="@123456789ABCDEF"

108 LN=1

11¢ PRINT LN; :TB=5:LT=6: GOSUB 4APQ@:IF INS

="EXIT" THEN 300
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120

125
126

130

1600
178

190

200
300

3085

310
320
325
340
345
350
360
379
410
420
421
423
424

425
427

430
460
474
475

476

Advanced

IF IN$="FIX" THEN LN=LN-1:PRINT CHRS$ (
-13*(ASC(GTS$)<>13));:GOTO 110

IF GT$=CHRS$(13) THEN PRINT"{UP}":

IF LN>MEM THEN PRINT" {DOWN}{RIGHT}
{RVS}LINE LIMIT EXCEEDED":GOTO 300
AS(LN)=INS$S+" ":TB=13:LT=3:GOSUB 4009:
AS(LN)=A$(LN)+INS+" "

IF GT$=CHR$(13) THEN 200
TB=18:LT=10:GOSUB 400@:AS$(LN)=AS$(LN)+
INS

IF GT$<>CHR$(13) THEN PRINT
LN=LN+1:GOTO 118

PRINT" { DOWN} {RVS}C{OFF}OMPACT {RVS}1I
{OFF}INPUT {RVS}D{OFF}ELETE I{RVS}IN

{ OFF} SERT"

PRINT" {RVS}L{OFF}IST {RVS}S{OFF}AVE L
{RvVS}O{OFF}AD {RVS}A{OFF}SSEMBLE
{RvS}Q{OFF}UIT"

PRINT"COMMAND ?2";

GET CM$:IF CM$="" THEN 320

PRINT CM$:IF CM$<>"I" THEN 360
INPUT"LINE ";LN:IF LN>MEM THEN PRINT"
{RVS}LINE NUMBER TO LARGE":GOTO 300
IF LN<=@ THEN PRINT"{RVS}LINE NUMBER
{SPACE}TO SMALL" :GOTO 300

GOTO 110

IF CM$="0" THEN 12000

IF CM$="S" THEN 13000

IF CM$<>"D" THEN 460
INPUT" { DOWN}LINES - FROM,TO ";FL,LL
IF FL>LL THEN PRINT"{RVS}INCORRECT LI
NE NUMBERS" :GOTO 300

IF FL>MEM OR LL>MEM THEN PRINT"{RVS}L
INE NUMBER TO LARGE":GOTO 309

IF FL<=0 OR LL<=@ THEN PRINT"{RVS}LIN
E NUMBER TC SMALL":GOTO 300

IF FL<>LL THEN 439

FOR T=FL TO MEM-1:A$(T)=A$(T+1) :NEXT
{SPACE}T:GOTO 309

FOR T=LL TO MEM:A$(T-LL+FL)=AS$(T) :A$(
T)="":NEXT T:GOTO 300

IF CM$<>"N" THEN 500

INPUT"FIRST LINE,NUMBER";FL,LL

IF FL>MEM THEN PRINT"{RVS}LINE NUMBER
TO LARGE" :GOTO 300

IF FL<=@ OR LL<=@ THEN PRINT"{RVS}INC
ORRECT DATA" :GOTO 300 _
MARK=@:FOR T=1 TO MEM:IF LEN(AS$(T))>2
THEN MARK= T

iemory
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477 NEXT T
478 IF LL+MARK>MEM THEN PRINT" { RVS}NUMBER
OF INSERTIONS TO LARGE":GOTO 300
480 FOR T=MEM-LL TO FL STEP-1:A$(T+LL)=A$
(T):NEXT T

49¢ FOR T=FL TO FL+LL-1:AS$(T)="":NEXT T:G
OTO 309

500 IF CM$<>"L" THEN 580

519 INPUT"LINES FIRST,LAST";FL,LL

512 IF FL>LL THEN PRINT"{RVS}INCORRECT LI
NE NUMBERS" :GOTO 300

515 IF FL>MEM OR LL>MEM THEN PRINT"{RVS}L
INE NUMBER TO LARGE":GOTO 300

517 IF FL<=@ OR LL<=@ TH?EN PRINT"{RVS}LIN
E NUMBER TO SMALL":GOTO 300

521 FOR T=FL TO LL:IF LEN(AS(T))=@ THEN P
RINT T:GOTO 565

525 LI(1)=@:LI(2)=0:LI(3)=0:LI=@:FOR Q=1
{SPACE}TO LEN(AS(T))

540 IF MID$(A$(T),Q,1)=" " THEN LI=LI+1l:L
I(LI)=Q

545 NEXT Q:IF LI(3)=@ THEN LI(3)=Q-1

55¢ PRINT T TAB(5) LEFTS$(AS$(T),LI(1)) TAB
(13) MID$(AS(T),LI(1)+1,LI(2)-LI(1));

560 ?RI?T TAB(18) RIGHTS(AS(T),LI(3)-LI(2
+1

565 NEXT T:GOTO 300

580 IF CM$<>"Q" THEN 600

599 PRINT" {DOWN}GET BACK IN WITH {RVS}GOT
O 300{OFF}" :END

600 IF CM$<>"A" THEN 1300

605 PRINT" {CLR}{RVS}S{OFF}CREEN OR {RVS}P
{OFF}RINTER ?2";

610 GET DV$:IF DV§$="" THEN 610

620 PRINT DV$:IF DV$="S" THEN DV=3:GOTO 6
50

640 DV=4

650 CLOSE 1:0PEN 1,DV:SB=1
660 FOR T=1 TO MEM:GOSUB 10@8@@:IF LBS=""
{SPACE}THEN 710

670 IF OC$<>"=" THEN 700
680 GOSUB 600@:IF LB$="*" THEN PC=NU:O0G=N
U:GOTO 770

690 S$(SB)=LB$:V(SB)=NU:SB=SB+1
692 N=V(SB-1):GOSUB 9090

695 PRINT# 1,S$(SB-1)" =" LEFTS$("
{8 SPACES}",8-LEN(S$(SB-1)))"$"R$:GOT
o 779

780 S$(SB)=LB$:V(SB)=PC:SB=SB+1
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Kcccocccoccccccccccccccccccccocccccccceoccceccceccc




')))J)J)))))))))))))))))))‘))).))))))))

702
785

7190
715
717
720

730
749

750

768
770
799
800

805

810
820

825
830

840
865
866

867
868
879
875
876
880

890
900
910
920
930
949
950
960
970
980
990

Advanced 8
Miemory

N=V(SB-1) : GOSUB 9000

PRINT# 1,S$(SB-1)" =" LEFT$("

{8 SPACES}",8-LEN(S$(SB-1)))"$"RS$

IF 0C$="" THEN 778

IF OP$="" THEN PC=PC+1:GOTO 778

IF OP$="A" THEN PC=PC+1:GOTO 779

IF LEFT$(0CS$,1)<>"B" OR OC$="BIT" OR
{SPACE}OC$="BRK" THEN 748

PC=PC+2:GOTO 779

IF LEFT$(0C$,1)="J" THEN PC=PC+3:GOTQ
770

GOSUB 600@:IF NU<256 THEN PC=PC+2:GOT

0 779

PC=PC+3

NEXT T

PC=0G: ER=0

FOR T=1 TO MEM:GOSUB 1@0@0:IF oC$=""
{SPACE}THEN 1220

IF 0C$="=" THEN 0Ol1$=OP$:MvV$="

{2 SPACES}":PC$="{4 SPACES}":IL=0:GOT

O 1160

IF OP$="" THEN AM$="G":IL=1:GOTO 10649
IF OP$="A" THEN AM$="H":IL=1:GOTO 106

]

X=0:Y=0:1=0:M=0:2=0

FOR Q=1 TO LEN(OP$):Q$=MID$(0OPS$,Q,1):
IF Q$=")" THEN I=1:GOTO 865

IF Q$="#" THEN M=1:GOTO 865

NEXT Q

FOR Q=1 TO LEN(OP$)-1:Q$=MID$(0OPS,Q,2
)

IF Q$=",Y" THEN Y=1:GOTO &7¢

IF Q$=",X" THEN X=1

NEXT Q

01$=0P$ :GOSUB 6000

IF NU<256 THEN Z=1

IF LEFT$(0OC$,1)="B" AND OC$<>"BRK" AN

D OC$<>"BIT" THEN 1000

IF Z THEN 94¢

IF X THEN AM$="K":GOTO 1039

IF Y THEN AMS$="L":GOTO 1030

IF I THEN AM$="M":GOTO 1030

AMS$="N":GOTO 1030

IF M THEN AM$="I1I":GOTO 1039

IF I AND Y THEN AM$="0":GOTO 1030

IF I AND X THEN AM$="P":GOTO 1030

IF X THEN AM$="Q":GOTO 1@30

IF Y THEN AM$="R":GOTO 1839

AM$="S" :GOTO 1030
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1000
1010
1020

1925
1030
1040
1050

1060
1070
1080
1090
1100

1110
1120
1130
1140
1150

1169
1170
1175
1180

1190
1200

1210
1220
1300
1310

1320

1339
1340
1359
3999
4000

202

Advanced
Memory

AM$="J" :IF NU>PC+1 THEN OS=NU~PC-2:I
F 0S>127 THEN ER=1

IF NUMBER<PC+l1 THEN 0S=254+NU-PC:IF
{SPACE}0S<128 THEN ER=1

IF ER=1 THEN PRINT"{RVS}TOO LONG CON
DITIONAL BRANCH" :GOTO 300
FO=0S:1IL=2:GOTO 1060 °

IF Z=@ THEN 1950

FO=NU:IL=2:GOTO 1060
SO=INT(NU/256) : FO=(NU/256-S0) *256 : IL
=3

RESTORE:FOR W9=1 TO 56:READ I$:IF LE
FT$(I$,3)=0C$ THEN CD$=I$:W9=100
NEXT W9:IF W9=57 THEN PRINT"{RVS}ILL
EGAL MNEMONIC":GOTO 309

FOR W9=4 TO LEN(CD$) STEP 3:IF MIDS(
CD$,W9,1)=AM$ THEN LW=W9:W9=100

NEXT W9:IF W9<100 THEN PRINT"{RVS}IL
LEGAL ADDRESSING MODE":GOTO 308
MV$=MIDS$ (CD$, LW+1,2) :NS=MV$:GOSUB 70
(%)

POKE PC,V:IF IL=1 THEN 1140

POKE PC+1,FO:IF IL=2 THEN 1140

POKE PC+2, SO

N=PC:GOSUB 9008 :PC$=R$ :PC=PC+IL
N=FO:GOSUB 9000 :FO$=R$:N=S0:GOSUB 90
29 :S0$=R$

IF IL<3 THEN S0$="{2 SPACES}"

IF IL<2 THEN FO$="{2 SPACES]}"

IF AM$="H" THEN Ol$="A"

PRINT# 1,T LEFTS$("{4 SPACES}",4-LEN(
STR$(T))) pPC$ " “;
PRINT# 1,MV$ " " RIGHTS$(F0S$,2) " " R
IGHT$(S0$,2) " ";

PRINT# 1,LBS LEFTS$("{7 SPACES}",7-LE
N(LB$)) OC$ LEFT$("{4 SPACES}",4-LEN
(ocs)):

PRINT# 1,01$:01$=""

NEXT T:CLOSE 1:GOTO 300

IF CM$<>"C" THEN 320

FOR T=1 TO MEM:IF LEN(AS$(T))>2 THEN
{SPACE} 1340

FOR TT=MEM TO T+l STEP -1:IF LEN(AS$(
TT))>2 THEN A$(T)=AS$(TT) :MARK=TT
NEXT TT:A$(MARK)=""

NEXT T

GOTO 309

END

IN$="":NL=@ :PRINT TAB(TB);
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4020
4930
4031

4335
4040

4045
4050
4060
4079
4100
4105
4110

4120
4130

4150
4160
5000
5010
5020
5030
5060
5070
5110
515@
5170
5180
5190
5200
5210
5230
5240
5250
5279
5280
5299
5300
5318
5320
5330
5340
5350
5390
5400
5419
5430

Advanced

PRINT" {RVS} {OFF}{LEFT}";

GET GT$:IF GT$="" THEN 4030

IF GTS$>"Z2" OR GT$<" " AND GT$<> CHRS
(13) AND GTS$<>CHRS$(2@) THEN 40830

NL=NL+1

IF GT$=CHR$(20) OR GT$=CHR$(13) THEN
4109

IF GT$=" " THEN PRINT" ";:RETURN
PRINT GT$; : INS=INS+GTS

IF NL=LT THEN 4100

GOTO 4020

IF GT$<>CHRS$(28) THEN 4150

IF LEN(IN$)<2 THEN 4120

PRINT" {2 LEFT}"; :NL=NL-2:IN$=LEFTS (
INS,LEN(INS$)-1):GOTO 4920

IF LEN(INS$)=@ THEN NL=NL-1:GOTO 420

PRINT" {2 LEFT}";:NL=NL-2:IN$="":GOT

0 4920

IF GT$=CHR$(13) THEN PRINT" "

RETURN

DATA ADCN6DS65I69K7DL79P61071Q75

DATA ANDN2DS25I29K3DL39P21031Q35

DATA ASLH@ANPES@6K1EQL6

DATA BCCJ99, BCSJB@, BEQIJFQ

DATA BITN2CS24

DATA BMIJ39,BNEJD@, BPLJ1@, BRKGOO
DATA BVCJ5d,BVSJ70,CLCG18,CLDGDS

DATA CLIG58,CLVGBS

DATA CMPNCDSC5IC9KDDLD9PC10D1QD5

DATA CPXNECSE4IEQ

DATA CPYNCCSC4IC@

DATA DECNCESC6KDEQD6

DATA DEXGCA, DEYG88

DATA EORN4DS45I49K5DL59P41051Q55

DATA INCNEESE6KFEQF6

DATA INXGES8, INYGCS8

DATA JMPN4CM6C

DATA JSRN20

DATA LDANADSAS5IA9KBDLB9PA1OB1QBS5

DATA LDXNAESA6IA2LBERB6

DATA LDYNACSA4IAGKBCQB4

DATA LSRH4AN4ES46K5EQ56

DATA NOPGEA

DATA ORAN@DS@S5I@9K1DL19P@1011Q15

DATA PHAG48, PHPG@S, PLAG68, PLPG28

DATA ROLH2AN2ES26K3EQ36

DATA RORH6AN6ES66K7EQ76

DATA RTIG48,RTSG69

DATA SBCNEDSE5IE9KFDLF9PE10OF1QF5

vt -
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5440 DATA SECG38,SEDGFS,SEIG78

5478 DATA STANSDSS85K9DL99P81091Q95

548@ DATA STXNSES86R96

5490 DATA STYNS8CS84Q94

5500 DATA TAXGAA, TAYGAS, TSXGBA, TXAGS8A

551@ DATA TXSG9A,TYAGO8

6009 AD=0

6005 Q$=LEFTS$(OPS$,1):IF Q$="$" OR Q$="3"
{SPACE}OR (ASC(Q$)>64 AND ASC(Q$)<91
) THEN6©@30

6018 IF ASC(Q$)>47 AND ASC(QS$)<58 THEN 60
30

6028 OP$=RIGHTS (OPS$,LEN(OP$)~1):GOTO 6009

6030 Q$=RIGHTS$(OP$,1):Q1=ASC(Q$):IF (Ql>4
7 ANDQ1<58)0R(Q1>64 AND Q1<91)THEN6Q
LY]

6035 IF Q$="+" THEN 6050

6049 OP$=LEFTS$(OP$,LEN(OP$)~1) :GOTO 6830

6058 IF RIGHTS$(OPS$,2)=",X" THEN OPS$=LEFTS
(oPS$,LEN(OPS)-2)

6952 IF RIGHTS$(OPS$,2)=",Y" THEN OPS$=LEFTS$
(OP$,LEN(OPS)-2)

6053 IF RIGHTS$(OPS$,1)=")" THEN OP$=LEFTS (
OP$,LEN(OPS$)-1)

6055 IF LEFT$(OP$,1)="$" THEN N$=0P$:GOSU
B 7000 :NUMBER=V:GOTO 6109

6069 IF LEFTS$(OPS$,1)="%" THEN N$=O0P$:GOSU
B 8009 :NUMBER=V:GOTO 6100

6079 IF ASC(LEFT$(OPS$,1))<58 THEN NUMBER=
VAL(OP$) :GOTO 6190

6075 IF RIGHTS$(OP$,1)="+" THEN AD=AD+1:0P
$=LEFT$ (OP$, LEN(OP$)-1) :GOTO 6075

6080 FOR Wl=1 TO M2:IF S$(Wl1l)=OP$ THEN NU
MBER=V(W1) :W1=999

6090 NEXT W1l:IF W1=M2+1 THEN PRINT"{RVS}U
NDEFINED SYMBOL ERROR" :GOTO 300

6109 NU=NU+AD:RETURN

7009 IF LEFT$(NS$,1)="$" THEN NS$=RIGHTS (NS
,LEN(NS$)-1)

7010 V=@:1IF LEN(NS$)=4 THEN 7030

7020 NS=LEFTS$("0000",4-LEN(NS$))+NS$

7839 FOR R2=1 TO 4:D$=MID$(N$,R2,1):TV=AS
C(D$)-48:IF TV>9 THEN TV=TV-7

7048 V=TV*167(4-R2)+V:NEXT R2:RETURN

800@ IF LEFT$(NS$,1)="%" THEN NS$=RIGHTS (NS
,LEN(N$)-1)

8010 V=0:FOR Z=LEN(N$) TO 1 STEP -1:V=V+V
AL(MID$(NS$,Z,1))*2T(LEN(NS)-2) : NEXT
{SPACE}Z
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8020
9000

2010
92020
10000

100605
10010

10020
10030

10040
18650
18060
10079
10080
18090
18100
11000
11010
11020
11030
11040
11050
11060
1107¢

11084
11099

11100

11110

11120

Advanced
Memory

RETURN

FD=INT(N/4096) :N=(N/4096~FD) *4@96 : SD
=INT(N/256) :N=(N/256-SD) *256
TD=INT(N/16) :N=INT((N/16-TD)*16) :R$=
MIDS$ (HS$,FD+1,1)+MIDS$(HS$, SD+1,1)
R$=R$+MID$ (HS$, TD+1, 1)+MIDS$ (HS,N+1,1)
: RETURN

IF A$(T)="" THEN OC$="":LB$="":GOTO
10100
LI(1)=0:LI(2)=0:LI(3)=0:LI=0

FOR R2=1 TO LEN(AS$(T)):IF MIDS(AS(T
),R2,1)=" " THEN LI=LI+1:LI(LI)=R2

NEXT R2:IF LI(3)=@ THEN LI(3)=R2-1

LBS=LEFTS$(A$(T),LI(1)):0C$=MIDS$(AS(

T),LI(1)+1,LI(2)-LI(1))

OP$=RIGHTS$ (AS$(T),LI(3)-LI(2)+1)

IF LB$=" " THEN LB$="":GOTO 10079

LB$=LEFT$ (LB$, LEN(LBS)~-1)

OC$=LEFT$ (0C$, LEN(OCS)-1)

IF OP$=" " THEN OP$="":GOTO 10109

OP$=RIGHTS$ (OP$, LEN(OPS$)-1)

RETURN

PRINT" {CLR}" :PRINT" {3 SPACES}THE AS
SEMBLER STARTS WITH THE FIRST"
PRINT"LINE OF THE MACHINE PROGRAM T

O BE":PRINT"ENTERED."
PRINT:PRINT" {3 SPACES}THIS IS INDIC

ATED BY THE NUMBER 1,"

PRINT"AND A WHITE CURSOR BESIDE IT.
THIS"

PRINT"MEANS THAT YOU ARE AT LINE 1
{SPACE}AND IT IS"

PRINT"WAITING FOR INPUT INTO THE LA

BEL FIELD."

PRINT:PRINT"{3 SPACES}IF YOU TYPE T

O THE END OF THE FIELD,"

PRINT"HIT {RVS}SPACE{OFF}, OR HIT
{RVS}RETURN{OFF},YOU WILL JUMP"

PRINT"TO THE NEXT FIELD." :PRINT

PRINT" {3 SPACES}THE LENGTH OF THE
{RVS}LABEL{OFF} FIELD IS"

PRINT" {RVS}6{OFF} CHARACTERS, THE
{RVS}OPCODE{OFF} FIELD IS {RVS}3
{oFF},"

PRINT"AND THE {RVS}OPERAND{OFF} FIE

LD {RvVS}1@{OFF}."

PRINT:PRINT" {3 SPACES}A {RVS}SPACE
{OFF} OR {RVS}RETURN{OFF} IN THE
{RVS}OPERAND{OFF}"

8
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11130

11140
11158

11160
11178
11180
11199
11200
11210
11229
11230
11240
11250

11260

11279

11280

11299
11295

11296
11309

1131@
11320
11330
11340

11350

206

PRINT"FIELD WILL PUT YOU AT THE BEG
INING OF"
PRINT"THE NEXT LINE."

PRINT:PRINT" {RVS}TYPE ANY KEY TO CO

NTINUE."

GET Z$:IF 2$="" THEN 11160

PRINT" {CLR}" :PRINT" {3 SPACES}THERE
{SPACE}ARE TWO SPECIAL COMMANDS YOU

PRINT"CAN TYPE WHILE IN THE {RVS}LA

BEL FIELD{OFF} THESE"

PRINT"ARE {RVS}FIX{OFF}, AND {RVS}E

XIT{OFF}."

PRINT:PRINT" {2 SPACES}{RVS}FIX{OFF}
RETURNS YOU TO THE PREVIOUS LINE,"

PRINT"SO THAT YOU CAN CORRECT ANY M
ISTAKES." : PRINT

PRINT" {2 SPACES}{RVS}EXIT{OFF} TAKE

S YOU OUT OF THE INPUT"

PRINT"MODE, AND INTO THE ASSEMBLY/E

DIT MODE."

PRINT:PRINT" {3 SPACES}WHEN IN THE
{RVS}ASSEMBLY/EDIT{OFF} MODE A"

PRINT"MENU WILL BE DISPLAYED. THE C

OMMANDS" : PRINT"ARE AS FOLLOWS:"

PRINT:PRINT" C COMPACT THE LISTING
{SPACE} (ELIMINATE" : PRINT" {4 SPACES}

EMPTY LINES)."

PRINT" I INPUT MORE CODE (AFTER EDI

TING)."

PRINT" {4 SPACES}THIS ALSO ALLOWS YO

U TO OVERWRITE"

PRINT" {4 SPACES}PREVIOUS CODE."

PRINT: PRINT“{RVS}TYPE ANY KEY TO CO

NTINUE. {OFF}"

GET Z$: IF Z$="" THEN 11296

PRINT" {CLR}" :PRINT" D DELETE CODE.
{SPACE}YOU WILL BE ASKED FOR"

PRINT" {4 SPACES}STARTING AND ENDING
LINE NUMBERS."

PRINT" {4 SPACES}EVERYTHING FROM THE
FIRST LINE"

PRINT" {4 SPACES}UP TO,BUT NOT INCLU

DING THE LAST"

PRINT"{4 SPACES}WILL BE DELETED. TO
DELETE ONE"

PRINT" {4 SPACES}LINE, TYPE IT'S NUM

BER IN BOTH":PRINT"{4 SPACES}PLACES
"
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11360

11379

11380
11390

11400

11402

11404

11406

11408

11419

11420

11439

11440

11450

11460

11465

11466
11470

11480
11490
11500
11510
11520
11530
11540

11545

Advanced
Memory

PRINT" N INSERT CODE. YOU WILL BE A

SKED THE"

PRINT" {4 SPACES}INSERTION POINT AND
THE # OF LINES"

PRINT" {4 SPACES}TO BE INSERTED."
PRINT" L LIST. YOU WILL BE ASKED FO
R THE"

PRINT" {4 SPACES}BEGINING AND ENDING
LINE NUMBERS."

PRINT" S SAVE. YOU WILL BE ASKED FO
R THE"

PRINT" {4 SPACES}FILENAME OF FILE TO
BE SAVED."

PRINT" O LOAD. YOU WILL BE ASKED FO
R THE"

PRINT" {4 SPACES}FILENAME OF FILE TO
BE LOADED."

PRINT" A ASSEMBLE. YOU WILL BE ASKE

D TO PICK"

PRINT" {4 SPACES}SCREEN OR PRINTER.
{ SPACE}AFTER ASSEMBLY"

PRINT" {4 SPACES}THE CODE IS IN MEMO

RY . " )

PRINT" Q QUIT THE PROGRAM. IF HIT A

CCIDENTALY"

PRINT" {4 SPACES}YOU CAN RETURN TO P
ROGRAM WITH"

PRINT" {4 SPACES}{RVS}GOTO 300{OFF}.
"

PRINT:PRINT" {RVS}TYPE ANY KEY TO CO
NTINUE.{OFF}"

GET 2$: IF Z$="" THEN 11466

PRINT" {CLR}" :PRINT" {3 SPACES}VARIAB
LES ARE DEFINED WITH THE"

PRINT"VARIABLE NAME IN THE LABEL FI
ELD, AN"
PRINT"'=' IN THE OPCODE FIELD, AND

{SPACE} THE MEMORY"

PRINT"LOCATION OF THE VARIABLE IN T
HE OPERAND":PRINT"FIELD."
PRINT:PRINT" {3 SPACES}THE FIRST LIN
E,AND ONLY THE FIRST"

PRINT"LINE, SHOULD BE USED TO DEFIN
E THE"

PRINT"ORIGIN OF PROGRAM LOCATION. T
HIS IS"

PRINT"DONE WITH AN '*' IN THE LABEL
FIELD, AND"

PRINT"THE REST AS IN VARIABLES."
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11558
11560
11579
11580
11590
11600
11605

11606
11610

11620
11630
11640
11650
11660
11670
11680
11699
11700
11710
11720
11730
11749
11750

11769
11779

11780

208

PRINT:PRINT" {3 SPACES}THE FOLLOWING
CONVENTIONS HOLD:":PRINT

PRINT" {4 SPACES}# IMMEDIATE ADDRESS
ING"

PRINT" {4 SPACES}$ HEXADECIMAL NUMBE

R (UP TO 4 CHAR)"

PRINT" {4 SPACES}% BINARY (UP TO 9 C

HAR) "

PRINT" {4 SPACES}A ACCUMULATOR ADDRE

SSING"

PRINT:PRINT" {3 SPACES}DECIMAL ASSUM

ED BY DEFAULT."

PRINT:PRINT" {RVS}TYPE ANY KEY TO CO

NTINUE. {OFF}"

GET Z$: IF Z$="" THEN 11606

PRINT" {CLR}" :PRINT" {3 SPACES}A SYMB

OL MUST BEGIN WITH A LETTER,"

PRINT"AND CONTAIN ONLY LETTERS AND
{ SPACE}NUMBERS . "

PRINT:PRINT" {3 SPACES}BECAUSE 'A' I

S USED IN ACCUMULATOR"

PRINT"ADDRESSING, IT IS AN ILLEGAL
{SPACE}SYMBOL. IT"

PRINT"CAN BE USED WITH OTHER CHARS
{ SPACE } HOWEVER. "

PRINT:PRINT" {3 SPACES}ADDITION WITH

IN THE OPERAND FIELD IS"

PRINT"NON-STANDARD. ONLY SYMBOLS CA

N BE ADDED"

PRINT"TO. ADDITION IS DONE BY FOLLO

WING THE"

PRINT"SYMBOL WITH PLUS SIGN(S). THE
NUMBER OF"

PRINT"PLUS SIGNS EQUALS THE NUMBER
{SPACE}TO BE":PRINT"ADDED."
PRINT:PRINT" {3 SPACES}SELF-MODIFYIN

G CODE SHOULD BE PLACED"
PRINT"BEFORE THE CODE THAT MODIFIES
IT R ”"n

PRINT:PRINT" {3 SPACES}MEM=20@ AND M
2=109 CAN BE USED FOR"

PRINT"LONGER PROGRAMS. HOWEVER THIS
WILL TAKE"

PRINT"VERY LONG. LARGER VALUES MAY
{SPACE}RUN OUT OF"

PRINT"MEMORY."

PRINT:PRINT" {RVS}TYPE ANY KEY TO CO
NTINUE. {OFF}"

GET Z$: IF Z$="" THEN 11780
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11790
11800
11810
11820
11830
11840

11858
11860

11870
118840

11890
119900
12000

12003

12005
12010
12020
12025

12030
120490
12050

12060

12070

12080
12090
13000
13003

13095
13010
13020
13025

13030
13040
13050
13060
13070
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PRINT" {CLR}" : PRINT" {3 SPACES}THE
{RVS}LOAD{OFF} AND {RVS}SAVE{OFF} C
OMMANDS LOAD AND"

PRINT"SAVE SOURCE CODE ONLY."
PRINT:PRINT" {3 SPACES}TO USE THE MA
CHINE CODE, FIRST LOAD"

PRINT"THE SOURCE CODE, THEN ASSEMBL
E IT,"

PRINT"FINALLY TYPE 'NEW' (THIS WILL
CLEAR THE"

PRINT"BASIC PROGRAM) AND 'SYS' TO T
HE START" ‘

PRINT"OF THE MACHINE CODE."
PRINT:PRINT" {3 SPACES}A NEW BASIC P
ROGRAM CAN ALSO THEN BE"
PRINT"TYPED IN TO USE THE MACHINE C
ODE."

PRINT:PRINT" {RVS}TYPE ANY KEY TO CO
NTINUE. {OFF}"

GET Z$: IF Z$="" THEN 11890

RETURN

PRINT"LOADING NEW FILE WILL DESTROY
OLD FILE.":PRINT"LOAD 2 (Y/N)"

GET Z$:IF Z$="" OR (Z$<>"Y" AND Z$<
>"N") THEN 12003

IF 7Z$="N" THEN GOTO 30@
INPUT"FILENAME ";FL$

OPEN 1,1,9,FL$:REM FOR TAPE

REM FOR DISK USE: OPEN 1,8,8,"@:"+F

L$+"S'R”

FOR T=1 TO MEM:A$(T)="":NEXT T

FOR T=1 TO MEM

GET# 1,I0$:IF IO$=CHR$(13) THEN 12078

AS(T)=AS$(T)+I0$:GOTO 12050

NEXT T

CLOSE 1

GOTO 300

PRINT"DO YOU WANT TO SAVE FILE ? (Y/N)"
GET Z$:IF Z$="" OR (Z2$<>"Y" AND ZS$S<
>"N") THEN 13003

IF Z$="N" THEN GOTO 300
INPUT"FILENAME ";FL$

OPEN 1,1,1,FL$:REM FOR TAPE

REM FOR DISK USE: OPEN 1,8,8,"0:"+F

L$+”S,W"

FOR T=1 TO MEM

PRINT# 1,A$(T);CHR$(13);

NEXT T

CLOSE 1

GOTO 300

8
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Decoding BASIC
Statements

John Heilborn

Although most people who use BASIC have a fair understanding
of how data is stored in the computer, few ever really get a clear
idea of how the BASIC programs themselves are stored. A special
part of the computer’s operating system called the screen editor
handles all the dirty work of inserting, deleting, and modifying
BASIC program lines for you.

There are, however, some functions that are inaccessible
through the screen editor, and utilizing them can make writing
programs much easier.

The Mysterious Special Function Symbois

The special symbols provide you with some very powerful pro-
gramming features. They can also leave you with some very hard-
to-read listings when you have made extensive use of the cursor
control or color control keys within your programs. For example,
typing the SHIFF-CLEAR/HOME key combination will put an in-
verse video heart in your program line.

By searching your program lines directly in memory, it is pos-
sible to locate each of the special symbols. Once they are located,
you can convert them into words that describe their actual func-
tions. This will leave you with programs that are much easier to
read and modify.

Where Is the Prograny? _
BASIC can store programs in several different places in memory,
but normally BASIC statements begin at memory location 2049.
Since the program lines themselves are stored in the same format
no matter where BASIC puts them, all of the examples in this arti-
cle will begin at 2049.

The figure is a diagram of a BASIC statement. It represents
the first line in a program.

As you can see from the figure, the BASIC line is broken up
into sections. The first two bytes in the line contain the memory
location of the beginning of the next program line. If you were to
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PEEK those locations, you would find that they contain two
separate numbers which combine to represent a hexadecimal
number. Let’s take a closer look at how this works and why it is
done this way.

Structure of a BASIC Statement
2 8 B & The BASIC statement
(=] [=] (=] (=] —
(3] o~ o~ N
—
Next This 0

BASIC Line’s
Statement Number

Hexadecimal Numbers

All of the numbers in the computer are actually stored as binary
numbers. These are numbers that are made up of only ones and
zeros. While this may seem like an impractical way to store num-
bers, it makes perfect sense to the computer because its circuits
can operate in only one of two conditions — on or off. The ons are
represented as ones and the offs are zeros.

The individual ones and zeros are called bits and the com-
bined numbers they make (each of which contains eight bits) are
called bytes. Because there are eight bits in each byte, each byte
can represent any number between 0 and 255. Since program line
numbers in BASIC can be greater than 255, it is necessary to use
two bytes to represent the line numbers. Two bytes together can
represent any number between 0 and 65535, but the largest line
number BASIC allows is 63999.

Looking Ahead

To decode the hexadecimal number, multiply the value stored in
the second byte (high byte) by 256 and add the result to the value
in the first byte (low byte). Enter the following program line:

10 REM THIS IS A TEST

Now PEEK memory locations 2049 (low byte) and 2050 (high
byte). You'll find that they contain the values 22 and 8. Multiply 8
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by 256 (2048) and add 22 for a total of 2070. Therefore, the next
program line will begin at memory location 2070.

Line Numbers
The next two memory locations (2051 and 2052) contain the pro-
gram line number. The values you'll get by PEEKing these loca-
tions are 10 and 0. Once again, multiply the second number by
256 and add it to the first number. This time the result is 10 — our
line number!

Now let’s renumber this program. POKE location 2051 with
the value 100:

POKE 2051, 100

and LIST the program. The line number should now be 100.
POKEing 100 into location 2052 will cause the line number to
jump to 25700.

Tokens

Every BASIC command has a corresponding token. The token is a
single number that represents the command. For example, if you
PEEK location 2053, the computer will display the tokenized
value for the REM statement, 143. The table below contains all of
the BASIC statements and their tokens.

BASIC Tokens

END 128 LOAD 147 FN 165 FRE 184
FOR 129 SAVE 148 SPC 166 POS 185
NEXT 130 VERIFY 149 THEN 167 SQR 186
DATA 131 DEF 150 NOT 168 RND 187
INPUT # 132 POKE 151 STEP 169 LOG 188
INPUT 133 PRINT# 152 + 170 EXP 189
DIM 134 PRINT 153 - 171 COS 190
READ 135 CONT 154 * 172 SIN 191
LET 136 LIST 155 |/ 173 TAN 192
GOTO 137 CLR 156 1 174 ATN 193
RUN 138 CMD 157 AND 175 PEEK 194
IF 139 SYS 158 OR 176 LEN 195
RESTORE 140 OPEN 159 > 177 STR$ 196
GOSUB 141 CLOSE 160 = 178 VAL 197
RETURN 142 GET 161 < 179 ASC 198
REM 143 GET# SGN 180 CHRS$ 199
STOP 144 NEW 162 INT 181 LEFT$ 200
ON 145 TAB( 163 ABS 182 RIGHT$ 201
WAIT 146 TO 164 USR 183 MID$ 202
GET # has no separate token.
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Changing the value in location 2053 can modify the BASIC
statement. Change the value in 2053 to 153 with:

POKE 2053, 153

Now LIST the program. You have changed the REM statement in-
to a PRINT statement! RUN the program to show that the change
is genuine.

Special Function Codes

The special function codes enable you to use some of the
keyboard control functions that are ordinarily accessible only in
immediate mode. For example, pressing the key marked CTRL
and one of the number keys at the top of the keyboard will change
the color of the characters as they are printed on the screen. By
using the CHR$ code for that function within a program line, you
can use the same feature within a program. Enter this line:

19 PRINT "{RVS}{RED}RED, {WHT} WHITE,
{OFF}AND{RVS}E73IBLUE"

For a complete table of all the special function codes, look at
the Commodore 64 User’s Guide that came with your computer. The
special function codes are listed with the rest of the CHR$ func-
tions in Appendix F.

ASCIl Data

The rest of the information in your programs is stored as ASCII
data. In other words, if you PEEK a location that has a standard
character stored in it, it will contain the number that is the ASCII
value of that character. Enter these lines:

10 PRINT "THIS IS TEXT"

20 FOR R=2054 TO 2069

3@ PRINTR;PEEK(R);CHRS (PEEK(R))
40 NEXT

This routine displays the data as it would normally be printed
and then displays the data by memory location, ASCII value, and
CHRS code. With this display, it is easy to see that changing a
value in one of the memory locations between 2056 and 2067 will
allow you to modify the text directly.

Zero as a Marker

Each BASIC statement stored in memory ends with a zero (see
the figure), which serves as an “end of statement” marker. Note
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that the marker is a byte with the value of zero, whereas zeroes
within the statement — for example, the two zeroes in the state-
ment GOTO 100 — are stored as the ASCII representation of zero,
which is 48.

The zero byte has two other uses in BASIC. The first byte in
the BASIC RAM area (before the first BASIC statement) must con-
tain a zero. Try a PEEK(2048) to check this. Also, two zero bytes as
the address of the next program line indicate that the end of the
BASIC program has been reached, so BASIC programs always
end with three zero bytes in a row.

Easy Lister

BASIC program listings as they normally appear on the screen
can be hard to understand. It’s difficult to remember what all the
special characters appearing as inverse video symbols are sup-
posed to represent. The following program makes listings much
easier to read. It goes through the BASIC program in memory
byte by byte and interprets each BASIC token, special symbol, or
graphics character.

To display all of the special symbols and characters, you need
to generate two tables in memory that contain all the possible
codes that can appear in a program line. In the program below,
these are called table A$ and table B$. Table A$ contains the token-
ized BASIC commands and table B$ contains the CHR$ codes for
the graphics characters and the descriptions of the special
functions.

To use the program, type it in carefully and SAVE it to tape or
disk. You can test the program by having it list itself if you tem-
porarily omit line 62040 and type RUN. When you wish to make a
listing, follow these steps to append the Easy Lister program to
the program you wish to list:

1. Tell the computer where the end of your current program is
by typing:

POKE 43,PEEK(45)-2:POKE 44,PEEK(46)

2. LOAD the Easy Lister program from tape or disk.
3. Restore BASIC to its normal starting condition by typing:

POKE 43,1:POKE 44,8

When you LIST the program now you should see your original
program with the lister program added to the end. Activate the

lister by typing:
RUN 61000
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The program as presented assumes that your printer is con-
nected as device 4, which is standard for Commodore printers. If
you are using an RS-232 printer connected as device 2, delete line
62010 and replace line 61000 with:

61000 OPEN 1,2,0

An OPEN statement for device 2 should come hefore the string
arrays A$ and B$ are defined because OPENing an RS-232 chan-
nel allocates memory for input and output buffers which can
cause a loss of data in string variables. If you wish to list to the
screen instead of a printer, simply delete line 62010 and change
the PRINT #1, statements in lines 62050, 62080, 62110, and 62120 to
PRINT.

Creating Tables in Memory

61000 REM —---- SET UP 'A' TABLE ----

61019 DIMAS$(255),B$(255):FOR R=1 TO 31

61020 A$(R)="CHRS$("+RIGHTS(STRS$(R),LEN(ST
R$(R))-1)+")" :NEXT

61030 FOR R=32 TO 99

61940 AS$(R)=CHRS$(R) :NEXT

61950 FOR R=91 TO 127

61060 AS(R)="CHR$("+RIGHTS(STRS$(R),LEN(ST
R$S(R))-1)+")" :NEXT

6107@ DATA END, FOR, NEXT, DATA, INPUT#, INPUT
. DIM, READ, LET, GOTO, RUN, IF, RESTORE

61080 DATA GOSUB, RETURN, REM, STOP,ON,WAIT,
LOAD, SAVE, VERIFY, DEF, POKE

6109¢ DATA PRINT#,PRINT, CONT,LIST,CLR,CMD
. SYS, OPEN, CLOSE, GET, NEW, TAB(, TO, FN,
SPC

61100 DATA THEN,NOT, STEP,+,-,%*,/.,1,AND,OR
+>,=,<,SGN, INT, ABS, USR, FRE, POS, SQR,
RND

6111@ DATA LOG, EXP,COS, SIN, TAN, ATN, PEEK, L
EN, STR$, VAL, ASC, CHRS, LEFT$, RIGHTS , M
IDS

61120 FOR R=128 TO 202

61130 READ AS$(R): NEXT

61140 FOR R=203 TO 255

61150 AS$(R)="CHRS$("+RIGHTS (STRS$(R),LEN(ST
R$(R))-1)+")" :NEXT

61168 REM ---- SET UP 'B' TABLE —---

61170 DATA 5,WHITE,17,CURSOR DOWN, 18, REVE
RSE ON, 19, HOME, 2@, DELETE, 28, RED, 29
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61180

61190
61200

61210
61220
61230
61240
61250
61260
61270
61280
61290
62000
62010
62020
62030
62040
62050

62060
620790

620840
62090
62100
62110
62120

62130

216

DATA CURSOR RIGHT, 3¢, GREEN, 31, BLUE,
999

READ X:IF X=999 THEN 61218

READ X$:B$(X)=CHR$(91)+X$+CHR$(93):
GOTO 61190

FOR R=32 TO 128: B$(R)=A$(R) :NEXT
DATA 129,0RANGE,133,F1,134,F3,135,F
5,136,F7,137,F2,138,F4,139,F6,144,F
8

DATA 144,BLACK,145,CURSOR UP,146,RE
VERSE OFF, 147, CLEAR HOME, 148, INSERT
DATA 149, BROWN, 150, LIGHT RED,151,GR
EY 1,152,GREY 2,153,LIGHT GREEN, 154
DATA LIGHT BLUE,155,GREY 3,156, PURP
LE,157,CURSOR LEFT, 158, YELLOW,159,C
YAN

DATA 999

READ X: IF X=999 THEN 61290

READ X$:B$(X)=CHR$(91)+X$+CHRS$(93):
GOTO 61270

FOR R=16@ TO 255:BS$(R)="CHRS("+RIGH
T$(STRS(R),LEN(STRS$(R) )-1)+") " :NEXT
REM ~~-- READ BASIC STATEMENTS ~--
OPEN 1,4

A=2051:C=1

R=PEEK(A)+( (PEEK(A+1))*256)

IF R>=61000 THEN 62130
PR%NT#I,RIGHT$(STR$(R),LEN(STR$(R))
_1 ;" ll;

A=A+2:GOT062090
IF(PEEK(A)=0)AND(PEEK(A+1)=0)THEN 6
2130

IF PEEK(A)=@ THEN A=A+3:PRINT#1:GOT
O 62030

IF PEEK(A)=34 THEN C=C*-1

IF C=-1 THEN 62120
PRINT#1,AS$(PEEK(A)); :A=A+1:GOT0620@7
]
PRINT#1,B$ (PEEK(A) ) ; :A=A+1:GOT06207
0

CLOSE 1:END

ccccccCccccocCccCccccccccccccccccccccccccccccoccec



DA DA EDEBED SIS D I D ED Hb 1 1D 1 15 10 10 T T 10 T 10 10 T T 1 T 1 0 1 T T

Advanced 8
iMiemory

Micromon-64

Bill Yee

A machine language monitor is an essential tool for developing
and debugging assembly language programs. It is especially use-
ful on the Commodore 64 as it provides a much more powerful
way to explore the inner workings of the computer. Micromon-64
is just such a monitor. It is based on my version of Micromon for
the VIC-20.

commands

What follows is a listing of all the commands available with
Micromon-64. The listing includes a short explanation and the
format needed.

Assembler

A 401F AD 14 03 LDA $034 : CHECKIRQVECTOR
A 4022 AE 15 03 LDX $0315

A 4025 C9 91 CMP #$91
A 4027 DO 04 BNE $402D
A 4029

The initial input of this command requires a starting address in
hexadecimal. Once you have input one line, the assembler out-
puts the command letter A followed by the address of the next in-
struction. Assembler instructions are all 3-character mnemonics
followed by an optional operand field. Operand data is taken to
be hexadecimal and must be prefixed with a $. Inmediate data
must be further prefixed with a #. All address references are spec-
ified in hexadecimal and are absolute. Relative branches are calcu-
lated by the assembler by using the difference between the target
and the current addresses of the branch. A colon (:) can be used
to terminate a line so that comments can follow. To exit the
assembler, hit the RETURN key after the address prompt.

Break Set
.B 2000 0010

Break Set allows you to break execution of code after a specified
address has occurred for a specified number of times. Code
execution must be started with the Quick trace command. If no
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count is specified, execution stops at first occurrence of the speci-
fied address. For the example, execution breaks on the sixteenth
time the instruction at location $2000 is executed.

compare Memory
.C 2000 2FFF C000

Comparison of two memory blocks is done with output of
addresses of the locations in the first block that have data bytes
mismatching data bytes in corresponding relative locations in the
second block. The command requires that the low and high
addresses of the first block be specified followed by the low
address of the second block. For the example, the first memory
block from $2000 to $2FFF is compared to the second memory
block from $C000 to $CFFF. Compare can be stopped by hitting
the RUN/STOP key during output of mismatched data location
addresses.

Disassembler
.D 4015 401C
., 4015 A9 DF LDA #DF
o 4017 A2 45 LDX #$45

. 4019 8D 16 03 STA $0316
. 401C 8E 17 03 STX $0317

A block of code can be disassembled and printed by specifying
the low and high addresses for the block. The RUN/STOP key can
be used to halt output. If only one address is specified, then only
the instruction at that address is disassembled.

.D 4001
., 4001 4C 15 40 JMP $4015

Machine code can be edited by using the CRSR keys to move to
and modify the bytes. Hit the RETURN key to enter the changes
into memory. The new code is disassembled and redisplayed on
the same line. Also, the address of the next instruction is dis-
played on the following line to assist you in making further
changes. However, if you disassemble a block of code and then
make a change in the middle of the block on the screen, take care
you don’t overwrite more than you intended by hitting the
RETURN key too many times. In other words, don’t hit RETURN
while the cursor is sitting on a line beginning with acomma
followed by an address plus one or more data bytes unless you
want to change and disassemble that instruction. The comma is a
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“hidden” command which you can use to enter hexadecimal data
into memory with disassembly of the data as you enter it. Hitting
RETURN with no data after the address gets you out of the com-
mand. Moving the cursor to the top or bottom of the screen with
one or more disassembled lines displayed causes disassembly
down or up in memory respectively.

Exit Micromon
E

Restore the IRQ and BRK interrupt vectors, reset the tape buffer to
$033C, and then exit to the BASIC environment. The E command
should be used to exit Micromon when the normal LOAD, SAVE,
and VERIFY commands are to be used in the BASIC environ-
ment. Always use SY549152 to access or reenter Micromon-64
located at $C000.

Fill Memory

.F 2000 3FFF 00
.F 4000 47FF FF

Fill a block of memory with the data byte specified. Memory is
written from low to high, and no check is made on the writes. For
the first example, memory area from $2000 to $3FFF is zeroed. For
the second example, memory area from 14000 to $47FF has the
bits set to all ones.

Go Run

G
.G 2000

The register image shown by the register display command is set
into the microprocessor registers prior to execution of machine
language code at full speed. For the first example, execution be-
gins at the address given for PC (Program Counter) in the register
display. For the second example, execution begins at the address
specified, which is $2000.

You should have a BRK instruction (value 00) in your code to
generate a breakpoint for software interrupt back into Micromon.
On BRK, the register image is saved and displayed. Also, the
address of the instruction following the BRK is saved in PC for
execution continuation later if another Go Run command is
given. If a BRK is never executed, you cannot get back into
Micromon. The RUN/STOP and RESTORE keys can be used to
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halt execution. A NMI (Non-Maskable Interrupt) is generated
which puts you into the BASIC environment. A SY549152 is
needed to reenter Micromon at $C000.

Hunt Memory

.H 1000 5FFF ‘ASCIICHARACTER STRING
H 0000 1000 01 02 03 04 05 06

A block of memory specified by alow and a high address is
scanned from low to high for a maximum of 32 characters or bytes
of data. The address of each occurrence is printed out. During
address output, the hunt can be stopped with the RUN/STOP
key. For the examples shown, the first is for characters and the
second is a data byte sequence. A match is always found at $0365,
as that is where the match characters or data are stored.

Jump to Micromon Subroutine
J 3000

The machine language subroutine at location $3000 is called
while remaining in the Micromon environment. The subroutine
must exit by using a RTS (ReTurn from Subroutine) instruction
which causes a return to the command input section of
Micromon. The machine image as shown by the register display
command is not used, nor is it disturbed when the subroutine re-
turns to Micromon.

LOAD Memory from Device
.L 4000 “TESTFILE” 08

Search for and, if found, load into memory starting at $4000 the
data file on device #8 named TEST FILE. Device #8 is the 1541
floppy disk which requires that a filename be specified. If the de-
vice number is not specified, it defaults to device #1, which is the
cassette tape. For tape, if no filename is specified, the first file
found is loaded. The last address loaded is determined by the
length of the data file. The BASIC memory pointers are not af-
fected by this load. When loading from tape, the original memory
addresses and name of the last file read can be inspected by doing
a memory display of the tape buffer, which is located at $0375 for
Micromon.
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Memory Display

.M 4E70 4E80
.. 4E70 49 43 32 30 20 4D 49 43 IC20MIC
4E78 52 4F 4D 4F 4E 20 56 31 ROMONV1
.. 4E80 2E 30 20 20 20 42 49 4C JOBIL
.M 4ES88
.. 4E88 4C 20 59 45 45 20 32 32 LYEE22
Display memory in eight-byte segments followed by ASCII
translation. The bytes following the address may be modified by
moving the cursor over the data and overstriking with the new
data. Changes are entered into memory when RETURN is hit. As
with the comma disassembly command, the address of the next
memory area is output to assist in further changes. The colon is
also a “hidden” command you can use by inputting colon plus
address and hexadecimal data. If one or more memory display
lines are on the screen, moving the cursor to the top or bottom of
the screen causes scrolling and display of the next segment of
eight bytes down or up in memory.

New Locater

N 2000 2003 6000 C000 CFFF
.N 2FB5 2FFE 6000 C000 CFFFW

The first example fixes all three-byte instructions in the memory
area from $2000 to $2003 by adding $6000 to the absolute address
in the two bytes following the instruction opcode. Any absolute
addresses found that are outside the range from $C000 to $CFFF
are not adjusted. Also, if a bad opcode is encountered, the pro-
cessing stops with a disassembly and display of the bad opcode.
The second example searches for two-byte or word addresses,
and those found in the range from $C000 to $CFFF are adjusted
by having $6000 added to their value.

Offset or Branch Calculate
0 1004 1000 FA

Calculate the offset for branch instructions. The first address is for
the location containing the branch opcode, and the second
address is the branch target address. Addresses and the resulting
displayed offset byte are in hexadecimal.
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Print Switcher
P

If the output is to the screen, then switch the output to the RS-232
channel (device #2). If the output is not to the screen, restore the
output to the screen with the RS-232 channel left active until the
RS-232 output buffer is drained. Note that opening the RS-232
channel grabs 512 bytes for I/O buffering from the top of BASIC
memory.

P 0000

Regardless of the output, clear the RS-232 channel and set output
to the screen.

P CCBB

If the output is to the screen, set CC into the RS-232 command
register at $0294 and BB into the RS-232 control register at $0293.
This command is invalid if output is not currently to the screen.

If you have a VIC printer on the serial I/O port, don't use this
command for printing. Instead, use the CMD statement in the
BASIC environment to redirect screen output to the VIC printer
prior to entering Micromon as follows:

OPEN4,4:CMD4:SYS49152:PRINT # 4: CLOSE4

This line causes all screen output to go to the VIC printer until
you exit Micromon with either the E or X command. The
SYS49152 is used to access Micromon at $C000.

Quick Trace

Q

Q 4000

Each instruction is executed as in the Walk command, but no out-
put occurs. The address specified in the Break Set command is
checked for the break on the Nth occurrence. Execution is not at
full speed. Hitting the RUN/STOP key will break execution which
displays S* followed by the register image saved. For the first
example, begin trace at the address in PC of the register display.
For the second example, begin trace at location $4000.

Register Display

.R
PC IRQ SR AC XR YR SP
., CO4E C391 32 32 00 1C F7
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The machine image saved is initialized by execution of a BRK in-
struction when Micromon is first entered. This image can be
modified by positioning the cursor over the register values to be
changed and overstriking with the new values. The changes are
entered into the saved image when you hit the RETURN key. The
semicolon is also a “hidden” command you can use directly.

Save Memory to Device
.S 4000 5000 “TESTFILE” 08

Save memory from $4000 up to, but not including, $5000 onto de-
vice #8, which is the 1541 floppy disk. If the device number is not
specified, it defaults to device #1, which is the cassette tape. The
name TEST FILE is placed in the tape file header or in the disk
directory for the file saved. Note that files saved on tape or disk
with the Micromon Save command can be loaded back into the
original memory area while in the BASIC environment. The non-
relocating form of the Load command in BASIC must be used. For
the file saved in the example, executing the line

LOAD “TEST FILE”8,1

while in BASIC will load the data in TEST FILE back to the $4000
to $4FFF memory area. The BASIC memory pointers will be dis-
turbed, so a New command should be executed to reset these
pointers. Note that the BASIC memory pointers are not disturbed
by the Micromon Load, Save, or Verify commands.

Transfer Memory

J 4000 4FFF 6000

Transfer a copy of the data from the memory block at $4000 to
$4FFF into the memory block at $6000 to $6FFF. Transfer begins at
the high location of each block. For the example shown, the first
byte copied is from $4FFF into $6FFF. The last byte copied is from
$4000 into $6000. This is an important consideration when the
source and destination memory blocks overlap.

Verify Memory from Device
V 4000 “TESTFILE” 08

Search for and, if found, verify against memory starting at $4000
the data file on device #8 named TEST FILE. Device #8 is the 1541
floppy disk which requires that a filename be specified. If the de-
vice number is not specified, it defaults to device #1, which is the
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cassette tape. For tape, if no filename is specified, the first file
found is verified. When verifying from tape, the original memory
addresses and name of the last file verified can be inspected by
doing a memory display of the tape buffer which is located at
$0375 for Micromon.

Walk Code

w
W 4000

The walk begins by setting microprocessor registers to the
machine image shown in the register display. A single instruction
is executed, an IRQ is generated, and the new machine image is
saved and displayed as SR, AC, XR, YR, SP, followed by address,
machine language, and disassembly of the next instruction to be
executed. Hitting the RUN/STOP key stops walking. Hitting the |
key while walking finishes execution of a subroutine at full speed.
You can hit ] when the next instruction to be executed is the JSR to
the subroutine to be run at full speed. Or you can hit ] when you
are actually within the subroutine. Walk resumes on return from
the subroutine. Hitting any other key during walking causes
execution of the next instruction. Caution: Hitting ] when you are
walking in mainline code will probably cause unpredictable re-
sults. The most likely result is an attempted return to BASIC as
Micromon is accessed by a SYS command and the return address
is in the stack. For the examples shown, the first begins the walk-
ing at the address given by PC of the register display. The second
begins the walking at a specified address, which is $4000.

Exit to BASIC
X

Exit to the BASIC environment while leaving the Micromon
vectors in the IRQ and BRK interrupt vector locations. The tape
bulffer is also left at $0375. This command allows you to operate in
the BASIC environment but still trap execution of a BRK instruc-
tion via Micromon’s breakpoint or software interrupt handler.
However, in addition, certain IRQ interrupt conditions such as
the moving of the cursor to the top or bottom of the screen with
output from a D, M, or $ command displayed will cause scrolling
and reentry into Micromon via its IRQ interrupt handler.
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ASCII Conversion
"B 42 66 0100 0010

An ASCII, graphics, or control character is input to obtain the
hexadecimal, decimal, or binary values for the character.

Decimal Conversion
.#16706 4142 A B 0100 0001 0100 0010

A decimal number is input to obtain the hexadecimal, ASCII
characters of the two bytes, and binary values for the decimal
number.

Hexadecimal Conversion
$4142 16706 A B 0100 0001 0100 0010

A hexadecimal number is input to obtain the decimal, ASCII
characters for the two bytes, and binary values for the hexa-
decimal number. The up/down CRSR key can be used to scroll
the screen to get decreasing/increasing hexadecimal numbers
converted once you have entered one number with this
command.

Binary Conversion
.%0100000101000010 4142 16706 A B

A binary number is input to obtain the hexadecimal, decimal, and
ASCII characters of the two bytes for the binary number.

Checksum Memory
.& €000 CFFF AS500

The data for the memory block from $C000 to $CFFF inclusive is
byte-summed and displayed.

Command End Tone
(

Enable the command end tone. A continuous tone will be gener-
ated at the end of execution of the next command. The tone can
be turned off but still be enabled by just hitting the RETURN key.
No tone is generated if there is an error while inputting the next
command. This command is handy whenever you want to start a
task that takes along time to execute in Micromon but do not
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want to continually watch the screen for task completion. Exam-
ples are saves and loads of large files to and from the cassette
tape.

)

Disable the command end tone.

Addition

.+ 1m 2222 3333

Two hexadecimal numbers are input to obtain their modulo 16
sum.

Subtraction

-~ 3333 1m 2222

Two hexadecimal numbers are input, and the second is sub-
tracted from the first to obtain their difference. Subtraction is
done with twos complement arithmetic.

Disk Directory

.>0 “BILL YEE VICDSK1” BY 2A
17  “COMM-64 MICROMON"” PRG
8 “V1.3 BOOTSTRAP” PRG

639 BLOCKS FREE.

Input of > followed by RETURN interrogates and displays the
1541 floppy disk directory on the screen. Output can be halted by
hitting the RUN/STOP key. The space bar causes output to wait.

Typing in Micromon-64
In order to enter Micromon-64 you must use the “Machine Lan-
guage Editor (MLX)” program found in Appendix A and the
DATA listing found at the end of this article. It is important to read
the article that accompanies the MLX program. It may seem like
extra work at first to have to type in two programs, but you'll save
time later when you end up with a virtually error-free program.
In order to use MLX you must know the starting and ending
addresses of Micromon-64.

The starting address is 49152.
The ending address is 53247.
Enter these addresses when prompted by MLX.
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Loading Micromon from Disk or Tape

Once you have SAVEd Micromon-64 to disk or tape using the
Machine Language Editor, you will want to LOAD it back into
memory for future use. Follow these steps to LOAD from BASIC:

1. Type NEW and press RETURN.
2. Type CLR and press RETURN.
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3. LOAD Micromon-64

Tape type LOAD “MICROMON-64"1,1

Disk type LOAD “MICROMON-64"38,1

Press RETURN

4. Once Micromon-64 is in memory, type NEW and press
RETURN.

5. Type CLR and press RETURN.

6. Type SYS549152 and press RETURN.

Relocation

Ilocated Micromon-64 in the 4K byte address space from $C000 to
$CFFF. This space is above the BASIC ROM area and so is not in-
cluded with the contiguous area defined for BASIC RAM. How-
ever, you may still want to relocate Micromon-64 elsewhere, and
as with VIC Micromon, this version can be relocated with its own
commands. For example, to relocate it into the $2000 to $2FFF
memory area, use the following sequence of operations.

T C000 CFFF 2000

The Micromon code at $C000 to $CFFF is copied into the memory
area from $2000 to $2FFF.

~ 2000 CO000

The difference is $6000. This value must be added to all absolute
address references in Micromon to convert from the $C000 to
$CFFF range into the $2000 to $2FFF range. The New Locater
command 1s used to do this conversion as follows.

.N 2000 2003 6000 C000 CFFF
.N 2012 2E6D 6000 C000 CFFF

The Micromon machine language code at $2000 to $2FFF and
$2012 to $2E6D is scanned for absolute address references. Those
found with values in the range from $C000 to $CFFF are adjusted
by adding $6000 to give new absolute addresses. These new
addresses allow the code at $2000 to $2FFF to execute properly in
that address space.

.N 2FB5 2FFE 6000 C000 CFFF W

The Micromon command vector table at $2FB5 to $2FFE is
scanned for two-byte or word addresses. Those found with
values in the range from $C000 to $CFFF are adjusted by adding
$6000 to give new absolute addresses. The result is a new set of
address vectors to allow the Micromon command handler to
access the command routines in the $2000 to $2FFF address
space.
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Finally, there are seven locations which must be changed
directly. Use the memory display command to display these loca-
tions. Change the values by moving the cursor over the old value,
entering the new value, and hitting the RETURN key to enter the
changes into memory. If you don’t wish to display the current
contents, you can input the colon command followed by the
address and new data byte in hexadecimal. Hit RETURN to enter
the data into memory.

After you have completed all of the operations shown, you can
save the relocated Micromon code to tape or disk with the
Micromon SAVE command as follows.

For tape:

.S 2000 3000 “NEW FILENAME”
For disk:
.S 2000 3000 “NEWFILENAME” 08

You should leave the original Micromon code for $C000 to
$CFFF on disk or tape as a permanent backup. The relocated
Micromon at $2000 to $2FFF can be tested by first exiting
Micromon at $C000 with the E command. Then, from BASIC en-
vironment use SYS8192 to enter the relocated COMM-64
Micromon code at $2000. To insure that there are no addresses in
the relocated code still having a value from $C000 to $CFFF, you
can zap the Micromon code at $C000 to $CFFF with the Fill Mem-
ory command as follows.

.F C000 CFFF 00

Successful execution of this command and subsequent suc-
cessful exercising of most of the other Micromon commands
verify that the code has been relocated properly. As a further
check, for the version given in this article, relocation to the
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memory area from $2000 to $2FFF should include a change of the
last byte at location $2FFF from $A9 to $E9. This should resultin a
$2000 to $2FFF checksum of $9800 using Micromon’s checksum
memory command. Checksum for Micromon-64 V1.3 at $C000 to
$CFFF is $8E00.

Micromon-64

49152 :120,076,021,192,169,018,084
49158 :032,210,255,169,157,832,093
49164 :210,255,096,032,021,253,111
49170 :032,024,229,169,223,162,089
49176 :197,141,022,003,142,023,040
49182 :003,173,020,003,174,021,168
49188 :003,201,145,208,004,224,053
49194 :195,240,009,141,096,003,214
49200 :142,097,003,032,164,200,174
49206 :169,117,133,178,169,128,180
49212 :141,138,002,133,157,162,025
49218 :215,032,096,206,142,072,061
49224 :003,142,100,003,888,000,152
49230 :206,061,003,208,083,206,253
49236 :060,003,032,163,197,162,189
49242 :066,169,042,076,877, 201,209
49248 :169,063,032,210,255,169,226
49254 :000,044,169,017,141,004,221
49260 :212,032,163,197,169,046,159
49266 :032,210,255,169,000,141,153
49272 :078,003,141,086,003,141,060
49278 :100,003,162,127,154,032,192
49284 :156,200,201,046,240,249,200
49290 :201,032,240,245,162,036,030
49296 :221,144,207,208,019,141,060
49302 :073,003,138,010,178,189,221
49308 :181,207,133,251,189,182,019
49314 :207,133,252,108,251,000,089
49320 :202,016,229,076,096,192,211
49326 :162,002,208,002,162,000,198
49332 :180,251,208,009,180,252,236
49338 :208,003,238,086,003,214,170
49344 :252,214,251,096,169,000,150
49359 :141,078,003,832,019,194,153
49356 :162,009,032,872,201,202,114
49362 :208,250,096,162,002,181,085
49368 :2590,072,189,083,003,149,194
49374 :250,104,157,083,0083,202,253
49380 :208,241,996,173,084,003,009
49386 :172,085,003,076,244,192,238
49392 :165,253,164,254,056,229,081
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49398
49404
49410
49416
49422
49428
49434
49440
49446
49452
49458
49464
49470
49476
49482
49488
49494
49500
49506
49512
49518
49524
49530
49536
49542
49548
49554
49560
49566
49572
49578
49584
49590
49596
49602
49608
49614
49620
49626
49632
49638
49644
49650
49656
49662
49668
49674
49680
49686

:251,141,083,003,152,229,081
:252,168,013,083,003,096,399
:169,000,240,002,169,001,071
:141,087,003,032,219,199,177
:032,163,197,032,240,192,1082
:032,049,200,144,024,032,245
£231,192,144,127,032,089,873
:193,230,253,208,002,230,124
:254,032,047,201,172,9086,062
:003,208,110,240,232,032,101
£231,192,024,173,083,003,244
:101,253,133,253,152,101,025
:254,133,254,0832,213,192,116
:032,089,193,032,231,192,069
:176,081,032,174,192,032,249
:178,192,172,086,003,208,151
:079,240,235,162,000,161,186
:251,172,087,003,240,002,079
:129,253,193,253,240,011,153
:032,008,200,032,972,201,137
:@32,225,255,240,042,096,232
:032,246,199,032,177,201,235
:240,030,174,086,003,208,095
:028,032,240,192,144,023,019
:096,032,100,200,141,075,019
:003,032,124,193,173,075,228
:003,129,251,032,047,201,041
:208,243,076,096,192,076,019
:104,192,032,116,193,032,059
:156,200,201,039,208,018,218
:@932,156,200,157,101,003,051
:232,032,180,201,240,032,069
:224,032,208,243,240,026,131
:142,089,003,832,111,200,253
:144,214,157,101,003,232,021
:032,180,201,240,0909,0832,126
:103,200,144,200,224,032,085
:208,238,142,074,003,032,141
:163,197,162,000,160,000,132
:177,251,221,101,003,208,161
:019,2090,232,236,074,003,217
:208,242,032,104,193,0832,023
:047,201,032,124,193,176,247
:227,932,032,196,032,240,239
:192,144,013,160,044,032,071
:196,192,032,111,194,0832,249
:225,255,208,238,032,171,115
:197,208,138,032,061,201,085
:032,008,200,032,072,201,0855
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49692
49698
49704
49710
49716
49722
49728
49734
49749
49746
49752
49758
49764
49779
49776
49782
49788
49794
49800
49806
49812
49818
49824
49830
49836
49842
49848
49854
49860
49866
49872
49878
49884
49890
49896
49902
49908
49914
49920
49926
49932
49938
49944
49950
49956
49962
49968
49974
49980

232
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:932,201,205,072,032,207,0809
:194,104,032,230,194,162,182
:006,224,003,208,020,172,161
:077,003,240,0615,173,088,130
:003,201,232,177,251,176,068
:029,032,101,194,136,208,246
:241,014,088,003,144,014,056
:189,233,206,032,142,197,045
:189,239,206,240,083,032,217
:142,197,202,208,210,096,113
:1932,123,194,178,232,208,023
:001,200,152,832,101,194,006
:138,142,074,003,032,015,248
:200,174,074,0083,096,173,058
:077,003,032,122;194,133,161
:251,132,252,096,056,164,045
:252,179,016,001,136,101,032
:251,144,001,200,096,168, 222
:074,144,011,074,176,023,126
:201,034,240,019,041,007,172
:009,128,074,170,189,152,1082
:206,176,004,074,074,074,250
:@974,041,015,208,004,168,159
:128,169,000,170,189,220,018
:206,141,9088,003,041,003,142
:141,077,003,152,041,143,223
:179,152,160,0083,224,138,007
:240,011,074,144,008,074,229
:074,009,032,136,208,250,137
:2008,136,208,242,096,177,237
:251,032,101,194,162,001,181
:@032,206,192,204,077,003,160
:200,144,240,162,003,192,137
:003,144,241,096,168,185,039
:246,206,141,084,003,185,073
:054,207,141,085,003,169,129
:1000,160,005,014,085,003,255
:046,084,003,042,136,208,001
:246,105,063,932,210,255,143
:202,208,234,0876,0872,201,231
:032,246,199,169,003,032,181
:158,195,160,044,076,049,188
:197,169,008,133,186,169,118
:1001,162,165,160,207,0832,245
:189,255,169,096,133,185,039
:032,213,243,165,186,032,145
:189,255,165,185,032,150,247
:255,169,000,133,144,160,147
:903,132,183,832,165,255,062
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49986
49992
49998
50004
50010
50016
50022
50028
50034
50040
50046
50852
50858
50064
50870
50876
50082
50088
50094
50100
50106
50112
50118
50124
50130
50136
50142
50148
50154
50160
50166
58172
50178
50184
50190
50196
50202
50208
50214
58220
50226
50232
50238
50244
50250
50256
50262
50268
50274

£133,195,032,165,255,133, 211
:196,164,144,208,062,164,242
:183,136,208,235,166,195,177
:165,196,032,205,189,169,016
:032,032,022,231,032,165,092
:255,166,144,208,038,201,084
:000,240,924,0832,822,231,139
:@032,225,255,240,026,032,150
:228,255,240,232,201,032,022
:208,228,032,228,255,240,031
:251,208,221,169,013,0832, 252
:@22,231,1690,002,076,061,172
:195,032,066,246,076,104,089
:192,169,204,072,169,119,045
:072,008,072,872,872,108,042
:@96,003,141,075,003,072,034
:932,156,200,032,016,201,031
:208,248,104,873,255,076,108
:114,194,032,832,196,174,148
:086,093,208,013,832,240,250
:192,144,008,032,200,195,189
:@32,225,255,208,238,076,202
:914,194,832,163,197,162,192
:046,169,058,032,030,200,227
:932,072,201,032,008,200,243
:169,008,032,250,200,169,020
:908,032,171,195,032,0872,220
:201,032,004,192,234,234,101
:160,008,162,000,161,251,208
:972,041,127,201,932,104,049
:176,002,169,046,032,210,113
:255,169,000,133,212,032,0829
:947,201,136,208,231,876,133
$229,202,832,246,199,169,061
:908,032,158,195,032,171,098
:197,032,200,195,169,858,103
:141,119,002,0876,061,197,110
:932,246,199,133,253,134,005
:254,032,180,201,240,003,180
:932,251,199,076,163,197,194
:932,065,200,133,253,134,099
:254,162,000,142,1062,003,207
:032,156,200,201,032,240,155
:244,157,079,003,232,224,239
:003,208,241,202,048,020,028
:189,079,003,056,233,863,191
:160,005,074,110,102,003,028
:110,101,003,136,208,246,128
$240,233,162,002,032,180,179
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50280
50286
50292
50298
50304
50310
50316
50322
50328
50334
50340
50346
58352
50358
50364
50370
50376
50382
50388
50394
50400
50406
50412
50418
50424
50430
50436
50442
50448
50454
50460
50466
50472
50478
50484
50490
50496
50502
50508
50514
50520
50526
50532
50538
50544
50550
58556
50562
50568

:1201,240,034,201,058,249,054
:030,201,032,240,243,032,120
$133,197,176,015,032,124,0825
:200,164,251,132,252,133,230
:251,169,048,157,101,003, 089
:232,157,101,003,232,208,043
:217,142,084,003,162,000,236
:142,086,003,162,000,142,169
:@075,003,173,086,003,032,012
:135,194,174,088,003,142,126
:085,003,170,189,054,207,104
:9032,101,197,189,246,206,117
:932,101,197,162,006,224,130
:093,208,020,172,977,003,153
:240,015,173,088,003, 201,140
:232,169,048,176,030,032,113
:@98,197,136,208,241,014,079
:088,003,144,014,189,233,109
:206,032,101,197,189,239,152
:206,240,003,032,101,197,229
:202,208,210,240,006,032,098
:098,197,032,098,197,173,001
:084,003,205,075,003,208,046
:127,032,049,200,172,077,131
:003,240,047,173,085,003,831
:201,157,208,032,032,240,100
£192,144,001,136,200,208,117
:111,152,042,174,083,003,063
:224,130,168,208,003,176,157
:003,056,176,096,202,202,245
:138,172,077,9003,208,203,117
:185,252,000,145,251,136,235
:208,248,173,086,003,145,135
:251,160,065,140,119,002,015
:@032,171,197,032,196,192,104
:@032,111,194,169,032,141, 225
:120,002,141,125,002,165,107
:252,032,148,197,142,121,194
:002,141,122,002,165,251, 247
:032,148,197,142,123,002,214
:141,124,002,169,0807,133,152
:198,076,104,192,032,101,029
:197,142,074,003,174,0875,253
:003,221,101,9003,240,013,175
:104,104,238,086,003,240,119
:003,076,149,196,076,096, 202
:192,232,142,075,003,174,174
:074,003,096,201,048,144,184
:003,201,071,096,056,096,147

cccccCcccccCcccCcccccccCccCcCcCcCcccccoccccoccccccecceccec
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50574
50580
50586
50592
50598
50604
50610
50616
50622
50628
50634
506490
50646
50652
50658
50664
50670
50676
50682
50688
50694
50708
50706
50712
50718
50724
50730
50736
50742
50748
50754
507690
50766
50772
50778
50784
50790
58796
50802
50808
50814
50820
50826
50832
50838
50844
50850
50856
50862

:205,078,003,208,026,096, 246
:072,074,074,074,874,932,036
:039,200,170,104,041,015, 211
:076,9039,200,169,013,0832,177
:21@,255,169,010,044,169, 255
:145,032,216,255,173,0817,236
:208,009,016,141,017,208,009
:096,234,234,141,063,003,187
: 008,104 ,041,239,141,062,017
:903,142,064,003,140,065,101
:003,104,024,105,001,141,068
:061,0903,104,105,000,141,110
:060,003,169,128,141,072,019
:003,208,031,032,164,200,390
:032,221,253,216,104,141,169
:965,003,104,141,064,903,100
:104,141,063,003,104,141,026
:062,003,104,141,061,9003,106
:104,141,060,003,173,020,239
:003,141,068,003,173,021,153
:003,141,067,003,186,142,036
:066,003,088,173,062,003,151
:041,016,2490,003,076,0878,216
:192,044,072,003,080,931,190
:173,060,003,205,091,003,053
:208,107,173,061,003,205,0825
:0908,003,208,899,173,094,197
:083,208,091,173,095,003,109
:208,083,169,128,141,072,087
:093,048,018,078,072,003,026
:144,210,174,966,0083,154,049
:169,197,0872,169,186,872,169
:976,022,199,032,163,197,255
:932,936,201,141,075,003,060
:160,000,032,002,201,173,146
:061,003,174,060,003,133,018
:251,134,252,032,0872,201,020
:169,036,141,078,003,0832,055
:022,194,032,228,255,240,061
:251,201,003,208,0083,9076,094
:104,192,201,074,208,077,214
:169,001,141,072,003,208,214
:070,206,095,003,206,994,044
:003,165,145,201,127,208,225
:458,162,083,0876,091,192,044
:169,9000,240,018,173,092,080
:903,174,093,003,141,094,158
:903,142,095,083,169,064,132
:208,002,169,128,141,9072,126
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50868
50874
50880
50886
50892
50898
50904
50910
5@916
50922
50928
50934
50940
50946
50952
56958
50964
50970
50976
50982
56988
50994
51000
510086
51012
51018
51024
51030
51036
51042
51048
51854
51060
51066
51872
51078
51084
51090
51096
511@2
51108
51114
51120
51126
51132
51138
51144
51158
51156

:003,832,180,201,240,015,083
:201,032,208,110,032,085,086
:200,832,243,200,032,180,0855
:201,208,099,0832,163,197,074
:173,0872,003,240,055,162,141
:0008,173,017,208,168,041,049
:016,240,016,152,041,239,152
:141,917,208,234,234,1608,192
:@12,202,208,253,136,208,223
:250,120,169,084,141,004,234
:220,142,005,220,173,014,246
:220,041,128,009,017,141,034
:@014,220,169,223,162,197,213
:141,068,003,142,067,083,170
:174,066,003,154,120,173,186
:068,003,174,067,003,032,105
:168,200,173,060,003,872,184
:173,061,003,0872,173,062,058
:003,0872,173,063,003,174,008
:064,003,172,065,003,064,153
:076,096,192,032,065,200,193
:141,90990,003,142,091,003,008
:169,000,141,092,003,141,090
:093,003,032,082,200,141,101
:092,003,142,093,003,076,221
:104,192,032,219,199,141,193
:1098,003,142,099,003,032, 201
:082,200,141,079,003,142,221
:080,003,032,082,200,141,118
:081,003,142,082,003,032,185
:180,201,240,019,032,207,206
:255,201,087,208,003,238,078
:978,003,032,049,200,174,1490
:086,003,208,024,032,231,194
:192,144,019,172,078,003,224
:208,026,177,251,032,135,195
:194,179,189,246,206,208,073
:006,032,196,192,076,104,240
:192,172,077,003,192,002,022
:208,051,240,003,140,077,109
:003,136,856,177,251,170,189
:237,079,9003,200,177,251,0893
:237,9080,003,144,030,136,038
:173,081,003,241,251,200,107
:173,082,003,241,251,144,058
:9016,136,024,138,1089,098, 2083
:003,145,251,200,177,251,203
:109,099,003,145,251,032,0877
:047,201,136,816,259,048,142

cccccccccCccccccccccccccCcccccrcecececccccecccceccecceccecceccec
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51162
51168
51174
51180
51186
51192
51198
51204
51210
51216
51222
51228
51234
51240
51246
51252
51258
51264
51279
51276

51282

51288

51294

51300
51306

51312

51318
51324
51330
51336
51342
51348
51354
51360
51366
51372
51378
51384
51390
51396
51402
51408
51414
51420
51426
51432
51438
51444
51450

:158,032,065,200,133,253,035
:134,254,032,082,200,141,043
:084,003,142,085,003,832,067
:156,200,032,085,200,133,018
:251,134,252,096,032,065,048
:200,176,246,032,085,200,163
:176,003,032,082,200,133,112
:253,134,254,096,165,252,134

:032,015,2008,165,251,0872,233

:074,074,074,074,0832,839,127
:200,170,104,041,015,832,072
:939,200,072,138,032,2190,2087
:255,104,076,21@,255,024,190
:105,246,144,002,105,006,136
:105,058,096,162,002,181,138
:250,072,181,252,149,250,182
:104,149,252,202,208,243,192
:096,169,000,141,089,003,050
:932,156,200,201,032,240,163
$249,032,124,200,176,008,097
:@932,156,200,032,103,200,037
:144,007,179,0832,103,200,232
:144,001,096,076,096,192,187
:032,116,193,169,000,141,239
:089,003,032,156,200,201,019
:932,208,009,032,156,200,237
:201,032,208,815,024,096,182
:932,145,200,910,010,010,019
:019,141,089,003,032,156,049
:200,032,145,200,013,089,047
:003,056,096,201,058,008,0852
:041,015,049,144,0802,105,239
:008,096,832,180,201,208,111
:250,076,101,192,169,145,069
:162,195,141,020,003,142,061
:021,003,996,032,180,201,193
:249,055,032,246,199,165,091
:251,005,252,240,034,165,107
:154,201,003,208,158,165,855
:251,141,147,0082,165,252,130
:141,148,002,169,002,179,066
:168,032,186,255,032,192,049
:255,162,002,032,201,255,097
:976,117,192,169,002,032,040
:195,255,169,003,133,154,111
:076,104,192,165,154,201,100
:003,240,220,208,241,141,011
:061,003,142,060,003,096,0897
:141,0875,003,160,000,832,149
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51456
51462
51468
51474
51480
51486
51492
51498
51504
51510
51516
51522
51528
51534
51540
51546
51552
51558
51564
51570
51576
51582
51588
51594
51600
51606
51612
51618
51624
51630
51636
51642
51648
51654
51660
51666
51672
51678
51684
51690
51696
51702
51708
51714
51720
51726
51732
51738
51744

238

:072,201,177,251,832,015,236
:2090,032,947,201,206,075,255
:903,208,240,096,032,103,182
:200,144,008,162,000,129,149
:251,193,251,208,1085,032,040
:9047,201,206,075,003,996,146
:169,062,133,251,169,0083,0855
:133,252,169,005,096,239,159
:251,208,009,230,255,230, 207
:252,208,003,238,086,003,076
:@096,152,872,032,163,197,004
:104,162,046,832,039,200,128
:169,032,076,210,255,032,078
:930,200,162,008,189,118,009
:207,032,210,255,232,224,220
:028,208,245,169,859,032,054
:@61,201,173,060,0083,032,114
:015,200,173,0861,003,032,074
:915,200,0832,072,201,173,933
:067,003,032,015,200,173,092
:068,003,032,015,200,032,214
:936,201,032,250,200,076,153
:104,192,876,096,192,032,056
:9065,200,032,243,200,032,142
:082,200,141,068,003,142,012
:067,003,032,036,201,141,118
:@075,003,832,156,200,032,142
:016,201,208,248,240,219,014
:@32,207,255,201,032,240,111
:249,208,006,032,000,200,101
:@32,207,255,201,013,096,216
:160,001,132,186,169,000,066
:162,101,160,003,9032,189,071
:255,168,032,246,199,173,247
:@73,003,201,083,208,008,012
:032,180,201,248,175,0832,046
:251,199,032,168, 201,240,027
:041,201,034,208,163,832,133
:207,255,201,034,240,011,152
:145,187,230,183,200,192,091
:081,144,249,176,145,032,034
:180,201,240,014,932,103,248
:200,041,031,240,133,133,006
:186,032,168,201,208,217,246
:169,000,133,185,173,073,229
:003,201,083,208,812,169,178
:251,166,253,164,254,032,116
:216,255,076,104,192,073,174
:076,240,002,169,001,166,174

cccccccoccceccocccccccccccccceccoccccacccccccccccccccecceccc
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51750
51756
51762
51768
51774
51780
51786
51792
51798
51804
51819
51816
51822
51828
51834
51840
51846
51852
51858
51864
51878
51876
51882
51888
51894
51900
51906
51912
51918
51924
51939
51936
51942
51948
51954
51960
51966
51972
51978
51984
51999
51996
52002
52008
52014
52020
52026
52032
52038

:251,164,252,032,213,255,181
:165,144,041,016,240,234,116
:169,105,160,163,032,030,197
:171,876,096,192,832, 246,101
:199,032,165,192,076,104,062
:192,0832,246,199,0832,047,048
:201,032,047,201,032,000,075
:200,832,072,201,832, 240,089
:192,144,010,152,208,0821, 045
:173,083,003,048,016,016,175
:008, 200, 208,011,173,083,013
:003,016,006,032,015, 200,120
:076,104,192,076,096,192,078
:032,246,199,032,138,202,197
:076,104,192,032,163,197,118
:162,846,169,036,032,830, 091
:200,032,008, 200,032, 234,072
:202,032,176,202,032,0872,088
:201,032,150,202,032,153,148
:202,832,072,201,162,004,857
:169,048,024,014,084,003,244
:046,085,003,105,000,032,179
:21@, 255,202, 208,239,096, 100
:165,252,166,251,141,085,212
:003,142,084,003,0832,072,006
:201,165,252,032,196,202,212
:165,251,170,032,072,201,0861
:138,041,127,201,032,008, 235
:176,010,169,018,032,210,0853
:255,138,024,105,064,170, 200
:138,032,219, 255,169,000, 254
:133,212,040,176,202,169,132
:146,0876,210,255,832,072,253
:201,166,251,165,252,076,067
:205,189,032,005,203,176,028
:065,0832,072,201,032,008, 146
200,032,141, 202,076,104, 241
:192,162,004,169,000,133,152
:252,032,194,203,032,043,254
:203,133,251,032,034,203,104
:032,061,203,202,208,247, 207
:008,032,072, 201,040,096, 221
:032,180, 201, 240,015,201,135
:032,240,011,201,048,144, 204
:011,201,0858,176,8087,041,828
:015,096,104,104,824,096,235
:076,896,192,133, 254,165, 206
:252,072,165,251,872,006,114
:251,038,252,006,251,038,138
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52044
52059
52056
52062
52068
52074
52080
52086
52092
52098
52104
52110
52116
52122
52128
52134
52140
52146
52152
52158
52164
52179
52176
52182
52188
52194
52200
52206
52212
52218
52224
52230
52236
52242
52248
52254
52260
52266
52272
52278
52284
52290
52296
52302
52308
52314
52320
52326
52332

240

:252,104,1061,251,133,251,144
:104,101,252,133,252,006,162
:251,038,252,165,254,101,125
:251,133,251,169,0008,101,231
£252,133,252,096,832,194,035
:203,141,085,003,872,072,170
:032,072,201,032,072,201,210
:104,032,015,200,032,872,061
:201,104,178,169,000,032,032
:241,202,032,072,201,032,142
:150,202,076,104,192,032,124
:159,203,032,072,201,032,073
:008,200,032,234,202,032,088
:176,202,076,104,192,162,042
:015,169,000,133,251,133,093
:252,032,194,203,832,043,154
:203,032,188,203,032,834,0396
:203,032,188,203,202,208,190
:247,076,072,201,0874,038,124
:251,038,252,096,032,156,247
:200,201,832,240,249,096,190
:169,015,141,024,212,169,164
:000,141,005,212,169,240,207
:162,068,160,149,141,006,132
:212,142,001,212,140,000,159
:212,076,101,192,000,032,071
2090 ,200,076,235,199,032, 206
:231,203,024,165,251,101,189
:253,133,251,165,252,1941,119
:254,133,252,076,013,204,158
:@32,231,203,032,240,192,162
:132,252,173,083,003,133,014
:251,032,072,201,832,008,396
:200,076,104,192,169,000,247
:170,168,141,024,212,076,0847
:218,203,000,120,032,021,112
:253,088,169,060,133,178,149
:174,066,003,154,165,115, 2087
:201,230,240,149,108,000,208
:160,632,231,203,032,049,249
:200,932,072,201,160,000,213
:140,084,003,140,085,003,009
:032,240,192,144,027,172,111
:086,003,208,022,024,177,086
:251,109,9084,003,141,084,244
:9003,152,109,085,003,141,071
:985,003,032,047,201,076,028
:972,204,173,085,003,032,159
:@15,200,173,084,003,032,103

ccccccccccccccccccccccecccccccccccccceccceccccceccceccecceccc
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52338
52344
52350
52356
52362
52368
52374
52380
52386
52392
52398
52404
52418
52416
52422
52428
52434
52449
52446
52452
52458
52464
52470
52476
52482
52488
52494
52500
52506
52512
52518
52524
52530
52536
52542
52548
52554
52560
52566
52572
52578
52584
52594
52596
52602
52608
52614
52620
52626

:015,200,976,104,192,173,106
:109,003,208,004,165,198,030
:208,003,876,129,234,173,181
:119,002,201,017,208,125,036
:165,214,201,024,208,240,166
:165,209,133,253,165,210,255
:133,254,169,025,141,094,198
:003,169,001,032,084,206,130
:201,058,240,026,201,044,164
:240,022,201,036,240,018,157
:206,094,003,240,205,056,210
:165,253,233,040,133,253,233
:176,225,198,254,208,221,188
:141,073,003,832,013,206,148
:176,184,173,0873,003,201,240
:958,208,017,024,165,251,159
:105,008,133,251,144,002,085
:230,252,032,200,195,076,177
:244,204,201,036,240,026,149
:@032,201,205,032,111,194,235
:169,000,141,078,003,169,0817
:944,032,019,194,169,000,186
:133,198,076,014,194,0876,169
£129,234,032,047,201,832,159
:125,202,076,244,204,201,330
:145,208,240,165,214,208,164
:236,165,209,133,253,165,151
:210,133,254,169,025,141,184
:094,003,160,001,032,084,144
:206,201,058,240,026,201,196
:044,240,022,201,036,249,0853
:@18,206,094,003,240,021,114
:024,165,253,105,040,133,002
:253,144,225,230,254,208,090
:221,141,073,003,032,013,033
:206,144,003,076,129,234,092
:173,873,003,201,058,240,054
:906,201,036,240,029,208,932
:939,032,208,205,056,165,023
:251,233,008,133,251,176,120
:9002,198,252,032,203,195,212
:169,000,133,198,032,008,132
:206,076,112,192,032,208,168
:205,832,178,192,032,128,115
:202,076,104,205,032,208,181
:205,165,251,166,252,133,020
:253,134,254,169,016,141,077
:994,003,056,165,253,237,180
:@994,003,133,251,165,254,022
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52632
52638
52644
52650
52656
52662
52668
52674
52680
52686
52692
52698
52704
52710
52716
52722
52728
52734
52740
52746
52752
52758
52764
52770
52776
52782
52788
52794
52800
52806
52812
52818
52824
52830
52836
52842
52848
52854
52860
52866
52872
52878
52884
52890
52896
52902
52908
52914
52920

242

:233,000,133,252,0832,201,235
:205,032,111,194,032,240,204
:192,240,007,176,243,206,204
:094,003,208,224,238,077,246
:903,173,877,903,832,171,123
:195,162,000,161,251,142,069
:978,003,169,044,032,067,069
:201,032,022,194,076,104,055
:205,162,000,161,251,076,031
:135,194,166,210,032,215,134
:205,166,244,232,232,232,243
:134,173,134,254,162,000,051
:134,172,169,040,133,253,101
:160,192,162,003,136,177,0836
:172,145,253,152,208,248,134
£198,173,198,254,202,016,003
:241,169,032,166,210,134,176
:254,132,253,160,039,145,213
:253,136,016,251,169,019,080
:076,218,255,192,040,208,223
10082 ,056,096,032,084,206,236
:201,032,240,243,136,0832,138
:g6l1,206,170,032,061,206,252
:133,251,134,252,169,255,204
:141,100,003,133,204,165,018
:207,240,010,165,206,164,014
:211,145,209,169,000,133,151
:207,024,096,032,084,206,195
:@32,145,200,010,010,010,215
:010,141,089,003,032,084,173
:206,032,145,200,813,089,249
:003,096,177,253,200,041,084
:127,201,032,176,002,009,123
:064,096,189,152,205,032,064
:210,255,232,208,247,096,068
:000,000,000,000,000,147,253
:017,032,032,018,032,032,019
:032,032,877,073,067,082,225
:@079,0877,879,078,045,054,024
:052,032,032,867,879,0877,213
180,085,084 ,069,033,032,007
:932,066,079,079,075,083,044
:932,032,032,032,064,002,086
:069,003, 208,008,064 ,009,003
:048,034,069,051,208,098,066
:064,009,064,002,069,051,169
:208,008,064,009,064,902,815
:069,179, 208,008,064 ,099,203
:000,834,068,051,208,140,173

cccccccccccccccccccccccccccccccccccc
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52926
52932
52938
52944
52950
52956
52962
52968
52974
52980
52986
52992
52998
53004
53010
53016
53022
53028
53034
53040
53046
530852
53058
53064
53070
53076
53082
53088
53094
53100
53106
53112
53118
53124
53130
53136
53142
53148
53154
53160
53166
53172
53178
53184
53190
53196
53202
53208
53214

:068,000,017,0834,968,051,172
:208,140,068,154,016,034,048
:068,051,208,008,9064,009,298
:016,034,068,051,208,008,081
:064,0909,098,019,120,169,181
:000,833,129,130,000,000,900
:989,077,145,146,134,074,123
:133,157,044,041,044,0835,174
:040,036,089,000,088,036,015
:036,000,828,138,028,035,253
:093,139,027,161,157,138,197
:929,035,157,139,029,161,038
: 000,041 ,025,174,105,168,0087
:9025,035,036,083,0827,035,253
:036,083,025,161,000,926,093
:@91,091,165,105,036,036,036
:174,174,168,173,041,0090,248
:124,000,021,156,109,156,890
:165,105,041,083,132,019,075
:9052,017,165,105,835,160,070
:216,098,090,072,038,098,154
:148,136,084,068, 200,084,012
:104,068,232,148,000,180,030
:908,132,116,180,040,110,146
:116,244,204,074,114,242,048
:164,138,000,179,162,162,112
:116,116,116,114,068,104,212
:178,0859,178,000,034,000,9024
:026,026,038,038,114,114,202
:136,200,196,202,038,072,184
:068,068,162,200,013,032,145
:932,032,032,080,067,032,139
:932,973,082,081,032,032,202
:983,082,032,065,0867,032,237
:088,082,032,089,082,032,031
:983,080,065,066,067,068,061
:079,071,072,0876,077,078,082
:981,082,040,084,087,088,106
:044,058,0859,036,0835,034,172
:043,045,079,073,074,937,907
:038,069,086,041,062,255,213
:255,186,201,175,200,050,223
:196,047,199,002,193,249,048
:193,135,193,156,198,160,203
:193,186,201,176,195,0876,201
:199,160,198,080,201,202,220
:203,006,193,176,198,042, 004
:204,012,195,010,196,137,202
:201,116,202,244,202,104,011

Advanced
Memory

8
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Memory

53220
53226
53232
53238
53244

244

:203,237,203,000,204,069,120
$202,096,192,060,202,141,183
$203,055,204,833,204,186,101
:201,022,204,025,195,096,221
:192,096,192,255,000,000,219
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Appendix A

Charles Brannon

Remember the last time you typed in the BASIC loader for along
machine language program? You typed in hundreds of numbers
and commas. Even then, you couldn’t be sure if you typed it in
right. So you went back, proofread, tried to run the program,
crashed, went back and proofread again, corrected a few typing
errors, ran again, crashed again, rechecked your typing ... Frus-
trating, wasn't it?

Until now, though, that has been the best way to get machine
language into your computer. Unless you happen to have an -
assembler and are willing to wrangle with machine language on
the assembly level, it is much easier to enter a BASIC program
that reads DATA statements and POKEs the numbers into
memory.

Some of these “BASIC loaders” will use a checksum to see if
you've typed the numbers correctly. The simplest checksum is
just the sum of all the numbers in the DATA statements. If you
make an error, your checksum will not match up with the total.
Some programmers make your task easier by including check-
sums every few lines, so you can locate your errors more easily.

Now, MLX comes to the rescue. MLX is a great way to enter
all those long machine language programs with a minimum of
fuss. MLX lets you enter the numbers from a special list that looks
similar to DATA statements. It checks your typing on a line-by-line
basis. It won't let you enter illegal characters when you should be
typing numbers. It won't let you enter numbers greater than 255.
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It will prevent you from entering the numbers on the wrong line.
In short, MLX will make proofreading obsolete.

Tape or Disk Copies

In addition, MLX will generate a ready-to-use copy of your
machine language program on tape or disk. You can then use the
LOAD command to read the program into the computer, just like
a BASIC program. Specifically, you enter:

LOAD “program name”,1,1 (for tape)

or
LOAD “program name”,8,1 (for disk)

To start the program, you need to enter a SYS command that
transfers control from BASIC to your machine language program.
The starting SYS will always be given in the article which presents
the machine language program in MLX format.

Using MLX

Type in and SAVE MLX (you'll want to use it in the future). When
you're ready to type in the machine language program, RUN
MLX. MLX will ask you for two numbers: the starting address
and the ending address. For Micromon-64, these numbers should
be: 49152 and 53247 respectively.

You'll then get a prompt showing the specified starting
address. (For Micromon-64, the prompt will be: 49152)

The prompt is the current line you are entering from the
MLX-format listing. Each line is six numbers plus a checksum. If
you enter any of the six numbers wrong, or enter the checksum
wrong, the 64 will sound a buzzer and prompt you to reenter the
entire line. If you enter the line correctly, a pleasant bell tone will
sound and you may go on to enter the next line.

A Special Editor

You are not using the normal Commodore 64 BASIC editor with
MLX. For example, it will only accept numbers as input. If you
need to make a correction, press the INST/DEL key; the entire
number is deleted. You can press it as many times as necessary,
back to the start of the line. If you enter three-digit numbers as
listed, the computer will automatically print the comma and go
on to accept the next number in the line. If you enter less than
three digits, you can press either the comma, space bar, or
RETURN key to advance to the next number. The checksum will
automatically appear in inverse video; don’t worry — it’s high-
lighted for emphasis.
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Appendix A

When testing it, I've found MLX to be an extremely easy way
to enter long listings. With the audio cues provided, you don't
even have to look at the screen if you're a touch-typist.

Done at Last!

When you get through typing, assuming you type your machine
language program all in one session, you can then save the com-
pleted and bug-free program to tape or disk. Follow the instruc-
tions displayed on the screen. If you get any error messages while
saving, you probably have a bad disk, or the disk was full, or you
made a typo when entering the MLX program. (Sorry, MLX can’t
check itself!)

Command Control

What if you don’t want to enter the whole program in one sitting?
MLX lets you enter as much as you want, save the completed por-
tion, and then reload your work from tape or disk when you
want to continue. MLX recognizes these few commands:

SHIFT-S: Save
SHIFT-L: Load
SHIFT-N: New Address
SHIFT-D: Display

Hold down SHIFT while you press the appropriate key. You
will jump out of the line you've been typing, so I recommend you
do it at a new prompt. Use the Save command to store what
you've been working on. It will write the tape or disk file as if
you've finished. Remember what address you stop on. The next
time you RUN MLX, answer all the prompts as you did before,
then insert the disk or tape containing the stored file. When you
get to the entry prompt (49152: for Micromon-64), press SHIFT-L
toreload the file into memory. You'll then use the New Address
command (SHIFT-N) to resume typing.

New Address and Display

After you press SHIFT-N, enter the address where you previously
stopped. The prompt will change, and you can then continue
typing. Always enter a New Address that matches up with one of
the line numbers in the special listing, or else the checksums
won't match up. You can use the Display command to display a
section of your typing. After you press SHIFT-D, enter two
addresses within the line number range of the listing. You can
stop the display by pressing any key.
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Tricky Stuff

The special commands may seem a little confusing, but as you
work with MLX, they will become valuable. For example, what if
you forgot where you stopped typing? Use the Display command
to scan memory from the beginning to the end of the program.
When you see a bunch of 170's, stop the listing (press a key) and
continue typing where the 170’s start. Some programs contain
many sections of 170’s. To avoid typing them, you can use the
New Address command to skip over the blocks of 170’s. Be care-

ful, though; you don’t want to skip over anything you should type.

You can use the Save and Load commands to make copies of
the completed machine language program. Use Load command
to reload the tape or disk, then insert a new tape or disk and use
the Save command to create a new copy.

One quirk about tapes made with the MLX Save command:
when you load them, the message “FOUND program” may ap-
pear twice. The tape will load just fine, however.

Programmers will find MLX to be an interesting program
which protects the user from most typing mistakes. Some screen
formatting techniques are also used. Most interesting is the use of
ROM Kernal routines for LOADing and SAVEing blocks of mem-
ory. To use these routines, just POKE in the starting address (low
byte/high byte) into memory locations 251 and 252 and POKE the
ending address into locations 254 and 255. Any error code for the
SAVE or LOAD can be found in location 253 (an error would be a
code less than ten).

I'hope you will find MLX to be a true labor-saving program.
Since it has been tested by entering actual programs, you can
count on it as an aid for generating bug-free machine language.
Be sure to save MLX; it will be used for future applications in
COMPUTE! Magazine, COMPUTE!’s Gazette and COMPUTE!
Books.

Machine Language Editor (MLX)

190 PRINT" {CLR} {RED}";CHR$(142);CHRS$(8);:
POKE53281,1:POKE53280,1

191 POKE 788,52:REM DISABLE RUN/STOP

119 PRINT"{RvVS} {40 SPACES}";

120 PRINT"{RVS}{15 SPACES}{RIGHT}{OFF}
E*3£{RVS} {RIGHT} {RIGHT}{2 SPACES}
E*3JTOFF}E*3£{RVS}£{RVS]}

{13 SPACES]}™; -

ccocccoccccccccoccccccccccccccccccecc
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130
140
150

l60

170
180

185
187

199
200

210

220

225
230

240

250

260
300
310

320
390
400

410
415
417

420
430

Appendix A

PRINT"{RVS} {15 SPACES}{RIGHT} EKG3
{RIGHT} {2 RIGHT} {OFF}£{RvVS}£E*3
{OFF}E*3{RVS} {13 SPACEST";

PRINT" {RVS} {40 SPACES}"
V=53248:POKE2040, 13:POKE2@41, 13:FORI=
832T0894 : POKEI, 255 :NEXT : POKEV+27, 3
POKEV+21, 3:POKEV+39, 2 : POKEV+4@, 2 : POKE
V,144:POKEV+1, 54 : POKEV+2, 192 : POKEV+3,
54

POKEV+29, 3

FORI=@TO23:READA: POKE679+1I,A: POKEV+39
,A:POKEV+40, A:NEXT
DATA169,251,166,254,164,255,32,216,25
5,133,253,96
DATA169,9,166,251,164,252,32,213, 255,
133,253,96

POKEV+39, 7 : POKEV+48, 7

PRINT" {2 DOWN}{PUR}{BLK}{3 SPACES}A F
AILSAFE MACHINE LANGUAGE EDITOR

{5 DOwN}"

PRINT"E53{2 UP}STARTING ADDRESS?

{8 SPACES}{9 LEFT}"; :INPUTS:F=1-F:C$=
CHRS$(31+119*F)
IFS<2560R(S>409960ANDS<49152)ORS>53247
THENGOSUB3@00 : GOT0210

PRINT:PRINT: PRINT

PRINT"E53{2 UP}ENDING ADDRESS?

{8 SPACES}{9 LEFT}"; :INPUTE:F=1-F:C$=
CHRS$ (314+119*F)
IFE<2560R(E>40960ANDE<49152)ORE>53247
THENGOSUB3099 : GOT0230

IFE<STHENPRINTCS; " { RVS}ENDING < START
{2 SPACES}":GOSUB19@d:GOTO 230
PRINT:PRINT : PRINT

PRINT" {CLR}";CHRS$(14) :AD=S:POKEV+21,0
PRINTRIGHTS ( "9908"+M1D$ (STRS$ (AD),2),5
);":"; :FORJ=1TO6

GOSUB570 : IFN=-1THENJ=J+N:GOT0320
IFN=-211THEN 710

IFN=-2@04THEN 799

IFN=-2@6THENPRINT : INPUT" { DOWN} ENTER N
EW ADDRESS" ;22
IFN=-2@6THENIFZZ<SORZZ>ETHENPRINT"
{RVS}OUT OF RANGE":GOSUBL@0@:GOT0410
IFN=-2@6 THENAD=22% : PRINT : GOTO310

IF N<>-196 THEN 480

PRINT: INPUT"DISPLAY:FROM" ; F: PRINT, "TO
"; : INPUTT
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449

459
451

469
478

480
490
520

510

515
520

530
540

550
560
578
580
581
585

594
600
610

620
630
640
650
660
670
680
690
691
695
700
710
720
730

740
750

252

IFF<SORF>EORT<SORT>ETHENPRINT"AT LEAS

T";S;"{LEFT}, NOT MORE THAN";E:GOTO043

]

FORI=FTOTSTEP6 : PRINT : PRINTRIGHTS ( " 909

g"+MIDS(STRS(I),2),5);:":";

FORK=@TO5 : N=PEEK( I+K) : PRINTRIGHTS ( " 90

"+MID$ (STR$(N),2),3):",": -

GETAS$ : IFA$>" "THENPRINT : PRINT : GOTO310

NEXTK : PRINTCHRS (20 ) ; :NEXTI:PRINT: PRIN

T:GOTO310%

IFN<@ THEN PRINT:GOTO310

A(J)=N:NEXTJ

CKSUM=AD-INT(AD/256)*256: FORI=1T06 : CK

SUM=(CKSUM+A(I) )AND255 :NEXT

PRINTCHRS (18) ; :GOSUB578 : PRINTCHRS ( 20)

IFN=CKSUMTHENS30

PRINT:PRINT"LINE ENTERED WRONG : RE-E

NTER" : PRINT : GOSUB1 098 : GOTO310

GOSUB2009

FORI=1TO06 : POKEAD+I-1,A(I) :NEXT:POKE54

272,@:POKE54273,0

AD=AD+6:IF AD<E THEN 310

GOTO 710

N=@ : Z=0

PRINT"E+3";

GETAS$ : IFAS=""THEN581

PRINTCHRS (20) ; :A=ASC(A$) : IFA=130RA=44

ORA=32THEN670

IFA>128THENN=-A:RETURN

IFA<>2@ THEN 630

GOSUB69@ : IFI=1ANDT=44THENN=-1 : PRINT"
{LEFT} {LEFT}";:GOT0690

GOTO579

IFA<480RA>57THEN580

PRINTAS; :N=N*10+A-48

IFN>255 THEN A=20:GOSUBl@0d:G0OT0609

Z=%+1: IFZ<3THEN580

IFZ=@THENGOSUB1@0@ : GOTO579

PRINT","; : RETURN

S$=PEEK(209)+256*PEEK(2108)+PEEK(211)

FORI=1TO3:T=PEEK(S%-1I)

IFT<>44ANDT<>58THENPOKES%~1, 32 : NEXT

PRINTLEFTS$(" {3 LEFT}",I-1); :RETURN

PRINT" {CLR} {RVS}*** SAVE ***{3 DOWN]}"

INPUT" {DOWN} FILENAME";F$

PRINT:PRINT" {2 DOWN} {RVS}T{OFF}APE OR
{rRvs}D{OFF}1SK: (T/D)"

GETAS$ : IFA$<>"T"ANDAS<> "D" THEN740

DV=1-7*(A$="D") : IFDV=8THENF$="0:"+F$

cccccococcocccoccccocccccccccccccccccecccccccecccecac
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760
765
770
780
781
799
8090
810
820
830
840

850
860

870
880

1000
1001

1002
10083

2000
2001

2002

2003
3000
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OPEN 1,DV,1,F$:POKE252,S/256:POKE251,
S-PEEK(252)*256
POKE255,E/256: POKE254, E-PEEK(255) *256
POKE253,19:SYS 679:CLOSEL : IFPEEK(253)
>90RPEEK( 253 )=@¢THENPRINT" { DOWN} DONE. "
:END
PRINT" { DOWN} ERROR ON SAVE.{2 SPACES]}T
RY AGAIN.":IFDV=1THEN720
OPEN15,8,15: INPUT#15, DS, DS$ : PRINTDS; D
S$:CLOSE15:GOT0720
PRINT" {CLR} {RVS}*** LOAD ***{2 DOWN}"
INPUT" {2 DOWN} FILENAME";F$
PRINT:PRINT" {2 DOWN}{RVS}T{OFF}APE OR
{Rvs}D{OFF}1sK: (T/D)"
GETAS$ : IFA$<>"T"ANDAS<>"D" THENS20
DV=1-7*(A$="D") : IFDV=8THENF$="0:"+F$
OPEN 1,DV,d,F$:POKE252,S/256:POKE251,
S-PEEK(252)*256
POKE253,10:SYS 691 :CLOSE1l
IFPEEK(253)>9 OR PEEK(253)=@¢ THEN PRI
NT : PRINT : GOTO310
PRINT" { DOWN}ERROR ON LOAD.{2 SPACES}T
RY AGAIN.{DOWN}":IFDV=1THENSQGQ
OPEN15,8,15: INPUT#15, DS, DS$ : PRINTDS ; D
S$:CLOSE15: GOTO899
REM BUZZER
POKES54296,15:POKE54277,45: POKE54278,
165
POKE54276,33:POKE 54273,6:POKE54272,
5
FORT=1T020@ : NEXT : POKE54276, 32 : POKE54
273,0:POKE54272, 8 : RETURN
REM BELL SOUND
POKE54296,15:POKE54277,0:POKE54278, 2
47
POKE 54276,17:POKES54273,40:POKE54272
%]
’
FORT=1TO1@9@ : NEXT : POKE54276, 16 : RETURN
PRINTCS ;" {RVS}NOT ZERO PAGE OR ROM":
GOTO1990

253



20VQV00C0DOORCO0DVDTODDIVDOO0DIIIDIO






20VQV00C0DOORCO0DVDTODDIVDOO0DIIIDIO



D3DJD3I3I23I9D03I39I2I23D3ID5I3D53II2D2I3D03I3I3I3I3I53I3II2I3I33I3II)

7

Appendix B

A Beginner's
Guide to Typing
In Programs

What Is a Program?

A computer cannot perform any task by itself. Like a car without
gas, a computer has potential, but without a program, itisn't going
anywhere. Most of the programs in this book are written in a
computer language called BASIC. BASIC is easy to learn and is
built into all Commodore 64s.

BASIC Programs

Computers can be picky. Unlike the English language, which is
full of ambiguities, BASIC usually has only one right way of
stating something. Every letter, character, or number is signifi-
cant. A common mistake is substituting a letter such as O for the
numeral 0, alowercase | for the numeral 1, or an uppercase B for
the numeral 8. Also, you must enter all punctuation such as
colons and commas just as they appear in the magazine. Spacing
can be important. To be safe, type in the listings exactly as they
appear.

Braces and Special Characters

The exception to this typing rule is when you see the braces, such -
as {DOWN }. Anything within a set of braces is a special character
or characters that cannot easily be listed on a printer. When you
come across such a special statement, refer to “How To Type In
Programs.”

About DATA Statements

Some programs contain a section or sections of DATA statements.
These lines provide information needed by the program. Some
DATA statements contain actual programs (called machine lan-
guage); others contain graphics codes. These lines are especially
sensitive to errors.
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If a single number in any one DATA statement is mistyped,
your machine could lock up, or crash. The keyboard and STOP
key may seem dead, and the screen may go blank. Don’t panic —
no damage is done. To regain control, you have to turn off your
computer, then turn it back on. This will erase whatever program
was in memory, so always SAVE a copy of your program before you
RUN it. If your computer crashes, you can LOAD the program
and look for your mistake.

Sometimes a mistyped DATA statement will cause an error
message when the program is RUN. The error message may refer
to the program line that READs the data. The error is still in the
DATA statements, though.

Get to Know Your Machine

You should familiarize yourself with your computer before
attempting to type in a program. Learn the statements you use to
store and retrieve programs from tape or disk. You'll want to save
a copy of your program, so that you won't have to type it in every
time you want to use it. Learn to use your machine’s editing func-
tions. How do you change a line if you made a mistake? You can
always retype the line, but you at least need to know how to back-
space. Do you know how to enter inverse video, lowercase, and
control characters? It’s all explained in your computer’s manuals.

A Quick Review

1) Type in the program a line at a time, in order. Press RETURN at
the end of each line. Use backspace or the back arrow to correct
mistakes.

2) Check the line you've typed against the line in the printed listing.

You can check the entire program again if you get an error when
you RUN the program.

3) Make sure you've entered statements in brackets as the appro-
priate control key (see “How To Type Programs” elsewhere in
the book).

\ch ccccoaccccccccccccoccoccccccccccceccccc
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Appendix c

HOw TO Type
In Programs

Many of the programs which are listed in this book contain spe-
cial control characters (cursor control, color keys, inverse video,
etc.). To make it easy to know exactly what to type when entering
one of these programs into your computer, we have established
the following listing conventions.

Generally, any Commodore 64 program listings will contain
words within braces which spell out any special characters:
{DOWN } would mean to press the cursor down key. {5 SPACES }
would mean to press the space bar five times.

To indicate that a key should be shifted (hold down the SHIFT
key while pressing the other key), the key would be underlined in
our listings. For example, S would mean to type the S key while
holding the shift key. This would appear on your screen as a
“heart” symbol. If you find an underlined key enclosed in braces
(e.g., {I0N}), you should type the key as many times as indicated
(in our example, you would enter ten shifted N's).

If a key is enclosed in special brackets, [« >], you should hold
down the Commodore key while pressing the key inside the special
brackets. (The Commodore key is the key in the lower-left corner
of the keyboard.) Again, if the key is preceded by a number, you
should press the key as many times as necessary.

Rarely, you'll see a solitary letter of the alphabet enclosed in
braces. These characters can be entered on the Commodore 64 by
holding down the CTRL key while typing the letter in braces. For
example, {A }would indicate that you should press CTRL-A.

About the quote mode: you know that you can move the cursor
around the screen with the CRSR keys. Sometimes a programmer
will want to move the cursor under program control. That’s why
you see all the {LEFT }'s, {HOME }’s, and {BLU }'s in our pro-
grams. The only way the computer can tell the difference be-
tween direct and programmed cursor control is the quote mode.

Once you press the quote (the double quote, SHIFT-2), you
are in the quote mode. If you type something and then try to
change it by moving the cursor left, you'll only get a bunch of
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reverse-video lines. These are the symbols for cursor left. The
only editing key that isn’t programmable is the DEL key; you can
still use DEL to back up and edit the line. Once you type another
quote, you are out of quote mode.

You also go into quote mode when you INSerT spaces into a
line. In any case, the easiest way to get out of quote mode is to just
press RETURN. You'll then be out of quote mode, and you can
cursor up to the mistyped line and fix it.

Use the following table when entering cursor and color con-

trol keys:

Listing Conventions

When You

Read: Press: See:
{CLEAR} [ surer | [ cLrimome | m
{HOME} CLR/HOME ﬂ
{up} [ suier | [§ crsr ¢ m
{ DOWN'}
{LEFT} EREs0N |
{RIGHT} B
{RVS]) [ ] A
{OFF} (-] W
{BLK} I
{WHT} EE m
{RED} CTRL 3
{cyny CTRL 4
{PUR} CTRL E

262

When You

Read: Press: See:
o [en] o] @
{BLU} CTRL ﬂ
{YEL} CTRL E
e (o] W
e ] @
{F3} 3 H
{F4} 4 -]
(rs} 5 H
{Fé} =
{F7} L7 | [ ]
{F8} ) m
< [e=] &
1 [ ][8]) &

cccccccc cccccocccccccccceocccccccccceccccec
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addresses 183-90
ADSR envelope 8-9, 13, 20-21, 22, 161
animation 7
arrays 63-64
ASCII 19, 146, 213
assembler 197-209
attack (see ADSR envelope)
BASIC 4, 180-81, 210-16
ABS 32
GET 122
GOSUB 21, 24
GOTO 28
IF ... THEN 26
LIST 45
ON 30-31
REM 44-48
STR$ 24
TAB 23
tokens 212-13
WAIT 39-43
BASIC Assembler 197-209
BASIC Interpreter ROM 3
BASIC statement 210-11
binary numbers 147-48
bit 171, 211
bitmap graphics 6
bitwise AND 27-28
byte 172, 211
CATALOG 121
Central Processing Unit (CPU) 144
chained menus 16-17
character base 76, 80, 179
character graphics 5-6
character sets (see also redefined
characters) 5
chips, Commodore 64 3
collision 7, 94, 95
Commodore 64 architecture 70, 86, 178-82
Commodore 64, similarities with PET 4,
88-89
Complex Interface Adapter (CIA) 9-10, 107,
144, 178, 189, 190
control register 147
decay (see ADSR envelope)
delay loop 26-27
DIRECTORY 121
diskette
backup 137-42
directory 122-25
DOS 135-36

files 61, 63
menu 126-34
editing 210
exclusive-OR 39
expander slot 143
extended background color mode 6, 72
fine scrolling (see scrolling)
fire button (see joystick button)
flag 26, 29
game ports (see joystick port)
graphics 47, 69-104
high-resolution 6, 7172, 89-90
hexadecimal 211-12
jiffy (see also TI$ and timer) 40
joystick 42, 49-53, 107-14
button 108
memory locations 49-52, 108-10
port 107, 143
reading 109-10
initialization 20-21
Input/Output Port 3
interrupts 78, 97-98, 100-3, 179
IRQ 102
Kernal 3, 180
keyboard code 19
keyboard control function 213
kilobyte 172
LED 150-51
light pen 7778
LISTing a program, prevention of 44-48
locations 183-90
logical AND 108
logical NOT 109
memory 17177, 211-13
bit 171, 211
byte 172, 211 |
kilobyte 172 |
map 183-90
nybble 17172
organization 17172, 211
pages 172
stack 174
memory map 183-90
menus (see also diskette menu) 15-17, 54-60
Micromon-64 217-44
microprocessor 3
monitor 217-44
Movable Object Blocks (MOBs) (see sprite)
multicolor character mode 5-6, 7576
music 161-65
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nested menus 16
Non-Maskable Interrupt (NMI) 220
nybble 17172
page flipping 7
pages of memory 172
Peripheral Data Register 107-8
program writing 11-35
feedback 18
initialization 18-19, 20-21
main loop 25-28
menus 15-17
organizing 14-15
planning 12
user friendly 14-15
quote mode 46-47
RAM4, 144, 171, 178, 191
raster interrupts 7-8, 77, 78, 97, 103-4
Raster Register 96
redefined characters 5, 88
release (see ADSR envelope)
ROM 144, 148, 191, 228
ROM Character Generator 70, 86, 179
screen editor 210
screen memory 69, 172
scrolling 5
serial plug 143
65023
65103, 178, 188, 191
65183
6526 3, 9-10, 189, 190
6566 3, 5, 69-104, 178, 188
sound 67, 12-13, 162
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sound addresses (see also Sound Interface
Device) 13

Sound Interface Device (SID) 3, 8-9, 144,
161, 178, 188

split screens 96-104

sprites 6-7, 78, 80-85, 91-95, 10714
memory locations 80, 82
movement 83-84, 110-12, 113-14

stack 174

string variables 61-62

structured programming 25

sustain (see ADSR envelope)

symbolic assembler 197209

tape files 61, 64-65

TI$ (see also jiffies and timer) 40, 100

timer (see also jiffies and TI$) 101-2, 103,
166-67

tokens 212-13

trigger (see joystick button)

User Port 143-56
edge connector 149
input device 149-50
memory locations 149
output device 146-47
peripheral device 150
programming 153

variable 19-20, 61-64

Video Interface Controller (VIC) 5, 69-104,
107, 144, 178-79

video matrix 69, 76

video port 143

waveform (see sound)

|
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If you've enjoyed the articles in this book, you'll find the
same style and quality in every monthly issue of COMPUTE!
Magazine. Use this form to order your subscription to
COMPUTE!.

For Fastest Service,
Call Our Toll-Free US Order Line

800-334-0868

In NC call 919-275-9809

COMPUTE!

P.O. Box 5406
Greensboro, NC 27403

My Computer Is:

(] Commodore 64 []TI-99/4A [ Timex/Sinclair [JVIC-20 []PET

[] Radio Shack Color Computer [JApple [JAtari [(JOther
[ Don't yet have one..

[] $24 One Year US Subscription
[[] $45 Two Year US Subscription
[ $65 Three Year US Subscription

Subscription rates outside the US:

[J$30 Canada

] $42 Europe, Australia, New Zealand/Air Delivery

] $52 Middle East, North Africa, Central America/Air Mail

[] $72 Elsewhere/Air Mail

[ $30 International Surface Mail (lengthy, unreliable delivery)

City State Zip

Country

Payment must be in US Funds drawn on a US Bank; International Money
Order, or charge card.

[J Payment Enclosed [JVISA
[1 MasterCard [] American Express
Acct. No. Expires /
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COMPUTE! Books

P.O.Box 5406 Greensboro, NC 27403

Ask your retailer for these COMPUTE! Books. If he or she
has sold out, order directly from COMPUTE!

For Fastest Service
Call Our TOLL FREE US Order Line

800-334-0868
In NC call 919-275-9809
Quantity Title Price Total
Machine Language for Beginners $14.95%
Home Energy Applications $14.95+
COMPUTE!'s First Book of VIC $12.95¢
COMPUTE!'s Second Book of VIC $12.95¢+
COMPUTE!'s First Book of VIC Games $12.95+1
COMPUTE!'s First Book of 64 $12.95¢
COMPUTE!'s First Book of Atari : $12.95+
COMPUTE!'s Second Book of Atari $12.95+
COMPUTE!'s First Book of Atari Graphics $12.95+
COMPUTE!'s First Book of Atari Games $12.95¢%
Mapping The Atari $14.95%
Inside Atari DOS $19.95+
The Atari BASIC Sourcebook $42.95+
Programmer's Reference Guide for TI-99/4A  $14.95%
COMPUTE!s First Book of TIGames $12.95+

Every Kid's First Book of Robots and Computers $ 4.95*

____ TheBeginners Guide to Buying APersonal
Computer $ 3.95*

* Add $1shipping and handling. Outside US add $5 air mail; $2
surface mail.

+ Add $2 shipping and handling. Outside US add $5 air mail; $2
surface mail.

Please add shipping and handling for each book
ordered.

Total enclosed ortobe charged. _—

All orders must be prepaid (money order, check, or charge). All
payments must be in US funds. NC residents add 4% sales tax.

[ Payment enclosed Please charge my: [JVISA []MasterCard

[J American Express Acct. No. Expires /
Name

Address

City State Zip
Country

Allow 4-5 weeks for delivery.
20-5
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COMPUTE"s
First Book of Commodore 64

COMPUTE!s First Book of the Commodore 64 includes some of the
best articles and programs from COMPUTE! Magazine and
COMPUTE!'s Gazette, plus many more that have never before ap-
peared in print.

There are dozens of complete, ready to type in programs.
And, because you will see and type in every program line, you
will discover many techniques to use in your own programming.

Here's a sample of what you'll find inside:

* A beginner’s introduction to programming
* An explanation of 64 architecture

* How to create programs which use joysticks
¢ A memory map

* A tutorial on how to create attractive and meaningful
program menus

® A machine language assembler written in BASIC

® “Micromon-64,” a complete monitor with numerous extra
functions

* How to add sprites to your programs

No matter whether you are an advanced programmer or just
starting out, COMPUTE!’s First Book of the Commodore 64 has much
that you will find useful. Edited with the clarity and care which
has made COMPUTE! Publications today’s leading publisher of
personal computing magazines and books.

ISBN 0-942386-20-5 $12.95
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