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Byte 

00 

01 

02 

03 

04 

05 

06.07 

08.09 

OA 

OB 

oc 

OD 

OE 

OF 

10 

Disk Operating System 

Table 7-15. Input/Output Block 

Contents 

$01, always 

Slot• J6. Example $60 

Drive: $01 or $02 

Volume: $0 1 to $FE. $00 is wild. 

Track: $00 to $22 

Sector: $00 to $OF 

Address o f Device Characteristic Table 

Address o f Data Buffer 

Unused 

Bytes, partial sector. Full sector $00 

Command: 00 Positio n 

01 Read 

02 Write 

04 Format 

Return: 08 Initialization 

10 Write protect 

20 Volume mismatch 

40 Drive 1/0 error 

Volume of previo us access 

S lo t of previous access • 16 

Drive o f previous access 

LOA 
LOY 
JSR 
BCS 

#< MYIOB 
#> MYIOB 
$0309 
ERROR 

get lOB 

call RWTS 
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This is probably what you did if you used File Manager with several 
files, but most calls to RWTS can be handled easier if you only use the 
built-in lOB. This custom lOB call is only for unusual situations; use 
the JSR $03E3 method instead . 

The thing you change for different RWTS calls is the Data Buffer 
address at bytes $08.09. You can keep various kinds of data in differ­
ent buffers by changing this parameter. File Manager, for instance, 
varies this address to have separate buffers for its current VTOC , Di­
rectory sector, and up to three sets of data and TSL buffers. They all 
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use the same lOB; only the buffer pointer need be changed to redirect 
the reads and writes. 

Here's how to read a sector from the disk. First, get the lOB address 
into $48.49 as described above. Then set the parameters as follows: 

Byte $01 : 
Byte $02: 
Byte $03 : 
Byte $04: 
Byte $05 : 
Byte $08.09: 

Byte $0B: 

Byte $0C: 

slot number t imes 16, normally $60 
drive number, $01 or $02 
volume, $00 to read any volume 
track $00 . . . 22 
sector $00 .. . OF 
Buffer address. This is where your read sector 
wil l be placed . 
Normally $00, you can set byte count for a par­
tial sector instead. 
command code, $01 for READ 

If you are using your own lOB instead of the system's, you must also 
set: 

Byte 
Byte 

Byte 
Byte 
Byte 

$00: 
$06.07 : 

$0E : 
$OF : 
$10: 

to $01 
address of DCT, a Device Contro l Tab le of 
four bytes: 00 01 D8 EF for Disk II. 
volume number last accessed 
slot number times 16 last accessed 
drive number last accessed 

Upon return from RWTS, you test for error with the C-flag. If set, 
you can find the error in byte $0D according to Table 7-15. 

Here's how to write a sector to the disk. First, get the lOB address 
into $48.49 as described above. Then set the parameters as follows: 

Byte $01 : 
Byte $02: 
Byte $03 : 
Byte $04: 
Byte $05 : 
Byte $08.09: 
Byte $0B: 

Byte $0C: 

slot number t imes 16, normally $60 
drive number, $01 or $02 
volume number, $00 to writ e any volume 
track $00 . . . 22 
sector $00 ... OF 
Buffer address. This is the data to be written . 
normally $00, you can set the byte count for a 
partial sector instead. 
command code, $02 for WRITE 

,... 

-



-
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If you are using your own lOB instead, you must also set: 

Byte $00: 
Byte $06.07: 
Byte $0E: 
Byte $OF: 
Byte $10: 

to $01 
address of DCT 
volume number last accessed 
slot number times 16 last accessed 
drive number last accessed 

449 

Upon return from RWTS, you test for error with the C-flag. If set, 
you can find the error in byte $00 according to Table 7-15. 

Here's how to format a disk. You get a data disk with no DOS, no 
YTOC, and no Directory. Just 35 formatted tracks of 16 sectors each, 
wi th the sync bytes and fields written to allow RWTS to access it di­
rectly. Use this command call to make data disks for your own direct 
access method. 

First, get the lOB address into $48.49 as described. Then set the fol­
lowing parameters: 

Byte $01 : 
Byte $02: 
Byte $03: 
Byte $0C: 

slot number times 16, normally $60 
drive number, $01 or $02 
volume number to create : $00 ... FE 
command code, $04 for FORMAT 

If you are using your own lOB, you must set: 

Byte $00: to $01 
Byte $06.07: address of DCT 
Byte $0E: volume number last accessed 
Byte $OF: slot number times 16 last accessed 
Byte $10: drive number last accessed 

Upon return from RWTS, you test for error with the C-flag . If set, 
you can find the error in byte $0D according to Table 7- 15. 

Here's how to position the read/ write head . When you want to 
select a given track ahead of time to speed things up or to select the 
track for the hardware-level reads and writes, you can positio n the 
head to th at t rack without RWTS doing a read or write on its own. 
First, get the lOB address into $48 .49 as described. Then set the pa­
rameters as follows: 
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Byte $01 : slot number times 16, normally $60 
Byte $02: drive number, $01 or $02 
Byte $04: track number to position $00 . . . 22 
Byte $0C: command code: $00 for POSITION 

If you are using your own lOB instead of the system's, you must a lso 
set: 

Byte 00: 
Byte $06.07: 
Byte $OF: 
Byte $10: 

to $01 
address of OCT 
slot number times 16 last accessed 
drive number last accessed 

Upon return from RWTS, you test for error with the C-flag. If set you 
can fi nd the error in byte $00 according to Table 7-15. 

Example 7-1 (listed earlier in the chapter) is a Disk Zap program in 
Integer BASIC. The routine to call RWTS is put into Page Three using 
Lam's method in the mainline. Another routine at $2100 displays the 
contents of a buffer at $2000 a half page at a time when called by the 
routine at line 14000. These three machine language calls, $E88A, 
$0300, and $2 100, are represented at the bottom of the Structure 
Diagram in Fig. 7-10. 

When run, it gives you an "INITIALIZING" message while Lam's 
method sets up the machine language routines at $300 and $2100. 
Then a routine at line 29000 displays the commands: Read , Write, List 
half the data buffer, Change contents of data buffer, and Quit the 
program. Each command has its own routine in the 10000 ... I 99999 
line number range. A routine at 1200 parses the track and sector 
numbers in the Read and Write commands. The List shows the other 
half of the buffer, so you can see the entire buffer by repeated L com­
mands to view alternately the $00. 7F and $80.FF halves. The Change 
command has Monitor syntax; for instance, 

C25:00 01 02 

put $00 in byte $25 of the buffer, $01 in byte $26, $02 in byte $27. 
It is simple to use as it stands, but you may change it for yourself. In 

particular, you can rewrite it in Applesoft BASIC when you key it in if 
you don't have Integer BASIC. This lets you simplify some expres­
sions and eliminate the CHR$ routine at line 100. 

n 



-
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Fig. 7-10. Disk zap call slruclure. 

7 .2.4 Nibble 

Disk Operating System 451 

The RWTS section contains all the routines to access the disk. The 
way it works is by having all disks formatted with their address fields. 
Then, any sector is read or written by searching for its address field 
and following it by accessing its data field. So, each newly formatted 
disk has 35 tracks formatted with sync bytes and 16 address fields. The 
R WTS write routines write the data fields one sector at a time onto the 
disk from your buffer. Similarly, read routines get the data field from 
the disk for the sector you requested and deliver it decoded to your 
buffer. You can see how each of the RWTS routines work to do these 
accesses. 

The routine that writes an address field is at $BC56. You can look at 
it there and see how it does the write. It uses the Y -reg as the number 
of sync bytes to write first. Then it writes the prefix bytes $05, $AA, 
$96. Next the volume, track, sector, and checksum are written, fol-
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lowed by the suffix bytes $DE, $AA, $EB. The format routine in 
RWTS calls this one 16 times for each track. 

When address bytes are written, they are packed in four bit nibbles 
(sometimes spelled nybbles) as described earlier in Section 7 .1.3. The 
routine that does this packing is at $BCC4. 

When the data field is written, it's a bit more complicated. Not only 
must the track be SEEKed, the sector must be found by reading back 
the address fields until the one you want is found. Then the buffer you 
gave to RWTS must be written in the data field in a special format. 
The address field is read at RDADR ($B944) and the data are trans­
formed to disk format in two stages, see Fig. 7-11. 

$9800 
SB82A 

SBA29 

f'ig. 7-JJ. Writing a data field. 

First, the 256 bytes in your buffer are converted to 342 six-bit 
nybbles by the PRENYBBLE routine. Then, the sector is found, and 
the WRITE routine converts the nybbles to disk format by using the 
write translate table to look up the code for each of the 342 nybbles in 
PRJ and SEC. The WRITE routine also prefixes the data field with 
five sync bytes, then $D5, $AA, $AD. When written, the data field 
gets its suffix of $DD, $AA, $EB. The result is your 256-byte buffer 
encoded to the data field of the specified sector. 

Similarly, RWTS reads a given sector. First, the track is SEEKed 
and the sector address field found by using RDADR. Then the data 
field is read into the PRI and SEC nybble buffers by looking up the 
nybble six-bit values from the coded bytes using the read translate 
table at $BA96. See Fig. 7-12. After the READ routine at $B8DC is 
finished, the POSTNYBBLE routine at $B8C2 packs the 342 six-bit 
nybbles from PRJ and SEC to your 256-byte data buffer. 

All these routines are called by the RWTS main routines who see to 
it that registers, Page Zero pointers, and the scratchpad RAM in 

~ 

~ 

~ 

r 
,, 
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SBBOO 

SBA96 

Fig. 7-12. Reading a data field. 

TEXT1 are given the parameters appropriate to each. RWTS gets 
these parameters from the lOB you gave it. You don't have to know 
anything about these routines to use RWTS from the lOB level, but 
studying how they do each separate task in converting data and 
accessing the disk is necessary if you want to work with raw disk 
dumps. You can, with practice, learn to get raw disk bytes and 
interpret them to recover lost data or explore disk protection schemes. 

7 .2.5 Hardware 

By addressing the hardware you can read and write directly to the 
disk. Bypassing RWTS you can access the sync bytes, address fields, 
and data fields in each track without the automatic decoding and en­
coding. Here's how. 

The hardware is in the DEVICE SELECT address space. For Slot 
Six, this is the range $COEO.COEF. You can address the general range 
$C080.C08F indexing it with 16 times the slot number instead. This 
lets you write slot independent routines, although the examples given 
here are for Slot Six only. See Table 7-16. 

The addresses $COEO.COE7 control the stepper motor. By turning 
on each phase for a certain length of time in proper sequence, the 
read/write head can be moved radially over the disk to any desired 
track. The routines to do this are a bit complex, so the best way to do 
it is to use the SEEK command in R WTS. If you are experimenting 
with unusual track arrangements, you can try varying the parameters 
in the Device Control Table at $B7FB. See Section 7 .2.3 for the call 
sequence. 
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Table 7-16. DISK II Device Addresses 

Label Address Description 

PHASOFF $COEO Stepper motor Phase 0: OFF 

PHASOON $COEI Stepper motor Phase 0: ON 

PHASIOFF $COE2 Stepper motor Phase I: OFF 

PHASION $COE3 Stepper motor Phase I : ON 

PHAS20FF $COE4 Stepper motor Phase 2: OFF 

PHAS20N $COE5 Stepper motor Phase 2: ON 

PHAS30FF $COE6 Stepper motor Phase 3: OFF 

PHAS30N $COE7 Stepper motor Phase 3: ON 

MOTOROFF $COE8 Drive motor: OFF 

MOTOR ON $COE9 Drive motor: ON 

DRIVEl $COEA Select Drive One 

DRIVE2 $COEB Select Drive Two 

Q6L $COEC Strobe data latch 

Q6H $COED Load data latch 

Q7L $COEE Prepare data latch to read 

Q7H $COEF Prepare data latch to write 

NOTE: For controller card in Slot Six 

You can turn the drive motor on and off easily. After a SEEK, you 
must turn it on to keep the disk spinning. Then it is your responsibi lity 
to turn it off when finished. The instructions are: 

BIT $COE9 
BIT $COE8 

drive motor ON 
drive motor OFF 

You can only access one drive at a time. A pair of addresses switch 
between the two, so you can select the drive directly by: 

BIT $COEA 
BIT $COEB 

engage Drive One 
engage Drive Two 

The write-protect tab on the disk is detected by a microswitch 
mounted inside the drive. You can read this switch indirectly with this 
sequence, 

BIT $COED 
BIT $COEE 
BMI PROTECT 



-
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where PROTECT is the address you want to execute if the write­
protect tab was found on the disk. This sequence switches two 
transistors: Q6 high and Q7 low to read the protect switch to the high­
order bit of the data latch . If the high bit is set, then the disk is being 
protected. You must detect this and avoid writing to the disk because 
the hardware won't protect the disk. 

Other combinations of Q6 and Q7 let you do reads and writes with 
the hardware data latch. To read a byte: 

VALID 
BIT $COEE 
LDA $COEC 
BPL VALID 

input mode 
strobe data latch 

To be val id, the high-order bit must be on, hence the BPL. The 
resulting byte in the A-reg can be tested for $FF with a CMP instruc­
tion if you are looking for sync bytes. 

To write , you must observe a few precautions. First, you have to 
check for a write-protect tab as described above. Then, 

BIT $COEF output mode 

given to prepare for output. After that , you need a I 00 microsecond 
delay before the first write can take place. Writing data must be done 
in a 32-cycle loop so that all bytes are written 32 cycles apart. The 
A-reg is written by, 

STA $COED 
ORA $COEC 

to data latch 
strobe data latch 

within the loop. Study the examples that RWTS uses for itself. 
There is little need to write directly, however. The direct read may 

be necessary to get data from an unreadable format where RWTS re­
turns drive errors. Once captured, the data may be extracted by 
recognizing the data fields and usi ng the read translate table, 
POSTNIBBLE routine, and modifications to decode them. This is 
heavy stuff; be prepared to spend some time. 

- The Track Dump program of Example 7-2 lets you examine the raw 
bytes from any of the 35 tracks on disk. After loading, type 
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Example 7-2. 

SOURCE FILE: EXAMPLE 7. 2 
0000: 1 ****************************** 
0000: 2 * EXAMPLE 7. 2 * 
0000: 3 * * 
0000: 4 * T R A C K D U M P * .. 
0000: 5 * * 
0000: 6 * USE FROM MONITOR WITH THE * 
0000: 7 * CTRL/Y COMMAND: * 
0000: 8 * (TRACK) < (START) .(END) * 
0000: 9 * * 
0000: 10 ****************************** 
0000: 11 * 0000: 12 * 0000: 13 TRACK EQU $00 
0002: 14 START EQU $02 
0004: 15 END EQU $04 
003C: 16 Al EQU $3C MONITOR PAR 
MS 
003E: 17 A2 EQU $3E 
0042: 18 A4 EQU $42 
0048: 19 lOB EQU $48 
0000: 20 * 0000: 21 * MONITOR CALLS 
0000: 22 * 
FBDD: 23 BELL! EQU $FBDD 

~ FF69: 24 MONZ EQU $FF69 
0000: 25 * 
0000: 26 * 

NEXT OBJECT FILE NAME IS EXAMPLE 7.2.0BJO 

0300: 27 ORG $0300 
0300: 28 * 
0300:A9 4C 29 LOA I$4C THE JMP OPC 
ODE 
0302:80 F8 03 30 STA $03F8 CTRL/Y VECT 
OR ..... 
0305:A9 12 31 LOA #>DUMP 
0307:80 F9 03 32 STA $03F9 
030A:A9 03 33 LOA #<DUMP 
030C:8D FA 03 34 STA $03FA 
030F:4C 69 FF 35 JMP MONZ ~ 

0312: 36 * 
0312: 37 * FIRST GET PARAMETERS FROM 
0312: 38 * THE CALLER AND lOB POINTER 
0312: 39 * FROM DOS. 
0312: 40 * 
0312:A5 42 41 DUMP LOA A4 GET TRACK p 

ARM 
0314:85 00 42 STA TRACK 
0316:A5 3C 43 LOA Al GET START A 
DDRESS 
0318:85 02 44 STA START 
031A:A5 3D 45 LOA Al+l 
031C: 85 03 46 STA START+l 
031E:A5 3E 47 LOA A2 GET END ADD 
RESS ... 
0320:85 04 48 STA END 
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Example 7-2 Cont. 

0322:A5 3F 49 LOA A2+1 
0324:85 05 50 STA END+l 
0326:20 E3 03 51 JSR $03E3 GET lOB POI 
NTER 
0329:84 48 52 STY lOB 
032B:85 49 53 STA IOB+l 
032D: 54 * 
0320: 55 * SECOND SET lOB AND CALL 
032D: 56 * RWTS TO SEEK THE TRACK. 
032D: 57 * 032D:AO 04 58 LDY 1#$04 
032F:A5 00 59 LOA TRACK 
0331:91 48 60 STA (lOB), Y SET TRACK N 
UH 
0333:A4 oc 61 LDY $0C 
0335:A5 00 62 LDA $00 SEEK COHHAN 
D 
0337:91 48 63 STA (IOB),Y SET ... 0339:20 E3 03 64 JSR $03E3 GET lOB ADD 
RESS 
033C:20 D9 03 65 JSR $03D9 CALL RWTS T 
0 SEEK 
033F:A9 00 66 LOA #10 ,... 0341:85 48 67 STA $48 MONITOR FIX 

0343:90 03 68 BCC DUHPl 
0345:4C DD FB 69 JHP BELLl ERROR EXIT 
BEEPS ... 0348:2C E9 co 70 DUHPl BIT $COE9 KEEP MOTOR 
ON 
0348: 71 * 034B: 72 * THIRD SEARCH FOR BEGINNING 
034B: 73 * OF A FIELD ON THE DISK. 

~ 
034B: 74 * 
034B:A2 00 75 LDX 10 
034D:2C EE co 76 BIT $COEE SET LATCH T 
0 READ 
0350:AD EC co 77 DUHP2 LOA $COEC STROBE LATC 
H ,.., 
0353:10 FB 78 BPL DUHP2 UNTIL BYTE 
IS VALID 
0355:C9 FF 79 CHP #$FF SYNC BYTE? 
0357:DO F7 80 BNE DUHP2 NO •• TRY AGA 
IN ,.. 
0359:AD EC co 81 DUHP3 LDA $COEC LOOK FOR SE 
COND 
035C:10 FB 82 BPL DUMP3 SYNC BYTE 
035E:C9 FF 83 CHP #$FF 
0360:DO EE 84 BNE DUMP2 ,... 
0362:AD EC co 85 DUMP4 LDA $COEC WE HAVE TWO 

0365:10 FB 86 BPL DUMP4 SYNC BYTES! 
IGNORE 

0367:C9 FF 87 CMP I$FF ANY FURTHER .... ONES. 
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Exnmple 7-2 Cont. 

0369 : FO F7 88 BEQ DUMP4 
036B : 89 * 036B : 90 * READ DISK TO MEMORY RANGE 
0368 : 91 * GIVEN BY THE CALLER . 
036B : 92 * 036B : DO 05 93 BNE DU MP 6 (ALIIAYS) 
036D :A D EC co 94 DUMP 5 LOA $COEC READ A BYT E 

0370 :1 0 FB 95 BPL DU MP S 
0372 : 81 02 96 DUMP6 STA (START,X) PUT BYTE 
0374 : E6 02 97 INC START 
0376 : 00 FS 98 BNE DU MP S BUMP PIONTE 
R 
0378 : E6 03 99 INC START+ 1 UNTIL LA ST 
PAGE 
037A : A5 03 100 LOA START+1 
037C : C5 05 101 CM P END+1 
037E : DO ED 102 BN E DUMPS 
0380 : 103 * 0380 : 104 * ALL DONE : CLEAN UP . 
0380 : 105 * 0380 : 2C E8 co 106 BIT $CO E8 MOTOR OFF 
0383 : 4C 69 FF 107 JMP MONZ BACK TO MON 
!TOR 

*** SUCCESSFU L ASSEMBLY : NO ERRORS 

300G 

to the monitor, to set the ctrl/ Y j ump. 
To get any track, you type a monitor comma nd with the ctrl/Y. For 

instance, if you want T rack 17, choose a chunk o f memory to contain 
it - say, $1000.3FFF. This command is 

11 < 1000.4000(ctrl/Y}(CR) 

where $ 11 is the track number. In general, 

{track} < {start}.{finish}(ctrl/Y) 

Another one is given in Example 7-3 . This command fetched Track 17 
($ 11 ) to memory $4000.5FFF. Here is what it shows. 

The first th ree bytes, $05, $AA and $96, are the prefix to a n 
address field. The next eight bytes then contain the volume, track, sec­
tor, and checksum. Then at $4008 you can see the suffix bytes of 
$DE, $AA, and $EA. This last byte., $EA, is nominally $EB but is not 
veri fied so it can vary somewhat in actual value. 

-
-

n 
-

-
-
.... 
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Example 7-3. 

)1(11 <'1000 .60 00 

lK'IOOO.'I3FF 

'1000- 1)5 AA 96 EE EA AA BE: AB 
'1008- AA EF FE: DE AA EA D2 FF 
'I Ill II ·· F3 FC FF F F FF FF D5 AA 
'1 018- AD A6 AF 9D AE E:3 AF A7 
'1020 - AE AE 9D AE AD E:3 9D 9E: 
'10 28·· D7 D9 D9 F2 E:5 D6 D9 97 
'1113 11 - D6 F Z FZ D6 9E: DO F5 D6 
'1038- F 7 A7 96 A7 AE AE 9D AE 
'10'10 - 96 A7 A7 A7 A7 AE AE 97 
'10'18- D7 06 9E: 9E: 9A 9A EF 9A 
'1050 - E:7 EF E:7 EF E:6 E:7 B5 D6 
·10513·· '76 96 AE '7D A7 A7 96 A7 
'106 0- 9D AE 'ID AE 96 A7 A7 A7 
'1068- AC E:Z 82 D7 DA ED 86 CE 
'1070 .. FE: A6 A6 A6 9E: 96 96 9b 
'1078 - 96 96 9F 9D DA E:A 97 97 
·1 080 - 9E 9F.: CD BE 9E: 9F 9F BF 
'10 88- BD 9B A6 9 A CF 96 96 96 
'109 0 - 96 96 9b 96 96 9b 96 96 
'1098- 96 96 96 FC E:9 9E A6 9A 
'IOAO - F3 9F 9A 9D 9E BE CE 97 
'IOAB·· 9F A6 90 9E CD 96 96 96 
' lO BO - 96 96 96 96 96 96 96 96 
'IOE:B- 96 96 96 96 96 96 E9 9 0 
'lOCO- 9E 90 97 EF 96 9F 9E 9E 
'IOC8 - CD BD 9A 9A 9D 90 96 9E 

i1 
'1000 -· 90 9E CD 96 96 96 96 96 
'1008- 96 96 96 96 96 9 6 96 96 
'IOEO - 96 E6 9A 9E 9F 9E: EF 96 
'IO EI3 - 9F 9E 9E CD CD 9 F 90 A6 
'IO FO · 9A A6 CD 96 96 96 96 96 
'IOF8 - 96 96 96 96 96 96 96 96 

~ '11 00 ·· 96 96 96 96 EA 9E 90 9 F 
'1 108·· 9A FZ 97 9E: 9E 9E n :: CD 
'111 0- CD 9F 9D A6 9A A6 CD 96 
'1118- 96 96 96 96 96 9 6 96 96 
'1120 - 96 96 96 96 96 96 96 D6 
'11 28- A7 90 9F 9A EF 97 A6 97 
'113 0- 96 CE e:D 9B 9E. 9E: A6 96 
'1138- 97 9 A E:E 96 96 96 96 96 
'11'10 - 96 96 96 96 96 9 6 96 96 
'11'18 - 96 '76 E5 97 9D 9E 97 FZ 
'1150- 96 9F 9D 9E CD E:D 96 90 
'1158- 9E BE 96 96 96 96 96 96 
'1160 - 96 96 96 96 96 96 96 9 6 
'1 168- 9 6 '76 '76 96 '16 E6 9A 96 

~ 

Look at the contents of the address field . Each two bytes encode 
one byte of information as follows: - 1 b 71 bs 1 b 3 1 b 1 1 b6 1 b41 b21 b0 
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The algorithm to decode is to shift left the first byte then AND the two 
together. Doing it by hand, you pick o ut the bits in order of signifi­
cance and write them: 

For instance, ta ke the volume encoded as $EE, $EA. Expanding in 
. binary 

1110111011101010 

then pick out the informative bits, 

- 1-0 - 1-0 -1-0 - 0 - 0 

then rearrange in order of significance, 

11001000 

which is $C8, decimal 200. The volume number is 200. You know the 
track number is 17 ($ 11), so you can decode the next two bytes, $AA 
and $88, yourself and check your result. 

After the address field, you can see some "garbage" and $FF sync 
bytes before the data field at $4016. The three bytes, $D5, $AA, and 
$AD, prefix the data. The data is encoded sixbit, so you must use a 
translate table in DOS to convert the codes to sixbit. For instance, you 
will notice a lot of $96 codes in the data. The $96 is the code for $00. 

The data field ends with the three bytes, $DE, $AA, and $EB, at 
$41 70. The next sector follows at $4187 with the prefix to its address 
field . And on it goes. 

If you decode the sector numbers in these two address fields, you 
wi ll find that the first sector is $02 and the second is $03. There is no 
way of knowing which sector the command will read first from the 
track; you can consider it as a roulette game. In this case it started 
with Sector $08 , followed by Sector $09. See the Sector Interleaving in 
Table 7-7; Sector $08 is physical sector number $02. 

-

-
-

-

-
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CHAPTER EIGHT 

Input/Output 

8.1 BUILT-IN 1/0 

You can use the built-in 1/0 alone in the case of the speaker, or key­
board. For video display, you need a monitor connected from outside. 
Similarly for the cassette recorder and various devices that connect to 
the games socket: joysticks, relays, pushbuttons, etc. The advantage 
to using built-in 1/0 is in not having to use a peripheral card. 

8.1.1 Cassette Tape 

You can store up to four disks' worth of files on one C-60 cassette 
tape. Considering the difference in cost between the two media , tape is 
the best choice for archival storage. Use good quality tapes to reduce 
the chance of dropout in your recordings. Dropout is missing bits on 
the tape due to uneven magnetic oxide coating; it won't be noticed in 
listening but it causes errors in digital reads. Choose a standard bias, 
low noise, C-30 or C-60 tape like the Maxell UD-30 or UD-60. 

As far as a tape recorder is concerned, you can use any one you 
happen to own as long as you can get it to work after adjusting the 
volume and tone. If you are buying a new one speci fically for the 
Apple, then choose a plain mono type with a counter. Since the Apple 
was first used, two of the most trouble-free models have been the 
Panasonic RQ-2309 and the Sony TCM-737. People have used other 
brands as well, but try any new recorder out first. Some machines 
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won't work; they can't be adjusted to the Apple's volume and tone re­
quirements. Recording and playing back an Apple file is the only way 
to be sure. 

Accessories you need to complete the cassette recorder include two 
miniature phone plug cables, Radio Shack 42-2420. Also, you should 
have cotton swabs and isopropyl alcohol to clean the heads and cap­
stan. A head demagnetizer should be used at least every couple of 
months or so. If you depend on the machine, have it cleaned and ad­
justed by a technician once a year to maintain reliability. 

To use, you must find the volume and tone control settings. On a 
compatible recorder, this will be about a third volume and near full 
tone. Listen to a pre-recorded tape and adjust to get a clear tone at the 
beginning of each recording. This is the header record and is a con­
stant tone tasting about ten seconds. 

Connect the IN jack to the recorder's MON output jack using one 
of the cables. Connect the OUT jack to the recorder's MIKE input 
jack. Now you can attempt to record and play back a file to confirm 
the volume and tone settings. 

To record, mount a new tape. Rewind. Without changing the con­
trols from the settings you made by ear, enter the following command 
to the Apple Monitor: 

DOOO.FFFFW 

without a RETURN. Then put the recorder in RECORD mode. With 
the tape running, press RETURN to enter the tape write command. 
When finished, the Monitor's asterisk (*) returns. Stop the recorder. 

To p lay back, rewind. Enter the command 

1000.3FFFR 

to the Monitor, again without a RETURN. Put the recorder in PLAY 
mode, then press RETURN with the tape running. l fall is well, the 
Monitor wi tt return with an asterisk when the playback is finished. If 
it cannot READ anything, it witt just do nothing - looking for there­
cording forever. If it reads but finds errors, you get an ERR message 
on the screen . 

If the playback was read successfully, compare the copy at 
$ l 000.3FFF with the original at $DOOO.FFFF using the verify com­
mand in the Monitor. They should match exactly. 

-

-
-

-
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If you cannot record and playback successfully, try another setting. 
Repeat the procedure until successful. Then mark the volume and tone 
settings on the recorder using a dab of nail polish or typewriter cor­
rection fluid. 

If you want to hear the playback, unplug the MON jack tem­
porarily. To make sure it is getting through to the Apple, leave it 
plugged in and play back using the following routine 

0300: JSR $FCFD 
LOA $C030 
JMP $0300 

read a bit 
toggle speaker 

instead of the READ command. This will sound the speaker with the 
incoming bit st ream so you can hear it. 

You can read and write BASIC programs to and from tape easily. 
To save a BASIC program, type 

WRITE 

then start the recorder. With the tape running, press RETURN. When 
finished you will see the BASIC prompt, a ] or>. Similarly, use the 

READ 

command to load a BASIC program from tape. If it cannot read, it 
will wai t forever or give you an ERR message. 

Remember not to use a file name like you do with DOS commands. 
A READ or WRITE command without a file name will be accepted as 
a tape command. 

To save and load binary files, enter the Monitor first. Then use the 
R and W monitor commands with start and end addresses. The 
procedure in giving commands and starting the recorder is the same 
regardless of file type. One point you should keep in mind when 
working with tape is that you must provide start and end addresses for 
reads as well as writes. With disk, you can BLOAD the fi le into the 
same memory that it was BSA VEd from; with tape this is not auto­
matic. You have to remember where the fi le resides in memory. 

An exception to this is the SHLOAD command in Applesoft. The 
binary file is read by this command, but Applesoft gives the start 
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address for you . When the tape is read, the binary fi le is put below the 
MEMSIZ address a nd the start address of the file is given to you at 
$E8.E9 in Page Zero . Applesoft uses this address for all its shape table 
commands; see Chapter Six for more information on shape tables. 

T o read and write binary files fro m an assembler program, you set 
the start address in location $3C .3D and the end address in $3E.3F. 
Then use a JSR to the READ routine at $FEFD or to the W RITE rou­
tine at $FECD. With the READ routine, you will need a method to 
detect errors. One way is to save CH ($36) in Page Zero before making 
the READ. This is the horizonta l screen cursor and will change during 
the read if an error occurs. This is because the READ routine will 
print an E RR message to the screen, advancing the cursor as it does 
so. Upon return from the READ, you can compare C H to its previous 
value. If it has changed , then you know an er ror has occurred . Such 
an error detector might look like 

LOA CH get cursor 
STA OLDCH 
JSR READ read tape to (A 1.A2) 
LOA CH new cursor 
CMP OLDCH same? 
BNE ERROR no . . . ERR in READ 

yes .. no error in READ 

where O LDCH is any RAM location. 
A binary file has a format on tape like tha t o f Fig. 8-1. For BASIC 

DATA 

SYNC _j CHECKSUM _j 
Fig. 8- J. Taped binary file. 

files, a more complicated format is used ; see Fig. 8-2. T he READ and 
WRITE routines handle these formats for us so we don't normally get 

PROGRAM C ~~ 

Fig. 8-2. Taped BASIC fi le. 

-
-
-

n 
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involved in the formats. Knowing the details is needed if you want to 
write special tape routines, like an Apple tape loader for another 
computer. 

Here's how the Apple II reads and writes tapes. There are two kinds 
of files built-in to the tape routines, BASIC and binary. Binary files 
are the simplest. To locate any file on a tape, you must listen for it or 
use the tape counter. Some people use the recorder's microphone to 
record voice cues between files. Once located, a steady tone lasting 
about ten seconds marks the beginning of the file. 

This tone is called the header. It consists of a 770-Hz square wave, 
1300 microseconds each cycle. At the end of the header is a special 
sync bit lasting 450 microseconds. The sync bit is followed by the data 
itself at 1500 baud (bits per second). One last byte contains the check­
sum. The header, sync bit, data, and checksum byte make one binary 
file. 

BASIC files are kept as two binary files, one immediately following 
the other. That is why you hear two beeps for BASIC files and only 
one beep for binary files. The first binary file is fiXed. It contains two 
bytes (Integer) or three bytes (Applesoft) and tells the BASIC the 
length of the program to load. The second binary file contains the pro­
gram itself as data. It can be any length, and the BASIC loader knows 
that length from the first file. 

Two bytes are always needed in the length file. Integer BASIC files 
have two bytes, but Applesoft has three. The third byte is read into 
Page Zero at $06. The value normally written is $55. If a value greater 
than $7F was written, then the Applesoft will RUN the program after 
the READ is finished and disable immediate execution. Unless you 
can get into the Monitor and change location $06 back to $55, you 
cannot use Applesoft to LIST the program or do anything else. This 
"feature" is not used by the normal WRITE command but some com­
mercially distributed tapes might. A Standard Apple Monitor will 
RESET to the Monitor command interpreter where you can change lo­
cation $06 to its safe value of $55 if you experience this problem. 

Bits are created by toggling the OUT jack during the recording 
session. For instance, the HEADR routine creates a square wave by 
toggling each 650 microseconds to give a period of 1300 microseconds. 
At the end of its count, it toggles after 200 microseconds and again 
after 250 microseconds to create the sync bit. The sync bit therefore 
lasts 450 microseconds but is not symmetric. When writing data, each 
bit is symmetric but has one of two different periods. A one bit is en-
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coded as a 1000 microsecond-cycle and a zero bit as a 500-micro­
second cycle. This gives a frequency of 1000Hz for ones and 2000Hz 
for zero. Such encoding schemes are often called frequency shift 
keying or FSK for short. With FSK of 1000 Hz and 2000 Hz the 
average gives the transmission rate for recording and reproducing the 
data - 1500 Hz as 1500 baud. 

Bits are read and written by two monitor routines called WRBIT 
($FCD6) and RDBIT ($FCFD). They address the IN and OUT hard­
ware addresses at $C060 and $C020. 

Table 8-1 summarizes the addresses used by tape routines; see 
Chapter Two for further notes on each location. 

Table 8-1. Summary of Tape Addresses 

Label Address Contents 

CHKSUM $002E Checksum EORed during READ and WRITE 

CH $0036 Cursor changed by READ if ERR 

AI $003C Start address for READ and WRITE 

A2 $003E End address for READ and WRITE 

$0006 Inhibits Applesoft when > $7F 

SHAD DR $00E8 Shape table start address 

$C020 Cassette "OUT'' port 

$C060 Cassette "IN" port 

HEADR $FCC9 Writes header tone and sync bit 

WRBIT $FCD6 Writes one bit 

RDBIT $FCFD Reads one bit 

WRITE $FECD Writes binary file from (AI) to (A2) 

READ $FEFD Reads binary file into (AI) from (A2) 

8.1.2 Games Socket 

Many of the built-in I/0 features of the Apple II are collected in the 
"games" socket on the motherboard. This is a 16-pin DIP socket in the 
right rear area, designated as J-6 on the Apple II. This is where the 
game paddles plug in with a 16-pin DIP header plug. In addition to 
paddles, you can plug in other devices using the various pinouts 
provided. 

Most device hookups require the 5 volts on pin 1 and ground lines 
on pin 8. Up to 4 game paddles (or 2 joysticks), 3 switches, and 4 TTL 
outputs called annunciators are available. In addition, one line called 
a strobe can be brought low during Phase Zero for a cycle by address-

-
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ing $C040 with a read instruction. Although seldom used, this line can 
be useful in enabling or gating special TTL circuits you may build. 

On the lie model, an adaptor cable from the games socket provides 
the switches, paddles, and power lines to a DB-9 connector on the 
back of the case. This is a good idea, and if you have another Apple II 
model, you may want to add this cable yourself to upgrade your 
Apple. The game paddles and switches are the most often used lines 
on devices plugged in there. The 16-pin DIP socket is fragile unless 
you are used to handling hardware and don't plug and unplug the 
cable often. When the connection is on the DB-9 at the back, you can 
plug and unplug your joystick/ game paddles much easier and reliably. 
The connections are shown in Table 8-2. 

Table 8-2. Games Socket Pinouts 

16-pin DB-9 
DIP Name Address Description connector 

1 5 VOLTS Maximum 300 rnA 2 

2 swo C061 Switch ON if> 127 7 

3 SWl C062 Switch ON if > 127 1 

4 SW2 C063 Switch ON if > 127 6 

5 STB C040 Strobes when addressed 

6 POLO C064 Game paddle resistance 5 

7 PDL2 C066 Game paddle resistance 8 

8 GND Signal ground 3 

9 N.C. No connection 

10 POLl C065 Game paddle resistance 4 

11 PDL3 C067 Game paddle resistance 9 

12 AN3 C05E.C05F Clear/set annunciator 

13 AN2 COSC.COSD Clear/set annunciator 

14 ANI COSA.COSB Clear/set annunciator 

15 ANO C058.C059 Clear/set annunciator 

16 N.C. No connection 

The switches are used extensively. On game paddles and joysticks, 
SWO and SWI are connected to the pushbuttons where you can use 
them for graphics control such as scaling and pen up/down functions. 
On the lie model, they are read by the RESET routine to determine 
which of the many RESET routines that the model lie has will be 
executed. In particular, SWO is connected to the OPEN-APPLE key 
just left of the spacebar and SWI is connected to the SOLID-APPLE 
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key just right of the spacebar. On earlier Apples, you may connect the 
SW2 to the SHIFT key on the keyboard for use by a lowercase 
routine. This modification is described later in this chapter, in Section 
8.1.4. 

When designing custom interfaces, remember that the switches are 
simple LS inputs and the annunciators are LS outputs with little fan­
out; use buffers. 

If you plan to use the annunciators at all, it's a good idea to make a 
state tester first. Take a 16-pin DIP header and connect four LEOs to 
it with series resistors to pins 12, 13, 14, and 15. Return the cathodes 
to ground at pin 8. Then, you can see the LEOs toggle when you 
address them in the $C058.C05F range. 

Use the annunciators to drive relays like the Clare 1896. See Fig. 
8-3. A 2N2222 makes a low cost current amplifier to drive the winding 

~ 
II CLARE ~~~ 

1 

1896 PHONE 
PLUG 

ANO 
12 

1K 

16 PIN 
DIP 

!OK 

HEADER 

8 
GND 

sv 

Fig. 8-3. Annunciator output relay circuits. 

from the TTL output. Always protect relay input circuits with a diode 
like the 1 N914 across the winding; the back EMF can clobber solid­
state quite easily. For simple secondary circuits like a cassette recorder 
motor switch, a small resistor value in series wiht a 0.01 JJF capacitor is 
usually sufficient. You can control a tape recorder by switching the 
recorder off when not writing to tape so that you don't create long 
dead sections. Be sure to delay after switching the motor on and be­
fore recording again, to allow the tape to reach operating speed. 

Other output circuits are possible; relays, SCRs, and triacs may be 
used. The 2N2222 buffer is a simple buffer that you may have to 
adapt. Don't try to use current devices without amplification; the LS 
output just won't have the source current to make most of them work. 

You can use game paddles or a joystick on each pair of analog in­
puts. Most connect to POLO and POLl. To use the built-in routines, 
you should use paddles or joysticks having a full resistance of 140 

-
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kilohms each. Whenever a paddle is read, this resistance gives a value 
of zero to 255 depending upon the setting of the knob. 

To read the value and therefore the position of the knob, use the 
PDL(n) function in BASIC where n is the paddle number, 0, 1, 2, or 3. 
Normally, PDL(O) and PDL(l). If you are assembling, the routine is 
in the Monitor at $FB1E, returning the value in theY-reg, $00 to $FF. 
In either case, you need a resistance of zero to 140 kilohms to get 
values from zero to 255. 

Once you have read one paddle resistance this way, you must delay 
before reading the paddle again, or even reading any other paddle. 
What happens is that reading the paddle discharges four capacitors 
through the four resistances of the paddles (as connected to the games 
socket). Then the routine counts until your paddle has discharged the 
capacitor and clears bit 7 at its address. Once this is finished, the 
capacitor is recharged for the next call. If you call too soon, the 
capacitors don't have enough time to recharge and you get a too-low 
reading. This interference between successive readings is simply a 
function of time; use a delay loop if your routine has nothing else it 
can do. 

If you look at the PREAD routine at $FB1E in the Monitor, you 
can see how it works. First, the $C070 address is referenced to fire a 
special timer chip (acts like four 555's). This chip discharges four 
0.022 ,.,F capacitors through any conducting paths connected to the 
games socket pins PDLO, PDLl, PDL2, and PDL3 to" the + 5-volt 
line. The higher the resistance of each path, the longer the discharge 
will take. By testing location $C064,X where X is 0, 1, 2, or 3, the 
routine detects one of these time-outs. By counting with the Y -register 
once each twelve cycles, the routine has its return value when the time­
out occurs. To count all the way to 255 the resistance must be at least 
150 kilohms; if you use smaller resistance values, the range of return 
values will be correspondingly less. You call PREAD with the paddle 
number in the X-reg, and pickup the returned value from the Y -reg. 

If you write your own paddle routine, you would do much the same 
thing. First, use a read instruction with $C070 to start the four timers. 
Then loop, counting and testing for a time-out on one or more 
paddles. Finally, return with all counts as the paddle values reflecting 
the knob position(s). Remember, you are working in real time: use the 
times given in Table 8-3 to design your loops. 

The addresses of the paddles and their routine are summarized in 
Table 8-4. 
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Table 8-3. Joystick/Paddle Times 

Resistance Time 

500kQ 11,000 J.lS 

200kQ 4400 J.lS 

150kQ 3300 J.lS 

IOOkQ 2200 J.lS 

50kQ 1100 J.lS 

20kQ 4401-lS 

IOkQ 220 J.lS 

SkQ 110 tJS 

2kQ 44J.lS 
lkQ 22 J.lS 

NOTE: Time cons1an1s for discharging 0.022 ,..F capacilor lhrough given resislances. 

Table 8-4. Joystick/Paddle Addresses 

Label Address Contents 

POLO $C064 Game paddle time-out 

POLl $C065 Game paddle time-out 

PDL2 $C066 Game paddle time-out 

POL3 $C067 Game paddle time-out 

PTRIG $C070 Game paddle trigger 

PREAO $FB1E Game paddle read routine 

There are several reasons for writing your own joystick routine. A 
joystick hs two paddle resistances, and both can be read at the same 
time even though the PREAD routine calls will interfere with each 
other without an intervening delay. Joysticks can be easily found at 
good prices with resistance values other than 150 kilohms. The 
PREAD routine needs a resolution of 256; you must be able to make 
one of 256 different settings to use each control. Because of aging, 
noise, and the small angle you have in joysticks, this is almost 
impossible to maintain. Your own routines can deal with the resolu­
tion problem by reducing it and scaling. You can handle resistances 
other than 150 kilohms. And once started, your timers can be counted 
simultaneously to return both X and Y direction values from only one 
call. 

As an example, look at the joystick schematic in Fig. 8-4. This one 
uses a 100-kilohm joystick from Radio Shack (271-1705) with a pair of 
pushbuttons (275-8077) mounted in a case (270-231). A 75-cm 
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Fig. 8-4. Joystick schematic. 

(30-inch) length of ribbon cable with a 16-pin DIP header plug 
provides the Apple interface. The four resistors are l4 -watt each and 
limit the current to each device. The joystick resistance is chosen 
largely on availability and price. Such a choice reduces the range of 
values from PREAD or the PDL(n) function by about a third. See the 
table of Joystick/Paddle Times in Table 8-3. 

Table 8-3 is just a list of selected values for the times taken to dis­
charge a 0.022 11F capacitor through various resistances. For the 
design value of 150 kilohms, this is 3.3 milliseconds, while for the 100 
kilohms of the Radio Shack joystick this is 2.2 milliseconds or about 
two-thirds of the design value. The general formula for capacitor dis­
charge time is 

t = RC 
where t is in milliseconds, R is in kilohms, and C is in microfarads 
(#-'F). The discharge time is the time the paddle circuit takes from the 
$C070 reference until the bit 7 changes at the paddle address from on 
to off. 

The JOYSTICK routine of Example 8-1 works with the 100-kilohm 
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Example 8-1. 

SOURCE FILE: 
0000: 

EXAMPLE 8.1 

0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
C064: 
EOUT 
C065: 
EOUT 
C070: 
GGER 
0000: 
0000: 

1 ****************************** 
2 * EXAMPLE 8.1 * 
J * * 
4 * J 0 Y S T C K * 
5 * * 
6 * READS JOYSTICK IN GAMES * 
7 * SOCKET. BOTH RESISTANCES * 
8 *READ SIMULTANEOUSLY, BUT * 
9 *WITHOUT 256 RESOLUTION. * 

10 * * 
11 * RETURNS VALUES IN X-REG AND* 
12 * Y-REG. A-REG CLOBBERED. * 
1J ****************************** 
14 * 
15 * 
16 XTOUT EQU $C064 X-VALUE TIM 

17 YTOUT 

18 PTRIG 

19 * 
20 * 

EQU $C065 

EQU $C070 

Y-VALUE TIM 

PADDLES TRI 

NEXT OBJECT FILE NAME IS EXAMPLE 8.1.0BJO 

OJOO: 21 ORG $0300 
0300: 22 * 
0300: 23 * A TEST CALL SEQUENCE. 
0300: 24 * 
0300:20 08 OJ 25 JSR JOY 
030J:86 00 26 STX $00 
0305:84 01 27 STY $01 
0307:60 28 RTS 
0308: 29 * 
0308: 30 * 
0308: J1 * 
0308:A2 00 32 JOY LOX 1#0 
030A:AO 00 JJ LOY 10 
OJOC:A9 80 34 LOA 1$80 RESOLUTION 
030E:38 35 SEC 
030F:2C 70 co J6 BIT PTRIG 
0312:2C 64 co 37 JOY1 BIT X TOUT 
0315:10 03 J8 BPL JOY2 
0317:E8 J9 INX 
0318:00 02 40 BNE JOYJ 
031A:EA 41 JOY2 NOP 
031B:EA 42 NOP 
031C:2C 65 co 43 JOY3 BIT YTOUT 
031F:10 OJ 44 BPL JOY4 
0321:C8 45 INY 
0322:00 02 46 BNE JOYS 
0324:EA 47 JOY4 NOP 
0325:EA 48 NOP 
OJ26:E9 01 49 JOYS SBC 11 
0328:BO E8 50 BCS JOY1 
032A:60 51 RTS 

*** SUCCESSFUL ASSEMBLY: NO ERRORS 

-

.. 
-
~ 
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joystick. Two paddles are counted using the X-reg and the Y -reg for 
each of POLO and POLl ($C064 and $C065). The A-reg counts for 
the entire loop, guaranteeing a fixed number of tests of both time-out 
addresses. For the 100-kilohm case, a value of $80 is quite sufficient. 
Each of the resulting 128 times through the loop results in a test of 
each time-out by using the BIT instruction. The BIT won't change any 
register value and is needed because all three registers are used as 
counters. Each of the two tests within the loop is an IF-THEN-ELSE 
having either a count or a short delay as an action. The delay, done 
with NOP instructions, ensures that both paths take the same time -
eleven cycles each, including the BIT. So, the two tests take 22 cycles 
within the loop. Adding the loop overhead gives 27 cycles for each 
loop with a possible count in the X-reg, Y -reg, or both on each. 

The longest time for a time-out with the 100-kilohm joystick is 
about 2200 microseconds. With 27 microseconds for each count, this 
gives 2200 + 27 or about 70 as the largest count value. So, the routine 
will return a value of zero to 70 in each of the X- and Y -registers as its 
result. 

With a low resolution scheme like this, you avoid several hassles as 
mentioned earlier, but you have to program a bit more in exchange. 
For instance, if you want to move a cursor around a screen with the X­
and Y- values from the JOYSTICK routine, you have to do some 
scaling. 

For LORES coordinates, you can convert the joystick readings to 
screen positions by 

XP = INT(0.5714*XJ) 
YP = INT(0.5714*YJ) 

where XJ and Y J are the joystick values and 

40/70 = 0.5714 (approx) 

The idea here is that you want a value of zero to 39 for each position 
given joystick values from zero to 69. Joysticks vary, so you will have 
to adjust the 0.5714 factor by experiment. 

For HIRES coordinates, you need two scales. One scale for fine 
positioning, perhaps 0.5 or 0.25 depending on the feel you prefer in 
the application. The other scale for coarse positioning lets you reach 
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any area on the screen using the joystick before switching scales for 
fine setting. Given the noise susceptibility of low cost joysticks, this ..... 
approach is better than the unit factor normally used. To change from 
zero to 69 to the range of zero to 255, the factor is 

255 + 70 = 3.642857 

giving scale equations of 

XP = INT(3.6429*XJ) 
YP = INT(3.6429*YJ) 

for coarse positioning. You can use one of the push buttons for scaling 
to make the cursor positioning easier to handle. 

If you have a joystick that has a spring return to center position, 
you should remove the springs to do position encoding as just 
described. Alternately, you can use this feature to do velocity 
encoding instead. 

Velocity encoding lets you use low resolution without switching 
scales. Rather than using the joystick values as positions, you use 
them to change the current position to a new value. Releasing the joy­
stick knob so that it returns to center stops cursor motion at the cur­
rent position. It is simple to use and only a little tricky to program. 

You call JOYSTICK at the beginning of your program to determine 
the center position values in X and Y. The user must allow the joystick 
handle to rest in its center position while this reading is made. You 
then use these values to calculate several parameters: 

DL = 0.85 * CJ 
DH = 1.15 * CJ 
SL = 0.40 * CJ 
SH = 1.60 * CJ 

called dead low 
called dead high 
called speed low 
called speed high 

where CJ is the reading at the center of the joystick. They should be 
close for both X and Y. 

In the cursor move loop of your program, you get the joystick read­
ings and then range test them with DL, DH, SL, and SH. If between 
DL and DH, don't do anything; this is called the dead band. If be­
tween DL and SL, decrease the position coordinate slightly. If less 
than SL, decrease the position coordinate considerably more. 

,... 

-
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Similarly, increase the position coordinate slightly if the joystick value 
1!!!!1 is between DH and SH and increase it a lot if greater than SH. For 

example, here's how it might be done for the X-coordinate in HIRES: 

1000 REM Velocity encode X-coord of cursor 
1010 IF XJ > DL AND XJ < DH THEN RETURN 
1020 IF XJ > CJ THEN 1040 
1022 IF XJ < SL THEN 1026 
1024 XC = XC - 1 : GOTO 1028 
1026 XC = XC - 8 : 
1028 IF XC < 0 THEN XC = 0 : 
1030 RETURN 
1040 IF XJ > SH THEN 1044 
1042 XC = XC + 1 : GOTO 1046 
1044 XC = SC + 8 : 
1046 IF XC > 279 THEN XC = 279 
1048 RETURN 

Similarly, a routine using Y J can velocity encode the Y -coordinate of 
the cursor position, YC. 

The relationship between the velocity of the cursor and the position 
of the joystick is given in Fig. 8-5. See the dead band in the center, 
where the cursor doesn't move. See the two speeds in each of the two 
directions to give it a nice feel to the operator. 
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8.1.3 Speaker 

The simplest and most common way to use the built-in speaker in 
the Apple is with the monitor routine. This is easily done by typing a 
ctrl/G on the keyboard followed by a RETURN. This results in a beep 
sound called the bell. From an Applesoft program, you can PRINT a 
CHR$(7) to do the same thing: the ASCII code 7 is called BEL for this 
purpose. 

When writing in machine language you can use the output hook to 
do the same ctrl/G beep. Load the A-reg with $87 - the negative­
ASCII code for BEL- and JSR COUT. Whatever device is acting as 
video terminal will get the ctrl/G code. Normally, this will be the 
built-in Apple video at COUTJ; in fact by JSR CO UTI instead of 
COUT you can be sure that the Apple built-in speaker routine will get 
the ctrl/G if you have a special setup in the output hook you don't 
want disturbed. There are two other Monitor calls that you can use as 
well. BELL will load the ctrl/G for you and jump to COUT. The 
actual routine in the video routines of the Monitor that makes the 
sound is called BELLI and you can use it directly. BELL for terminal 
use; and BELLI for always ensuring an Apple beep, are usually the 
best choices of beep routines to call. 

The speaker itself is driven by a transistor circuit because the LS 
TTL just can't supply the kind of power and low impedance a com­
mon eight-ohm speaker needs. The transistor circuit is driven from a 
TTL address decoder so that a read command from the processor at 
$C030 will toggle the speaker. Two reads will produce one cycle if they 
are far enough apart. Don't use write instructions because you will get 
two toggles very close to each other. The speaker and its circuit can 
only respond to audio frequencies; closely-timed toggles won't be 
realized, much less heard. 

There are many sounds you can make with simple control of the 
interval between successive toggles. Among these often wanted are 
ticks, tones, staccato, and trills. Each requires you to toggle the 
speaker in various kinds of real-time loops. For sounds, frequencies 
between 100Hz and 2000Hz are best. Now, 100Hz has a period of 10 
milliseconds and 2000Hz one of 0.5 millisecond. Toggling twice each 
period means that a I 00 Hz tone must delay between each toggle so 
that the time from one toggle to the next is only 5 milliseconds. For the 
2000 Hz tone, the time between toggles is 0.25 millisecond or 250 
microseconds. These times are easy to get with a fast 1.023 MHz clock 
(0.9778 microsecond). 
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An easy way in fact is the WAIT routine at $FCA8. By loading the 
A-register before the JSR, you can control the delay time this routine 
takes to return to you; it does nothing except decrement the A-reg to 
zero. Fig. 8-6 plots the equation 

t = 0.4889(26 + 27a + 5a2) 

where t is the delay time in microseconds and a is the value of the 
A-register passed to WAIT. Some delay times are shown in Table 8-5 
as a result of this equation. 
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Fig. 8-6. Execution of a WAIT routin~. 

To make the speaker tick, you toggle it twice with a delay between. 
f!!!ll Delays between 0.25 millisecond and 5 milliseconds work OK; just try 

them and choose the one that sounds right for what you want. For 
instance, a click made with a 1.0 ms interva l can be heard by running 

BIT $C030 toggle speaker 
LDA #$12 for 1 .0 ms(approx) 
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Table 8-5 . WAIT Routine Intervals 

A-reg Time ( ms) 

I 0.028 
2 0.049 
5 0.140 

10 0.389 
20 1.255 
50 6.79 

100 25.8 
200 99. 1 
255 162.0 

JSR WAIT 
BIT $C030 togg le speaker again 
RTS 

Now, vary the delay parameter from $12 to get the click to sound the 
way you want. 

Steady tones are done with loops . For each time through the loop, 
you toggle the speaker at half the period as just explained above. A 1.0 
kHz tone is toggled each 0.5 ms to work: 

TONE 
TONE1 

LOX #SFF 
LOA #$0C 
JSR WAIT 
OEX 
BNE TONE1 

duration of tone 
for 0.5 ms(approx) 

The duration is controlled by setting the number o f half-cycles in the 
X-reg. Notice that the length of time depends on both the duration 
(X-reg) and hal f-period (A-reg) defined for the loop. To have the 
period and duration of the tone independent of each other as param­
eters is tricky but there is a short routine called Lutas' algorithm that 
will do just that. With Example 8-2 set $0300 to the period and S0301 
to the duration. You can even play musical tunes; see Table 8-6 for the 
notes. 

Staccato sounds use loops. Each staccato has a simple uni t, usua lly 
a tick or click sound, but a tone can be used for special effect. Simply 
repeat the unit sound in the loop. 

Trills are performed by alternately sounding two tones usually close 

-

-

-
-
-
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Example 8-2. 

SOURCE FILE: EXAMPLE 8.2 
0000: 1 ****************************** 
0000: 2 * EXAMPLE 8.2 * 
0000: 3 * * 
0000: 4 * LUTAS' ALGORITHM FOR * 
0000: 5 * MAKING SPEAKER TONES. * 
0000: 6 * * 
0000: 7 * FROM BASIC: * 
0000: 8 * POKE 768, PERIOD * 
0000: 9 * POKE 769, DURATION * 
0000: 10 * CALL 770 * 
0000: 11 * * 
0000: 12 ****************************** 
0000: 13 * 
0000: 14 * 
0000: 15 * 

NEXT OBJECT FILE NAME IS EXAMPLE 8.2.0BJO 

0300: 16 ORG $0300 FOR 768 
0300: 17 * 
0300: 18 * 
0300: 19 PERIOD OS 1 
0301: 20 DURA TN OS 1 
0302: 21 * 
0302: 22 * 
0302:AD 30 co 23 TONE LDA $C030 TOGGLE SPEA 
KER 
0305:88 24 TONE! DEY 
0306:00 05 25 BNE TONE2 
0308:CE 01 03 26 DEC DURA TN 
030B:FO 09 27 BEQ TONE3 FINISHED 
030D:CA 28 TONE2 DEX 
030E:DO F5 29 BNE TONE! 
0310:AE 00 03 30 LDX PERIOD 
0313:4C 02 03 31 JMP TONE 
0316:60 32 TONE3 RTS 

*** SUCCESSFUL ASSEMBLY: NO ERRORS 

to each other in pitch. Each tone must have a short, often equal, 
duration. A value of $10 or so makes a good starting point when 
trilling with Lutas' alogrithm. If you want to have a continuous sound 
without the break in pitch, you can write a gliding tone. Like the trill, 
it works between two pitches (frequencies), but sounds all the pitches 
between. The so-called phasor zap sound is a glide. 

8.1.4 Built-In Terminal 

In the simplest case of built-in terminal usage, you just connect a 
cable from the video output jack to a video monitor. Alternately, an 
R.F. modulator is connected between the video output and a television 
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Table 8-6. Notes for the Tone Routine 

Octave 1 Octave 2 Octave 3 
Note DEC HEX DEC HEX DEC HEX 

c 225 E1 113 71 056 38 
C# 213 DS 106 6A 053 35 
0 201 C9 100 64 050 32 
0# 189 BD 095 SF 047 2F 
E 179 B3 089 20 045 20 
F 169 A9 084 54 042 2A 
F# 159 9F 080 50 040 28 
G 150 96 075 4B 038 26 
G# 142 8E 071 47 035 23 
A 134 86 067 43 033 21 
A# 126 7E 063 3F 032 20 
B 119 77 060 3C 030 IE 
c 113 71 056 38 028 IC 

Usc the first two octaves, and only the third octave when really needed. Here arc the 
durations to u~. 

Length Duration 

Half 255 FF 
Quarter dot 192 co 
Quarter 128 80 
Eighth dot 096 60 
Eighth 064 40 
Sixteenth dot 048 30 
Sixteenth 032 20 

set. If an SO-column display is needed, you should use a good-quality 
cable like those sold for video recorders; otherwise, you could lose 
information and be unable to read the characters on the screen. In 
such a case, you will use a monitor with at least S-MhZ bandwidth 
because a tv just doesn't have the ability to handle SO columns of text. 

The Apple lie model provides an auxiliary socket where you can 
plug in an SO-column text card. This converts the built-in display to 
SO-columns from 40-columns by using soft switches; see Chapter Two. 
In the lie monitor, many routines are provided to allow the SO-column 
extension to be a true extension of the original 40-column display. If 
you don't have a lie, then you can plug a regular peripheral card 
into Slot Three. 

In models previous to the lie, the way to get SO-columns is to use a 
card like the Videx. In addition to an SO-column display, this card 
gives you lowercase and keyboard goodies. In particular, you can use 

-

-
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ctrl/ A as a shift key. By using the input and output hooks described in 
Chapter Six, this card replaces the Monitor's routines completely to 
give you a complete terminal using the built-in keyboard and external 
video monitor. It is the easiest way to go when you need lowercase and 
an 80-column display. 

If you just need lowercase but don't want to use an 80-column card, 
then there are a few schemes to do this. 

The simplest and cheapest way to get lowercase is to use a cascade in 
the output, as described in Section 6.1. The LCOUT routine given 
there converts uppercase to inverse and lowercase displays normally. 
Apple Computer Inc., markets a text editor called Applewriter that 
uses this scheme. It is an inexpensive and effective method to have 
lowercase. 

Another way is to buy a lowercase adaptor. You install it yourself 
or the dealer will do it for you. For Apples of Revision 7 or greater, it 
is inexpensive and simple. A more complicated adaptor is needed for 
the earlier (than Revision #7) models, so make sure you get the right 
one for you. Revision 7 and later models have a slide switch added to 
interlock the RESET key to the CTRL key, located just under the 
front opening when the cover is removed. The adaptor may have a 
cable to the games socket; this lets the SHIFT key switch SW2 for 
software detection. 

Finally, you can do it yourself. The hardware you need is simple, 
but you need a character set in ROM. One scheme described by Don 
Lanacaster in Son of Cheap Video uses a Motorola 6674 character 
generator and modifies the Apple. Another scheme replaces the 2513 
ROM with a 2716 EPROM that you must program. See Apple 
Orchard, Vol. I, No.I (Mar/ Apr. 1980) for hardware details and firm­
ware listing. 

If you have an old Apple, earlier than Revision 7, then you may 
have a live RESET key. Unless modified, this key will work by itself. 
Modify it so that anyone wanting to do a RESET must also press the 
CTRL key. Otherwise, you will cause a RESET sometime when you 
only mean to press the nearby RETURN key. 

Here's how. Remove the cabinet from the steel base plate and un­
plug the keyboard. Remove the keyboard. Look at the CTRL key; you 
will see two unused pins. Connect them to a pair of wires; A WG30 
wire-wrap wire will do fine. With this pair, connect the RESET key in 
series with the CTRL key. Keep leads dressed so as not to catch on 
anything during reassembly. Replace keyboard and plug back into the 
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motherboard. Replace cabinet. RESET should not work now unless 
CTRL is also held down. 

So, if you want more than the built-in terminal offers, install a card 
or make the keyboard modifications you need. Lowercase adaptor 
schemes are available alone or on 80-column cards. The alternative to 
80-column cards is a serial card in Slot Three to use an external, stand­
alone terminal. This scheme is sometimes used for full screen graphics 
from the Apple video output with the text being exchanged with the 
user on the external terminal. 

8.2 PERIPHERAL 1/0 

8.2.1 The Apple Bus 

In Chapter One, the use of peripheral cards was discussed and Fig. 
1-1 gave the locations of the slots where they are plugged in. Here, the 
card itself is discussed. In particular, this section deals with how to use 
the Apple bus to design and build your own cards. Even for a begin­
ner, this is not too difficult, provided the interface needed is simple. 

The Apple bus is defined as the pinout on the seven slots that accept 
peripheral cards. Each pin is labeled by number and name as shown in 
Fig. 8-7. To make your own peripheral interface, you use a 
Hobby/Prototyping Board like that of Fig. 8-8 and make connections 
by soldering, wire-wrapping, or both. Wire wrap is probably the easi­
est; you can modify your work until you are satisfied with its per­
formance. 

The first thing you can get from the bus onto your card is power. 
The + 5 volt and ground lines on Pins 25 and 26 are connected to the 
buses on your card. You just install decoupling capacitors between 
ICs and then connect these lines to feed those ICs. If you need other 
voltages, they are on Pins 33, 34, and 50. Current limits per card are 
determined by the connecting paths. For the entire set of peripheral 
cards, the maximum current for + 5 Vis 500 rna, for -5 Vis 200 rna, 
for -12 Vis 200 rna, and for+ 12 Vis 250 rna. These figures are given 
for the lie model; others, especially clones, may be different. The 
total power dissipation for any card should not exceed 1.5 watts, 
regardless. 

On the bottom pins, towards the front, lies the data bus from Pin 42 
(00) to Pin 49 (07). You can connect to a MOS memory or something 
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Fig. 8-8. Hobby/ Phototyping board A2BOOOIX. (Courtesy Apple Computer, Inc.) 

else that presents a light load. If you need more than one LS load, then 
use a buffer like the LS245, which is tri-state and bi-directional. 
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The address bus is on the top pins, towards the front. The entire bus 
can be accessed from Pin 2 (A0) to Pin 17 (A15) and Pin 18 (R/W). 
Only memory and processor cards usually need the entire address bus. 
Common peripheral interfaces use Pin 41 (OS) to select hardware and 
peripheral chip registers and Pin 1 (1/0 select) to select on-board 
memory. A separate select line on Pin 20 (I/O strobe) can enable addi­
tional on-board memory in the $C800.CFFF range. The use of these 
selects is shown in the following sections. 

Many peripheral chips are designed to use interrupts. In addition, 
you may use them directly to get a special job done like step and trace 
debugging, taking memory snapshots, forcing RESETs, and so on. 
Each interrupt line - IRQ, NMI and RES - is available on Pins 30, 
29, and 31. In addition, the bus gives you a special feature called 
daisy-chain interrupts. 

This scheme is designed to handle interrupt contention among 
several cards. The line enters from the next highest slot on Pin 28 and 
must leave for the next lowest slot on Pin 23. If not used, connect Pin 
28 to Pin 23. If used, Pin 28 signals allowed interrupts and Pin 23 
allows interrupts by lower cards. Connect Pin 28 to enable your inter­
rupts; connect Pin 23 to disable further interrupts whenever you 
generate an IRQ (or NMI). 

Daisy-chain interrupts are seldom used. To allow for their use by 
other cards in your system, connect Pins 23 and 28 together. 

Timing is available on Pins 35, 36, 37, 38, and 40. Of these, Phase 
Zero on Pin 40 is most often used because it goes low at the right time 
to enable data transfers. You simply connect it to the enables on your 
buffers, peripheral chips, or whatever needs a ground-enabled input 
to transfer data with the data bus. The exact phase of this line varies 
between the old Apple lis and the Apple lie so production boards 
must be tested in both. The old Apple II bus gives a slightly later 
falling edge. The other clock lines provide for special timing. 

In addition to several clock lines, there are other special features on 
the Apple bus. A daisy chain from Slot 7 down to Slot 1 called DMA 
for direct memory access will inhibit the 6502 from accessing the 
memory by signaling the cards of lower priority, just like the interrupt 
daisy chain. The DMA line at Pin 22 is used when this occurs. To ig­
nore this feature, you should connect Pin 27 (DMA in) to Pin 28 
(DMA out). Don't connect anything to Pin 22 (DMA). 

The RDY line from the 6502 appears at Pin 21. It will halt the proc­
essor during Phase One when pulled low. Rarely used. The inhibit line 
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on Pin 32 (INH) disables motherboard memory access. Also rarely 
used. These two lines are used by fancy cards having on-board proces­
sors and memory. 

Pin 39 is interesting. On Apples before the lie, it is called USER 1 
and connects to the LS138 that performs the 1/0 select of slot-de­
pendent memory. Rarely used, it would disable the memory selection 
when pulled low. A jumper called USERI on the motherboard can 
connect or disconnect the line between the LS138 and the peripheral 
bus. Rarely used, it appears to serve little purpose. 

On the Apple lie, the Pin 39 line carries S.O. from the processor. 
Known as sync output, S.O. goes high whenever the 6502 does an 
operand fetch. It can be used to generate an interrupt, preferably an 
NMI, each instruction to provide a "bullet-proof' single-step debug­
ger. You need some switching on your card to do this; the Sym-l uses 
this method very nicely. On the old Apple, S.O. is hardwired to 
ground and is just not available. 

Finally, Pin 19, which is not connected on Slots l to 6, carries the 
video sync signal to Slot 7. It has a fan out of two LS loads. The fan 
outs and fan ins of the bus are given for all other pins in Table 8-7. 

8.2.2 Simple 1/0 Ports 

One of the simplest 1/0 port systems you can make on a peripheral 
card is shown in Fig. 8-9. Eight output ports are connected to LEOs 
and eight input ports are connected to switches. By throwing the 
switches and observing the LEOs, you can see the ports work with 
simple software routines. When you get everything working okay, you 
can then replace the switches and LEDs with other 1/0 devices as you 
wish. 

To build it, use the parts list of Table 8-8. Wire wrap is the easiest 
method to use. Some soldering will be needed as well. 

Mount the sockets on the board with Silicone Seal™ or hot glue. In­
stall the 0.05 IJF capacitors between the ICs and across the power bus 
for decoupling. One of these should be as close to the plug pins as 
possible. Using wire wrap, connect the ground and five-volt lines to 
the pins on the IC sockets as given in Table 8-9. Jumper the Apple bus 
daisy chains: connect Pin 24 and Pin 27 together; connect Pin 23 and 
Pin 26 together. 

The remainder of the wiring appears on the schematic of Fig. 8-9. 
Use it to complete the wiring. You may have to test your LEOs for 
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Table 8-7. Peripheral Loading and Driving Rules 
(Courtesy Apple Computer, Inc.) 

Maximum 
Pin Number Name Required Drive I.STIL Load 

I 1/0 SELECT N/A 10 
2-17 ~~s Tri-State Buffer 5 

18 Tri-State Buffer 10 
19 N/C N/A N/A 
20 I/0 STROBE N/A 2 
21 ROY Open Collector N/A 
22 DMA Open Collector N/A 
23 INTOUT 4 LSTTL N/A 
24 DMAOUT 4 LSTTL N/A 
25 +5V N/A N/A 
26 GND N/A N/A 
27 DMAIN N/A 4 
28 INT IN N/A 4 
29 NMI Open Collector N/A 
30 IRQ Open Collector N/A 
31 RES N/A 2 
32 iNH Open Collector N/A 
33 -12V N/A N/A 
34 -5V N/A N/A 
35 N/C N/A N/A 
36 7M N/A 2 
37 Q3 N/A 2 
38 IZJJ N/A 2 
39 USER I N/A N/A 
40 IZJO N/A 2 
41 DEVICE SELECT N/A 10 

42-49 Do-D, Tri-State Buffer 1 
50 +12V N/A N/A 

polarity before wiring them in if you don't know them already. Other­
wise, wiring is straightforward. 

Here's how it works. 
The data from the Apple bus is buffered by the bi-directional tri­

state buffer, 74LS245. The direction is controlled from the R/W line 
and it is enabled by the DS line. This means that the bus is connected 
only when an address of $C0nx is given, where n is the slot number 
plus eight and xis any number, $0 to $F. Given such an address, if the 
R/W line is low then the direction of the 74LS245 is right to left; if it is 
high, the direction is left to right. This chip isolates the Apple data bus 
from the board's data bus that connects to the 74LS75s and 74LS244. 
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Quantity 

1 

1 

2 

1 

I 

2 

5 

I 

1 

I 

8 

8 

8 

6 

1 

NOTE: Sec Fig. 8·9. 

Table 8-8. Parts List for Simple 1/0 Ports 

Description 

74LS245 quad bus transceiver 

73LS138 decoder: 3 to 8 

74LS75 quad latch 

74LS244 octal tri-state bus driver 

74LS04 hex inverter 

20-pin DIP wire-wrap sockets 

16-pin DIP wire-wrap sockets 

14-pin DIP wire-wrap socket 

16-pin DIP header 

8xSPST DIP switch 

Standard red LEOs 

220 ohm resistors 

2200 ohm resistors 

10.05 #JF disk capacitors 

Apple hobby/prototyping board 

Table 8-9. TTL Power Pinouts on 
the Simple 1/0 Ports 

Type Ground +5 volt 
74LS pin pin 

04 7 14 

75 12 5 

138 8 16 

244 10 20 

245 10 20 

This internal data bus won,t load the Apple bus. You can connect 
several loads to it in LS type chips if you wish. Here, we have a set of 
eight inputs and a set of eight outputs connected. The inputs come 
from a 74LS244 that is a unidirectional buffer. Here, it works from 
right to left. The inputs are switches but could be any other device that 
is capable of driving LS logic. The switch level is gated through to the 
internal data bus whenever Pins 1 and 19 on the 74LS244 go low. 

The internal bus also carries output data to the D-latches in the two 
74LS75s. Whenever Pins 4 and 13 go high, the inputs to the latches are 
used to set or clear the outputs. By using latches, the output appears 
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constant even after the data from the bus disappears. A LED is lighted 
whenever an output goes low; dark whenever it goes high. 

Address decoding is done with 74LS138 chips. On the motherboard, 
one of these feeds the peripheral 1/0 slots by decoding the address bus 
to one of seven lines. Each line is a separate DS for each slot. This 
way, each slot can use DS to enable its own hardware with very little 
further decoding to be done. 

On this card, the 74LS138 completes the address decoding. It is 
enabled whenever DS goes low. Another enable is connected from an 
inverter on clock Phase One to provide timing. The three lines on Pins 
1, 2, and 3 of the 74LS138 provide a three bit address to bring one of 
eight output lines low. To get the address, the R/W line and address 
lines A0 and A1 are used here. This generates different outputs for 
reads and writes for the various combinations of A0 and A 1• Only two 
of these eight combinations are used; one of these selects the output 
port and one selects the input port. The actual addresses that must be 
used to reach the ports are summarized in Table 8-10. 

Table 8-10. Simple Port Device Selection 

Instruction Al AO R/W Yn Pin 

LOA $C080,X H H H 0 15 

STA $C080,X H H L 1 14 

LOA $C081,X H L H 2 13 

STA $C081,X H L L 3 12 

LOA $C082,X L H H 4 11 
STA $C082,X L H L 5 10 

LOA $C083,X L L H 6 9 

STA $C083,X L L L 7 7 

There are eight possible combinations of R/W, A0 , and A1 lines. 
Each combination brings a different 74LS138line low; if a routine has 
sixteen times the slot number in the X-reg, $sO, then the instructions 
given will address the board. Each address selects a different Yn, 0 to 
7, as the enable output from the 74LS138. YO appears on Pin 15 and 
selects the output port in the schematic. Y1 appears on Pin 14 and 
selects the input port. Y2 to Y7 are unused here, so $C081.C083 will 
have no effect. 

Look at a couple of test examples. Suppose you put the board in 
Slot Five. The addresses $CODO.CODF belong to that slot since $CODO 
is $C080 + $50. If you write to the board with a Monitor command 
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CODO:AA 

you should see the LEDs make a pattern with every second one 
lighted. $AA is 10101010 in binary. Write other patterns to test the 
output port. 

Similarly, test the input port by reading from the Monitor with: n 
CODO 

The byte read from that location should match the bit pattern of the 
eight switches on the board. Convert the hex number to binary and 
match up the pattern . Make different patterns and test until you are 
sure the input port reads exactly what you expect. 

Instead of switches and lights, you can connect other devices to 
your l/0 port. Make sure that it works okay with the switches and 
lights first. Then, you can either replace them with lines from the de­
vice or you can use the remaining enables from the 74LS138. 

Replacement is the simplest. If you have an input device like an ana­
log-to-digital converter, simply unhook the switch lines from the 
74LS244 and wire up your new lines. For output disconnect the LEDs 
from the 74LS75s and connect any output lines you want latched . If 
you don't want latching on output, use the internal board data bus -
Pins 2 to 8 on the 74LS245. Without latching, be sure to use the enable 
from Pin 15 o f the 74LS 138 to strobe it a t the enable-low pin of your 
device. To enable high, use Pin 4 of the 74LS04 inverter. 

For cases where a strobe is required to enable the external device, 
use one o f the other lines on the 74LS138 as indicated in Table 8-10. 
This way you can leave the LEDs and switches at $C080,X alone and 
assign one of the remaining three addresses . Simply use the internal 
da ta bus from the 74LS245 Pins 2 to 9 for data. 

8.2.3 Peripheral Interface Adaptor 

Another way of making a simple l/0 port is to use a peripheral 
interface adaptor chip, PIA for short. The most common o f these is 
the Motorola 6821. Equivalent types you may see in the literature are 
the 6820 and the 6520. What this chip does is provide two ports of 
eight data bits and two control bits each. It has logic you can control 
by addressing. It provides processor bus interfacing with eight bits of 
data and two IRQ lines. In addition, it has several enables, allowing it 

.... 
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to be selected by several addressing schemes. By coming in a single, 
inexpensive package, it is often the way to go when making up simple 
interface cards for peripheral devices. 

Hookup of the 6821 PIA to the Apple bus is quite simple. Fig. 8-10 
shows the connections. If you have only the one IC to connect to the 

26 
DO CAl 

CA2 

DO 01 PAO 
42 33 

01 
43 32 

02 PAl 
02 

44 31 
03 PA2 PORT 

A 03 
45 30 

04 PA3 
04 

46 29 
05 PA4 

OS 
47 28 

06 PAS 

06 
48 27 

07 PAS 
07 

49 26 PA7 

INTERNAL DATA 
BUS ISEE TEXTI 

ill RES 
31 

IRQB 

iRQ 30 
PBO 
PBI 

t/>0 40 PB2 
PBJ 

6S CS3 PB4 PORT 

RNi 
41 

R/W B 
18 PBS 

AO RSO PB6 
AI RSI PB7 

CS2 

+SV 25 
CSl CBI 
sv CB2 

APPLE II BUS PIA TYPE 6821 

Fig. 8-10. The 6821 to Apple II Interface. 

data bus on the card then you don't need an internal data bus; simply 
connect the data lines directly as indicated by the dashed lines. How­
ever, if you plan to add other data bus devices later, such as memory, 
then you should buffer with a 74LS245 to provide an internal data 
bus, just like the simple 1/0 port of Fig. 8-9 shown earlier. Use R/W 
on the direction pin and enable it to ground. 

The rest of the pinout is straightforward. There are two IRQs from 
the 6821, IRQA and IRQB, each from its corresponding port. Sim­
plest thing to do is connect both to the Apple II IRQ line to make them 
available for future programming. The reset line (RES) must be con­
nected since it clears the registers in the PIA at power up. Without re­
setting, the PIA may generate unintentional interrupts! 
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Addressing is used to select one of four register locations at Pins 35 
and 36 on the 6821. The device select (DS) line connected to the chip 
select (CS3) addresses these registers at the four locations given in 
Table 8-11. Each of the two ports has two locations, data and control. 

Table 8-11. PIA Register Select Addresses 

Address Register 

$C080,X Data register A 

$C08l,X Control register A 

$C082,X Data register B 

$C083,X Control register B 

NOTE: Where X-reg contains 16 times slot number. 

By reading and writing to these locations from the Apple, you can 
send and receive data from the ports, and control such things as inter­
rupts and control lines handshaking protocol. 

Like the simple 1/0 port, you can connect devices. Use either Port 
A or Port B data lines for most simple applications. Each line on each 
port can be set independently for input or output. However, if you 
plan to use the control lines in future for handshaking, use Port A for 
input and Port B for output. While the two ports are identical in their 
data handling logic, they differ in their control logics. See the refer­
ences for details on use of control lines, interrupts, and handshaking. 

Here, you can see how to control the transfer of data with a PIA. 
Each of the two data locations belongs to one port. And, each of 

the two control locations contains the control register for each port. 
See Fig. 8-11 for PIA data and control registers for Port A. There are 

ORA 

PA7 PAS PAS PA4 PAl PA2 PAl PAO 

DORA 

DA7 DA6 DAS DA4 DA3 DA2 DAI DAO 

CRA 

IRQ I IRQ2 OUT NEG IRQE DDR NEG IRQE 

CA2 CAl 

l'"ig. 8-11. PIA datu and control registers for port A. 
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two registers for data, ORA and DORA. Data are transferred in ORA 
and in the direction specified by DORA. ORA is called the output reg­
ister of Port A while DORA is called the data direction register of Port 
A. Both ORA and DDRA reside at the same location, but more about 
that a little later. 

Upon reset, the data location contains ORA. All lines of data, PAO 
to PA 7, are connected to ORA as inputs. By reading at the data loca­
t ion - $C800,X - you get the eight bits representing the eight data 
input lines at the time of the read. Input is not latched; it follows the 
data lines as they change from cycle to cycle. 

The reason all bits of ORA are inputs is because the other data reg­
ister, DDRA, was cleared to zero by the reset. If any bit in DDRA is 
changed to a one, then the corresponding bit in ORA becomes an out­
put. For example, if you changed bit 3, DA3, in DORA to a one, then 
bit 3, P A3, in ORA would become an output bit. The line PA3 would 
be an output line. The remaining lines would not be affected; they 
would remain as inputs. 

To change bits in the data direction register, you have to switch the 
data location from ORA to DORA. Then, you can change the DORA 
contents. Immediately afterwards, you would want to switch the data 
locat ion back from DORA to ORA to access the port. This switching 
is done in the control register. You use bit 2, called DDR, in CRA. 
Here is the code: 

LOA $C081 ,X get CRA 
ORA #$04 turn on Bit 2 (DDR) 
STA $C081 ,X rep lace CRA 
LDA $C080,X get DORA 
ORA #$08 turn on Bit 3 (output) 
STA $C080,X replace DORA 
LOA $C081 ,X get CRA 
AND #$FB turn off Bit 2 (DDR) 
STA $C081 ,X replace CRA 

Remember, the X-reg contains sixteen times the slot number. 
When a line is set to output, it is latched by ORA, the output reg­

ister. So, after you write to the data register, the output appears on 
any o utput lines and remains there until you change it again. 

To summarize, inputs are zero in the DDR and unlatched in the out­
put register. Outputs are the ones in the DDR and latched in the out­
put register. 
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To use Port B, the rules are the same. Use $C082,X for 
ORB/DDRB and $C083 for CRB. The layout is given in Fig. 8-12; 

ORB 

P87 P86 PBS P84 PBl P81 PSI PBO 

OORB 

087 086 DBS 084 083 DB1 OBI 080 

CRB 

I IRQ I IRQ1 our NEG IRQE DDR NEG IRQE 

CB1 CBI 

Flj:. 8·12. PIA dala and con lrol regislcrs for pori B. 

compare to Fig. 8-11. As an example, here is how to set all eight data 
lines of Port B for output: 

LDA $C083,X get CRB 
ORA #$04 turn on Bit 2 (DDR) 
STA $C083,X replace 
LDA #$FF turn on all bits 
STA $C082,X in DDRB 
LDA $C083,X get ORB again 
AND #$FB turn off Bit 2 
STA $C083,X replace 

To use the ports, then, you could read from Port A by 

LDA $C080,X 

and write to Port B by 

STA $C082,X 

assuming you initialized Port B for output as just shown. Always set 
the X-reg to sixteen times the slot number before using any of these 
statements. 

-

-
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8.2.4 Peripheral Memory 

While you can get peripherals working from routines in main mem­
ory, there are cases where you need memory right on the same card as 
the interface circuitry itself. The most obvious is the need to determine 
the slot number of the device. An on-card routine can do this easily. 
Another is the need to use Apple's input/output protocol, the hooks. 
You can send and receive byte streams easily from BASIC or many 
software packages if the routine is at $C§OO, where ~ is the slot num­
ber. Review Section 6.1 for how the hooks work. 

If you decide to add memory to your peripheral card, the question 
is, RAM or ROM? Traditionally, ROM is used on cards so that the 
routine is permanent. No initial loading is needed and any system can 
pass bytes with no need to have the routine on a special disk. Choose 
an EPROM like the 2316. You will need a PROM programmer; use an 
Apple card. Several are available from manufacturers. You can save a 
bit by making your own eraser. 

To make a PROM eraser, get an 18-inch fluorescent lamp that pro­
duces short ultraviolet. They are sold by lamp suppliers as germicidal 
lamps. Don't use so-called "black light" tubes. They are cheaper, but 
put out long wavelength ultraviolet, not the short wavelength the 
EPROM needs to erase. The lamp should be labeled as producing 
253.7 nanometers, a mercury line in the short ultraviolet. Fig. 8-13 
gives the circuit. 

..&.. 
r-------------~ ~----------~ 

START 

Fig. 8-13. EPROM eraser circuit. 

If you are modifying an existing fixture, you have to do two things. 
First, put the fixture in a "bottomless" box that rests on a table or 
floor so as to cover and illuminate the EPROMs. Locate the start 
switch outside the box so that you can start it without looking at the 
light itself. The short ultraviolet is dangerous to eyesi~ht. Next, use a 
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normally open pushbutton to turn the lamp off whenever the box is 
lifted from its resting surface. This is your safety switch to prevent ac­
cidental eye exposure to the lamp. 

Such a homemade eraser lamp is safer and cheaper than most com­
mercially available lamps. 

Alternately, you can use RAM on a card. The advantages include 
speed and ease of programming and no initial costs for PROM pro­
gramming eq uipment. You have to load the card before using it, but 
you can also modify your routines when necessary. 

The easiest RAM to use is a static RAM . A low-cost static RAM is 
the type 2114. A circuit that adapts two of these chips to the Apple bus 
is shown in Fig. 8-14. The buffer used to isolate the internal data bus is 
not shown, but is the same as described. The 74LS245 buffer can be 
enabled permanently by grounding Pin 19 so that it will work for both 
device addresses and 1/0 (memory) addresses. Connect the direct ion 
switch at Pin I to Apple R/ W line. 

Regardless of RAM or ROM, you will write the routine starting at 
$C~OO to either input or output one byte. You have 256 bytes of pro­
gram space there to do that. For simple devices, that is usually suffi­
cient. 

If you want RAM storage for information between calls, use the 
scratch pad memory in SCREEN 1 ($0400.07FF) as assigned to your 
slot. See Chapter Two for a breakdown. This is where you keep setup 
parameters the first t ime they a re called, and use them on subsequent 
calls. If the slot number is kept in the Y -reg, then you address this 
scratchpad as $0478,Y and $04F8,Y and so on. See Table 2-3 for the 
others. 

Remember, you need sixteen times the slot number in the X-reg to 
address the device hardware as described in Sections 8.2.2 and 8.2.3 . 

Here is how to get the slot number of a routine running in 
$C~OO .C~FF: 

JSR $FF58 a known RTS 
TSX 
LDA $0100,X gets our PC-high 
AND #$OF isolates ~ 
TAY slot number in Y-reg 
ASL A 
ASL A 

-

-

-
-
-
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ASL A 
ASL A 
TAX $10*slot in X-reg 

Do this after pushing the registers onto the stack at the beginning of 
the routine. The slot number in theY -reg can reach the proper scratch­
pad RAM and the X-reg can reach the proper device by $C08n,X ad­
dressing. 

By making your own special-purpose peripherals and by program­
ming their routines on-board, you can transform your Apple into any 
number of different "custom-built" computers. Where does your 
imagination lead you at this point? Make it on your Apple! 

-

-
-
-
-
-
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APPENDIX A 

Bibliography and Notes 

In addition to the material in this book, you may wish to consult the 
following on particular points. They can give you more detail on 
specific topics whenever you must dig a little deeper on any project. 

Apple Computer, Inc., publish definitive reference material on the 
Apple II. In particular, you may wish to consult one of the following: 

Apple II Reference Manual (1978 ed.). A collection of engineering 
notes including the Standard Monitor and Sweet16 source listings, 
very clear schematics and the instruction set for Integer BASIC as it 
appears in Chapter Five of this book. Out of print now. 

Apple II Reference Manual (1979 ed.). A real reference manual, 
this is the standard reference for Apple II before the lie model -
Standard and Autostart Monitors listed . 

Apple lie Reference Manual (1982 ed.). Two volumes, the second 
containing the listings of the lie Monitor and SO-column firmware. 
Very thorough. 

Applesoft BASIC Programmer's Reference Manual (1982 ed.). 2 
volumes, for Jle only. An expanded version of the earlier, excellent 
Applesoft manual, this one emphasizes lie features. With care, it 
can be used on the older Apple II models - try out any feature 
first. 
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Apple II Product Specification - Hobby/Prototyping Board 
(Product Code A2BOOOIX). This useful collection of bus inter­
facing information comes with to bare board from Apple. Nice to 
have if you design peripheral cards. 

Dougherty, The Apple II Monitors Peeled (latest ed.) is a complete 
description of the Standard and Autostart Monitors. Very 
exhaustive. 

Programmer's Aid #1 Installation and Operating Manual expands 
on the features you can use with Integer BASIC configurations. 
Main features are highlighted in Chapter Five in this book. 

Apple Software Bank - Contributed Programs Volumes 3-5 is a 
collection of freebee software documentation. Includes File 
Cabinet, a LIS Per, and other goodies that were distributed by 
Apple. Try your local Apple user group; they may have the 
software in their library. 

Disk Operating System Instructional and Reference Manual (latest 
version 3.3). Highlighted in Chapter Seven, but contains more use­
ful material, especially at the command level. 

You can get Apple publications through local dealers. The address of 
the orchard head office is 

Apple Computer, Inc., 
20525 Mariani A venue 
Cupertino, CA 95014 

Apple Pugetsound Program Library Exchange is a user group with a 
large mail-in membership. Their magazine, which is called 
A.P.P.L.E., is distributed to members. They distribute software and 
documentation; in particular: 

The Wozpak II and Other Assorted Goodies. Supplied from Apple, 
it contains original Wozinak material on the Apple II and Integer 
BASIC goodies developed in the early years of the Apple. A must 
for Integer BASIC freaks, it comes with software. 

Program Line Editor written by Neil Konzen. This manual and 
software is a must for anyone doing extensive BASIC program­
ming. Integer and Applesoft versions come on disk. 

.... 
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Write them for current membership information. There are many 
more useful uti1ities you can get from them: 

Apple Pugetsound Program Library Exchange 
6708 39th Avenue SW, 
Seattle, WA 98136 

Crossley, John, "Applesoft Internal Entry Points," Apple Orchard, 
pp 12-14, published by International Apple Core, P.O. Box 976, 
Daly City, CA 94017. Vol. 1, no. 1 (Mar., Apr., 1980). A collection 
of Applesoft locations and call descriptions. The first large collec­
tion published, this is the one Applesoft books are largely based 
upon. 

Coan, James A., Basic APPLE BASIC, Hayden Book Company, 
Inc., Rochelle Park, New Jersey. For anyone who has little or no 
Applesoft programming experience, this book takes you through 
BASIC from the beginning. May be used for both Applesoft and 
Integer BASIC instruction. 

Gayler, Winston D., The Apple II Circuit Description, Howard W. 
Sams & Co., Inc. (1983). Very effective reference if you expect to do 
much work with Apple II hardware. Also great for troubleshooting 
clones. 

Intel Component Data Catalog (latest edition), good source for 
PROM data. Literature Department, Intel Corporation, 3065 
Bowers Avenue, Santa Clara, CA 95051. 

Irwin, Paul, "Amper Jump & TSort," Nibble, vol. 2, no. 6 (1981). A 
simple method for u~ing several routines with ampersand calls is 
given. Also, a tag sort for strings is given and described in detail. 

Ibid, "Amp-L-Soft", Nibble, vol. 3, no. 7 (1982). More ampersand 
call goodies with notes on loading ampersand routines to run with 
Applesoft. Tones, an INPUT anything, and a fast substring search 
are included. 

Lancaster, Don, TTL Cookbook, Howard W. Sams & Co., Inc. 
(1974). Excellent introduction to TTL chips for would-be hardware 
hackers. 
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Ibid, Son of Cheap Video, Howard W. Sams & Co., Inc. (1980). The 
last two chapters describe a lower-case video and keyboard scheme. 

Leventhal, Lance, 6502 Assembly Language Programming, 
Osbourne/McGraw-Hill, Inc. (1979). Although the unexplained 
Assembler directives will discourage the beginning programmer, 
this is quite a thorough reference for anything you may care to look 
up in the way of 6502 features and routines. 

Luebbert, William F., What's Where in the Apple? (latest edn.) from 
Micro Ink, Inc., 34 Chelmsford Street, P.O. Box 6502, 
Chelmsford, Mass. 01824, the people who publish Micro magazine. 
This is a large gazetteer of the Apple II that covers both Applesoft 
and Integer configurations. 

MC6500 Microcomputing Family Programming Manual, Jan. 1976. 
Published jointly by MOS Technology, Inc., 950 Rittenhouse Road, 
Norristown, PA 19401 and by Synertek, P.O. Box 552, MS/34, 
Santa Clara, CA 95052. When it comes to programming the 6502, 
this is the definitive work by the designers themselves. 

MC6500 Microcomputing Family Hardware Manual, 1976. Also 
published jointly by MOS and Synertek, this describes and explains 
how to design with 6500 series hardware: 6502 and 6520 chips in 
particular. Remembr, the 6520 can be had in a later product called 
the 6821. 

Motorola Microprocessors Data Manual, latest edition, from 
Literature Distribution Center, Motorola Semiconductor Products 
Inc., P .0. Box 20924, Phoenix, AZ 85036. This gives the 6800 fami­
ly of processors and peripherals. These peripheral chips work on the 
Apple II bus. 

Pump, Mark, "DOS Internals: An Overview," Call - A.P.P.L.E., 
(Feb. 1981). One of the best dissections of DOS ever written, it 
covers versions 3.1, 3.2, and 3.3. 

Radio Shack, Semiconductor Reference Guide (current ed.). A 
collection of data on the products carried by Radio Shack. Many 
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popular items - memory, transducers, transistors, TTL, and so 
forth. Radio Shack Cat. #276-4006. 

Synertek (current year) Data Catalog, Synertek, P.O. Box 552 MS/34, 
Santa Clara, CA 95052. Lots of 6500 series data, memories, 
especially the type 2114 static RAM. 

The TTL Data Book for Design Engineers, latest edition, from Semi­
conductor Group, Texas Instruments, Inc., P.O. Box 225012, 
Dallas, TX 75265. This is the bible of the industry - look up any of 
the TTL chips you may likely use here. If you don't know TTL, get 
Lancaster's book as well. 

Lechner, Pieter, Worth, Don, Beneath Apple DOS, (1981), from 
Quality Software, 6660 Resenda Blvd., Resenda, CA 91335. Just 
about everything you wanted to know about DOS. 
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Apple II Programmers' 
Reference Card 

Examine Memory 
addr 
addrl.addr2 

MONITOR COMMANDS SUMMARY 

Displays single location. 
Displays a block of memory. 
Displays next 8 locations. (return) 

addrl<addr2.addr3V Verifies that block (addr2.addr3) equals the block 
beginning at (addrl). 

addrL 
L 

Change Memory 

List (disassemble) locations from (addr). 
List beginning at next location. 

addr:byte by1e Change contents starting at (addr). 
:byte byte byte Change contents starting at next location. 
addrl<addr2.addr3M Move block from (addr2.addr3) to (addrl). 
NOTE: To set a block to a ll single byte value (e.g. , all zeros), use two commands as 
fo llows. addrl :by1e 

Cassette Tape 
addrl.addr2W 
addrl.addr2R 

Apple Video Display 
N 

Calculate Hexadecimal 
byte/ + byte2 
by1ef - by1e2 

(addrl + l)<addrl .(addr2-l)M 

Write block of memory to tape. 
Read block from tape into memory. 

Set to normal white-on-black. 
Set to inverse black-on-white. 

Add hex numbers. 
Subtract hex numbers. 
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5D 
SE 
SF 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 

93 
94 
9S 
% 
97 
98 
99 
100 
101 
102 
103 
104 
lOS 
106 

23808 
24064 
24320 
24576 
24832 
25088 
2S344 
25600 
25856 
26112 
26368 
26624 
26880 
27136 

68 107 27392 
6C 108 27648 
60 109 27904 
6E 110 28160 
6F I II 28416 
70 112 28612 
71 113 28928 
72 114 29184 
73 liS 29440 
74 116 296% 
75 117 29952 
76 118 30208 
77 119 30270 
78 120 30464 
79 121 30976 
7A 122 31232 
78 123 31488 
7C 124 31744 
70 125 32000 
7E 126 32256 
7G 127 32512 

HEX HEX HIGH 

80 128 32768 
81 129 33024 
82 130 33280 
83 131 33536 
84 132 33792 
8S 133 3404S 
S6 134 34304 
87 135 34560 
88 136 34816 
89 137 3S072 
SA 138 3532S 
SB 139 355S4 
sc 140 35840 
80 141 36096 
BE 142 36S32 
SF 
90 
91 
92 
93 
94 

143 
144 
145 
146 
147 
148 

36608 
36864 
37120 
37376 
37632 
37888 

m 

REM 
LET 
GOTO 
IF 
PRINT 
PRINT 
PRINT 
POKE 

COLOR= 
PLOT 

HUN 

AT 
VLIN 

AT 
o VTAB 
p 

q 

LIST 

LIST 
w POP 

NODSP 
NODSP 
NOTRACE 
DSP 
DSP 
TRACE 
PRII 

DEL INII 

Applesofl ASCII 

END NUL 
FOR SOH 
NEXT STX 
DATA ETX 
INPUT EOT 
DEL ENQ 
DIM ACK 
READ BEL 
GR BS 
TEXT HT 
PRit LF 
INti VT 
CAll FF 
PLOT CR 
HUN SO 
VLIN 
HGR2 
HGR 
HCOLOR= 
HPLOT 
DRAW 

Sl 
OLE 
DCI 
DC2 
DC3 
DC4 

EOR m,X 
LSR m,X 

RTS 
ADC (z,X) 

ADCz 
ROR z 

PLA 
ADCtlv 
RORA 

-V-BDI-C 
-V-BDIZ-
-V-BDIZC 
-VI-···· 
-VI----C 
-VI---Z· 
-VI---ZC 
-VI--I·· 
-VI--1-C 
-VI--IZ-
·VI--IZC 
-VI-()..­
• VI-D--C 
-VI-D·Z· 
-VI-0-ZC 

JMP (m) -VI-Ol·· 
ADC m -VI-01-C 
ROR m -VI-OIZ-

·VI-DIZC 
BVS -VIB···· 
ADC (z),Y -VIB---C 

-VIB--Z· 
-VIB--ZC 
-VIB-1--

ADC z,X -VIB-1-C 
ROR z,X -VIB-IZ-

·VIB-IZC 
SEI -VIBD---
ADC m,V -VIBD--C 

-VIB()..Z-
-VIB()..ZC 
-VIBDI-

ADC M,X -VIBDI-C 
ROR m,X -VIBDIZ-

·VIBDJZC 

OP CODE FLAGS 

ST A (z,X) N-······ 
N--····C 
N-----Z­

N·····ZC 
STY z N--·-1·-
STA z N----1-C 
STX z N----IZ-

N·--IZC 
DEY N---D··· 

N---0--C 
TXA N---0-Z-

N---()..ZC 
STY m N---01--
ST A m N---01-C 
STX m N---DIZ· 

BCC 
STA (z),Y 

STY z,X 

N---DIZC 
N--B··­
N--8--C 
N--8--Z­
N--B--ZC 
N--B-1·-

50 
SE 
SF 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

6A 
68 
6C 
60 
6E 
6F 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

7A 
78 
7C 
70 
7E 
7F 

HEX 

80 
81 
82 
83 
84 
S5 
86 
87 
88 
S9 
SA 
SB 
sc 
so 
SE 
SF 
90 
91 
92 
93 
94 



9S 
96 
97 
98 
99 
9A 
9B 
9C 
90 
9E 
9F 
AO 
AI 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 
AA 
AB 
AC 
AD 
AE 
AF 
BO 
Bl 
B2 
B3 
B4 
BS 
B6 
B7 
BS 
B9 
BA 
BB 
BC 
BD 
BE 
BF 
co 
Cl 
C2 
C3 
C4 
cs 
C6 
C7 
CS 
C9 
CA 
CB 
cc 
CD 
CE 
CF 
DO 

149 
ISO 
lSI 
152 
IS3 
154 
ISS 
IS6 
IS7 
15S 
IS9 
160 
161 
162 
163 
164 
16S 
166 
167 
16S 
169 
170 
171 
172 
173 
174 
17S 
176 
177 
17S 
179 
ISO 
181 
IS2 
183 
184 
ISS 
186 
187 
188 
IS9 
190 
191 
192 
193 
194 
19S 
196 
197 
19S 
199 
200 
201 
202 
203 
204 
20S 
206 
207 
208 

3SI44 
38400 
38656 
38912 
39168 
39424 
39680 
39936 
40192 
4044S 
40704 
40960 
41216 
41472 
41728 
41984 
42240 
42496 
427S2 
43008 
43264 
43S20 
43776 
44032 
44288 
44544 
44800 
4SOS6 
4S312 
4SS68 
4SS24 
46080 
46336 
46S92 
46848 
47104 
47360 
47616 
47872 
48128 
48384 
48640 
48896 
491S2 
49408 
49664 

49920 
S0176 
S0432 
50688 
50944 
Sl200 
SI4S6 
Sl712 
Sl968 
S2224 
S2480 
S2736 
S2992 
53248 
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XDRAW 
HTAB 
HOME 
ROT= 
SCALE= 
SHLOAD 
TRACE 
NO TRACE 
NORMAL 
INVERSE 
FLASH 
COLOR: 
POP 
VTAB 
HIMEM: 
LOMEM: 
ON ERR 
RESUME 
RECALL 
STORE 
SPEED= 
LET 
GOTO 
RUN 
IF 
RESTORE 
& 
GOSUB 
RETURN 
REM 
STOP 
ON 
WAIT 
LOAD 
SAVE 
DEFFN 
POKE 
PRINT 
CONT 
LIST 
CLEAR 
GET 
NEW 
TAB 
TO 
FN 
SPC( 
THEN 
AT 
NOT 
STEP 
+ 

AND 
OR 
> 

NAK 
SYN 
ETB 
CAN 
EM 
SUB 
ESC 
FS 
GS 
RS 
us 
SP 

Olo 
& 

+ 

0 
I 

7 

s 
9 

< 

> 

@ 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 

STA z,X 
STX z,Y 

TXA 
STA m,Y 
TXS 

STA m,X 

LOY llv 
LOA (z,X) 
LCX/#v 

LOY z 
LDAz 
LOX z 

TAY 
LDA/#v 
TAX 

LOY m 
LOAm 
LDXm 

BCS 
LDA(z),Y 

LOY z,X 
LOA z,X 
LOX z,Y 

CLV 
LOA m,Y 
TSX 

LOY m,X 
LOA m,X 
LOX m,Y 

CPY /#v 
CMP {z,X) 

CPY z 
CMPz 
DECz 

INY 
CMP/#v 
DEX 

CPY m 
CMPm 
DECm 

BNE 

N--B-1-C 
N--B-IZ­
N--B·IZC 
N-·BD··· 
N--BD--C 
N--80-Z­
N--BD-ZC 
N--BDI·· 
N--BDJ-C 
N--BDIZ­
N--BDZIC 
N-1·-··· 
N-1----C 
N-1---z­
N-1--zc 
N-1--1·· 
N-1--1-C 
N-1--JZ­
N-1--IZC 
N-1-D--­
N-1-D--C 
N-1-D-Z­
N-1-D-ZC 
N-1-DI-­
N-1-DI-C 

95 
96 
97 
98 
99 
9A 
9B 
9C 
90 
9E 
9F 
AO 
AI 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 
AA 
AB 
AC 
AD 

N-1-DIZ- AE 
N-1-DIZC AF 
N-IB···· BO 
N-18---C 81 
N-IB--Z· 82 
N-IB--ZC 83 
N-IB-1-- B4 
N-18-1-C 85 
N-IB-IZ· B6 
N-18-IZC B7 
N-180-- 88 
N-IBD--C 89 
N-IBD-Z- BA 
N-IBD-ZC 88 
N-1801-- DC 
N-IBDI-C BD 
N-IBDIZ- BE 
N-IBDIZC BF 
NV-·-··- CO 
NV-----C Cl 
NV····Z· C2 
NV····ZC C3 
NV·-·1·· C4 
NV···I·C C5 
NV···IZ- C6 
NV···IZC C7 
NV--0-- C8 
NV--D--C C9 
NV-·D·Z· CA 
NV--0-ZC CB 
NV--01-· CC 
NV--01--C CD 
NV-DIZ· CE 
NV--DIZC CF 
NV-B---· DO 
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Test and Debug 
addrG Go, executes routine at (addr). ~ 

ctrl/Y User, executes routine at $03sF8. 
ctrl/E Examine registers. Change them with a colon on the 

next command - : (A) (X) (Y) (P) (S) - for as 
many registers as wanted ,... 

addrT• Trace routine at (addr) until BRK (op code $00) is 
executed. 

addrS* Single step by executing one instruction only at 
(addr). Step following instructions by "S'' only for 

flllll 
each. 

*NOTE: Trace and step are available in Old Monitor only. 
Mini-Assembler 

CALL -151 Enter Monitor from Integer BASIC only. 
F666G Enter Miniassembler from Monitor. 

..._ 
addr:instruction Assembles instruction with mnemonic at (addr). 
(space)instruct ion Assembles instruction at next location. 
$command Executes any Monitor command. 
$FF69G Return from Miniassembler to Monitor. 

HEX I. OW HIGH ASCII INUGER BASIC OPCODE RAGS HEX 

00 0 0 NUL s1ar1 line BRK 00 
OJ 256 SOH end line ORA(z,X) -------C 01 
02 Sl2 STX ------Z- 02 
03 768 ETX ------ZC 03 
04 1024 EOT LOAD -----1-- 04 
OS 1280 ENQ SAVE ORAz -----1-C OS 
06 1536 ACK CON ASL z -----IZ- 06 
07 1792 BEl RUN -----IZC 07 
08 2~8 BS RUN PHP ----0--- 08 
09 2034 HT DEL ORA II\' ----0--C 09 
OA 10 2560 LF ASLA ----D-Z- OA ~ 
08 II 2816 VT NEW ----D-ZC OB 
oc 12 3072 FF CLR ----01-- oc 
OD 13 3378 CR AUTO ORAm ----01-C OD 
OE 14 3S84 so ASL m ----DIZ- OE 
OF IS 3840 Sl MAN ----DIZC OF ~ 
10 16 4096 OLE HIMEM: BPL ---8---- 10 
II 17 43S2 DCI LOMEM: ORA (z),Y ---8---C II 
12 18 4608 DC2 + ---8--Z- 12 
13 19 4864 DC3 ---8--ZC 13 
14 20 Sl20 DC4 ---B-1-- 14 
IS 21 S376 NAK ORA z,X ---B-1-C IS 
16 22 S632 SYN ASI. z,X ---B-IZ· 16 
17 23 5888 ETB ---8-IZC 17 
18 24 6144 CAN >= CLC ---80--- 18 
19 2S 6400 EM > ORA m,Y ---80-C 19 
lA 26 6656 SUB <= ---80-Z- lA 
18 27 6912 ESC <> ---BD-ZC 18 
IC 28 7168 FS < ---BDI- IC 
ID 29 7424 GS AND ORA m,X ---801-C ID 
IE 30 7680 RS OR ASL.m,X ---8DIZ- IE p-1 
IF 31 7936 us MOD ---BDIZC IF 
20 32 8192 SP A JSR m --1---- 20 



21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 

3D 
3E 
3F 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 

4D 
4E 
4F 
so 
51 
52 
53 
54 
ss 
56 
51 

58 
59 
SA 
58 
sc 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
ss 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
15 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 

8448 
8704 
8960 
9216 
9472 
9728 
9984 
10240 
10496 
10752 
11008 
11264 
11520 
117i6 
12032 
12288 
12544 
12800 
13056 
13312 
13568 
13824 
14080 
14336 
14592 
14848 
15104 
15360 
15616 
15872 
16128 
16384 
16640 
16896 
17152 
17408 
17664 
17920 
18176 
18432 
18688 
18944 
19200 
19456 
19712 
19968 
20224 
20480 
20736 
20992 
21248 
21504 
21760 
22016 
22272 
22528 
22784 
23040 
23296 
23552 

"To 
& 

I 
0 

4 

s 
6 

9 

< 

> 

@ 

A 
8 
c 
D 
E 
F 
G 
H 

K 
L 
M 
N 
0 
p 

Q 
R 
s 
T 
u 
v 
w 
X 
v 
z 
r 
\ 
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THEN 
THEN 

( 

PEEK 
RND 
SGN 

ABS 
POL 

+ 

NOT 
( 

# 
LEN( 
ASC( 

SCRN( 

TEXT 
GR 
CALL 
DIM 
DIM 
TAB 
END 
INPUT 
INPUT 
INPUT 
FOR 

TO 
STEP 
NEXT 

RETURN 
GOSUB 

AND(z,X) 

BIT z 
ANDz 
ROL z 

PLP 
AND#v 
ROLA 

BJTm 
ANDm 
ROLm 

BMI 
AND (l),Y 

AND z,X 
ROL z,X 

SEC 
ANDm,Y 

ANDm,X 
ROL m,X 

RTI 
EOR (z,X) 

EOR z 
LSR z 

PHA 
EOR #v 
LSR A 

JMPm 
EORm 
LSRm 

BVC 
EOR (z),Y 

EOR z,X 
LSR z,X 

CLI 
EOR m,Y 

--1----C 
--1---Z-
·-1--ZC 
--1--1--
·-1--1-C 
-1-IZ-
--1--IZC 
--1-D---
--1-0--C 
--1-D-Z-
--1-D-ZC 
--1-01--
·-1-01-C 
--1-0IZ­
·-1-0IZC 
--18----
·-IB---C 
--18--Z­
·-18--ZC 
--18-1--
--18-1-C 
--18-IZ-
--18-IZC 
--I8D---
--I8D--C 
--180-Z-
·-IBD-ZC 
--1801--
--IBDI-C 
--IBDIZ-
--18DIZC 
-V------
-V-----C 
-V----Z-
-V---ZC 
-V---1--
-V---1-C 
-V--IZ-
-V---IZC 
-V--0---
-V--0--C 
-V-D-Z-
-V--0-ZC 
-V--01--
-V--01-C 
-V--OIZ-
-V--OIZC 
-V-8---
-V-8---C 
-V-B--Z-
-V-8--ZC 
-V-8-1--
-V-8-1-C 
-V-8-IZ-
-V-8-IZC 
-V-80---
-V-80-C 
-V-80-Z-
-V-BD-ZC 
-V-801--

21 
22 
23 
24 
25 
26 
27 
28 
29 

2A 
28 
2C 
2D 
lE 
2F 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

3A 
3B 
3C 
3D 
3E 
3F 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

4A 
48 
4C 
4D 
4E 

4F 

so 
51 
52 
53 
54 
ss 
56 
57 
58 
59 
SA 
sa 
sc 
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Dl 209 53504 < Q CMP(z),Y NV-8---C OJ 
02 210 53760 SGN R NV-8-Z- 02 
03 211 54016 INT s NV-8--ZC 03 
04 212 54272 ABS T NV-8-1-- 04 
05 213 54528 USR u CMP z,X NV-8-1-C 05 
06 214 54784 FRE v DEC z,X NV-B-IZ- D6 
07 215 55040 SCRN( w NV-8-IZC 07 
08 216 55296 POL X CLD NV-80--- 08 
09 217 55552 POS y CMP m,Y NV-80--C 09 
DA 218 55808 SQR z NV-80-Z- DA 
DB 219 56064 RND c: NV-80-ZC DB 
DC 220 56320 LOG NV-801-- DC 
DO 221 56576 EXP ::I CMPm,X NV-801-C DO 
DE 222 56832 cos DECm,X NV-8DIZ- DE 
OF 223 57088 SIN NV-8DIZC OF 
EO 224 57344 TAN CPX #v NV1----- EO 

• El 225 57600 ATN a SBC{z,X) NV1----C El 
E2 226 57856 PEEK b NVI--Z- E2 
E3 227 58112 LEN NV1---ZC E3 
E4 228 58368 STR$ CPX z NVI--1-- E4 
E5 229 58624 VAL SBCz NV1--1-C E5 
E6 230 58880 ASC INCz NVI--IZ- E6 
E7 231 59136 CHR$ 8 NVI--IZC E7 .... 
EB 232 59392 LEFTS h INX NVI-0--- E8 
E9 233 59648 RIGHTS SBC#v NV1-D--C E9 
EA 234 59904 MID$ j NOP NV1-D-Z- EA 
EB 235 60160 

T 
k NVI-D-ZC EB 

EC 236 60416 CPXm NVI-01-- EC 
ED 237 60672 m SBCm NV1-D1-C ED 
EE 238 60928 INCm NV1-DIZ- EE 
EF 239 61184 0 NVI-DIZC EF 
FO 240 61440 p BEQ NV18---- FO 
F1 241 61696 q SBC(z),Y NVIB---C Fl 
F2 242 61952 NVIB--Z- F2 
F3 243 62208 error NV1B--ZC F3 
F4 244 62464 messages NVIB-1-- F4 
F5 245 62720 SBC z,X NV18-1-C FS 
F6 246 62976 INCz,X NV18-IZ- F6 
F7 247 63232 w NV18-IZC F7 ~ 
F8 248 63488 SED NV1BD--- F8 
F9 249 63744 SBCm,Y NVJ8D--C F9 
FA 250 64000 NVIBD-Z- FA 
FB 251 64256 NVIBD-ZC FB 
FC 252 64512 NVIBDI-- FC r FD 253 64768 SBC m,X NVIBDI-C FD 
FE 254 65024 "\, INCm,X NV1BDIZ- FE 
FF 255 65280 DEL NVIBD1ZC FF 

~ 
I I 
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UNIQUE 6502 INSTRUCTIONS 

MNEMONIC OPCODE ADDRESSING FLAGS 

branch 
BCC 90 relative 
BCS BO relative 
BEQ FO relative 
BMI 30 relative 
BNE DO relative 
BPL 10 relative 
BVC 50 relative 
BVS 70 relative 

p-register bit 
CLC 18 implied -----C 
CLD 08 implied --0---
CLI 58 implied ---1--
CLV B8 implied -V---
SEC 38 implied -----C 
SED F8 implied --0--
SEI 78 implied ---1--

program flow 
BRK ()() implied --1-
JMP 4C absolute 
JMP 6C indirect 
JSR 20 absolute 
NOP EA 
RTI 40 implied stack* 
RTS 60 implied 

transfer 
TAX AA implied N---Z-
TAY AS implied N---Z-
TSX BA implied N--Z-
TXA SA implied N---Z-
TXS 9A implied 
TYA 98 implied N---Z-

stack 
PHA 48 implied 
PHP 08 implied 
PLA 68 implied N---Z-
PLP 28 implied stack* 

•restored from stack 

... 
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ACCUMULATOR,MEMORY,ANDINDEXINSTRUCTIONS ... 
... 

$ 
~ 

$ ~ 

~-..; 
~ ~ ~ ~ ~ ~ 

N"':' ~ & st 

" $' ~I' $'~ ti &' i ~"#;' q."':' 4."1;' s .... 
01 01 s ~ ~ {; ;;) S} 0 R ~ ~ ~ 8 I ~ ~ ~ J 

"" ~ IV ~ "" "#;' ~ ~ ~ -'t; 

,... 
I 

ADC - 69 65 75 60 70 79 61 71 NVZC 
AND - 29 25 35 20 30 39 21 31 N-Z-
ASL OA 06 16 OE N-ZC 
BIT 24 2C 76Z-
CMP C9 cs DS CD DD 09 Cl Dl N-ZC 
CPX - EO E4 EC N-ZC 
CPY - co C4 cc N-ZC 
DEC - C6 06 CE DE N-Z- ~ 

DEX CA* N-Z-
DEY 88* N-Z-
EOR 49 45 55 40 50 59 41 51 N-Z-
INC - E6 F6 EE FE N-Z- t-Il 

INX E8* N-Z-
INY C8* N-Z-
LOA - A9 AS B5 AD BD B9 AI Bl N-Z-
LOX - A2 A6 B6# AE BE N-Z-
LOY AO A4 84 AC BC N-Z-
LSR 4A 46 56 4E 5E N-Z-
ORA 09 05 15 00 ID 19 01 11 N-Z-
ROL 2A 26 36 2E 3E N-ZC ~ 

ROR 6A 66 76 6E 7E N-ZC 
SBC - E9 E5 FS ED FD F9 E1 Fl NVZC 
STA 85 95 80 90 99 81 91 
STX - 86 96# 8E ..., 
STY - 84 94 8C 

•implied N negative Ccarry 
llzero page, Y Vovernow 6 v ifbit6 

Z zero 7 N ifbit7 ~ 
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Index 

A 

Access file, 444 
Accumulator , 132, 308 
Addition a nd subtraction, 207 

ADC instruction, 207 
C LC instruction, 207 
SBC instruction, 209 
SEC instruction, 209 

Addition, mul tiple byte, 211 
Address 

high, 130 
low, 130 

Address bus, 129 
Unidirect ional, 129 

Address pointer, 74 
Addressing, 154 
Algorithm, 167, 201 
Alterna te , 33 1, 332 

character set, 66, 68 
Ampersand vector, 326 
Analog input, 102 
Annunciator, 466, 468 

port , 10 1 
Apple li e 

processor access soft switches, 69, 72 
video display access soft switches, 69, 

73 
Applesoft, 79-82 

at $DOOO.F7FF, 104-1 11 
BASIC, 9, 69 

command set, 23 
special, 22 

Architecture, 125 
A-register, 132-134, 138- 142, 164, 169, 

193 
Arithmetic, 203-228 

algorithms, 203 
base ten, 203 
base two, 203 
nags, 222 
shift left, 2 16 

Arithmetric-logic unit, 129, 130 
Array, 237, 238, 244, 248, 260, 28 1 

ASL instruction, 2 16 
Assembler, 125 

directive, 143, 144, 183 
notat ion, 140, 14 1, 168 
programming, 18 
pseduo-op, 143 

Auto-increment, 3 11 
Auxiliary 

memory, 67, 69 
slot , 14, 3 17 

B 

Bank switch, 59, 63, 64, 69, 104 
Bank-switched memory, 19 

ROM to RAM, 19 
Base sixteen, 205 

hex notation, 205 
BASIC system use, 60, 67 
Beep, 318 
Binary 

coded decimal, 207 
notation, 205 

BIT instruction , 2 14, 215 
Black rout ine, 352 
Blocks, 299, 300 
Blue/ora nge pattern, 355 
Boolean logic, 212 
Borrow, 209 
Break routine, 188, 189 
Breakpoints, 187 
Buffer , 130, 134 

space, 201 
Bui lt-in 110, 137, 461 

cassette recorder, 461 
keyboard, 461 
speaker, 46 1 
video display, 461 

Built- in terminal, 479 
cable, 480 
li ve reset, 48 1 
monitor, 480 
R.F. modulator, 479 
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c 
Call 

extensions, 290-293 
sequence, 149, 154 

CALSUB routine, 183, 184 
CASE 

routine, 173-175 
structure, 175 

Cassette re~order, 461, 462, 463 
Cassette tape, II, 18, 461, 465, 466 

back up, 13 
Catalog, 400, 409, 410, 413 
C-flag, 207-211, 450 
Chaining operations, 303 
Character code, 139 
Character sets 

alternate, 331 
primary, 331 

Character string, 285 
Checksum, 76, 214, 418 
Chopping, 417 
Circle, routine for, 36 
Clipping, 35 1 
Clock, 125 

master signal, 126 
Close files, 442 
Code 

conversion, 180 
converter, 193 

Coding 
assembler, 146 
form, 145 

Cold start, 88, 106, 189, 191, 405, 406 
Color burst generator, 355 
Columnvalue, 335 
Command, 423 

illegal, 287 
set, 320 

Compare instruction, 162 
Compound structure, 201 
Constants 

declaring of, 38 
integer, 282 
string, 282 

Control characters, 319 
Controller card, 11 
Control lines, 130 
Copy routine, 193 
Cursor 

control of, 193 
locate, 33 
parameters, 33 

D 

Data bus, 129 
Data storage, 244 
Dead band, 474, 475 
Debugging, 128 
Decimal notation, 205 
Decision instruction, 163 
Decoder instruction, 130, 131, 133 
Default prompt, 324 
Delimiters, 29 
Descriptor, 247, 262, 263 
Device control table, 453 
D-flag, 186, 211 
DIMensioned variables, 280 
Directives, 146, 148 
Directory sector, 409 
Disk 

files, :409 
format, 415 
management, 411 
map, 400 
operating system, 11 
zap, 400, 407 

Dispatching routine, 182 
Display 

attribute, 278, 279 
byte, 279 
1/0 logic, 85 
timing, 127 
video, 85, 86 

D-latches, 488 
DOS 3.3, 87-96 
DOS, 399 
DOS on disk, 399-409 
Dot generator, 355 
Drive error, 39 

motor, 454 

E 

Echo,430 
Effective address, 156 
Emulator, 306, 309 
End of file, 415, 443 
End of line position, 76 
Entry point, 176, 201 
Error 

arithmetic, 24 
codes, 40 
detector, 464 
handler routine, 39 
messages, 277 
syntactic, 24 
trapping, 23, 82 

,.... 

~ 
I 



... Index 515 

Exit, 210 
point, 176, 201 

1-flag, 202 ,... Exponent, 226, 227, 302, 303 
Index register, 169 

F 
Indirect 

addressing, 184, 185, 197, 198 
Fail safe, 172 indexing, 198 .... Fetch, 132, 138 jump, 196 
Field, 29 mode, 157 
File Initialization, 210 

buffer, 78, 437 constants, 38 

.... commands, tasks, 38 
open, 434, 438 variables, 38 
read, 434 writing of, 37 

handling, 42-55 Input anything routine, 325 
manager, 61 Input buffer, 60 .... parameters, 434, 438 INPUT command, 324, 325 
random access, S0-55 Input hooks, 77, 318 
sequential, 42-50 Input/Output, 97-104 

Filename, 439 block, 446 

~ 
Firmware, 9-18 switch, 318 
Floating point, 225-228, 302, 305 Integer BASIC, 9, 69, ISO, 265 
Forced address, 139 map, 276 
Format disk, 449 tokens, 279, 283 
Four byte mantissa, 245 Integer ,... Free space, 240 constants, 282 
Frequency shift keying, 466 value, 74, 79 

G 
variable, 246, 247 

Interface, 13, 14, 252-263 
,... Games socket, 466-468 Interpreter, 61 

Gate, 129 Interrupt, 128, 130, 185-191 

Gazetteer, 58, 69 Invoke, 143 

GETLN routine, 326 110 logic, 128 

Graphics, 35-37, 337 1-register, 130, 140 ,... 
displays, 193 Instruction register, 130 

Greeting program, 400, 401 
J 

H Joystick, 466-474 ,... 
Hack and run, 142, 150 Jump 
Hand assembly, 145 indirect, 157 
Handling numbers, 219 instruction, 138, 139 
Hard sectored, 417 

1-t Hardware, 9-16, 453 K 
interrupt, 186 

Header record, 44 Keyboards, 11 
High byte order, 155, 156 live reset, 11 

.... Highest significant bit, 128 problems with 
HIRES lowercase, II 

graphics, 293 uppercase, II 
routines, 293-295 

Hi-res graphics, 340-353 L ,... Hook address, 319, 320 
Hue, 355, 356, 358 Label, 144, 145, 148 
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Lam's method, 153, 154, 450 
Latches, 130 
Least significant bit, 340 
Line numbers, 39-42, 43 
Link pointer, 278 
Linkage editing, 152 
Linked records, 282 
Literal data, 20 I 
Literalstring, 335 
Live reset, 481 
Location counter, 151 
Logic 

instruction, 212 
shift right, 216 

Loop, 169-171, 178, 179, 201 
Lo-res graphics, 337-340 
Low byte order, 155, 156 
Lowercase routine, 322 
Lowest significant bit, 128 
LSR instruction, 217 

M 

M command, 300, 302 
Machine code, identify, 143 
Mailbox, 195, 210 
Mainline, 39 
Mantissa, 227, 302, 303 
Markers, 399 
Mask, 76, 213-215, 352 
Master clock, 127 
Memory, 57, 58, 59, 236 
Merge, 45, 47, 48, 50 
Methods, 177-184 
Mid-res graphics, 353-360 
Miniassembler, 150, 151, 265, 298 
Mismatched bits, 214 
Mixed graphics, 340, 341, 342 
ML 

files, 287, 289 
routine, 254 

Mnemonics, 140, 141, 143, 146 
Modularity, 201 
Modulator rf, 9, II 
Monitor, 141-150, 153, 161 

autostart, 17 
command interpreter, 77 
hooks, 317 
rf modulator, 9, 11 
test, 298 
tv set, 9, 11 
verify files, 296 

Monitor at $F800.F8FF, 112-117 
routines, 112-117 

Most significant bit, 340 
Motherboard, 9 

underground market, 10 

N 

Natural numbers, 219 
Nesting, 201 
NEW command, 252 
N-flag, 161-163, 170, 171 
Nibble, 206, 207, 223, 451-453 
Non-register OPs, 308, 309 
Normalized coordinates, 350, 351 
Null, 29, 50, 250-252, 324, 394 

0 

Object file, 152 
Op code, 138-141, 144-148, 187, 306 

summary, 307 
Open files, 442 
Operand, 137-139, 144 
Output, 94-96 

switch, 318 
Overflow, 208-210 
Overwrite, 237 

p 

Pack-and-load, 285, 289 
Packing, 260 
Paddle, 466-471 
Pages two and three, 83, 84 
Pages zero and one, 74 
Page vectors, 191 
Page zero, 57-60, 155, 158, 185, 300, 

301 
Parameter buffer, 198 
Parameters, 192, 195, 198 
Parses, 24, 286 
Pascal, 14, 18, 415, 416 
Pasor zap, 479 
Pass routines, 193-195 
PC-register, 132 
Peripheral 

cards, 13 
interface adapter, 490 
110, 137. 482 
memory, 495 
PROM eraser, 495 
scratchpad, 336 
slot, 126 
slot zero, 13 
special, 13 
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Phase 
one, 126, 127 
two, 133 
zero, 126, 127 

Pixels, 339, 340, 346, 347, 352, 354, 385 
color, 354-360 

Plank's constant, 225, 227 
POKE method, I 53 
Polygon, routine for, 37 
Positional notation, 203, 204 
Positive logic, 129 
Power supply, 11 
P-reg, 160, 167 

C-flag, 161-163 
N-flag, 161-163 
Z-flag, 161-163 

PRENYBBLE routine, 452 
Primary, 331, 332 

character set, 66, 68 
Processor 

flags, 132 
stack, 83 

Program 
counter, 131 
debugging, 186 
design, 37-42 
flow, 160 
initialize, 37 
location, 276 
major function, 42 
text, 237, 250 

Programmer's aid #1, 137, 265, 290, 296 
Programming, 22-31 

Assembler, 18 
BASICs, 22 

Prompt character code, 76 
Protocols, 399, 423 
Pseudocode, 183 
Pseudo-op, 143 
Pull instruction, 165 
Push instruction, 165 

R 

Random access files, 51-55, 433, 444 
Random number, 79 
Range test, 175, 176 
Read/write 

head, 453 
mode, 443 

Read/write track/sector, 446 
Real-time routine, 177 
Rectangle, routine for, 36 

Re-entrant, 202 
Registers, 192 

OPs, 308 
storage, 78 

Relative 
address, 154 
record, 432 

Index 517 

Relocate program, 298-300 
Repack, 238 
Repacking, 245 
RESET routine, 318 
Return instruction, 165 
Rewind files, 442 
ROL instruction, 217 
ROR instruction, 218 
Rotates, 217, 219 

s 

Scratch pad, 85 
Screen, 34-35, 334, 337 
Scrolling, 27, 34, 323 

parameters, 328 
window, 75 

Search routine, 441 
Searchers, 193 
Sector interleaving table, 415 
Sectors, 399 
Segments, 299 
Sentinel, 45 

byte, 279 
Sequential files, 42-50, 51, 52 
Shape tables, 360-397 
Simple l/0 ports, 485 
Six-color problem, 354 
Slave disk, 407, 409, 429 
Sloping lines, 339 
Slot zero, 63 
Soft 

sectoring, 417 
switches, 59, 64, 66, 69, 97, 100, 103, 

113 
Soft-switch setup, 193 
Sort, 45, 46, 47 
Source 

address, 77, 78 
file, 152 

Speaker, 476 
phasor zap, 479 
staccato, 478 
trills, 478 

S-register, 132, 166, 167 
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Stack, 181, 182, 308 
clean up, 199 
pointer, 132, 165 

Status register, 215 
Stepper motor, 453 
Step/Trace utility, 149 
Store A-reg absolute, 141 
Strings, 28, 30, 31 
Strobe, 466, 490 

port, 99 
Structures, 167, 399 
Subtracting routine, 211 
Swap routine, 168 
SWEET16 pseudo-processor, 305, 

306-308, 309 
Sync bytes, 417, 418, 422 
Syntax, 301, 423, 424, 445 

checking, 256 
System pointer, 78, 79 

T 

Terminal, 32, 33 
GET routine, 22, 23 

Test, keypress for, 327 
Text 

assembler, 151 
editor, 151 

Timbre, 293 
Timing diagram, 127 
Tools, 15-17 
Track 

bit map, 409, 411 
dump, 455 
sector list, 413 

Tricks, 285 
Trigonometric functions, 350 
Tri-state buffer, 486 

u 
Unary functions, 304 
Un-delete, 427 
Underflow, 209-211 
Unhooked,321, 322 
Unmixed graphics, 340 

Unpacking, 260 
Unprintable characters, 413 
Unstack, 181 
User defined registers, 306 
USR function, 253, 254 
Utilities, 19, 21, 290-316 

line editor, 20 
uncopyable disks, 22 

v 
Variables, 278 

storage, 237-240, 245, 276, 286 
Vector, 387, 388, 394 
Velocity encoding, 474 
Verb list, 231-235 
Vertical cursor, 75 
V-flag, 214, 222 
Video display, 11, 18 
Violet pattern, 354 
Volume table of contents, 400, 409-412 

w 
Warm start, 89, 106, 117, 189, 191, 405 
White routine, 352 
Wire wrap, 15 
Wrap around, 156, 218 
Write 

protect, 454 
sector, 448 
translate table, 419, 422 

X 

X-register, 132, 157, 158, 162, 180, 181 

y 

Y-register, 132, 157, 158, 161, 162 

z 
Zero-page-x, 197, 198 
Z-flag, 161-164, 170-172 
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Apple 
Programmer's 
Handbook 
The Apple computer has emerged as a true " Open System." The built-in 
peripheral bus, along with Apple published Monitor source listings and 
schematics, allows anyone to configure his own Apple into a custom 
computer: From word processing to video games, the Apple can be any 
computer you want by adding reasonably priced peripheral boards. 

This book is for the people who have these customized Apples. If you 
need specific information on these custom features you can find just 
what you want to know quickly and easily in this book. Each topic is 
treated with specific examples. The Apple Programmer's Handbook: 

• Tells you what peripherals you need to make your Apple II into any 
custom computer system 

• Explains Assembler programming 

• Provides mops and locations most often needed by the Assembler 
programmer 

• Gives information on Integer and Applesoft BASIC 

• Shows you hardware projects you con bui ld 

• Lists newly developed state-of-the art applications for your Apple 

• Presents information so clearly written the book con be used for self 
study by the Apple II user 

Howa rd W. Sams & Co., Inc. 
4300 West 62nd Street, Indianapolis, Indiana 46268 U.S.A. 
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