





























































































































































































































































































































































































































































































































































































































































































































Anatomy of the 1541 Disk Drive

EECO c8 INY

EEC1 98 TYA 1

EEC2 91 6D STA ($6D),Y pointer to directory sector
EEC4 c8 INY

EEC5 c8 INY

EEC6 Cc8 INY

EEC7 A9 00 LDA #$00

EEC9 85 6F STA S$6F

EECB 85 70 STA $70 3 bytes = 24 bits for sectors
EECD 85 71 STA $71

EECF 98 TYA byte position

EEDO 4A LSR A

EED1 4A LSR A divided by 4 = track number
EED2 20 4B F2 JSR S$F24B get number of sectors

EED5 91 6D STA ($6D),Y and in BAM

EED7 c8 INY

EED8 AA TAX

EED9 38 SEC

EEDA 26 6F ROL S$6F

EEDC 26 70 ROL $70 create bit model

EEDE 26 71 ROL $71

EEEOQ CA DEX

EEE1l DO F6 BNE S$EED9

EEE3 B5 6F LDA S6F,X 3 bytes

EEES 91 6D STA ($6D),Y the BAM in buffer

EEE7 Cc8 INY

EEES8 E8 INX

EEE9 EO0 03 CPX #$03

EEEB 90 F6 BCC SEEE3

EEED C0 90 CPY #$90 position 1442

EEEF 90 D6 BCC S$SEEC7 no, next track

EEF1 4C 75 DO JMP $DO075 calculate number of free blocks
**********'k*********_********** Write BAM if needed

EEF4 20 93 DF JSR $DF93 get buffer number

EEF7 AA TAX

EEF8 BD 5B 02 LDA $025B,X command for disk controller
EEFB 29 01 AND #$01

EEFD 85 7F STA S$7F isolate drive number

EEFF A4 TF LDY S$7F

EF01 B9 51 02 LDA $0251,Y BAM-changed flag set?

EF04 DO 01 BNE $EFO07 yes

EF06 60 RTS

EF07 A9 00 LDA #$00

EF09 99 51 02 STA $0251,Y reset BAM-changed flag
EFOC 20 3A EF JSR SEF3A set buffer pointer for BAM
EFOF A5 TF LDA S7F drive number

EF11 OA ASL A times 2

EF12 48 PHA

EF13 20 A5 FO JSR SFOAS verify BAM entry

EF16 68 PLA

EF17 18 CLC

EF18 69 01 ADC #$01 increment track number
EFlA 20 AS FO JSR SFOAS verify BAM entry
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Anatomy of the 1541 Disk Drive

$80

#s01
$80
A

A
$6D
$F220
$80
$80
SFED7
SEF24

$80
$D58A
SF10F

SFODF
SF9

SFEEO,X

$6E
#s00
$6D

STF

SO02FA,X

$0272

S02FC,X

$0273

SEFF1
SEFCF

SEF87

(s6D),

SEFE9

(sén),

SEF88
S6F

(s6D),

#S01

($6D),

$80
SFE85
SEFBA

¥

Y

Y

Y

S02FA,X

SEF87

EF1D AS5 80 LDA
EF1F 48 PHA
EF20 A9 01 LDA
EF22 85 80 STA
EF24 0A ASL
EF25 oA ASL
EF26 85 6D STA
EF28 20 20 F2 JSR
EF2B E6 80 INC
EF2D A5 80 LDA
EF2F CD D7 FE CMP
EF32 90 FO RCC
EF34 68 PLA
EF35 85 80 STA
EF37 4C 8A D5 JMP
L T T e
EF3A 20 OF Fl JSR
EF3D AA TAX
EF3E 20 DF FO JSR
EF41 A6 F9 LDX
EF43 BD EO FE LDA
EF46 85 6E STA
EF48 A9 00 LDA
EF4A 85 6D STA
EFAC 60 RTS
Ahkkkkh Rk kkhk ARk hkkhhhhkkhrkh k&
EF4D A6 TF LDX
EF4F BD FA 02 LDA
EF52 8D 72 02 STA
EF55 BD FC 02 LDA
EF58 8D 73 02 STA
EF5B 60 RTS
Kk kkhkhkkkhhhrhhkhhhkkkkkhhkkkkk
EF5C 20 F1 EF JSR
EF5F 20 CF EF JSR
EF62 38 SEC
EF63 DO 22 BNE
EF65 Bl 6D LDA
EF67 1D E9 EF ORA
EF6A 91 6D STA
EF6C 20 88 EF JSR
EF6F A4 6F LDY
EF71 18 CLC
EF72 Bl 6D LDY
EF74 69 01 ADC
EF76 91 6D STA
EF78 A5 80 LDA
EF7A CD 85 FE CMP
EF7D FO 3B BEO
EF7F FE FA 02 INC
EF82 DO 03 BNE
EF84 FE FC 02 INC

$02FC,

X

228

track

track 1
times 4

verify BAM
increment track number

and compare with max val + 1 = @
ok, next track

get track number back
write BAM to disk

set buffer pointer for BAM
get 6 for drive 0

allocate buffer
buffer number
buffer address, hi byte

lo byte
pointer to $6D/S6E

get # of free blocks for dir
drive number
number of blocks, lo

number of blocks, hi
in buffer for directory

mark block as free
set buffer pointer
erase bit for sector in BAM

block already free, then done
bit model of BAM
set bit X, marker for free

set flag for BAM changed

increment # of free blocks/track

track

equal to 18?

then skip

inc # of free blocks in disk

increment number of blocks hi



Anatomy of the 1541 Disk Drive

EF87 60 RTS

kkkkhkkhkhkkhhhkkkhkhkhkhkkhkhkkhhkkkhkkx set flag Eor IBAM changed'
EF88 A6 TF LDX S$7F drive number

EF8A A9 01 LDA #$01

EF8C 9D 51 02 STA $0251,X flag = 1

EF8F 60 RTS

khkhkhkhkkkhkhkhkhkkhkkkhkhkkkkhkkhkkkkkkk mark blOCk as allocated
EF90 20 F1 EF JSR SEFF1 set buffer pointer

EF93 20 CF EF JSR $EFCF erase bit for sector in BAM
EF96 FO 36 BEQ $EFCE already allocated, then done
EF98 Bl 6D LDA (S$6D),Y

EF9A 5D E9 EF EOR $EFE9,X erase bit for block

EF9D 91 6D STA (S$6D),Y

EF9F 20 88 EF JSR SEF88 set flag for BAM changed
EFA2 A4 6F LDA $6F

EFA4 Bl 6D LDA ($6D),Y

EFA6 38 SEC

EFA7 E9 01 SBC #$01 decrement # of blocks per track
EFA9 91 6D STA (S$6D),Y

EFAB AS5 80 LDA $80 track

EFAD CD 85 FE CMP S$FE85 182

EFBO FO OB BEO S$SEFBD

EFB2 BD FA 02 LDA S$O02FA,X number of free blocks lo

EFR5 DO 03 BNE SEFBA

EFB7 DE FC 02 DEC SO02FC,X decrement number of free blocks
EFBA DE FA 02 DEC $02FA,X ’

EFBD BD FC 02 LDA $S02FC,X number of free blocks hi

EFCO DO OC BNE SEFCE more than 255 blocks free?
EFC2 BD FA 02 LDA $02FA,X free blocks lo

EFC5 c9 03 CMP #$03

EFC7 BO 05 BCS SEFCE smaller than 3?

EFC9 A9 T2 LDA #$72

EFCB 20 C7 E6 JSR SE6C7 72, 'disk full'

EFCE 60 RTS

khkkkkhkkkhkhkrkhkhkhkkhkhhkhkkhhkkhkkkkk erase bit for sector xn BAM entry
EFCF 20 11 FO JSR SF011 find BAM field for this track
EFD2 98 TYA

EFD3 85 6F STA S$6F

EFD5 A5 81 LDA $81 sector

EFD7 4A LSR A

EFD8 4A LSR A divide by 8

EFD9 4A LSR A

EFDA 38 SEC

EFDB 65 6F ADC S6F

EFDD A8 TAY byte number in BAM entry
EFDE A5 81 LDA $81 sector number

EFEO 29 07 AND #$07

EFE2 AA TAX bit number in BAM entry
EFE3 Bl 6D LDA ($6D),Y byte in BAM

EFES 3D E9 EF AND S$EFE9,X erase bit for corresponding
EFE8 60 RTS sector
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khkkhkhhkkkkhkkhkhkhkkhkhhkhkkhhkhhkkhk

#SFF

$02F9
SF004
SF004
SF004
#S00

S02F9
$SD58A

SEF3a
#$00

(sé6n),

SFOOB

$S6F
$70

STF
SFF,X
SF022
#$74
SE648
SF10F
S6F

A
$70

$80

Y

$029D,X

SFO3E

$70

$029D,X

SFO3E
SFO5B
$70
S7F

$029B,X

A
A

#SA1

EFE9 01 02 04 08 10 20 40 80
khkhkkkhkhkkhhkhkhkhkkkkkhkhkhkhkkhhkkkkhkk
EFFl A9 FF LDA
EFF3  2C F9 02  BIT
EFF6  FO0 0C BEO
EFF8 10 0A BPL
EFFA 70 08 BVS
EFFC A9 00 LDA
EFFE 8D F9 02  STA
FOOl  4C 8A D5  JMP
FOO4 60 RTS
kkdkhhkkkkkhkhkkkhkkxhkhkkkkkhhkhhkhd
FOO5 20 3A EF  JSR
FOO8 A0 00 LDY
FOOA 98 TYA
FOOB 91 6D STA
FOOD  C8 INY
FOOE DO FB BNE
FO10 60 RTS
khkkkhkkhkhkkhkhkkhkkkhkkkhkkhkhkhkx
FO1l A5 6F LDA
FO13 48 PHA
FOl14 A5 70 LDA
FOl6 48 PHA
FO17 A6 7F LDX
FO19  B5 FF LDA
FO1B  FO 05 BEO
FO1D A9 74 LDA
FOLF 20 48 E6  JSR
FO22 20 OF F1  JSR
FO25 85 6F STA
FO27  8A TXA
FO28  0A ASL
FO29 85 70 STA
FO2B  AA TAX
FO2C A5 80 LDA
FO2E DD 9D 02  CMP
FO31 FO OB BEO
FO33  ES8 INX
FO34 86 70 STX
F036 DD 9D 02  CMP
FO39  FO 03 BEQ
FO3B 20 SR FO  JSR
FO3E A5 70 LDA
FO40 A6 TF LDX
FO42 9D 9B 02  STA
F045  OA ASL
FO46  0A ASL
FO47 ~ 18 cLC
F048 69 Al ADC
F04A 85 6D STA

$6D

230

powers of 2

write BAM after change

reset flag
write block

erase BAM buffer
pointer $6D/S6E to BAM buffer

erase BAM buffer

drive number
drive zero?

'drive not ready'
get buffer number for BAM

track

drive number

times 4
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F04C A9 02 LDA #$02

FO4E 69 00 ADC #S$00

F050 85 6E STA S6E

F052 A0 00 LDY #S$00

F054 58 PLA

F055 85 70 STA $70

F057 68 PLA

F058 85 6F STA S$6F

FOS5A 60 RTS
khkkkhkhkkhkhkhkkhkhkhkhkhkkkhkkhkhkhkhkkxkkikk

FO5B A6 6F LDX S$6F

FO5D 20 DF FO JSR S$FODF

F060 A5 7F LDA $7F drive number
F062 AA TAX

F063 0A ASL A

F064 1D 9B 02 ORA $029B,X

F067 49 01 EOR #$01

F069 29 03 AND #S$S03

FO6B 85 70 STA $70

FO06D 20 A5 FO JSR SFOAS

F070 A5 F9 LDA S$F9 buffer number
F072 OA ASL A

FO073 AA TAX

F074 A5 80 LDA $80 track

FO076 0A ASL A

F077 0A ASL A times 4

F078 95 99 STA $99,X equal pointer in BAM field
FO7A AS 70 LDA $70

FO7C 0A ASL A

FO7D 0A ASL A

FO7E A8 TAY

FO7F Al 99 LDA ($99,X)

F081 99 Al 02 STA $02A1,X

F084 A9 00 - LDA #$00

F086 81 99 STA ($99,X) zero in buffer
F088 F6 99 INC $99,X increment buffer pointer
FO8A C8 INY

FO8B 98 TYA

F08C 29 03 AND #S03

FO8E DO EF BNE S$SFO7F

F090 A6 70 LDX $70

F092 A5 80 LDA $80 track

F094 9D 9D 02 STA $029D,X
F097 AD F9 02 LDA $S02F9

FO9A DO 03 BNE SFO9F

FO09C 4C 8A D5 JMP $D58A write block
FO9F 09 80 ORA #$80

FOAl 8D F9 02 STA $02F9

FOA4 60 RTS

FOA5 A8 TAY

FOA6 B9 9D 02 LDA $029D,Y

FOA9 FO 25 BEO SFODO
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FOAB 48 PHA

FOAC A9 00 LDA #$00

FOAE 99 9D 02 STA $029D,Y

FOB1 A5 F9 LDA SF9 buffer number
FOB3 0A ASL A times 2

FOB4 AA TAX

FOBS 68 PLA

FOB6 oA ASL A

FOB7 0A ASL A

FOBB 95 99 STA $99,X

FOBA 98 TYA

FOBB 0A ASL A

FOBC oA ASL A

FOBD AB TAY

FOBE B9 Al 02 LDA $02Al1,Y

FOC1 81 99 STA ($99,X) write in buffer
FOC3 A9 00 LDA #$00

FOCS 99 Al 02 STA $02A1,Y

FOC8 F6 99 INC $99,X increment buffer pointer
FOCA Cc8 INY

FOCB 9B TYA

FOCC 29 03 AND #$03

FOCE DO EE BNE $FOBE

FODO 60 RTS

FOD1 A5 7F LDA $7F drive number
FOD3 0A ASL A

FOD4 AA TAX

FOD5 A9 00 LDA #$00

FOD7 9D 9D 02 STA $029D,X

FODA E8 INX

FODB 9D 9D 02 STA $029D,X

FODE 60 RTS

FODF B5 A7 LDA S$A7,X

FOE1l C9 FF CMP #SFF

FOE3 DO 25 BNE SF10A

FOES 8A TXA

FOE6 48 PHA

FOE7 20 8E D2 JSR $D28E

FOEA AA TAX

FOEB 10 05 BPL SFOF2

FOED A9 70 LDA #$70

FOEF 20 €8 C1 JSR $C1C8 70, 'no channel'
FOF2 86 F9 STX SF9

FOF4 68 PLA

FOF5 A8 TAY

FOF6 8A TXA

FOF7 09 80 ORA #5580

FOF9 99 A7 00 STA $00A7,Y

FOFC 0A ASL A

FOFD AA TAX

FOFE AD 85 FE LDA SFE85 18, directory track
F101 95 06 STA $06,X save

F103 A9 00 LDA #$00 0
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$07,X
$D586

#SOF
S$F9

#506
S$7F
SF118

#507

SF10F

SDE3E
#3503
S6F
#s01
S02F9
$02F9
$6F

$FO011

S6F

($6D),

SF173
$80

SFE85
SF15A
SF15F
$80

$80

SFED7
$SF12D
SFE85

$80
#300
$81
S6F
SF12D
#5872
$C1C8
$80
SF12D
SFE85

Anatomy of the 1541 Disk Drive

Y

F105 95 07 STA
F107 4C 86 D5 JMP
F10A 29 OF AND
F10C 85 F9 STA
F10E 60 RTS
I )
F10F A9 06 LDA
F111 A6 TF LDX
F113 DO 03 BNE
F115 18 CLC
F116 69 07 ADC
F118 60 RTS
ARRKKKKKAKRKRARR KRR KRR ARk IRk * &
F119 20 OF F1 JSR
F1l1C AA TAX
F11D 60 RTS
hkkkkhkkhkkkhkhhhhdkkhhkkkkkkkhkkd
F11E 20 3E DE JSR
F121 A9 03 LDA
F123 85 6F STA
F125 A9 01 LDA
F127 0D F9 02 ORA
F12A 8D F9 02 STA
F12D A5 6F LDA
F12F 48 PHA
F130 20 11 FO JSR
F133 68 PLA
F134 85 6F STA
F136 B1 6D LDA
F138 DO 39 BNE
F13A A5 80 LDA
F13C CD 85 FE CMP
F13F FO 19 BEQ
F141 90 1C BCC
F143 E6 80 INC
F145 A5 80 LDA
F147 CD D7 FE CMP
F1l4A DO E1 BNE
Fl4cC AE 85 FE LDX
F14F CA DEX
F150 86 80 STX
F152 A9 00 LDA
F154 85 81 STA
F156 Cé 6F DEC
F158 DO D3 BNE
F15A A9 72 LDA
F15C 20 C8 C1 JSR
F15F Cé 80 DEC
F161 DO CA BNE
F163 AE 85 FE LDX
Fl66 E8 INX

233

as sector
write block

buffer number

get buffer number for BAM

drive number

gives 13 for drive 0

buffer number for BAM
get buffer number

find and allocate free block
get track and sector number

counter

save counter
find BAM field for this track

get counter back

number of free blocks in track
blocks still free?

track

18, directory track?

yes, 'disk full®

smaller, then next lower track
increment track number

36, highest track number plus one
no, continue searching this track
18, directory track

decrement

save as track number

begin with sector number zero
decrement counter
not yet zero, then continue

72, 'disk full®

decrement track number

not yet 0, continue in this track
18, directory track

increment
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Fl67 86 80 STX $80
F169 A9 00 LDA #$00
F16B 85 81 STA $81
F16D Cé6 6F DEC $6F
F16F DO BC BNE S$F12D
F171 FO E7 BEQ S$F15A
F173 A5 81 LDA $81
F175 18 CLC

F176 65 69 ADC $69
F178 85 81 STA $81
F17A A5 80 LDA $80
F17C 20 4B F2 JSR SF24B
F17F 8D 4E 02 STA $024E
F182 8D 4D 02 STA $024D
F185 C5 81 CMP $81
F187 B0 0OC BCS S$F195
F189 38 SEC

F18A A5 81 LDA $81
F1BC ED 4E 02 SBC $024E
F18F 85 81 STA $81
F191 FO 02 BEO SF195
F193 Cé 81 DEC $81
F195 20 FA F1 JSR $F1FA
F198 FO 03 BEQ $F19D
F19A 4C 90 EF JMP S$SEF90
F19D A9 00 LDA #$00
F19F 85 81 STA $81
F1Al 20 FA F1 JSR $F1FA
F1a4 DO F4 BNE $F19A
F1A6 4C F5 F1 JMP S$F1F5
ARk kK KKK K hRKKRRK ARk Kk k ke khokkkk ok
F1A9 A9 01 LDA #S01
F1AB 0D F9 02 ORA $02F9
F1B1 A5 86 LDA $86
F1B3 48 PHA

F1B4 49 01 LDA #S01
F1B6 85 86 STA $86
F1B8 AD 85 FE LDA SFE85
F1BB 38 SEC

F1BC E5 86 SBC $86
F1BE 85 80 STA $80
F1CO 90 09 BCC SF1CB
F1C2 FO 07 BEQ SF1CB
F1C4 20 11 FO JSR $FO011
F1C7 Bl 6D LDA (S$6D),Y
F1C9 DO 1B BNE SF1E6
F1CB AD 85 FE LDA SFE85
F1CE 18 CLC

F1CF 65 86 ADC $86
F1D1 85 80 STA $80
F1D3 E6 86 INC $86
F1D5 CD D7 FE CMP SFED7
F1D8 90 05 BCC S$F1DF
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save as track number

begin with sector zero
decrement counter

not yet zero, then continue
else 'disk full'

sector number

plus step width (10)

as new number

track number

get maximum sector number

and save

greater than selected sector #3
yes

else

sector number

minus maximum sector number
save as new sector number

zero?

else decrement sector no. by or
check BAM, find free sector

not found?

allocate block in BAM

sector zero

find free sector
found?

no, 'dir sector'

find free sector and allocate

track counter
18, directory track

minus counter

save as track number

result <= zero?

then try top half of dir

find BAM field for this track
no. of free blocks in this trac
free blocks exist

18, directory track

plus counter

save as track number
increment counter

36, max track number plus one
smaller, then ok
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F1DA A9 67 LDA #$67
F1DC 20 45 E6 JSR S$E645
F1DF 20 11 FO JSR $F011
F1E2 Bl 6D LDA ($6D),Y
F1E4 FO D2 BEQ $F1BB
F1E6 68 PLA

F1E7 85 86 STA $86
F1E9 A9 00 LDA #$00
F1EB 85 81 STA $81
F1ED 20 FA Fl JSR $F1FA
F1F0 FO 03 BEQ $F1F5
F1F2 4C 90 EF JMP S$SEF90
F1F5 A9 71 LDA #S$71
F1F7 20 45 E6 JSR SE645
khkkkkkkkkkhkkkkkkkhhhkhhkkkkkkkkk
F1FA 20 11 FO JSR $F011
F1FD 98 TYA

F1FE 48 PHA

F1FF 20 20 F2 JSR $F220
F202 A5 80 LDA $80
F204 20 4B F2 JSR $F24B
F207 8D 4E 02 STA $024E
F20A 68 PLA

F20R 85 6F STA S$6F
F20D A5 81 LDA $81
F20F CD 4E 02 CMP $024E
F212 BO 09 BCS $F21D
F214 20 D5 EF JSR SEFD5
F217 DO 06 BNE $F21F
F219 E6 81 INC $81
F21B DO FO BNE $F20D
F21D A9 00 LDA #$00
F21F 60 RTS
kkkkkhkhkhkkkkkhkkkkkkhkkkhkhkkhkhkkkkk
F220 A5 6F LDA $6F
F222 48 PHA

F223 A9 00 LDA #S00
F225 85 6F STA $6F
F227 AC 86 FE LDY $FE86
F22A 88 DEY

F22B A2 07 LDX #$07
F22D Bl 6D LDA ($6D),Y
F22F 3D E9 EF AND SEFE9,X
F232 FO 02 BEQO SF236
F234 E6 6F INC $6F
F236 CA~ DEX

F237 10 F4 BPL $F22D
F239 88 DEY

F23A DO EF BNE $F22B
F23C Bl 6D LDA ($6D),Y
F23E C5 6F CMP $6F
F240 DO 04 BNE S$F246

235

67, 'illegal track or sector'
find BAM field for this track
no. of free blocks in this track
no more free blocks?

sector 0

find free sector

not found?

allocate block in BAM

71, 'dir error'

find free sectors in actual track
find BAM field for this track
points to # of free blocks

verify BAM

track

get max # of sectors of the track
save

save pointer

compare sector

with maximum number
greater than or equal to?
get bit number of sector
sector free?

increment sector number
and check if free

no sectors free

verify no. of free blocks in BAM

counter to zero
4, no. of bytes per track in BAM

isolate bit

increment counter of free sectors

compare with number on diskette

not equal, then error
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S6F

#$71
SE645

SFED6

$SFED6 ,X

SF24E

SFED1,X

#S6F
$1C02
#SFO
$1C00
s$1cocC
#SFE
#SOE
#SEOQ
s1cocC
#$41
$1COB
#S00
$1C06
#$3A
$1Cn7
$1C05
#STF
$1COE
#$CO
$1COD
S1COE
#SFF
S3E
$51
#$08
$39
#$07
$47
#$05
$62
#SFA
$63
#$C8
$64
#S04
S5E
#$04

F242 68 PLA
F243 85 6F STA
F245 60 RTS
F246 A9 71 LDA
F248 20 45 E6 JSR
L T Ty
F24B AE D6 FE LDX
F24E DD D6 FE CMP
F251 CA DEX
F252 BO FA BCS
F254 BD D1 FE LDA
F257 60 RTS
F258 60 RTS
KRR KA KR RK KR AKX KRR RA KRR A AKX
F259 A9 6F LDA
F25B 8D 02 1C STA
F25E 29 FO AND
F260 8D 00 1C . STA
F263 AD 0C 1C LDA
F266 29 FE AND
F268 09 OE ORA
F26A 09 EO ORA
F26C 8D 0C 1C STA
F26F A9 41 LDA
F271 8D 0B 1C STA
F274 A9 00 LDA
F276 8D 06 1C STA
F279 A9 3A LDA
F27B 8D 07 1C STA
F27E 8D 05 1C STA
F281 A9 TF LDA
F283 8D OE 1C STA
F286 A9 CO LDA
F288 8D 0D 1C STA
F28B 8D OE 1C STA
F28E A9 FF LDA
F290 85 3F STA
F292 85 51 STA
F294 A9 08 LDA
F296 85 39 STA
F298 A9 07 LDA
F29A 85 47 STA
F29C A9 05 LDA
F29E 85 62 STA
F2A0 A9 FA LDA
F2A2 85 63 STA
F2A4 A9 C8 LDA
F226 85 64 STA
F2A8 A9 04 LDA
F2AA 85 5E STA
F2AC A9 04 LDA
F2AE 85 6F STA

S6F

236

71, 'dir error'

establish # of sectors per trac
4 different values
track number

not greater?
get number of sectors

initialize disk controller
bit 4 (write prot) & 7 (SYNC)
data direction register port B

port B, control port
PCR, control register

timer 1 free running, enable
port A latch
timer 1 lo latch

timer 1 hi latch
timer 1 hi

erase IRQs

IER, allow interrupts

track counter for formatting
8

constants for block header

7

constants for data block

pointer $62/$63 to $FAQ05

200
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kkkrkkkkkkkkkkkkkkkkkkkk*Xk*%* TR0 routine for disk controller
F2BO BA TSX

F2B1 86 49 STX $49 save stack pointer

F2B3 AD 04 1C LDA $1C04

F2B6 AD 0C 1C LDA S1COC erase interrupt flag from timer
F2B9 09 OE ORA #SOE

F2BB 8D 0C 1C STA $1COC

F2BE A0 05 LDY #S$S05

F2C0 B9 00 00 LDA $0000,Y command for buffer Y?

F2C3 10 2E BPL S$F2F3 no

F2C5 C9 DO CMP #$DO exec. code for program in buffer
F2C7 DO 04 BNE S$F2CD no

F2C9 98 TYA

F2CA 4C 70 F3 JMP SF370 execute program in buffer
F2CD 29 01 AND #501 isolate drive number

F2CF FO 07 BEQ $F2D8 drive zero?

F2D1 84 3F STY $3F

F2D3 A9 OF LDA #S$OF else

F2D5 4C 69 F9 JMP S$F969 74, 'drive not ready'

F2D8 AA TAX

F2D9 85 3D STA $3D

F2DB C5 3E CMP $3E motor running?

F2DD FO 0A BEQ SF2E9 yes

F2DF 20 7E F9 JSR SF97E turn drive motor on

F2E2 A5 3D LDA $3D

F2E4 85 3E STA $3E set flag

F2E6 4C 9C F9 JMP $F99C to job loop

F2E9 A5 20 LDA $20

F2EB 30 03 BMI SF2F0 head transport programmed?
F2ED 0A ASL A

F2EE 10 09 BPL SF2F9

F2F0 4C 9C F9 JMP $F99C to job loop

F2F3 88 DEY

F2F4 10 CA BPL $F2CO check next buffer

F2F6 AC 9C F9 JMP $F99C to job loop

F2F9 A9 20 LDA #$20

F2FB 85 20 STA $20 program head transport

F2FD A0 05 LDY #$05

F2FF 84 3F STY S3F initialize buffer counter
F301 20 93 F3 JSR SF393 set pointer in buffer

F304 30 1A BMI $F320 command for buffer?

F306 Cé6 3F DEC S$3F decrement counter

F308 10 F7 BPL SF301 check next buffer

F30A A4 41 LDY $41 buffer number

F30C 20 95 F3 JSR $F395 set pointer in buffer

F30F A5 42 LDA $42 track difference for last job
F311 85 4A STA $4A as counter for head transport
F313 06 4A ASL S4A

F315 A9 60 LDA #$60 set flag for head transport
F317 85 20 STA $20
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F319 Bl 32 LDA ($32),Y
F31B 85 22 STA $22
F31D 4C 9C F9 JMP SF99C
F320 29 01 AND #$01
F322 c5 3D CMP S$3D
F324 DO EO BNE SF306
F326 A5 22 LDA s22
F328 FO 12 BEQ S$F33C
F32A 38 SEC

F32B F1 32 SBC ($32),Y
F32D FO 0D BEQ SF33C
F32F 49 FF EOR #SFF
F331 85 42 STA $42
F333 E6 42 INC $42
F335 A5 3F LDA S$3F
F337 85 41 STA $41
F339 4C 06 F3 JMP SF306
E33C A2 04 LDX #S04
F33E Bl 32 LDA ($32),Y
F340 85 40 STA $40
F342 DD D6 FE CMP SFED6 ,X
F345 CA DEX

F346 BO FA BCS $F342
F348 8D D1 FE LDA S$FED1,X
F34B 85 43 STA $43
F34D 8A TXA

F34F OA ASL A

F34F 0A ASL A

F350 0A ASL A

F351 0A ASL A

F352 0A ASL A

F353 85 44 STA $44
F355 AD 00 1C LDA $1C00
F358 29 9F AND #S9F
F35A 05 44 ORA $44
F35C 8D 00 1C STA $1C00
F35F A6 3D © LDX $3D
F361 A5 45 LDA $45
F363 C9 40 CMP #$40
F365 FO0 15 BEQ $F37C
F367 C9 60 CMP #S60
F369 FO 03 BEQ SF36E
F36B 4C Bl F3 JMP S$F3Bl1

khkhhkkkhkhkhkkAkhkhkhkkkhkhkkkkkrhkhhkkxkx

F36E A5 3F LDA S$3F
F370 18 CLC

F371 69 03 ADC #S03
F373 85 31 STA $31
F375 A9 00 LDA #S500
F377 85 30 STA $30
F379 6C 30 00 JMP ($0030)

khkkkkkhhkkhkhkhhkhkhhhkkkhhkkkkhhhkkk
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buffer number
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equals address of buffer
execute program in buffer

position head
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F37C A9 60 LDA #$60

F37E 85 20 STA $20 set flag for head transport
F380 AD 00 1C LDA $1C00

F383 29 FC AND #SFC turn stepper motors on

F385 8D 00 1C STA $1C00

F388 A9 A4 LDA #$A4 164

F38A 85 4A STA S$4A step counter for head transport
F38C A9 01 LDA #$01 :

F38E 85 22 STA $22 track number

F390 4C 69 F9 JMP $F969 ok
kkkkkhkhkkkkhkkhkkkkkhkhkkkxkkkkdkkk initialize pointer in buffer
F393 A4 3F LDY $3F buffer number

F395 B9 00 00 LDA $0000,Y command code

F398 48 PHA save

F399 10 10 BPL SF3AB

F39B 29 78 AND #S$78 erase bits 0,1,2, and 7
F39D 85 45 STA $45

F39F 98 TYA buffer number

F3A0 0A ASL A times two

F3Al 69 06 ADC #$06 plus 6

F3A3 85 32 STA $32 equals pointer to actual buffer
F3A5 98 TYA buffer number

F3A6 18 CLC

F3A7 69 03 ADC #$03 plus 3

F3A9 85 31 STA $31 equals buffer address hi
F3AB A0 00 LDY #S00

F3AD 84 30 STY $30 buffer address 1lo

F3AF 68 PLA get command code back

F3B0 60 RTS

kkkhkkhkkhkkkhkkhkkkkkkhkkkhkkkkkhkxk read bloCk header, verify ID
F3B1 A2 5A LDX #$5A 90

F3B3 86 4B STX $4B counter

F3B5 A2 00 LDX #$00

F3B7 A9 52 LDA #$52 82

F3B9 85 24 STA $24s

F3BB 20 56 F5S JSR $F556 wait for SYNC

F3BE 50 FE BVC $F3RE byte ready?

F3C0 B8 CLV

F3Cl1 AD 01 1C LDA $1CO01 data from read head

F3C4 C5 24 CMP $24

F3C6 DO 3F BNE SF407 20, ‘'‘read error'

F3C8 50 FE BVC $F3C8 byte ready?

F3CA B8 CLV

F3CB AD 01 1C LDA $1CO01 data byte from disk(block header)
F3CE 95 25 STA $25,X save 7 bytes

F3D0 E8 INX

F3D1 EO0 07 CPX #$07

F3D3 DO F3 BNE SF3C8 continue reading

F3D5 20 97 F4 JSR S$F497

F3D8 A0 04 LDY #$S04 4 bytes plus parity

F3DA A9 00 LDA #$S00

F3DC 59 16 00 FEOR $0016,Y form checksum for header
F3DF 88 DEY
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F3E0 10 FA BPL $F3DC

F3E2 c9 00 CMP #S00 parity ok?

F3E4 DO 38 BNE SF41E 27, 'read error'

F3E6 A6 3E LDX S3E drive number

F3E8 A4 18 LDA $18 track number of header
F3EA 95 22 STA $22,X use as actual track number
F3EC A5 45 LDA $45

F3EE c9 30 CMP #$30 code for 'preserve header'
F3F0 FO 1E BEQ $F410 preserve header

F3F2 A5 3E LDA $3E

F3F4 oA ASL A

F3F5 A8 TAY

F3F6 B9 12 00 LDA $0012,Y

F3F9 C5 16 CMP $16 compare with ID1

F3FB DO 1E BNE S$F41B

F3FD B9 13 00 LDA $0013,Y

F400 c5 17 CMP $17 compare with ID2

F402 DO 17 BNE $F41B <>, then 29, 'disk id mismatch'
F404 4C 23 F4 JMP $F423

F407 Cé6 4B DEC $4B decrement counter for attempts
F409 DO BO BNE S$F3BB and try again

F40B A9 02 LDA #$02 else

F40D 20 69 F9 JSR $F969 20, 'read error'
khkhkhkkkhkhkkhkhkhkhkhkkhkkkhkhhhhkkkkhkkxk preserve block header
F410 A5 16 LDA $16 ID1

F412 85 12 STA $12

F414 A5 17 LDA $17 and ID2

F416 85 13 STA $13 preserve

F418 A9 01 LDA #$01 ok

F41A 2C .BYTE $2C

F41R A9 OB LDA #S0B 29, 'disk id mismatch'
F41D 2C .BYTE $2C

F41E A9 09 LDA #$09 27, 'write error'

F420 4C 69 F9 JMP $F969 done
khkkhkkhkhkkkhkkhkhhdkkkhkhkkkkkkhkdhx

F423 A9 T7F LDA #S7F

F425 85 4C STA $4C

F427 A5 19 LDA $19

F429 18 CLC

F42A 69 02 ADC #$02

F42C C5 43 CMP $43

F42E 90 02 BCC $F432

F430 E5 43 SBC $43

F432 85 4D STA $4D

F434 A2 05 LDX #$05

F436 86 3F STX S$3F

F438 A2 FF LDX #SFF

F43A 20 93 F3 JSR SF393 set buffer ptr for disk control.
F43D 10 44 BPL $F483

F43F 85 44 STA $44

F441 29 01 AND #$01

F443 C5 3E CMP S3E
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F445 DO 3C BNE $F483

F447 AQ0 00 LDY #$00

F449 Bl 32 LDA ($32),Y

F44B C5 40 CMP $40

F44D DO 34 BNE $F483

F44F A5 45 LDA $45 command code
F451 C9 60 CMP #560

F453 FO 0C BEO S$F461

F455 A0 01 LDY #$01

F457 38 SEC

F458 Bl 32 LDA ($32),Y

F45A E5 4D SBC $4D

F45C 10 03 BPL S$F461

F45E 18 CLC

FASF 65 43 ADC $43

F461 C4 4C CMP S4C

F463 BO 1E BCS $F483

F465 48 PHA

F466 A5 45 LDA $45

F468 FO 14 BEQ SF47E

F46A 68 PLA

F46B c9 09 CMP #$0°9

F46D 90 14 RCC SF483

F46F Cc9 0C CMP #$0C

F471 BO 10 BCS $F483

F473 85 4C STA $4C

F475 AS 3F LDA S$3F

F477 AA TAX

F478 69 03 ADC #S03

F47A 85 31 STA $31

F47C DO 05 BNE $F483

F47E 68 PLA

F47F C9 06 CMP #S06

F481 90 FO BCC S$F473

F483 Cé6 3F DEC S3F

F485 10 B3 BPL SF43A

F487 8A TXA

F488 10 03 BPL SF48D

FA8A 4C 9C F9 JMP SF99C to job loop
F48D 86 3F STX S$3F

F48F 20 93 F3 JSR SF393 get buffer number
F492 A5 45 LDA $45 command code
F4a94 4C CA F4 JMP SF4CA continue checking
F497 A5 30 LDA $30

F499 48 PLA save pointer $30/$31
F49A A5 31 LDA $31

FA9C 48 PHA

F49D A9 24 LDA #$24

F49F 85 30 STA S30

F4Al A9 00 LDA #$00 pointer $30/$31 to $24
F4A3 85 31 STA $31

F4AS5 A9 00 LDA #S00

FAA7 85 34 STA $34
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F4A9 20 E6 F7 JSR $F7E6
F4AC A5 55 LDA $55
F4AE 85 18 STA $18
F4B0O A5 54 LDA $54
F4B2 85 19 STA $19
F4B4 A5 53 '~ LDA $53
F4B6 85 1A STA $1A
F4B8 20 E6 F7 JSR SF7E6
F4BB A5 52 LDA $52
F4BD 85 17 STA $17
F4BF A5 53 LDA $53
F4C1 85 16 STA $16
F4C3 68 PLA

F4cC4 85 31 STA $31
F4Cé 68 PLA

F4C7 85 30 STA $30
F4C9 60 RTS

khkkkkhkhkhkkhhdhhkkhhkhkhkkhkkkkhk

F4CA c9 00 CMP #S00
F4CC FO 03 BEQ S$F4Dl1
F4CE 4C 6E F5 JMP SF56E
F4D1 20 OA F5 JSR $F50A
F4D4 50 FE BVC $F4D4
F4D6 B8 CLV

F4D7 AD 01 1C LDA $1CO01
F4DA 91 30 STA ($30),Y
F4DC c8 INY

F4DD DO F5 BNE SF4D4
F4DF A0 BA LDY #SBA
F4El 50 FE BVC $F4El
F4E3 B8 CLV

F4E4 AD 01 1C LDA $1C01
F4E7 99 00 01 STA $0100,Y
F4EA c8 INY

F4EB DO F4 BNE SF4FE1
F4ED 20 EO F8 JSR S$F8EOQ
F4F0 A5 38 LDA $38
F4F2 C5 47 CMP $47
F4F4 FO 05 BEQ $F4FB
F4F6 A9 04 LDA #S04
F4F8 4C 69 F9 JMP $F969
F4FR 20 E9 F5 JSR $F5E9
F4FE C5 3A CMP $3A
F500 FO 03 BEQ SF505
F502 A9 05 LDA #805
F504 2C .BYTE $2C
F505 A9 01 LDA #$01
F507 4C 69 F9 JMP $F969

Dkkkkkkhhkhkhkkkhk kA kkhkkkhkkhkkhkhkhkhkkk

F50A
F50D

20 10 FS
AC 56 F5

JSR SF510
JMP SF556
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find beginning of data block
byte ready?

get data byte
and write in buffer
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read bytes
from $1BA to $1FF

equal 7, beginning of data bloc
yes

22, 'read error'

error termination

calculate parity of data block

agreement?
yes
23, 'read error'

ok
prepare error message

find start of data block
read block header
wait for SYNC
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khkkkkhhkhhhkhkkhkhhhkhkhkhkhkkkhdkkxk read block header

F510 A5 3D LDA $3D drive number

F512 0A ASL A

F513 AA TAX

F514 B5 12 LDA $12,X Dl

F516 85 16 STA $16 save

F518 B5 13 LDA $13,X ID2

F51A 85 17 STA $17 save

F51C A0 00 LDY #$00

FS51E Bl 32 LDA ($32),Y get track and

F520 85 18 STA $18

F522 Cc8 INY

F523 Bl 32 LDA ($32),Y sector number from buffer
F525 85 19 STA $19

F527 A9 00 LDA #$00

F529 45 16 EOR $16

F52B 45 17 EOR $17 calculate parity for block header
F52D- 45 18 EOR $18

F52F 45 19 EOR $19

F531 85 1A STA $1A and save

F533 20 34 F9 JSR SF934

F536 A2 5A LDX #$5A 90 attempts

F538 20 56 F5 JSR $F556 wait for SYNC

F53B A0 00 LDY #S$00

F53D 50 FE BVC S$F35D byte ready?

F53F B8 CLV

F540 AD 01 1C LDA $1CO01 read data from block header
F543 D9 24 00 CMP $0024,Y compare with saved data
F546 DO 06 BNE S$FS4E not the same, try again
F548 c8 INY

F549 co 08 CPY #$08 8 bytes read?

F54B DO FO BNE $F53D no

F54D 60 RTS

F54E CA DEX decrement counter

F54F D0 E7 BNE $F538 not yet zero?

F551 A9 02 LDA #$02

F553 4C 69 F9 JMP $F969 20, 'read error'
kkkhkkkhhkhhhkhkkhkdkhkhhkhkkrhkhhkkhkhkkkk Wait for SYNC

F556 A9 DO LDA #$DO 208

F558 8D 05 18 STA $1805 start timer

F55B A9 03 LDA #3503 error code

F55D 2C 05 18 BIT $1805

F560 10 F1 BPL SF553 timer run down, then 'read error'
F562 2C 00 1cC BIT $1CO00 SYNC signal

F565 30 F6 BMI S$F55D not yet found?

F567 AD 10 1C LDA $1CO01 read byte

F56A B8 CLV

F56B A0 00 LDY #$00

F56D 60 RTS

khkkhkkkkkhkhkhhkhkkkkhkhkkkhkhkhkhkhkkkkk
FS56E Cc9 10 CMP #3510 command code for ‘write'
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F570
F572

FO 03
4C 91 F6

BEQ $F575
JMP $F691

khkkhkkkhkkhkkhkhkkhkhhhhkhkhkkkkhhkkkk

F575 20 E9 F5 JSR $F5E9
F57B 85 3A STA $3A
F57A AD 00 1C LDA $1C00
F57D 29 10 AND #$10
F57F DO 05 BNE $F586
F581 A9 08 LDA #$08
F583 4C 69 F9 JMP $F969
F586 20 8F F7 JSR $F78F
F589 20 10 F5 JSR SF510
F58C A2 09 LDX #S09
F58E 50 FE BVC SF58E
F590 B8 CLV

F591 CA DEX

F592 DO FA BNE $F58E
F594 A9 FF LDA #SFF
F596 8D 03 1C STA $1C03
F599 AD 0C 1cC LDA $1COC
F59C 29 1F AND #$1F
F59E 09 CO ORA #S$CO
F5A0 8D 0C 1C STA $1COC
F5A3 A9 FF LDA #SFF
F5AS A2 05 LDX #$05
F5A7 8D 01 1C STA $1C01
F5AA B8 CLV

F5AB 50 FE BVC SF5AB
F5AD B8 CLV

FSAE CA DEX

F5AF DO FA BNE S$F5AB
F5B1 A0 BB LDY #$BB
F5B3 B9 00 01 LDA $0100,Y
F5B6 50 FE BVC SF5B6
F5B8 R8 CLV

F5B9 8D 01 1C STA $1C01
F5BC c8 INY

F5BD DO F4 BNE S$F5B3
F5BF Bl 30 LDA ($30),Y
F5C1 50 FE BVC S$F5C1
F5C3 B8 CLV

F5C4 8D 01 1C STA $1CO01
F5C7 c8 INY

F5C8 DO FS BNE S$FS5BF
F5CA 50 FE BVC $F5CA
F5CC AD 0C 1C LDA $1C0C
F5CF 09 EO ORA #SEO
F5D1 8D 0C 1C STA $1COC
F5D4 A9 00 LDA #$00
F5D6 8D 03 1C LDA $1C03
F5D9 20 F2 FS JSR SF5F2
F5DC A4 3F LDY S$3F
FS5DE B9 00 00 LDA $0000,Y
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as SYNC characters

bytes $1BB to $1FF to disk

write data buffer (256 bytes)

byte ready?

PCR to input again

port A (read/write head) to inp
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F5E1 49 30 EOR #$30 convert command code ‘'write'
F5E3 99 00 00 STA $0000,Y to 'verify'
F5E6 4C Bl F3 JMP S$F3Bl1

KAKKKKKKKKKKKRKKKKK KKKk KKKRR*X*  calcylate parity for data luffer
F5E9 A9 00 LDA #$00

F5EB A8 TAY

F5EC 51 30 EOR ($30),Y
FS5EE C8 INY

F5EF DO FB BNE $FS5EC
F5F1 60 RTS

F5F2 A9 00 LDA #$00
F5F4 85 2E STA $2E
F5F6 85 30 STA $30
F5F8 85 4F STA $4F
F5FA A5 31 LDA §31
F5FC 85 4E STA S4E
F5FE A9 01 LDA #$01
F600 85 31 STA $31
F602 85 2F STA $2F
F604 A9 BB LDA #S$SBB
F606 85 34 STA $34
F608 85 36 STA $36
F60A 20 E6 F7 JSR $FTE6
F60D A5 52 LDA $52
F60F 85 38 STA $38
F611 A4 36 LDY $36
F613 A5 53 LDA $53
F615 91 2E STA (S2E),Y
F617 Cc8 INY

F618 A5 54 LDA $54
F61A 91 2E STA ($2E),Y
F61C Cc8 INY

F61D A5 55 LDA $55
F61F 91 2E STA ($2E),Y
F621 Cc8 INY

F622 84 36 STY S$36
F624 20 E6 F7 JSR SFTE6
F627 A4 36 LDY $36
F629 A5 52 LDA $52
F62B 91 2E STA ($2E),Y
F62D C8 INY

F62E A5 53 LDA $53
F630 91 2E STA (S2E),Y
F632 c8 INY

F633 FO OE BEQ SF643
F635 A5 54 LDA S54
F637 91 2E STA (S2E),Y
F639 Cc8 INY

F63A A5 55 LDA $55
F63C 91 2E STA (S2E),Y
F63E C8 INY

F63F 84 36 STY $36
F641 DO El1 BNE $F624
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F643 A5 54 LDA $54
F645 91 30 STA ($30),Y
F647 Cc8 INY

F648 A5 55 LDA $55
F64A 91 30 STA ($30),Y
F64C c8 INY

F64D 84 36 STY $36
F64F 20 E6 F7 JSR $F7E6
F652 A4 36 LDY $36
F654 A5 52 LDA $52
F656 91 30 STA ($30),Y
F658 Cc8 INY

F659 AS 53 LDA $53
F65B 91 30 STA ($30),Y
F65D Cc8 INY

F65E A5 54 LDA $54
F660 91 30 STA ($30),Y
F662 c8 INY

F663 A5 55 LDA $55
F665 91 30 STA ($30),Y
F667 c8 INY

F668 84 36 STY $36
F66A CO BB CPY #SBB
F66C 90 E1 "BCC $F64F
F66E A9 45 LDA #$45
F670 85 2E STA $2E
F672 A5 31 LDA $31
F674 85 2F STA $2F
F676 A0 BA LDY #$BA
F678 Bl 30 LDA ($30),Y
F67A 91 2E STA ($2E),Y
F67C 88 DEY

F67D DO F9 BNE SF678
F67F Bl 30 LDA ($30),Y
F681 91 2E STA ($2E),Y
F683 A2 BB LDX #$BB
F685 BD 00 01 LDA $0100,X
F688 91 30 STA ($30),Y
F68A c8 INY

F68B E8 INX

F68C DO F7 BNE $F685
F68E 86 50 STX $50
F690 60 RTS
khkhkkkkhkkkhkhkkhkkkkkkhkhkkhkhkhkkhkk
F691 Cc9 20 CMP #$20
F693 FO 03 BEQ $F698
F695 4C CA F6 JMP $F6CA
F698 20 E9 F5 JSR $F5E9
F69R 85 3A STA $3A
F69D 20 8F F7 JSR $F78F
F6A0 20 OA F5 JSR $F50A
F6A3 A0 BB LDY #$BB
F6AS5 B9 00 01 LDA $0100,Y
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and save

find start of data block

data from buffer
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F6A8 50 FE BVC $F6A8 byte ready?

F6AA B8 CLV

F6AB 4D 01 1C EOR $1C01 compare with data from disk
F6AE DO 15 BNE SF6C5S not equal, then error
F6BO Cc8 INY

F6B1 DO F2 BNE S$F6AS5

F6B3 Bl 30 LDA ($30),Y data from buffer

F6BS 50 FE BVC S$F6B5

F6B7 B8 CLV

F6B8 4D 01 1C EOR $1C01 compare with data from disk
F6BB DO 08 BNE S$F6C5 not equal, then error
F6BD Cc8 INY

F6BE C0 FD CPY #SFD

F6CO DO F1 BNE S$F6B3

F6C2 4C 18 F4 JMP $F418 error free termination
F6C5 A9 07 LDA #$07

F6C7 4C 69 F9 JMP $F969 25, 'write error'
kkkkkhkhkkkhkkkhkhkhkkkhkkhkkkhkkhkhkkk

F6CA 20 10 F5 JSR $F510 read block header
F6CD 4C 18 F4 JMP $F418 done
kkkkkhkhkkkkkhkkkhkkkhkkhkhkhkhkhkkkkkkk

F6D0 A9 00 LDA #$00

F6D2 85 57 STA $57

F6D4 85 5A STA $5A

F6D6 A4 34 LDY $34

F6D8 A5 52 LDA $52

F6DA 29 FO AND #SFO isolate hi-nibble
F6DC 4A LSR A

F6DD 4A LSR A and rotate to lower nibble
F6DE 4A LSR A

F6DF 4A LSR A

F6EO AA TAX as index in table
F6E1l BD 7F F7 LDA $F77F,X

F6E4 0A ASL A

F6ES 0A ASL A times 8

F6E6 0A ASL A

F6E7 85 56 STA $56

F6E9 A5 52 LDA $52

F6EB 29 OF AND #SOF isolate lower nibble
F6ED AA TAX as index in table
F6EE BD 7F F7 LDA $F77F,X

F6F1 6A ROR A

F6F2 66 57 ROR $57

F6F4 6A ROR A

F6F5 66 57 ROR $57

F6F7 29 07 AND #$07

F6F9 05 56 ORA $56

F6FB 91 30 STA ($30),Y in buffer

F6FD c8 INY increment buffer

F6FE A5 53 LDA $53

F700 29 FO AND #SFO isolate upper nibble
F702 4A LSR A
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F703
F704
F705
F706
F707
F70A
F70B
F70D
F70F
F711
F713
F714
F717
F718
F719
F71A
F71B
F71D
F71E
F720
F722
F724
F725
F727
F729
F72A
F72B
F72C
F72D
F72E
F731
F732
F733
F735
F737
F738
F739
F73B
F73D
F73F
F741
F742
F745
F746
F747
F749
F74B
F74D
F74F
F751
F752
F753
F754
F755
F756

4A
4A
4A
AA
BD
OA
05
85
AS
29

7F F7
57
57
53
OF

7F F7

58
01
57
30

54
FO

TF F17

58
30

80

54
OF

7F F7

e
59
59
55
FO

7F F7

LSR
LSR
LSR
TAX
LDA
ASL
ORA
STA
LDA
AND
TAX
LDA
ROL
ROL
ROL
ROL
STA
ROL
AND
ORA
STA
INY
LDA
AND
LSR
LSR
LSR
LSR
TAX
LDA
CLC
ROR
ORA
STA
INY
ROR
AND
STA
LDA
AND
TAX
LDA
ASL
ASL
AND
ORA
STA
LDA
AND
LSR
LSR
LSR
LSR
TAX
LDA

A
A
A

$F77F,X
A

$57

$57

$53
#SOF

SF77F,X
A
A
A
A

$58

A

#$01
$57
(s$30),Y

$54
#SFO
A

A

A

A

SF77F,X

A
$58
($30),Y

A
#$80
$59
$54
#SOF

$SF77F,X
A

A

#87C
$59

$59

$55
#SFO

> >

SF77F,X
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shift to upper nibble

as index in table

lower nibble
as index

in buffer
increment buffer

isolate hi-nibble

in buffer
increment buffer pointer

lower nibble
as index

isolate hi-nibble

shift to lower nibble

as index in table
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F759 6A ROR A

F75A 66 S5A ROR $5A

F75C 6A ROR A

F75D 66 SA ROR $5A

F75F 6A ROR A

F760 66 5A ROR $5A

F762 29 03 AND #$03

F764 05 59 ORA $59

F766 91 30 STA ($30),Y in buffer
F768 Cc8 INY increment buffer pointer
F769 DO 04 BNE S$F76F

F76B A5 2F LDA $2F

F76D 85 31 STA $31

F76F A5 55 LDA $55

F771 29 OF AND #SOF lower nibble
F773 AA TAX as index
F774 BD 7F F7 LDA S$F77F,X

F777 05 5A ORA $5A

F779 91 30 STA ($30),Y in buffer
F77B c8 INY increment buffer pointer
F77C 84 34 STY $34 and save
F77E 60 RTS

khkkkkhhkhkkhkhhhkkkhkkhhhkkkhkhhkkhkkk

F77F OA OB 12 13 OE OF 16 17
F787 09 19 1A 1B 0D 1D 1E 15

khkkkkkkkhkkkkhkhkhkhkkkhkkkkhkhkkkkkkk

F78F A9 00 LDA #$00
F791 85 30 STA $30
F793 85 2E STA $2E
F795 85 36 STA $36
F797 A9 BB LDA #$BB
F799 85 34 STA $34
F79B 85 50 STA $50
F79D A5 31 LDA $31
F79F 85 2F STA $2F
F7Al A9 01 LDA #$01
F7A3 85 31 STA $31
F7A5 A5 47 LDA $47
F7A7 85 52 STA $52
F7A9 A4 36 LDY $36
F7AB Bl 2E LDA ($2E),Y
F7AD 85 53 STA $53
F7AF c8 INY

F7B0 Bl 2E LDA ($2E),Y
F7B2 85 54 STA $54
F7B4 c8 INY

F7B5 Bl 2E LDA ($2E),Y
F7B7 85 55 STA $55
F7B9 c8 INY

F7BA 84 36 STY $36
F7BC 20 DO F6 JSR $F6DO
F7BF A4 36 LDY $36
F7Cl Bl 2E LDA ($2E),Y

249



Anatomy of the 1541 Disk Drive

F7C3
F7C5
F7Cé6
F7C8
F7CA
F7CC
F7CD
F7CF
F7D1
F7D2
F7D4
F7D6
F7D7
F7D9
F7DB
F7DD
F7DF
F7E1
F7E3

F7E6
F7E8
F7EA
F7EC
F7ED
F7EE
F7EF
F7F1
F7F3
F7F5
F7F6
F7F7
F7F9
F7FA
F7FC
F7FE
F800
F802

F804

F806
F807
F808
F809
F80B
F80D
F80F
F811
F812
F814
F816
F818
F819
F81A
F81B
F81C

85
C8
FO
Bl
85
c8
Bl
85
c8
Bl
85
c8
DO
A5
85
A9
85
85
4c

A4
Bl
29
4A
4A
4A
85
Bl
29
0A
0A
85
Cc8
DO
A5
85
A4
Bl
29
2A
2A
2A
05
85
Bl
29
4A
85
Bl
29

52

11
2E
53

2E
54

2E
55

El
3A
53
00
54
55
DO

34
30
F8

56

07

57

06
4E
31
4F
30
co

57
57
30
3E

58

30
01

59

F6

STA
INY
BEOQ
LDA
STA
INY
LDA
STA
INY
LDA
STA
INY
BNE
LDA
STA
LDA
STA
STA
JMP

LDY
LDA
AND
LSR
LSR
LSR
STA
LDA
AND

ASL
STA
INY
BNE
LDA
STA
LDY
LDA
AND
ROL
ROL
ROL
ORA
STA
LDA
AND
LSR
STA
LDA
AND
ASL
ASL
ASL
ASL
STA

$52

SF7D9
(S2E),Y
$53

($2E),Y
$54

($2E),Y
$55

SF7BA
$3A
$53
#$00
$54
$55
SF6DO

$34

($30),Y
#SF8
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F81E
F81F
F821
F823
F824
F825
F826
F827
F829
F82B
F82D
F82F
F830
F832
F833
F835
F837
F838
F839
F83A
F83C
F83E
F840
F842
F844
F845
F846
F848
F84A
F84C
F84D
F84E
F84F
F851
F852
F854
F856
F858
F85A
F85C
F85E
F85F
F860
F861
F862
F864
F866
F868
F86A
F86C
F86D
F86F
F871
F874
F876

c8
Bl
29
AA
4A
4A
4A
05
85
Bl
29
0A
85
cs8
Bl
29
18
2A
2A
29
05
85
Bl
29
4A
4A
85
Bl
29
0A
0A
0A
85
c8
DO
A5
85
A4
Bl
29
2A
2A
2A
2A
05
85
Bl
29
85
Cc8
84
A6
BD
A6
1D

30
FO

59
59
30
OF

5A

30
80

01
5A
5A
30
e

5B
30
03

5C

06
4E
31
4F
30
EO

5C
5C
30
1F
5D

34
A0 F8

57
CO F8

INY
LDA
AND
LSR
LSR
LSR
LSR
ORA
STA
LDA
AND
ASL
STA
INY
LDA
AND
CLC
ROL
ROL
AND
ORA
STA
LDA
AND
LSR
LSR
STA
LDA
AND
ASL
ASL
ASL
STA
INY
BNE
LDA
STA
LDY
LDA
AND
ROL
ROL
ROL
ROL
ORA
STA
LDA
AND
STA
INY
STY
LDX
LDA
LDX
ORA

($30),

#$FO
A

A

A

A
$59
$59

($30),

#SOF
A
$5A

($30),

#$80
A
A
#$01

$5A
$5A

($30),

#87C
A

A
$5B

($30),

#$03
A
A

A

$5C
SF85A
S4E

$31
S4F

($30),

#SEO
A

A

A

A
$5C
$5¢C

($30),

#S1F
$5D

$34
$56

SF8AO,

$57

Anatomy of the 1541 Disk Drive

Y

Y

Y

Y

Y

Y

Y

X

$F8CO,X
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F879 85 52 STA $52
F87B A6 58 LDX $58
F87D BD A0 F8 LDA $F8A0,X
F880 A6 59 LDX $59
F882 1D CO F8 ORA S$F8CO,X
F885 85 53 STA $53
F887 A6 5A LDX $5A
F889 BD A0 F8 LDA S$F8A0,X
F88C A6 5B LDX $5B
F88E 1D CO F8 ORA SF8CO0,X
F891 85 54 STA $54
F893 A6 5C LDX $5C
F895 BD A0 F8 LDA S$F8A0,X
F898 A6 5D LDX $5D
F89A 1D CO F8 ORA $F8CO0,X
F89D 85 55 STA $55
F89F 60 RTS
khkdkhkkdkhkhkkhkhkhhkkhhhkhkhkhrhkhkhhkhkdkki
F8A0 FF FF FF FF FF FF FF FF
F8A8 FF 80 00 10 FF CO 40 50
F8BO FF FF 20 30 FF FO 60 70
F8B8 FF 90 A0 BO FF DO EO FF
F8CO FF FF FF FF FF FF FF FF
F8C8 FF 08 00 01 FF 0C 04 05
F8D0 FF FF 02 03 FF OF 06 07
F8D8 FF 09 OA OB FF 0D OE FF
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkkhhdkkhkk
F8EOQ A9 00 LDA #$00
F8E2 85 34 STA $34
F8E4 85 2E STA S$2E
F8E6 85 36 STA $36
F8ES A9 01 LDA #$01
F8EA 85 4E STA S$4E
F8EC A9 BA LDA #$BA
F8EE 85 4F STA $4F
F8FO0 A5 31 LDA $31
F8F2 85 2F STA $2F
F8F4 20 E6 F7 JSR $F7E6
F8F7 A5 52 LDA $52
F8F9 85 38 STA $38
F8FB A4 36 LDY $36
F8FD A5 53 LDA $53
F8FF 91 2E STA ($2E),Y
F901 c8 INY

F902 A5 54 LDA $54
F904 91 2E STA (S2E),Y
F906 c8 INY

F907 A5 55 LDA $55
F909 91 2E STA ($2E),Y
F90B (8 INY

F90C 84 36 STY $36
FI90E 20 E6 F7 JSR $F7E6
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F911
F913
F915
F917
F918
F91A
F91cC
F91E
FO91F
F921
F923
F924
F926
F928
F929
F92B
F92D
F92F
F931
F933

F934
F936
F938
F93A
F93C
F93E
F940
F942
F944
F946
F948
F94A
F94C
F94E
F950
F953
F955
F957
F959
F95B
F95D
FO5F
F961
F964
F966
F968

F969
F96B
FO96E
F970
F972
F975
F978

36
52
2E

11
53
2E

54
2E

55
2E

El
53
3A
2F
31

31
2F
00
31
24
34
39
52
1A
53
19
54
18
55
DO
17
52
16
53
00
54
55

2F
31

3F
00
50
03
F2
8F
49

Fé6

Fé

00

F5
F9

LDY

RTS
LDY

LDA
BEQ
JSR
JSR
LDX

$36
$52

($2E),

$F92B
$53

($2E),

$54

($2E),

$55

($2E),

$F90C
$53
$3A
S2F
$31

$31
$2F
#$00
$31
$#$24
$34
$39
$52
$1A
$53
$19
$54
$18
$55
SF6D0
$17
$52
$16
$53
#3500
$54
$55
SF6DO
$2F
$31

$3F

$0000,

$50
SF975
SF5F2
SFI98F
$49

Anatomy of the 1541 Disk Drive

Y

Y

Y

Y

Y

get stack pointer back
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F97A 9A TXS

F97B 4C BE F2 JMP S$F2BE
F97E A9 A0 LDA #SA0
F980 85 20 STA $20
F982 AD 00 1C LDA $1C00
F985 09 04 ORA #S04 turn drive motor off
F987 8D 00 1C STA $1C00
F98A A9 3C LDA $3C
F98C 85 48 STA $48
F98E 60 RTS

F98F A6 3E LDX $3E
F991 A5 20 LDA $20
F993 09 10 ORA #$10
F995 85 20 STA $20
F997 A9 FF LDA #SFF
F999 85 48 STA $48
F99B 60 RTS

F99C AD 07 1C LDA $1C07
F99F 8D 05 1C STA $1CO05
" F9A2 AD 00 1C LDA $1C00

F9AS5 29 10 AND #$10 write protect?
F9A7 C5 1E CMP S1E
F9A9 85 1E STA S1E
F9AB FO 04 BEQ SF9B1
F9AD A9 01 LDA #$01
FI9AF 85 1C STA $1C
FI9B1 AD FE 02 LDA $O02FE
F9B4 FO 15 BEQ S$F9CB
F9B6 c9 02 CMP #$02
FI9BB DO 07 BNE $F9C1
F9BA A9 00 LDA #$00
F9BC 8D FE 02 STA $02FE
F9BF FO 0A BEQ S$F9CB
F9C1 85 4A STA $4A
FoC3 A9 02 LDA #$02

F9C5 8D FE 02 STA $02FE
F9C8 4C 2E FA JMP S$FA2E

F9CB A6 3E LDX S$3E
F9CD 30 07 BMI $F9D6
FOCF A5 20 LDA $20
F9D1 A8 TAY

FI9D2 Cc9 20 CMP #$20
F9D4 DO 03 BNE $F9D9
F9D6 4C BE FA JMP SFABE
FI9D9 Cé6 48 DEC $48
F9DB DO 1D BNE S$FI9FA
F9DD 98 TYA

F9DE 10 04 BPL $F9E4
F9EO 29 TF AND #S7F
F9E2 85 20 STA $20
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F9E4 29 10 AND #$10

F9E6 FO 12 BEO SF9FA

F9E8 AD 00 1C LDA $1C00

F9EB 29 FB AND #S$FB drive motor on
F9ED 8D 00 1C STA $1C00

F9F0 A9 FF LDA #SFF

F9F2 85 3E STA S$3E

F9F4 A9 00 LDA #$00

FI9F6 85 20 STA $20

FI9F8 F0 DC BEQ $F9D6

F9FA 98 TYA

F9FB 29 40 AND #$40

F9FD DO 03 BNE SFA02

FOFF 4C BE FA JMP SFABE

FAQ02 6C 62 00 JMP ($0062)

FAOS A5 43 LDA #$4A

FAO07 10 05 BPL SFAOFE

FA09 49 FF EOR #S$FF

FAOB 18 CLC

FAOC 69 01 ADC #$01

FAOE C5 64 CMP $64

FAl10 BO 0A BCS $FAlC

FAl2 A9 3B LDA #$3B

FAl4 85 62 STA $62

FAl6 A9 FA LDA #SFA | pointer $62/$63 to $FA3B
FAl8 85 63 STA $63

FAlA DO 12 BNE $FA2E

FAlC E5 S5E SBC S5E

FAlE E5 5E SBC $5E

FA20 85 61 STA $61

FA22 A5 5E LDA S5E

FA24 85 60 STA $60

FA26 A9 7B LDA #$7B

FA28 85 62 STA $62

FA2A A9 FA LDA #$FA pointer $62/$63 to $FA7B
FA2C 85 63 STA $63

FA2E A5 4A LDA $4A step counter for head transport
FA30 10 31 BPL $FA63

FA32 E6 4A INC $4A increment

FA34 AE 00 1C LDX $1C00

FA37 CA . DEX

FA38 4C 69 FA JMP $FA69
khkkkkkkhkkkhkhkkkhkhhkkkhhhkhkkkkkk

FA3B A5 4A LDA $4A step counter for head transport
FA3D DO EF BNE SFA2E not yet zero?
FA3F A9 4E LDA #S$4E

FA41l 85 62 STA $62

FA43 A9 FA LDA #S$FA pointer $62/$63 to SFAAE
FA45 85 63 STA $63

FA47 A9 05 LDA #$05

FA49 85 60 STA $60 counter to 5
FA4B 4C BE FA JMP SFABE
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khkhkkkkhkhkhkhkhkhhkkhhhkhkhhhkkkhkhkhkk

FA4E C6 60 DEC $60
FA50 DO 6C BNE $FARE
FA52 A5 20 LDA $20
FA54 29 BF AND #S$BF
FA56 85 20 STA $20
FAS8 A9 05 LDA #$05
FAS5A 85 62 STA $62
FA5C A9 FA LDA #$FA
FASE 85 63 STA $63
FA60 AC BE FA JMP SFABE
khkkhkhkhkhkhkkhhkhkhkhkhkhkhkhkrkhkkhkkkkkkkhk
FA63 Cé6 4A DEC $4A
FA65 AE 00 1C LDX $1C00
FA68 E8 INX

FA69 8A TXA

FAGA 29 03 AND #$03
FA6C 85 4B STA $4B
FA6E AD 00 1C LDA $1C00
FA71 29 FC AND #SFC
FA73 05 4B ORA $4B
FA75 8D 00 1C STA $1C00
FA78 4C BE FA JMP SFABE
kkkkkkhhkkkkhkhkkkkhkkkkhhkhkhkkhkhkkkk
FA7B 38 SEC

FA7C AD 07 1C LDA $1CO07
FATF E5 S5F SBC $5F
FA81 8D 05 1C STA $1CO0S5
FA84 Cé6 60 DEC $60
FA86 DO OC BNE $FA94
FA88 A5 5E LDA S$5E
FA8A 85 €0 STA $60
FA8C A9 97 STA #$97
FASE 85 62 STA $62
FA90 A9 FA LDA #SFA
FA92 85 63 STA $63
FA94 4C 2E FA JMP S$FA2E
khkkhkhkdkhkhkhkhkhkkhdhhkdhhkhhkhkhhhhkkk
FA97 C6 61 DEC $61
FA99 DO F9 BNE $FA94
FA9B A9 A5 LDA #S$SA5
FA9D 85 62 STA $62
FA9F A9 FA LDA #SFA
FAAL 85 63 STA $63
FAA3 DO EF BNE SFA94
kkkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhrhhhkhhkhkkkk
FAAS5 AD 07 1C LDA $1C07
FAAS8 18 CLC

FAA9 65 5F ADC S$5F
FAAR 8D 05 1C STA $1C05

256

decrement counter
not yet zera?

erase bit 6

pointer $62/$63 to FA0S

step counter for head transport

stepper motor off

decrement counter
not yet zero?

pointer $62/$63 to $FA97

pointer $62/$63 to S$FAAS
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FAAE C6 60 DEC $60
FABO DO E2 BNE SFA94
FAB2 A9 4E LDA #S4E
FAB4 85 62 STA $62
FAB6 A9 FA LDA #SFA
FABS 85 63 STA $63
FABA A9 05 LDA #$05
FABC 85 60 STA $60
FABE AD 0C 1C LDA $1COC
FAC1 29 FD AND #SFD
FAC3 8D 0C 1C STA $1C0C
FAC6 60 RTS

hAhkkkhkhkhhhkkkkARk kAKX kkAkKkAA kXK Ak

FAC7 A5 51 LDA $51
FACY 10 2A BPL SFAF5
FACB A6 3D LDX $3D
FACD A9 60 LDA #$S60
FACF 95 20 STA $20,X
FAD1 A9 01 LDA #$01
FAD3 95 22 STA $22,X
FADS 85 51 STA $51
FAD7 A9 A4 LDA #$A4
FAD9 85 4A STA $4A
FADB AD 00 1C LDA $1C00
FADE 29 FC AND #SFC
FAEO 8D 00 1C STA $1C00
FAE3 A9 0A LDA #$0A
FAE5 8D 20 06 STA $0620
FAES8 A9 AQ LDA #$40
FAEA 8D 21 06 STA $0621
FAED A9 OF LDA #$0OF
FAEF 8D 22 06 STA $0622
FAF2 4C 9C F9 JMP SF99C
FAF5 A0 00 LDY #$00
FAF7 D1 32 CMP ($32),Y
FAF9 FO 05 BEQ $FBOO
FAFB 91 32 STA ($32),Y
FAFD 4C 9C F9 JMP SF99C
FBOO AD 00 1C LDA $1C00
FBO3 29 10 AND #S$10
FBO5 DO 05 BNE S$FBOC
FBO7 A9 08 LDA #$08
FB09 4C D3 FD  JMP SFDD3
FBOC 20 A3 FD JSR SFDA3
FBOF 20 C3 FD  JSR SFDC3
FB12 A9 55 LDA #$55
FB14 8D 01 1C STA $1C01
FB17 20 C3 FD  JSR $FDC3
FB1A 20 00 FE JSR SFE00
FB1D 20 56 F5 JSR SF556
FB20 A9 40 LDA #$40

257

decrement counter
not yet zero?

pointer $62/$63 to SFA4E

counter to 5

erase bit 1

formatting

track number

fomatting already in progress
drive number

flag for head transport

set

set destination track

running track # for format

164

step counter for head transport

stepper motor on

10
error counter
$621/$622 = 4000

initialize track capacity
4000 < capacity < 2*4000 bytes

back in job loop

to job loop

write protect?
no
26, 'write protect on'

write SFF to disk 10240 times
code ($621/$622) times to disk
$55

to write head
and ($621/$622)
switch to read
set timer, find S$FF (SYNC)

times to disk
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FB22 0D OB 18

ORA $180B
FB25 8D OB 18 STA $180B
FB28 A9 62 LDA #$62
FB2A 8D 06 18 STA $1806
FB2D A9 00 LDA #$00
FB2F 8D 07 18 STA $1807
FB32 8D 05 18 STA $1805
FB35 A0 00 LDY #S00
FB37 A2 00 LDX #$00
FB39 2C 00 1C BIT $1C00
FB3C 30 FB BMI S$FB39
FB3E 2C 00 1cC BIT $1C00
FB41 10 FB BPL SFB3E
FB43 AD 04 18 LDA $1804
FB46 2C 00 1C BIT $1C00
FB49 10 11 BPL $FB5C
FB4B AD 0D 18 LDA $180D
FB4E 0A ASL A
FB4F 10 F5 BPL $FB46
FB51 E8 INX
FB52 DO EF BNE $FB43
FB54 c8 INY
FB55 DO EC BNE $FB43
FB57 A9 02 LDA #$02
FB59 4C D3 FD JMP S$FDD3
FB5C 86 71 STX $71
FB5E 84 72 STY $72
FB60 A2 00 LDX #$00
FB62 A0 00 LDY #$00
FB64 AD 04 18 LDA $1804
FB67 2C 00 1C BIT $1C00
FB6A 30 11 BMI $FB7D
FB6C 'AD OD 18 LDA $180D
FB6F 0A ASL A
FB70 10 FS BPL SFB67
FB72 E8 INX
FB73 DO EF BNE S$FB64
FB75 c8 INY
FB76 DO EC BNE SFB64
FB78 A9 02 LDA #$02
FB7A 4C D3 FD JMP $FDD3
FB7D 38 SEC
FB7E 8A TXA
FB7F E5 71 SBC $71
FB81 AA TAX
FB82 85 70 STA $70
FB84 98 TYA
FB85 E5 72 SBC $72
FB87 A8 TAY
FB88 85 71 STA $71
FB8A 10 OB BPL SFB97
FB8C 49 FF EOR #SFF
FB8E A8 TAY

258

timer 1 free running

98 cycles, about 0.1 ms

start timer
counter to zero

SYNC found?

no, wait

SYNC found?

wait for SYNC

reset interrupt flag timer
SYNC found?

not SYNC ($55)?

interrupt flag register
shift timer flag

timer not run down yet?
increment counter
increment hi-byte of counter
then error

error'

overflow,
20, 'read

counter to zero again

reset timer 1 interrupt flag
SYNC found?

yes

interrupt-flag register

timer flag to bit 7

no, wait until timer run down

increment counter

overflow, then error
20, 'read error'

difference between counter

and value for S$FF-storage
bring to $70/$71

difference positive?
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FBSF 8A TXA

FB90 49 FF EOR #SFF calculate abs. val of difference
FB92 AA TAX

FB93 E8 INX

FB94 DO 01 BNE $FB97

FB96 c8 INY

FB97 98 TYA

FB98 DO 04 BNE $FBO9E

FBY9A E0O 04 CPX #$04 difference less than 4 * 0.1 ms
FBI9C 90 18 BCC $FBB6 yes

FBY9E 06 70 ASL $70

FBAO 26 71 ROL $71 double difference

FBA2 18 CLC

FBA3 A5 70 LDA $70

FBAS 6D 21 06 ADC $0621

F8A8 8D 21 06 STA $0621 add to 4000

FBAB A5 71 LDA $§71

FBAD 6D 22 06 ADC $0622
FBBO 8D 22 06 STA $0622

FBB3 4C 0C FB JMP S$FBOC repeat until diff < 4 * 0.1 ms
FBB6 A2 00 LDX #$00

FBB8 A0 00 LDY #$00 counter to zero

FBBA B8 CLV

FBBB AD 00 1C LDA $1C00 SYNC?

FBBE 10 OE BPL $FBCE no

FBCO 50 59 BVC SFBBB byte ready?

FBC2 B8 CLV

FBC3 E8 INX

FBC4 DO F5 BNE S$SFBBB increment counter
FBC6 Cc8 INY

FBC7 DO F2 BNE $FBBB

FBC9 A9 03 LDA $#$03 overflow, then error
FBCB 4C D3 FD JMP SFDD3 21, read error

FBCE 8A TXA

FBCF 0A ASL A double counter

FBDO 8D 25 06 STA $0625

FBD3 98 TYA

FBD4 2A ROL A and to $624/$625 as track cap.
FBD5 8D 24 06 STA $0624

FBD8 A9 BF LDA #$BF

FBDA 2D OB 18 AND $180B
FBDD 8D OB 18 STA $180B

FBEO A9 66 LDA #$66 102
FBE2 8D 26 06 STA $0626

FBES A6 43 LDX $43 number of sectors in this track
FBE7 A0 00 LDY #$00

FBE9 98 TYA

FBEA 18 CLC

FBEB 6D 26 06 ADC $0626

FBEE 90 01 BCC SFBF1

FBFO Cc8 INY

FBF1 Cc8 INY

FBF2 CA DEX

259
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FBF3
FBF5
FBF7
FBF8
FBFA
FBFB
FBFE
FC00
FCO03
FC04
FCO05
FCO07
FCO08
FCOA
FCOB
FCOE
FC10
FC12

FC15
FC16
FC17
FC19
FC1A
FC1C
FC1E
FC1F
FC21
FC22
FC24
FC27
FC29
FC2B
FC2D
FC30
FC31
FC33
FC36
FC38
FC3B
FC3D
FC3F
FC41
FC44
FC45
FC46
FC49
FC4cC
FC4D
FC4F
FC52
FC53
FC55
FC58
FC59

DO
49
38
69
18
6D
BO
CE
AA
98
49
38
69
18
6D
10
A9
AC

A8
8A
A2
38
E5
BO
88
30
E8
DO
8E
EO
BO
A9
4C
18
65
8D

F5
FF

00

25
03
24

FF
00

24
05
04
D3

00

43
03

03

F5
26
04
05
05
D3

43
27
00
28
00
3D
39
00

28
00

51
00

13

12

06

06

06

FD

06

FD

06

06

03

06
03

03

03

BNE
EOR
SEC
ADC
CLC
ADC
BCS
DEC
TAX
TYA
EOR
SEC
ADC
CLC
ADC
BPL
LDA
JMP

TAY
TXA
LDX
SEC
SBC
BCS
DEY
BMI
INX
BNE
STX
CPX
BCS
LDA
JMP
CLC
ADC
STA
LDA
STA
LDY
LDX
LDA
STA
INY
INY
LDA
STA
INY
LDA
STA
INY
LDA
STA
INY
LDA

SFBEA
#SFF

#s00

$0625
$FCO03
$0624

#SFF
#$00

$0624
$FC15
#3504

$FDD3

#$00

$43
$FC21

SFC24

SFC19
$0626
#504
SFC30
#3805
SFDD3

$43
$0627
#$00
$0628
#$00
$3D
$39

$0300,

$0628

Y

$0300,Y

$51

$0300,Y

$13,X

$0300,

$12,X

Y
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calculate # of bytes

result in A/X

22,

‘read error'

total divided by number
of sectors ($43)

compare no. of bytes per interva
with minimum value

ok

23,

'read error'

remainder of division
plus number of sectors
save

counter for sectors

counter lo

drive number

constant 8, marker for heacer
in buffer

sector number
in buffer

track number
in buffer

ID 2
in buffer

ID

1



FC5B
FC5E
FC5F
FC61
FC64
FC65
FC68
FC69
FC6B
FC6E
FC71
FC74
FC77
FC7A
FC7D
FC80
FC82
FC84
FC85
FC86
FC87
FC88
FC8B
FC8C
FC8E
FC90
FC92
FC95
FC96
FC97
FC98
FC9B
FC9E
FCAO
FCA2
FCAS5
FCA7
FCAA
FCAC
FCAE
FCB1
FCB3
FCB6
FCB8
FCBA
FCBB
FCBC
FCBE
FCCO
FCC2
FCC4
FCC5
FCC8
FCCB
FCCC

00

OF
00

00

00
FA
FB
FC
FD
F9
28
28
43
BB

00

FA
03
31
30

E5
F5
05
31
E9
3A
8F
00
32
OE
FF
01
05
FE

FA
0A
32
FE

00
01

03

03
03
02
02
02
02
02

06
06

05

FE

FD

F5

F7

FE

1C

03
1C

STA
INY
LDA
STA
INY
STA
INY
LDA
EOR
EOR
EOR
EOR
STA
INC
LDA

BCC
TYA
PHA
INX
TXA
STA
INX
BNE
LDA
STA
JSR
PLA
TAY
DEY
JSR
JSR
LDA
STA
JSR
STA
JSR
LDA
STA

LDA
STA
LDX
BVC
CLV
DEX
BNE
LDX
LDY
BVC
CLV
LDA
STA
INY
DEX

Anatomy of the 1541 Disk Drive

$0300,Y

#SOF

$0300,

$0300,

#$00

Y

Y

$S02FA,Y
$02FB,Y
S02FC,Y
SO02FD,Y
$02F9,Y

$0628
$0628
$43

SFC3F

$0500,X

SFC88
#503
$31
SFE30

SFDES
SFDF5
#$05
$31
SF5E9
$3A
SF78F
#$00
$32
SFEOE
#SFF
$1C01
#$05
SFCBS8

SFCBS
#$0A
$32
$FCC2

$0300,

$1C01

Y
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in buffer

15
in buffer

15 in buffer

generate checksum

increment counter

counter

compare with no. of sectors
smaller, then continue

buffer pointer to $300

copy buffer data
copy data in buffer

buffer pointer to $500
calculate parity for data buffer
and save

to write head
write $FF 5 times
byte ready

10 times
buffer pointer
byte ready?

data from buffer
write

10 data written?



Anatomy of the 1541 Disk Drive

FCCD DO F3 BNE SFCC2

FCCF A2 09 LDX #$09 9 times

FCD1 50 FE BVC $FCD1 byte ready?

FCD3 B8 CLV

FCD4 A9 55 LDA #$55 $55

FCD6 8D 01 1C STA $1C01 write

FCD9 CA DEX

FCDA DO F5 BNE $FCD1 9 times?

FCDC A9 FF LDA #SFF SFF

FCDE A2 05 LDX #S05 5 times

FCEO 50 FE BVC $FCEO byte ready?

FCE2 B8 CLV

FCE3 8D 01 1C STA $1C01 to write head
FCE6 CA DEX

FCE7 DO F7 BNE $FCEQ

FCE9 A2 BB LDX #$BB

FCEB 50 FE BVC SFCEB

FCED B8 CLV

FCEE BD 00 01 LDA $0100,X area $1BB to S1FF
FCF1 8D 01 1C STA $1C01 save

FCF4 E8 INX

FCF5 DO F4 BNE S$FCEB

FCF7 A0 00 LDY #$00

FCF9 50 FE BVC $FCF9 byte ready?

FCFB B8 CLV

FCFC Bl 30 LDA ($30),Y 256 bytes of data
FCFE 8D 01 1C STA $1CO01 write byte to disk
FDO1 Cc8 INY

FDO2 DO F5 BNE $FCF9

FDO4 A9 55 LDA #$55 $55

FDO6 AE 26 06 LDX $0626 ($626) times
FDO9 50 FE BVC SFD09

FDOB B8 CLV

FDOC 8D 01 1C STA $1C01 write

FDOF CA DEX

FD10 DO F7 BNE S$FDO09

FD12 A5 32 LDA $32

FD14 18 CLC

FD15 69 OA ADC #S0A plus 10

FD17 85 32 STA $32

FD19 CE 28 06 DEC $0628 decrement sector number
FD1C DO 93 BNE S$FCB1

FD1E 50 FE BVC S$FDI1E byte ready?

FD20 B8 CLV

FD21 50 FE BVC $FD21 byte ready?

FD23 B8 CLV

FD24 20 00 FE JSR S$FEO0 switch to reading
FD27 A9 C8 LDA #$C8 200

FD29 8D 23 06 STA $0623

FD2C A9 00 LDA #$00

FD2E 85 30 STA $30

FD30 A9 03 LDA #$03 buffer pointer to $200
FD32 85 31 STA $31

FD34 A5 43 LDA $43 number of sectors per track

FD36 8D 28 06 STA $0628

262
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FD39 20 56 F5 JSR $F556 wait for SYNC

FD3C A2 0OA LDX #$S0A 10 data

FD3E A0 00 LDY #$00

FD40 50 FE BVC S$SFD40 byte ready?

FD42 B8 CLV

FD43 AD 01 1C LDA $1CO01 read byte

FD46 D1 30 CMP ($30),Y compare with data in buffer
FD48 DO OE BNE SFD58 not equal, error

FD4A Cc8 INY

FD4B CA DEX

FD4C D0 F2 BNE $FD40

FD4E 18 CLC

FD4F A5 30 LDA $30

FD51 69 0A ADC #S0A increment pointer by 10

FD53 85 30 STA $30

FD55 4C 62 FD JMP $FD62

FD58 CE 23 06 DEC $0623 decrement counter for attempts
FD5B DO CF BNE $FD2C not yet zero?

FD5D A9 06 LDA #$06 else error

FD5SF 4C D3 FD JMP SFDD3 24, 'read error'

FD62 20 56 F5 JSR $F556 wait for SYNC

FD65 A0 BB LDY #SBB

FD67 50 FE BVC S$FD67 byte ready?

FD69 B8 CLV

FD6A AD 01 1C LDA $1C01 read byte

FD6D D9 00 01 CMP $0100,Y compare with buffer contents
FD70 DO E6 BNE $FD58 not equal, error

FD72 c8 INY

FD73 DO F2 BNE S$FD67 next byte

FD75 A2 FC LDX #$FC

FD77 50 FE BVC S$FD77 byte ready?

FD79 B8 CLV

FD7A AD 01 1C LDA $1CO01 read byte

FD7D D9 00 05 CMP $0500,Y compare with buffer contents
FD80 DO D6 BNE S$FD58 not equal, then error

FD82 Cc8 INY

FD83 CA DEX next byte

FD84 DO F1 BNE $FD77

FD86 CE 28 06 DEC $0628 decrement sector counter
FD89 DO AE BNE $FD39 not yet zero?

FD8B E6 51 INC $51 increment track number

FD8D A5 51 LDA $51

FD8F c9 24 CMP #$24 compare with 36, highest trk# +1
FD91 BO 03 BCS $FD96 greater, then formatting done
FD93 4C 9C F9 JMP $F99C continue

FD96 A9 FF LDA #S$FF

FD98 85 51 STA $51 track number to S$FF

FD9A A9 00 LDA #$00

FD9C 85 50 STA $50

FDIE A9 01 LDA #$01

FDAO 4C 69 F9 JMP SF969 ok
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kkkkkhkhhkhhkhkhkhhkhhhkhhkhhkhkhkhhkhkkk

Y
Y

Y

FDA3 AD 0C 1C LDA $1COC
FDA6 29 IF AND #$1F
FDA8 09 CO ORA #$C0
FDAA 8D 0C 1C  STA $1C0C
FDAD A9 FF LDA #SFF
FDAF 8D 03 1C STA $1C03
FDB2 8D 01 1C STA $1C01
FDB5 A2 28 LDX #$28
FDB7 A0 00 LDY #$00
FDB9 50 FE BVC $FDB9
FDBB B8 CLV
FDBC 88 DEY
FDBD DO FA BNE SFD89
FDBF  CA DEX
FDCO DO F7 BNE S$FD89
FDC2 60 RTS
kkkhkkkkhhkdkkhkhkhhkkhhhkrhkdhhkkkkk
FDC3 AE 21 06 LDX $0621
FDC6 AC 22 06  LDY $0622
“FDC9 50 FE BVC $FDC9
FDCB B8 cLV
FDCC  CA DEX
FDCD DO FA BNE S$FDC9
FDCF 88 DEY
FDDO 10 F7 BPL $FDC9
FDD2 60 RTS
Ahkkkhkkhkhkhkhhkkkhkhkhkhkkkhkhkhkkhhkhhkkk
FDD3 CE 20 06 DEC $0620
FDD6  FO 03 BEQ SFDDB
FDD8  4C 9C F9  JMP $F99C
FDDB A0 FF LDY #SFF
FDDD 84 51 STY $51
FDDF  C8 INY
FDEO 84 50 STY $50
FDE2 4C 69 F9  JMP SF969
khkhkkkkhkhkkhkhhhhkkhkhkhkhkkdhhkkrkhhkk
FDE5 B9 00 03 LDA $0300,
FDE8 99 45 03  STA $0345,
FDEB 88 DEY
FDEC DO F7 BNE SFDES
FDEE AD 00 03  LDA $0300
FDF1 8D 45 03  STA $0345
FDF4 60 RTS
khkkkkkhkhhkkkhkhkhkhkkhkhhhhkhkhhkhkhkk
FDF5 A0 44 LDY #544
FDF7 B9 BB 01  LDA $01BB,Y
FDFA 91 30 STA ($30),
FDFC 88 DEY
FDFD 10 F8 BPL SFDF7
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write $FF 10240 times

switch PCR to writing

port A(read/write head) to outpt
write $FF to disk
40

byte ready?

read/write ($621/$622) times

byte ready?

attempt counter for formatting
decrement number of attempts
zero, then error

continue

flag for end of formatting

error termination

copy buffer contents

S1BB to S$1FF
write in buffer $30/$31
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$1CoC
#SEO
$1cCo0C
#$00
$1C03

$1C0C
#S1F
#SCO
s1coc
#SFF
$1C03
#$55
$1C01
#$28
#$00
$SFE26

SFE26

S$SFE26

#$00
$30
S2E
$36
#SBB
$34
$31
$2F
#5$01
$31
$36
($2E),Y
$52

($2E),Y
$53

(S2E),Y
$54

($2E),Y
$55

SFE64

FDFF 60 RTS
e T I T
FEOO AD 0C 1C LDA
FEO3 09 EO ORA
FEOS5 8D 0C 1C STA
FE08 A9 00 LDA
FEOA 8D 03 1C STA
FEOD 60 RTS
Rkkkkkkhhkkkhhkkhhhkhhhhkhkkkhx
FEOE AD 0C 1C LDA
FE11 29 1F AND
FE13 09 CO ORA
FE15 8D 0C 1C STA
FE18 A9 FF LDA
FE1A 8D 03 1C STA
FE1D A9 55 LDA
FE1F 8D 01 1C STA
FE22 A2 28 LDX
FE24 A0 00 LDY
FE26 50 FE BVC
FE28 B8 CLvV
FE29 88 DEY
FE2A DO FA BNE
FE2C CA DEX
FE2D DO F7 BNE
FE2F 60 RTS
T Y
FE30 A9 00 LDA
FE32 85 30 STA
FE34 85 2E STA
FE36 85 36 STA
FE38 A9 BB LDA
FE3A 85 34 STA
FE3C A5 31 LDA
FE3E 85 2F STA
FE40 A9 01 LDA
FE42 85 31 STA
FE44 A4 36 LDY
FE46 Bl 2E LDA
FE48 85 52 STA
FE4A Cc8 INY
FE4B Bl 2E LDA
FE4D 85 53 STA
FE4F c8 INY
FE50 Bl 2E LDA
FE52 85 54 STA
FE54 c8 INY
FE55 Bl 2E LDA
FE57 85 55 STA
FE59 Cc8 INY
FES5A FO 08 BEO
FES5C 84 36 STY

$36

265

switch to reading

switch PCR to reading

port A to input

write $55 10240 times

switch PCR to writing

port A to output (write head)
$01010101
to port A (write head)

byte ready for write electronics

10240 times
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FESE 02 DO F6 JSR $F6D0
FE61 4C 44 FE

FE64 4C DO F6 JMP $F6D0
R T T 2]
FE67 48 PHA

FE68 8A TXA

FE69 48 PHA

FE6A 98 TYA

FE6B 48 PHA

FE6C AD 0D 18 LDA $180D
FE6F 29 02 AND #3502
FE71 FO 03 BEQ SFE76
FE73 20 53 E8 JSR $E853
FE76 AD 0D 1C LDA $1COD
FE79 0A ASL A
FE7A 10 03 BPL SFET7F
FE7C 20 BO F2 JSR SF2R0
FE7F 68 PLA

FE80 A8 TAY

FE81 68 PLA

FE82 AA TAX

FE83 68 PLA

FE84 40 RTI
Akkhkkhkkhhhhkhhkhhkkrhkkhkkkkkk kk
FE85 12

FE86 04

FE87 04

FE88 90

Akkhhkkhkhh A kAR khhkkkhkkkkkdkkkk
FE89 56 49 44 4D 42 55

FE8F 50 26 43 52 53 4E
KAAKKRARKRARRARKRAR ARk k kA kk k&
FE95 84 05 Cl1 F8 1B 5C

FE9F 07 A3 FO 88 23 0D
hhkkkhkhkhhrkkhk kAR kX kkkkkhk %
FEAl ED DO C8 CA CC CB

FEA7 E2 E7 C8 CA C8 EE

KRR KK KKK RAR AR AR KA KKK AR Rk kX
FEAD 51 DD 1C 9E 1C

R I T T 2 T
FEB2 52 57 41 4D

khkhkhkhhkhkhkhkhkhkhkhkhkkkhkhkkArkkkxk kA hhx

FEB6 44 53 50 55 4C

KRKKKKKKRRKRAR KA ARk Rk khkhkkddk
FEBB 44 53 50 55 52 Ist

266

interrupt routine
save registera

interrupt from serial bus

no
serve serial bus
interrupt from timer 1?

no
IRQ routine for disk controller

get register 'back

constants for disk format

18, track for BAM and directory
start of BAM at position 4

4 bytes in BAM for each track
$90 = 144, end of BAM, disk nam

table of command words
Iv|, III,)J.DI, 'M', IBI’
lPl’ l&l' ICI, IR" IS"

i
INI

lo-bytes of command addresses

hi-bytes of command addresses

bytes for syntax check

file
lRl'

control methods
lwl' lAl' lMl

file
lDl,

types
ISI, lP" IUI'

names of file types

letters 'D', 'S', 'P', 'U', 'R
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FECO 45 45 52 53 45
FEC5 4C 51 47 52 4cC

hhkkkkkhkkhkhxhkhkkhkhkhhkhkkkhkhhkhkhkkhk

FECA 08 00 00

L e T T Y
FECD 3F 7F BF FF

kkkkhkhkhkhkhkkhhkhkkhkkkkkkhkkkdkhkkk

FED1 11 12 13 15

khkkkhhkhhkkhkhkhkhhkkhhhkkkhkdhkkhkhkkk

FED5 4A
FED6 04
FED7 24
FED8 1F 19 12

ARRK KR RR IRk ARk ARk hkhhhkkk
FEDB 01 FF FF 01 00

Khkhkhkkhhhkhkkkhkkkhkkkkrhkhkkkkhhkkk

FEEO 03 04 05 06 07

KKK IRRIKKRKARR AR RK KA R R AR AR KK
FEE5 07 OE

Ak Rhk AR RA I kAR AR IR KRR KR AKXk X
FEE7 6C 65 00 JMP ($0065)

kkkkhkhkhkkhkkkhkkhhkkhhkhkkhkhkxkkk

FEEA 8D 00 1C STA $1C00
FEED 8D 02 1C STA $1C02
FEFO 4C 7D EA JMP $SEATD
R T T T T
FEF3 8A TXA

FEF4 A2 05 LDX #$05
FEF6 CA DEX

FEF7 DO FD BNE $FEF6
FEF9 AA TAX

FEFA 60 RTS

kkkhkkhkhkkkkhhhkhkkkhkkkhkhkkhkhkkkkk

FEFB 20 AE E9 JSR $E9AE
FEFE 4C 9C E9 JMP SE99C
ARKRIKKKK KRR KA KKKRARKRIRR
FFO1 AD 02 02 LDA $0202
FF04 C9 2D CMP #S2D
FF06 FO 05 BED SFFOD
FF08 38 SEC

FF09 E9 2B SBC #$2B
FFOB DO DA BNE SFEE7
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2nd letters 'E',
3rd letters

'E.'
loI'

'R',
lGl'

'S',
IRI'

IEI

'L" Al

masks for bit command

number of sectors per track
17, 18, 19, 21

contants for disk format

'A' marker for 1541 format

4 track numbers

36, highest track number + 1

31, 25, 18 tracks with change of
number of sectors

control bytes for head position

addresses of buffers
high bytes

for UI command

for diagnostic routine
turn LED on

port to output

back to diagnostic routine

delay loop for serial bus

about 40 microseconds

data output to serial bus
CLOCK OUT hi
DATA OUT 1lo

UI vector
[

I+|
indirect jump over ($65)
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FFOD 85 23 STA $23

FFOF 60 RTS
kkkhkhkkhhhkkhkkhhhkkkkhhhkhkhkhkhkk
FF10 AA ...

FFE1l ... AA
kkkhkkkkkhkhhkkkkkhhhkhkhkkrhkhhkkhkx
FFE2 52 53 52 AA

FFE6 C6 C8 8F F9

khkkkkkkhkhhkhkhkhkkhhhkkkkkkhhkkhkkk USER vectors

FFEA 5F CD UA, Ul, SCDSF
FFEC 97 CD UB, U2, $CD97
FFEE 00 05 uc, U3, $0500
FFFO 03 05 UD, U4, $0503
FFF2 06 05 UE, U5, $0506
FFF4 09 05 UF, U6, $0509
FFF6 0C 05 UG, U7, $050C
FFF8 OF 05 UH, U8, SO050F
FFFA 01 FF UI, U9, SFFO1

(NMI vector not used)

hhkhkhkkkkkhhkhkkhhkkkkhhhhkhkhkkrkkkd hardware vectors

FFFC OA EA SEAAQ RESET and UJ (U:) vectao
FFFE 67 FE SFE67 IRQ vector
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Chapter 4: Programs and Tips for the 1541 Disk Drive

4.1 Utility Programs

4.1.1 Displaying all File Parameters

The directory contains several important pieces of
information about each file. Some information is not kept in
the directory, such as the starting address of a program.

These and other file parameters can be easily found ard
displayed by the following program. The number and kind of
file parameters are naturally dependent on the file type. A
relative file, for instance, has no starting address. The
following table presents the parameters displayed by this
program,

H PARAMETER H FILE TYPE H
H : DEL : SEQ : PRG : USR : REL :
: File closed? : X ¢ X : X : X : X :
: File protected? : X : X : X : X : X
: Allocated blocks : X ¢ X : X : X : X :
: Side-sector blocks : : : : : X oz
: Data blocks : : : B HEED G
: Records H : : : : X
: Start address : H : X @ : H
: Free blocks, disk : X : X : X : X : X
: Allocated bl, disk ¢+ X : X : X : X = X :

This program is documented in detail so that the serious
programmer can get a good overview of the file parameters.
In addition, the variables used by the program are
explained.

Variables used in the program:

Numerical Variables

T - Track of the actual block of the file entry in the
directory

S - Sector of the actual block of the file entry in the
directory

FL - Flag, set if the file name read from the diskette does
not agree with the searched-for file
TY - File type of the given file (byte 0 of the entry)
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FT - nybble of the file type (bits 0-3), contains the
actual file type

LB - Low byte of the starting address

HB - High byte of the starting address

BL - Number of allocated blocks in the file

RL - Record length of a relative file

DT - Track of the first data block of a program file, which
contains the starting address

DS - Sector of the first data block of a program file

SA - Starting address of a program file

BF - Number of free blocks on a disk

BA - Number of allocated blocks on a disk

BS - Number of side-sector blocks in a relative file

RC - Number of records in a relative file

string Variables

F$ - Name of the file to search for

FF$~- Contains the actual file name from the directory

FT$- File type .

CLS- Indicates whether the file is closed or not
(contains "YES" or "NO")

PRS- Indicates whether the file is protected or not
(contains "YES" or "NO")

RES- contains CHR$(18), REVERSE ON

RAS$- contains CHR$(146), REVERSE OFF

Program Documentation:

110 Set the color code of the screen

120 - 200 Program heading

210 - 230 Asks if the names should be listed out.

Sets flag FL to 1 and executes the routine at
280-490.

250 - 270 Input the filename. Asks for new input if the
filename if greater than 16 characters.

280 - 490 Reads the file name from the directory and either
displays it (FL=1) or compares it to the desired
filename.

500 - 530 Reads byte 0 (file type) of the file entry of the
desired file and stores it in TY. Also, the right
half-byte is stored in FT.

540 - 590 Checks the file type and saves the text in FT$,
and checks for invalid file type.

600 - 610 Checks bit 7 of the file type byte (file closed?)
and saves the result in CLS.

620 — 630 Checks bit 6 of the file type byte (file
protected?) and saves the result in PRS.

640 - 690 Reads the number of allocated blocks in the file
from bytes 28 and 29 of the file entry and saves
it in BL.
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- 730 If it is relative file, the record length is read
from byte 21 and saved in RL

- 880 If it is a program file, the starting address of
the file is taken from the first data block and
stored in SA.

- 980 Free blocks on the disk are calculated by reading
the first byte of the track-marked BAM section
and added to BF., The allocated blocks are calcu-
lated by BA = 664 - BF

-1020 Here the number of side-sector blocks (BS) of a
relative file is calculated with the help of the
record length (RL) and the number of allocated
blocks in the file (RC).

1040-1230 Here the data can be sent to the screen or the

printer as one chooses. The file parameters are
shown in REVERSE.

1240-1280 The parameters of another file can be output.

The program is written for a CBM 64. In spite of this, it

can

be run without major changes on a VIC 20. Only line 110,

where the color of the screen is set, need be changed for

the

VIC 20.

BASIC Listing of the Program:

100
110
120
130
140
150
160
170
180
200
210
220
230
240
250
260
270
280
290
300
310
320
325
330
340
350
360
370
380
390

CLR

POKE 53280,2:POKE53281,2:PRINTCHRS(158); CHR$(147),
PRINT TAB(6)'"=====“'-‘===== =z======="
PRINT TAB(6);"DISPLAY ALL FILE PARAMETERS"
PRINT TAB(6);"========s===================
PRINT:PRINT

PRINT"WITH THIS PROGRAM, ALL PARAMETERS OF A"
PRINT"FILE CAN BE OUTPUT TO THE SCREEN OR TO“
PRINT"A PRINTER AT YOUR OPTION."

PRINT :PRINT

PRINT"LIST FILENAMES (Y/N)?"

GETXS$ : IFXS$S<>"Y"ANDXS<>"N"THEN220

IF X$="Y"THENFL=1:GOSUB280

FL=0

INPUT"NAME OF THE FILE: ";F$
IFLEN(F$)<=16THEN280

PRINT"FILENAME TOO LONG!":GOTO0250

OPEN 15,8,15,"I0":0OPEN2,8,2,"#"

T=18:5=1

PRINT#15,"B-R";2;0; T S

PRINT#15,"B-P";2;0
GET#Z,X$:IFX$="“THENX$=CHR$(0)

T=ASC(XS$)

GETXS : IFX$=""THENX$=CHRS$ (0)

S=ASC(XS)

FORX=0TO7

PRINT#15,"B-P";2:X*32+5

FF$=" L

FORY=0TO15

GET#2,X$:IFX$=""THENX$=CHRS$ (0)
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400 IF ASC(XS)=160THEN430

410 FF$S=FF$+X$

420 NEXT Y

430 IFFS$S=FFSTHEN490

440 IFFLTHENPRINTFFS

450 NEXT X

460 IF T=0 THEN 480

470 GOTO 300

480 CLOSE2:CLOSE15

485 IFFL=0THENPRINT"FILENAME NOT FOUND!":GOTO0210
490 IFFLTHENRETURN

500 PRINT#15,"B-P";2;X*32+2

510 GET#2,X$:IFX$=""THENX$=CHRS(0)
520 TY=ASC(XS)

530 FT=TYAND15

540 IFFT=0THENFTS="DELETED"

550 IFFT=1THENFT$="SEQUENTIAL"

560 IFFT=2THENFTS="PROGRAM"

570 IFFT=3THENFTS="USER"

580 IFFT=4THENFTS="RELATIVE" :
590 IFFT>A4THENPRINT"INVALID FILE TYPE!":GOT0200
600 IFTYAND128THENCLS="YES":G0T0620
610 CLS="NO"

620 IFTYAND64THENPRS="YES" :GOTO640
630 PRS="NO"

640 PRINT#15,"B-P";2;X*32+30

650 GET#2,X$:IFXS=""THENXS=CHRS(0)
660 LB=ASC(XS)

670 GET#2,X$:IFXS=""THENXS$=CHRS(0)
680 HB=ASC(XS$)*256

690 RL=LB+HB

700 IFFT<>4THEN740

710 PRINT#15,"B-P";2;X*32+23

720 GET#2,XS:IFXS=""THENX$=CHRS$(0)
730 RL=ASC(XS)

740 IFFT<>2THEN890

750 PRINT#15,"B-P";2;X*32+3

760 GET#2,XS:IFXS=""THENX$=CHRS$(0)
770 DT=ASC(XS)

780 GET#2,X$:IFXS$=""THENXS$=CHRS(0)
790 DS=ASC(XS)

800 OPEN3,8,3,"#"

810 PRINT#15,"B-R";3;0;DT;DS

820 PRINT#15,"B-P";3;2

830 GET#3,XS$:IFX$S=""THENXS=CHRS(0)
840 LB=ASC(XS)

850 GET#3,XS$:IFXS$S=""THENX$=CHRS$(0)
860 HB=ASC(X$)*256

870 SA=LB+HB

880 CLOSE3

890 PRINT#15,"B-R";2;0;18;0

900 BF=0

910 FORI=4TO140STEP4

920 IFI=72THEN960

930 PRINT#15,"B-P";2;1I

272



Anatomy of the 1541 Disk Drive

940 GET#2,X$:IFX$S=""THENX$=CHRS(0)

950 BF=ASC(X$)+BF

960 NEXT

980 BA=664-BF

990 IFFT<>4THEN1040

1010 BS=BL/121:IFBS<>INT(RS)THENBS=INT(BS+1)
1020 RC=INT(((BL-BS)*254)/RL)

1040 PRINTCHRS(147);"SCREEN OR PRINTER (S/P)?"
1050 GETXS$:IFX$<>"S"ANDXS<>"P"THEN1050

1060 RES=CHRS(18) :RAS=CHRS(146)

1070 IFXS="S"THENOPEN1,3:PRINT#1,CHR$(147)
1080 IFX$="P"THENOPEN1,4

1090 PRINT#1,"FILE PARAMETERS ";RES$;FS$;ROS

1100 PRINT#]l,"-——————em e e e "

1110 PRINT#1,"FILE TYPE: ";RES ;FTS ; RAS : PRINT#1
1120 PRINT#1,"FILE CLOSED: ";RES;CL$ ; RAS:PRINT#1
1130 PRINT#1,"FILE PROTECTED: " ;RES ; PRS ; RAS : PRINT#1
1140 PRINT#1,"ALLOCATED BLOCKS: ";RES ;BL;RAS:PRINT#1
1150 IFFT<>4TBEN1200

1160 PRINT#1,"RECORD LENGTH: ";RES;RL; RAS:PRINT#1
1170 PRINT#1,"SIDE-SECTOR BLOCKS: ";RES;BS;RAS:PRINT#1
1180 PRINT#1,"DATA BLOCKS: ";RES ;BL-BS; RAS :PRINT#1
1190 PRINT#1,"RECORDS: ";RES$;RC;RAS :PRINT#1

1200 IFFT=2THENPRINT#1,"START ADDRESS: ",
RES ; SA; RAS : PRINT#1

1210 PRINT#1,"FREE BLOCKS (DISK): ";RES;BF;RAS:PRINT#1

1220 PRINT#1,"ALLOCATED BLOCKS (D):";RES;BA;RAS:PRINT#1

1230 CLOSE1l

1240 PRINT"MORE (Y/N)?2"

1250 CLOSE2:CLOSE1S5

1260 GETXS:IFXS<>"Y"ANDXS<>"N"THEN1260

1270 IFX$="Y"THEN100

4.1.2 Scratch-protect Files - File Protect

As already mentioned, it is possible to protect files on the
VIC-1541 diskette and save this information in the
directory. A file's type is contained in byte 0 of the file
entry. Bit 6 denotes a protected file. If this bit is set to
1, the file can no longer be deleted with the SCRATCH
command. But because the DOS has no command to set this bit
an alternative way must be used to protect a file.

With the following program, you can:

display all files on the disk
protect files

unprotect files

erase files

* Ok ¥ %

This program can delete protected files as well as
unprotected files. If you wish to delete a protected file,
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you must confirm it. This program is also documented with a
variable usage and descriptions so that you can use these
techniques in your own programs.

List of Vvariables:

DF - Flag, set in the routine "read/search file" if the
desired filename is found

FL - Set if the routine "read/search file" is only to be
used for listing files

FT - Variable for storing the filetype

T - Track of the actual block of the file entry

s - Sector of the actual block of the file entry

TT - Track, in which the file entry block of the desired
file is found

ss - Sector, in which the file entry block of the desired
file is found '

FFS - last filename read from the directory

F$ - filename to search for

Program Documentation:

100 Set the screen color

110 - 230 Program header and option menu

240 - 260 Read the menu choice and call the appropriate
subroutine

270 Back to the option menu

280 - 350 Subprogram "list all files"™
310 Erase screen
320 Set flag FL to list files in the subroutine
"read/search file"
350 Reset the flag and jump back
360 - 600 Subroutine "protect file"
390 Call subroutine "input filename"
400 Call the subroutine "read/search file"
410 - 450 Test if the file is found
460 - 480 Read file type and store in FT
490 - 500 Test if the file is already protected
510 Protect file (bit 6 to 1)
520 - 550 Transfer the file type to the buffer and write the
block to disk
560 Close the channel
570 - 600 Message "File protected" and jump back
610 - 850 Subroutine "unprotect file"
640 Call subroutine "input filename"
650 Call subroutine "read/search file"
660 — 700 Test if file is found
710 - 730 Read file type and store in FT
740 - 750 Test if the file is already unprotected
760 Unprotect the file (bit 6 to 0)
770 - 800 Transfer the file type to the buffer and write
the block to the disk .
810 Close the file
820 - 850 End the subroutine
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-1170 Subroutine "erase a file"
890 Call the subroutine "input filename"
900 Call the subroutine "read/search file"
- 950 Test if the file is found
- 980 Read the file type and save in FT
990 Test if the file is protected

1000-1030 Indicate that the file is protected, with the

possibility to erase it anyway

1040-1060 Ask if the file should really be erased

1070 Bit 6 set back, if protected

1080-1110 Transfer the file type to the buffer and write

the block to the disk
1120 Initialize the diskette
1130 Erase the file

1140-1170 End the subroutine
1190-1560 Subroutine “read/search file"

1220 Open the command and data channels

1230-1240 Read directory and set buffer pointer
1250-1320 Test if the disk contains a write protect. For

this purpose, the directory is written back to the
disk unchanged (line 1250). If the disk has a
write protect tab on it, the error message 26,
WRITE PROTECT ON will occur,

1330 Initial values for the track and sector variables
are set

1340-1350 Read the file entry block and position the buffer

pointer to the first byte

1360-1390 Read the address of the next file entry block
1400-1530 Loop to read filenames. The names are then either

listed on the screen or compared to the desired
filename, based on the value of flag FL

1540—156b If the variable T (track) contains zero, no more

file entry blocks follow and the subroutine ends.

BASIC Listing of the Program:

100
110
120
130
140
150
160
180
190
200
210
220
230
240
250
260
270
280
290

POKE 53280,2:POKE53281,2: PRINTCHRS(ISB) CHR$ (147);
PRINTTAB(B)~“=================== ==="
PRINTTAB(8) ; "ERASE AND PROTECT FILES"
PRINTTAB(S)- =========s=====z========"
PRINT:PRINT

PRINT"WITH THIS PROGRAM, FILES CAN BE"
PRINT"PROTECTED, ERASED, AND UNPROTECTED"
PRINT:PRINT

PRINTTAB(6) ;" -1- LIST ALL FILES":PRINT
PRINTTAB(6) ;" —-2- PROTECT A FILE":PRINT
PRINTTAB(6) ;" =3- UNPROTECT A FILE":PRINT
PRINTTAB(6);" —4- ERASE A FILE" :PRINT
PRINTTAB(6) ;" -5~ END THE PROGRAM":PRINT
GETX$:IFX$=""ORVAL(XS$)<1ORVAL(XS)>5THEN240
IFVAL(XS$)=5THENEND
ONVAL(X$)GOSUB280,360,610,860

GOTO 100

REM —=--—mmmemm e

REM LIST ALL FILES
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300 REM ======me——————

310 PRINTCHRS (147)

320 FL=1:GOSUB1190

330 PRINT:PRINT"RETURN FOR MORE"
340 INPUTXS

350 FL=0:RETURN

360 REM ~—————cmememee

370 REM PROTECT A FILE

380 REM —====—mm——————

390 GOSUB1580

400 GOSUB1190

410 IFDF=1THEN460

420 PRINT"FILE NOT FOUND!":PRINT
430 PRINT"RETURN FOR MORE"

440 INPUTX$:CLOSE2:CLOSE15

450 RETURN

460 PRINT#15,"B-P";2;X*32+2

470 GET#2,XS:IFXS$S=""THENXS=CHRS$(0)
480 FT=ASC(XS)

490 IF(FT AND 64)=0 THEN 510

500 PRINT"FILE IS ALREADY PROTECTED!" :PRINT:GOTO0430
510 FT=(FT OR 64)

520 PRINT#15,"B-P";2;X*32+2

530 PRINT#2,CHR$(FT);

540 PRINT#15,"B-P";2;0

550 PRINT#15,"U2";2;0;TT;SS

560 CLOSE2:CLOSE15

570 PRINT"FILE PROTECTED."

580 PRINT"RETURN FOR MORE"

590 INPUTXS

600 CLOSE2:CLOSELS5:RETURN

610 REM ——————ommmmmmem

620 REM UNPROTECT A FILE

630 REM ~==——e—ee————

640 GOSUB1580

650 GOSUB1190

660 IFDF=1THEN710

670 PRINT"FILE NOT FOUND!":PRINT
680 PRINT"RETURN FOR MORE"

690 INPUTXS:CLOSE2:CLOSE15

700 RETURN

710 PRINT#15,"B-P";2;X*32+2

720 GET#2,X$:IFX$=""THENX$=CHRS$(0)
730 FT=ASC(XS$)

740 IF (FT AND 64)=64THEN760

750 PRINT"FILE IS ALREADY UNPROTECTED!":PRINT:GOTO680
760 FT=(FTAND255-64)

770 PRINT#15,"B-P";2;X*32+2

780 PRINT#2,CHRS(FT);

790 PRINT#15,"B-P";2;0

800 PRINT#15,"U2";2;0;TT;SS

810 CLOSE2:CLOSE15

820 PRINT"FILE UNPROTECTED."

830 PRINT"RETURN FOR MORE"

840 INPUTXS
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850 RETURN

860 REM —-—————=————=

870 REM ERASE A FILE

880 REM -————===—c——

890 GOSUB1580

900 GOSUB1190

910 IFDF=1THEN960

920 PRINT"FILE NOT FOUND!":PRINT

930 PRINT"RETURN FOR MORE"

940 INPUTXS:CLOSE2:CLOSE1S

950 RETURN

960 PRINT#15,"B-P";2;X*32+2

970 GET#2,X$:IFX$=""THENX$=CHRS$(0)

980 FT=ASC(XS)

990 IF(FT AND 64)=0THEN1040

1000 PRINT"WARNING! FILE IS PROTECTED!"
1010 PRINT"UNPROTECT AND ERASE (Y/N)?2"
1020 GETXS$:IFXS<>"Y"ANDXS<>"N"THEN1020
1030 IFX$="N"THEN1170

1040 PRINT"ARE YOU SURE (Y/N)?2"

1050 GETXS :IFXS$<>"Y"ANDX$<>"N"THEN1050
1060 IFX$S="N"THEN1170

1070 FT=(FT AND 255-64)

1080 PRINT#15,"B-P";2;X*32+2

1090 PRINT#2,CHRS(FT);
1100 PRINT#15,"B-P";2
1110 PRINT#15,"U2";2;0
1120 PRINT#15,"10"
1130 PRINT#15,"S:"+F$
1140 PRINT"FILE ERASED."
1150 PRINT"RETURN FOR MORE"
1160 INPUTXS

1170 CLOSE2:CLOSE1l5:RETURN
1180 REM

1190 REM —————=—cmmmmmmme
1200 REM READ / SEARCH FILE
1210 REM -
1220 OPEN15,8,15,"I0":0PEN2,8,2,"#"

1230 PRINT#15,"B-R";2;0;18;0

1240 PRINT#15,"B-P";2;0

1250 PRINT#15,"U2";2;0;18;0

1260 INPUT#15,X1S

1270 IF VAL(X1$)<>26 THEN 1330

1280 PRINT"PLEASE REMOVE THE WRITE PROTECT TAB FROM"
1290 PRINT"THE DISKETTE BEFORE USING THIS PROGRAM."
1300 PRINT"RETURN FOR MORE"

1310 INPUTXS

1320 CLOSE2:CLOSE1S5 :RETURN

1330 T=18:S=1:TT=18:5S=1

1340 PRINT#15,"B-R";2;0;T;S

1345 TT=T:SS=S

1350 PRINT#15,"B-P";2;0

1360 GET#2,XS$:IFX$S=""THENXS$S=CHRS(0)

1370 T=ASC(XS)

1380 GET#2,X$:IFXS$=""THENX$=CHRS$(0)
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1390 S=ASC(XS)

1400 FORK=0TO7

1410 PRINT#15,"B-P";2;X*32+2

1420 GET#2,X$:IFX$=""THENX$=CHRS (0)

1430 IFASC(X$)=0THEN1530

1440 PRINT#15,"B-P";2:X*32+5

1450 FF$=""

1460 FORY=0TO15

1470 GET#2,X$:IFX$=""THENX$=CHRS$(0)

1480 IFASC(X$)=160THEN1500

1490 FFS=FFS$+X$

1500 NEXTY

1510 IFFLTHENPRINTFFS :GOTO01530

1520 IFF$=FF$THENDF=1:GOT01570

1530 NEXTX

1540 IFT<>OTHEN1340

1550 CLOSE2:CLOSE15

1560 IFFL=0THENPRINT"FILENAME NOT FOUND!":FORI=1T02000:
NEXT

1570 RETURN

1580 REM ==-——=—=—m——mm

1590 REM INPUT FILENAME

1600 REM —————-———oommu

1610 PRINT:PRINT

1620 INPUT"FILENAME:";F$

1630 IFLEN(FS)<=16THEN1650

1640 PRINT"FILENAME TOO LONG!":GOTO1620

1650 DF=0:FL=0

1660 RETURN

This utility program was written for the CBM 64. This
version can also be run on the VIC 20. Only line 100 which
sets the screen color on the CBM 64 need be changed or
ignored. If you value perfect video output, lines 110-230
can also be changed to accommodate the VIC 20's smaller
screen size.

4.1.3 Backup Program - Copying a Diskette

The VIC 1541 disk drive does not allow disks to be
duplicated since it is a single drive, as the double drives
permit with the COPY or BACKUP commands of BASIC 4.0. With
the 1541, each program to be copied must be transferred
through the computer.

Here's an example of how you might copy a diskette using a
single disk drive:

First, the BAM as well as the names and IDs of the disk to
be copied are read into the computer. From the information
in the BAM, you can determine which blocks of the original
diskette are used. In order to save time, only the allocated
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blocks are copied., Then a direct access file is opened and
the first 169 (as many as will fit in the memory of tre
Commodore 64) allocated blocks are read. Then the user is
asked to put a new diskette in the drive. The new diskette
is then formatted with the name and ID of the original
diskette, Now the previously read blocks are written to the
diskette. The next 169 blocks of the original diskette are
read into memory and written out to the destination
diskette. This ends after four disk swaps, at which time the
entire diskette will have been copied.

The program is written in BASIC except for the portion which
reads and writes the direct access file. This part is
written in machine language which is considerably faster
than a GET# loop in BASIC. Because of the nature of the
program, the number of diskette changes is dependent on the
free storage in the computer. A VIC 20 with a 16K expansion
requires 11 changes of original and destination diskettes.

Here is a time comparison between this program and
duplication on a double drive with the same capacity. Our
program requires about 20 minutes, while the CBM 4040 does
it in about 3 minutes.

Duplicating a diskette with this program is quite simple.
You need only follow the messages on the screen to insert
the original or destination diskette. The program does the
rest for you.

100 REM BACKUP PROGRAM C64 - VIC 1541
110 REM

120 POKE56,23:CLR:GOSUB640

130 OPEN1,8,15

140 DIM B%(35,23),S%(35),2(7),A$(1)

150 AS(0)="DESTINATION":AS$(1)="ORIGINAL":R=1
160 AD=23*256 :GOSUB590

170 POKE250,0:POKE251,AD/256

180 GOSUB530:GOSUB290

190 PRINTNS"BLOCKS TO COPY":PRINT

200 T=1:S=0

210 FORI=1TO4:TT=T:SS=S:R=1:IFI=1THEN240
220 IFR=0ANDI=1THENGOSUB450:GOT0240

230 GOSUB590

240 POKE251,AD/256 :FORJ=1T0169

250 IFB%(T,S)=0THENGOSUB570

260 S=S+1:IFS=S%(T)THENT=T+1:S=0:IFT=36THENJ=169
270 NEXT:IFRTHENR=0:T=TT:S=SS:G0T0220
280 NEXT:GOTO510

290 T=18:S=0:GOSUBS570

300 NS=0:FORT=1T035:S=0

310 NS=NS+S%(T)-PEEK(AD+4*T)

320 FORJ=1TO3

330 B=PEEK(AD+4*T+J)

340 FORI=0TO7
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340 FORI=0TO7

350 B$(T,S)=B AND Z(I):S=S+1

360 NEXT I,J

370 FOR S=S%(T)T023

380 B%(T,S)=-1 : NEXT S,T

390 FOR I=0TO15

400 A=PEEK(AD+144+1)

410 IFA<>160THENNS=N$+CHRS (A)

420 NEXT

430 I$=CHRS (PEEK(AD+162))+CHRS (PEEK(AD+163))

440 PRINTNS ,IS:RETURN

450 PRINT"PLEASE INSERT NEW DISKETTE"

460 PRINT"AND PRESS RETURN":PRINT:POKE198,0:CLOSE2

470 GETAS : IFAS<>CHRS$(13)THEN470

480 PRINT#1,"NO:"NS","IS

490 INPUT#1,A,B$,C,D:IFATHENPRINTA","BS","C","D:END

500 GOTO630

510 CLOSE2:CLOSE1:END

520 REM SECTORS PER TRACK

530 FORT=1TO35

540 S%(T)=21:IFT>17THENS%(T)=19:IFT>24THENS%(T)=181:
IFT>30THENSS (T)=17

550 NEXT

560 FORI=0TO7:Z(I)=241:NEXT:RETURN

570 IFRTHENPRINT#1,"Ul 2 0"T;S:SYSIN:RETURN

580 PRINT#1,"B-P 2 0":SYSOUT:PRINT#1,"U2 2 0"T;S:RETURN

590 CLOSE2:PRINT"PLEASE INSERT "AS(R)" DISKETTE."

600 PRINT"AND PRESS RETURN" :PRINT:POKE198,0

610 GETAS:IFAS<>CHRS(13)THEN610

620 PRINT#1,"I0"

630 OPEN2,8,2,"#":RETURN

640 FOR I = 828 TO 873 : REM READ MACHINE LANG. PROGRAM

650 READ X : POKE I,X : S=S+X : NEXT

660 DATA 162, 2, 32,198,255,160, 0, 32,207,255,145,250

670 DATA 200,208,248,230,251, 32,204,255, 96,198, 1,162

680 DATA 2, 32,201,255,160, 0,177,250, 32,210,255,200

690 DATA 208,248,230,251, 32,204,255,230, 1, 96

700 IF S<>7312 THEN PRINT "ERROR IN DATA!!":END

710 IN=828:0UT=849 :RETURN

4.1.4 Copying Individual Files to another Diskette

The following program permits you to copy individual files
from one diskette to another. The files can be programs
(PRG), sequential files (SEQ) or user files (USR). Relative
files cannot be copied with this program; these can be
copied with a BASIC program that reads all data records into
a string array and then writes them back again into a new
file.

In the first pass, the program reads the complete file into
the memory of the Commodore 64, Then the destination
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Next the complete file is written on the second disk. The
computer has 49 Kbytes for data stcrage; you can handle up
to 196 blocks on the diskette.

For reasons of speed, the readiﬁg and writing of the data is
performed by a machine language program, which is stored in
DATA statements.

The program is suited for copying sequential files as
already mentioned, as well as programs of all kinds; the
start address (of a machine language program) is not
relevant.

100 REM FILE COPIER PROGRAM C64

110 REM

120 POKE 56,12 : CLR

130 GOSUB 1000

140 INPUT"FILENAME ";N$

150 PRINT"FILE TYPE ";

160 GETTS:IFTS<>"S"ANDTS<>"P"ANDTS<>"U"THEN160

170 PRINTTS :PRINT

180 PRINT"PLEASE INSERT ORIGINAL DISK"

190 PRINT"AND PRESS A KEY":PRINT

200 GETAS :IFAS$S=""THEN200

210 OPEN 2,8,2,N$+","+T$

220 POKE 3,0:POKE 4,12:SYS 866

230 CLOSE 2

240 PRINT"PLEASE INSERT DESTINATION DISK"

250 PRINT"AND PRESS A KEY":PRINT

260 GETAS$:IFA$=""THEN260

270 OPEN 2,8,2,NS+","+TS+" ,W"

280 POKE 3,0:PCKE 4,12:SYS 828

290 CLOSE 2 : END

1000 FOR T = 828 TO 898

1010 READ X : POKE I,X : S=S+X : NEXT

1020 DATA 162, 2, 32,201,255,198, 1,160, O, 56,165, 3
1030 DATA 229, 65,165, 4,229, 6,176, 13,177, 3, 32,210
1040 DATA 255,230, 3,208,236,230, 4,208,232,230, 1, 76
1050 DATA 204,255,162, 2, 32,198,255,160, O, 32,207,255
1060 DATA 145, 3,230, 3,208, 2,230, 4, 36,144, 80,241
1070 DATA 165, 3,133, 5,165, 4,133, 6, 76,204,255
1080 IF S<>8634 THEN PRINT "ERROR IN DATA !!":END

1090 RETURN

4.1.5 Reading the directory from within a program

Sometimes applications programs store user data in a file
under a desired name, If you want to use this file again,
but you cannot remember the file name, then you have a
problem. If this happens, you must exit the program, search
for the name in the directory, reload the program and start
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again. To avoid this, you can include a directory listing
routine in your program. If you forget the filename, you can
display the directory with a function key, for example,
without the need to leave the program. Here is a sample of
such a routine:

100 PRINTCHRS(147);

110 OPEN15,8,15,"I0":0PEN2,8,2,"#"
120 T=18:S5=1

130 PRINT#15,"B-R";2;0;T;S

140 PRINT#15,"B-P";2;0

150 GET#2,X$:IFXS$=""THENXS=CHR$(0)
160 T=ASC(X$)

170 GET#2,X$:IFXS$=""THENXS=CHRS(0)
180 S=ASC(X$)

190 FORX=0TO7

200 PRINT#15,"B-P";2;X*32+5

210 FFS=""

220 FORY=0TO15

230 GET#2,X$:IFXS=""THENXS= CHRS(O)
240 IFASC(XS)‘IGOTHENZ?O

250 FF$=FFS$+X$

260 NEXTY

270 IFA=0THENA=1:PRINTFFS$;:GOT0290
280 A=0:PRINTTAB(20);FF$

290 NEXTX

300 IFT<>0THEN130

310 CLOSE1l:CLOSE2

320 PRINT"RETURN FOR MORE"

330 INPUTXS

340 END:REM IF SUBROUTINE, THEN RETURN HERE

In order to select the filename, the directory is printed on
the screen. Should this program be used as a subroutine
(called with GOSUB) line 340 must contain RETURN instead of
END.

We used this routine in the ut111ty programs in sections
4.1.1 and 4.1.2.
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4.2 The Utility Programs on the TEST/DEMO Disk

There are many 1541 owners that know 1little about the
programs contained on the Test/Demo disk. The main reason is
that these programs are largely undocumented. The following
descriptions of these programs should help you:

4.2.1 DOS 5.1

The DOS 5.1 simplifies the operation of the VIC-1541 DOS. It
can run on the VIC-20 or Commodore 64. To load DOS 5.1 on
the VIC-20, give the commands

LOAD"VIC-20 WEDGE",8
RUN

This is the loader for DOS 5.1 for the VIC 20.

If you want to use it on the Commodore 64, give the
commands:

LOAD"C-64 WEDGE",8
RUN

This loads DOS 5.1 into the CBM 64.

What does this DOS 5.1 offer? It allows you to send
convenient commands to the 1541 disk drive, If, for example,
you want to display the directory on the screen, you use the
DOS 5.1 command @$ or >$. This does not erase the program in
memory.

The individual commands of the DOS 5.1

Command Function

@$ or >$ Display the directory

@V or >V Same function as "VALIDATE"
€C:... or >Cs... Copy files (COPY)

©file or /file Load program

@ or > Read and display error message
@N:... or >N:z,.. Format a diskette

@I or >I Intitialize the disk

@R:,.. Or >R:... Rename a file (RENAME)
@S:... Or >St... Erase a file (SCRATCH)

e#n or >#n Change disk device to n
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4.2.2 COPY/ALL

With the program COPY/ALL files can be copied between disk
drives with different addresses, A drive must be changed
from device address 8 with the program DISK ADDR CHANGE
before this can occur. After starting the program, the
message:

disk copy all jim butterfield
from unit? 8

appears on the screen, Here you give the device address of
the disk drive from which you wish to get the files. If this
address is 8, just press RETURN, After this you give the
corresponding drive number of this unit (always 0 for single
drives)., In this manner you also give the device address of
the destination drive. Once this has occurred, the program
asks

want to new the output disk
?n

You are being asked if the destination diskette should te
formatted. You answer with 'y' (yes) or 'n' (no).

Then you can choose the files you want to copy with the
wildcard (*). If all files are supposed to be copied, just
give the asterisk.

Now the program gives the message

hold down 'y' or 'n' key to select

The program displays the files on the original disk, which
you can select with the 'y' key (yes) or 'n' (no). The files

by which you pressed 'y' will be copied.

If, during the copying process, asterisks (***) appear behind
the files, it means that an error has occurred.

If there is not enough room on the destination disk, "***
output disk full" and "do you have a new one" appears. The
remaining files can be put on another formatted diskette. To

do this, answer 'y' when ready.

At the the conclusion of the copying process, the number of
free blocks on the destination disk is displayed.

4.2.3 DISK ADDR CHANGE

With this program, the device address of a disk drive can bte
changed through software. After starting the program, turn
all drives off except for the one you wish to change. Now
enter the old and new device addresses.
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changed and the other drive can

The following drives can be changed with this program:

2031
2040
4040
4040
8050
8050
8250

4.2.4 DIR

DOSs
DOS
DOS
DOS
DOS
DOS
DOS

V2.6
vi.1
v2.1
v2.7
V2.5
v2.7
V2.7

This is a small help program with the following

possibilites:

d - display the directory on the screen

> - With this character, a disk command can be given

in shortened form
format a diskette)

g - exit the program

(for example, >N:TEST,KN to

s - display the error channel

These possibilities are also found in DOS 5.1, along with

other commands.

4.2.5 VIEW BAM

With this utility program you can view the usage of diskette

blocks on the screen.

This table displays the sectors in

columns and the tracks in rows. Crosses indicate free blocks
and reverse crosses indicate allocated blocks. 'n/a' means
that these blocks do not exist on the track.

After outputting the table,
of free blocks is displayed.

4.2.6 CHECK DISK

the diskette name and the number

The utility program CHECK DISK tests every block on the
diskette by writing to and reading from it. The current
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block and the total number of tested blocks is displayed on
the screen.

4.2.7 DISPLAY T&S

If you are interested in the construction of the individual
blocks of the disk and want to display these on the screen,
this utility program will help you. After starting the
program you give the desired track and sector. This will
then be sent to the printer or screen. The DISK-MONITOR
contained in this book is a easier to use, because it allows
you to change blocks and save them again.

4.2.8 PERFORMANCE TEST

This program makes it possible to test the mechanics of the
VIC-1541 disk drive, To accomplish this, all the access
commands are executed, in the following order:

1. Disk is formatted
2., A file is opened for reading
3. Data are written to this file
4, The file is closed again
5. This file is opened for reading
6. The data are read
7. The file is closed again
8. The file is erased
9. Track 35 is written
10. Track 1 is written
11. Track 35 is read
12, Track 1 is read

After each access of the disk the error channel is
displayed. In this manner, it can be established which
access of the disk is not executed properly.

When using this program, use only diskettes containing no

important data because the entire diskette is erased during
the testing.
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4.3 BASIC-Expansion and Programs for easy Use of the 1541

4.3.1 Input strings of desired length from the disk

Reading data from the disk with the INPUT# statement has one
major disadvantage - only data items having fewer than 88
characters can be read. This is because the input buffer of
the computer is limited. In addition, not all characters can
be read with the INPUT# statement. If a record contains a
comma or colon, BASIC views it as a separating character and
the remainder of the input is assigned to the next variable.
If the INPUT# statement has only one variable, the remainder
is ignored and the next INPUT# statement continues reading
past the next carriage return (CHR$(13)). The alternative,
to read the input with a GET# statement but results in much
slower input.

To avoid these disadvantages, we can use a small machine
language routine.

We will change the INPUT# statement, so that we can specify
the number of characters to be read. To distinguish it from
the normal INPUT# statement, we name the command INPUT*, The
syntax looks like this:

INPUT* 1fn, len, var

Lfn is the logical file number of the previously OPENed
file, len is the number of characters to be read, and var is
the string variable into which the characters are to be
read. A program excerpt might look like this:

100 OPEN 2,8,2,"FILE"
110 INPUT* 2,100,A$

This reads a string of 100 characters from the opened file
into AS. This procedure is especially suited for relative
files, because a complete record can be read with one
command after positioning the record pointer. The
partitioning of record into fields can be accomplished with
the MIDS function. An elegant method of creating records is
described in the next section.

With this procedure it is no longer necessary to end a
record with a carriage return. You can especially make use
of the maximum record length with relative files:

100 OPEN 1,8,15

110 OPFN 2,8,2, "REL-FILE,L,"+CHRS(20)
120 PRINT#1, “"P"+CHRS$(10)+CHRS(0)+CHR$ (1)
130 PRINT#2, "12345678901234567890";

140 PRINT#1, "P"+CHRS(10)+CHRS$(0)+CHRS(1)
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150 INPUT* 2,20,AS$
160 PRINT AS$
12345678901234567890
Here is the assembler 1listing for the machine language

program. It resides in the cassette buffer ‘just like a
loader program in BASIC for the Commodore 64 and VIC 20.

110: 033C H
; INPUT* LFN,LEN,AS
150: 033cC INPUT EQU $85
160: 033C STAR EQU SAC
170: 033C BASVEC EQU $308
180: 033C CHRGET EQU $73
190: 033C CHRGOT EQU CHRGET + 6
1’
210: 033C ; C64 VERSION
220: 033C H
380: 033C CHKIN EQU S$E11lE
390: 033C BASIN EQU $E112
400: 033C CHKCOM EQU $AEFD
410: 033C INTER EQU SA7AE
420: 033C EXECOLD EQU S$A7E7
430: 033C INPUTOLD EQU S$ABBF
440: 033C FINDVAR EQU $BO8SB
450 033C STRRES EQU $B475
460: 033C FRESTR EQU $B6A3
470: 033C GETBYT EQU S$B79E
; VIC 20 VERSION
240: 033C CHKIN EQU S$E11B
250: 033C BASIN EQU SEI10F
260: 033C CHKCOM EQU SCEFD
270: 033C INTER EQU $C7AE
280: 033C EXECOLD EQU $C7E7
290: 033C INPUTOLD EQU S$CBBF
300: 033C FINDVAR EQU $DO8B
310: 033C STRRES EQU $D475
320: 033C FRESTR EQU $D6A3
330: 033cC GETBYT EQU $D79E
; COMMON LABELS
490 033C VARADR EQU $49
500¢: 033C CLRCH EQU S$FFCC
510: 033C PARA EQU $61
530: 033C ORG 828
540 033C A9 47 INIT LDA #<TEST
550: 033E A0 03 LDY #>TEST
560: 0340 8D 08 03 STA BASVEC
570: 0343 8C 09 03 STY BASVEC+1
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580: 0346 60 RTS
1

600: 0347 20 73 G0 TEST JSR CHRGET

610: 034A C9 85 CMP #INPUT

620: 034C FO 06 BEQ FOUND

630: 034E 20 79 00 JSR CHRGOT

640: 0351 4C E7 A7 JMP EXECOLD ; TO THE OLD
ROUTINE

650 0354 20 73 00 FOUND JSR CHRGET

660: 0357 C9 AC CMP #STAR ; NEW INPUT
ROUTINE

670: 0359 FO 06 BEQ OKSTAR

680: 035B 20 BF AB JSR INPUTOLD

680: 035E 4C AE A7 JMP INTER

690: 0361 20 9B B7 OKSTAR JSR GETBYT-3 ; GET FILE
NUMBER

700: 0364 20 1E El1 JSR CHKIN

710 0367 20 FD AE JSR CHKCOM

720: 036A 20 9E B7 JSR GETBYT ; LENGTH

730: 036D 8A TXA

730: 036E 48 PHA ; NOTICE

740: 036F 20 FD AE JSR CHKCOM

750: 0372 20 8B BO JSR FINDVAR ; SEARCH FOR

: VARIABLE

760: 0375 85 49 STA VARADR

760: 0377 84 4A STY VARADR+1

770: 0379 20 A3 B6 JSR FRESTR

780: 037C 68 PLA ; LENGTH

790: 037D 20 75 B4 JSR STRRES ; RESERVE PLACE
FOR STRING

800: 0380 A0 02 LDY #2

810: 0382 B9 61 00 STORE LDA PARA,Y

820: 0385 91 49 STA (VARADR),Y

830:, 0387 88 DEY

840: 0388 10 F8 BPL STORE

850: 038A C8 INY ; Y=0

860: 038B 20 12 E1 FETCH JSR BASIN

870: 038E 91 62 STA (PARA+1),Y

880: 0390 C8 INY

890: 0391 C4 61 CPY PARA

900: 0393 DO F6 BNE FETCH

910: 0395 20 CC FF JSR CLRCH

910: 0398 4C AE A7 JMP INTER ;TO INTERPRETER

LOOP

Here are the BASIC programs for entering the machine
language program for the INPUT* statement.

INPUT* , 64 Version

100 FOR I = 828 TO 922 .
110 READ X : POKE I,X : S=S+X : NEXT
120 DATA 169, 71,160, 3,141, 8, 3,140, 9, 3, 96, 32
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130 DATA 115, 0,201,133,240, 6, 32,121, 0O, 76,231,167
140 DpATA 32,115, 0,201,172,240, 6, 32,191,171, 76,174
150 DATA 167, 32,155,183, 32, 30,225, 32,253,174, 32,158
160 DATA 183,138, 72, 32,253,174, 32,139,176,133, 73,132
170 DATA 74, 32,163,182,104, 32,117,180,160, 2,185, 97
180 DATA 0,145, 73,136, 16,248,200, 32, 18,225,145, 98
190 DATA 200,196, 97,208,246, 32,204,255, 76,174,167

200 IF S <> 11096 THEN PRINT "ERROR IN DATA !!" : END
210 sYS 828 : PRINT "OK."

"INPUT* , VIC 20 VERSION

100 FOR I = 828 TO 922

110 READ X : POKE I,X : S=S+X : NEXT

120 DATA 169, 71,160, 3,141, 8, 3,140, 9, 3, 96, 32
130 DATA 115, 0,201,133,240, 6, 32,121, O, 76,231,199
140 pATA 32,115, 0,201,172,240, 6, 32,191,203, 76,174
150 DATA 199, 32,155,215, 32, 27,225, 32,253,206, 32,158
160 DATA 215,138, 72, 32,253,206, 32,139,208,133, 73,132
170 DATA 74, 32,163,214,104, 32,117,212,160, 2,185, 97
180 DATA 0,145, 73,136, 16,248,200, 32, 15,225,145, 98
190 DATA 200,196, 97,208,246, 32,204,255, 76,174,199

200 IF S <> 11442 THEN PRINT "ERROR IN DATA !!" : END
210 Sys 828 : PRINT "OK."

4.3.2 Easy Preparation of Data Records

If you have worked with relative files before, you know that
a definite record length must be established. This record is
usually divided into several fields which likewise begin at
a definite position within the record, and have a set
length,

If you create a new record, for example, a separate INPUT
statement is generally used for each field. Before the
complete record can be written, it must be assembled
properly. Each field must be checked for proper length. If
it is 1longer than then the planned length of the
corresponding data field, the remainder must be truncated to
the proper length. Here are two new BASIC commands that are
excellently suited for this task. These new commands are
written in machine language and are initialized with a SYS
command. You can then use them as any other BASIC commands.

The first command has the name ISTRS and serves to create a
string with the length of the data record.

AS$ = ISTRS$(100," ")
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creates a string with 100 blanks and puts it in the variable
AS.

The next command places our data field in the previously
created string. For example, if you want to assign the
variable N$ containing the last name as a field of 25
characters at position 1l in the string A$, our new command
looks like this:

MID$ (A$,1,25) = N$

Here the MID$ command is used as a so-called pseudo-variable
on the left side of the assignment statement. What happens
here is as follows:

The variable N$ replaces the first 25 characters of AS$. If
the variable N$ is longer than 25 characters, only the first
25 characters are replaced and the rest are disregarded. If
N$ is shorter than 25 characters, only as many characters
are replaced as N$ contains, The original characters in A$
remain (blanks, in our case). That is exactly as we wanted.
Now we can program the following:

200 INPUT "LAST NAME " LS
210 INPUT "FIRST NAME "; F$
220 INPUT "STREET "; S$
230 INPUT "CITY "; C$
240 INPUT “STATE "; TS
250 INPUT "ZIP CODE "; Z$

260 A$ = !STRS (92, ")

270 MID$S (A$,1,25) = L$
280 MID$ (AS$,26,20) = F$
290 MID$ (A$,46,20) = S$
300 MID$ (A$,66,15) = C$
310 MIDS (A$,81,2) = TS
320 MIDS (A$,83,9) = 2Z$

330 PRINT#2, AS$

Here is the machine language program for the Commodore 64

135: Cc800 ORG $C800
140: C800 CHKOPEN EQU SAEFA
150: Cc800 CHKCLOSE EQU SAEF7
160: Cc800 CHKCOM EQU S$AEFD
170: C800 FRMEVL EQU SADYE
180: Cc800 CHKSTR EQU S$ADSF
190: Cc800 FRESTR EQU $B6A3
200: c800 YFAC EQU $B3A2
205: C800 CHRGET EQU $73
210: c800 CHRGOT EQU CHRGET+6
220: C800 GETBYT EQU $B79B
226: C800 INTEGER EQU $B1AA
229: Cc800 DESCRPT EQU $64
230: C800 STRADR EQU $62
231: C800 ADR2 EQU S$FB
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232:
233:
234:
235:
236:
237:
238:
240
241:
242:
243:
245:
248:
248:
248:
248:
248:
250:
250:
250:
251:
251:
251:
251:
252:
252:
252:
253:

900:
900:
910:
920:
920:
930:
940:
950:
960:
970:
980:
990:
1000:

1010:
1020

1030:
1040:
1050:
1060:
1070:
1080:

Cc800
C800
C800
Cc800
c800
C800
Cc800
€800
C800
c800
c800
Cc800
C800
c802
Cc804
c807
C80A
Cc80D
C80F
c8ll
Cc814
Cc816
Cc818
C81B
C81E
Cc821
C823
C825

c828
C82B
C82E
C831
c832
C833
C836
C839
C83B
C83D
C840
C842
C844

C846
C849

c84c
C84E
C850
C852
C854
C855

A9

8D
8C
4C
A9
85
20
co
FO
20
4c
20
co
FO
4C

20
20
20
8A
48
20
20
24
30
20
A5
DO
A5

4C
20

FO
A0
Bl
85
68
20

0D
Cc8
0A
0B
6B
00
0D
73
21
06
79
8D
73
c4
03
08

73
FA
9E

FD
9E
0D
ocC

64
24
65

52
82

1A
00
22
03

7D

03
03
c8

00

00

00

AF

00

B7

AE
AD

Bl

Cc8
B7

B4

ADRI1 EQU S$FB+2
LEN1 EOU 3
LEN2 EQU 4
NUMBER EQOU 5
START EQU 6
TYPFLAG EQU 13
STRCODE EQU $C4
ILLOUAN EQU $B248
SYNTAX EQU SAF08
POSCODE EQU $B9
VECTOR EQU $30A
TEMP EQU LEN1
LDA. #<TESTIN
LDY #>TESTIN
STA VECTOR
STY VECTOR+1
JMP MIDSTR
TESTIN LDA #0
STA TYPFLAG
JSR CHRGET
CMP  #"i"
BEQ TEST2
JSR CHRGOT
JMP SAE8D
TEST2 JSR CHRGET
CMP #STRCODE
BEQO STRING
JMP SYNTAX
i
; STRINGS FUNCTION
i
STRING JSR CHRGET
JSR CHKOPEN
JSR  GETBYT+3
TXA
PHA
JSR CHKCOM
JSR FRMEVL
BIT TYPFLAG
BMI STR
JSR INTEGER
LDA DESCRPT
BNE ILL
LDA DESCRPT+1
JMP STR2
STR JSR $B782
BEO ILL
LDY #0
LDA ($22),Y
STR2 STA TEMP
PLA
JSR  $B47D
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;OPEN PAREN

;NOTICE LENGTH

; STRING

;HIGH BYTE
>255

LOW BYTE,
LENGTH

i
i

;SETSTR
TYPFLAG TO
NUMERIC

; LENGTH O

;s FIRST CHAR

; LENGTH
; FRESTR



1090:
1100:
1110:
1120:
1120:

1130:
1140:

1150:
1160:

200:
210:

240:
250:
255:
260:
270:
280:
290:
325:
330:
355:
360:
370:
372:
375:
378:

400:
410:
420
430:
440:
450:
460:
470:
480:
490:

500:
505:
510:
520:
530:
535:
535:
540:
545:
545

C858
C859
C85B
C85D
C85E

C860
C862

C865
C868

C86B
C86B

C86B
C86B
C86B
C86B
C86B
C86B
C86B
C86B
C86B
0003
0004
0005
0007
0007
0007

C86B
C86D
C86F
C872
C875
C876
Cc879
C87B
C87D
Cc880

Cc883
C886
c889
C88C
C88E
Cc890
c892
C894
c897
€899

A8
FO
A5
88
91

DO
20

4C
4C

A9
AQ
8D
8C
60
20
Cc9
FO
20
4aC

20
20
20
85
84
85
84
20
A0
Bl

07
03

62

FB
CA

F7
48

76
c8
08
09

73
CA
06
79
E7

73
FA
8B
64
65
49
4A
A3
00
64

B4

AE
B2

03
03

00

00

A7

00

BO

B6

LOOP

ILL
i
7
i

MIDCODE
EXECUT

EXECOLD
VARNAM
VARADR
DESCRPT
TESTSTR
GETVAR
SETSTR
TEST
GETBYT

LENGTH
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POSITION

VARSTR
COMP
POINT2

i
MIDSTR

MIDTEST

MID

TAY
BEO
LDA
DEY
STA

BNE
JSR

JMP
JMP

EQU
EOU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
ORG
DST
DST
DST
EQU
EQU

STR3

TEMP

(STRADR) ,Y ; CREATE

STRING

LOOP

$BACA ;BRING STRING
IN DESCRIPTOR STACK

CHKCLOSE

ILLQUAN

MIDS ( STRINGVAR,POS,LEN) = STRING EXP
MIDS$ ( STRINGVAR,POS) = STRING EXP

$CA

$308 ;VECTOR FOR
STATEMENT EXECUTE

SATE7

$45

$49

$64

SADSF

$BO8B

$AAS52

SAEFF

$B79E

3

1

1

2

$SB2

$50

#<MIDTEST
#>MIDTEST
EXECUT
EXECUT+1

CHRGET

#MIDCODE ;CODE FOR MIDS

MID 5?2 YES

CHRGOT

EXECOLD ;EXECUTE
NORMAL STATEMENT

CHRGET ;s NEXT CHAR

CHKOPEN ; OPEN PAREN

GETVAR ;GET VAR

DESCRPT

DESCRPT+1

VARADR

VARADR+1

FRESTR

#0

(DESCRPT) , Y
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545:
545:
550

560:
560:
560:
570:
570:
570:
600:
610:
620:
630:
650:
650:
660:
660:

665:
665:
665
670:
6702
680:
690:
700:
710:
715:
715:
715:
717:
717:
717:
720:
730:
770:
780:
790:
800:
800:
800:
800:
800:
800:
810:
810:
820:
840:
850:
860:
870:
880:
880:
910:

C89B
Cc89C
C89E

c8al
C8A3
C8A5
C8A7
C8A8
C8AA
C8AC
C8AF
C8B2
C8B3
C8B5
c8B6
C8B8
C8BB

C8BD
C8BF
C8C1
C8C3
C8C6
c8C9
Cc8CA
cs8cce
C8CF
C8D1
Cc8D2
c8D3
C8D5
Cc8D7
C8D9
C8DB
C8DE
C8EO
C8E3
C8E6
C8E9
CBEB
C8ED
C8EF
C8F0
C8F2
C8F4
C8F5
C8F7
C8F9
C8FB
C8FD
C8FF
c901
C902
C904

48
FO
20

A0
Bl
85
c8
Bl
85
20
20
8A
FO
CA
86
20
(]

DO
A9
DO
20
20
8A
DO
4AC
85
68
38
E5
Cc5
BO
85
20
A9
20
20
20
A0
Bl
85
88
Bl
85
88
Bl
FO
c5
BO
85
A5
18
65
85
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2E
52

01
49
05

49
06
FD
9E

17

04
79
29

04
FF
0ocC
FD
9E

03
48
03

64
D3
03
02
03
05

04
05

AA

AE
B7

00

AE
B7

B2

AE

AE

B6

NEXT

ILL
STORE

OK

OK1

PHA

BEQ
JSR

LDY

STA
INY
LDA
STA
JSR
JSR
TXA
BEOD
DEX
STX
JSR
CMP

BNE
LDA
BNE
JSR
JSR
TXA
BNE
JMP
STA
PLA
SEC
SBC
CMP
BCS
STA
JSR
LDA
JSR
JSR
JSR
LDY
LDA
STA
DEY
LDA
STA
DEY
LDA
BEO
CMP

STA
LDA
CLC
ADC
STA
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ILL
SETSTR

#1
(VARADR) , Y
VARSTR

(VARADR) , Y
VARSTR+1
CHKCOM
GETBYT

ILL
POSITION

CHRGOT
*l')ll

s LENGTH

; PUT STRING IN
RAM

s VAR ADDR

;GET POS

; END OF

EXPRESSION?

NEXT
#SFF
STORE
CHKCOM
GETBYT

*+5
ILLOUAN
LENGTH

POSITION
LENGTH
OK
LENGTH
CHKCLOSE
#CoMP
TEST
FRMEVL
FRESTR
#2

;MAX LENGTH

;GET LEN

;CLOSE PAREN

sGET EXP

(DESCRPT), Y

POINT2+1

(DESCRPT),Y

POINT2

(DESCRPT) , Y

ILL
LENGTH
OK1
LENGTH
VARSTR

POSITION
VARSTR

30 THEN ERROR



910:
920:
940:
950
950:

960:
970:
970:
980:

For
64,

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370

c9
c9
c9
Cc9
c9

co
Cc9
Cc9
Cc9

06
08
0A
0c
0D

90
E6
A4
88
Bl

LOOP
50

OF
11
13
15

91 05
00
F7

AE A7

DO
4ac
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BCC *+4

INC VARSTR+1

LDY LENGTH

DEY

LDA (POINT1),Y ;TRANSFER
CHARS FROM STRING

STA (VARSTR),Y ;EXP TO VAR

CPY #0 -

BNE LOOP

JMP SA7AE ;TO INTERPRETER

LOOP

those who have no monitor or assembler for the Commodore
we have written a loader program in BASIC.

FOR I
READ
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
IF S
SYS 5

X
169,
200,169,
32,121, O,
3, 76, 8,175,
183,138, 72,
12,
200,

POKE I,X :

0,133,

208,251,
118,160,200,141,

0,201,202,240,
115, O,
133, 73,132, 74,
240, 46,
177, 73,133,
23,202,134,
255,208, 12,
76, 72,178,133,

2,133, 3,
158,173,

6,
4,

2,133, 3,165,
230, 6,164,
247, 76,174,167

<> 31128 THEN PRINT "ERROR IN DATA !!" :
"OK.

1200 : PRINT

51200 TO 51479
S=S8+X :
13,160,200,141,

76,141,174,
32,253,174,
32,170,177,165,100,208, 36,165,101, 76, 82

32,130,183,240,
104, 32,125,180,168,240,

32, 82,170,160,

32,253,174,
32,247,174,169,178,
32,163,182,160,
177,100,133, 80,136,177,100,240,211,197,

3,136,177, 80,145,

NEXT
10, 3,140,
13, 32,115,

11,
0,201,

3, 76,107
33,240, 6
32,115, 0,201,196,240

0, 32,250,174, 32,158
32,158,173, 36, 13, 48

32,115,

26,160, 0,177,

7,165,

34,133, 3
3,136,145, 98

32,202,180, 76,247,174, 76, 72,178,169

8,
6,

3,140,
32,121,

9, 3, 96, 32,115
0, 76,231,167, 32

32,250,174, 32,139,176,133,100,132,101

32,163,182,160, 0,177,100, 72
1,177, 73,133, 5,200
32,253,174, 32,158,183,138,240
32,121, 0,201, 41,208, 4,169
32,158,183,138,208, 3
56,229, . 4,197, 3,176
32,255,174, 32
2,177,100,133, 81,136
3,176
5,144, 2
5,192, 0,208

3,104,

5, 24,101, 4,133,

END

4.3.3 Spooling - Printing Directly from the Disk

If you have a printer connected to your computer in addition
to the disk drive, you can use a special characteristic of
the the serial bus.

It is possible to send files directly from disk to the
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printer, without the need to transfer it byte by byte with
the computer. For example, if you have text saved as a
sequential file, and you want to print it on the printer,
the following program allows you to do so:

100 OPEN 1,4 : REM PRINTER

110 OPEN 2,8,2, "0:TEST" : REM TEXT FILE
120 GET#2, AS$ : IF ST = 64 THEN 140

130 PRINT#1, AS$; : GOTO 120

140 CLOSE 1 : CLOSE 2

150 END

Characters are sent from the disk to the printer until the
end of file is recognized. Then the two files are closed ard
the program ended.

The following is done when spooling:

First both files are opened again. Then a command to receive
data (Listen) is sent to the printer, while the disk drive
receives the command to send data (Talk). Data are sent
automatically from the disk to the printer until the end of
file is reached. During this time, the computer can be used
without interferring with the transfer of data. Only the use
of peripheral devices is not possible during this time.

In practice, this is done with a small machine language
program. When you want to start printing, you call the
program and give the name of the file which you want to
send,

SYS 828, "TEXT"

OPENs the file TEXT on the diskette and sends it to the
printer. As soon as the transfer is begun, the computer
responds with READY. again and you can use it, as long as no
attempt is made to access the serial bus. You can prove that
the computer is no longer needed for transfer by pulling out
the bus cable to the disk, so that the diskette is connected
only to the printer. When the spooling is done, the disk
file is still open (the red LED is still 1lit). You can CLOYE
the file and turn the printer off and then back on, and give
the SYS command without a filename (the cable to the disk
must be attached, of course).

SYS 828
With same command you can stop a transfer in progress., The
machine language program in the form of a loader program for
the Commodore 64 and the VIC 20 is found at the end.
Here are some hints for use:
We have successfully used the printer spooling with a

Commodore 64 and a VIC 20 with a printer such as the the VIC
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1525, Attempts using an Epson printer with a VIC interface
as well as the VIC 1526 did not succeed. The serial bus, in
contrast with the parallel IEEE bus, appears to be capable
of spooling only with limitations. This is why it is
necessary to turn the printer off after spooling, because it
still blocks the bus. We would be happy if you would inform
us of your experience with other printers,

1541 - 64 SPOOL

EORTRYY

110: 033C CHRGOT EQU $79

130: 033C LISTEN EQU S$FFB1

140: 033C ATNRES EQU SEDBE ;ATN HI
142: 033C CLOCK EQU SEE85 ;CLOCK HI
144: 033C DATA EQU SEE97 ;DATA HI
160: 033C CLOSE EQU S$FFC3

170: 033C CLALL EQU SFFE7

175: 033C SETFIL EQU SFFBA

180: 033C GETNAME EQU S$SE254 ;GET FILENAME
190: 033C OPEN EQU S$FFCO

200: 033C CHKIN EQU SFFC6

202: 033C UNTALK EQU SFFAB

204: 033C UNLISTEN EQU S$SFFAE

230: 033C FNLEN EQU $B7

240: 033C INDEV EQU $99 ; INPUT DEVICE
260: 033C NMBFLS EQOU $98 ;NO. OF FILES
280: 033C ERROR EQU $AFO08 7 SYNTAX ERROR
300: 033C ORG 828

310: 033C 20 79 00 JSR CHRGOT ;MORE CHARS
320: 033F FO 33 BEQ OFF ; SPOOL DONE
330: 0341 20 E7 FF JSR CLALL

340: 0344 20 54 E2 JSR GETNAME

350: 0347 A6 B7 LDX FNLEN

360: 0349 FO 38 BEQ SYNTAX

370: 034B A9 02 LDA #2

380: 034D A2 08 LDX #8

390: 034F A0 02 LDY %2

400: 0351 20 BA FF JSR SETFIL

410: 0354 20 CO FF JSR OPEN ;OPEN FILE
411: 0357 A9 04 LDA #4

412: 0359 20 Bl FF JSR LISTEN s PRINTER
413: 035C 20 BE ED JSR ATNRES

420: 035F A2 02 LDX #2

430: 0361 20 C6 FF JSR CHKIN ;DISK

435: 0364 20 BE ED JSR  ATNRES

435: 0367 20 85 EE JSR CLOCK

435: 036A 20 97 EE JSR  DATA

510: 036D A9 00 LDA #0

520z 036F 85 99 STA INDEV

530: 0371 85 98 STA NMBFLS

540: 0373 60 RTS

550: 0374 A9 01 OFF LDA #1

560: 0376 85 98 STA NMBFLS
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570:
580:
620:
630:
640:

Here

100
110
120
130
140
150
160
170
180
190
200

For

100
110
120
130
140
150
160
170
180
190
200

0378 20 AE
037B 20 AB
037E A9 02
0380 4C C3
0383 4C 08

is the BASIC

1541 Disk Drive

FF JSR UNLISTEN

FF JSR UNTALK
LDA #2

FF JMP CLOSE

AF SYNTAX JMP  ERROR

loader program for the Commodore 64.

FOR I = 828 TO 901

READ X : POKE
DATA 32,121,

I,X : S=S+X : NEXT
0,240, 51, 32,231,255, 32, 84,226

DATA 166,183,240, 56,169, 2,162, 8,160, 2, 32

DATA 186,255,

32,192,255,169, 4, 32,177,255, 32

DATA 190,237,162, 2, 32,198,255, 32,190,237, 32

DATA 133,238,
DATA 96,169,
DATA 169, 2,

32,151,238,169, 0,133,153,133,152
1,133,152, 32,174,255, 32,171,255
76,195,255, 76, 8,175

IF S <> 9598 THEN PRINT "ERROR IN DATA !!" : END

PRINT "OK."

the VIC 20, use the following program:

FOR I = 828 TO 901

READ X : POKE
DATA 32,121,

I,X : S=S+X : NEXT
0,240, 51, 32,231,255, 32, 81,226

DATA 166,183,240, 56,169, 2,162, 8,160, 2, 32

DATA 186,255,

32,192,255,169, 4, 32,177,255, 32

DATA 197,238,162, 2, 32,198,255, 32,197,238, 32

DATA 132,239,
DATA 96,169,
DATA 169, 2,

32,160,228,169, 0,133,153,133,152
1,133,152, 32,174,255, 32,171,255
76,195,255, 76, 8,207

IF S <> 9648 THEN PRINT "ERROR IN DATA !!™ : END

PRINT "OK."
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4.4 Overlay Technique and Chaining Machine Language Programs

A proven programming technique involves the creation of a
menu program which then loads and executes other programs
based on the user's choice. There are two variations:
preserving or clearing the old variables in the chained
program,

It is possible to pass the old variables if the calling
program is as large or larger than the chained program. If a
program is chained from another program, the pointer to the
end of the previous program remains intact, and the new
program loads over the old.

In this example, we would get the following result:

100 REM PROGRAM 1

1110 REM THIS PROGRAM IS LARGER THAN THE SECOND
120 A = 1000

130 LOAD "PROGRAM 2",8

100 REM PROGRAM 2
110 PRINT A

1000

If the chained program is larger than the original program,
part of the variables are overwritten and contain
meaningless values. Moreover, when the variables that the
program destroyed are assigned new values, part of the
program is also destroyed.

There are two characteristics of passing variables from the
previous program that should be noted - for strings and for
functions.

Any string variables that are defined as constants enclosed
in guotes in the first program, will have a problem. The
string variable pointer points to the actual text in the
program, If, for example, a string is defined in the first
program with the following assignment

100 AS = "TEXT"

the variable pointer points to the actual text within line
number 100. When chaining, the next program does not chance
this pointer. New text is now at the original location, so
the variable has unpredictable contents. We can easily work
around this, however. We need only ensure that the text is
copied from the program into string storage where text
variables are normally stored. You can do this as follows:

100 A$ = “TEXT" + "*
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By concatenating an empty string, you force the contents of
the variable to be copied to the string storage area.

Similar considerations apply to function definitions,
because here also the pointer points to the definition
within the program. Here you must define the function again
in the second program, for example:

100 DEF FN A(X) = 0.5 * EXP (-X*X)

If you want to chain a program, you can continue to use the
old variables provided the second program is not longer than
the first. If the chained program is longer, and we do not
want to preserve the old variables, there is a trick we can
use.

We need only set the end-of-program pointer to the end of
the new program immediately after loading., This can be done
with two POKE commands:

POKE 45, PEEK(174) : POKE 46, PEEK (175) : CLR

The CLR command is absolutely necessary. This line should be
the first line in the chained program. This allows us to
chain a large program without transfer of variables.
Another, not so elegant method involves writing the load
command in the keyboard buffer so the program will
automatically be loaded in the direct mode. To do this, we
write the LOAD and RUN commands on the screen and fill the
keyboard buffer with 'HOME' and carriage returns. An END
statement must come after this in the program. The control
system then gets the contents of the keyboard buffer in the
direct mode and reads the LOAD and RUN commands that control
the loading and execution of the program. Because this
occurs in the direct mode, the end address of the program is
automatically set, the variables are erased and the program
is started with the RUN. The disadvantage of this method is
that since the LOAD command must appear on the video screen,
any display will be destroyed. In practice it looks 1like
this:

1000 PRINT CHR$(147)"LOAD"CHRS(34)"PROGRAM 2"CHR$(34)",8"
1010 PRINT : PRINT : PRINT : PRINT

1020 PRINT "RUN"
1030 POKE 631,19
1040 POKE 634,13
1050 POKE 198,6

POKE 632,13 : POKE 633,13
POKE 635,13 : POKE 636,13
END

e a0 e

You can see that this procedure is more complicated than the
previous one; it is only mentioned for the sake of
completeness., With the first procedure, only the LOAD
command need be programmed in line 1000:

1000 LOAD "PROGRAM 2",8
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There is another technique for chaining machine language
programs.

If a machine language program is to be used from a BASIC
program, it must usually be loaded at the beginning of the
BASIC program. You must take note of two things:

First of all, you must make sure that the machine language
program loads to a specific place in memory. If you load a
program without additional parameters, the control system
treats it as a BASIC program and loads it at the starting
address of the BASIC RAM, generally at 2049 (Commodore 64).
Machine language programs can only be run, however, when
they are loaded at the address for which they were written.
This absolute loading can be accomplished by adding the
secondary address 1:

LOAD "MACH-PRG",8,1

But remember that when loading a program from within another
program, BASIC attempts to RUN the program from the
beginning. This leads to an endless loop when loading
machine language programs, because the operating system
thinks that a new BASIC program has been chained:

100 LOAD "MACH-PRG",8,1

Here we can make use of the fact that the variables are
preserved when chaining. If we program the following, we
have reached our goal:

100 IF A=0 THEN A=1 : LOAD "MACH-PRG",8,1
110 ...

When the program is started with RUN, A has the value zero
and the assignment after the THEN is executed, A contains
the value 1 and the machine language program is then LOADed.
When the program begins again after LOADing the program
MACH-PRG, A has the value 1 so the next line is executed.

The procedure is similar if you have several mwachine
language programs to load.

100 IF A=0 THEN A=1 : LOAD "PROG 1",8,1
110 IF A=1 THEN A=2 : LOAD "PROG 2",8,1
120 IF A=2 THEN A=3 : LOAD "PROG 3",8,1
130 ...

The first time through, PROG 1 will be loaded, the next

time, PROG 2, and so on. Once all the programs are loaded,
execution continues with line 130.
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4.5 Merge - Appending BASIC Programs

Certainly you have thought about the possibility of
combining two separate BASIC programs into one. Without
further details this is not possible, because loading the
second program would overwrite the first. With the knowledge
of how BASIC programs are stored in memory and on the
diskette, you can develop a simple procedure to accomplish
this task.

BASIC programs are stored in memory as follows:

NL NH pointer to the next program line, lo hi
LL LH line number, lo hi

XX YY 22 .ees. tokenized BASIC statements

00 end-of-line marker

At the end of the program are two additional zero bytes:
00 00 a total of 3 zero bytes

Programs are also saved in this format. Where the program
starts and ends lies in two pointers in page zero:

PRINT PEEK(43) + 256 * PEEK(44)
gives the start of BASIC, 2049 for the Commodore 64,
PRINT PEEK(45) + 256 * PEEK(46)
points to the byte behind the three zero bytes.
Because a program is always loaded at the start of BASIC,
contained in the pointer at 43/44, one can cause a second
program to load at the end of the first, In practice, we
must proceed as follows:
First we load the first program into memory.
LOAD "PROGRAM 17,8
Now get the value of the ending address of the program.

A = PEEK(45) + 256 * PEEK(46)

This value is decremented by two so that the two zero bytes
at the end of the program are known.

A=A- 2
Now, note the original value of the start of BASIC.
PRINT PEEK(43), PEEK(44)

Next, set the start of BASIC to this value.
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POKE, A AND 255 : POKE 44, A / 256
Now, LOAD the second program.
LOAD "PROGRAM 2",8

If you set the start of BASIC back to the original value, 1
and 8 for the Commodore 64 (as shown above with the PRINT
commands), you have the complete program in memory and can
view it with LIST or save it with SAVE.

POKE 43,1 : POKE 44,8
The following should be noted when using this method:

The appended program may contain only line numbers that are
greater than the largest line number of the first program.
Otherwise these line numbers can never be accessed with GOTO
or GOSUB and the proper program order cannot be guaranteed,

This procedure is especially well suited for constructing a
subroutine library for often used routines, so they need not
be typed in each time. It will work out best if you reserve
specific line numbers for the subroutines, such as 20000-
25000, 25000-30000, and so on. If you want to merge several
programs in this manner, you must first load the program
with smallest line numbers, and then the program with the
next highest numbers, etc.
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4.6 Disk Monitor for the Commodore 64 and VIC 20

In this section we present a very useful tool for working
with your disk drive, allowing you to load, display, modify,
and save desired blocks on the diskette.

For reasons of speed, the program is written entirely in
machine language. The following commands are supported:

Read a block from the disk
Write a block to the disk
Display a block on the screen
Edit a block on the screen
Send disk commands

Display disk error messages
Return to BASIC

* ok ¥ ¥ * *

The program announces its execution (automatically by the
BASIC load program) with

DISK-MONITOR V1.0
>

and waits for your input., If you enter '@', the error
message from the disk will be displayed, for example

00, ok,00,00

If you want to send a command to the disk, enter an '@"'
followed by the command.
You can initialize a diskette with

>@1

You can send complete disk commands in this manner, that you
would otherwise send with

OPEN 15,8,15
PRINT# 15,"command"
CLOSE 15

For example, you can erase files, format disks, and so on.

The most important function of the disk monitor is the
direct access of any block on the diskette, For this, you
use the commands R and W. R stands for READ and reads a
desired block, W stands for WRITE and writes a block to the
disk. You need only specify the track and sector you want to
read. These must be given in hexadecimal, exactly as the
output is given on the screen, I1f, for example, you want to
read track 18, sector 1 (the first directory block), enter
the following command:

>R 12 01
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Each input must be given as a two-digit hex number,
separated from each other with a blank.

In order to display the block, use the command M. We receive
the following output:

DISK-MONITOR V1.0
>M
>:00 12 04 82 11 01 47 52 41 .....GRA
>:08 46 49 4B 20 41 49 44 2E FIX AID.
>:10 53 52 43 A0 A0 00 00 00 SRC ...
>:18 00 00 00 00 00 00 15 00 .soveveee
>:20 00 00 82 13 00 48 50 4C .....HPL
>:28 4F 54 2E 53 52 43 A0 A0 OT.SRC
>:30 A0 A0 A0 A0 A0 00 00 0O vee
>:38 00 00 00 00 00 00 05 00 .svevnee
>:40 00 00 82 13 03 56 50 4C .....VPL
>:48 4F 54 2E 53 52 43 A0 A0 OT.SRC
>:50 A0 A0 A0 A0 AO 00 00 00 cee
>:58 00 00 00 00 00 00 09 00 .evevsnn
>:60 00 00 82 13 09 4D 45 4D .....MEM
>:68 2E 53 52 43 A0 A0 A0 A0 .SRC
>:70 A0 A0 A0 A0 A0 00 00 00 eee
>:78 00 00 00 00 00 00 06 00 ........
>:80 00 00 82 13 08 4D 45 4D .....MEM
>:88 2E 4F 42 4A A0 A0 A0 A0 .OBJ
etc. :

Let's take a closer look at the output. The first hex number
after the colon gives the address of the following 8 bytes
in the block, 00 indicates the first byte in the block (the
numbering goes from 00 to FF (0-255)). 8 bytes follow the
address (4 on the VIC 20). In the right half are the
corresponding ASCII characters. If the code is not printable
($00 to $1F and $80 to $9F), a period is printed. When you
give the command M, as above, the entire block is displayed.
Because the block does not fit on the screen completely, it
is possible to display only part of it, You can give an
address range that you would like to display. If you only
want to see the first half, enter:

>M 00 7F

The second half with:

>M 80 FF

With the VIC 20, you can view quarters of the block. If you
now wish to change some data, you simply move the cursor to
the corresponding place, overwrite the appropriate byte, and
press RETURN. The new value is now stored and the right half
is updated with the proper ASCII character,

To write the modified block back to the diskette, you use
the command W. Here also you must give the track and sector
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numbers in hexadecimal.
>W 12 01

writes the block back to track 18, sector 1, from where we
had read the block previously.

If you want to get back to BASIC, enter X and the computer
will respond with READY.. If you then want to use the disk
monitor again, you need not load it again. Just type SYS
49152 for the C64 or SYS 6690 for the VIC 20,

A warning:

Be sure to make a copy of any diskette that you work with in
this way. Should you make an error when editing or writing a
block, you can destroy important information on the disk so
that it can no longer be used in the normal manner. You
should make it a rule to only work with a copy.

Here you find an assembler listing of the program. After
this are the BASIC loader programs for the Commodore 64 and
VIC 20.

H
; disk monitor vic 20 / cbm 64

.

3 .

190: Cc000 PROMPT EQU ">"

200: c000 NCMDS EQU 6 ;NUMBER OF
COMMANDS

210: Cc000 INPUT EQU S$FFCF

220: C000 TALK EQU S$FFB4

230: c000 SECTALK EQU $FF96

240: Cc000 IEEEIN EQU S$FFAS

2502 Cc000 UNTALK EQU $FFAB

260: C000 LISTEN EQU S$FFB1

270z C000 SECLIST EQU S$FF93

280 C000 IEEEOUT EQU $FFAS8

290: Cc000 UNLIST EQU S$FFAE

300: Cc000 WRITE EQU S$SFFD2

310: c000 OPEN EQU S$FFCO

320: Cc000 CLOSE EQU $FFC3

330: Cc000 SETPAR EQU SFFBA

340: Cc000 SETNAM EQU SFFBD

350: C000 CHKIN EQU S$FFC6

360: Cc000 CKOUT EQU S$FFC9

370: C000 CLRCH EQU S$FFCC

380: c000 CR EOU 13

390: Cc000 QUOTE EQU $22

400: Cc000 QUOTFLG EQU $D4

410: 0200 ORG $200 s BASIC INPUT
BUFFER

420: 0201 SAVX BYT O

430: 0202 WRAP BYT 0

440: 0203 BAD BYT O
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450:
460:
470:
480:

490:
500:
510:

520:
610:
620:
630:
640:
650
660:
670:
680:
690:
700:
710:
710:
710:
720:
730:
740:
750
760z

770:

7802
790:
800:
840:
850:

860:
870:
880:
890:
900:
910:

960:
970:
980:

990:

1000:
1000:
1000:
1010:
1020:

0204
0205
0205
0205

0205
0205
0205

0205
C000
C000
C000
€002
Cc005
Cco08
Cc009
C0o0B
cooD
COOF
Co1ll
c0l4
Ccol6
Cc019
colc
CO1E
C020
c022
C024

Cc026
C029
C02B
CO2E
Cc031

C032
C035
C036
C037
Cc038
C03A

COo3D
CO3F
Cc042

Cc045
co48
c049
C04B
CO4E
C050

A2
BD
20
E8
EO
DO
A2
A9
20
A9
8D
20
c9
FO
c9
FO
A2

DD

8E
BD
48

BD
48
60
CA
10
4ac

85
20
B9

20
c8
DO
EE
Ccé
DO

00
85
D2

12
F5
0D
3E
EB
00
01
33
3E
F9
20
F5
05

6A
0oC

00
70

76

EC
0D

97
EO
DC
03
01

97
ED

c2
FF

Cco

02
Cl

co
02
co

co

Cco

co
c2

Cco

02

Anatomy of the 1541 Disk Drive

FROM BYT O
TO BYT O
STATUS EQU $90
SA EQU $B9 1 SECONDARY
ADDRESS
FA EQU $BA ;DEVICE #
FNADR EQOU $BB ; FILENAME ADR
FNLEN EQU S$B7 1 LEN OF
FILENAME
TMPC EQU $97
COUNT EOU 8 ;# OF BYTES PER LINE
READY EQU SE37B ;$E467 FOR VIC
INIT LDX #0
MSGOUT LDA MESSAGE,X
JSR WRITE
INX
CPX #ASCDMP-MESSAGE
BNE MSGOUT
START LDX #CR
LDA #PROMPT
JSR WRTWHR
LDA #0
STA WRAP
ST1 JSR RDOC ;READ INPUT LINE
CMP  #PROMPT
BEQ STl
CMP #" " ;READ OVER BLANK
BEQ ST1
S0 LDX #NCMDS-1 ;COMPARE WITH
COMMAND TABLE
sl CMP CMDS ,X
BNE S2
STX SAVX ;# OF CMDS IN TABLE
LDA ADRH,X
PHA ;JUMP ADDR TO
STACK
LDA ADRL,X
PHA
RTS
S2 DEX
BPL S1 ;LOOP OF ALL CMDS
JMP  START
’
; SUBROUTINE TO DISPLAY
; THE DISK CONTENTS
DM STA TMPC
DM1 JSR SPACE
LDA BUFFER,Y ;GET BYTE FROM
BUFFER
JSR WROB
INY
BNE DM2
INC WRAP
DM2 DEC TMPC
BNE DM1
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1030:

1060:
1070:
1080:

1090:
1100:
1110:
1120:
1130:
1140:
1150:
1160:

1190:
1200
1210:
1220:
1230:
1240:
1250:
1260:
1270
1280:
1290:
1300:
1310:
1320:
1330:
1340:
1350:
1360:
1370:
1380:
1370:
1370:
1370:
1370:
1370:
1380:

1390:
1400:
1410:
1410:
1410:
1420:
1430:
1440:
1450:
1460:
1470:
1470:

C052

C053
C056
Cc058

CO5B
C05C
CO5E
CO5F
C062
C064
C065
Cco067

C06A
C06B
co6C
Cc0é6D
CO6E
CO6F
Cc070
C071
Cc072
c073
Cc074
C075
Cc076
Cc0o77
co78
Cc079
C07A
CO07B
co7cC
CO7E
co81
Cc082
c085
co88
Cc08A
co8cC

CO8F
Cc091
Cc094
Cc097
Cc099
C09B
CO9E
COAO
COA3
COAb6
COA9
COAC

60

3A
57
52
4D
40
58
Cco
Cl
Cl
Cco
C1
E3
Cco
90
90
7B
3E
7A
A0
8C
88
8C
20
Cc9

20

90
8D
20
c9
FO
20
90
8D
AC
20
20
98

1541

FE
03
EO

97

62
20

0D
D2

00
03

04
CF
0D
17
FE

12
03
CF
0D
08
FE
03
04
03
Cé6
D6

co

c2

co

FF

02
02
FF

Cco

02

Cco

02
02
Cc2
c2

Disk Drive

RTS

; READ BYTES

BYT

BY3

SPAC2
SPACE

CRLF

~ ~e

CMDS

ADRH

ADRL

DSPLYM

DSP1
DSP2

308

JSR
BCC
STA

INY
DEC
RTS
JSR
LDA
BYT
LDA
JMP

COMMAND AND

ASC
ASC
ASC
ASC
ASC
ASC
EQU
EQU
EQU
EQU
EOU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
LDY

TYA

AND WRITE TO MEMORY
RDOB
BY3 s BLANK?
BUFFER,Y ;WRITE BYTE IN
BUFFER

TMPC

SPACE
#Il n
$2C
#CR
WRITE

ADDRESS TABLE

':' ;EDIT MEM CONTENTS
'W' ;WRITE BLOCK
'R' ;READ BLOCK
'M' ;DISLPAY BYTES
'@' ;DISK COMMAND
'X'  ;EXIT

>ALTM-1

>DIRECT-1
>DIRECT-1
>DSPLYM-1

>DISK-1

>READY-1

<ALTM-1

<DIRECT-1
<DIRECT-1
<DSPLYM-1

<DISK-1

<READY-1

#0

FROM

TO

INPUT

#CR

DSP1

RDOB ;READ START
ADDRESS

DSP1

FROM

INPUT

#CR

DSP1

RDOB ;READ END ADR

DSP1

TO

TO

TESTEND

ALTRIT
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1480: COAD 20 DC CO JSR WROB 7ADDRESS
1490: COBO 20 62 CO JSR SPACE ;OMIT FOR VIC
1500: COB3 A9 08 LDA #COUNT ;8 OR 4
1510: COB5 20 3D CO JSR . DM ; DISPLAY
1520: COB8 20 97 C2 JSR ASCDMP ;ASCII DUMP
1530: COBB 4C A6 CO JMP DSP2 ;ABS JUMP
1550: COBE 4C OD CO BEQS1 - JMP  START
;EDIT MEMORY; READ ADDRESS AND DATA
1570: COCl 20 FE CO ALTM JSR RDOB ; READ ADDR
1580: COC4 90 F8 BCC BEQS1
1590: COC6 A8 TAY
1600: COC7 A9 08 LDA #COUNT ;# OF BYTES
1610: COC9 85 97 STA TMPC
1610: COCB 20 33 C1 JSR RDOC ;OMIT FOR VIC
1620: COCE 20 33 Cl1 A5 JSR RDOC
1620: COD1 20 53 CO JSR BYT
1630: COD4 DO F8 BNE A5
1640: COD6 20 97 C2 JSR ASCDMP
1650: COD9 4C 0D CO JMP  START
sWRITE BYTE AS HEX NUMBER
1710: CODC 48 WROB PHA
1720: CODD 4A LSR A
1730: CODE 4A LSR A
1740: CODF 4A LSR A
1750: COEO 4A LSR A
1760: COEl1 20 F4 CO JSR ASCII ; CONVERT TO
ASCII
1770: COE4 AA TAX
1780: COES 68 PLA
1790: COE6 29 OF AND #SOF
1800: COE8 20 F4 CO JSR ASCII
;7 WRITE CHARACTERS IN X AND A
1820: COEB 48 WRTWHR PHA
1830: COEC 8A TXA
1840: COED 20 D2 FF JSR  WRITE
1850: COF0 68 PLA
1860: COF1 4C D2 FF JMP WRITE
1870: COF4 18 ASCII CLC
1880: COF5 69 F6 ADC #S$F6
1890: COF7 90 02 BCC AsCl
1900: COF9 69 06 ADC #6
1910: COFB 69 3A ASC1 ADC #S3A
1920: COFD 60 RTS
; READ HEX BYTE AND PUT IN A
1950: COFE A9 00 RDOB LDA #0
1960: C100 8D 02 02 STA BAD ;READ NEXT CHAR
1970: C103 20 33 Cl1 JSR RDOC
1980: Cl06 C9 20 RDOB1 CMP  #'
1990: C108 DO 09 BNE RDOB2
2000: Cl0A 20 33 C1 JSR RDOC ;READ NEXT CHAR
2010: Cl0D C9 20 CMP '
2020: Cl10F DO OF BNE RDOB3
2030: Cl11 18 CLC ;CY=0
2040: Cl12 60 RTS
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2050:
2060:
2070:
2080:
2090:
2100:
2110:
2120:
2130:
2140:
2150:
2160:
2170:
2180:
2190:
2200:
2210:
2220:
2230:
2240:
2250:
2260:
2270:
2280:

2320:
2330:
2340:
2350:
2350:
2360:
2370:
2380:
2390:
2400:
2410:
2420:
2430
2440:
2440:
2450:
2460:
2470:
2480:
2490:
2500:
2510:
2510:
2520:
2530:
2540
2550
2560:

Cl13
Clleé
C117
Cl18
C119
CllA
Cl1lD
Cl120
Cl123
Cl26
Cc127
Cl28
Cl2a
C12B
C12D
Cl2E
C130
Cl32
C133
C136
C138
Cl3a
C13B
Cl3cC

C13F
Cl42
Cl44
Cl46
Cl48
Cl4A
Cl4p
Cl4F
Cl151
Cl54
Cl156
Cl158
C15B
C15E
C160
Cl62
Cl65
Cl67
Cl6A
Cl6D
Cl6F
C171
Cl72
Cl74
Cl76
C179
Cl7B
C17D

20
0A
0A
0A
0A
8D
20
20
0D
38
60
c9
08
29
28
90
69
60
20
Cc9
DO
68
68
4C

20

DO
A9
85
20
A9
85
20
A9
85
20
20
24
70
20
DO
20
4c
co
FO
48
A9
85
20
A9
85
20

1541 Disk Drive

28 Cl1 RDOB2

02 02
33 C1
28 C1
02 02

RDOB3

3A HEXIT

OF

02
08

HEX09
CF FF RDOC
(U]

F8

oD Co

~e e o~

CF FF
0D

27

00

90

65 CO
08

BA

B4 FF
6F

B9

96 FF
A5 FF
90

05

D2 FF
F4

AB FF
0D CO
24 DSKCMD
1D .

DISK

ERRIN

ENDDSK

08
BA
Bl FF
6F
B9
93 FF

JSR
ASL
ASL
ASL
ASL
STA
JSR
JSR
ORA
SEC
RTS
CMP
PHP
AND
PLP
BCC
ADC
RTS
JSR
CMP
BNE
PLA
PLA
JMP

DOS SUPPORT

JSR
CcMP
BNE
LDA
STA
JSR
LDA
STA
JSR
LDA
STA
JSR
JSR
BIT
BVS
JSR
BNE
JSR
JMP
CMP
BEO
PHA
LDA
STA
JSR
LDA
STA
JSR

310

#$3A
#SOF

HEX09
#8

INPUT
#CR
HEX09

START

INPUT
#CR
DSKCMD
#0
STATUS
CRLF
#8

FA
TALK
#15+$60
SA
SECTALK
IEEEIN
STATUS
ENDDSK
WRITE
ERRIN
UNTALK
START
#'s
ERR1

#8

FA
LISTEN
#15+$60
SA
SECLIST

;0-9
;PLUS 9 (C-1)

i READ CHAR

;CR?

;NO, RETURN

;DISK COMMAND

; ERASE STATUS

; DISK ADDR
;SA 15

7 SEC ADDR

: CATALOG
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2560: C180 68 PLA

2570: C181 20 A8 FF CMDOUT JSR IEEEOUT

2580: C184 20 CF FF JSR INPUT

2590: C187 C9 0D CMP #CR

2600: C189 DO F6 BNE CMDOUT

2610: Cl18B 20 AE FF JSR UNLIST

2630: CIl8E 4C 0D CO ERRI1 JMP  START

2640: C191 20 33 C1 DIRECT JSR  RDOC

2640: C194 20 FE CO JSR RDOB ;s READ TRACK

2650: C197 90 FS5 BCC ERR1

2660: C199 8D 27 C2 STA TRACK

2670: C19C 20 33 C1 JSR  RDOC

2670: CI19F 20 FE CO JSR  RDOB

2680: ClA2 90 EA BCC ERR1

2690: C1lA4 8D 2A C2 STA SECTOR

2690: C1A7 20 49 C2 JSR  OPNDIR

2690: C1AA AD 00 02 LDA SAVX

2690: ClAD C9 01 CMP  #1

2690: C1AF FO 1E BEOQ DIRWRITE

2700: C1Bl1 A9 31 LDA #'1

2710: C1B3 20 ED Cl JSR  SENDCMD ;i SEND BLOCK
READ COMMAND

2720: C1B6 A2 OD LDX #13

2730: C1B8 20 C6 FF JSR CHKIN

2740: C1BB A2 00 LDX #0

2750: C1BD 20 CF FF DIRIN JSR INPUT

2760: C1CO0 9D EO C2 STA BUFFER,X

2770: Cl1C3 E8 INX

2770: C1C4 DO F7 BNE DIRIN

2780: ClCé6 20 CC FF JSR CLRCH

2790: CI1C9 20 6E C2 ENDDIR JSR CLSDIR

2790: ClCC 4C 0D CO JMP  START

2800: CI1CF 20 2C C2 DIRWRITE JSR BUFPNT ; SET BUFFER
POINTER

2810: C1D2 A2 0D LDX #13

2820: ClD4 20 C9 FF JSR CKOUT

2830: C1D7 A2 00 LDX #0

2840: C1D9 BD EO C2 DIROUT LDA BUFFER,X

2850: C1DC 20 D2 FF JSR WRITE

2860: CI1DF E8 INX

2860: C1E0 DO F7 BNE DIROUT

2870: ClE2 20 CC FF JSR CLRCH

2880: ClE5 A9 32 LDA #'2

2890: C1lE7 20 ED Cl JSR SENDCMD ;s SEND BLOCK

WRITE COMMAND

2900: CI1EA 4C C9 C1 JMP  ENDDIR

2910: ClED 8D 20 C2 SENDCMD STA CMDSTR+1

2910: C1F0 A2 OF LDX #15

2920: C1F2 AD 27 C2 LDA TRACK

2920: C1F5 20 78 C2 JSR NUMBASC

2920: C1F8 8E 27 C2 STX TRACK

2920: C1FB 8D 28 C2 STA TRACK+1

2930: C1FE AD 2A C2 LDA SECTOR

2930: C201 20 78 C2 JSR NUMBASC

2930: C204 8E 2A C2 STX SECTOR
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2930: C207 8D 2B C2 STA SECTOR+1
2940: C20A A2 OF LDX #15
2940: C20C 20 C9 FF JSR CKOUT
2950: C20F A2 00 LDX #0
2960: C211 BD 1F Cl1 COMDOUT LDA CMDSTR,X
2970: C214 20 D2 FF JSR WRITE
2980: C217 E8 INX
2980: €218 EO 0D CPX #BUFPNT-CMDSTR
2990: C21A DO F5 BNE COMDOUT
3000: C21C 4C CC FF JMP CLRCH
3010: C21F 55 31 3A CMDSTR ASC 'Ul1:13 0 '
31 33 20
30 20
3020: €227 00 00 20 TRACK BYT 0,0,$20
3030: C22A 00 00 SECTOR BYT 0,0
3040: C22C A2 OF BUFPNT LDX #15
3050: C22E 20 C9 FF JSR CKOUT
3060: C231 A2 00 LDX #0
3070: C233 BD 41 C2 PNTOUT LDA BUFTXT,X
3080: C236 20 D2 FF JSR WRITE
3090: C239 E8 INX
3090: C23A EO 08 CPX #OPNDIR-BUFTXT
3100: C23C DO F5 BNE PNTOUT
3110: C23E 4C CC FF JMP CLRCH
3120: C241 42 2D 50 BUFTXT ASC 'B-P 13 0°
20 31 33
20 30
3130: C249 A9 OF OPNDIR LDA #15
3130: C24B A8 TAY
3140: C24C A2 08 LDX #8
3150: C24E 20 BA FF JSR SETPAR
3160: C251 A9 00 LDA #0
3170: C253 20 BD FF JSR SETNAM
3180: C256 20 CO FF JSR OPEN
3190: C259 A9 0D LDA #13
3190: C25B A8 TAY
3200: C25C A2 08 LDX #8
3210: C25E 20 BA FF JSR SETPAR
3220: C261 A9 01 LDA #1
3230: C263 A2 6D LDX #<DADR
3240: C265 A0 C2 LDY #>DADR
3250: C267 20 BD FF JSR SETNAM
3260: C26A 4C CO FF JMP OPEN
3270: C26D 23 DADR .BYT '#
3280: C26E A9 OD CLSDIR LDA #13
3290: C270 20 C3 FF JSR CLOSE
3300: C273 A9 OF LDA #15
3310: C275 4C C3 FF JMP CLOSE
3230: C278 A2 30 NUMBASC LDX #'0 ;HEX # TO AS!
3330: C27A 38 SEC
3340: C27B E9 0OA NUMB1 SBC #10
3350: C27D 90 03 BCC NUMB2
3360: C27F E8 INX
3370: C280 BO F9 BCS NUMB1
3380: C282 69 3A NUMB2 ADC #$3B 3'9' + 1
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3390: (€284 60 RTS
3400: (€285 OD MESSAGE EQU CR
3410: C286 44 49 53 ASC 'DISK-MONITOR V1.0'

4B 2D 4D

4F AE 49

54 4F 52

20 56 31

2E 30
3430: C297 98 ASCDMP TYA
3440: C298 38 SEC
3440: C299 E9 08 SBC #COUNT
3440: C29B A8 TAY
3450: C29C 20 62 CO JSR SPACE
3460: C29F A9 12 LDA #18 sRVS ON
3470: C2A1 20 D2 FF JSR WRITE
3480: C2A4 A2 08 LDX #COUNT
3490: C2A6 B9 EO C2 AC2 LDA BUFFER,Y
3500: C2A9 29 7F AND #S7F
3510: C2AB C9 20 CMP '
3520: C2AD BO 04 BCS AC3
3530: C2AF A9 2E LDA #'.
3540: C2B1 DO 03 BNE AC4
3550: C2B3 B9 EO C2 AC3 LDA BUFFER,Y
3560: C2B6 20 D2 FF AC4 JSR WRITE
3570: C2B9 A9 00 LDA #0
3570: C2BB 85 D4 STA OQUOTFLG
3580: C3BD C8 INY
3580: C2BE CA DEX
3590: C2BF DO E5 BNE AC2
3600: C2Cl1 A9 92 LDA #146 ;RVS OFF
3610: C2C3 4C D2 FF JMP WRITE
3620: C2C6 AD 01 02 TESTEND LDA WRAP
3620: C2C9 DO 06 BNE ENDEND
3630: C2CB CC 04 02 CPY TO
3640: C2CE B0 01 BCS ENDEND
3650: C2D0 60 RTS
3660: C2D1 68 ENDEND PLA
3660: C2D2 68 PLA
3660: C2D3 4C 0D CO JMP  START
3670: C2D6 20 65 CO ALTRIT JSR CRLF
3680: C2D9 A9 3A LDA #':
3690: C2DB A2 3E . LDX #PROMPT
3700: C2DD 4C EB CO JMP WRTWHR
3730: C2E0 - BUFFER DST 256 ;256 BYTE BUFFER

FOR BLOCK

Here is the BASIC program for entering the disk monitor if
you do not have an assembler.
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DISK-MONITOR, (64 VERSION

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610

FOR I
READ
DATA
DATA

= 49152 TO 49887
X : POKE I,X : S=S+X : NEXT
162, 0,189,133,194, 32,210,255,232,224, 18,208
245,162, 13,169, 62, 32,235,192,169, 0,141, 1
2, 32, 51,193,201, 62,240,249,201, 32,240,245
162, 5,221,106,192,208, 12,142, 0, 2,189,112
192, 72,189,118,192, 72, 96,202, 16,236, 76, 13
192,133,151, 32, 98,192,185,224,194, 32,220,192
200,208, 3,238, 1, 2,198,151,208,237, 96, 32
254,192,144, 3,153,224,194,200,198,151, 96, 32
98,192,169, 32, 44,169, 13, 76,210,255, 58, 87
82, 77, 64, 88,192,193,193,192,193,227,192,144
144,123, 62,122,160, O,140, 3, 2,136,140, 4
2, 32,207,255,201, 13,240, 23, 32,254,192,144
18,141, 3, 2, 32,207,255,201, 13,240, 8, 32
254,192,144, 3,141, 4, 2,172, 3, 2, 32,198
194, 32,214,194,152, 32,220,192, 32, 98,192,169
8, 32, 61,192, 32,151,194, 76,166,192, 76, 13
192, 32,254,192,144,248,168,169, 8,133,151, 32
51,193, 32, 51,193, 32, 83,192,208,248, 32,151
194, 76, 13,192, 72, 74, 74, 74, 74, 32,244,192
170,104, 41, 15, 32,244,192, 72,138, 32,210,255
104, 76,210,255, 24,105,246,144, 2,105, 6,105
58, 96,169, 0,141, 2, 2, 32, 51,193,201, 32
208, 9, 32, 51,193,201, 32,208, 15, 24, 96, 32
40,193, 10, 10, 10, 10,141, 2, 2, 32, 51,193
32, 40,193, 13, 2, 2, 56, 96,201, 58, 8, 41
15, 40,144, 2,105, 8, 96, 32,207,255,201, 13
208,248,104,104, 76, 13,192, 32,207,255,201, 13
208, 39,169, 0,133,144, 32,101,192,169, 8,133
186, 32,180,255,169,111,133,185, 32,150,255, 32
165,255, 36,144,112, 5, 32,210,255,208,244, 32
171,255, 76, 13,192,201, 36,240, 29, 72,169, 8
133,186, 32,177,255,169,111,133,185, 32,147,255
104, 32,168,255, 32,207,255,201, 13,208,246, 32
174,255, 76, 13,192, 32, 51,193, 32,254,192,144
245,141, 39,194, 32, 51,193, 32,254,192,144,234
141, 42,194, 32, 73,194,173, 0, 2,201, 1,240
30,169, 49, 32,237,193,162, 13, 32,198,255,162
0, 32,207,255,157,224,194,232,208,247, 32,204
255, 32,110,194, 76, 13,192, 32, 44,194,162, 13
32,201,255,162, 0,189,224,194, 32,210,255,232
208,247, 32,204,255,169, 50, 32,237,193, 76,201
193,141, 32,194,162, 15,173, 39,194, 32,120,194
142, 39,194,141, 40,194,173, 42,194, 32,120,194
142, 42,194,141, 43,194,162, 15, 32,201,255,162
0,189, 31,194, 32,210,255,232,224, 13,208,245
76,204,255, 85, 49, 58, 49, 51, 32, 48, 32, O
o, 32, o, 0,162, 15, 32,201,255,162, 0,189
65,194, 32,210,255,232,224, 8,208,245, 76,204
255, 66, 45, 80, 32, 49, 51, 32, 48,169, 15,168
162, 8, 32,186,255,169, 0, 32,189,255, 32,192
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620
630
640
650
660
670
680
690
700
710
720
730
740
750

DISK-MONITOR,

In order to allow this program to be run on the VIC 20, it was
split into two parts. Enter each program separately, saving the
first under the name
LOADER.2", To load the disk monitor, load the first program and
start it with RUN. the second program

will automatically be loaded and the disk monitor started.

100
105
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

Anatomy of the 1541 Disk Drive

DATA 255,169, 13,168,162, 8, 32,186,255,169, 1,162
DATA 109,160,194, 32,189,255, 76,192,255, 35,169, 13
DATA 32,195,255,169, 15, 76,195,255,162, 48, 56,233
DATA 10,144, 3,232,176,249,105, 58, 96, 13, 68, 73
DATA 83, 75, 45, 77, 79, 78, 73, 84, 79, 82, 32, 86
DATA 49, 46, 48,152, 56,233, 8,168, 32, 98,192,169
DATA 18, 32,210,255,162, 8&,185,224,194, 41,127,201
DATA 32,176, 4,169, 46,208, 3,185,224,194, 32,210
DATA 255,169, 0,133,212,200,202,208,229,169,146, 76
DATA 210,255,173, 1, 2,208, 6,204, 4, 2,176, 1
DATA 96,104,104, 76, 13,192, 32,101,192,169, 58,162
DATA 62, 76,235,192

IF S <> 90444 THEN PRINT "ERROR IN DATA !!" : END
SYS 49152

POKE

FOR I

READ
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

VIC 20 VERSION

"DOS LOADER.1"

If all data are correct,

55, 6690 AND 255 :
= 6690 TO 7056 : REM DOS LOADER.1
X ¢ POKE I,X : S=S+X : NEXT
162, 0,189,164, 28, 32,210,255,232,224, 18,208
245,162, 13,169, 62, 32, 7, 27,169, 0,141, 1
2, 32, 79, 27,201, 62,240,249,201, 32,240,245
162, 5,221,140, 26,208, 12,142, 0, 2,189,146
26, 72,189,152, 26, 72, 96,202, 16,236, 76, 47
26,133,151, 32,132, 26,185, 0, 29, 32,248, 26
200,208, 3,238, 1, 2,198,151,208,237, 96, 32
26, 27,144, 3,153, 0, 29,200,198,151, 96, 32
132, 26,169, 32, 44,169, 13, 76,210,255, 58, 87
82, 77, 64, 88, 26, 27, 27, 26, 27,228,223,175
175,157, 90,102,160, 0,140, 3, 2,136,140, 4
2, 32,207,255,201, 13,240, 23, 32, 26, 27,144
18,141, 3, 2, 32,207,255,201, 13,240, 8, 32
26, 27,144, 3,141, 4, 2,172, 3, 2, 32,229
28, 32,245, 28,152, 32,248, 26,169, 4, 32, 95
26, 32,182, 28, 76,200, 26, 76, 47, 26, 32, 26
27,144,248,168,169, 4,133,151, 32, 79, 27, 32
117, 26,208,248, 32,182, 28, 76, 47, 26, 72, 74
74, 74, 74, 32, 16, 27,170,104, 41, 15, 32, 16
27, 72,138, 32,210,255,104, 76,210,255, 24,105
246,144, 2,105, 6,105, 58, 96,169, 0,141, 2
2, 32, 79, 27,201, 32,208, 9, 32, 79, 27,201
32,208, 15, 24, 96, 32, 68, 27, 10, 10, 10, 10
141, 2, 2, 32, 79, 27, 32, 68, 27, 13, 2, 2
56, 96,201, 58, 8, 41, 15, 40,144, 2,105, 8

POKE 56, 6690 / 256 : CLR

315

and second under



Anatomy of the 1541 Disk Drive

96, 32,207,255,201, 1

26, 32,207,255,201, 1

32,135, 26,169, 8,13
133,185, 32,150,255, 3

32,210,255,208,244, 3

36,240, 29, 72,169,
<> 35614 THEN PRINT "E
"DOS LOADER.2",8

370
380
390
400
410
420
430
440

DATA
DATA
DATA
DATA
DATA
DATA
IF S
LOAD

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440

CLR

READ
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

FOR I = 7057 TO 7422
X : POKE I,X : S=S+X
186, 32,177,255,169,11

32,168,255, 32,207,25
255, 76, 47, 26, 76, 4

27,144,245,141, 70, 2
144,234,141, 73, 28, 3

1,240, 30,169, 49, 3
255,162, 0, 32,207,25

32,204,255, 32,141, 2
162, 13, 32,201,255,16
255,232,208,247, 32,20

76,232, 27,141, 63, 2
151, 28,142, 70, 28,14
151, 28,142, 73, 28,14
255,162, 0,189, 62, 2
208,245, 76,204,255, 8

32, 0, 0, 32, O,

0,189, 96, 28,

76,204,255, 66,

15,168,162, 8,

32,192,255,169,

1,162,140,160,
169, 13,

56,233,

68, 73,

32, 86,

.
H

.
H

45, 8
32,18
13,16
28, 3
32,195,255,16
10,144, 3,23
83, 75, 45, 7
49, 46, 48,15
26,169, 18, 32,210,25
127,201, 32,176, 4,16

32,210,255,169, 0,13
146, 76,210,255,173,
176, 1, 96,104,104, 7
DATA 58,162, 62, 76, - 7, 2
IF S <> 39496 THEN PRINT "E
SYS 6690
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32,210,255,232,224,

3,208,248,104,104, 76, 47
3,208, 39,169, 0,133,144
3,186, 32,180,255,169,111
2,165,255, 36,144,112, 5
2,171,255, 76, 47, 26,201
8,133

RROR IN DATA

n
.- s

END

REM DOS LOADER.2
NEXT
1,133,185,
5,201,
7, 26,
8, 32,
2,104,
2, 12,

32,147,255,104
13,208,246, 32,174
32, 79, 27, 32, 26
79, 27, 32, 26, 27
28,173, 0, 2,201
28,162, 13, 32,198
5,157, 0, 29,232,208,247
8, 76, 47, 26, 32, 75, 28
2, 0,189, o0, 29, 32,210
4,255,169, 50, 32, 12, 28
8,162, 15,173, 70, 28, 32
1, 71, 28,173, 73, 28, 32
1, 74, 28,162, 15, 32,201
8, 32,210,255,232,224, 13
5, 49, 58, 49, 51, 32, 48
0,162, 15, 32,201,255,162
8,208,245
51, 32, 48,169
6,255,169, 0, 32,189,255
8,162, 8, 32,186,255,169
2,189,255, 76,192,255, 35
9, 15, 76,195,255,162, 48
2,176,249,105, 58, 96, 13
7, 79, 78, 73, 84, 79, 82
2, 56,233, 4,168, 32,132
5,162, 4,185, 0, 29, 41
9, 46,208, 3,185, 0, 29
3,212,200,202,208,229,169
1, 2,208, 6,204, 4, 2
6, 47, 26, 32,135, 26,169
7

RROR IN DATA

0, 32, 49,

END
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Chapter 5: The Larger CBM Disks

5.1 IEEE-Bus and Serial Bus

Standard Commodore 64's and VIC 20's have a serial bus over
which they communicate with peripheral devices such as the
VIC 1541 disk drive as well as printers and plotters.

The principle of the bus makes it possible to chain
peripherals. Each device has its own device address over
which one can communicate with it. The standard address of
the disk is 8, a printer is usually 4. The device address is
identical to the primary address in the OPEN command. For

instance,

OPEN 1,4

opens a channel to the printer. In order to open several
disk files at once, another address, the secondary address,
serves to distinguish them, The disk has 16 secondary
addresses at its disposal, from 0 to 15. Three secondary
addresses are reserved, while the other 13 can be freely
used:

Secondary address 0 is used for loading programs.
Secondary address 1 is used for saving programs.
Secondary address 15 is the command and error channel,

The secondary addresses from 2 to 14 can be used for opening
files as desired.

The transfer of information between the Commodore 64 and the
VIC 1541 occurs serially over this bus. Serial means that
the the data is sent a bit at a time over just one wire.
Data within the computer and disk drive are stored and
manipulated in 8 bit groups called bytes. When a byte is
sent serially, each individual bit must be sent over the
data line. In order that the sender and receiver can stay in
step, a so-called 'handshake' line is needed. If we look at
the pin-out of the serial bus, we find 6 wires:

Pin Function
1 SRO IN
ground
ATN
CLCK
DATA
RESET

AU WN

If the computer wants to send data to the disk drive, the
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ATN (attention) line is set. When this signal is high, all
peripherals on the bus stop their work and read the next
byte., The data is sent bit-wise over the DATA line, So that
the receivers know when the next bit comes, a signal is also
sent along the CLCK (clock) line, This transmitted byte is
the device address. If this value does not correspond with
the device address of a receiving peripheral, the rest of
the data is ignored. If, however, the device is addressed, a
secondary address may be transmitted. Along with the device
address (0 to 31), the device is informed by means of the
other three bits whether it is supposed to receive data
(LISTEN) or send data (TALK). Following this, data is sent
from the computer or from the addressed device.

The RESET line resets all attached devices when the computer
is turned on. Over the SRQO IN (service request) line,
peripheral devices can inform the bus controller (in our
case, the computer), if data is ready, for example. However,
this line is not checked by the control system in the
Commodore computers.

If one wants to attach several disk drives to the same
computer, each must have a different peripheral address. If
this is done only occasionally, the program DISK ADDR CHANGE
can be used, as described in section 4,2.3. The new address
(9 for example), remains only until the device is turned
off, If the change should be permanent, it can be changed
with DIP switches in the drive.

The principle. of transfer of data over the IEEE 488 bus is
similar to the serial bus function. The important difference
is that the data is transmitted over 8 data lines in
parallel, not serial. In addition, more handshake lines are
needed, so the IEEE bus requires a 24-line cable. The main
advantage of the IEEE 488 bus is its ability to transmit a
byte at a time, resulting in a higher rate of transfer,
Measurements indicate that the IEEE-bus is about 5 times
faster than the serial bus: 1,8 Kbyte/second vs. 0.4
Kbyte/second. Loading a 10K program with the VIC 1541 takes
about 25 seconds; on the identical 2031, it takes less than
6. This reason alone is enough to warrant outfitting your
computer with an IEEE bus.

At the same time, it is possible to use all the other
peripherals that the large CBM computers can access.
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5.2 Comparison of all CBM Disk Drives
In the following table you find the technical data of all

CBM disk drives compared.

The Technical Data of all Commodore Disk Drives

Model 1541 2031 4040 8050 8250

DOS version(s) 2.6 2.6 2.1/ 2.5/ 2.7
2.7 2.7

Drives 1 1 2 2 2

Heads per drive 1 1 1 1 2

Storage capacity 170 K 170 K 340 K 1.05 M 2.12 M

Sequential files 168 K 168 K 168 K 521 K 1.05 M
Relative files 167 K 167 K 167 K 183 K/ 1,04 M
518 K

Buffer storage (KB) 2 2 4 4 4

Tracks 35 35 35 77 77

Sectors per track 17-21 17-21 17-21 23-29 23-29

Bytes per block 256 256 256 256 256

Free blocks 664 664 1328 4104 8266

Directory and BAM 18 18 18 38/39 38/39
(track)

Directory entries 144 144 144 224 224

Transfer rate (KB/s)

internal 40 40 40 40 40

over ser./IEEE bus 0.4 1.8 1.8 1.8 1.8

Access time (ms)

Track to track 30 30 30 5 5

Average time 360 360 360 125 125

Revolutions/minute 300 300 300 300 300

Overview of the "large" CBM drives

The VIC 1541 disk drive has the smallest storage capacity of
the CBM disks, but it is also the only drive that can be
connected directly to the Commodore 64 and VIC 20 over the
serial bus.

The functions, construction, and operation are identical to

those of the CBM 2031 drive. The only difference from the
VIC 1541 is the parallel IEEE bus instead of the serial bus.
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This results in an increase in the transfer rate to the
computer of a factor of 5, To connect a Commodore 64 or VIC
20, one needs an IEEE interface, as with all other CBM
drives. The storage format of the 2031 is compatible to the
1541; both have 170K per disk, Diskettes can be written with
one device and read with the other, This is true for the
next drive in the line, the CBM 4040. The 4040 is a double
drive with 170K per drive.

The advantage of a double drive lies not only in the
increased storage capacity, but also in the ability to
transfer data from drive to drive. It is possible to copy
complete programs and files using the existing 1541 command.

OPEN 1,8,15, "Cl1:TEST=0:TEST" or
COPY "TEST",D0O TO "TEST",D1

copies the file TEST from drive 0 to drive 1 with the same
name. In this manner one can concatenate several files on
different drives. The most important capability of double
drives is the ability to duplicate entire diskettes. This
is accomplished by a command from the computer; the drive
automatically formats the disk and then makes a track ty
track copy from one drive to the other. The command to do
this is worded:

OPEN 1,8,15, "D1=0" or
BACKUP DO TO D1

The process takes less than 3 minutes on the 4040; during
this time the computer may be used since the disk drive
performs the entire operation by itself.

The two other CBM drives, the CBM 8050 and the CBM 8250
operate in double density (77 tracks). Disks written with
the 1541 or 4040 are not compatible with the 8050/8250.
Programs and data can be copied with the COPY/ALL program,
which transfers from one format to another. This is the
reason these drives have greater storage capacity: 1 MB for
the 8050 and 2 MB for the 8250, The doubled capacity of the
8250 comes about because both sides of the disk are used
(double-sided); it has two reads/write heads per drive. In
order to be able to use the whole capacity for relative
files (see section 3.4), a so-called 'super side-sector' was
introduced, which contains pointers to 127 groups of 6 side-
sector blocks each, Through this, a relative file can
(theoretically) hold 23 MB of data. These drives can be
connected to a Commodore 64 or VIC 20 over an IEEE bus, fo
that these computers can also access several megabytes.

An additional advantage of the large CBM drives is their

larger buffer storage. It is possible to have more files
open simultaneously than on the VIC 1541. Up to 5 sequential
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files or 3 relative files may be open at any one time, as
well as combinations of the two, of course,.

With the 8050/8250 format, tracks 38 and 39 are used for the
BAM and directory. The disk name and format marker are in
track 39 sector 0.

>:00 26 00 43 00 00 00 43 42 &.C...CB
>:08 4E 20 38 30 35 30 A0 A0 M 8050
>:10 A0 A0 A0 A0 A0 A0 A0 A0

>:18 30 31 A0 32 43 A0 A0 A0 01 2C

The track/sector pointer to the first BAM block (track 38
sector 0) is in bytes 0 and 1. Byte 2 contains the format
marker 'C'. Bytes 3 through 5 are unused, The disk name is
in 6 to 21, filled with shifted spaces, in our case CBM
8050. Bytes 24 and 25 contain the id '01', while bytes 26
and 27 contain the DOS format 2C,

The BAM no longer occupies just one block, but is dispersed
over track 38; sectors 0 and 3 are used in the 8050, the
8250 used sectors 6 and 9 in addition. Because more sectors
are use per track, the BAM entry for each track has been
enlarged to 5 bytes, The first byte still contains the
number of free sectors per track and the following bytes
contain the bit model of the free and allocated sectors (0 =
sector allocated, 1 = sector free). Here we have the
contents of track 38 sector 0

>:00 26 03 43 00 01 33 1D FF
>:08 FF FF 1F 1D FF FF FF 1F
>:10 1D FF FF FF 1F 1D FF FF
>:18 FF 1F 1D FF FF FF 1F 1D
>:20 FF FF FF 1F 1D FF FF FF
>:28 1F 1D FF FF FF 1F 1D FF
>:30 FF FF 1F 1D FF FF FF 1F
>:38 1D FF FF FF 1F 1D FF FF
>:40 FF 1F 1D FF FF FF 1F 1D
>:48 FF FF FF 1F 1D FF FF FF
>:50 1F 1D FF FF FF 1F 1D FF
>:58 FF FF 1F 1D FF FF FF 1F
>:60 1D FF FF FF 1F 1D FF FF
>:68 FF 1F 1D FF FF FF 1F 1D
>:70 FF FF FF 1F 1D FF FF FF
>:78 1F 1D FF FF FF 1F 1D FF
>:80 FF FF 1F 1D FF FF FF 1F
>:88 1D FF FF FF 1F 1D FF FF
>:90 FF 1F 1D FF FF FF 1F 1D
>:98 FF FF FF 1F 1D FF FF FF
>:A0 1F 1D FF FF FF 1F 1D FF
>:A8 FF FF 1F 18 FC F3 EF 1F
>:BO 00 00 00 00 00 00 00 00
>:B8 00 00 00 00 00 00 00 OF
>:C0 F4 93 46 1A 18 6C FB FF
>:C8 1F 00 00 00 00 00 00 00
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>:D0 00 00 00 00 00 00 00 00
>:D8 05 00 00 4D 04 1B FF FF
>:E0 FF 07 1B FF FF FF 07 1B
>:E8 FF FF FF 07 1B FF FF FF
>:F0 07 1B FF FF FF 07 1B FF
>:F8 FF FF 07 1B FF FF FF 07

Bytes 0 and 1 point to the next BAM block, track 38 sector
3. Byte 2 contains the format marker 'C' again. The track
numbers belonging to this BAM section are in bytes 4 and 5;
here tracks 1 through 51. At position 6 we find the 5 byte
entry for each track. The next BAM block is constructed
similarly. The last BAM block always points to the first
directory block: track 39 sector 1.

Four BAM blocks are needed for the 8250: track 38 sector 0
contains the tracks 1 to 51, track 38 sector 3 contains 52
to 100, track 38 sector 6 contains track 101 through 150 and
track 38 sector 9 pertains to tracks 151 to 154.

The directory track, track 39, contains 28 free blocks; up
to 28*8=224 directory entries can be stored, in contrast to
144 for the 1541/4040. The construction of the directory is
alike for all formats. The following table illustrates the
track/sector layout:

1541 / 4040 8050 / 8250
Tracks 1 - 17 : 0 - 20 1 -39 : 0 - 28 sectors
18- 24 : 0 - 18 40 - 53 : 0 - 26
25- 30 : 0 - 17 54 - 64 : 0 - 24
31- 35 : 0 - 16 65 - 77 : 0 - 22
8250 only
78 -116 : 0 - 28
117 =130 : 0 - 26
131 -141 : 0 - 24
142 -154 : 0 - 22
Blocks 683 2083 : 4186
Free blocks 664 2052 : 4133
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OTHER BOOKS AVAILABLE:

The Anatomy of the Commodore 64 - is our insider's guide to
your favorite computer. This book is a must for those of you
who want to delve deep into your micro. This 300+ page book
is full of information covering all aspects of the '64.
Includes fully commented listing of the ROMs so you can
investigate the mysteries of the BASIC interpreter,
kernal and operating system. It offers numerous examples of
machine language programming and several samples that make
your programming sessions more enjoyable and useful.

ISBN# 0-916439-00-3 Available now: $19.95

The Anatomy of the 1541 Disk Drive - unravels the mysteries
of working the the Commodore 1541 disk drive. This 320+ page
book starts by explaining program, sequential and relative
files. It covers the direct access commands, diskette
structure, DOS operation and utilties. The fully commented
ROM listings are presented for the real "hackers". Includes
listings for several useful utilities including BACKUP,
COPY, FILE PROTECTOR, DIRECTORY. This is the authoritive
source for 1541 disk drive information.

ISBN# 0-916439-01-1 Available now: $19.95

Tricks & Tips for the Commodore 64 - presents a collection
of easy-to-use programming techniques and hints. Chapters
cover advanced graphics, easy data entry, enhancements for
advanced BASIC, CP/M, connecting to the outside world and
more. Other tips include sorting, variable dumps, and POKEs
that do tricks. All-in-all a solid set of useful features.

ISBN# 0-916439-03-8 Available June 29th: $19.95

Machine Language Book of the Commodore 64 - is aimed at the
owner who wants to progress beyond BASIC and write faster,
more memory efficient programs in machine language. The book
is specifically geared to the Commodore 64. Learn all of the
6510 instructions as they apply to the '64. Access RCM
routines, I/0, extend BASIC, more. Included are listings of
three full length programs: an ASSEMBLER; a DISASSEMBLER;
and an amazing 6510 SIMULATOR so the reader can "see"the
operation of the '64.

ISBN# 0-916439-02-X Available now: $14.95
Optional program diskette: $14.95

OTHER TITLES COMING SOON!!!
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