


















































































































































































































































































































































































































































































































248 The complete utility 

8679 C9 11 O1P "11 86C7 99 F4 BCC $86BO 
8672 B9 lA BCS $868E 86C9 A9 31 LOA 1t$31 
8674 C6 14 DEC $14 86CB 85 22 STA $22 
8676 A5 14 LOA $14 86CO A9 38 LOA 1t$39 
8678 8A ASL 86CF 85 23 STA $23 
8679 8A ASL 8601 28 DE 86 JSR $860E 
867A 8A ASL 8604 E6 23 INC $23 
867B 8A ASL 8606 E6 5F INC $5F 
867C A8 TAY 8608 E8 IN>< 
8670 A9 A1 LOA tt$Al 8609 E8 11 CPX 1t$11 
867F 85 15 STA $15 860B 99 F4 BCC $8601 
8681 A9 89 LOA 1t$99 8600 68 RTS 
8683 85 14 STA $14 860E A9 85 LOY "95 
8685 A6 9A LOX $9A 86E9 B9 lC 87 LOA $871C,Y 
8687 29 79 89 JSR $9879 86E3 29 02 FF JSR $FF02 
868A C9 22 CMP 1$22 86E6 88 DEY 
868C F9 93 BEQ $8691 86E7 09 F7 BNE $86E9 
868E 4C 98 AF Jt1P $AF98 86E9 A5 22 LOA $22 
8691 29 73 89 JSR $9873 86EB 29 02 FF JSR $FF02 
8694 F8 9A BEQ $86A8 86EE A5 23 LOA $23 
8696 C9 22 O1P 1$22 86F9 29 02 FF JSR $FF02 
8698 Fe 96 BEQ $86A8 86F3 A9 2C LOA 1t$2C 
869A 91 14 STA ($14) ,Y 86F5 29 02 FF JSR $FF02 
869C C8 INY 86F8 A9 22 LOA 1t$22 
8690 CA OEX 86FA 29 02 FF JSR $FF02 
869E 08 F1 BNE $8691 86FO A5 5F LOA $5F 
86A9 A9 89 LDA 1$88 86FF 8A ASL 
86A2 91 14 STA ($14) ,Y 8789 8A ASL 
86A4 29 73 89 JSR $9873 8781 8A ASL 
86A7 69 RTS 8782 8A ASL 
86A8 A2 89 LOX "98 8783 A8 TAY 
86M 86 5F STX $5F 8784 28 FB 81 JSR $81FB 
86AC E8 IN>< 8787 B1 14 LOA ($14), Y 
86A0 A9 28 LOA 1$29 8789 48 PHA 
86AF 85 22 STA $22 878A 29 82 82 JSR $8282 
86Bl A9 31 LOA 1t$31 8780 68 PLA 
86B3 85 23 STA $23 878E F9 86 BEQ $8716 
86B5 A9 98 LOA "99 8718 29 02 FF JSR $FF02 
86B7 85 14 STA $14 8713 C8 INY 
86B9 A9 A1 LOA tt$Al 8714 08 EE BNE $8794 
86BB 85 15 STA $15 8716 A9 22 LDA "22 
86BO 28 DE 86 JSR $860E 8718 28 02 FF JSR $FF02 
86C9 E6 23 INC $23 871B 69 RTS 
86C2 E6 5F INC $5F 871C 28 59 45 JSR $4559 
86C4 E8 IN>< 871F 4B ??? 
86C5 E8 8A CPX 1$9A 8728 28 80 A4 JSR $A480 
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8723 CB ??? 8781 68 PLA 
8724 C8 83 CPY "83 8782 F8 80 BEQ'$8791 
8726 98 84 BCC $872C 8784 C9 5F CMP "5F 
8728 C8 87 CPY "97 8786 09 92 BNE $87BA 
872A 99 83 BCC $872F 8788 A9 80 LOA "80 
872C 4C 48 EB JHP $EB48 87BA 90 77 82 STA $8277,X 
872F AD 80 82 LOA $8280 8780 E8 INX 
8732 C4 C5 CPY $C5 878E C8 INY 
8734 09 85 BNE $873B 878F 08 E7 BNE $8778 
8736 CO 8E 02 CHP $828E 8791 86 C6 STX $C6 
8739 F8 Fl BEQ $872C 8793 A9 7F LOA "7F 
873B 84 C5 STY $C5 8795 80 98 DC STA $OC88 
8730 80 8E 82 STA $828E 8798 68 RTS 
8749 C9 04 CPY "84 8799 A9 48 LOA "48 
8742 F8 8B BEQ $874F 879B 80 56 88 STA $8856 
8744 C8 85 CPY "95 879E A9 EB LOA "EB 
8746 F8 8A BEQ $8752 87A8 80 5B 88 STA $885B 
8748 C8 86 CPY "86 87A3 28 54 88 JSR $8854 
874A F8 89 BEQ $8755 87A6 68 RTS 
874C A8 87 LOY "87 87A7 28 5E 88 JSR $885E 
874E 2C A8 81 BIT $81A8 87M 86 2B STX $2B 
8751 2C A8 83 BIT $83A8 87AC 84 2C STY $2C 
8754 2C A8 85 BIT $85A8 87AE A8 88 LOY "88 
8757 C9 82 CHP "82 87B8 98 TYA 
8759 98 87 BCC $8762 87Bl 91 2B STA ($2B),Y 
875B F8 93 BEQ $8768 87B3 28 18 88 JSR $8819 
8750 A9 89 LOA "89 87B6 86 20 STX $20 
875F 2C A9 08 BIT $8BA9 87B8 84 2E STY $2E 
8762 84 BB STY $BB 87BA 28 33 A5 JSR $A533 
8764 C6 BB DEC $BB 87BO 28 40 88 JSR $8840 
8766 18 CLC 87C9 A9 F9 LOA "F9 
8767 65 BB AOC $BB 87C2 A2 87 LOX "87 
8769 8A ASL 87C4 80 82 83 STA $9382 
876A 8A ASL 87C7 8E 83 93 STX $8393 
876B 8A ASL 87CA A9 81 LOA "81 
876C 8A ASL 87CC 85 7B STA $7B 
8760 A8 Al LOY HAl 87CE A9 FF LOA "FF 
876F 84 15 STY $15 8708 85 7A STA $7A 
8771 A8 88 LOY "98 8702 A9 88 LOY "88 
8773 84 14 STY $14 8704 Bl FB LOA ($FB),Y 
8775 A8 TAY 8706 85 FO STA $FO 
8776 A2 88 LOX "99 8708 C8 INY 
8778 29 FB 81 JSR $81FB 8709 Bl FB LOA ($FB),Y 
877B Bl 14 LOA ($14),Y 870B 85 FE STA $FE 
8770 48 PHA 8700 F9 24 BEQ $8883 
877E 28 92 82 JSR $8292 870F C8 INY 
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B7E9 B1 FB LOA ($FB) , Y BB3F AS FC LOA $FC 
B7E2 BS 14 STA $14 BB41 E9 99 SBC 1$99 
B7E4 CB INY BB43 BS FC STA $FC 
B7ES Bl FB LOA ($FB) , Y BB4S A9 99 LOA 1$99 
B7E7 BS IS STA $1S BB47 AB TAY 
B7E9 A2 94 LDX 1$94 BB4B 91 14 STA ($14) ,Y 
B7EB EB INX BB4A CB INY 
B7EC CB INY BB4B 91 14 STA ($14) ,Y 
B7ED B1 FB LOA ($FB) , Y BB4D AS FD LOA $FD 
B7EF 9D FB 91 STA $91FB,X BB4F A6 FE LDX $FE 
B7F2 D9 F7 Et-IE $B7EB BBSI BS 2B STA $2B 
B7F4 BA TXA BBS3 B6 2C STX $2C 
B7FS AB TAY BBSS AS FB LOA $FB 
B7F6 29 A2 A4 JSR $A4A2 BBS7 A6 FC LDX $FC 
B7F9 AS FD LOA $FD BBS9 BS 2D STA $2D 
B7FB A6 FE LDX $FE BBSB B6 2E STX $2E 
B7FD BS FB STA $FB BBSD 69 RTS 
B7FF B6 FC STX $FC BBSE AS 2B LOA $2B 
BB91 D9 C7 Et-IE $B7CA BB69 BS FD STA $FD 
BB93 A9 B3 LOA I$B3 BB62 AS 2C LOA $2C 
BB9S A2 A4 LDX ttSA4 BB64 BS FE STA $FE 
BB97 BD 92 93 STA $9392 BB66 A6 20 LDX $20 
BB9A BE 93 93 STX $9393 BB6B A4 2E LOY $2E 
BB9D 29 74 A4 JSR $A474 BB6A B6 FB STX $FB 
BB19 29 D4 El JSR $EID4 BB6C B4 FC STY $FC 
8813 A9 88 LOA 1$98 8B6E 69 RTS 
BBlS 8S B9 STA $B9 BB6F 29 SE 8B JSR $B8SE 
BB17 A6 2B LDX $2B 8872 BA TXA 
B819 A4 2C LDY $2C 8B73 3B SEC 
BBIB 29 DS FF JSR $FFOS BB74 E9 92 SBC 1$92 
8BIE B9 19 BCS $BB39 BB76 BS 2B STA $2B 
BB29 29 B7 FF JSR $FFB7 BB7B 9B TYA 
BB23 29 BF AND I$BF BB79 E9 99 SBC 1$99 
BB2S F9 9B BEQ $BB2F BB7B BS 2C STA $2C 
BB27 29 3B BB JSR $BB3B BB7D 29 19 BB JSR $BBI9 
BB2A A2 ID LOX 1$10 BBB9 B6 FB STX $FB 
BB2C 4C 37 A4 JMP $A437 BBB2 B4 FC STY $FC 
BB2F 69 RTS BBB4 29 40 BB JSR $BB4D 
BB39 4B PHA BBB7 29 33 AS JSR $AS33 
BB31 29 3B BB JSR $BB3B BBBA 69 RTS 
BB34 6B PLA BBBB B6 C2 STX $C2 
BB3S 4C F9 E9 JHP $E9F9 BBBD AS 3E LOA $3E 
BB3B AS FB LOA $FB BBBF 3B SEC 
BBJA 3B SEC BB99 ES C2 SBC $C2 
BB3B E9 92 SBC #$92 BB92 BS BB STA $BB 
BB30 BS 14 STA $14 BB94 IB CLC 



8895 A5 FB 
8897 65 49 
8899 85 5F 
889B A5 FC 
8B90 69 99 
B89F B5 68 
BBAI A5 SF 
88A3 65 BB 
BBA5 85 SA 
88A7 AS 68 
8BA9 69 98 
B8AB B5 5B 
88A0 AS 20 
88AF 3B 
88B9 E5 SA 
88B2 B5 58 
88B4 A8 
88B5 AS 2E 
8BB7 E5 5B 
88B9 M 
8BBA E8 
B8BB 98 
B8BC F8 IF 
88BE A5 SA 
88C9 1 B 
88Cl 65 58 
B8C3 85 SA 
88C5 98 93 
8BC7 E6 5B 
BBC9 18 
BBCA AS SF 
BBCC 65 58 
8BCE B5 SF 
B809 99 92 
8B02 E6 69 
B804 98 
BBD5 49 FF 
8807 AB 
B8D8 C8 
8809 C6 5B 
880B C6 69 
88DO Bl SA 
BBDF 91 SF 
B8El C8 
88E2 09 F9 
B8E4 E6 5B 

LOA $FB 
ADC $49 
STA $5F 
LOA $FC 
AOC 1$99 
STA $69 
LOA $5F 
AOC $BB 
STA $5A 
LOA $69 
AOC 1$89 
STA $5B 
LOA $20 
SEC 
SBC $SA 
STA $58 
TAY 
LOA $2E 
SBC $5B 
TAX 
INX 
TYA 
BEQ $88DD 
LOA $SA 
CLC 
AOC $58 
STA $SA 
BCC $88CA 
INC $5B 
CLC 
LOA $5F 
AOC $58 
STA $5F 
BCC $8804 
INC $69 
TYA 
EOR I$FF 
TAY 
INY 
DEC $5B 
DEC $69 
LOA ($5A) , Y 
STA ($5F) , Y 
INY 
BNE $880D 
INC $5B 
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88E6 E6 69 
88E8 CA 
88E9 D9 F2 
88EB 38 
88EC A5 2D 
88EE E5 BB 
8BF9 85 20 
88F2 B9 93 
8BF4 C6 2E 
88F6 38 
88F7 A9 99 
88F9 AS FO 
BBFB E5 BB 
88FO 85 FO 
8BFF 91 FB 
8991 B5 57 
8993 AS FE 
8995 E9 99 
8997 C8 
8998 85 FE 
899A B5 58 
899C 91 FB 
899E BB 
899F Bl 57 
8911 B5 B9 
8913 C8 
8914 Bl 57 
8916 85 BA 
8918 F9 18 
891A 88 
B91B 38 
891C AS B9 
891E E5 BB 
8929 M 
8921 91 57 
8923 AS BA 
8925 E9 99 
8927 C8 
8928 91 57 
892A 85 58 
892C SA 
892D 85 57 
892F 4C 9E 89 
8932 69 
8933 SA 
8934 38 

INC $69 
OEX 
BNE $88DD 
SEC 
LOA $20 
SBC $BB 
STA $20 
BCS $88F7 
DEC $2E 
SEC 
LDY 1$89 
LOA $FD 
SBC $BB 
STA $FD 
STA ($FB) ,Y 
STA $57 
LOA $FE 
SBC 1$99 
INY 
STA $FE 
STA $58 
STA ($FB) , Y 
DEY 
LOA ($57), Y 
STA $B9 
IN'( 
LOA ($57), Y 
STA $BA 
BEa $8932 
DEY 
SEC 
LOA $B9 
SBC $BB 
TAX 
STA ($57), Y 
LOA $BA 
SBC 1$99 
IN'( 
STA ($57) ,Y 
STA $58 
TXA 
STA $57 
JMP $B99E 
RTS 
TXA 
SEC 
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8935 E5 3E 
8937 85 BB 
8939 18 
893A AS 49 
893C 65 BB 
893E B9 134 
8949 C9 FE 
8942 99 135 
8944 A2 17 
8946 4C 37 A4 
8949 AS 2D 
894B 65 BB 
894D AA 
894E AS 2E 
8959 69 99 
8952 C5 38 
8954 D9 137 
8956 E4 37 
8958 99 93 
89SA 4C 35 A4 
895D 18 
895E AS 2D 
8969 85 SA 
8962 65 BB 
8964 85 58 
8966 AS 2E 
8968 85 5B 
896A 69 138 
896C 85 59 
896E AS FB 
8979 65 49 
8972 85 SF 
8974 AS FC 
8976 69 88 
8978 85 69 
897A 29 BF A3 
897D 18 
897E A9 98 
8989 AS 2D 
8982 65 BB 
8984 85 2D 
8986 99 83 
8988 E6 2E 
89BA 18 
898B AS FD 
898D 65 BB 

SBC $3E 
STA $BB 
CLC 
LOA $49 
ADC $BB 
BCS $8944 
CMP #$FE 
BCC $8949 
LDX #$17 
JMP $A437 
LOA $2D 
ADC $BB 
TAX 
LOA $2E 
ADC #$8B 
CMP $38 
BNE $895D 
CPX $37 
BCC $895D 
JMP $A435 
CLC 
LOA $2D 
STA$5A 
ADC $BB 
STA $58 
LOA $2E 
STA $5B 
ADC #$99 
STA $59 
LOA $FB 
ADC $49 
STA $5F 
LOA $FC 
ADC #$99 
STA $69 
JSR $A3BF 
CLC 
LDY 1$99 
LOA $2D 
ADC $BB 
STA $2D 
BCC $898B 
INC $2E 
CLC 
LOA $FD 
ADC $BB 

898F 85 FD 
8991 85 57 
8993 91 FB 
8995 AS FE 
8997 69 89 
8999 C8 
899A 85 FE 
899C 85 58 
899E 91 FB 
89A9 88 
89A1 B1 57 
89A3 85 B9 
89A5 C8 
89A6 Bl 57 
89A8 85 BA 
89AA F9 18 
89AC 88 
89AD 18 
89AE AS B9 
89B9 65 BB 
89B2 AA 
89B3 91 57 
89B5 AS BA 
89B7 69 99 
89B9 C8 
89BA 91 57 
89BC 85 58 
89BE BA 
89BF 85 57 
89Cl 4C A8 89 
89C4 69 
89C5 28 F5 81 
89C8 29 FD AE 
89CB AS 14 
89CD 85 C9 
89CF AS 15 
89D1 85 CA 
89D3 29 F5 81 
89D6 29 FD AE 
89D9 AS 14 
89DB 85 BC 
89DD 28 F5 81 
89E9 AS 14 
89E2 85 BD 
89E4 AS 15 
89E6 85 BE 

STA $FD 
STA $57 
STA ($FB) , Y 
LOA $FE 
ADC #$99 
1NY 
STA $FE 
STA $58 
STA ($FB) ,Y 
DEY 
LOA ($57), Y 
STA $B9 
INY 
LOA ($57) ,Y 
STA$BA 
BEQ $89C4 
DEY 
CLC 
LOA $B9 
ADC $BB 
TAX 
STA ($57) ,Y 
LOA $BA 
ADC 1$99 
INY 
STA ($57) ,Y 
STA $58 
TXA 
STA $57 
JMP $89AB 
RTS 
JSR $81F5 
JSR $AEFD 
LOA $14 
STA $C9 
LOA $15 
STA$CA 
JSR $81F5 
JSR $AEFD 
LOA $14 
STA $BC 
JSR $81F5 
LOA $14 
STA $BD 
LOA $15 
STA $BE 



89E8 A5 2B 
89EA 85 FB 
89EC A5 2C 
89EE 85 FC 
89F9 A5 CA 
89F2 D8 9F 
89F4 A5 C9 
89F6 D8 8B 
89F8 A9 92 
89FA Bl FB 
89FC 85 C9 
89FE C8 
89FF Bl FB 
SA81 85 CA 
SA83 A5 C9 
SA85 85 14 
SA97 A5 CA 
SA89 85 15 
SA8B 29 13 A6 
SA8E B8 85 
SA19 A2 15 
SA12 4C 37 A4 
SA15 A5 5F 
SAI7 85 41 
SA19 A5 69 
SAIB 85 42 
8AID A9 89 
SAIF Bl FB 
SA21 85 FD 
SA23 C8 
SA24 Bl FB 
SA26 85 FE 
BA28 D9 83 
SA2A 4C 62 8B 
SA2D C8 
SA2E C8 
SA2F C8 
SA39 Bl FB 
SA32 D9 8A 
8A34 A5 FD 
8A36 85 FB 
SA38 A5 FE 
8A3A 85 FC 
8A3C D8 DF 
SA3E C9 22 
SA48 D8 8B 

LOA $2B 8A42 C8 
STA $FB SA43 Bl FB 
LOA $2C 8A45 F9 ED 
STA $FC SA47 C9 22 
LOA $CA SA49 D9 F7 
BNE $SA83 SA4B F8 E2 
LOA $C9 8A4D C9 8F 
BNE $SA93 SA4F F8 E3 
LDY 1$82 BA51 C9 83 
LOA ($FB),Y SA53 F9 DF 
STA $C9 SA55 C9 A7 
INY SA57 F8 21 
LOA ($FB) I Y SA59 C9 SA 
STA $CA SA5B F9 I D 
LOA $C9 SA5D C9 89 
STA $14 SA5F F9 2C 
LOA $CA 8A61 C9 CB 
STA $15 8A63 D9 8B 
JSR $A613 SA65 C8 
BCS $8A15 SA66 Bl FB 
LDX 1$15 SA68 C9 29 
JMP $A437 SA6A F8 F9 
LOA $5F SA6C C9 A4 
STA $41 SA6E F9 ID 
LOA $68 8A79 C9 8D 
STA $42 SA72 F8 19 
LDY 1$88 SA74 C9 E6 
LOA ($FB),Y SA76 F8 15 
STA $FD 8A78 D9 B5 
INY SA7A C8 
LOA ($FB),Y SA7B Bl FB 
STA $FE SA7D C9 28 
EI-IE $8A2D BA7F F9 F9 
JMP $8B62 BA81 C9 38 
INY SA83 B9 93 
INY SA85 88 
INY 8A86 D9 A7 
LOA ($FB),Y SA88 88 
EI-IE $SA3E 8A89 C9 3A 
LOA $FD SA8B B9 A2 
STA $FB BA8D C8 
LOA $FE SA8E Bl FB 
STA $FC SA99 C9 29 
BNE $SAlD SA92 F9 F9 
O1P 1$22 SA94 84 49 
BNE $8A4D SA96 88 
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INY 
LOA ($FB) I Y 
BEQ $SA34 
CHP 1$22 
EI-IE $SA42 
BEQ $SA2F 
O1P 1$8F 
BEQ $8A34 
O1P 1$83 
BEQ $8A34 
O1P #$A7 
BEQ $8A7A 
O1P 1$8A 
BEQ $8A7A 
O1P 1$89 
BEQ $8A8D 
O1P I$CB 
BNE $8A79 
INY 
LOA ($FB) I Y 
O1P 1$29 
BEQ $SA65 
O1P #$A4 
BEQ $8A8D 
O1P 1$8D 
BEQ $8A8D 
O1P I$E6 
BEQ $8A8D 
EI-IE $8A2F 
INY 
LOA ($FB) ,Y 
CHP 1$28 
BEQ $8A7A 
CHP 1$38 
BCS $8A88 
DEY 
EI-IE $8A2F 
DEY 
O1PI$3A 
BCS $8A2F 
INY 
LOA ($FB) I Y 
O1P 1$28 
BEQ $8A8D 
STY $49 
DEY 
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BA97 A2 89 
BA99 C8 
BA9A Bl FB 
BA9C C9 39 
BA9E 99 9A 
BAA9 C9 3A 
8M2 B9 96 
BAA4 9D 89 92 
BAA7 E8 
BAA8 D9 EF 
8AAA A9 3A 
BAAC 9D 99 92 
BAAF 86 BF 
BABI A9 92 
BAB3 85 7B 
BAB5 A9 99 
BAB7 85 7A 
BAB9 29 F5 81 
BABC A5 14 
BABE 85 C3 
BAC9 A5 15 
BAC2 85 C4 
BAC4 C5 CA 
BAC6 F9 8A 
BAC8 B9 9E 
BACA A5 49 
BACC 65 BF 
BACE A8 
BACF 4C 55 8B 
BAD2 A5 C3 
BAD4 C5 C9 
BAD6 99 F2 
BAD8 A5 BD 
BAOA 85 B9 
BADC A5 41 
BADE 85 58 
BAE8 A5 BE 
BAE2 85 BA 
BAE4 A5 42 
BAE6 85 59 
BAE8 A8 89 
BAEA Bl 58 
BAEC 85 5A 
SAEE C8 
SAEF Bl 58 
BAFI 85 5B 

LDX 1$88 8AF3 D9 18 
1NY SAF5 A8 92 
LOA ($FB),Y SAF7 Bl FB 
CMP 1$38 SAF9 85 39 
BCC $8AAA SAFB C8 
CMP 1$3A BAFC Bl FB 
BCS $8AAA BAFE 85 3A 
STA $8289,X 8B89 A2 11 
INX 8B82 4C 37 A4 
BNE $BA99 8B95 C8 
LOA 1$3A 8B96 Bl 58 
STA $9288,X 8B98 85 B7 
STX $BF 8B8A C8 
LOA 1$92 8B9B Bl 58 
STA $7B 8B9D C5 C4 
LOA 1$99 8B8F D9 96 
STA $7A 8Bll A5 B7 
JSR $81F5 8B13 C5 C3 
LOA $14 8B15 F9 15 
STA $C3 8B17 A5 B9 
LOA $15 8B19 18 
STA $C4 8BIA 65 BC 
CMP $CA 8Bl C 85 B9 
BEQ $BAD2 8BIE 99 92 
BCS $BAD8 8B29 E6 BA 
LOA $49 8B22 A5 5A 
ADC $BF 8B24 85 58 
TAY 8B26 A5 5B 
JMP $8B55 8B28 85 59 
LOA $C3 8B2A D8 BC 
CMP $C9 8B2C A6 B9 
BCC $BACA 8B2E A5 BA 
LOA $BD 8B39 29 7F 84 
STA $B9 8B33 A5 BF 
LOA $41 8B35 85 3E 
STA $58 8B37 E4 3E 
LOA $BE 8B39 F9 9B 
STA $BA 8B3B B9 96 
LOA $42 8B3D 29 8B 88 
STA $59 8B49 4C 46 8B 
LDY 1$99 8B43 29 33 89 
LOA ($58),Y 8B46 A4 49 
STA $5A 8B48 A2 89 
1NY 8B4A BD 88 82 
LOA ($58),Y 8B4D F8 86 
STA $5B 8B4F 91 FB 

ENE $8B85 
LDY 1$92 
LOA ($FB),Y 
STA $39 
INY 
LOA ($FB) , Y 
STA$3A 
LDX 1$11 
JMP $A437 
1NY 
LOA ($58), Y 
STA $B7 
INY 
LOA ($58), Y 
CMP $C4 
BNE $8B17 
LOA $B7 
CMP $C3 
BEQ $8B2C 
LOA $B9 
CLC 
ADC $BC 
STA $B9 
BCC $8B22 
INC $BA 
LOA $5A 
STA $58 
LOA $5B 
STA $59 
BNE $8AE8 
LDX $B9 
LOA $BA 
JSR $847F 
LOA $BF 
STA $3E 
CPX $3E 
BEQ $8B46 
BCS $8B43 
JSR $888B 
JMP $8B46 
JSR $8933 
LDY $49 
LDX 1$99 
LOA $9288 ,X 
BEQ $8B55 
STA ($FB),Y 



8B51 C8 
8B52 E8 
8B53 09 F5 
8B55 Bl FB 
8B57 C9 2C 
8B59 F9 94 
8B5B S8 
8B5C 4C 2F SA 
8B5F 4C SO 8A 
8B62 A9 98 
8B64 Bl 41 
8B66 85 5A 
8B68 C8 
8B69 Bl 41 
8B6B S5 5B 
8B60 08 95 
8B6F 68 
8B79 68 
8B71 4C 74 A4 
8B74 C8 
8B75 A5 BO 
8B77 91 41 
8B79 C8 
8B7A A5 BE 
SB7C 91 41 
8B7E 18 
8B7F A5 BO 
8B81 65 BC 
8B83 85 BO 
8B85 98 92 
8BS7 E6 BE 
8B89 A5 5A 
8BSB S5 41 
8B80 A5 5B 
8BSF S5 42 
8B91 08 CF 
8B93 A2 99 
8B95 A5 2B 
8B97 S5 FB 
8B99 A5 2C 
8B9B S5 FC 
SB90 A9 98 
8B9F Bl FB 
8BAI 85 FO 
8BA3 C8 
8BA4 Bl FB 

INY 8BA6 S5 FE 
INX 8BA8 08 95 
ENE $SB4A 88M 68 
LOA ($FB),Y 8BAB 68 
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STA $FE 
BNE $8BAF 
PLA 
PLA 

O1P "2C 8BAC 4C 74 A4 JMP $A474 
INY BEQ $8B5F SBAF C8 

DEY 8BB9 C8 
JMP $8A2F 8BBI CS 
JMP $SASO SBB2 Bl FB 
LOY "99 SBB4 08 8C 
LOA ($41),Y SBB6 A5 FO 
STA $5A SBBS S5 FB 
INY SBBA A5 FE 
LOA ($41),Y SBBC S5 FC 
STA $5B 8BBE A2 89 
ENE $SB74 SBC8 F8 DB 
PLA SBC2 C9 FF 
PLA SBC4 09 94 
JMP $A474 SBC6 S5 3E 
INY SBCS F9 21 
LDA $BO SBCA C9 22 
STA ($41),Y SBCC 08 89 
INY SBCE E8 
LOA $BE SBCF E8 82 
STA ($41),Y SBOI 09 8S 
CLC 8B03 A2 88 
LOA $BO SB05 F9 OA 
AOC $BC 8B07 E9 91 
STA $BO BB09 09 06 
BCC $8B89 8BOB B5 3E 
INC $BE BBDO C9 C9 
LOA $5A 8BDF 98 82 
STA $41 8BEI E9 69 
LOA $5B BBE3 C9 69 
STA $42 BBE5 B9 84 
ENE $8B62 8BE7 C9 21 
LOX "88 8BE9 B9 C6 
LOA $2B 8BEB 85 3D 
STA $FB 8BEO 84 49 
LOA $2C 8BEF 86 3C 
STA $FC 8BFl A2 81 
LOY "9B 8BF3 C8 
LOA ($FB),Y 8BF4 Bl FB 
STA $FO 8BF6 C5 3E 
INY 8BF8 09 83 
LOA ($FB),Y 8BFA E8 

INY 
INY 
LDA ($FB) , Y 
BNE $8BC2 
LOA $FD 
STA $FB 
LDA $FE 
STA $FC 
LOX "B9 
BEQ $8B90 
O1P "FF 
BNE $BBCA 
STA $3E 
BEQ $8BEB 
O1P "22 
BNE $8B07 
INX 
CPX 1$92 
EJIIE $SBOB 
LOX 1$99 
BEQ $SBBI 
CPX 1$91 
EJIIE $8BBI 
STA $3E 
O1P "C8 
BCC $8BE3 
SBC "69 
CMP 1$69 
BCS $BBEB 
CMP 1$21 
BCS $8BBI 
STA $30 
STY $49 
STX $3C 
LOX "91 
INY 
LOA ($FB),Y 
CMP $3E 
EJIIE $8BFO 
INX 
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BBFB 09 F6 
BBFO B6 3E 
BBFF E9 82 
BC81 B8 12 
BC83 CA 
BC84 AS 30 
BC86 C9 29 
BC8B F8 8B 
BC8A A9 89 
BC8C BS 48 
BC8E BS 3F 
BCU F8 IS 
BC12 4C 33 BO 
BCIS A9 ee 
BC17 28 7F B4 
BCIA A2 ee 
BCIC BO ee 82 
BCIF BS 3F 
BC21 EB 
BC22 BO 88 82 
BC2S BS 48 
BC27 AS 30 
BC29 C9 61 
BC2B 98 Sl 
BC20 C9 7B 
BC2F B8 40 
BC31 3B 
BC32 E9 28 
BC34 BS 30 
BC36 A2 87 
BC3B AS 48 
8C3A 08 86 
8C3C CA 
BC30 AS 3F 
8C3F 09 81 
8C41 CA 
8C42 E4 3E 
BC44 F8 8B 
BC46 B8 86 
8C48 28 BB BB 
BC4B 4C Sl BC 
8C4E 28 33 B9 
BCSI A4 49 
8CS3 A9 SB 
BCSS 91 FB 
8CS7 AS 48 

BNE $BBF3 BCS9 F8 83 
STX $3E 8CSB CB 
CPX 1$82 8CSC 91 FB 
BCS $8CIS 8CSE AS 3F 
OEX BC69 F8 83 
LOA $30 8C62 CB 
OMP 1$28 BC63 91 FB 
BEQ $8C12 BC6S A9 47 
LOA 1$88 BC67 C8 
STA $48 8C6B 91 FB 
STA $3F 8C6A A9 3E 
BEQ $8C27 BC6C C8 
JMP $B033 BC60 91 FB 
LOA 1$88 8C6F AS 30 
JSR $847F 8C71 CB 
LOX 1$88 8C72 91 FB 
LOA $8288,X 8C74 A9 SO 
STA $3F BC76 C8 
INX BC77 91 FB 
LOA $9288,X 8C79 A6 3C 
STA $48 BC7B 4C Bl 8B 
LOA $30 8C7E BS 30 
OMP 1$61 BCB9 A9 S9 
BCC $BC7E BC82 BS 62 
OMP K7B BCB4 A9 A3 
BCS $BC7E BCB6 8S 63 
SEC BC88 A2 Sl 
SBC 1$28 8CBA A8 88 
STA $30 BC8C 29 FB Bl 
LOX 1$87 8C8F Bl 62 
LOA $48 BC91 48 
BNE $8C42 BC92 28 82 B2 
OEX BC9S 68 
LOA $3F 8C96 CS 30 
BNE $BC42 8C98 F8 29 
OEX 8C9A CB 
CPX $3E BC9B CB 
BEQ $8CSl BC9C CB 
BCS $8C4E BC9D CA 
JSR $8B8B 8C9E 18 EC 
JMP $BCSI BCA9 AS 30 
JSR $8933 8CA2 C9 IB 
LOY $49 BCA4 99 8S 
LOA KSB 8CA6 A2 90 
STA ($FB),Y 8CAB 4C 37 A4 
LOA $49 8CAB 69 48 

BEQ $8CSE 
INY 
STA ($FB),Y 
LOA $3F 
BEQ $8C6S 
INY 
STA ($FB), Y 
LOA 1$47 
INY 
STA ($FB) ,Y 
LOA K3E 
INY 
STA ($FB),Y 
LOA $30 
INY 
STA ($FB),Y 
LOA KSO 
INY 
STA ($FB),Y 
LOX $3C 
JMP $BBBI 
STA $30 
LDA KS8 
STA $62 
LDA KA3 
STA $63 
LOX KSI 
LOY 1$98 
JSR $BIFB 
LOA ($62), Y 
PHA 
JSR $8282 
PLA 
CHP $30 
BEQ $BCBA 
INY 
INY 
INY 
OEX 
BPL $8C8C 
LOA $30 
CHP KIB 
BCC $BCAB 
LOX 1$90 
JMP $A437 
AOC 1$48 



BCAO BO 4B A4 
BCB9 A9 43 
BC82 B5 62 
BCB4 A9 A4 
BCB6 B5 63 
BCBB 09 12 
BCM CB 
BCBB 29 F8 Bl 
BC8E 81 62 
BCC9 4B 
BCCI CB 
BCC2 Bl 62 
BCC4 B5 63 
BCC6 29 92 B2 
BCC9 6B 
BCCA B5 62 
BCCC A9 99 
BCCE 29 FB Bl 
BC01 81 62 
BC03 B5 Cl 
BC05 29 92 B2 
BCOB AS Cl 
BCOA IB 
BCOB 69 94 
BCOO AA 
BCOE AS 49 
BCEO 00 06 
BCE2 CA 
BCE3 AS 3F 
BCES DO 91 
BCE7 CA 
BCEB E4 3E 
BCEA FO 9B 
8CEC BO 96 
8CEE 20 8B BB 
8CFl 4C F7 BC 
BCF4 20 33 B9 
BCF7 A4 49 
8CF9 A9 5B 
8CFB 91 FB 
BCFO AS 3F 
BCFF FO 93 
B091 CB 
8092 91 FB 
B094 AS 40 
B086 FO 93 
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STA $A44B BOOB CB 
LOA H$43 B089 91 FB 
STA $62 BD9B B4 49 
LOA H$A4 B090 AO 99 
STA $63 BOOF 20 FB Bl 
BNE $BCCC B012 CB 
INY B013 81 62 
JSR $81FB 8015 84 C2 
LOA ($62),Y 8017 A4 49 
PHA 8019 C8 
INY 801A 91 FB 
LOA ($62),Y 801C 84 49 
STA $63 BDIE A4 C2 
JSR $8292 8020 C4 Cl 
PLA BD22 DO EE 
STA $62 8024 29 92 82 
LOY #$09 8D27 A4 49 
JSR $81FB 8029 A9 5D 
LOA ($62),Y BD2B CB 
STA $Cl B02C 91 FB 
JSR $B202 8D2E A6 3C 
LOA $Cl 8030 4C Bl BB 
CLC BD33 A4 49 
ADC H$04 8035 A6 3C 
TAX BD37 4C 81 B8 
LOA $40 BOJA AS 9D 
BNE $BCEB BD3C FO 21 
OEX B03E 78 
LOA $3F BD3F A9 FF 
BNE $8CE8 8041 8D 47 8E 
DEX 8D44 A9 FF 
CPX $3E 8046 BO 46 8E 
8EQ $BCF7 BD49 AE 98 03 
BCS $8CF4 804C 8E 58 8E 
JSR $88B8 BD4F A9 79 
JMP $BCF7 8051 BO 98 03 
JSR $B933 BD54 AE 09 03 
LDY $49 8057 BE 51 BE 
LOA #$58 BDSA A9 BO 
STA ($FB),Y B05C BO 89 03 
LOA $3F BD5F 58 
BEQ $B0842 B060 60 
INY BD61 7B 
STA ($FB),Y 8062 AS 9D 
LOA $48 B064 FO F9 
BEQ $800B B066 A9 90 

INY 
STA ($FB) ,Y 
STY $49 
LOY H$09 
JSR $BIF8 
INY 
LOA ($62), Y 
STY $C2 
LDY $49 
INY 
STA ($F8) ,Y 
STY $49 
LOY $C2 
CPY $C1 
BNE $BD12 
JSR $8202 
LDY $49 
LOA H$50 
INY 
STA ($FB) , Y 
LDX $3C 
JMP $BBBI 
LDY $49 
LDX $3C 
JMP $8BBl 
LOA $90 
BEQ $BD5F 
SEI 
LOA #$FF 
STA $8E47 
LOA #$FF 
STA $8E46 
LDX $0308 
STX $8E58 
LOA #$79 
STA $0308 
LOX $0309 
STX $BE51 
LOA H$BD 
STA $0309 
CLI 
RTS 
SEl 
LOA $90 
BEQ $BD5F 
LOA H$00 
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S06S SO 46 SE STA $SE46 S004 29 02 FF JSR $FF02 
S06B AD 58 SE LOA $SE58 S007 A9 12 LOA 1$12 
B06E BO 8B 83 STA $938B BOD9 29 02 FF ~TSR $FF02 
S071 AD 51 BE LOA $BE51 BOOC AS 3A LOA $3A 
S074 BO 89 83 STA $9389 BOOE BO 4F BE STA $BE4F 
S077 5S CLI SOEl A6 39 LOX $39 
B07B 69 RTS BOE3 BE 4E BE STX $BE4E 
B079 BO 49 BE STA $BE49 SOE6 28 CO BO JSR $BOCO 
B07C 8B PHP BOE9 A9 92 LOA 1$92 
B070 BE 4A BE STX $BE4A SOEB 28 02 FF JSR $FF02 
BOB9 BC 4B BE STY $SE4B BOEE lS CLC 
SOS3 AS 90 LOA $90 SOEF B8 96 BCS $BOB7 
SOBS F9 80 BEG $S094 SOFl AE 40 BE LOX $BE40 
SOB7 AD 49 BE LOA $SE49 SOF4 AC 4C SE LOY $SE4C 
SOBA AC 4B BE LOY $BE4B SOF7 29 F9 FF JSR $FFF9 
SOSO AE 4A BE LOX $BE4A SOFA 29 E4 FF JSR $FFE4 
B099 2S PLP SOFO F9 25 BEG $SE24 
S091 6C 58 BE JMP ($SE59) SOFF C9 2F CNP 1t$2F 
S094 AS 39 LOA $39 SE81 99 21 BCC $SE24 
S096 AO 46 BE LOA $SE46 SE83 C9 3A CNP 1t$3A 
S099 F9 EC BEG $BOB7 BE95 B9 10 BCS $SE24 
S09B 3S SEC SE8? E9 38 SBC 1$39 
B09C 29 F9 FF JSR $FFF9 SE99 09 87 ~E $SE12 
S09F BE 40 BE STX $SE40 SE8B A9 FF LOA It$FF 
B0A2 BC 4C BE STY $SE4C BE90 BO 47 BE STA $SE4? 
80A5 18 CLC 8E19 09 12 BNE $8E24 
80A6 A2 89 LOX 1$89 SE12 APt TAX 
SOAB A8 1B LOY 1$1 B 8E13 3S SEC 
BDAA 29 F9 FF ~TSR $FFF9 BE14 A9 89 LOA #$08 
SOAO A2 8F LOX 1t$9F 8E16 2A ROL 
SOAF A9 29 LOA #$28 BE17 CA OEX 
SOBl 28 02 FF JSR $FF02 8E18 08 FC BNE $8E16 
BOB4 CA OEX BElA BO 4B BE STA $SE4B 
BOBS 09 FS BNE $SOAF SEI0 A9 08 LOA 1$99 
SOB7 lS CLC BEIF BO 47 BE STA $SE4? 
SOBS A2 88 LOX 1$99 SE22 F9 14 BEG $SE3S 
BOBA A9 IB LOY #$IS BE24 AE 47 BE LOX $BE47 
BOBC 29 F8 FF JSR $FFF8 BE27 F8 OF BEG $BE3S 
SOBF A9 12 LOA #$12 SE29 C9 29 CMP #$29 
SOCl 29 02 FF JSR $FF02 BE2B F9 16 BEQ $SE43 
80C4 AD 4F BE LOA $SE4F SE20 29 E4 FF JSR $FFE4 
SOC7 AE 4E BE LOX $BE4E SE39 F9 FB BEG $SE20 
SOCA 29 CD BO JSR $BOCO BE32 C9 29 CMP #$29 
SOCO A9 92 LOA 1$92 BE34 F9 90 BEQ $SE43 
SOCF 29 02 FF JSR $FF02 BE36 09 C5 ~E $SOFO 
S002 A9 28 LOA 1$29 SE3S AE 4S BE LOX $BE4S 
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BE3B A9 FF 
BE3D BB 
BE3E D9 FD 
BE49 CA 
BE41 D9 FB 
BE43 3B 
BE44 F9 A9 
BE46 FF 
BE47 FF 
BE4B 99 
BE49 FF 
BE4A 99 0B 
BE4C 99 
BE4D 99 
BE4E 99 
BE4F 99 
BE59 92 
BE51 B3 
BE52 A5 9D 
BE 54 C9 B9 
BE56 F9 91 
BE5B 69 
BE59 A5 2D 
BE5B B5 BB 
BE5D A5 2E 
BE5F B5 BC 
BE61 A5 BC 
BE63 C5 39 
BE65 D9 97 
8E67 A5 BB 
BE69 C5 2F 
BE6B D9 91 
BE6D 69 
BE6E A9 99 
BE79 Bl BB 
BE72 C9 B9 
BE74 B9 SA 
BE76 29 D2 FF 
8E79 CB 
BE7A Bt BB 
BE7C C9 7F 
BE7E B9 17 
BE89 29 D2 FF 
8EB3 29 33 BF 
BEB6 A5 BB 
BEBB A4 BC 

LDY #$FF 
DEY 
ENE $BE3D 
DEX 
ENE $BE3B 
SEC 
BEQ $BDEF 
??? 
??? 

BRK 
??? 
ORA #$9B 
BRK 
BRK 
BRK 
BRK 
??? 
??? 

LOA $9D 
CNP #$B9 
BEQ $BE59 
RTS 
LOA $2D 
STA $BB 
LOA $2E 
STA $BC 
LOA $BC 
CNP $39 
BNE $BE6E 
LOA $BB 
O1P $2F 
BNE $BE6E 
RTS 
LDY #$99 
LOA ($BB),Y 
CMP #$B9 
BCS $BED9 
JSR $FFD2 
INY 
LOA ($BB) I Y 
O1P #$7F 
BCS $BE97 
JSR $FFD2 
JSR $BF33 
LOA $BB 
LDY $BC 
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BEBA 29 A2 BB 
BEBD 29 DD BD 
BE99 29 lE AB 
BE93 A9 FF 
BE95 D9 7A 
BE97 29 7F 
BE99 29 D2 FF 
BE9C A9 24 
BE9E 29 D2 FF 
BEAl 29 33 BF 
BEA4 A9 22 
BEA6 29 D2 FF 
BEA9 A9 99 
BEAB Bt BB 
BEAD AA 
BEAE F9 15 
BEB9 CB 
BEBt Bt BB 
BEB3 B5 22 
BEB5 CB 
BEB6 Bl BB 
BEBB B5 23 
BEBA A9 99 
BEBC Bl 22 
BEBE 29 D2 FF 
BECt CB 
BEC2 CA 
BEC3 D9 F7 
BEC5 A9 22 
BEC7 29 D2 FF 
BECA F9 45 
BECC D9 43 
BECE B9 91 
BED9 29 7F 
BED2 29 D2 FF 
BED5 CB 
BED6 Bl BB 
BEDB C9 7F 
BEOA B9 t2 
BEDC 29 D2 FF 
BEDF 29 33 BF 
BEE2 A9 46 
BEE4 29 D2 FF 
BEE7 A9 4E 
BEE9 29 D2 FF 
BEEC D9 23 

JSR $BBA2 
JSR $BDDD 
JSR $ABlE 
LOA #$FF 
Ef'.IE $BF It 
AND #$7F 
JSR $FFD2 
LOA #$24 
JSR $FFD2 
JSR $BF33 
LOA #$22 
JSR $FFD2 
LDY #$09 
LOA ($BB) I Y 
TAX 
BEQ $BEC5 
INY 
LOA ($BB) I Y 
STA $22 
1NY 
LOA ($BB) ,Y 
STA $23 
LDY #$99 
LOA ($22) I Y 
JSR $FFD2 
1NY 
DEX 
BNE $BEBC 
LOA #$22 
JSR $FFD2 
BEQ $BFll 
BNE $BFll 
BCS $BE61 
AND #$7F 
JSR $FFD2 
1NY 
LOA ($BB) ,Y 
CMP #$7F 
Bes $BEEE 
JSR $FFD2 
JSR $BF33 
LOA #$46 
JSR $FFD2 
LOA #$4E 
JSR $FFD2 
BNE $BFll 
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BEEE 29 7F 
BEFO 20 D2 FF 
BEF3 A9 2S 
BEFS 20 D2 FF 
BEFB 29 33 BF 
BEFB AO 00 
BEFD B1 BB 
BEFF BS 62 
BF91 CB 
BFB2 Bl BB 
BF94 BS 63 
BFB6 A2 99 
BFOB 29 44 BC 
BFBB 29 DD BD 
BFOE 29 IE AB 
BFll A99D 
BF13 29 D2 FF 
BF16 1B 
BF17 AS BB 
BF19 69 0S 
BF1B BS BB 
BF1D 99 02 
BFIF E6 BC 
BF21 29 E4 FF 
BF24 20 El FF 
BF27 DO 01 
BF29 69 
BF2A AS CB 
BF2C C9 49 
BF2E D0 Fl 
BF39 3B 
BF31 BB 9B 
BF33 A9 3D 
BF3S 2B D2 FF 
BF3B lB 
BF39 AS BB 
BF3B 69 B2 
BF3D BS BB 
BF3F 99 92 
BF41 E6 BC 
BF43 69 
BF44 99 93 
BF46 4C 0B AF 
BF49 29 FS Bl 
BF4C 29 13 A6 
BF4F B9 9S 

AND 1$7F BFSI A2 IS 
JSR SFFD2 BFS3 4C 37 A4 
LOA *S2S BFS6 AS SF 
JSR SFFD2 BFSB BS FB 
JSR SBF33 BFSA AS 69 
LDY 1$00 BFSC BS FC 
LOA (SBB),Y BFSE 20 79 90 
STA S62 BF61 C9 2C 
INY BF63 D9 El 
LOA (SBB),Y BF6S 29 73 0B 
STA S63 BF6B D9 9F 
LDX 1$99 BF6A 3B 
JSR SBC44 BF6B AS 2D 
JSR SBDDD BF6D E9 02 
JSR $ABlE BF6F BS SF 
LOA 1$9D BF71 AS 2E 
JSR SFFD2 BF73 E9 99 
CLC BF7S BS 69 
LOA SBB BF77 D9 IB 
ADC 1$9S BF79 BO CB 
STA SBB BF7B 29 FS Bl 
BCC SBF21 BF7E E6 14 
INC SBC BFB9 29 13 A6 
JSR SFFE4 BFB3 AS FC 
JSR SFFEI BFBS CS 69 
BNE SBF2A BFB7 99 9B 
RTS BFB9 D9 BB 
LOA SCB BFBB AS FB 
OMP *S49 BFBD CS SF 
BNE SBF21 BFBF B9 BS 
SEC BF91 A9 99 
BCS SBECE BF93 AS SF 
LOA 1$3D BF9S 91 FB 
JSR SFFD2 BF97 CB 
CLC BF9B AS 69 
LOA $BB BF9A 91 FB 
ADC 1$92 BF9C CB 
STA $BB BF9D Bl FB 
BCC SBF 43 BF9F AA 
INC $BC BFAO CB 
RTS BFAI B1 FB 
BCC $BF49 BFA3 29 7F B4 
JMP $AF9B BFA6 6B 
JSR $BIFS BFA? 6B 
JSR $A613 BFAB A2 FF 
BCS SBFS6 BFAA A9 9 1 

LDX I$IS 
JMP $A437 
LOA SSF 
STA $FB 
LOA S6B 
STA $FC 
JSR S9079 
CMP 1$2C 
Et4E SBF46 
JSR $B973 
Et4E $BF79 
SEC 
LOA S2D 
SBC 1$92 
STA SSF 
LOA $2E 
SBC 1$99 
STA $69 
Et4E SBF91 
BCS $BF46 
JSR $BIFS 
INC $14 
JSR $A613 
LOA SFC 
OMP S69 
BCC SBF91 
Et4E SBF46 
LOA SFB 
OMP SSF 
BCS $BF46 
LDY 1$99 
LOA $SF 
STA (SFB) , Y 
INY 
LOA $69 
STA (SFB) , Y 
INY 
LOA (SFB) , Y 
TAX 
INY 
LOA (SFB) ,Y 
JSR $B47F 
PLA 
PLA 
LDX *SFF 
LOA 1$91 
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BFAC 4C 70 92 JMP $9270 988B Bl FB LOA ($FB), Y 
BFAF 28 F5 81 JSR $81F5 998A 85 FO STA $FO 
8FB2 4C A3 AB JMP $A8A3 988C C8 INY 
8FB5 A9 83 LOA "83 9980 BI FB LOA ($FB),Y 
8FB7 29 FB A3 JSR $A3FB 989F B5 FE STA $FE 
8FBA AS 7B LOA $7B 9911 08 85 BNE $9918 
8FBC 48 PHA 9813 A2 II LOX "II 
8FBO AS 7A LOA $7A 9915 4C 37 A4 JMP $A437 
8FBF 48 PHA 9818 A9 84 LOY "84 
8FC9 AS 3A LOA $3A 991A BI FB LOA ($FB),Y 
8FC2 48 PHA 981C C9 El O1P "EI 
8FC3 AS 3B LOA $3B 991E F8 9A BEQ $982A 
8FC5 48 PHA 9829 AS FO LOA $FO 
8FC6 A9 80 LOA "80 9922 85 FB STA $FB 
8FC8 48 PHA 9824 AS FE LOA $FE 
BFC9 29 79 98 JSR $9979 9926 85 FC STA $FC 
BFCC 29 AF 8F JSR $8FAF 9828 09 DC ~E $9886 
8FCF 4C AE A7 JMP $A7AE 992A A2 FF LOX "FF 
8F02 A2 89 LOX "98 982C E8 INX 
8F04 C6 7A DEC $7A 9920 C8 INY 
8F06 B9 82 BCS $8FOA 982E Bl FB LOA ($FB),Y 
8F08 C6 7B DEC $7B 9938 F8 87 BEQ $9939 
8FOA 29 73 89 JSR $9873 9832 DO 89 82 O1P $8289,X 
8FOO F8 86 BEQ $8FE5 9935 F8 F5 BEQ $982C 
8FOF 90 89 82 STA $9289 ,X 9837 09 E7 ~E $9828 
8FE2 E8 INX 9939 DO 98 82 CHP $8288,X 
8FE3 09 F5 ~E $8FOA 983C 09 E2 ~E $9829 
8FE5 A9 98 LOA "99 993E 38 SEC 
8FE7 90 89 82 STA $9289,X 983F AS FB LOA $FB 
8FEA A9 83 LOA "93 9841 E9 81 SBC "91 
8FEC 28 FB A3 JSR $A3FB 9843 85 7A STA $7A 
8FEF AS 7B LOA $7B 9945 A5 FC LOA $FC 
8FFl 48 PHA 9847 E9 89 SBC "88 
8FF2 A5 7A LOA $7A 9949 85 7B STA $7B 
8FF4 48 PHA 984B 4C AE A7 JMP $A7AE 
8FF5 AS 3A LOA $3A 994E 08 8C BNE $985C 
8FF7 48 PHA 9859 A9 89 LOA "88 
8FF8 AS 39 LOA $39 9952 85 CB STA $CB 
8FFA 48 PHA 9854 29 E4 FF JSR $FFE4 
8FFB A9 80 LOA "80 9957 F8 FB BEQ $9954 
8FFO 48 PHA 9859 85 99 STA $98 
8FFE AS 2B LOA $2B 995B 68 RTS 
9889 85 FB STA $FB 985C 29 9E AD JSR $A09E 
9982 AS 2C LOA $2C 995F 28 A3 B6 JSR $B6A3 
9884 85 FC STA $FC 9862 C9 89 O1P "88 
9986 A8 88 LOY "98 9964 F8 EA BEQ $9858 
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9066 85 FB STA $FB 90C1 E6 59 INC $59 
9968 A9 08 LDA K00 90C3 A5 59 LDA $59 
906A 85 C6 STA $C6 90C5 85 FC STA $FC 
996C 28 E4 FF JSR $FFE4 99C7 85 38 STA $38 
906F F9 FB BEll $996C 90C9 A6 2B LOX $2B 
9971 A4 FB LOY $FB 99CB A4 2C LOY $2C 
9873 88 OEY 90CO A9 89 LDA K99 
9974 01 22 CMP ($22), Y 99CF 29 05 FF JSR $FF05 
9076 F9 95 BEll $9070 9002 99 93 BCC $9007 
9978 88 OEY 9904 4C F9 E0 JMP $E9F9 
9079 19 F9 BPL $9074 9007 29 B7 FF JSR $FFB7 
997B 39 EF BMI $996C 99DA 29 BF ANO KBF 
9070 85 99 STA $99 900C F9 95 BEll $90E3 
997F 69 RTS 990E A2 10 LOX KI0 
9089 29 04 El JSR $EI04 90E9 4C 37 A4 ..1MP $A437 
9983 A9 99 LDA K99 99E3 86 20 STX $20 
9085 85 B9 STA $B9 90E5 84 2E STY $2E 
9987 29 26 85 JSR $8526 99E7 86 5F STX $5F 
90SA A5 20 LDA $20 90E9 84 69 STY $60 
998C 85 5F STA $5F 99EB A5 FB LDA $FB 
908E A5 2E LDA $2E 90ED 85 SA STA $SA 
9999 85 68 STA $69 99EF A5 FC LDA $FC 
9892 38 SEC 90Fl 85 5B STA $5B 
9993 A5 31 LDA $31 99F3 38 SEC 
9095 85 SA STA$5A 90F4 A5 33 LDA $33 
9997 E5 2F S8C $2F 99F6 E9 01 SBC 1t$91 
9099 85 FD STA $FO 90F8 A8 TAY 
999B A5 32 LDA $32 99F9 A5 34 LDA $34 
909D 85 58 STA $58 90FB E9 89 SBe #$08 
999F E5 39 S8C $39 99FO AA TAX 
90Al 85 FE STA $FE 90FE 98 TYA 
99A3 A5 33 LDA $33 99FF 38 SEC 
90A5 38 SEC 9199 E5 SA SBC $5A 
99A6 E9 01 SBC K91 9182 85 58 STA $58 
90A8 85 58 STA $58 9194 A8 TAY 
90AA A5 34 LDA $34 9105 SA TXA 
90AC E9 99 SBe K99 9196 E5 5B SBC $5B 
99AE 85 59 STA $59 9108 AA TAX 
90B9 29 BF A3 JSR $A3BF 9199 E8 INX 
99B3 A5 37 LDA $37 910A 98 TYA 
90B5 85 41 STA $41 9198 F9 IF BEll $912C 
9987 A5 38 LDA $38 9180 A5 SA LDA $SA 
90B9 85 42 STA $42 919F 18 CLC 
99BB A5 58 LDA $58 9119 65 58 ADC $58 
90BO 85 FB S"TA $FB 9112 85 SA STA$SA 
99BF 85 37 STA $37 9114 99 93 8CC $9119 



9116 E6 58 
9118 18 
9119 AS SF 
911B 6S S8 
911 0 8S SF 
911F 99 92 
9121 E6 69 
9123 98 
9124 49 FF 
9126 A8 
9127 C8 
9128 C6 SB 
912A C6 69 
912C Bl SA 
912E 91 SF 
9139 C8 
9131 09 F9 
9133 E6 SB 
913S E6 69 
9137 CA 
9138 D9 F2 
913A 38 
913B AS SF 
913D 8S 31 
913F ES FO 
9141 8S 2F 
9143 AS 69 
914S 8S 32 
9147 ES FE 
9149 85 38 
914B AS 41 
914D 8S 37 
914F AS 42 
91S1 8S 38 
91S3 68 
91S4 68 
91SS 29 33 AS 
91S8 A9 98 
915A 29 99 FF 
91S0 29 E7 FF 
9169 29 77 A6 
9163 29 8E A6 
9166 4C CF 92 
9169 09 93 
9168 4C 88 AF 
916E 29 FS 81 
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INC $S8 9171 AS IS 
CLC 9173 C9 94 
LOA $SF 917S 89 8S 
ADC $58 9177 A2 BE 
STA $SF 9179 4C 37 A4 
8CC $9123 917C C9 89 
INC $68 917E 89 F7 
TYA 9189 69 
EOR #$FF 9181 29 69 91 
TAY 9184 8S 38 
INY 91B6 AS 14 
DEC $SB 918B 8S 37 
DEC $68 91SA 4C 63 A6 
LOA ($5A),Y 9180 29 69 91 
STA ($SF),Y 9199 A9 89 
INY 9192 9B 
BNE $912C 9193 91 14 
INC $S8 919S CB 
INC $68 9196 91 14 
OEX 919B CB 
BNE $912C 9199 91 14 
SEC 9198 AS 14 
LOA $SF 9190 18 
STA $31 919E 69 81 
S8C $FD 91A9 BS 28 
STA $2F 91A2 AA 
LOA $68 91A3 AS IS 
STA $32 91AS 69 88 
SBC $FE 91A7 B5 2C 
STA $39 91A9 AB 
LOA $41 91AA SA 
STA $37 91AB 69 82 
LOA $42 91AO B5 20 
STA $38 91AF 9B 
PLA 91B9 69 89 
PLA 9182 85 2E 
JSR $AS33 91B4 4C 63 A6 
LOA #$99 9187 A9 7C 
JSR $FF99 91B9 BO 84 83 
JSR $FFE7 918C A9 AS 
JSR $A677 91BE 80 95 83 
JSR $A68E 91Cl A9 lA 
JMP $92CF 91C3 BO 96 83 
BNE $916E 91C6 A9 E4 
JMP $AF98 91C8 80 88 83 
JSR $BIFS 91CB A9 A7 

LOA $IS 
CMP 1t$94 
8CS $917C 
LOX 1t$9E 
JMP $A437 
CMP 1t$89 
8CS $9177 
RTS 
JSR $9169 
STA $38 
LOA $14 
STA $37 
JMP $A663 
JSR $9169 
LOY #$89 
TYA 
STA ($14) ,Y 
INY 
STA ($14) ,Y 
INY 
STA ($14) ,Y 
LOA $14 
CLC 
AOC 1t$91 
STA $28 
TAX 
LOA $15 
ADC 1t$99 
STA $2C 
TAY 
TXA 
AOC 1t$92 
STA $2D 
TYA 
ADC #$89 
STA $2E 
JMP $A663 
LOA 1t$7C 
STA $9394 
LOA HAS 
STA $939S 
LOA It$IA 
STA $9396 
LOA It$E4 
STA $9398 
LOA HA7 
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91CO SO 97 93 STA $9397 9239 SO 11 96 STA $9611 
9109 BO 99 93 STA $8399 923C BO 06 95 STA $8506 
91D3 A9 B6 LDA "B6 923F BO 26 06 STA $9626 
91D5 BD 9A 93 STA $839A 9242 A9 95 LOA 1$95 
91DB A9 AE LDA HAE 9244 SO Cl 09 STA $09Cl 
910A BO 9B 93 STA $939B 9247 BO 11 OA STA $OAll 
9100 A9 FE LDA "FE 924A SO 06 09 STA $0906 
910F BO 17 93 STA $9317 9240 BO 26 OA STA $DA26 
91E2 BO 19 93 STA $9319 9259 A9 90 LDA 1$90 
91E5 A9 66 LOA 1$66 9252 29 02 FF JSR $FF02 
91E7 BO 16 93 STA $9316 9255 4C 74 A4 JHP $A474 
91EA A9 47 LOA 1$47 925B IB CLC 
91EC BO 1B 93 STA $931S 9259 29 F9 FF JSR $FFF9 
91EF 7B SEI 925C A9 2A LOA tt$2A 
91F9 A9 4B LDA tt$4S 925E A2 16 LOX 1$16 
91F2 BO BF 92 STA $92BF 9269 29 02 FF JSR $FF02 
91F5 A9 EB LDA "EB 9263 CA OEX 
91F7 BO 99 92 STA $9299 9264 09 FA BNE $9260 
91FA 5S CLI 9266 69 RTS 
91FB 6B PLA 9267 2A ROL 91FC 6B PLA 926B 29 59 54 JSR $5459 91FO 4C 74 A4 JMP $A474 926B 49 4C EOR 1t$4C 
9209 29 63 A6 JSR $A663 9260 49 54 EOR "54 9293 A9 93 LOA "93 926F 55 20 EOR $29,X 
9295 29 02 FF JSR $FF02 9271 43 ??? 928B A9 88 LOA "99 9272 49 53 EOR "53 929A BO 29 D9 STA $0029 9274 41 42 EOR ($42,X) 
9200 BO 21 08 STA $0921 9276 29 20 4E JSR $4E20 
9219 A9 95 LDA "05 9279 43 ??? 
9212 BO B6 92 STA $92B6 927A 59 20 BVC $929C 
9215 A2 9A LOX "8A 927C 2A ROL 
9217 A8 89 LOY "99 9270 AO 82 93 LOA $9392 
9219 29 5B 92 JSR $925S 92B9 BO 97 92 STA $9297 
921C A2 9C LOX It$BC 92B3 AO 93 93 LOA $8393 
921E A9 89 LOY "09 92S6 SO 9C 92 STA $929C 
9229 1 B CLC 92B9 A9 96 LOA 1$96 
9221 29 F9 FF JSR $FFF9 92BB SO 92 93 STA $9392 
9224 A2 15 LOX "15 92BE A9 92 LOA "92 
9226 BO 67 92 LDA $9267,X 9299 SO 83 83 STA $9393 
9229 29 02 FF JSR $FF02 9293 4C B6 A4 JMP $A4S6 
922C CA OEX 9296 A9 B3 LDA #$B3 
9220 19 F7 BPL $9226 929S BO 92 93 STA $9392 
922F A2 9E LOX tt$9E 929B A9 A4 LOA HA4 
9231 A9 99 LDY 1$99 9290 BO 93 93 STA $8393 
9233 29 5B 92 JSR $925B 92A9 29 33 AS JSR $A533 
9236 BO Cl 95 STA $85Cl 92A3 IS CLC 
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92A4 A5 22 
92A6 69 92 
92A8 85 20 
92M A5 23 
92AC 69 89 
92AE 85 2E 
9289 29 69 A6 
9283 4C 74 A4 
9286 A5 32 
9288 C5 2E 
92BA 09 99 
928C A5 31 

Loading the utility 

LOA $22 
AOC "92 
STA $20 
LOA $23 
AOC "89 
STA $2E 
JSR $A669 
JHP $A474 
LOA $32 
CMP $2E 
ENE $92C5 
LOA $31 

928E C5 20 
92C9 09 93 
92C2 A9 89 
92C4 2C A9 98 
92C7 95 9C 
92C9 29 79 99 
92CC 4C 99 99 
92CF A5 9C 
9201 19 84 
9203 C6 38 
9205 C6 32 
9207 4C AE A7 

CMP $20 
BNE $92C5 
LOA "89 
BIT $99A9 
STA $9C 
JSR $8979 
..1MP $9999 
LOA $9C 
BPL $9207 
DEC $39 
DEC $32 
JHP $A7AE 

Once the UTILITY and the data for CODER have been set up, a loader 
program something like the following should be used. 

10 A=A+1: IF A=1 THEN LOAD"UTILITY DATA",8,1 
20 IF A=2 THEN LOAD"UTILlTY",8,1 
30 SYS32768 
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General 

This chapter is a collection of snippets of information we have found 
out since acquiring our 64s about 18 months ago. No detailed code 
here, just the bare facts and a few ideas. 

AUTO-REPEATS and INTERRUPTS 

We have seen two articles on the subject of providing a repeat on all 
keys. Both articles were based upon the same idea used on the 
pre-8000 series PETS. In essence the normal IRQ service routine is 
patched to include additional code by changing the vector at CINV from 
its default of $EA31. The additional routine simple scans SFDX - if a key is 
being pressed then it is reset to no key ($40) - and ends with a JUMP to 
$EA31 to process the normal interrupt. This will then detect a key as 
being pressed and enter the appropriate character in the keyboard 
buffer. Alternatively, for a repeat on all keys, simply POKE 650,128. To 
disable the repeat, POKE 6'>0,1. (For a full description of the IRQ service 
routine, see Chapter 4.) 

The second method is obviously far easier, but the first does allow a 
selective auto-repeat to be implemented. 

Whilst on the subject of the hardware interrupt (see Chapter 4 for its 
implementation in the KEY commands), here is a short example to 
demonstrate what can be done. The following program patches IRQ to 
scan for function keys 1 and 3. These keys are used to increment the 
border and background colours respectively. The routine only takes 
the appropriate action once every 60 interrupts (about a second). If you 
remove the interrupt counter from $C01F to $C02D, the effects produced 
are quite unusual, but the routine becomes of little practical use as it is 
too fast to exercise selective control. 

To enable: 
To disable: 

SYS 49152 
SYS 49170 

ceBe 
Ceel 
C0B3 
C006 

78 
A91F 
8D1403 
A9CB 

SEI 
LDA 
STA 
LDA 

#$lF 
$13314 
#$Ce 

ENABLE ENTRY' 
SET CINV TO POINT TO $CI31F 



C098 
ceBB 
C090 
ce19 
C011 
ce12 
C013 
C015 
C018 
calA 
C010 
celE 
celF 
ce22 
C025 
ca27 
C029 
ce2B 
C02E 
C039 
C031 
ce33 
C035 
ce36 
C039 
ce3B 
C030 
ce49 
C042 
C1344 
C046 
C1348 
C049 
C134C 
C04E 
ce59 
C053 

801503 
A909 
8De9Cl 
58 
6£1 
78 
A931 
801493 
A9EA 
801593 
58 
613 
EE99Cl 
A009Cl 
C93C 
0132A 
A9913 
8009Cl 
A5CB 
18 
C994 
090F 
18 
A02900 
290F 
6901 
802909 
A900 
F09F 
C905 
009B 
18 
AD21D9 
290F 
6901 
802100 
4C31 EA 

The BASIC loader: 

STA 
LOA 
STA 
CLI 
RTS 
SEI 
LOA 
STA 
LOA 
STA 
CLI 
RTS 
INC 
LDA 
CMP 
BNE 
LOA 
STA 
LOA 
CLC 
CMP 
BNE 
CLC 
LDA 
ANO 
AOC 
STA 
LDA 
BEQ 
CMP 
BNE 
CLC 
LOA 
AND 
AOC 
STA 
JMP 
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$9315 
~130 SET IRQ COUNTER TO ZERO 
$C1ge 

01 SABLE ENTRY 
#$31 RESTORE CIt.JV TO $EA31 
$9314 
#$EA 
$9315 

'$C1913 NEW IRQ ENRTY 
$C109 
#$3C 
$C953 
#$£10 
$C109 
$CB 

#$£14 
$C944 

$De20 
#$0F 
~91 

$0£129 
~ge 

$CB53 
~95 

$CB53 

$0021 
~eF 

#$01 
$De21 
$EA31 

6£1 INTERRUPTS ??? 
NO - SKIP KEY S~~ 
YES - SO RESET COUNTER 

SFOX - CURRENT KEY PRESS 

Fl ??? 

BOR COLOUR 
BITS 9-3 ONLY (9-15 DEC) 
INCREMENT IT 

ENSURE SKI P TAKEN 
SKIP BKD COLOUR 
BKO COLOUR 

CONTINUE NO~L IRQ 

1 DATA 120, 169,31, 141,20,3, 169, 19 
2, 141,21,3 
2 DATA 169, 0, 141, 0, 193, 88, 96, 120, 

169, 49 
3 DATA 141, 20, 3, 169, 234, 141, 21, 3, 
88, 96 
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4 DATA 238, 9, 193, 173, 9, 193, 291 , 60 
, 208, 42 
5 DATA 169, 0, 141 , 0, 193, 165, 203, 24 
, 201, 4 
6 DATA 208, 15, 24, 173, 32, 208, 41 , 15 
, 105, 1 
7 DATA 141 , 32, 208, 169, 0, 240, 15, 29 
1 , 5, 208 
8 DATA 11 , 24, 173, 33, 208, 41 , 15, 105 
, 1 , 141 
9 DATA 33, 208, 76, 49, 234, 237, 61 , 3, 

179, 173 
10 FOR 1=49152 TO 49238:READ A:POKE 1 ,A: 
NEXT 1 

The IRQ vector can be used to great advantage. One common use is to 
provide interrupt driven music (see The Companion to the Com­
modore 64 pub. by Pan/PCN) and as in the UTILITY to make the function 
keys programmable (Chapter 4). 

Simple program protection 

Some BASICS include commands to 'unlist' or generate protected files; 
the 64's, however, does not. In order to protect our software we have 
to resort to programming tricks. 

There are many ways to afford a program some degree of protection 
from unauthorized change. Most of these are well known and do little 
to prevent the experienced user from gaining access. Chapter 1 
showed how the link addresses could be modified to make program 
lines invisible and list out of sequence. Another way to hide areas of 
code is to end lines with a REM"[DEL][DELI ..... " sequence. On listing, the 
'deletes' will erase characters to their left. Most other techniques 
require a program to be RUN. 

Once a program has been run we can destroy some of the vectors 
from $0300 to $0333. These include the PRINT TOKENS LINK, IQPLOP, which 
could be directed to, say, print 'SYNTAX ERROR' at $AF08, the SAVE vector at 
ISAVE to prevent saving and also disable the RUN/STOP at ISTOP. We could 
also put a specified value somewhere in memory which, if not found, 
will cause the program to crash, erase itself or even perform a cold 
boot of the system. Unfortunately (or perhaps fortunately) any BASIC 

program can be loaded without being run. To produce programs 
which auto-run on loading requires knowledge of both machine code 
and the operating system of the 64 (see CHAIN in Chapter 8). Nearly all 
commercial software uses a number of levels of protection, one of 
which is usually auto-running. We have covered a number of ways to 
accomplish this for your own software in Chapter 2, but purposely 
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leave out many of the techniques used by commercial software 
houses. (Remember it is illegal to reproduce commercial software.) 

Commodore Computing International Volume 2 No.11 has an article 
on program protection. It contains the usual: 

DISABLE RUN/STOP 
DISABLE LIST 
DISABLE SAVE 

POKE 808,251 
POKE 774,131 :POKE 775,164 
POKE 818,131: POKE 819,164 

The first simply bypasses the test by jumping to the end of the routine 
(RTS). The latter two jump to 'ready for BASIC'. Similar changes may be 
made to RUN/RESTORE at NMINV (see Chapter 6). The article does give a 
program to generate auto-run programs from your own code. If you 
are interested then, as the program is copyrighted, we suggest you get 
hold of a copy of the magazine. A further tape protection idea was 
given in Commodore User Volume 1 No.10. 

Specified input 

One of the most difficult and time-consuming tasks in producing 
software for use by others is in making it 'crash-proof'. BASIC does not 
allow the programmer to specify which keys are valid during input. The 
results of incorrect entries in type, size or number can spoil a well­
thought-out, pleasing display or even crash the program. The way 
round this problem is to write your own input routine. 

Commodore Horizons magazine of February 1984 published a very 
good machine code 'Keyscan' input program written by Adrian War­
man which does just about everything you could ask for. We see little 
point in re-inventing the wheel, so we suggest that you read that 
article. However, we have approached the problem from a different 
angle and produced a simple routine entirely in BASIC. This is intended 
to be called when input is required. The type of input expected is set 
using the variable 'F' which is set to 0 for a real number, 1 for an integer 
and 2 for a string. Strings may contain commas and quotes. Editing an 
input may only be carried by using the DELETE key. The returned value 
may, if required, be converted to a number by a simple VALO. If the 
routine is to be used more than once, A$ must be emptied by: A$='''' 

before each use. 

60000- Generate a flashing cursor. 
60030 If it is a delete check chars are there to be removed. 
60040 'Return' marks end of input and the resulting string A$ is passed 

back to the main program. 
60050 Real numbers. 
60060 Integer only. 
60070 String. 
60090 Update the display and wait for next char. 
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60110- Real numbers may begin with + or - and may contain only 
numerals and a decimal point. 

60170- As for real but may not have a decimal point and must lie in the 
range given. 

60230- Allows any of the standard alphanumerics. To provide for lower 
case mode where uppercase characters have their high bit set 
some graphics are permitted (128+32 to 128+64). 

68888 POKE 284,8:POKE 287,8 
68819 GET Y$:IF Y$="" GOTO 69888 
68828 A=LEN(A$) 
68838 IF Y$=CHR$(28) AND A>e THEN A$=LEF 
T$(A$,A-1):GOTO 68898 
681348 IF Y$=CHR$(13) GOTO 681138 
68858 IF F=8 THEN GOSUB 68118:GOTO 68098 
68860 IF F=1 THEN GOSUB 60170:GOTO 613890 
68878 IF F=2 THEN GOSUB 68238:GOTO 68898 
6813813 GOTO 68131313 
613898 PRINT Y$;:GOTO 60000 
60100 RETURN 
60110 REM REAL 
68120 IF Y$="+H OR Y$="_" AND A=0 THEN 
A$=Y$:GOTO 60160 
60130 IF Y$)u/" AND Y$<":H THEN A$=A$+Y$ 
:GOTO 60160 
60140 IF Y$="." THEN A$=A$+Y$:GOTO 60160 
68150 Y$=" II 

60160 RETURN 
60170 REM INTEGER 
60180 IF Y$="+" OR Y$="_H AND A=0 THEN 
A$=Y$:GOTO 60220 
60190 IF Y$) H /" AND Y$< II : H THEN A$=A$+Y$ 
:GOTO 60228 
60200 IF VAL(A$»32767 OR VAL(A$) <-32768 

THEN A$=LEFT$(A$,A):GOTO 60220 
60218 Y$="" 
60228 RETURN 
60230 REM STRING 
68240 IF (ASC(Y$) AND 127)<32 OR (ASC(Y$ 
) AND 127»95 THEN Y$="":GOTO 60260 
68250 A$=A$+Y$ 
60260 RETURN 

The above is intended only as a starting point. Obvious improvements 
would be to allow the use of the cursor keys by manipulating the string 
with LEFU, MID$ and RIGHU. The maximum length of the string field 
could also be set to prevent overwriting an existing display. 
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Invisible characters 

Most readers will no doubt be aware that character data may be 
directly POKEd to the screen. They will also have discovered that on 
occasions no effect is apparent. A screen character (normal mode) 
takes on the colour set in the corresponding location of the colour 
map ($D800 on). If no character has been printed at this location nor a 
colour set since the last clear screen the adopted colour is that of the 
background. To see if the character is there, simply move the cursor to 
the location. 

We can use this to good effect by making displays change quite 
quickly from BASIC with just pokes to the colour map. It is important to 
remember that on an INPUT even though the character cannot be seen it 
is still there and active. 

PET -64/64-PET 

Commodore has maintained almost complete compatibility in the 
storage of programs on tape and to a lesser degree on disk. A tape 
prepared on any machine may be read by another. The 1541 disk drive 
uses an identical format to the 4040 unit. It can also read 2040 and 3040 
formatted disks, but will corrupt these disks if it writes to them. You 
may also find that you get write problems on 4040 formatted disks. This 
compatibility does not mean to say that a program written for one 
machine will work directly on another. 

A BASIC program saved on a PET can be loaded and run directly on the 
64, whereas the reverse is not true. A word of warning to cassette 
users that the secondary address of 3 available on the 64 is not recog­
nised by the PET. This is due to the different start address of BASIC on 
the two machines ($0401 on PET). Loading a program with a secondary 
address of zero will not allow it to load below the current start of BASIC. 
This means that on the 64 the load will be forced to $0801. A 64 program 
will normally have a start greater than $0401 and will go in above the start 
of BASIC and is not directly usable. 

There are two ways to overcome the problem. The first is raise the 
start of BASIC on the PET to $0801 by (BASIC 2 & 4) 

POKE 41,08: POKE 2048,0: NEW 

before loading. All pokes to the screen will have to be adjusted for the 
PET screen which starts at $8000 (32768) and all pokes to the colour map 
removed. Defining the start of the screen with a variable and using 
offsets from this simplifies the conversion. The easiest way is to avoid 
using anything other than PRINT for output. 

The second technique involves configuring the 64 to look like a PET­
BASIC at $0401 and the screen in bank 2 at $8000. The Programmer's 
Reference Guide (Chapter 3, 'Screen Memory') tells us how to relocate 



272 Bits 'n' pieces 

the screen by setting bits 7 to 4 of $0018 (53272), remembering to tell the 
screen editor where it has gone by setting HIBASE ($0288/648). The start of 
BASIC is lowered by setting TXTIAB and the top of memory set using 
MEMTOP and string storage with FRETOP. The following program if run will 
carry out the necessary changes. SYNTAX ERRORS may result until the 
screen is cleared due to invisible characters. 

10 POKE 51,000:POKE 55,000 
20 POKE 52,128:POKE 56,128 
30 POKE 56578,PEEK(56578) OR 3:POKE56576 
, (PEEK(56576)AND252) OR 1 
40 POKE 53272,(PEEK(53272)AND15)OR0:POKE 

648,128:POKE 1024,0:POKE 44,4:NEW 

There are some very sophisticated PET emulators on the market and 
even cross-assemblers for machine code and cross-compilers for BASIC. 

If a lot of your work is in an area where portability is important, it might 
well be worthwhile pursuing the matter. 

load and run 

Pressing SHIFT and RUN/STOP will load and run the first program on tape 
providing it is in BASIC. This may also be performed by: 

POKE 631,131 : POKE 198,1 

The advantage of the second is that it can be used from within a 
program to avoid the problems associated with chaining if variables are 
not to be retained. Less well known is its use with disk. The format is: 

LOAD"PROG",8: [Press SHIFT & RUN/STOP] 

Disk bugs 

When using sequential data files problems may be encountered if the 
same logical file number is used for both read and write operations. 
Typically, error 63 FILE EXISTS is reported. The only way to be sure is to 
use different numbers for input and output. 

A less annoying feature is that null strings written to a data file are 
ignored on reading back. One way to overcome the problem is to 
always default null strings to a set value which is recognized on reading 
back. Alternatively, GET# may be used to pick up returns and commas (a 
bit laborious). 



Appendices 
APPENDIX A: Storage of BASIC text 

Standard CBM 64 tokens 

hex dec hex dec hex dec hex dec 

$20 32 sp $40 64 @ $80 128 END $A6 166 SPC( 
$21 33 ! $41 65 A $81 129 FOR $A7 167 THEN 
$22 34 " $42 66 B $82 130 NEXT $A8 168 NOT 
$23 35 # $43 67 C $83 131 DATA $A9 169 STEP 
$24 36 $ $44 68 D $84 132 INPUT# $AA 170 + add 
$25 37 % $45 69 E $85 133 INPUT $AB 171 - minus 
$26 38 & $46 70 F $86 134 DIM $AC 172 * multi 
$27 39 

, 
$47 71 G $87 135 READ $AD 173 / div 

$28 40 $48 72 H $88 136 LET $AE 174 i power 
$29 41 $49 73 I $89 137 GOTO $AF 175 AND 
$2A 42 * $4A 74 J $8A 138 RUN $B0 176 OR 
$2B 43 + $4B 75 K $8B 139 IF $B1 177 > gt 
$2C 44 , $4C 76 L $8C 140 RESTORE $B2 178 = eq 
$2D 45 - $4D 77 M $8D 141 GOSUB $B3 179 < It 
$2E 46 $4E 78 N $8E 142 RETURN $B4 180 SGN 
$2F 47 / $4F 79 0 $8F 143 REM $B5 181 INT 
$30 48 0 $50 80 P $90 144 STOP $B6 182 ABS 
$31 49 1 $51 81 Q $91 145 ON $B7 183 USR 
$32 50 2 $52 82 R $92 146 WAIT $B8 184 FRE 
$33 51 3 $53 83 S $93 147 LOAD $B9 185 POS 
$34 52 4 $54 84 T $94 148 SAVE $BA 186 SQR 
$35 53 5 $55 85 U $95 149 VERIFY $BB 187 RND 
$36 54 6 $56 86 V $96 150 DEF $BC 188 LOG 
$37 55 7 $57 87 W $97 151 POKE $BD 189 EXP 
$38 56 8 $58 88 X $98 152 PRINT# $BE 190 COS 
$39 57 9 $59 89 Y $99 153 PRINT $BF 191 SIN 
$3A 58 $5A 90 Z $9A 154 CaNT $C0 192 TAN 
$3B 59 $5B 91 [ $9B 155 LIST $C1 193 ATN 
$3C 60 < $5C 92 £ $9C 156 CLR $C2 194 PEEK 
$3D 61 $5D 93 1 $9D 157 CMD $C3 195 LEN 
$3E 62 > $5E 94 i $9E 158 SYS $C4 196 STR$ 
$3F 63 ? $5F 95 ~ $9F 159 OPEN $C5 197 VAL 

$A0 160 CLOSE $C6 198 ASC 
$A1 161 GET $C7 199 CHR$ 
$A2 162 NEW $C8 200 LEFT$ 
$A3 163 TAB( $C9 201 RIGHT$ 
$A4 164 TO $CA 202 MID$ 
$A5 165 FN $CB 203 GO 
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Extended basic tokens 

hex dec hex dec 

$CC 204 OFF $E6 230 RESET 
$CD 205 KEY $E7 231 CHAIN 
$CE 206 DOKE $E8 232 LOMEM 
$CF 207 TEN $E9 233 HIMEM 
$D0 208 TWO $EA 234 INKEY$ 
$D1 209 HEX $EB 235 MEM 
$D2 210 BIN $EC 236 APPEND 
$D3 211 OLD $ED 237 TROFF 
$D4 212 COLOUR $EE 238 unused 
$D5 213 WRITE $EF 239 unused 
$D6 214 CGOTO $F0 240 unused 
$D7 215 CGOSUB $F1 241 unused 
$D8 216 PLOT $F2 242 unused 
$D9 217 ENTER $F3 243 unused 
$DA 218 DUMP $F4 244 unused 
$DB 219 RENUM $F5 245 unused 
$DC 220 DELETE $F6 246 unused 
$DD 221 MERGE $F7 247 DEEK 
$DE 222 CODER $F8 248 unused 
$DF 223 AUTO $F9 249 unused 
$E0 224 PROC $FA 250 unused 
$E1 225 DPROC $FB 251 unused 
$E2 256 EPROC $FC 252 unused 
$E3 227 POP $FD 253 unused 
$E4 228 QUIT $FE 254 unused 
$E5 229 TRACE 
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APPENDIX B: Hex to decimal and decimal to hex converter 

hex decimal 
low high 

$00 0 
$01 1 
$02 2 
$03 3 
$04 4 
$05 5 
$06 6 
$07 7 
$08 8 
$09 9 
$0A 10 
$08 11 
$0C 12 
$00 13 
$0E 14 
$0F 15 
$10 16 
$11 17 
$12 18 
$13 19 
$14 20 
$15 21 
$16 22 
$17 23 
$18 24 
$19 25 
$lA 26 
$18 27 
$lC 28 
$10 29 
$lE 30 
$lF 31 
$20 32 
$21 33 
$22 34 
$23 35 
$24 36 
$25 37 
$26 38 
$27 39 
$28 40 

o 
256 
512 
768 

1024 
1280 
1536 
1792 
2048 
2304 
2560 
2816 
3072 
3328 
3584 
3840 
4096 
4352 
4608 
4864 
5120 
5376 
5632 
5888 
6144 
6400 
6656 
6912 
7168 
7424 
7680 
7936 
8192 
8448 
8704 
8960 
9216 
9472 
9728 
9984 
10240 

hex decimal 
low high 

$29 41 
$2A 42 
$28 43 
$2C 44 
$20 45 
$2E 46 
$2F 47 
$30 48 
$31 49 
$32 50 
$33 51 
$34 52 
$35 53 
$36 54 
$37 55 
$38 56 
$39 57 
$3A 58 
$38 59 
$3C 60 
$30 61 
$3E 62 
$3F 63 
$40 64 
$41 65 
$42 66 
$43 67 
$44 68 

$45 69 
$46 70 
$47 71 
$48 72 
$49 73 
$4A 74 
$48 75 
$4C 76 
$40 77 
$4E 78 
$4F 79 
$50 80 
$51 81 

10496 
10752 
11008 
11264 
11520 
11776 
12032 
12288 
12544 
12800 
13056 
13312 
13568 
13824 
14080 
14336 
14592 
14848 
15104 
15360 
15616 
15872 
16128 
16384 
16640 
16896 
17152 
17408 
17664 
17920 
18176 
18432 
18688 
18944 
19200 
19456 
19712 
19968 
20224 
20480 
20736 

hex decimal 
low high 

$52 82 20992 
$53 83 21248 
$54 84 21504 
$55 85 21760 
$56 86 22016 
$57 87 22272 
$58 88 22528 
$59 89 22784 
$5A 90 23040 
$58 91 23296 
$5C 92 23552 
$50 93 23808 
$5E 94 24064 
$5F 95 24320 
$60 96 24576 
$61 97 24832 
$62 98 25088 
$63 99 25344 
$64 100 25600 
$65 101 25856 
$66 102 26112 
$67 103 26368 
$68 104 26624 
$69 105 26880 
$6A 106 27136 
$68 107 27392 
$6C 108 27648 
$60 109 27904 
$6E 110 28160 
$6F 111 28416 
$70 112 28672 
$71 113 28928 
$72 114 29184 
$73 115 29440 
$74 116 29696 
$75 117 29952 
$76 118 30208 
$77 119 30464 
$78 120 30720 
$79 121 30976 
$7A 122 31232 

hex decimal 
low high 

$78 123 31488 
$7C 124 31744 
$70 125 32000 
$7E 126 32256 
$7F 127 32512 
$80 128 32768 
$81 129 33024 
$82 130 33280 
$83 131 33536 
$84 132 33792 
$85 133 34048 
$86 134 34304 
$87 135 34560 
$88 136 34816 
$89 137 35072 
$8A 138 35328 
$88 139 35584 
$8C 140 35840 
$80 141 36096 
$8E 142 36352 
$8F 143 36608 
$90 144 36864 
$91 145 37120 
$92 146 37376 
$93 147 37632 
$94 148 37888 
$95 149 38144 
$96 150 38400 
$97 151 38656 
$98 152 38912 
$99 153 39168 
$9A 154 39424 
$98 155 39680 
$9C 156 39936 
$90 157 40192 
$9E 158 40448 
$9F 159 40704 
$A0 160 40960 
$A1 161 41216 
$A2 162 41472 
$A3 163 41728 
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hex decimal hex decimal hex decimal hex decimal 
low high low high low high low high 

$A4 164 41984 $BB 187 47872 $02 210 53760 $E9 233 59648 
$A5 165 42240 $BC 188 48128 $03 211 54016 $EA 234 59904 
$A6 166 42496 $BO 189 48384 $04 212 54272 $EB 235 60160 
$A7 167 42752 $BE 190 48640 $05 213 54528 $EC 236 60416 
$A8 168 43008 $BF 191 48896 $06 214 54784 $ED 237 60672 
$A9 169 43264 $C0 192 49152 $07 215 55040 $EE 238 60928 
$AA 170 43520 $C1 193 49408 $08 216 55296 $EF 239 61184 
$AB 171 43776 $C2 194 49664 S09 217 55552 $F0 240 61440 
$AC 172 44032 $C3 195 49920 $OA 218 55808 $F1 241 61696 
$AO 173 44288 $C4 196 50176 $OB 219 56064 $F2 242 61952 
$AE 174 44544 $C5 197 50432 SOC 220 56320 $F3 243 62208 
$AF 175 44800 $C6 198 50688 $00 221 56576 $FA 244 62464 
$B0 176 45056 $C7 199 50944 $DE 222 56832 $F5 245 62720 
$B1 177 45312 $C8 200 51200 $OF 223 57088 $F6 246 62976 
$B2 178 45568 $C9 201 51456 $E0 224 57344 $F7 247 63232 
$B3 179 45824 $CA 202 51712 $E1 225 57600 $F8 248 63488 
$B4 180 46080 $CB 203 51968 $E2 226 57856 $F9 249 63744 
$B5 181 46336 $CC 204 52224 $E3 227 58112 $FA 250 64000 
$B6 182 46592 $CO 205 52480 $E4 228 58368 $FB 251 64256 
$B7 183 46848 $CE 206 52736 $E5 229 58624 $FC 252 64512 
$B8 184 47104 $CF 207 52992 $E6 230 58880 $FD 253 64768 
$89 185 47360 $00 208 53248 $E7 231 59136 $FE 254 65024 
$BA 186 47616 $01 209 53504 $E8 232 59392 $FF 255 65280 

APPENDIX C: Machine code mnemonics and hex values 

65100P-CODES 

The tables below are a quick reference guide only and for more 
detailed information a 6502 assembler book should be consulted. 

The tables should be read row then column. If in doubt, remember 
LDA immediate mode is $A9. The following abbreviations have been 
used: 

# - immediate mode A=accumulator 
$ - absolute address X=X index register 
Z-zero page y=y index register 
1- indirect address 
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0 1 2 4 5 6 

o BRK ORA (I,X) ORAZ ASLZ 
1 BPL ORA (I),Y ORAZ,X ASL Z,X 
2 JSR AND (I,X) BITZ ANDZ ROLZ 
3 BMI AND (I)'Y ANDZ,X ROLZ,X 
4 RTI EOR (I,X) EORZ LSR Z 
5 BVC EOR (I),Y EORZ,X LSR Z,X 
6 RTS ADC (I'X) ADCZ RORZ 
7 BVS ADC (I),Y ADCZ,X RORZ,X 
8 STA (I,X) STYZ STAZ STXZ 
9 BCC STA (I),Y STYZ,X STAZ,X STXZ,Y 
A LDY# LDA (I,X) LDX# LDYZ LDAZ LDXZ 
B BCS LDA (I),Y LDY Z,X LDAZ,X LDXZ,Y 
C CPY# CMP (I,X) CPYZ CMPZ DECZ 
o BNE CMP (I),Y CMPZ,X DECZ,X 
E CPX# SBC (I,X) CPXZ SBCZ INCZ 
F BEQ SBC (I),Y SBCZ,X INCZ,X 

8 9 A C D E 

o PHP ORA# ASLA ORA$ ASL$ 
1 CLC ORA$,Y ORA$,X ASL $,X 
2 PLP AND# ROLA BIT$ AND$ ROL$ 
3 SEC AND$,Y AND$,X ROL $,X 
4PHA EOR# LSRA JMP$ EOR$ LSR $ 
5 CLI EOR$,Y EOR $,X LSR $,X 
6 PLA ADC# RORA JMP I ADC$ ROR$ 
7 SEI ADC$,Y ADC$,X ROR$,X 
8DEY TXA STY $ STA$ STX $ 
9TYA STA $,Y TXS STA $,X 
ATAY LDA# TAX LDY$ LDA$ LDX $ 
B CLV LDA$,Y TSX LDY $,X LDA$,X LDX $,Y 
CINY CMP# DEX CPY$ CMP$ DEC$ 
DCLD CMP$,Y CMP$,X DEC $,X 
E INX SBC# NOP CPX$ SBC$ INC$ 
F SED SBC$,Y SBC $,X INC$,X 

APPENDIX D: BASIC loader for Supermon 

This is the BASIC program to produce Jim Butterfield's Superman moni-
tor. Type it in and SAVE it before running. There are lots of numbers so 
it is easy to make a mistake. 
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We have put in some checksums to help isolate errors. Once loaded 
correctly you will be able to save the machine code version from the 
monitor itself. Instructions for using Supermon are given in Appendix E. 

Supermon normally loads to the top of BASIC memory. We have 
modified it to sit at $C000 on to allow you to enter the code for the 
UTILITY. Once you have it up and running, you can use Supermon to 
modify itself to sit anywhere. There are addresses which require 
changing so we have included a relocater program after the loader. 

The Loader 

19 A=49152:C=9 
29 READB:IFB=-lTHEN49 
39 POKEA,B:A=A+l:C=C+B:GOT029 
49 IFC=27914THEN69 
59 PRINT·DATA ERROR IN 1999 - 1399·:END 
69 C=9 
79 READB:IFB=-lTHEN99 
89 POKEA,B:A=A+l:C=C+B:GOT079 
99 IFC=26978THEN119 
199 PRINT·DATA ERROR IN 1319 - 1699·:END 
119 C=9 
129 READB:IFB=-lTHEN149 
139 POKEA,B:A=A+l:C=C+B:GOT0129 
149 IFC=26897THEN169 
159 PRINT·DATA ERROR IN 1619 - 1999·:END 
169 C=9 
179 READB:IFB=-lTHEN199 
189 POKEA,B:A=A+l :C=C+B:GOT0179 
199 IFC=28955THEN219 
299 PRINT"DATA ERROR IN 1919 - 2299":END 
219 C=9 
229 READB:IFB=-lTHEN249 
239 POKEA,B:A=A+l:C=C+B:GOT0229 
249 IFC=25343THEN269 
259 PRINT·DATA ERROR IN 2219 - 2599·:END 
269 C=9 
279 READB:IFB=-ITHEN299 
289 POKEA,B:A=A+l:C=C+B:GOT0279 
299 IFC=25432THEN319 
399 PRINT·DATA ERROR IN 2519 - 2899·:END 
319 C=9 
329 READB:IFB=-ITHEN349 
339 POKEA,B:A=A+l:C=C+B:GOT0329 
349 IFC=27324THEN369 
359 PRINT·DATA ERROR IN 2819 - 3199·:END 



-------~~~~~----------------

369 C=9 
379 READB:IFB=-lTHEN399 
389 POKEA,B:A=A+l:C=C+B:GOT0379 
399 IFC=25335THEN419 
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499 PRINT"DATA ERROR IN 3119 - 3499 H:END 
419 C=9 
429 READB:IFB=-lTHEN449 
439 POKEA,B:A=A+l:C=C+B:GOT0429 
449 IFC=28957THEN469 
459 PRINT-DATA ERROR IN 3419 - 3799-:END 
469 C=9 
479 READB:IFB=-ITHEN499 
489 POKEA,B:A=A+l:C=C+B:GOT0479 
499 IFC=29514THEN519 
599 PRINTHDATA ERROR IN 3719 - 4999-:END 
519 C=9 
529 READB:IFB=-ITHEN549 
539 POKEA,B:A=A+l:C=C+B:GOT0529 
549 IFC=22961THEN569 
559 PRINT-DATA ERROR IN 4919 - 4299":END 
569 PRINT-DATA CORRECTH:PRINT 
579 PRINT"SYS49152 TO USE" 
589 END 
1999 DATA76,233,192,255,9,9,255 
1910 DATA255,9,9,255,255,0,9 
1929 DATA255,255,9,9,255,255,9 
1939 DATA9,255,255,9,9,255,255 
1949 DATA9,9,255,255,9,9,255 
1959 DATA255,9,8,255,255,8,9 
1969 DATA255,255,9,9,255,255,9 
1979 DATA9,255,255,9,9,255,25S 
19S9 DATA9,9,255,25S,9,9,255 
1999 DATA2S5,9,9,2S5,255,9,9 
1199 DATA25S,25S,9,9,2S5,255,9 
1119 DATA9,255,255,9,9,2S5,255 
1129 DATA9,9,255,255,9,9,255 
1139 DATA255,9,9,255,255,9,9 
1149 DATA255,255,9,9,25S,255,9 
1159 DATA9,255,2SS,9,9,255,255 
1169 DATA9,9,255,255,9,9,255 
1179 DATA2S5,9,9,25S,255,9,9 
1189 DATA255,25S,128,9,2SS,255,9 
1199 DATA9,2S5,255,9,9,255,2SS 
1299 DATA9,9,255,255,9,9,255 
1219 DATA255,9,9,2SS,255,9,9 
1229 DATA255,255,9,9,255,25S,9 
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1230 DATA0,255,255,0,0,255,255 
1240 DATA0,0,255,255,0,0,255 
1250 DATA255,0,0,255,255,0,0 
1260 DATA255,255,0,0,255,255,0 
1270 DATA0,255,255,0,0,255,255 
1280 DATA0,0,255,255,0,0,255 
1290 DATA255,0,0,255,255,0,0 
1300 DATA255,255,0,0,255,255,0,-1 
1310 DATA0,255,255,0,0,255,255 
1320 DATA0,0,255,255,0,0,255 
1330 DATA255,0,169,160,133,56,173 
1340 DATA230,200,141 ,22,3,173,231 
1350 DATA200,141,23,3,169,128,32 
1360 DATA144,255,0,216,104,141,62 
1370 DATA2,104,141,61,2,104,141 
1380 DATA60,2,104,141,59,2,104 
1390 DATAI70,104,168,56,138,233,2 
1400 DATA141,58,2,152,233,0,141 
1410 DATA57,2,186,142,63,2,32 
1420 DATA87,198,162,66,169,42,32 
1430 DATA87,195,169,82,208,52,230 
1440 DATA193,208,6,230,194,208,2 
1450 DATA230,38,96,32,207,255,201 
1460 DATAI3,208,248,104,104,169,154 
1470 DATA32,210,255,169,0,133,38 
1480 DATAI62,13,169,46,32,87,195 
1490 DATA169,159,32,210,255,32,62 
1500 DATA193,201,46,240,249,201,32 
1510 DATA240,245,162,14,221,183,200 
1520 DATA208,12,138,10,170,189,199 
1530 DATA200,72,189,198,200,72,96 
1540 DATA202,16,236,76,237,195,165 
1550 DATAI93,141,58,2,165,194,141 
1560 DATA57,2,96,169,8,133,29 
1570 DATA160,0,32,84,198,177,193 
1580 DATA32,72,195,32,51,193,198 
1590 DATA29,208,241,96,32,136,195 
1600 DATA144,11 ,162,O,129,193,193,-1 
1610 DATA193,240,3,76,237,195,32 
1620 DATA51,193,198,29,96,169,59 
1630 DATA133,193,169,2,133,194,169 
1640 DATA5,96,152,72,32,87,198 
1650 DATAI04,162,46,76,87,195,169 
1660 DATA154,32,210,255,162,0,189 
1670 DATA234,200,32,210,255,232,224 
1680 DATA22,208,245,160,59,32,194 



1690 DATAI93,173,57,2,32,72,195 
1700 DATAI73,58,2,32,72,195,32 
1710 DATAI83,193,32,141,193,240,92 
1720 DATA32,62,193,32,121,195,144 
1730 DATA51,32,105,195,32,62,193 
1740 DATA32,121,195,144,40,32,105 
1750 DATA195,169,154,32,210,255,32 
1760 DATA225,255,240,60,166,38,208 
1770 DATA56,165,195,197,193,165,196 
1780 DATA229,194,144,46,160,58,32 
1790 DATAI94,193,32,65,195,32,139 
1800 DATAI93,240,224,76,237,195,32 
1810 DATAI21,195,144,3,32,128,193 
1820 DATA32,183,193,208,7,32,121 
1830 DATAI95,144,235,169,8,133,29 
1840 DATA32,62,193,32,161,193,208 
1850 DATA248,76,71,193,32,207,255 
1860 DATA201,13,240,12,201,32,208 
1870 DATA209,32,121,195,144,3,32 
1880 DATA128,193,169,154,32,210,255 
1890 DATA174,63,2,154,120,173,57 
1900 DATA2,72,173,58,2,72,173,-1 
1910 DATA59,2,72,173,60,2,174 
1920 DATA61,2,172,62,2,64,169 
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1930 DATA154,32,210,255,174,63,2 
1940 DATAI54,108,2,160,160,1,132 
1950 DATA186,132,185,136,132,183,132 
1960 DATAI44,132,147,169,64,133,187 
1970 DATAI69,2,133,188,32,207,255 
1980 DATA201,32,240,249,201,13,240 
1990 DATA56,201,34,208,20,32,207 
2000 DATA255,201,34,240,16,201,13 
2010 DATA240,41,145,187,230,183,200 
2020 DATA192,16,208,236,76,237,195 
2030 DATA32,207,255,201,13,240,22 
2040 DATA201,44,208,220,32,136,195 
2050 DATA41,15,240,233,201,3,240 
2060 DATA229,133,186,32,207,255,201 
2070 DATA13,96,108,48,3,108,50 
2080 DATA3,32,150,194,208,212,169 
2090 DATA154,32,210,255,169,0,32 
2100 DATA239,194,165,144,41,16,208 
2110 DATA196,76,71,193,32,150,194 
2120 DATA201,44,208,186,32,121,195 
2130 DATA32,105,195,32,297,255,201 
2149 DATA44,208,173,32,121,195,165 
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2158 DATA193,133,174,165,194,133,175 
2160 DATA32,105,195,32,207,255,201 
2178 DATAI3,208,152,169,154,32,210 
2180 DATA255,32,242,194,76,71 ,193 
2190 DATA165,194,32,72,195,165,193 
2200 DATA72,74,74,74,74,32,96,-1 
2210 DATA195,170,104,41,15,32,96 
2220 DATAI95,72,138,32,218,255,104 
2238 DATA76,210,255,9,48,281,58 
2248 DATA144,2,185,6,96,162,2 
2250 DATA181,192,72,181,194,149,192 
2260 DATAI04,149,194,202,208,243,96 
2270 DATA32,136,195,144,2,133,194 
2280 DATA32,136,195,144,2,133,193 
2298 DATA96,169,8,133,42,32,62 
2300 DATA193,201,32,288,9,32,62 
2310 DATAI93,281,32,208,14,24,96 
2320 DATA32,175,195,18,18,18,10 
2338 DATAI33,42,32,62,193,32,175 
2340 DATA195,5,42,56,96,281,58 
2350 DATAI44,2,185,8,41,15,96 
2368 DATAI62,2,44,162,0,180,193 
2370 DATA208,8,188,194,288,2,238 
2388 DATA38,214,194,214,193,96,32 
2390 DATA62,193,201,32,240,249,96 
2400 DATAI69,0,141,0,1,32,204 
2410 DATAI95,32,143,195,32,124,195 
2420 DATAI44,9,96,32,62,193,32 
2430 DATA121,195,176,222,174,63,2 
2440 DATAI54,169,154,32,210,255,169 
2450 DATA63,32,210,255,76,71,193 
2460 DATA32,84,198,202,208,250,96 
2478 DATA230,195,208,2,230,196,96 
2480 DATAI62,2,181,192,72,181,39 
2498 DATAI49,192,184,149,39,202,288 
2500 DATA243,96,165,195,164,196,56,-1 
2510 DATA233,2,176,14,136,144,11 
2520 DATAI65,40,164,41,76,51,196 
2538 DATAI65,195,164,196,56,229,193 
2540 DATAI33,38,152,229,194,168,5 
2550 DATA38,96,32,212,195,32,185 
2560 DATA195,32,229,195,32,12,196 
2578 DATA32,229,195,32,47,196,32 
2580 DATAI05,195,144,21,166,38,288 
2590 DATAI00,32,48,196,144,95,161 
2688 DATAI93,129,195,32,5,196,32 



2619 DATA51,193,298,235,32,49,196 
2629 DATA24,165,39,191,195,133,195 
2639 DATAI52,191,196,133,196,32,12 
2649 DATA196,166,38,298,61,161,193 
2659 DATA129,195,32,49,196,176,52 
2669 DATA32,184,195,32,187,195,76 
2679 DATA125,196,32,212,195,32,195 
2689 DATA195,32,229,195,32,195,195 
2699 DATA32,62,193,32,136,195,144 
2799 DATA29,133,29,166,38,298,17 
2719 DATA32,47,196,144,12,165,29 
2729 DATA129,193,32,51,193,298,238 
2739 DATA76,237,195,76,71,193,32 
2749 DATA212,195,32,195,195,32,229 
2759 DATA195,32,195,195,32,62,193 
2769 DATAI62,9,32,62,193,291,39 
2770 DATA298,29,32,62,193,157,16 
2789 DATA2,232,32,297,255,291,13 
2790 DATA249,34,224,32,298,241,249 
2890 DATA28,142,9,1,32,143,195,-1 
2819 DATAI44,198,157,16,2,232,32 
2829 DATA297,255,291,13,249,9,32 
2839 DATA136,195,144,182,224,32,298 
2849 DATA236,134,28,169,154,32,219 
2859 DATA255,32,87,198,162,9,169 
2869 DATA9,177,193,221,16,2,298 
2879 DATAI2,299,232,228,28,298,243 
2889 DATA32,65,195,32,84,198,32 
2890 DATA51,193,166,38,288,141,32 
2999 DATA47,196,176,221,76,71,193 
2919 DATA32,212,195,133,32,165,194 
2929 DATA133,33,162,9,134,49,169 
2939 DATA147,32,219,255,q69,154,32 
2948 DATA218,255,169,22,133,29,32 
2958 DATA186,197,32,282,197,133,193 
2968 DATA132,194,198,29,288,242,169 
2978 DATA145,32,218,255,76,71,193 
2988 DATA168,44,32,194,193,32,84 
2998 DATAI98,32,65,195,32,84,198 
3988 DATA162,8,161,193,32,217,197 
3810 DATA72,32,31,198,194,32,53 
3929 DATA198,162,6,224,3,298,18 
3939DATA164,31,249,14,165,42,291 
3949 DATA232,177,193,176,28,32,194 
3959 DATA197,136,298,242,6,42,144 
3969 DATA14,189,42,299,32,165,198 
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3878 DATA189,48,288,248,3,32,165 
3888 DATA198,282,288,213,96,32,205 
3898DATA197,178,232,288,1,288,152 
3188 DATA32,194,197,138,134,28,32,-1 
3110 DATA72,195,166,28,96,165,31 
3120DATA56,164,194,170,16,1,136 
3138 DATA181,193,144,1,288,96,168 
3148DATA74,144,11,74,176,23,201 
3158DATA34,248,19,41,7,9,128 
3160 DATA74,170,189,217,199,176,4 
3178 DATA74,74,74,74,41,15,208 
3180 DATA4,168,128,169,8,170,189 
3190 DATA29,280,133,42,41,3,133 
3200 DATA31,152,41,143,178,152,160 
3210 DATA3,224,138,248,11,74,144 
3220 DATA8,74,74,9,32,136,208 
3230 DATA258,200,136,288,242,96,177 
3240 DATAI93,32,194,197,162,1,32 
3258DATA254,195,196,31,280,144,241 
3260 DATAI62,3,192,4,144,242,96 
3278 DATA168,185,55,288,133,48,185 
3288 DATAl19,200,133,41,169,0,160 
3290 DATA5,6,41,38,48,42,136 
3300 DATA208,248,105,63,32,210,255 
3319 DATA292,298,236,169,32,44,169 
3320 DATA13,76,219,255,32,212,195 
3330 DATA32,195,195,32,229,195,32 
3340 DATA105,195,162,0,134,49,169 
3350 DATA154,32,219,255,32,87,198 
3360 DATA32,114,197,32,202,197,133 
3379 DATA193,132,194,32,225,255,240 
3380 DATA5,32,47,196,176,233,76 
3390 DATA71,193,32,212,195,169,3 
3400 DATA133,29,32,62,193,32,161,-1 
3418 DATA193,208,248,165,32,133,193 
3420 DATAI65,33,133,194,76,79,197 
3438 DATA197,48,248,3,32,218,255 
3440 DATA96,32,212,195,32,105,195 
3458 DATAI42,17,2,162,3,32,294 
3460 DATAI95,72,282,208,249,162,3 
3479 DATAI84,56,233,63,160,5,74 
3480 DATA110,17,2,110,16,2,136 
3490 DATA288,246,282,288,237,162,2 
3500 DATA32,287,255,201,13,240,30 
3518 DATA281,32,248,245,32,288,199 
3520 DATA176,15,32,156,195,164,193 



3530 DATAI32,194,133,193,169,48,157 
3540 DATAI6,2,232,157,16,2,232 
3550 DATA288,219,134,40,162,8,134 
3568 DATA38,240,4,238,38,248,117 
3578 DATAI62,8,134,29,165,38,32 
3588 DATA217,197,166,42,134,41,170 
3590 DATAI88,55,288,189,119,280,32 
3680 DATAI85,199,208,227,162,6,224 
3610 DATA3,288,25,164,31,248,21 

Appendices 285 

3620 DATAI65,42,281,232,169,48,176 
3638 DATA33,32,191,199,288,284,32 
3640 DATAI93,199,208,199,136,208,235 
3650 DATA6,42,144,11,188,48,200 
3660 DATAI89,42,200,32,185,199,208 
3670 DATAI81,202,208,209,240,10,32 
3680 DATAI84,199,208,171,32,184,199 
3690 DATA288,166,165,48,197,29,288 
3708 DATAI68,32,105,195,164,31,248,-1 
3710 DATA40,165,41,281,157,288,26 
3720 DATA32,28,196,144,10,152,208 
3739 DATA4,165,30,16,10,76,237 
3740 DATAI95,209,208,250,165,39,16 
3750 DATA246,164,31,208,3,185,194 
3760 DATA0,145,193,136,208,248,165 
3778 DATA38,145,193,32,202,197,133 
3780 DATAI93,132,194,169,154,32,219 
3790 DATA255,160,65,32,194,193,32 
3890 DATA84,198,32,65,195,32,84 
3819 DATAI98,169,159,32,219,255,76 
3828 DATAI76,198,168,32,191,199,208 
3838 DATAI7,152,248,14,134,28,166 
3840 DATA29,221,16,2,8,232,134 
3850 DATA29,166,28,40,96,281,48 
3860 DATAI44,3,201,71,96,56,96 
3879 DATA64,2,69,3,208,8,64 
3880 DATA9,48,34,69,51,298,8 
3899 DATA64,9,64,2,69,51,208 
3900 DATA8,64,9,64,2,69,179 
3919 DATA298,8,64,9,0,34,68 
3929 DATA51,208,140,68,0,17,34 
3930 DATA68,51,208,148,68,154,16 
3940 DATA34,68,51,208,8,64,9 
3950 DATAI6,34,68,51,208,8,64 
3960 DATA9,98,19,120,169,0,33 
3979 DATAI29,130,0,0,89,77,145 
3989 DATAI46,134,74,133,157,44,41 
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3999 DATA44,35,49,36,89,9,88 
4999 DATA36,36,9,28,138,28,35,-1 
4919 DATA93,139,27,161,157,138,29 
4929 DATA35,157,139,29,161,9,41 
4939 DATA25,174,195,168,25,35,36 
4949 DATA83,27,35,36,83,25,161 
4959 DATA9,26,91,91,165,195,36 
4969 DATA36,174,174,168,173,41,9 
4979 DATAI24,9,21,156,199,156,165 
4989 DATAI95,41,83,132,19,52,17 
4999 DATAI65,195,35,169,216,98,99 
4199 DATA72,38,98,148,136,84,68 
4119 DATA299,84,194,68,232,148,9 
4129 DATAI89,8,132,116,189,49,119 
4139 DATAI16,244,294,74,114,242,164 
4149 DATAI38,9,179,162,162,116,116 
4159 DATAI16,114,68,194,178,59,178 
4169 DATA9,34,9,26,26,38,38 
4179 DATAI14,114,136,299,196,292,38 
4189 DATA72,68,68,162,299,58,59 
4199 DATA82,77,71,88,76,83,84 
4299 DATA79,72,68,89,44,65,66 
4219 DATAI94,53,194,294,193,247,193 
4229 DATA86,194,137,194,244,194,12 
4238 DATA195,62,196,146,196,192,196 
4249 DATA56,197,91,198,138,198,172 
4259 DATAI98,79,193,255,192,237,192 
4269 DATAI3,32,32,32,89,67,32 
4279 DATA32,83,82,32,65,67,32 
4289 DATA88,82,32,89,82,32,83 
4299 DATA89,198,239,255,254,221,222,-1 

Relocation 

If you need to relocate Supermon to another area of memory, the 
following program will assist. First load in SUPERMON and use the TRANS­

FER option to copy it to the desired location_ Now run the program 
below and it changes the appropriate locations so that it will run at its 
new address. 

19 PRINT-[CLS][REV]SUPERMON RELOCATION H: 
PRINT:PRINT 
29 INPUT-NEW START ADDRESS - DECIMALH;AD 
39 IFAD)49969THENPOKEAD+234,169:GOT099 
49 PRINT-DO YOU WANT IT PROTECTED FROM BASIC" 
59 PRINT-Y OR N-



60 GETA$:IFA$<>"Y HANDA$<>"NHTHEN60 
70 IF A$=MN"THEN POKE AD, 160:GOT090 
80 POKEAD+234,INT«AD/256+.5» 
90 READ OF:IF OF=-1 THEN130 
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100 READ DA:DA=DA+AD:D2=INT(DA/256):Dl=D 
A-(D2*256) 
110 POKE OF+AD,Dl:POKE OF+AD+l,D2 
120 GOT090 
130 END 
140 C0=0 
150 READ A:IF A=-l THEN170 
160 CO=CO+A:GOTOI50 
170 IF CO=451387THENPRINT U[REVJDATA OK" 
:END 
180 PRINT"[REVJDATA INCORRECT H 
190 REM ***** START OF DATA ***** 
200 DATA1,233,238,2278,244,2279,294,1623 
,301,855,341,855,349,318,370,2247 
210 DATA374,2246,382,1005,402,1620,407,8 
40,410,307,418,904,431,1005,434,307 
220 DATA453,1623,459,855,469,2282,482,45 
0,488,840,494,840,497,439,500,397 
230 DATA505,318,508,889,513,873,516,318, 
519,889,524,873,553,450,556,833,559,395 
240 DATA564,1005,567,889,572,384,575,439 
,580,889,589,318,592,417,597,327,611,889 
250 DATA616,384,719,1005,733,904,758,662 
,770,751,779,327,782,662,789,889 
260 DATA792,873,802,889,813,873,828,754, 
831,327,836,840,846,864,853,864 
270 DATA899,994,897,994,999,318,925,943, 
934,318,937,943,973,318,986,972 
280 DATA989,911 ,992,892,998,318,1001,889 
,1020,327,1023,1620,1069,1075 
299 DATAI988,980,1991,873,1094,997,1097, 
1036,1100,997,1193,1071,1106,873 
309 DATAI115,1964,1124,1029,1127,397,113 
2,1964,1147,1036,1158,1064 
310 DATAI163,952,1166,955,1169,1149,1172 
,980,1175,873,1178,997,1181,873 
320 DATAI184,318,1187,904,1198,1071,1297 
,307,1212,1005,1215,327,1218,980 
330 DATAI221,873,1224,997,1227,873,1230, 
318,1235,318,1242,318,1265,911 
349 DATAI281,904,1297,1623,1317,833,1320 
,1629,1323,307,1335,327,1338,989 
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350 DATA1365,1386,1368,1482,1384,327,138 
9,450,1392,1620,1395,833,1398,1620 
360 DATAI405,1497,1409,1567,1413,1589,14 
34,1474,1444,2090,1447,1701 
370 DATAI450,2096,1455,1701,1462,1485,14 
71,1474,1477,840,1515,2009,1533,2077 
380 DATAI570,1474,1575,1022,1591 ,2103,15 
96,2167,1629,980,1632,873,1635,997 
390 DATAI638,873,1650,1623,1653,1394,165 
6,1482,1668,1071,1673,327,1676,980 
400 DATA1683,318,1686,417,1699,1350,1710 
,980,1713,873,1721,972,1762,2000 
410 DATA1767,924,1866,985,1814,2103,1817 
,2167,1820,1977,1843,1983,1848,1985 
420 DATAI860,2096,1863,2090,1866,1977,18 
76,1976,1881,1976,1892,873,1905,1052 
430 DATAI917,1005,1943,1482,1957,450,196 
O,1620,1963,833,1966,1620 
440 DATA1974,1712,1978,1983,1330,1071 
450 DATA362,2231,916,318,1806,1497 
460 DATA2246,578,2248,565,2250,460 
470 DATA2252,503,2254,598,2256,649 
480 DATA2258,756,2260,780,2262,1086 
490 DATA2264,1170,2266,1216,2268,1336 
500 DATA2270,1627,2272,1674,2274,1708 
510 DATA2276,326,2278,255,2280,237,-1 

APPENDIX E: Instructions for the use of Supermon 

TO USE SUPERMaN (relocated version) 

LOAD "SUPERMON",DEVICE,1 

NEW 

SYS49152 

GENERAL NOTE 

On entering Supermon it will save the stack which is restored on exit. 
It further changes the BREAK vector so when a BRK is met in a program 
Supermon is called. 

All values are entered in hex. Only in ASSEMBLER mode do they have to 
be prefixed with '$' and then only for the operand. 

Once Supermon has been loaded, it is resident until the 64 is either 
turned off or a program loaded which uses memory from $C000. 



INSTRUCTIONS 

A-ASSEMBLER-Allows simple assembly of machine code. 
A $START OPCODE OPERAND. 
For example, A 8000 lDA #$0A 

Superman will prompt with the next address. 
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Entering <RETURN> after address will exit assembler mode. 
Branches are written with the destination address and not its dis­
placement, that is, BEQ $C456. 

D - DISASSEMBLER - Disassembles 22 instructions from the address 
specified. 

D $START 
for example, D8000 

Hex values may be changed by overtyping and on <RETURN> the same 
locations will again be disassembled. 
Typing D on the bottom line will disassemble the next 22 instructions. 
Typing <SPACE> <RETURN> will exit disassembler mode. 

F - Fill MEMORY - Fill an area of memory with a specified value. 
F $FROM $TO BYTE 
for example, F 5000 6000 FF 

Useful to set up defaults prior to assembly, in particular to fill with NOPs 
($EA). 

G - GO RUN - execute machine code. 
G - Starts execution at address currently in the Program Counter 

Register (PC). 
G $START - Starts execution at specified address. 

H - HUNT - search memory for specified bytes. 
H $START $TO DATA 
for example, H S000 6000 'READ - Hunts for ASCII string "READ" 

H 5000 6000 A9 0A - Hunts for lDA #$0A 
A maximum of 32 bytes may be set. 

L - lOAD - Loads a program at its secondary address, leaving BASIC poin­
ters unchanged. 

L "filename" ,DEVICE - Device in hex. 
08 disk 01 tape 

M - MEMORY DISPLAY - Displays hex values. 
M $FROM$TO 
for example, M 0801, 0891 

11 Bytes may be overtyped to change. 

P - PRINT DISASSEMBLY - Output hard copy of disassembled listing. 
If in Superman then exit (see below) and set up printer as for normal 
listing. Re-enter Superman with subsequent output being directed to 
the specified device. 
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For example OPEN4,4:CMD4:SYS49152 
P$FROM $TO 
When complete, exit Supermon and close printer channel. 

R - REGISTER DISPLAY - Displays current register values. This displays the 
PC, IRQ, Status Register (SR), A, X, Y and Stack Pointer (SP). 

R 
Values can be overtyped to change. This is of particular use in debug­
ging operations where any of the registers may be altered and program 
execution continued with a GO command. 

S - SAVE - Saves an area of memory to tape or disk. 
S "filename" ,DEVICE,$START,$END 

Saves from the start up to, but not including the end address. 
For example, S "NAME",08,5000,6001 - Saves from $5000 to $6000, but not 
the byte at $6001. 

T - TRANSFER - Transfers an area of memory to another leaving the 
original intact. 

T $FROM $TO $START 
for example, T500060001000 

You can also use MEMORY DISPLAY this way. 
This option may be used in conjunction with the relocator to generate 
versions of Supermon for use at other locations. 

X - EXIT SUPERMON 
X 

The stack saved when Supermon was entered will be restored. A CLR 
from BASIC should tidy up any stack problems. 

COPYING SUPERMON 

Use the save command as normal with the following addresses: 
SUPERMON $C000 $C900 

APPENDIX F: Extended BASIC memory map 

The following gives the main entry points for the UTILITY: 

Address 

$8000 
$800F 
$8034 
$8041 
$8054 
$8061 
$807E 

Description 

Initialize Extended BASIC 
Set up Keyword Vectors 
Set Top of Memory 
Set NMI and BRK Vectors 
Set Keyboard Table Set-up Vector 
NMI Routine 
BRK Routine 
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Address Description 

$8090 Keyword Vector Table 
$80F6 Keyword Table - Command Keywords 
$81C7 Keyword Table - Function Keywords 
$81F5 Routine - GET PARAMETER 
$81FB Switch off BASIC 

$8202 Switch on BASIC 

$8209 CRUNCH Tokens 
$82BC PRI NT Tokens 
$8302 Token DISPATCH - Command Keywords 
$8329 Token DISPATCH - Function Keywords 
$8352 Perform COLOUR 
$8381 Perform PLOT 
$83A7 Perform WRITE 
$83AD Perform ENTER 
$83B3 Perform DOKE 
$83D7 Perform DEEK 
$8401 Routine - Convert to Positive 
$8415 Perform OLD 
$842E Perform AUTO 
$847F Routine - Convert to ASCII 
$84A0 Perform TEN 
$84EC Perform TWO 
$8537 Perform HEX 
$85BF Perform BIN 
$85FC Perform MEM 
$8611 Perform RESET 
$8631 Perform POP 
$864D Perform KEY 
$8722 KEY Interrupt Routine 
$8799 Perform OFF 
$87A7 Perform MERGE 
$886F Perform APPEND 
$88BB Routine to close up memory and rechain 
$8933 Routine to open up memory and rechain 
$89C5 Perform RENUM 
$8B93 Perform CODER 
$8D3A Perform TRACE 
$8D61 Perform TROFF 
$8E52 Perform DUMP 
$8F44 Perform DELETE 
$8FAF Perform CGOTO 
$8FB5 Perform CGOSUB 
$8FD2 Perform PROC 
$904E Perform INKEY$ 
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Address 

$9080 
$9169 
$9181 
$918D 
$91 B7 
$9200 
$927D 
$92B6 
$92DA­
$9FFF 

Description 

CHAIN routine 
HIMEM/LOMEM routine 
Perform HIMEM 
Perform LOMEM 
Perform QUIT 
Start up message 
Completion of DELETE 
Perform CHAI N 

unused (expansion for sound/graphic/disk) 

Appendix G: Reading an assembler listing 

The machine code routines in this book have been presented in two 
formats. The first was generated using Supermon which is given in 
Appendix D and instructions for its use in Appendix E. The second was 
produced using Supersoft's MIKRO assembler cartridge. This appendix 
deals with listings generated using MIKRO as we feel they require some 
explanation. 

PSEUDO-OPS 

These are instructions to the assembler and are not directly executable 
op-codes. 

This tells the assembler to start its assembly at address $C000. 

WOR, BYT, and TXT 

These instructions reserve bytes in memory. Both WOR and BYT may be 
followed by any number of arguments separated by commas up to the 
limit of two screen lines. WOR reserves two bytes and is used to store 
absolute addresses in low/high format. 

WOR $C000,$0100 

Puts the four bytes $00,$C0,$00,$01 in four consecutive addresses. BYT 

reserves single bytes. 

BYT $A9,$FF 

TXT is followed by a quoted string and places the hex values of the 
ASCII codes sequentially in memory. 

TXT" ABCD" 

Puts $41,$42,$43 and $44 into memory. 
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Each of these directives allocates bytes from the address at which it 
appears. 

LABELS 

Labels are used to identify an absolute address in memory. They are 
normally used as the destination for branches and jumps. They may 
also be used as operands. 

LDA #$00 BYTE=#$FF 
BEQ ZERO or LDX BYTE 

ZERO RTS 

The absolute value of an address may be divided into low/high format 
by the use of '#<' and '#>' operators. 

*=$C000 
START LDA #<START 

LDX #>START 

This loads A with $00 and X with $C0. 

Simple numerical calculations may be performed. 

STORE BYT $00,$FF 
LDA STORE 
LDX STORE+1 

This loads A with the value held in STORE which has been set to $00 and 
X with the byte from the next location, that is, $FF. 

ADDRESS TABLES 

Where labels have been used their values, starting at an arbitrary 
address, have been given. This is useful to determine the hex values 
for all branches and jumps. 

LINE NUMBERS 

The assembler code is entered exactly as one would type in a BASIC 

program. The same editing rules apply to a MIKRO program as to a BASIC 

program. Generally, we have retained these line numbers in the lis­
tings given for clarity and to aid description. 

COMMENTS 

An exclamation mark is used in the same way as a REM from BASIC and 
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prefixs comment statements. It tells MIKRO to ignore anything which 
follows it. 

This is by no means the definitive MIKRO manual. We have limited 
ourselves to using only a few of the options available to allow easier 
conversion to other assemblers. 

Appendix H: Mnemonics generated by CODER 

The codes generated are: 
[BLK) -BLACK [GR1) -GRAY1 [DEL) - DELETE 

[WHT) -WHITE [GR2) -GRAYS2 [INS) -INSERT 

[RED) -RED [L T GRN) - LIGHT GREEN [REV) - REVERSE 
ON 

[CYN) -CYAN [LTBLU) - LIGHT BLUE [OFF) - REVERSE 
OFF 

[PUR) - PURPLE [GR3) -GRAY3 [SPC) -SPACE 

[GRN) -GREEN [CLS) - CLEAR SCREEN [G>SPC) -SHIFTED 
SPACE 

[BLU) -BLUE [HOM) - HOME CURSOR [G>?) -GRAPHIC 
WITH 
SHIFT 

[YEL) -YELLOW [CU) -CURSORUP [G<?) -GRAPHIC 
WITH LOGO 

[ORG) -ORANGE [CD) - CURSOR DOWN [CTRL?) -CONTROL 
WITH 
LETIER 

[BRN) -BROWN [CR) - CURSOR RIGHT [F?] -FUNCTION 
KEYS 

[L T RED) - LIGHT RED [CL) - CURSOR LEFT [PI) -PI 
3.1416 

MULTIPLE CHARACTERS are coded as [10CD] 

SPACES 
Single, unshifted spaces are not coded. We thought it unnecessary as it 
detracted from the legibility of the listing. 

SPECIAL CODES 
The following is an extract from the Programmer's Reference Guide, 
page 74: 

There are some other characters that can be PRINTed for special functions, 
although they are not easily available from the keyboard. In order to get 
these into quotes, you must leave empty spaces for them in the line, hit 
<RETURN> or <SHIFT><RETURN>, and go back to the spaces with the 
cursor controls. Now you must hit <CTRL> <RVS/ON>, to start typing 
reversed characters, and type the keys shown below: 



Function 
SHIFT RETURN 
switch to lower case 
switch to upper case 
disable case switching keys 
enable case switching keys 

Type 
SHIFTM 
N 
SHIFTN 
H 
I 
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IPearSAS 

Functions 1 and 3 of the above are achieved as stated. CODER replaces 
them with: 

[CRG>M] - SHIFT RETURN 
[CRG>N] - SWITCH TO UPPER CASE 

The other three can be achieved far more easily. Whilst PRINTing in 
quotes mode, press <CTRl> and the appropriate letter. 

Appendix I: Key codes 

The following are the values assigned to keys in locations SFDX and lSTX 
($CB/203 & $C51197): 

dec key dec key dec key 

0 INST/DEl 22 T 44 
1 RETURN 23 X 45 
2 CRSR Rll 24 7 46 @ 
3 F7 25 Y 47 
4 F1 26 G 48 £ 
5 F3 27 8 49 * 
6 F5 28 B 50 
7 CRSR U/D 29 H 51 ClRlHOME 
8 3 30 U 52 None 
9 W 31 V 53 = 

10 A 32 9 54 
A 

11 4 33 I 55 / 
12 Z 34 J 56 1 
13 5 35 0 57 ~ 
14 E 36 M 58 None 
15 None 37 K 59 2 
16 5 38 0 60 SPACE 
17' R 39 N 61 None 
18 D 40 + 62 Q 
19 6 41 P 63 RUN/STOP 
20 C 42 l 64 No key press 
21 F 43 -
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The following are the values of the shift registers SHFLAG and LSTSHF 

($028D/653 and $028E/654): 

dec key pattern 

o NO SHIFTS 
1 SHIFT 

2 LOGO 

3 SHIFT AND LOGO 
4 CTRL 
5 CTRL AND SHIFT 
6 CTRL AND LOGO 
7 CTRL, SHIFT AND LOGO 

Appendix J: Summary of UTILITY commands 

APPEND "program name", device 
As for merge except that the appended program is tagged on the end 
of the memory program. Line numbers are not altered. Peculiar listings 
can be the result. Use RENUM after an append. 

AUTO first line number,increment 
Automatic line numbering when entering code. 

BIN 8 bit binary numberL .... 
Prints out decimal conversion of binary number in two forms. The first 
as a low byte conversion and then, separated by an oblique, the high 
byte conversion (low * 256). The binary number must be of eight bits. 

CGOTO variable, calculation or line number 
Line numbers can be mathematical equations. 

CGOSUB variable, calculation or line number 
Line numbers can be mathematical equations. 

CHAI N ["fi lename" Jl ,device 1 
Will load and run a BASIC program. It also transfers most variables from 
one program to another. 

CODER 
Will replace non-standard ASCII and graphic codes with mnemonics. 
See Appendix H for full list. 

COLOUR screenf,border][,text] 
Values over 15 can be input, but only the lower four bits will be 
considered. Border and text parameters are optional. 
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DEEK(address) 
Two byte PEEK. Returns memory location held in address and 
address+1. 

DELETE first line to be deleted, [last line to be deleted] 
Deletes lines in the range specified. No last line parameter, it will 
delete to the end of program. 

DPROC name 
Start of procedure called 'name'. 

DOKE address, value 
Two byte POKE. Stores value (0-65535) in address and address+1. 

DUMP 
Displays the values of all simple variables currently in use. 

ENTER (x,y) 
Same as INPUT, but first sets cursor position as in PLOT. 

EPROC 
End of a procedure. 

HEX hexadecimal number[,hex number][, ... 
Prints decimal conversion of hex input. The hex input can be of either 
two or four characters, but does not require a prefix of '$'. 

HIMEM address 
Will set the top of memory to the given address, within the range of 
1024 to 32767. 

INKEY$ [string or string variable] 
Will wait for a key press. With no parameter, it will wait for any key. 
With a parameter, it will wait for a key to correspond to any character 
in the string. The ASCII value of the key press is placed in reserved 
variable 'ST'. 

KEY 1 to 16,"data" 
Loads function keys with data. Maximum of ten characters per key is 
permissible. Inputs over ten characters will generate a SYNTAX ERROR, but 
the first ten characters of data will be assigned to the particular key. To 
generate a return in the data, use" (-". 

for example, KEY7,"L!ST<-" 

KEY 
Will display the data assigned to all 16 keys in the format they were first 
entered. This will allow you to overtype the displayed data to amend 
the key assignations. 

To obtain keys: KEY 1-8 as marked on keys 
KEYS 9,11,13,15 key with logo 
KEYS 10,12,14,16, key with shift and logo 
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Note: any KEY command will enable the keys if they have previously 
been disabled. 

LOMEM address 
Will set the start of BASIC to the given address, within the range of 1024 
to 32767. 

MEM 
Display amount of memory free as an unsigned number. 

MERGE ["program name"],[device] 
Merges a stored program with that currently in memory according to 
their line numbers. Lines numbers of the merging program take pre­
cedence. If no program name and/or device then the command will 
default to tape. With no name then first program on tape will be 
merged. 

OFF 
Disable the function keys. 

OLD 
Restores a BASIC program after a NEW or system reset have been 
actioned. This will not work if an edit has been carried out before OLD 
is actioned. 

PLOT (x,y) 
Sets the cursor column and row position. x-0 to 39 and y-0 to 24.0,0 
is the top left hand corner of the screen (cursor home). 

POP 
Rectifies stack on leaving a subroutine before a RETURN has been called. 

PROC name 
Calls a procedure called 'name'. 

QUIT 
Disables the utility and its commands, but protects the area that it uses. 
The UTILITY can be initialized again by SYS 32768. 

RENUM first line number to be changed or 0, increment, new start line 
number 
If first parameter is 0, the whole program will be renumbered, 
otherwise, from designated line to the end of program. Renumbers the 
following tokens:GOTO,GO TO, GOSUB, IF THEN, RUN, ON GOTO, ON GOSUB and 
RESET. It will not renumber CGOTO or CGOSUB. 

RESET [line number] 
Restore DATA pointer to specific line or start of program. 

TEN decimal numberL ..... . 
Prints hex conversion of a decimal number. 
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TRACE 
A diagnostic to follow the execution of a BASIC program as it runs. 

TROFF 
Disables TRACE function. 

TWO decimal numberL .... 
Prints binary conversion of decimal number. 

WRITE (x,y) 
Same as PRINT, but sets cursor position first as in PLOT. 

Note: All commands performing number conversions will do more 
than one conversion if the values are separated by commas. 

ERRORS 

These are particular to the UTILITY. 

CODER 
STRING TOO LONG - more than 254 bytes have been generated by the 
mnemonics for one program line. 
OUT OF DATA - found a character not handled by CORDER. 

RENUM 
ILLEGAL DIRECT -line at which to start renumbering does not exist. 
UNDEF'D STATEMENT - no destination found for a GOTO or GOSUB directive. 

APPENDIX K: 64 low memory map 

The following is the first few pages of the memory map in the Pro­
grammer's Reference Guide (PRG), Chapter 5. It is included to avoid 
continual reference to the PRG to look up label addresses. Some of the 
descriptions have been changed through personal experience or pref­
erence to those in J. Butterfield's map. 

LABEL hex decimal Description 

D6510 0000 0 6510 direction register 
R6510 0001 1 65101/0, memory and tape 
ADRAY1 0003-0004 3-4 Float to fixed vector 
ADRAY2 0005-0006 5-6 Fixed to float vector 
CHARAC 0007 7 Search character 
ENDCHR 0008 8 End of quote flag 
TRMPOS 0009 9 Save screen last TAB 
VERCK 000A 10 Flag: lOAD=0 VERIFY=1 
COUNT 000B 11 Ptr input buffer/#subscripts 
DIMFlG 000C 12 Default DIM to 10 flag 
VAlTYP 000D 13 DATA type:string=255 numeric=0 
INTFlG 000E 14 : integer=128 float=0 
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LABEL hex decimal Description 

GARBFl 000F 15 DATA scan/liST quote/garbage 
collection flag 

SUBFLG 0010 16 subscript/user fn call 
INPFLG 0011 17 $00=INPUT $40=GET $80= READ 
TANFLG 0012 18 TAN sign/comparison 

0013 19 current I/O prompt 
lINNUM 0014-0015 20-21 integer value 
TEMPPT 0016 22 pointer:temp string stack 
LASTPT 0017-0018 23-24 last temp string address 
TEMPST 0019-0021 25-33 stack for temp strings 
INDEX 0022-0025 34-37 utility pointer area 
RESHO 0026-002A 38-42 product area for multiply 
TXTIAB 002 B-002 C 43-44 pointer start of BASIC 
VARTAB 002 D-002 E 45-46 pointer start of variables 
ARYTAB 002F-0030 47-48 pointer start of arrays 
STREND 0031-0032 49-50 pointer end of arrays 
FRETOP 0033-0034 51-52 pointer bottom of strings 
FRESPC 0035-0036 53-54 utility string pointer 
MEMSIZ 0037-0038 55-56 pointer highest address used by BASIC 
CURLIN 0039-003A 57-58 current BASIC line number 
OLDLIN 003 B-003C 59-60 previous BASIC line number 
OLDTXT 003 D-003 E 61-62 BASIC statement for CONT 
DATLIN 003F-0040 63-64 current DATA line 
DATPTR 0041-0042 65-66 current DATA address 
INPPTR 0043-0044 67-68 INPUT vector 
VARNAM 0045-0046 69-70 pointer current variable name 
VARPNT 0047-0048 71-72 pointer current variable data 
FORPNT 0049-004A 73-74 pointer variable for FOR/NEXT 

004B-004C 75-76 Y-save/op-save/BAslc pointer save 
004D 77 comparison symbol accumulator 
004E-0050 78-83 misc work area 
0054-0056 84--86 jump vectors for functions 
0057-0060 87-96 misc numeric work area 

FACEXP 0061 97 FPACC#1 :exponent 
FACHO 0062-0065 98-101 FPACC#1 :mantissa 
FACSGN 0066 102 FPACC#1 : sign 
SGNFLG 0067 103 pointer series evaluation constant 
BITS 0068 104 FPACC#1 : overflow digit 
ARGEXP 0069 105 FPACC#2: exponent 
ARGHO 006A-006D 106-109 FPACC#2: mantissa 
ARGSGN 006E 110 FPACC#2:sign 
ARISGN 006F 111 sign comparison result 
FACOV 0070 112 FPACC#1: low order rounding 
FBUFPT 0072-0072 113-114 pointer cassette buffer 
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LABEL hex decimal Description 

CHRGET 0073-008A 115-138 subroutine: get next byte of BASIC 

CHRGOT 0079 121 entry point to get same byte 
TXTPTR 007A-007B 122-123 pointer current byte of BASIC 

RNDX 008 B-008F 139-143 RND seed value 
STATUS 0090 144 KERNAL 1/0 status ST 
STKEY 0091 145 switch: STOP and RVS keys 
SVXT 0092 146 timing constant for tape 

VERCK 0093 147 LOAD=0 VERIFY=1 

C3PO 0094 148 serial output: deferred char flag 

BSOUR 0095 149 serial output deferred char 

SYNO 0096 150 tape EOT received 
0097 151 register save 

LDTND 0098 152 how many open files# 
DFLTN 0099 153 input device (default=0) 

DFLTO 009A 154 output device (default=3) 

PRTY 009B 155 tape char parity 

DPSW 009C 156 tape byte received flag 

MSGFLG 009D 157 BASIC mode flag $00=program 
$80=direct 

PTR1 009E 158 tape pass 1 error log 

PTR2 009F 159 pass 2 error log 

TIME 00A0-00A2 160--162 real-time jiffy clock 
00A3 163 serial bit count/EOI flag 

00A4 164 cycle count 

CNTDN 00A5 165 tape sync countdown/bit count 

BUFPNT 00A6 166 pointer tape I/O buffer 
INBIT 00A7 167 RS232 input bits 

tape wrt Idr/rd count 
BITCI 00A8 168 RS232 input bit count 

tape wrt new byte/rd error 
RINONE 00A9 169 RS232 start bit flag 
RIDATA 00AA 170 RS232 input byte buffer 

tape scan/counter/ldr 

RIPRTY 00AB 171 RS232 input parity 
tape wrt Idr length'rd checksum 

SAL 00AC-00AD 172-173 pointer tape buffer/scrn scroll 

EAL 00AE-00AF 174-175 tape end address/end program 

CMPO 00B0-00B1 176-177 tape timing constants 

TAPE1 00B2-00B3 178-179 pointer start of tape buffer 

BITTS 00B4 180 RS232 out bit count/tape enabled=1 

NXTBIT 00B5 181 RS232 next bit to send/tape EOT 

RODATA 00B6 182 RS232 out byte buffer/rd char error 

FNLEN 00B7 183 Length current file name 

LA 00B8 184 Current logical file number 
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LABEL hex decimal Description 

SA 00B9 185 Current secondary address 
FA 00BA 186 Current device number 
FNADR 00BB-00BC 186-187 Ptr current file name address 
ROPRTY 00BD 189 RS232 out parity/tape rd input char 
FSBLK 00BE 190 tape #blocks left to wrt/rd 
MYCH 00BF 191 Serial word buffer 
CAS1 00C0 192 Tape motor control 
STAL 00C1-00C2 193-194 I/O start address 
MEMUSS 00C3-00C4 195-196 KERNAL setup ptr/tape temp address 
LSTX 00C5 197 Last key pressed 
NDX 00C6 198 #characters in k/b queue 
RVS 00C7 199 RVS char print flag 1 =yes 0= no 
INDX 00C8 200 Ptr end of line for INPUT 
LXSP 00C9-00CA 201-202 Cursor row,col at start of INPUT 
SFDX 00CB 203 Current key pressed 64=no key 
BLNSW 00CC 204 0=blink cursor 
BLNCT 00CD 205 Cursor countdown timer 
GDBLN 00CE 206 Character at cursor pos 
BLNON 00CF 207 Cursor blink flag on/off 
CRSW 00D0 208 Flag: INPUT from screen or 

GET from keyboard 
PNT 00D1-00D2 209-210 Ptr current start of screen line add 
PNTR 0003 211 Cursor colon above line 
QTSW 00D4 212 Flag: 0=cursor in edit mode else in 

quote mode 
LNMX 00D5 213 Physical screen line length 
TBLX 00D6 214 Current row where cursor lives 

00D7 215 Last in key/checksum/buffer temp data 
INSRT 00D8 216 #inserts outstanding 
lOTB1 00D9-00F2 217-242 Screen line link table 
USER 00 F3-00 F4 243-244 Ptr screen colour 
KEYTAB 00FS-00F6 245-246 Klb decode table vector 
RIBUF 00F7-00F8 247-248 RS232 input buffer ptr 
ROBUF 00F9-00FA 249-250 RS232 output buffer ptr 
FREKZP 00FB-00Fe 251-254 Free zero page area 
BASZPT 00FF 255 BASIC temp data area 

0100-010A 256-266 Float to ASCII work area 
0100-013E 256-318 Tape error log 
0100-01FF 256-511 Processor stack 

BUF 0200-0258 512-600 System input buffer 
LAT 0259-0262 601-610 Logical file table 
FAT 0263-026C 611-620 Device number table 
SAT 0260-0276 621-630 Secondary address table 
KEYD 0277-0280 631-640 Keyboard buffer 
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LABEL hex decimal Description 

MEMSTR 0281-0282 641-642 Start of BASIC memory 
MEMSIZ 0282-0283 643-644 Top of BASIC memory 
TlMOUT 0285 645 Serial bus time out flag 
COLOR 0286 646 Current character colour 
GDCOL 0287 647 Background colour under cursor 
HIBASE 0288 648 Start of screen memory: page number 
XMAX 0289 649 Size of k/b buffer 
RPTFLG 028A 650 Flag: 128=repeat all keys 
KOUNT 028B 651 Repeat speed counter 
DELAY 028D 653 Flag: shifUctri/logo key 
LSTSHF 028E 654 Last shift pattern 
KEY LOG 028F--0290 655-656 Klb table setup ptr 
MODE 0291 657 Flag: 0=disable shift keys 128=enable 
AUTODN 0292 658 0=scroll down enable 
M51CTR 0293 659 RS232 control register 
M51CDR 0294 660 RS232 command register 
M51AJB 0295-0296 661-662 RS232 non-standard baud rate 
RSSTAT 0297 663 RS232 status register 
BITNUM 0298 664 RS232 bits left to send 
BAUDOF 0299-029A 665-666 RS232 Baud rate 
RIDBE 029B 667 RS232 index to end of input buffer 
RIDBS 029C 668 RS232 page number of start 

of input buffer 
RODBS 029D 669 RS232 page number of start 

of output buffer 
RODBE 029E 670 RS232 index to end of output buffer 
IRQTMP 029F-02A0 671-672 IRQ save during tape 1/0 
ENABL 02A1 673 RS232 enable/CiA 2 (NMI) interrupt 

control 
02A2 674 CIA 1 timer A control log during 

tape 1/0 
02A3 675 CIA 1 interrupt log tape read 
02A4 676 CIA 1 Timer A enable log tape read 
02A5 677 Screen line marker 

02A6 678 PALINTSC flag 0= NTSC 1 = PAL 
02A7--02FF 679-767 Unused 
02C0--02FE 704-766 Block 11 for sprites 

IERROR 0300--0301 768-769 Vector: BASIC error message ($E3B8) 

IMAIN 0302--0303 770-771 Vector: BASIC warm start($A483) 

ICRNCH 0304--0305 772-773 Vector:Crunch BASIC tokens($A57C) 

IQPLOP 0306-0307 774-775 Vector: Print BASIC tokens($A71 A) 

IGONE 0308--0309 776-777 Vector: Start new BASIC line($A7E4) 

IEVAL 030A-030B 778-779 Vector: BASIC token evaluate($AE86) 

SAREG 030C 780 Save A register 
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LABEL hex decimal Description 

SXREG 0300 781 Save X register 

SYREG 030E 782 Save Y register 

SPREG 030F 783 Save status register 

USRPOK 0310 784 USR function jump instrn ($4C) 

USRADD 0311-0312 785-786 USR address low/high form($B248) 

0313 787 Unused 

CINV 0314--0315 788--789 Vector: Hardware IRQ($EA31) 

CBINV 0316--0317 790-791 Vector: BRK interrupt($FE66) 

NMINV 0318--0319 792-793 Vector: NMI($FE47) 

10PEN 031A--031B 794--795 Vector: KERNAL OPEN($F34A) 

ICLOSE 031C-031D 796--797 Vector: KERNAL CLOSE($F291) 

ICHKIN 031 E-031 F 798--799 Vector: KERNAL CHKIN($F20E) 

ICKOUT 0320-0321 800-801 Vector:KERNAL CHKOUT($F250) 

ICLRCH 0322--0323 802-803 Vector: KERNAL CLRCHN($F333) 

IBASIN 0324--0325 804-805 Vector: KERNAL CHRIN($F157) 

IBSOUT 0326--0327 806-807 Vector: KERNAL CHROUT($F1CA) 

ISTOP 0328--0329 808-809 Vector: KERNAL STOP($F6ED) 

IGETIN 032A--032B 810-811 Vector: KERNAL GETIN$F13E) 

ICLALL 032C-032D 812-813 Vector: KERNAL CLALL($F32F) 

USRCMD 032E--032F 814-815 Vector: Warm start($FE66) 

ILOAD 0330-0331 816-817 Vector:KERNAL LOAD($F4A5) 

ISAVE 0332--0333 818-819 Vector: KERNAL SAVE($F5ED) 

0334--033B 820-827 Unused 
TBUFFR 033C--03FB 828--1019 Tape I/O buffer 

03FC-03FF 1020-1023 Unused 
0340-037E 832-894 Block 13 sprite data 
0380-03BE 896--958 Block 14 sprite data 
03C0-03FE 960-1022 Block 15 sprite data 

VICSGN 0400-07FF 1024--2047 Screen memory 
0400-07E7 1024--2023 Visible memory 

07F8--07FF 2040-2047 Sprite block data pointers 0-7 

0800 2048 Start of BASIC (TXn AB-1) 
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