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6800 Trace 
and Disassemble Program 

This program puts you on the trail of runaway routines. 

Richard Carickhoff 
812 Pulaski Dr. 
Lansdale PA 19446 

Did you ever write a program 
that didn't work and then 

spend hours, or even days. de­
bugging 1t? Did you ever won­
der how the program got to that 
particular locat ion? ... why 
that compare instruction wasn't 
working as you thought i t 
should? . . . why that multiply 
routine didn 't work? 

Well. I've been down that 
road 'Tlany times mysel f. so I 
decided to wr ite a program that 
would allow me to trace a pro­
gram instruction by instruction 
while, at the same time. see ex­
actly what was taking place be· 
lore and after the execut ion of 
each instruction. 

The 6800 Trace and Disas­
semble program does just that. 
The program enables the user 
to perform the following func-
1ons: 

• Program trace function 
•Goto user's program function 
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• Program disassemble lune· 
tion 
• Memory examine and change 
function 
• Register examine and change 
function 

The detailed explanations, 
along with operating proce­
dures for each of these func­
tions. are described in the fol· 
lowing paragraphs. 

At the start of each function 
it is assumed that the last data 
character printed by the termi­
nal is a colon (:), which is the 
program's prompt character. 
All values entered must be in 
hexadecimal format. 

Program Trace Function 

The program trace function 
will trace the user's program 
one instruction at a time, while 
outputting to the terminal the 
location, mnemonic, operand, 
contents of all MPU registers 
(CC. B. A. X. SP) and the next re­
turn address in the stack. The 
trace function will do this for 
each instruction pnor to its exe­
cution. 

The trace funtion can be per-

formed by typing one of the fol­
lowing two responses: 

: T nnnn 
or 
: T nnnn, mmmm 

The first response must be 
terminated with a carriage re­
turn . The character T specifies 
a trace function. The four hexa­
decimal digits following T spec­
ify the starting address of the 
first instruction to be traced. 
This response instructs the pro­
gram to trace only one instruc­
tion (see Example 1). 

At this point the trace func­
tion waits for the operator to 

enter a character. If the charac· 
ter is any character other than 
the Escape (1 B hexl, the in· 
struction displayed will be exe· 
cuted and the next instruction 
will be output to the terminal 
along with the contents of all 
the MPU registers (see Exam· 
pie 2). 

The contents of the following 
MPU registers are printed along 
with each 1nstruct1on: 

cc-Condition code regis1~r 
b-B register 
a-A register 
x-X register 
sp-Stack pointer 

: T 0103 cc b a so rtn 
0~ JMP 0225 BF 19 FF 

Example 1. 

T 0103 cc b a 
0~ JMP 0225 BF 19 FF 
0225 LOS 22 CF 19 FF 

Example 2. 

2242 
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,,.,-r-ust return aooress at 
the top of the stack 

The contents of the program 
counter is the location of the in· 
struction tc ::ie executed. 

With the use of the trace 
·ction, the operator can step 
.>ugh his program one in· 
uction at a time. The con· 

tents of all the MPU registers 
are always visible before and 
after the execution of each In· 
structlon. Also, the instruction 
Is always printed before it Is ex· 
ecuted so the operator can de­
cide whether to terminate the 
trace at that point (depressing 
Escape key) or to continue. 

The second response to the 
prompt character is used to 
trace a program until the break· 
point address is reached. The 
first four hexadecimal digits 
define the starting address of 
the first instruction of the trace 
sequence. T~,e second four 
hexadecimal digits following 
the comma define the break· 
point address. Once the last 
digit is entered, the program 
will immediately start tracing 

, the program starting at the 
ii start address. 

'! The output format is the t c'! as the single trace tune• 

l
. :!JCCept that the program 
. . cont inue outputting each 

Instruction until the breakpoint 
l address Is reached. At that 
, ! point the trace function oper· 

·i 
; 
; 

ates in the same manner as the 
single trace function. That is, 
depressing the Escape key ter· 

• 1 i m1nates the trace and depress-
, mg any other key executes the 
.. last instruction printed and out· 

puts the next instruction. The 
1 Escape key 1s also used to ter-, 

minate a trace sequence prior 
lo reaching the breakpoint ad· 
dress. 

Caut ion: The trace funct ion 
s traces a ;:,rcgram with the use 

of the software interrupt (SWI). 
, Always terminate any trace se­
·:i quence us,ng the Escape key. :} 
~ Us,ng the system reset may 

leave a software interrupt in the 
·l user s program. 
" This method of tracing a pro· 
~ gram is normally used to deter· 
.• mine how a program arrived at 
i a r ~·t icular locat ion . If a CRT is 

1sed for a terminal. the 
1 .J instructions executed 
1, WIii still appear on the screen 

1! 

(assuming the CRT has a mini· 
mum of 16 lines). The rate at 
which the program executes Is 
controlled by tne output rate of 
the terminal be ing used. 

Program A shows an exam­
ple of the trace function. The 
program selected is Tom Pitt· 
man's 6800 Tiny BASIC. I chose 
this program because It Is well 
known and Is an Interesting 
program to trace. It also dem­
onstrates the visibility of a pro­
gram using the trace function. 

The starting address was set 
at 0103 hex, which Is Tiny 

BASIC's warm start address. 
The breakpoint address was 
set at an address that would 
not be reached. This allowed 
me to terminate the program at 
any point during the trace. 

In Program A there are sever­
al instructions that are disas­
sembled with asterisks(•••) for 
the mnemonic and ROM for the 
operand. This alerts the opera­
tor that the trace function came 
upon a ROM address that could 
not be loaded with the software 
Interrupt. The trace function In 
this case places the software 
interrupt at the return address. 
The trace function assumes that 
rout ines in ROM are functional 
and always return via the RTS 
(return subroutine) instruction. 

The ROM address shown in 
Program A is the MIKBUG out­
put routine (EIDI). Examining 
the contents of the A register 
prior to executing the output 
rout ine shows the character 
being output. Also, the output 
is reflected in the trace printout 
as indicated by the line feed fol · 
lowing the first ou.tput by Tiny 
BASIC. 

Trace Function Restrictions 

There are only two restric­
tions on the trace function . The 
first is that it will not trace a 
program that uses a software 
interrupt , since the software in­
terrupt interferes with the trace 
funct ion's software interrupt. 
The second restriction is that 
the trace function cannot be 
used to trace Itself. 

Go to User's Program Function 

This function allows the OP· 
erator to execute his program. 
The operator may specify a 
breakpoint address In order to 

:T DlD3,0FFF 
01113 JMP 9225 Cl 19 OD 22142 A97D 922A 
0225 LOS 22 Cl 19 to 2242 A07D ~22A 
0227 JS~ 062C C9 19 OD 2242 A07F ~: i!O 
1!62C L'.':. A •oo C9 19 00 2242 A070 ~22A 
062E BSR C649 Cl 19 110 2242 A07D 022A 
0649 CLR OOBF Cl 19 OD 2H2 A07B 0630 
064C Jl~P 0598 C4 19 OD 2242 A07B 0630 
0591 HIC areF C4 19 AO 2242 A07B 0631! 
0598 11~11 05A7 co 19 OD 22i.2 A07B 96311 
0590 STX BA co 19 OD 22i.2 A07B es311 
C59F PSH B Cd 19 no 2242 A07B 06H 
051\0 JSR 0109 co 19 OD 22112 A07A 1906 
0109 J1'1P ElOl co 19 OD 2242 AB78 05A3 
E1Dl *** ilOI~ 

05A3 PUL B co 19 110 2242 A07A 1906 
05A4 LOX BA co 19 OD 22i.2 All7B 0630 
05A6 RTS ce 19 OD 2242 A07B 0630 
0630 LOA B 11111 co 19 110 2242 A070 022A 
0633 ASL B CB 113 OD 2242 A07D 1122A 
ao4 9EQ 063E CB 06 110 2242 All70 1122.6 
~636 PSH B co 06 OD 2242 A07D C22A 
0637 BSR 0642 co 06 OD 2242 A07C 0602 
~642 CLR A co 06 OD 22112 A'J7A 0639 
(!643 TST 0111 C4 06 oe 22'42 A07A 0639 
C646 RPL 0649 co 06 00 2242 A07A 0639 
0649 CUI OOBF co 06 00 22i.2 A07A 0639 
~64C Jt,1P 0598 C4 06 00 2242 A97A 0639 
0598 INC O<IBF C4 06 00 2242 A07A 0639 
~59~ e.u.1 ~5A7 ce (16 00 22'42 A07A C639 
1!59C STX BA cc C6 O! 22'42 Af7A (!639 
059F PSH 9 co <!6 OD 2242 A07A 0639 
~SAO JSR CU9 co 06 00 2242 A979 (!606 
nng JMP E1Dl en (!E Ol' 2242 A~77 05A3 
ElCl *** ROI" 
05.43 PUL 8 Cl 06 110 2242 A079 (!6(!6 
CSA4 LOX BA Cl 06 l'O 2 2" 2 Al17A ~639 
05A6 RTS Cl 06 00 2242 A07A ~639 
~E39 PUL B Cl OG Oil 2242 A07C 05 i, 2 
~e 3A CEC e Cl 06 0~ 2242 AC7D 022A 
~638 DEC B Cl ~5 on 2242 A07C 022.A 
r63C !!NE C636 Cl 04 oc 2242 11n10 C22A 
~636 PSH B Cl 04 n~ 2242 A070 022A 
~637 esR 2642 Cl n4 no 2242 A07C 0402 
r642 CLR A Cl 04 00 2242 A07A 3639 
CE43 TST Clll ci. 04 0(1 2242 A07A 0639 
C6116 ePL 0649 c~ 04 OB 2242 A0711 ~639 
~649 CLR COBF co C4 oc 2242 AP.7A 0639 
C64C J"'P (!598 C4 04 00 2242 A07A t639 
C598 IIJC ~OeF C4 04 00 22'42 A07A ~639 
C59B e~II 05A 7 co 04 01! 2242 A07A 0639 
~590 STX !\A CB 04 OB 2242 A07/I 0639 
~59F PSH I! co ci. co 2242 A07A 0639 
OSAO JSR 0109 en oi. co 2H2 A079 oi.~e 
CH9 JMP ElOl co 04 00 22"2 A077 05A3 
ElOl "** nor• 

Program A. 

return to the trace program. 
This function can be performed 
by typing one of the following 
two responses: 

: G nnnn 
or 
: G nnnn, mmmm 

The first response must be 
terminated with a carriage re­
turn. The character G specifies 
a Go function. The four hexa­
decimal digits following G 
specify the starting address of 
the program to be executed 
(e.g .• : Q 0103). 

The only way to return to the 
Trace and Disassemble pro· 
gram with this response is 
through the system monitor. 

The second response is used 
to execute a user's program 

until the breakpoint address is 
reached. The first four hexa­
decimal digits define the start· 
ing address of the program to 
be executed. The second four 
hexadecimal digits following 
the comma define the break· 
point address. Once the last 
digit is entered, the MPU will 
start executing the user's pro­
gram. Once the breakpoint ad­
dress Is reached, the control of 
the program is returned to the 
trace function (see Example 3) . 

The program can be traced 
from this point one instruction 
at a time by simply depressing 
any key other than the Escape 
key . The trace will operate in 
the same manner as if a trace 
function was being performed. 
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: G 0103.022F 
022F LOX #0080 C1 00 00 07A 1 0000 

Example 3. 

If the program does not reach 
the breakpoint address and the 
operator wishes to return to the 
trace and disassemble program, 
he must perform a system reset 
and return through the system 
monitor. However, the software 

Interrupt still exists at the break· 
point address. 

To remove the interrupt and 
replace it with the original in· 
struction, the Go to User's Pro­
gram function can be executed 
where the starting address is 
set to the breakpoint address. 
The program will immediately 
return, displaying the original 

instruction at the terminal. The 
operator can then terminate 
the trace function by depressing 
the Escape key. 

Program Disassemble Function 

: 0 0225 
0~ 9E 22 LOS 22 

Example 4. 

: 0 0225 
02~ 9E 22 LOS 22 
0227 BO 062C JSR 062C 

Example 5. 

:D 0225,11280 
0225 9E 22 
0227 BO 062C 
Q 22A FE AlFE 
0220 OF 2A 
022F CE 01181! 
0232 OF C2 
0234 CE 0030 
0237 OF ca 
0239 9F 2fi 
C23P SD 88 
~23D 80 07 
1123F 2n FA 
~241 SC 1966 
0244 20 F3 
~246 CE Ul7 
~249 OF ac 
C24B Bl 30 
024C 24 56 
1124F Bl ~! 
~251 25 91 
l'253 48 
0254 97 BO 
025fi OE 9C 
0258 EE 17 
C2SA 6E 00 
C2SC BO 062C 
~2SF 86 21 
C261 97 Cl 
C263 IID 0109 
0266 86 80 
0268 97 C3 
026A !l6 2! 
026C 96 2A 
026E FO OlFF 
0271 S2 ~lFE 
0274 Bf'l ~542 
O:Z77 96 cc 
C279 27 1F 
027P. CE •1293 
027F OF 2.\ 
~28C BO OSAD 

LOS 22 
JSR ee;c 
LOX 01Ft 
STX 2A 
LOX 10 (IS(! 
STX C2 
LOX ,na3c, 
STX en 
STS 26 
PSR l!lFS 
BSR n245 
BRA n23e 
CPX 11!166 
BRA ll239 
LOX •cu, 
STX BC 
CMP A I 31' 
9CC 02A5 
CHP A 108 
RCS un 
ASL A 
STA A ~o 
UlX 9C 
LOX 17,X 
Jl~P oc,x 
JSR ne2c 
LOA A '21 
STA A Cl 
JSR ~1C9 
LOA A IU 
STA A C3 
LDA B 28 
Lf1A A 2A 
sue 9 OlFF 
s~c ,. Cl FF. 
JSR n51i2 
L:lA A CII 
?EQ 028A 
L!:'X •0293 
STX 2A 
JS~ OSAO 

This function allows the op­
erator to disassefl'lble any 6800 
program including the Trace 
and Disassemble program it· 
sell. The disassemble function 
can disassemble one instruc­
tion at a time or a sequence of 
instructions, while outputting 
to the terminal the location, ob· 
ject code. mnemonic and oper­
and for each instruction. 

The first response must be 
terminated with a carriage re­
turn. The character D specifies 
a disassemble function. The 
four hexadecimal digits follow­
ing D specify the starting ad­
dress of the instruction to be 
disassembled (see Example 4). 

At this point the disassemble 
function waits for the operator 
to enter a character. If the char· 
acter is any character other 
than an Escape, the next in­
struction in sequence will be 
disassembled (see Example 5). 
In doing so, the operator can 
step through a disassembly of 
a program one instruction at a 
time. 

Program B. Disassemble function. 

The second four hexadecimal 
digits following the comma 
specify the last instruction to 
be disassembled. 

last address. The Escape key 
can be used to terminate any 
list sequence. 

The disassemble function 
can be performed by typing one 
of the following two responses: 

: D nnnn 

The second response is used 
to disassemble a list of instruc­
tions. The first four hexadeci­
mal digits specify the first in­
struction to be disassembled. 

Once the last digit is entered. 
the program will immediately 
list each instruction in se­
quence until the last address is 
reached. The last addre~s spec­
ified must be on an instruction 
boundary. Otherwise, the dis­
assembly will continue past the 

When the last address is 
reached, the disassembly will 
stop. The operator can continue 
the disassembly one instruc­
tion at a time by depressing any 
key other than Escape. Other­
wise, the Escape key will te'· 
minate the disassembly and re· 
tum control back to the contr:I 

or 
: D nnnn, mmmm 

APPLEII 111K 
0 

APPLE II PLUS 111K 
S1075.D0 
$1075.DO 

S565.D0 
s.t70.D0 
$1'0.00 

APPLE DISC WICONTROLLER 
-, APPLEDISCONLY 
" APPLE 111K RAM 

~ -----------------------
" From Appl&-Jack" 

The Oeaiv- '8K Disk S2•.95 
Hi-res gral)hlcs wllh the alroke of a keyl X & Y 

coora1nates using paaa1es. Clrc1n, ellpsn. arcs. 
rec1angle1. llnes. color w1ndow1. Save drawing on 
d11Cf 1 

5-.s..-aun­
'8K Disk 
32KCusene 

$19.95 
s1•.95 

c: ~Dimensional Hi-rea graphics action game! Super 

" " souna ettect1 . . 10 le,e11 of play. Usee pldales or 

" joy-stick. 

" 1Botn r&Quore Appleaott In ROM) 

From Computer Packages Unllmlled" 
1......,11,.y Control Syal-

An Integrated aata procesa1ng system. aes,gned by a 
Cenlfled Data Processor to control and repgn your 
inventory Menu-driven. keyed-acc11s, built.In sona 
ana blck·uPa. Unique repon,ng caoablllty by any 
comblnat10n of characters within tne key. Handles 
up to 1000 llems. 
Includes a Caan R901ster module wnich produce• 
sales sllps and ma1nta1ns inventory on a REAL-TIME 
baala. 
R&Quires .SK Applesoll ROM. 2 d11k ar1, ... and an 
80-column pnnter (P·1 can be usedl. 
Allhough sys1em Is self-promoting and ,1nually 
"operator-proof". an ea11ly-under1tD0d manual la 
provided, along with fll•layouts 1n tne ewent you wiah 
to access your Illes w1tn your own orOQram. 

lntroductorv pnce S195.00 

ORDERING INFO~MATIDN 
"' PRICES INCLUDE SHIPPING ... 

,, 
(Continental U.S. Onlyl ., 

Hawaii, Alaska. APO/FPO " 
Add 2% Shipping " 

We ship UPS so 0~~:: :~::,.Street Address. or : 

Check. Money Order. VISA or Master Charge. Personal ,,. 
cnecka reauire 2 weeks to c1ear. :> 

COD Shipped ONLY wun 10"4 aown payment Included '> 

witl'I your oroer " Mus. residents aad s·~ sales tu 
All procsucta sub1ect to availability 

C P. U COMPUTER 
PACKAGES 

2U West B~:~~:::r: 

Weat Boylaton. MA 01583 : 
; •we are the Hclualwe dis1r1but0r or Apple-Jack and CPU software. For lunher Information, Pl- 1111 71 835-~21 " 
.:: wnte or call. Dealer inQulnn are Invited. ~ 

~~~~vv~~~oo~oovv~v~v~v~vvoo~vo~~o~~ooooo~oo~ooooooooooooooovooo~oo~eoooooo~oo 
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,esr 119 06 CE 111 92 BO C9 09 BD 011 97 86 09 1E 85 211 OEFC 36 07 35 C3 37 82 38 82 39 82 co ~l 3A 82 3e 82 
CB7J 27 05 FE 09 lC 2r. 03 3r EE ~· FF n9 17 2~ er. 39 OFOO 3C 82 AO Cl 30 82 3E 82 3F 82 4C 82 41 P3 42 2C 
cesc FE 119 19 A6 no e1 og 14 2~ CA ~(\ OA ~p p~ ~n I'~ OFlO 43 03 00 01 37 82 38 82 39 82 00 Cl 3A 82 38 82 
ce9r 311 ~4 20 2A 2A 2A 2~ 2tl H 52 4F 4r, 3~ e, co co (IF 2C 3C 82 44 82 30 82 3E 82 3F 82 40 82 41 C2 oc ri 
rst.n c: on 114 CE ~9 22 C6 lD 86 211 A7 ~~ 08 5/! 26 F/l CF30 43 n 45 82 37 82 38 82 39 82 oc fll 311 82 3! 82 
c~ec SE 114 117 ~(! FE (19 17 AC tlC B7 09 19 48 CE ~r, F4 ~F4ff 3C 82 44 82 3r 82 3E 82 3F 82 4~ 82 41 r2 46 2E 
:RC~ FF 09 !C 24 r.3 7C ng lC F6 09 lC: le !7 09 1(1 24 ()F5ff 43 "2 45 112 37 23 38 83 39 83 c~ ~1 3A 83 3e 83 
caco 03 7C ~9 lC CE 09 22 86 09 17 ec oc FF 86 C9 18 0F60 3C 83 44 83 30 83 3E 83 3F 83 4 :' 83 41 ~; 46 27 
~SEO ~~ oc FF FE ~9 lC AE oc ~7 ~9 lC EE ~1 F7 ~9 lC OF70 43 03 45 03 37 42 38 42 39 42 co 01 3A 42 3~ 42 
~BF~ C4 03 FE eg 17 A6 01 e1 09 19 A6 02 ~7 ., 9 lA 37 CFBO 3C 42 00 ()1 3~ 42 3E 42 31' 42 40 42 ~o ~1 BO ~1 
ccr.~ CE C9 27 86 09 19 !C cc FF 08 SA 27 l'!F ee ()9 19 OF90 47 03 OB 01 37 42 ,a 42 39 42 ce 01 3A 42 3e 42 
:~1r e~ "~ FF SA 27 ns ee C9 lA !!1' ~c FF 33 FF. ~9 17 0FAC 3C 42 44 42 30 42 3E 42 3F 42 4~ 42 00 rl ,n Pl 
rc20 ns 5A 26 FC FF pg 17 96 09 lC le CE er 19 FF (!9 OFBC 47 02 48 02 37 42 38 42 39 42 ~c (!1 3A 42 3! 42 
CC3C lC 48 24 04 7C r.g lC ~c 19 24 e3 7C 09 IC ~c ee OFCO 3C ,. 2 44 42 30 42 3E 42 3F 42 40 42 ~(I 01 re 01 
rC40 rg 10 24 ~3 7C 09 lC r,7 e9 l~ FE ~9 lC ,. 6 M e7 OFOO 47 02 48 ~2 37 43 38 43 39 43 00 n 3A 43 39 43 
~cs,, n3 31 A6 Cl 87 ~9 32 AE 02 ~7 09 33 CE 2P q ~9 OFEe 3C 43 44 43 30 43 3E 43 3F 43 4B 43 cc n1 JC CI 
"CE~ 34 96 e9 1: !5 cc 27 ns 2A 04 CE 41 2P "2 CE 42 OFFO 47 03 48 (!3 00 ao 00 0~ oc co 00 n~ oe n~ 00 ~c 
~c1n F7 ~9 35 CE C!l 37 q5 09 31 81 2A 26 08 9E eg ie > 
~CH Rt' PC FF 2~ 4~ 86 '19 lE 85 C2 27 39 DE ~9 1e !l 

Hex listing of Trace and Disassemble program. 

monitor. can be performed by typing in new value. The program will au- can be terminated by_·depress-
Prograrr. B shows the disas- the following response: tomatically output the next ad- 1ng the Escape key or entering 

sembly of Tiny BASIC starting : M nnnn dress and its contents. If the an invalid hex character (see 
at address 0225 hex and finish· The character M specifies a contents of memory cannot be Example 6). 

,g a! 0280 hex. All values are in memory change function. The changed, the program will out· 
Register Examine hexadecimal. Branch operands four hexadecimal digits follow· put a (?) and return to the con-

are the actual branch address. ing M specify the address to be trot monitor. and Change Function 

Direct addressing instructions examined or changed. Once the If the operator wishes to This function is used to ex· 
are snown with two digit oper- last digit is entered. the pro- space to the next location. he'll 
ands. If a location does not con· gram will respond with the ad· just depress the space bar. The 
tain a valid op code. the disas- dress and its contents: program wilt output the next lo· 
sembler will assume it is data : M 0103 cation and its contents. For M 0103 

oiol 7E !scace, 
and output asterisks ( .. •) for 0103 7E back spacing to the previous IC· 011)4 02 1cac-. scace, 

the mnemonic. The operator must now de· cation, just depress the back 0103 7E BO 

space key (08 hex). The program 
010' 02 Cbac• soace1 cide whetner to change mem- 0103 BO 7E 

Memory Examine ory, space to the next location, will output the previous location 0,0, 02 lsoace1 
and Change Function back space to the previous lo· and its contents. The back 0105 25 ft,ack soace: 

( o,o, 02 ::iac11: soac@1 
This function can be used by cation or return to the control space function is useful for I 

0103 7E 1escaoe1 
the operator for inputting a pro- monitor. back spacing when an incorrect 

gram or making changes to an It the contents of memory are value is entered. Example 6. 

existing program. This function to be changed, just enter the The memory change function 
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MPU Register : R 
cc Aon C1 (space) 
B A078 19 FE 
A A079 OD AO 
XH A07A 22 (space) 
XL A078 42 (space) 
PCH A07C 01 (space) 
PCL A07D 03 (space) 
RTNH A07E 02 (space) 
RTNL A07F 2A (space) 

AOBO FF (escape) 
: T0103 
0103 JMP 0225 Cl FE AO 2242 

Example 7. 

amine and change the contents 
of the MPU registers prior to ex­
ecuting the trace or Go to 
User's Program function. The 
trace and Go to User's Program 
functions use the return from 
interrupt (ATI) instruction to re­
turn to the user's program. The 
RTI instruction updates all the 
MPU registers with the values 
stored away in the stack. 

change function is initiated by 
entering the character A after 
the colon. The location of the 
first MPU register and its con­
tents will be printed. The exam­
ining and changing of the data 
is done in the same manner as 
the M function (see Example 7). 

Basic Memory Map 

The register examine and 
The 6800 Trace and Disas­

semble program resides in less 

JMP SE1AC OUTPUT 2 HEX CHARS ANO SPACE 
BASIC MEMORY MAP 

0900-0911 
0912-0949 
094A 
094A-0018 
OBSA·OBA2 
OD19-0FF3 

1/0 ROUTINES 
TEMPORARY STORAGE 
START OF PROGRAM 
EXECUTABLE PROGRAM 
PROMPT INVALID CODE ANO CRLF MESSAGES 
MNEMONIC AND CODE TABLES 

MII\BUG 110 ROUTINES 

0900 JMP SEOCC OUTPUT SPACE 
0903 JMP SEOCA OUTPUT 2 HEX CHARS AND SPACE 

OUTPUT 4 HEX CHARS ANO SPACE 
OUTPUT MESSAGE 

0906 JMP sEoce 
0909 JMP SE07E 
090C JMP SE1AC INPUT A CHAR 
090F JMP SE1D1 OUTPUT A CHAR 

PARAMETERS 

094B·094C SA042 
0954.oge5 SA014 
OA37 see 
OAB7 S1B 

MIDDLE OF STACK 
SWI VECTOR (NORMALLY SFFFA) 
BACKSPACE CODE 
ESCAPE CODE 

Table 1. Memory map of 110 routines and parameters. 

T nnnn (CA) 
T nnnn, mmmm 

G nnnn (CR) 

G nnnn, mmmm 

D nnnn (CA) 

D nrnn, mmmm 

M nnnn 
R 

(ESC) 

Trace instruction at location nnnn. 
Trace program starting at location 
nnnn with breakpoint address set at 
mmmm. 
Go to user·s program starting at loca· 
lion nnnn. 
Go to user's program starting at loca­
tion nnnn with breakpoint address 
set at mmmm. 
Disassemble instruction at location 
nnnn. 
Disassemble instruction at location 
nnnn and ending at location mmmm. 
Examine memory location nnnn. 
Examine MPU registers starting with 
condition code. 
Escape from present function and 
return to control monitor. 

, Table 2. Summary of control functions. 

A07D 022A 

than 2K of memory. The hex 
listing accompanies the article. 
The program uses some of the 
MIKBUG 1/0 routines. Table 1 
lists 1/0 routines used by the 
program. 

There are some parameters 
that may have to be changed 
depending on your particular 
machine. The stack pointer, for 
example, is initially loaded to 
SA042. If this value is changed, 
it should be set to at least ten 
locations down from the top of 
the stack. 

The software interrupt vector 
is normally stored at location 
SFFFA. In my home-brew sys­
tem the software interrupt vec­
tor points to a ROM subroutine 
that uses location SA014 as a 
programmable software inter­
rupt vector. The Trace and Dis­
assemble program initializes 
location SA014 to the return ad­
dress of the trace function. This 
address (SA014) in the program 
will have to be changed to 
SFFFA (if programmable) or to 
whatever the programmable 
location is in your particular 
machine. 

The Back Space and Escape 
Codes can be modified. They 
are presently set to 08 hex and 
18 hex, respectively. 

Break Test Routine 

The break test is used by the 
program during a trace or dis-

OAAE BREAK LOAA $8009 
OAB1 BPL EXIT 
OAB3 LOAA $8008 
OAB6 CHECK CMPA •1B 
OAB8 BNE EXIT 
CABA JMP CONTROL 
OABO EXIT RTS 

assemble program function. Af· 
ter each line of output the pro­
gram Jumps re the break test 
routine. The break test checks 
for a key being depressed. If 
one Is not, the program returns 
normally. If a key is depressed, 
the character is input and 
tested for the Escape Code. If 
the character is not the Escape 
Code, the program exits from 
the routine normally. If the 
character is the Escape Code, 
the program returns to the con­
trol monitor. 

Any changes to the break 
test must be made within the 
first three instructions. The re­
maining four are used by other 
routines within the program. 
There are some spare locations 
at the end of the program start­
ing at SOFF4 for modifications 
to the break test (see Example 
8). 

Summary 

The 6800 Trace and Disas­
semble program is an effective 
debugging tool. It requires no 
hardware changes. as long as 
your system has a programma­
ble SWI vector. I've used it 
many times and so have other 
6800 users. It allows you to 
trace your program instruction 
by instruction. You can make 
changes to your program, dis­
assemble your patches and 
then trace them. You can make 
a listing of your program and 
even the trace of your program. 

If you would like to get a copy 
of the listing of the program for 
relocation purposes or what ­
ever, just send $5 with your 
name and address to: 

Richard Carickhoff 
812 Pulaski Drive 
Lansdale PA 19446 

If you have any problems with 
the program just send a self-ad· 
dressed, stamped envelope to 
me and I'll try to answer any 
questions that you may have • 

PIA STATUS·KEY OEP"IESSEO? 
1110 
YES. INPUT CHAR 
ESCAPE CODE' 
NO 
YES, RETURN TO CONT~OL MONITOR 
RETURN NORMAL 

Example 8. 
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I ••••••••••••••••••••••••••••••••••••••••••••••••••• 
l • Olli LU Alll:1<1 SS • ••••••••••••••••••••••••••••••••••••••••••••••••••• 
'• l)AI,', A 1111 Ot. IIAUl)R II\ K II YT£ INPUf l IIEX CIIARS 
', 01\r, 7 A 111 0'1 l 'J STAA SAVX 
1, OAl,11 A II I> 01 11)11 onr INPUf Nl: XT l IIEI< CHARS 
I Qllr,( A 1\1 0'1lf> SIU S•\VX•l 
ti 0111,f" A f[ 0'115 LIJX SAVX 
'I OAll A ]'I IHS lt[ fUltN 

10 ••••••••••••••••••••••••••••••••••••••••••••••••••• 
l l • nn E • 
1 l ••••••••••••••••••••••••••••••••••••••••••••••••••• 
I J 0.\1 l A 1111 0'1 BYTE IJ')~ I NIil X INPUT IIEX CIIAR 
14 011/'J A "" 11\1.A 
1'5 01111, A 'oil 11\l.A 

1(, 011/1 A ',ti ASL A 
II OAltl A 'oll 11\LA 
11\ OA /'I A lb T All 
l 'I O A 7 A A 110 Ol ns 1< I Nllf X INPUT NExr IIEX CIIAR 
lO OA/C A 111 AIIA 
/1 OA10 A J'J II Vi Rl TUl<N 
ll. ••••••••••••••••••••••••••••••••••••••••••••••••••• 
l J • INPUT Ill X UIAK • 
l,. ••••••••••••••••••••••••••••••••••••••••••••••••••• 
15 OA 1[ A 110 0'10( INIIE X n11 l NI.II INPUT CHAR 
lt, OAII l A nu )0 'iUIIA UJO 
l 1 OAll l A 211 0~ UM I Ill NOT IIEX CIIAR,EXIT 
lll 011'1', A 111 0'1 (11P A , Hl'I 
l'I 011117 A lF OA uu- 11 l IICX CttAR,RETURN 
JO 01111'1 A 61 11 Ct1PA IHI 
J l 011111\ A ,o 01 11111 Ill NOr IIEX (HAR,EXlr 
ll 01\1111 A ti l lt, C1'11'A Ulf> 
] I OIIHf A I[ 0) OGI Ill NII T llf X CIIAR, l:I( IT 
J•, Oll'H A AO 01 SUIIA 17 
"J') OA'IJ A l'I Ill RVi RE ruRN NURt1AL 
Jt, OA'I', A 1f: 0'>56 Ill Jt1P (IHRL RETURN TU (UhTROL MONITOR 
)1 

···········••t••··································· )6 • Tf H IH H f UR [X IT • 
J 'I ••••••••••••••••••••••••••••••••••••••••••••••••••• 
'oO OA'II A 70 O'll l TEX IT TST T ,'1P 'o ENO AOOR fLAG SET 
'tl UA ' III A l1 OU OlO Jl hC,THlN ~All FIIII INPUT 
'ol OIi•/( A H 0'111 LOX 111'1:RA Cfl PREHNT AOOR 
', J () II 'If A II( O'llf CPX IMi'l CU~l'Al<I: WI flt ENO AODR 
't't 01\Al ,\ lt, OA IIN[ IIRl At< NO,CttrCK FDR KEY DEPRESSED 
', ', OAll 't A 7F O'll l (LR IMt>', YI: S,CUAR fLAG 
'of, 011111 II ,o O'i UR A IIRE AK 
', I OAll'I A 1111 0'10( Tl J'iR I/II.II INl'UT CltllR 
411 0111\C A ,!O 011 Ill< A c11r CK 
', 11 0.\AI A 1\1, 1100•, IJREAK ll>AA \1100'I PIA STATUS-KEY DEPRESSED? 
,u 01111 l A ll\ OA IIPL r x r T NU 
'5 l O 1111 l A Ill, 1100a LIIAA \,-100/J YCS,INl'UT CIIAR 
">l OAllh A Ul 18 CIIE CK (1'1PA 010 E'iCAPE CUIJE? 
5 J 0111111 A lb Ol UNI IX IT NII 
'j', OIIIIA A IL 0'156 J11r CIHRL Y~S,R~TUIIN TO CONTROL HONITOR 
',', OAIII> A J') C X 11 R rs RETUkN NORMAL .,,, ••••••••••••••••••••••••••••••••••••••••••••••••••• 
51 • ouTru, INTERNAL REGISTERS • 



.IU1" 
-

l<Oll[N(lt bllOO CIIIJ'..'.i A~HMULLII IVlAI ]0-APII-UO l}:15 AGE 5 

l 
I O /.Ill A l ( 
) llAI l A OH 
', llALl A till 

', 1JAt., A 1111 
t, OACtl A llll 
/ OACII A IIU 
II OACE A OU 
'I OALf A IJ-

10 O.\lll A Cl 
11 OAIJS A 110 
ll OAllli A H 
l l OAIIII A OU 
l't UAIIC A IIU 
l 'J UAilt- A J'I 
lt, 
1 , 

111 
l'/ OA(ll A UJ-
lO OA[ l A 10 
21 OAl't A t.O 
ll 01\ll, A lb 
l. I OAl!I A t,A 
l 'i OAI A A t,A 
2'> OAI C A uO 
l t, 0 Al I: A jO 
ll OAl. f A LE 
28 OAfl A ff-
l •J O Af le A 1E 
30 
)l 

]l. 

l) OAF 1 A llb 
)', 04FA A ti', 
)', OAFC A Ill 
3 1, 0 A I· ( A l. t, 
l/ 0000 A H 
lU OIIUj A Ut, 
)'J U!IOb A A/ 
'tU llt1U!J A t( 

't l 011011 A Ill, 
't l 01\U( A A I 
't] 01110 A 3 11 .... ,, ., 
.. ,. 
'ti 01111 A lib 
'tll 011 I 'o 4 11', 
','I ii.lit, A Lh 
,o 011111 A llll 

',I O.IIA A i'I 
',l. 011111 A Ill 
',) 011 I U A Lb 
5', OUll A fl 
',5 llllll A t-f 
5b Olll!J A l.O 
',7 UUl/ A 6 l 

O'lll 

U·IO t 
0'10) 
0•10 l 
U'IOb 

0'1 l 'J 
0'1 l ', 
090b 
0915 

O<JOb 

0'1 l l. 

Ob 
Ol 
05 
Ob 
O'J 

O', 
O'H1 
O'JAA 

O'llE 
.JC 
08 
011 
O•)l 9 
0'11', 
00 
O•H7 
0'118 
00 

0'1 ll: 
l( 

OJ 
J2 

O't 
OU 
O•H 'I 
I) 'I l 7 
fl 
Oil 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
our11 LOX SI' 

I NX 
JSII UIJT lltS CC 
HI! OUI l.llS B 
HII uur l.US A 
JSII uur1oM >< 
lNX 
HX SAVX 
LUX nAVX 
HK UlJf',ltS SP 
LUX SAVX 
IN>< 
JSK OUl'tH'.i RIN 
11 r.s 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Kl JURN lllllE FR0/1 SOFJiUIIE INTERRUPT t 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
'.iWI SI\ SP SAVE STACK POIN(ER 

H 

JS)( 
I ST b,X 
BNC H 
UI C 
ULC 
8'>11 
's )( 

~ ,l( 

b,X 
RS11I 

LO>< S, ll 
'ill< lll'lRA 
J MP IF l 

OECR PC IN STACK 

RENUVE '.iWI FROK USER PROGRAK 

GFT l'C FRUP\ STACK 
PUT IN UPtRATUR AOOR 
Gil IO Ill AC[ fUNC 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
t RI 11llVl ~WI f Rill'\ USER PROGRArt t 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
Rs. .. 1 ll)AA rrt'E TYPE Of ltlSTII 

Rl 

AN~A a~JC HA5K lYPf CUUE 
CMPA llOII CHtCK If CONO BRA 
IINE Ill 
LOX UPI R 
LIIAA SAVI! 
HAA 0,X 

LllX IJPfllA 
LOAI\ C,/,VA 
~IAA O.X 
11n 

YES,JHEN GET FIRST LOCN 

PUJ BACK USER INSTR 
(;( T H corm LOCN 

PUI BACK USEII INSTR 
R(JUR~ 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
• IHSf:RT ~WI INTO U~l~ l'RUGRArt t 

·············$····································· ISl.41 LUI\A IYrt: UT I .. \TR IYi'E 

11 

ll 

ll 

Ar;!IA IUC MASK IYI'( CllOE 
OM I l Clfl (.I( If 5( OULIH IAL 
11511 lh YlS,(HfN IN5tRJ ~WI 
RT~ RETURN 
LMPA ,,, Clll:CK If UNC Jl'\P OR 8RA 
U~f: I l 
LO.< OPl:R 
HX OPCRA 
lllU I l 
C11PA Ill 

YES,TH(N PUT JUNP AOOR 
IN(O CURRENT UPER AOUR 
8Et-OIIE CONTINUING 
CHECK IF CONO BRA 



~ 
~ 

• It I '1lll!lllllNlll 6600 Cl!UH AS'ilttlllf.ll (VlAI 10-APll-dO l 3: _ -.o PAGE 6 

1 1111 l '' A l t, 0 .. llNI: I" 
l 011111 A II I> ., J ll'>R 111 HS,THEN INSERT SWI IN BRA AOOR 
) 011111 A /0 [ ') l\l{A I l 11£FORE CONTINUING 
't Olllf A HI oc 1'I CMl'A I ,c CHI CK lF JttP INDEX 
'5 OIIH A lb 11 8Nl I'> 
b OOH A 'tf CLIIA YES,JHEN GET INDEX 
7 OIIH A f ,, 0919 LOAD OPER 
8 011) 7 A JO HJ< 
<) OIi Ill A (ff 06 AODD f,.)( AOIJ TO X VALUE IN HACK 

IO OR Ji\ A A9 O':> AIICA '>,IC 
11 011 IC A II 7 0') l 1 SIAA oru<A t"UT IN CUl!RENT OPER AOOR 
ll 1l11Jr A r, 0'116 S JAB UPI KAtl 
I) 011 1.z A ,o U't Bl!A I I CONJINUE 
1 't Ofl't't A )0 15 TS>< R ts IYPE CODE 
l '> Oll't'> A H 0'1 Lil( <j. )( Gf T l!ETURN ADOR FROn STACK 
1,, 011 1,1 A FF O·H 7 SJ)( OPLRA PUJ IN CUl!RENT OPEil, AOOM 
11 OcHII II lO cc ORA 11 CONJ INUE 
18 Oflt,C A FE O'H 1 16 LOX OPERA GET CUKRENT UPER AOOR 
l ') 011 ',f A Ab 00 LOAA !ltX 
l O 011•,1 A IH 0'110 SlAA SAVA SAY£ INSTR 
l I 011':>'t A Ob lf 17 LOAA I\JF sw I cuor 
Zl 011':>b A A7 00 ST AA O,X PUT IN CURRENT OPER AOOR 
Zl 011'>8 A Al 00 Cl11'A O,K CIIFCk FIJI! ROl1 AOUR 
Z't 011',A A l1 ZJ nr ll 110 NU,fltEN REfURN 
Z'J oasc A Cl O'H 1 LUX #Ul'[RA YES,ltl[N OUTPUT CURKENI AUOR 
lb 01\')f A llD 0')0b JSR Olll'tHS ANO'••• ROH' 11ESSAGE 
Z 1 0 llhl A tE 01\Yl LOX llR11l S 
Z O Ollb'> A 110 0'109 JSR OUTM 
Z'J OllhU A BU OA•H HR JEXIT TEST FD~ EXIT FROM CURRENJ FUNC 
10 0111,8 A Bb O'llE LOAA TYl'E NO, TltlN GH INS Jk TYPE 
JI OIIM A 8'J lO DITA 020 CHECK FOR 8SR OR JSR 
ll 01170 A 21 OS IHU Ill 
l) 0:1 l l A FE O'HC LOX f/'IPl YES,THEN GEJ NEXT SEO INSTR AOOR 
)4 0111'> A lO OJ BRA 1'1 
]') 01111 A "10 18 J SIC NU, TIIE N GET RE TURN AUOR fllON STACK 
lb 011711 A LE 08 LUX 11, )( 
l7 0111A A H O'll 1 19 SIX UPlRA PUf IN CURRENT OPER AODR 
18 01110 A zo co BRA lb 
J•) Oil If A ) •) 110 RVi RETURN 
'tO 011110 A FE 0')19 111 LOX UPfR GET BRA ADOR 
'tl Uilll} A Ah 00 LOAA O,X 
4l 1111 :l'> A 111 O')l't STU SAVR SAVE INS TR 
't l 0:1 '111 A lO CA BRA 17 INS(RJ swr AT BRA AOOR 
't't 0111111 A OD OA 00 11CLP rce ,o,,A,o,o,o,o,,1A,,. 

011110 A 00 00 00 
Oll'Hl A )A O't 

'i'J Oll'll A lO ZA ZA R11E S rec I••• ROH/ 
011 I'> A ZA lO lO 
O!l'IU A 20 sz 'tf 
011'18 A 40 

'ob 089C A 00 OA 00 HCL FCB \O,\A,O,O,O,O,'i 
0119F A 00 00 00 
OOAl A O't ,,, ••••••••••••••••••••••••••••••••••••••••••••••••••• 

'ill • 01 SASS£t1lllll« • ,,q ••••••••••••••••••••••••••••••••••••••••••••••••••• 
SO O'lAJ A C£ 09ll O<;ot111 1 nv •• n11r r • • - • --



- - ·---· - . ....... .,.. ... , ........... ~- .. -. "' ,'4 1 (1<0111 Nl.11 t,1100 CIHISS AS')l11Ull:R CYlAI )0-APR-UO l J: ' ''AGI: 1 

llllAt, A lt, 10 LOAU It HD uurHR UNGlH 
l ll'IAU A Ill, LO l. lJAA uzo Sl'AO COUE 
J 01144 A A/ 00 SJ AA O,X i'UT I" 1Wf FER 
't tlllAC A (Ill INX INCII l'UI NTEM 
, OrsAIJ A '>A OEC8 l>[CI< LENGTtl 
b 01\Al A lb fA IINi: 

._,. 
IS ttUFFEM FILLED WITH SPACES 

1 011110 A llb O', LOAA I', Y[ S, Tlfl:N PUT E011 
II 011111 A Al 00 Sl AA O,X INTO N(Xf OUFFfR LOCH 
•1 onu,. A fl: 0'11 I LOX Ul'HA GET UPEMATUR AODR 

10 011111 A Al, 00 LIJAA O,X ~ET INSTM TO BE DSl1BLO 
11 01111•1 A 111 0-llll SJAA SAVA• SAY[ IN A 
l 1 0111\C A ',U AHA 11ULIIPLY BY Z 
1 J 0111111 A ll OD~', LOX II IIILZ GET SUkT Uf UBLEZ 
l't 011(0 A H o•nc S l X T 11i' l 
l, O!l(J A l't OJ ace .. , 
lh OllC', A IC O'llC I ti~ T 11P l ADO Off SET 
11 OllCU A ft, O'HO LUAB T11PlH 
l U 01\CU A lll AIIA 
1 •1 0,1cc A u7 O<JlO SIAA T 11P l • 1 
lO OIICF A H 01 DCC ...... 
ll Olllll A ,c 091( INC T Ml' 1 
ll ••••••••••••••••••••••••••••••••••••••••••••••••••• 
2 I • llUTl'UT UJCAJ IUN • 
l't ••••••••••••••••••••••••••••••••••••••••••••••••••• 
l~ O,IO't A Cl D'lll LUX ~LIIUF ST£MT 0~ LINE BUFFER 
lb 01\l>l A llt, 0•111 LUAA l)i't!U CONVERT UPER AODR INJO 
ll 08UA A 11 ll OCH J'il( Ull 'o ti[)( CIIAMS At.0 PUT 
ZII OIIIJI> A lib 0''111 LOAA OPlR .... l IN LINE IIUfHR 
Z'I 011[0 A uu OCFf JSR Ull 
10 0111 "J A fE 0'1 lC LOX Jt1J> l GET TAIILE 2 OFFSET 
) l 0111 t. A At. 00 I.OAA O ,X GI 1 TAilLE i OFFSET 
3l 011r11 A IJ7 O'HC ST AA T 11P l SAVE IN T Ki' 
l ) 0111 II A l,. 01 LOAS 1,X Cl" T COOE TYPE 
l'o O'ILO A fl O'HE ST AU JYP[ SAVE IN J'fl'E 
H 0111· 0 A ('o OJ AN08 I) SAYE IIYTE COUNT IN tJ ltEG 
lt, 0111 l A fl: 0917 LOX llP( A A PUT OPER AUDM IN)( REG 
l/ 011r '> A Al> 01 LUAA l ,X ~ET Z BYTE OPEAANO 
JU 0111 7 A 117 091q SJ AA UP[ R SAYE VALUE 
311 0111· 4 A At, 02 LDAA 2,J( 
'oO 0111 L A u, 091A 'iTAA IJP[Rtl 
"1 ••••••••••••••••••••••••••••••••••••••••••••••••••• 
'ol • OUlPUT COIJE ANO IIPCIIANO • 
,, l ••••••••••••••••••••••••••••••••••••••••••••••••••• 
',', Ollrf A J1 PSttll SAYE llYlt: COUNT 
't'> 0(00 A CL 0'1l1 LOX ILOUF•5 t.Ttl Pll'ilJIOt, IN LINE BUFFER 
'ob OCOJ A II t, 0''18 LOAA SAVA CONYLMT OPtKATUM INfU 
'ol O(Ot, A IIIJ OCff JSI( 011 l 11£ X CtlAR S A:-.D PUT 
'Ill O(ll'I A 011 I~~ X lNTO LINE IIU~FlR ANP SPACE 
'o'I OCUA A ':>A 01::(8 Ol CM IIYH COUtlJ 
',O OC(JII A ll OF Bl U 01 lS BYH COUNT HROl 
51 OlOU A II t, 0'H9 LOAA OPER NO,CONYEAT HSB Of OPEMANO 
5l OCIO A IIU OCFF JSR Ull INTO I. IIEX CtlARS AND PUT lH LB 
5JOCllA ~A OLCU OECR BYTE COUNT 
':>'t OC l 'o A ll Ob Bl 0 01 IS DYil CJUNT ZEM01 
5 ', OC le, A hb 0'11 A LOAA OPEihl NO, CONYiRT LSB OF OPEltANU 
',t, OCI 'I A llU OCH JSR 011 I NJO lriEX CHARS ANO PUT IN LB 
H OClC A jJ 01 PULO RESTO~E OYTE COUNT IN 8 REG 



.,u1 ICIWIIENCII t.600 CROSS ASHNBLlll CVlAI JO-APK-110 lJ:l · 'A~E. 8 

l 
l 
) 

', OClll A Fl 
c; OUO A Ott 

b IJCl l A '>A 
1 OCll A lb 
8 OCH A ff 
q 0Cl1 A 8b 

10 OClA A lb 
l l OCZtl A Cl 
l l OCl( A Ff 
l J oc )l ,. .. u 
l', OCH A H 
15 OCH A lC 
lb OCH A OC 
l 7 OC JfJ A 18 
18 0(1'1 A l't 
1 'J OC HI A 7( 
lO OC JI: A OC 
21 OC )f A 118 
ll OC'tl A 2't 
11 Ol','t A 7C 
l't 0("7 A 111 
15 OC4ft A FE 
lb oc•,n A Ab 
l 1 llC 'tr A O / 
111 oc•,z A Ab 
Z'J 0('>', A 87 
30 OC'J7 A At, 
31 OC','l A 87 
Jl OC5C A Cb 
l l OC 'Jl A F 7 
H OCl,l A llh 
)5 OCl,'t A 6', 

lb OCt,b A ll 
)7 O(t,11 A ZA 
36 OCl,A A Cb 
3'1 OCt.C A ZO 
'eO OCl,f A Cb 
',l OCIO A fl 
t,z OC1J A CE 

't I OC 1 t, A II f> 
,,,, 0(/'J A di 

'o'> OC7R A lb 
'ob 0(10 A Ut, 
,,, OCtlO A no 
'ol:I 0(111 A 20 
'o'I OCtl'> A Oh 
50 OCllti A II'.> 
51 OCtlA A l1 
51 OCttC A tit, 
5J O(llf A 61 
5', OC'H A 1.1 
55 ocrn A e-. 
5b 0(~5 A 117 
'i l O('l:t A U 

0917 

fC 
0917 
091( 

ODl? 
O'llC 

O'o 
O?lC 

03 
o•nc 

O'HD 
OJ 
O'HC 
0 1HO 
0'11( 
00 
O'JJl 
Ol 
0'1J2 
oz 
O'I)] 
lO 
o•, 3,, 
091E 
co 
08 
O't 
"1 
02 
"2 
0'1 )5 
o•n, 
O'IJl 
1A 
08 
0'H8 
OCFF 
511 1 

O'HE 
01 
51 
0°118 
80 
12 
FO 
0918 
110 

••••••••••••••••••••••••••••••••••••••••••••••••••• 
• OUTPUJ 11Nf110NIC ANO O?ERAND • 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

DZ 
0] 

Do\ 

LOK OPEKA PUJ UPER AUOR INJO X REG 
INX ADVANCE PTR TO NE•T INSTR 
DLCR IN USER 11£11URY 
or~E 
STX 
LDAA 
TAO 
LUX 
SJX 
ASLA 
llCC 
INC: 
CLC 
AIIA 

•-2 
OP£ RA 
T 11P l 

Hllll 
Jl1Pl .. ,. 
T 11P l 

RCC t t', 

we Jt1P1 
Cl( 
AllOA J11Pl•l 
DCC • •'; 
I NC PIP I 
STAA TMPl•l 
LUX PIP l 

SAVE IN OPEA AOOR 
GET JAOLE l OFFSET 
SAVf IN 8 
GET TAlllll START ADDR 
SAVI: IN Tl1P 
11ULTIPLY TABLEl OFFSET BY 2 

ADD TO START OF TABLEl 

LDAA O,X GET MNEMONIC FOUND THERE 
SJAA LnUF•l5 PUT INTO LINE SUFFER 
LOAA l,X STA~JlNG AT lbTH POSITION 
STAA LllUFtlb 
LUAA l,X 
SlAA LUUF•l7 
LIJAI\ 1,10 
STAB LIIUH18 
LDAA TYPE 
OITA 11(0 
0(0 I)) 

BPL Dl 
LOAO 1 1 A 
RMA UJ 

PUI SPACE IN 19TH POS 
GET CODE TYPE 
CIIHK If INSTR REFERENCES 
A UR U REGISTERS 
YE s I 

A REG 

LOAD 1 1 8 B REG 
SJAO LaUF•l? PUJ A OR 
LDX ILIIUF•Zl ADVANCE 
LOAA LIIUF•l'i Cll[CK IF 
CMPA 1•• 

B IN LINE BUFFER POS lO 
X-RE.G TO PIJS ll 

11Nl IS •• • 

ONE l)t, 

LUAA SAVA 
JSR Dll 
IIKA l)'J 
lllAII JYPE 
DllA •l 
OLU U'J 
LDAA SAVA 
CNP A I 1HU 
Ol:O Ub 
ANDA UFO 
STU SAVA 
Cl11'A lldO 

NO 
YES,JHCN CONVERT OPER INTO 
l IIEX CIIAKS AtlD PUT LINE DUFFER 
AT PUS 11 ANO 23.GO , TU EXIT 
Gf T TYPE 
Cltl:CK lflttERENT TYPE CODE 
YES,THEN FINISHED 
Nl>t GET INSTR CODE 
CIIECk IF BSR 
YES 
NO, 

CHECK IF 11111£0 ADD~ 
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I • CONVERf BINARY NUHOER IN A-REG ro l HEX • 
l • (11/\RS AN() llUTP\Jf TU LINl UUFFER • 
J ••••••••••••••••••••••••••••••••••••••••••••••••••• 
't O(rf A Jt, Dll PSIIA SAn A 

'> 0000 A llll Ob 8SR 012 OUTPUT f INST HEX CHAR TO 

b OllOl A Jl PULA LINC BUFFER 

7 000 J A 08 INX AOVANCE PTR 

6 OIJO't A 110 Ob BSR 011 OUTPUT SECOND HEX CHAR TO 

9 ODOh A 06 INX LINE BUFFER 

10 001> 7 A JC} RH ADVANCE PTR ANO REJURN 

11 OllOA A .... 012 LSRA 

12 000'1 A ,, .. LSRA 

lJ OOOA A ,,,,. LSRA 

l't ouon A ,,,, LSRA 

l '> OOOC A O't OF Dll ANOA IH 
lb 0001: A 88 )0 ADDA UJO 

l 7 OU IO A 61 )9 CtlPA UJ9 

18 001/ A l) 02 RLS .... 
l 'I 00 l 't A Bit 07 ADDA., 

l O OU I h A A7 00 STAA O,K 
21 0018 A 3q RTS 

ll ••••••••••••••••••••••••••••••••••••••••••••••••••• 
21 • HN[ HU~H C UBLE • 
l't ••••••••••••••••••••••••••••••••••••••••••••••••••• 
2'> Ol>l'I A 2A 2A 2A TBLl FCC , ... , 
lb 001( A t,f u 50 rec /NIJP/ 

~ l 1 Oil IF A ., .. "1 50 FCC /TAP/ 

28 OlllZ A 5't 50 'el FCC /IPA/ 
2'» Ol)}'j A ',9 ,.E 'j8 FCC I l~IX/ 

)0 Oil/It A ..... 't5 5d FCC /Ol X/ 

JI OOl~ A .. J 'tC 'j b FCC /CLV/ 

Jl ODlE A 5) .,5 'j b FCC /Sl VI 

JJ Ol>Jl A "3 .. c 'i) FCC /CLC/ 

) .. 00 I .. A ., ) 't5 'i) FCC /SEC/ 

35 OU H A ,, J 'oC .. 9 FCC /Cll/ 

lb OlllA A H 'o5 .,9 FCC /SC l / 

3' 00 JIJ A ., ) 'ol .. 1 FCC I SilA/ 

18 01)'.(J A .. J "1 H rec /(flA/ 

)'I tlll, I A ,,,. 
" l ... • ff( /UP.I 

,J \10,t, A .. , ,t ,, flf I I 11 & I 

41 Oll\'I A .... .. l '1 Ill I IIA A/ 

'i l llll'•C A .. l 'ti ,, l 11.l I 1\1\A/ 

,, • o u,. r A ,.,. H ,, I re:<. '"" ,., 
,_,. Oll'>l A 'tl ',8 ,.,, I LC / 1111 l / 

.,5 ou•,s A "2 't( 'j J FCC /UL S/ 

't6 OO'JH A 'ol 'i) "3 FCC /IICC/ 

.., onsn A 'il 'i) .,3 FCC /UCS/ 

.. u 011':>E A "2 H 't5 FCC /ONE:/ 

.. 9 OUhl A 'tl H 51 FCC /tl(U/ 

50 OOb'o A 'il 5«> ',j FCC /BVC/ 

51 out, 1 ,. 'tl Sb 5] FCC /OVS/ 

52 ODbA A "2 50 'tC FCC /UPL/ 

'j) ODt,O A .. 2 'tU .. 9 FCC /IIHI/ 

5', 0010 A .. l "7 .. ., FCC /OGI:/ 

55 007) A lol .. c 'j'o FCC /BLT/ 

56 007(> A "'l 
,., .,,. FCC /RGf/ 

';7 OOl'J A 'il 'oC ,.., FCC /OLE/ 
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l Oll7C A .,,. '>) 'lll FCC /fSX/ 
l. 011 lf A ,, " ,,.. ., J FCC / INS/ 
l Olldl A ~o 55 ',C FCC /PUL/ 
', Olltl', A "" 

,,., ~J f LC /UL\/ 
5 001111 A .,,. 56 ., J HC /T'I.S/ 
b Olltlll A '>O ., ) "ell FCC /P'ilt/ 
1 Olllll: ,. 52 5<, ',) r-cc /Rr'.i/ 
11 on•,a A 5l. 5't ,,., FCC /RIii 
'I OD 'H A ·~ I 'tl ,,., FCC /di/ 

10 Oll'H A H .,, 
"" FCC /\t,(1/ 

11 OO'lA A ',( ',5 "7 FCC /NlC,/ 
12 Oll'W A ',) ',f 'wU FCC /Clll1/ 
l) OiJAO A ',( 5J .., 2 FCC /L\ll/ 
1" UOA) A 52 H ., l FCC /kOi{/ 
l', OUAh A 'tl '>l '>l FCC /A\k/ 
lb OUA'J A "1 53 'tC FCC /ASL/ 
1 7 OllAC A ',2 ',F ',( FCC /RIJL/ 
111 OOAF A "" .. ., ") FCC /01. C/ 
l •) O[)lll A ,. ., 'wE 'tl FCC /INC/ 
20 00115 A '.>', ',) .,., FCC 'rs'' 2 1 Ollll II A "] ',( ',2 FCC /CLk/ 
2 2 OC'lll A ,,,. ',Q 50 FCC / Jl1!' / 
21 Ollllf ,. '> l 55 'w2 FCC /SU,1/ 
2 <, OllC 1 A ',) 'tO 50 FCC /C11P/ 
25 OD(<, A ',) 'w2 "3 FCC /Silt/ 
lb Oll(l A 'ti 'tE ,,., FCC /AND/ 
27 OllCA A 't2 ',9 .,,. FCC /Iii TI 
lli OIJCll A .. c ,.,, "1 FCC /LUA/ 
2'1 OULlO A .. ., 'tF 5l FCC /fOIU 
30 OIJU] A .. 1 "" ',) FCC /AOC/ 
31 OIJOb A 'tf 52 ,, 1 FCC /Ul{A/ 
Jl 000'1 A ,, l "" 

,.,, FCC / AUil/ 
l) OIJUC A ',) 50 51i FCC /CPX/ 
) <, OIJUf ,. ',l H '>l FCC 111\IU 
35 Oil( l A ',( ,,,, ., ] FCC /LOS/ 
Jb Olll '> A '>l 5't ,, 1 FCC /\TA/ 
31 OUL II A ., l 5" 51 FCC /SIS/ 
16 OOlil A 'tA '>l ':>l FCC I J~R/ 
H Oil£E A ,,, ,.,, 58 FCC /LOX/ 
'tO ODFl A :>l 5't '>8 FCC /SJ "I./ 
"1 ••••••••••••••••••••••••••••••••••••••••••••••••••• 
'tl • TABLE l CONTAINS Z BYTES FOR EVERY • ,, l • t.1100 INSJk CODE. TIIE ttSll IS THE • ,,,, • OFFSEI FOR TAilL(l • THE LS8 PROVIDES • ,,., • lNfOR~AllON AUOUT IHE I NS tR. THE LStt • 
'ob • IS OEFINLO AS FOLLOMS: • ,, 1 • UlTS 0-1 :BYTE COUNT C l, 2 Ott 1t • 
',fj • BITS 2-5 :CODE JYPL USED FOR TRACE • 
'o9 • 0- NU JM? DR SEOU~NTIAL • 
50 • 1- JttP,JSR,ORA,8SRCUNCI • 
51 • 2- BllA CCDNDITIONALI • 
52 • 1- J11P,JSRCINDEXEDI • 
5} • 'w- RJS • .,,, • UIT 6: REfEllENCES 8 REG • 
55 • Bl T 7: REFERENCES A REG • 
5b ••••••••••••••••••••••••••••••••••••••••••••••••••• 
51 OOF't A 0001 rn1 > cnu • 1\1\n I 
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I ODFt, A 0101 FOU rn101 
l ooro A OUlll FOB \0001 
J OIIJ A A 0001 FOR ,0001 
.. OllFC A 0001 FOR ,0001 
'J 0111-E A 0001 FD8 1000 l 
t, Of 00 A 0/0l FOB ,020 l 
7 OIOl A 0)01 FOB 10)01 
8 OEO,_ A 0,.01 FOO \O'tO l 
'1 01:06 A 0~01 FOB 10'.;0l 

10 oroo A OhOl FOB I Ot,O l 
11 oroA A 0701 FOB 1010 l 
ll 01 OC A 0601 FOB lOltO l 
13 Of OF A 0901 rllB ,o•rn 1 
l.. Of l O A OAOl FOB \OAOl 
l'> 01:ll A 01101 FOB ,01101 
lb Of l 't A OCOl FUD ,oco 1 
17 OElh A 0001 FUii ,ouo 1 
16 0Cl6 A 0001 FOR ,0001 
l'J OflA A 0001 FOB ,0001 
ZO OE:lC A . 0001 FOR ,0001 
2l OE lf A 0001 FDD ,0001 
ll OE/U A OE 01 FOB ,01 0 l 
ll 0£/Z A 0101 FDB \OFOl 
H 0£2" A 0001 FOB ,0001 
l'> out. A 1001 FOU ,1001 
lb OEZ!f A 0001 FOR ,0001 
l 1 or 2A A 1101 FUD 11101 
2ff orzc A 0001 FOB ,0001 
l'I O( lE A 0001 FOB ,0001 
30 OElO A 0001 FOR ,0001 
ll OHl A OUOl FOB ,0001 
32 Ofl't A 120b FOB \l20b 
1l OE lt, A 0001 FOB ,0001 
H OfJ!I A l)OA FOB UJOA 
JS Ol )A A l "OA FOB U'tOA 
lb Of lC A l'>OA FDtt ll'>OA 
37 o• JC 

,. I toOA fUtl l l«>OA 
JII OlHl A l7llA f ;)ti I I /0,\ 
H <'l'-l A l ii O a Hl:t U:il11 
.. 0 1)l,, A , .,.,, FUB U IOA 
'il OE"b a lAOA FOB IUOA 
.. l OBO A lllOA FOB UIJOA 
It) 0[ 'tA A lCOA fUB I ICOA 
.... tH "C A IOU,{ f UR UllOA 
"'i Ol H A HOA fllO 111 llA 
.. ,., Ol'>O A lfOA FOB Ill OA 
'ii Of'>l A lOOA ~ FUB ,1ooi 
,_ II OI '> 't A 21 ill FUii 1110 l 
'a'I 01 '>f, A llOl FOIi ll/01 
'>0 O[~lt A l Jll l FUO '2181 
'>l Of';A A lHl FOIi HHl 
52 Ol'>C A 2 .. u, FOB \l'tOl 
5 J OL •,[ A l '>O l FOR \l'>Ol 
'>'t O[bO A 2bUl - FOB IZbU 1 
55 OCbZ A Zb'tl FOB 12b"1 
5b OCt,'t A 0001 FOB ,0001 
51 OEbb A l1ll FOB ,2111 
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l OtOA A lLO J FOO llCO J 
z oruc A lOU) fl)8 \/1)()] 

l O[Of A OOOl f 011 ,ouo l 
't OHO A ll ") FllU \!LO I 
5 OFEl A lf ()j FOB ,u 0) 

b OEE't A JOO) FOB I JOO) 
1 OEC b A llOJ FOB \ llOJ 
8 OF l 8 A JlOJ FOil I )l O l 
<J Ol EA A OOOl fl)B IOOOl 

lO OEl:C A ])OJ FUR \jj(l) 

ll Off£ A )',0) FOB IHOJ 
1 l OHO A H,07 FUil \ lbO 1 
11 Ol:f l A J'>Ol FOB ')~0) 
l"' Ol:F't A Hill FOB I 11112 
l5 0£Fb A J6Ul FOB IJ/ldl 
1 b Off O A l'HIZ FOB I 14161 
11 Of FA A ooot FOB moo l 
18 OH( A ]Alll FOB I JA6 ! 
H OHf A )IIUZ FOO \)11112 

20 oroo A JCU2 FOB I JC Bl 
l l Of-Ill A OOOL FOB 10001 
12 or o,, A JUlll FOR , moz 
11 oro,, A JlOl FOB I Jl 82 
z, Ofll8 A Jr 81 FDR , Jf 8Z 
25 OFOA A 'tUHZ- F08 l't08l 
lb OfOC A 'tlOJ- FOB HlOJ 
2 7 0.-UE A 'tllb- FOO \'tllb 
l 8 Of IO A t, )03- FOR l'tJO) 
l<J Ofll A 0001 FOB \UOJl 
30 Of I', A HIil · FOO I H8l 
11 or 1 b A )lllll FOB I )6 Bl 
32 Of lB A J<llll FOO I )'182 
lJ OF lA A 000 l - FOB 1000 l 
H OFlC A 1Alll FOO IJA8Z 
)5 OF lE A )8112 FOB I JU ill 
16 OF lO A JCUl roe I JC Bl 
37 Ofll A ','till FOil l't'tUZ 
38 Ofl't A lUUl FOO ,mez 
l<J Oflb A )f ltl FOB Ill llZ 
,o OflO A )f dl FOO I JF oz 
4l OflA A 'tOlll FDR l't08Z 
'tl OFlC A "I Jl FOlt HlOZ 
"'1 or zr A 0001 FOR 10001 
't't Of' )O A 't)Ol FOB \'t10l 
45 Of 32 A 't50l FUR '4'102 
'tb OF H A HUZ FOB I 1182 
47 Of H, A ]8/ll "FIIII IJ:1/ll 
',8 Of36 A J'llll f 1)11 I )'182 
','I OflA A OOOl FOB ,0001 
50 OF JC A )Adl FOB 'uoz 
'H OF Jf A )11112 FOIi I 1682 
5l Of',0 A JCtll FU8 J JC 8 l 
53 Of'tl A ',',Ill FOB \',',82 
5"' Of,,,, A JIIOl FOIJ 11082 
55 Of ',fl A Jltll f08 I 3[ 82 
Sb Of 't8 A Jf 112 fD8 I lF tlZ 
51 OF,,,. A 11082 • FDR I.C.OA~ 
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I Of',( A ', IOl f UR 1"102 
/ 01 ',f A ',t,lf: FOB l'tb2f. 
l 01-'JO A 't IOl rue \It IOl 
'o OF'JZ A ',',Ol FUD 1',':,0l 

'> OI '>'t A J/11) FOB \Jld) 
b or.,,. A )tlit) FOB 'JdlS J 
7 Of- ',II A J'JII) FOB '1'18) 
8 Or',A A OOJl FOB 1000 l 
9 or SC A ]Ad) fllB 1 lA II J 

IO OF '>E A )(Ill] FOO I }118 l 
ll OH,O A JCtH FUU I j(II) 
ll Ofbl A ,,,,.,,_ FOB \'t',81 
11 OH,'o A JUtlJ FOB I )UIIJ 
l ', Off,h A JlU) FOB I ll:Ul 
1 o; or t.ti A Jf-11) Fllll I )f 8 l 
lb OF(,A A 'tOU) FOU l't08) 
l 7 01-t,C A 'tlO] FDU "•10] 
l ti Oft,£ A 'tl,l 1 Fl>B l'tol l 
l 'J Of 70 A 'tlOJ FOIi 1',)01 
ZO OF 7l A t,')OJ FOU l'o'>O 1 
.21 or,., A H'tl fl)a 117"1 
2 2 Of/ b A J6"2 FOB lllHl 
21 Of 711 A J•H2 FOIi I l'HZ 
H or 7A A 0001 FUR 10001 
2'i or 7C A ]At,l FOB I )A',l 
Zb 01- IE A ]l\"2 fDU I ltt't2 
Z 1 Of 110 A lC'tl FOB '}t:',l 
2U Ofdl A 0001 FOB 10001 
z•, or 1H A JU'tl FOB llU'oZ 
10 Oftit. A Jf'tl FOO 11E't2 
31 01 811 A JF',l FOB 'lf 'tl 
ll Of6A A 't0',2 FOO HO'tl 
1 3 Of ti( A 0001 FUD 10001 
H OFIIE A 01101 FOB 10001 

' 15 of •,o A "70] FUii l't101 
)t, Of•Jl A OIJO 1 · FOB 10001 
17 Of· 'H A l7't~ FUii 111"2 
]d OF9b A JU',l FOB I ]U 'ol 
]'I OF'ld A J'Hl FOil lJ')',2 
'tO Of'JA A 0001 FOO ,0001 
t,t Ol°'JC A JA'tZ FOR I JA'tl 
'tl OF 11E A .lb'tl FUO '11142 
't) 01- AO A ]C'tl f08 'll ',l 
',', OfAl A ',HJ FOB ,.,,,,,2 
',', Of A't A JU't2 FOlt '1U'tl 
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't I 01 AU A If 'o 2 FOB \ If 't2 
't U Of A A A ',(l't2 FU8 HOU 
t,<j OfAC A fJOOl FUD ,0001 
50 01-Af A OOUl FOO ,0001 
51 OfllO A 't 102 FOO H102 
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5b OFUA A 0001 FOB 10001 
!17 Of UC A )A',l FOO llAU 
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l Of BE A lll'ol FOB I JIit, 2 
2 orcu A J( 'tl FOB IJC'tl 
J OFCZ A "'1't2 run ,.,.,,, l 

,, Of(', A Jl)',2 FOB 'JIJ ',2 
5 OFCt, A Jf 41 FOB OE42 
b OfC8 A JJ't2 FOB I lf 4l. 
1 OHA A 'tO',l FOB '40',2 
e orcc A OOOl FOB ,ooo l 
'1 orcr: A 0001 me ,0001 

10 oroo A t,70Z- F08 1"702 
11 oruz A ',ll02 FUR '41102 
ll OfU't A )7',) fUB '.,,.] 
lJ OfUb A J8't) FOB 118', l 
l't OFl>U A ]'HJ FOB ')'l't) 
l~ Ofl)I\ A 0001 - FOil IOOOL 
1 b of nc A )A'tJ FOB IJA'tl 
11 oroE A Jll'ol FOB I )B't] 
1 U OHO A JC't J FOB I JC't J 
l'I OFEl A .. .,,. J FOR ,,. .... ) 

20 OFE't A JO'tl FOIJ I JUt, 1 
2 l OFE t, A ](,,) FOB lll:'t] 
l2 OFE8 A JF't) FOB 'Jf ',] 
2 J OFEI\ A 'tO't 1 FUB \'tO'tl 
2't OFEC A 0001 FOB 10001 
25 OflE A 0001 FOB ,0001 
lb OFFO A "'701 FOB l't1Dl 
Z1 OFF2 A o\80) FOB \'tBO) 
28 END 
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BAUUCL 04)9 BAOOR OAb'> llREAK OAAE BYJE OAll CHECK OABb 
C14fi(L 0 'I', b CL O•I 7F Cl 0'Hl2 OFUNC 0'185 Ofl O'IUd 
0\1'\llL OIIAl ll l ut 1 1. ll l 0 O(( 't Oll OCff 01.!' 0008 

HI l 0 lHlC Ul Olt,l 03 ouo I)', OCII~ 0~ UCAO 
Uo Of. A'> 07 OCC5 08 Olli', O'I ocoo EXU OAIIO 
C.F UNC U'H·C tt-1 OAlO tll OA'll Hl OA'l't lNCH O'IOC 
lNtll: X OA/l INl'Akl1 0•1ct: lPl O'IE 5 ISWI 0011 11 oou 
llO Olllf Ill OtldO ll 01\18 l l 0827 "' 082F 
15 oo .... lb Oll'tC l 7 Or\'i't 18 0811 19 087A 
LBUf O'lll 11CL Oli'IC NCLP 088A NFUNC 0Al7 11Fl OAU 
11F l OA'o't OPER 0'11 'I Di>ERA 0'117 DUTCH 090F OUTl1 090'1 
OU Tll OA ilE DUH 0•100 OUJlHS o•,01 OUHHS O'IOb llfUNC OAll 
IU1E5 011 1,Z RSWl OAF 1 Rl 011011 SAVA 0918 SAV8 09l't 
SAVIC 0'115 SP 0•112 SJ ART O'HA SWl OAEO SL OAEA 
J ii L l 01) • ·~ TBLZ Oilf"i {EXIT OA91 TFUNC 09QC Tfl OQAA 
JltPl O'HC T11Pl O'llf TtlP't 0921 TYPE o•ne Tl 0AA9 

• HCJ Off" 00 . OSCT 0000 Ol 
• Pscr 0000 02 
• osc r 0000 OJ 
• CSCJ 0000 O't 
ERRORS OETECJED: 0 
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