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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 it? Did you ever won­
der how the program got to that 
particular location? ... why 
that compare instruction wasn't 
working as you thought It 
should? ... why that multiply 
routine didn't work? 

Well, I've been down that 
road many times myself, so I 
decided to write 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
fore and after the execution of 
each Instruction. 

The 6800 Trace and Disas­
semble program does Just that. 
The program enables the user 
to perform the following func­
tions: 
• Program trace function 
•Goto user's program function 
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• Program disassemble func­
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. 
Ail 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 prior 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 hex), the In· 
structlon displayed will be exe· 
cuted and the next instruction 
will be output to the terminal 
along with the contents of ail 
the MPU registers (see Exam­
ple 2). 

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

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

: T 0103 cc b a X 

2242 
Sp 
A049 

rtn 
7805 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. 

X 

2242 
2242 

Sp 
A049 
A049 

rtn 
7805 
7805 



: G 0103,022F 
022F LOX #0080 C1 00 00 07A1 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 stlll 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 

: D 0225 
0225 9E 22 LOS 22 

Example 4. 

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

Example 5. 

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). 

:D 0225,112811 
0225 9E 22 
0227 BD 062C 
022A FE lllFE 
11220 DF 2A 
022F CE 01180 
0232 DF C2 
0234 CE 0930 
0237 DF C0 
0239 9F 26 
one sc es 
11230 80 07 
023F 211 FA 
0241 BC 1966 
0244 20 n 
11246 CE l,!117 
0249 OF l!C 
0248 81 30 
0240 24 56 
024F 81 08 
(1251 25 91 
C253 48 
0254 97 BD 
025G OE !!C 
11258 EE 17 
025/1 6E Oil 
C25C BD n62C 
ll25F 86 21 
0261 97 Cl 
0263 BO 1!109 
0266 86 80 
11268 97 C3 
026/1 06 2B 
ll26C 96 2A 
026E FP DlFF 
0271 B2 OlFE 
0274 BO 1'542 
11277 96 CD 
11279 27 OF 
027A CE 0293 
027F OF 2A 
0280 BD 05AO 

LDS 22 
JSR 862C 
LOX 01FE 
STX 2/1 
LDX 10080 
STX C2 
LDX 10030 
STX CII 
STS 26 
IISR 01F5 
BSR 11246 
BRA Cl23B 
CPX 111166 
BRA 0239 
LOX I 0111 
STX BC 
CMP A 130 
8CC 02115 
CHP A 108 
RCS 111n 
ASL A 
STA /I BO 
LOX BC 
LOX 17, X 
JMP ll~, X 
JSR 1162C 
LDA A 121 
STA A Cl 
JSR 11109 
LOA A 180 
STA A C3 
LOA B 28 
LOIi A 2A 
SUB B BlFF 
SRC A OlFE 
JSR n542 
LOA A Cll 
BEQ G28A 
LOX 111293 
STX 2A 
JSR 05AO 

This function allows the op­
.{lrator to disassemble any 6800 -. · 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 . 

program Including the Trace 
and Disassemble program It· 

"'68lf. 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 disassemble function 
can be performed by typing one 
of the following two responses: 

: D nnnn 
or 
: D nnnn, mmmm 

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. 

The second four hexadecimal 
digits following the comma 
specify the last Instruction 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 address spec· 
ifled must be on an Instruction 
boundary. Otherwise, the dis­
assembly wlll continue past the 

last address. The Escape key 
can be used to terminate any 
11st sequence. 

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 ter· 
mlnate the disassembly and re· 
turn control back to the control 
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rtn-Flrst return address at 
the top of the stack 

The contents of the program 
counter Is the location of the In­
struction to be executed. 

th the use of the trace 
.Ion, the operator can step 

through his program one In­
struction at a time. The con­
tents of all the MPU registers 
are always visible before and 
a~er the execution of each In­
struction. Also, the Instruction 
Is always printed before It Is ex­
ecut~d 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. The 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 
start address. 

e output format Is the 
..... e as the single trace func­

tion except that the program 
will continue outputting each 
Instruction until the breakpoint 
address Is reached. At that 
point the trace function oper­
ates In the same manner as the 
single trace function. That Is, 
depressing the Escape key ter­
minates the trace and depress­
Ing any other key executes the 
last Instruction printed and out­
puts the next Instruction. The 
Escape key Is also used to ter­
minate a trace sequence prior 
to reaching the breakpoint ad­
dress. 

Caution: The trace function 
traces a program with the use 
of the software Interrupt (SWI). 
Always terminate any trace se­
quence using the Escape key. 
Using the system reset may 
leave a software Interrupt In the 
user's program. 

This method of tracing a pro­
P'"'11 Is normally used to deter-

how a program arrived at 
a particular location. If a CRT Is 
being used for a terminal, the 
last 15 Instructions executed 
wlll still appear on the screen 

(assuming the CRT has a mini· 
mum of 16 lines). The rate at 
which the program executes Is 
controlled by the output rate of 
the·termlnal being 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 vlslblllty 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 
routines In ROM are functional 
and always return via the ATS 
(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 
routine shows the character 
being output. Also, the output 
Is reflected In the trace printout 
as Indicated by the line feed fol­
lowing the first output by Tiny 
BASIC. 

Trace Function Restrictions 

There are only two restric­
tions on the trace function. The 
first Is that It wlll not trace a 
program that uses a software 
Interrupt, since the ~oftware In­
terrupt Interferes with the trace 
function'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 Ull3, IIFFF 
0103 JMP 0225 Cl 19 OD 2242 All7D ll22A 
0225 LOS 22 Cl 19 eo 2242 A07D 022A 
0227 JSR 062C C9 19 OD 2242 A07F 0000 
ll62C LOA A ,oo C9 19 OD 2242 All7D G22A 
062E BSR 0649 Cl 19 llD 2242 A07D 022A 
0649 CLR OOBF Cl 19 OD 2242 A07B 0630 
064C JMP 0598 CII 19 OD 22112 Ad7B 0630 
0598 INC OOBF CII 19 110 2242 A07B 06311 
0598 l!MI 0SA7 co 19 OD 2242 A07B 0639 
0590 STX BA co 19 OD 2242 A07B 0630 
059F PSH B c~ 19 no 2242 A07B 0630 
05AD JSR 0109 co 19 OD 2242 A07A 1906 
0109 JMP ElDl CB 19 OD 22112 All78 95A3 
ElDl *** ROM 

OSA3 PUL B co 19 OD 2242 A07A 1906 
05AII LOX BA co 19 OD 22112 Al!7B 06311 
OSA6 RTS co 19 OD 2242 All7B 0630 
0630 LOA B 0111 co 19 OD 22112 A070 022A 
11633 ASL B Cl! 113 OD 2242 A07D ll22A 
0634 BEQ 063E co 06 IID 2242 All7D 022A 
0636 PSH B co 06 OD 2242 A07D 022A 
0637 BSR 0642 co 06 00 2242 A07C ll6112 
0642 CLR A co 06 OD 2242 A07A 0639 
0643 TST 11111 C4 06 Oil 2242 All7A 11639 
0646 RPL 0649 co 116 00 2242 A07A 0639 
0649 CLR IIIIBF co 06 00 2242 All7A 0639 
064C JMP 0598 C4 06 1111 2242 A07A 0639 
0598 INC O<IBF C4 06 00 2242 A07A 0639 
059B BMI ll5A7 co (16 011 2242 AHA 0639 
0590 STX BA co 06 OB 2242 A'7A 0639 
059F PSH B co 06 00 2242 All7A 0639 
OSAO JSR llld9 co 116 00 2242 M79 0606 
01119 JMP ElDl Cll 06 Oil 2242 A077 OSA3 
ElDl *** ROM 
OSA3 PUL B Cl 06 00 2242 All79 0606 
05A4 LOX BA Cl 06 00 2242 A07A 0639 
0SA6 RTS Cl 1!6 Oil 2242 A07A 1!639 
0639 PUL B Cl 06 Oil 2242 A07C 06112 
~63A DEC B Cl 06 011 2242 A07D 022A 
063B DEC B Cl 05 on 2242 All7D 022A 
063C BNE 11636 Cl 04 00 2242 All7D 022A 
~636 PSH B Cl 04 01! 2242 A07D 022A 
0637 BSR 0642 Cl 114 Oil 2242 A07C 0402 
0642 CLR A Cl 04 00 2242 A07A 0639 
0643 TST 0111 CII 114 Oil 2242 All7A 0639 
0646 9PL 0649 co G4 llll 2242 A07A ll639 
0649 CLR OOBF co 04 GO 2242 ACl7A 0639 
064C JMP 0598 C4 04 IHl 2242 All7A 0639 
0598 INC e0BF C4 04 Oil 2242 A07A 0639 
0598 B~II OSA7 co 04 00 2242 A07A 0639 
0590 STX l:\A Cll 04 09 2242 AIJ7/I 0639 
059F PSH B co 04 00 2242 A07A 0639 
OSAO JSR 0109 Cll 04 00 2242 A079 0406 
0109 JMP ElOl Cl! 04 00 2242 All77 OSA3 
ElOl *** ROM 

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., : ~ 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 pfogram 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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MPU Register 
cc 
B 
A 
XH 
XL 
PCH 
PCL 
RTNH 
RTNL 

:A 
Aon C1 
A078 111 FE 
A079 OD AO 
A07A 22 
A078 42 
A07C 01 
A07D 03 
A07E 02 
A07F 2A 
A080 FF 
: T 0103 
01ii3° JMP 

(spac&) 

(space) 
(space) 
(space) 
(space) 
(space) 
(space) 
(escape) 

0225 C1 FE 

Example 7. 

AO 2242 

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 (RTI) 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 R 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 Jess 

JMP SE1AC OUTPUT 2 HEX CHARS AND SPACE 
BASIC MEMORY MAP 

09()().0911 
0912-0949 
094A 
094A-OD18 
088A-OBA2 
OD19-0FF3 

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

MIKBUG 1/0 ROUTINES 

0900 JMP SEOCC 
0903 JMP SEOCA 
0906 JMP. SEOC8 
0909 JMP SE07E 
090C JMP SE1AC 
090F JMP SE1D1 

PARAMETERS 

0948-094C SA042 
0954-0955 $A014 
OA37 $08 

OAB7 $18 

OUTPUT SPACE 
OUTPUT 2 HEX CHARS AND SPACE 
OUTPUT 4 HEX CHARS AND SPACE 
OUTPUT MESSAGE 
INPUT A CHAR 
OUTPUT A CHAR 

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

Table 1. Memory map of 110 routines and parameters. 

T nnnn (CR) Trace Instruction at location nnnn. 
Trace program starting at location 
nnnn with breakpoint address set at 
mmmm. 

T nnnn, mmmm 

G nnnn (CR) 

G nnnn, mmmm 

D nnnn (CR) 

D nnnn, mmmm 

M nnnn 
R 

(ESC) 

Go to user's program starting at loca­
tion nnnn. 
Go to user's program starling 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. 

90 Microcomputing, May 1980 

A07D 022A 

than 2K of memory. The hex 
listing accompanies the article. 
The program uses some· of the 
MIKBUG 110 routines. Table 1 
lists 110 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 toaaed to 
$A042. if this value Is changed, 
It should be set to at lea~t ten 
locations down from the top of 
the stack. 

The software Interrupt vector 
Is normally stored at location 
$FFFA. In my home-brew sys­
tem the software Interrupt vec­
tor points to a ROM subroutine 
that uses location $A014 as a 
programmable software Inter­
rupt vector. The Trace and Dis­
assemble program Initializes 
location $A014 to the return ad­
dress of the trace function. This 
address ($A014) In the program 
will have to be changed to 
$FFFA (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 
1 B hex, respectively. 

Break Test Routine 

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

assemble program function. Af­
ter each line of output the pro­
gram Jumps to 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
tra! 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 $0FF4 for modifications 
to the break test (see Example 
8). 

Summary 
1 

The 6800 Trace and Disas­
~emble 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.• 

OAAE BREAK LDAA S8009 PIA STATUS·KEY DEPRESSED? 
OAB1 
OAB3 
OAB6 CHECK 
OABB 
OABA 
OABD EXIT 

BPL 
LDAA 
CMPA 
BNE 
JMP 
ATS 

EXIT NO 
$8008 YES, INPUT CHAR 
#1 B ESCAPE CODE? 
EXIT NO 
CONTROL YES, RETURN TO CONTROL MONITOR 

RETURN NORMAL 

Example 8. 



0900 7E Ell cc 7E Ell 'CA 7E Ell CB 7E Ell 7E 7E El AC 7£ OC90 80 27 12 84 FO 87 119 18 81 811 27 114 81 en 26 n5 
091M El 01 Atl 42 1111 Otl 00 Oil OA 7E 00 OB Oil OA 11G u !lCAO 86 23 A7 00 tl8 B6 119 lR 81 80 27 38 84 FO 81 20 
092/) (lg lltl 311 311 30 39 ~4 3n 38 211 211 2n 211 20 211 2' IICBO 27 32 86 119 19 l![l oc FF B6 09 lE 85 n1 27 116 B6 
0930 211 49 4E 58 20 20 H 2n 20 20 2G 211 211 H 20 tl4 occo 09 lA B!l cc FF D6 09 lB Bl 611 27 118 81 AO 27 04 
0940 011 00 110 00 110 00 00 00 011 00 BE AIJ 42 BF 09 12 ncoo 81 Ell 26 09 86 2C A7 11(1 ns 86 58 A7 nn FE n9 17 
0950 CE 0A EO FF An 14 BE 09 12 7F 119 21 CE I'll SA BD CCEO FF 09 lC 39 4F F6 09 19 2A 01 4A oc FB 09 lE F7 
0960 09 09 BO 119 oc 16 BO 09 AO Cl 44 27 18 Cl 47 27 t!CFO 09 lA B9 09 17 B7 09 19 80 115 17 80 02 20 DE 36 
1!970 78 Cl 54 27 27 Cl 52 27 06 Cl 4!l 27 05 2r. 07 7E 0000 80 116 32 08 80 06 1!8 39 44 44 44 44 84 OF 88 3(1 
C9811 OA 11 7E OA 17 BO 09 CE BO IIB A3 CE n9 22 BO (19 0010 81 39 23 112 88 07 A7 00 39 2A 2A 2A 4E 4F SIi 54 
0990 09 CE OB 9C BD,09 09 BO OA 97 2A EC en 09 CE 311 OD2C 41 Sil 54 50 41 49 4E 58 44 45 58 43 4C 56 53 45 
09AO B6 09 17 A7 05 86 119 18 A7 06 BO OB A3 CE 119 22 003~ 56 43 4C 43 53 45 43 43 4C 49 53 45 49 53 42 41 
09BII 86 04 87 09 26 BO 119 09 CE 09 2F BO 09 (19 BO !IA 0040 43 42 41 54 41 42 54 42 41 44 41 41 41 42 41 42 
09CO BE CE OB 9C BO 119 119 BO OA 97 BO 118 11 3P, BCl OA 00511 52 41 42 48 49 42 4C 53 42 43 43 42 43 53 42 4E 

I 
0900 65 FF 09 17 BO 09 oc 81 OD 27 IIA BO M 59 FF ~9 1!0611 45 42 45 51 42 56 43 42 56 53 42 50 4C 42 40 49 
09EO lF 7C 09 21 39 CE OB 9C BO tl9 09 39 BO OA 65 FF 0070 42 47 45 42 4C 54 42 47 54 42 4C 45 54 53 58 49 
ll9FO 09 15 30 B6 09 15 A7 115 86 09 16 A7 06 7F 09 1E 0080 4E 53 50 55 4C 44 45 53 54 58 53 5 (I 53 48 52 54, 
OAOO BO 09 oc 81 OD 27 09 RO OA 59 FF 09 17 BO OD 11 009(1 53 52· 54 49 57 41 49 53 57 49 4E 45 47 43 4F 40 
OAlll 38 311 FF 119 15 20 03 BO IIA 65 CE OB 9C BO 09 119 0DA0 4C 53 52 52 4F 52 41 53 52 41 53 4C 52 4F 4C 44 
OA21l CE 09 15 BCl 09 06 FE 09 15 BO 09 03 FF 09 15 BO 00811 45 43 49 4E 43 54 53 54 43 4C 52 4A 40 50 53 55 

- · llA3A 09 oc 81 2C 27 E4 81 08 26 01'1 FE 09 15 09 09 FF OllCO 42 43 40 50 53 42 43 41 4E 44 42 49 54 4C 44 41 
DA411 09 15 20 06 BO OA Bl BO PA 75 119 A7 Oil Al IJO 27 ODDO 45 4F 52 41 44 43 4F 52 41 41 44 44 43 50 se 42 

-DASO C9 86 3F BO 09 OF 7E 09 56 80 IIA CE !!B 9C BO 09 ODEO 53 52 liC li4 53 53 54 41 53 54 53 4A 53 52 4C 44 
OA60 09 FE 09 15 39 SD IIC 87 09 15 SD 07 B7 09 16 FE 0DFO 58 53 51i 58 00 Ill Ill Dl (10 01 Oil 01 00 CH 0~ 01 
OA7!1 A9 15 39 SD 119 48 48 48 48 16 SD 02 lB 39 BCl 09 ~EOO 02 01 03 lll 04 01 05 01 06 01 07 01 08 n1 09 ~l 
CIABO CI.C 80 30 28 OF 81 09 2F DA 81 11 2B 07 81 .16 2E OElll OA 01 OB 01 oc Ill 00 01 OD 01 00 Ill t)(l n1 (Ill (11 
0-6911 · e13 80 07 39 7E 119 56 7D (19 21 27 00 FE 09 17 BC OE20 OE Ill OF Ill 00 Cll H 01 00 01 11 01 (1(1 n1 no n1 
OAAII d9 lF 26 IIA 7F 119 21 20 os eo n9 nc 2" ~8 B6 Bl' OE30 110 01 00 01 12 116 All 01 13 OA 14 OA 15 OA 16 IIA 
OABII 09 2A 0 B6 SC, 08 Bl 18 26 113 7E 99 56 39 FE 09 OE40 17 OA 18 OA 19 BA lA OA lB OA lC 0A 10 OA lE IIA 
OACII 12 llB RO 09 113 BO 09 03 BO 09 03 BO c:19 os es FF OE50 lF OA 211 OA 21 01 22 01 23 81 23 41 21i Al 25 (11 
D1'1Dll 09 15 CE 09 15 BO 09 06 FE Cl9 15 08 BO 09 (16 39 OE60 26 81 26 41 00 01 '/7. 11 011 01 28 11 00 n1 on (11 
DAE~ BF 09 12 30 60 06 26 02 6A n5 6A 06 80 n9 3(1 EE OE70 29 01 2A Ill 28 81 oo· 01 00 01 2C 81 2[1 Bl 00 Al 
OAFO 05 FF 09 17 7E ~9 AA B6 09 lE 84 3C Bl 08 26 (IS OESO 2E Bl 2F Bl 30 81 31 81 32 Bl 00 01 33 81 34 Bl 
OB!)!) FE 09 19 86 09 14 A7 OCl FE c:19 17 B6 09 18 A7 no OE90 00 01 35 81 28 41 110 Bl BO 01 2C 41 2D 41 Oil 01 
0BlA 39 B6 09 lE 84 lC 26 . 03 S!l 32 39 81 114 26 U FE OEAO 2E 41 2F 41 30 41 31 41 32 41 00 01 33 41 34 "1 
OB211 A9 19 FF 09 17 211 Fl Bl 08 26 04 SD 53 H E9 81 OEBO OIi 01 35 41 28 02 OC! 01 110 01 2C 02 20 112 on Ill 
OB3fl oc 26 11 4F F6 09 19 30 EB 06 A9 05 B7 a9 11 F7 DECO 2E 02 2F 02 30 !l2 31 02 32 02 00 01 33 02 34 02 
OB411 09 18 213 04 30 EE 119 FF 09 17 20 cc FE 09 17 A6 OEDB 36 IIE 35 112 28 03 OIi Ill 00 01 2C 03 20 03 00 01 
:lB50 OA 87 09 18 86 3F A7 Oil Al 00 27 23 CE ~9 17 BCI BEE0 2E 03 2F 03 30 03 31 03 32 03 00 01 33 113 34 03 
09611 09 06 CE JIB 92 BO 09 09 DO llA 97 B6 09 1E 85 20 OEFII 36 07 35 03 37 82 38 82 39 82 BO 01 3A 82 38 82 
0870 27 05 FE 09 lC 2n 03 3n EE 0R FF 119 17 2B CD 39 OFOII 3C 82 110 01 30 82 3E 82 3F 82 40 82 41 03 42 2~ 
~B80 FE 09 19 A6 00 87 09 14 20 CA 110 OA tlA 1.10 0(1 P(I OFlll 43 03 Clll 01 37 82 38 82 39 82 BO 01 3A 82 38 82 
OB9!1 3A :14 20 2A 2A 2A 20 20 20 52 4F 40 l!CI OA CO 00 (IF20 3C 8 2 li4 82 30 82 3E 82 3F 82 411 82 41 B2 IIC 01 
OBAII 00 00 04 CE 09 22 C6 10 86 20 A7 110 08 SA 26 FA OF30 43 A2 45 02 37 82 38 82 39 82 OB 01 3A 82 38 82 
OBBO 86 04 A7 00 FE 09 17 AG OCl B7 09 lB 48 CE OD F4 OF40 3C 82 44 82 30 82 3E 82 3F 82 40 82 41 n2 46 2E 

_OBCO FF 119 lC 24 Cl3 7C 09 lC F6 09 lD lB B7 09 10 24 OFSII 43 112 45 02 37 83 38 83 39 83 00 01 3A 83 38 83 .. 0800 03 7C ~9 lC CE Cl9 22 86 09 17 BO OC FF 86 09 18 OF60 3C 83 44 83 30 B3 3E 83 3F 83 40 83 41 113 46 27 
- OBEO BO OC FF FE !19 lC A6 00 !17 ll9 lC E6 01 F 7 09 1( BF78 43 03 45 113 37 42 38 42 39 42 00 01 3A 42 3!1 42 

OBFO C4 03 FE 119 17 A6 01 B7 119 19 A6 02 B7 Cl9 lA 37 OFSO 3C 42 00 01 30 42 3E 42 3F 42 40 42 CIO 01 00 01 
OCOll CE 09 27 B6 09 18 BO OC FF 08 SA 27 0F B6 119 19 OF9CI 47 03 CIB Ill 37 42 38 42 39 42 OC! n 3A 42 38 42 
OClA 110 IIC FF SA 27 06 B6 09 lA BO OC FF 33 FE 09 17 OFAII 3C 42 44 42 30 42 3E 42 3F 42 411 42 110 Cll 00 ~l 
OC20 08 SA 26 FC FF ng 11 B6 09 lC 16 CE OD 19 FF 09 BFBO 47 02 48 02 37 42 38 42 39 42 no 01 3A 42 38 42 
0C30 lC 48 24 04 7C 09 lC l!C lB 24 03 7C 09 lC BC PB SFCII 3C 42 44 42 30 li2 3E 42 3F 42 40 42 1111 Bl (10 01 
OC40 09 10 24 03 7C 09 lC B7 09 10 FE 09 lC A6 110 B7 OFD0 47 02 li8 02 37 43 38 43 39 43 110 01 3A 43 38 43 
ocso 119 31 A6 01 87 ~9 32 A6 112 R7 09 33 C6 2~ F7 C9 OFEII 3C 43 li4 li3 30 43 3E 43 3F 43 40 43 011 Ill 00 01 
ncsll 34 B6 09 lE 85 CO 27 BB 2A 114 C6 41 2A n2 C6 42 OFFO 47 113 48 03 00 00 OIi BIi 00 110 1111 1111 011 fl~ 00 00 
OC711 F7 09 35 CE 09 37 86 119 31 81 2A 26 08 B6 09 lB > 
oc8n Rt' IIC FF 20 40 B6 119 lE 85 82 27 39 es 19 lB 81 

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-

Program B shows the dlsas- the following response: tomatlcally output the next ad- Ing 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). 
Ing at 0280 hex. All values are In memory change function. The changed, the program will out· 
hexadecimal. Branch operands four hexadecimal digits follow- put a (?) and return to the con· Register Examine 

are the actual branch address. Ing M specify the address to be trol monitor. and Change Function 

Direct addressing Instructions examined or changed. Once the If the operator wishes to This function Is used to ex· 
are shown 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 
taln a valid op code, the dlsas- dress and Its contents: program will output the next lo· 
sembler will assume It Is data : M 0103 cation and Its contents. For : M 0103 

0~ 7E (space) 
and output asterisks (· • ·) for 0103 7E back spacing to the previous lo- 0104 02 (back space) 

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

clde whether to change mem- space key (08 hex). The program 
0104 02 (back space) 
0103 BD 7E 

Memory Examine ory, space to the next location, will output the previous location 0104 02 (space) 
and Change Function back space to the previous lo· and Its contents. The back 0105 25 Cback space) 

This function can be used by cation or return to the control space function is useful for 
0104 02 (back space) 
0103 7E (escape) 

the operator for Inputting a pro· monitor. back spacing when an Incorrect 
gram or making changes to an If the contents of memory are value Is entered. Example 6. 

existing program. This function to be changed, Just enter the The memory change function 

ii 88 Mlcrocomputlng, May 1980 f 
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To use the program, do the following: 
1. Load the program. 
2. Use the MIKBUG memory change fundion to set · the 

program counter, addresses A048 and A049, to OEBO, 
the start address of the relocator program. 

3. From the MIKBUG monitor, type "G" to begin execu· 
tion. The program will prompt \Vith a carriage return, 
line feed, "?''. and a space. 

4. Type a "P" for program segment or a "D" for data 
segment to be transferred. The computer will re­
spond with a space. 

5. Enter (in hexadecimal) the start address of the pro­
gram or dafa block 1o be transferred, the old end 
address, and the new start address. The compufer 
will put spaces between each. Transfer is completed 
when the prompt is re-displayed. Additional segments 
may be transferred by returning to step 4. 

Table 3. System Requirements 

NAME: BLKXFER 
FUNCTION: Move program or data block from one mem, 

ory location to another, retaining execut· 
ability ol program in new location. 

AES UL TS: New program· is produced in different 
memory location. 

HARDWARE SWTPC 6800 microprocessor, CT-1024 
CONFIGURATION: TV terminal, AC.JO casselle interface. 
MEMORY AEOUIRED: Program resides inS0EBD1oSOE56. S::ratch-

pad memory required from SAD02 to SAD17. 
Memory also required tor program in init ial 
ancl final storage locations. 

SOFTWARE SUPPORT: MIKBUG 
ASSEMBLER: Motorola Cc,-Resident Assembler 
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By Dr. Gordon W. Wolfe 

One of the major advantages of a 6800-based microcom­
puter is the great amount of software available, either in 
microcomputer magazines or from the manufacturer or sup· 
port companies which sell software. Basic interpreters, text 
editors, assemblers and disassemblers as well as several 
game and utility programs have all been published and are 
on the market as well. 

One minor problem with software not written by the user is 
that the program may not reside in a convenient segment of 
RAM memory. For example, a printer handler may occupy 
the same memory location as the executive portion of a 
disassembler (obtained from a different source) requiring a 
handler for a printer. In order to use the handler to print the 
results of the disassembly, it will be necessary to have the 
handler in a usable location. 

In the case of a short program like a handler, it would be 
very easy to re-write the program for a more appropriate 
place in memory. For longer programs, the program may be 
re-assembled for a new memory location. This latter option 
assumes that the user has an assembler program with suffi­
cient memory to accommodate ii, and also that the user has 
a copy of the source program on paper tape or cassette 
which may be loaded and edited. 

Persons having a minimum system, such as the SWTPC 
6800 with only 4K of R.A.M or the MITS 680 wiih a mini­
mum 1 K memory, have insufficient memory to accommo-

' P an assembler/editor. A cassette interface or paper tape 
. ~dd/punch is virtually a necessity for a microcomputer user, 
but many people may not have one. In addition, some pro­
gram~ are available only in machine language form. 

The following program will transfer a block of data or a 
machine-language program from one location lo another 

and allow ii to remain executable in the new location . For ex· 
ample, if the program to be moved is in location 1200-1400 
and a particular 3-byte instruction, say at HEX address 
1380, is STX $1250 (FF 1250), the instruction will reside 
at HEX address 0580 after transfer to location 0400-0600, 
and will be FF 0450 in machine language. 

This program was written for the SWTPC 6800. The sys­
tem used has 12K of memory, a CT-1024 terminal, and 
AC-30 cassette interface. The SWTPC 6800 has scratchpad 
memory at HEX addresses AOOO to A07F, control interface al 
HEX locations 8004 to 8007, and MIKBUG ROM monitor 
occupying the upper 8K of memory above location EOOO. 

The program described here makes use of the scratchpad 
memory and uses four routines in MIKBUG. There is a pro­
vision in the program that 3-byte instructions containing ad­
dresses of the interfaces, the scratchpad, or MIKBUG will be 
transferred with these addresses unchanged so that ad­
dresses or routines in these areas may be referenced by the 
transferred program. 

USING THE PROGRAM 
The relocator program may be used on machine-language 

programs resident in RAM at HEX addresses 7FFF or lower 
(lo avoid conflicts with scratch pad, interfaces, or the monitor) 
or on HEX data resident anywhere in the machine. It will not 
transfer both in one operation. If a program contains char­
acter or HEX data within the body of the program, each 
block of program or dara must be relocated in a separate 
move. For example, the program may be used to relocate it­
self but will require two operations, one for the data from 
HEX locations OE80 to OEAF. ar.d a separate one for the 
program proper locared between OEBQ and OF56. 
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To use the program, do the following : 
1. Load the program. 
2 . Use the MIKBUG memory change function lo set the 

program counter, addresses A048 and A049, lo OEBO, 
the start address of the relocator program. 

3. From the MIKBUG monitor, type " G" io begin execu­
tion. The program will prompt with a carriage return, 
line feed, "?", and a space. 

4. Type a "P" for program segment or a "D" for data 
segment to be transferred. The computer will re­
spond with a space. 

5. Enter (in hexadecimal) the start address of the pro­
gram or data block to be transferred, the old end 
address, and the new start address. The computer 
will put spaces between each. Transfer is completed 
when the prompt is re-displayed. Additional segments 
may be transferred by returning lo step 4. 

HOW IT WORKS 
Hexadecimal data is simply transferred byte-by-byte from 

the old location to the new. 
Program transfers make use of an interesting fact about 

the 6800 instruction set; the most significant 4 bits of the op­
code define the total number of bytes in the instruction. (See 
Table 1.) If the opcode is represented by a two-character hexa-

Table 1. 

First 4 Bits of OPCODE No. Bytes Address Mode 
(HEX) 

0 Inherent 

1 Inherent 

2 2 Relative 

3 Inherent 

4 1 Inherent 

5 1 Inherent 

6 2 Indexed 

7 3 Extended 

8 2 or 3 Immediate or Relative 

9 2 Direct 

A 2 Indexed 

B 3 Extended 

C 2 Immediate 

D 2 Direct 

E 2 Indexed 

F 3 Extended 

decmial number, say 20 for Branch Always, which is a two­
byte instruction, all opcodes beginning with the HEX num­
ber two will be two-byte instructions. All opcodes beginning 
with seven, such as 7E (Jump Extended). are 3-byte instruc­
tions where the second and third byte are an address (the 
Jump address). One-byte instructions are inherent opera­
tions and are merely transferred to the new location. 

Two-byte instructions are also transferred byte-by-byte lo 
the new location. The first byte is the opcode, and the sec­
ond is a relative or direct address which will remain unchanged 
in the transfer or immediate data, also unchanged. 

In the case of 3-byte instructions, the opcode is transferred 
first. Then the address is tested to see if it is 7FFF or less. If 
the second two bytes are less than 7FFF, a new address is 
calculated by adding the difference between the new start ad­
dress and !he old start address lo the second two b}1tes of the 
instruction. If the second two bytes are 8000 or greater, no 
new address is calculated. The second two bytes are then 
transferred. 

Note that opcodes beginning with HEX 8, such as SA (OR 
Note that opcodes beginning v.ith HEX 8, such as 8A (ORA 

A), ma} be either 2- or 3-byte instructions. The program will 
lest for this and execute the appropriate transfer routine. 
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Table 2. 

Called from 
Address Name ADDR Purpose 

E07E PDATAl OEB3 Outputs charac:er s tnng µc1nted to 

by index register. terminated by 

HEX 04 . 
E1AC INEEE OEB6 lnouts ASCII charac ter tc A 

accumulator 
E047 BADDR OEBF Inputs 4 HEX characters and stores 

OECB them i n ind e x register 

OED1 
EOCC OUTS OEBC outputs a space 

OEC5 

OECE 
A002-A003 OEC2 Storage location of old start address 

OEDD,OEEO 

OEF4 
OFOA 

OF19 

OF27 

OF33 
A004 ·A005 OECB Storage location of old end address 

OF2A 
A014-A015 OED4 Storage location of new start address 

OED&,OEDA 

OF1E 

OF24 
A016-A017 OEE3.0EE6 Storage location of transfer vector 

OF4B,OF4E 

ADAPTING THE PROGRAM RELOCATOR 
Table 2 shows the addresses in scralchpad and MIKBUG 

and the location of their calls, as well as the purpoc;e of the 
memory location or subroutine. 

If a particular machine does not use MIKBUG. routines 
must be supplied to take the place of MIKBUG's routines 
PDATA 1, INEEE, BADDR, and OUTS. The calls to these 
routines should be changed to reflect the location of the rou­
tines. If an assembler is available, this is accomplished most 
easily by changing the EQU statements at the beginning of 
the programs and re-assembling. 

Table 3. System Requirements 

NAME: BLKXFER 
FUNCTION: Move program or data block from one mem­

ory location to another, retaining execut· 
ability of program in new location. 

RESULTS: New program is produced in difierent 
memory location. 

HARDWARE SWTPC 6800 microprocessor, CT-1024 
CONFIGURATION: TV terminal, AC-30 cassette interface. 

MEMORY REQUIRED: Program resides in $DEBO to SOE56 Scratch· 
pad memory required from SA002 to $A017. 
Memory also required for program m 1nit1al 
and final storage locations. 

SOFTWARE SUPPORT: MU(BUG 

ASSEMBLER: Motorola Co-Resident Assembler 

MIKBUG's scra!chpad RAlv'; in location AOOO lo A07F is 
also used for temporary storage in BLKXFER. If a rr.och;nt:: 
does not have RAM at this location, temporary sto-age must 
be placed in RAM. There is sufficient storage for this purpo;,e 
in the reserve memory by;es area between OEA6 and OEAF 

Lastly, BLKXFER will not iecompute addresses higher 
than 7FFF. This uppei limit ,nav be changed to an~: 256-
byle block by changing rhe da:a for the compare imrwdiate 
instruction at HEX address OF40.D 
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ASSEMtSLY LISTING 
Hill ~Al1 
1111112 tl7E PDATAI LQU 
,hh!J EIAC l'lEEE EQU 
,hl.:4 E047 flADDR EOU 
,hli15 E0CC OUTS EQU 

il016 ORG 

IUl1117 BEBil llf'l9 TAbl.E f'Db 
B0118 BEB2 Bf'19 FOB 
e,HJ9 11£64 llf'37 f'Db 
ih111l 0EB6 iHl9 f'Db 
illill I il£B8 llf'19 f'DB 
iloll2 ilEBA llf'19 f0B 

1111 I J il £8 C il f'J 7 FDl:I 
111114 i1£8E tf'JC f'DB 
ilill5 IIE911 ilf'dA f'D& 
HIC> 11£92 llf'J7 FOO 
11'117 iJE9.ll ilf'J7 FOB 
HIB ilE96 ilFJC f'Dli 
01119 ilE9B Or:17 FDb 

1120 ilE9A ilf"J7 FD6 
ilil21 ilE9C llF37 FD6 
i11122 ilE9E IIFJC FD& 
11123 BEAil ilD CP.1.F FC& 
lil2.11 ilEAI ilA FCD 
1125 lilEA:. J F2il FCC 
1826 llEAI 04 FC6 
11127 llEA5 illldb TYPE JlMB 

1128 IIIE61l CE llE.Aa START LOX 
H29 llE.&3 6D Ell 7E JSR 
1131 IEB6 80 EIAC JSR 
11131 IEB9 87 IEA5, STA A 
1132 IEBC BO E8CC JSR 
UJ3 11:BF 80 u.-7 JSR 
jiJ4 ilEC2 f'F Allll2 A(> Z.? STX 
Bl~S ilECS BO EdCC JSR 
II 6 ltC8 BO Ee.-7 JSR 
1137 IECB FF A~14 R ¢2~ STX 
11311 IECE BO EpCC JSR 
1139 IEDI 80 U47 JSR 
11.-1 IED• FP' Adi.- P,(p 34'- STX 
1141 1£07 86 AIIIIS A~ 3.1,.. LDA A 
ill42 0£DA P'6 Alll4 /M 3 4 LOA s 
11.-3 IEDD Bil Ailll (-+-() '2~ SUB A 
llil.-4 IIIEEd F2 All1112 PfP.Z.Z SBC B 
llll45 BEEJ b7 Allll7 ~i{) 3 7 STA A 
lllll46 llEE6 f'7 Alll6 flfofG STA B 
,11147 llEE9 F6 i1£AS L O LOA B 

~1111148 IEEC CI .ii• CHP 8 
1111149 IEEE 27 86 BEQ 
11051 IIEFI Cl 5111 Cl'IP 8 
11.as1 1Era 26 ac au: 
NU en.- FE AIU 1A,P!l. LDX 
IISJ 0EFT A6 illl LOA A 
11154 ilEf9 44 · LSR A 

1155 BEFA 44 LSR A 
1156 IIEF'B 44 LSR A 
1157 llEFC u LSR A 
111 sa aitni ..a ASL. A 

--------------

11.KXn:a 
• 
• 
• 
• 
HE81 

illf'19 TABLE Of' OPCODE f'IRST HEX 
UF19 CHARACTER1 SUBROUTI I~ E 
Uf'J7 ADDR f'OR DATA TYPE 
Uf'l9 
UFl9 
Uf'l9 

Uf'J7 
Uf'JC 

Uf'BA 
Uf'J7 
Hf'J7 
Uf'JC 
iilf'J7 

Uf'J7 
Hf'J7 
UFJC 
HD OUTPUT PROMPT 
UA 
11 I 
u 4 

B I/ORK SPACE 

1CRLf' PROGRAl'I START 
PDATAI OUTPUT PROMPT 
INEEE INPUT DATA TYPE 
TYPE 
OUTS 
BAODR INPUT OLD START ADDft 
IAH2 
OUTS 
BADOR IN PUT OLD IND ADOR ,,. .... 
OUTS 
BADDR INPUT NEV START ADDR 
IAII• 
IAIIS COl'IPUTE TRAN SFEft VECTOR 
IAII• 
IAIIJ 
iABil2 
IAlll7 
IA016 
TYPE PROGRAl'I OR DATAl 
,1.-4 D? 
TYPED GO TO DATA ROUTINE 
1151 '" START IF :-1 ti THEIi, START OVER 
IIMl2 
II, X GET HOST SIG.'lllf'ICA'IIT 4 BITS 

OF OPCODE 

HU. Tl PLY BY 2 

.. . , • ....,_.. 'I 

-
Dl59 IEFE 87 IFl5 STA A HFl5 LOOK UP AOOR FOR OPCl T'YP E 

UH IIP-11 CE IE!II LOX I TA!ll. E 
H61 IIP-84 EE H LDX I, X 

11162 0f'06 AO 00 BSR 0, X GO TO OPCODE TYPE SUliAOUTINE 

11163 Bf'BB 20 Of' 
~ IE) 

BRA LOOP :~EXT INSTRUCTI0:-1 

li164 Bf'BA FE A0B2 LDX iAB1l2 OPCODE•BX,SEE IF 2 OA J BYTE 

1865 Bf'BD A6 llll LOA A ll, X INSTRUCTION 

8066 ilf'0F 81 BC Cl'IP A ,,sc 
1167 Bf'II 27 29 BEQ TYPEJ 

11168 llFIJ 81 BE Cl'IP A UBE 
1169 llf'l 5 27 25 SEQ TYPE J 

11111 ilf'I 7 21l IE Rr/) ee. BRA TYPE2 2 BYTES 

11071 0Fl9 ri: A.112 ' TYPE! LDX U.112 TRMSFER 1-IIYTE INSTRUCTION 

Be7R 0r1C A6 II ,q,j~f LOA A 1,X OR DATA VIHTOUT CHANGE 
IAII .. 11173 IFIE rt All.- TYPEA LDX 

ttfl7• IIP"RI A7 II STA A 1,X 

1175 BF23 BB INX 
1176 Bf'24 f'F A014 Ftg$ 31- STX iAB14 

8177 IIF27 FE A0B2 INCRX LOX iA01l2 

H 78 8 f'IIA BC Alli• Jblr/>l2. CPX iAllil 4 END Of' DATA7 

N79 IIFIID 26 13 lt'IZ4 au ~DI NO 

008'1 anr 7£ IUI JHP START YES 

i>08 I O FJ2 Ill IMDI INX 
1811 IFJ3 rF A.112 fl(/1 e.2 STX IAl12 
8111113 ilF36 39 RTS 
1184 ilF37 BO Ell TYPE2 BSR TYPEI TRANSFER 2-BYTE INSTRUCTION 
HISS BFJ9 80 DE BSR TYPEI WI TH NO CHANGE 
118 6 llF3B 39 RTS 
IUl87 ilf'JC 80 DB TYPE3 BSR TYPEI 3 BYTES1 TRANSFER OPCODE 
1111118 8P"JE A6 BS LOA A e,x 
H119 ilP'4il 81 @ - 3F; CHP A U7F IN RAt17 
D11198 81"42 23 1115 BLS HORE YES 
81191 ilP'44 BO DJ BSR TYPEI NO-TRANSFER ADDR WCHA.'IGEO 
111192 IIIF46 80 DI BSR TYPEI 
OGl93 IIIF48 39 RTS 
1194 ilF49 E6 ill HORE LOA B I, X CDl'IPUTE NEW ADDR 
H95 ilF4S FB Alll 17 '/CJ(}?? ADD 8 iAllll 7 
0896 ilF4E 69 AIII I Cl ADC A IAll 16 
1111197 eF51 80 CB fl(/)j,b BSR TYPEA TRAN Sf'ER IT 
8898 lll"5J 17 TBA 
1199 llF54 SD CB esn TYPEA 
DIii lllf'56 39 RTS 
11111 OIO 

OBJECT CODE MIKBUG HEX DUMP 
p 
SI I 31£8illJ Fl 911 Fl 9111"3 71FI 911 Fl 901"1911 FJ 71 FJCBF 
S 11 31E9ill FIIAII FJ 711 F3711 F3Cll l"J 711F3 71P'3711 F3C4 I 
511JllEA00DllA3f'2illl45il807120JFilillllllBBililllllillll7 
SIIJBEBllCEIIIEAB6DElll7EBDEIACB70EA5BDEIICC6DBD 
SIIJilECilE047FFAilil2BDEllCCBDE047f'f'Ailll4bDE0C9 
SIIJIIIEDilCCBDEil47Ff'A014B6ABISF6ABl4bllAlll1lJ4J 
SIIJilEF0F2Allll2B7Alll7F7Alll6F6BEA5Cl4427B6C4 
SIIJ8EFIIAl5026BCFEA0il2A68il4444444448B7111f'97 
S 11 311 Fililil SCEll£8 BEEil0AD0il2ilDFF'EA01l2A601118 I I B 
Sll3111f'lilBC2729BIBE27252BIEFEAIIIB2A60llf'EAlll74 
Sll30F20l4A70008Ff'Allll4f'EA0112BCAlll0426BJ7£All 

S 11 Jil FJ0BEB1l0B Ff'Alllll2J98 DEB8DDEJ9B DDBA6BllEE 
Sll31111"41l817f'2311158D038DDIJ9E61111f'6Aill7B9Alll8C 
SlilA11f'5ill 68DCBI 78DC83983 ' 
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ASSE!Va,L Y LISTING 
ilillll "IAH 

0u02 un: POATAI EQU 
<l1.HlJ EIAC l'JEEE EQU 
d01l4 E.U47 BAODR EOU 
li1Hl5 E0CC OUTS EQ\J 

00116 ORG 

ililld7 0EB0 0fl9 TA6LE FD6 
llll0B 0EB2 0Fl9 FDb 
0o/lll9 0E84 0FJ7 FDb 
0il 1 0 0 EB 6 ll FI 9 FDb 
illllll 0 EBB ll F 19 FOB 
11111 2 0 EB,\ 0 F 19 FD6 

11111 J 0 EB C 0 FJ 7 FOIJ 
IHI I 4 0 EBE t F JC FOB 
0015 0E90 0f'llA f'O & 
B1116 0E92 0FJ7 FDl3 
illll 7 0E94 0FJ7 F OB 
IHJIB 0E96 lffJC FDb 
9!ll9 0E98 IJFJ7 FOi, 

1820 0E9A 0FJ7 FOE 
11821 0 E9C 0 FJ 7 FD6 
11822 0E9E 0FJC FD6 
111123 0EA0 eo CPl.F FC E 
9924 0EAI 0A FCD 
llB25 0EA< JF'20 FC C 
IIB21l 0EAII 04 FC E 
111127 0EA5 ll l ' llb TYPE RM B 

llil2B 0E60 CE 0EA0 START LOX 
111129 0E.£J BCJ E07E JSR 
eeJII IIEB6 SD EIAC JSR 
lHJ I llEB9 87 OEA5 STA A 
8932 IJEBC BO Eecc' JSR 
U33 ilEBr BD EA! 4 7 JSR 
11034 0EC2 FF A002 STX 
11035 llECS BD E0CC JSR 
1036 8EC8 BO E047 J 5R 
8837 IECB ,-,- A004 STX 
U8J8 BEG£ BD E~CC JSR 

HJ9 IEDI BO £047 JSR 
II.JIil il£D4 ,-,- Al!l4 STX 
8041 B£D7 86 Alll5 LDA A 
01142 0£DA F6 A014 LOA B 

11043 ilEDD BIi Al!ilJ SUB A 
1.1114" 1!£Ei.l F2 All02 SBC B 
0045 0EEJ b7 A017 STA A 
804b 0EEb F7 A016 STAB 
kl047 0EE9 F'6 llEAS LOOP LOA B 

~01148 l!EEC Cl 44 CHP B 
91!49 llEEE 27 Bil BEQ 
0050 0Ere c1 51! CKP B 
11851 l!IEP'll 26 BC El'IE 
9458 flEP'.11 rE AOdll LOX 
Ull!IJ 0Ef'7 Ab 00 LOA A 
OeJS'I 0EF9 44 LSR A 

Pel55 0EFA 114 LSR A 
011~6 0ErB 411 LSR A 
H57 9EFC 11,11 LSR A 
H SI! GEl'1l 411 ASl. A 

81..KXP'Ea 

• 
• 
• 
• 
UE8il 

i0Fl9 TABLE OF OPCODE FIRST HEX 
i0FI 9 CH ARACTER, SUBROUTI '~ E 
i0FJ7 A DDA FOR DATA TYPE 
10 F'l 9 
UF19 
ill Fl 9 

UFJ7 
Uf'JC 
l0f'0A 
3.0FJ7 
UFJ7 
UFJC 
i 0FJ 7 

l0FJ7 
S0FJ7 
ill F JC 
i0 D OUTPUT PROMPT 
\llA 
/l / 
10 4 

B WORK SPACE 

I CAL F PROGRAM START 
PDATA I OUTP UT PROMP T 
INEEE INPUT DATA TYPE 
TYPE 
OUTS 
BAODR INPUT OLD START ADDR 
IA002 
OUTS 
BADDR INPUT OLD IND ADDR 
IAU4 
OUTS 
BADDR IN PUT NEV START ADDA 
IA814 
IAll5 COKPUTE TRAHSP'Ell VECTOR 
lABl4 
lA80J 
iA002 
lA0 I 7 
J.A016 
TYPE PROGRAM OR DATA7 
,11,44 07 
TYPED GO TO DATA ROUTINE 
U58 ,,., 
START lP' lllEITHER, START OVER 
IIA88 2 
0, X GET MOST SIG:JIFlCA'lT 4 BITS 

OF OPCODE 

MIL Tl PLY BY 2 

r, 
LOOK UP AODR P'OR OPC( l I 

et59 0EP'E 87 IP'l5 STA A HP'l5 'Y PE 

H6fl 111'81 CE H:111 LOX ,1TABLE 

11961 IIIP'84 EE ee LOX 8,X 

il862 0F06 AD 00 BSR 0, X GO TO OPCODE TYPE SUBRO UTINE 

8863 0F08 20 OF BRA LOOP :JEXT lNSTRUCTIO:J 

8864 0F0A P'E A002 TYPEB LOX lA002 OPCOOEmBX,SEE IF 2 OR J BYTE 

8865 0F0D A6 00 LOA A 0, X lN STRUCTI ON 

006f) 0F0F 8 J BC CMP A nae 
1867 0FI I 27 29 BEQ TYPEJ 

Sil68 0FIJ Bl BE CMP A UBE 
0069 0FI 5 27 25 BEQ TYPE J 

!5870 llFl 7 20 IE BRA TYPE2 2 BYTES 

&071 0P'l9 P'E A812 TYPE! Lil)( SA912 TRANSP'ER I-BYTE INSTRUCTION 

011J71l 0P'IC A6 H LOA A I, X OR DATA VlHTOUT CHAHOE 

0073 0P'IE P'E ABl4 TYPEA LDX IAl l4 

IH!l74 BP'lll A7 ee STA A l,X 

111875 0F2J 06 INX 

1 1 76 0f'24 Ff' A014 STX lA014 

8177 0F27 f'E A002 lN CRX LOX lA002 

D878 8FllA BC A884 CPX IA01114 END OF DATA? 

H79 OP'llD 26 13 BNE DfDI NO 

0080 1 nr 7E DEBI JHP START YES 

0081 OP'32 Ill DIDI INX 

0081 IV33 VP' Aalll STX IAll2 
01183 0f'J6 39 RTS 
Hll4 0FJ7 BD E0 TYPE2 BSA TYPEI TRANSFER 2-BYTE INSTRUCTION 
OHS 0FJ9 60 DE BSA TYPEI WITH NO CHANGE 
III086 0FJB 39 RTS 
fllQll7 0FJC 60 DB TYPEJ BSR TYPE! 3 BYTESt TRANSFER OPCODE 
flt!lll8 01"3£ A6 00 LOA A 0,X 
09119 0 F40 BI 7F CMP A fl.7F lN RAM? 
C(jl98 0F42 23 05 BLS MORE YES 
0i,91 0F44 80 DJ BSR TYPE! NO-TRANSFER ADOR lJoJCHANGED 
fl092 0F46 80 DI BSA TYPEI 
"'-19 J 0 F48 39 RTS 
0"94 0F49 E6 01 MORE LOA B I, X COMPUTE NEW ADDR 
0095 0 F4B FB A017 ADD B SA0 I 7 
111196 0F4E 89 A016 ADC A SA016 
0197 0F51 60 CB BSA TYPEA TRANSFER IT 
0098 0F53 17 TBA 
13099 0 F54 BD C6 BSR TYPEA 
CII H 0 FS6 39 RTS 
11111 END 

OBJECT CODE MIKBUG HEX DUMP 
p 
S 1138E8081"19111FI9BP'J781"191111"1981"19111,-378 P'JCBf' 
SI l JIii E90il rBAil P'J 70 P'J 70 P'JC0 FJ 71! 1"3 711 l"J 78 P'JC4 I 
SIIJ0EA00D0AJF200450BD7l20JF000000000000l7 
SIIJ0EB0CE0EA0BDE07EBOEJACB70EA5BDE0CC6DBD 
SIIJ0ECilE047FFA0028DE0CCBDE047FFA004&0E0C9 
SIIJ0ED0CCBDE047FFA014B6A015F6A014&0A00J4J 
SIIJ0EF0F2A002B7A017F7A016F60EA5Cl4427B6C4 
SIIJ0£F0Al5026BCFEA002A6004444444448B70F97 
SI I 30 F000 SC E0E60EE00AD0020DFFEA002A60 0 6 I I B 
SIIJ0F10BC2729616E2725201EFEA00 2A600FEA074 
SIIJ0F2014A70008FFA014FEA002BCA00 4 2 60J 7EA0 

SI I 30 FJ00£8008 FFA002J98 0E06 0DEJ9B 0DBA600EE 
SIIJ0r40817F2J056DDJ80D1J9E601FBA01 7B9A08 C 
Sl0A0F501680CB176DC6J9BJ 
S9 
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