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MST-80 MICROPROCESSOR TRAINER 

INTRODUCTION 

This trainer is a complete, self-contained .microcomputer system housed 
in a brief case ;for portability and convenience of use. It utilizes 
INTEL's* 8080A microprocessor and associated .support chips . 

The trainer is designed to allow the student to explore and learn the 
hardware and software capability of the 8080 microprocessor. It includes 

a breadboard socket so that experiments can be interfaced to the trainer. 
This option allows the student to learn both interfacing techniques and 

programming. 

A keyboard and numerical display are provided for the student to commun
icate with the trainer. This combination eliminates the need for ex
pensive and bulky 1/0 such as a teletype. The keyboard and numerical 

display can be used with either the octal number system or the hexa
decimal number system. A header socket is provided to select which 
number system to be is utilized by the display. Two keyboard monitor 
programs are provided, one to allow octal number input from the keyboard 
and the other to allow hexadecimal input. The user can select which 
number system he prefers by plugging in the appropriate header socket 
a 1 ong with its companion ·pre programmed PROM. 

A block diagram of the trainer is shown in Figure 1. Figure 6 shows the 
complete trainer in its case, Figure 7 a close-up of the circuit card 
with keyboard. 

Hardware Features of the trainer are: 

1. Uses INTEL's 8080A CPU and support chips. 

*Reference to a company or product name does not imply approval or 
rPr.ommendation of the product by the University of California or the 
U.S. Energy Research and Development Administrat1on to the exclusion 
of others that may be suitable. 
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2. Has 1024 bytes of read/write memory (RAM). 

3. Has sockets for three 1702A PROM•s (768 bytes). Also one uncom
mitted socket that can be jumper-wired to a 24 PIN ROM of user•s 
choice. Normally a MONITOR program resides in PROM t. 

4. Has a 24-key keyboard. This is an input de~ice, accessed through 
memory mapped I/0. See Figure 3 for the memory map. 

5. Has a three digit display with full hex number capability. This is 
.an output device with output port address ~. 

6. Has one 8-bit input port. Address= 1. 

7. Has one 8-bit output port (latched). Address= 1. 

8. Has single step capability. 

9. Has ten uncommitted L[o•s that can easily be connected to any 
desired signals (address lines, data lines, status, etc.). These 
are used in single step mode. 

Figure 2 shows the connectors used to interface the trainer and also 
gives detailed information on each signal and its connector pin number. 

MONlTU~ PROGRAM (OCTAL) 

The trainer contains a monitor program that allows the user to enter a 
program in RAM, examine locations, change contents of locations and run 
the ~ser program from a specified starting address. 

The monitor program also contains a debug routine to assist the user in 
·program debug.· This routine allows the user to insert a break point 
(3778) in his program. When the break point is encountered the break 
routine (in the monitor program) will be entered which will save all the 
CPU r·egisters and the break point addre~s. and will put 222 in the 
display to signal the user that a break point has been encountered. 
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The contents of the CPU registers and break point address are ~aved in 
the following dedicated page 7 memory locations: 

BREAK POINT MEMORY STORAGE LOCATIONS (MEMORY PAGE 7) 

LOC CONTENTS LOC CONTENTS 

222 PCL } Break 227 B REG 
Point 

223 PCH Address 230 E REG 
224 PSW 231 D REG 
225 A REG 232 L REG 
226 C REG 233 H REG 

These locations can now be examined using the DISP feature of the 
monitor program and, if desired, can be changed to new values using the 
ENTER feature of the monitor program. A detailed description of how to 
do this is included in the SAMPLE PROGRAM write·up. 

The RUN feature of the monitor program starts the users program with the 
CPU registers intialized to the current values found in these dedicated 
memory locations. This allows you to change these values before pushing 

RUN. 

A complete listing of this program is included at the end of this report 
along with a flow chart, Figures 4 and 5. Figure 3 is a memory map for 
the system. A sample program is included in the report. 

OPERATION OF KEYBOARD USING OCTAL MONITOR . 

KEYBOARD LAYOUT 

r----·, 

c D E F RESET EXA 
8 9 A B RUN LDH 
4 5 6 7 DISP S3 
0 1 2 3 ENTER S4 
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RESET: Resets the system and starts the monitor program running. 

NUMBER KEYS: Pushing·these keys cause a number to be entered into the 
display in a left shift mode. Care must be exercised 
when entering numbers to ensure that the intended number 
is entered, since the display is not cleared but simply 
shifted left. For instance if you want to enter a 1 
into the display, you should push 001 to insure the old 
number is completely replaced. 

LDH: 

DISP: 

ENTER: 

The current value in the display is also stored in a 
memory location called KYTEM. 

Keys 8 thru F are ignored by the octal monitor program. 

In order to address any location in memory the user needs 
to specify the complete address. The high order address 
is specified by keying in the desired value into the display 
and then pushing LDH (LOAD H). This stores the high 
value in a memory location called HVALU for later use by 
the monitor prog~am. 

The low order address is specified by the current con
tents of the display whenever it is needed, i!e., in RUN 
or DISP operations. Its current value is kept in a memory 
16cation called LVALU. 

When it is desired to examine the contents of a memory 
location the DISP key is used. The high order address is 
selected by entering the desired value and using the LDH 
key, as explained above. The low order address is then 
keyed into the display, then Lhe DISP key is pushed. 
This will cause the contents of the desired address to be 

displayed. 

The ENTER key is used to enter ne~ values into specified 
locations. ENTER also automatically increments the 
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RUN: 

EXA: 

address value, allowing the user to quickly examine or 
enter new values into consecutive locations in memory. 

·The address is set by usin·g the DISP key since the present 
value should be displayed before you enter a new value. 
After pushing DISP a new value may be keyed into the 
display and when ENTER is pushed this value is entered 
into the currently addressed location. 

In addition, the address is incremented and the contents 
of the next consecutive location is displayed. That 
value can be re-entered by pressing ENTER again or a new 
value can be keyed in before pressing ENTER. 

This allows you to start a user program at any specified 
address. The address is specified by using the LDH key 
and keying in to the display the low order address before 
pushing RUN. Remember RUN initializes all CPU registers 
from dedicated ~emory locations before startin~ the user 
program. 

Pushing this key displays the current value of the low 
order address. This is useful when examining a program 
(stepping through using ENTER) and you forget where you 
are. 

USE OF tH~_XEYBO~RD READ ROUTINE AS A CALL FROM A USER PROGRAM (OCTAL 
MONITOR) 

The KEY routine in the monitor program is written as a subroutine and 
may be called by a user program. This is useful when the user•s program 
requires operator interaction since the keyboard is convenient for this 
purpose. The subroutine is called by a CALL KEY instruction (315 026 
000) and returns to the user with the value of the number key pushed in 
the C register. The A register also contains this number in the low 
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order octal digit, and in addition contains the last two key entries in 
the high order digits. 

Two precautions must_be observed when using this subroutine. First, the 
KEY routine uses the A, B, C, H and L registers. If the user program 
also uses the registers, they must be saved before calling KEY. Second, 
only number keys can be used when KEY is called. The control keys are 
not decoded in the KtY subroutine and should not be used. Also number 
keys ·larger than 7 will be ignored when using the octal monitor. There
fore a number key between 0 and 7 must be pushed before a return is · 
completed to the user program. 

SAMPLE PROGRAM 

MEMORY MACHINE 
LOCATION CODE IN OCTAL 

.000 076 
001 000 
002 323 AGAIN: 

003 000 
004 006 
005 000 
006 016 
007 100 
010 004 LOOP: 

011 312 
012 010 
013 004 
014 9}15 
015 302 
016 010 
017 004 
020 306 
021 001. 
022 303 
023 002 
024 004 

MVI A, 0 

OUT 0 

MVI B, 0 

MVI C, 100 

INR B 
JZ LOOP 

OCR C 
JNZ LOOP 

ADI 001 

JMP AGAIN 
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CLEAR AC 

SEND AC TO DISPLAY 

CLR B REGISTER 

PUT 100 IN C REGISTER 

INCREMENT B 
DO IT AGAIN 

DECR~MENT C 
LOOP UNTIL ZERO 

ADD ONE TO AC' 

GO DISPLAY AC & DO AGAIN 



This program can be used to ~emonstrate the use of the OCTAL monitor 
program. Load the sample program into memory as follows: 

Before you start, you need to decide where to load it. Let 1 S put it in 
page 4 starting at location 0 (absolute address = 0400 hex). First, 
key 004 ~nto the display and then push the LDH (load H) key.· This sets 
the high order address (High byte) to page 4. Next key 000 into the 
display, and push the DISP key. This will display the current contents 
of location 0 on page 4. Now you can key in the machine language code 
for the first instruction, 076 (MVI A), and push the ENTER key. This 
will enter the 076 into location 0 and .will also display the contents of 
the next location (loc 1)~ Now you can key in the next code, 000, 

·and push ENTER again. The 000 will be entered into location 1 and then 
location 2 will be displayed. Continue this process until the entire 
program is entered. 

. 
If at any time a mistake is made while keying in a number, just continue· 
to key in until the correct value appears in the display. (This number 
is not used until a control key is pressed~) If at any time while 
loading a program you forget where you are, just press EXA (examine 

·address) and the current low order address will appear in the display. 
You can continue on from that point by pushing the DISP key and then the 
ENTER key. Or you can key in a new address into tbe display; then 
pushing the DISP key will allow you to continue from that address. 

After the entire program has been keyed in, you may want to check it for 
correctness. This is done by keying the starting address into the 
display (000 for our sample program), pushing the DIS~ key and then 
repeatedly pushing the ENTER key. This will step though the program 
sequentially and display each location so it can be checked. If a 
mistake is found, just key in the correct value before the ENTER key 1s 

pushed. 

After the program is loaded satisfactorily you can run it if so desired. 
To run the program, key the starting address (000 for our sample program) 
into the display ~nd push RUN. If you ~re not sure what the current 
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high order address (HVALU) is, you should set it to the correct value 
using the LDH key as explained previpusly. 

CLEAR 
AC 

AGAIN: 

DISPLAY· 
AC 

.CLEAR 
B REG 

PUT 100 
IN C REG 

INCREMENT 
B REG 

DECREMENT 
C REG 

ADD 1 
TO AC 

USING A BREAK POINT IN PROGRAM DEBUGGING 

The use of a break point in program debugging 
can be demonstrated using this sample program .. 

The program is a simple count routine that will 
cause the display to count up at a fixed rate 
determined by the constants in the counting loops. 
If you execute the program as it is written, you 
will notice the display is counting very rapidly. 
This is not intentional and is caused by a program 
bug. Let's use the break point to find it. Looking 
at the flow chart at the left, you will see there 
are two counting loops. The first one counts up to 
3778 and then goes back to 0. Then the second 
count loop is entered. It counts the number of 
times the first loop must go thru a full count (4008 
counts). Since the C register is initialized to 
1008, the second loop counts 1008 counts, hence the 
total counts for both loops is 4008 x 1008 (=1638410 ) 
counts. After the full count is reached, 1 is added 
to the A register and its contents are displayed. 
Then the count loop starts over. This program runs 
endlessly until stopped by the user. The first 
thing to check is to see if the registers are ini
tialized correctly. This is done by inserting a 
break point (break point code = 3778) in place of 
the INR B instruction at memory location 010. 
(Rem~mber to set the high order address to page 4.) 
Run the program. It will break when the 377 is 
encountered and a 222 will appear in the display to 
signal the user that a break has occured. The break 
routine automatically sets HVALU to page 7 and 222 
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is being displayed so if you now push the DISP key, the contents of 
memory location 222 page 7 will be displayed. This location contains 

.the low byte of the address where the break occured. The high byte of 
the break address is stored in locatio~ 223, so pushing the ENTER key 
will cause it to be displayed. Repeated use of the ENTER key allows you 
to examine the contents of all the CPU registers. The BREAK routine 
stores these away in the following memory locations: 

BREAK ROUTINE MEMORY STORAGE LOCATIONS (MEMORY PAGE 7) 
(Octal Monitor) 

LOC CONTENTS LOC CONTENTS 

222 PCL }. Break 227 B REG 
Point 

223 PCH Address 230 E REG · 
224 . PSW 231 0 REG 
225 A REG 232 L REG 
226 C REG 233 H REG 

Register C is stored in location 226 and upon examination should contain 
1008. Location 225 (A REG) and 227 (B REG) should contain zero. If 
these are O.K. replace the INR B instruction (code 004) in location 
010 and put a break point (377) in location 014 in place of the OCR C 
instruction. Run the program. When it breaks, examine loc 227 again to 
see what the B REG is now. It should be a zero when the count loop is 
exited. But it is not zero! The bug must be in this loop. Upon in
spection of the program it is apparent that the JZ Loop 1nstr·uction 
which tests for completion of the count, is testing the wrong condition. 
It exits the loop on nonzero count rather than zero count, so you need 
to replace the JZ instruction with a JNZ (code 302) instruction. Replace 
the break point in 014 with DCR C (015) and run the program. It should 
run O.K. with the display counting much slower. 

COMMENT: This may appear to be a trivial bug and should be apparent by 
just inspecting the program listing. But this is one of the most common 
programming errors (that is, using the wrong sense of a test instruction), 
and is usually quite difficult to find in a more complex program. 

-10-



ACKNOWLEDGMENTS 

I wish to acknowledge the contributions of Eugene R. Fisher and James M. 
Spann to the· d~sign of the trainer and its operating feature~. 

-11-



I 
---' 
N 
I 

~/-~~""""""""___,/ DISPLAY 
KEYBOARD 

C 0 E F' RES EXA 

8 9 A B ~UN LDH 

... 

-4 ""--5 ~6 ..... 7~DIS_,P._S~3 I (L_ i 
~123ENTS4~ 

' MEM R 
DATA BUSS 

I STEP J , , 
--;-'-

0'-n.---1 SINGLE -oo 
INST 

lsi] tJ 

.Q~ J 
0 

I RUN I ~s ~0? 
~. / 1

CLK 1 / 

[RESET)~ IL RO: -+-+-.. 

/ 
8~8~A 

. CPU 

~1 

02 

~en I , RES IN 

!h- _j_ l...__,v 
-- RESET 

- ROY 

SYNC 

A~ 

+ A15 

DBIN 

w 

~ 

~ 
07 

7 

-~, 
10 

PORT 

~~~------~~ ~'--------~' 
RAM ROM 
91L02 · 1702 
{lK) 111 (3ea) 

1..-j~~;,-~~t,. 

~..( ~M~R ~ ~ 
MEM W 

~ ~/ ). ~ / 
I I/0 R 

1/0 w MEM R 

ADDRESS BUSS 16 

/ r1t -~ 7 . ~ 7 
~ ll. _____ D_A_T_A __ s_u_s_s __ a ______ -. 

CNTL ~ ' 
-1---•,.MEM R 
-1----. MEM W ~ 

BUSS CONTROL v-v -1--_. .. l/0 R 
..,_ __ •.. I/O W .._ _ __,l.l' 

. Fi~ure 1. Operational Block Diagram of MST-80 Microprocessor Trainer 



0~ 0 Jl 0 04 AB7 0 J2 0 ABlS 
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05 0 0 06 AB2 0 0 AB19) 

AOOR 06 0 0 01 ABl 0 0 AB9 
07 0 0 02 AB~ 0 0 ABB 

DATA 
& 

STAT 
DB7 0 J3 0 MEM R INT REQ J4 0 LITE 1 
DB6 0 0 MEM W INTE 0 LITE 2 
DBS 0 0 I/0 R WAIT 0 LITE 3 
DB4 0 0 m 0 LITE 4 
083 0 0 INTA 0 LITE 5 
DB2 0 0 PROM1 0 LITE 6 
081 0 0 PROM 2 0 LITE 7 

10 DB~ 0 0 PROM 3 0 LITE 8 

20 
30 . . 
40 so -GND Vl 14 0 0 -so a 13 0 0 w 

-' 
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12 0 0 
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Figure 2. Panel Connectors Used to Interface MST-80 Microprocessor Trainer 
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HEX 
0000 

00FF 
0100 

01FF 
0200 

02FF 
0300 

03FF 
0400 

04FF 
0500 

05FF 
0600 

06FF 
07091 

07FF 
0800 

0FFF 
1000 

17FF 

1800 

lFFF 
2000 

FFFF 

OCTAL 

PROM 0 000000 
MONITOR PROGRAM 

000377 
000400 

PROM 1 

000777 
001000 

PROM 2 
001377 

PROM 3 
001400 

UN.COMMITTED SOCKET 
001777 
002000 

RAM 4 
002377 
002400 

RAM 5 
002777 
003000 

RAM 6 
003377 

RAt4 7 003400 
REGISTER STORAGE 

& STACK '/J'/13777 

KEYBOARD 
004000 

(PAGES 10-17 OCTAL) 
007777 
~109100 

NOT USED 
013777 

KEYBOARD 
014000 

(PAGES 30-37 OCTAL) 
017777 
020000 

NOT USED 
177777 

Page 
moni-t 

LOC 
216 
220 
221 
222 
223 
224 
225 
226 
227 
230 
231 
232 
233 

360 s 

SIGN 
ZERO 

7 locations used by 
or program 

CONTENTS 
KYTEM (current value of 
LVALU d;splay) 
HVALU 
PCL} PCSTO PCH 
~S~EG}P_S_W-ST-----y 

C REG}BSTOR B REG . 
E REG} 'D REG DSTOR 
L REG}HsTOR H REG 

TACK PTR 

FLAGWORD 

D7 D6 OS 04 03 02 Dl 00 

AUX CARR y----' 

PARITY 
CARRY 

Figure 3. Memory Map for MST-80 Microprocessor Trainer 
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INIT STACK 
PTR & DISPLAY 

CALL. KEY 

KEY 

READ KYBD 

DELAY 

REP 

READ KYBD 

DELAY 

OCTAL MONITOR FOR MST-80 

BUMP 
COL PTR 

COL 2 

LOAD TABLE 
POINTER 

DECOD 

DECODE KEY 

ADD (2) TO 
CORRECT V.I\LUE 

FOR 0 
SHIFT 
SHIFT NEW DIGIT 
INTO OLD NUMBER 

STORE 
& DISPLAY IT 

RETURN TO 
CALL KEY OR USER 

PROGRAM 

COL 
SET COL PTR TO 

COL # 1 

LDKY 

READ KYBD 

NO 

GO TO 
CNTL. 

YES 

COL 1 

LOAD TABLE 
POINTER 

DE COD 

DECODE KEY 

SHIFT 
SHIFT NEW 

DIGIT INTO NO. 

STORE 
&·DISPLAY IT 

RETURN TO 
CALL KEY OR USER 

PROGRAM 

Figure 4. Flowchart for Octal MONITOR Program for MST-80 
Microprocessor Trainer (Continued in Figure 5) 
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CONTROL KEY 
. ROUTINES 

CNTL 

LOAD TABLC 
POINTER 

. DECODE KEY 

JMP KEY 

OCTAL MONITOR (CONT) 

GET MEM PTR 
LOW FROM DISPLAY 

GET MEM PTR 
HIGH FROM HVALU 

GET CONTENTS 
OF THIS LOC 

DISPLAY IT . 

JMP KEY 

DISPLAY CURRENT 
LVALU 

JMP KEY 

GET MEM PTR 
FROM H&L VALU 

PUT CURRENT 
DISPLAY VALUE 

IN MEM LOC 

BUMP MEM 
POINTER 

!SPLAY CONTENTS 
OF NEXT MEM 

LOCATION 

STORE NEW 
NO. IN KYTEM 

JMP KEY 

GET CURRENT 
DISPLAY VALUE 

STORE IT 
IN HVALU 

JMP KEY 

BREAK ROUTINE 

BRK 

PUT GEN REGS 
AWAY IN MEM 

PUT BRK ADDR 
AWAY IN MEM 

LOAD H&L VALU 
WITH BKSTO 

DISPLAY 
222 

.JMP KEY 

LOAD GEN 
REGISTERS FROM 

MEM STORAGE 

LOAD PSW 

GET START ADDR 
FROM H&L V/\LU 

PUT H&L IN PC 
& RUN PROG 

Figure 5. Flowchart for Octal MONITOR Program 
for MST-80 Microprocessor Trainer 

-16-



I 
--" 

~~jj~~jj~j~j~jjjjj~~\j~~~~~~ ~ j\~jjj~j~jj· j ~j~j~j1jjj~~jjjj~jjj~ ~ 
...... ····· ····- ........ ~~,. .. . ~ · ·~· ... ~ ............. , ......... . 
• • • • • • '" • • • • • • • • • • . .. • • • ~ • ..0: • • • •" •- • • :o • • o • • "'• • • • • • • • e • • 

8 9 A B 

4 5 6 7 

Figure 6. Corrplete MST-80 ir httache Case 



c 0 E 

8 9 A B 

4 5 6 7 

2 3 

Figure 7. Close Up of MST-80 Circuit Card and Keyboard 

-1 8-



U) 
I 

~ 

-r:5./ 

~~ 1.0X .. 
PuN .;~"~ I 

-tFr~~,.,:. 
' I a c" -'rnf} ' l 

-·--c_+11 T., .J 3i Q ' 
' J. ~z-c 

.£.?_~ -=r ,fl ~ --

,:t;OK;;J L. !J--- J~ 
~r ~£ ,, J 
~ 
s~ ! . - 1: 3l' 4 

,.oo 

JK 

" 
• SY 

'"" REG 

l'""fJO "'1/JI(I 

·S " ·~ r 

• • 

I 
'5' 

5 1-S 

~FEI+DY 
i_____ I J''H}., 

':JOg {)II 

y r 

• :;. 

I 
N tl l 

1 2 

" •a:~ 

~==t-~~§i____:j 0 •• • 
, I ''" 

I" • Lk:l' rF= ~ I 0 I .<1!5 ... ,., 
I'' 'I r:- I' 'f7.:::tl : lo I ,,,. 

""' •oc 

.4 
•sv 

74/;2 

Pieii.~ ,- ~ 
~ _. 

€.£SET-
3

v 4 

.:~IJ.D 

:Iff f. ·I' I I " I'-"£ -- :• t:- trl-: 'lf•rr 
~-'--'-'-'--~ "'"''" ~.cxr r---- g IIIIW~ 

: t 
~· .sv 061 

~· D83 

ol M4 

~I 01!5 

aa• 

IE; I : -·~· ~~ j <.:;ttc:fa• ·::.v ~[ · [ ~ 1 I ~• [wA IT 
" ' 

[)lJ3 l" ,) 
DiH t ~.. 4 
.DB.S . • .l 

J & :r i.. 
i__ . I • · S v 

ol ~7 

>1 .1-
' I I -=-=-
I I : 1 1/ 0A 

· I I iJiS'i 
- iiTA 

081!-:-'---'-1 
NMlf ~· ! l. 

I' I . L._ .... ';) ,.. ~ t iHliiii 16 'I ' Jl !IJIZZI£5 ~~ p 2~ l 
R £ .5G7" .J I ~- ;;nr ~=· '·I 

I OC u 1n !'f!ti 7NrA ~;.i I , , 

HClC, 1 ~ 1 .. j !J!I 

. ........, ... ~ 
( ... ,~lA .sv 

. :: ~ 

-·- :~; 
:• Jj 

• 
I :=_ 

.. , 
'---

~ 

~,;,.z o 

.,, 

:; I~" 1:; 
DIJ 7 ~I 

74 20 to , 

s ' ' 

' 

... ,. ~ ) • 7 • 

r'' "~ ' I_,.,. 
I ~ 1111 _ _ ';1!>-,-~ 
~~~· 1 I "'il ~.) . T: .=~...rrnJU---t.? 

I " 
. § .,_ 

.702 .. 

L-.1 

~ 

soez 
ll&L~ n;4(} ~ 
~~ -"~ 

-- •T 

Y':JCk ~ 

• 
;; J~~- ~ 

:~: . ~~:· :~5. 
-~~ 

. s 

,~>C.. • 

2~~ 
a·:· = 
~ -;-~ ~ -;~,. -:~ 
o~~t~~ 
2..--:1>.-~~ 

-L_---=d_ 
i .J!-· 

:702A ... 

- ·~ .r-- l 

-~ · --4,. ~· 

• ! f • -~ 

··--
! -< 

~4 .. ... ~-,.,_ 
1111 - . >--'l' :5---..; 

;,.- : t .. ! 

. --""' 
·- :t: 

~· - ··,:. 
JTOZ. A 

!7 
--r--r- H -r-r-.-.-.--~--- _1~·~ 

~ -J: 

~ o--~ll..-

· • f!J 

>--! i.l 

~~~ ·'-i!:" rh 'LLr LEJ l£J' w r I ~ w r II" 1· w I' I'' 1· ' 

-yP IC AL FOii!, 

:! ":' zs . 2: 9 

,-
1 

50£ -T~ .·o .. t.s 

Figure 8 . Circuit Schematic of ilST -80 t·1 ic roprocessor Trainer 

VJTE A!5t8 - .. f;! t. -It:' 7 • ~N .;.EI!. £::: T::J 
60r1o ~•C£:3 ~F -;:c._t<ET !.JC·/' 
TH/!1.1 ~7 -1JMP~0 ---=-

M\SL CDIJ...l> ~AAUl::rE..~ 



8080 l1ACRD f."IS~;f:liBLER. VEF.: 2·. 2 ERPOR::; 

tt03616 
803620 
0CI_3621 
00.3622 
003624 
00362b 
003G31~1 
00363:2 

014007 
10:1 ic.~[i0 i 

013036E1 
00001? 
1:1[11][100 
0000112 
003622 

' 
i<'r'TEI·i 
L'v'(-"!1_11 
HVALU 
PCSTIJ 
r·~;L._iST 

BSTOR 
[;'O;TIJR 
H'::~TIJP 

.• 

I<F'(8D 
l<:-rT:ii:~ i 

' 
TOP 
BOT 
D r:=.;f:'L 
pr;:~E1:·1D 

13K::;TO 

EC!U 
EOU 
EC!U 
EG!U 
EC!U 
EOU 
F:C!U 
[[11_1 

[IJU 
EOU 

EOU 
EDU 
EClU 
EOU 
EOU 

MONITOR PROGRAM LISTING 

0 PAGE i 

.: -:·-H-+-H+++[ICTi'IL !iCIH ITO!?++++++++++ 
.: +·t-++·:·+FC!l~ (iST-C:t! t··i I CF:~DPr~:OCESSCIR TRA I i"iER+++++++ 

;. Lli-' X TTLi'i E:\' CiCii~DCii·i JOi'iES 
.: I.1nTE: 4-1:5-?6 

i~I7:3EH 
137Si[IH 
079·11-1 
O?'SI?H 
(:J'?:?L,ii·i 
0r'96H 
875,Bi-l 
0?9~11-1 

180("H 
l ::::(:1 i i-1 

OFI:1H 
0FH 
I] 
2[! 
0792H 

.: +++-:--H<E'r'BCH'IPD. i<E~ID ROUTINE+++++ 

000[1(:10 ORG 0 
Dtl0i30CI 1]6 i 36f3 0!~)? j H IT L.~< r :3F' .• e1 ?FCIH ; lH ITII'-li.... IZE STACK PO INTEF.~ 
0ti0003 0('6 000 f"l\ll n .. 0 
0f2)0[10j 3::?3 (100 OUT DISPi.... ;PUT OOf) I ~l D ISPU:l''i" 
0[100[17 062 :::: i6 r::n37 ... 1'(1 i~:/HTI 

-. - -·- --- D I~;PLf-'l'i STORf~GE ..:· ; Jtl 1 I 1 f·iL l~t. 

i.'Ji30tl [;:_2 3 .1~5 026 ~:lOti ~;T 1::r-'1I..L i(EY' ; GO TO i<E'-r' ROUTINE 
000015 303 f.l i:2 0t1E1 .. )[·"if'• :::;-r ,• 13LT 8(1C.:i< TO KE'y' F~OUTI~lE IF NOT 

i30002f3 072 t.IIJ(' n::0 [·:E-.I:!Io : LNi iC:['ylJD .- READ I<E'r'BOARD 
0C:J0tl23 1357 Ct·1t'"t .• COI"1PLEt·1EHT 
000024 :2c::? 1:1F-H ·I::) .• SET FL:':(;-;:3 
000025 31 J. ~~~ET 

01::11](126 .. ~?:: i<E>r'; R::n f··:i-~Ef'ID .:GO F:E1::lf.1 KEYE:CJ(~RD 

~j€11302? .30.::~ 1~1::~6 til~ll::l Ji'iZ f.:["r' ; LOIJP IF KE'r' J)[li_,.J~l 

Otitl(f52 3 i5 :::~43 i;n:-tf1 cnu_ I:flfi\' ; DE:E:OUi·4CE 

000[135 3~~? 1:ci::T': PST f-~RE1'1D .:·::;o F~EAD f<E'-r'BOARD 
0f.1t=:h'."l:~t~ ~-·-· 1 :,~-· ~i33 CtOO JZ.: 1\:EP ; LOOP rc: 

'' HO I<E'r' DOU~i 
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EI0B£1 HACRO ASSEi'"iBLER, VER ;~. Z: ERROf.~:_:; 6 p{:II::;F. :? 

0£11:3041 
0£10044 
[ttititJ,:i( 
0013[:50" 
00t)051 
~:t00tJ5;::: 

00005~ 
. OI~H:il3'::·6 
i30[105?. 
0tH1060 
f30t)062 
00Et065 

ElB007'0 

t30€t0?8 
0000?3 
0000?4 
0000?5 
000100 
000101 
600102 
000i05 
Ot:::1Eti>36 
1:':11:10 1 0?' 
080112 
(t0t'l i 13 
IJ~ji] 1 it:~ 
0t!Etl21 
000 12-<~ 
EttiG i 2t::i 

000131 
t.::ll:::tEi 132 
000133 
f'IP.t8i:<:4 
00013? 
tt0014B 
tl00 i.:f3 

0Et0 146 

.::3 1. s 24:; noo C!-'=.1LL I1EL 1·1'( ;DEBOUNCE 
041 001 03~ ·coL: U<.i. H .. i<'iC:D i. .: :::;r:T UP COLUMh PO INTER 

•j 7(; L.fdC/: r·J(j\..' n ... H .: 1;:E1~D I<EYE:Otc1F~D CC1LUI1~l 

tt5( Ci'·i~t : COI·IPU:r·1EHT 

:26? i]i?i"' (I .: ::.L:T FiJii~~::;;. 

31.:~:2 .t::: i ettio ._Hi:~ LLn· ;GD.fO LDGK UP TABLE IF KEY FOUND 
i /:.:; :·#~[!"-.} ~·1.· i. .: HO i<F'r' i- OUHD - 8Ut1P COLUt·iN PO I HTER 
ij~·=? r.:·t~L : F:DTATE -m i·lE?<T COLUt··IH 

1 ~:.;? i-1CJV !.. ·' ~~·I .: PUT BF1Ci< 

346 fD 10 · HN i ll'JU ;CHECK FOR LAST COLUMN 
3 iC: 04? t?.OO .JZ UW'o' ;NOT LAST COLUMN - GO READ A KEY 
30.3 [126 [:J::":tl:! .J i''li·' !< r:.·,· .: LrY:;T C.OLUi··JH ~;TART OVER 

ORG ?00 

; ++++++-i-TI-1 IS IS THE BREAK ROUT! NE-t-++++ 

042 232 Of.t? 8PK: 
34i 
053 
042 222 00? 
365 
341 
642 224 00? 
305 
3·41 
[142 226 :~:10? 
:::~;;:~ 

('1·~:::: 22:1:.-t f··:c,? 
Et4i ::222 ::ii:-.1? 
C:r.::.~2 22:1) Ul~l? 

D?IS 2C::2 
2.:0::. 354 l~tn21 

1[1? LUT: 
1 /~5 

:::1 j r· 
~~.-;;;.::; i .:"iJ':; r':fi!J 
,:,.l? 
J::..:;:? 157 C:EIIJ 
::3~:1:3 ::::·:::;,:~ ul:IU 

041 222 BBG COli: 

•7;!-11.. fi H~1TnR ; STORE H;>.L IN MEMOF-:Y' 
POl-' ~i . ;PUT BREiiK ADDRESS IN H&L REG 
DCX H ;CO~RECT BRK ADDR 
SHLD PCSTOR ; STORE BREAK ADDR IN t-IEI'-IORY 
PUSH PSW ;GET AC AND PSW IN STACK 
POP H ;PUT AC &PSW IN H&L 
SHLD PSl.JST ;PUT AC &PSW IN MEMORY 
PUSH 8 .: GET B&C 
HJP H ;PUT D&C IN MEMORY 
H·IU) :~:::n-or~ ; PUT f3\\,C IH MH'iOF:\' 
,;<CHCi : PLi"\. D;i.E I H H8,L 
-=;H!._l;. D~nC:P ; f'i.n· D8.E I 1·1 f"lEt-!OR\' 
i >< i i: .. t*::.;To ; LIOI:·:ID r:a:.:Et'41< t-1Et·iOR\' L0C(1T i OH 
:3:-IL[J i .. \·'f!iLU .: f'U1 n· I ~1 PROPER LCtU-iTI 01·1 
t-1V I :~·~.· :2:~:~n .: PUT 2"22 IH r::1c 
J~1P i::(il.~l·.:. ;DiSPLAY 222 AND RETURN TO KEY 

; ·t··+-t·-:·++i···I·TH IS kOUT I NE DETERt·i I HE:3 -IHE COLU(iH 
.: +-t··:··H--:--H+THf:' i<E\' l,Ft:3 i=OU~ID IH t='tHD LOCW:::; UP 
,: -t·t·+·:-++·~·++\'ALUI:: il·l THE !~tPPi?OF'i~ IFI.i"E Tf=:IGLE • 

t-10\i '~:·'(I . : ::;A\lF ~·1c 

f·!U\l l::t ... l ... .: GF:T COLUt·ii·l PO Il'lTER 
i'J<'C ;ROiAlE COL POINTER RfGHT 
JC C:OL.i .: I<:; IT CCL!? 
Pi~: C. .: i··:;.:;T(ITL: (:GAIN 

. .] c: f;CI .. ::: .: I·:; IT CUI..?? 
.Tr!e CHIL ,~i-ii i::';T E:E CONTPOL COLUI'·iH 

j_;>d H ,. H=ti3LE- i. ;GET TABLE POIHTER 
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G00 15 1 
_, i '5 :2 i ., CIDO . ..J .I 

GOG 154 31?.:1.:.; i ;'-CI [Jijl:~ 

(j(l tl 1 .:··-· -" l~l~i! 2L::2 l;lf-Ji·J 

OtllJ 16;2 31.5 2 i l i~(;u 

(100 i65 31:':16 OC:2 
000 167 1 1? 
C11~11j 170 2:i72 026 OCIIJ . OtiG i (·'3 e.141 .2 [(.; 0Ut" 
000 176 1 -· .. ( 1. ·, 
r:1m'1 t?7 Et!?)'? 
000200 I]E:(·; 

00020 1 007 
0002[12 346 37t) 
l!En32tl·4 ~26 i 
1~113020::; i6f> 
0t)[l206 ·-:o.-.··· .:...•.::.: .. _. 00€1 
0002 10 -:-~· l 1 ·-· 
00f32 1 1 i7ri 
CH3i32 12 f.:J27 
(:JCJ02 13 (343 
0002 14 322 2 12 !3f)tl 
CWf::l21 7 i 1 !"• 
IO':!iJU220 i. ·, .! 

000:2:2 i ?t:;~··. 

::::H:m:z22 7 1 j ... J. 

0(11'.1223 [I t~l [I 
000224 1:-lCl•l 
00022~.5 :2ViEI 
fJ00226 ?13[1 
000227 [Jf'i J 

00023[1 no~·, 

80023 1 :2Uf::1 
0EJIJ232 :::"riEl 
800233 :~;~::.;.::::. 

00[1234 33? 
[H]IJ23J 30~:; 

01][1236 02C 
000237 0?1'-" ·-· .. • 
01][1:240 D:?t:; 
000241 :272 
000242 ::::64 

CJ08243 Of:;(:; OC!Id 
!]tl02~i5 i3f:l~ 

000246 j..:~:.:: 

COL2 ; 

SH IFT: 

DECCID : 
AGA I ~I : 

T,:::,r~u:: : 

Ti;i':LC : 

DEL(::'r': 
LC!!.ii ; 

C;~li._i_ 

j( •ii' 
L>< J 

t::nl..i. 
('If• 1 
lyiD\/ 
Jl·j 
i_:.,·: ·, 
110\i 
r:::!_C 
F::L.C 
PLC 
Ai'i I 
CIF'H 
i'iU\i 
!JUT 
r<r::T 

t·10 1/ 

RAL 
I i'i>< 
JNC 
i·iO\' 
i·!CF/ 
OF~(! 
FET 

Df:.J 
nF:: 
DE: 
Dl~: 

nD 
DB 
PE: 
nt:: 
[J8 

DE: 
DB 
DB 
nB 
DB 
DB 
DB 

·or.CI~If) 

~:;I I ii: -~ 
1 .. 1 
I'- T(;t::u:: -· 
LttC:CCID 
?P 
c. n 
I<E·1) 
! 1 .• !< ~(il: j·~ i 
:·~·lr II 

37E:tG.! 
c 
r1 ... r:·, 
D I~;j•L 

~~- B 

1-1 
AGA Il-l 
!.. ·' i'i 
I j, I. 
l:l 

i':IC: 
40 
:2000 
;::l]fj[l 

w 
;:;o 
:::::f'l[l[!· 
2JJOG! 
i": i if;:;~ 

D I:3P 
r<:ut·l 
1\E .. r' 
I< E \' 
KE\' 
Lill-I 
E><1:1 

t 

;GO GET VALUE FROM TABLE 
~S1DRE AND SEND TO DISPLAY 
.; GET TABLE PO IHTER 
;GET VALUE FROM TABLE 
;CORRECT VALUE FOR COLUMN 2 

;ILLEGAL CHARACTER CHECK 
;GET OLD DISPLAY VALUE 

;ROTATE ONE OCTAL DIGIT LEFT 

;MASK OFF BOTTOM DIGIT 
.: Cli ~ i·:Ei .. J f:• I G IT TO OLD HUi'IBER 
.: PUT ;:;f';CJ< I H D I ~;pu:r,·· ~rfORt~GE 
.: ~;EHD TO D I ~;PLA\' 
;END OF NUMBER KEY ROUTINE 

.: GET KE'T' VALUE 
;ROTATE INTO CARRY 
;BUMP TABLE POINTER 

.:. (:o~:·,··./E V: E '-r' c: 0 DE 

.: f=UT i<E'r' CODE fl--1 AC 

.: ':::E T Fi_~:f~'3 

;NUMBER KEYS CODE TABLE 

;TI-ll:. IS A DCLJ/r' SUBF.'CIUTiNE TO T.<CE:OU~JCE THE Ki=S ~;i .. ..iiTCHES 

t·i\i I 
l i'l I'~ 
:.("fi 1!. 

13 ·" 0 
u 
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;lNITIAL!ZE COUNTER 
; EIIJt•iP CCI! !l·lTFR 
.: i·::><TPA DEU~\' IN LOOP 



~1€1!3254 
Ei00:25? 
~30tl262 
000263 
G0026,4 
000267 
€1130272 
000275 
000300 

000303 
000606 
000311 
000314 
13003.15 
0003i6 
CI0032t 
tll3(.1322 
~jf)€132~5 

130t)326 
l~lf.103:27 

000332 
GOEi333 
66Er336 

00fD2i3? 
t?I6Et:3~~;2 

0€10345 
l31:::1035(j 
Etf:Ji:.1:::53 
:j [i 0.3 ::. '~f 
th30357 
t'lt?J03G .l 
;'),;jll:364 
l~i0l(i367 

~~a3U3?2 
000373 
I:Jt:.i03?<ci 

f:k.i ::::32 r::~-:10 CriTL .. ~ 
.i. 5 .··, i j Olitl ~· ·'-

i !::i .( 

3~ J 
0?2 :?28 C:(l? E.xr:, : 
3[1~5 354 !::!iJFI 
u72 .-. i6 e.11~1 ( LDH : ,::.._ 

062 22 i fjlji" 

303 026 !jf~l0 

072 216 tiO? RUN: 
062 220 tltl7 
052 226 00? 
345 
301 
052 23ij 007 

.::i .:~~:_:. 
3t'.:;t 

l~5:2 2~:2 OCI? 

: 

072 :16 807 DISP: 
U6:Z: 2Z:O f~IID? 
0!::!~ C::L:l:J U1.:1r" 

.:J t~·J ,~1 1:..1 :-:~ b 1.::1 l.:llj 
i:i~i:? ::,:zt::J nn;.- El-l TER: 

1.6? 
[)c~.:: 

3rr_~ :::::it:1 t:n~:n:' 

NO PROGRAM ERRORS 

LOOP UNTIL ZERO 

;THFSE ARE n·IE CONTROL KEY ROUTINES 
LX T . i·! .• Wl8LC-· i .: Cif:T T1C"fEli_E PO I ~iTER 
1..:1'1i .L DEC:Cif:: .: GET ADPE~3S Ff?Of"r TllBLE 
1·'10\i L .·· L .: I·IIJ\.-f: ADDRE~;S I H~ro L REG 
I''Ci-1!... .~ . .1 Ui"!P TO f·'F-:OPEF.: CONTf;:CIL ROUTINE 
U'l"l L '·if:IL.i_l a~ET L f-~EG I STER VALUE 
J~P 8ACK ;Df~~LAY IT & JUMP TO KEY 
LDH i<'r'TEI'1 .: GET i<E\' VALUE FROf-1 TEt'"JP 
:3T:c; l·i\ir::LU .: f'U 1" i H H REG F:;TER STORAGE 
JMP KEY ;DONE- GO TO START 

LDA 
::::TA 
LHLD 
PUSH 
POP 
LHLD 
><CHCi 
i.HLD 
r''U:311 

LHLII 
PU~il-1 

U-ILD 
F:E·I 

LD~I 
:31P1 
i .. HUo 
:~;Hi_ C. 
i'i0'./ 
:=; I (l 

OUT 
Ji-il· 
L.l-ii.D 
i r:•f.:l 
1··itJ'v' 
J r1>< 
._!i'll 

K'rTEti 
L \lALU 
BSTOR 
H 
B 
DSTOR 

l·j 

1-1 

i<'ilEJi 
l_'··ii,.ILU 
i .. '·-/1'-li..U 
L.\.-·t=;l._lj 
i~ . j··i 
i<.··(t Ei'i 
i) T ~)F'L 
i<EV 
i.'"iiiLU 
i: .. 1...-1 Er··i 

l·l 
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;GET CURRENT DISPLAY VALUE 
;STORE IN L REG LOCATION 
;GET CONTENTS OF B&C REGS 
.: PUT OH '=;TACK 
; PUT IN E:8,C REGS 
;GET CONTENTS OF D&E ~~G~ 
;: E:<CHf'l~lGE H&L l.ciiTtl D8,E 
;GET OLD AC AND PSW 
.: r·UT f'1C: ~~... f"SI..J Dri SHiCI< 
;RESTORE AC & STATUS 
;GET STARTING ADDRESS 
.: f'UT ::::Tf'1F.:TING ADDR Ot-l :::;1(-:;CK 
.: i;;'E'::;TORE i-J;!J_ 
.: CLT C;T~:t:::TlHG AL•DR FRCWi ~.TFJC!< AND RUN 

.: GET CUF.:REHT D I ::;PLA'r' \iAi .LIE 
;STORE !N LREG STnRA~E 
;GE·r VALUE JUST KEYED IH 
;STORE IN MEMORY POINTER 
; GET. ',if:li .i iF PO I HIED I u t:Y i'iEt·1 PO INTER 
.: i·'u 1 1 i-: I C; '·./ALUE I H VE'r' ~;ToF:nGE 
.: D I ::::pu:·l·,.- IT 
:Gn BACK ~ND START OVER 
;GET MEMORY POINTER 
.: '-'[T ]) I :3t=·l_(l'r' '·./J'.ILIJ[ 
.: 1-'UT \i1C:U !i:': IH LOC PO 
.: r>.Ut-1F' TO NE><T UJU1TI 
.: PUT rt-:c: f···(i~ Ai,.if'l'r' AH 

HTED TO B'r·' He .. L 
H 

D I::::pu:,y ~jEXT LOC 



80:3t3 t-tACRO f-ISf.:Et·IBLER .. VER :2. ;2 ERRORS 

* 01 

A . 0i:'J00f:'i? 
Bl<STO f"JI::i36:22 · 
C (II?J600 1 
COL2 000 l ~'),'' 
D [Cit' :?jOD33? 
EHTEP r.'JOt~:J!S·:t 
H"'./rili_, (11:).:::6:-~ 1 
i<'rDD 1 0 J..::<r3i'r i 
LDi('y' ~:!i.:JU!a,:}? 

1·1 00Uli06 
f"~;i_,J::::T ijiJ3C;:>4 
r;:u;-.i Ol3r:'i.:';o::·: 
il"rBLC f.i:"3132:~~.; 

S'r'f4BOL . WlE:LE . 

r~GAHI 
HOT 
Cl•iTL 
n. 
I•.l~WL 
L7><r'l 
it·i l I 
iO::\' iU·I 
LUUF' 
~~D~T 

F:i.:HI-' 
:;H IFT 
Tt'1flLE 

0(30:'21 :z.: 
IJtJfj(I'J. '(' * 
808254 
MOG802 
066086 
008264 
800000 * 
~Zil]~.;6l (; 
:?J !:) ij ~: .~.~5 

i:J l.:i 121 . ~:: ~ [:1 

fjiJ(:)I.');.,;:;;:_r '" 
•:rt3Cr .1. ([i 
f :i '~j iJ ~? 2 .~1 

0 P~tGE 5 

0 0013000 
[II~: I< CKI Cll.') 7 r:'l * 
COL IJ[ii~il344 * 
DFCC.ID 0[!1.'1211 
Ds·rot;: u;.:~Jr53i:J 

H . f3t:l :::n::WI-<~ 
I·.·E '/ UrjCi02rS 
j_ "EIO(:IC!Ij!:; 
i .UT Ui_.._:::J i j 1 
I·'L'::: II. I fjti.~:G;,-~2 
r:::,·T· 17.1001T;::; 
sr:· E1E!IjC:i(36 
TOP i1Eii~l36i":i * 
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BACK 000354 
BSTOR 003626 
COLI 000!46 
DCL~Y 000243 
E BA0803 
HSTOR 00~G3?· 
KE~BD 01~007 
LDH 888272 
LVALU 0G3C28 
PSW BGOS06 
RREAD OB8G02 
ST 008012 
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contractOrs, subcontractors, or their employees, 
makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the 
•cc·ur3C)' 1 OOmpletCHC33 01' usefulneSS or any 
information, apparatus, product or process 
disclosed, or represents that its use would not 
infringe privately-owned rights." 
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