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PREFACE 

Microcomputers are  b r i n g i n g  about a r e v o l u t i o n  i n  t h e  design o f  e l e c t r o n i c  

systems. A l l  e l e c t r o n i c  design i s  being a f fec ted by t h e  p o t e n t i a l  f o r  

b e t t e r ,  cheaper, fas ter ,  and smarter new systems us ing microcomputers. 

With a l l  t h i s  a c t i v i t y ,  educat ion has become a g r e a t  concern: many 

techn ica l  people have heard of microcomputers, r e l a t i v e l y  few know exac t l y  

what microcomputers are, what they do, and how best  t o  apply them. 

I - I  ' i  - 0 

As a high-technology, energy-re1 ated, research labora tory ,  LLL has been i n  

the  f o r e f r o n t  o f  microcomputer development and app l i ca t i on .  We have had t o  
devise e f f e c t i v e  means f o r  r a p i d l y  educat ing our  own employees about 

microcomputers. Now--through our  Techno1 ogy T r a i n i n g  Program (TTP)--we are 

b r i n g i n g  some o f  t h i s  technology outs ide  the  Laboratory t o  o the r  energy- 

r e l a t e d  i n d u s t r i a l  and government organizat ions,  and t o  educat ional  i n s t i t u -  

ti ons. 

The LLL-developed MST-80B microcomputer t r a i n e r  began as a p a r t  o f  t h i s  

technology t rans fe r  e f fo r t .  Now, i n  a d d i t i o n  t o  t h e  t r a i n e r s  used here a t  

LLL more than 200 are being b u i l t  by more than 30 co l leges f o r  use i n  t h e i r  

own classes. 

The MST-80B i s  a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  e l e c t r o n i c s  i n d u s t r y ' s  

e f f o r t s  t o  devise e f f e c t i v e  means o f  educat ing p o t e n t i a l  users o f  . ' 

microcomputers . The t r a i n e r  a1 1 ows hands-on experience w i t h  

s ta te -o f - the -a r t  microcomputer a rch i tec tu re ,  programming, i n t e r f a c i n g ,  and 

a p p l i c a t i o n  design. When used i n  con junc t ion  w i t h  a wel l-rounded classroom 

presentat ion,  t he  t r a i n e r ,  by encouraging immediate "hardware" a p p l i c a t i o n  

o f  concepts developed i n  c lass ,  helps t o  both r e i n f o r c e  and expand 

comprehension. 
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ABSTRACT 

The microcomputer r e v o l u t i o n  i n  e l e c t r o n i c s  i s  spreading so 

r a p i d l y  t h a t  i t  i s  d i f f i c u l t  t o  educate enough people i n  the  

techno1 ogy both q u i c k l y  and thoroughly. LLL' s MST-80B was 

developed as a way t o  speed l e a r n i n g  i n  our  in-house t r a i n i n g  

courses, and i t  i s  now being w ide ly  used outs ide  LLL. The 

MST-80B t r a i n e r  i s  a complete, se l f -conta ined,  microcomputer 

systerri housed i n  a standard br ie fcase.  The t r a i n e r  uses the  

I n t e l  8080A* 8 - b i t  microprocessor (CPU), and has i t s  own ' 

s o l i d - s t a t e  memory and a b u i l t - i n  keyboard and d i s p l a y  f o r  

Input/Output.  The t r a i n e r  i s  fu rn ished w i t h  a permanent 

"monitor" program ( i n  Read-Only Memory) t h a t  a l lows users t o  

e a s i l y  enter ,  debug, modify, and run programs of t h e i r  own. 

AN 'INTRODUCTION TO THE MST-80B 

The LLL MST-80B i s  a complete, se l  f-contained, microcomputer system housed 

i n  a b r ie f case  f o r  p o r t a b i l i t y  and convenience o f  use. It uses I n t e l ' s  

8080A microprocessor and associated support ing i n t e g r a t e d  c i r c u i t s .  

* 
Reference t o  a company o r  product  name here o r  elsewhere does n o t  imply 

approval o r  recommendation o f  t h e  product  by t h e  U n i v e r s i t y  o f  Cal i f o r n i a  o r  
the  U.S. Energy Research and Development Admin is t ra t i on  t o  t h e  exc lus ion  o f  
others t h a t  may be s u i t a b l e .  



The microcomputer i s  s p e c i f i c a l l y  designed as a t r a i n i n g  device, a 

convenient means f o r  a l l o w i n g  students t o  exp lore  and l e a r n  the  hardware and 

so f tware  capab i l  i ty o f  a t y p i c a l  microcomputer. 

! 

 h he t r a i n e r  has i t s  own s e t  of s o l i d - s t a t e  memory elements so no ex terna l  

memory i s  requ i red .  Both random-access r e a d l w r i  t e  memory (RAM) and 

programmable read-only memory (PROM) a re  provided. The t r a i n e r  inc ludes a 

keyboard and a numerical d i s p l a y  f o r  t h e  student  t o  communicate w i t h  t h e  

microcomputer. Th is  Inpu t IOu tpu t  (110) combination e l  iminates t h e  need f o r  

expensive and bu lky  I 1 0  such as a. t e l e t y p e w r i t e r .  The keyboard and 

numerical d i s p l a y  can be used w i t h  e i t h e r  the  o c t a l  (base 8) number system 

o r  t h e  hexadecimal (base 16) ,number system. A student  can s e l e c t  e i t h e r  

number system by s imply  depressing a c o n t r o l  key. 

The t r a i n e r  inc ludes a breadboard socket  so t h a t  experiments can be 

i n t e r f a c e d  t o  t h e  microcomputer. Th is  a l lows t h e  student  t o  l e a r n  hardware 

i n t e r f a c i n g  techniques as w e l l  as sof tware p rog raming .  

HARDWARE FEATURES OF THE TRAINER 

F igure  1 shows t h e  complete t r a i n e r  i n  i t s  case. F igure 2 . i s  a closeup o f  

the  computer c i r c u i t  board showing t h e  keyboard, d isp lay ,  and e l e c t r o n i c  

c i r c u i t r y .  

The MST-80B uses I n t e l  ' s 8080A c e n t r a l  processor u n i t  (microprocessor o r  

CPU) and suppor t ing  i n t e g r a t e d  c i  r cu i , t s .  The 8080A i s  a second-generation 

microprocessor, w i t h  an , 8 - b i t  word and 78 i n s t r u c t i o n s .  (Appendix I l i s t s  

t h e  a v a i l a b l e  i n s t r u c t i o n  s e t  .,) The MST-80B: 

Has 51 2 bytes o f '  RAM memory. 

• Has sockets f o r  t h ree  1702A PROM's (768 by tes) .  It a l s o  inc ludes 

one u n c o m i t t e d  socket  t h a t  can be jumper-wired t o  a 24 PIN ROM 

of use r ' s  choice. Normally the  moni to r  program res ides  i n  PROM 
. . 

p) and PROM 11. 
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Has a  24-key keyboard. Th is  i n p u t  dev ice  i s  accessed through 

memory mapped 110. (See F igure  7 f o r  a  memory map. ) 

Has a  th ree  d i g i t  d i s p l a y  w i t h  f u l l  hex number c a p a b i l i t y .  This 

ou tput  device i s  used by c a l l i n g  the  DISPLAY subrout ine i n  the  

moni tor .  (See the  Moni tor  Subroutines sec t i on  f o r  a  desc r ip t i on  

o f  how t h i s  subrout ine  i s  used.) 

Has one 8 - b i t  i n p u t  p o r t .  Address = 1. 

Has one 8 - b i t  ou tput  p o r t  ( la tched) .  Address = 1. 

Has s ing le -s tep  c a p a b i l i t y .  

Has t e n  uncommitted 1  ight-emi t t i n g  diodes (LEDs) t h a t  can easi' ly 

be connected t o  d i s p l a y  t h e  s t a t e  o f  any des i red  s igna ls  (address 

1  ines, data 1  ines,  s ta tus ,  etc.  ). These can be used when operat- 

i n g  i n  s ing le -s tep  mode. 

F igure 3 i s  a  b lock  diagram o f  t h e  MST-80B and F igu re  4 a  schematic diagram. 

Figure 5 shows t h e  panel connectors used t o  i n t e r f a c e  the  t r a i n e r  and 

inc ludes d e t a i l e d  i n fo rmat ion  on each s igna l  and i t s  connector p i n  number. 

The t r a i n e r ,  as suppl ied,  inc ludes a  moni tor  program (HEX/OCT MONITOR) 

loaded i n  PROMS 0 and 1. This moni to r  program a l lows a  user  t o  en te r  

programs i n t o  RAM memory, t o  s e l e c t  and.examine memory l oca t ions ,  change 

contents o f  l oca t ions ,  .and run  user  programs f rom s p e c i f i e d  s t a r t i n g  

addvesses . 



The moni tor  program a lso includes a  debug rou t i ne  t o  a s s i s t  users i n  

debugging t h e i r  programs. This r ou t i ne  al lows the user t o  i n s e r t  break- 

po in ts  (3778)* i n  programs. When such a breakpoint i s  encountered dur ing 

program execution, the break rou t i ne  i n  the moni tor  program i s  entered; i t  

saves a l l  the CPU r e g i s t e r s  and the breakpoint address, and w i l l  d i sp lay  273 

o r  BB** t o  s igna l  the user t h a t  a  breakpoint has been encountered. 

The contents of the CPU reg i s te r s  and the breakpoint address are saved i n  a  

group o f  dedicated memory loca t ions  on memory page 7.*** These locat ions 

can be examined by us ing the  d isp lay  (DISP) feature o f  the monitor program 

and, i f  desired, can be changed t o  new values using the ENTER feature o f  the 

monitor program. (A d e t a i l e d  explanation of these features i s  included i n  
the sample program discussion l a t e r  i n  t h i s  report .  ) 

The RUN fea tu re  o f  the moni tor  program s t a r t s  the user 's  program w i t h  the 

CPU r e g i s t e r s  i n i t i a l i z e d  t o  the cu r ren t  values found i n  the dedicated 

memory locat ions.  (This a l lows an operator t o  change these values before 

pushing RUN.) Figure 6 i s  a  f lowchar t  o f  the moni tor .  program; a  complete 

program 1 i s t i n g  i s  inc luded as Appendix I V .  F igure 7 i s  a  memory map f o r  

the computer system. A sample program using the monitor i s  discussed l a t e r .  

OPERATION OF KEYBOARD USING THE HEX/OCT MONITOR 

The MST-80B keyboard layou t  i s  shown below. The keys func t ion  as fo l lows:  

X 
The subscr ip t  8  on a  number ind icates an oc ta l  (base e i gh t )  representat ion. 

** 
Display depends on user-selected mode: 273 i s  the oc ta l  d isplay,  BB the 

hexadecimal. 
*** 

The loca t ions  used are tabulated on page 10 o f  t h i s  repor t .  



RESET: This key rese ts  the  system and s t a r t s  t h e  moni tor  program run- 

n ing.  

# DIGIT 

KEYS : These keys cause t h e  se lec ted d i g i t s  t o  be entered i n t o  t h e  d i s -  

p lay  i n  a  l e f t - s h i f t  mode. (Care must be exercised when en te r ing  

numbers t o  ensure t h a t  t he  intended number . i s  entered, s ince the  

d i s p l a y  i s  n o t  c leared but  simply s h i f t e d  l e f t .  For instance i f  

you want t o  en te r  a  1  i n t o  the  d i sp lay ,  you should push 801 t o  

i nsu re  t h a t  any e x i s t i n g  number i s  completely replaced. ) Keys 8  

through F are func t i ona l  o n l y  i n  HEX mode; they a re , i gno red  when 

i n  OCTAL mode. 

The c u r r e n t  value i n  the  d i s p l a y  i s  a l s o  s tored i n  a  memory 

1  ocat ion  named KYTEM. 

LDH : Load High Order Address. I n  order  t o  address any l o c a t i o n  i n  -. 

memory the  user needs t o  s p e c i f y  the  complete address. The 

MST-80B addresses are  two 8 - b i t  bytes: t he  h igh  order  address 

and t h e  low order  address. The h igh  order  address i s  s p e c i f i e d  

by keying the  des i red  value i n t o  t h e  d i s p l a y  and then pushing LDH 

(LOAD H). This s tores  the  value i n  a  memory l o c a t i o n  c a l l e d  

HVALU f o r  l a t e r  use by t h e  moni to r  program. 

The -- low order  address i s  s p e c i f i e d  by t h e  cu r ren t  contents o f  the  

d i s p l a y  whenever 5 t  I s  needed, i.e., i n  RUN o r  DISP'operat ions. 

I t s  cu r ren t  value i s  kept  i n  a  memory l o c a t i o n  c a l l e d  LVALU. 

DISP: Display.  When i t  i s  des i red  t o  examine the  contents o f  a  memory 

l oca t ion ,  t he  DISP key i s  used. The h i g h  order  address i s  

se lec ted by e n t e r i n g  the  des i red  value and us inq t h e  LDH key, as 

expla ined above. The low order  address i s  then keyed i n t o  the  

d isp lay ,  then the  DISP key i s  pushed. Th is  w i l l  cause the  

contents o f  t h e  des i red  address t o  be displayed. 



ENTER: The ENTER key i s  used t o  en te r  new values i n t o  s p e c i f i e d  loca-  

t i o n s .  ENTER a1 so automat ical  l y increments t h e  address value, 

a l l o w i n g  t h e  user  t o  q u i c k l y  examine, o r  t o  e n t e r  new values 

i n t o ,  consecut ive  l o c a t i o n s  i n  memory. 

The address i s  s e t  by  us ing  t h e  DISP key s ince the  present  value 

should be d i sp layed  before  you en te r  a  new value. A f t e r  pushing 

DISP a  new value may be keyed i n t o  t h e  d i sp lay ;  when ENTER i s  

pushed' t h i s  v a l  ue w i l l  be entered i n t o  t h e  current ly-addressed 

loca t ion .  

I n  a d d i t i o n ,  t h e  address i s  incremented and t h e  contents o f  t he  

n e x t  consecut ive l o c a t i o n  a re  d isplayed.  That value can e i t h e r  

be re-entered by press ing ENTER again, o r  a  new value can be 

keyed i n  be fo re  press ing ENTER. 

EXA : Examine address. Th is  key d i sp lays  t h e  c u r r e n t  value o f  t he  low 

order  address. It i s  p a r t i c u l a r l y  use fu l  if, when you a re  

examining a  program (s tepp ing through, us ing  ENTER), you f o r g e t  

where you are. 

RUN: This key a l l ows  you t o  s t a r t  a  user  program a t  any s p e c i f i e d  

address. The address i s  s p e c i f i e d  by us ing  the  LDH key t o  en te r  

t h e  h igh  o rde r  address, then keying t h e  low order  address i n t o  

the  d i s p l a y  be fo re  pushing RUN. Remember, RUN i n i t i a l i z e s  a l l  

CPU r e g i s t e r s  f rom dedicated memory l o c a t i o n s  before  s t a r t i n g  the  

user  program. 

SS: S ing le  Step. Th is  key i s  used i n  s i n g l e  s tep mode t o  advance the  

program t o  t h e  nex t  step. The togg le  swi tch  l abe led  SS-RUN must 

be i n  the  SS p o s i t i o n  before  t h e  SS key i s  func t i ona l .  



H/O: Hex/Octal . This key se lec ts  the .  des i red  keyboard mode. When 

RESET i s  pushed a f t e r  f i r s t  t u r n i n g  on power, t he  keyboard w i l l  

be i n  HEX mode. Depressing t h e  H/O key w i l l  then cause a  swi tch 

t o  OCTAL mode. Depressing the  HI0 key again w i l l  cause the  mode 

t o  swi tch  back t o  HEX. I n  sho r t ,  depressing the  H/O key changes 

the  keyboard mode from i t s  present mode t o  t h e  o t h e r  mode. 

MONITOR SUBROUTINES AS A CALL FROM A USER PROGRAM 

Two o f  the rou t ines  i n  HEXIOCT MONITOR a re  w r i t t e n  as subrout ines and may be 

c a l l e d  by a  user program: 

The KEY r o u t i n e  i n  the  moni to r  program i s  use fu l  when a  u s e r ' s  program 

requ i res  opera tor  i n t e r a c t i o n  s ince t h e  keyboard i s  convenient fo r  t h i s  pur- 

pose. 

KEY as a subrout ine i s  c a l l e d  by a  CALL KEY i n s t r u c t i o n  (315 131 fdfd@)8 
When ca l l ed ,  an appropr ia te  number key f o r  t h e  mode i n  use must be depressed 

by the  user  before a  r e t u r n  t o  the  user  program w i l l  be completed. KEY 

re tu rns  t o  t h e  user w i t h  t h e  C r e g i s t e r  con ta in ing  t h e  value o f  t h e  number 

key depressed. (The C r e g i s t e r  conta ins t h i s  number i n  the  low order  o c t a l  

d i g i t ,  and i n  a d d i t i o n  conta ins t h e  previous two key e n t r i e s  i n  the  h igh 

order  d i  g i  t s  . ) 

Two precaut ions must be observed when us ing the  KEY subrout ine.  F i r s t ,  the  

r o u t i n e  uses the  A, B, C, H .and L r e g i s t e r s .  I f  the  user program a lso  

requ i res  these r e g i s t e r s ,  they  must be saved before c a l l i n g  KEY. Second, 

on ly  number keys can be used when KEY i s  ca l l ed .  The c o n t r o l  keys a re  not  

decoded i n  t h e  KEY subrout ine and should no t  be used. Also, number keys 

l a r g e r  than 7 w i l l  be ignored when i n  OCTAL mode. 

The DISPLAY r o u t i n e  i n  t h e  moni to r  program i s  another use fu l  subrout ine 

a v a i l a b l e  t o  the  user. Whenever the  user  wants t o  send a  number t o  the 

d i g i t a l  d isp lay ,  t h i s  r o u t i n e  should be used. The subrout ine i s  c a l l e d  by a  

CALL DISPLAY , i n s t r u c t i o n  (31'5 122 Dfal lg and w i l l  d i s p l a y  t h e  number cur -  

r e n t l y  i n  t h e  A r e g i s t e r  i n  whichever mode (HEX o r  OCTAL) i s  p resen t l y  i n  

use. This subrout ine uses the  A, B and C r e g i s t e r s .  



SAMPLE PROGRAM FOR THE MST-80B 

A sample program f o r  the  MST-80B i s  given below; Figure 8 i s  a f lowchart f o r  

the program. This sample program can be used t o  demonstrate the operat ion 

o f  the MST-80B and the use o f  the moni tor  program i n  OCTAL mode. (Since the 
MST-80B i s  programmed i n  machine language, program "steps" are o f t en  w r i t t e n  

as mnemonics--abbreviated ind ica t ions  of what the i n s t r u c t i o n  does. For 

example, M V I  means "Move --  - Immediately"; M V I  A, means '"Move -- ' - Immediately 

( i n t o  the - Accumulator) zero(s)" .  Many of the mnemonics found i n  MST-BOB 

programs such as t h i s  one can be e a s i l y  understood from the context. I f  you 

have questions, Appendix I includes a complete l i s t  o f  8080A i n s t r u c t i o n  

mnemonics and t h e i r  meanings. ) 

MEMORY 
LOCATION 

000 
881 
002 
003 
804 
885 
886 
007 
01 8 
811 
812 
81 3 
014 
a1 5 
81 6 
01 7 
020 

MACHINE 
CODE I N  OCTAL 

076 
000 
127 AGAIN: 
31 5 
122 
881 
172 
086 
088 
816 
100 
~ $ 4  LOOP : 
31 2 

' OPERATIONS 

M V I  A ,  8 ; CLEAR AC 

MOV D, A ; SAVE A 
CALL DISPLAY , ; .SEND AC TO DISPLAY 

MOV A, D ; RESTORE A 
M V I  B, 8 ; CLR B REGISTER 

I N R  B ; INCREMENT B 
JZ LOOP ; DO I T  AGAIN 

DCR C ; DECREMENT C . 

JNZ LOOP ; LOOP UNTIL ZERO 

AD1 @(!I1 ; ADD ONE TO AC 

JMP AGAIN ; GO DISPLAY AC & DO AGAIN 



F i r s t  you must load the  sample program i n t o  memory: before you s t a r t ,  you 

need t o  decide where t o  l o a d  it. L e t ' s  p u t  i t  i n  memory page 6, s t a r t i n g  a t  

l o c a t i o n  lil (absolute address = P6PP hex). F i r s t ,  key PP6 i n t o  t h e  d i sp lay  

and then push t h e  LDH ( load  H) key. Thfs sets t h e  h igh-order  address (High 

by te )  t o  page 6. Next, key 008 i n t o  the  d i s p l a y  and push t h e  DISP key. 

This w i l l  d i s p l a y  the  c u r r e n t  contents of l o c a t i o n  P on page 6. Now you can 

key i n  t h e  machine language code f o r  t he  f i r s t  ins t ru .c t ion ,  076 ( M V I  A), and 

push the  ENTER key. This w i l l  en te r  the  P76 i n t o  l o c a t i o n  0, and w i l l  a l so  

d i sp lay  t h e  con ten ts .o f  t he  next  l o c a t i o n  ( l o c a t i o n  1 ) .  Now you can key i n  

the  nex t  code, 800, and push ENTER again. The 888 w i l l  be entered i n t o  

l o c a t i o n  1, and then l o c a t i o n  2 w i l l  be displayed. Continue t h i s  process 

u n t i l  the  e n t i r e  program i s  entered. 

If you make a  mistake w h i l e  keying i n  a  number, j u s t  cont inue t o  key i n  

u n t i l  t he  c o r r e c t  value appears i n  t h e  d i sp lay .  (The entered, displayed, 

number i s  n o t  used u n t i l  a  c o n t r o l  key i s  pressed.) I f  you f o r g e t  where you 

are a t  any t ime wh i le  l oad ing  the  program, j u s t  press EXA (examine address), 

and the  c u r r e n t  low-order  address w i l l  appear i n  the  d isp lay .  You can 

cont inue on from t h a t  p o i n t  by f i r s t  pushing the  DISP key and then t h e  ENTER 

key. O r  you can key a  new address i n t o  t h e  d isp lay ;  then pushing the'DISP 

key w i l l  a l l ow  you t o  cont inue from t h a t  address. 

A f te r  t he  e n t i r e  program has been keyed i n ,  you may want t o  check i t  f o r  

correctness. This i s  done by keying the  s t a r t i n g  address i n t o  t h e  d i sp lay  

( 0  f o r  our  sample program), pushing t h e  D I S P  key, and then repeatedly 

pushing the  ENTER key. This w i l l  s tep  through t h e  program s e q u e n t i a l l y  and 

d i s p l a y  each l o c a t i o n  so i t  can be checked. I f  you f i n d  a  mistake, j u s t  key 

i n  the  c o r r e c t  value before  the  ENTER key i s  pushed. 

A f t e r  t h e  program i s  loaded s a t i s f a c t o r i l y ,  you can run  i t  i f  you desi re.  

To run the  program, key the  s t a r t i n g  address (PPfJ f o r  our  sample program) 

i n t o  t h e  d i s p l a y  and push RUN. I f  you a re  n o t  sure  what the  c u r r e n t  h igh  
i order  address (HVALU) i s ,  you should s e t  i t  t o  t h e  c o r r e c t  value using t h e  

LDH key as expla ined prev ious ly .  



US1 NG BREAKPOINTS I N  PROGRAM DEBUGGING 

The moni tor  program fo r  the  MST-80B al lows users t o  set  breakpoints a t  

des i red loca t ions  i n  t h e i r  programs. This can be a  very useful  capab i l i t y ,  
p a r t i c u l a r l y  when debugging a  program. The use o f  breakpoints i n  program 

debugging can be demonstrated using the BREAK rou t ine  w i t h  the sample 

program introduced i n  the  preceding section. 

As can be seen from the f lowchar t  o f  the sample program, Figure 8, the 

program i s  a  simple count r ou t i ne  t h a t  w i l l  cause the d isp lay  t o  count up a t  

a  f i x e d  r a t e  determined by the constants i n '  the counting loops. I f  you 

execute the program as i t  i s  w r i t t en ,  you w i l l  no t i ce  the d isp lay  i s  

count ing very r ap id l y .  This i s  no t  i n t en t i ona l  and i s  caused by a  program 

bug. L e t ' s  use breakpoints t o  f i n d  it. 

Looking a t  the  f l ow  char t ,  you can see t h a t  there are two counting loops. 

The f i r s t  loop counts up t o  3778 and then goes back t o  0. Then the second 

count loop i s  entered. This second loop counts the number o f  times the 

f i r s t  loop must go through a f u l l  count (40g8 counts). Since the C r e g i s t e r  

i s  i n i t i a l i z e d  t o  1@f18, the second loop counts l@B8 counts ; hence the t o t a l  

count's f o r  both loops i s  40p8 x 10f?J8 (=16,384 ) counts. A f t e r  the f u l l  10 
count i s  reached, 1  i s  added t o  the  A r e g i s t e r  and i t s  contents are 

displayed. Then the count loop s t a r t s  over. This program runs endlessly 

u n t i l  stopped by the user. 

The f i r s t  t h i n g  t o  check i s  t o  see i f  the reg i s te r s  are i n i t i a l i z e d  

co r rec t l y .  This can be done by i n s e r t i n g  a  breakpoint (breakpoint code = 

3778) i n  p l a c e  o f  the I N R  B i n s t r u c t i o n  a t  memory loca t ion  013. Now run the 

program. (Remember t o  se t  the h igh order address t o  page 6. ) When the 

breakpoint  i s  encountered dur ing the running o f  the program, the BREAK 

rou t i ne  w i l l  stop execution o f  the program a t  t h a t  po in t  and s to re  the 

contents o f  a l l  CPU r e g i s t e r s  i n  the dedicated memory locat ions shown below. 

A 273 w i l l  appear i n  the d isp lay  t o  s ignal  you t h a t  a  break has occurred. 



BREAK ROUTINE MEMORY STORAGE LOCATIONS (MEMORY PAGE 7)  

(OCTAL Mode) 

LOC - CONTENTS - LOC CONTENTS 

PCL 1 Break 300 B REG 

PCH 1 Poin t  

275 PSW Address 

276 A REG 

277 C REG 

301 E REG 

302 D REG 

303 L REG 

304 ti REG 

The BREAK r o u t i n e  a l so  au tomat i ca l l y  sets HVALU t o  page 7. So, s ince  273 i s  

a l ready being displayed, i f  you now push t h e  D I S P  key, t h e  contents o f  

memory l o c a t i o n  273 on page 7 w i l l  be d isplayed.  This l o c a t i o n  conta ins the  

low by te  o f  t h e  address where t h e  break occurred. The h igh  by te  o f  t he  

break address i s  s tored i n  l o c a t i o n  274, so pushing t h e  ENTER key w i l l  cause 

the  h igh  by te  t o  be displayed. Repeated use of t he  ENTER key w i l l  a1 low you 

t o  examine the  contents o f  a1 1 the  CPU r e g i s t e r s .  

Reg is ter  C i s  s tored i n  l o c a t i o n  277 and, f o r  our  sample program, should 

con ta in  10f18. Locat ion 276 (A r e g i s t e r )  and 300 (B r e g i s t e r )  should conta in  

zero. I f  these l o c a t i o n s  con ta in  the  c o r r e c t  values, rep lace t h e  I N R  B 

i n s t r u c t i o n  (code g04) i n  l o c a t i o n  g13 and p u t  a breakpo in t  (377) i n  

l o c a t i o n  017 i n  p lace o f  t he  DCR C i n s t r u c t i o n .  Run the  program. When i t  

breaks, examine l o c a t i o n  300 again t o  see what t h e  B r e g i s t e r  i s  now. It 

should be a zero when t h e  count l oop  i s  ex i ted .  But i t  i s  n o t  zero! The 

bug must be i n  t h i s  loop. 

When you examine the  program, i t  i s  apparent t h a t  t h e  J Z  Loop i n s t r u c t i o n  

which t e s t s  f o r  complet ion of t h e  count i s  t e s t i n g  the  wrong cond i t ion .  It 

e x j t s  t h e  loop on nonzero count r a t h e r  than zero count, so you need t o  

rep lace the  32 i n s t r u c t i o n  w i t h  a JNZ (code 302) i n s t r u c t i o n .  Replace the 

breakpoint  i n  017 w i t h  DCR C (j315) and run  the  program. It should now run 

c o r r e c t l y ,  w i t h  the  d i s p l a y  count ing  much more s lowly.  



This may appear t o  be a t r i v i a l  bug and should be apparent by j u s t  

i nspec t ing  the program l i s t i n g .  But t h i s  i s  one o f  the most common program- 

ming e r ro r s  ( t h a t  i s ,  us ing the wrong sense o f  a t e s t  i ns t r uc t i on ) ,  and i s  

usua l l y  q u i t e  d i f f i c u l t  t o  f i n d  i n  a more complex program. 
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Figure 1 .  The MST-80B microcomputer 
trainer in i t s  case. 



A closeup of the c i r cu i t  board f o r  
the MST-80B m i  crocomputer trainer. The 
display i s  j u s t  l e f t  of the "C" key. 



Figure 3.  Operational block diagram of MST-80B 
Microcomputer trainer. 



0 
0 + 087  
0 +Dm& 
0 + DBS 
0 *DM 
0 -083 
0 + DB2 
0 *DB\ 
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TYP\CAL CONNECT\ON 
OF A 9 0  THRO A89,  
DR @ T W R U  PB7 AUD 
PROM+. 

Figure 4. SchernatJc of 
MST-80B Microcomputer. 



GND 

I, 
-9v - 
+12v 
TT 
7 
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C 
m 

& 
STAT 

AB15 
AB14 
AB13 
AB12 
ABl 1 
A01 0 
AB9 
AB8 

k w 

Figure 5. Panel connectors used to  interface 
MST-80B mi crocomputer t ra iner .  

RUN 

SS 

O m  
O m  o m  
e r n  

SEL 4 
N" 

SEL 2 

LITE 1 
LITE 2 
LITE 3 
LITE 4 
LITE 5 
LITE 6 
LITE 7 
LITE 8 

INT R E Q - 0  
I NTE+ 
WAIT- 
HOLD+ 
H L D A c  
RDY -b 

LITE 10 
LITE 9 

2 0  o 

0 53 0 
0 
0 
0 
0 
0 0 
0 8 
0 0 

b - 
54 0 

0 0 
0 0 
0 . 0 
@ 0 
0 0 
0 0 
Q 0 

L DB7 
DB6 

LITES DB5 
& 1 DB4 

CNTL 
L 

0 

DB3 
DB2 
DBl 
DB0 



CONTROL KEY 
ROUTINES 

CNTL 

I N I T  STACK PTR, 
DISPLAY,  & OFLAG 

A 
CALL KEY 

KEY 
2 

BUMP 
COL PTR 

DELAY LOAD TABLE 
POINTER 

REP 

. READ KYBD DECODE KEY CNTL 

. 

CORRECT VALUE 

SHIFT NEW ,~IGIT 
INTO OLD NUMBER 

STORE 
& D ISPLAY I T  

RETURN TO 
CALL KEY OR USER 

PROGRAM 

LOAD TABLC ENTER YES GET MEM PTR PUT CURRENT BUMP DISPLAY CONTENT' STORE NEW 
POINTER KEY FROM H&L VALU DISPLAY VALUE MEM POINTER OF NEXT MEM NO. I N  KYTEM 

I N  MEM LOC LOC 

- 
GET MEM PTR GET MEM PTR GET CONTENTS 

DECODE KEY KEY LOW FROM HIGH FROM HVALU OF T H I S  LOC DISPLAY I T  4 JMP KEY 

DISPLAY 

LOAD GEN GET START ADDR PUT H&L I N  PC . 
REGISTERS FROM .--) LOAD PSW FROM H&L VALU 4 & RUN PROGRAM 

MEM STORAGE 
F 

COL 1 4 
< 

DECOD 

DECODE KEY 

S H I F T  

& D ISPLAY I T  

RETURN TO 
CALL KEY OR USER 

PROGRAM 

GET CURRENT STORE I T  
DISPLAY VALUE --) I N  HVALU JMP KEY 

SET HEX el 
L VALUE JMP KEY 

JMP KEY 

JMP KEY 

JMP 

JMP 

KEY 

KEY 

F i gu re  6. Flow c h a r t  f o r  

HEX/OCT m o n i t o r  program f o r  MST-80B 

M i  crocomputer t r a i n e r .  



HEX 
S P L I T  
OCTAL 

Page 7 1.ocations used by mon i to r  
program : 

0000 000 000 

PAGE 0 (PROM) 
MONITOR PROGRAM 

00FF OBP, 377 

01 00 
PAGE 1 (PROM) 

001 0Pla 

MONITOR PROGRAM 
01 FF 001 377 

0200 1602 000 

PAGE 2 (PROM) 

02FF 0162 377 

0300 003 000 

PAGE 3 
UNCOMMITTED SOCKET 

03FF 003 377 

0400 004 000 

PAGE 4 
UNCOMMITTED SOCKET 

04FF 004 377 

0500 005 000 
PAGE 5 

KEY BOARD 

05 FF 005 377 

0600 006 0160 

PAGE 6 (RAM) 

06 FF --- 
086 377 

0700 007 B00 
PAGE 7 (RAM) 

REGISTER STORAGE 
& STACK 

07FF 007 377 

Iq8g0 010 B00 
NOT USED 

I N  MST-80B 

FFF F 377 377 . 

( LOCAT ION CONTENTS 

+ 

HVALU 

PCL } PCSTO PCH 

.. 
STACK PTR 

* 
FLAGWORD 

ZERO 

P A R I T Y  

CARRY 

F~ iyu r -e  7. Memory map for MST-8UB Microcomputer t r a i n e r .  

-.19- 



PROGRAM FLOW CHART 

CLEAR r"i 
DISPLAY 

CLEAR 

PUT 1 0 0  

F i g u r e  8. Flow c h a r t  f o r  MST-80B 
sample  program. 



APPENDIX 

I. Summary o f  8080 i n s t r u c t i o n  s e t .  

Summary of Processor Instructions 
By Alphabetical Order . 

h,,m,,* 

MVI M 
MVI , 
MOVM., 
MOV#.M 

MnV .1,2 
NOP 
ORA M 
ORA r 
OR1 
OUT 
PCHL 
POP B 

0 - w i n  

M a 8  i m m d i t n  memory 
More i m m d i t e  r q i n n  
Morn r e n r  l a  mnmorv 
Y o n  memory lo  r q i n s  
M o n r n i n n  to r q i n r  
I l O d W ~ l l D n  
Or mlmclry wilh A 
Or r q i n m  wilh A 
0, imnxd i t l * i th  A 
oulput 
H L L I D  P(0Clm m u n t s  
h p  r q b t m  ML B 8 C off 
N c k  
h p  r q i n n  M i  0 B E  011 
N t h  
Pop r q i n s  Mi# H 8 L off 
N r k  
h p  A l n d  FhQ, 
011 nack 
hh r q i n w  hi 8 B Con 
n l t k  
Puh r q i n s  R i r  0 B E  on 

nack 
h h r q ) i n n  R i r  H 8 L o n  
nark 
h l h  A and Flag, 
on nark 
Rot118 A Id1 through mrrv 
R o t m  A rOhr l r o w h  

m n v  
Ratutn on carry 
Re,"," 
Rotala A 1011 
Rvrvrn OR minus 
R w r n  on no m n y  
Relvvn on no mo 
Retun on DDl l tn  
Return on plr i ty men 
Roturn on parity odd 
Rotate ~ r a h ~  
Rmar l  
Roturnon I s 0  
Svblr lr l  memory ComA 
with borrow 

Sht r l f l  lm in t r  IromA 
with b0110w 
Svblr.rt immdiale from A 
vi!h borrow 
S~OA H 8 1 d i t f l  
H B L to stark points 
Store A dir lr l  
Slord A indirdrl 
Store A inditlfl 
$8, mrrv 
Sublrlcl memoly from A 
Svblrafl ~ q i l t s  lrom A 
$ub!ran i m m d ~ l 8 f r o m  A 
E x ~ w O 8 E . H 8 L  
R q i n s c  
ErtludraOr mnmury wills A 
Frr lul irs Or r rpb ls  wilh A 
E8dudre Or i m m d i t s  with 
/I 

Erchngo lop of slack. H 8 L 

ACI 

AOC M 
AOC I 
an11 M 

ADO, 
A01 
AHA M 
ANA r 
AN1 
CALL 
CC 
CM 
CMA 
CMC 
CMP M 
CMPr 
CNC 
CNZ 
CP 
CPE 
CPI 
CW 
cz 
OAA 
OAO 8 
OAO 0 
OAO H 
OAO SP 
OCR M 
OCR , 
OCX B 
OCX 0 
OCX H 
OCX SP 
01 
El 
HLT 
IN 
INR M 
lNR r 
INX B 
INX 0 
INX H 
INX SP 
JC 
JM 
IMP 
JNC 
JNZ 
JP 
JPE 
J W  
JZ 
LOA 
LOAX B 

Add immdialato A with 
carry 
Add memory to A with mrry 
Add rq inc r  10 A wilh mrrv 
Ada mmorv  10 A 
Add r m i s n  10 A 
Add i m m d m t ~  to A 
And m m o w  with A 
And r q i n s  with A 
And imrnd i le r r i th  A 
GI1 urronditiorul 
G l l  on m r q  
Gll on minus 
Compliment A 
Complimnl mrrv 
Complre memmy wilh A 
0 m p l r l r q i a t r  with A 
GI1 on no mny 
call on no rao 
G l l  on podlirs 
GI1 on w i l y  nm 
Complraimmdii l l  v i l h  A 
GI1 on ~ r i l y  odd 
Cll l  on 2-0 
08r im lad iun  A 
A d d B & C I O H B L  
A d d O S E a o H B L  
A d d H 8 L t o H B L  
Add nark points to H 6 L 
Oeorment memory 
O l a l m l n l  r q i s l n  
Olaemenl B B C 
Olrrsmlnz 0 & E 
Oeaement H B L 
Oeasmrnl stark points 
O i lb lo  laorrupt 
Erublo lntsruptr 
H l l l  
Input 
Inonm~nt  memorv 
lnoem.", ,mine, 

POP 0 

POP H 

m P  RW 

PUSH B 

PUSH 0 

PUSH H 

PUSH PSU 

RAL 
RAR 

RC 
R E l  
RLC 
RM 
RNC 
RNZ 
RP 
RPE 
RPO 
RRC 
RST 
RZ 
SBB M 

I l O l l O O O  
1 1 0 0 1 0 0 1  
0 0 0 0 0 1 1 1  
I I 1 1 1 0 0 0  
1 1 0 1 0 0 0 0  
I l 0 0 0 0 0 0  
I 1 1 1 0 0 0 0  
I 1 1 0 1 0 0 0  
I 1 1 0 0 0 0 0  
0 0 0 0 1 I I I  
I I A A A I I I  
1 1 0 0 1 0 0 0  
l O O l l I 1 0  

Inarment stark pornlet 
Jump on carry 
Jump on minus 
Jump u w n d i l i o n d  
Jump on no mrry 
Jump on no mro 
Jump on podlira 
Jump on plr i ty a s n  
Jump on w i r y  odd 
lump on zno 
~ o a d  A a m t  
Load A i n d h c l  
L w d  A Ihldh~rl 
1-6 H B L di,,fl 
Inad i m n d l a l o f m b l v  
R i r  B 8 C 
L a d  immdi i t s  r q l n n  
t i i o a E ~  
Load irnmdii le r q i n s  
W " H B L  
Load immdblanark  m i n t s  

SBI 

SHLO 
SPHL 
STA 
STAX 8 
s r a i  o 
STC 
SUB M 
SUB r 
SUI 
XCHG 

XRA M 

XRA r 
XRI 

L U A I  U 
LHLO 
LXI B 

LXI 0 

LXI H 

LXI SP 

NOTES: 1. DDDorSSS-0006-001 C-010D-011E-100H-101L-110Memory -111 A. 
2. Two possible cycle times, (511 11 indicate instruction wcles dependent on condition flags. 

From the  I n t e l  8080 Microprocessor  Systems U s e r ' s  Manual , 
Courtesy o f  I n t e l  Corpora t ion .  



APPENDIX 

OCT HEX MNEMONIC -- 
316 CE ACI D8 
217 8F ADC A 
210 88 ADC B 
211 89 ADC C 
212 8A ADC D 
213 86 ADC E 
214 8C AGC H 
215 8D ADC L 
216 8E ADC M 
207 87 ADD A 
200 80 ADD B 
201 81 ADD C 
202 82 ADD D 
203 83 ADD E 
204 84 ADD H 
205 85 ADD L 
206 86 ADD M 
306 C6 AD1 D8 
247 A7 ANA A 
240 A0 ANA B 
241 A1 ANA C 
242 A2 ANA D 
243 A3 ANA E 
244 A4 ANA H 
245 A5 ANA L 
246 A6 ANA M 
346 E6 AN1 D8 
31 5 CD CALL Adr  
334 DC CC Adr 
374 FC CM Adr 
57 2F CMA 
77 3F CMC 
277 BF CMP A 
270 68 CMP B 
271 69 CMP C 
272 BA CMP D 
273 BB CHP E 
274 BC CMP H 
275 BD CMP L 
276 BE CMP M 
324 D4 CNC Adr 
304 CJ CNZ Adr 
364 F4 CP Adr 
354 EC CPE Adr 
376 FE CPI D8 
344 E4 CPO Adr 
314 CC CZ Adr 
47 27 DAA 
11 09 D.9D B 
31 19 DAD D 
51 29 DAD H 

11 . 8080 ASSEMELY LANGUAGE REFERENCE CARD 

ALPHABETICAL LISTING 

OCT HEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEMONIC -- -- 
71 39 DAD SP 174 7C MOV A,H 167 77 MOV M,A 
75 3D DCR A 175 7D MOV A,L 160 70 MOV M,B 
05 05 DCR B 176 7E MOV A,M 161 71 MOV M,C 
15 OD DCR C 1 0 7 4 7  HOVB,A 1 6 2 7 2  MOVM,D 
25 15 DCR D 1 0 0 4 0  MOVB,B 1 6 3 7 3  M0VM.E 
35 1D DCR E 101 41 MOV 8,C 164 7 1  MOV M,H 
45 25 DCR H 1 0 2 4 2  ClOVB,D 1 6 5 7 5  M0VM.L 
55 2D DCR L :03 43 MOV B,E 76 3E MVI A,D8 
65 35 DCR M 104 44 MOV B,H 06 06 MVI B,D8 
13 OB DCX B 105 45 MOV B,L. 1'6 OE MVI C,D8 
33 1B DCX D 106 46 MOV B,M 26 16 MVI D,D8 
53 28 DCX tl 117 4F MOV C,A 36 1E MVI E,D8 
73 38 DCX SP 110 48 MOV C,B 46 26 MVI H,D8 
363 F3 DI  111 49 MOV C,C 56 2E MVI L,D8 
373 FB E I  1 1 2 4 A  MOVC,D 66 36 MVIt4.D8 
166 76 HLT 113 48 MOV C,E 00 00 NOP 
333 DB I N  08 114 4C MOV C,H 267 87 ORA A 
74 3C INR A 115 4D MDV C,L 260 BO ORA B 
04 04 INR B 1 1 6 4 E  M0VC.M 2 6 1 6 1  ORAC 
14 OC INR C 127 57 MOV D,A 262 82 ORA D 
24 14 INR D 1 2 0 5 0  M0VD.B 2 6 3 8 3  ORAE 
34 1C INR E 121 51 MOV D,C 264 84 ORA H 
44 24 INR H 122 52 MOV D,D 265 65 ORA L 
54 2C INR L 123 53 MOV D,E 266 66 ORA M 
Fb 34 INR M 124 54 MoV D,H 366 F6 OR1 D8 
03 03 INX B 125 55 MOV D,L 323 03 OUT D8 
23 13 INX D 126 56 MOV D,M 351 E9 PCHL 
43 23 INX H 137 5F MOV E,A 301 C1 POP B 
63 33 INX SP 130 58 MOV E,B 321 Dl POP D 
332 DA JC Adr 131 59 MOV E.C 341 E l  POP H 
372 FA JM Adr 132 5A MOV E.D 361 F1 POP PSW 
303 C3 JMP Adr 133 5B MOV E,E 305 C5 PUSH B 
322 D2 JNC Adr 134 5C MOV E,H 325 05 PUSH D 
302 C2 JNZ Ad.r 135 5D MOV E,L 345 E5 PUSH H 
362 F2 JP Adr 136 5E MOV E,M 365 F5 PUSH PSW 
352 EA JPE Adr 147 67 MOV H,A 27 17 RAL 
342 E2 JPO Adr 140 60 MOV H,B 37 1F RAR 
312 CA JZ 1 4 1 6 1  MOVH,C 3 3 0 D 8  RC 
72 3A LDA Adr 142 62 MOV H.D 311 C9 RET 
12 OA LDAX B 143 63 MOV H,E 07 07 RLC 
32 1A LDAX D 141 6 1  MOV H,H 370 F8 RM 
52 2A LHLD Adr 145 65 MOV H,L 320 DO RNC 
01 01 LXIB,D16 1 4 6 6 6  MOVH,M 300CO RNZ 
21 11 LXID,D16 1 5 7 6 F  M0VL.A 360FO RP 
41 21 LXI  H,D16 150 68 MOV L,B 350 EO RPE 
61 31 LXI  SP,D16 151 69 MOV L,C 340 EO RPO 
177 7F MOV A,A 152 6A MOV L,D 17 OF RRC 
1 7 0 7 8  MOVA.,B 1 5 3 6 8  MOVL,E 3 0 7 C 7  RSTO 
171 79 MOVA,C 1 5 4 6 C  M0VL.H 317CF RST1  
172 7A MOV A,D 155 6D MOV L,L 327 07 RST 2 
173 78 MOV A,E 156 6E MOV L,M 337 DF RST 3 

D8 = constant ,  o r  exp ress ion  t h a t  eva lua tes  t o  an 8 b i t  data  q u a n t i t y .  

D l 6  = constant ,  o r  exp ress ion  t h a t  eva lua tes  t o  a 16 b i t  da ta  q u a n t i t y .  

Adr = 16 b i t  address. 

OCT HEX -- 
347 E7 
357 EF 
367 F7 
377 FF 
310 C8 
327 9F 
230 98 
231 99 
232 9A 
233 9B 
234 9C 
235 9D 
236 9E 
336 DE 
42 22 
371 F9 
62 32 
02 02 
22 12 
67 37 
227 97 
220 90 
221 91 
222 92 
223 93 
224 94 
225 95 
226 96 
326 D6 
353 EB 
257 AF 
250 A8 
251 A9 
352 AA 
253 AB 
254 AC 
255 AD 
256 AE 
356 EE 
343 E3 
10 08 
20 10 
30 18 
40 20 
50 28 
60 30 
70 38 
313 CB 
331 D9 
335 DD 
355 ED 
375 FD 

MNEMONIC 

RST 4 
RST 5 
RST 6 
RST 7 
RZ 
SBB A 
SBB B 
SBB C 
SBB D 
SBB E 
SBB H 
SBB L 
SBB M 
SBI D8 
SHLD Adr 
SPHL 
STA Adr 
STAX B 
STAX D 
STC 
SUB A 
SUB B 
SUB C 
SUB D 
SUB E 
SUB H 
SUB L 
SUB M 
SUI D8 
XCHG 
XRA A 
XRA B 
XRA C 
XRA C) 
XRA E 
XRA H 
XRA L 
XRA M 
XRI D8 
XTHL 
--- 
--- 
---  



APPENDIX 

I I 1 8080 AASSCMBLY LANGUAGE REFERENCE CARD 

NUMERICAL LISTING - 
OCT HEX MNEMONIC OCT IiEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEISOFIIC -- -- -- -- 
00 00  NOP 63 33 INX SP 146 66 MOV tl,M 231 99 SBB C 
01 01 LX I  6,016 64 34 INR M 147 67 MOV H,A 232 9A SBB 0 
02 02 STAX B 65 35 DCR M 150 68 MOV L,B 233 9R SBR E 
03  03 I I i X  8 66 36 MVI M,D8 151 69 MOV L,C 234 9C SBB H 
04  04 I l lR B 67 37 STC 152 6A IIOV L ,D 235 9D SOB L 
05 05 DLIt B 10 3.3 - - -  153 6G MOV L,E 236 9E SBB M 
06  06 MVI B,DO 71 39 DAD SP 154 6C IlOV L,tl 237 9F SBB A 
07 07 RLC 72 3A LDA Ad r  155 6D MOV L , I  240 A0 ANA B 
10  08 ---  73 38 DCX SP 156 6E FlOV L,M 241 A1 ANA C 
11 09 DAD B 74 3C INR A 157 6F MOV L,A 242 A2 AMA D 
12 OA LDAX B 75 3D DCR A 160 70 MOV M,B 243 A3 ANA E 
13  OB DCX B 76 3E MVI A.08 161 71 IlOV M,C 244 A4 AFlA t i  
14 OC INR C 77 3F CMC 162 72 MOV M,D 245 A5 ANA L 
15 OD DCR C 100 40  I,lOV C,B 163 73 MOV M,E 246 A6 ANA 1.1 
16 OE MVI c,Da 101 41 MOV B,C 164 74 FIOV M,H 2.17 ~7 ANA A 
17 OF RRC 102 42 MOV B,D 165 75 MOV M,L 250 A8 XRA P, 
20 10 - - -  103 43 FIOV 6,E 166 76 HLT 251 A9 XRA C 
21 11 LX I  D,D16 104 44 PlOV C,H 167 77 PiOV M,A 252 AA XRA 0 
22 12 STAX D 195 45 MOV B,L 170 78 MOV A,B 253 AB XRA E 
23 13 INX D 106 46 MOV 3,M 171 79 MOV A,C 254 AC XRA H 
24 14 INR D 107 47 MOV B,A 172 7A MOV A,D 255 AD XRA L 
25 15 DCR D 1 1 0 4 8  MOVC,B 1 7 3 7 8  WOVA,E 256.4E XRAM 
26 16 MVI D,D8 111 49 MOV C,C 174 7C MOV A,H 257 AF XRA A 
27 17 RAL 112 4A FlOV C,D 175 7D MOV A,L 260 90 ORA B 
30  18 - - -  113 48 MOV C,E 176 7E ElOV A,M 261 61 ORA C 
31 19 DAD O 1 1 4 4 C  MOVC,H 1 7 7 7 F  MOVA,A 2 6 2 8 2  9 R A D  
32 1A LDAXD 1 1 5 4 0  MOVC,L 2 0 0 8 0  ADUB 263 E l i  OKA E 
33 18 DCX D 116 4E MOV C,M 201 61 ADD C 264 64 ORA H 
34 1C INR E 11 7 4F MOV C,A 202 82 ADD D 265 BS ORA L 
35 1D DCR E 120 50 ElOV D,B 203 83 ADD E 266 B6 ORA M 
36 1E MVI E,D8 1 2 1 5 1  M0VD.C 2 0 4 8 4  ADD11 267 87 ORA A 
37 1F RAR 122 52 MOV D,D 205 85 ADD L 270 88 CMP 3 
40  20  - - -  123 53 MOV D,E 206 86 ADD M 271 69 CMP C 
11  21 LX I  H,316 124 54 MOV D,H 207 87 ADD A 272 BA CMP D 
42 22 SHLD Adr 125 55 MOV D,L 210 88 ROC 8 273 BB CMP E 
43 23  INX H 1 2 6 5 6  I>IOVD,M 2 1 1 8 9  ADSC 274 BC CMP H 
44 24 INR H 127 57 MOV D,A 212 8A ADC D 275 BD C!4P L 
45 25 OR: H 130 58 140V E,B 213 86 ADC E 276 BE CMP M 
46 26 !,!\/I H,D8 1 3 1 5 9  fvlOVE,C 2 1 4 8 C  ADCH 277 BF CMP A 
47 27 LAA 132 5A NOV E,D 215 80 An6 I,. 300 CO RNZ 
50 28  - - -  133 SE! MOV E,E 216 8E ADC M 301 c1 POP e 
51 29 DAD H 134 5C MOV E ,H 21 7 8F ADC A 302 C2 JNZ Ad r  

' 52 2A LHLD Adr 135 50 140V E,L 220 90  SUB 8 303 C3 JMP Ad r  
53 28 DCX H 136 5E F.1OV E,M 221 91 SUB C 304 C4 CNZ Ad r  
54 2C INR L 137 5F MOV E,A 222 92 SUB U 305 C5 PUSH B 
55 2D DCR L 140 6 0  MOV H,B 223 93 SUB E 306 C6 AD1 D8 
56 2E MVI L.D8 141 61 MOV H,C 224 94 SUB H 307 C7 0 
57 2F CMA 142 62 140V I ~ , D  225 95 S U ~  L 310 C8 R Z  
GO 30 - - -  143 63 WOV ti:E 776 96 SUB 1.1 311 C9 RET 
61 31 LX I  SP,D16 144 64 MOV H,t! ?27  97 SUB A 312 Ch Ji! 
62 32 STA Adr  145 65 MOV H,L 230 98 SBR B 313 CB - - -  

OCT HEX MNEMONIC -- 
314 CC CZ Adr  
315 CD CALL Adr 
316 CE A C I  D3 
317 CF RST 1 
320 DO RNC 
321 n i  pnp D 
322 D2 JNC Adr 
323 D3 OUT 08 
324 D4 CrJC Adr 
325 D5 PUSH D 
326 D6 SUI DC 
327 D7 RST 2 
330 08 RC 
331 D'! - - -  
332 DA JC Adr 
L33 DS I N  D8 
'134 DC CC Adr 

35 OD - - -  
336 DE SSI D8 
337 DF RST 3 
340 EO RPO 
341 E l  POP H 
342 E2 JPO Adr 
345 E3 XTHL 
344 E4 CPO Adr 
345 E5 PUSH H 
346 E6 AN1 D8 
347 E7 RST 4 
350 E8 RPE 
351 EY PCIIL 
352 EA JPE Adr 
353 EB XCHG 
354 EC CPE Adr 
355 ED ---  
356 EE XRI 08 
357 EF RST 5 
360 F0 RP 
361 F1 POP PSW 
362 F2 JP Adr 
363 F3 D1 
364 F4 CP Adr 
365 F5 PUSH PSW 
366 F6 OR1 DC 
367 F7 RST 6 
370 F8 RM 
371 F9 SPHL 
372 FA J1.l Adr 
373 FB E I  
374 FC Clil Adr 
375 FD - - -  
376 FE CPl DS 
377 FF RST 7 

08 = c o n s t a n t ,  o r  e x p r e s s i o n  t h a t  e v a l u a t e s  t o  an  8 b i t  da ta  q u a n t i  t g .  

016 = c o n s t a n t ,  o r  e x p r e s s i o n  t h a t  e v a l u a t e s  t o  a 16 b i t  d a t a  q u a n t i t y .  

Adr  = 16 b i t  address.  
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IV. Program L i s t i n g ,  MST-80B Microcomputer Mon i to r  Program 
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;*+++*++++HEX/OCT MONITOR+*++++++++ 
:+++++*FOR MST-80 MICROPROCESSOR TRAINER*+***++ 

;WRITTEN BY GORDON JONES 
;DATE: 8-23-76 

KYTEM 
LVALU 
HVALU 
PCSTO 
psws? 
BSTOR 
DSTDR 
HSTDR 
OF LAG 

KEYBO 
KYBD 1 

TOP 
BOT 
RRE AD 
BKSTO 
DIU)  
DISH 

EQU 
EOU 
E W  
E W  
EOU 
E W  
EW 
EOU 
EQU 

E W  
EOU 

E W  
E W  
E W  
EOU 
EQU 
EOU 

OF OH 
OFH 
2H 
O7BBH 
6 
7 

ORGO 
IN IT :  LX I 

XRA 
ST A 
ST A 
OUT 
CALL 

ST : CALL 
JMP 

SP .07FOH 
A 
KYTEM 
OFLAG 
DISH 
DIS 
KE 1 
ST 

; INITIALIZE STACK POINTER 
;CLEAR AC 
; IN IT IALIZE DISPLAY STORAGE 
;CLEAR OCTAL FLAG - SET TO HEX DISPLAY 
;SET HDWR FLAG TO HEX 
;tWT 000 I N  DISPLAY 
:GO TO KEY ROUTINE 
;GET BACK TO KEY ROUTINE I F  NOT A CALL 

TABLC: DB ENTER ;CONTROL ROUTINES ADDRESS TABLE 
08 DISP 
08 RUN 
De KEY 
DB KEY 
De HO 
DB LDH 
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000070 
000073 
000074 
000075 
000 100 
t;O0101 
OUO 102 
GO0 105 
000 106 
000 107 
0001 I2 
0001 13 
0001 16 
000121 
000 124 
000 126 

DB EXA 

ORG 700 

;+****++THIS I S  THE BREAK ROUTINE**+++ 

BRK : S M D  
POP 
DCX 
SHLD 
PUSH 
POP 
SHLD 
PUSH 
POP 
Y g D  
XCHG 
YcLD 
LX I 
SHLD 
nv I 
.mP 

HSTOR 
H 
H 
PCSTOR 
PU( 

H 
PSWST 
B 
H 
BSTOR 

OSTOR 
H.BKST0 
LVALU 
A.OBBH 
BACK 

;STORE H I L  I N  MEMORY 
:PUT BREAK ADDRESS I N  H6L REG 
;CORRECT BRK ADDR 
;STORE BREAK AWR I N  MEMORY 
;GET AC AND PSW I N  STACK 
:PUT AC IPSW I N  H I L  
:PUT AC 6PSU I N  MEMORY 
:GET BaC 
;WT B6C I N  MEMORY 
;PUT B6C I N  MEMORY 
;PUT DIE IN  H6L 
;PUT DIE IN MEMORY 
;LOAD BREAK MEMORY LOCATION 
;WT I T  rN PROPER LOCATION 
;PUT W I N  AC 
;DISPLAY 88 AND RETURN TO KEY 

;+++++KEYBOARD READ ROUTINE++++* 

KEY: CALL REAO ;GO READ KEYBOARD 
JNZ KEY ;LOOP I F  KEY MK(N 
CALL DELAY ; DEBOUNCE 

REP : CALL 
CALL 
JZ 
CALL 

COL : LX I 
LWY:  nov 

CMA 
ORA 
.mi! 
mv 
RAL 
nov 
AN I 
JZ 
JHP 

A 
LUT 
A.L 

L.A 
OBH 
LDKY 
KEY 

;CHECK FOR CHANGE IN DISP nooE 
;GO READ KEYBOARD 
:LOOP I F  NO KEY DOWN 
; DEBOUNCE 
;SET UP C M W N  POINTER 
;READ KEYBOARD C O L W  
;COMPLEMENT 
;SET FLAGS 
;GOT0 LOOK UP TABLE I F  KEY FOUND 
;NO KEY FOUND - BUnP COLUMN POINTER 
;ROTATE TO NEXT COLUMN 
;PUT BACK 
;CHECK FOR LAST COLUMN 
;NOT LAST COLUMN - GO READ A KEY 
;NO KEY DOWN GO BACK 

;*+**++**THEY ARE THE CONTROL KEY ROUTINES 
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CNTL : LX I 
nov 

L P I  : RAL 
I NX 
JNC 
nov 
PCHL 

EXA : LDA 
JMP 

LDH: LDA 
STA 
JMP 

RUN: LDA 
STA 
L K D  
PUSH 
POP 
LWLD 
XCHG 
LHLD 
PUSH 
POP 
L K D  
Pusn 
LHLD 
RET 

D I W :  LD A 
STA 
LHLO 

NEXT : SHLD 
nov 

BACK : ST A 
CALL 
JHP 

ENTER: LHLD 
LDA 
m v  
I NX 
Jw 

H. TABLC- I 
A.B 

LVALU 
BACK 
KYTEM 
HVALU 
KEY 

KYTEM 
LVALU 
BSTOR 
H 
B 
DSTOR 

PY(ST 
H 
Psn 
LVALU 
H 
HSTOR 

KYTEM 
LVALU 
LVALU 
LVALU 
A.M 
KYTEM 
D IS  
KEY 
LVALU 
KYTEM 
M.4 
H 
NEXT 

;GET TABLE POINTER 
;GET KEY VALUE 
;ROTATE INTO CARRY 
;BUMP TABLE POINTER 

;MOVE ADDRESS INTO L REG 
;JUMP TO PROPER CONTROL ROUTINE 
;GET L REGISTER VALUE 
:DISPLAY IT  8 JUMP TO KEY 
;GET KEY VALUE FROM TEMP 
;PUT I N  H REGISTER STORAGE 
:DONE- GO TO START 

;GET CURRENT DISPLAY VALUE 
;STORE I N  L REG LOCATION 
;GET CONTENTS OF aac REGS 
;PUT ON STACK 
;PUT I N  B6C REGS 
;GET CONTENTS OF DBE REGS 
;EXCHANGE H I L  WITH DBE 
;GET OLD AC AND PSW 
;PUT 'AC 6 PSU ON STACK 
;RESTORE AC B STATUS 
;GET STARTING ADDRESS 
;WT STARTING ADDR ON STACK 
;RESTORE H6L 
;GET STARTING ADDR FROM STACK AND RUN 

;GET CURRENT DISPLAY VALUE 
;STORE I N  LREG STORAGE 
;GET VALUE JUST KEYED I N  
;STORE I N  MEMORY POINTER 
;GET VALUE POINTED TO BY MEM POINTER 
;WT THIS VALUE I N  KEY STORAGE 
;DISPLAY I T  
;GO BACK AND START OVER 
;GET m n w y  POINTER 
:GET DISPLAY VALUE 
;WT VALUE I N  LOC POINTED TO BY HhL 
;BUMP TO NEXT LOCATION 
;PUT INC PTR AUAY AND DISPLAY NEXT LOC 

000331. 072  305  007 HO: LDA OFLAG ;FETCH HEXIOCTAL FLAG 
000334 057 CMA ;CHANGE TO OTHER BASE 
000335 062 305 007 STA OFLAG ;PUT I T  BACK 
000340 267  ORA A , ;SET-UP FOR TESTING I T  
00034' 312  351 000 JZ  HOHO ;JMP' I F  0 FOR HEX 
000344 323  006 OUT DISO ;MUST BE 1 ' s  FOR OCTAL - SET DISPLAY 

1 
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000346 303 131 606 JMP KEY 
000351 323 007 HOHO : OUT DISH 
000353 303 131 000 JMP KEY 

;SET DISPLAY FOR HEX 3 DIGITS 



: * *+*****THlS ROUTINE DETERMINES THE COLUMN 
;**?******THE KEY WAS FOUND I N  AND LOOKS UP 
;**+******VALUE I N  THE APPROPRIATE TABLE. 

LUT : MOV B.A 
MOV A.L 
RRC 
JC COL l 
RRC 
JC COL2 
JMP CNTL 

COLI : LX I 
CALL 
JMP 

COL2 : LX I 
CALL 
nov 
AD I 
nov 

SHIFT: L X I  
NOP 
NOP 
LDA 
OR A 
JNZ 

nov 
HEX1 : RLC 

RLC 
RLC 
RLC 
AN I 
ORA 
nov 
CALL 
RE T 

OCTI: nov 
RLC 
RLC 
RLC 
AN I 
OR A 

H.TA8i-E-I 
DECOO 
SHIFT 
H. TABLE- I 
DECOD 
A,C 
2H 
C.A 
H . KYTEM 

OFLAG 
A 
OCT l 

A. n 

OFOH 
C 
M,A 
D I S 

A.M 

3700 
C 

;SAVE AC 
;GET COLUMN POINTER 
;ROTATE COL POINTER RIGHT 
; I S  I T  COLI? 
;ROTATE AGAIN 
; I S  I T  COL27 
;MUST BE CONTROL COLUMN 

;GET TABLE POINTER 
:GO GET VALUE FROM TABLE 
:STORE AND SEND TO DISPLAY 
;GET TABLE POINTER 
;GET VALUE FROM TABLE 
;PUT TABLE VALUE I N  AC 
;CORRECT VALUE FOR COLUMN 2 

;GET OLD DISPLAY VALUE 

;CHECK HEXIOCT FLAG 
;SET FLAGS 
;GOTO OCTAL I F  FLAG I S  A 1 

;GET KEY CODE 
;ROTATE ONE HEX DIGIT LEFT 

;MASK OFF BOTTOM DIG1 T 
;OR NEU DIGIT TO OLD NUMBER 
;PUT BACK I N  DISPLAY STORAGE 
;SEND TO DISPLAY 
;END OF NUMBER KEY ROUTINE 

;GET KEY CODE 
;ROTATE ONE OCTAL DIGIT LEFT 

;MASK OFF BOTTOM DIGIT 
;OR NEW DIGIT TO OLD NUMBER 

. . 

. ." 
I . .  . 
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MOV M.A 
CALL DIS 
RE T 

;PUT BACK I N  DISPLAY STORAGE 
;SEND TO DISPLAY 

DECOD: MOV A.8 ;GET KEY VALUE 
AGAIN: RAL ;ROTATE INTO CARRY 

INX H :BUMP TABLE POINTER 
JNC AGAIN 
)90V C.M :SAVE KEY CODE 

LDA OFLAG :CHECK HEXIOCT FLAG 
ORA A ;SET FLAGS 
JNZ K T 2  ;'IF I N  OCTAL MODE JUMP TO CHAR CHECK 
RET 

OCT2: MOV A.C 
AN1 3700 
RZ 
BtP KEY 

;GET KEY VALUE 
;MASK OFF; LOWER DIGIT 

;RETURN I F  LEGAL OCTAL NUMBER 
:ILLEGEL CHAR GOT0 KEY . 

;++++++++ROUTINf TO READ KEYM~ARO++++++ 

M A D  : LDA KEYBO ;READ KEYBOARD 
CM A ;COMPLEMENT 
ORA A ; K T  FLAGS 
RE T 

;+++++++ROUTINE TO DISPLAY HEX OR OCTAL++++++++ 

01s:  LOA 
DISPLAY: HOV. 

LDA 
OR4 
JNZ 

UEX : MOV 
OUT 
RET 

OCT : mv 
RLC 
RLC 
AN I 
OUT 
mv 
R AL 
AN I 
mv 
mv 
AN I 
OR A 

KYTEM 
C .A 
OFLAG 
A 
OCT 
A.C 
0 

;GET CURRENT DISPLAY VALUE 
&SAVE A REG 
;CHECK HEXIKT  FLAG 
; K T  FLAGS 
;SIGN B l T p l  FOR. OCT DISPLAY 
;HEX - GET AC 
:SEND TO DISPLAY 

;GET NUnsER TO DISPLAY. 
:GET HlGH ORDER DIGIT 
;ROTA= INTO POSITION 
:SAVE HlGH ORDER D lG lT  
;DISPLAY HlGH ORDER DIGIT 
;GET NUHER AGAIN 
;HOVE 2ND D lG lT  INTO POSTION 
;SAVE MIDDLE DIGIT 
;SAVE MIDDLE D lG lT  
;GET NUMBER AGAIN 
;GET I S 1  DIGIT 
;COMBINE DIGITS I 6 2 
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NO PROGRAM ERR(#K 

; 0 I SPLAY THEM 

;+++++++THIS I S  A MLAY ROUTINE TO MBOUNCE THE SWITCHES+++++ 

DELAY: f lVl B.0 
LOCH': INR B 

YTHL 
XTHL 
aJz LOOP 
RfT 

TABLE: DB 0 OH 
DB O4H 
DB om 
08 OCH 
D8 OIH 
08 0% 
DB 0% 
08 om 
END 

;INITIALIZE COUNTER 
;BUMP COUNTER 
;EXTRA DELAY I N  LOOP 

: LOOP UNTIL ZERO 

;NUMBER KEY CODE TABLE 
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SYmOL TABLE 

01 

A 
WSTO 
C 
COLE 
DIS 
OISPL 
EXA 
HO 
INIT 
KYTEM 
LOOP 
n 
OCT2 
PSUST 
RUN 
TABLC 

AGA 1 N 
BOT 
CNTL 
D 
DISH 
DSTOR 
H 
HOHO 
KEY 
L 
LP I 
NEXT 
SLAG 
READ 
SnlFT 
TABLE 

B 
BRK 
COL 
DECW 
D 1 SO 
E 
HEX 
HSTOR 
KEYED 
LDH 
LUT 
OC T 
PCSTO 
REP 
SP 
TOP 

BACK 000305 
BSTOR 003677 
COLl 000373 
DELAY 000561 
DlSP 000270 
ENTER 000316 
HEXI 000933 
HVALU 003672 
KYBDl 002401 
LDKY 000161 
LVALU 003671 
OCTl 000447 
PSw 000006 
M A D  000002 
ST . 000017 
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