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PREFACE 

Microcomputers are b r i ng ing  about a r evo lu t i on  i n  the design o f  e l ec t ron i c  

systems. A l l  e l ec t r on i c  design i s  being a f fec ted  by the p o t e n t i a l  f o r  bet ter ,  . 
cheaper, faster ,  and smarter new systems using microcomputers. With a l l  t h i s  : .;i 

a c t i v i t y ,  education has become a great  concern. A1 through many technica l  

people have heard o f  microcomputers, r e l a t i v e l y  few know exact ly  what 

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

The Lawrence Livermore Laboratory ( LLL) i s  a h i  gh-technology, energy-related 

research laboratory  t h a t  has been a forerunner o f  microcomputer development 

and appl ica t ion.  Their  Technology Tra in ing Program (1TP) i s  pat terned a f t e r  

hands-on t r a i n i n g  o r i g i n a l l y  devised t o  r a p i d l y  educate t h e i r  own employees 

about microcomputers. TTP was i n i t i a t e d  t o  expand t h i s  hands-on i n s t r u c t i o n  

by reaching other energy-re la ted  i n d u s t r i a l  and governmental organizat ions as 

we l l  as educational i n s t i t u t i o n s .  To expand t h i s  sphere o f  t r a i n i n g  even 

fu r ther ,  TTP l'oans videotaped lectures, provides lec tu re  notes, and, i n  some 

cases, lends equipment or  a ids the ins t ruc to r .  The MST-80B t r a i n e r  ( t he  

" t r a i n e r  i n  a br ie fcase")  was designed and fabr i ca ted  as a p a r t  o f  t h i s  

technology t rans fe r  e f f o r t  and i s  now being b u i l t  by more than 30 col 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  con t r ibu t ion  t o  the e f f o r t  o f  the e lec t ron ics  

i ndus t r y  t o  e f f e c t i v e l y  educate po ten t i a l  users o f  microcomputers. This 

" t r a i n e r  i n  a br ie fcase"  provides the  user w i t h  hands-on experience i n  

s ta te-o f - the-ar t  microcomputer archi tecture,  programming, i n t e r f ac i ng  and 

app l i ca t i on  design; lea rn ing  these techniques i s  almost as easy as opening the 

MST-80B br ie fcase i t s e l f  ! This t ra ine r ,  whi l e  simultaneously r e i n f o r c i n g  and 

expanding comprehension, a1 1 ows the  user t o  Srmnediately assemble hardware and 

apply the concepts developed i n  the classroom. 
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THE MST-80B MICROCOMPUTER TRAINER 

G. D. Jones/E. R. Fisher/and J. M. Spann 

E lec t ron i cs  Engineering Department 

Lawrence Livermore Laboratory 

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  i t  i s  d i f f i c u l t  t o  educate enough people 
q u i c k l y  and thoroughly i n  t h e  new technology. Lawrence 
Livermore Labora tory '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 l y  used outs ide  LLL. The MST-80B t r a i n e r  i s  
a complete, se l f -conta ined,  microcomputer system housed i n  
a b r i e f case .  The t r a i n e r  uses the  I n t e l  8080A* 8 - B i t  
Microprocessor (CPU) , and i t  has i t s  own so l  i d-s ta te  memory, 
a b u i l t - i n  keyboard, i n p u t  and output  po r t s ,  and a d i s p l a y  
f o r  v i sua l  output .  The t r a i n e r  i s  fu rn ished w i t h  a permanent 
"Moni tor"  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 o f  t h e i r  
own. 

AN INTRODUCTION TO THE MST-80B 

The LLL MST-80B i s  a complete microcomputer system se l f -conta ined i n  a 

b r i e f c a s e  f o r  p o r t a b i l i t y  and easy usage. The microcomputer was designed as a 

t r a i n i n g  device f o r  LLL' s Technology T ra in ing  Program (TTP), a1 lowing students 

t o  exp lore  t h e  hardware and software c a p a b i l i t y  o f  a t y p i c a l  microcomputer. 

*Reference t o  a company o r  product  name here o r  elsewhere does no t  imp ly  

approval o r  recommendation o f  t he  product  by the  U n i v e r s i t y  o f  C a l i f o r n i a  o r  

the Uni ted States Department o f  Energy t o  the  exc lus ion  o f  o thers  t h a t  may be 

s u i  tab1 e. 
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The t r a i n e r  uses t h e  I n t e l  8080A ~ i c r o ~ r o c e s s o r  and support ing i n teg ra ted  

c i r c u i t s .  I t  has i t s  own s e t  o f  s o l i d - s t a t e  memory elements so no ex te rna l  

memory i s  required.  Both random-access read/wr i te  memory (RAM) and 

programnable read-only memory (PROM) are provided. The MST-80B has a 24-key 

keyboard and a 3 - d i g i t  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 /ou tpu t  ( I /O) combination e l im ina tes  t h e  need 

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

numer ical  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. E i t h e r  number system can be selected 

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  exper i l~ let i ts  can be i n t c r f a c e d  

t o  t h e  microcomputer through an 8 - b i t  i n p u t  p o r t  and an 8 - b i t  ou tput  po r t .  

Th is  a l lows the  student  t o  l e a r n  hardware I n t e r f a c i n g  techniques as we l l  as 

sof tware programming. The MST-80B a l so  has ten  uncommitted l i g h t - e m i t t i n g  

diodes (LEDs) t h a t  can e a s i l y  be connected t o  d i s p l a y  the  s t a t e  o f  any des i red  

s i g n a l s  (address l ines ,  data l i nes ,  and s ta tus ) .  These can be used when 

opera t i ng  the  t r a i n e r  i n  t h e  s ing le-s tep mode o r  the  normal opera t ing  mode. 

HARDWARE FEATURES OF THE TRAINER 

F igures  l a  and l b  show the  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  I s  8080A Centra 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 c u 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  the  

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

o 512 bytes o f  RAM memory. 

o Sockets f o r  t h ree  1702A PROM's (768 bytes) .  I t  also inc ludes one 

uncommitted socket t h a t  can be jumper-wired t o  24-pin ROM o f  

use r ' s  choice. Normally, t he  Moni tor  Program res ides  i n  PROM 0 and 

PROM 1. 



FIGURE l a .  The MST-80B Microcomputer Trainer 

LED Status 
Power Suppl ies Indicators 

Breadboard 
Socket Lrnsplay  

FIGURE lb.  Top view o f  the MST-80B Microcomputer Trainer showing locat ion o f  
parts. 
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! FIGURE 2. A closeup of the circuit board for the MST-80B Microcomputer 
Trainer. The display is just left of the "C" key. 



o A  24-key keyboard. Th i s  i n p u t  dev ice  i s  accessed th rough memory 

mapped I / O .  (See F igu re  7 f o r  a  memory map.) 

o A  t h r e e - 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 .  T h i s  ou tpu t  

dev ice  i s  used by c a l l i n g  t he  DISPLAY sub rou t i ne  i n  t h e  Mon i to r .  

(See t h e  Mon i t o r  Subrout ines..  . . , page 13, f o r  a  d e s c r i p t i o n  o f  how 

t h i s  subrou t ine  i s  used.) 

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

o One 8 - b i t  o u t p u t  p o r t  ( l a t ched ) . ,  Address = 1. 

o S ing le - s tep  capabi 1  i t y .  

o Ten uncommitted l i gh t -em i  t t i n g  d iodes (LEDs) t h a t  can e a s i l y  be 

connected t o  d i s p l a y  t h e  s t a t e  o f  any des i r ed  s i g n a l s  (address 

l i n e s ,  da ta  l i n e s ,  s t a tus ,  e t c . ) .  These can be used when ope ra t i ng  

i n  s i  ng le -s tep  mode. 

o  A  se l f - con ta ined  power supply.  

o  A  p r o t o t y p i n g  area f o r  user  exper iments.  

F i gu re  3  i s  an ope ra t i ona l  b lock  diagram o f  t h e  MST-80B, and F i g u r e  4 shows 

t h e  panel connectors  used t o  i n t e r f a c e  t h e  t r a i n e r  w i t h  exper iments.  The 

f i g u r e  i n c l u d c s  d c t a i l c d  i n f o r m a t i o n  on each s i g n a l  and i t s  c o n n ~ c t . o r  p i n  

number. F i g u r e  5 i s  t h e  schematic diagram. 

MONITOR PROGRAM 

The t r a i n e r ,  as suppl i ed, i nc l udes  a  Mon i t o r  Program (Hex/Oct M o n i t o r )  loaded 
e i n  PROMS 0 and 1. Th is  Mon i to r  Program a l l ows  a  user  t o  e n t e r  programs i n t o  

RAM memory, t o  s e l e c t  and examine memory l oca t i ons ,  change con ten ts  o f  

e l o c a t i o n s ,  and r u n  user  programs f rom s p e c i f i e d  s t a r t i n g  addresses. 



The Moni to r  Program a l so  inc ludes  a  debug r o u t i n e  t o  a s s i s t  users i n  debugging 

t h e i r  programs. Th is  r o u t i n e  a l lows t h e  user t o  i n s e r t  breakpoints FF16* i n  

programs. When such a  breakpo in t  i s  encountered du r ing  program execut ion, t he  

break r o u t i n e  i n  t he  Mon i to r  Program i s  entered; i t  saves a l l  t he  CPU 

r e g i s t e r s  and t h e  b reakpo in t  address, and w i l l  d i s p l a y  273 o r  BB** t o  s igna l  

t he  user t h a t  a '  b reakpo in t  has been encountered. @ 

The contents  o f  t h e  CPU r e g i s t e r s  and the  breakpo in t  address are saved i n  a  b *** 
group o f  dedicated memory l o c a t i o n s  on memory page 7. These l o c a t i o n s  

can be examined by us ing  t h e  D I S P  ( d i s p l a y )  f e a t u r e  o f  t h e  Mon i to r  Program 

and, i f  desired, can be changed t o  new values'  us ing  the  ENTER . f e a t u r e  o f  t h e  

Mon i to r  Program. ( A  d e t a i l e d  exp lanat ion  o f  these fea tu res  i s  inc luded i n  t h e  

sample program d iscuss ion  l a t e r  i n  t h i s  r e p o r t . )  

The RUN f e a t u r e  o f  t h e  Mon i to r  Program s t a r t s  t he  u s e r ' s  program w i t h  t h e  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 

l o c a t i o n s .  (Th i s  a l lows an operator  t o  change these values be fore  pushing 

RUN.) F igu re  6 i s  a  f l o w c h a r t  o f  a  sample program us ing  the  Moni tor  Program, 

F i g u r e  7 i s  a  memory map f o r  t h e  computer system. The f l owchar t  f o r  t h e  

mon i to r  program i t s e l f  i s  d isp layed i n  F igure  8 and a  complete program l i s t i n g  

i s  inc luded as Appendix I V .  

OPERATION OF KEYBOARD USING THE HEX/OCT MONITOR 

The MST-80B keyboard l a y o u t  i s :  

* 
The s u b s c r i p t  16 on a  number i n d i c a t e s  hexadecimal (base 16) representa t ion .  ** 

D isp lay  depends on a  user-selected mode: 273 i s  t he  o c t a l  d isp lay ,  BB the  

hex adec imal . *** 
The l o c a t i o n s  used are tabu la ted  on page 15 o f  t h i s  repo r t .  

-6 - 
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FIGUR'E 3.  Operational block diagram o f  MST-BOB Microcomputer Trainer. 
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FIGURE 4. Panel connectors used t o  i n t e r f a c e  MST-80B Microcomputer Tra iner .  
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The MST-80B keys f u n c t i o n  as f o l l o w s :  

RESET: . Th is  key r e s e t s  t h e  system and s t a r t s  t h e  Mon i to r  Program running.  

DIGIT 
9 KEYS : These keys cause t h e  se lec ted  d i g i t s  t o  be en te red  i n t o  t h e  d i s p l a y  

i n  a l e f t - s h i f t  mode. (Care must be exerc ised  when e n t e r i n g  numbers 
4 t o  ensure t h a t  t h e  in tended number i s  entered, s i nce  t h e  d i s p l a y  i s  

no t  c l ea red  b u t  s imp ly  s h i f t e d  l e f t .  For  ins tance,  i f  you want t o  

en te r  a  1 i n t o  t h e  d i sp lay ,  you should push 01 t o  i n s u r e  t h a t  any 

e x i s t i n g  number i s  comple te ly  rep laced. )  Keys 8  through F are 

f u n c t i o n a l  o n l y  i n  hex mode; t hey  are ignored  when i n  o c t a l  mode. 

The c u r r e n t  va lue i n  t h e  d i s p l a y  i s  a l s o  s to red  i n  a  memory l o c a t i o n  

named KYTEM. 

LDH: Load High Order Address. To address any l o c a t i o n  i n  memory, t h e  

user  needs t o  s p e c i f y  t h e  complete address. The MST-80B addresses- 

are two 8 - b i t  by tes :  t h e  h i gh  o rde r  address and t h e  low o rde r  

address. 

The h i g h  o rde r  address i s  s p e c i f i e d  by key ing  t h e  des i r ed  va lue  i n t o  

t h e  d i s p l a y  and then  pushing LDH (LOAD H). Th i s  s to res  t h e  va lue  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  Mon i to r  Program. 

The low o rde r  address i s . s p ~ c i f i e d  by t h e  c u r r e n t  con ten ts  o f  t h e  

d i s p l a y  whenever i t  i s  needed, i.e., i n  RUN o r  DISP opera t ions .  I t s  

c u r r e n t  va lue i s  k e p t  i n  a  memory l o c a t i o n  c a l l e d  LVALU. 

D I S P :  D isp lay .  When i t  i s  des i r ed  t o  examine t h e  con ten ts  o f  a  memory 

l o c a t i o n ,  t h e  DISP key  i s  depressed. The h i g h  o rder  address i s  
e s e l e c t c d  by e n t e r i n g  t h e  des i r ed  v a l u e  and us ing  t h e  LDH key, as 

exp la i ned  above. The low order  address i s  then keyed i n t o  t h e  

a d i s p l a y ;  then, t h e  DISP key i s  pushed. Th i s  w i l l  cause t h e  con ten ts  

o f  t h e  des i r ed  address t o  be d isp layed .  



ENTER: The ENTER key i s  used to  enter new values into specified locations. 
ENTER also automatically increments the address value, a l l  owing the 
user t o  quickly examine, or to  enter new values into, consecutive 
locations in memory. 

The address i s  s e t  by using 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; when ENTER i s  
pushed, t h i s  value will  be entered into the currently-addressed 
location. 

In addition, the address i s  incremented and the contents of the next 

consecutive location are displayed. That value can e i ther  be 

re-entered by pressing ENTER again, or a new value can be keyed in 

before pressing ENTER. 

EXA: Examine address. This key displays the current value of the low 
order address. The key i s  par t icular ly useful i f ,  when you are 
examining a program (stepping through, using E N T E R ) ,  you forget 
where you are. 

lhis kcy allows you t o  s t a r t  a user program a t  any specified 
address. I'he address i s  specified by depressing the LDH key t o  
enter the high order address, then keying the low order address into 
the display before pushing R U N .  Remember, R U N  i n i t i a l i z e s  a l l  CPU 

reg is te rs  from ded icatud memory locations be.1or.e s l a r t  Jng the user 
program. 

SS: Sinqle -- Step. 'For t h e  s i n g l e  s tep  mode, t h i s  k ~ y  advances t he  

program to the next step. (The toggle switch labeled SS-RUN must be 
in the SS position before the SS key i s  functional.) 

, 



H/O : Hex/Octal. Th is  key se lec t s  t he  des i red  keyboard mode. A f t e r  f i r s t  

t u r n i n g  on power, when RESET i s  pushed t h e  keyboard w i l l  be i n  hex 

mode. Depressing the  H/O key w i l l  then cause a  sw i tch  t o  o c t a l  

mode. Depressing the  H/O key again w i l l  cause t h e  mode t o  sw i tch  

back t o  hex. I n  shor t ,  depressing the  H/O key changes t h e  keyboard 

mode f rom i t s  present  mode t o  t h e  o the r  mode. 

MONITOR SUBROUTINES AS A  CALL FROM A USER PROGRAM 

Two of t h e  r o u t i n e s  i n  Hex/Oct Mon i to r  are w r i t t e n  as subrout ines and may be 

c a l l  ed by a  - user '  program: 

The KEY r o u t i n e  i n  the  moni tor  program i s  u s e f u 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 .  The keyboard i s  convenient  f o r  t h i s  purpose. 

When KEY i s  c a l l e d ,  an appropr ia te  number key f o r  t h e  mode i n  use must be 

depressed by t h e  user be fo re  a  r e t u r n  t o  t h e  user program w i l l  be completed. 

KEY r e t u r n s  t o  t he  user w i t h  t he  C , r e g i s t e r  con ta in ing  t h e  va lue o f  t h e  number 

key depressed. (The C r e g i s t e r  con ta ins  t h i s  number i n  t h e  low order  hex 

d i g i t ,  and i n  a d d i t i o n  conta ins  the  prev ious  key e n t r y  i n  t he  h igh  order  

d i g i t .  The KEY r o u t i n e  i s  c a l l e d  by a  CALL KEY i n s t r u c t i o n  (CD 59 00)16. 

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

r o u t i n e  uses the  A, By C, H  and L  r e g i s t e r s .  I f  t h e  user program a l so  

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

numerical  keys can be used when KEY i s  c a l l e d .  The c o n t r o l  keys are no t  

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

l a r g e r  than 7 w i l ' l  be ignored when I n  o c t a l  illode. 

The DISPLAY r o u t i n e  i n  t h e  mon i to r  program i s  another usefu l  subrou t ine  

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

d i g i t a l  displa,y, t h i s  r o u t i n e  should be used. The subrou t ine  i s  c a l l e d  by a  

CALL DISPLAY i n s t r u c t i o n  (CD 52 and w i l l  d i s p l a y  the  number c u r 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  o c t a l )  i s  p r e s e n t l y  i n  use. Th is  

subrou t 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  t h e  MST-80B i s  g iven below; F igure  6 i s  a f l o w c h a r t  f o r  

t h e  program. Th is  sample program can be used t o  demonstrate the  opera t ion  o f  

t he  MST-80B and the  use o f  t he  moni tor  program i n  HEX mode. (Since the  

MST-80B i s  programmed i n  machine language, program "steps"  are o f t e n  w r i t t e n  

as mnemon ics - -abbrev i  ated i n d i c a t i o n s  o f  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, fl means "Move - -  - Immediately ( i n t o  

t h e  - Accumulator) zero(s ) . "  Many o f  the  mnemonics found i n  MST-80B programs 

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

quest ions,  Appendix I inc ludes  a complete l i s t  of 8O8OA i n s t r u c t i o n  mnemonics 

and t h e i r  meanings. 

MEMORY MACHINE 
LOCATION CODE 

3 E 

00 

57 AGAIN: 

CD 

5 2 

01 

7 A  

00 

0E 

4 

04 LOOP r 
C A 

0B 
P16 

00 

C 2 

0 B 

06 
C6 

01 

C3 

02 

06 

OPERATIONS 

M V I  A, 0 ; CLEAR AC 

MOV D, A ; SAVE A 

CALLDISPLAY ;SENDACTODISPLAY 

MOV A, D ; RESTORE A 

M \ I I  B, fl ; CLR B REGISTER 

M V I  C, 40 ; PUT 40 I N  C REGISTER 

I N R  B ; INCREMENT B 

JZ LOOV ; DO I T  AGAIN  

DCR C ; DECREMENT C 

JNZ LOOP ; LOOP UNTIL ZERO 

AD1 01 ; ADD ONE TO AC 

JMP AGAIN ; GO DISPLAY AC & DO A G A I N  



PROGRAM FLOW CHART 

START P 
CLEAR 0 

DISPLAY 

CLEAR 

PUT 4016 

INCREMENT 
B REG 

, 
DECREMENT 

C REG 

ADD 1 
TO AC , 

FIGURE 6. Flowchart for MST - 80B sample program. 
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S P L I T  

. 

-16- 

HEX OCTAL 
H L 

0000 000 000 
PAGE 0 (PROM) 

MONITOR PROGRAM 

00FF 000 377 

01 00 B01 000 
PAGE 1 (PROM) 

MONITOR PROGRAM 
01 FF 001 377 

0200 002 000 

PAGE 2 (PROM) 

02FF 002 377 

0300 003 000 

PAGE 3 
UNCOMMITTED SOCKET 

03FF 003 377 

0400 004 000 

PAGE 4 
UNCOMMITTED SOCKET 

004 377 04FF 

005 000 0580 

PAGE 5 
KEY BOARD 

05FF 005 377 

060s 006 000 

PAGE 6 (RAM) 

06FF 0B6 377 

B87 00ll 0700 
'PAGE 7 (RAM) 

REGISTER STORAGE 
& STACK 

07FF 007 377 - 
0800 010 000 

PJ NOT USED 
I N  MST-80B 

FFFF 377 377 

FIGURE7. M e m o r y m a p f o r  

f 
P a g e  7 l o c a t i o n s  used by M o n i t o r  
P r o g r a m :  

OCTALIHEX 
LUCA l ION C O N I E N I S  

267lB7 KYTEM current value 
271 189 LVALU o f  d i s p l a y  
272/BA HVALU 
273lBB 

I 
274lBC PCL PCH } PCSTO 
275/BD 
276/BE 
277/BF 
3WIC0 
301 /C1 
382/C2 
3p31c3 
3041C4 
3g5/C5 

360/F0 STACK PTR 

r LACWORD 

D7 D6 05 D4 03 02 01 00 

s I Z ] O  I A C ] ~ ~  P I  1 1  C Y  

S I G N  -I 

r - 3 ~  

ZERO 

AUX CARRY 

P A R I T Y  - 
( CARRY 
* P r o g r a m  Status W o r d  

MST-80BMic rocompute rTra iner .  



F i r s t  you must load t h e  sample program i n t o  memory. Before you s t a r t ,  you 
I 

need t o  dec ide where t o  load 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  4 ( abso lu te  address = 0600 hex). F i r s t ,  key  06 i n t o  t h e  d i s p l a y  and 

then push t h e  LDH ( l o a d  H) key. Th i s  s e t s - t h e  h igh-o rder  address ( h i g h  by te )  

t o  page 6. Next, key  ddl i n t o  t h e  d i s p l a y  and push t h e  DISP key. Th is  w i l l  

d i s p l a y  t he  c u r r e n t  con ten ts  o f  l o c a t i o n  0 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  i n s t r u c t i o n ,  3E (MVI A), and push t he  

ENTER key. Th is  w i l l  e n t e r  t h e  3E i n t o  l o c a t i o n  d, and w i l l  a l so  d i s p l a y  t h e  

con ten ts  o f  t h e  next  l o c a t i o n  ( l o c a t i o n  1 ) .  Now you can key i n  t he  nex t  code, 

04, and push ENTER again. The d@ w i l l  be en te red  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 d isp layed.  Cont inue t h i s  process u n t i l  t h e  e n t i r e  program 

i s  entered. 

I f  you make a  mis take  w h i l e  key ing  i n  a  number, j u s t  con t i nue  t o  key i n  u n t i l  

t h e  c o r r e c t  va lue appears i n  t h e  d i sp lay .  (The entered, d isp layed,  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 l e  1oad.ing t h e  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  t h e  d i sp lay .  You can con t i nue  on 

f rom t h a t  p o i n t  by f i r s t  pushing t h e  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 i s p l a y ;  then, pushing t he  DISP key w i l l  a l l o w  

you t o  con t inue  f rom t h a t  address. 

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

co r rec tness .  Th is  i s  done by key ing  t h e  s t a r t i n g  address i n t o  t he  d i s p l a y  ($0 
f o r  our  sample program), . pushing t he  DISP key, and then  repea ted l y  pushing t h e  

ENTER key. Th is  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  t h e  c o r r e c t  

va lue be fo re  t h e  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 r u n  i t  i f  you des i re .  To 

r u n  the  program. key t h e  s t a r t i n g  address (@ 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 are n o t  sure what t h e  c u r r e n t  h i g h  o rde r  address 

(HVALU) i s ,  you should s e t  i t  t o  t h e  c o r r e c t  va lue us ing  the  LDH key as 

exp la ined  p rev ious l y .  



USING BREAKPOINTS I N  PROGRAM DEBUGGING 

The M o n i t o r  Program f o r  t h e  MST-80B a l l ows  users  t o  s e t  b reakpo in t s  a t  des i r ed  

l o c a t i o n s  i n  t h e i r  programs. T h i s  can be a  ve ry  u s e f u l  c a p a b 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  b reakpo in t s  i n - p r o g r a m  

debugging can be demonstrated u s i n g  t h e  BREAK r o u t i n e  w i t h  t h e  sample program 

i n t r o d u c e d  i n  the  p reced ing  sec t i on .  

As can be seen f r om t h e  f l o w  c h a r t  o f  t he  sample program, F i g u r e  6, t h e  

program i s  a  s imp le  coun t  r o u t i n e  t h a t  w i l l  cause t h e  d i s p l a y  t o  count  up a t  a  

f i x e d  r a t e  determined by t h e  cons tan ts  i n  t h e  coun t i ng  loops. I f  you execute 

t h e  program as i t  i s  w r i t t e n ,  you w i l l  n o t i c e  t h e  d i s p l a y  i s  coun t i ng  v e r y  

r a p i d l y .  T h i s  i s  n o t  i n t e n t i o n a l  and i s  caused b,y a  program bug. L e t ' s  use 

b r e a k p o i n t s  t o  f i n d  it. 

Look ing  a t  t h e  f l o w  cha r t ,  you can see t h a t  t h e r e  a re  two coun t i ng  loops. The 

f i r s t  l o o p  counts up t o  FF16 and then  goes back t o  0. Then t he  second 

coun t  l o o p  i s  entered.  T h i s  second l oop  counts  t h e  number o f  t imes  t h e  f i r s t  

l o o p  must go th rough a  f u l l  count  (10016 coun ts ) .  S ince t h e  C r e g i s t e r  i s  

i n i t i a l i z e d  t o  4g16, t h e  second loop  counts 4016 counts;  hence t h e  t o t a l  

coun ts  f o r  b o t h  l oops  i s  18016 x  4016 (=16,38410) counts .  A f t e r  t h e  

f u l l  coun t  i s  reached, 1 i s  added t o  t h e  A r e g i s t e r  and i t s  con ten ts  a re  

d i sp layed .  Then t h e  count  l o o p  s t a r t s  over.  Th i s  program runs  end less ly 

u n t i l  stopped by t h e  user.  

The f i r s t  t h i n g  t o  check i s  t o  see i f  t h e  r e g i s t e r s  a re  i n i t i a l i z e d  

c o r r e c t l y .  Th i s  can be done by i n s e r t i n g  a b reakpo ln t  (breakpolnt code 

FF16) i n  p l a c e  o f  t h e  I N R  B  i n s t r u c t i o n  a t  memory l o c a t i o n  OB. Now r u n  t h e  

program. (Remember t o  s e t  t h e  h igh-o rder  address t o  page 6. )  When t h e  

b r e a k p o i n t  i s  encountered d u r i n g  t he  runn ing  o f  t h e  program, t h e  BREAK r o u t i n e  

w i l l  s top  execu t i on  o f  t h e  program a t  t h a t  p o i n t  and s t o r e  t h e  con ten t s  of a l l  

CPU r e g i s t e r s  i n  t h e  ded ica ted  memory l o c a t i o n s  shown below. A BB w i l l  appear 

i n  t h e  d i s p l a y  t o  s i gna l  you t h a t  a  break has occurred. 



BREAK ROUTINE MEMORY STORAGE LOCATIONS (MEMORY PAGE 7 )  

(HEX .MODE) 

ADDRESS CONTENTS ADDRESS CONTENTS 

BB PCL ) B r e a k p o i n t  c 0 B  REG 

BC PCH Address C 1 E REG 

BD PS W C2 D REG 

BE A REG C3 L  REG 

BF ' C REG . '  C 4  H REG 

The BREAK r o u t i n e  a l s o  a u t o m a t i c a l l y  s e t s  HVALU t o  page 7. So, s i n c e  BB i s  

a l r e a d y  b e i n g  d i s p l a y e d ,  i f  you now push t h e  DISP key, t h e  c o n t e n t s  o f  memory 

l o c a t i o n  BB on page 7  w i l l  be d i s p l a y e d .  T h i s  l o c a t i o n  c o n t a i n s  t h e  l o w  b y t e  

o f  t h e  address where t h e  b reak  occur red .  The h i g h  b y t e  o f  t h e  b reak  address 

i s  s t o r e d  i n  l o c a t i o n  BC, so push ing  t h e  ENTER key  w i l l  cause t h e  h i g h  b y t e  t o  

be disp ' layed.  Repeated use o f  t h e  ENTER key  w i l l  a l l o w  you t o  examine t h e  

c o n t e n t s  o f  a l l  t h e  CPU r e g i s t e r s .  

R e g i s t e r  C i s  s t o r e d  i n  l o c a t i o n  BF and, f o r  o u r  sample program, s h o u l d  

c o n t a i n  4(dI6 L o c a t i o n  BE (A r e g i s t e r )  and CB (B r e g i s t e r )  shou ld  c o n t a i n  

zero.  I f  t h e s e  l o c a t i o n s  c o n t a i n  t h e  c o r r e c t  va lues,  r e p l a c e  t h e  INR B  

i n s t r u c t i o n  (code 0 4 )  i n  l o c a t i o n  OB and p u t  a  b r e a k p o i n t  (FF) i n  l o c a t i o n  OF 

i n  p l a c e  o f  t h e  DCR C i n s t r u c t i o n .  Run t h e  program. When i t  breaks,  examine 

l o c a t i o n  CO a g a i n  t o  see what t h e  B  r e g i s t e r  i s  now. I t  shou ld  be a  z e r o  

when t h e  c o u n t  l o o p  i s  e x i s t e d .  B u t  i t  i s  n o t  z e r o !  The bug must be i n  t h i s  

1 oop . 

When y o u  examine t h e  program, i t  i s  apparen t  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  c o m p l e t i o n  o f  t h e  c o u n t  i s  t e s t i n g  t h e  wrong c o n d i t i o n .  It 

e x i t s  t h e  l o o p  on z e r o  c o u n t  r a t h e r  t h a n  non-zero  coun t ,  so you need t o  , 

r e p l a c e  t h e  JZ i n s t r u c t i o n  w i t h  a  JNZ (code C2) i n s t r u c t i o n .  Replace t h e  

b r e a k p o i n t  i n  JdF w i t h  DCR C (pin) and r l l n  t h e  program, I t  s h o u l d  now r u n  

c o r r e c t l y ,  w i t h  t h e  d i s p l a y  c o u n t i n g  much more s l o w l y .  



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 i ng  

t h e  program l i s t i n g .  But  t h i s  i s  one o f  t he  most common p r o g r a m i n g  e r r o r s  

( t h a t  i s ,  us ing  the  wrong sense o f  a t e s t  i n s t r u c t i o n ) ,  and i s  u s u a 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 8.  F l o w c h a r t  f o r  HEX/OCT m o n i t o r  p rogram f o r  MST-80B M ic rocompu te r '  
T r a i n e r .  

GET MEMORY 

H AN0 L VALU 

D I S P L A Y  VALUE 
I N  MEM LOCATION 

BUMP MEMORY 
POINTER I I 

OF NEXT MEM 
LOCAT I ON 

STORE NEW 
NUMBER 

I N  KYTEM 

POINTER LOW 
FROM D I S P L A Y  

GET MEMORY 
POINTER H I G H  

FROM HVALU 

GET CONTENTS 
OF T H I S  

LOCAT I ON 

D I S P L A Y  I T  CI 

REGISTERS FROM 
MEM STORAGE 

I LOAD PSW I 
START ADDRESS 
FROM H,&L VALU 

PUT HL I N  PC 
AND RUN PROGRAM 



APPENDIX 

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

Summary of Procamr Instructions 
By Alphabetical Order 

ACI 

AOC Y 
AOCr 
A 0 0  Y 
A 0 0  1 

A01 
AHA Y 
AHA r 
AN1 

U L L  
CC 
CY 
CYA 
CYC 
CMP Y 
CMP, 

CNC 
CNZ 
CP 
CP€ 
CPl 
CPO 
cz 
OAA 
OAO B 
0 4 0  0 
OAO H 
OAO SP 
OCR M 
OCR r 

OCX B 
OCX 0 
OCX H 
OCX SP 
01 
El 
HLT 
IN  
INR M 
INR r 
INX B 
INX 0 

.INX H 
INX SP 
JC 
JY 
JMP 
JNC 
JNZ 
JP 
JPE 
JPO 
JZ 
LOA 
LOAX B 
LOAX 0 
LHLO 
1 x 1  B 

1x1  0 

1 x 1  H 

1x1 SP 

Add immldill, l o  A with 

Dl," 

Add memouv to A w ~ t h  u r r v  
Add r q i s n  10 A wLh u r r v  
Add mlmorv 10 A 
Add r q i l l s  I. A 
Add immdil!. to A 
And mmonv wi lh A 
And l q i n r  wilh A 
A d  immdi l l ,  r i l h  A 
GI1  "rrOdi,i~",t 
GI1 0" m a v  
GI1 on minut 
Complimml A 
Complimnl utnv 
CDmmtc m,mo~ with A 
C o m r r l  rqln,, wilh A 
GI1 on no v r r v  
GI1 on no z r o  
GI1 0" vo,i,i.e 
GI1 on W l l V  rrl" 
Cornmrr immdiet,ln!h A 
GI1 on r r i t v  odd 
O l l  on 2.0 

Oerirml adivn A 
A d d B b C ~ o H h l  
A d d O L E t o H A L  
A d d H A L I O H b L  
Add %1ac1 ~ o i n x n  lo H 6 L 
Oearmml  memorv 
o,u,mta ,qi,,n 
Owrm,nl B b C 
O,anmm! 0 p € 
O e a e m t l  H h 1 
Oeumen! stack point. 
Oimble Inf,nupl 
E n b l l  I n l r # u p t l  
H l l l  
Inpol 
lounmtnl memorv 
Inu rmtn t  lq i t l r .  
Ina,mmt B L C ,qirln, 
Inuammt 0 b E r q i n a s  
Inuemtn, H (L L r q i n s ,  
Inmlm.nl u 1 ~ 1  poinln 
J ~ m p o n  u r r v  
Jump on minus 
Jump " " ~ n d i l i o n l l  
Jump on no u w v  
Jump on no Z ~ O  

Jumv on p o i l i r l  
Jvmp on m l i l v  rrm 
Jump on mr i l v  odd 
lump on mo 
10.6 A d ie t ,  
Load A cnlimrt 
Load A indirect 
Lord n a L dC.<l 
Load i m m d i l ,  l q i l l m  

Ril B 6 C 
Load immdi r lo  r q i l l m  
R C  0 b E.. 
Laad ~ m m d u t .  Vq lPn  
R , H b L  
Load i rnmdb ln  nark m m l n  

-"r 

YVI Y 
YVI r 
YOV Y., 
YOV, Y 

MOV.,,, 
NOS 
ORA Y 
ORA r 

OR1 
OUT 
R H L  
POP 0 

POP 0 

POP H 

POP PSW 

PUSH B 

PUSH 0 

PUSH H 

RAL 
RAR 

RC 
RET 
RLC 
RM 

RNC 
RNZ 

' RP 
RPE 
RPO 
R RC 
RST 
RZ 
$00 Y 

SBB I 

SHLO 
SPHI 
S l A  
STAX 6 
STAX 0 
STC 
SUB Y 
SUB r 
SUI 
XCHG 

XRA M 
XRA I 
XRI 

O ~ b i .  

Yowe immldu$* memovv 
Y o r l  immtduln r q i m r  
Yo.. ,qi,,s to mlmOlV 
M o n  m l m l v  10 c q i n r  
M o v e # q i l l n  ID r q i b m  
N o ~ p l m l i o n  
01 mlmorv wnh A 
01 rqin. "4th A 
0, immdu, ,wh  A 
Oulpvl 
H b 180 propram roun ln  
hpsqh t .  m i  0 A Co l l  
"ll1 

h p  r q i n n  m i  0 b E o l l  
"llk 
POP rqin. mir H b L o l l  
,1111 

h p  A a d  Fhp l  
011 m r k  
h l h r q i n . R i B b C o n  
nark 
Pulh sq inw R i r  0 L'E on 
",C1 

Pulh r q i m  Rir H b Lon 
nark 
Pvlh A and PI., 
on ,t.r1 
ROI.I. A l d t  thmuph u r r v  
Roll,, A rqh, l h l 0 ~ h  
PI#* 

R.,"," on or," 
Rtlurn 
ROIW A lalt 
Rtlusn on minu, 
R,,"," on no or," 
R ~ u r n  on no n r o  
Reluvn on vo$itire 
Rlluvn on wr i t *  wan 
Return on paritv odd 
Rotala A r q h l  
R,,,,,, 
R~ tuvnon  mo 
SU~II.~~ m,morv lrom A 
ln lh  borrow , 

S"blll" rqi,,er from A 
*ilh bDll.w 
Svblrlcl i m m d i m  lrom A 
wi lh b01,01 
51011 H A  L d l l l c l  
H L L ID ST.'& poi"," 
St01. A dii.<l 

Stole A indirect 
stor* A i"di.0 
Sen ow 
SU~IIICI memorrlrom A 
Subtraa l q i c l s  from A 
sLb,<,n immrd i l l t  1rom A 
E.rtlanp. 0 b E.  H a L 
R q i n r s  
Exclutire 01 memarl -8th A 
f t t t u ~ i r t  01 r q i s ~ r  with A 
L m r l i r e O r  i m m d i l l l w i l h  
A .  
Exthlnpl IOU ol  %lac&. H A L 

NOTES: 1. DDD Or SSS - 000 B - 001 C - 010 D - 01 1E - 1 WH - 101 L - 110 Memory - 111 A. 
2. Two possible cycle timer, I511 11 indicate innruction cycles dependent on condition flags. 

From t h e  I n t e l  8080 Mic roprocessor  Systems U s e r ' s  Manual , 
Cour tesy 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 80 ADC E 
214 8C ADC H 
215 8D ADC L 
216 8E ADC M 
207 87 ADD A 
200 8 0  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 08 
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 DO 
315 CD CALL Adr 
334 DC CC Adr 
374 FC CM Adr 
57 2F CMA 
77 3F CMC 
277 BF CMP A 
270 88 CMP B 
271 B9 CMP C 
272 OA CMP D 
273 BB CMP E 
274 BC CblP H 
275 BD CMP L 
276 BE CMP E l  
324 04 CNC Adr 
304 CJ CNZ Adr 
364 F4 CP Adr 
354 t C  CPE Adr 
376 FE CPI D8 
344 E4 CPO Adr 
314 CC CZ Adr 
47 27 DAA 
11 09 DAD B 
31 19 DAD D 
51 29 DAD H 

11 . 8080 ASSEMBLY LANGUAGE REFERENCE CAR0 

ALPHABETICAL LISTING 

OCT HEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEMONIC -- -- 
71 39 DAD S P .  1 7 4 7 C  M0VA.H 1 6 7 7 7  M0VM.A 
75 3D DCR A 175 7D MOV A,L 160 70 MOV M.B 
05 05 UCR B 176 7E MOV A,M 161 71 MOV M,C 
15 OD DCR C 107 47 PlOV 6,A 162 72 MOV M.D 
25 15 DCR D 100 40 MOV 6.6 163 73 MOV M,E 
35 1D DCR E 1 0 1 4 1  M0VB.C 1 6 4 7 3  MOVM,H 
45 25 DCR H 102 42 t.10V B,D 165 75 MOV M,L 
55 20 DCR L : 0 3 4 3  M0VB.E 76 3E MVIA,D8 
65 35 DCR M 104 44 MOV B,H 06 06 MVI B,DO 
13 OR DCX 8 1 0 5 4 5  Y0VB.L. 16 OE MVIC,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 MV1 E,D8 
73 36 DCX SP 1 1 0 4 8  MOVC,B 46 26 MVIH,D8 
363 F3 DI  111 49 MOV C,C 56 2E MVI L,DO 
373 FB E I  1 1 2 4 A  MOVC,D 66 36 MVI14,D8 
166 76 HLT 113 48 MOV C ,E 00 00 NOP 
3 3 3 D B  I N  D8 1 1 4 4 C  M0VC.H 2 6 7 8 7  ORAA 
74 3C INR A 115 40 MOV C,L 260 BO ORA B 
04 04 INR B 116 4E MOV C.M 261 B1 ORA C 
14 OC INR C 127 57 MOV 0,A 262 82 ORA 0 
24 14 INR D 120 50 MOV D.B 263 63 ORA E 
34 1C INR E 1 2 1 5 1  M0VD.C 2 6 4 8 4  ORAH 
44 24 INR H 122 52 MOV D,D 265 85 ORA L 
54 2C INR L 123 53 MOV D,E 266 86 ORA M 
flh 34 INR M 124 54 MOV 0,H 366 F6 OR1 D8 
Q3 03 INX B 1 2 5 5 5  MOV0,L 3 2 3 0 3  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 58 MOV E,E 305 C5 PUSH B 
322 02 JNC Adr  134 5C MOV E,H 325 D5 PUSH D 
302 C2 JFlZ Ad.r 135 50 MOV E,L 345 E5 PUSH H 
362 F2 JP Adr 136 5E MOV E,M 365 F5  PUSH PSW 
352 CA JPE Adr 147 67 110V H.A 27 17 RAL 
342 E2 JPO Adr 110 60 l4OV H,B 37 1F RAR 
312 CA JZ 1 4 1 6 1  M0VH.C 3 3 0 0 8  RC 
72 3A LDA Adr 142 62 MOV H,D ' 311 C9 RET 
12 OA LDAX 8 143 63 ElOV H,E 07 07 RLC . 
32 1A LDAX D 144 64 MOV H,H 370 F8 RM 
52 2A LHLD Adr 145 65 MOV H,L 320 DO RNC 
01 01 LXI 8,D16 146 66 MOV H,M 300 CO RNZ 
21 1 1  LXI U,D16 157 6F MOV L,A 360 FO RP 
41 21 LXI H,D16 150 68 MOV L.8 350 E8 RPE 
61 31 L X I S P , D 1 6 1 5 1 6 9  Fl0VL.C 340EO RPO 
177 7F MOV A,A 152 6A MOV L,D 17 OF R R C  
170 78 MOV A,B 153 60 MOV L,E 307 C7 RST 0 
1 7 1 7 9  MOVA,C 1 5 4 6 C  MOVL,H 317CF R S T 1  
172 7A MOV A,U 155 60 MOV L,L 327 D7 RST 2 
173 78 MOV A,E 156 6E MOV L,M 337 DF RST 3 

OCT HEX -- 
347 E7 
357 EF 
367 F7 
377 FF 
310 C8 
327 9F 
230 98 
231 99 
232 OA 
233 9B 
234 9C 
235 90 
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 
252 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 
R Z 
SBB A 
SBB B 
SBB C 
SBB 0 
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 ga 
XCHG 
XRA A 
XRA B 
XRA C 
XRA D 
XRA E 
XRA H 
XRA L 
XRA M 
XRI 08 
XTHL 
---  

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  = cons tan t ,  o r  exp ress ion  t h a t  eva lua tes  t o  a 16 b i t  data  q u a n t i t y .  

Adr = 16 b i t  address, 



APPENDIX 

I I I 8 0 8 0  ASSEMBLY LANGUAGE REFEREPICE CARD 

NUllERI CAL L 1 ST1 NG 

OCT HEX MNEMONIC DCT HEX MNE!IONIC OCT HEX FlNEMONIC OCT llEX MNCMONIC OCT HEX MNEMONIC -- -- -- -- -- 
0 0  0 0  NOP 6 3  3 3  INX SP 146  6 6  NOV H,FI 231 9 9  SBB C 314  CC CZ A d r  
0 1  0 1  L X I  6,016 6 4  34 IHR M 147  67 MOV H,A 232  4.4 SBB D 315  CD CALL A d r  
0 2  0 2  STAX 8 65  35 DCR M 1 5 0  6 8  F:OV L,B 2 3 3  9 8  SBB E 316  CE ACI 0 8  
0 3  0 3  IIdX B 6 6  36 MVI M,D8 151 69 MOV L,C 234  9C SBB H 317  CF RST 1 
0 4  0 4  I l l R  8 6 7  3 7  STC 152  6A MOV L ,D 235  9 0  SCB L 3 2 0  DO RNC 
0 5  0 5  DCR 8 70 38 - - -  153  6C MOV L,E 2 3 6  9E SBB M 321 D l  POP D 
0 6  0 6  MVI 6.00 71 39 D.49 SP 154 6C MOV L ,ti 237 9F SBE A 322  02 JNC A d r  
0 7  07 RLC 77 3A LI)A Adr 155 6 0  MOV L,l- 2 4 0  A0 AlIA B 323  0 3  OilT 0 8  
1 0  0 8  - - -  7 3  38 DCX SP 156  6E ElOV L,M 241  A1 ANA C 324  0 4  CHC A d r  
11  0 9  DAD B 74 3C INR A 157 6F MOV L,A 242  A2 ANA D 325 0 5  PUSH D 
12 OA LDAX B 75 3 0  DCR A 160 70 MOV M,B 2 4 3  A3 ANA E 326  0 6  SUI D8 
1 3  OB DCX B 76 3E MVI A,D8 161 71 l,lOV M,C 244  A4 AFlA H 327 0 7  RST 2 
14 OC INR C 77 3F CMC 162 72 MOV H,D 2 4 5  P.5 ANA L 330  0 0  RC 
1 5  OD DCR C 100  4 0  I40V C,B 163 73 MO\' M,E 246  A6 ANA 1.1 331 D'! - - -  
1 6  OE MVI C,D8 101 41 r.IOV B,C 164 74 l,lOV M,ti 2.17 A7 ANA A 332 DA JC A d r  
17 OF RRC 102 42  llOV B,D 165 75 MOV M,L 2 5 0  A8 XRA P, .>33 DS I N  0 8  
2 0  1 0  - - -  1 0 3 4 3  ?.10V6,E 1 6 6 7 6  HLT 251  A9 XRA C '334 DC CC A d r  
21  11  L X I  D,D16 104  44 t,10V C,H 167 77 IiOV M,A 252  AA XRA D 35 DD - - -  
2 2  1 2  S T A X D  1 3 5 4 5  MOVB,L 1 7 0 7 8  MOVA,B 2 5 3 A B  X R A t  33G DE S 3 I  0 8  
23  1 3  INX D 106  46 r.10V 3,M 171 79 MOV A,C 254  AC XRA H 337 DF RST 3 
24  14 INR D 107  47 MOV B,A 172 7A MOV A,D 255  AD XRA L 340  EO RPO 
25  15 DCR D 1 1 0 4 8  l l O V C , B  1 7 3 7 8  EIOVA,E 2 5 6 9 E  X R A M  341 E l  POP H 
26  1 6  MVI D , D ~  1 1 1 4 9  ~ 0 v c . c  1 7 4 7 ~  M O V A , H  2 5 7 ~ ~  X R A A  342 E2 JPO A d r  
27 1 7  RAL 112 4A ElOV C,D 175  7 0  MOV A,L 2 6 0  5 0  ORA B 34; E3 XTliL 
3 0  1 8  - - -  113 48 MOV C,E 176 7E HOV A,i4 261  61 ORA C 344 E4 CPO A d r  
31 19 DAD O 114 4C FlOV C,H 177 7F MOV A,A 262  62 3RA D 345 E5 PUSH H 
32 1A L D A X D  1 1 5 4 D  MOVC,L 2 0 0 8 0  A D U B  2 6 3  0 3  ORA F: 346 E6 AN1 DO 
3 3  16 DCX D 1 1 6  4E l4OV C,I4 201  81 ADD C 264  83 ORA H 347 E7 RST 4 
34 1C INR E 117 4F MOV C,A 202 8 2  ADD D 2 6 5  BS ORA L 350  ER RPE 
35 1 0  DCR E 120 5 0  ~ I O V  D,B 203 8 3  ADD E 266  B6 ORA M -751 EY PCHL 
3 6  1E MVI E.00 121 5 1  M0VD.C 2 0 4 0 4  ADD11 267  87 ORA A 352 EA JPE A d r  
37 1F RAR 122 52 FlOV D,D 205 8 5  ADD L 2 7 0  6 0  CMP B 353 EB XCHG 
4 0  2 0  - - -  123  5 3  MOV D,E 206 8 6  ADD M 271  6 9  CMP C 354 EC CPE A d r  
4 1  21 L X I  H,316 124 54 llOV D,H 207 8 7  ADD A 2 7 2  BA CMP D 3 5 5  ED - - -  
4 2  22 SHLO A d r  125 55 I4OV D,L 210  8 8  ADC B 273  BB CMP E 356  EE XRI g8 
4 3  23  INK H 126  56 MOV D,M 211 8 9  C 274  BC CMP H 357 EF RST 5 
44 24 INR H 127 57 MOV D,A 212 8A ADC D 2 7 5  BD C!4P L 3 6 0  FO RP 
4 5  25  DRC ti 130  5 8  MOV E,B 213  8 8  ADC E 2 7 6  BE CMP M 361 F1 POP PSW 
46 2 6  N V i  ;I,D0 131 53 MOV E,C 214  8C ADC H 277 BF CMP A 362 F2 JP A d r  
a 7  77 :iAA 1 3 2 5 A  NOV.E,D 2 1 5 8 0  A D c L  3 0 0  CO RNZ 3 6 3  F 3  D l  
5 0  2 8  1 3 3 5 P  MOVE,E 2 1 6 8 E  AUCM 301 C1 POP D 364 t-4 CP A d r  
5 1  29  DAD H 134 5C MOV E ,H 21 7 8F A 302 C2 JNZ A d r  365  F 5  PUSH PSW 
52 2A LHLD A d r  135 5 0  MOV E,L 2 ? 0  9 0  SUB E 303 C3 JMP A d r  366  F6 OR1 DC 
5 3  28  UCX t l  136 5E M0V E,M 221 31 SUB C 304 C4 CNZ A d r  367 F7 RST 6 
5 4  2C INR L 137  5F MOV E.A 222 9 2  SUB U 305 C5 PUSH B 370  F 8  RM 
5 5  2 0  DCR I. 1 4 0  6 0  MOV 11.6 223  93 SUB E 306 C6 AD1 DR 371  F9  SPHL 
5 6  2E MVI L.08 1 4 1 6 1  r4OVH.C 2 2 4 9 4  S U B H  307 C7 EST 0 372 FA Jt.1 A d r  
57 2F CMA 142 6 2  1 4 0 ~  II,D 225  95 S U ~  L 310  C8 R z  3 7 3  FB E l  
6 0  30 - - -  143  6 3  llOV lt,E 226  9 6  SUB r.1 311 C9 RET 374 FC CM Adr  
61  31 ~ x ] s p , ~ 1 6 1 4 4 6 4  MOVl1,1! 2 ? 7 9 7  S U G A  312 C T .  JZ 375 FD - - -  
6 2  32 STA A d r  145 65  MOV !i,L 230  9 8  SBE B 313  C8 - - -  376 FE CPI D8 

377 FF RST 7 

D8 = 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 n  8 b i t  d a t a  q u a n t i t y .  

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 .  

A d r  = 16 b i t  a d d r e s s .  



APPENDIX 

I V .  Program L i s t i n g ,  MST-80B Microcomputer Mon i to r  Program 
1 
8080 MACRO ASSEMBLER, VER 2 .4  ERRORS = 0 PAGE 1 

;+++++++++IIEX/OCT MOITITOTL++++-+++++ 
; ++++++lTon wr-oo NICI lOP~OCESSOR mr m+++++++ 

;WRITrEN UY GOIlIJQN JONES - 8/23/76 
;ADDED JFFLI' VEC'I'ORS FOR I ItTElUIUPTS - 3/ 1 4 / 7 9  

KYTEM 
LVALU 
IIVALU 
I'CST') 
F'sw:3I' 
D s r o l t  
w.:;.ruii 
1 I ~ ~ l " O i l  
OI'LAG 

E 07E711 
EUil Q?CC)II 
EQU 0 7 M I I  
EQU 0 7 i 5 U I i  
EQrJ 071f9:I  
EQ!J Q7t;E'II 
E(Xi 0 7 C l i i  
EBU 8 7 C 3 1 i  
EQU 1:Sr1'Oii+2 

EQU Oi:(ilI 
EdblJ 0 P l I  

; I N I T I A L I Z E  STACK POINTER 
; CLE!IJt 4C 
; I N I T I 4 L I Z I <  DISPLAY STOlUGE 
;CL.I::ilL 0!:7'AJA F L W  - SET 'I'O HEX DISPLAY 
;SKI' IiWJR FL.2G '1'0 HEX 
;PUT CaO IN 1 ) ISIZAY 
; (30 T O  I.XY KOU!'I NE 
; GEr UACX 1'0 ICE? fiOUTI NE I F  ROT A CALL 

; C DN'lT1DL ROUT I N I B  ADDIlESS 'WBLE 



1 
.a880 MACRO ASSEMBLER. VER 2.4 

22 LID 07 
C 5 

+++++THESE ARE T l I E  JUT@ VECTORS THAT W\Y BE+++++ 
USEL) W I TI.1 I  PITEFCTUPTS. 

ORG 2 0 H  . . 
JPW 0 2 8 4 1 1  

; + ++++TII! S 1 6  TI IE  0RE.W ROllT[NE+++-t+ 

BRK : GIi1.D IES'lQli ; STOI& 1 1 1 ~ '  ' .I N MEMORY 
I 11 ; PU'1' 131<L4lC ADDIlESS I N  H 8 L  REG 
D I.1 ; COlUlKC'I' 13PX AI)I.)R 

. . Yll!..D I'sCS'l'OR ; S'TOIiE B1W,AK ,\1)L)R I W MKJlORY 
I'U19li I'SW ;GET AC' 'AND l'S1f I N  STACK 
i ' J( : PIJ.1' AC G:'Sii .1 N I iOI,  

R E P  : 

COL : 
LDKY : 

1 I1 ; i'l!'? E8.C I N  MEP:QiiY 
i .  Crj'I'Otl ; FU'I' Ui5C 1 N PllCFiOIlY . 
X(::!C ; 1'11.1' I!DL? '1 N IIGL 
S i l  i .D 1)STOil ; l'U'1' D!.X 1 iT PIk~~IOKY 
; j - 11 , IV':' . I A ~ T O  : I..OAD l:!lEAK N!i:FIOI1'1 LOCAT I ON 
511 1,p. LI.'Al,iJ ; PU'I' 1'i' IN PI1OI'LR LOCATION 
PiVl .l,bi33Il ; 1'U.l: ED' I N  AC 
JPLi' U;iCli ; DISPLA'Y UU AND IlETURN T O  KEY 

; +++++ICKYCO?.Xl READ ROUTINE++.+++ 
. . 

CA1.L IWAD . ;GO IKAI) K ~ M O t I R D  
N ICEY ;LOOP f E' KEY DO\\W 
CALL DELA'f ; DEEOUNCE ' 

CALI, 1)IS 
CALL I<P:AD 
J % I11CP 
cn r .L  UEI.AY 
LXI  11,ICYDDI 
PIOV A,PI  
Cp;\ 
OtLl A 
JNZ L1JT 

;CIiECIC IiOil CJIA.PiGI': I N  D I S P  MODE 
; G ! )  IIEAD KISYBO;\RL'F 
; LOO:' I I: NO KEY,, L)'O#Iq 

. , ; D'li!%OUiVCE 
;SKI '  Uk' COLUPIN I'OIR'I'EH 
;IlE,\13 mYL!:?AI1l) COLUMN 
; COPIP1,ISPlEN'I' 
; s i r  E'L:\CS 
; G O T 0  LOOK UP 'I'ABLE I F  KEY FOUND 



1 
8080 MACRO ASSEMBLER. VER 2.4 

MOV A , L  
R I L  
PiOV L , A  
AN1 43811 
J z L1x.Y 
JPLP KEY 

;NO KEY FOUKD - DUMP COLUMR POINTER 
;ROTATE TO NEXT COLUMN 
;PUT IMCK 
;ClllSCI.: FOR I A S T  COLUPW 
;NOT LAS'I' COLUMR - GO READ A KEY 
;NO KEY DOWN GO BACK 

;+++++THESE ARE TlE COTI'IIOL KkY ROUTIN%S+++++ 

CNTL: LX I  
PlOV 

LPI : lU!> 
IT;;< 
JPIC 
MO'i 
YCilL 

EYA : LD A 
.JPii' 

LDIl : LD.1 
3'1'.2 
.JI.ii' 

; CET TABLE PO I NTm 
; GET ImY VAL.UE 
; liO'I'A'11:. I N'1'0 Cl'JUiY 
; lXJrll' TABLE PO I K'i'ER 

;MOVE RDDlUlSS IIh'l'i) L REG 
; JUPi '  1'0 1'llOl'Eit CONL'ROL ROUT1 NE 
; CE'r L REC 1 S'I'EIt VALlJE 
;DISPLAY 11' t? JUi'lI' 'YO KEY 
; GE'I' I'ZY VAL.UE FTlOPI 'I'EPW 
;PUT I S  M IIEGI SIP:I\ STORAGE 
: DOBE- GO 'r0 SrAlYI' 

LVALU 
UACK 
IWl'LPl 
HVALU 
KEY 

RUN : :GET CUiUElifT D I SziLAY VALUE 
; S O R E  1 N L 1Ui; LOCATION 
;GE'I' C0N'I'E:IIITS OF' BGC HECS 
; 1'1i.I' OH B'I'I'.CK 
; PlJ'r I U 158C 1tEi:S 
;GFi '  CiJTrrEi(T3 Or DgE REGS 
; EXI:MiI(~E 1ICi1. ViI'i'fi DOE 
;GET OL9 AC AND PSF 
; PU'C I?!: Ci I'SW 03 L;'Si~CL< 
; KL:jTOI:E AC 8 STi'i'I'US 
; GE'I' G'U'-%iVL'i N(: i l l~ lbf lESS 
; PVI' !?if!lIL'Si NG ADD3 ON STACK 
; 1:lc3ro':i.i; I I ~ I . ,  
; GE'I' STAIt'l'I NG Ai)lCl l.'lIOi'I STACK AlYD RUN 

DISP: L.D.9 kYI'EM 
' I '  LVALU 

; GET c-s\nnEIi'r D 1 SF' LAY VALUE 
;S'i'O11E IF  LJWG S'FOIlAGE 
; GE'I' Vh!>iJE J U S T  ICEYED I N  
; SS(?l\E 1 N I.iEPiOi7i' 1'01 14"Yt 
;(;El' V,XLUE POI >i1'151) 'SO UY I'E3 P O I  PJTER 
:\'i)'I' 'I?!!lS VALUE 1:W I:XY STOiUGE 

L1;f.D LVAI,,i J 
N E X T  : 1 .  LVIiLC 

FXV n , n  
BACK : . - . I  . I lcri3ul 

; D 1 S1'1,f~'i I T  
;GO U:\LK AIdD Y'1'I':Rr OVEK 
; GE'r FUriIOIiY PO 1 II'L'JIR 
;GET IS1 SPLAY VALUE 
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00W) 
OODC 
0ODD 
0 8 E O  
0OEl 
00E-1. 
0OE:i 
0OE9 
OOEB 

OOEE 
OOEF 
QOFQ 
oar 1 
QOFA 
OOF'5 
OOFU 

2 1  79 0 1  
C1) 33 81 
C 3  OE 3 1  
21 '70 0 1  
CL) 33 0 1  
7 9 
C 6  03 
4F 
2 1 B7 07 
80 
00 
3 A  C 5  07 
U7 
C 2  27 0 1  

ERROIIS = 0 PAGE 4 

PIOJ' PI, A ;PUT VALUE I N  LOC POIhTED TO BY EOL 
IRX il ; EUJV 'FO NFAT LOCAT ION . . 
JPIP NEXT ;PUT INC I'?11 AlMY 11l'iL) DISPLAY NEXT LOC 

LDA OPLAG ; FIYi'CII IIE.VOCTA1, FLAG 
C i.iI ;CHANGE TO CYCIIFJL L 1 8 E  
S'I'A OPL.AG ; 1'UT L ' i '  UACK 
0it:I A :SET-Ill' YO11 TESTING I T  
J 7. lvxi!) ; JP;'i' I (a' 0 ]?()!\ 

OIJI' u I ;MUST UZ 1's FCU OC'~AL - SET DISPLAY 
JXi' li15Y 

HOHO : OIJ'J' D! ; S E T  DISPLAY Poi: XES 3 D I G I T S  
JPN ICEY 

; +i++++++'i ' iII S ROUT1 NE DETEZL'II r?ES TIIE COLiJl'M 
;+T+++++;-'fS!lE KEY VAS FOUIlD 11V AriD LOOKS UP 
; ++-++++++V,ILUE I N  TlIE APPROl'llI A'I'E 'CAELE . 

EOV 11 , A ;SAVE Ai: 
TIOV A. L ; GICr COLIIPII? PO I ?lTER 
1IHC ; I1OTATE COL PO I IYI'ER R I  GET 
J C COL 1 ; I S  I'C COLI? 

COLI : LILI 11, TABLE- 1 ; G I 9  'TABLE PO l i'lTER 
Ct!LL I!ECOD : CO GEI' VALUE Flli)i'I TABLE 
. I P I I ~  SII I 1:'r ; s'roi'tlr: I-!.RJ? :SEK.Q TO DISPLAY 

COL2 : J.X i I1 . 'I'ABLE- 1 ; CbC'r 'i'A5LIC 1'0 1 S'rEtl 

PIG;] A . c ; ~ u ' r  '~*AF;LE VI~I.,~!.: I i~ AC 
A D i  311 ; COIWC'I '  VALUE In'dj!t COLUMN 2 
;.:oii C , f i  

SH I F T  : L;i i 11 , tLWEPI ;GET OLD DISPLAY VALUE 
NCSL' 
?!OT 
L !  Ol:L.:Si: ; CHECIC HEX/OC'r FLAG 
1 A ; S E T  F'L:IG8 
JNZ OC'I'I ; COT0 OC'I'AL I F  FLAG I S  k 1 

HMI : nl-e: ;ROTATE ONE HEX D I G I T  LEFT 
F LC 

11LC 
AN 1 OPOII ;PLWK OFF BO'ITOM D I G I T  



1 
8080 MACRO ;SSSEMBLER, VER 2.4 !iXRORS = 0 PAGE 5 

OR4 
MOV 
CALL 
WL' 

OCTl: MOV 
IlLC 
IILt: 
I11,C 
AN i 
On21 
r iov 

DECOD: I.iOV 
AGAIN: I U i .  

I fix 
Jrrc 
Pit.)V 

C 
M , A  
D I S  

A,N 

376Q . 
C 
B , A  
D I S  

A T E  

Ii 
ACA I N 
C , N  

:OR AEW D I G I T  TO OLD KUNBlCR 
.;PUT BACK IN DiSPLAY STOHAGE 
;SEND 'I'O D I SPLAY 
;END OF NUIWER ITSY HOUTI NE 

;GET KEY (:ODE 
;IlO'rATE ONE OC'I'I\L D I C I T  LEFT 

;PIASK OFF IjViT3I;I D I C I T  
;OIL NEW DIGIT  'i'O OLD NUMilEn 
; I'U'I' BACK 1 N II! SPLAY S'I'OIUGE 
;SENTI TO DlSPLlY 

;cl!:l' ICRY VALUE 
; l!iYl;YTE I N'I'O CiiTUIY 
; BUY>' 'I'AULE PO 1 N'I'ER 

;SALE ICEY CODE 

3A C5 07' I.DR OI'LAG : CII!:C[C lIEX/OC'L' FLAG 
07 OHii A ; SE'r I.'LACK 
C 2  42 01 JN:L OC1'2 ; I E '  IN OC'i'nL EIOIJE JUMP TO CRhR CHECK 
C9  11Ef" 

;+++++++ROUTINE TO DISPLAY 11CX OR OCTAL++++++++ 

311 B7 BI D I S  : 
4.v D I81'LAY : 
3,2 C 5  47 
U7 
C 2  SE 31 
79 I I r n  : 
l)3 00 
C 9 
Ti9 om: 

: CFr CUllE6lfT D :%SPL:1Y VALUE 
; SAVI!! 11 rt';!;c 
; CIik:Cfi lii:::00C'r FLAG 
: $Er ;~!..:~~cy; 
.i.+(.., , .> . .;:I E l'T= I 17r3ii OC'r DISPLAY 
; ]i+::[ - (;El: A4; 

;GEI' NG:.iliXll 'l'O DISPLAY 
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RLC 
HLC 
AN I 3Q 
1 5 
P"rW A , C  
m.. L 
AN I 1 GBQ 
>:oil I3,A 
pigt' ", , 
AIt : 70. 
0,: B 
(J;gr' 
't""I' . u 
; +++++++rnIIS 

DELAY : ZT\7 i 13,O 
LOOP : I 13 

T . I . . . ,  ,.r l i .L 

TABLE : D3i1 QO1.I 
Di'j ($4;: 
TPf; Qj::I! 
q :. 
2, .'% OCli 
jJ.73 (j -1 M 
DC 05?!  
1x3 ," (31.i 
1);; 01)ii 
Ei$D 

;GET HIGH OPDF=n DIGIT 
; ItOTA1'E 1 rwo POS I T  I ON 
;SAVE I i IGl l  ORDER D I G I T  
; DI YI'L.A'f H I  GI1 ORIIEIL I)I G I T  
;GET NUBBEIi AC'I R' 
;MOVE 211I) I.) I CI'I' l il'l'O P O S T 1  ON 
;SAVlC EIIDDLE D I G I T  
; SAVE rl l i)lrl,E !I I G IT 
; W'l' NU?lBk:It AGA I Ii 
;GJT 1::i' DICI'I' 
; C O l E l N i :  D I G I T S  1 1 2 
;DISPL,IY ~ 1 1 1 ~ ~  

IS A D m Y  ROU'l'IiVE 'TO DEBOUNCE THE SWITCHES++++++ 

;IYUr!Z&? KEY CODE TABLE 
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* (B1 

A 
I3KSTO 
C 
COE2 
DI S 
DISPL 
RX!. 
I 1 0  
l N i T  
KYr EM 
LOOP 
PI 
i~C'e'2 
PSJ'BT 
l i U  ii 
TABLC 

SYMEOL. TABLE 

AGAIN 
EUr 
CNTL 
D 
D I S H  
rwon 
EB 
HOHO 
KEY 
i 
LP I. 
MEm 
CW1.AG 
)'#>AD 
:;:I 1 yr 
'I3BLE 

0 134 
GOOF * 
Oi.882 
64382 
uoai- 
(1 - J.!C~ 
8034 
06KC) 
0853 
G.&25 
PCXG 
BOG 1 
@?e'S 
0 1 4 ~ 9  
0 l OE 
01.7A 

o m  
"CS'I?Q 
f(E1' 
3 p  
TOP 
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BACK 
BBTQR 
CQL 1 
DE:L.AY 
1) 1 SP 
E~iVI'YX 
I I r n  1 
WNA 
1n-m 1 
LP)KY 
I.VALU 
ocr1 
':,d.- 
L ow 
RliE4D 6'r 



EZC-IOE 
OOCPLZ 
SLZ-I SZ 
OSZ-QZZ 
sn-IOZ 
WZ-9L I 
ELI-1st 
OSTPZ 1 
SZI-101 
afr PLO 
SLO-IS0 
OS0-9ZO 
SZO-100 

as 

'aiqal!ns 
Iq XRU lR1(1~lZqld~0 urJpnlsxa 31 BI Xitraug Jo suawuitd~ -sn ayr 10 "nrroj!lq JD k&!sran!ufl lyl 
4 I~npoltl aql p ua!wpwawutaw art3 ~m~dds btdlrr? i~u glop amt~ mnpald 10 X~rrdwo~ f3 OI a3wa~a2~ 






