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CHAPTER1 





This werkbeek i s  designed for  the f i r s t  time ueer o f  
mieropracessors and micrecomputere'but intends be explore 
the World of mierecnmputere. The Workbook guides yen step 
by s t e p - i n  your learning about mierecemputers. we knew that 

- yen will learn  a great  deal and else enjry beeeming famil iar 
'wi th m ic rop receseors .  

-The t e s t e s t  and meet pleasant we? ta  learn  i s  to learn 
by doing. YOU are enceureged te use a MPF-I miereeomputer 
to 69 the intereating experimEnts so that you can learn mare 
quickly, 

This werkbeek w i l l  f i r s t  teach'yuu to Freer a few keys 
.en the MPF-T te  see h a w - i t  respends. Ana then, the werkbeek 
w i l l  teach yeu t0 p ress :mere  keys and l e t  the MPFeI Show yeu 
vthe»interest ing results, As you pregress in  this workbeok 
you learn new medes o f  operat ion.  what is more important, 
you w i l l  eventually learn a g rea t  dea l  about micrecomputers 
and micraprocessors. To put  i t  simply, yen wi l l  know how he 
use cemputersr te  solve problems. 

Never le t  a camputer sca re  yen} When automobile was 
f i r s t  introduced te the-world,  few gaggle-were familiar with 
i t s  even teflaY: Yen don‘t  have to knew everYthing abou t .an  
automobile to  fi r i ve  i t .  For example, you d o n ‘ t  have to  knew 
tea much aheut the complicated automobile transmission 
SystEm t0  drive a c a r .  B u t - 0 f  cou rSe ,  yen have to  know some 
basic principles so that you can shiit the gears prOPerlr- 
Operating a Computer can be reduced to bas ic  p r inc ip les .  
Once these p r inc ip les  a r e  l e a r n e d ,  yen c a n  d e t e r m i n e  whether  
you want t a  cont inue and became a castomer engineer (autn 
mechanic) ,  an aparator  (a  ‘prqfessional d r i v e r ) ,  or a 
des igner  ( a n  autemet ive engineer .1  

To learn  haw to  d r i ve  a c a r ,  you must  become f a m i l i a r  
with the features or funct ions 0E some devices or  equipment 
such as the engine, Steering wheel, e tc .  (In the realm e f  
.cemputer, theee devices a t  equipment a r e  genera l l y  r e f e r r e d  
t o  as " h a r d w a r e " . )  Yen must  a t  l e a s t  Knew the flames o f  same 
camputer hardware devices and equipMEnt and the i r  baeie 
f u n c t i e n e .  Once you hflV G  l e a r n e l  t o  d r i v e  a e a r ,  y o u r  e v e r y  
move romes na tura l l y  and eas i ly ,  The Same» i s  t rue  about 
{ u p e r e t i n g l  e eemguter .  



The manuals that  accompany your Mic ropro fessor  a r e  
designed f o r  r e f e r e n c e  an-d to  suggest  exper iments  by showing 
examples.  Te g e t  s t a r t e d ,  i t  i s  suggested that  you f o l l o w  
the procedures given helaw. 

Examises‘: and Experimentsi 
As You  p roceed  through th1s workbook,  you  w i l l  see 

the nota t i .en E x e r c i s e .  6 -1 ,  E x e r c 1 s e  6— 2 , . . . ,  i n  the 
l e f t  marg ln .  This i s  .a s igna l  t o  proceed to  the sec— 
t i o n  named EXERCISE and f i n d  the same hum b:er 6—1, 6— 
. 2 , . . . .  You should answer  any quest ions  in  the exerc ise  
-and then proceed to the ANSWER Sect lon  to check your 
work .  Eou w i l l  a l so  he asked to  p e r f o r m  experiments 
(answer_ questions) in the Experiment Manual (Hard- 
‘WEre/Sef twarej .  The answers to these guest iens a r e  
usual ly  feund in the seetien named EXPERIMENTS. Occa- 
sional ly,  an afiSWef te an experiment'wil l  be part  o f  an 
answer he a n  exe rc iSe .  

1 - 1:11 Unpacking and lh-staII-at‘iqn 
Open the  "book" containing the Micraprefesser (MPFHII. 

Locate the pewer connector i n  the  upper r ight-hand corner .  
(Fig. 1-1) 

*Pewer 

Find the AC a d a p t e r .  The adapter ( F i g .  1‘2} is  a b lack 
.hex labeled “AC ADAPTOR MULTITECE". You sheuld make cer ta in 
that the veltage input. shown =En the adapter matehes the 
eeltage supplied by your ou t le t  In the United States i t  i s  
asSumed (unless a spec1a1 o rde r  i s  made) that the,su§p1y i s  
117 VAC — which i s  usual ly  r e f e r r e d  t:o as  one-ten (113 V } .  
You should a l s o  check the f requency,  the label en the 
adaptor wi l l  shew the frequency in her tz  (HE) .  

Plug the QV 'e i reu la r  s h a f t  inte the power receptacle 
on the MPFeI. The side apposite t h e . A C  adapter label i s  he 
be plugged intm your AC power GUEIEE- 

e e e e e e e e e e e * * * * * e e w * * * * * * * * * * * e * * * * * * * * * * * e * * * * e e e e e  
* CAUTIGN : D-Q NET TOUCH THE PRONGS WHILE PLUGGING * 
* THE AC ADAPTOR INTO YOUR OUTLETI 
* * * * * * * * * * * * * * * e * * * * * * * * * * * * * * e e e e e e e e e e e e e e * t t e s t e s  
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'1 - 2 Programming. Languages 

-What i s  a program? Haw can .a program be run 
(executed)? Te answer theee-queetiene, pen eheula know hem 
a cemputer communicates wi th the peeple who use i t .  A 
cemputer sometimes can be regarded as a _ o a 1  servant whe 
always follows. the instruct ions given by the mas te r .  UnCe 
the mas te r  has same good tas te  f o r  a computer to  do er  
requires a computer system tc solve some problems, the 
master g ives step—by—step instruct ions te the compflteri 
EaCh and eve ry  step that i s  required t e  solve a problem a t  
to perferm a task are  given clearly to the computer. These 
instructions Const i tute a program. any person the writes a 
camputer program is  ca l led a programmer. In erder ta  
'preqram, yen have to learn eemputer pregramming languages 
sneh_es ASSEMBLY; BASIC, PASCAL; APL, FORTRAN! and FORTH. 
We wil l  discuss hSSEMBLY language in later chapters. 

New gnu know that  a pregrammer can give instruct ions t o  
.a computer. How does a computer talk to a persen? In the 
case o f  the MPE—I, a six d ig i t  LED ( l ight emi t t ing diode} 
display and a built—in speaker a re  used to  tell a programmer 
what the MPFhI is doing. The MPF—I display' can show 
medif ied Roman. le t te rs  and Arabic numerals from E te 9 plus 
some BPECiaI signe. 

51.3. Testing 8. F-amil'iarizzatibn 

In the exercise belewt you will be shewn hew t a  enter 
and execute a short programi Performing t h i s  eXere ise  will 
test same 0 f  the MPF-I functions and famil iarize you with 
the MPF- l ' s  EBB-m ic rop rogesso r .  The program used in this 
chapter adds two numbers, anfl stares the result in memery. 



*1 4 Program in English 

Lead the f i r s t  number I 5 1  intn the A _ r e g i s t e r .  anfi- the 
second number' (4} inta the B reg is te r .  Aha the content e f  
the B reg is te r  ( A )  t o  the cuhtent o f  the A . reg13 te r  I 5 ) .  and 
put the resu l t  I 9 }  in the A r e g i s t e r .  Then? s t o r e  the value 
c f  the A r e g i s t e r  i n  memory l oca t ien  IB3HH I H  stands fer 
hexadec1mal}  and f i n a l l y  h a l t  the- M l c r o p r e f e s s o r .  

“ I f  yen are alreahy fami l iar  with reg is ters  and ASSEMBLY 
language programming, you may Went ta Sk ip  the next r..-‘-.-e~--.c:-t1cm.f 
althflugh i t  is highly recemmenfled fer  anyene. 

1-- - 5- ngram Explained. 

In the p rog ram,  yeu w i l l  I n s t r u c t  the  MPH-I to access 
the A r e g i s t e r  and 1.9ad 1 t  w i t h  a va lue  2 I S } .  Now y o u  may 
a s k  : “Wha t  i s  a r e g i s t e r ? “  -A r e g l s t e r  i s  an  a r e a  i n  the  CPU 
that  s tares  d i f f e r e n t  k i nds .u f  in fo rmat ien .  I t  can  he 
reQArded. as a memory and a vwork a r e a .  ,General ly,  the 
reg i s te rs  p f  28h CPU'are d iv ided  in to  two cateqaries—— 
g e n e r a l  pu rpose  r e g i s t e r s  and spec ia l  pu rpose  r e g i s t e r s .  
The. g e n e r a l  purpose r e g i s t e r s  a r e  nAmed A ,  B ,  C .  D ,  E ,  F ,  H ,  
and L .  The s p e c i a l  p u r p o S e  r e g i s t e r s  i n c l u d e  P C ,  59,-  I x ,  
I Y ,  I and R .  In the  c a s e  o f  our  p rog ram,  5 i s  p laced i.n tzhe 
.A ( a c c u m u l a t o r )  r e g i s t e r .  B e c a u s e  the  A r e g l s t e r  mus- t  con— 
t a i n  one o f  the va lues  i n  any 8— b - i t  a r i t h m e t i c  .opera t ions .  
I t  i s ,  t h e r e f o r e ,  o f t e n  c a l l e d  the  Accumula to r .  When 5 has 
been leaded in to  A ,  4 wi l l  then be loaded in to B r e g i s t e r .  
The v a l u e s  in the A . a n d  B r e g i s t e r s  w i l l  b e ’ A d d e d  tpgether  
and placed ihto the A- reg is te r .  The value in the A register 
wi l l  be stared a t  memory loCatipn IBBGH! then the MPFBI wi l l  
-be h a l t e d .  
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Address hey ADDR 

:MlO‘PfOfESSOE that  d a t a  i s  t o  be e n t e r e d  by p rese lng .DATAfi  

1 Q 6. Assembly LiS-fiflg 

All of  the program i s  enthred into the MPF-I in hexa~ 
decimal Ihereaf ter ,  iwe w i l l  nee the common abbreviation hex 
£9? hexaflecimal . )  Therefore, you f i r s t  wr i te  your  program 
in Assembly language and then t rans late i t  into hexadecimal. 
Most o f  the demonstration programs wr i t ten in MPF—I‘ manuals 
will also be listed in  machine language code which i s  in 
hekadecimal. A4 complete Assembly program listing i s  shown 
below. 

183% SEES LB A, 5 
18e2 whoa LD 3 ,  4 
i soa  an" ADD A ,  e 
1865 3eea18 La 1836, A 
1838 76‘  HALT 

Eon w i l l  now enter the o b j e c t  (machine; language code 
-shown in the Assembly, program l ist ing. If you haven't  
Already done s o ,  connect your MPF—I to  the  power sou rce .  
”Now p ress  the sys tem r e s e t  k e y  Euhe I key i s  used  for 
in i t ia l iz ing the MPF—Ijt S1nce the. memory locat lons a t  
whiCh you can  s ta te  programs begin A t  hexadecimal locat ion 
l BflfiH ,  e n t r y  o f  o b j e c t  code w i l l  s t a r t  a t  LBEBH.  P r e s s  the 

.1A rendom Address will he diSQIAyed on the 
four l e f t m o s t ’  d ig i ts ;  these digi ts w i l l  he r e fe r red  t a  as 
the address f ie ld .  

Enter  the star t1ng address f o r  the smashine language 
code by press1ng I I I .  The same result can be 
obta1ned by p rese lng  the p rog ram counter  Efi l key  ( t h l S  only 
works  when your program s t a r t s  a t  l BflflH )  Now 1 n f o r m  the 

Refer  t.o 11ne 2 o f  the assembly program l1st1ng. L1ne E 
-contfi1ns two b y t e s  o.f ob jec t  code 3E and 3 5 .  

Key- in the first byte by press ing- Iand then. _I . The: 
fiisplay should now show: 

Advance  the address f ie ld  11:1i_,:spl.a___5gr b y  p ressmg  _I..._- The 
d lsp lay  W i l l  show*  H .  

HEEHII 



.Bntef the second byte o f  hexadecimal data b ~ - r  : ~ : . »  ~ 
and than 5 . The display Shauld be; I I “ -  . Y  R ESSADQ g 

Liqe 3 “ g f  the List ing. alsa atains tWQ bytEs o f  
;hexadec1mal data; enter these bytes by keying; 

" “ 3 1 " !  

In a similar manner, entér the rest o f  the gragram, namely; 

EEEEEEEEEEIEIEE 

1 -- 7 C'heiiziking far Data Entry Errors 

The pr@gram has been entered. I t  i3 Wise ta check fgr  
entry errnrsz. Press- - ,.-_ ,- , ‘, . Are: the. right-'2 
.mQSt tww d ig i ts  in the data f i é l d  Equal to 3B? I f  no t ,  
press DAT-A and enter .  , IE . To: examine: the next. byte. press: 
H I .  Is t he re  a 85 i n  the da ta  Eield? I f  the display i s  
c o r r e c t  cont inue inspection o f  a l l  the remain ing da ta  using 
the [£ ]key .  If the present byte or any succeasive bytes a r e  
incorrect; enter the Ceect data. 

3
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.1 .- 8: Program Execution 

The re  a r e  twe ways— t o  beg i n  execut1on  at address lflflfifl .  
The s1mplest i s  to  p r e s s .  - I a n d  then I. [The E and I: 
keys  are: used i n  p rogram e x e c u t l o n . _  s tands f o r  p rogram 
'eeunter. This key i s  used to  t e l l  the C'MP1---‘- I where a program 
begins... The. key" i s  a signal ( tha t  says:  “1’01! m‘ayigio 
execute  the program" . )  The second method -allows execu t l on  
to begin a t  any address. Frees - ,  m ,  the begmnlng 
execut ion address e .  g .  1 8. ,_ E , £1 , then p r e s s . . .  When 
you p r e s s  ( i n  the a b o v e  p r o g r a m } ,  t h e  s c r e e n  w1.1‘12_go. 
blank and s t a y  h1ank. The p r o g r a m  has. reached the HALT 
1ns t ruc t l on  and i s  wa l t l ng  f.or thE nex:t ope ra to r  a c t 1 o n .  

1 a: 9 Checking the Result-s 

To r ega in  con t ro l  o f  the keyooerfl  functions, pIESS 
MDNI. The answer to  5+4 was Stored a t  locat ion 1832H1 Key 
in  m I ,  I ,  I E ,  I .  The display should Show: 

now l e t ' s  check what =Was s to red_  i n  the reg1sters. 
Press thE.REG key. The word REG should show on the d1splay. 

Press EEk t.h1s w i l l  d1splay the contents o f  the AF reg is te r  
'p-a1r. The f 1 r s t  two  d l g l t s  con ta ln  the contents  o f  A 
r e g 1 s t e r ,  and the mlddle _2 d1g1ts d l s p l a y  the con ten ts  -of F 
r e g i s t e r .  Do not  w o r r y  a b o u t  the  F r e g i s t e r  no-w. W.e a r e  
'only conCErned w i t h  the  valu.e i n  A r e g l s t e r .  D i d n ' t  we 
s t o r e  a f i v e  In A. r e g l s t e r °  And t h e n ,  d i d n ' t - w e  add the 
contents  o f  B r e g i s t e r  ( 4 )  t o  the  c o n t e n t s  o f  A r e g i s t e r ?  
I f  A r e g l s t e r  lcqontains a n i n e ,  then i t  i s  c o r r e c t .  Press 
- then t h e !  d k e y .  In th is case we are look1ng a t  the 
contents. o f  the BC reg ls te r  p a i r .  A re  the numbers 1n the 
le f tmost  2 d ig i t s  6 4 ?  I f  they a r e ,  then CongratulatmnsI 
You have just successful ly  en tered  your f i r s t  obj-eat code 
program ont.o the. MP.F-I. I f  somethlng went wrong,. you may 
f ind  th.e a.n-swer to  your problem i n  the n.ext sec t l en .  

When you made the following er rors :  

1) A by te  was -1nco r rec t1y  en tered.  W r i t e  the e o r r e c t  
b y t e  ove r  the  1ncor rec t  b y t e .  

2 3 @113 0;;- mxa re: byte 5-: w e r e  I'Ef 1: out . Rea-d see-1;: 1011 3.3 .3  ( i n  the User !s  Manual}, then remove the by tes .ene  by one. 

3 )  One o r  more  by tes  nee d to  he: added Read section 3 .  L 2 ( i n  t h e  U s e r ' s  M a n u a l ) ,  then add e a c h  by te .  
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Are. you Keyhored? 0.11K. Now you: kno1w how t o  e1nt1er a 
pregram and, so Ear-1 your exper ience  w1th running a p rog ram 
h a s  been  success fu l  But i f  yo.u'r1e l i k e  u s 1  you may be 
KEEBQRED! 
1Some symptoms o1E t h i s  d i s e a s e  a r e  confu51on w i t h  each  k e y  
f u n c t i o n s ,  and a d v e r s l o n  t o  abbrev1at ions  such a s _ A D D R , ' g ~ '  
BER and fl1 a n d  f1na11y1 a l le rg ic  reac t lons  to whi te,  g rey  

-and o range  r e c t a n g l e s .  The good  news  i s  tha t  t h i s  d l sease  
i s  pa in less ly  tu rah le1  our  RX:  r ead  t h i s  chapter  and E.i1nd 
out how t o  avo id  entering the same program over  and over,  

2 - 1 Reset or Monitor: What‘s the Difference? 

In chapter 1,  you e n t e r e d  a p rogram,  and you  Were to ld  
there we re  two ways  t o  s1top the e x e c u t l o n  o E. a program.. 
One was t o  Erase the NDNI key ,  in  whzi1ch1 case the. display 
shows a ”memory address,  o r  you could press the “ k e y ,  in- 
whieh caSe the display will show-.- I f  you werelsharp1 
you might  have noticed that we d idn ' t  p ress  the RS key to 
1stop the p rog ram when we were  p lanning t o  11ook a t  the1 
contents o f  the regis ters.  This i s  because of  t h efik e y ]  
i s  u s e d :  {1 )  t1o pe r fo rm a hardware  r e s e t  oE the CPU, ( 2 )  t o  
i n i t i a l i z e  t h e  mon i to r  pro1gra.m, and ( 3 ) 1 t 1 o  t r a n s f e r  c o n t r o l  
to the meni tor .  

I f  we were to  in i t ia l ize the m1onit1or p rogram be1fore we 
w e n t  to check t h e - v a l u e s  i n  a r e g i s t e r ,  t1ho15e v a l u e s  m igh t  
not remain the same. Unlike the key, the m key 
t r a n s f e r s  contro1l immediate ly  t o  the  m o n i t o r .  The address a t  
which the p rogram was c u r r e n t l y  a t  when t h e m  key  was  
pressed i s  d i sp layed  a11ong -wi th  the d a t a  a t  t ha t  loca t ion .  
Enter  t he  fo l low1n program, and w e '  11 do a shor t  exper lment  
with t h e m  - a n d  keys. 

1 1 p o l l c e  c a r  S i r e n .  
lama 2 Gas laeaH 
1:93 hEhfi 3 LDDP LD C ,  Q 
1832 zicaaa' 4 LD HL1NCQH 
1315 -CDE4a5 5 CALL TONE 
iaaa hate 6 to rt1aCaH 
lads aiaiai ? to HL11aaH 
lawn .ooaaas 8 CALL TUNE 
1311 lBEE 9 JR LOOP 

156- j; 
11 TONE BQU‘ NEEN 
12 END 

I t  yen had any problems entering the above program, you 
need te  review chapter 11 

New f o r  the experiment, a f t e r  you have loaded the 
program, press .1 then. I f  eve ry th ing  was entered- 
e o r r e o t l y ,  you should hear  a sound S i m i l a r  t o 1 a  Eu ropean  
poI iee e a r  s i r e n .  New, t o  s t o p  t h e  e x e c u t i o n ,  p r e s s  

What happens? _ appears on the dlsplay. 
Beg in  the  p rogram aga1in. and th is  t i m e ,  s top  i t  w i t h  MONI. 
Nhat1 happens th is  t i  me? Instead o f  going back to  ground zero  
and 1n1ta1121ng the system, MQNI simply halted the program 

'13 



'QEETE i t  was and alleged you ta examine the registers. When 
the program is halthd the left 4 display digits Shaw the 
p r h g r a m  counter  ( w h e r e  the p r o g r a m  Was h a l t e d )  and th;E 2 
r igh t  dlsplay d lg l t s  show the opcode a t  the ha l ted address .  
Pr-ess I I I  and - '  . .seve;ral times and no.tice tha.t the 
.centents :e-f the PC cannter address w i l l  vary .  

14 

J 



l 

2 - 2. list the MPLF-I. a new recording artist? 

Wel l ,  net  exact ly.  BUt the MPF—I flees make tapes. 
Examine the top; righthand corner o f  year MPF—I. _ Nest te 
the puwer s o c k e t , '  yau w i l l  f i nd  two c i r c u l a r  meta l  j a c k s .  

When a casset te  recerder cable i s  canneeted to  these Sockets 
and to a reso rde ry  a simple s to rage  e f  data can be 
pflrformed' Assuming you hays the requi red cable and 
recorder ,  l e t ' s  make a tape o f  the pel iee s i r e n  program you 
'have use just  entered. You may wish to check to see i f  the 
s i r e n  program i s  s t i l l  in the MPF-I memory.  I t  ne t ,  reenter  
the program. Connect the cables fram the cassette recorder  
ta yaur MPF—I, Make sure te connect the cable f rem the EAR 
j a c k  to the MPE~I'5 EAR socket .  Do the same w i t h _ t h e  MIG 
Cable and seek-at.- New, press on the hey. The 
screen w i l l  show.a  ranfiem number i n  the afldress f ie ld .  The 
fi isp lay 'shnule.be similar to this a 

The -F in the data f ield i s  the mnemanie Ear (stands f o r }  
f i lename. The filename is used t o  d is t inguish d i f ferent  
data sets s t o r e d  an a single c a s s e t t e .  I t  is  a lso used ta  
read back d a t a .  You can use any combination o f  the 15 
le t tered and numbered Rays i n  the filameme. Fer yeur f i r s t  
t ry ,  l e t ' s  use something easy to remember, 9 . 9 .  flfifl l .  Enter 

:fl ,fi ,fi , la  New: enter E j to  move en tn  the next  display. You 
will aga in  see a random number i n  the address fi i e l d  and the 
display-should leek l ike this: 

The as in the data f ield Stands for the Starting address Of 
the data you wish to put on the tape. our prugram begins at  
182,115. Enter 1,8,91,15‘ New press: t o  g e t  t o  the. next. f i e l d  
aga in .  You should see a random number, then the mnemonic on 
the display should read  HE. This s igni f ies that the las t  
memery address ta  be w r i t t en  tn the tape should be entered; 
The last. "address in our program was 18:11 so enter  El, I",,... 
Now we a r e  ready ta make a tape.  Rewind the aasat te  in  your 
regarder to the beginning a t  the tape, Press PLAY and 
RECORD on the recer 'der ,  then press  - en the MP..F'—-ZI‘. If 
everything is  geihg c o r r e c t l y ,  you should be able to hear 
the melee of data being autput. What seends naisy to you i s  
actua l ly  yeur pregraml  If the casset te  racorder i s  not 
ready and you press GE , flu net e n t r y ,  the MPF-I wil l  
s t i l l  send out data and then return eentrol to the user .  
¥bu can then begin the preedbs ever again. 
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Now l e t ‘ s  read the da ta  we w r o t e  to tape hack 1nto the 
MPF-I ” . 1 ' ; We now have that Eam111ar mnemonlc 
(-S) an the screen agaLn. Input Bfifl l_ or whatever filename 
ydu used i n  the above exerc ise.  _Rewind  the cassette .amd 
ran-:53 IE] on the FIFE—1,. Press, on the: 'r-ecar‘d'er. The 
screen w i l l  go b lank,  p e r i o d s  w i l l  be displayed Eur a f e w  
moments, DEW the Ei lename o f  the p rog ram a t  that  lQCat icn 
wi l l  be displayed. In th is  case @631, the program w i l l  now 
be read in.  When the "no ise"  s t d p s , r  s top  the recorder  and 
reset. the. MPF~I .. New preSSIIS I a n d -  - .  Is the pragram the 
Eama? If so,  cnngratulat lons| I f  not repeat the abavé 
prncess with a d i f fe ren t  volume sett ing.  

1. 6 



2E-33 Nkneeys 

The MPF-I ailQWS users a great dee.1 o f  f l ex ib i l i t y  and 
pdwer through Keyboard  e n t r i e s .  Hew doe.s a use r  became 
famil iar with the keyheard functienE? An appendlx w1th a.n 
alphabetic l i s t  in.g o f  the keys  i s  a.t the back h f  th1 5 
manual. ButIr do you real ly need te read abeut ea.eh key? I 
reeemmehd yeu p r o c e e d  through the manual and learn  how t0 
use  the keys i n . t h e  context  o f  programming.  Use the eppendlx 
fo r  referenee. ' 

Keyboard "Fam'iliariz-‘ati‘en "Questinnsv 

l .  Whihh keys de not cause a tone to eeuhd'when preesed? 

2.-why is the RESET hay the enly key that is brightly 
colored? 

3. Look a t  the MPF-I USer 's  Manualy Table of Centents—lfi 
Qperation intreductien. Two o f  the gray keys  are  not 
l i s ted  we which oneS? 

4 .  can You Press any key that moulfi cause damage tn the 

”PF -.- I 4?; 

5. There i s  a magic key that will tell the MicrefPfofeseer I 
he do exact ly What you want dune. "What is this key? 

Keyboard. Familiarizatinn Answers- 

1. RESET, NONI. INTRI USER KEY- 

2 .  This key i s  the MPF—I PANIC button. The ce lor  should 
a1sQ se rve  as  a warn lng  tha t  the cu r ren t  content5 o f  the 
r e g l s t e r s  w i l l  be l o s t ,  when RESET 1.5. p ressed.  

- . and - K E Y .  Add i tmna l  programming must  be deme- 
te. make these ke.y5 pe r f o rm  a funct ion.  

4 .  Ne! ne t  unless Tau h i t  the k e y  with a hammeri Pressing 
the wrung key can change yeuf pregfam. 

5. GD. I f  a program.has been entered and i t  ie .eorrect .  
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e‘ping Your Sanity— . . 
r How not to Write in tj'iec": o e: . . 





3 _.~ 1 ASSEMBLYthe Bane Way to Go 

In ea r l ie r  nhapters thare  have been h in ts  tha t  yam 
Should f i r s t  wri te yaur_pragram in fissambly Language. The 
major  teaSQns f o r  Assambly programming a r e :  

.Easier ta  read 

.Eas ie r  to  wr i te  pragrams 

. E a s i e r  t e l e o r r e c t  e r r o r s  

21 



3 .- 2 Easier to Read 

What.doeg the 3 instructififi prggram nelnw fig? 

@611 lfl lfi  @399 6363  @331 1513 
113$ 611$ @fififl 1363 
@911 fifl lfl  BEBE Efl lfl  flflfl l  lfl lfl  

After  looking a t  the binary code ynu prabably don‘t 
care. QR! Here is the same program in hexadecimal. 

3A BE 1A 
C5 EB 
32 $2 15 

How can the hexadecimal program be flecoded? Open the 
MPF-I U s e r ' s  Manual t0 App3ndix C .  F ind the  sec t ion  ZBE‘CPU 
IHSTRUQTIONS SORTED BY OP-CIDE. Search fo r  the opcode 
3A ISecond column almbst ha l fway  dawn} .  The r o w  reads 

3A 3495' LE A,(NNI 

EH! LU stands for luad. 
3 load means making a copy o f  the data,  usually 033 9 r  twe 
byteS, then entering the data  into a Stated dest inat ion.  
In t h i s  inst ruct iqn,  a byte i s  loaded from memory in tn  A 
regis ter .  The form aA,fMN) i s  s t i l l  a l i t t l e  ha rd  to 
raad. The Assembly language inst ruct inn is 

LD.A,(133333 
which.means ‘ 
{ 1 )  f ind memmry lucatian lABfi (hexadecimal) ,  
( 2 }  make a cgpy qf  the byte a t  I n ta t i un  lfiflfl ,  
I3) than replaée centents 3E the A f e g i S t E F - w i t h  thE cgpy 

fram memory. 

The enLire p ru j r am, i s  
Ln A,(133331 ; A a—— (13333; 
ADD Ara, 3 A é—~_3 + 3 
LD (133231,A ; (13333) <——‘3 

This pragram 
1) Inads a Value f rom memary f in tn  A,  
2) adds 3 tn the Gflhtefltfi GE A: _ _ 
31 puts the resul t  { 3  r e g i g t e r }  i n  meMfl fy I gna t i on  IAQZH. 

R336 the binary mafia aga in  anfl campfire w i t h  t h e  Assamhly 
language pr&Qfama 
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3. =- .3 Easier to Pragr‘am 

In your p r a g r a m - a  test i s  ta  be.madea I t  the valué in 
the A reg is te r  i s  z e r o ,  then a routine which clears the 
aecuunt bank i s  tn  be executed. I f  the value 9 f  A 15 
nega t i ve ,  then an  overdraw routine is  executed. Using 
Assembly language yen can w r i t e :  

JP E,CLRAQC : I f  A=E jump ta  c l e a r  acceunt 
JP m,0VERDR ; I f  A i s  minus I nega t i ve }  jump 

tn uverdrawn. 

In abject code prugramming (hexadecimal a t  binary} you 
may not know where the routines CLRACC and QVERDR. will be 
i n  memcry .  Th i s  means you w i l l ' h a v e  t o  l eave  a blank a r e a  
1h the cédE. T09 many blank areas lead to  the inauility 
o f  locating the Exast address whare the jump was to  be 
made t a u  In asSembly language programming yuu just w r i t e  
the name o f  the rantine e.g ;  CLHACE. ' 

3 -' 4 Ea-Siier to Current 

Saoner or  l a t e r  i t  wi l l  besame necessary tn alter 
codesuinser t ,  de le te ,  0 :  add i ns t ruc t iuns .  In &ssembly 
language pragramming, yau can usually f ind  the Cade. ta be 
medif ied SWi f t l y¢  Tn add a new line;simply wr i te  the in- 
St fuCt ian in mnemunic farm1 



‘ 3 -  5 "Ha-w to Fro-caged Using; the. MP‘F-II 

Beside what. the program must 60.  Base your decisinhs 
upon the requirefl input and nutput. 
Beside i f  yen can Wr i t e  the pragram. You might be 
askefl to compute an advanced.mathematical funct inn pf 
which you have us knowledge. 
Decide whathef the ,MPF—I can pragram, the task.  
Unless a specia l  in te rfiace i s  designed; sleetra— 
:cardiegrams c a n ' t  be read d i rect ly .  
Organize the program flow. samétimes a flgwchart 
helps. 
W r i t e  the program in  Assembly Language. 
Hand trahslate the pragram into abject (hexadesimal) 
CDdE. 
Enter the hexadecimal code into the MPF-I‘s mamsry. 
Test the pragraml , 
Make correct idns in Assembly language and translate 
into objECt code. 
Save the working program on tape: 

QUESTIONS 

1% Turn to  Appenfiix C in the MPF-I USER’S MENUAL! 
sect ign EBB—CPU INSTRUCTIONS SDRTED as MNEMDNIC. The 
-table should hegih wi th :  

USE the table in the 
entr ies i n . t h e  table belewi 

@EJ SUURflE 
CODE ‘ STATEMENT 

SE 3 ADC A,(HL} 

@EJ SQURCE 
CODE STETEMENT 

CG? 

NEG 

_______ _,._,_... __..... _. .__..._. ____=.-,_____.______ 

24 
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2 .  In. this Bastien yfiu wi l l  be asked ta  translate frnm 
abject cofle (Wr i t ten in hexadecimal) to Seurae code 
(wri t ten i n  asaembly language). This i s  usualxy done 

-when gnu n a n ' t  read the suurce .statement a: -are given 
Some: cede in hexadecimal (this is  a ro t ten  situatieni. 

Turn to  Appéndix C’ in thE'MPF—I User 's  manual. Fifid 
the sect ien ESE-CPU INSTRUCTIGNS SERTED BY UP-CGUE- 
The table Should bagin 

UBJ "SOURCE' 5 
EODB STATEMENT 

=33 _ N92 
Use the table i n  AppgndiX'C be £111 in the entriaa in the 
table beldw: 

'EEEEEE 
STATEMENT 

L 

-GBJ 
'CODE 

”“311 $0“ 100$9d f5: C3: all you had to do is ta find the 
:Object qoder is to gm dGWn a l i s t  in hexadecimal orfler  - B1 
1 5 2 : 3 : 4 ; 5 ; 6 , ? : 3 , 9 , A , B , C , D , E , F g  A l l  i ns t ruC t ionS  s ta r t i ng  
v w i t h  C B , D D , E D , . a n d  FD a r e  i n  sapara te  i i S t S .  The reason  far  
Fh? sepgrate . 1 i$t5. ,  is that the 289 éxecutes theSe 
ynstruqt2ons d i f ferente In a la te r  Chagter, same 5 f  these lastructlpns wi l l  be Explained, 
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This chapter :will intruducs tD'YDU'SGmE s f  the basis 
sfimpsnents (by basis,  we mean they are  indespsnsable.1 and 
t h e i r  EUHCtions.  

Camputers have bees sailed "slsstrshic brains“ hacasse 
computers can  per form such operations as logic sampariscnsf 
-ar i thmstic calculations, and more recent ly reasoning. But 
computers are much more than an electrqnic b ra in .  Csmputer 
have become mare l i k e  an indiviflual human being. This will 
be discussed l a te r .  

4 - 1 Central Processing Unit (CPU) 

The "brain“  a t  a Camputsr a t  a misrnsamputsr is i t s  
central p rocess ing  u n i t  (CPU).  Ynu. may wish to know 
what -a  CPU lbeks l ike. The MPF—I has a 286 micrssracessor 
'which i s  used as  a CPU. 

Eou can locate  the 386 CPU o f  MPF—I i n  a d i ag ram on 
page 4 in the MPF-L U s e r ' s  Manual. A t . t h e  upper l e fi t  corner 
of the diagram, there i s  an rectangular area marksé with 289 
CPU. Here i s  where the CPU i s  located. 

Emu may have na t i c sd  that there is  a notsh on the 
upper edge o f  the 289 CPU; The match i s  used t0 indicate 
whether the 23@ CPU i s  inserted correctly into the socket. 
If the  hatch po in ts  upwarfis,  the 28$ i s  s o r r e c t l y  inserted. 
Otherwise,  the 235 CPU i s  not adaquatsly i n s e r t e d  and the 
MPF-I wauld rUn in to  trouble; Typically, reverse ih— 
sert ion causes the 283  to overheat until i t  burns up2 

Why.daes the 33% CPU have ta be msunted correct ly? 
To answer the quest ion, l e t ' s  take a lssk  a t  the-CPU2 The 
*CPU i s  an n i n teg ra ted  c i r c u i t  (IC) chip Which i s  a ' t i ny  
p iscs o f  s i l i con  an which .mafiy mic rsssop ic  c i r c u i t s  are 
built: The Chip i s  packaged i n  t pisses s f  a DualiIn—Lins 
'packags (HIPS) that keeps msistUEe, »dust,  and impurities 
away f rom the Chip. But since ths ch ip  i s  sealed i n  the DIP 
package, the circuits inside the package neefi to  be 
sunnECted t0 ou ts ide  c i r c u i t s  thcsugh pins as  shswn i n  the 
d iagram on page C—l i n  the  Appendix C c f  the MPF-I User ‘s  
Manual. 

29;. 



4 .r .2- PIN—OUT 

TD make sure that a circuit insioe the package i s  
connected t o - a  circuit outside 6 f  the paskage Ffi l§90t1Yfi a 
spec i f i c  p in is  assignéfl . tb make“ ;  co r rec t  connection. A5 a 
resu l t ,  each pin is  givsn a specif ic p lfi  number. 

The diagram on page C—l shows how pin numbers a re  
assigned to pins. I f  an IC chip i s  inserted in  reverse 
( t h a t  means the notch o f  the chip points downwardS.} ,  i t  
£f3$ults in incorrect Connections o f  c i rcu i ts .  The pins are  
not numbered sequentially ( l , 2 , 3 ; 4 , . . . )  but ra ther  by func— 
=tion. For example the transfer o f  data in and out of the BBQ 
EEU is-aooomplished _thru 8 data pins (14; 15; 12, B, ?, 9r  
1 o ,  1 3 ) ;  These 3' pins a r e - g r o u p e d  together and called tho 
d a t a  bus,  

There a re  several reasons for  selecting 286 as  the CPU 
‘ for the MPF-Is F i r s t ,  383 i s  one o f  the most popular 
microprocessors. I t  is usefl as the CPU o f  many 
microcomputers. Many sof tware programs have been wr i t ten to 
r un  on 23% based computers. You can share o r  exchange 
s o f t w a r e  programs w i t h  o t h e r s .  Secondly, fihe ZBE 
instruct ion ' s e t  was designed as an extention of ‘  the 
iHStIUCtioh set. for  the Intel 8883 microprocesshri 
Therefore,  almost any program =wr i t ten f o r  an  868% 
microprocessor oah he executed on a 383 microprocessor 
without any changes. The 8389 microprocESSOI i s  a very 
important microprosessor chip,  f o r  Which many software 
programs a l ready  e x i s t .  Thi rd ly ,  the z o o  microprocessor  
(386 CPU) features two Sets of  general—purpose registers and 
add i t iona l  special purpose rag i s ta rs  which make i t  easier 
f o r  computer users o r  programmers to write programs for  286 
based microcomputers. 
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4 - 3 Mammy 

Befare we proceed t6 shew hDW'a CPU in te rac ts  wi th 
bther devices, l e t ' s  take a luuk a t  one 0f  the major parts 
that  canst i tUtes a computer——memery, A human being must Have 
a memory so  that he or  she ean.1earn and thifik. .A computer 
must haVE a memary in Urder tn procags infbrmat inn and Solve 
problemsi 

Memory i s  generally defined as any devige that can 
store data in such a manner that the informatian Can be 
accessed (o r  reached) and r e t r i e v e d  (o r  f e t ched) .  In t aday ' s  

Lcemputera, the mamfirieg usually come in the fierm 0 f  IE 
ch ipa.  The appearance o f  theSe chips look s imi lar  to that 
GE 3 CPU' such as  the £83  microprocessnr.  They have DIP 
packages and'p ins!  Each chip is  assigned a Spac i f i c -number¢  
This number indifiates the functions the chip can gerform. 
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$.14 lmnwl 

New epen the Gamer e f  your MPF-I, there i s  a 24—pifi IE 

'Ehip 0” the Upper right Part of your MPF-Ii on page'I—a of 
your .maflflal the chip i s  labeled RAM. The Chip which is 
marked w i t h  either 23163 58725 ,  e r  61169-4, i s  a 16K s ta t ic  

random access memory (RAM). Uh the Part of the Printed 
C i r c u i t  board j us t  above the IC memgry chip, the Words "U3" 
is marked to identify the locatien where the chip should be 
installefl. 

'When you  t r y  ta  decipher the  wards "RAM" and " S t a t i c “  

yen may became firuetrated. These Words are-_ just  used to 
-distinquish di f ferent types Bf memory chips. The meet 
commonly used types GE memory are  'RAMS, Roms ( r e a d  finly 

memeryj, and 'bfiPHUMS (erasable Fragremmable read only 
memory) .  

The RAM, more cerrect ly  Speaking, sheuld be re fer ree to 
as read/write memery. A more co r rec t  de f in i t i on  o f  RAM i s  
tandem read/wr i te  memerys The RAM i s  a semiconductor memary 
inta whieh information (data) can be stored {written} and 
re t r ieved (read o u t )  again. R fiM s - d i f f e r  f r o m  ROMs-- ence 
the power supply e f  a compUtér is turned o f f ,  the centente 
-@f a RAM disappear. As a resu l t ,  RAMs-are  suitable f o r  
s ta r i ng -da ta  which are  to  be -used  temperarily by a computer 
.sunh as pregtams and data. 
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4 - 5 Dynamic RAM Static RAM 

The RAM can be further divided intn twO tyges--static 
RAM and dynamic REM. The s tat ic  RAM i s _  what i s  ggnerally 
peg-ferried as the-SE” HEMS WHOSE: cant-ants d isappear ,  W511]. . i Y  
change, when writ ten intd o r_as isoqn  as the Power supply 1% 
turned q f f .  The dYnamie RAMS; even when power 15 
continunu51y Supplied can load data  i f  the contents of  such 
RAMS d9 nut go through a memary refresh prdcess. unlike 
some (many) EPUs the 286 prevides a re f rash s ignal .  

11:61-R04fl  

Data i s  r e a d  f rom a EOE. Na data c a n  be w r i t ten  inta 
REM dhips. Even 'WhEn the power supply i s  but  o f f ,  the 
cantents o f  ROM5=do not change. RUM chips are  suitable fo r  
storing data that i s  to be used repeatedly. 
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4 .; 7 Mnr‘iitor Program and ROM of the MPF-I 

The loflation indicatea by US is  USed t a  put a HOM:£or 
stor ing manitnr prngrams. Almnst every.micrncbmputfir  uses a 
ROM o r  an EPROM.memtry chip Ear storing maniter programs, 
which a r e  used t a  centra l  the internal  operat ions of a 
micrqcomputer. An EPREM i s  a clase r e l a t i v e - o f  the ROM, By 
app l y i ng  u l t r a v i a l e t  rays an  EPRQM can be e raSed .  
Typical funct ions o f  a monitor pragram include the 
i n i t i a l i z a t i o n  o i  the CPU} kayboa rd  scanfi i ng ,  display 
control, and reSponding to the function ta be perfurmad each time a key on the keyboard is pressed. In shor t ,  ante a 
microcsmputer i s  turned on, the CPU o f  the micraaomputer 
begins t o _ e x e c u t e  a-mnni tor -pragram.  At location U6 in the 
MPFhI, either 16K PRDMS such as 2716 an& 2516 a t  32K .PRDMS 
Bach as 2?3% and 2532 can bé 'uSfld  far staring menitor pragramst 

We have talked abobt the CPU, memory? and data iHPUt 
.device {gush as  the MPF—I keybeard) ,  and data nutput 
‘device ( t he -d iSp lay  and speaker i .  Mast p f  today‘s 
micrncumputers have these faur major  companents. 
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4 .~ 3 Address 

Just  by watching tha keyboard, yfiu__may  n g u e s s _ m t h a t . a  
prfigrammet can key in a character  l i ke  " A “  @r “ 7 “ ,  But 
where can a charaCtér  l i k e  " A "  he stared i n  the  MPF—I. How 
i s  i t  s to red?  A computer i s  designed so that i t  unly 
recognizes ”B”s  and “ l “ s  n0 mat ter  who the manufactuer i s .  
As a re-Sult ,  when ye‘upr 'es-sa key  to  s tare a w a r d ,  the 
camputer f i r s t  entodes the ward into the ser ies  such a5 
fl l lB lEBl and then s to res  the s t r i ng  o f  B ‘ s  and 1 ‘ s  intn a 
spec i f i c  lncation. Since the camputer memory s to res  vast 
amounts 9 f  data,  -data shauld be stated o r  retr ieved from 
specific locations to avoid confusion in_da ta  manipulatiani 
Therafore,  an “address" i s  given to idéntifiy the laca t ian_o f  
a specific item 9f flata the same way as  a specif ic building 
i s - 'asSigned an afldress so that mail addressed to the 
building Can be delivered prnperly. 

ADDRESS BUS 

The 283 microprocessar uses 16-digit binary nambers to 
i d e n t i f y  the locat inns o f  data s to red  in the memory davices 
that a r e  connected t o  i t .  When t h e  Q P U  o f  a computer 
intends to access the data  stated in  i t s  memory devices, i t  
communicates w i t h  i tfi  memory thruugh a 16-1ine address bus. 
Each l i ne  o f  the address bus Barrespflnds to  a b inary  digi t  
.of the  16—d ig i t  aadresw.  -And each l ine c fi  the addreSS Bus 
can canvey t signals tn the mamory-—"B“ and “ l “ .  Using 3 
and 1, you can construct 65,536 lB—digi t  numbers, That 
lmeans the 2 8 6  CPU wan access up ta 65 ,5363memnry  lflcatiQHS. 
The number 6 5 , 5 3 6  is a f t gn  wr i t ten 64%. 



4 9 Byte, Bit 

We have mentioned that da 
str1ngs a f  W s -and 1 '  s 1n a com 
m:emory S122 1.5 me.asured i 
microcomputers such as MPF~I 
Wbin_ary d ig i t s ,  e .  g .  11 A byte 1 
11335161, o r  31111.3911 A by t '  
In a b inary numerical S¥Stem, 
II 1 Ii 9; 

t.a i s  s t o r e d  1n the farm o f  
p u te r .  In camputer.eystems, 
n by tes.  In BEE based 
1 a byte i s  equal to e ight 
oaks l ike Efldfifififlfl ,  11111111, 
e = i s  made up of eight “h i ts“ .  

a bit is  either a “ a “  -or a 

'1fiu may wonder haw an i t e m = o f  iafarmatien er  d a t a  i s  
accessed { f o r  example from the 
(sheet. 2 GE 4 ) .  This schema 
een t ra l s  the input  and output a 
have _net_eerked with hardwarei 
the detai ls '  o f  haw the 8255 C 
disp lays.  Later  i n  the workboe 
be given of  the schematics. "Th 
input and output devices such a 
the casse t t e  i n te r face ,  the i 
the address decoder. In th 
schematic ( A .  7 and B ) ,  yau w i l  
is connected to a pin of the 
stands f o r  chip se.1ect). The 

keyboard} .  Turn to Page 1-8—3 
t ie  shews how the IC (8255) 
E da ta  o f  the MPF—I1 I f  you 

do net expect to understand 
entrols dewices Such as the 
k a deta i led explanation will 
is chip contrals MPF-I's data 
5 LED displays, the keyboard, 
h t e r f a c e  to  MPF—I's CPU. and 
e lower l e f t  part  o f  the 
1 f i n d . a  chip (14L3139) which 
8225 chip marked CS (which 
7413139 is an address deceder 

used f e r  deC1d1ng what range o f  memory ad  d resses  i s  be ing  
accessed by the CPU. There i s  a “— —" an top. o f  th_e mark  CS1 
That means the addresS- decedEr wor.ks whe.n the in.put o f  CS i s  
law. A low means the voltage i 5 p re t ty  c lese to z e t a  — pre— 
bably 6 . 4  Halts. We say the-address deceder w o r k s  i s  ac t i ve  
19W} beeause when the- input o f  CS i s  law i t  becames act ive.  

3-3- 
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4: . 1,0: "Gil-wk 

Chips (0: 1ar93i5ca1e_ifit69ratefl cireuita; LEIai in the 
gag family require.a clocki The clock Eupplies a Squarg 
wave a f  a cer ta in  frequency used f o r  cantralling transfer 0 f  
data in the CPU. Every  time the clock t icks. data i s  
tansfierrede The il luStration below Shams haw a square wave 
leaks l i ke .  

E E : 

I 

I 

; TIC 5 

‘
7

 [ 1 
I I ' 1 
l l i 

|__..._. l . , I. - .1. V r——+f - - 1 ‘ TIC 1 : TIC 2 ‘ 11c 3;; TIE 4 V I 
Fig 4—1 Th3 square wave 

Chips using a c lack have speci f ic  raquirements inn thfi 
High and Low valtagES. -A gaod scurce f é r  a E lock  i s  a 
CIYStfll esci l latar ‘  Oh a sehématic, i t  lonks l ike f i g a  4-23 wk Fig 4&2 crystal oscillator 

. On Sheet 1 9 f  4 0 f  the MPF-I schematic, :you can locatg 
the c r y s t a l  osci l lator a t  (Dw71.and ID—BI.  

The autput o f  the c rys ta l  =esci l la ter  i s  confiéated. to 
pin 3 a f  the IC ?QLS?4 (coerdinates 0—6), and then t o  pin 6 
o f  the 2 8 3  CPU (D—S).  The standard designation far a Clack 
15 § The label § i s  the poi nt Wh-.-e're clock .sig..n.=a..ls go 
in to the CPU. 

:37 



4 . 1 1 Reset 

A requirement fer  a circuit ts work preparly i s  that i t  
al-w.ays s ta r t s  the same way each time i t  i s  put ts wcrk The 
3 8 6  CPU always s t a r t s  {comes upJ by addreSSing l oca t ion  EGIU 
when power i s  supplied and a p1n ca l led RESET is  he1d law 
f o r  a fe- cycles.  Any time your MPF—I appears ta  he hut s f  
control ,  you may act ivate a. e1rcu1t that resets the CPU. 
Pre551ng the RS butten centre l s  the c1rcu1t that supplies a 
r ese t  signal to the 286 CPU. 

3‘1- : 1-2 Per-ts 

.Ncwi we wil l  take a clcser leak a t  the schemat1c fer  
MPF—I_input and eutput (sheet 2 eJE 4 1 .  On t..he r ight  Side o-f 
the 8 2 5 5 ,  there aJre three por ts  You. Jmay ask how po r t s  
can. be bu1Jlt on a. t iny 46- -p1n chip.  ' 

The -word p e r t  convent iona l ly  means a h a r b o r ,  a sea  p o r t  
where ships can s a i l  in  o r  0:.ut, loading o r  d ischarg ing l a rge  
amounts s f  goods.  In our s tudy 91 m i c rop rocesso rs ,  a p o r t  
can be regarded as a place where data f rem outside can be 
" leaded" into the CPU and where a CPU can “discharge" the 
'data it 'hasrecessed, 

4' J. 13 Peripherals: 

The 'chip 3255  i s  a afiepin programmable peripheral 
interface EC. Peripherals are. generally r e fe r red  toJ a s  
those devices Which in te rac t  w i t h  the CPU fo r  c e r t a i n  
purposes. I f  you  use a c a s s e t t e  tape r e c c r d e r  ts  r e c o r d  
daJta o r  p rog rams ,  thJen we s a y  tJhe c a s s e t t e  tape r e c o r d e r  i s  
a pe r iphera l  of .  the MPE-nl. Per1phera ls  can  be a p r i n t e r ,  
a u x i l i a r y  memery to rage  equ1pment, o r  a d isplay te rmina l  
l e ts .  
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4 :14 Parallel 'I/o Lines 

Cf the 8 2 5 5 ' s  4P E121”nus.-f t he re  a r e  Pd p ins used a s  
parallel inputfoetput lines (we w i l l  Use 120 instead DE 
ihputfsut hereaf ter . )  The ward paral le l .may puzzle you. 

When da ta  1.5 t r a n s f e r r e d  b i t  by b i t ,  we genera l ly  c a l I  
th is  method a s e r i a l  da ta  t r a n s f e r .  Data Ls t r a n s f e r r e d  
ever telephone l ines se r i a l l y .  I f  you  want to input o r  
output  e i gh t  h i t s  OE data o r  severa l  hatches a t  d a t a  a l l  a t  
once, you have t o - u s e  paral le l  I/U l ines. In computer 
systems,  data i s  usually t rans fe r red  by te  by by te 'be tween 
the CPU and ROM er RAM ch ips .  As a CshSPquence, we  have ts 
use  p a r a l l e l  l1nes to  connect  the” CPU and i t s  mempry 
dev iCes .  I f  a byte--PlPPlPPl~-1s fetched by t.he C.PU f rom 
i t s  memhrf, e lsh  h i t  o f  this byte w i l l  he c a r r i e d  h-y a 
Slng le  p a r a l l e l  l i n e  to  t.he CPU. T h e r e f o r e ,  a da-ta hus 
cons1st1ng o f  e l g h t  pa ra l l e l  h l -d l rec t l ena l  l ines  i s  used to  
supp ly  d a t a  be tween  the CPU, m e m o r y ,  a n d  1/0 p o r t s .  

The 24 parallel I/D lines o f  the 8255 a re  divided inte» 
th ree  ports—-Part A ,  P o r t  8, and P o r t  C-—wi th  .each p o r t  
having eight parallel IXO lines. Each o f  the three par ts  i s  
Cal led an 8-bit por t .  Port  A i s  an 1nput p o r t ,  because t h i s  
port  is used fer collecting data. (which w;ill then be 
t rans fe r red}  to  the CPU. P a r t  B and C a r e  output  p o r t s ,  
because the two por ts  are  used f o r  ac t l va t Ing  displays -and 
keys ,  

'Yeu can locate P o r t . A  on the sshematis sheet 2 0 f  4 .  
In the lower r ight part  ef the IC 3255 ,  there a r e  eight pins 
.marhed w i t h  PAP, PAl, P A 2 1 . . . P A 7 .  'They a r e  Connected to 
eight parallel l ines.  Pin 37 (the pin marked PA?) i s  used 
f o r  inputing data s to red  en caeset te  taps into the MPF-I. 
Pin 38 ( t h e  p in  m-arked w i t h  PA6) i s  connec ted  to  the User  
k e y ,  which w i l l  become a c t l v e  when the S lgna l  on  i t  i s  lo-w. 
PAP through PAS a r e  connected -te s i x  r o w s  o f  the keyboard  
ma t r i x .  The i.nput s ignal  becomes low only‘wh.en keys  i.n the 
a c t l v e  .column a r e  pressed S.ince the 8 2 5 5  i s  pregrammabler  
a p r o g r a m m e r  C a n  p r o g r a m  .a p o r t  t a  be i npu t  e r  o u t p u t .  

In the MPF—I, Port  is an hutput per t  used fie: 
Cdntfhl l ihg the LED displaysi As y e u  can se.e on  the  
sehemat ic ,  PEP through P87 i s  w i r e d  to  the d15p lays  w i t h  
eight para l le l  l i nes .  Each p i n  o r  h i t  s f  Por t  B i s  used to  
’cont ro l  pne o f  the seven Segments o f  the LED d isp lay  and the 
dec imal  po i n t .  F ig  4— 3 shows the name o f  each segment and 
the  correspond1ng b i t  in  P-ort  B .  ' 

P o r t  r 



Par t  c ' h a s  many funct iens.  B i t  I o f  Por t  c (PC?) i s  
need f o r  w r i t i n g  da ta  inte casset te  tape. I t  i s . a l s o  
cennected te  the speaker and an  t i ny  LED lamE. a e  you 
press a key  an the keyboard o f  th.e MPF- L th.e speaker o f  the 
MPF— I w i l l  gene:rate a sound and the LED Iamp w i l l  h11nk 
Except f o r  .the keys marked with ”RS - . ,  - . .  . ' 
a l l  the  o t he r  keys. cause the LED lamp to  bl1nk and the 
speaker to generate a sonnfl .  

1
1

.
 

The PCS is  Used f o r  single steP execut ion o f  a program 
o r  when break po1nts e x i s t  in a program. B i t  a through h i t  
5 a r e  connec ted  t o  t.he- LED d isp lays  and the keyboard  m a t r l x .  
E:it E s e l e c t s  the r igh tmost  LED d isp lay :and b i t  5 s e l e c t s  
the l e f tmos t  LED d i sp lay .  A11 these hits: a r e  act ive.  high. 

Thus P06 through POE are used for selecting LED 
-display. For example, when PCE_is high, the fightmaet 
-disp1ay o f  the LED displays i s  a t t ive.  

You  may have  n o t i c e d  that the pa ra l le l  11nes.~of Po-r t  B 
and C f i r s t  go through three .blo.cks marked w1th 75492. The 
three blacks a r e  ac tua l l y  thre-e IC.s used a s  d r l v e r s  that 
amplify the inseming signals and convert them into Strong 
signals.  ' 

'When you use a casset te  tape recorder to reafl  da ta  he 
the MPF—I CPU, the data gees into the CPU through Fh71 When 
the CPU o f  MPF-I wr i tes data into a cassette tape,  the data 
goes to the.caeset te  tape through pcv. 
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4 .15 Advil-need Hardware Description {Optional}; 

4 .-.- 15 . 1 P10: Parallel [ID Circ Hit; 
The 25% paral le l  IfU Q i r c u i t  EPIC) i s  555 5 f  5 SEE 

51.5hips manufactured t o  Eaei i i te te 185 interfaCIng. The 
P I G  c i r c u i t  i s -des igned  to provide 5 twe—por t ,  pregrammable, 
TTL 55Mp5t ib le  _para l le l  da ta  t rans fe r  betwéen t h e  286  CPU 
and pe r iphera l  devices.  Turn t n - s c h e m a t i c  sheet 3 o f  4 .  
In the D and C o f  celumn 4 ,  yQu can f ind P5rt A . a n d  P5rt  
B ,  The twe por ts  a re  independent 8-bi t  parallel hi~ 
direct iQnal per ipheral  i n t e r f a c e  p o r t s  using "handshake“ 
data t ransfer  methedg ‘ 

T-he ZBE PIC i s  an IC c h i p  w i t h  4|  pin.5. DI the 4 5  
p i n s ,  DH through DI i 5  used  5 5  Z33 CPU d a t a  bus.  Thi5 is a 
b i d i r 5 5 t 1 5 n 5 1 _  t r l s t a t e  555- W th  1.5- used. t o  t r a n s f e r  51.1 

»data a n d  commands between the CPU and FIG. 

4 9' 1512. CTC Counter-Timer Circuit 

Th5 289  connter— t imer 5 1 r c u 1 t ,  l i k e  the Z 8 5  PIO c i r c u i t  
i s  555 o f  a: g roup  of:  IC ch1ps manufactured t o  £55111tat5  281 
CPU 1n te r f551ng .  Th is  chip p e r f o r m s  t iming and event 
connt ing func t ions  w.ith f5u r  independent 8- D l t  channels 
which i n t 5 r f a c 5  d l r e c t l y  t5 t h e  Z86 da ta  555. 

The CTC chip is us5d wh5n a pr5gram requires that 
certain opera t ions  be per fo rmed a t  f l x e d  t ime 1nt5rva ls  5r  
a t  pre—55t f requenc ies .  In g e n e r a l _  the re la t lonsh ip  
between the CTC and CPU can be regarded a s  that between a 
person and h i s  o r  he r  watch. The CTC i s  a 2 =np in  chip with 
eight pins {DB through D73 us-ed a s  CPU d a t a  bus 55v51 9155 
used a s  CTC con t ro l ,  three pins a s  in ter rupt  Cor f o l .  and 
another seven p1ns a s  channel s igna ls .  The r5:ma;n1ng three 
p ins a r e  p in 24 -.(t5 which -5 5 -vo l t  power i s  supp l ied ) ,  pin 5 
(g round) ,  and p in  .15 (Whlch rece ives  5 one- phase S-volt  
c lock  pul.sei. 
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4 a 16 Power Supply.- 

. _ A_pnwgr afiaptor is supplied tagfither w i th  the MPF—I 59 
_that  _y9u tan canvert the higher Vol tage t yfi i ca l l y  supplied 
by a wal l  nu t le t  t o  Q V ' a t  Eflfimh. 

The MPF~I requires a single 5V paver supply a t  BBflmha 
A regulatar is installed r ight  beneath the gasket fer  the 
.pawer adaptor ta conve r t  9—vol ts  t o  5-volts. A hea t  s ink 
may a t  may no t  be a t tached  to  the vo l tage regu la tq r  to 
d iss ipate the heat o f  the vol tage regu la ta t .  'Don ' t  tnuch 
the vgltage ragulatar .  It makes yaur f inger uncomfortable. 
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Questions 

2.1 -—- 1 T urn t‘D’ sec. 1: mm 1 :. 3 Physi ca 1 Can f; :iQ .u r a 1: 11:1 n: t f MP E'H-Ii 
U g e r ' s  Manual. Using the infnrmatian an th is  page draw a 
c i rc le  arQUHd fine 28% EPU. 
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Leak in the lawer right.hand Earner.  

MULTITEBH 
nPF-I 2 TITLE: 

‘ SHEET” 2 DP 4 ‘ DIME REVISION 
Fig 4-5 

BEIOW' the t i t l e  MPF~I therfi  i s  an Entry indiEating 
”high SHEEt ¥hfl .are reading. Ih_ the figUre ahuve . t h lS  151: sheet- 2 O f  4 .  F ind s h e e t  1 0 f  .4- NOtiC-e t h a t  t o  

l o ca te  any COmPQfiEHt there a r e  gogfdinates 0n the 
bearders Fig 4HE. 

“Eaardinate C—5 

Lgcate the campfinent at; c-s. What i5_ this . camponant? This par t  3155 hag a U number What 15 

i t ?  ' 
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.fi-B. The ESE—CPU t ransfers data i n  and nut thraugh i t s '  
data pins Thefé a re  e ight  data pins that are a l l  accessed at 
one t ime, The eight pins a r e - g r a u p e d  uhder the name data 
has,  Turn t0 the  d iagram CPU PIN-OUTS Appendix C page CH1. 
cate  the DATA. BUS. HE is the least s igni f icant  binary 
d i g i t . a n d  D7 i s  mast s ign i f i cant  b i na r y  d i g i t .  F i l l  in 
char t  belew 

BINARY DIGIT D7 D6_DS D 4 , D 3  HE Dl DEV 
PIN'NUMBER 

when you f i l led in the char t  above. yam pzobably‘ ohfierved 
that the pin numbars for the data bus are net  $9quantial. 
The pin numbers jump all-araund! 'There is n6 requirament 
that pin numbers far a bus be sequéntial i  

4~4. Find the RAM in oae o f  the sheats o f  the schematicg 
i n  Appenaix B ( i t  is labeled U 8 ) .  What Sheet i s  the RAM 
.on . What are  the coardinatES o f  the RAM? . ___. 
arEEnd the edges O f  the ch ip  a r e  the  Pin nUmbers ' a n d  the i r  
funct ions.  In the center yuu wil l  see HM5116. A 6116 is a 
type o f  RAM, A l so  on the chip i s  a memory address .  The 
unit as deliverea haS the 6116 RAM located at  addresses 
lBEflH t Q  lFFFH. 

4‘5? Again refer_to the MPF‘I schematics. Find us the 
ménitgr ROM“ What _Sheet is i t  an? . What aré thé 
'Coordlnates?__~ NDtiCE the type of allafiable qhips mfittefi 
0 n  LIE—fl 8’ 2 5 1 6  o r  2 5 3 2 .  The 251509121011 a l l o w s  2 6 4 8  b y t e s  o r  

characters ‘2K:165 0 f  bitSi o f  infarmation to be retaihéd 
by the .2515- HDW many bytes would yuu think the 2532 bhiP al lbws t e ' b e  fEta ined? , ‘ .H H 

4'6“ The 236 GP” is able t0 addresa .mEmory chips h? ?9§nec t l n9 ' a t h§ -§dd ress  bus t9  the 283 cpu and ta the memury 
ch19: The IHd1VlfiUal l ines 0 f  the address a re  labaled Afl t6 
A l 5 f t  Flnfi the- address bus f rqm the 283 CPU {U13 to thé 
mfinl or  REM a t  US.  Enter the p in  Cannectigns 0 f  3 3 ' . a - " ' C F  
U6 in the chart beluw, ' ~ -~3 CPU and 

hunnsss BUS. , 
' PIN NAME A15 A14.A13 n12,n11 A10 A9,AB.A7 A6 A5 . 4  33 A? a1 A6 

EBB CPU (U'l) 
PIN NAME 

RAH {U63 
PIN NAME 
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Althnugh i t  may be clear tn .yflu  f r om reading the schematic the address (and da ta )  l ines t rave l  under U6. Th is -means  that Afi 0 f  the E33 CPU is connected t0  HE ef U? and AE 9f 'Ufli Enter the  correspenfl ing 'pin EQHHECtiGfiS in the thar t  b e . o w .  

Analges- we ’ . . .. __ . - ' PIN NAME 315 314 313 312 All A1§_A9 AB A? AE A5 h4.A A2 A1 A6_ 

235 CPU tu l )  
PIN NAME 

'RAM (U81 3 PIN NAME 

4&7. The data bus behnects to several  [Cs  jUSt a s  the 
address bus flees ‘  Fihd the data bus on Shaet l o f  a .  Enter 
the correspehding connectians (pin numbers) in the chart below 

‘DATA BUS PIN NAME D7 D6 , 05 ” D4 ”D3 D2 D1‘ 06 

EBECPU (U1) PIN NAME ' ., _ _ 14 
RUM iUB) PIN NAME _ . 9 

The en t i re  da ta  bus  i s  alga Usefi t o  access infiermatiefi  frfim devices such as the keyboard. The 8255(U14)_cont re ls  the keyboard so the da ta  bus must be connected to th is chip. 
This i s  s o  that the 8255  can send keyboard informat icn to 
=the CPU. Look a t  sheet 2 o f  4 coord ica tes  C-8 and D—B. Tau 
w i l l  see l ines (w i res )  w i th  the labels D6 to  D7 .  Where d i d  
these l ines come frem? To the l e f t  o f  DE threugh fl? i s  a 
-parenthesis labeled EH1,3. SH stands f o r  sheet. The data 
l ines leave sheet 2 . 0 f  4 and tennBCt to sheets 1 and 3 .  can 
you f i nd  the cohneCtinn on sheet 1? What a r e  the 
Cnhfd ihfi téfi? What a re  eogrd ina teg  f a r  the d a t a  b u s . u n  sheet  
3 - o f  4?  
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Autsvvers; 

441 

:32 
443 

44: 

4L5 

ihfi 

433 

IEDNNESS Bug” 3 
PIN NAME A l a  A 9  

At  C.- 5 the EBB-CPU. The U number is I. 

IBINARY DIGIT D7 D6 D54D4 33 DZIDl 34. 
IPIN NUMBER. 13 13 3' 7 8‘12_15 14' 
"The'RAM i s  an sheet 1 o f  4 .  
The enordinates of the RAM are C-z .  

The RUM i s  on Sheet 1 o f  4 .  
The coo rd i na tes  o f  the ROM a r e  C—4. 
The ROM Can  s t a r - e  ( r e t a l n )  4 3 9 6  b y t e s .  
I4K= 32K b i t s } . .  

rADDRESS BUS 
iPIN NAME A15 A14.A13 A12 A11 A16 A9 A B - R 7 i f  '444-1..V A3 

283 GPU (U11 .5 :4 3' 2a 1 4GI3§|38 37 H”  34 

RAM IUEJ 
PIN NAME 

18 19 22  23 1 

43,47. 3A6 A5 A4 A3 A2 y :  AG 

PIN NAME‘ I 

RAM {U31 

ZBQ'GPU {U1 } ;  43339 

1: 13.29 
PIN NAMEI I ' 

33 37 36 33i34-33?323~; 33 
, . I 

33' 1} 3- 3' 4 6 

B.US 
QCP 

PIL NAME. 37 _46_ DE _ 
j13 .14_- 9 I U l }  _PI.N_ NAME 

_PIN NAME __L 

The c o o r d i n a t e s  o f  

D — 7 - o  

. 17_ .161115 

.HI7 16‘ 15 '14 
, L  

1L .3 .. . . ._ ;_._ . ___ 

~the d a t a  bus- a n  sheet 1 G E  4 a r e  Du lfi  
The c o a r d l n a t e a  o f  the  d a t a  bus on  s.hee-t 3 GE 4 a r e  C -  7 
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CHAPTER 5 
Introduction to Programming 

the MPF-l 
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5 .- 1 Learn by Doing 

Yflu .w i l l  nfiw be guiflEfi ttUQh a ser ies GE examples from.the 
=MPF*I User ‘s  Manual. Emu shauld f i rs t  key in the Example 
and Exeeute thE- prfigramj But ifi  yam want_ ta learn 
prngramming, YOU must dfl mare. Each example will be 
analyzed—~sameemamplesin g rea t  deta i l .  Whenever a HEW 
instruct ion occu rs ,  yau  wi l l  be shown: 

1) how to tes t  i f  i t  is in the 283 instruction se t .  
2)  the correspondence between assembly cqae and a b j e c t  sodefi  
3) What rag is tersg f lags and mamory lacatiang a re  a f fec tefl  

by the instruction. 
fl) and f inal ly the FEBSQH far using the instructian: 

5- - 2 Fla-fishing a Message 

Turn ta  EXAMPLE 2 in  sec t ion  5,1B, Key in and execute 
this example. Does the program f laSh HELP US Ed: 56% ms 
{1/2 second) and then go  blank f o r  BBQ ms? Actual ly  you 
should s e e  HELP US f o r  a longer time than 539  ms a n d '  blank 
screen f o r  less than SEE ms. The program l ights  the screen 
fior 596 ms bat the fiisplay takes a period o f  time to 
extinguiSh (fade out)  when they.are nQ langer selected. 

51' 
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5 -' 3 Program Analysis: 

Exeffi ifié 5‘1 

Statement 1: flash 'HELP US' 

_ Yau  must  understand you a r e - w r i t i n g  your preqram in a 
highly readable fo rm.  Same wards in yaur program will ngt 
be t ranslated intm an  ob ject  Pragram. An example i s  the 
comment statment, 11kg statEment 1. When using an assembler 
t o  t ran$ la te  your scarce prngram into a b j e a t  Code, the 
comment s ta tement  must  s t a r t  w i t h  a sem ico lon .  The 
semisoloh Sigfials the aSSEmbler t o  i gno re  the .cqmment 
s ta tement .  Why use a comment statement? Cdmments a r e  used 
to .make the program understandable t o  readers and t o  
programmers. Such statements are called documentatien; A 
comment statement helps document a program. 

Ex 5—2 
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Statement 2: ORG lBEflH 

The ORG statement i n fe rms  the assembler where t o  p lace 
the t r a n s l a t e d  code.  ORG stands 19: or ig i .n  -— a. beginning.  
when the assembler -sees an URG s ta tement ,  11 set.s a counter  
whieh determines the leeation .ef each - translated 
instruct ion.  This locatien eeuntet i s  advanced as.eaeh 
instruct ion is  censerted inte object Cadet 

SI tats-me n I; 3 :1 L'D. H-L I; E L ARK 

This  s ta temen t  loads the address s f  BLANK into the r e —  
g i s t e r  pa i r  HL.  Te determine the a d d r e s s  a t  BLANK, r e f e r  tn 
11.ne 19.  BLANK .1s a label and thus 1.s. 1n the col.umn .(f1e1d1 
where labels are. locat.ed. The add ress  o f  LABEL, 1.826, is  
given by the lef thand column. The loca t ion  counter is re~  
sponSIble f o r  ca lcu la t1ng the va lues in t h i s  column. I t  has 
new  been determined that. statement 3. leeads the valfle 1826 
into the HL register pa i r .  The H can he assumed to stands 
fer  h i gh ,  thus the high by te ,  18, i s  leaded into the H 
register,  L means low, so the law byte,  26,  i s  loaded into 
the L r e g i s t e r .  

:when you a re  wr i t ing  a program, you need to  know what 
the instruct ion s e t  i s .  Can the r e g l s t e r  p a i r  HL be loaded 
-w1th a 'value given i n  the i ns t ruc t1en  { B L A N K } ?  Th is  v.alue 
i s  salied an immediate, because you can look at the o b j e c t  
code and immediately see the numbers being loaded 1 n t o  the: 
registers. 

To determine the lega l i ty  o f  ED HL,BLANK, you need tn 
know two f a c t s :  11 i s  there an  H and an L res iS te t  whict  can 
t hey  be P a i r e d  and 2 )  i s  t h e  i ns t r uc t i on  a l l e w a h l e .  To 
determine the f i r s t  f a c t .  turn ts Appendix C ' s n e  f i nd  the 
page t i t led 2—86 CPU REGISTER CONFIGURATIDN. Yes ;  near the 
top o f  the page under MAIN'REGISTER SET you see H.and L1 
"The 2 8 6  REGISTER CONFIGURATION 1S a l so  Shawn i n  f i g  5-1 
(and f ig  5— 2) Now look i.n Appendix C fer the page With 
the t i t l e  16— BIT LOAD GROUP 'L I '  feusn‘ and ' e o e ' .  
Find SDURCE ati the top e f  the chart then REGISTER 
below SOURCE. under REGISTER the fourth entry over  f rom the 
l e f t  contains HL, thus H and L may be pa i r ed .  But a r e  H and 
L being used a s  a souree i n  the ins t fuc t ien  LD HL,BLANK? 
N0. the BLANK i s  being loaded inte HLr t he re fo re ,  HL i s  a 
destination. Leaking on the l e f t  Side of  the char t ,  f ind 
DESTINATION then REGISTER. The fourth entry  f r em the tap 
{under REGISTER} is HL.  So HL can he used as  a dest inat ion. 

-Can an immediate velue be.1eaded into Ht? T rave l  f rem l e f t  
tn r i gh t  in the r o w  labeled HL un t i l  yen come t0 the celumn 
l ab led  1MM1EXT ( immed ia te  e x t e n d e d ) .  ,At t h e  i n t e r s e c t i e n  
ef  the row and colman.r there is  value {21) .  A hex with a 
=vslue in i t  means that the instruct ion is allewed. Each “n“  
in the hex stands fo r  one by te .  The upper " n "  i s  the value 
to be leaded inte L .  and the lower byte i s _ t h e - v a 1 u e  to be 
leaded into H. 
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The correCt Eorm Eat the Source cede can be fauna on 
the 'next page t i t led lfidEIT LOAD GROHP {see f i g  5e3sa15e) .  
fln the leftmest celumn~ is the mnemenic column. Mnembnifl 
-meane assist ing e r  intendEd to ass is t  th6:mempryt f 
belnw the t i t l e  MHENOMIC is  the farm f e r  lQafl immediate, LU 
'dd, mm. The LD, o f  course, means lead. “nu“ is  the 
immediate value - BLANK» [1826) in statement 3. To 
underStand "dd“ locate the EOIUmn labeled COMMENTe on the 
far  right. "d6“ tells the programmer what register (paira 
can be used in the 16 bit lead immediate instruction. Thusa 

LD Bc,nn LD DErnn 

are» allowed. To Complete the LB HL,nn instruction, simply 
f i l l  the value for  nn , e .g. ,  LU HL,BLANK. LD‘ HL,1826H 
wauld produce the same resul t .  

I f  yeu a re  hand translating the assembly language in~ 
structiens gnu must Use the chart an  the previeus page, 
Remember that Zlnn that-Was feunfi a t  the intersectien e f  HL 
and IMM,EXT 21 i s  cal led the opcode Imparatien c e d e ) .  The 
translatiqn g ives  

2 l 2 6 l 8 

Why wasn ' t  the result  9f the translat ian 

2 1 1 a 2 6 

56 

h
i

i
i

l
 

E
i

i
l

l
 

h
i

i
i

l
 

h
i

i
i

l
 

. 
9

%
.-

 
It 

h
i

i
i

l
 

h
i

i
i

l
 

h
i

i
i

l
 



Because the low byte 26 must follew‘ the secede, then the 
high byte  .1I. Don ' t  f ight it..' You must Wr i te  PalmeS this 
way in 286  ceding.  LD HL BLANK t r ans la tes  i.nto a 3 byte 
1ns t ruc t l on .  The locat ion counter  w i l l  be advanced h-y 3 in 
'preparahien f o r  t h e . n e x t  ins t ruc t lon  lBHH + 3 ——> 18H3. In 
summary: 

Lecatien Counter object Code Statement He. Sheree Code 

186$ 212618 3 3 LD H11 BLANK 

Ex 5~3 

Statement .4:  PUSH H1 

The PUSH instruction is usea to mQVe the- contents o f  a 
register  pa i r  o r  a 16 b i t  r e g i s t e r  to  -a spec1f1c place in- 
memory. To de termine the assembly language cede mnemonic, 
-turn to  Appendix C and proceed t o  the chart lSwBIT LOAD 
GROUP. Travel  down the l e f tmos t  column labled Mnemonic 
Puntil the mnemonic PUSH i s  l oca ted  S ince "qq" means that 
BC, DE, EL and AF a r e  a l lowed.  this i s  the c o r r e c t  fierm. .To 
translate the ins t ruc t ion  into machine language, r e f e r  ts 
the cha r t  lfi-BIT LOAD GROUP ‘LD '  'PUSH' _and ' P Q P ' .  The 
Source i s  the Content of  the BL reg is te r  pa i r .  Find 
SOURCE, R e g i s t e r  and then HL.  Fo r  d e s t l n a t i o n  f i n d  the t i t l e  
PUSH INSTRUCTIONS .at loWer l e f t  h-and p a r t  o f  t.he page.  Where 
the  column HL and r o w  PUSH INSTRUCTIONS meet i s  the v.alue 
E5.  This i s  the value yeu w i l l  e n t e r  This o.ne by te  in-— 
-Struct ien advances the l o ca t i on  c o u n t e r  by one 1833+1 ——> 
18341 

Detai ls at the push instructian. 

A PUSH 1ns t ruc t i on  t r a n s f e r s  t_he Contents  o f  r e g i s t e r s  
t o  a reg ien in memory ca l led  t.he s tack  The; s tack  i s  
de f ined by a po in te r  c—allefl a Stack Peinter ( 5 p ) ,  In 
EXAMPLE 2 the s t a c k  po in te r  was se t  by the monitor before  
you  began e x e c u t l o n  e f  t h e  p r e g r a m .  

57 



STEPS IN THE EXECUTION 

DP PUSH HL 

STEP 1: DECREMENT THE STAGE POINTER 

fi—HSP Befare “ 
é——SF (é—SPdl Afiter 

RAM memfiYY 

STEP 3 }  DECREMENT THE STACK POINTER 

é——.SP Befe re  
é——SP £——SP~1 A f te r  

5TEP '4 :  PUSH L ONTQ THE QTACK 

5:8 
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Statement 5 :  Ln IMI.HELF 

This statement i s  very  similar to S t a t E m e n t = 3 i  I t  i s  a 
load immediate inst ruct ion.  The 16 b i t  r eg i s te r  IX i s  being 
loaded inetead o f  the register pai r  HL. The immediate value 
i s  132th [ s e a  Sta tement  1 3 ) ;  There is someth ing new besides 
using index register  IX as the dest inat ion.  This 
i ns t ruc t ion  has two opdodes. F ind  the ob jec t  code for  the 
ins t ruc t ion  by turning to  the lS—BIT LOAD GROUP ' L D '  'PUSH' 
and 'POP' in Appendix C; The intersect ion o f  the source 
IMM.EXT-and. destination IX ‘ehows  DU21nn. The two opoodes 
a r e  DD and 21. The reason tor the double or extended 
GPCode i s  because the ESE 'EPU, dasigned by Zi lngy is  an 
improved Beam (an earlier CPU designed by INTEL). Zi log 
wanted the B B B  CPU to be a b l e  to e x e c u t e  a l l  of the 89 :3  
instrnot ions plus the a b i l i t y  to  execu te  new instruct ions.  
Some opCodes Were not  used by the  Sflfifl  CPU. I f  only One 
:opcode was used in the empty s lo ts  (unused BEBE Upcodes), 
only a few new instruct ions deuld be added. A double opcode 
allows the DD to be fol lowed by one o f  256 d i f f e ren t  codes 
(fifiH to  F F H ) .  New in place o f  one unused opcode, many new 
instruct ions can be added. I f  you look a t  the row labeled 
Ix, you wi l l  see that  a l l  the instruct ions have as the f i rst  
OPCOde a DD. HELP i s  a label in  statEMEnt 13. The value 
o f  the loeation counter a t  t h i s  po in t  is  lfizfi .  When you 
translate LD IKIHBLP to ob jec t  code,  the nn ( 2  bytes)  wi l l  
eontain;182ey The objECt cede f o r  LB IX,HELP is DD 21 2t 
18, D o n ' t  ta rge t  the lower  o rder  by te  23 i s  wr i t ten  
f i r s t  fo l lowed by the high par t  o f  the address 18. 
LB IX,HELP i s  a fou r  byte ins t ruct ion.  The loca t ion  
saunter wil l  adVanse by 4 lflfl t  + 4 = lBfiB 

E7}: 5— 5 

Statement 5 ;  L00? Ex (SP) ,LX  

The instruction asks the computer to  EXchange the two 
byte pair currentlt pointEd to by thé Stack pointer With the 
.eentente o f  the IX register. 

BEFORE: 
t t  
55 
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xx%——=sp 

(HAM memo??? 



ae—a sp 

(RAM memeryi 

The f i r s t  t ime this ins t ruc t iqu  i s  executedi the s teak wi l l  
cuntain 132fiH and IX w i l l  gnntain IQEEH. Because o f  the 
-$3Qhan96; the next  time this instructien is used the stack 
wi l l  centain 1326B and IX w i l l  cunta in lEZBH. The act ion c f  
EX E S P ) , I X  i s  he make index r e g i s t e r  I X  a l t e rna te  between 
'peintihg to the message HELP US a t  182QH and the blank 
display a t  18263, Enclusing an instruction in parentheses 
indicates a memary re ferenced The stack painter  is enclosed 
.by parentheses [ 3 9 3  thus the Stack paints t 0  memory. 

Ex 5—6 

LStatament 7 :  ED 8,56 

The Genatant (iMmEfliate value) is- leaded in to  the ” B  

reg is ter .  The exercise Ex 5—? will explain this 
inStruetion‘ 

EX 5H7 

:Statement 8 :  CALL SCANI 

A ser ies  o f  instructions Which pe r fa rm a de f i n i t e  task 
i s  ca l led  a routine. a program cans is ts -u f  une e r  mute rau— 
tinest The monitur contains several teutimes which the user 
-may wish to access.  SCANI is  a munitar ruut ine which w i l l  
(as  une GE i t s  ac t ians)  display the a rea  pointed t o  by I X ,  
The d isp lay  cons is ts  O f  6 Sect iens so It w i l l  paint to  a six 
byte region. A rent ine attessed by another rentine=er 
:prugram can be cal led a subroutine. The CALL instruttion is  
the p r e f e r r e fl  methgd ta access a subrout ine.  

The CALL instruct ion breaks the sequential precessing 
_ef ins t ruct ians b y ' t r a n s f e r r i n g  c o n t r o l  ta  a new address .  
In statement 3 the new address is the entry point inte the 
reutine SCANl. The exeeutieh of SCANl is  terminated by a 
return (RET) iHSEructiefi. The return instruct ion is need t9 
order prngram cuntrul  t0 mentinue jus t  a f t e r  the -CALL 
instruetion. ’ 
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address 
fl f  next 

b § ; * ’ 5 O ¢ - S e q u E n t i a l  
' insuruetion 

instrUet ien x :J E 
.I" 

.,gp 

inStructien y . :e°;ae 

3 4 : ” U e  .ceLL sceul." ” te seeml . V ;x_leeatien 624 

nex t  sequential ' ” '  ' '* ‘ RET' 
instruction. the Staflk 

Haw a CALLHRET Works CALL SCANl 

In rea l i t y  when CALL SCANl is  exeeuted. the contents o f  the 
program 'GOUHtEI (PC) Whieh already points to the nex t  see 
quential instruction are  saved on the stack. The contents 
o f  the PC ( lBGF),  in Example 2 ,  a re  pushed {saved} an the 
s t a c k .  Now the program saunter i s  leaded 'with the 
Subreutine addreSS given the $ALL23€AN1 instructienl { in 
this example the address is afizan ,  SCANl); Program central 
i s  now t ransferred t o  eceml. When the re turn  (RET) 
inetru¢tion in SCANI is executefl ,  the pregram counter will 
be. loaded from the s tack.  The value on  the stack is  the 
address o f  the n e x t  inSt tUct ion a f t e r  SCANl, so central 
returns to lacation 18fiFH. 

_After the above explanatien you may .have ferggtten 
What ' s  happening. The c a l l  be BCANl w i l l  use the s i x  bytes 
a t  BLANK t o  eontrel the screen (d isp laye i i  ze ros  are  sent to  
the flisplay in the MPF—I, whieh turns e f f  al l  the segments 
in a d isplaye So BLANK blanks the screen, but only £0: a 
sheet time. 

EX 5*8 

Statement.9: DJNZ HELFSEG 

Statement 9 prevides the selutien to the very short 
time that SCAMl w i l l  blank eat the ee reen .  What is. needed 
i s  a methefl o f  repeating statement 3 which w i l l  again 
"display the currEnt  pat tern that the 1x reg is ter  i s  pointing 
to .  

*The 93m: instructien w i l l :  
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_ l i vflecrement_ the B registari B Was 1aaaed with a 53 
Ldeeimalj 59 i t  wi l l  now nontain dgcdecgmal)p 

2 )  Eumpare B . w i t h  ze rd .  

3) I f  B i s  ne t  equal to ze ra ,  pragram control i s - t r a n s —  
ierred to the locatien given in the Operand f ield. 
The nperanfi f ield contains HELFSEG sol the program 
-cantinues a t  the statement containing HELFSEG as a 
labe l .  

'From the abave yau can see that statement 8 wi l l  be 
executed 59 times until a becemas zere. .When B does equal 
z e r o ,  execution canhinuas sequentially= at  statement 19; 
Executing Statemants E and 9 f i f t y  times will held a pattern 
o f  the=screen for  about 593 ms. 

Ex 5-9 

Statement 16: JR LEO? 

T h e - J  i n  this statemant :meahs Jump. A . j u m p ' i S : a  
t rans fer  o E - c o n t r o l g  The R means jump re lat ive f r o m  where 
the progfam coun te r - i s  a t  this time‘ The proqram counter 
has advanced t0 locatiun L 8 l 3 .  The operand Loop in~ 
dicates a relat ive jump to the statement with the label 
LOOP—natatemént 6 .  

Ex S-lfl 

-stat3ment 11: 

This i s  a sneaky way ta get a l ine wi th  nothing but a 
(semicalgn. “This Eemment line Withqut-a camment :makes the 
program easier  t o  read .  

Statement 12: DEG 183MB 

Rese t  the loca t ign  saunter t0 lazan. The Enllnwing 
data wi l l  be lacatefl  at hex locanian 1823 and up. 
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-Statement 13 ta 24 

DEFB meana da f ine  a by te .  That i s :  resarve a lucatinn 
and enter a particular pattern a t  th is_lg¢at ihnl  The DEFE'E 
,are hath t0 generate-a isg lay  patterns { c h a r a c t e r s } .  

Ex Swll 

Statement 2 6 :  SEt EQU fifiQdH 

Thifi ’s tatment  i s  used to infarm the assembler whenever 
You see the aperand SCANl put the hexadecimal number @624 
in i t s  plate. EQU means equate. 

Statement 2?;  END 

_ An end statemgnt informs the assgmbler that there is 
nothing left th-trahslate into Object code. 

I t  is passible tn know what every statemfint in a 
program does and not  understand what the program i s  fining. 
Lets t race the ma je r  act ions o f  EXAMPLE 2 .  

The f i r s t  time statements 1 ta 6 are executed IX. will 
paint to BLANK and a pointer to HELP is  on the stack. 
Statements ? to  9 w i l l  keep the screen blank out  f o r  abaut 
593 m3. Then statement 15 t r a n s f e r s  the p rogram,ehnt ro l  to  
.StatEment 6 .  Statement 6 w i l l  make IX paint ta HELP and put 
-a painter tn BLANK on the stack. Statements 7 t o  9 wi l l  
:diSplay HELP‘ US fa r  about 56m ms. Again statement 13 
t r a n s f e r s  Cont ro l  to statement 6.  an exchange o f  the 
contents of Ix  and the stack aurs SQ tha t  hhw blanks wil l  
‘be displayed for about Sfi@:ms. You mu5t b rass  e i t he r  BS or  
man: to  stag the alternating diaplay. 



Ex 5—12 

TERMINATIMG:A MESSfiEE 

Turn to  EXAMPLE 1 in sectien 5.1%. Key in and execute 
the example. In each EXAMPLE Only new fea tu res  wi l l  be 
discussed. There are three new features in this example. 
One, only one sc reen  pat tern  is  diaplayed. In Example 2 ,  
HELPUS a l ternated w i t h  a blank screen.  Two, a d i f f e r e n t  
rout ine,  SCAN is  ueed  te  diaplay-the meSSage. Last ly :  the 
pregram can be Steppe-d1 by pressing a key,- namely- the - -  
key. 

Program anelweie 

Statement 3 :  LD IK.HELP 

Only ene message i s  displayed and he blanking w i l l  
occu r ,  thus Ix  i s  leaded w i t h  a pointer ( a n  addreeS) tn the 
mESSage. ”When eitfiEr SCAN o r  SCANI a r e  called the 6 byte  
group pointed to by Ix w i l l  be disPlayed. 

Statement 4 :  EALL scam 

Yeu should read the explanatien er SCAN in sectien 5.3. 
You w i l l  d i scove r :  

1) IX points to the display buf fer .  

21 The message (cantents ef  the display bufifier) Wil l  be 
-displayed until a key i s  pressed. 

3) The A register will Gentain the internal cede ef the key 
Pressed. See Statement 5 below for a discussien e f  key 
COdES i. 

4)  The address e f  scam in the monitor i s  fifiFEH. 

fi tateMEnt 5 :  CF 13H 

. Haw eah the centinpoue dESPIay be terminated? Decide on 
ene k e y  tn te rmIna te  the program. In t h i s  prdgrem the  STEP 
hay has already been cheesen. The monitor program in -gnn— 
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junct ion w i t h  ha rdware  i s  des1gned to  r e t u rn  a unlque 1nter— 
nal  cede f o r  any key (except  I, i E-_. and 
pressed. A c t u a 1 1 y _  -a code  dependent upon the pos1t10n o f  
key i s  returned f i e s t .  The pes i t i on  code i s  conver ted  int.o 
an internal  cada when using SCAM Te determine the in te rna l  
code for STEP — or any other key — r e f e r  to Append1x A 
sect ieh 2: Internal code-(CALL SCAN) Ye.u W111 f i n d  STEP 1h 
the Sahehd' row f rom the bottom.ahd the fourth column frnm 
the r ight .  The cede is  13H1 

EX 5-13 

*What i s  neefled 1s  a methed o f  t e s t i n g  t h e  A r e g i s t e r  
f o r  a particular cede [ k e y  va lue)  Th.e compare 
instruet ieh — (EP' 13H) eempafee the value 13H with the 
centente e f  the A register .  The fle tA i l e  a r e :  

11 Put a tepy ‘e f  the A register into a temperary register. 

2 }  Subtreet 13H, a t  any VHlue giVen as an aperenfl, frem the 

3)  Ii the cnpy -e f  A equals the tes t  (cheesen) value Se t  the 
zero. f l a g .  I-f the copy @f A i s  less than the chesen 
v a l u e ,  se t  the  Slgn : f lag.  Thu.s t es t i ng  a maximum o f  tWU 
f l ags  can de te rm lne  haw th-e A r e g 1 s t e r  compares to  a par— 
t icular value—when the cemgare 1nstruet1on is  used before 
testlng. 

In Summary: 

t es t ' va lue ;  zero f lag i s  se t .  A n 

A A t es t  va lue;  Sign f l a g  i s  s e t .  

A > test veueg tne i the r  the here er Sign f lag  is  set -  

‘ Ae tua l l y ,  using the resu l t s  Gf the eompare ihstructian 
is  easier than thinking e l l  aheut f lage as yen w i l l  see in 
the daeer ipt ien e f  statemént A .  

EX 5-14 

The cgmpare 1ns t ruc t l on  d.e-ee a f f e c t  f l a g s  Turn th 
the  sacond _page 0f. the I BIT ARITHMETIC =AND LOGICAL GROUP. 
F ind  t h e  s e t  o f  c.01umns lab.el.ed F l a g s !  New f 1 n d  the  r a w  
l a b e l e d  GP 5- .  'WE W 1 1 1  a n a l y z e  thE meanifig 9 f  t h e  f i r s t  t 

culumne under f l ags .  The- S cloumn means .sign ( o f  the 
eumpar isen j .  There  i s  an up -dewn . a r r o w  a t  the  CP 5 p051t1en 
in t h i s  eelum;n- 



up a r r o w  means i f  the r e s u l t  was n e g a t i v e ,  then the 
f1sq w i l l  b-e- s e t .  In p la in  te rms  when the A r e g i s t e r  i s  
sma l le r  than the t e s t  v a l u e ,  the s ign  f l ag  i.s s e t .  The d-swn 
a r r o w  i nd i ca tes  the r e s u l t  was e i t h e r  zer.e e r  p .es i t ive and 
the f lag  wil. l be c l e a r e d .  Aga in  1n p l a i n  Eng l i sh  the value 
s f  the .A reg is ter  was ns t  l e s s  than the  t es t  value. 
Remember set means 1 and rese t  sans zefe. The s selumn 
means Ears .  I f  A equals the test  value,  the f lag w i l l  be 
se t  (up a r r s w j .  I f  A iS ‘UHR equal t s  sers., the f lag i s  rese t  

:Statement 6: JR hz.hrsp 

The program shquld be designed t a  repeat the cur ren t  
display unless any key hut.STEP is  presses.  The eempare 
iststement GP 13H rese t s  the ze re  f l ag  i f  any key  bu t .STEP i s  
p ressed.  Then a l l  that i s  needed i s  an ins t ruct ion tha t  
w i l l  jump back to CALL SCAN, labeled DISP, RhEn the z e r o  f lag 
is no t  s e t .  JR NZ,DISP says  t r a n s f e r  program con t ro l  to  015? 
i f  the resu l t  o f  the t es t  ( o r  any opera t ien  that  a f f e c t s  the 
z e r o  f l a g ]  was nen—zers  ( N Z ) .  I t  the STEP k e y  was p ressed ,  
'then statement 6 does not break the sequential files o f  
ins t ruc t ions fled the n e x t  instruct ieh executed i s  HALT. 
When a p rogram cyc les  again and aga in  through the same 
Sequénga 9 f " i n s t r u e t i h n s  i t  is said to he lasping.  When s 
test does not brash. the sequential executioh o f  
instruct ions,  the slang expressisn ' fa l len  thru '  i ts  the 
:hext ins t ruc t ion}  is need. In this example, yen Could have 
awo ided  unders tand ing  f l a g s .  Understanfl ing the  in te ras t ion  
a t  

C? 13H and JR NEEDLSP 

'weuld he su f f i cen t .  Be a campers. I f  the -A r eg i s te r  equals 
the Operand of the RP instrustisn; the.n a. JR NL. labe l  w i l l  
=nst jump he lassle I f  the  A . r e q i s t e r  desen ' t  equal the 
sperand,  then JR N Z ;  label Will t r a w s t e r  G h n t t s l  t o  the 
i ns t ruc t ien  with the  label. 

Ex " 15 

S ta tement  ? HALT 

The Compe te r  h e  s t e p p e d  Ieshinq is? RQRMRRQS t0  
execute.  The s c r e e n  w i l l  99  b lank  To regeih c e n t r a l  YQU 
must press e i t h e r  : ,1_ 
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Ex 5—16 

Using {Calling} Two Manitar RBHtiflEs 

Turn to EXAMPLE 3 in sectign 5.1%: Eey in and gxepute 
the example. Read the instructions given,belaw the llsting. 

Statement 4 LOOP CALL SQAN 

EX 5—17 

Statemflnt 5 LD HLJGUTBF 

EX $-13 

Statement  5 CALL HEX7SG 

HEX7SG i s  a rout ine residing in  the monitar. Turn to 
sec t ion  5 . 5  and read about HEKYSG. The sequence of the 
act ions ior a particular keJ  tress wi l l inow be described. 
Assume that yen pressed the REL: key.  Stateméflt 4 QALL SCAN 
'will put the in terna l -code far HEEE intg the A r eg i s t e ra  

- —>-. A register 

HEXYSG f i r s t  converts the D inta a 7-segment display fermat 

. _J 3 :1  1 D 

(D “QPHVEIFS t? 333 and then States the byte B3 at lacation 
GUTBF; Effectively, statement 1a now reads 

UUTBF DEFB 33H 

Next HEX7SG convarts the 1 inta a seven segment display 
fermat and stares the result a t  0UTBF+1 

1 3.11 = { 
EX 5—19 

statement 1% and 11 flaw- reafi  

DUTBF-DEFB.33H 
DEFE:BBH 

Statemant  7 = J R  L00? 

. The jump» r E l a t i v e  mammahd w i l l  j u m p = t a  locat iun LGQP. 
Statement 4 (again) CALL SCAM 
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Summary 

Remember that  SCAN w i l l  output :the conten ts  e.f -the 
d1splay b u f f e r  and c y c l e  unt.11.a k e y  is- p r e s s e d .  

t h9 .A  r e g i S t e r . _  What i s  in the dlsplay b u f f e r .  The f i r S t  
two bytes Cantain the dispiay cudes fur the bytes in the A 
r e g i s t e r .  HEX7SG canverted CRntsnts R f  t h e - A  reg is ter  in to 
display case. 
1. Actians o f  SCAN 

V H 1 ?  Cal: 
U 'T B F ”  

2. Actians 9 f  HEX7SG 

2, KEY GODE' A reg is te r  

'UHEHTSGTT 

A reg is te r  

, CONVERT . _ TD DISPLAY LTQUTBF FORMAT j '-;UTBF+1 

upen the MPF—I Exper1ment Manual (SoftWareXHardwataj  ts 
Ihtrfiduction to Des1qn1ng Mlcracomputer Programs. Rfiad B, 
Plowchart. One add1t1onal symbol you should kn.ow i s  

(KNamE o f  

(38 

When a k e y  
i s  p ressed  the 1 n t e r n a l  code 0 f  the i n to  k e y  15 loaded in ta  
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A Elawchart o f  ExfiMPLE 3 is 

LB I fi - w i t h  the a d d r e s s  of OUTEF 

Execute  the ran t ine  SCAM 

Luad r¥  with the adaress af OUTBF 

.; HEx?sG“fi; Execute the routine HEX?SG 

LOOP 

EX 5*2fl 

A DISPLE! CENvERTER 
> Turn to EXfiMPLE 4 in .sen t ion  5.1m. Key in and execute 

this example. 

EX 5-21 

POLICE SIREN 
_ ‘Turh to ExAMPLE 5 in secticn 5.16. Key in and exeaute 

t h i s  example. 

EfiAMPLE 5 :  Simulate a policé can Siren 

Thé siren prcduced by th is  prngram Cbnsifits Di tWD tones, each fine lasting E¢?3 sec.  The two frequencies a r e  
256R: and BEEHZ. 
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Statement 3: LEQP LUUP 6 , 3  

The frequency is.control led by the value in a. The 

larger the Value @f E? the leWeE the frequency« The mete 
pffidUCEd is  a figuare WBVE. The-wider the SQuare wave, the 
10-h“? it" the note . 

LOW Fee-q. ~ _ ._ . _ v V WW a" 
High F r E q .  

. 

The— square wave is held high for the number a t  counts in C, 
.and then lee fer  the same count. neut the test f o r  the time 
to held C high or  low i s  done a f t e r  subtracting one Erum.the 
“value o f  C .  What i s  one less than C? Far  a l l  values except  
Zara.  i t  i s  simple. e -g . ,  192—1 = 191 FEH - l  = FDH. What is 
ene less  than zero?  When the computer i s  using plus and 
minus numbers,  FFH equals —1. Thus one less than ze ro  i s  
FFH. But the test  for  the  square wave generater d o e s n ' t  use 
signs, t he re fe re ,  FFH. is  equal t 0 ' 2 5 5  decimal.  In statement 
3, the C register is  leaded with zero. This wi l l  generate 
the b iggeat  number Wham tested by the tame routine and the 
lowest pessible frequency using the mon i to r  tone rou t ine .  
The caleulat ien given below the code in ExAMPLE 5 Shdwe this 
Erequency to be EBSHZ ( Hertz=€YC195/Seclo This i s  clese to 
the midd le  o f  a piano keybeard (middle C } .  Occaeiena l ly ,  
-eemPuter pregrams use a tr ick, like one less than zero 
having the e f f ec t  o f  being a large number. 

Statement fl: LD H L gfic  

How lung W"ill the tone at 256Hz sewed? Another calcu— 

miere eeeenfls. 

t yc le  _ 
3 7 7 ?  
mi te ; -  

eeeenfle 

-
.

_
_

-
_

.
_

-
_

‘
_

_
<

.
 

'
.

-
'

-
—

-
_

-
.

<
—

_
_

.
 

_
_

_
.

_
.

_
_

_
 

_ 

7'0 



_ 

Th9 value in HL, when used by TQNE, determines the 
number o f  cycles and thus the length 9 f  the sound a t  a 
p a r t i c u l a r  f requenty.  A t  256R: a value DE 2 i n  HL produces 
.a length o f  ? 5 5 4  m ic re -  segbnds——less than a hundred o f ’ a  
seeondl In this axample,_ HL.bontains the value aCflH whieh 
equals 192 decimal .  The length 0 f  the Sauna 15 3??? micta 
set; x l 9 ?  = fl ; ? 3  s e c .  

StatemEnt 5 :  EALL=TDNE 

In speci fy ing parametars (Values) fa r  the TGNE, yam 
already knqw that the fqUEfiCy is se t .by  the value in c and 
the length 0E a sound i s  cunta ined. ih  HL. Reinforce ynur 
knowledge o f  TONE'by reading sect iom 51?. Do Hot  avoid 
Studying haw to aalculate the ffEQU6ncy and the tone lengthi 

EX 5—22 
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Mammy Checking 

Turn t o  Memery theck seetien 6 .13  Key in  and eeeeute 
the pragram. Nate t h e  display and the condi t icn 9 f  the HALT 
LED. The HALT LED i s  e refi  l ight  to the r igh t  at  the 
displaysi Why=did you run this program? Read further. 

What are the areas at EmpleymEnt in the micrepreceasar 
f ield? .fl par t ia l  l i s t  cauld be:  

1) Ship (integrated circuit) designers -- the 283 CPU is an 
example o f  a ch19 requiring a high level of tethfiolegy. 

2) Hardware designflr r . t he  people whu determine haw the 
competents will inter face.  

33 Software programmers -the MPF—I the meniter is a sef tware 
program helfl in  a PROM. 

4 )  Applicatians programmers “ The :Music Box pregram 
(Experiment — 18) is  an applicatien program. 

Same additiens ta the l i s t  weuld be a sales s t a f f .  But 
something very impertant {and e_growing f ie ld) is missing. 
The peogle who design tests.  The various ICE »anfl the 
computer as a whale sheuld be tested.  Testing s ta r ts  w i t h  
the compenents.  Your 283 CPU i s  tes ted  a t  the fac tory .  The 
tests ,guarantee that the 286 CPU will function ever a 
spec i f i ed  vo l tage  and tempetattte range. Two bu i l t—in tests 
a r e  p rov ided f o r  your convenience — a PROM tes t  and a RAM 
tes t .  

EPROM Tit-Sims? 4" 

The information i n . a  PROM doesn't disappear When the 
vo l tage  i 5  remaved. Some PHONE, EPROMS can b e . e r e s e d  by 
applying u l t rav io le t  rays .  PROM tes ts  take advantage e f  
the f e e t  that informat ipn in a PROM doesn ' t  change easi ly. 
Imagine a ve ry  small PROM containing D n l y ' fl  lbcat iun ( b y t e s ) .  
ASSUme that the  by tes  a r e  @ 2 , fl l . fl 3  and HE.  Add ing  u p  t h e  
bytes weuld give a sum c f ,  @6. I f _  a byte canta ins an 
=incerrect va lue ,  the sum would be d i f f e r e n t ;  Far example ,  
i f  the last byte were E l  instead e f  EB,  then the sum weuld 
be $ 7 .  .Sinee the sum is being used tn check  the PROM, i t  i s  
c a l l e d  a eheeksum. Even w i th  enly four  b y t e s ,  the  Sum might  
be larger than the la rgeSt  value that -a by te  can canta in .  
A n y ' c a r r i e s  ou t  a t  the byte a r e  ignertd. In s y i t e  GE 
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threwinq away the car r ie5, the Sum in  the byte wi l l  always be 
t he  same i n  a healthy PRQM and c i r c u i t .  I f  yen had e 
FHflM w i t h  REAP decimal  l e e a t i e e e  o f  which 2Hfi7 a r e  needed,  
'you have 3 spate b y t e .  Eeulfl the spare byte be used _t¢ 
produce a u s e f u l  checksum? Yes ;  by adding the c e r r e e t  value 
he t he  theekeum o f  B E fiT ,  the  resu l t  c a h  be made t e  equa l  
ze ru .  At  an example, eating 2 he a hexaflecimal resu l t  FEH 
produces a carry (wh ich  i s  ignored)  and a by te  tentaining 
a zero ,  I f  the PROM rentine changed, the test  programmer 
changes the e x t r a  b y t e  to guaraHEEE a resu l t  GE z e r o .  . New 
the PROM t e s t  only has to  be w r i t t e n  once.  I t  i s  always 
eneugh :0 adfl UP al l  the bytes in the PRDM and test fo r  a 
te rm r e s u l t .  Your Microiprefeesor PRUM tESt  rentine uses 
th i s  add-up-te—zere methqd. 

Turn ta  the BPRQM teet  sectien 6 . 1  

I n i t i a l i z a t i e n  

The Statements  

LD Ht,e 
LD BC,B@@H 

are  called in i t ia l izat ien cede. The HL pointer is  set te  
the beginning addreee o f  the EPRDM——eere i n  MPFeI. The BC 
‘r-r:-;i:;'r-er p a i r  is  sis-"ext t n  the 111.1m’ber of" by tes :  t n  be -.t.1::~:1tr:--:I_ 
The MPFFI monitor PRQM helds 2K bytes,  which eQuals BEE 
n e t q w u c l m a l  l s c a t i e n m .  T h e ,  CALL  SUm, i s  made L u  u 
euerou t ifie  which adds up a l l  the by tes  in the moniter HRHfim. 
'Wheh the subreut ine SUM completes execut ien a HET ‘ i ne t ruc— 
t i o n  i s  executed and c e n t r a l  i s  r e t u rned  t0  the r e l a t i v e  
jump statement 

JR z,sumex 

I f  the result ef_$umming al l  the numbers in the A. reg is te r  
‘ i s  Ze ro ,  the relat ive jump en z e r o  wi l l  t ransfer central  te 
lecatlen SUMDK._ The cammand a t  SUMOK wi l l  t ransfer_  eentrel 
Le beginning 9 f  the mani ter  location zere l  If the sum e t  
the b y t e s  ifi  the PEOM was no t  zeta! then the jump fe la t i ve  
.EOmmend wi l l  net t rans fer  control and program exeeut ion 
cont inues a t  the n e x t  Command which w i l l  h a l t  the preeessor 
EMPF—I)— 

Y3 



FIG-Mi "TEST Flto-wc.=h'-ar't 

BTEF 

.1 INITIALIEE 
HL**———fi 
BC+————3@BH 

'5. RETURN TO THE MONITOR 

INSTRUETIGN$ 

ED HyfigeEGIMNING 0F PRDGRAM 
LD BCIBHQHJPPQGRAM‘SIZE 

HA LT 

REIT 
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STEP 

SUBRDUTINE SUM FLDWCHART 

'CLEARLA 
AND-THE 
CARRY FLAG 

I. . V 
in. 

AAD”HPTE'TQ 
THE ACCUMULATOR 

SET”ELAGS 
RELATNE To 

THE VALUE 0F 
REGISTER 

'75 

INSTRUGTIQHS 

XOR A 

ADD A (HL1 

CPI . 
JP’ PEASUMCPL 

OR A 

RET 



'Thfl subreutine SUM 

The flewchart o f  SUM shows the actions performed by SUM, 
.REad the f lcwchaft than praceed t0 the detailed explanation 
b f  each cammand g iven belaw. 

XOR meana exc lus ive OR. An exc lus ive  OR upe ra tes  an twg 
bYtes. The centents o f  the A regiSter is always 9H3 9f the 
bytes,  the ather byte i s  given in the oparand f ie ld .  The 
cammand EUR: 3 w i l l  exclusively 0R r e g i s t e r s  A and B ,  WhEfi 
.bytes a re  eXQlusively ORed tagEthEI, & b i t  pa i rs  are aged t6 
form a one—byte answer. 

Assume A contains lfl lfi l lfifl  and B -con ta ins  l lfifi lfl lfl  then 

KER 3 

gives 

8 b i t  pairs fl register B 9 a 1 1 a 
1 fl 1 1 fl 6' régister H 

l l 1 g 

E l 1 fl 3 1 l 3 resul t  

What 60 yen abservefi whenever the b i t s  in $ and B were the 
same? The an5war i s  i e fo .  whenever the b i ts  ware d i ffierent ,  
thE answer i s  1. The ” t ru th“  tab le  helqw shfiws this 
relatianship 

a 
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KER A means exclusively on R a g a i n s t _ h .  i l l  the b i t s  wi l l  
:be the same, thus the cantents QE.A W i l l  be ze ra  afi t é r  XDR 
A .  xan A is a sneaky=way Q f - Q l e a r i n g . fi  ta zero.  

Ex 5—23 

ADD fi . tHLj 

This instruct ion adds the contents o f  the lctatidn painted 
to  by HL to the actumulatnr r e g i s t e r  A; The f i r a t .  time the 
i ns t ruc t i on  i s  execu ted ,  HL po in ts  ta  thE f i r s t  by te  o f  the 
monitar EPROM. The f i r s t  byte o f  the EPROM i3 adfled to A, 
fl . < -— E + f i r s t  byte.  

CF" 

The Compare and increment instruction wi l l :  

1. Compare the contehts 9f the.fl .reg15tér wi th the locatinn 
pointed to by HL. This Eeature is nGt used by the 
subroUtine SEN. 

2. Increment the HE niStEI pa i r .  

3.  Decrement the BE register pa i r ;  

4 .  Tést BC f e r  ntfihzerqj a f t e r  i t  has bean decrementéd. I t  
BC i s  non—zero ,  then set an indicator.  The indicator 
i s  called a flag, The f l a g  used is the P/v f lagi The 
P/v f lag  is Used in saveral ways. The next  instruetion 
w i l l  Shaw you one use for  P/V; 

»JP PE,SUMEAL 

The JP PEISUMCAL instruction orders the camputer t0 transier cantrol to  SUMEAL. i f  the par i ty  flag is Se t .  Set means that 
a n 1 II is 111 t h  93 f l  3 9  ‘ 

- v ”  _Comments 
Set ' l " ‘ a l s¢ ' ca l l e  ‘on 
_Reset fl ; ' a l s o  called c leared 

.?? 



The iDStruction CPI influences the actiqns 0 f  JP PEFSUMQAL. 
I f  BC is  mat z e t a ,  than program contro l  t rans fe rs  hack to 
SUMEAL. BE was s e t  to  the nUmber o f . b y t e s  to  be tested. 
The resu l t  of  CPI and JR PE;SUMEAL work ing tggether i s  t h a t  
cantral  wil l he t ransfer red to SUMCAL until a l l  a t  the 
bytes have bean summed up. CPI and ADD A,[HL) also Work 
together each time= CPI i s  examuted. HL iHGIEases by nne, 
I f  control i s  transferred ta ADD Aa.(HL}, the :next” byte 
i s  added to register  A. 

OR A 

The results 9 f  exetuting an DR inatruttian Cfin be 
determined by using the.“truth" table below 

OR B Operands 
Both one 
One Zero 
One Ze rb  
Both Zara 

E
r

a
E

a
k

a
m

 

a
h

d
fi

h
fl

w
 

G
FH

Pfl
H

 

The canclugibn you ahould dtaw fram.the table is that unless 
bath operanfls a r e  z e t a ,  t h e  ansuet is  fine. : another 
conclusion i s  that i f  bath operands are the same, the resul t  
wil l  be the same as the operands. 

1 ER 1 gives l a UR fl gives a. 

GRing A against. A will not change the malue 9f Aw Far 
Example 

:68 A l lfifi lfi lfl  Registtr A 

llfifilfilfi RegiSter A 

A l iflfl lfi ifl  Result in Register R: 

Then why OR A? ”Because anathar action: GCCUES. Cer ta in  
ilags are set Whenever an DR. operatian accurs .  The f lag 
Sett ings depend upon the result df the DR aperat ion.  IE the 
result c f  the OR nperation is zerg,_then the ze ta  flag is 



_|
 .

__
_ 

s e t .  This zero flag i s  what we a r e  in terested i n .  I f  the 
ghécksum was Z e t a ,  then A chhtaihs.zeraj fining hero againat 
ze rn  g ives  z e r o  w i th  the zerm f l ag  s e t .  :Afi ter the 
instruct icn RET i s  Executefi. the next instructian is  JR 
2,3UMGK instruct ion. Thia, nf  cflurse, tests the zéro f lagi 
I f  i t  is  ge t ,  con t ro l  i s  t ranafer red  t0  SUMOK, Leak again 
a t  your f lowchart,  

” , 7  RAM TEET STEP .= — - . ,  INSTEUCTIQN 

1 f INITIALIZE LD HL,1E@@H;POINT Tfl 
' HL4+———18flmu . a >FLRST‘LDCATIUN 

. BC<F*—-BQBH " LD 36,8EBH5812E 0F RAM 

CALL RAMCHK 

HALT 

CPI 
JP PE1HAMT 

”RETURN TQ HST 
THE MONITOR ' 

v?9 



swap 

EX=5-25 

SUERUUTINE BAMCHK ELQWCHART 

RAMCHK 

"MEM0R3=CONTENTS 
’TD THE A REGISTER 

OF THE A REGISTER 

RETURN CONTENTS 
MTG MEMORY 

MEMOR! 'CONit‘ENfL-b; ' 
‘To THE A REGISTB. 

UNE'S COMPLEMENT 
OF_THE A REGISTER 

RETURN_CONTENTS ‘1 
, ¢0_ MEMORY 

INSTRHQTIqms 

LU A , { H L J  

EPL 

LD (HE) ;A  

LE A,(HLJ 

CPL 

LU (HLj ih 

RET 

£
i
i
i
l
 l

i
u

i
l

 
E

i
h

l
l

 
L

i
i
fl

l
 

l
d

h
i

l
 



RAM Testing 

A RAM is  designed to have i t s  -memory cont: 
a l te r -ed .  This property i s  used when teet ing RAM1 
;address the fo l lowing procedure i s  fo l lowed.  Lc 
f rom memory in-to the A r e g l s t e r .  Change each zer _______ 
" l "  and  .each one b i t  to  a " fi " .  Th1s  i s  c a l l e u  a o n e '  s 
complement. Put the complemented b y t e  back i n t o  the 
or ig ina l  memory locat ion.  Load the complemented by te  back 
in to the A r eg i s te r .  Again per fo rm a o n e ' s  Complement and 
put the resu l t  back into the o rg ina l  memory locat ion.  New 
.eompare the byte in  the memory location with the byte in the 
1A r e g i s t e r .  A f a i l U r e  indicates a had memory,  o r  possibly a 
fbad afldress, bad data l ines ,  or the CPU i s  not decoding 
instructions correetly . 

Why does this program work? That is how can i t  tes t  a RAM?.A 
bad RAM -chip has to exh ib i t  a fiai lu : re by re tu rn ing  an 
1 n c o r r e c t  b i t  o r  b i t e  when read .  Assume 1n the f r a m e  shown 
below that b i t  1 I s  stuck low (wi11 not go high) and that 
b i t  6 i s  s tuck h i g h  ( w i l l  n o t  g o  low1. 

1 '1H.1 1 '1 I I*:I"J Ram memsry insation 

When the location is read into the A. register an& 
complemented; b i t  1 - w i l l  go high and b i t  6 wi l l  go lows 

7 6 5 4 3 2 1 3 
[__1L I ' . I  l _I.J_H[ 1 1 register 

Writ ing hack the tentents o f - A  into the same memory location 
-w111 n o t  Change h i ts  1 a.hd 6 in  memory.  Comparing the 
con ten ts  o f  A w i t h  memory w i l l  g lue  a non-— z e r o  resul t  
b i t s  1 and 6 at. t h e  o f  tWo l oca t lons  a r e  n o t  equal 

I f  the one‘e comPIEment instruction appears  to  de tec t  e r ro re  
theh why are there two complement inst tut t ion? If you have a 
’healthy RAM, a f te r  test ing all the memory l oca t i ons ,  i t  
should be the same.  W i th  a s ing le  complement,  they 
w o n ' t  be complement1vely tw1ce r e s t o r e s  each hea l thy  memory 
l o c a t i o n  to  i t s  o r i g l a n l  va lues .  

Ex 5_37 

81 



Quesfions 
:54 

:Change the camment etatement he read me defi l t  need any help, 
flew would you separate the damment statemefit i tem the ree t  
DE the-fi fhgram? 

5L2 
new would you make a pregram. s tar t  at  19fieH ? 
What  we.u1d the s ta tement  DRG CHBQH de? 
what  i s  the e f f e c t  eE s t a r t l n g  a p rogram a t  136R, ORG l IflH ? 

54! 
mee the lfi-BIT LOAD GROUP chents in Appendix C t a  answer 
the fol lowing questions. What i s  the opcode fo r  LD DE, 
BLANK ? How- many bytes in the instructieh LD 86,1826H? IS 
the instruction LD AE,BLANK allowed? I s  the instruct ion LD 
DH; BLANK allewed? Is the instruetien LD SP,BLANX allewed? 

5a! 
ehuw w i t h  a draw1ng al l  the Steps in  the PUSH BC 
i n s t r u c t i o n .  Do the- same f o r  the PUSH I X  i ns t ruc ion .  H in t  
: USe Appendlx C 16— BIT LOAD GROUP SP- 1 <— IXH means that  
the h1gh byte o f  the IX r e g i s t e r  { a  16 bi t .  r e g l s t e r )  i s  put 
on the stack f i r s t .  Can a constant be pushed upon the stack? 
Lehel the f ields in the lietihg shown below 

iee3” H ea " a " I PflSflf HL. 

Edi 

New can yau ver i fy  t.h.at LD IX HELD is.- the carreCt  form 
e f  the assembly language source  s ta tement?  Us1ng the table 
16—bit LOAD GROUP Appendlx c ,  f ind the celumn Symbhlie 
Dperatien. What does the entry Ehr LD IX, nn Indie-atE? 



545 
Ufiinq Appénfiix C find the-exchange instructiqn. _ What 
i s  the t i t l e  o f  this grhug? What i a  the ahccde far  
Ex { S P ) , I X  ? The DU a g a i n  meanfi? $he lonat ion caunter 
was 1833 what will i t  change to a f te r  the 33.t331,13 
inStruction? 

5-7 
The 3 .33g is ter  i s  an eight hit- {Que byte) reg is ter .  Haw 
many h i ts  are  133333 in the LD 3 , 5 9 ?  What instrugt ign 
group wi l l  give the object @063 f o r  ED B,  5%? Find the 
efirreet group in hpp9ndix C .  
What i s  t h e - o b j e c t  code fior LU 3 3 5 9 ?  
What is  the source label ? 'What i s  the DESTINATION label ? 
‘How many byte instruct ion i s  ED 3 ,53 3 
Why does the 50  i n  LB B , 5 fi  translate to  32 in  the abject 
code ? The t i t l e  .3f the immediate column 
in the 3—bit LOAD' GROUP 'LD' is~ IMME., and 
the t i t l e  in  the lS-b i t  LOAD GROUP ' L D '  'PUSH' AND 'PDP' i s  
EXT.IMME. Why a re  the t i t les dif f3rent ? 

54! 
Find the CALL AND RETURN GROUP on the same page wi th the 
RESTART GROUP—Appendix C; Yau w i l l  CALL SCANI 
ununcanditionally; The condition calamn is labeled UNCQND. 
The choice o f  the correct row should be easy. what is i t?  
‘What is  the opcode ? Haw many bytes i s  the instruction? 
What goes in nh? what i s  the ob jec t  Code for CALL SCANl? 

£¥9 
Read seat ipn 3 .3 .4  Relative Afldress Calculat ihn. Try 
using the RELA an the DJNE statement i n  this program. what 
i s  value o f  S ? What is value hf D ? Find the 
JUMP GROUP in hypendix C; What i s  the apeade h f  DJNZ? 
THE e ~ 2  means the  r e l a t i ve  d is tafine t 3  be jumped. In 
statement 9 ,  the value o f  this byte i s  FE. Explain What thia 
value-means3 

33 



Find the JUMP GROUP i n  Appendix C. w lacate the r a w  
labeled JUMP ' JP '  re lat ive ‘  Nate the ' “ P ‘  should rEHd 'JRJ. 
The f i r S t  Calumn unfler Ganditinn UNCUND is the cor rec t  
nolumn. What is  the opcode? The second byte o f  the ab jec t  
code contains E5. How-many bytes backward fines this value 
represent? Show haw tn compute where the JR. instruct iun 
jumps, ' 

Ehli 

Study’ the @isplay'fiormats in) Appendix A ,  New change the 
screen display f rom HELFUS to  a l l  B ' s .  Display your i n i t i a l s .  
use blanks in any pesi t ian not  escapied b y j y a u r  i n i t ia lsg  

5&12 

Pro jec ts  

Same -@f the prajects suggested in this paragraph Imay be 
be?ond yuur abilities a t  this time. Ifistructions nnt 'Yet 
explainad may be needed. you may want ta  s t a r t  designing 
y 0 u r  p r o g r a m  n o w .  G r  e x p e r i m e n t ' w i t h  a l t é r i n g  i n s t r u c t i o n s .  
How can you a l ternate alpha messages on the d i sp lay?  w 
would yeu put  a blank message bétween a l te rna t ing  alpha 
meSsaQES? How flan you have mesSagEs~which a re  an the Bergen 
f a r  d i f f e r e n t  p e r i o a s  p f  time? Design a program whiah w i l l  
mcve a display acrnss the  sc reen¢  
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Give the internal qefles Ear 

“Eey'm' @ i 1 v 5 Ge MDVEil MQNI 
C066 [ J i ] H [  1 [ ]_ [ ] f 1 

Find the 8-BIT ARITHMETIC .AND LOGIC group in Appendix 
C .  The compare instruct ibn i s ; c a n s i d e r e d  to be a log ie  
inSttutt ion. Find “ the  r o w - ' l a b e l e i  COMPARE ’ C P ‘ .  The 
campfire inetruct ien in EXERCISE 1 i s  o f  tYPE' immediate 56 
find the Vieolumn labeled IMMED. What is the epcode fur 
campafé? In exercise 1 what value flees n represent? 

.544 
Can the contents o f  register B 'be  campared he the contents 
ef register A? 

ibis 

Turn to  the JUMP GRQUP in pendix C. Earl ier the 
UNCQNDitional RELATIVE jump was examined. Now two new jumps 
(conditional jumps) are  examined — jump re la t ive i f  zero, 
and jump re la t i ve  i f  pom ze ro .  What is the cpcode i f  jump 
relative i f  zero? What is the epcede o f  jump relat ive i f  
non—zerfi? How ceuld you  determine the mnemanic for jump 
i f  zero? ’ 

5-16: 
wr i te  a program te HALT- i f  any key with a !  key code i s  
pressed e'Xce-pt the - k e y .  Write a program t0; Iii-ALT ii the 
EC] key is. pressed. Wri te:  a pragrfam to halt only i f  the 
key  i s  pressed followed by pressing the minu3[ : ]key.  T e s t  
yeur answers by running your pragrams. S t a r t  thinking about 
this! 

yen-may f ind the exercise d i f f i cu l t .end  yen may net have 
the backgeundi Build a cembifiatiens safe. A plus indicates 
a c lockw ise  t u rn ,  and a minus ind ica tes  a negat ive turn! 
The safe  will nnly open i f  yen enter Rlfl L35 R?. I f  give 
the-wrong Gambination an a larm goes o f f  { f o r  th is problem a 
IEBEHE tone). 

87.5. 



517 
'What wi l l  be displayed the f i r s t  time statement 4 in-EXAMPLE 
3 is  executefl? 
'What locations ages the display b g f f e r  use? 
flaw is  the rant ine SEEN able t a  find the display ‘bHEEEf? 

548 

What is  the DPCDde of the instruction LD HL16UTBF? 
The “L ragister pair  is ”sad as a Painter; what Iabal and 
address dues HL paint to? 
Are there any other pointers ta OUTBF? 
Why i S ' H L  pointing t9  UUTBF? 

543 
The  fiescr ipt ion in sect ion 5 , 5  under reg is ter  s ta tes  destroy 
AF, HL. noes t h i s  mean that  thése r eg i s t e r s  a r e  u5eless 
a f t e r  being used hy=HEX?SG rmutine, 
'What registers are  destrmyed by SEAN? 

86 
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1&20 

why wasn ‘ t  EXAMPLE 3 wr i t ten.as fallfiws? 

ERG 1894K 
=LD IXIQUTBE 
LD. HL,QUTBF 

LDQP- EALL SCAN 
CALL HEX?SG 
JR LOOP 

'How do you s t o p  the prdgtam? ’Why a r e  there twm EQU 
StfitéméntS?‘ ‘ A d d  cede to stop the program bpfESsing a key 
o the r  than - o r  - .  What is: the problem with. exi t ing on 
a part icular key cade? 

5-2.1 

Why i s  bXAMPLE 4 0E. any va lue?  
Wh:ere i s  the 1nformat10n to  be d lsp layed s t o r e d ?  
Change th.e program to dlsplay F C;LJF FW’R 
Are  t.here any 1ns t ruc t lons  not  prev1ously exp la lned  in  th is  
pragram? 
Why i s  B loafléd with a 3? 

532 

Hmw- Would yam make each tame Sauna fo r  .365» seconds? 
Maw woulfl yam make tha lfiwer sound laat  f a r  . 7 3  secunfls and 
- t h e ' h i g h e r  snund 1a5t  1 , 4 6  secands? 
Haw wculd yen add fine m o r e  tdne? 

‘YOU'Wi l l  may vary  paramenters (values) and l is ten ta tbs 
F E B u l t g ‘  

En statement 3 change @ tn a t  least three d i f ferefl t  numbers. 
In a t  atemant 3 and 7 change Q and ;@GH to a t  l e a s t . t h r e e  
di f ferent  waives. In atatement 4 t r y  leading fi i f f e ren t  

i8?" 



valuas in ta HL. In statement 3 t ry laading d i f ferent  Vfllfles 

How 60 yin make tWo tenes af equal time intgrvaIS? Read a l l  
o f  the information accompanying EXAMPLE 3 and the de ta i l s  o i  
the TUNE rantine section 5 .? .  Pick twa tones say 463 and 
136% Cycles (Her tz )  and the time interval ( 1  second}: 
I f  the frequency i s  already known, than to f ind C use the 
farmulfi -  

-. 263 ' L  
C =_ -.____.__._______,__________ ._ 15/. .3 i '2? 

1.Freq in KH t”  " ‘ 

For 4E3 Hertz 

, 2&6 ”fl . 
c = —-~~“~~ — l fl f / 3  =~4gfl f3 -=  ? 

‘43-. .1- 

Faf l fl fi fl  H e r t z  

NOW eompute the length 6 f  Haéh sounfl a t  43% Hertz 

a t  lfiflfl  Hertz 

Far eQual time intervals of ane secand a t  496 Hertz 

a t  196% Hertz 

In summary 

TUNE VhLUE DF 6 -n -auE PDF EL 
'46@ Q 
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5&3 

Find the RESTART QRUUP in Appendix Q ,  What is; the 
aptdde f a r  EST 3 ? 
fl r es ta r t  inatruatifin I i s  a Special f o r m  9f 3 CALL 
instrufit ion. HST a i s  EQUivalent to CALL EEHEH. Haw many 
bytes i n = a  r e s t a r t  instCtiOfi ? How'many bytes  i s  a CALL 
‘ * ‘  { ac t ifin  ? Does a res ta r t  instructinn s a v e  bytea? To 

‘nca t ion  does EST 6 transfer contral ? What happens to 
the ex i t en ts  e f  the a id (next sequantial l bca t ion )  program 

Fit counter E 

'Gan the cuntents o f  the old pragram counter b E - a c c e s s e d  ? 

£fl24 

The SUbtract instructien cculd also be used to Elear .A. 
For example SUB A , A - s u b t r a ¢ t  A f fflm A WOUlfl EEFO GUt the A 
register, Why wasn't SUB Ark used? 

£$25 

Haw woula ynu test several PRQMS and repurt whish HOME 

##25 

The 3—89 has another camplemefit cemmand NEG, This command 
will take the negative at the value in the A reg is ter .  What 
i s  the-opcade o f  the MEG? 
Haw is  the negat ive  @f ’p l us  tw0'profiuced? 

5.27 
"What fines the CPI iHStruCtiah d9? . 
Wri tes  a RAM hast f a r  a 4K RAM memnry DEqinning a t  ZflflfiH_ 

89 



Answers 

'54 

l :  
[ f  

WE DQN‘T.NEED ANY HELP] 
WE DQN‘T NEED ANY HELP] 1: i 

F 
E 

A semicglfifi flees not havg to be fallawefl by textv—enmments. 

£¥2 

[ORG lQfifiH] . 
{Your cflde would s t a r t  a t  haxadecimal location Gflflfi .  But 
the MPFHI as delivered does net have any memory' at  this 
location-~30 an ORG Cflflflfl might be a p90? placement of the 
object  code. ]  
[This is  the space occupied by the monitor. Unless you are 
:modifying or  wr i t ing  a new moni tor  insations, Efififlfl  to QJFFH 
are :3 be avo ided ] .  

543 

 11] 
[3] 
[no] 
[”31” 
{yes} 

sun 
ENG. no entry under_IMM EXT] _ _ " 
[Lac] [OBJ-CODE] LSTMT] ISQURCE STATEMENT] 

55 
[Leak  i n  Appendix C lfi-BIT LOAD GROUP secund table Entry 
f rom the tap.] 
[IE {—— nn means that thg immediate value nn will be- lbaded 
into the Ix reg is te r i ]  

5H5 
[Exchanges 'Efi ’  AND ' E X E ' .  This grfiup fallaws the 16 bit 
laad iHStructians.1 ' 
[DDB3] 
[ a  dauble npcndel _ _ 
[ IQBA—not 1813 the program counter uses hexaflecimal va lues. ]  

9E) 



5H? 
[E—BIT LOAD GROUP ‘ L D l j  
[ fl fi  n a t  9 6  3 2 ]  
[IMME.] 
IRESISTERyB] 
[3'21 . ,. _ _ 
[SE is deqimal, 32 is hexadecimal] 
[The EXT. means extendefl and indicates a biggar immediate; 
16 b i ts  as oppcsed to  8 . b i t s . ]  
[ 2 ]  

5-8 

[:L-‘LfitLiLIr IMMED. EXT]  
[CD] 
[ 3 ]  
[The l o c a t i o n  of the subroutine i n  ExERSISE 2 i s  the address 
Of. SCAN .l :1 
[CD 2436] 

54! 

[188?] 
[183C] 
[19] 
[FF means jump back 1 byte. FE means jump back 2; 
So FE indicates a jump back of ’  5 fiFFFI. FE-Z; FD-E. 
FC—q, EE-S). A twc byté _baCKWard jump wi l l  put the 
gfogram caUnter a t  the beginning Qf the  DJNZ ins t ruc t ion l  
3 mare bytes puts the program counter a t  the baginning o f  
the CALL SCANI instructign—Iabel HELFSEG.] ' 

95-51 0 

[.18] _ 
[ l l  deaimal,  B Hex] 
[1813*3 = 1:3: remflmber tbs prmgram saunter is at 1&13] 

541 

[Enter BF in lacat ian 132a ta 1325] 
[My i n t i a l s  a r e  RJB 5c in  lacatians 1323 to 1825 I wauld 
enter  E3 ,B lfiA7iEfl ,fifi ,flfl ]  

543 

.KEE E l 5 GS MQVE mam: 
cage Hm E l  EB 12 15 x 

.FE' 
[13] 

9 1 



5,14. 

I yes GP 3 ] 

545 
{23 ]  
[2 |  1 
[Tu rn . ta  tha second page fi f  the JUMP GROUPl unfler mnemonic 
f i n d  the JR commanfls. Ufider Symbolic operatian f ind  i f  Z=G 
cont inue.  i f  2:1 PC <~ PC + e .  Remember i f  Z=E the z e r o  
f lag was ‘net  Se t  the fieSult was not zera and one jump 
QCCUIS. I f  Z=1 the contents ef the PC is  changed. NamEly, 
jump i f  resu l t  i s  fiera. The mnemcnic i5 JR fi r e .  In 
E x e r c i s e  1 e .meana the distance to jump;1 

[Blanks ] 
[ lgwm] 

. 

[SEAN ”595 13 t0 Point tn the display bufifier] 

541. 8' 

[211 
[UUTBFE lgflfi] 
[ ¥ & s ,  index IX]  
[We dfin l t  knew ye t .  Statement.6 will reveal a l l ]  

Ehlfi 

[ N o t  i t  means that HEX7SG q te  over the previous contents of 
EF and HL w Perhaps one should say alter rather than des~ 
t roy. ]  ” 
[AFI 1, HL, AF‘, BC‘,.DE'] 

5-201 
[Because SCflfl changes the cantents of  EL] 
[Press Mani o r  R5] 
[Twa canstants are needed. One fur CALL 36AM and the other 
fur SALL HEX7SG] 

ORG 1369a 
LB IXEQUTBF 

hag? EALL SCAN 
C? a key made; This is  the Key made 
-JR ExIT; That staps the pragram 
’LD HL,OUTBE' ~ 
-QALL BEETSG 
JR‘ LOOP 

[One key code wil l  not be displayad] 
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521 
[Because once the basic act ions ara unigrataodf_y@u can use 
this rantine in a 1fihger pragtam tn  d isplay rasul tfi }  
[Statements 16.17.18 locatiwns 19@6,1931.1992. The label is 
BYTEa] 
[Change statement, 16,17 and 18 ta 

1965 BA 16 BYTEO‘ DEFB QBAH 
1931 DC 17 DEFB ODCH 
.1932 .FE 13 DEFB OFEH 

[fies IME DE— increment DE adds GHQ th the reg is te ;  pair DE] 
[Statamént 19 i s  a lso newt DEFS 6 def ine storagé reserves a 
number of  bytes,  6 in this Cage} in memory. This a rea  is 
used as a fl isplay hufi fer . ]  
[50 that the leap shawn belaw 

LOOP LD A, (931 
CALL; HEX7SG 
IRE DE 
DJNZ L-Qflfp 

will he executed three times l The f i r s t  execution o f  thfi 
1609 w i l l  convert  the two digi t  (1%) in  EYTE a te display 
made and put the 69625 in OUTBF and OUTBF + 1. The neXt 
loop wi l l  canvert  the two d ig i ts  ( 3 2 )  in  BETE 3+1 to display 
nude and put the codes in OUTBP +2  and ouTBF +3,  The f ina l  
canverts 54 and puts the result in OUTBF +4 and DUTBF +5, 

5.22 
[ C h a n g e - s t a t a m e n t 5 i 4  and ? tn 
statement fl LD HL.flfiflH 
statement 7 LD HLFBEH] 
[Change statement 7 to  statement 7 LD EL, EFFH] 
[ A f t e r  StatEment 8 add the Gofie 

LD Crflfiflfl 
LB HL,EEBH 
EALL Toma 

[163] 
[63]  
[ 4 4  + 13 x 163] x 2 x $ .56  = 2&23 micro 59$] 
[ 4 4  + 13 x 63 ]  x 2 g 0 . 5 6  = 9 5 7 ‘ m i c r m  sec]  



1x24zi 'x  3.flfifififll = 1/;g52423 2 412 periq 
1!;flflfl96? = 1&34 periods 

THEE VALUE_@F q RfiLUENQF H1 
469 163 412 

_lflflfl 63’ 2 1334 

[C7] [1] [3L [£35 ]  [EEEEH] 
[Just as in the CALL instructian the program caUnter i s  
saved o n . t h e  stack]  
[Yes i f fi n u  a the r  instructiqns that  a f f e c t  the s tack ara 
Used,  a RET ( re turn)  ins t ruc t ion  w i l l  re lead the program 
ceunter.] ' 

5¥z4 
[The XOR instruction.a1way5 clears the carry  f lag,  even-When 
the operand i s n ' t  A ( 3 . 9 .  XOR B ) .  The SUB A , A  a les  clears 
the carry flag but i t  is  easier to remember this fact.when 
using XOR actually either instructinn is  Equally gag§.] 

£125 
[Test  each RUM separately. N When any ROM fa i l s ,  save the 
afldIESS range 0f that ROM. When all Rams haVe been testedll 
raport  the ranges o f  REES that f a i l e d . ]  

5&26 

[There  a r e  two apaofles ED anfi 4 4 .  This 1% an extendEd in: 
.a t ruc t ion .  Th is  instruct ign is mat present i n  the fiQBBKBE 
camputera. Observe the number chart below: 

Hex Binary 
5 2  Bfiflfiflfl l g  plus twn +2 

31 
39 
FF 
,EE 

fl fl fi fi fl fl fl l  
95633633 
11111111 
11111119 

plus ane 
Zéra 
negat ive 
neqative 

one 
twa 

+1 
6 

-fl 

[write the value of.p1us twq in binary 

@Efiflflfl lfi  

Take the g n e ' s  camplement~—twggle Each h i t  

11111131 
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Add one 

l l l l l lfi l  
+ l 

11111119 

WE have 

P E 

fiEG gives a result Which is  fine-greater  than ané'a cam— 
plement and thus is cal led the t w o ' s  camfilfiment. 

255-2 7' 

[ I t  dedrements the cantents Q f  the BC regiater 56 that  the 
JP PE,HAMT instruct ion can -datermine when a l l  d fi  memory 
has  been teSted.  Remember BC contains the mamory size. 
The CPI ins t ruc t iun  a l so  advances the-memory  pointer HL ta  
the n e x t  locat ion to be tes ted . ]  
[Only the f i r s t  two instruct ions need to be changedt 
LD HLglEEQH becames LD Hhizflflflfl  anfl LD EC,BEEH becames 
LD‘BCIlfififlH.] 





CHAPTER 6 
Useful Routines 



ones a erogram i s  tes ted  and debugged, any pa r t .  o r  
a l l ,  o f  the program can be used as a subroutine in a larger 
p r o g r a m r  You can  bu i ld  up a l i h a r y ‘ o f  usefu l  rout ines by 
understandlng how t o  u.se the programs presented in this 
chapter .  Knowing how a program works permits you to ta i lo r  
i t  to a Spec i f i c  app l ica t ion .  Understanding a program also 
allows you t o  Wr i t e  a more  powerfu l  genEIal 
subroutine-ne.g-, extending the range o f  a multiplication 
rou t ine .  A l l  »of the exper iments r e f e r r e d  to below a r e  in 
the  MPF-I Experiment Manual unless otherwise noted. 

Some basic 1print:ipf'less—Applieationo of  arithmetic 
and logical instructions- 

Turn to  Bxper1ment 2- Bas1o App l ica t ions  o f  Ar1thmet1c 
and Logic Opera t i on  I n s t r u c t l o n s  1n the. MPF—I E x p e r 1  ment  
M-anual. Read S e c t i o n  1, Theoret ical  Background Some o f  
the concepts  p resen ted  in th1s sec t l on  .are f o r  your r e v i e w .  

Adding i s  cons idered to  be a fundamental process,  You 
c.an add numbers rap.idly because you hare.memorized the one 
hundred bas ic  comb1nations such a s :  3 + 4 ,  6 + 7 ,  8 + 9 ,  
and 9 + 8 .  The: .eomputer h as been giv-en a f e w  rule.s a l s o .  
The 288 CPU 1nstruct lon se t  allows e1ther 8 h i t  adds {one 
byte) o r  16 b i t  adds ( t w o  b y t e s ) _  In 8 b i t  adds, the A 
reg1ster  1-s a lways one o f  the numbers added (augend ) ,  and i t  
a lso con ta ins  the r e s u l t  (sum) 

Permissible 8-bit Adds 

In the MPF- I user ‘s  Manual turn to Appendix C.  Find 
the 8- b i t  Ar1thmet1c and Logic Char t .  Find the row labeled 
ADD. The reg ls te rs  that can he added to  A a r e  glven under 
Reg is te - r  Address1ng (F ig .  6 -  —1.). V 

SOUREE 

REGISTER ADDRESSING 

c n E H L 

.Ahy-ef these can he added to the A register 
Fig Eel 

'1
..

. 



The Assembly language Ainstruetions are p f  the fwrm 

where r i s - a n y  fine 6f the regiStErs A,B,CFD,E,H,E. Tau can 
ver i fy  this by turning to second page O f  the 8—bi t  
.Arithmetic and Logical Group and lfiaking a t  the f i r s t  entry 
i n  the Calumn labeled mnemonic ( f ig .  6 6 2 ) .  

The permiSSible values -af r ( f ig l  6&3} are  listed in 
Cnmments cglnmn. Ta p e r f o r m . a n  add o f  two w i t h  r e g i s t e r s ;  
both the A regigter and the Selécted register (the r 
Eégifi ter)  must hfl f i r s t  Inaded. 

541.1718 H10 :1 it: 

AER ~A,r 

F l  g G - ?  

Cnmments 

” r  Reg 
11:11- 
nul  
fl lfl  
fi l l  
136 
lfll 
'111 

fie r . u ififi i h l e  values 9f r 

f¥
t*

:i
m

£
3

f1
m

 

Fifi  5-3 

EKEECiSE 6—1; 6—2 

The va lue  t6 be added t s  the A reg1s te r  may be accessed  
f r o m  maimory by u51ng the HL r e g i s t e r  p a i r  a s  a pa l n t e r  ( f i g .  
6— 4)}.r The saurce  i s  r e g l s t e r  1nd i r e c  t (REG. INDIR} This 
means tha t  a r e g i s t e r  Ior  r e g i s t e r  p a i r )  w i l l  po in t  t a  the 
.hyte in memory t9 be used as the source.  

' REG 
LI “([3 I H 

Fig m—q 

139 



Exergise 6—3 

_ TWQ bther pa in ters  to  memcry a re  
index reg i s te r  1% o r  IY may paint to the byte to be a6  
the accumulatorhuA reg i s te r ( f i g .6—SI .  An o f f s  I 
'+427 or dbwn ha -128 is  allowed with eithe: ’ 
The snurce i s  named INDEXED; 

_ded.tb 
H a t . o fi  Up ta 
index reg is te rs !  

INDEXED 

( I x + d )  II¥+D) 

EKercise 6~4 

‘ . A  constant  may be added t o  the A reg is te r .  The celumn 
labEIed immediate i s  used ta determine the hex made ( f i g .  
‘EHGJ- The range.bfi deCimaI numbers that can be used in ' a  
signad adi is +127 ahd *128. 

IMMED 
h 

F i g  6—6 

Exe rc i se  6—5 

:If the resu l t  o f  an add i t i on  has to be contained i n  a 
byte  and all the numbers were unsigned—hessentially always 
' pas i t i ve ,  then the l a rges t  anSwer would be 255 [decimal)=FF 
' {hexadecimal) .  Even mare r e s t r i c t i v e  is  tha use -bf signed 
numbars. The lef tmost bit i s  used fur the Sign D f  the 
'number. Than only 1 b i t s  a re  avai lable far  the size Qf the 
a fi s w e r .  The l a rges t  resul t  wauld be 1 2 ? .  t ha . sma l l es t—123 .  

Exerc ise  E—fi 

Fortunately a methofl o f  extending the  size (precisian) 
.Qf numbers used in add i t i on  has been p rbv ided .  Whenfl- ever  
two numbers a r e  added, the resu l t  i s  checked by the  ESE fur 
a c a r r y -  I f  the EWQ numbers d ifln ' t  praiuce a c a r r y ,  a f lag 
called the car ry  f lag  i s  reset (c learefl ) .  I f  a car ry  i s  
prodUCéd; thfln the c a r r y  Elag 15 s e t .  The ca r ry  Elag adds 
a fi  e x t r a  b i t  in the answer.  

10!- 

permitted. Either 



| 

ADD ME. 

3 b i t s ‘  
I : |  Reg 1 5 her A A Lug-E in 'd 

8 b i t s  - 
[:::::::]Register 3 Adfléfld 

car ry  flag A b i ts  
Register A SUM 

Qibits 

.Now an unsigne.d answer can be a s  la rge a s  511 {decimal} 
-= 1FF(hexadec1mal)  Proper  use o f  the c a r r y  f l ag  can  extend 
’both the s i z e  o f  unsigned and s igned a d d l t l o n s -  the process 
i s  explained in the fol lowing example. The program shoWA 
below i s  the f i r s t  example in sect ion I I ,  Example o f  
Experiments under Experiment 2 .  

Statement Source  Etatemant 
:ORG lSEBH * 
LB; A, E; 
ADD A 
LD L 
LD A 
ADC A 
LD H 
EST 3 {

m
r

a
a

t
b

t
}

 

f 

I 

I 

I 

B ,m
q

m
m

n
m

w
w

 

Diagram 

l : ]  "D reg 'i ste 1'" Aug :3 ms]; 
E::: : : : ]E reg is te r  ,Addend 

H V L  
I . J Resul t  
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Statements 2 t9 4 

A canventional add a f  fl -and E with the a hit fESult in La 

StatEment 5 

The A register i s  zeraed eat. 

_Statement 5 

The add w i th  car ry ,  fiDE; ins t ruc t ion  adds the two aperands: 
A and zero, and the carry flag together. The result is  in 
A. The c a r r y  f l ag  was s e t t e r  reSet  by the ADD in Statement 
3 .  The reasnn f o r  the ADC A , fl  was to t rana fe r  the contents 
o f  the carry f lag t6 the A register.  

Exereise 5-? 

Statement T 

Transfer the marry (or na-carryl that was lcadEQ intq A intfi 
Hi 

S t a t e m e n t ? §  

The BET 38H instruct icn enters the monitor withéut executing 
the pnwerfiup code. 

Exerc ise-G—a 

The secund example {Example 2) under I I. Examplfi hf 
Experiments (In Experiment 2 _ i n  the MEF—I Experimenfi Manual} 
can best  be explaihefl Hy a diagram. 
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lAEl lflflfi Memary lacatian 

"D E Registers 

H L sum 

Exercise 6a? 

Exerc ise  4 is a lso best UHdefStnod by using a saries Q f  
fliagrams and a f lqwchart .  

QFirst,,pa$s through thfi 190p 

” +11 

_._ +1fl 
sum 

+ 3  

+ 8  

operand 
add IX 5nd Ix+4 +7 result (SHM) in Ifi+3 

+6 
+5 
+4 

-first .+3 
nperand 

+2  

+1 

5Ix+a 

103 



BBCond the 163p 
+11 
+1m 

t
4

 
2

.
.

.
;

 

+9 
+3 
+7 +5 
+5 + Add? mu and IX+5 
1% result (Emmi in 1x+9 
+2 

IX 

Lucatinn of the Operafifis 

+2 +1 Ix+fi  

I I l I Angend 

+6 + 5 ILX-"i' 4 
Addend 

"I. I W 
+1fi -+9 1x+8 

I . .  I F] SUm 
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F l a w c h a r t  

I n i t i a l i ze  
Bfifid 
IX€~1AEQH 

“Clear c a r r y ' f l a g  

[__n %? (Ix; ] 

A < _ { I m fl )  L ..l 

[jIX+fi; <-5A_1 

3 ' :  

fix oqx+1 ] 

Return ta  
mani tnr  

InstrUQtiDns 

DEG 

LU 

AND 

LD 

ADC 

LD 

INC 

DEC 

JP 

RST‘ 

105- 

lBHQH 

3 , 4  
:k,1AflBH 
A 

Agilfi) 

A,;1x+4) 

{13+B);A 

IX 

EZ,E@DP 

33H 



‘ :Stufly the char ta ,  diagrams and the cede} ¥nu Shnuld b3 
able t5 undarstand hgw-the program wurks. 

Egeficise 5-15 

Exerc iae 6‘11 

3993 fihé instTUEtions in Example 5 (Experiment 2 ,  MPFHI 
ExperiMént Manual).  

_The DEA stands far  Decimaltly) Adjust thé Accumulat9r. 
cansifier the problem 9919w 

99 
V+98 

The result should be 197, i i  a decimal angwer is 
desired. The camputer will fl isplay the result of 9+3 as 
lfi+11 33 the computer 16 means praduce a 9931? so put down 
a ane and ca r ry  1. ' ' ' 

1 
99 

'+98 
1 

New 999+l w i l l  b e  saen as l 6 + 3 ,  Put dawn a 3 and c a r r y  

99 
+93 

31, 
carry  

Far reference purpase, the right h e x _ d i g i t  in  a byte is 
called the r ight nibble and the l e f t  hex d i g i t ,  the l e f t  

3 1 1 1 7  
Left Nibble Right Nibb19 
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The marry b i t  is  a f lag altered by the add instructian. 
Anather f l a g  a f fec ted by the add instruct ion i s  the hal f  
c a r r y  f l a g i '  whenever a natty i s  proflused by afiding the twn 
right hex d i g i t s ,  a half carry f lag i s  s e t .  Adding 9+8 did 
prnduce a c a r r y !  $0 the half c a r r y  f lag i s  s e t .  The BAA 
i hs t ruc t iqn  w i l l  add 6 i f  the l e f t  hinhla is a hemaaecimal 
number a t  i f  the -ha l f  carry f lag is set.  

99 
_ 3; Half Carry 

Carry" 31 I 
" . _ 6  _ BAA instructinn . ? .  

Then i f  the l e f t . n ibb le  is  a hexadecimal number or i :  
the carry flag is sat then a 6 bit is adfied t6 the 18ft 

99 
.+98 

3? 
+ 6  .1]: .g . _ 97-: 

C a r r y  

Now yuu‘ have the Carraet  decimal resul t .  Nibble is  
sometimes spelled Hybble. 

Exerc ise Gellb 

Experiment 3 (NEE-1 Experiment Manualjdwmore additian: and 
subtractien. 

R256 Theoretical Backgrnundgsectiqn I. 

Exe rc i se  6-12 

Read Theeret ical  Bachgtnund Bastian 2 , 3 ,  and 4 .  

1.07 



Exercise 6-13 

Per farm 11.1; in t h e - I I ;  Student Exeraiaes. 

ExerCise 6-14 

Per fprm I r , 2 .  in the Student EKercises. Read Exercige 6—15 

ExerciSE 6—15 

Perierm I I .3.  in 

Exercise 6—16 

Perferm I l gfl .  in 

Emercise 6-17 

Read and parfcrm 

Efiercisa 5—13 

Read and perform 

Yau can use bfith 

the Student Exerq ises .  

the Student Exere ises.  

Experiment 3-1 in the Student.Exércises. 

Experiment 3~2 in the Student Exercises. 

ADD A , {nn)  and ABC A r t fi fl ) ;  

1:018 
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experiment 4:  Branching and Leaping 

Read Theeret ieal  Backgreund_ part 1-,..1-2l and 3 in 
Exper iment 4 .  By new yen sheuld understand the Get ty  and 
zeru  f lags .  Pari ty wi l l  now be explained. Cbneider the 
C l r c u 1 t  below 

Transmi t ter  RECEiver 

For t rans fe r  a t  in format ion,  you need lines 3 to  6.  
Line 7 i s  an unused spare.  Ii a 3 was sent l ines fl and i 
~wbuld be high 11 (b inary)=3 (decimal) .  I f  l ine 6 was open’ 
then a twe weald be sent 19 (binary) ==2 (decimal). flew 
weuld the receiver know that line 6 i s  open? In the diagram 
above, there i s  no way of  knbwing. 

A transmitter can be designed to count the number of 
set b i t e  in each. t ransmission on l ines 6 t o  6.  Furthermere 
the transmit ter  can use l ine 7 ta a lways make the t o ta l  
namber o f  se t  b i ts  in l ines 3 to  7 ,  odd or even. Ii an. odd 
number o f  s e t  b i ts i s  desired (even p a r i t y ) ,  then l ine  7 
would be h igh when a three is  sent .  The by te  would be lfiflfi  
@911. If:  a four  i s  sen t ,  1.ine 7 i s  he ld  low—~flflflfi  [166. A 
fiv.e -g ivee 19 GE @191. B i t  7 i s  used. a s  the p a r i t y  b i t ,  A 
r e c e l v e r  Can check p a r i t y  b-y using e1 ther  .a f i x E d  hardware 
design Cr settware..  

The transmitter and rece iver  a r e  made t e  agree en 
Whether even er  odd par i ty  wil l  be used. A pari ty errer 
rasult.s when a l ine i s  open, grounded. er ehorte-d to another 
l i n e .  The r e c e i v e r  de tec ts  the p a r i t y  e r r n r  anfl in.forms the 
o p e r a t o r  o f  unre l iab le transm15510n. 
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Parity can be tested by so f tware  by us1ng one e f  the 
fo l lowing le.gie commands AND OR XOR. ANDing the A 
r e g l s t e r  wi.11 tes t  Eor  e-ven o r  o.dd p-ar i ty  and dees not  a l t e r  
the con ten ts  o f  A .  IE an pad hUmber o f  bi- ts a.re s e t  (on,  
h1gh) in t h e . A  reg is ter ,  then the p a r i t y  f lag  (P/V f lag)  i s  
Cleared ( r e s e t ,  z e r o ) .  I E  an ev.en numbe.r e fi  b l t s  a r e  s e t ,  
then the par i ty  f lag i s  set  ( o n , ' h i g h ) .  

Exercise E~19 

New read  the remainder o-f I .  Theeretical Background, 
Hew do.es one- understand a new p rogram? F-or example ,  the 
p rog ram loop in  Sect ion  5 .  The E i r -s t  thlng you h.ope f o r  15 
good documentation1 Documentation cons i s t s  o f  exp lanat ion  
i n  the farm .of paragraphs and comments given w i t h  meet 
ins t ruc t ions .  many programmers “p lay computer" .  As they 
read through the program, they pretend that they a r e  the 
camputer and a s k  what is happening t o  the r e g i s t e r s ,  the 
mEmory. and i s  data being sent te or received from external 
devices (per ipherals) .  Reetudy the program loep and play 
eemputer.  

E x e r c i s e - fi - é fi  

Experiment 5 :  Stack and Suhroutineg 

”Read about the s tack  whi.eh i s  dlscussed in sectien I. 
Theoret1ca1 Backgrohnd Be c a r e f u l  most o f  the 1ns t ruc t lon  
.numbered ( 1 1  to ( l ? )  don.' t e x l s t  i n  t h e  £ 8 3  1nst ruc t1on 5 e t .  
They a r e  used to demonstrate how PUSH a-nd POP work .  The 
program 

LD SPplFAFR 
PUSH HL 
euse= AF 
Poe Be 
909- DE 

i s  shown below with drawings 

RD SP,1RRFH S FAF 
'FAE 
PAD 

1e 

RAM Memere 
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‘FUSH HL 

_ lFAF 
“11 lFAE 
22 19am 

' lFAC 

l i 'Deerement the stack painter. 
2)  Contents ufi register H ta the stackfihfl i is not fihangéd. 

3)  DecrEment staflk painteri 

41rdanten ts  o f  ragister L to the stack i—L is  net changed. 

IFAF 
lFAE 
LEAD 
lEAC 
1933 fi-BP 

:90? BC lFAF 
lFAE 
1FA aw 
1FAC<~‘ 
1FAB {~59 

1) The cantents o f  the top GE the stack are laafied intn 
register Ca 

2 }  Increment the stack painter. N O W ' t hfi  t op :6 f  the stack 
is .1FAC. 

3) The top of the stack is  papped to r e g i s t e r  C .  

4) Increment staek pointer. 
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POP EE 

lFfiF 

lFAE 
1FAD 
lFAC 
lEAE 
lFAE 

Read Eectinn 23 Subruutihe: 

Emercie 6‘21 

BED stands f o r  Binary Caded Decimal, What th is  means 
is that the computations will be in a decimal form. 'This 
.allcws aperating on decimal numbers (adding,  sub t rac t ing ,  
e t c . )  The reason far the BAA (Demimal Adjust  the 
Accumulator) instructian a t  statement . 1 2  i s  to insure a 
decimal result a f te r  each add i t ion .  Each time the computer 
adds; i t  produces a hexadecimal regult Whieh must be 
converted tn decimal.  

Read I I .  Example Experiment o f  the 'ERQEriméntS.  
This experiment should read?  P e r f a r m  the Eollawing 

BC —% HL 
DE-—% ac 
HL ;§ DE 

aging StaEK operatimms 

Exerc ise EFQB 

ExPEriMEht 6: Reta te  Sh i t ;  Imatrt ions and 
mmult igl iaatinn Rant ines 

1. 12 
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When a EPU chip is designed, the designer decides what 
features to incerperate. There is a l imited ameunt o f  space 
{Reel Estaté)  in  a ch ip .  The ins t ruc t ion  set.  must be 
.eheesen 'very  carefu l ly .  Unt i l  recent ly  chips centaining 
mu1tiply instruct ien were expensive and sometimes ve t?  
special ized. Haw can a useful  CPU-be bui l t  that  doesn' t  
contain a hardware 'multiply- i ns t ruc t ion?  A hardware 
multiply means that the multiply i s  accomplished by c i r cu i t s  
built into the CPU chip. A multiply i s  a series o f  actions. 
ieu can mult ip ly by using a s e r i e s  o f  ins t ruct iens other 
than the multiply commend. A v e r y  essent ia l  ins t ruc t ion  i s  
the ab i l i t y  to s h i f t  and/er r o t a t e .  Read Sec t ion  1.  under 
the Theoret ical Backgreund. Th is  sec t ien  w i l l  intreduce you 
he the rotate and Shift instructien group, Don' t  t r y  te 
memorize the instruttiens in this greup.  There are too  many 
efi  them. 

Exere133:3_23 

'Read Sections 2.  fi inary'fiult ipl ication: to 5.  Pregram 
f lowchart. 

'These are not easy Bastiens. The abject i s  to sham yea 
haw te-mul t ip ly  by shifting, hit testing’ and adding. Read 
these s e c t i o n s  several  t imes l  

Fellew II. Example Experiments: 

Exercise fi—Zi 

Experiment 1: Binary Divisien Rentine 

Read 1. .Bihafy d iv is ien by hand ca lcu la t ion .  If you a re  
overwhelmed (snowed) by the explanat ien,  you have a b inary 
dheice. Yen may accept that  the division method werks and 
proceed to  2 .  Division Pregram Design er read the 
vexelanatien below. 

1 13 



The problem is really 

111111111 :- 22 .v 

The f i r s t  Step 11 

11 11 11 1111;111vmend 
" d iv isor  

s h i f t  d i v i so r  until i t  becamea Smaller then the d iv idend 

31911 _ quatient 
'11131111' 

(”16196 

Then put a ene ifl the quotienta 

fNow subtract 

63,61 ,1 
) 11161191 
3 l fi l fl fl  2 

3.661 fi 'flvew dividend 

1 145 
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f11191131 " 1.1111111, __ 
11611““ 

16196 

Tes t  the d iv isor  

@1911 » 
11111161 
11191 _ 
11311 
11131 . 

lfl lflfi  

1410;4-r diuidenfl i s  tog  small. 
and bring dawn the next digit 

“311119 
11119119 
11131 . 

' 113111 

[—
1 lfl lflfi  

"T
 

'Bring dDWh the nfix t  d ig i t  to the new dividend 

Sn put a mere i n - t h e  quotient 

New divisQr i s  smaller than the dividend, But a - g n e  in the 
-quotient anfl subtract, 

Bflfifl lfi l  
lfl lflfl  J l l lfi l lfl l  

j le lga 
lflfi l lfl 
lfl lfifl _SUbtra¢t 
19615 HEW‘QUntient 

firing down the next fl igit. 
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lfi lfia g l l l g l l g l "  

“lfifi lfl l  

Divisor is smaller than dividEnd. Put a oné in the quetient 
and s u b t r a c t .  

. 11 quctient 

, f l lfl l lfl l  <—@ividenfl{23?i EEL_*_ 

QJVISOT 19139 2H _ 
{ 2 H }  lflfi lfl l  1? remainder 

‘ ’ 
lflfifl l  (aremainfiefi i l?) 

lfi lgfi  

Reafl 2 i  Divisimn Program Design 

Exercisa 5&25 

Experiment 8: Binary-to—BCD Conversian Fragram 

Read only- 1, Methods o f  binaryvto-BCD Canuersinn. A Sample 
aflnversionfl~60nvert 

Efifllgfill (binarY1 to decimal, The cartect answer is 
19 {decimal}. 

'1' 16 
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Number tn be converted 

Eflal 9511 
.Shift mast significant inta 
carry, add, car ry ,  and duuble 
EED number 

lla- 1 E rail 1 . ‘ 
Afld, ca r r y ,  and doUhle 
BED number 

35.9.1 {3.9.11 .. > 
Add, ca r r y ,  and duuble 
ECU number 

Mal 9.91.1 
BED number 
Adflj ca r r y ;  and dfluble 

@Efll lbll 
Add; carry ,  and dcuhle 
'BCD number 

9 9 3 1  gall 

Afld; c a r r y ,  and dfiuble 
Bflb‘number 

flfifl l  Bflfll 
Add, car ry ,  and double 
HEB-number 

@fifi l 'flfiflfl 
Add. car ry ,  and dauble 
BED'number 

Execute a BAA ins t ruc t ien  because 
a half earry dccurad 
Hfld 6 = E l la  (binary) 

117 

BED area 

@333  

@663 
3993  

BEBE 

Bflflfl  
flfiflfl  

+3 
aaafi @066 

@flflfl  
@933 

game 
gang 

+9 
gang BEBE 

flflfifl  
£663 

@663 
fiflflfl  
. + fi  
fiflflfl  Baas 

flflfifl  
9599 

flflfifl  
Qflfifl  

+1 
'Eaafl 

Bflflfl 
flflflfi  

flfifi l  

@331 
3631 

+9 
@91@' .3339 

3 3 3 9  
933$ 

395$ 
fiflflfl 

BEBE 
fiflflfl 

Bflfl l  

Eflfl l  

'Bfifi l  

flfllfi flfllfi 
+9 filflfl EEEE————* 

5169 
@169 

+1 
1931' 'EQQB 

1961 
lflfl l  

+1_ 
6911 

@611 
~ fl l l fl  1331 



The answer i s  l 9 

A samend conversion ganverts 1111 1111 {binary} to 255  
{ dec ima l } .  The purpose of the Shift into carry  f lag i s  s q  
that thedselected bit can be added t@ the ‘sh i f ted  fesul t t  
Each‘ add (dguble; afld shi f t  in c a r r y - w i l l  be Shawn as age 

Number t G - b e  c a n v e r t e d _  zerfied o u t  BED number 
1 1 l l l 1 1 l @963 fl fl fl fl  BEBE fiflfifi  

( 1 ) ( 2 3 ( 3 } ( I ) ( 5 1 ( 5 ) ( 7 J f 8 )  decimal 
Shi f t  and add b i t  { 1 }  fiflflfi  flflfifi  @flfifi fififl l l 
ghift and add b i t  [2 }  Hfififl E399 BEBE flflll 3 
Shif t  afid add b i t  { 3 )  flfiflfi  @639 359%.9111 7 
Sh i f t  and adfl  b i t  { 4 }  flflfifi  6369 #996  l l l l  
BCD adjust 911a. 

Qflflfi  9336 0991,9151 15 

Shift  a n d _ a d d  b i t  ( 5 }  @393  E fl fl fi ' fl fl l fl  l fl l l  
BED aéjusfi. * @113 

EQHB flflflfl  @311 @331 31 

- s h i f t = a nfi - a d d  bi t  (a) flflflfl  fiflflfl  fl l lfl  3311 63 
‘Shift and add bit (7) fiflflfl  5133 119B @111 
BED adjust . E l lfl  . 

_ @333 3931 flfl lfl  $111 127 

Shift and afld bit (3) game @319 Elma 1111 
BED adjust .1 1 @113 

fiflflfl"flfllfl @111 @131 255 

'Thé QHSWEr 255 “ 1 3  Garrechl  Head 2. Assembly Lahgflage 
Programming Technique 

Exerc ise EnZB 

Example Experiments 
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EXEFGiSB'E‘E? 

Exper iment .9 :  BCD—toebinary Conversion Program 

The basic amethod o f ’  hand conversion is given in 2- 
Principle o f  the cheating process  ( 3 )  under Theore t i ca l  
Background. ,As you can see by d1V1d1ng the number to  be 
canverted repeated ly -by  2 and sav1ng the r ema lnde r ,  a ra ther  
easy oonVersioh i s  obtained. 

Exersise 6‘23 

Now a method o-f d1v1d1ng over and o v e r  by 2 1s needed. 
Sh l f t l ng  a b inary  number to  t.he r i gh t  a lways d i v i d e s  by 2 
w i t h  a re.mainder o f  l o r  C .  Sh1ft1ng a BCD number to the 
right w i l l  give an incorrect result in two b i t  positisns in 
=each by te .  Read 1. and 2- under 'TheorEtical Background. 
The shift ing problem is  explained. 

Conversion tram: BCD to binary is rather straight foreward.  
The p rog ram m u s t :  ( 1 )  d i v i d e  by 2 ( 2 )  save: the- rema inde r  
I 3 )  c o r r e c t  two b.its in each byte o f  the BCD number and I4.) 
haVe two loop contro ls—~one f o r  the number o f  BCD by tes  and. 
a second one t o t a l  number o f  d1v1des r espec t l ve l y .  

Exercise 6-29 

Experiment lfl :  Square—Root Program 

SQuare r o o t  has never  been Considered gne Q f  the easier 
Imethematical opera t ions .  Y e a r s  a g o ,  the on ly  easy method 
was to use square— r.oot t a b l e s .  V a r i o u s  o t h e r  methods 
e x i s t e d  f o r  th_o-se who w e r e  1n te res ted  in expand ing menta l  
e f f o r t - - s l l d e  r u l e s ,  logar l thms Iagain tab.les ) ,  an.d a hand 
method which con513ted  o f  doubl ing d1v1d1ngur and 
sub t rac t ing .  The hand method g iVen in  th is  exper iment  i s  
Eas ie r  than  one taught i n  ' sshoo ls  before  ca l cu l a to r s .  
Binary numbers l ends  themse.1fs to square  r o o t  compu ta t i ons .  
Read 1. Calculat1ng square roo ts  o f  b1nary numbers by hand. 
T.ry ve ry  care fu l ly  t-o fol low the p rocesses .  

1.. '1' 9 



The square root  o f  larger numbErs can be calculated.by 
'Enlarging X,Y¢ and R .  The square root rant ing in segt ion 2, 
efipands the size o f  nutr whose Square rant is t0 be found 
and the s ize  c f  the answer. F i r s t  read flnlY up tn the 
'program. HDW?¥GU2Will'matflh the pfogram-With thé fi lfiwahart. 

Statement ?E LD»A,B 

The ariginal data is nat.st0red in register A.aflfl  E but 
in BE.  BG statement ? loads 8 inte A- 

Statement 8: LD 3.16 

The original data ta be sh i f ted  i s  contained in twd 
regis ters A and C4 The 16—bit  data i s  sh i f tEd tWO bits at a 
time so the s h i f t  Gaunt wauld be 3 .  The f ract ional  p a r t  DE 
the answer is 8 b i t s ,  thus 3 more shifts o f  2 b i t s  eagh time 
a r e  required.  The t o ta l  sh i f ts ,  tests  and subrout ines a r e  
16. 

Statements 9—11 
These statements w i l l  garb  out  t h e . fi  a r e a .  HL,  and the 

R area;  DE. HL é—-DB £— 2 

Statemgnts 12—13 

Statement 12 subtracts (H) 42H f rom the contents c f  the 
ac CE-um u la" to if: -, Q‘n t h-E" f i I“: S 1: Pass , A wi  l 1. CO F1. t a  Ii n th E: LIP-Spa? '[E‘ 
p a f t  0 f  the ar ig inal  data.  Statement. 13 subtracts H, (DEJ 
firom XJ(HL1.  

HLA é— HLAéEDEN 
2! KY RP 

Statement 14 

I f  DE is less or equal ta HL, than the results c f  the 
.Subtract ibn performed in statement 13 a r e  ta be Kapt .  _ In 
t h i s  case, the c a r r y  flag wi l l  no t  be sat and cantrol is  
t ransferred to lecation 501 statemant 17, IE DE i s  greater 
than HL, the number in  BEA? XE needs ta be resta ted l  
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Exercise 6—35 

-The square rout GE 31 and 16 are whale numbers 
( i n t e g e r s ) ,  Far 5 m o r e  1 n t e r e 5 t 1 n g  case, cons ider  the 
Sauare reot Of 58.  The square roo t  o f  58 is appraximately 
2.615. In binary numbers, a b i t  represents  tw ice  as  much as 
the b i t  to  the r i g h t  and h a l f  a s  much. the b i t  to  the l e f t .  
In 111, the m1ddle b i t  represen ts  value of.  2 .  The l e f t  b1t 
15 equal to 4 dec1ma1 and thE: r i g h t  h1t 15 equal to  1 
dealmal 

1 
'1»= 7-deeima1 

What i s  one-half e f  one? One—half (.1/21 Going to  the 
r i gh t  o f  the binary paint g1ves . 1  (b1nary1 wh1ch eq.ua15 . 5  
‘decimal. The next  p951tion to the r lght 15 one halE o f  1/2 
o r  1 / 4 J L 2 5 1  

. 2 1  Lbinary)=,25 (decimal) Tn represent . 7 5  u5e two b i t s  
.11: 15 (decimal)+ .25 (decimal): .75  {decimal} Th obtain 
decimal ( f ract iona l )  resu l ts  in taking 5Quare root; continue 
the shifting process beyond the intEger part  o f ' t h e  number; 

Interger result 0H1? 

58 {decima11 x E . f‘ ”53111311 
[_ ' [ 6 1  . I  
' R P 

Shift the vaiue i n . X ¥  4 times ( 2  bitfi 33Gh1- The result R twill be flggg glll (1-deeimali. 

Fractianal resul t  

Shi f t  the value in KY four more times. Haw hits raptaSEflting 

1X1 . 5  
111 .25  

1/16 10625  

have been USeQ, the-answer i s :  2111.1521: 

1. 2 '1. 



Under these conditiona t h e " c a r r y  flag will be set -- the 
jump instructiun will mat break the Sequential filmw- and 
Estatement 15 is  executed next. 

Statements 15 and 16 

_ The uriginal values subtracted Exam % and HL are added 
back in, Thus the original nuwbe: is refitntéd except the 
car ry  filag will be se t .  Remember thifi l 

STATEMENTS: 1'? tr) 1:91 
The car ry  f lag wi l l  be shifted inte R ( r e g i s t a r ‘fi  & :E  

1 ,  If RP ( reg is ter  D,  E afld a canstant  are smaller than a t  
-equal to  MY ( register H. L ;  A .  and C ' }  then the ca r r y  flag 
=should be one C set j .  If RP WES greater than XE than the 
t a r r y  f l a g  should be z e r o  { rese t  1 .  

How¢Ver, the subtractimfl in statement 13 has l e f t  the 
c a r r y  f lag in the opposite condition; thus statEment 17 
complements the» car ry  f l ag .  Statement 18 and 19 rmta te  D 
and B one place to the l e f t .  The carry ilag enters the; 
r ightmnst bit o f  E .  

STATEMENTS 26  to 26 
=The f i r s t  Shift to the l e f t  o i  E! L , . A  and E is 

performed by Statement 21 to 23 ,  The secmnd l e f t  shi f t  by 
statement Bfl  t0  26 .  Statemént 21  -- Sh i f t  C to  the l e f t  one 
b i t  and put a zero in rightmast b i t .  Statement 22  -- ro ta te  
:A t o  l e f t  and receive the c a r r y  f rem C.  Statement. 2 3  —~ 
.shif t  HL to the l e f t  by doubling the ragister pair HL and 
aacept  the  car ry  f r flm  A by  adding with c a r f y ’  

+——. , i<=——— ‘7‘ -—El End— 
H L: A C 

.ADC HL,HL RLm SL3 C 

Statement 28 H! Lamp-back 15 times g a tatal DE l6 passes 3 
t9  590! 
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Questions. of Exerciiisei-s 

6-1 which o f  the  fo l lowing instructions a r e  not allowed 
““-91Ve the reason? ' 
a) .ADDHA,B  bJADD:E,A CJADD A ,HL  
oi ten-n,e. djhbfi Ao,oH 

5“: an the second Page o f  E—BIT ARITHMETIC AND LQGIEAE 
’GRQUP i s  a column t i t led symbolit operation, 
Explain the meaning of A <=  E+r f o r  the ADD A , r  
instruct ion.  

5-3 (3) Using the f i rs t  Page of the 8+EIT ARITHMETIC AND 
LOGICAL GROUP find the opcofle tor adding the memory 
location {pointed t o . b y  HL} to  the A register? 
Using the second page of th is  same group locate the 
row containing the 'symbolic operat ion for ' reg is ter  
indirect3 

(b) What i s  the symbolic operation? 
(o) what is the mnemonic in the same row? Fine the 

interSection with the column labled Opcodea 
(a )  What i s  the opcode ? 
{ e }  What i s  hexadecimal equivalent o f  13669113? 

6&4 Refer to the f i r s t  page a t  the B-BIT ARITHMETIC AND 
VLOGICAL instruct ions.  

(a) What, is  the episode for 31131) A.  (Ema)? 
( h j ' w h a t  i s  the signif icance o f  the +4? _ 
( c )  How does + 4 - s h o w  u p - i n  the.hexadecimal codes DD &5 

d? 

6-5 (3) Write the mnemonic Iassembly IaHQUage code) for an 
add 3 to the A reg i s te r .  

(b) Write the mnemonic-for adding _4 to A.  
(c )  The hexadecimal code fo r  ADD A, 3 is C6fi3. Can you 

guess what the hex code f o r  ADD A ,  —4 i5? 

6-6 If .A. contains 74 hexadecimal ant B contains BF 
hexadecimal w i l l  the inst ruct ion.ADD'  A . B  afid a )  .a 
negative number to a positive number h} t w o ”  negative 
nflmbEES'C} two positive numbers. ”What do you think the 
rightmost bit would be Gallefl? 

6—7 The add with carry instruction comes in all the same 
flavors as the ADD command. Use the information in 
vhppendix C B—BIT ARITHMETIG AND LOGIC GROUP both =pages 
to answer the fol lowing quest ions. E111 in the blank 
ent r ies ,  [ ] below. 

=123 



IhStruct ion o b j e c t  cede 
{hexadecimal} 

69C A.D _ . [  (a )  1 
Au; A1II£+§J [i {b1 1 ADC A,( IX+4J E In} J 
[ (d) 1 FE 8E 25 
[ (e) ] FD BE FD 

{ f }  The mnemonic for  adfl with carry is  giWEn as ,AEC 
A , 5  {see secund page 0 f  fiwbit ARITHMETIC :AHD 
LOGICAL GROUP}. What does the 5 mean? 

Execute the f i r s t  exercise ( I )  under example 0 f  
experments (DE Experimént 2 a f  .MPFHI Experiment 
Manual)- Fill in thh chart shown in this sectipn. 

(a); What 1 s ace-amp 115 had by the InstrUiEt-ifin-‘S 

ADD; A, 2: 
LD L.,A 

”shnw your answer by using a diagram. 

(b1 Baa Experiment 2 (II; 2) What is accomplished by 
the instruct ians 

LD A.(1AEIHJ 
ADC A,D 
LD 'HFA 

Again.show your answer using a diagram. 

1:) wi l l  abave code always give a correct result? 

(d) Using another method add two 16 bi t  numbers. 
The aperands are in the locatiqns 1ABB and lagl as 
befgre but the result {sum} i s  s ta red  i n  HLl 

:A new instruction was used that requires kncwledge 
a f  16—bit -3r i thmet ics Turn to Appendix C lfihBIT 
ARITHMETIG. The secand pagg Q E  this S E C t i c n . S h o w s  
the Mnemonic ADD HL,ss in the f i r s t  row; The 
Eomments column shows ES t0 be any one o f  BcE,HL, 
SP.  Thus ADD HL, DE i s  a legal instruct ion.  The; 
Symbolic Operation cqlumn shows BL i s  added to as 
and the resUlt  is plafled in HL- WhEn as is DE the 
aperation i s  HL 4_ HL+DB 

[a ]  Loafl and execute exercise 2. 

1 2'4 
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E’lfi-Edd comments tn eaah statement belaw 

(a)  Ln 5 , 4  

(b) Ln Ix; lfiflflfl 

(E) AND A 
(d; LD A,( Ix;  

{a} ADC A,(IX+4) 

(If?) L-SI. (Ix-+8} ,A 
(g) INC Ix 

{h} DEC 3 

(11 JP NZ,LBOP 

( j J ' W h a t  twa instructiens Gauld be replaced by 
instructian? 

(k)  What is  the replacement? 

(1) Lnad and exegute exercise 4 .  

6‘1; Exfiand example 4 t0 add a $4 h i t  number. 

Exaand example 4 ta  ada a 128 bit nuMber. 

6-11b Perform 5.  in Example o f  Experiments. 

6—12 I n . e x a m p l e _ 3 & l  c a n v e r t - a l l  the numbers t a ' h a g e  
ten flecimal. Shflw Ecur answers. 

(a) m I w: :I' m 1. AC I 25:] 
[DEC . | I l 

Lb) New check the results c f  the adait icn 
?F+AD=? and subt rac t ion  iF-AD=? A r e  the answers 
Gar re t t?  

(g) In-EXample 3*3 what adjugtments would have to  
be-maée i f ‘ t h e  leftmast addi t ian'resul ts i n s a  qarrY? 

{d }  what i s  the s ign i f i cance  c f  3 set  c a r r y  b i t  aftgr 
a subtract operat inn? 

(é)  Haw many barrflws occured in Example 3-2? 

1255 



(a) 

6—13 
will in the names of eperanfle in the hexee 
below. Use Sum, Augemd, Addend. 

+ :  

(b lflgain  enter the names o f  the operands in the 

gc  

{fl }  

boxes below. use Subtrahene, Minuenfl, and 
Dif ference. 

[2222222] 

[22222222] 
~etudy again the f lowchar t  f e r  additien. Note 
that  the decision box a t  the second step from 
the end<:>, can cause a repeat of 5 steps. 
Eaeh repeat i s  called a pass. The page a f t e r  
the f lowchart shows what evehte OCGUE on the 
f i r s t  pass. The diagram may be a l i t t l e  hard 
ta  read a t  f i r s t .  ‘What i s  the f i r s t  Event? 
SEcohd Evant? 
Third event? 
Fflfl f t h  Event? 
F i f t h  event? 

The top part o f  the nEXt page shews the events 
c f  the second pass- The resu l ts  o f  the third and 
f inal pass are  Shawn at the bottom o f  this page. 
The complete program is  ehawn a t  the end of this 
.5ect ien.  Fill in the valuEs D f  the reg i s te rs .  The 
c a r r y  Elag and.memery lecatiehs for  eaeh step. 
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INSTRUGTIQN REGISTERS FLAG' 
A , 3  

(IX) (I?) Q 
-ADD3 KER 

LU 
E 
3 , 3  

'ADDLP LU 
ADC 
ED 
INE 
INC 
DJNZ 

A,(Ix}: 
»A:(IYi  
{ IX}.A 
1x 
IY 
ADELE 

ADELE LD 
ADC 
LD 
INC 
INC 
DJNZ 

fic i lfi i  mm): 
I X  
IY 
ABEL? 

ADDLP LD 
ADC 

INC 
INC 
DJNZ 
BET 

mm.) 1 
A : ( I ¥ I .  
QIX),A 
Ix 
I? 
ADELE 

6-14 

Shaw the abject  code and locaniqn caunter i n  the 
l ist ing belOW~ 
lunatiqn l B GflH .  

LDC 

9 

1m 
11 
12 
13 
14 
15 

EXP3 
@BJ CGDE M-STMT SGUREE STATEMENT 

ADDLP 

127 

GRG 
LD 
XOR 
LD 
ADC 
LD 
INC 
INC 
Dana 
RST 

Assume the program star ts  at  

lEflQH 
3,3  A 

A l f l x )  
A , ( IY )  



6*15 

T9 exeGute the SHBYTE.ADDITIQN PROGBEM. Eta must 
\ f l rSt have IX and I? point tn the data. Thare a r e  
twa ways to  do this. What are they? 

6-16 
ma perform the Subtxaction statement 16 was changed from AEC 
A. .11“!) to  SEE A :  GIYJ- ( a ) .  What was the caae for  ABC A.  
(IY)?V (a) ,  What is  new cade'fior BBC A1 { IE}?  (:1. Why i s  
the th i rd  byte o f  each command term? 

6-1? 

{a} In afljusting t0  five byte data hgw_many linea a f  the 
_ program changed? ' 
(b )  'What thanges ware made? 

6*13 

fa) When i s  i t  Garrett to call the rightmost bit 9f the 
f lag regis ter  a carry f lag? 

(b)  When is i t  co r rec t  ta call the rightmost b i t  a bo r row  
flag? 

( a )  Read and pe r fo rm  Experiment 3—2 in Expérimént 3 6f the 
MFR—I Experiment Manual, you can use both ADD A,Lnn) 
and ADC A , ( n n § .  

(a) What. is the parity o f  the bytes givén EQIDW? 
3116 1139 ' 
6133 B fi fl fi  
@ l l l  l l l l  
3156 fiflfi l  

(b) In the bytes bale” what wauld be the setting (state) a t  
the p a r i t y - b i t  (7) to  have even pari ty? 
flllfl 11mm 
@196 E fl fl fl  
@111 1111 
9166 @991 

E-Zfi  

Example kérimenta .af Experiment 4 (MPF—I Experiment 
Manual) 

”Exercise 1 Follaw the inStEUEtiQnS-“Befcfe.EXEGuting 
the Fragram aflfl.cnmments ta each instruct imn. 

'12£i 
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6—21 Label the arder e fi  the ac t ions  in the diagram 
belaw 

Main.Program 

Bubruutine:1 l 
. 

. 
”

J
.

 
1 

SMhfiflfiinéfl. 

EET 

6‘22 

{ 2 )  Expla in this pragram s t a t e m e n t . b y  s tatement .  Nate 
af ter  shi f t ing le f t  faur bits with methnd Shawn beLfiw 
Gauld result im the less 9 f  data i i  the cr iginal 
numbér i s  greatEI than 15 decimal .  

Ex. I ,  I 1  1 E _ § J  number i s  12 (decimal) 

[1 1 m BIB a a a j  shifting gives me 
' da ta last 

L... | 11  1U number is 15? {decimal} 
l l  1 1 I l a  a fi_ § j  na data lost 

I _ 1 ' 6  fl B_§1 numher i s  16 (decimal? 

[fifié E @I9 6 9 fi |  data last, b i t  was 
sh i f ted  out af the 
reg is ter  by adding 

E 129 



6~23 
Find the RHTATE AND SHIFT GRQUP in Appendix c in the hprux 
User's Manual. Dn the Secand page Qf this qrflfipsf ifld 'fihé 
Gfllumn labelled Symbmlic fiperatiun. 

Except fa r  the last twn aperations RLD 5 RED , all oi the 
instructions aparate 0n 8 bits and the ca r ry  f l ag .  CY! 
(a}  What i s  the real dif ferEnce between instructions 

s ta r t ing  wi th  R ( ra ta te )  and s tar t ing with S ( S h i f t ) ?  

(b1 A g a i n ,  leak a t  the fl i ag rams  f o r  the r a t a t e  ins t ruc— 
t ians, . t h e  b i t  shifted out o f  the byte is  t rans fe r red  
intu the c a r r y  t l ag  and in same cages the b i t  i s  a l so  
t rafisfer red to the other and 0 f  the b y t e .  Haw are 
thesE tWa cases seParated by the assembler? 

(c) Draw the symhhlic operatien Ear 

RLA 
REA 
RLCA 
RRCA 

6-24 

II. Sample Experiments 

{a} 1, Draw a fliagram'shawihg how the shift is performed 

(b) 4 .  Comment an Each l ine Q f  the program Show haw i t  Works 

6*25 

Per fo rm t h e  e x e r c i s e s  given in I l l u s t r a t i q n s  0 f  ExPerimentS. 

6~26 

Study the sample program EXflfll LISTING 

STATEMENTS 15 thrnugh 2E elear the BCD area. This is the 
area where thg result will be developed. 

Ehe conhéflts 6 f  a particular regiSter is inadefl into all the 
BCD bytes. 

(5) What ragister iS-uSed? 

(b) What statement zeros out A? 



(G) 

(d;- 

{e} 

(f) 

(9) 

lb) 

{13 

m- 
<e 

11 1 

(m) 

(I!) 

What Statement puts EEYDS into the EGD'hytes (one fer  
each loop}? 

What: are the statement numbers in the lfiflp that- zerfis 
out the BED bytES? 

Haw mawy passes -w i l l  be made ? 

.At what Statement was B Ifladed with the number 0f bytes 
t0 z e r o  ou t  ? 

STATEMENTS 22 ta 2? Computes the number of sh i f ts  t 0  be 
made, 

I f  the binary number éafiSistS a f  3 bytes howsmafiy shifts 
into the carry  flag must b2 made ? 

Assume D = 3.number o f  binary bytes. Statement.23 will 
laad th is  value into the A register. -What d0 stataments 
24 ta 26 d0 ? 

What i s  happening at:statement 2? ? 

STATEMENTS 3a to 35 will shif t  all the binary bytes one 
to the le f t  and lEave the carry  flag w i th  the highest 

What i s  the address o f  the E i r s t  b y t E - t o  be shi f ted ? 

iWhat register pair points to memory when the ROTfiTE LEFT 
ERL) command i s  exeCutéd ? 

c’ is the starting addres f o r  each series 6f shifts 
loaded into HL ? 

What statement numbers are containea in the _l@@p: gha; 
adjusts al l  the BSD bytes each time a new b lna ry -b l t  15 
available in  the carry f lag ? 

Haw-many passes will be made thraugh the 1009-? 

(91 What an statements-47 and 4B-dec idé ? 

Example Experiments 

Perform experiments 

5~2a 
{a} 

lb) 

convert the fiecimal number 9 ta binary. Shaw the 
-prmcess. 

Qanvert thfi decimal number 192 ta binary Shflw' the 
P 159‘: e 55' n. 

131 



&—29 

The BED”EG“Ei”ar¥ canvergian Fragram given in section 3.wiil 
now be analyzed. 

TSTATEMENTS 11 TU 1T fl ivifle the ECU number by 2 .  The result 
must be tested Ear adjustment ef b i ts ? and 3. 

{a} How many bytes will be ratated tn the r i gh t 'by  sue place 
? 

(b3 STATEMENTS 18 ha 24 Cheek the twn potentially incorrect 
b i t s .  
Why is  h i t  7 baing tested in statement 1 9 ‘ ?  

{a} what is  StatEment 21 dainq ? 

(a )  What i s  the other b i t  posit ign t9 be tested ? 

{a} Statement 24 cor rec ts  what ? 

( f )  Discuss StatEmentS 26 to 29 ? 

(g) The STATEMENTS 32 to 35 ra ta te - the  b i t  that was‘ shifited 
but 95 the BCD numbErs inta the.high_nrder byte and 
rp tate a l l  the binary bytes tn the right. Haw many 
binary are  there ? 

{ha Discuss STATEMENTS 3? to 33. 

6—30 

Now t ha t  you have read how ta hand Ca len la te  square refi t ,  
Solve the-problems be low.  

Campute the square root 0f 16 (decimal). Shaw the rasu l ts  

132" 



Answers: in, Exercises. 

5&1 [b1 flperands a r e  in  the wrong orfler  f o r  the figsemhlet 
cnrrect instrufl t ion i s  RUB A , E  

c }  Ean‘ t  add the 16-bit register pair  HL to the 8 
bit register A answe: muSt f i t  in an 3 bi t  byte. 

2 )  c a n ' t  p a i r  A and C . o r  D . a n d  H. ]  

5-2 [The value o f  r is added t o  the contents 6f  the A 
regis ter .  The result, sum, is put into A . ]  

3-3 a. [36:1 . 
b. [AK—— A+1HL11 
3. [ADD A: (HL)] 
3.  [133331131 
93 [36] 

6-fl a.[DD36 the index! instructians have an extended 
-cpcodegl 

.b.[The memary locatinn referenced wi l l  be four more 
than t h e - v a l u e  a f  I x .  For  Example i f  I X  = 766% then 
memory location ?flflfi i s  referenced.] 

c . [The  34  replaces the d . ]  

6—5 a t lanw-333 ]  
ba[HDD 3,—4] 
:e.LC6FC] 

6—6 {a}  ?4 hexadEEimal=fl111fi1fiflmin binary so A is a 
posit ive number. The lef tmost b i t  is z e r o .  Thia is 
called the most signif icant b i t  M33. The number 
in B BF hexadecimal = 16111111 i s  a negatiVe 
number ,  the M53 is 1 . ]  

[The least.signif icant bit LES. It is  also fi i t  number 3.1 

6-7 anIBfi ]  
nDfl 3E d] 
C . [ D D  3E  3 4 ]  
d.[ADC A, (IY+25HJ] 
‘E.[fiDC.A, (rya311 
w333 Comments 5 :15  anymaf ' rraHLjr f IX+fi lg ( I¥+d}.  

315° under. comments I i s  given as any uf 
B,C,D,E,H,L,A,] - 
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ans 

LOG 

18%! 
1893 
1331 
1832 
l Efl3  
1895 
13a7 
lame 

fihflfiY 

:bT 

d I i  

HE. 5 E5 . _ 

E! 5 El? a 

53H. ASH BLHB 'Depe s an 
flfifl  ??H HEEBD. 

OBJ EODE M STMT-SQURCE STATEMENT 

ORG lBfiflH 
'”- A,E 

EDD AID 

” f f  A l fl  
AHC A,a 
LB HER 
RST‘ 38H 

73 
82 

3Emn 
caaw 

fi3
fl1

nu
1fl

lfifi
lH

 

F 
D

 
FF 

IABE 

haul-— — u... 

lfifll 

EJCARRE 

[ZIIZJ H 1 

1 Na, i fi  the values in IAQHH to lfifilH and DE 
a r e  l a rge ,  tha resu l t  (sum) w i l l  he 1? b i t s  
in  s ize .  1 

Ln L,(1A@@H1 
LU: H,{ lAfi1HJ 
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E
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fi - lfi  

ADDIEEIT 
Lac DBJ cant M STfiT‘SQURflE STATEMENT 

1393 
139% Bfiflfilh 
1893 8 3  
1334 SF 
1335 BAfllIA 
laflB BA 
lfiflg 6? 

0R3 1333B 
LD A f f l hfififl j  
ADD A y E  Ln L,a 
Lu .A,(1AfilH1 
ADC A¢D 
LD H , A  
HST 38H 

m
a

J
Q

X
m

u
h

q
w

—
 

RESULTS 
lfifi l  lAfifl  DE EL 

an E1 gaaa mags 

Hi 91 Q7a3 saga Earn f lag se t  

a_ [The number o f  paSses throngh the loop 4 is . laafled 
into the E register. ]  

b. [Load the base ( s ta r t i ng )  'value in tha index 
register 1%.] 

a. [Clear the ca r ry  flag.] 
6 ,  [Load the fi i rs t  operand i n to  the A register .  

(augend) 1 ' 
ea [add the Secqnd operand tn A;  the result (sum) i s  in  

A .  A (- (IX) + { I X - +  4 ) ]  
f .  [S ta re  the @urrent Sam at  Ix +3.] 
»9. [advance Ix to point to the next sat o f  operands and 

sum. ] 
h. [ B  <- 3-1 ] 
i .  [ I f  the rasult o f  dacrementing B is nonwzaro than 

109p back to LOOP. ] 

l . . L O C  OBJ CHDE M STMTwSBURCE STATEMENT 

186a 
1869 fififln 
1832 Dflfl lflfl lfi 
lfififi A? 
1867 007Efia 
183A DDBE64 
1863 3537a3 
1815 DUES 
1812 a s  
1813 C26718 
1816 FE 

FOR ADD 
laaBH-lagmu lflEVH—lfiflfifl IAQEH-IAHBH FLAG REG 

33712345 EEFDAAIG EBEEEDSS a 2  
FFFFFFFF FFFFFEFF PFFFFFFF 43  

HRS IBBBH 
LB 'B;4 
LD' Ix, lfififlfl  
AND A 

LDQP LB A , ( I x )  
ADC A . ( I x+fl i  
LD t1x+a},A 
INC IX 
DEC B 
JP NZ,LOUP 
HST 38H 

k
L

a
A

Q
fi

J
H

fl
fi

U
T

b
E

H
h

J
H

 
H
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LD. 3 4 
ADC "A“; {=I'X4‘41) 

I 0L9 
L D  B: '1 4 
,ADE 9,(Ix+4) 
L9 (Ix+91,9 

E~l lb 

.FDR SUBTRACT 
lEDEH—lflflflfl lAH?H-1Afldfi 

"BFFDAhlfl 33713345 
FFFFFFFF FFFFFFFF 

NEW 

Hpctfi r f rx+31 Ln. {IK+16I9A 1 
NEW 

ADC A , (LK+ lfi }  
L9» [19+39),A 1 

lfifiBH-IAQEH FLBG REG 

99999999 99 

SUBfiB 
LOC 993 9999 M STMT SOURCE STATEMENT 

l Sfifl  
lflflfi  Efiflfl  
1892 DDElflflIA 
1395 9%? 
1897 DD7999 
1899 DDQEfiq 
1350 DDT7MB 
lfi lfi  DDZB 
1812 QB 
1§l3 C2®?18 
1816 FE 

H
9

4
 

FOR ADD & DEA 
IAHBH-lkfififi 1997H99994H 
12395599 3?654321 
95999794 49599999 

F
a

a
x

o
a

r
q

c
n

u
n

b
b

J
M

1
4

 

ORG 1899a 

Ln IX.1969H 
AND A 

L009 99 991121 
39c A.(IX+9) 
LD I IX+819A 
INC IX 
DEC 9 
JP NZELQOR 
HST 38H 

lAEBH—lAESH 9999 995 
99999999 42 
89425993 42 

LDC UBJ CODE M STMT SQURCE STATEMENT 

lflfifi  
lBBfl  Qfiflfl  
1362 99219919 
IBflG A? 

1397 397999 
1899 DQEEQA 

136D 27 
135E DD7793 
1311 0323 
1313 55 
1814 £23713 
1E1? PF 

99
4 

P
a

m
w

fl
m

m
s

h
d

w
r

m
w

‘
 

H
 

w 

one 18999 
=99 939 
ED IX,1999H 
.fiND‘ .A 

L999 Ln 9.11KJ 
ADC ArIIK+41 

Ln {Ix+B).9 
INC Ix 
DEC '3 
JP N2,LUQP 
RST 35H 

‘136 

L
i

i
i

l
 

L
i

i
i

l
 

h
i

i
d

l
 

E
i

h
i

l
 

L
i

i
i

l
 

h
i

i
i

l
 

L
i

i
d

l
 

E
i

i
i

l
 

L
i

i
l

l
 

L
n

i
i

l
|

 
L

l
i

i
l

 

! 



-
4

 
~

.
_

.
—

_
:

 
I 

1 
—

L
 

‘ 
> 

fi-Jfaf LHEXI7FIADJ12CIEE| 
. WC 1 T -' l 

b’ ¥e5 1 
c' FQur bytes Hauld have ta be reserved-Ear _ 

the answer (not t h r e e } .  The c a r r y  wnuld ha 
filaCEd i n  the highest-arder  byte 9 f  the 
answer. 

C a r r y  

High a r d e r ' b y t e  V Low order byte _ 
(flast s i gn i f i can t  d i g i t )  {Least S i gfi i f ifla n t  by te }  

d [  A bocrqw has oqrred. 1 
el 2 J 

;t'ADDEMfl 

'_ J 
'_MINUEND 

.ISUBTHAHEND 

1 

c [  Ln A , ( I x )  Load the accumulator wi th the 
contents o f  the memory locatién pointed to 
by the IX index reg is te rg  ] 

; ADC A , ( I Y )  Add to  the aCcumulator the 
contents o f  the memory locat ion pointed to 
by t he  I Y  index r e g i s t e r ,  I 
L D - ( I X ) . A  Share the accumulator away in the 
memory locatinn pointed to by the 1x index 
r e g i s t e r .  ] 
INC Ix navanCe by fine the IX rag is te r ‘  ] 

_ INC I? Advance by one the I?  r a g i s t e r a  I 

 DIFFERENCE' 
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'
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-
I

 

13? 



d INSTRUCTIGN ISTERS 

ADDB 

LDC 

13mm 
lflflfi  
18H? 
IEEB 
1896 
1339 
189C 
189E 
lfilfl 
1812 _FE 

B 
XOR A 2 E ED EC 

I 

A ' BD ED AC 

EKPB 
QBJ GUDE M STMT EUURCE STATEMENT 

_ ans 
mama 3 LB 
AF 5 ‘XOR 
an?ama ’ 1  ADDLP LD 
Fnaaeg .F  .Anc 
navvga 11 LB 
DDZB 1? INC 
FD23 l3‘ INC 

IS; 

A 

IBEHH 

fi , ( I X )  
A n t l Y i  

( I X ) . A  
IX 
IY 
ADELE 
33H 

L
i

n
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6-15 ['Qneu—Ehange the cede. 

fi - I u a f  
bi 
g f  

D ‘ l ' 7  5 [  

bl 

bl 

( L D . B , 3 )  and Statement 9 (LD A g I I W J  insert 

LD 1x,19333 
13 19.13333 
Two—*Load I X  and IY  fr.em the keyboard.  

Between statements 3 

The test data .must  3133 be 133323 by entering 

ADDR; 1 ;  9 !  g :  E .  EATA ;  B ,  D r  + r  T :  E !  + t  

.guufi, 1 ,  A ,  3 ,  3 ,  DfiTAm=fl i  E r  +3 Sr  5 '  +1  

To run. the table datah- f i rSt  setwereplace 
test data by 

ADDR, 1. 9 ,  3 ,  3 .  3333, 3, 5 .  + ,  3:  3 ,  + ,  

33 33 33 1 
19 93 33 1 

4 :  

the 

9E 
A, 

A d isp lacement  o f  z e r o  was used-~1n e f f e c t ,  
t h e r e  i s  me d lsplacement ] 

1 1 
Statement 8 became LD 3 3 5  ] 

when a d d i t i o n  o r  incrEmehtat ien i s  p e r f o r m 3 3  
I t  i s  not  i n c o r r e c t  to  €3.11 this f l a g  a c a r r y  
E lag  when sub t rac t l on  i s  pe r fo rmed  ] 
nnly when sub t rac t l on  is: pe r f o rmed  1 

c303 A 
LU- A , { l B Z Q H }  
ADD A , ( 1 6 2 3fl }  
Lfi I l B Q E H J F A  
LD A , ( 1 8 2 1 H 1  
ADD 3.11824H1 
LD- ( 1 8 2 7 H 1 r h  
LU A , ( 1 8 2 2 H )  
ADD A t fi l B 2 5 H }  
LD ( 1 8 2 8 fl } , A  

1533 

A 

B 

B 



I Evan ] 
I red-d ] 
[ Edd J 
I EVéfi J 

I ReEet (Clear) ] 
[ Se t  {on} J 
I Set {on} ] 
I Reget (clear) 1 

fi-Efi  

E "HRS lfiflfifl :Program eade s ta r t s  a t  lfififi— 
LU HLylgflfiH :The HL.EEgister pair will paint 

: tm thfi memory lacation i n  which 
: a  by te  i s  to be p laced,  

ED 3,23H ;B  is the laop counter which i s  
:used wi th DJNZ, 2H passes will 
;be made through the loop. 

LDDP LD { H L } , A  ;The cur rent  value i n  A w i l l  
she stored a t  the lccat ian 
;pointed to by HL. 

IKE HL :Advance the memory painter so 
: that  the next  sequential  memary 
g locat ian can receive the COhEEHtE 
5 0 f  A .  

EJNZ L00? gDecrement the 1aap saunter 8 
53nd re tu rn  tn LOOP i f  B i s  man 
:zera .  

HST 38H :Enter the monitor program‘ 

Answers to  Exper imenta l  resu l t s  ( 1 } ,  ( 2 3 ,  ( 3 }  under 
exerc ise  1 o f  II. Example Experiments ( Experiment 4 ,  
MPE~I Experiment manual J 
( l )  l9fiflH to 191FH are zeroefl  amt .  1923M is unchangefi. 
(2 )  Now lacat inns lgfififl  to  lglFH tontain 55H 

192flH is  unchanged. 
(3).Locat ions lgflfifl t0 lQFFH Cantain 64H. 

Remember leading zeru  in  B and using UJNE fa r  1909 
.gantral wi l l  g i v e  256 passeg. DJNZ w i l l  f i r a t »  
.dectemgnt t h e  v a l u e  i n  B tHEn t e s t  fiflHfl=EFH [ 2 5 5  
decimal). 

2, Trace th is  p r a g r a m . i n  yaur mind~—play computer 
{TIBCE the program i n  E x a r e i s e  2 .  Nested leaps 
uflder I I .  Example ERper iments 3 f  MPEtI Experiment 
Manua l } .  

Resul tag 
{1) Memnry lmcatians 

lgfifi—lgafi  l g lfl—lg lF  . . .  lQEP—19EF lBFW—IQFF 
mm m1 QB HF 

Hid you get the same reSUItS? 

21:40 
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(2 }  Ravised changes are  

L D  HL.1§@GH i n  place 0 f  LD—HL,19FFH and  
INC HL inatead o f  DEC HL 

TESt yaur prngram. 

3 .  Reaa MPFHI Experiment manual,  Exper iment 4 .  
I I .  Example Experiments, Exercise 3 .  E i r s t .  

S ince  DEC BC d g a s n ' t  s e t  f l ags ,  the JR NZ,LDOP 
rw i l l  be uselass.  Batwgen DEC BC and JR NZ,LODP 
i n a e r t  

UK C 

I f  any bi t  i s _ s e t ;  the 0R command Will reset the 
zera f lag indiCating a non-Zeta resu l t .  

:4. Haad MPF—I Etperriment Manual, Experiment 4 ,  
I I .  Example Experiments, Exerc ise 4 ,  ( l )  

{ I }  Camment f a r  each statement 

[ ORG IBHGH. gProqram begins a t  lflmflH 
LD HL,lflfiflH : F i r S t  base address tram whinh 

; da ta  wi l l  be trangferred, 
LD'Dfi r lmfifiH j F i r S t  deat inat ion address Eur 

: d a t a  movement. 
LGOP LDshr fflL}  $These twb inStIUCtiOhB move ant 

g b y t e  
LD iDE j ,A  :From a source address paintEd to 

;by fi t  t o  a destinatinn aédress 
gpginted ta by DH! 

.KF—HL 
é——DE 

1369 
1494 

Qp EFFH ;A f t a r  each byte i5 t ransferrefi ,  
:the A register will s t i l l  cantain 
; a  copy o f  the b y t e t  Campare FF 
5against the contents o f  the A 
; r eg i s te r t  I f  A contains zero ;  
gse t  the z e t a  f l a g .  

JR Z.EXIT i I f  the  compare i ns t ruc t i on  
' : IQUnd a z e t a  i n  the A r e g i s t e r ,  

:then a jump to EXIT Wi l l  be made; 
1N6 HL gCant inue here  i f  A was not  equal 

: t o  fiFFH, Advanced the  sdurce 
;pn inter  ta  prepare f o r  the 
:next  m e w s .  

Iflc DE :Advance the destinatian pbinter. 
an LDflP :Make anather pass thraugh the 

:1oop 
EXIT HST 388 tTransfiar cmntrol to  the muni tor .  

'1' 4 1 



£2) Gemment an each inst ruct ion 

mag 1rgan 
LiDI'P' Lin A.» (BL; 

iStar t  prngrem aflde a t  lBBBH 
:The currEnt contents o f  the 
:memary locat ion pointed he 
:by HL iS- lgaded intp A .  

NEG FGiVES a t w o ' s  complemeht @f A 
DD fHL},fi gfieturn cnmplement value o fi  A 

: t O ‘ m e m o r y .  
INC HL :Advance memory painter 
AND A gClear the c a r r y  f lag t9 get 

: a  c o r r e c t  result i n  the next 
:subt ract ian.  
: I f  HL l ess  than DE, SEE HL,DE than 
: the zero  f l a g  is n o t  E a t .  

ADD-HEIDE 
: i t s  or ig inal  s t a t e :  

JR WE'LGDP ; I f  the r e s u l t  o f  the 

:Res to re  t h e _ d a t a  a t  HL ta  

:SBC HL,DE was non—zera tHL 
g a t i l l _ l e s s  than DE}, then 
: t r a n s f e r  control to LOQPE 

6~21 
flainlufigrmu 

CALL r 

'GfiLL 

Embrfintine I 

Ifl"*.€r6 Eflbroutin922 

P’f  BET 

fiegz 

ANSWER (11 
PUSH PUSH 

PUSH 
POP 
PUP 
PG? 

HL 

BC 
HE 
BC 

ES 
as 
C5 
E1 

91 



1 

I g 

3 
4 Eflflpi 

fi 
7 LQQP? 

3
.

0
 

3
9

1
3

1
.

 

16 
1 1  

12 

13  

(3)  Change 

E-EB 

a Y I n  sh i f t  instruc . “  . . 
b i t  byte at the c a r r y  f lag 15 no t  m e t  

()lfi} 

LE 
LE 

E“ :U 5'5 [11;- 

L R  

LD 
flow 

LD 

INS 
PDP 

it‘lA L'I“ 

lfiuflu 
HIEJH 
HL,1AGJH 
H€ 

_A4 {ML} 

“
1

.
 

§14 
A , A  

#3092 
[HLJ,A 

:2: L- 
HE 

LEHJP1> 

:Ee: locatian;caunter t 0  Kern.  

iFirSt 19Cfitinn L0 be shifted. 
?flave “3 Ga s tack  because i t  
EWill be a l tered my the infier 
¥1OGP=ILQQPE). 
:Lead memfiry byte ta Shi f tefl  
F4 Places into A. 

iNUmber 0E Edda IshiEESI is é .  

{Each add” ”-1 ‘1 l ‘ h  '1 f t  va  l u a  ii..;r1 15‘... 

{ l e f t  ”“9 Place. 
FLGQP Cuntrul-—4 pagses [100931- 
£HEtu rn  S h i f t e d  va lue t 9  
:memory. 

ifldvéfigé mamnry Wainter.  
FHEIoCatefl va l ue  o f  R? t h a t  wag 

i fi f é fl e r v e fl . o n  t h e  g t a c k  DY 
i fi t a t E N Q n t  4 .  

gflave 21 numbers been Sfi i f tefi? 
:fim,  IGQP hack t o  LQHPI. 
3;“ Y e  Sn, ”Ll-it .- 

fi tatement 11 ta read AEQ A, {nL j  

LB 
LU 
L g  
hm 
”CALL 

H L , l A fl flH  
33,1Anam 
1%!1Afifln 
5 , 8  
Nfi lfl  

“and. ' I t  wi l l  be lost] 

;p[Thg presence g f  a C in the thir 
transfer both intn the Gaff? £13 

t ions the bit s h i f t  gut  o f  e i ther  the a 
atea around to apposite 

a pGSitiOh indigateas a .fi  
9 anfi the oppasite end:nfi 

1.4.3. 



I» L A 

REA 

,RMCA 

:mafia 

fi~24 

g ,  

I 

use MPF—I manual page -E~LT  

VL 
l 

D E 
I l ] 

[-t——.13"2 bi t data—H 

3 

Nate the c a r r y  f lag  has 
far  CGHVEfiiEHCe this is 

[MULTIPLE x 2 

[ANSWER 

LQOPZ 

LflflPl 

H 

ER 

LSB 
I 
H CF 

lB3fiH 
3 , 5  
BC 
HL,1ABEH 
B,A 
A 
IHLJ 
HL 
LQDPl 
EC 
LDflPE 

144 

J 

J 

D E 

Raga RRfiB 

b e e fi - d r a w n  in sgveral  plaGES 
the.samé car ry  flag; 



f 
f 
I 
I 
F 

n_ 

I 
I 
m 
I 
u 

I 
m 
I t 

3. [ANSWER 

ORG l aflflfl  

”LDDPE PUSH BQ 
RUE A 
La HL?1AQEH 

LGDPI RLD (EL! 

.13. r. .. [ 
MPES LD- ac,3mga 

_ um L,c 
M1 EDD 

R .L P; 

J R NC ! T11 2 

ADD HL.DE 
fiDE .A,C 

M2 DJNZ ml 

EST 3am 

w 
its; 

a
n

 m" '
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'
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.
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w
e
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Laad B with 8 thus shift ing 
the value in  5 . 3  t imesi 
Z e r o  ou t  C 
Zero eut  the H reg is te r  
Zero out the L reg is ter  
Shi f t  the sum l e f t  one place 
Ratate the most s igni f icant  
b i t  o f  A i n t o  the c a r r y  f l ag  
Test i t  c a r r y  i s  se t  means 
that an add shauld occur 
Add i f  c a r r y  set 
Put bit s h i f t e d  cut o f  A . b a c k  
into oppasite end o f  A 
Are there mare b i t s  tn be 
tested in A 

> Return t0 the manitar 

This program is  d i f f e ren t  Erem the theoretical background 
problem in only one respect .  The tHEQIEtical background 
problem is  an 8 b i t  by 3 b i t  mult ip l icat ioh and i n  th is  
example a 16 h i t  number i s  multiplied by an 8 h i t  number. 

S o - d n n e  

*h45 

__] 



II i .fin5wer t9 11w 5 is in finSwer tn Experiment 6 
6H25 See answers in 6-24 

5-26 

1 [ = A  ] 

b I 15.3“ Efifilusive QR p f  A will glaar A and the carry  flaga 1 

[ 18 1 

I 13 t0 2H 1 

l The fiumbar o f  pEESES equals the value i n . B  ] 

‘ [ l 6  the E regiSter gantains the number 9f bytes in BED area: I 

[ 24 1 
' [  Each statement dflubles the value a t  A .  The f inal  result 
i s  3 ' ?  A =24 i f  D = 3 ] 

‘ [ RegiSter C will hold the number ofi shiits. I 

' f lhflflfl l  

" [The HL register pair —w 536 statement 33] 

[ Statement 17 Iaads H with 1A the value 0f H.never changes, 
Statement 31 zeras ant the L register ] 

In summary: 

lAflZ lAfl l  lAfiG 

The humbera (1 ) ,  ( 2 ) ,  (31 are  pass numbers; 

..H?ATEMENTS 3?  to 45 double the number; add the c a r r y  
fqbtained f ram Shi f t ing the binary number to be converted 
and then.decimally ad jus t  a l l  the BCD bytes. 

I 46 to  45  ] 

v [ The E register  cantrols the number c f  passes. a is  ladded 
w i th  D WhiCh has the number af BED by tes :  1 

[ Statament 4 7  decrements the h i t  count and  statament 4E  
decidefi whether a l l  o f  the bits in the BED number have bEen 
prae95$Ed. ] 

T race  the program aga in ,  i t  i s  a geud p rac t i ce .  

T46 
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I 

mafia 

. 4. 1? 
i4 .___._,...'1 ‘ 1 ‘L .l 

255 124 64 3'3:2 15 

g 

1h
r 

H
:

 

E
: 

256 + 12.8 + 64 -+ 1.6 + 4 -+ 2 =: 492- 

14?" 



a f  5 -— s t a t e m e n t  12. loads the B r e g l s t e r  Wj;ith 5 .and the loop  
a t  statem.ents 15 te  17 is con t ro l l ed  by  the  DJNZ s ta temen t .  

fh1 A sh i f t  e f  a bit into this position doesn ' t  d i v i de  the 
higher digit by 11 The digit is earth 51 not 511 1 

G I  APPIYIng a c o r r e c t l o n  a t  3B. 39 — 39 = 5% this statement 
i s  o n l y  e x e c u t e d  i f  b i t  7 i s  s e t  I 

. d [  H i t  31 Statement 22 a s h i f t  ef a bit in to this peeit iee 
prevides an 8 instead e f  a 5 .  1 

e [  s i t  eoeitien 3.  3 1 3 - :  5 : ]  

f t  The eeheeted byte is s to red  away statement 26. ML ie 
dearement to point to the nex t  lower by te  statement 2 2 1  
The-conten ts  o f  the car ry  f lag a r e  restated fo r  use in the  
n e x t  p o t e n t i a l  s h i f t  s t a t emen t  2 8 .  New  the Va l l e  :in: B i s  
t e s t e d  to de te rm ine  1f  more by tes  a r e  te  be s h l f t e d  

«Sta tement  29 , a t e t a l  o f  5 byt.es a r e  to :be p rocessed  on  
each pass .  See Statement 12 ] 

9 [ 4 .  See Statement 321 Statement 35 forces a loan baek ta 
SHR4 i f  a l l  the  s h i f t s  have  n e t  eccn r red . ]  

h [  These  s t a t e m e n t s  -a.re respon51b1e f o r  de te rm1ng 1 f  a11 t h e  
BC b1t=s have s h i f t e d  r i g h t .  Sta tement  9 s e t s  the  count  to: 
3? and statement 37 decrements the by ene. Statement 38 
EEStS count .  If r e g i s t e r  C —- the Shift ceunt reg is ter  - 
19 "9” 2319: a jump back to DBL? i s  eee¢uted.1 

5‘33 

[ x 1 
@111 6169 = 16 (decimal) @125 name 

R P 

I have mace a Eaffl t r  31 g be shew the end c f  the iginal 

HP i s  greater than X1 so in the hand method yeu avoid 
sebtraetien. ‘The computer has to subtract te determine 
the re lat ionship between RP and MY, I f  RF i s  greater 
than x1 res to re  the ariqinal resu l t .  Shif t  x1 tMU 
places t 5  the l e f t ,  be not  change hp, 

1 ._ . , 1 .a .  _1. *marks the end of 
“ ' -  the or ig ina l  value 

148 

1 



New RP equals XE so subtract R P from xY. S h i f t  R ane 
place tn the l e f t  and se t  the least signif icant bit 
(rightmast b i t )  a f  R1 S h i f t  KY twa placas tn the le f t .  

x u. E F. 'mw*ag BB fifil L... 1AL J R P 

RP 15-greater  than X Y :  S h i f t  X? l e f t  twa places, shifi t  
R le f t  ane p lace.  

3 V ¥ 
F_ EH am 39-99] 
L _ 1a1e1 1 " ' R  ‘ . P 

HP is greater than x¥ ;  Sh i f t  xv left twe places, s h i f t  
R le f t  one place. 

x=. x , 
fin 39.63.99 aa aa fig ggj 
F ‘ “  1 an 01 

R ‘ “ p 

These were 8 hits in the original number t in Y } .  
iFour l e f t  s h i f t s ,  2 places each t ime. sampletes thé 
proceésing. The answer i s  in .H;  lam (binary! = 4 {decimalil 
'whifih i s  the sQuare rmot o f  16 (dec ima l }_  

A14£J 



EXPERIMENTS 
Expérimengt 2- 

RDFFFI to I under II. 
MPF—I  Experiment Manua l ,  

Example o f  Exper lments  i n  the 
Exper lment  2--Ba51c App l l ca t lmns  

A f  Ar i thmet ic  and Lngia Operat ion Ins t ruc t lons ,  

Lac 

lflflfl  
l fi fl fi  
1391 
1592 
1£fl3 
18MB 
18%? 
1898 

033 EDDE M STMT SOURCE STATEMENT 

?B 
B? 

3 Efifl  
CEflfi  
6?  
FF 

Ansers  ta  2 .  
Exper lment 2 o f  the MPF- - I  Exper lment manual 

Les 

lflfifi  
1833 
1863 
1894 
1395 
1393 
1899 
183A 

3AEEIA 
3 3  

RESULTS 
lhfi l  

F E  
F 1  

3. Change Ana A,t1x+4§ to sag A.t1x+41 

IAFH 
E l  
E 1  

under I I .  

c
h

a
d

-
.

m
w

b
.

w
m

j
—

4
 

ADDlEBIT 
UBJ CUBE M STMT SQURCE STMTEMENT 

Earn f l a g  sat 

"15(1 

ORG 
LD 
ADD 
LD 
LD 
ADE 
LD 
RST 

l 8fiflH  

Example 0E Exper lmente  o f  

ISMMH 
A (1AwwH) 
A E 
L A 
A IABIH} A . 
H 
3 

r. 
v( 
, D  
,-.A 
SH 

l
i

i
i

l
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I
 

LEE 

13am 
lflflfl  
1392 
1866 
18m? 
laaA 
ISED 
181m 
1312 
1813 

@EJ CQDE M ETMT SOURCE STATEMENT 

@534 
DDQIQHIA 
A ?  
097EEE 
DDEEH4 
DD?7EB 
DDZS 
6 5  
629318 

ADDflE 

isman 
BIA.  
IX,1AHBH 
A 
A : ( I X J  A,(Ix+4j 
(IX'1‘3 ) r A 
IX 
B 
WE'LOUP 

F
!

!
I

I
 

“
E

l
l

!
 

F
S

E
I

E
 

E
E

I
I

I
 

H
E

S
I

I
 

1 

I
1

!
!

”
 

4
!

!
!

!
 ‘

9
!

!
!

I
 

“
1

|
!

I
l

 

F
J

H
 

1816 FF EST 38H 

FOR ADD 
lAfi3H-1ABEH 

3B?123fl5  
FFFFFFFF 

IAflBH-IAEEH FLAQ REG 
CBEECDSS 42 
FFFFFFFE 43 

1Am7H-1aaan 
EFFDAAIB 
FFFFFFFE 

5 .  FOR SUBTRACT 

_ _ _ 5UB4: 
Lac GBJ CODE M STMT SUURCE.sTmTEMENT 

lane 
lama mama 
1392 Du2lnaIA 
1896 A? 
13%? Havana 
lBHA Dngama 
189D DDT7fl8 
l a lfl  un23 
1313 as  
1813 829713 
1316 FF 

ORG lBflflH 

T x l l k fi fl fl  
AND: A 

L99? LD -As{1¥3 
vhf = A , { I X + 4 )  
Ln I IX+B§uA 
INC Ix 
DEC 3 
JP NZ,LODP 
HST 38H 

H
’

E
k

fi
g

i
q

t
fi

u
i

fi
t

u
fi

a
p

 

m
 

m
 

n 

lAE3H-1AQEH 
BFFDAAIH 
FFFFFFFF 

lfifi?HH1&BQH 
33712345 
FFFFFFFF 

IABBHfilAflBH FLAG EEG 
548C36CB 42 
@Bflfiflflflfl  42  

15.1 



_ . . _ _ m _ .  ammmm 
LDC OBJ CDDE m STMT SQUHQE QTATEMENT 

l ama  
1399 @694 
1392 DDEIBElA 
1866 A7 
1897 Dnvaam 
189A DDBEfld 
1899 21 
183E nmvvaa LD (LX+B).A 
1311 D333 - . . f  Ix 
1813 95- 19 mac B 
.1314 521113 11 JP N2,Lnop 
1817 FF 12 EST 38H 

ORG IBBQH 
LD 3,4 
ED Ixr lhflflfl  
AND A 

LGGP LB A . c )  
ADE h , £ I X + 4 )  

fi
m

q
m

m
m

m
w

p
 

*9
 H
 

iz
i 

1Aa3nelannn 11¢:ae1naqu laflifirlhflsn FLnn REG 
123456?8 37554321 99999999 42 
3586879fi  #4556699  Efifl25493 42 

Experiments 3 

Answer t a  2. unaer 'Student Exera ises :  o f  Experiment 3 :  
in thE.MPF—I Experiment Manual. 

LQC :DBJ'CEDE-M STMT SUUREE STATEMENT 

18mg 
13mg nan3 
lgmz AF 
13a3 unvafifi 
1:36 FDBEam 
1309 nyv7ag 
186C 'HUE3 
13mg FEEB 
1813 lflFl 
1312 FE 

ORB lBfifiH 
LD 8 , 3  
x03 A 

ADDLP LD A,( Ix1 
ADC a , § I Y )  
Ln ( I x ) , A  
INC. Ix 
INC I? 
DJNZ REEL? 
RST 3EH H

. 

Augend Addend Answer F lags 
lQHZ-IQEB lAEZ-lnfifi 1962-1993 
793355H ABCEDFH 25E?44H. 31  
@59543H ‘ABIEEEH AEA77QH A8 
9 5 4 7 1 7 H  BBBBBEH 957AA?H BE 

152. 
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1-, 

7
—

7
 

3. 
LEE 

1:77 
1377 
1371 
1833 
1366 
1369 
189C 
1873 
1317 
1312 

Minuenfl Subtrahenfl 

flag EGDE M STfiT SQUHEE STATEMENT 

AF 
fl5fi3 
DDVEHE 
FDQEHB 
007767 
DB23 
FDZB 
lflFl  
FF r-

- 

1962-1933 lABE-lhflfl 
633147H 336?HBH 
5935ABH 5877FFH 
949677H FESBTQH 

Experiment :4 

a
m

m
q

m
m

n
w

m
w

 

SUBLP 

Answer 
19QZ-IQEB 
34CA41H 
EBBDAEH 
EEBAFEH 

ORG 1377K 
XDR A 
LD 3,3 
Lfl A I I IR )  
sac .A4(IY) 
LB t IX ) ,A  
INC Ix  
INC 17 
DJNZ 'SUBLP 
EST 38H 

Flags 

22 
42 
13 

answer to ExperimEnt 4 ,  EFF-I Experiment manual 
1. 

LGC 

186$ 
lflfifi  
1863 
1865 
IBEE 
1867 
1899 

2. 
LOC 

1397 
1377 
1373 
1875 
1377 
1373 
IBQQ 
1373 
183C 
1877 

$23513 

213319 
@623 77 
2 3  .1 77:: FF 

flm
m
fiM

M
H

 

GBJ CODE M STMT 

EJFFlg 
BEEF 
3613 
7 1  
2E 
lfiFC 
77 

a
w

m
w

m
m

h
w

m
p

 

FF 0-
3 

EX 

L09? 

PH 
QEJ CDEE-M STMT SOERCE STATEMEHT‘ 

ORG 1877B 
LD HL,19@BH 
LD 3,2EH 
LD {HLI,A 
IKE HL 
DJHz LGOP 
EST 38H 

277771 

Leapz 
LQOPl 

1523 

SflflflflfizfiTfiTEMENT 

ORG IBBBH 
LU HL,JQFFH 
LD c.7FH 

LD (HL376 
nae HL 
BENZ LQOPl 
DEE C 
JP ma,LoaP2 
RST 33H 



3* 
LOG 

lflfifl  
1853 
1833 

1893 
1899 
189A 
1893 
lflflC 

A .  

LGC 

18am 
183% 
1833  
18H6 
18$? 
lBflB 
186A 
IHHC 
186D 
189E 
l fl l fl  

LDC 

l a fi fl  
186% 
lafi l  
Jena 
1834 
1 8 3 5  
lflfié 
1868 
1359 

A7 

UHJ CODE M ETMT SDURCE 

E13391 
213313 
aaan 
23 

UBJ EUDE M_STMT 

215513 llfifilfi 
3E 
12 
FEFF 
2334 
23 
13 
lBFE 
FF 

H
a

w
m

u
m

m
 

3
.

9
)

M
H

'
 

P
ia

 

DBJ CODE M STMT 

3E 
Eflqa 
v? 
23 
éb52 19 
EEFS 

W
W

Q
E

W
fl

W
M

H
 

Loop 

EXPdfiQ 
STATEMENT 

EXPdQE 
SGUREE sTnTEMENT 

L009 

EXIT fiST 

Expdfld 
SDUREE STATEMENT 

9R6 
ED 
NEG 
LD 
INC 
AND 
SEE 
ADC 
rJR 

T54 

1&anfi 
cfilflfifl 
HL,183HH 
{HLJ,EAAH 
HL 
ac 
E,B 
A 
N2.LDGP 

lBBflH 
HLnflfiH 
DE,1AE@H 
fl r ( H L I  
(DE),A 
flFFH 
Z,EXIT 
HL DE 
LEOP 
33H 

lBflflH 
.fi,1HLj 

LHLJ.A HL 
fi HL'DE 
HL,EE 
NZ,LOOP 

k
i

i
fl

l
'

 
l

I
-

i
l

 
L

i
i

i
l

 
E

d
i

l
l

 
t

i
i

i
l

 
E

q
i

i
l

 



Expevfiment: 5 
11 

1 
2 3 
4 

5 

6 
7 
B 
9' 

16 
l l  

12 

13 

. { 2 )  

0R5 
LB 
LU 

j Leopl gusfl 

LU 

V LD 
LGGPE ADD 

DUNE 
LU 

INC 
POP 

DJNZ 

HALT 

lflfififi  
slH 
HL11AWHH 
BC 

A, (HLJ  
U

? ' 4  m' 

.
?

 

LQOPz 
{ML},A 
HL 
BE 

LGUPl 

ESEt lueation counter tn z e r o i  
i L o e p  21 t imes .  
gFirSt  IQCatiQn to be sh i f ted.  
;Save BC on s tack  becaUSE i t  
;wi l l  be a l t e red  by the inner 
:105p (LUGP2) .  , 
:Lnad memory byte t o  sh i f tefl  
: 4  p laces into A .  
;Number 0f adds (Sh i f t s )  i s  4 .  
:Each add w i l l  s h i f t  value in  A 
; l e f t  one place. _ 
3 L u u p  C o n t r o l w — 4  passes ( leaps i j  
: R e t u r n  .sh i f ted  va lue  t o  
:memfi ry .  
Egduafice memory pwin ter ;  
gRelocated value o f  BC that  was 
:p reSErved  on  the  s tack by 
;5tatement 4 .  
:Have  21 numbers been shifi ted? 
3N0, 100p back ta LEDPI. 
; Y e s .  Q u i t .  

( 3 )  Change statement 11 55 read ADE A,(HLE 

'ZE,1AHBH 
IX,1AfiflH 
3 , 5  
MADD 

( 4 )  Far subtract ian, change 

ADC AILHL) he 
SEC A , { H L )  

Far multiebyte binary addi t ionfsubtraat ian,  
delete the-BAA Gunmand a t  Statement. 

1553 



(51  Subrautine t o  Gnmplement HL 

k M P L D  
NEG 
L 9  
L9 
NEG 
LD 

A,H 

H,A 
A,L 
Lgfi 

Subroutine tn Camplement IX and 13 

POP 
C A L L  
PUSH 
POP 

IYCBMP pusfl 
POP 
CALL 
PUSH 
PEP 

IX  
HL 
HLEQMP 
HL 
I X  
I Y  
HL 
HLEOMP 
HL 
IX 

:53 The methad wi l l  ha 
than afld .DE 

PUSH 
POP 
CALL 
PUSH 
pop 
ADD 

Experiment. 6 

DE 
H E  

HE 
DE 
IY1DE 

ta E‘s-Cmmplement DE, 

I I .  Example Experiments: 

5% This prqgram is most easi ly salved by'studying 
the reg is ter  asaiqnments and f lowchart  in the 
previaus sect ion an b inary mul t ip l ica t ion.  The 
sn1y=di£ferEnce is  the Size 6f the multiplicand, 

3 2  b i t s  { 4  by tes)  

x 32 b i ts  {A bytes) 

Ipreduct ; .  

Multiplicand 

mul t ip l ier  

-64 bits (8 bytes} P r ofiu c t  

'1' 55 

a
)

 
m

 



The essential  steps a r e  

* 1 }  c lear  the praflUEt a r e a . e  bytes; _ 
2 )  I n i t i a l i z e  the  s h i f t  caunter a 32  S h i f t s . o f  

the mult ipl icandr multiplier, and product- 
3 )  Save the s h i f t  Counter by‘PUSHing i t  a n t e  

the s tack .  
v4)_Shi f t  the PradUCt arEa l e f t  one b i t .  
‘5) S h i f t  the multiplier l e f t  inta c a r e ~  
6 }  Test the c a r r y  f l ag .  I f  s e t  fal l  through 

t0 7 } ,  I f  zero, t ransfer  ta snag a ) .  ’ 
7 )  Add the multiplicand to the praduct. 
8) PflP' thé  sh i f t  counter into :C. 
' Q J - T e s t  B——Dnne? Eesn-Exit step 163 

Monastep 3 )  
lfl l  Retnrh to the‘mcni taf ‘  

:GLEAR THE PRUDUET AREA 

LD HLrlhefiHgFirst locat iah 

LD 3,8 :Byte count 

CLEAR LD (HLJ,B ;(HL)<—a 
INC HL :Advance. to next  mamory 

g l fi d fl t i fi h .  

DJNE CLEAR :More  loca t ions  t 0  be 
g c l e a r e d .  

;INITIHLIEE SHIFT COUNTER 

» _LD 3.32 :Tbtal‘number of Shifts. 
SHFTAGANPUSH BC {Save Shifit Connt 

5SHIFT PRODUCT AREA 

LD BIB :Sh i f t  the Product (8  bytes) x03 A. :Clear ca r ry  fin HL,1A68H:FiT5t locatififi PRQDSHFTRL (HLJ :Shift INC HL :Advance to maxi WEMGFY 
: laeat ion DJNZ PR0DSHFT;MGre bytes t0 Shift? 

:SHIFT THE MULTIPLIER 

DD 8 ,4  :Total nUmber of  shi f ts 
: { 4  b y t e s ) .  

LU HL,1AH4H;First lqcatien 
PLYERSHFRL (ML) : S h i f t  

INC HL :Advance to  flaxt .mém0ry 
g lflcat ifln 

EJNZ PLYERSHF;MOT& bytes t0 shi i t? 

157: 



:DQ WE app? 

JP NQJSHIFT32:JUWP_if nfl :carry 
: ( h a  a fl d i i  

EADD 

gLD 314 ;Add 4 bvtes 
KER =3 gClear ca r r y  
LD HL,lAflflH:Start af ‘mult ip l icand 
LD IK,1AEBH;Start  o f  product 

FIRSTADDLD A,£HL) :Loafl multiplicand 
ADC A;:Ix1 ;Adfi.product 
INE HL :Advante multipliaanfl 

:pa in ter  
INC Ix. :AdvanCe profluct pointer 
DJNE FIRSThnfigMore by tes  to  be added. 

LADDJCARRIES IN UPPER PART OF PRDDUGT 

LE d 
ggcunfiDDLD A , fl  

SHIFTS? 

ADC A;{IXJ 
L3 (IX),A 
flJNfi EECNDADD 

ECHECK SHIFT'CUUNTER 

PQP BE :Reatorfi  EC 
UJNE SHFTAGAN;More shifts? 
HST HFFH 

The answer given above i s  one salutioni you may 
w ish  tn use more registers and improve the cade; 

..E'_x_;p.e-rin1.enjtf i’ 

[Dividend Divisor finswer Remainders Ehegk 
BEBEH 
FFFF 
5848 

EH 
1234H 

BEBE 6434 3336 me 
B a a s  5555  5933 13 
9142 and? HERA Ba 
6142 99am Hflfifl  4 6  

EH FFFF 1234 ht 

158a 
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a
v

g
-

 

31 , 
[The key to modifying the d iv is inn taut ine in p a r t  

ens i s  ta  r e a l i z e d  t h a t  t he  d iv idend i s  being 
S h l f t e d  b i t  by b i t  ou t  o f  BC. Also that  the > 
r e s u l t  i s  being s h i f t e d  h i t  by  b i t  i n  DE.  This 
prob lem reques ts  a 3 2  b i t  r e s u l t ,  a 1.G .b1t regis ter  
anfl  16 b i t  f r a c t i e n a l  r e s u l t .  The d1v151on 15 
s t i l l  a 16 h i t  number ( d i V i S i o n )  d l v l ded  int.o a 
16 h i t  number ( d 1 v 1 d e n d ) .  Make the  f e l l o w i n g  
Changes 

StatEment 12 flhahqe LD A,16 TD 
LD A,32 

After statement 12 add 

Replace Statements 15 t a  17 W i t h  

RL (1X1 
R L  IIX+11 
R L  ( I X + 2 )  
1RL { IX+3) 

The d iv idend i s  i n  l o c a t i o n s  .lAflh and 1AE.1. 
The in teger  resu l t  Swi l l  be l eca t ions  1AGE and 
1A61. The 16 b i t  f r a c t i o n a l  r e s u l t  w i l l  be i n  
l e c a t i n n s  1A6.2 and 1A63 The jump r e l a t i v e  
i n s t r u c t l o n  a t  s tatement  27 w i l l  hav-e he be 
a d j u s t e d  to  Jump the preper d i s t a n c e  -to DVG. 

4 ' .  

LD nt t iaglfl )  

LD E1f1AflEH) 

LD .e,niaaafl) 
LD C,LIA65H1 
CALL DIVIlE 

LD [1A61H),H 
LU (IAGDH},L 



5‘ ;CLEAR LOCATIQMS LAMfl—lAfl? 
.XJQR A 

LD: ':,4 
Ln HL.1A@AH 

CLEAR Ln {HL1,A 
INC HL 
DJNZ CLEAR 

;SET IX T0 PGINT Ta BIVIEENfl 
LD IX,1EBQH 

ESE? AND PRESERVE SHIFT COUNT 

PUSH AF 

iROThTE DIVIDEND INTO TEST AREA 
RQTATE RESULT BITS INTO LEAST SIGNIFTCANT BIT 
9F DIVIDEND AREA 

DVfi  RL { I X }  
f1K+1i 
IIX+2J 
(IX+3) 

:SHIFT TEST VALUE 

L D  
‘ LD 

SHIETTSTRL 
INC 
DJNZ 

;EUBTHACT THE 

'DIVISOR LD 

3 : 4  

(IYJ 
I ?  
SHIFTTST 

DIVISER 

A 

B,a 
HL,1A2&H 
I lhflfifl  
A . c l i i  
A.(HL} 
HL 
1? 
DIVISGH 

aflfiS-THE_DIvISGR LARGER THAN THE TEST VALUE? 
Nfl. JUMP TO DVl 

JR NC.HV1 

16f) 

, 
d 

A 



1
4

%
;

-
 

h L
 

g—
_ 

u 

;DIVISQR LARGER.THAN TEST VfiLUE. ADD DIVISDR 
BACK IN 

RESTDRE ADC 

DJNZ 

EADJUST EARRY 

Dv1 CCF 

TEST- Froazfiz A LL- 
POP 
DEC 
JR 

A 
334 
HL,1A2@H;Divisor is a t  Iacatigng 

;1A2fi*lA23H 
1T,1A@4H 
A,(1Y1 
A,(HLJ 
HL 
IT 
RESTORE 

FLAG 

v32.SHIFTS 

AP 
A 
NZ,DT@ 

Ynu m i g h t  W i s h  t a  afld comments t o  e a c h  statement.  

Expiariment B 

2 .  

Hexadecimal  

HZHBH 
FEFFH 
lsflfiflH 
5A4834?FH 
fl lflflflfififlflfl  
Bflflflflflfiflflflflflflfififi  
FFFFFFFFFFFFFFFF 

3i  

_B€D 
512 
65535 
95391 
1514681471 
4294957295 
fl?223372@36354?753fl3 
181467440331H9551615 

£l8$1u1,n 
Il§BBHJ,E 
DE 

Ln n5,92e2n 
BINBCD 
H,(13B9H) 

an Lgllflflflfil 
POP ‘ DE 

161 



LE A,E 
-HDD A,A *2 
ADD A,A. *4  
ADD A.A *3 

A,E sfifi 8¥1=*? 

4 .  

‘A second way 

LE A ,E  
.AUE A,A * 2  

HEB A , A  * 4  
.fiDD A, (1Afiflfi j *4+#g: tfi  
ADE A , E  *6+1=*7 

Elliérimem: =9 

3 n 

'The method shown below f o r  BED tn  b inary monversion 
is  a brutfi f o r ce  method. Ynur solut ion may be 
d iEferent  and sharter .  The BED:number is guntained 
i fi  the BL rag is te r  fla i r .  The b ina ry  EquivaIEnt wiLl 
be contained in the DE r e g i s t e r  pa i r .  The B register 
is used as a 100p Gaunt ( 1 6 ) .  

I 3CD: number] [Binary numbef} 



' 
\ 1311 

1366 
1392 
13a4 

1895 

1 3 9 ?  
1899 
1313 
189D 

lBflF 
181a 
1312 1811 
131a 
1313 
181A 
1:1c 

1810 
1313 
1826 
1322 
1824 
1325 
1828 
1521 

1323 

1823 
183E 
1331 
1832 
1833 

1691 
1311 
.1? 

@613 

CBIE 
Cain 
CBIA 
cfils 

?C 
CETF 
2862 
963% 
£353 
2%92 
D613 
67 

1B 
CB7F 
2 3 6 2  
D63! 
cBSF 
2 8 3 2  
D693 
6F 

IGDA 

73 
2 3  12 
FF 

g
;

fi
m

g
fi

w
u

r
fi

w
u

t
 

21 

CORE BIT 

CORfi EU 

0R6 IHEEH 

EELEAR BINAR¥.AREA AND CARRY FLAG 

LU 0,1 
LI E g g  

x08 EA 

3551 LOOP coumT (SHIFTS) 

Lu 3,16 

:SHIET HfLruyE TOGETHER ONE-BIT 
Ta THE RIGHT 

SHIFT RR 

3 3 

m
a
fi

a
 

ghfiJUST REGISTER H 

LB l 

BIT 7 , 3  

SUB 33H 
CDRl 311 3,1 

JR 3Lflmm 
sus- 3 

CDR2 LU H,A 

:HDJUST REGISTER L 

Lu A 
BIT 7 
JR 2 
SUB 3 

3 
z 
3 
L 

JR 
SUB 

;MORE_SHIFTIMG? YES * JUMP BACK 
Tfl SHIFT 

DJNZ SHIFT 

:ND - SEVE DE AT 1A4H~1A41 

Ln HL.1h4flH 
LU (HL: ,E 
Imc HL 
1D tHL i ,D 
RST 38H 

1:63. 





T he Monitor 

CHAPTER 7 





Inimduc-tin-n 

35 I r.» 

The purpase 0 f  a munftnf is tn fjlflw the user to  interfiafle 
»with the camputer w i t h  a-minimum s f  a f f n r t .  fit pnwer up, 
the emicroprficessor monitor has he per form same 
ini t ial ization tasks—fie.g.,check f o r  locat ien a f  the RAM 
memory{.disp1ay’  uPF—I on  the  screen,  The monitor then 
cwntiheusly scans the keyboard, checking for a pressed key; 
I f  you  press, the k e y  labeled PC, the monitor responds by 
access ing a routine labeled KPC (Key  Pragram fl a u n t e r ) .  This 
rout ine 'w i l l  per farm the series p f  tasks‘  you would expect 
when presSing PC. The manitor has .provided a. human 
intarfaCE to the camputer. 

WARNING 

The, menitor reprBSEHt 2K o f  fa ir ly advanced cade. The 
explanation belaw i s  w r i t t en  f o r  users who want an in—deyth 
View o f  s o f t w a r e .  A t  times, gnu wi l l  have t0 struggle t0 
understand the rDUtines. A lso-answers  a r e  not pravided t9 
a l l  t h e  e x e r c i s e s .  You shauld d i s c u s s ' y o u r  a n s w e r s  wi th  
flSSOCiatES or your instructifin. 

16? 



7 '1 Mainr' DjWisi-ons of the Manitnr 

Refer  t0 tha bank MPFFI munitnr Program Snurte L is t ing.  @he 
l i s t i ng  13 cflmposed 0f two par ts .  The f i r s t  p a r t  i g  the 
cade. The tode> snar tfi  w i t h  EtatamEfi t  1 and ends a t  
s tatement @659- Find Statement 2659 then turn tn the n e x t  
page.  A t  the t op  g f  th is  page i s  the t i t l e  crass RaferenUE. 
The grass r e f e r e n c e  l i s t ifiq  i s  the seennfl p a r t  o f  the 
l i s t i ng .  Lmok under Symnol Ear  RFC. Emu Saulfl  see 

_3YNBQL. wAL m BEEN REFS 

‘2
 

RFC PIC; 72?  2434  2433  2435 2436 

The column EEFN indicates ( d e f i n e s ) . a t  which l i ne  number the 
label (symbol) KPC is definefl. Find line ?27. The label 
RFC is an th is  l ine .  The colon “ : “  eCes KPC to be a 
l a b e l .  KPC i s  a l abe l  E a r  the cede t h a t  f o l l e w s .  The code 
s ta r t s  an l ine 73l. Between l ine 131 and RFC are  twa 
comment l ines  and a blank l ina. 'The cu r ren t  value c f  the 
locat ion gaunter f a r  line 731 is  giVEH in the lef tmost 
cnlumn. The value is  RICE- _ Look again a t  the cross 
areference l i s t i n g  under KPC. The column labeled VAL (value) 
con ta ins  mice. V A L . i s  the  f i r s t  address o f  the  routine KPC. 

The REFS { r e f e r e n c e j _  area tel ls the prggrammer all the 
.sgatements that r e f e r  t0 KPE, The f i rst r e f e r e n c e  is  an 
l ine 2 4 3 4 .  Find th ia line. Y e s ,  KPC i s  refierred L9 

2 4 3 4. KFU N. DEFW KPCE 

DF* “ ( de f i ne  ‘ a  ward #2 bytesl-—: tells the as$embler tn 
I; g i v e  space far twu bytes and put the address D f  EEC in 
thesg bytes. ” 

WE w i l l  J59 the crass re ference l i s t  aga in .  



7‘ 2 

Th F: 

”The Crude? 

f i r s t  part o f ‘ t h e  manitar listing cantaims fear major 
i tems: 

1} 

2)  

3-) 

4;)? 

'Thé start—up code. 

The rautines which interrupt and respanfi to 
a key  p r e s s .  

Special entry points, e , g . .  the intérrupt INTR 
entry. 

Tables 

.169: 



AN OVERVIEW OF THE SEQUENCE OF ACTl'flNS AFTER THE FEWER I5 APPLIED‘ 

fififlfl—Mlfl  DELAY 
PRflEEESING UNTIL 
.MPF—I I5 STABLE 
PRDER‘M ?HE 3 2 5 5 .  

A POWERUF “”_ YES W . 1N1: 

3G1—3C9 
SCANl tfififl -fifid 

MpF—I_ 
.3cc~374 DISPLAY i 

. - 7717—7717 
GALL FIND LOWEST 
RANCHK. RAM ADDRESS 

SFfi—SFD 

RAM ADDRESS 

[3-3.113—61326 
SET. ‘ RAM ADDRESS 

SKIP BREAK ROUTINE 

17o 

. I 
1 

7
'

I
 

_ 
4

4
.

 
, 

_
1

'
 

7 
M

y
.

 



n 

‘
L

‘
 

"!!I
 

fia32—m935 _ 
TURN OFF MASKAELE. 
INTERRUPT 

SKIP BREAK ROUTINE 

flflsa—EBEQ 
INITIALIZE USER'S 
STACK PDINTEE AND 
INTERNAL MDNITUR 
FLAGS. 

SKIP NM1.{N®N- 
MASKAELE INTBRRUPT 
AREA ’ 

BEBE—Gabe 
-CHECK FDR LEGaL 
USER'S STAEK 

_ADDRESS 

V7%_ ADDRESS LEEHL.;' 
"USERJS STAc§~vm 

DE NOT BISPLfiE 
USED‘PC 

171 

JE4EB"9439 MEMDFZ 
‘SET ug USERiS 

PC FOR DISPLAY r 



mama—EaEl INITIALIZE SYSTEM STACK 

 5FE—623 

UNTIL A KEY 
IS PRESSED 

SCAM THE KEYBOARD 

.K HY PPESSED 

CALL- HER? 

J 
6CB~6DE 
SOUND BEEP 

'1?2 

L
u
-i
l 

iu
u

iil
 

h
iii

ll 
L
a
n
i.
 

;fl
h

" 
’L

..u
l| 

La
ud

! 
k.

.d
l 

‘
h

l
l

l
i

 
f

a
n

-
I

I
 

L
i

-
i

l
 

L
u

i
i

l
 

u
i

i
i

l
 

m
-

i
J

I
 



flrfi959_wwEB"'z~. 
REE 1m RANGE ,g .  $33 A HEXfiDECIMAL 

"’=-. EBHEFH ,,~4 HExAHEaImAL KEY KEY was PRESSED 
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J UMP TO RQUTI NE 

~flflwc- lys’w._ 
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DETAILED EXPLANRTIDN 0F THE P'R-lflffllPAL 
MONITOR- FUNETIONS- 

U89 the flnwchart ?*1 While tracing the monita; Cfidgw 

Lacatians mafia—~aaaa 

Statements 1am & 131 

when power i s  f i r s t  appl ied t a  a c i r c u i t ,  the a i rcu i t  Should 
he allaWed to s tabl iZE.  Same I/O devices need a time delay 
before  they can function. There a r e  twa t i m a  delays i n  the 
MPF—I. One time delay: i s  in the hardware. The c i rcu i t  
connected t o  the Rese t  {HST} pin w i l l  p reven t  the MPF—I 's  
ESE f r o m  immediately s ta r t i ng  execut ion. The other de lay  is  
provided by the twc instrUctiUns a t  statements 166 and 1&1. 
E i s  f i r s t  loaded w i t h  aero ,  than the DJNE $ w i l l  decrement  
the value 0f B, and as lang as B= i s  nanizere, a jump to self 
( re—execu te  the instruct ion) w i l l  acaur. 

H" ‘7 A; 
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Questions. of Exercises 

Exercise ?—1 

Haw lfihq i s  the delay a t  line 166? 

Statements 136—137 

These twn statements program. th£  8255. 

The 3255 chip has two lihas RH" and A l  t0 te l l  i t  What 
funct ion i s  be ing  se lec ted.  If A 6  and A 1  a r e  h igh.  then 
the 8 2 5 5  i s  being-prflgrammed. The ins t ruc t ion  

>52nds the Contffi lS in the A register  aver 3 address  l ines AG 
t9 A } .  P8255 i s  Equal t0  E3  thexfigcimal} or @959 9&1; 
( b i n a r y ) .  The r i g h t  twd b i t s  which a re  high Cdfinect ha ha 
a n d  A 1  i 

BEEQre thé centents Of the A ragis ter  a r e  output, i t  13 
nHQEd w i t h  a p u t t c r n ;  namely 

1 fl fl 1 fl B U a P a r t  C lawer is  twtput 

* ‘ P e r t  B i s  Qutput 

Par t  B i s  mafia fi 

L p g r t . c  upper 15 Dutput 

j g r t  A 13 input 

L—-Seleet mode zero conf igura t ian  ffi f  Hor t  A 

1?5 



Mode ze ta  means tha t  the pa r t s  a re  used fer  input o r  eutput. 
Each half sf  P o r t  Q is  programmed separately.  'Thus, P e r t a . A  
-will steept input fram the keybsard, the use: k e y ,  and the 
,gasset te t  P a r t  B i s  need be cent rs l  individual segments i n  
a disPIsy. Part  C is  used ta select a display, to seem the 
.keyboard, and for Output t o  the casse t te ,  tone, and LEDs 
{ l i g h t  emitting diedes).  

Statement 114 and A15 

The output is Le Psrt C o f  the 8255. This is Part HZ in 
MPF—I. The data sent to  the 8255 will preVent a break. B i t  
6 i s  made-h igh .  This s e t s  PC6 {Part  C ,  b i t  5 )  high. The 
break c i rcui t ry i s  enabled by a law an Peri C b i t  6 .  The 
data  sent t s  8255 w i l l  else set the ga te  o f  the t rans lates 
contro l l ing the sound and the LED h igh,  

Statement 116 

The system steak pdinter i s  set to an address in the REM; 

exercise l-fl 

What i s  the  tap n f  the system statk? 

Use the cross re fe rence  t a  answer the questibn. 

Stetsmfifit 121—123 

fleas the  Contents oi  the lssatisn PQMERUPE IE i t  is  not  
equal  ts  PWEDDE; then CALL subrfiutine INI. The designer 
assumed that an pswer up that the lflcatifin PWCDBE-CEUIG net 
he equal to ASH—ethis is prabsbly t rue.  
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Exerc ise 7+3 

using the EIQSS refierance l i s t .  

What i s  the value in PWCQDE? 

Statemant l347‘1368 

The f i r s t  pat tern tn be displayed wi l l  be all blanks. Leak 
»at the six bytes Starting a t  lécation E7A5—~ a l l  zéroes. 
DBFB mEans de f i ne  a byte.  Register  C wil l  be used to make 
the uPF—I pass through the code a t  statement 1363 to 1368 
seVEn times. 

'Statements 1363 t9  1365 call SCANI ten t imes Wi th  1x 
register po in t ing tn  the same pattern. Af ter  the screen has 
”been .‘b:-.l-.a nked out far 9.1.6 sec-Md i t  is: time to set up a. new 
pattern.  The. n e x t  pat tétr i f  i=3 5. l e a d l n g  blanks W i t h  a ”Ui'\il'71. 

r ightmcst positiun. Decrementing IX, statement 1366 wil l  
g i v e ' t h i s  pat tErn.  Look a t  line 2536 t o  2541_ IX naw 
points  t0 locat ion 7 A 4 .  The loop con t ro l  statements DEC'C 
and JR NZ,INIl  w i l l  dec ide  Whether to t r ans fe r  cen t ra l  to 
statemEHt 1363  label INII. Cantrol wi l l  be t rans fe r red  ta 
INIl six times. A t  this po in t ;  the screen wil l  read 

MPFa—I 
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Statement 13?@ and 23g2—23g7 

Loafi the PWGGDE inta & and then t rans fe r  control t0 INI3 
( in i t ia l ize cade p o r t . 3 ) ,  At.IN13 Statements 2382—239? load 
the powerup ande (byte) intc locat ion POWERUP, s e t s  the beep 
frequency and durat ion,  and returns tb INI4. A t  IN14 
.statement 1372. a code o f  @366 is loaded into HL. Then the 
nex t  ins t ruct ion puts th i s  code in tu lucation IMlAD. 
'Whenever a code o f  FF is exacu ted ,  the MPF—I -w i l l  t r ans ffi r  
central to . locat ian 33H. (ef fect ively a call to 38H} .  The 
rout ine a t  locat ion 33H wi l l  than d i r e c t  the MEF—I to 
t nans fe r  cuntrul  t o  IMIAD. B e f o r e  the MPF~I gees tn the 
cede to  Establish; i f  a break pa in t  i s  i fl . e f f e c t ,  the b r e a k  
{point lafldress i s  se t  tn EFFEEH. In the present MPF—I, 
:address BFFFFH dues nut ex is t .  Read the comments a t  
statements 1329 to 1333. A t  Statemefit 1387, a return is 
made to lqcat ion @E14 Statement 123. 

Exérc i se  T~fl 

Change the key beep freguency by trying diffierflnt values in 
location lFFl statement 2657. Can You SEE the frequency 50 
law that you can ‘ t  hear i t? Can the frequency be set  an 
high that you cann' t  hear i t? 

:Change the duratian o f  key heap by changing_lp;ati0ns_lEF2 
.and 1FF3Q 'ThE‘monitGr value i s  2E in  1FF2 and BB in l FF3c  
Try  larger Values then smaller values. Try zero in 1FF2 and 
lFF3. At least one value will cause you to 10052 control 6f 
the Microaprafessar. How can yam-regain  cvntral? 
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Ewert ise ?—5 

{UPTIOHALaANSWERS NOT PRUVIDED) 

’Try to explaih' the cemments and cede e t_e ta tements  194 t0 
214. 'Yeu:may need th read addit innal re fe rence ma te r ia l .  
Make a drawing. I t  w i l l  he lp .  

StatEment 123~14h and 21fi3‘2119 

‘HL w i l l  point to locat ion lflflflfi  anfl then we a re  e f f  to the 
subraut ine RANCHE a t  locatien SFE statement 2113. Does this 
ruutine leak fami l iar? I t  should. The code was__explained 
e a r l i e r l  I f  lacation 1699B i s  the s t a r t  o f  ava i lab le  RAM, 
then Wham RAMCHK is  ex i t ed ,  the zero f l a g  w i l l  be s e t .  The 
r e t u r n  i s  l oca t i on  10 s ta temen t  131. A t  t h i s  s t a t e m e n t ,  we 
ask :  Is the zero f lag se t?  I f  yes ,  then t ransfer  control  to 
PREPC IQCat ion 21 s ta tement  133 .  The pointer to the 
beginning o f  user RAM (USERPC) w i l l  be loaded with lflflflfl ,  
I f  a managero value is re turned,  then user RAM is  aaaumed t0 
:gtart a t  lafiflfl .  Statement . l32 changes the value o f  the_ H 
regiStEr to 18. Before jumping t9 RESETlr regiSEEr H is 
leadefi w i t h  ze ta .  New H and L a re  bath zero. 

S ta tement . l77+1&4 

The interrupt reg is ter  and the i n t e r r u p t _ c e n t r o l  f l i p— flap 
a r e  not diacussed in this manual. Consult the 286 technical 
reference manual.  

StatemEHt 243—363 

Statement 249 takes a f i x e d  value USERSTK ( lFQFI  firam Rah 
and leads i t  into the HL reg is ter  pair, Then the next 
statement puts th is  va lue i n  USERSP. The contents of  USERS? 
- w i l l - p a i n t  to the current tap  o f  the u s e r ' s  s t a c k .  

l 



EEEECiEE Tqfi 

why i s  a Quintet ifl  RAM ugea ta indinate the top g f  the 

HSEr 's  Stack? 

Sta tement  251  and 2 5 2  

Thu statEments a t  251 and 2 5 2  clear the byte labelefi  TES?. 
B i t  a u r a  mus t  b e  flat  a t  t h e  b e g i n n i n g  @ i  a new n u m e r i c  
e n t r y .  Sett ing b i t  ze rn  of  TEST ta  z e r o _ w i l l  aUtQmat ical ly  
c l e a r  the data bu f f e r  when a haxadecimal key i s  pressed. 
The serVice rGUtifles for hexaaecimal key' en t r y  FEfEIEHCE 
rant ines a r e  PRECLJ and PRECLZ. {See s ta tement  E l n fl fl J i  
PRECLl and PHECLE tes t  bit zero of  TEST and preclears qua 
fPRECl) or two (PRECL?) bytes (statements l 4fl2—1428 I .  

Set t ing b i t  7 i n s t r u c t s  the monitar t o  i gnore  the cur rgn t  
Key press and to  Send out a warning maSS&QE. Thaw rou t ing  
IQNQRE. is  called by kéybgard rqutines which have discqvered 
an i l lega l  key press. 

A case Study 

Y o u  have pressed the Set break point Ray BER, and have 
en te red  ah i l legal address.  The keyboard moni tor  raut ine 
w i l l  branch to routine KSBR (Key Set  B reak )  StatEment 58? 
t9  668. The KSBR rou t i ne  usesTRAMCHK t0 determine i f  your 
breakpoint address is a RAM location (CALL RANCHK)- If the 
address i s  not i n  RAM, a jump to  IGNORE i s  executed 
(statement 1 3 3 6 ) .  The routine IGNORE Eats b i t .  7 a s  a 
warn ing  messageg The RET instruet imn transfers Gantrol hack 
t n  t h e  MAIN lqop- ( s ta temen t  3 3 ? } ,  The fi e x t  three 
instruet ians executed are  

JR.MAIN 
LD SP,SYSSTK 
EfiLL SCAN 

scam t é Q t E  h i t  ? Hf TEST (Statement EISBHEQ), I f  bit ? is 
S e t ;  than the SCIEEE i5  blankefl as warnigg 0 f  an i l legal key 
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Did yam enjoy tracking the e f fec ts  o f  the flags in TEST; WE 
got  a l i t t l e  ahead o f  auraelves. The keybcard scanning 
ran t ine  has nab ye t  haen explained, but i t s  kind af n i ce  ta 
gEL a p r e v i e w .  The aCt iQfiS 9f TEST may seem r a t h e r  dev igusx 
fine r o u t i n e  c a l l a  annther ‘Fflutine Which ca l l s  another  
rautine, Same nesting o f  rantinES i s  permitted in a Small 
mani ta r .  In a large sca le  Qperating syfitem, the anneasing 
o i  nested rout ines must be carefiul ly plannefi in advance Let  
us now f in ish the code RESETE: 

Statemant 2 5 8  sets IX  to paint hfi the i n i t i a l  d isp lay  
pattern MPF—I. When SCAN is  called, IX i s  used as a disglay 
Pointer(read statements EIZE'EQ 2128) 3- jump ta SETSTQ 
avaids executing the aaia far a nan—maskable interrupt;  



Statement 353—333 

Statements BEQ-Efi l  Clear the STATE. Read statements 459 he 
434,  You w i l l  gain sums insight tn the funetions -ef the 
keyboard  rou t ines .  The MPF—I uses a so f tware  breakpeint. A 
breakpoint i s  set by replac ing the speeds o f  an inst ruct ion 
With a r e s t a r t  instruCtien HST 283.  A RST 28H saves the 
contents e f  the program counter—-the n e x t  i ns t ruc t i en  to be 
assented—-en the s tack  and then t ranSEErs  contro l  te the 
break reu t ine  a t  l oca t i en  28H {s ta t tment  1 & 3 ) .  The replaced 
speeds i s  saved away in losat ien BRDA.(Breahpeint Data 
Andress) .  The Inflation c f  the breakpoint i s  BRAD 
(Breakpnint Address)e StaEEment 362+363 wi l l  restate the 
flats at BRDn t9 locatien BRAD. Why i s  this done? During 
power up  statements 362 and 363  accompl ish nothing because 
the breatpuint address is a nemesistent a r e a - s f  Hen. fi f te t  
power up,  assume a program has been entered and a breahpeint 
s e t .  The program s ta r ts  execut ing and the breakpoint 
-address is at tested. The program will hal t .  You now deCide 
t e  i n v e s t i g a t e  Seve ra l  r e g i s t e r s  and then to  r e t u r n  to  the 
mon i to r .  Press ing NONI wi l l  t r a n s f e r  con t ro l  to locat ion 
66H statement 266. The code a t  _statement 266 to 351 i s  
executed.  .At statement 351, a jump to ERRSTO statement 362 
is  performed. The hrsakpoint  i s  removed. Thus by pressing 
NONI, you can re tu rn  to the moniter and remove the 
breakpoint- Many moni tors have this feature. The aet iens 
e f  the CAEL C;MEMDP2 a t  s t a t e m e n t  3 7 1  w i l l  depend upen which 
instruction sequence preceded this statement;  I f  this is a 
power up sequence, then s ta temen t  2 5 8  se ts  It t o  po in t  te 
uPF—I and statement 360 cleared the carry flag. Central 
wi l l  not be t r ans fe r red  to .MEMDP2 and MPF—I w i l l  be 
d i5played. I f  the u s e r ' s  stack i s  no t  in RAM, then the code 
a t  statements 328 to  335 wi l l  display ERR—SP. I f  the user 
s t a c k  and. the s y s t e m  s t a c k . u s e  the s a m e - a r e a  (ever layed j  
then the code a t  s tatements 34l t o  347 w i l l  display sys—sp. 
=If no e r r e r s  a r e  detec ted a f t e r  the.MDh1 k e y  i s  pressed; 
then the routine MEMDPZ i s  cal led. MEMDPZ (s ta tements  
1&51—13923;  1) updates the s ta te  reQis tsr ;  3) ca l l s  reu t ine  
ADDED? to d isp lay the address o f  the pregrem counter,  33 
ca l l s  routine DATADP te d isplay the contents  D f  the address 
a t  the PC, 4 )  cheeks i f  the entrees ts be displayed i s  a 
breakpoint.  and 5] f inal ly .returns to  locatien BEBE 
Statement 389. ' 

182 

L
i

i
i

'
 

j
i

l
I

d
.

 
l

a
-

u
J

'
 

s
l

i
d

.
 

w
i

I
J

'
 

‘
.

-
.

'
 

d
l

l
i

.
 

L
i

n
-

I
 

Q
u

i
l

l
 

.
i

i
i

l
 

a
.

.
.

l
l

 
“

i
i

i
.

 
l

i
l

i
l

'
 

s
l

i
d

.
 



' 
l 

> 

_
‘

 l 
“.

4
 

x _
. 

Statement 375339E 

_A f te r  se t t i ng  the s y e t e m  s tack ,  a c a l l  t9 SCAN will {Etu fn  

the key cede 0 f  the key Pressed. The BEEP reutine dues the 
envious thing—-it sets up the parameter fer  a time aha c a l l s  

TUNE tQJQEt a EOUDd« Perhaps net so obvieus i s  the command 
a t  Statement 2411 JP KEYEXEQ. when th is  c e m m a n d " i s  
executed;  the A feqifi ter  Contains the in te rna l  code e f  the 
k e y  pressed. The rout ine KEiEKEC p rocesses  all keys Egcgpt 

'AS indicated Earl ier when a REE function.has EGmPIEtE@r the 
HST in thg Eey'“a“dlin9 routine returns central ta Statement 
337 $33 MAIN} Which then re—execnte MAIN. 

Etatement'392—457: KEEEXEC 

‘KEYEXBC separates the internal codes of the keys inte three 
greups.  This i s  done to s i m p l i f y  the branching to each 
rout ine Which process a .key  fanct ien.  Read statements 241E 
to 2 4 2 2  re understand the branching 'method. The routine 
KHEX leads registers f o r  use by the routine BRANCH. HL i s  
loaded with a base address. asseme the GO key was pressedr 
The inteinal. code f o r  SD is L2, Since 12H i s  greater  than 
16H, statement 463  w i l l  not t rans fer  central ta KHEX. 
Statement 428.wi11 subtract  13H? leaving the diEEErenCe p f ’ E  
i n  A1 2 i s  l ess  than 8 ,  t h u S ' c o n t r o l  i s  t r a n s f e r r e d  t o  
BRANCH—~statement 1361. The ob jec t  o f  BRANCH is to t r a n s f e r  
control t o  the routine Whidh wi l l  aérvite the pEESSEd key. 
A table has been designed to  ho ld  po in ters  (branch 
afidressee]  to  the c o r r e c t  routine. The table for KSUBFUN i s  
a t  s ta tements 2424  to  2 4 3 3 .  The f u n c t i o n ' o f  BRANCH ( i n  the 
c a s e  o f  GO) is= tn add together the contents  o f  the f i rs t  
table address 3113 [s ta tement  2425)  and the tab le  e n t r y  fo r  
K60, EA {statement 2 4 2 3 ) .  The address ef the rout ine K60 is  
.123H I l lBH ~+ EAR -: 1 2 3 B ) ,  Etudy statements 1391 tn 1334 
careful ly tn see haw register A and register pair HL 
fletermine the ip addrees {s ta temen t .13331  by naing the 
tables beginning a t  2424. 

Read the cemments a t  statements gill tn 2 4 2 2 ,  and 13a? tn 
1316. 

This sampletee the explanation e f  the monftfl r ,  The 
interrupt System wee net discussed; 

1Efi3 



Exercise 7—? 

Tracing manitqr aédé 

Trace the aetious DE pressing a k e y ' f r n m  each o f “  the three 
qrnups g iven under KEYEXEC; Ver i fy-yaur  answef hy reading 
the operations perfiqrmad by thE key in the Use r ' s  Manual 3.1 
Basic operations. ' 

I f  tlm‘e 'PTE-fmit-S I step th rough the cede £01: "all. "of? {1t keys .  
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CHAPTER 8 
How to Read a Schematic 
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When 'you read a schemat ic ,  yau a r e  leaking a t  the 
results o f  the hardware  design. A set DE 3 harflware and 
sof tware specififlatifins a r e - d e v e l o p e a  by a cembinefl s t a f i  ~— 
management, sales,  suf tware,  and; o f  cnurse, engineering, 

When a micraprecesscr i s  campused u f  only a few chips, 
than a single sheet cafi show all o f  the schematies. The 
‘MPF—I contains 13 chips, a voltage regu la tor ;  diSplays, a 
keyboard, and two 53—pin extens ion connectors .  Four sheets 
are  requ i red  f a r  the MPF—I schematics. Each -sheet is 
.nUmbered 3 .9 .  ”Sheet 2 Of 4“  

:5heet1~¢f4; 

’The components on this sheet;  a re  v i ta l  to  the MPF-IH 
'miCrocomputer. U1 i s  the EBB CPU. U 6 ,  U 7 ,  and U; are  the 
memory=chipsr Ram and RAM. 

We will f i rst  cansider the requirements of the 289 EPU. 

“hungeanulCunent 

Meat new CPUS use a single 5 volt valtage saurce. Chip 
spec i f i ca t ions  w i l l  t e l l  the user Edesigner}  the allowable 
vnltage variatiOflS. Turn ta sheet 4 0f 4 :  l9” Will find the =Vo1tage-regulatar. I t  is located in . the upper right hafid 
part  of the page. 

What Valtage var iat ians are allowed into the a tflge 
regulatnr? {+?v ta +24v1 For the 1365 to work Properlyt 'nhe input; I .  mUSt be higher than the nutpnt; 0: The eutPflt voltage is +5v. 

1 89 



The allowable input vol tage range i s  giVEH just to  l e f t  
o f  Input. "What i s  i t ?  I+7V +24V) 

A smooth- (clean) veltage can be supplied by the 
regulator, yet; naise may appear on the voltage input :9 an 
EC. Some o f  the noise comes from circuits ShitChing on and 
0 1 f .  Each component th-at can ma l func t ion  due to _noiSe Io r  
seund spikes)  must i n  some way be prevented f r o m  1nteract1ng 
w i th  power supply. The p rope r t y  o f  a smal l  capac i to r  i s  to  
a l low h igh  f requencies to  pass through them. This ac t i on  
w i l l  f i l t e r  out  much o f  the no1se. A n o i e e  ep1ke is. r ea l l y  
a h igh f requency Signal  Look 1mmed1ately below the vol tage 
regulator  c1rcu1t  and you wi1l  obse rve  a s e r l e s  o f  
capaCJts Shawn as .Tfl__1_ fl‘ 

These capac1 to rs  a r e  t yp ica l l y  use-d t o  f i l t e r  o.ut 
no:is.e. Some f11 ter1ng takes place b e f o r e  the  vg l tage  i s  
regula ted The i.npu.t capac1 to r  haze a capac1tance13f  4 7 u f .  
What  i s  it.s p a r t  number? [ C 6 ]  

E x e r c i s e  

Lo-ok a t  your MPF-— —I board .ahd f ind C1, C.2.....Idrawingj 
I f  you w e r e  t o  de51gn your own power supp ly ,  how could you 
le-arn about vo l t age  regu la to rs?  Some manufac tu re rs  publish 
hate  books wi th explanations { tu to r ia ls }  on how to  use  the i r  
components .  An exce l len t  bee t  on Vo l tage  r a g u l a t o r s  i s  
Moto ra la ' s  Vol tage Regulator Handbeok. The author-—Henry 
Wurgburg——hes a sect ion on "Select ing a Linear 1“ Voltage 
Regulator“. ' 
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Clocking "Requirements.- 

The 2 8 6  CPU" can be» aperated aver  a range 9f  c lack  
f reqUenties..~The 23m CPU in your MPF—I i s  c e r t i f i e d  by the 
manufacturer  tn  opera te  a t  a maximum r a t e  9 f  2 . 5  MHZ. 
Designers sametimes spec i f y  a chip s e t  a l low ing  opera t icn  a t  
a part icular maximum frequency and then d r i v e  the ch ips  a t  a 
luwer f requency .  The re  a r e  two reasons far the lower 
EreQUEncy.. one reason is that the c i r cu i t s  wi l l  aperate 
mare re l i ab ly .  The ether reasnn i s  that the clack may be 
per forming another task  requir ing a spec i f ig  frequency; 
Yaur mPF—I c lack cauld be usefl: to central the frequency 
{baud r a t e )  o f  in farmat iun sent  and r e c e i v e d  i n  
Communicat ibnsl  

‘ The alfick GiYCUitIY (an ShEEt 1 of a) is in the upper 
. l e f t  hafid earner (U—fi } .  'The baSe frequeney .gf 3 _ 5 g  
megahertz i s  generated by a quar tz  c r y s t a l .  ‘ 

Exerciae 

The drawing f a r  a c r y s t a l  is  t w a  p la tes  -with the 
rectangular crystal drawn bétNeén the plates. Draw the 
c r y s t a l  

[~—— I I] l -—-=~1 

The crystal  has the property qf  osci l lat ing a t  an; exact 
frequency when.given a small amnunt 0 f  e l ec t r i ca l  energy. 

'1. 9 '1 



The central c i rcu i t  suppling the e l e t r i c a l  energy i s  
Compefied 0f Ewe seetiens ef  an two res1s te rs ,  ané a 
.c-apa‘czitur. | D +  ‘_ 

In ShEEt 1 e f  4 ,  u-3 

I
l

l
—

4
H

 

How can a c i r c u i t  use only a few sec t ions  e f  an IC? 
I t ‘ s  s imple .  We can d.o th1s by enly connect lng two. sec t1ens 
3 f  th-e. I C  t o  the  c l a c k  c 1 r c u 1 t .  

I 

—Jb»— 

-{3>— 

++ 
The ?4LS l4  c o n t a i n s  s i x  e lements sec t ions  c a l l e d  

schmit t  T r i g g e r s  (den '  t w o r r y  about  d e t a i l e d  operat1on o f  a 
S c h m i t t  T r l g g e r ) ,  H o w e v e r ,  i f  vnu n-re 1n te res ted  ‘ i n  
l e a r n l n g  about Schmitt t r igger ;  read the nex t  sect ion 
Schml t t  t r l g g e r .  

Schmitt Trigger 

VCC 6Y 5A__5Y 
11 1 

3:15. 31! 6214126- 2? 

F i g .  T4L514 Hex Echmitt Triggers 
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In d1g1ta1 c1rcu1t5,  the. state o f  a signal can switch 
f r e m  E t o  1 o r  fre.m 1. t o  E .  .In conven t iona l  TTL e i t . cu i t5  a 
-zer5 centers a t  2 .  4V. Typ ica l l y  a value Up to  the 2 .  8V and 
somewhat 1555 than 55r5 vo l ts  is accepted as a zero level. 
A UHE centers a t  2 .4V . .Typ l ca11y  a va lue down to. 2- BV and 
-all the up to ahflflt 5 . 2 5  velts is accepted as a one level. 
Hera i s  an ideal TTL c i r cu i t .  

Not1ce  the 1mmedlate t ran51 t1on  f r e m  9 .  4V t o  2 4V .  The 
t ran51tlon can never be lnstantaneeus but usua.11.y a quick 
tran51t1on 15 des1rable.  Here 15 a very ‘5 . low t rans i t ien.  

1 . 4 V  

5.5105- trans1t10n can :cause a problem. Devices 
attachefl to a s lowly changlng Slgnal will. become CQnEUSed 
because t55 much time: 15 spent 1n betWeen the E -and 1 leve l  
The dev ice is  prene to  5a-y 1 t ' 5  a 55.5, no i t '  5: a z e r o ,  55 
1 t '  5 a one.  How can  a qu i ck  r 1 5 5  t i m  e be ach1eved A 
c1rcu1t cal led a Schmlt t  T r lgger  w i l l  wa i t  un t i l  a changlng 
Voltage has passed a pa r t l cu la r  pelnt and then snap to  the 
new s t a t e .  

SCHMITT 

INPHT TRIGGER ” @UTPUT 
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DIVI‘DING THE OUTPUT (IF THE SCRYSTKL 
QBESILLATOR 

The crystal  outputs a frequency o f  3 .58 MHz. "But the 
zen EPU aperetes at  1.79.MHEa Re you een see, the clock 
frequency was divided by two. Between the crystal  c i r cu i t  
and the 283 CPU is an IC, namely, 74L574. The name e f  the 
function a f  a 44L574 is  Dual D Pbsitive-Edge—Triggered 
Flip—Flaps wi th Preset  and Clear .  

_ 'This infnpmatian may net help yqur understanding of the 
=c i rcu i t .  heather way e f  looking a t  the function e f  the 
34LST4 i s  Shawn below: 

_ _ ? 4LS74  
3‘58MHZ 1 ;?9 .MHE 

in  *—-—-—- CK Q *—-—-——— out 

Here i s ‘ a  traCe diagram o f  a 74LS74 
Rising 

5K H. ~ edge” 

Rising 
edge 

j 
_ 

fl 

a «
0

:1
: 

Notice that the signal Q enly changes an the risifig 
e d g e - 9 f  the  fig ( c l a c k j ,  Therefflre, the Elbck 15 dividfld by 
t W Q .  
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fissuwt(RESET) 

Your 289  CPU may- he put h f  control e .q .  leaping. .6 
Circuit  controlling the RESET line into the ERR CPS allows 
the operator to  IEQaih contro l  The ob jec t  is to push a 
button and which w i l l  hold the HST (pin 26) 11.ne low for a 
few cyc les .  Th en the l ine shou1.d go h i  gh.  

uiab .._. 

741574 
U26 ' 

Sheet 1 o f  4 .  €66 

IE RS‘ 15- not pressed, pin 12 o f  141314 02616) i s  
connected to 5V through a resistor. The 5 volts a t  pin 12 
w i l l  pass through 74Ls74 (U263 so that pin 9 ( a )  will be 
high. Pin 9 (0 )  connects to the RST line and no action i s  
i n i t i a t e d  by the RST p in .  Now press down on RS1. P in  12 
wi l l  be grounded and a  1ow w i l l  pass through U2b to  pin 9 .  
The l o w  a t  p in 9 w i l l  present a low a t  pi-n 26 ( the  rese t )  
This will cause the SIR CPU to  stop execut lng a t  i t s  cur ren t  
address and immediately t ransfer control to  locat ion z e r o 1  
Tod may Wander what the capa01tor C9 do.es. I t  w i l l  hold the 
Signal low fo r  a f e w  cyc les when RS i s  pressed.  Remember 
t h e  RST 1 i ns  must be l ow  f o r  a f e w  c y c l e s .  

There a r e  tWO more ways o f  galnlng con t ro l  o f  the 286  
CPU. To be in  cont ro l  is- to  s ta r t  a t  a predeterm1ned 
address. Pressing the INTR key will transfer control  to the 
monitor when the maskable interrupt system is enahléd. 

In t r  

£7 

PreSSIng down On thze- INTR key  w i l l  shor t  the i n t e r r u p t  l ine 
(INT) to  ground. The INT in ter rupt  i-s sa id  t-o he act.ive 
low.  51 gnals  which a r e  ac t ive .  low have a bar  above thei r  
names. When the INTR key is released the short to ground i s  
removed and 5 vo l ts  is  applied through res is te r  R 3 .  The 
register  'which a l lows the voltage to  he pulled up wi thout  
damage t o  the power supply i s  cal led a pull up r e s i s t o r .  
Pu l l ing_7fiTF low by short ing i t  to  ground d o e s n ' t  gnarantee 
that the CPU w i l l  be interrupted. An f fiT ‘ w i l l  be ingored 
When the ins t ruc t i on  DI (d isable i n t e r rup t ]  has been 
executedi wheh. the 386 SPU is powered up, the -ma566ble 
Hinterrupt System is disabled. 

1955 



VThe manitor aflfla never enables the I s p i n  with an El 
{enable interrupt)  ins t ruc t ions  In the workbonkr the uses 
,Qf the maskahle interrupt will nnt be discussed. 

The Second way= tn ga in  gantrn l  hf the 386 CPU is t o  
.kgss thesnfifil ”mani tfl r? ke>i  p r e  : J ( ) y ESE 

m l  CPU 

74LEEE 
Sheet 1 o f  4 ,  Ba? 

MSG n" 'i l_|_ 

When the NONI he? is pressed, a Ser iEs  o f  Guardinated 
actions must occur. The ohjeat of pressihg the NONI key  is 
t o  cause a nonemaskable in terrupt  (NMI ) .  I t  i s  s u f f i c i e n t  
t o  know t h a t  a low a t  the pin marked w i t h  NMI w i l l  t r ans fe r  
con t ro l  to  memory locat ion 66H.  The coord ina ted a c t i o n s  a r e  
Cont ro l led by the 7 4 L 8 9fi  which i s  a counter. The counter 
wi l l  change the level {e.g.  high ta low} GE the signal at  
pin 1? (EH?) a f  the 23% CPU." 

Oj'pi'ti'Onal: A Detailed Analysis M the Operation of the. 14L590 

-user presses fiOWn an the manitnr hay ,  a law must appear at 
the 28! CPU'S fifiT with a minimum of delay” Secondly, when a 
break paint i s  sensed dUring program exhautien. the break 
.signal BREAK must be delayed u n t i l  4 instruct ions have been 
executefl l  The manithr key must take precedenee e v e r . a  break 
Signal i  

The MON] Key. 

B e f o r e  MQMI i s  p ressed,  a 5 vo l t  lavel  is applied ta 
p in  9 o f  the T4L514Kd) caardinates 5—? an S h a e t ' l .  The 5 
a t s  is  SUPhliEd thrnugh the 13K ohm res is tnr .  This 
resistar pul ls the  Vhltage level  up when the MONI input i s  
np t  grounded. The res is tor  is ca l led a pul l  up r e g i s t e r !  
When .nnNI is prESSEd, one en& hi the 16K nhm”res i3 tot  i s  
grounded and the lavel  a t  74L814(d) goes tn grqund. The 
74L314 wi l l y  invert  the grauhfl level f rom a 10w ha a high. 
The leval  a t  p in 6 I R 9 ( 1 3 3  and ? ( R 9 ( 2 ) )  i s  h igh .  Chhsult 
the ?flL599 truth table belaw 
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_ RESET/COUNT FUNCTION TABLE m 
LINE RFSET INPUTS OUTPUT 

' Recl) e112) R9(l) 29(2) Q5 Do Q3 92. .  
H L L L L 

L 
H 

-L L- L 
H L L 

COUNT 
COUNT 
CDUNT 
CDUNT 
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Tqgfl  —- Reset/eeunt Truth Table 

L ine .3;. R 9 { l )  and 3 9 ( 2 )  h igh 1nd1cates t ha t  @a W111 be h i g h .  
Qa h igh w i l l  he I n v e r t e d  by the 74LS?4(C)  t o  a low... The 1.ow 
i s  p resen ted  to  p i n  17 NTI o f  the 282  CPU. PreSS1ng MCNI 
interrupts the zen ceuim Line 3 also shows that the 
cond i t ion  o f  R fl t l l  and REC?) a r e  irrelevant when 39(1)  and 
R 9 C 2 )  a r e  h i g h .  T h i s  means t ha t  the MONI key takes  
president over the 82825. 

Eweak 

Understandlng the ac t i ons  o f  a breakgoint requires 
t rac1ng  both s o f t w a r e  and ha rdware .  A .h reakpo in t  i s  set by 
rep laCIng the opcozd.e o f  the  i n s t r uc t i on  a t  t he  selected 
b reakpo in t  w i t h  a HST 28H i n s t r u c t i o n .  When t h i s  i ns t ruc t ion  
i s  execu ted  c o n t r o l  W111 be t rans f .e r red  to l oca t i on  28H. 
The r o u t i n e  t o  s e r v i c e  an  NTI ( n o n — m a s k a b l e  1 n t e r r u p t )  1.s 
l o c a t e d  a t  28H. The s o f t w a r e  sequence i s  1) the: rou t l ne  
HSBH (statement 587) responds to  the user  r e q u e s t  f o r  a 
hreakpoint  by se t t ing  the b reakpo ln t  address  1n l o ca t l on  
QRAD1 2) When.the CD key is_pressed the serv1ce routin.e 
GDA { s ta temEHt  1224)  puts the hex code EF (HST 28H)  a t  the 
breakpoint  address .  When a b reak  i s  recognizedi a t r ans fe r  
i s  made to the break t r ap  rout ine a t  l oca t ion  282. The 
seeond part o f  the break routine star ts a t  location 3E 
{statement 221) .  Statements 236 to 241 will new be analyzed 
in detai l .  
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Statement 236 ED Allflflflfiflflflfi 

The A réeieter is leaded with the break enable pattern 
the Leftmest bi t  ie eet .  

Statement 23? OUT {DIGIT),A 

The PAttarn ifi-A is Guteut te PCQ ta PC7. 9C7 sheet 2 
GE 4 ceardinetee 3—4 cennecte te the 74LSQQ‘-Sheet l 
-ceerdinetee 3—7, 

'Statement 238  t e  241 

These four  1nstruct1ons 'will he executed b e f o r e  a 
nen—maskable 1n te r rup t  w i l l  o c c u r .  As leng as bath DI the 
BREAK inputs  R a i l )  and R o ( 2 ) 1 e r . e  h igh  th1e b r e a k  w i l 1  e i t h e r  
s e t  Q.a th rough Qd l o w  { s e e  7 4 L S B E  t r u t h 1 t a o l e  l i n e s  1 and  2 )  
e r  h a v e  no e f f e c t  i f  R 9 ( 1 )  and R 9 ( 2 )  a re -  bot.h h i g h  ( l i n e  
3 } .  Assume R 9 t 1 )  an-d R9”(32J a1re. l o w  an d a BREAK S l g n a l  i s  
:sent1 The 74.LS99 w i l l  begin t o  count .  The chUnt seqUence 
i s  dependent upon haw-1Ain and Bi1n a r e  WIIEd The 74L59R has  
QD Connected to A im .  The count sequence i s  BI— QUINARY. 

'COUNT OUTPUT 
,QA Q1) Q1; QB. 
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Count sequenee t o r  the 74LSQR 

The f i r s t  four  counts a f t e r  the base va lue a t  COUNT h 
held @A law. The L i f t h  count  COUNT 5 Changes QA te a h i g h  
and thus eeusee a hen-maskahle interEUPt. A count ACCUIS 
eaCh time the l i ne  a t  Bin Epin l )  gees low.  B in  i s  
-Cehtrol led 1by a signal (HI) f r e m  the EAR CPU which gees law 
e v e r y  t ime a new i ns t r uc t i on  s t a r t s  (er an ex tended  -epcode 
i s  r e a d ) ,  Remember -a f t e r  the s h f t w a r e  i ssued  the 1n te r rup t  
ei.gna.1 t.e the 74LSBE f o r  m o r e  1 n s t r u c t 1 e n s  w e r e  e x e c u t e d .  
Why was t-1he 74L599 choosen because bath the .MONI kEy a.nd e 
BREAhuceuld. be se rv1ced  w i t h  MDNI overr1d1ng BREAK. The 
taunting fea ture  a t  the 74L59fl  may no t  he necessa ry .  

198 

l
a

 
1 ' 

t
l

d
fi

 
' 

“
‘

7
’

 
l 

1
1

"
 

!
_

1
q

.
 

l 
1

1
.

 
"

’
T

i
l

l
 

1
1

1
1

.
 

l
‘

"
 

I 
. 

‘ 
_

-
'

 
T 

i
i

i
i

l
l

 
h

i
l

'
l

l
 

h
i

.
.

.
 



Memory. Selerctian 

The mamory £30935 B f  the ‘Rflfl and RAM flat the basic 
MPF—I afie shown belaw: 

fifldfifiss rafige' Aflflresg range in binary »Chipifufictiun31ftypw 
111 E X  . _. 

”5 ”995"5FFF 66591Eflfla.aanalaaaa—-annui11111111111111 finnitarfPEOM 

HE IBEQ-#IFFF analiJanfi.fiflflfirEBBG—-fiflfil;111111111,1111 ErogramSXRAM 

.U‘? 2'fl-g.-g.___ 2 FF? 9 fl 1 fl ,_.fl.,fi_:gg I, 33:93 ;: Egg fl__.fl._g 1 g l l 1 '1 1: r, 1111 _,-_ 1 1 1 1., Frag EamPR'QM 

Each bifiary b i t  is wirefl U p - t fl  an  address l i n e .  The 
address 193? {hexadecimaIJC = 3&91 1991 1fl11 1111 binary} 
wculd be in t h e - u s e r  RAM (U3). The correspgnding address 
l i nes  would be 

’A lS 914 913 A12 A11 $19 99 A9 A? A6 £5 A4 A3 A? A1 A9 

The upper faur address lines A15 - A12 cantrol the 
se lec t ien  o f  which memory=chip i s  activa. 

. Ta select any_of the mempry-chips A15 ahd A14 must be 
IQW. V 0n the EChEmatic sheet 1 o f  4 ;  ( A ,  5 — 4 ] ,  there i s  a 
.6hip labeled 74L5139. Find USa on sheet l v a f  4 ( A ,  5—41. 

’The TflLSlBQ i s  a " two tfi  one o f  fmflr“ deceder. What 
this means is- that i f  yeu enter ene 9E fan; binary values 
3a, 91; 1a. 11 intn the chip» only Qua p f  the -output lines 
i s  selected (goes l a w ) .  

The ?AL5139 has twu sec t ions .  Each Bastian has twa 
input l ines A and B, and a line "which turns an (se lec ts ;  
enables} t h e ‘ s e c t i c n ,  and the Emu: autputs. 

"1' 99 



5v a? ‘eill he law i f  
'155 _ _i.fip'l__11t was. 

vm= a INPUTS - 
11 1 Nb— 9-1; ENABLE _ SELECT DUTP'UTS 

11.1-— E1 G. . E El Y1. 1'2 13 
‘3 Yin—- 15 

13e——— 11 
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7’ T A L E I E B - T r u t h  tab le  

U5-.e i s  used to  turn on (se lec t )  U5 or U? o r  U8 only 
wwhen 1A and 1B a r e  lew. 1A and 13 are  connected to  A14 and 
.A15, resPect lve ly .  So whenever-A14 and.A15 are  both lee, 13E 
goes ac t i ve  low and one of the memory chips is ac t iva ted.  
The p in  labe led  16 which enables 74L8139(a1 i s  ac t i ve  lenly 
when an 1ns t ruc t1en  request ing memory i s  used. The 
1ns t ruc t1on LD A ,  (HL1 i s  a memory request  i n s t r uc t i on  and 
w:.111 a c t i v a t e  the me:mory request  l ine MREQ pin 19 of .  the 28E 
CPU ( coo rd1na tes  EB 5 1 .  An 1nstruct10n which w i l l  p e r f o r m  
Input—output operat1ons suc.h as  IN A ,  ( 2 5 3 }  w i l l  n o t  a c t 1 v a t e  
ZMREQ. whlch memory eh.1p 1S act1vated7 Te select  U6 wheSe 
.addresses range: from. EEEE through EFFF! both A12 and A13 

11 ' ‘ ' f . '  Beth A12 1 113 are Law 
1 2A . « . .  , . 2 Y E  " . . 2415139 

13 
A13 -———;2:B= all-Sh 

£12 

Line 21E in  USD goes low whEn heth A12 and A13 a r e  lew-. 
There fo re ,  EYE e f  U5:h is  w i r e d  t.e t.he- chip se lec t i on  l ine o f  
HE; A ch lp  se lect len liine ac t l va tes  a ch1p 

To s e l e c t  U 7  a d d r e s s  l i n e  A12 m-u-s=t be lo-w and adGFEEb 
l ine  A13 must he h lgh.  What 11ne o f  U5b should be selected? 
The an-ewer i s  212 
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Finally, to select U3, the following must ooour: A13, 
low: A12! high; end A11, high. Do you see why A11 must be 
high? Because the memory chip- on  U5 has a range o f  
addresses star t ing from IBFF {FFF1,1aFo1FFFF,eeeej to 1FFF 
( fl fl fl L  1111,1111 11.11), a n y  number wh i ch  i-s sma11.e-r than 1FFF 
and h lgger  than 1850 is  qua l1 f1ed to  be u-sed to point to  a 
spec1f1c memory l oca t l on .  I f  you Want t o  p lck a binary 
number which i s  smal ler  than l.FFF and b igger  than IBEE,  the 
condlt lons f o r  such ” a  number_1s that  the 16th {A15} ,  15th 
( A 1 4 ) ,  and 14th (A13) b i t e  should be H and 13th (A12)  and 
12th { A l l i  bite should be 1. 'That means A12 and All must he 

EeCause A11 meet b_e hig.hz,- an. addit ional decoder UBa i s  
requ l red  Trace  the connect ions and s e e  1E you a g r e e  w i th  
the  l ine-  se lec ted  t o  c o n t r o l  the ch ip  s e l e c t  (C5)  o f  U8 .  

Cross Reference of Sheet-ilQ-Siheet Schema-tits 

An inspection o f  the r igh t  or l e f t  margin o f  sheet 1 
reveals some lines that do not  connect to any components on 
'Sheet  11 However, the l i nes  do have a labe l .  

'we w i l l  now fo rmal ly  d iscuss  how to  l oca te  a spec1f1c 
l o c a t i o n  on the schemat lcs  and use c r o s s  r e f e r e n c e  between 
d1f ferent  sheets, Perhaps -you haw-e noticed that the four 
s ides a t  a c i r c u i t  map (sohemat id)  a r e  marked w i t h  A ,  E ,  C ,  
-and D ,  and 1, a ;  3 ,  A ,  5 ,  6 ,  7 ,  and 8 .  I f  we r e f e r  to  the 
lowest .1nd rightmost locat ion of  the c i r cu i t  map; the words 
“IA—B)" i s  used to point: to the locat ion.  Now f ind the 
l oca t i on  (D—l)  on sheet  1. What you see is  

oF—-D7 
__‘__._'_} S H E  r 3 

The SHE,3 means that you-shuld refer to the schematics on 
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The lines ifivqlvea an (0-1} o f  sheet I a re  data 

lines——ug thruugh D7 (Eight; lineal. Where d9 these lines 
gm? SHE,3 indiaatas that sheets 3 lahfl 3 are ta be 
inSPecLEdv Turn ta ShEEt 2 anfl use the;Gedinates (D—BJ 

.and EC"33r you will Eind: 

an 1, 3 

The label 3H1,3 indicates that lines D@ through D? a re  
connected to  sheet 1 and sheet 3 .  A t  (8—1} i s  another set  

°f lines connacting to sheet 2 and 3. ActuallY¢ only Aa, 
A l ;  A 6 ,  a n d  A? connect t o  shee t  2 and an and A1 Connect tn 

Shaet 3 .  .On the.1acat ion {flea} 9 f  sheet l i s  the RST l i n e .  

I t  flan 3153 be ffiund an (6-3) Gf sheet 2 ;  and (3-8} o f  shaet 
3. 

Extending. the capabilities of um 

Al l  pf the pins o f  the EBB CPU are ava i lab le  as 
ex te rna l  s ignals.  This fea tu re  al lows a l l  o f  the 
aantroll ing signals avai lable for  use by add—on—baards. 
Turn t o  sheet 4 QE 4, the pin assignment a f  the f o u r t v  pin 
connectar P1 a r e  shown. 
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fleet -2:.-=-The Enntrol Fit-unethh of flie- {32.55; 

TTurfliss 

The dominant IE on sheet Z f o f  4 is  the 3255 (U161, 
which is  installed on the locatien A-D, 5 .  This chip is 
designed ta contrel inputfeutput on three por ts .  When the 
MPF-I i s  turned on or r e s e t ,  a moni ter  pregram dEtermines 
how the po r t s  o f  8255  w i l l  func t ion .  P o r t  A w i l l  be used 
fur input and Per ts  B and C w i l l  a lways  autput .  The 8255 
'competes wi th ether chips f e r - s e l e c t i o n  by the CPU. The 
decoder a t  ( A — 7 }  and (A—Bi  s e l e c t s  one i f  the t h r e e  ch ips  
8255, pro,  0r c i  The selegted ,ehip i s  said to be 
activated by the CPU. Each o f  these Chips i s  sa id  tn be on  
=a p o r t .  The detai ls o f  I fO -se lec t i en  and cent ra l  a r e  net 
covered in this henfibook. An extensive discuseieh o f  the 
.actions o f  the d isp lays u16 to  U21 and the k e y  ma t r i x  were 
.GGVEred e a r l i e r .  Hdweverg the f u n c t i o n  o f  U12 and  U15 ( the 
75491 chip) was net diseueeed. The 75491 is a segment and 
.hex d i g i t  d r i ve r .  The 8255 doesn‘t have enough pewer to 
d r i v e  d i s p l a y s ,  So an IC i s  requ i red  be tween  the po r t s  o f  
the 8255 and the displays. U13 (the 75492 chip) i s  a driver 
which selects (aet ivetes) an en t i re  displayi 

Speaker 

The speaker c i r cu i t  et . (B,C-1;2)  o f  sheet 2 censiets ef  
a t rans is tnr  Q2, resistor  R9,  and a speaker.  The transistor 
is neeeesary t e _ f u r n i s h  more power than a typical integratefl  
c i r c u i t  can. ’ P e r t  PC? o f  the 8 2 5 5  centrels the freQUencY 
and period o f  the sound. 

cassette-.M‘icrophnlfiie: 

A reeietance and eapetitenee a t  £3—1;2J shape i the 
caSSEtte re tard ing signal output a t  part PC?. 

Ca-sse'ttfe-Earphnne 

,Diflflesa a ”  C a p a c i t o r ,  e resietnr,  and twe sectiene cf 
the 74L314 receive and ehepe the signal rece ived  teem the 
casse t te .  This signal i s  then read i n t o - t h E - 3 2 5 S . a t  p a r t  

203 



User Hey 

The user key 1-5 a key that has hE mflhiter EHHEtians and 
t he reEere  i s  ava l lab le  E.er user dEf in i t ien .  Sheet 
3——Ceunter Timer C1rcu1t {CTC} and Para l le l  I /E  (PIG) 

Shem 3-Jco-u‘nter Timer» circuit' {ant}. and Parallel [.10 {may 

The ac t lens  a-nd programmlng czf the CTC were covered in 
an  ear l ier  pregramm1ng e x c e r c 1 s e .  Para l le l  I/U u51ng the 
EBE P I G - w i l l  not he-ehvered i n  th15 course.  

Sheet 4:- 

P2—-.Pi~n F unefiofis 

_ Tau can locate the positian of 52, whieh is a dflhpin 
hu5 nonhECtor for the EBE PIG and CTC. 

The two po r t s  eE the 28E PIO and the c lock  Inputs and 
outputs 5E the ZBE CTC have been wl red tn the 4E- -pin bus 
connecte: P2.  The p1n funct lone oE P 2  a r e  l15ted on sheet 
4 .  

Memory Options 

The mezer can  1nsta l l  severa l  d l f f e r e n t  memory c h l p s .  
Thi.s c a p a b l l l t y  15 made  p0551ble fby a l l ow1ng  changes t o  t h e  
w 1 r 1 n g .  The u s e r  mne t  cut .  some t r a c e s  ( w l r e e )  and jumper 
some po in t5  when u51ng e i t he r  a 2 2 3 2  o r  6116. A c h a r t  a t  
( 3 — 1 . 2 I r  3 )  0 E  shee t  d- shews the c 1 r c u 1 t  c h a n g e s .  
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Appendix B: 

Alphabetical Listing of. Manitor and Interrupt Kay 

The gray  ana orange tapped keys are either sanfiefl 
by a mnfi i tfl fgkeyhnard scan rou t ifie a t  by  a=cpu  
in ter rupt .  One exceptien is the user  
ganged fly a user program. 

G” 

1MB 

11 E‘I'Illj‘gi' 

hufic t iun  

flats a menarw addresgg 

Elear the ‘breakpa in t  i n . a  
usar 's  prugram. 

IfiputS da ta  e i ther ta  
memory at a register ‘  

melates one byte f r om 
memary. 

S t a r t  exetutifin a t  the 
EUFFEHt program taunter 

LUHEILS cue byte  intn 
memary, 

Interrupts the axetuting 
yragramj Thia interrufi t  
mufi t . he  enablefi by  the 
u s e r .  

”LhIE sinecrenents a Value—-use 

WUHI 

-i‘_-;I UV  E 

"i i PL 

+(PLU3J 

EEG 

EHLLA 

depenfls upon p rev iefls  k e y  
Lunatian. 

in terzupt  the user ‘s  program. 

moves a d a t a  b lack  f r a m . o n e  
a r a a  t o  ano the r  a r u a i  
DiSplay cucrent  program 
counter—Fthe BTHP f unc t i gn  
w i l l  now be a c t i v e ,  

lncrenefi ts a valuH~—use 
depends upon fir9viqu$ k e y  
func t ian .  

-fi119w5 the user  ta  se lec t  
z fl fl  r e g i s t e r s !  

QDHPUteS'the_fielative afldresa 
in a jufip re lfl t iVE  
inatructien. 
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R H  Per fa rms  a hardware  r e s e t .  Fagg 11 

SEE Sets a breakpmintg Page 2H 

STEP Executes a single step Page 19 

THEE Rn Allows user tn set  up tape Page 32 
read parameters. 

TAPE WK Allows nae: t0  Set ufi ' t afie  Page 3% 
w r i t e  paramatgrs,  

Hafim ava i lab le  a s  a user Fragranmefl Appendix B 
fiHY key.  Sheet 2 o f  4 
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APPéindix- c 

REGISTER-s- 

The p r i nc ipa l  d i f f e r e n c e  between a r eg i s te r  and a -memoty  
l efia t lon  i.s the speed GE acce551ng the d a t a .  The 
1eg1s te rs  a r e  on the. CPU ch1p and can be accessed 
r a p i d l y .  

Memory access  1nvo lves addre531ng memory and then 
Eetch1ng the d a t a .  The power e f  many CPUs i s  determined 
by  the number and o rgan1za t10n  o f  the r e g l s t e r s .  The 
280  CPU has more  r e g 1 s t e r s  than the  8686  e r  8685- -  
twp v e r y  popular c h i p s .  The 286. CPU has many more  
r e g l s t e r s  than M e t e r e l a '  s 6 8 6 6 ,  but  the. reg1s te r  
e rgan1za t10n  0E the 6 8 6 6  15 d l f f e r e n t .  Te de termine what  
r eg1s te rs  a r e  abso lu te ly  necessary  in  a cemputer wh1ch i s  
r e g i s t e r  based Rea-d the exp lana t ion  o E  reg1s te rs  be low.  

The A register 

There muSt be an A regis ter  ts hold the resu l ts  o f  a r i t h —  
metic (add & subtract) and logical (AND, DR e t c . )  
operat ions. The regiSter  which part ic ipates in  most 
ar i thmet ic  and logical operatiens i s  the Akreg is ter  
——the accumulator.  The r e g i s t e r  i s v a  byte w ide  ( 6  b i ts)  
register.  To add larger numbers than a By te ' s -w id th ,  
the A r e g i s t e r  i s  used repeatedly.  

The. ’HL regisier pair 

some method i s  needed t o  load numbers imte the CPU 
registers so that sums, d i f f e r e n c e s ,  e t c .  can  be 
computed The HL reg1s te r  p a i r  i s  used f requent ly  ta  
po in t  te a memory l o c a t i o n .  The. 1nstruct10n 

LD 1,;HL) 

wi l l  lea.d t.:he A r e g l s t e r  w i t h  th.e dne by te  o f  d a t a  f.rdm 
the memory l o c a t i a n  po1nted to  by the HL r e g l s t e r  
p-air.. R e g l s t e r s  H and L may als.o be use-d sepa ra te l y  
( u n p a i r e d )  

The BC: and DE register pairs- 

Regis ter  p a i r  BC and  DE ma.y a l so  be used t o  pa in t  t s  
memory. The re—gister pair.s can only be use-d to  lea.d 
the  A r e g 1 s t e r .  The HL r e g l s t e r  pa i r  W i l l  lead a by te  
f r o m  memery i n t d  the A ,  B ,  C D ,  E H and L r e g i s t e r .  B-C and 
‘DE a r e  used  i n  e t h e r  1 n s t r u c t 1 e n s .  F-or e x a m p l e ,  ta per ferm 
a 16- b i t  add i t i on .  The instruction 
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ADD HI: I! EC 

afldfi BC 1:0 'HL... 3 1C l_,.]I§| and E ..rn;a31 I-bi-E USP-”d- a5 .3 b i t  

register tunpairedi‘ 

;Can5ider the fel lawing arrahgement o f  memery 

QPEN 

STACK 

SUEROUTIHE 
XZX)1 

DATA 

PROGRAM A 

Memory space management dirgram 

The 'Pc 'régis'ter‘ 

The_Pneasing begins by executing Program A. 'The 
l e c a t i e n _ f r e m  which instructians are ta be fetchei 
(executed)  i s  painted to by a program saunter;  P3; 

The 1.11 and IY register- 
The.data  area can be accessed by any e f  the three pairs 
——HL, BC. and DE! H (high pa r t  0 5  the  addréBS} and 
L (10w p a r t  fi f  the address) needed tn be snapped ta- 
.gether t o  f o r m  a lS—bi t  address.  The 389  possessea 
EWD'mere da té  pointers,  the 15 b i t  reg is ters  IX and 1?. 
po in te rs ,  the 16-b i t  r e g i s t e r s  IX and IE. 
B and C ;  D and E r  a r e  a150 snapped together .  ” 
In many ins t ruc t ionsw IX and IY,  are used he paint 
ta a base address“  The ac tua l  locat ien  accessed uses 
the base address films a n . f s e t  displacement. Fer 
exampler the inst ruct ion 

Ln-A, (1X+41 
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loads thn cnntents nf the lacation from bytes beyond 
the value in the IX reg is te r .  

3335 
SHBQ 
BEBE 
3362 
3631 
BEEE 

1x+4 

IE . 

Ifi the diagram 32626 where IX cfintains 3926; IX+4 
wnu ld .pu in t_ to  3231. Because nf the indexing feature 
(base addKESE) 0f the IX and TY registers; the “I” stands 
f o r  jndaxj IX  and IE are  index reg is te rs !  The Space 
Management Diagram can now indicates the USage O f  some 
reg i s te rs ,  

BPEN 

x x x. 

”PROGRAM A; (—PC 

The SP registnr 
The stack is Used tn held a tempfirary IESUIt or ether 
nan permanant information. when a transfer is made 
t0 subrout ine XXX 'by  Program.fi1 the return address 
i s  s t a r e d  on the s tack .  When the subrnut ine completes! 
the address on the stack i s  used to  return cantrol  t0  
’p rogram.n .  The stack i s  nontro l led by a s t ack  pointer ,  
SF. The s tack  pointer mnves down or  up depending upun 
whether  da ta  i s  added o r  removed. Turn to Appendix 
'C i n  the MPF—I UEer 'E Manual. The second page o f  this 
appendix nontains the 283 CPU Register Conf igura t ion .  
:Only the I and R 3-bit registera in the special 
purpose r c g i S t e r  area have ndt been mentinned. 
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The l' and R. register 

The I r e g i s t e r  i s  used with an Interrupt  system designed 
to  c k  with zan. The n reg is te r  supports a typa a t  
memory that needs a Refresh Signal. Neithfir the I a t  
R rag ia ta r  a re  discussed i n - t h i s  workbcck.  

The F register 

The Flag regis ter  indicatas the kind or type c f  resu l t .  
A f t e r  an ADD, was the result  negat ive,  z e r o ,  a t  pcs i t i ve? 
Did the AED prcauca a carry? The.appropriate flags and 
their  meaning a r e  described in the notehaak chapters. 

The Alia-mate register set 

The reg i s te rs  hcla the c u r r e n t  resul ts  and the neXt 
numbers to be processed. When ycu want to in ter rupt  
the current prccessing f o r  a f e w  seconds and se rv i ce  a 
s h o r t  r a n t i n e .  ycu  mUSt typical ly preserve one o r  mare 
r e g i s t e r s .  One way to  p r e s e r v e  r e g i S t E r s  i s  t o  s t c r é  
ithem in memory. This s tor ing process requires accessing 
memcry--tell i t  ta ge t  ready and then moving the reg is te r  
contents  f rom the CPU ch ip  to  memory. When the in terrupt  
rout ine is run again,  the r e v e r s e  process must take 
place. 

The 383 CPU h a s  a f as te r  w a y - t o  change execut ing 
rcut inaa. A computer much larger aha mare c o s t l y ' t h a n  
the 3 8 9  CPU was uSed a f e w  y e a r s  t o  process simultaneously 
{ a t  the same t ime} two jobs ( rou t ines ) .  The camputer 
was bonght to central t ra f f i c .  In the morning the rush 
hour t r a f f i c  would bu i l d  up along cer ta in  avenues. 
Sensqrs  p l a c e d  on  a v e n u e s  and s t r e e t s  G a u n t e d  
the number o f  veh ic les  passsinq by. Per iod ica l ly .  
the computer was interrupted tc prccess the VEhiCle_ 
Count. I f  a large number of  vehic le  were on a part i r  
cular avenue, than the s ignals were t imed to  move 
t r a f f i c  fas te r  an that avenue. when t r a f f i c  processing 
was campleted, the camputer switched to processing the 
financial data fa r  the c i t y .  



main regiSter Set Alternate register set  

I ' I ' —  - . 

l 
I 

! 

t r a f f i c  contro l .  when the processing Campletes. the 
23E.) CPU can Sh l f t  t0  the r igh t  Set 9f; (FEig-i'ssters. by 

exacuting twa instructions H 

E x  A F , . A F '  and Exx 

The alternate register set  PECDmESithe.main register 
S E t .  

Alternate register set main fégister set 
i I .. . . I 

l : 

Th3 swi tfih frDm one set  a t  registers to ahethfir Set w i l l  
typically take {ram 3 ta 4 millighs o f  a secnnd. 
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TEL:{035)775102(3 LINES] 

Multitech Electronics Inc. 1 
195 West‘Ei Camino Real 
Sunnyvale, CA. 94086 
USA. 
Tel: 408-7?38400 
m: 1760024 MAC su’ImrE 
Fax: 4037498032 
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MlJlTlTEBH INEIIJBTHIAL BUHWHMIW —\ i f  
OFFICE! 9?? MIN CHEN E ROAD TAIPEI 105 I . 4 

TAIWAN a CC. 
TEL:(02]769-1225(10 LINES] 
Ts‘23756 MULTIIC. 19162 MULTIIC. , 

FAC roam. TECHNOLOGY ROAD III 111 
HSINCI-Iu SCIENCE. BASED INDUSTRIAL PARK ‘ -. 
HSINCI-Iu "TAIWAN. 300. RULE. 

I 
l 
l 

. '  ‘5 
l 

1 ‘  . -  

DOC.N0;M1'M09—3_OZC_/ 


