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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 te�ÀaY: Yen don‘t  have to knew everYthing abou t .an  
automobile to  �¿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 �Àames o f  same 
camputer hardware devices and equipMEnt and the i r  baeie 
f u n c t i e n e .  Once you h � ÀV 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 a�¿SWef 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 comp�Àteri 
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, an�À 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 .  an�¿- 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 
alth�Àugh i t  is highly recemmen�Àed 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 .DATA�¿ 

1 Q 6. Assembly LiS-�¿�Àg 

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? hexa�Àecimal . )  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 B � À � ¿H ,  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  E �¿lkey ( t h l S  only 
works  when your program s t a r t s  a t  l B � À � ÀH )  Now 1 n f o r m  the 

Refer  t.o 11ne 2 o f  the assembly program l1st1ng. L1ne E 
-cont�¿1ns 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: 
�¿isplay 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 l �À �À �¿ �À.  
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 keyooer�À 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 � À1 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 e � ¿k 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 hEh�¿ 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 
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2 - 2. list the MPLF-I. a new recording artist? 

Wel l ,  net  exact ly.  BUt the MPF—I �Àees 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 
p�Àrformed' 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  ran�¿em number i n  the a�Àdress f ie ld .  The 
�¿isplay '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 .  �À�¿�Àl. Enter 

: �À, �¿, �¿, la  New: enter E j to  move en tn  the next  display. You 
will aga in  see a random number i n  the address �¿ie ld  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 , �Àu 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. 

1 5 



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 B�¿�Àl_ 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—l�¿ 
Qperation intreductien. Two o f  the gray keys  are  not 
l i s ted  we which oneS? 

4 .  can You Press any key that moul�¿ 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— . . 
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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 �¿ssambly 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 instructi�¿�¿ prggram nelnw �¿g? 

@611 l �Àl �¿ @399 6363  @331 1513 
113$ 611$ @�¿�¿�À 1363 
@911 �¿ �Àl �À BEBE E � Àl � À �À�À�Àl  l �Àl �À 

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 �Àecoded? 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 lAB�¿ (hexadecimal) ,  
( 2 }  make a cgpy qf  the byte a t  I n ta t i un  l �¿ �À �À,  

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 G�Àhte�Àt�¿ GE A: _ _ 
31 puts the resul t  { 3  r e g i g t e r }  i n  meM�Àfy I gna t i on  IAQZH. 

R336 the binary ma�¿a aga in  an�À camp�¿re 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 require�À input and nutput. 
Beside i f  yen can Wr i t e  the pragram. You might be 
aske�À 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 r �¿ace  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  Appen�¿ix 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 SUUR�ÀE 
CODE ‘ STATEMENT 

SE 3 ADC A,(HL} 

@EJ SQURCE 
CODE STETEMENT 

CG? 

NEG 

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

24 
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2 .  In. this Bastien y�¿u wi l l  be asked ta  translate frnm 
abject co�Àe (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. Fi�¿d 
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 or �Àer  - 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, 

25 
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This chapter :will intruducs tD'YDU'SGmE s f  the basis 
s�¿mpsnents (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 indivi�Àual 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 � ¿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  upwar�¿s,  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 .ma�¿y 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 nee�¿ 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 F�¿l§90t1Y�¿ a 
spec i f i c  p in is  assigné�À.tb make“ ;  co r rec t  connection. A5 a 
resu l t ,  each pin is  givsn a specif ic p l �¿ 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 use�À 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, �¿he 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 thi �¿k. .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 mam�¿rieg usually come in the �¿erm 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 indi�¿ates 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—pi�¿ IE 

'Ehip 0” the Upper right Part of your MPF-Ii on page'I—a of 
your .ma�À�Àal 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 
installe�À. 

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

yen may became �¿ruetrated. 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  �¿nly 

memeryj, and 'b�¿PHUMS (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 � ¿M 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-R04�À 

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 lo�Àation indicatea by US is  USed t a  put a HOM:£or 
stor ing manitnr prngrams. Almnst every.micrncbmput�¿r 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  scan �¿ing ,  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 'uS �Àd  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, y �¿u__may  n g u e s s _ m t h a t . a  

pr�¿grammet 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 
�Àl lBlEBl 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 idénti�¿y the laca t ian_o f  
a specific item 9f �Àata the same way as  a specif ic building 
i s - 'asSigned an a�Àdress 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 t � ¿ memory thruugh a 16-1ine address bus. 
Each l i ne  o f  the address bus Barresp�Ànds to  a b inary  digi t  
.of the  16—d ig i t  aadresw.  -And each l ine c � ¿ 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  l�ÀcatiQHS. 
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 E�Àd�¿�¿�¿�À�À, 11111111, 
e = i s  made up of eight “h i ts“ .  

a bit is  either a “ a “  -or a 

'1�¿u 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.  
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4: . 1,0: "Gil-wk 

Chips (0: 1ar93i5ca1e_i�¿t69rate�À 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  
tans�¿errede 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 th�¿ 
High and Low valtagES. -A gaod scurce f é r  a E lock  i s  a 
CIYSt�Àl 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  con�¿éated. 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. 
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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 a�¿epin 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 �¿e: 
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 sonn�À. 

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 rea �À data  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 a�¿aptor is supplied tag�¿ther w i th  the MPF—I 59 
_that  _y9u tan canvert the higher Vol tage t y �¿ica l l y  supplied 
by a wal l  nu t le t  t o  Q V ' a t  E�À�¿mh. 

The MPF~I requires a single 5V paver supply a t  BB�Àmha 
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 �¿ne 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 ther�¿ i s  an Entry indiEating 
”high SHEEt ¥h�À .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 COmPQ�¿EHt there a r e  gogfdinates 0n the 

bearders Fig 4HE. 

“Eaardinate C—5 

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

i t ?  ' 
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. �¿-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‘ oh�¿erved 
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 
lBE�ÀH 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 alla�¿able qhips mfitte�¿ 
0 n  LIE—�À 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 IHd1Vl�¿Ual l ines 0 f  the address a re  labaled A�À t6 
A l 5 f t  Fln�¿ the- address bus f rqm the 283 CPU {U13 to thé 
m�¿nl 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 .y �Àu  f r om reading the schematic the address (and da ta )  l ines t rave l  under U6. Th is -means  that A�¿ 0 f  the E33 CPU is connected t0  HE ef U? and AE 9f 'U�Ài Enter the  correspen�Àing 'pin EQHHECtiG�¿S 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 �Àees ‘  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 Use�¿ t o  access in�¿ermatie�¿ 
fr �¿m 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 �À? 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 ih �¿té �¿? 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 

ih�¿ 

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 l �¿ 
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 

Y �Àu .w i l l  n�¿w be gui�ÀE�¿ 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- pr�¿gramj But i �¿ yam want_ ta learn 
prngramming, YOU must d�À 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  sode�¿ 
3) What rag is tersg f lags and mamory lacatiang a re  a f fec te �À 

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

5- - 2 Fla-�¿shing 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 

�¿or 596 ms bat the �¿isplay takes a period o f  time to 
extinguiSh (fade out)  when they.are nQ langer selected. 
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5 -' 3 Program Analysis: 

Exef �¿i �¿é 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 Sig�¿als 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 lBE�ÀH 

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 val �Àe 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 l�¿dEIT LOAD GROHP {see f i g  5e3sa15e) .  
�Àn the leftmest celumn~ is the mnemenic column. Mnembni�À 
-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  lQa�À 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 feun�¿ 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 
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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  �¿erm. .To 
translate the ins t ruc t ion  into machine language, r e f e r  ts 
the cha r t  l�¿-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—alle�À 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 .  
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STEPS IN THE EXECUTION 

DP PUSH HL 

STEP 1: DECREMENT THE STAGE POINTER 

�¿—HSP Befare “ 
é——SF (é—SPdl A�¿ter 

RAM mem�¿YY 

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  S � À � ¿ � À 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 
( �¿�¿H 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  l �¿z �¿.  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 l �À�Àt + 4 = lB�¿B 

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 
YE 

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 132�¿H 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 (iMmE�Àiate 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 � À 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) iHSEructie�¿. 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 

�Àf 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 Sta�Àk 

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 a �¿zan ,  SCANl); Program central 
i s  now t ransferred t o  eceml. When the re turn  (RET) 
inetru¢tion in SCANI is execute�À, 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 18�¿FH. 

_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 �Àisplay 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 methe�À 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 v �Àecrement_ 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 nperan�¿ 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-l�À 

-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 lacate�À 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 �¿�¿QdH 

Thi�¿ ’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 statem�¿nt in a 
program does and not  understand what the program i s  �¿ning. 
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 S�¿@:ms. You mu5t b rass  e i t he r  BS or  
man: to  stag the alternating diaplay. 



Ex 5—12 

TERMINATIMG:A MESS�¿EE 

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 eit �¿Er 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 bu�¿�¿er) 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  �¿�¿FEH. 

�¿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  nee �Àed 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 �Àe 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 aperen�À, 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 meani�¿g 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 �¿les o f  
ins t ruc t ions �Àed 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 .  Understan�Àing 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 RBHti�ÀEs 

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 

Statem�Ànt 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.  Statemé�Àt 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 �Àaw- rea �¿ 

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 

Ihtr�¿duction to Des1qn1ng Mlcracomputer Programs. R�¿ad 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  Ex�¿MPLE 3 is 

LB I � ¿- 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“�¿; Execute the routine HEX?SG 

LOOP 

EX 5*2�À 

A DISPLE! CENvERTER 
> Turn to EX�¿MPLE 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. 

E�¿AMPLE 5 :  Simulate a policé can Siren 

Thé siren prcduced by th is  prngram Cbnsi�¿ts Di tWD 
tones, each �¿ne 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 

pf�¿dUCEd is  a �¿guare 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 �À: LD H L g � ¿c  

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

miere eeeen�Às. 

t yc le  _ 

3 7 7 ?  
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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 aC�ÀH whieh 
equals 192 decimal .  The length 0 f  the Sauna 15 3??? micta 
set; x l 9 ?  = � À; ? 3  s e c .  

StatemEnt 5 :  EALL=TDNE 

In speci fy ing parametars (Values) fa r  the TGNE, yam 
already knqw that the fqUE�¿Cy 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 re �¿ 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? .�À 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 teth�¿olegy. 

2) Hardware design�Àr r . the  people whu determine haw the 
competents will inter face.  

33 Software programmers -the MPF—I the meniter is a sef tware 
program hel�À 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 »an�À 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 ' � À lbcat iun ( b y t e s ) .  
ASSUme that the  by tes  a r e  @ 2 , � Àl . � À3  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 
FH�ÀM w i t h  REAP decimal  l e e a t i e e e  o f  which 2H�¿7 a r e  needed,  
'you have 3 spate b y t e .  Eeul�À 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 � ¿T ,  the  resu l t  c a h  be made t e  equa l  

ze ru .  At  an example, eating 2 he a hexa�Àecimal 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 ad�À 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 i �¿e  which adds up a l l  the by tes  in the moniter HRH�¿m. 
'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  i � ¿ 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**———�¿ 
BC+————3@BH 

'5. RETURN TO THE MONITOR 

INSTRUETIGN$ 

ED Hy�¿geEGIMNING 0F PRDGRAM 
LD BCIBHQHJPPQGRAM‘SIZE 

HA LT 

REIT 

74 



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 



'Th�À 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 ,  WhE�¿ 
.bytes a re  eXQlusively ORed tagEthEI, & b i t  pa i rs  are aged t6 
form a one—byte answer. 

Assume A contains l �Àl �¿l l �¿�À and B -con ta ins  l l � ¿ �¿l �Àl �À then 

KER 3 

gives 

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

l l 1 g 

E l 1 �À 3 1 l 3 resul t  

What 60 yen abserve�¿ 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 f �¿erent ,  
thE answer i s  1. The ” t ru th“  tab le  helqw sh�¿ws 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  a �¿té r  XDR 
A .  xan A is a sneaky=way Q f - Q l e a r i n g . � ¿ ta zero.  

Ex 5—23 

ADD �¿.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 ad�Àed to A, 
�À.< -— E + f i r s t  byte.  

CF" 

The Compare and increment instruction wi l l :  

1. Compare the contehts 9f the.�À.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  nt�¿hzerqj 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 �À ; ' 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 C�¿n 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
�

¿h
�

Àw
 

G
F

H
P

�ÀH
 

The canclugibn you ahould dtaw fram.the table is that unless 
bath operan�Às a r e  z e t a ,  t h e  ansuet is  �¿ne. : 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 �À gives a. 

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

:68 A l l �¿�¿l�¿l�À Registtr A 

ll�¿�¿l�¿l�¿ RegiSter A 

A l i �À�Àl �¿i �À 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 �¿ning hero againat 
ze rn  g ives  z e r o  w i th  the zerm f l ag  s e t .  :A�¿ter the 
instruct icn RET i s  Execute�¿. the next instructian is  JR 
2,3UMGK instruct ion. Thia, nf  c�Àurse, 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 T�À 
' HL4+———18�Àmu . 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
�

Àl
 

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 " � ¿" .  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 a�Àdress, 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 �¿ai 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 



Ques�¿ons 

:54 

:Change the camment etatement he read me de �¿l t  need any help, 
�Àew would you separate the damment stateme�¿t item the ree t  
DE the- �¿fhgram? 

5L2 

new would you make a pregram. s tar t  at  19�¿eH ? 
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 I �ÀH ? 

54! 

mee the l�¿-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 P�ÀS�Àf 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 

U�¿inq Appén�¿ix 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  mean�¿? $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 
e�¿rreet group in hpp9ndix C .  
What i s  t h e - o b j e c t  code �¿or 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 � ¿ 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 A�Àdress 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 ta �¿ne 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 un�Àer 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 �¿nes this value 
represent? Show haw tn compute where the JR. instruct iun 
jumps, ' 

Ehli 

Study’ the @isplay'�¿ormats 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. I�¿structions 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 �Àan 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 qe�Àes 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 
camp�¿re 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 �Àees 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—zer�¿? 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 cembi�¿atiens 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 Rl�À 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  execute�À? 
'What locations ages the display b g f f e r  use? 
�Àaw 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  �¿escr 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 fall�¿ws? 

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 
St�¿téméntS?‘ ‘ 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 loa�Àéd with a 3? 

532 

Hmw- Would yam make each tame Sauna fo r  .365» seconds? 
Maw woul�À yam make tha l�¿wer sound laat  f a r  . 7 3  secun�Às and 
- t h e ' h i g h e r  snund 1a5t  1 , 4 6  secands? 
Haw wculd yen add �¿ne 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 fere�Àt  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 �¿i f f e ren t  

i8?" 



valuas in ta HL. In statement 3 t ry laading d i f ferent  V�Àl�Àes 

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 
farmul �¿-  

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

1.Freq in KH t”  " ‘ 

For 4E3 Hertz 

, 2&6 ”�À . 
c = —-~~“~~ — l � Àf / 3  =~4g�Àf3-= ? 

‘43-. .1- 

Faf l � À � ¿ � À H e r t z  

NOW eompute the length 6 f  Haéh soun�À a t  43% Hertz 

a t  l �¿ �À �À 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 ? 
�À res ta r t  inatruati�¿n I i s  a Special f o r m  9f 3 CALL 
instru�¿tion. HST a i s  EQUivalent to CALL EEHEH. Haw many 
bytes i n = a  r e s t a r t  instCtiO�¿ ? How'many bytes  i s  a CALL 
‘ * ‘  { ac t i � ¿n  ? 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  ? 

£�À24 

The SUbtract instructien cculd also be used to Elear .A. 
For example SUB A , A - s u b t r a ¢ t  A f f �Àm A WOUl�À 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 campleme�¿t 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'pro�¿uced? 

5.27 
"What �¿nes the CPI iHStruCtiah d9? . 
Wri tes  a RAM hast f a r  a 4K RAM memnry DEqinning a t  Z�À�À�¿H_ 

89 



Answers 

'54 

l :  
[ f  

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

F 
E 

A semicgl�¿�¿ �Àees not havg to be fallawe�À by textv—enmments. 

£¥2 

[ORG lQ�¿�¿H] . 
{Your c�Àde would s t a r t  a t  haxadecimal location G�À�À�¿.  But 
the MPFHI as delivered does net have any memory' at  this 
location-~30 an ORG C�À�À�À�À 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, E�¿�¿�À�À 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 l�¿-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 'E�¿’  AND ' E X E ' .  This gr�¿up fallaws the 16 bit 
laad iHStructians.1 ' 
[DDB3] 
[ a  dauble npcndel _ _ 
[ IQBA—not 1813 the program counter uses hexa�Àecimal va lues. ]  

9E) 



5H? 
[E—BIT LOAD GROUP ‘ L D l j  
[ � À � ¿ n a t  9 6  3 2 ]  
[IMME.] 
IRESISTERyB] 

[3'21 . ,. _ _ 
[SE is deqimal, 32 is hexadecimal] 
[The EXT. means extende�À and indicates a biggar immediate; 
16 b i ts  as oppcsed to  8 . b i t s . ]  
[ 2 ]  

5-8 

[:L-‘L�¿tLiLIr 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 �¿FFFI. 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: rem�Àmber 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 l �¿A7 iE �À, �¿ �¿, �À �À]  

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 �¿f the JUMP GROUPl un�Àer mnemonic 
f i n d  the JR comman�Às. U�¿der 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 �¿eSult 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  �¿era. The mnemcnic i5 JR � ¿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 bu�¿�¿er] 

541. 8' 

[211 
[UUTBFE lg�À�¿] 
[ ¥ & s ,  index IX]  
[We d �¿n l t  knew ye t .  Statement.6 will reveal a l l ]  

Ehl�¿ 

[ 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 SC�À�À 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 1�¿hger pragtam tn  d isplay rasul t �¿}  
[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 

[ �¿es 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 �Àisplay hu�¿fer . ]  
[50 that the leap shawn belaw 

LOOP LD A, (931 
CALL; HEX7SG 

IRE DE 
DJNZ L-Q�Àfp 

will he executed three times l The f i r s t  execution o f  th�¿ 
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 �À LD HL.�À�¿�ÀH 
statement 7 LD HLFBEH] 
[Change statement 7 to  statement 7 LD EL, EFFH] 
[ A f t e r  StatEment 8 add the Go�¿e 

LD Cr�À�¿�À�À 
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.�À�¿�¿�¿�Àl = 1/;g52423 2 412 periq 
1!;�À�À�À96? = 1&34 periods 

THEE VALUE_@F q R�¿LUENQF H1 
469 163 412 

_l�À�À�À 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 � ¿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 
a�ÀdIESS 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 apao�Àes ED an�¿ 4 4 .  This 1% an extendEd in: 
.a t ruc t ion .  Th is  instruct ign is mat present i n  the �¿QBBKBE 
camputera. Observe the number chart below: 

Hex Binary 
5 2  B �¿ �À �¿ �À �Àlg  plus twn +2 

31 
39 
FF 
,EE 

� À � À � ¿ � ¿ � À � À � Àl  
95633633 
11111111 
11111119 

plus ane 
Zéra 
negat ive 
neqative 

one 
twa 

+1 
6 

-�À 

[write the value of.p1us twq in binary 

@E�¿�À�À�Àl�¿ 

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

11111131 
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Add one 

l l l l l l �¿l  
+ l 

11111119 

WE have 

P E 

�¿EG gives a result Which is  �¿ne-greater  than ané'a cam— 
plement and thus is cal led the t w o ' s  cam�¿l�¿ment. 

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 � ¿ 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 Hhiz�À�À�À�À an�À LD EC,BEEH becames 
LD‘BCIl�¿�¿�ÀH.] 





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  �¿ne 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 l�¿aking 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 
Eégi �¿ter)  must h�À f i r s t  Inaded. 

541.1718 H10 :1 it: 

AER ~A,r 

F l  g G - ?  

Cnmments 

” r  Reg 
11:11- 
nul  
�Àl �À 
�¿l l  
136 
l�Àl 
'111 

� ¿e r . u i � ¿ � ¿i h l e  values 9f r 

f¥
t*

:i
m

£
3

f1
m

 

Fi�¿ 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 � ¿ 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.b�¿ 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 � ¿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—�¿ 

Fortunately a metho�À o f  extending the  size (precisian) 
.Qf numbers used in add i t i on  has been p rbv ided .  When�À- 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 i �Àn ' t  praiuce a c a r r y ,  a f lag 
called the car ry  f lag  i s  reset (c leare�À) .  I f  a car ry  i s  
prodUCéd; th�Àn the c a r r y  Elag 15 s e t .  The ca r ry  Elag adds 
a � ¿ 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 Ad�Àé�Àd 

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  �À-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 ,  �¿DE; 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 , � À 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 int�¿ 
Hi 

S t a t e m e n t ? §  

The BET 38H instruct icn enters the monitor withéut executing 
the pnwer�¿up code. 

Exerc ise-G—a 

The secund example {Example 2) under I I. Exampl�¿ hf 
Experiments (In Experiment 2 _ i n  the MEF—I Experimen�¿ Manual} 
can best  be explaihe�À Hy a diagram. 
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lAEl l�À�À�¿ Memary lacatian 

"D E Registers 

H L sum 

Exercise 6a? 

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

QFirst,,pa$s through th�¿ 190p 

” +11 

_._ +1�À 
sum 

+ 3  

+ 8  

operand 
add IX 5nd Ix+4 +7 result (SHM) in I�¿+3 

+6 

+5 
+4 

-first .+3 
nperand 

+2  

+1 

5Ix+a 
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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 Opera�¿�¿s 

+2 +1 Ix+�¿ 

I I l I Angend 

+6 + 5 ILX-"i' 4 
Addend 

"I. I W 
+1�¿ -+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  
B�¿�¿d 
IX€~1AEQH 

“Clear c a r r y ' f l a g  

[__n %? (Ix; ] 

A < _ { I m � À)  L ..l 

[jIX+�¿; <-5A_1 

3 ' :  

�¿x oqx+1 ] 

Return ta  
mani tnr  

InstrUQtiDns 

DEG 

LU 

AND 

LD 

ADC 

LD 

INC 

DEC 

JP 

RST‘ 

105- 

lBHQH 

3 , 4  
:k,1A�ÀBH 
A 

Agil�¿) 

A,;1x+4) 

{13+B);A 

IX 

EZ,E@DP 

33H 



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

Ege�¿cise 5-15 

Exerc iae 6‘11 

3993 �¿hé instTUEtions in Example 5 (Experiment 2 ,  MPFHI 
ExperiMént Manual).  

_The DEA stands far  Decimaltly) Adjust thé Accumulat9r. 
cansi�¿er the problem 9919w 

99 
V+98 

The result should be 197, i i  a decimal angwer is 
desired. The camputer will �Àisplay the result of 9+3 as 
l�¿+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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A
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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  pro�Àused by a�¿ding 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 ad�¿ed 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 g � À.  in 

Emercise 6-17 

Read and parfcrm 

E�¿ercisa 5—13 

Read and perform 

Yau can use b�¿th 

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 � ¿ � À) ;  

1:018 



-F
 I

 
4

4
:

4
1

 

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 �À 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). �Àew 
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 l �¿�À�¿ 
@911. If:  a four  i s  sen t ,  1.ine 7 i s  he ld  low—~�À �À �À �¿ [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  an�À in.forms the 
o p e r a t o r  o f  unre l iab le transm15510n. 

1 09 



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 � ¿ 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 - � ¿- é � ¿ 

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 

‘110 
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‘FUSH HL 

_ lFAF 
“11 lFAE 
22 19am 

' lFAC 

l i 'Deerement the stack painter. 

2)  Contents u�¿ register H ta the stack�¿h�Àiis not �¿hangéd. 

3)  DecrEment sta�Àk painteri 

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

IFAF 
lFAE 
LEAD 
lEAC 
1933 �¿-BP 

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

1) The cantents o f  the top GE the stack are laa�¿ed intn 
register Ca 

2 }  Increment the stack painter. N O W ' t h � ¿ 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. 

111 



POP EE 

lF�¿F 

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 
e �¿ them. 

Exere133:3_23 

'Read Sections 2.  �¿inary'�¿ult 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 �¿—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 i�À the quotienta 

fNow subtract 

63,61 ,1 
) 11161191 
3 l � ¿l � À � À 2 

3.661 �¿' �Àvew dividend 

1 145 
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f11191131 
" 1.1111111, __ 

11611““ 

16196 

Tes t  the d iv isor  

@1911 » 
11111161 
11191 _ 
11311 
11131 . 

l �Àl �À�¿ 

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

“311119 
11119119 
11131 . 

' 113111 

[—
1 

l �Àl�À�¿ 

"T
 

'Bring dDWh the n �¿x 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 an�À subtract, 

B �À �¿ �Àl �¿l  
l �Àl �À �À J l l l �¿l l �Àl  

j le lga 
l �À�¿ll �À 
l�Àl�¿�À _SUbtra¢t 
19615 HEW‘QUntient 

�¿ring down the next �Àigit. 

115 



l �¿l �¿a  g l l l g l l g l "  

“l�¿�¿l�Àl 

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

. 11 quctient 

, f l l �Àl l �Àl  <—@ividen�À{23?i EEL_*_ 

QJVISOT 19139 2H _ 
{ 2 H }  l � À �¿l �Àl  1? remainder 

‘ ’ 
l � À � ¿ � Àl  (aremain�¿e�¿il?) 

l �¿lg�¿ 

Rea�À 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 
a�Ànversion�À~60nvert 

E�¿�Àlg�¿ll (binarY1 to decimal, The cartect answer is 
19 {decimal}. 

'1' 16 
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‘ 

Number tn be converted 

E�Àal 9511 
.Shift mast significant inta 
carry, add, car ry ,  and duuble 
EED number 

lla- 1 E rail 1 . ‘ 
A�Àd, 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 
Ad�Àj ca r r y ;  and d�Àuble 

@E�Àl lbll 
Add; carry ,  and dcuhle 
'BCD number 

9 9 3 1  gall 

A�Àd; c a r r y ,  and d�¿uble 

B�Àb‘number 

�À�¿�Àl B�À�Àl 
Add, car ry ,  and double 
HEB-number 

@�¿�¿l'�À�¿�À�À 
Add. car ry ,  and dauble 
BED'number 

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

117 

BED area 

@333  

@663 
3993  

BEBE 

B�À�À�À 
�À�¿�À�À 

+3 
aaa�¿ @066 

@�À�À�À 
@933 

game 
gang 

+9 

gang BEBE 

� À � À � ¿ � À 
£663 

@663 
�¿�À�À�À 
. + � ¿ 

�¿ �À �À�À Baas 

�À �À �¿ �À 
9599 

�À �À �¿ �À 
Q�À �¿ �À 

+1 
'Eaa�À 

B�À�À�À 
�À�À�À�¿ 

�À�¿�¿l  

@331 
3631 

+9 
@91@' .3339 

3 3 3 9  
933$ 

395$ 
�¿�À�À�À 

BEBE 
�¿�À�À�À 

B�À�Àl  

E�À�Àl  

'B�¿�¿l 

�À�Àl�¿ 
�À�Àl�¿ 

+9 
�¿l�À�À EEEE————* 

5169 
@169 

+1 
1931' 'EQQB 

1961 
l �À�Àl 

+1_ 
6911 

@611 
~ � Àl l � À 
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; a�Àd 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 _  zer�¿ed o u t  BED number 
1 1 l l l 1 1 l @963 � À � À � À � À BEBE �¿�À�¿�¿ 

( 1 ) ( 2 3 ( 3 } ( I ) ( 5 1 ( 5 ) ( 7 J f 8 )  decimal 
Shi f t  and add b i t  { 1 }  �¿�À�À�¿ �À�À�¿�¿ @�À�¿�¿ �¿�¿�Àl l 
ghift and add b i t  [2 }  H�¿�¿�À E399 BEBE �À�Àll 3 
Shif t  a�¿d add b i t  { 3 )  �À�¿�À�¿ @639 359%.9111 7 
Sh i f t  and ad�À b i t  { 4 }  �À�À�¿�¿ 6369 #996  l l l l  
BCD adjust 911a. 

Q�À�À �¿ 9336 0991,9151 15 

Shift  a n d _ a d d  b i t  ( 5 }  @393  E � À � À � ¿' � À � Àl � À l � Àl l  
BED aéjus�¿. * @113 

EQHB �À�À�À�À @311 @331 31 

- s h i f t = a n � ¿- a d d  bi t  (a) �À �À�À�À �¿ �À �À �À �Àl l �À 3311 63 
‘Shift and add bit (7) �¿�À�À�À 5133 119B @111 
BED adjust . E l l �À . 

_ @333 3931 �À �Àl �À $111 127 

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

�¿�À�À�À"�À�Àl�À @111 @131 255 

'Thé QHSWEr 255 “ 1 3  Garrechl  Head 2. Assembly Lahg�Àage 
Programming Technique 

Exerc ise EnZB 

Example Experiments 

‘118 
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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 l �À: 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, 
e�¿pands 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 �ÀnlY up tn the 
'program. HDW?¥GU2Will'mat�Àh the pfogram-With thé �¿l�¿wahart. 

Statement ?E LD»A,B 

The ariginal data is nat.st0red in register A.a �À �À 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 . � ¿ 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 
�¿rom 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  bit�¿ 33Gh1- The result R twill be �Àggg glll (1-deeimali. 

Fractianal resul t  

Shi f t  the value in KY four more times. Haw hits raptaSE�Àting 

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 �¿lmw- 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 re�¿tntéd except the 
car ry  �¿lag will be se t .  Remember thi�¿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 ‘ � ¿ & :E  

1 ,  If RP ( reg is ter  D,  E a�Àd 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 subtractim�À 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 B�À 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 � Àm  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. djhb�¿ 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 opco�Àe 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 C6�¿3. 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  a�¿d a )  .a 
negative number to a positive number h} t w o ”  negative 
n�ÀmbEES'C} two positive numbers. ”What do you think the 
rightmost bit would be Galle�À? 

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. 
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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  ad�À with carry is  giWEn as ,AEC 
A , 5  {see secund page 0 f  �¿wbit 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-i�¿n-‘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 l�¿hBIT 
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 pla�Àed in HL- WhEn as is DE the 
aperation i s  HL 4_ HL+DB 

[a ]  Loa�À and execute exercise 2. 
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E’l�¿-Edd comments tn eaah statement belaw 

(a)  Ln 5 , 4  

(b) Ln Ix; l�¿�À�À�À 

(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; Ex�¿and 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 �Àecimal. Sh�Àw 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 barr�Àws occured in Example 3-2? 

1255 



(a) 

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

+ :  

(b l �Àgain  enter the names o f  the operands in the 

gc  

{ � À}  

boxes below. use Subtrahene, Minuen�À, 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? 
F �À �Àf th  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 

�¿c i l �¿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 G � ÀH .  

LDC 

9 

1m 
11 
12 
13 
14 
15 

EXP3 
@BJ CGDE M-STMT SGUREE STATEMENT 

ADDLP 
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GRG 
LD 
XOR 
LD 
ADC 
LD 
INC 
INC 
Dana 
RST 

Assume the program star ts  at  

lE�ÀQH 
3,3  
A 

A l f l x )  
A , ( IY )  




















































































































