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CHAPTER 1

The Beginnin g

Thi s boo k i s designe d a s i n introductio n t o machin e an d
assembl y languag e programmin g o n th e 680 9 chi p an d
specificall y o n you r  DRAGON.

Obviousl y yo u mus t  hav e som e ide a o f  wha t  machin e languag e i s
or  yo u wouldn' t  hav e thi s book .  I t  woul d b e fai r  t o assume ,
however ,  tha t  you r  knowledg e o f  machin e code  extend s n o
further  tha n knowin g tha t  i t  i s  a  compute r  language ,  tha t  i t
i s  a  lis t  o f  strang e number s an d letter s an d tha t  i t  i s
suppose d t o b e fa r  superio r  t o BASIC .  Perhap s yo u aren't  eve n
awar e o f  thi s o r  awar e tha t  ther e i s a  differenc e betwee n
assembl y an d machin e language ,  no r  indee d ho w the y diffe r
fro m BASIC .

What  eve r  yo u d o o r  don' t  kno w abou t  machin e language ,  don 1t
worry ,  an d don' t  b e frightene d b y th e jargon .  We hav e mad e n o
assumption s abou t  you r  familiarit y wit h machin e languag e
programmin g an d w e wil l  explai n al l  th e jargo n a s well .
Thi s boo k i s intende d t o b e use d b y th e absolut e beginne r  an d
was writte n specificall y fo r  th e absolut e beginner .

To star t  w e ar e goin g t o explai n exactl y wha t  a
micro-compute r  i s an d ho w i t  works .  Of  cours e thi s i s onl y
goin g to  be  brief ,  as  to  understan d everythin g woul d tak e
year s o f  stud y an d a  smal 1 librar y o f  books .

Par t  o f  th e mystiqu e o f  computer s i s th e funn y number s tha t
the y use .  Thes e wil l  be  revealed ,  the y are  reall y not  tha t



har d t o learn ,  jus t  tha t  compute r  peopl e like  t o keep  th e
publi c a t  larg e "i n th e dark "  (i t  make s the m fee l  mor e
important) .

Afte r  learnin g wha t  a  compute r  i s an d ho w i t  doe s thing s yo u
ar e read y fo r  th e wonderfu l  worl d o f  'machin e language' .
Agai n not  a s har d a s compute r  peopl e woul d hav e yo u belive .

Finall y a  fe w sampl e program s t o giv e yo u th e ide a o f  ho w i t
i s  don e an d th e res t  i s  u p t o you .

Happy programming !
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CHAPTER 2

What is a
micro-computer ?

I n th e nex t  fe w section s w e wil l  describ e i n genera l  terms
what  a  micr o (computer )  i s  an d late r  o n th e DRAGON i n
par t  icular .

A micr o i s a  ver y simpl e machine .  Functionall y i t  ha s Jus t
thre e sections ,  th e CP U (Centra l  Processo r  Unit) ,  it' s  memor y
and I/ O (Input/Output )  a s show n i n diagra m 1 .

Diag .  1



The CPU i s th e hear t  o f  an y compute r  (i n a  micr o i t  i s  a
singl e chip )  althoug h withou t  bot h o f  th e othe r  tw o section s
i t  i s  useless .  Thin k o f  you r  brai n a s i f  i t  wa s completel y cu t
of f  fro m al l  your  sense s (sight,  hearing ,  etc..) ,  i t  stil l
has memor y bu t  wha t  ca n i t  do ? An d withou t  memor y i t  woul d b e
jus t  as  bad .  It  woul d be  abl e to  see ,  hear ,  etc .  but  it
wouldn' t  kno w wha t  i t  wa s seein g o r  hearing .

The CPU ca n d o onl y simpl e things ,  i.e .  i t  ca n ad d an d
subtract ,  compar e numbers ,  tel l  th e memor y wha t  t o remembe r
and retriev e number s whe n the y ar e needed .

The Memory .

Insid e a  micr o ther e ar e tw o type s o f  memory  (excludin g
outsid e memor y i.e .  tapes ,  disks ,  etc. )  an d the y ar e RAM an d
ROM whic h soun d impressiv e bu t  jus t  stan d fo r  Rando m Acces s
Memory an d Rea d Onl y Memory .

RAM.

You ca n rea d an d writ e t o RAM bu t  i t  forget s thing s fairl y
quickl y unles s it  is  continuousl y reminde d (th e SAM -  a  chi p
describe d late r  -  doe s this) .  RAM i s th e memor y tha t  i s  used
fo r  holdin g ont o informatio n tha t  changes ,  variable s etc ,  a s
wel l  a s your  programs .

ROM

On th e othe r  han d ROM canno t  b e change d an d i t  neve r  forget s
anythin g eve n whe n th e powe r  i s of f  (unles s i t  blow s up) .
Thi s i s wher e th e "Operatin g System "  i s stored .  Th e OS i s i n
realit y a  hug e machin e languag e program  tha t  make s th e
compute r  easie r  fo r  yo u t o use .  I n th e popula r  hom e typ e
compute r  i t  contain s a  BASI C interprete r  whic h simpl y take s
th e BASI C commands tha t  yo u typ e i n an d convert s the m t o
machin e languag e whic h ca n the n b e execute d b y th e CPU.

Input/Output .

As was  mentione d before ,  withou t  I/O  a  compute r  is  useless .
I/ O allow s th e compute r  t o communicat e wit h th e outsid e
world .  Th e I/ O sectio n i n a  compute r  wil l  typicall y contai n
chip s tha t  ca n displa y informatio n o n a  screen ,  program s tha t
sca n th e keyboar d fo r  informatio n type d an d othe r  program s t o
stor e an d retriev e informatio n o n tape s an d disks .

Al l  thes e section s wil l  b e describe d i n mor e detai l  whe n w e
get  t o loo k a t  th e DRAGON.



CHAPTER 3

Computer s and
Number s

Binar y
Now tha t  w e hav e describe d wha t  a  compute r  i s  (yo u probabl y
kne w al l  tha t  anyway) ,  i t  i s  tim e t o ge t  int o som e "heav y
stuff" .

Everyon e know s tha t  computer s can  do  arithmetic ,  but  few
realiz e how .  Thos e human s wh o ca n stil l  manag e arithmetic ,  d o
i t  i n decimal .  Thi s mean s w e coun t  th e number s i n power s o f
1C,  i.e .  units ,  tens ,  hundreds ,  thousands ,  etc. .  Computer s o n
th e othe r  han d wor k i n power s o f  two,  o r  bas e two ,  o r  binary .
I f  yo u haven' t  caugh t  o n a s t o wh y computer s us e binary ,  hol d
on.

Thin k o f  a  simpl e electri c circui t  consistin g o f  a  switch ,
battery ,  an d ligh t  bul b a s i n diagra m 2 .

BATTERY

SWITCH
LIGHT

Diag. 2



When th e switc h i s open ,  th e ligh t  bul b wil l  b e off .  Bu t  i f
we clos e th e switch ,  th e ligh t  wil l  shine .  S o w e hav e tw o
state s fo r  th e bulb ,  O N o r  OFF.  Or ,  i f  yo u wan t  t o pu t  i t  i n
numbers ,  w e hav e a  0  fo r  off ,  an d a  1  fo r  on .  Gettin g th e
idea ? Tw o states ? Binary ? Tha t  of f  o r  o n ca n b e terme d a  BI T
or  Binar y digI T o f  eithe r  0  o r  1  respectively .  Th e reaso n I
am usin g th e switc h an d ligh t  bul b fo r  a n analog y shoul d b e
gettin g cleare r  now .  Yes ,  that' s  right ,  jus t  abou t  an y
compute r  ca n b e though t  o f  a s a  glorifie d collectio n o f
switche s (ligh t  bulb s ar e optional) .

To understan d ho w binar y works ,  it' s a  goo d ide a t o reca p ou r
decima l  first .  Sa y w e hav e o n ou r  hand s th e decima l  numbe r
2,153 .  Let' s hav e a  loo k a t  jus t  wha t  th e numbe r  means :

T H  T  U
2 1 5 3

Basically ,  i t  mean s 2  Thousands ,  1  Hundred ,  5  Ten s an d 3
Units .  O r  i f  w e expres s i t  i n power s o f  10 :

2 1 5 3

3 2 1 0
10 10 10 10

3 2 1 0
I t  woul d be :  2*1 0 ,  1*1 0 ,  5*1 0 ,  an d 3*1 0 .  I f  Bas e 1 0 work s
thi s wa y the n w e woul d expec t  number s represente d i n Bas e 2
t o b e groupe d i n lot s o f  th e following :

7 6 5 4 3 2 1 0
2 2 2 2 2 2 2 2

128 6 4 3 2 1 6 8  4  2  1
To giv e a n example ,  let' s  loo k a t  th e decima l  numbe r  137 :

137 =  (1*128)+(0*64)+(0*32)+(0*16)+(l*8)+(0*4)+(0*2)+(1*1 )
or ,  i n binar y

= 1000100 1

Not e tha t  th e onl y digit s use d ar e O' s an d 1's .  Thi s i s
becaus e ther e ar e n o othe r  digit s i n binary .  I n decimal ,  bas e
10,  ther e ar e th e digit s 0-9 ,  afte r  9  come s 1 0 i.e .  w e pu t  a
1 i n th e ten' s colum n an d a  0  i n th e unit s colum n an d
similarl y fo r  99/100 ,  999/100 0 etc .  I n binary ,  bas e 2 ,  w e
hav e th e digit s 0  an d 1  an d afte r  1  come s tw o bu t  tw o i s
reall y a  1  i n th e 2' s colum n an d a  0  i n th e unit s column .  A s
an exampl e her e ar e th e decima l  number s 0 - 8 an d thei r
binar y equivalen t



0 0
1 1
2 1 0
3 1 1
4 10 0
5 10 1
6 11 0
7 11 1
8 100 0

Most  o f  th e micro' s aroun d thes e day s ar e 8-bit ,  whic h mean s
tha t  th e number s the y wor k wit h ar e 8-bit s long ,  o r  t o giv e
i t  anothe r  nam e on e byt e long .  I f  yo u ar e fas t  yo u hav e
alread y worke d ou t  tha t  th e larges t  decima l  numbe r  tha t  ca n
be represente d b y on e byt e i s 255 .  Fo r  th e slowe r  o f  yo u i t
i s calculate d a s follows ;  t o ge t  th e larges t  number ,  al l  th e
digit s woul d hav e t o b e th e larges t  the y ca n b e (1's) .  Thi s
give s u s 111 1 111 1 an d whe n tha t  i s  converte d (12 8 +  6 4 +  3 2
+ 1 6 + 8 + 4 + 2 + 1 )  give s u s 255 .

To mak e conversio n easie r  an d allo w yo u t o pla y aroun d wit h
differen t  number s an d se e ho w the y loo k ther e i s a  progra m a t
th e en d o f  th e chapte r  whic h convert s eithe r  decimal ,  binar y
or  hexadecima l  number s int o th e othe r  tw o an d display s al l
thre e (don' t  pani c abou t  hexadecima l  number s w e wil l  b e
coverin g the m soon) .

So fa r  binar y look s reasonabl e fo r  positiv e whol e number s u p
t o decima l  25 5 bu t  wha t  abou t  number s bigge r  tha n 25 5 o r
negativ e number s o r  fractions ?

Negativ e Number s
Preten d tha t  w e wan t  t o se e ho w th e compute r  woul d stor e th e
number  -73 .  Firs t  w e hav e t o wor k ou t  wha t  7 3 i s i n binary :

73 =  0100100 1 (usin g th e metho d above )

Now w e "complement "  th e binar y for m o f  73 .  Thi s i s jus t  a
matte r  o f  lookin g a t  eac h bi t  i n th e number ,  an d wher e w e se e
a 0  w e pu t  a  1 ,  o r  vic e versa .  Therefor e w e shoul d have :

1011011 0

And no w fo r  th e finishin g touch ,  whic h i s jus t  t o ad d 1  t o
th e resul t  t o give :

1011011 1

So th e metho d involve d i n negatin g a  numbe r  i s simple ,
complemen t  th e number ,  the n ad d 1  t o it .  However ,  b y doin g
thi s w e produc e som e limitation s o n th e siz e o f  a  positiv e o r
negativ e number .  Thi s come s abou t  becaus e o f  th e MSB (Mos t
Significan t  Bit ,  o r  th e left-han d mos t  bi t  which ,  i n fact ,
has th e highes t  value) .  When w e ar e usin g signe d nubers ,  w e
ca n tel l  i f  a  numbe r  i s negativ e o r  positiv e because ,  i f  i t



is  negative ,  the  MSB wil l  be  set .  Positiv e number s hav e a  MSB
clea r  o r  0 .  Fro m thi s w e ca n se e tha t  th e larges t  positiv e
number  w e ca n hav e usin g eigh t  bit s an d 2' s complemen t  is :

0111111 1 =  12 7

and whe n w e ad d 1  t o thi s th e mos t  negativ e numbe r  w e ca n
hav e is :

1000000 0 =  -12 8

The reaso n 2' s complemen t  wa s chose n t o represent  negativ e
number s i s tha t  i t  allow s u s t o ad d positiv e an d negativ e
number s togethe r  an d com e ou t  wit h th e righ t  result .  Fo r
example ,  —5 +  3:

5 de c =  000 0 010 1 bi n

- 5 de c =  111 1 101 1 bi n
+ 3  de c =  000 0 001 1 bi n

= - 2 de c =  111 1 111 0 bi n

To conver t  a  negativ e 2' s complemen t  numbe r  t o decimal ,
simpl y revers e th e procedur e tha t  convert s negativ e decima l
t o 2' s complement .  Therefor e yo u woul d subtrac t  1  fro m th e
number  and  complemen t  the  binar y resul t  (mak e all  1's ,  O's
etc .  ) .

You may  be  wonderin g how  you  woul d tel l  the  differenc e
between  a n unsigne d numbe r  s o larg e tha t  it s  MSB i s se t  an d a
trul y negativ e number .  Th e answe r  is ,  .remembe r  what  typ e o f
number  it' s  suppose d t o be .  Thi s i s no t  reall y a  disadvantag e
sinc e you ,  a s th e programmer ,  shoul d remembe r  whethe r  th e
number  i s suppose d t o b e signed ,  i.e .  -12 8 t o +127 ,  o r
unsigned ,  i.e .  0  t o 255 .

So muc h fo r  negativ e numbers ,  no w fo r  th e har d stuf f  -  larg e
number s an d fractions .

The CPU i n th e DRAGON (6809 )  ca n als o handl e number s tw o
byte s lon g withou t  muc h trouble .  Thi s allow s number s u p t o
65,535 .  I f  yo u don' t  kno w wher e thi s cam e from ,  tr y addin g u p
this :

1 5 1 4 1 3 1 0
2 + 2 + 2 + . . . 2 + 2 =  65,53 5 o r

+322767/-3276 S when  usin g 2' s complemen t  fo r  signe d numbers .

But  wha t  abou t  fraction s an d number s eve n bigge r  tha n 65,535 ?

Exponentia l Number s
Ther e i s anothe r  wa y t o represen t  number s i n binar y an d tha t
i s exponentially .  Thi s i s somtime s know n a s scientifi c
notatio n whe n use d wit h decima l  numbers .  Basicall y ther e ar e



tw o part s t o a  number ;  th e exponen t  an d th e mantissa .  Th e
mantiss a i s a  numbe r  (usuall y 4  byte s long) ,  whic h whe n
multiplie d by ,  2  raise d t o th e powe r  containe d i n th e
exponen t  (usuall y 1  byte) ,  give s th e decima l  numbe r  bein g
stored .
To conver t  a  decima l  number ,  X ,  t o thi s typ e o f
representatio n follo w th e procedur e give n bellow .

i )  I f  X  = 0  the n al l  th e bit s i n bot h th e exponen t  an d th e
mantiss a ar e O s

ii )  Conver t  decima l  t o binar y -  leav e th e decima l  poin t  i n
it' s  place ,  thi s no w become s th e binar y point .  T o conver t  th e
number s t o th e righ t  o f  th e decima l  poin t  yo u us e muc h th e
same procedur e a s whe n convertin g whol e number s excep t  tha t
th e columns ,  instea d o f  representin g 1 ,  2 ,  4 ,  8 ,  16 ,  etc. ,
represen t  1/2 ,  1/4 ,  1/8 ,  1/16 ,  etc .  (fro m th e binar y poin t
goin g right) .  Th e tabl e belo w give s th e firs t  8  fraction s an d
thei r  decima l  equivalent :

1/ 2
1/ 4
1/ 8
1/1 6
1/3 2
1/6 4
1/12 8
1/25 6

0. 5
0.2 5
0.12 5
0.062 5
0.0312 5
0.01562 5
0.007812 5
0.0039062 5

Fro m thes e number s i t  i s  quit e simpl e t o conver t  decima l
fraction s t o binar y fraction s a s below :
a)  I f  th e decima l  fractio n i s large r  tha n o r  th e sam e a s 0.5 ,
put  a  1  i n th e 1/ 2 colum n an d subtrac t  0. 5 fro m th e origina l
decima l  fraction ,  otherwis e pu t  a  0  i n th e 1/ 2 column .
b)  Repea t  a )  usin g 0.12 5 an d th e 1/ 4 colum n the n 0.062 5 an d
th e 1/ 8 colum n etc .
c)  Kee p doin g b )  unti l  yo u hav e enoug h significan t  digit s o r
th e origina l  decima l  fractio n become s zero .
i  ii )  Exponent :

-  i f  ther e ar e an y digit s t o th e lef t  o f  th e binar y
poin t  (th e ol d decima l  point )  the n th e exponen t  equal s th e
number  o f  digit s t o th e left .

-  i f  th e firs t  digi t  t o th e righ t  o f  th e binar y poin t  i s
a 1  the n the  exponen t  is  zero .

-  otherwis e th e exponen t  equal s th e complemen t  o f  th e
number  o f  Os ,  goin g lef t  t o righ t  fro m th e binar y point ,  u p
t o th e firs t  1 .
iv )  Mantissa :

-  remov e th e binar y poin t  an d al l  leadin g O s an d ad d O s
unti l  yo u hav e th e correc t  numbe r  o f  digit s t o fil l  th e
availabl e byte s (usuall y 32) .

— i f  th e origina 1 numbe r  wa s positive ,  chang e th e firs t
1 t o a  0 .
v)  Mak e int o group s o f  eigh t  an d conver t  t o hex .

For  a  ste p b y ste p exampl e w e wi1 1 conver t  decima l  12.37 5 an d

0.1562 5 t o exponentia l  format .



X =  12.37 5
i )  X  i s no t  O  the n d o nothing .
ii )  conver t  t o binary .  12.37 5 -  1010.01 1
iii )  Exponent :

— th e numbe r  o f  digit s t o th e lef t  o f  th e binar y poin t
i s 4  therefor e th e exponen t  i s $0 4
iv )  Mantissa :

-  1010011 0 0000000 0 0000000 0 0000000 0
-  0010011 0 0000000 0 0000000 0 0000000 0

v)  $2 6 $0 0 $0 0 $0 0 $0 4

Don' t  pani c abou t  th e "$ "  sig n i n fron t  o f  th e numbers ,  I t
simpl y denote s th e numbe r  a s bein g hexadecima l  (explaine d i n
th e nex t  section) .

X=0.1562 5
i )  X  i s no t  0  the n d o nothing .
ii )  conver t  t o binary .  0.1562 5 -  0.0010 1
iii )  Exponent :

-  th e numbe r  o f  digit s t o th e righ t  o f  th e binar y point ,
up t o th e firs t  1 ,  i s  2  therefor e th e exponen t  i s th e
complemen t  o f  2  =  $F E
iv )  Mantissa :

-  1010000 0 0000000 0 0000000 0 00000000 0
-  0010000 0 0000000 0 0000000 0 00000000 0

v)  $2 0 $0 0 $0 0 $0 0 $F E

To conver t  fro m thi s representatio n int o decima l  simpl y rais e
2 t o th e powe r  containe d i n th e exponen t  an d multipl y b y th e
mantissa .

Usin g thi s representatio n decima l  numbers ,  bot h positiv e an d
negative ,  fro m les s tha n 1  thousandt h t o ove r  1,00 0 millio n
can b e store d wit h a n accurac y o f  9  decima l  digits .

Hexadecima l Number s
By no w yo u mus t  b e seein g 1' s an d O' s i n you r  sleep .  Th e fac t
is ,  binar y i s a  rea l  pai n t o use .  Nobod y bother s wit h
representin g number s i n binar y unles s h e reall y ha s to .  Bu t
by th e sam e token ,  decima l  jus t  doesn' t  see m t o fi t  i n
binary' s place .  T o overcom e th e difficult y o f  tryin g t o rea d
binar y whils t  stil l  keepin g a  simila r  form ,  compute r  peopl e
use "hexadecimal" .  What  i s hexadecimal? !  Don' t  panic ,
hexadecima l  i s  onl y a  ter m w e us e fo r  bas e 16 .  Why bas e 16 ?
I t  work s lik e this .  Fou r  bit s ca n contai n sixtee n differen t
values ,  0  -  15 .  A  hexadecima l  digi t  ca n hav e sixtee n value s
too ,  0  -  15 .  A  singl e hexadecima l  digi t  ca n b e use d t o stan d
fo r  fou r  binar y digits :

0 =  000 0 8  =  100 0
1 =  000 1 9  =  100 1
2 =  001 0 A  =  101 0
3 =  001 1 B  =  101 1

4 =  010 0 C  =  110 0
5 =  010 1 D  =  110 1
6 =  011 0 E  =  111 0
7 =  011 1 F  =  111 1
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What' s thi s A,B,C,D, E an d F  business !  Why no t  jus t  us e 10 ,
11,  12 ,  13 ,  1 4 an d 15 ? We "don' t  us e the m becaus e the y ar e
numbers ,  no t  digits .  What  w e nee d ar e digit s  tha t  g o highe r
tha n 9  an d u p t o 15 .  When th e Arab s invente d digits ,  the y
didn' t  hav e muc h foresigh t  an d neglecte d an y possibilit y o f
needin g suc h digits ,  fou r  thousan d year s later .  So ,  w e hav e
t o inven t  som e ne w ones ,  henc e th e A ,  B ,  C ,  D ,  E  an d F .

Take th e decima l  numbe r  2,15 3 again .  I n binar y i t  woul d loo k
like :

10000110100 1
Fearsom e isn' t  it !  On th e othe r  hand,  th e hexadecimaa l
representatio n i s just :

869
Much nicer ,  bu t  i t  doesn' t  loo k an y differen t  fro m a  decima l
number .  T o sto p th e confusio n betwee n th e tw o w e pu t  a  dolla r
sig n "$ "  i n fron t  o f  an y hexadecima l  numbe r  w e use ,  jus t  t o
le t  u s kno w tha t  i t  i s  hexadecimal :

$869

Binar y Coded Decimal
Jus t  t o mak e matter s mor e confusin g ther e i s on e mor e wa y t o
represen t  number s i n machin e languag e an d tha t  i s Binar y
Coded Decima l  (BCD) .  Thi s for m allow s decima l  number s i n
binary .

First ,  yo u shoul d kno w wha t  a  "nybble "  is .  I f  a  bi t  i s  on e
binar y digi t  an d a  byt e i s eigh t  bits ,  a  nybbl e coul d b e
expecte d t o li e between ,  an d i t  does .  A  nybbl e i s fou r  bit s
groupe d together .

Back t o BCD.  T o encod e eac h o f  th e digit s 0  t o 9 ,  onl y on e
nybbl e i s neede d an d si x o f  th e possibl e code s availabl e i n a
nybbl e ar e ignored .  Sinc e on e nybbl e i s neede d fo r  eac h
digit ,  tw o digit s ca n b e hel d i n th e sam e byte.  Fo r  example :

0000 000 0 i s BCD fo r  decima l  00 .
1001 010 1 i s BCD fo r  decima l  95 .
1010 110 0 i s a n invali d numbe r  i n BCD.

Binar y nybble s whic h represent  decima l  number s greater  tha n 9
ar e invalid .

Thi s conventio n fo r  representin g number s lead s t o potentia l
number s i n additio n an d subtraction .  Fo r  example :

BCD 0 8 000 0 100 0
+ BCD 0 3 000 0 001 1

= BCD 1 1 000 0 101 1

Notice  tha t  th e resul t  o f  thi s operatio n i s a n invali d BCD
number .  T o compensat e fo r  thi s th e resul t  mus t  b e adjusted .
The adjustmen t  require d i s t o ad d 6  t o th e resul t  i f  th e
resul t  i s  greater  tha n 9 .  I n th e abov e example:
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BCD 0 8 000 0 100 0
+ BCD 0 3 000 0 001 1

0000 101 1
resul t  greate r  tha n 9 ? Yes ;  ad d 6

+ 000 0 011 0

= BCD 1 1 000 1 000 1

The CPU i n th e DRAGON (6809 )  ha s specia l  instruction s fo r
handlin g BCD number s an d thes e wil l  b e show n t o yo u later .

You wil l  b e unlikel y t o us e BCD i n you r  programmin g bu t  i t  i s
ther e and  can  be  used .  The  onl y tim e it  is  valuabl e is  whe n
highl y accurate ,  whol e numbe r  arithmeti c i s neede d a s
exponentia l  representatio n sometime s lead s t o roundin g
errors .

Decimal-Hexadecimal-Binary-Conversio n
Progra m

Thi s progra m allow s yo u t o ente r  eithe r  a  decimal ,
hexadecima l  o r  binary  numbe r  an d then  display s tha t
number  i n th e abov e form s wit h th e decima l  bot h signed
and unsigned .

Afte r  keyin g in  the  progra m and  savin g it,  you  are  read y
t o ru n it .  Th e progra m prompt s yo u fo r  a  number ,  yo u
the n ente r  your  numbe r  a s follows ;  decima l  -  betwee n
-12 8 an d 255 ,  hexadecima l  -  betwee n $0 0 an d $F F
rememberin g t o includ e th e $  a s th e firs t  character ,  an d
binar y -  u p t o 8  digit s ( 0 o r  1 )  precede d b y a  %.

Afte r  th e numbe r  ha s bee n converte d an d displaye d yo u
are  agai n prompte d for  a  number ,  you  may  continu e to
ente r  differen t  number s a s lon g a s yo u like .  When yo u
wis h t o sto p th e program ,  simpl y ke y ENTER directl y
afte r  th e prompt .
Not e tha t  i f  yo u wan t  t o d o tw o byt e conversion s betwee n
decima l  an d hex ,  fo r  addresses ,  ther e ar e standar d BASI C
function s availabl e directl y fro m you r  Dragon s keyboard .
For  decima l  t o hex ,  us e "?HEX$('decima l  number')" ,  an d
fo r  he x t o decima l  us e "?&H'he x number'" .

10 LIN E INPU T "ENTE R NUMBER :  ";A $
20 I F A$=" "  THEN END
30 PRIN T
40 I F LEFT$(A$,1)="7. "  THEN 9 0
50 I F LEFT$(A$,1)="$ "  THEN 17 0
60 '  DECIMAL
70 A=VAL(A$ )
80 GOTO 20 0
90 '  BINAR Y
100 A= 0
110 A$=MID$(A$,2 )
120 A=2* A
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130 I F LEFT$(A$,1)="1 "  THEN A=A+ 1 :  GOTO 15 0
140 I F LEFT$(A$,1)<>"0 "  THEN 38 0
150 A$=MID$(A$,2 )
160 I F A$=" "  THEN 20 0 ELS E 12 0
170 '  HEXADECIMAL
180 I F LEN(A$)> 3 THEN 38 0
190 A=VAL("&H"+MID$(A$,2) )
200 '  A=VALUE
210 I F A<-12 8 THEN 38 0
220 I F A< 0 THEN A=A+25 6
230 I F A>25 5 THEN 38 0
240 B= A
250 A$=" "
260 FOR 1= 1 T O 8
270 I F B/2-INT(B/2)= 0 THEN
280 B=INT(B/2 )
290 NEXT I
300 PRIN T "BINAR Y :","%"+A $
310 PRIN T "HE X :","$"+HEX$(A )
320 PRIN T "DECIMAL "
330 PRIN T "  UNSIGNED :", A
340 I F A>12 7 THEN A=A-25 6
350 PRIN T "  SIGNE D :", A
360 PRIN T
370 GOTO 1 0
380 PRINT" *  INVALI D INPUT "
390 PRIN T
400 GOTO 1 0
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CHAPTER 4

What is
Machine Language?

By no w yo u migh t  hav e forgotte n tha t  thi s i s  wha t  w e intende d
t o lear n abou t  i n th e firs t  plac e s o i t  i s  a  prett y goo d
thin g t o define  machin e languag e befor e w e g o muc h further .
My dictionar y says ,  "Machin e Language :  th e codin g syste m
adopte d i n th e desig n o f a  compute r  t o represen t  th e
instructio n repetoir e o f  th e computer" .  I f  tha t  sentenc e sen t
you r  hea d spinning ,  fea r  no t  fo r  w e ha d th e sam e problem.

You hav e alread y see n ho w number s ar e handle d b y computers .
And machin e languag e i s onl y a  lo t  o f  number s lik e w e
discusse d before .  Th e differenc e i s tha t  wherea s w e wer e
thinkin g o f  thes e number s a s jus t  numbers ,  machin e languag e
treat s the m a s mor e tha n such .  A  particula r  numbe r  whe n use d
i n machin e language ,  wil l  caus e th e CPU t o perfor m a
particula r  activit y o r  instruction .

For  example:  $8B ,  decima l  13 9 o r  binar y 100 0 101 1 woul d caus e
th e CPU t o ad d tw o number s together.  Quit e a  lon g wa y fro m
somethin g lik e

A =  A  +  1

Nonetheless ,  thi s i s wha t  machin e languag e i s al l  about .  Th e
name say s i t  all !  I t  i s  languag e fo r  machines .  Eac h
manufacture r  o f  th e differen t  CPUs ha s designe d a  differen t
languag e fo r  it s product .
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At  thi s stag e yo u may b e askin g yoursel f  -  i f  thi s i s  wha t
machin e languag e i s al l  about ,  wh y bother ? Why no t  accep t  th e
benefit s o f  someon e else' s wor k whic h allow s me t o progra m
th e compute r  i n a  languag e tha t  I  ca n easil y understand ,  suc h
as BASIC ?

The reaso n yo u shoul d bothe r  i s becaus e o f  th e benefit s o f
machin e language ,  thes e are :

*  FASTER EXECUTION OF TH E PROGRAM
*  MORE EFFICIEN T USE OF MEMORY
*  SHORTER PROGRAMS (i n memory )
*  FREEDOM FROM TH E OPERATING SYSTEM

Al l  o f  th e abov e benefit s ar e a  direc t  resul t  o f  programmin g
i n a  languag e tha t  th e CPU ca n understan d withou t  havin g t o
hav e i t  translate d first .  When yo u progra m i n BASIC ,  th e
operatin g syste m i s a  machin e languag e progra m tha t  i s bein g
ru n b y th e machine .  Th e progra m coul d b e describe d lik e this :

Next  Loo k a t  th e nex t  instructio n
Translat e i t  int o a  serie s o f
machin e languag e instruction s
Perfor m eac h instructio n
Stor e th e resul t  i f  require d
Got o Nex t

Programmin g i n BASI C ca n b e u p t o 6 0 time s slowe r  tha n a
progra m writte n directl y i n machin e language !  Thi s i s becaus e
translatio n take s time ,  an d als o th e resultin g machin e
languag e instruction s generate d ar e usuall y les s efficient .
Similarl y i t  i s  usuall y faste r  t o driv e yoursel f  tha n t o tak e
publi c transport ;  yo u ca n tak e shortcut s yo u kno w instea d o f
followin g th e publi c transpor t  rout e whic h need s t o cate r  fo r
th e genera l  public' s needs .

However ,  w e woul d als o b e amon g th e firs t  t o admi t  tha t
programmin g i n machin e languag e doe s hav e drawbacks .

The mai n disadvantage s o f  machin e languag e are :

*  PROGRAMS ARE MORE DIFFICUL T T O READ AND DEBUG
*  IMPOSSIBL E T O ADAPT T O OTHER COMPUTERS
*  LONGER PROGRAMS (i n instructions )
*  ARITHMETI C CALCULATIONS DIFFICUL T

We d o no t  advocat e tha t  yo u writ e ever y progra m yo u wan t  i n
machin e languag e instea d o f  BASIC .  Yo u nee d t o loo k a t  th e
programmin g tas k i n questio n an d determin e whic h languag e i s
bes t  suite d t o developmen t  o f  tha t  program .  A  progra m use d
fo r  calculatin g average s i s a  simpl e on e whe n writte n i n
BASIC,  bu t  a  machin e languag e versio n woul d tak e a  lo t  mor e
effort .  On th e othe r  hand ,  yo u coul d di e o f  boredo m watchin g
an arcad e game writte n i n BASI C cree p along .  Guideline s fo r
choosin g betwee n th e tw o are :
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a)  Memor y Requirement s -  BASI C i s usuall y a  permanen t
residen t  i n ROM,  i n hom e micros ,  an d a s suc h onl y use s RAM t o
stor e you r  BASI C progra m an d it s variables .  Routine s t o d o
thing s lik e arithmetic ,  etc .  ar e al l  don e i n th e BASI C ROM.
To d o th e equivalen t  i n machin e language ,  yo u woul d hav e t o
hav e your  ow n routine s i n RAM an d thi s use s mor e o f  you r
highl y valuabl e RAM.

b)  Tim e Availabl e fo r  Developmen t  -  Even  i f  yo u ca n develo p a
quicker ,  shorte r  progra m i n machin e languag e tha n th e BASI C
equivalent ,  I t  sti l l  ma y no t  b e worthwhile .  Puttin g i t
bluntly ,  tim e i s mone y an d i s ofte n th e overridin g facto r  i n
suc h decisions .

c)  Spee d Requirement s -  I f  yo u simpl y mus t  hav e spee d the n
machin e languag e i s th e wa y t o go .  However ,  i f  i t  reall y
isn' t  importan t  the n BASI C woul d probabl y b e better .

d)  Number  Crunchin g -  I f  your  applicatio n involve s a  lo t  o f
arithmetic ,  the n th e languag e bes t  suite d t o handlin g number s
shoul d b e used .  Thi s goe s especiall y fo r  situation s involvin g
rea l  o r  floa t  in g poin t  numbers .  Fo r  thi s typ e o f  programmin g
BASIC i s better .



CHAPTER 5

What is
Assembl y Language ?

Quit e obviousl y i f  machin e languag e coul d onl y b e represente d
by numbers ,  ver y fe w peopl e woul d wan t  t o writ e program s i n
machin e language .

Afte r  al l ,  wh o woul d mak e sens e o f  a  progra m whic h looke d
like :

0 0 1 0 0 0 01 or $ 21
0 0 0 0 0 0 00 or $ 00
0 1 0 0 0 0 00 or $ 40
etc.

Fortunately ,  w e ca n inven t  a  serie s o f  name s fo r  eac h o f
thes e numbers .  Assembl y languag e i s jus t  suc h a
representatio n o f  machin e language ,  enablin g i t  t o b e rea d b y
humans.

The mai n differenc e betwee n assembl y languag e an d machin e
languag e i s tha t  assembl y languag e i s on e leve l  highe r  tha n
machin e language .  I t  i s  mor e easil y read  b y human s tha n
machin e language ,  bu t  o n th e othe r  hand ,  computer s can' t  rea d
assembl y language .

It  is  not  an  adaptatio n of  machin e languag e suc h as  BASIC .
For  eac h assembl y languag e instructio n ther e i s a n identica l
(i n function )  machin e languag e instruction ,  an d vic e versa ;
i.e .  ther e i s a  ONE-TO-ONE relationshi p betwee n them .  We ca n
therefor e sa y tha t  assembl y languag e i s equivalen t  t o machin e
language .  Assmebl y languag e make s us e o f  mnemonic s (o r
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abreviations )  t o enhanc e readability .  Fo r  example ,  a t  thi s
stage ,  th e instructio n

IN C A

may no t  mea n muc h t o yo u bu t  a t  leas t  yo u ca n rea d it .  I f  yo u
were tol d "INC "  i s a  standar d mnemoni c (sa y "memonic" )  fo r
INCremen t  an d tha t  A  i s a  variable ,  the n b y simpl y lookin g a t
th e instructio n yo u ca n ge t  a  fee l  fo r  wha t  i s happening .

The sam e instructio n i n machin e languag e i s

0100 110 0

Now obviously  yo u ca n als o "read "  tha t  instructio n i n th e
sens e tha t  yo u ca n rea d th e number ,  bu t  i t  doesn' t  mea n muc h
unles s yo u hav e a  tabl e t o loo k u p or ,  you r  brai n i s capabl e
of  functionin g lik e a  computer .

Thi s i s onl y scratchin g th e surfac e o f  assembl y language .  Yo u
can d o a  lo t  mor e tha n writ e mnemonic s instea d o f  number s fo r
instructions .  A  lin e o f  a n assembl y languag e progra m ca n b e
divide d int o section s lik e this :

LABEL MNEMONIC OPERAND COMMENTS

You alread y kno w wha t  a  mnemoni c i s bu t  wha t  i s al l  th e othe r
stuff ? We star t  wit h th e easies t  first .

COMMENTS -  A s yo u hav e probabl y alread y guessed ,  a  comment  i s
a fe w word s whic h don' t  effec t  th e actua l  progra m but ,  lik e a
REMark i n BASIC ,  i s  ther e t o remin d you ,  o r  tel l  othe r  peopl e
tha t  may loo k a t  you r  program ,  exactl y wha t  yo u ar e doin g i n
thi s sectio n o f  th e program .

OPERANDS -  We sai d befor e tha t  ther e wa s a n instructio n tha t
adde d tw o number s togethe r  bu t  w e didn' t  sa y wha t  thes e
number s were .  Thi s i s wha t  th e operan d does .  I t  ca n tel l  th e
CPU whic h number s t o us e or ,  i n othe r  case s th e mnemoni c
tell s th e CPU wha t  instructio n t o execut e an d th e operan d
tell s th e CPU wha t  t o us e tha t  instructio n with .

LABELS -  Thes e ar e a  godsend .  I n BASI C i f  yo u hav e eve r  move d
a subroutin e the n yo u wil l  hav e ha d t o g o throug h al l  you r
cod e an d fin d th e place s tha t  calle d tha t  subroutin e an d
chang e th e lin e number s o n th e GOSUB.  Label s le t  yo u giv e a
name t o a  lin e an d the n al l  yo u hav e t o d o i s th e equivalen t
of  a  GOSUB o r  GOTO t o tha t  name n o matte r  wher e i t  is .

Label s als o allo w yo u t o giv e name s t o othe r  thing s suc h a s
complet e programs ,  constants ,  variables ,  etc .  Thi s i s ver y
usefu l  i n assembl y languag e program s a s yo u wil l  se e late r
on.
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Assembl y languag e ca n b e converte d directl y int o machin e cod e
by a  progra m o r  b y you .  Suc h a  progra m i s calle d a n
assembler .  Yo u ca n se e tha t  thi s i s a  progra m whic h perform s
th e rathe r  borin g tas k o f  translatin g you r  assembl y languag e
progra m int o a  sequenc e o f  machin e languag e instruction s tha t
th e CPU wil l  understan d i.e .  int o binar y numbers .

The alternativ e t o a n assemble r  progra m i s fo r  yo u t o d o th e
translatio n o f  th e assembl y languag e int o machin e cod e b y
hand ,  usin g th e table s provide d i n thi s book .

It' s  hard ,  it' s  frustratin g a t  first ,  it' s  inconvenien t  bu t
it' s wonderfu l  practic e an d give s yo u grea t  insigh t  int o th e
way th e CPU works .  We recommen d tha t  yo u tr y writin g shor t
machin e languag e program s i n thi s wa y -  i.e .  writin g the m i n
assembl y languag e an d the n translatin g the m int o machin e
languag e b y han d -  befor e buyin g a n assembler .
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CHAPTER 6

The Drago n

Up t o thi s stag e w e hav e bee n talkin g i n genera l  terms ,  al l
th e thing s describe d abov e ar e applicabl e t o mos t  hom e
computer s bu t  no w w e wil l  tal k specificall y abou t  you r
computer ,  th e DRAGON.

I f  yo u dare ,  tak e th e cove r  of f  your  DRAGON b y undoin g th e
screw s underneat h th e warrant y sticker s o n you r  compute r  an d

ff .pullin g th e to p off .

WARNING!:  Doin g thi s wil l  voi d you r  warrant y s o w e
don' t  advis e yo u t o attemp t  thi s i f  yo u wis h
t o retai n a  vali d warranty !

You ca n no w se e th e circui t  boar d i n al l  it s  glor y an d al l
th e chip s tha t  mak e th e DRAGON work .  T o giv e name s t o th e
importan t  chip s and  for  thos e of  you  who  don' t  wan t  to  tak e
th e ris k o f  openin g u p your  computer ,  se e diagra m 3 .

The GPU

You alread y kno w what  th e CPU doe s i n genera l  term s s o w e
wil l  not  discus s it  at  lengt h her e excep t  to  say  tha t  it  is
th e Motoroll a designe d 6809 ,  on e o f  th e mos t  powerfu l  8-bi t
CPUs availabl e today .

The MEMORY

You als o kno w roughl y wha t  th e RAM an d ROM ar e bu t  w e wil l  b e
more specifi c here .

20



DC

Q
O

POWER SUPPLY

KEYBOARD

Diag. 3

RAM (memor y location s $000 0 t o $7FFF )

The DRAGON tha t  yo u ow n come s wit h 32 K RAM ( A "K "  i s
explaine d later) .  Thi s mean s i t  ha s 32,76 8 differen t  memor y
location s (o r  addresses ,  i f  yo u like) .  We ca n stor e on e byt e
of  informatio n a t  eac h addres s an d w e us e tw o byte s whe n
referrin g t o th e addres s (thi s allow s u s t o addres s eac h
locatio n i n memory) .  A t  thi s stag e w e wil l  describ e som e
thing s relate d t o memory ,  a  "K "  an d a  "page" .

i )  A  "K "  (a s yo u migh t  hav e guessed )  i s a  numbe r  aroun d abou t
one  thousand .  In  fact ,  it  is  equa l  to  1024 .  Remember  tha t
computer s wor k i n binar y an d no t  decima l  an d tha t  102 4 work s
out  t o b e a  nic e simpl e hexadecima l  number ,  $400 .  I t  i s  use d
becaus e i t  i s  th e binar y equivalen t  o f  th e metri c K  (Kil o o r
1000) ,  i f  yo u like .  I t  i s  sor t  o f  a  natura l  numbe r  i n hex .
jus t  a s a  thousan d i s a  natura l  numbe r  i n decimal .

ii )  A  "page "  i s 25 6 o r  $10 0 memor y location s (e.g .  $0 0 t o
$FF,  $10 0 t o $1FF ,  etc. )  sharin g th e sam e uppe r  byt e o f  thei r
addresses .  Fo r  example ,  $B30 0 t o $B3F F i s on e pag e an d whe n
al l  th e addresse s ar e spli t  int o tw o bytes ,  th e firs t  byt e i s
alway s $B 3 (fo r  thi s page) .  Th e secon d byt e define s whic h
locatio n i n tha t  pag e i s t o b e addressed .  A s yo u migh t  expec t
we ca n assig n pag e number s t o thes e block s o f  memory .  I n
th e abov e example ,  th e pag e numbe r  i s $B3 .
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The firs t  $40 0 location s ar e use d b y BASI C an d th e operatin g
syste m s o thes e ar e no t  reall y availabl e fo r  us e i f  yo u wan t
BASIC t o ru n properly .  Th e nex t  $20 0 location s ar e use d t o
hol d th e informatio n tha t  appear s o n th e tex t  screen .  Afte r
that ,  som e mor e ar e use d t o hol d informatio n o n th e graphic s
scree n an d th e res t  ar e availabl e fo r  yo u t o us e a s yo u wish .

ROM (memor y location s $800 0 t o $BFFF )

The ROM i n you r  DRAGON i s  16K ,  wit h it' s  addresse s continuin g
directly  o n fro m RAM,  an d contain s th e BASI C interpreter ,
arithmeti c routines ,  I/ O routines ,  etc. .  Some o f  thes e
routine s may b e use d i n you r  machin e languag e program s (se e
Appendi x D  fo r  details) .  Al l  th e ROM location s ca n b e rea d
i n th e sam e wa y a s RAM bu t  non e o f  the m ca n b e change d i n an y
way.

The VDG

The Vide o Displa y Generato r  i s a  chi p tha t  look s a t  part s o f
th e memor y an d convert s th e content s int o vide o signal s tha t
can b e displaye d b y you r  televisio n o r  monitor .  I t  ca n b e
use d t o displa y simpl e tex t  o r  th e mos t  comple x o f  graphi c
designs .

The SAM

Thi s chip ,  a s mentione d earlie r  i n th e book ,  continuousl y
remind s th e RAM o f  it s contents .  I t  als o control s al l  acces s
t o memor y b y th e CPU an d VDG.  Th e CPU whe n i t  want s t o acces s
memory ask s th e SAM.  Th e SA M the n produce s tha t  particula r
byt e fo r  th e CPU.  Th e SAM i s als o continuousl y feedin g th e
VDG wit h th e content s o f  th e relevan t  part s o f  memor y s o tha t
i t  ca n produc e vide o signals .

The PIA s

These tw o chips ,  Periphera l  Interfac e Adapters ,  d o al l  th e
I/ O o f  th e computer .  The y allo w th e CPU t o tal k t o you r
peripherals,  suc h a s printer ,  cassette ,  etc ,  an d als o allo w
th e CPU t o tel l  th e SA M an d VDG wha t  mod e the y ar e t o ru n in .

Each o f  thes e chip s ar e describe d i n mor e detai l  i n th e
sampl e program s chapte r  alon g wit h program s showin g ho w t o
use them .
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CHAPTER?

The 6809

Register s

The CPU use s a  numbe r  o f  thing s i n it s dealing s wit h ROM,  RAM
and I/ O devices .  Some o f  th e mai n part s whic h yo u wil l  us e
ar e registers .  Thes e register s ar e jus t  shorthan d numbe r
storag e place s tha t  th e CPU use s t o execut e programs .

Thin k o f  whe n yo u d o arithmeti c b y hand .  Yo u woul d hav e som e
number s an d a n operatio n o n a  piec e o f  paper ,  sa y 4+6 .  Yo u
loo k a t  thi s piec e o f  pape r  an d thin k t o yourself ,  " 4 +  6
that' s 10" .  Yo u the n writ e th e resul t  o f  1 0 o n th e piec e o f
paper .

The CPU doe s somethin g ver y simila r  whe n th e tim e come s fo r
i t  t o d o arithmeti c lik e that .  Firstly ,  i t  get s th e number s
(data )  an d th e operation s (program )  fro m it s "piec e o f  paper "
(memory) .  The n i t  think s t o itsel f  lik e yo u did .  T o d o that ,
however ,  i t  need s somewher e t o kee p thos e number s an d
operation s whil e i t  think s abou t  them .  I t  doesn' t  us e memory ,
that' s muc h to o slow .  I t  woul d b e lik e u s writin g ever y
singl e though t  o n paper !  S o i t  use s register s an d the y al l
hav e names :

A B  D  C C D P X  Y U  S  P C

These register s com e i n variou s size s an d ca n b e use d fo r
variou s purposes .  Let' s tak e a  close r  look :
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A -  i s  Accumulato r  A .  Thi s i s a n 8-bi t  wid e register .
Accumulator s ar e primaril y use d fo r  arithmeti c an d logica l
functions  o n th e number s the y contain .  Th e 680 9 i n fac t  ha s
tw o 8-bi t  accumulators ,  th e A  an d B  registers .  Thes e tw o
accumulator s ar e almos t  identical ,  th e onl y differenc e
betwee n the m come s abou t  becaus e a  fe w instruction s trea t
the m differently .  We'l l  tal k abou t  th e difference s later .

B -  i s  Accumulato r  B .  A s mentione d above ,  th e B  registe r  i s  a
nea r  identica l  twi n o f  th e A  register .

D -  i s  a  con-trick !  Ther e i s  actuall y n o specia l  D  register .
The D  registe r  i s  supposedl y a  16-bi t  wid e accumulator ,  bu t
i n realit y i s  jus t  th e A  an d B  accumulator s joine d together !
The A  registe r  hold s th e hig h byt e an d th e B  registe r  keep s
th e lo w one .  Thro w i n a  fe w specia l  16-bi t  arithmeti c
operation s an d he y presto !  Th e D  register .  Thi s featur e make s
16-bi t  arithmeti c a  rea l  sna p fo r  680 9 programmers .

CC -  Th e Conditio n Cod e registe r  i s  jus t  a  collectio n o f
flag s livin g i n a n 8-bi t  register .  Flag s ar e jus t  like  ou r
ligh t  bul b w e use d earlie r  on ,  i.e .  a  bi t  tha t  i s  eithe r  O
or  OFF (SE T o r  RESET) .  Thes e flag s an d statuse s reflec t  th e
state  th e 680 9 i s i n a t  an y give n time .  Thes e includ e flag s
use d i n arithmeti c an d logica l  operations ,  a s wel l  a s severa l
others .  Th e C C registe r  ha s a  chapte r  al l  o f  it' s  ow n late r
on .

X -  I s  Inde x registe r  X .  Inde x register s ar e 16-bi t  register s
whic h ar e normall y use d a s "pointers" .  A  pointe r  i s  jus t  a
16-bi t  numbe r  tha t  contain s th e addres s o f  a  particula r
locatio n i n memor y i.e .  i t  "points"  t o a n address .

Y -  I s  Inde x registe r  Y .  Th e Y  registe r  wil l  d o almos t
anythin g tha t  th e X  registe r  ca n do .  However ,  th e X  registe r
i s normall y preferre d becaus e th e 680 9 ca n us e i t  a  littl e
more quickl y an d i n fewe r  bytes ,  i n a  program ,  tha n i t  ca n
th e Y  register ,  howeve r  w e d o us e i t  whe n th e X  registe r  i s
bein g use d fo r  somethin g els e an d w e nee d a n Inde x register .

S -  i s  th e Stac k Pointer .  Thi s i s a  ver y specia l  16-bi t
registe r  whic h i s responsibl e fo r  keepin g what' s know n a s th e
6809' s "stack "  i n order .  Stack s wil l  b e explaine d later ,  bu t
fo r  no w I  wil l  stres s tha t  thi s stac k an d it s orde r  ar e
essentia l  fo r  th e 680 9 t o g o abou t  executin g program s
properly .

U -  i s  th e Use r  Stac k Pointer .  Thi s i s  als o a  ver y specia l
•an d versatil e 16-bi t  register .  No t  onl y ca n i t  b e use d a s a
stac k pointe r  withou t  effectin g th e 6809' s progra m execution ,
lik e th e S  register ,  bu t  i t  ca n als o b e used  a s a  16-bi t
inde x registe r  lik e th e X  an d Y  registers !
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DP -  i s th e Direc t  Pag e register .  I n th e previou s chapte r  I
explaine d wha t  a  pag e was .  Thi s registe r  allow s a  shor t  han d
way o f  referrin g t o location s withi n a  pag e o f  memory .  Th e D P
registe r  contain s a  pag e numbe r  specifyin g a  pag e of  memor y
tha t  w e wis h t o refe r  t o often .  Thi s i s use d i n th e direc t
addressin g mode .  (Mor e abou t  addressin g mode s later )

PC -  i s th e Progra m Counter .  Thi s i s th e 16-bi t  registe r
whic h always  point s t o th e nex t  instructio n th e 680 9 ha s t o
execute .  Thi s i s th e registe r  whic h let s th e 680 9 ru n machin e
languag e program s and  as  you  can  probabl y guess ,  is  als o
essentia l  fo r  th e 680 9 t o serv e an y usefu l  purpose .

To mak e i t  easie r  t o remembe r  al l  thes e differen t  register s
diagra m 4  se t  the m ou t  i n a  logica l  manner .

07

cc DP

07

A B

D

15 0

X

15 0

Y

15 0

S

15 0

U

15 0

PC

Diag. 4

Modes
Modes ar e th e differen t  way s w e ca n d o th e sam e thing .  Fo r
instance ,  t o ge t  t o work ,  w e can :  drive ,  catc h a  train ,  walk ,
etc. .  Whicheve r  mod e w e choose ,  w e sti l l  ge t  t o work .
However ,  som e way s ar e quicker ,  o r  mor e convenien t  tha n
others ,  n o matte r  whic h mod e yo u eventuall y choose ,  it' s
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stil l  nic e t o hav e a s man y option s a s yo u can .  A n addressin g
mode tell s th e CP U ho w t o ge t  th e operand s (numbers )  i t  need s
t o execut e a  particula r  instruction ,  fo r  exampl e Immediat e
Mode tell s th e CP U tha t  th e operan d i t  need s i s include d i n
th e progra m immediatel y afte r  th e instructio n (lik e a
constan t  i n BASIC )  wher e a s Extende d Mod e mean s tha t  th e
operan d i s i n anothe r  sectio n o f  memor y altogethe r  (mor e lik e
a variabl e i n BASIC) .

Thi s i s anothe r  featur e whic h make s th e 680 9 suc h a  powerfu l
CPU.  Ther e ar e numerou s Addressin g mode s (quit e a  fe w mor e
tha n othe r  8-bi t  CPU's )

Let' s ge t  int o the m .. .

The 680 9 ha s a  tota l  o f  7  basi c type s o f  Addressin g Modes :

Inheren t
Registe r
Immediat e
Relativ e
Direc t
Extende d
Indexe d

Thi s may no t  soun d 1  ik e th e numerou s I  mentione d above ,  bu t
when w e se e tha t  ther e ar e 2  Relativ e Addressin g Modes ,  an d
27 separat e Indexin g Modes !  That' s LOTS!

I n machin e cod e th e instruction s hav e differen t  op-code s fo r
th e differen t  mode s s o th e CPU know s whic h mod e i t  i s
suppose d t o b e using .  I n assembl y languag e ther e ar e
differen t  way s t o specif y whic h mod e t o use .  Thes e ar e give n
below .

Now s o far ,  al l  thes e mode s migh t  jus t  b e vagu e word s t o you ,
so let' s  explor e the m a  litt l e mor e deepl y .. .

Inheren t  -  Thi s i s th e simples t  mod e th e 680 9 ha s an d jus t
th e op-cod e o f  th e instructio n tell s th e 680 9 al l  i t  need s t o
kno w t o perfor m th e instruction .  Instruction s i n thi s grou p
ar e ver y specialised ,  an d d o no t  hav e an y operands ,  becaus e
th e instructio n i s designe d t o d o onl y th e on e thing .  A n
exampl e o f  inheren t  addressin g i s th e CL R (CLeaR )  instructio n
which  simpl y clear s on e o f  th e accumulator s t o al l  O's .  Th e
mnemonic s are ;  CLRA to  clea r  the  A  accumulato r  and  CLRB fo r
th e B  accumulato r  an d th e op-cod e fo r  eac h i s differen t  ($4 F
and $5 F respectively )  s o tha t  th e CPU know s wha t  t o d o an d
whic h accumulato r  t o d o i t  to ,  al l  fro m th e op-code .  Not e
tha t  th e CL R instructio n ca n als o us e othe r  addressin g mode s
t o clea r  a  memor y location .

Registe r  -  Thi s mod e i s use d b y onl y a  handfu l  o f
instructions .  I t  i s  use d wheneve r  register s ar e th e onl y
operand s bu t  th e opcod e doe s no t  specif y whic h register(S )  t o
use (a s i n Inherent) .  I n thi s mod e th e instructio n byt e i s
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followe d b y a  '  post-byte '  whic h i s lik e a n operan d a s i t
tell s the  CPU whic h register s to  use .  Ther e are  two  group s of
instruction s whic h us e Registe r  addressing .  The y ar e EX G &
TFR an d PS H &  PUL .  Th e EX G an d TF R instruction s nee d tw o
register s o n whic h t o operate ,  s o eac h nybbl e o f  th e
post-byt e describe s a  register .  Th e PS H an d PUL instruction s
can  use  any  of  the  eigh t  register s (excludin g the  stac k
pointe r  bein g used) ,  s o eac h bi t  o f  th e post-byt e represent s
a registe r  (SE T mean s us e thi s register ,  RESET mean s don' t
use) .  A n assemble r  know s tha t  thi s grou p o f  instruction s use s
thi s mod e an d s o n o specia l  symbo l  i s neede d t o signif y
registe r  addressing .

Immediat e -  Thi s i s th e mod e whic h i s use d like  a  constan t  i n
BASIC,  tha t  is  the  numbe r  to  use  is  par t  of  the  program .  When
usin g Immediat e mod e addressin g th e instructio n byt e i s
IMMEDIATELY followe d b y th e numbe r  tha t  th e instructio n i s t o
use .  Fo r  example ,  LD A #1 0 i s th e Loa D A  accumulato r  wit h th e
valu e 10 .  Th e "# "  sig n befor e th e operan d i s use d b y mos t
assembler s t o denot e Immediat e mode .

Relativ e -  Thi s mod e i s use d b y th e branc h instruction s i n
th e 680 9 set .  Branc h instruction s ar e lik e GOTO' s i n BASI C
but  inste d o f  givin g th e addres s (lin e numbe r  i n BASIC )  t o
branc h to ,  a n offse t  RELATIV E t o th e curren t  valu e o f  th e P C
i s given .  Thi s enable s u s t o writ e Positio n Independen t  Cod e
(ho w an d wh y w e writ e thi s typ e o f  cod e i s covere d later) .
The offset s use d b y th e branc h instruction s ca n b e eithe r
8-bi t  o r  16-bi t  signe d numbers ,  8-bi t  fo r  smal l  jump s (save s
cod e i.e .  1  byt e operan d instea d o f  2 )  an d 16-bi t  fo r  lon g
jumps .

The res t  o f  th e addressin g mode s us e variou s method s o f
obtainin g value s ou t  o f  memory ,  t o b e use d wit h th e
instructions .

Extende d -  Extende d addressin g i s th e mos t  straigh t  forwar d
addressin g mod e i n thi s group .  Th e 16-bi t  (tw o byte )  operan d
followin g th e instructio n i s a n addres s whic h tell s th e CP U
wher e th e numbe r  i t  need s i s locate d i n memory .  Fo r  exampl e
LDA $200 0 i s loa d th e A  accumulato r  wit h th e content s o f
memory locatio n $200 0 (th e "$ "  sig n jus t  signifie s a  he x
number) .  To  continu e the  analog y wit h BASIC,  thi s mod e is
lik e a  variabl e i.e .  yo u ca n assig n an d retriev e th e value s
t o o r  fro m a  particula r  locatio n (variable) .  Mos t  assembler s
do no t  nee d t o b e tol d tha t  Extende d addressin g i s t o b e use d
as i t  i s  use d b y default ,  althoug h the y ca n b e force d int o
it .

Direc t  -  Thi s i s a  l imite d for m o f  Extende d addressin g a s i t
onl y require s a  singl e byt e operan d t o follo w th e
instruc t  ion .  Thi s save s spac e an d als o running  tim e o f  th e
progra m whil e havin g muc h th e sam e effect .  Wit h Direc t
addressin g on e "page "  (25 5 bytes )  o f  memor y ca n b e accessed .
Thi s i s als o calle d 'zer o page'addressin g a s i n mos t  micro s
thi s for m o f  addressin g ca n onl y acces s th e 'zer o page '  (th e



first  25 5 byte s o f  memory) .  Th e advantag e o f  th e 680 9 ove r
thes e othe r  micro s i s tha t  th e 'zer o page '  ca n b e moved .  A s
was discusse d befor e th e D P (Direc t  Page )  registe r  contain s
th e 'pag e number '  tha t  Direc t  addressin g i s currentl y using .
I n realit y th e CPU use s th e D P registe r  a s th e hig h byt e o f
th e Effectiv e Addres s (th e actua l  addres s th e CPU wil l  use )
and th e operan d followin g th e instruction  a s th e lo w byte ,
e.g .  LD A $0 0 whe n th e D P contain s $20 ,  load s th e A
accumulato r  wit h th e content s o f  $2000 .  Goo d assembler s
shoul d b e intelligen t  enoug h t o choos e betwee n Direc t  an d
Extende d mode s bu t  must  als o b e abl e t o b e force d int o on e o r
th e other .  Whethe r  o r  no t  yo u nee d symbols  an d wha t  the y ar e
wil l  depen d upo n you r  assembler .

Indexe d -  No w we'r e gettin g int o th e heav y stuff !  Indexe d
addressin g involves  usin g a  16-bi t  registe r  a s a  bas e
pointer .  A  bas e pointe r  i s jus t  a n address ,  excep t  tha t  i n
Indexe d mode ,  w e le t  th e 680 9 us e thi s addres s a s a
referenc e point ,  an d us e variou s "indices "  o r  offset s fro m
tha t  bas e t o calculat e th e Effectiv e Address .

The use s o f  Indexe d mode s ar e to o numerou s t o detai l  i n thi s
book bu t  a s yo u becom e mor e familia r  wit h machin e languag e
programming  an d your  program s becom e bigge r  an d mor e comple x
th e beaut y o f  thes e mode s wil l  becom e obvious .

i n th e
.be s th e

.

As I  sai d befor e ther e ar e numerou s differen t  type s o f
Indexe d mode s an d whe n Indexe d addressin g i s specifie d i
op-cod e th e CPU look s fo r  th e 'post-byte '  whic h describ e
typ e o f  Indexed  addressin g t o use .  Th e meanin g o f  th e
post-byt e ca n b e see n i n Appendi x H  (pag e 251) .

a)  Constan t  Offse t  fro m Registe r  (Two' s complemen t  signe d
offset )  -  Thi s mod e involve s addin g a  signe d offse t  t o a
specifie d inde x register .  Ther e are  fou r  differen t  way s of
doin g this .

i )  N o Offse t  -  Jus t  that !  Th e valu e o f  th e Inde x registe r
we'r e usin g i s th e Effectiv e Address .  Fo r  example ,  LD A , X
load s the  A  accumulato r  fro m the  content s of  the  addres s
whic h i s i n th e X  inde x register .

ii )  5  Bi t  Offse t  -  Wit h thi s w e ca n us e offset s o f  -1 6 ($10 )
t o +1 5 ($OF )  i.e .  5  bits ,  includin g 0 ,  fro m ou r  inde x
registe r  t o ge t  th e addres s w e want .  Fo r  example ,  LD A $10, X
load s th e A  accumulato r  wit h th e content s o f  th e addres s
calculate d b y addin g $1 0 t o th e X  inde x register .  I n thi s
mode the  offse t  is  include d in  the  post-byte .

iii )  8  Bi t  Offse t  -  Wit h thi s w e hav e a  muc h large r  rang e o f
-12 8 ($80 )  t o 12 7 ($7F )  i.e .  8  bits .  However ,  thi s for m i s
slower ,  and  take s up  anothe r  byt e of  memory  tha n the  5  bit
mode.



iv )  1 6 Bi t  Offse t  -  No w wit h thi s w e hav e th e ultimat e rang e
of  -32,76 8 ($8000 )  t o 32,76 7 ($7FFF )  fro m ou r  inde x register .
Thi s i s eve n slowe r  an d longe r  tha n th e 8-bi t  versio n a s i t
need s 2  byte s jus t  fo r  th e offset! .

b)  Accumulato r  Offse t  fro m Registe r  (Two' s complemen t  signe d
offset )  -  Thi s work s i n a  simila r  fashion  t o th e 8  an d 1 6 bi t
offse t  mode s above .  Onl y thi s tim e th e signe d offset s w e ar e
dealin g with ,  ar e actuall y th e value s o f  certai n registers .
In  fac t  thes e offse t  register s happe n to  be  our  accumulator s
A,  B  an d D .  Th e A  an d B  register s ar e used.fo r  8-bi t  offsets ,
and th e D  ( A an d B  together )  i s  use d fo r  16-bi t  ones .  Thi s i s
extremel y usefu l  whe n accessin g array s a s th e offse t  into  th e
arra y ca n b e calculate d i n a n accumulato r  an d the n onl y on e
instructio n is  neede d to  acces s it.

c)  Aut o Increment/Decremen t  Registe r  -  Thi s i s a  ver y usefu l
mode,  whic h take s car e o f  som e o f  th e drudger y involve d i n
usin g pointers .  Afte r  you'v e finished  lookin g at  one
location ,  yo u quite  ofte n wan t  t o loo k a t  th e nex t  locatio n
following .  T o d o this ,  yo u woul d normall y hav e t o ad d on e t o
your  pointe r  manually .  Howeve r  th e 680 9 ca n "auto-increment "
you r  pointer ,  afte r  you'v e looke d a t  a  location .  Fo r  example ,
LDA ,X + wil l  loa d th e A  accumulato r  fro m th e memor y locatio n
i n X  the n incremen t  X  s o tha t  i t  point s t o th e nex t  memor y
location .  Thi s save s u s havin g t o d o i t  ourselve s late r  o n
whic h save s u s time  whe n writin g a  program ,  its' s als o
quicke r  fo r  th e 680 9 t o execute ,  an d eve n take s u p les s room !
The 680 9 wi1 1 als o doubl e incremen t  (ad d tw o t o th e inde x
register )  fo r  thos e occasion s wher e yo u ar e handlin g 16—bi t
numbers .
Decrement s ca n b e don e too .  However ,  the y wor k a  l i t t l e
differentl y t o increments .  Auto-Incrementin g increment s th e
pointe r  AFTE R th e mai n instructio n ha s bee n execute d (e.g .
afte r  th e operan d ha s bee n loade d fro m memory) ,  wherea s
Auto-Decrementin g decrement s th e pointe r  BEFORE th e mai n
instructio n ha s bee n executed ,  therefor e w e hav e
post-increment  an d pre-decrement .

d)  Constan t  Offse t  fro m Progra m Counte r  -  Thi s mod e may no t
see m terribl y usefu l  a t  first ,  bu t  i t  is ,  believ e me.  I t
alon g wit h Relativ e addressin g (wit h branches )  i s necessar y
fo r  Positio n Independen t  Code .  Th e operan d specifie s a n 8  o r
16-bi t  offse t  which  i s adde d t o th e valu e o f  th e P C a s tha t
instruction  get s executed .  Thi s give s a n addres s which ,  i f  yo u
move you r  progra m (th e P C i s starte d a t  a  differen t  place )
moves wit h it .  Fo r  example ,  LD A $20,PC R wil l  loa d th e A
accumulato r  wit h th e content s o f  th e memor y locatio n whose
addres s i s calculate d b y addin g th e P C an d $20 .

e)  Indirec t  -  Thi s featur e applie s t o nearl y al l  th e indexe d
modes mentione d above .  Eac h o f  thos e mode s eventuall y give s
yo u a  workin g addres s t o pla y with .  When indirectio n i s use d
on thes e modes ,  th e CPU take s th e content s o f  th e workin g
addres s t o b e th e addres s w e wan t  t o use !  Wheel s withi n
wheels !  Fo r  example ,  LD A (,X )  (th e bracket s indicat e Indirec t
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mode)  load s th e A  accumulato r  wit h th e content s o f  a  memor y
locatio n whos e addres s i s i n memor y a t  th e locatio n pointe d
t o b y th e X  inde x register .  Exception s ar e th e
'auto-increment/decremen t  b y 1 '  mode s (addresse s us e 2  bytes ,
so incremen t  in g b y 1  byt e won' t  reall y d o anythin g usefu l
anyway!) .

f )  Extende d Indirec t  -  Thi s mod e i s muc h th e sam e a s th e
Indirec t  mod e abov e excep t  tha t  Extende d addressin g (instea d
of  Indexed )  i s use d t o indicat e wher e th e Effectiv e Addres s
i s i n memory .

So ther e w e hav e th e 6809' s addressin g mode s i n al l  thei r
glory !  Prett y impressive ,  expeciall y whe n yo u star t  comparin g
th e 680 9 wit h othe r  8-bi t  micro s around .  I  sugges t  tha t  yo u
get  fam i  lia r  wit h al l  thes e mode s a s the y ar e wha t  make s th e
6809 s o nic e t o use .  Probabl y th e easies t  wa y t o ge t  th e han g
of  th e variou s mode s i s t o us e th e demonstratio n program s
whic h loa d A  usin g the m (program s 2-4) .



CHAPTER 8

Easy

Let' s hav e a  loo k a t  som e o f  th e simpl e instruction s whic h
almos t  ever y assemble r  progra m uses .  I n fact ,  ther e aren' t
to o man y program s tha t  d o no t  us e them !

LD - Load Registe r

Say w e wan t  t o pu t  a  valu e o r  th e content s o f  a  memor y
locatio n int o a  register :

To d o thi s w e us e th e L D instruction .  T o loa d th e A  registe r
we use  LDA .  For  X  it  woul d be  LDX ,  etc. .  In  fact ,  almos t  any
of  th e 6809' s register s ca n b e loade d thi s way .  Th e vali d
ones are :

LDA A  Accumulato r
LDB B  Accumulato r
LDD D  Accumulato r
LDX X  Inde x Registe r
LDY Y  Inde x Registe r
LDU U  Stac k Pointe r
LDS S  Stac k Pointe r
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Thes e instruction s le t  u s loa d a  value  int o a  register .  T o
determin e wha t  valu e i t  i s  w e ar e loading ,  w e nee d t o
remember  th e addressin g mod e w e ar e usin g a t  th e time .

Also ,  w e hav e 8-bi t  loads ,  an d 16-bi t  loads .  Th e 8-bi t  load s
ar e fo r  th e 8-bi t  registers ,  an d th e 16-bi t  load s fo r  th e
16-bi t  ones ,  th e 680 9 know s ho w man y bit s t o loa d b y th e
registe r  i t  i s using .

You may b e wonderin g ho w th e 680 9 load s a  16-bi t  valu e fro m
what  i s basicall y on e address .  What  actuall y happen s i s tha t
th e 680 9 use s tw o addresses .  Fro m th e addres s yo u give  it ,  i t
get s th e Mos t  Significan t  Byt e o f  th e 16-bi t  numbe r  yo u ar e
loading .  The n i t  get s th e Leas t  Significan t  Byt e fro m th e
nex t  locatio n i n memory .  Let' s tr y a  fe w o f  th e mor e common
ones :

LDA #1 0 Pu t  decima l  1 0 i n accumulato r  A
LDX $100 0 Loa d X  fro m location s $100 0 an d

$1001
LDX , Y Loa d X  fro m location s Y  an d Y+ l

See chapte r  14 ,  program s 2 - 4 fo r  furthe r  example s o f  th e L D
instruction .

ST -  Store  Registe r

I f  w e ca n loa d a  valu e int o a  register ,  i t  woul d mak e sens e
t o b e abl e t o stor e value s bac k int o memor y fro m on e o f  th e
registers .  Fo r  this ,  w e us e th e S T instruction .

STA A  Accumulato r
STB B  Accumulato r
STD D  Accumulato r
STX X  Inde x Registe r
STY Y  Inde x Registe r
STU U  Stac k Pointe r
STS S  Stac k Pointe r

Jus t  lik e th e L D instructio n above ,  w e nee d t o sa y wha t
addressin g mod e we'r e using.. .

STA $100 0 Pu t  th e content s o f  A  i n
locatio n $100 0

STX , Y Pu t  th e content s o f  X  i n
location s Y  an d Y+ l

See chapte r  1 4 progra m 6  fo r  a  furthe r  exampl e o f  th e S T
instruction .
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TFR -  Transfe r  Register s

You may hav e notice d tha t  ther e i s n o direc t  wa y o f  loadin g
or  storin g th e DP,  C C an d P C registers .  Luckil y w e ca n
indirectl y loa d thes e registers ,  b y usin g th e TF R
instruction .  For  example ,  to  loa d the  valu e $10  int o the  DP
register ,  w e have :

LDA #$1 0 Loa d A  wit h th e desire d content s
of  th e D P registe r

TFR A,D P Transfe r  th e content s o f  A  t o
th e D P registe r

Any registe r  ca n b e loade d indirectl y usin g th e TF R
instruction ,  althoug h w e woul d normall y onl y d o thi s fo r  th e
DP an d C C registers .  Th e P C registe r  i s a  specia l  case ,  an d
ther e ar e othe r  way s o f  loadin g i t

See chapte r  1 4 progra m 5  fo r  a n exampl e o f  th e TF R
instruction .

ADD -  Ad d t o Registe r

Computer s ar e mean t  t o b e abl e t o ad d numbers ,  an d thi s i s
th e instructio n tha t  exercise s th e nitty-gritt y o f  th e 6809 .
Ther e ar e thre e basi c ADD instruction s (alon g wit h al l  o f
thei r  addressin g mode s o f  course) .

ADDA
ADDB
ADDD

A Accumulato r
B Accumulato r
D Accumulato r

The firs t  tw o ar e 8-bi t  additions ,  an d th e ADDD i s a  16-bi t
addition .  T o understan d ho w the y work ,  assum e tha t  yo u
alread y hav e a  numbe r  sittin g i n a n accumulator .  The n yo u us e
th e ADD instruction ,  whic h get s th e numbe r  yo u wan t  t o ad d
fro m it s operan d (don' t  forge t  th e addressin g mode! )  an d add s
i t  t o th e accumulator ,  leavin g th e resul t  i n th e sam e
accumulator .  Fo r  example :

LDA #$1 0 Intializ e A  wit h he x 1 0
ADDA , X Ad d th e valu e pointe d t o b y X

into  A
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And sa y tha t  X  pointe d t o locatio n $1000 ,  an d $100 0 containe d
$56,  the n w e woul d hav e $5 6 +  $1 0 o r  $6 6 i n accumulato r  A .

See chapte r  1 4 progra m 1 0 fo r  furthe r  example s o f  th e ADD

instructions .

SUB -  Subtrac t  fro m Registe r

The 6809' s SUB instructio n work s i n muc h th e sam e wa y a s a n
ADD instruction ,  excep t  i n reverse .  Instea d o f  adding ,  w e
subtract .  Th e thre e mai n subtrac t  instruction s wor k o n th e
Accumulators :

SUBA A  Accumulato r
SUBB B  Accumulato r
SUED D  Accumulato r

For  instance :

LDD #100 0 Loa d 100 0 int o Accumulato r  A
SUBD , Y Subtrac t  16-bi t  numbe r  pointe d t o

by Y

Say tha t  Y  i s pointin g t o $2000 ,  an d a t  $200 0 w e hav e $01 ,
and a t  $200 1 w e hav e $56 .  That' s 100 0 -  $0156 .

See Chapte r  1 4 progra m 1 6 fo r  a  furthe r  exampl e o f  th e SUB
instructio n



CHAPTER 9

Handy

Let' s ge t  dow n t o actuall y writin g som e assembl y programs .  I n
our  firs t  attemp t  we'1 1 writ e a  680 9 progra m which  wi1 1 tak e
tw o numbers ,  ad d the m together ,  an d stor e th e resul t
somewhere .  No t  tha t  eart h shattering ,  bu t  then,  Rome wasn' t
buil t  i n a  day .  Let' s se e wha t  th e piec e o f  cod e w e wan t
woul d be :

LDA NUM1 Ge t  th e firs t  numbe r
ADDA NUM2 Ad d i n th e secon d numbe r
STA RESULT Sav e the  resul t  somewher e

That  migh t  loo k lik e al l  w e need ,  bu t  i t  isn't .  Fo r  on e
thing ,  w e haven' t  sai d wher e NUMl ,  NUM2,  an d RESULT ar e i n
memory.  Fo r  argument' s sake,  we'l l  pu t  NUMl ,  NUM2,  an d RESULT
immediatl y afte r  th e program :

LDA NUMl  Ge t  th e firs t  numbe r
ADDA NUM2 Ad d i n th e secon d numbe r
STA RESULT Sav e th e resul t  somewher e

NUMl  RMB 1  plac e t o ge t  firs t  numbe r
NUM2 RMB 1  plac e t o ge t  secon d numbe r
RESULT RMB 1  plac e t o pu t  answe r

Not e tha t  RMB i s no t  reall y a  680 9 instruction .  I t  i s  what' s
known a s a  "Pseudo-Op" .  I t  get s thi s nam e becaus e i t  look s
lik e a n op-code ,  jus t  lik e ou r  norma l  680 9 mnemonics ,  bu t  i n
fac t  isn't .  Pseud o mean s false ,  s o RMB i s a  fals e op-code !
Pseudo-op s exis t  s o tha t  w e ca n tel l  th e assemble r  ho w w e
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want  ou r  progra m pu t  together .  Th e RMB (Reserv e Memor y Bytes )
Pesudo-o p jus t  tell s  th e assemble r  tha t  w e wan t  t o kee p dat a
(a number )  a t  thi s locatio n an d th e operan d specifie s ho w
many byte s t o reserve .  Eve n i f  yo u don' t  hav e a n assembler ,
it' s  goo d practis e t o us e Pseudo-op s lik e thi s t o sho w wha t
you want .

I n eac h cas e w e reserv e on e byt e fo r  eac h number .  Thi s make s
sense ,  becaus e w e ar e doin g 8-bi t  o r  on e byt e addition .  I f  w e
wer e doin g 16-bi t  o r  tw o byt e addition ,  w e woul d us e RMB 2
instead .

We hav e wha t  yo u may thin k i s th e finishe d article .  Bu t  i t
isn't !  I f  yo u loo k a  bi t  close r  a t  ou r  progra m above ,  yo u may
see somethin g wrong .  Ver y simpl y wher e doe s i t  end ? A s i t  is ,
th e 680 9 woul d d o th e additio n an d kee p goin g -  includin g
tryin g t o execut e ou r  dat a area s w e jus t  s o carefull y
defined .

It  is  at  thi s poin t  you  woul d appreciat e the  hit/mis s natur e
of  assembl y programming .  What  woul d th e 680 9 mak e o f  ou r  dat a
areas ,  thinkin g i t  i s  jus t  anothe r  program ? Th e answe r  i s
anything !  Physically ,  you r  Drago n won t  lea p int o th e ai r  an d
become th e centr e o f  a n enormou s explosion .  The n again ,
becaus e th e 680 9 ha s becom e a  rogue ,  an d i s executin g thing s
i t  shoul d no t  be ,  i t  wil l  probabl y destro y an y usefu l
informatio n yo u hav e i n th e machine .  An d losin g informatio n
generall y mean s losin g work !  S o b e awar e tha t  trepidatio n i s
calle d for .

Time t o spil l  a  bi t  mor e abou t  ho w w e wil l  us e thi s program .
Becaus e i t  i s  onl y a  littl e on e w e wil l  execut e i t  fro m th e
Dragon' s BASIC .  Thi s ca n b e don e vi a th e EXEC o r  USR( )
statement s i n BASIC .  Th e rule s fo r  usin g thes e statement s ar e
tha t  your  assembl y languag e progra m shoul d en d wit h a n RT S
instruction .  Thi s may see m highl y secretiv e t o yo u a t  th e
moment,  bu t  w e ar e no t  goin g t o explai n RTS' s t o yo u yet .

LDA NUM1 Ge t  th e firs t  numbe r
ADDA NUM2 Ad d i n th e secon d numbe r
STA RESULT Sav e th e resul t  somewher e
RTS

NUM1 RMB 1  plac e t o ge t  firs t  numbe r
NUM2 RMB 1  p lace toge tsecon d numbe r
RESULT RMB 1  plac e t o pu t  answe r

We stil l  haven' t  sai d wher e w e wan t  ou r  progra m t o run .  "I n
th e computer! "  som e brigh t  spar k shouts .  I t  i s  al l  ver y wel l
puttin g th e progra m i n th e Dragon ,  bu t  w e als o nee d t o give
th e addresse s o f  th e location s wher e th e progra m i s mean t  t o
be.  T o d o thi s w e us e ye t  anothe r  pseudo-o p ORG.  ORG give s
th e origi n o f  ou r  program .  Thi s i s th e addres s o f  th e firs t
locatio n o f  ou r  program.  I n ou r  example ,  w e wil 1 us e a n
origi n o f  $4000 .
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ORG $4000 Startin g addres s o f  program .

Get  th e firs t  numbe r
Add i n th e secon d numbe r
Save th e resul t  somewher e

plac e t o ge t  firs t  numbe r
plac e t o ge t  secon d numbe r
plac e t o pu t  answe r

But  w e stil l  haven' t  go t  a  680 9 machin e code  progra m tha t  ou r
Drago n ca n execute .  Thi s assembl y languag e progra m coul d b e
turne d int o machin e code ,  wit h ver y littl e pai n b y usin g a n
assemble r  program .  However ,  programmer s hav e masochisti c
natures ,  an d thi s i s wha t  w e ar e goin g t o do .  We ar e goin g t o
assembl e i t  b y hand .  T o d o thi s let' s rewrit e th e progra m s o
tha t  i t  i s  o n a  piec e o f  pape r  lik e this :

LDA
ADDA
STA
RTS

NUM1 RMB
NUM2 RMB
RESULT RMB

NUM1
NUM2
RESULT

1
1
1

Addres s Cod e Labe l  Mnemoni c

ORG

LDA
ADDA
STA
RTS

NUM1 RMB
NUM2 RMB
RESULT RMB

Operan d

$4000

NUM1
NUM2
RESULT

1
1
1

The ADDRESS an d th e CODE column s ar e goin g t o b e fille d I n b y
th e assembler ,  i n thi s cas e you .  Let' s assume  tha t  w e ar e
goin g t o us e extende d addressin g i n al l  o f  th e instruction s
above ,  except  fo r  th e RTS.  I f  w e loo k u p th e instructio n
description s i n th e bac k o f  thi s book ,  w e find :

LDA

cod e ey e by t

Extende d $B6/18 2 5  3

Thi s mean s tha t  a n LD A instructio n usin g extende d addressin g
wil l  us e 3  byte s o f  memory ,  an d wil l  hav e a  machin e cod e
equivalen t  o f  $B6 ,  o r  182 .  Don' t  worr y abou t  th e "eye "  o r  th e

"5 "  yet ,  they'r e no t  importan t  righ t  now .  What  i s importan t
ar e th e op-cod e an d th e numbe r  o f  byte s used .  Nex t  t o th e LD A
instructio n i n ou r  program ,  w e ca n put :

Addres s Code Labe l Mnemonic Operan d

$4000 $B6$—$— LDA NUM1
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We als o kno w tha t  th e nex t  instructio n (th e ADDA)  mus t  begi n
at  $4003 ,  har d o n th e heel s o f  th e LD A instruct ,  ion .  Yo u wil l
no doub t  hav e notice d tha t  w e hav e no t  fille d i n th e othe r
tw o byte s tha t  ar e par t  o f  th e LD A instruction .  Thi s i s
becaus e w e ar e usin g extende d addressing ,  an d w e mus t  suppl y
th e addres s o f  th e locatio n w e wan t  t o ge t  tha t  numbe r  fro m
alon g wit h th e $B 6 op-cod e fo r  th e LDA ,  bu t  because ,  w e
haven' t  foun d ou t  wher e NUMl  i s suppose d t o b e yet ,  we'l l
hav e t o le t  thos e byte s lie ,  an d com e bac k t o the m later .
Let' s loo k forwar d t o wha t  we'1 1 eventuall y hav e i f  w e
continu e i n thi s fashion :

Addres s Cod e Labe l Mnemonic Operan d

$4000
$4003
$4006
$4009

$400A
$400B
$400C

$B6$— $ —
$BB$— $ —
$B7$— $ —
$39

$XX NUM1
$XX NUM2
$XX RESULT

LDA
ADDA
STA
RTS

RMB
RMB
RMB

NUMl
NUM2
RESULT

1
1
1

Now w e ca n se e wher e NUMl ,  NUM2 an d RESULT ar e i n memory .
Thos e $X X ar e onl y ther e t o sho w tha t  NUMl ,  NUM2 an d RESULT
eac h tak e u p on e byt e o f  memory ,  th e content s o f  whic h w e
don' t  know .  S o no w w e g o throug h an d fil l  i n thos e missin g
addresse s fro m ou r  instructions :

Addre s s Code Labe l Mnemonic Operan d

$4000
$4003
$4006
$4009

$400A
$400B
$400C

$B6$40$OA
$BB$40$OB
$B7$40$OC
$39

$XX NUMl
$XX NUM2
$XX RESULT

LDA
ADDA
STA
RTS

RMB
RMB
RMB

NUMl
NUM2
RESULT

1
1
1

The nex t  ste p woul d b e t o ente r  th e he x value s i n th e cod e
colum n int o memor y an d execut e th e program .  Thi s ca n b e done
usin g a  BASI C program .  Th e star t  o f  thi s BASI C progra m i s th e
"loader "  foun d o n pag e 12 8 an d th e res t  i s  a s below :

80 INPU T "ENTE R A  VALUE FOR 'NUMl'",A:POK E &H400A, A
90 INPU T "ENTE R A  VALUE FOR 'NUM 2 "',B:POK E &H400B. B
100 EXEC &H400 0
110 PRIN T "TH E VALUE OF 'RESULT '  I S NOW ";PEEK(&H400C )
120 GOTO 8 0
130 DATA B6 ,  40 ,  OA,  BB ,  40 ,  OB,  B7 ,  40 ,  OC,  39 ,  * *

So ther e i t  is !  You r  firs t  680 9 assemble r  program .  No t
really ,  We wrot e it .  Nevertheless ,  yo u wil l  soo n b e abl e t o
writ e you r  ver y ow n 680 9 programs .
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CHAPTER 10

Lets Get Logica l

I n thi s chapte r  w e wil l  examine  th e logica l  operation s whic h
th e 680 9 i s capabl e o f  performing.Specificall y the y are :

AND -  AND
EOR -  Exclusiv e O R
OR -  OR

Thes e operation s ar e reall y quit e simple ,  bu t  yo u nee d t o ge t
wis e t o the m i f  yo u wan t  t o us e you r  680 9 t o it s  ful l
potential .

I f  yo u ar e no t  familia r  wit h ANDs,  OR, s etc. ,  tak e a  loo k a t
th e electri c circui t  below :

BATTERY

SWITCH1 SWITCH2

LIGHT

Diag. 5



It' s  prett y obviou s ho w thi s circui t  works .  Unles s w e hav e
bot h Switc h 1  an d Switc h 2  i n th e ON position ,  th e ligh t  bul' b
won' t  go .  T o describ e th e operation  o f  thi s circui t  w e ca n
us e wha t  i s calle d a  trut h table .  Thi s i s jus t  a  tabl e whic h
say s wha t  th e light  bul b doe s fo r  variou s combination s o f
switc h 1  an d switc h 2 :

Switc h 1  OFF ON OFF ON
Switc h 2  OFF OFF ON ON

Result  OFF OFF OFF ON

Thi s i s a n AND operatio n a t  wor k here .  Bot h switc h 1  AND
switc h 2  mus t  b e ON fo r  th e ligh t  t o b e ON also .  No w i f  w e
wer e dealin g i n binar y digits ,  the n w e woul d ge t  a  resul t  o f
1 onl y i f  yo u AND 1  wit h 1 .  i.e .

Operand 1 0 1 0 1
Operand 2 0 0 1 1

Result 0 0 0 1

Say w e hav e a  he x numbe r  $5 B i n ou r  accumulato r  A .  I n binar y
thi s woul d loo k like :

0 1 0 1 1 0 1 1
Say als o tha t  w e wan t  t o AND thi s numbe r  wit h anothe r  he x
number ,  thi s tim e $OD:

0 0 0 0 1 1 0 1

To fin d ou t  th e resul t  w e AND th e tw o number s on e bi t  a t  a
time .  Firs t  w e AND th e tw o bit-7's ,  the n th e tw o bit-6' s an d
so on ,  unti l  al l  8  bit s hav e bee n ANDed together .  S o w e get :

0 0 0 0 1 0 0 1

Her e i s anothe r  example :

0 1 0 1 1 0 0 0
A N D 1 1 0 1 0 1 1 0

0 1 0 1 0 0 0 0

AND operation s ca n b e use d o n bot h ou r  8-bi t  accumulators ,  A
and B ,  wit h al l  o f  th e usua l  addressin g modes .  Examples :

ANDA #$O F
ANDB ,X +

See Chapte r  1 4 progra m 1 8 fo r  a n exampl e o f  th e AND
instruction .

Othe r  logica l  instuction s ar e OR an d EOR.  Thes e ar e use d i n
th e sam e fashio n a s th e AND instruction .  OR i s simpl e bu t  EOR
i s a  littl e harde r  t o understand .
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EOR,  Exclusiv e OR,  ha s th e functio n tha t  i f  a  bi t  i s  se t  i n
eithe r  operan d onl y the n i s th e resul t  bi t  set ,  bu t  i f
neithe r  o r  bot h o f  th e bit s ar e se t  the n th e resul t  i s  reset .

I n other  word s o f  th e tw o byte s al l  bit s i n th e sam e positio n
i n th e byt e yiel d a  0  i f  the y ar e th e sam e an d a  1  i f  the y
hav e differen t  values .
Her e ar e som e example s fo r  EOR:

EOR

EOR

1 1 0 0 1 0 0

OR set s th e resul t  bi t  i f  a  bi t  i s  se t  i n operan d 1  OR i n
operan d 2 .  Usin g OR th e onl y tim e th e resul t  bi t  i s  rese t  (0 )
i s whe n th e bi t  i n bot h operand s i s reset .
To pu t  i t  simply ,  i f  neithe r  bi t  i s  se t  th e resul t  i s  0
otherwis e it  is  1 ,
Example s o f  OR:

OR

OR

1
1

0

1
0

1
0

1

0
1

0
1

1

0
0

1
1

0

1
1

1
0

1

1
0

0
1

1

0
0

0
0

0

1
1

0
0

0

1
0

1
1

1

1
0

1
0

1

0
1

0 1
1 1

1 1

0 1

0 1

1
0

1

1
0

0
1

1

0
0

0
0

0

1
1

0
0

0

1
0
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CHAPTER 11

Conditio n Codes

I f  yo u hav e don e muc h programmin g i n BASIC ,  yo u wil l  kno w
tha t  a  progra m whic h doesn't  mak e decision s i s a  ver y simpl e
progra m indeed .  Th e add-two-number s progra m w e looke d a t  i n
the  previou s chapter  is,  by  thi s definition ,  a  ver y simpl e
program .  I n BASI C w e ca n mak e decision s b y usin g th e I F
statement .  I n th e 680 9 assembl y languag e w e hav e n o suc h
thin g a s a n I F statement .  However ,  w e stil l  hav e way s o f
makin g decision s o n th e 6809 .

I n orde r  fo r  yo u t o understan d ho w decision s ar e mad e b y th e
6809 yo u reall y nee d t o kno w wha t  th e flag s insid e th e
Conditio n Cod e registe r  (CC )  represent .  S o let' s  tak e a  loo k
at  wha t  th e C C registe r  contains .

7 6 5 4 3 2 1 0
E F H I N Z V C

I n th e chapte r  o n th e 6809 ,  I  sai d tha t  th e C C registe r  wa s a
collectio n o f  flag s an d switche s livin g i n a n 8-bi t  register .
Flag s ar e "indicators "  showin g tha t  somethin g i s eithe r  ON o r
OFF.  S o obviousl y thi s typ e o f  statu s ca n b e represente d b y a
singl e bit .  Thes e flag s sho w tha t  particula r  condition s hav e
arise n i n th e 6809 ,  an d provid e u s wit h som e feedbac k fro m
operation s w e hav e performed .  S o let' s tak e a  loo k a t  wha t
th e statu s bit s mean .
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C -  Carr y Flag .  Th e concep t  o f  th e carr y fla g may see m a
littl e alie n t o yo u a t  first ,  bu t  i n a  littl e whil e yo u wil l
realis e tha t  yo u hav e alread y bee n usin g a  carr y fla g o f  you r
own fo r  years !  Thin k o f  whe n yo u ad d tw o number s togethe r  b y
hand .

4
+8

The answe r  i s 1 2 o f  course ,  bu t  ho w d o w e ge t  1 2 fo r  ou r
answer ? What  actuall y happen s i s tha t  w e ad d 4  an d 8
together ,  an d ge t  th e following :

4
+8

But  w e als o hav e t o carr y 1  fro m th e one s colum n int o th e
ten s column .  That' s ho w w e get :

4
+ 8

12

So no w w e loo k a t  th e fairl y  typica l  situatio n wher e w e hav e
t o ad d tw o unsigne d he x number s o n th e 6809 .

LDA #$1 7
ADDA #$E A

We woul d fin d tha t  A  woul d contai n $0 1 afte r  th e ADDA
instruction .  Obviousl y $1 7 +  $E A shoul d b e mor e tha n this ,  i n
fac t  w e woul d reall y expec t  i t  t o b e $101 .  Tha t  take s mor e
tha n 8  bits ,  an d therefor e ou r  resul t  o f  $10 1 i s cu t  bac k t o
th e 8-bi t  numbe r  $01 .  However ,  tha t  extr a $10 0 ha s no t  bee n
entirel y lost .  I f  w e looke d a t  th e carr y fla g afte r  th e ADDA
instruction ,  w e woul d fin d tha t  i t  i s  SET.  Thi s show s tha t
our  resul t  wa s to o bi g t o fi t  i n a n 8-bi t  unsigne d number .
Remember  I  a m talkin g abou t  unsigne d number s here .  Thi s carr y
bi t  ca n no w b e use d i n subsequen t  calculations ,  i.e .  t o d o a
16-bi t  addition :

LDA #$1 7
ADDA #$E A
STA RESULT +  1
LDA #$ 0
ADCA #$ 0
STA RESULT

43



The ADC i s reall y jus t  a n ad d instruction ,  tha t  als o add s i n
the  carr y whic h may  or  may  not  hav e bee n set  fro m a  previou s
add instruction .  Thi s us e o f  carr y let s u s ad d (o r  subtract )
ver y bi g number s () 8 bits ,  1 6 bits ,  3 2 bits ,  etc.) .  I f  carr y
i s SE T afte r  a  subtractio n the n w e ha d t o "borrow "  1  fro m th e
nex t  byte .

The carr y fla g is  not  onl y use d for  arithmeti c though .  It  is
als o use d i n bi t  manipulatio n instruction s calle d shifts .
Thes e instruction s ar e quit e simpl e an d ar e use d fo r
multiplin g an d dividn g b y two .  Let' s se e ho w simple ,  an d pu t
th e 8-bi t  numbe r  $3 7 i n A :

0 0 1 1 0 1 1 1

Now conside r  th e effec t  o f  a n LSR A (Logica l  Shif t  Righ t  o n A )
instruction .  Al l  thi s doe s i s mov e everythin g on e bi t
positio n t o th e right :

0 0 1 1 0 1 1

So a  bi t  fall s  of f  th e right-han d (leas t  significant )  end ,
and  a  gap  is  lef t  at  the  left-han d (mos t  significant )  end .  As
i t  happens ,  th e 680 9 wil l  us e a  0  t o fil l  tha t  ga p an d th e
number  ha s bee n divide d b y two :

0 0 0 1 1 0 1 1

But  wha t  happene d t o th e 1  tha t  go t  pushe d of f  th e end ? I t
fel l  into  th e carr y fla g i n th e C C register .  Ther e ar e
severa l  o f  thes e bi t  manipulatio n instruction s an d mos t
involv e a  carr y in  way s lik e this .

V -  Overflo w Flag .  Overflo w work s a  bi t  lik e carr y does ,  onl y
thi s tim e it s fo r  signe d numbers .  Pu t  i t  thi s way .  Sa y w e
hav e th e signe d 8-bi t  numbe r  12 7 o r  $7 F whic h w e al l  kno w i s
th e larges t  positiv e numbe r  w e ca n hav e usin g 8  bits .

0 1 1 1 1 1 1 1

Now le t 's add 1 to this number.

1 0 0 0 0 0 0 0

I t  seem s tha t  w e no w fin d ourselve s wit h -128 ,  usin g SIGNE D
numbers .  Clearl y w e hav e bee n lumbere d wit h a n incorrec t
result .  However ,  a s a  resul t  o f  thi s operation ,  th e V  fla g
wil l  b e set ,  indicatin g tha t  ou r  resul t  "overflowed "  int o th e
sig n bi t  o f  ou r  number .

Z -  Zer o Flag .  Thi s i s a n eas y on e t o understand .  Anytim e yo u
perfor m a n operatio n whic h give s a  resul t  o f  0 ,  th e Z  fla g
wil l  b e set .  Fo r  example :

CLRA
LDA # 0
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woul d bot h se t  th e Z  flag .  An y operatio n whic h leave s a
resul t  of  0  in  a  memor y location ,  or  a  registe r  wil l  set  Z  -
regardles s o f  an y carry ,  half-carr y o r  overflow .

N -  Negativ e Flag .  Thi s i s als o a n eas y on e t o understand .  I f
yo u perfor m a n instructio n whic h leave s th e MSB (o r  sig n bit )
SET,  th e N  fla g wil l  als o b e set .  Thi s i s t o indicat e tha t
th e resul t  i s  negative ,  i f  yo u ar e usin g signe d numbers .  I t
does no t  matte r  i f  ther e i s als o a  carry ,  half-carr y o r  a n
overflo w set .  Clearl y Z  an d N  canno t  bot h b e se t  a t  th e sam e
time ,  a s a  resul t  canno t  b e bot h zer o an d negativ e a t  th e
same time .

I  -  IR Q Mask .  Thi s i s on e th e switche s tha t  liv e i n th e C C
register .  I t  i s  no t  reall y relevan t  a t  thi s stag e o f  th e boo k
and  I  won' t  say  any  mor e abou t  it  unti l  a  late r  chapter .

H -  Half-carr y Flag .  If  you  add two  number s together ,  and  you
get  a  "carry "  fro m bit- 3 t o bit- 4 i n your  addition ,  the n th e
H fla g wil l  b e set .  Fo r  instance ,  i f  yo u hav e $O F i n A  an d
the n yo u ad d 1  t o A :

LDA #$O F
7 6 5 4 3 2 1 0
0 0 0 0 1 1 1 1

Thi s wil l  giv e u s a  resul t  o f  $1 0 i n accumulato r  A :

ADDA #$0 1
7 6 5 4 3 2 1 0
0 0 0 1 0 0 0 0

I t  wil l  als o caus e a  c
bit- 4 o f  A .  Th i
The H  fla g do e
use d fo r  per f

caus e a  carr y t o b e brough t  fro m bit- 3 ove r  t o
hi s wil l  caus e th e half-carr y fla g t o b e set .
es no t  hav e to o man y uses ,  an d i s i n fac t  onl y
ormin g BC D (Binar y Code d Decimal )  arithmetic .

F -  FIR Q Mark .  Onc e mor e yo u wil l  hav e t o wai t  unti l  th e
chapte r  o n interrupt s t o lear n abou t  thi s one .

E -  ENTIR E Flag .  Onc e agai n yo u wil l  hav e t o wai t  unti l  th e
interrupt s chapter .

Decisions , Decision s

You kno w al l  yo u nee d t o kno w abou t  th e flag s i n th e C C
register .  Bu t  ho w doe s thi s giv e yo u th e abil i t y t o writ e a
progra m whic h wil l  mak e it s ow n decisions ?

The 680 9 ha s severa l  instruction s calle d "conditiona l
branches "  which  a l  lo w u s t o chec k fo r  variou s combination s o f
thes e flags ,  an d i f  applicabl e the n th e 680 9 wil l  branc h t o
anothe r  par t  of  our  program .  Thi s work s in  muc h the  sam e as
th e IF-THEN-GOT O statemen t  i n th e Dragon' s BASIC .  Her e i s a
lis t  o f  th e 6809' s conditiona l  branches :
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BCC
BCS
BEQ
BGE
BGT
BHI
BHS
BLE
BLO
BLS
BLT
BMI
BNE
BPL
BVC
BVS

For  instance ,  i f  w e wan t  t o branc h t o a  ne w par t  o f  ou r
progra m calle d ZPART,  i f  th e Z  fla g i s set ,  the n w e woul d
write :

BEQ ZPART

How d o w e se t  u p th e conditio n code s i n th e firs t  place ,
afte r  all ,  th e Z  fla g isn' t  abou t  t o se t  itsel f  t o pleas e ou r
program .  Ther e ar e som e extr a instruction s whic h w e ca n us e
i n testing :

CMP
BI T
1ST

CMP -  Thi s work s ver y muc h lik e a  SUB instruction ,  excep t
tha t  yo u ca n us e CMP o n an y registe r  excep t  DP,  C C o r  PC.  Th e
CMP instructio n cause s th e 680 9 t o subtrac t  th e operan d fro m
th e registe r  bein g compared .  Thi s wil l  se t  th e C C registe r
i n exactl y th e sam e fashio n a s a  norma l  SUB would ,  however ,
unlik e th e SUB instruction ,  th e resul t  o f  th e subtractio n i s
not  save d bac k int o th e register .  Instea d i t  i s  discarded ,
thu s leavin g th e registe r  uncorrupted .  I f  w e wer e comparin g a
registe r  agains t  severa l  differen t  values ,  thi s woul d sav e u s
reloadin g th e registe r  afte r  eac h CMP instruction .

See Chapte r  1 4 Progra m 2 2 fo r  a n exampl e o f  th e CMP
instruction .

Loops

Loopin g i s on e o f  th e mos t  ofte n use d technique s yo u wil l
eve r  se e i n programming ,  n o matte r  wha t  languag e yo u decid e
t o use .  Loopin g i n 680 9 assembl y langugag e i s prett y nifty .
The mai n par t  o f  an y loo p i s a  valu e calle d th e loo p count .
Thi s i s th e valu e tha t  tell s u s ho w man y time s w e hav e gon e
throug h a  loop .  B y convention ,  w e us e th e B  registe r  a s th e
loo p counter .  I n almos t  ever y cas e yo u coul d us e th e A



registe r  wit h n o problem s an d i f  w e eve r  ge t  int o a  situatio n
wher e th e B  registe r  ha s t o b e use d fo r  somethin g else ,  w e
can us e A .

I n BASI C w e hav e th e FOR-NEXT loo p statement .  Her e ar e som e
6809 programs  whic h wil l  d o muc h th e sam e thin g a s FOR-NEXT
loops :

FOR I  =  1  T O 100 :
NEXT I

LDB # 1 loa d initia l  valu e o f  loo p counte r
LABEL1 NOP repea t  som e actio n

INCB nex t  loop-coun t  value
CMPB #10 0 hav e w e reache d en d o f  ou r  loop ?
BHS LABEL 1 no ,  the n g o bac k again .

FOR I  =  10 0 T O 1  STEP -1 :
NEXT I

LDB #10 0 loa d initia l  valu e o f  loo p counte r
LABEL1 NOP repea t  som e actio n

DECB decremen t  ou r  loo p counte r
CMPB # 1 hav e w e reache d en d o f  ou t  loop ?
BNE LABEL 1 no ,  the n g o bac k agai n

Not e th e signe d tes t  don e i n th e las t  example .  Actually ,
thes e structure s ar e no t  use d al l  tha t  ofte n i n assembl y
language ,  eve n thoug h the y ar e hand y t o know .  Fo r  example :

LDB # 1 loa d th e initia l  value
LABEL1 NOP repea t  som e actio n

INCB nex t  loo p coun t  valu e
CMPB # 7 hav e w e finishe d th e loop ?
BLS LABEL 1 no ,  the n loo p bac k unti l  don e

I f  w e hav e t o g o throug h th e loo p 7  time s an d i t  doesn' t
matte r  whic h wa y th e loo p variabl e goe s ( 1 t o 7  o r  7  t o 1) ,
we ca n us e instead :

LDB # 7 initialis e th e loo p counte r
LABEL1 NOP repea t  som e actio n

DECB coun t  dow n instea d o f  u p
BNE LABEL 1 Z  wil l  b e se t  i f  finishe d

47



Thi s versio n is  shorte r  and  quicke r  becaus e we  don' t  nee d the
CMP instruction .  When DECB cause s B  to  hit  0, the  Z  fla g wil l
automaticall y b e se t  an d th e loo p wil l  end .

Ofte n w e als o wan t  t o us e th e B  register ,  i.e .  th e loo p
counter ,  a s a n offse t  fo r  us e i n a  registe r  offse t  indexe d
mode instructio n (lik e LD A B,X) .  Sa y w e ha d ou r  X  registe r
pointin g t o th e star t  o f  a  dat a list :

X Ite m 1
X+l  Ite m 2
X+2 Ite m 3
X+3 Item  4
X+4 Ite m 5

Als o assum e tha t  th e orde r  o f  acces s doesn' t  matter .  T o
acces s thes e dat a item s w e woul d use :

LDB
LABEL1 LD A

#4
B, X

count  dow n fro m X+ 4
get  nex t  dat a ite m

DECB mov e t o nex t  dat a ite m i n lis t
BPL LABEL 1 finis h afte r  X+ 0 i s don e

Thi s wil l  acces s al l  o f  th e location s i n tha t  dat a list .

Thes e example s al l  us e loo p counter s tha t  ar e onl y 8  bit s
lon g (accumulator s A  an d B) .  I f  w e nee d t o us e bigge r  number s
as loo p counters ,  obviousl y w e can' t  us e th e A  o r  B  register s
becaus e the y are  onl y 8-bit s long .  We therefor e use  our
16-bi t  registers :  D ,  X ,  Y  o r  U .  Fo r  instance :

FOR I  =  50 0 T O 999 :
NEXT I

LDX
LABEL1 NOP

#500 load  X  wit h initia l  valu e
repeate d par t  o f  loo p

LEAX 1,X  incremen t  X  registe r
CMPX #100 0 hav e w e finishe d yet ?
BNE LABEL 1 no ,  the n loo p bac k

The ne w instructio n LE A (Loa d Effectiv e Address )  i s a  nea t
way o f  lettin g u s adjus t  an d eve n calculat e pointer s easily .
The "LE A 1,X "  instructio n means :  "ge t  th e valu e currentl y i n
th e X  register ,  adjus t  i t  b y +1 ,  an d stor e th e resul t  bac k
int o registe r  X" .  Thi s i s a n exceptionall y powerfu l
instructio n t o have ,  a s i t  effectivel y let s u s d o 16-bi t
arithmeti c o n register s othe r  tha n th e accumulators .  It' s  no t
quit e th e same .  A n LE A instructio n wil l  no t  se t  u p th e C C
registe r  flag s in  the  sam e way  tha t  arithmeti c on  the
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accumulator s will .  I n fac t  th e onl y fla g LE A doe s effec t  i s
th e Z  flag ,  an d eve n the n tha t  i s  only ,  fo r  LEA X an d LEAY .  Th e
LEA instructio n ha s onl y on e mod e -  indexed .  We coul d hav e
use d th e D  registe r  a s ou r  loo p counter ,  bu t  instea d o f  th e
LEA w e woul d hav e t o use :

ADDD # 1

as ther e i s n o LE A instructio n availabl e o n U  register .
Anothe r  exampl e migh t  be :

FOR 1  =  0  T O 100 0 STEP 5 :
NEXT I

LDX # 0 loa d th e initia l  loo p coun t
LABEL1 NOP repea t  som e actio n

LEAX 5, X adjus t  X  b y ste p valu e
CMPX #100 5 hav e w e finishe d loopin g yet ?
BLS LABEL 1 no ,  the n loo p back ?

Say w e nee d t o us e th e D  registe r  a s a  16-bi t  offset ,  i n muc h
th e sam e wa y tha t  w e use d B  a s a n 8-bi t  offset ,  i n th e
exampl e usin g th e list .  However ,  th e lis t  i s  muc h bigger ,
wit h 50 0 2-byt e items :

X Ite m 1
X+l
X+2 Ite m 2
X+3
X+4 Ite m 4
X+5
etc .

We coul d us e somethin g lik e th e following :

LDD # 0 initialis e D  t o star t  o f  lis t
LABEL1 LD Y D, X d o somethin g wit h th e dat a

ADDD # 2 poin t  t o nex t  dat a ite m
CMPD #50 0 hav e w e finishe d loopin g yet ?
BNE LABEL1  no ,  the n loo p back ?

Now eve n thoug h thi s i s quit e valid ,  yo u wil l  fin d i t  i s  no t
a goo d programmin g technique .  Thi s i s becaus e i t  tie s u p bot h
accumulator s -  an d accumulator s ar e th e mos t  powerfu l
register s an d the y shoul d no t  b e wasted .  I t  woul d actuall y b e
bette r  t o use :
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LDD ,X+ + ge t  a  dat a ite m fro m th e lis t

CMPX #ENDLIS T hav e w e reache d th e en d o f  th e lis t
BNE LABEL 1 no ,  the n kee p loopin g

So wit h th e 680 9 w e ca n hav e bot h shor t  (8-bit )  o r
long(16-bit )  loops .
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CHAPTER 12

Stack s and
Subroutine s

Everyon e ha s com e i n contac t  wit h stacks ,  nobod y ha s escape d
usin g them .  Al l  th e wa y fro m th e high-powere d busines s
executiv e dow n t o th e dish-washer .  Th e busines s man make s
neat  pile s o f  pape r  o n hi s desk ,  whil e th e dish-washe r  drie s
hi s plate s an d pile s the m o n th e table .  Stacks ,  piles ,  heaps ,
whatever .  The y ar e al l  th e sam e thing .  The y ar e intermediat e
stoppin g place s used  for  temporar y storage ,  whethe r  we  are
talkin g abou t  paper ,  plates ,  o r  data .

The 680 9 use s stacks ,  a s d o mos t  micro-processors .  Th e reaso n
why the y nee d stack s may no t  see m obviou s a t  first ,  s o jus t
imagin e the  following .

Say w e hav e a  busines s executiv e workin g o n a  job ,  A > whic h
i s no t  al l  tha t  important .  Hi s bos s rings  u p wit h a  ne w job ,
B,  whic h ha s t o b e finishe d b y th e en d o f  nex t  week .  Ou r
executive ,  bein g a  tid y worker ,  put s al l  th e informatio n
relatin g t o hi s curren t  jo b i n a  pil e t o on e sid e o f  hi s des k
and get s ou t  th e fil e fo r  th e ne w job .  A s h e work s hi s wa y
throug h jo b B  th e bos s ring s u p wit h anothe r  ne w job ,  C ,
whic h ha s t o b e complete d b y tomorrow .  S o ou r  businessman ,
pile s u p al l  th e informatio n fo r  jo b B  an d put s i t  o n to p o f
jo b A .  H e the n get s ou t  th e fil e fo r  jo b C  an d start s t o wor k
on that .

As h e finishe s eac h job ,  an d put s th e fil e away ,  h e wil l
automaticall y pic k u p th e fil e currentl y sittin g o n th e to p
of  hi s stack ,  an d resum e workin g o n it .  I n thi s case ,  whe n h e
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i s  don e wit h jo b C' s file ,  h e wil l  pic k u p B's .  Afte r  B' s
file ,  h e wil l  com e bac k t o th e fil e h e wa s originall y workin g
on.  Thu s h e ca n maintai n hi s reputatio n a s a  nea t  an d tid y
executive .

Now le t  u s tak e a  loo k a t  ho w hi s stac k i s change d b y al l
this .  Firs t  o f  al l  h e i s usin g hi s file ,  o r  data ,  o n jo b A .
He ha s n o previou s file s pile d u p i n hi s stack :

Now h e decide s t o us e fil e B ,  an d i n th e meantime ,  "pushes" ,
or  save s fil e A  o n hi s stack :

And no w h e save s fil e B  o n th e stack ,  an d get s ou t  fil e C :

Now h e start s "pulling "  file s bac k of f  th e stack .  H e i s
finishe d wit h fil e C ,  s o h e put s i t  awa y again .  H e the n get s
fil e B  of f  th e to p o f  hi s stack :
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Havin g don e wit h fil e B ,  h e stick s i t  bac k i n hi s filin g
cabinet ,  an d get s fil e A  bac k of f  th e stack ,  an d resume s wor k
on th e origina l  job .  Th e stac k i s no w empty .

By organisin g hi s wor k i n a  stac k whil e h e does  othe r  smalle r
jobs ,  th e executiv e keep s thing s systematic ,  an d thu s
preserve s hi s reputatio n a s a  nea t  an d tid y worker .

I n muc h th e sam e manner ,  th e 680 9 preserve s it s reputatio n a s
an orderl y CPU b y maintainin g a  stac k whic h i s controlle d b y
th e S  register .  Thi s i s th e tim e t o revea l  th e PS H (Pus H ont o
stack )  an d PUL (PUL 1 fro m stack )  instructions !  Conside r  th e
are a o f  memor y show n below :

$1007
$1006
$1005
$1004
$1003
$1002
$1001
$1000

Conside r  als o tha t  ou r  S  register ,  o r  Stac k Pointer ,
contain s th e valu e $1006 .  No w preten d tha t  w e hav e som e
valuabl e dat a i n Accumulato r  A  -  $55 .  Imagin e tha t  thi s valu e
must  no t  b e los t  o r  els e th e progra m wil l  lose  i t ' s  trai n o f
thought .  Also ,  al l  o f  th e othe r  register s ar e tie d u p wit h
necessar y data .  Thing s ar e prett y tightl y stretched .  A s soo n
as w e nee d t o us e a  registe r  fo r  som e ne w purpose ,  w e ar e i n
trouble .

We no w nee d t o re-us e Accumulato r  A .  What  d o w e do ? ?  ?  Simple .
We "PuSH "  A  ont o th e stac k like  so :

PSHS A

Let' s hav e a  loo k a t  th e effec t  thi s ha s o n ou r  stac k pointe r
and tha t  are a o f  memory :
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$1007
$1006
$1005 $5 5 Stac k Pointe r  no w point s her e
$1004
$1003
$1002
$1001
$1000

Well  i t  seem s tha t  S  i s no w pointin g jus t  below  wher e i t  use d
t o be .  Instea d o f  findin g $100 6 i n S ,  w e fin d $1005 .  We als o
fin d th e valu e o f  A  ($55 )  saved  i n th e locatio n pointe d t o b y
the  new  valu e of  S.  Incidentally ,  A  stil l  contain s its
origina l  valu e o f  $55 .  We hav e successfull y mad e a  backu p

cop y o f  th e valuabl e data .

A littl e furthe r  on  in  time ,  afte r  Accumulato r  A  has
undergon e som e changes ,  w e decid e tha t  i t  i s  tim e t o ge t  $5 5
bac k int o A .  S  wil l  stil l  b e pointin g t o locatio n $1005 .  T o
get  $5 5 bac k int o A  again,  w e jus t  "PUL1 "  A  of f  th e stack ,
lik e so :

PULS A

Our  stac k shoul d no w loo k like  th e following :

$1007
$1006 Stac k Pointe r  no w point s her e
$1005 $5 5
$1004
$1003
$1002
$1001
$1000

I f  w e wanted ,  w e coul d hav e Pushe d o r  Pulle d severa l
register s a t  once .  Fo r  instance :

PSHS CC,A,B,DP,X,Y,U,P C

woul d pus h al l  o f  th e 6809' s reigster s ont o th e stack ,  excep t
fo r  S .  Thi s make s sense ,  becaus e ther e i s  littl e us e i n
savin g th e locatio n o f  th e stac k o n th e stack .

So fa r  w e hav e onl y looke d a t  th e S ,  o r  hardwar e stack .  Bu t
ther e i s anothe r  stac k pointe r  i n th e 6809 ,  th e U  o r  use r
stac k pointer .  Th e U  stac k ca n us e th e PS H an d PUL
instruction s jus t  th e sam e a s th e S  stack .  Not e tha t  S  ca n b e
save d o n th e U  stac k an d U  ca n b e save d o n th e S  stac k bu t
neithe r  ca n b e save d o n thei r  ow n stack .

The PSH an d PUL instruction s hav e a n orde r  o f  precedence .
That  i s t o say ,  Th e 680 9 wil l  sav e th e register s yo u wan t  t o
i n a  particula r  order .  Thi s orde r  i s  fixed ,  s o n o matte r  wha t
orde r  yo u specif y th e registers ,  the y wil l  b e PuSHe d i n th e
followin g order :
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Pushe d onto  stac k firs t
(highes t  addres s )

PC lo w byt e
PC hig h byt e
U/ S lo w byt e
U/ S hig h byt e
Y lo w byt e
Y hig h byt e
X lo w byt e
X hig h byt e
DP
B
A
CC

(Lowes t  Address )
Pushe d ont o stac k las t

We ca n no w us e stack s t o save  registers ,  whil e w e us e th e
register s fo r  somethin g else .  No w fo r  a  ver y fundamenta l  us e
of  stacks ,  whic h yo u wil l  us e tim e an d tim e agai n .. .

Let' s sa y yo u hav e writte n a  progra m whic h ha s t o perfor m a
complicate d procedur e twice ,  usin g differen t  data .  Th e
natura l  approac h woul d be  to  writ e the  progra m so  tha t  it
contain s th e cod e fo r  tha t  procedur e twice ,  onc e fo r  eac h
occasio n i t  i s  used .  Obviousl y thi s wil l  produc e a  lo t  o f
redundan t  code .  I n BASIC ,  yo u woul d group  suc h piece s o f
common code  togethe r  int o subroutines ,  whic h yo u woul d the n
cal l  wit h a  GOSUB.  Thi s metho d save s a  lo t  o f  roo m i n BASIC .

The sam e goe s fo r  Assembl y Languag e too .  Th e 680 9 i s quit e
capabl e o f  handlin g subroutine s thank s t o th e S  stack .
Conside r  th e action s o f  callin g a  subroutin e i n BASIC .  Sa y a t
lin e 100 ,  w e cal l  a  subroutin e a t  2000 :

100 GOSUB 2000 :  REM CAL L SUBROUTINE A T 200 0
110 PRIN T "FRIEND! "
120 END

2000 REM ** *  SUBROUTINE
2010 PRIN T "HELL O " ;
2020 RETURN

Our  progra m wil l  execut e lin e 100 ,  fin d th e GOSUB an d the n
jum p t o lin e 2000 ,  an d star t  executing  fro m there .  When i t
hit s th e RETURN a t  lin e 2020 ,  th e progra m know s i t  ha s
reache d th e en d o f  th e subroutine ,  an d resume s executio n a t
th e lin e AFTE R th e GOSUB i n lin e 100 .

But  i t  ha s t o sav e thi s lin e numbe r  somewhere,  befor e i t
start s th e subroutine .  Because  i t  i s possibl e t o cal l
subroutines  fro m withi n subroutines ,  stack s ar e idea l  fo r  th e
job .

55



Her e i s a n Assembl y Language  exampl e o f  a  subroutine .  Sa y w e
hav e a  subroutin e whic h wil l  ad d 2  t o Accumulato r  A .

$1000 LD A # 5 Pu t  initia l  valu e int o A
$1002 JS R ADD2 Cal l  subroutin e t o ad d 2

t o A .
$1004 NOP

$1010 ADD2 ADDA # 2 Ad d 2  t o A .
$1012 RT S Return .

Even thoug h thi s exampl e i s prett y trivial ,  i t  demonstrate s
th e mechanic s o f  a  subroutin e quit e well .  What  happen s whe n
th e 680 9 execute s thi s progra m is :

a)  Accumulato r  A  i s initialise d with ,  i n thi s case ,  5 .

b)  The  ADD2 subroutin e is  calle d by  the  JSR  instruction .
Thi s instructio n doe s tw o things .  Firstly ,  i t  get s th e
addres s o f  th e instructio n followin g th e JSR ,  i n thi s case ,
th e NOP a t  $1004 .  Th e 680 9 the n pushe s thi s addres s ont o th e
S stack .  Secondly ,  th e addres s o f  th e ADDs subroutin e i s
loade d int o th e 6809' s P C (Progra m Counter )  registe r  s o tha t
th e 680 9 wil l  the n star t  executin g th e subroutine .

c)  Th e ADDA instructio n add s 2  t o Accumulato r  A .

d)  Th e 680 9 no w come s acros s a n RT S instruction .  A n RT S
cause s th e retur n address ,  pushe d onto  th e S  Stac k b y th e
JSR,  t o b e pulle d of f  an d place d into "  th e P C register .  Thi s
cause s th e 680 9 t o resum e executio n o f  th e progra m a t  $1004 .

So yo u hav e see n wha t  a  subroutin e is .  However ,  ther e i s
stil l  mor e t o learn ,  befor e yo u ca n us e the m properly .  Her e
ar e som e rule s o f  thumb :

1)  Parameter s -  A  paramete r  i s a n ite m o f  dat a yo u pas s
t o o r  fro m a  subroutin e fo r  i t  t o d o wor k on .  I n ou r  previou s
example ,  th e subroutin e use s Accumulato r  A  a s a  parameter .  I t
passe d 5  a s a  parameter ,  an d the n i t  returne d 7  o r  A+2.

2)  Saving  Register s -  I t  i s  a  goo d ide a t o mak e sur e
tha t  an y registers ,  which  ar e no t  used  t o pas s bac k
parameters ,  ar e lef t  unchanged .  Thi s eliminate s a  majo r
sourc e o f  error s i n writin g program s whic h us e subroutines .

3)  Workspac e -  Yo u learn t  befor e tha t  PS H an d PUL ca n b e
use d t o gai n temporar y workspac e o n th e S  stack .  Thi s i s fin e
i f  yo u onl y d o on e o r  mayb e tw o PSH' s o n you r  stac k
throughou t  your  subroutine .  However ,  i f  yo u hav e an y more ,
thing s star t  t o ge t  complicated ,  an d i f  yo u forget  t o PUL al l
th e register s tha t  yo u PSHed ,  th e progra m wil l  crash ,  a s th e
6809 wil l  los e th e addres s i t  need s t o retur n fro m th e
subroutine .
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The bes t  wa y o f  gettin g a  lo t  o f  temporar y storag e o n th e
stac k i s t o reserv e som e a t  th e beginnin g o f  you r  subroutin e
by usin g th e LEA S insrtuction .  Thus :

LEAS -  #bytes ,  S

Thi s cause s th e stac k pointe r  t o dro p b y th e numbe r  o f  byte s
specified .  Thes e location s ar e no w fre e fo r  yo u t o us e vi a
th e indexe d addressin g mode ,  e.g .  ST A 1,S .

Say w e di d a  LEA S -5, S a t  th e star t  o f  ou r  subroutine .  Ou r
stac k woul d loo k like  this :

Workspac e
Retur n Addres s
4, S
3, S
2, S
1, S
0, S -  S  point s her e

** *  conver t  t o diagra m her e ** *

To unloa d th e 5t h storag e locatio n into  A  w e woul d use :

LDA 4, S

Jus t  befor e ou r  subroutine  finished ,  w e woul d hav e t o releas e
th e workspac e wit h a

LEAS 5, S

Whateve r  yo u do ,  don '  t  us e location s outsid e thos e reserve d
as temporar y storage !  I f  yo u tr y t o g o highe r  yo u wil l  ver y
probabl y corrup t  a  retur n addres s sittin g o n th e stack ,  an d
i f  yo u tr y t o g o below ,  i.e .  -n,S ,  you r  storag e wil l  b e
overwritte n whe n yo u cal l  anothe r  subroutine .

4)  Documenta t  io n -  Thi s doe s no t  soun d important ,  bu t  i t
is !  Wheneve r  yo u writ e a  subroutine ,  yo u shoul d includ e
comments saying :

a)  Labe l  /  Descriptio n
b)  Functio n
c)  Parameter s Passe d
d)  Parameter s Returne d

Now let' s brin g thes e fou r  element s together ,  an d writ e
ourselve s anothe r  subroutine .  I n thi s subroutine ,  w e wil l
multipl y Accumulato r  A  b y $5 7 an d the n pu t  th e resul t  i n X .
Apar t  fro m X ,  n o othe r  registe r  shoul d b e changed .  Her e i s
th e result .



*  *  - V *  *  - V if  X*  X  X  X  X  X  X  X X X  X X X  X  X  X  X  X  X  X X X  X  X  X  X  X  XXXXXXXX X  X  X  XX  X X

X

*  MUL57 -  Multipl y A  b y $5 7 an d pu t  resul t  i n X

*  Passed :  A  -  Multiplican d

MUL57 PSHS
LEAS
LDB
MUL
STA
STB
LDX
LEAS
PULS
RTS

A,B ,
-2, S
#$57

, s
1, S
, s
2, S
A, B

Save register s
Reserv e workspac e
Load multiplie r  int o B
A *  $5 7
Save resul t  int o workspac e

Put  resul t  i n X
Releas e workspac e
Re-stor e register s

We didn' t  say  thi s wa s the  most  efficien t  way  to  let  X  =
A*57 !  I t  wa s jus t  a n example .  I f  th e MUL instuctio n i s a
myster y t o you ,  relax .  Al l  MUL does  i s multipl y th e 2  8-bi t
Accumulator s togethe r  (bot h a s unsigne d numbers )  an d leave s
th e 16-bi t  resul t  i n D .

And no w fo r  a  littl e tal k abou t  th e U  register .  Yo u migh t
infe r  fro m th e example s i n th e text ,  tha t  We don' t  tak e th e U
stac k ver y seriously .  Th e U  stac k CAN b e use d fo r  temporar y
storag e jus t  lik e th e S  stack .  Bu t  th e S  stac k ca n d o
anythin g th e U  stac k can ,  wit h prope r  management .  S o keepin g
thi s i n mind ,  We prefe r  t o us e U  a s anothe r  Inde x Register .
We sugges t  tha t  you  do  the  same .

Basically ,  that' s it .  Ther e isn' t  reall y a  lo t  t o stacks ,
excep t  bein g very ,  ver y careful .
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CHAPTER 13

The 6809
Instructio n Set

Thi s sectio n describe s eac h o f  th e 680 9 instruction s i n
detail .  Each  pag e contain s th e instruction s i n th e forma t
give n below .

INSTRUCTION MNEMONIC -  Brie f  descriptio n o f  th e instruction .

Functio n -  a  forma l  definitio n of  the  instruction' s function .

Descriptio n -  a  detaile d descriptio n o f  th e instruction s
function .

Addressin g Mode s -  thi s give s th e machin e cod e fo r  th e
instructio n i n bot h hexadecima l  an d decima l  unde r  th e headin g
"code" ,  the  numbe r  of  cloc k cycle s neede d to  execut e the
instructio n unde r  th e headin g "eye" ,  an d th e numbe r  o f  byte s
neede d t o hol d th e instructio n an d operand,i n a  program ,
unde r  the  headin g "byt" ,  for  eac h of  the  addressin g mode s
vali d fo r  tha t  instruc t  ion .

Conditio n Code s -  thi s define s ho w eac h o f  th e bit s i n th e
Conditio n Cod e Registe r  i s affected .



Key t o Character s Use d

A Accumulato r  A
B Accumulato r  B
D Doubl e Accumulato r  D  ( A &  B )
X Inde x Registe r  X
Y Inde x Registe r  Y
U Inde x Register/Use r  Stac k Pointe r  U
S Hardware  Stac k Pointe r
PC Progra m Counte r
DP Direc t  Pag e Registe r
CC Conditio n Cod e Registe r
M Specified  Addres s (Memory )
? Undefine d
*  N o Chang e
!  Chang e
A Logica l  AND
+ Ad d
-  Subtrac t
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ABX -  Ad d Accumulato r  B  t o Inde x Registe r  X  Unsigne d

Function :  AB X X  « -  X  +  B  (unsigned )
"  «- "  Thi s i s a n accepte d convention ,

i n BASI C yo u woul d us e X  =  X  +  B

Description :
Add th e content s o f  Accumulato r  B  t o thos e o f  Inde x Registe r
X,  storin g the  resul t  bac k int o the  X  Register .  The  numbe r  in
B i s treate d a s a n unsigne d 8-bi t  number .

Addressin g Modes :

ABX

cod e ey e byt

Inheren t  $3A/5 8 3  1

Conditio n Codes :
E F H I N Z V C

ABX *  *  * *  *  *  *  *
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ADC -  Ad d wit h Carr y

Function :  ADCA A  « -  A  +  M +  C
ADCB B  t -  B  +  M +  C

Description :
Add th e content s o f  memor y an d th e Carr y Fla g t o eithe r  th e A
or  B  Accumulator .  Th e resul t  i s  store d i n th e state d
accumulator .

Addressin g Modes :

ADCA

cod e ey e by t

Immediat e $89/13 7 2  2
Direc t  $99/15 3 4  2
Extende d $B9/18 5 5  3
Indexe d $A9/16 9 4 + 2- t

ADCB

cod e ey e by t

$C9/20 1 2  2
$09/21 7 4  2
$F9/24 9 5  3
$E9/23 3 4 + 2 +

Conditio n Codes :

ADCA
ADCB

62



ADD -  Ad d

Function :  ADDA A  * •  A  +  M
ADDS B  « -  B  +  M
ADDD D  * -  D  +  M:M+ 1

Description :
Add th e content s o f  th e operan d t o eithe r  Accumulato r  A ,  B ,
or  D .  Th e resul t  i s  store d i n th e state d accumulator .

Addressin g Modes :

ADDA

Immediat e $8B/13 9 2  2
Direc t  $9B/15 5 4  2
Extende d $BB/18 7 5  3
Indexe d $AB/17 1 4 + 2 +

ADDB

$CB/20 3 2  2
$DB/21 9 4  2
$FB/25 1 5  3
$EB/23 5 4 + 2 +

ADDD

cod e ey e by t  cod e ey e by t  cod e ey e by t

$C3/19 5 4  3
$D3/21 1 6  2
$F3/24 3 7  3
$E3/22 7 6 + 2 +

Conditio n Codes :

ADDA
ADDB
ADDD
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AND -  Logica l  AND

Function :  ANDA A  4 -  A  A  M
ANDB B  * •  B  A  M
ANDCC C C « -  C C A  I  MM

Description :
Logicall y AND th e content s o f  memor y wit h th e specifie d
Register .  Th e resul t  i s  store d i n th e state d register .  Th e
ANDCC (AN D Conditio n Cod e register )  instructio n ca n us e
Immediat e addressin g only ,  an d ca n b e use d t o rese t
an interrup t  mas k o r  status .

Addressin g modes :

ANDA

cod e ey e by t

Immediat e $84/13 2 2  2
Direc t  $94/14 8 4  2
Extende d $B4/18 0 5  3
Indexe d $A4/16 4 4 + 2 +

ANDB

cod e ey e by t

$C4/19 6 2  2
$04/21 2 4  2
$F4/24 4 5  3
$E4/22 8 4 + 2 +

ANDCC

code  ey e by t

$lC/2 8 3  2

Conditio n Codes :

ANDA
ANDB
ANDCC

(Change d accordin g t o operand )
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ASL -  Arithmeti c Shif t  Lef t

Function : AS L A
ASLB
ASL

b7 bO

Description :
Shif t  th e content s o f  memory ,  o r  eithe r  o f  th e accumulator s
t o th e lef t  on e bi t  position ,  wit h bi t  1  goin g int o th e Carr y
flag ,  an d a  0  goin g int o bi t  0 .  Th e resul t  i s  store d bac k i n
th e specifie d memory  location ,  o r  accumulator .

Addressin g Modes :

AS L A

cod e ey e by t

Inheren t  $48/7 2 2  1
Direc t
Extende d
Indexe d

ASLB

code  ey e by t

$58/8 8 2  1

ASL

cod e ey e by t

6 2
$78/12 0 7  3
$68/10 4 6 + 2 +

Conditio n Codes :

AS L A
ASLB
ASL
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ASR -  Arithmeti c Shif t  Righ t

Function :  ASRA
ASRB
ASR

b7 bO

Description :
Shif t  th e content s o f  memory ,  o r  eithe r  o f  th e accumulator s
t o th e righ t  on e bi t  position ,  wit h bi t  0  goin g int o th e
Carr y flag ,  an d bi t  7  stayin g a s i t  was .  Th e resul t  i s  store d
bac k int o th e specifie d memor y location ,  o r  accumulator .

Addressin g modes :

ASRA

cod e ey e by t

Inheren t  $47/7 1 2  1
Direc t
Extende d
Indexe d

ASRB

cod e ey e by t

$57/8 7 2  1

ASR

cod e ey e by t

$07/ 7 6  2
$77/11 9 7  3
$67/10 3 6 + 2 +

Conditio n Codes :

ASRA
ASRB
ASR
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BCC -  Branc h o n Carr y Clea r

Function :  BC C got o specifie d addres s i f  C= 0
LBCC

Description :
Tes t  th e Carr y fla g i n th e C C register .  I f  C  =  l  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
C-0 ,  the n branc h to  the  curren t  valu e of  the  PC (Progra m
Counter )  plu s th e signe d displacemen t  (-12 8 t o +12 7 fo r  BC C
or  -3276 7 t o +3276 7 fo r  LBCC) .  Th e L  a t  th e star t  o f  al l
branc h instruction s denote s a  Lon g Branc h (1 6 bi t  offset) ,
and LBC C take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t
isn 1 t .
Not e tha t  whils t  th e instructio n i s bein g execute d th e P C i s
alread y pointin g t o th e nex t  instructio n an d thi s mus t  b e
take n int o accoun t  whe n calculatin g th e offset .

o

BCC LBC C

cod e eye  by t  cod e ey e by t

Relativ e $24/3 6 3  2  $10/1 6 5/ 6 4
$24/3 6

Conditio n Codes :
E F  H  I Z  V  C

BCC
LBCC



BCS -  Branc h o n Carr y Se t

Function : BCS
LBCS

goto  specifie d addres s i f  C= l

Description :
Test  th e Carr y fla g i n th e C C register .  I f  C= 0 the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
C=l ,  the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BCS o r  -3276 8 t o +3276 7
fo r  LBCS) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BCS whils t  i t  i s  bein g execute d an d tha t  LBC S
take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .

Addressin g Modes :

BCS

cod e ey e by t

Relativ e $25/3 7 3  2

LBCS

cod e ey e by t

$10/1 6 5/ 6 4
$25/3 7

Conditio n Codes :
E F  H  I Z  V  C

BCS *  * * *  *  *  *
LBCS * * * * *  *  *



BEQ -  Branc h i f  Equa l  t o Zer o

Function:  BE Q got o specifie d addres s i f  Z- 0
LBEQ

Descrip t  ion :
Test  th e Zer o fla g i n th e C C register .  I f  Z= 0 the n d o
nothing ,  and  continu e executio n wit h the  nex t  instruction .  If
Z-l ,  the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BE Q o r  -3276 8 t o +3276 7
fo r  LBEQ) .  Not e tha t  th e P C point s t o th e instructio n
followin g the  BEQ whils t  it  is  bein g execute d and  tha t  LBE Q
take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .

Addressin g Modes :

BEQ LBE Q

cod e ey e by t  cod e ey e by t

Relativ e $27/3 9 3  2  $10/1 6 5/ 6 4
$27/3 9

Conditio n Codes :
E F  H  I  Z V  C

BEQ *  *  * *  *  *  *

LBEQ *  *  *  *  *  *  *
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BGE -  Branc h o n Greate r  tha n o r  Equa l  t o Zer o

Function :  BGE got o specifie d addres s i f  N(XOR) V =  0
LBGE

Descrip t  ion :
Tes t  th e Negativ e an d Overflo w flag s i n th e C C register .  I f
N(XOR)V=1,  the n d o nothin g an d continu e executio n wit h th e
nex t  instruction .  I f  N(XOR)V=:0 ,  the n branc h t o th e curren t
valu e of  the  PC plu s the  signe d displacemen t  (-12 8 to  +12 7
fo r  BGE o r  -3276 8 t o +3276 7 fo r  LBGE) .  Not e tha t  th e P C
point s t o th e instructio n followin g th e BGE whils t  i t  i s
bein g executed ? an d tha t  LBGE take s 6  cycle s i f  th e branc h i s
take n an d 5  i f  i t  isn't .

Addressin g Modes :

BGE LBGE

cod e ey e by t  cod e ey e by t

Relativ e $2C/3 6 3  2  $10/1 6 5/ 6 4
$2C/3 6

Conditio n Codes :
E F  H  I  Z V  C

BGE
LBGE
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BGT -  Branc h o n Greate r  tha n Zer o

Function :  BGT got o specifie d addres s i f  Z  +  N(XOR)V= 0
LBGT

Description :
Tes t  th e Zero ,  Negativ e an d Overflo w flag s i n th e C C
register .  I f  Z+N(XOR)0=1 ,  the n d o nothing ,  an d continu e
executio n wit h th e nex t  instruction .  I f  Z+N(XOR)V=0 ,  the n
branc h t o th e curren t  valu e o f  th e P C plu s th e signe d
displacemen t  (-12 8 t o +12 7 fo r  BGT o r  -3276 8 t o +3276 7 fo r
LBGT).  Not e tha t  th e P C point s t o th e instructio n followin g
th e BGT whils t  i t  i s  bein g execute d an d tha t  LBGT take s 6
cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .

Addressin g Modes :

BGT LBGT

cod e ey e by t  cod e ey e by t

Relativ e $2E/4 6 3  2  $10/1 6 5/ 6 4
$2E/4 6

Conditio n Codes :
E F  H  I  Z  V  C

BGT
LBGT
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BHI  -  Branc h i f  Highe r

Function :  BHI  got o specifie d addres s  i f  C+Z= 0
LBHI

Description :
Tes t  th e Zer o an d Carr y flag s i n th e C C register .  I f  C+Z=1 ,
the n d o nothing ,  an d continu e executio n wit h th e nex t
instruction .  I f  C+Z=0 ,  the n branc h t o th e curren t  valu e o f
th e P C plu s th e signe d displacemen t  (-12 8 t o +12 7 fo r  BHI  o r
-3276 8 t o +3276 7 fo r  LBHI) .  Not e tha t  th e P C point s t o th e
instructio n followin g th e BHI  whils t  i t  i s  bein g execute d an d
tha t  LBH I  take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t
isn't .

Addressin g Modes :
. ' • - . •

BHI  LBHI

cod e ey e by t  cod e ey e by t

Relativ e $22/3 4 3  2  $10/1 6 5/ 6 4
$22/3 4

Conditio n Codes :
E F  H  I  Z  V  C

BHI  *  *  *  i-  *  *  *

LBHI  *  *  *  *  *  *  *

72



BHS -  Branc h o n Highe r  o r  Same

Function :  BH S got o specifie d addres s i f  C= 0
LBHS

Description :
Tes t  th e Carr y fla g i n th e C C register .  I f  C= l  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
C-0 ,  the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BHS o r  -3276 8 t o +3276 7
fo r  LBHS) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BH S whils t  i t  i s  bein g execute d an d tha t  LBH S
take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .
Thi s instructio n i s exactl y th e sam e a s BCC.  Th e reaso n i t  i s
include d i s t o mak e program s easie r  t o rea d a s thi s mean s
Branc h o n Highe r  o r  th e Same instea d o f  Branc h i f  Carr y Clear .

Addressin g Modes :

BHS LBH S

cod e eye  by t  cod e ey e by t

Relativ e $24/3 6 3  2  $10/1 6 5/ 6 4
$24/3 6

Conditio n Codes :
E F  H  I  Z  V  C

BHS
LBHS



BI T -  Bi t  Tes t  Accumulato r

Func t  ion : BIT A A  A  M
BIT B B A M

Description :
Logicall y AN D th e content s o f  memory  wit h th e specifie d
register .  Th e resul t  i s  no t  saved ,  an d th e content s o f  th e
accumulato r  are  lef t  undisturbed .  It  can  be  use d to  set  the
CC registe r  withou t  disturbin g anythin g else .

Addressin g Modes :

BIT A BIT B

cod e ey e by t  code  ey e bt y
Immediat e $85/13 3 2  2  $C5/19 7 2  2
Direc t  $95/14 9 4  2  $D5/21 3 4  2
Extende d $B5/18 1 5  3  $F5/24 5 5  3
Indexed  $A5/16 5 4 + 2 + $E5/22 9 4 + 2 +

Conditio n Codes :

BIT A
BIT B
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BLE -  Branc h o n Les s tha n o r  Equa l  t o Zer o

Function :  BL E got o specifie d addres s i f  Z+N(XOR)V= 1
LBLE

Description :
Tes t  th e Zero ,  Negativ e an d Overflo w flag s i n th e C C
register .  I f  Z+N(XOR)V=0 ,  the n d o nothing ,  an d continu e
executio n wit h the  nex t  instruction .  If  Z+N(XOR)V=1 ,  the n
branc h t o th e curren t  valu e o f  th e P C plu s th e signe d
displacemen t  (-12 8 t o +12 7 fo r  BL E o r  -3276 8 t o +3276 7 fo r
LBLE) .  Not e tha t  th e P C point s t o th e instructio n followin g
th e BL E whils t  i t  i s  bein g execute d an d tha t  LBL E take s 6
cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .

Addressin g Modes :

BLE LBL E

cod e ey e by t  cod e ey e by t

Relativ e $2F/4 7 3  2  $10/1 6 5/ 6 4
$2F/4 7

Conditio n Codes :
E F  H  I Z  V  C

BLE *  * *  *  *  *  *
LBLE *  * - * - * *  *  *
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BLO -  Branc h i f  Lowe r  tha n

Function :  BLO got o specifie d addres s if  C=l
LBLO

Descrip t  ion :
Tes t  th e Carr y fla g i n th e C C register .  I f  C= 0 the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
C=l ,  the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BL O o r  -3276 8 t o +3276 7
fo r  LBLO) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BL O whils t  i t  i s  bein g execute d an d tha t  LBL O
take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t  isn't .
As wit h BHI  an d BCC thi s instructio n i s th e sam e a s BCS an d
i s include d fo r  th e sam e reason .

Addressin g Modes :

BLO LBL O

code  ey e by t  cod e ey e by t

Relativ e $25/3 7 3  2  $10/1 6 5/ 6 4
$25/3 7

Conditio n Codes :
E F  H  I  Z  V  C

BLO
LBLO
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BLS -  Branc h i f  Lowe r  tha n o r  th e Same

Function :  BL S got o specifie d addres s i f  Z+C= 1
LBLS

Description :
Tes t  th e Zer o an d Carr y flag s i n th e C C register .  I f  Z+C= 0
the n d o nothing ,  an d continu e executio n wit h th e nex t
instruction .  I f  Z+C=1 ,  the n branc h t o th e curren t  valu e o f
th e P C plu s th e signe d displacemen t  (-12 8 t o +12 7 fo r  BL S o r
-3276 7 t o +3276 8 fo r  LBLS) .  Not e tha t  th e P C point s t o th e
instructio n followin g th e BL S whils t  i t  i s  bein g execute d an d
tha t  LBL S take s 6  cycle s i f  th e branc h i s take n an d 5  i f  i t
isn't .

Addressin g Modes :

BLS LBL S

cod e ey e by t  cod e ey e by t

Relativ e $23/3 5 3  2  $10/1 6 5/ 6 4
$23/3 5

Conditio n Codes :
E F  H  I  Z  V  C



BLT -  Branc h o n Les s Tha n Zer o

Function :  BL T got o specifie d addres s i f  N(XOR)V= 1
LBLT

Description :
Tes t  th e Negativ e an d overflo w flag s i n th e C C register .  I f
N(XOR)V=0 the n d o nothing ,  an d continu e executio n wit h th e
nex t  instruction .  If  N(XOR)V=1 ,  the n branc h to  the  curren t
valu e o f  th e P C plu s th e signe d displacemen t  (-12 8 t o +12 7
fo r  BL T o r  -3276 7 t o +3276 8 fo r  LBLT) .  Not e tha t  th e P C
point s t o th e instructio n followin g th e BL T whils t  i t  i s
bein g execute d an d tha t  LBL T take s 6  cycle s i f  th e branc h i s
take n an d 5  i f  i t  isn't .

Addressin g Modes :

BLT LBL T

cod e ey e by t  cod e ey e by t

Relativ e $2D/4 5 3  2  $10/1 6 5/ 6 4
$2D/4 5

Conditio n Codes :
E F  H  I  Z  V  C

BLT
LBLT
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BMI  -  Branc h o n Minu s

Function : BMI
LBMI

got o specifie d addres s i f  N= l

Description :
Tes t  th e Negativ e fla g i n th e C C register .  I f  N=0 ,  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
N=l  the n branc h t o th e current  value  o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BMI  o r  -3276 8 t o +3276 7
fo r  LBMI) .  Not e tha t  th e P C point s t o th e instructio n
followin g the  BMI  whils t  it  is  bein g executed .

Addressing Modes:

BMI LBMI

code
Relativ e $2B/4 3

eye by t  code  ey e by t
3 2  $10/1 6 5 + 4

$2B/4 3

Condit ion Codes:
E F H I N Z V C

LBMI * * *
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BNE -  Branc h o n No t  Equa l  t o Zer o

Function:  BNE got o specifie d addres s i f  Z- 0
LBNE

Description :
Tes t  th e Zer o fla g i n th e C C register .  I f  Z=l ,  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
Z=0 the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BNE o r  -3276 8 t o +3276 7
fo r  LBNE) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BNE whils t  i t  i s bein g executed .

Addressin g Modes :

BNE LBN E

cod e ey e by t  cod e ey e by t
Relativ e $26/3 8 3  2  $10/1 6 5 + 4

$26/3 8

Conditio n Codes :

LBNE
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BPL -  Branc h on  Plu s

Function :  BP L got o specifie d addres s i f  N= 0
LBPL

Descrip t  ion :
Tes t  th e Negativ e fla g i n th e C C register .  I f  N=l ,  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
N=0 the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BP L o r  -3276 8 t o +3276 7
fo r  LBPL) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BP L whils t  i t  i s  bein g executed .

Addressin g Modes :

BPL LBPL

cod e ey e by t  cod e ey e by t
Relativ e $2A/4 2 3  2  $10/1 6 5 + 4

$2A/4 2

Condit ion Codes:
E F H I N Z V C

BPL
LBPL
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BRA -  Branc h Alway s

Function :  BRA alway s got o specifie d addres s
LBRA

Description :
Alway s branc h t o th e curren t  P C valu e plu s th e displacemen t
(-12 8 t o +12 7 fo r  BRA o r  =3276 8 t o +3276 7 fo r  LBRA) .  Not e
tha t  th e P C point s t o th e instructio n followin g th e BMI
whils t  i t  i s  bein g executed .

Addressin g Modes :

BRA

cod e ey e by t  cod e ey e by t
Relativ e $20/3 2 3  2  $10/1 6 5  4

$20/3 2

Conditio n Codes :
E F H I N Z V C

BRA * * * * * * * *

LBRA * * * * * * * *
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BRN -  Branc h Neve r

Function :  BR N neve r  got o specifie d addres s
LBRN

Description :
Never  branch.  Thi s instructio n i s ofte n use d instea d o f  NOP' s
becaus e it  take s fewe r  byte s to  produc e a  tim e dela y tha n do
th e equivalen t  numbe r  o f  NOP's .

Addressin g Modes :

BRN LBR N

cod e ey e by t  cod e ey e by t
Relativ e $21/3 3 3  2  $10/1 6 5  4

$21/3 3

Conditio n Codes :
E F H I N Z V C

BRN
LBRN

83



BSR -  Branc h t o Subroutin e

Function :  BS R S  < -  S  -  1 ;  (S )  * -  PC-lo w
S « -  S  -  1 ;  (S )  * •  PC-hig h
PC * -  P C +  M

Description :
Branc h t o th e curren t  valu e o f  th e P C plu s th e signe d
displacemen t  (-12 8 t o 12 7 fo r  BS R o r  -3276 8 t o +32776 7 fo r
LBSR),  havin g firs t  pushe d th e valu e o f  th e P C ont o th e S
stack .  Not e tha t  th e P C point s t o th e instructio n followin g
th e BS R whils t  i t  i s  bein g executed .

Addressin g Modes :

BSR LBS R

cod e ey e by t  cod e ey e by t
Relativ e $8D/14 1 3  2  $10/1 6 5 + 4

$17/23

Conditio n Codes :

BSR
LBSR



BVC -  Branc h o n Overflo w Clea r

Function :  BV C got o specifie d addres s I f  V= 0
LBVC

Descrip t  ion :
Tes t  th e Overflo w fla g i n th e C C register .  I f  V=l ,  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
V=0 the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BV C o r  -3276 8 t o +3276 7
fo r  LBVC) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BV C whils t  i t  i s  bein g executed .

Addressin g Modes. :

BVC LBV C

cod e ey e by t  cod e ey e by t
Relativ e $28/4 0 3  2  $10/1 6 5 + 4

$28/4 0

Conditio n Codes :
E F H I N Z V C

BVC

LBV C



BVS -  Branc h o n Overflo w Se t

Function :  BV S got o specifie d addres s i f  V- l
LBVS

Descrip t  ion :
Test  th e Overflo w fla g i n th e C C register .  I f  V=0 ,  the n d o
nothing ,  an d continu e executio n wit h th e nex t  instruction .  I f
V=l  the n branc h t o th e curren t  valu e o f  th e P C plu s th e
signe d displacemen t  (-12 8 t o +12 7 fo r  BV S o r  -3276 8 t o +3276 7
fo r  LBVS) .  Not e tha t  th e P C point s t o th e instructio n
followin g th e BV S whils t  i t  i s  bein g executed .

Addressin g Modes :

BVS LBVS

cod e ey e by t  cod e ey e by t
Relativ e $29/4 1 3  2  $10/1 6 5 + 4

$29/4 1

Conditio n Codes :

BVS
LBVS



CLR -  Clea r  Accumulato r  o r  Memory

Function :  CLRA A  * .  0
CLRB B  « -  0
CLR M * .  0

Description :
Clea r  th e specifie d accumulato r  o r  memory  locatio n t o zero .

Addressin g Modes :

CLRA CLRB CL R

cod e ey e byt  cod e ey e byt  cod e ey e byt

Inheren t  $4F/7 9 2  1  $5F/9 5 2  1
Direc t  $OF/1 5 6  2
Extende d $7F/12 7 7  3
Indexe d $6F/11 1 6 + 2 +

Conditio n Codes :
E F H I N Z V C

CLRA * * * * 0 1 0 0
CLRB * * * * 0 1 0 0
CLR * * * * 0 1 0 0
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CMP -  Compar e t o Registe r

Function : CMPA
CMPB
CMPD
CMPS
CMPU
CMPX
CMPY

A « -  M
B * -  M
D * •  M:M+ 1
S * -  M:M+ 1
U « -  M:M+ 1
X * •  M:M+ 1
Y * .  M:M+ 1

Description :
Subtrac t  th e content s o f  memory  fro m th e specifie d register .
The content s o f  th e accumulato r  ar e lef t  undisturbed ,  bu t  th e
CC registe r  wil l  b e affected .

Addressin g modes :

CMPA CMPB CMPD

cod e ey e by t  code  ey e by t  code  ey e by t

Immediat e $81/12 9 2  2  $C1/19 3 2  2  $10/1 6 5  4
$83/13 1

Direc t  $91/14 5 4  5  $01/20 9 4  2  $10/1 6 7  3
$93/14 7

Extende d $B1/17 7 5  3  $F1/24 1 5  3  $10/1 6 8  4
$A3/16 3

Indexe d $A1/16 1 4 + 2 + $El/22 5 4 + 2 + $10/1 6 7 + 3 +
$A3/16 3

CMPS CMPU CMPX

cod e ey e by t  cod e ey e by t  cod e ey e by t

Immediat e $11/1 7 5  4  $11/1 7 5  4  $8C/14 0 4  3
$8C/14 0 $83/13 1

Direc t  $11/1 7 7  3  $11/1 7 7  3  $9C/15 6 6  2
$9C/15 6 $93/14 7

Extende d $11/1 7 8  4  $11/1 7 8  4  $BC/18 8 7  3
$BC/18 8 $B3/17 9

Indexe d $11/1 7 7 + 3 + $11/1 7 7 + 3 + $AC/17 2 6 + 2 +
$AC/17 2 $A3/16 3
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cod e ey e by t

Immediat e $10/1 6 5  4
$8C/14 0

Direc t  $10/1 6 7  3
$9C/15 6

Extende d $10/1 6 8  4
$BC/18 8

Indexe d $10/1 6 7 + 3 +
$AC/17 2

Conditio n Codes :
E

CMPA *
CMPB *
CMPD *
CMPS *
CMPU *
CMPX *
CMPY *



COM -  Complemen t

Function :  COMA A  ~  A

COMB B  i -  I

COM M 4 .  M

Description :
The operan d byt e i s replace d b y it' s  logica l  o r
1's-complement ,  i.e .  al l  O' s ar e mad e 1' s an d vice-versa .

Addressin g Modes :

COMA COMB COM

cod e ey e by t  cod e ey e by t  cod e ey e by t

Inheren t  $43/6 7 2  1  $53/8 3 2  1
Direc t  $03/0 3 6  2
Extende d $73/11 5 7  3
Indexe d $63/9 9 6 + 2 +

Conditio n Codes :
E F H I N Z V C

COMA * * * * ! ! 0 1
COMB * * * * ! .' 0 1
COM * * * * ! ! 0 1
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CWAI  -  Clea r  C C an d wai t  fo r  interrup t

Func t  ion : CWAI  # N CC
E
S
S
S
S
S
S
S
S
S
S
S
S

i -  CC* N

-  1
4-  5- 1

,.  S- l
"-  S- l
4-  S- l
4-  S- l

t -  S- l
«-  S- l
«-  S- l
4-  S- l

+-  S — 1

*•  S- l

4-  S- l

(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)

«-  PC-lo w

,- .  PC-hig h
4"  U — 1  OW

».  U-hig h
*•  Y-lo w
<-  Y-hig h
o-  X-lo w
4-  X-hig h
»-  DP
4-  B

*•  A
4-  CC

Desciption :
The operan d byt e i s  logicall y ANDed wit h th e conditio n cod e
register .  Thi s actio n ma y clea r  specifi c  bits ,  e.g. ,  th e
interrup t  masks.  Th e E  bi t  i s  the n se t  an d th e entir e
processo r  state  i s  save d o n th e S  stack .  Th e processo r  the n
wait s fo r  a n interrup t  t o occur ,  a n RT I  instuctio n wil l

restor e th e entir e processo r  stat e upo n findin g th e E  bi t  se t
i n th e recovere d C C register .

Addressin g modes :

CWAI

cod e ey e by t

Immediat e $3C/6 0 2 0 2

Conditio n Codes :

CWAI

E F H I N Z V C

(Change d accordin g t o operand )



DAA -  Decima l  Additio n Adjus t

Function :  DAA A  + -  A  +  Correctio n
Correction :
Leas t  Significan t  Nybble :

6:  i f  H  =  1 ,  o r  i f  LS N >  9
0:  otherwis e

Most  Significan t  Nybble :
6:  i f  C  =  1 ,  o r  MSN >  9 ,  o r  MSN >

and LS N >  9
0:  otherwis e

Description :
The appropriat e correctio n facto r  i s  compute d base d o n th e
value s o f  th e tw o nybble s i n th e A  registe r  an d th e C C bits .
I t  i s  the n adde d t o A .  Thi s instructio n i s used  afte r  th e
additio n o f  tw o BCD number s t o assur e a  prope r  BCD result .
The Carry  bi t  generate d b y thi s instructio n i s th e correc t
carr y o f  BCD addition .

Addressin g Modes :

DAA

code eye byt

Inherent $19/25 2 1

Condit ion Codes:
E F H I N Z V C

0
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DEC -  Decremen t

Function : DECA A  * •  A- l
DECB B  * -  B- l
DEC M « -  M- l

Description :
One i s subtracte d fro m eithe r  on e o f  th e accumulator s o r  th e
specifie d memor y location .  Not e tha t  th e carr y bi t  i s  no t
affected .

Addressin g Modes :

DECA

cod e ey e by t

Inheren t  $4A/5 8 2  1
Direc t
Extende d
Indexe d

DECB

cod e ey e by t

$5A/9 0 2  1

DEC

cod e ey e by t

$OA/1 0 6  2
$7A/12 2 7  3
$6A/11 2 6 + 2  +

Conditio n Codes :

DECA
^-  se t  onl y i f

origina l  operan d wa s $80 ,
cleare d otherwise .
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EOR -  Exclusiv e O R

Func t  ion : EORA
EORB

A (XOR )  M
B (XOR )  M

Description :
The operan d i s logicall y Exclusiv e ORed int o th e specifie d
accumulator .  EORin g produce s a  1  i f  eithe r  o f  th e operand s
ar e 1  an d a  0  i f  bot h th e operand s ar e th e same .

Addressin g Modes :

EORA

cod e ey e by t

Immediat e $88/13 6 2
Direc t
Extende d
Indexe d

2
$98/15 2 4  2
$B8/18 4 5  3
$A8/16 8 4 + 2 +

EORB

cod e ey e by t

$C8/20 0 2  2
$D8/21 6 4  2
$F8/24 8 5  3
$E8/23 2 4 + 2  +

Conditio n Codes :

EROA
EORB
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EXG -  Exchang e Register s

Function :  EX G R1.R 2 R l  «--+  R 2

Description :
The register' s value s specifie d b y th e postbyt e o f  th e
instructio n ar e exchanged .  Th e lo w an d hig h nibble s o f  th e
postbyt e specif y th e register s t o b e exchange d i n th e
following  way :

0000 =  0  =  D  100 0 =  8  =  A
0001 =  1  =  X  100 1 =  9  =  B
0010 =  2  = Y  101 0 =  A  =  C C
0011 =  3  =  U  101 1 =  B  =  D P
0100 =  4  =  S  6 ,  7 ,  C ,  D ,  E ,  F ,  =  undefine d
0101 =  5  =  P C

Only  register s o f  lik e siz e ca n b e exchanged .

Addressin g Modes :

EXG

cod e ey e by t

Inheren t  $1E/3 0 7  2

Conditio n Codes :
E F H I N Z V C

EXG *  ~"  " '  " '  *  " "  *  •'• '
(No chang e unles s on e o f  th e register s i s CC)



IN C -  Incremen t

Function : INCA A  « -  A  +  1
INCH B  « -  B  +  1
IN C M  t-  M +  1

Description :
One i s adde d t o th e operand .  Not e tha t  th e carr y bi t  i s  no t
affected .

Addressin g Modes :

INCA

cod e ey e by t

Inheren t  $4C/7 6 2  1
Direc t
Extende d
Indexe d

INCB

cod e ey e by t

$5C/9 2 2  1

IN C

cod e ey e by t

$OC/12 6  2
$70/12 4 7  3
$6C/10 8 6 + 2- t

Conditio n Codes :
E F H I N Z V C

INCA *
INCB *
INC *

* *
* *
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JMP -  Jum p

Function :  JM P P C « •  ADDR

: "

Description :
The valu e o f  th e operan d i s transferre d t o th e PC,  an d progra m
executio n continue s fro m tha t  address .

Addressin g Modes :

JMP

cod e ey e by t

Direc t  $OE/1 4 3 2
Extende d $7E/12 6 4  3
Indexe d $6E/11 0 3 + 2 +

Conditio n Codes :
E F H I N Z V C

JMP *  *  * *  *  *  *  *
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JSR -  Jum p t o Subroutin e

Function :  JS R S  + -  S-l  ;  (S )  * -  PC-lo w
S <•• •  S- l  ;  (S )  « -  PC-hig h
PC « -  ADDR

Description :
The P C i s pushe d ont o th e S  stack .  Th e valu e o f  th e operan d
i s pu t  int o th e P C an d executio n continues .  A n RT S (retur n
fro m subroutine )  wil l  retur n contro l  t o th e instructio n
followin g th e JS R instruction .

Addresin g Modes :

JSR

cod e ey e by t

Direc t  $9D/15 7 7  2
Extende d $BD/18 9 8  3
Indexe d $AD/17 3 7 + 2 4

Conditio n Codes :
E F  H  I

JSR
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LD -  Loa d Registe r  Fro m Memor y

Function: . LDA
LDB
LDD
LDS
LDU
LDX
LDY

«- M

*- M

*• M:M+ 1

,- M :M+ 1
»- M:M+ 1

»- M :M+ 1
«- M:M+ 1

Description :
The operan d i s loade d int o th e specifie d register .

Addressin g Modes :

LDA

Immediat e
Direc t
Extende d
Indexe d

Immediat e

Direc t

Extende d

Indexe d

cod e eye

$86/13 4
$96/15 0
$B6/18 2
$A6/16 6

LDS

cod e ey e

$10/1 6

$CE/20 6
$10/1 6
$DE/22 2
$10/1 6
$FE/25 4
$10/1 6
$EE/23 8

2
4
5
4

4

6

7

6

by t

2
2
3

+ 2  +

by t

4

3

4

+ 3  +

LDB

cod e ey e

$C6/19 8
$06/21 4
$F6/24 6
$E6/23 0

LDU

cod e ey e

$CE/20 6

$DE/22 2

$FE/25 4

$EE/23 8

2
4
5
4

3

5

6

5

by t

2
2
3

+ 2  +

by t

3

2

3

+ 2  +

LDD

cod e ey e

$CC/20 4
$DC/22 0
$FC/25 2
$EC/23 6

LDX

cod e ey e

$8E/14 2 3

$9E/15 8 5

$BE/19 0 6

$AE/17 4 5

by t

3 3
5 2
6 3
4+ 2

by t

3

2

3

+ 2  +



LDY

cod e ey e by t

Immediat e $10/1 6 4  4
$8E/14 2

Direc t  $10/1 6 6  3
$9E/15 8

Extende d $10/1 6 7  4
$BE/19 0

Indexe d $10/1 6 6 + 3 +
$AE/17 4

Conditio n Codes :
E

LDA *  *  * *  !  !  0
LDB *  *  *  *  l  i  o
LDD *  *  *  *  !  !  0
LDS *  * *  *  !  !  0
LDU *  * *  *  !  !  0
LDX *  *  * *  I  !  0
LDY *  *  *  *  !  !  0
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LEA -  Loa d Effectiv e Addres s

Function :  LEA S S  » -  ADDR
LEAU U  * .  ADDR
LEAX X  * -  ADDR
LEAY Y  * .  ADDR

Descrip t  ion :
The specifie d registe r  i s loade d wit h th e valu e o f  th e
effectiv e addres s whic h woul d normall y b e use d t o fetc h th e
operan d instea d o f  th e actua l  operand .  Th e onl y addressin g
mode availabl e i s Indexed .

Addressin g Modes :

LEAS

cod e ey e by t

Indexe d $32/5 0 4 + 2  +

LEAU LEA X

cod e ey e by t  cod e ey e by t

$33/5 1 4 + 2 + $30/4 8 4 + 2 +

LEAY

cod e ey e by t

Indexe d $31/4 9 4 + 2 +

Conditio n Codes :
E F H I N Z V C

LEAS * * * * * * * *
LEAU * * *  * *  * *  *

LEAX * * * * * ! * *
LEAY * * *  "' •'" ! * *
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LSL -  Logica l  Shif t  Lef t

Function : b7 bO

Description :
Shif t  th e content s o f  memor y o r  on e o f  th e accumulator s t o
th e lef t  on e bi t  position ,  wit h bi t  7  goin g int o th e Carr y
flag ,  an d a  0  goin g int o bi t  0 .  Th e resul t  i s  store d bac k i n
th e specifie d memor y locatio n o r  accumulator .  Not e tha t  thi s
instructio n i s exactl y th e sam e a s ASL .  Thi s instructio n i s
include d t o b e consisten t  (i.e .  tw o o f  bot h type s o f  shifts) .

Addressin g Modes :

LSLA

cod e ey e by t

Inheren t  $48/7 2 2  1
Direc t
Extende d
Indexe d

LSLB

cod e ey e by t

$58/8 8 2  1

LSL

cod e ey e by t

6 2
$78/12 0 7  3
$68/10 4 6 + 2 +

Conditio n Codes :

AS L A
ASLB
ASL
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LSR -  Logica l  Shif t  Righ t

Function : LSRA
LSRB 0
LSR

b7 bO

Description :
Shif t  th e content s o f  memory ,  o r  eithe r  o f  th e accumulator s
t o th e righ t  on e bi t  position ,  wit h bi t  0  goin g int o th e
Carr y b i t ,  an d a  0  goin g int o bi t  0 .  Th e resul t  i s  store d
bac k int o th e specifie d memor y location ,  o r  accumulator .

Addressin g Modes :

LSRA LSRB

cod e ey e by t  cod e ey e by t

$54/8 4 2  1Inheren t  $44/6 8 2  1
Direc t
Extende d
Indexe d

LSR

cod e ey e by t

$04/ 4 6  2
$74/11 6 7  3
$64/10 0 6 + 2 +

Conditio n Codes :

LSRA
LSRB
LSR
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MUL -  Multipl y

Function :  MUL D  < -  A  X  B

Description :
The tw o accumulator s (unsigned )  ar e multiplie d togethe r  an d
th e resul t  (unsigned )  i s store d i n th e D  register .  Th e
origina l  value s of  A  and  B  are  destroyed .

Addresin g Modes :

MUL

cod e ey e by t

Inheren t  $3D/6 1 1 1 1

Conditio n Codes :
E F H I N Z V C

MUL *  *  *  *  *  t  *  *
1-  Se t  i f

bit  7  of  B  set
i n th e result .
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NEC -  Negat e

Function :  NEGA A  « -  0  -  A
NEGB B  , -  0  -  B
NEC M  4 .  0  -  M

Descrip t  ion :
The numbe r  i n memor y o r  on e o f  th e accumulator s i s replace d
wit h it' s two's-complment .

Addressin g Modes :

NEGA NEGB NEC

cod e ey e by t  cod e ey e by t  cod e ey e by t

Inheren t  $40/6 4 2  1  $50/8 0 2  1
Direc t  $00/ 0 6  2
Extende d $70/11 2 7  3
Indexe d $60/9 6 6 + 2 +

Conditio n Codes :
E F H I N Z V C

NEGA * * ? * ! ! ! !

NEGB * * ? * ! ! ! !

NEC
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NOP -  N o Operatio n

Function :  NOP Nothin g

Descrip t  ion :
Nothin g happens ,  n o register s ar e affected ,  n o memor y i s
accessed .  Can  be  use d for  creatin g a  dela y or  roo m for
expansio n i n a  progra m

Addressin g Modes :

NOP

cod e ey e by t

Inheren t  $12/1 8 2  1

Conditio n Codes :
E F H I N Z V C

NOP
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OR -  OR Memory  Int o Registe r

Function :  ORA A  « -  A  (OR )  M
ORB B  » •  B  (OR )  M
ORCC CC * .  CC (OR )  M

Descrip t  ion :
The specifie d accumulato r  an d th e memor y operan d ar e
logicall y ORed together ,  an d th e resul t  i s  store d i n th e sam e
register .  Th e ORCC instructio n ca n us e Immediate  addressin g
only ,  an d ca n b e use d t o se t  a n interrup t  mas k o r  status .

Addressin g Modes :

ORA

code  ey e byt

Immediat e $8A/13 8 2  2
Direc t  $9A/15 4 4  2
Extende d $BA/18 6 5  3
Indexe d $AA/17 0 4 + 2 +

ORB

cod e ey e by t

$CA/20 2 2  2
$DA/21 8 4  2
$FA/25 0 5  3
$EA/23 4 4 + 2 +

ORCC

cod e ey e by t

$lA/2 6 3  2

Conditio n Codes :

ORA
ORB
ORCC

(Change d accordin g t o operand )
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PSH -  Pus h Register s ont o eithe r  Stac k

Function :  PSHS i f  b 7 o f  postbyt e set :  S  -  S  -  1  ;
(S)  < -  PC-lo w
S « -  S  -  1  ;
(S)  4 -  PC-hig h

i f  b 6 o f  postbyt e set :  S  * -  S  -  1  ;
(S)  . -  U-lo w
S i-  S  -  1  ;
(S)  * -  U-hig h

i f  b 5 o f  postbyt e set :  S  * -  S  -  1  ;
(S)  4 -  Y-lo w
S * •  S  -  1  ;
(S)  * .  Y-hig h

i f  b 4 o f  postbyt e set :  S  * •  S  -  1  j
(S )  f  X-lo w
S i -  S  -  1  ;
(S)  4 -  X-hig h

i f  b 3 o f  postbyt e set :  S  « -  S  -  1  ;
(S)  t -  DP

i f  b 2 o f  postbyt e set :  S  « •  S  -  1  ;
(S)  » -  B

i f  b l  o f  postbyt e set :  S  * -  S  -  1  ;
(S)  4 -  A

i f  b O o f  postbyt e set :  S  4 -  S  -  1  ;
(S)  4 -  CC

PSHU Same a s abov e excep t  register s ar e
pushe d onto  th e U  stack .

Description :
Any,  a l l ,  o r  non e o f  th e register s ar e pushe d ont o eithe r  th e
U o r  S  stack .  Th e postbyt e i s determine d b y whic h register s
ar e t o b e pushe d ont o th e stack .  Th e postbyt e ha s th e
followin g structure :

b7 b 6 b 5 b 4 b 3 b 2 b l  b O

PC U  Y  X  D P B  A  C C

pus h orde r  *

One registe r  ma y b e pushe d wit h a n autodecremen t  store .
Example :  ST Y ,— S pushe s Y ,  bu t  als o change s C C registe r
bits .
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Addressin g Modes :

PSHS PSHU

cod e ey e by t  cod e ey e by t

Immediat e $34/5 2 5 + 2  $36/5 4 5 + 2

Conditio n Codes :
E F H I N Z V C

PSHS

PSHU



PUL -  Pul l  Register s fro m eithe r  Stac k

Function :  PULS i f  b O o f  postbyt e set :  C C * •  (S )  ;
S «• •  S  +  1

i f  b l  o f  postbyt e set :  A  « -  (S )  ;
S . -  S  +  1

i f  b 2 o f  postbyt e set :  B  * •  (S )  ;
S * •  S  +  1

i f  b 3 o f  postbyt e set :  D P « -  (S )  ;
S . -  S, + 1

i f  b 4 o f  postbyt e set :  X-hig h ( -  (S )  ;
S * •  S  +  1
X-lo w ( -  (S )  ;
S * -  S  +  1

i f  b 5 o f  postbyt e set :  Y-hig h ( -  (S )  ;
S « -  S  +  1
Y-lo w ( -  (S )  ;
S * -  S  +  1

i f  b 6 o f  postbyt e set :  U-hig h ( -  (S )  ;
S * -  S  +  1
U-lo w ( -  (S )  ;
S -  S  +  1

i f  b 7 o f  postbyt e set :  PC-hig h ( -  (S )  ;
S * •  S  +  1
PC-lo w ( -  (S )  ;
S < -  S  +  1

PULU Same a s abov e except  tha t  register s ar e
pulle d fro m th e U  stack .

Description :
Any,  al l  o r  non e o f  th e register s ar e pulle d fro m eithe r  th e
S o r  th e U  stack .  Th e postbyt e i s determine d b y whic h
register s ar e t o b e pulle d fro m th e stack .  Th e postbyt e ha s
th e followin g structure :

b7 b 6 b 5 b 4 b 3 b 2 b l  b O

PC U  Y  X  D P B  A  C C

*-  pul l  orde r

One registe r  may b e pulle d wit h a n auto-increment  load .
Example :  LD Y , S +  +  pull s Y ,  bu t  als o change s th e C C registe r
bits .
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Addressin g Modes :

PULS PULU

cod e ey e by t  cod e ey e by t

Immediate  $35/5 3 5 + 2  $37/5 5 5 + 2

Conditio n Codes :
E F H I N Z V C

PULS *  *  * *  *  *  *  *
*  *  *  *  *  *  *  *

(No chang e unles s C C pulled )
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ROL -  Rotat e Lef t

Function : ROLA
ROLB
ROL

b7 bO

1
Description :
Al l  o f  th e bit s i n th e operan d ar e rotate d lef t  on e bi t
position ,  wit h th e Carr y bi t  goin g int o bi t  0 ,  an d bi t  7
goin g int o th e Carr y bit .

Addressin g Modes :

ROLA

cod e ey e by t

Inheren t
Direc t
Extende d
Indexe d

$46/7 0 2  1

ROLB

cod e ey e by t

$56/8 6 2  1

ROL

cod e ey e by t

$09/ 9 6  2
$79/12 1 7  3
$69/10 5 6 + 2 +

Conditio n Codes :

ROLA
ROLB
ROL
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ROR -  Rotat e Righ t

Function :  RORA
RORB
ROR

b7

n
bO

Description :
Al l  th e bit s o f  th e operan d ar e shifte d righ t  on e bi t
position ,  wit h th e Carr y bi t  goin g int o bi t  7 ,  an d bi t  0
goin g int o th e Carr y bit .

Addressin g Modes :

RORA

cod e ey e by t

Inheren t
Direc t
Extende d
Indexe d

$46/2 0 2  1

RORB

cod e ey e by t

$56/3 6 2  1

ROR

cod e ey e by t

$06/ 6 6  2
$76/11 8 7  3
$66/10 2 6 + 2 +

Conditio n Codes :

RORA

RORB

ROR

E F H I N Z V C
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RTI  -  Retur n fro m Interrup t

Func t  ion : RTI CC (S)  ;  S  * •  S
i f  E= l  then: AA « -  (S )

B 4 -  (S )
DP « -  (S )
X-hig h 4 -
X-lo w 4 -
Y-hig h 4 -
Y-lo w 4 -
U-hig h * •
U-lo w 4 -
PC-hig h 4 -
PC-  lo w 4 -

;  s
;  s
;  s
(S)
(s )
(S)
(S)
(S)
(S)
(S)
(S)

*•  s
4-  S

*•  s
s
s
s
s
s
s

s

+
+
+

4-

4.
*•
4-

4-

4-
4-

4-

1
1
1
s
s
s
s
s
s
s
s

+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1

-

Description :
The C C registe r  i s  pulle d fro m th e S  stack .  I f  th e E  fla g i s
se t  i n th e C C registe r  the n th e entir e se t  o f  register s i s
pulle d fro m th e stack .  Thi s instructio n reverse s th e effect s
of  a n interrup t  an d shoul d b e place d a t  th e en d o f  a n
interrup t  handlin g routine .

Addressin g Modes :

cod e ey e by t
Inheren t  $3B/5 9 6/1 5 1

Conditio n Codes :
E F H I N Z V C

RTI
(Pulle d fro m Stack )

114



RTS -  Retur n fro m Subroutin e

Function :  RT S PC-hig h + •  (S )  ;  S  * •  S  +  1
PC-lo w 4 -  (S )  ;  S  « -  S  +  1

Description :
The P C i s pulle d fro m th e S  stack .  Thi s instructio n reverse s
th e effect s o f  th e BS R an d JS R instruction s an d should  b e
place d a t  th e en d o f  a  subroutine .

Addressin g Modes :
RTS

code eye byt

Inherent $39/57 5 1

Condit ion Codes:
E F H I N Z V C
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SBC -  Subtrac t  wit h Borrow

Function :  SBCA A  * -  A  -  M -  C
SBCB B  + -  B  - M  -  C

Description :
The operan d an d th e Carr y bi t  ar e subtracte d fro m th e
specifie d accumulator .  Th e resultin g Carr y bi t  i s  a  borro w
and i s se t  t o th e complemen t  o f  th e carr y o f  th e interna l
addition .

Addressin g Modes :

SBCA

cod e ey e by t

Immediat e $82/13 0 2  2
Direc t  $92/14 6 4  2
Extende d $B2/17 8 5  3
Indexe d $A2/16 2 4 + 2- t

SUCB

cod e ey e byt

$C2/19 4 2  2
$02/21 0 4  2
$F2/24 2 5  3
$E2/22 6 4 + 2- t

Conditio n Codes :

SBCA
SBCB

- -
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SEX -  Sig n Exten d

Function :  SE X I f  b 7 o f  B  =  1  then :  A  * -  $F F
else :  A  « -  $ 0

Discription :
The 8-bi t  two' s complemen t  valu e i n accumulato r  B  i s sig n
extende d t o a  16-bi t  valu e i n accumulato r  D .  Th e origina l
valu e o f  A  i s lost .

Addressin g Modes :

SEX

cod e ey e by t

Inheren t  $lD/2 9 2  1

Conditio n Codes :
E F H I N Z V C

SEX * * * * ! ! 0 *
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ST -  Stor e Registe r  into  Memor y

Function : STA
STB
STD
STU
STU
STX
STY

M «- A

M *. B

M:M+ 1 .

M:M+ 1 ,

M:M+ 1 "

M.-M+ l <
M:M+ 1 <

Description :
The content s o f  th e specifie d registe r  ar e store d a t  th e
addres s specifie d b y th e operand .

Addressin g Modes :

Direc t
Extende d
Indexe d

Direc t

Extende d

Indexe d

STA

code  ey e

$97/15 1
$B7/18 3
$A7/16 7

STS

cod e ey e

$10/1 6
$DF/22 3
$10/1 6
$FF/25 5
$10/1 6
$EF/23 9

by t

4 2
5 3
4+ 2  +

by t

6 3

7 4

6+ 3  +

STB

cod e ey e

$07/21 5
$F7/24 7
$E7/23 1

STU

cod e ey e

$DF/22 3

$FF/25 5

$EF/23 9

by t

4 2
5 3
4+ 2  +

by t

5 2

6 3

5+ 2 +

STD

cod e ey e

$DD/22 1
$FD/25 3
$ED/23 7

STX

cod e ey e

$9F/15 9

$BF/19 1

$AF/17 5

by t

5 2
6 3
5+ 2 +

by t

5 2

6 3

5+ 2  +
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STY

cod e ey e by t

Direc t  $10/1 6 6  3
$9F/15 9

Extende d $10/1 6 7  4
$BF/19 1

Indexe d $10/1 6 6 + 3 +
$AF/17 5

Conditio n Codes :
E

STA *  *  *  *  !  !  0
STB *  *  * *  !  !  0
STD *  *  *  *  I  !  0
STS *  *  * *  i  i  o
S TU * * * * . » i  o
S TX * . * * * !  i  0
STY * • * * * . !  i  o
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SUB -  Subtrac t  fro m Registe r

Function :  SUBA A  * -  A  -  M
SUBB B  , -  B  -  M
SUED D  « -  D  -  M:M+1

Description :
The operan d i s subtracte d fro m th e specifie d accumulator .  Th e
Carr y bi t  i s  a  borro w bi t  an d i s se t  t o th e complemen t  o f  th e
carr y o f  th e interna l  binar y addition .

Addressin g Modes :

SUBA

cod e ey e by t

Immediat e $80/12 8 2  2
Direc t  $90/14 4 4  2
Extende d $BO/17 6 5  3
Indexe d $AO/16 0 4 + 2 +

SUBB

cod e ey e by t

$CO/192 2  2
$DO/208 4  2
$FO/24 0 5  3
$EO/22 4 4 + 2 +

SUED

cod e ey e by t

$83/13 1 4  3
$93/14 7 6  2
$B3/17 9 7  3
$A3/16 3 6 + 2 +

Conditio n Codes :

SUBA
SUBB
SUED
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SWI  -  Softwar e Interrup t

Function : SWI E
S
S
S
S
S
S
S
S
S
S
S
S
I

*•
+,
..
+•
4-

4-

*•
*•
«"
4-

4-

*• •

4'

4. .

1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
S -  1
1 ;  F

(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)

-  I

' •  PC-lo w
< PC-hig h
1-  U-lo w
t -  U  hig h
«•  Y-lo w
»•  Y-hig h
*•  X-lo w
+•  X-hig h
•"  DP
-  B
"•  A
i-  C C

PC-hig h t -  FFF A ;  PC-lo w FFFB

Descrip t  ion :
The entir e machin e stat e i s pushe d ont o th e S  stack .  Progra m
contro l  i s  transferre d vi a th e softwar e interrup t  1  vector .
Fas t  an d norma l  interrupt s ar e disable d b y settin g th e I  an d
F flag s i n th e C C registe r  AFTER i t  ha s bee n pushe d ont o th e
stack ,  therefor e whe n a n RT I  instructio n pull s th e register s
of f  th e stac k th e interrup t  flag s ar e returne d t o thei r
origina l  status .

Addressin g Mode s :

SWI

cod e ey e by t

Inheren t  $3F/6 3 1 9 1

Conditio n Codes :

SWI

H N V

1 *  ] _ *  V r  * •  *

_2 *  Thes e ar e fo r  th e
duratio n o f  th e interrup t

handlin g routin e only .
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SW12 -  Softwar e Interrup t  2

Func t  ion : SWI2 E
S
S
S
S
S
S
S
S
S
S
S
S

*-  1
•-  S  -  1
«•  S  -'- I
~ S  -  1
*•  s  -  i
-  S  -  1
*•  S  -  1
4-  S  -  1

»-  S  -  1
,  S  -  1
-  S  -  1
< S  -  1
' -  S  -  1

(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)
(S)

» PC-lo w
<~ PC-hig h
*•  U-lo w
«-  U-hig h
*-  Y-lo w
*- .  Y-hig h
*  X-lo w
•-  X-hig h
»•  D P
*-  B
*- •  A
»-  C C

PC-high ~ FFF4 ; PC-low *- FFF5

Descrip t  ion :
The entir e machin e stat e i s pushe d ont o th e S  stack .  Progra m
contro l  i s  transferre d vi a th e softwar e interrup t  2  vector .

Addressin g Modes :

SWI2

cod e ey e by t

Inheren t  $10/1 6 2 0 2
$3F/6 3

Conditio n Codes :

SWI

E F H

1 * *
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SWI3 -  Softwar e Interrup t  3

Function : SWI E
S
S
s
s
s
s
s
s
s
s
s
s

' •  1
4~ S  -  1

' -  S  -  1
4-  S  -  1

«-  S  -  1
4-  S  -  1
*-  s  -  i
. -  S  -  1
-  S  -  1
4-  S  -  1

*•  S  -  1
*-  S  -  1
4-  S  -  1

(S)
(S)
(S)
(S)
(S)
(s )
(S)
(S)
(S)
(S)
(S)
(S)

4-

4-

4-

4-

*-
4-

.* .
*•
4

*.
*.
4-

PC-lo w
PC-hig h
U-lo w
U hig h
Y-lo w
Y-hig h
X-lo w
X-hig h
DP
B
A
CC

PC-hig h * -  FFF 2 ;  PC-lo w • -  FFF 3

Descrip t  ion :
The entir e machin e stat e i s pushe d ont o th e S  stack .  Prograr r
contro l  i s  transferre d vi a th e softwar e interrup t  3  vector .

Addressin g Modes :

SWI

cod e ey e by t

Inheren t  $10/1 6 2 0 2
$3F/6 3

Conditio n Codes :

SWI
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SYNC -  Synchroniz e t o Externa l  Even t

Functio n SYNC Suspen d processo r

Discriptio n
The processo r  stop s an d wait s fo r  a n interrupt .  If  th e
interrup t  i s maske d (it' s  fla g se t  i n th e C C register )  o r
does no t  las t  3  cycles ,  the n th e processo r  continue s
executio n wit h th e instructio n followin g th e SYNC
instruction .  I f  th e interrup t  i s enable d an d last s fo r  mor e
tha n 3  cycles ,  the n th e norma l  routin e fo r  tha t  interrup t  i s
performed ,  th e retur n addres s bein g tha t  o f  th e instructio n
afte r  th e SYNC instruction .  Thi s instructio n ca n b e use d t o
synchroniz e th e processo r  wit h hig h speed ,  critica l  events ,
suc h a s readin g dat a fro m a  dis k drive .
Addressin g Modes :

SYNC

cod e ey e by t

Inheren t  $13/1 9 2 + 1

Conditio n Codes :
E F

SYNC
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TFR -  Transfe r  Registe r  t o Registe r

Function :  TF R R 2 « •  R l

Description :
The content s o f  th e registe r  specifie d b y th e hig h nybbl e o f
th e postbyt e ar e transferre d t o th e registe r  specifie d b y th e
lo w nybbl e o f  th e postbyte .  Th e nybble s o f  postbyt e specif y
th e register s i n th e following  way :

0000 =  0  =  D  100 0 =  8  =  A
0001 =  1  =  X  100 1 =  9  =  B
0010 =  2  = Y  101 0 =  A  =  C C
0011 =  3  =  U  101 1 =  B =  D P
0100 =  4  =  S  6,7,C,D,E,F :  Undefine d
0101 =  5  =  P C

Onl y register s o f  th e sam e siz e ca n b e transferred .
The content s o f  th e register -  bein g transferre d fro m i s
unchange d bu t  th e ol d content s o f  th e registe r  bein g
transferre d t o i s lost .

Addressin g Modes :

TFR

cod e ey e by t

Immediat e $1F/3 1 7  2

Condit ion Codes:
E F H I N Z V C

(unles s th e C C registe r  ha s somethin g
transferre d int o it )
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TST -  Tes t

Function : TSTA A  -  0
TSTB B  -  0
TST M -  0

Descrip t  ion :
The Z  an d N  bit s ar e set/rese t  accordin g t o th e valu e i n th e
accumulator s o r  memory .  Th e V  bi t  i s  cleare d an d nothin g els e
i s affected .

Addressin g Modes :

TSTA

cod e ey e by t

Inheren t  $4D/7 7 2  1
Direc t
Extende d
Indexe d

TSTB

code  ey e by t

$50/9 3 2  1

TST

cod e ey e by t

$00/1 3 6  2
$70/12 5 7  3
$60/10 9 6 + 2 -

Conditio n Codes :

TST

N Z  V  C

!  !  0  *
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CHAPTER 14

Demonstratio n
Program s

Introductio n

The aim  of  thi s chapte r  is  to  demonstrat e eac h of  the  type s of
instruction s tha t  the  680 9 has .  Thes e instruction s hav e bee n
presente d t o yo u alread y i n chapte r  1 3 bu t  thi s chapte r  let s
yo u ge t  you r  hand s dirt y b y actuall y usin g program s tha t  us e
thes e instructions .  Thes e progam s ar e alread y writte n fo r  yo u
and eac h on e demonstrate s on e o r  mor e machin e instructions .

Befor e goin g ont o th e program s ther e ar e thre e point s whic h
must  b e discussed :

y (JLLAKin g a  sectio n o r  memory  a t  tn e to p o r  K A
sure  tha t  al l  you r  machin e cod e program s sta y a
int .  Thi s wil l  preven t  th e battl e o f  memor y wh i
ends u p wit h bot h BASI C an d machin e cod e prog r

tni s point .  I n i s wil l  preven t  t
usuall y ends  u p wit h bot h BASI C

I n thi s chapte r  al l  BASI C program s CLEAR abov e &H400 0 an d al l
machin e cod e program s star t  a t  &H400 0 an d continu e u p ou t  o f
harms way .

Not e tha t  i n BASI C hexadecima l  number s ar e denote d b y a
leadin g '&H '  wher e a s i n assemble r  languag e th e ar e denote d a s



2.  Enterin g th e machin e cod e program .
Ther e i s n o provisio n o n th e DRAGON fo r  enterin g number s
directl y int o memor y othe r  tha n POKE (an d CLOADM bu t  that' s
not  ver y direct) .  Th e POKE command ca n us e an y numeri c
expressio n includin g decimal ,  hexadecimal ,  an d octa l
constants .

The recommende d wa y t o ente r  machin e cod e program s (i f  yo u d o
not  ow n a n assemble r  )  i s  t o us e th e followin g 'loader '
routine .  Eve n i f  yo u d o hav e a n assemble r  i t  i s  stil l  goo d
practic e t o us e th e 'loader '  routine .

00 SMEM =  &H4000
10 DBF USE!  =  &H4000
20 CLEAR 200 ,  &H3FFF
30 READ XX$ :  I F XX$ =  "** "  THEN 7 0
40 POKE SMEM,  VA L (  "&H "  +  XX $ )
50 SMEM =  SMEM +  1  :  I F SMEM <  &H8000 THEN 3 0
60 PRIN T "ERROR!  -  OUT OF MEMORY"
70 PRIN T "FINISHE D LOADING"

The 'loader '  wil l  rea d hexadecima l  number s an d stor e the m int o
memory location s &H4000 onward s unti l  i t  come s acros s a  pai r
of  asterisk s (  '** '  ) .

For  example :

100 DATA 00,01,39,* *
wil l  loa d &H4000 wit h &HOO,  &H400 1 wit h &H01 ,  &H400 2 wit h
&H39.

The 'loader '  wil l  be  use d at  the  star t  of  all  the  BASI C
demonstratio n program s below .

3.  Executin g machin e cod e programs .
Ther e ar e tw o BASI C commands t o star t  a  machin e cod e progra m
on th e DRAGON;  EXEC an d the n use r  define d function s USR1 -
USR9 .  I n al l  th e program s below ,  th e USR command wil l  b e use d
as thi s allow s value s t o b e returne d t o BASIC .  Th e easies t  wa y
t o retur n value s t o BASI C i s t o loa d th e D  registe r  wit h a
two' s complemen t  1 6 bi t  intege r  an d cal l  th e ROM routin e
GIVEABF immediatel y befor e th e RT S instruction .  Thi s routin e
start s a t  &H8C37 an d cause s th e numbe r  i n th e D  registe r  t o b e
returne d t o BASIC .

THE PROGRAMS

The program s tha t  follow  wil l  b e describe d i n assembly  forma t
and a  DATA lis t  fo r  us e wit h th e 'loader '  above .

The instruction s ca n loosl y b e groupe d togethe r  unde r  th e
followin g headings :

Complet e Byt e an d Registe r  Handler s
Arithmeti c
Logica l
Comparisons
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Branche s
1Rotater s
Stac k Handler s
Interrup t  Handler s

Each progra m demonstrate s on e o r  mor e instruction s fro m on e o f
th e groups .

a) The No Operatio n Instructio n

Thi s i s th e simples t  o f  al l  machin e instruction s a s i t  doe s
nothing .  On e o r  mor e NOP' s followe d b y a  'return 1 constitute s
a complet e (thoug h no t  ver y useful )  program .

Progra m 1 :

ADDRESS OPCODE MNEMONIC COMMENT
4000 1 2 NOP A  singl e N o OPeratio n
4001 3 9 RT S 'retur n t o BASIC '

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 A  =  USROl(X )
90 PRIN T "TH E NOP MACHINE CODE PROGRAM HAS BEEN

EXECUTED"
500 DATA 12 ,  39 ,  * *

b) The complet e Byte and Registe r Handler s

LoaD' s -  Th e followin g grou p o f  program s ( 1 -  4 )  demonstrate s
th e rang e o f  th e Loa D instructions .

Progra m 2 :
Thi s progra m demonstrate s th e Loa D int o a n 8-bi t  registe r  i n
th e immediat e mode ,  i.e .  th e dat a t o loa d i s i n th e program .

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #$0 0 Mak e th e A  registe r  zer o
4002 C 6 xx LD B #$x x Th e use r  wil l  ente r

value s fo r  x x
4004 B D 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o

be returne d
4006 3 9 RT S Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n abov e
80 INPU T "ENTE R A  VALUE FOR TH E B  REGISTER ( 0 —

255)"; A
90 POKE &H4003 ,  A

100 PRIN T "TH E D  REGISTER NOW HOLDS"  USROl(X )
110 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  0 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 3 :
Thi s progra m demonstrate s the  Loa D instructio n int o a  16-bi t
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registe r  i n th e extende d mode ,  i.e .  th e dat a t o loa d i s i n
memory.  Not e 'that  direc t  addressin g i s ver y similar .

ADDRESS OPCODE MNEMONIC COMMENT
4000 F C 410 0 LD D #$410 0 Mak e th e D  registe r  th e

same a s memor y loactio n
$4100 an d $410 1

4003 B D 8C3 7 JS R $8C3 7 Se t  u p th e D'  registe r  t o
be returne d

4006 3 9 RT S Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s given  abov e
80 INPU T "ENTE R A  VALUE FOR MEMORY LOCATIONS $410 0 AND

$4441 ( 0 -  6533)" ;  A
90 POKE &H4100 ,  INT(A/256 )

100 POKE &H4101 ,  A-256*INT(A/256 )
110 PRIN T "TH E D  REGISTER NOW HOLDS"  USROl(X )
120 GOTO 8 0
500 DATA FC ,  41 ,  0 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 4 :
Thi s progra m demonstrate s Loa D int o a n 8-bi t  registe r  usin g
th e indexin g mode ,  i.e .  th e dat a i s t o b e foun d a t  th e memor y
locatio n whic h i s i n on e o f  th e inde x registers :

ADDRESS OPCODE
4000

4003
4005

4007

400A

8E 410 0

86 0 0
E6 8 4

BD 8C3 7

39

MNEMONIC COMMENT
LDX #$410 0 Mak e th e X  registe r

'point '  t o wher e th e
dat a i s going .

LDA #$0 0 Mak e th e A  registe r  0
LDB , X Mak e th e B  registe r  th e

same a s th e memor y
locatio n whic h is  in  the
X registe r

JSR $8C3 7 Set  up  the  D  registe r  to
be returne d

RTS Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n abov e
80 INPU T "ENTE R A  VALUE FOR $410 0 ( 0 -  255 )
90 POKE &H4100 ,  A

100 PRIN T "TH E D  REGISTER NOW HOLDS "  USROl(X )
110 GOTO 8 0
500 DATA 8E ,  41 ,  00 ,  86 ,  00 ,  E6 ,  8 4
510 DATA BD,  8C ,  37 ,  39 ,  * *
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Progra m 5 :
Thi s progra m demonstrate s th e EXchanG e instructio n b y loadin g
th e X  registe r  (extended )  the n EXchanGing  th e X  an d D
registers .

ADDRESS OPCODE MNEMONIC COMMENT

4000

4003

4005

4008

BE 410 0 LD X $410 0

I E 0 1

BD 8C3 7

39

EXG D ,  X

JSR $8C3 7

RTS

Load th e X  registe r  wit h
what  i s i n memor y
location s $410 0 an d $410 1
Exchang e th e D  an d X
register s -  D  no w equal s
what  X  use d t o an d X  no w
equal s wha t  D  use d t o
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n abov e
80 INPU T "ENTE R A  NUMBER FOR TH E X  REGISTER ( 0

65535)" ;  A
90 POKE &H4100 ,  INT(A/256 )

100 POKE &H4101 ,  A-256*INT(A/256 )
110 PRIN T "TH E D  REGISTER NOW HOLDS"  USROl(X)
120 GOTO 8 0
500 DATA BE ,  41 ,  00 ,  IE ,  0 1
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 6 :
Thi s progra m demonstrate s th e STor e operations .  Not e tha t  onl y
th e extende d mod e i s demonstrate d bu t  direc t  an d indexin g
modes ca n als o b e used .

The progra m load s a n 8-bi t  registe r  wit h a  valu e the n store s
thi s i n memor y locatio n $4100 .

ADDRESS OPCODE MNEMONIC COMMENT

4000 LDA #$x x Loa d th e A  registe r  wit h
dat a entere d b y th e use r

4002 B 7 410 0 ST A $410 0 Pu t  th e content s o f  th e A
registe r  int o memor y
locatio n $410 0

4445 39 RTS Retur n t o BASI C



Line s 1 0 -  70 ,  th e 'loader '  a s given  abov e
80 INPU T "ENTE R A  NUMBER T O B E STORED ( 0 -  255) '
90 POKE &H4001 ,  A

100 A  =  USROl(X )
110 PRIN T "TH E MEMORY LOCATION $410 0 NOW EQUALS"

PEEK(&H4100)
120 GOTO 8 0
500 DATA 86 ,  00 ,  B7 ,  41 ,  0 0
510 DATA 39 ,  * *

Progra m 7 :
Thi s progra m demonstrate s th e las t  o f  th e load/stor e typ e
instruction s an d tha t  i s th e Loa d Effectiv e Address .  Thi s wil l
als o demonstrat e th e indexin g mode ,  a s LE A ca n onl y us e th e
indexing  mode .  Th e use r  wil l  b e aske d t o suppl y th e
informatio n fo r  th e effectiv e addres s port .  Thi s program  ca n
be used  to  chec k tha t  you  are  usin g the  righ t  post-byt e for
you r  indexe d addressin g mod e fo r  othe r  instructions .  Not e
tha t  thi s progra m onl y handle s thre e byt e indexe d instructio n
(i.e .  two-byt e effectiv e address ,  eg .  8-bi t  offse t  fro m PC)

ADDRESS OPCODE MNEMONIC COMMENT
4000 3 0 000 0 LEA X xxx x Loa d th e X  registe r  wit h

th e user-supplie d
effectiv e addres s

4003 I F 1 0 TF R X ,  D  Pu t  th e content s o f  th e
X registe r  int o th e D
registe r  (thi s i s
necessar y a s onl y th e D
registe r  ca n b e returne d
t o BASIC )

4005 B D 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o
be returne d

4008 3 9 RT S Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n abov e
80 INPU T "ENTE R TH E FIRS T BYT E OF TH E EFFECTIV E ADDRESS

(I N HEX 0  -  FF) ;  A $
90 INPU T "ENTE R TH E SECOND BYTE OF TH E EFFECTIV E ADDRESS

(I N HEX 0  -  FF)" ;  B $
100 POKE &H4001 ,  VAL("&H "  +  A$ )
110 POKE &H4002 ,  VAL("&H "  +  B$ )
120 PRIN T "TH E EFFECTIV E ADDRESS WAS "  USROl(X )
130 GOTO 8 0
500 DATA 30 ,  00 ,  00 ,  IF ,  1 0
510 DATA BD,  8C ,  37 ,  39 ,  * *
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c) The Arithmeti c Instruction s

Thes e instruction s ar e th e one s whic h d o th e 'sums '  fo r  you r
programs .  The y ar e al l  eithe r  inheren t  addres s (i.e .  nee d n o
data )  o r  us e on e o r  mor e register s an d som e data .

Progra m 8 :
Thi s progra m demonstrate s th e Ad d th e B  registe r  t o th e X
registe r  instructio n b y askin g fo r  number s t o g o int o bot h B
and X  registers ,  performin g th e additio n an d returnin g th e
number  throug h th e D  register .  AB X i s a n inheren t  instructio n
as i t  onl y use s th e B  an d X  registers .

COMMENT
Load B  registe r  wit h user -
supplie d numbe r
Load X  registe r  wit h user -
supplie d numbe r
Add B  t o X  leavin g th e
answer  i n X  registe r
Copy th e content s o f  X  t o
D registe r
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

ADDRESS OPCODE
4000 C6 0 0

4002

4005

4006

4008

400B

8E 000 0

3A

I F 1 0

BD 8C3 7

39

MNEMONIC
LDB #$x x

LDX

ABX

TFR

JSR

RTS

#$xxx :

X, D

$8037

Line s 1 0 -  70 ,  th e 'loader 1 a s give n above .
80 INPU T "ENTE R A  VALUE FOR TH E B  REGISTER ( 0 -  255)"; A
90 INPU T "ENTE R A  VALUE FOR THE X  REGISTER ( 0 -

65535)" ;  B
100 POKE &H4001 ,  A
110 POKE &H4003 ,  INT(B/256 )  :  POKE &H4004, ,

B-256*INT(B/256 )
120 PRIN T "TH E ANSWER I S "USROl(X )
130 GOTO 8 0
500 DATA C6 ,  00 ,  8E ,  00 ,  00 ,  3A ,  IF ,  1 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 9 :
Thi s progra m demonstrate s th e ADd wit h Carr y instructio n b y
settin g th e carr y bi t  an d addin g tw o user-supplie d number s
and th e carry .  Th e ADC instruct!o n ca n us e eithe r  th e A  o r  B
register s an d a  memor y locatio n wit h an y o f  th e addressin g
modes (i.e .  direct ,  extended ,  immediate ,  indexed) .

COMMENT
Make A  zer o
Load B  wit h user-supplie d
number
Set  th e carr y bi t
Add B  an d Carr y an d user -
supp1ie d numbe r
Set  u p th e D  registe r  t o
he returne d
Retur n t o BASI C

ADDRESS
4000
4002

4004
4006

4008

400B

OPCODE
86 0 0
C6 0 0

1A
C9

BD

39

01
00

8C37

MNEMONIC
LDA #$0 0
LDB #$x x

ORCC #$0 1
ADCB #$x x

JSR $8C3 7

RTS



Line s 10  -  70,  the  'loader 1 as  give n above .
80 INPU T "El.TE R A  VALUE FOR TH E B  REGISTER ( 0 -  255)" ;

A
90 INPU T "ENTE R A  VALUE T O B E ADDED T O TH E B  REGISTER

( 0 -  255)" ;  B
100 POKE &H4003 ,  A
110 POKE &H4007 ,  B
120 X X =  USROl(X )
130 PRIN T "TH E B  REGISTER NOW HOLDS " ;

XX-256*INT(XX/256 )
140 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  1A ,  01 ,  C9 ,  0 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Tr y thi s progra m afte r  changin g th e ORCC #$0 1 (1 A 01 )  t o
ANDCC #$F E (1 C FE )  whic h reset s th e carr y bit .

Progra m 10 :
Thi s progra m demonstrate s th e AD D instructio n whic h i s
simila r  t o th e AD C instructio n excep t  tha t  th e Carr y bi t  i s
not  referenced .  Th e ADD instructio n ca n us e an y o f  A ,  B  o r  D
register s an d a  memor y locatio n i n an y o f  th e addressin g
modes.

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #0 0 Mak e A  zer o
4002 C 6 0 0 LD B #y y Loa d B  wit h user-supplie d

number
4004 C B 0 0 ADD B  #0 0 Ad d user-supplie d numbe r

t o B
4006 B D 8C3 7 JS R $GC37 Se t  u p th e D  registe r  t o

be returne d
4009 3 9 RT S Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R A  VALUE FOR TH E B  REGISTE R ( 0 -  255)" ;

A
90 INPU T "ENTE R A  VALUE T O B E ADDED T O TH E B  REGISTER

( 0 -  255)" ;  B
100 POKE &H4003 ,  A
110 POKE &H4005 ,  B
120 X X =  USROl(X )
130 PRIN T "TH E B  REGISTER NOW HOLDS "  XX-256*INT(XX/256 )
140 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  CB,  0 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 11 :
Thi s progra m demonstrate s th e Decima l  Additio n Adjus t
instructio n b y doin g a  decima l  adjus t  o n th e resul t  o f  a
user-supplie d numbe r  adde d t o 2  (i.e .  n o chang e i f  use r
number  <  8) .  DAA i s a n itineran t  instructio n a s i t  onl y
use s th e A  register .

ADDRESS OPCODE MNEMONIC COMMENT



4000 86 0 0 LDA #x x

4002
4004
4006

4007

400A

C6 0 0
8B 0 2
19

BD 8C3 7

39

LDB #0 0
ADDA #C 2
DAA

JSR $8C3 7

RTS

Load A  wit h user-supplie d
number
Make B  zer o
Add 2  t o th e A  registe r
Decima l  Adjus t  th e A
registe r
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R TH E NUMBER T O B E ADJUSTED ( 0 -  255)" ;  A
90 POKE &H4001 ,  A

100 X X =  USROl(X )
110 PRIN T "TH E NUMBER AFTE R ADJUSTMENT I S " ,  INT(XX/256 )
120 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  1 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 12 :
Thi s progra m demonstrate s th e DECremen t  command whic h
subtract s on e fro m eithe r  th e A  o r  B  registe r  o r  a  memory
location .  DEC i s inheren t  fo r  register s A  an d B  o r  ca n us e
any o f  th e addressin g mode s (excep t  fo r  immediate )  o n a
memory location .

COMMENT
Make A  zer o
Load B  wit h user-supplie d
number
Decremen t  th e B  registe r
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

ADDRESS
4000
4002

4004
4005

OPCODE
86 0 0
C6 0 0

5A
BD 8C3 7

MNEMONIC
LDA #0 0
LDB ~-x x

DECS
JSR J8C3 7

4008 39 RTS

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R A  VALUE T O B E DECREMENTED";  A
90 POKE &H4003 ,  A

100 X X =  USROl(X )
110 PRIN T "TH E B  REGISTER NOW HOLDS "  XX-256*INT(XX/256 )
120 GOTO 8 0
500 86 ,  00 ,  C6 ,  00 ,  5 A
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 13 :
Thi s progra m demonstrate s th e INCremem t  instructio n whic h i s
exactl y th e opposit e o f  DEC a s i t  add s on e t o A ,  B  o r  a
memory location .

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #0 0 Mak e A  zer o
4002 C 6 0 0 LD B #x x Loa d B  wit h user-supplie d

number
4004 5 C INC H Incremen t  B
4005 B D 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o

be returne d

135



4008 39 RTS Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader 1 a s give n above .
80 INPU T 'ENTE R A  VALUE T O B E INCREMENTED ( 0 -  255)" ;  A
90 POKE &H4003 ,  A

100 PRIN T "TH E B  REGISTER NOW CONTAINS "
XX-256*INT(XX/256 )

110 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  5 C
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 14 :
Thi s program  demonstrate s the  MULtipl y instructio n whic h
take s tw o numbers ,  i n th e A  an d B  registers ,  an d multiplie s
the m togethe r  returnin g the  resul t  in  the  D  register .  The  MUL
instructio n i s inheren t  a s i t  always  use s thes e 3  registers .
Not e tha t  D  i s reall y A  an d B  registe r  used  together .

ADDRESS OPCODE MNEMONIC COMMENT
86 0 0 LD A #x x Loa d A  wit h firs t  numbe r
C6 0 0 LD B #y y Loa d B  wit h secon d numbe r
3D MUL Multipl y A  an d B  togethe r
BD 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o

be returne d
39 RT S Retur n t o BASI C

4000
4002
4004
4005

4008

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R A  VALUE FOR TH E A  REGISTER ( 0 -  235)" ;

A
90 INPU T "ENTE R A  VALUE FOR TH E B  REGISTER ( 0 -  255)" ;

B
100 POKE &H4001 ,  A
110 POKE &H4C03,  B
120 PRIN T "TH E B  REGISTER NOW HOLDS "  USROl(X )
130 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  3 D
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 15 :
Thi s progra m demonstrate s th e NEGat e instructio n whic h take s
a 2' s complemen t  numbe r  an d negate s it ,  i.e .  toggle s al l  th e
bit s an d add s one .  NEC ca n b e use d inherentl y o n th e A  an d B
register s o r  an y o f  th e othe r  addressin g modes ,  excep t
immediate ,  fo r  a  memor y location .

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #0 0 Mak e A  zer o
4002 C 6 0 0 LD B #x x Loa d B  wit h user-supplie d

number
4004 5 0 NEGB Negat e registe r  B
4005 B D 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o

be returne d
4008 3 9 RT S Retur n t o BASI C

Lin^ s 1 0 — 70 ,  th e 'loader '  a s given  above .
80 INPU T "ENTE R A  VALUE T O B E NEGATED ( 0 -  255)" ;  A
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90 POKE &H4003 .  A
100 X X =  USROl(X)
110 PRIN T "TH E B  REGISTE R NOW HOLDS "  XX-256*INT(XX/256 )
120 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  5 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 16 :
Thi s progra m demonstrate s th e SuBtrac t  wit h Carr y instructio n
by loadin g th e B  registe r  wit h th e numbe r  t o subtrac t  from ,
settin g th e carr y b i t ,  the n performin g the,subtrac t  ion .  Thi s
demonstratio n use s th e immediat e mod e an d th e B  register .
Eithe r  th e A  o r  B  registe r  ca n b e use d wit h an y bu t  th e
inheren t  addressin g modes .  Tr y th e progra m withou t  th e carr y
bi t  se t  b y changin g .h e ORCC #$0 1 (1 A 01 )  t o an d ANDCC #$F E
(1 C FE) .

ADDRESS
4000
4002

4004
4006

4008

400B

OPCODE
86 0 0
C6 0 0

1A
C2

BD

39

01
00

8C37

MNEMONIC
LCA #0 0
LDB #x x

ORCC #$0 1
SBCB #$y y

JSR $8C3 7

RTS

COMMENT
Make A  zer o
Load B  wit h numbe r  t o b e
subtracte d fro m
Set  th e carr y bi t
Subtrac t  a  user-supplie d
number  fro m th e B  registe r
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R A  NUMBER FOR TH E B  REGISTE R ( 0 -  255)" ;

A
90 INPU T "ENTE R A  NUMBER T O SUBTRACT FROM B" ;  B

100 POKE &H4003 ,  A
110 POKE &H4007 ,  B
120 X X -  USROl(X )
130 PRIN T "TH E B  REGISTER NOW CONTAINS "

XX-256*INT(XX/256 )
140 GOTO 8 0
500 DATA 80 ,  00 ,  C6 ,  00 ,  1A ,  01 ,  C2 ,  0 0
510 DATA BD,  8C ,  37 ,  39 ,  * *

Not e tha t  th e SU B instructio n i s ver y simila r  excep t  tha t  i t
does no t  tak e th e carr y bi t  int o accoun t  an d i t  ca n b e use d
wit h a  16-bi t  r.umbe r  usin g th e D  register .

Progra m 17 :
Thi s progra m demonstrate s th e Sig n EXten d instruction .  SE X
extend s th e sig n bi t  o f  th e B  registe r  int o th e A  registe r
therefor e i t  i s  a n inheren t  instructio n an d doe s no t  nee d an y
data .

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #0 0 Mak e A  zer o
4002 C 6 0 0 LD B #x x Loa d B  wit h user-supplie d

number
4004 I D SE X Sig n exte-i d B  int o A
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4005 B D 8C3 7 JS R $8C3 7 Se t  u p th e D  registe r  t o
be returne d

4008 3 9 RT S Retur n t o BAGI C

Line s 1 0 -  70 ,  th e 'loader 1 a s give n above .
80 INPU T "ENTE R THE NUMBER T O B E EXTENDED ( 0 -  255)" ;
90 POKE &H4003 ,  A

100 X X =  USROl(X )
110 PRIN T "TH E A  REGISTER NOW CONTAINS "  INT(XX/256) ,

AND TH E B  REGISTER NOW CONTAINS "  XX-256*INT(XX/256 )
120 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  I D
510 DATA BD,  8C ,  37 ,  39 ,  * *
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d) The Logica l Instruction s

Thi s serie s of  program s demonstrate s the  logical  instruction s
by askin g fo r  tw o number s whic h yo u enter ,  i n decima l  a s
before .  Thes e number s are  the n displaye d alon g wit h thei r
hexadecima l  an d binar y equivalents  followe d b y th e resul t  i n
the  sam e format .

.
Progra m 18 :
The AND instructio n ca n b e use d wit h th e A ,  B  o r  C C register s
and an y addressin g mode ,  excep t  inherent ,  fo r  th e secon d
operand .

NOTE:  Th e BI T tes t  instructio n ha s th e sam e effec t  o n th e C C
registe r  bu t  i t  doe s no t  effec t  eithe r  operand .

ADDRESS OPCODE MNEMONIC COMMENT
4000 C 6 0 0 LD B #$x x Loa d th e firs t  numbe r  int o

th e B  register .
4002 C 4 0 0 ANDB #$y y AND th e B  registe r  wit h

th e secon d number .
4004 B D 8C3 "  JS R $8C3 7 Se t  u p th e D  registe r  t o

be returned .
4007 3 9 RT S Retur n t o BASIC .

Line s 1 0 -
80 INPU T

70,  th e 'loader '  a s give n above .
ENTER A  NUMBER FOR TH E B  REGISTER ( 0 -  255) "

90 INPU T "ENTE R A  NUMBER T O B E ANDED WIT H TH E B
REGISTER ( 0 -  255)" ;  B

100 POKE &H4001 ,  A  :  POKE &H4003 ,  B
7.7.  % 7. "11C F $ =  "  !  ## #

120 PRIN T "  DEC HEX BINARY "
130 N U =  A  :  GOSUB 30 0
140 PRIN T USIN G F$ ;  "A" ,
150 PRIN T "AND "
160 N U =  B  :  GOSUB 30 0
170 PRIN T USIN G F$ ;  "B" ,
180 PRIN T
190 X X =  USROl(X )
200 N U =  X X :  GOSUB 30 0
210 PRIN T USIN G F$ ;  "= "  ,
220 GOTO 8 0
300 REM MAKE NU$ B E TH E BINAR Y OF
310 NU$ =  " "
320 FOR I  =  0  T O 7
330 NU$ = STR$(SGN(NU AND 2tl)9 +
340 NEXT I
350 RETURN
500 DATA C6 ,  0 0
510 DATA C4 ,  0 0
520 DATA BD,  8 C ,  37 ,  39 ,  * *

Not e tha t  thi s progra m wil l  b e use d fo r  othe r  instruction s i n
thi s grou p b y changin g line s 15 0 an d 510 .

A,  HLX$(A) ,  NU$

B,  HEX$(B) ,  NU$

XX,  HEX(XX)  ,  NU$

NU

NU$
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Progra m 19 :
The Exclusiv e O R instructio n ca n us e th e A  o r  B  registe r  an d
any addressin g mod e fo r  th e othe r  operand .  Th e sam e progra m
as  for  AND can  be  use d to  demonstrat e thi s by  changing  lin e
150 t o rea d PRIN T "EOR "  an d lin e 51 0 t o rea d DATA C8 ,  00 .

ADDRESS
4000

4002

4004

4007

OPCODE
C6 0 0

C8 0 0

BD 8C3 7

39

MNEMONIC
LDB #$x x

EOR #$y y

JSR $8C3 7

RTS

COMMENT
Load th e firs t  numbe r  int o
th e B  register .
Exclusiv e O R B  wit h
th e secon d number .
Set  u p th e D  registe r  t o
be returned .
Retur n t o BASIC .

Line s 1 0 -  14 0 a s pe r  Progra m 1 8
150 PRIN T "EOR "
Line s 16 0 -  50 0 a s pe r  Progra m 1 8
510 DATA C8 ,  0 0
Lin e 52 0 a s pe r  Progra m 1 8

Progra m 20 :
The O R instructio n ha s exactl y th e sam e characteristic s a s
th e AN D instructio n excep t  tha t  i t  perform s a  logica l  O R o n
the  bit s instea d of  an  AND.  The  sam e progra m can  be  used ,
agai n changin g line s 15 0 an d 510 .

ADDRESS OPCODE MNEMONIC COMMENT
4000 C 6 0 0 LD B #$x x Loa d th e firs t  numbe r  int o

th e B  register .
4002 C A 0 0 ORB #$y y OR th e B  registe r  wit h

the  secon d number .
4004 B D 8C3 T JS R $8C3 7 Se t  u p th e D  registe r  t o

be returned .
4007 3 9 RT S Retur n t o BASIC .

Line s 1 0 -  14 0 a s pe r  Progra m 1 8
150 PRIN T "OR "
Line s 16 0 -  50 0 a s pe r  Progra m 1 8
510 DATA CA,  0 0
Lin e 52 0 a s pe r  Progra m 1 8

Progra m 21 :
The COMplemen t  instructio n simpl y "toggles "  (i.e .  change s al l
th e bit s previousl y 1  t o 0  an d vice-versa )  al l  th e bit s i n
eithe r  th e A  o r  B  register s o r  a  memor y locatio n usin g an y o f
th e addressin g modes .

ADDRESS OPCODE
4000 C 6 0 0

4002
4003

53
BD 8C3 7

MNEMONIC COMMENT
LDB #$x x Loa d th e firs t  numbe r  int o

th e B  register .
COMP Complemen t  th e B  registe r
JSR $8C3 7 Se t  u p th e D  registe r  t o

be returned .
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4006 39 RTS Retur n t o BASIC.

255) '

Lin e
80

'9 0
100
110
120
130
140
150
160
170
180
190
300
310
320
330
340
350
500
510

10 -  70 ,  th e 'loade r  a s give n abov e
INPUT "ENTE R TH E NUMBER T O B E COMPLEMENTED ( 0

POKE &H4001 ,  A
REM
F$ =  "  !  ## # Tl.  7 .  %"
PRINT "  DEC HEX BINARY "
NU =  A  :  GOSUB 30 0
PRINT USIN G F$ ;  "B" ,  A ,  HEX$(A) ,  NU$
XX =  USROl(X )
NU =  X X :  GOSUB 30 0
PRINT "COM"
PRINT USIN G F$ ;  "=" ,  XX ,  HEX(XX) ,  NU$
GOTO 8 0
REM MAKE NU$ B E TH E BINAR Y OF N U
NU$ =  " "
FOR I  =  0  T O 7
NU$ =  STR$(SGN(N U AND 211) 9 +  NU$
NEXT I
RETURN
DATA C6 ,  00 ,  5 3
DATA BD,  8C ,  37 ,  39 ,  * *

e) Comparison s
Progra m 22 :
The COMPare instructio n ca n inherentl y us e an y registe r  fo r
th e firs t  operan d an d an y addressing ,  metho d t o ge t  th e
second .  Th e demonstratio n progra m display s bot h th e B
registe r  (t o sho w i t  hasn' t  bee n changed )  an d th e C C registe r
t o sho w i t  ha s bee n changed .  Not e tha t  neithe r  o f  th e number s
(registe r  or  memor y location )  is  affecte d in  any  way ,  onl y
th e C C registe r  i s changed .

COMMENT
Load th e B  registe r  wit h
th e numbe r  t o b e compare d
Compare B  registe r  wit h
user-supplie d numbe r
Load A  registe r  wit h C C
registe r  t o b e returne d
Set  u p th e D  registe r  t o
be returned .
Retur n t o BASIC.

ADDRESS
4000

4002

4004

4006

4009

OPCODE
C6 0 0

Cl

I F

BD

39

00

A8

8C37

MNEMONIC
LDB #$x x

CMPB #$y y

TFR A ,  C C

JSR $8C3 7

RTS

Line s 1 0 -  70 ,  th e 'loader '  a s give n abov e
80 INPU T "ENTE R A  NUMBER FOR TH E B  REGISTE R ( 0 -  255) '

A
90 INPU T "ENTE R TH E NUMBER T O B E COMPARED WIT H TH E B

REGISTER". ;  B
100 POKE &H4001 ,  A  :  POKE &H4003 ,  B
110 X X =  USROl(X )
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120 PRIN T "AFTE R TH E COMPARISON:"
130 PRIN T "TH E B  REGISTER HOLDS "  XX-256*INT(XX/256 )
140 N U =  INTT(XX/256 )  :  GOSUB 30 0
150 PRIN T "AN D TH E C C REGISTER HOLDS"  NU$
160 PRIN T TAB(29) ,  "  E  F  H  I  N  2  V  C "
170 GOTO 8 0
Line s 30 0 -36 0 a s pe r  Progra m 1 8
500 DATA C6 ,  0 0
510 DATA Cl ,  0 0
520 DATA IF ,  A 8
530 DATA BD,  8C ,  37 ,  39 ,  * *

Progra m 23 :
The TeS T instructio n set s th e C C registe r  accordin g t o th e
operand .  Th e operan d ca n b e eithe r  th e A  o r  B  registe r  o r  a
memory locatio n usin g an y o f  th e addressin g mode s excep t
immediate .  A s i t  i s  simila r  t o th e COMpare (i.e .  i t  onl y
change s th e C C register )  th e progra m use d fo r  COM wil l  b e
modifie d t o sui t  TST .

COMMENT
Load th e B  registe r  wit h
th e numbe r  t o b e teste d
Test  th e B  registe r
Load A  registe r  wit h C C
registe r  t o b e returne d
Set  u p th e D  registe r  t o
be returned .
Retur n t o BASIC .

Line s 1 C -  70 ,  th e 'loader 1 a s give n abov e
80 INPU T "ENTE R A  NUMBER FOR THE B  REGISTER ( 0 -  255) '

A
IC O POKE &H4001 ,  A
110 X X =  USROl(X )
120 PRIN T "AFTE R THE TEST: "
Line s 13 0 -  50 0 a s pe r  Progran ,  2 3
510 DATA 5 D
520 DATA IF ,  A 8
530 DATA BD,  8C ,  37 ,  39 ,  * *

NOTE:  mak e sur e t o delet e lin e 90 !

ADDRESS
4000

4002
4004

4005

4009

OPCODE
C6 0 0

5D
I F A 8

BD 8C3 7

39

MNEMONIC
LDB #$x x

TESB
TFR A ,  C C

JSR $8C3 7

RTS
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f) The Branc h and Jump Instruction s
The 2 2 instruction s i n thi s grou p allo w th e use r  t o mak e
jump s fro m on e par t  o f  a  machin e cod e progra m t o another .
Thes e jump s ar e broke n u p int o tw o types ;  the y are :  branche s
and jumps .  Branche s mak e jump s relativ e t o th e curren t
progra m counte r  (PC) ,  i.e .  th e ne w P C valu e i s th e ol d P C
valu e plu s th e operan d o f  th e instruction .  Ever y branc h
instructio n ca n hav e eithe r  a n 8-bi t  o r  16-bi t  operan d an d
usuall y branche s o n conditions  i n th e C C register .  Th e jump s
use absolut e addressing ,  i.e .  th e ne w P C \ralu e i s th e operan d
of  th e instructio n an d thi s i s alway s a  16-bi t  number .

Ther e ar e tw o specia l  instructions ,  on e branc h an d on e jump ,
whic h g o t o subroutine s an d thes e ar e covere d i n Progra m 24 .

Progra m 2 3 i s designe d t o b e use d fo r  al l  th e othe r
jumps/branches .

Progiam  23 :

ADDRESS OPCODE MNEMONIC
4000 8 6 0 0 LDA #$0 0
4002 C6 0 0 LD B #$x x
4004 C l  0 0 CMPB #$y y

4006
4008
4009

400C
400D
400E
400F
4010

4013

24 0 7 BCC NEXT
12 NOP
BD 8C3 7 JS R $8C3 7

39 RTS
12 NOP
12 NOP
4C NEXT IN C A
BD 8C3 7 JS R $8C3 7

39 RTS

COMMENT
Set  A  t o zer o
Load tw o value s t o b e
compare d s o a s t o se t
th e flag s
Branc h forwar d t o NEXT
For  late r  us e
Set  u p th e D  registe r  t o
be returne d
Retur n i f  n o jum p mad e
Two unuse d

location s
Incremen t  A  i f  jum p mad e
Set  u p th e D  registe r  t o
be returne d
Retur n t o BASI C

The abov e progra m wil l  retur n a  1  i n th e A  registe r  i f  th e
jum p wa s made ,  otherwis e i t  wil l  retur n 0  i n th e A  register .

Line s 1 0 -  70 ,  th e 'loader 1 a s give n above .
80 INPU T "ENTE R TWO VALUES T O B E COMPARED ( 0 -  255) "

A,  B
POKE &H4005 ,  B

"JUMP MADE"  ELS E PRIN T

00

90 POKE &H4003 ,  A
100 X X =  USROl(X )
110 I F INT(XX/256 )  THEN PRIN T

"JUMP NOT MADE"
120 GOTO 8 0
500 DATA 86 ,  00 ,  C6 ,  00 ,  Cl ,
510 DATA 24 ,  07 ,  1 2
520 DATA BD,  8C ,  37 ,  39 ,  12 ,  12 ,  4 C
530 DATA BD,  8C ,  37 ,  39 ,  * *

To us e th e abov e program  t o tes t  othe r  branch/jum p
instruction s th e onl y lin e tha t  need s t o b e change d i s lin e
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number  510 .  Th e change s ar e a s follows :

BCS
BEQ
BGE
BGT
BHI
BHS
BLE
BLO
BLS
BLT
BMI
BNE
EPC
BRA
BRN
BVC
BVS
JMP

510
510
510
510
510
510
510
510
510
510
510
510
510
510
510
510
510
510

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

25,
27,
2C,
2E,
22,
24,
2F,
25,
23,
2D,
2B,
26,
2A,
20,
21,
28,
29,
4E,

07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
70,

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
OF

Progra m 2 4
Thi s progra m demonstrate s th e las t  instruction s i n thi s
group ,  namel y th e BSR,  JS R an d RT S instructions .  A s BS R an d
JSR ar e identica l  excep t  i n thei r  addressin g mode ,  onl y th e
BSR wil l  b e demonstrated .  Th e progran i  jump s t o a  subroutin e
which  increment s th e A  registe r  the n return s t o th e mai n
program .

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 6 0 0 LD A #$x x Loa d th e A  registe r  wit h

a user-supplie d number
4002 8 D 0 7 BS R INC R Branc h t o th e subroutin e

calle d INC R
4004 1 2 NOP Locatio n unuse d
4005 B D 8C3 7 JS R $803 7 Se t  u p th e D  registe r  t o

be returne d
4008 3 9 RT S Retur n t o BASI C
4009 1 2 NOP Two unuse d
400A 1 2 NOP location s
4004 4 C INC R IN C A  Incremen t  A  i f  jum p mad e
4013 3 9 RT S Retur n t o mai n progra m

Line s 1 0 -  70 ,  th e 'loader '  a s give n above .
80 INPU T "ENTE R A  NUMBER T O B E INCREMENTED ( 0 -  255)" ;

A,  B
90 POKE &H4001 ,  A

100 X X =  USROl(X )
110 PRIN T "TH E A  REGISTER NOW CONTAINS "  INT(XX/256 )
120 GOTO 8 0
500 DATA 86 ,  00 ,  8D ,  07 ,  1 2
510 DATA BD,  8C ,  37 ,  39 ,  12 ,  1 2
520 DATA BD,  8C ,  37 ,  39 ,  * *
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g) The Rotat e Instruction s
The instruction s i n thi s grou p ar e ver y simila r  a s the y
rotat e o r  shif t  al l  th e bit s i n eithe r  th e A  o r  B  registe r  o r
a memor y locatio n usin g an y o f  th e addressin g mode s excep t
immediate .  Fo r  thi s reaso n onl y on e progra m wil l  b e writte n
and a  lis t  o f  change s t o b e mad e fo r  th e othe r  instruction s
wi1 1 follow .  Th e progra m wil l  as k th e use r  fo r  a  number ,  an d
whethe r  t o se t  o r  rese t  -_;h e carr y bit .  I t  wil l  the n displa y
th e numbe r  i n decimal ,  hexadecima l  an d binar y an d th e carr y
bit ,  the n rotat e o r  shif t  th e numbe r  an d displa y it ,  agai n i n
th e sam e format .
Progra m 25 :

ADDRESS OPCODE
4000
4002

4005

4007

MNEMONIC COMMENT
1A 0 1 ORCC Se t  th e carr y bi t
78 410 0 AS L $410 0 Rotat e th e user-supplie d

number
I F A9  TFR  CC, B Transfe r  the  CC registe r

be returne d
39 RT S Retur n t o BASI C

&HFE

Line s 10  -  79,  the  'loader '  as  give n above .
80 INPU T "ENTE R TH E NUMBER T O ROTATE ( 0 -  255)" ;  A
90 INPU T "CARRY BI T SE T OR RESET ( S -  R)" ;  B $

100 POKE &H4003 ,  A
110 I F B $ =  "R "  THEN POKE &H4000 ,  &H1C :  POKE &H4001 ,

120 I F B $ ( )  "S "  THEN 9 0
130 POKE &H4000 ,  &H1A :  POKE &II4001 ,  &H01
140 PRIN T "ASL/LSL "
150 F $ =  "  ## # 7,7.  7 .  V
160 PRIN T "BEFORE" ;  :  GOSUB 20 0
170 X X =  USROl(X )
180 PRIN T "AFTER" ;  :  GOSUB 20 0
190 GOTO 8 0
200 NU$ =  " "  :  N U =  PEEK(&H4001 )
210 FOR I  =  C  T O 7
220 NU$ =  STR$(SGN(N U AND If2) )
230 NEXT I
240 PRIN T USIN G F$ ;  NU;  HEX$(NU) ;  NU$
250 I F X X AND 1  THEN PRIN T "CARRY BI T SET "  ELSE  PRIN T

"CARRY BI T RESET"
260 RETURN
500 DATA 1A ,  0 1
510 DATA 7 8
DATA 71 ,  00 ,  IF ,  A9 ,  3 9

For  th e othe r  rotat e instruction s mak e th e followin g change s
t o line s 14 0 an d 510 .

140 PRIN T "ASR "  51 0 DATA 7 7
140 PRIN T "LSR "  51 0 DATA 7 4
140 PRIN T "ROL "  51 0 DATA 7 9
140 PRIN T "ROR"  51 0 DATA 7 6
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h) The Stack Handlin g Instruction s

The progra m belo w wil l  onl y be  a  simpl e demonstratio n of  wha t
thes e instruction s do .  I t  wil l  promp t  th e use r  fo r  a  numbe r
whic h i t  wil l  pu t  int o th e X  inde x register .  Th e X  register
wil l  be  pushe d ont o the  use r  stac k the n the  D  registe r  wil l
be pulle d fro m the  use r  stac k and  the  numbe r  displayed .  The
reade r  i s encourage d t o experimen t  furthe r  wit h th e PS H an d
PUL instruction s bu t  b e sure  tha t  ther e i s th e sam e numbe r
of  PUL' s a s ther e ar e PSH's .
Progra m 26 :

ADDRESS OPCODE MNEMONIC COMMENT
4000 8 E 000 0 LD X #$xxx x
4003 CE 410 0 LD U #$410 0
4006 3 6 1 0 PSHU X
4008 3 7 0 6 PULU D
400A B D 8C3 7 $8C3 7
400D 3 9 RTS

Line s 1 0 -  70 ,  th e 'loader 1 a s give n above .
80 INPU T "ENTE R A  NUMBER T O B E PUSHED ONTO TH E U  STACK

( 0 -  255)" ;  A
90 POKE &H4001 ,  A-256*INT(A/256 )

100 POKE &H4002 ,  INT(A/256 )
110 PRIN T "TH E NUMBER ON TOP OF TH E U  STACK I S "USROl(X )
120 GOTO 8 0
500 DATA 8E ,  00 ,  00 ,  CE,  41 ,  0 0
510 DATA 36 ,  10 ,  37 ,  0 6
520 DATA BD,  8C ,  37 ,  39 ,  * *

i) The Interrup t Instruction s

Thes e instruction s ar e no t  demonstrate d bu t  th e reade r  ca n
writ e hi s ow n routin e whic h use s thes e instructions .
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CHAPTER 15

Programmin g
Your Dragon

Plannin g Your Machin e Languag e Program s

Machin e languag e programming  i s extreml y flexibl e i n tha t  i t
a'>.  low s yo u t o d o jus t  abou t  anythin g a t  all .

Sinc e al l  highe r  leve l  language s ultimatel y hav e t o com e dow n
t o machin e language ,  i t  follow s tha t  anythin g yo u ca n progra m
i n FORTRAN o r  COBOL o r  an y othe r  languag e ca n b e don e i n
machin e language .  Wit h th e additiona l  advantag e tha t  th e
machin e languag e progra m wil l  b e th e faste r  one .

Thi s tota l  flexibilit y ca n howeve r  als o b e a  tra p t o th e
unwar y programmer .  Wit h s o muc h freedom ,  i t  i s  possibl e t o d o
anything .  Unlik e th e DRAGON"s operatin g syste m (BASIC) ,  fo r
example ,  ther e ar e n o check s o n whethe r  a  statemen t  i s a
lega l  one .

Since  al l  number s yo u ca n ente r  wil l  b e a n instructio n o f  on e
kin d o r  another ,  th e 680 9 wil l  proces s anything .
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But  beyon d th e problem s o f  checkin g whethe r  th e synta x i s
legal ,  machin e languag e programmin g ha s n o constraint s o n
you r  logi c -  yo u ca n perfor m functions ,  jumps ,  etc .  whic h
woul d b e totall y  illega l  i. n an y highe r  lev e 1  language .

I t  i s therefor e o f  th e utmos t  importanc e t o disciplin e
yoursel f  in  the  desig n of  you r  program .  We canno t  recomen d
to o highl y th e concep t  o f  th e 'top-down '  approac h i n design ,
especiall y i n th e desig n o f  machin e languag e programs .

The 'top-down '  approac h force s you  to  brea k the  proble m int o
smalle r  units ,  an d enable s yo u t o chec k th e logi c o f  you r
desig n withou t  doin g any  codin g for  a  lon g time .

Suppos e yo u wante d t o writ e a  luna r  lande r  program :
The ver y firs t  ste p migh t  loo k somethin g lik e this :

INSTR Displa y instruction s
jum p bac k t o INST R til l  ENTER presse d

DRAW Dra w landscape ,  star t  lande r  a t  to p

LAND Mov e lande r
I f  fue l  finishe d g o t o CRASH
Jump bac k t o INST R i f  no t  groun d

GROUND Prin t  congratulation s
Jump bac k t o INST R fo r  nex t  g o

CRASH Prin t  Commiseration s o n ba d landin g
Jump bac k t o INST R fo r  nex t  g o

Notic e ho w thi s 'program '  i s writte n totall y  i n English .  A t
thi s stage ,  n o decisio n ha s bee n mad e whethe r  th e progra m i s
to  be  writte n in  BASI C or  machin e language .  Nor  is  it
necessar y t o mak e tha t  decisio n -  th e concep t  o f  th e luna r
lande r  progra m is  not  dependen t  on  the  coding .

148



Now come s th e par t  o f  logi c testing .
You pla y th e par t  o f  th e compute r  an d se e i t  al l  th e
possibilitie s yo u wis h t o se e i n th e progra m ar e covered .

Ar e ther e an y jump s t o code  tha t  yo u mean t  t o writ e bu t
forgot ? Ar e som e routine s redundant ? Shoul d som e o f  the m b e
put  into  subroutines ?

Let  u s loo k a t  th e 'program '  agai n -  w e forgo t  t o allo w fo r  a
finis h t o th e program !

The abov e logi c migh t  b e fin e fo r  som e applications ,  suc h a s
an arcad e machine ,  bu t  i n you r  program s yo u may decid e yo u
woul d lik e t o sto p th e program .

We no w chang e th e las t  par t  o f  th e progra m a s follows :

GROUND Prin t  congratulation s
Jump to  finis h

CRASH Prin t  commisera t  ion s o n ba d landin g
FINIS H As k playe r  i f  finishe d

I f  not ,  jum p t o INST R
I f  yes ,  STOP

Not e tha t  w e hav e use d label s t o describ e certai n line s i n
th e program .  Thes e ar e ver y valuable ,  th e mor e s o i f  yo u
choos e shor t  label s whic h ar e descriptiv e i n meaning .

Once thi s leve 1 i s finished ,  yo u mov e dow n a  leve 1 t o d o th e
same thin g to  one  of  the  line s or  module s above .  Thi s i s why
thi s approac h i s calle d 'top-down' .

For  exampl e w e ca n expan d th e 'finish '  modul e above :

FINIS H Clea r  screen
Prin c "Woul d you  like  to  sto p now? "
Scan keyboar d fo r  inpu t
I f  inpu t  =  ye s the n sto p
Jump t o INST R

The benefi t  o f  th e top-dow n approac h i s tha t  yo u ca n tes t  an d
ru n a  particula r  modul e o n it s own ,  s o tha t  i t  i s  read y fo r
th e fina l  program .

Let s u s g o dow n anothe r  leve l  again ,  an d loo k a t  th e "Clea r
screen "  lin e i n mor e detail .

At  thi s stag e w e d o hav e t o decid e o n wha t  languag e w e wil l
writ e th e progra m in ,  an d le t  u s choos e machin e languag e o n
th e DRAGON.

I f  yo u wer e writin g i n BASIC ,  al l  yo u woul d hav e t o sa y is :
900 CL S

but  i n machin e languag e tha t  simpl e sentence ,  'clea r  screen 1

ca n b e deceptive .
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We migh t  therefor e d o somethin g lik e this :
CLEAR Fin d th e star t  o f  scree n

Fil l  th e nex t  614 4 positions  wit h blank s

We stil l  haven' c don e an y coding ,  bu t  obviousl y th e approac h
i s base d o n machin e language .  No w i s th e tim ^  t o loo k mor e
closel y a t  exactl y wha t  thi s clea r  scree n routin e i s mean t  t o
do an d wha t  i t  actuall y doe s do ,  b y agai n pretendin g t o b e
th e computer .

I t  seem s tha t  i t  doe s everythin g tha t  i t  i s  mean t  t o s o w e
continu e o n t o th e nex t  stage .

The nex t  leve l  dow n i s th e on e wher e yo u mus t  finall y d o th e
coding ,  so  let  us  loo k at  fillin g the  scree n wit h blanks :

CLEAR LD:. ;  #$060 0 Star t  o f  scree n
LDD #$000 0 D  =  blank s

LOOP ST D ,X+ + Blan k curren t  positio n
and mo\/ e t o th e nex t
positio n

CMPX #$1E> 0 Test ,  en d o f  screen ?
BNE LOOP No ,  g o bac k agai n

You shoul d b e abl e t o dea l  wit h program s o f  thi s lengt h quit e
easil y an d i n thi s wa y buil d u p ver y comple x programs .  B y th e
way,  yo u n o doub t  understan d now ,  wh y machin e languag e
program s ten d t o b e s o lon g an d wh y peopl e invente d highe r
leve l  languages !
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Enterin g and Runnin g Machin e Languag e Program s
Ther e ar e tw o way s t o ente r  informatio n directl y int o memory :
POKEing an d CLOADMing.  These ,  tw o commands allo w yo u t o
actuall y se t  memor y locations  t o certai n values .

I f  yo u ar e no t  goin g t o b e writin g a  multitud e o f  machin e
languag e program s th e easies t  wa y t o store ,  ente r  an d ru n
you r  programs ,  whil e the y ar e bein g developed ,  i s t o hav e
the m a s DATA i n a  BASI C program .  Thi s make s editin g the m
quit e simpl e especiall y  i f  yo u us e a  conventio n suc h a s onl y
havin g on e instruction/operan d pe r  DATA statement .  When you r
machin e languag e progra m i s finishe d (runnin g correctly) ,
immediatel y afte r  RUNnin g th e BASI C program ,  CSAVEM you r
machin e languag e program  fo r  futur e use .  Remember ,  wheneve r
yo u ar e mixin g BASI C program s wit h machin e cod e programs ,  t o
se t  th e uppe r  limi t  tha t  BASI C ca n us e wit h th e CLEAR
statement ,  otherwis e th e program s ca n destro y eac h other .

On th e othe r  han d i f  yo u ar e goin g t o b e doin g lo t  o f  machine
languag e programmin g the n yo u nee d a  monito r  program ,  o r
bette r  stil l  a  ful l  assembler/editoi .  I f  yo u loo k aroun d yo u
wil l  fin d a  fe w assembler/editor s o n th e marke t  bu t  i f  yo u
want  t o ge t  ou t  o f  i t  cheaply ,  I  hav e include d a  monito r
progra m wit h whic h yo u ca n enter ,  modify ,  an d execut e a
machin e languag e progra m a s wel l  a s conver t  number s fro m
hexadecima l  t o decima l  an d vice-versa .

The commands fo r  th e monitor ,  thei r  format s an d a  descriptio n
of  eac h i s given  belo w followe d b y th e progra m listing .

M -  M(address )  -  Memor y examin e an u change .
-  whe n thi s command i s used ,  th e address ,  th e content s o f  th e
addres s an d a  hyphe n ar e displayed .  Th e tw o arro w key s o n th e
left ,  displa y th e nex t  highe r  an d lowe r  addres s respectively .
I f  a t  an y tim e yo u wan t  t o chang e th e content s o f  th e addres s
bein g displaye d hi t  C  an d ente r  th e valu e (i n hex) .  T o retur n
t o command leve l  ke y ENTER directl y afte r  a  hyphe n i s
displayed .

D -  D(address )  -  Displa y memor y
-  Thi s wil l  displa y th e memor y  ii i  group s o f  fou r  byte s
followe d o n th e sam e lin e b y th e fou r  character s whic h
represen t  th e memory' s contents .  Afte r  on e screen  ful l  o f
memory i s displayed ,  th e listin g stop s an d wait s fo r  yo u t o
selec t  a n optio n -  a  spac e wil l  giv e yo u anothe r  scree n ful l
of  informatio n -  an y othe r  ke y wil l  retur n t o th e command
mode.

F -  F( b address )  ( e address )  (string )  -  Fin d a  strin g i n
memory.
-  Thi s searche s memor y beginin g a t  ( b address )  throug h t o ( e
address )  fo r  th e characte r  string ,  (string) .  Al l  th e
addresse s whic h poin t  t o th e star t  o f  (string) ,  i f  ther e ar e
any ,  ar e displayed .
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C -  C D  (number )
-  C  H  (number )

-  Thi s convert s th e numbe r  (number )  t o eithe r  he x o r  decima l
dependin g o n whethe r  H(decima l  t o hex )  o r  D(he x t o decimal )
i s specified .

J -  J(address )  -  Jum p t o machin e languag e progra m
-  Thi s cause s th e machin e languag e progra m startin g a t
(address )  t o b e executed .

E -  E  -  Exi t  t o BASIC .
NOTE:  Al l  addresse s mus t  b e fou r  he x digits .
Format s mus t  b e exactl y a s shown ,  i.e .  n o spac.e s betwee n th e
command lette r  an d th e first  addres s (excep t  fo r  C )  an d 1
space  between  al l  othe r  parameters .

The next ,  sectio n contain s sampl e machin e languag e program s
fo r  yo u t o use ,  eithe r  a s par t  o f  you r  ow n program s o r  a n
exampl e o f  what  ca n b e don e i n machin e code .  Thes e program s
can b e entere d i n an y o f  th e method s mentione d above .  I f  yo u
ar e usin g th e abov e monito r  progra m o r  similar ,  the n yo u nee d
t o ente r  th e actua l  he x bytes .  I f  yo u hav e a n assemble r  the n
you onl y nee d t o ente r  th e mnemonic s (instructions )  an d
operand s (yo u migh t  lik e t o ente r  th e comment s fo r  future
rt. f  erenc e a s well) .

The assemble r  listing s supplie d hav e th e followin g format :

COLUMN 1 :  Progra m lin e number .  Produced  b y th e assembler .  Yo u
do no t  hav e t o ke y thi s in .

COLUMN 2 :  Memor y address .  Produce d b y th e assembler .  Yo u hav e
t o tak e not e o f  thi s i f  yo u ar e no t  usin g a n assemble r  s o yo u
kno w wher e t o ente r  th e he x bytes .  When usin g th e abov e
monito r  yo u onl y nee d t o ente r  th e firs t  addres s an d th e
progra m automaticall y move s ont o th e nex t  address ,  i t  i s  a
good ide a t o occasionall y chec k tha t  yo u ar e puttin g th e
righ t  number s i n th e righ t  addresses .

COLUMN 3 :  Instructio n &  operand .  Produce d b y th e assembler .
Thi s ca n b e u p t o four ,  tw o digi t  he x numbers .  Th e firs t
number  goe s i n th e addres s immediatl y t o it' s left ,  th e nex t
number  goe s i n tha t  addres s plu s one ,  etc .

THE REST:  Mnenonic ,  operan d an d comments .  Thi s i s wha t  th e
assemble r  use s t o produc e th e abov e columns .  I f  yo u ar e usin g
an assemble r  the n thi s i s al l  yo u need .  I f  yo u ar e no t  usin g
an assemble r  the n yo u nee d no t  ente r  thi s a t  all .

EXAMPLE OF HOW T O ENTER PROGRAM LINE S

Thi s i s a  ste p b y ste p exampl e o f  ho w t o ente r  a  lin e o f  a
progra m fro m th e assemble r  listing .  Th e lin e t o b e use d a s a n
exampl e i s lin e number  4 5 i n th e PI A program .  Th e lin e is :
0045 408 F A62 3 DDRB LD A 3, Y Se t  DDRB selec t  bi t  t o 0
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When usin g a n assembler :
I f  you r  assemble r  require s yo u t o ente r  i n your  ov- n lin e
numbers ,  the n yo u nee d t o typ e 0045 ,  otherwis e ignor e it .
Next  typ e 'DDR B LD A 3,Y' .  Thi s i s a  labe l  (DDRB) ,  a n
instructio n (LDA )  an d a n operan d (3,Y) ,  The n i f  yo u wis h t o
hav e comment s i n you r  progra m fo r  futur e reference ,  typ e i n
'Se t  DDRB selec t  bi t  t o 0 '

When not  usin g an  assembler :
Afte r  loadin g an d runnin g a  monito r  o r  simila r  progra m an d
goin g int o th e mod e tha t  let s yo u ente r  he x byte s ( M i n th e
abov e monitor )  yo u nee d t o g o throug h ^h e assemble r  listin g
pickin g ou t  th e byte s (instructio n an d operands )  tha t  nee d t o
be entere d an d ente r  them .  Th e he x byte s fo r  th e instructio n
and operan d ar e locate d i n th e thir d column .  Not e tha t
some line s hav e what  i s calle d pseud o operand s whic h ar e
instruction s t o th e assemble r  no t  t o th e processor .  Onl y
ente r  th e number s when  ther e i s a n addres s directl y afte r  th e
1in e number .  Some time s ther e ar e number s i n th e addres s
colum n tha t  ar e no t  addresse s an d therefor e th e lin e shoul d
be ignored.  Al l  th e program s i n thi s boo k star t  a t  $400 0 s o
th e addresse s wil l  star t  a t  400 0 an d increas e a s th e progra m
goes on .  Th e addresse s increas e continuosl y b y th e sam e
number  o f  byte s a s ther e ar e o n th e line ,  thi s  d s usual y 2  o r
3 bu t  ca n b e more .  A s a n exampl e line s 0001 ,  000 2 an d 000 3
(i n progra m PIA )  ca n b e ignore d a s thes e tel l  th e assemble r
wher e t o star t  th e addresse s an d th e value s o f  tw o constant s
(thes e ca n b e ignore d a s yo u ente r  th e byte s directl y int o
th e addresse s an d Ub e actua l  number s no t  labels) .  Lin e 000 4
has a n addres s i n th e secon d colum n s o th e tw o by^e s (20 ,  7D )
i n th e thir d colum n nee d t o b e entere d a t  addresse s $400 0 an d
$4001 respectively .  Line s 000 5 an d 000 6 hav e addresse s bu t  n o
byte s s o thes e addresse s mus t  b e lef t  blan k (thes e ar e goin g
t o b e use d a s variables) ,  the n lin e 000 7 ha s a n addres s an d
byte s t o b e entered .  Let' s preten d tha t  w e ar e no w u p t o lin e
0045 (havin g jus t  type d i n lin e 0044) ,  an d i t  i s  tim e t o
chec k tha t  yo u ar e doin g th e righ t  thing .  Th e monito r  progra m
shoul d no w displa y addres s 408 F fo r  yo u t o change .  I f  thi s i s
not  th e cas e the n yo u hav e mad e a  mistak e i n th e -lumbe r  o f
byte s yo u hav e type d i n an d yo u nee d t o loo k bac k an d se e
wher e yo u wen t  wrong .  I f  th e monito r  i s  displayin g th e righ t
addres s i t  st i l l  doesn' t  mea n tha t  yo u hav e type d i n t'.i e byt e
correctl y jus t  th e righ t  numbe r  o f  them .  I t  i s  probabl y bes t
t o hav e someon e rea d ou t  wha t  yo u hav e entere d whil e yo u rea d
throug h th e listin g checkin g tha t  the y ar e th e same .  Thi s
chec k shoul d b e don e periodicall y throughou t  you r  typin g
becaus e i f  yo u d o leav e ou t  o r  pu t  i n a n extr a byt e th e whol e
progra m need s t o b e retype d fro m th e addres s a t  whic h yo u
made th e error .

Back t o th e exampl e o f  lin e 0045 .  Th e monito r  i s  displayin g
addres s 408 F an d waitin g fo r  you .  Yo u the n hav e t o change  th e
content s o f  tha t  addres s (th e procedur e wil l  b e differen t  fo r
differen t  monitor s -  C  fo r  th e on e i n th e book)  t o A 6 (th e
firs t  byt e i n th e thir d column) .  Th e monito r  shoul d the n
displa y addres s 409 0 an d wai t  fo r  yo u again .  Th e content s o f
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thi s addres s shoul d b e change d t o 2 3 an d the n yo u ar e read y
fo r  Ch e nex t  lin e (0046) .

Not e tha t  i t  i s  strongl y recomende d tha t  yo u CSAVEM you r
progra m befor e tryin g t o us e it ,  otherwis e i t  wil l  hav e bee n
a bi g wast e o f  tim e typin g i t  al l  i n i f  i t  destroy s itself .

So g o t o i t  an d enjo y th e wonderfu l  worl d o f  machin e
language .
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Monito r Progra m
5 HD$="0123456789ABCDEF "

10 PRINT'COMMANDS :M ,  D ,  F ,  C ,  J ,  E "
20 INPU T CL$:CT$=LEFTS,(CL$,1 )
25 I F CT$=""THEN1 0
30 CT=INSTR("MDFCJE",CT$ )
40 I F CT= 0 THEN 1 0
50 ON C T GOSUB 100,300,400,500,600,70 0
60 GOT010

100 BA=VAL("&H"+MID$(CL$,2,4) )
110 I F BA< 0 OR BA>&HFFFF THEN 90 0
120 AC=PEEK(BA)
130 PRIN T HEX$(BA) "  "HEX$(AC) "  -  " ;
140 MC$=INKEY$:IF  MC$=" "  THEN140
150 MC=ASC(MC$)
160 I F MC=94 THEN BA=BA+1:PRINT:GOT011 0
170 I F MC=10 THEN BA=BA-1:PRINT:GOT011 0
185 I F MC=13 THEN PRINT:RETUR N
190 I F MC$O"C"  THEN14C
200 INPU T MC$
220 NB=VAL("&H"+MC$):I F NB<0 OR NB>&HFF THEN PRINT:RETUR N
230 POKEBA.NB
240 BA=BA+1:GOT012 0
300 BA=VAL("&H"+MID$(CL$,2,4) )
310 I F B< 0 OR BA>&HFFFF THEN900
320 CNT=0
325 PRINTHEX$(BA) ;
330 FORI=OT03:PRINT "  "HEX$(PEEK(BA+I));:NEXT I
335 PRINT "  " ;
340 FORI=OT03:PRINT "  "CHR$(PEEK(BA+1));:NEXTI:PRIN T
345 BA=BA+4
350 I F CNT<14 THEN CNT=CNT4-1 :  GOT0325
355 PRIN T
360 CNT=0
370 MC$=INKEY$:IF  MC$=""THE N 37 0
330 I F MC$="  "THEN325ELS E RETURN
400 BA=VAL("&H"+MID$(CL$,2,4) )
410 BE=VAL("&H"+MID$(CL$,7,4) )
420 I F E< 0 OR BA>&HFFFF OR BE<BA OR BE>iHFFF F THEN900
430 FS$=MID$(CL$,12):rL=LEN(FS$ )
440 FORI=B A T O B E
450 I F PEEK(I)OASC(LEFT$(FS$,1))THEN49 0
460 FOR J  = I  T O I  +  FL- 1 :  I F PEEK (  J  )  < > AS C (  MID $ (
FS$,  J-I+1 ,  1  ) )  THEN 49 0
470 NEXTJ
480 PRIN T HEX$(I )
490 NEXTI:RETUR N
500 I F MID$(CL$,3,1)<>"D"THEN52 0
510 PRIN T VAL("&H"+MID$(CL$,5)):RETUR N
520 I F MID$(CL$,3,1)O"H "  THEN RETURN
530 PRINTHEX$(VAL(M1D$(CL$,5))):RETUR N
600 BA=VAL("&H"+MID$(CL$,2) )
610 I F BA< 0 OR BA>S,HFFF F THEN900
700 END
900 PRINT'ILLEGA L HEX ADDRESS"
910 END
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CHAPTER 16

Sampl e Program s

Introductio n

The program s containe d i n thi s chapte r  have  bee n writte n wit h
tw o purpose s i n mind ;  t o demonstrat e machin e languag e
programmin g an d t o give  example s o f  ho w t o mak e th e mos t  ou t
ot  you r  DRAGON usin g machin e code .

Befor e givin g yo u th e actua l  program s ther e i s a  shor t
descriptio n o n eac h o f  th e majo r  chips ,  apar t  fro m th e CPU.
Thes e chip s includ e th e PIA ,  VDG an d th e SA M fo r  withou t
thes e thre e chip s th e CPU woul d b e totall y senseles s (withou t
sense s tha t  is) .

The PIA (Periphera l Interfac e Adaptor )

The PI A i s th e mai n controlle r  o f  th e I/ O (Input/Output )  o f
th e DRAGON.  Al l  communicatio n wit h th e outsid e worl d i s
channele d throug h th e PI A o r  controlle d b y i t  i n som e way .

I n th e DRAGON ther e ar e tw o o f  thes e PI A chip s an d eac h PI A
has  two  'ports' .  A  por t  is  lik e a  gat e wher e informatio n
(instead  o f  cows )  ca n pas s through .  Eac h por t  ha s thre e
registei s t o contro l  it s  behaviou r  -  PDR,  DDR,  C R (
Periphera l  Dat a Register ,  Dat a Directio n Registe r  an d th e
Contro l  Registe r  )
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The PDR i s th e registe r  whic h i s th e actua l  gat e i.e .  wher e
th e informatio n passe s through .  Th e dat a i n thi s registe r  ca n
be eithe r  inpu t  o r  outpu t  (  controlle d b y th e DDR' s ) .

The DDR contain s th e directio n o f  th e PDR.  Thi s control s th e
directio n tha t  th e dat a i n th e PDR i s going .  Eac h bi t  ca n b e
set  irrespectiv e o f  an y other s aboun d it .  Thi s mean s tha t  on e
PDR may hav e bot h inpu t  an d outpu t  lines .  Th e PDR' s an d thei r
correspondin g DDR' s shar e th e sam e address .  T o acces s th e
correc t  registe r  a  bi t  i s  se t  i n th e correspondin g contro l
registe r  (se e below) .

The C R control s al l  sorts  o f  things .  I t  ca n contro l  device s
tha t  ar e eithe r  o n o r  off ,  i t  select s betwee n PDR an d DDR an d
als o control s interrupts .

PI A 0  i s locate d a t  addres s $FFOO -  $FF0 3 an d PI A 1  i s
locate d a t  addres s $FF2 0 -  $FF2 2 bu t  becaus e the y do'no t  hav e
a ful l  addres s decoder ,  ar e repeate d seve n time s sequentiall y
up the  memor y map .  For  exampl e the  registe r  at  $FFOO is  the
same a s th e on e a t  $FF0 4 i s th e sam e a s th e on e a t  $FF0 8 etc .

PIA  0  is  mainl y use d for  handlin g the  keyboar d and  joystick s
(  se e pag e 16 2 fo r  a n exampl e )
PI A 1  ha s a  variet y o f  use s -  th e si x bi t  numbe r  fo r  th e

D -  A  converter .
-  th e printe r  strobe .
-  cassett e input .
-  control s th e VDG.
-  singl e bi t  sound .

DETAILS OF TH E PIA' S ON TH E DRAGON

ADDRESS DESCRIPTION

$FFOO PDROA Keyboar d ro w inpu t  afte r  selectin g th e ro w t o
be examine d wit h $FF0 2 (se e below) .  Th e
informatio n returne d i s  1' s wher e a  ke y i s no t
presse d an d O' s wher e i t  is .
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$FF01 CROA bO.b l  -  Contro l  o f  th e horizonta l  syn c cloc k
b2 -  DDR (0 )  /  PDR (1 )
b3 -  SEL 1 -  LS B o f  analogu e MUX selec t  lines .
b4,b5  -  i  alway s
b6 -  no t  use d
b7 -  horizonta l  interrup t  fla g

$FF02 PDROB Keyboar d ro w select .  Sen d al l  1' s  excep t  fo r  a
0 i n th e bi t  correspondin g t o th e ro w t o b e

examine d

$FF03 CROB bO,b l  -  contro l  o f  fiel d syn c cloc k
b2 -  DDR (0 )  /  PDR (1 )
b3 -  SEL 2 MSB o f  analogu e MUX selec t  line s
b4,b 5 -  1  alway s
b6 -  no t  use d
b7 -  fiel d syn c interrup t  fla g

$FF20 PDR1A b O -  cassett e inpu t
b]  -  printe r  strob e ou t
b2-b 7 -  A  -  D  inpu t

$FF21 CR1A b O -  printe r  acknowledge ,
b1 — unused .
b2 -  DDR (0 )  /  PDR (1 )
b3 -  cassett e moto r  contro l  ON (1 )  /  OFF (0 )
b4,b 5 -  1  alway s
b6 -  no t  use d
b7 -  C D interrup t  fla g

$FF22 PDR1B b O -  printe r  bus y
bl  -  singl e bi t  soun d
b2 -  RAM siz e 0  =  4K ,  1  =  16 K
b3-b 7 -  VDG contro l  line s

$FF23 CRI B bO.b l  -  contro l  o f  cartridg e interrupt s
b2 -  DDR (0 )  /  PDR (1 )
b3 -  si x bi t  soun d enable
b4,b 5 -  1  alway s
b6 -  no t  use d
b7 -  cartridg e interrup t  fla g
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Screen Memory

The Drago n ha s a  "memory-mapped"  display .  Thi s mean s tha t
ther e i s a  bloc k o f  byte s somewher e i n memory ,  which
specifie s th e content s o f  th e screen .  Eac h byt e hold s th e
dat a tha t  determine s th e do t  patter n tha t  i s displaye d a t  th e
characte r  locatio n tha t  correspond s t o tha t  byte .  Fo r
instance ,  th e norma l  tex t  scree n i s locate d i n memor y
location s $400-$5FF .  Th e byt e a t  locatio n $40 0 determine s
whic h characte r  i s i n th e to p lef t  corne r  o f  th e screen  (  Se e
appendi x F  fo r  th e code s fo r  th e character s ) .  Th e byt e a t
$401 specifie s th e characte r  i n th e secon d positio n o f  th e
firs t  line .  Thi s continue s unti l  w e ge t  t o th e las t  characte r
i n th e line ,  whic h i s specifie d b y th e byt e a t  $41F .  Locatio n
$420 contain s th e firs t  characte r  o f  th e seco.i d line ,  an d s o
on.

Bot h th e tex t  an d semigraphic s mode s 4  an d 6  wor k o n thi s
basis ,  wit h on e byt e fo r  eac h characte r  position .
Semigraphic s mode s 8 ,  12 ,  an d 2 4 ar e peculia r  mode s requirin g
4,  6 ,  an d 1 2 byte s fo r  eac h characte r  position .  I f  yo u ar e
reall y enthusiastic ,  se e appendi x B ,  bu t  thes e mode s ar e
rarel y used .  Th e ful l  graphic s mode s ar e th e mos t
interes t  ing .

I n th e ful l  graphic s mode s yo u hav e contro l  ove r  indivdua l
pixel s (shor t  fo i  pictur e elements) .  A  pixe l  i s  th e smalles t
dot  tha t  ca n b e addresse d o n th e scree n an d the y hav e
differen t  size s i n differen t  modes ,  th e rang e o f  differen t
colour s eac h pixe l  ca n hav e i s als o determine d b y th e mode .
I f  yo u hav e smal l  pixels ,  yo u ca n mak e mor e detaile d
pictures .  Howeve r  mor e pixel s ar e needed ,  s o mor e memor y i s
required .  Thes e pixel s ca n b e i n eithe r  tw o colour s o r  4
colours .  On e bi t  i s  enoug h t o specif y th e colou r  o f  a  pixe l
i n '_wo-colou r  mode .  Therefore ,  i n on e byt e yo u ca n fi t  8
pixel s (  se e appendi x B  ) .  Th e firs t  byt e o f  scree n memor y
specifie s th e colour s o f  th e first  8  pixel s i n th e firs t  ro w
of  pixels .  Th e nex t  byt e specifie s th e colour s o f  th e nex t  8
pixel s i n th e first  row ,  an d s o on .  Tw o bit s ar e require d t o
specif y th e colou r  o f  a  pixe l  i n 4  colou r  mode .  Therefore ,
onl y fou r  pixel s fi t  i n eac h byt e givin g pixel s twic e a s wid e
i.e .  hal f  th e resolution .  Th e colou r  o f  eac h pixe l  i s
specifie d by  a  pai r  of  bit s in  the  byt e (  see  appendi x B  ).

The Hardwar e
The graphic s displa y o n th e Drago n i s controlle d b y tw o
chips .  Th e firs t  i s  a n MC6847 Vide o Displa y Generato r  (  o r
VDG fo r  shor t  !  ) .  Thi s chi p read s th e scree n memor y an d
interpret s it .  I t  create s a  signa l  fo r  th e T.V .  se t  whic h
wil l  displa y th e picture .  Acces s t o thi s chi p i s throug h th e
B dat a por t  o f  PI A 2  (  locatio n DEVPIA=$FF2 2 ) .  Th e 5  mos t
significan t  b i  u s (  bit s 3  t o 7  )  ar e connecte d t o th e VDG.
Bi t  3  specifie s th e colou r  se t  (  0  fo r  colou r  se t  0 ,  1  fo r
colou r  se t  1 ,  sensibl y enoug h !  ) .  Bit s 4  t o 7 ,  (  togethe r
wit h th e displa y mod e registe r  o f  th e SA M describe d belo w )
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specif y the  mode .

The othe r  chi p i s a n MC6883 Synchronou s Addres s Multiplexe r
(o r  SAM) .  Thi s chi p generate s timin g signals ,  an d control s
accesse s t o th e dynami c RAM.  I t  share s th e RAM betwee n th e
CPU an d th e VDG.  I t  contain s variou s register s wit h a  tota l
of  1 6 bits.  Thes e ar e se t  on e bi t  a t  a  time ,  b y writin g t o
variou s location s i n memory .  Bi t  0  i s  cleare d b y writin g an y
byt e t o addres s DEVSAM (  addres s $FFC O ) .  I t  i s  se t  b y
writin g t o addres s DEVSAM+1 (  addres s $FFC 1 ) .  Bi t  1  i s
cleare d (set )  b y writin g t o addres s DEVSAM+2 (DEVSAM+3) ,  an d
so o n u p t o bi t  15 ,  whic h i s cleare d (set )  b y writin g t o
addres s DEVSAM+30 (DEVSAM+31) .  Bit s 0  t o 2  hel p t o contro l
the  displa y mode ,  and  are  referred  to  as  the  displa y mod e
register .  Bit s 3  t o 9  specif y th e star t  locatio n o f  th e
scree n currentl y bein g displaye d (  i n multiple s o f  51 2 byte s
) ,  an d ar e referre d t o a s th e pag e selec t  register .

Bot h device s hav e t o b e correctl y se t  u p t o displa y a
graphic s screen .  Th e followin g i s a  tabl e o f  th e value s
require d fo r  th e main  modes .

mode resolutio n colour s siz e DMR VDG

text/SG 4
SG6
SG8
SG12
SG24
CG
CG
CG
CG mod e
CG mod e
CG mod e
CG mod e
CG mod e

0
1
2
3
4

..-, -  — .  :

64 x  3 2
64 x  4 8
64 x  6 4
64 x  9 6
64 x  19 2
64 x  6 4
128 x  6 4
128 x  6 4
128 x  9 6
128 x  9 6
128 x  19 2
128 x  19 2
256 x  19 2

-- !  ,__- .

r .

9*
4*
9*
9*
9*
4
2
4
2
4
2
4
2

— - I  „

512
512

2048
3072
6144
1024
1024
2048
1536
3072
3072
6144
6144

„ ,  _  1  _ _

0
0
2
4
6
1
1
2
3
4
5

.f>
6

0
1
0
0
0
8
9

10
11
12
13
14
15

mode:  S G -  semigraphic s
CG -  ful l  graphic s

colour s :  9 *  =  8  foregroun d colour s o n black  backgroun d
siz e :  numbe r  o f  byte s require d
DMR :  displa y mod e registe r  content s
VDG :  VDG contro l  (bit s 4  t o 7  o f  PIA2B )
See appendi x B  fo r  a  mor e complet e descriptio n o f  eac h mode .

The Use of the Direc t Page
Sinc e th e direc t  pag e i s th e mos t  convenient  plac e t o pu t
variables ,  I  hav e used  i t  quit e a  lot .  Thi s cause s som e
problems ,  sinc e BASI C als o use s th e direc t  pag e (  It' s n o
foo l  !  ) .  Fortunately ,  th e 680 9 allow s th e direc t  pag e t o b e
any pag e (25 6 bytes )  i n memory .  BASI C use s pag e 0  a s it s
direc t  page .  I f  yo u mes s abou t  wit h pag e 0  locations ,  yo u
won' t  b e abl e t o retur n t o BASI C onc e you've  finished .  Als o
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some ar e use d b y ROM routine s whic h yo u migh t  wan t  t o use .
The program s chang e th e direc t  pag e s o tha t  i t  won' t  clas h
wit h BASIC .  However ,  i f  yo u wan t  t o retur n t o BASIC ,  o r  us e
th e ROM routines ,  yo u hav e t o restor e th e direc t  pag e
registe r  t o 0  beforehand .
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Program : PIA keys

Ther e ar e tw o basi c way s t o sca n th e keyboar d i n a  machin e
languag e program ;  us e th e ROM routin e POLCAT ($BBE5) ,  o r
directl y fro m th e PIA .  Thi s progra m doe s just.that .

HOW I T WORKS
The firs t  thin g th e progra m doe s i s initializ e th e PIA .  T o
rea d th e keyboar d DDRA need s t o hav e al l  it s  bit s a s inpu t
whil e DDRB (  se e th e sectio n o n th e PI A i f  yo u don t  kno w wha t
I  a m talkin g about )  need s t o hav e al l  it s  bit s a s outpu t  (wh y
thi s is  so is  explaine d later) .  The  nex t  ste p is  to  set  up
th e screen  t o sho w th e use r  whic h ke y i s bein g pressed .  Thi s
i s don e b y displayin g a  matri x o f  key s an d flashin g th e
one(s )  bein g pressed .  Becaus e th e DRAGON ha s n o scree n
character s t o represen t  som e key s (ENTER ,  BREAK,  CLEAR,  etc. )
some o f  th e specia l  character s ar e used .

Afte r  th e scree n display s al l  th e goodie s th e rea l  progra m
start s up .  T o rea d th e keyboar d usin g th e PI A i s a  l i t t l e
tricky .  The  keyboar d is  set  up  in  a  matri x (sam e as  on  the
screen )  an d onl y on e ro w a t  a  tim e ca n b e looke d at .  Th e ro w
currentl y bein g rea d i s selecte d b y outputtin g t o th e PDRB
and th e ro w i s rea d i n o n th e PDRA.  When selectin g th e ro w
whic h i s t o b e loo k at ,  STor e a  numbe r  i n th e PDRB wit h al l
1' s i n i t  excep t  fo r  a  0  i n th e bi t  correspondin g t o th e ro w
yo u wis h t o examine .  Afte r  SToring  thi s numbe r  anothe r  numbe r
ca n b e rea d fro m th e PDRA which ,  i n turn ,  ha s al l  1' s i n i t
excep t  fo r  a  0  i n th e bi t  wher e a  ke y i s pressed .

Thi s progra m set s u p a  mas k whic h i s rotate d throug h s o tha t
eac h ro w is  looke d at .  When eac h ro w i s rea d th e ro w itsel f
i s  shifte d throug h an d eac h bi t  checke d t o se e i f  tha t  ke y i s
pressed .  I n your  ow n program s thi s i s probabl y no t  necessar y
as yo u jus t  nee d t o compar e th e ro w wit h a  mas k t o chec k i f
th e particula r  ke y yo u ar e afte r  i s  presse d i.e .  dow n arrow ,
BREAK,  etc .

HOW T O RUN TH E PROGRAM

Jus t  typ e i n th e progra m (usin g a n assembler ,  loade r  o r
monitor) ,  afte r  reservin g spac e fo r  i t  an d EXEC it .  Th e
scree n shoul d clea r  an d th e matri x an d legen d appear ,  afte r
thi s nothin g happen s unti l  yo u pres s a  key .  When a  ke y i s
presse d th e correspondin g characte r  o n th e scree n flashes .
More tha n on e ke y ca n b e presse d a t  a  tim e an d th e mor e yo u
pres s th e faste r  th e character s flash .  Not e tha t  i f  yo u pres s
thre e key s whic h happe n t o for m thre e corner s o f  a  rectangl e
the n th e fourt h corne r  flashe s also .  Thi s i s a  hardwar e
proble m an d canno t  b e fixe d b y programin g (  th e DRAGON"s
BASIC allow s onl y on e ke y fro m eac h colum n t o b e presse d a t  a
time ,  i n orde r  t o preven t  thi s proble m fro m arisin g ) .
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FILE-PI A

*  SCANS KEYBOARD DIRECTL Y FROM PI A
*  AND DISPLAY S KEYS PRESSED

0001 OEOO
0002 FFOO
0003 040 0
0004 400 0 207 D
0005 400 2
0006 400 3
*  Scree n characte r  ma
0007 400 4 606 3
0008 400 6 5850484 0
0009 400 A 7870606 4
0010 400 E 5951494 1
0011 401 2 7971606 5
0012 401 6 5A524A4 2
0013 401 A 7A7260605 E
0014 401 F 534B4 3
0015 402 2 7B7360606 1
0016 402 7 544C4 4
0017 402 A 6C7460605 F
0018 402 F 554D4 5
0019 403 2 6D7560607 F
0020 403 7 564E4 6
0021 403 A 6E7660666 0
0022 403 F 574F4 7
0023 404 2 6F7 7
*  Message s fo r  legen d
0024 404 4 616 0
0025 404 6 444F574E6 0
0026 404 B 4152524F5 7
0027 405 1 7F6 0
0028 405 3 r -24947485 4
0029 405 9 4152524F5 7
0030 405 F 636 0
0031 406 1 454E54455 2
0032 406 7 646 0
0033 406 9 434G45415 2
0034 406 F 656 0
0035 407 1 425245414 B
0036 407 7 666 0
0037 407 9 534849465 4

PI A
SCREEN

NROLC
NROLR

tri x
CSET

MSG1

MSG2

MSG3

MSG4

MSG5

MSG6

ORG
EQU
EQU
BRA
RMB
RMB

FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB

FCB
FCC
FCC
FCB
FCC
FCC
FCB
FCC
FCB
FCC
FCB
FCC
FCB
FCC

$4000
$FFOO
$400
LABI
1
1

$60,  $6 3
/XPH@,'
$78,  $70 ,  $6 0
/YQIA /
$79,  $71 ,  $6 0
/ZRJB /
$7A,$72,$6 0
/SKC/
$7B,$73,$6 0
/TLD /
$6C,$74,$6 0
/UME/
$6D,$75,$6 0
/VNF/
$6E,$76,$6 0
/woe /
$6F,$7 7

$61,  $6 0
'DOWN'  ,$6 0
'  ARROW '  ,  0
$7F,$6 0
'RIGHT '  ,$6 0
'  ARROW '  ,  0
$63 ,$6 0
'ENTER'  , 0
$64,  $6 0
'CLEAR'  , 0
$65,  $6 0
'BREAK'  , 0
$66,  $6 0
'SHIFT '  , 0

Addres s o f  PI A
Scree n addres s
Go t o progra m
Column counte r
Mask counte r

,$6 4

,$6 5

,$60,$5 E

,$60 ,  $6 1

,$60,$5 F

,$60,$7 F

,$66 ,  $6 0

Star t  o f  initialisatio n cod e

0038 407 f  108EFFO O
*  Se t  dat a directio n
*  No t  necessary ,
0039 408 3 A62 1
selec t  bi t  t o 0
0040 408 5 84F B
0041 408 7 A72 1

but

LABI  LD Y #PI A
register s
include d a s a n exampl e
DDRA LD A 1, Y

ANDA #7,11111011
STA 1,Y

Base pointer

Set  DDRA
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0042 408 9 6FA 4
0043 408 B 8A0 4
t o 1
0044 408 D A72 1
0045 408 F A62 3 DDRB
bi t  t o 0
0046 409 1 84F B
0047 409 3 A72 3
004f i  409 5 C6F F
0049 409 7 E72 2
0050 409 9 8A0 4
t o 1
0051 409 B A72 3
*  Clea r  th e scree n
0052 409 D 8E040 0
0053 40A O CC606 0 CL S
0054 40A 3 ED8 1 CL 1
scree n
0055 40A 5 8C060 0
scree n
0056 40A 8 23F 9

CLR , Y PDR al l  inpu t
ORA #7.0000010 0 Se t  selsc t  bi t

STA 1, Y
LDA 3, Y Se t  DDRB selec t

ANDA #7.1111101 1
STA 3, Y
LDB #$F F
STB 2, Y PDR al l  outpu t
ORA #7.0000010 0 Se t  selec t  bi t

STA 3, Y

LDX #SCREEN
LDD #$606 0 Two blank s
STD ,X+ + Pu t  the m o n th e

CMPX #$060 0 Chec k fo r  en d o f

BLS CL 1 Loo p i f  no t
*  Displa y ke y matri x o n scree n
0057 40A A 8E042 0
0058 40A D CE400 4 SMAT
strin g
0059 40B O C60 8 SLMAT
star t  o f  lin e
0060 40B 2 A6CO SRMAT
0061 40B 4 A78 5
scree n
0062 40B 6 CB02
position s
0063 40B 8 C11 6
0064 40B A 23F 6
0065 40B C 8C04E O
0066 40B F 220 5
0067 40C 1 30882 0
0068 40C 4 20E A
*  Pu t  legen d o n scree n
0069 40C 6 108E056 1 MSGS
positio n
0070 40C A 1F2 1
0071 40C C CE404 4
0072 40C F A6C O MLA1
message
0073 40D 1 270 4
0074 40D 3 A78 0
scree n
0075 40D 5 20F 8
0076 40D 7 31A81 0 NEXT
positio n
0077 40D A 1F2 1
0078 40D C 8C05C 1
done  ?
0079 40D F 25E E
*  Star t  o f  th e mai n progra m

LDX #$042 0
LDU #CSET Star t  o f  matri x

LDB # 8 Offse t  fro m

LDA ,U + Ge t  characte r
STA B, X Pu t  i t  o n th e

ADDB # 2 Mov e acros s 2

CMPB #2 2 Lin e don e ?
BLS SRMAT Loo p i f  no t  don e
CMPX #$04E O Matri x don e ?
BHI  MSGS Exi t  i f  don e
LEAX $20 ,  X  Nex t  lin e
BRA SLMAT Loo p

LDY #$056 1 Scree n

TFR Y, X Cop y t o X
LDU #MSG1 Messag e
LDA ,U + Ge t  1  byt e o f

BEQ NEXT Exi t  i f  0
STA ,X + Pu t  byt e t o

BRA MLA1 Loo p
LEAY $10 ,  Y  Nex t  messag e

TFR Y, X Cop y t o X
CMPX #$0561+6*$1 0 6  message s

BLO MLA1 Loo p i f  no t
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0080 40E 1 8E042 6
characteri n matri x
0081 40E 4 1F1 2
0082 40E 6 C60 8
counte r
0083 40E 8 F7400 3
0084 4CEB CEFFOO
addres s
0085 40E E 86F E
0086 40F O C60 8
counte r
0087 40F 2 F7400 2
0088 40F 5 A74 2
0089 40F 7 E6C4
ro w
0090 40F 9 5 3
0091 40F A 270 C
key s
0092 40F C 5 8
int o carr y
0093 40F D 300 2
matri x positio n
0094 40F F 240 2
0095 410 1 8D1 4
0096 410 3 7A400 2
7

0097 410 6 26F 4
0098 410 8 31A82 0
0099 410 B 1F2 1
0100 410 D 1A0 1
0101 410 F 4 9
selec t  mas k
0102 411 0 7A400 3

PROG LD X #$042 6

TFR X, Y
LDB # 8

STB NROLR
LDU #PI A

LDA #%1111111 0
PL1 LD B # 8

STB NROLC
STA 2, U
LDB , U

COMB
BEQ NEOW

PL2 ASL B

LEAX 2, X

BCC PL 3
BSR FLAS H

PL3 DEC NROLC

BNE PL 2
NROW LEA Y $20 ,  Y

TFR Y, X
SEC
ROLA

DEC NROLR

Firs t

Copy t o Y
Set  mas k shif t

Set  PI A bas e

Row selec t  mas k
Set  colum n shif t

Mask PI A
Reads column s i n

Make i t  nicer
Branc h i f  n o

Shif t  colum n

Move t o nex t

Branc h i f  n o ke y
Flas h ke y
Shifte d 8  time s

Loop i f  no t
Move t o nex t  ro w
Copy t o X
Set  carr y fla g
Rotat e row

Rotate d 8  time s

0103 411 3 26D B BNE PL 1
0104 411 5 20C A BRA PROG
*  Subroutin e t o flas h ke y
0105 411 7 340 6 FLAS H PSHS A, B
0106 411 9 E68 4 LD B , X
characte r
0107 4MB C84 0 EORB #$4 0
0108 411 D E78 4 ST B , X
0109 4 1 I F 4 F CLRA
counte r
0110 412 0 4 A PL A DECA

0111 412 1 26F D BNE PL 4
agai n
0112 412 3 C84 0 EORB #$4 0
characte r
0113 412 5 E78 4 ST B , X
0114 412 7 358 6 PUL S A,B,P C
register s &  retur n

Loop i f  no t
Star t  agai n

Save register s
Get  ke y

Inver t  i t
Put  i t  bac k
Set  dela y

Loope d 25 6 time s

If  not ,  loo p

Restor e ke y

Put  i t  bac k
Restor e
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NO ERRORS FOUND

CL1
DDRB
MSG1
MSG5
NROLC
PL1
PROG
SRMAT 40B 2

40A3
408F
4044
406F
4002
40FO
40E1

CLS
FLASH
MSG2
MSG6
NROLR
PL2
SCREEN

40AO
4117
4051
4077
4003
40FC
0400

CSET
LABI
MSG3
MSGS
NROW
PL3
SLMAT

4004
40 7  F
405F
40C6
4108
4103
40BO

DDRA
MLA1
MSG4
NEXT
PI A
PL4
SMAT

4083
40CF
4067
40D7
FFOO
4120
40AD
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Program : Score
SCORE i s a  progra m whic h maintain s an d display s a  scor e o n a
hig h resolutio n graphic s screen .  I t  i s  a n introductio n t o
usin g machin e languag e program s t o generat e hig h resolutio n
graphics .  I t  contain s som e usefu l  routines :  CONVRT convert s
coordinate s into  location s i n scree n memor y (  fo r  mode s 1 ,  3 ,
and 4  ) .  SCREEN set s th e displa y device s t o displa y a
graphic s screen .  CLEAR i s a  simpl e routin e fo r  clearin g th e
screen .  I f  yo u wan t  t o ru n th e progra m righ t  now ,  ski p th e
nex t  section ,  ar. d rea d th e HOW T O RUN TH E PROGRAM section .

SCREEN VARIABLE S :

I  hav e define d a  numbe r  o f  variable s o n th e direc t  pag e o f
memory.  Thes e variable s ar e require d b y mos t  o f  th e routines .
They infor m th e routine s o f  variou s characteristic s o f  th e
scree n currentl y bein g worke d on .

START -  specifie s th e locatio n o f  variable s o n th e direc t
pag e o f  memory .  Thi s MUST b e a  multipl e o f  51 2 bytes .  Th e
Dragon' s firs t  graphic s pag e start s a t  locatio n $600 .

YMAX -  (  1  byt e )  specifie s th e numbe r  o f  line s o f  pixel s o n
th e scree n (  19 2 fo i  mode s 3  an d 4 ,  9 2 fo r  mod e 1  ) .

LOWBIT -  i s  a  mask .  Bit s 3  t o 7  o f  th e x  coordinate ,  togethe r
wit h th e y  coordinate ,  ar e use d t o wor k ou t  th e addres s o f
th e byt e whic h contain s tha t  pixel .  Bit s 0  t o 2  o f  th e x
coordinat e ar e used  t o determin e th e posi t  io n o f  th e pixe l
withi n tha t  byte .  LOWBIT i s use d t o mas k of f  thes e 3  bit s b y
"ANDing "  i t  wit h th e x  coordinate .  Sinc e i n 4  colou r  mod e
eac h pixe l  span s tw o bits ,  onl y eve n addresse s mak e sense .
LOWBIT therefor e contain s Z00000110 ,  t o forc e th e addres s
eve n a s well .

LENGTH -  specifie s th e lengt h o f  th e scree n i n bytes .  Fo r
thes e routines ,  thi s shoul d b e 3 2 x  YMAX,  sinc e eac h o f  th e
allowe d mode s (  1 ,  3 ,  an d 4  )  require s 3 2 byte s pe r  line .  I f
yo u wan t  t o d o od d thing s lik e clearin g onl y par t  o f  a
screen ,  yo u coul d se t  LENGTH t o som e lesse r  numbe r  (  se e
progra m DEMO ) .

SAM -  i s th e valu e which  th e displa y mod e registe r  shoul d b e
se t  to .

PI A -  i s  th e valu e whic h shoul d b e store d i n PIA 2 B  dat a
registe r  t o contro l  th e VDG.  Thi s numbe r  i s 1 6 x  th e valu e i n
th e VDG colum n o f  th e tabl e o f  modes ,  +  8  i f  yo u wan t  colou r
se t  1  rathe r  tha n co l  ou r  se t  0 .

COORDINATES :

In  thes e programs ,  a  pixe l  on  the  scree n is  referre d to  by
it s coordinates .  Th e to p lef t  corne r  o f  th e screen  always  ha s
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coordinate s XCOORD=0,  YCOORD=0.  Th e poin t  i n th e botto m righ t
han d corne r  ha s coordinate s XCOORD=255,  YCOORD=YMAX-1.  I n
modes 3  an d 4 ,  wher e ther e ar e 19 2 line s o f  pixel s o n th e
screen ,  thi s i s XCOORD=255,  YCOORD=191,  jus t  th e sam e a s
BASIC.  I n mod e 1 ,  wher e ther e ar e 9 6 line s o f  pixel s o n th e
screen ,  thi s i s XCOORD=255,  YCOORD=95.  Not e tha t  i n th e 4
colou r  modes ,  tw o adjacen t  pixel s diffe r  b y 2  i n thei r  x
coordinates .

HOW T O RUN TH E PROGRAM :

Allocat e spac e fo r  th e progra m usin g CLEAR.  Loa d th e
assemble d progra m int o memory .  The n ru n i t  usin g EXEC.  Yo u
shoul d see  a  clea r  scree n wit h a  six  digi t  numbe r  in  the  top
left  corne r  o f  th e screen .  Th e numbe r  shoul d b e constantl y
increasing .  Rese t  th e machin e t o sto p th e program .

HOW T O USE TH E ROUTINES I N YOUR OWN PROGRAM :

SCREEN

Thi s routin e set s th e Dragon' s displa y chip s (  th e SA M an d
VDG )  t o displa y th e scree n specifie d b y th e scree n variable s
(  se e abov e ) .  I t  i s  writte n i n PI C (  positio n independen t
cod e ) ,  s o i t  ca n b e relocate d anywhere .  Se t  th e scree n
variable s START,  SAM,  an d PI A a s describe d above .  The n cal l
SCREEN (  usin g a  BS R SCREEN,  LBS R SCREEN,  o r  JS R SCREEN ) .
The chang e o f  screen  may occu r  i n th e middl e o f  th e VDG
sendin g th e ol d scree n t o th e T.V .  .  I f  thi s happen s yo u wil l
se e a  flicker .  T o sto p this ,  includ e a  SYNC instructio n
befor e th e cal l  (  Thi s wil l  synchronis e th e progra m wit h th e
VDG,  s o tha t  th e chang e wil l  no t  occu r  whil e th e ol d scree n
i s bein g displaye d ) .

CLEAR

Thi s routin e clear s th e screen  describe d b y th e screen
variables .  I t  i s  writte n i n PI C an d s o ca n b e relocated .  Se t
th e value s o f  START an d LENGTH a s appropriate .  Pu t  th e pai r
of  byte s yo u wis h t o fil l  th e scree n wit h i n registe r  D
(Usuall y $0,$5555 ,  $AAAA,  o r  $FFF F t o se t  th e screen  t o
colou r  0 ,  1 ,  2 ,  o r  3  respectivel y ) .  Cal l  CLEAR

CONVRT

Thi s routin e convert s a  pai r  o f  coordinate s (  B  -  x
coordinate ,  A  =  y  coordinat e )  int o tw o value s :  th e addres s
of  th e byt e containin g tha t  poin t  (  i n X  ) ,  an d a  bi t  patter n
(  i n B  ) .  Thi s bi t  patter n ha s on e bi t  set .  Thi s bi t
specifie s where ,  i n tha t  byte ,  th e pixe l  lies .  Fo r  example ,
imagin e a  poin t  ha s coordinate s (4,0 )  (  ie .  A-0 ,  B- 4 ) ,  Afte r
callin g CONVRT,  X  wil l  contai n th e valu e o f  START (  sinc e th e
firs t  8  point s ar e containe d i n th e firs t  byt e ) .  B  wil l  b e
7.0000100 0 (  th e 5t h bi t  fro m th e lef t  i s  set ,  sinc e (4,0 )  i s
th e 5t h poin t  i n tha t  grou p o f  8 .  (0,0 )  i s th e firs t  ) .
CONVRT i s writte n i n PIC .
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Make sure  th e scree n variable s START an d LOWBIT ar e se t
appropriately .  Pu t  th e X  an d Y  coordinate s i n th e B  an d A
register s respectively .  Cal l  CONVRT.

I n tw o colou r  mode :
To se t  tha t  point ,
ORB , X se t  bi t
STB , X sav e modificatio n

To rese t  th e point ,
COMB complamen t  bi t  patter n
ANDB , X clea r  bi t
STB , X sav e modificatio n

(  se e EXPLODE fo r  a n exampl e o f  "EORing "  a  pixe l  ) .

4 colou r  graphic s i s  mor e complicated .  Tw o bit s ar e use d t o
specif y th e colou r  :  th e bi t  i n B  an d it s neighbou r  t o th e
right .  T o se t  a  pixe l  t o colou r  2  (  blue/magent a )  fo r
example ,
STB TEMP sav e bi t
LSRB shif t  bi t  righ t
COMB complemen t  bi t  patter n
ANDB , X clea r  righ t  bi t
ORA ,X  set  lef t  bit
STB , X sav e modificatio n

SCADD

Adds tw o Binar y Code d Decima l  number s i n memory .  Thi s is
usefu l  t o ad d poiot s t o a  score .  SCADD i s writte n i n PIC .
Bot h number s mus t  hav e a n eve n numbe r  o f  digits .

Say yo u wante d a  6  digi t  score ,  whic h coul d b e increase d b y
5,  1 0 o r  20 0 points .  Yo u woul d nee d fou r  BCD number s eac h 3
byte s lon g :
SCORE FC B $00,$00,$0 0 star t  scor e a t  0
SMALL FC B $00,$00,$0 5 5  poin t  incremen t
MEDIUM FC B $00,$00,$1 0 1 0 poin t  incremen t
LARGE FC B $00,$02,$0 0 20 0 poin t  incremen t

To ad d 20 0 t o th e score ,  se t  U  t o th e addres s o f  th e scor e
(LDU /SCORE) .  Se t  X  t o th e addres s o f  th e incremen t  (  LD X
#LARGE ) .  Se t  B  t o th e numbe r  o f  pair s o f  digit s (  LD B # 3 ) .
Cal l  SCADD,  an d th e score  wil l  b e change d i n memory .  Us e
SCSHOW t o displa y th e ne w =cor e o n th e screen .

SCSHOW

Display s a  scor e o n a  hig h resolutio n screen .  Befor e usin g
thi_ s routin e yo u mus t  wor k ou t  th e positio n o f  th e scor e o n
th e screen .  Yo u nee d th e addres s o f  th e byt e containin g th e
to p lin e o f  th e firs t  digit .  (  Yo u migh t  wan t  t o us e CONVRT
t o d o thi s ) .  Pu t  thi s addres s i n th e X  register .  Pu t  th e
addres s o f  th e scor e i n th e U  register .  Pu t  th e numbe r  o f
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pair s o f  digit s i n th e B  register .  The n cal l  SCSHOW.  Remember
tha t  yo u wil l  onl y se e th e scor e i f  yo u hav e se t  th e displa y
device s s o tha t  thi s scree n wil l  b e displaye d (  usin g SCREEN
fo r  exampl e ) .  B e carefu l  whe n usin g tw o screens .  Yo u wil l
need t o pu t  th e scor e o n both .

The tabl e o f  digit s (  DIGTA B )  a t  th e en d o f  th e routin e ca n
be change d t o sui t  your  tast e i n digits .  Th e onl y restrictio n
i s tha t  th e digit s ar e onl y on e byt e wide .  I f  yo u wis h t o
chang e th e lengt h o f  th e digit s yo u nee d t o chang e lin e 9 7
appropriately .  Thi s wil l  chang e th e instruction s i n line s 8 5
and 89 .

170



*  FILE-SCOR E

*  ROUTINES T O MAINTAI N A  SCORE ON
*  A  HIG H RES.  GRAPHICS SCREEN

0001 OEOO ORG $400 0

*  DEVIC E ADDRESSES
*

0002 FF0 1
A
0003 FF0 3

0004 FF2 0
D/ A converte r
0005 FF2 2
VDG contro l
0006 FF2 3
g

0007 FFC O
controlle r

PIA1CA

PIA1CB

DAC

DEVPIA

PIA2CB

DEVSAM

EQU

EQU

EQU

EQU

EQU

EQU

$FF01

$FF03

$FF20

$FF22

$FF23

$FFCO

PIA 1

PIA 1

PIA 2

PIA 2

PIA 2

contro l

centra l

dat a A

dat a B

control

re g

re g

=

=

re g

SAM-RAM

0008 400 0 END

*  SCREEN VARIABLE S
*  i n direc t  pag e

0009 400 0
0010 000 0
graphic s scree n
0011 000 2
0012 000 4
displa y mod e re g
0013 000 5
0014 000 6
bit s o f  xcoord .
0015 000 7
i n scree n
0016 000 8

START

LENGTH
SAM

PI A
LOWBIT

YMAX

ORG 0
RMB 2

RMB 2
RMB 1

RMB 1
RMB 1

RMB 1

RliOR G

star t  o f

YMAX*  3  2
valu e fo r

valu e fo r
mask fo r

number  o f

PI A
las t  3

line s

*  CONSTANTS FOR SCREEN VARIABLE S

0017 060 0
graphic s page s

0018 006 0
0019 OOCO

GSTART EQU $60 0 Star t  o f

*  value s  o f  YMAX fo r  mode s 1, 3
*  Not e :  LENGTH=32*YMAX
YMAX1 EQU 9 6
YMAX3 EQU 19 2
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0020 OOCO YMAX4 EQU 19 2

0021 000 4
0022 000 6
0023 000 6

0024 OOCO
0025 OOEO
0026 OOFO
0027 000 0
0028 000 8

mode
0029 000 6
0030 000 6
0031 000 7

0032 400 0

*  value s o f  SA M fo r
SAM1 EQU 4
SAM3 EQU 6
SAM4 EQU 6

node s 1, 3 &  4

value s o f  PI A fo r  mode s 1, 3 &4
add CSETO/ 1 fo r  colou r  se t  0/ 1

PIA 1
PIA 3
PIA 4
CSETO
CSET1

EQU $C O
EQU $E O
EQU $F O
EQU 0
EQU 8

*  value s o f  LOWBIT fo r  mode s 1, 3 &  4
*  mas k fo r  las t  3  bit s o f  xcoordinat e
*  als o forc e xcoord .  eve n if  4  colou r

LOWB1 EQU 6
LOWB3 EQU 6
LOWB4 EQU 7

END

*  SCORE TES T PROGRAM

0033 400 0
0034 400 0
0035 400 3
0036 400 5
VARIABLES
0037 400 8
0038 400 A
0039 400 D
0040 400 F
0041 401 1
0042 401 4
0043 401 6
0044 401 8
0045 401 B
0046 401 E
0047 402 1

CC0600
DDOO
CC1800

DD02
CCC006
9707
D706
CC06E8
9704
D705
CCOOOO
1700EO
1700B4

BEGIN

TEST1
*  ADD

0048 402 1 338D008 A
0049 402 5 308D008 9
INCREMENT
0050 402 9 C60 3
OFDIGITS
0051 402 B 8DOD

0052 402 D 8E060 0
DIGI T ON SCREEN
0053 403 0 338D007 B
0054 403 4 C60 3

EQU *
LDD #GSTART
STD START
LDD #YMAX3*3 2 SE T SCREEN

STD LENGTH -FO R MODE 3
LDD #YMAX3*256+LOWB3
STA YMAX
STB LOWBIT
LDD #SAM3*256+PIA3+CSET 1
STA SA M
STB PI A
LDD # 0
LBSR CLEAR CLEAR SCREEN
LBSR SCREEN SE T SCREEN
EQU *

INCREMENT T O SCORE
LEAU SCORE,PCR ADDRESS OF SCORE
LEAX INCR.PC R ADDRESS OF

LDB #NPAIR S

BSR SCADD
DISPLAY NEW SCORE

LDX #SCPOS

NUMBER OF PAIR S

ADD THEM

ADDRESS OF LAS T

LEAU SCORE,PCR ADDRESS OF SCORE
LDB #NPAIR S NUMBER OF PAIR S
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OFDIGITS
0055 403 6 8D1 3
0056 403 8 20E 7

0057
0058
LAST

0059
0060
0061

PAI R
0062
0063
0064
0065

0066
0067

403A
403A 33C 5
DIGI T

403C 308 5
403E 1CF E

4040
OF DIGIT S
4040 AGC2
4042 A98 2
4044 1 9
4045 A7C 4
4047 5 A
4048 26F 6

0068 404 A 3 9

BSR SCSHOW
BRA TEST1

SHOW TH E SCORE

*  SCADD
*

*  Ad d BCD numbe r  a t  X  t o scor e a t  U

*  Doe s no t  updat e scor e o n scree n
*  Positio n independen t  cod e
*  U,X, B modified

SCADD EQU *
LEAU B, U

LEAX B, X
CLC

SCADD1 EQU *

MUST START FROM

DITT O

DECIMALLY ADD A

LDA ,- U
ADCA ,- X
DAA
STA , U
DECB
BNE SCADD1

*  CHECK HERE FOB CARRY I F NEED B E

RTS
*  en d o f  SCADD

addres s

*  SCSHOW

*  Displa y scor e fro m memory  locatio n U ,
*  o f  lengt h B  bytes ,  t o scree n a t

*  Positio n independen t  cod e
*  A,B,X, U modifie d

0069

0070
0071
0072
0073
0074
0075

0076
0077

0078
0079

0080
0081
0082

40 4 B
40 4 D
40 4 E
404F
4050
4051
4053

4055
4057

4059
405B

40 5 D
40 5 E
4060

A6C4
44
44
44
44
8DOE
3001
A6CO
840F
8D06

3001
5A
26EB
39

SCSHOW LD A

LSRA
LSRA
LSRA
LSRA
BSR
LEAX
LDA
ANDA

BSR
LEAX
DECB
BNE

DIGEND RT S

, u

PUTDIG

1, X
,u +
#$F

PUTDIG

1, X

SCSHOW

TAKE MSD

DISPLAY DIGI T
MOVE
TAKE

RIGHT
LSD

DISPLAY DIGI T

MOVE RIGHT

0083 406 1
0084 406 1 345 6
0085 406 3 C60 5

*  DISPLA Y DIGI T A  A T X

PUTDIG EQU *
PSHS A,B,X, U
LDB #LE N CALCULATE TABL E

173



OFFSET
0086 406 5
0087 406 6
ADDRESS
0088 406 A
0089 406 C
SCREEN
0090 406 E
0091 407 0
LIN E
0092 407 2
0093 407 5
LINE S
0094 407 8
0095 407 9
0096 407 B

3D
338D0013

33CB
C605

A6CO
A784

A78820
308840

5A
26F3
35D6

MUL
LEAU DIGTAB.PC R

LEAU D, U
LDB #LE N

PUTDI1 LD A ,U +
STA , X

STA 32 ,  X
LEAX 64 ,  X

DECB
BNE PUTDI 1
PULS A,B,X,U,P C

TABLE BASE

PATTERN ADDRESS
PUT PATTERN T O

STORE ON CURRENT

AND NEXT LIN E
MOVE DOWN 2

LOOP UNTI L B= 0

RETURN

0097 000 5
PATTERNIN BYTES

0098 407 D
PATTERNS
0099 407 D F C
0100 407 E CC
0101 407 F CC
0102 408 0 CC
0103 408 1 F C

0104 408 2 F O

0105 408 3 3 0
0106 408 4 3 0
0107 408 5 3 0
0108 408 6 F C

0109 408 7 F C
0110 408 8 OC
0111 408 9 3 C
0112 408 A C C
0113 408 B F C

0114 408 C F C
0115 408 D OC
0116 408 E 3 C
0117 408 F OC
0118 409 0 F C

0119 409 1 OC
0120 409 2 3 C
0121 409 3 CC
0122 409 4 F C
0123 409 5 OC

0124 409 6 F C
0125 409 7 C O
0126 409 8 F C

LEN EQU 5 LENGTH OF EACH

*  TABL E OF DIGI T PATTERNS
DIGTAB EQU *  TABL E OF DIGI T

FCB 7.1111110 0
FCB 7.1100110 0
FCB 7.1100110 0
FCB 7.1100110 0
FCB 7.1111110 0

FCB 7.1111000 0
FCB 7.0011000 0
FCB 7.0011000 0
FCB 7.0011000 0
FCB 7.1111110 0

FCB 7.1111110 0
FCB 7.0000110 0
FCB 7.0011110 0
FCB 7.1100000 0
FCB 7.1111110 0

FCB 7.1111110 0
FCB 7.0000110 0
FCB 7.0011110 0
FCB 7.0000110 0
FCB 7.111111.0 0

FCB 7.0000110 0
FCB 7.0011110 0
FCB 7.1100110 0
FCB 7.1111110 0
FCB 7.0000110 0

FCB 7.1111110 0
FCB 7.1100000 0
FCB 7.1111110 0
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0127 409 9 OC
0128 409 A F O

0129 409 B F C
0130 409 C CO
0131 409 D F C
0132 409 E CC
0133 409 F F C

0134 40A O F C
0135 40A 1 C C
0136 40A 2 OC
0137 40A 3 3 0
0138 40A 4 3 0

0139 40A 5 F C
0140 40A 6 CC
0141 40A 7 F C
0142 40A 8 CC
0143 40A 9 F C

0144 40A A F C
0145 40A B CC
0146 40A C F C
0147 40A D OC
0148 40A E 3 0

FCB 7.0000110 0
FCB 7.1111000 0

FCB 7.1111110 0
FCB 7.1100000 0
FCB 7.1111110 0
FCB 7.1100110 0
FCB 7.1111110 0

FCB 7.1111110 0
FCB 7.1100110 0
FCB 7.0000110 0
FCB 7.0011000 0
FCB 7.0011000 0

FCB 7.1111110 0
FCB 7.1100110 0
FCB 7.1111110 0
FCB 7.1100110 0
FCB 74111110 0

FCB 7.1111110 0
FCB 7.1100110 0
FCB 7.1111110 0
FCB 7.0000110 0
FCB 7.0011000 0

*  en d o f  SCSHOW

0149 40A F 00012 3
DECIMAL

0150 40B 2 00000 3

0151 000 3
PAIRS OF DIGIT S
0152 060 0

B=x-coordinat e

0153 40B 5
0154 40B 5 342 6
0155 40B 7 4 4
bit s
0156 40B 8 5 6

*  SCORE STORED HERE I N BCD
*  2  DIGITS/BYT E

SCORE FC B $00,$01,$2 3 SCORE=123

*  AND INCREMENT
INCR FC B $00,$00,$0 3 INCREMENT=3

NPAIRS EQU 3  SCORE HAS 3

SCPOS EQU GSTART SCORE POSITIO N

*  CONVRT
*

*  Conver t  A-y-coordinate ,

*  int o X=addres s o f  byt e o n scree n
*  an d B  ha s th e correspondin g bi t  set .

*  Positio n independen t  cod e
*  X, B modifie d

CONVRT EQU *
PSHS D, Y
LSRA

RORB

sav e D  &  Y
shif t  D  righ t  3

-t o ge t  offse t
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from
0157 40B 9 4 4
0158 40B A 5 6
0159 40B B 4 4
0160 40B C 5 6
0161 40B D D30 0
byt e
0162 40B F 1F0 1
0163 40C 1 350 6
agai n
0164 40C 3 D40 6
bit s
0165 40C 5 318D000 4
fro m tabl e
0166 40C 9 E6A 5
0167 40C B 35A O
retur n
0168 40C D 8040201 0
0169 40D 1 0804020 1

LSRA
RORB
LSRA
RORB
ADDD START

TFR D, X
PULS D

-star t  o f  scree n
__
_

give s addres s o f

put  i n X  re g
get  coordinate s

ANDB LCWBIT selec t  las t  3

LEAY CONTAB,PCR ge t  Bt h byt e

LDB B, Y
PULS Y,P C restor e Y  an d

CCNTAB FC B $80,$40,$20,$1 0
FOB $08,$04,$02,$0 1

*  en d o f  CONVRT
*  SCREEN

scree n variable s
*  Display s scree n a s specifie d b y

'"  Positio n independen t  cod e
*  N o register s modifie d

0170 40D 5
0171 40D 5 341 6
0172 40D 7 B6FF2 2
hig h
0173 40D A 840 7
DEVPIA
0174 40D C 9A0 5
0175 40D E B7FF2 2
0176 40E 1 960 4
0177 40E 3 C60 3
0178 40E 5 8EFFCO
0179 40E 8 8D0 9
0180 40E A 960 0
address/25 6
0181 40E C 4 4
address/12 8
0182 40E D C60 7
Page Selec t  Re g
0183 40E F 8D0 2
0184 40F 1 359 6

0185 40F 3
X
0186 40F 3 A78 1
i s zer o
0187 40F 5 4 4
0188 40F 6 240 2

SCREEN EQU *
PSHS D, X
LDA DEVPI A

AND A  # 7

ORA PI A
STA DEVPI A
LDA SA M
LDB # 3
LDX #DEVSAM
BSR SBIT S
LDA START

LSRA

LDB # 7

BSR SBIT S
PULS D,X,P C

*  SE T B  BIT S OF SA M

SBIT S EQU *

STA ,X+ +

LSRA
BCC SB O

mask PI A ont o

- 5 bit s o f

_

_

set  3  bit s of
-VDG registe r  t o
-SAM
_

A=star t

A=star t

se t  7  bit s o f

_

se t  B  bit s fro m

assume las t  bi t

tak e las t  bi t
branch  i f  i t  wa s
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0
0189 40F 8 A71 F
i t  !
0190 40F A 5 A
0191 40F B 26F 6
0192 40F D 3 9

?iven  i n D .

STA -1, X i t  wa s 1  s o fi x

SBO DECS loo p B  time s
BNE SBIT S
RTS

*  en d o f  SCREEN

*  CLEAR

*  Fill s scree n wit h pair s o f  byte s

*  Not e :  doe s no t  sto p i f  LENGTH i s od d

*  Positio n independen t  cod e
*  N o register s modifie d

0193 40F E
0194 40F E 343 0
0195 410 0 9EOO
of  scree n
0196 410 2 109E0 2
t o clea r
0197 410 5 ED8 1
0198 410 7 313 E
0199 410 9 26F A
0200 410 B 35B O

0201 410 D

0202 410 D

CLEAR EQU *
PSHS X, Y
LDX START pointe r  t o star t

LDY LENGTH numbe r  o f  byte s

CLEARX STD ,X+  +  clea r  2  byte s
LEAY -2, Y loo p Y/ 2 time s
BNE CLEARX
PULS X,Y,P C

*  en d o f  CLEAR

END

END

NO ERRORS FOUND

BEGIN
CONVRT
DEVPIA
GSTART
LOWB1
NPAIRS
PIA1CB
PUTDL1
SAM3
SCADD
SCREEN
YMAX

4000
40B5
FF22
0600
0006
0003
FF03
406E
0006
403A
40D5
0007

CLEAR
CSETO
DEVSAM
INCR
LOWB3
PI A
PIA2CB
PUTDIG
SAM4
SCADD1
SCSHOW
YMAX1

40FE
0000
FFCO
40B2
0006
0005
FF23
4061
0006
4040
404B
0060

CLEARX
CSET1
DIGEND
LEN
LOWB4
PIA 1
PIA 3
SAM
SBO
SCORE
START
YMAX3

4105
0008
4060
0005
0007
OOCO
OOEO
0004
40FA
40AF
0000
OOCO

CONTAB
DAC
DIGTAB
LENGTH
LOWBIT
PIA1CA
PIA 4
SAM1
SBIT S
SCPOS
TEST1
YMAX4

40CD
FF20
407D
0002
0006
FF01
OOFO
0004
40F3
0600
4021
OOCO
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Program : Explod e
EXPLODE i s a  progra m whic h generate s explosio n effect s
at  random  place s on  the  screen .  It  introduce s the  use  of
th e Digita l  t o Analogu e Converte r  t o produc e soun d
effect s (  SETUP an d firs t  fe w line s o f  SPOTTY ) ,  an d
pseud o rando m numbe r  generator s t o ad d unpredictabilit y
t o game s (  RAND1 an d RAND2 ) .  I t  use s som e o f  th e scree n
routine s of  SCORE,  includin g CONVRT,  whic h it  use s to
"EOR"  bit s ont o th e scree n a t  specifie d coordinates .
Ski p t o th e sectio n HOW T O RUN TH E PROGRAM i f  yo u wan t
t o avoi d th e details .

PSEUDO RANDOM NUMBER GENERATORS :

A pseud o rando m numbe r  generato r  i s a n algorith m whic h
generate s a  sequenc e of  number s whic h loo k random .  The y
ar e (  t o th e compute r  )  completel y predictable ,  an d wil l
alway s produc e th e sam e sequenc e i f  starte d of f  fro m th e
same initia l  conditions .  Thi s ha s it s use s occasionally ,
as  in  thi s progra m ;  EXPLOD is  calle d twic e for  eac h
explosion .  Th e firs t  tim e around  i t  "EORs "  bit s
pseudo-randoml y ont o th e screen ,  bu t  th e secon d t  im e
aroun d i t  start s wit h th e sam e initia l  value ,  s o i t
"EORs"  exactl y the  sam e bits ,  settin g the m bac k to  thei r
origina l  values .

The firs t  generato r  use s th e "linea r  congruenc e method" .
I n thi s metho d th e nex t  numbe r  i n th e sequenc e i s
generate d fro m the  las t  valu e by  a  formul a of  the  kin d :

NEXT =  (  A  x  LAS T +  B  )  mod C
(mod i s a  functio n tha t  give s th e whol e intege r
remainde r  afte r  intege r  division) .
Not e tha t  i f  C  i s a  powe r  o f  two ,  e g 2-^16 ,  th e mod C
par t  onl y involve s takin g th e 1 6 leas t  significan t  bits .
Thi s rando m numbe r  generato r  repeat s ever y 2tt 6 calls ,
but  i t  tend s t o b e a  bi t  mor e repetitiv e tha n thi s i f
yo u onl y us e a  fe w bit s o f  i t  a t  a  time .

The secon d generato r  produce s 3 2 bi t  numbers .  I t  work s
by calculatin g a  singl e bi t  a s a  functio n o f  th e numbe r
(  her e we  use  bit  9  EORed wit h bit  2),  the n rotatin g
thi s bi t  int o th e mos t  significan t  bi t  whe n th e res t  o f
th e numbe r  i s shifte d t o th e righ t  b y on e bit .  Thi s
generato r  repeat s ever y 1,073,215,48 9 call s (  i f  yo u
don' t  believ e it ,  coun t  the m !  ) ,  bu t  i t  wil l  ge t  stuc k
i f  th e initia l  valu e i s 0 .

The calculation s involve d t o calculat e th e rando m dot' s
positio n i n SPOTTY migh t  see m a  bi t  unnecessary .  Al l
thi s troubl e i s t o mak e th e distributio n o f  th e dot s
dense r  aroun d th e centra l  point ,  an d t o ge t  ri d o f  th e
rectangula r  lookin g explosio n yo u woul d ge t  i f  th e dot s
wer e distribute d evenl y throughou t  th e rectangula r  area .
By addin g tw o equall y distribute d random  number s
togethe r  yo u ge t  a  distributio n whic h i s weighte d mor e
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toward s the  centra l  value .  (  Try  it  wit h dic e :  compar e
th e numbe r  oc  7' s t o th e numbe r  o f  2' s ) .  Th e mor e
number s yo u ad d togther ,  th e better .  Here ,  jus t  tw o ar e
good enoug h t o d o th e job .

To chec k fo r  point s lyin g of f  th e screen ,  th e
coordinate s ar e temporaril y  mad e int o signe d numbers .
The ol d poin t  X-128 ,  Y=12 8 i s th e ne w origin.  No w whe n
th e offse t  i s added ,  th e resul t  ca n b e checked  fo r
overflow .  I f  a n overflo w occurs ,  th e rea l  su m o f  thes e
tw o number s i s outsid e th e limit s -12 8 an d +127,  makin g
th e poin t  of f  th e screen .  Th e coordinate s ar e the n
converte d bac k again .

THE D/ A CONVERTER :

The Drago n ha s a  si x bi t  D/ A Converte r  whic h i s use d fo r
cassett e i/o ,  joystic k input ,  an d soun d generation .  T o
us e th e D/ A Converte r  t o produc e soun d i t  i s  necessar y
t o selec t  i t  a s th e sourc e o f  soun d goin g t o th e T.V .
and t o enabl e soun d output .  Bi t  3  o f  th e PIA1 A an d bi t  3
of  th e PIA1 B control  register s selec t  th e soun d sourc e :

PIA1 A
contro l
bi t  3

0
1
0
1

PIA1 B
contro l
bi t  3

0
0
1
1

select s soun d

D/ A converte r
cassett e
cartridg e
not  use d

fro m

Bi t  3  o f  th e contro l  registe r  fo r  PIA2 B enable s soun d
outpu t  fro m th e selecte d source ,  whe n se t  t o 1 .  S o bot h
PIA1 A an d PIA1 B nee d t o hav e bi t  3  o f  thei r  contro l
byte s rese t  to  zero ,  whil e bit  3  of  PIA2B' s contro l
registe r  mus t  b e se t  t o on e (  se e SETUP a s a n exampl e o f
how t o d o thi s ) .  Onc e thi s i s done  an y valu e store d i n
the  top  6  bit s of  PIA2 A (  locatio n $FF2 0 )  wil l  be
converte d t o a n analogu e signa l  an d sen t  t o th e T.V .
set .

Sound is  generate d by  varying  thi s analogu e signal .
Regula r  variation s produc e musica l  soundin g tone s
(hopefully) ,  whil e rando m variation s produc e nois e (  a s
i n SPOTTY ) .  Of  th e tw o rando m numbe r  generator s i n thi s
program ,  RAND2 produce s a  bette r  sequenc e o f  number s fo r
producin g noise .

I n thi s exampl e th e amplitud e o r  volum e o f  th e nois e
(th e rang e o f  values  th e analogu e signal  varie s over )
start s of f  a t  a  hig h leve l  (  star t  o f  TESTO ) .  I t  the n
rapidl y decay s t o zero ,  wit h eac h iteratio n o f  th e loo p
EXPL1 (  4  line s i n th e middl e o f  th e loo p ) .  Thi s give s
an explosio n effect .
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HOW T O RUN TH E PROGRAM :

Allocat e spac e fo r  th e progra m usin g CLEAR.  Loa d th e
assemble d progra m int o memory ,  and  run  it  usin g EXEC.
You shoul d se e a  clea r  screen .  Multicoloure d explosion s
wil l  appea r  o n th e screen .  Eac h fade s awa y befor e th e
nex t  on e appears .  Rese t  th e machin e t o sto p th e program .

HOW T O USE TH E ROUTINES I N YOUR OWN PROGRAM :

SETUP

Thi s routin e set s u p th e Drago n s o tha t  anythin g store d
i n th e D/ A converte r  wil l  b e hear d o n th e T.V .  .  I t  mus t
be calle d befor e tryin g t o us e th e D/AC .  Befor e a  numbe r
is  store d in  the  D/AC ,  i t  shoul d be  "ANDed "  wit h DAMASK,
sinc e onl y th e to p 6  bit s ar e use d b y th e D/AC .

RAND1 &  RAND2

Thes e ar e tw o separat e rando m numbe r  generators .  Each  i s
writte n i n PIC ,  an d s o i s relocatable .  The y us e par t  o f
th e direc t  pag e t o stor e th e curren t  numbers .  S o th e
direc t  pag e registe r  mus t  b e se t  u p a s fo r  SCORE.  Th e
initia l  valu e o f  RAND2N mus t  no t  b e zero ,  sinc e thi s
wil l  caus e RAND2 t o loc k u p an d kee p returnin g zero .
Thes e routine s eac h retur n a  1 6 bi t  rando m numbe r  i n th e
D registe r  whe n called .

EXPLOD

Simulate s a n explosion .  I t  i s  writte n i n PIC ,  an d s o i s
relocatable .  Howeve r  i t  require s th e subroutine s SPOTTY,
RAND1,  RAND2,  CONVRT,  and  SCREEN to  be  in  the  sam e
relativ e position s fo r  th e BSR' s t o wor k correctly .  So ,
al l  thes e routine s shoul d b e move d a s a  block .

EXPLOD work s b y randoml y "EORing "  spot s aroun d th e
centr e o f  th e explosio n (  XCOORD,  YCOORD ) .  Th e spot s
ar e bounde d b y a  limit ,  SIZE ,  whic h starts  of f  a t
SIZINI .  Ever y NSPOTS spots ,  SIZ E i s increase d b y SIZING ,
unti l  SIZ E i s greate r  tha n SIZLIM .  Whil e thi s i s
happening ,  nois e i s bein g pu t  ou t  t o th e D/AC .  Th e
volum e start s a t  th e valu e give n i n th e A  register ,  an d
decrease s b y a  facto r  o f  VDECAY ever y NSPOTS spots .  Thi s
produce s a n explosio n effect .  Th e B  registe r  contain s a
dela y valu e whic h ca n b e use d t o slo w th e explosion .
Befor e usin g th e routin e yo u mus t  hav e calle d SETUP t o
enabl e th e soun d output .  Se t  th e value s o f  SIZINI ,
SIZING ,  SIZLIM ,  NSPOTS,  an d VDECAY accordin g t o th e typ e
of  explosio n (  experimen t  wit h th e give n value s ) .  Se t
XCOORD and  YCOORD to  the  centr e of  the  explosion .  Giv e
an initia l  nois e volum e i n A ,  an d som e valu e i n B  (  1
fo r  n o dela y ) .  The n cal l  EXPLOD.
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*  FILE-EXPLOD E

*  Progra m t o produc e a n exposio n effect .
*  EORs spot s ont o th e screen  randoml y
*  int o a  growin g boundar y whil e generatin g
*  nois e usin g th e DA C
0001 OEOO ORG $400 0

DEVICE ADDRESSES

0002 FF0 1
A
0003 FF0 3

0004 FF2 0
D/ A converte r
0005 FF2 2
VDG contro l
0006 FF2 3
D

0007 FFC O
contro l  le r

PIA1CA

PIA1CB

DAC

DEVPIA

PIA2CB

DEVSAM

EQU

EQU

EQU

EQU

EQU

EQU

$FF01

$FF03

$FF20

$FF22

$FF23

$FFCO

PIA 1

PIA 1

PIA 2

PIA 2

PIA 2

contro l  re ;

centra l  re ;

dat a A  =

dat a B  *•

contro l  re ;

SAM-RAM

0008 400 0 END

*  SCREEN VARIABLE S
*  i n direc t  pag e
*

0009 400 0
0010 000 0
graphic s scree n
0011 000 2
0012 000 4
displa y mod e re g
0013 000 5
0014 000 6
bit s o f  xcoord .
0015 000 7
i n scree n
0016 000 8

START

LENGTH
SAM

PI A
LOWS I T

YMAX

ORG
RMB

RMB
RMB

RMB
RMB

RMB

0
2

2
1

1
1

1

star t  o f

YMAX*32
valu e fo r

valu e fo r
mask fo r

number  o f

PI A
las t  3

line s

REORG

CONSTANTS FO R SCREEN VARIABLE S

0017 060 0
graphic s page s

GSTART EQU $60 0

*  values  o f  YMAX fo r  mode s 1
3 & 4
*  Not e
0018 006 0 YMAX1 EQU 9 6

Star t  o f
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0019 OOCO
0020 OOCO

YMAX3
YMAX4

*  value s o f  SA M fo r  mode s 1
3 &  4
0021 000 4 SAM1
0022 000 6 SAM3
0023 000 6 SAM4

modes 1

EQU 19 2
EQU 19 2

EQU 4
EQU 6
EQU 6

*  value s o f  PI A fo r
3 &4
*  ad d CSETO/ 1 fo r  colou r  se t  0/ 1
0024 OOCO PIA 1 EQU $C O
0025 OOEO PIA 3 EQU $E O
0026 OOFO PIA 4 EQU $F O
0027 000 0 CSETO EQU 0
0028 000 8 CSET1 EQU 8

*  value s o f  LOWB1T fo r  mode s 1
3 &  4
*  mas k fo r  las t  3  bit s o f  xcoordinat e
*  als o forc e xcoord .  eve n i f  4  colou r  mod e
0029 000 6 LOWB1 EQU 6
0030 000 6 LOWB3 EQU 6
0031 000 7 LOWB4 EQU 7

0032 400 0 END

RANDOM NUMBER VARIABLE S

0033 400 0
0034 003 0
0035 003 2
MUST NOT b e 0

ORG $3 0
RANDIN RMB 2
RAND2N RMB 4

random  numbe r  1
rando m numbe r  2

*  VARIABLE S FOR SPOTTY

0036 003 6
0037 003 7
0038 003 8
BOUNDARY
0039 003 9
0040 003 A
0041 003 B

0042 003 D
EXPLOSION
0043 003 E
EXPLOSION
0044 003 F
SIZ E OF EXPLOSION
0045 004 0

SDELAY
VOLUME
SIZ E

YCOORD
XCOORD
TEMP

SIZIN I

SIZLI M

SIZIN G

NSPOTS

RMB 1
RMB 1
RMB 1

RMB 1
EMB 1
RMB 2

RMB 1

RMB 1

RMB 1

RMB 2

DELAY QUANTITY
SOUND VOLUME
SIZ E OF SPOT

INITIA L SIZ E OF

LIMI T T O SIZ E OF

INCREMENT I N

NUMBER OF SPOTS
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AT EACH SIZ E
0046 004 2
OFVOLUME
0047 004 3

0048 400 0
0049 400 0 860 4
TEXT SCREEN
0050 400 2 1F8 B
DP
0051 400 4 CC0460
0052 400 7 973 D
0053 400 9 973 F
0054 400 B D73 E
0055 400 D CC003C
0056 401 0 DD40
0057 401 2 86E O
0058 401 4 974 2
RATE
0059 401 6 CCC006
SCREENVARIABLES
0060 401 9 970 7
0061 401 B B740D 4
I S NOT ZERO
0062 401 E D70 4
0063 402 0 86E 8
0064 402 2 970 5
0065 402 4 860 7
X-COORDS
0066 402 6 970 6
MULTICOLOURED EFFECT
0067 402 8 CC060C
0068 402 B DDOO
0069 402 D CC180 0
0070 403 0 DD02

0071 403 2 CCOOOO
0072 403 5 1700F 7
0073 403 8 1700C B
0074 403 B 17010 0

VDECAY RMB 1

REORG

BEGIN

0075 403 E
0076 403 E
0077 404 1
0078 404 3
0079 404 5
0080 404 7
AMPLITUDE
0081 404 A
SLOWLY
0082 404 C
QUICKLY
0083 404 F
0084 405 1

LOOP
170093
9107
24F9
DD39
CCFF80
&DELAY
8D07

CC0001

8D02
20EB

EQU *
LDA #$0 4

TFR A

LDD #$046 0
STA SIZIN I
STA SIZIN G
STB SIZLI M
LDD #6 0
STD NSPOTS
LDA #$E O
STA VDECAY

RATE OF DECAY

DIRECT PAGE =

INITIA L SIZ E
SIZ E INCREMENT
LIMI T SIZ E

SPOTS PE R SIZ E

VOLUME DECAY

LDD #YMAX3*256+SAM3 SE T

STA YMAX
STA RAND2

-FOR MODE 3
MAKE SURE RAND2

STB SA M
LDA #PIA3+CSET 1 COLOUR SE T 1
STA PI A
LDA #LOWB4 ALLOW ODD

STA LOWBIT -T O GET

LDD #GSTART
STD START
LDD #YMAX3*3 2
STD LENGTH

LDD # 0
LBSR CLEAR
LBSR SCREEN
LBSR SETUP

EQU ••
LBSR RAHD2
CMPA YMAX
BHS LOOP
STD YCOORD
LDD #$FF8 0

BSR EXPLOD

LDD #$000 1

BSR EXPLOD
BRA LOOP

CLEAR SCREEN

DISPLAY SCREEN
ENABLE SOUND

INITIA L COORDS
CHECK I F VALI D

& XCOORD
INITIA L

PUT ON SPOTS

TAKE THEM OFF

-AND SILENTL Y
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*  EXPLOD
*

*  Subroutin e t o simulat e a n explosion .
*  Spot s ar e place d randoml y ont o th e scree n
*  aroun d th e centr e o f  th e explosio n (  a t
*  XCOOD YCOOD ) .

withi n a  boundary .
*  Th e boundar y increase s i n siz e fro m SIZIN I
*  t o SIZLI M i n step s o f  SIZING .
*  Th e volum e o f  th e nois e start s a t  A

*  an d decay s a t  a  rat e give n b y VDECAY.
*  B  determine s the  spee d of  the  explosion .

0085 405 3
0086 405 3 973 7
VOLUME
0087 405 5 D73 6
CONSTANT
0088 405 7 OF3 0
RANDOM NUMBER
0089 405 9 OF3 1
0090 405 B 963 D
0091 405 D 973 8
0092 405 F 109E4 0
TO D O
0093 406 2
0094 406 2 D63 6
0095 406 4 8D1 6
0096 406 6 313 F
Y LOOP UNTI L
0097 406 8 26F 8
0098 406 A 963 7
OF NOIS E
0099 406 C D64 2
0100 406 E 3 D
0101 406 F 973 7
0102 407 1 963 F
0103 407 3 9B3 8
0104 407 5 973 8
0105 407 7 913 E
ENOUGH
0106 407 9 23E 4
0107 407 B 3 9

EXPLOD EQU *
STA VOLUME

STB SDELAY

CLR RAND1N

CLR RAND1N+1
LDA SIZIN I
STA SIZ E

EXPL1 LD Y NSPOTS

EXPL2 EQU *
LDB SDELAY
BSR SPOTTY
LEAY - 1

0
BNE EXPL 2
LDA VOLUME

LDB VDECAY
MUL
STA VOLUME
LDA SIZIN G
ADDA SIZ E
STA SIZ E
CMPA SIZLI M

BLS EXPL 1
RTS

*  SPOTTY
*

*  Subroutin e t o EOR o n spo t  randoml y
*  ont o th e scree n
no furthe r  tha n SIZ E
*  awa y fro m th e centr e XCOORD
YCOORD.
*  Rando m nois e i s produce d
wit h volum e
*  give n b y VOLUME.

STORE INITIA L

STORE DELAY

INITIALIS E

SET INITIA L SIZ E

NUMBER OF SPOTS

PUT ON ONE SPOT

DECREASE VOLUME

INCREASE SIZ E

CHECK I F BI G
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0108 407 C
0109 407 C 5 A
WHILE
0110 407 D 26F D
0111 407 F 8D5 3
0112 408 1 963 7
VOLUME
0113 408 3 3 D
0114 408 4 84F C
0115 408 6 B7FF2 0

0116 408 9 8D3 7
NUMBER
0117 408 B 9B3 1
BYTES
0118 408 D 4 6
A MORE CENTRAL
0119 408 E D63 8
THEN SCALE T O SIZE .
0120 409 0 3 D
SIZE- 1
0121 409 1 5 8
0122 409 2 4 9
2(SIZE-1 )
0123 409 3 903 8
TO SIZE- 1
0124 409 5 973 B

SPOTTY EQU *
DECB

0125 409 7
X COORD
0126 409 9
0127 409 B
0128 409 C
0129 409 E
0130 409 F
0131 40A O
0132 40A 1
0133 40A 3

8D29

9B31
46
D638
3D
58
49
9038
973C

0134 40A 5 DC39
TO SIGNE D NUMBER
0135 40A 7 808 0
0136 40A 9 9B3 B
CHECK
0137 40A B 291 4
OFF SCREN
0138 40A D 8B8 0
TO UNSIGNED
0139 40A F 910 7
BOTTOM
0140 40B 1 240 E
0141 40B 3 C08 0
XCOORD
0142 40B 5 DB3 C
0143 40B 7 290 8

BNE SPOTTY
BSR RAND2
LDA VOLUME

MUL
ANDA #DAMASK
STA DAC

BSR RAND1

ADDA RAND1N+1

RORA

LDB SIZ E

MUL

ASLB
ROLA

SUBA SIZ E

STA TEMP

BSR RAND1

ADDA RAND1N+1
RORA
LDB SIZ E
MUL
ASLB
ROLA
SUBA SIZ E
STA TEMP+1

LDD YCOORD

SUBA #$8 0
ADDA TEMP

BVS NOGO

ADDA #$8 0

CMPA YMAX

BHS NOGO
SUBB

ADDS TEMP+1
BVS NOGO

DELAY FOR A

MAKE NOIS E
OF CORRECT

AND PUT T O DAC

GET RANDOM

ADD TWO RANDOM

-AND HALVE(GIVE S

-DISTRIBUTION )

RANGE 0  T O

RANGE 0  T O

RANGE -(SIZE-1 )

SAVE I T

DO TH E SAME FOR

CONVERT YCOORD

SO THAT WE CAN

-FOR OVERFLOW

CONVERT I T BACK

CHECK I F OFF

DO THE SAME 1'O R
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0144 40B 9 CB8 0 ADDS
0145 40B B 8D2 9 BS R CONVRT CONVERT T O
ADDRESS
0146 40B D E88 4 EORB
X PUT SPOT
0147 40B F E78 4 ST B
X
0148 40C 1 3 9 NOGO RT S

*  RANDOM NUMBER GENERATORS

*  RAND1

•'• '  Calculate s ne w 1 6 bi t  pseud o rando m numbe r
RANDIN
""  fro m it s ol d valu e
returnin g i t  i n D
*  Th e sequenc e o f  number s repeat s ever y 2*1 6 call s
*  Positio n independen t  cod e
*  D  modifie d

0149 40C 2 RAND1 EQU *
RAND1N=RAND1N*$605 +  1384 9 MOD 6553 6
0150 40C 2
0151 40C 4
0152 40C 6
0153 40C 7
0154 40C 8
0155 40C A
0156 40C B
0157 40C C
0158 40C E
0159 40D 1
0160 40D 3
*  en d o f

DC30
9B31
58
49
9B31
58
49
D330
C33619
DD30
39

RAND1

LDD RAND I N
ADDA RAND1N+1
ASLB
ROLA
ADDA RAND1N+1
ASLB
ROLA
ADDD RAND I N
ADDD #1384 9
STD RAND1N
RTS

RAND I N
RAND1N*$101
RAND1N*$202
_

RAND1N*$302
RAND1N*$604_

RAND 1N* $ 60 5

*  RAND2

"'  Calculate s ne w 3 2 bi t  pseud o rando m numbe r
RAND2N
'•'  fro m it s ol d valu e
returnin g it s 2  hig h byte s i n D
*  Th e sequenc e o f  number s repeat s ever y 1
073
215
489 cal l
s
*  RAND2N=RAND2N shifte d righ t
*  wit h MSBi t  =  bit 9 eo r  bit 2
*  Not e

• *  Positio n independen t  cod e
*  D  modifie d

0161 40D 4
0162 40D 4 963 5
0163 40D 6 4 6

RAND2 EQU *
LDA RAND2N+3
RORA
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0164 40D 7 983 4 EORA RAND2N+2
0165 40D 9 4 6 RORA
0166 40D A 4 6 RORA
0167 40D B 063 2 ROR RAND2N
0168 40D D 063 3 ROR RAND2N+1
0169 40D F 063 4 ROR RAND2N+2
0170 40E 1 063 5 ROR RAND2N+3
0171 40E 3 DC32 LD D RAND2N
0172 40E 5 3 9 RTS
*  en d o f  RAND2

*  CONVRT

*  Conver t  A-y-coordinat e
B~x-coordinat e
*  int o X=addres s o f  byt e o n screen
*  an d B  ha s th e correspondin g bi t  set .
*  Positio n independen t  cod e
*  X
B modifie d

0173 40E 6 CONVRT EQU *
0174 40E 6 342 6 PSHS D
Y sav e D  &  Y
0175 40E 8 4 4 LSR A
bit s
0176 40E 9 5 6 RORB
fro m
0177 40E A 4 4 LSR A
0178 40E B 5 6 RORB
0179 40E C 4 4 LSR A
0180 40E D 5 6 RORB
0181 40E E D30 0 ADDD START
byt e
0182 40F O ITO l  TF R D
X pu t  i n X  re g
0183 40F 2 350 6 PUL S D
agai n
0184 40F 4 D40 6 ANDB LOWBIT
bit s
0185 40F 6 318D000 4 LEA Y CONTAB
PCR ge t  Bt h byt e fro m tabl e
0186 40F A E6A 5 LD B B
Y
0187 40F C 35A O PUL S Y
PC restor e Y  an d retur n
0188 40F E 8040201 0 CONTAB FCB $8 0
$40
$20
$10
0189 410 2 0804020 1 FCB $0 8
$04
$02
$01
*  en d o f  CONVRT

shif t  D  righ t  3

-t o ge t  offse t

-star t  o f  scree n

give s addres s o f

get  coordinate s

selec t  las t  3



*  SCREEN

*  Display s scree n a s specifie d b y scree n variable s
*  Positio n independen t  cod e
*  N o register s modifie d

0190 410 6 SCREEN EQU *
0191 410 6 341 6 PSHS D
X
0192 410 8 B6FF2 2 LD A DEVPI A
hig h
0193 410 B 840 7 ANDA # 7
DEVPIA
0194 410 D 9A0 5 ORA PI A
0195 410 F B7FF2 2 ST A DEVPI A
0196 411 2 960 4 LD A SAM
0197 411 4 C60 3 LD B # 3
0198 411 6 8EFFCO LD X #DEVSAM
0199 411 9 8D0 9 BSR SBIT S
0200 4 1 I B 960 0 LD A START
address/25 6
0201-411 D 4 4 LSR A
address/12 8
0202 4 1 I E C60 7 LD B # 7
Page Selec t  Re g
0203 412 0 8D0 2 BSR SBIT S
0204 412 2 359 6 PUL S D
X
PC
*  SE T B  BIT S OF SA M
0205 412 4 SBIT S EQU *
X
0206 412 4 A78 1 ST A
X++ assum e las t  bit  is  zer o
0207 412 6 4 4 LSR A
0208 412 7 240 2 BCC SBO
0
0209 412 9 A71 F ST A - 1
X i t  wa s 1  s o fi x  i t  !
0210 412 B 5 A SB O DECB
0211 412 C 26F 6 BNE SBIT S
0212 412 E 3 9 RT S
*  en d o f  SCREEN

mask PI A ont o

-5  bit s of

se t  3  bit s o f
-VDG registe r  t o
-SAM

A=start

A=star t

set  7  bit s of

se t  B  bit s fro m

tak e las t  bi t
branc h if  it  was

loo p B  time s

*  CLEAR
*

*  Fill s scree n wit h pair s o f  byte s give n i n D
*  Not e
*  Position  independen t  cod e
*  N o register s modifie d

0213 412 F
0214 412 F 343 0
Y
0215 413 1 9EOO
of  scree n

CLEAR EQU *
PSHS X

LDX START pointe r  t o star t
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0216 413 3 109E0 2 LD Y LENGTH
t o clea r
0217 413 6 ED81 CLEARX ST D
X++ clea r  2  byte s
0218 413 8 313 E LEA Y - 2
Y loo p Y/ 2 time s
0219 413 A 26F A BNE CLEARX
0220 413 C 35B O PUL S X
Y
PC
*  en d o f  CLEAR

number  o f  byte s

0221 413 E
*  en d o f  EXPLOD
*  SETUP

END

• v Enabl e soun d outpu t  fro m th e DAC
*  Mus t  b e calle d befor e usin g th e DA C
*  Positio n independen t  cod e
*  N o register s modifie d

0222 413 E
0223 413 E 340 6
0224 414 0 CCB435
fro m DAC
0225 414 3 B7FF0 1
microsecon d int .
0226 414 6 F7FF0 3
int .
0227 414 9 863 F
0228 414 B B7FF2 3
0229 414 E 358 6
PC
*  en d o f  SETUP

SETUP EQU *
PSHS D
LDD #$B43 5

STA P1A1C A

STB PIA1C B

LDA #$3 F
STA PIA2C B
PULS D

set  soun d outpu t

-disabl e 6 4

-an d enabl e 50H z

Enabl e DAC soun d

mask for  dat a to  stor e to  DAC
*  AND dat a wit h DAMASK befo r  storin g t o DAC
0230 OOFC

0231 415 0

0232 415 0

NO ERRORS FOUND

DAMASK EQU 7.1111110 0

END

END

BEGIN
CONVRT
DAMASK
EXPL2
LOOP
LOWBIT
PIA 1
PIA 3
RAND 2
SAM3
SCREEN

4000
40E6
OOFC
4062
403 E
0006
ooc o
OOEO
40D4
0006
4106

CLEAR
CSETO
DEVP1A
EXPLOD
LOWB1
NOGO
PIA1CA
PIA 4
RAND2N
SAM4
SDELAY

412F
0000
FF22
4053
0006
40C1
FF01
OOFO
0032
0006
0036

CLEARX
CSET1
DEVSAM
GSTART
LOWB3
NSPOTS
P1A1CB
RAND1
SAM
SBO
SETUP

4136
0008
FFCO
0600
0006
0040
FF03
40C2
0004
41 2 B
413E

CONTAB
DAC
EXPL1
LENGTH
LOWB4
PI A
PIA2CB
RAND I N
SAM1
SBIT S
SIZ E

40FE
FF20
405F
0002
0007
0005
FF23
0030
0004
4124
0038
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SIZIN G 003 F SIZIN I  003 D SIZLI M 003 E SPOTTY 407 C
START 000 0 TEMP 003 B VDECAY 004 2 VOLUME 003 7
XCOORD OO3A YCOORD 003 9 YMAX 000 7 YMAX1 006 0
YMAX3 OOCO YMAX4 OOCO
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Program : Music
MUSIC,  a s th e nam e suggests ,  i s  a  progra m t o pla y music ,  on e
not e a t  a  time .  Th e wavefor m i s variable ,  an d ther e i s
limite d contro l  ove r  th e envelop e o f  th e wav e (  adjustabl e
deca y rat e ) .  Th e progra m expand s th e us e o f  th e D/ A
converte r  a s describe d i n th e EXPLODE program.  A s usua l  i f
th e detai l s bor e you ,  ski p t o th e HOW T O RUN TH E PROGRAM
section .

.
THE SOUND GENERATION ROUTINE :

Value s fro m th e wavefor m tabl e ar e pu t  ou t  throug h th e D/ A
converte r  a t  a  variabl e rate .  POIN T i s a  2 4 bi t  variable ,  o f
whic h 2 1 bit s ar e used .  Bit s 0  t o 4  o f  th e mos t  significan t
byt e ar e a n inde x int o th e wavefor m table .  Thi s inde x i s
repeatedl y update d ever y 6 4 cloc k cycles ,  b y addin g FREQ t o
POINT.  Th e large r  th e valu e o f  FREQ is ,  th e faste r  th e inde x
wil l  change .  I n fac t  th e frequenc y o f  th e outpu t  signa l  i s
proportiona l  t o FREQ.

bit s :  2222111 1 11111 1
3210987 6 5432109 8 7654321 0

FREQ :  0000000 0 1000000 0 0000000 0
POINT :  OOOOOC11 0000000 0 0000000 0

inde x

At  thi s stag e th e inde x int o wavefor m tabl e i s 3 ,  ie .  th e
thir d valu e i n th e tabl e wil l  b e sen t  t o th e DAC.  Ever y
secon d tim e FREQ i s adde d t o POINT ,  th e mos t  significan t  byt e
of  POIN T wil l  chang e an d a  ne w valu e wil l  b e sen t  t o th e DAC.
Afte r  6 4 addition s o f  FREQ,  bit s 1 6 t o 2 0 o f  poin t  wil l  hav e
th e sam e valu e again,  an d al l  th e value s i n th e wavefor m
tabl e wil l  hav e bee n cycle d through .  Thu s a  ful l  cycl e woul d
be outpu t  i n 6 4 loops .  Each  loo p take s 6 4 cloc k cycles .  Th e
tim e fo r  a  ful l  cycl e i s therefor e 409 6 cloc k cycles .  Sinc e
th e cloc k spee d i s 890,00 0 H z (  890,00 0 cycle s pe r  secon d ) ,
th e frequenc y o f  th e soun d woul d b e 890,000/409 6 =  21 7 Hz ,
which  i s clos e t o A  belo w middl e C .

The amplitud e o f  th e signa l  i s controlle d b y th e on e byt e
variable ,  AMPL.  Th e entrie s for m th e wavefor m tabl e ar e
multiplie d b y AMPL befor e bein g sen t  t o th e D/ A converter .
The star t  o f  th e wavefor m tabl e i s specifie d b y th e X
register ,  whil e th e duratio n o f  th e ton e i s specifie d b y th e
content s o f  th e Y  registe r  (  Y'̂ 6 4 cloc k cycle s ) .

THE MAI N PROGRAM :

Take s th e note s fro m th e scor e o f  musi c an d decode s them .  I t
start s th e amplitud e a t  it s maximu m leve1 ,  an d the n
repeatedl y call s SOUND whil e decreasin g th e amplitude .  Thi s
produce s th e deca y effect .  Th e lengt h o f  eac h not e i s encode d



i n Ch e scor e wit h th e frequency  usin g th e followin g syste m :
Of  th e 1 6 bit s i n th e code ,
bit s 1 5 t o 1 2 -  specif y th e octav e (  0  t o a n approximat e
limi t  o f  5  )
bit s 1 1 t o 8  -  specif y th e not e withi n th e give n octave  (
0=A t o 11=G # )
bit s 7  to  0  -  specif y the  relativ e duratio n of  the  not e

Two byt e cod e :
15.14.13.12.11.10 .  9 .  8 .  7 .  6 .  5 .  4 .  3 .  2 .  1 .  0 .
(-octave— )  .  (—not e )  .  (  dura t  io n )  .
eg.  octav e 2 ,  not e A# ,  duratio n 8  = )  $210 8
The valu e $000 0 i s use d t o mar k th e en d o f  th e piece .

Becaus e o f  th e limite d numbe r  o f  bit s o f  resolutio n availabl e
i n th e D/AC ,  an d th e crud e metho d use d t o calculat e th e
outpu t  signal ,  th e signa l  i s  no t  excellen t  an d man y harmonic s
can b e hear d (  especiall y a s a  ton e decay s i n intensit y t o
near  0  ) .

WAVEFORMS AND ENVELOPES :

Sound i s produce d her e b y sendin g a  sequenc e o f  value s
repeatedl y t o th e DAC.  Thi s sequenc e o f  value s i s th e
waveform .  I t  determine s th e "quality "  o f  th e sound ,  whethe r
it  sound s pure ,  lik e a  tunin g fork ,  or  has  mor e character ,
lik e a n electri c guitar .  Her e th e wavefor m i s specifie d b y a
wavefor m table .  Thi s i s a  sequenc e o f  TLEN-3 2 bytes .

The wavefor m ha s it s  amplitud e (o r  volume )  varie d fo r  th e
lengt h o f  th e note .  Thi s i s calle d th e envelop e o f  th e
waveform .  A  genera l  for m consist s of .  3  part s :  attack ,
sustain ,  an d decay .  Conside r  hittin g a  pian o key .  A t  th e
star t  o f  a  note ,  th e amplitud e increase s u p t o a  certai n
valu e (  attac k ) .  Whil e a  not e i s  bein g held ,  th e amplitud e
may dro p a  l i t t l e befor e levellin g ou t  (  sustai n ) .  When th e
not e is  finishe d it  may  tak e a  whil e for  the  amplitud e of  the
soun d t o dro p t o zer o (  deca y ) .  I n thi s program ,  th e attac k
i s immediate ,  th e sustai n doesn' t  exist ,  an d th e deca y i s
exponentia l  wit h a  variabl e rate .

HOW T O RUN TH E PROGRAM :

Allocat e spac e fo r  th e progra m usin g CLEAR.  Loa d th e
assemble d program  int o memory ,  an d ru n i t  usin g EXEC.  I f  th e
volum e o f  your  T.V .  se t  i s  turne d up ,  yo u shoul d hea r  "Drin k
To Me Onl y Wit h Thin e Eyes" .  Th e firs t  hal f  use s a  triangula r
waveform .  Th e secon d hal f  use s a  squar e one .

HOW T O USE TH E ROUTINES I N YOUR OWN PROGRAM :

SOUND

Thi s routin e generate s a  ton e o f  a  give n frequency ,
amplitude ,  and  wavefor m for  a  give n lengt h of  time .  PIC  i s
use d s o th e cod e ca n b e relocate d anywhere .  Befor e SOUND i s
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called ,  SETUP mus t  b e calle d t o enabl e th e sound .  Th e 3-byt e
frequenc y i s store d i n FREQ.  Th e on e byt e amplitud e i s store d
i n AMPL.  Th e X  registe r  i s mad e t o poin t  t o th e star t  o f  a
wavefor m table .  Th e Y  registe r  i s  loade d wit h a  valu e whic h
determine s th e duratio n o f  th e note .  When SOUND i s calle d th e
specifie d not e i s produced .

By varyin g th e amplitude ,  frequency ,  an d waveform ,  man y
differen t  soun d effect s ca n b e produced .  I n thi s progra m onl y
th e amplitud e i s varied .  Muc h mor e tha n thi s i s  possib le .

PLAY

Thi s routin e take s a n encode d score  o f  musi c i n memory ,  an d
convert s i t  t o sound .  Thi s routin e i s writte n use s PIC ,  bu t
i t  call s SOUND an d accesse s NOTAB.  Al l  thre e mus t  b e kep t
togethe r  i f  PLA Y i s t o wor k properly .  SETUP mus t  b e calle d t o
enabl e th e soun d output ,  befor e usin g PLAY .  Th e addres s o f
th e wavefor m tabl e mus t  b e store d i n WAVTAB.  Th e spee d o f
pla y i s  determine d b y th e tw o byt e numbe r  SPEED (  1 =  ver y
fas t  ,  $FFF F =  ver y slo w ) .  Th e deca y rat e i s  determine d b y
DECAY (  0  =  ver y fas t  ,  $FF  =  ver y slo w )  and  SPEED.  Finall y
th e U  registe r  mus t  poin t  t o th e star t  o f  th e musi c score ,
which  i s encode d a s describe d above .  Callin g PLA Y play s th e
music .
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illustrate s ho w

0001 OEOO

*  FILE-MUSI C

*  SOUND GENERATION PROGRAM
Vc

*  Thi s program ,  whic h play s a  tune ,

-' '  sound  ca n b e produce d o n th e Dragon .

ORG $400 0

*  DEVIC E ADDRESSES

0002 FF0 1
A
0003 FF0 3
B
0004 FF2 0
D/ A converte r
0005 FF2 2
VDG contro l
0006 FF2 3

0007 FFC O

controlle r

PIA1CA

PIA1CB

DAG

DEVPIA

PIA2CB

DEVSAM

EQU

EQU

EQU

EQU

EQU

EQU

$FF01

$FF03

$FF20

$FF22

$FF23

$FFCO

PIA 1

PIA 1

PIA 2

PIA 2

PIA 2

contro l

contra !

dat a A

dat a B

contro l

re g

re g

=

=

re g

SAM-RAM

0008 400 0

$4420
0009 400 0
0010 002 0
0011 002 2
0012 002 3
0013 002 5
0014 002 8
0015 002 B
0016 002 C
0017 002 D

0018 002 0

0019 400 0
0020 400 0 340 8
0021 400 2 864 4
NUMBER
0022 400 4 1F8 B
0023 400 6 8E010 0
0024 400 9 9F2 0
0025 400 B 86F O
0026 400 D 972 2
0027 400 F 308D008 6

END

*  VARIABLE S FOR MUSI C
v-  i n direc t  page ,  actuall y locate d a t

ORG $2 0
SPEED RMB 2
DECAY RMB 1
WAVTAB RMB 2
FREQ RMB 3
POINT RMB 3
AMPL RMB 1
DURATN RMB 1

REORG

TLEN EQU 3 2

BEGIN EQU *
PSHS D P
LDA #$4 4

TFR A,D P
LDX #$10 0
STX SPEED
LDA #$F O
STA DECAY

DIRECT PAGE

SET DIREC T PAGE

SET SPEED

SET DECAY REATE
LEAX TRIANG,PC R TRIANGULAR
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WAVEFORM
0028 401 3
0029 401 5
0030 401 8
POSITIO N
0031 401 C
0032 401 E
0033 402 2
0034 402 4
0035 402 8
0036 402 A

9F23
1700C1
338DOOCF

I N SCORE
8DOE
308D0097
9F23
338DOOC3
8D02
3588

STX WAVTAB
LBSR SETUP ENABLE SOUND
LEAU MUSIC,PC R U  I S POINTE R T O

BSR PLA Y PLA Y I T
LEAX SQUARE,PCR SQUARE WAVE
STX WAVTAB
LEAU MUSIC,PC R
BSR PLA Y
PULS DP,P C

*  PLA Y

musi c i s playe d

rat e

eac h not e

includ e

0037 402 C
0038 402 C ECC4
0039 402 E 273 3
0040 403 0 D72 C
0041 403 2 840 F
OCTAVE
0042 403 4 308D004 9
FOR THI S NOTE
0043 403 8 4 8
0044 403 9 EC8 6
0045 403 B DD26
0046 403 D OF2 5
0047 403 F A6C 1
AGAIN
0048 404 1 082 7
0049 404 3 092 6
EACH
0050 404 5 092 5
0051 404 7 801 0
0052 404 9 24F 6

0053 404 B 86F F

*  ROUTINE T O PLA Y MUSI C
*  Th e score  i s  locate d a t  U ,
•'• '  DECAY hold s th e deca y rat e fo r  eac h

*  (0=v.fas t  -  $FF=v.slow )
*  SPEED hold s th e spee d a t  whic h th e

*  (l=v.fas t  -  $FFFF=v.slo w )
*  note :  SPEED als o change s th e deca y

*  Th e tabl e describin g th e wavefor m o f

*  i s  a t  WAVTAB
(whic h i s TLE N byte s long )

•' "  Positio n independen t  code ,  bu t  mus t

*  SOUND an d NOTAB.
*  D,U, X modifie d

PLAY EQU *
LDD , U
BEQ PLAYEN
STB DURATN
ANDA #$ F

NOTE,DURATION
FINIS H I F ZERO

NOTE WITHI N

LEAX NOTAB,PCR FIN D FREQUENCY

AS L A
LDD A, X
STD FREQ+1
CLR FREQ
LDA ,U+ +

PLAYO AS L FREQ+2
ROL FREQ+1

ROL FREQ
SUBA #1 6
BUS PLAYO

LDA #$F F

SAVE FREQUENCY
HIGH BYT E -  0
GET TH E NOTE

ADJUST FREQUENY
-DOUBLING FOR

-OCTAVE

INITIA L
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AMPLITUDE
0054 404 D
0055 4 0 4 F

0056 405 1
0057 405 1
0058 405 4
0059 405 6
AMPLITUDE
0060 405 8
0061 405 A
0062 405 B
0063 405 D
DURATN=0
0064 4 0 5 F
0065 406 1

0066 406 3

972B
9E23

109E20
8DOE
962B

D622
3D
972B
OA2C

26FO
20C9

39

STA
LDX

PLAY2 EQU
LDY

BSR
LDA

LDB
MUL
STA
DEC

BNE

BRA

PLAYEN RT S

*  SOUND

AMPL
WAVTAB

*

SPEED
SOUND
AMPL

DECAY

AMPL
DURATN

PLAY2
PLAY

WAVEFORM TABL E

PLAY THI S NOTE

DECREASE

LOOP UNTI L

GET NEXT NOTE

RETURN

FREQ,  wavefor m pointe d
t o

*  SOUND GENERATION ROUTINE
*  Pla y a  singl e not e wit h frequenc y

*  b y X ,  amplitud e AMPL,  an d duratio n Y
*  Th e loo p take s 6 4 cloc k cycle s t o

*  Positio n independen t  cod e
*  D  modifie d

0067 406 4
0068 406 4 DC29
POINT
0069 406 6 D32 6
0070 406 8 DD29
0071 406 A 962 8
0072 406 C 992 5
0073 406 E 972 8
0074 407 0 841 F
INT O WAVEFORM TABL E
0075 407 2 A68 6
0076 407 4 D62 B
AMPLITUDE
0077 407 6 3 D
0078 407 7 84F C
0079 407 9 B7FF2 0
0080 407 C 313 F
0081 407 E 26E 4
0082 408 0 3 9

octave 0

SOUND EQU *
LDD POINT+ 1

ADDD FREQ+1
STD POINT+ 1
LDA POIN T
ADCA FREQ
STA POIN T
ANDA #TLEN- 1

LDA A,X
LDB AMPL

MUL
ANDA #DAMASK
STA DAC
LEAY -1, Y
BNE SOUND
RTS

*  en d SOUND

ADD FREQ T O

POINT I S INDE X

MULTIPLY B Y

STORE I N DAC

DECREMENT Y
LOOP UNTI L Y= 0

*  NOTE T O FREQUENCY TABL E
*

*  Frequencie s o f  note s 0  t o 1 1 i n
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*  Arbitrar y scal e o f  for m
F(I)=F(0)*(2_(I/12) )
0083 408 1 206622532 4 NOTAB FOB
8294,8787,9310,9863,10450,1107 1
0084 408 D 2DD2308B3 3 FDB
11730,12427,13166,13949,14778,1565 7

*  end  PLA Y

*  A  WAVEFORM TABL E
*  FOR A  TRIANGULAR WAVE

0085 409 9 0010203 0
0086 409 D 4050607 0
0087 40A 1 8090AOBO
0088 40A 5 CODOEOFO
0089 40A 9 FFFOEODO
0090 40A D COBOA090
0091 40B 1 8070605 0
0092 40B 5 4030201 0

0093 40B 9 0000000 0
0094 40B D 0000000 0
0095 40C 1 0000000 0
0096 40C 5 0000000 0
0097 40C 9 FFFFFFF F
0098 40C D FFFFFFF F
0099 40D 1 FFFFFFF F
0100 40D 5 FFFFFFF F

TRIANG FCB $00 ,  $10 ,  $20 ,  $3 0
FCB $40 ,  $50 ,  $60 ,  $7 0

•  FC B $80,$90,$AO,$B O
FCB $CO,$DO,$EO,$F O
FCB $FF,$FO,$EO,$D O
FCB $CO,$BO,$AO,$9 0
FCB $80 ,  $70 ,  $60 ,  $5 0
FCB $40,$30,$20,$1 0

*  AND A  SQUARE WAVE
SQUARE FC B 0,0,0, 0

FCB 0,0,0, 0
FCB 0,0,0, 0
FCB 0,0,0, 0
FCB $FF,$FF,$FF,$F F
FCB $FF,$FF,$FF,$F F
FCB $FF,$FF,$FF,$F F
FCB $FF,$FF,$FF,$F F

0101 40D 9
0102 40D 9
0103 40D B
fro m DAC
0104 40D E
microseco n
0105 40E 1
int .
0106 40E 4
0107 40E 6
0108 40E 9

0109 OOFC

3406
CCB435

B7FF01
d int .
F7FF03

863F
B7FF23
3586

*  SETUP

*  Enabl e soun d output  fro m th e DAC
*  Mus t  b e calle d befor e usin g th e DA C
*  Positio n independen t  cod e
-' '  N o register s modifie d

SETUP EQU *
PSHS D
LDD #$B43 5

STA PIA1C A

STB PIA1C B

LDA #$3 F
STA PIA2C B
PULS D,P C

*  en d o f  SETUP

*  mas k fo r  dat a t o stor e t o DAC
*  AND dat a wit h DAMASK befo r  storin g t o

DAMASK EQU %1111110 0

se t  soun d outpu t

-disabl e 6 4

-an d enabl e 50H z

Enabl e DAC soun d
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0110 40E B

5=hig h

$FF=lon g

END

*  MUSI C SCORE

" < Forma t  2  byte s pe r  not e :
- v 4  bit s octav e numbe r  (  0-lo w -  abou t

*  4  bit s not e numbe r  (  0= A -  11=$B=G #

*  8  bit s duratio n ($01=shor t  -

0111 40E B
0112 40E B 091 0
0113 40E D 091 0
0114 40E F 091 0
0115 40F 1 OA20
0116 40F 3 OA1 0
0117 40F 5 101 0
0118 40F 7 OA10
0119 40F 9 091 0
0120 40F B 071 0
0121 40F D 091 0
0122 40F F OA10
0123 410 1 101 0
0124 410 3 051 0
0125 410 5 OA10
0126 410 7 092 0
0127 410 9 071 0
0128 410 B 056 0

0129 410 D 000 0

0130 410 F

NO ERRORS FOUND

AMPL 002 B BEGI N
DECAY 002 2 DEVPI A
FREQ 002 5 MUSI C
PIA1CB FF0 3 PIA2C B
PLAY2 405 1 PLAYEN
SOUND 406 4 SPEED
TRIANG 409 9 WAVTAB

*  Drin k t o
MUSIC EQU

FDB
FOB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB

FDB
FDB
FDB
FDB

FDB

END

4000 DAC
FF22 DEVSAM
40EB NOTAB
FF23 PLA Y
4063 POIN T
0020 SQUARE
0023

Me Only  Wit h Thin e Eye s
- V

$910
$910
$910
$A20
$A10
$101 0
$A10
$910
$710
$910
$A10
$1010
$510
$A10
$920
$710
$560

0

FF20 DAMASK OOFC
FFCO DURATN 002 C
4081 PIA1C A FF0 1
402C PLAY O 404 1
0028 SETUP 40D 9
40B9 TLE N 002 0

Program : Demo

DEMO i s a  progra m whic h produce s a n animate d displa y o f  a
human/robo t  figure .  Thi s i s a n exampl e o f  th e us e o f  th e GET,
PUT an d PUTC routines .  I f  yo u jus t  wan t  t o ru n th e progra m g o
t o th e sectio n HOW T O RUN TH E PROGRAM.
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GET,  PUT,  an d PUTC :

Thes e routine s ar e lik e th e BASI C GET an d PUT commands ,  bu t
ar e faste r  an d conserv e memory .  Lik e th e basi c command s the y
refe r  t o rectangula r  area s o n th e screen .  T o us e the m yo u
must  se t  u p th e variable s XCOORD,  YCOORD,  XSIZ E an d YSIZE .
Thes e specif y th e coordinate s o f  th e to p lef t  corne r  o f  th e
rectangle ,  an d th e siz e o f  th e rectangl e i n coordinat e units ,
not  i n pixels ,  ie .  i f  th e rectangl e i s  1 7 pixel s wid e i n 4
colou r  mode ,  it s XSIZ E i s 3 4 no t  17 .  (  2  bit s ar e require d
fo r  eac- h pixe l  t o selec t  betwee n th e 4  colour s ) .  Als o lik e
BASIC a n are a o f  memor y need s t o b e reserve d t o stor e th e
shap e withi n tha t  rectangle .  Fou r  4  colou r  o r  eigh t  2  colou r
pixel s wil l  fi t  i n eac h byte .  I f  XSIZE 1 i s  th e smalles t
multipl e o f  8  whic h i s les s tha n o r  equa l  t o XSIZE ,  the n yo u
wil l  hav e t o reserv e YSIZExXSIZE'/ 8 byte s (  not e tha t  tha t  i s
XSIZE 1 no t  XSIZ E ) .  Th e addres s o f  thi s are a mus t  b e passe d
t o th e subroutin e i n th e U  register .

I n th e exampl e show n below ,  R  stand s fo r  a  re d pixe l  o n th e
screen ,  an d G  fo r  SL  grc6i i  on g ;

R R  R R G  R  R
R R  R R R  G  R
G G  G G G  G  G
R R  R R R  G  R
R R  R R G R  R

Wit h a  bi t  o f  imaginatio n thi s shap e migh t  loo k lik e a  decen t
arrow .  I f  yo u wante d t o stor e i t  awa y s o tha t  yo u coul d pu t
i t  t o th e scree n elsewhere ,  yo u coul d us e GET (  assumin g yo u
alread y hav e thi s o n th e screen  somewher e ) .  First ,  se t
XCOORD an d YCOORD t o th e coordinate s o f  th e re d pixe l  i n th e
to p lef t  corner .  The n se t  YSIZ E t o 5 ,  an d XSIZ E t o 1 4 (  no t
7,  sinc e eac h 4  colou r  pixe l  i s  2  coordinat e point s wid e ) .
Somewhere i n memor y yo u hav e 1 0 (  =  5x16/ 8 )  byte s reserve d
t o stor e it .  Loa d th e U  regite r  wit h thi s address ,  d o a  JS R
GET o r  BS R GET,  an d it' s  done .

To pu t  thi s shap e somewher e els e o n th e scree n a t  som e late r
time ,  se t  XCOORD an d YCOORD t o the .  ne w coordinates ,  an d XSIZ E
and YSIZ E t o thei r  origina l  value s o f  1 4 an d 5  respectively .
Load th e U  registe r  wit h th e addres s o f  th e storag e area ,  an d
cal l  PUT.  PUTC i s a  versio n o f  PUT whic h take s colou r  0
(green/buff )  t o b e transparent .

Thi s messin g abou t  wit h size s coul d ge t  a  bi t  tedious .  Why
not  sav e th e siz e wit h th e shap e ?  Yo u can ,  i n fac t  th e
subroutine s SGET,  SPUT,  an d SPUTC i n DEMO d o thi s (  the y als o
se t  th e coordinate s t o th e content s o f  th e D  registe r  ) .  The y
tailo r  thes e routine s fo r  a  particula r  purpose ,  makin g th e
routine s easie r  t o use .  (  Ther e ar e som e time s whe n yo u woul d
not  wan t  t o sav e th e siz e wit h eac h shape ,  fo r  exampl e whe n
yo u hav e man y lette r  shape s al l  o f  th e sam e size .  )

The byte s ar e store d i n vertica l  columns ,  to p t o bottom ,  fro m
righ t  t o left .  T o illustrate ,  th e exampl e abov e woul d b e
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store d a s
rightmos t  colum n firs t

byt e 0  GRR-
byt e 1  RGR-
byt e 2  GGG-
byt e 3  RGR-
byt e 4  GRR-

the n lef t  colum n
byt e 5  RRRR
byt e 6  RRRR
byt e 7  GGGG
byt e 8  RRRR
byt e 9  RRRR

You shoul d notic e tha t  thi s i s DEFINITEL Y no t  th e orde r  i n
which  the y ar e score d i n scree n memory .  Ther e the y ar e store d
i n horizonta l  rows, "  lef t  t o right ,  to p t o bottom .  Als o i t  i s
th e firs t  ie .  rightmos t  colum n whic h i s lef t  incomplet e i f
XSIZE i s no t  a  multipl e o f  8 .

PUT ha s t o prepar e a  mas k whic h wil l  remov e thos e area s o f
th e scree n whic h ar e t o b e writte n over .  Fo r  mos t  o f  th e
byte s i n th e shap e thi s i s fairl y  simpl e sinc e al l  8  bit s o f
the  byt e are  used ,  but  for  the  one s on  the  rightmos t  edg e
thi s i s no t  alway s th e case ,  an d a  specia l  mas k ha s t o b e
prepared .  Th e easies t  wa y t o g o abou t  thi s i s t o prepar e th e
mask onc e a t  th e start ,  an d t o ge t  al l  th e trick y part s ou t
of  th e wa y together .  Henc e th e funn y order .

PUT start s of f  b y callin g INIT .  INI T firstl y check s th e siz e
of  th e objec t  t o mak e sur e i t  i s non-zero .  I t  the n calculate s
th e widt h o f  th e shap e i n bytes ,  XSIZE'/8 ,  usin g th e fac t
tha t  XSIZE'/ 8 =  (XSIZE+7)/8 .  Thi s valu e i s store d i n th e
oute r  loo p counte r  XCOUNT.  I t  check s t o mak e sur e tha t  th e
star t  coordinate s are  on  the  screen,  the n call s CONVRT to
calculat e th e addres s o f  th e to p lef t  screen  byt e covere d b y
th e rectangle .  Th e bi t  patter n i s saved  i n SHIFT .  I t  wil l  b e
used  late r  t o shif t  th e shap e byte s into  th e correc t  positio n
i n th e D  registe r  t o b e abl e t o b e maske d ont o th e screen .
The mas k require d fo r  processin g th e rightmos t  byte s contain s
(XSIZ E mod 8 )  on e bit s i n th e hig h en d o f  th e byte ,  wit h th e
res t  o f  th e bit s zer o (  o r  al l  bit s 1  i f  XSIZ E i s a  multipl e
of  8  ) .  I n th e abov e example ,  XCOUNT =  XSIZE'/ 8 =  2 ,  th e mas k
i s 7.11111100 ,  an d i f  XCOORD=4 say ,  the n SHIFT=7.00001000 .  I f
ther e wa s a n erro r  somewhere,  i t  remove s th e retur n addres s
fro m th e stac k an d exit s th e callin g routin e withou t  doin g
anything .

PUT take s pair s of  byte s fro m the  scree n and  insert s the
shap e byte s int o th e correc t  position .  I t  the n return s th e
modifie d pai r  o f  byte s t o th e screen .  Th e mas k byt e returne d
fro m INI T mus t  b e shifte d int o position .  Thi s i s don e b y
multiplyin g by  SHIF T the n shiftin g it  one  bit  lef t  (  Thi s is
done becaus e multiplyin g b y SHIF T effectivel y shift s th e mas k
by betwee n 1  an d 8  bit s t o th e right ,  wher e a  shif t  o f
betwee n 0  an d 7  bit s i s  require d ) .  e g 7<,1111110 0 woul d ge t
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shifte d t o 7 00000lll l  1100000 0 i n th e abov e example .  MASK i s
actuall y th e complemen t  o f  thi s i n PUT,  i e %1111000 0
00111111 .  X  i s decremented ,  movin g u s on e byt e t o th e left .
Each pai r  o f  scree n byte s i n th e rightmos t  colum n i s ANDed
wit h thi s valu e t o eras e th e bit s covere d b y th e rectangle .
Then th e shap e byte ,  whic h ha s bee n shifte d int o th e correc t
position ,  i s adde d i n befor e th e pai r  i s returne d t o th e
screen .  Column s t o th e lef t  ar e processe d i n th e sam e way ,
but  al l  8  b i t s ar e use d i n thes e columns ,  s o th e initia l  mas k
i s %11111111 .

PUTC work s o n a  simila r  basis ,  bu t  th e mas k i s generate d fo r
eac h shap e byt e individually ,  Eac h pai r  o f  bit s i n th e mas k
i s eithe r  se t  o r  reset ,  dependin g o n whethe r  th e
correspondin g pai r  i n th e shap e byt e ha s a t  leas t  on e bi t  se t
or  not .  Th e mas k generatio n work s a s follow s :  Tak e th e shap e
byte .  Shif t  i t  on e bi t  t o th e right .  "OR "  thes e tw o together .
The eve n bit s wil l  b e se t  i f  eithe r  bi t  i n eac h pai r  wa s set .

eg % 0  0 0  1  1  0  1  1
OR % 0  0  0  0  1  1  0  1

% 0 0 0 1 1 1 1 1

GET ha s th e sam e structure ,  bu t  wit h eac h pai r  o f  byte s i t
take s fro m th e screen ,  i t  shift s th e relevan t  bit s int o th e A
register .  Fro m her e the y ar e maske d an d store d i n th e sav e
area .  Th e shiftin g i s don e usin g a  subroutine ,  whose  addres s
is  give n in  TEMP.  TEMP is  set  up  at  the  star t  of  the  GET
routine .

THE MAI N PROGRAM :

Variou s part s o f  th e robot ,  th e leg s fo r  example ,  g o throug h
a sequenc e o f  shapes .  Thes e sequence s ar e store d a s cicularl y
linke d list s o f  nodes .  Eac h nod e i s a  pai r  o f  addresses .  I t
contain s th e addres s o f  th e shap e fo r  tha t  stag e i n th e
sequence ,  an d th e addres s o f  th e nex t  nod e i n th e sequence .
The las t  nod e i n th e sequenc s contain s a  pointe r  t o th e firs t
one.  Th e locatio n LEGS contain s th e addres s o f  th e nod e fo r
th e curren t  stage .  T o il lustrate ,  i n th e program ,  LEGS is  a
variabl e whic h keep s trac k o f  wha t  positio n th e log s ar e in .
LEGS start s of f  pointin g t o node  LEGSA.  When i t  i s  tim e t o
put  th e leg s o n th e screen ,  th e shap e wit h addres s give n i n
LEGSA i s pu t  o n th e screen .  Then ,  befor e th e nex t  se t  o f  leg s
i s pu t  o n th e screen ,  LEGS i s mad e t o poin t  t o th e nex t  node ,
LEGSB.  Thus  th e shap e o f  th e nex t  se t  o f  leg s wil l  b e tha t
pointe d t o b y LEGSB,  an d s o on .

I f  w e watc h th e scree n whil e PU T i s doin g somethin g t o it ,  i t
look s messy .  T o avoi d seein g this ,  tw o screen s ar e used .  On e
i s displaye d whil e th e othe r  on e i s bein g worke d on .  The n th e
secon d i s displayed ,  an d th e firs t  i s  worke d on .  SLIST A an d
SLIST B contai n relevan t  informatio n fo r  screen s A  an d B
respectively .  The y eac h giv e th e addres s o f  th e other ,  th e
star t  o f  scree n memor y fo r  thei r  ow n screen ,  an d th e locatio n
of  tha t  screen' s backgroun d save  are a (  Thi s i s  wher e th e
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store d befor e Ch e shape s

The shape s mus t  b e pu t  t o th e scree n i n orde r  o f  depth .  Th e
furthes t  shap e mus t  b e pu t  first ,  an d th e neares t  last .  Th e
background s fro m th e backgroun d sav e area s mus t  pu t  bac k t o
the  scree n in  the  opposit e orde r  to  whic h the y wer e taken .

HOW T O RUN TH E PROGRAM :

Allocat e spac e fo r  th e progra m usin g CLEAR.  Loa d th e
assemble d progra m int o memory ,  an d ru n th e progra m usin g
EXEC.  Th e scree n wil l  appea r  hal f  white ,  hal f  green .  A  robo t
on th e lef t  sid e o f  th e screen  wil l  wal k toward s th e righ t
sid e o f  th e screen .  Afte r  i t  ha s gon e a  distanc e th e progra m
wil l  en d an d contro l  wil l  retur n t o BASIC .

HOW T O USE TH E ROUTINES I N YOUR OWN PROGRAM :

GET,  PUT &  PUTC

Thes e routine s ca n b e used  t o stor e shape s fro m th e scree n
into  memory ,  an d displa y shape s i n memor y ont o th e screen .
The routine s ar e writte n (  a s usua l  )  i n PIC ,  bu t  the y al l
cal l  1NIT .  Therefor e thes e fou r  routine s mus t  b e kep t
togethe r  a s a  group .  Th e coordinate s o f  th e shap e mus t  b e
store d i n XCOORD an d YCOORD.  Th e siz e o f  th e shap e (  se e
abov e )  mus t  b e store d i n XSIZ E an d YSIZE .  A n are a o f  memor y
of  siz e ((XSIZE+7)/8)xYSI2 E byte s mus t  b e reserve d t o hol d
th e shape .  Th e addres s o f  thi s are a mus t  b e i n th e U
register .  A  cal l  t o GET,  PUT,  o r  PUTC wil l  transfe r  th e dat a
i n th e desire d direction .

To setu p you r  ow n shape s i n memor y follo w th e exampl e o f  say,
SLEGA (  Not e tha t  thes e routine s D O NOT requir e th e firs t  tw o
bytes ,  whic h specif y th e siz e fo r  SPUTC an d SPUT ) .

SGET,  SPUT &  SPUTC

Thes e routine s tak e GET,  PUT &  PUTC on e ste p further .  Th e
coordinate s ar e give n b y th e D  register ,  an d th e siz e i s
specifie d a t  th e star t  o f  eac h shape .  Althoug h thes e routine s
ar e writte n i n PIC ,  the y cal l  GET,  PUT,  PUTC an d indirectl y
INIT .  So,  al l  thes e routine s mus t  b e kep t  together .  I n thes e
routines ,  th e X  registe r  point s t o th e are a i n memory .  YSIZ E
i s a t  X ,  XSIZ E i s a t  X+l ,  an d th e are a fo r  savin g th e shap e
start s a t  X+2 .  Th e A  registe r  give s th e Y  coordinate ,  an d th e
B registe r  th e X  coordinate .  Only  thes e 3  register s nee d b e
se t  u p befor e callin g th e routine.

To fi t  al l  thes e routine s togethe r  t o produc e animation ,  yo u
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coul d us e th e mai n progra m a s a  guide .  Creat e you r  ow n
shapes.  Strin g the m togethe r  int o sequence s suc h a s tha t
startin g a t  ARMSA.  Se t  u p th e scree n characteristic s SLIST A
and SLISTB ,  perhap s addin g extr a addresse s fo r  backgroun d
area s fo r  othe r  object s o n th e screen .  Initialis e th e
variable s a s th e mai n progra m doe s befor e goin g int o th e
loop .  The n in  the  loo p sav e the  backgroun d areas ,  put  the
shape s ont o th e screen ,  displa y th e screen ,  the n fi x u p th e
othe r  screen .  Instea d o f  th e dela y loo p yo u coul d includ e
soun d effect s usin g th e SOUND routin e o f  th e MUSI C program.
Use EXPLOD t o ad d a n explosio n her e o r  there ,  an d th e scor e
routine s t o maintai n a  score ,  an d yo u coul d develo p som e
quit e excitin g an d machine-language-fas t  games .



walkin g robot
0001 OEOO
0002 400 0 203 C

*  FILE-DEM O

*  GET/PU T DEMONSTRATION PROGRAM

*  Produce s a n animate d displa y o f  a

ORG $400 0
BRA BEGI N

0003 FF0 1
0004 FF0 3
0005 FF2 0
converte r
0006 FF2 2
contro l
0007 FF2 3
0008 FFC O

0009 400 2

*  DEVIC E ADDRESSES
*

PIA1CA EQU $FF0 1
PIA1CB EQU $FF0 3
DAC EQU $FF2 0

DEVPIA EQU $FF2 2

PIA2CB EQU $FF2 3
DEVSAM EQU $FFC O

END
*

•' •  SCREEN'  VARIABLE S
*  I n direc t  pag e

PIA 1 contro l  re g A
PIA 1 contra !  re g B
PIA 2 dat a A  =  D/ A

PIA 2 dat a B  =  VDG

PIA 2 contro l  re g B
SAM-RAM controlle r

0010 400 2
0011 000 0
scree n
0012 000 2
0013 000 4
mode re g
0014 000 5
0015 000 6
bit s o f  xcoord .
0016 000 7
scree n
0017 000 8

ORG 0
START RMB 2

LENGTH RMB 2
SAM RMB 1

PI A RMB 1
LOWBIT RMB 1

star t  o f  graphic s

YMAX*32
valu e fo r  displa y

valu e fo r  PI A
mask fo r  las t  3

number  o f  line s i nYMAX RMB 1

REORG

*

*  CONSTANTS FOR SCREEN VARIABLE S

0018 060 0
page s

0019 006 0
0020 OOCO
0021 OOCO

0022 000 4

GSTART EQU $60 0 Star t  o f  graphic s

*  value s o f  YMAX fo r  mode s 1, 3 &4
••'- -  Not e :  LENGTH=32*YMAX
YMAX1 EQU 9 6
YMAX3 EQU 19 2
YMAX4 EQU 19 2
*  value s o f  SA M fo r  mode s 1, 3 &  4
SAM1 EQU 4
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0023 000 6
0024 000 6

0025 OOCO
0026 OOEO
0027 OOFO

0028 000 0
0029 000 8

0033 400 2

0034 400 2

et c
0035 001 0
shap e
0036 001 1
0037 001 2
0038 001 3

SAM3 EQU 6
SAM4 EQU 6

*  value s o f  PI A fo r  mode s 1, 3 & 4
*  ad d CSETO/ 1 fo r  colou r  se t  0/ 1
PIA 1 EQU $C O
PIA 3 EQU $E O
PIA 4 EQU $F O
CSETO EQU 0
CSET1 EQU 8

*  value s o f  LOWBIT fo r  mode s 1, 3 &  4
*  mas k fo r  last .  3  bit s o f  xcoordinat e
*  als o forc e xcoord .  eve n i f  4  colou r  mod e
LOT.IR 1 PnT I  A

LOWB3 EQU 6
LOWB4 EQU 7

END

ORG $1 0
*  variable s fo r  communicatio n wit h GET,PU T

YCOORD RMB 1

XCOORD RMB 1
YSIZ E RMB 1
XSIZE RMB 1

coordinate s o f

siz e o f  shap e

0039 001 4
0040 001 5
0041 001 6
0042 001 8
shift a byt e
0043 001 9
0044 001 B

•' '  variable s use d withi n GET,PUTet c
YCOUNT RMB 1  inne r  loo p counte r
XCOUNT RMB 1  oute r  loo p counte r
MASK RMB 2  bi t  mas k
SHIFT RMB 1  multiplie r  t o

TEMP RMB 2
TEMPI  RMB 2

temporar y variabl e

0045 001 D
(l=ru n $FFFF=dead )
0046 001 F
formo f  leg s
0047 002 1
0048 002 3
0049 002 5
nex t  SCREEN
0050 002 7
0051 002 9

variable s use d b y mai n progra m
spee d o f  wal kSPEED RMB 2

LEGS RMB 2

FARARM RMB 2
NERARM RMB 2
SLIST P RMB 2

BCOORD RMB 2
REORG

pointe r  t o nex t

"  fo r  fa r  ar m
"  fo r  nea r  ar m
pointe r  t o lis t  fo r

coerd s o f  perso n

0052 006 0
scree n
0053 060 0
addres s
0054 120 0
star t  addres s

NLINES EQU YMAX1

STARTA EQU GSTART

number  of  line s on

scree n A  star t

STARTS EQU STARTA+NLINES*3 2 scree n B
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********* *
*  TH E FOLLOWING LIST S OF ADDEESSESS CANNOT
*  B E MADE POSITIO N INDEPENDENT AND MUST B E
*  MODIFIE D I F TH E PROGRAM I S SHIFTE D

0055 000 0
0056 000 2

0057 400 2 428E400 6
0058 400 6 429E400 A
0059 400 A 42AE400 E
0060 400 E 42BE400 2

0061
0062
0063
0064
0065
0066
0067
0068

4012
4016
401A
401E
4022
4026
402A
402E

42CE4016
42D6401A
42DF401E
42E94022
42F9402 6
42E9402A
42DF402E
42D64012

0069 000 0
0070 000 2
0071 000 4

0072 403 2 4038060 0
0073 403 6 431 3
0074 403 8 4032120 0
0075 403 C 433 9

*  sequenc e o f  shape s fo r  le g movemen t
""  Forma t  :  shape-addres s ,next-in-sequenc e
SHAPE EQU 0
NEXTN EQU 2

LEGSA FOB SLEGA,*+ 2
FDB SLEGB,*+ 2
FDB SLEGC,*+ 2
FDB SLEGD,LEGSA

*  sequence  o f  shape s fo r  ar m movemen t
*  Same forma t
ARMSA FD B SARMA,*+ 2

FDB SARMB,- -  +  2
FDB SARMC,*+ 2
FDB SARMD,*+ 2

ARMSE FD B SARME,*+ 2
FDB SARMD,*+ 2
FDB SARMC,*+ 2
FDB SARMS,ARMSA

*  dat a fo r  eac h scree n
*  forma t  :  nex t  screen ,  star t  o f  screen ,
*  backgroun d save  are a addres s
NEXT EQU 0
TSTART EQU 2
BG EQU 4

SLIST A FD B SLISTB,START A
FDB BGA

SLIST B FD B SLISTA,START S
FDB BGB

0076 403 E
0077 403 E
registe r
0078 404 0
0079 404 2

0080 404 4
variable s
0081 404 7
0082 404 9
0083 404 B
0084 404 D
0085 404 F
0086 405 1
0087 405 3
0088 405 6

3408

8644
1F8B

CC6006

9707
D706
86C8
9705
8604
9704
8E8000
9F1D

BEGIN EQU
PSHS

LDA
TFR

LDD

STA
STB
LDA
STA
LDA
STA
LDX
STX

*

DP

#$44
A,  D P

#YMA:

YMAX
LOWS
#PI A
PI A
#SAM
SAM
#$801
SPEE1

Save direc t  pag e

SET DIREC T PAGE

-fo r  mod e 1

206



0089
OO9O
0091
0092
0093
0094
0095
hal f
0096
0097
0098

4058
405B
40 5 D
4060
4062
4065
4068

CC0600
DDOO
CC0600
DD02
CCOOOO
170205
CCOCOO

406B DDOO
406D CC555 5
4070 1701F A

0099 407 3 108EOCOO
transfe r
0100 407 7 109F0 2
0101 407 A 8E060 0
0102 407 D CE120 0
0103 408 0
0104 408 0 EC81
0105 408 2 EDC1
0106 408 4 313 E
0107 408 6 26F 8

Dra w backgroun d
LDD #STARTA Whit e to p hal f
STD START
LDD #NLINES*1 6 -
STD LENGTH
LDD # 0
LBSR CLEAR
LDD #STARTA+NLINES*1 6 Cya n botto m

STD START
LDD #$555 5
LBSR CLEAR

Copy fro m scree n A  t o scree n B
LDY #NLINES*3 2 Number  o f  byt e t o

STY LENGTH
LDX #STARTA
LDU #STARTB

COPY1 EQU *
LDD ,X+ +
STD ,U+ +
LEAY -2, Y
BNE COPY1

Copy fro m scree n A
Copy t o screen  B

tak e 2  byte s
transfe r  the m
loo p Y/ 2 time s

0108 408 8
0109 408 B
0110 408 D
ARMSA
0111 409 0
0112 409 2
ARMSE
0113 409 5
0114 409 7
0115 409 A

CC4002
DD1F
CC4012

DD21
CC4022

DD23
338C98
DF25

nothing
0116 409 C EEC4
0117 409 E AE4 4
0118 40A O CCFFFF
0119 40A 3 ED84

0120 40A 5 CC1FOO
abov e middl e
0121 40A 8 DD27

*  Initialis e objec t
LDD #LEGSA
STD LEGS
LDD #ARMSA

STD FARARM
LDD #ARMSE

Star t  leg s a t  LEGSA

Star t  fa r  ar m a t

Star t  near  ar m a t

STD NERARM
LEAU SLISTA,PC R Firs t  SCREEN i s A
STU SLIST P

*  Se t  backgroun d o n th e othe r  SCREEN t o

LDU NEXT, U
LDX BG, U
LDD #- 1
STD , X

Set  backgroun d
-o n othe r  scree n
-t o b e invali d
-Coords=- l

*  Se t  initia l  coord s o f  perso n
LDD #(NLINES/2-17)*25 6 1 7 line s

STD BCOORD

0122 40A A
0123 40A A 9E1 D
0124 40A C
0125 40A C 301 F
0126 40A E 26F C

LOOP EQU *
LDX SPEED

DELAY1 EQU *
LEAX -1, X
BNE DELAY1

Dela y fo r  a  whil e

0127 40B O DC27
xcoor d +  2
0128 40B 2 CB02

LDD BCOORD

ADDB # 2

New xcoord-ol d
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0129 40B 4 DD27
0130 40B 6 C1C8
gone
0131 40B 8 245 3
0132 40B A 109E2 5
scree n dat a
0133 40B D AE2 2
0134 40B F 9FO O
0135 40C 1 AE2 4
0136 40C 3 ED8 1
0137 40C 5 8D6 4

0138 40C 7 8B0 4
0139 40C 9 DE2 1
shap e nod e
0140 40C B AEC4
0141 40C D EE4 2
node insequenc e
0142 40C F DF2 1
0143 40D 1 8D4 A
0144 40D 3 800 4
0145 40D 5 CB04
righ t
0146 40D 7 308D022 C
0147 40D B 8D4 0

0148 40D D 8BOA
0149 40D F C00 4
0150 40E 1 DE1 F
shapenod e
0151 40E 3 AEC4
0152 40E 5 EE4 2
node  insequenc e
0153 40E 7 DF1 F
0154 40E 9 8D3 2

0155 40E B 800 6
0156 40E D DE2 3
shap e nod e
0157 40E F AEC4
0158 40F 1 EE4 2
nod e insequenc e
0159 40F 3 DF2 3
0160 40F 5 8D2 6

0161 40F 7 1 3
50Hz interrup t
0162 40F 8 17014 9
chang e i s clea n

0163 40F B 10AEA 4
otherscree n
0164 40F E 109F2 5
0165 410 1 AE2 2
0166 410 3 9FO O

STD BCOORD
CKPB #20 0

BHS FINIS H
LDY SLIST P

LDX TSTART, Y
SI X START .
LDX BG, Y
STD ,X+ +
BSR SGET

ADDA # 4
LDU FARARM

LDX SHAPE,  U
LDU NEXTN, U

STL1 FARARM
BSR SPUTC
SUBA # 4
ADDS # 4

LEAX SBODY,PCR
BSR SPUTC

ADDA #1 0
SUBB # 4
LDU LEGS

LDX SHAPE,  U
LDU NEXTN, U

STU LEGS
BSR SPUTC

SUBA # 6
LDU NERARM

LDX SHAPE,  U
LDU NEXTN, U

STU NERARM
BSR SPUTC

SYNC

LBSR SCREEN

LDY NEXT, Y

STY SLIST P
LDX TSTART. Y
STX START

-
Finis h i f  i t  ha s

-fa r  enoug h
Pointe r  to  lis t  of

Set  star t  o f  scree n
-
Save t o backgroun d
-Sav e coordinate s
-Get  i t

Move dow n 4  line s
Pointe r  t o far-ar m

Pointe r  t o shap e
Pointer  t o nex t

Save pointe r
Put  ar m her e
Move u p agai n
and acros s t o th e

Put  bod y her e

-

Move dow n 1 0 line s
and lef t  agai n
Pointe r  t o leg s

Pointe r  t o shap e
Pointe r  t o nex t

Save pointe r
Put  leg s her e

Move u p agai n
Pointe r  t o near-ar m

Pointe r  t o shap e
Pointe r  t o nex t

Save pointe r

-

Synchronis e wit h

-s o th e scree n

Now g o t o th e

-
Set  scree n star t
-
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0167 410 5 AE2 4
onthi s scree n
0168 410 7 EC8 1
0169 410 9 8D0 4
bac k

0170 410 B 209 D

0171 410 D 358 8

rou t  ine s

LDX BG, Y Restor e backgroun d

LDD ,X+ + -Ge t  coord s
BSR SPUT -Pu t  backgroun d

BRA LOOP Kee p goin g

FINIS H PUL S DP,P C Retur n
*

*  SGET/SPUT/SPUTC ROUTINES

*  Thes e routine s ar e positio n independent ,
*  bu t  sinc e the y cal l  GET,  PU T an d PUTC,
*  the y mus t  b e kep t  togethe r  wit h thes e

-' •  fo r  th e BSRs t o wor k properly .

*  SPUT

"'  Pu t  shap e locate d a t  X+ 2 ontoscree n a t
coordinate s

give n a t  X .

0172 410 F
0173 410 F 344 6
0174 411 1 DD10
D
0175 411 3 EC8 4
0176 411 5 DD12
0177 411 7 330 2
of  shap e
0178 411 9 8D1 E
0179 411 B 35C 6

coordinate s

give n a t  X .

0180 411 D
0181 4 1 I D 344 6
0182 411 F DD10
D
0183 412 1 EC8 4
0184 412 3 DD12
0185 412 5 330 2
of  shap e
0186 412 7 8D4 A
0187 412 9 35C 6

~-  give n i n D .  Th e siz e

-'  N o register s modifie d

SPUT EQU *
PSHS U, D
STD YCOORD

LDD , X
STD YSIZ E
LEAU 2, X

BSR PUT
PULS U,D,P C

*  SPUTC

*  PUTC shap e locate d a t

"•' '  give n i n D .  Th e siz e

•' '  No register s modifie d

SPUTC EQU *
PSHS U, D
STD YCOORD

LDD , X
STD YSIZ E
LEAU 2, X

BSR PUTC
PULS U,D,P C

of  th e objec t  i s

se t  coordinate s t o

ge t  siz e
se t  variable s
ge t  star t  addres s

put  i  t
retur n

X+2 ont o scree n a t

of  th e objec t  i s

se t  coordinate s t o

get  siz e
se t  siz e variable s
ge t  star t  addres s

PUTC i t
retur n
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SGET

*  Ge t  shap e a t  coordinate s give n i n D .
*  Th e siz e o f  th e objec t  i s  give n a t  X .
*  Th e sav e are a start s a t  X+ 2
*  N o register s modifie d

0188 412 B SGET EQU *
0189 412 B 344 6 PSHS U, D
0190 412 D DD10 ST D YCOORD
0191 412 F EC84 LD D , X
0192 413 1 DD12 ST D YSIZ E
0193 413 3 330 2 LEA U 2, X
addres s
0194 413 5 8D7 B BS R GET
0195 413 7 35C 6 PUL S U,D,P C

se t  coordinate s
get  siz e
se t  siz e variable s
get  sav e are a

get  shap e
retur n

*  GET/PUT/PUT C ROUTINES

*  Thes e routine s ar e positio n independent ,
*  bu t  sinc e the y cal l  1NIT ,
*  the y mus t  b e kep t  togethe r  wit h INI T
*  fo r  th e BSRs t o wor k properly .

*  PUT

*  Pu t  shap e a t  U ,  o f  siz e XSIZExYSIZ E
*  a t  positio n (XCOORD,YCOORD)  o n th e

•' •  erasin g th e background .
*  N o register s modifie d

0196 413 9
0197 413 9 345 6
0198 413 B 1700B 6
0199 413 E
0200 413 E D61 8
0201 414 0 3 D
0202 414 1 5 8
0203 414 2 4 9
0204 414 3 4 3
mask
0205 414 4 5 3
0206 414 5 DD16
0207 414 7 301 F
0208 414 9 9F1 B
0209 414 B 961 2
counte r
0210 414 D 971 4
0211 414 F
0212  414 F A6C O
0213 415 1 D61 8
0214 415 3 3 D
0215 415 4 5 8
0216 415 5 4 9

PUT EQU *
PSHS D,X, U
LBSR INI T

PUT2 EQU *
LDB SHIF T
MUL
LSLB
ROLA
COMA

COMB
STD MASK
LEAX -1, X
STX TEMPI
LDA YSIZ E

STA YCOUNT
PUT3 EQU *

LDA ,U +
LDB SHIF T
MUL
LSLB
ROLA

Initialis e
A=unshifte d mas k
Shif t  mas k_
_
_

Save complemente d

_
_

Move lef t
Save positio n
Set  u p inne r  loo p
_

Get  shap e byt e
Shif t  i t_
_

-
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0217 415 6 DD19
0218 415 8 EC84
scree n
0219 415 A 941 6
chang e
0220 415 C D41 7
0221 415 E D31 9
shapebyt e
0222 416 0 ED8 4
scree n
0223 416 2 30882 0
0224 416 5 OA14
0225 416 7 26E 6
0226 416 9 9E1 B
0227 416 B 86F F
8 bit s
0228 416 D OA1 5
0229 416 F 26C D

STD TEMP
LDD , X

ANDA MASK

ANDB MASK+1
ADDD TEMP

STD , X

LEAX 32 ,  X
DEC YCOUNT
BNE PUT3
LDX TEMPI
LDA #$F F

DEC XCOUNT
BNE PUT2

0230 417 1 35D 6

transparen t

0231 005 5

Save shifte d byt e
Get  2  byte s fro m

Mask of f  bit s t o

ADD o n shifte d

Put  i t  bac k t o th e

Move down
Loop unti l  YCOUNT=0

Restor e positio n
Next  mas k use s al l

Loop unti l  XCOUNT=0

PULS D,X,U,P C

*  PUTC ROUTINE

*  Pu t  shap e a t  U ,  o f  siz e XSIZExYSIZ E
*  a t  positio n (XCOORD,YCOORD)  o n th e

'"  colou r  0  (buff/green )  i s take n a s

*  N o register s modifie d

EVBITS EQU 7.01010101 even bi ts

0232 417 3
0233 417 3 345 6
0234 417 5 17007 C
0235 417 8
0236 417 8 301 F
0237 417 A 9F1 B
0238 417 C 961 2
counte r
0239 417 E 971 4
0240 418 0
0241 418 0 A6CO
0242 418 2 D61 8
0243 418 4 3 D
0244 418 5 DD16
of  fposition .
0245 418 7 5 8
0246 418 8 4 9
0247 418 9 DD19
0248 418 B 9A1 6
wit h itsel f
0249 418 D DA1 7
right .
0250 418 F 845 5
bits ,  the y
0251 419 1 C45 5

PUTC EQU *
PSHS D,X, U
LBSR INI T

PUTC2 EQU *
LEAX -1, X
STX TEMPI
LDA YSIZ E

STA YCOUNT
PUTC3 EQU *

LDA ,U +
LDB SHIF T
MUL
STD MASK

LSLB
ROLA
STD TEMP
ORA MASK

ORB MASK+1

ANDA #EVBIT S

ANDB #EVBIT S

Initialis e

Move lef t
Save positio n
Set  u p inne r  loo p

_

Get  shap e byte .
Shif t  it .
-
-Sav e byte ,  1  bi t

-
-
Save shifte d byt e
OR shifte d byt e

-on e bi t  t o th e

Check th e eve n

- w il l  tel l  u s whi i
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bi t  pair s
0252 419 3 DD16
transparen t  (non—zero) .
0253 419 5 5 8
int o mask s
0254 419 6 4 8
0255 419 7 D31 6
0256 4]9 9 4 3
complemente d mas k
0257 419 A 5 3
0258 419 B A48 4
screenbyte s
0259 419 D E40 1
0260 419 F D31 9
shapebyt e
0261 41A 1 ED84
screen
0262 41A 3 30882 0
0263 41A 6 OA1 4
0264 41A 8 26D 6
0265 41A A 9E1 B
0266 41A C OA1 5
0267 41A E 26C 8

0268 41B O 35D 6

0269 41B 2
0270 41B 2 347 6

0271 41B 4 D61 1
shif t  lef t
0272 41B 6 D40 6
bit s t o shif t
0273 41B 8 5 8
0274 41B 9 5 0
0275 41B A 318D003 5
0276 41B E 31A 5
0277 41C O 8D3 2
0278 41C 2
0279 41C 2 971 6
0280 41C 4 301 F
0281 41C 6 9F1 B
0282 41C 8 961 2
counte r
0283 41C A 971 4
0284 41C C
0285 41C C EC84

STD MASK

LSLB

LSLA
ADDD MASK
COMA

COMB
ANDA , X

ANDB 1, X
ADDD TEMP

STD , X

LEAX 32, X
DEC YCOUNT
BNE PUTC3
LDX TEMPI
DEC XCOUNT
BNE PUTC2

-ar e ne t

Expan d thos e bit s

-fo r  th e bi t  pair s

We nee d a

AND mas k wit h 2

ADD o n shifte d

Put  i t  bac k t o th e

Move dow n
Loop unti l  YCOUNT=0

Restor e positio n
Loop unti l  XCOUNT=0

PULS D,X,U,P C Retur n

GET

*  Ge t  shap e o f  siz e XSIZExYSIZ E
*  fro m positio n (XCOORD,YCOORD)on th e

*  savin g it  at  U .
•' •  N o register s modifie d
GET EQU *

PSHS D,X,U, Y
*  SE T U P ADDRESS OF SHIF T LEF T
*  SUBROUTINE FROM XCOORD

LDB XCOORD Se t  u p addres s o f

ANDB LOWBIT

GET2

ASLB
NEGB
LEAY SHLEND.PCR —
LEAY B, Y
BSR IN1 T
EQU *
STA MASK
LEAX -1, X
STX TEMPI
LDA YSIZ E

-subroutine .  B= # o f

-Address=SHLEND-2* B

Initialis e

sav e mas k
move lef t
Save positio n
Set  u p inne r  loo p

GET3
STA YCOUNT
EQU *
LDD , X Get  2  byte s fro m
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scree n
0286 41C E ADA4
requie d amoun t
0287 41D O 941 6
bit s
0288

0289
0290
0291
0292
nex t
0293
0294
0295

0296

0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311

41D2

41D4
41D7
41D9
41DB
mask
41DD
41DF
41E1

41E3

41E5
41E6
41E7
41E8
41E(
41EA
41EB
41EC
41ED
41EE
41EF
41FO
41F1
41F2
41F3

A7CO

308820
OA14
26F1
86FF

9E1B
OA15
26DF

35F6

38
49
58
49
58
49
58
49
58
49
58
49
58
49
39

JSR , Y

ANDA MASK

STA ,U +

LEAX 32 ,  X
DEC YCOUNT
BNE GET3
LDA #$F F

LDX TEMPI
DEC XCOUNT
BNE GET2

PULS D,X,U,Y,P C
*  SUBROUTINES T O SHIF T

LSLB
ROLA
LSLB
ROLA
LSLB
ROLA
LSLB
ROLA
LSLB
ROLA
LSLB
ROLA
LSLB
ROLA

SHLEND RT S

Shif t

Mask

Save

Move
Loop
-
Use a

i t  lef t

of f  unwante d

i t

down

unt  i  1 YCOUNT=0

11 8  bit s i n

Restor e po s

Loop

-

unt  i  1

i t io n
XCOUNT=0

Retur n

D REG

shif t

shif t

shif t

shif t

shif t

shif t

shif t

LEFT

lef t

left

lef t

lef t

lef t

lef t

lef t

7

6

5

4

3

2

1

bit s

bit s

bit s

bit s

bit s

bit s

bi t

PUTC

0312 41F 4
0313 4 1 F 4
non-zer o
0314 41F 6
0315 4 1 F 8
0316 41F A
0317 41F C
0318 41F E
0319 41F F
XCOUNT
0320 420 0
0321 420 1
0322 420 3

9612

2728
9613
2724
8B07
44
44

44
9715
DC10

INI T EQU *
LDA YSIZ E

BEQ INIT O
LDA XSIZ E
BEQ INIT O
ADDA # 7
LSRA
LSRA

LSRA
STA XCOUNT
LDD YCOORD

coordinate s
0323 420 5
0324 420 7

9107
2417

CMPA YMAX
BHS INIT O

*  INI T
*

*  Initialisatio n routin e fo r  GET,PU T &

*  Not e erro r  recover y a t  INIT O

Test  siz e i s

Calculat e XSIZE T/ 8
-(se e text )
-  an d sav e i n

Check tha t  th e

-ar e on  the  screen
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0325 420 9 17001 8
addres s
0326 420 C D71 8
0327 420 E 961 5
star t
0328 421 0 308 6
sid e
0329 421 2 86F F
t o us e o n
rmn 49 1 A  ns i  i

bytesfro m XSIZ E
0331 421 6 D40 6
ones
0332 421 8 270 5
i s a  multipl e o
f  8
0333 421 A
mod 8 )
0334 421 A 4 4
0335 421 B 5 A
0336 421 C 26F C
0337 421 E 4 3
0338 421 F 3 9

0339 422 0
0340 422 0 326 2
addres s
0341 422 2 35D 6
routin e

0342 422 4
0343 422 4 342 6
0344 422 6 4 4
bit s
0345 422 7 5 6
0346 422 8 4 4
0347 422 9 5 6
0348 422 A 4 4
0349 422 B 5 6
0350 422 C D30 0
byt e
0351 422 E 1F0 1
0352 423 0 350 6

LBSR CONVRT Setu p startin g

STB SHIF T -an d SHIFT ,
LDA XCOUNT -notin g tha t  w e

LEAX A, X -fro m th e righ t

LDA #$F F Calulat e th e mas k

LDS XSIZ E -h e rightmos t

ANDB LOWBIT -Mask=(XSIZ E mod 8 )

BEQ INIT 2 -o r  8  one s i f  XSIZ E

INIT 1 EQU *  -Shif t  i n (XSIZ E

LSRA — zeroe s
DECB
BNE INIT 1
COMA -The n complemen t

INIT 2 RT S

INIT O EQU *  Erro r  do  nothin g
LEAS 2, S Ge t  ri d o f  retur n

PULS D,X,U,P C Retur n FROM CALLIN G

*  en d GET/PUT/PUT C routine s
*  en d SGET/SPUT/SPUTC routine s
*  CONVRT

*  Conver t  A=y-coordinat e ,  B=x-coordinat e
*  int o X=addres s o f  byt e o n scree n
*  an d B  ha s th e correspondin g bi t  set .
*  Positio n independen t  code
*  X, B modifie d

CONVRT EQU *
PSHS D, Y sav e D  &  Y
LSRA shif t  D  righ t  3

RORB -t o ge t  offse t  fro m
LSRA -star t  o f  scree n
RORB
LSRA
RORB
ADDD START give s addres s o f

TFR D, X pu t  i n X  re g
PULS D  ge t  coordinate s

agai n
0353 423 2 D40 6
0354 423 4 318D000 4

ANDB LOWBIT selec t  las t  3  bit s
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tabl e
0355 423 8 E6A 5
0356 423 A 35A O
retur n
0357 423 C 8040201 0
0358 424 0 0804020 1

LDB B, Y
PULS Y,P C restor e Y  an d

CONTAB FC B $80,$40,$20,$1 0
FCB $08,$04,$02,$0 1

*  en d o f  CONVRT

*  SCREEN
*

variable s
*  Display s scree n a s specifie d b y screen

*  Positio n independen t  code
*  N o register s modifie d

0359 424 4
0360 424 4 341 6
0361 424 6 B6FF2 2
0362 424 9 840 7
0363 424 B 9A0 5
0364 424 D B7FF2 2
0365 425 0 960 4
0366 425 2 C60 3
0367 425 4 8EFFCO
0368 425 7 8D0 9
0369 425 9 960 0
0370 425 B 4 4
0371 425 C C60 7
Selec t  Re g
0372 425 E 8D0 2
0373 426 0 359 6

0374 426 2
0375 426 2 A78 1
zer o
0376 426 4 4 4
0377 426 5 240 2
0378 426 7 A71 F

t

0379 426 9 5 A
0380 426 A 26F 6
0381 426 C 3 9

SCREEN EQU *
PSHS D, X
LDA DEVPI A
ANDA # 7
ORA PI A
STA DEVPI A
LDA SA M
LDB # 3
LDX #DEVSAM
BSR SBIT S
LDA START
LSRA
LDB # 7

BSR SBIT S
PULS D,X,P C

*  SE T B  BIT S OF SA M
SBIT S EQU *

STA ,X+ +

LSRA
BCC SB O
STA -1, X

SBO DECS
BNE SBIT S
RTS

*  en d o f  SCREEN

mask PIA  onto  hig h
- 5 bit s o f  DEVPI A_

_
se t  3  bit s o f
-VDG registe r  t o
-SAM
_

A=star t  address/25 6
A=star t  address/12 8
set  7  bit s of  Pag e

_

se t  B  bit s fro m X
assume las t  bi t  i s

tak e las t  bi t
branc h i f  i t  wa s 0
i t  wa s 1  s o fi x  i t

loo p B  time s

CLEAR

i n D

0382 426 D
0383 426 D 343 0
0384 426 F 9EOO

*  Fill s  scree n wit h pair s o f  byte s give n

*  Not e :  doe s no t  sto p i f  LENGTH i s od d !
*  Positio n independen t  cod e
*  N o register s modifie d

CLEAR EQU *
PSHS X, Y
LDX START pointe r  t o star t  o f
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scree n
0385 427 1 109E0 2
clear
0386 427 4 ED8 1
0387 427 6 313 E
0388 427 8 26F A
0389 427 A 35B O

LDY LENGTH

CLEARX ST D ,X+ +
LEAY -2, Y
BNE CLEARX
PULS X,Y,P C

*  en d o f  CLEAR

number  o f  byte s t o

clea r  2  byte s
loo p Y/ 2 time s

0390 427 C END
*  SETUP

0391 427 C
0392 427 C 340 6
0393 427 E CCB435
fro m DAC
0394 428 1 B7FF0 1
microsecon d int .
0395 428 4 F7FF0 3
int .
0396 428 7 863 F
0397 428 9 B7FF2 3
0398 428 C 358 6

*  Enabl e soun d outpu t  fro m th e DA C
*  Mus t  b e calle d befor e usin g th e DAC
*  Positio n independen t  cod e
*  N o register s modifie d

SETUP EQU *
PSHS D
LDD #$B43 5

STA PIA1C A

STB PIA1CB

LDA #$3 F
STA PIA2C B
PULS D,P C

*  en d o f  SETUP

se t  soun d outpu t

-disabl e 6 4

-an d enabl e 50H z

Enabl e DAC soun d

DAC
0399 OOFC

0400 428 E

•' •  mas k fo r  dat a t o stor e t o DAC
*  AND dat a wit h DAMASK befo r  storin g t o

DAMASK EQU 74111110 0

END

rightmos t

0401 428 E 070 E
0402 429 0 0 0
0403 429 1 4 0
0404 429 2 4 0
0405 429 3 4 0
0406 429 4 1 0

*  shape s used
"'  not e forma t  :
*  vertica l  column s o f  byte s wit h th e

*  colum n first .
*  Colou r  code  :
*  -  transparen t  (  whe n usin g PUTC )
*  C  cya n
*  M magent a
*  0  orang e

*  Leg s
SLEGA FC B 7,1 4 siz e

FCB 7.0000000 0
FCB 7.0100000 0 C
FCB 7,0100000 0 C
FCB 7,0100000 0 C  -  -  -
FCB 7,0001000 0 -  C
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10000000 % as a
10000000 % 33 1

TO 8321? SSVO

TO

SZTS

000000007 .  ao a
00000101 % 33 a
00000010 % as a
00001000 % 33 a
00001000 % ao a
00000010 % as a
00000000 % as a

*?i' £ as a

00 9321?
0V 53ZV

01 E3Z<7 05*70
01 jss1? ev- ô
0<7 T3JV 8WO
00

aoai s

H --
w
3
3 -  R  -
D 3
D
3
3

01000000 % 33. 1
TOOT00007.  as a
10000100 % ao a
101000007 .  33. 1
T0000000 % as a
T00000007 .  33 i
T00000007 .  83 1

eo
i z
so
TO 683*7 T-|7*70

TO 83Z<7 Of*70

TO £3217 6eTO

00000001 % 33 A
00000000 % 83 a
000000007 .  ao a
000000007 .  an a
OOOOOOT07.  33, 1
00000000 % ao a
00000000 % 83. 1

*!l'L  33 a S331S

oe 9az* 7 eev o
00
oo
oo
0*7
00
oo oaz* 7

avz< 7 TEV O

-  -  H  -
W

-  -  S  -
-  3
3 3

00000100 % ao a
000000017 ,  83 a
00001000 % ao a
ooTOOoooT,  ao a
10100000 % ao a
100000007 .  ao a
T 00000007 .  33 a

oz avz* 7 0£»7 0
08 3VZ*7 6Z*70
01 3VZ*7 8Z*70
*70 VVZ* 7 LZW
SO 6VZ*7 9Z*70
10 8VZ*7 SZ*70
10

W W
-  3
-  0
-  3

00000101 % 83 4
00000010 % 33 a
OOOOOOTO% ao a
OOOOOOTO% ao a
00000000 % ao a
00000000 % ao a
ooooooooT ,  ao a

*7i' i  ao a aoai s

ov gvz*/ ezw
0*7 SVZ*7 ZZ*70

0*7 *7VZ*7 TZ*70
0*7 £VZ*7 OZ*70

00 Z¥Z*7 6T*70
00 T¥Z*7 81*70
00 OVZ*7 il*?0

30iO 36Z*7 91*70

-  w  w
— 3
— 3
-  3  -
-  3  -
-  3  -
3

-  R  W
-  -  3

000101007 .  ao a
00001000 % ao a
000010007 .  33 1
00100000 % ao a
00100000 % as a
00100000 % ss a
10000000 % ao a

00010100 % as a
00001000 % ao a

8Z 06Z*7 £1*70
OT 36Z*7 *7lW
01 86Z*7 El*70
*70 V6Z* 7 ZTW
*70 66Z*7 TITO
*70 86Z*7 01*70
10 /6Z*7 60*70

8Z 96Z*7 80*70
01 S6Z*7



ooooooi n ao 3
000000007 .  ao 3
000000007 .  ao 3
000000007 .  30 3

*7 i ' 9 333 awavs

oo a-jz-i? wo
oo <HZ*7 cogo
00 03Z* 7 ZOg O
oo 33Z* 7 log o

3090 632* 7 OOgO

-  -  -  -
-  -  -  -
-  -  -  -
o
o
o
o

-  -  o  -
0

-  — o
-  -  -  -
-  -  -  -
-  -  -  -
-  -  -  -

9ZTS

0 -  -  -
o
o
o
o
o
o
o

32 I S

— o  -
-  o  -  -
-  o  -  -
-  o  -  -
o
o
o

3ZTS

o
-  -  o  -
— o  -
-  o  —
-  o  —
o

SZI S

W R
-  o  —
-  3  -  -
- 3
3

00000000 %
00000000 %
00000000 %
I T 000000 %
11000000 %
TT0000007 .
IT  000000 %

0000 T  I  00 %
OOOOOOTT7.
00000011 %
00000000 %
00000000 %
00000000 %
00000000 %

*7l' i

11000000 %
11000000 %
11000000 %
11000000 %
1 1000000 %
11000000 %
11000000 %
11000000 %

8' 8

OOOOTT007.
OOTTOOOO%
OQT 10000 %
00110000 %
11000000 %
TTOOOOOO%
T 1000000 %

S'L

oooooo m
OOOOTT007.
OOOOTT007.
00110000 %
00110000 %
TT0000007 .

8' 9

0 T O 10000 %
00100000 %
00100000 %
00100000 %
10000000 %

333
933
a33
833
333
ao3
303

ao3
ao3
303
ao3
S03
aoi
303
303

ao3
303
aoa
303
303
ao3
303
ao3
ao3

ao3
333
303
303
303
333
333
333

333
303
303
ao3
303
303
ao3

map

303
303
303
803
803

awavs

OWHVS

8KHVS

VKSVS
"V *

00 83Z*? 66*70
00 i3Z*7 86*70
00 93Z*7 i6*70
CO g3Z*7 96*70

CO *73Z*7 g6*70

CO C3Z*7 *76*70

CO Z3Z*7 C6*70

OC TdZ* 7 26*7 0
00 OJZ* 7 16*7 0
OD J3Z* 7 06V O
00 33Z* 7 68*7 0
oo aaz* ? 88*7 0
00 03Z* 7 i8*7 0
oo 98*? o

63Z* 7

CO 83S*?
CO i3Z*7 C8*70
CO 93Z*7 Z8*70
co gaz*? T8*70
CO *73Z*7 08*70

co caz<? 6i*?o
CO Z3Z*7 8i*70

CO T3Z*7 ii*7 0
9i*70

OC 3dZ* 7
DO aaz* 7
oo oaz* 7
oo aaz* ? z/.*7 0
co vaz* ? ii*7 0
CO 6dZ*7 Oi*?0
CO 8az*7 69*70

80^0 9QZ*7 89*70

oo saz*7 79*70
OC *7QZ*7 99*70
oc caz*? S9*?o
oo zaz*? *79*?o
oo iaj*7 C9*70
co oaz*? Z9*?o

8090 30Z* 7 T9*7 0

vo aoz* ? 09*7 0
*?0 30Z*7 6S*70

*70 30Z*7 85*70

*?o voz*?
TO 60Z*7



0505 42F F 3 0
0506 430 0 OC

0507 430 1 0 3
0508 430 2 0 3
0509 430 3 0 3
0510 430 4 0 0
0511 430 5 0 0
0512 430 6 0 0

FCB 7.0011000 0
FCB 7=0000110 0

FCB 7,0000001 1
FCB 7.0000001 1
FCB 7.0000001 1
FCB 7.0000000 0
FCB 7.0000000 0
FCB 7.0000000 0

0513
0514
0515
0516
0517
0518
0519

0520
0521
0522
0523

4307
4309
430A
430B
430C
43 OD
43 OE
430F
4310
4311
4312

OA03
FC
F4
FC
10
54
54
54
54
54
54

"  Hiia u

SBODY
dll Q

FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB

uuu y
10, 3
7,1111110 0
7.1111010 0
7.1111110 0
7.0001000 0
7.0101010 0
7.0101010 0
7,0101010 0
7.0101010 0
7.0101010 0
7,0101010 0

si
0
0
0
-
c
c
c
c
c
c

ze
0
0
0
C
c
c
c
c
c
c

0
c
0_

c
c
c
c
c
c

0524 431 3 END

*  backgroun d save  area s

0525 431 3
0526 431 5 HOE
0527 431 7 '
0528 433 9
0529 433 B 110 E
0530 433 D

EGA

BGB

RMB 2
FCB 17,1 4
RMB (14+7)/8*1 7
RMB 2
FCB 17,1 4
RMB (14+7)/8*1 7

fo r  SCREENS A  an d

coordinate s
siz e o f  are a

sav e are a
coordinate s
siz e o f  are a

sav e are a

0531 435 F END
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APPENDIX A

COLOUR-SET TABL E

PMODE
#
4

3

2

1

0

Color Set

0
1

0
1
0
1
0
1
0
1

Two Color
Combination

Black/Green
Black/Buff

—
—

Black/Green
Black/Butt

—
—

Black/Green
Black/Buff

Four Color
Combination

—

—

Green/Yellow/Blue/Red
Butt/Cyan/Magenta/Orange

—
—

Green/Yellow/Blue/Red
Buff/Cyan/Magenta/Orange

—
—
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APPENDIX B

GRAPHICS MODES

This next next section is a description of the 14 graphic modes and how
to use them. This page is an explanation of the pages describing the
modes. It has the same format and headings but instead of data under
the heading it has an explanation of the heading.

MODE number and name of this mode.
ELEMENTS how may elements this mode has. horizontal x vertical
MEMORY MAPPING Where each element is stored

Addresses e'^'
from start +0
i.e.
is the start +1
address + 1

"the contents of this address"

BYTES The number of bytes needed to hold one screen
ADDRESS How to calculate the address for each element. START is the
address which the screen starts at, see page 41.

BYTE MAPPING What each bit in each byte of memory relates to
COLORS Which colors are available
SELECT How to set the screen to this mode

NOTE: That PIA2A is the A register in the 2nd PIA which has address
$FF22

NOTE: With byte mapping the elements name in a bit means that if a 1 is
there the element is 'ON' and if a zero is there the element is 'OFF', an X
means that that bit is not used.
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ALPHANUMERI C — NORMAL TEXT

ELEMENTS 32x16
Memory mapping

+0
+ 1

+32
+33

LIN E 1 ,  CHARACTER 1
LIN E 1 ,  CHARACTER 2

LIN E 2 ,  CHARACTER 1
LIN E 2 ,  CHARACTER 2

BYTES = 512
ADDRESS = 32 * Y + X + START

BYTE MAPPING

SEE APPENDIX F

COLOURS:
BORDER = BLACK
FOREGROUND COLOUR SET = 0 — GREEN

COLOUR SET = 1 — ORANGE
SELECT:
This is the standard screen.

SEMI GRAPHIC 4

ELEMENTS 64 x 32
ELEMENT FORMAT
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MEMORY MAPPING

+0 LINE 1, CHARACTER 1
+ 1 I LINE 1, CHARACTER 2

+32 \E 2, CHARACTER 1
+33 | LINE 2, CHARACTER 2

BYTES = 512
ADDRESS = 32 * Y + X + START

BYTE MAPPING 7

COLOURS BORDER
CCC

1 C C C L3
!

ER = BLACK
= 000

001
010
011
100
101
110
111

1-2 L, La

GREEN
YELLOW
BLUE
RED
BUFF
CYAN
MAGENTA
RED

SELECT:
Standard on start up
Alphanumeric and this mode are together

LDA
AND
STA
CLRA
STA
STA
STA

PIA2A
#%00000111
PIA2A

$FFCO
$FFC2
SFFC4

SEMI GRAPHICS 6

ELEMENTS 64 x 48
ELEMENT FORMAT

224



MEMORY MAPPING
+0 I LINE 1, CHARACTER 1
+ 1 I LINE 1, CHARACTER 2

+32 1 LINE 2, CHARACTER 1
+33 | LINE 2, CHARACTER 2

BYTES =  51 2
ADDRESS =  3 2 *  Y  + X +  START

BYTE MAPPING 7
(

COLOURS BORDER

SELECT:

LDA
ANDA
or
ANDA
CLRA
STA
STA
STA

CC

PIA2A

: c LVjV[y L*
0

i 1
,LÎ

= BLACK
= 00

01
10

. 11
00
01
10
11

#$0001 0111

#$0001 11

$FFC4
$FFC2
$FFCO

11

GREEN
YELLOW !>C
BLUE
RED
BUFF
CYAN

)
1u

MAGENTA I
ORANGE J

for colour set 0

for colour set 1

COLOUR SE T =  0

COLOUR SE T =  1
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SEMI GRAPHICS 8

ELEMENTS 64 x 64
ELEMENT FORMAT

A
B
C

D

L7

L5

1-3

L,

L-e

u.
La

LO

MEMORY MAPPING
+0
+ 1

ROW A, LINE 1, CHAR 1
ROW A, LINE 1, CHAR 1

+32
+33

+ 128
+ 129

ROW B, LINE 1, CHAR 1
ROW B, LINE 1, CHAR 2

ROW A, LINE 2, CHAR 1
ROW A, LINE 2, CHAR 2

BYTES = 2048
ADDRESS = 128 * Y + 32 * ROW + X + START

BYTE MAPPING

A
B
C
D

1
1
1
1

C
C
C
C

C
C
C
C

C
C
C
C

L7

L,
X
X

Lfi
k
X
X

X
X
L,
L,

X
X

\a
Lo

COLOURS BORDER
CCC

BLACK
000
001
010
011
100
101
110
111

GREEN
YELLOW
BLUE
RED
BUFF
CYAN
MAGENTA
ORANGE

226



SELECT:
LDA
ANDA
STA
CLRA
STA
INCA
STA
CLRA
STA

PIA2A
#%00000111
PIA2A

$FFC3

$FFC3

$FFCO

SEMI GRAPHICS 12

ELEMENTS 64 x 96
ELEMENT FORMAT

MEMORY MAPPING
+0 I ROW A, LINE 1, CHAR 1
+ 1 I ROW A, LINE 1, CHAR 2

+32
+33

+ 192
+ 193

ROW B, LINE 1, CHAR 1
, ROW B, LINE 1, CHAR 2

ROW A, LINE 2, CHAR 1
ROW A, LINE 2, CHAR 2

BYTES = 3072
ADDRESS = Y * 192 + ROW * 32 + X + START

BYTE MAPPING

A
B
C
D
E
F

1
1
1
1
1
1

C
C
C
C
C
C

C
C
C
C
C
C

C
C
C
C
C
C

iii
u,
L7
X
X
X

L.O
Lfl

U
X
X
X

X
X
X
L5

U,
fa

X
X
Y
L<
L.
LO
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COLOURS BORDER
CC

BLACK
000
001
010
011
100
101
110
111

SELECT:
LDA
ANDA
STA
LDA
STA
CLRA
STA
STA

PIA2A
#%00000111
PIA2A
#$01
$FFC5

$FFC2
$FFCO

SEMI GRAPHICS 24

ELEMENTS 64x1 92

GREEN
YELLOW
BLUE
RED
BUFF
CYAN
MAGENTA
ORANGE

ELEMENT FORMAT

MEMORY MAPPING
+0 1 ROW A,
+1 I ROW A,

+32 \,
+33 L ROW B,

+384 H ROW A,
+385 ROW A,

A
B
C
D
E
F
G
H
I
J
K
L

L23 L,2
LZI '-20

L L^
[_17 L^4

""13 12
LH L10

Lg Lg

L7 L6

L6 ' L4

L3 L,
L, L0

LINE 1, CHAR 1 I
LINE 1, CHAR 2 I

LINE 1, CHAR 1 1
LINE 1, CHAR 2 I

LINE 2, CHAR 1 1
LINE 2, CHAR 2
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BYTES = 6144
ADDRESS = Y * 384 + ROW * 32 + X + STARTS

BYTE MAPPING

A
F
G
L

, 1
1

, 1
1

c
c
c
c

c
c
c
c

c
c
c
c

1

L13
X
X

1
L12

X
X

X
X
L,,
L,

X
X '
L10
1̂  i

COLOURS BORDER
CCC

BLACK
000
001
010
011
100
101
110
111

SELECT:
LDA PIA2A
AN DA #%00000111
STA PIA2A
LDA#$01
STA $FFC5
STA $FFC3
CLRA
STA $FFCO

GRAPHICS 64 x 64 FOUR COLOUR

MEMORY MAPPING
+0
+ 1

+ 16
+ 17

+ 1022
+ 1023

_
1, COLUMN 1—4

ROW 1 , COLUMN 5— 8

ROW 2, COLUMN 1—4
ROW 2, COLUMN 5— 8

ROW 64, COLUMN 57— 60'
ROW 64, COLUMN 61— 64

GREEN
YELLOW
BLUE
RED
BUFF
CYAN
MAGENTA
ORANGE

BYTES = 1024
ADDRESS = ROW * 16 + FIX ((COLUMN-1 )/4) f START
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BYTE MAPPING

COLN+3
COLN+2

*COLN+1
N

COLOURS BORDER

CC

SELECT:
LDA PIA2A
ANDA #%1000 0111
or
ANDA
LDA
STA
CLRA
STA
STA

#%1000
#$01
$FFC1

$FFC2
$FFC4

1111

GREEN COLOR SET = 0
BUFF COLOUR SET = 1
00 GREEN
01 YELLOW
10 BLUE
11 RED
00 BUFF
01 CYAN
10 MAGENTA
11 ORANGE

for colour set 0

for colour set 1

COLOUR SET = 0

COLOUR SET = 1

GRAPHICS 128 x 64 TWO COLOUR

MEMORY MAPPING
+0

+ 15
+ 16

+ 1022
+ 1023

ROW 1, COLUMN 1-8
ROW 1, COLUMN 9-16

ROW 1, COLUMN 120-128
ROW 2, COLUMN 1-8

ROW 64, COLUMN 112-119'
ROW 64, COLUMN 120-128

BYTES = 1024
ADDRESS = ROW*16 + FIX((COLUMN - 1)/8) + START
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BYTE MAPPING

COLOURS BORDER

c c

1
0
1

•> C C C C C C

I— > COL N + 7
\ _i_ n' OLJL IN T D

> COL N + 5
-, /-*/"M M _i_ -i•* OUL N + 4

—> COL N + 3

— -* CUL N -h 1
"7 COL N

GREEN COLOUR SET = 0
BUFF COLOUR SET = 1
BLACK COLOUR SET = 0
GREEN
BLACK COLOUR SET = 1
BUFF

SELECT:
LDA
ANDA
or
ANDA
LDA
STA
CLRA
STA
STA

PIA2A
#%1001 0111

#%1001 1111
#$01
$FFC1

$FFC2
$FFC4

for colour set 0

for colour set 1

GRAPHICS 128 x 64 FOUR COLOUR

MEMORY MAPPING
+0 I ROW 1, COL 1-4
+ 1 L ROW 1, COL 5-8

+31 \1 -64
+32 L ROW 2, COL 1-4

+2046 \W 64, COL 57-60'
+2047 ROW 64, COL 61-64
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BYTES = 2048
ADDRESS = ROW * 32 + FIX ((COLUMN-1 )/4)

+START
BYTE MAPPING 7 0

" C C

COLOURS BORDER

CC = 00
01
10
11
00
01
10
11

C C C (

GREEN
BUFF
GREEN
YELLOW
BLUE
RED >
BUFF
CYAN
MAGENTA
ORANGE

; c c

" L̂COLN + 3
^ COL N + 2
\ M _i_ 17UUL N + I

COLOUR SET = 0
COLOUR SET = 1

> COLOUR SET = 0

I COLOUR SET = 1

SELECT:
LDA PIA2A
ANDA #%10100111
or
ANDA #%10101111
CLRA
STA $FFCO
STA $FFC3
INCA
STAA $FFC4

for colour set 0

for colour set 1

GRAPHICS 128 x 96 TWO COLOUR

MEMORY MAPPING
+0
+ 1

ROW 1, COLUMN 1-8
ROW 1, COLUMN 9-16

+ 15 1 ROW 1, COLUMN 120-128
+ 16 I ROW 2, COLUMN 1-8

+ 1534 "\W 96, COLUMN 113-120'
+ 1535 I ROW 96, COLUMN 121-128

PMODEO
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BYTES = 1536
ADDRESS = ROW * 16 + FIX ((COLUMN-1 )/8) + START

BYTE MAPPING 0

[c~ c c c C C C C

COLOURS BORDER = GREEN COLOUR SET = 0
BUFF COLOUR SET = 1

C = 0 BLACK L COLOUR SET = 0
1 GREENJ
0 BLACK \R SET = 1
1 BUFF

SELECT:

LDA PIA2A

J

ANDA #%10110111 for colour set 0
or
ANDA #%10111111 forcoloursetl
CLRA
STA $FFC4
INCA
STA $FFC3
STA $FFC1

GRAPHICS 128 x 96 FOUR COLOUR PMODE1

MEMORY MAPPING
EACH BYTE HOLDS 4 COLUMNS
BYTES = 3072
ADDRESS = ROW * 32 + FIX ((COLUMN-1 )/4) + START

BYTE MAPPING 7

CC

0

CC CC CCCJU

COLOURS BORDER

CC = 00
01
10
11

GREEN
BUFF
GREEN
YELLOW
BLUE
RED

COLOUR SET = 0
COLOUR SET = 1

.COLOUR SET = 0
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00 BUFF
01 CYAN ( COLOUR SET = 1
10 MAGENTA
11 ORANGE

SELECT:
LDA PIA2A
ANDA #%11000111 for colour set 0
or
ANDA #%1100 1111 for colour set 1
LDA #$01
STA $FFC5
CLRA
STA $FFC2
STA $FFCO

GRAPHICS 128x192 TWO COLOUR PMODE 2

MEMORY MAPPING
EACH BYTE HOLDS 8 COLUMNS
BYTES = 3072
ADDRESS = ROW* 16 + FIX((COLUMN-1)/8) + START

BYTE MAPPING 0

C C C C C C C C

COLOURS BORDER = GREEN COLOUR SET = 0
BUFF COLOUR SET = 1

C = ? G£CEN) COLOUR SET = o
0 BLACK
1 BUFF

SELECT:
LDA PIA2A

k I COLOUR SET = 1

ANDA #%11010111 forcoloursetO
or
ANDA #%1 101 111-1 for colour set 1
STA PIA2A
LDA #$01
STA $FFC5
CLRA
STA $FFC2
INCA
STA $FFC1

:
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GRAPHICS 128x192 FOUR COLOUR PMODE3

MEMORY MAPPING
EACH BYTE HOLDS 4 COLUMNS
BYTES = 6144
ADDRESS = ROW * 32 + FIX ((COLUMN-1 )/4) + START

BYTE MAPPING 0

CC

COLOURS BORDER

CC CC CC

GREEN COLOUR SET = 0
BUFF COLOUR SET = 1

SELECT:
LDA
AN DA
or
ANDA
STA
LDA
STA
STA
CLRA
STA

CC

PIA2A

= 00
01
10
11
00
01
10
11

#%1110 0111

#%111011
PIA2A
#$01
$FFC5
$FFC3

$FFCO

11

GREEN ]
YELLOW l> COLOUR SET = 0
BLUE |
RED
BUFF

J
"}

CYAN I COLOUR SET = 1
MAGENTA f
ORANGE J "

for colour set 0

for colour set 1

GRAPHICS 256 x 192 TWO COLOUR PMODE 4

MEMORY MAPPING
EACH BYTE HOLDS 8 COLUMNS
BYTES 6144
ADDRESS = ROW * 32 + FIX ((COLUMN-1 )/8) + START
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BYTE MAPPING 7

[c c c

COLOURS BORDER =

C = 0
1
0
1

SELECT:
LDA PIA2A
AND A #%11110111
or
AND A #%1111 1111
STA PIA2A
LDA #$01
STA $FFC5
STA $FFC3
CLRA
STA $FFCO

0

: c c [ c^c [c]

GREEN COLOUR SET = 0
BUFF COLOUR SET = 1
RL AC*K 1
GREEN J COLOUR SET = 0

|[£FK } COLOUR SET = 1

for colour set 0

for colour set 1
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APPENDIX C
HANDY MEMORY LOCATIONS IN THE DRAGON
START ADDRESS DESCRIPTION
DEC HEX
00025 0019
00027 001B

00029
00031
00033
00035
00039
00108
00111
00113

001D
001F
0021
0023
0027
006C
006F
0071

00114
00116
00124

00125
00126

00128
00129
00140
00141
00157
00182
00256
00259
00262
00265
00268
00271
00289
00290

0072
0074
0076

007D
007E

0080
0081
008C
008D
009D
OOB6
0100
0103
0106
0109
01 OC
010F
0121
0123

END ADDRESS
DEC HEX
00026 001A

00028 001C
00030 001E
00032 0020
00034 0022
00036 0024
00040 0028

Address of start of BASIC program
Address of Start of variable storage
also address -1 is end of Basic program
Address of start of array storage
Address of start of free memory
Address of start of string stack
Address of BASIC upper limit
Highest available RAM address
Current column position of cursor
Device number DEVNUM
Warm start flag RSTFLAG
&HO Condition before cartridge program
Starts created by BASIC
&H12 = Do warm start
&H55 = If RSTVEC points to a NOP
then execute from address
RSTVEC else start BASIC
Warm start Vector RSTVEC 00115 0073
Highest physical memory address 00117 0075
Block type BLKTYP
0 = file header
1 = data
FF = end of file
Bytes in block BLKLEN
Buffer address CBUFAD also program 00127 007F
end +1 after CLOADM
Check sum
CSRERR
Sound frequency
Sound duration 00142 OOBE
Transfer address after CLOADM 00158 009E
Current Pmode
SWI 3 vector 00258
SWI2 vector 00261
SW11 vector 00264
NMI vector 00267
IRQ vector 00270
FIRQ vector 00273
Pointer to BASIC command Token Table 00290
Pointer to BASIC command Jump Table 00292

0102
0105
0108
010B
010E
0111
0122
0124
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00294
00296
00337
00337

00338
00339
00340
00341
00342
00343
00344
00345
00346
00347
00348
00349
00466
00474
00485
00733
01024
01536

03072

32816
33108
33226
33360
33449
33504
49152
65280
65522
65524
65526
65528
65530
65532
65534

0126
0128
0151
0151

0152
0153
0154
0155
0156
0157
0158
0159
01 5A
01 5B
01 5C
01 5D
01 D2
01 DA
01 E5
02DD
0400
0600

OCOO

8033
8154
81 CA
8250
82A9
82EO
COOO
FFOO
FFF2
FFF4
FFF6
FFF8
FFFA
FFFC
FFFE

Pointer to BASIC function Token Table
Pointer to BASIC function Jump Table
KEYBOARD Rollover Table

00295
00297
00345

0127
0129
0159

Bit cleared if any bit in same column cleared
7 6 5 4 3 2 1

ENTER X P H @ 8

CLEAR Y Q I A 9

Z R J B :
t S K C ;
*• T L D
«- U M E —
-* V N F •
spaceW 0 G /

Joystick 0 — left x position
Joystick 1 — left y position
Joystick 2 — right x position
Joystick 3 — right y position
CASSETTE file name
CASSETTE buffer
Transfer address used in CSAVEM
Keyboard buffer
Text screen memory

0
0
1
2
3
4
5
6
7

00473
00731
00486
00988
01535

01 D9
02D8
01 E6
03DC
05FF

GRAPHICS Screen memory (in 8 pages
of 1 536 bytes each)
User RAM note can start
anywhere between 03072 (OCOO)
and 13224 (3600) depending
on graphics pages.
BASIC command word table
BASIC command jump table
BASIC function word table
BASIC function jump table
BASIC error message table
BASIC interpreter
cartridge slot
PIA (Parrallel I/O Adapter)
SWI 3 vector (contains 01 00)
SWI 2 vector (contains 0103)
FIRQ vector (contains 01 OF)
IRQ vector (contains 01 OC)
SW1 1 vector (contains 01 06)
NMI vector (contains 01 09)
RESET vector (contains B3B4)

13823
32767

33064
33225
33359
33427
33499
49151
65279
65521
65523
65525
65527
65529
65531
65533
65535

35FF
7FFF

8128
81C9
824F
8293
82DB
BFFF
FEFF
FFF1
FFF3
FFF5
FFF7
FFF9
FFFB
FFFD
FFFF
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APPENDIX D

HANDY ROM ROUTINES
These following routines are included in your DRAGON'S ROM and can
easily be used in your machine language programs.
Each routine has a name which is used to identify it followed by an entry
address in hexadecimal. Some need entry conditions such as having the
A accumulator and the X index register initialized.

A brief summary of what the routine does and what the entry and exit
conditions are, is also included. At the end of the section there is a list of
the variables (memory locations) that are used in the routines and a brief
word on what they do.

INIT&HBB40
Initialize hardware interfaces such as printer, cassette, video, memory,

Shouldn't be used except for auto-start cartridge programs.

SETUP &HBB88
Sets up BASIC system variables such as keyboard debounce, cassette
leader length, printer variables, etc.

BLINK &HBBB5
Decrements location 008F and when this counter reaches zero the
cursor is toggled from black to green or vice-versa.

TOUCH &H8E 12
Write the character in the accumulator A onto the cassette.
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BYTE-IN &HBDAD
Gets 8 bits off the cassette and puts them into the A accumulator.

BIT-IN &HBDA5
Gets the next bit on tape and puts it into the carry bit.

BLKIN &HB93E
Reads a block from cassette
CONDITIONS
fNTRY — cassette must be on and in bit synchronization (see
CSRDON)
— CBUFAD(7E) contains the buffer address.

EXIT— BLKTYP(7C) contains the block type
— BLKLEN(7D) contains number of data blocks in the block (0 — 255).
— Z = 1, ACC = 0 if no errors CSRERR(81) = 0
— Z = 0, ACC = 1 if checksum error CSRERR(81) = 1
— Z = 0, ACC = 2 if memory error CSRERR(81) = 2
— Unless there was an error X points to the last byte in the buffer
— U, Y preserved, all others changed.
Interrupts are masked.

BLKOUT &HB999

Writes a block to cassette
CONDITIONS
ENTRY — Tape should be up to speed
— a leader of &H55's should have been written if this is the first block to
be written after motor on
— CBUFAD(7E) — buffer address
— BLKTYP(7C) — contains block type
— BLKLEN(7D) — contains number of bytes in block
EXIT — X points to last byte in buffer
— All registers modified
Interrupts are masked.

WRTLDR &HBE6A
Turns cassette on and writes a leader.
CONDITIONS
ENTRY — none
EXIT— U preserved, all others modified.

CSRDON &H8021
Turns cassette on and gets in bit sync.
CONDITIONS
ENTRY — none
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EXIT— FIRQ and IRQ are masked.
— U, Y preserved, all others modified.

CHROUT&HB54A
Outputs a character
CONDITIONS
ENTRY — DEVNUM(6F) set to -2 (printer) or 0 (screen).
— A character to be used.
EXIT - All registers except CC preserved.

JOYIN &HBD52
Sample joystick ports
CONDITIONS
ENTRY—none
EXIT— Y preserved, all others changed.
— POTVAL (15A) through to POTVAL + 3(15D) contain the position of
joysticks.

POLCAT &HBBE5
Polls keyboard for a character
CONDITIONS
ENTRY—none
EXIT

— Z = 1,A = 0 — no key pressed.
— Z = 0, A = key code — if key seen.
— B and X preserved, all others modified.

VARIABLE S FOR ABOVE ROUTINES
BLKLEN(7D) length of cassette block
BLKTYPJ7C) type of cassette block

0 = File Header
1 = Data
FF = End of File

CBUFAD(7E) cassette buffer address
CSRERR(81) cassette error type

0 = no errors
1 = checksum error
2 = memory error

DEVNUM(6F) device for CHROUT
-2 = printer
0 = screen

POTVAL(15A) 4 bytes holds current joystick position
15A = left joystick up/down
15B = left joystick left/right
15C = right joystick up/down
15D = right joystick left/right
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APPENDIX E

ASCII CODES FOR KEYS

Key

OBESK'
(EM:
(ESTER'

(SraCEBiiR
1

#
$
%
&

; •

(
)
•

+
-

/
0
1
2
3
4
5
6
7
8
9

<
=

>
?

@
A
B
C
D
E
F
G
H
1
J
K
L
M

Hex*
Unshifted

03
OC
OD
20
—
—
—
—
—
—
—
—
—
—
—
2D
2E
2F
30
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F
40
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D

Shifted

03
—
OD
—
21
22
23
24
25
26
27
2B
29
2A
2B
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
13
41
42
43
44
45
46
47
48
49
4A
4B
4C
4D

Decimal #
Unshifted

03
12
13
32
33
34

35
36

37
38
39
40
41
42

43
45
46
47

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
97

98
99
100
101
102
103
104
105
106
107
108
109

Shifted

03
—
13
32
—
—
—
—
—
—

—_

—
—

—
—
_
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

19

65
66
67
68

69
70
71
72
73
74

75

76
77
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Key

N
O
P
Q
R
S
T
U
V
w
X
Y
Z
©
©
3D
CD

Hex*
Unshifted

6E
6F
70
71
72
73
74
75
76
77
78
79
7A
5E
OA
O8
O9

Shifted

4E
4F
50
51
52
53
54
55
56
57
58
59
5A
5F
5B
15
5D

Decimal #
Unshifted

110
111
112
113
114
115
116
117
118
119
120
121
122
94
10
8
9

Shifted
78
79
80
81
82
83
84
85
86
87
88
89
90
95
91
21
93

Note: For characters A through Z, press the key combination of SHIFT 0
to utilize the upper/lowercase option. The unshifted codes will then
apply.
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APPENDIX F

CHARACTER CODES
For use with text screen.

HEX

DEC

0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0

0

@
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

10

16

P
Q
R
S
T
U
V
w
X
Y
z
[
\

t
< —

20

32

!
"
#
$
%
&
i

(
)
*

+
i
—
•
/

30

48

0
1
2
3
4
5
6
7
8
9

|

<
=
>
?

40

64

@
A
B
C
D
E
F
G
H
I
J
K
L
M
N
0

50

80

P
Q
R
S
T
U
V
W
X
Y
Z
[
N
]
t

60

96

t
"
#
$
%
&
i

(
)
*

+
t
—
•
/

70

112

0
1
2
3
4
5
6
7
8
9

<
=
>
9

Note: these columns are in inverse video, i.e. green on black
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APPENDIX G

BASE CONVERSIONS
The following table lists base conversions for all one-byte values.

DEC.

0
1
2
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
16
19
20
21
22
23
24
25
26
27
28

BINARY

00000000
0000000 1
0000001 0
0000001 1
0000010 0
0000010 1
0000011 0
000001 1  1
0000100 0
0000100 1
0000101 0
0000101 1
0000110 0
0000110 1
0000111 0
0000111 1
0001000 0
0001000 1

HEX.

00
01
02
03
04
05
06
07
08
09
0A
0B
0C
0D
0E
OF
10
1 1

0001001 0 1 2
0001001 1 i  1 3
0001010 0 1  1 4
0001010 1 j  1 5
0001011 0 I  1 6
0001011 1
0001100 0
000 1  1  0 0 1
0001101 0

17
18
19
1A

0001101 1 j  1 B
0001110 0 |  1 C

OCT.

000
001
002
003
004
005
006
007
010
011
012
013
014
015
C16
017
020
021
022
023
024
025
026
027
030
031
032
033
034

29 0081110 1 '  I D 03 5

DEC.

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

BINARY

0001111 0
0001111 1
0010000 0
0010000 1
0010001 0
0010001 1
0010010 0
0010010 1
0010011 0
0010011 1
0010100 0
0010100 1
0010101 0
0010101 1
0010110 0
0010110 1
0010111 0
0010111 1

HEX.

1E
1F

OCT.

036
037

20 |  04 0
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F

0011000 0 3 0
0011000 1 3 1
0011001 0 3 2
0011001 1 3 3
0011010 0 3 4
0011010 1 |  3 5
0011011 0 :  3 6
0011(311 1 I  3 7
0011100 0 3 8
00111(80 1 3 9
00111(21 0 3 A

53 0011101 1 3 B

041
042
043
044
045
046
047
050
051
052
053
054
055
056
057
060
061
062
063
064
065
066
067
070
071
072
073
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DEC.

eo
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
SO
81
82
83
84
85
86
87
88
89
90
91
92
93

BINARY

0011110 0
0011110 1
0011 111 0
0011111 1
0100000 0
0100000 1
0100001 0
0100001 1
0100010 0
0100010 1
0100011 0
0100011 1
0100100 0
0100100 1
0100101 0
0100101 1
0100110 0
0100110 1
0100111 0
0100111 1
0101000 0
0101000 1
0101001 0
0101001 1
0101010 0
0101010 1
0101011 0
0101011 1
0101100 0
0101100 1
0101101 0
0101101 1
0101110 0
0101110 1

HEX.

3C
3D
3E
3F
40
41
42
43
44
45
46
47
48
49
4A
48
4C
40
4E
4F
50
51
52
53
54
55
56
57
58
59
5A
5B
5C
50

OCT.

074
075
076
077
100
101
102
103
104
105

1060
107
110
11 1
112
113
114
115
118
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135

DEC.

94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
11 1
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

BINARY HEX.

0101 1 11 0
0101 1 1 1 1
0110000 0
0110000 1
0110001 0
0110001 1
0110010 0
01 10010 1
0110011 0
0110011 1
0110100 0
0110100 1
0110101 0
0110101 1
0110110 0
0110110 1
0110111 0
0110111 1
0111000 0
0111000 1
0111001 0
0111001 1
0111010 0
0111010 1
0111011 0
0111011 1
0111100 0
0111100 1
0111101 0
0111101 1
0111110 0
0111110 1
0111111 0
0111111 1

5E
5F
60
61
62
S3
64
65
66
67
68
69
6A
68
6c
60
6E
6F
70
71
72
73
74
75
76
77
78
79
7A
78
7C
70
7E
7F

OCT.

136
137
140
141
142
143
144
145
146
147
150
151
152
153
154
1550
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177
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DEC.

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

BINARY

1000000 0
1000000 1
1000001 0
1000001 1
1000010 0
1000010 1
1000011 0
1000011 1
1000100 0
1000100 1
1000101 0
1000101 1
1000110 0
1000110 1
1000111 0
1000111 1
1001000 0
1001000 1
1001001 0
1001001 1
1001010 0
1001010 1
1001011 0
1001011 1
1001100( 9
1001100 1
1001101 0
1001101 1
1001110 0
1001110 1
1001111 0
1001111 1
1010000 0
1010000 1

HEX.

80
81
82
83
84
85
86
87
88
89
8A
88
8C
80
8E
8F
90
91
92
93
94
95
96
97
98
99
9A
9B
9C
90
9E
9F
A0
A1

OCT.

200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
224
221
222
223
224
255
226
227
230
231
232
233
234
235
236
237
240
241

DEC.

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

BINARY

1010001 0
1010001 1
1010010 0
1010010 1
1010011 0
1010011 1
1010100 0
1010100 1
1010101 0
1010101 1
1010110 0
1010110 1
1010111 0
1010111 1
1011000 0
1011000 1
1011001 0
1011001 1
1011010 0
1011010 1
1011011 0
1011011 1
1011100 0
1011100 1
1011101 0
1011101 1
1011110 0
1011110 1
1011111 0
1011111 1
1100000 0
1100000 1
1100001 0
1100001 1

HEX.

A2
A3
A4
A5
A6
A7
A8
A9
AA
AB
AC
AD
AE
AF
BO
B1
B2
B3
B4
B5
86
87
B8
B9
BA
BB
BC
BO
BE
BF
CO
C1
C2
C3

OCT.

242
243
244
245
246
247
250
251
252
253
254
255
256
257
260
261
262
263
264
265
266
267
278
271
272
273
274
275
276
277
300
301
302
303
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DEC.
196
197
198
199

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
99fl

BINARY

11000100
11000101
11000110
11000111
11001000
11001001
11001010
11001011
11001100
11001101
11001110
11001111
11010000
11010001
11010010
11010011
11010100
11010101
11010110
11010111
11011000
11011001
11011010
11011011
11011100
11011101
11011110
11011111
11100000
11100001
11100010

HEX.
C4
C5
C6
C7

C8
C9
CA
CB
cc
CD
CE
CF
DO
D1
02
03
04
D5
OS
D7
08
09
DA
DB
DC
DO
DE
OF
E0
E1
E2

OCT.
304
305
306
307
310
311
312
313
314
315
316
317
320
321
322
323
324
325
326
327
330
331
332
333
334
335
336
337
340
341
14?

DEC.

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

BINARY

1110001 1
1110010 0
1110010 1
1110011 0
1110011 1
1110100 0
1 1 10100 1
1110101 0
1110101 1
1110110 0
1110110 1
1110111 0
1110111 1
1111000 0
1111000 1
11110010
1111001 1
1111010 0
1111010 1
1111011 0
1111011 1
1111100 0
1111100 1
1111101 0
1111101 1
1111110 0
1111110 1
1111111 0
1 1 1 1 1 1 1 1

HEX.

E3
E4
E5
E6
E7
E8
E9
EA
EB
EC
ED
EE
EF
FO
F1
F2
F3
F4
F5
F6
F7
F8
F9
FA
FB
FC
FD
FE
FF

OCT.

343
344
345
346
347
350
351
352
353
354
355
356
357
360
361
362
363
364
365
366
367
370
371
372
373
374
375
376
377
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APPENDIX H
6809 INSTRUCTION SET SUMMARY

OP MNEM MODE — »

B0 NEG DIRECT 6 2
83 COM

04 ISR

06 ROR

B7 ASR
06 ASL/LSL

B9 HOL

OA DEC

0c INC
BD TST

BE JMP

6 2

6 2

6 2

6 2

6 2

6 2

6 2
6 2

6 2

3 2
0F CLH DIRECT 6 2

12 NOP INHERENT 2 1
13 SYNC INHERENT 2 1

16 LBRA RELATIVE 5 3

17 LBSH RELATIVE 9 3

19 DAA INHERENT 2 1

1A ORCC IMMED 3 2

OP MNEM MODE - *

1C ANDCC IMMED 3 2
ID SEX INHERENT 2 1

IE EXG 8 2

IF TFR INHERENT 7 2

JB BRA RELATIVE 3 2
21 BRN

22 BHI

23 BLS

24 BHS/BCC
25 BLO/BCS
26 BNE
27 BEQ

28 BVC

29 BVS

2A BPL

28 BMI

2C BGE

3 2

3 2

3 2

3 2

3 2
3 2

3 2

3 2

3 2
3 2

3 2

3 2

2D BLT RELATIVE 3 2

OP MNEM MODE ~ 1

2E BGT RELATIVE 3 2

2F BLE RELATIVE 3 2

30 LEAX INDEXED 4 ?
31 LEAY I 4 2

32 LEAS ! 4 2

33 LEAU INDEXED 4 2

34 PSHS INHERENT 5 2

3S PULS

36 PSHU
37 PULU
39 HTS

3A ABX

3B HTI

3C CWAI

3D MUL

3F SWI
40 NEGA

5 2

5 2

5 2
5 1

3 1

6/15 1

21 2
1 1 1

19 1

2 1
43 COMA INHERENT 2 1

OP MNEM MODE ~ »

44 LSRA INHERENT 2 1
46 RORA

47 ASRA

48 ASLA/LSLA

49 ROLA

4A DECA

4C INCA

40 TSTA

4F CLRA

SB NEGB
S3 COMB

54 LSHB

56 ROHB

57 ASRA

58 ASLB/LSLB

59 ROLB

5A OECB

2 1
2 1

2 1

2 1

2 1

2 1

2 1

2 1

2 1
2 1

2 1

2 1

2 1

2 1

2 1

2 1

5C INCB INHERENT 2 1

OP MNEM MODE ~~ *

50 TSTB INHERENT 2 1
SF CLRB INHERENT 2 1

60 NEG INDEXED 6 2

63 COM

64 LSR

66 HOR

67 ASR

68 ASL/LSL

69 ROL

6A DEC

6C INC

60 TST

6E JMP

6 2

6 2

6 2

6 2

6 2

6 2

6 2

6 2

6 2

3 2

6F CLR INDEXED 6 2

76 NEG EXTENDED 7 3

73 COM

74 LSH

7 3

7 3

76 ROH EXTENDED 7 3

OP MNEM MODE ~ *

77 ASH EXTENDED 7 3
78 ASL/LSL

79 ROL

7A DEC

7C INC
70 TST

7E JMP

7 3

7 3

7 3

7 3

7 3

4 3

7F CLR EXTENDED 7 3

80 SUBA IMMED 2 2

81 CMPA
82 SBCA

83 SUBD

84 ANDA

85 BITA

86 LDA

88 EORA

69 ADCA

2 2

2 2
4 J

2 2

2 2

2 2

2 2

2 2

8A ORA IMMED 2 2
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OP MNEM MODE ~- *

88 ADDA IMMED 2 2
8C CMPX IMMED 4 3
80 BSR RELATIVE 7 2
8E LDX IMMED 3 3
90 SUBA DIRECT 4 2

91 CMPA

92 SBCA

93 SUBD
94 ANOA

95 BITA
96 LOA

97 STA

96 EOHA
99 ADCA
9A ORA

9B ADDA

9C CMPX

4 2

4 2

6 2

4 2

4 2

4 2

4 2
4 2

4 2
4 2

4 2

6 2

9D JSR DIRECT 7 2

OP MNEM MODE ~ #

9E LDX DIRECT 5 2
9F STX DIRECT 5 2
A0 SUBA INDEXED 4 2
A 1 CMPA

A2 SBCA
A3 SUBD
A4 AMDA

A5 BITA

A6 LDA

A7 STA

A8 EORA

A9 ADCA
AA ORA

AB ADDA
AC CMPX

AD JSR

AE LDX

4 2

4 2

6 2
4 2

4 2

4 2

4 2

4 2

4 2
4 2

4 2
6 2

7 2

5 2

AF STX INDEXED 5 2

OP MNEM MODE ~ *

80 SUBA EXTENDED 5 3
Bl CMPA
82 SBCA
B3 SUBD
B4 ANDA

85 BITA
66 LDA

B7 STA

88 EORA
B9 ADCA
BA ORA

BB ADDA

BC CMPX
BD JSR
BE LDX

5 3
5 3
7 3

5 3

5 3

5 3

5 3

5 3
5 3

5 3

5 3
7 3

8 3
6 3

BF STX EXTENDED 6 3
C0 SUBB IMMED 2 2

Cl CMPB IMMED 2 2

OP MNEM MODE ~ *

C2 SBCB IMMED 2 2
C3 AODD
C4 ANDB
C5 BITB

C6 LOB

C8 EORB
C9 ADCB

CA ORB

CB ADDB
CC LDD

t 3
2 2

2 2

2 2

2 2
2 2

2 2

2 2

3 3
CE LDU IMMED 3 3

DO SUBB DIRECT 4 2
Dl CMPB
D2 SBCB
D3 ADDD
D4 ANDB

D5 BITB

4 2
4 2

6 2
4 2

4 2

D6 LDB DIRECT 4 2

OP MNEM MODE ~ »

07 STB DIRECT 4 2
D8 EORB
D9 ADCB

DA ORB

DB ADDB
DC LDD
DO STD

DE LDU

4 2
4 2

4 2

4 2

5 2
5 2

5 2

DF STU DIRECT 5 2

E0 SUBB INDEXED 4 2
El CMPB

E2 SBCB
E3 ADDD
E4 ANDB
E5 SITB

E6 LDB

E7 STB

4 2

4 2

6 2

4 2
4 2

4 2

4 2

E8 EORB INDEXED 4 2

OP MNEM MODE ~ *

E9 ADCB INDEXED 4 2
EA ORB
EB ADDB

EC LDD

ED STD

EE LDU

4 2
4 2

5 2

5 2

5 2
EF STU INDEXED 5 2

F0 SUBB EXTENDED 5 3
F1 CMPB
F2 SBCB
F3 ADDD

F4 ANDB
F5 BITB

F6 LDB
F7 STB

F8 EORB

F9 ADCB

5 3

5 3
7 3

5 3

5 3

5 3
5 3

5 3

5 3

FA ORB EXTENDED 5 3

OP MNEM MODE — *

FB ADDB EXTENDED 5 3
FC LDD
FD STD

FE LDU

6 3

6 3
6 3

FF STU EXTENDED 6 3
1B21 LBRN RELATIVE 5 4
1022 LBHI
1B23 LBLS

1024 LBHS/LBCC
1025 LBCS/LBLO
1026 LBNE
1027 LBEQ

1028 LBVC

1029 LBVS
1B2A LBPL

102B LBMI

I02C LBGE

5(6) 4

5(6) 4

5(6) 4
5(6) 4
5(6| 4

5(6) 4

5(6) 4

5(6) 4

5(6) 4

5(6) 4

5(6) «
102D LBLT RELATIVE 5(6) 4

OP MNEM MODE ~ *

102E LBGT RELATIVE 5(6) 4
I02F LBLE RELATIVE 5(6) 4
103F 5*1/2 INHERENT 20 2
1083 CMPD IMMED 5 4
1B6C CMPY 5 4
108E LDY IMMED 4 4
1093 CMPO DIRECT 7 3
109C CMPy

109E LDY

7 3

6 3
109F STY DIRECT 6 3
10A3 CMPD INDEXED 7 3
10AC CMPY

10AE LDY

7 3

6 3
I0AF STY INDEXED 6 3

I0B3 CMPD EXTENDED 6 4
10BC CMPY

10BE LDY

a 4
7 4

10BF STY EXTENDED 7 4

OP MNEM MODE — #

10CE LDS IMMED 4 4
10DE LOS DIRECT 6 3
10DF STS DIRECT e 3
I0EE LOS INDEXED 6 3
10EF STS INDEXED 6 3
10FE LDS EXTENDED 7 4
IBFF STS EXTENDED 7 4
I13F SWI/3 INHERENT 26 2

1163 CMPU IMMED 5 4
118C CMPS IMMED 5 4
1193 CMPU DIRECT 7 3
119C CMPS DIRECT 7 3

11A3 CMPU INDEXED 7 3
11AC CMPS INDEXED 7 3

11B3 CMPU EXTENDED 8 4
1I6C CMPS EXTENDED 8 4
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INDEXED ADDRESSING
POST BYTE REGISTER

BIT ASSIGNMENTS

POST-BYTE REGISTER BIT

7

0

1

1

1

1

1

1

1

1

1

1

1

1

1

6

X

X

X

X

X

X

X

X

X

X

X

X

X

X

5

X

X

X

X

X

X

X

X

X

X

X

X

X

X

4

X

0

X

0

X

X

X

X

X

X

X

X

X

1

3

X

0

0

0

0

0

0

0

1
1
1
1

1
1

2

X

0

0

0

0

1
1
1

0

0

0

1

1
1

1
X

0

0

1
1
0

0

1
0

0

1
0

0

1

0

X

0

1
0

1
0

1
0

0

1
1
0

1
1

1 —

INDEXED
ADDRESSING

MODE

EA = ,R ± 4 BIT OFFSET

;R+
.R+ +

,-R
,--R

EA = , R • 0 OFFSET

EA = ,H ± ACCB OFFSET

EA = ,R ± ACCA OFFSET

EA = ,R ± 7 BIT OFFSET

EA ^ ,R ± 15 BIT OFFSET

EA = ,R ± D OFFSET)

EA = ,PC ± 7 BIT OFFSET

EA = ,PC ± 15 BIT OFFSET

EA =, ADDRESS

ADDRESSING MODE FIELD

1 FIELD
FORB7 --- 1; INDIRECT
FOR B7 = 0. SIGN BIT

REGISTER FIELD

PUSH/PULL POST BYTE

00:R = X
01 :R = Y
10:R = U
11:H = S

6809 STACKING ORDER

I

TRAr

I I I PULL ORDER

L CCR *
A cc Kpna vFirrnRfi
B ^ FFFE Restart
OPR ^ FFFC NM1

S /U X 1 n ctrcr cinn

Y Lo FFF2 SWI3
vISFER/ EXCHANGE POST BYTE u/S HI FFFO Reserved

SOURCE | DESTINATjC

REGISTER FIELD
0000=D(A:B) 1000-
0001 « X 1001 =
0010 » Y 1010 =
0011 = U 1011 =
0100 = S
0101 = PC

N PC Hi

PCLo

T
A PUSH ORDER

B INCREASING
CCR MEMORY

I
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INDEXED ADDRESSING MODES

TYPE FORMS

CONSTANT OFFSET FROM R NO OFFSET
5 BIT OFFSET
8 BIT OFFSET

16 BIT OFFSET

ACCUMULATOR OFFSET FROM R A— REGISTER OFFSET
B— REGISTER OFFSET
D— REGISTER OFFSET

AUTO INCREMENT/DECREMENT R INCREMENT BY 1
INCREMENT BY 2
DECREMENT BY 1
DECREMENT BY 2

CONSTANT OFFSET FROM PC 8 BIT OFFSET

16 BIT OFFSET

EXTENDED INDIRECT 16 BIT ADDRESS

NON INDIRECT

Assembler
Form

, R
n. R
n. H
n, R

A, R
B. R
D, H

,R +
.R+ +
, -R

, --R
n.PCR

n, PCR

-

Post-Byte
OP Code

1HR00100
ORRnnnnn
1RR01000
1RR01001

1RR00110
1RR00101
1RR01011

1RROOOOO
1RH00001
1RR00010
1RR00011

1XX01100

1XX01101

-

fj

0
1
1
4

1
1
4

2
3
2
3

1

5

-

#

0
0
1
2

0
0
0

0
0
0
0

1

2

-

INDIRECT

Assembler
Form

I.RI
defa

In. R]
In, R]
|A, H]
IB. fl|
IO.R)

Post-Byte
OP Code

1HR10100
Jits to 8-bit
1RR11000
1RR11001

1HR10110
1RR10101
1RR11011

not allowed
I. R+ + I |!RR10001

not allowed
I. --H| 1RR10011

In. PCH|

In. PCH|

|n|

1 XX1 1100

1XX11101

10011111

- #

3 0

4 1
7 2

4 0
4 0
7 0

6 0

6 0

4 1

8 2

5 2

< X, Y. U. orS
= DON T CARE

NOTES:
1 Given m the table are the base cycles and byte counts To determine the total cycles and byte counts add the values

from (he 6809 indexing modes table
2. Rl and R2 may be any pair of 8 bit or any pair of 16 bit registers

The 8 bit registers are A. B. CC, DP
The 16 bit registers are X, V, U, S. D, PC

3 EA is the effective address.
4 The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled
5. 5(6} means: 5 cycles if branch not taken. 6 cycles if taken
6. SW1 sets I&F bits SW12 and SW13 do not affect I&F
7 Conditions Codes set as a direct result of the instruction.
8. Value of half-carry flag is undefined
9. Special Case—Carry set if b7 is SET.

LEGEND:
OP Operation Code (Hexadecimal)
~ Number of MPU Cycles;
# Number of Program Bytes,
t Arithmetic Plus;

Arithmetic Minus:
_^ Multiply
M Complement of M:
•— Transfer Into.
H Halt-carry from bit 3;
N Negative (sign bit)

Z Zero (byte)
V Overflow. 2 s complement
C Carry from bit 7
I Test and set if true, cleared otherwise

Not Affected
CC Condition Code Register
: Concatenation
v Logical or
A Logical and
V Logical Exclusive or
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INSTRUCTION/
FORMS

ABX

ADC ADCA
ADCB

ADO ADOA
AOOB
ADOD

AND ANDA
ANDB
ANDCC

ASL ASLA
ASLB
ASL

ASR ASRA
ASR
ASR

BCC BCC
LBCC

BCS BCS
LBCS

BEO BEO
LBEO

BGE BGE
LBGE

BGT BGT
LBGT

BHI BHI
LBHI

BHS BHS

LBHS

BIT BITA
BITS

BLE BLE
LBLE

BLO BLO
LBLO

BLS BLS

LBLS

BLT BLT
LBLT

BMI BMI
LBMI

BNE BNE
LBNE

BPL BPL
LBPL

6809 ADDRESSING MODES

INHERENT

OP

3A

48
58

47
57

~

3

2
2

2
2

*
1

1
1

1
1

DIRECT

OP

99
09

96
DB
03

94
04

08

07

95
05

~

4
4

4
4
6

4
4

6

6

4
4

#

2
2

2
2
2

2
2

2

2

2
2

EXTENOEC

OP

B9
F9

BB
FB
F3

B4
F4

78

77

B5
F5

^

5
5

5
$
7

5
5

7

7

5
5

*

3
3

3
3
3

3
3

3

3

3
3

MMEDIATE

OP

89
C9

86
CB
C3

84
C4
1C

85
C5

~

2
2

2
2
4

2
2
3

2
2

#

2
2

2
2
3

2
2
2

2
2

INDEXED'

OP

A9
E9

AB
EB
E3

A4
E4

68

67

A5
E5

~

4 «
4*

4-t
4-t
6 +

4 t
4 >

6t

6*

4 t
4 t

*

2^
2.

2 +
2 +
2 +

2.
2.

2<

2»

2*

RELATIVE

OP

24
10
24

25
10
25

27
10
27

2C
10
2C

2E
10
2E

22
10
22

24

10
24

2F
10
2F
25
10
25

23

10
23

2D
10
2D

28
10
2B

26
10
26

2A
10
2A

^

3
5(6)

3
5(6)

3
5(6)

3
5(6)

3
5(6)

3
5(6)

3

5(6)

3
5(6)

3
5(6)

3

5(6)

3

3
5(6)

3
5(6)

3
5(6)

#

2
4

2
4

2
4

2
4

2
4

2
4

2

4

2
4

2
4

2

4

2
4

2
4

2
4

2*
4

DESCRIPTION

B * X— X
(UNSIGNED)

A < M + C- A
B . M t C - B

A * M - A
8 + M- B
D + M:M t 1 - D

A M - A
B M • B
CC IMM - CC

SlrmilTriiL-n
M' c b, bo

M' br bo c

Long Branch
C = 0

Branch C 1
Long Branch

C I

Long Branch
Z = 0

Branch • Zero
Long Branch =

Zero

Branch • Zero
Long Branch >

Zero

Branch Higher
Long Branch

Higher

Branch Higher
or Same

Long Branch
Higher or Same

Bit Test A (M A A)
Bil Test B (M A B)

Branch ^ Zero
Long Branch *

Zero
Branch Lower
Long Branch

Lower

Branch Lower
or Same

Long Branch
Lower or Same

Branch -- Zero
Long Branch <

Zero

Branch Minus
Long Branch

Minus

Branch Z r 0
Long Branch

2*0

Branch Plus
Long Branch

Plus

5

H

t
1

t
t
t

8
8
8

8
8
3

•

•

3 2

N.

t
t

t
t
t

1
t

t
»
1

1
t
t

•

t
t

1 0

! V C

1 1
1 1
1 1
1 1
! t
o •
o •
i

t t
t t
» t
• t
• t
• t

0 •
0 •
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INb'HUCTlON/

FORMS

BRA BRA
LBRA

l RRN

QCp RQQBorl Don

LBSR

3VC BVC
LBVC

BVS BVS
LBVS

CLR CLRA
CLRB
CLR

CMP CMPA
CMPB
CMPD

CMPS

CMPU

CMPX

CMPY

COM COMA
COMB
COM

CWAI

DAA

DEC DECA
DECB
DEC

EOR EORA
EORB

EXG R1 , R2

INC INCA
INCB
INC

JMP

JSR

LD LDA
LDB
LDD
LDS

LDU
LDX
LDY

LEA LEAS
LEAD
LEAX
LEAY

INHERENT

OP

4F
5F

43
53

3C

19

4A
5A

1 E

4C
5C

~

2
2

2
2

20

2

2
2

7

2
2

#

1
1

1
1

2

1

1
1

2

1
1

DIRECT

OP

OF

91
01
10
93
11
9C
11
93
9C

10
9C

03

OA

98
08

OC

OE

9D

96
D6
DC
10

DE
DE
9E
10
9E

~

6

4
4
7

7

7

6

7

6

6

4

4

6

3

7

4

4
5
6

5
5
6

*

2

2
2
3

3

3

2

3

2

2

2
2

2

2

2

2
2
2
3

2
2
3

EXTENDED

OP

7F

B1
F1
10
B3
11
BC
11
B3
BC

10
BC

73

7A

B8
F8

7C

7E

BD

B6
F6
FC
10
FE
FE
BE
10
BE

—

7

5
5
8

8

8

7

a

7

7

B
5

7

4

8

5
5
6
7

6
6
7

#

3

3
3
4

4

4

3

4

3

3

3
3

3

3

3

3
3
3
4

3
3
4

MMEDIATE

DP

61
C1
10
83
11
8C
11
83
8C

10
8C

88
ce

86
C6
CC
10
CE
CE
8E
10
8E

~

2
2
5

5

5

4

5

2
2

2
2
3
4

3
3
4

»

2
2
4

4

4

3

4

2
2

2
2
3
4

3
3
4

OP

6F

Al

E1
10
A3
11
AC
11
A3
AC

10
AC

63

6A

A8

E8

6C

6E

AD

A6
E6
EC
10
EE
EE
AE
10
AE

32
33
30
31

-

5 '

4 +

7 +

7 +

7 +

6 +

^^

6 +

6.

4 t
4-.

6.

3 *

7 ,

4 -
4 •
5 -

6 -

5'

5-
6 •

4t
4 +

*

2.

2-t
2-t
3 4-

3 +

3 +

2-t

3*

2*

2.

2i
2'

2-t

2 -

2 +

2.
2.
2-
3.

2.
2 -
3.

2 -t
2 t
2 ••
2^

RELATIVE

OP

20
1 6

1 0
21

8D

17

23
10
28

29
10
29

~!

3
5

*1

7

9

5(6)

5(6)

#

2

3

^

2

3

4

2
4

Ij
DESCRIPTION h

Branch Always
Long Bfanch Always

branch Never

Subroutine
Long Branch to

Subroutine

Long Sranch
V 0

Branch V — 1
Long Branch

V = 1

0- A
0 - B
0 • M

Compare M from A
Compare M Irom B
Compare M. M t- 1

Irom D
Compare M: M + 1

Irom S
Compare M M t 1

trom U
Compare M: M -t 1

Irom X
Compare M: M f 1

Irom Y

A ^ A
B -• B
M— M

CC IMM -CC
Wait lor Interrupl

Decimal Adjust A

A 1 , A
B 1 - B
M 1 — M

A v M • A
B » M • B

A t 1 - A
B . 1 - B
M ^ t — M

Jump to Subroutine

M • A
M • B
M M • 1 • 0
M M , 1 • S

M M • 1 • U
M M • 1 -• X
M M - 1 - Y

c Al , c

EA'-U
EA'^ X
EA'— Y

t

1N

.

.

0
0
0

i t
• t

• t

t

• t

t

• t
• t
• t

• t
• t
• t
• t
. J
• t

• t
• t
• I

. .

• t
• 1
• 1
• t

• t
• t
• t

.

2

z

.

.

1
1
1

t
1
t
I

t
t
t

t
t
t

t
1
J
t
i
t

t
t
1

.

t
1
1
t

t
1
t

tt

U
v c

. .

0 0
0 0
0 0

1 1
1 1
1 1
1 t
t t
t t
1 1
0 1
0 1
0 1

1

0 t

t •
t •
t •
0 •

0 •

t •
t •
1 •

. .
0 •
0 •
0 •
0 •

0 •
0 •
0 •

. .
• •
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INSTRUCTION/
fOHMS

LSL LSLA
LSLB
LSL

LSR LSRA
LSH8
LSR

MUL

NEG NEGA
NEGB
NEG

NOP

OH ORA
ORB
OHCC

PSH PSHS

PSHU

PUL PULS

ROL ROLA
ROLB
ROL

flOR RORA
HORB
ROR

RTI

RTS

SBC SBCA
SBCB

sex

ST STA
STB
STD

STS

STU

STX
STY

SUB SUBA
SUBB
SUBD

SWI SWI*
SWI2*

SWI3'

SYNC

TFR R1 , R2

TST TSTA
TSTB
TST

NHERENT

OP

48
58

44

54

3D

40
50

12

34

36

35

37

49
59

46
56

3B

39

10

3F

10
3F
1 1

3F

13

1 F

40
50

~

2
2

2
2

11

2

2

2

5- •

5. •

5. •

5 T *

2
2

2
2

#

1
1

1
1

1

1
1

1

2

2

2

1
1

1
1

i/15 1

5

2

19
20

20

-2

7

2
2

1

1
2

2

2

1
1

DIRECT

Oh-

06

04

00

9A
DA

09

06

92
02

97
D7
DO
to
OF

OF
9F

10
9F

90

DO

93

00

~

6

6

6

4

4

6

6

4
4

4

4
5

6

5

5
6

4

4

6

6

*

2

2

2

2
2

2

2

2
2

2
2
2
3

2
2
3

2
2
2

2

EXTENDED

OP

78

74

70

BA
FA

79

76

B2
F2

87
F7
FD
10
FF
FF
BF
10
BF

BO
FO
83

70

~*

7

7

7

5

5

7

7

5
5

5
5
6
7

6
6
7

5
5
7

7

#

3

3

3

3
3

3

3

3
3

3
3
3
4

3
3
4

3
3
3

3

MMEDIATE

OP

8A
CA
1A

82
C2

80
CO
83

~-

2
2
3

2
2

2
2
4

»

2
2
2

2
2

2
2
3

INDEXED'

OK

68

64

60

AA
EA

69

66

A2

E2

A7

E7
ED

10

EF
EF

AF

10
AF

AO

EO

A3

60

-

6»

6r

6+

4»
4 t

6 +

6»

4*
4-t

4-t

4 +
5 +
6 +

5 +
5 +

6,

4.

4 >
6,

6 -

»

2.

2,

2»

2t
2 +

2 +

2f

24

2.

2<

24

2-t

3 +

2 +
2,

3i

2.

2i

2 t

2 •

RELATIVE

OH ^' » DtSCHIFilON

A, ,,,777,,,BfDJnmiD- o
M' c b, bo

A \_
B > o -JSiniTTi— . \\> bi bo c

A x B - D
(Unsigned)

A » 1 — A
B i- 1 — B
M » 1 — M

No Operation

A . M - • A
B . M - 6
CC • IMM - CC

Push Registers on
S Stack

Push Registers on
U Stack

Pull Registers from
S Slack

U Slack

A, . .
B fin. -I ! i HIM u
M' c b> — bo

A j| —- .
B M -Q .iiiniiTl-'
M' c b7 -• bo

Return From
Interrupt

Subroutine

A M - C -~ A
B M C - B

Sign Extend 3
into A

A • M
B^ M
D — M: M t 1
S - M M <- 1

U- M M t 1
X - M: M , 1
Y - M M + 1

A M - A
B M • B
D M M • 1 • D

Software Interrupt 1

*a'6 !r!'C"UP

Interrupt

R1 --* R2J

Test A
Tests
Test M

5

h

.

•

•

.

•

•

.

8
8
8

•

•

•

.

.

•

.

•

•

.

•

•

8

B

*

.

•

•

•

•

•

•

a
8
•

.
•
•

3

N

t
I

t

0
0
0

.

.

•

•

t
t
t
t
t
t

t
t
1

t
tt
t
t
J
t

t
t
!

t
J
t

2

i

t
t
t

t
t
t

t

t
t
t

•

t
t

.

.

•

t
t
t

t
t
t

t
t

t

t
t
t
t

t
t
t

t
t
t

t
t
t

t 0

V L-

t t

! t
! t
• t
• t
• t
• 9

t t
t t
t t

0 •
0 •

7

• •

• •

I I

t t
1 1

• t
• t

• t

7

t t
) t

0 •

0 •
0 •
0 •

0 •

0 •

0 •
0 •

t t
i :
t !

0 •
0 •
0 •
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INDEX H
hexadecimal
high byte . . .

7,9-10, 12, 128, 145, 152
24

A
accumulator , 24, 28-9, 30, 33, 34, 40, 48-9, 53
address . . 12,21-2,27,32-3,36,56, 151, 167
addressing mode 26, 40
algorithm 178
amplitude 179, 191-2
arcade game 15
attack 192

B
base 5, 10
basic 15
basic interpreter 4, 22
B.C.D 11, 169
binary 5, 10, 9, 12, 14, 40
binary digit 6, 145
bit 6-7, 10
branch 45, 29
byte 7-8, 12,21,29,37-8, 170

C
carry 43-4,133-4
character string 151
chip 1,4,20. 156, 168
circuit 40
circuit board 20
CLOADM 151
code 18
condition code 59-126
constant 18, 128
comment 152
cycles 59-126, 191

D
data
debug
decay
digits
direct page
disks
documentation .

. . . .  23,15 9
15

192
6

.  . .  160 ,  18 0
4

157

envelope 191
exponent 9-10
exponential 8,10

F
flags 24, 42-3, 45, 48-9
floating point 16
fractions 7
frequency 192
function 59-126

I
I/O 3, 23, 156
indeces 28
instruction 14-5, 17, 18, 24, 29,32-3, 37-8, 48,

59-127, 151-2, 170
integer 178
interrupts 45, 157, 202

J
jargon
jumps

K
"K"
keyboard
keys . . . .

1
143, 149

. . 2 1
,162
162

L
label
least significant . .
linear congruence
logical function . . .
logical operations

.. 18,49

.44, 178
. . . . 178

24
. 39, 139

graphics screen 22, 167

loop counter 46, 48-9
loop variable 47
low byte 24

M
mantissa 9-10
mask 200
masochistic 37
memory . . . . 3-4, 16, 21-2, 28, 35, 37, 53, 127,

157, 169
micro 34
mnemonics 17-8, 35, 59-126, 152
mode 25, 29-30, 32-3, 49, 57
modules 149
monitor 151, 153
most significant 44, 78, 178, 191

negative 7-8, 10
nybble 11, 27

0
octal 128
offset 27-9, 48-9
operand 18,26,28-9,33,41, 139, 151-2
operating system 4, 15, 22,147
origin 36,179

P
page 21,25
parameter 56
PIA 22, 156, 159, 162
pixel 159, 167
pointer 24, 28-9, 48
POKE 151
port 132, 156, 159
position independent code 27, 29, 168



postbyte 26-8, 132
post increment 29
precedence 54
pre decrement 29
program counter 56
pseudo-op 35-6, 153
push 52

R
RAM 4, 16, 20-23, 127, 160
random 178, 180
registers 23-9, 31, 33-5, 45-6, 48, 53, 55, 128,

156, 199
REM 18
reset 40-1
return address 57
ROM 4, 16,20-23
ROM routine 128, 161
rotate 145
rounding 12
routines 22

S
SAM 4, 22, 159
scientific notation 8
screen memory 200
set 40-1,45
shifts 44
speed 15-6
stack 24, 51 -2, 55-6, 58
stack pointer 53-4,56-7
status 24
status bit 42
subroutine 18, 55-6, 180, 199
sustain 192
syntax 148

T
tapes 4
temporary storage 57
tone 191
top-down 148
truth table 40
two's complement 7-8, 28, 128, 136

V
variables 4,18
VDG 22, 156, 159-60

W
warranty 20
waveform 191
workspace 57

Z
zero page 27

6809 1,20
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