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EDITOR’S CORNER
INTERACTIVE NOW FREE!!!

T h a t ’s righ t. W e ’ve d ec id ed  to d ro p  the su b scrip tio n  p rice  fo r the n e w s

le tter. So th e re  is no  need  to send m o re  m o n e y — ju s t  artic les! H o w ev er, 

sin ce  th is n ew sle tte r  is be ing  m ailed  bulk  rate, y o u 'l l  have  to co n tin u e  

to keep  us up  to d a te  on  y o u r cu rren t m ailing  ad d ress . Send  that in fo r

m ation  to: S u b scrip tio n  D esk , M ail S top  R C 55 , R o ck w ell In ternational 

PO B  3 6 6 9 , A n ah e im , C A  9 2 8 0 3 . Y ou d o n ’t need  to re-reg is te r. I f  you 

rece iv ed  th is issue  th rough  the  m a il, y o u ’re on the list and  w ill co n tin u e  

to receive  IN T E R A C T IV E  at no ch a rg e . If y o u ’re not on the lis t, send 

y o u r nam e an d  ad d ress to o u r su b scrip tio n  dept.

RM65 BOARD STATUS

A s I w rite  th is (D ecem b er 4 ,  1981) all b o ards are  av a ilab le  from  stock 

e x cep t fo r the  C R T  C o n tro lle r  and the F loppy  D isk  C o n tro lle r  m o d u les. 

T h ese  tw o b o ard s are  ex p ec ted  to be ready  by the end  o f  th is m on th , 

how ev er.

H ow  m any o f  you w ould  like to see IN T E R A C T IV E  pub lish  a m o n ito r 

p ro g ram  fo r  the R M 65  S in g le -B o ard  C o m p u te r  m odu le  so it co u ld  be 

used  s tan d a lo n e  w ith  the A C IA  board  as a co m p le te  system ?

If  you ’re lo o k in g  fo r a co m p ac t, easy  to p ack ag e , 6502 sy s tem , you could  

not find  o n e  m uch bette r than  the R M 65 m odule se t. T h e  on ly  p rob lem  

at th is tim e is that the re  is no so ftw are  av a ilab le  to “ tie it all tog e th er. "  

I ’d be w illin g  to tak e  on the  task  o f  d ev e lo p in g  a m in i-m o n ito r  fo r the 

S B C  if the re  is en o u g h  in te re st. H ow  abo u t it?

SPECIAL FORTH ISSUE

N o , th is i s n ’t the firs t p u b lica tio n  to ded ica te  an issue  to F O R T H . B ut 

F O R T H  is such  an  im p o rtan t ad d itio n  to o u r lan g u ag e  “ a r s e n a l”  that I 

d o n ’t see h o w  it co u ld  get too  m u ch  co v erag e . T o  help  seed  the fie ld , 

I  ev en  sa t do w n  and  w ro te  the E PR O M  p ro g ram m er d riv e r  so ftw are  in 

F O R T H  (so m ew h ere  in th is issue) to g ive yo u  an idea o f  w hat F O R T H  

is a ll abou t.

__________  ERIC C. REHNKE—EDITOR

A ll su b sc rip tio n  c o rre sp o n d e n c e  and a r tic le s  shou ld  be sent to:

EDITOR, INTERACTIVE 
ROCKWELL INTERNATIONAL 

POB 3669, RC 55 
ANAHEIM, CA 92803

COPYRIGHT 1982 ROCKWELL INTERNATIONAL CORPORATION

Rockwell does not assume any liability arising out of the application or use of any 
products, circuit, or software described herein, neither does it convey any license 
under its patent rights nor the patent rights of others. Rockwell further reserves 
the right to make changes in any products herein without notice.

i w i i  H \ c i m

I f  y o u 're  a n ew co m er to F O R T H , I strong ly  suggest tha t you p u rchase  

a copy  o f  the A IM  65 F O R T H  U SER  M A N U A L  from  y o u r  local R o c k 

w ell sa les o ffice . A n o th er book that is very  good  is ca lled  S T A R T IN G  

F O R T H . It is w ritten  by Leo B rodie and  is av a ilab le  from  M ounta in  

V iew  P re ss , PO B  4 6 5 6 , M ounta in  V iew , C A  9 4 0 4 0  (415-961 -4103). 

T he book costs a round  $16  (here  in the sta tes) and  is an ex ce llen t c o m 

pan ion  to the A IM  65 FO R T H  m anual.

ISSUES #1  AND # 2  ALL GONE

W e are co m p le te ly  ou t o f  stock  o f  these tw o issues and have no p lans 

on  rep rin ting  in the near fu tu re.

CORRECTIONS TO ISSUE # 6

P A G E  3 — in the second  paragraph  on the right hand  side o f  the  page , 

ch ange the last part o f  the th ird  sen ten ce  to read  . . size 

to 3 6 8 6 ."  A lso , the cu rso r po sitio n s ind ica ted  cam e ou t in 

the w rong  positions.

P A G E  2 1 — pin 21 o f  U2 (the 27 1 6  E PR O M ) m ust be co n n ec ted  to + 5  

volts.

FORTH IN 
MAINLAND CHINA

A dd F orth  to the list o f  C h inese  d ia lec ts . D r. Ray D essy  o f  the V irg in ia  

P o ly techn ic  Institu te  m ade a v isit to B e ijin g 's  C h in ese  A cad e m y  o f  S c i

e n c e , Institu te  o f  C h e m is try , as part o f  an ex ch an g e  p ro g ram  for lab o 

ra to ry  au to m atio n . H e took a long  his R ockw ell A IM  65 m ic ro co m p u te r  

(p ro g ram m ab le  in Forth) to dem o n stra te  p o in ts in h is 2 1-hour lecture 

series.

T h e  F orth  m ach in e  rem ain ed  beh ind  w hile  he m ade a side trip  to 

S han g h a i. W hile  D essy w as gon e , his C h in ese  co lleag u es put the m icro 

c o m p u te r  to w ork  in th e ir in stru m en ta tio n  labo ra to ry . T hey  w ere  m ost 

im p ressed  by the ease  w ith  w hich  F orth  can  be ta ilo red  to special uses. 

A nd  they  on ly  re luctan tly  gave up the h ardw are  w hen  he re tu rned .

In add ition  to the academ ic  in terest. Forth is a lso  hard  at w ork  in 17 

p e tro leu m -re fin in g  research  p ilo t p lan ts in C h in a . T he C B X /5  com p u te r- 

co n tro l sy s tem s w ere supp lied  by the X ytel C o rp . and use the poly- 

F O R T H  softw are  package from  F orth , Inc. T he R esearch  Institu te  o f  

P etro leu m  P ro cess in g , at B e ijing , w as so p leased  w ith  p o ly F O R T H 's  

p e rfo rm an ce  that it signed  up for a sys tem -w id e  so ftw are  license.

FORTH TIDBIT
I f  you get an e rro r  w hen you attem pt to co m p ile  a F O R T H  prog ram  from  

the A IM  65 text ed ito r, location  S 00D F  co n ta in s the ad d ress o f  the text 

p o in te r  w here  the e rro r  o ccu rred . T o  find  that a re a , s im p ly  ex ecu te  HEX 

D F  (<i C R  20  -  2 0  T Y P E  to p rin t the 20  (hex) ch arac te rs  in front o f  the 

p lace  w h ere  the e rro r  occurred .
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INTRODUCTION 
TO FORTH

Gordon Smith 
Rockwell International

F O R T H , is an ex ten sib le  Language. If you need a cap ab ility  o r in struction  

tha t the language im p lem en te rs  d id  not in c lu d e , you m ay add  it you rse lf . 

In fac t, p ro g ram m in g  in FO R T H  is acco m p lish ed  by ad d in g  ex ten sio n s 

to its co m m an d  set until the final ex ten sio n  is the co m m an d  to ex ecu te  

the final p ro g ram . T here  are  no rese rv ed  w ords o r  ch arac te rs  (excep t 

space  and backsp ace) that the  p ro g ram m er canno t u se  fo r FO R T H  c o m 

m and  n am es. If the p ro g ram m er w ish es, ev en  e x is tin g  F O R T H  w ords 

m ay be red efin ed  and  the co m p ile r  opera tio n  m od ified .
It is a p ro ced u re -o rien ted  lang u ag e . T o  call a p rocedure  all the p ro 

g ram m er does is use the p ro ced u re  nam e. T h is m ay be inc luded  as part 

o f  the d e fin itio n  o f  a new  p ro ced u re  o r  it m ay  be used in te rac tiv e ly  und er 

k ey b o ard  co n tro l. Just typ ing  the nam e o f  the p ro ced u re  fo llow ed  by a 

ca rr ia g e  re tu rn  causes that p roced u re  to execu te .

F O R T H  is ex trem ely  easy  to d eb u g  since im m ed ia te ly  after defin in g  a 

new  p ro ced u re  (ca lled  a w ord  in F O R T H ), the p roced u re  m ay be checked  

w ithou t any  d isk  o r  ed ito r o r linker o r ad d itio n a l p rog ram m in g  m a n ip 

u la tio n . Just put som e data  w here  the p roced u re  ex p ec ts  it, call the  p ro 

c ed u re , an d  see if  the resu lts w ere  as p red ic ted . A s each new  step  o f  the 

p ro g ram  is w ritte n , it m ay be ch eck ed  im m ed ia te ly . A ny debug g in g  

req u ired  on ly  re la tes to the  sing le  p ro ced u re  ju s t co m p le ted . FO R T H  is 

the m ost eas ily  deb u g g ed  o f  all the h igher-level languages.

F O R T H  is a s tack -o rien ted  language. T h e  stack (a lso  ca lled  p a ram eter 

stack) resem b les the hard w are  stack  in that da ta  m ay be put on to  the 

stack  and rem oved  from  the stack  w ith o u t any ad d ress re fe ren c in g . M ost 

F O R T H  in structions ex pect the d a ta  fo r each  p roced u re  to be on top o f 

the stack  and they  a lso  leave the results o f  the p roced u re  on the stack 

a lthough  acce ss to any location  in m em ory  is a llo w ed . T o  put d a ta  into 

the  stack , ju s t type the v a lues d es ired  (separa ted  by spaces) and  key the 

ca rriag e  re tu rn . A fte r ca llin g  the p roced u re  by typ ing  its n am e, the resu lts 

m ay be in spected  by typ ing  a p rin t co m m an d  ( . ). T h is  causes the top 

value  on the  stack  to be p rin ted  and d ele ted  from  the stack . T h e  stack 

o rientation  also elim inates som e o f  the debugging prob lem s that assem bly  

language and the B A S IC s have. W hat w ould  be term ed  local variab les 

in P A S C A L  (v a riab les  a sso c ia ted  w ith a p roced u re  and not the global 

variab les a sso c ia ted  w ith  the w hole  p rog ram ) are  co n ta in ed  in the  stack 

and  in m ost cases do  not even have nam es. C o n seq u en tly , the erro rs 

a sso c ia ted  w ith reusing  a nam e or refe ren c in g  the w rong  data nam e are 

un like ly  w ith  F O R T H .

F O R T H  is a s truc tu red  language. T here  is no G O T O  co m m an d  to cause 

co m p lica ted  in te rtw in in g  o f  the p ro g ram . It does have all o f  the norm al 

s tru c tu red  p ro g ram m in g  form ats:

IF  ..............................................T H E N

I F ..............................................E L SE  ..............................................T H E N

B E G I N ....................................W H I L E ..................................... R E P E A T

B E G I N ....................................U N T IL

B E G I N ................................... A G A IN

D O ...........................................L O O P

D O  . . ..................................• L O O P

F O R T H  has elem ents' o f  a co m p ile r  as well as an in te rp re te r  in it. It a lso  

has an assem bly  language capab ility  bu ilt in to  it so  that h igh  speed  is 

possib le . N orm al h igh  level F O R T H  is abo u t the sam e speed  as P A S C A L  

but since it has the d irect assem b ly  language cap ab ility  as w e ll, it can  

have the m ost inn er loop p roced u res d e fin ed  in m ach in e  lan g u ag e  so that 

it can  hand le  m ost real tim e con tro l fun c tio n s read ily .

F O R T H  is a lso  ex trem ely  co m p ac t. T h e  F O R T H  pro g ram  R O M s that 

R ockw ell o ffers w ith the RM  65 board  m odu le  line and the A IM  65 and 

A IM  6 5 /4 0  sing le  board  co m p u ters  p rov ide  the c o m p ile r , the in te rp re te r, 

the  a ssem b ler, a m ass sto rage o p era tin g  sys tem  and a to tal o f  a p p ro x i

m ately  3 0 0  p rocedures all in a to tal o f  8K b y tes . A n ap p lica tio n s  p rog ram  

is ob ta in ed  by p ro g ram m in g  add itio n a l p ro ced u res until the final p ro 

cedure  is the com p le te  p rog ram  the u se r d es ire s . T h ese  p ro ced u res m ay 

also  be im p lem en ted  in RO M  or P R O M . It is po ss ib le  to co m p ress  the 

p rog ram  even  m ore  by g en era tin g  new  R O M s o r P R O M s w hich  con ta in  

on ly  the  FO R T H  p rocedures ac tually  used  in the ap p lica tio n  and  w hich  

om it the nam e in fo rm ation  that is no lo n g er n eed ed . A F O R T H  ap p li

ca tion  p ro g ram , inc lud ing  the o v e rh ead , can  be ev en  sh o rte r  than  if the 

p rog ram  w ere  co m p le te ly  w ritten  in assem b ly  language!

F inally  FO R T H  gives the use r m uch m ore in tim ate  co n tro l o f  the c o m 

pu te r than  any o f  the o th er langu ag es . T h e  F O R T H  p ro g ra m m e r m ay 

sw itch  from  the norm al decim al opera tio n  to h ex ad ec im al fo r add ress in g  

m em ory  m apped  inpu t/ou tpu t loca tio n s, to b inary  fo r m an ip u la tin g  bit 

f lags for con tro l o r sta tus in fo rm ation , and to base 3 6  a rith m e tic  (using  

the ch a rac te r 0 -9 , A -Z  for the 36  sy m b o ls  req u ired ) fo r co m p ac t sto rage  

o f  tex t for p rom pts and  m essag es . T he p ro g ram m er m ay d irec tly  add ress 

any location  in m em ory  fo r any pu rp o se .

FO R T H  is a co n tin u a lly  g row ing  language b ecause  o f  its ex ten sib ility  

and flex ib ility , but it is h ighly  s ta n d ard ized . T h e re  is an in ternationa l 

stan d ard s o rg an iza tio n  w hich  has d efined  a m in im u m  co re  se t o f  F O R T H  

p roced u res (called  “ w o rd s ’- in F O R T H ) and  has d e fin ed  a p ro p o sed  set 

o f  ex ten sio n  w o rd s so that F O R T H  p ro g ram s w ill c o n tin u e  to  be h ighly  

tran sp o rtab le  from  one co m p u ter to an o th er. T h e  A IM  65 F O R T H  w as 

defined  befo re  the standard  w as p u b lish ed , but it d o es m ee t m ost o f  the 

req u irem en ts  and  d o es , in fact, include m any  ad d itio n a l fea tu re s.

In m ost co m p u te r  im p lem en ta tions o f  F O R T H , it is R A M  b ased . R o c k 

w ell, in o rd er to have m o d u la r so ftw are  to go w ith  its line o f  m o d u la r 

b o ard s and co m p u ters , has im p lem en ted  F O R T H  in R O M . T h is  m akes 

it p a rticu larly  app licab le  to industria l con tro l w here  both  the  run -tim e  

p ack ag e  and the ap p lica tion  package m ay be in n o n -v o la tile  m em ory .

T he R ockw ell A IM  65 co m p u ter m akes an e f fic ie n t, low  c o s t , d e v e l

o p m en t system  for d ev e lo p in g  and  d e b u g g in g  F O R T H  p ro g ram s. A 

resu ltin g  p rogram  then m ay be im p lem en ted  in P R O M  an d  used  in e ith e r  

the A IM  65 p ackaged  in to  the u se r ap p lica tio n  o r  m ay  be used  in a c o m 

pu te r m ade from  RM  65 m odules. <).
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COUNTDOWN TIMER
Randy Dumse 
Rockwell International

T h e  p ro g ram  show n  uses the R 6522  on  the A IM  65 sy s tem  as a tim e 

b ase  fo r a co u n t dow n tim er. It is w ritten  in F O R T H  and  d em onstra tes 

th e  flex ib ility  o f  the  language and its u se fu ln ess to A IM  65 system  users. 

O n c e  the  p ro g ram  has been co m p iled  a u se r  has on ly  to  ty p e  the num ber 

o f  se co n d s delay  that is d es ired , fo llo w ed  by a space  an d  the w o rd  S E C 

O N D S , th en  hit re tu rn . T he seconds cou n t w ill d ec rem en t on the d isp lay  

an d  prin t O K  w hen  the tim e  is up.

A lo o k  at th e  w o rd s as they  are d efin ed  w ill reveal th is p ro g ra m 's  inner 

w o rk in g s . T he w ord  S E C O N D S  firs t pu ts a zero  on  the  stack  abo v e  the 

u se r  en te red  valu e  fo r se co n d s, then  the ad d ress o f  the  variab le  H SEC  

an d  does a sto re  o p era tio n  (!). T h is ze ro s H S E C . T h e  n u m b er o f  seconds 

to be co u n ted  is again  at the top  o f  the  stack . T h e  ad d ress o f  the variab le  

S E C  is ad d ed  to the  stack  so the sto re  opera tio n  (!) can  p lace  the  value 

o f  seco n d s in to  that va riab le .

T h e  w ord  S T A R T -T IM E R  is e x ecu ted  w h ich  sta rts  the  R 6522  T im er 1 

in th e  free ru n n in g  m ode. T im er 1 w ill tim e o u t ev e ry  1/20 o f  a second 

fro m  that po in t o n . A loop is set up to  be the w ord  B E G IN  that w ill 

c o n tin u e  un til the  variab le  S E C  becom es ze ro . T h e  w ord  H S E C -T IC K  

w a its  fo r T im e r  1 to tim e o u t then  re tu rn s . T he w ord  U P D A T E  adds 5 

to th e  h u n d re th s o f  a second  co u n t and u p dates the  seco n d  coun t after 

a full second  has p assed .

F o llo w in g  th a t the w ord  D IS P L A Y  ch eck s to see  if  the hun d re th  o f  a 

se c o n d  co u n t is ze ro . I f  so , it c lea rs  the d isp lay  and p rin ts  the new ly  

up d a ted  second  co u n t. T h e  ad d ress o f  SE C  is th en  pu t on  the stack  so 

the fe tch  c o m m a n d  (@ ) can  b ring  its va lue  to the s ta ck . T h e  value is 

te s te d  by the  w o rd  N O T  and the loop begun  aga in  by U N T IL  if  the 

se co n d  co u n t is no t yet zero .

T h e  w o rd  D IS P L A Y  op era tes  by pu tting  the  ad d ress o f  H SE C  on the 

s ta ck  and u sin g  the  fe tch  co m m an d  ((g ) to  ge t its va lue  w h ich  is then  

in v erted  by  N O T . IF  sk ips the co m m an d s fo llo w in g  all the w ay  to the 

w o rd  T H E N  if  H S E C  d id  not con ta in  a zero . I f  it d id  h o w ev er the 

m ach in e  co d e  ro u tin e  C L R  is c a lle d , the  ad d ress o f  S E C  is u sed  to fetch  

(@ )  the  seco n d s co u n t and th a t value is p rin ted  ( .) .

T h e  w ord  U P D A T E  perfo rm s its fu n c tio n  by firs t g e ttin g  the cu rren t 

h u n d re th  seco n d  co u n t (H S E C  @ ) and then ad d ing  five to  the co u n t w ith  

th e  w ords 5 + .  T h e  resu lt is dup lica ted  (D U P ) to a llo w  a co p y  fo r testing  

p u rp o ses . A 99 is pu t on the  stack  and co m p ared  to th is du p lica te  copy 

by the  >  o p e ra to r. I f  the  resu lt o f  the  test is fa lse  ex ecu tio n  w ill skip

from  the IF w o rd  to the T H E N . If  the resu lt is true  h o w ev er the w ord  

D O -S E C  is cx ccu ted  and the hun d re th  second  cou n t d ro p p ed  from  the 

stack  (D R O P ) and  rep laced  by a zero . A fter T H E N , w h ich  e v e r  value 

rem ains on the stack  is sto red  in H SE C  (H S E C  !).

D O -S E C  is a fairly  sim p le  w ord  that fe tch es the valu e  fro m  second  cou n t 

va riab le  (S E C  (a ), sub trac ts one from  it (1 —) and  re tu rn s th is va lue  back  

(S E C  !).

T h e  w o rd  C L R  takes advan tage  o f  the  ea se  w ith  w h ich  F O R T H  can  

decend  to  assem b ly  language (m ach in e  co d ed ) ro u tin e s . B ecause  there 

is a very  useful rou tin e  in the m o n ito r tha t c lea rs  the  d isp lay  b u t d o e s n ’t 

run  the p rin te r (ca lled  C L R  in the  m o n ito r lis tin g , a d d ress  S E B 4 4 ), the 

w o rd  C L R  in th is p rog ram  is c rea ted  w ith  the  d e fin in g  w o rd  C O D E . The 

tw o  m ach ine  level in structions ca ll the m o n ito r  rou tine  (E B 44 JS R ,)  and 

re tu rn  con tro l b ack  to  FO R T H  (N E X T  JM P ,) . E N D -C O D E  term in a te s 

th is w ord .

T h e  w ord  H S E C -T IC K  is defined  sim p ly  as ca llin g  the tw o  o th e r  w ords 

W A 1T -O N -T 1M E R  and C L E A R -F L A G . W A 1T -O N -T 1M E R  sta rts a loop 

w ith  the w ord  B E G IN  that con tin u es until T im e r  1 sets its flag  by tim ing  
o u t. T he F lag  R eg is te r is fe tched  by the w ords 6522-T 1 M E R -F L A G S  and 

C(a . T h e  C(a  insures that only  one reg iste r is read  from  the R 6522 . 

R ead ing  m ore than  one reg iste r cou ld  g ive invalid  resu lts . T h is  copy  o f  

the  F lag  R eg ister is log ica lly  A N D 'e d  w ith  S40 so that on ly  the T1 flag 

value rem ain s. T h e  w ord  U N T IL  repeats the loop  until the T l flag is no 
longer zero .

T h e  tim er is sta rted  by the w ord  S T A R T -T IM E R . A SCO is pu t in its 

aux ilia ry  con tro l reg ister (C 0  A C R  C !) and  a value o f  5 0 ,0 0 0  in its 

co u n te r  (H S E C -C O U N T -V A L U E  6 5 2 2 -T IM E R  !).

T h e  tim er flag  is c leared  by the w ord  C L E A R -F L A G  e ach  tim e it is set. 

C L E A R -F L A G  sim ply  reads the low  byte o f  the co u n te r  (65 2 2 -T IM E R  

C(« ) w h ich  causes the flag  in the F lag  R eg ister to  c lea r  an d  th ro w s aw ay 

the  fetched  value  (D R O P) w h ich  has no  use in the p ro g ram . T he 

rem ain in g  listing  lines not described  ab o v e , sim p ly  define  the  variab les 

and  constan ts used  e lsew h ere  in the p rog ram .

I f  the user w an ts  m ore than  the O K  p rom pt to ind ica te  the end  o f  the 

cou n t d o w n , an o th e r  w ord  could  be ad ded . It w ou ld  use S E C O N D S  as 

show n and en d  w ith  a roun tine  such  as C R .

W hen  S E C O N D S  w as done the C R  w ou ld  run  a line on  the  p rin te r, 

g iv ing  an au d ib le  ind ication  o f  co m p le tio n , ( i .e . ,  :A L A R M  S E C O N D S  

C R  ;). I f  som e th in g  fancy  is requ ired  a u se r d efin ed  w ord  co u ld  rep lace  

C R  and  sound  a b u zzer, ring a bell o r flash  a ligh t.
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( COUNTDOWN TIMER PROGRAM BY R. DUMSE) 
HEX
A004 CONSTANT 6522-TIMER 
AOOD CONSTANT 6522-TIMER-FLAGS 
AOOB CONSTANT ACR
DECIMAL

CONSTANT HSEC—COUNT—VALUE50000 2 
HEX
O VARIABLE HSEC 
O VARIABLE SEC
: WAIT-ON-TIMER BEGIN

6522-TIMER-FLAGS 
C3 40 AND 

UNTIL ;
: START-TIMER CO ACR C!

HSEC—COUNT—VALUE
6522—TIMER i

ERRATA AND UPDATE 
TO FORTH MANUAL

p. 4 -3 0

p . 4-31 

p. 4 -3 7  

p. 4 -55

: CLEAR-FLAG 6522-TIMER C3 DROP ;
: HSEC-TICK WAIT-ON-TIMER CLEAR-FLAG 5

CODE CLR 
EB44 JSR,
NEXT JMP,

END-CODE
DECIMAL
: DO-SEC SEC 3 1- SEC ! ;
s UPDATE HSEC 3 5 +  DUP 

99 >
IF
DO-SEC DROP O 

THEN 
HSEC ! ;

: DISPLAY HSEC 3 NOT 
IF
CLR SEC 3 .

THEN ;
: SECONDS O HSEC ! SEC ! START-TIMER 

BEGIN
HSEC-TICK UPDATE DISPLAY 
SEC 3 NOT 

UNTIL ;

p . 4 -57

p . 5-1

p . 5-14

p . 5 -19

p . 6-6

If  you get a  co m p ila tio n  e rro r  w h en  c o m p ilin g  from  

the tex t ed ito r , the  16 b it p o in te r  at location  $OODF 

w ill indicate w here the erro r occurred  in the tex t buffer.

P erfo rm  a

H E X  D F  (a 2 0  -  C R  2 0  T Y P E  

to see the last 2 0  ch a rac te rs  b e fo re  the  e rro r  o ccu rred .

T he last sen tence  in the w arn in g  shou ld  sta rt “ F O R - 

G E T ing  T A SK  then  . . . ”

T he ex p lan a tio n  fo r L E A V E  is in co m p le te . R e fe r  to 

the defin itio n  on pag e  B -29.

T he short seq u en ce  at the top  o f  th e  page  S H O U L D  

read

B A S E  (ft D U P  D E C IM A L .

T he w ord  B A S E ? sh ou ld  be d efin ed  as fo llow s:

: B A S E ? B A S E  (5 D U P  D E C IM A L  .

B A S E ! ;

O th e rw ise , B A S E  gets ch an g ed  to dec im al w h en ev e r 

B A S E ? is ex ecu ted .

T he seq u en ce  at the  to p  o f  the  pag e  sh ou ld  read: 

D E C IM A L  65 E M IT

T he second  parag rap h  in sec tion  5 .1 .1  sh ou ld  read:

“ . . . qu o tien t (to p  o f  the  stack) an d  the  rem a in d e r 

(second  on the  stack) . . .

D ele te  the tw o num bers (5 0 0  5) from  the  ex am p le  at 

the bo ttom  o f  the p ag e . T h o se  nu m b ers w ill be on  the  

stack  from  the  se q u en ce  im m ed ia te ly  a b o v e . Y ou  m ust 

p ress the  R E T U R N  key a fte r  C R  T Y P E  C R .

C h an g e  the  n u m b er 7F  to IF  in the  seco n d  code 

se q u en ce  from  the b o tto m  o f  the  p ag e . T h e  last code  

seq u en ce  should  read:

L A T E S T  C R  ID .

T h e  hex  data  a t location  $ 0 3 0 F  sh ou ld  be ch anged  

fro m  04 to  D 4.

FINIS m ore



p. 6-11

p. 6-13

p . 1 4  

p . 7 -1 0

p. 8 -6

p. 8 -10  

p . 10-5 

p. 10-6

Page 6

p. 10-7

R P ) does not w o rk  co rre c tly . It re tu rn s 101 decim al 

(65 hex) in stead  o f  101 hex. I f  you  need  to  use it in 

y o u r  assem b ly  lan g u ag e  y o u 'l l  h av e  to red efin e  it.

H E X  101 C O N S T A N T  R P)

T h e  tex t in the  p aren th esis  a t the  b o tto m  o f  the  page 

shou ld  read :

(the <  space  >  b a r  w as p ressed  here)

D ele te  the  second  line (A S S E M B L E R ) in the  ex am p le  

in 7 .2 .1 . T h e  a ssem b le r  w ill be  ca lled  w h en  C O D E  is 

ex ecu ted .

In  7 .3 .4d  the co d e  shou ld  read:

: D U M M Y  A R M  [ S M U D G E  

see J-8  fo r A R M .

D o n ’t fo rg e t to inse rt a space  im m ed ia te ly  a f te r  the 

firs t p a ren th esis  in all the  co m m en t lines in bo th  p ro 

gram  ex am p les .

A gain  the  co m m en t in the  7S T R O B E  ex am p le  needs 

to  have  a sp a ce  afte r the  first p a ren th esis .

T h e  firs t sen ten ce  in parag rap h  9 shou ld  sta rt “ S et and 

verify  . . . ”

C h an g e  step  12 to  read:

(12) R e sto re  d u m m y  w o rd  T A S K , v erify  that T A S K  

is en te red  in to  the F O R T H  d ic tio n a ry  and its PFA  

is $30 9  and  read  the  d ic tio n a ry  p o in te r  (D P ).

: T A S K  ;

V L IS T

309  T A S K  <  space  >

D P  (& . < r e tu m >  30B  O K

N o te  that any  new  w ords no w  add ed  to the  d ic 

tio n ary  w ill be located  at $30B  on  up.

C h an g e  step  13 a lso .

(13) D isp lay  the  link  field  ad d ress o f  T A S K  to  g e t the 

a d d ress o f  the  last ap p lica tio n  w o rd  fo r u se  in step 

15.

’ T A S K  L F A  ,S @  0  D .

< r e tu r n >  305  L A ST

u
p. 10-11 A t the top  o f  the  page  ch an g e  * =  800 to  * =  D 000.

A pp en d ix  B 4 1  R em ove ‘a d d r ’ from  the  stack  no ta tio n  o f  ‘W O R D ’.

A lso  dele te  the  last sen ten ce  in th e  d e fin itio n .

A pp en d ix  G -3 T h e  num ber o f  bytes fo r p a ram e te r  nam e M O D E  is 2 

(not 8).

A pp en d ix  1-2 255  p laces shou ld  be a llo tted  to  the v ariab le  IB (not

25).

0  V A R IA B L E  IB 

255 A L L O T

A ppend ix  I F orth  S tring  W ords.

T o  m ake th is s tring  p ack ag e  m o re  n early  co m p a tib le  

w ith  the  one  found  in B A S IC  severa l ch an g es  are 

necessary .

C h an g e  the  d e fin itio n s fo r M 1D $, L E F T $  an d  R IG H T $ 

to:

M ID $ D R O P  1- R O T  +  S W A P  ;

LEFTS D R O P  S W A P  ;

R IG H T $ D U P  4  P IC K  M IN  -  +  S W A P  ;

A pp en d ix  1-6 U n d er ex p lan a tio n  fo r S !, the re  sh o u ld  be  a space

inserted  betw een  the d o u b le  q u o tes and ‘C O W S ’

“  C O W S  not “ C O W S

chan g e  the ex p lan a tio n  o f  M ID $ to  the  fo llow ing :

M ID $ gets M ch arac te rs  o f  a strin g  s ta rtin g  at the N th 

ch a rac te r  positio n , fo r  ex am p le

6 3 A $ M ID $ T Y P E

w ill p rin t the w ord  E A T .

A ppend ix  1-7 U nder the  ex p lan a tio n  fo r V A L  d e le te  the space  fo l

low ing  the nu m b er 128.

“  1 2 8 ”  V A L  D.

A p p en d ix  1-8 U n d er the  ex p lan a tio n  for SU B  the seco n d  p rog ram

line shou ld  read:

“  A T E ”  6 3 A $ M ID $ SU B

A pp en d ix  K -l In  the defin itio n  fo r O F F . the w o rd  D R O P  rig h t before  

the  sem ico lon  shou ld  be d e le ted . It sh o u ld  read:

: O F F  A 004 (« 12B +  D U P  C R  IF  F F F F  

D N E G A T E  D . E L S E  . T H E N  ; -

p. 10-7 C h an g e  the  assem b ly  lan g u ag e  in stru c tio n  in S ection  

15 from  L D A  A 0 ,Y  to L D A  (A 4 ),Y
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CENTRONICS-TYPE 
PRINTER DRIVER

Joe Hance
Rockwell International

(EDITO R'S  N O T E — Joe has an E PSO N  M X  8 0  hooked up lo his A I M 65 
and is mighty happy with it. H ere 's  how  he d id  it.)

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
OFEO
OFEO
0FE2
0FE4
0FE7
0FE9
OFEA
OFED
OFEE
OFEE
OFEE
OFEE
OFFO
0FF3
0FF5
0FF8
0FF9

90 OC 
A9 10 
2C OD AO 
FO FB 
6 8

8D 00 AO 
60

A9 FF 
8D 02 AO 
A9 AO 
8D OC AO 
60

THE HARDWARE CO
C B 2 ---> STROBE
C B 1 ---> ACK
P B O ---> DATO
P B 1 ---> DAT 1
P B 2 ---> DAT 2
P B 3 ---> DAT3
P B 4 ---> DAT4
P B S ---> DAT5
PB6 ---> DAT6
P B 7 ---> DAT7

; G N D ---> GND
PB =*AOOO
DPB =*A002
PCR =*AOOC
IFR =*AOOD
*

5
USER OUTPUT VECTOR 
COMES HERE

*=*OFEO
UOUT BCC INIT 

LDA #$10 
WAIT BIT IFR 

BEQ WAIT 
PLA
STA PB 
RTS

INITIALIZE INTERFACE
INIT LDA #*FF 

STA DPB 
LDA #*AO 
STA PCR 
RTS 
.END

PORT B OF R6522 
PORT B DIRECTION 
CONTROL REGISTER 
FLAG REGISTER

CARRY CLEAR IF FIRST TIME 
LOOK FOR CB1 TRANSITION 
WAIT UNTIL FLAG
GET CHARACTER 
STORE TO PORT

j PORT B TO OUTPUT
; CB2 HANDSHAKE AN 
i CB1+TRANSITION

-0-
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UNCOLON 
. . .  A FORTH 

DISASSEMBLER

O n ce  a F O R T H  w o rd  has been  c o m p ile d , you  c a n ’t no rm ally  list it un less 

y o u ’ve saved  the so u rce  co d e . I t ’s so rt o f  like assem b ly  language in that 

resp ec t. O f  co u rse , once  a p ro g ram  has been  co n v e rted  to  m ach ine  cod e , 

you  cou ld  u se  a  d isa sse m b le  to co n v e rt the o p co d es back  in to  th e ir m n e

m on ic  fo rm  to  get som e id ea  o f  w h a t’s g o ing  o n .

W e ll, h e re ’s a d isa sse m b le r  ( if  w e c a n  use the  te rm  co rre c tly )  fo r F O R T H  

w o rd s . A ctu a lly , the w o rd  U N C O L O N  (d e-F o rth ?) se em s to fit the 

o p e ra tio n  m o re  c lo se ly .

W h a t it d o es is d eco m p ile  h ig level F O R T H  w o rd s— (not C O D E  w ords) 

in to  the  su b w o rd s th a t m ake th em  up.

T h e  o rig in a l au th o r for th is p ro g ram  is u n k n o w n . G o rd o n  S m ith , here 

at R o c k w e ll, m o d ified  the p ro g ram  so m ew h at and  is p resen tin g  it to  us 

to ad d  to o u r  F O R T H  to o lb o x . U N C O L O N  has p ro v en  to be very  handy .

O n c e  you hav e  en te red  it in to  y our sy s tem , use it as fo llo w s:T o  d e c o m 

p ile  .R  ex ecu te  the  fo llow ing :

’ .R  UN:

W h a t you are  d o in g  is en te rin g  U N : w ith  the p a ram e te r  field  ad d ress 

(P F A ) o f  the  w ord  .R  on the stack .

I f  y o u  typ ed  in a ll the d e fin itio n s  co rre c tly , y o u ’ll ge t the fo llow ing  

prin to u t:

C 9 5 9  B 589  > R

C 9 5 B  C311 S -  > D

C 9 5 D  B 5 9 9  R >

C 9 5 F  C 9 2 5  D .R

C 961 B 55B  ;S  O K

H ere  is w h a t a D O  . . . L O O P  looks like w h en  deco m p iled :

F irs t the d efin itio n :

: T E S T  1000 0  D O  I . L O O P  ;

N o w , d eco m p ile  T E S T .

’ T E S T  U N : < C R >

5A 4 B 040 L IT

5A 6 1000

5A 8 B7F1 0

5A A B173 (D O )

5 A C B 18C 1

5A E C 967

5B O B I0 C (LOOF

5B4 B55B ;S O K

E x p erim en t w ith  o th e r  F O R T H  co n stru c ts  such  as B E G IN  . . . U N T IL , 

IF . . . E L S E  . . . T H E N  etc. to fam iliarize y o u rse lf w ith  the decom piler.

A s you w ill no tice  w hen  you co m p are  the above d isa sse m b ly  w ith  w hat 

you w ro te , som etim es F O R T H  does som e p ro cess in g  w h ile  it co m p iles  

a w ord . T h e  1000 that w as w ritten  is rep ea ted  in the  d e fin itio n  but afte r 

an in ternal F O R T H  w o rd  ca lled  L IT  (L IT  te lls F O R T H  that the  next 

w o rd  en co u n te red  is really  a num ber and  not an ad d ress ). T h e  0  (zero) 

w h ich  w as the nex t en try  in the d e fin itio n  w as not w ritten  as a L IT  

se q u en ce . T h is is because  0  (zero) is d e fin ed  in F O R T H  as a C O N 

S T A N T  w ith  the nam e 0  (zero).

T h e  D O  w ord is an  im m ed ia te  w ord  in F O R T H  w h ich  ex ecu te s even  

th o u g h  F O R T H  is in the com p ilin g  m o d e . W h at D O  ac tu a lly  do es is to 

co m p ile  (D O ) and  put the  ad d ress o f  the first c o m m an d  in the loop  on 

the  stack . T he rem ain in g  com m an d s until the  L O O P  w o rd  are co m p iled  

d irec tly . L O O P , h o w ev er, is an o th e r im m ed ia te  w ord  w h ich  co m p iles  

(L O O P ) in to  the  d ic tio n ary  and co m p u tes the re la tive  ad d ress (16  b its) 

to get back  to the  ad d ress w h ich  w as p laced  on  th e  stack  by D O .

T h e  d isa sse m b le r  show s the abso lu te  ad d ress fo r c o n v e n ie n c e , bu t it w as 

the 16 bit re lative add ress w h ich  w as co m p iled  to the  d ic tio n a ry . T h e  : 

(sem ico lo n ) ge ts co m p iled  as ;S w hich  te lls  the in te rp re te r  to  ge t the next 

c o m m an d . T h e  (D O ) co m m an d  w hen  it is ex ecu ted  tak es the  tw o  top  

v a lues o f f  the  stack  and  pu ts them  in the re tu rn  stack . T h e  (L O O P ) c o m 

m an d  pu lls the  top  tw o  values o f f  the  re tu rn  s ta ck , in c rem en ts the  index 

and  if  the index is not equal to  o r  g rea te r  than  the  lim it v a lu e , it pu ts the  

new  values back on  the retu rn  stack  and  do es a 16 b it re la tiv e  b ranch  

back  to  the  b eg in n in g  o f  the  D O  loop . I f  the resu lts o f  the in c rem en tin g  

ind ica te  te rm in a tio n  o f  the loo p , the tw o  values are d ro p p ed  and  the  re l
ative  ad d ress is ignored .

A s you can  see, you can  learn  a lo t abo u t how  F O R T H  o p era te s  by using  

th e  U N : co m m an d .

T h e  d eco m p ile r  d o e s n ’t hand le  C O D E  d efin ed  o r  o th e r  specia l cases 

w ords b u t does a goo d  jo b  w ith  m ost o thers.

N o w  you  can  d eco m p ile  F O R T H  to see how  it w orks and  to b ecom e 

m ore fam ilia r  w ith  how  the experts use it.
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( DISASSEMBLE )
HEX
s EXIT R> R> DROP DROP ;
: IP&W ( C F A ---CFA

CR DUP DUP 0 4 
D.R 3 DUP 0 5 D.R 
SPACE ;

: WRITELN IP&W DUP 
’ CLIT CFA =
IF ." CLIT "
DROP 2+ DUP C3 
O D. 1- 

ELSE 2+ NFA ID.
THEN ;

: ?LIT ( PFA---PFA F )
DUP 3 ' LIT CFA

: 7CPLE ( PFA---PFA F )
DUP 3 ’ COMPILE 
CFA = ;

: 7ST0P ( PFA---PFA F )
DUP a DUP ' ;S CFA = 
OVER ' (;CODE)
CFA = OR SWAP 
DROP ;

: 7BRA DUP Q DUP 
BIOC = OVER 
B13C =
OR OVER BOEB 
= OR OVER 
BOCC = OR 
SWAP DROP ;

: 7STRING ( PFA---PFA F )
DUP 3 ’ (.“) CFA

s STRNG ( PFA---PFA+2 )
2+ DUP COUNT DUP 
>R TYPE R> 1- + ;

s DISASM ( PFA--- )
BEGIN 
7TERMINAL IF 

EXIT THEN
WRITELN 7ST0P

o=

AIM-65 ROM EXPANSION
I ju s t rece ived  a fly e r  from  a co m p an y  th a t says they  have  a R O M  

ex p an sio n  board  fo r A IM -65  co m p u te rs . It looks like a b are  p .c . b oard  

that can  hold  up  to  6 R O M /E P R O M s and  a se lec to r  fo r the  ch ip  se lec t 

lines. T he b oard  m oun ts ov er to p  o f  the R O M  so ck e ts  and  co n n ec ts  to 

the  co m p u te r  w ith  tw o 24 -p in  d ip  h ead ers . T h e y ’re a sk in g  $ 1 2 .5 0  fo r 

the bare p .c . board .

Y ou can  co n tac t them  at:

M IC R O  P R O C E S S O R  P R O D U C T S  

29 1 6  E A S T  C O U R T  ST.

IO W A  C IT Y , IO W A  52240

(319) 351 -7 5 8 7  ^

WHILE 
7LIT IF 2+ IP&W 
DROP ELSE 

7BRA IF 2+ DUP 3 
OVER + 0 D.
ELSE 

7CPLE IF 2+ DUP 
3 2+ NFA ID.
ELSE

7STRING IF STRNG
THEN THEN THEN 
THEN 2+

REPEAT 
DROP ;

: UN: BASE Q SWAP 
HEX DUP CFA 3 DUP 
B756 = IF DROP DISASM 
ELSE DUP B7AE = IF 
DROP DROP 
CR ." VARIABLE ■

ELSE DUP B792 = IF 
DROP DROP 
CR ." CONSTANT ■

ELSE DUP B7DE =
IF DROP DROP 
CR USER VARIABLE "

ELSE BC79 = IF 
DROP CR ." DEFINED WORD - 

ELSE CR . " CODE OR SPECIAL 3> “ 
O D. THEN THEN THEN 

THEN THEN BASE ! ;

FINIS -&■
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2716/2532 EPHOM 
PROGRAMMER

Eric C. Rehnke 
Editor

H e re ’s an E P R O M  p ro g ram m er (h ard w are  and so ftw are) that w ill burn  

the  tw o  m o st p o p u la r  5 vo lt on ly  d ev ices (2 7 1 6  and  2 5 3 2 ). T h e  so ftw are  

d riv e r  is w ritten  in F O R T H  to g ive you an id ea  o f  how  th is  new  language 

c an  be  ap p lied  to  “ real w o r ld ”  ap p lica tio n s.

A s you  can  se e , th e  h a rd w are  design  is fa irly  s im p le  and s tra ig h tfo rw ard . 

It can  be  o p era ted  fro m  the  u se r  R 6522  V IA  o r an A IM  6 5 , A IM  6 5 /4 0 , 

o r R M  65 sin g le  b oard  co m p u te rs . T h e  D C -D C  c o n v e r te r  (V A -1 5  15) 

and o u tp u t reg u la to r  (723) are  op tio n a l and  can  be rep laced  by a 25  volt 

su p p ly  if  o n e  is availab le .

O p era tio n  o f  the  u n it is a lso  fairly  stra ig h tfo rw ard .

A  C M O S  4 0 4 0  12-bit co u n te r  ch ip  g en e ra te s  th e  ad d resses fo r the 

E P R O M . T h is  sig n ifican tly  cu ts  d o w n  on the  n u m b er o f  I /O  lines needed  

fo r th e  in te rface  by g iv in g  tw o  lines the  p o w er o f  12.

R eed  re lays a re  u sed  to co n tro l the  tw o  v o ltag es th a t are need ed  ( +  5 and 

+ 2 5 ) . T h ese  re lay s are  d riv en  th rough  tw o  open  c o lle c to r  buffers (part 

o f  th e  7 407) and  a  D P D T  sw itch  is used  to  acco m o d a te  the slig h t d if 

fe re n ces  b e tw een  th e  In tel (2K ) 2 7 1 6  an d  the  T I 253 2  (4K ) p in o u ts .

T h e  co n n ec tio n  fro m  p in  2 0  o f  the  E P R O M  socket to P B 7  o f  the R 6522  

is u se d  a lo n g  w ith  a  bit o f  so ftw are  to let us read  the  position  o f  the 

se lec to r  sw itch .

N o tice  how  the  p ro g ram  w as bu ilt up  fro m  lo w -level w ords (rou tines) 

such  a s  R E A D -P O R T B  an d  W R IT E -P O R T B  w hich  ev o lv ed  in to  w ords 

such as C S  =  H IG H , P U L S E = R E A D  and  2 5 V -O N .

S ee how  F O R T H  p ro g ram s grow ?

T h e  so ftw are  d riv e r  w as w ritten  to use  nam es as d esc rip tiv e  as po ss ib le  

to in crease  read ab ility  and m ake the  d efin itio n s easy  to fo llo w . T h e  p ro 

g ram  co m p iles  from  the A IM  65  system  tex t e d ito r  w hich  o ccu p ies ab o u t 

8K  b y tes . T h e  co m p iled  o b jec t co d e  o ccu p ies sligh tly  less than  2 K  by tes 

h o w ev er.

T h e re  are  tw o  w ays to co m m an d  the  unit to p ro g ram  an  E P R O M . Y ou 

c a n  ex ecu te  P R O G R A M , w h ereb y  the so ftw are  w ill p ro m p t you fo r  the 

sta rt and  en d  add resses o f  the da ta  to  be b u rn ed  in to  E P R O M  as w ell as 

the sta rting  ad d ress o f  the da ta  in the E P R O M  and  the  E P R O M  type 

(2 7 1 6  o r  2 5 3 2 ).

O r, you can  ex ecu te  B U R N -E P R O M  w ith  the  sta rting  ad d ress and  en d ing  

a d d re ss  o f  the  d a ta  to ge t b u rn ed  in to  the  E P R O M  as w ell as the  target 

a d d re ss  o f  th e  d a ta  in the  E P R O M  on the  stack  and  th e  sw itch  in the  

p ro p e r positio n .

S uppose  you had 256  by tes o f  da ta  lo ca ted  at $ 2 1 0 0  and  you  w an ted  it 

to  be located  one  page  up from  the sta rt o f  the E P R O M . Y ou w ould  

ex ecu te  the  p h rase

H E X  210 0  2 IF F  0 1 0 0  B U R N -E P R O M

to use the q u ick  p rog ram  en try .

T h e  p rog ram  w ou ld  then  au to m atica lly  m ak e  sure the  E P R O M  is e rased  

in th e  area  that you w ill be p ro g ram m in g  and v erify  tha t it had  p ro 

g ram m ed  co rrec tly  a f te r  it co m p le ted  the p ro g ram m in g  cy c le . M e ssag es 

a re  d isp lay ed  du ring  these  th ree o p era tio n s so you  know  w h a t ’s g o ing  

on.

W hen  execu tin g  B U R N -E P R O M , there are no ch eck s m ad e  fo r add resses 

o u t o f  ran g e  o r the  sw itch  bein g  in the  w rong  positio n .

T h ese  “ id io t c h e c k s”  a re  m ade, h o w ev er, w hen  you  e n te r  by execu tin g  

P R O G R A M  (no th ing  need  be on th e  stack ).

T h e  first p rom pt y o u 'll  rece ive  w hen you  ex ecu te  P R O G R A M  w ill be

S T A R T  A D D R E S S  =

T y p e  in the  sta rting  ad dress (in hex) o f  th e  m em o ry  lo ca tio n  w here  the 

d a ta  to be p ro g ram m ed  in to  the E P R O M  is lo ca ted . T h en  p ress the 

R E T U R N  key (th is w ill te rm in a te  all the  inpu ts). B y the  w ay , the  p rin te r 

w ill be  tu rned  on h ere  to reco rd  the  p ro m p ts  and  the  p a ra m e te rs  th a t you 

type in.

T h e  nex t p ro m p t to  ap p ea r is

E N D  A D D R E S S  =

T y p e  in the  last ad d ress o f  the m em ory  lo ca tio n s w here  the d a ta  to  be 

p ro g ram m ed  in to  the  E P R O M  is located . T e rm in a te  w ith  a ca rriag e  

re tu rn .

T A R G E T  A D D R E S S  =

is the  nex t p rom pt to  ap p ea r and  refe rs to  the  ad d ress  o f  the  firs t location  

IN  T H E  E P R O M  w h ere  the  d a ta  is to be  p ro g ram m ed .

Y ou can  p ro g ram  any  n u m b er o f  locations (even ju s t one) s ta rtin g  at any 

a d d ress w ith in  the E P R O M .

I f  the  d a ta  is to be b u rned  into the E P R O M  sta rting  at the  firs t location  

in the  E P R O M  you w ould  en te r  0 0 0 0  fo r th e  ta rg e t ad d ress  (o r ju s t 0 ). 

H o w ev er, if  the  d a ta  w as to sta rt at the 80th  (d ec im al) lo ca tio n  in the 

E P R O M , you w ou ld  en te r  50  (hex) as th e  targ e t ad d ress .

T h e  A D J-E P R O M -S T A R T  rou tin e  igno res the  to p  4  o r  5 b its o f  the target 

ad d ress (d epend ing  on w h e th er  the E P R O M  is a 2K  o r 4 K  size) so the 

targ e t ad d ress cou ld  be en te red  as the  ac tu a l m em o ry  ad d ress o f  the 

E P R O M  w hen  it is in sta lled  in the  system .
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S o , if  the E P R O M  w ere  to reside  at $ 2 0 0 0  in the  sys tem  and you  w an ted  

the  d a ta  to  be located  one  page  up  in to  the  E P R O M , you co u ld  type in 

2 1 0 0  o r, 100 since the  ad d ress ge ts “ c o r re c te d "  by A N D in g  it w ith  the 

ap p ro p ria te  m ask.

T he last u se r  p rom pt is

E P R O M  T Y P E =

Y o u ’re ex p ec ted  to  e n te r  the  co rre c t E P R O M  type n u m b er here  (e ith e r  

2 7 1 6  o r 2 5 3 2 ). T he type  n u m b er you e n te r  m ust a lso  agree  w ith  the 

se ttin g  o f  the se lec tio n  sw itch . I f  there  are any d isc re p a n c ie s , the  type 

p ro m p t w ill reap p ear.

I f  you en te red  the  co rrec t n u m b er, the p ro g ram  w ill tu rn  o f f  the  p rin te r 

and  sta rt ch eck in g  the E P R O M  to m ake sure tha t the  area  you  w ish  to 

p ro g ram  has been e rased  (each  location  shou ld  co n ta in  F F ). T h e  d isp lay  

w ill co n ta in  the m essag e  N O W  C H E C K IN G .

A fte r  that the ac tual p ro g ram m in g  w ill c o m m en ce  sign ified  by the m e s

sag e  N O W  P R O G R A M M IN G  on the d isp lay .

F in a lly , the p ro g ram  w ill go  back  and verify  that the E PR O M  w as p ro 

g ram m ed  co rre c tly . N O W  V E R IF Y IN G  w ill be  d isp lay e d . A ny d if fe r 

en ces w ill cau se  the  p rog ram  to  ab o rt and  p rin t o u t th e  firs t ad d ress  that 

d id n ’t ge t p ro g ram m ed  co rrec tly .

T hese  tw o  in terfaces are  inc luded  ju s t  to  g iv e  you  an  id ea  o f  w h at can  

be d o n e  w ith  F O R T H . T here  is m o re  e rro r  ch eck in g  w h en  you  sta rt at 

P R O G R A M . T h e  end  ad dress is tes ted  to be g re a te r  th an  the sta rt ad d ress 

but no t by m ore than the E P R O M  cap ac ity .

T here  is a lso  a u tility  inc luded  ca lled  R E A D -E P R O M . It read s the c o n 

ten ts o f  an E P R O M  in to  a specified  m em o ry  b u ffe r  area .

T he size  o f  the b u ffe r  used  (2K  o r 4 K )  w ill d ep en d  on  the sw itch  se tting . 

I f  you w anted  to  read  a 2532 E P R O M  in to  m em o ry  sta rtin g  at $ 2 0 0 0 , 

you w ould  set the  sw itch  to  2532  and  ex ecu te  the p h rase

H E X  2 0 0 0  R E A D -E P R O M

H opefu lly , th is p rog ram  w ill p ro v id e  you  w ith  so m e p ro g ram m in g  

e x am p les to -study and p erhaps som e w o rd s you can  pu ll o u t and  use in 

o n e  o f  y o u r ow n  p rog ram s.

T h a t 's  a good  w ay to learn this lan g u ag e . F O R T H  seem s o d d  a t firs t, 

but g iv e  y o u rse lf  som e tim e and y o u ’ll beg in  to  m a s te r  it.

12 23

VA15-15 available for $31 
from Reliability Inc. 

P.O. Box 218370 
Houston, TX 77218 
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( EPROM PROGRAMMING SOFTWARE — ECR 10/14/81) ^
HEX
( 6522 CONSTANTS FOLLOW)
AOOO CONSTANT PORTB 
A002 CONSTANT PBDD 
AOOD CONSTANT IFR 
A008 CONSTANT T2L 
A009 CONSTANT T2H 
AOOB CONSTANT ACR 
AOOF CONSTANT PORTA 
A003 CONSTANT PADD
( ROMABLE VARIABLES FOLLOW)
60 USER EPROM-TYPE SMUDGE 
62 USER RAM-START SMUDGE 
64 USER RAM-END SMUDGE 
66 USER EPROM—START SMUDGE 
68 USER COUNTER SMUDGE
CODE PULSE-IT ( OUTPUT A 50 MS PULSE)

( ON PULSE LINE -PBO )
( FIRST INVERT THE SIGNAL AT PBO)
PORTB LDA, 1 # EOR, PORTB STA,
( THEN STARTUP THE TIMER)
O # LDA, ACR STA, T2L STA,
C3 # LDA, T2H STA,
20 # LDA,
BEGIN, ( LOOP TIL TIME-OUT)

IFR BIT,
0= NOT 

UNTIL,
( INVERT PBO AGAIN)
PORTB LDA, 1 * EOR, PORTB STA,
T2L LDA, ( CLEAR FLAG)
NEXT JMP,
END-CODE

s EPROM-TYPE? EPROM-TYPE 3 f 
: PORTA=INPUT O PADD C! ;
: PORTA=OUTPUT FF PADD C! ;
: WRITE-PORTA PORTA C! ;
: READ-PORTA PORTA C5> ; 
s WRITE-PORTB PORTB C! ;
: READ-PORTB PORTB C5> ;



s BUMP-COUNTER ( INCREMENT ADDRESS)
( COUNTER BY ONE )

READ—PORTB 04 OR DUP WRITE-PORTB 
FB AND WRITE-PORTB 1 COUNTER +! *

s SETUP—PORTB ( INITIALIZE PORTB SO)
( PB0-PB6 ARE OUTPUTS)
( AND PB7 IS AN INPUT)

FF WRITE-PORTB 7F PBDD C! ;
. RESET-COUNTER ( RESET ADDRESS )

( COUNTER TO ZERO )
READ—PORTB 08 OR DUP WRITE-PORTB 
F7 AND WRITE-PORTB O COUNTER ! ;

: BURN-BYTE ( N — > -- )
( WRITE LOWER EIGHT BITS OF N )
( INTO EPROM AT PRESENT ADDRESS)
( COUNTER LOCATION )

WRITE-PORTA PULSE-IT BUMP-COUNTER ;
( THE FOLLOWING FOUR WORDS TURN THE)
( APPROPRIATE REED RELAYS ON OR OFF)
( WHICH SUPPLY VOLTAGE TO THE EPROM)
* 25V-0FF READ-PORTB 20 OR WRITE-PORTB 5

: 25V—ON READ-PORTB DF AND WRITE-PORTB ;
s 5V—OFF READ-PORTB 10 OR WRITE-PORTB ;
: 5V-0N READ-PORTB EF AND WRITE-PORTB *
s H-ON ( TURN PRINTER ON)

80 A411 C! ;
: H-OFF ( TURN PRINTER OFF)

O A411 C! j
( THE FOLLOWING THREE WORDS SET THE)
( STATE OF THE CS AND PULSE LINES )
: CS=HIGH READ-PORTB 02 OR WRITE-PORTB ;
: CS=LOW READ-PORTB FD AND WRITE-PORTB ;
: PULSE=LOW READ-PORTB FE AND WRITE-PORTB ;



CHECK-TYPE ( SET PULSE AND CS LINES AND)
( READ STATE OF EPROM SELECT)
( SWITCH ON PB7 )

PULSE=LOW CS=HIGH 
READ-PORTB 80 AND 0= ;

SET-PULSE-STATE ( SET INITIAL POLARITY)
( OF PULSE LINE ACCORDING)
( TO EPROM TYPE )

READ-PORTB EPROM-TYPE?
IF

01 OR 
ELSE

FE AND 
THEN
WRITE-PORTB ;

SET-EPROM-START ( INCREMENT ADDRESS COUNTER)
( UNTIL IT AGREES WITH THE )
( EPROM TARGET ADDRESS )

RESET-COUNTER EPROM-START 3 
BEGIN

DUP O— NOT 
WHILE

BUMP-COUNTER 1- 
REPEAT 
DROP ;

ADJ-EPROM-START ( CONVERTS THE TARGET ADDRESS)
( TO AN ADDRESS INCREMENT FOR)
( COUNTER AND THEN BUMPS UP )
( THE COUNTER TO THE PROPER >
( INITIAL VALUE )

EPROM—ST ART 3 EPROM-TYPE?
IF

FFF AND EPROM-ST ART !
ELSE

7FF AND EPROM-ST ART !
THEN
SET-EPROM-START ;

BURN-LOOP ( THIS ROUTINE DOES THE )
( ACTUAL DIRTY WORK OF )
( PROGRAMMING THE EPROM. )

RAM-END 3 1+ RAM-START 3 
DO

I C3 BURN-BYTE 
LOOP ;



Page 16 iiviTiiAcnyjfc

* BURN-IT ( SET EVERYTHING UP FDR )
( BURN-LOOP. )

CR ." NOW PROGRAMMING"
SET-PULSE-STATE RESET-COUNTER 
SET-EPROM-START CS=HIGH 
PORTA=OUTPUT 5V-0N 25V-0N 
BURN-LOOP 25V—OFF 5V-0FF ;

. v e r IFY—LOOP ( GO THROUGH THE PART THAT)
( WAS PROGRAMMED AND MAKE )
( THAT EVERYTHING WENT OK.)

RAM-END SI-*- RAM-START 3 
DO

READ-PORTA I C3 = 0=
IF

H-ON CR
DIDN'T PROGRAM CORRECTLY AT V  

EPROM-ST ART 3 I RAM-START 3 - + . 
CR 5V—OFF ABORT 

THEN
BUMP-COUNTER 

LOOP ;

s CHECK-CLR-LOOP ( USED BY CHECK-CLEAR TO)
( CYCLE THROUGH EPROM )
( AND MAKE SURE THAT THE)
( AREA TO BE PROGRAMMED )
( HAS BEEN ERASED )

PORTA=INPUT
RAM-END 3 RAM-START 3 - 1+
0 DO

READ-PORTA FF = 0 =
IF

H-ON CR
.“ ALREADY PROGRAMMED AT 
CR I EPROM-ST ART 3 + .
CR 5V-0FF ABORT 

THEN
BUMP-COUNTER 

LOOP ;
: CHECK-CLEAR ( SETUP EVERYTHING SO THAT)

( CHECK-CLR-LOOP CAN DO )
( ITS THING. )

CR .H NOW CHECKING" SETUP-PORTB 
5V-0N CHECK-TYPE EPROM-TYPE !
PULSE=LOW CS=LOW RESET-COUNTER 
ADJ-EPROM-START
PORTA=INPUT CHECK-CLR-LOOP 5V-0FF ;



VERIFY—CORRECT ( SET IT ALL UP FOR VERIFY-LOOP)
CR .M NOW VERIFYING " SETUP-PORTB 5V-0N 
PORTA=INPUT PULSE=LOW CS=LOW RESET-COUNTER 
SET-EPROM-START VERIFY-LOOP 5V-OFF ;

READ-EPROM ( ADDR — > )
( READ CONTENTS OF EPROM)
( INTO 2K OR 4K BUFFER )
< STARTING AT ADDR )

SETUP-PORTB PORTA=INPUT 5V-ON 
RESET-COUNTER CHECK-TYPE EPROM-TYPE !
CS=LOW PULSE=LOW EPROM-TYPE?
IF

1000
ELSE

800
THEN
O DO

DUP READ-PORTA SWAP C !
1+ BUMP-COUNTER 

LOOP 
5V—OFF ;

BURN-EPROM ( THIS IS THE LOW LEVEL ENTRY )
( POINT FOR THE PROGRAMMING )
( SOFTWARE. MAKE SURE THAT THE)
( START, END AND TARGET ADDRS )
( ARE ON THE STACK AND THE )
( SELECT SWITCH IS CORRECTLY )
( POSITIONED. )

EPROM-ST ART ! RAM-END ! RAM-START •
CHECK-CLEAR BURN-IT VERIFY—CORRECT ;

INPUT ( GET A NUMBER FROM THE KEYBOARD)
( AND LEAVE IT AS A DOUBLE- )
( PRECISION ON THE STACK )

PAD 10 EXPECT
O O PAD 1- < NUMBER)
DROP ;

ERROR-EXIT ( IN CASE OF AN ERROR, HERE’S A )
< CLEAN WAY TO LEAVE. )

H-ON CR ." ADDRESS ERROR" CR ABORT *
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: GET-FROM < GET THE FIRST ADDRESS OF THE DATA)
( THAT GETS BURNED INTO THE EPROM )
< AND MAKE SURE IT IS A SINGLE- )
( PRECISION NUMBER. IF NOT, THEN )
< LEAVE VIA ERROR-EXIT. )

CR ." START OF DATA=" INPUT 0=
IF

RAM-START !
ELSE

ERROR-EXIT 
THEN j|

( THE NEXT TWO DEFINITIONS ARE JUST ABOUT IDENTICAL)
( TO GET-FROM THAT THEY DON'T REALLY NEED TO BE )
( EXPANDED OR EXPLAINED AT ALL. )
: GET-TO CR ." END OF DATA=" INPUT

0= IF RAM-END ! ELSE ERROR-EXIT THEN ;
: GET-TARGET CR ." TARGET ADDRESS=" INPUT

0= IF EPROM-ST ART ! ELSE ERROR-EXIT THEN ;
: GET-TYPE ( THIS WORD GETS THE EPROM TYPE NUMBER) 

( FROM THE OPERATOR AND CHECKS TO MAKE) 
( SURE THAT THE NUMBER IT RECEIVES ) 
( AGREES WITH THE SETTING OF THE )
( SWITCH. IF NOT, IT WILL CONTINUE TO) 
( ASK FOR THE EPROM TYPE UNTIL THE ) 
( NUMBER IT RECEIVES AGREES WITH THE ) 
( SETTING OF THE SWITCH. THIS IS JUST) 
( ONE MORE WAY TO IDIOT PROOF A SYSTEM)

1 BEGIN 
CR .” EPROM TYPE=" INPUT 
DROP DUP 2716 =
IF

O EPROM-TYPE ! DROP 
ELSE

DUP 2532 =
IF

1 EPROM-TYPE ! DROP 
ELSE DROP 

DROP O
THEN

THEN
IF

CHECK-TYPE 
EPROM-TYPE 3 =

ELSE
0

THEN 
UNTIL ;



I^NIH\CNI\ I Page 19

FREQUENCY COUNTER
Randy Dumse 
Michael Dalessio  
Rockwell International

T h is p ro g ram  uses the un ique  fea tu res o f  the R 6522 tim ers on the AIM  

65 m ic ro co m p u te r  and the p o w er o f  the F O R T H  lan g u ag e  to convert the 

A IM  65 in to  a frequ en cy  co u n te r. A ccuracy  is good  to the  m ic ro seco n d , 

the  h ighest frequ en cy  readab le  being  500  K H z. V ery  m in im al h ardw are  

is requ ired  to com p le te  the system . T w o  versions are show n . T he first 

u ses tw o  signal d iodes to c lam p  the sw in g  o f  the input in T T L  ranges 

(the  input m ust be > 2 .5 V  P eak to  P eak ), N o special g a tin g  is p rov ided  

so the co u n tin g  w indow  is sw itchab le  on ly  fo r low er freq u e n c ies. T he 

seco n d  c ircu it a lso  uses the c lam p in g  d iodes but has add itio n a l c o m p o 

nen ts to shape the  co u n tin g  w indow  to exactly  5 0 .0 0 0  /us (1 /20 th  o f  a 

second) and  shou ld  g ive accu ra te  read ings o f freq u en cy  on s ig n a ls  to 

5 0 0 ,0 0 0  c y c le s  p e r  second  w ith  a reso lu tion  o f  20  cyc les per second .

AIM 65 J1 
I

I +5

diodes can be most any germanium signal types such as 1N34

m ore

: CHECK-ADDRESS ( THIS ROUTINE CHECKS THE )
( ADDRESS RANGE TO MAKE SURE )
( THAT IS CONSISTENT WITH THE)
( EPROM TYPE AND CONSISTS OF )
( AT LEAST ONE DATA BYTE )

RAM-END S> RAM-START 3 - 
EPROM-ST ART 5> + DUP
1 <

IF
DROP ERROR-EXIT 

THEN
EPROM-TYPE?

IF
lOOO SWAP - 

ELSE
800 SWAP - 

THEN
1 <

IF
ERROR-EXIT 

THEN ;
: PROGRAM ( THIS IS THE MAIN ENTRY POINT FOR )

( THE EPROM PROGRAMMER SOFTWARE. )
( IT IS SELF-PROMPTING AND )
( REASONABLY SELF EXPLANATORY. )

HEX H-ON GET-FROM GET-TO GET-TARGET 
SETUP-PORTB GET-TYPE CR H-OFF 
ADJ-EPROM-START CHECK-ADDRESSES 
CHECK-CLEAR BURN-IT VERIFY-CORRECT ;

FINIS
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AIM 65 J1

PB7
PB6

c lea r  the d isp lay  and  sets the m odes on  T im e r  1 and  T im e r  2 in the 

A u x iliary  C ontro l R eg is te r (A C R ) o f  the  R 6 5 2 2 . T he w ord  G E T V A L  

sta rts T im e r  2 cou n tin g  cyc les  and  T im e r  1 co u n tin g  1 /2 0 th  o f  a second  

(S T A R T -T IM E R S ), w aits fo r T im er 1 to tim e ou t (W A IT -O N -T 1 ) , and 

th en  reads the co un ts from  T im er 2 (R E A D -C O U N T S ). T h e  w ord  F R E Q  

takes the value from  the stack , m u ltip lie s  it by 2 0  and  p rin ts  it w ith  a 

label. T h e  w ord  S T A R T -T IM E R S  sim ply  pu ts on  S F F F F  in T im e r  2 ( -  I ) 

and  a cou n t o f  5 0 ,0 0 0  in T im er 1 w hich  b eg in s co u n tin g . T h e  w ord  

W A IT -O N -T I po lls  the In terrup t F lag  R e g is te r  (IF R ) un til the T1 b it is 

set. T h e  w ord R E A D -C O U N T S  p laces an S F F F F  on  the  stack ; reads 

tim er 2 and sub trac ts tha t va lue  from  S F F F F . T h e  d iffe ren ce  is the 

nu m b er o f  cyc les coun ted  on the input d u rin g  the  1 /2 0 th  o f  a second  

period .

T h e  F O R T H  pro g ram  uses seven m a jo r  w ord  d e fin itio n s  to accom plish  

the ta sk . T h e  w ord  R U N  p e rfo rm s in itia liza tio n  (IN IT ) and  then beg ins 

a  lo o p  (B E G IN ) c o n s is tin g  o f  cou n tin g  the n u m b er o f  cy c le s  o ccu rring  

in a  l /2 0 th  o f  a seco n d  in terval (G E T V A L ), then  m u ltip ly in g  by 2 0  to 

g iv e  cyc les p er se co n d , and  d isp lay in g  the resu lt (F R E Q ). T h e  key b o ard  

is ch eck e d  fo r  a key  dow n (? T E R M IN A L ) and th e  loop  co n tin u ed  if  no 

key is d o w n  (U N T IL ). T h e  w ord  IN IT  o u tp u ts  a ca rr ia g e  re tu rn  (C R ) to

A s an  ex e rc ise  left to  the read e r, tw o  im p ro v e m e n ts  w ould  be very  

d es irab le  to  m ake. T he first w ould  be to  rep lace  the w ord  C R  in the 

d e fin itio n  o f  F R E Q  w ith a code segm en t that ca lls  the su b ro u tin e  C L R  

(SE B 44) in the A IM  65 m on ito r. T h is  w ou ld  keep  the freq u en cy  from  

bein g  p rin ted  each  tim e taken . T he second  w o u ld  be to  w rite new  d e f 

in itions that w ould  au to m atica lly  scale  the am o u n t o f  tim e spen t cou n tin g  

the input pu lses until a g iven  n u m b er o f  s ig n if ican t d ig its  w ere  assu red .

( FREQUENCY COUNTER PROGRAM BY R. DUMSE)
DECIMAL
50000 CONSTANT 1/20TH-SEC 
HEX
A004 CONSTANT TIMER1 
A008 CONSTANT TIMER2 
AOOD CONSTANT IFR 
AOOB CONSTANT ACR
: INIT ( SET TIMER CONTROLS IN ACR)

CR AO ACR C! ;
s START-TIMERS < PUT *FFFF INTO TIMER2)

-1 TIMER2 !
1/20TH-SEC TIMER1 ! 5 < SET TIMER1 FOR 50000 MS)

s WAIT-ON-T1 
BEGIN 
IFR C3 
40 AND 

UNTIL ;
: READ-COUNTS < *FFFF-TIMER2= COUNTS LEFT ON STACK)

-1 TIMER2 3 - ;
s GETVAL

START-TIMERS WA I T-ON-T 1 READ-COUNTS ; more
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RANDOM NUMBER 
GENERATOR

R N G 's  com e in handy  fo r a  n u m b er o f  ap p lica tio n s fro m  g am es to sy s

tem s m o d ellin g . H ere is o n e  w h ich  uses the co u n td o w n  tim er in the 

R 6522  to o b ta in  the  “ s e e d "  value .

H EX

0  V A R IA B L E  S E E D  

: S E T S E E D

A 004 (<i S E E D  ! ;

: R N D

S E E D  (« 4 0 0 0  A N D  0 =

S E E D  (a 2 * D U P > R  

4 0 0 0  A N D  0 =  X O R  R >

O R  D U P S E E D  ! ;

: R A N D O M

R N D  7F F F  A N D  S W A P  M O D :

T o  d e fin e  these fu n c tio n s, m ake sure y o u 're  in H EX  n u m b er m ode.

T o  use th is fun c tio n , ex ecu te  S E T S E E D  in the  b eg in n in g  o f  y o u r p ro 

gram  to in itia lize  the S E E D  variab le .

F rom  then  o n , w h en ev e r you need a p o sitiv e  ran d o m  num b er, ex ecu te  

R A N D O M  w ith  a range value on the stack . T h e  ran d o m  nu m b er w ill be 

re tu rn ed  on the stack .

I f  you need  a ran d o m  nu m b er b etw een  0 and 6 , p lace  7 on the stack  and 

ex ecu te  R A N D O M .

7 R A N D O M

If  you  now  ex am in e  the  s ta ck , y o u 'll find  a n u m b er b e tw een  0  and  6. 

If  you c a n 't  use 0 , sim p ly  add one to the resu lt.

7 R A N D O M  1 +

N ow  the  random  n u m b er w ill be  in a range from  I th rough  7. ++■

SYSTEM SPOTLIGHT
R an d o m atic  D ata  S ystem s Inc. recen tly  adap ted  an A IM  65 an d  w ro te  

a p ro g ram  to co m p u terize  their, p ro d u c t, a card  filin g  and re trieval 

system . W hat the system  d o es , and how  A IM  65 now  he lp s do  it, m ight 

be o f  in terest to  m any IN T E R A C T IV E  read ers .

T o  beg in  w ith , R and o m atic  has fo r years  m ad e  and  m ark e ted  a system  

w h ich  p ro v id es a m eans o f  au to m atica lly  re triev in g  ran d o m ly  filed  ca rd s 

very q u ick ly . T he filing  sys tem  acco m m o d ates c a rd s  o f  all sizes and 

m a te ria ls— m icro film  apertu re  ca rd s, led g er ca rd s , m ic ro fich e , e tc . E ach 

card  to  be filed  is cod ed  w ith  ed g e  no tches.

R e trieval is acco m p lish ed  by en te rin g  a co d e  in to  the sy s tem . T h is  cau ses 

bars in the se lec to r trays to be ra ised . T he bars m atch  the  ed g e  co d in g , 

a n d , the se lec ted  ca rd s are  e jec ted  so they  “ pop  u p ”  abo v e  the  rest o f  

the ca rd s. T h e y 'r e  then  rem oved  m anually .

C a rd s can  be filed  and re -filed  sing ly  o r  in g ro u p s , a t ra n d o m , o r  u nder 

any sort o f  sy stem  you w an t. U p  to 1 ,500  c a rd s  can  be sto red  in a se lec to r 

tray  and up  to ten trays m ay be search ed  sim u ltan eo u s ly .

T h e  R a n d o m a tic  system  has severa l o b v io u s a d v an tag es . It p ro v id es 

in stan t re triev a l. It e lim in a tes  m isfilin g , sin ce  se lec tio n  is by code and 

req u ires  no sequen tia l filing . It can  e lim in a te  d u p lica te  files by a llo w in g  

ca rd s  to  be re triev ed  by m ore than  one c rite ria .

T h e  success o f  the system  d ep en d s upon accu ra te  co d in g  o f  the  card s. 

T h e  R and o m atic  system  uses six fie ld s o f  co d in g . W ith  up to ten vari

a tions (0 th rough  9) in each o f  the  six f ie ld s, 9 9 9 ,9 9 9  p o ss ib le  c o m b i

n ations are p ro v id ed .

T h e  system  a llow s fo r th irty  notch  po sitio n s a long  any card  ed g e . E ach  

o f  the  six fie lds has five po ss ib le  notch  p o sitio n s . U sin g  a 2 ou t o f  5 

co d e  sy s tem , these th irty  no tch  po sitio n s p rov ide  ten se lec tion  variab les  

in each  o f  six  fie lds.

U ntil the A IM  65 w as recen tly  a d ap ted , no tch in g  the ed g e  o f  the  card s 

and in fo rm in g  the system  o f  the d es ired  co d e  to be re triev ed  w as a c c o m 

p lish ed  th rough  a 10-button  k ey b o ard .

m o re ------ *-

DECIMAL
: FREQ ( MULTIPLY STACK VALUE BY 20, LABEL AND PRINT) 

20 M* ." FREQ=" D. CR ;
: RUN

INIT
BEGIN
GETVAL FREQ ?TERMINAL 

UNTIL ;
FINIS
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In ac tual o p e ra tio n , a b lank  ca rd  is in se rted  in to  a pun ch  u n it , the d es ired  

six d ig it co d e  is en te red  on  th e  k e y b o a rd , the p u n ch  is ac tiv a ted  and  the 

ca rd  en d s u p  n o tched  and ready  fo r filin g . F o r re trie v a l, the co d e  is 

en te red  in the  k e y b o a rd , an “ o p e ra te "  key  is d e p re sse d , and  the system  

“ p o p s  u p ’ ’ th e  p ro p e r card (s) au to m atica lly .

T he c h a n g e o v e r to th e  A IM  65 has been  very  stra ig h tfo rw ard . T h e  A IM  

65 rep laces th e  10-bu tton  k ey b o ard  and an in te rface  un it h as been  added  

b e tw een  the A IM  65 and  the  system . A ll o th e r  parts o f  the  sys tem  rem ain  

the sam e.

T h e  A IM  65 used  by R an d o m atic  has IK  o f  R A M  w ith  tw o  p ro g ram m ed  

271 6  E P R O M s rep lac in g  the tw o  R 2332  m o n ito r R O M s. It uses a C ondor 

A A 524  p o w e r  supply  and an en c lo su re  from  the E n c lo su re  G ro u p . T he 

in te rface  and  the  p ro g ram m in g  are from  R an d o m atic .

T he new  co m p u te rized  sys tem  w ill accep t a co d e  o f  up  to 20  a lp h an u 

m eric  ch arac te rs  in stead  o f  on ly  the six -d ig it one. It a llo w s the o p e ra to r  

to u se  w h a tev e r fits his no rm al sy s tem — n am es, w o rd  d esc rip tio n s , part 

n u m b ers , e tc .

S in ce  th e  R a n d o m a tic  sys tem  is s till se a rc h in g  fo r on ly  a six  d ig it cod e , 

a m a th em atica l fo rm u la  p ro g ram m ed  in to  the  A IM  65 co n v erts  the  20- 

c h a ra c te r  inpu t in to  a six d ig it num ber. T h e  fo rm ula  m akes sure th a t the 

sam e input a lw ay s re su lts  in the  sam e o u tp u t. T here  is the p o ss ib ility  that 

the  co n v e rted  num bers m ay be  redun d an t but th is d o e s n ’t se rio u sly  affec t 

the  R a n d o m a tic  sys tem  resu lts .

U se o f  the  A IM  65 offers o th e r  benefits  co m p ared  to the  o ld 10-key 

b o ard . A d isp lay  is now  p ro v id ed  so  the o p e ra to r  can  c h e c k  and  verify  

a co d e  befo re  ac tiv a tin g  the  sy s tem . A n d , the A IM  65 p rin te r  ca n  be 

used  to  keep  a reco rd  o f  inpu ts and ou tpu ts.

T h e  A IM  65 also  “ th in k s”  a little  w h en  used w ith  the  R and o m atic  

in te rface  u n it. A s an ex a m p le , the o p era to r can  p rc -d e te rm in e  one o r 

m o re  se lec to r  tray s, i f  d e s ired . In  th is ex a m p le , i f  the  co d e  n u m b er w as 

C R  7 65432  FS  2 , th e  in terface  un it w o u ld  first accep t the  file se lec t 

(FS ) n u m b er, turn  to  tray  2 , then  transm it the C R  n u m b er o f  765432  to 

se lec t a ca rd .

S o , th is sh ow s how  o n e  co m p an y  has ad ap ted  an A IM  65 to co n tro l an 

e lec tro m ech an ica l sy s tem . I t ’s a u n ique  ap p lica tio n  and  one  tha t m ight 

be o f  in te rest to IN T E R A C T IV E  read e rs , both  in its ow n  righ t and  as 
a s tim u lu s to  th in k  o f  o th er A IM  65 ap p lica tio n s.

O u r p ilrpose  i s n ’t to  se ll R an d o m atic  p ro d u c ts . R o ck w ell In te rn a tio n a l 

has no co n n ec tio n  o r  in terest in R andom atic . H o w ev er, R andom atic  does 

have  p ro d u c ts  for sa le  that m igh t be o f  in terest.

A cu s to m ize d  A IM  65 can  be p u rch ase d  as a “ s ta n d  a lo n e ”  to co n v e rt 

any  2 0 -c h a ra c te r  a lp h an u m eric  inp u t in to  a six d ig it o u tp u t, d isp lay in g  

the  co d e s  as req u ired  and  h o ld in g  them  in m em o ry . O r, the  p rog ram  for 

acco m p lish in g  th is c a n  be acq u ired  fro m  R a n d o m a tic . A n d , o f  co u rse , 

a co m p le te  R a n d o m a tic  f ilin g  and re triev a l system  is a lso  fo r sale.

R a n d o m a tic  desk  co n so le , w ith  tw o  recessed  se lec to r  trays to  the  left and 

the  A IM  65 co n tro lle r  to  the righ t. T h e  slo t in front o f  the  A IM  65  is 

the p u nch  unit. T h e  p o w er supp ly  and in terface  are in sid e  the  co n so le .

L .G . S tine , p resid en t o f  R an d o m atic , has a lso  ex p ressed  an in terest in 

p ro v id in g  an in terface  m ech an ism , on a custom  b a s is , be tw een  A IM  65 

and  a lm ost any e lec tro m ech an ica l eq u ip m en t.

F o r m ore in fo rm atio n  on  R andom atic  p ro d u c ts  o r  se rv ices , p lease  co n tac t 

the co m p an y  d irec t:

R and o m atic  D ata S ystem s Inc.

216  R obb ins A ve.

T re n to n , N ew  Je rsey  08638  

(609) 833 -4860 .

A n d , if  you  hav e  an in teresting  A IM  65 ap p lica tio n  you  w ou ld  like to 

share  w ith  o th e rs , p lease  send  it to:

E d ito r , In terac tiv e  R C 55 

R ockw ell In ternational 

P .O . B ox 3669  

A n ah e im , C A  92803 

(714) 632 -3729
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USING SMUDGE
G et ou t y o u r  A IM  65 F O R T H  U se r M an u a l and look  at page  5 -17 . N otice 

th e  sm u d g e  flag  in the  second  illu stra tion?  T h e  use o f  that flag  has p re 

sen ted  m e w ith  som e d ifficu lty  so you m ay be  h av in g  tro u b le  w ith  it 

a lso .

B a s ic a lly , i t ’s used  to p rev en t the d ic tio n ary  search  rou tine  from  find ing  

th e  nam e o f  th e  w ord  th a t 's  p resen tly  b e in g  co m p iled . T h is  w ould  only  

be  a  p ro b lem  i f  you w ere  a ttem p tin g  to red efin e  an o th e r rou tin e  and p e r

hap s ch an g e  the  function  sligh tly .

F o r ex am p le , i f  you w an ted  to ch an g e  the w ord  M O N  to p rin t o u t a 

m essag e  befo re  leav in g  F O R T H , you m ight say:

: M O N  . " B Y E  B Y E  F O R T H  " M O N  ;

In  F IG -F O R T H  (A IM -6 5  F O R T H  is based  on  F1G -FO R T H ) if  it w e re n ’t 

fo r  the sm udge flag , the d ic tio n ary  search  w ould  find  the nam e o f  the 

ro u tin e  you w ere  d efin in g  and th ink  you m ean t to p erfo rm  a recu rsion  

(w h en  a ro u tin e  ca lls  itself) in stead  o f  re fe ren c in g  the M O N  w ord  a lready  

bu ilt in to  the F O R T H  R om .

So , w hen  a ro u tin e  is sta rting  to be d e fin ed , the sm udge flag  gets set 

au to m atica lly  to p reven t the new  nam e from  sh o w in g  up  in the search . 

T h e  flag  is then  c lea red  w hen  the  new  fu n c tio n  co m p iles  su c cessfu lly .

A hhh . . . bu t w h a t h ap p en s if the new  function  D O E S N ’T  co m p ile  su c 

cessfu lly  . W e ll , I ’m g lad  you asked  that q u es tio n  b ecau se  th a t 's  p rec ise ly  

the reason  I w ro te  th is p iece .

T ry  co m p ilin g  th is d e fin itio n .

: T EST1 G H B F M  ;

U n less you  had  a lready  d e fin ed  a function  ca lled  G H B F M , the system  

shou ld  cho k e  and  w o n d er w h at the hcck y o u ’re try ing  to do . B u t, since 

F O R T H  is very  w e ll-m an n e re d  it will on ly  sa y —

G H B F M  ?

N o w , try to fo rget T E S T 1 .

F O R G E T  T EST1 < r e tu m >

Since the  sm udge flag  go t set at the beg in n in g  o f  the  d e fin itio n  and the 

d e fin itio n  d id n ’t co m p ile  co rre c tly , that flag  nev er g o t rese t. T he w ord  

T E S T 1 w ill show  up in a V L IS T — try it— b u t c a n ’t be fo rg o tten . 

F o rtu n a te ly , F O R T H  p ro v id es us w ith  an an tido te  fo r th is seem ing ly  

s trange and  fru s tra tin g  behav io r.

T yp e  in —

S M U D G E  < r e tu m >

A fte r  F O R T H  ind ica tes tha t i t ’s now  O K , try to  F O R G E T  T E ST 1 again . 

S uccess!!!

N o w , th a t w a s n 't  so  d iffic u lt, w as it? By the  w a y — S M U D G E  only  

w orks on  the last w ord  d e fin ed  in the d ic tio n a ry . -B

NUMBER INPUf FUNCTION
If  y o u 're  w ork ing  on  a F O R T H  pro g ram  that need s to p rom pt the  u se r 

fo r som e nu m b er in p u t, it w ould  be h andy  to have  a g en e ra lized  nu m b er 

input rou tine .

T here  is a rou tine  ca lled  IN P U T  (ap p ro p ria te ly  en o u g h ) w h ich  is defined  

on  page 5-15 o f  the A IM -65  F O R T H  U ser M an u a l, bu t it need s som e 

m in o r ch an g es fo r it to suit o u r pu rp o ses .

A s i t ’s d e fin ed , IN P U T  re tu rns the n u m b er typed  in as a d o u b le  p rec isio n  

value  and the ad d ress o f  the location  ju s t b ey o n d  w h ere  the A S C II s tring  

o f  tha t n u m b er (befo re  it w as co n v e rted  to a nu m b er) is located  in 

m em ory .

A sligh t m od w ill e lim in a te  the ad d ress and  m ake the  ro u tin e  a bit m ore 

usefu l.

H ere is the m od ified  form  o f  IN PU T :

: IN PU T

P A D  10 E X P E C T

0  0 PA D  1- 

(N U M B E R ) D R O P  ;

S ince IN P U T  re tu rn s a double p rec isio n  n u m b er, w e co u ld  D R O P  the 

top n u m b er on  re tu rn  from  IN P U T  to leave  a s in g le -p rec is io n  nu m b er, 

o r w e cou ld  test it fo r zero  to  m ake sure th e  use r d id n ’t ty p e  in a nu m b er 

that w as  too  large. W e can  eas ily  do th is  test by usin g  the 0  =  function  

a fte r  the  call to  IN PU T .

: T E S T

C R  . " IN P U T  N U M B E R  " IN P U T  

0 =  N O T  IF  C R  . ” T O O  L A R G E  "

D R O P  T H E N  ;

T E S T

C R  . " IN P U T  N U M B E R

IN P U T

0 =

N O T

IF

C R  . ” T O O  L A R G E  "

D R O P 

T H E N  ;

o u tpu t carriage retu rn  and m essage 

get inp u t from  k eyboard

if  to p  stack  valu e  e q u a ls  zero , 

th en  n u m b er is sin g le  p rec isio n  

invert tru th  value  

if truth value flag =  I then  num ber 

w as too  large

o u tp u t c a rr ia g e  re tu rn  and  e rro r  

m essage

d ro p  rest o f  n u m b er 

if  tru th  v a lu e  flag  =  0 ,  b ran ch  to 

T H E N  an d  ex it w ith  sin g le  p re 

c is io n  n u m b er on stack

See how  easy  it is to add new  fun c tio n s to  F O R T H ?
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DUMPING 
BASIC

A. Ward
192 Greenock Road,
Largs,
Ayrshire,
Scotland, U.K.

It is so m e tim es co n v en ien t to reco rd  B A S IC  on  casse tte  tape  as if it w ere 

a p ro g ram  in M A C H IN E  C O D E  w hich  o f  co u rse  it is in a se n se . A ll that 

is n ecessa ry  is to reco rd  the ze ro  page  usage as w ell as the  p rog ram  itse lf 

w h ich  starts near the b eg in n in g  o f  pag e  2 o f  m em o ry  ($ 0 2 1 2 ). H ow ev er, 

do  nor reco rd  page 1 o f  m em ory  as try in g  to read  th is back  can  cause 

p ro b lem s an d  page  1 is not req u ired .

A n e x a m p le  m ay help  to  m ake the p o sitio n  c lea r. L e t’s im ag ine  you 

o rig in a lly  an sw ere d  the B A S IC  p ro m p t “ M em ory  S iz e ? ’ ’ w ith  1024, this 
m ean s o f  co u rse  that y o u r m em ory  up to the top o f  page 3 (S 03F F ) has 

been  a llo ca ted  to B A S IC . W hen  you w an t to  reco rd  the p ro g ram  (as 

B A S IC  !) trea t the w hole  o p era tio n  as a m ach in e  co d e  du m p  (under a 

su itab le  file  nam e such  as B F IL E ) by en te rin g  M o n ito r  and  u sin g  the 

“ D ”  key . F irs t d u m p  page 0  ($ 0 0 0 -$ 0 0 F F )  and then  reply  to the p rom pt 

“ M o re ? ”  w ith  yes “ Y ”  and  p ro ceed  to du m p  p ag es 2 , 3 ($ 0 2 0 0 -  

$ 0 3 F F ). I f  you  have  any m ach in e  code su b rou tines asso c ia ted  w ith  B asic 

you can  d um p  these  also  by co n tin u in g  to an sw er “ Y ”  and  g iv ing  their 

a d d ress range.

W h en  re lo ad in g  y o u r p rog ram  en te r  M o n ito r  then  use the “ L ”  key  and 

ask  fo r B F IL E . T o  e n te r  y o u r B A S IC  p ro g ram  h it the “ 6 ”  key  fo r 

“ w arm  s ta r t”  and th e re  you are . T he ad v an tag es o f  th is p ro ced u re  are 

that you  d o n ’t have  to  use the rem ote  con tro l on  the casse tte  reco rd er 

and  a  m ixed  p ro g ram  o f  B asic  and  M ach ine  C ode su b ro u tin es can  all be 

u n d e r  the o n e  file nam e.

CASSETTE PROBLEM
I have received  and  con firm ed  reports from  tw o  separa te  so u rces that 

there  is a bug som ew here  in the casse tte  in terface  so ftw are  in the A IM  

65 system .

T h ere  are at least th ree  file leng ths that cau se  the system  to “ h a n g -u p ”  

w hen read ing .

I f  you du m p  a file w ith  a length  o f  hex 161, 162 o r  163 b y te s , the  d a ta  

w ill d um p  and load o  k. B u t, the  p ro g ram  n ev e r re tu rn s  fro m  th e  L O A D  

sequ en ce . T h e  data  does G E T  L O A D E D  but the p ro g ram  h an g s up.

T he p ro b lem  has som eth in g  to do  w ith  the n u m b er o f  file ch arac te rs  that 

are used  to  “ p a d ”  the last b lo ck  to m ake it 80 b y te s  long . If the n um ber 

o f  pad  ch a rac te rs  ($00) are  less than  four, the p ro g ram  w ill n ever ex it 

the rou tine  o f  SE321 (L O A D  4) in the m on ito r.

T here  m ay be o th er leng ths (besides $ 1 6 1 , $162 and  $ 163) that cause  

th is p ro b lem , but 1 h a v e n 't  been  able to find  them . B E W A R E !!!

COMPAS, WHERE 
ARE YOU?

I have received  severa l phone ca lls  from  fo lk s w ho c la im  th a t C O M P A S  

M ic ro sy stem  (su p p lie r  fo r A IM  65 acce sso ries) is now  d efu n c t.

T o  verify  th is , I tried  to call th e ir  n u m b er (go t a s tran g e  busy  signa l) and  

then  a ttem p ted  to get the ir  n u m b er from  the local (A m es, Iow a) in fo r

m ation  op era to r. She had no listing fo r any such  co m p an y .

S o , if  you w ere co n sid erin g  using  the ir  p ro d u c ts , I 'm -su re -g la d  you  read  

th is.
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