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W .  Moore and seve r  l a  so iates 
formed FORTH, Inc.  i n  1973 for t h e  
purpose of l i c e n s i n g  and s u p p o r t  of 
t h e  FORTH Opera t ing  System and Pro- 
gramming Language,  and  t o  s u p p l y  
a p p l i c a t i o n  programming to  meet 
customers unique requirements. 

The Forth In t e re s t  &oup is centered 
i n  W t h e r n  Cal i fornia ,  although our 
membership of 950 is world-wide. It 
was formed i n  1978 by FOKI'H programers 
to encolarage use of the language by t k  
interchange of ideas through seminars 
and publications. 

PUBLISHER'S COLUMN 

T h i s  is a special i s s u e  of FORTH 
DIMEIGIONS. It is the regular issue 
b u t  i t  is  a l so  v e r y  spec ia l .  I t  
includes the canplebe t e x t  of  Charles 
Moore's speech  a t  FORTH Convention, 
October 1979 ,  i n  San  F r a n c i s c o .  
The founder of FORTH h a s  g i v e n  u s  a 
h i s t o r i c a l  and f u t u r i s t i c  view of 
mm. Thank you, chuck! 

Farth I n t e r e s t  Woup 
P.O. Box 1105 
Sm C X l O S ,  CA 94070 

T h i s  i s s u e  completes Volume 1 of 
FORTH DIMENSIONS and what a way to 
f in i sh .  The largest i ssue  to d a t e  and 
t h e  compbte Char l e s  Moore article. 
IRok f o r  Volume 2, Number 1 soon. H 

HISTORICAL PERSPECTIVE 

Fby Maatens 
FOR!El was created by W .  Charles H. 

Moore i n  1969 a t  t h e  Na t iona l  Radio 
Astronomy Observatory, Char lo t tesv i l le ,  
VA. It was created ou t  of dissatis- 
f a c t i o n  w i t h  a v a i l a b l e  programming 
tools, e s p e c i a l l y  f o r  o b s e r v a t o r y  
autunation. 
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FORTH, The Last Ten Yearn and The Next Two Weeks ... 
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Charles H. Moore 
Chairman of  the  Board 

EDR!l'H, Inc. 

Thank you. You honor me j u s t  by 
b e i n g  here and b e i n g  so i n v o l v e d  
i n  s o m e t h i n g  t h a t  I n e v e r  r e a l l y  
expected would be this in t e re s t ing  to a 
group of people. I think way back i n  
the Dark Ages I had i n  mind maybe some 
day addres s ing  the  Ro ta r i ans  a b o u t  
EQFVH. This is a rather more select 
group. 

It turns  out t h a t  FIG'S estimate 
of t h i s  being the tenth birthday par ty  
for EYlRTIi is remarkably accurate.  By 
way of e x p l a n a t i o n ,  t h i s  is n o t  
intended to be a h is tory  of EYlKrH. For 
one reason, I do not have a very good 
memory for such e v e n t s  and I am n o t  
going to be par t i cu la r ly  accurate nor 
p a r t i c u l a r l y  complete -- I am j u s t  
going to g i v e  you my impression of 
wha t ' s  happened f o r  t e n  y e a r s .  I 
am no t  up w i t h  w h a t ' s  happening i n  
Europe or even in  San Francisco and I 
apo log ize  for t h a t ,  b u t  there never  
seems to be a need to delve into the  
h i s to ry  of FORTIi. There is a h i s to ry  
bu t  first I want to t a lk  a l i t t le  b i t  
about what EORTH is. This has been a 
subject of some speculation. 

ASPECTS 

Is Fowli an operating system? Is 
it a language? Is it a state of mind? 
I propose to  trace f i v e  t h r e a d s  of  
h i s to ry  through ten years. I am going 
to do it i n  such an order that i f  we 
c u t  off t h e  end nobody w i l l  care. 

The f i v e  aspects of FORTH are 
philosophy, language , implementations, 
computers, and organizations,  (meaning 
groups l i k e  FIG). I f  you t a l k  about 
FORTH, the language, you can t a l k  about  
some of these things and i f  you t a l k  

about EYX!I'H t h e  company you can t a l k  
about other things. T h i s  is a reason- 
able organization for what is r e a l l y  a 
txoadly based attack upon the  problems 
of society.  

When I was v e r y  young I d o n ' t  
think I would have l iked  m y s e l f  very 
much. I recol lect  b e i n g  r a t h e r  
arrogant - t h a t  is a l i t t l e  b i t  too 
strong -- I wanted to do things my way, 
I was not convinced t h a t  I should not  
be permitted to, and I think I w a s  a 
b i t  hard to get along w i t h .  Tha t ' s  a l l  
changed now. But  i n  particular I was 
i n s e c u r e .  I was promoting c e r t a i n  
ideas which everyone told m e  were wrong 
and that I thought were r i g h t .  B u t  i f  
I were r i g h t ,  then  a l l  those other 
people had to be wrong and there were a 
lot  mre of them than me. It took a 
lot of arrogance to prsist i n  the face 
of rather massive d i s in t e re s t .  

You may have noticed t h a t  FDKI'H is 
a polar iz ing concept. It is j u s t  l i k e  
r e l ig ion  or politics, there are people 
who love it and people who hate it and 
if you want to start an argument, j u s t  
=Y - "Boy, EOl'I'H is r e a l l y  a great 
language". 

I t h i n k  there were some of you 
around ten years ago who may be aware 
of tk problems t h a t  a programmer m u l d  
encounter. They are exact ly  the same 
problems t h a t  a pxgrammer encounters 
today! There has been no progress in 
t h e  so f tware  i n d u s t r y  f o r  t h e  l a s t  
twenty years. mis was apparent t en  
y e a r s  ago and  i t  was u n s e t t l i n g .  
It did not seem tha t  the  last thought 
had been "thunk" when FORTRAN was 
invented  and y e t  nobody seemed to 
q u e s t i o n  t h a t .  I t  was t h e  unspoken 
assumption t h a t  t h i n g s  are t h e  way 
t h e y  are  and t h e y  c a n n o t  become 
subs tan t i a l ly  d i f f e ren t .  

Speech a t  EYlR"H Convention, October 1979, San Francisco. CA. 
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Pt 1 I LQSOPHY 

L e t  me about ph i losophy  now. I 
was a free-lance programmer once upon a 
time ( 1 9 6 8 ) .  I went t o  work f o r  a 
carpet manufacturer and learned COBOL 
p a r t l y  out of f i n a n c i a l  necess i ty  and 
p a r t l y  w i t h  t h e  though t  " h e r e ' s  a 
language I don ' t  know - le t ' s  p ick  up 
one more". These p e o p l e  a c q u i r e  a 
graphics  system. I t  was an IBM 1130 
w i t h  a 2250 g r a p h i c  d i s p l a y  u n i t ,  a 
v e r y  n i c e  s t a t e - o f - t h e - a r t  o u t f i t ,  
expensive! Speculation was t h a t  t h i s  
would help u s  design carpets or maybe 
fu rn i tu re .  Nobody was r e a l l y  sure but. 
t h e y  wanted to t r y .  The 1130 was a 
very important computer. I t  had t h e  
f i r s t  ca r t r idge  d isk .  It also had a 
card  reader ,  a c a r d  p u n c h ,  a n d  a 
console typemiter. The backup f o r  the 
d i s k  was t h e  c a r d  punch! I d o n ' t  
th ink  I ever backed-up the d i s k  but  I 
do remember r e l o a d i n g  t h e  o p e r a t i n g  
system numerous times. 

The 1130 went away one day because 
without color it r e a l l y  wasn't  m r t h  
a n y t h i n g  for manufac tu r ing  carpets. 
They also had a Burroughs 5500 which 
was running ALCOL a t  a time when Azx33L 
was no t  popular. A very n ice  machine. 
They were programing i n  COBOL, which 
was the  first good COBOL. mese were 
progressive people and want to credit 
them -- Mohasco I n d u s t r i e s .  I p u t  
FORTH on  t h e  5500 -- t h i s  is f a i r l y  
unusual. It  was cross-compiled to the 
5500 from the  1130, s ince  there is no 
assembler on t h e  5500. There  is a 
d i a l e c t  of ALGOL c a l l e d  ESBOL t h a t  
Burroughs used t o  compile operating 
systems (it was no t  available to the 
users ) .  But I learned about push-down 
s t a c k s  from t h i s  machine and had a 
lot of  fun. I t  was th i rd - sh i f t  work 
because t h e  5500 was busy. It was 
replaced by a Univac 1108, so I imple- 
mented FORTH o n  t h e  1108. I t  con- 
t r o l l e d  the i n t e r a c t i o n s  of a bunch of 
COBOL modules which d i d  a l l  the real 
work. The 1108 was cancel led due to 
a n t i c i p a t e d  f i n a n c i a l  r e v e r s e s :  t h e  
programming staff  q u i t :  and I went to 
work for the National Radio Astroraamy 
Observatory (NFL40). 

&fore I l e f t  -- my l a s t  week -- I 
wrote a book. I t  was e n t i t l e d  program- 
ming a Problem Oriented Language and i t  
expressed my philosophy a t  the ti.ne. 
It is very amusing readiq. I t  also 
d e s c r i b e s  what was t h e n  FORTH. I t  
makes amusing reading because, unknown 
to anyone, I was expressing opinions,  
at t i tudes,  no t  designing a programming 
language. 

FoKlM f i r s t  appeared on t h a t  1130 
and it was called EOR'IW. I t  had a l l  
the e s s e n t i a l  characteristics of  FORTH 
and I w i l l  r e t u r n  to t h a t  po in t  later. 

F-0-R-T-H i s  a f i v e  l e t t e r  
abbreviat ion of "fourth," standing f o r  
fourth-generat ion computers. This  was 
the day, you may remember, of th i rd-  
generat ion canputers and I was going to 
leapfrog all of t h a t .  But EORTH ran 
on t h e  1 1 3 0  w h i c h  o n l y  p e r m i t t e d  
f ive-character i d e n t i f i e r s .  

The f i r s t  t h i n g  t h a t  was modern 
FORTH was the  Honeywell 316 pragram a t  
NRAO. I was h i r e d  by George Conant 
to  program a r a d i o  telescope d a t a  
a c q u i s i t i o n  program. I was g i v e n  a 
cunputer (to the envy of o ther  people 
who f e l t  t h e y  dese rved  i t ) .  I was 
t u r n e d  loose to d o  whatever  I cou ld  
w i t h  it, p rov ided  I came up w i t h  a 
Froduct. I j u s t  went o f f  and nobody 
r e a l l y  wanted or appreciated what they 
ended up w i t h .  

We developed a number of systems a t  
NRAO and encoun te red  t h e  i s s u e  of 
patent ing software. Programs cannot be 
p a t e n t e d :  ough t  n o t  to be p a t e n t e d :  
would be v e r y  e x p e n s i v e  to p a t e n t .  
NRAO h a s  a n  agreement  w i t h  Research 
Corporation, a canpany t h a t  tries to 
pull  from u n i v e r s i t i e s  6ome technology 
s p i n o f f s  t h a t  can  be used to  better 
mankind. (They p a t e n t  t h i n g s  f o r  
people who don ' t  how (01: care) how. ) 
FORTH seemed l i k e  s o m e t h i n g  t h a t  
perhaps should be patented, so we spent  
a year wr i t i ng  p.oposals, inves t iga t ing  
and g e t t i n g  l awyer s '  o p i n i o n s .  The 
conclusion was t h a t  maybe i t  could be 
p a t e n t e d ,  bu t  it would t a k e  Supreme 
Cour t  a c t i o n  to  d o  it. NR40 w a s n ' t  
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in te res ted .  As inventor,  I had f a l l -  
back r i g h t s  but I d i d n ' t  want to spend 
$10 ,000  e i t h e r ,  so FORTH was n o t  
p a t e n t e d .  T h i s  p r o b a b l y  was a good 
thing. I th ink  that i f  any software 
package would q u a l i f y  f o r  p a t e n t i n g  
FORTH would. I t  has no r e a l l y  innova- 
t i v e  ideas  i n  it, y e t  the package would 
not  otherwise have been put  together.  
I f  you apply t h i s  reasoning to hard- 
ware, hardware is patentable.  It is 
one o f  my d i s i l l u s i o n m e n t s  t h a t  t h e  
establishmenl r e fuses  to provide any 
e f f e c t i v e  p r o t e c t i o n  for s o f t w a r e .  
P r o b a b l y  i t  i s  t h e  l a c k  o f  v o c a l  
o b j e c t i o n  from w i t h i n  t h e  i n d u s t r y  
and t h e  w i l l i n g n e s s  to a c q u i e s c e ,  
knowing that today 's  software w i l l  be 
obsolete  i n  a year anyway. 

Given i n t e r e s t  from other astron- 
omers, a few be l ievers  formed EYlRTH, 
Inc. W e  developed miniMF?lTi (EYlRTH on 
miniccmputers) with the idea to have a 
programning tool. The f i r s t  important 
r e a l i z a t i o n  of  t h a t  tool came when we 
put  an LSI-11 and FoEiTH i n t o  a s u i t -  
case. I t h i n k  I became t h e  f i r s t  
m p u t e r - a i d e d  programer, i n  t h a t  I 
had my computer and took it around. I 
t a l k e d  to  my computer,  my computer 
ta lked to your computer and we could 
corranunicate much more e f f i c i e n t l y  than 
I could d i r e c t l y .  Using t h i s  tool we 
pu t  FORTH on many cunputers. My goal  
i n  a l l  of t h i s  was t o  make myself  a 
more p r o d u c t i v e  programmer. Before 
a l l  t h i s  s t a r t e d ,  I had f igured that 
i n  f o r t y  y e a r s  I could  write f o r t y  
programs a t  the rate I was going. That 
was it. Period! That was my des t iny  
b u t  I wanted to write more programs 
than tha t .  There were th ings  o u t  i n  
the world to be done and I wanted to 
do them. 

I t  has  taken a long t ime.  I still 
d o n ' t  have the m p u t e r  I want, but I ' m  
working a t  ten times t h a t  rate and I 
see other computer-aided programmers 
now. I am amazed that it should no t  
have been obv ious  t h a t  programmers 
had to be computer-aided. To expect 
the  pxqrarnrrter to dea l  with an  in t r in -  
s i c a l l y  unfr iendly machine on h i s  own 

is n o t  i n  keeping  w i t h  t h e  a t t i t u d e  
t h a t  w e  p reach  for o t h e r  peop le  t o  
follow. 

AS t ime  w n t  on it became apparent 
t h a t  FORTH is a n  a m p l i f i e r .  A g o d  
pccgramner can do a f a n t a s t i c  j ob  with 
FORTH; a bad programmer  c a n  d o  a 
d i sa s t rous  one. I have Seen very bad 
FORTH and have been unable to expla in  
to the autbr  why it was bad. There 
are c h a r a c t e r i s t i c s  o f  good FORTH: 
v e r y  s h o r t  d e f i n i t i o n s  and a l o t  of 
them. Bad FORTH is one d e f i n i t i o n  per 
block, b ig ,  long, dense. I t  is q u i t e  
apparent,  bu t  very hard to p o i n t  to an 
example of sanething that went awry or 
expla in  why or how. BASIC and F O R "  
me much less s e n s i t i v e  to the q u a l i t y  
of t h e  programmer. I was a g o o d  
E"RW programer. I f e l t  that I was 
d o i n g  t h e  b e s t  j o b  poss ib l e  w i t h  
FOKIRUJ and it wasn't  much better than 
w h a t  e v e r y o n e  e l s e  was d o i n g .  I 
indented th ings  a l i t t l e  more n ice ly ,  
maybe, and I declared some things t h a t  
everybody else l e f t  to g e t  declared by 
d e f a u l t .  What more c a n  you  do? 
I n  a s e n s e  I s a i d ,  " l e t  m e  d o  i t  
r i g h t .  Let m e  use a tool which I 
appreciate and i f  everyone c a n ' t  u s e  
t h i s  tool well, I a m  sor ry ,  b u t  t h a t  is 
not  my goal." In  t h a t  sense FORTH is 
an  e l i t i s t  language .  On t h e  o t h e r  
hand, I th ink  t h a t  FORTH is a language 
that a grade-school ch i ld  can l e a r n  to 
use q u i t e  e f f e c t i v e l y  i f  i t ' s  presented 
i n  the proper bi te-s ize  pieces ,  with 
the proper m t i v a  t ion.  

F i n a l l y ,  polyFORTH i s  a con-  
densation of everything we have learned 
i n  t h e  l a s t  t e n  y e a r s  o f  d e v e l o p i n g  
FORTH. I t h i n k  i t  i s  a v e r y  good 
package. I f o r e s e e  no fundamenta l  
changes i n  the design of the language 
e x c e p t  f o r  accommoda t ion  t o  t h e  
s t a n d a r d s  wh ich  a r e  becoming  i n -  
c r e a s i n g l y  i m p o r t a n t .  up u n t i l  
now t h e r e  h a s  b e e n  no r e a s o n  for  
standards.  There are i n t e r n a l  stan- 
dards  of FORTH, Inc.  i n t e r n a l  s tandards  
a t  K i t t  Peak for the  e f f ec t iveness  of 
the organizat ion,  but there has never 
been a demand f o r  p o r t a b i l i t y .  I n  
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f a c t  I know v e r y  few programs t h a t  
p o r t a b i l i t y  h a s  e v e r  been s e r i o u s l y  
attempted with. The time has c l e a r l y  
come to change t h a t .  

There  w i l l  be developments  i n  
other areas and one was brought home 
most fo rc ib ly  today. I t  may be t h a t  
FORTH is n o t  mere ly  a programming 
language. It  may be saying something 
much more important about c m u n i c a t i o n  - between people, between m p u t e r s ,  
between animals. This is s t a r t l i n g !  
It had never occurred to me t h a t  anyone 
w o u l d  r e a l l y  "speak FORTH" i n  a n  
attempt to c m u n i c a t e  with anything 
else t h a n  a computer; it is n o t  any 
longe r  clear t h a t  t h a t  is t h e  case. 
There may be concepts embodied i n  FORTH 
of g rea t e r  general  u t i l i t y  to the basic 
problem of  rxmnunication. 

Now i n  concluding the philosophy 
sec t ion ,  I would l i k e  to read a poem. 
This  is a poen t h a t  some of you have 
h e a r d .  I t  i s  a t r a n s l a t i o n  o f  a 
classic of English literature and it 
ges as follows: 

: SONG 
SIXPENCE ! 
BEGIN RYE @ FOCKET +! ?FULL END 
24 (2 Do BLACKBIRD I + @ PIE +! LCOP 
BAKE BEGIN ?OPENED END 
SING DAINTY-DISH K I N G  ! SURPRISE ; 

The authar is Ned Conklin, who is 
v e r y  good a t  t h a t  sort o f  t h i n g  and 
is the first FORTH poet. Is there a 
place for t h i s  i n  t h e  world o f  com- 
munica t ion?  I d o n ' t  know. I t  is 
remarkably easy  to come up with such 
p a r a p h r a s i n g  o f  j u s t  a b o u t  a n y t h i n g  
t h a t  you care to paraphrase. It's not 
c lear  t h a t  i t ' s  n o t  a n  e f f i c i e n t  
means of  cunnunication. 

L e t  me introduce two people s ince  
I h a v e  t o u c h e d  upon t h e  s u b j e c t .  
I t  is t e n  y e a r s  s i n c e  t h e r e  was one  
FORTH programmer. I would estimate 
t h a t  t h e r e  are now 1 ,000  FORTH pro- 

g rammers ,  wh ich  i s  2 t o  t h e  1 0 t h  
power and canes o u t  n i ce  and round -- a 
doubling time of one year.  Actually,  I 
t h i n k  t h e  doub l ing  time is s l i g h t l y  
sho r t e r  than t h a t  - 10 times i n  three 
years  and t h a t  canes out to 2,000 as 
some people would p r e f e r .  What w e  
conclude is t h a t  next year there  w i l l  
be t w i c e  as many pzogrammers; the year 
after t h a t  t w i c e  as many, and i f  you 
be l ieve  numerolqy these pro jec t ions  
are unarguable. There is a curve,  you 
e x t r a p o l a t e  t h e  c u r v e  and draw t h e  
conclusions. We d o n ' t  know how it is 
going to c m  about .  FORTH, Inc. c a n ' t  
t r a i n  t w i c e  as many people next year - 
w e l l ,  maybe w can. B u t ,  s o m e h o w  the  
FORTH community as a whole has  got to 
t r a i n  t w i c e  as many people next year 
and the rea f t e r .  Maybe the Apples ar4 
the  Radio Shacks me going to be the 
method of  accomplishing tha t .  It seems 
t h a t  capabilities cane along j u s t  about 
quickly enough to keep the exponential  
c u r v e  growing. I have f a i r l y  g r e a t  
confidence t h a t  1) the doubling time 
is a y e a r ,  and  2 )  i t  i s  g o i n g  t o  
con t inue .  Now t h e r e  is collateral 
evidence to support t h i s ,  i f  you plot 
t h e  number o f  FORTH sys t ems  or t h e  
d o l l a r  v a l u e  o f  FORTH s y s t e m s  or 
percent  pene t ra t ion  of markets. Each 
way, you g e t  a b o u t  t h e  same growth 
curve, so I think the  growth curve is 
honest. 

Ten y e a r s  a g o  t h e r e  was o n e  
FORTH programmer. The second FORTH 
programer is i n  the  audience; please 
meet E l i z a b e t h  Rather .  Now t h a t  is 
q u i t e  a quantum jump, fran one to two. 
The next step was four and they came 
o u t  of K i t t  Peak and the growth can be 
t r a c e d  from t h e r e ,  for a w h i l e ,  i f  
anyone cares to. . k t u a l l y  the f i r s t  
FORTH u s e r  is i n  t h e  aud ience  and 
that is Ned Conklin. He was head of 
t h e  s t a t i o n  a t  K i t t  Peak for NRAO, 
running the telescope, respons ib le  f o r  
canmitt ing h i s  telescope to t h i s  r i s k y  
venture.  I t  is an important telescope 
because it is responsibk f o r  half  of 
the i n t e r s t e l l a r  molecules discovered 
i n  the last t en  years. 
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Again ,  I d i d n ' t  e x a c t l y  a s k  
permission to corranit these people to 
t h i s  course of action. Nobody realized 
what t h e  consequences were going  to 
be. It doesn' t  seem to have worked out 
too badly. FORTH is still running on 
t h a t  telescope a t  K i t t  Peak and on a 
lot  of other telescopes. 

W A G E  

Now let 's  t a l k  about the language 
and how FORTH cam2 to  be what i t  is 
today. There is a pre-history which 
goes back much fur ther  than ten years 
and I have some s l i d e s  showing t h a t  
time. These are s t r i c t l y  pre-history 
-- I found an o l d  p i l e  o f  l i s t i n g s  
and I photographed them. The f i r s t  
component o f  FORTH to  occur was t h e  
in te rpre te r .  [Figure 11 This is an 
example  o f  a n  e a r l y  i n t e r p r e t e r  
progranned i n  .ALGOL. This was done a t  
Stanford Linear Accelerator Center back 
i n  t h e  e a r l y  s ix t i e s .  T h i s  is  a 
program which s t i l l  exis ts  and it 
is  c a l l e d  TRANSPORT. I t  d e s i g n s  
elecb m-beam t ransport  systems. Y o u  
see an  e a r l y  d i c t i o n a r y  t h e r e .  The 
word ATOM shows t h e  LISP i n f luence .  
A m 1  is an ind iv i s ib l e  e n t i t y ,  which we 
now call a ",mrd." Havinq read a word 
DRIFT from an i n p u t  c a r d ,  I would 
execute the d r i f t  rou t ine  and so on. 
I have looked through innumerable 
l i s t i n g s  and  found  t h i s  s t y l e  o f  
prgrannning q u i t e  cons is ten t  - it's 
t h e  way I wrote programs i n  t h o s e  
days. I had an input deck which got 
i n t e r p r e t e d  wi th  a s t r u c t u r e  p r e t t y  
much a s  you see i t  t o d a y :  words 
s e p a r a t e d  by spaces, no  p a r t i c u l a r  
l i m i t s  on the  length o f  the  words (as 
you c a n  see f rom S O L E N O I D ) ,  o n l y  
t h e  f i r  st c h a r a c t e r s  , however, were 
s igni f icant .  

PI- 1. 

Here is another  example, q u i t e  
s i m i l a r .  [Figure 2.1 Here ATOM has 
become W and I am looking up + and - 
and T, R, A and I - which represent  an 
e a r l y  version of our t e x t  ed i to r .  That 
again is . W L .  I am not canpletely 
clear what was being edi ted.  I think 
it was some kind of f i l e s  sort program, 
maybe on cards t h a t  were g e t t i n g  
printed or rearranged. 

FICURE 2. 
n o  CICLE; r i u  m r r  wm wmi:t.wmu~t: 

1 m 1 L E u J m r m ) - w  - 
2 IF W . 0 1 1  1M1( 1 6 R Y  ("Z 
3 ELSE IF N W J U C  THM L:+IINlW-l, ECF) 
4 ELSE IF M.t W L:*IN(LIWORD.LXF) 

6 ELSE I F  M7 7VD4 BffiIN 
7 IF URItC I 1 1 w  W : = l ;  W:+INlLtW-I. mF); 
8 AR L:-L m,P I W I L  W B E I N  
9 R I E m K N :  m: mu; L:=L-l m 

130 ELSE I F  LC.*P 7tD4 Bff iIN 
1 WITION: W E  EM) 
2 U S E  I F  *'A VlRd Bff iIN 
1 L:-m': -Blp+I;  REPUCE EM) 
4 U S E  I F  W-.I W W=.D 'Rw BOCIN 
5 I F N X  - R W B f f i I N  
6 rQxwr:=nuJE: R B I 1 N ) l u I W l  ao; 
7 UXITIaV; ( F W  **I -BOGIN 
8 W E :  EERLCE t?Q 

5 ELSE I P  W.'- mQ?4 L : a ( L - u R D . o )  

9 BEGIN - :=~JC;  I F  YRD leg a1 TUM BOGIN 
140 L:*rN(IW-l ,  Em);  SPKIEICARD, GLO*Il;  m:*L+l 

1 wwao 

Here is another way of s e t t i n g  up 
a d i c t i o n a r y .  [ F i g u r e  3.1 I am 
f i l l i n g  an a r ray  with s t r i n g s  of t e x t  
and I am going to search t h a t  a r r ay  f o r  
a match, take t h e  index and v e c t a r  
through a cmputed G13-TO. 

PIWRE 3. 

? VBCL LNIEFIWLI, BT-I, " 2 2 .  P N ,  ILLSW?, lEL?E, ERASE. 
8 SlWV. REPFATI. BXRUlUU1, S I N ? ,  w 2 .  QJITI, W L ,  R)RIRAN, 
9 -, MTA, F K K l ;  

2M) SUIlcn ~ : u o E p R ( E D ,  WtWARD1 T X T E Z ,  FINJ. ISLJIT, D3lETr. ER-E. 
1 -1. TYPEZ, FIID,  ISLSERT, EUXE, -, EEeuTI. B K K ,  
2 P C W M R Y I ,  BOCIN2, W Z .  QIITl, W L ,  m, W L ,  M T 4 ,  WKl; 
3 ALPHI m y  cclwNlll:321; 
4 FIUC-I*I  W m -  
5 -- . T  , 'F *, 'I -, -0 *, 'E -. 
6 %XlaplR:, .WE -, ZFINJ ', . I S E R T  ", 'OELFPE -, 'ERASE -. 
7 'smut *, REPUT -, *. '- *, . B E I N  *, - M U  -, 
8 :EXIT , * N m L  -, .PORRUN., . O L  -, 'MT4 -, "PACK *, 
9 .. - : - O j  PElllTN; CWY ('mITW3? U *ADY . I ;  

2 IF I+. -~IEN m QIITI; (D TJ %I-W(C~MND.W)+II; 

2so -IT; 
I B K K :  S X R E I I ) :  -1; 

Here is ano the r  way of  imple- 
menting the dictionary.  [Figure 4.1 
This is the f i r s t  appearance I have on 
r e c o r d  o f  a s t a c k .  I am looking  up 
the words i n  a condi t ional  statement 
and s e t t i n g  NEXT to t h e  index.  And 
t h a t ' s  t h e  f i r s t  appearance of NEXT 
which I can f ind.  FICURE 4. 

8 
9 

180 
1 
2 
3 
4 
5 
6 
7 
8 
9 

190 
I 
2 
I 
4 
5 
6 

__--- - 
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Here is the  other half  of tha t  -- 
t h i s  is the  implementation o f  t h e  
stack. [Figure 5.1 This  is a var ian t  
of ALCOL ca l led  R W L  t h a t  lets you 
pu t  assignment statements inside other 
statements. "Stack of J replaced by 
J-1" is how you push something onto the 
stack. One of my "less-liked" fea tures  
o f  ALGOL was t h a t  I had t o  p l a y  
games l i k e  "real of boolean of s tack  of 
J and boolean of  . . . I '  j u s t  i n  order to 
g e t  around the automatic typing t h a t  
AIxx>L was in s i s t i ng  that I apply. Now 
t h i s  was spec i f i ca l ly  intended to le t  
me manipulate  parameters t h a t  were 
i n t e r p r e t e d  from t h e  ca rd  deck as 
arguments to the rout ines .  In other 
words, i f  I wanted t h e  s i n e  of  an  
angle, I could say .9NGLE SINE but i f  I 
wanted to convert the angle from one 
un i t  to another, I needed a t  least some 
simple arithmetic operators  and t h i s  
p r o v i d e d  them. T h i s  i s  a g a i n  a t  
Stanford. Q1WR.E 5 .  

6 
7 BoMEA)( M F€LEVWT; BEGIN 

9 S:-l; 
21 0 .WKIJ:<+ll:-; 

I S P r K  [J:%l+ll :-P&XT; 
2 S P T K l J : c J - 1 I : ~ R F A L ~ S I I C X l J I ~ K I J * l l  I: 
J STKK lJ:%l-l I :-mLISTACX IJI GTR .9IWRlJ+11) i 
4 sT9cKlJ:<-lI : -RUIL(SWK IJ1 LS5 !TACXIJ+ll) ; 
5 
6 ~ l r K [ J : ~ - l l : - R F A L ~ e o 3 ~ ~ S T . ~ K l J l I  Aw BoDwNlsbcK(J+lIlll; 
7 

H x t = ~ : - i ;  m i o i : . i ;  m CXE sxr OF BEGIN 

.SP€K IJI : -RFAL(!QT 8 0 3 w " S T I C K l . J  I ) 1 ) i 

STKK (J : =J-1 1 : =nr'AL( 803W( STICK 1 J 1 ) M KDW( S R C K  [JIl I I ) 1 i 
P STCKfJ:<-l I : ~ K I J l + ~ l J + l l  i 
9 SI'lrKIJ:%l-ll :~KIJI-SIACKIJtl] ; 

220 
I SlKKIJ:<-11 :-KIJ l/sTAo(IJ+I I ; 
2 tXl  M I L  J LSS 0: 
1 ~ : . B ? x E A N ( S T I C K l O l l  IM); 
4 

SI'CX lJ:<-1 I : = s T T K  IJ I xSPW lJIl1: 

Now here is a PL/1 program doing 
ve ry  much t h e  same t h i n g  a t  a con- 
s iderably later date .  [Figure 6. ] A t  
t h e  top  you see J C L  (Job C o n t r o l  
Language) which was also not a pleasant  
t h i n g  t o  d e a l  w i t h .  One o f  t h e  
criticisms o f  programming languages  
t h a t  I mentioned i n  my book was that a 
programmer a t  a t y p i c a l  compute r  
center ,  i n  order to function, needed to 
know nineteen languages. This m e r e d  
wri t ing mtran programs, suhni t t ing  
c a r d  decks ,  etc. These languages  
were a l l  subt ly  d i f f e r e n t  with commas 
here and spaces the re  and equal signs 
meaning d i f f e r e n t  things - nineteen 
languages, j u s t  to function. Nobody 
a d v e r t i s e d  t h e  f a c t .  Nobody s a t  
down and took  a course i n  n i n e t e e n  
languages ,  but you had to  p i c k  them 

up i n  t h e  course of  s e v e r a l  weeks 
or s e v e r a l  months i n  o r d e r  t o  be 
e f f e c t i v e .  FORTH, I f i g u r e d  could 
replace a l l  of them. 

Here is NEXT: PROCEDURE CHARAC- 
TER. [F igure  7.1 I d o n ' t  remember 
tha t  syntax b u t  t ha t  I think i t  is the  
first d e f i n i t i o n  of NEXT as  a procedure 
t h a t  went of f  and got the next word and 
did something with it. This is still 
a l l  pre-FORTN. We haven't gotten to 
what I would consider the f i r s t  EORTH 
system. PI- 6 b 7 

I / ,rnILITY . x x n s m O V E R H m D  
2 N txr FeI-1mwDTE. P I R I - r w  
1 /firmm m SEWT-A 

m n m  4 / , & S I N  
5 ./ 
6 NEm: FlocawRE CMRCERI4); 
7 O E C W  KcYExnm STRFM INPUT, P R I m  SIRUn CUT- PRIW; 
B ntTW I 1  TF.xT ( E l l  INlTUL(1811' *), 

Am WE4ACfw. LNEL-00. sJncE-3,LIsw 

9 2 c(8 i )  LHARA~'~R(~), I m r r m ( r ' ~ , w  c i ~ w ~ m 1 4 1 ,  
10 
11 RMMIIc(II1; 
12 
13 
14 
15 Effie 00: NUWUII-.O"EI: 
16 IF -A* I2 C(I) rn u) I-l b l  BY 1 WlLE *A. L?, C ( I I  
17 W: ELSE: I=!tl; END; 
18 -: RLWw(W): 

WXW CHIIRKTER(32) MRYItG 845DDO.P.HIIERIC BITllll -8 

IF C ( I I = . - -  CR C ( l ) - - . .  CR -0' I& C(I1 Tw( BffiIN; NVCRIC.*l.B: 
I F  C ( I 1  NJb'.' 'IVW 00 I - I t l  BY 1 WILE Iy)' LI: C(II: EM: 
IF ci i )=*.-  vm m I-I+I BY 1 I*Iw '0' LF c(I); m: EK); 

ClIl-*-* 

H e r e  is a rather later version of  
FORTH ccded for  the IBM 360. [Figure 
8. J mOse are the rout ines  PUSH and 
POP. PUSH cost 15 microseconds on an 
IEM 360-50. It  includes s t ack  limit 
checking, which doubled the c s t  and 
was one of the things that led me to 
f e e l  t h a t  execution-time s tack checking 
was n o t  d e s i r a b l e  and i n  fact  not  
necessary. However, up to that point,  
t h e  consequences of a runaway s t a c k  
were t e r r i fy ing .  #)P is there also. 
It was coded i n  a macroassembler that 
d id  not have s tack operations. It was 
n o t  p o s s i b l e  to refer to a p r e v i o u s  
"anything" so the deck is f u l l  of "LJ9 
data mnstan ts ,  address, ALZ(*-LJ8)" 
to g i v e  me a r e l a t i v e  jump to t h e  
mevious one. I t  could all be done but - 
it wasn't pleasant.  

?Ram 8. 

830 Ll8 &2(*-Ll71 

832. n: &l!31,11 445550 ' 
813+ oc X'O 
Rl4* CRG 4 - 2 4  
83% D s a l  
836+ rn *+ 0+1 
HI?* oc u11011'40'*x'40'1.~~41 
830 Rlsn A SP.NWJR 00815 15 06 
839 ST T.O\.SPl 
640 CB SP&Q 
B41 B R  2,tsm m 
842 B I g R T  
843 L19 u: AL2l*-Llel 
844 CS ~(4I.X'4(OMSO',X'4O'.AU(O) lpcp 
M5 LA Sp.4l.Se1 
846 Pcp L T.4I.SP) COsFG 21 

848 847 
c LA SP, SP.4l.SPl SRX) 

049 m 1 2 .  lEm m m  
(IS0 B w a R T  

811 m l,X'*45551',0 yP 
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Here is a version of FDRlW coded 
in  03BOL. [Figure 9.1 This was done 
a t  MOhasco, of course. I am se t t i ng  up 
a t a b l e  o f  i d e n t i f i e d  words which 
1 am going to in te rpre t  from an input 
s t r ing .  9-e a t t i t ude  is so pervasive 
t h a t  I b e g i n  t o  t h i n k  t h a t  I was 
t a l k i n g  myself i n t o  something here. 
COBOL is f a i r l y  d i f f i c u l t  to  write 
s u b r o u t i n e s  f o r .  They have  sub-  
routines,  they can be performed, but 
they may not have any parameters. This 
makes i t  a l i t ' t l e  b i t  awkward to  do  
anything meaningful. 

F I W E  9. 

-1 m -COW1Qm&XxQF m IDLNRpI(4): 
z m TAW m m w s ) ;  

Here's the f i r s t  example of EOKI'H 
text. [Figure 10.1 This  came out  of 
S t a n f o r d  a g a i n .  The word DEFINE 
begins (that is,:) a def in i t ion  and the 
word END ( t h a t  is , ;)  ends  it. The 
"OPEN is obscure. "NAME seems to be 
t h e  way t h e  name was i n t r o d u c e d .  
Apprent ly  there did not have to be a 
space between the quote and the word. 
There are the def in i t ions  of a number 
of s tack operators. Top of the l i n e  is 

I guess  t h a t  is s u b t r a c t i o n .  SEAL 
was an e a r l y  word f o r  s e a l i n g  t h e  
dict ionary for  some reason. BREAK, I 
guess  broke t h e  seal. "< : OPEN 
DEFINE - < END ; is t h e  same 
d e f i n i t i o n  we  use today,  i n  a ve ry  
ea r ly  state. That was fran a thing I 
cal led "Base Two," intended to be some 
kind of base pogramning language - I 
c a n ' t  remember any more about  it. 

CODE - "OPEN DEFINE MINUS + END ; 

rmnu! 10. 
' - Y w m m I l e  nDm + Do 
SUL * < ' O P M D E F m  - <  Do- 

.< Wm mm .< m 
WDwmmm I Rm 
1J1Dwlermm .mAN)Km m 

- T l l ~ . R U L ~ ~  
*- TPMm1t-E W ;  L!UPT< . T>ORNJT IID 
'~wmmIIs: .Km Rm 
'i'wmrnm, > K m  m 
-1.mOEFW tm w 
*-taw "ow1 mm w e  10 *uRu WRmI 3 10 war, mnz 0 LING Ea 

wrwmmm n n a ~ +  m 

This is a version of. EORTH source 
for t h e  5500. [Figure 11.1 Again, 
very ea r ly  - the second canputer tha t  
Fo#IH was put on. Apparently # stands 

for CODE and t h e s e  are t h e  code 
d e f i n i t i o n s  of  t h e  stack o p e r a t i o n  
on a 5500. Now t h e  5500 is a s t a c k  
machine a t  a t i m e  when stack machines 
were not a t  a l l  popular. They d id  a 
very good job w i t h  their stack. All 
of these  were implemented wi th  one  
12-b i t  i n s t r u c t i o n  and t h e  p r e s e n t  
names of these operations are d i r e c t l y  
de r ived  from the  names of t h e  5500 
ope ra t ions .  T h a t ' s  where DUP came 
from, for instance. Notice tha t  the 
$OR was a way of  d i s t i n g u i s h i n g  t h e  
assemblers OR from the FORTH OR before 
vocabularies were available.  

FIGWE 11. 

LIST 
0 0 1  
ow2 
0003 
0004 
0 0 5  
0006 
0007 
0008 
0 0 9  
0 o A  
!NO8 
oooc 
OOOD 
000E 
MMF 
0010 
w11 

Here's an example of FIND coded fo r  
the 5500. [Figure 12.1 Notice that 
the wxd SCRAMBIE is referred to, which 
is a co lon -de f in i t i on  for doing a 
hashed search. Apparently here I had 
e i g h t  t h r e a d s ,  j u s t  a s  w e  p u t  i n  
polyFORT€l last year. These ideas go 
way, way back. This is FORTH a f t e r  the 
threshold was crossed, ten years ago, 
almost e x a c t l y .  One can become a 
l i t t le  b i t  depressed a t  the "tremen- 
dous" rate of progress i n  the last ten  
years when you see that it was a l l  back 
there. PI- 12. 

Here i s  a n o t h e r  e x a m p l e  of 
source. [Figure 13.1 This was from 
t h e  Univac  1108.  These  a re  v e r y  
ea r ly  record descriptions.  This is the 
layout of a record i n  a file with the 
name of t h e  f i e l d  and t h e  number o f  
bytes i n  the f i e l d .  That was t he  Dun & 
Bradstreet reference f i l e  for looking 
up bad debts. 
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This is the las t  slide. [Figure 
14.1 T h i s  is a modern FORTH s o u r c e  
from FORTH, Inc .  Vector a r i t h m e t i c  
coded f a r  the I n t e l  8086. CODE V+ with 
comments l i s t i n g  the arguments t h a t  are 
on t h e  s t a c k  w i t h  t h e  r e s u l t s  be ing  
obvious .  F a i r l y  n i c e l y  spaced o u t  
code. It j u s t  looks l i k e  good, c lean 
p u r e  FORTH i n s t e a d  of t h a t  other 
gibberish.  Not a t  a l l  cryptic, per- 
f e c t l y  obvious to the discerning reader 
and t h a t ' s  t h e  end o f  t h e  slides. 

FICURE 14.  

10 ( ~ c 0 ~ v . 1  ( Y X I I D )   RIP J R ) P  i m p  om 
11 3 IUUL 7 IDIV 0 PUSH 
1 2  l O l w  3INlJL. 7 I D I V  0 -  SXT 
13 
I4 
15 
CcPyRrmr -. IHC m. 1979 

L e t  me now sketch i n  time sequence 
t h e  o p e r a t i o n s  t h a t  were implied by 
some of those slides. The f i r s t  thing 
to  e x i s t  was the  t e x t  i n t e r p r e t e r  
reading punch cards. The next thing to 
e x i s t  was the  d a t a  stack w i t h  t h e  
m a n i p u l a t i o n s  of t h e  operators.  
Those took  place v e r y  e a r l y ,  around 
1960. 

Nothing s u b s t a n t i a l  then happened 
u n t i l  1968 and t h a t  was the 1130 and 
t h e  a b i l i t y  f o r  t h e  f i r s t  time to 
t o t a l l y  control the way the computer 
i n t e rac t ed  with the programner. This  
machine had the f i r s t  c o n s o l e  I had 
ever seen. I had always suhni t ted  card 
decks - now I had a typewriter. Do 
you know w h a t  I did? I submitted card 
decks. It took a long time to f igu re  
o u t  how to  u s e  t h e  k e y b o a r d  a n d  
whether or not the keyboard would do 
anything for me. I was very good at a 
keypunch and I r e a l l y  d i d n ' t  care i f  
there was a console or not. 

The  f i r s t  FORTH was coded i n  
FoEna4N. Very s h o r t l y  thereafter it 
was recoded i n  assembler. Very much 
later it was coded i n  FORTH. It took a 
long  t i m e  t o  f e e l  t h a t  FORTH was 
complete enough to  code i t s e l f .  'Ihe 
first  t h i n g  to be added t o  what had 
already ex is ted  was the r e t u r n  stack 
and I don ' t  remember why that was. I 
d o n ' t  remember why I d i d n ' t  j u s t  
p u t  t h e  r e t u r n  i n f o r m a t i o n  on  t h e  
parameter stack. I t  was an imprtant 
developnent to recognize that there had 
to be two stacks -- exac t ly  two stacks, 
no more, n o  less. 

The n e x t  t h i n g  to be added was 
even more h p r t a n t .  I don ' t  know i f  
you a p p r e c i a t e  i t  b u t  i t  was t h e  
i n v e n t i o n  of t h e  d i c t i o n a r y .  I n  
particular, the d ic t ionary  i n  the  form 
of a l inked list. In p a r t i c u l a r ,  the 
e x i s t e n c e  of t h e  code f i e l d  i n  t h e  
header. For control, up u n t i l  then, 
f l a g s  had been set ,  computed GO-TOs 
executed, some mechanism f o r  associa- 
t i n g  a s u b r o u t i n e  w i t h  a word. Now 
t h e  e x i s t e n c e  of t h e  a d d r e s s  of t h e  
rou t ine  (rather than an index to the 
r o u t i n e )  m d e  an incredibly f a s t  way of 
e x e c u t i n g  a word once it had been 
ident i f ied .  No other language has a 
code f ie ld  or anything resembling it'. 
NO other language  feels o b l i g e d  to  
q u i c k l y  implement t h e  code t h a t  t h e  
word i d e n t i f i e s .  You can go about it 
a t  your own precious time, but even i n  
these d a y s  i t  was i m p o r t a n t  t h a t  
"H be e f f i c i e n t .  The whole purpose 
of t h i s  system was to draw pictures on 
t h e  2250 d i s p l a y .  The 2250 was a 
s t and-a lone  minicomputer i n t e r f a c e d  
with the 1130. What came o u t  of the 
1130 was a c r o s s - a s s e m b l e r  wh ich  
assembled the in s t ruc t ions  which were 
t h e n  t o  be execu ted  by t h e  2250. I 
t h i n k  t h e  2250 had its own memory. 
Again, very sophis t ica ted  th ings  being 
done v e r y  e a r l y  i n  a v e r y  demanding 
environment. I B M  software, in 16K of 
memory, could draw pictures on the 2250 
f a i r l y  slowly. What I acmmplished i n  
4K would draw t h r e e - d h n s i o n a l  moving 
p i c t u r e s  on t h e  2250. But it c o u l d  
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o n l y  d o  t h a t  i f  e v e r y  c y c l e  were 
accoun ted  f o r  and i f  t h e  u tmos t  was 
squeezed o u t  -- t h a t ' s  why F O R "  had 
t o  go .  I c o u l d n ' t  d o  a n  i m p r e s s i v e  
enough job with FORTRW, an assembler 
was t h e  requirement.  

A t  t h i s  time c o l o n  d e f i n i t i o n s  
were no t  compiled - the  compiler came 
much later. The t e x t  was s to red  i n  the 
body o f  t h e  d e f i n i t i o n  and t h e  t e x t  
i n t e r p r e t e r  r e i n t e r p r e t e d  the  text i n  
o r d e r  t o  d i s c o v e r  what t o  do. T h i s  
kind of  con t r ad ic t s  t he  e f f i c i e n c y  of 
t h e  language but  I had big words t h a t  
p u t  up pictures and I d i d n ' t  have to 
i n t e r p r e t  too much. The c leverness  was 
l i m i t e d  to  s q u e e z i n g  out e x t r a n e o u s  
blanks as a compression medm and I am 
t o l d  t h a t  t h i s  is t h e  way that B.4SIC 
e x e c u t e s  t o d a y  i n  many i n s t a n c e s .  

This  machine had a d i s k  - I c a n ' t  
prove it but  I am almost c e r t a i n  t h a t  
t h e  word BLOCK e x i s t e d  i n  o r d e r  t o  
access r e c o r d s  o f f  t h e  d i s k .  I d o  
remember t h a t  I had to use the  F0RTR.W 
I /O package  and i t  wouldn'  t put t h e  
blocks where I wanted t h e m  -- it put  
the blocks where it wanted t h e m  and I 
had to p ick  them up and move t h e m  i n t o  
my b u f f e r s .  I t  h a d  a n  assembler 
f o r  a s sembl ing  1130 code, i t  had a 
t a r g e t  assembler f o r  assembling 2250 
code  and c l e a r l y  B-5500 code. The 
B-5500 program was taken f a r  enough to 
recompile itself. Beyond that there 
was no app l i ca t ion  because the re  was no 
way I was going to g e t  access to t h a t  
machine o u t s i d e  of t h e  t h i r d  s h i f t .  

T h i s  was t h e  t r a n s i t i o n  p o i n t  
between someth ing  t h a t  cou ld  n o t  be 
called EDRTH and something t h a t  could. 
-U1 the e s s e n t i a l  f e a t u r e s  except  the 
compiler were presen t  i n  1968. I t  took 
a long time for the  next  step. 

The, f i r s t  compiler occurred on the  
Honeywell 316 system a t  m40 s e v e r a l  
y e a r s  l a te r .  I t  r e s u l t e d  from t h e  
r ecogn i t ion  t h a t ,  rather than r e i n t e r -  
p r e t i n g  t e x t ,  t h e  w o r d s  c o u l d  be 
compiled and an average of f i v e  charac- 

ters per word c o u l d  be r e p l a c e d  by 
two bytes per word a t  a cunpression of 
a f a c t o r  o f  two or three. Execution 
speed would be v a s t l y  f a s t e r .  Again, 
i f  it was t h a t  easy ,  why hadn ' t  anyone 
else done t h a t ?  I t  took me a long time 
to conv ince  myself  t h a t  you c o u l d  
compile anything and everything.  The 
condi t iona l  expression,  f o r  ins tance ,  
had to  be compiled somehow. B e f o r e  
canp i l a t ion ,  i f  you caw to an I F  you 
could scan ahead i n  a t e x t  s t r i n g  u n t i l  
you came e i t h e r  to an ELSE or a THEN. 
HOW d id  you do an I F  i f  you were going 
to  compile t h i n g s ?  B u t ,  i t  worked! 
Again, I c a n ' t  remernber the  sequence. 

I t  may be t h a t  t h e  316 compi led  
the 360, but I th ink  the  360 compiled 
the 315. Again, i n  the  e a r l y  days of 
E"TH, the  idea  of of  today was t h e r e  
-- cross compiling, cross assembling 
between d i f f e r e n t  computers was there .  
I n t e r r u p t s  came a t  a b o u t  t h i s  time. I t  
was important to u t i l i z e  the  i n t e r r u p t  
c a p a b i l i t y  of the cunputer but i t  had 
n o t  been done by me b e f o r e  t h a t .  I 
d i d n ' t  know anything about i n t e r r u p t s ,  
b u t  1/0 was n o t  i n t e r r  upt-dr  i v e n .  
I n t e r r u p t s  were a v a i l a b l e  f o r  t h e  
app l i ca t ion  i f  it wanted t h e m .  FORTH 
didn  ' t bother.  

The multi-programer came along a 
couple o f  yea r s  later when we put  an  
i;rQxoved ve r s ion  of  t h e  system i n t o  the 
X i t t  Peak PDP-11. Th i s  multiprogrammer 
had four tasks .  Input  was still no t  
i n t e r r u p t - d r  i v e n ,  which was unfo r -  
tunat.2.  I n t e r r u p t - d r  i v e n  I /O  came 
a l o n g  when FORTH, I n c .  p roduced  its 
first multi-terminal system. I t  did 
no t  speed th ings  up p a r t i c u l a r l y .  If  
you c o u n t  c y c l e s  it was much more 
e f f i c i e n t ,  and it prevented any loss of 
characters when many people were typing 
a t  the same t ime .  FORTH d i d n ' t  have to 
l o o k  q u i c k l y  to g e t  e a c h  c h a r a c t e r  
before the next  one came along, as  they 
were a l l  buffered and wait ing.  

Data-base management came along a t  
t h i s  time. I t  h a s  been  e x t e n s i v e l y  
changed ,  j u s t  l i k e  FORTH h a s ,  b u t  
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fundamentally nothing has changed. The 
concept of f i l e s  and records and f i e l d s  
t h a t  I out l ined  t h i s  afternoon d a t e s  
back from 1974 or so. 

The f i r s t  t a r g e t  compilers came 
along later with microFORTH. They are 
very complex things,  much more so than 
I had expected them to be. 

I t h i n k  t h a t  c o m p l e t e s  t h e  
c a p a b i l i t i e s  t h a t  I think of as RXTH 
today and I think you can see how they 
d r i b b l e d  in .  A t  no  p o i n t  d i d  I s i t  
down to design a programning language. 
I solved the problems as they arose. 
When demands fo r  irnproved performance 
came a l o n g  I would s i t  and  w o r r y  
and come up wi th  a way o f  p r o v i d i n g  
improved performance. It  is not clear 
t h a t  t h e  process has  ended,  b u t  I 
th ink  it is clear that t h a t  process has 
now g o t  to be carried i n t o  the  hardware 
realm. 

HARDWARE 

I have des igned  some computers. 
This is expensive because I am supposed 
to be earning money by wr i t ing  sof t -  
w a r e .  I think t h a t  hardware today is 
i n  the  same shape as software was 20 
years  ago. No offense ,  bu t  it's time 
t h a t  t h e  h a r d w a r e  people l e a r n e d  
something about softwzre and there  is 
an order  or two magnitude improvement 
i n  performance possible  with e x i s t i n g  
technology. W e  do  no t  need pico-second 
computers to make subs t an t i a l ,  r e a l l y  
s u b s t a n t i a l ,  improvements i n  speed.  
And faced with t h a t  r e a l i z a t i o n ,  t he re  
is no poin t  i n  t ry ing  to optimize the 
s o f t w a r e  any  f u r t h e r  u n t i l  w e  have 
taken the  f i r s t  crack a t  the  hardware. 
The hardware redesign has g o t  to be as 
complete as the  software redesign was. 
The s t a n d a r d  microprocessors d i d  
not have FORTH i n  mind. Those mini- 
mpters  t h a t  can be m i c r o p c c g r d  
cannot be m i c r o p r o g r d  well enough 
to even be worth doing. The ixqxove- 
ments ava i l ab le  are much greater than 
you can achieve by these  ha l f  measures. 

IMPLET1E"ATIONS 

A l l  r i g h t ,  l e t ' s  s w i t c h  g e a r s  a 
l i t t l e  b i t .  I would l i k e  to t a l k  about 
the implementations of FORTH of which I 
am aware. I have touched on them 
a l r e a d y  b u t  I want to  r a t t l e  o f f  a 
s t r i n g  o f  CPUs which have come to 
mind j u s t  t o  d a z z l e  you w i t h  t h e  
c a p a b i l i t i e s .  It  is a c t u a l l y  a tour 
through the h i s t o r y  of computers and it 
is fasc ina t ing  t h a t  t h i s  could all have 
happened in  t en  years.  

FORTH h a s  b e e n  programmed i n  
FUtTR.4N and i n  ALcx>L and i n  PL/1 and i n  
COBOL and i n  assembler and i n  FlXJJi. I 
am sure some of  you can come up with 
other  languages with the  same his tory .  
I t  has been done on the IBM 1130, the 
B u r r o u g h s  5500,  t h e  U n i v a c  1 1 0 8 ,  
t h e  Honeywell 316, t h e  IBM 360, t h e  
Nova, the  HP 2100 (not by m e ,  but by 
Paul Sco t t  a t  K i t t  P e a k ) ,  the PDP-10 
and PDP-11 (by  Marty Ewing a t  C a l -  
Tech),  the PDP-11 (by FORTH Inc . ) ,  the  
V a r i a n  620 ,  t h e  Mod-Comp 11, t h e  
GA/SPC-16, t h e  Qx: 6400 (by K i t t  Peak), 
t h e  PDP-8, t h e  Computer Automation 
LSI-4, the  RC4 1802, the In te rda ta ,  the  
Motorola 6800, t h e  I n t e l  8080, The 
I n t e l  8086, the  TI 9900 ant! caning soon 
t h e  68000, t h e  28000, t h e  6803 -- I 
know you people have 6502s and Four  
Phase. (Audience: And Illiac!) I've 
ra i sed  the quest ion - is it the case 
t h a t  FORTH h a s  b e e n  p u t  on  e v e r y  
computer t h a t  e x i s t s ?  

COMPUTERS 

We speak now about FORTH ccmputers - there are EDRTH cffnpters. The f i r s t  
one I know of was b u i l t  a t  Jodrell Bank 
i n  Eng land  a r o u n d  1973 .  I t  i s  a 
redesign of  a Ferranti carq?uter t h a t  I 
t h i n k  went o u t  of p r o d u c t i o n .  They 
were going to bui ld  their own b i t - s l i ce  
vers ion and they discovered FORTH about 
the  same time, modified the  in s t ruc t ion  
set to  accommodate FORTH, and b u i l t  
what I am t o l d  is a v e r y  f a s t  FORTH 
computer.  I have never  s e e n  it. I 
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have t a l k e d  to its d e s i g n e r ,  John 
Davies, who is one of the e a r l y  EORTH 
en thus i a s t s  and eminently cunpetent to 
do t h i s .  

I n  1973 came Genera l  Logic and 
Dean Sanderson. The machine q u a l i f i e s  
as a FORTH computer because it has a 
FORTH ins t ruc t ion  set and there  is a 
s t o r y  there .  Dean showed m e  h i s  
i n s t r u c t i o n  s e t  and there was t h i s  
funny i n s t r u c t i o n  t h a t  I c o u l d n ' t  
see any reason for. I f igured it was 
some kind of no-op or catch-all because 
it  had t h e  w e i r d e s t  properties. I t  
couldn ' t  possibly 5e usefu l  - it was 
NEXT. I t  was a one-instruction NEXT - 
it was beaut i fu l .  And it was a very 
simple modification to the in s t ruc t ion  
set. A few wires here and there and 
t h a t  was the  f i r s t  time I saw a FORTH 
computer. Here was t h e  a b i l i t y  t o  
change an ordinary computer to make it 
i n t o  a FQRTH computer. 

- 

We have had some ideas about other 
s u c h  m o d i f i c a t i o n s  t h a t  c o u l d  be  
made e f fec t ive ly ,  but I don ' t  know t h a t  
any of them have been ca r r i ed  ou t .  I 
am to ld  t h a t  Cybek has g o t  its own 
machi-c now, b u i l t  by Eric Fry. These 
are rumurs that I ' m  j u s t  passing on. 
C h i l d ,  I n c .  does ras te r  g raph ic s  
systems. I am told they were working 
cn a FORTH mputer  t h a t  was supposed 
t o  be a v a i l a b l e  l a s t  F e b r u a r y  -- 
I haven't  heard. Again, I th ink  they 
are competent to do it and do  it well. 
A blindingly f a s t  FORTH cmputer  on a 
board, probably biased towards graphics 
appl ica t ions ,  raster graphics. 

I have b u i l t  a FORTH computer 
called BLUE. It's small. I t  has never 
execu ted  any FORTH y e t .  The d e s i g n  
changes as  f a s t  as t h e  chips  can  be 
plugged i n t o  the  board, but  it's not  
hard to do. 

What are the  c h a r a c t e r i s t i c s  of a 
FORTH m p u t e r ?  I t  does no t  need a lot 
of memory. 16K bytes is about r i g h t .  
Half PROM, ha l f  RAM, maybe. It does 
not need a lot  of 1/0 ports - it does 

not need any I/O ports except for the 
a p p l i c a t i o n  r e q u i r e m e n t s .  A ser ia l  
l i n e  is nice;  a disk port is nice.  W e  
have p u t  FORTH on an  8080 w i t h  d i s k  
replaced by enough core to  hold  8 
blocks. Quite v iab le ,  no p a r t i c u l a r  
problem w i t h  system crashes,  a somewhat 
protected e n v i r o m n t .  Bubble memries 
are caning, and Winchester d r ives  of 
course. We d o n ' t  n e e d  much mass 
memry, we only need on the order of 
100 to 250 blocks. The f a c t  t h a t  FORTH 
can e x i s t  q u i t e  happily on a very s.mll 
machine by contemporary s t a n d a r d s  
should be exploited. 

oRG4NI ZATION 

F i n a l l y ,  I w o u l d  l i k e  t o  r u n  
through the h i s to ry  of the organiza- 
t i o n s  which have been invo lved  w i t h  
FORTH. They form a n o t h e r  thread t o  
t h e  t a p e s t r y .  Mohasco, of course, 
and  t h e  N a t i o n a l  Radio Ast ronomy 
Observatory. They birthed it and they 
rejected it. Thats v e t t y  much why I 
am here today  i n s t e a d  of i n  Sou th  
.Wr ica pogramning telescopes.   hey 
had what we have learned to i d e n t i f y  as  
the N I H  Syndrome but i n  a weird mutated 
case because it - was invented there! It 
is their loss. You have perhaps read 
about the  VLA, a very large a r r ay  of 
a n t e n n a s  i n  N e w  Mex ico  -- a v e r y  
e x c i t i n g  project. Something t h a t  I 
r e a l l y  would have l i ked  to have pro- 
gramned. It wasn't i n  the cards (and 
t h e y  have software problems t o d a y ) .  
On t h e  o t h e r  hand, t h e r e  was K i t t  
Peak. Astronomers are a conservat ive 
lot. This may be surpr i s ing .  I th ink  
t h e y  are s u r p a s s e d  o n l y  by n u c l e a r  
phys i c i s t s  i n  being conservative.  we 
have been unable to scratch the nuclear 
physics f i e l d  here although I am told 
t h a t  CZRN is i n t e r e s t e d .  NRAO is a 
sister labora tory  to Brookhaven. One 
would th ink  t h a t  there would be scxne 
canmunication between t h e m  and there 
i s n ' t .  They are both managed by the  
same U n i v e r s i t y  A s s o c i a t i o n .  W e  
c o u l d n ' t  i n t e r e s t  Brookhaven and w e  
couldn ' t  i n t e r e s t  NR.W, but  we could 
i n t e r e s t  K i t t  Peak and Elizabeth Rather 
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is t h e  one who did it. She l iked  F'ORTH 
and talked a lot of other people i n t o  
l i k i n g  i t ,  too. K i t t  Peak adopted  
FORTH - gave it the  i m p e t u s  because 
K i t t  Peak  is t h e  show p l a c e  o f  t h e  
astronomy world. K i t t  Peak put  EORTH 
on a whole b a t c h  of Varians. It's fun 
because I remember Var i a n s  b reak ing  
down and s p a r e s  be ing  wheeled i n  -- 
there were 1 4  of them l ined  up i n  t h e  
h a l l .  R e l i a b i l i t y  through redundancy? 
Pipel ine a rch i tec ture?  A lot of other 
observa tor ies  picked it up. 

We were de luged  by requests f o r  
FORTH systems f r o m  astronomers and went 
i n t o  business to t r y  to exp lo i t  t h a t  
market. I t  is a market we would still 
be i n  today except t ha t  t he re  are so 
few new telescopes i n  the world, and 
you c a n ' t  s u p p o r t  a company on t h a t  
market. 

The formation o f  FORTH, Inc. was 
impor t an t  because I d o n ' t  t h i n k  w e  
would be here today if  it weren't for 
FORTH, Inc. We worked very hard to t r y  
t o  sel l  t h i s  t h i n g .  We d i d n ' t  know 
what w e  were g e t t i n g  in to ;  we were your 
classic naive, small business fo lk .  I 
caut ion any of you aga ins t  thinking it 
is easy  to go i n t o  business f o r  your- 
se l f .  I t  is f u n ,  b u t  t h e  a d v i c e  is 
t r u e  -- do not  go i n t o  an area where 
you must create t h e  demand f o r  your 
p roduc t .  But  t h a t  was t h e  l eas t  o f  
t h e  problems r e a l l y  t h a t  FORTH h a s  
faced. The n e x t  s t e p  was p robab ly  
DECUS. Marty Ewing gave h i s  PDP-11 
FORTH system to DECUS. I d i d n ' t  know 
if t h a t  was a good idea a t  the time - 
f r e e  FORTHs f l o a t i n g  a r o u n d .  I t  
w a s  i m p r t a n t  because a lot of people 
were exposed t o  FORTH who otherwise 
would n o t  have been. I imagine w e  
picked up a few sales through t h a t  
channel. Cybek came along. Cybek is 
probably the savior of FORTH, Inc., i n  
that it provided us  l u c r a t i v e  business 
a t  a t im where vie desperately needed 
it  t o  s t a y  a l i v e .  A r t  G r a v i n a ,  
the President  of Cybek is the  one t h a t  
des igned  ( i f  t h a t ' s  t h e  word) our 
data-base management system. W e  can 

a rgue  a b o u t  who d i d  what ,  b u t  A r t  
p rovided  t h e  o p p o r t u n i t y  t o  do com- 
mercial systems. H e  got a good dea l  
because he could hand le  10  times a s  
many t e r m i n a l s  as  he  cou ld  w i t h  t h e  
RGIC program that preceded FORTH; we 
learned everything we know about data 
base management from him. We also 
acquired our distaste f o r  commercial 
programing a t  tha t  time. I canmend 
those o f  you w h o  are involved i n  it. 
I f i n d  it much to  heavy i n  sys tem 
analysis f o r  my taste. You've got to 
go i n  there and tel l  the  businessman 
what he has to do, t a l k  him i n t o  it, 
and hold  h i s  hand a l l  th rough t h e  
process o f  i n s t a l l a t i o n .  I t  is a 
d i f f e r e n t  t a l e n t  from that of wr i t ing  
pograms. Don't underestimate the cost 
of support. 

I t h i n k  t h a t  is  abou t  t h e  t i m e  
t h a t  t h e  I n t e r n a t i o n a l  Astronomical  
Union met and ag reed  on FORTH as a 
standard language. That w a s  a boost i n  
t h e  w o r l d  of a s t r o n o m y  a l t h o u g h  
the world of astronomy was no longer 
the major dr iv ing  force  i n  the popu- 
l a r i t y  of FORTH. I t h i n k  EFUG came 
along about  that time -- t h i s  was '76 
or so -- t h e  European FORTH Users 
Gkoup. It  turned o:t, to our surplrise, 
t h a t  Europe was a hotbed of  FORTH 
a c t i v i t y  o f  which w e  were l a r g e l y  
unaware and perhaps r e a l l y  still are 
unaware, i n  t ha t  we are not i n v o l v d  i n  
that world and don ' t  q u i t e  appreciate 
t h e  l e v e l  of i n t e r e s t .  FST (FORTH 
S t a n d a r d s  Team) p robab ly  began i n  
EFUG's f i r s t  m e e t i n g s .  La ter ,  a 
couple of  years  ago, FIG was started 
and now w e  have FORllL (FORTH M o d i -  
f i c a t i o n  L a b o r a t o r y ) ,  which is a n  
idea -gene ra t ing  o r g a n i z a t i o n .  The 
tendency seems t o  be f o r  people to 
organize themselves i n t o  groups. Some 
of these groups are ccmpanies, some of 
these g roups  are  a s s o c i a t i o n s .  I t  
l o o k s  l i k e  FORTH i s  going  to be a 
communal a c t i v i t y  i n  t h e  s e n s e  o f  
unstructured c lus t e r ings  of l i k e  m i n d e d  
people. The suggestion is t h a t  t h i s  
whole world of FORTH is going  to  be 
q u i t e  d i s o r g a n i z e d ,  uncen t r  a1 i z e d  , 
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u n c o n t r o l l a b l e .  It 's n o t  bad,  i t 's  
perhaps good. 

copJcws1oN 
'Ib close on a phi losophical  note: 

power to t h e  people. T h i s  is t h e  
first language t h a t  has  come up from 
t h e  grassroots .  I t  is  t h e  f i r s t  
language t h a t  has been honed aga ins t  
t h e  r o c k  of e x p e r i e n c e  before be ing  
cast i n t o  bronze. I hesitate to say it 
is p e r f e c t .  I w i l l  s a y  t h a t  i f  you 
take any th ing  away from FORTH, t h e n  
it i s n ' t  FORTH any l o n g e r ,  t h a t  t h e  
basic components t h a t  we know are a l l  
e s s e n t i a l  to  t h e  v i a b i l i t y  o f  t he  
language.  I f  you d o n ' t  have mass 
memory, you 've got a problem and it 
c a n ' t  be waved away. I h e s i t a t e  to 
predic t .  I don ' t  know w h a t  is going to 
happen. I think my view of the f u t u r e  
is more unset t led ton ight  than it has 
been  f o r  y e a r s .  P r o m i s i n g ,  y e s ,  
c o n f u s i n g ,  and  p e r p l e x i n g .  The 
implications are perhaps as staggering 
now as they were t en  years ago. The 
promise of r e a l i z a t i o n  is much higher. 
This is ten  years  of WR!J!H. 

My o r i g i n a l  goa l  was to wr i te  more 
than 40 programs i n  my life. It think 
I have i n c r e a s e d  my throughput  by a 
fac tor  of 10. I don ' t  th ink  t h a t  that  
throughput is program-language 1 imited 
any longer,  so I have accomplished what 
I set out to do. I have a tool that is 
very e f f e c t i v e  i n  my hands - it seems 
that it is very e f f e c t i v e  i n  others' 
hands as well. I am h a m  and proud 
that this is true.  

I wish that the f u t u r e  smiles on 
you and a l l  of  your endeavors. 

( M r .  Moore's address concluded 
to an ex tended  s t a n d i n g  o v a t i o n . )  

DISCUSSION PERIOD 

Question: When d id  (BUILDS and DOES> 
come along? 

Mr. Mocze: That 's  a good quest ion -- 
;CODE cam first. I think i t  began way 
back i n  1130 days w i t h  the  notion tha t  
you cou ld  d e f i n e  a word t h a t  would 
def ine  other words. That was stagger- 
ing.  I c o u l d n ' t  grasp the  impl i ca -  
t i o n s .  ;CODE was a v e r y  esoteric 
wwd. I explained it to people F o u d l y  
but I couldn ' t  express the p t e n t i a l  I 
s a w  i n  it. I d i d n ' t  know what ;CODE 
should do. (It spec i f i ed  the  code to 
be executed fo r  a previously defined 
wnrd.) I don ' t  have it but I think the  
i n i t i a l  assembler code for ;CODE was 
three or four l i n e s  long. One of tbe 
d r i v i n g  forces behind t h e  a d d r e s s  
in t e rp re t e r  was making it possible to 
code ;CODE cleanly.  This  had a l l  kinds 
of implicat ions as  to what registers 
should be ava i lab le .  W should be savec? 
i n  a register instead of (pardon the  
e x p r e s s i o n )  d i rec t  t h r e a d e d  code 
recovered somewhere because tha t  was 
expensive. I had a lot  of trouble with 
;CODE. That was the most canplicated 
r o u t i n e  I had coded i n  t h i s  sys tems 
programming f a s h i o n .  N o t  so much 
later it seemed t h a t  there ought to be 
an  ana log  of ;CODE which specified 
t h e  code to be i n t e r p r e t e d  when you 
executed a word. It seemed the  na tu ra l  
balance, but I hadn't  the foggest idea 
of what the implementation should be. 
The f i r s t  d e f i n i t i o n s  of ;: required 
three or four l i n e s  of code. You had 
to do  what ;CODE d id  and then more and 
this couldn ' t  be explained to anyone. 
Ou t  of t h a t  g rew t h e  d i s t i n c t i o n  
b e t w e e n  c o m p i l e  t i m e  a c t i o n  and  
execute- t ime a c t i o n  and t h e  p r e s e n t  
form of CREATE and D O E S ?  This  was due 
to Dean Sanderson, again. It was very 
convenient for words to be coded to act 
t h i s  way, b u t  it was expens ive .  I t  
required not only the address of the 
code to be executed, but the address of 
t he  code to be in te rpre ted  as  well as 
t h e  parameter to be s u p p l i e d  to t h e  
code to be i n t e r p r e t e d .  Q u e s t i o n s  
included: should the parameter be put 
on the  stack or should t h e  address of 
t h a t  parameter be pu t  on  t h e  stack? 
S h o u l d  t h a t  p a r a m e t e r  be a t  t h e  
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beginning of the  parameter f i e l d  where 
it was a l i t t l e  b i t  awkward or one 
word i n ?  How I don ' t  know i f  you are 
aware of t h e  new DOES>? I t  now has  
f u l l  s y m t r y  with ;CODE. 

.Tigain, t h i s  grew o u t  o f  a clear 
perception of what the word is and what 
it does. I know of no way of speeding 
t h e  p rocess  from i n i t i a l  thought  to 
development excep t  to l e t  a c e r t a i n  
a m o u n t  of time p a s s .  We s a t  and 
d e b a t e d  t h i s  t h i n g  e n d l e s s l y  and 
missed  t h e  o b v i o u s .  The c u r r e n t  
i m p l e m e n t a t i o n  of DOES> d o e s  n o t  
require  the address of the  code to be 
i n t e r p r e t e d .  That  is supp l i ed  by a 
d i f f e ren t  mechanism and therefore the 
parameter can occupy t h e  parameter 
f i e ld  as it is supposed to. Therefore 
you can " t ick" it and change its value, 
which is wonderful,  excep t  t h a t  i t  
is  g o i n g  to  be i n  ROM and w o n ' t  
matter. W e  save two bytes per DOES> 
defini t ion.  'I'M bytes per word for  a 
very  common class of words and f o r  
three years w e  d idn ' t  r e a l i z e  t h a t  we 
had missed t h e  optimum by so much! 
Although t h i s  is proprietary to EOKl!€l, 
Inc., I am sure that given these clues 
a l l  of you w i l l  proceed to go of f  and 
invent the  new DOES>. Maybe t h a t ' s  the 
way things should be. 

Question: When you were i n  the Phil- 
osophy sect ion,  you s a i d  t h a t  you still 
don ' t  have the computer t h a t  you want 
and you sort of  a l l u d e d  to t h a t  a t  
various times. Can you tell u s  j u s t  
what axnputer you would l i k e  to have? 

Mr. Moare: W e l l ,  first and faremst it 
has to be reliable. I want an MTBF of 
t en  years. I see around me computers 
t h a t  f a i l  i n  s i x  months and t h a t  is 
preposterous. You do not g e t  an M!IBF 
of ten  years by taking t en  ccnrplters 
with an MTE3F of s i x  months and lining 
t h e m  up i n  parallel. I want a canplter 
that I can drop i n  the ocean and f i s h  
o u t  and it d o e s n ' t  care. I want a 
computer w i t h o u t  an on/off switch. I 
want it to be mall. By small I guess 
I mean I want it to f i t  i n  my pocket, I 

d o n ' t  r ea l ly  want i t  on my wrist. 
T h e s e  c o n s i d e r a t i o n s  have  conse-  
quences. I consider t ha t  a r e l i a b l e  
computer is o n e  w i t h  small  p a r t s  
count. The F o b a b i l i t y  of f a i l u r e  is 
proportional to the number of parts. 
So i f  you only have s i x  parts you can 
l a s t  maybe ten years -- I don ' t  know. 
I would l i k e  it to have voice input/ 
o u t p u t .  A t e rmina l  is accep tab le  
but t h i s  i s n ' t  small. Are you familiar 
w i th  t h e  Write-Hander? A very  n i c e  
input device which, i f  it's per fec t ly  
matched t x ~  your f ingers  and i f  you can 
t r a i n  your re f lexes  to  depress two keys 
a t  the same t i m e ,  is a good idea. I 
am a f r a i d  t h e  i m p l e m e n t a t i o n  is 
n o t  p e r f e c t .  I t  probably has  to be 
customized to your hands sanehow and 
even then it is only a s u b s t i t u t e  for  
vo ice  inpu t .  N o  power supply ,  o f  
course, it should run off  body heat. 

The p o t e n t i a l s  i n  t h e  f i e l d  of  
comnunication are enormous. I don ' t  
l i k e  telephones much. I speculate t h a t  
I would t a l k  on the telephone i f  there 
were a computer between me and it. I 
speculate t h a t  a personal canputer l i k e  
t h i s  could be an interface between an 
individual and society.  I f  I wanted a 
new d r ive r ' s  l icense I would te l l  my 
computer to g e t  me a new d r i v e r ' s  
l i c e n s e  and it would d e a l  w i th  t h e  
bureaucracy. 

Question: Can you develop a version of 
Fo#M t h a t  w i l l  be machine-independent? 

Mr. w e :  The premise is wrong. The 
equiva lence  of FORTH on d i f f e r e n t  
machines requires  m t i c u l o u s  a t t en t ion  
t o  t h e  c h a r a c t e r i s t i c s  of t h e s e  
machines. You m u s t  use a l l  the hard- 
ware capabilities of each machine and 
you m u s t  then work to f a r e  it i n t o  the 
mold specified by FORTH's v i r t u a l  
machine. 

The i n t e r n a l  c h a r a c t e r  is t ics 
of e v e r y  machine  can and must  be  
exploited. You do not need any par- 
ticular number of registers or stacks, 
as they can a l l  be simlated; but i f  
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you n e g l e c t  t h e  c a p a b i l i t y  of t h e  
machine, you can end up a f ac to r  of  two 
down from where you might otherwise be. 

Question: So f a r  I 've  heard you say  
that th inqs  can be done d i f f e r e n t l y  but 
I wanted -to hear what you had to say 
about the a rch i t ec tu re  of the processor 
i t se l f .  

Question: I would l i k e  to support that 
q u e s t i o n  w i t h  one more q u e s t i o n .  I 
have a custamer who ran  64 users on a 
5500 for ten years  and bought a VAX and 
can o n l y  r u n  16.  My q u e s t i o n  is -- 
which is progress and what is a s u i t -  
able a rch i t ec tu re  for  a FOR!l'H machine? 

Mr. Moore: If  you measure the s i z e  of  
those t w o  machines,  w e  cou ld  put 64  
users  on a VAX, no problem. The fact 
t h a t  he couldn ' t  is a condemnation of 
the software, not the hardware. 

The characteristics o f  a FORTH 
processor? I d o n ' t  want to g o  i n t o  
detail but I w i l l  say it is substan- 
t i a l l y  simpler than machines l i k e  the 
8086, 6800s,  simpler t h a n  t h e  8080, 
probably .  You d o n ' t  need much more 
than the a b i l i t y  to execute microcode. 
Very simple microcode w i l l  se rve  €or 
t h i s  v e r y  simple architecture and 
t h e  p e r f o r m a n c e  comes o u t  of t h e  
s impl ic i ty .  I f  you add complexity, you 
are going to decrease your r e l i a b i l i t y  
and i n c r e a s e  power consumption, a l l  
those bad things.  I would l i k e  to see 
some s t u d i e s  made of the tradeoffs. I 
would l i k e  to  know how compl ica ted  
E'ORTH is. Take FOIMWW. You cannot 
measure its complexity. You c a n ' t  say 
a FORTRAN program is 10 to the s i x t h  
power i n  mnplexi ty .  You c a n ' t  measure 
t h a t ,  you  c a n ' t  separa te  FORTRAN 
from t h e  o p e r a t i n g  sys tem,  from t h e  
f l o a t i n g - p o i n t  hardware.  You can I t 
determine how complicated a problem it 
is t h a t  t h a t  FORTRAN is t r y i n g  to 
s o l v e .  I f  w e  had a s t a n d a r d  FORTH 
implemented on a chip with enough RAM, 
PROM, and CPU and a l l  FORTH words on 
t h a t  chip,  we could measure the area o f  
t h a t  c h i p  and g e t  a measure of t h e  

d i f f i c u l t y  (J€ t h e  t a s k  t h a t  w e  were 
t r y i n g  to s l v e .  We could compare 
two implementa t ions  w i t h  d i f f e r e n t  
hardware/ software t radeoffs  based on 
the carnnon measure of the  a rea  it took 
to implement. I t h i n k  t h a t  would be a 
v e r y ,  v e r y  i n t e r e s t i n g  t h i n g  to do. 

There is a speculat ion t h a t  human 
h a i n s  have a great capaci ty ,  10 to the 
13th b i t s ,  some preposterous number. I 
suspect  t h a t  human bra ins  have a much 
smaller c a p a c i t y  t h a n  t h a t ,  on  t h e  
order  of 1 0  to the  9 th  b i t s  mayk. W e  
make up for  our bad memories by 
" f a k i n g  it" a l o t ;  people d o n ' t  
remember what happened ten  years ago. 
I recons t ruc t  what must have happened 
based on l i t t l e  clues t h a t  I pick up 
here and there. Those recons t ruc t ions  
are so accurate and so impossible to 
cont rad ic t  that we g e t  t h e  ingression 
t h a t  w e  can  remember a v e r y  great 
deal .  I suspect  t h a t  we can bui ld  a 
computer as  compl ica ted  as a human 
b r a i n  now and it won ' t  need to be 
powered by Niagara Fa l l s .  It w i l l  be a 
small  box. 

Quest ion:  Assuming someone were to  
design a FDm small micro-enqine of 
some- sort, how much f a s t e r  or more 
capable do you th ink  it would be Over 
t h e  p r e s e n t  implementa t ions?  J u s t  
assuming that someone has done that. 
No guesstimate? 

Mr. Moore: 
don ' t  you say  either, man. 

No, and I am not  saying and 

Ques t ion :  Can w e  assume t h a t  i t  is 
less than 100 and more than l? 

Mr. Moore: A subs t an t i a l  improvement. 
we've g o t  to have some edge. The rest 
of the  world is going to come up  and 
clobber us. 

Ques t ion :  You mentioned before t h e  
philosophy of seeking the least can- 
plicated so lu t ion  for a problem. Would 
you comment o n  s i m p l i c i t y  v e r s u s  
f l e x i b i l i t y  for a so lu t ion .  How do you 
judge ,  how d o  you make tradeoffs? 
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Mr. Moore: I f  you have a thing that 
does one t h i n g  w e l l  i t  is of n o  
i n t e r e s t  or value unless the  one thing 
t h a t  does w e l l  is FORTH. I have no 
idea. I t  never occurred to me to ask 
how you measure f l e x i b i l i t y .  

Q u e s t i o n :  C o u l d  you e x t r a p o l a t e  
present t rends  to the fu ture?  

Mr. More: I t h i n k  the  obvious extra- 
p o l a t i o n  is t e l e p a t h y .  T h a t  i n  20 
y e a r s  we w i l l  have t h e  f u n c t i o n a l  
equivalent of telepathy. I f  you want 
to t a l k  to anyone i n  the world you w i l l  
be ab le  to do so with minimal apparatus 
and you w i l l  ke able to t a l k  to t h e m  i n  
the sense of not intruding upon t h e m  as 
telephones do now, but r a the r  re lay ing  
messages fran your computer to their 
computer and holding vas t  dialogues i n  
the way computer mediated conferencing 
is being done today through terminals. 
T h i s  w i l l  be a v e r y  n a t u r a l  way of 
conduct ing  our  l i v e s .  I t  r e q u i r e s  
no th ing  i n  t h e  way of t e c h n o l o g i c a l  
breakthroughs  ! I t  merely wants  t h e  
implementation of o p t i c a l  camnunication 
l inks worldwide. 

I ' m  r e l u c t a n t  to  quo te  sc i ence -  
f i c t i o n  books,  b u t  t h e r e  was o n e  
r ecen t ly  dealing with the  f i r s t  manned 
Mars miss ion  and t h e  f a c t  t h a t  t h e  
United States came up w i t h  project 
management techniques of  an advanmd 
crder through the  use of canplters - 
and completely outstripped the rest of 
t h e  world. W e  ga ined  an  a scendan t  
pos i t i on  i n  the world and earned the 
hatred of the rest of the mr ld  far our 
super  ior i t y  , tr ied d e s p e r a t e l y  to 
export  technology and failed. The same 
thing can happen here. If we have a 
v e r y  t i g h t l y  i n t e g r a t e d  community 
i n  terms of  human r e s o u r c e s  and t h e  
rest of  the world is excluded, we are 
going to have one hellwa problem. I 
t h i n k  t h i s  w i l l  happen. I t h i n k  it 
w i l l  happen wi thou t  any deliberate 
planning, and I think it is going t;o 
cause  problems as great as t h o s e  we 
h a v e  t o d a y  b e t w e e n  t h e  h a v e s  and 

have-nots. B u t  it w i l l  probably also 
generate the solution. 

As to the twists that might occur, 
there are two wild speculations. One, 
t h a t  computers become i n t e l l i g e n t  or 
aware. Nobody has a clue as to what 
t h a t  means, b u t  it is conce ivab le .  
Two, t h a t  we  l e a r n  to r e c o r d  human 
p e r s o n a l i t i e s  i n  m a c h i n e s .  T h a t  
merely requi res  the abil i ty to detect 
and record t h e  r e q u i s i t e  volume of 
information which, as I say, I don ' t  
think is a l l  that great. 

Ques t ion :  I wonder i f  you care to  
mmnent about the p o s s i b i l i t y  of a new 
d i r ec t ion  of architecture having to do 
wi th  associative memory, which t h e  
txa in  seems to h e .  

Mr. W e :  I've s tudied  these associa- 
t ive memories: t he re  is such a c h i p  on 
the market. I 'd  l ike  to say they ought 
to be useful i n  implementing a KRTH 
canplter but, I ' m  a f r a i d  I'm stuck i n  
t h e  mold. When I f i r s t  encoun te red  
LISP I couldn't  mncleive of a language 
that d i d n ' t  have a store operator. How 
could you do anything i f  you couldn't 
store yoor r e s u l t s  sanewhere? I c a n ' t  
conceive of a pied of data t h a t  is its 
own label, if  you w i l l .  I am 90 used 
to thinking of data having addresses 
t h a t  my mind j u s t  d o e s n ' t  grasp t h e  
possibilities i f  they  don't. So, I ' m  
afraid I can't say any th ing  u s e f u l  
about associative memories. 

(The  evening c o n c l u d e d  w i t h  
an extended mation.) 
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INFORMATION 

Convention Transcriptions 

Aud io  tape t ranscr ip ts  o f  t h e  
FORTH Convention held i n  San Francisco, 
October, 1979 are a v a i l a b l e .  FIG 
member Jim Berkey reccrded the tech- 
nical sessions and the banquet speech 
by Charles m e .  

Our thanks to J i m  f o r  t h i s  s ign i f -  
i can t  contribution to FORTH his tory .  

T h e r e  are  f o u r  tapes and  t h e y  
may be ordered a t  $4.00 each, postpaid 
from: Audio Village,  PO Box 291, 
Bloomington, I A  47402. 

Tape 1 - B i l l  Ragsdale, Welcome and 
I n t r  od uc  t ions ; Standard  
Teams  Report;  General  
Announcements; Case State-  
ment Contest. 

Tape 2 - 

Tape 3 - 

Tape 4 - 

More S t a n d a r d s  T e a m  
Reports; FORML; Applica- 
tions o f  FORTH: Language 
concepts. 

C o n t i n u a t i o n  o f  Language 
Concepts; Technical Work- 
shop  w i t h  C h a r l e s  Moore. 

Banquet Speech by Charles 
Moore, "FORTH, The Last Ten 
Years a n d  The N e x t  Two 
Weeks." (Printed i n  t h i s  
issue of  FORTH DIMENSIOEJS. 1 

Manuals 

Here's an update of FORTH manuals 
c u r r e n t l y  i n  p r i n t  and commercial ly  
a v a i l a b e  i.e. n o t  par t  of l i c e n s e d  
material. 

... Using  FORTH, 1 9 7 9 ,  C a r o l y n  
€Wenberg and El izabeth Rather, 
160 pp, $25.00. Order from FIG 
or FORTH, Inc. ,  2309 P a c i f i c  
C o a s t  Highway, Hermosa Beach, CA 
90254. 

. . .microFORTHTM Pr imer , 2nd Edi- 
t i on ,  1978, 60 pp plus glossary.  
Order from FORTH, Inc. or Miller 
Microcomputing Services, 61 Lake 
Shore  Road, Na t i ck ,  MA 01760. 

... K i t t  Peak Primer, Feb. 1979, 
Richard S tevens ,  200 pp p l u s  
g l o s s a r y .  O r d e r  f rom FIG.  

... Introduction to STOIC, M a r .  1978, 
J o n a t h o n  S a c h s .  O r d e r  f r o m  
S t e p h e n  K .  B u r n s ,  MIT, R o o m  
20A-119, Cambridge, MA 02139 or 
Wink S e v i l l e  ( 7 1 4 )  452-0101. 

... C a l  Tech  FORTH Manual ,  J u n e  
1978, M.S. Ewing. Send $6.00 
t o  Cal Tech Books tore ,  1-51, 
C a l i f o r n i a  I n s t i t u t e  o f  Tech- 
n o l o g y ,  P a s a d e n a ,  CA 91125.  

...URTH T u t o r i a l ,  U n i v e r s i t y  of 
R o c h e s t e r .  Send $20.00 t o  
Sof tware  Ventures ,  53 .&vine 
He igh t s ,  Roches t e r ,  NY 14611. 

. . . ~ ~  Introduct ion Reprints,  38 
pp, summary and c o l l e c t i o n  of 
p u b l i s h e d  a n d  u n p u b l i s h e d  
a r t i c l e s  a b o u t  FORTH. Send 
$10.00 to John S. James, P.O. Box 
348, Berkeley, CA 94701. 

Knou anymare? Send us  your lists. 

---- 
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MEETING NOTICES 

EJORTHERN C.4LIFDRNI.4 

FIG Monthly meetings are held the 
four th  Saturday of each month a t  the 
Special Events  Room of t h e  L i b e r t y  
iiouse depar tment  store i n  Hayward. 
In fo rma l  lunch  a t  noon i n  t h e  store 
re s t au ran t ,  followed by the  1:00 p.m. 
m e e t i n g .  D i r e c t i o n s :  S o u t h l a n d  
Shopping Center  o f f  Highway 17 a t  
Winton Avenue in Hayward, CA. Third 
f loor  rear  of t h e  L i b e r t y  House .  
D a t e s :  3/22/80, 4 / 2 6 / 8 0 ,  e t c .  
All welcome. 

THREE NEW GROUPS 

FORTH O t t a w a  Group 
c/o W. Mitchell 
39 Rockfield Crescent 
Nepeah, O n t a r i o ,  K2E 5L6, 

FORTH UK Group 
c/o William H. Powell 
16 Vantor ts  Ftmd 
Sawbridgeworth, Herts 
cM21 9NB, ENGLAND 

M r .  Edward J. Murray 
Department of Canputer Science 
University of South Africa 
P.O. Box 392 

CANADA 

Pretoria 0001, Union of  Sout,, Africa 

Congratulations! Ikt us know what 
you're doing. 

People who want to organize local 
groups can write to FIG f o r  organiza- 
t i o n a l  a i d s  and names of other members 
i n  your areas. S ta r t  a group! 

MASSACHUSFITS 

Dick M i l l e r  of  M i l l e r  Microcmputer 
Services  announces m n t h l y  meetings of 
the  bW2OKlM Users Group. Meetings are 

on the t h i r d  Wednesday of the  month a t  
7:OO pn i n  Cochituate, Mass. C a l l  Dick 
a t  (617) 653-6136 f o r  the site and more 
information. 

Inc identa l ly ,  Dick o f f e r s  a TRS-80 
FORTH System and Z80 and 8080 assem- 
bler, da t a  base manager and f loa t ing  
poin t  math extensions.  Enthus ias t ic  
cunments have been received. 

FORTH DAY AT WC 

Tuesday, May 20, is FORTH DAY a t  
the PERSONAL COMWTING FESTIVAL a t  the 
National Canputer Conference which is 
be ing  h e l d  a t  t h e  DISNEYLqND HOTEL, 
-4NAHEIM, CA on May 19-22. FIC members 
wishing  to b reak  o u t  t h e i r  p o r t a b l e  
soapbox are i n v i t e d  to participate.  
Speakers may address the audience on  
any FORTH r e l a t e d  topic ur may be part 
o f  a panel discussion. FIG w i l l  have 
a table i n  the e x h i b i t  area f o r  dis-  
t r i b u t i o n  of FIG l i t e r a t u r e  and  
individual  discussions.  Figgers with 
runn ing  FORTH sys tems w i t h  a good 
demons t r a t ion  package may show off 
their e f f o r t s  a t  the exhib i t ion  area. 
Members w i t h  a paper may p r e s e n t  it 
a n d  h a v e  it become a pa r t  o f  t h e  
proceedings .  FIG has committed to  
t h i s  e f f o r t  o n  a s h o r t  d e a d l i n e .  
Those wish ing  to participate shou ld  
c o n t a c t  J i m  F lornoy ( 4 1 5 )  471-1762 
inmediately. There will also be a FIG 
meeting a t  the show. 
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FIG DOINGS 
seven vendors t a l k  and answer quest ions 
about m m  systems. 

FIFTH CCt4PWl'ER FAIRE 

Lmk for FIG a t  the  F i f th  West Coast 
Canputer Faire! We'll be a t  Booth 1028 
i n  Brooks Hall, San F r a n c i s c o  ( t h e  
lower e x h i b i t  area), on March 14-16. 
We'll also have a Users Group Meeting 
on Saturday. -911 FIG Publ icat ions w i l l  
be avai lab le .  This w i l l  be an idea l  
time to s ign  up f o r  EORTH DIMENSIOFSI 
volume 11. 

The Boo th  and  m e e t i n g  s i t e  are  
through the generous considerat ion of 
Jim Warren and the F a k e  management. 
Thanks again! 

FIG MEMBER PAeER 

Joel Shprentz of the Software Farm, 
Reston, VA, w i l l  present  a paper a t  the  
F i f t h  Canputer Fake e n t i t l e d  "Solving 
the Shooting Stars Puzzle". Joel sells 
TRS-80 tiny-FOR!CH and f ea tu res  a EOFU'H 
so lu t ion  to this network problem, using 
a modification of  Dijkstra's algorithm 
f o r  the s h o r t e s t  path problem. 

OLD NEWS BUT INIXRESTING 

The West Coast Computer F a i r e  is 
one  o f  t h e  best p e r s o n a l  computing 
c o n f e r e n c e s  and e x h i b i t i o n s .  The 
Fourth canplter F a k e  was held i n  San 
Francisco on May 11-13, 1979 wi th  more 
than 14,000 people attending. 

FIG had a booth where it released 
t h e  first of t h e  p u b l i c  domain f ig-  
FORTH i m p l e m e n t a t i o n s .  F I G  a l so  
sponsored  a FORTH Users Meeting a t  
which about 100 people attended to hem 

A four hour technica l  sess ion  was 
a l so  h e l d  on  t h e  top ics  of FORTH 
introduct ion,  Extens ib i l i ty ,  Standards, 
FIG i m p l e m e n t a t i o n ,  poly-FORTH, 
multi-tasking i n  URTH, and ARPS. The 
conference p m e d i n g s  are available 
for $14.78 from Computer Faire, 333 
Swett Faad, Woodside, CA 94062. 

Em0PEW.l MEETINGS 

Promptly after the  Fourth West C o a s t  
Canputer Fake, severa l  FIG members, 
i n c l u d i n g  K i m  Harris, B i l l  and Anne 
Ragsdale ,  John James and John Bum- 
garner ,  sallied f o r t h  (sic) to Amster- 
dam f o r  t h e  annua l  European FORTH 
User's Group Meeting, May 1979. 

The meeting was held a t  the  State 
U n i v e r s i t y  a t  U t r e c h t ,  u n d e r  t h e  
h o s p i t a l i t y  of Dr. Hans Nieuwenhuizen. 
In  addi t ion  to papers fran FIG members 
t h a t  were also F e s e n t e d  a t  the Can- 
puter  Fake, there were s t a t u s  reports 
on s t a n d a r d s  e f f o r t s  and r e v i e w s  of 
European developnents. 

The n e x t  meet ing  is planned  for 
Nancy,  F r a n c e ,  hos t ed  by TECNA. 
Inc identa l ly ,  TEcN9 is one of the most 
techn ica l ly  progressive f i rms  i n  using 
FORTH as a base for a v a r i e t y  of 
ope rak ing  sys t ems  and a p p l i c a t i o n  
d i a l e c t s .  

REVIEW BY KIM HARRIS 

During t h e  European User's Group 
Meeting a t  Utrecht ,  it was exc i t i ng  to 
meet o t h e r  FORTH u s e r s  and l e a r n  of 
their a c t i v i t i e s .  Attendees shared the 
results of projects including improved 
user s e c u r i t y ,  a n  i n n o v a t i v e  f i l e  
system, a m i c r o c o d e d  FORTH i n t e r p r e t e r ,  
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and t h e  ex tens ion  of WRTH to  new 
languages. This l a s t  topic i l l u s t r a t ed  
a powerful use of EVRTH. A translator 
was w r i t t e n  i n  FORTH which  converted 
a c o m p l e t e l y  d i f f e r e n t  computer  
language in to  FORTH source which was 
subsequently compiled and interpreted. 
The new language was designed t o  be 
readable by bank managers i n  France (it 
resembles French COBOL). But t h i s  
language can be eas i ly  controlled and 
expanded because the FORTH t rans la tor  
is smal l ,  s t r u c t u r e d  and i t s e l f  
ex  tens ib l e  . 

W e  a l s o  m e t  some U n i v e r s i t y  of 
Otrecht students who have done a lot 
w i t h  FORTH on an Apple 11. They added 
f loat ing point software to FORTH and 
wrote some excel lent  high resolut ion 
graphic words. We were shown a timing 
benchmark of 500 f loat ing point addi- 
t i o n s  using t h e  same f l o a t i n g  p o i n t  
software but  called from FORTH or 
microsof t BASIC. 

European EVRTH users are very active 
i n  experiments  f o r  improving FORTH. 
FIG members were pleased to meet some 
of  them and w e  a l l  look forward to  
s h a r i n g  p a s t ,  p r e s e n t  and f u t u r e  
developnents. 

W n t y  seven people, canprising the 
1979 Standards Team, met a t  Avalon, CA 
( C a t a l i n a  I s l a n d ) ,  October 14-18, 
1979. The scope of  t h e i r  work has  
s i g n i f i c a n t l y  expanded! FORTH-77 
and FORTH-78 were p r i m a r i l y  s t an -  
dardized g lossar ies  for  carmon pogram 
expression. FOWIH-79 has been extended 
to a s s u r e  ( h o p e f u l l y )  program port- 
a b i l i t y .  The g l o s s a r y  n o t a t i o n  has  
been improved, d e f i n i t i o n s  of terms 
added, English vocalization specified 
for symbols, r u l e s  of usage added and 
address space specified.  

The i n t e n t  of FORTH-79 is for a 
cOrmDn form for publication and inter-  
change of EWTH pmgrams. The steps 
before release include a f i n a l  wch- 
nical  Referee review and a mail vote 
o f  t h e  S tandards  Team. Watch FORTH 
DIMENSIONS f o r  t h e  a v a i l a b i l i t y  
announcement. 

FORTH co"T1m 
On October 20, 1979, FIG sponsored a 

one day m v e n t i o n  i n  San Francisco. 
Th i s  d a t e  allowed European members 
a t t e n d i n g  t h e  Computer F a i r e  t o  
a t t end .  I n  a l l  t h e r e  were 255 at- 
t e n d e e s  w i th  110  a t  a d i n n e r  for 
Char les  Moore's "Tenth Bi r thday  of 
FORTH". T e c h n i c a l  m e e t i n g s  were 
he ld  and J i m  Berkey has  tape t r an -  
scripts. $16.00 for  4 tapes. Audio 
V i l l a g e ,  P. 0. Box 291, Bloomingtxn, IA 
47402. 

The f irst  m e e t i n g  of t h e  FORTH 
Modification Laboratory (FOWL) was 
he ld  a t  Imperial College, Iondon, 
January 8-10, 1980. Representatives of 
both the Ewopean Users &oup and 
FIG attended. 

!I¶IE! part ic ipants  ident i f ied cate- 
gories of limitations and approaches 
toward solutions. Detailed work is to 
be done by individuals w i t h  progress 
reports to  t h e  team. Topic areas 
i n c l u d e d  : V i r t u a l  FORTH Machine , 
conclrrency, lanaguage , cclrrectnesa, 
documentation, f i l e  system, 1/0 and 
programning methcdology. 

Contact Kim H a r r i s  or Jon Spencer 
through FIG for further information. 
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