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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. 

FORTH DIMENSIONS I/6 Page 60 



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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