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=HISTORiCAi PERSPECTIVE = 

FORTH was created by Mr. Charles H. Moore in 
1969 at the National Radio Astronomy Observa- 
tory, Charlottesville. VA.. It was created out af 
dissatisfaction with available programming toois, 
especially for observatory automation. 

Mr. Moore and several associates formed 
FORTH, Inc. in 1973 for the purpose of licensing 
and support of tha FORTH Operating System and 
Programming Language, and to supply applica- 
tion programming to meet customers’ uniqm 
requirements. 

The Forth Interest Group iscentered in Northern 
California, although our membership of 1100 is 
world-wide. It was formed in 1978 by FORlH 
programmars to encourage use of the language by 
the interchange of ideas through seminars and 
publications. 

PUBLISHER’S COLUMN = 

Summer IS here Lazy days should abound but 
not at FIG and FORTH DIMENSIONS Individuals 
and groups are working hara on Standards and 
Cases Soon there will be announcements and 
printing of these efforts In fact, i f  everything works 
out right, the next issue of FORTH DIMENSIONS 
will be the big one that everyone has been waiting 
for (have you renewed your subscription and 
membership?) This doesn’t mean that we aren’t 
eager for more articles and letters from members, 
send them. More issues are in the works 

Now that we have a few issues of the new looking 
FORTH DIMENSIONS under our belt. we’d like to 
have your suggestions about improvements and 
additional information Do you want more tech- 
nical material? More beginning input? More new 
product information? More77777 Let us know 
Remember your inputs are what make FORTH 
31MENSIONS 

Have a nice summer Renew i f  you haven’t 
already. 

Roy Martens 

LYONS’ DEN 

While listening to rhe tapes cf the FORTH 
Convention (available from Audio Village, P.O. 
Box 291, Bloomington, I A  47402, $16.00 tor four 
tapes) I noticed puzzlement over how to com- 
municate concisely the nature of FORTH, that rs, 
what single term-operating system, compiler, 
interpreter-indentifies the  class to which i! 
belongs. How about referring 0.0 FORTH 2s a Meta 
Interpreter-a program for generating an inter- 
preter (the application) !o provide an interactive 
tool for solving applicatior, specific problems 
(sometimes referred to as JOL’s, job-orientea- 
languages)? Other members ci!his class Ere LISP 
and an obscure IBM system called PLAni, as well 
as APL. FORTH has unique features distinauish- 
ing it from other members of this class, being more 
optimized for arithmetic than LISP, for example. 
and being more compact and bower level than APL. 
Also, its implementatiix is more iike LISF t h m  
APL. 

Continued on pQ. 3 
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TEMPORAL ASPECTS OF THE 
FORTH LANGUAGE 

A BEGINNER'S STUMBLING BJXCK 

John M. Derick 
Linda  A. Baker 
P.O. Box 553 

m u n t a i n  V i e w ,  CA 94042 

Novice FofzTH programmers who have 
had p r e v i o u s  e x p e r i e n c e  w i t h  o t h e r ,  
mre t r a d i t i o n a l ,  programing languages 
almst invar iab ly  become mnfused when 
first deal ing with FOKTH. A f i r s t  time 
u s e r  s i t t i n g  down a t  a FOKI'H terminal 
soon no t i ces  what seem to  be time-based 
inconsis tencies .  That is, t h e  language 
seem to require t h a t  th ings  be done i n  
the  wrong order  or that t h e  language 
i t s e l f  does th ings  Out of time order .  
The nov ice ,  s t r i v i n g  t o  unde r s t and  
t h e s e  s u p p o s e d  " i n c o n s i . s t e n c i e s "  
detects time as a note o f  conarPnality 
and the re fo re  lumps them a l l  toge ther  
as one oddi ty ,  while i n  a c t u a l i t y  t h e r e  
are t h r e e  separate areas of d i f f i c u l t y .  

The  i n t e r e s t i n g  p i n t  o f  t h i s  is 
tha t  the cause of t h i s  confusion is so 
elementary t h a t  once t h e  problems are 
unde r s tood ,  it is d i f f i c u l t  t o  look  
back and p i n p o i n t  why t h e  c o n f u s i o n  
arose i n  t h e  f i r s t  place. This  is why 
t hese  elementary problem areas are no t  
s t r e s sed  i n  mst e x i s t i n g  FORTH litera- 
ture and are j u s t  assumed to be part of 
t h e  longer  than  normal learn ing  curve 
associated with EUU'H. Making it clear 
i n  t h e  neophyte's mind t h a t  t h e r e  are 
t h r e e  separate, b u t  related, factor 
shortens t h i s  learn ing  curve. 

L e t  u s  examine what s i t u a t i o n s  cause 
t h i s  confusion. 

S i t t i n g  a t  a FORTH t e r m i n a l ,  you 
e n t e r  a FORTH word, h i t  a carriage 
r e t u r n  and t h e  word executes. Other 
times, though,  you e n t e r  a l i n e  of 
FC"H words ( including the One you j u s t  
execu ted  p r e v i o u s l y ) ,  h i t  carriage 

r e t u r n  and nothing executes.  But  when 
used later on t h i s  same word executes! 
As you learn mre, you discover  t h a t  i n  
o r d e r  to  pe r fo rm some f u n c t i o n s  you 
must a c t u a l l y  a l te r  t h e  t r a d i t i o n a l  
time sequence of programming and modify 
FQRTH's compiler a f t e r  it already w r k s  
and is ebugged. Then, to add even mre 
confusion, you f ind  t h a t  some wrds, 
when a d d e d  t o  t h e  compiler, w i l l  
execute  d i f f e r e n t  parts of t h a t  same 
word a t  d i f f e r e n t  times. O r ,  when you 
edit a Forrm program, save it on d i s k  
and then compile it; some parts compile 
as  expec ted  b u t  o t h e r  words execute 
i d i  at e l y  . 

To an experienced FOKI'H programmer 
it is q u i t e  obv ious  t h a t  t h e r e  are 
a c t u a l l y  t h r e e  separate (bu t  releated) 
aspects of FOEFH represented i n  t h i s  
example. To a beginner a l l  of these  
a t t r i b u t e s  are lumped t o g e t h e r  i n  
one  t a n g l e d  q u e s t i o n  of  "who's on ~ 

f i r s t ? ? ? ? "  a n d  "when d i d  h e  g e t  
there????" 

With t h e  e x c e p t i o n  o f  d i f f e r e n t  
parts of a word executing a t  d i f f e r e n t  
times, these  are very t r i v i a l  problems 
to an experienced FOKI'H programmer. To 
t h e  b e g i n n e r  t h e y  are t o t a l l y  new 
concepts t h a t  must be sorted ou t  and 
grasped-even  though once understood 
t h e y  r e a l l y  are t r i v i a l  concep t s .  

kt us f i r s t  address t h e  mst basic 
of these  three time related stumbling 
blocks; t h a t  o f  modifying t h e  compiler. 

Before we m n t i n u e  it is important 
to p o i n t  o u t  t h a t  t h e r e  are s e v e r a l  
steps (one may almst say  laws) t h a t  
a lways  must be fo l lowed  to  g e n e r a t e  
object ccde f r a n  source oode. Tradi- 
t i o n a l  programning languages t ake  these  
steps i n  a s t r a i g h t  l i n e  one-pass  
manner. FOKIW also t akes  these  same 
s teps  ( i . e . ,  a compiler h a s  b e e n  
w r i t t e n  and installed). The d i f f e r e n c e  
w i t h  FOKIW haever, is t h a t  t h e  act of  
wr i t ing  the canpiler is no t  intended to 
be a one-pass step. Instead it is a 
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recurs ive  procedure where t h e  mp i l e r  
is cons tan t ly  m d i f i e d  and tailored to 
t h e  users needs over and over again. 
T h i s  a l ters  the  t i m e  sequence of th ings  
and is a s l i g h t l y  shocking concept but 
t h e  basic ru l e s  a re  s t i l l  t h e  same. 

I n  t r a d i t i o n a l  l anguages  a pro- 
grammer goes through seve ra l  t e m p r a l l y  
s e p a r a t e d  s t e p s  t o  g e n e r a t e  a user 
proqrarn: A compiler (or assembler), an 
editor, a l i n k  editor and loader are 
a l l  separa te ly  c rea ted  and i n s t a l l e d  on 
t h e  u s e r ' s  system. Then t h e  user edits 
a program, compiles i t ,  links it, then  
loads and tests it. Everything is done 
i n  such absolu te ly  clear cu t  steps t h a t  
one is sub t ly  led t o  bel ieve t h a t  t h i s  
is the absolute naturi? of t h e  world. 

FOKX'H on t h e  o t h e r  hand is a highly 
i n t e r a c t i v e ,  dictionary-based language 
where new a d d i t i o n s  to t h e  l anguage  
( i .e . ,  u s e r  added words) are s imply  
added t o  t h e  end o f  t h e  d i c t i o n a r y  
t h e r e b y  " e x t e n d i n g "  i t .  FORTH's 
compiler is pa r t  of t h i s  d i c t i o n a r y  
a n d  t h e r e f o r e  words  a d d e d  t o  t h e  
d i c t iona ry  can a c t u a l l y  a f f e c t  or be 
used i n  t h e  canpiler. In  FORM, t h i s  
is not  only poss ib le ,  it is required i f  
one is to  f u l l y  use t h e  power of t h e  
language. 

A simple concept? Yes .  But it is 
so c o n t r a r y  t o  t r a d i t i o n a l  practice 
t h a t  it is ha rd  f o r  a neophyte  to  
believe advanced documentation which 
tells how to bui ld  ccxopiler directives 
such as "creat ing" or "defining" words 
w h i l e  o n l y  a l l u d i n g  t o  t h e  f a c t  
t h a t  t h e  compiler can  and s h o u l d  be 
m d i f i e d .  

T h e r e f o r e ,  let  us emphasize t h i s  
f a c t :  The compiler i n  FORTH is not  
s a c r e d .  The t r a d i t i o n a l  s e q u e n t i a l  
steps of wr i t ing  a compiler and forever  
usinq t h a t  particular product do not 
apply i n  FOm. Fom's ccmpiler may 
be modified at any time. A l l ,  or part 
of i t  may be execu ted  a t  any time. 
As a matter o f  f a c t  "creating" or 

"defining" words used i n  the compiler 
are a c t u a l l y  t i n y  standalone compilers 
i n  t h e m s e l v e s  a n d  c a n  b c  u ~ e d  t r - )  

perform nini-compilations whenever they 
are referenced. 

Now t h a t  t h i s  compiler modificatiori 
aspect has been "factored" out of t n t -  
jumble of time re l a t ed  "Lmnfusions",  
t h e  beg inne r  is  s t i l l  l e f t  w i t h  t no  
second point  of confusion: N m e l y  idiy 
words sometimes execute imr-d;ate:y ,u;d 
sometimes do not.  

T h e  t e c h n i c a l  r e a s o n  why Words 
e x e c u t e  i m m e d i a t e l y  i s  t h a t  t h e  
" p r e c e d e n c e "  b i t  a s s o c i a t e d  w i t h  
t h a t  word is set o n ;  b u t  i t  is  t h e  
p h i l o s o p h i c a l  r e a s o n i n g  for  t h e  
ex is tence  of t h e  precedence b i t  that 
is of impor tance  to t h e  neophyte .  

Again a l l  of this is tied i n  with 
t h e  f a c t  t h a t  FOFU'H's compiler is an 
i n t e g r a l  i n t e r a c t i v e  p a r t  of t h e  
language. It  is an i n t e g r a l  part of 
t h e  language because it is m p s e d  of 
coTIIII13n FOHIH w r d s  used not only i n  t h e  
compiler b u t  i n  e v e r y  o t h e r  FORTH 
appl ica t ion  as w e l l .  

k t e r i n g  a FofiTH wrd or words on 
a t e r m i n a l ,  a n d  h i t t i n g  c a r r i a g e  
r e tu rn  causes t h a t  w r d  or mrds to be 
imnediately executed and is similar to 
e x e c u t i n g  a n  a l r e a d y  compiled and 
linked object mdu le .  The d ic t iona ry  
is searching u n t i l  t he  word is found 
and t h e  d e f i n i t i o n  is executed. To do 
t h i s ,  the word is preceded by a colon, 
F'OFQH is put i n t o  t h e  ccmpiler s ta te ,  
and a l l  words up  u n t i l  a semicolon w i l l  
be compiled ( i .e. ,  p l a c e d  i n t o  t h e  
d i c t iona ry  f o r  f u t u r e  sxecution!. This  
is similar to input t ing  source code to 
a F0HI;IIAN contpiler and g e t t i n g  object 
& out. 

The poin t  being made here is that 
FORTH c o n t i n u o u s l y  changes  between 
"compiler" s t a t e  a n d  " e x e c u t i o n "  
s ta te .  When i n  compiler s t a t e ,  - most i n p u t  words are compiled, n o t  
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execu ted .  Notice t h e  word "most". 
Some w o r d s  - a r e  e x e c u t e d  w h i l e  i n  
compiler state.  These are n a t u r a l l y  
called m p i l e r  words. 

These compiler words are iden t i ca l  
i n  appearance to  any o t h e r  FOKTH mrd. 
Indeed they ac tua l ly  are simply F"H 
words w i t h  t h e  e x c e p t i o n  t h a t  t h e i r  
p r e c e d e n c e  b i t  i s  s e t .  They  a r e  
a n a l q o u s  to assembly language pseudo 
ops or m p i l e r  d i r ec t ives .  A pseudo 
op  ( l i k e  ORG) i n  assembly language  
g ives  d i r ec t ion  to or is "executed" by 
t h e  assembler; not  t h e  object code. It 
is never executed by t h e  u s e r  program. 

Thus, words i n  F0Kl'I-l may be " f l q g e d "  
t o  o p e r a t e  a s  pseudo ops .  Tha t  is, 
they may be chosen to execute inunedia- 
t e l y  and thereby perform some act of  
c o m p i l a t i o n  upon o t h e r  words i n  t h e  
d e f i n i t i o n ;  (even i f  they are imbedded 
i n s i d e  o f  a s t r i n g  of  s o u r c e  code-- 
j u s t  a s  a p s e u d o  op would  d o  i n  
assembly l anguage ) .  T h i s  " f l a g "  is 
t h e  precedence  b i t .  When t h e  FORTH 
i n t e r p r e t e r  detects t h a t  t h i s  b i t  is 
set, it  w i l l  cause it associated m r d  
to be executed immediately, even while 
i n  compi l e r  rode .  Usinq t h e  word 
IMMEDIATE j u s t  after a d e f i n i t i o n  is 
t h e  method used to  set t h e  precedence 
b i t .  

T h i s  is a v e r y  powerful  f e a t u r e  
o f  t h e  FORTH language.  It  allows 
d e f i n i t i o n s  t o  execute w h i l e  i n  
compile mode and s ince  FofiTH makes no 
d i s t i n c t i o n  between "suFplied" words 
and user w r i t t e n  words t h e  compiler 
i t s e l f  can be added to  and improved. 
This  f e a t u r e  is called "extendabili  ty". 

T h e r e  are c e r t a i n  d e f i n i n g  words 
i n  KXU'H t h a t  take t h e  t r a i t  of  "when a 
word is execu ted"  one step f u r t h e r .  
Conceptionally advanced mrd such as 
BUILDS and DOES allow a d e f i n i t i o n  to 
be constructed so t h a t  t h e  f i r s t  na l f  
o f  t h e  word w i l l  be used  a t  compile 
time but  t h e  s e m d  ha l f  w i l l  exemte 
a t  e x e m t i o n  time. 

While it is beyond t h e  scope of t h i s  
paper to  go i n t o  t h e  usage of BUILDS 
and DOES type words, it should be rxittd 
t h a t  they exist and r e a l l y  do have two 
separate times of  execution. 

The last poin t  of confusion is: When 
words c o n t a i n e d  i n  a " loaded"  b lock  
e x e c u t e  immedia te ly  i n s t e a d  of com- 
p i l i n g  (or v i s a  v e r s a ) .  When FORTH 
loads a block, it treats t h e  incoming 
d a t a  alnost as i f  it were being read 
from a keyboard.  D e f i n i t i o n s  are 
compiled and put  i n t o  t h e  d i c t iona ry  
as t h e y  are encoun te red  i n  t h e  d a t a  
stream. B u t ,  i f  a word is encountered 
t h a t  is n o t  c o n t a i n e d  i n s i d e  of a 
d e f i n i t i o n  (whe the r  i n t e n t i o n a l l y  
or not!) t h a t  word is executed imme- 
d i a t e l y ,  j u s t  as i f  it was entered f r a n  
t h e  keyboard. Th i s  is a q u i t e  s t r a i g h t  
fo rward ,  and q u i t e  u n d e r s t a n d a b l e  
e f f e c t  o n c e  it is p o i n t e d  o u t .  The 
r u l e  h e r e  is  t o  pu t  words  t o  b e  
ccmpiled i n s i d e  of de f in i t i ons .  Leave 
w o r d s  t o  be e x e c u t e d  i m m e d i a t e l y  
ou t s ide  of  de f in i t i ons .  

A good example o f  word p u r p o s e l y  
l e f t  o u t s i d e  o f  a d e f i n i t i o n  i s  
DECIMAL. This  word is normally used as 
t h e  l a s t  word of a loaded  b lock  to  
i n s u r e  t h a t  after c o m p i l a t i o n  t h e  
system is left  i n  its standard base t e n  
state. 

In scpm~lly, t he  temporal confusion 
t h a t  o c c u r s  when f i r s t  u s i n q  FORTH 
is a l l  q u i t e  e l emen ta ry  and under-  
standable--at least i n  p r inc ip l e .  And 
a t  a beginners s t age ,  p r i n c i p l e  is very 
imprtant . 

T h e  t h r e e  g e n e r a l  c a t e g o r i e s ;  
m o d i f y i n g  t h e  compiler, compiler 
directives using the precedence b i t ,  
and loading and cwnpilinq blocks,  a l l  
p e r f o r m  e x e c u t i o n  a t  p r e d i c t a b l e  
times and r e a l l y  do have a d i r e c t  
c o r r e s p o n d e n c e  w i t h  t r a d i t i o n a l  
progransninq sequences. 

__ - - -. 
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