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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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A GENERALIZED LOOP 
CONSTRUCT FOR FORTH - 

For  some t i m e ,  I have been bui lding 
my own version of a FOKI'H-like languaqe 
w i t h  d i r e c t  r a t h e r  t h a n  i n d i r e c t  
t h r e a d e d  code ,  runninq  on  t h e  8080. 
Last year I learned t h a t  my approach is 
a l m s t  i den t i ca l  to t h a t  of URTH; t h i s  
is  n o t  s u r p r i s i n q  s i n c e  t h e  d e s i g n  
c r i t e r i o n  of highest  poss ib le  execution 
speed was t h e  saw. To t h i s  end, t he  
i n n e r  i n t e r p r e t e r  h a s  one  l e v e l  o f  
i n d i r e c t  i o n  removed ( c o m p a r e d  t o  
F o K T H )  and jumps ( a s  for I F  , E I S E  , 
LOOP , W I L E  , LJNTIL , e tc . )  are 
compiled to t h e i r  16 b i t  a b s o l u t e  
v a l u e ,  ra ther  t h a n  a 16 b i t  o f f s e t .  
A l l  t h i s  by  way of p r e f a c e  t h a t  
a l t h o u g h  my "home base" is  i s o l a t e d  
from t h e  West Coast and my implementa- 
t i o n  of t h e  following mrds may not  be 
exac t ly  FoETH m p a t i b l e ,  ye t  I f e e l  
t h a t  t h e  concepts presented are new and 
u s e f u l  i n  t h e  FORTH e n v i r o n m e n t .  

The article 'FOR'IW-85 "CASE" STATE- 
MENT' by Richard  B. Main i n  FOWTH 
DIMENSIONS, Volume 1,  N u m b e r  5 
c a t a l y t i c  e f f e c t  i n  t h e  development 
of t h e s e  i d e a s ,  s p e c i f i c a l l y  t h e  
technique of saving an unknown number 
of a d d r e s s e s  on t h e  s t a c k  and u s i n q  
zero as a marker f o r  t h e  last  address. 
I t  seemed to me t h a t  one area to apply 
t h i s  scheme with g o d  e f f e c t  is i n  t h e  
BEGIN ... UNTIL and BEGIN ... WIIE ... REPEAT loop c o n s t r u c t s  which 
c u r r e n t l y  permit only one e x i t  test. 
T h i s  sometimes f o r c e s  awkward s t a c k  
manipulations to  "or" conditions when 
tm or mre conditions must be tested, 
any o n e  o f  which is s u f f i c i e n t  to  
terminate t h e  loop. The proposed 
constructs solve t h i s  problem, require 
no  more lower l e v e l  CODE words t h a n  
a l ready  e x i s t ,  and add to t h e  elegance 
of t h e  language by r m v i n g  the word 
REPEAT. 

The general ized loop is constructed 
one of tm ways: 

words i n  each  l o o p ,  i n c l u d i n q  none. 
The meaning of  t h e  words BEGIN , 
WHILE , UNTIL , and  AGAIN is 
exac t ly  t h e  same as cur ren t ly  under- 
stood; no new concepts need be learned. 
For newCOmers to t h e  language (of which 
we a l l  hope f o r ,  and i n  larqe numbers) 
t h e  learninq t a s k  is easier because we 
have reduced the  number of FORTH bas ic  
words while a t  t h e  same tine increasing 
t h e  power of t h e  language by permit t ing 
more powerfu l  combina t ions  o f  t h e s e  
words. This  is su re ly  a good d i r ec t ion  
s i n c e  t h e  human (prcqrammr) mind is 
unsurpassed a t  manipulating symbols, 
but  not i n  remembering them. 

The Words 

The following d e f i n i t i o n s  work i n  
my system. In  FOKH, where E L S E  and 
XIF require a a m p i l e d  o f f s e t  r a t h e r  
t h a n  a n  absolute address, t h e  words 
WHILE , COMPADDS , AGAIN , and 
UNTIL m u s t  be c h a n g e d  s l i g h t l y .  

: B E G I N  HERE 0 : i * M r ; > . / % : t  
: WHILE L I T  X I F  , l l F U E  0 : I Y 9 t  , ; : - - t  

: i N q k c ; , \ T L  , ; F Y P ! ? * 4 l i  : U N T I L  DROP L I T  X I F  , , 
: CCUPADDS B E I S G  Dl lP  I r  r(ERt. 1 ,  I t  r . \ . > : F  L - \ ' ! .  . 
: AGAIN L I T  X E L S i  , COMPADUS , : I N q t ! i l A T t  
: U N T I L  L I T  X I F  , (UMPADDS . : I 9 9 t :  i i ' t  

Haw They Work, Comp i le Time 

B X Z N  Pushes  onto t h e  s t a c k  t h e  
address t o  which t h e  loop 
s h o u l d  jump, followed by a 
zero. The zero is used as a 
m a r k e t  b y  t h e  COMPADDS 
word. 

WILE (if used) Compiles a mndi- 
t ional  jump to t h e  temporary 
address of  zero, and also 
pushes  t h e  a d d r e s s  o f  t h e  
t e m p o r a r y  a d d r e s s  t o  t h e  

R E G I N  . . .  kH1L.t ... W H I L E  ... WHILE ... U N T I L  

B E G I N  ... WHILE . .. WHILE ... W i I L E  ... AGAIN 
I) r 
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s t a c k .  T h e  t e m p o r a r y  
a d d r e s s ,  wh ich  c a n  n e v e r  
b e  z e r o ,  w i l l  l a t e r  be 
o v e r w r i t t e n  by COMPADDS 
with the  address  of t h e  next  
word immedia te ly  a f t e r  t h e  
loop s t ruc tu re :  t h i s  is how 
WHILE e f f e c t s  a loop e x i t .  

UNTIL ( t empora ry )  A l l o w s  correct 
cunpi la t ion  of t h e  CfXPADIX 
w o r d ' s  R E G I N  ... UNTIL 
s t ruc tu re .  I t  will s h o r t l y  
be r e p l a c e d  w i t h  t h e  gen- 
e r a l i z e d  UNTIL . 

COMPADIE Overwrites t h e  address of a l l  
previous WHILE w r d s  u n t i l  
t h e  l a s t  B E G I N  . Each 
address on t h e  s t a c k  ( t h e r e  
may be none) is overwr i t ten  
w i t h  t h e  v a l e  HERE+2. The 
zero placed on t h e  s t ack  by 
t h e  las t  BEGIN terminates  
t h e  o v e r w r i t i n g  and l e a v e s  
t h e  address of  t h e  f i r s t  word 
i n  t h e  loop on t h e  top of  t h e  
s tack.  

AGAIN Compiles a n  u n c o n d i t i o n a l  
jump, cunpletes a l l  previous 
W H I L E  w o r d s ,  a n d  t h e n  
oompiles t h e  address o f  t h e  
u n d i t i o n a l  jump, point ing 
t o  t h e  top of t h e  loop. 

IINTIL Identical to AGAIN , except 
a c o n d i t i o n a l  jump is com- 
piled, allowing a condi t iona l  
loop ex i t .  

How Thev -9brk. Run Time 

They work t h e  sane as t h e  previously 
blown BM;IN, WILE,  UNTIL, and 
AGAIN. 

E r r o r  Procedures 

Error checks can e a s i l y  be added to 
these words. This  is done as belaw: 

T h e  o p e r a t i o n  is  s e l f - e v i d e n t .  

Conclusion 

G e n e r a l i z e d  l o o p  words BEGIN , 
WH1l.E , UNTIL , and AGAIN have 
been proposed. Their  u s e  provides,  
as a subset, t h e  w e l l  known ac t ions  
of BEGIN ... AGAIN , BEGIN ... 
UNTIL , and BEGIN ... WIILE ... 
REPEAT ( w i t h  t h e  word REPEAT 
replaced by AGAIN ). When used i n  
t h i s  manner t h e  new m r d s  impse no 
mre run time overhead i n  time or 
space than t h e  words they replace.  
I f  t h e  new wxds d id  nothing mre, 
t h e y  would  s t i l l  b e  d e s i r a b l e  
because  t h e y  "o r thogona l  i ze"  t h e  
unconditional loop terminat ion w r d ,  
making it AGAIN regard less  of t h e  
presence or absence of the WHILE 
wrd . 
B u t ,  as an added bene f i t  o f  t h e  new 

words, mre p w e r f u l  constructs such 
as BEGIN ... WHILE ... UNTIL or 
BEGIN ... W I I E  ... WIIE  ... A G A I N  are 
possible. Thus mul t ip le  tests and 
exits f r a n  a loop can be arranged i n  
t h e  most n a t u r a l  o r d e r ,  w i t h o u t  t h e  
need to "or" t h e  results of t h e  tests. 
T h e s e  m u l t i p l e  loop e x i t s  d o  n o t  
v i o l a t e  t h e  p r i n c i p l e s  of s t ruc tu red  
programing s i n c e  they a l l  lead to a 
corrm3n poin t ;  i n  o t h e r  words, t he  loop, 
as a s t r u c t u r e ,  has  one e n t r y  and one 
e x i t  . 
Future &search 

Af te r  much thought about t h e  impli- 
ca t ions  of t h e  p r o p o s e d  words i n  
r e l a t i o n  to  t h e  FORTH ph i losophy  o f  
prqramning,  I mst say t h a t  o f  t h e  two 
danges wrought by t h e s e  wrds, viz. 
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; . - . i  , ~ t - t t ~ c ? y o n ~ l i z a t i o n  of t h e  loop 
: - ! - ? r u c t ,  and t h e  a b i l i t y  t o  have 
- ~ . i r  iplis looi., e x i t s ,  I b e l i e v e  t h a t  

> I  t !x* iondiza t ion  is by f a r  t h e  mst 
l l \ i ~ l t t ~ r l t  t c s u l t .  In FORTH, while t h e  
', ~ ' t - y  .jet o f  proqramminq c o n s i s t s  of 
c , x t c . w l i r q  the l a q u a y e  by c rea t ing  many 
i i c w  words u s e f u l  i n  t h e  a p p l i c a t i o n  
c n v i  ro ruwnt ,  even so, I bel ieve t h a t  
t h r ?  i n i t i a l  basic mrds, e spec ia l ly  t h e  
structured proqrammirq cons t ruc ts  such 
as IF ... ELSE ... ENDIF , BEGIN ... 
WI'IL , and DO ... LxxlP should be as 
f e w  and as general  purpose as possible. 

In addi t ion ,  they should be care- 
f u l l y  names so as t o  convey t h e i r  
ac t ion  to programmers new to FoE?l'H, but  
f ami l i a r  w i t h  s imi la r  s t r u c t u r e s  on 
other, " industry s t a d a r d "  languages 
such  as  ALGOL, ?ASCAL, and C .  The 
c o n s t r u c t  I F  ... ELSE ... THEN is 
p r  i n  t h i s  respect; t h e  m r d  THEN 
c o n f u s e s  n o v i c e s  to FORTH s i n c e  i t  
u s u a l l y  i m p l i e s  selection, w h i l e  i n  
t h i s  case i t  is r e a l l y  a c o n s t r u c t  
terminator .  I assume t h a t  t h i s  is t h e  
reason why t h e  change from THEN to 
E N I F  was s p e c i f i e d  i n  FORTH-79. 
Simi lar ly ,  BEGIN ... END is confusing 
s i n c e  it does not  imply r e p e t i t i o n  to 
t h e  ave raqe  programmer. FORTH-79 
p a r t i a l l y  corrects t h i s  confusion with 
BEGIN .. UNTIL , b u t  I b e l i e v e  some 
word s i g n i f y i n g  r e p e t i t i o n  shou ld  
rep lace  BEGIN , such as E P W  ... 
LTNTIL , REPEAT . . . AGAIN , and REPEAT ... WHILE ... AGAIN . 

As f o r  DO ... LxxlP , t h i s  cons t ruc t  
cries o u t  f o r  a conven ien t  way to  
p r e m a t u r e l y  e x i t  t h e  loop. LEAVE 
seems we i rd  - a t  Gdds w i t h  commonly 
a c c e p t e d  practice - s i n c e  it h a s  a 
defer red  e f f e c t ,  takinq place only  a t  
t h e  end of t h e  loop. Rlthough I w n ' t  
remove it from t h e  languaqe, I suggest 
an a l t e r n a t i v e :  rn ... WIIE: ... Ixx)p 
. A t  t h e  e x e c u t i o n  of t h e  o p t i o n a l  
WHIU , i f  t h e  s t ack  is zero t h e  loop 
is e x i t t e d .  N o t  possible because 
WHILE is a l ready  used for t h e  REPEAT 
.. . WHILE ... AGAIN loop, you s a y ?  

But i t  is possible! A v e r y  u s e f u l  
by-product of t h e  Error Procedures of 
University a t  Ulrecht, Netherlands is 
t h a t  they always leave a t  t h e  t o p  of 
t h e  s t a c k  ( d u r i n g  compile time) a 
f l a g  i n d i c a t i n q  t h e  1 d e n t i t . y  of t h e  
innermost  c o n s t r u c t ,  d i f f e r e n t  for 
REPEAT ... and DO ... ; i t  is t h e n  a 
simple matter to  a r r a n g e  WHILE t o  
have d i f f e r e n t  ac t ions  and to compile 
e n t i r e l y  d i f f e r e n t  CODE m r d s  depending 
on t h i s  value. Of course, we w u l d  not 
l i m i t  t h e  number of WHILE words 
between DO and UDP . LLOPmust be 
modified, as was described a b v e  for 
AGAIN , to permit t h i s .  

Bruce Komusin 
Ontel Corp. 
250 Crossways Park Dr. 
woodbury, NY 11797 

New Product 

QRliForth, f r a n  In t e rac t ive  Computer 
Systems, is now ava i l ab le  f o r  t h e  North 
Star cmputer .  rOIU'H cOmblnes struc- 
tured  programming, s tack  organizat lon,  
v i r t u a l  m r y ,  m p i l e r ,  assembler, 
and f i l e  sys tem i n t o  an e x t e n s i b l e  
macrolanguage. Organized as  a d i c -  
t i ona ry  of words, FOFU'H allows def ining 
new words t h a t  extend t h e  vocabulary to 
s u i t  a n y  a p p l i c a t i o n .  Words a r e  
compiled on e n t r y  i n t o  code ready f o r  
i d i a t e  test, and e x e m t e  ten  times 
f a s t e r  t h a n  Basic. FORTH s u p p o r t s  
c o d i n g  t ime-c r i t i ca l  r o u t i n e s  i n  
assembler for t h e  f a s c e s t  r e sponse .  
OmniForth c o n t a i n s  t h e  i n t e r a c c r v e  
FOHTH mnpiler (*led an F1g-FOIUl-l) r 
assembler f o r  t h e  8080 and 2-80, f i l e  
system, and t e x t  editor. Chni-Forth 
r equ i r e s  24K mmry and %rth S t a r  WS, 
and costs $49.95; an opt iona l  Intro-  
duction to  FuKlM manual is ava i l ab le  
for $15.00. I n t e r a c t i v e  Computer 
Systems,  I n c . ,  6403 DiMarco Road, 
Tampa, FL 33614. 
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FILE NAMING SYSTEM 

Peter H .  Helmrs 
University of Rochester 

This  p a r t i c u l a r  FOKI'H f i l e  nmning 
system is set up to use a d i sk  based 
d i r e c t o r y  t o  name f i l e s  which are 
v i s e d  of a series of d i s k  blocks. 
The  s y s t e m  d o e s  n o t  i n c l u d e  a n y  
specific f i l e  formats, but instead is 
u s e d  to translate a filename to a block 
number. T h i s  b lock  number can  be  a 
t r a d i t i o n a l  "load block", a d i r e c t o r y  
block for a l inked set of random d a t a  
blocks,  or perhaps the  i n i t i a l  block i n  
a multi-block t e x t  f i l e .  Routines are 
ava i l ab le  to cont ro l  a d i s k ' s  b i t  map 
of  a l l o c a t e d  b l o c k s  so t h a t  a l r e a d y  
u t i l i z e d  blocks are not overwrit ten.  
Additional rou t ines  allow c rea t ion  of 
filename/block e n t r i e s  a t  e i t h e r  f ixed 
block loca t ions  or a t  randan locations, 
or de le t ion  of f i l e  e n t r i e s ,  d i r e c t o r y  
l i s t i n g s ,  etc. 

T h e  p h i l o s o p h y  i n  w r i t i n g  t h i s  
package w a s  t h a t  f i l e  formats should 
be user d e f i n a b l e  a l though  s e v e r a l  
standard u s e s  are being brought up f o r  
t e x t  f i l e s ,  and d a t a  a r rays  stored i n  
consecutive blocks. By us ing  the wrds 
ava i l ab le ,  addi t iona l  f i l e  formats can 
be e a s i l y  added. 

The f i l e  naming sys tem presently 
u s e s  t h ree  blocks a t  t h e  end of  each 
d i s k .  The f i r s t  b lock  c o n t a i n s  two 
d a t a  arrays:  a b i t  map of  block usage 
on t h e  d i s k ,  and a list o f  block-  
p o i n t e r s  f o r  each  d e f i n e d  filename. 
The bitmap u s e s  one b i t  per d i s k  block 
to de f ine  whether t h e  block is used or 
n o t ;  t h e  b i t  is a "1" i f  t h e  block is 
used. The block po in te r  array consists 
of 64  i n t e g e r s  which p o i n t  to  t h e  
f i lename's  s t a r t i n g  block nunher. A 
value of -1 means t h a t  t h e  filename is 
undefined. 

The second t w o  b l o c k s  c o n t a i n  64 
filename strings of up to 32 cha rac t e r s  

each .  Each name s t r i n g  is a c t u a l l y  
stored as a f ixed  length  32 byte s t r i n g  
with any extra characters being padded 
blanks. A non-valid f i l e  is flagged by 
a -1 value f o r  t h e  block poin ter ,  not 
by a n u l l  o f  special s t r i n g .  

T h e  f o l l o w i n g  i s  a l i s t  o f  t h e  
p r imary  u s e r  o r i e n t e d  words i n  t h i s  
f i l e  naming package: 

(""R") FIND-NME ( INDX)  

FIND-NAME searches for the Sl'R i n  t h e  
d i r e c t o r y  and r e tu rns  its d i r e c t o r y  
i n d e x  i f  f o u n d ,  or a -1 i f  n o t  
found. Thus a user  can test f o r  a 
-1 to see i f  a f i l ename  e x i s t s .  

INIT-DIREKTORY 

INIT-DIRECTORY is used to  set a l l  
block po in te r s  to -1's so t h a t  no 
f i l e s  w i l l  be oonsidered to be i n  
exis tence.  

INIT-BIT* 

INIT-BIT-MAP i s  u s e d  t o  set  a l l  
b i t  map b i t s  to O's, thus  ind ica t ing  
t h a t  n o  d i s k  b l o c k s  a r e  b e i n g  
U s e d .  

(BLK#) FREE-BU 

FREE-BLK is  used to  reset a g i v e n  
block's b i t  map bi t ,  t hus  ind ica t ing  
t h a t  it is not i n  use. 

RESERVE-BLK is used to  set a g i v e n  
block's b i t  map to indicate that it 
is i n  use.. 

FIND-FREE-BLK is used to  f i n d  t h e  
f i r s t  f r e e  block encountered i n  t h e  
b i t  map. It returns a "free"  block 
number i f  one can be found, or a -1 
if the disk is full. 
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- - -=TOWERS OF HANOI -- 
by P e t e r  Midnight 

Here are t h e  listings o f  a g r a p h i c  
r e p r e s e n t a t i o n  o f  t h e  a n c i e n t  Towers 
of Hanoi p u z z l e  which is a d j u s t a b l e  
f o r  a n y  CRT t e r m i n a l  w i t h  c u r s e r  
addressing.  

R e c e n t l y ,  when I g o t  f i g  FORTH 
runninq on my system under North Star  
DOS,  I d e c i d e d  t o  t r a n s l a t e  t h i s  
program i n t o  FORTH as  an  e x e r c i s e  and 
a s  a c o m p a r i s o n  be tween FORTH and 
PASCAL. I n  t h e  process I n o t i c e d  some 
i n e f f i c i e n c i e s  but  chose to translate 
them more or less d i r e c t l y ,  for t h e  
sake of  comparison. 

The UCSP PASCAL program is available 
by r e q u e s t i n q  t h e  Jan/Feb 1980 News- 
l e t t e r  f rom Homebrew Computer C l u b ,  
P.O. Box 626, Mountain View,  CA 94042. 

Forth Prosram - 
SCR W 1 2  

0 : TnWFRS OF i:ANOi COpyK:ght, 1 9 7 9 ,  Peter Midnight 
1 ( T:an?lated f o r  speed comparison ) FORTH DEFINITIONS DECIMAL 
2 i ? : r s t  exrend Forth to incluZe a feu features of Pascal ) 

4 LPTEST PFA CrA , ; IMMEDIATE word ) ' : COTOX? X Y GOTOXY ) 27 C8IT 61 EMIT 
6 0 M A X  1 5  M I K  3 2  + EMIT 0 MA% 53 MIN 32 + EMIT ; 

C : ZDRt2P DROP PROP ; 
9 : PICK SP? SWAP 2 + @ ; 

: *?SELF ( I n  definition, this is a recursive use of new 

: i'i EARSCAEFN 12 EMIT ; 

;L. : 4DUP 4 PICK 4 PICK 4 PICK 4 PICK ; 
! r  CCP;STA:IT WAX ( rnaxlmum permisable number of rings ) , .  

i ?  X X A X  VARIABLE (N) : N ( ~ i  I ; ( formerly a constant ) 
1 3  0 CONSTANT HELL-FREEZES-OVER 4 3  CONSTANT COLOR ( t ) 
14 0 VARIABLE RING N 2 - ALLOT ( array Il..Ni Of bytes ) 
1 5  - - >  

SC'R I 1 3  
0 ( TOWERS OF HANOI Copyright. 1 9 7 9 ,  Peter Midnight 
1 : DELAY ( centiseconds DELAY ) 
2 0 DO 1 7  0 DO 127 1 2 7  DROP LOOP LOOP ; 
3 : POS ( location POS - >  coordinate ) 
4 2 N .  1+ N t  ; 
5 : HALFDISPLAY ( color size HALFDISPLAY ) 
6 0 DO DUP EMIT LOOP DROP ; 
7 : <DISPLAY> ( line color size <DISPLAY> ) 
9 ZDUP HALFDISPLAY ROT 3 < IF BL ELSE 124 ( I 1 
9 THEN EMIT HALFDISPLAY ; 

1 :  : JIsPLAY ( size pos line color DISPLAY ) 
I :  SWAP ?R ROT ROT OVER - R ( color sire pos-size iine ) 
1 2  GOTOXY R) ( color size line ) ROT ROT <DISPLAY> i 
1 3  - - >  
1 4  
1 5  

SCR U 14 
0 ( TOWERS OF HANOI Copyr~jht, 1 9 7 9 ,  Peter Midnight ) 
1 : PRESENCE ( tower ring PRESENCE - >  boolean ) 
2 RING + C@ = ; 
3 : LINE ( tower LINE ->  display-line-of-top 
4 4 SWAP N 0 DO DUP I PRESENCE O =  ROT i SWAP LOOP DROP : 
5 : l -  1 - ;  
6 
7 : RAISE ( size tower RAISE ) 
8 DUP POS SWAP LINE 1 SWAP DO 
9 2UUP I BL DISPLAY 2DUP I 1- COLOR DISPLAY 
10 -1 +LOOP 2DROP ; 
11 : L W E R  ( size tower LOWER ) 
12 DUP POS SWAP LINE 1+ 2 DU 
13 ZDUP I 1- BL DISPLAY ZDUP I COLOR DISPLAY 
14 LOOP 2DROP ; 
1s  --> 

MSG U 1 5  

SCR 8 1 5  
0 ( TOWERS OF HANOI Copyright, 1 9 7 9 ,  Peter Midnight ) 
1 : MOVELEFT ( size source-tower destiny-tower MOVELEFT ) 
2 POS 1- SWAP POS 1- DO DUP R 1t 1 BL DISPLAY 
3 DUP R 1 COLOR DISPLAY -1 +LOOP DROP ; 
4 : MOVERIGHT ( size source-tower destiny-tower MOVERIGHT 
5 W S  1+ SWAP POS 1t DO DUP R 1- 1 BL DISPLAY 
6 DUP R 1 COLOR DISPLAY LOOP DROP ; 
7 : TRAVERSE ( size source-towel destiny-tower TRAVERSE 1 
8 2DUP > IF MOVELEFT ELSE MOVERIGHT THEN ; 
9 : MOVE ( size source-tower destiny-tower MOVE ) 
10 ?TERMINAL IF 0 N 4 t GOTOXY ABORT THEN 
11 ROT ROT 2DUP W I S E  > R  ZDUP R) ROT TRAVERSE 
12 2DUP RING t 1- CI SWAP LOWER ; 
13 --> 
14 
15 

SCR 8 
O (  
1 :  
2 
3 
4 
5 
6 
7 :  
8 
9 :  

10 
11 : 
1 2  
13 : 
14 
1 5  

16 
TOWERS OF HANOI Copyright, 1 9 7 9 ,  Peter Midnight ) 
MULTlnOV ( size source destiny spare MULTIMOV ) 
4 PICK 1 = IF DROP MOVE ELSE 
> R  > R  SWAP 1- SWAP R >  R> 4DUP SWAP MYSELF 
4DUP DROP ROT 1 +  ROT R O T  MOVE 
ROT ROT SWAP MYSELF THEN ; 

MAKETOWER ( tower MAKETOWER ) 
W S  4 N + 3 DO CUP I GOTOXY 124 EMIT ( I LOOP DROP ; 
MAKEBASE ( no arguments 1 
0 N 4 + GOTOXY N 6 3 + 0 DO 4 S  EMIT ( - ) LOOP ; 
MAKERING I tower sire MKEHING 1 
2DJP RING t 1- C! SWAP LOWER ; 
SETUP ( no arguments ) CLEARSCREEN 
N 1+ 0 DO 1 RING I i CI LOOP 3 0 DO I MAKETOWER LOOP 
MKEBASE 0 N DO 0 I MKERING -1 *LOOP ; --> 

SCR 8 17 
0 ( TOWERS OF HANOI Copyright, 1 9 7 9 ,  Peter Midnight ) 
1 : TOWERS ( quantity TOWERS 
2 1 MAX NMAX MIN ( N )  I 
3 SETUP N 2 0 1 R E G i N  
4 OVER POS N 4 t GOTOXY N 0 DO 7 EMIT S O  DELAY LOOP 
S ROT 4DUP MULTIMOV 
6 HELL-FREEZES-OVER UNTIL : 
1 
R i s  
9 

10 ( Results: DELAY runs much slower in Forth than in Pascal. 
11 But the rest of the program is over twice as fast in Forth1 
12 
13 Note that CLEARSCREEN and GOTOXY are terminal dependant. 
14 NW should.be 10 for 1 6 x 6 4  or 12 for 24x80 screens. I 
15 

MSG 8 15 

T h a n k s  t o  "THE 1/0 PORT", t h e  article on F0KIT-l by A r t  Sorski i n  t h e i r  
O f f i c i a l  Newsletter of t h e  T u l s a  A p r i l  1980 i s s u e .  Address: The Tulsa  
Computer S o c i e t y ,  for t h e  feature Computer S o c i e t y ,  P.O. Box 1133, Tulsa ,  

OK 74101. 
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__. LETTERS 

I ' d  l i k e  t o  t3ke t h i s  chance  t o  
acampl i sh  severa l  aims. F i r s t ,  let me 
congratulate  Roy Martens and t h e  e n t i r e  
editorial s t a f f  for a f i n e  puc l ica t ion  
i n  FORTH DIMENSICNS. 

?ly in terest  i n  FORTH : s  f a r  from 
passive;  I have w e n  usir ,y  rhe ' k ive r -  
s i t y  of Rochester ' s  ( m v  Lenplcyer, by 
t h e  way) URTH d i a l e c t  for severa l  years  
n w .  While a t  first I used  it mainly 
a t  home f o r  a p r i v a t e  mus ic  synthes izer  
research p ro jec t ,  I have mre recen t ly  
b e e n  a p p l y i n g  i t  w i t h  success t o  
s e v e r a l  l a b o r a t o r i e s  w i t h i n  t h e  
U n i v e r s i t y ' s  Medical  C e n t e r .  The 
a p p l i c a t i o n s  h a v e  p r i m a  r i  l y  b e e n  
c o n c e r n e d  w i t h  s l o w  speed ( 1 0  t o  
100 samples  p e r  s econd)  ana log  d a t a  
acqu i s i t i on  and ana lys i s  - t h e  l a t t e r  
involving the  u s e  of t h e  AMD 9511 IC  
for nurrber crunching (and it is f a s t  ... ! ) .  These d a t a  acquis i t ion  systems 
have been descr ibed i n  an article which 
I j u s t  r ecen t ly  submitted to BYTE f o r  
publ ica t ion  ( I  hope). 

While using FOKEI i n  these  appli- 
c a t i o n s ,  I have developed  a set of 
goals f o r  t h e  el iminat ion of some of  
t h e  l i m i t a t i o n s  o f  FORTH ( t h e r e  are 
.sane, you know ... 1 .  One of t h e  major 
problems h a s  been s a v i n g  o n l y  t h r e e  
cha rac t e r s  p l u s  t h e  length f o r  ident i -  
f i e r s ;  I have j u s t  r ecen t ly  implemented 
changes  t o  a d o p t  ( i n  URTH)  t h e  FIG 
s t a n d a r d .  U s i n g  p r i m a r i l y  S-100 
hardware, I am also ncw implementing a 
hardward debug f a c i l i t y  f o r  FOKEI which 
all- easier program developnent. The 
design is very simple, but  allows traps 
a t  i n s t r u c t i o n s ,  memory r e f e r e n c e s ,  
and/or 1/0 references. I consider  t h i s  
method of  debugging immeasurably mre 
usefu l  than j u s t  software trapping at  
eacb pass through NEXT. 

A d d i t i o n a l  FORIM changes planned are 
the inplementation of a random block 

t e x t  f i l e  system with va r i ab le  record 
length  and blanks mmpaction. I feel 
t h a t  t h i s  system w i l l  make i t  easy to  
write programs i n  a more r e a d a b l e  
format since t h i s  better formatted text 
w i l l  u s e  less space than t h e  cu r ren t  
b l o c k  o r i e n t e d  t e x t  e d i t o r s .  Thus 
there w i l l  be less of a temptation to 
u s e  a short, cryptic coding s t y l e .  My 
method of blanks compaction is to u s e  
t h e  MSB of each t e x t  charac te r  to f l a g  
a mmpaction count byte. When l i s t i n g  
a program i n  t h e  editor, the  compacted 
blanks can be re-expanded while they 
can be in t e rp re t ed  as blanks (due to 
changes i n  t h e  WRD rou t ine  i n  vwnl) 
when loading the  text. Text w i l l  be 
stored on d i s k  blocks as an i n t e g r a l  
number of l i n e s  of t e x t  per block with 
each l i n e  being defined as 0 or mre 
c h a r a c t e r s  fo l lowed by a c a r r i a g e  
r e t u r n  charac te r .  

Text w i l l  be able to span mult ip le  
random blocks to avoid any " a r t i f i c i a l "  
program length  c o n s t r a i n t s  due to  f ixed 
b lock  s i z e .  Blocks  a re  a s s o c i a t e d  
toge ther  v i a  a doubly l inked (forward 
and backward) p o i n t e r  scheme w h i l e  
block usage is kept  t r ack  of v ia  a b i t  
map (mre on t h i s  later)  mrrespondinq 
to t h e  d i s k ' s  block u t i l i z a t i o n .  S o  
f a r  t h e  t e x t  editor has  been wr i t t en ,  
but  no t  f u l l y  debugged. However, t h e  
b i t  map and f i l i n g  name system has  been 
wr i t t en  and used f o r  severa l  mn ths .  
I ' d  l i k e  t o  d i s c u s s  them h e r e  a s  
t h e  t y p e  o f  e n t i t y  which s h o u l d  be 
standardized for FIG FOEiTH usage. L e t  
m e  t r y  t o  m o t i v a t e  t h i s  b u i l d i n g  o f  
f i l e  s t r u c t u r e s  by analogy to  bui lding 
data structures i n  FoIiTH. 

I N  FORTH (or a t  least  URTH) o n e  
can use some system f e a t u r e s  to d e f i n e  
any  a r b i t r a r y  data s t r u c t u r e .  One 
which I ' ve  used r ecen t ly  is: 

: IPARAM <BUILDS 2 ALL07 DOES > 

which might be used: 

IPARAM MY-VIIUW&-INf'M;ER 
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T h e  important th ings  to no t i ce  i n  
t h i s  example are t h a t  t h e  IPARAM d a t a  
t y p e  f i r s t  u s e s  s t a n d a r d  d i c t i o n a r y  
features to add new s p e c i f i c  va r i ab le s  
- i n  t h i s  case MY-VIRTUAL-INTM;ER - to 
t h e  d ic t ionary .  IP-I also sets as ide  
some dic t ionary  spa= - i n  t h i s  case 
j u s t  one  word - t o  store d a t a  f o r  
MY-VIRTUAL-INTEGER. Thus  t he re  are tm 
i m p o r t a n t  a c t i o r , s  he re  - t h a t  of 
l i n k i n g  a v a r i a b l e ' s  name i n t o  t h e  
d i c t i o n a r y ,  and t h a t  of r e s e r v i n g  
d i c t i o n a r y  space for a v a r i a b l e ' s  
s torage  requirements . 

The f l l e  sys tem t h a t  I have been 
evolving also achieves tm analogous 
ac t ions  to  those above. F i r s t ,  it has  
a way of l ink ing  a f i l e ' s  name i n t o  a 
d i s k e t t e s  name d i r ec to ry ,  and second, 
i t  has a way of reserving d i sk  block 
s p a c e  for a f i l e ' s  sole use. Note, 
t h a t  i t  d o e s  n o t  concern  i t s e l f  i n  
a n y  m a n n e r  w i t h  how t h e  f i l e  i s  
l o g i c a l l y  formatted. As such, it is 
not a complete f i l e  management system, 
but on ly  a c o m n  protocol  f o r  var ious  
logical f i l e  s t ruc tu res !  

_ _ ~ -  

L e t  me e x p l o r e  two u s e s  o f  f i l e  
types b u i l t  on t h i s  foundation. The 
previously mentioned text f i l e  system 
l o g i c a l l y  b u i l d s  a f i l e  s t r u c t u r e  
by t h e  u s e  of  doubly  l i n k e d  random 
blocks. But i n  another case, t h e  f i l e  
is l o g i c a l l y  b u i l t  u p  as an a r r a y  
o f  c o n s e c u t i v e  i n t e g e r s  i n  consecu-  
t i v e  d i s k  b l o c k s  - t h u s  l i n k e d  o n l y  
impl i c i t l y .  Other logical s t r u c t u r e s  
a re  as  d i v e r s e  as are FORTH d a t a  
tyPes. 

In summary, what I am proposing to 
be discussed and hopeful ly  standardized 
is a mrrmn s t r u c t u r e  which can be used 
to name f i l e s  and reserve  d i s k  space 
f o r  f i l e s .  I am n o t  s u g g e s t i n g  any 
s p e c i f i c  f i l e  s t r u c t u r e s  or formats 
f o r  s tandardizat ion.  I am enclosing a 
copy of t h e  source listings and some 
( h a s t i l y  w r i t t e n )  documenta t ion  for 

t h i s  f i l e  sys t em so t h a t  i t  might 
s t i m u l a t e  comments and improvements 
from t h e  public domain. 

Thanks very much, and keep up t h e  
good wxk. .  . . 

Peter  H.  Helmers 
University of Rochester 
Rochester, N.Y. 

In  December I got tired of waitinq 
and implemented FORTH-65 from t h e  
fiq-FOHIH &el. By t h e  end of Decem- 
ber I had i t  up and runn ing .  T h i s  
v e r s i o n  follows t h e  model e x a c t l y  
except f o r  p r i n t e r  m n t r o l ,  t h e  d i sk  
k inkaqe ,  and t h e  i n n e r  i n t e r p r e t e r .  

T h e  jump i n d i r e c t  i n  t h e  i n n e r  
interpreter doesn ' t  always work, JMP 
(SXXFF)  doesn ' t  work c o r r e c t l y  on a 
6502.  If a CFA e n d s  i n  SFF i t ' s  
goodbye ~~. 

T h i s  bus  b i t  a f t e r  my t h i r d  re- 
a s s e m b l y  of FORTH-65. T h e  i n n e r  
interpreter I ' m  now us ing  is con- 
s ide rab ly  slawer (60 cyc le s )  bu t  it is 
reliable. 

I assembled FORTH-65 th rough  t h e  
disk 1/0 (SCR #69) ,  Screens 72 through 
92 reside on d i s k  and are compiled 
as needed. What I need now is t h e  
ASSEMBIER vocabulary. Has anyone done 
any work on a FOlU'H as&ler f o r  t h e  
6502? 

5CR I 4 4  
0 I RANDOM NCMBER CENERATOP E I 
1 
2 DECIRAL 
1 
4 0 VARIABLE SEED 
5 
6 : [RANI)) SEED S 2 5 9  3 1 2 7 6 7  AND DUP SElI) ! ! 

7 
InANGF - 1  1 8 : RANDOn [AANDI  1 2 7 6 7  * /  : 

9 
'0 i s  
1 1  
1 2  
1 3  
1 4  
15 

J . E .  R i c k e n b a c k e r  
Houston, TX 
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