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HISTORICAL PERSPECTIVE 

FORTH was created by Mr. Charles H. Moore in 
1969 at the National Radio Astronomy C)Dservatory. 
Charlottesville. VA. It was created out of ctissatisfaction 
with available programming tools, especially for obser- 
vatory automation. 

Mr. Moore and several associates formed FORTH, 
Inc. in 1973 for the purpose of licensing and support of 
the FORTH Operating System and programming Lan- 
guage, and to supply application programming :o meet 
customers' unique requirements. 

The Forth Interest Group is centered in Northern 
California. although our membership of 2,400 is world- 
wide. It was formed in 1978 by FORTH programmers to 
encourage use of the language by the interchange of 
ideas through seminars and publications. 

Alan Taylor. in his speech at the FORTH Convention 
banquet, pointed out that FORTH is an incredibly 
powerful tool, snd not precisely a language. in the 
tradit iowl sc i~sc  

FORTH Wkvha close 10 the "naked machine and yet 
is as general a:id powerful as many High Level Lan- 
guages This makes FORTH the perfect langiiage for 
writing compilers or pseudo compilers for other 
!anyuages 

If we welt? to produce a compiler lor ANSI Standard 
COBOL. for InLtance. COBOL would run on any ma- 
chine which had FOHTH running-which is easy' 

A major software house is presently writing an Ada 
compiler, and expects to have i t  out in 1983. 

I an1 uiliirig to Set that a working FORTH compiler 
for Ada could be written in half that time-does anyone 
want to take me UD 311 the bet7 

S. B Bassett 

PUBLISHER'S COLUMN 
1981) retropective FORTH DIMENSIONS has 

covpleted a whole year with the new format and a 
number of people think i t  gets better with each issue 
FORTH Interest Group has grown from 647 members 
on July 1st to over 2,400 thanks to Byte, EE Tlrnes, 
InfoWorlU. Cornpri'erWorld arid other publications The 
FORML Conference and FIG Convention were great 
succtsses Many new chapters are being formed, how 
about you forming one? FORTH vendors are increasing 
ainiost as fast as the membership FORTH is being im- 
plemented or' more and more machines and applica- 
tions are beginning !o roll out I t s  been a great year for 
us and we hope for you 

1381 perspective FORTH DIMENSIONS will get 
better. we will have paid guest editors for each issue A 
number of new publications and other FIG items w ~ l l  be 
introduced !see order form) A number of mailings will 
be done to FIG members about products available (if 
you don't want to receive these mailings, please drop 
us a note) We'll be doing more publicity to trade maga- 
zines and at complrter shows We need more aticles for 
FORTH DIMENSIONS, send yours in Happy New Year1 

Roy Martens 
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A NEW SYNTAX FOR 
DEFINING DEFINING WORDS 

William F. Ragsdale 

ABSTRACT 

The computer language FORTH util- 
izes a syntax that is generally con- 
text free (i.e., postfix, or reverse 
Polish). However, deviations from 
this principle are noted in the syntax 
for words that themselves define 
words. This paper presents an altered 
form, which improves clarity of 
expression, and generalizes the con- 
struction for compilers which generate 
FORTH systems (meta-FORTH). 

BACKGROUND 

Compilation of FORTH programs con- 
sists of adding to memory a sequence 
of numerical values (addresses) corre- 
sponding to source text (words). This 
period is called compile-time. These 
values, called compilation addresses, 
are later interpreted by the address 
interpreter (at their run-time). They 
specify actual machine code which is 
ultimately executed, under control of 
the address interpreter. 

1. FORTH source syntax is close 
to FORTH object code. 

2 .  Traditional computer languages 
require significant processing 
to convert their syntax to 
object code. The syntax con- 
version is specified using 
Backus-Naur statements or 
"rail-road-track" diagrams of 
N. Wirth. 

3. The traditional compiler's con- 
version adds complexity to the 
compiler, increases complexity 
and compiler size. It also 
masks the results from the user 

so that the use can't see or 
control the object code FORTH 
reduces complexity by requiring 
the user to write in a direct, 
simple syntax. 

The espoused benefits are: 

1. The programmer directly con- 
trols program flow. Inef f i- 
ciency should be more apparent 
to the programmer. 

2 .  The compiler is simpler, 
smaller, and more time 
efficient. 

3. Compiler functions may be 
added by the programmer 
consistent with those 
previously in the system. 

The arguments against having to 
write in this form include: 

1. God created infix notation. 
If not so, why did we learn it 
as children? God doesn't lie 
to little children. 

2. Languages are created by com- 
piler writers, not compiler 
users. Therefore, let these 
brilliant sources have a 
larger part of the pie (read 
headaches for pie). 

For completeness, it should be 
noted that program branching requires 
reference to addresses not at the 
point of compilation. The compiling 
words of FORTH (DO, UNTIL, IF, etc.) 
use the compile time stack to hold 
interim addresses which specify such 
branching. The nesting of condition- 
als keeps this process simple and 
efficient, and obiviates the need for 
backtracking or looking ahead in the 
source text. 
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A PROBLEM 

Three  e x c e p t i o n s  t o  a c o n t e x t  f ree  
e x p r e s s i o n  e x i s t  i n  FORTH a s  g e n e r a l l y  
used  and fo rma l i zed  i n  FORTH-79: 

1. The word IMMEDIATE se t s  the  
precedence  f l a g  of  t h e  most 
r e c e n t  d e f i n i t i o n  i n  t h e  
CURRENT vocabu la ry .  Loca t ion  
of t h i s  b i t  i s  done v i a  a 
va r i a b 1 e / voca bu l a  r y p o i n t e r  
p o i n t i n g  backward i n  memory an  
unknown amount. I f  s e l e c t i o t i  
of t h e  CURRENT vocabu la ry  has 
been a l t e r e d ,  t h e  wrong d e f i n i -  
t i o n  i s  made immediate .  

2 .  Def in ing  words c r e a t e  a d i c -  
t i o n a r y  word h e a d e r ,  bu t  some 
o t h e r  word b a c k t r a c k s  i n  the 
o b j e c t  code t o  change t h e  
e x e c u t i o n  procedure  a s s igned  
t o  each  word c r e a t e d .  E.g. ,  

: C-ARRAY CREATE ALLOT DOES> + ; 

10 

3.  

C-ARRAY DEMO 

The word DEMO i s  c r e a t e d  by 
CREATE as a v a r i a b l e  and i s  
p rox ima te ly  a l t e r e d  by DOES> 
t o  e x e c u t e  w i t h  a much d i f -  
f e r e n t  r o l e  i n  making a run- 
t i m e  a d d r e s s  c a l c u l a t i o n .  

; and END-CODE make a v a i l a b l e  
f o r  u se  each  c o r r e c t l y  compiled 
d e f i n i t i o n .  T h i s  i s  o f t e n  
de te rmined  from an  a l t e r a b l e  
p o i n t e r ,  s e n s i t i v e  t o  t h e  
vocabu la ry  s p e c i f i e d  as 
CURRENT. 

To d i s p l a y  t h e s e  cases t o g e t h e r :  

: w w w . . . ;  
: XXX . . . ; IMMEDIATE 
: YYY . . . ;CODE . . . END-CODE 
: ZZZ . CREATE . . . DOES> . . . ; 

Each o f  t h e  above words i s  q u i t e  
d i f f e r e n t  i n  f u n c t i o n  and e x e c u t i o n ,  
y e t  they  were a l l  d e f i n e d  by : . The 
u s e r  r.iusL a n a l y z e  t h e  c o n t e n t s  of each  
d e f i n i t i o n  t o  d e t e r m i n e  what t y p e  of 
vord i t  i s  ( i . e . ,  c o l o n - d e f i n i t i o n ,  
compi i i i ig-word, code-def i n e r ,  o r  high-  
: e v e l - - d c t  i n c r ) .  Becaiise of tticise 
v a r i e d  forms,  t h e  g l o s s a r y  d e f i n i t i o n  
of : i s  only  p a r t l y  comple te .  The 
o t h e r  v x r i a t i o n s  on : must be d i scov-  
e red  3 s  they o c c u r .  

C r e a t i o n  and u s e  of t h e  above types  
i s  compl i ca t ed  i n  t h a t  t h e  r e s i ~ l t i ~ g  
func t io i i s  a r e  dependent  o n  words 
fo l lowing  w i t h i n  and o u t s i d e  ( ! )  each  
d e f i r i i t i o n .  As n e w  words a r e  d e f i n e d  
by CRFATE and a s s i g n e d  e x e c u t i o n  code 
by DOES> and ;CODE , t h e  compi l ing  
f u n c t i o n  must b a c k t r a c k  by  i m p l i c i &  
p o j n t e r s  t o  a l t e r  p r e v i o u s l y  geiterclted 
word h e a d e r s .  

Added commentary i s  a p p r o p r i a t e  f o r  
item 2 ,  above.  It  i s  a g e n e r a l  cha r -  
a c t e r i s t i c  of FORTH t h a t  a word ' s  
f u n c t i o n  may be u n i q u e l y  de te rmined  
by t h e  c o n t e n t s  of i t s  code f i e l d .  
T h i s  f i e l d  p o i n t s  t o  t h e  a c t u a l  
machine code which e x e c u t e s  f o r  t h i s  
word. Common c l a s s e s  of words which 
a r e  c o n s i s t e n t  i n c l u d e :  v a r i a b l e s ,  
c o n s t a n t s ,  v o c a b u l a r i e s .  

T h i s  i s  no t  t h e  c a s e  w i t h  d e f i n i n g  
words.  These words a l l  have t h e  same 
code f i e l d  c o n t e n t s  a s  any o t h e r  
c o l o n - d e f i n i t i o n  which i n d i c a t e s  t h a t  
t hey  e x e c u t e  i n t e r p r e t i v e l y  u n t i l  t h e  
conc lud ing  ; . But  a c t u a l l y  t h e  
i n t e r v e n i n g  DOES> o r  ;CODE t e r m i n a t e s  
e x e c u t i o n  and a l t e r s  t h e  s p e c i f i c a -  
t i o n  f o r  t h e  e x e c u t i o n  of  t h e  word 
be ing  d e f i n e d .  P h i l o s o p h i c a l l y ,  i t  
a p p e a r s  t h a t  t h i s  i s  t h e  g r o s s e s t  
form of c o n t e x t  s e n s i t i v i t y  o f  any 
l anguage ,  due t o  t h e  g e n e r a l i t y  and 
power of t h e  c o n s t r u c t .  
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But this power and generality 
contains its own downfall. It 
increases the complexity of compre- 
hension and complexity of compilation. 
When a novice competently begins to 
use DOES) and ;CODE he has come of 
age in FORTH. 

THE COAL 

T h e  goal of t h e  proposed new tech- 
nique is a uniform expression of  
source text that may be compiled for 
resident RAE! execution, resident ROM 
execution or target executior? (from a 
binary image coapiled to disk for 
later execution). To enable this 
uniformity, a context free expression 
is used. 

: C-ARRAY CREATE ALLOT 
DOES> + ; 

It would be used in the form: 

10 C-ARRAY DEMO 

to make an array named DEMO with 
space for 10 bytes. When DEMO 
executes it takes an offset from the 
stack and returns the sum of the 
allotted storage base address plus 
the offset. 

Using the proposed new meta- 
definer B U I L D S )  the creation of  
c-ARRAY is: 

DOES> + ; 
(the run-time part) 

BUILDS> C-ARRAY ALLOT ; 
(the compile-time part) 

THE PROPOSAL 
And is used: 

The proposed syntax for defining 
words uses only the compile time stack 
(or dedicated pointers), generating 
object code and word headers linearly 
ahead. Each word type has a unique 
defining word so that no later modifi- 
cation of a word definition need be 
made. A meta-defining word is pro- 
posed which makes all defining words. 
Each defining word is obvious because 
each, itself, is created by this 
"meta-definer". 

This meta-definer is B U I L D S >  . 
This name is an old friend to some, 
since it was the name of the word 
previously used where CREATE is 
specified by FORTH-79. This word 
still has its old role of building 
words which themselves build words, 
but is used in a more obvious fashion. 

Here is an example, written in 
FORTH-79 for a word which creates 
singly dimensioned byte arrays: 

10 C-ARRAY DEMO 
just as above. 

It should be noted that the impact 
of the use of B U I L D S >  is only In 
defining defining words. Later use 
of such defined words would be as 
presently conventional. 

THE NEW SYNTAX 

Here is a summary of the defining 
word syntax that appears at the 
application level. Note that these 
examples are very close to what we 
commonly use in FORTH-79. 

: <name> . . . . ; 
Define a non-immediate word 
which executes by the 
interpretation of sequential 
compilation addresses. 
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NOW <name> . . . . ; 
Define an immedia'te word which 
execu te s  by t h e  i n t e r p r e t a t i o n  
of s e q u e n t i a l  compilat ion 
addres ses ,  and w i l l  execute  
when encountered during 
compilat ion.  

CREATE <name> 

A s  i n  FORTH-79. 

n CONSTANT <name> 

A s  i n  FORTH-79. 

VARIABLE <name> 

A s  i n  FORTH-79. 

VOCABULARY <name> 

A s  i n  FORTH-79, but each 

immediate. 
de f ined  vocabulary i s  

When t h e  programmer creates new 
word t y p e s ,  a s i g n i f i c a n t l y  d i f f e r e n t  
syntax i s  used,  as compared t o  
FORTH- 7 9 . 

DOES> . . . . ; 
Begin t h e  nameless run-time 
high-level  code f o r  words t o  
be de f ined  by <name>. 

BUILDS> <name> . . . . ; 
<name> <namex> 

Define <name> which, when later 
executed w i l l  i t s e l f  create a 
word d e f i n i t i o n .  The code 
a f t e r  <name> execu te s  a f t e r  
c r e a t i n g  the  new d i c t i o n a r y  
header f o r  <namex> t o  a i d  par- 
ameter s t o r a g e .  The p rev ious  
run-time code i s  as s igned  t o  
each word <namex> c r e a t e d  by 
<name > . 

When new c l a s s e s  of words a r e  c rea t ed  
with t h e i r  run-time execut ion 
expressed by machine code, t h e i r  
d e f i n i n g  word i s  c r e a t e d  t h u s l y :  

CODE> . . . . ENG-CODE 

Begin the nameless run-time 
machine code f o r  words t o  be 
defined by <name>. 

BUILDS> <name> . . . . ; 
<name> <namex> 

Define <name> which, when l a t e r  
executed w i l l  i t se l f  c r e a t e  a 
word d e f i n i t i o n .  The code 
a f t e r  <name> executes  a f t e r  
c r e a t i n g  the  new d i c t i o n a r y  
header f o r  <namex> t o  a i d  
parameter s t o r a g e .  The 
previous run-time code i s  
assigned t o  each word <namex> 
c rea t ed  by <name>. 

THE METHOD 

We w i l l  fo l low the  method of the 
honey bee. To propagate the  colony 
the  bees need a queen bee. An ord i -  
nary bee is fed s p e c i a l  hormones t o  
become a queen bee. By r e g u l a t i n g  
t h i s  process  t h e  colony r e g u l a t e s  i t s  
growth. 

Our queen bee w i l l  be BUILDS) . 
It i s  o r i g i n a l l y  c r e a t e d  a s  a colon 
d e f i n i t i o n .  Then i t  is converted 
i n t o  a new type of word t h a t  c r e a t e s  
words which always c r e a t e .  This  form 
u s e s  parameters t o  c r e a t e  a d i c t i o n a r y  
e n t r y  and then passes  c o n t r o l  t o  the  
u s e r s  code which s p e c i f i e s  completion 
of t h e  e n t r y .  

We w i l l  break the  CREATE DOES> 
c o n s t r u c t  i n t o  two p a r t s .  The c r e a t -  
i n g  p a r t  w i l l  be c a l l e d  BUILDS> w i t h  
t h e  r i g h t  p o i n t e r  emphasizing t h a t  
t h e  fol lowing word ' b u i l d s '  o t h e r  
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words. BUILDS) is the me ta-def ining 
word since it is the source of all 
defining words. It must be emphasized 
that the word creating function is 
inherent in any word created by 
BUILDS)  , and need not be addition- 
ally speclfied. 

The execution procedure is begun 
by CODE> (for words with a machine 
code execution) or by DOES> (for words 
with a high-level execution). Coupling 
from these two words is accomplished 
by passing an address and bit mask 
from DOES> or CODE> to BUILDS) . 

The precedence of a word tradition- 
ally is set by declaring each such 
word as IMMEDIATE . In the new form, 
this is declared for the defining 
word, not for each word as defined. 
By executing IMMEDIATE after the 
CODE> o r  DOES> part, but before the 
BUILDS) part, the bit mask on the 
stack is altered to the immediate 
form. This mask is applied to all 
words as later defined, so all will 
be immediate. 

Usually colon-definitions and code 
definitions are created 'smudged' so 
that they will not be found during a 
dictionary search. When successfully 
compiled, the smudge bit is reset, 
making the word available for use. 
Other words are much less susceptible 
to errors of compilation, and so are 
created un-smudged. The smudge func- 
tion is not generally manipulated by 
the user but completed by ; or END- 
CODE. The smudge bit is contained in 
the header count byte. 

By executing SMUDGE after the 
CODE> or DOES> part, but before the 
BUILDS> part, every word later created 
will be created smudged. It is a 
system choice how the un-smudging is 
performed. It is suggested that a 
pointer uniquely specify the current 
smudged bit address. 

Some systems achieve the same 
result by selectively linking words 
into the dictionary. In this case 
the selective linking is done by the 
defining part of BUILDS) as selected 
by the bit mask associated with each 
defining word. 

A major problem exists for meta- 
compilation (target-compilation) of 
new defining words. The compile-time 
portion must know the run-time compil- 
ation address corresponding to each 
word type. Several methods are 
currently used. In all cases the 
syntax is a deviation from the usual 
version suitable for testing on a 
resident system. Part of the art of 
target compilation is knowing how to 
alter resident defining words to 
operate in the target compilation 
situation. 

The programmer may declare byte 
counts to allocate memory space and 
later re-origin compilation to fill 
in code fragments. Other techniques 
consist of compiling the full struc- 
ture and then passing address locators 
to previously defined words. In poly- 
FORTH, dual definitions are used. The 
target compilation definition of our 
C-ARRAY example is: 

: C-ARRAY CREATE ALLOT ;CODE FORTH 
: C-ARRAY CREATE ALLOT DOES> + ; 

It is an exercise in ingenuity to 
determine which parts of the above 
code end up in the target system, and 
which are added to the host compiler. 

Here is a summary of the meta- 
compiling of our example: 

DOES> + ; 
BUILDS> C-ARRAY ALLOT ; 
10 C-ARRAY DEMO 

First the COES> compiles <does> + 
; into the target system and passes 
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the locating parameters to BUILDS> . 
<does> is an in-line code vector to 
machine code. 

Then the BUILDS> compiles C-ARRAY 
ALLOT ; into the target system with 
the proper object locators for the 
DOES) part and then places another 
copy of C-ARRAY ALLOT ; into :he 
resident compiler so that C-ARRAYS 
may be immediately defined f o r  the 
target system. 

Finally, the C-ARRAY in the host 
system executes to place a definition 
for DEMO into the target system, 
locate the address o f  DEMO for later 
compilation, and finally ALLOT ; 
makes the target memory allocation 
and concludes the target definition. 

The only source changes anticipated 
are the occasional explicit change of 
vocabulary to correctly select (during 
target compilation) words which affect 
the application memory. Again, this 
is only done for selected defining 
words. 

The key to this method is that the 
run-time portion is known before the 
compile-time portion, and the creation 
of defining words is done uniformly, 
linearly ahead. 

CONCLUSION 

A complete implementation of these 
concepts follows. A six word glossary 
expands the explanations given above. 
This implementation is written in 
FORTH-79, with system dependent words 
taken from fig-FORTH. The source of 
each word is identified in the 
Appendix . 

This construction for BUILDS> is 
offered as a method to regularize the 
structure of FORTH at the defining 
word level. Its success will be 

judged by either usage o r  the stimu- 
lation of other methods for this 
purpose. 

GLOSSARY 

BUILDS) addr m s k  --- 

A defining word used in t i e  form: 

BUILDS> <name>. . . . ; 
to define a defining word <name> . 
The address and mask (left by 
either DOES> o r  CODE>) are placed 
into the definition of <name> to 
specify the header structure for 
all words created by <name> and 
locate the execution procedure 
assigned by <name> . The text 
between <name> and ; is compiled 
to complete the definition of 
<name> . 
When <name> executes in the form: 

<name> <namex> 

it generates a dictionary entry 
for <namex> and then executes the 
code following <name> to finish 
compilation of <namex> . 
When <namex> executes, it executes 
the code in the DOES> or CODE> 
part preceding <name> . Refer to 
DOES> or CODE> . 

addr mask --- CODE> 

Used in the form: 

CODE>..(assembly text)..END-CODE 

to begin the nameless compilation 
of a sequence of assembler code 
text. The address and mask left 
locate this sequence for BUILDS> . The mask contains the prece- 
dence and smudge bits and may be 
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