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FORTH DIMENSIONS solicits editorial material,
comments and letters. No responsibility is
assumed for accuracy of material submitted. ALL
MATERIAL PUBLISHED BY THE FORTH INTER-
EST GROUP IS IN THE PUBLIC DOMAIN. Infor-
mation in FORTH DIMENSIONS may be repro-
duced with credit given to the author and the Forth
interest Group.

Subscription to FORTH DIMENSIONS is free
with membership in the Forth interest Group at
$12.00 per year ($15.00 overseas). For member-
ship, change of address and/or to submit material,
the address is:

Forth Interest Group
P.O. Box 1105
San Carlos, CA 94070

=—HISTORICAL PERSPECTIVE==

FORTH was created by Mr. Charles H. Moore in
1969 at the National Radic Astronomy Observa-
tory, Charlottesville, VA. it was created out of
dissatistaction 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 the FORTH Operating System and
Programming Language, and to supply applica-
tion programming to meei customers’ unique
requirements.

The Forth Interest Group is centered in Northern
California, although our membership of 1100 is
world-wide. It was formed in 1978 by FORTH
programmars to enccourage 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 tact, if everything works
out right, the next issue of FORTH DIMENSIONS
wili 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

Remember your inputs are what make FORTH
DIMENSIONS.

Have a nice summer. Renew if you haven't
already.

Roy Martens

LYONS’ DEN

While listening to the tapes ct the FORTH
Convention (availabie from Audio Village, P.O.
Box 291, Bloomington, |A 47402, $16.00 for tour
tapes) | noticed puzzlement over how toc com-
municate concisely the nature of FORTH, that is,
what single term—cperating system, compiler,
interpreter—indentities the class to which it
belongs. How about referring to FORTH as a Meta
Interpreter—a program for generating an inter-
preter (the application) to provide an interactive
tool for solving application specific probiems
(sometimes referred to as JOL's, job-oriented-
languages)? Other members cf this ciass are LISP
and an obscure IBM system called PLAN, as well
as APL. FORTH has unique features distinguish-
ing it from other members of this class, being more
optimized for arithmetic than LISP, for example,
and being more compact and iower level than APL.
Also, its implementation is rmore like LISF than
APL.

Continued on pg. 21
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TEMPORAL ASPECTS OF THE
FORTH LANGUAGE

A BEGINNER'S STUMBLING BLOCK

John M. Derick

Linda A. Baker

P.O. Box 553
Mountain View, CA 94042

Novice FORTH programmers who have
had previous experience with other,
more traditional, programming languages
almost invariably become confused when
first dealing with FORTH. A first time
user sitting down at a FORTH terminal
soon notices what seem to be time-based
inconsistencies. That is, the language
seems to require that things be done in
the wrong order or that the language
itself does things out of time order.
The novice, striving to understand
these supposed "inconsistencies"
detects time as a note of commonality
and therefore lumps them all together
as one oddity, while in actuality there
are three separate areas of difficulty.

The interesting point of this is
that the cause of this confusion is so
elementary that once the problems are
understood, it is difficult to look
back and pinpoint why the confusion
arose in the first place. This is why
these elementary problem areas are not
stressed in most existing FORTH litera-
ture and are just assumed to be part of
the longer than normal learning curve
associated with FORTH. Making it clear
in the neophyte's mind that there are
three separate, but related, factor
shortens this learning curve.

Let us examine what situations cause
this confusion.

Sitting at a FORTH terminal, you
enter a FORTH word, hit a carriage
return and the word executes. Other
times, though, you enter a line of
FORTH words (including the one you just
executed previously), hit carriage

return and nothing executes. But when
used later on this same word executes!
As you learn more, you discover that in
order to perform some functions you
must actually alter the traditional
time sequence of programming and modify
FORTH's compiler after it already works
and is ebugged. Then, to add even more
confusion, you find that some words,
when added to the compiler, will
execute different parts of that same
word at different times. Or, when you
edit a FORTH program, save it on disk
and then compile it; some parts compile
as expected but other words execute
immediately.

To an experienced FORTH programmer
it is quite obvious that there are
actually three separate (but releated)
aspects of FORTH represented in this
example. To a beginner all of these
attributes are lumped together 1in
one tangled question of "who's on -
first????" and "when did he get
there??2?2?"

With the exception of different
parts of a word executing at different
times, these are very trivial problems
to an experienced FORTH programmer. To
the beginner they are totally new
concepts that must be sorted out and
grasped——even though once understood
they really are trivial concepts.

Let us first address the most basic
of these three time related stumbling
blocks; that of modifying the compiler.

Before we continue it is important
to point out that there are several
steps (one may almost say laws) that
always must be followed to generate
object code from source code. Tradi-
tional programming languages take these
steps in a straight line one-pass
manner. FORTH also takes these same
steps (i.e., a compiler has been
written and installed). The difference
with FORTH however, is that the act of
writing the compiler is not intended to
be a one-pass step. Instead it is a

FORTH DIMENSIONS
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recursive procedure where the compiler
15 constantly modified and tailored to
the users needs over and over again.
This alters the time sequence of things
and is a slightly shocking concept but
the basic rules are still the same.

In traditional languages a pro-
grammer goes through several temporally
separated steps to generate a user
program: A compiler (or assembler), an
editor, a link editor and loader are
all separately created and installed on
the user's system. Then the user edits
a program, compiles it, links it, then
loads and tests it. Everything is done
in such absolutely clear cut steps that
one is subtly led to believe that this
is the absolute nature of the world.

FORTH on the other hand is a highly
interactive, dictionary-based language
where new additions to the language
(i.e., user added words) are simply
added to the end of the dictionary
thereby "extending" it. FORTH's
compiler is part of this dictionary
and therefore words added to the
dictionary can actually affect or be
used in the compiler. In FORTH, this
is not only possible, it is required if
one is to fully use the power of the
language.

A simple concept? Yes. But it is
so contrary to traditional practice
that it is hard for a neophyte to
believe advanced documentation which
tells how to build compiler directives
such as "creating” or "defining" words
while only alluding to the fact
that the compiler can and should be
modified.

Therefore, let us emphasize this
fact: The compiler in FORTH is not

sacred. The traditional sequential
steps of writing a compiler and forever
using that particular product do not
apply in FORTH. FORTH's compiler may
be modified at any time. All, or part
of it may be executed at any time.
As a matter of fact "creating" or

"defining" words used in the compiler
are actually tiny standalone compilers
in themselves and can he used to
perform mini-compilations whenever they
are referenced.

Now that this compiler modification
aspect has been "factored" out of the
jumble of time related "confusions",
the beginner is still left with the
second point of confusion: Namely why
words sometimes execute immediately and
sometimes do not.

The technical reason why words
execute immediately 1s that the
"precedence" bit associated with
that word is set on; but it is the
philosophical reasoning for the
existence of the precedence bit that
is of importance to the neophyte.

Again all of this is tied in with
the fact that FORTH's compiler is an
integral interactive part of the
language. It is an integral part of
the language because it 1is composed of
common FORTH words used not only in the
compiler but in every other FORTH
application as well.

Entering a FORTH word or words on
a terminal, and hitting carriage
return causes that word or words to be
immediately executed and is similar to
executing an already compiled and
linked object module. The dictionary
is searching until the word is found
and the definition is executed. To do
this, the word is preceded by a colon,
FORTH is put into the compiler state,
and all words up until a semicolon will
be compiled (i.e., placed into the
dictionary for future execution). This
is similar to inputting source code to
a FORTRAN compiler and getting object
code out.

The point being made here is that
FORTH continuously changes between
"compiler" state and "execution”
state. When in compiler state,
most input words are compiled, not
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executed. Notice the word "most".
Some words are executed while in
compiler state. These are naturally
called compiler words.

These compiler words are identical
in appearance to any other FORTH word.
Indeed they actually are simply FORTH
words with the exception that their
precedence bit 1s set. They are
analogous to assembly language pseudo
ops or oompiler directives. A pseudo
op (like ORG) 1in assembly language
gives direction to or is "executed" by
the assembler; not the object code. It
is never executed by the user program.

Thus, words in FORTH may be "flagged"
to operate as pseudo ops. That is,
they may be chosen to execute immedia-
tely and thereby perform some act of
compilation upon other words in the
definition; (even if they are imbedded
inside of a string of source code--
just as a pseudo op would do in
assembly language). This "flag” is
the precedence bit. When the FORTH
interpreter detects that this bit is
set, it will cause it associated word
to be executed immediately, even while
in compiler mode. Using the word
IMMEDIATE just after a definition is
the method used to set the precedence
bit.

This is a very powerful feature
of the FORTH language. It allows
definitions to execute while in
compile mode and since FORTH makes no
distinction between "supplied" words
and user written words the compiler
itself can be added to and improved.
This feature is called "extendability".

There are certain defining words
in FORTH that take the trait of "when a
word is executed" one step further.
Conceptionally advanced word such as
BUILDS and DOES allow a definition to
be constructed so that the first half
of the word will be used at compile
time but the second half will execute
at execution time.

While it is beyond the scope of this
paper to go into the usage of BUILDS
and DOES type words, it should be noted
that they exist and really do have two
separate times of execution.

The last point of confusion is: When
words contained in a "loaded" block
execute immediately instead of com-
piling (or visa versa). When FORTH
loads a block, it treats the incoming
data almost as if it were being read
from a keyboard. Definitions are
compiled and put into the dictionary
as they are encountered in the data
stream. But, if a word is encountered
that is not contained inside of a
definition (whether intentionally
or not!) that word is executed imme-
diately, just as if it was entered from
the keyboard. This is a quite straight
forward, and quite understandable
effect once it is pointed out. The
rule here is to put words to be
canpiled inside of definitions. Leave
words to be executed immediately
outside of definitions.

A good example of word purposely
left outside of a definition is
DECIMAL. This word is normally used as
the last word of a loaded block to
insure that after compilation the
system is left in its standard base ten
state.

In summary, the temporal confusion
that occurs when first using FORTH
is all quite elementary and under-
standable--at least in principle. And
at a beginners stage, principle is very
important.

The three general categories;
modifying the compiler, compiler
directives using the precedence bit,
and loading and compiling blocks, all
perform execution at predictable
times and really do have a direct
correspondence with traditional
programming seguences.
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