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SILICON COMPOSERS INC

FAST Forth Native-Language Embedded Computers

DUP

>R

Harris RTX 2000"™ 16-bit Forth Chip
+8 or 10 MHz operation and 15 MIPS speed.
+1-cycle 16 x 16 = 32-bit multiply.
«1-cycle 14-prioritized interrupts.
+two 256-word stack memories.
+B-channel 1/0 bus & 3 timer/counters.

SC/FOX PCS (Parallel Coprocessor System)
+RTX 2000 industrial PGA CPU; 8 & 10 MHz.
+System speed options: 8 or 10 MHz.
+32 KB to 1 MB Q-wait-state static RAM.
Full-length PC/XT /AT plug-in (6-layer) board.

SC/FOX VME SBC (Single Board Computer)
+RTX 2000 industrial PGA CPU; 8, 10, 12 MHz.
+Bus Master, System Controller, or Bus Slave.
+Up to 640 KB O-wait-state static RAM.
+233mm x 160mm 6V size (B-layer) board.

SC/FOX CUB (Single Board Computer)
*RTX 2000 PLCC or 2001A PLCC chip.
+System speed options: 8, 10, or 12 MHz.
+32 KB to 256 KB O-wait-state SRAM.
+100mm x 100mm size (4-layer) board.

SC32'™ 32-bit Forth Microprocessor
+8 or 10 MHz operation and 15 MIPS speed.
+1-clock cycle instruction execution.
+Contiguous 16 GB data and 2 GB code space.
«Stack depths limited only by available memory.
+Bus request/bus grant lines with on-chip tristate.

SC/FOX SBC32 (Single Board Computer32)
+32-bit SC32 industrial grade Forth PGA CPU.
-System speed options: 8 or 10 MHz.

«32 KB to 512 KB Q-wait-state static RAM.
+100mm x 160mm Eurocard size (4-layer) board.

SC/FOX PCS32 (Parallel Coprocessor Sys)
+32-bit SC32 industrial grade Forth PGA CPU.
+System speed options: 8 or 10 MHz.
+64 KB to 1 MB O-wait-state static RAM.
sFull-length PC/XT /AT plug-in (6-layer) board.

SC/FOX SBC (Single Board Computer)
+RTX 2000 industrial grade PGA CPU.
+System speed options: 8, 10, or 12 MHz.
+32 KB to 512 KB O-wait-state static RAM.
+100mm x 160mm Eurocard size (4-layer) board.

For additional product information and OEM pricing, please contact us at:
SILICON COMPOSERS INC 655 W. Evelyn Ave. #7, Mountain View, CA 94041 (415) 961-8778




Comiemis

Features l

6 Sets, Stacks, and Queues Marty McGowan

What more can be said about stacks? Rather than floating-point or compiler or exception
stacks, this article discusses using stacks in software applications—meaning stacks in the more
general realm of setsand queues. Sets, stacks, and queues differ only in their access methods:
LIFO, FIFO, and “AIRO.” Becoming conversant with Forth versions of each of these brings the
freedom to use whichever is most appropriate to your application.

1 4 Bounds Checking for Stacks

On the Internet’s comp.lang.forth, Russell Y. Webb started this discussion, which revolves
around an interesting technical issue while also shedding light on Forth problem-solving in
general. It all started with an innocent, on-line request for advice: “What is the most efficient
approach to checking for stack underflow and overflow?...I'm interested in having a fairly
secure, stack-based virtual machine, but it seems like a lot of overhead to check everything.
Any ideas are welcome.”

20 Nanocomputer Optimizing Target Compiler:
the Processor-Independent Core Tim Hendltlass

New nanocomputers—small single-chip processors with integrated RAM, ROM, and I/O—
appear regularly, and a simple alternative to assembly language can speed the development
of applications for them. This processor-independent core only needs to be matched with a
processor-specific library to provide a compiler that accepts Forth input and generates
absolute machine code. (In the next issue, a library for the PIC16C71 and PIC16C84 processors
will be presented.) The compiler supports chips with different word lengths and different
architectures; it only expects that the target processor executes a series of instructions taken
from some type of ROM and has some RAM in which to keep variables and stacks.
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4 Editorial .................. Will the real Forth please stand up?
5 Letters ..................... Challenged by macros; Forth vs. not-Forth

32 Forth On-line ............ Forth on the net, in the web, and at other electronic locales.
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36 Forth Vendors ......... Where to find Forth systems, services, and consultants.

38 Stretching Forth ... Extending CASE by simplifying it.

42 Fast Forthward........ Vocabularies are overworked.
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Eldditielkial

I'd like to thank the writer of the letter on the facing page (which we have titled "Forth
vs. notForth, " although its author might bave preferred “FIGvs. Forth”).Forth Dimensions
welcomes critical input that might further our community’s understanding of Forth, of
itself, and of its relationship to the rest of the world. This lelter, in particular, raises some
specific points to which readers are invited to respond. My reply here aims at the more
general issue. ..

There has long been an interesting dichotomy in the responses of Forth users to those
who ask aboutits lack of one feature or another. On the one hand, Forth minimalists reply
with something like, “You don’t need it” or “Forth already has that.” The first retort tells
the potential Forth user that his perceived need doesn’t exist, that we understand his
problem better than he does (which may sometimes be true, but it’s tactless and blunt
as a marketing approach). The second inflates some element of Forth beyond proportion
or demonstrates limited understanding of the topic, as when telling someone that Forth
“already is object oriented.”

On the other hand are those who Mr. Kloman (and he certainly is not alone) seems
eager to dismiss. They say, “Forth can do that!” and proceed to create systems that do
so—whether it be bounds checking, heap managers, or genuine object orientation.
Performance, size, the support of a reliable vendor, and the availability of professional
programmers trained on such systems all are apparently irrelevant, as long as the point
is proved. Some minimalists say those resulting systems aren't Forth at all, but examples
of application-specific languages or mutations of Forth into something else.

Which approach exemplifies the true Forth?

There is a point in Fiddler on the Roof when two people are arguing and the
protagonist agrees with both. Another person chimes in, “But Tevya, they can’t both be
right.” To which he responds, “You, too, are correct!” Wisdom would suggest that the
answer lies not in making this an either/or debate with one right and one wrong answer
for every programmer and every situation. Nor is a properly general solution likely to
be found in a dilute compromise.

For that reason, as well as for their inherent interest, we welcome to these pages
debate, critical thinking, and alternative approaches. These can influence us to think
about Forth in new ways, or can serve as valuable reminders of Forth’s inherent strengths.
Neither I nor this magazine, under my stewardship, endorse 2 minimalist or maximalist
(or static versus evolutionary) view of Forth. We simply attempt to publish the best of
the useful and interesting material submitted. So1 encourage those who sympathize with
Mr. Kloman not to drop an explanatory note on the heels of their departure, but instead
to remain and contribute their opinions and experience, to engage with us in the
enterprise of shepherding Forth into the future.

I do suspect, though, that the Forth community must adapt, if only because the rest
of the programming world has changed, and continues to change. And if the Forth
philosophy is to continue to have a relevant voice, we must thoroughly understand
contemporary programming practices, and how they relate to Forth. If we are to
adequately address the expectations of employers, Forth programmers, developers,
educators, and computer scientists, we must understand their expectations and be able
to address them expertly.

—Marlin OQuverson
FDeditor@aol.com
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[Letiers

Challenged by Macros

I found Wil Baden’s article on “Macro Processing in
Forth® (FD XVII/1) quite handy and useful. I've been a
macro-processor fan longer than a Forth fan, and do quite
a bit in M4 (the UNIX macro language). I was skeptical of
macros in Forth, as I tend to feel they are a crutch,
particularly in C. I worked for a brief while for Larry
Rossler, who, along with Steve Johnson, contributed
mightily to the growth of C in the 70’s and 80’s. Larry felt
the C pre-processor was an absolute mistake. He asserted,
and I later demonstrated to myself, that #include is totally
unnecessary, and that #define should be limited to those
occasions where a mnemonic constant is sufficient.

Therefore, I was skeptical of the need for macros in
Forth, thinking them a crutch in any language. Reading
Wil's article carefully, I found both support and challenge
for my views. Challenge sufficient that I've come to accept
the place of macros in Forth, and am working on their use
in the more general-purpose text processing, data analysis
work that I usually find myself. Challenged further, so that
I'm working on an idea I call the text multiplexor, or “Tex
Mux” for short. Using Wil’s basic idea, the controlling
string multiplexes the controlled input strings onto the
output. I'll need more time to explain, so another article
or two should be forthcoming. It's based on fusing three
things:

¢ Wil’s macros
« Mills and Linder's use of text queues
e synergy with C’s standard I/O

Mitch Bradley’s “Yet Another Interpreter Organization”
in the same issue was quite good as well. I'd seen the code
from connections in Rochester from the mid 80’s and am
moving to implement it in my ANS-Forth. Mitch’s TH is a
more elegant, if not robust—in my estimation—approach
to the “hex problem” than Wil's 0x. But that's the proof to
me of the value of macros. They don’t belong everywhere.

Keep the magazine coming, Marlin!

Thanks,

Marty McGowan
Whippany New Jersey

Marty McGowan's article “Sets, Stacks, and Queues”
appears in this issue. —Ed.

Forth Dimensions

Forth vs. not-Forth

You may well believe that Forth programmers have
drifted away from the Forth Interest Group (FIG) because
of the recent recession years. I ask you to consider that
Forth programmers did not drift away from FIG, but that
FIG drifted away from Forth programmers. I believe there
are many, many programmers around the world who, like
myself, program in the Forth language whenever it is the
appropriate language to use (which is most times for
skilled Forth programmers).

I have been a Forth programmer since the original
article in Scientific American. Forth is the main program-
ming language I have used for many years. Assembly
language is the second. I write Forth cores in assembly
language. I have written cores for many processors and
computers. But I have little interest in FIG and do not read
FIG’s publications. Here is the reason why.

Forth originated from the need to have an unlimited
programming medium (it was originally written in a high-
level language that was itself far too confining). It was
designed to inherently encourage programmers and op-
erators to be intimately close to the programming lan-
guage, the hardware, and the data. Of course, the use of
such an unlimited medium requires the full understanding
of all three.

And this is where FIG parted from Forth. FIG took up
the challenge of such things as object-oriented program-
ming, type checking, etc. But the purpose of the use of
these things is to separate the programmer and the
operator from the programming language, the hardware,
and the data of the system. Because these things are the
counterpart of Forth, they should never be an extension
of Forth. Other programming languages are available for
those who need to be separated from the system. The C
collection is an example of the present fad. Unfortunately,
the main topics in Forth Dimensionsbecame how to make
Forth into these other programming languages; how to
make the programmer less intimate with Forth, hardware,
and data.

To further illuminate the philosophical difference be-
tween Forth and what is not Forth, I offer a few ideas:

* Forth programmers limit and manage the source and
path of data so that there is no need for type checking,
etc. Each type can never get into the wrong path. Objects
are handled by their own code and do not need to be
identified. Each path is inherently able to handle any
data that can get into it.

¢ And Forth programmers use the inherently easy debug-
ging checks of Forth so that runaway programs don't
happen. There is no need for “bounds” checking. Forth
programs don'’t run away because Forth programmers
write closed paths.

» Forth programs run fast because there is no need for type
checking, definition checking, etc. The programmer has
written and debugged the paths so that run-time check-
ing is not necessary.

(Continues on page 37.)
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ANS FortH

Sets, Stacks, and

Queues

Marty McGowan
Whippany, New Jersey

What More Can Be Said?

We all know about stacks. What more can you say
about stacks that hasn't already been said? The adoption
of ANS Forth has spawned discussions about stacks other
than the fundamental data stack and return stack. Rather
than floating-point or compiler or exception stacks, let’s
discuss using stacks in software applications. And while
we are at it, we'll include stacks in the more general realm
of sets and queues. These data types—sets, stacks, and
queues—are all collections differing only in their access
method. Stacks have the LIFO property where items are
stored last-in, fetched first-out. Queues have the FIFO
property: first-in, first-out. Let's say that sets have the ATRO
property: any-in, random-out. The need to use onc of
these types is based on the application.

It is worth reviewing for just a moment. Stacks are used
in Forth and other programming languages to isolate
functions and communicate data between them; queues
are used in process control applications, particularly to
manage tasks in operating systems; sets are used in
relational data tables, where order isn't explicit. Some
people have criticized Forth because of the many stack
operations, as stack operations (in a pure stack) may only
take place on top. Forth allows direct manipulation of
many other stack items than the top. More words have
been said on this subject than is necessary. Similarly, in
operating systems, queues are examined and manipulated
at places other than the ends. Rather than be too rigorous,
let’s take a practical approach. We will implement a pure,
or simple, set of operations, but with a few hooks so we
can traverse all the elements of each type.

My motivation for this article comes most recently from
the “two stacks” discussion in comp.lang.forth and, more
deeply, from an article, “Data Structured Programming:
Program Design without Arrays and Pointers” by Harlan
Mills and Richard Linger.! Implied by the title, Mills and
Linger believe and discuss how many programming errors
are introduced by misuse and overuse of arrays and
pointers. Their suggestion is to use a more appropriate

! *Data Structured Programming: Program Design without Arrays and
Pointers,” IEEE Transactions on Software Engineering, Vol. SE-12, No. 2,
February 1986, p. 192-197.
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data type: a set, stack, or queue. At this point, you might
be skeptical about replacing arrays and pointers with sets,
stacks, and queues. Mills’ and Linger’s case is more clearly
directed at the procedural languages. As an example, they
show a Pascal statement which contains much potential
for error:

ali] := b[j+k]

Two arrays with three separate indices are being
managed, each having their potential for error. As a Forth
programmer, you are less likely to attempt this than your
C or Pascal counterpart. But we're always in a position to
learn from others. So, what do these types of sets, stacks,
and queues have to offer the Forth programmer? First, they
substantiate Forth’s claim of simpler implementations.
Next, like Forth, these types enforce the idea that simple
tools can change the way we look at problems. I've a
feeling, which I'll pursue in another article, that properly
used, these types relieve some of the pressure on the
return and data stacks. In the implementation here, the
words are designed to allow arbitrary growth for members
of the type. For example, stacks may be arbitrarily deep,
queues arbitrarily long, and sets arbitrarily large. This
comes at a performance penalty; the idea is that, during
program design, a new type needn’t be sized until
sufficient use tells us what to expect; then it may be coded
with a fixed-size type instance, which may be more
efficient. Practicality isn’t always machine efficiency.

Mills and Linger show how to declare and use the three
new types in a Pascal-like syntax that should suggest
where we'’re going:

set r of T;

member (r) := Xx;
y := member(r);

stack s of T;
top(s)
y = top(s):

1= X

Forth Dimensions



queue q of T;
back (q)
y := front(q):

= Xy

In a Forth implementation, we expect to see similarities
and differences with a Pascal or C version. First, the major
difference is that the Forth sets, stacks, and queues will be
typeless. When we create a set, forexample, the only thing
the set will contain are cells of an unknown type. As with
other types in Forth, the type of the set is up Lo the user.
For example, we might have a set of queues. The set stores
and retrieves arbitrary members, so we will need Forth
words to accept and retrieve set members. We will also
need a word to declare, or create, sets. Similarly for the
stack, where the “top” is the only accessible member. And
in the case of the queue, items are stored at the back and
fetched from the front. We draw on Forth words fetch and
store (@ and ') to suggest the new names:

set: ( compile: {parse} -- )
( execution: -- set )

set! (n set ~-)

set@ ( set -- n )

stack: { compile: (parse} -- )
( execution: -- stack )

stack! ( n stack --)

stack@ ( stack -- n )

queue: ( compile: {parse} -- )
( execution: =~- queue )

queue! ( n queue -- )

queuel@ ( queue -- n )

The operations are entirely regular, consistent with the
core Forth words (:, !, and @). The type names with a
trailing colon (:) parse a word at compile time, which at
execution time leaves its address on the stack. Type names
with a trailing exclamation (!) expect a value and the
address of an instance, then store the value in the instance
(not the address). Type names with a trailing at-sign (@)
fetch a2 member of the type according to the rules of the
type: FIFO, LIFO, or AIRO. Similar to the Forth data stack,
but different from the memory operation, the side effect of
the ...Q operation is to remove the value from the instance.
(E.g., set @ removes the next item from the set, leaving it
on the Forth data stack.)

At this point, the list of operators might be complete, but
we're being practical, so two more operators are useful:
empty? ( set | stack | queue -- flag )
x-link ( t-a t-b ~-- )

\  exchanges identical types

Empty? returns true when the type has no members,
Salse if occupied. For example:

Forth Dimensions

set: test-set
test-set empty? ( is TRUE )

Mills and Linger suggest defining the sparest list of
operations, which seems a good rule. We'll see how to use
these two utility words to traverse instances of sets, stacks,
and queues. So applications like counting, summing, and
printing which might be “built-in" are better left to the
user. We'll take these up in a later section.

Design Goals and Objectives

Without getting carried away, the code should be as
sparse as possible. One compromise I made was the use
of the word 1ink, which is used as a noun here. A node
is replaced with its “link” on the stack, where a link is the
forward pointer from one node to the next. Simply, it’s:

link ( node -- node next ) dup @ ;

Nodes are two-cell pairs, where the first cell is the link
and the second cell holds the value. I was carrying around
dup @ in the places where link was the idea. In
debugging, [ discovered I'd made a mistake in queue@.I'd
originally coded dup dup @. The queue never emptied!

Sets and queues are similar in that they are maintained
as ring types. A ring is a closed list, where the last node
points to the first, which is the fetch point. Also, the ring
pointer points at the last item, which is the insertion point
for the queue. This is a well-known trick for ring types.
Sets are different from queues because the order of
fetching set elements can't be reliably predicted. This
implementation simulates the random behavior of the set
by moving the end pointer after fetching an element. The
stack is implemented as a null-terminated linked list. When
elements- are fetched, they are removed from the type
instance (successive fetches return different elements).

Another goal we have here allows any type instance to
grow indefinitely. Sets, stacks, and queues will “never”
overflow. This means we don’t have to declare an initial
size for each instance. How is this achieved? A single
underlying freepool manages the cell-pairs of all types. A
two-cell node is either taken from the freepool or allocated
from the Forth dictionary, When an element, or cell-pair,
is fetched and removed from the type instance, its two-cell
node is returned to the freepool for later re-use.

Instances may be tested for being empty by the word
empty?. The implementation uses a hidden value, rather
than zero, to indicate an empty instance. You may want to
have the value zero in sets, stacks, and queues. I could be
persuaded that no useful item may be zero. For example,
in a priority queue of tasks or processes, the interval to the
next task may be zero, but that zero is probably better used
as a value in another two-cell node, where one value is the
time interval and the other is the task. I felt it better to use
the hidden value as an empty sentinel rather than zero.
Let’s say it's open to discussion.

In order to non-destructively examine sets, stacks, and
queues, the x-1ink (“cross-link”) word allows swapping
pointers to like type instances. The typical approach is to
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swap pointers between an empty type and the type of
interest, which makes the empty pointer now point to the
data and the pointer of interest an empty type. Then,
successively fetching from the temporary instance and
restoring in the type of interest allows inspection of the
individual values.

Figure One shows an empty ring and an empty stack.
Remember, sets and queues are implemented as rings.
They have the property that when the last pointer points
to itself, the ring is empty. The null value {0} may not be
zero, but indicates the value is of no interest. Further
attempts to fetch items from the empty ring return a value,
after testing by empty?, of true. Figure Two shows an
occupied ring. Following the insertion code shows the
value is stored in place of the {0}, and a new node
becomes the *last” after the current last. The first node is
always the one after that. Figure Three shows the special
freepool as a possibly non-empty, singly linked list of two-
cell nodes. It is accessed as a stack.

Code Inspection
Sets, stacks, and queues are implemented in the code
of Listing One. The words INTERNAL, EXTERNAL, and
MODULE were invented (or discovered) by Dewey Val
Shorre (Forth Dimensions 11/5). They are something like:

internal latest >1link @ ;
external latest >1link ;
module v

in a non-ANS Forth definition. Simply define them as no-
ops in your system if you are willing to avoid using the
words between INTERNAL and EXTERNAL. Word defini-
tions (and variables, constants, etc.) between INTERNAL
and EXTERNAL are available to the MODULE, but are
otherwise invisible to later words in the dictionary. Words
between EXTERNAL and MODULE are globally visible,
unless some other wordlist restriction is in force. In Val
Shorre’s implementation, modules nest. I've seen sugges-
tions how these words may be defined in ANS Forth, but
I'd like to make sure they may indefinitely nest on one
hand, and not be hemmed in by a wordlist limit. In the
following discussion, the words INTERNAL, EXTERNAL,

Figure One. Empty ring with pre-fetched node (left); empty stack’s null or zero pointer.
queue: stack:
last first
first
{0}
Figure Two. Occupied ring with insertion (queue or set).
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Figure Three. Freepoo! (stack access).

variable

_free *

next B next —3» next

{0} {0} {0)

Listing One. Sets, stacks, and queues source.

{ Sets, Stacks, and Queues -- Marty McGowan 950601)

INTERNAL

variable _free 0 _free !
: >free _free @ over ! _free ! ;
: free> free @ dup if dup @ free ! else drop here 2 cells allot then ;

link dup @ ;
: link@ link link rot ! ;
: link! 2dup @ swap ! !
: _stack@ link cell+ @ swap link@ >free ;
set++ @ 2dup = if @ then dup cell+ @ rot cell+ ! swap ! ;
EXTERNAL
empty? _free = ; \ use hidden value, rather than 0

x~1link 1link rot link rot rot ! swap ! ;

stack: create 0 , ;

stack! swap free> tuck cell+ ! swap link! ;
stack@ link if _stack@ else drop _free then ;

queue: create here cell allot free> tuck dup ! !
queue! tuck @ cell+ ! free> tuck over @ link! ! ;
queue@ link link = if drop _free else @ _stack@ then ;

’

set: queue: ;
set@ queue@ ;
set! tuck queue! 1link link set++ ;
MODULE
Forth Dimensions 9
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and MODULE are used as reader’s guides to the code.

INTERNAL

The freepool is managed as a singly linked list which
allows two operations: >free and f£ree>. These names
were chosen because their operation mimics the Forth
return stack, accessed by >r and r>. In both instances, a
single cell is pushed to or pulled from either the freepool
or the return stack. The freepool need not be balanced in
the sense of the return stack. Fetching a cell from the
freepool, through free>, returns the address of a free
two-cell node: either the first two-cell node from the
freepool or, ifit is empty, two cells allocated from the Forth
dictionary. The freelist is kept intact when a node is
removed. Nodes are returned to the freepool by >free.
The address of the _free variable is used to indicate an
empty list. Programmers using moduleswon’t see _free,
>free, or free> in dictionary searches. Therefore, the
address of the _free value shouldn't be used anywhere
outside the module. It’s a better candidate for the empty
sentinel than, say, zero. The cell pair managed by the
freepool uses the first cell as the link field. There is no
requirement for users of the freepool to use this approach.
But links enforce this behavior.

A link is the single link from one node to its successor.
Here, we use the first cell of a two-cell pair to hold the
forward pointer. As discussed above, the word link,
given a node, returns the node and the next node. Link@
and link! operate on links with the usual meaning of

Figure Four. Effect of LINK@.

fetch and store. Given a node, 1inkQ@ returns the next
node while repairing the links around the returned node.
In effect, it fetches the link. Similarly, 1ink! takes a pair
of nodes, storing the second as the link from the first.
Link@ is used in _stack@, which is a further primitive
in stack@ and queue®; 1ink! is a primitive in stack!
and queue!. Figures Four and Five show the effects of
link@ and link!,

With _stack@, the underlying concepts start to come
home in terms of being able to visualize the pictures
through the words. Link cell+ @ puts the data on the
stack, preserving the instance; swap saves the data, with
the instance now on top; 1ink@ plucks out the node
which just yielded its data, and >free stores the node in
the freepool. Set++ is a compromise made to keep all
words as one-liners. (I like to use multi-line phrasing, but
when I saw the opportunity to make the one-liner unani-
mous, I took it.) Set ++ is set to advance the “last” pointer
when items are added to a set instance. The leading
number of @s is arbitrary and could be made random to
give the set truly random behavior. The 2dup = if @
then adds a necessary “next” when the previous fetches
have yielded the “last” node. What happens is, the node
trio of “instance last first” is modified to “instance last
{random}”, the value is fetched (dup cell+ @) andstored
in the “last” cell (rot cell+ '), which is otherwise
empty, and the instance then points to random (swap !),
which is the new last.

Data
nodeA nodeB nodeC Stack:
w
(+
O nodeA —3p» nodeB (=3 nodeC |3 nodeD =3
'Y
i deA
o node
{0} {0} {0}
Stack Effect:
nodeA 1link@ -- nodeB
nodeA nodeC
i
deA nodeC deD
E nodeA —3p» e 3> node —3»
nodeB nodeB
{0) {0}
{0}
{0}
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EXTERNAL

The word empty? uses _free as the sentinel for
empty type instances, hiding the use of _free. Users see
the value on the stack as a return value from fetches. Its
only purpose is to indicate empty instances. The word x~
link, pronounced “cross-link,” exchanges instances of
like types. Two pair of Link rot put both links on the
stack. A rot ! reassigns one of the crosses, while swap
! does the other.

The action is in the nine following words. Note that
stacks are different from sets and queues. Set creation
(set :) and fetching (set @) are identical to their queue
analogs. These two types are implemented by rings. To be
pedagogic, an intermediate type called ring should have
held the queue definitions, with queue definitions using
the ring types. So much for pedagogy. Set! uses the
queue! with the added facility of moving the “last”
pointer to randomize the set.

Stacks simply create a null single cell to hold the stack
pointer. See Figure One for an empty stack. Stacking a
value requires a pair of cells from the freepool. The value
is stored (tuck cell+ !)and the linked list is restored
(swap 1link!). Fetching is simple: non-empty stacks
return the value from a stack fetch (_stack@), while
empty stacks return the address of the freepool, again,
only useful by comparison to empty?.

Queues (rings) and sets are created by allocating a
single cell, pointing to a two-cell node, whose initial “next”
pointer points to itself (see Figure One). Use of the

Figure Five. Effect of LINK!. J

freepool by the word free> either allocates two cells in
the dictionary or a node from the non-empty freepool.
Items are stored in the queue (ring) by queue !, where the
value is stored by the tuck @ cell+ !, recalling the
value is putin the “last” node and a new last node is linked
on from the freepool. Discovering this order made it
possible to insert without testing. Free> tuck over @
produces the “new instance new last” nodes on the stack,
and 1ink! ! re-establishes the links. Queues are fetched
by constructing the two links “instance last first” and, if the
last and first are the same, the queue is empty (drop
_free), otherwise the value is fetched (@ _stack@).
Again, sets are identical to queues, except on storing,
the “last” pointer is moved to simulate a random order of
the set.
MODULE

Applications

A few simple applications in Listings Two and Three
will serve to show some of the utility of the types. In a
future article, we can examine how Wil Baden’s recent
macro-processor? might be done with queues. One of the
interesting things I found in translating Wil's macros into
queues is that he has discovered what I'll call a Text
Multiplexor, or “TEX MUX” for short. It becomes more
general in useful ways with queues. Queues introduce the

?*Macro Processing for Forth,” Wil Baden, Forth Dimensions, Vol. XVII,
No. 1, May-June 1995, p. 34-37.

nodeB
{0}
Data
w nodeA (o] nodeC Stack:
©
E nodeA =3 nodeC > nodeD —J» nodeA
W
-] nodeB
{0} {0}
Stack Effect:
nodeB nodeA link! --
nodeA nodeB nodeC
[+
w
deA
b= node > nodeB P nodeC 3 nodeD —>
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