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—=HISTORICAL PERSPECTIVE —

FORTH was created by Mr. Charles H. Moore in
1969 at the National Radio Astronomy Observatory,
Charlottesville, VA It was created out of dissatisfaction
with available programming tools, especially for ob-
servatory 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 Lang-
uage, and to supply application programming to meet
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 programmers to
encourage use of the language by the interchange of
ideas through seminars and publications.

Busy. busy, busy. That's what its been for the last
couple of months. Here are some of the things that have
been happening.

1. We've reorganized the order processing for the
mail order items listed on the last page. The volume
has increased so much this year that we had gotten
several months behind. Now, its all being handled
at one location and we even have a phone number
for checking on your orders (415) 962-8653. If you
have technical questions DO NOT CALL, write to
the box number so that your request can be routed
to the most helpful person

2. We can now take VISA and Master Charge orders
by mail and by phone, {415) 962-8653. The charge
on your monthly statement will be listed as "Mt.
View Press”. This was done because FIG isn't set
up to handle charges. We still aren‘tready to handle
purchase orders or delayed bilfings.

3. The Augustissue of Byte magazine has put FORTH
ON THE MAP. We are receiving 50-60 orders and
requests for information a day. We have a supply of
the issue and can furnish them to you (see the Mail
Order form on the last page).

4. This issue of FORTH DIMENSIONS has 60 pages
and includes all the CASES that were submitted.
Don't get your hopes up for more FD's this long.
Next month we go back to our regular size. Congrat-
ulations to all entrants!

5. Two events are coming up soon. The FORML Ad-
vanced Conference will be held November 26-28,
1980 at Asilomar Conference Grounds, CA. The
National FORTH interest Group Convention will be
held on November 29, 1980 at San Mateo, CA. See
Page 94 for more information and to register.

My thanks to the Judges and Editorial Review Board
for all the help they have given me on this BIG issue.
without their assistance, much of it done late at night,
you wouldn't be reading this issue for months to come.
Many thanks! .

Roy Martens
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==CASE CONTEST CLOSES=

This 1ssue of FORTH DIMENSIONS is
another special issue, chiefly devoted
to FIG's CASE Statement Contest. The
contest, announced in FD I/5, Jan./Feb.
1980, brought entries from sixteen
individuals and teams, showing a high
level of interest and activity among
the membership.

All the entries are published here.
They show imaginative thinking and hard
work, and illustrate the many different
ways that FORTH allows the user to
implement a single concept. Although
no one entry seemed to get it all
together, many show some very good
work.

Our panel of judges did not settle
on a single winner, but instead have
decided that the prize will be shared
among three entries. These are Dr.
Charles E. Eaker, Steve Munson, and the
team of Karl Bochert and Dave Lion.

BEach of these winners will receive a
$50 prize and a one year subscription
to Infoworld. The high interest in the
contest has justified increasing the
overall prize from the $100 announced
(including $50 contributed by FORTH,
Inc.) to $150. Infoworld kindly
donated the subscriptions.

Eaker's entry is particularly well
organized, and has a clear, readable
writeup. He implemented a keyed CASE
statement, and uses non-obvious words.
(See below for the difference between
positional and keyed CASE statements.)

Munson put so much thought into the
contest that he included several
versions, differing in the type of data
that keys the CASE statement, and in
keyed versus positional ordering of
cases,

Bochert and Lion submitted a neat
positional entry. It includes the
ability to alter the binding of cases
to case bodies after compile time.

The Jjudging was based on a variety
of factors:

1. the approach taken, including
degree of generality;

2. the success and efficiency of
the implementation, e.g., a
minimum of computation and
dictionary use should be left to
execution time;

3. FORTH-like style, including good
documentation on the screens;

4, overall prose description,
together with an evaluation of
the advantages and limitations
of the approach or implementa-
tion;

5. adeguacy and clarity of exam-
ples.

However, the judging did not involve
loading and testing the entries on a
running FORTH system,

The judges felt that most entrants
were not getting close enough to what
is possible in FORTH. They seemed to
think along narrow lines. A general
CASE implementation should be efficient
both for the positional case (where the
values tested are restricted to the
first N integers, for example, similar
to FORTRAN's computed GO-T0), and for
the general "keyed" case, where a
value, not necessarily an integer, is
tested against a sequence of explicit
values. Very few people tried to solve
both.

This collection of contest entries
make this issue of FD an excellent
source for the comparative study of
implementation techniques. Interested
FORTH students should read each entry
to pick up helpful techniques and
evaluate style. (Caution: Any entry
may also show poor technigques and weak
style.)

Forth Dimensions welcomes more
contributors.

FORTH DIMENSIONS II/3
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===JUST IN CASE

Dr. Charles E. Eaker

Even though FORTH provides a variety
of program control structures, a CASE
structure typically has not been one of
them, There is no particular reason
for this since, as we shall soon see,
it is not difficult to implement
one.

There are two different approaches
one can take to implementing a CASE
structure: vectored jumps and nested
IF...ELSE...THEN structures. Vectored
jumps provide the greatest speed at
run-time but produce enormous compiling
complications. So, taking the path of
least resistance, here is a proposal
for implementing a CASE structure for
FORTH which is really just a substitute
for nested IF structures. But, even
though the proposal is logically
redundant, there are a number of
practical benefits whicn make it worthy
of consideration.

To help this discussion, consider a
word which might appear in an assembler
vocabulary with a glossary entry as
follows:

GEN operand, opcode, mode selector —

Used by the ASSEMBLER vocabulary
to generate opcodes. 'Mode selector’
is the value which indicates which
addressing mode has been specified.
'Opcode’ is the value placed on the
stack by the preceding mnemonic, and
'‘operand' is the value to be used as
the argument of the opcode.

Here is one way of coding GEN.

: GEN O QVER =

IF DROP IMMEDIATE

EISE 10 OVER =

IF DROP DIRECT

ELSE 20 OVER =
IF DROP INDEXED
ELSE 30 OVER =
IF DROP EXTENDED
ELSE DROP MODE-ERROR
ENDIF
ENDIF

ENDIF

ENDIF RESET ;

GEN is defined to expect a 1l6-bit
number on top of the stack. For each
IF, this number, the "select value," is
copied and tested against a constant,
the "case value." 1If the select value
equals the case value the appropriate
code is executed. If all tests fail,
MODE-ERROR is executed. Notice that
GEN meticulously keeps the stack
clean.

Depending on the select value,
some action is performed on the opcode
and operand, and GEN removes them from
the stack. Consequently, before each
test, GEN must copy (OVER) the select
value, and if the test is successful,
the select value must be dropped from
the stack to expose the data values
prior to the appropriate routine being
called.

But wouldn't you rather code this
thing this way?

: GEN CASE
0 OF IMMEDIATE ENDOF
10 OF DIRECT ENDOF
20 OF INDEXED ENDOF
30 OF EXTENDED ENDOF
MODE-ERROR
ENDCASE RESET ;

It is certainly easier to see what
this routine is doing, so camments are
not as necessary, and changes and
repairs are far easier to do. Here are
the required colon definitions of CASE,
OF, ENDOF, and ENDCASE.
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TASE II0MP Jsep 3 :Cs? 4, IMMEDIATE

CF 4 ?PALRS JCMPILE QVER CCMPILE = COMPILE CBRANCH
HERE 2 , COMPILE DROP S : IMMECIATE

ENDCF S JFAIRS ISMPILE BRANCH  HERE I,
SWAP 2 [JOMPLILE; SwDIF 4 ; IMIEDIATE

ENDCASE 4 TPAIRS <TMPILE DROP
BESIN 5Pd CSP 3 = (0=
WHILE 2 [COMPILE, ENDIF REPZAT
<SP i IMMEDIATE

It so happens that with these
lefinitions both versions of GEN
compile the identical code into
=ne dictionary. Let's look at the
ompiling details.

CASE makes sure that it is in a
olon definition. Then it saves the
value of CSP (which contains the
oosition of the stack at the beginning
>f this case structure) and sets CSP
aqual to the present position of the
stack. The new value of CSP will be
ised later by ENDCASE to resolve
forward references. Finally, it throws
3 four onto the stack which will be
ised for checking syntax. CASE ocom-
ciles no code into the dictionary.

OF first checks that it has been
oreceded either by CASE or an ENDOF.
If the syntax is in order, then ocode
:s compiled into the dictionary to
Juplicate the select value (OVER)
and test its equality to the current
case value (=). Next, code for a
oonditional branch is compiled into the
dictionary followed by code for DROP.
Notice that at run-time the DROP is
executed only if the select value
equals the constant for this OF...ENDOF

pair.

ENDOF first checks that an OF has
Jone before, If so, then it compiles
an absolute branch to whatever code
follows ENDCASE. However, the address
to branch to is not yet known, so a

dummy null is campiled into the address
and its location is left on the stack
sO ENDCASE will know where to stick the
address once it is known. But there is
already an address on the stack just
under the one which ENDOF just pushed.
This address was left by OF and it
points to an address that should hold a
branch address to the code which
follows the oode generated by ENDOF.
So, ENDOF swaps the addresses and calls
ENDIF to resolve the address at the
address left by OF. Finally, ENDOF
leaves a four on the stack for syntax
checking.

ENDCASE makes sure 1t has been
preceded by either a CASE or ENDOF.
Otherwise an error message 1S issued
and compilation is aborted. Code for
a DROP is compiled into the dictionary,
then all the unresolved forward
branches left by each ENDOF are
resolved. Since there may be any
number of them, including none, ENDCASE
checks the current stack position
against what it was when CASE was
executed, and performs a fixup by
calling ENDIF until the stack no longer
contains addresses left by previous
ENDOF's. Notice that all of these
branches are resolved to point to the
code after the DROP generated by
ENDCASE. In the case of GEN this is
RESET.

It doesn't take long to notice
that OF generates an enormous amount of
code (10 bytes). This is a classic
example of a situation that cries out
for a machine language primitive. If a
run-time word could be defined, let's
call it (OF), then each OF would
generate just 4 bytes two to point to
(OF) and two for the branch address.
what (OF) would have to do is pull the
top stack item (the current case value)
and test it for equality with the new
top stack item (the select value) 1f
the test for equality is true then the
next item on the stack the select
value 1is also popped and execution
continues after the (OF) If the test
is false execution branches using the

FORTH DIMENSIONS II/3

Page 38



branch value following the pointer to
(OF), and the select value is left on
the stack.

CODE (9?) A PUL o PuUL TSX
1,x 8 sts O,X A €3C ABA (=
IF INS INS ' BRANCY CEA 9 [ BEX ; Il « Jnp
THEN ' BRANCH CFA 3 JMp

: CF 4 ?PA[RS COMPILE (CF) HERE 0 , 5 ; IMMEDIATE

The M6800 code listed above 1is
straightforward except that is uses
code in BRANCH and OBRANCH. (OF)
should work in any FIG 6800 installa-
tion provided BRANCH and OBRANCH have
not been altered (it doesn't matter
where they are located). Non-6800
users will have to roll their own, but
the high—-level OF should make it clear
what has to be done.

The disadvantages of this CASE
proposal are that execution is not as
fast as a vectored implementation, and
in some versions of FORTH, ENDOF and
ENDIF cannot be distingquished. These
seem minor compared to the advantages -
and there are several.

First, a CASE statement may contain
any number of OF...ENDOF pairs, and the
constants may be arranged in any order
whatever. Actually the constants need
not be constants. Between an ENDOF and
the next OF the programmer may insert
as much code as he or she likes in-
cluding code which will compute the
value of the "constant." CASE state-
ments may be nested; a CASE...ENDCASE
pair may appear between an OF...ENDOF
pair. Furthermore, there need not be
any code between CASE and ENDCASE, nor
must there be code between OF and
ENDOF. There must be ccde which pushes
a 16-bit number to the stack prior to
each OF. Finally, this proposal
follows the fig-FORTH style of handling
control structures.

fig-FORTH GLOSSARY

CASE —-- addr n (compiling)

Used in a colon definition in the
form: CASE...OF...ENDOF...ENDCASE.
Note that OF...ENDOF pairs nmay be
repeated as necessary.

At compile-time CASE saves the
current value of CSP and resets it to
the current position of the stack.
This information is used by ENDCASE to
resolve forward references left on the
stack by any ENDOF's which precede
it. n is left for subsequent error
checking.

CASE has no run-time effects.

OF —- addr n {compiling)
nl n2 --- nl (if no match)
nl n2 —— (if there is a match)

Used in a colon definition in the
form: CASE...OF...ENDOF.,..ENDCASE.
Note that OF...ENDOF pairs may be
repeated as necessary.

At run-time, OF checks nl and n2
for equality. If equal, nl and n2 are
both dropped from the stack, and
execution continues to the next ENDOF.
If not equal, only n2 is dropped, and
execution jumps to whatever follows the
next ENDOF.

At compile-time, OF emplaces (OF)
and reserves space for an offset at
addr. addr is used by ENDOF to resolve
the offset. n is used for error
checking.

ENDOF addrl nl --- addr2 n2 (campiling)

Used in a colon definition in the
form: CASE...OF...ENDOF...ENDCASE.
Note that OF...ENDOF pairs may be
repeated as necessary.

At run—time, ENDOF transfers control
to the code following the next ENDCASE
provided there was a match at the last
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