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Based on J. Baumgarner’s article ‘Fixed-
Point Trig by Derivation,’” Forth Dimen-
sions 1V/1, 1 have written a modified ver-
sion for the sine function. While this ver-
sion of SIN is approximately as long (in

terms of compiled code) and almost as
accurate as the original definition, it is
about nine times faster (5.3 msec on my
Z80A system running at 3.75 MHz). This
considerable increase in speed has been
achieved by optimal scaling of the series
parameters, to the extent that no divisions
are performed to evaluate the series. Also,
the improved siN is strictly in Forth.

To see how the modified version works,
let’s start with the basic Taylor-Maclaurin
series expansion for the sine function as in (1).

By successively factoring out x and x2,
the series can be written as in (2).

When using a scaled integer x, each multi-
plication must be divided by the scaling
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factor k in order to prevent overflow. Here
we choose y = kx and rewrite (2) as in (3).

For the reasons explained later on, we shall
actually use two scaling factors (4) such that
(2) becomes (5).

Defining a variable (6) as the repeatedly used
square term, we can rewrite (5) as in (7).

As can be seen, there are five divisions by
k,, equations (6) and (7), which are rather
time-consuming. In Forth there is a way
that allows for extremely fast division by

6. Using assembly language, this corre-
sponds to sixteen right shifts, whereas in
Forth the simple DROP does the job. There-
fore, a scaled multiplication with 26 as the
scaling factor may be coded as:

Z Z Ux SWAP DROP

which is the same as

z z k; % /with k; = 216 but much faster.

More time is saved when the division by
the series factors (6, 20, 42, 72) is replaced
by multiplications, as may be done by
appropriate choice of k,.

Here k, has been choosen as (k,)? = 300
such that the series fmally becomes as in (8)
where 3784 = k,/k, = 2!¢/4/300

A little precision has been sacrificed (for
the sake of speed) by using the integers 7 and
4 instead of the factors 7.14 and 4.2 in (8).

The average precision for the series is now
0.06%, and there is no point in trying to
increase precision since it is in any case
limited by the scaling factor according to (9).

Description of the Source Screens

Screen 1 holds the basic definition siNt
which evaluates the sine of values between
zero and 5994 (3784 x Pl/2 = 5944),
corresponding to zero and 90°. The series
may only be evaluated for arguments
greater than 256 (= 49), since the scaled
square of anything smaller than 256 is less
than one (therefore zero for integers) and
corrupts the series. Fortunately, the sine of
very small angles is almost equal to the
angle itself, so that argument itself may be
used as the result. For the worst case (argu-
ment = 256) this simplification yields an

error of 0.08 % which is only little more
than the average error for the whole series.
The term

Z ¥ Z
216

is calculated and stored as XS. Then the
innermost bracket 216 - 4 % XS is calcu-
lated. TERM1 is called for the remaining
elements, where TERM1 evaluates the fre-
quently used expression (10).

The accumulated TERMS are multiplied by
z/21% to obtain the scaled result. DEG scales
whole-degree angles to the input range
required by all the trigonometric functions
f(z). kTiMES Operates on the result of all
trigonometric calculations and scales it to
1000 * f (z).

DEG and KTIMES are used for debugging
only. They should not be used in a working
application. Example:

Screen 2 holds definitions of additional
trigonometric functions, all based on SiN1.
SIN1, cos1 and TAN1 are about twice as fast
as SIN, cos and TAN but accept input only in
the range of 0 < z < 5944 (angles between
0 and 90°), whereas sIN, cos and TAN accept
any input between -2!5 and +2!5 - 1,

30 DEG SIN1 KTIMES — 500
90 DEG SIN1 KTIMES — 1000

Due to space limitations, Mr. Bornstein’s
code will appear in the next issue — Ed.
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COMBINE THE
RAW POWER OF FORTH
WITH THE CONVENIENCE
OF CONVENTIONAL LANGUAGES

HS fORTH

Why HS/FORTH? Not for speed
alone although it is twice as fast as
other full memory Forths, with near
assembly language performance
when optimized. Not even because
it gives MANY more functions per
byte than any other Forth. Not be-
cause you can run all DOS com-
mands plus COM and EXE programs
from within HS/FORTH. Not be-
Fause you can single step, trace, de-
complle & dissassemble. Not for the
complete syntax checking 8086/
8087/80186 assembler & optimizer.
Norforthefast9d|g|tsoftware float-
mg point or lightning 18 digit 8087
math pack. Not for the half mega-

yte LINEAR address space for
guick access arrays. Not for com-
plete music, sound effects & graph-
ics support. Nor the efficient string
functions. Not for unrivaled disk flex-
ibility — including traditional Forth
screens (sectored or in files) or free
format files, all with full screen edi-
tors. Not even because 1/0 is as
easy, but far more powerful, than
even Basic. Just redirect the charac-
ter input and/ or output stream any-
where — display, keyboard, printer
or com port, file, or even a memory
buffer. You could even transfer con-
trol of your entire computer to a
terminal thousands of miles away
with a simple >COM <COM pair.
Even though a few of these reasons
might be sufficient, the real reason
is that we don't avoid the objections
to Forth — WE ELIMINATE THEM!

Public domain products may be
cheap; but your time isn't. Don't
shortchange yourself. Use the best.
Use it now!

HS/FORTH, complete system: $395.
with “FORTH: A Text & Reference”
by Kelly and Spies, Prentice-Hall
and “The HS/FORTH Supplement”
by Kelly and Callahan
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