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The dominant theme of this issue is fast mode, but more specifically
fast mode using the STF IND sequence at the end of the current part-
i¥ion combined with Patrick Acosta's idea for selecting any desired
program location for the jump at fast mode entry. The emphasis on
that subject was triggered by Dejan Ristanovic's observation that he
still sees many fast mode programs using the antiquated "load-and-go"
method which is so sensitive to card reader problems.

The "star" article is not on fast mode however; it is Maurice Swinnen'
translation of the text which accompanies the Science et Vie program
which calculates 1287 digits of pi. See page 21. Not only is the
program superbly crafted, but the text makes pertinent observations
on programming style and on differences in calculators.

This issue carries additional information on the CC-40 including two
graphics programs by Maurice Swinnen. Users of the CC-40 continue to
be crippled by the unavailability of peripherals. For example, when
analyzing the accuracy of the sine and cosine functions of the CC-40,
I read the errors from the CC-40 display and entered the values into
my TI-59 so that I could obtain a plot using Michael Sperber's classic
Plot-60 program.

This issue also continues the coverage of precision started earlier
this year with important inputs from George Thomson, Laurance Leeds,
and Bob Fruit. Bob Fruit's input on the IBM PC was particularly
interesting. The device performs very well on the interest problem
that he proposed, but quite poorly on the problem of recovering a
value for pi (see pages 4 and 14), For the first time I had a chance
to look somewhat closely at the HP-75. Although I knew that both EDN
and BYTE had reported that the HP-75's calculator mode was A.0.S.,
somehow I never really believed it. But it really is true! H-P also
broke ranks with their traditional ten digits--the HP-75 has twelve.
The real advantage of the HP-75 would seem to be the compatibdlity
with the HP-IB interface bus so that several peripherals are already
available. In contrast, we walt patiently (?) for the CC-40 related
devices, No new information on the TI-é6 has become available.
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The newsletter is not copyrighted and may be reproduced for personal
use., When material is used elsewhere we ask as a matter of courtesy
that the source be mentioned. The use of material in this newsletter
os entirely at the user's risk. No responsibility as to the accuracy
and the consequences due to lack of it will be borne by either the
club or the editor.
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ERRATUM - 1188 Digits of Pi - Lars Hedlund of Sweden writes that

there is an error in Program C on V8N1P22., The command
at locations 104/105 should be RCL 08 not STO 08 as indicated in
the listing. This error was not present in the original program
submitted by Jovan Puzovic but was inadvertently introduced during
an optimization by the editor.

CLARIFICATION - 1287 Digits of Pi - George Thomson writes that

comment (2) on V8N3P8 is slightly misleading. Pro-
gram steps 125 and 126 are used to define the number of registers
used to store the answer. The user is not limited to the options
indicated, but may set locations 125/126 to the number of places
desired divided by 13 and rounded up.

HP-67 VS TI-59 WITH EE-INV-EE - Laurance Leeds writes "It has been
asserted that using the EE INV EE

routine with the TI-59 will give the same result as is given by the

HP-67. This is not correct. Consider the problem involving the

yX function where x = 2.5 and y = 2.543210631 . Then

Exact solution 10.314 68158 50719 ...

Exact 10d rounded 10.314 68159

TI-59 solution 10.314 68158 506 including the guard digits.
TI-59 rounded 10.314 68159

HP-67 solution 10,314 68158

In this case and several others as well the TI-59 gives the exact
10 digit rounded answer, whereas the HP-67 is in error. "

Editor's Note: The discussion of the HP-67, the TI-59 and other
calculators appeared in V8N3P13/14. I had compared the HP-67, the
HP-41 and the HP-11 with the TI-59 for the case where five square
roots were followed by five squares. Laurance asked whether the
HP-41 makes the same mistakes for the yX function above as the HP-67.
I do not have an HP-41 readily available. My HP-11C gets the same
correct ten digit answer as the rounded answer from the TI-59 for
each of six problems posed by Laurance. Can one of our bi-linguals
help us with an answer for the HP-41°?

MU-17 CLARIFICATION - Don Graham reports that the documentation for
the Romberg Integration program (MU-17) in
the Math/Utilities module indicates that data registers R18 and
beyond are used for data, the exact number being dependent on input
parameters (and therefore accessed by indirect addressing). How-
ever, the listing for the program refers explicitly to R19 and R20
(see steps 047—058, 063,064, 071,072, 077-078, 086-087, and 173-
174)., It's not actually contradictory, but it could be a little
misleading in certain cases.
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FAST MODE ENTRY - Dejan Ristanovic writess:s ...I still see many fast

mode programs using "load-and-go" methods to
initialize fast mode. I think that this method is very user un-
friendly since:

¥ Memory 1is completely erased.
¥ Partitioning is returned to start-up condition.

* One cannot use a normal mode for data entry using labels
and a fast mode for data processing without going through
an intermediate step of writing magnetic cards which can
be re-entered after fast mode initialization.

* Reading magnetic cards require extra steps, and includes
the unpleasant possibility of card reading errors.

De jan then recommends the use of the method which involves place-
ment of a STF IND at the end of the current martition. This tech-
nique was discussed by Patrick Acosta in V6N8P3/4 and has been
used in several programs in TI PPC Notes; for example, in

* Jovan Puzovic's program for 1188 digits of pi (V8N1P21).
* TLaurance Leeds' speedy factor finder program (VB8N2P27).

* Peter Messer's fast mode exact factorial program (page 5
of this issue).

All three of those programs share a common characteristic. The
constant used in the fast mode entry sequence is chosen such that
program execution after fast mode entry begins at location 001.
The three programs also all use the 7 EE sequence after the
flashing 1 has been obtained in the display after the STF IND

at the end of the partition. ‘

(Editor's Note: There is more versatility built into this method
of fast mode entry. Patrick Acosta's discussion in V6N8P3/4 used
7 INV instead of 7 EE; and experimentation suggests that any
number key can be used 1n place of the 7, and any command for
which the second digit is a 2 can be used in place of the EE.
Furthermore, V6N8P3§4 describes the use of the ninth through
twelfth digits of the initialization constant to obtain a Jjump

to a location other than 001 at fast mode entry. That technique
is also illustrated in this issue on pages 15 and 25 of this issue.

EVEN MORE ON NUMERICAL PRECISION -~ The subject of the comparative

numerical precision of various
hand-held calculators was introduced in V8N2P3, Additional material
was presented in VBN3 on pages 13 through 16. Several readers re-
sponded with their own observations:

George W. Thomson: "...The neophyte will never understand what all
the shouting is about until he has a disaster. He routinely inverts
a matrix or solves a set of simultaneous equations or a differential
equation and he doesn't even get the right SIGN, much less the right
magnitude., The literature on "ill-conditioning" goes back about

150 years. So, a long word length is good insurance, even although
you never seem to need it. So, keep on shouting."
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VEN MORE ON NUMERICAL PRECISION (cont)

Bob Fruit: "...I think you are testing the wrong function to de-
termine the precision of a computer. Not many people have need for
high precision trigonometric functions. Maybe astronauts need then,
but not many other people. From the people I know the lack of
computer precision causes trouble most often when raising a number
to a power. This shows up often when calculating amortization tables.
Those of us accustomed to using the TI-59 don't even think about the
precision of the raise to a power function since it often has more
precision than the desired results, On a computer it often turns
out that the result is only good to 4 or 5 significant digits. For
a table covering 30 years that precision is nowhere near good enough.,
I would propose a test using the calculation of one dollar contributed
to a savings account every month, with interest compounded every
month for thirty years. The algebraic form for this test case (it
is the solution to a geometric series) is: ot

S . (1 +3)" -1

m i

To standardize the calculation an annual interest rate of 10% was
used. The effective monthly interest rate is 10%/12. There are
360 monthly compounding periods in 30 years. I have calculated
the results for this formula on the IBM PC in two ways. The first
way is the straight forward application of the formula using the
raise to the power function. and yields the answer

2260,487924796093

The second way is to avoid that function by squaring the value

until the power is reached. Not only is this method faster than
multiplying the number times itself 360 times (which would introduce
a lot of rounding error), this is the least number of times a number
can be multiplied to achieve the desired results:

%360 - 4256 (64 %32 48
This method yields the answer
2260,487924796093 (identical with that above)

The IBM PC used double precision algebra to get those answers. Using
a TRS-80 Model II at work for the same problem yielded:

2260,5 in single precision, and
2260.502243041992 in double precision, where

the built-in BASIC functions are single precision. FORTRAN for the
Model II does have double precision functions--how many ways are we
going to test? Sjgraightforward mechanization of the problem on the
TI-59 using the y~ function yields an answer of (including the guard

digits): 2260,487924713
Editor's Note: For comparison the sinking fund option of ML-19

yields the identical answer if one removes the Fix 2 display mode
from the output. Solutions on other computers include:

HP-11C 2260,487641
cc-40 2260.4879241984
Model 100 2260,4879247471
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EXACT FACTORIALS IN FAST MODE - Peter Messer. V8N3 included two

exact factorial programs, one for
the TI-59 by Peter Messer and another for the TI-57 by Reginald
van Cenechten. The TI-57 program would find 34! in 2 minutes 30
seconds, while the TI-59 program required 3 minutes 15 seconds for
the same calculations. Peter decided to rearrange his TI-59
program for increased speed, and then added fast mode using the
Stflg-Ind-7-EE method. The fast mode version delivers 34! in just
1 minute 21 seconds, and delivers 100! in 10 minutes 30 seconds.
The operating instructions are similar to those in V8N3P10, but
with additional keystrokes for fast mode entrys:

(1) Enter the program.
(2) Press A to initialize. See a zero in the display.
(3) To find n! :

(a) Enter the first factor and press B. You may use either
a 1 or a 2.

(b) Enter the second factor and press C. You may use a 2
if you used a 1 in step 2.a., or a 3 if you used a 2.
in step 2.a.

(c) Enter n and press D. See a flashing 1 in the display.
Ignore the flashing and press 7 and then press EE. The
calculator will be in fast mode. You will be unable to
interrupt operation with either RST or R/S. A "-0" in
the display signals the end of the calculations.

(d) Press E to display the highest order block. Press R/S
to see each remaining block in order. The number of
trailing zeroes is displayed as a negative integer.

(4) To find n!/m! , first initialize as in step 2 above.
(a) Enter m+1 and press B.
(b) Enter m+2 and press C.

(¢c) Enter n and press D. See a flashing 1 in the display.
Proceed as in steps 3.c. and 3.d. above.

As with the program on V8N3P10:
¥ All blocks are ten digits.
* The highest factorial is 461!,

If you tire of all this speed and want to see how fast the program
will run in normal mode simply proceed as above, but in response
to the flashing 1, press CLR and see a steady zero. Press RST
followed by two R/S's. The normal mode run time for 34! will be
about 2 minutes 46 seconds. Tests of other factorials in normal
and fast mode will show that the fast mode runs slightly better
than two times faster than normal mode.

You might also want to experiment with other responses to the
flashing 1 which signals readiness to enter fast mode. My tests
show that you may use any number key (O through 9) in place of
the 7, and may use any function key which has a code which has

a 2 in the second digit (STO, x t, INV or B) in place of the EE.

The program appears on the next page.
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EXACT FACTORIALS IN FAST MODE (cont)

Program Listing:

s pe 26 LE : 133 00 00
aoo - 91 RS ger &3 ¢ o TEtE I 134 01 01
g0l 01 L oas a3 RS 08z 42 5T0 108 135 30 20
e 50 as = 33 23 W9 109 tze 01 1
003 93 9% 030 95 = foa a1 mee 110 137 44 sUM
D04 42 51O 31 g3 Exs 085 7E LEL 111 138 96 96
005 00 0o 032 00 OO ose 15 B 112 129 61 GTO
006 73 RC¥ 033 &3 OF 087 42 RCL 113 140 00 00
og7 00 00 e age 37 97 114 141 04 04
008 €5 X 03 & 08e 4z 10 115 142 00 0
009 43 RCL 36 00 090 0o 00 116 143 00 0
010 98 98 332 ‘na1 73 RCx 117 144 Q0 @
Qi |5 4 029 goz 00 oo 118 145 o0z 2
12 43 RLL 0 053 91 Ros 119 146 S& EE
013 84 94 0 094 =7 paZ 120 147 01 1
014 53 INT .041 095 00 oo 121 148 02 =
015 95 = 042 096 122 149 234 +--
016 &7 EQ 043 Ina7 123 150 85+
017 01 01 Q44 0an 124 151 01 1
013 03 03 045 099 125 122 % -
i 55 ¢ 046 o 126 153 22 i
QE0 43 ROL 047 i 127 4z = 154 52 EE
gz1 33 3% 242 10z 128 00 o0 155 S8 Fls
Gze 93 = ':'j:‘ 103 129 00 o 156 00 00
023 42 §T0 as 104 120 €32 En+ 157 &0 DEG
ggi 24 Iaﬁ Ogﬁ 105 131 Q0 on 158 28 STF
2o 22 It I} ay nsrs 9 40 [HD
n2E 59 IHT 032 132 97 D2 139 40 INWD
ZERO AS A CALLABLE LABEL - Myer Boland. Myer suggests adding the

avallability of zero as an additional
label to the list of quirks in VB8N3P3. He notes that you can
address LBL g by hand or from a program by using IND A (or any
other user defined key A through E'). For example with the
following routines in user memory:

LBL C 100 RTN
LBL # 200 RTN

LBL A x IND A = RIN
LBL B x C = RTN

If you put a 5 in the display and press A you will get 1000, With
a 5 in the display, pressing B will return 500. If you have a soft
5 (no decimal point) in the display, pressing C will yield 5100;
but with a hard 5. (with a decimal point) pressing C will yield
100. With a soft 5 in the display, pressing IND A will yield

5200; but with a hard 5. in the display, pressing IND A (or IND E'
or IND followed by any other user defined key) will yield 200,

The effect is ag if there is one more user defined label.

Editor's Note: Myer didn't recall where he had seen this technique.
My research shows that the effect was reported in VAUN3P4 of 52 Notes
by Maurice Swinnen, who stated that he had found the technique in
the newsletter DISPLAY, Maurice reported that zero was the only
numeral that worked this way, and that somehow data register 00

gets into the act., For example, if you had the number 123.55 in
data register 00 and press the keys 5 2nd IND A with the routines
above in the calculator and in TRACE mode then the integer portion
of the contents of R00, or 123 will be printed at the right hand
side on the line before 5200. RTN is printed. If you try the
technique with no data registers (f Op 17) you get a flashing display.
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EDUCALC MAIL STORE - Educalc sells software, accessories, books and
supplies for portable computing. Devices
covered range from the TI-59 and HP-41 to the CC-40 and the HP-75.
The shipping and handling charge is only $1.00 no matter how large

the order. Order from EduCALC Mail Store
27953 Cabot Road
Free Catalog Laguna Niguel CA 92677

That is a slightly different address than has been listed previously.
If you order, mention TI PPC Notes. Items of interest to TI-59 users:

Stock No, A-514 - Leather Calculator Case for the TI-58/59. These
hard leather cases are made of high quality, 7 to 8 ounce cowhide.
They are perfect for outdoor applications such as surveying, con-

struction or a machine shop enviromment. A belt loop is available
on the back of each case. Light tan in color. $29.95.

Stock No. P-150 - Designed to fill a very real gap in TI's manual
documentation. Also, appendices give useful information on Registers
versus Program Memory and Pseudo-Instruction Codes. Gives procedures
for interfacing CROM programs in user memory. $12.00, (Editor's
Note: This is listed as the User Survival Guide for the TI-58/59
Master Library, but old timer's will recognize it as Fred Fish's

book which has been previously mentioned in V6N6/7P1. Maurice is

no longer providing these books for members.)

Stock No. I-159 - Problem Solving with the Programmable Calculator

by Dunlop and Sigmund. This unique approach to problem-solving will
develop your programming skills., Here are dozens of puzzles, games
and simulations for a wide variety of applications in math and science.
Each activity comes complete with detailed user instructions, flow-
charts and/or keystroke listings, and solutions. 227 pages, soft
bound. $10.95. (Editor's Note: This book was reviewed by Maurice
Swinnen on V8N1P16).

Stock No. M-135 - Curve Fitting for Programmable Calculators (Second
Edition) by William Kolb. Formulas, graphs, and sample problems

for a huge assortment--38 in all--of different curves to be fitted

to your data. Most of these are for one independent variable, but
multiple linear regression is also covered, along with exotics like
Hoerl Functions and Logistic Curves. The equations are designed for
any programmable calculator; however, you may need to change register
assignments if you have fewer than 100 data registers. HP-41 programs
and barcodes are included for half of these curves. In addition some
program listings are given for the HP-75 and the TI-59. 148 pages.
Spiral bound. $13.95. (Editor's Note: I reviewed this book on
V8N2P20).

Stock No. B-81 - Programmable Calculators: Business Applications by
Aronofsky, Frame and Greynolds. For the manager, analyst, or student
who wants a more business-1like and understandable treatment than the
TI-58/59 manuals offer, this comprehensive introduction is a spin-off
of an MBA course at SMU. 203 pages, softbound. $11.95.

Stock No. P-141 - Calculator Programming for Chemistry and the Life
Sciences by Frank Clarke. This book gives students and lab scientists
new approaches to experimental design and data interpretation with
specific detailed examples. The four main topics are Molecular
Formulas, Coordinate Transformations (for X-ray crystallography),
Potentiometric Titrations, and Correlation Analysis (up to 5 variables).
Programs are given for the TI-59 with printer. 226 pages. $26.50.
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MODULE SELECTOR - V5N8P3 and V7N1/2P25 described module selectors

which permit selection, either from the keyboard
or under program control, of up to four modules. The devices are
available from American Microproducts Inc., 705 North Bowser,
Richardson TX 75080 or call them at (214)-238-1815. Joseph Thomas
who has one of the devices writes:

A word of caution to those fellow programmers who use the automatic
module selector. One sleepless night I decided to put my ams
through its paces and found some interesting results. The instruct-
ions for accessing a module are

X 77 Op O4 op 06

where X is the module port and ranges from zero through three. This
is not the only way to access the modules., It seems that if the
alphanumeric code for I (77 from the print code table) occurs any-
where in the program the ams senses it and transfers (switches) to
the appropriate %or depending on the situation, inappropriate)
module. That is, a legal command is

X 77 Op Y Op Z

where X is the module port, Y is 1 through 4, and Z is 5. This
might enable the user to print prompt statements such as

ACCESSING MODULE XX

with an Op 05 command., But at the same time the user must be care-
ful not to inadvertently transfer module connections during a
critical point in his program., Consider some examples:

13 77 Op 04 Op 06
prints an AZ and selects port 3, while
19 77 Op 01 0 77 Op 03 Op 05

prints 8Z 2 and selects port 1 as controlled by the Op 01
command. Furthermore, suppose that some part of a user program
contains a I+ command. While listing a program the module selector
will switch to port 1 no matter where it is originally located. It
is not the key code 78 which initiates the switching process, but
seems to be the I character which has a print code 77.

Editor's Note: I do not have a module selector, so I am unable to
verify these effects. Readers who use the ams are invited to comment.

OTHER TI-S59 PERIPHERALS - The following page describes two other

peripherals which are available for use
with the TI-59. I do not own, nor have I used, either of these
devices. Contact the manufacturers for more information. Readers
with experience with either device are invited to comment.

SNYDER's CHALLENGE - Ralph Snvder's Challenge (V8N1P18) must have

been too hard. Ralph agrees that it may have
been a little cryptic, and he should have provided a definition of ,
the symbol v in his formula (5). It's a standard symbol for (1+i) .
The single response chose to tackle the problem from an entirely
different aspect, not consistent with Ralph's guidelines. The bottom
line is that all bets are off, and no prize money was paid. Case
closed.,
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CC-40 GRAPHICS - Maurice Swinnen. These whimsical little programs
i illustrate the use of the CHAR command (page 5-15

of the CC-40 User's Guide to generate user defined characters.

The characters are then called in sequence to provide an illusion

of motion. The first program moves a character across the screen

while performing the old " Jumping Jjack" exercise. The second

program uses seven characters (all that are allowed) to generate

a "soccer" figure which moves the ball back and forth across the

screen,

LERESARARE 1 0 CRLL CHARS 1. Y BER
T TERLEY AT T b CHEE P

LooFE g T L D IEPLAY TR b TR L

L CHAR 1. EE
AR
CHFR 5

FETOE DR B PERUEE L

PI-99/4A SOFTWARE DIRECTORY - This directory listing over 1200

software packages for the TI-99/LA
contains both programs available from Texas Instruments and those
developed by and available from third party authors. The directory
can be purchased directly from TI at a cost of $5.95 plus $2.00

for shipping and handling., The directory is currently being up-
dated for release in the fourth quarter of 1983 and will then include
listings for more than 2000 software packaged.

Former PPX Exchange members will recognize the format of the index
which includes cross-references by category, author and keyword
with individual listings including a short abstract.

To obtain a copy send a check or money order to: Texas Instruments
Consumer Relations
P.0. Box 53
Lubbock, Texas 79408

Copies may also be obtained by calling 1-800-858-4565.
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ACCURACY OF THE CC-40 SINE AND COSINE FUNCTIONS - Palmer Hanson

V8N3P18/19 presented George Thomson's analysis of the accuracy of
the sine and cosine functions of the TI-58/59. The CC-40 calculates
the trigonometric functions to fourteen places and might be expected
to yield more accurate results than the TI-59. Examination of the
CC-40 sine function for one degree increments from O through 90
degrees shows the following errors:

+ 60 -
CC-40 Sine Errors - -
Mean Error = 8,2E-14 - - .- LT
RMS Error = 18,3E-14 0 b e e
Peak Error = 59E-14 ' - -
—-é0 P

The peak error of 59E-14 occurs at 79 degrees. For a graphic
comparison with the TI-59 results the following plots show the
TI-59 errors without compensation (same as the top plot on VBN3P19)
and the CC-40 errors using the same scale for both plots:

TI-59 Errors without L 10 : -~ -
any compensation cr - T
Mean Error = 1.6E-13 o - I
0 — - - - -
RMS Error = 6,8E-13 o LT T
Peak Error = 17E-13 o b vw:: - )
\ |
(o} H3 90
+10 |
CC-40 Errors
Mean Error = 0.8E-13 [
O [~ o T e T T e o '—._'r:v——‘ = - v...'." -
RMS Error = 1.8E-13 ) )
Peak Error = 5.9E-13 15 b

Over the examined range the CC-40 results are nearly four times more
accurate than the TI-59., As with the TI-59 the cosine function is

less accurate over the same range. The mean cosine error is 5.8E-14,
but the RMS cosine error is 37.1E-14, nearly twice that of the sine.
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PROMPTING ON THE CC-40 - In V7N7/8P24 Maurice Swinnen described a

multi-language capability built into the
TI-88 such that prompting could be in English, German or French.
The CC-40 provides an extended multi-language prompting capability
through the use of the CALL SETLANG(n) command. The assigned
language codes are:

English
German
French
Italian
Dutch
Swedish
Spanish

o fHwh— o

For n = 1 the system messages and error messages are in German. For
example, the response to the incorrect entry sequence ATN( ENTER is
"ungleiche Klammern". For any other value of n the system messages
and error messages are in English. 1In response to the incorrect
sequence ATN( ENTER the English response is "Unmatched parenthesis".
This output of error messages in text is one of the attractive
features of the CC-40., The user need not memorize error codes or
translation tables to avoid frequent reference to the marual. The
manual does provide extended discussion of each error message.

For programs from a Solid State SoftwareTM module the prompts and
messages from the module may be in any of the languages 1f supported
by the particular module. My Mathematics module supports English,
German and French. For the Prime Factors program the various messages
are:

English German French
PRIME FACTORS PRIMZAHLEN FACTEURS PREMIERS
Use Printer? Drucker benutzen? Utilisation d'une Imprimante?
Enter # To Be - > Zahl: - > Nb a Decomposer:
Factored:
Exit Program? Programm verlassen? Fin du Programme?

The responses to the questions asking for yes/no answers are Y or N
in English, J or N in German, and O or N in French. I have not found
any information in the manual for the Mathematics module which would
tell me which languages are supported. Language codes 3 through 6
result in English messages for that module.

PRIME FACTORS WITH THE CC-40 MATHEMATICS MODULE - The speed of the
prime factors

program in the CC-40 Mathematics module is disappointing, about ten

to forty percent faster than the fastest program for the TI-59, but

substantially slower than some programs for the HP-41. Representative

speeds for some of the standard problems are:

Program/machine 111111111111 103569859 987654321 9999999967
CC-40 11 sec 32 sec 41 sec 1 hr 55 min
Fast Mode Modulo 210 45 sec 58 sec 2 hr 8 min
Leeds FM (V8N2P26) 17 sec 46 sec 61 sec 2 hr 31 min
Acosta FM 58C 27 sec 61 sec 79 sec 3 hr 6 min

M/U Module - 59 43 sec 163 sec 215 sec
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PRIME FACTORS ON THE CC-40 (cont)

For large primes such as 9999999967 the execution speed of the

CC-40 Mathematics module program is about 0.069./N . Page 19 of

the July 1981 issue of the PPC Calculator Journal reported a speed
of 0.035JN for the HP-41C; but the HP-41C cannot maintain that speed
for input integers of more than ten digits.

The CC-40 Mathematics module program has other deficiencies:

* The program stops as each factor is found. A better technique
is to store the factors as they are found and continue the
search until all factors are found. This minimizes operator
attention. A simple additional routine provides for recall of
the factors. The technique was illustrated in Laurance Leeds'
Speedy Factor Finder in V8N2P26,

¥ Multiplicity of factors is not indicated. 1Indication of the
multiplicity using a technique such as that devised by George
Vogel in his prime factor program in the article "It Pays to
Analyze Your Problem" in the January/?ebruary 1981 issue of
PPX Exchange would be preferred. As George said in that article
"Piecemeal presentation of results is slow and inconvenient
(try factoring 7,247,757,312). Yet it is not difficult to make
the program count the number of times each prime factor occurs,
and output the count.” George used a decimal point notation
where the number after the decimal point indicated the mult-
iplicity. For the number megtioned the output would be
2.28 and 3.03 meaning 24%x37 .

* Although the CC-40 program can factor input integers of up to
twelve digits, it does not provide an ability to recall the
input integer correctly for more than ten digits. For example,
factor the number 111,111,111,111. You will obtain the correct
solution on the first pass, and an "N" in response to the prompt
"Exit Program?" will bring the input value back to the display
but in exponential notation 1.1111111E+11 . If you run with that
value you will get the factors for 111,111,100,000 !

We will have to wait until someone finds out how to download the
programs in the modules before we can know if there will be ways to
use segments of the module programs, say in the manner in which we
can enter the library modules of the TI-59 with the sequence
Pgm-XX-SBR-nnn .

CC-40 PERIPHERALS - Peripherals ﬁor the CC-40 include a Printer/Plotter
a WafertapeT Digital Tape Drive, and an RS-232

interface. Currently, none of these are avallable in the Tampa Bay

area. The devices are listed in the Sears Fall/Winter 1983 catalog

(page 869), in the Educalc Mail Store catalog issue 16 (page 34),

and in the Elek-Tek catalog Volume VI (page 17). Inquiries indicate

the peripherals will be available in early fall.

Although the Manufacturer's Suggested Retail Price for the CC-40 is
$249.95, catalog prices range from $199.99 (Sears) through $189.95
(Educalc) to $189.00 (Elek-Tek). I have seen the CC-40 at local
discount houses for as low as $179.95. The CC-40 packs a lot of
"bang for the buck" at those prices.
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NEWCOMER'S SPECIALS - These are additional copies of old issues
that Maurice Swinnen forwarded for dis-
position. As with V6N9/10 which was described in V8N3P23, these
are single issues which are not parts of complete one year sets

V?NL,'/5! 1982 - This iS ano'ther Of g:;lé::ﬁo; -------- O.oo...o...-coooocgog
_ . Maurice's double LOAN REPAYMENT, Bill Carpenter seesee 4
issues which includes thilrty pages. MODULO 210 FACTOR FINDER, P.Hanson . 4
There are eleven complete programs; SOUAR, ENERGY v ovrenoeneoesnssns 9
two, Bill Carpenter's Loan Repay- MIDULE SWITCHER «eecocecacnanesans e 9
ment and Ralph Snyder's Rate of Re- DECIMAL T0 PRACTION: Stan Becker ... n
furn are of interest to those who 13-DIGIT pantER,'E’i:iéizi;;-;;;':::: 1
work in business and finance. BobD NAVIGATION MODULE seescecosocncsocns 1L
s 4w : : PROGRAMMING PUZZLE eeeseessecscscses 12
Frult"s pl program runs in fast OP2N-OP3N PECULIARITY, M.Sperber .. 12
mode and finds 460 digits in six 100 RANDOM INTEGERS, Sidney Hack «.. 13
hours eighteen minutes--the best R?ESSEER&%--A-;-;-;--Q;---~---~- }2
_ . s Ralph Snyder ceeeees
for the TI-59 until the programs NEUTRALIZATION, Markds Markdsson .. 17
from Yugoslavia and France were PERIODIC TABLE, Unknotm seeeescceces 18
published this year. My article To D plPAD ATT., Ho Sotnnen oeeees 20
on Powers of -1 examined that ex- SIRVEYING «vuvvesevensansnsnesnvense 21
ercise from nearly every aspect. PROGRAMMING PUZZLES seesevescccssnss 23
Charlie Williamson's 13 Digit Printer ggzégé”éjf’]’f";a%;‘?g‘ZH‘;;;;'3;':: 2
and Sidney Hack's 100 Random Integer DATE OF EASTER, P.K. JORQnSOn eeeee. 26
programs were responses to earlier 3%?#%%”2?%“2"‘"‘ -------- ?
. - > o] rut essesscccssee
challenges. A copy of the index 1is CUBIC EQUATION, Bjdrm Gustavesom ... 30
at the right. Send two dollars ASTRONOMY, Darell Newell .eees ceeses 30
(no checks, please) for a copy. PC1O0 ON THE FRITZ ccecescccccsccnes 30
VZN6, 1982 - This single issue con- BLACKJACK TUTOR,R%C%500w2ennnnnerannnnnes 3
tains eighteen pages, ::::A"goguz I(;fz::ul;; Matteson .oeeevevses S
« . .MODE,Peter Poloczek ... 6
with four programs and thirteen SUPERCHECKSUM = nv e oo 200 ‘
(count them) solutions to a puzzle RANDOM NUMBERS,Maurice Swinnen .......... 7
proposed in V7N4/5. Dejan Ristanovic |HEX CODES.Dejan Ristanovit wovrunennn.. s
N serrata,Greg Hoen ...eeean.
examines the responses of the TI-59 | PROGRAM PROTECTION,Dave Leising ......... 9
to twelve different hexadecimal codes g?mﬁTPﬁ?IWOTFWCJHtMMie ..... 9
N _ ~NOTES,Richard Vanderburgh .eiceseecees 9
and describes a way to pPlace a TI-57 . iucrcency POMER.Palner 0 fanson trr oo 10
in a mode that minimlzes energy use, THE ZAPPER,Maurice Swinnen
effectively converting it to a TI-57C. \zﬁﬂga-nu-;&; --------------
. ara - 0 eeecscscascses .
George Thomson makes the opsgrvat}on. | FLASK TUBE CIRCUIT .......lLLllllllll00
that the correlation coefficient 1s a  MOOULE SELECTOR ...evervnveneenevnnnnn-n.

oor n o he gqualitv of a Ffit PROGRAMMING THE TI=55 ........oovoooonn.
p easure of the g 1ty * | HoWw WELL DOES THAT LINE FIT, Thomson .. 12

al.'ld proposes a concilse method for GAUSS REDUC.,0.Ristanovié & S.Nick ..... 13
finding the standard error for a 13-DIGIT MOD 30 FACTOR FINDER,Hanson ... 13
straight line fit using values al- T R TS INCe rreermenan e 14

N N +Paul Blair, Peter Brown,
I‘eady accumulated with the linear John Adams, Clyde Durbin, Sid Hack, John H.
regression functions. A copy of the Lewis, Lester Tidbbetts, Robert Prins, A.L.

Xoevoet, George Thomson, Charlie Williamson

index is at the right. Send one 200 Hello COU3 meunnnnnsennneansennennns 15

dollar for a copy.

MORE PI FROM BASIC - V8N3P25/26 discussed finding pi in BASIC and
gave several examples. More examples include:

From 4*ATN(1) From 2%¥ATN(N)
AMS~55 Reference 3.1415 92653 58979 3.1415.92653-58979
IBM PC Single Precision 3.1415 93 3.1415 93

Double Precision 3.1415 92979 43115 2 3,1415 92741 01257 3
HP-75 3.1415 92653 59 3.1415 92653 59
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13 DIGIT MODULO 30 SPEEDY FACTOR FINDER - Palmer Hanson. The original
version of this program used
the h-12 method for fast mode entry, with all of the attendant button
pushing (PPX 398278). This revised version uses the STF IND at the
end of the current partition technique (see page 3 of this issue).
Previously published programs using the technique have all had a jump
to location 001 at fast mode entry, a necessary feature associated
with the initialization constant used. Use of the same technique
with this programming would have caused substantial reprogramming
effort. Reprogramming was minimized by using a jump to another lo-
cation through use of another initialization constant. The selection
of the appropriate constant was defined by Patrick Acosta in V6N8P3:
when accessing fast mode the calculator will jump to address
8% (WXY) + Z + 1 where W, X, Y, and Z are the ninth through the twelfth
digits. To use large segments of the existing h-12 type program as
is I needed to jump to program location 230. Therefore, the ninth
through twelfth digits needed to be 0235 yielding an address of
(28*%*8 + 5+ 1 = 230 . A 2 is needed in the thirteenth digit for fast
mode entry, and a one in the first digit avoids any flag setting
problems. Therefore, the initialization constant selected was
1.000000002852 which is generated at locations 462 through 474 of
the program.

The typical algorithm used for factor finding has been of the form
RCL 01 DIV RCL 02 = INV INT

The integer to be factored is in ROl1. The factor to be tested is in
in RO2, If the result is zero then the value in R02 is a factor of

the value in R0O1. This algorithm permits factoring input integers

of up to 12 digits. The truncation characteristics of the guard

digits can be used to obtain a thirteen digit capability. While the
ten digit display is obtained by rounding from the three guard digits
as described on pages C-1 and V-5 of Personal Programming, the thirteen
digits in the display register seem to be obtained in a truncated,

not a rounded format. If we fill the display register with a thirteen
digit integer and divide by a small integer such that the integer

part of the quotient is still a thirteen digit number then a "built-in"
integer function has been performed. We can use this characteristic

to do modulo arithmetic to find prime factors with the program sequence

RCL 01 - (CE DIV RCL 02) x RCL 02 =

Again, 1f the result is zero the value in R02 is a factor of the value
in RO1. To cover the cases where the division yields a quotient with
less than thirteen digits to the left of the decimal point we add an
integer function to the sequence, yielding

RCL 01 - (CE DIV RCL 02)INT x RCL 02 =

where the double integer function which occurs when the quotient has
thirteen digits to the left of the decimal point is an idiosyncrasy
of the algorithm which does no harm.

The PRT command prints what is in the display, not what is in the
display register. Thus, if the integer 111,111,111,111 had been
synthesized in the display register, say with a key sequence such as
1111111111 x 100 + 11 = then the display will show 1.1111111 11, and
that is what would be printed with a PRT command. The actual number
could be recovered by the reverse of the entry process. An example
appears in the Leeds Factor Finder program on V8N2P26/27.
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13 DIGIT FACTOR FINDER - (cont)

This program prints all the digits of the input integer on one line

by using a conversion algorithm similar to that originally developed
by Robert Snow (V5N1P2). Integers of ten digits or less are printed
using the PRT command. Integers of 11, 12, or 13 digits are printed
using the routine from locations 250 through 315. That routine is

used both for the input integer and for a final factor which is greater
than ten digits. The use of indirect addresses 1s required to permit
the converter to work in fast mode where subroutines are not allowed.
The return addresses are set up before the converter routine is called.

The particular sequence of test integers in locations 001 through 167
was selected to provide an easy calculation of the return addresses
from the multiplicity routine in locations 340 through 403,

Other features of the program include:

*¥ Multiplicity of factors is indicated using the Vogel technique
which has been discussed on page 13 of this issue.

* Factors are stored for later recall. Thus, when operating with-
out a printer the program need not stop each time a fa tor is

found.
. . ISRSSRDRERSRH
Operating Instructions: 1 a1
(1) Enter the program. li'ﬁi
(2) Place the integer to be factored in the 1301
display register and press A. After a : a7, 1
short time a flashing "1" will appear in 101, 0

Q. o1

the display. Do not clear it, but press
7 and then EE . The input integer will
be printed followed by the factors with
their multiplicity as illustrated at the
right. A flashing "1" indicates that the
solution is complete.

(3) To recall the input integer and the
factors with their multiplicities, press
B. The input integer will appear 1in the
display. Press R/S as many times as
needed to see the factors. A flashing
"1" indicates that there are no more
factors. This mode does not provide a
printout since it is provided primarily
for use without a printer.

Lo s T oo e B B B |
P s 000 e (T 00 e

[xx]
[t}
-
N
—
=g ol e D3 DR

DO

(4) To test additional input integers, return
to step (2) above. Qg7

120
=1
(243
n
3

— D) O

[ose 0 e e N S
— Prd T ®

Execution Times: 1

Execution times are somewhat longer than for the
twelve digit factor finders due to the more complex
test algorithm., The factors of 987654321 are found in about one
minute thirty-three seconds. For large input integers the execution
time is about 0.137/N . After somewhat over 120 hours the program
will declare 9,999,999,999,971 to be prime. Until the advent of the
Science et Vie pi programs that was a long period.
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13 DIGIT FACTOR FINDER - (cont)
Program Listing:

oo0 91 RS iNe0 40 40 160 59 INT ~7TT2e0 25 CLR 320 42 ST J00 22 23
ool e ] nat N 2 161 83 247 03 3 wE1 08 o3 4001 3% FRT
onz 44 08z 44 Sun 162 43 RCL 242 432 370 322 d02 33 GO+
ooF 02 A E-TC o = S1E2 QI oz 243 0% 03 e 402 D4 04
Co0d 43 024 43 RCL 1g4 235 = 3 4 Y 404 0F =2
ons 01 a1 165 &7 [4 e ] . - 4NS S5 4
nos 7300 - ) vE - 166 03 3 22 - c I o 02 2
ooy 53 | 52 < 167 40 40 v g 4 407 8% o+
Q08 24 CE 24 CE 168 /1 5TH a1l 03 3 4ang o1 1
oo 55+ i 5% 0+ 16 Q0 0 = 0s S 403 285 +
010 43 RECL as0 43 ROL 170 a1 ol 55 42 =T 410 0z oz
011 oz Ol R S N P ¥ S S (B U 04 04 411 25 =
o012 54 0 as2 %4 0 172 32 Wi o 04 4 412 42 =TND
013 5% INT 093 537 IHT 173 Q0 0 2i 4z 570 R eI b
01g &5 = neg4  BS 174 42 574 5e caoan 414 Q2 Oz
015 43 RCOL oas 47 ROL 1vs 03 oa: 29 OF 415 22 INY
01e Q2 a2 Goe 020wz 17eE = 2560 an Ghs 16 44 S
ai? 95 = nay 95 = 177 £3 257 o3 032 417 02 03
po1g &7 EX oag BV EQ ivs nz 298 €3 MO 318 43 ROL
nie o3 03 Qe a3 03 k] 03 259 €8 N 415 o1 gl
020 40 40 100 40 40 120 + 260 4: R 4z 75 -
021 04 4 101 04 4 181 v 261 8% o2 oz 421 53«
02z 44 3UM 122 44 ¢ 18z 3 JEE 2R 55+ &2 24 CE
02z 02 02 103 183 1 p 59 o3 3 S50 4
T 024 43 RLL 104 1gq 93 = 32 anooo 43 ROL
025 01 o1 105 189 v& 57+ b a5 = R ]
Q26 TS - 106 186 0% 03 25 2 INY 54 4
e 93 ¢ 107 187 42 =70 28 53 INT ga 1HT
023 24 CE 108 &3 28 2= a9 &5 65 x
- Qze 55 % 19 1% 02 2 B3 oz 43 RECL
030 43 ROL 110 {o0 oo 0 01 s or nF
021 2 oz 111 191 2 ag ag =
a3z 54 ¥ {12 & J 122 a0 67 Ed
033 59 INT 113 5% IHNT 123 479 i B
034 &5 = 114 &5 = 194 03 E0 RO
035 43 RCL 115 43 KoL 195 4o nz Er
oze 02 az 116 02 0z 196 03 95 00 0o
Q37 9% = 117 95 = 197 42 59 40 IHD
et T EO 118 &7 Ea 132 23 44 0z 03
033 02 0 112 02 03 192 &1 03 £1 5T
040 40 40 120 49 40 200 4R 32 oo o0
041 % 121 08 ! 20 &3 ST 21 21
042 12z X a1 _, 7 LEBL
043 E = ! g ':-“3 DE' . = 11 F]
044 43 RO 124 01 5 2 < 38 AL
045 01 01 125 £3 a7 22 IHY 445 47 CH3
Q4¢ 75 - 126 S 41 o7 49 FRIO 446 42 570
047 53 o 127 53 32 nz a1 ot 47 01 M
048 24 CE 128 2« =31 &1 €3 0OF 448 42 570
049 55+ 129 55 Fé 42 2 27 449 0% 09
Qs 43 RCL 120 43 1z o3 43 RO 450 2 574
051 02 o2 131 02 jdal 34 01 ot 451 2 23
052 5S4 3 132 94 29 e e 452 Q3 3
nsz 59 INT 123 59 03 £3 53 452 01 1
054 &5 134 &5 2 26 24 LCE 454 07 T
055 43 RCL 135 43 oo NS 55 <+ 45% 42 5TO
05e 02 24z 128 2 T3 42 43 RCL 456 27 =7
Os? 9% = 1 a0 arv 0z Nz 457 03 3
gs2 &7 EW Y 25 34 2 458 01 1
a5se 03 03 139 oz 43 59 4859 08 8
asn 40 40 1413 o3 i £S5 60 42 5T
DEL 04 4 141 £ 43 461 23 24
Q52 44 S 142 &3 5 az 452 Q2 2
gez 02 a2 143 21 0z a5 = 452 08 &
0ed4 42 RCL 144 £l £1 &7 Et 44 03 3
oes 01 01 145 oz 14 a3 0 485 02 =
0Be TS5 - 146 1% 32 &3 B3 486 82 EE
Q&7 23 147 £ o3 33 R 467 01 1
0ez 24 CF iga S 2z oz o 468 0z 2
069 S5 <+ 149 (35 e &5 4 dE9 w3 -
070 43 RLL 150 25 69 T . 470 85+
[l RO 0 JCO o I 1951 2z o4 gooon 471 01t
0¥z 5S4 0 152 L] 29 oyt T2 oas =
073 59 Ith 193 0 01 (K} 65 473 22 IH
ovd 85 154 5§ 42 23 43 RCL 474 S2 EE
079 43 RCL 155 &I e 9 a7 0v 375 S5 FIv
ove R 156 7 b 53 95 = 476 00 0
ovE w5 = 197 0 01 29 T2 ST 477 &0 LES
ove ey Ed 158 7 i 01 oE om 478 BE STF
ovs . 0% 03 15% & sz 0u &3 OF 479 40 IND
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IMPEDANCE MATCHING, ATTENUATING T-PAD CIRCUIT.- Maurice Swinnen. This program
allows you to compute the three resistors necessary to form the t-pad circuit,
with as inputs the input and ocutput impedances and the attenuation in dB. As an
added bonus, the program also computes the minimum attenuation in dB necessary
to assure positive values for all three resistors and thus provide a realizable
t-pad attenuator. To my knowledge, this is the first program to do that. Other
programs, although computing the three values correctly, require you arrive at
realistic values by a time-consuming "trial and error" method.

Amin (the minimum attenuation in dB) is determined as follows:
since Ry = 24 3&2} -Ry and Ry= 23 £ﬂ£ﬂ -Ryfor certain values of Ry= 2VRZ, Z

= v N-1 N-1 N=1

N= 10," Ry and Ry can be negative. That is, for a given Zin and Zout there is a
minimum , i.e.®min, below which R4q and/or Ry are negative.

sdmin is determined by solving the above equation for Rq =0, Rg =0, using
the equation for Ry which yields:

« min = 10log,, [22-1 + VAZ(Z-1)) dB for 2)l, where 2<Z3/Zy or Za/Z1.

USER INSTRUCTIONS: 1. To draw the circuit of a t-pad attenuator, press 2nd
E'. For calculator use only, LBL E' may be omitted from the listing altogether
without affecting the computation part of the program.

2. Enter attenuation required in dB and press A.

3. Enter the input impedance required, Zin, and press B.

4. Enter the output impedance required, Zout, and press C.

5. Compute the three resistance values in ohms: press D. When the printer
is attached, values are printed with suitable descriptors. When the calculator
only is wused, the first value appearing in the display is Ry . Press R/S to
obtain R3. Press R/S again to obtain Rj.

6. To obtain the minumum attenuation possible in dB, press E.

7. It is now possible to obtain new values for the three resistors, without
re-entering Zin and Zout, by simply entering a new attenuation value, using eit-
her the minimum value computed in 6, or any other value you enter.

NOTE: If you are curious about the

derivations of the above equation of —" N\ AYA%
®min, just send me SASE and I will send Rq Ra
you a copy of that two-page hand-written Zin=7Z4 Ry Zout=7,y

“opus". Typing it all out would have con-
stituted an enormous chore and I am not
even sure the editor would have wanted it
in this article.
REF.: Reference Data for Radio Engineers, Howard W. Sams & Co. Inc. Indianapolis,
6th Edition, 1977, pp 11=-3 to 11-9.
EXAMPLE: Design a.t-pad circuit with 10 Kohm input impedance and 250,000 ohm

output impedance. Is an attenuation of 10 dB possible? If not, what is
the lowest attenuation possible. Design for that attenuation.

Press 2nd E'. See drawing. "UUD""T ---- opg--

P

Enter attenuation 10 and press A.

Enter input impedance 10000 and press B.
Enter output impedance 250000 and press C.
To compute Rl, R2 and R3, press D.

Note negative resistance for R3.
Obtain minimum attenuation, press E.

Enter new atteruation 20 and press A
Compute Rl, R2 and R3 again, press D.
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IMPEDANCE MATCHING - ATTENUATING T-PAD CIRCUIT - (cont)

Program Listing:

LEL ] I;Il &5 OF
=70 Qi & oS 05
RCL THY = 2% CLE
04 " ar &3 0OF
- = oz a1
. i RCL CLE
1 &5 o5 ar
- e = 1 I:l o
T 21 =70 = 3
oos ot i e = 0 5 . LR
oioo oo o 14 5 2 M 400 grF
il ! o R ] T, :
= i -

o
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ot
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R T z 01 b i
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azE a0 g g —e - 4 = é o IF
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Qo 04 09 : ag = i OF b iz 4 nz oz
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bz 03 U9 53 ¢ 04 4 2 TOEROF | 42z 0E @
1] X ‘ 4% R £S5 ® ] 2 04 ng 4 oo
I [l a0 oo 43 RO Z 3 E9 ' 424 Q2 I
N 3 7 - 35 Eh% o 005 0S| 425 00 0
TE a1 5 = z 104 4 426 0@ 2
: =4 34 ru c = 08 & | 4z7 D0 O
= 4z L. = IR 02 2 428 04 4
s o1t 0 364 04 4 429 07 7
ng 4 Qs g5+ z 265 0z 2 4] &% OF
08 & : 0z 2 It IEE 09 9 4 az  onz
nz oz EE oF 367 00 0O 4 a2
4 4 = T RC Nk 3868 00 O agooqa
a3 o3 5 3% FD% 3 262 6% 0OF gz oz
ol i 0 a5 = ) 3F0 01 Ot oo
oo 0 111 4 E 25 LOG 3 avt 04 4 nz oz
¥ oo 11z 0 = 242 ES  m 2 372 00 0 oo o0
& &% 0OF 113 i - 247 01 1 3 373 Q00 0 oz oz
04 04 04 114 u] RCL 244 00 O 2 374 02 3 oooo0
050 43 RO 115 i 0z 245 9% = z VS o2 2 oz oz
ik o 115 P B4E T MIT I} 37é o9 0OF aoon
052 A9 ' 117 : 247 01 1 2 Ty Dz 02 442 &9 0OF
T 0B 2 118 ¥ 3 45 03 3 ] 37E 04 4 443 03 0%
D54 91 RS 113 05 S 249 03 3 ar are 08 6 444 £9
S Y& LE 10 0 0 ZE0 00 0 o4 @0 00 0
1: 0 z 251 0z 2 oF c3=5 B E SR
4 aoo o 52 04 4 os | 382 04 4
o o000 257 nI A 2|3 01 1
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BOOK REVIEW - A Data Reduction Package for US Army Topographic

Computers: Hand-Held Programmable Calculators. by
Walter Blackmer. 14 May 1982. National Technical Information
Service (NTIS), Springfield, VA, 22161. 103 pages. Paperback,
$12.00 shipping included.

A number of subscribers have indicated an interest in surveying.
This book may be of interest. The abstract in Government Reports
Announcements (GRA) states:

This study was done to provide the US Army with the basis

for a standardized program package for use with hand-held
programmable calculators., The programs are written and
published in a format which is immediately useable with the
Texas Instruments Programmable 59 Calculator, but which can
easily be adapted for use with other programmable calculators.
Other Department of Defense agencies mzy also find them
valuable in training and operational efforts. The study
includes a general overview of the history of the Topo-
graphical Engineers.

The accession number for the book is AD-A118 854/9. The listing
appears on page 5405 of GRA dated December 17, 1982.

COMPLEX NUMBER ARITHMETIC ~ Maurice Swinnen called my attention

to this article which appeared in the
June 1983 issue of Microwaves & RF. The article "TI-59 Program
Simplifies Complex-Number Arithmetic" is by Professor Darko Kajfez
of the Unversity of Missippi. The article states:

The program described in this article is an alternative to
the EE module. The routine enables users of the TI-59
calculator to perform the four basic arithmetic operations
on complex numbers without the need for any additional mod-
ules. The program hzs 114 steps and requires only four
registers (26 through 29) and four flags (1 through 4).

One of the benefits of the new program is that the instruct-
ions are easy to memorize, since the standard keys are used.
For example, the "+" key is used for addition and the "1/X"
key is used for inversion. Memory storage and recall are
accomplished by means of the standard keys for these oper-
ations ("STO" and "RCL"). Thus, rules for operating the
program are fairly simple, eliminating the "search-the-manual"
syndrome that can occur with the EE module.

LIST PROCESSOR --- George Thomson's noo 7 LBL 015 42 sT0

response to the  job 13,5, 017 73 Res
list processor problem in V8N3P16 003 08 08 o1 o1 ol
appears at the right. The top of a0 o2 .3 020 31 31
the list is at R02. Enter the 005 01 01 A
number of items in the list and oT I3 REL 02 0z 2
press A. As you enter each 009 3z KT 0zd o e s
item for the list press E. The p1o 82 WIR 028 97 DSZ
program requires about 38 seconds iz 73 - et Do o8

to process a 60 item list. n14 9%
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oF B tramslation by Mawrice Swinnen. VBNIFIAD presented &

program from the French scientific jouwrnal "8Scieéence et
Yie" which would calculate up to 1387 digits of pi. Fierre Flener had
ohtained permission for us to reprint the program. Mawrice Swinnen has
provided a translation of portions of the text, which he been reviewsd and
edited with the help of George Thomson and Bob Fruait. Falmer Hanson
performed the final Lyping and editing, and hence must bear responsibility
for any residual inaccuracys

Large Numbers and Caloulators: The Limits
by
Fenaud de la Taille

llf"‘ LA T

(From "Science et Vie', 12780, pages S54-537)

With the entry of the Japarnese into the programmable calculator market, it
has become difficult for amateuwrs to make & choice among the available
calouators. Since we have u 1 several models to handle the diftficult art
of calculating large numbers, we have formed more acowrate opinions about
the performang arnd capacity of these astonishing machine

Fresenting the calowulation of large numbers on small machines in owr past

3, W thot to have re 4 the limits of these achines. We had
showed their po hilities to be well superior to what one had
a0l wp bo bhien. Im re to that article, owr readers have proven
that we were rather far the mart, and that the mathematical
e f 2 programmall e alouwl ators werse, on the average. at least two
greater than we had thought.

This leads wus to dis sz bhis subject again in order to complete the study
started in the l&ﬁt ]%Suﬁ“ and to answer the numerous questions posed to
(R It behooves us Lo note that calowlators have sesmingly bthree uses,
aften rather distinct from each other!

]

dubion of scientific or technical problems such as the
fh@ proftile of the teeth in gears, or the determination of
the planets for & given date.

#  Mathematical games) the calocwlator acts as & game partner which may
ask guestions, give responses, and win the game.

¥ The science of numbersi the machine handles a multitude of
=Y . problems sueh as bthe determination of prime factors of integers,
thﬁ determination of the limit of & series, the svaluwstion term by term of

#® mEr « eto.

i former article was primarily concerned with this last ftield, the
cmmpuvatlmn af large numbers, that iz, obtaining numeric values with the
largest possible number of Hﬁq ite {(that is, %igmi¥jcant figures). This
Firnd of calculation can be useful for all sorts of values: mathematical
srts. logarithns, edponentials, roots, guotients, sums of series, and

art consists of finding the right formula in order to design a
simple program, and to use the largest possible number of memory
i = fre an example, we have previously discussed the calcuwlation of
the two most important mathematd constants, & and pi. We had arrived at
more than &00 digi with & TI ared thought it to be rather difficult,
even impossible, to go any further.
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1287 DIGITS QF FI (cont)

Well, we were mistaken by a factor of two:! on a TI-59 one can evaluate pi
to 1287 digits., which exceeds by far the record announced at the round
table conterence at the Falais de 1a Decouverte (The Falace of Discovery)
at Faris. PFut we must admit that we would have never arrived at this
result without the help of ow readers.

Especially, we have to mention M. Labat of Faris, M. Brombeck of
Marckolsheim, M. Colmont of Brive-la-Gaillarde and M. Molinaro of NMantes.
Thanks to their contributions we have been able to redesign the programs we
presented in ow last article and go a large step farther in the
calculation of pi. The records are:

¥ 250 digits on the HF-47 by M. Molinaro.

* 576 digits omoa TI-38 by M. Brombeck.

¥ 1287 digits on a TI-5%9 by M. Colmont.
On the other hand, the programs we have reworked for the HF-41C have
allowed us to obtain 2400 digitsi: but the calcuation reqguires the enormous

time of fouwr months.

In order to reach these large numbers of digits one has to start with the
Sl es

pi/2 = 4 b 1/ 4+ 1xZ2/ERE A+ L2RE/IRERT o+ 1 R2THL/TIRTRTRG + L
Thus pi/2 is equal to the sum of the series k!/1#3%,...((2k + 1) from k = 0O
to k = x. This series can easily be factored by Horner®s method, which
gives

pi = (L. 2N/ (2Nn+1) + D -1/ (2n—-1) + 2 (n-22/(2n-3) + 2) (n-3) /.. .)

g4 g ~y
175 + 2.

This method avoids the addition of terms of the series to the preceding
sums. The resulting program contains only a multiplication and a division.

ine will easily recognize the multiplication and division loops in the
programs presented. In the other parts, which were much shorter, n went to

-y

2n+l, then to n-1 for the next cycle after having added the 2.

Some of ouwr correspondents redesigned the programs based on the same
principle, but in a more subtle way, which permits reduction of execution
time. The chief prize for it goes to M. Molinaro who succeeeded in halving
the execution time on the HP-47 by replacing the returns with labels with
retuwrns with GS8SB, and in this way increasing the number of available memory
registers.

There are others who made the multiplication and division within the same
loop further reducing execution time. Finally, one gains a lot of
execution time using the HIR's on the TI calculators. Let us remind you
that these codes give access to internal registers reserved for the levels
of parentheses, but are not accessible from the keyboard. A little trick
is all that is needed: in order to code, say HIR 44, of which the machine
code is 82 44, one simply keys in SUM 82 SUM 44, atter which by means of
BST and DEL one removes the two 44 codes from the SUM commands, and what
remains is 82 46.
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1287 DIGITE OF PI (cont)

The first digit of the second part of the HIR command indicates the
seration to be performed.  The second digit indicates which of 8 registers
will be used. Az an example, for register & HIR 04 = 8TOD &, HIR 1é6 = ROL
&y, HIF 46 = PRD &, HIR & = INV SUM &, and HIR &6 = INV FRD &.

While the program does have one level of parenthesis, we still have
registers 2, 4, 5, &, 7, and 8 available. It is through the wuse of these
registers that M. Brombeck was able to arrive at 576 digits with a TI-58.

It should be well understood that the same procedures could be used in any
arithmetic computations the number pi, the most important of all
mathematical constants, has simply served as an example. Bubt one could as
well calculate & which is still essier (there is no division whatsoever), a
Fifth root, the prime factors of & large number, eto.

What one

for in such & problem is a short program and a large number
GF meEmory 1 Let us note that the ideal consists of writing a
complete program, which has & data entry system withowt any superfluous
manipulation, and an ouwtput of the results which is simple and direct. In
this sen in the programs which we publish, the only complete one is that
for the H 273 one has only to enter the number of digits one requires,
from 10 to 280 in increments of 10, Fey D provides am output of all the
decimals without the possibility of forgetting any of them.

- g

Une could have made similar programs for the HFP-41C, for the TI-58/39,. and
for the Sharp, which have selectable partitioning between program memory
and data memory, but at the expense of some of the digits in the solution.
We should also add that the large numbers obtained are not always easy to
manipulate, and that orne showldn™t forget the leading or trailing zeros.

nly the HF-&7 program collects the decimals of pi in the {form O.abode
where one re the +ive digits following the decimal point, even
for numbers such as 005 2E0A40. ... O the TI-38/75%9 the numbers are in

s orly

v . !
P 1 AP L
the form uvexyz.abodetqg and one reads & digits in front of and 7 digits

bevond the decimal point. It necessary, one should add leading zeros or
trailing zeros as neesded to make up the proper number of digits.

Mote: The remainder of the article has not been completely

o to date. It primarily concerned with more detalled

sedon of each calculator in terms of capabilty, price, etc. Only the
portions that discuss the TI-S5878%9 are printed below.

The TI-88: For its price it is the one that offers the greatest

o bilities. Tt has a very large number of registers, the memory can be
partitioned, it has &ll the useful mathematical functions, and it has
superh precision thanks to the 13 digits in each register. It also is very
conmplete with respect to programming having all the tests needed, the
control of loops, subroutines, symbolic addressing and direct addressing,
uwsar-detined kevs, ebo. It is also & subtle machine in which the

the instructions in the manual: it is thus possible
(Dsr) with any register, nobt only registers 9 through 9,
the registers reserved for parenthesis by using the HIR

to create loop
arnd one may Use

COImmaniclEs .
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1287 DIGITS OF FI (cont)

TI-58/59 Frogram Description: We made a program as short as possible in
order to keep the largest number of data registers available for the
digits. One can obtain S07 digits in 87 hours with the TI-%8 and 1287
digite in 24 days with the TI-59. 1000 digits are reached in 13 days. (
Editor®s Note: One must reduce the number of registers which will be used
to support only the number of digits desired if one wishes to minimize
execution time. The number of registers to use must be entered at program
locations 12%5/126 in the LRN mode prior to running the program.) And, one
has to calculate the number of terms to be used as a function of the number
of digits desired, and enter that value at the start of the program. The
number of terms must be greater than the number of digits divided by log 2.

The TI calculators are more delicate to program than the HF calculators,
and one should pay careful attention to the order of the operations.

Editor’s Note: In another section you will see that I have been able to
optimize the TI-39 program in two areas:

¥ Fast mode has been added using the STF IND technigue such that
execution time is reduced by about a factor of 0.356 .

* A data entry system has been added using the portion of bank 1 from
program locations 1460 through 239. The number of digits desired is entered
(from 1 to 1287 in increments of 1) and user defined key A is pressed. The
program calculates and stores both the number of memory registers and the

number of terms.

Gon 31 RS 40 01 1 a30 55 < 12¢ 0o Qo 160 00 O 200 02 2
D@l 31 RST 041 52 EE 031 832 HIE 121 43 PRCL 161 00 0O 201 28 LOG
Qoaz &9 DP_ 042 D6 £ 082 16 1le 122 00 01 162 00 0O 202 354
o3 20 20 043 75 - 083 S4 123 32 X:7T 163 00 © 203 85 +
004 25 CLR 044 59 INT 084 52 INT 124 85 + 164 00 O 204 01 1
005 29 CF 045 65 x 085 65 = 125 82 KIR 165 00 © 205 54 O
006 32 HIR 046 32 XIT 086 32 XIT 126 18 18 166 00 O 206 59 INT
007 16 16 047 01 1 087 82 HIR 127 67 EQ 167 00 O 207 82 HIR
008 £6 PAU 048 95 = 088 16 I& 128 01 01 168 00 O ‘208 06 06
009 &7 Ed 049 &5 x 089 85 + 129 36 36 169 00 O 209 43 RCL
010 00 00 oS0 ot 1 090 32 ®:T 130 65 x 170 00 © 210 00 Q0
011 0ot 01 051 352 EE 091 63 EX#* 131 00 O 1?71 00 O 1211 8% +
012 73 RC# 052 06 6 D92 00 00 132 95 = 172 00 © 212 01 1
013 00 00 053 95 = 093 22 INV {133 61 GTO 173 00 O 213 02 2
014 32 i 054 74 SMx 094 59 INT ‘134 00 00 174 00 O 214 95 =
015 55 + 055 00 00 095 95 = |135 67 67 1?5 00 O 1215 55 =
016 01 1 056 97 DS2Z 096 65 X 13¢ 03 3 176 00 O j216 01 1
017 52 EE 057 00 OO0 097 0! 1 137 82 HIR (177 00 0O ‘21?7 03 3
018 07 7 058 00 00 098 52 EE 138 56 56 178 00 O 218 95 =
019 85 + 059 tz2 12 099 07 7 139 02 2. 179 00 © 219 99 INT
020 73 RC# 060 02 2 100 7?5 - ‘140 82 HIR {180 00 © fzzo 82 HIR
021 00 OO0 ‘061 82 HIR 101 53 ¢ 141 66 66 181 00 © 221 08 08
022 22 INY 062 46 46 102 24 CE 142 52 EE ‘182 00 © 222 01 1
023 59 INT 063 01 1 103 %5 + 143 05 .5 ‘183 00 O 223 08 8
024 85 064 82 HIR 104 82 HIR 144 44 SUM 184 00 O 224 07 7
025 82 HIR 065 36 36 105 16 16 145 01 01 {185 00 © 22% Q2 2
D26 16 16 066 32 %7 106 54 O 146 61 GTD 186 00 © 226 %2 EE
027 75 - 067 &9 OP 167 59 INT .147 00 0O 187 00 O 22?7 01 1
028 22 INY 068 20 20 188 65 X 148 04 04 188 76 LBL 228 02 2
029 59 INT 069 65 x 109 32 %!T 1149 €8 NOP 189 11 R 229 94 +/-
030 72 ST+ 070 01 1 110 82 HIR 150 68 NODP 190 42 sTO. 230 83 +
031 00 00 071 52 EE 111 16 16 151 68 NOP 191 00 00 231 01 1
032 85 + 072 06 & 1112 95 = 152 01 1 192 09 9 232 9% =
033 32 X:T 073 85 + 113 32 XIT 153 00 O© {193 69 OP 233 22 INV
034 59 INT 074 73 RC* 114 55 <+ 154 69 OP 194 17 17 234 52 EE
035 65 X 075 00 00 115 01 1 158 1?7 17 {193 33 < 235 58 FIX
036 82 HIR 076 59 INT 116 52 EE 156 47 CMS 196 53 ¢ 236 00 00
037 16 16 077 75 - 117 07 7 157 61 GTO 197 43 RCL 237 60 DEG
038 95 = 078 53 ¢ 118 95 = 138 00 00 198 00 00 238 86 STF
119 74 sM ‘159 0z 02 199 55 <+ 239 40 IND

032 55 < 079 24 CE

ik
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1287 DIGITS OF PI IN FAST MODE - Palmer Hanson. I started the con-~
version of the Science et Vie program
to fast mode as a demonstration of the ease of conversion when using
the STF IND technique combined with Patrick Acosta's method for Jjump-
ing to program locations other than 001. I soon found that there was
adequate space to provide a data entry system which only requires
that the number of digits be entered, and which also automatically
selects the minimum number of registers as suggested by George Thomson
on page 2 of this issue., Two penalties result:

* The output routine at locations 149 through 159 of the original
program is eliminated., It is necessary to key in an output
routine at the completion of the calculations.

¥ It 1s necessary to return to the start-up partitioning and re-
enter the program for each new solution,

The program revision concept is to begin execution in that part of
bank 1 which includes program steps 160 through 239, set partitioning
9-0p-17 for use by the STF IND fast mode entry at locations 238/239,
calculate the number of terms (iterations) and the minimum number of
data registers from the number of digits desired and store the values
in the appropriate locations, and set up for fast mode entry. At
fast mode entry the program jumps to program location 152. changes
the partitioning to 10-0Op-17, clears the data registers with a Cms,
and Jjumps to location 002 to begin the normal Science et Vie calcul-
ations, but in fast mode. The changes required to the original program
as listed on VB8N3P9 are:

1. Place a R/S RST sequence at program locations 001/002. These
commands provide the transparent fast mode exit as defined in

V7N1/2P23,

2, Change the address for the EQ command at program locations
010/011 from 149 to 002. The transfer at the completion of
the calculations is changed from going to the start of the
output routine at location 149 (which will no longer exist) to
going to the transparent fast mode exit sequence.

3. Change the 39 at locations 125/126 to HIR 18. The minimum
number of registers needed will have been previously stored
in hierarchy register 8 by the input routine.

4, Replace the output routine which had been at locations 149 to
159 with a routine which sets partitioning to 10-0p-17, clears
the data memories, and transfers the program to location 002,

5. Add the input routine and fast mode initialization sequence at
locations 188 through 239. Locations 195 through 208 calculate
the number of terms using the formula defined in VBN3P8, and
store the result in hierarchy register 6. Locations 209 through
221 calculate the minimum number of data registers required, and
store the result in hierarchy register 8. Locations 222 through
239 set up for fast mode entry. The 187 at locations 222/223/224
provide the transfer address of 18%8 + 7 + 1 = 152 as defined
by Patrick Acosta in V6N8P3.

The revised program listing, which should be recorded with partitioning
6-0p-17 (the turn-on partitioning), appears on the facing page at the
end of the Science et Vie article translation (page 24).
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Operating Instructions:

(1)
(2)

(3)

(4)

Enter the program.

Enter the number of digits desired and
press A, After a short period a flashing
"1" will appear in the dispaly. Do not
reset it, but press 7 and then EE. At

the end of the calculations the calculator
will stop with a zero in the display.

The solution appears in data registers
RO1 through R99 as required. You may
simply read these values out with
sequential RCL statements from the key-
board, thirteen digits at a time, in the
format with six digits to the left of the
decimal point and seven to the left. You
must add leading or trailing zeros to
make up that many digits.

As one alternate method of readout you
may key in the short seventeen step
program at the right. The sample print-
out is for an input asking for thirty
digits.

A second alternative is to record banks
1 through 4 as required and use one of
the thirteen digit print routines to
print the results.

To run an additional solution, return to
the startup partition, re-enter the pro-
gram card, and go to step (2) above.

Sample Execution Times:

Number of Normal Mode
Places Wanted from VB8N3P9
20 52.5 minutes
100 L h 33 m
500 3d 18h 12m
1287 24,55 days

VBN4P26

OGO 76 LB
oor 12 B

ooz 01 1

003 42 =TO
L0400 00
gos T3 RC#
o0& 00O
o7 7S -

008 59 INT
009 99 FRT
0ig 35 =

011 99 PRT
012 €9 0OF

012 z0 21
014 61 GTO
015 00 o9
Q1eé 05 0%

23z7a2.

0. 2563632

Fast Mode

7.3 minutes
2h10m
2d 1h 16m
13.39 days

The great improvement in speed for the 20 digit case is due to the
use of only two data registers with the automatic calculation,

where in the test with the original program I had used a Nop at
location 125 yielding the use of nine data register. The execution
time listed for 1287 digits for the fast mode program is an ex-
trapolation based on the number of iterations completed after five
One of my TI-59's is still running as of this writing, and
will not finish the 1287 digit problem until after V8N4 is published.

dayse.
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STEREQ GRAPHICS WITH BALL-STICK OPTION - Don Graham.

This is a highly comprehensive modular system of programs designed to
place at the disposal of TI-59/PC-100 users a relatively simple means
of generating accurate professional-quality drawings of three-dimen-
sional objects. Although other programs are available that will do
this (see, for example, the 3D Graphics Pakette, or Lester Tibbetts'
program in V7N3P9), this system has numerous special features that
make it,so far as I know, unique. The principal unique feature, but
by no means the only one, is that it contains special routines to make
it easy to draw ball-stick molecular-type models.

The system consists of 21 semi-independent programs in four groups:
data entry, data manipulation, special ball-stick programs, and out-
put. Since all the programs operate on a comnon database, additional
special-purpose routines could be added by those who need them.

The data entry programs permit entry of up to 216 coordinates at a
time, either point-by-point, or automatically from user-written sub-
routines in any of a variety of coordinate systmes.,

The data manipulation programs permit an almost unlimited range of
transformations of the coordinates in memory. Besides provision for
all the usual transformations such as translations, rotations, scaling,
etc., It is also possible to perform almost any other transformation
imaginable by means of user-written subroutines.

The output programs can print lists of coordinates in memory, or
generate coordinates for perspective drawings. All output is fully
labeled, as is most input.

This is NOT a graphics mode program. All it does is provide coord-
inates for hand-plotting. It is a "straight" program that doesn't
use any unpublished quirks, but does use HIR and two-digit Dsz. It
is not a demonstration program. It i1s intended as a workhorse system
for persons who wish to make accurate professional-quality drawings
of 3D objects without the experse of a computer graphics system. The
Math/Utilities module is required.

Some examples of stereo pairs of drawings, generated with the aid of
the system, are shown on the next page. The drawings are placed for
crossed, rather than parallel, viewing. That is, the image intended
for the left eye is on the right, and vice versa. They are easily
viewed by crossing the eyes, then uncrossing them until the images
fuse., Most persons seem to find that this gives a better stereo
effect than the more conventional parallel method.

The total system contains over 7300 lines of code, requiring 39 card
sides. There are 239 pages of documentation, including algorithm
derivations, listings, instructions and examples. “Ju can order a
copy of the program by sending $20.00 Canadian, plus postage and
packing. Postage and packing charges are as follows:

Destination Surface Mail Air Mail
Canada 2.50 %3.50
US 5,00 7,00
Other 6.00 $10.50

A complete set of 24 pre-recorded cards, 15 of which are recorded on
both sides, is available for an additional $20,00 (although I can't
guarantee compatibility between the card-reading mechanism on your
TI-59 and mines International money orders only, please - cash is

too risky, and checks take forever to clear.
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STEREOQ GRAPHICS WITH BALL-STICK OPTION - (cont)

Editor's Notes This is a monumental effort which I simply haven't
had time to review. The documentation seems thorough and the printing
is legible. Two sample outputs follow:

e

TABLE OF CONTENTS MAGNETIC CARD SERVICE
ERRATA +o... et eeioestetatrenrienraaraees 2 .
FAST MODE ENTRY, D. RLStATOVIC +esseeenes 3 See V8N1P32 for details. One
NUMERICAL PRECISION, G. Themson, R. Fruit. 3 dollar per card plus a stamped
EXACT FACTORIALS IN FAST MODE, P. Messer. 2 and self-addressed envelope.
7ERO AS A CALLABLE LABEL, M. Boland ......
EDUCALC MAIL STORE s ovevvenssncansncensass 7 No checks please. For programs
MODULE SELECTOR, J. THOMAS «sevevansnens .. 8 in this 1issue:
SNYDER'S CHALLENGE, Ralph Snyder eeesseese 8
OTHER TI-59 PERIPHERALS +evosvnss teeeerese O .
CC-40 GRAP?ICS, Maurice SWinnen .....ee... 10 FM Exact Factorials  $1.00
CC-L0 SINE/COSINE FUNCTIONS, P. Hanson ... 11 -
PROMPTING ON THE CC- L&OU( P. Hanson ..eeeees 12 13 Dlgl-t SFF $1'00
PRIME FACTORS WITH CC-40 MATH MODULE +.... 12 .
MORE PI FROM BASIC erevvesnrsesnonsnenenes 14 Impedance Matching $1.00
13 DIGIT MOD 30 SPEEDY FACTOR FINDER «.... 15 P .
IMPEDANCE MATCHING, Maurice Swinnen ...... 18 FM 1287 Digits of Pi $1.00
BOOK REVIEWS, P, Hanson, M. Swinnen ...... 20 Others:
LIST PROCESSOR, G. THOMSON sesssnsssscaes 20 e =
1287 DIGITS OF PI TRANSLATION, M. Swinnen. 21 Supervlot N8P .
1287 DIGITS OF PI IN FAST MODE, P, Hanson. 25 perp IT (V5 9) $1.00
STEREO GRAPHICS/BALL-STICK OPTION,D.Craham 27




