1.1 8.0k 8.43 1.hs 7 e sy = sx, and
1.04 8.1 1.43 1.45 7.4 nx and ny have
8.1 1404 1.43 8.45 7 . dode a different #
8.kt 1.1 8.43 8.45 7 ik of digits.

2.1 12.4 73 7.3 0.4 ABS(8x-8y)=10;
2.4 12.1 2.3 2.3 0.h nx and ny have
12.1 2.4 12.5 13.3 10.4 the same §# of
12.4 2.1 12.5 12.3 10.4 digits.

2.1 12,44  12.45 13.43 O.4h ABS{sx~sy)=10;
2.4k 12.1 2.43 2.43 0.4 nx and ny have
12.1 2.4 z.bg 7.#3 10.44 a different #
12,44 2.1 12.45 12.43 10. M4 of digits.

---.--------..--.I--------.-
By next month I'm sure that you will be able to cook up
some great programs that utilize pssudo-signs, and
while you're working on that, I'll be finaliszing an
article on further uses of the SST-RUN maneuver, inclu-
ding certain hex displays which are storadle (here
comes the HP-25 prompt-word library!), and other NNN's
that act up in startling ways. If we both hurry, your
programs and my article will be in next month‘'s NOTES!
If not, HP-25's the world over will breathe easier!

-= Joseph Horn (# 1537)

Jal)

T first saw t.e roie of Twix in V2iI3P31, pro-
cranmed for the LT 65 by Tony Karp (125}.The

&7 version is based on that prograc and Las some
editional fectures which thire just wasnt rToom
for in the 65'g 100 steps. Tince the current ver-
sion takes up less than 112 steps, there is lenty
of room to &8d? your own touches, includinp word/
nhrase prompts recorded as data on side two. The
vord phrases can nov be keyed up essily in batches
of ten, or even 16,with the aid of the black dox.
(Aren't you glad rou've got yours!)

To use the progran in its present version, read it
in (side one only) and press C. You will see tie
nunber 987654321, The object is to re-arrange the
digits into the order 123456789 by a sequence of

tae following moves:

Yo interchange the two digits on the lcft, hit A.

A will change 987654321 to 857654321,

To interchange the rightmost two digits, hit E.
jiitting E will change 987654321 to 907654312,

To shift the emtire number one place to the left,
hit K. B changes 987654321 to876543219.

To shift right, hit D. D chenges 987654321 to
198765432, These are the only possible moves.

hen I first tried the game, it took me almost 50
moves to obtain 123456789 (Yhen you do, the number
is shown with a -x- instruction, followed by the num
ber of moves you took.) I found it useful to begin
with simpler problerns. For example, hit C and then
key in the number 123456987 - in which only the last
three digits are out of order. Crn you change this t
to 123456789 in as few os ; move8? Then move on to
C, 123459876, Can you stralghten it out in only 10 ?
1f any of you give up, just érop me a Jirc, and TT11
send you & ccpy of my solutimn tc 987654321, I don't
%now if it's the best solutior, but it isc under 30
moves. (ood iuck. James Garon (_Off)

NUMBER THEORY

INTRODUCTION

Although this article is motivated by the Number
Theory Pac in this month's HP-25 Library, it is also
an independent introduction for all club members to a
fascinating and entertaining branch of mathesatios.
The field 1s vast, and we can only touch on a few
topics here, but they are ones with calculator appli~
cations,

BACKGROUND

Number theory is the branch of mathematics whioh
has as 1ts basis the study of the integers and the
various relations among them. As in most areas of
modern math, many of the important results in number
theory are of a theoretical nature, There are fow
applications to physical situstions and many results
would not seem to be directly applicable to computers.
As opposed to numerical analysis, number theory is not
concsrned with obtaining numerical answers (approxima-
tions) to mathematical and scientific problems.

The development of number theory may be compared
to that of Greek geometry. While the origins of geom-
etry may have been based on physical problems, the
Greek development of the subject was based more on the
desire to discover new relationships and properties of
figures and to understand the nature of mathematioal
and philosophical reasoning. In number theory many
new questions arise out of propsrties exhibited by
certain numbers. The impetus for study iz based on
ocuriesity and the desire to understand reslationships
and properties of nusbers.

As an example, 62343, 12=25+7, 30=13+17, and 216=
1074109, 1Is it true that every even number is the
sum of two primse numbers? While this question 1s easy
to understand, the anawer has been a mystery for 200
years. The affirmative statement is known as
Goldbach's Conjecture. The moat cslebrated number
theory problem is known as Permat’s Last Theoren,

If n is a positive integral exponent, n33, are there

any integers a, b, and ¢ such that a” + b - ™2

The complete answer to this question is also unknown
but any reader of this column who could give a molution
would instantly become the world's most famous mathe-
matician., How many prime numbers are there? Given an
integer n, 18 there a formula which gives the number of
primes which are less than n? How dense are the primes
in the sequence of integers?

Kumber theory contains many surprising results.
Por example, any arithmetic progression of the form
8 =8+ nd contains an infinite number of primes,

provided the greatest common divisor of a & 4 is i,
Number theory is known for the diffliculty of its
problems, however easy those problems may be to

state. The subject has influenced the development

of higher mathematics and it is surprising that there
are few arsas of mathepatics that are not related to
number theory. So while the subject of higher arith-
metic may seep trivial, techniques from advanced math-
ematical analysis are required to solve some of 1ts
problems, ’

Computers have been used with minor success in
providing counterexamples tc assertions such as those
above., The above are typical of the kinds of questions
asked in number theory and these in turn give rise to
investigations in the more theoretical aspects of the
subject. For further reading see Number Theory and Its <
History by 0. Ore, or see History of the Theory of
Numbers by L. E, Dickson.

Now let's turn to a few specirié toples.

DIVISION ALGORITHM

One of the most fundamental results known about
integers is the Divlision Algorithms

If a & b are integers with >0 then there
exist integers q & r such that 0¢r<b, and
> a=Dbhg+r
All this says is that when you divide an integer a by

a positive divisor b you get a quotient q and a remain-
der r, a fact that all of us were painfully made aware
of in grade school. BEach time you carry out long divi-
sion on paper you apply this result for each digit you
write in the quotient. Your finel answer also repre-
sents this result, in whioh case q may be taken as the
entire quotient and r is the final remsinder. Think of
all the multiples of b as being represented by equally
gpaced dots on a number line, Then since a is also on
the number line, a must lie between two dots, i.e,,
between two multiples of b. 8Since the dots are b units
apart, the remminder r can always be chosen so that
0fr<b. On the HP-25, q = INT(a/b) and r = a - bq.

This last equation really forms the basis for Integral
Diglit Slicing. See VuN3IP14,

The rule for integer base conversions is also
founded on the Division Algorithm. The general pro-
cedure for converting an integer from base 10 to base
b is to performs succesaive divisions by b. The result-
ing remainders will be the digits of the original int-
eger in base b, An example will best 1llustrate this
use of the Division Algorithm. The digite in octal
code are always 0-7 and these represent coefficlents
on powers of 8. Por example,

3820, = 7.8 + 3.8 + s.87 + u.8°

w2 yE L LN

- (7.82 ¢ 381 4 5894

L g %} or

Thus,

(in the fors -% =q +-§)
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the virtus] elimination of specisl-case matrices and higher 01 G LBL 6 15 13 06 07 RCL 1 24 01

accuracy of the new version should more than cospensate. 02 RCL O 24 00 08 Fr INT 14 62

Speaking of accuracy, it is woth poting that if the run is 03 r LOG 14 43 09 F LSTX 14 73

stopped before entering the last phase (routine 8) the 04 S8TO + 1 23 51 01 10 G FRAC 15 62

stored values are the cofsctor array. Cofactors generally 05 G Ds2 15 23 11 G 10X 15 43

have digit lengths comparable to those of the input data 06 GTO 6 13 06 12 G RMN 15 12
will have experienced no roundoff aerror. Routins 8 Test: PFIX6 10:=3.62B800 (Y=6)

vides esach by the determinant to produce the matrix in-
crse, 8o the inverse values frequently do have roundoff
stror. Consequently, 1f further computations sre to be
performed using the inverse values, such as multiplication
by a column matrix for simultaneous equation solution; max-~
{mum accuracy will result {f division by the determinant
i delayed unti{l the end. To do this replace LEL 8 at
step 102 with R/S, then when the run stops copy the dis-
played determinant value and use the stored array of co-
factors as the inverse was to be used. Divide the final
answer(s) by the determinant,

I note there is a one-card 5x5 Determinant and Inverse program
in the High-Level Math bookliet of User Library programs offered
by HP, sc apparently someone else has written one, 1 am curious
to know what algorithm was used, but not sufficiently curious

to pay ten dollars for the booklet. 1f anyone can enlighten me
it will be appreciated. Hal Brown (362)

)
SORTING ON HP-67/97

The June 1977 issue of HP Key Notes described a Bubble Sort
Routine (#00619D) for BP 67/97 that sorts as many as 21 data
registers using 69 programs steps. I have written programs for
the Bubble Sort using only 21 steps for as many as 22 data
registers. The HP program can sort in either ascending or
descending mode, presumably selecting by keyboard entry. My
program can do either but one step in the program has to be
changed when using only 21 steps. Keyboard selection of the
mode can, of course, be done with 17 additional program steps
and about 1/3 longer run time for a 'maximum disorder sort.

I have also enclosed a.shell Sort routine which has 45 steps
but which is much faster than the Bubble Sort. PFor the full
22 registers at maximum disorder, for example, the Shell Sort

runs in less than half the time of the Bubble Sort (or 3

minutes faster]). When the number of registers to be sorted

.s small -~ 6 or less -~ the Bubble Sort is a few seconds
aster.

I use the Sort routines in a "Racing Results" program for boat
racing where the competitors' elapsed times are converted to
corrected times. Then, the competitors are sorted into order
of corrected finish by the Shell Sort.

This program has greatly speeded up our Sailing Club's time

in determining handicap race results as well as reducing errors.
Now, if I only had an HP 97 sort that we could post printed
results ...1}

I hope these programs -- Or routines -- will be helpful to the
Club Members; and I am sure someone will make my programs more
efficient! A. Babcock Jr., (2154)

° §723)]
HP-29C ROUTINES

A program for reviewing each storage register in
sequence, used to see how many registers have been
used or if any data in the indirect registers should
be recorded before shutting the machine off. The
method is not slegant, and the program stops on
*Brror® when "30" is addressed by register "if.
Register number is shown as integer and data to two
decimal places, with a double pause to view data.

Initialize by storing "O" in R,. (RCL O first to
avoid destroying desired data in this register).

LBL number and step number are of course arbitrary.

01 G LBL Y 15 13 09 06 F FPIX 2 14 11 02
02 RCL O 24 00 07 F PAUSE 14 74
03 FPFIXO 14 11 00 08 P PAUSE 14 74
04 F PAUSE 14 74 09 G IsZ 15 24
05 RCL 4 24 22 10 GSB ¢ 12 09

Lar Factorials
¥or computing n! for n=70 and larger, this gives
the mantissa in the X-register and the power of ten

in Y-register, the latter being viewed by XeY.

Accuracy is limited by use of logs, but gives 6-7

significant figures up to 500! Mot valid for n=0.
70 initialise, clear R; and put n in Ry,

8
,' 65 NOTES

Program takes 0.85 sec/iteration.
factorials (above 500!), Stirling's second-term
approximation is more accurate and much faster:

log n!=1/2(log 2x}+(n+1l/2)log n +[-n+{1/12n)}1log e

For very large

G. T. Delahunty (2175)

67 TWIX

1 31 25 13 LBL C 055 4% EEX
002 31 4% CL REG 056 09 ¢©
003 09 9 057 81 ./.
004 35 62 1/x 058 61 +
005 43 EEX 059 32 8% FRAC
006 01 1 060 43 EEX
007 00 O 061 0c 9
008 71 X 062 7 %
009 01 1 063 22 00 GTC ©
010 51 - 064 31 25 14 1IL D
011 01 1 065 31 34 isz
012 02 2 066 01 1
013 03 3 067 00 O
014 o4 4 068 81 ./.
015 05 5 069 41 I
016 06 6 070 32 8% | LAC
017 07 7 071 43 X
018 08 8 072 09 9
019 09 9 073 71 X
020 33 00 GSTC O 074 61 +
021 51 - 075 31 83 LT
022 35 22 RTN 076 22 00 GIC ©
023 31 25 11 LBL A 077 31 2515 LDL E
024 31 34 ISZ 078 31 34 1ISZ
025 43  EEX 079 43 EEX
026 o7 7 080 02 2
027 8l ./, 081 8l ./
028 4] ENTIR 082 41 ELTER
02y 31 83 INT 083 32 8% TFRAC
030 01 1 084 o1 1
031 00 © 085 00 O B
032 81 ./. 086 7 X }
033 33 02 STO 2 087 3% 02 STC 2
034 %2 83 TRAC 088 32 83 FRAC
035 43  EEX 089 43 EEX
036 02 2 090 02 2
037 71 X 091 71X
038 34 02 RCL 2 092 34 02 RCL 2
039 31 83 INT 093 31 8% INT

2 5% iges

o4l 35 52 X IL¥CH Y Y
042 32 g} FRAC 096 31 B3 INT
043 61 + 097 43 EEX
044 43 EIX 098 02 2
045 07 7 099 7 X
046 71 X 100 61 +
047 22 00 G0 O 101 31 25 00 LBL O
048 31 25 12 iEL B 102 34 00 RCL O
049 31 34 IG7 103 35 52 x EXCH y
C50 43 EEX lo4 32261 XFY?
051 08 8 105 35 22 RTN
052 81 ./. 106 2186 -X -
053 4) ERTER 107 35 34 gc 1
oS54 31 8% INT 108 84 n/s

Set display mode to FIX, DSP O before recording.
James Garon (2042)
]

&7E]

TIPS

OTE _ON MAG CARD HOLDERS- There are at
oap 0 s O érs available from
Bewlett-Peckard. Bvery 67/97 owner is familar
with the pink plastic type which came with the
Pac, Thia type i» also availeble with

Standard
- the other Application Pacs and the Blank Cards,

snd are lesa likely to present any problema for
the storage of Mag Cards with rub-on lettering.
The other type is a grayish-tan color and are
what you recieve when you order the Mag Card

Holders alons, Pixatives, rub-on lettering, and

sven "SHARPIE" pen lettering stick or transfer

to the Clear Plastic of this grayish-tan type

of eard holder and are suitable orily for the

storsge of program cards produced by Hewlett
Paciard, M. WALLON (1431) @
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