HANDS ON ® NUMBERS COUNT

A remarkable discovery
in the field of
Diophantine Equations,
presented here by

Mike Mudge.

# n November 1989 this column noted that
| “The Least Positive Integer Solution of
the Diophantine Equation
§ = X3+y3 = zZ3+wd = Ud+y3 = m3+n3
had been computed by E. ROSENSTIEL,
J.A. DARDIS and C.R. ROSENSTIEL and
that [Fig 1] is the least positive integer
which can be represented as the sum of
two cubes in four different ways.

In October 1994 John Dardis wrote: |
now have the value of the first quintuple
that | have been searching for (pretty well

1729 and all that

16317th triple (counting duplicates) and
after about 4,664,989 doubles.

This study is clearly open ended with
extensions to six, seven etc. pairs of
cubes or to pairs of higher powers or
indeed to triplets, quadruplets etc. of
cubes and/or higher powers.

PROBLEM R(osenstiel)

Investigate the determination of the small-
est positive integer that can be expressed
as the sum of ‘m’ n-TH powers of positive
integers in p-distinct ways. (Will some
results will be obtained with less comput-
ing effort than used in the above result?)

AUTOMORPHIC NUMBERS

This topic has been suggested by Alan

Cox, butis also stimulated by reading The

Penguin Dictionary of Curious and Inter-
esting Numbers by David

6963,472,309,248 = 2421° + 19083° = 5436° + 18948° Wells.

= 10200° + 18072°

24 hours a day) since June 1993.
“The least solution in distinct positive
integers of the Diophantine equation
§ = X3+y3 = z3+w3 = ud+v3 = md+n3 = aHps
is shown in [Fig 2].
“This latest solution was computed
using the same method as

13322° + 16630°

8 968 659 276 962 496

Definitions A positive inte-
ger is said to be AUTOMOR-
PHIC if it is replicated by the final digit
sequence in its square. e.g. 625 x 625 =
390625.

A positive integer is said to be TRI-
MORPHIC if it is replicated by the final
digit sequence of its cube. e.g. 49 x 49 x
49 = 117649. So we could

was used for the earier § = 4 define an n-morphic posi-
solution, but on a 25MHz X = 38787 tive integer that is replicat-
386 computer with 12Mbof 2 = 107839 ed in the final digit
RAM and a 387SX co- um=_ %315 42293 sequence of its nth power.

processor. The program, a = 231518 A tri-automorphic num-
which was written in Turbo  y = 365 757 ber is a positive integer
Pascal, used 8Mb of RAM  w =362753 which is replicated in the
as expanded memory. This vV = 342 952 final digit sequence of three
gave 512 16kb pages, 0 = 336 588 fimes its square. e.g. 3 X

b = 331954

each of which could store
up to 2000 8-byte integers
(of type ‘comp’). The expanded memory
support functions were taken from Michael
Tischer’s book ‘Turbo Pascal Internals’.

“The essence of the method used was
to calculate all the possible sums of pairs
of cubes within a particular range and then
to sort them and check for repeating val-
ues. The performance was found to be
heavily dependent on very careful tuning
to avoid wasteful calculation and on exten-
sive testing of the sort routine to ensure
maximum performance.”

He concluded this final report thus: The
first quintuplet came at the 147th quad, the
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6667 x 6667 = 133346667.

Hence an m-n-morphic

number would be identified by looking at

the least significant part of m times its nth

power.

Wells asserts that there are three tri-

automorphic numbers for any given num-
ber of digits...

Problem A,. Find these triples for any
given number length, L-digits.

How does this result generalise for n-
morphs?

How does this result translate to arith-
metic in number bases other than ten? i.e.
What about binary, octal or hexadecimal?

Problem A, Wells states that
1787109376 is one of only two 10-digit
automorphic numbers: find the other one.
Investigate the number of m-n-morphic
numbers with a given number of digits, N
say. Note: since the property in question
depends upon the least significant N-dig-
its, a great deal of the computation of m
times the nth power is irrelevant and hope-
fully will be omitted.

Responses to any of the problems R &
A above, together with comments on the
computation of Rosenstiel et al, may be
sent to Mike Mudge, 22 Gors Fach, Pwll-
Trap, St Clears, Carmarthen, Dyfed SA33
4AQ, tel 0994 213312, to arrive by 1st
April 1995. Any solutions or attempted
solutions received will be judged, using
suitable subjective criteria, and a prize in
the form of a £25 book token, or equivaient
overseas voucher, will be awarded by
Mike Mudge to the “best” contribution
arriving by the closing date. Such contribu-
tions should contain a brief description of
the hardware used, details of coding, run
times and a summary of the results
obtained; all in a form suitable for publica-
tion in PCW. Additionally, readers’ com-
ments upon the general or specific nature
of this month’s column would be most
valuable, in particular references to any
recent work (either published or unpub-
lished) in the subject areas covered.

Please note that material can only be
returned if a suitable stamped addressed
envelope is enclosed.

FEEDBACK — both POSITIVE
and NEGATIVE

Readers’ requests that a full mathematical
type font be made available for this column
have been passed on to the editor!

Review of Numbers Count -136- August
1994 — The Final Frontier? — together
with a set of REPUNIT RIDDLES

These two topics generated a near record
postbag, if only | knew why!

Dealing first with the REPUNIT RID-
DLES: r, is satisfied by RiRyg....RgRgy- I IS
found to be satisfied by Rissesiases
because the period length of 183263 is, in
fact, 183262 i.e. the recurrence of its reci-
procal as a decimal. Interest note: if a
printer prints 1400 lines each of 132 char-
acters per minute it would take four
months of continuous operation to gener-
ate this REPUNIT.

r; requires REPUNIT = 12345679 the sum
being R,. _

r, has two solutions 212/606 = 0.3498 or
242/303 = 0.7986.

15 locates a 2 in the 37th decimal place.
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The shorter string in ry caused some
difficuity but Henry Ibstedt, and others, dis-
covered 24.32.5.7.(59*) + n where 59*
denotes the product of all the primes less
than or equal to 59, also n runs from 0 to
60. Among readers attacking only these
problems mention is made of Robert New-
mark, Henry Ibstedt, Eddie Kent and Paul
Leyland. The latter introduced The Cun-
ningham Project, “itis probably the longest
running computational effort in history and
has accumulated many mips-millenia of
CPU power in that time.” i.e. since the
1920s. Here the object is to factorise 100
+ 1, ingeneral bn+ 1.

Paul has submitted many such results
and also has an interest in factorising n! +
1. Further details and contact address
from the author. (Mike M.).

Among contributors addressing only
the compression of data problem: Stefan
Smith is currently working on such a sys-
tem for use with a textual database sys-
tem. Readers are asked fo look out for the
lifeBASE Project and the English Lan-
guage Compression System (ELC), the
idea being to produce a standard dictio-
nary to reduce text file size. Expected
release date July 1995.

P.R. Luck at first thought the entire arti-
cle to be a spoof, recalling that a couple of
years ago there were articles about a com-
pany that claimed it couid achieve enor-
mous rates of compression, in a lot of
technical journals “that should have known
better.” He argues the answer, NO
(assuming a finite set of operators) as
each formula can only represent one num-
ber (any operator generating more than
one answer, such as a square root, will not
be useful since the answer will not be
unique), and the formula in question,
stripped of its operators, will require anoth-
er formula to represent it. One can only
guess at the patterns of formulae/numbers
involved as one chains from one formu-
la/number to the next, but it is certain that
the numbers cannot all be smaller than
each other. Mat Newman, on the other
hand, establishes the answer, YES, begin-
ning with the apparently facetious answer
“define the symbol ‘X’ to represent the long
number in question” and going on to distin-
guish between “encoding” and “compres-
sion”. Mat also lightens the atmosphere
with the result that Hallowe'en and Christ-
mas are identicall 310CT(al) =
25DEC(imal).

Now to the hardworking individuals
who considered both subject areas. Nigel
Hodges cites Comtemporary Mathemat-
ics, vol.22, by The American Mathematical
Society. Brilthart, Lehmer, Selfridge,

Tuckerman & Wagstaff Factorisation of
bn + 1 for selected b up to high powers. In
particular 10" + 1 is completely factored for
n=1to 121 except for n = 106 and 109.
Any offers to fill these gaps?

Gareth Suggett observed that the com-
pactness of any representation of a group
of numbers depends on (a) how many
numbers there are in the group, and (b)
the size of the “alphabet” in which the
strings representing the numbers are
written. Thus if one has N numbers to rep-
resent and s symbols available, then the
general number will need a string whose
length is of the order of log,(N) to repre-
sent it. The most compact representation
will have s = N.

George Sassoon provided a very
extensive reply, referring to The Cunning-
ham Project masterminded by Prof. Sam
Wagstaff, Dept. of Computer Sciences,
Purdue University, West Lafayette, Indi-
ana 47907, USA. George uses Kida's
PPMPQS programs which accompany
UBASIC and suggests that interested
readers should contact Prof. Wagstaff; he
introduces The Hilbert Curve as a succes-
sion of right-angled turns which at a high
enough order will fill any n-dimensional
space, and so the space can be repre-
sented as a single line of data regardless
of its dimensionality and hence the Hilbert
curve is generally more efficient at storing
an image than a conventional scan.

Eamonn Maher of Roscrea, Co. Tip-
perary, supplied a publication, Random-
ness and OMEGA, inspired by Chaitlin of
the Bell Labs and leaning heavily on
Goédel's Theorem, copies available on
request, having relevance to the data
compression problem.

However, the very worthy prizewinner
is Malcolm Gray, of 19 Hadrian Way,
Sandiway, Northwich, Cheshire CW8 2JR,
using Borland C++ 3.1 on a 486DX/33 for
the larger REPUNIT calculations and
establishing that a language of
(0,1,2,3,4,5,6,7,8,9,+,-,e,%) enables 1.4-34n
numbers can be coded in less than a quar-
ter of the digits. This tends to zero very
rapidly, so for large numbers very few can
be so represented and the conclusion is
that a drastic improvement is only possible
in a relatively few cases.

_PCW Contributions Welcome

Mike Mudge welcomes readers’
correspondence on any subject within the
areas of number theory and computational
mathematics, together with suggested subject
areas and/or specific problems for future
Numbers Count articles.
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For all Makes and
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and Bubble-Jet

Cartndges‘

* Easy to Use #* Full Instructions Provided
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_ Guarantee

* Remanufactured,' Not Just Filled
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RIBBONS . » -
profe‘ss‘lona“v
with a
Them
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Quality Products Save £££s
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‘For the best deal, contact the specialists

ﬂ Call or Send for Brochures

mems e 0883 623366

HMo.1 Wallesley Parade; !
487 Godstosie fioad;
Whyteleafe, Surrsy, GRS usL

Fax: 0883 626777

intel 486’s from £220

The above price is the upgrade of a “Clone AT” type computer to
4868X 25 MHz. We offer a full range of computer upgrades
from £99, our range includes 25MHz to 100MHz 486, 60MHz to
90MHz pentmm® for most types of AT clones &
compatibles. We offer Nationwide collection & delivery service.
You have seen our adverts for over 3 years, so you can be
confident in getting the best upgrade advice & service, from the
most experienced company in our field We also make the
highest quality computers, to suit every need & budget, from the
Student to the Professional user, including Fault Tolerant
Networking Solutions, portable & special systems to your own
specification. Notebook Computers from leading brand names.
We have warranted refurbished systems. We offer a full repair
service and Onsite service contracts for the UK and the EC. We
upgrade motherboards, (Local Bus, ISA & EISA), Memory
(RAM), Hard Disks (including transfer of programmes & data),
Graphics, Processors, Co-Pro’s, a wide range of home & business
MultiMedia, Pace Fax Modems, VOICE Mail, FAXBACK and
MS & NOVELL. Operating & Application Software. Carriage &
VAT extra.

PHONE US ON (0332) 20 53 53 (4 lines) °
FAX US ON (0332) 20 53 63
Graham Jacobs Quality Computers

Helping you to keep Up with technology and keep the Cost Down

WE DO ALL OF THE WORK AND GUARANTEE IT!
(Prices correct at time of going to press. E&OC)
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