HANDS ON ® NUMBERS COUNT

Binomial
Coefficients

BEGINNERS LESSON THREE
Given any positive integer n, the function
FACTORIAL of n, written n!, is defined as
the product of all the positive integers
upto and including n. Thus 6! =
1x2x3x4x5x6 = 720.

Note that for convenience 0! is
DEFINED to be 1.

Given a positive integer n and a non-
negative integer r less than or equal to n
the BINOMIAL COEFFICIENT

(n), or ,C,, is defined to be

U]

n! c_.T1!
T s Thus  74= 27 a1
r! (n-r)! 4! 3!

These coefficients have applications in
the mathematical topics of The Binomial
Theorem and Combinatorics, however
these will not be required for the following
material to be comprehensible.

It is easily shown, from the above defi-
nition, that:

(n), (n) _(n+1)
() *(e+1)™ (r41)

thus
10Cs = oC4 + oCs
and the scheme known as Pascal’'s
Triangle for the generation of such
coefficients is revealed:

T 1
1 2 1
13 31
1 4 6 41
g T |

Here every element, except the
bounding diagonals of 1’s, is formed as
the sum of its two nearest neighbours in
the previous row.

Clearly these coefficients can be eval-
uated from the original definition, from the
Pascal’s Triangle Algorithm or indeed
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from the equivalent algebraic result

C =n.(n-1).(n-2).....(n-r+1)
r(r-1).{r-2)..... 1

Problem (A). Implement the above three
algorithms for ,C,, check each using ,,C5
=792, consider the ultimate limitations of
each program by attempting, initially,
200Cs which is approximately
2.53565x100.

How do the ultimate limitations, in the
sense of largest n & r values which can
be handled exactly, compare with run-
times? Could the latter be impoitant in
the evaluation of many such coefficients,
see Problem (B) which follows?

Fig 1 shows a sample program, in
BASIC, due to S. Balachandra Rao &
C.K. Shantha...Numerical
Methods..Sangram Books Ltd. 1992,
£9.95; for the evaluation of Binomial
Coefficients.

Problem (B). With reference to the

properties of Pascal’s Triangle, Pascal
himself wrote: “I leave out many more
than | include; it is extraordinary how fer-
tile in properties this is. Everyone can try
his hand.”

Verify that the entries in rwo p, except
the units, are divisible by p if and only if p
is prime. Verify also that the shallow diag-
onals 1,1-1,1-2,1-3-1,1-4-3,1-5-6-1...etc.
sum to the Fibonacci sequence
1,1,2,3,5,8,13,..etc. (Each entry, apart
from the first two 1’s being the sum of the
previous two.) Demonstrate rows contain-
ing three numbers in arithmetical
progression, i.e. differing by the same
constant (there are infinitely many of
thesel) 7-21-35 with common difference
14, next 1001-2002-3003 and then
490314-817190-1144066. Interest note:
There are no such triplets in either geo-
metric or harmonic progression, see
David Wells, Curious and Interesting
Numbers, Penguin, 1987.

A STRUCTURED PROBLEM in
DIOPHANTINE EQUATIONS
Posed by C.J. Roberts of Twyford,
Berkshire.

Problem CJ,. Find positive integers
(A,B,C) which satisfy Az + B2 = Ca.

(a) Investigate possible C in the range 2
to 100....2,5,8,10 etc.

(b} Identify any such C for which there
are multiple solutions for (A,B)....5,10,13
etc.

(c) Propose the rule for C whch admits at
least on solution (A,B).

(d) Propose the rule for C which admits
more than one solution (A,B).

(e) Propose a rule which, given C, leads
to the number of distinct solutions (A,B).
Note that C = 65 or 85 has 8 solutions,

_ Fig 1 Binomial Coefficients: Sample Program

10 cLS

20 PRINT”****‘k‘k******************************‘k**************‘k**”
30 PRINT*# o
40 PRINT“* EVALUATION OF BINOMTAI, COEFFICIENTS PROGRAM *
50 PRINT” * *e
60 PRINT”*******‘k**********************************************”
70 LOCATEY, 40 : PRINT“n "

80 LOCATE10,26 : PRINT“EVALUATION OF C”:PRINT TAB(42);“r"

90 LOCATE15,32: INPUT“n="; N:LOCATEL7,32: INPUT“r=";R

100 LET D=1:TF R=0 THEN GOTO 140

110 FOR Y=0 TO R-1

120 LET D=D* (N-Y)/(R-Y)

130 NEXT Y

140 LOCATE20,29 :PRINT N:PRINT TAB(31);“C”:PRINT TAB(32);R:LOCATE

21,36 :PRINT"=";D

150 LOCATE23,19:PRINT“PRESS (SPACE BAR) TO START AGAIN”:H$=

INPUTS(L1):IF H$ =““THEN RUN
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while C = 25 or 50 or 100 has three
solutions.

C.J. has solved (c) & (d) but so far not
(e) completely.

A TWO PERSON GAME —

ODDS & EVENS

Posed by C.J. Roberts of Twyford,
Berkshire.

Problem CJ,. Playing alternately two
players shall draw either 1,2 or 3 coun-
ters from an initial pile of 2N + 2 counters.
Say 23 for example...the winner is the
player who finishes with an even number
of counters.

Construct a winning algorithm for play
in this case. How does it vary when you
can draw from 1 upto M counters at any
given time?

Responses to both the Beginners
Lesson Three, THE BINOMIAL COEFFI-
CIENTS and/or any of the problems CJ,,
and CJ, may be sent to Mike Mudge, 22
Gors Fach, Pwil-Trap, St. Clears,
Carmarthen, Dyfed SA33 4AQ, tel 01994
231121, to arrive by 1st July 1995. Any
complete or partial solutions received will
be judged using suitable subjective crite-
ria, and a prize in the form of a £25 book
token, or equivalent overseas voucher,
will be awarded by Mike Mudge to the
“best” solution arriving by the closing
date. Such contributions should contain a
brief description of the hardware used,
details of coding, run-times and a sum-
mary of the results obtained; all in a form
suitable for publication in PCW. Addition-
ally, readers’ comments upon the general
or specific nature of this month’s column
would be most welcome. In particular, ref-
erences to any recent work (either pub-
lished or unpublished) on Diophantine
Equations of the general type
artbn+cn....= Am+Bm+Cm... would be
appreciated.

Please note that material can orily be
returned if a suitable stamped addressed
envelope is provided.

FEEDBACK — BOTH POSITIVE
AND NEGATIVE
There have been a number of letters from
readers who were awarded prizes “by
PCW rather than “by Mike Mudge”, i.e.
results announced before the July 1994
issue of PCW, and who have not yet
received their prizes. These were
genuinely earnt and awarded: please
contact Adele Dyer at PCW to resolve
this matter as soon as possible.

Readers who are experiencing difficul-
ties in purchasing recent books in num-
ber theory — particular problems have
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arisen with the second edition of Richard
K. Guy’s Unsolved Problems in Number
Theory — are advised to contact
Hinchliffe Books at 15 Castle Street,
Thornbury, Bristol BS12 1HA. Tel:
Thornbury (01454) 415177.

Light relief! Are there only finitely
many squares, apart from 102n, 4x102n
and 9x102n with only two decimal digits?
e.g. 382 = 1444, 882 =7744...31142 =
9696996...7

Review of Numbers Count -139-
November 1994: INT to ZIG-ZAG
and something different

Despite its simple requirements in terms
of logic and hardware, the FLOOR
FUNCTION was totally ignored by read-
ers’ responses. Can someone please say
why? Yes, | can! Apologies, but no proofs
came from PCW.

e e 1+ 5.

the sum being continued until the terms
become 0, i.e. until pr is greater than n."
was intended. Now have a go at
problems 0 & 1 for a future prize award,
fogether with ZIG-ZAG.

However, Neil Croli’s problem
produced much interesting response;
because of the nature of his work he is
the very worthy prizewinner at 9 Carsing-
ton Crescent, Allestree, Derby DE22
2QY. Mention must be made of the link
with “Pieces of Eight” from PCW 1992
February and the generalisation to an
alphabet of k characters, say 0,1,2..k-1.
What is the minimal length string that
when viewed cyclically includes all possi-
ble iength-r strings as substrings?
Furthermore, how many such minimal
length strings are there?

For k=2 see Martin Gardner’s discus-
sion of Bacon’s Cipher in Knotted Dough-
nuts and other Mathematical
Entertainments. The number of solutions
is 2x where x=2r1-r so for Crolil’s original
problem there are 226. Interested readers
are also referred to The DIPOLE Column
in IEE News (no. 28) of 3rd August 1989
and its follow-up.

PCW Contributions welcom

Mike Mudge welcomes readers’
carrespondence on any subject within
the areas of number theory and compu-
tational mathematics, together with
suggested subject areas and/or specific
problems for future Numbers Count
articles.

T’ ENHANCED IDE HARD DRIVES

CLASSIFIED

IBM . Sespaty:: YWweSERNDGTL -
Mode 3 and 4 Enkarnced IDE drives
365Mb £119 + VAT =£139.83
420Mb £425 + VAT = £146.88
540Mb £139 + VAT = £163.33
850Mb £189 + VAT = £222.08 £5 off with any drive. Call for
1GB  £279 + VAT = £327.83 cheaper EIDE cards and PCI

Hard Drive prices are unstable  Please call for updates

- CONNER :
Mode 3,4& 5 Enhanced VL
Bus IDE Multi /O Card
For Maximum performance .
Supports 4 drives / IDE devices
£35 + VAT =£41.13

Kodak CDR gokd The only quad & 6 speed CDR disk £7.60 + VAT =£217
Conner 420Mb Tape Stor £135 + VAT = £158.63
Sony QIC Wide 420Mb Tapes £15.80 + VAT = £18.57
Formatted DC2120 Tapes £8 + VAT = £8.40

We stock a wide range of tape drives, data cartridges,
DAT tapes, optical & CD Recordable drives & media - Please call for delalls

FAX MODEMS Cables + sofiware included
9,600 Fax / 2400 Modem £34 + VAT = £39.95
NEW 14.4 Fax Modem £55 + VAT = £54.63
14.4 Voice Fax Modem £75 + VAT = £88.13
28.8 Modem / 14.4 Fax £109 + VAT = £128.08
EXTER A 3

14.4 Fax Modem £74 + VAT = £86.95
28.8 Modem / 14.4 Modem £127 + VAT = £149.23
BABT Approved X-Link FAX / MODEMS with Winfax Lite,
Dosfax Lite and Comit Lite Fax & Comms Software.

144k £79 + VAT= £02.83  14.4k Externa®£89 + VAT = £104.58
V34 £195 + VAT = £220.13 V34 External £205 + VAT = £240.88

GCD-ROM DRIVES
NAKAMICHI MBR-7 External SCS1-2 Dual Speed 7 disk CD-ROM
Autochanger Load 7 CD’s, close the drawer and 5GB of
CD data awaits your use. £285 +VAT = £334.88
Pioneer DRU-104X Quad Speed £229 + VAT = £269.08
Panasonic CR562B Dual Speed £89 + VAT = £104.58
Wearnes CDD120X 2.5 Speed IDE £95 + VAT = £111.63
Sony CDUSSE Dual Speed IDE £89 + VAT = £104.58
NEC Quad Speed IDE £154 + VAT = £180.96
SOUND CARDS
* Trust Sound Expert 16 £55 + VAT = £64.63
+Sound FX 16 £64+VAT = £75.20
* Gravis ULTRASOUND Max £135 + VAT = £158.63
* Sound FX Classic 3000 MCD £115 +VAT = £1356.13
* Turtle Beach Cards - Call

MVILTIAEBIA UREEYVNEES (CD-ROM Drive with Soundeard)
Sony CDUSEE + Sound Expeit 16 £142 + VAT =£166.85
Panascnic CR562B + Sound FX16 £145 + VAT = £170.38
With Sound FX Classic 3000 - add £59 + VAT = £69.33
Stereo speakers £7.50 Amplified £14.95 Trust 85 Watt £44.95
10 CD Starler Pack £29.95 7th Guest £14.90
MS Encarta 95 £39.95 Infopaedia £25.00
Grolier Encyclopedia 95 £25.00 Comptons 95 £25
fMinerva 1l £9.50; Minerva {V £11.50; Minerva V £12.50

Minerva Set (3 CD'S 19,000 Shareware / PD titles) - £22.00

* SPEA Showtime Plus 2Mb Tseng W32p Graphics Accelerator
with MPEG decoder and Video Grabber on one VLB or PCl card
£339 + VAT = £398.33

» Ellite Cirrus LOBIC 5429 1Mb VLB £57 + VAT = £66.98
« Spea Mercury P64 2MB VRAM £249 + VAT = £292.58

DYRAMWIC NEW PROCESSORS

These are the new generation ULTRA FAST CPU's you have been

reading about. Now available at the keenest prices In the UK
AMD DX2-80 £105 + VAT = £123.38
AMD DX4-100 £156 + VAT = £182.13
IBM DX2-66 £85 + VAT = £99.88
SGST DX2-66 £89 + VAT = £104.58
UMC $55 $X66/80 £45 + VAT = £52.88 ;}"
CPU prices are falling - Call for updates

MOTHERBOARDS with CPU (Using the leadng GA486vsf board)
SX66/80 £120 + VAT = £116.33 DX33 £179 + VAT = £210.33

DX2-66 (Intel) £194 + VAT = £227.95
DX4-100 (AMD) £215 + VAT = £252.63
Intel Plato Pentium 60 & 90 - Cali

FESSIONAL QUALITY BULK DISKS

i Highclip S8ony / Dysan / Ve

hess dre the error-free, durable dzsks u:ed by cam

pare distributors. If you are fed up with the ch
didigks: armally seld majl order; give u

20 |50 100|200 [500
DSDD 3.5" | £0.40 | £18.50 | £29.35 | £54.35 | £126.05
DSHD 3.5" | £10.95 [£27.50 | £36.05 | £64.63 215275

SPECIAL OFFERS ON QUALITY DISKS
100 DYSAN / VERBATIM BULK DSHD 3.5” Disks £34.50
100 DYSAN BULK DSDD 3.5” (720K) Disks £28.95
100 BRANDED preformatted DSHD 3.5” disks ~_ £44.95
DSHD 3.8" Duplication Standard Disks from the Far East
100 £28.60 200 £49.99  Larger quantities - please call
ANY ONE WITH 100 CAPACITY LOCKABLE BOX - add £3.50

CONBUMARLES:  PRICES INCLUDE VAT

LOCKABLE DISK BOXES STACKABLE DISK BOXES
Capacity: 50 100 Capacity 1Box 3 Boxes-
35 £350 £5.50 35x80 £9.95 £28.00

525 £520 £6.50 35x200 £1545 £39.00

LIBRARY CASES (FOR 10DISKS). 35 -95P 525 -£1.19

REANK RENEWS 20 - 40 dot matrx RBBONS, - £945

INKJET REFILLS (HP, Caron etc) BLACK £850 TRICOLOUR £18
COMPUTER TRADE DIRECTORY UK SUPPLFRS £6.50
BUILD YOUR OWN PC New Editio . £5, 00

: ; “-i ALL'PRICES INCLUDE VAT, |
Camage DiSKS - FREE: CONSUMABLES - £3.50 - FARDWARE £5

LINEFEED 0171 474 1765 snours

@M@ Unit 7 Ashmead Business Centre, North Crescent,
@~ ¥ Cody Road, London E16 4TG Fax 0171 474 3440
E-mail Sales@linefeed.com
NO CREDIT CARD SURCHARGES
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