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ABSTRACT.
The distribution of primes among the Natural numbers is, in this short paper, determined via
a new method based upon the Multiples attribute of such numbers.
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1.0
Introduction.
The distribution of primes, π(N), within the Natural numbers, has been the subject of
investigation for many centuries past. The most definitive result was developed by Bernhard
Riemann in his famous 1859 paper. This solution is an analytical one, replacing the Natural
numbers by the Real, thus calculating π(x). It contains the Logarithmic Integral of the
independent variable as its main term, augmented by an auxiliary term derived from the
roots of Riemann's Zeta Function, and two other very small terms, one of which is a
constant, while the other, marginally variable.
The main difficulty with Riemann's analytical solution is the determination of the second,
oscillatory term. This involves obtaining a number of the roots of Riemann's Zeta Function,
a process which , because this function is one of an infinite sum in which all terms possess a
complex number exponent, can only be effected by a protracted iterative method. In
addition, once these roots have been determined, they are then entered into Riemann's
formula, which subsequently involves a considerable amount of further computation.
The method employed here works with the Natural numbers directly, and, being based upon
the Multiples attribute of these numbers, as introduced in [1], involves the minimum amount
of computation, all of which is elementary.
To determine π(N), the process simply compares the Multiples of each pair of consecutive
numbers from 1 to N, and counts the number of times the comparison produces a zero result.
The method is therefore not analytic, but a straightforward counting process.
2.0
Prime Number Distribution Via the Multiples Method.
In [1], the Multiples attribute of the Natural numbers was introduced as
M (N ) =

N

N

∑ INT  p 

(2.1)

p=2

where p ranges through all the primes between the limits of the sum. Subsequently, N was
shown to be prime when
M (N ) − M (N − 1) = 0

(2.2)

M (N ) − M (N − 1) = D( N )

(2.3)

From that it is clear that if

π(N) will be given by
π( N ) =

N

∑ [D(N ) = 0] + 1

(2.4)

N =2

It should be noted that (2.4) includes unity as a prime number.
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3.0
Implementation.
While (2.4) could be calculated manually for small values of N, large values are best
determined via a computer implementation. This has been done in support of this paper via a
demonstration macro driven EXCEL spreadsheet. The display page is shown below.

Fig. 3.1 - Demonstration EXCEL Display Page.
Use of the spreadsheet is very simple and clear from the instructions shown in the above
figure. The method does require an extensive prime number database, (up to N ), to
accurately compute π(N), but this is not considered a problem because the method can
generate its own database as it progresses, (Note that only a very small fraction of the
database is shown in the above Figure). Thus the only adverse factor regarding this aspect is
the storage space required on the spreadsheet and the resulting large file size.
Once the database has been updated, "The Maximum Database Prime Number" and
"Maximum Input for Primality Test" cells are automatically updated. In addition, the
database can then also be transferred to the demonstration spreadsheets associated with [1] to
extend their capabilities, (Note that extra coding in those spreadsheets will be required to
effect same).
Calculation times for π(N) are of course dependent upon processor speed, and for a range,
N1 - N2, of ~106, a 3.6GHz P.C. will produce a result in approximately 40 minutes.
However, if a database update is effected, this time will be lengthened by ~ 20%. A feature
to estimate processing time, based loosely upon processor speed, has be included in the
spreadsheet.
As shown, and mentioned earlier, this implementation also enables primality testing of a
single number, via (2.2), but computation time will be somewhat longer than that in [1],
because all calculation here is consecutive, (in [1] it is simultaneous).
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4.0
Conclusions.
As stated earlier, this method is not analytic, it is purely a prime number counting
mechanism. Hence it cannot be used to investigate the dynamic characteristics of the prime
number distribution, such as density etc, as with Riemann's and other analytic equations for
prime number distribution. However, such a feature was not intended for this method, the
primary requirement being simplicity and speed of execution.
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