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Introduction
Prime Numbers Generator (PNG) is usually understood in terms of the rule which

would allow one to put each of the natural numbers 1, 2, 3, ... n, ... into one-to-
one correspondence with prime numbers py, p2, P3, ---Pns -.-. Even though many

unsuccessful tries have been done to derive or suggest such a rule, no work, to the
best of the author’s knowledge, has proved the very existence or non-existence of
the generator yet. Present treatise is attempting to fill the gap with this respect.
The route of the testing will follow the scheme:

1. It will be shown that PNG exist if and only if there is an interrelation between
all prime numbers.

2. Conditional probability of taking all prime numbers except one, which is given,
will be stated for a limited set of odd numbers.

3. Conditional probability of taking all prime numbers except one, which is given,

will be stated and calculated for a complete set of odd numbers.

1. Lemma: PNG exists if and only if there is an interrelation between all prime
numbers.

N.B.: Interrelation between all prime numbers should be perceived as an

existence of the rule, which would allow one to generate all prime numbers from

one arbitrary chosen prime number.

Proof: 1) If PNG exists, then there should exist a way to put one arbitrary

chosen prime number p,, into correspondence with another arbitrary

chosen prime number py, by plugging known counting indices n and m
into PNG. Thus, the interrelation between all prime numbers exists.

2) If interrelation between two arbitrary chosen prime numbers p, and
Pm exists, then there should exist a rule of putting natural number m

into correspondence with prime number py,. Thus, the PNG exists.
2



Q.E.D.
N.B.: Indices n and m are assumed to be known for (big) primes with the assist of
Prime Number Theorem (PNT) [1].

Thus, the existence of PNG can be tested by testing the existence of the
interrelation between all prime numbers.

2. The existence of interrelation between two events can be tested by calculating a
conditional probability, defined elsewhere:

“Conditional probability is defined to be the probability of an event given that
another event has occurred. If we name these events 4 and B, then we can talk
about the probability of 4 given B. We can also refer to the probability of 4
dependent upon B.” [2].

“There is a formula for conditional probability that connects this to the
probability of 4 and B:

P(ANB)

P(A|B) = )

2] (D

where P (A|B) - the conditional probability of event 4 given B [3];
P (AN B) - probability of a common occurrence of events 4 and B

or probability of intersection of 4 and B [2];

P (B)- probability of an event B occurring independently of any

other event (the marginal probability) [3].
Let us consider a limited set of odd numbers from / to x with » prime numbers
within. Keeping in mind eq.1, the conditional probability of pulling out all of the

prime numbers from the set except one, which is given, will be:

P(Npy,py,p3,-- D)
P(py,p3:P4,--D,1P1) = P ) (2)
1

where P(py,p3,P4,--- P, | Py) - conditional probability of taking all
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primes out of the set with prime p; given; i.e. probability the
interrelation between arbitrary chosen p,, p3, p4,... p,.,and p;

exists;

P(™py,py,P3,-.- P,)- probability of taking the primes

altogether;
P (p,)- probability of taking prime p; independently of other

primes.
The probabilities can be calculated using Prime Number Theorem (PNT) [1].

X
According to PNT there are approximately nx primes in the range [1;x ]of
nx

natural numbers [1]. As soon as we consider the Realm of odd numbers only, the

number of primes 7 should be expressed as:

2x
In(2x)

Q

3)

N.B.: Eq.3 acts for odd numbers within the range[1;x ], where natural numbers
from 1 to x may be considered as counting indices of the odd numbers.
Thus, the probability P (p,)of taking one arbitrary chosen prime number p,

independently of others out of x odd numbers will be:

2x
In(2
Plp) = = = —n(xx) @
2
P ~
(p) In(2x) (%)
By the same train of reasoning:
r (r=1 (r-2) r—(r-1
P =— - . = (6
(N P1P2sPys P = D) (x-2) (- 1) (6)



After the usage of:

al

a-(a-1)-(a—-2)-....(a—-b) = fa— (1Dl (7)
eq.6 transforms into:
P(Op,pysp35--Dr) = @ (8)
Let us set eq.3 into eq.8:
( 2x J! (x— 2x J!
P(Np1,p2sP3s D) * e o ) ©)
By setting egs.5,9 into eq.2:
) at)
P(p2=p3np4>---pr|p1)zln(22X)° ) o mEIL o)

It should be stressed here that eq.10 is stated for a /imited set of x odd numbers.
3. To extend eq.10 for all odd numbers one should take a limit of eq.10 at

X — 0. In this case, for big numbers, approximate character brought by PNT can

be left:
lim P(p2,p3pp49"'pr|pl) =

X—> ®©

I (B) ()

r N\ r N\

ln(2x)( 2x j'(x_ 2x j'
_ |2 In(2x) ) In(2x) )

X—> o x!

(11)

—
(4)

To make eq.11 computable, one should get rid of factorial terms (4), (B), and (C),
using Stirling’s Approximation (SA):



n! =~ 27rn-(£) (12)

where m=3.14.... - “pi-number”;

e =2.71...- “Euler’s number” [4].
For the same token, approximate character brought by SA can also be left in the

case of big numbers. One may find (not shown) that upon the application of SA,

eq.11 converts into:

lim P(p2,p3pp49"'pr|pl) =

X—> o0
( (B) )
(4) { 2x -1} x
. — 2 In(2x) 2 2
- lm{27x - | —2 C 1= L (13)
X o0 In(2x) -2 In (2x)
() (D)

Eq.13 can easily be generalized for the case of s primes given(s<r):

lim P(ps+1,ps+2,ps+3,---pr|p1:p2:p39"'ps) =

X—> 00
( (B) )
(4) { 2x —1} x (s-1)
— = In(2x) 2
im 4 2| 2| A2 -(1“(2’“)) (14)
X o0 In(2x)-2 In(2x) 2
() (D) (F)

Concluding Remarks

(1) Based on egs.13,14, in BASIC written code (see below) was used to
calculate a conditional probability the PNG exists for sets of odd numbers of
limited sizes. The results of the calculations are presented in the table
(see below). As one can see, in all of the situations considered, the numeric
value of conditional probability is far below a threshold value of 0.5.
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Moreover, conditional probability is getting smaller and smaller with size of
odd numbers’ set expanding, apparently approaching zero in the infinity-
limit case. The rise of number of primes given to some extent improves the
situation by increasing the value of the conditional probability, though for all
of the considered cases there still are not enough primes given to reach the
crucial value of 0.5. With all of the above considerations one must sadly

admit it is highly unlikely the PNG exists.

(11) It should be stressed here the non-existence verdict applies to ultimate PNG
only, 1.e. to such PNG, which would generate all and nothing but the prime
numbers.

(111) Author hopes the method described here may be of some usefulness in
servicing specialists in the field of complex functions in verifying the global

validity of Riemann hypothesis [5].
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"The program calculates probability the Prime Number Generator exists for the sets
of odd numbers up to 1000.
[start]
input "How many primes are given?: "; s
let i=0
let A=0
let B=0
let C=0
let D=0
let F=0
let startodds=4
CLS
print "NUMBER OF PRIMES GIVEN: "; s
'setting the odd numbers' cutoff to avoid LOG(negative)
if s<=0 goto [foolproof]
if s=1 goto [startcalc]
if s=2 goto [startcalc]
if s=3 goto [startcalc]
'check for consistency between one thousand of odds and the number of primes given
if INT (2*¥1000/LOG(2*1000))>s then goto [startoddscalc]
print "Number of primes given exceeds or equal to total number of primes
among 1000 of odd numbers."
goto [start]
[foolproof]
print "Number of primes given cannot be less than 1"
goto [start]
[startoddscalc]
'calculating the number of odds to start from
let allprimes = INT(2*startodds/LOG(2*startodds))
if allprimes = s then goto [startcalc]
let startodds = startodds+1
goto [startoddscalc]
[startcalc]
for i = startodds to 1000
'calculating term A
let pi = 4*atn(1)
let A = SQR(2*pi*i)
'calculating term B
let B = 2*1/LOG(2*1)-0.5
'calculating term C
let C = 2/(LOG(2%*1)-2)
'calculating term D
let D = 1-2/LOG(2*1)
'calculating term F
let F = (LOG(2*1)/2)
'calculating conditional probability
Let condprob= A*(C*B)*(D")*(F"(s-1))
'output of the results
print
print "set of odd numbers the probability is calculated for: ";i
print "conditional probability the PNG exists for the set: "; condprob
print
next
goto [start]



