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Abstract
Prime numbers could be formalized with using notation of sequence.

1 Generalized Prime Number Sequence
Prime number[1] could be defined as following:

p ∈ N is prime ⇐⇒ ∄n ∈ N s.t. n | p and n ̸= p, 1.

Generalized Prime Number Sequence(GPNS) is:

Mn = n(n+ 1)(n+ 2)

=⇒ ∀p ≥ 3 =⇒ pn = k + α1M1 + α2M2 + α3M3 · · ·
(∀α ∈ P ∪ {0, 1}, k ∈ {0, 1, 3, 5})
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2 Proof
Assuming that, prime number p, p′, p′′ always can be expressed into this cubic equation
form:

p′′ = (n3 + an2 + bn)p′ + p (a, b, n ∈ N)
As primes are all odd number except 2, it would be for prime number larger than 2:

Odd = Even+Odd

And this leads to:

0 ≡ (n3 + an2 + bn) mod 2

If so, with transformation:

Assuming that, (n3 + an2 + bn) = (n− c)(n− d)(n− e) ⇒ c · d · e = 0

⇒ (n− c)(n− d)(n− e) = n(n− f)(n− g)

And to make this number even:

n is odd,⇒∀ f,∀ g, (0 ≡ (n− f) mod 2) or (0 ≡ (n− g) mod 2)

n is even ⇒∀ a,∀ b, 0 ≡ (n3 + an2 + bn) mod 2

Then again, assuming n is odd:

(n3 − (f + g)n2 + fgn)p′ + p = p′′

At least example with p = 2, p′ > 2, this equation always gives a chance as p to be
odd number:

2(n3 − (f + g)n2 + fgn) + p′ = p′′

And with p > 2, p′ > 2:

(2k − 1)(n3 − (f + g)n2 + fgn) + (2k′ − 1) = (2k′′ − 1)

(p = 2k − 1, p′ = 2k′ − 1, p′′ = 2k′′ − 1)
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And for this condition, Equation (n3 − (f + g)n2 + fgn) always has to be even. And
by given condition:

(Odd)3 − (f + g)(Odd)2 + fg(Odd) ⇒

{
(f + g) is odd, fg is even

(f + g) is even, fg is odd

⇒ (f + g) is odd, fg is even

And for least working case with n = 1, p = 2, p′ = 3:

2(1− (f + g) + fg) + 3 = p′′

As f, g ∈ N, p′′ must be at least 3. And:

min
f,g∈N

(−1 = fg − (f + g)) ⇒ f = 1, g = 2 (without specific order)

Again, with foremost cubic equation:

p′′ = (n3 − 3n2 + 2n)p′ + p

Then, with making upper n3 − 3n2 + 2n equation larger than 0 in any n in natural
number, let’s assume q-th and (q + 1)-th prime number as:

pq+1 = (t3 + 3t2 + 2t)pq + pu (t, q, u ∈ N)
As for middle conclusion, if pq should be expressed in (t3 + at2 + bt)p′ + p (a, b ∈ N)

form, it should take upper form.
Next, let’s assume that there is a prime number px that could not be expressed in

upper form:

px = (t3 + 3t2 + 2t)pq + pu + r ̸= (t3 + 3t2 + 2t)pm + pl (r,m, l ∈ N, r ̸= 0, r /∈ P)
In this case, r has to be an even number. As repeating assumption:

px = (t3 + 3t2 + 2t)pq + pu + r = (t3 + 3t2 + 2t)pq + (j3 + 3j2 + 2j)ps + pv + r

= (t3 + 3t2 + 2t)pq + (j3 + 3j2 + 2j)ps + · · ·+ py + r

In this equation, py+r has to be less than 6, and it contradicts the upper assumption
in any case.
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3 Conclusion
There is a rule in prime number sequence.
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