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Abstract: This article presents the concept of the Partitioned Matfieven numbersy > 4 and a set of formulas for determining the
values of the three possible types of partition: odd contpagimbers@,), prime numbers or Goldbach partitiorG,{) and partitions

of mixed numbers, i.e., a prime plus and odd composite in adgrqVly,). The results of the calculated formulas foP10w < 10?2

were compared with reference values determined probttdlily as examples. One of the merits of this study is theoférmulas

that completes the fundamental equation of the partitidr@@ven numbew > 4. All the proposed formulas use natural logarithms
and are easily calculable. It should be highlighted thattliees provided by, are averages and are always referred to a set of three
sequential even numbers w of types, wy andwyg.

Keywords: Partitions of odd composite numbers, mixed partitionsesypf even numbers, Goldbach partitions, Goldbach Comet.

1 Introduction

The purpose of this study is to present the concept of théipagd matrix and the determination of the values of three
possible types of partition: odd composite numbé€kg)( prime numbers or Goldbach partitiorS,f) and partitions of
mixed numbers, i.e., a prime number plus an odd compositéaum any orderil,). To evaluate the conformity of the
proposed formulas fo€y, Gy and M, probabilistic principles were used, assuming that théritigion of prime
numbers is at least apparently random [5].

The approach, considering the concepts that it uses, idesimpthing more than an algebraic approach that is sufticien
to demonstrate the proposed formulas and the theorem. tiithwemembering the words of Einstein [1], who claimed
that most of the fundamental ideas of science are essgrgiaiple and can, as a rule, be expressed in language that can
be understood by everyone.

This study is divided into several parts. Initially some $0is and concepts that are used in the article are addressed.
Attention is drawn to the concept of the partitioned Matrix & given even number 4 and to the typology of even
numbers Wp, W1, W»). The assumption that demonstrates the adopted stratélggripresented. In Part 4, partitions of
even numbersv > 4 are discussed. The aim is to demonstrate that the formoitds,f Gy and My, correspond more
closely to reality. This reality, however, is far from beiampirical, as probabilistic concepts are used to defineamf
the Law of Large Numbers [2], reference values. In effecheg@ble to affirm that the formulas proposed in this work for
Cw, Gw andMy, are applicable and provide values close to reality, it wagssary to “construct” this reality, and this was
done using statistic principles. Each calculation, acogrtb the statistical rules (Cyrob, Gwprob and Mwprob) has

a clearly illustrated procedure with demonstrative schente Part 5, there is an overview of the formulas for the
partitions of even numbesg > 4. Basically, once again the adaptability of each formula gt particularly formulas
Cw, Gw andM,, operating together.
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2 Symbolsand concepts

Some of the symbols and concepts used in the present studyowilbe presented.
[X]: (i) for any x € R denotes rounding up

Cuw: (i) for any given even numbev > 4, it is the number of partitions made with odd composite nuralreespective of
order, the sum of which is w; ii) e.g., (see Figures 1 and 2nilmberCsg = 5, which means that there are five pairs of
odd composite numbers whose sum, irrespective of theirrorsles0: {(9;51), (15;45), (21;39), (25;35), (27;33)
Cs2=1{(27;35)} andCs4 = 3, {(9;55), (15;49), (25;39) (iii) the number 1, in that it is not prime, is here considkan
odd composite number, considering that 1..1. Error: (i) is the relative difference between the observalde and the

60 62 64
1 1 59 1 1 61 1 1 63
2 3 57 2 3 59 2 3 61
3 5 55 3 5 57 3 5 59
4 7 53 4 7 55 4 7 57
5 9 51 5 9 53 5 9 55
6 11 49 6 11 51 6 11 53
7 13 47 7 13 49 7 13 51
8 15 45 8 15 47 8 15 49
9 17 43 9 17 45 9 17 47
10 19 41 10 19 43 10 19 45
11 21 39 11 21 41 11 21 43
12 23 37 12 23 39 12 23 41
13 25 35 13 25 37 13 25 39
14 27 33 14 27 35 14 27 37
15 29 31 15 29 33 15 29 35
16 31 31 16 31 33
17 33 31
C60= 6 C62= 1 Cé4= 4
G60= 5 G62= 3 G64= 5
M60= 4 M62= 12 M64= 8
L60= 15 L62= 16 L64= 17

Fig. 1: Partitioned matrices of the numbers 60, 62 and 64 as examples

expected value; (ii) the error is calculated by the diffeebetween the observed value (O) and the expected value (E)
divided by the expected value (E), i.erfor = (O—E)/E.

Gw: (i) for a given even numbewr > 4, this is the number of partitions of prime numbers, irrespeatf order, whose
sum is w; (i) is the number of Goldbach patrtitions; (iii) e.ee Figure 1), the numb€go = 6, which means that there
are 6 pairs of prime numbers, the sum of which, irrespectivheir order, is 60:{(7.53), (13;47), (17;43), (19;41),
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(23:37), (29;31); Gz = 3, {(3;59), (19,43), (31,3%)and Gu=5, {(3;61), (5;59), (11,53), (17,47), (23:41)

Lw: (i) for a given even numbew > 4. it is the number of lines in the Partitioned Matrix; (ii) thalue of Lw is given by

w
Lv=|3] 1)
(iii) e.g., (see Figure 1) gp = 15, Lez = 16 andLeg = 17.

Partitioned Matrix of even number > 4 : (i) matrix composed of two columns and Lw lines showing pussible
partitions of odd composite numbes)( prime numbersg;) and mixed numbers), prime plus odd composite or odd
composite plus prime related to w; (i) the first column (\d@cd) contains odd numbers arranged in ascending order and
the second column (Vector B) has odd numbers arranged ireddsg order so that the sum of the partitions in each line
is w; (iii) the constant values in the column of Vector A atethan the constant values in the column of Vector B; (iv)
the Partitioned Matrix is said to be structured when thesliage stratified by partitions of odd composite numbes (
and prime numberg() and mixed numbers), prime plus odd composite or odd composite plus prime (sample in
Figure 2).My: (i) for a given even numbewr > 4, this is the number of mixed partitions made with an odd coritpos

60
1 9 51 cl
2 15 45 2
3 21 39 3
4 25 35 c4
5 27 33 c5
6 7 53 gl
7 13 47 g2
8 17 43 g3
9 19 41 gl

10 23 37 g5

11 29 31 g6

12 3 57 m1

13 5 55 m2

14 11 49 m3

15 59 1 m4

C60= 6
G60= 5
M60= 4
L60= 15

Fig. 2: Example of structured partitioned matrix, w=60.

number and a prime number, irrespective of order, the sumhadtwis w; (ii) e.g., (see Figure 1), the numbédgo = 4,
which means that there are 4 pairs of composite numbers &meé pumber whose sum, irrespective of their order, is 60:
{(1;59), (3;57), (5;55), (11;49).

P: (i) natural prime number that has exactly two differenistirs: the number one is itself; ii) the notion of prime
number is reserved only for natural whole numbers [3], byalwlthe present work will consider the set of non-negative
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whole numbers.
N=N*uU{0}={0,1,2,3,...}

w: (i) even number 2n; i) there can be three types of even ransg, wi, wo, according to the remainder after dividing
by 3;wp, wy andws: (ii) wo number w type 0 so that mod = 0; (iii) w; number w type 1 so that mod = 1; (iv) wy
number w type 2 so that mod = 2.

mi(w): (i) number of prime numbers that exist up to number w;iithis work that studies partitions of numbevs> 4,
strictly speaking, in all counts the prime number 2 shouldiiseegarded; however, as it is irrelevant to the analyses, t
count is not adopted agw) — 1; (iii) and the value oft(w) considers the approximation proposed by Legendre [4].

w) ~
~ LNw— 1.08366

In the calculation oft(w) by Formula (2), as shown in Table 1, the error tends to be Iéardrigher values of w.

)

w m(w) real n(w)Legendre (2) Error
100 25 28 0.13587631
1000 168 172 0.02202671
10000 1229 1231 0.00123250
100000 9592 9588 -0.00037500
1000000 78498 78543 0.00057553
10000000 664579 665140 0.00084369
100000000 5761455 5768004 0.00113664
1000000000 50847534 50917519 0.00137637
10000000000 455052511 455743004 0.00151739
1E+11 4118054813 4.125E+09 0.00158936
1E+12 37607912018 3.767E+10 0.00161177
1E+13 3.46066E+11 3.466E+11 0.00160536
1E+14 3.20494E+12 3.210E+12 0.00158202
1E+15 2.98446E+13 2.989E+13 0.00154882
1E+16 2.79238E+14 2.797E+14 0.00151015
1E+17 2.62356E+15 2.627E+15 0.00146878
1E+18 2.474E+16 2.478E+16 0.00142643
1E+19 2.34058E+17 2.344E+17 0.00138418
1E+20 2.22082E+18 2.224E+18 0.00134271
1E+21 2.11273E+19 2.115E+19 0.00130242
1E+22 2.01467E+20 2.017E+20 0.00126354

Table 1: Realrm(w) and Legendret(w) values calculated using Formula (2).

Legend: w: number(w) real: number of prime numbers up to w clustered empiricatlyy) Legendre: number of prime numbers up
to number w calculated using Formula (2); Error: error obsébetweent(w) Legendre andr(w) real: ((w) Legendre 7(w) real)/
mi(w) real.

3 Partitions of even number > 4

This part is dedicated to showing some lemmas referringa¢aharacteristics of the partitions of even numhets 4.
To verify the almost exact correspondence of the proposeduias in relation to the Cw partitions of odd composite
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numbers, Gw of prime numbers (or Goldbach partitions) and dflwixed partitions (prime and odd composite in any
order), reference values were adopted that were calcytatddbilistically, considering the apparent randomnépsime
numbers [5]. This resource was used, as the real valu€g,db,, andM,, considered in the tables of example data for
4 < w < 10?2 were not known.

Lemma 1. For every even number wgégt is possible to establish the corresponding partitioneatnim demonstration.
For every even number w 4, the respective set of partitions can be established, wittioveA of the matrix written
with odd numberit arranged in ascending order and Vector B of the matrix writteith odd numbers;tarranged in
descending order, so thatwt; +ty. See Figure 3, which shows as examples the Partitioned dstiof the even number
from 4 to 14, the Partitioned Matrices of the other numbersrev@nstructed likewise. It should be remembered that the
numbers in the column of Vector A are lower than those in V& tnd can be the same in the last line of the matrix.

w=4 L4=1 w=6 L6=2 w=8 L8=2
4 6 8
1 3 1 5 1 7
3 3 3 5
w=10 L10=3 w=12 L12=3 w=14 L14=4
10 12 14
1 9 1 11 1 13
3 7 3 9 3 11
5 5 5 7 5 9
7 7

Fig. 3: Example Partition Matrices of even numbers w 4 to 14.

Lemma 2. For any even number w4, the Partitioned Matrix has a determined number of lineggiby

=3

For a given even number w 4, the partitions are written as the sum of two odd numbers ithsuway that w=t; +to;
thus, only half of the numbeisv/2), the odd numbers ((tand b) are used to establish the partitions dfto w the
numberst and b in turn are distributed in the columns of the Matrix (Vectérsand B), so that the number of lines is
(w/2/2=wy/4). As the last line of the Partitioned Matrix of w can be writteithithe repetition of the number, the number
of lines is given by

2] ©

which corresponds to the division of wrounded to the next highest whole when it is not exact.

Lemma 3. For any even number w 4 in the Partitioned Matrix, the number of Linesylis equal to the sum of the
partitions of odd composite numbersy|Gvith the Goldbach partitions (¢ and mixed partitions ().

LW:C\N+Gw+MW
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Each line of a Partitioned Matrix is constituted either byotedd composite numbersyfcor two prime numbers (g; if
it is neither of these two cases, the line can only be constithy an odd composite number and a prime number, in any
order, with no other possibility available. Thus:

LW:C\N+Gw+MW-

See example in Figure 1.

Lemma 4. For any Partitioned Matrix of an even numberxw4.
Gw = m(w) — (Lw—Cw)

In any Partitioned Matrix of an even numberxv4, the number of lines available Lwd to contain the number afngri
numberst(w) is given by

Lwd = (Lw—Cw)- 4)
Thus, the number of Goldbach partitions (Gw) is given by

Gw = 1(W) — Lg = 1(W) — (Lw — Cw) (5)
Gw = m(w) — Lw+Cu. (6)

This concept can be viewed with the aid of Figure 2: the atdéa.ines Lyq, in this case, are those from number 6 to 15,
which representsylq (60) = 10. Like 17 (60) = 16, there are more prime numbers than lines available to “reegthem,
thus G60) = 6.

One of the non-empirical ways to deduce with a reasonablecxpation both the values of Cw and those of Gw is
through the concept of probability. Probability Theory sedl here only to obtain reference values to check the adgquac
of the formulas presented in the present study. Accorditiged aw of Large Numbers [10], if an event of probability p
is observed repeatedly, the proportion of the observedufagy of this event in relation to the to the total number of
repetition converges towards p as the number of repetittmesomes arbitrarily large. To proceed to the probabilistic
deductions in this work, the Structured Partitioned Matsias considered as shown in Figure 4.

In Figure 4, Vector A of the Structured Partitioned Matrixds/ided into two parts: the upper part, designated by A,

contains the prime numbers up tg'%v
w
A=m(3) (7)

The lower part of Vector A is called Part B and contains the odohposite numbers corresponding to the total lines of
the Partitioned Matrix Lw minus the number of prime numberBart A,

B:Lw—rr(v—zv). @)

In the upper part of Vector B, we have the remaining prime nensbp to w.

C = m(w) — (). 9)

D =Lw— (1(w) - 7(5)). (10)
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The numbers in Part B are considered as being randomly disted over Parts C and D.

Vector A Vector B
y - L c=mw)-m)
A= ﬂ( 2) : :
B=L,-m%) | | D=L, -l -1
[ prime numbers
Cw | | odd composite numbers

Fig. 4: Layout of the statistical principle for the constitutionprtitions of odd composites,C

Lemma 5. The quantity of partitions & for any even number w 4 in a Partitioned Matrix is probabilistically given by

The purpose of this demonstration based on probabilitygipiles is to provide reference valueg €o that other forms of
non-probabilistic calculations can be compared. The odahposites from Part B, when joined to the odd composites in
Part D (see Figure 4), constitute a partition of odd compasiimbers (g). The number of ¢ calculated probabilistically

is expressed by Formula (11).

o (L, n(vg)) (LW[H(\LVV)VH(VEVH) 1)
Cu—B (L%) (12)
c=(§ - mip) (=72 13)

Table 2, column Cvprob, shows the reference values gf €lculated probabilistically according to Formula (11).

Lemma 6. The Partitioned Matrix of an even numberw4 contains a determined number of partitions of odd composite
numbers G, the value of which is given approximately by

wy (LNw—3,0866)>
4) (

Cw= (-
( LNw— 1,083662
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w n(w) Lw Rows L;&m " /;;L';:;n ire | PAB® PartC(9) | PartD(10) Cw_prob.(11)
100 25 25 28 18 7 11 14 418
1000 168 250 172 97 153 74) 176 107.24
10000 1229 2500 1231 673 1827 558 1942) 1419.59
100000 9592) 25000 9588 5136 19864 4453 20547 1632631
1000000 78498 250000 78543 41533 208467 37010 212990 177605.40
10000000 664579 2500000 665140 348644, 2151356 316496, 2183504 1878998.04
100000000 5761455] 25000000 5768004 3004108 21995892 2763895 22236105 19564117.93
1000000000  50847534] 250000000 50917519 26390156  223609844|  24527363] 225472637 201671604.90
10000000000 455052511] 2500000000] 455743004 235304706]  2264695204]  220438207]  2279561703|  2065005063.92
L.O00E+11| 4.118E+09]  2.500E+10|  4.125E+09 2.123E+09]  2288E+10|  2.002E+09]  2.300E+10 2.105E+10
1.000E+12| 3.761E+10| 2.500E+11| 3.767E+10 1934E+10|  2307E+11|  1833E+10|  2317E+11 2.137E+11
1.000E+13| 3.461E+11] 2.500E+12| 3.466E+11 1.776E+11 2322E+12]  1.690E+11]  2331E+12 2.165E+12
1.000E+14| 3.205E+12| 2.500E+13| 3210E+12 1642E+12|  2336E+13|  1.568E+12|  2.343E+13 2.189E+13
1.000E+15| 2.984E+13| 2.500E+14] 2.989E+13 1.526E+13]  2.347E+14|  1463E+13]  2354E+14 2.210E+14
1.000E+16| 2.792E+14|  2.500E+15| 2.797E+14 1426E+14|  2357E+15|  1371E+14]  2.363E+15 2.228E+15
1.000E+17| 2.624E+15| 2.500E+l6| 2.627E+15 1338E+15|  2366E+16]  1.289E+15|  2.371E+16 2.244E+16
1.000E+18| 2474E+16| 2.500E+17| 2478E+16 1260E+16|  2.374E+17]  1217E+16|  2.378E+17 2.258E+17
1.000E+19| 2341E+17] 2.500E+18| 2.344E+17 1.191E+17|  2381E+18|  1.153E+17|  2.385E+18 2271E+18
1.000E+20| 2.221E+18] 2.500E+19| 2.224E+18 1129E+18|  2387E+19|  1.094E+18|  2.391E+19) 2.283E+19
1.000E+21| 2.113E+19]  2.500E+20| 2.115E+19 1073E+19|  2393E+20]  1.042E+19|  2.396E+20) 2.293E420
1.000E+22| 2.015E+20]  2.500E+21]  2.017E+20) 1.023E+20]  2398E+21]  9.943E+19]  2.401E+21 2302E+21

Table 2: Probabilistic calculation of Cw.

Legend: w: number(w): number of prime numbers up to w; Lw Rows: number of lin@sdf the Partitioned Matrixji(w) Legendre:
number of prime numbers existing up to w calculated by Foan(R). Part A, Part B, Part C and Part D: values according tmbtas
(7) to (10); Cwprob: value for Cw calculated probabilistically accordiog-ormula (11).

2
It is demonstrated below that,C+ () %

numbers in a Prioritization Matrix of a given even nhumberw, with this number being very close to the reference value
calculated probabilistically. The initial situation is agidered as being.

adequately expresses the number of partitions of odd cadtepos

2
&= (2) i oga00” @
Therefore, an equivalent formula can be written
G (VZV) - (LwaVI, 08366  (LNw— 30836@2 (15)
which is the same as w W W
G~ (Z) ~ (LNw-—1,08366 * (LNw— 1,08366° (16)
As Lw= [ Y] m(w) ~ {CNw 1o836g It can be written that.
Cu ~ Ly — TI(W) + W . (17)
(LNw—1,08366
By (6) it is derived that
Cw=Lw—m(w)+ Gy (18)

(© 2017 BISKA Bilisim Technology



=
BISKA

NTMSCI 5, No. 1, 83-106 (2017)Www.ntmsci.com 91
w a(w) Rows Le;‘i:fm " /:)aL'; ;e:n e | Cwoprob.(12) Cw (14) Error

100 25 25 28 18 4.18 467 0.115790684
1000 168 250 172 97 107.24 107.78]  0.005016856
10000 1229 2500 1231 673 1419.59 1420.90[  0.000927412
100000 9592 25000 9588 5136 16326.31 16330.97]  0.000285420
1000000 78498 250000 78543 41533 177605.40 177625.85|  0.000115147
10000000 664579 2500000 665140 348644 1878998.04 1879101.38]  0.000055001
100000000 5761455 25000000 5768004 3004108 19564117.93 19564694.96]  0.000029494
1000000000] 50847534  250000000[ 50917519 26390156 201671604.90 201675074.89|  0.000017206
10000000000] 455052511 2500000000 455743004 235304706]  2065005063.92]  2065027164.93]  0.000010703
1.000E+11| 4.118E+09|  2.500E+10|  4.125E+09 2.123E+09 2.105E+10 2.105E+10]  0.000007002
1.000B+12| 3.761E+10|  2.500E+11]  3.767E+10 1.934E+10 2.137E+11 2.138E+11]  0.000004771
1.000E+13| 3.461E+11|  2.500E+12|  3.466E+11 1.776E+11 2.165E+12 2.165E+12[  0.000003362
1.000B+14] 3205E+12|  2.500E+13]  3.210E+12 1.642E+12 2.189E+13 2.189E+13|  0.000002437
1.O00E+15| 2.984E+13|  2.500E+14| 2.989E+13 1.526E+13 2.210E+14 2.210E+14|  0.000001810
1.000B+16] 2.792E+14|  2.500E+15| 2.797E+14 1.426E+14 2.228E+15 2.228E+15|  0.000001372
1.O00E+17| 2.624E+15|  2.500E+16|  2.627E+15 1.338E+15 2.244E+16 2.244E+16|  0.000001058
1.000E+18| 2.474E+16|  2.500E+17| 2.478E+16 1.260E+16 2.258E+17 2.258E+17|  0.000000830
1.000B+19| 2341E+17|  2.500E+18] 2.344E+17 1.191E+17 2.271E+18 2.271E+18|  0.000000660
1.000E+20] 2.221E+18|  2.500E+19|  2.224E+18 1.129E+18 2.283E+19 2.283E+19]  0.000000531
1.000B+21|  2.113E+19|  2.500E+20] 2.115E+19 1.073E+19 2.293E+20 2.293E+20]  0.000000432
1.000E+22| 2.015B+20[  2.500E+21|  2.017E+20 1.023E+20 2.302E+21 2.302E+21]  0.000000355

Table 3: Comparison of values of Cw calculated probabilisticallg &y Formula (14).

Legend: w: even number wy(w): number of prime humbers existing up to number w; Rowsnber of lines Lw of the Partitioned
Matrix; r(w) Legendre: number of prime numbers existing up to numbealgulated by Formula (2). Part A: value according to
Formula (7); Cwprob: Value of Cw calculated probabilistically accordirgRormula (12); Cw: value of Cw calculated by Formula
(14); Error: observed error between Cw and Cw prob: (Cw - CobprCw prob.

In this deduction, G essentially assumes the value in accordance with Sylvitewrith the adjustment proposed by
Legendre [5]. In effect, in this analysis it is observed that

w

~ , 19
" (LNw— 1.083667 (19)
which, considering the adjustment of Legendre [5], exgdgke formula of Sylvester [7]
w
Gw ™ T2 (20)

Another formula for Gw will be seen later with greater acotyahan Formula (19).

Formula (14), which expresses the number of partitions af c@mposite numbers,Jor a given even number w 4
adheres significantly to the reference values @wb calculated using probabilistic techniques, as showiable 3. It
can be said that Formula (14) is adequate for providing thkigaf Gy in a Partitioned Matrix of a given even number
w > 4. Formula (14) was exemplified in Table 3 with calculations séealues w range from(? to 10°°. Considering
the probabilistically calculated values as real values erywclose to real values, for Formula (14) of,Ghe deviations
of two values that occurred were calculated. These deviat{@rrors) tended to shift towards zero when-weo (See
Error column in Table 3).
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Lemma 7. Number of partitions of prime numbers,Jor each column w> 4 in a Partitioned Matrix is given
probabilistically by

w (rr(w) 7T("7V)>

w

4

The aim of this demonstration based on probability prinegpis to provide reference values of Gw so that other forms
of non-probabilistic calculation can be compared. The minumbers in Part A, when joined with the prime numbers in
part C (see Figure 5) constitute a partition of prime numbefr&oldbach partition (G). The number of Gw calculated
probabilistically is expressed by Formula (21).

C
w=A(C) 1)
which is equivalent to "
Gu=n(y) (M2 (22
4

The numbers in Part A are considered as being randomly 8isteid over Parts C and D. In Table 4, column Gvob(22)

Vector A Vector B
| H c=am-my
A= IT(WZ) — |
B=L-m) — D=L ~[720w) = )]
prime numbers
Gw odd composite numbers

Fig. 5: Diagram of the statistical principle for the constitutidipartitions of prime numbers

shows the reference values of Gw calculated probabilijieeccording to Formula (22).

Lemma 8. The Partitioned Matrix of an even numbebw4 contains a determined number of partitions of prime numsber
Guw, the value of which is given approximately by

G oy [ 27 (LNY —1.08366] — (LNw—1.08366
v [LNw— 1.08366(LNY — 1,083667
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W (w) Rows Le;g:fm o /;;;gn ire | PatB(® Part C (9) PartD (10) | Gw_prob. (22)
100 25 25 28 18 7 11 14 758
1000 168 250 172 97 153 74 176 28.94
10000 1229 2500 1231 673 1827 558 1942 150.10
100000 9592) 25000 9588 5136 19864 4453 20547 914.71
1000000 78498 250000 78543 41533 208467 37010 212990 6148.58
10000000 664579 2500000 665140 348644 2151356 316496 2183504 44137.73
100000000] 5761455 25000000 5768004 3004108 21995892 2763895 22236105 332121.65
1000000000  50847534]  250000000] 50917519 26390156] 223609844 24527363 225472637 2589123.73
10000000000]  455052511| 2500000000 455743004 235304706 2264695294 220438297 2279561703  20748067.52
1.000E+11| 4.118E+09] 2.500E+10|  4.125E+09 2.123E+09]  2.288E+10 2.002E+09 2.300E+10 1.700E+08
1000E+12| 3.761E+10|  2.500E+11]  3.767E+10) 1934E+10]  2.307E+11 1.833E+10 2317E+11 1.418E+09
1.000E+13| 3461E+11]  2.500E+12]  3.466E+11 1776E+11|  2.322E+12 1.690E+11 2331E+12 1.201E+10
1.000E+14] 3205E+12] 2.500E+13] 3.210E+12 1.642E+12]  2.336E+13 1.568E+12 2.343E+13 1.030E+11
1.000E+15| 2.984E+13| 2.500E+14] 2.989E+13 1526E+13|  2.347E+14 1.463E+13 2354E+14]  893IE+11
1.000E+16] 2.792E+14]  2.500E+15| 2.797E+14 1426E+14]  2.357E+15 1371E+14 2363E+15|  7.818E+12
1.000E+17| 2.624E+15| 2.500E+16] 2.627E+15 1338E+15|  2.366E+16 1.289E+15 2371E+16]  6.901E+13
1.000E+18| 2474E+16] 2.500E+17] 2.478E+16 1260E+16]  2.374E+17 1217E+16 2.378E+17 6.136E+14
1.000E+19] 2.341E+17| 2.500E+18| 2.344E+17 1.191E+17|  2.381E+I8 1.153E+17 2.385E+18 5.492E+15
1000E+20] 2221E+18| 2.500E+19| 2.224E+I18 1.129E+18|  2.387E+19 1.094E+18 2391E+19|  4.944E+16
1000E+21] 2.113E+19]  2.500E+20] 2.115E+19 1073E+19]  2.393E+20 1.042E+19 2396E+20|  4.474E+17
1000E+22| 2.015E+20] 2.500E+21] 2.017E+20 1023E+20]  2.398E+21 9.943E+19 2.401E+21 4.068E+18

Table 4: Calculation of Gw probabilistically using Formula (22).

Legend: w: even number wi(w): number of prime numbers up to number w; Rows: numberradiLw in the Partitioned Matrix;
mi(w) Legendre: number of prime numbers existing up to numbealeulated by Formula (2). Part A to Part D: values according

Formulas (7) to (10); Guprob: value of Gw calculated probabilistically according=ormula (22).

It is demonstrated below that

[2% (LNY — 1.08366] — (LNw— 1.08366
[LNw— 1.08366(LNY — 1,08366°

Gw

Q

adequately expresses the number of partitions of prime Bwnib a Prioritization Matrix of a given even number
w > 4, with this number very close to the reference value calcdlg®babilistically. Formula (23) was shown to be

more accurate than Formula (19).

It can be written, derived from Formula (23)

W ([w(LNY — 1.08366] — ¥ (LNw— 1.08366 }

Gv Ty [LNw— 1.08366 (LNY — 1,08366°
4 . 2 ’

2{[w(LN¥ — 1.08366] — % (LNw— 1.08366 }

Gy ~ ?N >
[LNw—1.08366(LN%5 —1,08366

An equivalent formula to this is

Gy g w /W
Y\ (LNY -1,08366 ) \ LNw—1.08366 LNY —1.08366/ 4

w
2

w? w 2\ w
GW ~ - 2 . - 2 /_
[LN§ —1,08366(LNw— 1.08366 LN7 —1.08366 4

(23)

(24)

(25)

(26)

(27)

(© 2017 BISKA Bilisim Technology


www.ntmsci.com

“4 BISKA M. Meireles: Partitions of even numbers

NS

(28)

NN

G w /W
“ 7 \LNY - 1.08366/ \ (LNw—1.08366 LNY —1.08366/ 4’

Expressed otherwise.

2 w

1

(Y
6=y (M) 29)
As Equation (29) is equal to Equation (22), it is proved thgugtion (23) is adequate for quantifying,G

Formula (23), which expresses the number of partitions @hprnumbers for a given even numberwd, adheres
significantly to the reference values fog,@alculated using probabilistic techniques as shown in &dbllt can be stated
that Formula (23) is adequate for supplying the value gfiba Partitioned Matrix of a given even numberx4.

An example of Formula (23) was shown in Table 5 with calcaratiwhose values of w range frdr@ to 1072, With the
probabilistically calculated values considered real oryelose to real values, for Formula (23) ofyGhe deviations
that occurred between the two values were calculated. ThHes@tions (errors) tended to shift towards zero when
w — oo (see Error column in Table 5).

w w) Rows M;Z‘:‘)ire . /;)‘"L'::e:n are | Part€® Gw_prob. (22) Gw (23) Error
100 25 25 28 18 11 7.58 758 0.000000000000
1000 168 250 172 97 74 28.00) 2894 0.033679896270
10000 1229 2500 1231 673 558 150.00) 150.10]  0.000667421238
100000 9592 25000 9588 5136 4453 914.00 914.71]  0.000782130662
1000000 78498 250000 78543 41533 37010) 6148.00) 6148.58|  0.000094346325
10000000 664579 2500000 665140 348644 316496 44137.00 4413773 0.000016636972
100000000 5761455 25000000 5768004 3004108 2763895 332121.00 33212165 0.000001942416
1000000000]  50847534]  250000000] 50917519 26390156 24527363 2589123.00]  2589123.73|  0.000000280079
10000000000]  455052511| 2500000000] 455743004 235304706 200438297]  20748067.00]  20748067.52]  0.000000025115
1.000E+11| 4.118E+09] 2.500E+10|  4.125E+09 2.123E+09) 2.002E+09 1.700E+08 1.700E+08|  0.000000000711
1.000E+12| 3.761E+10| 2.500E+11]  3.767E+10) 1.934E+10 1.833E+10 1.418E+09 1.418E+09]  0.000000000679
1.000E+13| 3.461E+11| 2.500E+12| 3.466E+11 1.776E+11 1.690E+11 1.201E+10 1201E+10] _ 0.000000000000
1.000E+14| 3.205E+12|  2.500B+13| 3.210E+12 1.642E+12 1568E+12 1.030E+11 1.030E+11] _ 0.000000000006
1.000E+15| 2.984E+13| 2.500E+14| 2.989E+13 1.526E+13 1463E+13 8.931E+11 8931E+11] _ 0.000000000001
1.000E+16| 2.792E+14] 2.500E+15| 2.797E+14 1.426E+14 1371E+14 7.818E+12) 7818E+12|  0.000000000000
1.000E+17| 2.624E+15| 2.500B+16| 2.627E+15 1338E+15 1289E+15 6.901E+13 6901E+13| _ 0.000000000000
1.000E+18| 2.474E+16| 2.500E+17| 2.478E+16 1.260E+16 1217E+16 6.136E+14) 6.136E+14| _ 0.000000000000
1.000E+19| 2341E+17| 2.500E+18|  2.344E+17 1.191E+17 1.153E+17 5.492E+15 5492E+15|  0.000000000000
1.000E+20| 2221E+18| 2.500E+19|  2.224E+18 1.129E+18 1.094E+18 4.944E+16) 4944E+16| _ 0.000000000000
1.000E+21| 2.113E+19|  2.500E+20|  2.115E+19 1.073E+19 1.042E+19 4.474E+17 4474E+17]  0.000000000000
1.000E+22| 2.015E+20]  2.500E+21|  2.017E+20 1.023E+20 9.943E+19 4.068E+18 4.068E+18| _ 0.000000000000

Table 5: Comparison between values of,@alculated probabilistically and by Formula (23).

Legend: w: even number wi(w) : number of prime numbers up to number w; Rows: number of Live®f the Partitioned Matrix;
m(w) Legendre: number of prime numbers up to number w calculatdgbbmula (2). Part A and Part C: values according to Formulas
(7) and (9); Gwprob. Value of Cw calculated probabilistically accordirmgRormula (22); Gw: value of Gw calculated by Formula
(23); Error: error observed between Gw and Gw prob: (Gw - @mb)/Gw. prob.

Lemma 9.The value of G using Formula (23)

2% (LNY — 1.08366)] — (LNw— 1.08366
[LNw— 1.08366 (LNY — 1,08366°

Gy~ W

is an adequate average value. The demonstration is empitichas already been mentioned that there can be three
types of even numbers wpwv;, Wy, according to the remainder after dividing 3. Table 6 shows tkal values and
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calculated values of g for 9860 < w < 9996 In Table 6, the numbers w are arranged in 3 columns.fer type 2
numbers that can be written in the form w=6x+24 ¥or type 1 numbers that can be written in the form=véx — 2; and

wp for type O numbers that can be written in the form=wx. For each of these numbers, the real values of Goldbach
partitions or Gy partitions were determined. The average Gw column showavheage observed for the three values
G(w2), G(wl) and G(wO0). It should be noted that there is a ificant difference between the number of Goldbach
partitions for the type of number w. In the last line of coltn@®(w2), G(wl) and G(wO0), the averages of thg@lues

can be seen. The even numbers of typamd wi, in the examples in Table 6, have an average closete-G12 while

the average for type gis more than double. = 227. In Table 6, the average Gw shows the observed average for the

w2 wl w0 G(w2) G(wl) G(w0) average Gw Gw (23) Error
w(6x+2) w(6x-2) w(6x) real real real average real | model average

9860 9862 9864 144 104 204 150.67 148.51 -0.0143233
9866 9868 9870 86 99 316 167.00 148.58 -0.1103178
9872 9874 9876 102 104 208 138.00 148.65 0.0771392
9878 9880 9882 110 156 200 155.33 148.71 -0.0426170
9884 9886 9888 117 101 196 138.00 148.78 0.0781288
9890 9892 9894 146 103 214 154.33 148.85 -0.0355289
9896 9898 9900 96 118 301 171.67 148.92 -0.1325148
9902 9904 9906 98 102 211 137.00 148.99 0.0874931
9908 9910 9912 94 134 233 153.67 149.05 -0.0300122
9914 9916 9918 100 109 223 144.00 149.12 0.0355766
9920 9922 9924 141 112 200 151.00 149.19 -0.0119785
9926 9928 9930 122 108 266 165.33 149.26 -0.0972210
9932 9934 9936 105 103 202 136.67 149.33 0.0926415
9938 9940 9942 103 162 200 155.00 149.40 -0.0361556
9944 9946 9948 113 113 196 140.67 149.46 0.0625408
9950 9952 9954 126 95 248 156.33 149.53 -0.0435037
9956 9958 9960 98 105 269 157.33 149.60 -0.0491498
9962 9964 9966 113 99 217 143.00 149.67 0.0466335
9968 9970 9972 120 139 194 151.00 149.74 -0.0083659
9974 9970 9978 93 104 195 130.67 149.80 0.1464661
9980 9976 9984 136 135 211 160.67 149.87 -0.0671803
9986 9982 9990 103 110 269 160.67 149.94 -0.0667562
9992 9988 9996 102 98 255 151.67 150.01 -0.0109277

average column 111.65 113.61 227.30 150.86 149.26 -0.0056493

Table 6: Real Gw values and values calculated using Formula (23).

wi: numbers w aligned by type; real: real number of partsidar numbers wi. average Gw: average of the three values wf)G(
Formula (23): value of Gw calculated using Formula (23);0Ererror between the calculated value and the observe@ valiGw
calculated - Gw real)/ Gw real.

three values G(w2), G(wl) and G(w0) of each line. For instarfor the number 9860, 9862 and 9864, the number of
Goldbach partitions counted respectively was 144, 104 & vhich results in an average of 150.67 partitions. The
value calculated by Formula (23) is close, at 148.53.

The last line of Table 6 shows that the observed average,ofi& 150.86 and the average Gw calculated by Formula
(23) was 149.27, an error of -0.005577. The column markearénr Table 5 shows that the error tends to shift towards
Zero as w grows.

Table 7 shows, in the column marked stochastic line, thetipnsdf the calculated average, using the minimum and
maximum points of gas a reference. For example, for the case of the first line bfeld, the minimum value of G(w

(© 2017 BISKA Bilisim Technology


www.ntmsci.com

=
% BISKA M. Meireles: Partitions of even numbers

min)=104, the maximum values of G(w max)=204 and the avevafiee calculated using Formula (23) G(w)=148.53.
The stochastic value corresponds to 0.45, i.e., the caledlaverage is at 0.45 between the minimum and maximum
values. It should be noted that the average of the stocheasties in the examples in Table 7, as shown in the last line, is
0.33, i.e., the average value calculated by Formula (23)/& df the difference between the minimum and maximum
values. Figure 6 presents Goldbach’s Comet [8], stratifigdtiiree types of numbers w. It is verified that numbeys w

w2 wl wl G(w2) G(wl) G(w0) | average Gw Gw (23) min max stochastic line
w(6x+2) w(6x-2) w(6x) real real real average real | model average of model average

9860 9862 9864 144 104 204 150.67 148.53 104.00 204.00 0.45
9866 9868 9870 86 99 316 167.00 148.60 86.00 316.00 0.27
9872 9874 9876 102 104 208 138.00 148.67 102.00 208.00 0.44
9878 9880 9882 110 156 200 155.33 148.74 110.00 200.00 0.43
9884 9886 9888 117 101 196 138.00 148.80 101.00 196.00 0.50
9890 9892 9894 146 103 214 154.33 148.87 103.00 214.00 0.41
9896 9898 9900 96 118 301 171.67 148.94 96.00 301.00 0.26
9902 9904 9906 98 102 211 137.00 149.01 98.00 211.00 045
9908 9910 9912 94 134 233 153.67 149.08 94.00 233.00 0.40
9914 9916 9918 100 109 223 144.00 149.15 100.00 223.00 0.40
9920 9922 9924 141 112 200 151.00 149.21 112.00 200.00 0.42
9926 9928 9930 122 108 266 165.33 149.28 108.00 266.00 0.26
9932 9934 9936 105 103 202 136.67 149.35 103.00 202.00 0.47
9938 9940 9942 103 162 200 155.00 149.42 103.00 200.00 0.48
9944 9946 9948 113 113 196 140.67 149.49 113.00 196.00 0.44
9950 9952 9954 126 95 248 156.33 149.55 95.00 248.00 0.36
9956 9958 9960 98 105 269 157.33 149.62 98.00 269.00 0.30
9962 9964 9966 113 99 217 143.00 149.69 99.00 217.00 0.43
9968 9970 9972 120 139 194 151.00 149.76 120.00 194.00 0.40
9974 9970 9978 93 104 195 130.67 149.76 93.00 195.00 0.56
9980 9976 9984 136 135 211 160.67 149.83 135.00 211.00 0.20
9986 9982 9990 103 110 269 160.67 149.90 103.00 269.00 0.28
9992 9988 9996 102 98 255 151.67 149.96 98.00 255.00 0.33

average column 111.65 113.61 | 227.30 150.86 149.27 111.65 227.30 0.33

Table 7: Stochastic line of the average values of Formula (23).

wi: numbers w aligned by type; G(wi) real: real number of pams for numbers wi. average Gw: average of three valueg)Gw
(23): value of Gw calculated according to Formula (23); nigeal minimum value observed in G(w2), G(w1) and G(w0); maalr
maximum value observed in G(w2), G(wl) and G(w0); stochdste: value calculated by (Gw(23)-min)/(max-min).

produce a higher number of partitions than number types wd. \&n Figure 6 also shows the dashed line of the average
values calculated using Formula (23). These values gelyelial 1/3 of the way between the minimum and maximum
values. Thus, it can be calculated that the value @fuSing Formula (23)

2 (LNY — 1.08366] — (LNw— 1.08366

Gy~ W W 5
[LNw—1.08366(LN% —1,08366

is an adequate average value that is much closer to the reztbge value.

Lemma 10. A demonstration of Goldbach’s Conjecture is only neces$amm the even number w 98. It is known,
through (6), that

Assuming the partitions of odd composite numbegys@ we have

Gw = (W) — Ly (30)
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Fig. 6: Goldbach’s Comet for even numbers of typas wp andw,. Source: [7] adapted.

Thus, the possibility of Goldbach’s Conjecture not beinhieged occurs from even number w=98, when the number of
ri(w) for the first time is lower than the number of lineg &f the Partitioned Matrix, as shown in Table 8. In this case,
the prime number 2 is not considered, as it is not part of angitRened Matrix. In other words, the negative logical
conditions that tests whether(w) > Ly, only occurs when w- 98 : up to this number, for vi> 4 the number of primes
ri(w) is greater than the number of lines of the Partitioned Matvishich inevitably leads to the existence of Goldbach
partitions Gw .

Lemma 11. The number of partitions of mixed numberg,M.e., partitions of prime numbers and partitions of odd
composite numbers in any order for even numbgrdiin a Partitioned Matrix, probabilistically, is given by

M. W)(%”[n(w)n(“j”)])ﬂvzv_(n(v_zv)]((n(w)n(“;”))

w W
4 4

This demonstration is based on probability principles ei¢ks to obtain reference values foy, b enable other forms of
non-probabilistic calculations to be compared. The prinoenfers in Part A, when joined to the odd composite numbers
in Part D (see Figure 7) and the odd composite numbers in Pavttiien they are joined to the prime numbers in Part C,
constitute a mixed partitions, designated by.mhe number of N calculated probabilistically is expressed by Formula

31):
o My=A( 2 )48 (< (31)
a2 (L)
which can also be expressed as,
MW:H(VEV)<Z[n(V\%)’n(f)])HVZV_(n(V_ZV)] (%ﬁ) (32)

Table 9, in the column market Mprob, shows the reference values of, Malculated probabilistically according to
Formula (31).
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p (w) w Lw (w)2Lw p (w) w Lw (w)2Lw
3 1 4 1 yes 61 17 62 16 yes
5 2 6 2 yes 67 18 68 17 yes
7 3 8 2 yes 71 19 72 18 yes

11 4 12 3 yes 73 20 74 19 yes
13 5 14 4 yes 79 21 80 20 yes
17 6 18 5 yes 83 22 84 21 yes
19 7 20 5 yes 89 23 90 23 yes
23 8 24 6 yes 97 24 98 25 no
29 9 30 8 yes 101 25 102 26 no
31 10 32 8 yes 103 26 104 26 yes
37 11 38 10 yes 107 27 108 27 yes
41 12 42 11 yes 109 28 110 28 yes
43 13 44 11 yes 113 29 114 29 yes
47 14 48 12 yes 127 30 128 32 no
53 15 54 14 yes 131 31 132 33 no
59 16 60 15 yes 137 32 138 35 no

Table 8: Number of primes p and number of lineg of the Partitioned Matrix.

p: prime numberyt(w) : number of primes lower than w (not counting the number 2)even number immediately above the highest
prime in column p, corresponding o+ 1;Lw : number of lines Lw of the Partitioned Matrix, corresporgito number wyt(w) > Lw:
logical response (yes/no) that tests the conditionw) > L.

Vector A Vector B

o Ll c=nmw-my)
A=) - -

B:L‘V_n.(wz) | — D:Lw_[ﬂ(w)_ﬂ(%)]

prime numbers
Mw L | oddcomposite numbers

Fig. 7: Layout of the statistical principle for the constitutionraiiltiple partitions My (prime and odd composite in any
order).

Lemma 12. The Partitioned Matrix of an even numbeewd contains a determined number of partitions of mixed numbers
Mw, the value of which is approximately given by

w 2
My~ |——— | [1-—
W ((LNW 1, 08366) ( LNw— 1.08366)
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W (w) Rows Le;g:fm o /;;;gn ire | PatB(® Part C (9) PartD (10) | Mw_prob. 31)
100 25 25 28 18 7 11 14 13.24
1000 168 250 172 97 153 74 176 113.81
10000 1229 2500 1231 673 1827 558 1942 930.31
100000 9592 25000 9588 5136 19864 4453 20547 7758.97
1000000 78498 250000 78543 41533 208467 37010 212990 66246.02
10000000 664579 2500000 665140 348644 2151356 316496 2183504 576864.23
100000000]  5761455] 25000000 5768004 3004108 21995892 2763895 22236105| 510376042
1000000000  50847534]  250000000] 50917519 26390156] 223609844 24527363 225472637  45739271.38
10000000000]  455052511| 2500000000 455743004 235304706 2264695294 220438297 2279561703| 414246868.56
1.000E+11| 4.118E+09] 2.500E+10|  4.125E+09 2.123E+09]  2.288E+10 2.002E+09 2.300E+10 3.785E+09
1000E+12| 3.761E+10|  2.500E+11]  3.767E+10) 1934E+10]  2.307E+11 1.833E+10 2317E+11 3.483E+10
1.000E+13| 3461E+11] 2.500E+12| 3.466E+11 1776E+11|  2.322E+12 1.690E+11 2331E+12) 3.226E+11
1.000E+14] 3205E+12| 2.500E+13| 3.210E+12 1.642E+12|  2.336E+13 1.568E+12 2.343E+13 3.004E+12
1.000E+15| 2984E+13| 2.500E+14] 2.989E+13 1526E+13|  2.347E+14 1.463E+13 2354E+14) 2.810E+13
1.000E+16| 2.792E+14|  2.500E+15| 2.797E+14 1426E+14]  2.357E+15 1371E+14 2.363E+15 2.640E+14
1.000E+17| 2.624E+15| 2.500E+16] 2.627E+15 1338E+15|  2.366E+16 1289E+15 2371E+16 2.489E+15
1.000E+18| 2474E+16| 2.500E+17| 2.478E+16 1260E+16]  2.374E+17 1217E+16 2.378E+17 2355E+16
1.000E+19] 2.341E+17| 2.500E+18| 2.344E+17 1.191E+17|  2.381E+I8 1.153E+17 2.385E+18 2.234E+17
1000E+20] 2221E+18| 2.500E+19| 2.224E+I18 1.129E+18|  2.387E+19 1.094E+18 2.391E+19) 2.125E+18
1000E+21] 2.113E+19]  2.500E+20] 2.115E+19 1073E+19]  2.393E+20 1.042E+19 2.396E+20) 2.026E+19
1000E+22| 2.015E+20] 2.500E+21] 2.017E+20 1023E+20]  2.398E+21 9.943E+19 2.401E+21 1.936E+20

Table 9: Calculation ofM,, probabilistically using Formula (31).

Legend: w: even number wy(w) : number of prime numbers up to number w; Rows: number of live®f the Partitioned Matrix;
ri(w) Legendre: number of prime numbers up to number w calculagdyéormula (2). Part A, Part B, Part C, Part D: values adogrd
to Formulas (7) to (10); Mwprob: value of Mw calculated probabilistically accordirmgRormula (31).

It is demonstrated below that

w 2
My | ————e— | [l - ————— 33
" ((LNW— 1,0836@> < LNw— 1.08366> (33)
adequately expresses the number of mixed partitiopsriva Prioritization Matrix of a given even numberw4, with

this number very close to the value calculated probabd#ty by Formula (31). It can be written, derived from Forraul
(33), that

w 2w
M (INw—1,08368 (LNw— 1,083662 (34)
This formula is equivalent to
M~ ((LNVg —%1,08366 ) = (LNWIV.VO%::\?M LNV?VX%S%Q) (VZV T LNY —%;.08366 LNW?V{O%SG;V LNgﬁome 33)
which is the same as w w w
o= miy) (A=A o o (PR (@)

Equation (36) is equal to Equation (32), which proves theqa@ey of Formula (33).

Formula (33), which expresses the number of partitions @ethnumbers Mw for a given even number par w adheres significantly to the reference valugg ddlculated
using probabilistic techniques, as shown in Table 10. It barsaid that Formula (33) is adequate for providing the vabfidvl, in a Partitioned Matrix of a given even
number w> 4. An example of Formula (33) was given in Table 10, the valuebwhich range froml(? to 10?2 Considering that the values calculated probabilistigadre
real or very close to real values, for Formula (33) of,@&e deviations that occurred between the two values wemitzted. These errors tend to shift towards zero when
w — oo (see Errors column in Table 10).
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w ow) Rows Le;‘i:fm . /;;L':;:n ire | M¥_Prob. D) Mw (33) Error

100 25 25 28 18 13.24 12.27 -0.07317043
1000 168 250 172 97 113.81 11274 -0.00945435
10000 1229 2500 1231 673 930.31 927.68 -0.00283031
100000 9592 25000 9588 5136 7758.97 7749.65 -0.00120115
1000000 78498 250000 78543 41533 66246.02 66205.12 -0.00061742
10000000 664579 2500000 665140 348644 576864.23 576657.53 -0.00035831
100000000]  5761455] 250000000 5768004 3004108]  5103760.42 5102606.38 -0.00022612
1000000000]  50847534] 250000000 50917519 26390156  45739271.38] 4573233138 -0.00015173
10000000000]  455052511] 2500000000] 455743004 235304706| 414246868.56  414202666.53 -0.00010670
1.000E+11]  4.118E+09]  2.500E+10]  4.125E+09 2.123E+09]  3.785E+09 3.784E+09 -0.00007787
1.000E+12]  3.761E+10]  2.500E+11]  3.767E+10 1.934E+10]  3.483E+10 3.483E+10 -0.00005856
1.000E+13[  3461E+11]  2.500E+12]  3.466E+11 1.776E+11 3.206E+11 3.226E+11 -0.00004514
1.000E+14|  3.205E+12]  2.500E+13]  3.210E+12 1642E+12]  3.004E+12 3.004E+12 -0.00003553
1.000E+15|  2.984E+13]  2.500E+14]  2.989E+13 1526E+13|  2.810E+13 2.810E+13 -0.00002846
1.000E+16| 2.792E+14]  2.500E+15]  2.797E+14 1.426E+14]  2.640E+14 2.640E+14 -0.00002315
1.000E+17|  2.624E+15]  2.500E+16]  2.627E+15 1338E+15|  2.489E+15 2.489E+15 -0.00001908
1.000E+18]  2.474E+16]  2.500E+17]  2.478E+16 1260E+16]  2.355E+16 2.355E+16 -0.00001592
1.000E+19 2.341E+17|  2.500E+18]  2.344E+17 LI9IE+17|  2234E+17 2.234E+17 -0.00001341
1.000E+20| 2.221E+18]  2.500E+19]  2.224E+18 1.120E+18]  2.125E+18 2.125E+18 -0.00001141
1.000E+21|  2.113E+19]  2.500E+20]  2.115E+19 1073E+19]  2.026E+19 2.026E+19 -0.00000978
1.000E+22]  2.0158+20]  2.500E+21]  2.017E+20 1.023E+20]  1.936E+20 1.936E+20 -0.00000845

Table 10: Comparison of values d¥l,, calculated probabilistically and by Formula (33).

Legend: w: even numbew; r7(w) : number of prime numbers up to number w; Rows: number of lineof the Partitioned Matrix;
m(w) Legendre: number of prime numbers up to the number w cakdilay Formula (2). Part A: values according to Formula (7);
Mw _prob. value of Mw calculated probabilistically accordigRormula (31); Mw: value of Mw calculated using Formula (3jror:
error observed between Mw and Mw prob: (Mw-Mw prob)/Mw prob.

4 Form of partitions of even numbers > 4

Theorem 1. The formulas (14), (23) and (33) are suitable for complejehrtition. Lemma 6, above, demonstrated that
for an even number w 4 a determined number of partitions of odd compositgsv@s observed, the value of which is
given approximately by

(37)

wy (LNw— 3,0866)
);

Chx|(— .
( LNw— 1,083667

The demonstration of Lemma 9 showed that the average valgg ¢Boldbach partitions) is given by the formula

2 (LNY — 1.08366] — (LNw— 1.08366

Gy~ W W 5
[LNw—1.08366(LN% — 1,08366

(38)
Lemma 8 demonstrated that the Partitioned Matrix of an ewenlrerw > 4 contains a determined number of partitions
of mixed numberd/y, the value of which is given by

w

2
M <(LNW— 1, 08366) <1 LNw— 1.08366) ' (39)

Considering Formula (33), if the above formula is adequtghould be observed that

LW:C\N+Gw+MW
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i.e., if the formulas are adequate, the sum of values olddigeghem should be equal tq,. Table 11 shows that this is
observed: the sum of valu€y, + Gy, + My, denominated.,, , coincides with the expected value in thg column. It is

w (W) Lw (Rows) Cw (14) Gw (23) Mw (33) Lw'=Cw+Gw+Mw Error
100 25 25 4.67 7.58 12.27 24.52 -0.01937237
1000 168 250 107.78 28.94] 112.74 249.46 -0.00215208
10000, 1229 2500 1420.90 150.10 927.68 2498.68 -0.00052662
100000 9592 25000 16330.97 914.71 7749.65 24995.34 -0.00018639
1000000 78498 250000, 177625.85 6148.58 66205.12 249979.55 -0.00008180
10000000 664579 2500000 1879101.38 44137.73 576657.53 2499896.65 -0.00004134
100000000 5761455 25000000 19564694.96, 332121.65 5102606.38 24999422.98 -0.00002308
1000000000 50847534] 250000000 201675074.89 2589123.73]  45732331.38 249996530.00 -0.00001388
10000000000] 455052511 2500000000]  2065027164.93 20748067.52] 414202666.53 2499977898.99 -0.00000884
1.000E+11]  4.118E+09 2.500E+10 2.105E+10 1.700E+08 3.784E+09 2.500E+10 -0.00000589
1.000E+12|  3.761E+10 2.500E+11 2.138E+11 1.418E+09 3.483E+10 2.500E+11 -0.00000408
1.000E+13| 3.461E+11 2.500E+12 2.165E+12 1.201E+10 3.226E+11 2.500E+12 -0.00000291
1.000E+14| 3.205E+12 2.500E+13 2.189E+13 1.030E+11 3.004E+12 2.500E+13 -0.00000213
1.000E+15|  2.984E+13 2.500E+14 2.210E+14 8.931E+11 2.810E+13 2.500E+14 -0.00000160
1.000E+16] 2.792E+14 2.500E+15 2.228E+15 7.818E+12 2.640E+14 2.500E+15 -0.00000122
1.000E+17]  2.624E+15 2.500E+16 2.244E+16 6.901E+13 2.489E+15 2.500E+16 -0.00000095
1.000E+18 2474E+16 2.500E+17 2.258E+17 6.136E+14 2.355E+16 2.500E+17 -0.00000075
1.000E+19] 2.341E+17 2.500E+18 2.271E+18 5.492E+15 2.234E+17 2.500E+18 -0.00000060
1.000E+20] 2.221E+18 2.500E+19 2.283E+19 4.944E+16 2.125E+18 2.500E+19 -0.00000048
1.000E+21]  2.113E+19 2.500E+20 2.293E+20 44T4E+17 2.026E+19 2.500E+20 -0.00000040
1.000E+22| 2.015E+20 2.500E+21 2.302E+21 4.068E+18 1.936E+20 2.500E+21 -0.00000033

Table 11: Calculated.,, and expected,.

Legend: w: even number wig(w) : number of prime numbers up to number w; Lw Rows: number @dibw of the Partitioned Matrix;
Cw: partitions of odd composite numbers calculated usingniaéa (37); Gw: partitions of prime numbers (Goldbach) oidted
using Formula (23); Mw: mixed partitions (prime and odd casite in any order) calculated according to Formula (33y =
Cw+ Gw+ Mw : sum of the values of columns Cw, Gw and Mw, which is theoadfyjoequal to Lw. Error: error observed between Lw
and Lw'’: (Lw — Lw)/Lw.

important to discuss specifically the value gf.&Vhen the number w is sufficiently large, Sylvester [6] affirthat

w

Considering the proposal of Legendre [4], the above formafabe considered equivalent to
Gy ~ W (41)

(LNw— 1.08366%

Thus, it is possible to compare the formula of Sylvester stéji by Legendre (24) with Formula (23), proposed above.
The result can be viewed in Table 12. The comparison columhegeference valu&,, calculated probabilistically

by Formula (22). The column marked Gw (23) expresses thailaion according to Formula (23), proposed above,
and the column marked GBylv (41) expresses the calculation using the formula o¥&ster [6] with the adjustment

of Legendre [4]. The column marked Error (23)/(22) showsrtlative error between the formula proposed here (23)
and Formula (22); the column marked Error (41)/(22) shovesréfative error between Formula (41) and Formula (22).
Although slightly more complex, Formula (23) appears to lmgeradequate. The instrument developed so far, especially
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w w) Rows Gw_prob.(22) Gw (23) Gw_Sylv (19) Error (23)/22) | Error (1922

100 25 25 7.58 7.58 8.06 0.0000000000 00638969596
1000 168 250 28.00 28.94 29.48 0.0336798963 00528949103
10000 1229 2500 150.00 150.10 151.42 0.0006674212 00094443533
100000 9592 25000 914.00 914.71 919.37 0.0007821307 0.0058804332
1000000 78498 250000 6148.00 6148.58 6169.03 0.0000943463 0.0034207471
10000000 664579 2500000 44137.00 44137.73 44241.08 0.0000166370 00023581550
100000000]  5761455] 25000000 332121.00 332121.65 332698.67 0.0000019424 0.0017393305
1000000000]  50847534] 250000000 2589123.00]  2589123.73 2592593.72 0.0000002801 0.0013405017
10000000000 455052511 2500000000 20748067.00]  20748067.52]  20770168.53 0.0000000251 0.0010652334
1.000E+11|  4.118E+09]  2.500E+10 1.700E+08 1.700E+08 1.701E+08 0.0000000007 0.0008669334
1.000E+12]  3.761E+10]  2.500E+11 1.418E+09 1.418E+09 1.419E+09 0.0000000007 0.0007192849
1.000E+13] 3.461E+11]  2.500E+12 1.201E+10 1.201E+10 1.201E+10 0.0000000000 0.0006063839
1.000E+14]  3.205E+12]  2.500E+13 1.030E+11 1.030E+11 1.030E+11 0.0000000000 0.0005181239
1.000E+15| 2.984E+13|  2.500E+14 8.931E+11 8.931E+11 8.935E+11 0.0000000000 0.0004478219
1.000E+16] 2.792E+14|  2.500E+15 7.818E+12 7.818E+12 7.821E+12 0.0000000000 0.0003909165
1.000E+17| 2.624E+15|  2.500E+16 6.901E+13 6.901E+13 6.903E+13 0.0000000000 0.0003442078
1.000E+18] 2.474E+16]  2.500E+17 6.136E+14 6.136E+14 6.138E+14 0.0000000000 00003053973
1.000E+19| 2341E+17|  2.500E+18 5.492E+15 5.492E+15 5.493E+15 0.0000000000 0.0002727995
1.000E+20] 2.221E+18]  2.500E+19 4.944E+16 4.944E+16 4.945E+16 0.0000000000 0.0002451559
1.000E+21]  2.113E+19]  2.500E+20 4.474E+17 4.474E+17 4.475E+17 0.0000000000 00002215109
1.000E+22]  2.015E+20]  2.500E+21 4.068E+18 4.068E+18 4.069E+18 0.0000000000 0.0002011290

Table 12: Comparison of accuracy between Formulas (23) and (41) deus®G,,.

Legend: w: even number wi(w) : number of prime numbers up to number w; Rows: number of linef the Partitioned Matrix;
Gw_prob (22): probabilistic value of Gw calculated using Folan(22); Gw (23): value of Gw calculated using Formula (23)v_@v

(39): value of Gm calculated according to Formula (19); E(28)/(22): error observed between Gw(23) and Gw(22): (@)
Gw(22))/Gw(22); Error (19)/(22): error observed betweem(&l) and Gw(22): (Gw(41) - Gw(22))/ Gw(22).

the concept of the Partitioned Matrix and Formulas (33)),(@3) and (33),

(Lw=Cw + Gw+ My (42)

N e

G o 2 (LNY — 1.08366] — V(VLNW— 1.08266 "
[LNw— 1.08366 (LN¥ — 1,08366

o~ (108365 ) (1~ o™ To380) (s

although simple have proved to be adequately accuratee T&xhows three extracts of Tables 3, 5 and 10 with selected
lines pertaining to w between &@nd 130 highlighting the last column (Error) referring to the deioas between the
reference values calculated probabilistically (prob (12), Gwprob (22) and Mwprob (31)) and the values calculated by
the proposed Formulas (14), (23) and (33). The deviatiomgahe order of ten thousandths. It can thus be affirmed that
the formula proposed here is a logical, easily understdedaidl robust instrument. The probabilistic values catedla
with reference values, as shown in Figures 4, 5 and 7, wenetwairces used, as the real value§gfG,, andM,, were
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w m(w) Rows n(w) Legendre Cw_prob. (12) Cw (14) Error
100000000 5761455 25000000 5768004 19564117.93 19564694.96| 0.0000294939
1000000000 50847534 250000000 50917519 201671604.90 201675074.89] 0.0000172062
10000000000 455052511 2500000000 455743004] 2065005063.92| 2065027164.93] 0.0000107026
w m(w) Rows n(w) Legendre Gw_prob. (22) Gw (23) Error
100000000 5761455 25000000 5768004 332121.00 332121.65| 0.0000019424
1000000000 50847534 250000000 50917519 2589123.00 2589123.73] 0.0000002801
10000000000 455052511 2500000000 455743004 20748067.00 20748067.52] 0.0000000251
w (w) Rows n(w) Legendre Mw_prob. (31) Mw (33) Error
100000000 5761455 25000000 5768004 5103760.42 5102606.38| -0.0002261168
1000000000 50847534 250000000 50917519 45739271.38 45732331.38| -0.0001517295
10000000000 455052511 2500000000 455743004 414246868.56 414202666.53| -0.0001067045

Table 13: Deviations (errors) fo€,, Gy andM,, for w between 1&and 13°.

Legend: w: even number wy(w) : number of prime numbers up to number w; Rows: number of live®f the Partitioned Matrix;
mi(w) Legendre: number of prime numbers up to number w calculasgsyuFormula (2). Part A: values according to Formula (7);
Cw prob. (12) Gw prob (22) Mw prob (31): reference values ulalied respectively by Formulas (12), (22) and (31); Cw (GW
(23), Mw(33): values calculated respectively using pregbBormulas (37), (23) and (33); Error: error observed betwhe columns
marked prob and proposed formulas.

unknown. If these values were empirically known, it woulddmssible to evaluate Formulas (37), (23) and (33) with
greater propriety and accuracy.

5 Conclusion and recommendations

The initial concept of this work was the Partitioned Matrixam even number W 4, and it was shown that for every even
number w> 4 it is possible to establish a corresponding PartitionettiMwith a determined number of lines given by

=3

It was demonstrated that, fundamentally, the sum of theitipaas is equal to the number of lines in the matrix:

It was also shown that for each and every Partitioned Matfixao even numbemw > 4 it is observed that
Gw = m(w) — (Lw — Cw), which means that the number of Goldbach partitions or fi@ms of prime numbers of an even
numberw > 4 is given by the number of prime numbers up to w minus the nummbavailable linesl(,q) calculated as
follows: Lyg = Lw — Cw.

To analyze the adequacy of the proposed formulas, probttilily calculated reference values were adopted. Figure

shows the layout of values for the probabilistic calculatdC,, Gy andMy,. The formulas used for the reference values
were numbers (13), (22) and (32):

(46)
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1 cl

2 c2

3 c3

4 c4

5

6 ci

7 ml

8 m2

9 m3
10 m4
11 m5
12 m6
13 m7
14 m8
15 m9
16 m10
17 mll
18 ml12
19 m13
20 m1l4
2n mj

Fig. 8: Example of a structured Partitioned Matnix = 2n.

Gy = rr(v—zv) (%n(v%)) (47)
= () (A2 ) o - ) () (@8)

formulas generated the reference values shown in the tillgse values of G, G, and M, that range from 19to 1072,
enabling the verification that the proposed formulas aré adjlusted and provide appropriate values, as the devition
between the values of the proposed formulas and the refekahees are negligible.

The proposed Formulas (14), (23) and (33) are:

wy (LNw— 3,0866)
~(— 49
G (4) (LNw— 1,08366> 49)
2+ (LNY — 1.08366] — (LNw— 1.0836
[LNw— 1.08366 (LN¥ — 1,08366
w 2
Mu <(LNW— 1, 08366) <1 LNw— 1.08366) ' 1)
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Formula (14) is innovative as it refers to partitions of odenposite numbergX,), an important concept within Formula
(33) Lw = Cw + Gw + My. The partitions of odd composite numbe@,) are as important as the partitions of prime
numbers or Goldbach partition&(). The number of partition§,, is fundamental for defining the available linds,§)

in a Partitioned Matrix that explain the existence of pamtis G,y or Goldbach partitions.

Formula (23) expresses the number of prime partitions odiath partitions (¢z) and was shown to be more accurate
than Formula (19) in accordance with Sylvester [7], withald@istment proposed by Legendre [5]:

W
Gw ~ 52
" (LNw— 1.08366°2 (52)

Table 12 shows a comparison of the accuracy of Formulas (&B)E9) regarding th&,, and it can be concluded that,
although slightly more complex, Formula (23) is more adégtlzan Formula (19).

Table 6 compares re8@,, values and those calculated using Formula (23), and shat$-thimula (23) has an average
value. In effect, there are three types of even numb@gs G, andG;), according to the remainder after dividing by 3.
The number of partitions dby, is closely associated with the type of number, as shown byltzah’s Comet (Figure 6).
Thus, it should be understood that the valueGgf calculated for a certain even number> 4 actually expresses the
average value regarding G(w-2), G(w) and G(w+2).

It was also shown, rigorously, that the demonstration ofdBath’s Conjecture is necessary only from the even number
w> 98, as up to this number the prima$w) is considered higher than the number of lines of the PamgtibMatrix,
which inevitably leads to the existence of Goldbach pari&iG,, (see Table 8).

Formula (33) is also concerned with a new concept, which & ¢f mixed partitions Nly), i.e., partitions of even
numbersy > 4 constituted by a prime number and an odd composite numizgnimrder. Table 10 shows a comparison
between the values &, calculated probabilistically and with Formula (33), shogithat this formula is adequate.

All the proposed formula€y, Gy andM,, make use of easily calculable natural logarithms, progdialues that are
very close to the reference values.

Based on the Law of Great Numbers, this study assumed treaerefe values can be obtained statisticallyGgy Gy
andM,,. The correct method for testing the accuracy of the propésedulas is to work with real values. Thus, it is
recommended that computer science scholars can assigtheittstudies in order to substitute reference values falr re
values Cwprob, Gwprob and Mwprob calculated probabilistically and adopted here. Aapgioint has to do with the
average value of5,, (as shown in Table 6) and the stochastic position of the geexalue in relation to the real
minimum and maximum values of Gw regardiBgw — 2), G(w) andG(w+ 2). In other words, it is necessary to expand
Tables 6 and 7 to have a notion of the true accuracy of the peabformula and verify whether the average value
calculated by Formula (23) is effectively located 1/3 of thay between the maximum and minimum values of
G(w—2), G(w) andG(w+ 2).
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