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Abstract: Disordered events can be divided into two types:
disordered deterministic events - generalized events, disordered
random events - random events - narrow events; Establishing
probability axioms, boundary axioms, etc., proposing four important
original works: probability method, boundary, subdivision
probability, Xiong's sieve; Establish General Probability Theory. Using
analytical methods to solve mathematical problems such as the
prime number theorem, Riemann hypothesis, twin prime numbers,
densest K-tuple prime numbers, K-tuple prime numbers, Goldbach's

conjecture, Gaussian lattice points, etc.

Part 1 Generalized probability basis

Chapter 1 Probability method



1.1 Basic concept

1.1.1 C function

General probability theory is divided into two parts: general
probability number theory —— probability method, applied in
problems such as prime numbers, integers, and digit; Generalized
Probability Sieving Theory —— Sieving Method, Applied in Prime

Number Problems

Definition 1.1.1:

C1, The limit of the function C(x) is the constant C;

C2, The function C(x) and the constant C fluctuate within a small
range of relative error;

C3, The limit of the function C(x) and the constant C exist greater
than, less than and other describable relations;

In the above three cases, the function C(x) is called a C constant
function, or a C relational function, collectively referred to asa C
function; When C=1, it is called the function of 1; You can mark C, or
1, orrelation symbol, etc. in the upper left corner,ie. , '1 'C, “1,

‘II(x), 'C(x), *C, *C, O(C), etc., for example:
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Note 1: C function symbol, do not participate in calculation;

Note 2: When the limit C is a definite value, the C value does not have
a decimal point, or the C value has more digits after the decimal
point; When the limit C varies in a small range, the number of digits

after the decimal point of the C value is less

Inference 1.1.2:1 function approximate expression formula —— 1

function formula

{HH(I") 100+ e ™) 14t ()= 1) (1.12)

Definition 1.1.3 Using approaching, basically, almost equal, most
likely value etc. language description: the limit of the ratio of the m(x)
and the T(x) is equalto 1, Then, the M(x) is called the
asymptotic solution of the m(x) ; it can be expressed 7(x) by the
1I‘I(x) with 1 function symbol can be used, then, it can be expressed

as formula (1.1.1)

1.1.2 Actual value, theoretical value



Definition 1.1.4 Usually, lowercase or more lowercase letters
start with a string of variables and parentheses p(x), pp(x),
representing the actual value of an unordered event;

Similarly,uppercase or more uppercase letters start with a string
of variables and parentheses, representing the theoretical value of an
unordered event

Common value classification: actual value , subset value , set
value ,probability value, sieve value , generalized value, narrow
I1(x)

G’ N;

value etc z(x), 7z(x), m M(x ), MO(x)., T(x)

Can text description, character annotation

1.1.3  Generalized quantity, Narrow quantity

Definition 1.1.5: There are two types of disordered events: disordered
deterministic events —— generalized events, disordered random
events —— random events —— narrow events ;

There are two types of quantities for generalized events:
generalized quantities and narrow quantities;Among them,
generalized quantity is the most likely value of the actual quantity of
a generalized event

Narrow events only have narrow quantities;Among them, narrow



quantity refers to the most likely value of the actual quantity of
narrow events;

Probability can be divided into two categories: generalized
probability — — the probability to closest reality value in an
unordered deterministic event; Narrow probability refers to
traditional probability;

Statistical values are divided into two categories: generalized
probability statistical values —— generalized values —— the most
likely value of the actual value, and narrow probability statistical
values —— narrow values;

There are two types of boundaries: generalized boundaries and
narrow boundaries

The application of traditional probability in the problem of
generalized events — — unordered deterministic events, and the
addition of functions to establish this probability theory system, is
called generalized probability theory —— generalized probability;

At present, the generalized probability structure, as shown in the
diagram below, can be developed in the direction of other unordered
deterministic events

Probability: tnarrow probability, narrow events ,
unordered random event

Generalized probabilit N
{ eHeraltzet PIODEBTIY I Probability +unordered deterministic event

generalized events .
Probability+tboundary

Probabilitytsieve




There are two types of disordered events

1.Disordered random events, disordered random test, can be called
narrow events, narrow tests;

2. Disorder determination events, disorder determination inspect,
can be called generalized events, generalized tests;

Note: A generalized test, which can be called a generalized inspect,
inspect whether an unordered deterministic event is a target event,

for example, to inspect whether an integer is prime

Definition 1.1.6  When the distribution of a disordered event is
uncertain, it is a random event in the traditional sense, it is not
repeatable, cannot specify validation , can be called narrow event;
The value of a narrow event is called a narrow value (e.g., probability,
statistic, mean square error, boundary, etc.).; In the t-th narrow event,
the occurrence frequency of the target event is called the narrow
frequency pp(t); The most likely value of the narrow frequency, called
the narrow probability P(z), ; In the x narrow events, the statistical
value of the narrow frequency and the narrow probability is called
the actual value, and the narrow value 7(x), II(x),, then

X

narrow eventj

P(1), dt [ e (1.1.3)

w(x)= 2 pp(0)=' T1(x), =' |
The theory of narrow events, called narrow probability theory, is

just traditional probability theory



Definition 1.1.7 : When the distribution of an unordered event is
determined, it can be called an unordered determined event, or a
generalized event: It has repeatability and is convenient to specify
verification; In the t- th generalized event, the occurrence frequency
of the target event is called the generalized frequency pp(:),: The
most probable value of the generalized frequency, called the
generalized probability P(7)_; In x generalized events, the statistical
value of generalized frequency, generalized probability, called the

actual value, generalized value 7(x), II(x)_, then
z(x)= Zx:pp(z‘)G ='T(x), = IXP(t)G dt  (generalized event) (1.1.4)
t=1

The theory of studying generalized events is called generalized
probability theory.For example, the distribution of prime numbers,
the distribution of the hour point in the Gaussian circle, etc., are
generalized events
Note: In probability theory dealing with random events, the values
calculated are narrow values

There are two kinds of generalized events, which are described as
follows:

In the generalized event, if it can be proved, or the data can be
shown, the ratio of the actual value to the narrow value —— the

generalized narrow transformation coefficient C, with the increase of



the statistical range, gradually approaching 1, is called the
generalized narrow event, otherwise, it is called the non-generalized

narrow event

114 Set value, coefficient

Define 1.1.8: The data from in the set,calculated as specified,the
value obtained,it called set value; The ratio of two values, called a
coefficient, is introduced as follows

Set frequency values, set statistics values ( set values) , set

boundaries, set coefficients pp( ), z(x ), Nx(x), C(x);
Collecting actual narrow statistical coefficients and broad narrow
conversion coefficients; Collecting actual narrow boundary
coefficients, broad narrow boundary transformation coefficients,
and the degree of correlation between multiple probability events —

— correlation coefficients C;(x,), Cy(k), TN Ci(x), TN Cy(k), C,

Definition 1.1.9: The unordered event of in x <x <x_ =x, the
actual value, the actual boundary 7(x,) , Ty z(x) of the target
unordered event , The data set is composed, and the average

value of 7(x), T z(x) is calculated, which is called the set value

set boundary 7z(x,), T 7z(x);



They divided by the narrow value , by the narrow boundary

n(x),, ™ I(x),.etc, is called the set value coefficient, and is called

N'

the set boundary coefficient C;(x,), T Ci(x,), etc, then

117; X,) =iﬁ,(rxl) 1T¢ (x,) =§:N«%r§xi) ’ ‘xm—xi‘«xji (1.15)
(x)G = 11 TJ«H(X)G i=li z X, Sx, <Xy, =X

Cﬁ (k) H(x H(X)N _ﬁ i=1 H(xl.)N i1 Ti

{lcfvl(xi) M(x), _'z(x) 1 i 7(x,) :liclé(xi)
)

N

B / . |x—xi|<<x
- g‘ Ti (xISxinTl:xj

NG _Nn), MM 1E M)
Neg(k) Nn(x), Nn), TENn),

—N(Xl) |x—x,.|<<x
i=1 Ti (xl <x, <xy, _xJ} (1.1.6)

Inference 1.1.10: Set value inference

X=X | <K X=Xy, 1.1.7
(x| <x=x,) (117)

Proof: Since,

x-x|<x,s0, x="x,referring to formula (1.1.2)of 1
function formula, referring to formula (1.1.4) of definition of

generalized value, get

This inference proof is completed
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Definition 1.1.11 : t-th disordered event, the frequency of the
occurrence of the target event is pp(7) ; from the frequency set

pp(t,) that some points 1 (j(-1|<¢) neart, calculate the average

value of pp(7,),is called the set frequency pp(z), then

Wzip?(;i) (je—1| <) (1.1.8)

Inference 1.1.12: Set frequency inference

(6) ) opp(t) P(t)G {:l 1: Narrow Generalized event (119)

P(t), SP@), i - P(t), |#1:  Other  (jt—1|<1)
Proof: Similar to the proof of set value inference of formula (1.1.7),

omitted

1.1.5 Disorder rate, Randomness rate, Uncertainty rate

Definition 1.1.13: In any set composed of events, when there are two
types of events in following, it is called mixed event set: A,
unordered event; B, known events.The proportion of type A events in
mixed events for different situations. is called disorder rate, random

rate and uncertainty rate

1.2 Probability axiom

1.2.1 Generalized value 4-step method
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Five elements of generalized event
Certainty1: When the test is repeated, the same determined result is

obtained [convenient verification result], which is called generalized

value;
Randomness2 : Describing the unordered characteristics of
generalized events using traditional probability — — narrow

probability can be referred to as randomness;
Transformability3: Generalized narrow transformation coefficient;.
Relevance4: Describe the degree of association between generalized
events;
Bias5: The actual values of several adjacent intervals have slightly
more deviation in the same direction compared with the deviation --
error of their respective generalized values. Slightly smaller reverse
bias occurs, which is called bias;

[Narrow events, no bias]
Summary: Narrow events have only narrow values; The generalized
event has the generalized value, the narrow value, and the

generalized narrow transformation coefficient.

Generalized value 4-step method



12

1. Calculate the narrow value corresponding to the narrow event;

2. The generalized narrow transformation coefficients are calculated;
3. Multiply the first two values to obtain the generalized value - the
most probable value of the actual value

4. Verify with actual data, calculate the comprehensive error,
calculate the potential coefficient error (which can be used to check if
important influencing factors are missed), and correct it. Calculate

the potential fluctuation error, calculate the set boundary, etc.

Definition 1.2.1: Generalized Event Main Coefficients: Metens
Generalized Narrow Coefficient, Metens Coefficient, Generalized
Narrow Coefficient, Actual Narrow Coefficient, Correlation
Coefficient, Correction Screening Coefficient, Set Actual Narrow
Boundary Coefficient, Generalized Narrow Boundary
CoefficientM ) (k) , M(k), Cy(k) , Cy(k) . C,, Correction(x) ,
Nci(x) . N cs(k) .etc, such as
Mj, (k)=Cy (k)=M (k) (.2.1)

Generalized events have both broad and narrow properties,
known as the duality of broad and narrow, similar to the wave
particle duality of matter. Provided ideas for solving generalized

events

Note: The correlation between narrow events can be referred to as
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narrow correlation; The correlation between generalized events can

be referred to as generalized correlation

Definition 1.2.2: The elements of disordered events are divided into
two types: target events and non-target events;

Eventl1:Unordered random events, The t th unordered random event:
the set containing all permutations and combinations before it
occurs; After it occurs, it becomes a set of permutations and
combinations that can appear; In the disorder random event, the
occurrence probability of the target event is called the narrow
probability P(),

Narrow probability theory,is the current probability theory , the

study of unordered random events that have not yet occurred,narrow
probability of occurrence of target event, generally, it is a full
arrangement;
Event2.: Unordered deterministic event, On the basis of unordered
random event, the event that meets the specified conditions such as
already happened is constituted;For example, the natural numbers in
x are all combinations of prime numbers and cannot appear;

Disorder determines events, usually in partial order;
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In the disordered deterministic event, the probability of the
occurrence of the target event ,it is called generalized probability
P(t),

Generalized probability theory,study the disordered

deterministic events that have occurred;

In general,due to specified constraints, let disorder determine
the event, and only contain some elements in the disordered random
event set; On the contrary, disordered random events contain all the
elements in the set of disordered definite events;

Statistical analysis was conducted on numerous disordered
events t to discover common patterns: whether disordered events are
determined or not [in a broad or narrow sense], whether they are
repeated or not [determined or random], and whether they do not
affect the actual set value [approaching the broad value], which is
proportional to the narrow value

Potential reasons: Two types of events, target events and non
target events, are randomly identified and occur almost
proportionally. Therefore, the ratio of multiple similar values of the
target event approaches a constant:

A1, set frequency [approaching generalized probability], ratio to
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narrow probability —— set frequency coefficient, reaching constant
A2, the ratio of the actual value to the narrow value -- aggregate
statistical coefficient, the approach constant;
A3, the ratio of the set boundary to the narrow boundary -- the set
boundary coefficient, the approach constant;

On the basis of this law, the relations of generalized events and

narrow events are put forward as follows

1.2.2 Generalized event, narrow event

A1, Narrow quantity: can not be marked, or in the expression string
at the bottom right, marked N;
A2, generalized quantity: when it is obviously suitable for or belongs
to a generalized quantity, it can not be marked, otherwise, there is at
least one expression string in the lower-right corner, marked G;
Note: As long as there is a quantity, the lower-right corner of the
expression string, marked G, all additions and subtractions are
generalized quantities.

There are two kinds of events: generalized event and narrow

event.
Generalized events: not only have generalized quantities such

as generalized probabilities, generalized values, and generalized
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boundaries, but also have narrow quantities such as narrow
probabilities, narrow values, and narrow boundaries;
Narrow event: only narrow probability, narrow value, narrow

boundary and other narrow quantities.

Generalized events can be divided into two categories
generalized narrow events ,generalized no narrow events, which

are defined as follows

Definition 1.2.3: When the ratio of the actual value mt(x) of the

generalized event to the narrow value I1(x), approaches 1, itis
called the generalized narrow event; otherwise, it is called the

generalized non-narrow event, then

7(x) _ C{ZII : generalized narrow event | SR XA (122)

#' 1: generalized no narrow event | X AEMk X FHAF

Definition 1.2.4: In a generalized event, the most likely value of

frequency 11 pp(z) is called the generalized probability P(r), ;

When the set frequency pp(7,) approaches the narrow probability

P(r), = pp(t;)='CP(t), ., it's called a generalized narrow event;

Otherwise, it's called a generalized non- narrow event, then
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po(t) i () c ='1: generalized narrow event | SUBE XA
P(1) - P(t), Ti | #' 1: generalized no narrow event | S AERk X A

N i=1
(je-t] <t » n<t<t) (1.2.3)
Set quantity can be divided into: set frequency, set statistic value

—— set value, set statistic coefficient —— set coefficient, set

boundary, set boundary coefficient, etc

1.2.3 C Function Judgment Theorem

Definition 1.2.5: If the change of the function, similar to the wave
propagation direction, is relatively large within a limited distance,
from near to far, at the same time to measure multiple points, the
height of the water surface wave; The height of the adjacent points,
most of the decrease, a few increase, the starting height is higher
than the end height phenomenon, called wave decline function; The
monotone decreasing function and wave decreasing function are
collectively referred to as decreasing function

Similarly, a monotone increasing function and a wave increasing
function can be defined, collectively referred to as an increasing

function

Theorem 1.2.6: C function judgment theorem, series value in x, actual

value of an unordered event, actual subset value, generalized value,
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narrow value, narrow subset value, ratio, ratio subset value 72'(x) ,

ﬂ(x) , O(x),, (x), H(xl. )N , C(x) , ij‘(jx,,), if the following

1

formula

”(.J.xi _ ﬂ(jxi—l) ‘_{‘C(jxf )_C(jxi‘l)‘ ( J=123,,, ] (1.2.4)

(), s, | (000 <o) <=, =
It holds in a sufficiently large finite range, and the &(i) value in the
increasing interval has multiple wave decays, then

7[()C)=Cfv1 (x)H(x)N = CH(x) = H(x)G (xl <x, <Xy, :x) (1.2.5)

N
Conclusion 1: Ratio C(x) is a C constant function——C function;
Conclusion 2: If the ratio C(x) is a constant function of 1, then the
narrow value is the generalized narrow value;

Conclusion 3: If the ratio C(x) is a non-1 constant function, then the
narrow value is a non-generalized narrow value;

Proof: According to the statement of this theorem, it can be obtained
that in the infinite large range, with the infinite increase of the value,

the delta (ji) value of formula (1.2.4) will decrease the infinite wave

and become a non-negative infinitesimal — zero, that is

ﬂ(jxl.) ﬁ(jxi_l) ‘_

‘ B _ Cy (jxi )_CJG (sz'—1 )‘
‘H(jxi ). H(jxi_l)N‘ S(ji)<((=1)i)<nrn<5(i)

lim‘ ﬁ(jxi ) B ﬁ(jx[_l) L lim|C (jx[ )—Cfvi (jxi—l )‘ —lim&(ji)=0
), T,

The above formula satisfies the definition of the formula of C
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function (1.1.1), the formula and conclusion of this theorem are

obtained, and the proof is completed

Note 1: The way to obtain the narrow value : traditional probability,
conjecture, empirical formula;

Note 2: With the help of this theorem, data can not only verify
conjectures, but also become evidence to prove conjectures;

Note 3: With the help of data, it is possible to judge whether

Ramanujan's 4,000 formulas are valid or not

1.2.4 3-dimensional generalized events,

4-dimensional generalized events

Definition 1.2.7: In a 3-dimensional space (x, y, z), an unordered
deterministic event that can repeatedly occur and be easily specified
for verification is called a 3-dimensional unordered deterministic
event or a 3-dimensional generalized event; Unordered deterministic

events that are independent of time, such as prime numbers and pi.

Definition 1.2.8: Disorderly deterministic events in 4-dimensional
spacetime (x, y, z, t) are called 4-dimensional spacetime generalized

events or 3-dimensional narrow events ——3-dimensional random
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events. That is, random events. In 3D space (x, y, z), it cannot be
repeated and it is inconvenient to specify verification, such as
explosions, poker games, etc. The result or state of an event that
occurs is related to time t.

In the universe, all moving matter, at a certain moment t, is a
uniquely determined disordered event — — a 4-dimensional
spatiotemporal disordered deterministic event, or a 4-dimensional
generalized event; Therefore, all disordered events in the universe

are four-dimensional generalized events

1.2.5 Probability axiom

Axiom 1.2.9: In a generalized event, within a reasonable range, the
generalized target event tends towards an average distribution, and,

the ratio of the actual value 7, (x), the generalized value 17, (x)_, to

Gl
its narrow valueTl, (x) approach constant C, ; The constant can be
called the actual narrow transformation coefficient, or the

generalized narrow transformation coefficient;

The frequency PR, (x) of the generalized event , the ratio of

the average frequency PP, (x,) of the composition , the

generalized probability 7 (x)_ to its narrow probability A (x),

G

approach constant C,;
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Among them, C, can be referred to as the generalized narrow
sense transformation coefficient;

The ratio of the actual value 7, (x) , the generalized value
I1,(x), of a generalized event of the same type, to its narrow value
I1,(x), of the same type approach constant C, ;

The frequency PP, (x) of the generalized event of the same

type , the ratio of the average frequency PP, (x,) of the
composition , the generalized probability P, (x)_ to its narrow
probability P, (x) approach constant C,.etc, then

7 () _ 1, (%), _ PR (xi) _ B (x),
I, (x), ¢ TI,(x),C £ (x),C P~ (x),C

_ l”z(x) _ IHZ(x)G _ 'PP, (xi) _ 1Pz (x)G _1] (1.2.6)
M,(x),C, TL(x),C, A (x),C B (x),C,

Among them

PR (=2 g, - e g () TR,

This convention is called the probability axiom

1.2.6 Generalized probability coefficient corollary

Corollary 1.2.10: In the generalized events, frequency of target

quantity , subset frequency, generalized probability pp(¢), pp(tl. ) ,
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P(1), of target quantity , and ratio of narrow probability P(s) , it's

called the subset frequency coefficient , probability coefficient

C(z. ) , C (t. ) , etc., are coefficients that approaches one another,
1 F 4 1 G

namely

mF = po(t) ='c(r), = Pt C (jt-t]<1) (1.2.7)

Proof: Since the generalized probability P(:)_ is the most probable

value of frequency pp(¢), it is also the most probable value of the

mean of frequency pp(¢1) —— the subset frequency pp(tl. ) namely

P(1), = pp(tl.) (|t—ti|<< t)
The above formula, divided by P(r), , refers to the formula (1.2.6) of

the probability axiom, obtains the corollary, and the proof is

complete

1.2.7 Generalized statistical coefficient corollary

Inference 1.2.11: Actual value, set value, generalized value, narrow
value z(x), z(x ), T(x),, T(x), of the same unordered target

event, are statistics value that frequency pp(¢), set frequency,

generalized probability , narrow probability pp(¢), pp(). P(1),.
P(t), of the occurrence of this target event, the ratio of these

statistics  value divided by TIi(x), , are called the statistical
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coefficient C;/(k), Ci(x, ). CJ (k). C%(x ). Ci (k).etc., they approach

1

each other, then

r(x) 7)) M), ee(n) PG,
H(x)N H(xl. )N H(x)N P(xi )N P(x)N

(xl <X S Xy, =x)

= Ci (k)= Cy(x 7 ¢y (k)= C (x, ) Cry (k) (1.2.8)
Proof : Similar to the proof of formula (1.2.7) of generalized

probability coefficient corollary above, omitted

1.3 Probability axiom corollary

With the help of probability axioms, the following three

inferences are obtained,and

1.3.1 Probability axioms , function prime number

corollary

Inference 1.3.1: Within a reasonably large range of ‘x—H(t)‘ <x,
natural number x, functionH (t), frequency, generalized
probability, narrow probability , of appears prime number ,prime
number theorem pp(x), pp(H (1)), P(x),. P(H(t)).. P(x),. P(H(2)),.

ﬂ(H(x)) , H(H(x))G , then
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N '0.5) 1 '0.5 1
P(H(t))N:(1$JE:[1 H(t)JlnH(t) Ux_H(t)‘«x] (1.3.1)

‘w(H(x)) ~er(o) dt_( \/l()*sdt]rm(;jt (132)

Proof: According to "Probability Prime Number Theory", or from the

formula (1.2.4) of probability axioms, the formula (5.1.14) of prime

generalized probability, two results of this inference are obtained

1.3.2 Probability axioms , integer point corollary

The integer point is also called lattice point, and the integer point

axiom, is also called lattice point axiom

Inference 1.3.2: Within the reasonable size of the random region,the
random integer point, the narrow probability and the narrow
probability of occurrence,approaching equal,and is generalized
narrow event

Proof: The integer point is a lattice arranged by equidistant rules 1
apart , in the reasonable size range of the random region, the
generalized number and the narrow number of the integer point
of the random region are approach to the area of the random region,

and the corollary is obtained, the proof is completed
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1.3.3 Probability axioms , digital corollary

Inference 1.3.3: At any position x of an irrational number, any digit i
in base k occurs, and its narrow probability P(x,i), , equal to 1/k,

approaches the generalized probability P(x,i)_ , namely

P(x.i), :%:‘ P(xi), (0<i<k-1) (1.33)
Conclusion: Irrational number is a broad narrow event

Proof: Any numberiin K-base : 0<i< K-1, as a narrow event, or as a
generalized event, appears in any position x, there is no particularity
- equal probability, its narrow probability, or generalized probability,
are all equal to 1/k ,this inference is eobtained, the proof is complete

This theorem analyzes the solution and obtains statistical data

support for 200 billion digits of pi digits [ see Probability Prime

Number Theory]

1.4 Function approximate formula
Ixu(t,lnt)dt=1u(x,lnx—l) (1.4.1)
cf@)dt oo 1 e f(1) e dt
Py T Ogma™ T4 g (142)

In(1+1)=¢-' 0.5 (1.4.3)
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[re()m(e)ar=[""c(0.5x)11(¢)de = C(0.5x) [ T1(¢)dr (1.4.4)

Chapter 2 Boundary
2.1 Boundary basic
2.1.1 Boundary axioms

In early 1983, the author decided to study the Goldbach
Conjecture, calculate and analyze solutions using the average
method, and enter probability theory to establish boundaries, which
was a prerequisite for this method to solve the problem; More than
10 years of original boundary creation failed, but in probability
theory, discovered the law of double logarithms and potential
boundary functions; Customize boundary axioms, establish value
domain boundaries, and obtain 200 billion bits of numerical

statistical data support for pi.

Inspired by the boundary of the range, the boundary of the
domain is established, so that Cramer's conjecture is proved by
probability method: the maximum distance between adjacent primes
in x (Inx)~2 [see the Theory of Probabilistic primes] .

Recently, the maximum length of K-generated primes in x,
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including the maximum length of 2-generated primes and the
maximum distance between adjacent primes, has been obtained
directly by sieve method, and the precision has been improved

https://www.zhihu.com/question/313650837/answer/623965043
c 23 zhihu.com/question/313650837 /answer/623965043

AENESRXEEREEZK?

B p, BB nASE, B2 G(r) = max, <.{par1 — P} . TERAVEME G(z) 10X
/N, ErdSstE1938E8E10000285T, HEAILLEE Fima;

G(m} - Clu:g & log log ¢ log log log log =

(log log log ::)2

EHR ST EERER ¢ Bk, XMNEEEEEEFord, Green, Konyagin, TacklE MaynardSEiHEi7
RUIEEE, EEXfE A AFHE—RAE, EER2018EETU SR, hEErETEE:

; log x log log # log log log log =
G(iﬂ} = g ¥ log log g Jog
log log log &

Further, the set boundary is established, and the actual data
can not only verify the conjecture, but can determine the
distribution range of theoretical values, also be used as
evidence to prove the conjecture. When the statistical coefficient,
the boundary coefficient, cannot be determined theoretically,
with the help of the set statistical coefficient, the set boundary
coefficient, the actual data, it is possible to determine the mean
value of the statistical coefficient —— the most likely value of
the mean value —— the generalized value, and the maximum
distribution range around the mean value —— the boundary

With the aid of the logarithm theorem, it is possible to define,


https://www.zhihu.com/question/313650837/answer/623965043
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analyze, and statistically obtain narrow boundaries, set boundaries,
etc., in a limited range

There are two kinds of boundary, range boundary and
definition domain boundary [see the Theory of Probability Prime
Numbers] .

The so-called boundary,generally refers to statistical values
—— actual values,the most likely value around it——the most likely

value of the maximum deviation of the generalized value

Axiom 2.1.1: If a finite and enough number of disordered events
occur, the sum of the probability of the occurrence of the target
event is small enough. Convention: The target event actually
occurs zero times, the boundary obtained from this is called the
axiom of sufficiently small boundary
Axiom 2.1.2: If an unordered event occurs infinite times and the
target event only occurs finite times, it is agreed that the
unordered event occurs finite times and the target event occurs
zero times. The boundary obtained from this is called the finite
order boundary axiom

Random event —— narrow event, narrow error——random

error, narrow error maximum —— narrow boundary;

Disorderly deterministic events — — generalized events,
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generalized errors, narrow errors, generalized boundary, narrow
boundary
Based on a large amount of data from disordered

events,comparing fluctuation errors — — generalized
events,random error —— narrow event

A1, similarity, their average, all approach zero;

A2, The difference, fluctuation error potential is weak, not strict,
local law; Random errors are completely irregular;

A3: The fluctuation error is almost proportional to the narrow

error

2.1.2 Introduction to boundaries

Definition 2.1.3: Target statistical value —— range —— actual

value 7Z'(x)G . 7(x) of variable x, the error 7Z'(x)G —IT(x)

N ' G

z(x), -TI(x), of this value relative to its most probable value —
— mathematical expectation —— generalized value , narrow

value II(x)_ , II(x),, called the generalized error, narrow error

Azn(x),, Az(x),, then:
Ar(x), =7z(x), -T(x), (2.1.1)
Az(x), =7z (x)-I(x), ="All(x), ='CAz(x), (2.1.2)
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The most probable value of the maximum value of the
generalized error, the narrow error, are called the generalized
boundary, the narrow boundary TJ 11(x)_, TV II(x), , Boundary
coefficient T\ C, then:

N 7z'(x)N :max‘An'(x)N‘ = max‘ﬂ(x)N —H(x)N‘ =T H( x)N (2.1.3)

N 7(x), =max‘A7r(x)G‘ =N II(x),, =M ct I( x) (2.1.4)

Definition 2.1.4: In the domain of definition, the set composed of

some point errors, the calculated mean square error and the

calculated boundary are called the set mean square error and the set

boundary G(xl. )G , G(xi )N N ﬂ(x,, )G N 7Z'(xl. )N , otherwise, the mean
square error and the boundary o(x)_, o(x),, N z(x),, N z(x),, are

expressed as follows:

N,

1

)G = max

P o

-, 702

G

1

= o-(x. )G\/2lnlnx=l O'(x)G\/2lnlnx (Xm- —xl.‘<< lexm.) (2.1.5)

1

In a generalized event with symmetric distribution, half of the

difference between its maximum values T;z(x)G and minimum



31

values | 7(x). is called the boundary; The ratio of the actual
boundary, generalized boundary T\ z(x)_, TV II(x)_, and its narrow
boundary TV TI(x), is called the boundary coefficient 'T C, which

is:

Nn( )szax
T I(x),

S Co-(xi )Nx/2lnlnx =N Co(x), V2Inlnx (‘xrl —xl.‘ <x= 1xﬁ) (2.1.6)

ﬂ(x)—ﬂ(xl. )G

= max

2.1.3 Set Absolute Value Boundary

Theorem 2.1.5: Several points are uniformly distributed near a
straight line, and the height of these points - the generalized value -
is equal to the difference between the height of these points and the
corresponding height of the line [the average height close to these
points] - the generalized error Az(x, ) , which is twice the average
absolute value of the generalized error, and approaches the
maximum deviation of these points from the height of the line - the

actual boundary T! z(x)_, called the absolute value set boundary

G

N 7z(x, ), . thatis:

[xl <x; <xy, :x] (2.1.7)

i=

{1T~L7Z'(X)G IT‘L” x —IZT ‘Aﬂ(x
T‘LH(X)G Z‘Aﬂ X, ) “ Ti

Generalized value narrow logarithmic boundary, narrow value
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narrow logarithmic boundary, generalized value absolute value error

set boundary coefficient, narrow value absolute value error set

boundary coefficient™ 11(x)) , N 1I(x)" , "N Cré(x ), NCy(x);
[~ SUESREXEGD R, SRYERNEN DR, [ ELHEREES
BREH, RNEEWEREEGHRELH N 0(x)), . NOk)) .,

L (). N ()

Similarly, the definition of the boundary of the set of absolute

values on this line can be extended to any curve - generalized events;

If the absolute value of the generalized value actual error ‘A?Z’(xl. )G‘

approaches a uniform distribution within [0, Tl z(x)] — [0,

NctNi(x)’ 1, then
{ "M 7 (x) .

='2
Noa(x). 2

i=1 L

{W:i_‘m(% ) [+ rm(y mml} (5 <3 <x, =x]

{q;vm—(x,.):z_\m(x[)kun(x,. M*T’} (5 <3 <x,=x] (218)
Proof: Assuming that for each value point, the distance from the line
—— the absolute value of the height difference —— the absolute
value of the error is within [0, boundary]. If the calculated boundary
is close to an equal probability distribution, but is larger than the
actual boundary in a normal distribution but smaller than the

logarithmic boundary, then
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M2 (x), wfar(n),| @ 2farn) | rem(e )
='2Az(x,) |='2 )< :
'N«;T(xl.) ‘ ﬂ( l) ; Ti IZI’N,H(X[)G T
= 2%0. 5N e N Ii(x)) =N N II(x))
i |A(x, T ,
_ sz‘ ). (e, 2222 gy
i=1 'N/H(xl.) 'N«H(xl. )IN

Obtain the first expression of this theorem;

Similarly, the second expression of this theorem can be obtained, and
the proof is complete.

Summary: Any boundary obtained through the use of actual data
and specified theoretical statistical methods (such as logarithmic set
boundary, absolute value set boundary) is called a narrow set
boundary and belongs to a type of narrow boundary;

There are two types of generalized boundaries

A1, Generalized narrow boundary: Generalized boundary approaches

narrow boundary

Ni(x), =NceNn(x), “Nz(x) (C=1) (2.1.9)
A2, Generalized non narrow boundary: The generalized boundary does not appro:

the narrow boundary

Ni(x), =N cNkx), =Nz(x) (C=1) (2.1.10)
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Summary: There are two types of generalized quantities:

A1. Generalized narrow quantity: generalized quantity approaches
narrow quantity;

A2. Generalized non-narrow quantities: generalized quantities do not
approach narrow quantities, but generalized quantities approach
proportional to narrow quantities; Therefore, the generalized
quantity can be expressed by the product of the narrow quantity and

the coefficient.

Definition 2.1.6: A monotone increasing or decreasing
function is called a monotone function; If the center line of
the distribution area of the wave function m(x) [approaching
average] — — The monotonic change of generalized value
M(x), is called monotonic increasing fluctuation function or
monotonic decreasing fluctuation function.

Below, the default actual value m (x) and so on are
monotonically increasing fluctuation functions.
Note 1: In the boundary calculation, the high-order small
error generated by approximate calculation is far less than
the fluctuation of the actual boundary. If it is ignored, it is still

connected with an equal sign;

Note 2: Boundary values are approximate values,
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approximate function symbols, with or without;

Note 3: The actual boundary fluctuates greatly. Therefore, to
calculate the theoretical boundary, only the main value
expressed by the limit function can be calculated, and the
estimation (which can be estimated) can be omitted, and the

equal sign is still used, indicating that it is close to equality.

2.2 Iterated logarithm range boundary

2.2.1 Set mean square error approach theorem

Definition 2.2.1: In x, the error of some points, the set
formed and the mean square deviation calculated are
called the mean square deviation of the set, otherwise, it is
called the mean square deviation..

Analysis: Different numbers and values of error set points (and
data) result in different values of the calculated set mean square
error; But as the number of statistical points in the error set
approaches the total number of statistical points, the set mean
square error approaches the mean square error; Therefore, the
set mean square deviation and mean square deviation tend to
approach each other; And, the mean square error is a definite

value, strictly prove as follows
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Theorem 2.2.2: Set mean square error approach theorem, For
disordered event x , the error subset Azx(x) , Az(x) s
obtained, the calculated any error set mean-square error
G(Aﬂ(xi )G) , G(Aﬂ(xi )N) , they all approach the same, and

approaching them total set mean square error — — actual

mean-square error o—(Azz(x)G) , a(An(x)N).etc,namely

U(Aﬂ'(xi)G)_\/iAﬂ'(xi)i N \/ZX:Aﬂ(j)zG {A;r(xi)(}:;r(xi)G—H(xi)G]

IU(Aﬂ'(X)G) 2 . Ijsx xsx<x, =x

(2.2.1)

U(M(xi)N)_\/fzfm(xi)jv } \/iAﬂ(j)fv [Aﬂ(xl.)N:ﬂ(xi)N—H(xi)N}

1J(A;r(x) 5 T 1<j<x, x,<x,<x, =x

=
S~

(222)

Proof: Within x, the error set composed of error data of several
points or all points, the calculated mean square error is called the

set mean square error, as follows
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lima(A;r(xl,)G)z lim\/%iAﬂ(xi)é =! lim\/%i[z(xi)—ﬂ(x[)cy]z

X;—>X X;—>X 1595 X;—>X

) 1 . NS N2
i (L3 [r()-00), | =\ [FEan(); = a{ax),)
The formula (2.2.1) is obtained

For the same reason, the formula (2.2.2) is obtained , this

theorem is obtained

2.2.2 Iterated logarithm theorem EXIEIEIE

Lemma 2.2.3: i<x times Bernoulli random trials b(i), equal the
narrow probability P, the number n(x) of target events [can be
expressed by n(x) 1 , mean square error o (x), then , when x
approaches infinity, the following formula [ proof

omitted+r17177]

{ng)):é:b(i)zlxp, J olx) \/ﬂ(x){l—ﬂ} £23)

x) A [JxP(1-P) X

‘ﬂ(x)—xP‘ < \/2xP(1—P)lnlnx= V2Inlnxo (x) (2.2.4)
Only the limited times is not valid; But the following formula is not true for

an infinite number of times

‘ﬂ(x)—xP‘ < (1+8)\/2xP (1-P)Inlnx = V2Inlnx o (x) (2.2.5)
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2.2.3 Boundary positive correlation mean square

error

Definition 2.2.4 : A variety of disordered events and target
quantities generated by the same disordered factor are called
homogeneous disordered events and homogeneous quantities;
For example, in the class function kx+I, the number Tt(kx+I)
of prime numbers , is the class quantity; In the same generalized
event, the generalized value and the narrow value are the same

quantity

Inference 2.2.5: Boundary positive correlation mean square error
inference, within a limited range of test cycles, Bernoulli test —
— narrow event, actual boundary, narrow value narrow

logarithmic boundary M r(x), M TI(x), , is proportional to

I 14

V2Inlnx , almost positively correlated with the narrow mean

squared o(x), , then

Nz(x), =N1(x)  ='V2Inlhxo(x), (2.2.6)

Proof: According to the formulas (2.2.4) and (2.2.5) of the iterated
logarithm theorem, and the axiom 2.1.2——1 boundary axiom,

this inference holds within a finite range; Due to being the
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boundary of narrow events, with the help of the law of iterated
logarithm and narrow values, it can be referred to as the narrow

value narrow iterated logarithm boundary. Ty T1(x), ,

Which generalizes this principle to the set of similar

disordered events

Inference 2.2.6: Proportional inference of the mean square
deviation of the function boundary, conducting finite
experiments on the actual boundary of the same type of
unordered event H (x), including its generalized boundary,
generalized log set boundary, generalized log set boundary,

narrow log set boundary, and narrow log boundary 7! ﬂ(H(x)) ,

N H(H(x))G ' T\LE(H(XI. ))G[ ' 'N«H(H(x)) . 'N«E(H(xi )) '

GI NI

TN TI(H(x)) . isalmost proportionalto 2Inlnx, proportional to

their mean square deviation a(AH(x,. )G), o-(AH(x)G), J(H(x« )N),

1

a(AH(x)N) ,  proportional coefficient - boundary coefficient

Ney, Ney, Ney(x), Ne)(x), then:
{‘N =(H(x), {IN corln(a(n), |"MNa(H(x))

rn(a), | e W), | )

) ‘TJ,C,G(x,- )MG(AH(X,- )G) ( ) (2.2.7)
_ xlgxl.ﬁxﬁ:x o

ey (x,, )MO'(AH()Q ) )

N
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Proof: Because the shape of the probability distribution function
of the same kind of disordered events is similar, the mean square
error determined by the shape of the probability distribution
function is almost proportional to the boundary. Similar to the
principle of similar triangle, corresponding edge growth is
proportional to the formula (2.2.6) of Bernoulli's narrow test

boundary, the inference is obtained, and the proof is completed

2.2.4 Narrow iterated logarithm range boundary

Bernoulli tests are used for narrow events, such as test scores;
Bernoulli inspects are used for generalized events, such as whether a

given integer is prime.

Definition 2.2.7: In Bernoulli's test——narrow sense event, run a
finite number of tests, the range boundary established by means
of the logarithm theorem, mean square error and boundary
axiom is called the Bernoulli log-mean square range boundary,

referred to as the log-logarithm range boundary
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Theorem 2.2.8: Perform i <x times Bernoulli test——narrow
sense event b(i) , B(i) , the narrow probability of 0 [or 1]
occurring in the target event is equal to P [or 1-P] ;

The actual value , the narrow value, the narrow set value, the

narrow subset error, the narrow error of the occurrence times of

the target event z(x) , T(x)., 7(x ) . Ax(x ) , ATI(x),;

The above error corresponds to the narrow mean square error,

the narrow subset mean square error o(x), , U(AH(x)N) ,

700,

The mean square error, corresponding to the narrow value of

the narrow log-log range set boundary, the narrow value of the

——N
narrow iterated logarithm range boundary ™ z(x, )

NII(x) et

Appear t times target event, the narrow probability density

function P(x,Pr), , get

H(x)N =xP [AH (x)N = ﬁ(x)N —I1 (x )N} (2.2.8)

229)

(
o(an(s),) JH M 2210)

Tz (x), B 'V2Inlnx o(x), _]\/ _H(X)N
{Ti«H(x)ij_ lmm = 2H(x)]{l — }lnlnx (2.2.11)

N
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Proof : Referring to the definition 2.2.6 of numerical domain
boundaries and the inference 2.2.4 of boundary mean square
deviation positive correlation in "Probability Prime Number
Theory” and related definitions, the proof process is briefly

described

2.2.5 Generalized event iterated logarithm range boundary

Definition 2.2.9: The range boundary established by finite order
generalized event test with the help of logarithm theorem, set
mean square error, mean square error, set mean square error
approach theorem and boundary axiom is called the generalized

iterated logarithm range boundary

Theorem 2.2.10: i < x Bernoulli generalized test b(i), B(i), the
probability of 0 [or 1] of the target event is equal to P [or 1-p], the
actual value of the target event statistic , the actual boundary of
the actual value t!m(x), the boundary of the generalized iterated
logarithm set, the boundary of the generalized iterated logarithm
range, Narrow iterated logarithm set range boundary, narrow

iterated logarithm range boundary, narrow range boundary
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G

w(x), Noa), Nn),, Na() , Na(x) . )

IN !

™ H(x)iVN .etc.; Corresponding boundary system: generalized
iterated logarithm set range boundary coefficient, narrow
iterated logarithm set range boundary coefficient, narrow range
boundary coefficient ™ c¢, TN cV , Tim, ™ CN( ,),etc

then:

= >5(i) ZB +NZB ' Nz (x) (22.12)
T‘l’”(x,—)lc N iﬁ A;r( ) Inlnx, _H(x)G I
{M(x) ”JT% T NJ -

X, )Gzﬁ(xi)—l_[(xi )G , Ner(x), =M 2H(x)Glnlnx}

="M CG( )Ti«H( ), = TV Cy2M(x), Inlnx ()c1 <x, Sxm:x) (2.2.13)
N’”(x,-)lc N iﬁ A;r(xi)zclnlnx[ N _H(x)N Al
{“Tiﬂ(x) Ti\/Ti; Til‘[(xl.); \/21_[( )Nll x ]11

ax(x), =7 (x) M%), = 2(x)-Clx )0 (x), = 2 (x )7 (x)

=) (x ) Mn(x), =N C\/2H(x)N Inlnx |[x <x <x,=x] (22.14)

1
g
N

—_

Proof: By definition, formula (2.2.12) are obtained
According to the Probability Axiom , the ratio of statistical
values in a generalized narrow value approach to ratio of the
boundary in a generalized narrow value;
From the formula (2.2.6) of boundary mean square error

proportional theorem, the formula (2.2.1) of set mean square
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error approach theorem, get

Mo =l () Tl Py ofae(s),
1= I -xl = =
Nn(x), N (x ),

'N«H(x )

=M U[A”(—)wﬂlnlnxJ =M U(A'N C(xi )Gw/2lnlnxi )

B 7 di | 7 Qi Aﬂ'( ) Inlnx,
_Ti\/ﬂ;AN«C( )lnlnx =T \/TZ,Z} N'H(xf)z

By referring to the above formula , referring to the formula
(2.2.4) of the iterated logarithm theorem, the formula (2.2.11) of

the generalized range boundary Tl 11(x)7 ,get

IN T

Nor(x) = (), = maxfr ()11 () F M €ON T )]

7 Qi Aﬂ'( ) Inlnx,

Tl,l ’N,H(xi)i v2InInx O'(AH(X)G)

B iTi Aﬂ'( ) Inlnx, _H(x)G lnx
_N\/Ti; T N\/ ()6[1 — ]11

The formula (2.2.13) for the generalized values the iterated

S () NI () IN\/

logarithm set range boundary is obtained.
Similarly, the formula (2.2.14) for the generalized iterated
logarithm set range boundary is obtained, and the proof is

complete

2.2.6 Set statistical values
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In the set boundary value formula, for example, when the set
boundary coefficient is transformed by removing boundary
symbols such as 1/, it becomes the corresponding set statistical
value coefficient, the corresponding set statistical value formula,

the corresponding formula expression, etc

Analyze the data of prime number theorem within 10 A 29,

the following conjecture is proposed

Conjecture 2.2.11: The value domain boundary of the iterated
logarithm -set of the generalized event, the value domain
boundary of the iterated logarithm -set of the narrow value, the
value domain boundary of the absolute value of the generalized
value, and the value domain boundary of the absolute value of
the narrow value 1! mj , N mf , N mj , N mj , are

the upper limit and lower limit TJ z(x)_, ™ TI(x).  of the event

boundary, namely:
1'Nz7r(xl. )i 'N,”(x) lT\L?Z'(XI. )[
VN T(x), .
I'N«ﬁ(xl.) ¢ I'N«ﬂ(xi)

A I

X<x, <x,=x 2.2.15
T, (22.15)
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2.3 Boundary Application
2.3.1 Binomial distribution double logarithmic

domain boundary

Lemma 2.3.1: i <x, zero symmetric binomial distribution test,
denoted as A(i), A(i); Their values, equal to -0.5 or equal to the

probability P of 0.5, are denoted as P=0.5;

(23.1)

(2:32)

The actual value, generalized value, narrow value, and

generalized narrow value transformation coefficient of the

occurrence times of the target event are counted z/‘t(z) iA(i)G ,
i=1

i=l1

The actual value, generalized value, the narrow value of

their mean square error a(zx:i(i)j, a(gz\(i)jc, a(lzx:‘A(i)j ;

i=1 N

Their actual boundary, generalized boundary, narrow

boundary Nil(i), ’NiA(i)G, NZX:A(i)N , then
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G(ZX:A(i)Gj=\/H(x)G {1“’6)6] SN (233)

G(ZZ::A(Z')NJZ\/H(x)N{l—H(;)N} =§ (23.4)
N iA(i)G ~1 a[iA(i)ij/2lnlnx SR xlnzlnx (2.3.5)
N iA(i)N —1 0'( A(i)NJ\/ﬂnlnx —1 xmzlnx (2.3.6)
> 2(0) N3 A6 =N T A@), =MNC ““21“ (2.3.7)
S AG)EN DA, =N YA, =N "1“21“ (2.3.8)

Proof : When the probability P=0.5, the Bernoulli test of this
inference condition is equivalent to the zero-point symmetric

binomial distribution, from formula (2.3.1) ,formula (2.3.2), get

a(x)fJn(x)G {IMHTPJ -G e
2] o b 5

By referring to formula (2.2.6) of boundary mean square error

positive correlation reasoning, formula (2.3.5) of generalized
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boundary, formula (2.3.6) of narrow boundary and formula
(2.3.7) , formula (2.3.8) of binomial statistical value expression

are obtained, and the proof is completed

2.3.2 Weighted set boundary

Definition2.3.2: The result of processing the data in a set using a
specified calculation method (such as mean, weighted average,
mean square error) is called the set value

1.  There are two types of set values

1.1. 1 function set value;

1.2. Function set value = 1 function set value * function;

2. Calculation weighted set boundary

Theorem 2.3.3: Count the set values of the target quantity, and use
the generalized value, narrow value, generalized boundary, narrow
boundary, or the product of both as weights to weight the average of
the set values of the target quantity; Moreover, the set boundary is
composed of the set error boundary coefficient multiplied by the
boundary. Therefore, the set error boundary coefficient is weighted

and averaged using reasonable methods such as boundary,
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boundary square, and boundary square root. Referring to formula

(2.1.8), formula (2.2.13), that is:

N Co ()= \/zi A’;(f" oS 4 ), *i” (x),

(),

1 \/sz ATl I ) BN ),

o N (x,. )jv

[xl <x; <xp, =x] (2.3.9)

Aﬂ(xi )G
™ H(x,. )G

\/Ti«H(xl. )G +§\/T~l« H(xl. )G}

_,Z{NH()C[) M), « 2 M )}
[x <, <xy, =x] (2.3.10)
{ITTL\LZ(S; B {:j%(i)) N\/zn(x)G [1 %x)c’] Inln x (2.3.11)

Instructions : Due to the proportional relationship between
statistical errors, generalized boundaries, and narrow boundaries;
Therefore, using generalized boundaries and narrow boundaries as
weights, weighted average —— boundary weighted set value is

more reasonable
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2.3.3 Boundary of Boundary

Definition 2.3.4: The so-called boundary generally refers to the
statistical value - the actual value, and the most likely value around it
- the maximum deviation of the generalized value - the generalized
boundary; Since the boundary is the most likely value - the
generalized boundary, then the boundary of the boundary, which is
the most likely value of the maximum deviation of the actual
boundary around the generalized boundary - can be called a 2-level
boundary, and so on, n-level boundaries can be defined; Not only are

their definitions similar, but their relationship is also similar
7(x)= gb(i)= iZ::B(i)i N 23 ()=T1(x) ' 110 (x),
[N I (x), =T¥y/2M(x), In lnx} (2.3.11)
Nz (x) =M1 (x) ' N2 (x),

['N«Z H(x)G :TJ«\/Z ™ H(x)G Inln x :TJ«\/Zlnlnx‘IZInlan(x)G } (2.3.12)

N2 2 (x) =M T (x), £ NPT (x),

[T¢3 I(x), :N\/zln lnx\/Zln nxy/2InIn xTT(x), ] (2.3.13)

% ﬂ(x) =N 11 (x)Gi1 N (x)

G

[N"” M(x), =M {(Nn Inx) ’\(%+21—2+....+2Lnﬂﬂ(x)gm ]
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[N"” m(x), =M {(ZIn In x) [1 —%Hn(x)g” } (2.3.13)

ﬂ(x):H(x)GiT»LH(x)GiTi«zH(x)Gi ------ i'Nr"H(x) (2.3.14)
Obviously, both level 2 and multi-level boundaries are much
smaller than level 1 boundaries and can be ignored. However, this

definition has given us a quantitative understanding of the maximum

fluctuation of level 1 boundaries

Part 2 Generalized probability sieve theory
Chapter 3 K-tuple Prime Numbers, sieve method
3.1 1-tuple Prime Numbers —— prime number theorem,

sieve method

3.1.1 3 types of sieves

1 Eratosthenes sieve

About 250 BC, by the Greek mathematician Eratothenes (born
275 BC) proposed that in the natural numbers within n, using the
natural numbers not greater than the root of n to try to divide n, you
can determine the number of composite numbers in n, you can

determine the number of prime numbers in n

2 Euler sieve
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On the basis of the sieve of Eratosthenes, in the natural numbers
within n, the number of composite numbers in n can be determined
by dividing n by prime numbers not greater than the root of n

The above two kinds of sieve, can be manually or programmed
statistics, can calculate the actual value of the prime number within

the specified range, can not calculate the theoretical value

3 Xiong's sieve
Definition 3.1.1: With the help of probability, prime number
screening, Mertens formula, prime number theorem, sets and other
tools, the composite number in the target event can be filtered out to
determine the number of prime numbers and other analytical
solutions within a specified range [Such as x] . The resulting sieve is
called Xiong's sieve, abbreviated as sieve method;

Xiong's sieve was the first to provide analytical solutions and

could not count the actual value, abbreviated as sieving method

3.1.2 Element prime number sieve

Definition 3.1.2: In the set Ece(x,t) composed of natural numbers t

<X, the subset element e(x,t) is composed of an integer variable t,

which is called a single element; A set E composed of single elements
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is called a unit set; The prime number theorem obtained by sieve the
composite number in the unit set E by the prime number is called the

single elements prime number sieve prime number theorem

The set Ece(x,t) composed of natural numbers t<x, which are all
composite numbers greater than the prime p(i) factor, is called the
set without p(i), and the subset e(x,t) number and the set formed by
it are denoted as Without(x,p(i))

In the set E€e(x,t) composed of natural numbers t<x, the set
consisting of composite numbers with prime p(i) factors is called the
set containing p(i), and the subset e(x,t) numbers and the set
composed of them are denoted as Contain(x,p(i))

Refers to the sieve prime number theorem, Mertens formula,
and coefficients of generalized and narrow transformations, known

as Mertens generalized narrow coefficients M (1)

3.1.3 Sieve Prime Number Theorem,

Mertens Generalized Narrow Coefficient M (1)

Obviously, the generalized value of the screening method=the

generalized value of probability = the actual value;
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The narrow value of sieving method may not necessarily be equal
to the narrow value of probability method;

Generalized and narrow coefficients can be divided into two
types: sieve method generalized and narrow coefficients, and
probability method generalized and narrow coefficients;

To simplify expression, the difference between the sieve method
value and the probability method value is generally not made in the

expression symbol when clearly labeled or not easily misunderstood

Theorem 3.1.3: the 1-tuple prime numbers —— Probability method
of prime number theorem The generalized narrow coefficient
Cy (1), of probability method approaches 1; It can be proven that

the generalized narrow coefficient C;(K), of the K-tple prime

s
number sieving method approaches 1, then:
Cy(1), = CY(K),='1 (3.1.0)

Proof: K-tuple prime numbers are probability events of the same

kind. According to the probability axiom, the narrow value II(x), of

the probability method can be obtained from formula (5.1.2) and
formula (5.1.21) [or II(x) in Probability Prime Theory]. The general

value TII(x)_. of the probability law prime theorem in formula (3.1.3)

G

can be obtained, and the general narrow coefficient Cj (1), of the

probability method prime theorem in formula (3.1.0) can be obtained.
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The expression in front of this theorem is obtained

Similarly, using the screening method, the generalized narrow
coefficient properties of K-prime numbers are the same. Based on
the actual data of several K-prime numbers that have been obtained,
it has been proven that the generalized narrow coefficient C;(K), of
these K-tuple prime numbers approaches 1. Therefore, the

generalized narrow coefficient C,(K) of all of the K-tuple prime

S

number screening method all approaches 1. The expression behind

this theorem is obtained, and the proof is completed

Theorem 3.1.4 sieving method, within a limited range, a sufficiently
large natural number x, the actual value , the generalized value, the
narrow value, the integer narrow double logarithmic boundary, the
Mertens generalized narrow coefficient, the Mertens coefficient, the
generalized narrow coefficient, the densest boundary, the boundary

coefficient of the prime number theorem : z(x), II(x)_, H(x. )N ,

Nr(x) . My(l), M(1), ci(1),, N1(x),, NC, then

IN '

M(x), = [T 21= 2i(x) (3.1.1)

4

p<dx P e
ME(1)= M (1)CE (1), = EEX (=S HEN 8; 1 (a2

7 (x) :H(x)G + T H(x)G :li(x)—zllii1 N¢ «IZH(x)G Inlnx (3.1.3)

nx
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| JxInln/x
Nrfx), =5 %\r};x (3.1.4)

Euler's constant: y=0.5772156649015328606065120

Proof: From the generalized boundary T 7(x). of formula (2.2.13),
obtain the generalized boundary TV 7(x), of formula (3.1.3);

The i-th prime number p(i) is used as the narrow prime number
sieve, and the composite number in x is sieved. The maximum prime
of the sieve p(T i) =+/x, since there is no p (0),then

2<p(i)<p(Ti)=Vx (3.13
Without (x, p(0)) = x (3.1.6)

The p (i) factor is within (2\/5) and the total number of particles
should be screened out (x, p (i)); Due to the disorder and equal
probability of the narrow prime number sieve, the distribution of
rounding random functions (generated by the remainder) resulting
from the division and rounding errors is almost equivalent to the

Bernoulli distribution random function * b (i)=0, b, 2b,,,, [p (i) -1] b,

1

p(i)

with a total of p (i) values [obviously: b= 1; And, the average

value +b(i) of * b (i), then

— 2 1=P(), ()1
W)= =5 = p2p(i)

On the basis of the mean value =+i/(i) , the probability of

occurrence of -0.5 and 0.5, which are both 0.5, and the combination
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of zero symmetric binomial distribution *A(i): +5(i)£A(i)

instead of taking the mean value +5(i) , the fluctuation value and

the boundary 1!b(i) of integer random function tb(i), get

eh(1)= 2b(0j b (1) = b (e a () 2 P(i)_—lilAz(i)p(i)—l

2p (i)

=" +b(i) = 1—1)2(1')N ! 192(;)(;)1 [H1(3.1.8)] (3.1.7)

Within x, there are no integer numbers less than p(i) factor
Without (x, p(i)), and there are integer numbers containing p(i) factor
Containing (x, p (i)); For every p (i) integer, there is one that is divided
by the p(i) factor and filtered out. Therefore, the exclusion narrow

probability P(i), of the composite number is obtained

P(1), =m =% (3.1.8)
Without (x, p (1)) = Without (x, p© ))—Contain (x, p ))

= Without (i, p(0)) -| Without(x, p(0)) P(1), | [ By(3.1.8)]

= Without(x,p(O))—(Without(x,p(O))ﬁ—J_rb(l)] [By(3.1.7)]
= Without(x, p (0)) 2 ](71()1;1 +! pz (;)(1_)1 = g [By(3.1.6) ] (3.1.9)

The narrow probability P(7,p(i)) , P(i), of integer t being

N

divisible and sieved by prime p (i), because for every consecutive p (i)

integers, only one is divisible by p (i), then
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P(t,p(i))=$ {3 33{)3;1/; (3.1.10)

(3.1.11)

Without(x,p(z)) Without (x, p (i —1))—C0ntain(x,p(i—1))

= Without i, p (i ~1)) ~| Without (x, p(i~=1)) P(i), | [By(3.1.11)]

= Without (x, p (i - 1 (Wlthout x,p(i- 1)) z )—+b j [By (3.1 7)]
p(i
(

= Without (x, p (i - 1))p /)1 p( )1 A(i) {Iteration}

o) 20() 2 %A%
_| Without(x p(i=)-1 p(i-D)-1 , A(i=1)]p(i)-1
{wm (-2 P T B }p@
+p(i)—l+1 A(i) [Iteration}
2p(i) 2 AR

= Without (x, p (0))

[Binomial boundary (2.3.8), By sum (3.1.21)]

= Without (x, p (0 )H -1 10'51”(1')+lN\/”(1”("))111m”(p(i)) (3.1.13)

p<pli) P lnp(i) 2 2

When the prime number p(i) traverses a prime number that is
not greater than the square root of x: p(i)< Jx, the narrow boundary

N H(x)[

., of the integer is obtained by calculating the sieve method
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from the above equation

. ——p(i)=vx
Mr(x), :!N\/”(P(l))lnln”(l?(l)) gy [Vain
o2 2 2 21n\/;

Obtain formula (3.1.4);

Obviously, taking the integer boundary TNII(x) ~ is a
high-order small quantity of the generalized boundary T TI(x), in
formula (3.1.3); Similarly, the rounding boundary for all prime
number problems is a high-order small quantity of the generalized

boundary TITI(x) , and rounding fluctuations and boundary

G 1)

calculations will be ignored in the future.

When the prime number p(i) traverses a prime number that is not
greater than the square root of x: p(i)< Jx, using formula (3.1.6) for
Without (x, p(0)) and formula (3.1.13) for Without (x, p(i)) (ignoring
boundaries, etc.), among the natural numbers within (1, x), the prime
number theorem is obtained by sieving out composite numbers with
first-order properties. The narrow value II(x) 1 of the first-order

property sieving method is as follows

M1(x), 1=Without (x, p (i)~ v )  [H1(3.1.13)]

= Without (x, p (0)) [T 2=2='11 (x), 6.1.14)
péx/; p

Obtain the first partial result of formula (3.1.1);
In order to improve the accuracy of the above formula, modify

the range of sieving out twin composite numbers ,change from (1, x)
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——Without(x,p(0)) of formula (3.1.6) to micro interval (t,t+At)—
AWithout(t,p(0));
AWithout(t,p(O)) = Without(t + At,p(O)) - Without(t,p(O))
=t Ar—r=" A [HI(3.1.6) ] (3.1.15)
Statistics the one-time sieve method twin prime number micro
narrow value AIl(z). 1 inthe microinterval At , and, in 2<t<x, sum
this sieve method twin prime number micro narrow value ATI(7) 1

of each micro interval, a more accurate the sieve method twin prime

number narrow value II(x)  is obtained;

SN
Therefore, modify the narrow definition of the number of prime
numbers in the first-order sieving method of formula (3.1.14) from

I(x), 1 to All(z), 1, and refer to formula (3.1.18) using the Mertens

formula, get

: p—-1 | 2e7At
ATI(t), 1= AWlthout(t,p(O))g . =! — [H1(3.1.15) ] (3.1.16)
: L 2e At | px2edt | 2li(x)
II(x), = All(z) 1= = =
(%), ; () ; In¢ L In¢ e’

The latter formula (3.1.1) of TI(x), is obtained:;

From the above formula I1(x),, from formula (5.1.21) II(x)_,
from the sieve method Meitens generalized narrow coefficient, from
the Meitens coefficient of formula (3.1.17), from the sieve method

generalized narrow coefficient M7 (1), M(1), Cy(1),, get
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e ()= wr(1)ce 1), =1 {li(x) V }2”()6) _ € ()

Cr(1)s="1

Obtain the My (1), M(1), Cy(1), of formula (3.1.2);

s

From the generalized boundaries of formula (2.2.13) and
formula(2.2.14), obtain the generalized boundary TVTI(x), of the
prime number theorem for formula (3.1.3), as well as the sieving
value m (x) for the prime number theorem;

Referring to Section 1 of Chapter 5, with the help of formula
(2.2.13), formula (2.2.14), and the generalized boundary formula, as
well as the boundary coefficient formula, and using the data in Table
5.1.2, the boundary can be calculated, and the boundary coefficient
™ C, can be calculated. The calculation process of T‘me; in
formula (5.1.25) is omitted, and the generalized boundary T TI(x),
of prime number theorem and the sieving value 7(x) of prime

number theorem in formula (3.1.3) are obtained. The process is

omitted, and the proof is completed

3.14 Mertens formula
In 1874, Mertens proved the following theorem concerning

prime numbers
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Lemma 3.1.5 Mertens formula: The prime p in x satisfies

ol oewmter [M0-5] e
plj&pT_l{lJrO(lrixﬂﬁ;:M(Slnx {M(l);eﬂ (3.1.18)

Euler's constant y=0.5772156649015328606065120;

3.1.5 Prime number theorem lemma

Lemma 3.1.6

Ipm Jfear _, 2p(7)

2 Int In p (i)

(3.1.19)

_ (3.1.20)

~.

t
w
hS]

\S}
<
—
~.
N
<

—_—

=]
<

~
~

i=l p(j

prove:

jpm Jtar :Jpv)zdﬁ _&’_p(i)+fp(f>2%[dt 1 24p(i)

2 Int > Int  Int > In* Inp (i)

Obtain formula (3.1.19);

p(J)-1p-1 &p(i)-1 =1 1 p-1
testogoUll ey )

p(i+1)<p 219(]) p = 2 (J) p<pl) P p<pi) P

N—"

p-1¢ p(j)—l p-1 By Mertens' formula(3.1.17)
SIS 2 5 (3.1.17)

dt

B o7 p(j)—l; o7 < lnp(j) :ljp(i) lntP(t)
Inp(j)| “F2mlnp(i) P2 2Inp(i)

:J‘ﬂ(f) 'Int dt _ 10.5p(i)
2 2Inp(i)Ins  Inp(i)

Obtain formula (3.1.20) to prove completion



Lemma 3.1.7:

__02pl 3.1.21
2 L2 ) 2
prove
o 17 POt P U)o ool el
> ff 20 teot 3 e ULy ool
oo 2p(J) P T 200) Ly P ) P
_ p-1&-r())-1 -1 {By Mertens‘formula(3.1.17)}
p<p(i) P =1 2p(j) .pﬁp(/) p %Uﬂfﬂfﬁ,ﬁﬁ@\ﬁ(3ll7)
Y
Inp(i)4 2p(j) |Inp(j)| “S2lnp(i) 2 2mInp(i)
:jp(i) "Int ﬂZIO.Sp(i)
2 2Inp(i)Ins  Inp(i)
Deden Lemma, Prove Completion
Lemma 3.1.8:
i p(i) _ _ 1 .
p(/)-1p-t_ 03p(i) (3.122)
= ez 2P(0) P Inp(i)
prove
N o p(j)=1p-1 < p(j)—l[l_[ p-1, p—l]
J=1 p(j+1)<p 2p(]) p j=1 2p (.]) p<p() p r<p () P
_ p-1&-r())-1 -1 {by Mertens‘formula(3.1.l7)}
iy P o3 2p(0) sy P 51 ET A (3.1.17)
Y
Inp(i)4 2p(j) |Inp(j)| “S2lnp(i) 2 2mInp(i)

:J‘ﬂ(f) 'Int dt _ 10.5p(i)
2 2Inp(i)Ins  Inp(i)
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Prove Completion

3.2 Densest 2-tuple prime number — — Twin prime

numbers, sieve method

3.2.1 Twin prime numbers concept, Prime sieve

Definition 3.2.1: A subset of integers t and t+2 is called a twin subset
t(t,t+2); The set formed by t(t,t+2) is called a twin set T(t,t+2)
t(t,t+2);

When the two integers t and t+2 in the twin subset t(t,t+2) are
both prime numbers, they are called twin primes, otherwise, they are
called twin composite numbers;

Under the condition of narrow probability, the twinned
composite numbers in the twinned set T(t,t+2) are sieved by prime
numbers, which is called the double element narrow prime number
sieve, simply called the prime number sieve .

Minimum densest 2-tuple Prime Number — — Minimum Twin

Prime Number (3.5)

3.22 Twin prime numbers sieve method analytical

solution,
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Mertens generalized narrow coefficient A7 (2)

Definition 3.2.2: t < x, using prime numbers within the
square of t, for the set T (t, t+2) composed of a subset of twin
integers (t, t+2), under narrow probability conditions, the
subset of twin composite numbers is filtered out to obtain
the narrow sense number of twin prime numbers, which is
called the narrow sense value of the screened twin prime
numbers; By using this narrow value and multiplying it with
the sieve method Mertens' generalized narrow coefficient,
obtain the twin prime number sieve method generalized

value analysis solution;

In 1921, Hardy Litwood proposed the formula (3.2.23) for the
analysis solution conjecture of twin prime numbers,proved by the

following theorem

Theorem 3.2.3: Sieving method, sufficiently large natural number x,
5 < t < x, the actual value, generalized value, narrow value,

Mertens generalized narrow coefficient, Mertens coefficient,
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generalized narrow coefficient, correlation coefficient, densest
boundary, densest boundary coefficient of number of twin prime
numbers ——the twin prime theorem 7z, (x), I1,(x)_, I1,(x) , My (2),

M(2), Cy(2),, G, NI,(x),, NC,, then

S'

12CxH[l——] - [ e (3.2.1)

oy e’ In*t

MS(2) [CMQ) & o e
{lMg(l)z_{ RS [CN (2)s= Gy (1= 1} (322)

My 2

7, (x) =1L, (x), £ N T, (x), = [ 21i‘t”+Nchn lx (323)

C, H[l—

) } ~0.6601611815846869573927812 (3.2.4)
p 1

2C,=2*0.6601611815846869573927812
=1.3203223631693739147855624

Conclusion: Both data table 3.2.1 and the formula for sieving method
results formula (3.2.2) can prove that Cj(2), =' CS(1). ='| and sieving
method twin prime numbers are generalized narrow events

Proof: Within x, the prime number p (i) is selected from the set of
twin integers by filtering out the subset of twin composite numbers,
The number Without(x, p (i)) of twin integer subsets without a factor
less than p (i),

The number Contain(x, p (i)) of twin composite subsets containing
the p (i) factor;The maximum prime number p(Ti)=+x in this sieve,

then
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2< p(i) Sp(Ti) =Jx (x>1) (323

The minimum twin prime number is (3, 5), that is, the starting
point of the twin integer (x, x+2) is 5. Within (5, x), there is no p (0)
prime number sieve, then

Without x, p(0)) =S2(x) =x—5+1="x (3.2.6)

In the prime number theorem screening method, formula (3.1.7)
for obtaining * b (i) is described in the same way, ignoring its
fluctuations and the high-order small rounding boundaries
generated by these fluctuations. The first prime number p (1) is
sieved out, and the narrow probability P(1), of even numbers in

natural numbers is obtained,get

+h(i)="+b(i)=" l_p;(i)N =! pz(;)(;)l [By(3.1.7)] (32.7)

P(1), =ﬁ=% 6.2.8)

Without(x,p(l)) = Without(x,p(O)) —Contain(x,p(l))

= Without , p (0)) -| Without(x, p(0)) P(1), | [By(3.238)]

= Without(x, p(o))—[Without(x, p(O))ﬁ—ib(l)J [By(3.2.7)]
= Without(x, p(0)) 2 ](71()1;1 +! pz (;)(1_)1 = g [By(3.2.6)] (3.2.9)

In the twin subset t(t,t+2), the narrow sieving probability of two

integers t,t+2, separately and simultaneously divisible by the prime
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p(i) is denoted as P(1,p(i)) . P(t+2.p(i)), . B (i), since for every

consecutive p(i) integers, only one is divisible by p(i), then

P(1p (1)) = P(r+2.0(0) ==~ {%tq 4}

p(i) |3<p(i)<vx (3.2.10)
N = P(t, p(i))+ 2 |:3St<x 4}
o0, {P(Hlp(i))p(i) 3<p(i)<x (3.2.11)

Without (x, p (1)) = Without (X, p(i- 1)) - Contain(x, p (’))

= Without (x, p (i — 1)) Wlthout(x p(i—-1))P(i)

.| [By(32.11)]

p(l)—ib(z’)J [By(3.2.7)]

—Wlthout x p i— 1 (Wlthout X, p i— 1)) 2
(

—Wlthout(x p(i-1)) ppl(i)Z + p(i )( 3 (By above formula )

. p—2 <& 29 p(j)-1p-2 |factorial(3.2.18
S 1 -l

2
=! Without(x,p(l))4C2 (1_ lj
pSP(i)

. (3.2.13)

When prime numbers p(i) traverses a prime number that is not
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greater than the square root of x: p(i)< Jx, by the above formula |,
in natural numbers within (1,x), by one-time sieving out tiwn
composite numbers ,the one-time twin primes number narrow value
I1,(x), 1 by the sieve method in one go is obtained as follows

I, (x), 1=Without (x, p (i)~ v ) [By(3.2.13)]

=' Without (x, p(1))4C, [ | [1—%)2 =20 [] [1— —jzzl I, (x), B2.14)

1
p<x p<' p

Obtain the results of the first part of formula (3.2.1) ;

In order to improve the accuracy of the above formula, modify
the range of sieving out twin composite numbers ,change from (5, x)
——Without(x,p(1)) of formula (3.2.6) to micro interval (t,t+At)—A
Without(t,p(1)), by formula (3.2.9), obtain

AWithout(t, p(1)) = Without (¢ + Az, p(1)) - Without(z, p(1))

VtEAL A
2T 2 (5<< 3.2.15
2 2 2 (s=r<x) ( )

statistics the one-time sieve method twin prime number micro
narrow value AIl,(7), 1 inthe microinterval At , and, in 5st<x, sum
this sieve method twin prime number micro narrow value AIl, (7)1
of each micro interval, a more accurate the sieve method twin prime
number narrow value I, (x)  is obtained;

The narrow value of the number of twin prime numbers in

formula (3.2.14) is changed from II,(x) 1 to AIl,(z) 1 using the

first-order sieve method. By the formula (3.1.18) of the Mertens
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formula and the above formula, get

Ji 2
ATT, (1), 1=" AWithout (1, p (1))4C, ] (1—%
p(2)<p p

7\ 5<t<x
REUToN ELAN I 82sz2’ (6.2.16)
2 Int e’In*t |By(3.2.15)

\ - 8C, At + 8C,dt
I, (x), = 2AML (), 1= Y a7

e In*t 5 e Int
Because the smallest twin prime number is (3, 5), the lower limit
of summation or integration in the above equation is 5;

Obtain the latter part of Hz(x)N in formula (3.2.1);

Because the narrow value TII(x), of the prime number

N

theorem sieving method of formula (3.1.1) includes Hp—_l,
pi«/} p

prime number theorem Mertens' generalized narrow
coefficients, Mertens' coefficients, generalized narrow

coefficients M} (1), M(1), Cy(1), of formula (3.1.2) is obtained;

S
Similarly, because the TII,(x), of formula (3.2.1) contains
l 2
H(l——j , therefore, twin prime number sieving method Meitens
p<ilx P

generalized narrow coefficient, Meitens coefficient, generalized

2

narrow coefficient My (2), M(2), C;(2),, approaches My (1)2, M(1),
CAG,(I)z; By defined of A (2), M(2), C;(2),, then

{M,Cj(2) Hz(x)G_{ij(z)sM(z 'z, (x) I{M(z) &

M) L), ()M ()

[\S]
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ci(2),2 oy =
Obtain M} (2), M(2), Cy(2), of formula (3.2.2);
The above results: CS(2) = CS(1).='1 are supported by data
table 3.2.1.

Quoting the 11,(x), of formula (3.2.1) , quoting the

formula (3.2.2) of M;(2), M(2), C;(2),, get

SI

62}’ X 18C dt «2C. dt
I1, (x)G =' My (2)H2 (x)N = T.[s e 1;21‘ = L lngt

Obtain the twin prime number sieving method generalized values
I1,(x), etc.of formula (3.2.3);

By using the generalized boundaries of formula (2.2.13), formula
(2.2.14), and the data in Table 3.2.1, and the calculation process of
boundary coefficients TV @G similar to the prime number
theorem formula (5.1.25), twin boundary coefficients T C, can be
calculated; Obtain the generalized boundary TVTI,(x), of twin
prime numbers in formula (3.2.3), as well as the actual values 7, (x)

etc. of twin prime numbers. The calculation process is omitted, and

prove completion

3.2.3 Twin primes number lemma

Lemma 3.2.4: When: 1< p(j), then
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12222 1] [l( 11)2}1119(]),1 (32.17)
| L0

}p—=H{1— ! ]H (1_lj -4, H(l——j (3.2.18)

3<p<p(j) P 3<p<p(/) (P_1)2 3<p<p(J) p p<p( p

| 4C,e™ | By(3.1.17)

= 3.2.19
n” o)) {aa(az.n) (3:2.19)
L AE ] 3 o

ST Atz PULE (3.2.20)

T s 20() P 2lnp(])‘ Inx

{Q = H{l - T ! 1)2 ] ~0.6601611815846869573927812 (3.2.4)]
<p -

2C,=2%0.6601611815846869573927812

~1.3203223631693739147855624

Proof: According to the definition of C,, formula (3.2.4) is obtained;

I {1 - ]—exp{ (g);pln(h#ﬂ:exp[_%pﬁj

p(j+1)£p

(t 'dt = 11
= —_— = —d—
P p(j)st £ j Nt Int - P J‘P(‘/) Int ¢
1p<j)1J ()

~ np())

The formula (3.2.17) is obtained ;

H LR (P—Z)fLP;IJZZ 0 (10—1)2—1£p—1j2

s<p<p(s) P 3<p<p()) (p—l) 3<p=p(j) (p_1)2

2
1 p—lj
= 1- _—
3<1:;l;£1)! (p—l)zjl 3<1]7:[}7(j)( p

[The formula (3.2.18) is obtained]

=exp| —

Inp()
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i gll (pil)2 ]:pullp[l (pil)2 ﬂpg([ﬂ(l%jz {1_%)2
e ) Gl

' 4c, H (1——]2 ! 4526_2_3 [By(3.1.17)]

p<p(j In p(]

The formula (3.2.19) is obtained;

H H p-2 H p-2 (By above formula]

p(i+l)£p§p(]) p 3<p<p p 3<p§p(i) p %I)Eﬁj:ﬁ

i 4C,e™ L 4C,e N In® p(i)
ln2p(j) lnzp(i) lnzp(j)

)1 p—2
~ Il —

p(Hl) pP<p (]H) p

)
)-1 (By above formula]
( 51 kxR

W0 ” p(j)Ine 2390 I p(f) 2Inp(/)

2p
M)t ¢-1 Loty In®t dt Lot Inedt 'p(J
S o
t=p

14 PR (i) -1 _ 'p( j)”("):& By Jx (By above formula}
2 i=1 p([+l)§p p p(l) 21np(]) ]-n-x E‘;I)EHJ::EQ

Get formula (3.2.20), prove completion

3.2.4 Hardy-Littlewood , twin prime number analysis

solution conjecture,
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Definition 3.2.5: In x, two adjacent prime numbers (p1,p2) , then:
p.p+d are separated by d, called binary prime numbers; When: d=2,
it can be called the most dense binary prime number, or the twin
prime number p,p+2, then

5<pl+d=p+d=p2 <x (3.2.21)

Two integers separated by d: t,t+d, Form a subset of binary
integers t (t, t+d) separated by d, and form a set of binary integers T
(x, d) separated by d;

Two integers separated by 2: t,t+2, Itis called the densest binary
integer, also known as the twin integer, or the subset of twin integers
t (t, t+2), and forms the set of twin integers T (x, 2);

Among them, the number of values of the natural number t - the
subset t (t, t+2) of the twin integer set T (x, 2), and the number S2 (x),
then

S2(x)=x-5+1=x-4 (3.2.22)

Qualitative description of twin prime conjecture

Euclid (c. 330 BC - 275 BC) proposed 2300 years ago that there
are infinitely many prime numbers p and p+2..
https://www.ppkao.com/wangke/daan/cfd2e3673822482fafd96984

57983109
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& 23 ppkao.com/wangke/daan/cfd2e3673822482fafd9698457983109

PPK.o R mE mE  eEE Sm

BisE gst @5

smzza EHEREHAAERMETHELAE EIRGREESHER) | SERYEERMEER2NE
#. e, 3#05, 17H119%. FMBMZERENEE, RhEREFREEIRNN, SREFnaLsN
DEEH, ZCE—EREDIEE. R, EE—NEAGHTNSHARER, SRR EDIEELSEET
ZERNELSN, (BEARHES N ZENT7000RHERN, GXAmAR. NRXMERAN, BAEE
itk B —REARE,

PIFEIRINEAE, SeFaXnmims O

In 1849, French mathematician Alphonse Polignac proposed a
more general conjecture (known as the Polignac conjecture) : for all
positive integers k, there are infinitely many prime pairs (p, p+2k),
which can be called the binary prime conjecture.

[ https://baike.baidu.com/item/%E5%AD%AA%E7%94%9F%E7%B4%A0%E6%
95%B0%E7%8C%9C%E6%83%B3/4937896 )

&} 25 baike.baidu.com/item/ZEE REEEE/49378%

1) 10 1EE =11
BaildbER =issose X

=209 (p,p +2) FRAFEREL

18495, [R5 -E FAELREH 7 —REE: WAraEREk, FTELsEs1580T (p.p+2K) . k=1HEH

[ http://www.360doc.com/content/15/0310/02/18559339 4539338

27.shtml]


http://www.360doc.com/content/15/0310/02/18559339_453933827.shtml
http://www.360doc.com/content/15/0310/02/18559339_453933827.shtml
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BB troanepnersesss ov

.Com

x

l".' ll- L

A F=2  360doc.com/fcontent/15/0310/02/18559339 453933827.shtml

{it

ih
5
o= |
|

g |

FERBFEO

SERST 2015-03-10 | 1078 | 385

wea L= Qs [s= Al |

- ASE -

AEST 2003 £ 4 5, SAGNESHENE, BN TIENSAEEEERTSZ
OSSN, SRS, A N RRNETESEIET HRER,
FEF 2014 2F 9 BT T TR B AL AR ST,

A F=2  3b0doc.com/content/15/0310/02/18559339 453933827 .shtml

TFEEHIEEAE ] EENET,, EEEEESAM (Godfrey Hardy) #1Z=5{R72 (John
Littlewood) F 1923 SFI2HY, BEEFRABRL-ZEHEEE (Hardy-Littlewood
conjecture), FEBRTFEFHISE (strong twin prime cor1jectur(—}}”—j’_]o X—IEE RS
EEEHELSEE, MERSHERISTA:

Ma ('T) et 202./2 W

EHeh mo(x) FVVF x IZEESHHE, G HRAZESEER (twin prime
constant), H#&h:

-2
Cy = H ‘Ef}p_ 1),3 =2 (.66016118158468695739278121100145. ..
p=3

EEEERE LS TAILAREEILH TEEY:

X TESHHE EFESHEES EIEE
100,000 1224 1249
1,000,000 8,169 8,248

10,000,000 58,980 58,754
100,000,000 440,312 440,368
10,000,000,00027,412,679 27,411,417

Thank you for Lu Changhai's personal home page above,
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providing the following information

British mathematicians Hardy and Te Li Wood proposed
in 1923: Hardy-Te Li Wood's twin prime number analysis
solution conjecture, or strong twin prime number conjecture,

is defined as follows.

Conjecture 3.2.6: Integers that differ by 2 : t,t+2, are called twin
integers; The actual number of twin primes —— the twin prime

Hardy-Littlewood analysis solution conjecture is 7, (x), then

()~ [ 25 {czzn{l— ! ]} (3.2.23)

2 In’¢ | (p-1)
2C, =2%0.6601611815846869573927812
=1.3203223631693739147855624
Note: Hardy Littlewood twin prime analysis solution 7, (x), II,(x),

conjecture,support formula (3.2.10) of the number of twin prime

numbers,and the data for the twin prime numbers in Table 3.2.1

Lu Changhai Personal homepage:
https://www.changhai.org/articles/science/mathematics/twin_prime conjectu

re.php
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3.2.5 Twin Prime Number Data

Table 3.2.1: Grass twin prime number data 7, (x) , x=10"i, etc

_l Mlg (2) 1 HZ (x) x2C2dt 1

cs(2) 22l i (x)+ [ 2

M(2) 1, (x), M(2) In*t

i 7, (x) I, (x), Ci(2)

2 8 10.409 0. 7686

3 35 42.668 0.8203

4 205 211.08 0.9712

5 1224 1245.6 0.9827

6 8169 82449 0.9908
7 58980 58750 1. 0039
8 440312 440364 0. 99988
9 3424506 3425302 0.99977
10 27412679 27411387 1.000047
11 224376048 224368646 1. 000032
12 1870585220 1870558067 1.000015
13 15834664872 15834583086 1. 0000052
14 135780321665 1.3578013446e+11 1. 0000014
15 1177209242304 1.17720736071e+12 1. 0000016
16 10304195697298 1.03041826541e+13 1. 0000012
17 90948839353159 9.09487458786e+13 1. 0000010
18 808675888577435 8.08675124537e+14 1. 00000094
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The above data table shows that the distribution law of Cj (2)
values satisfies the judgment theorem of C function. Therefore,

Cy(2)='1, the actual data 7, (x) supports II,(x)_;

x2C, dt .
Among them: II,(x), =‘I - value, obtained from the

5 In’t
following website, points calculator

https://zh.numberempire.com/definiteintegralcalculator.php

2C,dt

FBU%QLlﬁz_”Aﬂ @zg}

=1.3203223631693739/(log(x)"2)

Cc 25 zh.numberempire.com/definiteintegralcalculator.php [ +d ) =

{»

e SRSy Pesm Deases BeaE Owmre CoaoyE S 5T DREEA & sTAsaEgs

ERDITERR

BRI FEERS IR

1.3203223631693739/((log(x))*(log(x)})

BEE x Ml s 1002 ( 8 )

WHEEREFRS 1.3203223631693739/((log(x)*(log(x))) EZE/ x K[8][5,10"2] = 10.4087664355
[0 1:32082236317 (1 — 10,4087664355
5 In®(z) '
itE:log - BT

LHERERES  RERLT  FhiEs

c 23 zh.numberempire.com/definiteintegralcalculator.php o W o a
priee £ Anssm De=n Dessz BesE Dmre CosFg S 855—T D #EEN & A5 5Egs

1 A
ERDITESR
ERAMFEERSIIREEEAT
1.320322363169373%/((log(x})*(log(x)})
BEE x Mo s T ST (=)
I IEERERIRS 1.3203223631693739/((log(x))*(log(x))) BZEE)9 x X[E][5,10718] = 8.08675124537e+14
1000000000000000000 ‘
B lﬁ%ﬁ%%ﬁﬂzdmzzz8086751245376%—14
n \x

iE&log - BT
LHEEENEE  SERAR  FhiEs



80

3.2.6 Twin prime numbers, data source

Thank you, Math China Forum, Xiaocao netizen! On June 10,
2021, at the following website, provide the author with the actual
values of twin prime numbers 7, (x) within 10 ~ 18:
http://www.mathchina.com/bbs/forum.php?mod=viewthread&tid=

20464168 page=1#pid2413883


http://www.mathchina.com/bbs/forum.php?mod=viewthread&tid=2046416&page=1#pid2413883
http://www.mathchina.com/bbs/forum.php?mod=viewthread&tid=2046416&page=1#pid2413883
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@ |1ttp,.-‘,.-'wwmathch1na com,.-‘bbs,-‘forum php?mod=viewthread&tid= 201164165-'.;3;399 T#p|d2¢‘r3883
FORNE O PR BB .. iy BEPE - Pow. O PEESETO

BEEM 2| =l @ﬁﬁ%ﬁﬁ amrf S EFM 255

e s 8 B =E 1 HGOoE B

= [1&=T2021-6-1019:00 HEHESE
BET(n)FEZE=4FHEnARRTE
| ﬁﬁ
T(n)
1071 2
1072 8
153 435 828 1043 35
= DL R 1074 205
=gan 1075 1224
Member 1046 8169
@ 1077 58980
—
T 1078 440312

1079 3424506

S8URTA BIERS | 1ga10 27412679
1011 224376048
10712 1870585220
10713 15834664872
10714 135780321665
10715 1177209242304
10716 10304195696798
1017 90948889353159
10718 808675888577435

3.2.7 The expression of the densest K-tuple prime

number
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Definition 3.2.7: It can be proven that, Within p < x, the
number of T 3 (x, p, p+2, p+6) and t 3 (x, p, p+4, p+6),
which are the two densest 3-tuple prime numbers (p, p+2,
p+6) and (p, p+4, p+6), tend to be equal. They can be
abbreviated as; 73(x,2,6)='73(x,4,6)=" z3(x.6);

Corresponding to two subsets sub3 (t, 6) of the densest
3-tuple integers, and two subsets sub3 (p, 6) of the densest
3-tuple prime numbers ;

Similarly, the densest K-tuple prime number
(p.p+d,.p+dy,-~-.p+d,) , subK(p.d,,), corresponds to the
subset subK(t,d, ) of densest K-tuple integers;

KL, RBEKERY (p.p+d prdy,prde,), subK(pde,), M
R K BT E ik (14, ) ;

Within p < x, the number 7K(xd,,), 7.(xd,,) of

densest K- prime numbers, then:

t,t+2,t+6

b3(t,6)= 3.2.24
sub(1.6) {t,t+4,t+6 ( )
p,p+2,p+6

b3( p,6)= 3.2.25
Su (p,) {p,p+4,p+6 ( )
subK (t,d, . )=(t,t+d, ,t+d, - Jg+d.

()=l e ) (3.226)
SubK(p,dK_l):(p,p+dl’p+d2, ...... 9p+d[(_1)
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ﬂK(x,dK_l)=7ZK(x,dK_1)=Z(p,p+dl,p+d2, ------ ,p+dK_1) (3.2.27)

p<x

3.2.8 The principle of filtering out K-tuple prime numbers

The principle of filtering out K-tuple prime numbers is also

applicable to the densest K-tuple prime numbers

Theorem 3.2.8: If p (i) < K, the spacing between K-tuple integers can
take K values, forming K-tuple integers. Among these K integers,
there may be 2 or more integers that contain the prime p (i) factor.

Therefore, when K-tuple integers is sieved out by the prime
number p(i), the narrow probability of the composite number, must
be analyzed and calculated one by one, to get it;

In the K-tuple integer Sub(p,dK_l), Adjacent integer spacing d,,
if p(i)=K+1, and p(i)>05d, ,, then, sub(t.d,_,) is divisible by p(i) at
most once; In subK (t,d,_, ), the narrow probability P(p(i).d,_, )N . P(i),
that every integer, and all integers, are divisible by prime number p(i),

get

\%

P(p(i).d,), = [po(;)j;Kl_ 4) (3.2.28)

—



P(i), —EP(P (i).d, )PKZE Pti) = pl(i.) [p]zl(i;()i;:l} 6.2.29)

J=0 Jj=0

prove:The narrow probability P(p(i),dK_l) of each K independent
integers being filtered out by p (i) is equal,and, equal to 1/ p (i),
formula (3.2.28) is obtained;

Similarly, the narrow probability P(i)  of K-tuple prime numbers

N
being filtered out by p (i) is equal to K times the narrow probability
P(p(i),dK_l) of each integer containing a p (i) factor——, equal to K/

p (i), formula (3.2.29) is obtained,proving completion

Note: The following content will be released in the future
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