THE CIRCLE EMBEDDING METHOD AND APPLICATIONS

T. AGAMA AND B. GENSEL

ABSTRACT. In this paper we introduce and develop the circle embedding method.
We provide applications in the context of problems relating to deciding on the
feasibility of partitioning numbers into certain class of integers.
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1. Introduction and Preliminary Results

In this section we recall some well-known results that will partly be needed in
this paper. We find some results concerning the distribution of some sequences in
arithmetic progression useful in the current paper. First we state the celebrated
Szemeredi theorem concerning arithmetic progression. The theorem has both in-
finite and finite version, but we have considered appropriate to state the finite
version.

Theorem 1.1 (Szemeredi). V € > 0 and Vk € N there exists an n € N such that if
A C N, ! satisfies |A| > en, then A contains an arithmetic progression of length k.

The well-known Green-Tao theorem [4] provides an extension in this direction
as
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Theorem 1.2 (Green-Tao). Let w(n) denotes the number of primes no more than
n. If A C P the set of all prime numbers such that

ANN,
limsupw >0

n—> 00 71'(7’1)

then A contains infinitely many arithmetic progressions of length k for any k > 0.

In this paper, motivated in part by the binary Goldbach conjecture, we develop
a method which we feel might be a valuable resource and a recipe for studying
problems concerning partition of numbers in specified subsets of N. The method
is very elementary in nature and has parallels with configurations of points on the
geometric circle.
Let us suppose that for any n € N we can write n = u + v where u,v € M C N
then the circle embedding method associate each of this summands to points on
the circle generated in a certain manner by n > 2 and a line joining any such
associated points on the circle. This geometric correspondence turns out to useful
in our development, as the results obtained in this setting are then transformed
back to results concerning the partition of integers. By exploiting this landscape
we obtain the following class of results

Theorem 6.2. There are infinitely many n € M, 4 % with fived a,d € N such that
the representation

n =z 4+ 2o
where pu(z1) = u(z2) #0, 21,20 € N and p is the Mobius function defined as

1 if m=1
p(m) =90 if pFlm, ke N\ {1}
(=17 if m=pipz---pr

is valid.
The proof follows in section 6.

Conjecture 6.1. (Erdés-Turdn) Let B C N and consider
rg(n) == #{(a,b) € B} a+b=n}.
If rg(n) > 0 for all sufficiently large values of n, then

limsup rg(n) = oco.
n—>o0

The proof of a weaker version follows in section 6.

Zsee (2.5)
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2. The Circle of Partition

In this section we introduce the notion of the circle of partition. We study this
notion in-depth and explore some potential applications in the following sequel.

Definition 2.1. Let n € N and M C N. We denote with
Cn,M) = {[z] | 2,y € M,n = 2+ g}

The Circle of Partition generated by n with respect to the subset M. We will
abbreviate this in the further text as CoP. We call members of C(n,M) as points
and denote them by [z]. For the special case M = N we denote the CoP shortly as
C(n).

Definition 2.2. We denote the line L, ] joining the point [z] and [y] as an axis
of the CoP C(n,M) if and only if  + y = n. We say the axis point [y] is an axis
partner of the axis point [z] and vice versa. We do not distinguish between Ly [,
and Ly (5], since it is essentially the the same axis. The point [z] € C(n, M) such
that 2z = n is the center of the CoP. If it exists then it is their only point which
is not an axis point. The line joining any two arbitrary point which are not axes
partners on the CoP will be referred to as a chord of the CoP. The length of the
chord joining the points [z], [y] € C(n,M), denoted as D([x], [y]) is given by

D([z], [y]) = l= —yl.

It is important to point out that the median of the weights of each co-axis point
coincides with the center of the underlying CoP if it exists. That is to say, given
all the axes of the CoP C(n,M) as

Liua), 1] Dopus) foa)s - - Tafug] o)

then the following relations hold
uy + v u2+vg_"'_uk+vk_n

2 2 2 2
which is equivalent to the conditions for any of the pair of axes Ly, [v,], Ly,
for1<i,j<k

a[vj]

D([ua, [us]) = D([vi], [vs])
and

D([vj]; [wil) = D([uy], [vi])-

Definition 2.3. Let M C N and C(n,M) and C(m,M) be two distinct CoPs for
which holds

C(n, M) C C(m, M) (2.1)
C(n, M) > C(m, M). (2.2)

Then we say the CoPs admit embedding. We say the CoPs admit aligned embedding
if and only if with (2.1) holds n < m and with (2.2) n > m and C(n,M) = C(m, M)
holds if and only if n = m.
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Notations. Let be
N,={meN| m<n}.
the sequence of the first n natural numbers. Further we will denote
=]l := =

as the weight of the point [z] and correspondingly the weight set of points in the
CoP C(n,M) as ||C(n,M)||.

The above language in many ways could be seen as a criterion determining the
plausibility of carrying out a partition in a specified set. Indeed this feasibility is
trivial if we take the set M to be the set of natural numbers N. The situation
becomes harder if we take the set M to be a special subset of natural numbers N,
as the corresponding CoP C(n,M) may not always be non-empty for all n € N.
One archetype of problems of this flavour is the binary Goldbach conjecture, when
we take the base set M to be the set of all prime numbers P. One could imagine
the same sort of difficulty if we extend our base set to other special subsets of the
natural numbers. As such we start by developing the theory assuming the base
set of natural numbers N and latter extend it to other base sets N equipped with
certain important and subtle properties.

Remark 2.1. It is important to notice that a typical CoP need not have a center.
In the case of an absence of a center then we say the circle has a deleted center.
However all CoPs with even generators have a center. It is easy to see that the
CoP C(n) contains all points whose weights are positive integers from 1 to n — 1
inclusive:

Cn)={[z]| x e N,z <n}.

Therefore the CoP C(n) has | 25| different axes.

Proposition 2.1. Each axis is uniquely determined by points [x] € C(n,M).

Proof. Let Ly [, be an axis of the CoP C(n,M). Suppose as well that L, [, is
also an axis with z # y. Then it follows by Definition 2.2 that we must have
n =x+y = x+ z and therefore y = 2. This cannot be and the claim follows
immediately. O

Corollary 2.1. FEach point of a CoP C(n,M) has exactly one azis partner.

Proof. Let [z] € C(n,M) be a point without an axis partner. Then holds for every
point [y] # [z]
1]l + [Tyl # n.

This contradiction to the Definition 2.1. Due to Proposition 2.1 the case of more
than one axis partners is impossible. This completes the proof. ([

Corollary 2.2. The weights of the points of
C(n,M) = {[z1], [x2]. ..., [zx]}

are strictly totally ordered.
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Proof. W.l.o.g. we assume that
x1 = min (z | [z] € C(n,M)) and (2.3)
xp =max (x| [z] € C(n,M)).
At first we assume that 1 + x5 < n. Then there is a weight x; with
T < x; < o and n = 11 + ;.
Because z; < xj, we get
n=x1+x; <x1+ Tg.

This contradicts the assumtion. Now we assume that 1 + x; > n. Then there is a
weight x; with

1 < x; <z and n = x; + Tk
Because z; > x1 we get
n==ux;+I > T + Tf.

This also contradicts the assumtion. Therefore remains x; + xp = n. Because of
(2.3) and (2.4) holds
1 < T2 < Tp—1 < Tg.

Now we remove z1 and x; out of the consideration and repeat the procedure above
with x9 and zj_1 and obtain xs + 1 = n and

1 < T2 <3 < Tl < Tpo1 <Tkg.
By repeating this procedure for x; and zpy1—; for 3 <7 < LgJ we get finally
1 <X <3<y <...<Tp-3<Tp—2<Tp—1<Tg.
O

Proposition 2.2. Let C(n,M) and C(m,M) be two distinct CoPs admitting aligned
embedding. Then holds

C(n,M)UC(m,M) C C(n + m,M).
Proof. W.l.o.g. we assume C(n, M) C C(m,M). Then holds
C(n,M)UC(m,M) = C(m,M)
and because of admitting aligned embedding
C C(n+ m,M) due to m < n+m.
(I

Theorem 2.1. Let n € N and C(n) be a CoP generated by n. Then C(n) admits
aligned embedding.

Proof. W.l.o.g. we have to prove for two distinct CoPs
C(n) C C(m) if and only if n < m | n,m € N.
First let n < m. Then follows that

C(n)={[z] |z € N,z < n}
CAlz] |z e N,z <m}
=C(m).



6 T. AGAMA AND B. GENSEL

Conversely we suppose C(n) C C(m). Then it follows that
{lz] |z eN,z <n} C {[z] | z € N,z <m}
and it holds n < m. O

Now we will see that Theorem 2.1 is always valid for some special subsets M
instead of N, the subsets containing arithmetic progressions. Let be M, 4 C N with

M, q:={x eN|z=a(modd),d € N} (2.5)
and
C(n,Mgq) ={[z] |z +y=nAz,yeMyq},n € Ms,q
={lz] |z e MyqgAz<n-—a}

For z < y € M4 holds y — 2 = 0(modd). On the other hand holds z +y =
2a (mod d), so that C(n, M, q) = 0 for n & Maq 4.

Theorem 2.2. Let n € My, 4 and C(n,M, 4) be a CoP generated by n. Then the
CoP admits aligned embedding.

Proof. W.l.o.g. we have to prove
C(n,Mg,q) C C(m, M, q) if and only if n < m.
At first let be n < m. Then holds
IC(n, Mg ,q)|| ={k € Mga |k <n—a}
and because of n < m
C{keMyql|lk<m-—a}
= [[C(m, Ma,a)l-
On the other hand let be C(n,M, q4) C C(m,M, 4). Then holds
[C(n, Ma,q)|| = {k € Ma,a |k <n—a}
C [[C(m, Ma,a)|
={keMyqy|k<m-—a}
and therefore must be

n<m.

]

Corollary 2.3. Let C(n,M) and C(m,M) be two distinct CoPs admit align embed-
ding. Then holds

C(n,M) D C(m,M) if and only if n > m.

Corollary 2.4. Because of Proposition 2.2 and Theorem 2.2 holds for two distinct
CoPs C(n,M, q4) and C(m,M, 4) >

C(n,Mgy,q) UC(m,M, 4) C C(n+m — 2a, M, q).

3n + m — 2a on the right side in order to get n +m — 2a € My, g by n,m € My, 4.
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Remark 2.2. CoPs C(n,P) with the set of all prime numbers as base set are impor-
tant examples for CoPs not admitting embedding. The following example demon-
strates this scenario.

C(20,P) = {[3],[7], [13], [17]} but
C€(22,P) = {[3], [5, [11], [17], [19]}-

Proposition 2.3. Two distinct CoPs C(n,M) and C(m,M) admit aligned embed-
ding if they admit embedding and the first point of both CoPs equals to [x,].

Proof. W.lo.g. we can assume that C(n,M) C C(m,M). We have to prove that
n<m.

By the assumption, we have |C(n,M)| < |C(m,M)|. Invoking the condition that
both CoPs have a common first point [x,], then between the last points of the CoPs
holds

l[n — zo]|| < ||[m — ,]|| and hence

n<m.

Proposition 2.4. Let
Rea(n) = #{(z,y) e M 4| z +y=n,z <y}
then R, q(n) is a non-decreasing function for all n € My, 4.
Proof. Obviously R, q(n) counts the axes of the CoP C(n,M, ) and it holds

Mol

Raa(n) = { 5

By virtue of Theorem 2.2. the CoP C(n, M, 4) admits aligned embedding. Therefore
hold
C(n,Mg,q) C C(m, M, 4) for n <m € My, q

and hence
Rq.q(n) < Rq,a(m).

3. The Mass and Moments of Circles of Partition

In this section we introduce and study the notion of the mass of the circle of par-
tition. We then leverage this concept to study the notion of the moment of CoPs.
This notion provides the wriggle room to carry out some quantitative methods in
our analysis.

Notation. Let us denote the assignment of an axis L, to a CoP C(n, M) as
Lia) € C(n, M)

which means
[z],[y] € C(n,M) and = + y = n.
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Definition 3.1. Let M C N and C(n, M) be a CoP. By the mass of the CoP C(n, M)
we mean the quantity

M [C(?’L,M)] — \‘# {L[m],[y] : C(n>M)} % nJ )

"]
The definition above formalizes the notion for counting points on a typical CoP.
Indeed if we set Ml = N then the mass M [C(n,M)] = M [C(n)] = n. Again if we

take M = P, the set of all prime numbers then by the prime number theorem, we
have the upper bound for the mass of the CoP C(n, P)

# {Liy € C(0,P)} nJ
%5

w(n)
= L”zw ”J

n
<7w(n) <

M[C(n,P)] = {

logn’
For some CoPs knowing the mass is an easy counting argument. For instance the
mass of the CoP C(n, M, q) is given by as

M[C(n, M, q)] =1+ > 1

k<n—a

k—a=0 (mod d)

n—2a=0 (mod d)

n—2a

d

To the contrary knowing the mass for certain CoPs could also be a terribly non-
trivial task. One archetype of this scenario is the mass of the CoP C(n,P) which
in many ways could be zero for some n € 2N. The binary Goldbach conjecture can
be reformulated in this language as follows

Conjecture 3.1 (Goldbach). Let PP be the set of all prime numbers and C(n,P) be
a CoP for n € N. Then

MI[C(n,P)] >0
for every n € 2N.

Definition 3.2. Let M C N and C(n,M) be a CoP with mass M[C(n,M)]. We
denote the moment V[C(n,M)] of the CoP C(n,M) as the quantity

VIC(n, M)] = / MC(n, M)]dn
where

/ M[C(n,M)]dn := > M{[C(n,M)]dn.

C(n,M) Lia),ip) € C(n,M) g
[[a]ll<][[b]]]
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Proposition 3.1. Let M C N and C(n,M) be a CoP with deleted center. Then
V[C(n,M)] > 0 if and only if there exist some constant K := K(n) > 0 such that

2K 2K

o <|C(n,M)| < 5
J M[C(n,M)]dn J M[C(n,M)]dn

where Liy,),(vs]> Liui,jvr] € C(n, M) with vy = max{[|C(n,M)||} and u; = min{[|C(n, M)||}

with

@mﬂmem)mamMD:w

Proof. The result follows by virtue of the inequality

K K

< # {Ljwi oy € C(n, M)} <

vflM[C(n,M)]dn - vfM[C(n, M)]dn

uy U2

where Ly, ) (vs]> Lijui),jur] € C (1, M) with vy = max{[|C(n, M)||} and u; = min{||C(n, M)]|}
with

@mﬂwmwn)namwnzm
and K := K(n) > 0. 0

4. Rotation and Dilation of Circles of Partition

In this section we introduce the notion of the Rotation and Dilation of CoPs
produced by a given generator. We launch the following formal terminology.

Definition 4.1. Let M C N with n € N and C(n, M) be the CoP generated by n.
The map

wy : C(n,M) — C"(n, M)
will be the 7" level rotation of the CoP C(n,M) with

C"(n,M) :={[k] € C(n,M) | [z] € C(n,M), z+7r =k (modn), r €Z,
if +7=0(modn) then k := (n+r)Modn}.

If the sign is positive then we say the rt" level rotation is clockwise. Otherwise, it
is an anti-clockwise 7" level rotation for r # 0. However, if we take 7 = 0, then
the rotation is trivial and the axes joining points on the CoP remains stable. It is
important to say that the result of a rotation must not be necessarily a CoP. Due

to the condition [k] € C(n,M) it is even possible that the target set is empty. In
this case we say that the 7" level rotation fails to exist.

Theorem 4.1. The CoP C(n) remains invariant under the r*" level rotation w,.
That is

w, : C(n) — C(n).
Proof. The set of weights of the images of C(n) is 4
IC"m)||={r+1,r+2,....74+n—1},.

4We denote by {a,b,...,z}n the set {a Modn,bModn,...,zModn}.
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The missing value is (r +n — k), if r + n — k = 0 (mod n). Therefore holds
k= (n+r)Modn.
And this is the substituted value by virtue of the definition. O

If the inequality —n < r < n is valid then we get

P ifr>0
C\n—|r| ifr<o.

Example 4.1. n =8,r=+2

Ice)Il =1{1,2,3,4,5,6,7}.

The critical point is [6] because 6 + 2 = 0 (mod 8). The set of the weights of the
images of all points except of [6] is {3,4,5,6,7,—,1}. Absent is 2.

As image of [6] we set [(8 + 2) Mod 8] = [2] and we get as target set

|lews (C(8)) || = {3,4,5,6,7,2,1} — {1,2,3,4,5,6,7} = ||C(8)]].

n=_8r=-2

The critical point is [2] because 2 —2 = 0 (mod 8). The set of the weights of the
images of all points except of [2] is {7, —,1,2,3,4,5}. Absent is 6.

As image of [2] we set [(8 — 2) Mod 8] = [6] and we get as target set

s (C(8)) || =1{7,6,1,2,3,4,5} — {1,2,3,4,5,6,7} = ||C(8)]].

Proposition 4.1. Let C(n,M, 4) be a CoP defined as in (2.5). Then there exists
not an r*" level rotation for r = ¢ (modd) with 0 < ¢ < d and ¢ # 2a (mod d).

Proof. W.l.o.g. we let ¢ < n.
We observe [n — a — kd] is a point of C(n, M, q) for k = 0(1)2=2% 5 . By applying
the rotation w, its weight will be transformed to
(n—a—kd+ c)Modn = (¢ — a — kd) Modn and because of ¢ <n
=c—a—kd
= (¢ —a) (modd) and because of ¢ Z 2a (mod d)
# a (modd) .

Hence all rotated points of C(n,M, q) are not points of C(n,M, 4) and therefore
the target set of the rotation is an empty set. (I

Proposition 4.2. Let C(n,M, 4) be a CoP defined as in (2.5). Then C(n,M, q) re-
mains invariant under the vt level rotation w, provided d = 2a and r = 0 (mod d).

Proof. First we recall that n = 2a (modd). Under the assumption d = 2a it cer-
tainly follows that n = 0 (modd). Now, let (x 4+ r) Modn = ¢ be the weight of a
rotated point [z]. Then it is easy to see that the following congruence condition is
valid

x4 1 = c¢(modn) and because n = 0 (mod d)
= c¢(modd).

5Because of n € Maq,q is it a positive integer.
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On the other hand the congruence conditions = a (modd) and r = 0 (modd)
imply

x+r=a(modd).
Hence we have a = ¢ and = +r = a (mod d). Therefore all image points C(n, M, q4)
are members of M, 4 and less than n. In principle all image points of the r** level
rotation of the CoP C(n, M, 4) are again points of the CoP C(n, M, 4). This proves

the claim that CoPs of the form C(n,M, ¢) remains invariant under some rth level
rotation with special conditions. (I

Example 4.2. n=24,a=2,d=4,r=4

[IC(24, M2 4)|| = {2,6,10,14,18,22}. Then is

lwws (C(24, M2 4)) || = {6, 10,14, 18,22,2} — {2,6,10, 14,18, 22}.

Corollary 4.1. For conditions espoused in Proposition 4.1 and of Proposition 4.2

the rt" level rotation of a CoP C(n,M, q) results in a set which is a real subset of
C(n,Ma’d).

Definition 4.2. Let M C N with n € N and C(n,M) be the CoP generated by n.
The map
9y : C(n,M) — C,(n,M)
will be the r" scale dilation of the CoP C(n, M) with
Cr(n,M):={[z]eCn+r,M)| reZ, n+r>1}.

If the sign is positive then we say the 7" scale dilation is an expansion. Otherwise,
it is an r*" scale compression for r # 0. However if we take r = 0, then the dilation
is a trivial dilation and the CoP remains invariant under the dilation.

Remark 4.1. It is important to note that if the base set is taken to be the set of
natural numbers N, then the image set of dilation collapses to the following

6-(C(n)) :=Cr(n)
={[z] |z € Nyyr_1, r€Z, n+r>1}
=C(n+r). (4.1)
Additionally, it is important to point out that in case r < 0 some points of C(n)

have the same image where as in the case 7 > 0 some points of C(n) have more
than one image.

As it happens, dilation at any scale between CoPs have the natural tendency of
translating the generator of the source CoP by the size of the scale of the dilation.
However it is somewhat difficult to define dilation on individual points in a given
CoP. Any perceived dilation map could manifestly work on a typical CoP but it
may proved handicapped for some other CoPs. In the sense that some points may
poke outside the target CoP under this fixed dilation. In light of this anomaly, we
ask the following questions

Question 4.1. Let M C N. Does there exists a well-defined dilation
0r : C(n,M) — C(m,M)
on each [z] € C(n,M) for all CoPs?
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Put it differently, Question 4.1 asks if there exists a fixed map that assigns each
points in a typical CoP to its target CoP in a sufficiently uniform way. That
is to say, the map we seek should avoid the subtleties as espoused in our earlier
discussion.

Theorem 4.2. Let n,m € N, M C N and C(n,M) be a CoP admitting aligned
embedding. Then there exists some dilation 0, such that

0r : C(n, M) — C(m, M).

Proof. 1t is evident that for m = n the trivial dilation g meets the claim. For the
case m # n we break the proof into several cases. The case r is positive and the
case it is negative. Let &, be any dilation for » > 0 and suppose for any two CoP
C(n,M) and C(m,M) with C(m,M) C C(n,M) there exists no dilation associating
them. By virtue of the property that the CoPs admitting embedding exactly one
of the following embedding holds

6 (C(m,M)) C C(n,M) or C(n,M) C 6,(C(m,M)).

We analyze each of these sub-cases. First let us assume that d, (C(m,M)) C
C(n,M). It follows that there exists some CoP C(s, M) with 4,(C(m,M)) C C(s,M)
such that C(s,M) C C(n,M). Since there exists no dilation between CoPs the
following proper embedding must necessarily hold

6-(C(m,M)) C C(s,M) C C(n,M).

Again there exists some CoP C(t, M) with §,(C(m,M)) C C(¢, M) such that C(t, M) C
C(s,M). Then under the underlying assumption that there exists no dilation be-
tween CoPs, we obtain the following proper embedding

8,(C(m,M)) C C(t,M) C C(s,M) C C(n, M).

By repeating the argument in this manner, we obtain the following infinite descend-
ing chains of covers of the smallest CoP

C(m+r,M):=6,(C(m,M)) C--- C C(t,M) C C(s,M) C C(n,M).

Because the CoPs admit aligned embedding we obtain the infinite descending se-
quence of positive integers towards the generator m + r of the last CoP

n>s>t>--->--->m+4r.

This is absurd, thereby ending the proof of the first sub-case. We now turn to
the case C(n,M) C §,(C(m,M)). Then in a similar fashion there must exist some
CoP C(t,M) with C(t,M) C 6,(C(m,M)) such that C(n,M) C C(¢,M). Then under
the assumption that there exists no dilation between CoP, we have the following
embedding

C(n, M) C C(t,M) C §,(C(m, M)).

Again there exists some CoP C(s, M) with C(s, M) C 4, (C(m,M)) such that C(t, M) C
C(s,M). Under the assumption that there exists no dilation between CoP, we have
the following embedding

C(n, M) C C(t,M) C C(s, M) C 6,(C(m, M)).
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By repeating this argument indefinitely we obtain the following infinite sequence of
embedding

C(n,M) C C(¢t,M) C C(s,M)--- C §,.(C(m,M)) := C(m + r,M).

By virtue of the CoPs admitting aligned embedding, we obtain an infinite ascending
sequence of positive integers towards the generator of the last CoP in the chain

n<t<s<---<m-+r.

This is absurdity, since we cannot have positive integers approaching a fixed positive
integer for infinite amount of time. This completes the proof for the case r > 0.
We now turn to the case r < 0 for any two CoP C(m,M),C(n,M) with C(n,M) C
C(m,M). Under the main assumption exactly one of the following embedding must
hold

6 (C(m,M)) C C(n,M) or C(n,M) C 6,(C(m,M)).

A similar analysis could be carried out for each of the above cases. (]

Corollary 4.2. Because of Theorem 2.1 the CoP C(n) admits aligned embedding
and there is the dilation 01 : C(n) — C(n + 1) with

T for 1<x<n-1
u(fal) 1= { ! ! (12)
[n] additional for x =1
that can produce an infinite ascending chain of CoPs
Cn)cCn+1l)cC(n+2)C---.

It is easy to see that the assignment of [n] as also an image of [1] is not the only
possibility. Also possible would be [n] as the image of [2]...[n — 1]. In all cases
we would have a correct point-to-point mapping. Hence a subset of the cross set
C(n) x C(n + 1) for which holds:

e for each point of C(n) there is at least one image point of C(n + 1) and
e for each image point of C(n 4 1) there is only one preimage point of C(n)

is not a well-defined pointwise definition of the map C(n) — C(n + 1) because
there are several such subsets.

Corollary 4.3. In light of Theorem 2.2 the CoP C(n,M,.q4) admits aligned embed-
ding and there is the dilation dq : C(n,M, q) — C(n + d,M, q) with
[«] fora<zr<n-—a
da([z]) = iy -
[n—a+d] additional for x = a
that can generate an infinite ascending chain of CoPs

C(n,Maa) C C(n+d,Myq) C C(n+2d,Myq) C -+ .

5. Stable and Unstable Points on the Circle of Partition

In this section we launch the notion of stability of a sequence under a given
dilation.
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Definition 5.1. Let ©(n) be a subsequence of N,, and suppose the CoP C(n,M) #
0. Let Ly, be an axis of the CoP C(n,M) with z,y € ©(n). Then we say the
point [z] € C(n,M) is stable relative to the subsequence ©(n) under the r** level
rotation w, : C(n,M) — C(n,M) if ||w,([z])|| € ©(n) and 3z € O(n) such that
Lie, ([2])],[z] i also an axis of the CoP C(n,M). We say the subsequence ©(n) is
stable under the 7" level rotation w, if all points in [z] € C(n,M) with x € ©(n)
are stable.

Definition 5.2. Let ©(n) be a subsequence of N,, and suppose the CoP C(n, M) #
0. Let Ly, be an axis of the CoP C(n,M) with z,y € ©(n). Then we say the
point [z] € C(n, M) is stable relative to the subsequence ©(n) under the 7" scale
dilation 4, : C(n,M) — C(s,M) if ||§,([z])|] € O(n) and Tz € O(n) such that
Lis, (l2]),[z] is also an axis of the CoP C(s,M). We say the subsequence ©(n) is
stable under the rt" scale dilation §, if all points in [z] € C(n,M) with 2 € O(n)
are stable.

Next we establish an important result in the special case where the base set is
the set N of natural numbers.

Proposition 5.1. Let O(n) = N,,_1 and let §, : C(n) — C(m) be a dilation. Then
the subsequence ©(n) is stable if and only if n > m.

Proof. In the case m = n then the dilation is trivial and the claim is trivially true.
Suppose the sequence ©(n) is stable under the dilation

0, : C(n) — C(m)

and assume to the contrary that n < m. Then the dilation is an expansion. It
follows that for all [z] € C(n) with z € ©(n) there exists z € ©(n) such that
z + ||6-([z])|| = m. Under the assumption n < m and by virtue of Theorem 2.1
we have the embedding C(n) C C(m) and for all z € ©(n) holds [z] € C(n) and
142 < n < m. There exist some [y] € C(n) such that d,([y]) = [1] but there exists
no z € O(n) such that 1 + z = m. It follows that the point [y] is not a stable
point under d,. This contradicts the claim that ©(n) is stable and so n < m is
impossible. Conversely let us suppose that m < n and consider the dilation

0y : C(n) — C(m).

We note that for any point [x] € C(n) there exist some k < m < n such that
[|16-([z])]| + k = m. Because k € N,,_; = O(n) it follows that the subsequence ©(n)
is stable under any dilation §,.. O

Next we show that any consecutive subsequence of N,, containing none of its
degenerate terms must be stable under the simple dilation. We formalize this
assertion in the following results.

Proposition 5.2. Let O(n) :={z,z+1,...,n —xz,n — x + 1} be a subsequence of
N, for any 1 <z < 5 and é, : C(n) — C(n + 1) be an expansion. Then O(n) is
stable under the expansion 9,.
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Proof. For any point [z] € C(n) we see that L) ,—4 is an axis of the CoP. By
enforcing 1 < x < %, then we observe that the dilation ¢, : C(n) — C(n + 1) with

for 1<xr<n-1
Bil]) =10 O ST 65.1)
[n] additional for z =1
is achievable. It follows that for each 1 <z < 5 the line L) (,—y41] is also an axis
of the CoP C(n + 1). This proves that O(n) is stable under the dilation J,. O
6. The Density of Points on the Circle of Partition

In this section we introduce the notion of density of points on CoP C(n,M) for
M C N. We launch the following language in that regard.

Definition 6.1. Let be H C N. Then the quantity

D(H) = fim 0Nl

n—00 n

denotes the density of H.

Definition 6.2. Let C(n,M) be CoP with M C N and n € N. Suppose H C M
then by the density of points [z] € C(n, M) such that z € H, denoted D(He (oo m))
we mean the quantity

. #HLp) ) € C(n,M)| {z,y} NH # 0}
D (He(wnn) = 1 =
(He (oo 1)) et # { Ly € C(n, M)}

Proposition 6.1. Let H C M with M C N and suppose D(He (o)) ewists. Then
the following properties hold:
(1) D(Me(oomy) =1 and D(He(oomn) < 1.
(i)
L i P € €, MAHD}
noo # {Lp ) € C(n, M)}

= D(HC(OO,M))

(iii) If the [H| < oo then D(He(oo,m) = 0.

Proof. 1t is easy to see that Property (i) and Property (ii) are both easy con-
sequences of the definition of density of points on the CoP C(n,M). We establish
Property (ii), which is the less obvious case. We observe by the uniqueness of the
axes of CoPs that we can write

1= 1 #{H“[ﬂf]a[y] é C(nvM)}

= lim _
n—00 # {Lpz ) € C(n, M)}

#{Ljz)p) € C(n,M)| x € H ,y € M\ H}

e # {Lpa ) € C(n, M)}

#{Lppp ) € CLE)} L # L € C(n, M\ H)}
o0 # {Lpa ) € C(n, M)} oo {Ly ) € C(n, M)}

Ligp.iy € C(n, M\ H
n—oo #{Lpy € C(n, M)}

and (i7) follows immediately. O
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Lemma 6.1. Let C(n,P) be a CoP, where P is the set of all prime numbers. If
A C P then the inequality holds

|[ANN,, | J

. 2
D(AC(OO’P)) = nhl?m \‘ﬂ'(n)*lJ
2

where (n) counts the number of primes no more than n.

Proof. The inequality is easily obtained from the upper bound of the cardinality of
the axes of the CoP C(n,P)

#{Lia ) € Cn,P)} < V(n;_lJ

and the lower bound of the cardinality of the axes of the CoP

|AmNnJ

# L € C(n, P)| {z,y} NA # 0} > { 5

by virtue of the configuration of CoPs. (]

Proposition 6.2. Let C(n) with n € N be a CoP and H C N. Then the following
inequality holds

| el BN,
n—>» oo L721J (o0) n—soo { 21J

Proof. The upper is obtained from a configuration where no two points [z], [y] €
C(n) such that x,y € H lie on the same axis of the CoP. The lower bound however
follows from a configuration where any two points [z], [y] € C(n) with z,y € H are
joined by an axis of the CoP. O

It is important to notice that the same result also hold if we replace the set of
natural numbers N with any special subset M. Next we transfer the notion of the
density of a sequence to the density of corresponding points on the CoP C(n). This
notion will play a crucial role in our latter developments.

Proposition 6.3. Let € € (0,1] and H be a sequence with H C N and C(n) be a
CoP. Then D (H) > € if and only if D (He(oo)) > €.

Proof. The result follows by exploiting the inequality in Proposition 6.2 [

Proposition 6.4. Let H be a sequence with H C N. For e € (0,1] and any k € N
if

[HNN,| > ne

and the common difference of arithmetic progressions in (N\H) NN,, are different

from those in HNN,,, then there ezists some rotation w, such that the CoP C(n)
contains at least (k — 1) stable points [x] for x €e HNN,,.
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Proof. Suppose H C N with the underlying conditions, then by Theorem 1.1 the
sequence H contains fairly long arithmetic progressions of length k. We enumerate
them as follows

x, x4+ s,x+2s,...,x+ (k—1)s
for s € N. Tt follows that the corresponding points on the CoP C(n), namely
[z], [z + 8], [x +29],...,[x+ (k—1)s] € C(n)

are equally spaced and the chord joining two of these adjacent points are of equal
distance. Similarly points on the other end of the axis are equally spaced and the
chords joining any of these two adjacent points are of equal distance s. Let us
enumerate them as follows

[n—z],[n—x—s],[n—x—2s],...,[n—x— (k—1)s] € C(n).

Apply the rotation w, by choosing r = s then we have

ws([x]), ws([x + 8]), ..., ws([x + (k= 1)s]).
The image of these points under the rotation is given by

[+ s],[x+2s],...,[z+ (kE—1)s], [z + ks].
Since the point [z + ks] a priori was not on any of the axes considered at least
(k — 1) points on these axes will be transferred to their immediate next point on
an axis containing all points [z] with z € HNN,,. Similarly under the rotation the

corresponding images of the points on the other half of the CoP lying on the same
axis with these points have the images

ws([n—2z]),ws([n—x—3]),...,ws([ln —xz — (k — 1)s])
which we can recast as
[n—x—s],[n—x—2s,...,[n—ax— (k—1)s],[n — x — ks].

At least (k — 1) of these points are points on the previous axis and they lying on
the same axis with the points on the other half of the CoP. Since the sequence

n—xr—sn—xr—2s,....,n—x—ks
are in arithmetic progression, it follows by the assumption
n—xr—sn—x—2s....,n—x—kse€ HNN,,.

This completes the proof. (I

In the accompanying proof we will make use of degenerate and non-degenerate
points of a given set of points on a CoP. However intricate the proof might seem to
be, it can be pinned down to just a simple principle. The highly dense nature of
the sequence allows us to break their components into several boxes. The closest
components in each of these boxes are equidistant from each other. The residue
which are not dense will be thrown away into another box whose components are
very sparse. We then translate a component by their gap if it ever happens to be in
some dense box at the same time live on the same axis with other component. This
forces the second component to also belong to some dense box. If the component
on the same axis with another component does not belong to the dense box, then
the components and the associated components must live in the sparse box. We
can then move them into the dense box and repeat the arguments. We make
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these terminologies more precise in the following definitions and then present our
argument.

Definition 6.3. Let P C C(n,M) with M C N. Then a point [z] € P is a
degenerate point if the line joining the point [z] to the centre (resp. deleted centre)
of the CoP C(n,M) is a boundary of the largest sector induced by the points in P.
Otherwise, we say it is a non-degenerate point in P.

Theorem 6.1. Let H C N and suppose that C(n,H) # 0. If for any € € (0,1] holds

[HNN,| > ne
with
H
im LNV ONal gy
n—oo n
then there exists a dilation §, : C(n,H) — C(n + r,H) such that

C(n+r,H) £ 0.
Proof. Under the assumption |H N N,| > ne for any € € (0,1], then H contains
fairly long arithmetic progressions. Let us enumerate them as follows
Gy = {1‘1 + kd; € H}Ziglzl .
Let us consider the residual set
Gy = H\ {.131 + kd; € H}le;zlzl .
Then we can partition the sequence H in the following way
H =Gy UGs.

If G, is still dense then we can repeat this process and obtain further a partition
of H into three subsequence

H=G UGy UGs.

By induction, we can partition the sequence H in the following way

H=|JG,UT
i=1
where
TNN,
lim g =0
n—» oo n

and G; = {z; + kd; € H}i:ozl Now it suffices to work with the corresponding
points on the CoP C(n,H). Since by assumption C(n,H) # 0, It follows that there
exist some axes L) 1) € C(n,H). Now let us suppose that

$§385>
B ¢ | {[zs + kdi] € C(n, H) 1325
i=1
for b € H, then it follows that no two adjacent chords of equal length joining points

m
m

i=1
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contains the point [b]. Let us suppose on the contrary that

U {[2i + kdy] € C(n, H)};i% =1

i=1
then it follows that [a] € {[z; + kd,] € C(n, H)};5=" for some 1 < i < m. We
consider two cases. The case [a] is a degenerate point in the set and the case it is non-

degenerate point in the set. If [a] is a degenerate point in the set {[z; + kd;] € C(n,H)};25 >17

in particular, [a] is the first point in the set. Then it follows that the following points
[a], [x; + di], [zi + 2d;], . .. [z; + sd;]
are equally spaced with b = n — z;. It follows that b is contained in the arithmetic
progression
n—=r;,n—=o, —d;,...,n—xT; — sd;

which contradicts the assumption that [b] cannot lie on at least one of any two
adjacent chords of equal length. Otherwise

n—x;,n—x;—di,...,n—x; —8d; € (N\K)ﬂN

and it follows that each point in the set K* = ", {[z; + kd;] € C(n,H)}; é“‘”>1

uniquely generates an element in the set <N \K | NN,,. It follows that

D(Ke(c)) = D (He(ooy) <D ((N\K)g(o)) = D ((N\ H)e(os)) 5

where K is the corresponding weight set of K*. This contradicts the minimality of
the density D (N \ HC(OO)) by virtue of the scale of the density of the set N\ H.
For the case [a] = [z; + sd;], then we obtain the a priori arithmetic progression
with b = n — x; — sd;. The corresponding point [b] also violates the required
specification. If the point [a] € {[z; + kd;] € C(n, H)};7% =" is a a non-degenerate
point, then a = z; + jd; for some 0 < j < s. The same analysis can be carried out
to yield a contradiction. Now for the case

U{xl—&—kd]ec’(n H)pisi=t
=1

then we choose the dilation §, with r = d; such that [b] € {[z; + kd;] € C(n, H)}35%="

for r < 0 if [b] is the last degenerate point in the set and r > 0 if [b] is the ﬁrst
degenerate point or a non-degenerate point in the set, so that we have
Lia),(p+d,) € C(n + d;, H).

This completes the first part of the proof. For the second part let us assume that
for the axis Ljq),p) of C(n, H), then

¢U{x,+kd]e(3(n H) szt

i=1

then it must necessarily be that

[a] € T*
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where T* is the corresponding point set of elements in T. Since

U {[z; + kd;] € C(n,H) zi:?%izl 7
=1

|T*| <

there exists some rotation w; such that the point w,([a]) € U, {[z; + kd;] € C(n, H)}; 5=

In particular
wi((a]) € {[a; + kd;] € Cn, )} 55"
for some 1 < j < m. It follows there must exist a point
m
] € |J {[z: + kd) € C(n, )} 05"
i=1
such that Ljy) (e, (e 18 an axis of the CoP C(n,H), by virtue of the previous
arguments. Otherwise, we discard this choice of point and scout for a point with
such property by varying the scale of the rotation w;. The proof is completed by
choosing the dilation 4, such that r = d; for r < 0 if w,([a])] is the last degenerate
point in the set and r > 0 if w;([a])] is the first degenerate point or a non-degenerate
point in the set, so that Liy), (e, ([a])||+4;) 1 an axis of the CoP

C(TL + dj,H).
O

Theorem 6.2. There are infinitely many n € M, 4 with fired a,d € N such that
the representation

n=2z + 22

where p(z1) = p(z2) # 0, 21,22 € N and p is the Mébius function defined as

1if m=1

plm) =<0 if p*lm, ke N\ {1}

(=17 if m=pip2---pr
is valid.
Proof. The set of square-free integers

Q:={meN:pu(m)#0}

has natural density % [1, 2]. For n large enough there exists some fixed Ny > n
such that the representation is valid

N0:,2’1+22

with p(z1), p1(2z2) # 0. Invoking Theorem 6.1 there exist some ¢ € N such that the
representation is valid

N; =N, +t=1v1 4+ v

with u(vy) = p(va) # 0. The result follows by an upwards induction in this manner.
O
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Corollary 6.1. There are infinitely many n € M, 4 with fized a,d € N such that
the representation
n ==z + 22
with ged(z1,22) = 1 and 21,20 € N is valid.
Proof. The set
R :={(m,n):ged(m,n) =1, 1 <m < n}

has natural density D(R) = % with relatively small density for the residual set [2].
The result follows by adapting a similar reasoning in Theorem 6.2. (]

It is worth recognizing that we can obtain an analogous formulation of Theorem
6.1 for the primes by virtue of Theorem 1.2. We state the result as follows

Theorem 6.3. Let w(n) denotes the number of primes no more than n. If A C P
the set of all prime numbers such that

_ |ANN,|

limsup ——— >0

n—>00 7T(TL)
with

lim I(PAA) AN, < lim [ANN,|
n— o0 ﬂ(n) n— o0 7r(n)
then there exists a dilation d, : C(n,A) — C(n + r,A) such that
C(n+rA)#0.

Proof. We keep the conditions, replace n with w(n) in the bottom expression and
H with A and repeat the same argument as espoused in Theorem 6.1 tied with
the computation of density of the point with weights in A on the CoP C(n,P) by
applying Lemma 6.1. [

Conjecture 6.1 (Erdds-Turdn). Let B C N and consider
re(n) == #{(a,b) € B[ a+b=n}.
If rg(n) > 0 for all sufficiently large values of n, then
limsup rg(n) = occ.

n—r00

This version, which one might think of as the binary version of the Erdés-Turan
conjecture, can be reformulated in the language of CoPs as follows:

Conjecture 6.2 (Erdés-Turdn). Let B C N and consider
QB(n) = # {L[a],[b] é C(?’L,B)} .
If Gg(n) > 0 for all sufficiently large values of n, then

lim sup Gg(n) = oo.
n—o0
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Remark 6.1. Though we are nowhere near the proof of this conjecture, we prove a
weaker version by imposing some suitable conditions. The result is encapsulated in
the following theorem.

Theorem 6.4. Let B C N with
BNN,

n—» 00 n

such that
# L)) € C(n)| x € N\B, y € B} <# {Lpy ) € C(n,B)}.
If Gg(n) = # {L[a],[b] € C(n,]B)} > 0 for all sufficiently large values of n, then

lim sup Gg(n) = co.

n—o0
Proof. Suppose B C N and let Gg(n) > 0 for all sufficiently large values of n.
Suppose to the contrary that

lim sup Gg(n) < oo.

n—oo
Consider the CoP C(n,B), then we note that by the uniqueness of axes of CoPs we
can compute the density of points [z] € C(n) with ||[z]|| € B in the following way

D(Be(oo)) = lim #{Lp ) € C)l{z,y} NB # 0}

n—eo 5]
Lz €C eEN\B, yeB Lz 1 € C(n,B
_ iy el € € g \B, y € B} + lim L), [y) : (n,B)}
2 2
L cC(n,B
<2 lim #{L(2],[4] 61 (n,B)}
n—s00 LJ
2
=0
by virtue of the earlier assumption. By applying Proposition 6.2, it follows that
[BAN,,|
lim u ~0.

e | n ]
It follows that D(B) = 0, thereby contradicting the requirement of the statement.
O

7. Special Maps of Circles of Partition

In this section we introduce and study the notion of several special maps of
circles of partition. We launch more formally the following languages.

Definition 7.1. Let M C N and C(n, M) # () be a CoP containing the axis L) 5]-
By the flipping of the CoP C(n,M) along the so called flipping axis L4 ), We
mean the map

19[@]7[5] : C(n,M) — C(m,M)

with 9 5)([a]) = [a] and O1g), ) ([b]) = [b] such that for any two [z], [y] € C(n,M)
with [z], [y] # [a], [b] holds

19ag, 07 ([ZDI] + 19a), 1 (WD # 1
We say the CoP C(n,M) is susceptible to flipping if there exists such a map.
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Example 7.1. Let be M = Pand n = 20. The CoP C(20,P) is the set {[3], [7], [13], [17]
with two axes L3 177 and L7} 13- Then the map
19[3]7[17] : C(QO,P) — C(QQ,P)

with C(22,P) = {[3], [5], [11], [17], [19]} is a flipping of C(20, P) along the axis L3} [17)
if £..

I3),n7([3]) = [3]
Vga1,0m([7]) = [5]
V11,17 ([13]) = [11] and [19]
Vg0 ([17]) = [17].

Hence we get ||[5]|| + |I[11]]| = 16 # 20 or ||[5]]| + ||[19]]| = 24 # 20.
Vice versa there are no axis points of C(22,P) that are also points of C(20,P).
Hence there exists no flipping from C(22,P) to C(20,P) along an axis of C(22, P).

Proposition 7.1. Let M, 4 be defined as in (2.5) with 0 < a < d. Then the CoP
C(n,My.q) is susceptible to flipping if and only if n > m.

Proof. We must regard that in order to get C(n,M, 4) # 0 it must be n € My, 4.
Then is n — a € M, 4. The same is valid for C(m, M, q4).
We assume that n > m. Then holds with Corollary 2.3

C(n,Mg,q) D C(m, M, q).
Due to n € My, 4 holds ”’TQ" € N. The weights of C(n, M, 4) are

-2
IC(n, Ma.q)|| = {a+k-d|k:0,1,2,...,n v “}.
Hence C(n, M, 4) has
l, = n-2a + 1 members.

d

This is in accordance with the general counting function for CoPs:

IC(n,Maq)| =1+ > 1
1<z<n-—a
z = a (mod d)

n— 2a
d

The addition of 1 is required because the counting starts with 0. Now we must
distinguish two cases

rC: The CoP C(n,M, q) has a real center.
dC: The CoP C(n,M,,q) has a deleted center.

In the case rC holds [,, is odd and [,, is even in the other case. Now we choose the
axis Ly ] of the CoP C(n,M,,q) as the flipping axis which is the closest one to

the center of the CoP. The weights of [u],[v] are v = v = § for the case rC and
n+d
2

n—d

5 in the other case. In order to satisfy the requirements

), o) ([u]) = [u] and Iy, 0 ([0]) = [0]

U = , U=
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the last point of C(m, M, 4) should be [v]. Due to Corollary 2.1 we get for m as the
sum of the weights of the first and the last member of CoP C(m, M, q)

a+ g for rC
n+d (7.1)

a-+ for dC.

Analogously to C(n, M, q) holds for the number of members of C(m, M, q)

m — 2a
1<z<m-—a
z = a (modd)
a+45—2a n—-2a Il,—1
_ a, 2d 2 ot
a+"3%-2a n—2a 1 1,—-1 1
= - = —  for dC.
d 2d 2 5 tg fordC

Hence we obtain for both cases

l, =1 Iy
= |5+ 3]+

All these fulfills the following map
O] o] (€) = @+ k(z) - d with
T—a

d

The heaviest point of CoP C(m,M, 4) is [m — a]. In the case rC the flipping axis is
Liu)fo] With u = v = % and we get with (7.1)

s ([]) | =m=a= 5
|

O,y (WD = v = 5 are

= k(z) (modi,y,) .

Hence the requirements ||}, ([u])]| = v = § and
fulfilled. In the case dC we get with (7.1)

n+d n+d
19[747[”] D) =m—a= B =

And therefore is u = v —d = 254 and for each two poits [a], 4] € C(rn, Maq) with
2], [y] # [u], [v] holds

19w, o) (DI + (19, [0 (WD <

because U ]([u]) = [u] and 97, ([v]) = [v] are the two heaviest points of
C(m,M,,q) in case dC respectively is the heaviest point of C(m,M, 4) in rC with
the sum of weights of the two heaviest points < n. The weight sum of all others is
lesser. Thereby the first part of the claim is proven.

If on the other hand holds n < m then the source CoP is a subset of the target
CoP. All axis points of C(n, M, q) are identically mapped into C(m,M, 4). And for
all these 1),y ([#]) and U7y 101 ([y]) from any axis L ) of C(n,Mg,q holds

9], o) (DI + 19,0 (WD = 7.
This is a contradiction to the requirements of the claim. ([l

Remark 7.1. Note that due to M; ; = N this statement also holds for each CoP
C(n).
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Proposition 7.2. The chosen axis closest to the center of the CoP C(n,Mgq) is
the only one for flipping along an azis in the case of M = M, 4.
Proof. For all axes L),y € C(n,Mg,q) holds °

n
x <

IN

Y.

2
Therefore there is no axis L) [,) with y < 5. For the chosen axis L, [, closest to
the center of C(n, M, 4) holds
n—d n+d

S <l < el < 5

The only opposite of this are axes Ly, [, with [[w]|| < 252 and its axis partner
with ||[z]|| > “5¢. Then between [w] and [z] there is at least one axis L) [, with
w<z<y<zand z+y = n. This is a contradiction to the requirements of
flipping along the axes Ly,-)- Hence only the axis L, [,) with

n
rC: l[u]ll = NIl = 35
n—d n+d
ac: [l = "5, Il = ™
satisfies the requirements of a flipping axis. O

It is quite suggestive from this proposition the notion of flipping of CoPs under
M = M, 4 can be thought of as the process of slicing a circle into two equal half
and overturning one half to lie perfectly on top of the other half, thereby forming
a geometric structure akin to the semi-circle.

Example 7.2. We choose a = 2,d = 4 and hence M = M3 4. Then with n = 20 is
[C(20,M2,4)|| = {2,6,10, 14,18},

20—2-2
lp=——+1=05,
] 1 + 5
5
Iy = \‘J+1:3and
2
2

with the flipping axis L(j0},10. Hence is
910, 110] (C(20,Mz,4)) || = [|C(12, Mz 4)]|
= {2,6,10}.

All weight sums of any two members of {[2], [6],[10]} \ {10} are less than 20. If we
would take Lj4],6) as flipping axis we would obtain as target set

6(167 I\412,4) = {[2]7 [6}7 [10]7 [14}}'

And here would be possible out of {[6],[14]} one weight sum contradicting to the
requirements:

10 + 10 = 20.

6VV‘l.o.g. we assume z < y for all axes Lz [y]-
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Now we introduce and study the concept of filtration of the CoPs. At first we
deal with the filtration along an axis.

Definition 7.2. Let M C N with the corresponding CoP C(n,M) containing the
axis L),y By the filtration of the CoP C(n, M) along the filtration axis Li [y
we mean the map

q)[I],[y] : C(TL, M) — C(m,M)

such that [z], [y] € C(m,M) for some m € N\ {1} and there exists the so called
co-axis Ly o] of C(n, M) so that Ly, o) and L), are axes of C(m, M) for some
[a], [b] € M. We say the CoP C(n,M) is susceptible to filtration if there exists such
a map.

Also here an example will demonstrate this special map.
Example 7.3. Let be again M = P and n = 20. Then the map
@[7],[13] : C(ZO, P) — 0(22, P)
is a filtration of C(20,P) along the filtration axis L] 13 due to the target CoP
C(22,P) ={[3], [5), [11], [17], [19]}
contains the axes Ls) [19) and Li17],;5) where L3} 17] is the co-axis of C(20,P).

Proposition 7.3. The CoP C(n,M) admits aligned embedding is not susceptible
to filtration along an axis.

Proof. The claim is true if one of the following statements holds
(A) The CoP C(n,M) has no filtration axis.
(B) The CoP C(n,M) has no co-axis
We suppose at first n < m. Then holds with Theorem 2.2
C(n,M) C C(m,M).
Then the images of all axis points of the source CoP are points of the target CoP.

Hence there is no filtration axis (A).
Now we look for m < n. In this case holds with Corollary 2.3

C(n,M) D C(m,M).

At first let be m < %. In this case the images of the end points of all axes of
C(n,M) do not exist in C(m,M). Hence there is no co-axis (B).

At last we look for § < m < n. In this case the images of the begin points of all
axes of C(n,M) are points of C(m,M). Hence there is no filtration axis (A). O

Definition 7.3. Let M C N with the corresponding CoP C(n,M) containing the
axis L[;),[y). By the reduction of the CoP C(n, M) in the base set M we mean the
map

Y]

¢[w]7[y] : C(n,M) — C(TL,M*)

with M* := M\ {z, y}. We say the CoP C(n, M) is susceptible to reduction if there
exists such a map.

Proposition 7.4. Let M, 4 be defined as in (2.5). Then the CoP C(n,M, q) is
susceptible to reduction.
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Proof. W.l.o.g. we suppose z < y and take
[u] ifu#zandu#y
Pl () =4 [utd ifu=z
[u—d ifu=y
for all points [u] € C(n,M, 4). Due to all members of M, 4 have the same distance
d it holds that if u € M 4 then is also u = d € M, 4 and

10,1 (DN + 10, =2 +d+y —d=n

because L) [, is an axis of C(n, Mg q). O

Due to M ; = N this proposition holds for C(n) too.

8. Open and Connected Circles of Partition

In this section we introduce the notion of open CoP. We first launch the notion
of a path connecting CoP and examine in-depth the concept of connected CoPs
and their interplay with other notions launched thus far.

Definition 8.1. Let M C N with C(n, M) # 0 and C(s, M) # @) be any two distinct
CoPs. Then by the path joining the CoP C(n,M) to the CoP C(s,M) we mean the
line joining [z] € C(n,M) to [y] € C(s,M), denoted as L[, such that Ly is
an axis of the CoP C(s, M)

Liat ) = Liz i) € C(s, M)
We say the CoP C(n,M) is connected to the CoP C(s,M) if there exists such a
path.

We say the CoP C(n,M) is strongly connected to some CoP C(m,M) if the
connection exists for all possible dilations

0r : C(n,M) — C(s,M) by s =n+r.

with 0, ([z]) = [y]. We say the CoP C(n,M) is fully connected to the CoP C(s, M)
if there exists such a path for each [z] € C(n, M).

Proposition 8.1. Let M C N with C(n,M) # 0 and C(s,M) # 0 be any two
distinct CoPs with a common point [x]. Then and only then C(n,M) is connected
to C(s,M).

Proof. Since [z] € C(s, M) there must be an axis L) s—s] € C(s,M). Since [z] €
C(n,M) there exists the path L s—,]. Hence C(n,M) is connected to C(s, M).

If otherwise there exists such a path Ly, 1, with a fixed [z] € C(n,M) and any
ly] € C(s, M) such that L), € C(s,M) then it must certainly be that [y] = [s — ]
and [z] is also a point of C(n, M). O

Theorem 8.1. Let M C N and C(n,M) be any CoP admits aligned embedding.
Then C(n,M) is strongly connected to some CoP C(m,M) admits aligned embedding.

Proof. We assume that C(n, M) is not strongly connected to any C(m, M), by virtue
of the definition. Invoking the virtue the CoPs admit aligned embedding, we can
assume C(n, M) C C(s,M). The line L) ,,—4 is an axis of C(n, M) for any [z] €
C(n,M). It follows that Ly s—] is also an axis of the CoP C(s,M). Since no two
CoPs are strongly connected and because of Theorem 4.2 there exists some dilation
0r, 2 C(n,M) — C(s,M) such that [s — z] # §,, ([z]) for each [z] € C(n,M). Let us
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produce a line 'C[w],[érl(
these lines as axes of large and small CoPs relative to the CoP C(s) as below

{Liays,, (o)) € CO, M) n <0 <s—1H JLie,, (@) € CM)| k> s},

Let us now pick arbitrarily a small CoP relative to the CoP C(s,M) and large
relative to the CoP C(n,M). That is we pick a CoP C(v,M) from the first set
arbitrarily. Then we obtain the strict embedding
C(n,M) C C(v,M) C C(s,M).
Otherwise the CoP C(n, M) will have the axis Lz (5, (2, Which will contradict
our assumption. Under the assumption that no two CoPs are strongly connected,
it follows that there exist some dilation
Oy : C(n, M) — C(v,M)
such that for each [z] € C(n,M) then §,, ([z]) # [v — z]. By repeating the argument
in this manner under the assumption that no two CoPs are connected we obtain
the following infinite embedding into the CoP C(n,M) as follows
Cn,M) C--- CC(t,M) C C(v,M) C C(s,M)

and we have the following infinite descending sequence of generators toward the
generator n

[z))] by joining [] to 6., ([x]). Now, we can certainly partition

n<--<t<v<s.
This is absurd, thereby ending the proof of the claim. O

Corollary 8.1. Let C(n,M) and C(n,M) be two CoPs admit aligned embedding. If
holds n < m then C(n,M) is fully connected to the CoP C(m,M).

Proof. Due to Theorem 2.2 holds
C(n,M) C C(m,M).
Hence each point of C(n, M) is also a point of C(m, M). Because of Proposition 8.1,

it follows that C(n, M) is connected to C(m, M) for each point [z] € C(n,M). Hence
C(n,M) is fully connected to C(m, M) O

Definition 8.2. Let M C N and C(n, M) be a CoP with L, 1, € C(n,M). Then by
the open CoP induced by the point [x], [y], we mean the exclusion C(n, M)\ [z], [y].
We call the points [z], [y] the gates to the interior of the open CoP. We denote
the induced open CoP by C(n,M)y,,; C C(n,M). We say the CoPs C(s,M) and
C(n,M) forms a two-member community if and only if there is a path joining the

—

gate [z], [y] of C(n, M)y, to the CoP C(s,M).

9. Children, Offspring and Family Induced by Circles of Partition

In this section we introduce the notion of children, the offspring and the family
induced by a typical CoP. We relate this notion to the notion of connected CoPs.
N;N

)

Definition 9.1. Let M C N and C(n,M) # ) and let {L[uiL[vi]}i:l 2 for some
N > 2 be the set of all the axes. Then we say the CoP C(s,M) is a child of the CoP
C(n, M) if there exist some axes Liy,] [v.]5 Lu,],[v;] € {L[UiL[W]}jV:;iVZZ such that at
least one of L[ukHuJ]’ L[uk],[vj] y H—‘[vk],[uj]a ]L[vk],[vj] is an axis of the child CoP C(S, M)
This axis forms the principal axis of the child CoP. We call the collection of all
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CoPs generated in this manner the offspring of the parent CoP C(n,M). The
parent CoP C(n, M) together with its offspring forms a complete family of CoPs.
The size of the family of CoPs is the number of CoPs in the family. A subset of a
family is said to be an incomplete family of CoPs.

Example 9.1. Let us consider the CoP with ||C(20,P)| = {3,7,13,17} with axes
L[3]7[17] and L[7H13]' We consider the following axes L[3]7[7] y L[3]7[13], LWHN], L[l?;],[l?] .
These axes correspond to the following CoPs

C(10,P), C(16,P), C(24,P), C(30,P).
Hence we obtain a complete family of CoPs of size 5.

Proposition 9.1. Let C(n,M) a non-empty CoP. Then each axis point [x] together
with a point [u] of another azis of C(n,M) generates a child C(s,M) of the parent
C(n, M) with s = [|[][| + [[[u]-

Proof. Let L 1y and Ly, o) be two axes of C(n,M). Appealing to Proposition 2.1,
we have

]Il + [l = s # n.
Hence [z] and [u] form the axis Lia], o] € C(s,M) and C(s,M) is a child of C(n, M).
]

Proposition 9.2. Let n € N, M C N and C(n,M) be a CoP admitting aligned
embedding. If holds |C(n,M)| > 4 then the CoP C(n,M) admits an infinite chain
of its descendants.

Proof. Due to |C(n,M)| > 4 there is an axis point [u] € C(n, M) with
w > min ([[{w][| | [w] € C(n, M))

and a point [v] € C(n,M) of another axis with v +v = m > n. It follows that
there exists an axis L) (,) € C(m,M). Ergo holds [u] € C(m,M). Appealing to
Proposition 9.1 the CoP C(m,M) is a child of the CoP C(n,M). Since m > n and
C(n,M) admits aligned embedding, it holds

C(n, M) C C(m, M).

Now we choose a point [w] of C(m,M) and the latter changes its role to be a
parent. With the same procedure as above we produce an axis Ly u] € C(r,M)
with [u], [w] € C(r, M) and

C(n,M) C C(m,M) C C(r,M).

This procedure can be repeated infinitely many often. We obtain an infinite chain
of descendants of the CoP C(n, M) as its prime father. O

Proposition 9.3. Let M C N and C(n,M) be a parent of a complete family. Then
C(n,M) partitions the offspring into two incomplete families of equal sizes.

Proof. In virtue of Proposition 9.1 two points of distinct axes of the CoP C(n, M)
generates a child of it. Let

L) fo) Lialy) | v <z
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two arbitrary axes of C(n,M). Because [u], [v] and [z], [y] are axis points holds
n=u-+v =x+ y and therefore
v =2z —u+ y and because of x > u
v >y
Hence we get
u <z <y < v and therefore
s =ut+zxr<sy:=u+y<n=z+yand
ti:=v+y>teo=v+ar>n=v+u
and a chain of children
C(s1,M),C(s2,M),C(n,M),C(t1,M),C(t2, M) with
S1 < Sy < n<t) <tg.

Therefore holds that for all two axes 4 children are generated, two on the left side
of C(n, M) and two on the right side in a chain of children. Because C(n,M) for all
two axes is located in the middle of the chain, the parent CoP C(n,M) partitions
its offspring in two halves, the incomplete families of equal sizes. O

Proposition 9.4. If the parent CoP admits embedding then their children admit
aligned embedding.

Proof. We look at the last proof and choose [u] as the first point of the parent CoP
C(n, M)
w:=min (w € [|C(n,M)|)).

Then holds

[u] € C(s1,M) and [u] € C(s2, M) and

max (w € ||C(s1,M)]]) = z < y = max (w € ||C(s2,M)||)

and hence

C(s1,M) C C(s2,M) under s; < ss.
Because C(n, M) admits embedding holds

C(s1,M) C C(s2,M) CC(n,M) C C(t1,M) C C(t2, M) under
81 < 8o <n < 11 < to.
([

Corollary 9.1. If the CoP C(n,M) admits embedding, then it follows by appealing
to Proposition 9.4 and Proposition 9.3 for its complete family

C(s1,M) C ... CC(sk,M) C C(n,M) C C(t1,M) C ... C C(tx, M)
provided C(n, M) has 2k children.

Theorem 9.1. Let M C N and C(n,M) be a CoP with |C(n,M)| = k. Then the
number of children in the family with parent C(n,M) satisfies the upper bound

<3 ([2] )
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and the lower bound

>2(na—2):4(m —1> wz‘thna:%gJ.

Proof. At first we prove the upper bound. The CoP C(n,M) with |C(n,M)| = k
contains | %] different axes. Each axis contains two points of the parent C(n, M)
and determines children with at most L%J — 1 number of axes. The upper bound
follows from this counting argument.

Now we prove the lower bound. In virtue of Corollary 2.2 the weights of the points
of C(n,M) are strictly totally ordered. Now we remove from this sequence the
weight of the center if it exists. It remains n, = 2 L%J weights. We enumerate
them as

T <T2<...<ZTp,—1<Tp,

and form the following sequences
S1: =21+ 22 <82 =21 +23<...< 8,2 =T +Tp,—1<T1+Tp, =N
and
t1 i =%, +Tn,—1 >t =Xy, +Tn,—2>... >0y, —2:= Tpg + T2 > Ty, +T1 =N.

Hence we obtain
$1 <o <82 <t < ... <tp,—2
and have at least 2(n, — 2) different generators for children of C(n,M). O

Remark 9.1. Next we launch an important result that will certainly have significant
offshoots throughout our studies. Very roughly, It tells us that we can always
partition any complete family into incomplete families with equal dilation between
the members.

Lemma 9.1 (Regularity lemma). The offspring of a CoP C(n,M) can be partitioned
into incomplete families with equal scale dilation between sequence of successive
embedding.

Proof. If there exist no embedding among the children of the parent C(n, M), then
obviously we have a partition into a one member incomplete family and the dilation
in each family is trivial. Let us assume C(s;,M) C C(s2,M) C --- C C(sy, M) for
k > 2 be a sequence of children of the parent C(n,M) with equal scale dilation
between successive embedding. If the sequence is all of the children of the parent
C(n,M) then the parent C(n, M) must be contained in the embedding. Suppose the
parent C(n, M) is outside the embedding then we have two possible cases

C(s1,M) C C(s2,M) C --- C C(sg, M) C C(n,M)
or
C(n,M) C C(s1,M) C C(s2,M) C -+ C C(s, M).

In the first case there must exists a point of the parent C(n, M) that is not contained
in all the children. This contradicts the fact the CoP C(n,M) is a parent of all its
children. In the second case there must exist a point on all children that is not
contained in the parent C(n,M). This is also absurd since points on each child
must be a point on the parent C(n,M). Now let us insert the parent C(n,M) into
the a priori sequence of embedding. Next let us remove from the chain produced the
parent C(n, M) with two closest children. Then we obtain a partition of collection
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of children in the embedding into two sub-chains of embedding with equal scale
dilation between successive children, those to the left of the children closest to the
parent C(n,M) and to the right of the children closest to the parent C(n,M). For
the sequence removed from the a priori sequence of children given below

C(s;, M) C C(n,M) C C(8i+1,M)

we remove the parent C(n,M) and we obtain a third partition of offspring with
equal scale dilation

C(Si,M) C C(SH_l,M).

For the case where not all children are contained in the a priori embedding, then we
have already obtained a partition of collection of children into an incomplete family
with equal scale dilation between successive members. The remaining collection of
children can also be partitioned into incomplete families by choosing an embedding
with equal scale dilation between successive children. [

Definition 9.2. Let
o=Fx
i>2

be a partition of the offspring of the parent C(n,M) into incomplete families F;.
Then we say the the partition is irreducible if no embedding into the parent overlaps
the embedding of children C(s,M) € F; for ¢ > 2.

Theorem 9.2. Let M C N and let C(n,M) be a parent with |C(n,M)| = k and
admits embedding. Let O be the offspring of the parent C(n,M) and

o=JFx
i>2
be an irreducible partition into incomplete families F; such that for a fixed r > 0
there exist a dilation 6, between successive children of the embedding in each F;.

s ()

Proof. Let C(n,M) be a parent and construct its offspring. Let us consider the
sequence of embedding with equal scale dilation between successive children

C(s1,M) C C(s2,M) C --- C C(sk, M).

Let us assume all the children are contained in the chain and insert the parent
C(n,M). By invoking Proposition 9.3 there are as many children above and below
the parent C(n, M) in the chain. Finally let us remove the parent from the chain and
we obtain a partition into two incomplete family with equal scale dilation between
successive children in their embedding. The size of each of the incomplete family

<[2J (-

In the case where not all children are members of the a priori chain then inserting
and removing from the chain the parent C(n, M) cuts down on the expected size of
the incomplete family with such property. (I
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Theorem 9.3. The number of pairs of connected children in any complete family
is lower bounded by

=g o] [ o] (]

if the parent CoP has n, azis points and n, =2 | 5| > 3.

Proof. In virtue of Proposition 8.1 two CoPs are connected if and only if they have
a common point. And the children are generated by pairs of points on different
axes. Each such point [z] of the parent CoP occurs therefore in n, — 2 children at
least. Hence there are W pairs of children containing the point [x]. There
are n, axis points. Therefore this number of pairs must be multiplied by n,. This
results the formula of the lower bound.

O

In comparison with Theorem 9.1 we observe that the number of pairs of con-
nected children of a complete family is always greater or equal to the number of its
children. From the proof of Theorem 9.3 we see that each child is connected with
another child of the same family.

Example 9.2. We take as parent CoP
C(22,P) = {[3],[5),[11],[17],[19]} — k = 5,n, = 4. In virtue of Theorem 9.1. it

has maximal

2:2-1=4
children and in virtue of Theorem 9.3 at least
4.2-1
=4
2

pairs of connected children. As children we get

C(8,P) = {[3], [5]}
C(20,P) = {[3], [7], [13), [17]}

C(24,P) = {[5], [7], [11], [13], [17], [19]}
C(36,P) = {[5], [7], [13], [17], [19], [23], [29], [31]}.

We see that [3] occurs in the children 2 times. With it there is 1 pair of children
containing the point [3]. [5] occurs 3 times and is hence contained in 3 pairs. [17]
occurs 3 times too and [19] occurs 2 times and is contained in 1 pair. All together we
have 8 > 6 pairs of connected children with respect to the points of the parent CoP.
But we see that more than these points are common points in the offset. Hence
there are 6 further pairs of connected children. The principal axes are marked as
boldface.

The CoP C(24,P) contains 6 axis points and has therefore at most 12 children with
36 pairs of connected children at least.

Conjecture 9.1. Let M C N and let C(n,M) be a parent with |C(n,M)| = k. Let
O be the offspring of the parent C(n,M) and

N
o=J~x

i>2
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be an irreducible partition into incomplete families F; such that for a fixzed r > 0
there exist a dilation 6, between successive children of the embedding in each F;.

Then
O
7il = |N|

where N is the number of such incomplete families in the partition.

Theorem 9.4. Let M C N and C(n, M) and C(m, M) be two CoPs admitting aligned
embedding. Without loss of generality we assume

C(n,M) C C(m,M).

Then C(n,M) is a child of C(m,M). If there is a chord L, of C(n,M) with
x4+ vy = m then C(m,M) is also a child of C(n,M). Additionally the complete
family O,, of C(n,M) is a subset of the complete family O,, of C(m,M).

Proof. Due to C(n,M) C C(m,M) by virtue of Definition 2.3 hold n < m and

min (z | [z] € C(n,M)) = min (u | [u] € C(m,M)).

All chords L), of C(n, M) are also chords of C(m,M) excluding the chords be-
tween points [z],[y] € C(n,M) with 2 + y = m. By exploiting the underlying
embedding, we notice that all chords of C(m, M) which are axes of C(n,M) gener-

ate all the same child, the CoP C(n,M). Hence the CoP C(n,M) is a child of the
CoP C(m,M), and if there is no chord Ly, [, of C(n,M) with x +y = m then all
children of C(n, M) are children of C(m, M) too. Hence the complete family O, is
a subset of the complete family O, in this case.

If such a chord of C(n,M) exists then this chord is an axis of C(m, M), so that
C(m,M) is a child of C(n,M). Because the parents belong to its complete family
holds that the complete family O, is a subset of O,, in this case t0o. (]

10. Isomorphic Circles of Partition
In this section we introduce and study the notion of isomorphism between CoPs.

Definition 10.1. Let M C N and let C(n,M) and C(m,M) be parents with the
complete families O,, and O,,, respectively. Then we say the parents C(n, M) and
C(m,M) are isomorphic if

OmnO, #0.

We call the number |(§m N @n\ the degree of isomorphism. We denote this isomor-
phism by C(n, M) = C(m,M). We say the degree of isomorphism is high if at least
one of the following equalities holds

|@mp@n| .
|On|
or
|(’A)mAm O, .
O]

Otherwise, we say the degree of isomorphism is low.
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Theorem 10.1. Let C(n,M) and C(m,M) be two parent CoPs admitting aligned
embedding. Then holds

C(n,M) = C(m,M)
with a high degree.
Proof. Without loss of generality let us assume that C(n, M) C C(m,M). Then by
virtue of Theorem 9.4 all children of C(n,M) are children of C(m,M) too. Hence
holds O, C O,,, and therefore
10,0 O] )
|Onl

Corollary 10.1. Let
Rg.a(n) == # {(:E,y) € Mi,d‘ rty=n,x< y}
then R, q(n) is non-decreasing for all n € My, 4.

Proof. By virtue of Theorem 2.2 the CoP C(n,M, 4) admits aligned embedding.
Let n,n 4+t € My, g with n < n 4 t. Let us assume to the contrary that

#{(@y) eM: jlo+y=n+te <y} <#{(z,y) eM, jl z+y=n,z <y}

for allt € N. Then by virtue of Theorem 10.1, it follows that each [z] € C(n+t, M, 4)
is such that [z] € C(n,M, q4). It follows that there exists no axis Ly ,] € C(n +
t,M, q) such that ||[u]|],[|[v]|]| € (n,n +¢) for all £ € N. This is absurd, thereby
ending the proof of the claim. O

It is worth pointing out that this result could yet be obtained from several
perspective (see Proposition 2.4). The only reason we have chosen to adopt this
proof strategy is to illustrate the relevance of the notion of isomorphism between
CoPs.

Theorem 10.2. Let P be the set of prime numbers. Then there exist infinitely
many parents C(n,P) and C(m,P) such that C(n,P) = C(m,P) with low degree.

Proof. Suppose to the contrary that there are only finitely many such parent CoPs
and that C(n,,P) = C(m,,P) with low degree where n,,m, are the greatest gen-
erators for such CoPs. Without loss of generality we can assume n, < m,. Then
we have for all generators n,m > m, only pairs of parent CoPs C(n,P) = C(m,P)
with high degree. Without loss of generality, let us assume that

# {Lippig € C(m, P)} < # {Lppjiq € C(n,P)}
then it follows that

so that for each [p] € C(m,P) then [p] € C(n,P). Let us suppose that for all t € N
then

#{Lp).ig € C(m+26,P)} < # {Lg) g € C(m,P)}
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so that by the high degree of isomorphism we have

‘@m+2t N @m| -1

|@m+2t‘

It follows that each [p] € C(m + 2t,P) is such that [p] € C(m,P). It follows that
there exists no axis L) () € C(m + 2t,P) such that |[[u]|],||[v]]| € (m,m + 2t) for
all t € N. This is absurd. Now we can order the cardinality of axes of the CoPs

# 1Ll 1g € C(m,P)} < #{Lpj g € C(m +2,P)} <o < #{Lpy g € C(m +25,P)}

for all s > 1 with s € N. Let L) g € C(m, P) then it follows that L, o) g € C(m+
2,P), Lipyayfq € C(m+4,P),...,Lpiag,q € C(m+2s,P) for s > 2 with s € N by
the virtue of high degree isomorphism between CoPs. It follows that each term of
the infinite sequence

p<p+2<pH4i<---<p+25<---

for all s > 2 with s € N must be prime. This is absurd, hence the supposed finite
cardinality of CoPs with low degree cannot be true. O

The language of isomorphism could be a good enough tool for studying the
Hardy-Littlewood prime tuple conjecture or what is now known as the first Hardy-
Littlewood conjecture. In fact the conjecture can be stated in the language of
isomorphism in the following manner:

Conjecture 10.1 (Hardy-Littlewood). Let P be the set of all prime numbers. Then
there exist infinitely many n,t € N such that

C(n,P) = C(n+ 2t,P)
with high degree.

To see why this formulation yields the first Hardy-Littlewood Conjecture,
we notice that the high degree isomophism between the CoPs implies that for t € N
sufficiently large then

#{Lipg € C(0,P)} < # {Lpy (g € Cln+2t,P)}

so that for each axis Ly (g € C(n,P) then Ly, 04,1q € C(n+ 2t,P). It follows that

for all [p1],...,[pk] € C(n,P) then [p; + 2¢],..., [px + 2t] € C(n + 2t,P) so that for

the tuple (p1 — 1,p2 — 1,...,px — 1) € N* then
(pr—=1+rp—14r...,pr—1+47) e P*

where by choice r = 2t + 1. We note that the case ¢ = 1 in the conjecture is the
Twin Prime Conjecture.

Corollary 10.2. There are infinitely many CoPs of the forms C(n,P), C(m,P)
such that none of the following embedding holds

C(n,P) c C(m,P) and C(m,P)CC(n,P).
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Proof. The proof is an easy consequence of Theorem 10.2. Assume to the contrary
that there are finitely many CoPs of the forms C(n, P) that fails to admit an embed-
ding. The upshot will be that there are infinitely many chains of CoPs of the forms
C(n,P) and C(m,P) with consecutive even generators such that C(m,P) = C(n,P)
with a high degree. Then the proof technique in Theorem 10.2 can then be adapted
by taking n and m sufficiently large. O

11. Ascending, Descending and Stationary Circles of Partition

In this section we introduce the notion of ascending, descending and station-
ary CoPs between generators. We formalize this notion in the following language.

Definition 11.1. Let M C N with C(n, M) be a CoP. Then we say the CoP C(n, M)
is ascending from n to the spot m if for n < m holds

# L) € C(n, M)} < # {Lpy ) € C(m, M)}
Similarly, we say it is descending from n to the spot m if for n < m then
# AL € C(n, M)} > # {Lpyy gy € C(m, M)}

We say it is globally ascending (resp. descending) if at Vm € N it is ascending
(resp. descending). We say the CoP C(n,M) is stationary from n to the spot m
if for n < m then

# {Lia), iy € C(n, M)} = # {Lig, ) € C(m, M)}

Similarly, we say it is globally stationary if it is stationary at all spots m € N. If
the CoP C(n,M) is neither globally ascending, descending nor stationary, then we
say it is globally oscillatory.

Proposition 11.1. The CoP C(n,M, q) is globally ascending for all n € Maq 4
with fized a,d € N.

Proof. Pick arbitrarily m € My, g such that m > n and consider the CoP C(m, M, 4).
Since CoPs with base set M, 4 are isomorphic with high degree, it follows that

# L)1) € C(n,Maa)} < # {Lpap ) € C(m,Maa) }

and the claim follows since m was chosen arbitrarily in My, 4. O

Theorem 11.1. Let H C N and C(n,H) be a CoP. If

HNN,
lim g >0
n—>oo n
with
H 1 H
n—»o00 n 2 n—o0 n

then C(n,H) is ascending at infinitely many spots.

Proof. Let C(n,H) be a CoP and assume to the contrary that there are finitely
many spots at which it is ascending. Let us name and arrange the spots as follows
my < mg < --- < my. It follows that

# AL € C(nH)} > # {Lpyy ) € COmpra, H)} > o # { Ly ) € COmprs, H) > -
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for all 4 > 1. The upshot is that
Ly, € C(n,H
li #{ [«],[y] (n )}

e )

Next, by virtue of uniqueness of axes of CoPs, we can compute the density of points
with weight in H on the CoP C(n) as follows

=0.

- #{Lpw € C)| {zy} NH#D
D(He (o)) = nh_r?oo {Lio1, 1) ] }
2
~ gy PAleiw €CI e € H, y eNVEHY L # {Lpgy € Cn HD}
T n—1 + lim |
oy FALe ECO) @ € H, y €N\ H}
T 155
< lim w
I
<9 fm [NAH)ONA|
n—oo n
Invoking Proposition 6.2, we have the inequality
i Ol g gy (NAH) AN
n—00 n n—r—oo n

This, however, violates the requirement of the statement, thereby ending the proof.
|

Remark 11.1. Next we obtain from this result another weak variant of the Erdos-
Turan conjecture. Roughly speaking, it purports very dense sequences sufficiently
qualifies to be an additive base.

Corollary 11.1. Let H C N with D(H) > 0 such that D(N\ H) < :D(H). If
ru(n) == #{(a,b) € H*| a + b =n}

then lim rg(n) = oco.
n—-ao0

12. Compatible and Incompatible Circles of Partition

In this section we introduce the notion of compatibility and incompatibility of
circles of partition. We launch the following formal language.

Definition 12.1. Let M C N and C(n,M) and C(m,M) be any two CoPs. Then
we say the CoPs C(n,M) and C(m,M) are compatible if there exists some CoP
C(r,M) satisfying

C(n,M)UC(m,M) C C(r,M)

such that for each [z] € C(n,M) U C(m,M) with 2z # n there exist some [y] €
C(n,M) UC(m,M) so that

H—‘[x],[y] é C(T’, M)

We denote the compatibility by C(n,M) o C(m,M). We call the CoP C(r,M) the
cover of this compatibility.
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Proposition 12.1. Let C(n,M) and C(m,M) be any two CoPs admitting aligned
embedding. Then C(n,M) o C(m,M).
Proof. The result follows very easily by virtue of the feasibility of the embedding
C(n,M) C C(m,M)
or
C(m,M) C C(n,M)

according as n < m or m < n. O

Theorem 12.1. Let M C N. Then there exists no CoPs of the forms C(n,M)
and C(m, M) with all axes points concentrated at their center and additionally that
C(n,M)NC(m,M) =0 for |C(n,M)| > 2 and |C(m,M)| > 2 with

# L) € C(n, M)} # # {Lia)py) € C(m, M)}
such that
C(n,M) o C(m, M)
with a cover whose axes points are away from the center.

Proof. Let us suppose there exists at least a pair of CoPs of the form C(n,M) and
C(m, M) with m # n such that C(n,M) N C(m,M) = @ for |C(n,M)|, |C(m, M)| > 2
and additionally that
#{ L)) € Cn, M)} # # {Lpay gy € C(m, M)}
so that C(n, M) o C(m,M). It follows that there exists some CoP C(s,M) such that
C(n,M)UC(m,M) C C(s,M)
so that for each [z] € C(n,M) UC(m,M) there exists some [y] € C(n, M) U C(m, M)
such that
L[xL[y] é C(S,M).

Under the conditions

# {Lia)iy) € C(n, M)} # # {Liay) € C(m, M)}

and

Cn,M)NC(m,M) =10
it follows from the pigeon-hole principle and the uniqueness of the axes of CoPs
there exists some L) 1, € C(s, M) such that [z], [y] € C(n,M) or [z],[y] € C(m,M).

Without loss of generality let us assume that [z],[y] € C(n,M). By virtue of the
embedding

C(n,M) C C(s, M)

the line L,y € C(n,M) is such that L)y # Lz [y € C(n,M). It follows that
the line L), must be a chord in C(n,M) and C(s, M) must be a child of the
parent C(n,M). Now let us locate all the remaining chords Li,),js] # L[a),[y] i
the parent C(n, M). We claim that each chord Ly, [,) must be an axis of the child
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C(s,M). Let us assume to the contrary that some chord Ly, ) € C(n, M) is also a
chord in the child C(s,M). Then there exist some axes

Lta fa)s Loy, o) € € (0, M).
By virtue of the underlying embedding, it follows that the lines
L a1 Lo, o

cannot be axes of the CoP C(s, M) so that L, 4 and Ly, ;p) are chords in C(s, M)
with

D([ul, [b]) = D([v], [a]). (12.1)
It follows that at least one of Ly, ) and L)) must be chords in C(s, M). Other-
wise, it would mean both lines L) 5] = Liuj,p) € C(s, M) and Ly} (o] = L), o] € C(s, M),
which in relation to (12.1) is absurd for axes points of CoPs. Without loss of
generality let us assume L) p) is a chord then so is L}, under the condition
Liu),fa)» Liv),p] € C(n,M). Otherwise it would imply the chord L, ] must be an
axis of C(s,M). Since all the axes points of C(n, M) are concentrated around the
center, it certainly follows that

n a—+u n a—+u
5= 5 ~a and 5= g AU (12.2)
and
b b
ﬁzﬁzb and = = +U'zv (12.3)
2 2 2 2

so that we have a = b ~ u ~ v and we deduce that the co-axis point [a], [v] of the
cover CoP C(s,M) is close to the center by the relation

S a—+v

— = ~a v

2 2
which contradicts the requirement of the proximity of the axes points of the cover
C(s,M). It follows that Ly, [,] and Lig),[) are also chords in C(s, M) with

D([u], [v]) = D([a], [b]) (12.4)

since the lines Ly (], Liy), 5] € C(n, M) tied with the embedding C(n, M) C C(s, M).
It follows from (12.1) and (12.4)

Liu) (], Lo, € C(s, M)

so that n =u+a =v+b=s and C(n,M) = C(s,M), thereby contradicting the
embedding

C(n, M) C C(s, M).

Thus each chord in C(n, M) must be an axis of the child C(s,M). The upshot is
that the parent has only one child C(s,M), which is impossible since |C(n, M)| >
2. (]

Conjecture 12.1. Let C(n,M) and C(m,M) be parents CoPs with the offspring
O, and O,,, respectively. Then C(n,M) o C(m,M) if and only if there exists some
C(s,M) € O,, and C(t,M) € O,, such that

C(s,M) o C(t, M).
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Conjecture 12.1 could have several ramifications if it turns out to be true. Yet we
believe it is very hard to establish as we found it far-fetched with the current tools
developed thus far. Any progress on this conjecture would require an expansion on
the notion of compatibility and their interplay with other concepts.

13. The I** Fold Energy of Circles of Partition

In this section we introduce and study the notion of the I** fold energy of CoPs
and exploit some applications in this context.

Definition 13.1. Let M C N and C(n, M) be a CoP. Then by the I*"-fold energy
of the CoP C(n,M), we mean the quantity

E(LM) := i #{Lpap ) € C(n', M)}

nl—1
n=3 D)

for a fixed | € N.

It is important to remark that the [*" energy of a typical CoP C(n,M) could

either be infinite or finite. In that latter case it certainly should have a finite value.
To that effect we state the following proposition.

Proposition 13.1. Let J' C N be the set of all I powers. Then E(1,J') < oo for
all 1 >3 and £(2,]%) = oo.

Proof. Let | > 3 be fixed and consider the CoP C(n!,J!), where J' C N is the set
of all I*" powers. Then it follows from the configuration of CoPs the following
inequality

2 # L c(n', '
g(l“]]l)zz#{ [ ]7[3/]]61 (TL "]])}

n=3 2 J

<> 5
e

<> nllfl <0 (13.1)
n=3

for all [ > 3. |

Proposition 13.2. Let M C N and C(n,M) be a CoP. If E(I,M) = oo forl > 2,
then C(n', M) is ascending at infinitely many spots.

Proof. Let £(I,M) = oo and assume to the contrary that the CoP C(n!,M) is
ascending at finitely many spots. Then it follows that

lim #{L[z]’[y] € C(nl,M)} < Q.

n—>aoo

This implies £(I, M) < oo, thereby contradicting the requirement of the statement.
O
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Theorem 13.1. Let J C N be the set of all squares and
Ro(n?) := # {(a®,b*) € J| a® + b* = n*}
then

lim Ry(n?) = oo
n—oQ

Proof. The equation 22 4+ y? = 22 definitely has a solution in the positive integers.
That is there exists at least a triple (a, b, ¢) such that

a? + v =2
It follows that there are infinitely many triples of the forms
(a,b, ), (2a,2b,2c),(3a,3b,3c) ..., (ta,th,tc) ...

for all ¢ € N satisfying the equation x? + y? = 22. It follows that for k sufficiently
large, we will have the following inequality *

o |25 ] =1
k1
>k —

By taking limits on both side as k — oo, we have

i = 2
&2 =Y # {L ) € C(n?,0)}

N n=3 L%J

> Z n2271
n=3 L 2 J
>3
n=3 n
It follows that £2(2,J) = oo and by invoking Proposition 13.2, it follows that the

CoP C(n?,]) is ascending at infinitely many spots. This completes the proof of the
theorem. (]

Remark 13.1. In the spirit of attacking the binary Goldbach conjecture, we obtain
variants of Theorem 13.1 for the primes P without resorting to the notion of density
of CoPs. It is important to remark that the notion of density as used in the previous
section has no real content in this regard, since the primes have density zero by
virtue of the prime number theorem. The main tool used to tighten up our result
concerns that of Estermann [5], that almost all even number can be written as the
sum of two prime numbers.

Theorem 13.2. Let P be the set of all prime numbers and let
r2(n?) = #{(p,q) € P*| p+q=n?}
then

lim 73(n?) = oco.
n—=o0

77)(]6‘) plays the role of a constant, but depending on k.
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Proof. We compute a lower bound of the single-fold energy of the CoP C(n?,P).
By virtue of the result [5], we can write for &k large enough the inequality

2

i 7t {]L[I],[y] € C(nzﬂP’)} _ P i 7(n?)

s Sl =1
G

>k
7Z:Blogn

By taking limits on both sides of the equation we obtain the single-fold energy of
the CoP C(n?,P)

The upshot is that £(2,P) = co and by appealing to Proposition 13.2, we have
lim # {L[I]’[y] é C(nQ,P)} = 00

n—ro0o

thereby ending the proof of the claim. (I

Corollary 13.1. Let IP be the set of all prime numbers and let
ro(n) = #{(p,q) €P?| p+q=n}

then
nhHmOO ro(n) = oo.
Proof. The result follows very easily since n =n? =0 (mod 2). a

The result established ascertains the very notion that the number of represen-
tation of even numbers - Even numbers so represented as the sum of two prime
numbers - increases as the n increases without bounds. Next we launch an im-
portant criterion for investigating the status of the weight of CoPs. We make this
assertion formal in the following proposition.

Proposition 13.3. Let M C N and C(n,M) be a non-empty CoP. Then E(1,M) =
oo if and only if

# {L[w],[y] € C(n,M)} >0
for most n € N.

Proof. We basically compute the 1-fold energy of the CoP C(n, M) as

E(,M) = i i {L[I],[y] € C(n,M)}

= — :
n=3 LnTJ

The result follows very easily since the series considered is divergent, so that if the

counting function for the number of axes of the CoP C(n,M) is positive for finitely

many generators then the series will converge, which is an absurdity given our

presumption. The converse is also an easy argument, thereby ending the proof. O
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Theorem 13.3. Let B C N with # {n < z| n € B} ~ 2!~ for any 0 < e < 1 and
consider

QB(n) = # {L[a],[b] é C(n,IBS)} .
If Gg(n) > 0 for all sufficiently large values of n, then

lim sup Gg(n) = oo.
n—oo

Proof. First we compute the two fold energy £(2,B) of the CoP C(n? B). Since
Gg(n) > 0 for all sufficiently large values of n, It follows that for k large enough
there exist some constant £ = L(k) > 0 such that

: 2 [ s
S B 4oy w
5] ENE=

n=3
Mo
) o
n=3

2
By taking limits on both sides as k — 0o and noting that 0 < € < %, we deduce
E(2,B) = co. Appealing to Proposition 13.2, it follows that

lim sup Gg(n?) = occ.
n—rr00

Since {n? € N} C {n € N}, it follows that limsup Gg(n) = cc. O

n—ro0

Let B be an additive base of order 2, then it is well-known that

#{n<z|neB} >z
In line with this tied with Theorem 13.3 the solution to the Erdés-Turdn additive
bases conjecture is an easy consequence.
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