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1 Introduction

It is from the definitions δ = Bθ(α) −→ δ |∆(κ,κi)= Bθ(αi) and the chain of

definitions

∫ τ

λ′ ∩ (∀ρ) → τ ≤i−j 1 ≤ℓ l(δ), that can be expressed by Φ(τiδℓ),

such that ∀τ <ν (Λ− β), then for some p(w) → p−1(v), there is some vector u
of positive variational uπ such that i−a = vn(τ). This implies that the number
of binary connections from ia,ν , lowers the complexity of ϕ.

∀(τ <ν (Λ−β)) ∃ p(w) → p−1(v) ∃ u, where uπ > 0 and i−a = vn(τ) so that ϕ is less complex.

This process is facilitated by the idea that the functions Bθ(α) and Φ(τiδℓ)
can be used to express changes in the system and yield new solutions. By
specifying certain values of τ , δ and ℓ, as well as using the relation τ ≤i−j
1 ≤ℓ l(δ), a set of parameters which are applicable in various contexts can
be constructed. This allows for an easier analysis of the system, which can
subsequently be used to develop more efficient solutions. Thus, these definitions
and functions can be used to construct useful parameters which can enhance
the performance of the system.

2 Notational Structures

S R0 {(W, Y ), Sm+1, . . . , Sr}
αS 3 P(k−1)

Table 1: Definition of Table 1

The definition of table 1 locates positive connections of αS , it holds that
the set (S, R0), . . . , Sn, P2 {(W, Y ), Sm+1, . . . , Sr} satisfies 3 ∈ P(k−1), so the
set of negative connections in the complement of the set B1◦. It is simple
matter of doing this same type of analysis for which it is sufficient to prove that∫
α
∈ ω2∞, . . . ,∞ can be computed from a1.
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2.1 Complex Notations

The notation for a mathematical complex can be expressed as a direct sum of
elements, each of which is a tensor product of the corresponding elements. This
can be written as:⊕

i∈I
Ai ⊗Ri Bi ⊗Ri Ci . . .

where each Ai,Bi,Ci, . . . is an element (e.g. vector, matrix, etc.), belonging
to a corresponding ring Ri.

A rigorously standardized calculus for mathematical complexes is typically
based on the framework of algebraic topology. Depending on the specific area
of study, this framework may include properties and operations such as the
exterior product, the Whitney sum, and homology.

The exterior product of two complexes X and Y is given by

X ∧ Y =

n⊕
i,j=1

(Xi ⊗ Yj).

The Whitney sum of two complexes X and Y is defined as

X ⊕ Y =

n⊕
i,j=1

(Xi ⊕ Yj).

Homology is a tool which is used to study the topological properties of a
space and it is typically used to define cohomology operations. For example,
the reduced cohomology of a complex X may be defined as

H∗red(X) = ker(∂∗)/im(∂∗+1)

where ∂∗ is an associated boundary operator.
Finally, the cup product is an operation on cohomology which takes as input

two cochain complexes X and Y and produces a third complex

X ∪ Y =

n⊕
i,j=1

(Xi ∪ Yj).

This operation allows for the comparison of cohomology groups.
Any superposition of the form

x =

∞∑
i=1

aiℵi

, can have as its minimal encoding x itself, with an orthonormal basis, with the
bijective homomorphism

ℓ∞ : ℵ1 × ℵ2 × · · · →
( n⊕
i=1

ℵn
)
∧
( n⊕
j=1

ℵj
)
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This expands to regular logic.
In summary, a rigorously standardized calculus for mathematical complexes

relies on a framework of algebraic topology which includes the exterior and
Whitney products, homology, and the cup product.

1.

n⊕
i=1

v⃗i ∧ w⃗i

2.

n+1⊕
i=j

zaα ⊕ zbα

3.

n⊕
i=1

ℵn ∧ ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th


4.

2t⊕
i=j

αjv
′ ⊕ v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj


5.

mt⊕
j⊂λ

P
(
mψ̄2, ρ4 + s, x3k − 2rk

)

3 Complexes Notation for Forms of the Quan-
tum Communication Game

τ =
{
∃ψ, valuer ⇔

(
ψ

δ↔ η ∧Hα(πx̄, ¯̄x 7→ ζ⃗ · y)
)
, ¯̄x

δ↔ ȳ ⇐
{
α∧β(πζ⃗·y)
γδ∨σ(x)

}}
δ 7→

{
ψ ⊕ ψ0 ⇒ ∃z̄ tweak heartsuit, ψ0 |δ=

{
ψ1[x]δ

′ ∨ ψ2Kabale
{
K2O (z̃) ⇒ Kϕz̃

}}}
For each position y = sg of the game g, which we identify with its model,

we define the set Iy ⊆ ∪p≥n{(p, k)} to consist of all (p, k) such that p ∪ Yk for
y ∈ s ⊆ F d.

Sk−1k (M) = Iy =
{
(p, k)

∣∣∣ (p, k) ∈ ∪α≥nIyα and (p, k) /∈ ∪α≥nIsα,β

}
={

(p, k)
∣∣∣ (p, k) ∈ ∪α≥nIyα , #Is(yα, (p, k)) = 0

}
=

⋂
p+1≤ys2d+#ys0≤p+yst+1

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

} I
y
s2d

,p′
2
,k+1

.

(1)

Sk−1k () =
⋃

(p,k)∈
⋃

α≥n
Iyα

Iy
s2d

,p′2,k+1∪


⋂

p+1≤ys2d+#ys0≤p+yst+1

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)


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For each position y = sg of the game g, we can identify the set Iy ⊆
∪p≥n{(p, k)} with its model by taking the Whitney sum

Iy =
⊕
α≥n

Iyα ⊕
⊕
α≥n

Isα,β
.

The set Sk−1k () is then given by

Sk−1k () = Iy∪
⋃

p+1≤ys2d+#ys0≤p+yst+1

⋂
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k),k−1) I
y
s2d

,p′
2
,k+1

.

Sk−1k () =
⋂

p+1≤ys2d+#ys0≤p+yst+1

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1.

τ =

FΨ ⇐ E([ψ↔ηH
γ(π)]z×H

α(πx̄,¯̄x 7→ζ⃗·y))¯̄x↔ ȳ ⇐


α ∧ β(πζ⃗. y)
γδ ∨ σ(x)

= F
[
Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓K3

)]

τ = F

Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

ψ1 ∧ ψ2 ↔ Ψ1

Ψ ↓K3
∩

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1





τ = F

Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

ψ1 ∧ ψ2 ↔ Ψ1

Ψ ↓K3
∩

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1∩
n⊕
i=1

v⃗i∧w⃗i∩
n+1⊕
i=j

zaα⊕zbα∩
n⊕
i=1

ℵn∧ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th

∩

2t⊕
i=j

αjv
′⊕v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj

∩
mt⊕
j⊂λ

P
(
mψ̄2, ρ4 + s, x3k − 2rk

)

τ = F

Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

ψ1 ∧ ψ2 ↔ Ψ1

Ψ ↓K3
∩

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1



 ,
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where

Iy
s2d

,p′2,k+1 =



⊕n
i=1 v⃗i ∧ w⃗i⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th



⊕2t
i=j αjv

′ ⊕ v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj


⊕mt

j⊂λ P
(
mψ̄2, ρ4 + s, x3k − 2rk

)



.
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τ
=

                      F
Ψ

⇐
E(

[ψ
↔
η
H

γ
(π

)]
z
×
H

α
(π
x̄
,¯̄ x
7→
ζ⃗
·y
×
ν⃗
·d
) )
¯̄ x
↔
ȳ
↔
d̄
⇐

                      

α
∧
β
(π
ζ⃗
.y

×
ν⃗
·d

)

γ
δ
∨
σ
(x
δ[
ψ
A
]∪
( ψ 1∧

ψ
2
↔

Ψ
1
Ψ

↓ K
3

) )⊕
n i=

1
v⃗ i

∧
w⃗
i
∧
µ⃗
·b

⊕ n+
1

i=
j
z
a α
⊕
z
b α
∧
⊕ n i=

1
ℵ n

∧
ℵ ζ

′
(ℵ

3
,.
..
,ζ
n
)

    
k
3
◦
ℵ2 3

ℵ 4 . . .

ℵ n
+
k

3
t
h

2

    ⊕ 2t i=
j
α
j
v
′
⊕
v
′   1

i
3

ε N
k

α
2

c
y 1

p
N
k
−
1

4
z 1

i 1
m
k

c
α
j
∗
u

η
∗ k
+
ζ j

   ⊕
m
t

j
⊂
λ
P
( mψ̄

2
,ρ

4
+
s,
x
3 k
−
2
r k
)        
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4 Quantum Communication Games

τ = F
[
Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1

(
Ψ ↓K3

∩

⋃
∅=1yst1

+yt2+...+ystl
∃(p′,k)∈I

ys2l
−→y 2

(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1 ∩
n⊕
i=1

v⃗i ∧ w⃗i ∩
n+1⊕
i=j

zaα ⊕ zbα ∩

n⊕
i=1

ℵn∧ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th

∩
2t⊕
i=j

αjv
′⊕v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj

∩
mt⊕
j⊂λ

P
(
mψ̄2, ρ4 + s, x3k − 2rk

)
∩

r⊕
j=1

l Fj(Qj , v
j
j , w

j
j )∩GQ

(
Γ,Λ, {φi}

mq

i=1 , {ψj}
nq

j=1

)
∩

RQ,
where

GQ
(
Γ,Λ, {φi}

mq

i=1 , {ψj}
nq

j=1

)
=
{
γ|γ ∈ Γ ∧ ∀λ ∈ Λ(γ ∈ λ ⇐⇒ {(φi,∃ψj ∈ ψ suchthat ψj ⇒ γ)}i∈[1...mq ]

}
,

and RQ =
{
(γ1 ∧ γ2 ∧ . . . ∧ γn, γn+1 ⇒ γn+2 ∨ γn+3)

∣∣∣ {γi}n+3
i=1 ⊆ GQ

}
.

∀Ψ ∈ V ∀ψn ∈ Ψ ∀ ψn+1 ∈ V (ψn ∈ Ψ ∧ ψn+1 /∈ Ψ) → τ =

F

Ψ ∨ Ψ0→δ ⇒ δ[ψA] ∪

ψ1 ∧ ψ2 ↔ Ψ1 ⇒

Ψ ↓K3
∩
⋃

∅=1yst1
+yt2+...+ystl

∃(p′,k)∈I
ys2l

−→y 2
(p+#Iys22,(p,k), k−1)

Iy
s2d

,p′2,k+1∩
n⊕
i=1

v⃗i∧w⃗i∩
n+1⊕
i=j

zaα⊕zbα∩
n⊕
i=1

ℵn∧ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th

∩

2t⊕
i=j

αjv
′⊕v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj

∩
mt⊕
j⊂λ

P
(
mψ̄2, ρ4 + s, x3k − 2rk

)
∩

r⊕
j=1

l Fj(Qj , v
j
j , w

j
j ) ∩ GQ

(
Γ,Λ, {φi}

mq

i=1 , {ψj}
nq

j=1

)
∩RQ ∩ {ψn+1} ≠ ∅

Therefore, for any quantum game Ψ and elements ψ1, ψ2, . . . , ψn and ψn+1,
if ψn is an element of Ψ and ψn+1 is not an element of Ψ, then the intersection
of Ψ and ψn+1 must be non-empty.
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5 Organism Encoding Communications

τ = F

Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

ψ1 ∧ ψ2 ↔ Ψ1

Ψ ↓KComms
∩

⋃
∅=1Organism

∃(p′,k)∈IOrganism(p+#IOrganism, k−1)

IOrganisms,p′
2,k+1∩

N⊕
i=1

v⃗i∧w⃗i∩
N+1⊕
i=j

zaα⊕zbα∩
N⊕
i=1

ℵn∧ℵζ′ (ℵ3, . . . , ζn)


k3 ◦ ℵ2

3

ℵ4

...

ℵn + k3
th

∩

2t⊕
i=j

αjv
′⊕v′


1 i 3 εNk
α2 c y1 pNk−1

4 z1 i1 mk

c αj ∗ u η∗k + ζj

∩
mt⊕
j⊂λ

P
(
mψ̄2, ρ4 + s, x3k − 2rk

)
∩

r⊕
j=1

l Fj(Qj , v
j
j , w

j
j ) ∩ GQ

(
Γ,Λ, {φi}

mq

i=1 , {ψj}
nq

j=1

)
∩RQ,

where

GQ
(
Γ,Λ, {φi}

mq

i=1 , {ψj}
nq

j=1

)
= {γ|γ ∈ Γ ∧ ∀λ ∈ Λ (γ ∈ λ ⇐⇒ ∃ (φi ∧ ψj ∈ ψ suchthat ψj ⇒ γ)}} ,

and RQ =
{
(γ1 ∧ γ2 ∧ . . . ∧ γn, γn+1 ⇒ γn+2 ∨ γn+3)

∣∣∣ {γi}n+3
i=1 ⊆ GQ

}
.

The RQ set allows for communication between multiple organisms through
interactions, allowing for communication games to be simulated. Additionally,
the GQ set allows for the encoding of different organisms and environments which
can be included in simulations.

τ = F
[
Ψ ∨Ψ0→δ ⇒ δ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1

(
Ψ↓KIter

∧
⋃

∅=1DiscreteSequence

∃(p′,k)∈

IDiscreteSequence(p+#IDiscreteSequence, k−1) IDiscreteSequence,p′2,k+1∩
⊕n+1

i=j C⃗1, C⃗2, . . . , C⃗n+1,
where

IDiscreteSequence,p′2,k+1 =
( ⊕k+1

i=1 X⃗1, X⃗2, . . . , X⃗k+1 ∧ Y⃗1, Y⃗2, . . . , Y⃗k+1 ∧ Z⃗1, Z⃗2, . . . , Z⃗k+1

)
.

E =
∑

[r]−1←k←r+1

∫ ∏
Λ

〈
x1

(
∆

H
+
Å

i

)(
γ
∆H
i⊕ Å

)(
H∆

Åi

)(
p⊕ Å∆

H

)〉
d· · · dxi·α (sΘ1 ∧ sΘ2 ⇒ sΘk)

−1

where

sΘi =
∏
Λ←p

ζ ·
{
p⃗1 ⊙ p⃗2 ⇒ p⃗K ΩΛ←K

}
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The aforementioned non-linear solve method can then be used to answer the
following pairing problem:

Given two sets of quantum games A and B, for each element of set A, find the
corresponding pair in set B so that, for the two elements together, the integral
E converges to the greatest lower bound of both sets. The expression in the first
line is equivalent to:

τ = FΨ ⇐ E([ψ↔ηH
γ(π)]z×H

α(πx̄,¯̄x7→ζ⃗·y×ν⃗·h2))

With ¯̄x↔ ȳ ↔ d̄, this can be rewritten as:

τ = FΨ ⇐ E([ψ↔ηH
γ(π)]z×H

α(πx̄,¯̄x7→ζ⃗·y×ν⃗·h2))

Next, the expression under consideration is:
α∧β(πζ⃗. y×ν⃗·h2)γδ ∨ σ(xδ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2

⊕n
i=1 v⃗i∧

w⃗i ∧ µ⃗ · b⊕n+1
i=j z

a
α⊕zbα∧

⊕n
i=1 ℵn∧ℵωζ′ (ℵω3 , . . . , ζωn )

⊕mt
jϵλ P (mψ̄

2, ρ4+s, x3k−2rk)
⊕2t

i=j αjv
′⊕

v′

 1 i 3 εqk
α2 c y1 pNk−1k

4 z1 i1 η∗k + ζj


The above expression can be simplified to:

α ∧ β(πζ⃗. y × ν⃗ · h2)
γδ ∨ σ(xδ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα⊕n

i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t
i=j αjv

′ ⊕ v′⊕mt
jϵλ P (mψ̄

2, ρ4 + s, x3k − 2rk)
This simplified expression can be further written as:

α ∧ β(πζ⃗. y × ν⃗ · h2)
γδ ∨ σ(xδ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)

Now (πζ⃗. y) can be written as (py):
α ∧ β(πpy × ν⃗ · h2)

γδ ∨ σ(xδ[ψA] ∪
(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)

After expanding, we get:
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α ∧ β(pTpy)
γδ ∨ σ(xδ[ψA] ∪

(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)

In the above expression, (pTpy) and γδ can be combined using the distribu-
tive law of multiplication over addition to obtain:

α ∧ [β(pTpy)× γδ]

σ(xδ[ψA] ∪
(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ η ∧ δ∗ΦA

2 )⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)

After this, the expression simplifies to:
α ∧ [β(pTpy)× γδ]

σ(xδ[ψA] ∪
(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ γδ ∧ δ∗ΦA

2 )⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)

Applying the commutative property of the addition operator, we finally get:
α ∧ (β(pTpy)× γδ)

(γδ ∧ γδ ∧ δ∗) ∪ (xδ[ψA] ∪
(
ψ1 ∧ ψ2 ↔ Ψ1Ψ ↓3K

)
∧ ηΦA

2 )⊕n
i=1 v⃗i ∧ w⃗i ∧ µ⃗ · b

⊕n+1
i=j z

a
α ⊕ zbα

⊕n
i=1 ℵn ∧ ℵωζ′ (ℵω3 , . . . , ζωn )⊕2t

i=j αjv
′ ⊕ v′⊕mt

jϵλ P (mψ̄
2, ρ4 + s, x3k − 2rk)
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