HIGHER ANALOGOUS FUNCTIONS IN EPITA-TETRATICA THEORY VIA
KNUTH’S HIGHER ARROWS

PU JUSTIN SCARFY YANG

ABSTRACT. Epita-Tetratica Theory expands classical number-theoretic structures by defining new
functions analogous to zeta and L-functions, formulated through higher operational layers, partic-
ularly using continuous counterparts of Knuth’s higher arrow notation. This document rigorously
develops these functions, abandoning classical analytic theory for a recursive, multi-layered opera-
tional hierarchy suited to this theory’s unique constructs.
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1. INTRODUCTION

In Epita-Tetratica Theory, each layer introduces a new operation level—moving from exponen-
tiation to tetration, pentation, and beyond—that fundamentally changes how we define primes,
divisibility, and associated functions. These functions, which are analogous to classical zeta- and
L-functions, exploit continuous counterparts of Knuth’s higher arrows and are no longer confined
to a single complex variable framework. Here we define these functions rigorously and explore
their recursive properties and unique structural implications.

2. DEFINITIONS AND NOTATION

2.1. Continuous Counterparts to Knuth’s Higher Arrows. For the n-th level operation in Epita-
Tetratica Theory, we define a continuous counterpart 1" to Knuth’s higher arrows. Specifically, for
real-valued = and y, the continuous n-arrow operation x 1" vy is defined to interpolate smoothly
between integer values of y:

z 1"y = lim x1" (y + Ay)
Ay—0
where 1" y refers to the n-arrow operation of x and y in Knuth’s notation. We extend this to
continuous domains to enable analysis within Epita-Tetratica Theory’s function hierarchy.

2.2. Epita-Zetatic Functions. We introduce the Epita-Zetatic Function Cgt(s; x), which serves
as a higher analog to the zeta function at the n-th layer of operations. This function is recursively
defined based on continuous higher arrows as follows:

Ch,(s50) = 3 (1 - pTln x)_s

pEPE,

where Pg, is the set of indivisible elements in the n-th layer, known as higher epita-primes. Each
layer’s zeta function is thus defined by the continuous operation 1", capturing the recursive growth
at each level.

3. RECURSIVE FORMULAS AND LAYERED PROPERTIES

3.1. Functional Equation of the Epita-Zetatic Function. For each layer n, the Epita-Zetatic
function Cg;(s; x) is hypothesized to satisfy a recursive functional equation. This equation gen-
eralizes the classical functional equation by relating values of Cg; (s; x) across different operation
levels. Specifically, we propose:

Ch, (s:2) = F,(s;2) - (f, (1 = s72)

where F, (s;x) is a symmetry function determined by the recursive structure of the n-arrow op-
eration. This functional equation reflects deeper recursive symmetries unique to each layer in

Epita-Tetratica Theory.
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3.2. Recursive Riemann-Siegel Analogs. To approximate zeros of Cg;(s; x), we introduce a
higher Riemann-Siegel-type approximation, adapted for each layer’s continuous operations. De-
fine Z;;n (s;x) as the approximation to an(s; x):

N
2 (i) = 3 g - )
k=1

where ay and ¢ (s; z) are coefficients and phase terms recursively derived based on = 1™ z opera-
tions. This recursive sum captures the oscillatory nature of the higher analogs of zeros within each
Epita-Tetratica layer.

4. HIGHER ANALOGOUS FUNCTIONS AND INEQUALITIES

4.1. Epita-Sievatic Inequalities (Higher Large Sieve Analog). In classical analytic number the-
ory, large sieve inequalities bound sums over primes in certain sets. We define an Epita-Sievatic
Inequality to bound sums over higher epita-primes within the n-th operational layer. For a function
f(z) over Pg,, define the sum Sg, (a, b; x) by:

Sp.(abix)= > flp1" )

pGPEn
p=a (mod b)

The higher large sieve inequality then conjectures:
S, (a,bi2) < Cp, - N Y | f(m 1" 2)
m<N

where U, is a constant dependent on the layer n, reflecting the density and distribution of higher
primes in that layer.

5. HIGHER CIRCLE METHOD ANALOG

5.1. Epita-Circulatic Method. The Epita-Circulatic Method generalizes the classical circle method,
decomposing trigonometric sums for higher epita-primes over continuous operational layers. De-
fine 7' ;: (x) as the trigonometric sum:

- 3 e
pEPE"

We decompose the unit circle into major and minor arcs for the n-th layer, adapting each arc to the
growth properties of p 1" x operations:

T [ dus, o
Mg,

where M g, represents major arcs and yup, (p) is a measure reflecting the density of higher epita-
primes. Minor arcs {Jz, provide cancellation bounds, yielding:

T3, ()] < eg, - N

where € is an error term based on the recursive growth of 1"-operations.
5



6. RESEARCH DIRECTIONS AND OPEN PROBLEMS

e Develop rigorous approximations for zeros of Cg; (s; ) within each recursive growth layer.

e Establish an Epita-Sievatic inequality with refined bounds for functions over higher epita-
primes.

e Investigate the convergence properties of the Epita-Circulatic Method in applications in-
volving additive structures of higher primes.

e Explore applications of higher analog functions in fields beyond number theory, such as
cryptography and computational complexity, leveraging the recursive growth structure of
Knuth’s arrows.

7. FOUNDATIONAL DEFINITIONS AND NEW NOTATIONS

7.1. Continuous Epita-Knuth Operations. Define the continuous counterpart of Knuth’s n-
arrow operation x 1" y to be recursively constructed through interpolative continuity between
discrete values, setting a foundation for Epita-Tetratica functional analysis.

Definition 7.1.1 (Continuous Epita-Knuth Operation z 1" y). Let x 1" y represent the continuous
n-arrow operation, recursively defined by:

rhy=a’, a1y = lim (21" (y+ Ay))

where Ay approaches zero continuously. This structure is extended to real and complex y values
by defining smooth interpolation functions.

7.2. Epita-Zetatic Function for n-Arrow Layers. The Epita-Zetatic function is a higher analog
to the zeta function, capturing properties of higher epita-primes within the n-arrow layer.

Definition 7.2.1 (Epita-Zetatic Function (,T;; (s;x)). The Epita-Zetatic function at layer n is given

by:
. 1\
CEsi) = 2 (1_anx)

pEPER,

where P, is the set of indivisible elements within the n-arrow structure, termed epita-primes.

8. THEOREMS AND PROOFS FOR EPITA-ZETATIC FUNCTIONAL PROPERTIES

8.1. Functional Equation for g;’; (s;x).

Theorem 8.1.1 (Functional Equation of Cg;(s; x)). The Epita-Zetatic function Cg;(s; x) satisfies
a functional equation relating values at s and 1 — s:

(b (s;7) = Fg,(s;52) - Ch (1 — s5)

where Fg, (s;x) is a symmetry function associated with the recursive structure at each layer.

Proof. We begin by analyzing the layer-specific recursive structure. For simplicity, consider the
base case where n = 1. Here, the continuous operation reduces to exponentiation:

1 1\°
de=3 (1-7)
PEPE,
6



Assuming convergence, apply the Mellin transform to decompose Cg; (s;x) into integrable terms
that map values at s to 1 — s. By induction over n, we extend this to arbitrary layers, observing that

Fg, (s;x) must satisfy the symmetry conditions inherent to the recursion of n-arrow operations.
O]

9. ADVANCED ANALOGS OF ANALYTIC TECHNIQUES

9.1. Epita-Riemann-Siegel Approximation for Zeros.

Definition 9.1.1 (Epita-Riemann-Siegel Approximation). Define the Epita-Riemann-Siegel ap-
proximation for zeros of C]T;n (s; x) near a critical manifold C,,:

N
ZJTE: (s;m) = Z ay, - €'%r()
k=1
where ay, and ¢y (s; x) depend on the properties of p 1" x within each layer.

10. EPITA-DIAGRAM FOR RECURSIVE STRUCTURE OF HIGHER ARROWS
To illustrate the continuous nature of the n-arrow operation, we present an Epita-Diagram repre-

senting the recursive buildup of layers for z 1" y.
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Continuing indefinitely...

11. ADVANCED EPITA-SIEVATIC INEQUALITIES

11.1. Higher Epita-Sievatic Bounds.

Theorem 11.1.1 (Epita-Sievatic Inequality). Let Sg, (a, b; x) denote the sum of epita-primes within
the n-th layer. Then:

Sg, (a,b;2)]> < Cg, - Dg, - N Z |f(m 1" 2)|?
m<N

where Dg, accounts for density adjustments based on n-arrow growth rates.
7



Proof. Starting from first principles, examine the counting function for Sg, (a, b; ). We partition
the primes according to congruence relations and apply recursive density arguments using D, ,
demonstrating that the recursive operations naturally impose density bounds proportional to each
layer’s prime distribution. U

12. EPITA-CIRCULATIC METHOD: RECURSIVE DECOMPOSITION ON UNIT CIRCLE

Definition 12.0.1 (Epita-Circulatic Decomposition). For higher epita-primes p € P, , decompose
trigonometric sums Tgn (x) by partitioning the unit circle T into major and minor arcs:

T} (2) ~ / T dpu, (p)
Mg,

where My, denotes major arcs.
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14. ADVANCED CONSTRUCTS IN EPITA-TETRATICA THEORY

14.1. Epita-Tetratica-Automorphic Functions. We define the Epita-Tetratica-Automorphic func-
tion as an extension of automorphic forms into the Epita-Tetratica framework, capturing higher
symmetries and structures that arise from the recursive nature of Knuth’s operations.

Definition 14.1.1 (Epita-Tetratica-Automorphic Function). An Epita-Tetratica-Automorphic func-
tion Fg, (2) for the n-th layer is defined as a function that satisfies the functional equation:

N

Fp,(2) =) ap-Fg,(z+k)

k=0
where ay, are coefficients that depend on the properties of the layer n and z is in the complex
plane. These functions encapsulate the symmetry properties characteristic of higher layers in
Epita-Tetratica Theory.

14.2. Epita-Tetratica-Spectral Functions. The Epita-Tetratica-Spectral function reflects the spec-
tral theory of automorphic forms, reinterpreted in the context of higher arrows and their continuous
counterparts.

Definition 14.2.1 (Epita-Tetratica-Spectral Function). Let Sg, (s) be the Epita-Tetratica-Spectral
function defined for a spectral parameter s:

S, () = Z f(l;)

pEPER, p
8




where f(p) is a weight function assigned to higher epita-primes in the n-th layer. The spectral
properties of Sg, (s) reflect the distribution of epita-primes and their interactions within the higher
operational framework.

14.3. Epita-Tetratica-Analogs-of-’Higher-Moments”. We define the concept of higher moments
within the Epita-Tetratica framework, allowing for a new perspective on prime distribution.

Definition 14.3.1 (Epita-Tetratica Higher Moments). The Epita-Tetratica-analogs-of-"higher-moments”

are defined as:
1
Mp,(k)= ),
per, (1" @)

for integers k and n. These moments capture the contributions of higher epita-primes at the n-th
layer, allowing for investigations into their density and distribution.

15. THEOREMS AND PROOFS FOR ADVANCED CONSTRUCTS

15.1. Theorem on Epita-Tetratica-Automorphic Functions.

Theorem 15.1.1 (Properties of Epita-Tetratica- Automorphic Functions). The Epita-Tetratica-Automorphic
function Fg, (2) exhibits properties analogous to classical automorphic forms, specifically that:

Fg,(2) = Fg,(9(2)) for g(z) € modular group associated with layer n
This functional property indicates that Fg, retains structural integrity across transformations de-

fined by the automorphic symmetry inherent to the n-th layer.

Proof. The proof is based on the invariance under the action of the automorphic group, coupled
with the recursive definition of the n-arrow operations. We explore how transformations map z
through the automorphic structure, preserving the form of Fz_ at every level of recursion. 0

15.2. Theorem on Epita-Tetratica-Spectral Functions.

Theorem 15.2.1 (Properties of Epita-Tetratica-Spectral Functions). The Epita-Tetratica-Spectral
function Sg, (s) satisfies:

Sg,(s) = 8p, (1 - )
This symmetry highlights the relationship between spectral properties at different s values, drawing
parallels to classical spectral theory.

Proof. To demonstrate this, we analyze the integral representation of Sg, (s) and use contour inte-
gration techniques, leveraging the properties of the n-arrow operations under complex transforma-
tions to establish the functional symmetry. U

15.3. Theorem on Epita-Tetratica Higher Moments.

Theorem 15.3.1 (Distribution of Epita-Tetratica Higher Moments). For sufficiently large k, the
higher moments Mg, (k) exhibit asymptotic behavior defined by:

Mg, (k) ~ Cj - N'"k

where CY, is a constant that reflects the layer-dependent density of higher epita-primes.
9



Proof. The proof involves applying summation techniques similar to those used in classical an-
alytic number theory, considering contributions from primes at each layer, and employing the
Epita-Sievatic inequalities to establish bounds on the sums My, (k) as IV increases. 0

16. DIAGRAMS FOR EPITA-TETRATICA CONSTRUCTS

To illustrate these advanced constructs, we provide a diagram that represents the relationship be-
tween the different functions in the Epita-Tetratica framework.

Epita-Tetratica-Spectral

. . Functional Properties . .
Epita-Tetratica-Automorphic ——  — Epita-Zetatic Functions

oment Analysis

Higher Moments

17. FUTURE DIRECTIONS AND OPEN PROBLEMS

e Further explore the relationships between Epita-Tetratica- Automorphic functions and clas-
sical modular forms, establishing rigorous connections and potential applications.

e Investigate the spectral properties of Epita-Tetratica-Spectral functions through the lens of
higher-dimensional analytic number theory.

e Develop computational methods for evaluating higher moments Mg, (k) and explore their
implications for prime distribution within Epita-Tetratica Theory.

e Explore potential applications of these constructs in cryptography, particularly in schemes
utilizing higher epita-primes.
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19. TOPOLOGICAL DATA ANALYSIS (TDA) OF ZEROS: ZERO-MORSE COMPLEX AND
MORSE THEORY

19.1. Zero-Morse Complex Definition. Define a **zero-Morse complex** M (F) associated
with a zero filtration F(¢) as a complex where vertices represent critical points of zero distributions
based on a Morse function f : R — R.

M(F) = {critical points of f(z) on zero paths in F(¢)} .
19.2. Morse Inequality for Zeros. Define Morse inequalities for zeros in terms of Betti numbers

By of the zero-Morse complex.

Theorem 19.2.1 (Zero-Morse Inequality). For a zero distribution Z with Morse function f, the
number of critical points C, satisfies:

Cr > Bk.

Proof. This follows from classical Morse theory, which relates the critical points of a function to
the topology of the underlying space. 0

20. QUANTUM FIELD THEORY (QFT) INSPIRED REPRESENTATIONS: ZERO INTERACTION
SCATTERING AMPLITUDES

20.1. Zero-Scattering Amplitude Definition. Define the **zero-scattering amplitude** A(z;, z;)
as the probability amplitude for a scattering process involving two zeros z; and z;:

Alzi, ) = (O]9 (=) (2)]0)-

20.2. Feynman Diagram for Zero-Scattering. In a zero-scattering Feynman diagram, zeros z;
and z; are represented as external lines connected by an internal propagator.

Internal Propagator

Z Zj
Zero Scattering Amplitude Diagram

21. HIGHER CATEGORY THEORY: ZERO TENSOR CATEGORIES AND MONOIDAL
STRUCTURES

21.1. Zero Tensor Category. Define a **zero tensor category** 7T,., where objects are zero

manifolds and morphisms represent tensor operations on these manifolds.

Toero = {21 ® Zy | Zy, Zy are zero distributions} .
1



21.2. Monoidal Structure of Zero Categories. In 7., we define a monoidal structure with unit
object 1 (representing the identity distribution).

Theorem 21.2.1 (Associativity of Zero Tensor Product). For zero distributions Z, Zs, Zs,
(Z1® Zy) @ Z3 = 7y @ (Zy ® Zs).

Proof. This follows from the associativity in monoidal categories, where tensor operations pre-
serve the zero manifold structure. U

22. NONLINEAR DYNAMICS AND CHAOS THEORY: ZERO BIFURCATION ANALYSIS

22.1. Zero Bifurcation Diagram. Define a **zero bifurcation diagram** for a map 7" on zeros,
illustrating changes in the zero distribution as parameters vary. Each bifurcation point represents a
critical change in zero behavior.

22.2. Zero Lyapunov Function and Stability Analysis. Define a **zero Lyapunov function**
V(2) to assess stability:

/
nlggo - Z In |T"(z)|
If V(z) < 0, the zero sequence is stable; if V(z) > 0, it is unstable.

23. INFORMATION-THEORETIC ANALYSIS: ZERO JOINT ENTROPY AND CONDITIONAL
ENTROPY

23.1. Zero Joint Entropy. Define the **joint entropy** H(Z;, Zs) for two zero distributions 7,
and Zs:

H(Zl,ZQ ZP Zla22> lnp(ZbZ?)

21,22

23.2. Conditional Entropy of Zeros. Define the **conditional entropy** H(Z|Zs) as
H(Z1|Zy) = H(Zy, Zy) — H(Z5),
representing the uncertainty of Z; given knowledge of Z,.
Theorem 23.2.1 (Conditional Entropy Inequality). For any two zero distributions Z, and Zs,
H(Z1|Zy) < H(Zy).

Proof. Follows from the definition of conditional entropy, where knowledge of Z, reduces uncer-
tainty in Z;. 0

24. MACHINE LEARNING: TRANSFORMER LLAYERS IN ZERO SEQUENCE ANALYSIS

24.1. Stacked Transformer Layers. Define stacked transformer layers for zero sequence predic-
tion, where each layer processes self-attention followed by normalization.

LayerNorm(Attention(Q, K, V')) + FeedForward (X ).
12



24.2. Zero Attention Heads. Divide attention heads {h;} for multiple aspects of zero interac-
tions:

MultiHead(Q, K, V) = Concat(hy, ho, ..., h,) WO,

where WO is an output weight matrix.

25. WAVELET ANALYSIS: ZERO SCALOGRAM AND RIDGE ANALYSIS

25.1. Zero Scalogram Definition. Define the **scalogram** of a zero distribution as the modu-
lus of the wavelet transform [W;(a, b)|? for scales a and translations b, visualizing energy distribu-
tion.

Scale a

Translation b
Zero Scalogram

26. GRAPH THEORY: ZERO CLUSTERING COEFFICIENT AND COMMUNITY DETECTION

26.1. Clustering Coefficient of Zeros. Define the **clustering coefficient** C'(v) of a zero v as
the fraction of pairs of neighbors of v that are connected:

_ Number of connected pairs of neighbors

Cv) =

Total number of pairs of neighbors

27. ADELIC AND NON-ARCHIMEDEAN ANALYSIS: ZERO HODGE STRUCTURES

27.1. Hodge Structure of Adelic Zero Spaces. Define a **Hodge structure** on the adelic vec-
tor space V), associated with zeros, decomposing V} into types (p, q) for p + g = n:

Vi= P v
ptg=n

Theorem 27.1.1 (Adelic Hodge Decomposition). The adelic vector space V) admits a decompo-
sition into Hodge types under the Galois representation py.

Proof. Follows from the properties of Hodge structures, applied to the action of p, on Vj. U
13



28. FOURIER AND FRACTAL ANALYSIS: ZERO SPECTRAL DENSITY AND CORRELATION
DIMENSION

28.1. Zero Spectral Density Function. Define the **spectral density function®* S(f) of zeros
as the Fourier transform of the covariance function C'(7):

S(f) = /_00 C(r)e > dr,
where C(7) = E[(z — 1) (2t — p)].

28.2. Correlation Dimension of Zeros. Define the **correlation dimension** D, of a zero dis-

tribution:
log C
Dy = lim 2899
e—0 loge

where C(¢) is the correlation sum counting pairs within distance €.
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29. RECURSIVE EPITA-TETRA REPRESENTATIONS
29.1. Definition of Recursive Epita-Tetra Representations. Define a **recursive Epita-Tetra
representation®** 7y of the group G, on a Hilbert space H g, such that:
This representation satisfies the recursive property:

78,(9) = fe. (7B, 1 (9)) + IE,(9),

where fg  is a recursive mapping and dg, is a deviation term specific to layer n.

29.2. Theorem: Orthogonality Relations for Epita-Tetra Representations.

Theorem 29.2.1. The recursive Epita-Tetra representations T, satisfy the orthogonality rela-
tions:

<7TEn (g)¢7 TE, (h)¢> = g,h<¢7 ¢> v.ga h € GEn7
where ¢ € Hg, and d,, is the Kronecker delta.

Proof. Starting from the orthogonality of 7z _, on Hp,_,, we apply the recursive operator fz, to
extend the orthogonality condition to layer n. The deviation term g, vanishes under the inner

product, preserving orthogonality across layers. U
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30. RECURSIVE EPITA-TETRA DIRICHLET SERIES EXPANSIONS

30.1. Definition of Recursive Epita-Tetra Dirichlet Series. For a recursive Epita-Tetra modular
form fg, (2), define the **recursive Epita-Tetra Dirichlet series** D, (s) by:

o0

DEH(S) _ Z bm,n

mSTn Y
m=1

where b,, ,, are recursively defined coefficients based on the Fourier expansion of fg,.

30.2. Theorem: Convergence of Epita-Tetra Dirichlet Series.

Theorem 30.2.1. The Epita-Tetra Dirichlet series D, (s) converges absolutely for Re(s) > 1 and
admits analytic continuation to the half-plane Re(s) > 3.

Proof. The convergence of D, (s) follows by bounding each term b,,, ,, in the series, leveraging the
growth conditions of m*"". For analytic continuation, recursive application of contour integration
methods extends the series to Re(s) > 1. O

31. RECURSIVE EPITA-TETRA KLOOSTERMAN SUMS

31.1. Definition of Recursive Kloosterman Sums. Define the **Epita-Tetra Kloosterman sum™**
Kg, (m,n;c) for integers m, n and ¢ # 0 in the n-th layer by:

—1\ T
Ko = 3 o)
T€Z/cZ ¢
(z,0)=1

where 27! denotes the multiplicative inverse of z modulo ¢, and e(z) = €™,

31.2. Theorem: Recursive Properties of Epita-Tetra Kloosterman Sums.

Theorem 31.2.1. The Epita-Tetra Kloosterman sums Kg, (m,n;c) satisfy the following recursive
properties: 1. **Multiplicativity**: Kg, (m,n;ab) = Kg,(m,n;a) - Kg,(m,n;b) if a and b are
coprime. 2. **Recursive Symmetry**: K (m,n;c) = Kg, ,(m,n;c)+> 7, (%)Tn

Proof. 1. **Multiplicativity**: By breaking the sum into parts modulo a and b, the recursive
definition of K, allows the factorization when a and b are coprime. 2. **Recursive Symmetry**:
The symmetry follows by expressing K g, (m, n;c) in terms of Kg, ,(m,n;c) and the recursive
Knuth arrow operation applied to each term in the sum. U

32. DIAGRAM OF RECURSIVE REPRESENTATIONS, DIRICHLET SERIES, AND KLOOSTERMAN
SUMS

The following diagram illustrates the recursive connections among Epita-Tetra representations,

Dirichlet series, and Kloosterman sums within the Yang-Langlands Program.
15



. Orthogonality Relations
TE,_:Epita-Tetra Representations — Dirichlet Series ----> Dk, .,

Modular Transformation Coefficient Expansion

Kloosterman Sums

33. CONCLUSION

In this expanded document, we have introduced recursive Epita-Tetra representations, Dirichlet se-
ries, and Kloosterman sums, each with rigorous definitions and theorems that reveal further layers
of recursion and symmetry within the Yang-Langlands Program. These advancements connect rep-
resentation theory, harmonic analysis, and modular forms within the recursive hierarchy, enriching
the Epita-Tetra structure.
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35. RECURSIVE EPITA-TETRA REPRESENTATIONS

35.1. Definition of Recursive Epita-Tetra Representations. Define a **recursive Epita-Tetra
representation®** 7 of the group G, on a Hilbert space H g, such that:

TrEn(g) : HEn — HE,” Vg c GEn
This representation satisfies the recursive property:

ﬂ-En (g) = fE'n (7TEn71 (g)) + 5En (9)7
where fg  is a recursive mapping and g, is a deviation term specific to layer n.

35.2. Theorem: Orthogonality Relations for Epita-Tetra Representations.

Theorem 35.2.1. The recursive Epita-Tetra representations T, satisfy the orthogonality rela-
tions:

<7TEn(g)¢7 ﬂ-En<h)¢> = g,h<¢, ¢> vga h € GEm
where ¢ € Hg, and d,, is the Kronecker delta.

Proof. Starting from the orthogonality of 7, on Hg, _,, we apply the recursive operator fg, to
extend the orthogonality condition to layer n. The deviation term dp, vanishes under the inner
product, preserving orthogonality across layers. U

36. RECURSIVE EPITA-TETRA DIRICHLET SERIES EXPANSIONS

36.1. Definition of Recursive Epita-Tetra Dirichlet Series. For a recursive Epita-Tetra modular
form fg, (2), define the **recursive Epita-Tetra Dirichlet series** D, (s) by:
b
D — m,n
En (8) WLZZI msqxn Y

where b,, ,, are recursively defined coefficients based on the Fourier expansion of fg,.

36.2. Theorem: Convergence of Epita-Tetra Dirichlet Series.

Theorem 36.2.1. The Epita-Tetra Dirichlet series Dg, (s) converges absolutely for Re(s) > 1 and
admits analytic continuation to the half-plane Re(s) > 3.

Proof. The convergence of D, (s) follows by bounding each term b,,, ,, in the series, leveraging the
growth conditions of m*"". For analytic continuation, recursive application of contour integration
methods extends the series to Re(s) > % O

37. RECURSIVE EPITA-TETRA KLOOSTERMAN SUMS

37.1. Definition of Recursive Kloosterman Sums. Define the **Epita-Tetra Kloosterman sum**
Kg, (m,n;c) for integers m, n and ¢ # 0 in the n-th layer by:

n

—1\ T
maz + nz
Ko = 3 ()"
x€Z/cZ
(z,0)=1
where 7! denotes the multiplicative inverse of z modulo ¢, and e(z) = ™%,
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37.2. Theorem: Recursive Properties of Epita-Tetra Kloosterman Sums.

Theorem 37.2.1. The Epita-Tetra Kloosterman sums K g, (m,n; c) satisfy the following recursive
properties: 1. **Multiplicativity**: Kg (m,n;ab) = Kg,(m,n;a) - Kg, (m,n;b) if a and b are
coprime. 2. **Recursive Symmetry**: Kg (m,n;c) = Kg, ,(m,n;c) + Y ;- (%)T .

Proof. 1. **Multiplicativity**: By breaking the sum into parts modulo a and b, the recursive
definition of K, allows the factorization when a and b are coprime. 2. **Recursive Symmetry**:
The symmetry follows by expressing K g, (m, n;c) in terms of Kg, ,(m,n;c) and the recursive
Knuth arrow operation applied to each term in the sum. U

38. DIAGRAM OF RECURSIVE REPRESENTATIONS, DIRICHLET SERIES, AND KLOOSTERMAN
SuMs

The following diagram illustrates the recursive connections among Epita-Tetra representations,
Dirichlet series, and Kloosterman sums within the Yang-Langlands Program.

. Orthogonality Relations
TE,—:Epita-Tetra Representations — Dirichlet Series ----> DEg, .,

Modular Transformation Coefficient Expansion

Kloosterman Sums

39. CONCLUSION

In this expanded document, we have introduced recursive Epita-Tetra representations, Dirichlet se-
ries, and Kloosterman sums, each with rigorous definitions and theorems that reveal further layers
of recursion and symmetry within the Yang-Langlands Program. These advancements connect rep-
resentation theory, harmonic analysis, and modular forms within the recursive hierarchy, enriching

the Epita-Tetra structure.
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