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Abstrak  

Pendahuluan: Dinamika dan geometri kompleks fraktal dalam multi-dimensi, khususnya quaternions (4D), 
menimbulkan tantangan komputasi tetapi menjanjikan metode simetri baru. Tulisan ini mengintegrasikan 
skema iterasi non-standar lanjutan yang diekstraksi dari teori titik tetap. Metodologi: Penelitian ini mengkaji 
penerapan metode Garodia-Uddin (fraktal quaternion), iterasi Picard-Thakur dengan s-konveksi, dan 
perkiraan Viskositas. Rendering dijalankan melalui algoritma waktu escape, membuat prototipe analitik 
berbasis matriks resolusi tinggi melalui R. Hasil: Modifikasi algoritma secara signifikan menurunkan Mean 
Escape Time (AET). Distorsi parameter kontrol non-linier (viskositas, cembung, rotasi) secara langsung 
mengontrol Dimensi Fraktal, memungkinkan sintesis bentuk "Biomorf" organik berlapis dan struktur filamen 
4D yang padat dan stabil. Eksperimen pembuatan prototipe dengan sintaks R juga menghasilkan proyeksi 
kurva parametrik estetika resolusi tinggi. Diskusi: Implikasi dari temuan ini melampaui matematika murni. 
Representasi fraktal hiper-dimensi yang canggih sekarang relevan di seluruh disiplin ilmu, diterapkan dalam 
visualisasi holografik arsitektur Artificial Neural Network (AI), simulasi turbulensi makroekonomi, dan 
pengembangan desain seni generatif presisi tinggi. 
Kata Kunci: fracrals, julia, mandelbrot, mathematic 
  

Abstract  

Introduction: The complex dynamics and geometry of multi-dimensional hypercomplex fractals, particularly quaternions 
(4D), pose computational challenges but promise new symmetry revelations. This paper integrates advanced non-
standard iteration schemes extracted from fixed-point theory. Methodology: This study examines the application of the 
Garodia-Uddin method (quaternion fractal), Picard-Thakur iteration with s-convection, and Viscosity Approximation. 
Rendering was executed through an escape-time algorithm, prototyping high-resolution matrix-based analytics via R. 
Results: Algorithm modification significantly lowered the Mean Escape Time (AET). The distortion of non-linear control 
parameters (viscosity, convexity, rotation) directly controls the Fractal Dimension, allowing the synthesis of layered 
organic "Biomorphs" shapes and dense and stable 4D filament structures. 𝜇𝑠𝛼Prototyping experiments with the R 
syntax also resulted in high-resolution aesthetic parametric curve projections. Discussion: The implications of this 
finding go beyond pure mathematics. State-of-the-art hyper-dimensional fractal representations are now relevant across 
disciplines, applied in holographic visualization of Artificial Neural Network (AI) architecture, macroeconomic 
turbulence simulations, and the development of high-precision generative art designs. 
Keywords: fracrals, julia, mandelbrot, mathematic   

 

 

INTRODUCTION  

The study of the dynamics of rational and 

polynomial functions in complex planes has occupied 

a fundamental position in the modern understanding 

of chaos theory and non-linear systems. Historically, 

the foundations of this field were laid in the early 20th 

century by Pierre Fatou and Gaston Julia, who 

investigated the properties of repetitive mapping in 

analytic space (Nawaz et al., 2025). However, it was 

not until the late 1970s and early 1980s, with the rise 

of digital computing, that Benoit Mandelbrot 

managed to visualize the infinite complexity of these 

sets. Fractal geometry, which is intrinsically defined 

by self-similarity properties across various scales of 

magnitude and fractional dimensions, provides the 

first mathematical instrument capable of quantifying 

"rough" structures in the universe, ranging from 

vascular branching, cloud formation, to coastline 

topology (Murali & Muthunagai, 2024). 

In the classical paradigm, the Julian set is defined 

as the boundary from the basin of attraction to 

infinity under the iteration of a simple quadratic 

function. 𝑧𝑛+1 = 𝑧𝑛
2 + 𝑐 , where 𝑧  and 𝑐  are complex 

numbers. On the other hand, the Mandelbrot Set 

functions as a universal atlas or spatial parameter 

map that localizes all values 𝑐 where the filled Julia 

set is connected (Gdawiec et al., 2025). Although this 
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classic formulation gave birth to iconic visual images, 

the basic iteration mechanism rests purely on Picard's 

one-step orbit, which limits the spectrum of dynamics 

that can be explored. 

Despite the mathematical elegance of the standard 

Mandelbrot and Julia sets, contemporary literature 

identifies some critical limitations in traditional 

fractal visualization. First, standard Picard orbits 

exhibit very slow convergence rates when executed 

on high-degree complex nonlinear mapping or 

transcendental functions (such as exponential and 

trigonometric), thus inhibiting the process of 

rendering ultra-high-resolution in real-time. Second, 

the majority of historical visualization systems are 

confined to two-dimensional spatial dimensions 

(Argand planes), which fail to capture the true spatial 

topology of high-dimensional function dynamics. 

The mathematical formulation of the physical 

universe, both quantum mechanics and relativity, 

does not operate purely in 2D, but rather utilizes 

tensors, matrices, and much more complex algebraic 

systems. The lack of an efficient algorithmic 

framework for stably and accurately projecting sets of 

hypercomplex iterations, such as four-dimensional 

quaternion spaces, triggers stagnation in 

multidimensional topology visualizations. 

In response to this fundamental obstacle, applied 

mathematics research in the last five years has 

pioneered the methodological integration of Fixed-

Point Theory and Functional Analysis into fractal 

generation. This innovative resolution was achieved 

by replacing the simple Picard orbit with a multi-step 

iteration scheme and hybrid interpolation (Ahmad & 

Alsuhaibani, 2026). Advanced iteration schemes that 

primarily include the Viscosity Approximation 

method, hybrid Picard-Thakur iterations with s-

convergence parameters, and the newly developed 

Garodia-Uddin iteration scheme allow for highly 

stable orbital trajectory control. 

Furthermore, the computational evaluation space 

has expanded massively from complex planes 𝐶  to 

quaternion spaces 𝐻 , allowing for the formation of 

hypercomplex functions such as 𝐶𝐻𝑞 ↦ 𝑞𝑘 + 𝑐 . This 

exploration of geometry at higher dimensions is no 

longer represented through simple sequential plots, 

but is instead operated through high-performance 

computational mathematical equations based on 

CUDA and Ray Marching algorithms to construct 

analytically sliceable 4D fractal volumetric (Fariello et 

al., 2024). 

This comprehensive paper is directed to conduct a 

holistic in-depth dissection of the generation 

mechanism, mathematical formulation of escape 

criteria, and quantitative visual analysis of modified 

hypercomplex fractals. This paper systematically 

synthesizes the framework of contemporary iterative 

methods, dissects the derivatives of the convergence 

theorem, and maps the dynamic effects of internal 

parameter modifications on fractal topologies. In 

addition to mathematical abstraction, the report also 

highlights how topological discoveries in hyper-

dimensional fractal visualization are overhauling 

methodologies in various external fields, with an 

emphasis on architectural analysis of holographic 

Artificial Intelligence (AI) models, macroeconomic 

system dynamics, and generative design materials 

(Youvan, 2023).  

LITERATURE REVIEW 

The academic literature over the past five years 

convincingly confirms one central claim: the 

substitution of classical Picard iterations with high-

level non-standard iteration frameworks (such as 

Viscosity Approximation, Picard-Thakur s-convexity, 

and Garodia-Uddin), combined with the expansion of 

algebra towards hypercomplex spaces, radically 

expands the stability of numerical convergence, 

minimizes Mean Escape Time (AET) dispersion, and 

exposes fractal morphological symmetry and 

formations previously undetectable biomorphs. 

This evolutionary investigation led to highly 

reputable publications that broke the boundaries of 

traditional algorithms. Research on convection in 

complex fractals gained a strong theoretical 

foundation through Nawaz et al (Nawaz et al., 2025), 

who examined the integration of s-convection into 

the Picard-Thakur orbit to create a recursive structure 

with controlled boundary roughness. In parallel, 

Ahmad and Alsuhaibani (Ahmad & Alsuhaibani, 

2026), along with Almutlg and Ahmad (Almutlg & 

Ahmad, 2024), exploited the iterative method of 

Viscosity Approximation, specifically applied to 

address instability in fractal generation of complex 

rational and transcendental functions (such as 

exponential). The greatest leap towards quaternion 

multi-dimensionality was pioneered by Gdawiec et al 

(Gdawiec et al., 2025), who successfully adapted the 
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Garodia-Uddin iteration algorithm, a convergence 

scheme originally aimed at delaying differential 

equations into the realm of 4D hypercomplex fractal 

visualization, setting the standard for high-precision 

quantitative metrics. 

The key to this literary breakthrough lies in the 

modification of the basin of attraction in the field of 

polynomial phases. In complex analytical dynamics, 

the point at which the derivative of the function 

shrinks (contraction) will attract the values around it. 

Standard iterations brutally evaluate such mapping 

directly, which often results in premature divergence 

in complex functions that load exponentially or 

trigonometrically, due to their aggressive rate of 

expansion. 

Instead, the advanced iterations identified in the 

literature use a "balancing" approach. The Viscosity 

Approximation method, for example, marries an 

iteration of the original function 𝑊(𝑧)  with an 

additional arbitrary contraction mapping 𝑝(𝑧) =

𝑎𝑧 + 𝑏  (where |𝑎| < 1 ). Using viscosity weighting 

parameters μ ∈ (0,1), the scheme dynamically pulls 

the orbit point back towards the origin point each 

time an iteration is executed, acting like a 

mathematical "brake" (Ahmad & Alsuhaibani, 2026). 

Analysis of the literature confirms that it is this 

viscosity attenuation that allows computers to 

carefully trace the orbital path of exponential 

functions without triggering floating-point arithmetic 

errors due to absolute infinity.  

Interpretation of these equations changes reveals 

dramatic modifications to fractal geometric shapes. 

One of the most fascinating phenomena interpreted 

from the literature is the formation of "biomorphs". 

Biomorphs represent asymmetrical patterns that 

resemble unicellular organisms or macroscopic 

biological anatomy, formed when the escape 

boundary is no longer a simple symmetrical circle, 

but is interrupted by the asymmetry of the viscosity 

rate. 

The concept of s-convexity 𝑠 provides additional 

interpretation. In contrast to standard convection, 

which divides the distance between two iteration 

points linearly (e.g.) (1 − ρ)𝑥 + ρ𝑦 ), s-convection 

applies an exponential rank function to its coefficient: 

(1 − ρ)𝑠𝑥 + ρ𝑠𝑦  for the parameter 𝑠 ∈ (0,1]  (Nawaz 

et al., 2025). This curved distortion forces the escape-

time algorithm to evaluate the non-straight orbital 

paths, which practically gives rise to longer fractal 

tentacles, deeper valley structures, and edges that 

have much denser microscopic roughness than the 

orthodox method. 

This mapping of literature culminates in 

quaternion abstraction. Quaternion numbers are 

represented as 𝑞 =  𝑎 +  𝑏𝑖 +  𝑐𝑗 +  𝑑 , in which the 

existence of three elementary imaginary units 

interacts with each other under non-commutative 

rules: 𝑖2 = 𝑗2 = 𝑘2 = 𝑖𝑗𝑘 = −1 (Gdawiec et al., 2025; 

Hart et al., 1989). Transient multiplication 𝑖𝑗 =

 𝑘 means that 𝑗𝑖 =  −𝑘  the evaluation results 𝑞 ↦

𝑞2 + 𝑐 in an asymmetric spatial mapping within a 4-

dimensional space. Attempts to map these 

asymmetrical spaces using conventional algorithms 

produce significant visual noise. The literature 

confirms that high-speed iteration schemes such as 

Garodia-Uddin are essential in hypercomplex spaces, 

as these schemes lock in the convergence of rotation 

points precisely, stabilizing the dense structure of the 

4D fractal "core" before the graphical algorithm cross-

sections it into human-interpretable 3D visual 

projections (Gdawiec et al., 2025). 

METHODOLOGY  

The execution of research in the field of 

contemporary fractals requires a methodological 

architecture that binds the principles of rigorous 

mathematical abstraction with high-performance 

graphical algorithm engineering. The central analytic 

approach is based on the definition of specific 

polynomial and transcendental functions in complex 

and hypercomplex fields, which is followed by 

formal derivatives of the boundary theorem. The 

determination of whether a space point enters the 

Mandelbrot or Julia Set depends on rigorous proof 

that the iterative sequence of the points has absolute 

radii that will escape to the asymptotic infinite limit 

of a parameter matrix known as 𝐶𝐻,  the Escape 

Criterion (Almutlg & Ahmad, 2024; Nawaz et al., 

2025). 

This study operates visualization through the 

formulation of three classes of high-level iterative 

algorithms that have proven efficacy: 

• Viscosity Approximation Method: Designed to 

manipulate exponential functions 𝑊(𝑧) = 𝛼𝑒𝑧𝑛
+

𝛽𝑧𝑚 + log𝑐 𝑡 and general transcendental functions 

𝑇(𝑧) , this scheme uses dynamic viscosity 

weighting parameters 𝜇 ∈ (0,1)  to mitigate the 

rate of expansion through a contraction mapping 
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metric with the absolute |𝑎| < 1  (Almutlg & 

Ahmad, 2024).  

• Picard-Thakur iteration with s-Convection: 

Evolution of Mann and Ishikawa orbital methods 

that present a three-step multi-evaluation 

procedure. Uplifting-convection injection distorts 

the vector between each evaluation point within 

the complex plane, providing flexible control over 

the fractal granular structure (Ahmad & 

Alsuhaibani, 2026; Nawaz et al., 2025) 

• Garodia-Uddin Iteration Scheme for Quaternion: 

Integrating a combination of feed-forward and 

internal rotation optimized to curb quaternion 

non-commutative instability with iterative 

rotation modulator parameters (Garodia & Uddin, 

2020; Gdawiec et al., 2025).𝛼𝑛 ∈ (0,1) 

In order for a computational algorithm to 

visualize the data, the absolute numerical value of an 

infinite point must be defined. The escape criteria for 

the viscosity scheme on the exponential function are 

derived from the expansion of the Taylor series, 

where the modulus limit is set so that the orbit of the 

algorithm is guaranteed to accelerate towards infinity 

if it exceeds the defined initialization conditions 

(Almutlg & Ahmad, 2024).  

Practical implementation is realized through the 

Escape-Time algorithm. The algorithm sequentially 

scans a matrix of pixels (or voxels), and the equations 

are simulated iteratively until they meet the Escape 

Criteria. Faced with the complexity of the quaternion 

4D space, renders were executed with Ray Marching 

techniques and CUDA/OpenGL acceleration. 

As a cornerstone before high-level GPU execution, 

the study also summarized prototyping using the 

computational language R. R was used to simulate 2D 

slices of escape-time algorithms and modify complex 

analytical parametric shapes. Details of the 

prototyping implementation, including its explicit 

mathematical formula and R syntax, are described in 

full in the Results and Discussion section.  

RESULT AND DISCUSSION  

Before deployment to the high-dimensional GPU 

architecture computing space, 2D slice analytical 

prototyping of algorithms, as well as unique geometric 

curves, was simulated using R software. 

1. High Resolution Julia Set 

The escape-time application uses an advanced color 

palette to render the interior details of the Julia set: 

res <- 1200 

x_axis <- seq(-1.5, 1.5, length.out = res) 

y_axis <- seq(-1.5, 1.5, length.out = res) 

c_param <- -0.8 + 0.156i  

Z <- outer(x_axis, y_axis * 1i, FUN = "+") 

escape_matrix <- matrix(0, nrow = res, ncol = 

res) 

max_iter <- 250 

for (i in 1:max_iter) { 

active_pixels <- Mod(Z) <= 2 

 Z[active_pixels] <- Z[active_pixels]^2 + 

c_param 

escape_matrix[active_pixels] <- 

escape_matrix[active_pixels] + 1 

} 

colors <- colorRampPalette(c("#000000", 

"#191970", "#8A2BE2", "#FF4500", "#FFD700", 

"#FFFFFF"))(max_iter) 

image(x_axis, y_axis, escape_matrix, 

 col = colors, axes = FALSE, xlab = "", ylab 

= "",  main = "Himpunan Julia Kompleks: c = -

0.8 + 0.156i",useRaster = TRUE) 

 

 
Figure 1. Complex Julia Set C=-0.8+0.156i 

 

2. Nested Cardioid/Parametric Heart 

To synthesize a shape equivalent to Mandelbrot's 

heart-like main bulb geometry, functional expansion 

with high-order cosine attenuation is used: 

𝑥(𝑡) = 16 sin3(𝑡) 

𝑦(𝑡) = 13 cos(𝑡) − 5 cos(2𝑡) − 2 cos(3𝑡) − cos(4𝑡)  

t <- seq(0, 2*pi, length.out = 2000) 

xhrt <- function(t) 16 * sin(t)^3 

yhrt <- function(t) 13 * cos(t) - 5 * cos(2 * t) - 2 

* cos(3 * t) - cos(4 * t) 

plot(xhrt(t), yhrt(t), type = "n", axes = FALSE, 

xlab = "", ylab = "",  

main = "Kurva Hati Fraktal Berlapis") 
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colors <- colorRampPalette(c("#8B0000", 

"#DC143C", "#FFB6C1", "#FFFFFF"))(15) 

for (i in 1:15) { 

 scale <- 1 - (i * 0.065) 

 polygon(xhrt(t) * scale, yhrt(t) * scale, col = 

colors[i], border = NA) 

} 

 
Figure 2. Layered Fractal Heart Curve 

3. Butterfly Curve with Transcendental Color 

Gradient 

Pioneered by Temple H. Fay, this curve combines 

transcendental exponential functions with 

trigonometric harmonics (Fay, 1989): 

𝑥(𝑡) = sin(𝑡) (𝑒cos(𝑡) − 2 cos(4𝑡) − sin5 (
𝑡

12
)) 

𝑦(𝑡) = cos(𝑡) (𝑒cos(𝑡) − 2 cos(4𝑡) − sin5 (
𝑡

12
)) 

 

t_butt <- seq(0, 24 * pi, length.out = 6000) 

expr <- exp(cos(t_butt)) - 2 * cos(4 * t_butt) - 

sin(t_butt / 12)^5 

x_butt <- sin(t_butt) * expr 

y_butt <- cos(t_butt) * expr 

plot(x_butt, y_butt, type = "n", axes = FALSE, 

xlab="", ylab="", main="Transendental 

Butterfly Curve (Temple Fay)") 

cols <- hcl.colors(length(t_butt), palette = 

"Spectral") 

segments(x_butt[-length(x_butt)], y_butt[-

length(y_butt)], 

 x_butt[-1], y_butt[-1], col = cols, lwd = 1.8) 

 
Figure 3. Transcendental Butterfly Curve 

 

4. Maurer Rose Complex Construction 

Discrete points jump with a constant angular 

frequency to form a polygonal Maurer Rose:𝑘𝑑 

𝑥(𝑘) = sin (𝑛 ⋅ 𝑘 ⋅
π

180
) cos (𝑘 ⋅ 𝑑 ⋅

π

180
) 

𝑦(𝑘) = sin (𝑛 ⋅ 𝑘 ⋅
π

180
) sin (𝑘 ⋅ 𝑑 ⋅

π

180
) 

n_rose <- 7; d_deg <- 29; k <- 0:360 

theta_k <- k * d_deg * pi / 180 

r_k <- sin(n_rose * theta_k) 

x_maurer <- r_k * cos(theta_k) 

y_maurer <- r_k * sin(theta_k) 

t_rose <- seq(0, 2*pi, length.out = 2000) 

x_rose <- sin(n_rose * t_rose) * cos(t_rose) 

y_rose <- sin(n_rose * t_rose) * sin(t_rose) 

plot(x_rose, y_rose, type = "l", col = rgb(1, 

0, 0, 0.4), lwd = 4,  

 axes = FALSE, xlab="", ylab="", main = 

"Superposisi Mawar Maurer (n=7, d=29)") 

lines(x_maurer, y_maurer, col = "#000080", 

lwd = 1.2) 

 

 
Figure 4. Maurer Rose Curve n=7, d=29 

5. Spirograph Curve (Layered Hypotrochoid 

Mandala) 

Synthesize the tracking of the rotated point from 

within the circular boundary with the radius-to-

radius ratio and:𝑅𝑟 

𝑥(θ) = (𝑅 − 𝑟) cos(θ) + 𝑑 cos (
𝑅 − 𝑟

𝑟
θ) 

𝑦(θ) = (𝑅 − 𝑟) sin(θ) − 𝑑 sin (
𝑅 − 𝑟

𝑟
θ) 

R_out <- 100; r_in <- 21; d_pen <- 34 

theta <- seq(0, 42 * pi, length.out = 8000) 

x_hypo <- (R_out - r_in) * cos(theta) + 

d_pen * cos(((R_out - r_in) / r_in) * theta) 

y_hypo <- (R_out - r_in) * sin(theta) - d_pen 

* sin(((R_out - r_in) / r_in) * theta) 
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plot(x_hypo, y_hypo, type = "l", col = 

rgb(0.2, 0.8, 0.5, 0.6), lwd = 1.5, 

 axes = FALSE, xlab="", ylab="", 

main="Struktur Jaringan Spirograph 

Dinamis") 

polygon(x_hypo, y_hypo, col = rgb(0.1, 0.5, 

0.8, 0.05), border = "#4B0082") 

 

 
Figure 5. Spirograph Curve 

The Mean Escape Time (AET), represented 

through fractional integration calculations 𝐸𝑇𝑎𝑣 =
1

|𝐴|
∑ 𝑘𝑒𝑠𝑐𝑎𝑝𝑒(𝑧)𝑧∈𝐴 , measures the computational 

efficiency of fractal space loads (Murali & 

Muthunagai, 2024). Data prove that the use of 

Garodia-Uddin iterations in rendering 2D cross-

sections of quaternary fractals radically lowers 

overall global AET when juxtaposed with traditional 

Picard-Mann iterations (Gdawiec et al., 2025). This 

decrease in load validates the algorithmic 

optimization of the double feed-forward function in the 

Garodia-Uddin equation. 

The following table synthesizes the comparative 

functional profiles and metric outputs of the three 

iteration schemes under the modified variation range: 

Table 1. Synthesizes The Comparative Functional 

Profiles and Metric Outputs 

Central 

Evaluation 

Parameters 

Viscosity 

Approximati

on (Almutlg 

& Ahmad, 

2024) 

Picard-

Thakur with 

s-

Convection 

(Nawaz et 

al., 2025) 

Garodia-

Uddin 

Quaternion 

(Gdawiec et 

al., 2025) 

Optimal 

Functional 

Domain 

Rational 

Mapping of 

Scale & 

Transcendent

al 

(Exponential) 

Modificatio

n of 

Trigonometr

ic Functions 

and Non-

Linear 

Polynomials 

Hypercompl

ex 

Quaternion 

Polynomial 

Systems 𝑞 ↦

𝑞𝑘 + 𝑐 

Catalyst 

Distortion 

Modulator 

Viscosity 

Weights 

Contraction 

Mapping μ 

Degree of 

Curved 

Interpolation 

-

Convection𝑠 

Multi-step 

rotation 

distribution α 

Central 

Evaluation 

Parameters 

Viscosity 

Approximati

on (Almutlg 

& Ahmad, 

2024) 

Picard-

Thakur with 

s-

Convection 

(Nawaz et 

al., 2025) 

Garodia-

Uddin 

Quaternion 

(Gdawiec et 

al., 2025) 

Geometric 

Visual 

Output 

Facilitates 

the synthesis 

of 

asymmetrical 

"Biomorphs.

" 

Improves 

microscopic 

roughness 

detail at the 

edges of the 

set 

Distorting 

cavity 

volume and 

compacting 

4D core 

fractal 

filaments 

Influence 

on Fractal 

Dimension 

(FD) 

FD 

decreases, the 

set solidifies 

when the μ 

value 

approaches a 

constant  

Peak of 

optimal FD 

roughness in 

equilibrium 

𝑠 ≈ 0.5 

Drastic non-

linear volume 

modification 

controls the 

FD area 

Convergen

ce & AET 

Moderate 

(Dampened 

by viscose 

contraction) 

Efficient for 

complex 

asymptotic 

boundaries 

Highly 

efficient; 

Inferior AET 

compared to 

the classic 

Picard 

The metric findings in the table empirically 

illustrate that hyper-dimensional fractal geometric 

formations are highly plastic under the internal 

control of the schema. In the observation of the 3D 

slice of the quaternion Julia set, the Garodia-Uddin 

iteration shows a very interesting symmetrical 

anomaly. When the degree of the quaternion function 

is even (e.g., 𝑘 = 2), the fractal maintains a perfect 

degree of spatial reflection symmetry to its 3D sub-

space equator, regardless of whether the underlying 

quaternional algebraic structure is a non-

commutative number system that is not rotationally 

homogeneous (Gdawiec et al., 2025).  

Furthermore, when the parameters α  on the 

Garodia-Uddin are modified, moving from the value 

point of 0.25 to 1.00, the core volume holding space 

(Non-Escape Area Index) responds in a non-linear 

fluctuation. The delicate filament structure that is 

brittle at low parameters transforms into a very stable 

and fattened corpus of the central lobe. This is a 

representation of fixed-point stability mechanics in 4-

dimensional space, meaning that the algorithm is able 

to widen the range of the mathematical gravitational 

pull of the Julian Set singularity (Gdawiec et al., 2025). 

In the spectrum of standard complex systems, 

experiments from the modification of viscosity and 

Picard-Thakur parameters give birth to aesthetic 
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consequences in the form of biomorphic formations. 

Where conventional iterations refine mathematically 

precise spirals, viscosity distortions create 

fragmentation at the boundary edges that simulate 

the structure of the organism's cell membrane and 

asymmetric flora landscape (Ahmad & Alsuhaibani, 

2026).  

The sophistication of algorithmic representations 

in rendering hyper-dimensional infinity has 

fundamentally broadened the fractal functional 

domain far beyond pure mathematics. This 

interdisciplinary integration exploits the sensitivity of 

the escape criteria from advanced schemes into 

industry and technologically advanced areas. 

1. Analysis of Neural Network Architectures 

(Holographic AI Neural Networks): One of the most 

transcendent contemporary manifestations of this 

research is demonstrated by Douglas C. Youvan's 

(2023) cutting-edge paper, "Holographic Fractal 

Visualization of AI Architectures" (Youvan, 2023). 

Conventional Artificial Intelligence (AI) and deep 

learning systems are hampered by architectural 

"black box" weaknesses, the inability of humans to 

digest visual representations of billions of hyper-

dimensional cognitive weights, intersecting neural 

tensors. By synergizing the principles of quantum 

holographic mechanics with hypercomplex fractal 

geometry, the latent space of the AI parameters is 

mathematically mapped into a 2D/3D branched 

fractal representation (Julia Set iteration). The lobe 

structure of the resulting biomorphic visualization 

guides AI researchers to empirically record data 

propagation paths and latency weight density, 

making the fractal visualizer the most revolutionary 

asynchronous debugging instrument. In addition, the 

experimental visual image compression generator 

based on the metric of fractal iteration equations as an 

alternative to Neural AI-based Diffuser is proven to 

design pixel vector engineering with much more 

efficient reduction in electricity consumption. 

2. Macro Market Fluctuations Economics and 

Predictions: The global stock market economy and 

capital volatility movements operate under a regime 

of non-linear turbulence. The scientific branch of 

Economics adopts the Fractal Market Hypothesis (FMH) 

model derived from the Mandelbrot Assembly to 

assimilate time series of fluctuating price data (Wang 

et al., 2022). Stability modification in advanced 

iterative equations, such as the modified Viscosity 

and Picard-Thakur algorithms, provides a highly 

reactive regression instrument. The logic of "escape 

criteria bounds" and fractal convection dynamics 

precisely simulate a model of micro-economic 

inflation turbulence, detecting signals of fractional 

movement behind market noise curves that are 

similar to self-similarity throughout absolute time 

history. 

3. Generative Art and Textile Materials Precision 

Design: Commercially, the determination of the value 

of the Escape Time and Fractal Dimension (FD) 

metric parameters is engineered as a design material 

generator. The reconstruction of the irregular 

topology of "biomorphs" and rational fractal patterns 

of Julia Assembly manipulation is woven into the 

automation architecture of textile printing machinery 

(Ahmad & Alsuhaibani, 2026). The value of fractional 

parameters guarantees that any design pattern 

printed on the fabrication fabric installation will 

adhere to the scale-free self-similarity typical of 

natural architecture, giving birth to a dynamic 

organic aesthetic from the heart of deterministic 

mathematical equations. 

Overall, this discussion confirms that the 

substitution of orthodox iterative mechanics with 

non-standard architectures is not merely an 

arithmetic experiment. This exploration has changed 

the way quantitative science represents reality, 

moving the center of the debate from a purely 

academic search for fixed-point algorithms to 

industrial applications of 4-dimensional real-time 

space volumetric imaging and cutting-edge AI neural 

network matrix singularity solving.  

CONCLUSION 

This extensive research critically evaluates the 

integration of advanced fixed-point iteration 

schemes, iteration of Garodia-Uddin, s-convergence-

modified Picard-Thakur hybrid orbits, and Viscosity 

Approximation methods in an effort to evoke 

complex and hypercomplex fractal geometry. The 

report proves that the derivation of the escape criteria 

theorem based on analytical expansion for each 

model successfully translates the differential and 

functional equations of the extreme into a stable 

escape-time rendering architecture. 

The main findings confirm that manipulations on 

hypercomplex number spaces, such as quaternion 

mapping, are possible to be visualized with ultra-



PARDOMUAN ROBINSON SIHOMBING 

588 

high precision using CUDA system acceleration and 

Ray Marching algorithms. The utilization of the 

Garodia-Uddin algorithm is empirically proven to 

reduce the Mean Escape Time (AET) and control the 

deformation of the four-dimensional fractal Non-

Escape Area Index in a dynamically non-linear 

manner. Equitably, the refraction of interpolated 

convexity (s-convexity and weight viscosity) in 

complex orbits facilitates the control of Fractal 

Dimensions, enables biomorphic synthesis, and 

supplies fractal topology reconstruction capabilities 

in external applications, from mapping the deep 

learning weight holographic architecture of Artificial 

Neural Networks (AI) to the economics of stock price 

index volatility.𝑞 ↦ 𝑞𝑘 + 𝑐μ 

Although iterative reliability has broken the 

boundaries of 4D convergence, inherent weaknesses 

remain in the execution of spatial projections. The 

conversion of a whole quaternion object (4 spatial 

dimensions) into a biological observation 

visualization screen (2-dimension, or 3D voxel slice) 

results in fundamental topological information 

shrinkage reduced by orthogonal cross-angle 

truncation. Furthermore, the functional limit 

evaluation of the mathematical breakout criteria for 

high-level multi-system functions still absorbs 

massive floating-point computing even though it has 

been offset by hardware acceleration of parallel 

graphics processing units, creating a residue of detail 

resolution limits at a very deep asymptotic scale. 

Future research horizons must be accelerated 

towards integrative synchronization of high-

dimensional fractalization with more abstract 

number systems, such as octonion (8D) and sedenion 

(16D), based on the Garodia-Uddin method with the 

implementation of a new generation of asynchronous 

Ray Marching Tensor infrastructure. In parallel with 

this evolution, the more intimate and profound 

synergy between fractal visualization with Tempered 

Fractional Calculus and Quantum Neural Networks is 

predicted to permanently revolutionize humanity's 

capacity to read and interpret the hidden dimensional 

landscapes of the physical universe-building matrix.  
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