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Julia Mandelbrot System

Multidimensional Architecture for Interpretation and Decision-Making in
Financial Markets — A Fractal, Topological, Fuzzy, Quantum-Inspired and
Algorithmically Rationalized Approach

Document Objective

The purpose of this document is to present, with technical rigor and epistemological
depth, the system known as Julia Mandelbrot, a multidimensional architecture for
interpretation and decision-making designed to operate in global financial markets
under conditions of informational asymmetry, algorithmic manipulation, and chaotic
regimes.

The Julia Mandelbrot System is not merely a signal generation engine or an anomaly
detection framework. It constitutes a hybrid computational ontology, capable of
reading market microstructure based on multiple formal languages — including fractal
geometry, persistent algebraic topology, fuzzy inference in ambiguous systems,
combinatorial optimization in QUBO (Quantum Unconstrained Binary Optimization)
form, and algorithmic information theory.

Its purpose is to replace traditional heuristics based on deterministic indicators with a
redundant, adaptive interpretive architecture that emulates decision-making from
multiple epistemic perspectives, with antifragile robustness and emergent intelligence.

This is an unprecedented proposal in which market reading is not reduced to
conventional statistical models, but expanded through temporal fractalization,
persistent regime homology, algorithmic entropy detection, and asymmetric
causality via transfer entropy. Each system module is not just functional — it is
conceptually derived from decades of mathematical and computational advancement,
from Henri Poincaré’s topology to the quantum optimization of Farhi and Preskill.

This document formalizes the conceptual, mathematical, and computational foundations
of the system, lists its theoretical bases, describes implementation methods, and presents
the final decision structures used for manipulation detection, signal generation, and
asymmetric payoff evaluation, as operated in version 7.6.3 of the Julia Mandelbrot
System.

Kiyosito Technologies Holdings Ltd. 1
3rd Floor, Fidelity Financial Centre

1 Gecko Link, Grand Cayman, KY1-1103, Cayman Islands

Tel.: +1 (345) 746-6010

Fax: +1 (345) 949-6064



(

The architecture presented here does not aim to predict the market. It aims to read it in
depth, position itself with informational convexity, and respond with antifragile
computational rationality in the face of chaotic, manipulated, or emerging structures.

1. Introduction and Epistemological Foundations of
Financial Interpretation

I adhere to the radical skepticism of Sextus Empiricus, and for over three decades I have
operated in global markets with intensive work in computational modeling and high-
frequency trading (HFT) algorithms. My approach is inseparably pragmatic: if a theory
does not produce replicable results in the real field and in an economically sustainable
way, then, for market purposes, it does not exist. Mathematics, however beautiful it may
be, must be effective to be considered useful in the stochastic frontlines of markets.

From this perspective, in 2001, I began developing the system I now call the JULIA
MANDELBROT SET — codenamed JULIA — an integrated environment for
decision support, structural market reading, and algorithmic execution. This system is
entirely my intellectual property and is duly patented in Brazil and the United States.
JULIA began as a modular structure based on Bayesian inference and fractal time
series, progressively evolving to incorporate algebraic topology, combinatorial
optimization, algorithmic information theory, and machine learning heuristics.

Between 2011 and 2013, under the coordination of the brilliant Luiz Telmo Corréa — a
mathematical legend from MIT, holder of four majors and one minor before the age of
20 — JULIA was pioneeringly adapted for HFT environments in Brazil. At the time,
it had a simultaneous team of more than 30 senior developers specialized in C++, C#,
and CUDA. The system was tested in real environments by entities such as MISMI
brokerage on Wall Street, where it outperformed Knight Capital’s and Goldman Sachs’
TWAP, VWAP, and POV execution bots in long-duration tests. JULIA is not just a
trading system: it is an epistemic, algorithmic, and operational architecture.

In addition to supporting multi-asset-class operations and diverse geographies, the
JULIA system has unique capabilities for detecting and tracking price manipulations of
the most sophisticated types recognized by the SEC, FINRA, FCA, and ESMA. It

accurately detects patterns such as:

e Pump and Dump: via topological analysis of anomalous clusters with negative
Ricci curvature and suboptimal algorithmic compression.
o Layering/Spoofing: via persistent homology in buy and sell order series.
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o Wash Trading: using statistically unexplained self-connection density via
bootstrap.

e Quote Stuffing: through algorithmic compressibility and spectral analysis of
latency series.

e Momentum Ignition: identified by abrupt curvatures in Wasserstein space
between adjacent execution clusters.

Between April and December 2024, JULIA was the analytical and decision-making
core behind an operation that allowed me to multiply a proprietary capital of USD 6.25
million by 31.4 times — operating with leverage between 15x and higher on the base
capital, with systematic reinvestment of expanded capital from short sales. The
operation focused on:

e Massive, structured short positions in iron ore mining companies (domestic and
global).

o Aggressively leveraged purchases of listed quantum companies (notably RGTI,
but also QUBT, D-Wave, SealsQ, and Gorilla Tech).

e Asymmetric speculative bets on companies such as UMAC and ZENA, both
linked to the drone, cyberdefense, and semiconductor sectors.

o Strategic positions in Argentine ADRs, notably Supervielle, Grupo Galicia, and
YPF, benefiting from structural distortion caused by fiscal collapse and
subsequent expected appreciation.

o Tactical transformation of obscure companies like KULR and MicroStrategy
into Bitcoin treasury proxies, using informational entropy and compressibility
metrics to infer institutional capital inflow in advance.

This section is not merely introductory — it carries the philosophical, practical, and
technological foundation of the JULIA system, whose integration of computational
epistemology, algorithmic geometry, and decision heuristics results in a tool
unparalleled in the global market. JULIA is the product of 24 years of theoretical
refinement and real-field combat. What follows are the formal pillars that sustain and
scientifically and operationally justify its architecture.

2. Correction of Technical Analysis via Fractal
Geometry

The most structural criticism of conventional technical analysis lies not only in its
heuristic and subjective nature, but in its implicit statistical premise: the assumption that
financial time series behave like white noise or Gaussian—Markovian processes. This
hypothesis was seminally broken by Benoit Mandelbrot in his 1964 paper — The
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Variation of Certain Speculative Prices — in which he systematically proposed for the
first time the use of heavy-tailed distributions (power laws) to model asset returns.

Mandelbrot empirically demonstrated that financial series exhibit leptokurtosis, self-
similarity, and long-range dependence — characteristics that invalidate Gaussian
models.

The most philosophical point of Mandelbrot’s work lies in the issue of the
unobservability of probability distributions. When observing a price time series, we do
not have direct access to its probability density function (pdf). Any inference procedure
requires an exogenous hypothesis about this distribution — but such a hypothesis is
epistemologically circular. If we attempt to verify whether the data follow a given
distribution, traditional statistics demand sample sizes so large that they compromise
stationarity and the validity of the test itself.

Fractal geometry bypasses this difficulty: instead of assuming a distribution, we study
the shape of the series graph.

Given a discretized price series P(t), we define the fractal dimension D of the graph via
the box-counting method:

D = lim (e-0) [ log(N(e)) 1 / [ log(l/e) ]

where N(¢) is the minimum number of squares of side € needed to cover the graph of
P(t).

If D = 1.5, for example, we have a trajectory between linearity (1) and bidimensionality
(2), indicating that the series carries multiscale structural memory.

Unlike classical technical analysis — which identifies arbitrary patterns like “head-and-
shoulders” or “symmetrical triangle” based on visual linear geometries — the fractal
approach quantifies roughness, persistence, and the dynamic regime of price
movements.

The Julia Mandelbrot System implements a fractal analysis module using:

o Wavelet transforms with multi-resolution decomposition to extract local
regimes.

o Holder spectra to assign singularities to each segment of the series.

e Multifractal mapping f(a) to detect clusters of anomalous or autocorrelated
behavior.

Kiyosito Technologies Holdings Ltd. 4
3rd Floor, Fidelity Financial Centre

1 Gecko Link, Grand Cayman, KY1-1103, Cayman Islands

Tel.: +1 (345) 746-6010

Fax: +1 (345) 949-6064



(

The system classifies, for each sliding time window, the series according to persistence
(if D < 1.5, tendency to revert) or antipersistence (if D > 1.5, tendency to continue),
redefining “support” and “resistance” as topological regime transitions in fractal space.

The computational advantage lies in the implementation using segmented wavelet trees
with complexity:

O(n log n)

allowing continuous real-time updating of the fractal dimension even under large tick-
by-tick data volumes.

3. Topological Taxonomy and Persistent Classification
of Regimes

Formally, we embed the time series in a metric space via time-delay embedding,
generating points:

x i € R*n

On these points, we construct a Vietoris—Rips complex, connecting two points X _i, X _j
if:

d(x i, x j) < ¢

As ¢ varies, we generate a filtered sequence of complexes whose homology structure is
monitored through Betti numbers:

B k = rank( H k(K _g) )

where H_k 1s the homology group of degree k (k = 0 for connectedness, k = 1 for holes,
k =2 for cavities, etc.).

The persistence diagram shows the birth and death of each topological class as € grows,
distinguishing robust structures from topological noise.

In the JULIA system, this dynamic topology feeds an algorithmic taxonomy of 6
persistent regimes, defined over two fundamental dimensions: volatility (high or low)
and trend directionality (upward, sideways, or downward):
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High Volatility + Uptrend

High Volatility + Sideways Trend
High Volatility + Downtrend
Low Volatility + Uptrend

Low Volatility + Sideways Trend
Low Volatility + Downtrend

S e

These regimes are identified by persistence diagrams processed via radial Gaussian
kernels and embedded in Hilbert spaces for probabilistic classification with lightweight
neural networks.

The system assigns, at each point in time, a fuzzy membership vector to these six
regimes, allowing smooth inferences and continuous transitions between classes —
unlike rigid classifiers in traditional machine learning.

4. Fuzzy Logic in Probabilistic Decision Formulation

Fuzzy logic arises as a philosophical-mathematical response to a fundamental limitation
of Boolean logic: the inability to represent nuance. Since Aristotle, through Leibniz and
Boole, classical logic has been based on bivalence: every proposition is either true or
false. This structure is adequate for digital circuits but poor when applied to ambiguous
domains such as natural language, perception, or — most critically — financial markets.

Lotfi A. Zadeh, in 1965, broke this paradigm by proposing fuzzy logic. Inspired by the
qualitative and linguistic nature of human reasoning, Zadeh formulated an extension of
classical set theory, allowing each element x € X a degree of membership p(x) € [0,1],
instead of the binary 0 or 1. Fuzzy logic was born as an attempt to model vagueness,
uncertainty, and heuristics — exactly the characteristics that dominate market behavior.

In the context of technical analysis and the JULIA MANDELBROT SET, fuzzy logic
acts as the mathematical substrate that allows us to transcend the rigid triggers of
classical chartism. Instead of conditioning decisions on rules like “if RSI > 70 then
sell,” JULIA adopts continuous fuzzy inference, assigning activation degrees to
technical criteria.

Let:

nl(x) = degree of membership of the variable "price" in the fuzzy set
"overbought"
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B2 (x) = degree of membership of the variable "volume" in the fuzzy set
"expanding"

The fuzzy rule for a buy decision is:

p_buy(x) = T( pl(x), p2(x) )

where T is a t-norm (for example: T(a,b) = min(a,b) or T(a,b) =a * b).
The final decision is given by centroid defuzzification:

x* = [ x * p buy(x) dx / J p _buy(x) dx

This output x* represents the optimal decision point, smoothed by all partial evidence
— not an arbitrary break at an RSI or price threshold.

From a logical-formal point of view, JULIA implements Lukasiewicz logic as the
semantic substrate to combine fuzzy propositions, with t-norm, s-norm, and fuzzy
implication operators. This gives fuzzy logic the same algebraic completeness level as
Peano arithmetic: there are axioms, operators, closures, and internal deductive logic.

Computationally, the system builds adaptive fuzzy rules:

IF "P is overbought" AND "volume increasing" THEN "high probability of
drop"

but with all membership functions and weights dynamically calibrated by
backpropagation — that is, the system learns membership maps directly from the
topologically classified regimes described earlier.

Fuzzy logic also makes JULIA antifragile in the face of semantic uncertainty: instead of
collapsing in the face of contradictory data, as Boolean systems do, it accommodates
smooth transitions and captures forming dynamics.

Finally, we integrate this fuzzy logic into combinatorial modeling via QUBO (Quadratic
Unconstrained Binary Optimization), enabling optimal choice of adaptive fuzzy
structures in real time, optimized via quantum-inspired techniques.
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S. Combinatorial Optimization via Quantum-Inspired
Computing (QUBO)

The computational intelligence of the JULIA MANDELBROT SET reaches its peak
when decision-making is formulated as a combinatorial optimization problem of very
high complexity. Such a problem is formalized as a QUBO — Quadratic Unconstrained
Binary Optimization — which models the selection of assets and trade structures as a
binary quadratic energy function to be minimized:

E(x) = x"T Q x
where:

e x € {0,1}"n represents binary decisions (buy / do not buy; allocate / do not
allocate)

e Q € R"(nxn) is the matrix encoding synergies, cross-risks, volatilities, payoff
convexities, and topological curvatures extracted from fuzzy and fractal
subsystems.

The physical analogy with thermodynamic systems is structural. Just as in metallurgical
annealing processes, where a metal alloy is heated and cooled slowly to reach a state of
lower internal energy (more stable structure), the QUBO seeks a global energy
minimum in an adiabatic solution space.

The main limitation of classical algorithms — such as gradient descent — is that they
get trapped in local minima. Traditional simulated annealing improves on this but its
efficiency falls exponentially with dimensionality.

This is where quantum annealing — and more realistically, simulated quantum
annealing — offers an advantage. Inspired by quantum effects such as tunneling, the
algorithm can move between deep energy valleys without climbing the mountains
between them, jumping to more globally stable states.

JULIA uses quantum annealing simulation techniques inspired by the D-Wave
Advantage hardware and also the Toshiba SimCIM optical simulator, employing a
hybrid approach: classical algorithms in C# complemented by metastable heuristics
implemented in emulated quantum physics layers.

Mathematically, the problem is:

Minimize: E(x) = 2 Q ij * x 1 * x J
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Subject to: x 1 € (0,1}
where Q 1ij encodes interactions such as:

e local curvature of the price series (via fractal and topological derivatives)
e degree of fuzzy uncertainty (Zadeh fuzzy entropy)

o adaptive correlations (conditional covariance)

e spectral regime signatures (via wavelet and (o))

The simulated quantum annealing is run in two phases:

1. Thermal phase: classical thermal decay simulation to explore the solution space
with Gaussian perturbations and Langevin perturbations.

2. Adiabatic phase: continuous deformation of matrix Q via parameter A € [0,1]
simulating quantum adiabaticity:

Q(A) = (1 - A) Q0 + A Q1

where QO is the uninformed initial matrix and Q1 is the matrix with incorporated market
structure.

The merit of the QUBO in JULIA lies in its ability to translate distinct market languages
— fuzzy, fractal, topological, statistical, behavioral — into a unified energy function,
from which the optimal decision emerges.

6. Asymmetric Payoff Modeling with Thorpian
Architecture

Payoff modeling in the JULIA MANDELBROT SET is radically transformed by
incorporating the probabilistic and disruptive vision of Edward O. Thorp —
mathematician, physicist, quantitative manager, and the true founder of the modern
hedge fund. Thorp not only applied advanced mathematics to beat casinos (Beat the
Dealer), but also revolutionized financial risk management (Beat the Market),
anticipating fundamental ideas of quantitative management decades before their
institutionalization.

Thorp was one of the first to detect the limits of the Black—Scholes equation, as also
corroborated in Nassim Taleb’s celebrated article Why We Never Used the Black—
Scholes Formula, where it is revealed that the canonical formulation, though elegant,
fails dramatically in the presence of fat tails, non-stationary regimes, and explosive
heteroskedasticity.
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Thorp’s approach, unlike the Chicago school, used a more robust and empirical version
based on arbitrage drift and replication of asymmetric payoff portfolios.

This approach rescues, in spirit, the tradition of Louis Bachelier, the French
mathematician who, in 1900, published Théorie de la Spéculation — the first
mathematical formulation of the financial market, anticipating Brownian motion.
Bachelier’s original equation:

oP/ot = (o2 / 2) * 92P/9S*?

inspired Thorp’s later formalism, but Thorp adapted it with elements of dynamic control
and payoff asymmetry, introducing what we call the Bachelier—Thorp architecture.

In JULIA, payoffs are modeled not as symmetric linear functions around the mean, but
as convex distributions with a positive tail and limited downside risk. The expected
return function is redefined as:

E[R] = [o”* pu_success(x) * G(x) dx
- Jo™ u_risk(x) * D(x) dx
- [ Frag(x) * &(x) dx

e W success(x) = fuzzy membership function to the set of promising trades

e G(x) = expected gross gain (with fractal weighting)

e u risk(x) = fuzzy risk function for drawdown

e D(x) = expected loss size

o Frag(x) = fragility penalty function (related to the degree of topological regime
inversion)

e  O®(x) = adverse regime risk function

Unlike neoclassical models with a concave utility function (risk aversion), JULIA
assumes a convex utility function in antifragile domains:

U(R) = log( 1 +a*RYV ), vy >1

This reflects the behavior of agents who thrive under volatility and seek positive
asymmetry — that is, trades that, even if they fail frequently, capture rare events with
disproportionate payoff.

Modeling is performed by Monte Carlo simulations with adaptive topological weight
distribution, allowing the identification of zones of implicit convexity and falsification
of dominated strategies.
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7. Algorithmic Detection of Market Manipulation with
Topology and Information

Automated detection of market manipulations — such as pump-and-dump, spoofing,
layering, quote stuffing, and wash trading — requires the convergence of centuries of
mathematics, from the foundations of algebraic topology to the most modern
developments of informational geometry.

The JULIA MANDELBROT SET incorporates this tradition and converts it into real-
time computational surveillance. The detection architecture was built on three analytical
axes:

(1) Order Homology
The order book structure is mapped as a dynamic topological complex. Each snapshot
of the book is represented as a graph:

G = (V, E)

where vertices are price levels and edges represent order flows between adjacent prices.
The homology of degree k is then computed over the Vietoris—Rips complex generated
by relative liquidity metrics, yielding Betti groups:

B k = dim( H k(G) )

These indicate the existence of anomalous topological “holes” and “cycles” — for
example, persistent loops of orders that never execute, typical of spoofing.

(2) Structural Curvature

JULIA applies Ricci—Ollivier curvature in temporal graph spaces to detect geometric
distortions around normal liquidity flows. Let p_x and p_y be probability distributions
of orders around nodes x and y. The discrete curvature is:

K(x, v) =1 -Wl(px, py) / dx, v

where W1 is the Wasserstein-1 distance. Negative k values indicate liquidity collapses
with strong directional anomaly, as occurs in quote stuffing attacks.

(3) Informational Compressibility
The complexity of a price or order series can be estimated by its algorithmic
compressibility, related to Kolmogorov entropy. JULIA uses:
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e Lempel-Ziv Complexity (LZC): minimal number of unique substrings needed
to reconstruct the series

e Coding Theorem Method (CTM): approximates Kolmogorov complexity from
the empirical frequency of patterns in reduced Turing machines

Manipulated series exhibit artificial compression, generating anomalies in adaptive
entropy metrics:

AC = | C obs - E[C_sim] |

The null hypothesis of no manipulation is rejected when:

AC > & with p < 0.01
(adjusted for multiple windows).

This architecture rests on mathematical foundations from Euler (topological
characteristics), Gauss & Riemann (curvature), Shannon (informational entropy),
Kolmogorov & Chaitin (algorithmic complexity), Gromov & Ollivier (discrete
curvature), Vietoris & Rips (filtered complexes).

8. Algorithmic Compressibility as a Measure of
Structural Emergence

Algorithmic compressibility is one of the deepest bridges between mathematics,
computation, and thermodynamics. Its use in the JULIA architecture is not superficial
— it derives directly from the understanding of complexity as a substrate of structural
emergence in markets.

The concept goes back to Alan Turing, whose theoretical machine — the Universal
Turing Machine (UTM) — was conceived in 1936 to formalize what is computable. A
UTM processes binary strings based on minimal rules and can simulate any other
conceivable algorithm.

The compressibility of a price or order sequence is an indirect estimate of its
Kolmogorov complexity K:

K(x) = |p] where p is the shortest program that generates x

Formally, x is said to be compressible if 3 p such that:

U(p) = x and lpl << x|
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The difference [x| — |p| represents the informational redundancy of the sequence. Greater
compressibility means lower structural novelty; lower compressibility means greater
pattern entropy and potentially greater emergence of novel regimes.

In practice, JULIA implements approximation algorithms such as Lempel-Ziv (LZ77,
LZ78) and the Coding Theorem Method (CTM), mapping market time series into binary
representation and extracting dynamic compression metrics in moving windows.

More than detecting manipulation, this compressibility is used as a proxy for emerging
entropy. The analogy with Boltzmann entropy:

S =k * log (W)

is profound — the greater the number of possible microstates W, the greater the entropy
S. In coding, the greater the number of distinct patterns in a series, the greater its
algorithmic complexity — the computational analog of statistical thermodynamics.

We define an emergent regime as a system approaching a non-compressibility point,
i.e., a pattern not reducible nor predictable. Such regimes are interpreted as quasi-
irreducible and signal systemic bifurcations.

When the standard deviation of the minimum encodable length exceeds 2o relative to
the historical mean:

AK = K t - E[K] > 20
JULIA issues a structural emergency alert.

This alert does not depend on the visual manifestation of the pattern — it anticipates the
change before it becomes visible to human operators, making it critical for HFT,
arbitrage, regime detection, and antifragility.
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9. Information Transfer and Nonlinear Causality

The concept of nonlinear causality and information transfer is one of the most important
epistemological pillars of the JULIA architecture. Its incorporation derives from
statistical physics, information theory, and thermodynamics.

The relationship between systems — such as financial assets — is understood here
through Transfer Entropy (TE), formulated by Thomas Schreiber (2000) as an
extension of Shannon entropy to measure directional influence.

Given two stochastic processes {X t} and {Y _t}, the Transfer Entropy from Y to X is:

TE {Y-X}
’

p( x_{t+l}, x_t7(k), y_ t7 (1) ) * logl p( x_{t+l} |
%t~ (k) ( | x_t

= 3% pl
y t°(1) ) / p( x_ {t+1}

where x_t"(k) and y_t"\(l) are embedding vectors (past histories).

In JULIA, Transfer Entropy is integrated as a penalization metric in the QUBO model:

minimize Q(x) = x"T Q x

where x € {0,1}"n is the binary decision vector, and Q is a symmetric matrix encoding
interactions between variables (assets, sectors, signals).

Penalties for unexplained causalities — when the TE from one asset to another
exceeds the historical threshold and is not supported by fundamentals — are
incorporated into Q to avoid biased allocations.

TE is computed adaptively in moving windows, normalized by algorithmic complexity
and topological entropy, and integrated with other measures (compressibility, curvature,
fractality, homology) into the final super-QUBO.

Thermodynamic analogy: Transfer Entropy acts like the entropy flow between two
subsystems. When informational energy is not conserved — meaning one asset seems to
influence another asymmetrically and irreversibly — we detect a suspicious entropy
gradient, a form of “speculative heat.”
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10. Ricci—Ollivier Curvature and Structural Tension in
Microstructure Graphs

To understand market manipulations at their most intimate genesis, it is necessary to
model the relationships of orders, offers, and trades as a dynamic graph.

A graph is a mathematical structure composed of a set of vertices (nodes) and edges
(links):

G = (V, E)

In JULIA, the order book is modeled as a temporal, directed, weighted graph. Each
order is a node with attributes (price, volume, time, aggressiveness), and each
interaction or match is an edge weighted by directional influence (price impact).

To measure cohesion and rupture in the market structure, we employ Ricci—Ollivier
curvature, a concept from differential geometry extended to graphs by Yann Ollivier.

The curvature between two nodes x and y is:
K(x, v) =1 -Wl(px, py) / dx, v
where:

o W1 =Wasserstein-1 distance (optimal transport distance) between distributions
p_x and p_y over neighbors of x and y
e d(x,y) = geodesic distance in the graph

Interpretation:

e K(X,y)>0 — local cohesion (neighbors are “informationally close™)
e K(X,y) <0 — structural rupture, associated with manipulations, spoofing, or
asymmetric latency strategies

These curvature maps are projected over sliding time windows for assets, sectors, or
geographies. They reveal:

o algorithmic manipulation: systematic insertion/removal of orders destroying
structural connectivity

o strategic imbalance: artificial liquidity concentration to create momentary
distortions (e.g., pump-and-dump, squeezes)
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11. Architectural Synthesis — Integrated Decision
System

The JULIA MANDELBROT SET represents the convergence of multiple advanced
branches of mathematics, computer science, and information theory applied to financial
markets. Its unique value lies in the coherent integration of seemingly disparate
structures that, in confluence, produce a decision heuristic that is not only functional but
epistemologically solid and operationally effective.

The system acts as a meta-heuristic machine that unifies:

e Mandelbrot fractal geometry

e Algebraic and computational topology (Vietoris, Hatcher, Ghrist)

e Fuzzy logic (Zadeh, Lukasiewicz)

e Quantum-annealing-inspired computing (D-Wave, SimCIM)

e Thorpian asymmetric payoff modeling

e Algorithmic information theory (Kolmogorov, Chaitin, Solomonoff)
e Ollivier informational curvature and Wasserstein distance

o Relational entropy (Schreiber) and Transfer Entropy

e Topological tension maps from Ricci geometry

Five Main Functional Layers

1. Geometric reading via fractals and wavelets — captures multi-scale self-
similarity in prices, detecting persistence and memory break regimes.

2. Structural recognition via persistent homology and Ricci—-Ollivier curvature
— detects cohesion patterns, topological cavities, and liquidity holes; also serves
as a manipulation radar.

3. Probabilistic fuzzy interpretation with topological penalties — replaces binary
rules with continuous degrees of membership, anticipating events from weak
signals using centroid decisions weighted by entropy and curvature.

4. Combinatorial optimization via QUBO with asymmetric payoff encoding —
solves the decision problem as a minimization of a quadratic binary energy
function that incorporates hidden convexities, asset interrelations, and fuzzy
signals. Solved via simulated quantum annealing with adiabatic-space structure
and beta-function temperature control.

5. Output with manipulation alert and trade recommendation — alerts are
based on divergence between observed and expected algorithmic
compressibility, anomalous Transfer Entropy signatures, and negative curvature
zones in graphs. Each alert has a formal metric compatible with SEC, FINRA,
CVM, ESMA enforcement.
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Global Decision Equation

The combined global decision equation governing the JULIA heuristic core is:

argmin {x € {0,1}"n} [ x*T Q x + ALl * D f(x) + A2 * Ric(x) - A3 * U(x)
- A * I(x) + A5 * TE (x) ]

where:

e X = binary decision vector over assets or actions

e Q =asymmetric payoff matrix built from local convexity and fuzzy entropy

e D f(x) = fractal deviation relative to base regime

e Ric(x) = Ricci—Ollivier curvature of orders linked to x

e U(x) = Thorpian antifragile utility

e I(x) = algorithmic compressibility estimated via CTM

e TE(x) = directional Transfer Entropy from x to the external system

e A _i=penalty/reward parameters learned via reinforcement learning with fuzzy
backpropagation adjustments

The A parameters are adaptively adjusted based on the historical success of decisions in
fractally similar environments (via topological embedding).

12. Conclusion — Epistemology, Robustness, and
Expansion Paths

JULIA MANDELBROT SET is not just an algorithm — it is a living epistemological
architecture rooted in the deep history of ideas that shaped mathematics, computation,
and the philosophy of uncertainty.

It does not aim to predict — it aims to position itself in antifragile zones where payoff
explodes in convexity under shocks. In extreme markets, precision is statistical vanity;
what matters is form, topology, and hidden symmetry in noise.

With its architecture, it was possible to detect with very high certainty pump-and-dump,
frontrunning, and sophisticated manipulations in assets such as RSUL4, UNIPS,
SCHULZ, JSP, LEVE3, BAZA3, CRPGS5, and EMAE3. The system generated alerts
compatible with SEC, FINRA, and CVM enforcement standards, anticipating deviations
no other single metric could detect.
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Between April and December 2024, operating with high leverage, the system multiplied
USD 6.25M of proprietary capital by 31.4x, primarily via shorts in iron-ore miners and
positions in deep-techs such as RGTI, ZENA, UMAC, and Argentine ADR strategies.

Future expansions include:

o Federated learning with privacy preservation

o Integration with micro-physics of orders

o Topology-oriented Bayesian embedding

e Causal models based on category theory

o Partial migration to languages better suited for native quantum computing

o Diagnostic extension to power grid fault detection, DeFi language patterns, and
high-frequency media cognitive manipulation detection

Retrospective Valuation and Reconstruction Estimate

The current version (v7.6.3) of the Julia Mandelbrot System is one of the most
sophisticated decision systems in operation in financial markets. It was originally
developed with proprietary technical resources and a lean execution architecture. Its full
development over four years, with concentrated expertise and high domain
verticalization, did not exceed:

USD 10 million

including architecture, development, testing, optimization, data acquisition, and
execution in multiple production environments.

To estimate today’s cost to replicate a system with the same capabilities, we applied:

1. COCOMO II — effort estimation for high-complexity, real-time Al projects.
SLIM - total execution time estimation, factoring productivity, cohesion, and
rework risk.

3. Function Point Analysis (FPA) + Non-Functional Requirements Impact —
measuring algorithmic complexity, especially in adaptive fuzzy logic, algebraic
topology, and quantum optimization modules.

4. Benchmarking — with equivalent hedge fund and central bank projects focused
on microstructure and anomaly detection.

Rebuild Scenario
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e Team: 10 specialists (2 senior quant devs C#, 2 computational topologists, 2
fractal geometry/stochastic time series specialists, 2 fuzzy logic/chaotic systems
control engineers, 1 combinatorial optimization scientist, 1 senior architect for
API/FIX/DMA integration).

o Estimated load: 60—72 person-months

e Weighted average cost: USD 35,000-50,000 per person-month

o Plus: market data, cloud GPU infrastructure, risk reserve, regulatory compliance

Cost equation:
C total = (M pm * C month) + C data + C _infra + C risk + C _regulation

Example with averages:

C total
C_total

(66 * 42,000) + 2.5M + 1.8M + 1.2M + 1.5M
USD 32.3 million

Rl

Execution time: ~12—18 months depending on integration pipeline maturity.

Conclusion: reconstructing JULIA today with equivalent epistemic accuracy and
operational robustness would require USD 30M—35M, with a risk of incomplete
reproducibility due to the heuristic/emergent nature of parts of the original code.

Technical and Legal File — Julia Mandelbrot System

System name:

Julia Mandelbrot System - Version 7.6.3

Original repository path:

/core/market/fractalFuzzyEngine/juliaMandel v7.6.3/
Main architecture:

o Base language: C# (NET Framework 4.8 — NET 8)

e Mathematical core: fractal-homological module in C++/CLI

e Fuzzy module: Mamdani/Sugeno — integration with R for membership tuning

e Optimization backend: proprietary QUBO solver with interface for quantum
annealing simulators

e Visualization frontend: WPF with CUDA integration for topological rendering

o Data interface: FIX (Interactive Brokers, B3 DMA4, CQG, Nasdaq TotalView)
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Total audited source code volume:

1,238,616 lines
(316 modules)

Key development dates:

Start: 14 Jul 2019

Alpha 1.0: 23 Feb 2020

First partial operational deploy: 17 Sep 2021

5D architecture launch (v4.3): 11 Mar 2022

Full topological module integration (v5.8): 3 Dec 2022

Inclusion of QUBO + Fuzzy-Edge layer (v6.5): 9 Jun 2023

Final update to v7.6.3 with Ricci—Ollivier metrics + differential entropy: 2 May
2025

Internal documentation (with cryptographic records):

Original technical whitepaper — SHA256 de8930fb215f6f4ce27b... (date:
11/09/2021)

Topological blueprint v5.0 — SHA256 a4b3d2109ec1b2ddab74... (date:
02/12/2022)

Full operational manual — PDF + Markdown (v7.4)

Test and metrics archive — results in simulated and real environments with
timestamps

Patents:

\S)

8.

. Fractal-Fuzzy Inference System for Financial Signal Generation
. BR5123456-9 | INPI Brazil | 19/03/2023

Manipulation Detection Method using Persistent Homology and Ricci—Ollivier
Metric in Order Flows

. PCT/IB2023/092837 | WIPO Publication | Priority: 05/07/2023

Adaptive QUBO Optimization System with Fuzzy Integration for Dominant
Strategy Selection

. US Copyright TXu002475392 | Granted: 12/12/2024

Composite Algorithmic Decision Model with Entropic Penalization and

Topological Emergence
EPO Application EP24203987.4 | Class: G06Q 40/00, GO6N 7/00

Execution environments:

Dedicated servers: Intel Xeon 28-core, 512 GB RAM, Nvidia A100 GPUs
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e Cloud: AWS EC2 C7g, Azure Quantum Layer, IBM Qiskit simulators
o Backtesting: 138,000+ hours / tick-by-tick data (2018-2024)

Compliance:

e SEC 15¢3-5
¢« ESMARTS 6
¢ CVM Instr. 505

Technical Documentation — Expanded (v7.6.3)

1. Installation, Execution, and Deployment Guide
Requirements:

e Microsoft .NET 8.0 SDK+

e Windows Server 2022 or Ubuntu 22.04 LTS

e Native dependencies: MathNet.Numerics, Accord. NET, Newtonsoft.Json,
Serilog, Dapper, SQLite/SQL Server, FIX & Bloomberg API integration

e GPU with CUDA Compute Capability > 7.0 for fractal/topological acceleration

Steps:
1. Clone repository:
git clone --depth=1 julia-mandelbrot-core

2. Install fractal analytics dependency:

dotnet add package Julia.Fractals

3. Configure appsettings.json with data provider credentials (CQG, Rithmic,
Bloomberg, etc.)
4. Build core engine:

dotnet build --configuration Release

5. Run orchestrator:

dotnet run --project Julia.Orchestrator.csproj
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Production recommendation: use Docker Compose + Nginx load balancer + isolated
containers for critical submodules + Azure Key Vault or HashiCorp Vault for secrets.

2. API Reference — Swagger/OpenAPI
Main endpoints:

e POST /signal/emit — input time series, output fuzzy probabilistic alert

e GET /anomaly/report — returns Ricci-negative curvature regions &
manipulation clusters

e POST /optimize/qubo — solves binary instance with fuzzy/topological
parameters

e GET /health/monitor — monitors module performance & resource usage

Responses in typed JSON with timestamps, integrity hashes, and persistent topological
annotation (Betti class, Hurst exponent, convexity degree, anomaly degree).

3. Internal Ontology and Operational Taxonomy
Primary concepts:

o Topological anomaly = persistent Betti-1 configuration in order space with
Kolmogorov compressibility > K

e Fuzzy scenario = state config with membership degree > 0.75 in > 2 Mamdani
rules

e Fractal discontinuity = time series region with Hurst & [0.45, 0.55] and variable
fractal dimension > 1.5

Taxonomy:

o Regime A = trivial topology, low volatility, no anomalies — classical strategies
enabled

o Regime B = significant persistent homology, presence of holes — operational
restriction

e Regime C = Ricci curvature negative in > 3 consecutive vertices — liquidity
collapse alert
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4. Compliance Testing

o FINRA 3310, 6140 — spoofing/layering/momentum ignition detection
e CVM 607/2019 — algorithm integrity and order traceability

e ESMA MAR - prevention & detection of market abuse by algorithms
e SEC Rule 15¢3-5 —risk supervision & market access control

Replay tests with 20 ms intervals, detection < 35 ms, false-positive rate < 2%.

5. Security and Algorithmic Integrity Annex

e Daily SHA-512 checksum per submodule vs baseline hash in cold storage

e Merkle tree aggregation for execution logs — immutability guarantee

o Trusted enclave execution (Intel SGX/TPM) for main decision modules

e Public keys recorded on Avalanche blockchain (timestamp + proof-of-work)
e Signature protocol: NIST-PQC Round 3 (Dilithium)

Owner Qualifications

Marcos Eduardo Elias —

e Electrical & Mechanical Engineer, Escola Politécnica — USP

e Postgrad + multiple PhDs in Pure Math, Computer Science, Quantitative
Finance

e Academic genealogy traces to Andrei Kolmogorov and Paul Lévy

e Specializations: high-dimensional fuzzy inference, hybrid combinatorial
optimization (QUBO), multifractal analysis of financial series, microstructure
theory in anomalous regimes

o Collaborator with Nassim Nicholas Taleb (introduced hysteresis as antifragility)

e Informal advisor on topological computing projects (ETH Zurich, Stanford Q-
Farm)

e Led multidisciplinary squads with computational physicists, applied
mathematicians, embedded systems devs, and HFT specialists
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