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The Asymptote of Classical Quantitative Finance

For decades, the standard for statistical
arbitrage has relied on massive data
ingestion and hidden Markov models.

This methodology successfully
captures localized anomalies with
minimal slippage.

The Reality: As global markets scale,
pure time-series analysis hits an
intractable ceiling.
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The Computational Wall: The Curse of Dimensionality
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1l The 2N Problem‘ . -+ 2 The Classical Compromise | <l The Result | 2 g :

In a market of N variables, state space To remain viable, traditional machine learning Deep, multi-asset correlations are
computation grows as 2N, models are forced into dimension fundamentally buried under dimensional
truncation, data aggregation, or flawed noise.

assumptions of market stationarity.
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The Physics Problem: .

Infrastructure as Friction

1 The lllusion of Alpha

Identifying a signal is
mathematically useless if the
execution decays rapidly due
to network congestion.

2 Blind Routing

Classical algorithmic bots send
orders down the shortest
physical network path.

3 The Impact

Severe execution slippage
physically out-maneuvers the
theoretical alpha generated by
the model.
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Tensor-Network Quantum Gravity (TNQG): A Geometric Reality

Pair-wise Covariance Calculations Continuous Tensor Network ¢

TNQG completely discards pair-wise covariance. It mathematically compresses the entire global financial order book

into a single, continuous probability geometry—bypassing the need for computationally expensive dimension truncation.
J




The Global Density Matrix

The Market State

Not a slice of data, but the holistic,
compressed representation of global
market liquidity and positioning.
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=8 The Continuous Tensor Network

The mathematical framework that houses
infinite dimensions without falling victim to
the 2N state space explosion.

By representing the market as a global density matrix, TNQG captures the total state of the market
simultaneously, preserving the deep correlations that truncated classical models erase.




Redefining Structural Alpha
as a Topological Defect
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TNQG does not merely register a price divergence
between two isolated assets. It detects a literal
warp—a topological defect—in the overarching
probability geometry of the global market.




TNQG + PTCP QUANT FUND TOPOLOGICAL DEFECTS ISOLATED CUMULATIVE ALPHA GENERATED

EN
TRADING DAY: 6.5 / 6.5 HRS 27 $26.52 Illlon

Quantum Relative Entropy R(t) : Structural Arbitrage Detection
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Cumulative Alpha : Classical Markov Models vs Tensor-Network State




PTCP: The Market Infrastructure as an

Execution Substrate

Mechanics of Geodesic Actuation

1. TNQG provides a predictive
heat-map of infrastructural stress
microseconds before it occurs.

2. The Predictive Tensor Control
Plane (PTCP) routes the execution
d)——z along an emergent geodesic—the
mathematical path of least
physical resistance.

/> 3. Result: Physically outmaneuvers
@ 1\ HFTs, ensuring virtually zero
© slippage.
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Risk Mechanics: Bounded Actuation 7

vS. Stop-Losses '
See that, the “Champion-Challenger” framework (ins usng timizatical approadi) and bounded actuation concepts. |
Reactive VaR Stop-Loss Champion-Challenger Framework

Value

0 2 4 6 8 10 12 14 16

r_ —| l_ If an execution route threatens to warp the local geometry _l
Human-coded triggers vulnerable to causing flash crashes. beyond a safety threshold, PTCP physically bounds the

|_ __J I_ actuation at the kernel level. _l

The Advantage: Ensures strict mathematical stability without relying on reactive, fragile human-coded triggers.
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The Paradigm Shift Matrix
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Classical Quants

Tensor Networks

e

Market

n . Distinct Time-Series
epresentatlon

Alpha Definition Statistical Correlation
Processing _ : .
Method Dimension Truncation
Execution

Routing Shortest BGP Path

Risk Mechanics Reactive VaR Stop-Loss

Global Density Matrix

Topological Defect

Continuous Tensor State

Emergent Geodesic

Kernel-Level Bounded Actuation




The Unified Theory of Trading

) Step 2: Translation

| N The defect immediately ]
g 4 generates a predictive
e =" e \infrastructure heat-map. [ o |
Step 1: Signal | WEH
The global density matrix ; X

(p) isolates the topological
defect (R(t) spike).

Step 3: Execution

The heat-map defines the o
emergent geodesic, executing

the trade with bounded —
actuation. ‘

i 1

Alpha generation and trade execution are no longer separate, discrete steps. The infrastructure is part of the ,

math; the geodesic execution path naturally emerges from the exact same equation that detected the alpha.




Empirical Proof: Simulated 6.5-Hour Tradin

Classical
Truncated
Models

TNQG Global
VS.

TNQG consistently captured
>85% of true signal amplitude
during deep arbitrage anomalies.
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Density Matrix
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Slippage Penalties ﬂ

PTCP
Predictive
Geodesic Routing

HFT

Routing 2

PTCP maintained slippage at
near 0% despite severe
micro-bursts.
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| Net Alpha Generation

TNQG + PTCP profit margins
scaled exponentially higher than
classical counterparts.
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Shattering the Medallion Limit

The dominance of time-series statistical
arbitrage relies on a flawed assumption: that
market signals are localized anomalies.

By treating the market and its physical
infrastructure as a continuous topological
geometry, we mathematically compress
infinite dimensions and predict physical
execution paths.
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F-The Result: A mathematically superior
framework that fundamentally shifts the

asymptote of quantitative finance.
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