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ABSTRACT

As of Q1 2026, the digital economy faces a structural crisis of “Cognitive Provenance.” The proliferation of Agentic Al, driven by advanced Transformer
architectures, has rendered legacy verification methodologies statistically obsolete. This paper presents the theoretical framework and operational method-
ology of The Sentinel, a forensic engine designed to verify human presence through Multifractal Detrended Fluctuation Analysis (MFDFA) and Linguistic
Thermodynamics. By quantifying the specific entropic signatures of biological motor control (Pink Noise, 1/f) and cognitive load, we establish a determin-
istic standard for distinguishing biological intent from algorithmic emulation. Empirical simulations indicate that biological cognition exhibits a persistent
Hurst Exponent (0.55 < H < 0.95) and Staccato Variance (CV =~ 1.0), markers that current synthetic agents fail to replicate without stochastic collapse.
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Introduction

The fiduciary integrity of the digital economy rests on a singular,
rapidly eroding assumption: that engagement metrics represent
human attention. With the widespread deployment of Large
Action Models (LAMs) utilizing the Transformer architecture
[1], synthetic entities can now bypass standard behavioral
heuristics.

For stakeholders managing capital allocation, this “Synthetic
Noise” represents a direct impairment of asset value. Current
estimates suggest an Ad-Fraud impact exceeding $120 Billion
annually [2]. To secure the digital perimeter, we must transition
from Probabilistic Identity Verification to Deterministic
Cognitive Verification, aligned with the NIST AI Risk
Management Framework.

Theoretical Framework

Al Edge Nexus utilizes a “Thermodynamic Verification”
approach, applying principles from Statistical Physics to
differentiate the optimized efficiency of an algorithm from the
inherent inefficiency of a biological central nervous system
(CNS).

Linguistic Thermodynamics (JL)

Large Language Models (LLMs) function as probability
engines designed to minimize perplexity by selecting the most
statistically likely next token [3]. Recent studies in zero-shot
detection demonstrate that LLM outputs inhabit the “negative
curvature” regions of log probability functions [4]. The human
brain, conversely, operates under fluctuating cognitive load.

We first calculate the Shannon Entropy (/°) of the token
stream:
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We then define Linguistic Jitter (JL) as the standard deviation
of entropy over a rolling window:
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Synthetic signatures exhibit low variance (JL — 0), whereas
biological signatures exhibit high Jitter, reflecting the non-linear
nature of human thought.
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Behavioral Staccato (HB)

Human motor control is governed by the CNS, which introduces
a specific “Pink Noise” (1/f noise) into interarrival times (IAT)
[5-7]. We analyze the Coefficient of Variation (CV):
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Empirical calibration defines the “Biological Window” as:
0.65<CV<1.40 4)

Synthetic agents typically display either rhythmic precision (CV
< 0.2) or uniform randomness (CV = 0.5, Brownian Motion),
failing to replicate the specific “Staccato” distribution of
biological pauses (Lévy Flights).

Fractal Memory (The Hurst Exponent)

The definitive test for cognition is Persistence. Using Multifractal

Detrended Fluctuation Analysis (MFDFA) [6], we calculate the

generalized Hurst Exponent (H).

e Random Walk (H = (.5): Bot scripts utilizing pseudo-
random generation lack long-range correlation.

e Persistent Memory (°.55 < H < (.95): Human cognition
is auto-correlated; a fast reaction is statistically likely to be
followed by another, creating a fractal time series distinct
from memoryless algorithmic processes.

The Prouse Forensic Protocol
The Sentinel synthesizes these metrics into a single Fiduciary
Score: the PFI (Prouse Forensic Index).
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Where Mi represents the normalized metric set {‘_/L,I_—{ H} and
Wi represents dynamic weightings calibrated to the specific

threat landscape.

Table 1: PFI Classification Standards

PFI Score Fiduciary Status
0-40 Synthetic Artifact (Immediate Block)
41-175 Gray Zone (High Risk / Challenge)
76 — 100 Verified Biological (Asset Grade)

Operational Deployment

The architecture is designed for High-Frequency Trading (HFT)

and Real-Time Bidding (RTB) environments.

e Latency: < 100ms processing time via vectorized Polars
execution.

e Privacy: The engine operates on metadata timestamps and
text entropy only. No PII is stored, ensuring alignment with
GDPR and CCPA.

Limitations and Robustness
While thermodynamic verification provides a higher certainty
than behavioral heuristics, specific limitations exist:

Short-Session Volatility
Sessions with < 15 interactions may lack sufficient data points
for accurate Fractal Analysis (H).

Adversarial Training

Theoretically, an Agentic Al could be trained to mimic 1/f noise.
However, the computational cost of maintaining this mimicry
creates a “Friction Barrier” that renders the fraud economically
unviable.

Conclusion

In an economy saturated with synthetic content, Human Attention
is the scarce resource. Legacy metrics verify interaction, but
only Thermodynamic Analysis verifies infent. Adopting the
Human Fingerprint Protocol provides a defensible, fiduciary
basis for digital asset valuation.
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