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AETHELIS QUANT /| ENCYCLOPEDIC TOME 01
Master Index, Architectural Taxonomy & Executive Reading Matrix

Tome 01: Master Index, Architectural Taxonomy & Executive Reading Matrix (Ch. 1)
1. Executive Summary & Foundational Architectural Philosophy

Aethelis Quant (Release v6.5.0 QUANT) represents an enterprise-grade, institutional quantitative execution and risk-governance platform. Engineered
specifically to bridge the structural divergence between traditional regulated derivatives venues (Chicago Mercantile Exchange / CME Globex) and
high-throughput continuous digital asset derivative exchanges (Binance, Bybit, OKX), the platform operates under an uncompromising design
philosophy: absolute mathematical determinism, zero custodial asset entitlement, sub-millisecond execution telemetry, and mathematically proven
multi-layered risk containment.

In contemporary financial markets, institutional participants face an acute operational dilemma. High-frequency algorithmic market-making and
statistical arbitrage in digital assets are fraught with venue counterparty risk, ephemeral liquidity spikes, structural manipulation, and unmodeled
liquidation cascades. Concurrently, traditional asset management frameworks operating on legacy financial networks suffer from severe execution
drag, rigid settlement cycles (T+1), and an inability to dynamically synthesize cross-asset correlations between macro commodities, fiat foreign
exchange, and liquid cryptographic collateral.

The Aethelis Quant v6.5.0 architecture resolves this dichotomy through the Dual-Pillar Hybrid Doctrine. Under this doctrine, traditional regulated
futures (Pillar 2: Precious Metals, Energy Complex, and Foreign Exchange) and digital asset derivatives (Pillar 1: Top 8 Seasoned Large-Cap Tokens)
are not treated as isolated portfolios, but rather as mathematically coupled, risk-balanced compartments within a unified computational substrate.

AETHELIS QUANT 6.0.0 ARCHITECTURAL TAXONOMY |
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Every execution engine within this framework operates autonomously inside an isolated Linux system process enclave, bound by hardware-enforced
CPU pinning, memory segmentation, and asynchronous lock-free messaging queues. The software never pools capital, never claims custody of
investor funds, and restricts its operational perimeter strictly to that of a Pure Quantitative Software Vendor providing advanced computational
execution tools to eligible institutional counterparties.

2. Institutional Role-Based Reading Matrix

This eleven-tome System Bible is engineered to provide exhaustive, granular technical reference material for distinct institutional stakeholders.
Depending on organizational mandates, operational responsibilities, and regulatory functions, readers should prioritize specific volumes as delineated
in the matrix below:
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| INSTITUTIONAL READING MATRIX BY ROLE |

o Fommmom e Fommmom e Fommmom e Fommmom e Fommmom e Fommmom - Fommmem e Fommmem e Fommmem e +
| Operational Stakeholder Role | T-00 | T-01 | T-02 | T-03 | T-04 | T-05 | T-06 | T-07 | T-08 | T-09 | T-10 |
o e e e e e e e e e e mmmmmmmmm——a Fommmmm Fommmmm Fommmmm Fommmmm Fommmmm Fommmmm Fommmmm Fommmmm Fommmmm +

| Chief Risk Officer (CRO) | [REQ] | [REQ] | [REC] | [REC] | [OPT] | [REQ] | [REC] | [REC] | [REQ] | [REQ] | [
| Quantitative Portfolio Mgr (QPM) | [REQ] | [OPT] | [OPT] | [REC] | [REQ] | [REQ] | [REQ] | [REQ] | [REQ] | [
| Lead Quantitative Trader | [REQ] | [OPT] | [REC] | [REQ] | [REQ] | [REQ] | [REQ] | [REQ] | [REC] | [REQ] | [
| Site Reliability Engineer (SRE) | [REQ] | [REC] | [REQ] | [REQ] | [REC] | [OPT] | [OPT] | [OPT] | [REC] | [R
| Regulatory Compliance Officer | [REQ] | [REQ] | [REQ] | [REC] | [OPT] | [OPT] | [OPT] | [OPT] | [REQ] | [REQ
| Institutional Treasury Officer | [REQ] | [REQ] | [REC] | [REQ] | [OPT] | [OPT] | [OPT] | [OPT] | [OPT] | [RE
o m m e e e Fommmma- Fommmma- Fommmma- Fommmma- Fommmma- Fommmaa- Fommmaa- Fommmaa- Fommmaa- +
[REQ] = Mandatory Core Reading [REC] = Highly Recommended [OPT] = Contextual / Optional Reference

2.1 Guidance for the Chief Risk Officer (CRO)

The Chief Risk Officer must focus predominantly on Tome 01 (Non-Custodial Legal Perimeter), Tome 05 (Analytical Laboratory, Monte Carlo Stress
Testing, and Tail Risk), Tome 08 (Universe Governance and Survivorship Bias Elimination), Tome 09 (Circuit Breakers, 24-Hour Daily Drawdown
Lockouts, and CME SPAN Margin Firewalls), and Tome 10 (Algorithmic Governance & 6 Hard Gates Policy). The platform's risk governance is
deterministic: the CRO must understand how the mathematical circuit breakers override portfolio manager discretion during anomalous market
regimes to preserve balance sheet equity.

2.2 Guidance for the Quantitative Portfolio Manager (QPM)

The Quantitative Portfolio Manager must master Tome 05 (Covariance Matrix Shrinkage, Combinatorial TradFi Selection, and Statistical Drift
Detection), Tome 06 (Crypto Quantitative Engines: Squeeze, Causal Momentum, AMT, and Basis Carry), Tome 07 (TradFi Engines: Kalman Filter
Spreads, 3:2:1 Crack Spreads, and G10 FX Parity), and Tome 10 (Transaction-Driven Parameter Optimization Audits). Particular attention should be
paid to the mathematical formulation of parameters, tracking errors, and the non-linear interaction between alpha models under varying
macroeconomic regimes.

2.3 Guidance for the Lead Quantitative Trader & Desk Operator

Desk Operators responsible for live market oversight must read Tome 03 (Venue Connectivity and Tri-Exchange Order Flow Dynamics), Tome 04
(Dual-Pillar Terminal Navigation, Live Tape Reading, and Imbalance Detection), and Tome 09 (System Runbooks and Emergency Disconnect
Protocols). Real-time situational awareness requires a deep understanding of WebSocket subscription topologies, execution latency profiles, and
manual intervention boundaries.

2.4 Guidance for Site Reliability Engineers (SRE) & Systems Architects

Infrastructure engineers must treat Tome 02 (Multi-Tenant Isolation, RBAC Security, and Memory Segmentation), Tome 03 (Socket Architecture, TCP
Buffer Optimization, and Intercontinental Network Topologies), and Tome 09 (Process Flock Daemons, Systemd Units, PostgreSQL TimescaleDB
Partitioning, and Disaster Recovery) as mandatory operational doctrine. SRE personnel are responsible for ensuring 99.999% uptime, microsecond
clock synchronization (PTP/NTP under MiFID Il RTS 25), and zero-loss state persistence.

2.5 Guidance for Regulatory Compliance & Legal Counsel

Legal counsel must thoroughly inspect Tome 01 (Comparative Statutory Jurisdictional Analysis under UK FSMA 2000, EU MIFID Il, US CFTC, and EU
MICA), Tome 02 (Immutable Audit Trail, Cryptographic Non-Repudiation, and 30-Day Evaluation Licensing), and Tome 08 (Institutional Eligibility
Gates). This analysis verifies that the deployment remains strictly outside the regulatory perimeter of discretionary asset management, collective
investment schemes, or custodial depository institutions.

2.6 Guidance for Algorithmic Governance & Audit Committees

Oversight committees and fiduciary supervisors must review Tome 10 (Algorithmic Governance & Oversight Framework) to verify transaction-driven
walk-forward triggers, the 6 Hard Gates qualification protocol, and role-based cryptographic mandate signing ([SIGN & AUTHORIZE] vs [REJECT]).

3. Encyclopedic Master Index of Volumes

The System Bible is organized into eleven logically sequential treatises:
- Tome 01: Multi-Venue Connectivity & Protocol Standard (Ch. 1)

Foundational architecture, Dual-Pillar Hybrid Doctrine, cross-role reading guidance, institutional glossary, and formal mathematical notation.
- Tome 02: Tenant Sandbox, RBAC Security Matrix & Evaluation Licensing (Ch. 2)

Comparative legal analysis (UK FSMA, EU MIFID Il, US CFTC, EU MICA), statutory non-custodial proof, inapplicability of FCA CASS 6/7,
zero-knowledge API key security, and eligible counterparty classification.

- Tome 03: Dual-Pillar Workspace & Operator Interface (Ch. 3)

Process-level containerization, Linux cgroups v2, shared-nothing PostgreSQL schema architecture, AES-256-GCM envelope encryption, PBKDF2 key
derivation, immutable cryptographic audit logging, and 30-day evaluation license enforcement with hardware device fingerprinting.

- Tome 04: Q-LAB Analytical Laboratory & Monte Carlo (Ch. 4)

Order book microstructure, liquidity fragmentation, cross-venue basis arbitrage, low-latency TCP socket tuning, FIX protocol architecture, CME Globex
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/ IBKR Gateway integration, and intercontinental network routing.
- Tome 05: Digital Asset Quantitative Engines (D1, 2, 3, 7) (Ch. 5)

Cognitive ergonomics of multi-asset trading interfaces, visual hierarchy, order flow tape decomposition, real-time volatility surface rendering, dynamic
covariance tracking, and cross-asset divergence visualization.

- Tome 06: Regulated CME TradFi Engines (D4, 5, 6) (Ch. 6)

Modern Portfolio Theory on hybrid assets, Ledoit-Wolf covariance shrinkage, combinatorial risk-reduction proofs, non-linear slippage modeling,
Kolmogorov-Smirnov drift validation, and jump-diffusion Monte Carlo simulations.

- Tome 07: Institutional Universe Governance Engine (Ch. 7)

Exhaustive scientific formulation of Desk 1 (Bollinger/Keltner Squeeze), Desk 2 (Causal State Guard & Cross-Sectional Momentum), Desk 3 (Auction
Market Theory & Value Area), and Desk 7 (Delta-Neutral Cash-and-Carry Carry Capture).

- Tome 08: System Operations, Breakers & SRE Runbook (Ch. 8)

Mathematical specification of Desk 4 (Dynamic Kalman State-Space Spread on Metals), Desk 5 (Energy 3:2:1 Refinery Crack Spreads), Desk 6 (G10
FX Covered Parity Mean-Reversion), and the 6 calibrated institutional risk profiles.

- Tome 09: Risk Containment & Circuit Breakers (Ch. 9)

Microstructural hazards of digital assets, mathematical proof of the 365-day continuous listing age gate, 90-day rolling volume/Ol median filters, order
book depth criteria, and governance of the Canonical Top 8 Universe.

- Tome 10: Execution Protocols & Settlement (Ch. 10)

Aerospace-grade fault containment, multi-tier circuit breaker mechanics (-3% throttle, -5% 24h lockout), CME SPAN margin firewalls, systemd service
management, flock synchronization, and disaster recovery runbooks.

- Tome 11: Algorithmic Governance & Oversight Framework (Ch. 11)

Autonomous transaction-driven audit lifecycles (15 closed trade threshold), 6 Institutional Hard Gates policy, role-based oversight segregation (Trader
vs Super Admin), and cryptographic approval mandates.

4. Institutional Terminology Glossary & Quantitative Lexicon

To ensure unambiguous communication across trading desks, risk committees, and engineering teams, the following standardized terminology is
formally established:

- Adverse Selection: The phenomenon wherein an algorithmic limit order is disproportionately filled by informed market participants
immediately prior to an adverse price movement, resulting in negative instantaneous post-trade markouts.

- Auction Market Theory (AMT): A market microstructure framework conceptualized by J. Peter Steidlmayer, postulating that financial
markets are continuous double auctions whose primary purpose is price discovery to facilitate trade, organizing price-volume data into
Value Areas representing market consensus.

- Basis Risk: The risk that the spread between the spot price of an underlying asset and its corresponding derivative contract (futures or
perpetual swap) fluctuates unpredictably, impacting hedged or cash-and-carry positions.

- Causal State Guard: A deterministic finite-state machine governing algorithmic position sizing and state transitions based exclusively on
backward-looking and contemporaneous causal metrics, strictly prohibiting predictive look-ahead bias.

- Circuit Breaker (Level 2 Lockout): An automated risk mechanism that, upon breach of a predetermined intraday drawdown threshold
(-5.0% from daily High-Water Mark), irrevocably transitions the trading engine into SAFE_MODE_DERISKING, purges all resting orders,
systematically de-leverages positions, and engages an unbypassable 24-hour execution lockout.

- Cointegration (Engle-Granger): A statistical property of two or more non-stationary time series $\{X _t, Y_t\}$ such that a linear
combination $Z_t = Y_t - \beta X_t$ is stationary $I(0)$, forming the mathematical basis for mean-reverting statistical arbitrage.

- Conditional Value at Risk (CVaR / Expected Shortfall): The expected loss given that the loss exceeds the Value at Risk threshold at a
specified confidence level ($1-\alpha$), capturing extreme tail risk far more effectively than standard Gaussian VaR.

- Crack Spread (3:2:1): An energy derivative spread modeling the theoretical gross refining margin of a commercial refinery, constructed
by buying 3 barrels of crude oil (WTI) and selling 2 barrels of gasoline (RBOB) and 1 barrel of distillate heating oil (HO).

- Delta-Neutrality: A portfolio state wherein the aggregate first-order derivative of portfolio value with respect to the price of the underlying
asset is exactly zero ($\Delta = \frac{\partial V}{\partial S} \equiv 0$), immunizing equity against directional market moves.

- High-Water Mark (HWM): The highest portfolio net asset value previously attained, utilized as the benchmark against which intraday,
daily, and peak-to-trough drawdowns are calculated for risk and fee purposes.

- Kalman Filter (State-Space Formulation): An optimal recursive Bayesian algorithm that estimates the unobservable true state variables
of a dynamic linear system from a series of noisy measurements over time, minimizing mean squared error.

- Ledoit-Wolf Shrinkage: An advanced mathematical technique for covariance matrix estimation that balances the sample covariance
matrix with a highly structured target matrix, stabilizing matrix inversion for optimal portfolio weighting.

- Non-Custodial Software Vendor: A legal and technical categorization describing a technology provider that supplies analytical,
algorithmic, and execution software to clients without ever taking possession, control, or legal title to client funds or financial assets.

- Point of Control (POC): The price level at which the greatest total volume of contracts was transacted during a specified auction profile
period, representing the absolute mode of the volume distribution.

- SPAN Margin (Standard Portfolio Analysis of Risk): A sophisticated margin calculation system developed by the CME that evaluates the
risk of a complete futures and options portfolio across 16 distinct market simulation scenarios.

- Value Area (VA): The price range comprising exactly 70.0% of total transacted volume within an auction profile, bounded by the Value
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Area High (VAH) and Value Area Low (VAL).
5. Mathematical Notations & Conventions

Throughout all volumes of this System Bible, the following standardized mathematical notations are rigorously enforced:

| STANDARD MATHEMATICAL NOTATIONS & SYMBOLS |

E T T N I T e
| Notation | Definition and Contextual Description |
R L C L TP L L T T T T

| $t \in \mathbb{N}$| Discrete time index, sampled at millisecond, second, or bar resolution. |

| $S_t, P_t$ | Spot price, derivative price, or asset settlement price at time $t$. |

| $r_t$ | Continuously compounded logarithmic return: $r_t = \ln(P_t / P_{t-1})$. |

| $\mu, \sigma”2$ | Mean vector and variance/covariance matrix of asset returns. |

| $\Sigma$ | True population covariance matrix of asset returns ($N \times N$). |

| $\hat{\Sigma}$ | Sample covariance matrix calculated from historical sample observations. |

| $\Sigmanr*$ | Shrinkage-adjusted covariance matrix estimated via Ledoit-Wolf formulation. |

| $\beta_t$ | Time-varying hedge ratio or cointegration coefficient estimated via recursive Kalman filter. |

| $\epsilon_t$ | Idiosyncratic innovation, white-noise error term, or measurement residual at time $t$. |

| $z_t$ | Standardized Z-score of a spread or statistical deviation: $z_t = (X_t - \mu_X) / \sigma_X$. |

| $\mathcal{N}(\mu, \sigmanr2)$ | Univariate Gaussian (normal) probability distribution. |

| $\Delta_{\text{port}}$ | Aggregate portfolio directional delta: $\sum_{i=13}AN \frac{\partial V}{\partial S_i
| $H_t$ | Measurement matrix relating unobserved state variables to observed market vectors. |

| $Q, R$ | Process noise covariance matrix ($Q$) and measurement noise covariance matrix ($R$). |

| $\kappa$ | Mean-reversion velocity parameter in an Ornstein-Uhlenbeck stochastic differential equation. |

| $\Theta$ | Long-term equilibrium mean parameter in an Ornstein-Uhlenbeck stochastic process. |

| $W_t$ | Standard one-dimensional Brownian motion (Wiener process) satisfying $dw_t \sim \mathcal{N}(0, dt)$.
Fomm e m E T Tk TR T T

All vector and matrix operations assume conformable dimensions. In general, vectors are denoted by lower-case bold Latin letters ($\mathbf{x}$),
matrices by upper-case bold Latin letters ($\mathbf{A}$), and scalar parameters by Greek letters ($\alpha, \beta, \gamma, \sigma$). Unless explicitly
stated otherwise, annualization of return and volatility metrics assumes 365 trading days for continuous digital asset markets and 252 trading days for
traditional CME derivatives markets.

6. Historical Evolution of Quantitative Market Microstructure & Dual-Pillar Genesis

To comprehend the necessity of the Dual-Pillar Hybrid Doctrine, one must analyze the technological and structural evolution of financial market
microstructure over the past four decades. The historical transition from physical open-outcry trading pits to continuous electronic limit order books
(CLOB) fundamentally transformed price discovery and liquidity provision.

6.1 The Transition from Open Outcry to Electronic CLOB

During the open-outcry era on the floors of the Chicago Mercantile Exchange (CME) and the Chicago Board of Trade (CBOT), market makers
provided liquidity through bilateral physical interaction, absorbing order flow imbalances through personal balance sheet capacity and qualitative
assessment of counterparty intent. The introduction of CME Globex in 1992 initiated the algorithmic era: physical pits were supplanted by deterministic
matching engines enforcing Price-Time Priority (FIFO) rules.

In an electronic matching engine, all orders are digitized into discrete packets. Market makers no longer observe physical participants; instead, they
observe messages arriving over fiber-optic networks. The emergence of High-Frequency Trading (HFT) firms in the 2000s introduced microsecond
competition, colocation facilities in Aurora, lllinois and Secaucus, New Jersey, and non-linear market impact dynamics. Traditional quantitative trading
models evolved to optimize queue position, minimize adverse selection, and exploit subtle statistical cointegrations across macro futures contracts.

6.2 The Digital Asset Disruption & Microstructural Divergence

The birth of Bitcoin in 2009 and the subsequent launch of continuous cryptocurrency derivative exchanges (e.g., BitMEX in 2014, followed by Binance,
Bybit, and OKX) created an unprecedented parallel financial universe. Digital asset derivative markets inherited many algorithmic concepts from
traditional finance (such as central limit order books and WebSocket/REST APIs), but introduced profound structural divergences:

1. Continuous 24/7/365 Non-Stop Settlement: Unlike traditional equity or futures venues that close overnight and on weekends, digital asset markets
trade uninterruptedly. This eliminates overnight session gaps, but introduces continuous inventory accumulation risk and requires non-stop automated
algorithmic risk monitoring.

2. Perpetual Swap Inverse & Linear Mechanics: Traditional futures expire on fixed quarterly dates (March, June, September, December), converging
mechanically to the underlying spot settlement price. Digital assets introduced the Perpetual Swap - a derivative contract with no expiration date,
tethered to spot prices via an 8-hour funding rate mechanism.

3. Retail-Dominated Leverage & Liquidation Spirals: In traditional CME futures, clearing member firms enforce strict credit lines, intraday margin calls,
and bilateral margin agreements (ISDA/FIA). In digital assets, retail traders access high leverage (up to 50x or 100x) backed exclusively by volatile
collateral in automated margin accounts. When margin thresholds are breached, exchange matching engines do not issue margin calls; they seize the
position and execute automated market liquidations, triggering vertical cascading slippage spikes.

Aethelis Quant v6.5.0 was specifically engineered to synthesize these two disparate worlds. By pairing physical, macroeconomic traditional derivatives
(Pillar 2) with high-turnover digital asset momentum and carry engines (Pillar 1), the platform provides institutional treasury desks with a unified
risk-mitigated framework that harnesses crypto volatility while anchoring balance sheet solvency in regulated physical commodity spreads.

7. Lifecycle of an Institutional Order: Deterministic Telemetry Flow
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To illustrate the technical rigor of the platform, the following sequence details the exact sub-millisecond lifecycle of an algorithmic execution event
across the Aethelis Quant architecture:

EXCHANGE WEBSOCKET ] (L2 Tick Update: Binance / CME)

(1) Ingested via epoll event loop (< 0.25 ms)

ASYNCHRONOUS TICK PROCESSOR ]

(2) Micro-Price & Imbalance Calculation ($P_{\text{micro}}$ computed in RAM)
QUANTITATIVE ENGINE (e.g., Desk 1 / Desk 4) ]

(3) Mathematical Signal Evaluation (Z-Score or Squeeze Condition verified)
KERNEL-LEVEL PRE-TRADE RISK GATEKEEPER ]

FAIL] -> Order Dropped; Critical Warning Logged to TimescaleDB

[

|

|

v

[

|

|

v

[

|

|

v

[

|

[

|

[PASS] -> Child Order Allocated via Smart Order Router (SOR)

|

| (4) Cryptographic Signature Generation (HMAC-SHA256 / Ed25519)
v

[ TCP WIRE TRANSMISSION ] (Dispatched via socket with TCP_NODELAY)
|

| (5) Executed on Exchange Matching Engine

v

[ EXECUTION REPORT / FILL PACKET ]

|

| (6) Received via Private WebSocket Stream

v

[ POST-TRADE PERSISTENCE ENGINE ]

|

| (7) Appended to PostgreSQL Hypertable with SHA-256 Chain Hash
v
[

INSTITUTIONAL TELEMETRY HUD ] (Updated via 250ms WSS Broadcast)

Every stage of this lifecycle is completely deterministic, non-blocking, and recorded in immutable forensic logs, ensuring complete traceability and
compliance with Tier-1 operational standards.

6. v6.5.0 Architectural Enhancement: 100% JSON Decoupled Substrate

Under the v6.5.0 architecture, the foundational taxonomy is fortified by complete architectural separation between the runtime computational execution
daemons and parameter configuration schemas. All risk thresholds, moving average lookbacks, Z-score gates, and fee buffers are externalized into
config/crypto_params.json and config/tradfi_params.json, managed by unified hierarchical parameter resolvers with dynamic daemon hot-reloading.

v6.5.0 ZERO-HARDCODING DECOUPLED RUNTIME TOPOLOGY |

config/crypto_params.json <--> core/crypto_params_resolver.py <--> Desks 1, 2, 3, 7 Daemons |
config/tradfi_params.json <--> core/tradfi_params_resolver.py <--> Desks 4, 5, 6 Daemons |
Supervisory Parametric Modal [Q] <--> REST API: /api/qlab/params <--> Live Hot-Reloading |

+—_—— — +
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 02
Legal Compliance, Statutory Perimeter & Non-Custodial Architecture

Tome 02: Legal Compliance, Statutory Perimeter & Non-Custodial Architecture (Ch. 2)
1. Corporate Identity, Registration & Statutory Perimeter

AETHELIS LTD (trading interchangeably as *Neurallity Quant Systems*) is a private limited technology company duly incorporated and operating
pursuant to the Companies Act 2006 of England and Wales:

- Company Registration Number: 16245256

- Jurisdiction of Incorporation: England and Wales, United Kingdom

- Registered Corporate Office: 165-167 Great Portland Street, London, W1W 5PF, United Kingdom
- Primary Operational Domain: https://aethelisquant.com

- Standard Industrial Classification (SIC):

- 62012: Business and domestic software development

- 62020: Information technology consultancy activities

- 62090: Other information technology and computer service activities

STATUTORY LEGAL PERIMETER & NEGATIVE DECLARATIONS |

|

1. PURE QUANTITATIVE TECHNOLOGY VENDOR: |

Aethelis Ltd is exclusively a software engineering and technology licensing vendor. The company develops, |
licenses, distributes, and maintains proprietary computational trading execution algorithms, middleware |
connectors, and multi-asset supervisory dashboards. |

|

2. NEGATIVE REGULATORY DECLARATIONS (EXPLICIT EXCLUSIONS): |

Aethelis Ltd is NOT a Broker-Dealer, introducing broker, or executing broker under UK FSMA or US SEA 1934.
- Aethelis Ltd is NOT an Asset Management Company, SGR, AIFM, or UCITS Management Company. |

- Aethelis Ltd is NOT a Discretionary Investment Manager or Registered Investment Adviser (RIA). |

- Aethelis Ltd is NOT a Credit Institution, Bank, Custodian, or Payment Services Provider. |

- Aethelis Ltd is NOT a Crypto-Asset Service Provider (CASP) or Custodian Wallet Provider under EU MiCA. |

3. EXCLUSION FROM PRUDENTIAL SUPERVISION: |

Aethelis Ltd is NOT subject to prudential authorization or supervision by the UK Financial Conduct Authority
(FCA), the European Securities and Markets Authority (ESMA), or the US Commodity Futures Trading Commission
(CFTC), as its commercial operations fall strictly outside the statutory perimeters of reserved financial se

—_——— - ————— — — — — — — — — 4+ —
.

The distinction between a provider of algorithmic trading software and an entity conducting regulated financial activities is established in international
administrative and statutory law. Under English law, Section 19 of the Financial Services and Markets Act 2000 (FSMA) establishes the "general
prohibition”, stipulating that no person may carry on a regulated activity in the United Kingdom unless they are authorized or exempt. Regulated
activities are specified in the Financial Services and Markets Act 2000 (Regulated Activities) Order 2001 (RAO, S| 2001/544).

Aethelis Ltd's operations do not involve:

1. Dealing in investments as principal (Article 14 RAO): The firm does not buy, sell, subscribe for, or underwrite securities or contract derivatives for its
own balance sheet with client counterparties.

2. Dealing in investments as agent (Article 21 RAO): The firm does not enter into transactions on behalf of clients. All order instructions dispatched by
the software are generated deterministically by algorithmic parameters configured, initialized, and maintained by the client on their own direct
accounts.

3. Managing investments (Article 37 RAO): The firm does not manage assets belonging to another person in circumstances involving the exercise of
discretion.

4. Safeguarding and administering investments (Article 40 RAO): The firm does not hold, safeguard, or administer client assets or money.

5. Advising on investments (Article 53 RAO): The firm provides no personalized recommendations to buy, sell, or hold financial instruments.
2. Comparative Jurisdictional Analysis: Software Middleware vs. Regulated Activity

To ensure absolute regulatory robustness, Aethelis Ltd has conducted an exhaustive multi-jurisdictional legal review across the primary financial
market frameworks: United Kingdom (FCA / FSMA), European Union (MiFID Il / MiCA), and the United States (CFTC / SEC).
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| INTERNATIONAL REGULATORY COMPARATIVE PERIMETER |

T B R T LT T L L C T PP L L
| Jurisdiction / Regime | Governing Directive / Statute | Regulated Activity | Aethelis Quant Deterministic St
e B o e e e e e e e oo oo mmmem—a

| United Kingdom (FCA) | FSMA 2000 (RAO 2001, SI 2001/544) | Art. 14, 21, 37, 40| OUT OF SCOPE: Pure Software

| United Kingdom (FCA) | Senior Management Arrangements | SYSC 19D / CASS | INAPPLICABLE: Zero Custody / Money
| European Union (ESMA) | Directive 2014/65/EU (MiFID II) | Art. 4(1)(1), 4(39)| OUT OF SCOPE: Technology Prov
| European Union (ESMA) | Commission Regulation 2017/589 | RTS 6 / RTS 25 | COMPLIANT MIDDLEWARE ARCHITECTURE

| European Union (ESMA) | Regulation (EU) 2023/1114 (MiCA) | CASP Art. 59-88 | OUT OF SCOPE: Non-Custodial Ven
| United States (CFTC) | Commodity Exchange Act (7 U.S.C.) | CTA / CPO / FCM | EXEMPT TECHNOLOGY DEVELOPER |

| United States (CFTC) | 17 CFR Part 4 / CFTC Rule 4.14 | Rule 4.14(a)(9) | EXEMPT: De-facto Math Computation

T TR B T T TP e T TP

2.1 European Union: MiFID Il Directive 2014/65/EU and Regulatory Technical Standards

Under Directive 2014/65/EU of the European Parliament and of the Council on markets in financial instruments (MiFID Il), "investment services and
activities" are defined in Article 4(1)(2) and listed in Section A of Annex I. Article 4(1)(39) defines an "algorithmic trading system" as trading in financial
instruments where a computer algorithm automatically determines individual parameters of orders.

Critically, Recital 69 and Recital 70 of MIiFID Il clarify that technology providers that produce software for algorithmic trading or quantitative risk
evaluation, but do not themselves execute client orders, receive client funds, or act as an investment firm, are not subject to licensing as investment
firms.

Furthermore, while Aethelis Ltd is not an investment firm, the architecture of Aethelis Quant v6.5.0 is deliberately engineered to satisfy the rigorous
technical requirements imposed on institutional clients subject to Commission Delegated Regulation (EU) 2017/589 (RTS 6):

- Pre-Trade Risk Controls (RTS 6, Article 15): The software includes hard-coded, kernel-level price collars, maximum order sizes,
maximum open position caps, and automated order-to-trade ratio (OTR) limiters.

- Circuit Breakers and Kill Functionality (RTS 6, Article 16): The platform implements instantaneous Kkill-switches
(SAFE_MODE_DERISKING and /api/lemergency-flatten) capable of canceling all unexecuted resting orders and unwinding open
exposures within sub-second latencies.

- Clock Synchronization (RTS 25): All transaction logs, telemetry packets, and execution events are timestamped utilizing UTC clocks
synchronized via Precision Time Protocol (PTP) / NTP stratum-1 time sources, meeting the microsecond precision requirements of RTS
25.

2.2 United States: Commodity Futures Trading Commission (CFTC) Framework

In the United States, trading in commodity futures and options (including CME Globex, NYMEX, and COMEX contracts managed under Pillar 2) is
governed by the Commodity Exchange Act (CEA, 7 U.S.C. 1 et seq.) and CFTC regulations:

- Commodity Trading Advisor (CTA): Under CEA Section 1a(12), a CTA is any person who, for compensation or profit, engages in the
business of advising others as to the value of or the advisability of trading in commodity futures. However, under CFTC Regulation
4.14(a)(9) (17 CFR 4.14(a)(9)), software providers that provide computerized trading software without tailoring advice to the individual
financial situation or trading goals of any specific client are exempt from CTA registration.

- Commodity Pool Operator (CPO): Under CEA Section 1a(11), a CPO is an entity that solicits or accepts funds for the purpose of pooling
capital to trade commodity futures. Aethelis Ltd strictly prohibits capital pooling. Every client operates in complete financial and
computational segregation. Consequently, CPO registration is entirely inapplicable.

- Futures Commission Merchant (FCM): Aethelis Ltd does not accept customer funds, margin collateral, or securities, and therefore does
not act as an FCM. All TradFi accounts are held at licensed clearing brokers such as Interactive Brokers LLC.

3. The Strict Non-Custodial Architecture Principle: Structural Proof

The technical and operational foundation of Aethelis Quant v6.5.0 is the Zero-Custody Mandate. At no point throughout the operational deployment of
the platform does Aethelis Ltd receive, hold, handle, touch, transfer, or maintain custody of any fiat currency, digital asset, derivative contract, or
financial collateral belonging to any client.

+

PHYSICAL, LOGICAL & CRYPTOGRAPHIC ASSET SEGREGATION |

|

[ CLIENT CORPORATE TREASURY ] [ REGULATED CLEARING VENUES ]

[

| (100% Legal & Beneficial Title) | (Direct Account Opening) |

v v |

oo B oy + |

| Client Corporate Entity | < | Interactive Brokers LLC | (CME TradFi)

| Bank & Treasury Accounts| (Direct Wire Transfers) | Binance Institutional | (Digital Assets)
————————————————————————— + | Bybit Corporate | (Digital Assets) |
| OKX Institutional | (Digital Assets) |

|
|
| (Issues Read/Trade-Only API Keys) A |
v | (Orders / Fills Only) |

| AETHELIS QUANT 6.0.0 ENGINE (DEDICATED OCI TENANT SANDBOX) |
| - Hard-locked withdrawal prohibition (No Withdrawal Capabilities) |

+
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- Inbound Market Telemetry & Outbound Execution Packets ONLY |
- ZERO Technical or Fiduciary Mechanism to Initiate Asset Outflow |

3.1 TradFi Capital Segregation: Interactive Brokers LLC

For all CME Globex, NYMEX, and COMEX operations (Desks 4, 5, and 6), capital is deposited directly by the client into an institutional trading account
at Interactive Brokers LLC (IBKR):

- Client accounts are established directly between the client entity and Interactive Brokers LLC. Aethelis Ltd is not a party to the
broker-client agreement.

- Funds deposited at IBKR are protected under the United States Securities Investor Protection Act (SIPA) through SIPC up to $500,000
(including $250,000 for cash claims) and segregated pursuant to CFTC Rule 1.20 (17 CFR 1.20 - Customer funds to be segregated and
separately accounted for).

- Connection between the Aethelis execution daemon and the IBKR matching engine occurs via the client's dedicated 1B Gateway TCP
bridge (127.0.0.1:7496 or 127.0.0.1:4001). The IB Gateway API exposes endpoints for order placement (placeOrder), order cancellation
(cancelOrder), and account balance interrogation (regAccountSummary), but provides strictly zero API methods to initiate external
wires, ACH transfers, or account withdrawals.

3.2 Digital Asset Capital Segregation: Tier-1 Exchange Infrastructure

For cryptocurrency derivative operations (Desks 1, 2, 3, and 7), client assets remain continuously segregated in client corporate accounts opened
directly at Binance Institutional, Bybit Corporate, and OKX Institutional:

- Accounts are registered under the client's corporate identity, corporate tax registration, and primary beneficial owners.

- Assets never transit through intermediate wallets, omnibus addresses, smart contracts, or corporate accounts belonging to Aethelis Ltd.

- Capital is allocated across multiple venues to eliminate single-venue credit or insolvency risk, fulfilling the Mandatory Tri-Exchange
Rule.

4. Inapplicability of FCA CASS Rules (CASS 6 & CASS 7)
In the United Kingdom, the Financial Conduct Authority enforces strict prudential rules governing the safeguarding of client assets and money, codified
in the Client Assets Sourcebook (CASS):

- CASS 6 (Custody Rules): Mandates detailed asset identification, segregation, physical controls, and reconciliation requirements for
firms that hold custody of client financial instruments.

- CASS 7 (Client Money Rules): Requires firms receiving money from or holding money for clients to place those funds into segregated
client bank accounts held at central banks or approved credit institutions, legally ring-fenced from the firm's own corporate balance
sheet.

4.1 Formal Jurisprudential Proof of CASS Inapplicability
Aethelis Ltd operates completely outside the scope of CASS 6 and CASS 7 based on three structural conditions:

1. Absence of Fiduciary Possession: Aethelis Ltd never takes legal title, physical custody, or constructive possession of client money or assets. Funds
are wired by the client directly from their corporate commercial bank to the clearing broker or exchange.

2. Absence of Banking Settlement Pathways: Aethelis Ltd maintains no bank accounts, custody vaults, settlement accounts, or payment processing
relationships configured to receive client capital.

3. Inability to Exercise Disposition: Because API credentials configured within Aethelis software have withdrawal capabilities permanently disabled, the
software possesses no operational mechanism to transfer, encumber, or dispose of client assets.

Consequently, Aethelis Ltd is not required to maintain CASS reconciliation accounts, appoint a CASS oversight officer, submit Client Money and Asset
Returns (CMAR) to the FCA, or undergo statutory CASS annual audits.

5. Forensic Zero-Knowledge API Security & Cryptographic Permissibility

To guarantee that non-custodial integrity is enforced technologically and cannot be compromised through administrative error, operator negligence, or
malicious software tampering, Aethelis Quant v6.5.0 enforces an uncompromising cryptographic permission architecture.

| CRYPTOGRAPHIC API PRIVILEGE ENCLAVE MATRIX |

L T T L T T L T
| Permission Dimension | Exchange Console Configuration | Daemon Startup Kernel Validation |
e T e T L T T

| Read Telemetry & Balances | [ENABLED] (Mandatory) | VERIFIED: Must return account status |

| Place, Amend, Cancel Orders | [ENABLED] (Mandatory) | VERIFIED: Must validate trading capability |

| Margin Lending / Borrowing | [DISABLED] (Enforced) | VERIFIED: Must be disabled |

| Sub-Account Asset Transfers | [DISABLED] (Enforced) | FATAL HALT: Aborts if transfer permission on |

| Universal Internal Transfers | [DISABLED] (Enforced) | FATAL HALT: Aborts if internal transfer on |

| External Crypto Withdrawals | [HARD-DISABLED] (Mandatory) | FATAL HALT: Aborts if withdrawal permitted |

| IP Access Whitelist | [LOCKED: Static Frankfurt OCI] | VERIFIED: Credentials inert from outside host |

L L TR Lk T L L TR Lk T L T
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5.1 Pre-Flight Kernel Validation Protocol

During daemon initialization, before any market data feed is consumed or any order loop is initiated, the execution engine dispatches an automated
pre-flight security audit:

1. The daemon queries the exchange API privilege endpoint (e.g., Binance /sapi/vl/account/apiRestrictions, OKX /api/v5/account/api-key-detail, Bybit
Iv5/user/query-api).
2. The response payload is cryptographically inspected against the STRICT_ZERO_WITHDRAWAL_POLICY.

3. If the API key exhibits withdrawal permissions, transfer permissions, or universal transfer permissions, the daemon triggers an instantaneous fatal
exception:

[CRITICAL FATAL HALT] CRYPTOGRAPHIC PERMISSION BREACH:

API Key (KeyID: ***4892) has withdrawal capabilities ENABLED.
Violation of Statutory Non-Custodial Perimeter.

Execution loop aborted. Daemon shutting down.

4. This pre-flight validation is deterministic and hard-coded at the binary level. It cannot be overridden by configuration flags, command-line arguments,
or environment variables.

| 5.2 Network-Layer Static IP Whitelisting

All exchange API credentials must be configured with strict IP whitelisting locked exclusively to the static, dedicated IPv4 address of the client's
Frankfurt Tier-4 Oracle Cloud Infrastructure (OCI) server. If an API key or secret were ever intercepted in transit or exfiltrated, it is mathematically inert
and non-functional from any other network origin.

| 5.3 Cryptographic Audit Trail & Non-Repudiation

Every API call, order placement, order maodification, and risk check is logged into an immutable, append-only PostgreSQL database table partitioned
via TimescaleDB. Each entry contains a cryptographically verifiable SHA-256 hash chaining back to the previous log entry:

$$H_t = \text{SHA-256}(H_{t-1} \parallel \text{Timestamp}_t \parallel \text{OrderID}_t \parallel \text{Payload} t)$$

This guarantees mathematical non-repudiation and post-trade auditability satisfying both MiFID Il RTS 25 forensic requirements and institutional
internal compliance audits.

6. Institutional Eligibility & Counterparty Restrictions (B2B Only)

Aethelis Quant v6.5.0 is engineered, licensed, and marketed exclusively for institutional, corporate, and professional business-to-business (B2B)
entities.

| ELIGIBLE COUNTERPARTY PERIMETER MATRIX |

Fomm e e mmmmmmem—a- e o
| Client Category | Statutory Reference Definition | Operational Access Status |
L T L T B

| Eligible Counterparties (ECPs) | UK FCA COBS 3.6 / MiFID II Art. 30 | APPROVED: Full Licensing Permitted
| Per Se Professional Clients | UK FCA COBS 3.5 / MiFID II Annex II| APPROVED: Full Licensing Permitted |
| Qualified Eligible Persons (QEPs) | US CFTC Rule 4.7 (17 CFR 4.7) | APPROVED: Full Licensing Permitted |
| Proprietary Trading Firms | Corporate entities trading own cap | APPROVED: Full Licensing Permitted |

| Retail Clients & Consumers | UK FCA COBS 3.4 / MiFID II Art. 4 | STRICTLY PROHIBITED & REJECTED
TS o m e m e eeeeeieieeeeeeaeecaeaaaas .

6.1 Absolute Prohibition of Retail Access

Under no circumstances may the software be licensed, distributed, sub-licensed, or deployed by retail clients, individual non-professional investors, or
retail consumers.

Any inquiry, application, or attempt to acquire sandbox access or software licensing by a retail investor is systematically rejected at onboarding.
Prospective institutional licensees must furnish proof of corporate registration, commercial domicile, and certification that they qualify as an Eligible
Counterparty or Professional Client under UK FCA COBS 3.5/ 3.6 or equivalent international regulations.

7. Detailed Statutory Analysis: UK FSMA 2000 (Regulated Activities Order)

To provide corporate counsel and institutional compliance committees with unassailable statutory proof, this section presents an exhaustive
article-by-article jurisprudential review of the Financial Services and Markets Act 2000 (Regulated Activities) Order 2001 (Sl 2001/544) as applied to
Aethelis Ltd.
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| FSMA 2000 RAO ARTICLE-BY-ARTICLE STATUTORY AUDIT |

Fommmm e L T LT L T LT Fommmmm e aaan

| RAO Article | Specified Regulated Activity | Commercial & Technical Fact | Formal Legal Finding

B R —— oo e mmmmem—o- oo e mmmmem—o- B R
Article 14 | Dealing in investments as princ. | Aethelis trades zero proprietary | FULLY EXEMPT: Does not |

|
| | | balance sheet capital with clients| trade as principal.

| Article 21 | Dealing in investments as agent | Software generates orders locally;| FULLY EXEMPT: Client is |
| | | client dispatches via own keys | the sole legal agent.

| Article 25 | Arranging deals in investments | Software provides computational | FULLY EXEMPT: PERG 8 |

| | | routing tools without intermediat.| middleware exclusion. |

| Article 37 | Managing investments | Software executes deterministic | FULLY EXEMPT: No human

| | | mathematical code; no discretion | or firm discretion.

| Article 40 | Safeguarding & administering | Software never holds custody, | FULLY EXEMPT: Zero asset |

| | investments (Custody) | funds, keys, or settlement wires | handling capability.

| Article 53 | Advising on investments | Mathematical calculations; zero | FULLY EXEMPT: Not tailored|

| | | personalized investment advice | to specific client needs.

L C TP T e T e LT P

7.1 Analysis of Article 25 (Arranging Deals in Investments)

Under Article 25(1) of the RAO, making arrangements for another person to buy, sell, or subscribe for a specified investment is a regulated activity.
However, the FCA's Perimeter Guidance Manual (PERG 8.28 - 8.32) provides crucial exemptions for technology providers:

- The mere provision of technological infrastructure, software middleware, or telecommunication facilities that allow parties to
communicate or transmit orders does not constitute "arranging".

- Because Aethelis Ltd does not introduce buyers to sellers, does not operate a multilateral trading facility (MTF) or organized trading
facility (OTF), and does not intermediate execution, its operations remain strictly outside Article 25.

7.2 Analysis of Article 37 (Managing Investments)

Article 37 defines managing investments as managing assets belonging to another person if those assets include specified investments and the
manager has discretionary authority.

Aethelis Ltd exercises zero discretionary authority over client assets:

- Every quantitative strategy, position sizing parameter, circuit breaker limit, and desk activation toggle is configured, authorized,
initialized, and maintained exclusively by the client's own designated operators (CRO / QPM).

- The software executes deterministic mathematical algorithms. It possesses no autonomous legal agency or contractual mandate to
manage investments on behalf of the client.

8. MiFID Il Regulatory Technical Standard 6 (RTS 6) Compliance Audit

Commission Delegated Regulation (EU) 2017/589 (Regulatory Technical Standard 6 - RTS 6) establishes stringent regulatory standards for
investment firms engaged in algorithmic trading. While Aethelis Ltd is a software technology vendor and not an investment firm, its institutional
software architecture is specifically built to enable its institutional licensees to achieve 100% compliance with RTS 6 requirements:

+
| MIFID II RTS 6 TECHNICAL COMPLIANCE MAPPING |

B R —— om e e mmmemmaeo- S

| RTS 6 Requirement | Regulatory Mandate | Aethelis Quant v6.5.0 Architecture Implementation |

Fomm e m L L TR Lk T B T T TRy
Article 1 | Scope & General Governance | Strict segregation of testing (Sandbox) and production loops. |
Article 2 | Role of Compliance Staff | Read-only Compliance Auditor tier with immutable audit access. |
Article 3 | Staffing & Technical Competence | Detailed encyclopedic manuals and SRE operational runbooks.
Article 5 | Automated System Alerts | Telegram Sentinel & Syslog daemon dispatching sub-second traps|
Article 9 | Resilience of Trading Systems | Zero single-point-of-failure; 99.999% uptime OCI architecture. |
Article 10 | Business Continuity & DR | Cross-region failover runbooks with automated state promote. |

|
Article 15 | Pre-Trade Risk Controls | Kernel-level price collars, max order sizes, and margin caps.
Article 16 | Post-Trade Controls & Kill Switch | Automated Level 2 24h Lockout & /api/emergency-flatten swit
|
|

Article 17 Order-to-Trade Ratio (OTR) Limits | Deterministic throttling preventing exchange quote spam.
Article 28 | Annual Self-Assessment & Review | Automated extraction scripts compiling full annual audits. |
e TS L S

By providing institutional clients with an out-of-the-box software environment that directly maps to every article of MiFID Il RTS 6, Aethelis Quant
dramatically reduces regulatory compliance overhead for proprietary trading firms, family offices, and institutional investment managers.

9. Structural Impossibility of Economic Sabotage & Capital Exfiltration

In the event of an advanced cyber-attack, malicious insider threat, or autonomous Al agent compromise targeting an execution server, the primary risk
for an institutional treasury is the theft or exfiltration of capital.

Aethelis Quant's non-custodial perimetration renders capital exfiltration structurally and mathematically impossible:
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CAPITAL EXFILTRATION IMPOSSIBILITY PROOF |

+
|
I

| 1. HARDWARE-ENFORCED WITHDRAWAL PROHIBITION: |

| - Exchange API keys configured with withdrawal capabilities are rejected deterministically during startup. |
| - The daemon execution kernel terminates immediately with a fatal exception if an API key exhibits transfer
| or withdrawal privileges. There is zero code path in the software to construct or sign withdrawal packets. |
(!

| 2. SEGREGATION IN CLIENT-OWNED MASTER ACCOUNTS: |

| - All capital, margin collateral, and cash balances reside in segregated corporate accounts registered under
| client's legal entity and tax ID at Interactive Brokers LLC (TradFi CME) and Tier-1 exchanges. |

| - Third-party bank wires from IBKR require physical multi-factor YubiKey hardware tokens held exclusively by
| client's corporate treasury officers. The software possesses zero banking rails or wire authority. |

(!

| 3. CONTAINMENT OF ECONOMIC SABOTAGE (INTENTIONAL BAD TRADING): |

| - If an adversary were to gain control of order routing loops to inflict financial damage ("churning" or |

| intentional off-market bad fills), the unbypassable Level 1 (-3.0%) and Level 2 (-5.0% 24h Lockout) Circuit
| Breakers trip automatically, shutting down all trading loops and capping maximum possible portfolio loss. |

|
+

Because capital cannot leave the client's segregated brokerage and exchange accounts under any operational circumstance, institutional capital is
permanently insulated from cyber extortion, ransomware, or balance sheet exfiltration.
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 03
Multi-Tenant Sandbox Architecture, RBAC Security Matrix & Licensing

Tome 03: Multi-Tenant Sandbox Architecture, RBAC Security Matrix & Enterprise Licensing (Ch. 3)
1. Multi-Tenant Architectural Isolation & Operating System Enclaves

Aethelis Quant v6.5.0 is engineered from first principles around a zero-trust, shared-nothing multi-tenant architecture. In institutional asset
management and proprietary quantitative trading, multi-tenancy cannot be achieved through soft application-level logical checks or multi-user web
sessions. Any operational cross-contamination - whether involving execution memory, socket buffers, API secrets, risk parameters, or database
transactions - represents an intolerable vulnerability.

To eliminate this vulnerability, Aethelis Quant enforces Hard Enclave Isolation at the Linux operating system kernel level. Each tenant deployment runs
within a dedicated, isolated execution sandbox bounded by Linux kernel namespaces, control groups (cgroups v2), and dedicated POSIX process
hierarchies.

HARD LINUX ENCLAVE ISOLATION ARCHITECTURE |

|

+

|

| ORACLE CLOUD INFRASTRUCTURE (OCI) // FRANKFURT TIER-4 BARE METAL HOST |

I

[ R T e T B S SR +
| | TENANT ENCLAVE A (ALPHA PROP DESK) | | TENANT ENCLAVE B (MACRO FAMILY OFFICE) | |

R e T T T T B L I T +
| | - PID Namespace: Isolated Process Tree (PID 1) | | - PID Namespace: Isolated Process Tree (PID 1) | |

| | - Network Namespace: Dedicated Virtual Ethernet | | - Network Namespace: Dedicated Virtual Ethernet | |

| | - IPC Namespace: Isolated POSIX Shared Memory | | - IPC Namespace: Isolated POSIX Shared Memory |

| | - cgroups v2: CPU Pinning (Cores 0-7), 16GB RAM | | - cgroups v2: CPU Pinning (Cores 8-15), 16GB RAM | |

| | - Database: Dedicated PostgreSQL Schema (tenant_a) | - Database: Dedicated PostgreSQL Schema (tenant_b)| |
| | - Storage: Encrypted Ephemeral Mount /opt/ten_a | | - Storage: Encrypted Ephemeral Mount /opt/ten_b |

[ e S +
[

| vv |

R e e
| | HARDWARE ENFORCEMENT & KERNEL MEMORY PROTECTION | |

| | Intel VT-x / AMD-V Hardware Virtualization &bull; Transparent Huge Pages (THP) &bull; Page Isolation (KPTI
(R e e LT PP P
|

+

1.1 Linux Kernel Namespaces
The daemon execution framework utilizes four distinct kernel namespace primitives:

1. PID Namespaces (CLONE_NEWPID): Each tenant daemon hierarchy operates inside an isolated process table where the primary supervisor
process acts as PID 1. Processes running within Tenant A cannot inspect, enumerate, send signals to, or trace (via ptrace) processes running within
Tenant B.

2. Network Namespaces (CLONE_NEWNET): Each tenant execution enclave is bound to its own independent network stack, including routing tables,
firewall filtering rules (iptables / nftables), and loopback sockets. This prevents local port scanning and cross-tenant socket hijacking.

3. IPC Namespaces (CLONE_NEWIPC): Inter-process communication resources - such as POSIX shared memory segments, System V message
queues, and semaphores - are strictly segregated. High-frequency tick caches maintained in shared memory cannot be accessed outside the owning
enclave.

4. Mount Namespaces (CLONE_NEWNS): File system hierarchies are partitioned via unshared mount namespaces. Temporary lock files
(/tmp/engine_*.flock), telemetry buffers, and configuration stores reside on ephemeral ramdisks accessible only to the owning container.

1.2 Resource Containment via cgroups v2

To prevent "noisy neighbor" syndrome and guarantee deterministic latency profiles during high-volatility market events, each tenant enclave is
bounded by strict cgroups v2 constraints:

- CPU Pinning (cpuset.cpus): Dedicated CPU physical cores are pinned to specific execution daemons. Context switching is minimized
by setting the CPU affinity of execution threads to non-overlapping core sets.

- Memory Ceiling (memory.max): Hard memory limits prevent out-of-memory (OOM) cascade failures. Swapping to disk is completely
disabled (memory.swap.max = 0) to prevent kernel paging stalls during high-frequency execution bursts.

- 10 Throttling (io.weight / io.max): Disk read/write bandwidth on NVMe volumes is deterministically throttled to ensure telemetry writes
from one tenant cannot saturate storage controllers.

2. Shared-Nothing Database Schema & Storage Partitioning

At the persistence layer, Aethelis Quant rejects shared monolithic databases in favor of a Shared-Nothing PostgreSQL Architecture utilizing
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TimescaleDB hypertable extensions.

+
| PERSISTENCE ARCHITECTURE: TIMESCALEDB HYPERTABLES |

|
POSTGRESQL DATABASE CLUSTER (FRANKFURT OCI TIER-4 NVME STORAGE) |

| SCHEMA: tenant_a_prod (Strict Role Privileges: GRANT SELECT, INSERT ON SCHEMA tenant_a_prod TO role_a_prod
(.

| Hypertable: market_ticks_12 | |

| Chunk 2026-09-25 [COMPRESSED: zstd, segmentby symbol, orderby time DESC] | |

| Chunk 2026-09-26 [COMPRESSED: zstd, segmentby symbol, orderby time DESC] | |

| Chunk 2026-09-27 [ACTIVE UNCOMPRESSED BUFFER: lock-free high-throughput ingest] | |

(.
| Hypertable: execution_orders_audit | |
| Append-only cryptographic audit trail with SHA-256 chain validation | |

| SCHEMA: tenant_b_prod (Strict Role Privileges: Isolated Roles, Zero Cross-Schema Visibility) | |
| Hypertable: market_ticks_12 | |
| Hypertable: execution_orders_audit | |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+

2.1 Schema-Level Isolation & Role Permissions

Every institutional tenant is allocated a completely discrete PostgreSQL schema (e.g., tenant_a_prod, tenant_b_prod). Database users assigned to
execution daemons are granted permissions exclusively within their assigned schema:
REVOKE ALL ON ALL TABLES IN SCHEMA public FROM tenant_a_daemon;

GRANT USAGE ON SCHEMA tenant_a_prod TO tenant_a_daemon;
GRANT SELECT, INSERT, UPDATE ON ALL TABLES IN SCHEMA tenant_a_prod TO tenant_a_daemon;

Direct queries targeting system catalogs or foreign schemas are rejected by PostgreSQL security policy.

2.2 TimescaleDB Chunk Partitioning & Compression
High-throughput market data ingestion (L2 order book snapshots, trade ticks, and engine telemetry) is managed through TimescaleDB Hypertables:

- Chunk Partitioning: Hypertables are partitioned along the time dimension into discrete 24-hour chunks (chunk_time_interval =
INTERVAL '1 day'). Writes are directed strictly to the active memory-mapped chunk, ensuring that index traversal times remain $O(\log
N)$ on bounded datasets rather than degrading across billions of rows.

- Adaptive Columnar Compression: Historical chunks older than 48 hours are automatically converted to columnar format utilizing
zstandard (zstd) compression with delta-of-delta timestamp encoding and Gorilla float compression. This achieves an 85% to 92%
storage footprint reduction while accelerating analytical backtesting queries.

2.4 Evaluation License Mandate & Hardware Fingerprint Enforcement

Institutional access in Evaluation Mode is strictly bounded to a 30-calendar-day trial window initiated upon tenant provisioning. To prevent evaluation
abuse, each tenant registration cryptographically registers the physical host signature (Hardware/Device Fingerprint via SHA-256
canvas/display/system binding). Upon expiration (Day 31), operator access is locked (HTTP 403) and subsequent registrations from the same
hardware signature are quarantined until an institutional activation license key is granted.

3. Role-Based Access Control (RBAC) Security Matrix

Operational security within the trading organization is governed by a formal Role-Based Access Control (RBAC) matrix. The platform defines five
immutable institutional tiers, each possessing strictly delineated operational authority:

+
| INSTITUTIONAL RBAC PRIVILEGE MATRIX |

o i emmmmmmaeo- Fommmmmn Fommmmmn Fommmmmn Fommmmmn Fommmmmn e
| Privilege Capability | CRO | QPM | TRADER| SRE | AUDIT | Operational Description |
L L TR Lk T Feommemm- Feommemm- Feommemm- Feommemm- Feommemm- B T T T

View Real-Time Telemetry & Radar | YES | YES | YES | YES | YES | Full observability of live market states
Access Q-LAB Simulation Engine | YES | YES | YES | NO | READ | Backtesting and Monte Carlo analysis |
Modify Engine Sizing Multipliers | YES | YES | NO | NO | NO | Allocation adjustment within limits |

Place / Cancel Algorithmic Orders | NO | NO | YES | NO | NO | Manual order interaction on live books |
Override Circuit Breaker (L1) | YES | NO | NO | NO | NO | CRO sole authority to resume throttling |
Override Circuit Breaker (L2) | NO | NO | NO | NO | NO | UNBYPASSABLE: 24h lockout is absolute

Trigger Emergency Market Flatten | YES | YES | YES | YES | NO | Multi-stakeholder panic liquidation button|
Deploy Daemon Systemd Units | NO | NO | NO | YES | NO | Service creation and process management |

Rotate Exchange API Credentials | YES | NO | NO | YES | NO | Cryptographic credential rotation |

Export Regulatory Compliance Logs | YES | NO | NO | NO | YES | Forensic audit trail extraction (MiFID) |

o e [ [ [ [ [ o e e
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3.1 Chief Risk Officer (CRO)

The Chief Risk Officer possesses ultimate supervisory authority over risk limits, leverage thresholds, and risk profile selection. The CRO is the sole
authority permitted to clear Level 1 throttling warnings once market volatility normalizes. However, the system enforces a strict mathematical rule: even
the CRO cannot override a Level 2 24-Hour Drawdown Lockout. Once tripped, the lockout is unbypassable until the continuous 24-hour cooling-off
period has elapsed.

| 3.2 Quantitative Portfolio Manager (QPM)

The Quantitative Portfolio Manager defines alpha parameters, model weighting across the 7 desks, covariance shrinkage targets in Q-LAB, and
portfolio balance constraints. The QPM cannot manually place execution orders directly into order books, preventing emotional intervention outside
algorithmic parameters.

| 3.3 Lead Quantitative Trader & Desk Operator

Desk Traders possess direct operational oversight of live execution loops. They can pause specific symbol feeds, cancel individual resting orders, and
trigger manual tactical liquidations when anomalous exchange slippage is detected.

| 3.4 Site Reliability Engineer (SRE)

Infrastructure engineers possess administrative access to host daemons, systemd services, socket buffers, network routes, and database replication
health. SREs have zero authority to modify quantitative trading models, risk limits, or portfolio allocations.

| 3.5 Regulatory Compliance Auditor

Auditors possess read-only, non-discretionary access to immutable database audit trails, execution logs, and compliance telemetry. They cannot
interact with live execution states.

4. Cryptographic Credential Vault & Envelope Encryption

API keys, API secrets, and passphrase tokens configured for exchange connectivity are subject to military-grade Envelope Encryption utilizing the
AES-256-GCM (Advanced Encryption Standard in Galois/Counter Mode) authenticated encryption standard.

+

CRYPTOGRAPHIC ENVELOPE ENCRYPTION WORKFLOW |

|
[ MASTER ENCLAVE PASSPHRASE ] (Supplied during daemon launch, never stored on disk) |
|
\Y

B T T N N N N I T T N N T ..~ + |
| PBKDF2 KEY DERIVATION (HMAC-SHA512, 600,000 Iterations, 32-byte Cryptographic Salt)| |
A m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo + |

v

[ DATA ENCRYPTION KEY (DEK) ] <==== [ AES-256-GCM ENCRYPT ] <==== [ PLAINTEXT API CREDENTIALS ] |
| (Binance / Bybit / OKX / IBKR) |

v

[ ENCRYPTED CIPHERTEXT + 16-BYTE GCM AUTHENTICATION TAG + 12-BYTE NONCE ] |

[

v (Persisted to Encrypted Vault Store) |

[ /opt/aethelis/vault/credentials.enc ] |

|

o
+
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
+

4.1 Key Derivation Function (PBKDF2)

The Key Encryption Key (KEK) is derived from an operator-supplied high-entropy master passphrase utilizing the Password-Based Key Derivation
Function 2 (PBKDF2) configured with:

- Pseudo-Random Function: HMAC-SHA512
- lteration Count: 600,000 iterations (meeting OWASP institutional recommendations)
- Cryptographic Salt: 32 bytes of cryptographically secure pseudo-random entropy generated via Linux kernel /dev/urandom.

4.2 Authenticated Encryption in Memory
1. Individual Data Encryption Keys (DEKs) are generated to encrypt each discrete API credential pair.
2. Encryption utilizes AES-256-GCM with a unique 96-bit (12-byte) initialization vector (nonce) for every encryption operation.
3. The 128-bit GCM authentication tag verifies both ciphertext confidentiality and cryptographic authenticity, preventing bit-flipping attacks.

4. Plaintext credentials reside exclusively in volatile memory within protected memory segments (mlock()), preventing memory dumps to swap space.
Plaintext credentials are zeroed out (memset_s) immediately after socket authentication handshakes are completed.
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5. Immutable Post-Trade Telemetry & SHA-256 Hash Chaining

To provide mathematical proof of data integrity for internal audit committees and international regulatory inquiries (MiFID Il RTS 25), Aethelis Quant
implements a cryptographic Audit Trail Hash Chain directly inside PostgreSQL.

+
| CRYPTOGRAPHIC AUDIT TRAIL HASH CHAINING |

|
BLOCK t-1 BLOCK t BLOCK t+1 |

|

|

| Hommmmm e L R L e TR + |
| | Sequence: 104,891 | | Sequence: 104,892 | | Sequence: 104,893 | |

| | Timestamp: 14:02:11.104Z | | Timestamp: 14:02:11.189Z | | Timestamp: 14:02:11.2427Z |

| | OrderID: ORD-CME-88412 | | OrderID: ORD-BYB-33109 | | OrderID: ORD-O0KX-90214 | |

| | Action: PLACE_LIMIT | | Action: FILL_REPORT | | Action: CANCEL_RESTING | |

| | payload: {...} | | Payload: {...} | | Payload: {...} | |

| | PrevHash: 8f3a...c912 | | PrevHash: b4d2...7701 | ----> | PrevHash: c108...44ef |

| Hmmmm e B SRy U B Y + |
| | CurrHash: b4d2...7701 | ----> | CurrHash: c108...44ef | | CurrHash: f92a...8831 |

| Hommmem e L L L L TR B T T T + |
|

Every execution event generates a cryptographic block satisfying:
$SH_t = \text{SHA-256}(H_{t-1} \parallel \text{Seq}_t \parallel \text{Timestamp}_t \parallel \text{OrderID} _t \parallel \text{Payload} t)$$

If an unauthorized database administrator attempts to modify, insert, or delete an order record historically, the hash chain breaks instantaneously. An
automated background verification daemon validates the chain every 60 seconds, triggering an immediate security alert upon detection of any
cryptographic discontinuity.

6. Threat Modeling & Defense-in-Depth Security Architecture

To guarantee the confidentiality, integrity, and availability of quantitative intellectual property and execution telemetry, Aethelis Quant enforces a
comprehensive Threat Modeling & Defense-in-Depth Architecture aligned with ISO/IEC 27001 and NIST Cybersecurity Framework (CSF) standards.

| DEFENSE-IN-DEPTH ATTACK VECTOR MITIGATION MATRIX |

oo o e e

| Threat Dimension | Specific Attack Vector | Architectural Kernel Countermeasure |

B R —— om e e mmmemmaeo- S
Memory Inspection | Host process memory snooping | “Yama' ptrace scope set to 3; “/proc/$PID/mem’ access den

|
| | via “/proc® or "gdb’ debugging | Core dumps disabled ( prctl(PR_SET_DUMPABLE, 0) ). |

| Side-Channel Attk | Timing attacks on cryptographic | Constant-time comparison primitives ( CRYPTO_memcmp ")
| | signatures (HMAC-SHA256) | utilized throughout all authentication verification loops.

| Network Sniffing | Man-in-the-Middle (MitM) wire tap | TLS 1.3 with forward secrecy cipher suites & certific
| | on exchange communications | pinning; plaintext socket traffic blocked at firewall. |

| Insider Rogue | Unauthorized manual trading by | RBAC separation of duty; four-eyes authorization required |
| Operator | compromised operator credentials | for risk limit amendments; immutable cryptographic logs. |

| Host Persistence | Unauthorized binary modification | Immutable root filesystems ( 'read-only’ rootfs); crypt
| Tampering | or trojaned daemon injection | integrity check on daemon binary hash upon systemd startup. |

E T T B e S

6.1 Mitigation of Process Memory Inspection Attacks
In multi-tenant cloud environments, a primary threat vector is the unauthorized inspection of execution daemon memory to extract API keys or

proprietary alpha parameters. Aethelis Quant neutralizes this through four operating system primitives:

1. Yama LSM ptrace Hardening: The Linux Security Module Yama is configured with kernel.yama.ptrace_scope = 3, completely disabling the ability of
any non-root process - even processes owned by the same UID - to attach to a running daemon via ptrace or inspect memory via /proc/$PID/mem.

2. Disabling Core Dumps: Daemons explicitly invoke prctl(PR_SET_DUMPABLE, 0) during initialization, preventing the Linux kernel from writing
memory dumps to disk in the event of an unhandled segmentation fault.

3. RAM Locking with mlock(): Volatile buffers holding decrypted exchange secrets are pinned into physical RAM using mlock(), strictly preventing the
Linux kernel swap manager from flushing secrets to unencrypted swap partitions.

4. Immediate Ephemeral Zeroization: Plaintext secrets are overwritten with cryptographic random bytes and zeroed out (memset_s) immediately after
socket handshake tokens are established.

6.2 Mutual TLS (mTLS) & Encrypted Replication Streams

Inter-service communication between the execution daemons, the web dashboard API, and the PostgreSQL database cluster is encrypted via Mutual
TLS (mTLS 1.3) with ephemeral elliptic-curve Diffie-Hellman key exchange (ECDHE-ECDSA-AES256-GCM-SHA384):

- Both the client and the server must present x509 cryptographic certificates issued by a private, dedicated Institutional Certificate
Authority (Internal CA).

- Unauthenticated network connections are dropped at the TCP handshake layer before any application data is parsed.

- Database replication streams between primary and standby TimescaleDB nodes are encapsulated within dedicated WireGuard VPN
tunnels, ensuring zero plaintext exposure across cloud transit networks.
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7. Cryptographic Key Lifecycle Management (NIST SP 800-57 Standard)

To prevent credential stagnation and minimize the vulnerability window associated with prolonged API key usage, the platform enforces formal Key
Lifecycle Management adhering to NIST Special Publication 800-57 guidelines.

[ GENERATION ] -> [ PROVISIONING ] -> [ OPERATIONAL USE ] -> [ SCHEDULED ROTATION ] -> [ REVOCATION & ARCHIVAL
1. Scheduled 90-Day Rotation Policy: Exchange API credentials must be rotated at least once every 90 calendar days. The platform automatically

tracks credential age and dispatches warning notifications to the CRO 14 days prior to credential expiration.

2. Zero-Downtime Hot Credential Swap: During credential rotation, the new API key pair is validated via pre-flight checks while the incumbent key pair
continues processing resting orders. Once the new key is authenticated and confirmed operational, execution traffic transitions seamlessly to the new
credential set, after which the old key pair is revoked on the exchange console with zero downtime.

3. Emergency Revocation Protocol: If an APl credential is suspected of compromise, an operator with CRO privileges can trigger the
lapilrevoke-credentials command, which immediately wipes decrypted keys from memory, terminates all active WebSocket sessions, and dispatches
API deletion requests to exchange consoles.

8. Seccomp-BPF System Call Whitelisting & Kernel Attack Surface Reduction
To achieve absolute defense against remote code execution and privilege escalation vulnerabilities, Aethelis Quant daemons enforce Secure
Computing Mode with Berkeley Packet Filter (seccomp-bpf).

Standard Linux kernels expose more than 450 distinct system calls (syscalls). The vast majority of these system calls - such as ptrace,
process_vm_readv, sys_chroot, reboot, and raw hardware I/O instructions - are never required by a quantitative execution engine and serve solely as
attack vectors for malicious exploitation.

8.1 Daemon Syscall Whitelist Profile

During initialization, after all necessary network sockets, database pools, and file descriptors are bound, the daemon issues a
prctl(PR_SET_SECCOMP, SECCOMP_MODE_FILTER, &prog) call, locking down the process to an immutable whitelist of approximately 45
permissible system calls:

- Permitted Network 1/O: epoll_wait, epoll_ctl, recvfrom, sendto, poll, select.

- Permitted Memory Operations: mmap, munmap, madvise, mprotect, brk.

- Permitted Time Operations: clock_gettime, nanosleep.

- Strictly Prohibited: fork, execve, ptrace, clone (without namespace flags), chown, chmod, setuid.

If an adversary were ever able to inject shellcode through an unpatched dependency or buffer overflow, any attempt to invoke execve (to launch
/bin/sh) or fork is instantly intercepted by the Linux kernel BPF engine, terminating the daemon with SIGSYS before a single unauthorized instruction
can execute.

9. Cryptographic Key Quorum & Shamir's Secret Sharing (M-of-N Governance)

For tier-1 institutional installations deploying multi-million dollar capital pools, master enclave passphrase protection can be optionally elevated to a
cryptographic M-of-N Secret Sharing Quorum based on Shamir's Secret Sharing Scheme (Shamir, 1979).

Let $S$ denote the high-entropy master enclave decryption secret. The secret $S$ is divided into $N$ distinct polynomial shares such that any subset
of $M \le N$ authorized institutional keyholders (e.g., CRO, Chief Technology Officer, and General Counsel) can reconstruct $S$, while any subset of
$M-1$ or fewer keyholders possesses strictly zero mathematical knowledge of $S$.

9.1 Polynomial Construction
A random polynomial $f(x)$ of degree $M-1$ is constructed over a finite field $\mathbb{F} p$:
$$f(x) =S +a_1x+a_2x"2+\dots + a_{M-1} x{M-1} \pmod p$$
where $a_1, \dots, a_{M-1}$ are chosen uniformly at random from $\mathbb{F} p$.

Each of the $N$ institutional officers receives an evaluation point $(i, f(i))$. During daemon cold boot, Lagrange polynomial interpolation reconstructs
the secret:

$$S = f(0) = \sum_{j=1}"M f(x_j) \prod_{k=1, k \neq j}*M \frac{x_Kk}x_k - x_j} \pmod p$$

This guarantees that no single rogue employee, compromised laptop, or coerced officer can unilaterally compromise exchange API secrets or decrypt
historical audit archives.

10. Autonomous Al Agent Threat Modeling & Defense Matrix (Zero-Trust Blast Radius)

With the rapid emergence of autonomous Al agents, agentic LLM coding frameworks, and automated web crawling swarms, institutional trading
infrastructure faces a novel vector of cyber threats. Autonomous agents can be weaponized to execute recursive vulnerability discovery, automated
prompt injection on web forms, synthetic social engineering, or automated attempts to provision rogue execution tenants.

Aethelis Quant v6.5.0 enforces a formal Zero-Trust Blast Radius Containment Doctrine specifically engineered to neutralize autonomous Al agentic
attacks:
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| AUTONOMOUS AI AGENT DEFENSE & AIR-GAPPED CONTROL PLANE |

|
PUBLIC INTERNET / UNTRUSTED PERIMETER (Autonomous AI Bots, Web Crawlers, LLM Agents) |

| PRESENTATION PLANE (Nginx Production Reverse Proxy / Static Webroot) | |

| - Static HTML/CSS/JS only. Strict WAF rules. Rate limiting (10 req/sec per IP). | |

| - ZERO public registration endpoints. ZERO autonomous tenant self-provisioning APIs. | |

| - All public requests for sandbox access are routed to an inert form generating email lead tokens only. |

|
| (AIR-GAP / OUT-OF-BAND PROTOCOL) |

x NO DIRECT AUTOMATED PROVISIONING BRIDGE |
|

v

|
(Mandatory Cryptographic Multi-Sig Verification by Human CRO/CISO) |

| CONTROL PLANE (Air-Gapped Out-of-Band Orchestration) | |

| - Tenant creation executed exclusively via offline administrative CLI: “aethelis-admin provision-tenant’ |
| - Requires cryptographic signature from 2 authorized keyholders. | |

| - Generates isolated Linux namespace container and dedicated PostgreSQL schema with random 32-byte salts.

| EXECUTION PLANE (Hardened Multi-Layer Sandbox Enclave) | |

| - Dedicated Linux cgroups v2 & PID/Network/IPC namespaces &bull; Strict seccomp-bpf syscall filter | |

| - Protected Memory: Compiled engine code & covariance matrices locked with “PROT_READ | PROT_EXEC™ | |

| - Strict Non-Custodial Hardware Gate: Impossible to initiate asset withdrawals from any tenant container.

o —

10.1 Presentation Plane vs. Execution Plane Disconnection

A foundational security principle of Aethelis Quant is the absolute physical and architectural separation of the Presentation Plane from the Execution
Plane:

1. Zero Self-Service Tenant Provisioning: Unlike retail trading software or SaaS platforms, Aethelis Quant provides strictly no public web APIs,
webhook endpoints, or automated workflows that permit an external user, script, or Al agent to create, register, or provision an execution tenant.

2. Static Webroot & Public Hardening: The public web portal (aethelisquant.com) is served as a high-performance static environment via Nginx. Form
submissions on the public site (such as sandbox credential requests) merely append an encrypted lead token for manual human compliance review;
they have zero programmatic access to the host operating system, Docker/Podman engines, or execution daemons.

10.2 Out-of-Band Cryptographically Signed Provisioning
The provisioning of a new institutional tenant environment is an Out-of-Band (OOB) Administrative Operation:

- Tenant sandboxes can only be created via the internal host CLI tool (aethelis-admin provision-tenant), which is accessible exclusively
through air-gapped administrative bastion hosts or dedicated hardware consoles.

- The command requires dual cryptographic authorization (Four-Eyes Principle) signed by the Chief Information Security Officer (CISO)
and the Chief Risk Officer (CRO) utilizing private Ed25519 signing keys.

- This structural requirement ensures that even if an autonomous Al agent were to achieve complete code execution on the public web
server, it has zero computational pathway to provision a rogue tenant or deploy algorithmic strategies.

10.3 Multi-Layer Kernel Sandboxing & Containment of Exploits

If an adversary or rogue Al agent were to gain access to a simulated evaluation tenant sandbox, the blast radius is strictly contained at the Linux
kernel layer:

1. Network Namespace Isolation: Tenant containers have no network interfaces bridged to host internal networks. Inbound and outbound connections
are constrained to dedicated virtual ethernet pairs (veth) routed exclusively through strict firewall packet filters.

2. Zero Cross-Engine Memory Mappability: Mathematical engine binaries and alpha parameters are compiled as position-independent executables
(PIE) with full Address Space Layout Randomization (ASLR). The memory regions containing compiled code and covariance state vectors are
protected via mprotect(PROT_READ | PROT_EXEC) and cannot be written to or read by processes residing in foreign namespaces.

3. Seccomp Syscall Barrier: Restrictive Berkeley Packet Filters intercept and abort any unauthorized system calls (such as kernel exploit payloads
attempting namespace escape), terminating the offending process instantly.

Through this multi-layer defense, the blast radius of any automated Al breach attempt is mathematically contained to zero, protecting institutional
production trading loops from disruption or sabotage.
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7. v6.5.0 Security Governance: Dynamic Configuration File-Locking & Auditability

To eliminate concurrency conflicts during multi-tenant parameter tuning, all operations modifying config/crypto_params.json or
config/tradfi_params.json enforce mandatory POSIX advisory locks (fcntl.flock in exclusive mode LOCK_EX). Every write event emits an immutable
audit event to PostgreSQL TimescaleDB, logging the exact Tenant ID, Operator Principal, IP Origin, and JSON parameter delta.
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 04
Multi-Venue Connectivity, Protocol Standards & Tri-Exchange Liquidity

Tome 04: Multi-Venue Connectivity, Protocol Standards & Tri-Exchange Liquidity Architecture (Ch. 4)
1. Microstructure of Cross-Exchange Liquidity & Fragmentation

In contemporary electronic trading, liquidity is not monolithic; it is structurally and geographically fragmented across heterogeneous matching engines.
In digital asset derivatives, the global order flow for prime benchmark instruments (such as BTCUSDT and ETHUSDT perpetual swaps) is divided
predominantly across three prime exchanges: Binance, Bybit, and OKX. Concurrently, traditional macro commodity and financial derivatives are
centralized within the electronic matching engines of the Chicago Mercantile Exchange (CME Globex) located in Aurora, lllinois.

Understanding this microstructural fragmentation is paramount for quantitative execution. Each venue operates with distinct market microstructure
parameters:

1. Order Book Resolution & Tick Sizes: Different matching engines enforce disparate minimum tick sizes ($\Delta P$) and lot sizes ($\Delta Q$). For
instance, a 1-dollar tick on CME micro-futures represents a different percentage of volatility than a 0.1-dollar tick on digital asset perpetual contracts.

2. Matching Engine Protocols & Priority Queues: Most electronic venues enforce Price-Time Priority (FIFO) matching. Under FIFO, when multiple limit
orders rest at the identical price level, order queue priority is determined strictly by the arrival timestamp of the order packet.

3. Queue Dynamics & Adverse Selection: Resting limit orders face the constant hazard of adverse selection. When large aggressive market orders
sweep the book, passive limit orders resting at the top of the book are filled precisely when the price is about to break through that level.

+

CROSS-VENUE ORDER BOOK FRAGMENTATION & QUEUES |

|
BINANCE USDT-M FUTURES BYBIT LINEAR PERPETUAL OKX PERPETUAL SWAP |

| ASK: $65,001.00 (Vol: 42.1 BTC) | | ASK: $65,001.20 (Vol: 18.5 BTC) | | ASK: $65,001.10 (Vol: 24.8 BTC) |
| ASK: $65,000.50 (Vol: 15.4 BTC) | | ASK: $65,000.60 (Vol: 12.1 BTC) | | ASK: $65,000.40 (Vol: 31.0 BTC) |

| SPREAD: $0.50 | | SPREAD: $0.70 | | SPREAD: $0.40 | |

| BID: $65,000.00 (Vol: 28.3 BTC) | | BID: $64,999.90 (Vol: 14.6 BTC) | | BID: $65,000.00 (Vol: 19.2 BTC) |
| BID: $64,999.50 (Vol: 55.0 BTC) | | BID: $64,999.20 (Vol: 22.0 BTC) | | BID: $64,999.40 (Vol: 40.5 BTC) |

| AETHELIS SMART ORDER ROUTER (SOR) CONSOLIDATED L3 BOOK | |

| Synthetic BBO: Best BID = $65,000.00 (Consolidated Depth: 47.5 BTC across Binance + OKX) | |

| Synthetic BBO: Best ASK = $65,000.40 (Consolidated Depth: 31.0 BTC on OKX) | |

| Consolidated Spread: $0.40 &bull; Micro-Price Imbalance = 0.605 &bull; Liquidity Arbitrage Opportunity = A

F o—— e — 3
~

1.2 Market Maker Inventory Risk (Avellaneda-Stoikov Formalization)

Quantitative desk algorithms that provide passive liquidity or manage multi-leg statistical arbitrage must account for inventory risk. Under the classic
Avellaneda-Stoikov model, a market participant holding an inventory $g$ at time $t$ faces an inventory-adjusted reservation price $R(s, q, t)$:

$$R(s, g, t) = s - g \gamma \sigma”2 (T - t)$$

where $s$ is the mid-market price, $\gammas$ is the inventory risk aversion parameter, $\sigma$ is the asset's instantaneous return volatility, and $(T -
t)$ is the remaining operational horizon.

When a quantitative strategy is concentrated on a single exchange, inventory $g$ accumulates rapidly in one direction due to local flow imbalances,
forcing the algorithm to shade quotes aggressively and incur significant adverse selection costs.

2. Structural Failure of Single-Exchange Architectures

Relying upon a single exchange venue for institutional derivative trading represents a critical architectural flaw. Empirical market evidence across
multiple market stress events demonstrates four catastrophic failure modes inherent in single-venue setups:
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| SINGLE-EXCHANGE VS. TRI-EXCHANGE DOCTRINE |

T e T e L L T T
| Risk Dimension | Single-Venue Architecture | Aethelis Tri-Exchange Doctrine |
oo e mmmmem—o- oo e mmmmem—o- Fomm e e e e e e mmmmmme—oo

| Counterparty Insolvency Risk | 100% Capital at Risk (FTX Risk) | Segregated across 3 Venues (Max 33% at risk
| Perpetual Funding Disalignment | Trapped in Local Funding Outliers | Exploits Funding Spreads via Desk 7 Arb
| API Rate Limit Bottlenecks | Hard Throttling (HTTP 429/418) | Distributed Load across 3 Distinct Host Stacks
| Liquidation Cascade Contagion | Severe Local Price Wick Slips | Cross-Venue Synthetic Price Arb & Absorption
| Matching Engine Micro-Outages | Total Trading Paralysis | Seamless Failover to Surviving Venues |

L T T L T T L T

2.1 Funding Rate Basis Divergence
Perpetual derivative contracts do not mature; instead, they maintain price parity with the spot market through an 8-hour periodic funding mechanism:
$$F_t = \text{Clamp}Nleft( \text{Premium Index} + \text{Interest Rate}, -0.75\%, +0.75\% \right)$$

In volatile bull or bear phases, funding rates diverge massively across Binance, Bybit, and OKX. A single-venue trader holding a long position on an
exchange where retail sentiment is excessively bullish may pay annualized funding costs exceeding 60% to 100%, while another exchange's funding
rate remains near 10%. A single-venue system has no mechanism to offset or monetize this divergence.

2.2 Execution Rate-Limit Exhaustion

Every exchange enforces strict REST and WebSocket rate-limit throttles (e.g., Binance 2,400 weight per minute; Bybit 50 requests per second; OKX
20 requests per 2 seconds). During high-volatility liquidation events, an algorithm attempting to manage multiple order amendments across 8
instruments on a single exchange will exhaust rate limits, resulting in HTTP 429 Too Many Requests or connection bans, freezing the desk precisely
when risk management is most urgently required.

3. The Tri-Exchange Doctrine: Operational Mechanics

To neutralize single-venue fragility, Aethelis Quant v6.5.0 mandates the Tri-Exchange Doctrine. Under this doctrine, Pillar 1 operations must connect
simultaneously and synchronously to Binance, Bybit, and OKX.

+
| TRI-EXCHANGE SYNCHRONOUS ROUTING TOPOLOGY |

+

|

| [ AETHELIS EXECUTION KERNEL ] |

[

R R B TR L T +

[

| v (WSS Sub-5ms) v (WSS Sub-5ms) v (WSS Sub-5ms) |

| Ammmm e B B S +

| | BINANCE CONNECTOR ENGINE | | BYBIT CONNECTOR ENGINE | | OKX CONNECTOR ENGINE | |

| | - WSS: fstream.binance.com| | - WSS: stream.bybit.com | | - WSS: ws.okx.com |

| | - REST: fapi.binance.com | | - REST: api.bybit.com | | - REST: www.okx.com |

| | - Protocol: HMAC-SHA256 | | - Protocol: HMAC-SHA256 | | - Protocol: Ed25519 |

| mmmm e B B S Sy +

[

| vvv|

R e e
| | TRI-EXCHANGE CROSS-MARKET LIQUIDITY AGGREGATOR | |

| | 1. Synthetic Price Consensus: $P_{\text{consensus}} = \sum_{v=1}73 w_v P_{\text{mid}, v}$ |

| | 2. Smart Order Routing: Dispatches child orders to venue with deepest depth & lowest queue latency | |

| | 3. Desk 7 Basis Arb: Long Spot on OKX &bull; Short Perp on Binance &bull; Captures 8h Funding Rate Spread
R e e e e T
|

+

3.1 Smart Order Routing (SOR) & Volume-Weighted Splitting

When an execution desk (such as Desk 1 or Desk 2) triggers a position adjustment of size $Q_{\text{total}}$, the Smart Order Router calculates the
optimal allocation vector $\mathbf{q} = [q_{\text{binance}}, q_{\text{bybit}}, q_{\text{okx}}]*T$ by solving a constrained minimization problem:

$8\min_{\mathbf{g}} \sum_{v=1}"3 \left( \text{Spread} v \cdot g_v + \frac{1}2} \eta_v q_v”"2 \right) \quad \text{subject to} \quad \sum_{v=1}"3 q_v =
Q_{\text{total}}, \quad 0 \le g_v \le \text{Depth}_{v, \text{max}}$$

where $\eta_v$ represents the venue-specific market impact parameter. This formulation ensures that orders are executed with minimum aggregate
market impact and zero single-venue execution bottlenecks.

4. TradFi CME Globex Connectivity: Interactive Brokers Gateway Integration

For Pillar 2 operations (Desks 4, 5, and 6), execution is directed to the Chicago Mercantile Exchange (CME Globex) through an enterprise-grade
TCP/IP bridge interfacing with Interactive Brokers LLC (IBKR).
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| TRADFI CME GLOBEX / IB GATEWAY INTEGRATION |

|
FRANKFURT TIER-4 OCI ENCLAVE CME GLOBEX MATCHING ENGINES (AURORA, IL) |

| Aethelis TradFi Execution Daemon | |

| - Desk 4 (Metals Kalman Spread) | |

| - Desk 5 (Energy 3:2:1 Crack Spread) | |
| - Desk 6 (G160 FX Parity Mean-Rev) | |

v

B I + |

| Interactive Brokers Gateway (IBGW) | |

| - Client ID Partitioning (1001-1006) | |

| - Session Heartbeat: 1,000ms | |

| - API Buffer Tuning: TCP_NODELAY | |

B L T T + |

[

| (Transatlantic Dedicated Leased Line / AWS-OCI Direct Connect, ~92ms RTT) |

v

o o e e e e e e e e e e e e e e e e e e e
| CME Globex Order Routing Gateway (Aurora, Illinois) | |

| - Direct Market Access (DMA) Execution on Gold (GC), Silver (SI), Crude 0il (CL), Gasoline (RB), JPY (6J)
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e m e mm e m e e m e e m e mm e e e =

o — e — ¢

4.1 Client ID Allocation & Multi-Desk Partitioning

The IBKR TWS/Gateway socket API requires each concurrent client connection to bind to a unique integer Client ID. Aethelis Quant strictly partitions
Client IDs to eliminate cross-talk and order collision:

- Client ID 1001: Desk 4 Primary Execution (Micro Gold MGC & Micro Silver SIL)

- Client ID 1002: Desk 5 Primary Execution (WTI Crude Oil CL, RBOB Gasoline RB, Heating Oil HO)
- Client ID 1003: Desk 6 Primary Execution (Japanese Yen 6J & Euro FX 6E)

- Client ID 1004: Supervisory Risk Telemetry & Account Summary Ingestion

- Client ID 1005: Q-LAB Analytical Simulation Bridge

- Client ID 1006: Emergency Flatten Daemon (Dedicated Reserve Socket)

4.2 Heartbeat Monitoring & Session Desynchronization Recovery

The IB Gateway bridge maintains an active bi-directional heartbeat with the IBKR routing infrastructure. System time is queried continuously via
regCurrentTime. If the gateway fails to acknowledge three consecutive heartbeat packets (3,000ms timeout threshold):

1. The TradFi daemon halts all outbound market order dispatches immediately.
2. An automated session reconnect sequence is initiated (reconnect_gateway()).

3. Upon reconnection, an atomic sequence reconciliation (reqExecutions with an execution filter covering the preceding 120 seconds) is performed to
synchronize internal order states with exchange fill reports, preventing duplicate order entry.

5. Low-Latency Socket Tuning & Intercontinental Network Topologies

Trading cross-asset strategies between European cloud infrastructure, North American futures exchanges, and global cryptocurrency matching
engines requires rigorous network engineering.

| INTERCONTINENTAL NETWORK LATENCY PROFILES |

T T e Femmmmemeaaaaas
| Network Path | Physical Routing Infrastructure | Protocol & Port | Typical Round-Trip Time |
Fomm e e mmmmem—o- Fomm e e mmmmem—o- e o e e e e e e oo

| Frankfurt OCI -> CME Globex | Transatlantic Fiber (Frankfurt-CHI)| TCP / FIX (Port 4001)| 91.8 ms &plusmn; ©
| Frankfurt OCI -> Binance Server | Tokyo AWS Direct Peering (NRT) | WSS / TLS 1.3:443 | 138.4 ms &plusmn; 1.2
| Frankfurt OCI -> Bybit Server | Singapore Equinix SG1 Direct | WSS / TLS 1.3:443 | 142.1 ms &plusmn; 1.5 ms
| Frankfurt OCI -> OKX Server | Hong Kong HK1 Fast Connect | WSS / TLS 1.3:443 | 146.7 ms &plusmn; 1.4 ms

| Frankfurt Host -> Localhost IBGW | Linux Loopback Virtual Device (lo)| TCP RAW:7496 | 0.042 ms &plusmn; 0.00
L L TR Lk T L L TR Lk T Fomm e e e o - Fommm e e -
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5.1 Linux TCP Kernel Socket Optimizations
All execution sockets are tuned at the kernel level to eliminate buffer bloat and scheduling latency:

- TCP_NODELAY (Nagle's Algorithm Disabled): Essential for financial trading packets. Disables Nagle's algorithm, forcing packets to be
dispatched immediately onto the wire regardless of packet size, eliminating 40ms delayed ACK latencies.

- Socket Buffer Sizing (SO_RCVBUF / SO_SNDBUF): Tuned to $2\text{MB}$ buffers to accommodate sudden bursts of order book tick
updates during economic news releases (e.g., US Non-Farm Payrolls, FOMC announcements) without dropping UDP/TCP packets.

- TCP Keepalive Probing: Configured with aggressive parameters: tcp_keepalive time = 30, tcp_keepalive_ intvl = 5,
tcp_keepalive_probes = 3.

6. Advanced Microstructure Modeling: Order Book Queue Dynamics

To achieve institutional execution excellence, quantitative algorithms cannot treat order books as static price levels. They must model the dynamic
stochastic arrival of orders, cancellations, and queue positions.

6.1 The Mechanics of Limit Order Queue Position

When an algorithmic execution engine places a passive limit order at the Best Bid ($P_{\text{bid}}$), the order joins the back of the FIFO queue. Let
$Q_{\text{ahead}}$ denote the total volume of competing limit orders resting at that price level prior to our order packet's arrival. Our order will be filled
if and only if the cumulative volume of aggressive market sell orders arriving at $P_{\text{bid}}$ exceeds $Q_{\text{ahead}}$ before our order is
cancelled:

$$\text{FillCondition}: \sum_{k=1}"m V_{\text{sell}, k} \ge Q_{\text{ahead}} + Q_{\text{our}}$$

However, while our order rests in the queue, competing participants may cancel their resting orders ($Q_{\text{cancel}}$), moving our order forward in
the queue, or market makers may detect incoming toxic order flow and cancel their bids, leaving our order exposed to adverse selection.

+

L2/L3 LIMIT ORDER QUEUE DYNAMICS AT THE BEST BID |

|
TIME $t_0$: ORDER ARRIVAL (Back of the Queue) |
Best Bid = $65,000.00 | [###s#iisstitniitint Queue Ahead: 45.0 BTC #i#HH##H###H#####] [Our Order: 5.0 BT

|
|
|
|1

| TIME $t_1$: QUEUE DRAINAGE (Cancellations & Fills) |
| Best Bid = $65,000.00 | [########## Remaining Queue Ahead: 20.0 BTC ##########] [Our Order: 5.0 BTC] |
|

| TIME $t_2$%$: EXECUTION EVENT (Market Sell Order Sweeps Queue) |

| Market Sell Order of 25.0 BTC arrives: |

| - Fills remaining 20.0 BTC of Queue Ahead. |

| - Fills 5.0 BTC of Our Order [ORDER COMPLETELY FILLED AT $65,000.00]. |

| - Level is depleted. Best Bid drops to $64,999.50. |

|1

6.2 The Gu ant-Tapia-Manziadi Liquidity Model

Building upon Avellaneda and Stoikov, Gu ant, Tapia, and Manziadi (2012) provide a closed-form solution for the optimal bid and ask quotes $\delta”b,
\delta™a$ relative to mid-price $S$ for a market maker with finite time horizon $T$:

$$\deltab(q) = \frac{1}{\gamma} \In \left( 1 + \frac{\gamma}{\kappa} \right) + \frac{(2q + 1) \gamma \sigma”2}2 \kappa} (T - t)$$
$$\deltara(q) = \frac{1}{\gamma} \In \left( 1 + \frac{\gamma}{\kappa} \right) + \frac{(1 - 2g) \gamma \sigma”2}{2 \kappa} (T - t)$$

where $\kappa$ characterizes order book liquidity density ($P(\text{fill}) \propto e{-\kappa \delta}$), $\gamma$ is risk aversion, and $\sigma$ is asset
volatility.

Aethelis Quant utilizes this formulation within Desk 3 (Auction Market Theory) and Desk 7 (Basis Carry) to shade boundary quotes dynamically as
inventory accumulates, maintaining near-zero inventory risk while maximizing fill probabilities.

7. Kernel-Level Low-Latency 1/O: epoll, io_uring & Zero-Copy Sockets

Standard Linux socket read operations (recv()) incur substantial CPU overhead: the operating system must transition from user space to kernel space
via a context switch, copy network packet data from kernel network buffers to user application memory, and return to user space. During
high-throughput market events, these context switches introduce latency jitter spanning hundreds of microseconds.

Aethelis Quant minimizes I/O latency through three specialized Linux kernel techniques:

1. Edge-Triggered Asynchronous Polling (epoll): Network events are polled utilizing epoll in edge-triggered mode (EPOLLET), allowing a single
high-priority CPU thread to manage hundreds of WebSocket connections simultaneously without polling latency.

2. Busy Polling (SO_BUSY_POLL): On critical sockets, the socket layer is configured with SO_BUSY_POLL = 50, instructing the kernel to
continuously poll the network interface card (NIC) receive queue for up to 50 microseconds before yielding the CPU. This eliminates interrupt
processing delays, reducing packet retrieval times to sub-microsecond levels.

3. Zero-Copy Memory-Mapped Ring Buffers: Telemetry ingestion from the IB Gateway local socket utilizes shared memory ring buffers, eliminating
memory copies between processes and preserving sub-millisecond execution fidelity.
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8. Microsecond Clock Synchronization: PTP IEEE 1588 vs. NTP Stratum-1

Under MIFID Il Regulatory Technical Standard 25 (RTS 25), algorithmic trading venues and market participants are statutorily required to maintain
high-precision clock synchronization:

- Standard Algorithmic Trading: Maximum divergence from UTC of $1.0 \text{ millisecond}$ ($1,000 \mu s$).
- High-Frequency Direct Market Access (DMA): Maximum divergence from UTC of $100 \text{ microseconds}$ ($100 \mu s$) with a
timestamp granularity of $\le 1 \mu s$.

Standard Network Time Protocol (NTP) synchronizes clocks over the public internet via software timestamps, introducing unpredictable routing jitter
spanning $5$ to $50%$ milliseconds - wholly inadequate for institutional compliance.

CLOCK SYNCHRONIZATION HIERARCHY (MIFID II RTS 25) |

|
GPS SATELLITE CONSTELLATION (Cesium & Rubidium Atomic Clock Standards) |

I

v

[ STRATUM-0 GNSS ATOMIC RECEIVER / GRANDMASTER CLOCK ] (Equinix FR2 / OCI Frankfurt) |
[

v (IEEE 1588 Precision Time Protocol over Dedicated Physical Optical Fiber) |

| OCI HOST HARDWARE NETWORK INTERFACE CARD (NIC HARDWARE TIMESTAMPING) | |
| - Hardware Timestamping on Ingress / Egress Ethernet Frames | |
| - Residual UTC Time Drift: < 0.080 microseconds (80 nanoseconds) | |

v (Kernel POSIX Clock Source: CLOCK_REALTIME_COARSE / PTP Virtual Clock) |
[ AETHELIS EXECUTION TELEMETRY LOGGER ] (Microsecond Audit Logs Compliant with RTS 25) |

|
+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

By leveraging hardware NIC timestamping backed by Precision Time Protocol (PTP IEEE 1588v2), Aethelis Quant guarantees that all execution
timestamps, order packets, and fill records maintain sub-microsecond synchronization with international UTC standards.

9. Global Colocation & Cross-Connect Topologies (Equinix NY4, LD4 & FR2)

In high-frequency quantitative execution, physical proximity to exchange matching engines governs execution priority under Price-Time Priority (FIFO)
matching. Aethelis Quant supports direct cross-connect topologies within major financial data centers:

| GLOBAL EQUINIX CROSS-CONNECT INFRASTRUCTURE |

e - e L e
| Data Center Hub | Geographical Location | Primary Venues | Cross-Connect Latency |
B R —— e B R —— e

| Equinix FR2 | Frankfurt, Germany | OCI Primary Cloud | < 0.150 ms to European Venues & Eurex

| Equinix NY4 | Secaucus, New Jersey | CME Globex NY Ext | < 0.220 ms to US Equity & TradFi Gateways

| Equinix LD4 | Slough, United Kingdom| LSE / EBS FX / B2B| < 0.180 ms to London FX & Institutional Desks |

| Equinix TY3 / SG1 | Tokyo / Singapore | Binance / OKX AWS | Direct AWS Direct Connect peering (< 1.5 ms) |

E T T - E T T L T Ty

By leveraging 10G/40G single-mode optical fiber cross-connects within Equinix facilities, institutional licensees eliminate public internet routing hops
and BGP flap hazards, ensuring deterministic sub-millisecond execution packet delivery.

AETHELIS LTD | UK CO. REG. 16245256 | STRICTLY CONFIDENTIAL // PROPRIETARY IP Page 24



AETHELIS QUANT /I Tome 05: Dual-Pillar Institutional Terminal, Workspace Tel v6.5.0 QUANT | 100% JSON DECOUPLED | APEX 7-GATE CERTIFIED

AETHELIS QUANT /| ENCYCLOPEDIC TOME 05
Dual-Pillar Institutional Terminal, Workspace Telemetry & Ergonomics

Tome 05: Dual-Pillar Institutional Terminal, Workspace Telemetry & Operator Ergonomics (Ch. 5)
1. Cognitive Ergonomics & The Dual-Compartment Architecture

The operational cockpit of Aethelis Quant v6.5.0 is engineered pursuant to the principles of Cognitive Ergonomics for High-Stress Mission-Critical
Decision Support. In high-frequency, multi-asset trading environments, human cognitive failure - characterized by attention tunneling, sensory
overload, and misinterpretation of non-linear telemetry - represents one of the most severe operational risks.

To mitigate this vulnerability, the platform rejects cluttered single-screen layouts in favor of the Dual-Compartment Workspace Topology. This topology
establishes a strict cognitive and visual decoupling between the two foundational asset pillars:

+

DUAL - COMPARTMENT OPERATIONAL COCKPIT TOPOLOGY |

(Left Hemisphere: Continuous Crypto) (Right Hemisphere: Session TradFi) |

v v |

B T L T T RIS 4 e mme e e e e eemeemeeememmmm———aa +
| PILLAR 1: DIGITAL ASSETS WORKSPACE | | PILLAR 2: TRADFI CME WORKSPACE | |

| - 24/7/365 Continuous Execution Streams | | - Regulated Session Windows (RTH / ETH) | |

| - High-Beta Non-Gaussian Volatility Surfaces | | - Macro Factor Hedging & Physical Convergence | |

| - Desks 1, 2, 3, 7 Telemetry & Signal Radars | | - Desks 4, 5, 6 Cointegration & Crack Spreads | |

| - Consolidated L2 Depth & Micro-Price Book | | - IBKR DMA Bridge & CME SPAN Margin Monitor | |

o m e e o m e e e e +
\ /|

\ /|

v v |

o o e

| CROSS-PILLAR SYNTHESIS & VOLATILITY RADAR | |

| - Rolling Dynamic Covariance Matrix ($3 \times 3$ TradFi vs Crypto Principal Component Analysis) | |

| - Macro Divergence Monitors: Gold vs Bitcoin // Crack Spread vs Energy Equities // USD/JPY Carry Radar | |
| - Unified High-Water Mark & Portfolio Drawdown Gauge with Automated Pre-Trip Warnings | |

1.1 Cognitive Separation Rationale

1. Asynchronous Operating Regimes: Digital asset derivative markets trade continuously without settlement halts (24 hours a day, 7 days a week, 365
days a year). Conversely, traditional CME Globex derivatives adhere to rigid operational sessions, including daily maintenance halts (17:00 - 18:00
EST) and weekend closures. Mixing these streams in a single visual feed induces false operator assumptions regarding liquidity availability.

2. Volatility Regime Disparities: Intraday annualized volatility in digital assets frequently spans 50% to 120%, whereas G10 foreign exchange or energy
futures typically operate in the 8% to 30% volatility band. The visual scaling of charts, order book ladders, and tick delta histograms must be
normalized independently to preserve visual resolution.

2. Order Flow Tape Analytics & Real-Time Imbalance Detection

The operator interface incorporates a specialized Institutional Tape Ingestion Engine that reconstructs the Consolidated Tape from raw exchange
trade feeds across Binance, Bybit, OKX, and CME Globex.

+
| REAL-TIME ORDER FLOW TAPE & DELTA ACCUMULATION |

e Foaeanan S ——— Fomemmmeaas S ——— TN
| UTC Timestamp | Venue | Symbol | Side | Price ($) | Size (Contracts) & Imbalance Classification |
oo e e e o f S, e ) e o

| 14:32:01.104218Z | CME | MGC (Micro Gold)| BUY | $2,654.20 | 45 contracts [INSTITUTIONAL SWEEP] |

| 14:32:01.108492Z | BYBIT | BTCUSDT | SELL (Agg)| $65,120.50 | 12.8 BTC [AGGRESSIVE LIQUIDATION] |

| 14:32:01.112104Z | BIN | BTCUSDT | SELL (Agg)| $65,120.00 | 24.5 BTC [AGGRESSIVE LIQUIDATION] |

| 14:32:01.119842Z | OKX | BTCUSDT | BUY (Pass)| $65,119.80 | 38.0 BTC [PASSIVE ABSORPTION BLOCK] |

| 14:32:01.125019Z | CME | CL (Crude 0il)| BUY | $71.45 | 18 contracts [CRACK SPREAD LEG FILL] |

E T Feommmmm- Fommm e m Fommmmm e Fommm e m L T
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2.1 Order Flow Delta & Cumulative Volume Delta (CVD)

The tape engine calculates instantaneous Volume Delta ($\Delta V_t$) by classifying trades as buyer-initiated or seller-initiated utilizing the tick rule
and trade direction flags:

$$\Delta V_t = V_{t, \text{buyer-initiated}} - V_{t, \text{seller-initiated}}$$
The Cumulative Volume Delta ($CVD_t$) is tracked continuously across a rolling intraday window:
$$CVD_t = \sum_{\tau=1}"t \Delta V_\tau$$

A pronounced divergence between price trajectory and $CVD$ (e.g., price making a new intraday high while $CVD$ forms a lower high) indicates
market exhaustion and aggressive limit order absorption, alerting the operator to an impending mean-reversion event.

2.2 Micro-Price Formulation & Order Book Imbalance

Rather than relying on the simplistic mid-price $P_{\text{mid}} = \frac{P_{\text{ask}} + P_{\text{bid}}}{2}$, the workspace dynamically computes the
Volume-Weighted Micro-Price ($P_{\text{micro}}$):

$$P_{\text{micro}} = \frac{Q_{\text{bid}} P_{\text{ask}} + Q_{\text{ask}} P_{\text{bid}}{Q_{\text{bid}} + Q_{\text{ask}}}$$

where $Q_{\text{bid}}$ and $Q_{\text{ask}}$ represent the aggregate quantities resting at the Best Bid and Best Offer. When $P_{\text{micro}}$
deviates significantly from $P_{\text{mid}}$, short-term price discovery will heavily skew toward the side with exhausted depth.

3. Real-Time Volatility Surfaces & Dynamic Correlation Tracking

The bottom compartment of the institutional terminal renders a real-time Dynamic Covariance & Volatility Radar, continuously updating covariance
estimates across the 7 desks.

DYNAMIC CROSS-DESK CORRELATION MATRIX RADAR |

Desk
Desk
|
| * Cross-Pillar Correlation Index: 0.042 (High Portfolio Diversification Benefit Confirmed) |
| * Portfolio Condition Number $\kappa(\Sigma)$: 4.12 (High Covariance Inversion Stability) |

-0.08 -0.14 0.06 -0.31 -0.11 1.00 0.00
0.01 0.03 -0.02 0.00 0.00 0.00 1.00 |

|

+

|

| Desk 1 (Sqz) Desk 2 (Mom) Desk 3 (AMT) Desk 4 (Met) Desk 5 (Crk) Desk 6 (FX) Desk 7 (Car) |
| Desk 1 1.00 0.48 -0.12 0.04 0.02 -0.08 0.01 |

| Desk 2 0.48 1.00 -0.24 0.08 0.05 -0.14 0.03 |

| Desk 3 -0.12 -0.24 1.00 -0.02 -0.01 0.06 -0.02 |
| Desk 4 0.04 0.08 -0.02 1.00 0.18 -0.31 0.00 |

| Desk 5 0.02 0.05 -0.01 0.18 1.00 -0.11 0.00 |

| 6

| 7

3.1 Exponentially Weighted Moving Average (EWMA) Covariance

Covariance matrices are updated recursively utilizing an Exponentially Weighted Moving Average (EWMA) filter with decay factor $\lambda \in [0.94,
0.97]$:

$$\Sigma_t = \lambda \Sigma_{t-1} + (1 - \lambda) \mathbf{r} t \mathbf{r} t"T$$

where $\mathbf{r}_t$ is the vector of cross-desk returns at timestamp $t$. This formulation allows the operator to observe instantaneous correlation
spikes during macro liquidity shocks, providing early warning before systemic de-risking is triggered.

4. Visualizing TradFi vs. Crypto Macro Divergences

The terminal incorporates specialized macro divergence monitors designed to highlight structural capital rotation between traditional safe-haven assets
and digital speculative collateral:

1. Gold / Bitcoin Purchasing Power Ratio: Plots the ratio of COMEX Gold ($GC$) settlement to Spot Bitcoin ($BTC$), decomposing whether crypto
appreciation represents genuine monetary debasement hedging or risk-on speculative expansion.

2. NYMEX Crack Spread vs. Energy Token Beta: Visualizes gross refining margin health against broader commodity-linked digital assets.

3. USD/JPY Carry Trade Volatility Guard: Displays the rolling 30-day realized variance of the Japanese Yen ($6J$) against digital asset perpetual
funding rates, alerting the desk when Bank of Japan currency interventions threaten to trigger global leveraged carry trade unwinds.

5. Human Factor Designh & Ergonomics: Fitts's Law in the Trading Cockpit

In high-stress electronic execution, user interface latency is not merely computational; it is fundamentally neuromuscular. When an operator must
cancel orders or trigger an emergency market flatten, physical mouse movement travel distance and target acquisition time dictate whether an
operational disaster is averted or compounded.
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5.1 Fitts's Law Formulation

The interface layout of Aethelis Quant v6.5.0 is optimized pursuant to Fitts's Law, which models the time $T_{\text{move}}$ required to rapidly move to
a target area as a logarithmic function of the distance to the target ($D$) and the width of the target ($W$):

$$T_{\text{move}} = a + b \log_2 \left( \frac{2DH{W} \right) = a + b \cdot ID$$

where $ID$ is the Index of Difficulty, and $a, b$ are empirical neuromuscular constants.

FITTS'S LAW COCKPIT CONTROL POSITIONING |

|

+

|1

| 1. CORNER & SCREEN EDGE TARGETING (Infinite Target Width): |

| - The emergency "FLATTEN ALL" button is pinned to the top-right corner HUD. Because the screen boundary stop
| the mouse cursor, the effective width $W \to \infty$, driving $ID \to 0$ and minimizing reaction time. |

(!

| 2. HICK-HYMAN DECISION TIME OPTIMIZATION: |

| - Under the Hick-Hyman Law, reaction time increases logarithmically with the number of operational choices:

| $$T7_{\text{react}} = b \log_2(n + 1)$$ |

| - To prevent operator paralysis during drawdowns, execution controls are binary or tri-state, eliminating |

| complex multi-level cascading dropdowns during live market hours. |

|1

| 3. AUDITORY & VISUAL CHROMATIC HIERARCHY: |

| - Information is rendered against a deep Bloomberg dark slate background ( #06090e”), maximizing contrast wi
| cyan ("#00f0ff ), green ("#00ffal3" ), amber ( #f59e6b’), and red ( #ff3366° ) status vectors. |

| - Colorblind-safe iconography and redundant textual status tags ensure instantaneous situational comprehensi
|
+

6. Depth of Market (DOM) Heatmaps & Iceberg Order Detection

The workspace incorporates a specialized Depth of Market (DOM) Ladder providing real-time visibility into resting limit liquidity up to 50 levels deep
across all active venues:

+

L2 DEPTH OF MARKET (DOM) REAL-TIME HEATMAP |

oo oo oo oo g
| Bid Depth ($ Vol) | Bid Size | Price Level ($) | Ask Size | Ask Depth ($ Vol) & Iceberg Flag
o B o o o e e mmm—moo

| $65,005.00 | 45.2 BTC | $2,938,226 [PASSIVE WALL] |
| $65,004.00 | 18.0 BTC | $1,170,072 |

| $65,003.00 | 8.5 BTC | $552,525 |

| $65,002.00 | 12.1 BTC | $786,524 |

| $65,001.00 | 3.4 BTC | $221,003 |

| - Fommm e oo oo B T T RN
| $546,000 | 8.4 BTC | $65,000.00 (BBO) | | SPREAD: $1.00 &bull; Micro-Price: $65,000.78
[ o ee s B T - B T - B e

| $988,000 | 15.2 BTC | $64,999.00 | | |

| $1,443,000 | 22.2 BTC | $64,998.00 | | [
| $2,762,000 | 42.5 BTC | $64,997.00 | | |
| $4,842,000 | 74.5 BTC | $64,996.00 | | [INSTITUTIONAL LIQUIDITY SUPPORT BLOCK] |

mm e meaaoon ommmmmee oo mm e meaaoon mm e meaaoon e e e eeeeeeooo--

ICEBERG DETECTED: Synthetic Refresh] |

6.1 Algorithmic Iceberg Detection

Institutional market participants frequently deploy Iceberg (native or synthetic) orders to disguise large block sizes, displaying only a small peak
quantity (e.g., 2 BTC) while holding a massive hidden guantity (e.g., 100 BTC) in the matching engine.

The DOM engine detects icebergs by tracking cumulative trade volume at a fixed price level relative to changes in displayed depth:
$$\text{If } \sum V_{\text{trades, at } P} > Q_{\text{displayed, initial}} \text{ while price does not tick through } \implies \text{/ CEBERG\_ACTIVE}$$

When an iceberg order is flagged on the bid side, Desk 3 (Auction Market Theory) recognizes institutional absorption and suppresses short entry
signals that would otherwise sell directly into hidden institutional buying liquidity.

7. Stochastic Volatility Surfaces & SABR Model Calibration

Beyond simple moving averages and static volatility measures, institutional multi-asset trading requires real-time modeling of the implied and realized
volatility smile. In digital asset options and perpetual swap implied volatility markets, volatility skew exhibits extreme non-linear curvature: deep
out-of-the-money puts and calls trade at massive volatility premiums due to crash phobia and upside speculative frenzy.

To normalize volatility across both pillars, the workspace incorporates continuous calibration of the SABR Stochastic Volatility Model (Hagan et al.,
2002).
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7.1 SABR Dynamics Formulation
Under the SABR model, the forward asset price $F_t$ and its instantaneous volatility $\sigma_t$ follow the coupled stochastic differential equations:
$$dF_t =\sigma_t F_tMbeta dW_t*{(1)}$$
$$d\sigma_t = \alpha \sigma_t dW_t*{(2)}$$
with correlation between the Brownian motions given by $d\langle WA{(1)}, W™{(2)} \rangle_t = \rho dt$.

- $\alpha$: Volatility of volatility ("vol-vol"), capturing the convexity and height of the volatility smile wings.

- $\beta\in [0, 1]$: Elasticity parameter governing the relationship between forward price and volatility (typically $\beta = 1$ for lognormal
digital asset distributions and $\beta = 0.5$ for commodities like Gold and Crude Oil).

- $\rho\in [-1, 1]$: Correlation between asset price returns and volatility innovations, governing the skewness of the smile.

The closed-form approximation for the Black-76 implied volatility $\sigma_{\text{implied}}(K, F)$ is:

$$\sigma_{\text{implied}}(K, F) \approx \frac{\alpha \In(F/K){D(\zeta)} \cdot \left[ 1 + \left( \frac{2\gamma_2 - \gamma_1"2 + 1/F_{\text{mid}}"2}{24}
\left( \frac{\sigma_0 F_{\text{mid}}\beta}{\alpha} \right)*2 + \frac{\rho \beta \alpha \sigma_0}{4 F_{\text{mid}}{1-\beta}} + \frac{2 - 3\rho"2}{24} \alpha"2
\right) T \right]$$

where $\zeta = \frac{\alpha}{\sigma_0 (1-\beta)} (F*{1-\beta} - K*{1-\beta})$ and $D(\zeta) = \In \left( \frac{\sqrt{1 - 2\rho\zeta + \zeta"2} + \zeta - \rho}1
- \rho} \right)$.

The workspace renders these calibrated SABR surfaces in real-time, allowing operators to visually detect when an asset's skew becomes excessively
asymmetric, providing leading indicator telemetry for Desk 1 (Squeeze) and Desk 6 (FX Parity).

8. WebSocket Push Infrastructure & Sub-Millisecond Operator Alerts

The operator cockpit is fed by a dedicated, local WebSocket push pipeline designed to eliminate browser rendering bottlenecks:

1. Throttled 250ms Telemetry Frame: While matching engine ticks are ingested at sub-millisecond intervals in C/Python backends, human visual
perception cannot resolve updates faster than 60 Hz. The web server batches telemetry updates into structured JSON packets broadcast every 250ms
via local WebSocket (ws://127.0.0.1:3000/ws/telemetry).

2. Audio-Visual Alarm Annunciation: Circuit breaker state changes (e.g., transition from NORMAL to WARNING or SAFE_MODE_DERISKING) trigger
immediate synthesized audio chimes adhering to FAA human factors standards for auditory alarms, accompanied by flashing visual banners on the
HUD.

3. Encrypted Telegram Sentinel Bot: Critical alerts - such as Level 1 drawdown trips, SPAN margin breaches, or exchange API disconnections - are
simultaneously dispatched to the CRO and SRE via the automated Aethelis Sentinel Bot using 256-bit encrypted Telegram Bot APl webhooks,
ensuring instantaneous awareness even when operators are away from the trading terminal.

9. Multi-Monitor Cockpit Ergonomics & Institutional Display Configurations

Professional trading floors utilize standardized multi-display monitor arrays to organize information visually across physiological visual zones:
1. Primary Focus Zone (Central 32-inch 4K Display, Eyes Level):

- Dedicated exclusively to active order books, the real-time Consolidated Tape, and instantaneous micro-price delta histograms.
- Zero historical charts or extraneous news widgets reside in the Primary Focus Zone during market hours, minimizing cognitive
distraction.

2. Secondary Context Zone (Left Display, Peripheral Vision):

- Houses the Digital Asset Pillar (Desks 1, 2, 3, 7), displaying funding rate yield curves, continuous basis arbitrage spreads, and Causal
State Guard alert banners.

3. Tertiary Macro Zone (Right Display, Peripheral Vision):

- Houses the TradFi CME Pillar (Desks 4, 5, 6), displaying the Gold/Silver Kalman spread Z-score ladder, the NYMEX 3:2:1 crack spread
monitor, and G10 FX central bank volatility meters.

4. Supervisory Overhead HUD (Top Display or Floating Status Bar):
- Shows the aggregate High-Water Mark gauge, the CME SPAN margin utilization dial, and the instant emergency flatten trigger.

This ergonomic layout aligns with human ophthalmological scanpath research, ensuring that critical risk warnings are processed within 150
milliseconds of visual onset.

10. Global Tri-Desk Operational Handover & Shift Protocols

Institutional quantitative trading on continuous 24/7 digital asset markets requires seamless operational handovers between global trading time zones:
London (Europe), New York (Americas), and Tokyo/Singapore (Asia-Pacific).
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+
| GLOBAL TRI-DESK OPERATIONAL HANDOVER PROTOCOL |

L C TP LT TP PP L C TP A mm e e e e ek
| Shift Window (UTC)| Active Lead Trading Hub| Primary Oversight | Mandatory Handover Checklist
B R —— e B R —— e

| 00:00 - 08:00 UTC | Tokyo / Singapore Hub | Asian Session Flow| Verify 00:00 UTC 8h funding rate collection
| | | & Crypto Volume | inspect CME Globex Asian session metals spread bounds. |
| ©8:00 - 16:00 UTC | London (Aethelis HQ) | European Overlap | Full system health audit; check EIA weekly inv
| | | & US Morning Open | review overnight TimescaleDB chunk compression runs. |
| 16:00 - 24:00 UTC | New York Hub | US Afternoon Cash | Monitor CME daily session close (17:00 EST); verify |
| | | & TradFi Settle | Level 1 / Level 2 circuit breaker daily reset status. |
oo o oo o e e oo

10.1 Morning Opening & Pre-Flight Verification Checklist
Every oncoming desk operator must execute a five-point pre-flight verification:
1. Clock Synchronization Verification: Run chronyc tracking to confirm local NTP/PTP Stratum-1 time offset is $< 100 \mu s$.
2. Socket Liveness Interrogation: Confirm all 4 WebSocket streams (Binance, Bybit, OKX, TradFi) report active heartbeats with zero dropped frames.
3. Database Write Latency Audit: Verify that PostgreSQL TimescaleDB write latency remains beneath 2.5 milliseconds.

4. Drawdown Baseline Check: Ensure the daily High-Water Mark ($HWMS$) has properly synchronized at 00:00:00 UTC and that current equity is $>
97.0\%$ of SHWMS$.

5. Sentinel Alert Acknowledgement: Clear and archive any overnight informational Sentinel alerts from the operator queue.

6. v6.5.0 Operator Innovation: Interactive Q-LAB Parametric Modal & Hotkey [Q]

In high-stress live execution environments, navigating across multi-page administrative consoles to adjust strategy risk parameters introduces
cognitive friction and unacceptable latency. The Aethelis Quant v6.5.0 operator terminal resolves this through the Global Q-LAB Parametric Modal:

- Keyboard Hotkey [Q]: Pressing [Q] (or [Shift+Q]) from any terminal view instantly opens the Q-LAB Parametric Inspector over the active
workspace.

- Escape Key [Esc]: Instantly closes the modal, restoring primary focus to the order flow telemetry and execution tape.

- Bidirectional Synchronization: Communicates directly with the backend via GET /api/glab/params and POST /api/glab/update_params,
broadcasting parameter changes over WebSockets in real time.

+

| Q-LAB PARAMETRIC INSPECTOR MODAL INTERFACE (HOTKEY [Q]) |
+

| [PILLAR 1: CRYPTO DERIVATIVES] [PILLAR 2: CME TRADFI ENGINES] [CERTIFIED APEX BENCHMARKS] [X] CLOSE (ESC) |
| Desk 1 (CVD Gate: 0.50) | Desk 2 (OI Velocity: >= 0.0) | Desk 3 (Taker: <= 0.45) | Desk 7 (Net Hurdle: >= 6.

| Desk 4 (OFI Gate + Two-Tier) | Desk 5 (Z-Velocity + OU Exit) | Desk 6 (Central Bank Volatility Shield) |
+
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 06
Q-LAB Analytical Laboratory, Factor Optimization & Monte Carlo

| Tome 06: Q-LAB Analytical Laboratory, Factor Optimization & Monte Carlo Stress Testing (Ch. 6)
1. Modern Portfolio Theory on Hybrid Quantitative Desks

The design of the Q-LAB Analytical Laboratory in Aethelis Quant v6.5.0 extends classical Markowitz Modern Portfolio Theory (MPT) to address the
unique statistical challenges of hybrid cross-asset quantitative desks. In traditional mean-variance optimization, the optimal portfolio weight vector
$\mathbf{w}$ is derived by minimizing portfolio variance subject to an expected target return $imu_0$:

$$\min_{\mathbf{w}} \frac{1}{2} \mathbf{w}*T \Sigma \mathbf{w} \quad \text{subject to} \quad \mathbf{w}*T \boldsymbol{\mu} \ge \mu_0, \quad
\mathbf{w}*T \mathbf{1} = 1$$

However, applying this classical formulation naively to a combination of high-volatility digital asset derivatives (Desks 1, 2, 3, 7) and physical
commodity futures (Desks 4, 5, 6) leads to severe portfolio instability. The sample covariance matrix $\hat{\Sigma}$ becomes ill-conditioned, and the
resulting optimal weights are hyper-sensitive to estimation error - a pathology famously termed the "Markowitz Error Maximizer."

Q-LAB ANALYTICAL LABORATORY ARCHITECTURE |

| MONTE CARLO JUMP-DIFFUSION STRESS TESTING | |
| - 10,000 Stochastic Multi-Asset Paths with Merton Jump-Diffusion & Student's t Innovations | |
| - Extreme Tail Risk Metrics: Value at Risk (VaR 99%) & Conditional Value at Risk (CvaR 99%) | |

|

+

|1

| HISTORICAL & LIVE TICK TELEMETRY (TimescaleDB High-Resolution Dataset) |

[

| vl

R e e e T
| | COVARIANCE MATRIX STABILIZATION & SHRINKAGE ENGINE | |

| | - Unadjusted Sample Covariance Matrix $\hat{\Sigma}$ (High Estimation Variance) | |

| | - Constant-Correlation Structured Target Matrix $F$ (Low Estimation Variance, High Bias) | |

| | - Ledoit-Wolf Optimal Shrinkage Intensity $\deltar* \in [0, 1] \implies \Sigmar* = \deltar* F + (1-\deltan
R e e e T
[

| v

[ e e e T
| | COMBINATORIAL TRADFI SELECTOR ENGINE | |

| | - Exhaustive $27A3 - 1 = 7$ Sub-Desk Combinations (Metals, Energy, FX) | |

| | - Evaluation of Marginal Contribution to Risk (MCR) & Sharpe Ratio Expansion | |

| | - Mathematical Proof of Non-Correlated Tail Risk Reduction | |

[ e e e T
[

| v

R e e e e T
| | NON-LINEAR SLIPPAGE & ALPHA DRIFT ENGINE | |

| | - Non-Linear Market Impact: $I(Q) = \gamma \sigma \sqrt{Q / V}$ &bull; Latency Decay Half-Life $\tau_{1/2}
| | - Parametric Sweeps: 0, 1, 2, 5, 10 bps Slippage Degradation Profiles | |

| | - Two-Sample Kolmogorov-Smirnov Test ($D_{KS}$) & Mann-Whitney U Test for Distribution Drift | |

R R e e e e T
[

| vl

[ e e e e
|

|

|

|

|

+

2. Covariance Matrix Shrinkage Estimation via Ledoit-Wolf

To solve the sample ill-conditioning problem, Q-LAB implements the Ledoit-Wolf Shrinkage Estimator. The true population covariance matrix $\Sigma$
is estimated as a convex linear combination of the sample covariance matrix $\hat{\Sigma}$ and a structured shrinkage target matrix $\mathbf{F}$:

$$\Sigmar* = \delta™* \mathbf{F} + (1 - \delta*) \hat{\Sigma}$$
where $\delta™* \in [0, 1]$ represents the asymptotically optimal shrinkage intensity that minimizes the expected Frobenius norm loss:

$$\mathbb{E} \left[ \|\Sigma”* - \Sigma\|_F"2 \right]$$

2.1 Target Matrix Formulation

The target matrix $\mathbf{F}$ is chosen as the Constant Correlation Model, wherein the sample variances are preserved along the diagonal, but all
cross-asset pairwise correlations are set to the global average correlation $\bar{r}$:

$$f_{ii} = s_{ii}, \quad f_{ij} = \bar{r} \sqrt{s_{ii} s_{jj}} \quad (i \neq j)$$
where $\bar{r} = \frac{2}{(N-1)N} \sum_{i=1}{N-1} \sum_{j=i+1}"N r_{ij}$.
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2.2 Optimal Shrinkage Intensity Calculation
The optimal shrinkage intensity $\delta™*$ is computed dynamically:
$$\delta™* = \max \left( 0, \min \left( 1, \frac{\kappa}{T} \right) \right)$$

where $\kappa$ estimates the sum of asymptotic variances of the sample covariance elements, and $T$ is the number of historical observation
periods. This mathematical shrinkage guarantees that the resulting covariance matrix $\Sigma’*$ is strictly positive-definite, well-conditioned, and
stable under matrix inversion, preventing wild fluctuations in strategy weights.

3. Combinatorial TradFi Selection & Risk-Reduction Proofs

The TradFi compartment of the portfolio spans three distinct asset classes:

1. Pillar 2A: Precious Metals (Desk 4 - Gold $GC$ vs Silver $SI$ Kalman Cointegration)

2. Pillar 2B: Refined Energy Complex (Desk 5 - NYMEX 3:2:1 Refinery Crack Spread)

3. Pillar 2C: G10 Foreign Exchange (Desk 6 - Japanese Yen $6J$ Covered Parity Mean-Reversion)

Q-LAB incorporates an exhaustive Combinatorial Selector that evaluates all $23 - 1 = 7$ non-empty combinations of TradFi desks when paired with
the core digital asset portfolio (Desks 1, 2, 3, 7).

| COMBINATORIAL TRADFI SELECTOR COMPARISON |

L T - L T L T L
| Combination Code | Active TradFi Desks | Expected Sharpe | Max Drawdown (DD) | Institutional Portfolio Fit |
oo o oo oo o e

COMB-00 (Crypto) | NONE (Crypto Only) | 1.84 | -14.2% | High Beta Speculative Benchmark |

|

| cCoMB-01 | Desk 4 (Metals Only) | 2.12 | -11.5% | Gold Safe-Haven Tail Hedge |

| COMB-02 | Desk 5 (Energy Only) | 2.05 | -12.1% | Macro Inflation Hedging |

| COMB-03 | Desk 6 (FX Only) | 1.98 | -12.8% | Dollar Liquidity Counter-Balance |

| COMB-04 | Desk 4 + Desk 5 | 2.38 | -9.4% | Commodity Balanced Profile |

| COMB-05 | Desk 4 + Desk 6 | 2.29 | -9.9% | Monetary Reserve Profile |

| COMB-06 | Desk 5 + Desk 6 | 2.19 | -10.6% | Industrial Macro Profile |

| COMB-07 (FULL) | Desk 4 + Desk 5 + 6 | 2.64 | -7.8% | FULL INSTITUTIONAL OPTIMAL DECK |

L L TR L L L TR L L TR L

3.1 Mathematical Proof of Risk Reduction via Negative Cross-Pillar Covariance
The total portfolio variance $\sigma_p”2$ of the hybrid deployment is:

$$\sigma_p"2 = w_{\text{crypto}}*2 \sigma_{\text{crypto}}*2 + w_{\text{tradfi}}*2 \sigma_{\text{tradfi}*2 + 2 w_{\text{crypto}} w_{\text{tradfi}}
\text{Cov}(\text{Crypto}, \text{TradFi})$$

Empirical data demonstrates that during extreme macroeconomic stress events (such as equity market liquidity freezes, central bank tightening cycles,
or geopolitical shocks), the correlation between physical gold/energy spreads and speculative digital assets is near-zero or negative
($\text{Cov}(\text{Crypto}, \text{TradFi}) \le 0$).

Because the cross-covariance term is non-positive, the aggregate portfolio risk $\sigma_p$ is strictly lower than the weighted average of individual
asset risks:

$$\sigma_p < w_{\text{crypto}} \sigma_{\text{crypto}} + w_{\text{tradfi}} \sigma_{\text{tradfi}}$$

This represents a pure mathematical diversification dividend, expanding the portfolio Sharpe ratio from $1.84$ (crypto-only) to $2.64% in the fully
combined institutional deck.

4. Microstructure Slippage Modeling & Alpha Decay Sweeps
A ubiquitous error in backtesting algorithmic strategies is the assumption of costless liquidity or static proportional fee deductions. In live execution,

large orders consume order book depth, incurring non-linear market impact and execution latency decay.

4.1 Non-Linear Square-Root Market Impact Model
Q-LAB simulates execution slippage using the Almgren-Chriss Square-Root Market Impact Model:
$31(Q) = \gamma \sigma \sgrt{\frac{QKV_{\text{ADV}}}}$$

where $Q$ is the order quantity, $V_{\text{ADV}}$ is the daily volume in that instrument, $\sigma$ is daily volatility, and $\gammas is a dimensionless
empirical liquidity parameter ($\gamma \approx 0.3 - 0.5%).

4.2 Parametric Slippage Degradation Sweeps

To test strategy robustness under varying execution quality, Q-LAB subjects every candidate portfolio to an automated Slippage Sensitivity Sweep
from 0 to 10 basis points (bps):
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+
| PARAMETRIC SLIPPAGE DEGRADATION SWEEP |

L C TP L C TP L C TP L C TP T LT
| Slippage Level | Net Annual Return | Net Sharpe Ratio | Maximum Drawdown | Alpha Survival Status |
B R —— B R —— B R —— B R —— e

| 0.0 bps (Ideal) | 54.2% | 2.89 | -6.8% | Unrealistic Theoretical Ceiling |

| 1.0 bps (Prime) | 50.8% | 2.64 | -7.8% | PRODUCTION BASELINE (Tier-1 SOR) |

| 2.0 bps (Normal) | 47.1% | 2.41 | -8.9% | Acceptable Normal Market Conditions |

| 5.0 bps (Stressed)| 36.5% | 1.82 | -12.4% | High-Volatility Stressed Condition |

| 10.0 bps (Severe) | 18.9% | 0.94 | -18.7% | Extreme Adverse Liquidity Regime |

E T E T E T E T B e L L T

Even under an extreme 10 bps slippage drag, the full institutional portfolio maintains a positive Sharpe ratio ($0.94$), demonstrating structural
resistance against execution frictions.

5. Statistical Drift Detection: Two-Sample Kolmogorov-Smirnov Test

To detect whether live trading performance is diverging from backtested simulation distributions - a condition indicative of alpha decay, regime
switching, or model breakdown - Q-LAB runs automated non-parametric statistical tests.

5.1 The Two-Sample Kolmogorov-Smirnov (K-S) Test

The K-S test evaluates the null hypothesis $H_0$ that the cumulative distribution function (CDF) of live trade returns $F_{\text{live}}(x)$ is identical to
the historical simulation CDF $F_{\text{sim}}(x)$:

$$D_{KS} =\sup_{x} [F_{\text{live}}(x) - F_{\text{sim}}(x)|$$
The test statistic $D_{KS}$ is compared against the critical value $D_{\alpha}$ at significance level $\alpha = 0.05%$:
$$D_{\text{crit}} = c(\alpha) \sqrt{\frac{n_1 + n_2H{n_1 n_2}}$$

If $D_{KS} > D_{\text{crit}}$, the null hypothesis is rejected ($p < 0.05%). Q-LAB flags this as Statistically Significant Alpha Drift, alerting the QPM and
CRO that live execution telemetry has decoupled from historical assumptions.

6. Monte Carlo Multi-Path Jump-Diffusion Stress Testing

To calculate extreme tail risk metrics beyond standard Gaussian assumptions, Q-LAB incorporates a Merton Jump-Diffusion Monte Carlo Engine.
Asset prices follow a stochastic differential equation with discontinuous Poisson jumps:

$$\frac{dS_t}{S_t} = (\mu - \lambda k) dt + \sigma dW _t + (J - 1) dN_t$$

where $W_t$ is standard Brownian motion, $N_t$ is a Poisson process with jump intensity $\lambda$, and $J$ is the jump size distribution satisfying
$\In(J) \sim \mathcal{N}(\mu_J, \sigma_J"2)$.

6.1 Conditional Value at Risk (CVaR | Expected Shortfall)

The simulation generates 10,000 independent multi-asset paths over a 90-day forward horizon. For each path, the maximum peak-to-trough equity
decline is recorded. Tail risk is evaluated at the 99% confidence level:

- Value at Risk ($\text{VaR}_{0.99}$): The loss threshold exceeded by only 1% of simulated paths.
- Conditional Value at Risk ($\text{CVaR}_{0.99}$): The expected loss given that the loss exceeds the $\text{VaR}_{0.99}$ cutoff:

$$\text{CVaR}_{\alpha} = \frac{1}{1 - \alpha}\int_{\alpha}"1 \text{VaR}_u du$$

By incorporating jump-diffusion shocks, Q-LAB guarantees that the CRO evaluates balance sheet capital adequacy against realistic non-Gaussian
black swan scenarios.

7. Walk-Forward Optimization (WFO) & Out-of-Sample Cross-Validation

A pervasive hazard in quantitative model engineering is "backtest overfitting" - the practice of tuning parameters until a strategy fits historical noise
rather than persistent market structure. In the literature, this is known as the Data Snooping Bias (White, 2000) or Selection Bias under Multiple
Testing (L pez de Prado, 2018).

To prevent overfitting, Q-LAB mandates rigorous Walk-Forward Optimization (WFO) across all candidate parameter sets.

WALK-FORWARD OPTIMIZATION (WFO) TIMELINE |

+
|
+
|

| CYCLE 1: [--- IN-SAMPLE CALIBRATION: 180 Days ---] [--- OUT-OF-SAMPLE TEST: 60 Days ---] |

|1

| CYCLE 2: [--- IN-SAMPLE CALIBRATION: 180 Days ---] [--- OUT-OF-SAMPLE TEST: 60 Days ---] |

|

| CYCLE 3: [--- IN-SAMPLE CALIBRATION: 180 Days ---] [--- OUT-OF-SAMPLE TEST: 60 Days ---] |

(!

| * walk-Forward Efficiency (WFE) Metric: $WFE = \frac{\text{Annualized Return}_{\text{00S}}}{\text{Annualized
+
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7.1 The Deflated Sharpe Ratio (DSR)

When evaluating the best-performing strategy among $K$ trial backtests, the standard sample Sharpe ratio $\widehat{SR}$ is biased upward. Q-LAB
corrects this by calculating the Deflated Sharpe Ratio (DSR) (Bailey & L pez de Prado, 2014):

$$DSR = \Phi \left( \frac{(\widehat{SR} - SR"*) \sqri{T - 1}}{\sqrt{1 - \hat{\gamma}_3 \widehat{SR} + \frac{\hat{\gamma}_4 - 1}{4} \widehat{SR}"2}}
\right)$$

where $\Phi$ is the standard normal cumulative distribution function, $T$ is the number of observations, $\hat{\gamma} 3$ is skewness,
$\hat{\gamma}_4$ is kurtosis, and $SR™*$ is the expected maximum Sharpe ratio under the null hypothesis of zero true skill across $K$ independent
trials:

$BSRM™ \approx \sqrt{2 \In(K)} + \frac{\gamma_E}\sqrt{2 \In(K)}}$$
where $\gamma_E \approx 0.5772$ is the Euler-Mascheroni constant.

Any strategy failing to achieve a Deflated Sharpe Ratio $DSR \ge 0.95$% ($p < 0.05%) is systematically rejected by Q-LAB, preventing overfitted
statistical artifacts from reaching the production deployment pipeline.

8. Historical Stress Testing: Empirical Black-Swan Playbacks

To provide the Chief Risk Officer and institutional investment committees with empirical proof of resilience, Q-LAB includes historical market tick
playbacks of the four most catastrophic market dislocation events of the modern era:

+
| HISTORICAL BLACK-SWAN REPLAY PERFORMANCE AUDIT |
o - L T o - o - o e - -
| Historical Crisis | Market Event Context | Benchmark Drop | Aethelis Drawdown | Primary Defensive Mechanism
L TP TP PP L TP L TP L L LT PP

March 2020 | COVID Global Liquidity| BTC: -52.0% (24h) | -3.8% | Level 1 Throttling + Gold Kalman

"Black Thursday" | Shock; CME Spreads Dis| CME Crude: -28.0% | | Spread Mean-Reversion Cushion

[

May 19, 2021 | China Mining Ban & | BTC: -48.5% (12h) | -4.6% | Causal State Guard transitioned

Liquidation Flush | $9B Perpetual Liquid. | ETH: -56.0% (12h) | | to EMERGENCY_DERISK; Flat in 8min

Nov 8-11, 2022 | FTX Insolvency Crisis;| BTC: -26.0% (72h) | -2.1% | Tri-Exchange Doctrine: Zero asset
Exchange Run | Stablecoin De-pegs | SOL: -64.0% (72h) | | loss; short perp basis capture |

(N
August 5, 2024 | Bank of Japan (B0OJ) | Nikkei: -12.4% | -2.9% | Realized Variance Spike Guard on

Yen Carry Unwind | 15bps Hike; USD/JPY P1l| BTC: -18.2% (24h) | | Desk 6 purged 6J order book. |
Fomm e m Fommm e m Fomm e m Fomm e m L e L

In every historical crisis scenario, the combination of the Dual-Pillar Hybrid Doctrine, hard Level 1/Level 2 circuit breakers, and cross-asset
diversification successfully capped maximum portfolio drawdown well within the mandatory -5.0% institutional boundary.

9. Mathematical Foundations of Ledoit-Wolf Shrinkage: Complete Derivation

To provide quantitative researchers with complete analytical transparency, this section details the formal derivation of the optimal shrinkage intensity
$\delta”*$ implemented in Q-LAB.

Let $\mathbf{x}_1, \dots, \mathbf{x} _n \in \mathbb{R}"p$ be independent and identically distributed (i.i.d.) observations with mean zero and true
population covariance matrix $\mathbf{\Sigma} \in \mathbb{R}{p \times p}$. The sample covariance matrix is:

$$\mathbf{S} = \frac{1}{n} \sum_{k=1}*n \mathbf{x}_k \mathbf{x} k" T$$

When the dimension $p$ is of the same order of magnitude as sample size $n$ (the high-dimensional regime where $p/n \to c \in (0, \infty)$), the
eigenvalues of $\mathbf{S}$ are systematically dispersed according to the Marchenko-Pastur Law: the smallest sample eigenvalues underestimate the
true eigenvalues, while the largest sample eigenvalues overestimate them.

Ledoit and Wolf (2004) formulate the optimal estimator $\mathbf{\Sigma}"*$ as:

$$\mathbf{\Sigma}** = \delta \mathbf{F} + (1 - \delta) \mathbf{S}$$

The objective is to minimize the expected quadratic loss under the Frobenius norm:

$$L(\delta) = \|\mathbf{\Sigma}"* - \mathbf{\Sigma}\|_F"2 = \text{Tr}\left( (\mathbf{\Sigma}"* - \mathbf{\Sigma})"2 \right)$$
Differentiating with respect to $\delta$ and taking expectations yields the theoretical optimal parameter:

$$\delta™* = \frac{\sum_{i=1}"p \sum_{j=1}"p \text{Var}(s_{ij}) - \text{Cov}(f_{ij}, s_{ijhH\sum_{i=1}"p \sum_{j=1}"p \mathbb{E}(f_{ij} - s_{ijH"2]}$$

9.1 Asymptotic Estimators of Shrinkage Components
In sample data, the numerator and denominator are consistently estimated by:
$B\pi = \sum_{i=1}"p \sum_{j=1}"p \pi_{ij} \quad \text{where} \quad \pi_{ij} = \frac{1{n} \sum_{k=1}"n \left( x_{ki} x_{kj} - s_{ij} \right)"2$$
$$\gamma = \sum_{i=1}"p \sum_{j=1}p (f_{ij} - s_{iiH"2$$
The consistent sample estimator for the optimal shrinkage intensity is then:
$$\hat{\delta}* = \max \left( 0, \min \left( 1, \frac{\hat{\pi} - \hat{\rho}}\hat{\gammay} \cdot n} \right) \right)$$

By applying this closed-form shrinkage directly inside Q-LAB, the condition number of the cross-asset covariance matrix $\kappa(\mathbf{\Sigma}"*) =
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\frac{\lambda_{\max}}{\lambda_{\min}}$ is stabilized from exceeding $10"4$ (under raw sample covariance) down to approximately $4.0 - 8.0%,
guaranteeing stable matrix inversion during portfolio rebalancing.

10. Non-Parametric Distributional Comparison: Mann-Whitney U Test

In addition to the Kolmogorov-Smirnov test detailed in Section 5, Q-LAB incorporates the Mann-Whitney U Test (Wilcoxon Rank-Sum Test) to verify
whether the median of live trade returns has drifted relative to historical simulation returns without requiring assumptions of normality.

Let $X =\{x_1, \dots, x_{n_1}\}$ denote the sample of live trade returns, and $Y = \{y_1, \dots, y_{n_2}\}$ denote the historical simulation trade returns.
All $N = n_1 + n_2$ observations are combined and assigned ranks $R_i$. The Mann-Whitney test statistic $U_1$ is:

$$U_1=n_1n_2+\frac{n_1(n_1 + 1)}{2} - R_1$$
where $R_1 = \sum_{i=1}{n_1} \text{Rank}(x_i)$. For large sample sizes ($n_1, n_2 > 30$), $U$ is asymptotically normally distributed:
$$z_U =\frac{U_1 - \frac{n_1 n_2H2}{\sqrt{\frac{n_1 n_2 (n_1 + n_2 + 1)}{12}}}$$

If $|z_U| > 1.96% ($p < 0.05$%), the hypothesis of identical return locations is rejected, signaling to the Portfolio Manager that live execution
performance has experienced statistically significant alpha degradation.

11. Dynamic Leverage Scaling: The Kelly Criterion & Volatility Targeting

In addition to covariance shrinkage and Monte Carlo simulations, Q-LAB incorporates a mathematical Volatility Targeting & Fractional Kelly Sizing
Engine.

11.1 Continuous Volatility Targeting

Rather than maintaining static dollar allocations across desks, Q-LAB continuously scales portfolio gross leverage such that annualized portfolio
volatility remains targeted at a pre-specified institutional risk budget $\sigma_{\text{target}}$ (typically $\sigma_{\text{target}} = 12.0\%$ per annum):

$$w_t = \min \left( \text{Lev}_{\max}, \frac{\sigma_{\text{target}}}{\hat{\sigma}_{p, t}} \right)$$

where $\hat{\sigma}_{p, t} = \sqgrt{\mathbf{w}_t"T \mathbf{\Sigma}_t"* \mathbf{w}_t}$ is the shrinkage-adjusted instantaneous portfolio volatility
forecast. During calm, low-volatility regimes, leverage scales gracefully up toward the risk profile ceiling; during high-volatility turbulence, leverage is
systematically compressed, automatically reducing exposure before losses accumulate.

11.2 Fractional Kelly Capital Allocation
The theoretical optimal growth fraction under the Kelly Criterion is:
$$f* = \frac{\mu - ri{\sigma’2}$$

Because full Kelly sizing induces severe tail drawdowns (approaching -50% during non-Gaussian volatility shocks), Q-LAB strictly enforces
Quarter-Kelly Sizing ($f_{\text{exec}} = 0.25 \cdot **$), guaranteeing near-optimal long-term capital compounding while capping peak-to-trough
drawdowns within the institutional mandate.
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 07
Digital Asset Quantitative Engines (Desks 1, 2, 3, 7)

Tome 07: Digital Asset Quantitative Engines (Desks 1, 2, 3, 7) (Ch. 7)
1. Pillar 1 Overview: Digital Asset Derivatives Architecture

Pillar 1 of the Aethelis Quant v6.5.0 architecture governs four discrete quantitative execution engines operating across continuous digital asset
derivative markets. Deployed synchronously across primary liquidity venues - Binance USDT-M Futures, Bybit Linear Perps, and OKX Perpetual
Swaps - these engines exploit structurally non-correlated microstructural phenomena: multi-variate volatility compression, cross-sectional causal
momentum asymmetry, statistical double-auction value equilibrium, and delta-neutral cash-and-carry funding yields.

To preserve institutional capital integrity under all market regimes, all Pillar 1 engines operate under unbypassable mathematical governance: zero
unhedged directional inventory exceeding pre-calibrated gross leverage ceilings, strict deterministic $t \rightarrow t+1$ causal execution invariance,
and pre-trade hardware-level margin firewalls.

| PILLAR 1: DIGITAL ASSET QUANTITATIVE ENGINES TAXONOMY |
+

| Desk Designation Underlying Microstructure Paradigm Mathematical Modeling Engine Execution Route |

| = m e
| Desk 1 (Squeeze) Multi-Variate Volatility Compression Johansen VECM / OU Switching Bybit & Binance Maker |

| Desk 2 (Momentum) Cross-Sectional Causal Trend Guard Adaptive Kalman / Wavelet DWT Bybit Linear DMA |

| Desk 3 (AMT Engine) Multi-Venue Double-Auction Value Area Boltzmann Volume Distribution Bybit / Binance / OK
| Desk 7 (Carry Arb) Synthetic Spot-Perp Cash-and-Carry Covered Interest Rate Parity Binance & OKX Hedged |
|
+

2. Desk 1: Dynamic Volatility Compression & Multivariate Cointegrated Stat-Arb

Desk 1 exploits structural volatility compression within the institutional digital asset universe. Financial asset volatility is non-stationary and exhibits
heavy autoregressive clustering. Protracted regimes of abnormal volatility compression (liquidity consolidation) inevitably resolve into explosive kinetic
expansion waves.

2.1 Theoretical Foundations: Johansen Multivariate Cointegration

Rather than analyzing bilateral pairs in isolation, Desk 1 evaluates the entire institutional universe via the Johansen multivariate cointegration
procedure. For a vector $Y_t = [y_{1,t}, y_{2,t}, \dots, y_{K,t}]"T$ of $K$ non-stationary $I(1)$ asset price series, the Vector Error Correction Model
(VECM) is formulated as:

$$\Delta Y_t =\Pi Y_{t-1} + \sum_{i=1}{p-1} \Gamma_i \Delta Y_{t-i} + \mu + \epsilon_t, \quad \epsilon_t \sim \mathcal{N}(0, \Sigma)$$

where the coefficient matrix $\Pi$ contains the long-run cointegrating information. The rank $r = \text{rank}(\Pi)$ determines the number of linearly
independent stationary cointegrating vectors. Factorizing $\Pi = \alpha \beta"T$, where $\beta$ is the $K \times r$ matrix of cointegrating vectors and
$\alpha$ is the speed-of-adjustment matrix, the stationary synthetic spreads are given by:

$$Z_t = \betaT Y_t \sim 1(0)$$

The cointegrating rank $r$ is formally evaluated via two likelihood ratio test statistics:

1. The Johansen Trace Statistic:

$$\lambda_{\text{trace}}(r) = -T \sum_{i=r+1}*K \In(1 - \hat{\lambda}_i)$$

testing the null hypothesis that the number of cointegrating vectors is at most $r$ against the general alternative.
2. The Maximum Eigenvalue Statistic:

$$\lambda_{\text{max}}(r, r+1) = -T \In(1 - \hat{\lambda}_{r+1})$$

testing the null hypothesis of $r$ cointegrating vectors against the specific alternative of $r+1$ vectors. Desk 1 constructs multi-asset stationary
portfolios using the dominant eigenvector $\beta_1$, maximizing mean-reversion stability.

2.2 Continuous-Time Regime-Switching Ornstein-Uhlenbeck (OU) Formulation
The synthetic stationary spread $X_t = \beta"T Y_t$ is governed by a regime-switching Ornstein-Uhlenbeck stochastic differential equation:
$3dX_t = \kappa(S_t) \left( \theta(S_t) - X_t \right) dt + \sigma(S_t) dW_t$$

where $W _t$ is a standard Brownian motion and $S_t \in \{1, 2, \dots, M\}$ represents an unobservable discrete Markovian regime state governed by
the infinitesimal generator matrix $\mathbf{Q} = (q_{ij})$.

- $\kappa(S_t) > 0$: State-dependent speed of mean reversion. The expected half-life of mean reversion in regime $S_t$ is:
$$t_{1/2}(S_t) = \frac{\In 2}{\kappa(S_t)}$$

- $\theta(S_t)$: Long-term asymptotic equilibrium value of the synthetic spread.

- $\sigma(S_t)$: Diffusion volatility parameter.
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The unconditional stationary variance of the spread conditional on regime $S_t$ is:
$$\text{Var}[X_\infty \mid S_t] = \frac{\sigma(S_t)"2H2 \kappa(S_t)}$$

Desk 1 continuously estimates $\kappa(S_t)$ via Kalman expectation-maximization. If $\kappa(S_t)$ drops below an empirical institutional threshold,
mean-reversion trading is dynamically suspended, preventing toxic inventory accumulation during regime transitions.

2.3 Limit Order Book Liquidity Queue Dynamics

In electronic Continuous Limit Order Books (CLOB), passive execution requires rigorous modeling of queue priority. At each price tick $p$, the queue
length $Q(p, t)$ evolves as a continuous-time birth-death process:

$3$dQ(p, t) = \lambda_{\text{limit}}(p, t) dt - \mu_{\text{cancel}}(p, t) dt - \nu_{\text{market}}(p, t) dt$$

where $\lambda_{\text{limit}}$ is the Poisson arrival rate of new limit orders, $\mu_{\text{cancel}}$ is the order cancellation intensity, and
$\nu_{\text{market}}$ is the consumption rate from aggressive market orders. Desk 1 estimates the probability of fill $P_{\text{fill}}(\tau)$ within
empirical horizon $\tau$ conditioned on initial queue priority position $k$:

$$P_{\text{fill}}(\tau \mid k) = \mathbb{P} \left( \int_0Mtau \nu_{\text{market}}(t) dt \ge k \right)$$

Orders are routed exclusively to venue depth levels where $P_{\text{fill}}(\tau \mid k)$ exceeds institutional execution confidence bounds, capturing
passive maker fee rebates while minimizing adverse selection.

2.4 Shannon Information Entropy Applied to Volatility Compression

Volatility compression is fundamentally an informational phenomenon. As price consolidation intensifies, the probability density function $f(r_t)$ of
intraday log-returns concentrates into an ultra-low variance distribution. The continuous Shannon Information Entropy is formulated as:

$$H(r) = - \int_{-\infty}\infty f(r) \log_2 f(r) \, dr$$

The departure from unconstrained normal market diffusion $\phi(r) \sim \mathcal{N}(0, \sigma”2)$ is quantified by the Kullback-Leibler (KL)
Divergence:

$$D_{\text{KL}}(f \parallel \phi) =\int_{-\infty}\infty f(r) \In \left( \frac{f(r)}{\phi(r)} \right) dr$$

When $H(r)$ reaches an empirical minimum and $D_{\text{KL}}(f \parallel \phi)$ exceeds its pre-breakout critical threshold, the order book reflects
maximum informational constraint. This mathematical condition signals that market participants have reached consensus compression, preceding an
inevitable directional kinetic release.

2.5 Kinetic Squeeze Boundary Formulation

The operational squeeze condition is triggered when the volatility envelope of the price distribution contracts strictly within the empirical average range
envelope:

$$\mathcal{S} {\text{squeeze}}(\Theta) \iff \left[ \mu_t - k_B(\Theta) \cdot \sigma_t > \mu_t - k_K(\Theta) \cdot \text{ATR}_t \right] \land \left[ \mu_t +
k_B(\Theta) \cdot \sigma_t < \mu_t + k_K(\Theta) \cdot \text{ATR}_t \right]$$

where $k_B(\Theta)$ and $k_K(\Theta)$ are parametric boundary scaling factors calibrated to mandate profile $\Theta$. Upon contraction termination
(momentum expansion), entry brackets deploy with adaptive volatility trailing ratchets.

Operational Execution & Reconciliation Specifications: Desk 1 evaluates the squeeze state, ATR bands, and volume confirmation strictly on the
preceding completed 1H bar ($i = \text{len}(df) - 23$), eliminating intra-bar volume starvation and avoiding look-ahead bias from incomplete candles. In
position reconciliation (reconcile_positions()), the engine queries live positions on Bybit and Binance enforcing strict directional 3-tuple matching
(symbol, venue, side), isolating Desk 1 positions from opposing hedging legs on other desks (e.g. Desk 7 short basis hedges).

3. Desk 2: Cross-Sectional Causal Momentum Trend & Adaptive Causal State Guard

Desk 2 executes cross-sectional relative strength momentum across the institutional digital asset universe. In highly liquid derivatives markets,
institutional capital allocators rotate capital systematically into leading assets while shedding lagging assets. Desk 2 exploits this systematic
momentum continuation while strictly insulating the portfolio against liquidity cascades through the proprietary Causal State Guard.

Certified Liquidity Sweep & Reclaim Mechanics: Rather than chasing breakouts, Desk 2 implements the certified intrabar state machine across liquid
perpetuals: Sweep detection at $-2.80\text{ ATR}$ ($P_{\text{sweep}} = P_{\text{close}} - 2.80 \times \text{ATR}_{20}$), Reclaim confirmation at
$+0.20\text{ ATR}$ ($P_{\text{entry}} = P_{\text{running\_low}} + 0.20 \times \text{ATR} {20}$), Take Profit at $+1.40\text{ ATR}$, Stop Loss at
$-0.10\text{ ATR}$, and Breakeven ratchet engaged at $+0.40\text{ ATR}$ moving stop to $P_{\text{entry}} + 1.5 \times \text{Fee}_{\text{roundtrip}}$.

3.1 Relative Strength Cross-Sectional Ranking Operators

At each periodic evaluation epoch, Desk 2 evaluates the relative performance vector of all eligible instruments in $\mathcal{U} {\text{global}}$. For
each instrument $i$, the standardized cross-sectional momentum score is defined as:

$$\mathcal{M} _i(t) = \frac{\bar{R}_i(\mathcal{W}_{\text{eval}}) - \mu_{\text{cross}}(t){\sigma_{\text{cross}}(t)}$$

where $\bar{R}_i(\mathcal{w}_{\text{eval}})$ is the return over the multi-horizon rolling window $\mathcal{w}_{\text{eval}}$, and $\mu_{\text{cross}}(t)$
and $\sigma_{\text{cross}}(t)$ are the instantaneous cross-sectional mean and standard deviation across $\mathcal{U} {\text{global}}$. Long
allocations are directed to the upper quantile distribution, while short hedging hedges the lower quantile.
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3.2 Adaptive State-Space Kalman Filtering

To eliminate high-frequency noise from true structural momentum drift, Desk 2 implements an adaptive causal Kalman Filter. The latent momentum
state vector is defined as $x_t = [P_t, v_t, a_t]*T$, where $P_t$ is true price, $v_t$ is instantaneous velocity, and $a_t$ is acceleration:

State Transition Equation:

$$x_t = \mathbf{F} x_{t-1} + w_t, \quad w_t \sim \mathcal{N}(0, \mathbf{Q}_t)$$

Measurement Equation:

$$z_t = \mathbf{H} x_t + v_t, \quad v_t \sim \mathcal{N}(0, \mathbf{R}_t)$$

The recursive prediction and causal update cycle is strictly time-forward:

$$\hat{x}_{t \mid t-1} = \mathbf{F} \hat{x}_{t-1 \mid t-1}$$

$$\mathbf{P}_{t \mid t-1} = \mathbf{F} \mathbf{P}_{t-1 \mid t-1} \mathbf{F}"T + \mathbf{Q}_t$$

$$\mathbf{K}_t = \mathbf{P}_{t \mid t-1} \mathbf{H}"T \left( \mathbf{H} \mathbf{P}_{t \mid t-1} \mathbf{H}*T + \mathbf{R}_t \right){-1}$$
$$\hat{x}_{t \mid t} = \hat{x}_{t \mid t-1} + \mathbf{K}_t \left( z_t - \mathbf{H} \hat{x}_{t \mid t-1} \right)$$

Because the update equation conditions solely on contemporaneous observation $z_t$ and historical priors, lookahead bias is mathematically
impossible. The estimated velocity $\hat{v}_t$ serves as the primary trend conviction operator.

3.3 Multiscale Wavelet Decomposition (Mallat Pyramidal Architecture)
Price action contains multi-frequency components ranging from sub-millisecond microstructure noise to macro multi-day trends. Desk 2 applies a
Discrete Wavelet Transform (DWT) utilizing orthonormal Daubechies wavelets via Mallat's pyramidal multiresolution algorithm:
$$f(t) = A_J(t) + \sum_{j=1}"J D_j()$$

where $A_J(t)$ is the low-frequency background approximation trend and $D_j(t)$ represents detail coefficients at decomposition level $j$. By filtering
out high-frequency detail levels $D_1(t)$ and $D_2(t)$ (attributable to order book flickering and taker sweeps), Desk 2 extracts pristine trend
trajectories without introducing phase lag associated with traditional moving averages.

3.4 Optimal Execution & Microstructure Friction Mitigation (Almgren-Chriss)

Executing large institutional positions across digital asset venues creates permanent and temporary market impact. Desk 2 routes parent orders via an
adapted Almgren-Chriss framework, optimizing the trade trajectory $x_0, x_1, \dots, x_N$ over trading interval $\tau$ to minimize total execution cost
and risk:

$$\min_{\{x_k\}} \mathbb{E}[\text{Cost}] + \lambda \mathbb{V}[\text{Cost}] = \sum_{k=1}"N \left( \tau \cdot \eta \left( \frac{n_k}{\tau} \right)2 +
\frac{1H2} \gamma n_k"2 \right) + \lambda \sigma”2 \sum_{k=1}*N \tau x_k"2$$

where $n_k = x_{k-1} - x_k$ is the trade volume in sub-interval $k$, $\eta$ is the temporary impact coefficient, and $igammas$ is the permanent impact
parameter. Child orders are discretized into algorithmic Time-Weighted Average Price (TWAP) and synthetic Iceberg orders, minimizing order book
footprint.

3.5 Causal State Guard Finite-State Machine & Momentum Exhaustion Detection

The Causal State Guard is a deterministic Finite-State Machine (FSM) engineered to prevent catching falling knives during systemic liquidity flushes:

+
| CAUSAL STATE GUARD: DETERMINISTIC FINITE-STATE MACHINE |
+

Current State Transition Condition Next State / Operational Action |

REGIME_NORMAL Instantaneous Volatility Spike > Threshold REGIME_FLUSH_ALERT (Entries Locked) |
REGIME_FLUSH_ALERT Liquidity Cascade Ongoing / Book Depth Depleted MAINTAIN HALT (Zero Long Entries) |
REGIME_FLUSH_ALERT Order Absorption Confirmed + CVD Bullish Divergence REGIME_RECOVERY_ARMED (Watch Reclaim)
REGIME_RECOVERY_ARMED Structural Sweep High Reclaimed Causal Confirmation REGIME_NORMAL (Algo Reactivated) |

Momentum Exhaustion Detection (MED) evaluates the divergence between Cumulative Volume Delta ($\text{CVD} t = \sum (V_{\text{buy}} -
V_{\text{sell}})$) and price evolution $\Delta P_t$. When price prints a lower low while CVD prints a higher low (absorption signature), institutional
sellers have been fully absorbed, arming the algorithm for trend re-entry.

BTC Parabolic Shock Filter: In addition to the rolling 72h Pearson correlation veto ($\rho_{72\text{h}} \ge 0.80, \Delta\text{BTC} {1\text{H}} <
-0.30\%$), Desk 2 deploys the BTC Parabolic Shock Filter, categorically blocking new LONG entries if Bitcoin's 4-hour return
$\Delta\text{BTC}_{4\text{H}} \ge +3.0\%$ (exhaustion run) or if 1H candle range exceeds $2.5 \times \text{ATR}_{14}$ (volatility blow-off candle).

4. Desk 3: Multi-Venue Auction Market Theory (AMT) Causal Engine

Desk 3 operates pursuant to the foundational principles of Auction Market Theory (AMT), treating financial markets as continuous bilateral double
auctions whose primary purpose is to facilitate trade through bilateral price discovery. Rather than relying on lag-prone chart indicators, Desk 3
analyzes structural volume profile equilibria and multi-venue order flow.
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4.1 Steidlmayer Volume Profile Foundations & Market Equilibrium

Developed by J. Peter Steidlmayer at the Chicago Board of Trade (CBOT), AMT posits that markets auction prices upward until buying is exhausted
(identifying the unfair high) and downward until selling is exhausted (identifying the unfair low). For any continuous evaluation window, price space is
discretized into tick intervals $p_k$. Total transacted volume within interval $k$ is:

$$V(p_k) =\sum_{t} Q_t \cdot \mathbb{I}(p_k \le P_t < p_k + \Delta P)$$

- Point of Control (POC): The price level corresponding to maximum market consensus: $$\text{POC} = \arg\max_{p_k} V(p_k)$$
- Value Area (VA): The price interval $[\text{VAL}, \text{VAH}]$ encompassing exactly 70.0% of cumulative auction volume: $$\sum_{p_k
= \text{VALI \Mtext{VAH}} V(p_k) = 0.70 \cdot \sum_{\text{all } k} V(p_k)$$

4.2 Boltzmann Statistical Mechanics of Auction Value Distributions

In high-frequency continuous markets, transacted volume profiles conform to the principles of classical Boltzmann statistical mechanics. The
probability distribution $f(P)$ of transacted contracts across price states $P$ can be modeled as a canonical Gibbs-Boltzmann distribution:

$3f(P) = \frac{1}{\mathcal{Z}} \exp \left( -\beta U(P) \right), \quad \mathcal{Z} = \int_{-\infty}*{\infty} \exp \left( -\beta U(P) \right) dP$$

where $\mathcal{Z}$ is the partition function and $U(P)$ represents the market potential energy function, which is inversely proportional to transacted
liquidity density. The Point of Control (POC) represents the global minimum of the market potential well:

$$\nabla U(\text{POC}) = 0, \quad \left. \frac{\partial*2 U}{\partial P2} \right|_{P=\text{POC}} > 0$$

When external liquidity shocks dislocate market prices into Value Area extremes ($P \rightarrow \text{VAH}$ or $P \rightarrow \text{VAL}$), the
potential energy $U(P)$ escalates sharply. Thermodynamic entropy maximization exerts a restoring drift force back toward the POC equilibrium:

$$F_{\text{restoring}}(P) = - \nabla U(P) \propto - \text{sign}(P - \text{POC}) \cdot \frac{|P - \text{POC}/K\sigma_{\tau}}$$

Desk 3 positions passively at structural distribution perimeters, monetizing this thermodynamic mean-reversion pressure.

4.3 Game-Theoretic Equilibrium: Responsive vs. Initiative Participants
Market microstructure at Value Area boundaries represents a dynamic non-cooperative game between two primary classes of market participants:

1. Passive Liquidity Providers (Responsive Traders): Expect price to revert toward fair economic value (POC). They rest passive limit orders at
VAH/VAL boundaries.

2. Aggressive Directional Sweepers (Initiative Traders): Possess private information or macro mandates seeking to reject previous value and drive
price into an initiative trend expansion.

The Nash equilibrium of this game dictates that passive limit orders should be placed only when the Volume-Synchronized Probability of Toxicity
($VPINS) confirms that aggressive sweepers lack sufficient order flow delta to establish new acceptance outside value. When order absorption is
verified, Desk 3 enters on the responsive side; if initiative CVD expansion is detected, boundary orders are instantly purged.

4.4 Multi-Venue Direct Market Access (DMA) Maker-Only Architecture

Execution efficiency determines institutional strategy longevity. Desk 3 connects simultaneously to primary liquidity venues: Bybit Linear Perps
(Primary Maker DMA), Binance Futures, and OKX Swap. The engine executes strictly under Limit Post-Only (Maker) semantics:

- Zero Adverse Taker Slippage: Passive limit orders resting on the exchange matching engine eliminate spread crossing losses.

- Liquidity Rebate Capture: Every executed fill earns a venue liquidity rebate ($\rho_{\text{maker}}$), transforming microstructural friction
into positive alpha.

- Non-Positive Effective Slippage: By entering exclusively at market extremes, Desk 3 achieves mathematically favorable execution
prices relative to mid-quote.

4.5 Formal Mathematical Proof of Persistent Momentum Eviction (Bitcoin Beta Decorrelation)

A primary institutional feature of Desk 3 is complete decorrelation from broad market beta (Bitcoin drift). The price process of any digital asset $P_t$
can be decomposed into macroeconomic drift and idiosyncratic double-auction rotation:

$$dP_t = \left( \mu_{\text{macro}}(t) + \mu_{\text{auction}}(t) \right) dt + \sigma_t dW_t$$

In assets exhibiting high persistent momentum autocorrelations $\mathbb{E}[r_t r_{t+k}] \gg 0% (such as Bitcoin during macro expansion cycles),
$\mu_{\text{macro}}(t)$ dominates $\mu_{\text{auction}}(t)$. Under such conditions, standard responsive mean-reversion algorithms suffer severe
asymmetric adverse selection: passive boundary limit orders are repeatedly run over by persistent institutional trend sweeps.

To mathematically eliminate this risk, Desk 3 implements the Two-Tier Dynamic Screener Gate. Instruments displaying persistent directional drift falil
the Mean Reversion Expansion Spread (MRES) criteria and are dynamically EVICTED from Desk 3's universe. Consequently, Bitcoin (BTCUSDT") is
evicted during persistent trend regimes, while high-elasticity rotation tokens ("NEAR, ADA, SUI, XRP, DOGE, SOL, ETH") are promoted, ensuring the
strategy generates pure, beta-neutral idiosyncratic alpha.
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4.6 Two-Tier Dynamic Screener Gate (Asset Governance)
Desk 3 rejects static whitelist hardcoding. The tradable universe is governed dynamically across two tiers:
Tier 1: Master Institutional Universe:
$$\mathcal{U}_{\text{global}} = \{\text{BTC, ETH, SOL, XRP, DOGE, NEAR, ADA, SUI\}$$

Tier 2: Desk 3 Specific Eligibility Gate: Each asset must simultaneously pass three rolling empirical metrics evaluated over multi-session evaluation
window $\mathcal{W}_{\text{eval}}$:

- Mean Reversion Expansion Spread (MRES): $$\mathcal{M}_{\text{spread}}(\mathcal{w}_{\text{eval}})
\frac{\mathbb{E}[|P_{\text{extreme}} - \text{ VWAP}_{\tau}|[{\text{ATR} {\tau}} \ge \gamma_{\text{spread}}(\mathcal{F})$$

- Hurdle-to-Fee Margin Ratio: $$\Delta P_{\text{expected}}(\text{POC}) \ge \phi_{\text{hurdle}} \cdot \mathcal{C}_{\text{friction}}$$

- Rolling Performance Gate: $$\text{PF}_{\text{rolling}}(\mathca{W}_{\text{eval}}) \ge \gamma_{\text{PF}} \quad \text{and} \quad
\text{PnL}_{\text{net}}(\mathca{W}_{\text{eval}}) > 0$$

Release v6.5.0 Governance Status: 7 Promoted Core Tokens (‘NEAR, ADA, SUI, XRP, DOGE, SOL, ETH’); 1 Evicted Instrument (BTCUSDT"
evicted due to structural momentum drag and bilateral auction decay).

4.7 Bifurcated Asymmetric Execution Architecture
To neutralize portfolio variance without truncating long-tail profits, Desk 3 decouples position lifecycle management into two asymmetric components:

- Phase | - Capital De-Risking Allocation ($\omega_{\text{derisk}}$): Passive limit Maker order resting exactly at the Point of Control
($\text{POC} \equiv \text{VWAP}_{\tau}$). Realizes instantaneous profit and triggers the Breakeven Ratchet.

- Dynamic Breakeven Ratchet: The moment mark price reaches the dynamic hysteresis threshold $\delta_{\text{BE}}$, or upon confirmed
execution of Phase |, the protective Stop Loss is automatically ratcheted to Breakeven $+ \delta_{\text{offset}}$. Initial risk is completely
neutralized on residual inventory.

- Phase Il - Convex Runner Allocation ($1 - \omega_{\text{derisk}}$): Monetizes fat-tail auction expansions targeting
$\text{VAH}\text{VAL}$ extensions at $\lambda_{\text{expansion}} \cdot \sigma$. Guarded by a continuous adaptive trailing step
$\delta_{\text{trail}}(\sigma_t)$ and an empirical time-stop $\tau_{\text{horizon}}$ ensuring continuous capital turnover.

Live Order Management & Zero-Size Auto-Reconciliation: The execution daemon continuously queries live position state directly from Bybit Linear
(/v5/position/list). If the exchange returns size == 0, the engine immediately purges the internal tracking record (active_positions.clear()). If an order
closure instruction encounters Bybit error code 110017 ("Order size exceeds position size" on reduce-only orders), the engine intercepts the
exception, clears the ghost position record, and restores normal scanning state without repeat submission loops.

4.8 Complete Certified 6-Profile Matrix (v6.5.0 Institutional Release)

The operational risk and performance matrix across the six certified institutional mandate profiles is detailed below:

| DESK 3 AMT - CERTIFIED INSTITUTIONAL MANDATE MATRIX (v6.5.0) |

e [ [ R - - Femmmemmeaaaaas - [ -
| Profile Mandate | Status | Max Gross Lev | Win Rate | Profit Factor | Net ROI (120d) | Proj. 1y ROI | Max DD
B R —— B S, o e e e e e e e e e e m oo oo o e e e e a e oo o e e e e e e e B R —— R pe——

| Conservative | Active | 1.0x | 73.40% | 9.15 | +81.30% | +247.27% | 4.38% | 56.43|

| Balanced | Active | 2.0x | 71.81% | 6.43 | +162.33% | +493.77% | 4.02% |122.75|

| Aggressive [*] | GOLDEN FLAG | 2.0x | 72.50% | 7.72 | +210.04% | +638.80% | 3.05% |209.56|

| Afterburner | Active | 2.5x | 71.74% | 7.25 | +215.68% | +656.03% | 2.99% |219.06|

| Hyper | Active | 3.0x | 72.03% | 5.80 | +268.31% | +816.11% | 5.91% |138.06|

| Hyper Cube | Active | 4.0x | 73.26% | 5.22 | +291.74% | +887.37% | 6.22% |142.57|

oo [ — o e oo e FREp—

5. Desk 7: Delta-Neutral Basis Carry & Covered Interest Parity Arbitrage

While Desks 1, 2, and 3 monetize statistical directional rotations, Desk 7 is engineered as an institutional Pure Synthetic Yield Engine. The strategy
exploits the structural premium embedded in perpetual swap funding rates while eliminating directional price exposure.

5.1 Perpetual Funding Rate Mechanics & Covered Interest Parity (CIP)

In digital asset derivative markets, perpetual contracts do not expire. To tether the perpetual contract price $P_{ ext{perp}}$ to the underlying index
spot price $P_{ ext{spot}}$, exchanges enforce periodic cash transfers between long and short positions. Under Covered Interest Parity (CIP), the
annualized implied funding rate $r_{ ext{implied}}$ reflects the cost of capital, borrow fees, and leveraged demand:

$$F_t = \frac{P_{\text{perp}, t} - P_{\text{spot}, t}{P_{\text{spot}, t}} + \text{clamp}\left( \text{InterestRate} - \text{Premiumindex}, -c, +c \right)$$
When positive speculative funding regimes prevail, long contract holders pay short holders periodic cash distributions $\text{CF}_t$:
$$\text{CF}_t = |Q_{\text{perp}}| \cdot P_{\text{perp}, t} \cdot F_t$$

Desk 7 captures this cash flow continuously without taking market risk.
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5.2 Rigorous Mathematical Proof of Absolute Delta-Neutrality
For an allocated capital notional $N$, Desk 7 executes simultaneous, mutually offsetting legs across spot and derivative venues:
$3\text{Leg 1 (Long Cash Spot):} \quad Q_{\text{spot}} = + \frac{N / 2{P_{\text{spot}}}$$
$3\text{Leg 2 (Short Perpetual Swap):} \quad Q_{\text{perp}} = - \frac{N / 2H{P_{\text{perp}}}$$
The portfolio sensitivities with respect to underlying asset price $P$ are:

$$\Delta_{\text{portfolio}} = \frac{\partial V_{\text{spot}}}{\partial P} + \frac{\partial V_{\text{perp}}K\partial P} = Q_{\text{spot}} + Q_{\text{perp}} \equiv
0.00$$

$$\Gamma_{\text{portfolio}} = \frac{\partial*2 V_{\text{spot}}{\partial P72} + \frac{\partial*2 V_{\text{perp}}}{\partial PA2} \equiv 0.00$$
$$\text{Vega} {\text{portfolio}} = \frac{\partial V_{\text{portfolio}}}{\partial \sigma} \equiv 0.00$$

Whether the underlying asset doubles or drops precipitously, price gains on one leg perfectly offset losses on the opposite leg, preserving principal
NAV while accumulating non-directional cash flow.

5.3 Unified Trading Account (UTA) & Cross-Venue Multi-Collateral Margin Optimization

On modern Tier-1 derivatives venues (Bybit UTA, Binance Portfolio Margin, OKX Multi-Collateral), cross-margin accounts evaluate risk across spot
and derivative holdings simultaneously. Haircut parameters $\phi_k$ are applied to spot collateral balances to calculate effective margin equity
$E_{\text{margin}}$:

$$E_{\text{margin}} = \sum_{k} Q_k \cdot P_k \cdot (1 - \phi_k) + \text{UnrealizedPnL}_{\text{deriv}}$$

Because spot long positions provide direct collateral backing for perpetual short positions, Desk 7 achieves optimal capital efficiency, eliminating the
need for frequent cross-exchange cash transfers and drastically reducing liquidation risks.

Tenure Rotation & Safety Unrolling Protocols: Active basis pairs are subject to a 60-epoch tenure hysteresis ($60 \times 8\text{h} = 480\text{h} =
20\text{ days}$), systematically unrolling and rotating inventory to avoid long-tenure basis divergence. In addition, if the annualized basis spread APR
collapses below $2.50\%$, or if the 8-hour funding rate delta turns non-positive ($\Delta\text{FR} {8\text{h}} \le 0%), the engine triggers an immediate
atomic exit (simultaneous Market Buy to Close on Binance Futures perp and Market Sell on OKX Spot), safeguarding capital from funding bleed.

5.4 Reverse Basis Inversion Protocol

During severe market downturns or liquidity panics, funding rates can invert to negative values ($F_t < 0$). In such regimes, holding long spot and
short perpetuals would incur cash drag. Desk 7 activates the Reverse Basis Protocol:

1. Existing standard cash-and-carry positions are unwound at minimal transaction cost.

2. If institutional spot borrow facilities are available at borrow rate $r_{\text{borrow}}$, the engine executes:

$$\text{Short Spot (Institutional Borrow)} + \text{Long Perpetual Swap}$$

3. The position harvests the negative funding payment from short perpetual holders provided the net yield condition is satisfied:
$$F_{\text{net}} = |F_{\text{perp}}| - r_{\text{borrow}} > 0$$

This dynamic bidirectionality guarantees all-weather synthetic yield extraction across both expansion and contraction market phases.
6. Toxicity Modeling in High-Frequency Digital Asset Markets: The VPIN Framework

To insulate passive limit orders from toxic flow during aggressive institutional sweeps, all Pillar 1 engines integrate the Volume-Synchronized
Probability of Toxicity (VPIN) framework. Volume is discretized into constant-volume buckets of size $V_{\text{bucket}}$:

$S$VPIN_t = \frac{\sum_{\tau=t-N+1}*t [V_\tau"B - V_\tau"S|H{N \cdot V_{\text{bucket}}}$$

When $VPIN_t$ exceeds its calibrated toxicity threshold, order books are deemed toxic: quoting spreads are widened or passive orders are
temporarily retracted, safeguarding the desk against adverse selection.

7. Microstructural Inventory Shading During Volatility Regimes

To maintain inventory neutrality without incurring aggressive market order spread-crossing fees, Pillar 1 engines apply continuous Avellaneda-Stoikov
inventory shading:

$3$I_{\text{shade}} = \tanh \left( \frac{q_t{Q_{\max}} \right) \cdot \kappa_{\text{shade}} \cdot \sigma_t$$

where $qg_t$ is current inventory, $Q_{\max}$ is the maximum allowable inventory capacity, and $\sigma_t$ is instantaneous realized volatility. Bid and
ask quotes are shifted dynamically to encourage executions that naturally drive net inventory back to zero.

8. Pillar 1 Algorithmic Operational Specification Matrix

The structural reference matrix below outlines the mathematical governing paradigms and risk bounds across all four Pillar 1 engines:
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+
| PILLAR 1: ALGORITHMIC OPERATIONAL SPECIFICATION MATRIX |

L C TP LT TP PP L C TP L C TP T
| Engine Desk | Governing Model | Evaluation Domain | Operational Bounds| Primary Risk Containment |
B R —— e B R —— B R —— e

| Desk 1 (Squeeze) | Johansen VECM / OU | Multi-Horizon W | Volatility Window | Causal 1H Closed (len-2) & Sid
| Desk 2 (Momentum) | Lig. Sweep & Reclaim | $w=72\text{h}$ BTC| Swp -2.80, Rec+0.2| BTC Veto Soft & Parabolic
| Desk 3 (AMT) | Boltzmann Double-Auct | Volume Profile VA | Value Area POC | Size=0 Auto-Reconcile & 110017 F
| Desk 7 (Carry) | Covered Interest CIP | Funding Epoch | Delta 0.00 Strict | 60 Epochs (20d) & APR < 2.50% EX
B R —— e B R —— B R —— e

7. v6.5.0 Pre-Trade Institutional Gating Specifications: The 4 Crypto Gates

In the v6.5.0 architecture, every Pillar 1 execution engine incorporates a mathematically rigorous pre-trade gate that must be satisfied before any order
packet is dispatched to the exchange matching engines:

Desk Gate Identifier Mathematical Formulation Institutional Risk Mitigation

Desk 1 CVD Divergence Gate (1H) $$Z_{\Delta CVD} \ge +0.50 \text{ ( Prevents entering false breakouts i
Desk 2 Ol Velocity Gate (5m) $$\Delta OI_t = OI_t - OI_{t-1} \ge Vetoes momentum entries driven by p
Desk 3 Taker Initiative Gate (5m) $$\mathcal{R}_{\text{taker}} = \fra Confirms boundary exhaustion for PO
Desk 7 Dynamic Net Hurdle Gate $SAPR_{\text{net}} = APR_{\text{bas Binds execution to fee-immune basis
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 08
Regulated CME TradFi Quantitative Engines (Desks 4, 5, 6)

Tome 08: Regulated CME TradFi Quantitative Engines (Desks 4, 5, 6) (Ch. 8)
1. Pillar 2 Overview: Regulated Derivatives Architecture

Pillar 2 of Aethelis Quant v6.5.0 governs institutional execution across the regulated derivative markets of the Chicago Mercantile Exchange (CME
Globex), New York Mercantile Exchange (NYMEX), and Commodity Exchange (COMEX). Interfaces are maintained via an enterprise-grade TCP
socket bridge connected directly to Interactive Brokers LLC (IBKR).

Unlike high-beta digital assets, traditional financial futures are anchored in macroeconomic fundamentals, physical supply-and-demand balances,
storage and transportation costs, and central bank interest rate differentials. Pillar 2 incorporates three specialized econometric engines designed to
extract non-directional statistical arbitrage alpha:

1. Desk 4: Metals Dynamic Kalman State-Space Spread (Gold $GC$ vs. Silver $SI$).
2. Desk 5: NYMEX 3:2:1 Energy Complex Refinery Crack Spread (Crude Oil $CL$, Gasoline $RB$, Heating Oil $HO$).
3. Desk 6: G10 Currency Pairs Covered Parity & Volatility Mean-Reversion (Japanese Yen $6J$, Euro FX $6E$).

Execution across these three desks is bounded by six mathematically calibrated Institutional Risk Profiles, providing institutional treasury committees
with precise control over leverage, drawdowns, and margin allocation.

PILLAR 2: TRADFI CME QUANTITATIVE ENGINES |

| DESK 4: METALS DYNAMIC KALMAN STATE-SPACE SPREAD | |

| - Econometric Model: Recursive Bayesian Kalman Filter with Dynamic Time-Varying Hedge Ratio $\beta_ t$ |

| - Assets: COMEX Micro Gold (MGC) vs. Micro Silver (SIL) | |

| - Statistical Dynamics: Ornstein-Uhlenbeck Mean-Reverting Spread: $dX_t = \kappa (\Theta - X_t) dt + \sigm

DESK 5: NYMEX 3:2:1 ENERGY COMPLEX REFINERY CRACK SPREAD | |

- Physical Model: Commercial Refinery Gross Margin ($3 \text{ Crude} \implies 2 \text{ Gasoline} + 1 \text
- Assets: WTI Light Sweet Crude 0il (CL), RBOB Gasoline (RB), NY Harbor ULSD Heating 0il (HO) | |

- Fundamental Anchors: EIA Weekly Petroleum Status Inventory Cycles & Seasonal Refinery Maintenance | |

| DESK 6: G10 CURRENCY PAIRS COVERED PARITY & VOLATILITY MEAN-REVERSION | |

| - Macro Model: Covered Interest Rate Parity ($F = S \frac{1+r_d}{1+r_f}$) & Unwind Volatility Detection |
| - Assets: CME Japanese Yen (6J / J7) & Euro FX (6E / M6E) Futures | |

| - Shock Defense: Realized Variance Spike Guards detecting Bank of Japan (BOJ) Currency Interventions | |

+
|

+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+

2. Desk 4: Metals Dynamic Kalman State-Space Spread Mechanics

The economic relationship between Gold and Silver is one of the oldest statistical arbitrage pairs in financial history. While both metals share monetary
debasement and inflation-hedging properties, Silver possesses significant industrial utility (photovoltaics, electronics), resulting in dynamic,
time-varying beta relative to Gold.

Classical static cointegration techniques (such as Ordinary Least Squares regression over a fixed historical window) fail in live execution because the
true economic hedge ratio $\beta_t$ drifts continuously under changing macroeconomic regimes. Desk 4 resolves this by modeling the spread inside a
State-Space Recursive Kalman Filter.

2.1 State-Space Formulation

Let $y_t =\In(P_{\text{Gold}, t})$ denote the observable measurement at time $t$, and let $x_t = \In(P_{\text{Silver}, t})$ denote the independent price
vector. The system is formulated in state-space representation:

1. Measurement (Observation) Equation:
$$y_t = \mathbf{H}_t \boldsymbol{\theta} t + v_t, \quad v_t \sim \mathcal{N}(0, R_t)$$

where $\mathbf{H}_t = [x_t, 1]$ is the observation matrix, $\boldsymbol{\theta}_t = [\beta_t, \alpha_t]"T$ is the unobserved state vector containing the
dynamic hedge ratio $\beta_t$ and spread intercept $\alpha_t$, and $v_t$ is measurement noise with variance $R_t$.

2. State Transition (System) Equation:
$$\boldsymbol{\theta}_t = \mathbf{\Phi} \boldsymbol{\theta} {t-1} + \mathbf{w}_t, \quad \mathbf{w}_t \sim \mathcal{N}(0, \mathbf{Q}_t)$$

where $\mathbf{\Phi} = \mathbf{l} 2$ represents a random-walk transition model, and $\mathbf{Q} t$ is the process noise covariance matrix
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governing the allowable rate of hedge ratio adaptation.

2.2 Recursive Kalman Filter Update Equations
At each arriving tick:
1. Time Update (Prediction):
$$\hat{\boldsymbol{\theta}} {t|t-1} = \hat{\boldsymbol{\theta}} {t-1]t-1}$$
$$\mathbf{P} {t|t-1} = \mathbf{P} {t-1]t-1} + \mathbf{Q} t$$
2. Measurement Residual (Innovation):
$$e_t =y_t - \mathbf{H}_t \hat{\boldsymbol{\theta}} {t|t-1}$$
$$S_t = \mathbf{H}_t\mathbf{P} {t|t-1} \mathbf{H} t"T + R_t$$
3. Measurement Update (Correction via Riccati Equations):
$$\mathbf{K}_t = \mathbf{P}_{t|t-1} \mathbf{H} t"T S_t"{-1} \quad \text{(Kalman Gain)}$$
$$\hat{\boldsymbol{\theta}} {t|t} = \hat{\boldsymbol{\theta}} {t|t-1} + \mathbf{K} te_t$$
$$\mathbf{P}_{t|t} = \mathbf{l} - \mathbf{K}_t \mathbf{H} t) \mathbf{P} {t|t-1}$$
The resulting Normalized Kalman Spread Z-Score is:
$$z_t = \frac{e_t}H{\sqrt{S_t}} = \frac{y_t - (\beta_t x_t + \alpha_t){\sqrt{S_t}}$$

+
| KALMAN SPREAD ORNSTEIN-UHLENBECK DYNAMICS |

|
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2.3 Ornstein-Uhlenbeck Mean-Reversion Parameters
The residual spread $X_t = e_t$ follows a continuous Ornstein-Uhlenbeck Stochastic Process:
$$dX_t = \kappa (\Theta - X_t) dt + \sigma dW_t$$

where $\kappa$ is the mean-reversion speed, $\Theta$ is the long-term equilibrium mean ($\Theta \approx 0$), and $\sigma$ is spread volatility. The
theoretical Half-Life of Mean Reversion ($\tau_{1/2}$) is calculated as:

$$\tau_{1/2} = \frac{\In(2)}{\kappa}$$

Desk 4 verifies that $\tau_{1/2}$ remains within a healthy operational window (typically 12 to 36 trading hours). If $\tau_{1/2}$ expands beyond
threshold boundaries, indicating structural cointegration breakdown, new entry signals are automatically suppressed.

Certified Operational Thresholds: Real execution thresholds are calibrated to: entry barrier $Z_{\text{in}} = 2.80%, mean-reversion exit barrier
$Z_{\text{out}} = 0.60$, and regime decoupling stop $Z_{\text{stop}} = 3.50%. Microstructure constraints enforce a minimum holding time of
$300\text{s}$, a reversal cooldown of $300\text{s}$ post-exit, and a rigid $30\text{m}$ circuit breaker cooldown (REGIME_COOLDOWN_LOCK) on
consecutive stop-outs.

3. Desk 5: NYMEX Energy Complex 3:2:1 Crack Spread Mechanics

Petroleum refining is a physical conversion industry. Commercial petroleum refineries purchase crude oil as feedstock and process it through
atmospheric distillation and catalytic cracking units into refined transport fuels: gasoline and diesel/heating oil.

The gross refining margin - known on the New York Mercantile Exchange as the 3:2:1 Crack Spread - represents the theoretical economic margin
obtained from cracking three barrels of crude oil into two barrels of unleaded gasoline and one barrel of distillate fuel.

3.1 Physical Crack Spread Equation
On the NYMEX, contracts trade in different volumetric units:

- WTI Light Sweet Crude Oil ($CL$): Quoted in Dollars per Barrel ($/bbl). Contract size: 1,000 barrels.
- RBOB Gasoline ($RB$): Quoted in Dollars per Gallon ($/gal). Contract size: 42,000 gallons ($1 \text{ barrel} = 42 \text{ US gallons}$).
- NY Harbor ULSD Heating Oil ($HO$): Quoted in Dollars per Gallon ($/gal). Contract size: 42,000 gallons.

To compute the crack spread on a standardized per-barrel basis:

$$\text{Crack321} t = \frac{2 \times (P_{RB, t} \times 42) + 1 \times (P_{HO, t} \times 42) - 3 \times P_{CL, t}}{3}$$
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| NYMEX 3:2:1 REFINERY CRACK SPREAD STRUCTURE |

|
FEEDSTOCK INPUT (BUY) REFINED PRODUCT OUTPUTS (SELL) |

B R L L T B T T L R L L L T T T + |
| 3 Barrels WTI Crude 0il (CL) | ======> | 2 Barrels RBOB Gasoline (RB) | + | 1 Barrel Distillate]| |
| 3,000 Barrels (3 NYMEX Contracts) | REFINERY | 2,000 Barrels (2 NYMEX Contracts) | | Heating 0il (HO) | |

| Input Cost: $3 \times P_{CL}$ | PROCESS | Revenue: $2 \times (P_{RB} \times 42)$| | 1,000 Barrels (1) | |
| | | | | Rev: $P_{HO}\times 42%|

GROSS REFINING MARGIN SPREAD: $\text{Margin} = \frac{2 \times (42 P_{RB}) + 1 \times (42 P_{H0}) - 3 P_{CL}}
- Physical Lower Bound: Marginal refinery operating cost ($12.00 - $16.00/bbl). Below this, refineries shut
- Physical Upper Bound: Refining capacity bottleneck ($38.00 - $48.00/bbl). Above this, maximum runs create
|
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3.2 Fundamental Inventory Cycles & EIA Volatility Dampers

Desk 5 incorporates structural calendar dampers around the US Energy Information Administration (EIA) Weekly Petroleum Status Report released
every Wednesday at 10:30 EST. Due to severe market impact and instantaneous volatility expansion during inventory report releases:

- Desk 5 freezes all new order placement $T_{\text{pre}} = 15 \text{ minutes}$ prior to the EIA release.
- Order placement resumes $T_{\text{post}} = 10 \text{ minutes}$ post-release once order book liquidity depth has normalized.

4. Desk 6: G10 FX Covered Parity & Volatility Mean-Reversion

Desk 6 focuses on foreign exchange derivative relationships on the CME currency complex, specializing in the Japanese Yen (6J / J7) and Euro FX
(6E / M6E) futures.

4.1 Covered Interest Rate Parity (CIRP)

Under classical financial economics, the theoretical relationship between the spot exchange rate $S$ and the futures price $F$ maturing at time $T$ is
governed by Covered Interest Rate Parity:

$$F_t=S_t\frac{l + r_{\text{domestic}} \cdot (T - t)}{1 + r_{\text{foreign}} \cdot (T - t)}$$

During normal liquidity conditions, deviations from parity are negligible. However, in periods of severe global funding stress, dislocations emerge in
cross-currency basis swaps. Desk 6 captures these dislocations as basis spreads widen beyond transaction cost thresholds.

4.2 Central Bank Intervention Defense Guard

The primary hazard in trading Japanese Yen derivative spreads is direct currency intervention by the Ministry of Finance (MOF) / Bank of Japan
(BOJ). When the BOJ intervenes, it executes massive spot dollar sales through commercial banks, creating vertical 300 to 500 pip gap moves in
minutes that invalidate statistical models.

Desk 6 incorporates a Realized Variance Spike Detector:

$S\text{RV}_t = \sum_{i=1}{M} \left( \In \frac{P_{t, i}{P_{t, i-1}} \right)"2$$

If 5-minute realized variance exceeds a calibrated threshold $\text{RV}_{\text{crit}}$:

1. The engine classifies the market state as CENTRAL_BANK_INTERVENTION_REGIME.
2. All resting limit orders on the 6J book are purged within 15 milliseconds.

3. All new execution entries are locked out for a mandatory 4-hour stabilization window.
5. Institutional Risk Profiles (Profiles 1 to 6)

Pillar 2 execution is strictly governed by six standardized Institutional Risk Profiles, allowing the Chief Risk Officer (CRO) to align capital allocation with
organizational risk mandates:

| INSTITUTIONAL RISK PROFILES SPECIFICATION MATRIX |

oo - B T o - o - o - Fomm e - -
| Profile | Designation / Mandate | Max Gross Lev | Intraday Max DD | SPAN Margin Cap | Approved Asset Univers
F o e e e oo B R —— R —— R
| 1 | Capital Preservation | 1.0x (Cash) | -1.5% | 10.0% NAV | Micro Metals (MGC/SIL) |

| 2 | Conservative Treasury | 1.5x | -2.0% | 15.0% NAV | Metals + FX (MGC/6E) |

| 3 | Balanced Multi-Asset | 2.5x | -3.0% (L1 Breaker)| 20.0% NAV | Metals + Crack + FX (Full)]

| 4 | Institutional Alpha | 3.5x | -4.0% | 25.0% NAV | Full Standard CME Futures |

| 5 | Quantitative Aggressive | 5.0x | -5.0% (L2 Breaker)| 30.0% NAV | Full Suite + Cross-Pillar |

| 6 | Maximum Capacity DMA | 7.5x | -5.0% (L2 Lockout)| 35.0% NAV | Full Suite Maximum Lots |

Every risk profile is deterministically enforced at the daemon kernel level. If gross leverage or margin utilization attempts to exceed profile parameters,
the order dispatch kernel rejects the instruction with an EXCEEDS_PROFILE_RISK_LIMIT exception.

6. Formal Mathematical Derivation of the Kalman Filter (Wiener-Kalman Theorem)
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To establish complete theoretical transparency, this section provides the formal Bayesian derivation of the recursive Kalman filter implemented in Desk
4.

Let the true unobservable state at time $t$ be represented by the random vector $\mathbf{x}_t \in \mathbb{R}*n$, and let the noisy measurement
vector be $\mathbf{y}_t\in \mathbb{R}*m$. Under linear Gaussian assumptions:

$$\mathbf{x}_t = \mathbf{F}_t \mathbf{x}_{t-1} + \mathbf{w}_t, \quad \mathbf{w}_t \sim \mathcal{N}(\mathbf{0}, \mathbf{Q}_t)$$
$S\mathbf{y} t =\mathbf{H} t \mathbf{x} t + \mathbf{v} t, \quad \mathbf{v} t \sim \mathcal{N}(\mathbf{0}, \mathbf{R} t)$$

where the noise processes $\mathbf{w} t$ and $\mathbf{v} t$ are mutually independent white noise sequences.

6.1 Prior Probability Density Function

Given all measurements up to time $t-1$, denoted $\mathcal{Y}_{t-1} = \{\mathbf{y} 1, \dots, \mathbf{y}_{t-1}\}$, the state estimate follows a Gaussian
distribution:

$$p(\mathbf{x}_{t-1} | \mathcal{Y}_{t-1}) = \mathcal{N}(\hat{\mathbf{x}}_{t-1|t-1}, \mathbf{P}_{t-1|t-1})$$
Propagating through the state transition equation, the prior distribution at time $t$ is:

$$p(\mathbf{x}_t | \mathcal{Y}_{t-1}) = \int p(mathbf{x}_t | \mathbf{x} {t-1}) p(\mathbf{x}_{t-1} | \mathcal{Y}_{t-1}) d\mathbf{x} _{t-1} =
\mathcal{N}(\hat{\mathbf{x}} {t|t-1}, \mathbf{P} {t|t-1})$$

where:
$$\hat{\mathbf{x}} {t|t-1} = \mathbf{F}_t \hat{\mathbf{x}} {t-1|t-1}$$
$$\mathbf{P} {t|t-1} = \mathbf{F}_t \mathbf{P} {t-1|t-1} \mathbf{F} t"T + \mathbf{Q} t$$

6.2 Posterior Update via Bayes' Theorem
When the new measurement $\mathbf{y} t$ arrives, the posterior density is updated via Bayes' rule:
$$p(\mathbf{x}_t | \mathcal{Y}_t) = \frac{p(\mathbf{y}_t | \mathbf{x}_t) p(\mathbf{x}_t | \mathcal{Y}_{t-1})}{p(\mathbf{y}_t | \mathcal{Y}_{t-1})}$$

Because the product of two Gaussian distributions is itself Gaussian, completing the square in the exponential argument yields the optimal posterior
state estimate:

$$\hat{\mathbf{x}}_{t|t} = \hat{\mathbf{x}}_{t|t-1} + \mathbf{K}_t (\mathbf{y}_t - \mathbf{H}_t \hat{\mathbf{x}}_{t|t-1})$$
where the Optimal Kalman Gain $\mathbf{K}_t$ minimizes the posterior error covariance trace $\text{Tr}(\mathbf{P}_{t|t})$:
$$\mathbf{K}_t = \mathbf{P}_{t|t-1} \mathbf{H} t"T (\mathbf{H}_t \mathbf{P}_{t|t-1} \mathbf{H}_t"T + \mathbf{R}_t){-1}$$
and the updated error covariance satisfies the Joseph stabilized form:

$$\mathbf{P}_{t|t} = (\mathbf{l} - \mathbf{K}_t \mathbf{H}_t) \mathbf{P} {tt-1} (\mathbf{l} - \mathbf{K}_t \mathbf{H} )T + \mathbf{K}_t \mathbf{R}_t
\mathbf{K}_t"T$$

By continuously recalculating $\mathbf{K}_t$ at every incoming price tick, Desk 4 eliminates lag and dynamically captures the instantaneous statistical
cointegration relationship between Gold and Silver.

7. Granular Lot Sizing & Contract Specifications for TradFi Futures

To ensure operational precision, Desk Operators and Risk Officers must reference the exact CME contract multiplier specifications:

| CME GLOBEX FUTURES CONTRACT SPECIFICATIONS |

o f S o S o ee e oo
| Instrument Name | Ticker| Venue / Class | Multiplier / Size | Tick Value ($)| Minimum Margin (Initial / Main
R L C T TP Fommmaan LT TP R L C T TP LT TP LT LT

| Micro Gold | MGC | COMEX (TradFi)| 10 Troy Ounces | $1.00 ($0.10) | ~$1,100 USD (varies with Volatility) |
| Micro Silver | SIL | COMEX (TradFi)| 1,000 Troy Ounces | $5.00 ($0.005)| ~$1,800 USD |
| Light Sweet Crude | CL | NYMEX (Energy)| 1,000 Barrels | $10.00 ($0.01)| ~$6,500 USD |
| RBOB Gasoline | RB | NYMEX (Energy)| 42,000 Gallons | $4.20 ($0.0001)| ~$7,200 USD |
| Heating 0il | HO | NYMEX (Energy)| 42,000 Gallons | $4.20 ($0.0001)| ~$7,500 USD |

| Japanese Yen | 6J | CME (Currency)| 12,500,000 JPY | $6.25 ($0.0000005)| ~$3,200 USD |

| Euro FX | 6E | CME (Currency)| 125,000 EUR | $6.25 ($0.00005)| ~$2,400 USD |

o [ S o S o eeee—a oo

Every risk profile deterministically scales contract allocations based on these exact tick and margin figures, ensuring that portfolio margin utilization
remains well beneath the mandatory 25.0% SPAN firewall.

8. Physical Petroleum Chemistry & Thermodynamics of the Crack Spread

To master Desk 5 execution, operators must understand the thermodynamic and chemical realities that govern refinery margins on the NYMEX.
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8.1 Crude Oil Assay Fractions & Distillation Columns

Petroleum crude oil is a complex mixture of hydrocarbons ranging from light gaseous alkanes to heavy asphaltic bitumens. Crude quality is
characterized primarily by two metrics:

1. API Gravity (Density): Measured in degrees API ($\text{API} = \frac{141.5}{\text{SG}} - 131.5%). West Texas Intermediate ($CL$) is a "light" crude
($\approx 39.6"\circ \text{ API}$), meaning it contains a high percentage of high-value light distillates (naphtha/gasoline). Heavy crudes ($< 22"\circ
\text{ AP1}$) yield predominantly low-value residual fuel oil unless processed in capital-intensive coking units.

2. Sulfur Content: Crudes with $< 0.5\%$ sulfur by weight are designated "sweet"; crudes with $> 0.5\%$ sulfur are designated "sour". WTI is a light
sweet crude ($\approx 0.24\%$ sulfur), requiring minimal hydrodesulfurization to meet modern EPA Clean Air Act Tier 3 fuel specifications ($< 10 \text{
ppm}$ sulfur in gasoline).

| ATMOSPHERIC DISTILLATION FRACTIONS OF WTI CRUDE |

B R —— e B R —— e
| Boiling Range | Petroleum Fraction | Carbon Number | NYMEX Commercial Product Alignment |
o - oo o - L

| < 35 deg C | Refinery Gases | C1 - C4 | Liquefied Petroleum Gas (LPG / Propane / Butane) |

| 35 - 200 deg C | Straight-Run Naphtha | C5 - C10 | Blended into NYMEX RBOB Gasoline (RB) |

| 175 - 275 deg C | Kerosene / Jet Fuel | C11 - C14 | Commercial Jet Fuel (Dual-Purpose Distillate) |

| 200 - 350 deg C | Atmospheric Gas 0il | C15 - C20 | NYMEX Ultra-Low Sulfur Diesel / Heating 0il (HO) |

| > 350 deg C | Atmospheric Residue | C21+ | Feedstock for Fluid Catalytic Cracking (FCC) & Coking |
L C TP LT TP PP L C TP R T e L e T PP

8.2 Seasonal RVP Transitions in RBOB Gasoline
A crucial operational nuance modeled in Desk 5 is the regulatory transition in Reid Vapor Pressure (RVP) enforced by the US EPA:

- Summer Grade Gasoline: Enforced from May 1 to September 15. To reduce evaporative smog emissions in warm ambient
temperatures, refineries must supply low-RVP gasoline ($7.8 \text{ to } 9.0 \text{ psi}$ RVP). This requires eliminating inexpensive,
high-vapor-pressure butane from the gasoline blend, dramatically increasing refining costs and widening the crack spread.

- Winter Grade Gasoline: Enforced from September 16 to April 30. Higher RVP gasoline ($11.5 \text{ to } 15.0 \text{ psi}$ RVP) is
permitted to facilitate cold engine starts. Refineries can blend significant volumes of low-cost butane, compressing the theoretical crack
spread.

Desk 5 incorporates seasonal spline adjustments that account for these RVP transition dates, preventing false cointegration signals during seasonal
margin adjustments.

9. 100-Year Historical Context of the Gold-Silver Cointegration Ratio

The Gold/Silver ratio ($\frac{P_{\text{Gold}}}{P_{\text{Silver}}}$) provides the macroeconomic anchor for Desk 4. Over historical epochs:

- Under the ancient Roman monetary standard, the ratio was legally pegged at $12:1$.

- Under the US Coinage Act of 1792, the ratio was statutorily set at $15:1%.

- During the free-floating modern fiat era (post-1971 Bretton Woods collapse), the ratio has fluctuated between a low of $16:1$ (in
January 1980 during the Hunt brothers silver squeeze) and an all-time high of $125:1$ (in March 2020 during the COVID liquidity crisis).

- The modern 30-year equilibrium median resides at approximately $68:13.

Desk 4's dynamic Kalman filter does not assume that the ratio must revert to an arbitrary historical fixed number. Instead, the state-space equation
dynamically tracks the drift in equilibrium based on global central bank gold reserve accumulation versus industrial silver consumption, allowing the
strategy to trade mean-reversions around the time-varying state vector $\boldsymbol{\theta} t$.

10. Term Structure Dynamics: Contango, Backwardation & Roll Yield in Crack Spreads

Energy derivatives contracts have fixed expiration dates, requiring active calendar roll management. The price difference between adjacent contract
months - known as the Term Structure - exhibits two distinct states:

1. Contango: Forward futures prices trade at a premium to spot prices ($P_{t, T_2} > P_{t, T_1}$), typically reflecting cost of carry (physical crude
storage, insurance, and financing costs). Holding long futures during contango induces negative roll yield ("roll decay").

2. Backwardation: Forward futures prices trade at a discount to spot prices ($P_{t, T_2} < P_{t, T_1}$), indicating immediate physical scarcity and tight
refinery inventories. Holding long futures generates positive roll yield.

Desk 5 incorporates an automated Calendar Roll Optimization Engine:

- Evaluates the slope of the forward curve $\frac{\partial PX\partial T}$ across the prompt month ($M1$), second month ($M2$), and third
month ($M3$).

- Rolls positions smoothly between day 5 and day 10 prior to the First Notice Day (FND), optimizing roll yield and completely avoiding
physical delivery obligations at the Cushing, Oklahoma storage hub.
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5. v6.5.0 TradFi CME Microstructure & Stagnation Bounds
The v6.5.0 release introduces advanced econometric bounds across all three CME Globex execution engines:

- Desk 4 (Metals Kalman State-Space): Incorporates an Order Flow Imbalance (OFI) Gate on Micro-Price, Two-Tier Position Scaling
(50% base, 50% confirmed), and a Breakeven Stop Ratchet at $+1.0\sigma$ (Sharpe 6.58, Max DD 0.63%, Profit Factor 4.51).

- Desk 5 (NYMEX Energy 3:2:1 Crack Spread): Features a Z-Velocity Gate ($|v_Z(t)| \le 0.35/\text{hr}$) preventing adverse momentum
entry and an Ornstein-Uhlenbeck Half-Life Stagnation Exit ($2.5 \times t_{1/2}$) (Balanced Max DD 6.71%, After-Burner Calmar 6.93).

- Desk 6 (CME FX Carry 6J/MJY): Implements the Central Bank Volatility Shield (SATR_{24h}/ATR_{120h} \le 1.20 - 1.253) shielding
inventory against unexpected central bank interventions (Sharpe 3.05, Max DD 2.92%, Profit Factor 2.18).
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 09
Institutional Universe Governance Engine & Liquidity Filtering

Tome 09: Institutional Universe Governance Engine & Liquidity Filtering (Ch. 9)
1. Microstructural Hazards of Digital Asset Universes

A critical point of failure in quantitative cryptocurrency trading is the uncritical expansion of the investable asset universe. Unlike traditional equity or
commodity markets - where listing on an exchange requires extensive regulatory scrutiny, audited financial statements, minimum market
capitalizations, and seasoned operating histories - the digital asset ecosystem is characterized by low barriers to entry and severe structural market
failures:

1. Survivorship Bias (The Dead Token Hazard): Backtesting quantitative models across currently existing tokens creates catastrophic upward
performance bias (Brown et al., 1992). Thousands of tokens that experienced parabolic initial rallies subsequently suffer 99% drawdowns, project
abandonment, or venue delisting. Models that do not account for delisted assets overestimate Sharpe ratios by orders of magnitude.

2. Low-Float, High-FDV Tokenomics: Modern token issuances frequently circulate less than 5% to 15% of total supply at launch, resulting in
astronomical Fully Diluted Valuations (FDV) supported by minuscule circulating floats. Early venture capital lockups, insider unlocks, and foundation
emissions create predictable, massive structural sell pressure that overwhelms algorithmic buy signals.

3. Wash Trading & Artificial Liquidity Distortion: Unregulated or tier-2 exchanges frequently deploy wash-trading bots to fabricate reported 24-hour
turnover, creating the illusion of deep liquidity that evaporates immediately when an institutional algorithm dispatches sizable market orders.

4. Order Book Asymmetry & Liquidity Vacuums: In unseasoned tokens, order book depth is brittle. A market sell order of modest size can trigger
multi-tier slippage through hundreds of basis points of empty bids, causing immediate execution markout losses.

To protect institutional capital from these structural hazards, Aethelis Quant v6.5.0 implements an unbypassable, automated gatekeeper: the
Institutional Universe Governance Engine.

INSTITUTIONAL UNIVERSE GOVERNANCE FILTER PIPELINE |

|
RAW GLOBAL CRYPTOCURRENCY UNIVERSE (10,000+ Tokens / New Listings / Memecoins) |

| CERTIFIED CANONICAL TOP 8 INSTITUTIONAL BASKET | |
| BTCUSDT &bull; ETHUSDT &bull; SOLUSDT &bull; XRPUSDT &bull; DOGEUSDT &bull; BNBUSDT &bull; NEARUSDT &bull;

|

+

|

|

|

| v

[ e e e e
| | HARD GATE 1: 365-DAY CONTINUOUS SEASONED LISTING AGE | |

| | - Token must possess >= 365 daily bars on Binance Spot, Binance Futures, AND Bybit Linear. |

| | - Unseasoned hype listings rejected: [REJECTED: INSUFFICIENT_HISTORY_DAYS] | |

(R e T T T
[

| v

R e e e
| | HARD GATE 2: 90-DAY ROLLING MEDIAN VOLUME & OPEN INTEREST WINDOW | |

| | - 90-day rolling median turnover >= $50,000,000 USD equivalent. | |

| | - Rolling median Open Interest (0I) >= $25,000,000 USD equivalent. | |

| | - Filters ephemeral pump spikes and artificial wash trading bursts. | |

R e e e
I

| v

R e e e e
| | HARD GATE 3: CONSOLIDATED L2 ORDER BOOK DEPTH GATE | |

| | - Consolidated bids and asks within +/- 1.0% of mid-price must exceed $500,000 USD across venues. | |

| | - Guarantees institutional child order execution with < 2.0 bps expected market impact. | |

[ e R T
[

| v

R e e
|

|

|

|

2. The 3 Hard Gates: Mathematical Governance Formulation

The Universe Governance Engine enforces three mathematical filters (Hard Gates) that every candidate digital asset must satisfy simultaneously
before receiving a non-zero portfolio weighting.
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2.1 Hard Gate 1: 365-Day Continuous Seasoned Listing Age
A candidate asset $i$ must have a continuous, unbroken daily price history across all three prime venues satisfying:
$S\tau_{\text{listing}, i} = \min \left( \tau_{\text{binance-spot}, i}, \tau_{\text{binance-futures}, i}, \tau_{\text{bybit-linear}, i} \right) \ge 365 \text{ days}$$

- Economic Rationale: A 365-day operational history guarantees that the asset has survived a complete macroeconomic volatility cycle,
multiple macro liquidity regimes, leverage flushes, and funding rate reversals.

- Enforcement: Candidate tokens with listing ages of less than 365 days (such as newly launched unseasoned tokens) are hard-rejected
at data ingestion with zero portfolio exposure.

2.2 Hard Gate 2: 90-Day Rolling Median Turnover & Open Interest

To eliminate distortion from single-day wash-trading anomalies, speculative promotional campaigns, or ephemeral short squeezes, the engine
evaluates median liquidity over a rolling 90-day window:

$$\tilde{V}_{i, t} = \text{Median}_{\tau \in [t-90, t]} \left( V_{i, \tau} \right) \ge \$50,000,000 \text{ USD}$$
$$\widetilde{O1}_{i, t} = \text{Median}_{\tau \in [t-90, ]} \left( OI_{i, \tau} \right) \ge \$25,000,000 \text{ USD}$$

Using the median rather than the arithmetic mean is crucial: the sample mean is vulnerable to single-day outlier spikes ($O(1)$ breakdown point),
whereas the sample median possesses a 50% breakdown point, completely insulating universe selection from manipulation.

2.3 Hard Gate 3: Consolidated L2 Order Book Depth Gate

To ensure that algorithmic orders can be absorbed by the market without excessive slippage, Desk 1 and Desk 2 mandate a continuous order book
depth test:

$\text{Depth}_{i, \pm 1.0\%} = \sum_{v \in \{\text{Bin, Byb, OKXN\}} \left( \int_{0.99 P_{\text{mid}}{P_{\text{mid}}} Q_{\text{bid}, v}(p) dp +
\int_{P_{\text{mid}}}’1.01 P_{\text{mid}}} Q_{\text{ask}, v}(p) dp \right) \ge \$500,000 \text{ USD}$$

If market depth contracts below this threshold (e.g., during off-hours weekend flash events), the engine suspends aggressive market-order execution,
restricting child orders to passive boundary limit quotes.

3. The Certified Canonical Top 8 Universe

Assets that satisfy all three Hard Gates are subjected to a multi-factor ranking based on liquidity, market capitalization, institutional custody availability
(e.g., Coinbase Custody, BitGo, Fireblocks), and CME futures cash-settled listing viability.

The Certified Canonical Top 8 Universe for Release v6.5.0 QUANT consists exclusively of:

+
| CERTIFIED CANONICAL TOP 8 UNIVERSE SPECIFICATION |

e o m e mmemeeaaaan e e o
| # | Symbol | Asset Designation | 90-Day Median Vol | Median Depth (1%) | Institutional Thesis & Desk Role
B oo o o o eeee—a oo
| 1 | BTCUSDT | Bitcoin Perpetual | $12.4 Billion | $14.2 Million | Global Digital Benchmark; Desk 1, 2, 7|

| 2 | ETHUSDT | Ethereum Perpetual | $6.8 Billion | $8.5 Million | Smart Contract Core Beta; Desk 1, 2, 7]

| 3 | SOLUSDT | Solana Perpetual | $2.9 Billion | $3.8 Million | High-Throughput L1 Momentum; Desk 1, 2|

| 4 | XRPUSDT | Ripple Perpetual | $1.4 Billion | $2.1 Million | Cross-Border Payments Liquidity; Desk2]|

| 5 | DOGEUSDT | Dogecoin Perpetual | $980 Million | $1.6 Million | Retail Momentum & Sentiment Beta; D1,2|

| 6 | BNBUSDT | BNB Chain Perpetual | $740 Million | $1.9 Million | Exchange Ecosystem Collateral; Desk 7 |

| 7 | NEARUSDT | NEAR Protocol Perp | $320 Million | $780,000 | Modular AI & Data Infrastructure; D2 |

| 8 | SUIUSDT | Sui Network Perp | $290 Million | $690,000 | Next-Gen Move VM L1 Momentum; Desk 2 |

B oo o o o e e e e oo

| 3.1 Quarterly Rebalancing & De-Listing Governance
The Canonical Universe is reviewed on a scheduled quarterly basis by the Quantitative Risk Committee:

- If an incumbent asset breaches Hard Gate 2 or Hard Gate 3 for five consecutive trading sessions, it is tagged with
OBSERVATION_STATUS.

- If the breach persists for ten consecutive trading sessions, the asset is gracefully removed: resting limit orders are cancelled, open
positions are liquidated via time-sliced TWAP execution, and capital is re-allocated to the remaining benchmark assets.

4. Econometric Modeling of Token Mortality: The Cox Proportional Hazards Model

To scientifically justify the 365-day listing age gate to institutional investors, Aethelis Quant models digital asset mortality utilizing the Cox Proportional
Hazards Model (Cox, 1972).

Let $T$ denote the survival time of a digital asset from initial exchange listing to effective death (defined as a >95% peak-to-trough decline
accompanied by 90-day volume collapse or venue delisting). The hazard function $h(t | \mathbf{x})$, representing the instantaneous mortality rate at
time $t$ given covariate vector $\mathbf{x}$, is:

$$h(t | \mathbf{x}) = h_0(t) \exp(\boldsymbol{\beta}*T \mathbf{x})$$
where $h_0()$ is the baseline hazard function, and $\mathbf{x}$ includes:

- $x_1$%: Circulating Float Ratio ($\text{Float} / \text{FDV}$)
- $x_2%: Listing Age (Days)
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- $x_3$: Cross-Venue Liquidity Dispersion
- $x_4$: Insider Token Lockup Concentration

+
| TOKEN SURVIVAL PROBABILITY OVER OPERATIONAL LIFESPAN |

+

[

| Survival Probability $S(t)$ |

| 1.00 |==================\ |

| ©.80 | \ |

| .60 | \====== [HIGH MORTALITY CLIFF: 0 - 180 Days] (82% of tokens fail) |

| ©.40 | \ |

| .20 | \======== [STABILIZATION PHASE: 180 - 365 Days] |

| .10 | \ [INSTITUTIONAL ZONE: > 365d] |

[ R R R AL L LR LR
| © Days 90 Days 180 Days 270 Days 365 Days+ |

[

+

4.1 Empirical Findings & The 365-Day Survival Invariant
Empirical analysis across more than 4,000 digital asset contracts launched since 2017 proves that:
1. Over 82% of all digital asset tokens suffer terminal mortality or liquidity collapse within the first 180 calendar days of trading.
2. Between Day 180 and Day 365, venture capital token unlocks and promotional budget exhaustions eliminate another 10% of surviving projects.

3. Assets that successfully survive 365 continuous trading days while maintaining institutional liquidity volume exhibit a survival probability exceeding
94% over the subsequent 24 months.

The 365-day Hard Gate is therefore not an arbitrary administrative filter; it is a mathematically proven filter that eliminates 92% of systemic token
failures before portfolio capital is deployed.

5. Detecting Artificial Liquidity & Wash Trading: Benford's Law Analysis

To prevent deceptive volume metrics from compromising universe selection, the Universe Governance Engine incorporates automated statistical
wash-trading detectors, including Benford's Law (First-Digit Law) analysis.

In natural, unmanipulated financial transaction distributions, the probability $P(d)$ that the leading significant digit of trade volume equals $d \in \{1,
\dots, 9\}$ follows:

$$P(d) = \log_{10} \left( 1 + \frac{1}{d} \right)$$

Wash-trading algorithms deployed by unscrupulous token promoters typically generate trade volumes utilizing uniform random number generators or
repetitive fixed-size execution loops, severely violating Benford's distribution.

The engine calculates the Cram r-von Mises Distance between the observed trade size first-digit distribution and Benford's theoretical distribution:
$$WA2 =\sum_{d=1}"9 \left( F_{\text{obs}}(d) - F_{\text{Benford}}(d) \right)"2$$

If W2 > W_{\text{crit}}"2$ ($p < 0.01%$), the token's reported turnover is flagged as ARTIFICIAL_LIQUIDITY_SUSPECTED. The token is instantly
disqualified from Hard Gate 2 consideration, permanently preserving the integrity of the investable universe.

6. Mathematical Derivation of Survivorship Bias & The Heckman Correction

To understand the mathematical severity of survivorship bias in quantitative finance, consider an investable universe of $N$ assets evaluated over
time horizon $[0, T]$. Let $y_{i, t}$ denote the true return of asset $i$ at time $t$, and let $s_{i, t} \in {0, 1\}$ be an indicator variable denoting whether
asset $i$ survives to be observable at time $t$.

The econometric selection equation is:

$$s_{i, t}** = \mathbf{z}_{i, }*T \boldsymbol{\gamma} + u_{i, t}, \quad s_{i, t} = \mathbb{l}(s_{i, t}** > 0)$$
The outcome equation (return generating process) is:

$$y_{i, t} = \mathbf{x}_{i, t}*T \boldsymbol{\beta} + \epsilon_{i, t}$$

where the error terms exhibit non-zero correlation:

$$\begin{pmatrix} u_{i, t} \\ \epsilon_{i, t} \end{pmatrix} \sim \mathcal{N} \left( \begin{pmatrix} 0 \\ 0 \end{pmatrix}, \begin{pmatrix} 1 & \rho
\sigma_\epsilon \\ \rho \sigma_\epsilon & \sigma_\epsilon"2 \end{pmatrix} \right)$$

6.1 The Truncation Bias in Sample Backtests
If a quantitative model evaluates expected returns conditional only on surviving assets ($s_{i, t} = 1$), the expected observed return is:

$$\mathbb{E}fy_{i, &} | s_{i, t} = 1, \mathbf{x}_{i, t}] = \mathbf{x}_{i, /*T \boldsymbol{\beta} + \mathbb{E}[\epsilon_{i, t} | u_{i, t} > \mathbf{z} {i, 8T
\boldsymbol{\gamma}|$$

Applying the Heckman Two-Step Selection Correction (Heckman, 1979):
$$\mathbb{E}[y_{i, t} | s_{i, t} = 1] = \mathbf{x}_{i, }*T \boldsymbol{\beta} + \rho \sigma_\epsilon \lambda(\mathbf{z}_{i, t}"T \boldsymbol{\gamma})$$
where $\lambda(\cdot) = \frac{\phi(\cdot)}{\Phi(\cdot)}$ is the Inverse Mills Ratio.
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Because token failure is strongly negatively correlated with returns ($\rho < 0$), evaluating unadjusted historical data produces a massive positive
upward bias equal to $-\rho \sigma_\epsilon \lambda(\cdot)$. By mandating Hard Gate 1 (365-day continuous listing age across Binance and Bybit),
Aethelis Quant eliminates the truncation region where the hazard rate $\lambda(\cdot)$ diverges, ensuring that backtested Sharpe ratios reflect
authentic, survivorship-neutral performance.

7. Forensic Autopsy of Failed Digital Assets: Why the 3 Hard Gates Protected Capital

To demonstrate the real-world effectiveness of the Universe Governance Engine, consider three historical catastrophe events where unseasoned or
structurally manipulated tokens collapsed, and how the 3 Hard Gates completely protected Aethelis Quant client portfolios:

| HISTORICAL ASSET AUTOPSY & GATE DEFENSE AUDIT |

L T - L T T T
| Asset Name | Failure Date & Impact | Nature of Collapse| Aethelis Gate Defense Mechanism |
oo o oo o e e e

| Terra (LUNA) | May 2022 | Algorithmic death | Hard Gate 2: Hyper-inflationary token supply expansion|
| | Drop: -99.999% (72h) | spiral of UST peg | collapsed 90-day median turnover per unit; suspended. |
[

| FTX Token (FTT) | Nov 2022 | Balance sheet | Hard Gate 3: Order book depth test showed bid depth

| | brop: -94.0% (48h) | insolvency & run | < $50,000 USD across external venues; immediate DROP.
|
|
|

[

Ephemeral Memecoins| Continuous (2023-2026)| Wash-traded hype | Hard Gate 1: Lacked 365-day seasoned listing

(e.g., Unseasoned)| Drop: -98.0% post-hype| tokenomics & dump | Automatically rejected at data ingestion. Ze
L L TR L L L TR L T

In all historical failure cases, the candidate tokens were blocked at the algorithmic perimeter, resulting in zero dollar loss for Aethelis Quant institutional
deployments.

8. Markov-Switching Dynamic Regime Models for Digital Asset Liquidity

Beyond static thresholds, liquidity in digital asset derivative markets undergoes abrupt structural regime transitions: a market can shift in seconds from
a high-liquidity, Gaussian mean-reverting regime to an illiquid, jump-dominated cascade regime.

The Universe Governance Engine models these transitions utilizing a Two-State Hamilton Markov-Switching Model (Hamilton, 1989):
$$y t=\mu_{S_t} +\sigma_{S_t} \epsilon_t, \quad \epsilon_t \sim \mathcal{N}(0, 1)$$
where $S_t\in \{1, 2\}$ is an unobserved discrete Markov chain with transition probability matrix:

$$\mathbf{P} = \begin{pmatrix} p_{11} & p_{12} \\ p_{21} & p_{22} \end{pmatrix} = \begin{pmatrix} P(S_t=1| S_{t-1} = 1) & P(S_t=2| S_{t-1} = 1) \\
P(S_t=1|S_{t-1} =2) & P(S_t = 2 | S_{t-1} = 2) \end{pmatrix}$$

- State 1 (Normal Liquidity Regime): $\mu_1 \approx 0$, low volatility $\sigma_1$, high order book depth, high persistence ($p_{11}
\approx 0.98%).

- State 2 (Crisis Liquidity Shock Regime): Negative drift $imu_2 < 0$, high volatility $\sigma_2 \approx 3 \times \sigma_1$, severe order
book thinning.

The engine calculates the filtered smoothed probability $P(S_t = 2 | \mathcal{Y}_t)$ in real-time. If the probability of being in State 2 exceeds $0.50%,
the engine automatically suspends universe rebalancing and alerts the QPM to postpone token weighting adjustments until liquidity returns to State 1
equilibrium.

9. Liquidity Decay Half-Life & Cross-Venue Impact Mechanics

When an institutional market participant attempts to trade a large block of digital assets, liquidity does not replenish instantaneously. The rate of order
book replenishment is governed by the Liquidity Decay Half-Life ($\lambda_{\text{replenish}}$).

Under the empirical transient price impact model (Bouchaud et al., 2004):
$$R(1) - R(0) = \sum_{t_i <t} I(Q_i) G(t - t_i)$$

where $G(\tau)$ is the decay kernel:

$$G(\tau) = \tau{-\gammay} \quad (0 < \gamma < 1)$$

In illiquid or unseasoned tokens (tokens that fail Hard Gate 2 or Hard Gate 3), the decay exponent $\gamma \to 0$, meaning that market impact is
quasi-permanent: an aggressive sell order permanently depresses the bid book for hours.

Conversely, across the Certified Canonical Top 8 Universe, the decay exponent $\gamma \approx 0.65 - 0.85$%, meaning that high-frequency
algorithmic market makers replenish order book queues within 200 to 800 milliseconds, allowing Aethelis Quant's Smart Order Router to execute
time-sliced TWAP orders with near-zero permanent price distortion.

10. Quantitative Robustness Proof: Why 90 Days Eliminates Wash Trading

Wash-trading rings deployed by predatory market participants rely upon capital-constrained revolving credit facilities. An entity generating artificial
volume typically circulates a finite capital allocation $C$ back and forth between two colluding accounts:

$$V_{\text{reported}}(t) = 2 \cdot k \cdot C$$

where $k$ is the daily churn velocity. Because every transaction incurs exchange taker fees (even at tier-1 VIP discount levels of $1.5 \text{ to } 2.0
\text{ bps}$), the daily capital attrition from wash trading is strictly positive:
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$$\text{Cost}_{\text{wash}}(t) = V_{\text{reported}}(t) \cdot \text{FeeRate} > 0$$

Over an ephemeral 7-day or 14-day window, a well-funded promoter can sustain the capital burn necessary to fabricate high average daily volume.
However, over a continuous 90-day rolling window, the cumulative capital drain becomes economically unsustainable:

$\text{CumulativeCost} {90} = \sum_{t=1}90} V_{\text{reported}}(t) \cdot \text{FeeRate} \gg \text{Promoter Budget}$$

Consequently, artificial wash-trading rings inevitably exhaust capital or experience liquidity hiatuses within 30 to 45 days. The sample median over 90
days effortlessly detects these zero-liquidity troughs, dropping the candidate token from universe eligibility.

6. v6.5.0 Universe Engine: Dynamic Binance Top 10 Discovery & Caching

In the v6.5.0 release, the universe selection module (core/universe_manager.py) dynamically queries Binance Futures 24h ticker metrics (GET
[fapilvliticker/24hr), filtering out stablecoins (USDC, FDUSD, TUSD, USDE) and selecting the Top 10 institutional assets by USD turnover (BTC, ETH,
SOL, XRP, BNB, DOGE, ADA, AVAX, LINK, SUI). Midcaps and illiquid tokens (such as ONDO) are systematically purged. Results are cached on disk
with a 4-hour TTL and fail-safe fallback.

Desk 2 stratifies this Top 10 universe into three risk-weighted liquidity tiers:

- Cluster A (Core Macro Anchor - 50% NAV): BTC, ETH (Sharpe hurdle 2.50).
- Cluster B (High-Volume Large Cap - 30% NAV): SOL, XRP, BNB.
- Cluster C (Momentum Expansion Leaders - 20% NAV): DOGE, ADA, AVAX, LINK, SUI.
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 10
System Operations, Deterministic Circuit Breakers & SRE Runbook

Tome 10: System Operations, Deterministic Circuit Breakers & SRE Production Runbook (Ch. 10)
1. SRE Philosophy for Mission-Critical Algorithmic Trading

In mission-critical electronic trading, systems architecture must be designed under the assumption of inevitable component failure. Network sockets
disconnect, intercontinental fiber cables suffer transits cuts, exchange matching engines experience micro-outages, and market volatility dislocates
beyond historical statistical bounds.

Aethelis Quant v6.5.0 adopts a Site Reliability Engineering (SRE) doctrine inspired by aerospace fault-containment architectures (NASA, FAA
DO-178C) and Tier-1 banking clearinghouses:

1. Deterministic Fail-Safe Default: If an execution daemon encounters an unexpected internal state, corrupted memory, or unhandled socket error, the
default behavior is instantaneous fail-safe de-risking rather than speculative continuation.

2. Idempotent State Machines: Every order placement, amendment, and cancellation instruction carries an idempotent client order identifier (clOrdld),
guaranteeing that network retries never generate duplicate order executions.

3. Zero-Trust Process Isolation: Each trading engine operates as an independent POSIX process managed via systemd, synchronized via Linux
atomic file locks (flock), preventing cross-process cascade failures.

SRE PROCESS ARCHITECTURE & SUPERVISION TREE |

|

+

|1

| SYSTEMD SUPERVISOR DAEMON (PID 1 - Linux 0S Enclave) |

[

| +-mmmmme e Fommmm e e e oo e e +
[

| vvvyv |

R L SUpRppE R U L S OO L SUpRppE R U + |
| | aethelis-crypto | | aethelis-tradfi | | aethelis-risk | | aethelis-telemetry|

| | (Desks 1, 2, 3, 7)| | (Desks 4, 5, 6) | | (Sentinel Monitor)| | (TimescaleDB Log) | |

| | Memory: 4GB Max | | Memory: 4GB Max | | Memory: 2GB Max | | Memory: 4GB Max |

| | CPU Pin: Core 0-3 | | CPU Pin: Core 4-7 | | CPU Pin: Core 8 | | CPU Pin: Core 9 | |

| | Lock: /tmp/c.flock| | Lock: /tmp/t.flock| | Lock: /tmp/r.flock| | Lock: /tmp/1l.flock]|
R B B e B + |
(!

+

2. Multi-Tier Circuit Breakers & The 24-Hour Daily Drawdown Lockout

Capital preservation is enforced through a deterministic, multi-tiered Circuit Breaker Architecture. These circuit breakers monitor portfolio equity
continuously against the Daily High-Water Mark (HWM) established at 00:00:00 UTC.

| MULTI-TIER CIRCUIT BREAKER SPECIFICATION |

o - L T L e T R
| Breaker Tier | Intraday DD Threshold | Automated Kernel Enforcement Protocol |
L TP LT T PP LT T T

| Level 1 Breaker | -3.0% from Daily HWM | THROTTLING: Entry order sizes slashed by 50%; Telegram alert to CRO
| Level 2 Breaker | -5.0% from Daily HWM | MANDATORY 24-HOUR LOCKOUT: Immediate transition to SAFE_MODE_DERISK
| | | resting orders purged; positions systematically unwound; 24h trading lock. |

| CME SPAN Margin | > 25.0% Segregated NAV| MARGIN CAP: Hard drop on CME bridge; guarantees $374k+ cash buffer
|

Emergency Flatten | Operator Trigger | HARD PANIC DUMP: Instantaneous market order liquidation across all ve
B SR —— e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmm e —ao o

2.1 The Rationale for the Mandatory 24-Hour Cooling-Off Period

A common psychological and algorithmic trap during adverse market regimes is "revenge trading" - the rapid re-entry into positions following an
anomalous loss in an attempt to recoup drawdowns. However, empirical market microstructure proves that when an algorithmic platform breaches a
-5.0% intraday drawdown, the prevailing market regime has decoupled from the model's underlying statistical assumptions (e.g., extreme volatility
dislocation, liquidity evaporation, structural structural regime break).

Under Level 2 Breaker activation:

1. The engine dispatches cancel packets for all active resting limit orders across all venues.

2. Open positions are systematically de-risked using passive liquidity slicing (or aggressive market orders if liquidation thresholds are threatened).
3. The engine engages an Irrevocable 24-Hour Hardware Lockout Timer:

$$\text{LockoutExpiry} = t_{\text{trip}} + 86,400 \text{ seconds}$$

4. During this 24-hour cooling-off window, the order entry loop is completely disabled. Even if the Chief Risk Officer or Portfolio Manager attempts to
input manual orders, the execution kernel drops the instruction with:
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[CRITICAL BREAKER] LEVEL 2 LOCKOUT ACTIVE. ORDER REJECTED BY RISK KERNEL.

This cooling-off period forces organizational detachment, allowing quantitative teams to inspect telemetry logs, verify market regime normalization, and
ensure that balance sheet equity is permanently insulated from cascade ruin.

3. CME SPAN Margin Firewall & Collateral Buffer Guarantees

In traditional futures trading on the CME, margin requirements are evaluated dynamically through the Standard Portfolio Analysis of Risk (SPAN)
system. SPAN evaluates portfolio risk under 16 distinct scenarios combining price shocks ($\pm 3$ price scan ranges) and volatility shocks ($\pm$
volatility scan ranges).

If a trading account's gross SPAN margin requirement approaches total account equity, the clearing broker (Interactive Brokers) initiates automated
liquidation of customer positions at prevailing market prices, incurring severe liquidation penalties and slippage costs.

To prevent broker-initiated liquidations, Aethelis Quant incorporates the SPAN Margin Firewall:

- Margin Utilization Cap: Total required initial margin across Desks 4, 5, and 6 is strictly capped at 25.0% of segregated TradFi NAV.

- Collateral Buffer Guarantee: On a standard $500,000 USD institutional TradFi allocation, this policy guarantees that a minimum of
$375,000 USD (75.0% of capital) remains continuously unencumbered in pristine cash.

- Hard Order Drop: If an order instruction would push aggregate SPAN margin utilization above 25.0%, the IBKR bridge drops the order
before transmission to CME Globex.

4. Production SRE Runbooks & Disaster Recovery Protocols

This section outlines mandatory operational runbooks for Site Reliability Engineers and Desk Operators.

4.1 Systemd Service Management Commands
Execution daemons are registered as Linux systemd services with restart backoff timers:

# Check status of the core execution daemons

sudo systemctl status aethelis-crypto-daemon

sudo systemctl status aethelis-tradfi-daemon

sudo systemctl status aethelis-risk-sentinel

# Graceful restart of execution loop

sudo systemctl restart aethelis-crypto-daemon

# Inspect live journald telemetry logs with microsecond resolution
sudo journalctl -u aethelis-crypto-daemon -f -o short-precise

4.2 Emergency Market Flatten Procedure

In the event of an unmodeled geopolitical shock, major exchange matching engine failure, or black-swan liquidity freeze:

1. The operator triggers the emergency endpoint:

curl -X POST https://127.0.0.1:3000/api/emergency-flatten \
-H "Authorization: Bearer $CRO_EMERGENCY_KEY" \
-d '"{"reason": "MANUAL_OPERATOR_OVERRIDE", "scope": "ALL_DESKS"}'

2. The daemon immediately cancels all resting orders across Binance, Bybit, OKX, and CME Globex within 25 milliseconds.
3. Positions are liquidated via market orders into cash collateral (USD and segregated stablecoins).

4. The system transitions into SAFE_MODE_HALTED.

4.3 Disaster Recovery: Failover to Secondary OCI Enclave
If the primary Frankfurt OCI Tier-4 availability domain suffers a total facility power outage:
1. The backup OCI Region (Amsterdam or Zurich) is brought online.
2. The PostgreSQL TimescaleDB replica is promoted to primary utilizing standard streaming replication failover:
sudo -u postgres pg_ctl promote -D /var/lib/postgresql/16/main
3. API credentials and static IP whitelists are rerouted via dedicated secondary virtual IP tunnels.

4. Execution loops resume within 180 seconds with zero state divergence.
5. CME SPAN Margin Mechanics: The 16-Scenario Simulation Matrix

The Standard Portfolio Analysis of Risk (SPAN) margin system evaluates the maximum potential loss of a derivative portfolio across a grid of 16
distinct market simulation scenarios. Understanding these scenarios is critical for managing the CME SPAN Margin Firewall.
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| CME SPAN 16-SCENARIO RISK ARRAY MATRIX |

e e L e L T TP
Scenario | Underlying Futures Price Scan | Volatility Scan Range Change | Portfolio Risk Weight Evaluated |
Fommm e e e e Fomm e e mmmmmmmm—ao- Fomm e e mmmmmmmm—ao- oo mmmem—a
| Unchanged (@) | Volatility Up (+Vol) | 100% of Loss Array |

| Unchanged (0) | Volatility Down (-Vol) | 100% of Loss Array |

| Price Up 1/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |

| Price Up 1/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

| Price Down 1/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |
|
|
|
|

Price Down 1/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

Price Up 2/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |

Price Up 2/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

Price Down 2/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |

Price Down 2/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

Price Up 3/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |

Price Up 3/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

Price Down 3/3 of Scan Range | Volatility Up (+Vol) | 100% of Loss Array |

Price Down 3/3 of Scan Range | Volatility Down (-Vol) | 100% of Loss Array |

Extreme Price Up (+2x Scan Range) | Volatility Unchanged | 35% of Loss Array (Stress Test) |
16 Extreme Price Down (-2x Scan Range)| Volatility Unchanged | 35% of Loss Array (Stress Test) |
R o e o e o
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The SPAN engine computes the portfolio loss across all 16 scenarios; the worst-case loss is the Scan Risk, which forms the core of the Initial Margin
requirement. Because Aethelis Quant trades inter-commodity spreads (such as Gold vs Silver on Desk 4, or Crude vs Products on Desk 5), the CME
clearinghouse grants Inter-Commodity Spread Credits, reducing required margin by 40% to 70% compared to naked outright futures positions.

By capping aggregate SPAN margin at a conservative fraction of NAV, Aethelis Quant guarantees that even during a scenario 15 or 16 extreme
black-swan price dislocation, the account's dominant unencumbered cash buffer effortlessly absorbs margin expansions without ever triggering broker
margin calls.

6. Comprehensive Post-Trade Forensic Audit Procedures

To satisfy external regulatory audits (such as UK FCA or US NFA examinations) or institutional board inquiries, SREs and Compliance Officers must
execute the following standardized forensic extraction workflow:

# 1. Verify cryptographic hash chain integrity of the execution audit trail
python3 /home/ubuntu/dmne-quant/tools/verify_audit_chain.py \

--tenant tenant_a_prod \

--start-date 2026-09-01 \

--end-date 2026-09-27

# 2. Extract MiFID II RTS 25 compliant transaction records with microsecond timestamps
psql -d aethelis_quant -c "

SELECT order_id, symbol, venue, side, order_type, price, quantity,
timestamp_received, timestamp_dispatched, timestamp_executed,

sha256_hash

FROM tenant_a_prod.execution_orders_audit

WHERE timestamp_received >= '2026-09-27 00:00:00+00'

ORDER BY sequence_id ASC;" -o /opt/aethelis/reports/mifid_audit_20260927.csv
# 3. Generate High-water Mark and Drawdown Forensic Compliance Certificate
python3 /home/ubuntu/dmne-quant/tools/generate_compliance_report.py \
--output /opt/aethelis/reports/cro_drawdown_certificate_20260927.pdf

Every extracted transaction record contains the full cryptographic proof chain, confirming that execution logs have remained completely tamper-free
and immutable from the instant of matching engine fill confirmation.

7. Detailed Step-by-Step Incident Response & Post-Mortem Templates

When an operational incident occurs - such as a Level 1 or Level 2 circuit breaker trip, socket disconnect, or hardware failure - Site Reliability
Engineers must follow a standardized Post-Mortem & Incident Response Protocol modeled after Google SRE best practices.

7.1 Five-Phase Incident Response Lifecycle
1. Detection (T+0s): Automated detection via Prometheus metrics, Telegram Sentinel webhook, or systemd watchdog timer.
2. Containment (T+5s): Immediate engagement of fail-safe mode (SAFE_MODE_DERISKING or emergency flatten). Order flow frozen.
3. Diagnosis (T+15m): Inspection of TimescaleDB audit logs, system journal logs (journalctl), and exchange API error response codes.
4. Resolution (T+1h): Identification of root cause (e.g., exchange socket maintenance, network provider route flap, unmodeled volatility shock).

5. Post-Mortem & Review (T+24h): Compilation of blameless post-mortem report and updating of runbooks.
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| BLAMELESS POST-MORTEM INCIDENT TEMPLATE |

Incident Identifier: INC-2026-0927-01 |

Severity Level: P1 (High Severity - Level 2 Circuit Breaker Activated) |

Date & Time (UTC): 2026-09-27 14:22:10 UTC |

Lead SRE Commander: SRE On-Call Primary &bull; Approving Authority: Chief Risk Officer (CRO) |
S
| 1. INCIDENT SUMMARY: |

| At 14:22:10 UTC, Desk 2 experienced a sudden drawdown breach of -5.02% from the daily High-Water Mark follow
| an unannounced macroeconomic interest rate decision. The Level 2 Circuit Breaker engaged automatically, purg
| all resting orders and locking out trading for 24 continuous hours. |

|

| 2. ROOT CAUSE ANALYSIS (5 WHYS): |

| - Why did the drawdown occur? Rapid liquidation cascade across digital asset perpetual swaps. |

| - Why did Desk 2 not exit sooner? Trailing stop was set at 2.5x ATR, which was gapped by illiquid market swe
| - why was the market illiquid? Major market makers pulled liquidity quotes 30 seconds prior to economic data
| - Why did the Level 2 Breaker trip? The risk firewall functioned exactly as designed, capping maximum loss.
|

|

|

|

|

|

|

+

- What was the financial impact? Net loss capped at -5.02% ($25,100 USD on $500,000 USD portfolio). Total ba
sheet capital preserved. Unencumbered cash buffer intact. |

3. CORRECTIVE & PREVENTATIVE ACTIONS: |
- Action 1: Pre-data calendar damper tightened on Desk 2 (freeze 15 minutes prior to scheduled macro release
- Action 2: VPIN toxicity threshold lowered from 0.40 to 0.35 during high-impact news days. |

By enforcing blameless post-mortems and institutional discipline, the Aethelis Quant development team continuously hardens the platform against
evolving market microstructure anomalies.

8. Chaos Engineering & Continuous Resilience Testing

To guarantee that fail-safe state machines operate reliably during live crises, Aethelis Quant incorporates automated Chaos Engineering Protocols
inspired by Netflix's Chaos Monkey framework.

Every weekend during the scheduled CME maintenance window (Saturday 06:00 - 12:00 UTC), automated chaos injection daemons execute
simulated catastrophic failures against the isolated paper-trading sandbox:

1. Socket Drop Injection (tc netem drop 10%): Introduces 10% artificial packet loss and 200ms latency jitter on exchange connections to verify that the
Smart Order Router gracefully routes child orders to alternative venues.

2. Abrupt Process Termination (kill -9): Systematically sends ungraceful kill signals to individual execution daemons to confirm that Linux atomic file
locks (flock) are released instantly and that systemd restarts services within 1,000ms with zero state divergence.

3. Database Network Partition: Cuts network connectivity between the execution daemon and PostgreSQL TimescaleDB to verify that the daemon
caches ticks locally in volatile memory and recovers without losing a single execution report.

Only releases that pass 100% of automated weekend chaos injection tests are certified for production deployment, ensuring institutional-grade
operational resilience.

9. Comprehensive Database Maintenance & WAL Archive Runbooks

Site Reliability Engineers must ensure that the underlying PostgreSQL 16 database cluster maintaining TimescaleDB execution tables remains
healthy, optimized, and immune to disk exhaustion.

# 1. Inspect TimescaleDB hypertable chunk distribution and compression ratios
psql -d aethelis_quant -c "

SELECT hypertable_name, total_chunks, compressed_chunks,
pg_size_pretty(before_compression_total_bytes) as uncompressed_size,
pg_size_pretty(after_compression_total_bytes) as compressed_size

FROM timescaledb_information.hypertable_compression_stats;"

# 2. Force manual chunk compression for chunks older than 2 days

psql -d aethelis_quant -c "

SELECT compress_chunk(c.chunk_schema || '.' || c.chunk_name)

FROM timescaledb_information.chunks c

WHERE c.hypertable_name = 'market_ticks_12'

AND c.range_end < NOW() - INTERVAL '2 days'

AND c.is_compressed = FALSE;"

# 3. Verify Write-Ahead Log (WAL) archiving health and point-in-time recovery readiness
psql -d aethelis_quant -c "

SELECT archived_count, last_archived_wal, last_archived_time,

failed_count, last_failed wal, last_failed_time

FROM pg_stat_archiver;"

These automated maintenance jobs run every night at 02:00 UTC via scheduled cron daemons, guaranteeing that database transaction latency
remains sub-millisecond even across historical datasets spanning tens of millions of execution ticks.

10. Automated SRE Log Rotation & Forensic Compression Pipelines

To prevent high-throughput execution telemetry from saturating host storage volumes while maintaining MiFID Il RTS 25 compliance records for five
statutory years, SREs enforce automated log rotation:
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# Configuration file: /etc/logrotate.d/aethelis-execution
/var/log/aethelis/*.log {

daily

rotate 1825

compress

compresscmd /usr/bin/zstd

compressext .zst

compressoptions -19 -T0O

missingok

notifempty

sharedscripts

postrotate

/bin/kill -HUP “cat /tmp/aethelis-telemetry.pid 2>/dev/null’ 2>/dev/null || true
endscript

}

By compressing aged logs utilizing zstandard level 19 with multi-threaded kernel execution, five years of continuous microsecond-resolution execution
logs are archived in under 120 GB of encrypted NVMe storage, ensuring continuous auditability at negligible infrastructure cost.

11. Deterministic Anti-Sabotage Safeguards: Circuit Breakers & Universe Hard Gates

In a zero-trust threat landscape, quantitative execution systems must be engineered with deterministic, unbypassable defense mechanisms that
protect balance sheet capital against worst-case operational scenarios: rogue automated algorithms, autonomous Al agent prompt injections, or
malicious tampering.

Aethelis Quant couples its Kernel Circuit Breakers with Universe Hard Gates to establish an impenetrable anti-sabotage barrier:

DETERMINISTIC ANTI-SABOTAGE FAIL-SAFE HIERARCHY |

+
|
+
(!

| 1. UNIVERSE HARD GATES (IMMUTABLE SYMBOL REJECTION): |

| - Even if an adversary compromises an order generation script, the engine strictly rejects orders for symbol
| outside the Canonical Top 8 Universe. |

| - Attempts to execute illiquid, newly minted, or manipulated meme tokens fail at the kernel gatekeeper: |

| " [SECURITY BREACH REJECTED] SYMBOL FAILED 365-DAY LISTING AGE / DEPTH GATE. ORDER DROPPED." |

| - This permanently eliminates "pump-and-dump" liquidity extraction and wash-trading drain attacks. |

|1

| 2. LEVEL 1 & LEVEL 2 CIRCUIT BREAKERS (ABSOLUTE LOSS CAPS): |

| - Level 1 Breaker (-3.0% Intraday Drawdown): Automatically throttles order sizes by 50% and dispatches an |

| emergency Telegram Sentinel notification to the Chief Risk Officer (CRO). |

| - Level 2 Breaker (-5.0% Intraday Drawdown): Automatically engages the MANDATORY 24-HOUR LOCKOUT. All restin
| orders are purged; positions are systematically unwound into segregated cash; execution is frozen for 24h. |
| - The 24-hour lockout is enforced by an immutable kernel timer and cannot be overridden by any operator or s
(!

| 3. PRE-TRADE ORDER-TO-TRADE RATIO (OTR) & SPAN MARGIN FIREWALL: |

| - Excessive order placement ("quote spamming" or Denial of Service against exchange rate limits) is blocked
| the pre-trade rate-limiter, preventing exchange API bans (HTTP 429/418). |

| - TradFi SPAN margin utilization is strictly capped, guaranteeing a permanent unencumbered cash buffer. |

|
+

Through these multi-layered mathematical firewalls, Aethelis Quant guarantees that even under a theoretical complete compromise of an execution
process, the maximum potential financial damage is strictly bound within the -5.0% risk budget, completely preventing balance sheet insolvency or
capital destruction.

7. v6.5.0 Certified Forensic Audit Benchmarks & Performance Matrix

As of October 2026, all 7 execution desks have undergone rigorous out-of-sample stress testing and combinatorial validation under the APEX 7-GATE
(v3.2) standard. The table below documents the certified institutional metrics across the fleet:

Desk Strategy Designd Active Profile Net ROI/Yr Sharpe Ratio Max DD (HWM) | Win Rate % Profit Factor Status I

D-01 Crypto Vol SqueefBadlainced 2.0x +25.34% 3.42 -3.98% 61.8% 2.14 APEX CERTIFIE[' 717 %
D-02 Momentum & Ol Y@&alkitycdoh2.0x +72.33% 3.85 -3.84% 72.3% 2.30 APEX CERTIFIE[' 717 ]
D-03 Steidimayer AMT [FE2@60ed 2.0x +59.83% 2.84 -7.22% 65.7% 2.01 APEX CERTIFIED 7/7 [*
D-04 CME Metals KaIn]ahﬂStaBﬂmb4.0x +27.70% 6.58 -0.63% 74.1% 4.51 APEX CERTIFIED 7/7 [*]
D-05 NYMEX 3:2:1 En(’r@glﬁ?ﬂlaek‘l 0.15x | +38.19% 412 -2.44% 79.2% 6.76 APEX CERTIFIEI} 717 ]
D-06 CME FX Carry (64/B&laihced 23 MJY| +18.45% 3.05 -2.92% 63.9% 2.18 APEX CERTIFIE[' 717 %
D-07 Delta-Neutral Baqﬁﬁlmny:ed 1.5x +12.60% 4.10 -0.15% 85.7% 3.10 APEX CERTIFIE[' 717 ]
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AETHELIS QUANT /| ENCYCLOPEDIC TOME 11
Algorithmic Governance, Model Validation & Continuous Oversight

| Tome 11: Algorithmic Governance, Model Validation & Continuous Oversight Framework (Ch. 11)

| Chapter 11: Algorithmic Governance & Human-in-the-Loop Oversight Framework
11.1 Purpose and Architectural Overview

The DMNE Quant infrastructure incorporates a continuous, transaction-driven Algorithmic Governance and Oversight Engine designed to supervise
live quantitative desks. Operating asynchronously from low-latency execution pipelines (OMS), this module monitors operational friction, fee-drag
dynamics, and micro-trade anomalies without degrading order routing performance.

11.2 Transaction-Driven Audit Lifecycle

Rather than arbitrary time-based evaluations, governance audits are governed by empirical trade volume thresholds (standard baseline: 15 closed
transactions per desk). Upon reaching critical sample size, the engine computes trade friction metrics and simulates parameter optimizations across
out-of-sample walk-forward regimes.

11.3 Institutional 6 Hard Gates Policy

To neutralize data-snooping bias and curve-fitting, any proposed parameter adjustment must satisfy six institutional criteria before qualifying for human
review:

- Hard Gate 1 (Drawdown Ceiling): Out-of-Sample Max Drawdown must not breach established risk limits (<= 7.00%).

- Hard Gate 2 (Out-of-Sample Profit Factor): Out-of-Sample Profit Factor must maintain institutional viability (>= 1.40).

- Hard Gate 3 (Risk-Adjusted Efficiency): Calmar Ratio must remain strictly >= 2.0.

- Hard Gate 4 (Statistical Robustness): Deflated Sharpe Ratio (DSR) p-value <= 0.05 to reject random walk artifacts.

- Hard Gate 5 (Micro-Trade Containment): Proposed configuration must demonstrate a >= 25% reduction in friction trades.
- Hard Gate 6 (Cryptographic Integrity): Deterministic verification via SHA-256 audit hash.

11.4 Role-Based Segregation of Duties (RBAC)

Strict operational segregation separates trading execution from model governance:

- Desk Leads & Traders: Maintain dedicated operational authority over market positioning, exposure, and margin monitoring. Governance
mutation triggers remain obscured to preserve execution focus.

- Super Admin: Holds exclusive fiduciary privilege to inspect algorithmic diagnosis, review Hard Gate telemetry, and cryptographically
execute [SIGN & AUTHORIZE] or [REJECT] mandates. Unsigned proposals are strictly quarantined.

11.5 Modular Multi-Desk Rollout

Piloted on Desk 3 (Auction Market Theory), the governance architecture provides specialized metric interfaces tailored to directional momentum
strategies, basis/funding carry arbitrage, and regulated TradFi CME Globex engines.
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