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01 Executive Summary

TSG Lab AG's AI-Powered Quantitative Trading Algorithm combines state-of-the-art machine learning with

traditional quantitative finance to generate alpha across cryptocurrency and traditional financial markets. The

system ingests and processes terabytes of market data through a pipeline of specialized AI models: transformer-

based time series forecasters, reinforcement learning execution agents, NLP sentiment engines, and graph neural

networks for cross-asset correlation discovery.

Over 70% of equity trading volume is machine-driven, yet sophisticated quantitative strategies have historically

been confined to elite hedge funds. The platform operates across a multi-tier risk management architecture

enforcing position limits, drawdown thresholds, volatility-adjusted sizing, and correlation-aware portfolio

construction. The result is a system that adapts to changing market regimes, learns from its own performance, and

operates 24/7 across global markets with sub-millisecond decision latency.

02 Business Challenge

03 Technical Solution

Information Overload: Markets generate millions of data points per second across price feeds, order books, on-chain

transactions, news, and social media — impossible for humans to process at market-relevant speed.

▶

Market Regime Shifts: Trading strategies that perform in trending markets frequently fail during mean-reversion or high-

volatility regimes, causing catastrophic drawdowns during transitions.

▶

Execution Quality Degradation: Large orders in illiquid markets (especially crypto) suffer significant slippage. Naive

execution strategies destroy alpha through market impact.

▶

Crypto Market Complexity: 24/7 trading, fragmented liquidity across exchanges, MEV exploitation, and on-chain signal
extraction require specialized infrastructure that traditional systems lack.

▶

Risk Management Gaps: Many algorithmic systems optimize for returns without adequate risk controls, leading to tail-risk

events and catastrophic losses.

▶

Talent and Infrastructure Barriers: Building a competitive quant trading operation requires PhD-level data scientists,

specialized infrastructure, and millions in annual operational costs.

▶
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Data Ingestion & Feature Engineering Layer

Market Data: Real-time L2/L3 order book data from 20+ exchanges (Binance, Coinbase, Kraken, NYSE, CME)

via WebSocket with sub-millisecond ingestion.

On-Chain Analytics: Real-time Ethereum/Solana mempool monitoring, whale wallet tracking, DEX liquidity

analysis, and smart contract event streaming.

Alternative Data: Satellite imagery derivatives, credit card transaction aggregates, web traffic analytics, patent

filing monitoring.

Sentiment Extraction: NLP pipeline processing 500K+ social media posts/hour through fine-tuned transformer

models (FinBERT, custom GPT derivatives) for real-time sentiment scoring.

Feature Store: Centralized Feast feature store with 10,000+ engineered features across technical, fundamental,

sentiment, and alternative data categories, versioned and served at sub-millisecond latency.

Model Layer — Multi-Strategy AI Engine

Temporal Fusion Transformer (TFT): Multi-horizon time series forecasting for price direction and magnitude

across 5-minute, 1-hour, 4-hour, and daily timeframes.

RL Execution Agent (PPO): Trained in realistic market simulation for optimal order execution — minimizing

slippage, market impact, and timing risk.

Graph Neural Network (GNN): Models cross-asset correlation structures as dynamic graphs, identifying lead-

lag relationships and contagion risks.

Regime Detection (HMM Ensemble): Classifies market conditions (trending, mean-reverting, high-vol, risk-

on/off) and dynamically adjusts strategy allocation.

Ensemble Meta-Learner (LightGBM): Combines predictions from all models, weighting each based on

historical accuracy in the current detected regime.

Risk Management & Execution Layer

Position sizing via Kelly Criterion with volatility scaling; mean-variance portfolio optimization with Black-

Litterman AI-generated views; graduated drawdown protection (reduction at -5%, de-allocation at -10%,

liquidation at -15%); smart order routing across exchanges, order types, and dark pools.

04 Implementation Approach

Phase Activities Duration

Phase 1: Data

Infrastructure

Exchange API integrations, on-chain node deployment, alternative data

vendors, feature store setup, 5+ year historical backfill

6–8 weeks

Phase 2: Model

Development

TFT training, RL agent training in simulation, GNN correlation model, HMM

regime detector, ensemble meta-learner

10–14

weeks
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Phase 3: Risk Framework Position sizing engine, portfolio optimizer, drawdown protection, compliance

engine, stress testing

6–8

weeks

Phase 4: Execution

Infrastructure

Smart order router, exchange connectivity (FIX/WebSocket), latency

optimization, MEV protection (Flashbots)

6–8

weeks

Phase 5: Backtesting &

Validation

Walk-forward optimization, Monte Carlo simulation, stress testing, out-of-

sample validation (3+ years)

6–8

weeks

Phase 6: Live
Deployment

Phased capital deployment (10% to 100%), monitoring dashboard, A/B testing
vs. benchmark, performance attribution

4–8
weeks

05 Technology Stack

Layer Technologies

Data Ingestion Apache Kafka, Apache Flink (stream processing), WebSocket (exchange feeds), custom blockchain
nodes (Geth, Solana validator)

Feature Store Feast, Redis (real-time serving), Apache Parquet (historical), DuckDB (analytics)

ML

Frameworks

PyTorch (TFT, GNN, RL), TensorFlow (serving), LightGBM (meta-learner), Stable-Baselines3,

PyTorch Geometric

NLP /

Sentiment

HuggingFace Transformers, FinBERT, custom GPT-based models, spaCy, NLTK

Backtesting Backtrader, custom event-driven backtester, Zipline (validation), QuantStats (analytics)

Execution FIX Protocol 4.4, ccxt (crypto exchange connectivity), Alpaca API (equities), custom smart order

router

Infrastructure Kubernetes (GKE/EKS), NVIDIA A100 GPUs (training), T4 GPUs (inference), Prometheus/Grafana,

PagerDuty

On-Chain The Graph, Dune Analytics, Etherscan APIs, Solana RPC, custom MEV detection / Flashbots

06 Key Features & Capabilities

Multi-Asset Coverage — Unified system trading cryptocurrencies (BTC, ETH, SOL + 50 altcoins), equities, futures,

options, and forex with cross-asset correlation intelligence.

✔
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07 Business Benefits & ROI

Alpha Generation

Target annualized Sharpe ratio of 2.0–3.0 across market

cycles, vs. 0.3–0.8 for passive strategies

Execution Cost Reduction

RL-optimized execution reduces slippage and market

impact by 30–50%, directly improving net returns

Drawdown Control

Regime-adaptive risk management targets maximum
drawdown of 10–15%, vs. 30–50% for unmanaged crypto

exposure

Operational Efficiency

24/7 autonomous operation eliminates human monitoring
costs and emotional trading decisions

Scalable Capacity

Architecture supports AUM scaling from USD 1M to USD

500M+ with linear infrastructure cost growth

Regulatory Readiness

Built-in compliance engine satisfies MiFID II, FINMA, and

emerging MiCA requirements

Regime-Adaptive Strategy Selection — Automatic detection of market regimes and dynamic reallocation of capital across

strategies optimized for current conditions.

✔

AI-Driven Execution — Reinforcement learning agent reducing slippage by 30–50% vs. naive execution through optimal

order routing and timing.

✔

On-Chain Alpha Signals — Proprietary extraction from blockchain data: whale accumulation patterns, DEX liquidity

shifts, mempool front-running detection.

✔

Sentiment Alpha Integration — Real-time social media and news sentiment processed through fine-tuned financial NLP
models, integrated into the prediction ensemble.

✔

Institutional-Grade Risk Controls — Multi-layered risk management with position limits, drawdown protection, stress

testing, and regulatory compliance.

✔

Full Transparency & Interpretability — SHAP-based model interpretability, real-time performance attribution, and factor

decomposition dashboards.

✔

24/7 Autonomous Operation — Continuous operation across global markets with automated failover and human escalation

protocols.

✔
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08 Use Case Scenarios

Crypto Market-Making with MEV Protection

The system deploys a market-making strategy across ETH/USDT on 5 exchanges simultaneously. The RL

execution agent dynamically adjusts bid-ask spreads based on real-time volatility and cross-exchange

arbitrage opportunities. On-chain mempool monitoring detects front-running attempts and routes sensitive

orders through Flashbots Protect, recovering potential MEV losses as additional alpha.

Cross-Asset Macro Strategy

The regime detection model identifies a shift to risk-off conditions based on bond yield inversions, VIX

spikes, and negative crypto sentiment. The system automatically reduces long crypto exposure, increases

stablecoin allocation, and initiates short positions in high-beta altcoins. When regime confidence shifts back

to risk-on (detected by improving on-chain activity and positive sentiment divergence), positions are

systematically unwound.

Event-Driven Trading

The NLP engine detects an emerging narrative around a major protocol upgrade. Sentiment analysis reveals

accelerating positive momentum 48 hours before mainstream coverage. The system initiates a position in

ETH and related L2 tokens, sizes according to historical event-impact analysis, and sets RL-optimized exit

parameters based on typical post-event profit-taking patterns.

09 Security & Compliance

Capital Security: Exchange API keys use IP whitelisting, withdrawal-disabled permissions, and HSM storage. No API key

has withdrawal access.

■

Operational Security: Multi-signature human authorization required for capital allocation changes and system updates; all

changes logged immutably.

■

Model Security: Model inference runs in isolated containers with no external network access beyond exchange APIs;
weights encrypted at rest and in transit.

■

Regulatory Compliance: Pre-trade compliance engine enforces FINMA (Swiss), MiFID II (EU), and emerging MiCA

requirements with full audit trail.

■
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10 Future Enhancements

LLM Integration: Fine-tuned LLMs for automated analysis of earnings calls, central bank minutes, and regulatory filings

— extracting nuanced directional signals from unstructured text.

Federated Learning: Privacy-preserving model training across multiple fund datasets, enabling collective intelligence

without exposing proprietary strategies.

DeFi Strategy Module: Automated yield farming, liquidity provision, and lending optimization across DeFi protocols

(Aave, Uniswap, Lido) with smart contract risk assessment.

Quantum Computing Readiness: Architecture designed for future integration of quantum computing resources for
portfolio optimization (QAOA) and Monte Carlo simulation.

Tokenized Fund Structure: Fund shares as ERC-4626 vault tokens, enabling real-time NAV calculation, instant

subscription/redemption, and global investor access under Swiss DLT Act.

AML/KYC Integration: Chainalysis integration for crypto transaction monitoring; automated suspicious activity reporting.■

Disaster Recovery: Multi-region deployment with automatic failover, 15-second RTO, and position reconciliation across all

exchanges upon recovery.

■


