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Introduction to MEV Strategy Design

What is MEV Strategy Design?

MEV strategy design is the systematic process of creating, implementing, and optimizing
algorithms that can identify and extract value from blockchain transaction ordering
opportunities. This encompasses the entire lifecycle from concept to production
deployment.

Key Principles of Strategy Design

1. Systematic Approach: Every strategy should follow a rigorous methodology
2. Data-Driven: All decisions should be based on quantitative analysis

3. Risk-Aware: Built-in risk management from day one

4. Scalable: Designed to handle increasing transaction volumes

5. Adaptive: Capable of learning and evolving with market conditions

Strategy Design Lifecycle

Concept - Research - Design — Implementation - Testing - Deployment -
Monitoring — Optimization
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Systematic Strategy Development Process

Phase 1: Market Research and Opportunity Identification

1.1 Market Analysis
* Analyze current MEV landscape
- Identify gaps in existing strategies
« Study competitor approaches
+ Evaluate market dynamics
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1.2 Opportunity Mapping
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import numpy as np

import pandas as pd

from typing import List, Dict, Tuple
import asyncio

from dataclasses import dataclass

@dataclass

class MEVOpportunity:
opportunity_type: str
profit_potential: float
execution_complexity: int
market_liquidity: float
competition_level: float
time_sensitivity: float

class MarketAnalyzer:
def __init__ (self):
self.opportunities = []

def scan_mev_landscape(self) -> List[MEVOpportunity]:

"""Scan for available MEV opportunities"""

opportunities = [

MEVOpportunity(

)

opportunity_type="DEX Arbitrage",
profit_potential=0.05, # 5% profit potential
execution_complexity=3, # Medium complexity
market_liquidity=0.8, # High liquidity
competition_level=0.7, # High competition
time_sensitivity=0.9 # Very time-sensitive

MEVOpportunity(

)

opportunity_type="Liquidation",
profit_potential=0.08,
execution_complexity=2,
market_liquidity=0.6,
competition_level=0.5,
time_sensitivity=1.0

MEVOpportunity(

opportunity_type="Sandwich Attack",
profit_potential=0.03,
execution_complexity=4,
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market_liquidity=0.7,
competition_level=0.9,
time_sensitivity=0.8

# Calculate opportunity score
for opp in opportunities:
opp.score = self._calculate_opportunity_score(opp)

return sorted(opportunities, key=lambda x: X.score,
reverse=True)

def _calculate_opportunity_score(self, opp: MEVOpportunity) ->
float:
"""Calculate weighted opportunity score"""
weights = {
"'profit': 0.3,
'complexity': -0.2,
# Negative because lower complexity is better
'liquidity': 0.2,
"competition': -0.15,
# Negative because lower competition is better
"timing': 0.15

¥

return (
weights['profit'] * opp.profit_potential +
weights['complexity'] * opp.execution_complexity +
weights['liquidity'] * opp.market_liquidity +
weights['competition'] * opp.competition_level +
weights['timing'] * opp.time_sensitivity

)

5/83



1.3 Feasibility Assessment
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class StrategyFeasibility:
def __init__ (self):
self.technical_requirements = {}
self.resource_requirements = {}

def assess_technical_ feasibility(self, strategy_type: str) ->
Dict[str, float]:
"""Assess technical requirements for strategy"""
requirements = {

'DEX Arbitrage': {
'api_access': 1.0,
'flash_loan_capability': 0.8,
'multi_chain_support': 0.6,
"high_frequency_trading': 0.9

3

'Liquidation': {
'oracle_access': 1.0,
'liquidation_knowledge': 1.0,
'collateral_trading': 0.7,
'real_time_monitoring': 0.9

3

'"MEV Sandwich': {
"transaction_simulation': 1.0,
'block_gas_estimation': 0.8,
'priority_gas_auction': 0.9,
'victim_identification': 0.6

return requirements.get(strategy_type, {})

def calculate_development_effort(self, strategy_type: str) ->
Dict[str, int]:
"""Estimate development effort in person-weeks"""
effort_estimates = {
'DEX Arbitrage': {
'research': 2,
'design': 3,
"implementation': 8,
'"testing': 4,
'deployment': 2
3
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'Liquidation': {
'research': 3,
'design': 4,
"implementation': 10,
'"testing': 5,
'deployment': 3

3

'"MEV Sandwich': {
'research': 3,
'design': 5,
"implementation': 12,
'"testing': 6,
'deployment': 4

return effort_estimates.get(strategy_type, {})
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Phase 2: Strategy Specification

2.1 Requirements Definition
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class StrategyRequirements:
def __init__ (self):
self.functional_requirements = {}
self.non_functional_requirements = {}

def define_functional_requirements(self, strategy_type: str) ->
Dict[str, str]:
"""Define functional requirements for the strategy"""
requirements = {
'DEX Arbitrage': {
'"FROO1': 'Detect profitable arbitrage opportunities
across multiple DEXs',
'"FROO2': 'Execute trades with minimum slippage',
'"FROO3': 'Handle flash loans for capital efficiency',
'"FROO4': 'Manage multi-hop arbitrage paths',
'"FROO5': 'Monitor gas costs and adjust strategy

accordingly'
3
'"Liquidation': {
'"FROO1': 'Monitor lending protocol health ratios',
'"FROO2': 'Calculate optimal liquidation amounts',
'"FROO3': 'Execute liquidations with maximum profit',
'"FROO4': 'Manage liquidation collateral trading',
'"FROO5': 'Handle protocol-specific liquidation
mechanics'
}
}

return requirements.get(strategy_type, {})

def define_non_functional_requirements(self, strategy_type: str) ->
Dict[str, str]:
"""Define non-functional requirements"""
requirements = {
'DEX Arbitrage': {
'"NFROO1': 'Execute arbitrage within 3 seconds of
detection',
'"NFROO2': 'Achieve 99.9% uptime',
'"NFROO3': 'Support concurrent arbitrage on 5+ DEXs',
'"NFROO4': 'Maximum daily loss not to exceed 2% of
capital’,
"NFROO5': 'Support for 10+ blockchain networks'
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3
'Liquidation': {
'"NFROO1': 'Detect liquidatable positions within 1

second',
"NFREO2': 'Execute liquidation within block time',
'"NFROO3': 'Achieve 95%+ liquidation success rate',
'"NFROO4': 'Support for 20+ lending protocols',
'"NFROO5': 'Real-time health ratio monitoring'
}
}

return requirements.get(strategy_type, {})
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2.2 Success Metrics Definition
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from enum import Enum
from dataclasses import dataclass

class MetricType(Enum):
PROFITABILITY = "profitability"
EFFICIENCY = "efficiency"
RELIABILITY = "reliability"
SCALABILITY = "scalability"

@dataclass

class StrategyMetric:
name: str
type: MetricType
target_value: float
measurement_frequency: str
threshold_warning: float = None
threshold_critical: float = None

class StrategyMetrics:
def __init_ (self):
self.metrics = []

def define_key_metrics(self, strategy_type: str) ->
List[StrategyMetric]:
"""Define key performance metrics for strategy"""

if strategy_type == "DEX Arbitrage":
return [

StrategyMetric("Daily P&L", MetricType.PROFITABILITY,
1000.0, "daily"),

StrategyMetric("Arbitrage Success Rate",
MetricType.EFFICIENCY, 0.85, "real-time"),

StrategyMetric("Average Profit per Trade",
MetricType.PROFITABILITY, 50.0, "trade"),

StrategyMetric("Gas Efficiency Ratio",
MetricType.EFFICIENCY, 0.8, "trade"),

StrategyMetric("System Uptime", MetricType.RELIABILITY,
0.99, "hourly"),

StrategyMetric("Concurrent Opportunities",
MetricType.SCALABILITY, 10.0, "real-time")

]
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elif strategy_type == "Liquidation":

MetricType.

MetricType.

MetricType.

MetricType.

MetricType.

MetricType

return [
StrategyMetric("Daily Liquidated Value",
PROFITABILITY, 50000.0, "daily"),
StrategyMetric("Liquidation Success Rate",
EFFICIENCY, 0.90, "real-time"),
StrategyMetric("Average Liquidation Profit",
PROFITABILITY, 100.0, "liquidation"),
StrategyMetric("Detection Latency",
EFFICIENCY, 0.5, "real-time"),
StrategyMetric("Health Monitoring Uptime",
RELIABILITY, 0.995, "hourly"),
StrategyMetric("Supported Protocols",

.SCALABILITY, 20.0, "daily")

]

return []

14 /83



Market Opportunity Analysis

Quantitative Opportunity Assessment
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import matplotlib.pyplot as plt
import seaborn as sns

from scipy import stats

import warnings

def setup_matplotlib_for_plotting():
"""Setup matplotlib for non-interactive plotting"""
warnings.filterwarnings('default')
plt.switch_backend("Agg")
plt.style.use("seaborn-ve_8")
sns.set_palette("husl")
plt.rcParams["font.sans-serif"] = ["Noto Sans CJK SC", "WenQuanYi
Zen Hei", "PingFang SC", "Arial Unicode MS", "Hiragino Sans GB"]
plt.rcParams["axes.unicode_minus"] = False

class OpportunityAnalyzer:
def __init__ (self):
self.historical_data = None

def analyze_arbitrage_opportunities(self, data: pd.DataFrame) ->
Dict:
"""Analyze historical arbitrage opportunities"""
setup_matplotlib_for_plotting()

# Calculate opportunity metrics

metrics = {
'"total_opportunities': len(data),
'avg_profit': data['profit'].mean(),
"profit_std': data['profit'].std(),
'median_profit': data['profit'].median(),
'success_rate': (data['success'] == True).mean(),
'avg_execution_time': data['execution_time'].mean(),
"'profit_per_second': data['profit'].mean() /

data[ 'execution_time'] .mean()

}

# Create visualization
fig, axes = plt.subplots(2, 2, figsize=(15, 10))
fig.suptitle('DEX Arbitrage Opportunity Analysis', fontsize=16)

# Profit distribution
axes[0,0].hist(data['profit'], bins=50, alpha=0.7,
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color="skyblue')
axes[0,0].set_title('Profit Distribution')
axes[0,0].set_xlabel('Profit (ETH)')
axes[0,0].set_ylabel('Frequency')

# Success rate by profit range

profit_bins = pd.cut(data['profit'], bins=10)

success_by_profit = data.groupby(profit_bins)['success'].mean()

axes[0,1].bar(range(len(success_by_profit)),
success_by_profit.values)

axes[0,1].set_title('Success Rate by Profit Range')

axes[0,1].set_xlabel('Profit Range')

axes[0,1].set_ylabel('Success Rate')

# Execution time vs profit

axes[1,0].scatter(data['execution_time'], data['profit'],
alpha=0.6)

axes[1,0].set_title('Execution Time vs Profit')

axes[1,0].set_xlabel('Execution Time (s)')

axes[1,0].set_ylabel('Profit (ETH)')

# Time series of opportunities

if 'timestamp' in data.columns:
data['timestamp'] = pd.to_datetime(data['timestamp'])
daily profits = data.groupby(data['timestamp'].dt.date)

["profit'].sum()

axes[1,1].plot(daily_profits.index, daily_profits.values)
axes[1,1].set_title('Daily Total Profits')
axes[1,1].set_xlabel('Date')
axes[1,1].set_ylabel('Total Profit (ETH)')
axes[1,1].tick_params(axis='x"', rotation=45)

plt.tight_layout()

plt.savefig('arbitrage_analysis.png', dpi=300,
bbox_inches="'tight"')

plt.close()

return metrics
def calculate_profitability_score(self, opportunity_data: Dict) ->

float:
"""Calculate overall profitability score"""
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weights = {
"'profit_potential': 0.3,
'success_probability': 0.25,
'execution_speed': 0.2,
"competition_level': 0.15,
'resource_requirements': 0.1

score = (

weights['profit_potential'] *
opportunity_data.get('profit_potential', 0) +

weights['success_probability'] *
opportunity_data.get('success_probability', 0) +

weights['execution_speed'] *
opportunity_data.get('execution_speed', 0) +

weights['competition_level'] * (1 -
opportunity_data.get('competition_level', 1)) +

weights['resource_requirements'] * (1 -
opportunity_data.get('resource_requirements', 1))

)

return min(max(score, 0), 1) # Normalize to [0,
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Market State Analysis
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class MarketStateAnalyzer:
def __init__ (self):
self.market_indicators = {}

def analyze_market_volatility(self, price_data: pd.DataFrame) ->
Dict:
"""Analyze market volatility patterns"""
returns = price_datal['price'].pct_change().dropna()

analysis = {

'volatility': returns.std(),

'volatility_regime':
self._classify_volatility regime(returns.std()),

'volatility trend':
self._analyze_volatility_ trend(returns),

'extreme_events': self._identify_extreme_events(returns),

'correlations':
self._calculate_cross_correlations(price_data)

¥

return analysis

def _classify_volatility regime(self, volatility: float) -> str:
"""Classify current volatility regime"""
if volatility < 0.02:
return "Low Volatility"
elif volatility < 0.05:
return "Normal Volatility"
elif volatility < 0.1:
return "High Volatility"
else:
return "Extreme Volatility"

def _analyze_volatility_trend(self, returns: pd.Series) -> str:
"""Analyze volatility trend"""
# Calculate rolling volatility
rolling_vol = returns.rolling(window=24).std()

# Compare recent vs historical average

recent_vol = rolling vol.tail(24).mean()
historical_vol = rolling_vol.head(-24).mean()
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if recent_vol > 1.5 * historical vol:
return "Increasing"

elif recent_vol < 0.5 * historical_vol:
return "Decreasing"

else:
return "Stable"

def _identify_extreme_events(self, returns: pd.Series) ->
List[Dict]:
"""Tdentify extreme market events"""
threshold = 3 * returns.std()
extreme_events = []

for idx, ret in returns.items():
if abs(ret) > threshold:
extreme_events.append({
"timestamp': idx,
'return': ret,
"type': 'extreme_gain' if ret > 0 else
'extreme_loss',
'magnitude': abs(ret) / returns.std()

)

return extreme_events

def _calculate_cross_correlations(self, price_data: pd.DataFrame) -
> pd.DataFrame:
"""Calculate cross-correlations between different assets"""
returns = price_data.pct_change().dropna()
return returns.corr()
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Strategy Architecture Design

High-Level Architecture
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from abc import ABC, abstractmethod
from typing import List, Dict, Optional
import asyncio

from dataclasses import dataclass
import threading

import time

@dataclass

class TradingSignal:
signal_id: str
timestamp: float
asset: str
action: str # 'buy', 'sell', 'hold'
confidence: float
price_target: float
stop_loss: float
take_profit: float
metadata: Dict

@dataclass
class ExecutionOrder:
order_id: str
strategy_id: str
asset: str
side: str # 'buy', 'sell'
amount: float
price: float
timestamp: float
status: str = 'pending'

class StrategyComponent (ABC):
"""Abstract base class for strategy components"""

@abstractmethod

async def initialize(self) -> bool:
"""TInitialize the component"""
pass

@abstractmethod

async def process(self, data: Dict) -> Optional[TradingSignal]:
"""Process data and generate signals"""
pass

23/83



@abstractmethod

async def shutdown(self):
"""Shutdown the component"""
pass

class MarketDataProvider(StrategyComponent):
"""Market data provider component"""

def __init__ (self, exchange_apis: List[str]):
self.exchange_apis = exchange_apis
self.data_streams = {}
self.subscribers = []

async def initialize(self) -> bool:
"""Initialize market data connections"""
try:
# Initialize connections to exchanges
for exchange in self.exchange_apis:
self.data_streams[exchange] = await
self._connect_to_exchange(exchange)
return True
except Exception as e:
print(f"Failed to initialize market data: {e}")
return False

async def process(self, data: Dict) -> Optional[TradingSignal]:
"""Process market data (not used for data provider)"""
return None

async def _connect_to_exchange(self, exchange: str):
"""Connect to specific exchange"""
# Implementation would connect to actual exchange APIs
pass

async def subscribe_to_price(self, symbol: str, callback):
"""Subscribe to price updates for a symbol"""
self.subscribers.append((symbol, callback))

async def emit_price_update(self, symbol: str, price_data: Dict):

"""Emit price update to subscribers"""
for sub_symbol, callback in self.subscribers:
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if sub_symbol == symbol:
await callback(price_data)

class SignalGenerator(StrategyComponent):
"""Signal generation component"""

def __init__ (self, strategy_params: Dict):
self.strategy_params = strategy_params
self.indicators = {}
self.signal_history = []

async def initialize(self) -> bool:

"""Tnitialize technical indicators"""

try:
# Initialize required indicators based on strategy
self.indicators = self._setup_indicators()
return True

except Exception as e:
print(f"Failed to initialize indicators: {e}")
return False

async def process(self, data: Dict) -> Optional[TradingSignal]:
"""Generate trading signals based on data"""
try:
# Update indicators with new data
self._update_indicators(data)

# Generate signal
signal = self._generate_signal(data)

if signal:
self.signal_history.append(signal)

return signal
except Exception as e:
print(f"Error generating signal: {e}")
return None
def _setup_indicators(self) -> Dict:

"""Setup technical indicators"""
# This would initialize actual technical indicators
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def

def

return {
'rsi': lambda x: None, # Placeholder
'macd': lambda x: None,
'bollinger': lambda x: None

_update_indicators(self, data: Dict):
"""Update indicators with new market data"""
# Update indicator values

pass

_generate_signal(self, data: Dict) -> Optional[TradingSignal]:
"""Generate trading signal based on indicator values"""

# Implement actual signal generation logic

return None

class RiskManager (StrategyComponent):

"""Risk management component"""

def

_init_ (self, risk limits: Dict):
self.risk_limits = risk_limits
self.current_exposure = 0.0
self.daily_pnl = 0.0

async def initialize(self) -> bool:

"""Initialize risk manager"""
return True

async def process(self, signal: TradingSignal) ->
Optional[TradingSignal]:

"""Apply risk management to trading signal"""
if not signal:
return None

# Check risk limits
if not self._check_risk_limits(signal):
return None # Signal rejected due to risk limits

# Apply position sizing

adjusted_signal = self._apply_position_sizing(signal)

return adjusted_signal
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def _check_risk_limits(self, signal: TradingSignal) -> bool:
"""Check if signal violates risk limits"""
# Check maximum position size
if abs(signal.amount) > self.risk_limits.get('max_position',

1.0):
return False
# Check maximum daily loss
if self.daily pnl < -self.risk limits.get('max_daily loss',
0.05):

return False

# Check maximum correlation
if self._check_correlation_limit(signal):
return False

return True

def _apply position_sizing(self, signal: TradingSignal) ->
TradingSignal:
"""Apply position sizing based on risk management rules"""
# Implement Kelly criterion or other position sizing
position_size = self._calculate_optimal_size(signal)
signal.amount *= position_size
return signal

def _check_correlation_limit(self, signal: TradingSignal) -> bool:
"""Check correlation limits with existing positions"""
# Implement correlation checking
return False

def _calculate_optimal_size(self, signal: TradingSignal) -> float:
"""Calculate optimal position size"""
# Implement Kelly criterion or volatility-based sizing
return 1.0 # Placeholder

class OrderExecutor(StrategyComponent):
"""Order execution component"""

def _ init__ (self, exchange_config: Dict):
self.exchange_config = exchange_config
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self.execution_engine = None

async def initialize(self) -> bool:

"""Initialize execution engine"""

try:
self.execution_engine = await

self._setup_execution_engine()

return True

except Exception as e:
print(f"Failed to initialize execution: {e}")
return False

async def process(self, signal: TradingSignal) ->
Optional[ExecutionOrder]:
"""Execute trading signal"""
if not signal:
return None

try:
# Convert signal to order
order = self._create_order(signal)

# Execute order
execution_result = await self._execute_order(order)

return execution_result

except Exception as e:
print(f"Error executing order: {e}")
return None

def _create_order(self, signal: TradingSignal) -> ExecutionOrder:
"""Create execution order from signal"""
return ExecutionOrder (
order_id=f"order_{int(time.time())}",
strategy_id=signal.signal_id,
asset=signal.asset,
side=signal.action,
amount=signal.amount,
price=signal.price_target,
timestamp=time.time()
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async def _execute_order(self, order: ExecutionOrder) ->
ExecutionOrder:
"""Execute order on exchange"""
# Implementation would execute on actual exchange
order.status = 'executed'
return order

async def _setup_execution_engine(self):
"""Setup execution engine for specific exchange"""
pass

class MEVStrategy:
""""Main MEV strategy class"""

def _ init_ (self, config: Dict):
self.config = config
self.components = {}
self.is_running = False
self.performance_metrics = {}

async def initialize(self) -> bool:
"""Tnitialize all strategy components"""
try:
# Initialize market data provider
self.components['market_data'] = MarketDataProvider (
self.config.get('exchanges', [])

# Initialize signal generator
self.components['signal_generator'] = SignalGenerator (
self.config.get('strategy_params', {})

# Initialize risk manager
self.components['risk_manager'] = RiskManager (
self.config.get('risk_limits', {})

# Initialize order executor
self.components['order_executor'] = OrderExecutor (
self.config.get('exchange_config', {})
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# Initialize all components
for name, component in self.components.items():
success = await component.initialize()
if not success:
print(f"Failed to initialize {name}")
return False

return True

except Exception as e:
print(f"Strategy initialization failed: {e}")
return False

async def start(self):
"""Start the strategy"""
self.is_running = True
print("MEV Strategy started")

# Start main processing loop
await self._main_loop()

async def stop(self):
"""Stop the strategy"""
self.is_running = False

# Shutdown all components
for component in self.components.values():
await component.shutdown()

async def _main_loop(self):
"""Main strategy processing loop"""
while self.is_running:
try:
# Get market data
market_data = await self._get_market_data()

# Generate signals

signal = await
self.components['signal_generator'].process(market_data)
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# Apply risk management
managed_signal = await
self.components['risk_manager'].process(signal)

# Execute orders
if managed_signal:
order = await
self.components['order_executor'].process(managed_signal)
if order:
print(f"Order executed: {order.order_id}")

# Update performance metrics
self._update_performance_metrics()

# Sleep before next iteration
await asyncio.sleep(0.1)

except Exception as e:
print(f"Error in main loop: {e}")
await asyncio.sleep(1)

async def _get_market_data(self) -> Dict:
"""Get current market data"""
# Implementation would fetch actual market data
return {
"timestamp': time.time(),
'prices': {'ETH': 3000.0, 'USDC': 1.0},
'volumes': {'ETH': 1000000, 'USDC': 5000000}

def _update_performance_metrics(self):
"""Update performance tracking metrics"""
# Update various performance metrics
pass
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Data Flow Architecture

class DataFlowManager:
"""Manages data flow between strategy components"""

def __init__ (self):
self.data_queues

{}
{3

self.subscribers

def create_data_stream(self, stream_name: str) -> asyncio.Queue:
"""Create a new data stream"""
self.data_queues[stream_name] = asyncio.Queue(maxsize=1000)
return self.data_queues[stream_name]

def subscribe_to_stream(self, stream_name: str, callback):
"""Subscribe to a data stream"""
if stream_name not in self.subscribers:
self.subscribers[stream_name] = []
self.subscribers[stream_name].append(callback)

async def emit_to_stream(self, stream_name: str, data: Dict):
"""Emit data to a stream"""
if stream_name in self.data_gueues:
await self.data_queues[stream_name].put(data)

# Notify subscribers
if stream_name in self.subscribers:
for callback in self.subscribers[stream_name]:
await callback(data)
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Risk and Performance Framework

Comprehensive Risk Management
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import numpy as np

from typing import Dict, List, Tuple
from dataclasses import dataclass

from datetime import datetime, timedelta
import threading

@dataclass

class RiskLimit:
limit_type: str
value: float

1
(o]
(o]

current_value: float

|
(o]

violation_count: int =

class ComprehensiveRiskManager :
"""Advanced risk management system"""

def __init__ (self, initial_capital: float):
self.initial capital = initial_capital
self.current_capital = initial capital
self.risk_limits = {}
self.position_history = []
self.performance_history = []
self.risk_events = []

self._setup_risk_limits()

def _setup_risk_limits(self):
"""Setup risk limits"""
self.risk_limits = {
"max_position_size': RiskLimit('position', 0.1),
# 10% max per position
"'max_portfolio_risk': RiskLimit('portfolio', 0.2), # 20%
max portfolio risk
"'max_drawdown': RiskLimit('drawdown',6 0.15), # 15% max
drawdown
'max_daily_loss': RiskLimit('daily_loss', 0.05), # 5% max
daily loss
'max_correlation': RiskLimit('correlation', 0.8), # 80%
max correlation
"'max_leverage': RiskLimit('leverage', 3.0), # 3x max
leverage
"'max_sector_exposure': RiskLimit('sector', 0.3),
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# 30% max sector exposure
"'max_concentration': RiskLimit('concentration', 0.05)
# 5% max single position

¥

def evaluate_trade(self, trade: Dict) -> Tuple[bool, str, float]:
"""Evaluate a trade against all risk limits"""

# Check each risk limit
for limit_name, limit in self.risk_limits.items():
passed, message, adjusted_amount = getattr(self,
f'_check_{limit_name}')(trade)
if not passed:
return False, message, 0.0

# If all checks pass, return adjusted amount
return True, "Trade approved", trade.get('amount',6K 0)

def _check_max_position_size(self, trade: Dict) -> Tuple[bool, str,
float]:
"""Check maximum position size limit"""
position_value = trade.get('amount',6 @) * trade.get('price', 0)
portfolio_value = self.current_capital

if position_value > self.risk_limits['max_position_size'].value
* portfolio_value:
# Adjust position size
max_amount = (self.risk_limits['max_position_size'].value *
portfolio_value) / trade.get('price', 1)
return False, f'"Position size exceeds limit", max_amount

return True, "", trade.get('amount',6 0)

def _check_max_portfolio_risk(self, trade: Dict) -> Tuple[bool,
str, float]:
"""Check maximum portfolio risk"""
trade_risk = trade.get('amount',6 0) * trade.get('price', 0) *
trade.get('volatility', 0.2)
total_portfolio_risk = self._calculate_total portfolio_risk()

if (trade_risk + total_portfolio_risk) >
self.risk_limits['max_portfolio_risk'].value * self.current_capital:

35/83



return False, "Trade would exceed portfolio risk limit",
0.0

return True, "", trade.get('amount',6 0)

def _check_max_drawdown(self, trade: Dict) -> Tuple[bool, str,

float]:

"""Check maximum drawdown limit"""

current_drawdown = self._calculate_current_drawdown()

potential_loss = trade.get('amount', @) * trade.get('price', 0)
* trade.get('stop_loss_distance', 0.05)

projected_drawdown = (current_drawdown + potential_loss) /
self.initial_capital

if projected_drawdown > self.risk_limits['max_drawdown'].value:
return False, "Trade would exceed maximum drawdown", 0.0

return True, "", trade.get('amount', 0)

def _check_max_daily loss(self, trade: Dict) -> Tuple[bool, str,
float]:
"""Check maximum daily loss limit"""
today_pnl = self._calculate_daily_pnl()
potential _loss = -trade.get('amount', 0©) * trade.get('price',
©) # Assume negative P&L

if (today_pnl + potential_loss) < -
self.risk_limits['max_daily_loss'].value * self.current_capital:
return False, "Trade would exceed daily loss limit", 0.0

return True, "", trade.get('amount',6 0)

def _check_max_correlation(self, trade: Dict) -> Tuple[bool, str,
float]:
"""Check correlation limits"""
trade_asset = trade.get('asset', '')
new_exposure = trade.get('amount', 0) * trade.get('price', 0)

# Calculate correlation with existing positions

correlations = self._calculate_asset_correlations(trade_asset)

max_correlation = max(correlations.values()) if correlations
else 0.0
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if max_correlation > self.risk_limits['max_correlation'].value:
return False, f"Trade would exceed correlation limit with

existing positions", 0.0
return True, "", trade.get('amount',6 0)

def _check_max_leverage(self, trade: Dict) -> Tuple[bool, str,
float]:
"""Check leverage limits"""
total_exposure = self._calculate_total_exposure()
current_leverage = total_exposure / self.current_capital

trade_exposure = trade.get('amount', 0) * trade.get('price', 0)
projected_leverage = (total_exposure + trade_exposure) /

self.current_capital

if projected_leverage > self.risk_limits['max_leverage'].value:
return False, "Trade would exceed leverage limit", 0.0

return True, "", trade.get('amount',6 0)

def _check_max_sector_exposure(self, trade: Dict) -> Tuple[bool,
str, float]:
"""Check sector exposure limits"""
trade_asset = trade.get('asset', '')
sector = self._get_asset_sector(trade_asset)
sector_exposure = self._calculate_sector_exposure(sector)
trade_exposure = trade.get('amount', Q) * trade.get('price', 0)

if (sector_exposure + trade_exposure) >
self.risk_limits['max_sector_exposure'].value * self.current_capital:
return False, f"Trade would exceed
{sector} sector exposure limit", 0.0

return True, "", trade.get('amount',6 0)

def _check_max_concentration(self, trade: Dict) -> Tuple[bool, str,

float]:
"""Check position concentration limits"""
trade_asset = trade.get('asset', '')
trade_exposure = trade.get('amount', 0) * trade.get('price', 0)
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if trade_exposure > self.risk_limits['max_concentration'].value
* self.current_capital:
return False, "Trade would exceed single position
concentration limit", 0.0

return True, "", trade.get('amount',6 0)

def calculate_var(self, confidence_level: float = 0.05,
time_horizon: int = 1) -> float:
"""Calculate Value at Risk (varR)"""
if len(self.performance_history) < 30:
return self.current_capital * 0.05 # Conservative estimate

returns = np.array([p['return'] for p in
self.performance_history[-252:]]) # Last year

# Calculate historical VaR
var = np.percentile(returns, confidence_level * 100) *
np.sqrt(time_horizon)

return abs(var * self.current_capital)

def calculate_expected_shortfall(self, confidence_level: float =
0.05) -> float:
"""Calculate Expected Shortfall (Conditional VvaR)"""
var = self.calculate_var(confidence_level)

# Find all returns worse than VaR
tail returns = [p['return'] for p in self.performance_history
if p['return'] <= -var / self.current_capital]

if tail _returns:

return abs(np.mean(tail_returns) * self.current_capital)
else:

return var * 1.5 # Conservative estimate

def calculate_sharpe_ratio(self, risk_free_rate: float = 0.02) ->
float:
"""Calculate Sharpe ratio"""
if len(self.performance_history) < 30:
return 0.0
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returns = np.array([p['return'] for p in
self.performance_history])

excess_returns = returns - risk_free_rate / 252 # Daily risk-
free rate

return np.mean(excess_returns) / np.std(excess_returns) *
np.sqrt(252)

def calculate_max_drawdown(self) -> float:
"""Calculate maximum drawdown"""
if len(self.performance_history) < 2:
return 0.0

equity_curve = [self.initial_capital]
for pnl_record in self.performance_history:
equity_curve.append(equity_curve[-1] + pnl_record['pnl'])

peak = equity_curve[0]
max_dd = 0O

for equity in equity_curve:
if equity > peak:
peak = equity
(peak - equity) / peak
max_dd = max(max_dd, drawdown)

drawdown

return max_dd

def update_capital(self, pnl: float):
"""Update current capital after trade"""
self.current_capital += pnl

# Record performance
self.performance_history.append({
"timestamp': datetime.now(),
"'pnl': pnl,
'return': pnl / self.current_capital,
'capital': self.current_capital

1)

# Helper methods
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def _calculate_total portfolio_risk(self) -> float:
"""Calculate total portfolio risk"""
# Implementation would calculate portfolio volatility
return 0.0

def _calculate_current_drawdown(self) -> float:
"""Calculate current drawdown"""
if len(self.performance_history) ==
return 0.0

peak_capital = max([self.initial_capital] + [p['capital'] for p
in self.performance_history])
return peak_capital - self.current_capital

def _calculate_daily pnl(self) -> float:
"""Calculate today's P&L"""
today = datetime.now().date()
daily_pnl = sum([p['pnl'] for p in self.performance_history
if p['timestamp'].date() == today])
return daily pnl

def _calculate_asset_correlations(self, asset: str) -> Dict[str,
float]:
"""Calculate correlations with existing positions"""
# Implementation would calculate actual correlations
return {}

def _calculate_total_exposure(self) -> float:
"""Calculate total portfolio exposure"""
# Implementation would calculate total exposure
return 0.0

def _get_asset_sector(self, asset: str) -> str:
"""Get sector for an asset"""
# Implementation would map assets to sectors
return "crypto"

def _calculate_sector_exposure(self, sector: str) -> float:
"""Calculate exposure to a specific sector"""
# Implementation would calculate sector exposure
return 0.0
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Performance Attribution Framework
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class PerformanceAttribution:
"""Performance attribution and analysis"""

def __init__ (self):
self.attribution_factors = {
'selection': 0.0, Asset selection contribution
'allocation': 0.0, Asset allocation contribution
'"interaction': 0.0, Selection-allocation interaction

"timing': 0.0, Market timing contribution

H OH OH HF OH*

'currency': 0.0 Currency effects

def calculate_attribution(self, benchmark_returns: pd.DataFrame,
portfolio_returns: pd.DataFrame,
weights: pd.DataFrame) -> Dict:
"""Calculate performance attribution"""

attribution = {}

# Brinson-Fachler attribution
attribution['selection_effect'] =
self._calculate_selection_effect(
benchmark_returns, portfolio_returns, weights

attribution['allocation_effect'] =
self._calculate_allocation_effect(
benchmark_returns, weights

attribution['interaction_effect'] =
self._calculate_interaction_effect(
benchmark_returns, portfolio_returns, weights

return attribution

def _calculate_selection_effect(self, benchmark_returns:
pd.DataFrame,
portfolio_returns: pd.DataFrame,
weights: pd.DataFrame) -> float:
"""Calculate asset selection effect"""
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# Implementation of Brinson selection effect
return 0.0

def _calculate_allocation_effect(self, benchmark_returns:
pd.DataFrame,
weights: pd.DataFrame) -> float:
"""Calculate asset allocation effect"""
# Implementation of Brinson allocation effect
return 0.0

def _calculate_interaction_effect(self, benchmark_returns:
pd.DataFrame,
portfolio_returns: pd.DataFrame,
weights: pd.DataFrame) -> float:
"""Calculate selection-allocation interaction effect"""
# Implementation of interaction effect
return 0.0
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Implementation Planning

Development Roadmap
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from datetime import datetime, timedelta

from typing import Dict, List

class DevelopmentRoadmap:

"""Development roadmap and project management"""

def __init__ (self):

self.phases = {}
self.milestones = {}
self.tasks = {}

def create_roadmap(self, strategy_type: str) -> Dict:
"""Create development roadmap for strategy"""

if strategy_type == "DEX Arbitrage":

return self._create_arbitrage_roadmap()
elif strategy_type == "Liquidation":

return self._create_liquidation_roadmap()
else:

return self._create_generic_roadmap()

def _create_arbitrage_roadmap(self) -> Dict:
"""Create roadmap for DEX arbitrage strategy"""
return {
"phase_1_research": {
"duration_weeks": 3,
"start_date": datetime.now(),
"tasks": [

"Market research and opportunity analysis",

"Competitor analysis and benchmarking",

"Technical feasibility assessment",
"Legal and compliance review",

"Risk assessment and mitigation planning"

1

"deliverables": [
"Market analysis report",
"Technical specification document",
"Risk management framework",
"Development timeline"

1

"success_criteria": [

"Identified profitable arbitrage opportunities"
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"Technical feasibility confirmed",
"Risk limits defined",
"Stakeholder approval obtained"

3
"phase_2_design": {

"duration_weeks": 4,

"start_date": datetime.now() + timedelta(weeks=3),

"tasks": [
"System architecture design",
"Database schema design",
"API integration specifications",
"UI/UX design for monitoring",
"Testing strategy development"

1

"deliverables": [
"System architecture document",
"Database design",
"API specifications",
"UI mockups",
"Test plan"

1

"success_criteria": [
"Architecture approved by technical team",
"Database schema validated",
"API contracts defined",
"UI design approved"

iy

"phase_3_development": {

"duration_weeks": 12,

"start_date": datetime.now() + timedelta(weeks=7),

"tasks": [
"Core arbitrage engine development",
"Market data integration",
"Risk management implementation",
"Order execution system",
"Monitoring and alerting",
"Testing and debugging"

1

"deliverables": [
"Working arbitrage engine",
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iy

1

"Integrated market data feeds",
"Risk management system",
"Order execution module",
"Monitoring dashboard",

"Test results"

"success_criteria": [

"All core functionality implemented",
"System passes integration tests",
"Performance benchmarks met",
"Security review completed"

"phase_4_testing": {

iy

"duration_weeks": 4,

"start_date": datetime.now() + timedelta(weeks=19),
"tasks": [

1

"Unit testing completion",
"Integration testing",
"Performance testing",
"Security testing",

"User acceptance testing",
"Load testing"

"deliverables": [

1

"Test coverage report",
"Performance benchmark results",
"Security assessment",

"UAT sign-off",

"Load test report"

"success_criteria": [

"95% test coverage achieved",
"Performance requirements met",
"Security vulnerabilities addressed",
"UAT approved",

"Load testing passed"

"phase_5_deployment": {
"duration_weeks": 2,

"start_date": datetime.now() + timedelta(weeks=23),
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"tasks": [
"Production environment setup",
"Monitoring system deployment",
"Backup and recovery procedures",
"Documentation completion",
"Team training",
"Go-1live preparation"

1

"deliverables": [
"Production environment",
"Monitoring infrastructure",
"Disaster recovery plan",
"User documentation",
"Training materials",
"Deployment checklist"

1

"success_criteria": [
"Production environment operational",
"Monitoring systems active",
"Documentation complete",
"Team trained",
"Go-1live checklist approved"

def _create_liquidation_roadmap(self) -> Dict:
"""Create roadmap for liquidation strategy"""
return {
"phase_1_research": {
"duration_weeks": 4,
"start_date": datetime.now(),
"tasks": [
"Lending protocol analysis",
"Liquidation mechanics research",
"Oracle systems evaluation",
"MEV landscape analysis",
"Regulatory compliance review"
1
"deliverables": [
"Protocol analysis report",
"Liquidation mechanics documentation",
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"Oracle integration plan",
"MEV opportunity assessment",
"Compliance review"

1

"success_criteria": [
"All major protocols analyzed",
"Liquidation process understood",
"Oracle dependencies identified",
"Opportunity sizing completed"

I
"phase_2_design": {
"duration_weeks": 5,

"start_date": datetime.now() + timedelta(weeks=4),

"tasks": [
"Health ratio monitoring system",
"Liquidation calculator design",
"Oracle integration architecture",
"Execution strategy design",
"Emergency procedures"

1

"deliverables": [
"Monitoring system architecture",
"Liguidation calculator",
"Oracle integration design",
"Execution strategy document",
"Emergency response plan"

1

"success_criteria": [
"Monitoring system designed",
"Calculator algorithm validated",
"Oracle integration approved",
"Execution strategy optimized"

iy

"phase_3_development": {
"duration_weeks": 14,

"start_date": datetime.now() + timedelta(weeks=9),

"tasks": [
"Health ratio monitoring",
"Liquidation opportunity detection",
"Profitability calculator",

49/83



"Oracle price feeds",
"Execution engine",
"Collateral management",
"Risk controls"

1

"deliverables": [
"Monitoring system",
"Detection algorithm",
"Profit calculator",
"Oracle integration",
"Execution engine",
"Collateral manager",
"Risk management"

1

"success_criteria": [
"All components functional",
"Detection accuracy >90%",
"Execution latency <2s",
"Risk limits enforced"

3
"phase_4_testing": {

"duration_weeks": 4,

"start_date": datetime.now() + timedelta(weeks=23),

"tasks": [
"Protocol integration testing",
"Liquidator testing",
"Emergency scenarios",
"Performance optimization",
"Stress testing"

1

"deliverables": [
"Integration test results",
"Liguidator test report",
"Emergency procedures",
"Performance benchmarks",
"Stress test results"

1

"success_criteria": [
"All protocols integrated",
"Liquidator success rate >85%",
"Emergency procedures validated",
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iy

"Performance targets met"

"phase_5_deployment": {

"duration_weeks": 2,

"start_date": datetime.now() + timedelta(weeks=27),

"tasks": [

"Production deployment",
"Monitoring setup",
"Alert configuration",
"Team training",

"Launch preparation"

1,

"deliverables": [
"Production system",
"Monitoring dashboard",
"Alert system",
"Training materials",
"Launch checklist"

1

"success_criteria": [
"System operational",
"Monitoring active",
"Team trained",

"Launch approved"

def create_task breakdown(self, phase: str) -> List[Dict]:

"""Create detailed task breakdown for a phase"""

task_templates = {

"research": [

"dependencies":

"dependencies":

"dependencies":

"dependencies":

1

{"name": "Market Research", "duration_days": 5,
[1, "resources": ["researcher"]},
{"name": "Technical Analysis", "duration_days": 7,

["Market Research"], "resources": ["engineer"]},
{"name": "Risk Assessment", "duration_days": 3,
["Technical Analysis"], "resources": ["risk_analyst"]},
{"name": "Legal Review", "duration_days": 5,

["Risk Assessment"], "resources": ["legal"]}
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"design": [

{"name": "Architecture Design", "duration_days": 7,
"dependencies": [], "resources": ["architect"]},
{"name": "Database Design", "duration_days": 5,
"dependencies": ["Architecture Design"], "resources": ["dba"]},
{"name": "API Design", "duration_days": 4,
"dependencies": ["Architecture Design"], "resources": ["backend_dev"]},
{"name": "UI Design", "duration_days": 6,
"dependencies": ["Architecture Design"], "resources": ["ui_designer"]}
1
"development": [

{"name": "Core Module", "duration_days": 15,
"dependencies": ["Design Phase"], "resources": ["lead_dev", "dev1",
"dev2"]},

{"name": "Integration", "duration_days": 10,
"dependencies": ["Core Module"], "resources": ["integration_dev"]},

{"name": "Testing", "duration_days": 8, '"dependencies":
["Integration"], "resources": ["ga_engineer"]},

{"name": "Documentation", "duration_days": 5,
"dependencies": ["Testing"], "resources": ["tech_writer"]}

]

return task_templates.get(phase, [])
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class ResourceManager:

"""Resource planning and allocation"""

def

1.0},

def

__init_ (self):

self.team_roles = {
'researcher': {'hourly_rate': 80, 'availability': 1.0},
'engineer': {'hourly_rate': 120, 'availability': 1.0},
'risk_analyst': {'hourly_rate': 150, 'availability': 0.8},
'legal': {'hourly_rate': 200, 'availability': 0.5},
'architect': {'hourly_rate': 180, 'availability': 1.0},
'dba': {'hourly_rate': 130, 'availability': 0.7},
'backend_dev': {'hourly_rate': 110, 'availability': 1.0},
'ui_designer': {'hourly_rate': 90, 'availability': 0.9},
'lead_dev': {'hourly_rate': 160, 'availability': 1.0},
'devli': {'hourly rate': 100, 'availability': 1.0},
'dev2': {'hourly_rate': 100, 'availability': 1.0},
"integration_dev': {'hourly_rate': 115, 'availability':

'qga_engineer': {'hourly_rate': 85, 'availability': 1.0},
'"tech_writer': {'hourly_rate': 75, 'availability': 0.8}

}

self.infrastructure_costs = {
'development_environment': 2000, # Monthly
'production_servers': 5000, # Monthly
'"testing_environment': 1000, # Monthly
"'monitoring_tools': 800, # Monthly
'security_tools': 1200, # Monthly
"third_party_apis': 1500 # Monthly

calculate_project_cost(self, roadmap: Dict) -> Dict:
"""Calculate total project cost"""

total cost = 0

cost_breakdown = {}

for phase_name, phase_data in roadmap.items():
phase_cost = 0

# Calculate labor costs

for task_name in phase_data['tasks']:
# This would calculate based on task breakdown
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pass

# Add infrastructure costs

monthly infrastructure =
sum(self.infrastructure_costs.values())

phase_months = phase_data['duration_weeks'] / 4.33 #
Convert weeks to months

infrastructure_cost = monthly_infrastructure * phase_months

phase_cost += infrastructure_cost
cost_breakdown[phase_name] = {
'"labor_cost': 0, # Would be calculated from tasks
"infrastructure_cost': infrastructure_cost,
'"total_cost': phase_cost

total_cost += phase_cost

return {
'total_cost': total_cost,
'breakdown': cost_breakdown,
"infrastructure_monthly"':
sum(self.infrastructure_costs.values())

3

def allocate_resources(self, tasks: List[Dict]) -> Dict:
"""Allocate team resources to tasks"""
allocation = {}

for task in tasks:
required_resources = task.get('resources', [])
task_allocation = {}

for resource in required_resources:
if resource in self.team_roles:
availability = self.team_roles[resource]
["availability']
task_allocation[resource] = {
'percentage': availability,

'"hours_needed': task.get('duration_days', 1) *
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allocation[task['name']] = task_allocation

return allocation
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Strategy Implementation Example
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import asyncio

import aiohttp

import websockets

from typing import Dict, List, Optional
import json

from datetime import datetime, timedelta

class DEXArbitrageStrategy:

mon

Complete DEX arbitrage strategy implementation

def __init_ (self, config: Dict):
self.config = config
self.running = False
self.positions = {}
self.performance_tracker = PerformanceTracker ()
self.risk_manager =
ComprehensiveRiskManager(config.get('initial_capital', 100000))

# Exchange configurations
self.exchanges = {
"uniswap': {
'rpc_url': config.get('uniswap_rpc'),
'router_address': config.get('uniswap_router'),
'factory_address': config.get('uniswap_factory'),
'gas_price_multiplier': 1.2
3
'sushiswap': {
'rpc_url': config.get('sushiswap_rpc'),
'router_address': config.get('sushiswap_router'),
'factory_address': config.get('sushiswap_factory'),
'gas_price_multiplier': 1.1
3
"pancakeswap': {
'rpc_url': config.get('pancakeswap_rpc'),
'router_address': config.get('pancakeswap_router'),
'factory_address': config.get('pancakeswap_factory'),
'gas_price_multiplier': 1.0
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# Trading pairs
self.trading_pairs = config.get('trading_pairs', ['WETH/USDC',

'"WBTC/ETH'])

0.005)

# Minimum profit thresholds

self.min_profit_threshold = config.get('min_profit_threshold',
# 0.5%

self.min_profit_usd = config.get('min_profit_usd', 10)

async def start(self):

"""Start the arbitrage strategy"""
self.running = True
print("Starting DEX Arbitrage Strategy")

# Start all coroutines

tasks = [
asyncio.create_task(self._monitor_markets()),
asyncio.create_task(self._scan_arbitrage_opportunities()),
asyncio.create_task(self._execute_arbitrage()),
asyncio.create_task(self._manage_positions()),
asyncio.create_task(self._update_performance())

try:
await asyncio.gather(*tasks)
except asyncio.CancelledError:
print("Strategy cancelled")
except Exception as e:
print(f"Strategy error: {e}")
finally:
await self._shutdown()

async def stop(self):

"""Stop the strategy"""
self.running = False
print("Stopping DEX Arbitrage Strategy")

async def _monitor_markets(self):

"""Monitor market data from all exchanges"""
while self.running:
try:
# Get prices from all exchanges
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price_data = {}

for exchange_name in self.exchanges:
try:
exchange_prices = await
self._fetch_prices(exchange_name)
price_data[exchange_name] = exchange_prices
except Exception as e:
print(f"Error fetching prices from
{exchange_name}: {e}")

# Store price data
self._update_price_data(price_data)

await asyncio.sleep(0.1) # 100ms update frequency

except Exception as e:
print(f"Error in market monitoring: {e}")
await asyncio.sleep(1)

async def _fetch_prices(self, exchange: str) -> Dict:
"""Fetch current prices from exchange"""
exchange_config = self.exchanges[exchange]

async with aiohttp.ClientSession() as session:

# This would make actual API calls to DEX or blockchain

# For demo purposes, returning mock data

prices = {}

for pair in self.trading_pairs:

prices[pair] = {

'price': 3000.0 if 'ETH' in pair else 50000.0,
'"liquidity': 1000000,
'gas_estimate': 150000

return prices

async def _scan_arbitrage_opportunities(self):
"""Scan for arbitrage opportunities"""
while self.running:
try:
opportunities = self._find_arbitrage_opportunities()
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for opportunity in opportunities:
# Add to opportunity queue
await self._queue_opportunity(opportunity)

await asyncio.sleep(0.5) # Scan every 500ms

except Exception as e:
print(f"Error scanning opportunities: {e}")
await asyncio.sleep(1)

def _find_arbitrage_opportunities(self) -> List[Dict]:
"""Find profitable arbitrage opportunities"""
opportunities = []

for pair in self.trading_pairs:
# Get prices from all exchanges
exchange_prices = {}
for exchange, data in self.price_data.items():
if pair in data:
exchange_prices[exchange] = data[pair]

# Find best buy and sell prices
if len(exchange_prices) >= 2:
sorted_prices = sorted(exchange_prices.items(),
key=lambda x: x[1]['price'])
buy_exchange, buy_price_data = sorted_prices[0]
sell_exchange, sell_price_data = sorted_prices[-1]

# Calculate potential profit
profit = (sell_price_data['price'] -
buy_price_data['price']) / buy_price_data['price']

if profit > self.min_profit_threshold:
# Check liquidity
if (buy_price_data['liquidity'] > 10000 and
sell_price_data['liquidity'] > 10000):

# Calculate gas costs

gas_cost =
self._estimate_gas_cost(buy_exchange, sell_exchange)

net_profit = profit - gas_cost
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if net_profit > self.min_profit_threshold:
opportunity = {
'pair': pair,
'buy_exchange': buy_exchange,
'sell_exchange': sell_exchange,
'"buy_price': buy_price_data['price'],
'sell_price': sell_price_data['price'],
'gross_profit': profit,
'gas_cost': gas_cost,
"'net_profit': net_profit,
"timestamp': datetime.now(),
'volume':
min(buy_price_data['liquidity'], sell price_data['liquidity']) * 0.1
}

opportunities.append(opportunity)

return opportunities

def _estimate_gas_cost(self, buy_exchange: str, sell_exchange: str)
-> float:
"""Estimate gas cost for arbitrage"""
# Simplified gas cost calculation
base_gas = 200000 # Base gas units
gas_price = 20 # Gweil

buy_multiplier = self.exchanges[buy_exchange]
['gas_price_multiplier']

sell multiplier = self.exchanges[sell_exchange]
['gas_price_multiplier']

total_gas = base_gas * (buy_multiplier + sell_multiplier)
gas_cost_eth = (total_gas * gas_price * 1e-9) # Convert to ETH

# Assuming ETH price of $3000
gas_cost_usd = gas_cost_eth * 3000
gas_cost_percent = gas_cost_usd / 100000 # Assuming $100k

capital

return gas_cost_percent
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async def _queue_opportunity(self, opportunity: Dict):
"""Queue opportunity for execution"""
# This would add to a priority queue
pass

async def _execute_arbitrage(self):
"""Execute arbitrage opportunities"""
while self.running:
try:
# Get next opportunity from queue
opportunity = await self._get_next_opportunity()

if opportunity:
# Risk management check
trade_amount = opportunity['volume']
trade_data = {
"amount': trade_amount,
'price': opportunity['buy_price'],
'asset': opportunity['pair'],
'volatility': 0.02, # 2% daily volatility
'stop_loss_distance': 0.01

approved, message, adjusted_amount =
self.risk_manager.evaluate_trade(trade_data)

if approved:
# Execute arbitrage
success = await
self._execute_arbitrage_trade(opportunity, adjusted_amount)

if success:
# Update performance

self.performance_tracker.record_trade(opportunity, True,
adjusted_amount)
else:

self.performance_tracker.record_trade(opportunity, False, 0)

else:
print(f"Trade rejected: {message}")
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async def _execute_arbitrage_trade(self, opportunity:

await asyncio.sleep(0.1)

except Exception as e:
print(f"Error executing arbitrage: {e}")
await asyncio.sleep(1)

float) -> bool:
"""Execute actual arbitrage trade"""

try:

# Step 1: Buy on cheaper exchange
buy_success = await self._execute_trade(
exchange=opportunity[ 'buy_exchange'],
side="buy',
pair=opportunity['pair'],
amount=amount,
price=opportunity['buy_price']

if not buy_success:
return False

# Step 2: Sell on expensive exchange

sell success = await self._execute_trade(
exchange=opportunity['sell_exchange'],
side='sell',
pair=opportunity['pair'],
amount=amount,
price=opportunity['sell_price']

return sell_success

except Exception as e:

print(f"Error executing arbitrage trade: {e}")

return False

Dict, amount:

async def _execute_trade(self, exchange: str, side: str, pair: str,
amount: float, price: float) -> bool:

"""Execute trade on specific exchange"""

try:

# This would implement actual DEX trading logic
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# For demo purposes, simulating successful trade
print (f"Executing {side} trade on {exchange}: {amount}
{pair} at ${price}")

# Simulate trade execution
await asyncio.sleep(0.1)

return True

except Exception as e:
print(f"Error executing trade: {e}")
return False

async def _manage_positions(self):
"""Manage existing positions"""
while self.running:
try:
# Check position health
for position_id, position in self.positions.items():
if position['status'] == 'open':
# Check if position needs to be closed
if self._should_close_position(position):
await self._close_position(position_id)

await asyncio.sleep(1) # Check every second

except Exception as e:
print(f"Error managing positions: {e}")
await asyncio.sleep(5)

def _should_close_position(self, position: Dict) -> bool:
"""Determine if position should be closed"""
# Close if profit target reached or stop loss hit
current_profit = position.get('current_profit', 0)
profit_target = position.get('profit_target', 0.02)
stop_loss = position.get('stop_loss', -0.01)

return current_profit >= profit_target or current_profit <=

stop_loss

async def _close_position(self, position_id: str):
"""Close an open position"""

65/83



position = self.positions[position_id]

# Execute closing trades

close_success = await self._execute_trade(
exchange=position['close_exchange'],
side="sell' if position['side'] == 'buy' else 'buy',
pair=position]['pair'],
amount=position[ "amount'],
price=position['close_price']

if close_success:
position|['status'] = 'closed'
position['close_time'] = datetime.now()

async def _update_performance(self):
"""Update performance metrics"""
while self.running:
try:
# Calculate and log performance metrics
metrics =
self.performance_tracker.get_current_metrics()

if datetime.now().minute % 5 == 0: # Log every 5
minutes
print(f"Performance: {metrics}")

await asyncio.sleep(60) # Update every minute
except Exception as e:
print(f"Error updating performance: {e}")
await asyncio.sleep(60)
def _update_price_data(self, price_data: Dict):
"""Update stored price data"""
if not hasattr(self, 'price_data'):
self.price_data = {}

self.price_data.update(price_data)

async def _get_next_opportunity(self) -> Optional[Dict]:
"""Get next opportunity from queue"""
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# This would retrieve from priority queue
return None

async def _shutdown(self):
"""Shutdown strategy and cleanup"""
self.running = False

# Close all open positions
for position_id in list(self.positions.keys()):
await self._close_position(position_id)

# Generate final performance report
final_metrics = self.performance_tracker.get_final_report()
print(f"Final Performance Report: {final_metrics}")

class PerformanceTracker:
"""Track strategy performance"""

def __init_ (self):
self.trades = []
self.daily pnl = {}
self.metrics = {}

def record_trade(self, opportunity: Dict, success: bool, amount:
float):

"""Record trade result"""

trade_record = {
"timestamp': opportunity['timestamp'],
'pair': opportunity['pair'],
"buy_exchange': opportunity['buy_exchange'],
'sell_exchange': opportunity['sell_exchange'],
'success': success,
"amount': amount,
'gross_profit': opportunity['gross_profit'],
"'net_profit': opportunity['net_profit'] if success else 0

self.trades.append(trade_record)
# Update daily P&L

trade_date = opportunity['timestamp'].date()
if trade_date not in self.daily_pnl:
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self.daily_pnl[trade_date] = 0

self.daily_pnl[trade_date] += trade_record['net_profit']

def get_current_metrics(self) -> Dict:
"""Get current performance metrics"""
if not self.trades:
return {}

total_trades = len(self.trades)
successful_trades = sum(1 for t in self.trades if t['success'])
success_rate = successful_trades / total_trades

total_profit sum(t['net_profit'] for t in self.trades if
t['success'])
avg_profit = total_profit / successful_trades if

successful_trades > 0 else 0

return {
'total_trades': total_trades,
'successful_trades': successful_trades,
'success_rate': success_rate,
'total_profit': total_profit,
'average_profit': avg_profit,
'"today_pnl': self.daily_pnl.get(datetime.now().date(), O)

def get_final_report(self) -> Dict:
"""Generate final performance report"""
metrics = self.get_current_metrics()

if self.trades:
profits = [t['net_profit'] for t in self.trades if
t['success']]

if profits:
metrics[ 'max_profit'] = max(profits)
metrics['min_profit'] = min(profits)

metrics['profit_std'] np.std(profits)
return metrics

# Usage example
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async def main():
"""Main function to run the strategy"""

config = {
'initial capital': 100000,
'uniswap_rpc': 'https://eth-mainnet.g.alchemy.com/v2/your-key"',

"uniswap_router': 'Ox7a250d5630B4cF539739dF2C5dAch4c659F2488D"',

"uniswap_factory':
'Ox5C69bEe701ef814a2B6a3EDD4B1652CB9cc5aA6T ',

'sushiswap_rpc': 'https://eth-mainnet.g.alchemy.com/v2/your -
key',

'sushiswap_router':
'Oxd9elcE17f2641f24aE83637ab66a2cca9C378B9F ',

'sushiswap_factory':
'OXCOAEe478e3658€2610Cc5F7A4A2E1777CEQe4f2AcC ',

'"pancakeswap_rpc': 'https://bsc-dataseed.binance.org/"',

'"pancakeswap_router':
'Ox10ED43C718714ehb63d5aA57B78B54704E256024E "',

'pancakeswap_factory':
'OxXCcA143Ce32Fe78f1f7019d7d551a6402fC5350c73"',

'trading_pairs': ['WETH/USDC', 'WBTC/ETH'],

"'min_profit_threshold': 0.005,

"'min_profit_usd': 10

strategy = DEXArbitrageStrategy(config)

try:
await strategy.start()

except KeyboardInterrupt:
print("Stopping strategy...")
await strategy.stop()

if __name__ == "__main__":
asyncio.run(main())

69/83



Practical Exercises

Exercise 1: Strategy Design Challenge
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Exercise 1: Design a MEV Strategy

You are tasked with designing a MEV strategy for liquidations on Aave
protocol.

Requirements:

1. Identify the key components needed
Design the system architecture
Define success metrics

Estimate development effort

o h W N

Create a project timeline

Template to complete:

class LiquidatorStrategyDesign:
"""Template for liquidation strategy design"""

def __init_ (self):
self.strategy_components = {}
self.architecture = {}
self.success_metrics = {}
self.development_plan = {}

def design_strategy(self):
"""Complete strategy design"""

TODO: Define strategy components

self.strategy_components = {
'market_data': ...,
"health_monitor': ...,
'liquidation_engine': ...,
'risk_manager': ...,
'execution_engine':

H OHF OH OH OH H H OH*

# TODO: Design system architecture
# self.architecture = {

# 'data_flow': ...,

# 'component_interactions': ...,
# "error_handling':
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TODO: Define success metrics

self.success_metrics = {
"profitability': ...,
'efficiency': ...,
'reliability':

H O OHF OH H O H H

# TODO: Create development plan
# self.development_plan = {

# 'phase_1': {...},

# 'phase_2': {...},

#
#

pass

def calculate_roi_projection(self, initial capital: float,
expected_liquidations_per_day: int,
avg_liquidation_profit: float) -> Dict:
"""Calculate ROI projection for the strategy"""

# TODO: Implement ROI calculation
# daily_profit = expected_liquidations_per_day *
avg_liquidation_profit

# monthly_profit = daily_profit * 30

# roi_percentage (monthly_profit / initial_capital) * 100
return {

'daily_profit': o,

"'monthly_profit': 0,

'roi_percentage': 0,

'break_even_days': 0

# Complete the design

# strategy = LiquidatorStrategyDesign()

# strategy.design_strategy()

# roi_projection = strategy.calculate_roi_projection(100000, 10, 50)
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Exercise 2: Risk Management Implementation
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Exercise 2: Implement Risk Management

Implement a comprehensive risk management system for a MEV strategy.

class ExerciseRiskManager:
"""Risk manager for exercise"""

def __init__ (self, capital: float):
self.capital = capital
self.risk_limits = {}
self.current_positions = {}

def setup_risk_limits(self):
"""Setup risk limits for different risk types"""

TODO: Implement risk limit setup

Set limits for:

- Maximum position size (5% of capital)

- Maximum daily loss (2% of capital)

- Maximum correlation between positions (70%)
- Maximum sector exposure (30%)

H OHF OH OB O H H O H

- Maximum leverage (2x)
pass
def evaluate_trade(self, trade_proposal: Dict) -> Tuple[bool, str,
float]:
"""Evaluate a trade proposal against risk limits"""
# TODO: Implement trade evaluation
# Check all risk limits
# Return: (approved, reason, adjusted_amount)
return True, "Approved", trade_proposal.get('amount', 0)
def stress_test_position(self, position: Dict, stress_scenarios:
List[Dict]) -> Dict:

"""Stress test a position against various scenarios"""

# TODO: Implement stress testing
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Test position against:

- 50% price drop

- High volatility scenario
- Liquidity crunch

H OH H H H*

- System failure
stress_results = {}
for scenario 1n stress_scenarios:

# Calculate position impact
impact = self._calculate_scenario_impact(position,

scenario)

stress_results[scenario[ 'name']] = impact

return stress_results

def _calculate_scenario_impact(self, position: Dict, scenario:

Dict) -> Dict:

H OHF OH OB OFH OH O OH OH OH OH H

"""Calculate impact of stress scenario on position"""

# TODO: Implement scenario impact calculation
return {

"pnl_impact': 0,

'risk_impact': O,

'liquidity impact': ©

Test the risk manager
risk_manager = ExerciseRiskManager (100000)
risk_manager.setup_risk_limits()

test_trade = {
'asset': 'ETH',
"amount': 2.5,
"'price': 3000,
'side': 'long'

approved, reason, adjusted = risk_manager.evaluate_trade(test_trade)
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Exercise 3: Performance Attribution
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Exercise 3: Performance Attribution Analysis

Analyze the performance attribution of a MEV strategy to understand
what drives returns.

class ExercisePerformanceAttribution:
"""pPerformance attribution for exercise"""

def __init__ (self):
self.trade_history = []
self.market_returns = {}
self.benchmark_returns = {}

def load_sample_data(self):
"""Load sample trading and market data"""

# TODO: Create sample data
# Generate 100 random trades with realistic parameters
# Include market returns for same period

pass

def calculate_attribution(self) -> Dict:
"""Calculate performance attribution"""

TODO: Implement attribution analysis
Break down returns into:

- Selection effect (asset selection)
- Allocation effect (timing)

- Interaction effect

- Market effect

H O OHF O H H O H H

attribution = {
'selection_effect': 0.0,
'allocation_effect': 0.0,
'"interaction_effect': 0.0,
'market_effect': 0.0,
'"total_return': 0.0
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return attribution

def identify_performance_drivers(self) -> List[Dict]:
"""Tdentify key performance drivers"""

TODO: Identify what drives performance
Analyze:

- Best performing strategies

- Worst performing strategies

- Market conditions impact

* OHF OH H O F H*

- Timing effects

drivers = []

return drivers

def generate_insights(self) -> List[str]:
"""Generate actionable insights"""

# TODO: Generate insights from attribution analysis
insights = [
"Strategy selection contributed X% to returns",
"Timing contributed Y% to returns",
"Market conditions Z% to returns"

return insights

Run the analysis

attribution = ExercisePerformanceAttribution()
attribution.load_sample_data()

results = attribution.calculate_attribution()
drivers = attribution.identify_performance_drivers()
insights = attribution.generate_insights()
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Exercise 4: Strategy Optimization
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Exercise 4: Strategy Parameter Optimization

Optimize strategy parameters using backtesting and optimization
techniques.

import numpy as np
from scipy.optimize import minimize
from sklearn.model _selection import TimeSeriesSplit

class ExerciseStrategyOptimizer:
"""Strategy optimization for exercise"""

def __init__ (self, strategy_function):
self.strategy_function = strategy_function
self.optimization_history = []

def backtest_strategy(self, parameters: Dict, historical_data:
pd.DataFrame) -> Dict:
"""Backtest strategy with given parameters"""

# TODO: Implement backtesting
# Run strategy on historical data
# Calculate performance metrics

# Placeholder metrics

return {
'"total_return': np.random.normal(0.1, 0.05),
'sharpe_ratio': np.random.normal(1.2, 0.3),
"'max_drawdown': np.random.uniform(@.05, 0.15),
'win_rate': np.random.uniform(0.4, 0.7)

def optimize_parameters(self, initial_params: Dict,
optimization_bounds: Dict,
historical_data: pd.DataFrame) -> Dict:
"""Optimize strategy parameters"""

# TODO: Implement parameter optimization

# Use scipy.optimize to find optimal parameters
# Consider multiple objective functions
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def objective_function(params):
"""Objective function to minimize (negative Sharpe
ratio)"""
param_dict = dict(zip(optimization_bounds.keys(), params))
results = self.backtest_strategy(param_dict,
historical_data)
return -results['sharpe_ratio'] # Minimize negative Sharpe

# Setup bounds for parameters
bounds = [(min_val, max_val) for min_val, max_val in
optimization_bounds.values()]

# TODO: Run optimization
# result = minimize(objective_function,

# x0=1list(initial_params.values()),
# bounds=bounds,
# method="'L-BFGS-B')

optimal_params = initial_params # Placeholder

return optimal_params

def cross_validate_optimization(self, params: Dict,
historical_data: pd.DataFrame,
n_splits: int = 5) -> Dict:
"""Cross-validate parameter optimization"""

# TODO: Implement cross-validation
# Use TimeSeriesSplit for time series validation
# Calculate average performance across folds

tscv = TimeSeriesSplit(n_splits=n_splits)
cv_results = []

for train_idx, test_idx in tscv.split(historical_data):
train_data = historical_data.iloc[train_idx]

test_data = historical_data.iloc[test_idx]

result = self.backtest_strategy(params, test_data)
cv_results.append(result)
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# Calculate average metrics
avg_results = {}
for metric in cv_results[0].keys():
avg_results[metric] = np.mean([r[metric] for r in
cv_results])

return avg_results

def sensitivity_analysis(self, params: Dict, historical_data:
pd.DataFrame) -> Dict:
"""perform sensitivity analysis on parameters"""

# TODO: Implement sensitivity analysis
# Test parameter variations and measure impact
# Create tornado charts

sensitivity_results = {}

for param_name, param_value in params.items():
# Test parameter at different levels
variations = [-0.2, -0.1, 0, 0.1, 0.2]

param_impacts = []
for variation in variations:
test_params = params.copy()
test_params[param_name] = param_value * (1 + variation)

result = self.backtest_strategy(test_params,
historical _data)

param_impacts.append(result['sharpe_ratio'])

sensitivity_results[param_name] = {
'base_value': param_value,
"impacts': param_impacts,
'sensitivity': max(param_impacts) - min(param_impacts)

return sensitivity_results
# Example usage

# optimizer = ExerciseStrategyOptimizer(my_strategy_function)
#
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initial_params = {
'"threshold': 0.01,
'position_size': 0.1,
'stop_loss': 0.05

#

#

#

#

#

#

# bounds = {
# '"threshold': (0.001, 0.05),

# 'position_size': (0.01, 0.5),

# 'stop_loss': (0.01, 0.2)

#

#

# optimal_params = optimizer.optimize_parameters(initial_params,
bounds, historical_data)

# cv_results = optimizer.cross_validate_optimization(optimal_params,
historical_data)

# sensitivity = optimizer.sensitivity_analysis(optimal_params,
historical_data)

Conclusion

This module provides a comprehensive foundation for designing MEV strategies
systematically. Key takeaways:

1. Systematic Approach: Every strategy should follow a structured methodology from
research to deployment

2. Risk-First Design: Risk management must be built into the strategy from day one
3. Performance Attribution: Understanding what drives returns is crucial for
optimization
4. Continuous Optimization: Strategies must evolve with changing market conditions
5. Production Readiness: Strategies must be designed for real-world deployment with
proper monitoring and alerting
The exercises provide hands-on experience with real-world strategy design challenges
and prepare you for building sophisticated MEV strategies in the following modules.

In the next module, we'll dive deep into machine learning techniques for MEV prediction
and opportunity identification.
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