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Introduction

Introducing the concept of statistical arbitrage, a popular quantitative trad-
ing strategy employed by hedge funds and proprietary trading firms. Aiming
to exploit short-term price inefficiencies in financial markets using statisti-
cal models and historical data. This document delves into the mechanics,
mathematical foundation, and practical examples of statistical arbitrage,
spanning approximately five pages.

What is Statistical Arbitrage?

Describing statistical arbitrage as a market-neutral strategy that leverages
statistical and econometric techniques. Focusing on identifying and capital-
izing on price differences between related financial instruments. Typically
involving pairs trading, where two highly correlated assets are monitored,
and trades are executed when their price spread deviates significantly from
the historical mean.

Mathematical Foundation

Outlining the core principles involving mean reversion, a key assumption in
statistical arbitrage. Defining the process using the following equation for a
pair of assets S; and Ss:

Spread = S; — 55,

Where 8 represents the hedge ratio, calculated via linear regression of
historical prices. Assuming the spread is mean-reverting, we model it as an
Ornstein-Uhlenbeck process:

Here, 6 denotes the speed of mean reversion, i the long-term mean, ¢ the
volatility, and W, a Wiener process. Traders enter long/short positions when
the spread exceeds a certain threshold (e.g., two standard deviations).
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Practical Example 1: Pairs Trading

lllustrating with a hypothetical example involving stocks A and B, histori-
cally correlated with a 5 = 1.2. Assuming their prices are $100 and $80
respectively, with a historical spread mean of 20 and standard deviation of
5. Observing the current spread at 30, indicating a deviation of 2 standard
deviations. Executing a trade by shorting $120 worth of A and longing $100
worth of B, anticipating convergence to the mean.

Risk Management

Discussing risk mitigation strategies, including stop-loss orders and posi-
tion sizing based on volatility. Highlighting the importance of monitoring
correlation breakdown, a common risk in statistical arbitrage, using rolling
correlation coefficients over a 30-day window.

Practical Example 2: ETF Arbitrage

Exploring arbitrage between an ETF and its underlying basket of stocks. Con-
sidering an ETF with a price of $50 and a net asset value (NAV) of $52,
identifying a mispricing opportunity. Executing a long position on the ETF
and shorting the NAV-equivalent basket, profiting from the expected conver-
gence as market forces correct the price.

Implementation Challenges

Addressing challenges such as transaction costs, latency, and model over-
fitting. Suggesting robust backtesting with out-of-sample data to validate
the strategy, ensuring it performs well across different market conditions.
Conclusion

Summarizing statistical arbitrage as a powerful tool for exploiting market
inefficiencies, requiring sophisticated modeling and risk management. En-
couraging further exploration with real-world data and advanced techniques
like machine learning for enhanced predictive power.

Appendix A: Detailed Calculations

Providing detailed steps for calculating the hedge ratio 3 using ordinary least

squares (OLS) regression. Presenting a sample dataset of daily prices for
stocks A and B over 100 days, computing the slope of the regression line.
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Appendix B: Historical Performance

Reviewing hypothetical performance metrics, including annualized return
and Sharpe ratio, over a one-year period. Including a table of monthly re-
turns to demonstrate consistency.

Table 1: Monthly Returns of Statistical Arbitrage Strategy

| Month | Return (%) | Cumulative Return (%) |
January 1.5 1.5
February 2.0 3.5
March -0.5 3.0
April 1.8 4.8
May 2.2 7.0
June 1.0 8.0
July -1.0 7.0
August 2.5 9.5
September 1.5 11.0
October 0.5 11.5
November 2.0 13.5
December 1.5 15.0
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