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Volatility Pumping : optimal growth portfolios revisited Daniel Gabay & Daniel Herlemont [email protected] [email protected]



This paper aims at a synthesis of various recent contributions on optimal growth portfolios arising from different scientific communities: information theory, artificial intelligence & learning algorithms, econophysics and of course mathematical finance and market practice. Their common ground lies in the recognition of the important role played by portfolios invested in constant proportions between the various financial assets and of the resulting efficient performance obtained by the rebalancing necessary to maintain these fixed proportions while the market prices of assets fluctuate. While asset volatility is considered as the enemy in the static Markowitz world of one period portfolio optimization, it turns out to be a precious ally to boost performance once investors ajust dynamically their positions as markets evolve. This feature has been first acknowledged by Kelly (1956) and Breiman (1961) who characterized the optimal long term growth rate solution as a Constant Rebalanced Porfolio (CRP). In addition to a review of the remarkable (and some less favorable) properties of such CRP, we recall that they also provide the solutions in the continuous time setting of Merton’s model (1971) for more general utility criteria (HARA), which allows to relate the portfolio risk measure to the investor’s risk aversion. Kelly’s CRP strategies form the core of Cover’s proposal for Universal Portfolios (1984 – 1996) to adress the issue of estimating the proportions of the optimal CRP using only on-line learning from market data. Cover coined the expression « volatility pumping » to explain his construction of a portfolio which approximates the best CRP in hindsight and outperforms the best asset performance without knowing it in advance! He actually proved the convergence of his algorithm for quite general asset returns distributions ; but a good approximation may require a very long sequence of prices observations. We review several recent works which improve Cover’s algorithms by introducing sophisticated non parametric methods (Cross & Barron, 2003 ; Gyorfi & Lugosi, 2003) or by taking into account transaction costs (eg Iyengar, 2004). We also present several tests run with our implementation of Universal Portfolios which attempts to capture complex time dependencies between assets ; it is backtested on the universe of the 30 stocks of the Dow Jones Index and the Index itself over the period 1994 –2004 : the results are often spectacular and always overperform the best CRP portfolio in hindsight. They exhibit a robust structure of the portfolio solutions, long in the stocks and short in the index. Moreover the portfolios can be adjusted to satisfy some risk management constraints (volatility, VaR, drawdowns…) without significantly altering the Sharpe’s ratio which remains close to 3.
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