Column overall title:
A Mathematician on Wall Street

Column 1

Option Theory:  What I Knew and When I Knew It – Part I
by Edward O. Thorp

Copyright 2001


One of the themes of this column will be how and to what extent markets are inefficient, and how you might profit from this.


Let’s begin by going back in time to the early days of quantitative finance.  Paul Cootner’s book, The Random Character of Stock Market Prices, M.I.T. Press, 1964, presented much of the work that had been done on the random walk theory of stock prices and on the problem of warrant pricing.  The warrant valuation problem was essentially the problem of valuing options and, more generally, derivatives.  Progress was substantial but the Black-Scholes breakthrough would not appear until 1973.


Meanwhile, in 1965 Eugene Fama proposed that markets were well described as “efficient,” with all-knowing rational participants who acted quickly on their information, causing securities prices to properly and rapidly adjust to correctly reflect current knowledge.


I arrived on this scene with a unique perspective.  In 1959-60, I had discovered that the casino game of blackjack could be beaten, and I devised and demonstrated a mathematical system to do so, based on keeping track of which cards had been played.  Announced in December of 1960 and in January of 1961 (Proc. N.A.S.) and published in detail in my Beat The Dealer (1962; revised 1966), the system showed that the blackjack “market” was “inefficient.”


In a similar investigation of other gambling games, I discovered how to beat roulette by physical prediction (1955-61) and, with Claude Shannon (of Information Theory fame) built the first wearable computer (1961), whose function was to successfully predict roulette outcomes.  The predictions of the computer gave us the huge positive expectation of 44%.  Shannon and I then used the computer successfully in Las Vegas to win small sums.  The casino gambling “market” had yet another “inefficiency.”  For more, see Thorp (1969, 1998) and http://wearables.www.media.mit.edu/wearables/.  Click “history,” then click “a brief history of wearable computing timeline.”  

I investigated several other gambling games with some additional successes, and by 1964 I began to consider the greatest gambling game of all time, the stock market.  Whereas I thought of card counting in blackjack as a million dollar idea, my stock market explorations would lead to a hundred million dollar idea.  Here’s a brief history of what happened.

1964

I spent an intensive summer introducing myself to the markets, investments and finance.

1964-1965

I discovered, and in some cases rediscovered, curious minor technical patterns in stock prices.

1965

At the start of the summer I resumed intensive study of the market and discovered warrants.  I understood at once that there was a qualitative link between the price behavior of a warrant and its underlying stock and that it could be more or less quantified and that it could likely be an exploitable market inefficiency.  (See Chapter 2, Beat the Market).

1965-1966


I met economist Sheen Kassouf in the fall of 1965 when we both arrived as founding faculty members at the new Irvine campus of the University of California.  Kassouf was already hedging warrants and we collaborated, publishing much of our work in Beat the Market.  We understood static hedging, dynamic hedging, and delta hedging, in particular market neutral delta hedging.  We documented a historical market inefficiency: warrants with two years or less to expiration tended to be very overpriced.


We used a static hedge to simplify historical simulations for the reader.  We used dynamic hedging in our own portfolios, making adjustments in moderate sized steps both to limit risk and to limit the cost of doing so.


In practice my hedge ratio, or “delta,” was determined both by the macrostructure of the payoff (wide range of protection against large price changes in either direction) and the microstructure (market neutrality against small changes).  It became increasingly clear to me as I thought and invested during 1966-1968 that the clearest proof of an exploitable market inefficiency is to construct a low (ideally zero) risk (hedged) package that has little covariance with the market, yet produces a substantial “risk adjusted excess return.”

1967


Beat the Market appeared.  Kassouf and I ended our collaboration with the completion of Beat the Market in late 1966, and went our separate business ways.  I had become familiar with Cootner’s 1964 book and various warrant valuation models based on integration.  I had earlier concluded that using the 
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 distribution for stock price changes and computing the expected terminal value of a warrant, led to a reasonable candidate for a warrant formula.  I learned from reading Cootner that several people had already attempted this, in various ways.  The version I liked, which I give in Thorp (1969), was, as I learned only in 1975 from Larry Fisher, first derived by Boness.  However I do not see this in the Boness paper that is in Cootner, nor elsewhere in my copy of Cootner (the original 1964 hardcover), but did note Sprenkle’s related attempt (Cootner page 466).


“My” formula had a growth rate 
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for the stock and, in the case where the warrant or option short sale proceeds are credited to the account at once, a discount rate d for the present value.  


Note:  
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drift parameter and 
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is the volatility.  
[image: image8.wmf](

)

)

exp(

)

0

(

)

(

Mt

S

t

S

E

=

 is the expected value of the stock at time 
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 is the initial price.

1967-1968


I puzzled over the two parameters 
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and speculate that in a risk neutral world I can set them both equal to 
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 the riskless rate corresponding to the time until expiration (which, as it happens, gives the future Black-Scholes formula).  I also note that a continually adjusted “delta neutral” hedged portfolio is riskless and so should have its value discounted at the rate 
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  This also suggests the simple idea of just setting 
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both equal to 
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  I mention a couple of these 1967 arguments long after the fact in Thorp (1975).


Occam’s razor and these plausibility arguments suggested to me that if there was a simple formula, this (the future Black-Scholes formula) is it.


I didn’t see how to prove the formula but I decided to go ahead and use it to invest, because there was in 1967-68 an abundance of vastly overpriced (in the sense of Beat the Market) OTC options.  I used the formula to sell short the most extremely overpriced.  I had limited capital and margin requirements were unfavorable so I shorted the options (typically at two to three times fair value) “naked,” i.e. without hedging with the underlying stock.  As it happened, small company stocks were up 84% in 1967 and 36% in 1968 (Ibbotson), so naked shorts of options were a disaster.  Amazingly, I ended up breaking even overall, on about $100,000 worth of about 20 different options sold short at various times from late ’67 through ’68.  The formula has proven itself in action.


I estimated volatility from the values of 
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 are the monthly highs and lows, using the last twelve months which were easily and quickly obtained from my library of S&P monthly stock guides.  A previously published math paper (Anderson, 1951?) gives properties of this volatility estimator, including expected value and standard deviation.


My recollection as I write now is that 
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is the volatility parameter in the assumed underlying lognormal distribution.  The use of the volatility estimator 
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 prefigures a 1977? paper on this by Parkinson and a 1980 paper by Garman.  Garman combines this and other volatility estimators into a grand overall estimator.

1967-68

Comment:  My naked calls sold short were probably the world’s first actual investment use of the future BS formula.

END – Column 1.
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