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Progress Report – EOL Pricing Algorithm

Summary

From review of the literature on the bid-ask spread under various market conditions and the results of our testing of the options model
, the spread depends on:

1. order arrival rate

2. price volatility

3. market maker cumulative inventory

4. presence of informed (vs uninformed) trader, i.e., has knowledge or a view on the true asset price at time of trade.

The spread is least sensitive to cumulative inventory in the model being tested.  We are inferring the presence of informed traders from the order arrival rates.  We can also use trader identity to infer a probability of whether a trade is informed or not, but have not tested this yet.

The current effort is focused on evaluating how we can best use information available only from EOL order flow; direct use of current price information from other markets (e.g., Nymex) is not being considered at this time.  

The price move (which defines the round trip profit to Enron) should be set separately from the model used to determine the spread.  The current work is aimed at evaluating the feasibility of setting a dynamic spread using the options model to cover all of the components listed above.

Discussion 

The Lu approach has similarities to results reported by Copeland-Galai
 in that both model the bid and ask prices as options offered by the market maker to the traders.  Copeland-Galai consider out-of-the-money options, which does not provide a tractable solution for the bid and ask prices.  The Lu model, on the other hand, treats the options as at-the-money, which results in an analytic expression for the bid ask prices.  The Lu model also includes a term for dealer inventory (this is a small contribution unless the long or short dealer position is very large).

Neither of these models explicitly recognizes that the trades themselves can reveal information about the true asset value and, therefore, affect the behavior of prices.  The information content of the trades is captured in a second model by Glosten and Milgrom
, which is built on a Bayesian learning approach.  Their model is extended by Easley and O'Hara
 to include trade size and whether new information is present or not.  The applicability of this learning approach to the EOL situation will be evaluted.

All of the above models are based on sequential trades with a fixed maximum size.  This feature mirrors the EOL trading protocol and makes their results applicable to our situation.  We can have high confidence that the parameters we are considering will extract the maximum information about price movement available from the order flow alone.

The Model

The LU model results in the following formulas for the bid-ask spread:
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a is the new ask price

b is the new bid prices

P is the price of the last trade. 

α is a function of inventory and arrival rate

β is a function of volatility and α

Δt represents the time between arrivals.  

MTM is the market value of accumulated inventory 

F is annual fixed cost for this commodity ($10,000)

V is the trade size.  (e.g., 25,000)

The first term in the above expressions for bid and ask prices represents the value of the free option the market maker offers to traders by posting a guaranteed price.  The second term covers the fixed cost and inventory risk incurred by the market maker; this term will be small compared to the option value most of the time.   See Zimin Lu, “Options Approach to Setting EOL Bid/Offer Prices” for a complete description of these formulas.

Intraday Volatility

The intraday volatility is calculated (over a short time interval, say, 10 min.) from 
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where


ht  is high price


lt   is low price


ct  is closing price


ct-1 is opening price for the selected time interval


The square root of the variance is scaled to represent annual volatility.
Arrival Rates

A comparison of the ask order arrival intervals (on 1/3/01 during Nymex hours) compared to an exponential distribution is shown below. The average rate is 2771/day.  The bid arrivals are similar.  
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Two comments on the above result.  In the presence of informed traders, the assumption of independent order arrivals is not met, and a departure from the exponential distribution is expected.  Also, there is no reason to expect a constant arrival rate during the day and a Poisson arrival process would be inhomogeneous.  It does not appear possible to separate these two effects.

In applying the Lu option model for the bid-ask spread, a time representing the life of the option is required.  One could use 1) the average interarrival time, 2) the most recent interarrival time or 3) a smoothed variable time based on an estimate for an inhomogeneous Poisson process.  One approach for 3) is shown below.
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Here the inhomogeneous arrival rate is estimated from the most recent interarrival time.  For a Poisson process, the probability that an arrival will be greater than Δt is exp(-λΔt). So λ = ln(1 – p)/Δt.  The figure above uses p = 0.6; so we have a 40% probability that the arrival rate is 9,000/day for a interarrival time of 1 sec. 

Volatility

As mentioned above, the option models do not explicitly recognize likely movements (trends) in true value of the underlying price.  Since the options are at- or out-of-the-money, all the value comes from theta and vega.  The spread from the Lu increases in the presence of a trend, but the implied movement of the mid price is in the wrong direction.  In a trending market, the distribution of future prices will be highly skewed, while the options model assumes a normal distribution for log prices.  

As is done for the use of Black-Scholes for options pricing, the trends implied by trade flow could be used to set a volatility skew to get "market" value for the options.  The option variance is given by:
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The direction of the trend can be represented by adding a drift term, μ,  to the cumulative normal arguments in the bid and ask price formulas.  μ will be positive for up trends and negative for down trends, giving the desired asymmetry in ask and bid price movements (see formulas for bid and ask prices above).

The figures below show the resulting behavior of the spread (using a round profit of 2 cents).

Variable time to option expiration   

 Constant time to option expiration
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Other Considerations

The wider spread expected during trending markets is intended to reduce trades  (and losses) from informed traders.  Limit orders, especially those at less than the maximum volume, can be assumed to come from liquidity traders and could be executed at a smaller spread than would otherwise be posted.

To the extent that the pricing algorithm widens the spread and reduces trades, the EOL order flow will be reduced (possibly by a factor of 3 or moreduring Nymex hours).  This will make it more difficult to extract information about trader intentions from the order flow, and hence set the correct price/spread.  A direct feed of Nymex prices to the automated market maker will be an advantage in this situation.

In the above evaluations failed trades are used in the calculation of interarrival times; they could be used only in setting the volume size before a price move is made.
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