BASICS OF BXM FUTURES

BXM futures are based on the CBOE S&P 500 BuyWrite Index (BXM), CBOE’s widely
followed BuyWrite index. In essence, the BXM is a perpetual covered call on the S&P
500, with the call sold at-the-money. An investment in the BXM portfolio provides a
leveraged position on the total return of the S&P 500 with a cap at the S&P 500 call
strike. BXM futures in turn provide a leveraged exposure to the BXM, and therefore a
double-leveraged exposure to the capped total return of the S&P 500.

Day-to-day, and from listing to expiration, the performance of BXM futures is expected
to closely track the performance of the BXM. This is because BXM futures are linked to
the BXM by an arbitrage relationship similar to the “carry” arbitrage that ties stock index
futures and the underlying stock index. Hence a key factor in forecasting the return and
volatility of a BXM futures position is the BXM itself.

BXM Revisited

The BXM measures the performance of a portfolio long the S&P 500 index and short a
one-month at-the-money call on the S&P 500. Shortly after the S&P 500 call expires on
the third Friday of the month, a new call is sold, a process referred to as the roll. The
strike of the call is at-the-money or as close as possible above if there is no listed strike
exactly at-the-money.

Calculation

The BXM is calculated by chaining the successive daily rates of return of this portfolio
since June 1, 1988 when the BXM’s value was set at 100. The real-time calculation
presumes that the dividends paid by the S&P 500 portfolio are reinvested daily at the
open in the covered call position.

On non-roll dates, the daily rate of return used to calculate the BXM is the ratio of the
closing value of the BXM portfolio (S&P 500 + dividends — call price) and of its value at
the previous close (S&P 500 — call price). On roll dates, the daily rate of return used to
calculate the BXM is compounded from three rates of return:

(1) The rate from the previous close to the Special Opening Quotation (SOQ) of the
S&P 500; the SOQ is typically determined shortly after the market open but there
can delays if some S&P 500 stocks take time to open because of market
congestion,

(2) The rate from the SOQ to 12:00 p.m. Eastern time (ET), and

(3) The rate from 12:00 p.m. ET to the close of the day. The new call is deemed sold
at the volume-weighted-average price (VWAP) from 11:30 a.m. to 12:00 p.m. ET; the
S&P 500 is also deemed bought at its volume-weighted average value (VWAYV)
during the same period. The VWAV of the S&P 500 therefore enters the second and
third rates of return compounded in the roll-date return and the call VWAP enters the
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third rate of return. The equations that govern the rate of return are at
http://www.cboe.com/micro/bxm/BXMDescription-Methodology.pdf .

Replication
To replicate the rate of return on a non-roll date, an investor re-invests daily distributions

of S&P 500 dividends in the BXM portfolio at the open. To approximate the rate of
return on a roll date, an investor (1) lets the S&P 500 call expire, (2) re-invests the roll-
date dividends in the S&P 500 portfolio, and, if the call has expired in the money,
finances the settlement by liquidating the appropriate fraction of the S&P 500 portfolio.
(3) carries the resulting uncovered S&P 500 portfolio until 11:30 a.m ET, (4) sells the
call at the VWAP from 11:30 a.m. to 12:00 p.m., and (5) carries the rebalanced long S&P
500 / short S&P 500 call portfolio to the close.

Settlement of BXM Futures

BXM futures settle on the roll date to a special opening value of the BXM (BXMjsoq)
calculated as the product of the value of the BXM at the previous close and the rate of
return of the BXM from the previous close to the joint expiration of the S&P 500 and
S&P 500 call. The settlement value of the BXM futures price is:

FT = BXMSOQ = BXMT_1 * (1+Ra).

where 1+ R, = (SOQ + Dt — Cgettte) / (S&P5001.; — Cr.1), and Cgeye is the settlement value
of the call.

The dollar return to an investor who buys approximately one contract at time t and holds
futures to expiration is $100 * (Fr — F¢). The nitty-gritty behind the “approximately” is
that the number of contracts held daily must be discounted by an interest rate factor to
compensate for the marking-to-market of the futures and that interest rates are assumed to
be non-random.

Arbitrage between BXM and BXM futures

Similar to stock index futures, there is an arbitrage between BXM futures and the BXM.
This arbitrage ensures that the futures closely track the BXM. The arbitrage pairs a
leveraged purchase of the BXM with a short position in BXM futures, or conversely, a
short position in the BXM and a long position in BXM futures. The long BXM position is
financed to the futures expiration date at the relevant money market rate, and it is
managed to mimic the daily BXM rate return, on roll as well as non-roll dates. As in any
arbitrage, execution slippage and transaction costs need to be accounted for. With these
caveats, the arbitrage relationship should still hold and lead to the following relationship:

Ft = BXMt * (1+rtT),
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where F; is the futures price at date t, and r,r is a money market rate from date t to the
expiration date T of the futures. Note that this is slightly different from the arbitrage
relationship between stock index futures and the underlying stock index where the
dividends must be netted from the price of the futures.

An important implication of the arbitrage between BXM futures and the BXM is that the
rate of change of BXM futures is proportional to the rate of return of the BXM, and
similarly the daily dollar variation of BXM futures is approximately'!" proportional to
the daily variation of the BXM:

#==(1+R)*(1+Ar,), and

$100 * (F¢— Feq) = $100 * (14+rei1) (BXM; — BXM,.1)

where R; is the rate of return of the BXM and Arr is the rate of change of the money
market rate. The money market rate converges to 0 as the futures approach expiration.

The carry arbitrage between BXM futures and the BXM immediately implies the
following calendar arbitrage between the prices of futures with expirations T1 and T2:

Fer1 - Ferz = BXM¢ * (rer1 — r'er2)
Performance of BXM Futures

Daily Returns

The daily rate of change of BXM futures is driven first by the daily rate of change of the
BXM, and second by the daily rate of change of the money market rate. The BXM
leverages the total return of the S&P 500 in exchange for a short exposure to an S&P 500
call. The return on the S&P 500 call in turn moves with the S&P 500 and depends on its
volatility. To gauge the net daily effect, we can assume a Black-Scholes setting and
approximate the daily rate of return of the BXM by its instantaneous return. This
approximation shows that day-to-day, an investment in the BXM provides:

(1) An exposure to the S&P 500 price return with a B coefficient equal to the
leverage of the S&P 500 in the BXM portfolio times one minus the delta of the
S&P 500 call. The leverage or weight of the S&P 500 in the BXM portfolio is
equal to 1 plus the absolute weight of the call in that portfolio. The leverage
increases with the price of the call.

(2) A leveraged exposure to the dividend yield of the S&P 500

1 The daily dollar variation of BXM futures is $100 * (F, — F.y) = $100 * (BXM, * (1+1q) — BXM, *
(1+r¢11)). The money market rate can be factored out if its daily change is relatively negligible.
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(3) An exposure to the gamma of the call.

(4) A volatility proportional to the volatility of the S&P 500 by a coefficient equal to
the leverage of the S&P 500 call times one minus the delta of the call.

Formally, the BXM expected rate of return and volatility are:
E[1+R] = 1+ We)) *[(1-8) * A +R) +di— ¥ Sei16°/2) |

6 BXM ~ (1 + Wt_1) (1-6) (]

where w1 = Ci.1 / (St.1 — Ct.1) 1s the absolute weight of the call in the BXM portfolio and
(1+ wy) is the weight or leverage of the S&P 500 obtained by selling the call; S;.; and
C..; are the values of the S&P 500 and call at the previous close, R is the price return of
the S&P 500 and d its dividend yield. The greeks o, 60 and y are respectively, the
volatility of the call, its delta and its gamma. The delta is the sensitivity of the call price
to the S&P 500 and the gamma is the sensitivity of this sensitivity. To lighten notation
the time indexes of the greeks are omitted from the formulas.

These equations show that the absolute weight and delta of the call are important
determinants of the daily expected return and volatility of the BXM. From June 1988 to
September 2006, the absolute weight of the BXM call has averaged around 1.6%,
yielding a leverage factor for the S&P 500 of approximately 1.016. About 42% of
observations have been below 1%, 72% below 2%, 96% below 5% and 99% below 7%.
The weight has reached a maximum of approximately 13.5%, or a leverage factor of
1.135 for the S&P 500.

At the roll date when a new at-the-money call is sold, its delta is close to 2. Based on the
historical record, the average beta of the BXM relative to the S&P 500 is then
approximately 2 and the volatility of the BXM is approximately half that of the S&P
500. As the call moves in-the-money, its delta starts to converge to 1, and its volatility
decreases, converging to 0 in the limit. If the call goes out-of-the-money the delta
decreases, the volatility of the BXM increases, converging to 1 in the limit.
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BXM Volatility vs SPX Volatility
by Option Moneyness
June 1988 through September 2006
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Turning to BXM futures, if the BXM and money market rates of return have
approximately lognormal distributions, the mean log return of BXM futures is the sum of
the mean log returns of the BXM and the money market rate. If the BXM daily rate is
also independent of the money market rates, as it appears to be, then the volatility of the
daily rate of change of BXM futures is equal to the square root of the sum of the variance
of the BXM and of the relevant money-market rate. The statistics in the table below are
calculated from 1, 3, and 6 months Eurodollar rates (EDM1, EDM3 and EDM6)

Daily Log Returns BXM EDM1 EDM3 EDM6
0.0089 -0.0002 -0.0001

Annualized Volatility 0.1 0.18 0.17

Correlation -0.013 -0.012

BXM Futures
Daily Log Returns
Rough Estimates 1-Month 2-Month 3-Month

Mean 0.0086 0.0088
Annualized Volatility 0.21 0.20

Roll-to-Roll Returns

The return to holding a long BXM futures position from a BXM roll date to the next
depends on whether the S&P 500 finishes out-of or in-the money.
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(1) If the S&P 500 call finishes out-of-the money, the futures return per dollar of
exposure is the difference between (a) the leveraged total gross return of the S&P
500 and (b) the money market rate between roll dates.

$100 * BXMr.; * [(1+wr.)*(1+R) - (1+r1-1,1)]

(2) If the S&P 500 call finishes in-the-money, the futures dollar return per dollar of
exposure is the difference between (a) the leveraged S&P 500 dividend yield plus
the moneyness of the call and (b) the money market rate between roll dates. If the
call is sold exactly at the money, this reduces to the difference between the
leveraged dividend yield and the money market rate. The fact that the call is
usually sold slightly out-of-the-money provides a cushion against S&P 500
downturns between roll dates. The trade-off is less leverage as the call price is
smaller.

$100 * BXMrt. * [(14+Wt.1) (d1-1,7 + m1.) - (1+ r117)]

In the equations above, the size of the initial futures exposure is $100 * BXMr.;, the
money market rate is rr.;r Wt is the absolute weight of the call when it is sold, dr.i r is
the S&P 500 dividend yield between roll dates, mr.; is the initial moneyness of the BXM
call defined as m = Kr.; / St.;1, and Kr.; is the strike price of the call sold at date T-1.

From June 1988 to September 2006, the moneyness of the call at the roll date has
averaged 1.01 and its maximum was 1.02. The absolute weight of the call in the S&P
500 portfolio has ranged from .48% to 4.6% and has averaged 1.67%. The call has settled
in-the-money 55.45% of the time. The next chart shows the estimated BXM futures
dollar returns derived from this performance and that of the money market rate.
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BXM Futures
Estimated Dollar Returns at Expiration
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BXM Futures versus S&P 500 Futures

Since both BXM and S&P 500 futures closely track their underlying index, the
distribution of their daily index returns is a good proxy for the daily dollar variation of
the futures. To simulate BXM futures, BXM returns are multiplied by $100 and to
simulate S&P500 e-mini futures, S&P 500 returns are multiplied by $50. Based on data
from 1988 to 2006, the distribution of daily dollar BXM futures is likely to be higher
peaked and to have thinner tails than the distribution of daily dollar returns of S&P500
e-mini futures.
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Frequency of Daily Dollar Variations
$100*BXM and $50*S&P500, 1988-2006
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Supporting documentation for any claims, comparisons, recommendations, statistics or other
technical data in this paper are available by calling 1-888-OPTIONS, or contacting CBOE at
www.cboe.com/Contact. The information in this paper is provided solely for general
education and information purposes and therefore should not be considered complete,
precise, or current. Many of the matters discussed are subject to detailed rules, regulations,
and statutory provisions that should be referred to for additional detail and are subject to
changes that may not be reflected in these materials. No statement within this presentation
should be construed as a recommendation to buy or sell a security or to provide investment
advice. The CBOE S&P 500 BuyWrite Index ("BXM Index") is designed to represent a
proposed hypothetical buy-write strategy. Like many passive benchmarks, the BXM Index
does not take into account significant factors such as transaction costs and taxes.
Transaction costs and taxes for a buy-write strategy could be significantly higher than
transaction costs for a passive strategy of buying-and-holding stocks. Investors attempting to
replicate the BXM Index should discuss with their brokers possible timing and liquidity issues.
Past performance does not guarantee future results. The methodology of the BXM Index is
owned by CBOE may be covered by one or more patents or pending patent applications.
CBOE calculates and disseminates the BXM Index. Standard & Poor's®, S&P®, and S&P
500® are registered trademarks of The McGraw-Hill Companies, Inc. and are licensed for
use by CBOE. CBOE Volatility Index®, VIX®, CBOE® and Chicago Board Options
Exchange®are registered trademarks of CBOE. BXM and SPX are servicemarks of CBOE.
CFE and CBOE Futures Exchange are servicemarks of CBOE Futures Exchange, LLC.
Copyright © 2006 CBOE Futures Exchange, LLC. All Rights Reserved.
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