Option Analyzer
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Option Price

The Option Price edit box is a window on the datalsastred value for the option price. If you
change the option price here, the new value willdaed in the option definition when you
change option symbols or quit the dialog. If you haeeaipropriate save confirmation
preferences enabled, either of those actions will caussfirmation dialog to post asking
permission to update the database.

Expiry Date, Strike, Stock Symbol

Immediately below the Option Symbol combo-box, you sam several items that summarize the
option definition. The expiration date, whether &gut or a call, the strike price, and the
symbol of the underlying stock (surrounded by dashes). lexdéwple above, we can see that
ANQAE.X is a call option on Applied Materials Inc. (NESymbol = ‘AMAT’), struck at 25.0,
expiring on 18-Jan-2008.

Volatility

The Stock Volatility edit box is a window on the datad's stored value for the underlying
stock’s volatility. If you change the volatility herdne new value will be saved in the stock
definition when you change option symbols or quit theodiallf you have the appropriate save
confirmation preferences enabled, either of thoseratll cause a confirmation dialog to post
asking permission to update the database.

Stock Price

The Stock Price edit box is a window on the databasdeied value for the underlying stock’s
market price. If you change the stock price herenéve value will be saved in the stock
definition when you change option symbols or quit theodiallf you have the appropriate save



confirmation preferences enabled, either of thoseratill cause a confirmation dialog to post
asking permission to update the database.

Risk Free Rate

The Risk Free Rate edit box displays the currendyest value for the risk free rate of interest.
It's expressed as a percentage with a default value oh88é;4.76% is used. The risk free rate
can be computed in the YieldCurveFitter (a separate dogpu can set it manually here. It's a
crucial quantity in valuing options, also used in numemngbsr NillaHedge tools. If you have
created option positions and you want a realistic assrg0f the value of those positions, you
should always review and possibly modify the value ofidiefree rate in the Option Analyzer,
in one of the Explorer dialogs, or by using the Yield Cuiteer prior to valuing any option
positions.

Black-Scholes Value

The Black-Scholes value is discussed in the Glossamyesson'’t review the details here — it's

an analytical solution to option valuation that accodmtshe current price for the underlying
stock, its volatility, and the risk free rate of irgst. Variations on the theme account for discrete
dividends or model dividends as a continuous yield. Niltgdediscounts the stock price with
the present value of any dividends rather than resadiagcontinuous yield approach. This
seems to model market behavior more effectively tharctimtinuous dividend yield model,
especially for options with expirations less than pear.

Implied Volatility

Implied volatility is defined in the Glossary, so wentalelve deeply into it here, but briefly
volatility represents the standard deviation of retumghe underlying stock over a year.
Volatility is a crucial quantity used to assess option vahet because of that role, it can be
estimated given the other market conditions, namelgthnent value of the risk free rate, the
current market price of the underlying stock, and the cumanket price of an option on that
underlying stock. Volatility is best estimated using optwhgh are at or near the money and
not overly distant from expiration. Options thas &ar from the money and/or greater than a
year from expiry tend to incorporate secondary risksanobunted for in nearer term, nearer the
money options. Both situations usually result in pushingntipdied volatility higher than stock
returns warrant. It's relatively rare to see a rieamn volatility higher than longer term
volatilities.

IV Pricing Error

Calculating implied volatility is an iterative procesgich may fail to converge on a satisfactory
solution. The degree to which a solution is satisfgaggiven by the pricing error associated
with the implied volatility. Ideally, this should bevanishingly small number, as close to zero
as possible. When the implied volatility pricing erronégative, it means that the implied
volatility produced a market price lower than the spettifi@arket price for the option.
Conversely, when iV pricing error is positive, it mearet the implied volatility produced a
market price above the specified market price.

When the option is ‘rationally’ priced, implied volat will generally converge and produce
little or no pricing error. So pricing error can beiadication that options are incorrectly priced.



The only way to know for sure is to look at the relaglup between put and call prices at the
same strike. The market is correctly pricing optionsmwihe following relationship holds:

C-P=S-K, or more accuratelfr =P =S~ P¥K) whereC is the call priceP is the put

— -r(T-t)
price,Sis the stock price, anc.pv(K) = Ke Is the present value of the common strike
of the put and the call, wherle—1 is the time to expiry in years. A deviation from digyas an
indication that an arbitrage opportunity exists.

Unfortunately, irrational prices aren’t the only sitoatthat might prevent convergence. When
the time to expiry is relatively short and the opt®at or near the money (the underlying stock
price is very close to the option’s strike price) tbéatility surface will be very steep, so implied
volatility will have difficulty settling. The impliedolatility calculator detects situations
involving mis-pricing and instability and bails out early, gating the smallest pricing error
found among the volatilities tested. It doesn’'t comioate why it bailed out, but if expiry isn’t
near at hand and the option is not near the moneyslyould consider the possibility that the
current option price represents an arbitrage opportunitgckBbcholes isn’t a perfect model of
market behavior — some researchers have estimated tlatsogrices vs. their associated Black-
Scholes value typically differ by 2% or more, but aplied volatility pricing error greater than
that should definitely cast doubt on the implied vatatil -
reported. We considered simply clearing the volatility aHedge
reporting “~" in these cases and not bothering to repor " nenn symbol ) Optisn Brice
the pricing error at all, but ultimately decided to keep tt [ANQAEX

: ; . : . - [1.10
user in the loop, since the 2% figure itself is soméwha | | |
to debate 181an2008 -~ AMAT --
open to . Call @ Volatility Price
25.00 03100 |[2185 |

Black-Scholes Greeks
. - . Eval 8/13/07 * RF % |4.760
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discussed in the Glossary. [ BS Elasticity 6.43 p{ITM) 254%

BS CheckBox - = -

The BS (for Black-Scholes) check box in the lower left

corner allows you to see what elasticity would be allesg by the option’s market price
(unchecked), rather than its Black-Scholes value (chiBckeis always checked when the
OptionAnalyzer is first posted since that represdmditue expression for elasticity. In this
example, the gap between market price and Black-Schales i& substantial, so the elasticity
also changes substantially.

Black-Scholes Shortcomings

It is quite unusual for such a large gap to exist betwemérket value and the Black-Scholes
value for an option with only four months to expiry this example, you get the same valuation



whether Applied Material’'s $0.11 dividend (with ex-dividend dbteAugust 2007) is entered in
the Stock Definition or not, but this is just one potrdéource of valuation error. We addressed
volatility mispricing earlier — note thaega is substantial here, so under or over-estimating of
the volatility in a small way will produce large deviat®waway from the option’s ‘true’ market
value. At this point in time, Applied Materials has asnhdoubled in price in twelve months, so
opinions regarding its volatility tend to run towards higsh side.

Early Exercise Premium

Another source of error is built into Black-Scholeslf — it derives from the fact that Black-
Scholes assumes that options can only be converstddb or cash on the option’s expiration
date, so called European style options. In contragiedraptions generally allow for exercise on
any date up to and including the expiration date, so callediéamestyle options. In efficient
markets, it is generally suboptimal to early exeraigall, but puts on underlying stocks that
don’t pay dividends can deviate sufficiently from the Bi&choles value to make early exercise
a good bet (capture profits now with relatively lovk s the underlying stock dropping further
than the time value of money now invested elsewherer ®sbhort period, this is likely to be a
very small premium, but it grows with distance fronpiex. Unfortunately, there is no closed
form solution for the early exercise premium withaahitrary exercise date. Closed form
solutions exist for what are called Bermudan style optionptions that can be exercised on one
of several dates specified in the contract. Assesbagremium typically requires a

multivariate combination of Bermudan valuations or a muokertime consuming binomial
expansion - a sort of discrete time approximation thadyores better and better accuracy as the
binomial tree populates price-time space. Trading firnils massive computer power evaluate
as many as 10,000 node binomial trees in order to accuratelynitge option value, including
any early exercise premium. Therefore, it shouldsnoprise you to find market prices in excess
of the Black-Scholes value, but Black-Scholes estalsdisheery reasonable low water mark,
what might be considered to be the option’s blue boakev@dssuming you got the volatility
right). As you gain experience, you will get a sensééw the early exercise premium scales
with time to expiry.



