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tractive for individuals to do their oan amalysis ad investing. The famous softvare prod-
ucts for solving the financial problens at investing with options are: MATLAB ®, Peter
Hoedley’s Options Strategy Analysis Tools, SrartPortfolio, The NumeriX Toolkit, Opti-
Template Analysis & Pricing, Variance-covariance VaR with VaRworks, @RISK .
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1. Introduction and aim of publication

It is an indisputable fact that derivative seaurities form part of the essential landscape
of managerial financial education. An understanding of options iIs becoming a must
for anyone whose career touches financial markets. Indeed, 1t isdifficult to find a
business school with a curriculun that does not contain as part of Its core require-
ments same exposure to the theory of derivative securities.

Today’s financial world is camplicated. We face many sources of risk that were
not present in the mid-nineteenth century. Today”s communication technology pro-
vides us alnost instantaneous information about different events. Al of these bits of
news can affect the value of our Investiments.

Managers frequently use stock to refine the portfolio’s investment characteris-
tics. Qptions are much more convenient (and less expensive) to use than wholesale
purchases or sales of shares of stock each time an adjustment is appropriate. Options
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also provide ameans for risk to be transferred from one person 1o the next. 1 may omn
a portfolio of stock and face some potential risk that 1 find unacceptable. Using op-
tions, | can transfer that risk to some other market participart who, for aprice, is
willing tobear it [4].

Some people use options as a means of generating additional income fram their
investment portfolio. Options are widely used for this purpose in the portfolios of
endoament funds, pension funds, and individuals.

In short, gptians give the marketplace opportunities to adjust risk or alter income
streans that would otherwise not be available. An econanist would call this phenom-
enon “‘enhanced spanning” of the market.

1. Black-Scholes Option Pricing Model (OPV)

One of the most useful and talked-about developments in finance during the last
decade is the Black-Scholes Option Pricing Model (OPM). This model is a useful
representation of how the gption premium is determined in the marketplace. Popular
with a growing nurber of individual investors, options have been analyzed and suc-
cessfully used by institutional investors for many years. Virtual ly all gotios analysts
use some form of the Black-Scholes Option Pricing Model to assist them in their
decision marketing- A nunber of computer software programs can generate theoreti-
cal OPM values, and same Tirms provide hourly printouts of canputed option prices
to Floor trades on the option exchanges. The well knoan model is as follows:
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where C is theoretical call premiun; S — current stock price; t— time in years unitil
option expiration; K — gotion striking price; r — risk free interest rate; o— standard
deviation of the stock retums; N(X) — pracebility that a value less then “x” willl oocur in
a standard normal distribution.

At every instant of time, the value of the call option depends on a few param-
eters. Sone of these parameters are fixed and inherent in the specified option defini-
tion, e. g-, the exercise data. Some are assured to be fixed but may indeed change, e.
g-, the interest rate. Other parameters depend on time or are changing in a random
maner. The effect of a “‘srall dange™, In a certain parareter on the price of the call
option, is captured by its partial derivative with respect to the parareter in ques-
an[7]-

2. Sensitivity Measure

The measure of the sensitivity of the call price to tine is the derivative of tre call price
with respect to tine. This derivative is the precise messure of the instantaneous rate of
change of the call gotion’s value that is due to the passage of time. It is customary o
assign Greek names 1o the sensitivity measures of gptions. The sensitivity with respect
1o tine is called Theta and represented by the Greek letter ©. It is defined to be the
rate of change of the call price as the time to maturity increases. In terms of the
notation for the call price it is calaulated as
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The Delta (A) measure is sinply the first derivative of the call value with respect
1o the stock price. The Delta measure therefore represents the instantaneous rate of
cdhange inthe call price due o an infinitesimal dhange in the stock price. It is defined
below:

A =

oP

To increase the quality of the gpproximation one can take acoount of the second
derivative of the call gption value with respect to the stock price. The Gama meas-
ure is the second derivative of the call price with respect to the stock price. Corre-
spondingly, Gama is the First derivative of Delta with respect to the stock price.
Gamma is represented by the Greek letter I'and can be sated as

0

rK,t,P,o,r) P A(K,t,P,o,T) i

Vera, represented by the Greek letter V, measures the sarsitivity of the call price
with respect to the value of the wolatility. Perhgps the best way to gopreciate this effect
is to look at a graph or an animation of the value of the call gotion as a function of the
time to maturity and as a function of the stock price for different values of volatility.
The measure Vega is defined in a similar manner to the other measures. It is the
derivative of the value of the calll gotion with respect to a particular parareter, in this
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The measure of sensitivity of the call gption value to danges in the interest rate
is called rho and is denoted by the Greek letter p. The interest rate and exercise price,
like the wlatility, are also parareters that are assured to be fixed and constant: through-
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aut the life of the gptiion. The measure rho is defiined agaiin as the First partial deriva-
tive of the call value with respect to the interest rate r. In other words,
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Indexes are portfolios of certain stocks that are traded in a certain market or
markets. Usually the indexes are formed so as 1o represent a certain segrent of the
market, e. g-, blue chips or the performance of the market as a whole. For example,
the S&P 500 index includes comon stodks of industries, utilities, transportation, and
firacial institutios [5] -

3. Binomial model

The binomial option model proposed by Cox, Ross, and Rubinstein in 1979, values
Arerican gptions on dividend-paying camon stock with explicit recognition of early
exercise. The binomial model can be readily modified o work on currency options. In
this model, the spot exchange rate at a point in time is constrained to move (or jup)
in one of two mutually exclusive paths. One is upnards, and the other is dovmwards.
The expiration value of the call gption s a function of the spot binomial tree. Specifi-
cally, the value of the option depends on whether the spot moves up or domn. The
binomial model can also be used to value European currency options. Here the risk-
neutral ity approach provides a shortcut. The option’s value can be derived directly
fram the final set of nodes and their associated binomial risk-rneutral praoebilities of
occurrence. The value of the call is equal 1o the expected present value of the payoff
at epiration [1]-

4 Value at Risk (VaR)

VaR tries to answer the simple question: How much money (or more) might we lose
over time period T with probability X?

Values at Risk methods, which employ a linear (delta only) approximation to the
relation between instrument value and the underlying risk factors are unlikely to be
robust when applied to portfolio containing non-linear contracts such as gptions.

Consider a portfolio consisting of quantities X = (X, X,,---, X )" with assets
1, 2,...,nwithtime t, vallesv=(,, \,, ..., V). Thenthe dange in the price of portfo-
lio, V, over the next internval At isgiven by:

n
AV =3 X, Av,,
i=1
where Av, (AV) denotes the change in the value of asset 1 (the portfolio) over the
intenal from t to tA t. The value-at-risk of the portfol 1o x for sare defined probebi -
ity level a, is defined as the level of loss AV*(a) such a probability that
AV < AV* is equal 1o o.. When the joint distribution of the change in asset values can be
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taken as multivariate normal with a knovn mean and variance, the calculation of AV*
is straightforward. In many cases, honever, and particularly when some of the assets
are gotians, the assurption of multivariate normal ity will be ingppropriate, even when
appropriate for the uderlying rates and prices [Z] -

In this case one of two approaches is typically employed. In the first, the so-
called “delta-only” method, the non-linear relation between asset values and the un-
derlying rates and prices is replaced by a linear approximation based on each asset’s
“delta”. Assume that the value of each asset i1 depends on time and K ““Factors”,
f={f, T,..., £}. Then AV~ the first order gopraximation to AV, is given by:

n ov,(F,® n k ov(,® K
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where . iis the change in portfolio value resulting from the passage of time:
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and 5, , the aggregate celta, is given by

Value at Risk is a nurber that represents an estimate of how much our portfolio
may lose due to market movements for a particular horizon (time period) and for a
given aonfidence level (probebility).

The definition of that potential loss depends on three main parareters:

a. The horizon, over which the potential loss is measured. It is not the sare to
measure the expected loss over a one-day period as over a one-week period.

b. The degree of confidence (probability of ocurrence). The degree of confi-
dence is a measure of the degree of certainty of the VaR estimate. The mostcommon
degree of confidence is 99%, which means that 95% of the times our losses will be
lover than the VaR number, while 5% of the times our portfolio will experience
greater losses.

c. The hame currency, in which we measure the VaR nurber. VeR is a number,
but i1t is eqoressed in U.S. dollars, British pounds or Japanese yens. It is not the same
to say that our VaR is $1 million, than I'l million or J1 million.

How do we measure the market risk of a portfolio?

A porttfolio may have different instrurents (stocks, bonds, sweps, floors, op-
tion...) indifferent markets (fixed income, camodities, eguities. . ). To aalyze the
overall risk of the portfolio, It isnecessary to determine the risk of the individual
assets, and the interactios (correlations) between those assets. To compute the wola-
tility for every trade in our portfolio, and then estimate the correlation with the re-
maining trades, coulld be an impossible task.

The VaR methodology provides a way to deal with the problem of measuring the
global risk of a portfolio. It is important to point out, that in the VaR analysis, we
assume that portfolio remains constant, and only the market factors will change.

VeR is highly integrative in nature and provides a glabal picture of the riskof a
portfolio. It attenpts to bring together into a single framenork:

o Multiple types of market risk,

o Multiple types of instrurents.
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In a nutshell, VaR is an attenpt to quantify risk, given the portfolio’s current
exposure 1o a certain set of market factors, by asking how much these factors can
move (acoounting for wolatilities and correlations) over a period of time.

As a first step, we nust identify a set of comon risk factors, for which we can
obtain volatilities and correlations, which will represent the “Market Factors”. To
cotinue the analysis, we have 1o find avay to express all the trades of aur portfolio in
terms of those risk factors (“‘cash Flow mapping’”) - Once we have the cash Fllow map in
terms of the risk factors, and the volati lities ad correlations of those risk factors, we
only need to perform basic matrix manipulation to calculate the VaR of our portfo-

lio.[10]
5. Monte Carlo simulation

Mortte Carllo sinulation is a mathematical technique for nurerically solving differen-
tial equations. It is usad extensively in finance for such tasks as pricing derivatives or
estimating the value at risk of a portfolio. The technique tends to be computer inten-
sive, with many problems taking minutes or hours to solve on a high speed camputer .
For this reason, Mortte Carlo simullation is avoided when closed form or other simple
solutions exist for a problem. Monte Carlo simulation, however, has the advantage
that 1t is a “brute force’” technigue that will solve many problens for which no other
solutions exist. Because many financial problems are highly camplex, this “method of
last resort” is used freguently [19].

Monte Carlo simulation is typically used in a financial setting to solve prablems
which require that one or more statistics of a probebil ity distribution be calaulated.

For example:

¢ The price of an gption is the (risk neutral) disoounted mean of the probability
distribution for the gotion’s  value at expiration.

o Value at risk is the upper bound on a confidence interval for the probability
distribution of the loss/profit that a portfoliowill realize over a specified horizon.

To understand how the process works, let’s consider an example of hov a com-
plex gption might be priced. Suppose the gption”s value is dependent on o underliers,
a stock index and an exchange rate. Morte Carlo simulation might be used to price
such an gption as follons:

“Randomlly’” gererate 10,000 scenarias for the value, on the gotion’s expiration
cate, of the two uncerliers.

Do so in amanner that is consistent witth an assumed (risk neutral) joint prob-
ability distribution of the o variables.

Determine what the option’s expiration value woulld be under each of the 10,000
oerarios.

Form a histogram of those results. This represents a discrete gpproximation for
the probebility distribution of the gption’s expiration value. The discounted mean of
the histogram is the estimated gption price.

Note that this solution onlly yields an goproximate price. By using more scenarios
—say 20,000 instead of 10,000 the precision of the result could be inproved. Typi-
cally, the precision of a Mote Carlo simulation is proportional to the sguare root of
the nuber of scenarios used. As computers becane more ponerful, financial profes-
sionals are able to perform Monte Carlo simulations with ever more scenarics, or
apply the methodology to ever more complex problems. Also, there are various ways
1o speed up Monte Carlo analyses, including “variance reduction techniques” and
“‘guasi-randon’” techniques [9]-
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11. Software prograns for solving financial problems

Awide variety of canputational schemes have been proposed for the nurerical valu-
ation of various classes of options. Bxperiences in nurerical computation have re-
vealaed that the detaills of the inplementation of the auxiliary conditions in the numeri-
cal algorithms may have profound effects on nurerical accuracy. Difficulties in de-
signing algorithns that deal with the path-dependent payoffs, monitoring features,
ect., have beenvell reported intre literature [18].

The famous software products for solving the financial problems at investing
wi'th options are: MATLAB ®, Peter Hoadley’s Options Strategy Analysis Tools,
SmartPortfolio, The NureriX Toolkit, Opti-Template Analysis & Pricing, Variance-
covariance VaR with VaRworks, @RISK .

1. MATLAB ®

MATLAB ® and the Financial Toolbox provide a complete integrated computing
enviroment for financial analysis and engineering. The toolbox has everything you
need to perform matherattical and statistical analysis of financial data ad display the
results with presertation-qual ity graphics. You can quickly ask, visualize, and ansier
camplicated questions.

In traditional or spreadsheet programming you must deal with all sorts of house-
keeping details: declaring, data typing, sizing, etc. MATLAB does all that for you.
You just write expressions the way you think of problems. And there’s no need to
svitth tools, convert filles, or renrite gplicatios.

With MATLAB and the Financial Toolbox, you can:

= Campute and analyze prices, yields, and sensitivities for gptions and other
saurities, ad for portfolics of searities.

= Perform Securities Industry Association (SIA) compatible Fixed-income pric-
ing, yield, ad sasitivity analysis.

= Anallyze or manage portfolios.

= Design and evaluate hedging strategies.

= Identify, measure, and control risk.

= Anallyze and campute cash Flows, including rates of retum and depreciation
streans.

= Amalyze and predict economic activity.

= Create structured finencial instrurents, including foreign-exdance instrurents.

The Financial Derivatives Toolbox extends the Financial Toolbox in the areas of
Tixed incare derivatives and of securities cotingent upon interest rates. The toolbox
provides components for analyzing individual financial derivative instruments and
portfolios. Specifically, It provides the necessary functions for calaulating prices ad
ssitivities, for hedging, and for visualizing results [16].

Trees

The Heath-Jarrown-Morton model works with a type of interest rate tree called a
bushy tree. A bushy tree is a tree inwhich the nunber of brandhes increases exqponential ly
relative to observation times; branches never recarbine. The opposite of a bushy tree
is a recarbining tree, a tree in which branches reconbine over time. From any given
node, the node reached by taking the path up-down is the same node reached by
taking the path dow-up.

2. Peter Hoadley’s options strategy analysis tools

On-line Qptions Pricing Analysis Calaulators:
Black-Scholes pricing analysis — Examine graphically how changes in stock
price, wolatility, time to eqiration ad interest rate affect the gption price, tine value,
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the derived “Creeks” (celta, gamma, theta, vega, rho) and the probability of the
option closing in the money. Uses the Black-Scholes model .

Binanial tree graphical option calculator: Calcullate gption prices using either
the Cox, Ross and Rubinstein binanial gption pricing model, or the equal probabili-
ties tree pricing model, and display the tree structure used inthe calaullation. De-
signed o calaulate acourate prices ad o iHustrate tree-based pricing principles for
both American & European options with discrete or continuous dividends.

Trinanial tree grephical gotion calaulator: Calaulate gption prices using the tri-
nanial tree pricing model, and display the tree structure used in the calculation.
Designed to calaulate acaurate prices ad o illustrate tree-based pricing principles
for both Arerican & European options with discrete or continuous dividends [11].

Barrier gotion calaullator using trinamial lattice: Calaulate barrier gotion prices,
and hedge parareters, using a trinanial lattice, and display the tree structure used in
the calculation. Key features include Arerican & European optiion pricing, dividends
as continuous yield or discrete payment, cortinuous or discrete monitoring of barrier,
and two methods of computation enhancement. Analytic prices, where analytic for-
mulas exist, are displayed for corparison.

Black-Scholes/Binomial convergence analysis: Display graphically the way in
whiich options priced under the binanial model converge with Black-Scholes prices as
the nurber of binomial steps increases. The inpact of changes to the other pricing
inputs can also be examined.

American & European option pricing comparison, & dividend impact analysis
Examine how dividends paid during the life of the option impact the price, and In
particular the sensitivity of the gotion price to different ex-dividerd dates. Also con-
pare pricing for Arerican & European options.

S0, use the on-line calaulators to look at option and under lying asset pricing
sensitivities and pricing varisble interrelatioships; use the gotios strategy evaluation
model o lodk at trading profitability.

On-line Stock Price Distribution & Probability Calculators:

Lognormal distribution analysis: BExamine graphical ly the expected distribu-
tion of stock prices (assured by the Black-Scholes pricing model), given a starting
price and various assunptians for tine, wlatility ad rate of retum.

Stock price probability calaulator: Campute the probebility of a stock price
exceeding, or falling between, upper and lower boundary prices. The results show
both clasing probabilities (i.e. at the end of a period) and the probebilities of the
boundary prices ever being exceeded (i -e. the prabebility that they willl exceed at any
time during the period).

Spreadsheet & Development Tools:

Microsoft Excel Add-in: For use in BExcel spreadsheets for the calculation of
option prices, “Greeks” , inplied wlatility (using the Black-Scholes and binomial
models), probebilities and optimal early exercise points. The add-in provides func-
tions which can be used directly in spreadsheet cells and which can be called from
VBA modules/Macros.

Open Positions Manager: An Excel-based sample application for the mainte-
nance of a portfolio of open gptions and underlying asset positions. The gpplication
can be used to perform sensitivity analyses (eg what willl be my total exposure be if the
market drops by 10%), to produce pay-off diagrams and optimal early exercise re-
ports for gpen positions. Designed to be used as is, the goplication, which is not pass-
word protected, can be enhanced or tailored to meet individual user requirements.

Options Strategy Evaluation Model :

Options types: Eouity, currency, index and futures.

Exercise styles: Arerican and European.
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Pricing models: Black-Scholes (European options), and the Cox, Ross, and
Rubinstein binomial model (European and American options).

Payoff diagrams used to show strategy profitability: Profit at expiration plus
profit at ““time now’” shown for any range of uderlying asset prices. The range of asset
prices can be shown as absolute $ values, or as percentage change from underlying
asset price at deal date.

Time decay: Time to expiration (i.e. the “time now” line) can be varied a day at
atime, or shown for a specific date to show effects of time decay on your strategy- The
model will automatically cycle through time t expiration IT reguested and the pay-oft
diagrams willl show results in “animated” form.

“What 1If” socenario analysis: Two strategies, for the same or different underlying
assets, can be compared on the same pay-off diagram. This enables, for example, the
impact on a strategy of changing key variables (e.g. strike prices, wlatility) to be
easily compared with the unchanged version. The effects of time decay can be viened
sinultanecusly for both strategies.

Tables and graphs: Profitability for individual trades and net position can be
viened in tabullar form as well as graphically.

Dividends on underlying assets can be either a continuous annual yield or up to
four discrete payments. I discrete, an anount and ex-dividend date are specified for
each dividend payment. Dividends are taken into account in gption price calaulations
and dividends received (or paid) by holding (or shorting) the underlying asset are
includd in overall deal profitsbility calaulatias.

Hedge parameters (“Creeks’) delta, gama, vega, theta, rho, calculated for
individual trades and net position. “Greeks’” can be viewed graphically and in tabullar
form for any range of underlying asset prices both for individual trades and for net
positions. As for pay-of T diagrans, the effects of time decay on the “Greeks” can be
viewed graphically and in tabular form.

Sensitivity analysis: Key gption parareters, such as wolatility, stodk price, expi-
ration date and strike prices, can be varied using slider bars, ad the inpact of these
changed assurptions is instantly reflected on all graphs and tables. The changed pa-
rareters from the sensitivity analysis can then eiither be retained or discarded.

Inplied wolatility calculator: Inplied volatil ity can be specified or calculated
using the in-situ inplied volati lity calaulator, for each individual option trace thereby
‘taking acoount of volatility smilles, bid/ask spreads etc. The calaullator correctly takes
accourTt of dividends.

Deal funding costs/revenues: The cost of carrying the uderlying asset, interest
earmed on gption premiums and dividends received etc. can gotionally be included in
overall deal profitability figures to enable more meaningful comparisons to be made
of strategies with similar payoffs but quite different fuding requirenents.

Optimal early exercise thresholds:The uderlying asset prices and dates at which
early exercise could be optimal for Arerican gotions are identified on a special re-
port.

Standard strategies: Appraximately 20 “‘standard’” strategies (covered call writ-
ing, straddle, bull spreaed. . ) provided for illustrative purposes ad to provide starting
poirts for bui lding your oin strategies.

Build your omn strategies: You are not limited to using the standard strategies
and any strategy can be constructed, and saved, out of the basic building blocks of
buying/selling puts and calls, and buying/selling the underlying asset.

Save strategies: An unlimited (for practical purposes) nurber of individual strat-
egies each consisting of up to five gotion trades and two trades in the underlying asset
can be saved for future use. Saved strategies can be retrieved by name amended and
resaved.

Re-use of underlying asset details: Same underlying asset details (dividends,
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default volati lity) can be used for nultiple strategies thereby saving on data entry.

Simple o use:  All navigation and selection done by clicking buttons, selecting
Trom combo boxes etc.

Industrial strength: A serious tool used by professional traders and financial
‘training orgenisatios.

See Appendix 1 for Binomial Tree Option Calculator and see Appendix 2 for
Trinomial Tree Option Calculator.

3. SmartPortfolio

SmartPortfolio is a visual risk management system. It performs interactive graphical
analysis of the pricing and hedging of portfolios of derivative securities including
interest rate derivatives (equity gotions, foreign aurrency gptions, futures gptians, bod
options, caps, floors and snaptions).- In order to calculate prices and hedge ratics the
product employs a wide range of the canputational methods and instrurents, such as
lattice methods, Finite difference methods and More—Carlo simulatiion under a vari-
ety of assunptions about the stochastic dynamics of the underlying asset [12].

SmartPortfolio has been written in C*. The intemal structure of the program
relies on special ly constructed financial C* classes which provide great flexibility
and sinplify further development of the system.

Predefined Portfolics. SmartPortfolio contains a set of predefined portfolios of
derivative securities and in addition users may define and save their oan portfolios
(see Appendix 3).

Advanced Plots. You can view the portfolio prices and hedge ratiacs as functions
of any varigble (e.g- asset prioe, wlatility, risk free rate of interest, tine to maturity
etc.). Yaucan also build up to five plots for different values of ancther parareter ad
display them in the sare area. There is also an animation facility which allons you to
view how the price or hedge ratio changes while you are approaching the maturity
date (see Appendix 4).

Analytical Methods. SrartPortfolio provides such analytical solutions for port-
foliopricing as:

Black-Scholes and all its variants for Eurgpean style derivatives whose underly-
ing (i.e_foreign exdhange, futures, commodities and indices) pays constant dividend
yield in a deterministic interest rate enviromment; Vasioek and Cox-Ingersol 1-Ross
mocels for interest rate term structure in a stodestic interest rate enviroment (see
Appendix 5).

Numerical Methods. A range of lattice based nurerical methods is presented
1o calaulate Arerican style derivatives and some Eurgpean style derivatives for which
exact solutions are not avai lable.These methods include binomial trees aswell as
explicit, inplicit and Crank-Nicholson finite difference schemes(see Appendix 6).

Simulation Tool . A Monte-Carlo simulation tool is provided for a variety of
stochastic processes for the underlying asset value (Broanian motion, jurp diffusion
processes, stochastic wlatility prooesses, coloured noise, binomial processes). Simu-
lations can be performed any number of times and a Monte-Carlo value for the port-
folio is dotained. Furthermore the evolution of this value can be viewed graphically as
the number of sinulations increases (see Appendix 7).

Term Structure. The construction of the term structure of interest rates frona
set of observed market instruments using cubic B-splines is implemented. The term
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structure can be viened as market yields, zero-coupon rates or forward rates at differ-
ent compounding frequencies(see Appendix 8).

Calibration The product also features the calibration of interest rate derivative
models 1o the currently dosernved term structure of interest rates and derivative prices

(see Appendix 9).
4. The NumeriX Toolkit

The NureriX Toolkit is a suite of innovative development tools that provide accu-
racy, speed, flexibility ad ease of use for all aspects of gptions pricing ad risk man-
agemertt, including building instrument or product code and new models. A collection
of dbject-oriented modulles aoccessad through an elegant interface, it includes all of the
oore mathematical and corputational function required for conplex derivatives pric-
ing ad sansitivity analysis [13].

The NumeriX Toolkit alloas you to perform the followving:

¢ Builld your omn in-house pricing or risk management application for any asset
cess.

o Extend the NumeriX applications to include your proprietary analytics.

¢ Build new financial models and improve the performance of existing ones.

o Easily integrate all of the above into proprietary and third party systens.

¢ Provide a common development framework.

Through an elegant APl available in C, C*, and Visual Basic, the NumeriX
Toolkit provides inmediate access 1o a broad collection of financial , mathematical,
and computational functions and dbjects. Designed intuitively for rapid implementa-
tion and ease-of-use, models, new Instruments and risk scenarios can be developed In
a fraction of the time needed for traditional methods.

The NumeriX Toolkit contains robust implementations of industry standard
mathematical and financial algorithms. It includes: single factor trinomial trees; a
gereral—-purpose sinulation modulle for performing multi-dimensional integration, pric-
ing path-dependent options, and calculating Value-at—Risk (VaR); and utility func-
tions and classes for all development needs.

The NureriX Toolkit includes convenient utilities such as:

o BExogption and error handling.

o Cunve algebra.

o Template based vectors and matrices.

¢ Correlation matrix conditioning.

o Single and multi-dimensional root-finding and gptimization tools.

A modular code design enables separation of instrument and model analytics,
resulting in readdble, flexible, ad easy-to-maintain code. Costs traditional ly associ-
ated with development and code modification are greatly reduced. Switching between
models often requires changing as little as orne line of code, permitting pricing con-
parisons and assessment of model risk. Typically, building new instrument code using
reduces development time by up to 80%.

5. Opti-Template Analysis & Pricing

Now you can use the same closed-form pricing equations as the large investment
houses and the Chicago Mercantile Exchange (CVE) . J8&E Research, Inc. has built
Excel functions that use the Quadratic Approximation of American Qptions devel-
oped by Barone-Adesi and Whaley. This is the most accurate closed-form analytic
pricing model developed to date.
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The workbook makes extensive use of Excel 97°s Analysis ToolPak and built in
data modeling features. The formulas are easy to access and nothing has been com-
piled into aDLL. This allons easy integration with existing Excel systems or future
systeans you builld. To enhance user friendliness standard notation has been used in-
stead of cell addresses whenever possible. (For MS Excel 97 or 2000)

Opti-Template enables the production of pricing matrices, risk\retum profiles
and implied volatility analysis for either individual or portfolios of options. An exan-
ple spreadsheet is supplied free which enables the user to price gotions and manage
risk “straight out of the box” without any programing or “‘spreadsheet’” work.

Featured Highlights

o Separate analytic models for stocks, indices, currencies and gptions.

¢ Option pricing models used include: Barone-Adesi and Whaley (1987).

o Time decay analysis (as a percent of price) for any user defined period.

¢ Risk statistics including Delta, Gamma, Rho, Theta and Vega.

o Automatic Treasury Bill Bid/Ask yield conversion.

o All pricing and analysis adjusted for dividends.

o Calaullations mede for amualized historical volatility.

o All analysis formatted in strike series using user defined price increments.

o Extremely easy to use yet analytically very rooust.

For any user defined strike series the folloving statistics are generated for op-

tios on stodss, indioss, aurrencies and futures. Al statistics are adjusted for ay level
of dividend paymertt or yield. [14]

Excel Option Analysis Add-in. Opti-Calc is the latest version of our gption
pricing and analysis systan for BExcel. It calaulates prices, risk parareters ad inplied
wvolatilities using the Black-Scholes, Garman-Kolhagen and Cox-Rubinstein (bino-
mial) models. We have also incorporated the latest option mocels, such as, the Barone-
Adesi and Whaley quadratic approximation and the Bjerksund-Stensland approxima—
tion. Opti-Calc prices European and Arerican style options on bonds, cammodities,
aurrenciies, futures and stocks. It also calaulates sensitivities, such as Delta, Gama,
Kappa (Vega) , Rho and Theta.

Opti-Calc enables the production of pricing matrices, risk\retum profiles ad
inplied wlati lity analysis for either individual or portfolios of options. An exanple
spreadsheet is supplied free which enables the user to price options and manage risk
“straight out of the box’” without any programing or ‘‘spreadsheet’ work.

Who is the add-in designed for? Anyone involved in the financial markets, risk
analysis, valuation or investment strategy. Typical users include Institutional Inves-
tors, Traders, Financial Analysts, Treasury Analysts, Quantitative Analysts and Fi-
nancial Consultants (for MS Excel 97 or 2000).

The version with a terplate worksheet demonstrates each of the functions, al-
lowing the user 1o begin working with our add-in inmediately. The template provides
a starting point for the user to setup his or her omn spreadsheet in exactly the manner
desired. For example, a user can evaluate several different gptions on the same screen
at once, the same gption with different strike prices, or run a portfolio of options
aggregating risk measures. The add-in also works well with any Excel corpliant live
data feed (ODE).
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6. Variance-covariance VaR with VaRworks

Cash Flow Mapping

The purpose of cash Flow mapping is to find the “best replicate of a financial
instrurent for the purpose of measuring the instrurent’s risk within a portfolio.

A cash flow map is the representation of a financial instrument (options) as a
stream of one or more zero-coupon instruments marked to market at current market
rates and prices. Prior to calaulating analytic VeR, financial instruments nust be de-
compased into their canponent cash Flows (zero coupon instruments) and al located
1o a pre-determined set of vertices for which we can dotain wlatilities, correlations,
and other statistics on a regular basis. See appendix 10 for Cash Flow Map of a Sam-
ple Portfolio in VaRworks.

There are three types of inputs to calaulate VaR: Market data, Portfolio Data,
and User’s choices

A. Market data: correlatians, wlatilities, prices, ad interest rates

\olati lity data. \olatility files define vertioss ato which cash flloas are mgped.
Each record specifies a vertex series name, price wlatility, exchange rate or yield
(where gpplicable), and other statistics. You can create your oamn\olatility files with
Make\C or domnload publicly available ones. The sanple wolatility file, dumddyy.m3
(where mmddyy is some date), is a RiskVetrics file containing daily wolatilities. See
appendix 11 for example of a Volatility File.

Correlation data. Correlation files cortain correlations for the vertices defined
in a correspading wolatility file. Each record specifies o vertices and their correla-
tion. You may create your omn correlation files with Make\VC or download publicly
available ones. The sarple correlation file, denmddyy.m3 (where mmddyy is same
date), isaRisketrics file cottaining daily correlations. See appendix 12 for example
of aCorrelation File.

Portfolio Data. One of the dovious Inputs in the VaR calcullation is the specifica-
tion of your portfolio. Portfolio cosists of text specifying a portfolio file may include
directory and drive. The portfolio file describes the financial instruments for which
VeR is 1o be calculated. Each record in a portfolio Tile specifies either:

o the terms of a single trade, or

¢ apath “pointing’” to another file containing trades.

Horizon (days)- In VaRworks, “horizon” is a nurber specifying the number of
business days of the VaR horizon. Express the horizon in number of days (e.g- 1
morth s expressed as 30 days) even If you are using monthly (or longer) wvolatility ad
correlation datasets VaRs are scaled using the sguare root of the horiizon. The result-
ing VeR s the expected change in the portfolio’s value under adverse circunstances
in this time interval . For example, enter 1 (oe) for a one-day horizon.

Choice of horizon. The horizon can be a function either of the position or the
investor. In the former case, the laonger horizon for estimating risk can be the result of
the time It takes for the position to be Tiguidated or neutralized. In less liquid markets,
it can take wp 1o aweek or longer to significantly modify the market risk profile of a
portfolio. Inthe latter case, it is the investor who defines the horizon. Risk is mea-
sured over the period util investment objectives are reviened and reassessed.

When choosing a horizon, consider:

o Unwind period — how long, on average, does it take to reverse a market posi-
tion or individual trade?

o Attention period — how often, on average, do you re-examine your portfolio
and 1ts mark-to-market or hedging trades?
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o Acoourtting period — how long until the next financial reporting must be done?

¢ Common choices of horizon.

¢ One day — recommended by the J. P. Morgan Riskietrics specification (termed
DEaR, for daily eemings at risk). It is thought to be appropriate for banks, clearing
houses, traders, etc., because of their rgpid tumover, short uwind periods.

¢ Ten days — recommended by the Basle Committee on Banking Supervision. It
is thought o be appropriate to banks for capital charges.

o 25 days — a RiskVetrics altermative. It is thought to be appropriate for funds
and triple-A bank derivatives subsidiaries.

¢ 65 days — a calendar quarter. It is thought to be appropriate for corporations.

Confidence. In VaRworks, “‘confidence” is a number between 0.5 and 1, exclu-
sive, specifying the size of the one-tailed VeR confidence level .

The probability of incurring lasses larger than our VaR willl be (1-X) %, being X
the corfidence level . For exaple, Tor a 959% cafidence level (Bh one-tail level), the
probability that the portfolio’s losses will exceed the VaR number will be 5%.

Confidence level selection

Common choices for a confidence level are 95% (Riskvetrics) and 99% (Basle).

o With a 95% level and a one-day horizon, losses in excess of the VaR will occur
about once In every twenty days.

o With a 99% level and a one-day horizon, losses in excess of the VaR will occur
about once iIn every one hundred days.

If the prabebi lity of loss is nomal ly distributed, the Shore-tail level is 1.645
standard deviations fran the mean; the 1% one-tail level is about 2.33 standard devia-
tas[15]-

7. @RISK

@RISK s the Risk Analysis and Simulation add-in for Microsoft Excel® or Lotus®
1-2-3. As an add-in, @RISK becames seamlessly integrated — via a new toolbar and
functions — with your spreadsheet, adding Risk Analysis 1o your existing models. IT
yOou can use a spreadsheet, you can use @RISK!

@RISK uses a technique knoan as Monte Carlo simulation to allow you to take
all possible outoares into accountt. Sinply replace uncertain values in your Spreadshest
with @RISK functions which represent a range of possible values - modeling stock
and gotion prices. Select botton-lire cells, like Total Profits, as outputs, and start a
simulation. @RIXK recalculates your spreadsheet hundreds or even thousands of times,
each time selecting random numbers from the @RISK functions you entered. The
result: distributions of possible outoares ad the praosbi lities of getting those results!
This not only tells you what could heppen in a given situattion,, but how likely 1t is that
rtwill happen. With @RISK, you can answer questions like “What are the chances of
getting a negative result?” or “What is the probability of eaming profits over
$500,0007"[17]-

One of the strengths of Monte Carlo sinulation is that it produces enough data
1o create accurate graphs. Histograns, anulative cunves, area and line graphs are all
available in QRISK 4.0.

@RISK 4.0 lets you write your own custom applications in Excel that can per-
form virtual ly any @RISK function. Harness the power of @RISK”s Monte Carlo
simulation engine for your canpary”s specific needs. Utilize GRIK’s extensive re-
porting gotions, Sensitivity analysis, Soerario analysis, distribution fitting, and nore,
all inyour omn custom Excel program! Example files are included demonstrating how
1o use these comands. Plus, you can run macros before, during, or after a simulation
run. @RISK allone uses Monte Carlo simulation to account for uncertainty in models
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and view the probabi I ities of various outoanes occurring. But Mortte Carlo sinulation
canot deal with input or decision varigbles whose values you can control . It viens all
possible autocanes at a single state of those controllable variables.

111. Problems connected with the use of software prograns

A combination of powerful but inexpensive personal carputers, the availability of
financial information on the Intemet, and online discount brokers has made it very
attractive for individuals to do their omn anmalysis and investing. Using the computer
and the Intemet, individuals may buy, sell, and transfer between many mutual funds
and buy or sell stocks, bonds, gptians, etc. an line, through a large nunber of brokers
or funds campanies. As a result, there are now a large nurber of tools to help indi-
vidual investors make better decisions concerming their investments. These include
Intermet sites as well as individual programs that can be purchased. Software pro-
grams range from those that provide basic financial advice, to portfolio management,
o those that provide detailed information and aids in doing analysis of individual

Options exdhanges, brokers, and many independent sirtes provide access 1o quotes,
analysis, and other tools for gotions investors. At the CBCE site, for exaple, inves-
tors can access a wealth of free information at 1ts Trader’s Tools section, including
delayed quotes, charts, news, market data, and free company research from Zacks
Investiment Research. CBOE also provides an options calculator that alloas investors
work out the cost of a particular gotion. Other calculators are avai lable on many sites,
including QptionsSource.com.

Investors trading over the Intermet or online, who are used to instant access to
their accounts and near instartaneous executions of their trades, especially need to
understand how they can protect themselves in fast-moving markets. You can limit
your losses in fast-moving markets if you know what you are buying and the risks of
your investment; and know how trading changes during fast markets and take addi-
tional steps to guard against the typical problens investors face in these markets.

Online trading is quick and easy, online investing takes time. Witha click of
mouse, you can buy and sell stocks from more than 100 online brokers offering execu-
tions as low as $6 per transaction. Although online trading and many software pro-
grams save investors time and money, It does not take the hamework out of making
investment decisions. You may be able to make a trade in a nanosecond, but making
wise Investment decisions takes time. Before you trade, know why you are buying or
selling, and the risk of your investment.

Set your price limits on fast-moving stocks: market orders vs. limit orders.
To awoid buying or selling a stock at a price higher or loner than you wanted, you
need to place a limit order rather than a market order. A limit orcer is an order to buy
or sell a seaurity at a specific price. A buy limit order can onlly be executed at the Timit
price or lonver, and a sell Himit order can only be executed at the limit price or higher .
When you place a market order, you can”t control the price at which your order will be
Tilled. Remember that your limit order may never be executed because the market
price may quickly surpass your limit before your order can be fillled. But usinga limit
order you also protect yourself fram buying the stock at a too high price.

Online trading and software programs are not always instantaneous. Inves-
tors may find that technological “‘choke points’ can slow or prevent their orders from
reaching an online firm. For example, problems can occur where:
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® an investor’s modem, carputer, or Intermet Service Provider is slow or faulty;

e a broker-dealer has inadequate hardiare or its Intemet Service Provider is
slow or delayed;

e traffic inthe Intemet is heavy, sloving down overall usage.

A capacity problem or limitation at any of these choke points can cause a delay
or failure inan Investor”s atttenpt to aocess an online firm’s automated trading system.

Know your options for placing a trade if you are unable to access your ac-
coutt online. Most online trading firms and software prograns offer altermatives for
placing trades. These altematives may include touch-tone telephone trades, faxing
your order, or doing it the lor~tech way talking to a broker over the phone. Make sure
you know whether using these different options may increase your costs. And remem-
ber, ifyou experience delays getting online, you may experience similar delays when
you tum to ore of these altermatives_[8]

Other problems may be the followving:

e I you place an order, don™t assume it didn™t go through.

e IT you cancel an order, make sure the cancel lation worked before placing an-
other trace.

e IT you purchase a security in a cash acoount, you must pay for it before you can
dlit

e IT you trade on margin, your broker can sell your securities without giving you
amargincall.

e No regulations require a trade to be executed within a certain time.

1IV. Conclusion

The software prograns used for solving the financial problems have many advantages.
These programs are a highly portable and integrable Intermet based portfolio manage-
ment systems. They help major corporations, government entities, and smaller com-
panies to realize their automation goals. We are recognized national ly for our exper—
tise invweb-integrated databese systans, client server and relational database tedyol-
ogy- We pride ourselves on the value that we have added to information systens at
dozens of firms throughout the Unirted States. These clients have come to rely on our
expertise and camitment to their organizations o help solve their business automa-
tion problems.

The authors of these programs said “Several years ago, We started to research
stocks intensely to find out what makes the market tick. We started with popular
investment magazines, web sites, books, and Financial news programs. WWe learmed a
lot of good information from these data sources, but we also felt confused — every
book, megazine, and Intermet site recomended a different investing style and a dif-
ferent set of stock picks. We were really seeking a more impartial way of picking
stocks, outside of the “hype” of the popullar press.

We next started reading academic accounting journals and inmersed in leaming
the latest technology on stock valuation. e were really excited at the poterttial of
these tedniques sowe joined forces with same fellov scientists and engineers to write
a program which would fetch all of the necessary data for a given stock fram various
Intermet sites and crunch aut the valuation formulas™.

The purpose of the present article does not consist in the representation of all
software programs that are used in the process of investing in derivatives butto ac-
quaint the readers with that number only of such programs, that are most frequently
applied in practice. In this respect the included bibliographical reference does not
encarpess all available literature on this Issle.
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Appendix 3

._ _SmartPortfolio
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General Arbitrage Restrictions on Option Price
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Appendix 5

Comments: | | ﬁ
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Appendix 7
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Appendix 8
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Appendix 9
Vasicek Model |

dr = k( 6-r1 ) dt + g dz Maturities Errors [$)
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Jul 15,98 -0.0005949
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Short Rate Volatility [Sigma) - |0.1380267 513115‘ % g . g g g : g g % % é g
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Model fitting to term structure
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[IporpaMt 1 IpoBJIeMU IPY MHBECTMPAHE C OV

H. IlorryeB, H. BeyniHOBA

UHCTUTYT 10 MHPOPMALIMOHHN TexHoJsorm, 1113 Cogusa

(PesrmmMme)

OVHAHCOBMAT CBSAT OHEC € MHOT'O CJIOXEH . BescnopeH @aK‘I‘ €, dUe JeprBaTH/TE LISHH/
KHVXa Ca CHIECTBEHa UM HepasOeJlHa JacT OT ITooIpaMm1Te 3a o@yqume TI0 YIIoaBJIEH/E
Ha Q)Vﬂ-IaHCVPI‘e . ToBa e 1 OCHOBHaTa ToraVHa, Iopayl KOATO OILITE Ce M3IIOJISBaT KaTo
OCHOBHM VMHCTPYMEHTHM 3a MHBECTVPAHE OT MHBECTULIVIOHHM M [NTEHCMOHHNM Q)OH,JIOBe,
HapuUTelICkt QOHIOBE, OT HPYIW MHCTUTYLIMOHAHM M VHIVEWITYaJIH/ MHBECTUTOPM .

KOM@MHaLU/LCITa OT MOUHM M €BTVHM IIEPCOHAJIHM KOMITIIOTPV, BB3IMOXHOCTTAa 3a
HoJTydaBaHe ¥ oOMeH Ha QrHaHCOoBRa vHGopMAaLMa [0 VHTEpHET, KaKTO M MHBECTVPAHETO
V1 IaBaHETO Ha VMHBECTUMLIVMOHHM CBBEeTV OT 6p0KepM On-line IMOaBAT M3IIOJISBBAHETO Ha
pasimiHy COQTyEePHM MPOoTpaM U MIPOOYyKTHY 3a MHBECTMPAaHEe MHOT'O aTPaKTVBHY 3a
VHBECTUTOPVTE U TE€ BCE [NIO—YEeCTO IV MINOJI3RaT, 3a Ja aHaJ=EMpaT VM B3EeMAT PalJ/YHA
VHBECTVILIMOHHM pellieHV [ . [Io-I13BeCTHATE COPTYESPHM ITPOTPaM/ U [MPOOYKTHM, paspado—
TEHV C LIEJI PEllaBaHETO Ha Pa3JI/49HA @MHaHCOBM U VHBECTVILIVIOHHV PElleHd, KOMTO Ca
pasmyienany B HacTosuaTa cratia ca: MATLAB®, Peter Hoadley’s Options Strategy Analy-
sis Tools, SmartPortfolio, The NumeriX Toolkit, Opti-Template Analysis & Pricing, Vari-
ance-covariance VaR with VaRworks ™, @RISK .
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