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Executive Summary

The optimal options investment strategy group uses mathematical modeling to find high yield
strategies with low risk of catastrophic loss. Most fund managers trade on specniatio
intuition based on market data rather than search for optimal straisgigsa trading modeA
mathematical model provides a spectrum of strategies which produce higher returns, lower risk,
or both.

Investors use a very large set of options strasmpmbining multiple options and positions.
To finish the model inheallottedtime, the scope is narrowed to a single strategy with limited
parameters. The strategy we optimize is the short strangle taking into account these parameters:
trade date, pudtrike price, call strike price, stdpss, maximum acceptable volatility, and
optimal fractional allocation.

The results of the model output show that over short periods of time there are clear optimal
solutions, though the same strategy will probablyremain optimal for long periods of time.
Analysis of 20@-2006 showed substantially different optimal solutions tharvZIn9,
therefore we recommerabntinuously using recent data to find current optimal investment

strategies.

The optimal strategy f@0072009 uses call strike +5, put strikib, stoploss 20, sold 42
days before expiration, and is fully investedieTreturn on investment is ovéd0 times the
initial investment over 3 years, or 36 trades. Sensitivity analysis shows that smallscteange
input parameters can significantly diminish returns but will still result in strategiestae

averageeturns.

We have identified assumptie and limitations in the modelhich result inoverstated
returns Perfect execution of stepss is the geatest factor causing inflated model output. There

are many areas of future work which can make the model results more realistic and accurate.
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1 Introduction

1.1 Problem Statement

Investment risk and return can be improved throojgérations research modeling to
optimize trading strategies. Currently, top option invesstoake trades based on their ability to
predict the state of the market rather than mathematical modeling. A traditional stock trade is
also known as a spot markedade. It requires immediate investment of the current value of a
stock. Alternatively, option trading is a higher risk and higher reward investment than traditional
stock, as it requires significantly less cash on hand. Investors can leverage thgimediipte

times using options in the hopes of attaining higher returns.

There are many tools to analyze stock portfolios, but not many that analyze options trading.
Professional investment funds sell investment strategies to customers based on paspeazfo
Picking a winning strategy is difficult, and it becomes even more difficult when considering that
all investors may not necessarily have the sasketolerancesYoung investors may be willing
to take higher risks for a chance at higher payoftabse they expect to have many more
productive years to make up for losses. On therdtlnd, older investors may not be willitag
takehigherrisks as they need their assets for retirement. Therefore there may be tegveral
strategies dependingonanvest or 6s objectives for return an
simulates multiple outcomes based on varying constraints providing scientific justification for

investment choices in lieu of subjective feelings about the market.

1.2 Statement of Need

There isa need for a detailed analysis of option investment strategies to find optimal choices
for investors with different goals. Strategies must be robust so that changes in the market do not
have a large effect on the payoff or risk of ruin. There is als@d fog a computer application
that can display equity curves and performance of past options so that investors can test

recommended strategies.
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1.3 Business Case

Investment fund managers control the assets of many clients. To keep customers they must
providesatisfactory services. Their goals should be to make decisions in accordance with their
customers' financial interests. Our model and tools can aid fund managers to quickly assimilate
information about the current options market conditions and act bbrearket changes. A
fund manager can use our model to find the optimal strategy over a specified period of recent
history. Once top strategies are found, the fund manager can faplipnal investment to

match returns and risk of ruin to customer dedran

1.4 Background
A futures contract is a contractual agreement between two parties to trade an underlying asset
at some specified date in the future at some specified price. An options contract is a variation of
a futures contract where the contract buyerosies whether or not the contract will be exercised
at expirationThe contract seller receives a premium in ret@ptions are standardized by strike
price and expiration date to facilitate trading. Otherwise finding a willing partner could be

difficult (Hull). Definition and explanations of options parameters are listed below:

e Positioni describes the parties entering the contract. The long position is the options
buyer and the short position is the options seller or writer. It is important to distinguish

position since buyers and sellers have different options payoffs.

e Expiration Date 1 date at which the options buyer decides whether or not to exercise the

option.

e Strike Price T priceat which the underlying asset is traded on the expiration date.
Options buyerbdos payoffs are determined by

at expiration and the strike price.

e Options Typei there are two common types of options, put and call.
a) the put option grants the options buyer the right to sell the underlying asset at the
strike price.
b) the call option grants the options buyer tiight to buy the underlying asset at the

strike price.
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e Options Premiumi price the options buyer pays the options seller in exchange for the
right to exercise an option. Since the options contract is a traded asset like stocks, it

changes depending on rkat conditions and price of the underlying asset

1.4.1 Strangle

The strangle strategy consists of selling both a call and a put with the same expiration date
same underlying assdtytd i f f er ent stri ke prices. Strangl e ¢
oft he money, 0 meaning the call strike price is
the put strike price is less than the market price at trade date. Strangle payoffs are the sum of the
call and put option payoffs (Smith). The options wrisraives maximum payoff when the asset

price at expiration is in between the call and put strike prices.

1.4.2 Payoffs

Payoffs are determined by the difference between the asset price and fixed strike price at the
expiration date. If the options buyer holdswu pption with a strike price higher than its asset
price, the buyer will purchase at the current market price then sell at the strike price, earning the
difference. The options writer loses what the options buyer gains. On the other hand, if the
options luyer holds a call option with a strike price lower than the asset price, he buys the asset
at the strike price then sells to the options writer at the higher market price. The options buyer
only chooses to exercise a contract if he stands to profit frofrhié options seller earns the
premium but can lose money if an option is exercised (Hull).
The put and call option profit from the short position are:

+s, —k,, k,>s
put profit = {Po ‘ P P ‘

Do ky < s¢
. (Cot ke — s, S¢ > Kk, _
call profit = { o, s <k, Where:

kyp:put strike price

k.:call strike price

S¢: stock price at maturity

Do: put option premiun at contract writing

Co: call option premium at contract writing
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Figure lis an example that shows the potential profit the options buyer gains from the option
at expiration when the option is exercised. The blue line is the S&P 500 index price from
11/17/2@9 to 12/18/2009 (December expiration date). The red horizontal line represents the call
strike price. If the index price closes above that line then the buyer exercises the call option.
Similarly, the green line represents the put strike price. If thexmtloses below the line, the

buyer exercises the put option.
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Figure 1

The corresponding payoff graph is showrigure 2 The dark curve is the payoff of the two
options summed together with theaxis S&P 500 index price at expiration. The maximum
payoff for the seller is received when the asset price is in between the put and call strike prices at
expiration. The lighter line shows the strangle payoff with the addition of initial premium

received and illustrates the overall payoff for the strategy.
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Figure 2
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1.4.3 Stop-loss
Stoploss is an investment policy used to limit losses by options wribetsofi sellers),
which is usually stated as a fixed price difference in premium price. Once the market premium
price of an option increases by the stogs anount, the options writer buys back the identical
option so he is no longsubject taisk of loss(Smith). The loss the options writer takes is the
stoploss amount, assuming the writer can instantaneously buy the option back. A strangle
strategy combingthe writing of two options so it is possible for the writer to hit two, one, or no

stoplosses.

For exampleFigure 3shows a put option with strike price 1100 and a call option with strike
price 1120. To illustrate a stdpss policy of 15, add in a datoploss line and put stelpss
lines which arecalculated by adding 15 to the options prensuthat any time an options
premium crosses its corresponding stogs line, a stogoss is executedin identicaloption is

bought and the writer takes a 15 point loss. In this particular example neithéosgag hit.

Premium Prices for Put=1100, call=1120, stoj
loss=20

ul
o

R
o

),
()
o
a
_§30
£
o
o

N
o

BN
o

0
11/13/200911/18/200911/23/200911/28/2009 12/3/2009 12/8/2009 12/13/200912/18/200912/23/2009

call premium put premium mmpecall stop loss put stop loss

Figure 3
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1.4.4 Convergence of Options Premium and Payoff at Expiration

Since the premium of an option is derived from the potential gain afritierlying asset, the

premi um wi | | equal the options buyerds payoff
, ) ky — s¢ Se < kp
put premium at maturity: p, = { 0 se >k,
s — k S¢ >k
call premium at maturity: c ={t ¢ L= e
p Vi 0, s¢ < ke

1.4.5 Margin Account
When investors trade stodkie maximum loss occurs when the stock price falls to zero and
the entirecapitalis lost Options writers do not buy any astetrefore their risk ifransferredo
their broker The margin account is institudé¢o hold funds as collateral. Options traders are
required to have $5000 in their margin account for each options contract traded at all times
which takes the place gfincipal If there isincreasedisk of loss,the options trader is subject to
a margn call Heis required to add more fundshgsaccount. If he trader chooses not to add to

themargin accounthis broker liquidates the options and closes his position.

1.4.6 Fractional investment
Investors face a tradeff between low profit and high cha@of catastrophic loss when

determining how much of thegrincipalto invest. Potential profits increase as investors choose
to investbecausehere are fewer assets sitting idle in an accddntthe other hanaver
investng assumes more risk becadarger losseare sustained@hen assetkse valueThe
middle grounds a continuum dependiran how much risk the investor is willing to assume.
Fractional investment is a method of determining how many trades tq basdesl on equity and
percentage ofnivesment For example, options require a $5000 margin account balance for each
contract The trader writethe number of optionsothe margin account requirement is equal to

the fraction of equity risid This fractionis defined as the "optimal " fothe investor.

1.4.6.1 Risk of Ruin in Fixed Fractional Trading
Ruin is a subjective state which varies from one trader to another, rendering it difficult to

define precisely.For the purposes of this model, ruin is defined as the state where a trader has
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lost haf of his initial investment.The risk of ruin for a strategy is a value between zero and one

that expresses the probability of that strategy losing half of an investment.

In fixed fractional tradingone trades contracts based on a fraction of avaitableey
instead of using a constant number of contralfta.trade generates positive returns, there will
be more money available for the next trade resulting in a higher number of contagtgive
returns, on the other hand, result in fewer contrictthe next tradelf a particular strategy
tends to lose money, this behavior has the effect of scaling money invested down over time,
making it theoretically impossible to reach zeFor example, if an inventory starts with $100
then invests and loséhalf of his money, for the next trade he will have $50 and invest $25.
(Vince 1990)

Selling contracts requires a certain fixed amount of moféys leads to a practical state
of ruin where an investor lacks enough capital to "trade one base unitce(¥990)However,
it is unlikely that an investor will follow a losing strategy until this point, which motivates the

definition of ruin as losing half of initial capital.

According to Chamness, "markets usually havedaed distributions” and seetuens
far from the mean more often than most random data $éis.fat tail meaaruin is particularly
sensitive to the standard deviation of returlmsa proper model for measuring risk, increasing
the standard deviation of return values should reswh increase in the risk of ruin. (Chamness
2009)

One can modify the CoMiller equation for fixed fractional position sizing. In this equation,
—2xa

the risk of losing one standard deviatiorig and the number of times d must be lost to lose

an amaint z is given by(zi-. In the following formula, the risk of losing one standard deviation is

—2+q _
e a and the number of times d must be lost to lose the amount z is gi\é’%ﬁ—_bf%. (Chamness

2009)
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For fixed fractional position size, the risk of ruin formula is:

Risk of ruin: R = e[ d ‘mi-d)

-2+a ln(l—z)]

Where:
z = fraction of lost account, 0.5 for ruin
a = average return

d = standard deviation of return

1.5 Volatility Smile

The implied volatility of an option is the volatility implied by the premium of the option.
Implied volatility is variable based on strike price such fiaathe money options ardesser
thanfiout of the moneyandfin the money option&.The resulting graph appears to be a smile
thus the name. The previous groegiimatedptions premium using a fixed volatility rather than
a curvetherefore their premium estimates are incorrBgtusing real data instead of calculating
premiums usingheBlack-Scholesnodel| volatility skew erroiis avoided An example of

volatility smile curve can be found in the appendix.

1.6 Previous Work
In theFall 2009semester, a group of Systems Engineering and OperateseaRh students
at George Mason University worked on a Master ¢
They usedhe Black-Scholesmodelto calculateoptions premiums of various strike pesfor
S&P500index futures fron1998 to 2008. They then used sk@remium prices to determine
which strategies yield highest returns. We are extending their project by using real data in order
to resolve the volatility skew problem afidd better resuk. Furthermore, we are implementing
more modifications to the short strangle strategy, finding an optimal fractional investment
allocation, and displaying all of our results in a graphic user interface steitiaion makersan

easilyunderstand the optit data.
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2 Objectives and Scope

We have three main goals:
e Find short strangle strategiesth high average payothatconsistently win
e Find an optimal fraction investment allocatittrat trades off payoffsral risk of ruin
according to investor requirements

e Create a graphical application so users\daw and interpret all of our results

2.1 Strangle Strategy Scope
There are numerous possible strateggash havingnanypositions, variations,
modifications, angbarameter valuesThe scope ofhis projecthas beemestricedto short

position stranglewith the following parameters and modifications.

2.1.1 Option Parameters
e Trading days before expiration (15 to 60 days)
e Call strike pricemeasured in difference from asset price at trading date (+5Qm+
increments of 5)
e Put strike priceneasured in difference from asset price at trading dat® (50in

decrements of 5)

2.1.2 Modifications
e Trade and forget sell strangleand let it expire
e Stoplossi choosg5 - 50in increments of 5and buy option back if it hits the stdpss
¢ Volatility baseddecision making checkvolatility of S&P 500 indexo determine whether

to trade (maximum alatility index thresholdare setat 3, 40and50)

2.1.3 Data Limit ations
¢ Only consideroptions where the underlying asset is 8&P 500 futures

¢ Only use options data from 2004 to 2009 because prior years are too sparse to be useful
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3 Technical Approach

This project uses an optimization model thainics the options strategies, trading, and
resulting payoffs. The model uses option strike price and index data, along with user inputs for
parameters. It outputs all strategies with payoff data and indicators of how strategies perform
over time. The optnization portion of the model searches the entire feasible set of strategies,
calculates returns, and exports results into binary files. These can be loaded by a graphical user
interface to sort and filter the strategies based on criteria, such asmlror The optimal
strategy is the scenario where returns are high, risk of ruin is low, and the strategy is robust such

that small changes in parameters will not greatly change the resulting payoff.

3.1 Assumptions

American options onlyT This project only onsiders American options. Since American
options offer more flexibility than European options to the options buyer, the premium for
American options is greater. Each option is simulated as if it is not exercised until expiration,
like a European option.he premium data is for American options, so the simulated payoffs are
only valid for American options.

Use of calendar days instead of trading dayis There are many days missing from the
strike price data due to weekends and holidays. We determinedabatdoild be introduced if
we used trading days, since it is likely that market tendencies shift for different days of the week.
For example, 18 calendar days before expiration is always a Monday and if there is no holiday
the same day is 14 trading days$dse expiration. However if there is a holiday, then 14 trading
days before expiration becomes the preceding Friday or 21 calendar days before expiration. If we
were to use trading days, we suspect that having Fridays mixed in with Mondays for 14 trading
days before expiration would skew our results. Therefore, we use calendar days rather than
trading days and in the event of a weekend or holiday, the model skips to the next trading day.

Only consider end of day priced In reality, options writers can i@ options continuously
throughout the day as long as there is another trader willing to purchase at the premium. Only
end of trading day data is available so the model only makesfestaly trades. A result of this
assumption is the model yields less ol results because the feasible region is greatly reduced

by omitting all midday prices. The number of slopses is understated since the options writer
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may hit a stogoss in reality, but the model does not execute thelsispdue to low precision
data.

Do not consider nominal interest rate or inflationi Real interest rates are not simulated
because they vary over time and accurate inflation rate data are not readily available. Inflation
rates are commonly quoted by price indices, but these vateemly estimates and not the
actual inflation rate. The resulting payoffs will be slightly inaccurate, as assets and currencies
devalue over time. We model an options writer selling an option at a specific time and then
calculate payoffs at a later tim&alues from both times are used to determine profit but the
result does not account for time value of money. Depending on the real interest rate (nominal
interest rat@ inflation rate), profits may be overstated or understated.

Do not simulate slippag 1 Slippage is the difference between estimated trade price and
actual trade prices. It occurs when a trader wants to make a trade at a certain prices but ends up
trading at a slightly different price. Slippage can be caused by broker inefficienciesssoch
executing the order quickly or being able to find a willing trading partner. There is no accurate
data available to integrate into the model. Therefore we assume there is always a willing trading
partner and trades are made at asking price.

Use S&P500 index prices rather than S&P 500 futures as the underlying asseflhe
available data are for options with S&P 500 futures as the underlying asset, but only S&P 500
index data is available. Index data is used instead of futures data for calculéagrice

differences such as +5 k0.

3.2 Data

We haveE-mini options data from 1997 to 2009 from the ChicMgrcantileExchange
Groupto use as input ithe model The data contains information on options premium, options
type (call or put), strike pra; expiration date, and volatilitywelve yearsof data was provided,
howeveronly a few years were meaningful since 12903 aresparse Missingdatais not
interpolatel so thescopeis limited to2004-2009 with the focus on 2Ge2009.

In order to in@x strike prices by difference from asset pritbe end of day priceer the
S&P 500 Futuregvas neededut due to unavailability, th&&P 500 indeXrom Yahoo!
Finances substitutel. We were able to recover 8500 Futures prices on expiration dates using
the premium data arféigure 4shows how well S&P 500 index prices acts as an approximate.
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Figure 4

Using volatility driven decision making requires S&P500 volatility data, so that the
optimization model cadetermine when volatility is at an acceptable level. We were also able to
find volatility index data from Yahoo! Finance.
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4 Model and Architecture

4.1 Preparing Data for Model
The data camm large CSV flat fileghat contain all the data fieldswell as data thatvas

not useful for oumodel Before beginning thenodeling proceswe first arranged the data into a
more intuitive structureAn options objectvas created firsivhich parses the data in each row

and stores the following information:

e Trading date

e Option type, call or put

e Strike Price(strike price is desdoed as difference from asset price at trading date. To
calculate this difference the asset price is first rounded to the nearest integer, then the
next greater multiple of 5 becomi® +5 call and the next lesser multiple of 5
becomes theb put)

e Expiration date (the raw data file contains only expiration month and expiration year.
Since we know that expiration dates fall on tffeR8iday of each month we can
calculate the expiration date)

e Premium

e Days before expirationlfts value was calculated by finding the difference between
the trading date and expiration date)

e Then the options objects are arranged in a hash map with eapidatie as kegnd
options objects as values. Since modelloops by expiration date on the highest
level the hash map simplifies searching for the correct data.

4.2 Modeling Strategies

Trade and Forget - Trade and forgds the most basic version strange that wemodel
The options writer sells an option and waits until expiration. This is the basis for more advanced
strangle strategies. The tednd forget simulates sellistrangle for each month and calculating

the payoff. The algorithm foall threemodek can be found in the appendix.

Strangle with Stop-Loss- Strangle withstoplossadds one layerfa@omplexity to the
model We execute thstoplossas soon as the market premium piigeasedy at least the

stoplossvalug at which point we buy back the optiofo implementstoplossinto the model
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we need to check the premium price for all trading days between the optiting date and

expiration date.

Volatility Driven Decision Making - Volatility driven decision makig prevents investors
from investing when the market is too volatile. Payoffs can become unpredictable in a volatile

market so risk averse investors might not trade until the volatility drops to acceptable levels.

4.3 Modeling the Optimal Fractional Investment Allocation

The model sets fractional allocation values, in multiples of 5% from 5% to 100%, and
calculates payoffs for the entire period of input data. By limiting fractional allocatioes;al
precision is lost butnodel run time is gainedMissing vales can be estimated since the curve

of the function is smooth.

After initializing the trading accourmts a fraction of capitathe next target is to identify how
many optiongo write or sell. Hereéhe consideation isthe largest loss and the margin
requrement which is $5000 for selling an option from the commission. The function can be

expressed as follows:

The trading account

The Number of Contract= .
max (the largestloss,margin)

We compute final payoffs for all fractions for each strategy and idaigfyraction with the

highest payoff as optimal.

4.4 Graphical User Interface

A major component of this project consists of a decision support system for a hypothetical
option writer in the form of a graphical user interface (GUlhis interface allows a desion
maker to browse returns for all strategies over a selected trading period, along with associated
data such as average percent return, optimal fraction of investment, and worgbgrawl he
decision maker can filter strategies based on days befmieation, put and call prices, stéyss
value, and maximum volatilitylt allows the decision maker to manage tskfiltering
strategies that exceed a maximum worst ddawn during the examined trading period, exceed

a maximum risk of ruin, or cause the seller's account to dip below a given value.
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When themodelruns a set of strategies over a given time period, it compulasdnal trade
returns for each strategy along with associated metiibs. output of each trade is written to
memory as a data record containing just these valllesse data are then saved to a file as a
serialized Java object for use latéris posible to generate and store multiple files with

strategies of different types taking place over differing periods of time.

Just as thenodeland data parsing components, the GUI itself is written in the Java programming
language, enabling it to load filegitten out by thenodel Uponstart it loads a usespecified

output file from themodelcontaining the trade return data into memaditythen loads the

available strategy parameters for days before expiration, put price, call priclgsstoalueand
maximum volatility from the data file into dregoown filters for the user to find strategiea/hen
clicking the filter button, matching strategy data are loaded into a table in theGdalljows

the user to sort by the available metrid$e user an also select data and copy it into a

document or spreadsheet.

4| () s&P 500 Investment Allocation ME ®
File Help
Days Range Days| Put | Call [Stop-L...[...[0ptim...[Final TWR[Worst TWR|Draw-... [Risk of..Jtva % Ret..[Av.., *[% Re...[% Wins[Ava ... [Ava L...[StdD...[Shar...
From: : 31| 15| 5 20 100 95755 1.014] 188 0 11.2/14.414] 248 83.3]18.054] -3.785[12.7..[ 1.132|~
31| 5 5 20 100 73435 1127 358 0.4 10,2/13.903] 22,5 80.6[19.252] -8.258] 11.79 1.179|—
T 31] 13 10 20 100 81.008) 1.018] 211 0 10.8) 13.85] 25| 861 16.8] 5.06[125..1.108
31 200 s 20 100 76.723 0971 207 0 10,7/13.731] 243 80.6[17.997| -3.944[12.5...] 1.093
Put Range 31 10/ s 20 100 64.475] 1066/ 358 0.5 9.8[13.561] 22.6] B80.6[16.825 -8.244]12.6..| 1.069
’ 31 5| 10 20 100 62.699 1132 336 0.3 9,913,330 22.6] 833[17.946 9.7[11.7.]1.132
From: |-25|+ 31| 15 15 20 100  67.4[ 1003 233 0 10,4[13.267| 252 861[16.381] -6.04[12.2...] 1.082
31| -20[ 10 20 100 65104 0977 23 0 10,3)13.167| 245 83.3[16.807| 5.033[12.2...] 1.075
To: EB 31 25 5 20 100 62.378] 0933 224 0 10.1/13.106] 23.9] 80.6[17.401] -4.687[12.7...] 1.032
31| 10 10 20 100 552430 1072 336 0.4 95(12.098) 22,8 83.3[17.534) -0.683] 125 1.04
Call Range 31| 5| 15 20 100 52602 1113 313 0.2 95(12.756) 22.6] 83.3[17.333-10.1...[11.7..] 1.084
From: |5 |v 31| -20[ 15 20 100[ 54.228 0,96 252 0 9.8[12.584) 247 83.3[16.271 5.85/11.9..] 1.054
31] 23] 10 20 100[ 5285 0939 247 0 9812542 241] 833/ 1623 5.8[12.2.[1.021
To: |25|¥ 31| 15[ 20 20 100 51.924] 0977 253 0 9.7[12.503] 24,9 80.6[16.742) -5.057[12.2..] 1.024
31 5 25 15 100 41505 1187 300 28 8.4(12.443] 242 77.8[10.362-11.7..[12.4..] 1.002
Stop-Loss Range 31| 5| 15 15 100 37.487] 1235 51 g 7.8[12.436] 221 77.8[20.357-15.2...[12.4..] 1.002
From: 5.0 |v 31] 10 15 20 100 46542 1054 313 0.3 91[12.414) 22,8 83.3[16.921/-10.1..[12.3..[ 1.007
31 5 25 25 100 39.249) 0902 348 0.8 85(12.318] 23.9] 69.4[21.238 -7.955| 15.47| 0.796
To: 29 5[ 20 40 100 23.4%3 0673 478 20 6.2(12.218] 24.2| 62.9[28.169/-14.7..[17.9..] 0.679
31 5[ 10 15 100[ 34.065) 1246 51 88 7612115 205 77.8[19.9315.2.[12.1.. 1
Max Volatility 31 5 15 10 100 38.071] 1235 36 22 83 12.09] 215 83.3[18.508] -20[11.1.[ 1.087
290 5[ 25 40 100 21562 0.711 46 256 59(12.083] 25| 62.9| 28.45-15.6... 17.83] 0.678
Lo EEE 25 100 43.358) 0958 268 0 51[12.072] 195 75[18.256) -6.479]12.2...] 0.983
. SIS 10 100 35138 1227 488 43 7.9(12.062] 19,5 80.6[18.801] -20[11.8..] 1.015
To: 31 5 20 20 100 40923 1085 288 0.3 8.8[11.992] 22.3] 77.8[17.686 -7.938[11.9..] 1.002
Min Worst TWR 31 25 15 20 100 44.229] 0924 268 0 5.3(11.950] 24.2] 83.3[15.694) -6.717| 11.91] 1.004
31 s 20 25 100f 37.78)  o0s1s] 331 0.2 8.6(11.886) 22.1| 69.4] 19.96) -6.464]13.6..] 0.872
| 31 10 25 15 100 34544 1173 300 32 8[11.846] 23.9] 80.6[18.023-13.7...| 12.47] 0.95
T 31 10 15 15 100 3111 122; 51 9 7.4[11.839] 21.7| 80.6[18.983-17.7..[12.6..] 0.937
31] -20[ 20 20 100 41.827] 0936 271 0 9.2( 11.82] 24.4] 77.8[16.636 -5.038]11.8..] 0.997
1 31 5 20 15 100 30.841] 1208 s08] 87 7.4[11.617] 21.9]  75/20.304)-13.6...]12.6.. 0.937
e T 31 28] s 5 100 36141 1092 271 0.6 8.4[11.799] 21,5 69.4| 21.38]  -10[11.9..] 0.985
EEE 30 100 34.209) 0808 384 0.6 8.2(11.761] 19] 77.8[17.921 -0.801[15.3..] 0.768
31 15[ 25 20 100 39618 0962 271 0 9[11.727] 245 72.2[18.026] -4.6512.0..] 0.976
31 5 15 30 100 30.877] 0793 422 2 7.7(11.722] 20,8 72220115 -101[16.1.] 0.724+]
Filter
Filter returned 750 strategies Plot Strategy Returns
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Figure 5

FromFigure 5the user can select multiple strategies and compare them by the available
statistics. In order to view returns of one or more selected strategies, the user caondiek

"Plot Strategy Returns" buttor hat opens the strangle returns viemFigure 6
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31 days, -20/+5, 20,0 stop, no max VIX 31 days, -10/+5, 20,0 stop, no maxVIX 31 days, -5/+10, 20,0 stop, no max VIX

Choose a strategy: |31 days, -15/+5, 20.0 stop, no max VIX |V| | Return Data ‘ | TWR Over Time | ‘ TWR by Investment Fraction |

Figure 6

Figure 6shows actuamodeledreturns by trade for each selected strateébye horizontal
axis shows trading opportunities as they occur over time ancettieal axis represents the
returrs. It allows the user tgelectthree different views of the data: thetual return data,
terminal wealth relative (TWR) over the trading period, or the final TWR after trading based on

fraction of investment.
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& ) strangle Return Data ~) (=~ (3]
21 days, -15/+5, 20.0 stop, no max VIX
Trade Number Expiration Date Pavoff
1/2007-1-19 20.1|~
2|2007-2-16 3.9
3|2007-3-16 -2.9
4|2007-4-20 -8.3
5|2007-5-18 -8.8
6|2007-6-15 8.91
7|2007-7-20 =l
8|2007-8-17 10.6
9/2007-9-21 12.7|=
10/2007-10-19 62.1]
11/2007-11-16 17.2
12/2007-12-21 11.5
13/2008-1-18 21.5
14/2008-2-15 18.9
15/2008-3-21 20.8
15/2008-4-18 16.41
17/2008-5-16 10.1
18/2008-6-20 8
19/2008-7-18 10.1
20/2008-8-15 13.6
21/2008-9-19 0.41
22/2008-10-17 21.2
23/2008-11-21 32.5
24/2008-12-19 16.26| |

Figure 7

Figure 7shows the actual return data that is displayed for a strategy in the strangle returns

window. Each trade has an expiration date associated with it and a payoff for sellihg it.

payoff accounts for both put and call premiy@s well as ay stoploss that is triggeredif a

trade cannot be performads a holiday, that trade is left ouThe payoff values are in points.

& ) TWR Over Time

29 days, -20/+ 10, 40.0 stop, no max VIX Fractional Investments
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Figure 8

Figure 8shows the TWR of a particular strategy over tinide strategy always starts with a

TWR of one, representing the initial investmeite horizontal axis represents trades and the

vertical axis is TWR.Each line represents a different fraction of inwesnt. For instance, the

first line indexed on the bottom left in the legerefers to the plot of a 5% investmerhh the
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case of this strategy, investing a higher percentage of one's capital gives a lower finaflueturn

to the large loss from trads3.

Fracti O ®
29 days, -20/+10, 40.0 stop, no max VIX Optimal Fraction

) Final TWR by

2,00 |

Lo e
€100
=

ars

osodl

0,25 | e

0.00

5 10 15 20 25 30 35 40 45 50 55 &0 65 70 75 a0 as 20 a5 100
Percent Invested

— TWR by Percent Invested

Figure 9

Figure 9shows the final TWR of based on investment fraction of a given straldgse are
the same data as the final trade of the previous window, and therefore represent the amount of

one's initial capital after the entire trading pdrio
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5 Results

The graphics in this section are used to represent strangle strategy performance using two
metrics,TWR and percent return. TWR measures the performance of a strategy over multiple
trading periodswhile percent return is the percent difference in assets over a single trading
period.In this section TWR will be measured in multiple of initial investment so TWR =5
means the final equity is 5 times the initial equidaximum draw down is the greate
percentagelrop incapitalbetween any two points in a particular period. Investors may not
necessarily invest at the beginning of an analyzed period so maximum draw down helps to assess

risk by showing the maximum possible loss.

Early analysis of thewailable data showetthe most available data are from years 2007 to
2009 with 2004 to 2006 usable but not conclusiaed all prior data unusable. Therefore we
perform our analysirst with the overall data fro2007 to 2009 anthen, with2004 to 2006

separately.

5.1 Daysbefore Expiration

First we searched for the optimal trading day before expiration to write options, and then we
found it to be between 39 and 44 days before expiration (note: there is no data for 40 and 41 days
before expiration becauseette is no tradingn Saturday and Sunday). Figure 10 shows averages
of all optimization model outputs sorted by days before expiration. Each bar in this chart is the
average of all strategies (including all variations of parameters and modificationgdahto

2007 with a specific day before expiration.
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Average Final TWR 202009
80
x
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E 40
S
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E 60 59 58 57 56 53 52 51 50 49 46 45 44 43 42 39 38 37 36 35 32 31 30 29 28 25 24 23 22 21 18 17 16 15
>
< Days Before expiration
Figure 10

Based on this and many following charts we are confident tha443@ays before expiration
is the best time to sell a strangle stratégy20072009.According b thecharts we begin to
narrow down the strategies shown andd39days before expiration are still clearly optimal
Thereforewe believe this parameter is not highly dependent on other paranvéeeedso

searched for an optimal selling date for 2006 but there was no obvious optimal dé&tigure
11is for 20042006.

595857565352515049464544434239383736353231302928252423222118171615
Days Before Expiratior

Average Final TWF
O L N W » 01 O

Figure 11

Final TWR is an order of magnitude less than 200@8 due to fewer available trades
stemming from incomplete data. To overcome the data availability bias we use avecage pe
monthly return to compare the time periodé&e compare average monthly returns in Figure 12.
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Average Monthly Return
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Figure 12

20072009 averages dominate 20RP@06 except for three days near 60 days before

expiration. In some cases, 20R0@09 averages are at least twasemuch as 2062006 averages
leading us to examine premium prices.

Average Premium
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m 2009
28
Days Before Expiratior24 29

Figure 12
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Initial premium received by the options writer is a large factor in final payoff$-gguite 13
shows that 2002009 premiums are substantially higtiean 2005 and 2006.

5.2 Stop-loss

The next parameter to analyze is stogs.Figure 14separates model outputs by both days
before expiration and stdpss for the period 206Z009. Each bar in the following chart is the
average of all model outputs withx&éid day before expiration and stigss. The best stofosses
are either 15 or 20. In the optimal trading day range ef88ays, stojpjoss value of 15 is

superior for 39 and 44 days before expiration, while-tbsp value of 20 is superior for 42 and
43 days before expiration.

Final Average TWR by Stop Loss, 20009

WF
o
s}

Final Average T

57
m 45 L 59
Days Before Expiratior

Figure 13

Figure 15shows a stofloss comparison for 2002007. Note the TWRs for 2062006 are much
lower than 2007200. That is due to missing data in the earlier years. Since the model skips
tradingfor months where data is missirgofitable strategies with fewer trades will result in
lesser TWR. Therefore 202009 and 2002006 are not comparable as they have different

amounts of availabldatg howeverstoploss values in 2062006 are comparabte each other.
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Final Average TWR by Stop Loss, 22006
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Figure 15

5.3 Strike Prices

We analyzd call and put strike prices individually with the same method used fod@ssp
butthere are nelear resultsSome strike prices are better than other strike pra@sve decided
to analyze both strike prices together. We expect that call and put pairs have unique properties
that require analysis of both strike prices at once.

The next far surface graphs vary call and put strike prices on the x and ywehxie
shoving TWR on the z axis. They use data from 2@0D9 with stoploss fixed at 20. Each of

the charts corresponds to a single trading day between 39 to 44 days before expiration.
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TWR for 39 Days Before Expiration

Final TWR

a5

Figure 16

TWR for 42 Days Before Expiration

Final TWR

Figure 17
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TWR for 43 Days Before Expiration

Final TWR

Figure 18

TWR for 44 Days Before Expiration

Final TWR

Figure 19
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On average, strangles sol#@ days before exmtion have the best performance atrdngles
sold 43 days before expiration have the worst performarteetop three days to sell strangles
all have hot spots around call strike +5 to +10 and put strike ardni-20. 38 and 44lays
before expiration also have hot spots at the same call,strittel ower put strikes around0.
Strangles sold 43 days before expiration on avetages much lower payoffs than the other
three trading dateand also has significantly different hegot with call strike aroun#l15 and

put strike arouna40.

5.4 Volatility Driven Decision Making
One modification was to stop trading when S&P 500 volatility is greater than a maximum
acceptable valuél'he following histogram summarizes strategy performayceWR for

maximum volatility of 30, maximum volatility of 50, and no maximum volatility.

Maximum Volatility Policy

Number of Strategies

None

Maximum
Volatility

TWR Buckets

Figure 20

Figure 20clearly shows that always trading results in better final TWR than any limit on
maximum volatility. The performance decreases as the maximum volatility policy becomes

stricter. Using maximum volatility of 50 results in lost trades and lost profits but there are still
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more than 50% of trades available for all stratedissng maximum volatility of 3@augs680

strategieso becomesparseless than 50% of trades are available over the three year period

5.5 Optimal Strategy
The optimal strategy is for January 2007 through December 2009:
Call strike = +5
Put strike = —15
Stop — loss = 20
Days before expiration = 42
Fraction allocation = 100%
With model outputs:
Final TWR = 711.3
Risk of Ruin = 0%
Average monthly return = 16.4%
Winning trades = 88.2%
Maximum draw down = 15.3
This strategy results in 71130% return on initial investment with no risk of losing 50% of
principal On average, this strategy will return 16.4% per month while winning almost 90% of
monthly trades. This result \ery profitable but in the evaluations sectjove will explain why
model results are more optimistic than what real performance may have been.

5.5.1 Sensitivity Analysis
Days before Expiration

Sensitivity Analysis by DBI
800
x 600
z
< 400
£
L 200
o mLNm - |
60595857565352515049464544434239383736353231302928252423222118171615
Days Before Expiratior
Figure 21

42 days before expiration is the best day to sell thisgleastrategy and on averaget 6 s
three times better than the second best trade date. However the nearby dates (44 to 39 days
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before expiration) are the best of the feasible regmall changesre expecteth sell date to
significantly reduce returnbutit is still thebest in the feasible region.

Stop-Loss
Sensitivity Analysis by Steposs
800
Z 600
E“ 400 I
L 200
0 ______. . . —
5 10 15 20 25 30 35 40 45 None
Stop Loss
Figure 22

The optimal stoposs value of 20 is clearly theest,35% better than the second best stop
loss. The top stodoss values are near 28ndwe can once again expect small changes to
significantly reduce returns but still biee best of all available values.

Call Strike Price

Sensitivity Analysis by Call Strik
800
x 600 -
E 1
g 400 - I I I
T 200 - I I
. I I e
5 0 15 20 25 30 35 40 45 50
Call Strike Price
Figure 23

The optimal call strike price of +5 is the best by about 23% with the next best strike prices
closest to th optimal. Our analysis shows that the closer to the optimal strike price the better the
payoffs so we can once again expect small changes to still yield good returns.
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Put Strike

Sensitivity Analysis by Put Strik
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%600
: e ] I I I
T 200 -
. I I B B -
-5 10 -15 20 25 30 -35 -40 45 50
Put Strike Price
Figure 24

Similar to the optimal call strike price, the put call strik@586 better than the next best
value however not all of the other top strategies are necessarily close to the optimal. We can
expect that some similar put strike prices to be worse than farther put strikeaprB®
performs better thar20 to-30

Senstivity Analysis Conclusion

In general, the optimal strategy is very sensitive to changes as payoffs can be as much as
65% less. However, we can still expect some of the best strategies available earning at least a
10000% return on investmeiitimplemened close to the optimal parameters.

5.6 Optimal Fractional Investment Allocation and Risk of Ruin

Figure 25shows the optimal strangle strategy with different fractional allocations from 2007
to 2009. The »axis represents trade numbers and since we pedoentrade per month each
tick represents one month. Each curve represents a fractional allocation percentage. Since trades
20 and 23 are missinthe curves have two gaps.
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42 days, -15/+5, 20.0 stop, no max VIX Fractional Investments
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Trade Number
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Figure 25

Since this strategy consistently profits each mathié optmal fractional investment
allocation is 100%. The risk associated with full allocation of equity is iuihere is a large
loss in a single month but since this strategy always,wimse of the curves interseand
higher allocation yields higher TWHR he secondary result of the consistently winning strategy is
the associated risk of ruin for all fractional allocations is zero.
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6 Evaluation

Our analysis yielded convincing optimal choices for parameters for 2007 to 2009. There is
clearly a best trade datangeto sell a stranglstrategy (3%4 days before expiratiorg,best
stoploss policy to us€l5 or 20), and a significant hot spot iretstrike price plane (call strike
+5 or +10 and put strikel5 or-20). However, these optimal parameters do not match our
analysis for the three previous years, 22007. It appears that the best strategies are completely
different, therefore our optimaesults will unlikely remain optimal for long. In fact, analyzing
20042007 data to predict optimal strategies in the later pewodld not have even come close
to finding the actual optimal strategies. We can therefore conclude that even obviowd optim
strategies will only remain good strategies for a short period of @ueassumption that the
past is representative of the future is certainly unrealistic over the longwéhsome merit in

the short term.

Significantly greater returns in 2007 28009 compared to 2004 to 2007 are curjous
considering former time period contained one of the worst recessions in histalysis of our
premium data showed that average premiums were significantly higher in the later period than
the earlier periodwhich is consistent with the rising volatility. High volatility exposes options
writers to more risk than low volatilitgherefore the market price for premiums rise. We were
able to find options that consistently profited month by month in both time gebotstrategies
from 2007 to 2009 had greater premiums and therefore profits would be largeovBabhid
our results show such great potential for pretfiien in reality many investors were ruined?

Our model 6s payof f o udaypsewedidaot semulatée skppdge. Stapv e r st
losses are implemented in our model by checking istbplossis hit and if spwe close the
position and assign a loss equal to the $bss. In reality, the loss associated with the 453
will likely be mare. It is unlikely that the options writer can always buy back the options
instantly.The overstatement of payoffs is magnified during volatile times because losses due to
slippage become greater in a fast moving market. We expect a more realistic oesdlbev
using a higher stefpss than 20 such as 40 which would be easier to manage and monitor.

TWR for top strategies are also overstated because we assumed that the market is scalable.

As we progress through the model and our equity increasaseinwest increasingly more and
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thus sell increasingly more options contracts. However, as we sell contracts the premiums will
drop as the demand for the particular contracts is met. Our model assumes that the premium we
want to sell at is not a function of owades and that our trade volume is not large enough to
affect the marke®Our equity increases so rapidly that iisnost certairour trade volume will
lower the market price. The lower premiums results in lower payoffs so our final TWR on
winning straegies are overstatgparticularly towards the later months of our trading period.
Another curious result is our top strategies are fully allocated yet have near zero risk of ruin.
Strategies that rarely lose will have optimal fractional allocation anath@amce of ruin resulting
in the highest TWRSNe are performing a retroactive analysis and it is possible we find
strategies that rarely, if ever, lose with near zero risk of ruin. However, few investors are risk
tolerantenough to fully allocate their edy; a more realistic result would use a lowectional

investment allocation.

7 Recommendation

It would beinaccurateo use our exact optimal strategies in the future since it would only
remain optimal for a short period of time. A continuously weiglitedcasting model with
current data should be used to update optimal strategies. Manageable highessst@atues
should be chosen rather than low stogs values which can be difficult to implement in a
volatile market. Fractional investment allocatishould also be less than 100% because the
market is constantly moving and therefore the future is still uncertain. Given the limitations of
current optimal strategy, we recommend that future work to refine the search for optimal

strategies before acting the market.

8 Future work

Due to the limited time we had to work on this project, we made simplifying assumptions to
make the scope manageable. We also left out many factors that could be relevant. Therefore
there are areas for future workgmduce better results.

Obtaining a more complete and suitable data set, especially for earlier years, would allow us

to find better patterns for forecasting the future. 1997 to 2003 were too sparse to find meaningful
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strategies. Even in the &tyears, we had to remove certain strategies where more than half
of the premiums were missing. We managed missing premiums by skippingreadkisig in
significantly impacted final TWR. We also used S&P500 index data because we do not have
S&P 500 futires data, introducing errors when calculating difference in strike price from the
underlying asset.

The model can be improved by adding adaptive logic so that optimal strategies are calculated
using only a portion of data. We expect that more recentiglatdicative of current market
conditions, so a forecasting algorithm can be implemented to assign higher weight to more recent
data. The expected result would be a more accurate estimation of current optimal strategies.

Our model manages data by readamgl writing binary data and CSV files, so every time
inputs were updated or modified, the calculations would generate new files for display. Since we
need to constantly reload current model output files, it is inconvenient to ensure that the results
are curent. Using a database to store output files would help coordinate efforts by multiple
people in ensuring that everyone is using the same data.

Currently the model only uses basic short strangle and basic short straddle, but there are more
complex strateigs that could yield better profits. Future efforts could be put towards
implementing Bull Spreads, Bear Spreads, Butterfly Spreads strategies.

Generating outputs take ten minutes or more which hinders work on testing new strategies or
modifications. Impreing algorithms and a more powerful machine could speed up calculations
so that turnaround for results is faster.

Some of our results |ike zero risk of ruin
has associated assumptions that can be relaxednf@re accurate risk of ruin. Problems such as
ignoring slippage can be accounted for by adding stochastic simulation so that payoffs are not
overstated.

One of our assumptions is to ignore inflation and interest rates which introduces error
associated with time value of money. Adding in these monetary rates would deflate our results

for TWR and percentage return in terms of assets at a single point in time.
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10 Appendices

10.1 Appendix 1: Requirements

10.1.1General Requirements
3.2.1.1 The Optimal Option Investment Strategy team shall proaicdeommendation
on optimal investment strategies and optimal fraction of initial capital.
3.2.1.1.1 The Optimal Option Investment Strategy team shall consider the expected
average return and risk of ruin determiningthe optimal strategies.
3.2.1.1.2 The Optimal Option Investment Strategy team shall provide a range of
optimal strategies based on the level of risk acceptable by the customer.
3.2.1.2The Optimal Option Investment Strategy team shall limit the scope to strangle
strategies at the time of trade.
3.2.1.3The Optimal Option Investment Strategy team shall limit the scope to short
strangle strategy (sale of put and call options only).
3.2.1.4The Optimal Option Investment Strategy team shall only focus on American
options.
3.2.1.5The Optim& Option Investment Strategy team shall be applied to options
with S&P 500 Future Index as the underlying asset.

10.1.2GUIl ModelRequirements
10.1.2.1Input/O utput Requirements
10.1.2.1.1  Input Requirements

10.1.2.1.1.The model shall inpytremium prics, strike pricesSP500 asset prisgnitial
capital,stoploss day range, masum volatility, maxmum draw-down, minmum
worstterminal wealth relativeandmaxmumrisk of ruin in order to provide to

recommendations on investments strategies.
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10.1.2.1.2  Output Requirements
10.1.2.1.2.The model shall outputvarage return on investment, percentage return on
investment, risk of ruinSharpeRatio, and optimal fraction of the investment as part
of the recommendations on investment strategies.

10.1.2.2Functional Requirements

10.1.2.2.17The model shall determine the optimal strateggaghighest average return, highest
terminal wealth relative, risk of ruin,and level ofacceptableisk specified by the
user.

10.1.2.2.ZT'he model shall evaluate the expected return, percentage return, lowdsaand f
terminal wealth relative, Sharperatio and optimal fraction of the investments as part
of the analyses performed for the client.

10.1.2.2.3Trhe model shall plot the equity cusvef returrs, average returns, atefminal
wealth relative asa function of time foany userselected strategy.

10.1.2.2.4The model shall plaierminal wealth relative as a function of timéor different
percentages of fractions for any usetected strategy.

10.1.2.3User Interface Requirements

10.1.2.3.17The GUImodelshall enable the users to enter their specific inputs.

10.1.2.3.ZThe GUImodelshall provide a range of days, put and call prisegploss and
maximum volatility for the user to select.

10.1.23.3Trhe GUI model shall filter tihpts.strategi es

10.1.2.3.4TheGUI model shall display the strategw#h the associated fields anspreadsheet.

10.1.2.3.5The GUI modeincludean option for the user to sort based on any filed.

10.1.2.3.6I'he GUI modekhallinclude an option for the users to plot equityvesas a function
of time.

10.1.2.3.7The GUI model shall enable the user to see underlying data of selected equity curve.

10.1.2.4Software Requirements

10.1.2.4.17The model shall use JAVA platform as the ba&etid programming tool to implement
the logic for determining the optimal investment strategies

10.1.2.4.2ZThe model shall use JAVA platform as the fre@md programming tool to directly
interface with the client.

10.1.2.5Systemwide/ Technology Requirements
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10.1.2.5.1Reliability
10.1.2.5.1. Availability
10.1.25.1.1.1The model shall operate as 24/ 7 basis ufj
10.1.2.5.2 Performance
10.1.2.5.2.The response time of the GUI model to display the optimal strategies based on the
userds i nputs shall be within 60 seconds
10.1.2.5.2.7he response time of the GUI model to plot any type of curve for strategies shall be
less than 30 seconds per chart.
10.1.2.5.3  Security
10.1.2.5.3.The GU model shall be password encrypted to avoid unauthoezedsso
underlying data.
10.1.3Data Requirements
10.1.3.1The Optimal Option Investment Strategy team shall consider the S&P 500 Index data
from 20 through end of 2009.
10.1.3.2The Optimal Option Investment Strategy team shall analyzeegaés +5 to +50 in
increments of 5.
10.1.3.3The Optimal Option Investment Strategy team shall analyz@ge#s-5 to-50 in
decrements of 5.
10.1.3.4The Optimal Option Investment Strategy team shall inm@@stoplossvalues
ranging from 5 to 45 with increments of 5.
10.1.3.5The Optimal Option Investment Strategy team shall analyze 45 days of teadimgth.
10.1.3.6 The Optimal Option Investment Strategy team shall ignore any stratagigisg more
than 50% of trades
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10.2 Appendix 2: Project Plan

10.2.1 Introduction
Project Managemenof a projects an important aspect that needs to be carried out

throughout the course of the projeitt ensurahatthe project stays on schedule and within
budget . Thi dsofnteoest o the fielss of opgrations research, specifically
financial engineering, as well as systems engi
detailed analysis of the 6 years of dptiosst ori cal
by applying straddle and strangle strategies to find an optimal range of investment opportunities.
These high performing strategies would then be recommended to different users with different
risk profiles. The second goal is to find the optimadldpet allocation which is a tradeoff analysis

between invest return and risk of catastrophic loss.

10.2.2Work Breakdown Structure (WBS)

The goal of the WBS is to arrange all tasks in the project by task levels. Breaking down the
project into small tasks facilitas the measurement and the control of the various activities on
the project. This will also help the stakeholders to get a better idea of what needs to be
accomplished in this projedtigure 26below depicts the work breakdown structure for the

Optimal OptionsInvestment Strategy project.
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Optimal
Investment
Strateqy

Research | CONOPS I Modeling & Documentation &
Simulation I Presentation
Relevant Papers | Problem Testing &
Project Team Timesheets | pxoroundon | Stitement | Data Gathering& | Validation
Organizeton ebsite Project Tapic Vision Statement | Preprocessing Risk & Sensitivity
Task & Timeline | yacting withthe Previous Team's  —Mission Statement | Model Analysis
Distrbutions team Report | Stotement of feed | DEvElopment Result Analysis &
Meeting within Operatonal —Programming Recommendation
Spansor " Seenario —Simulation
Requirement —GUI Development
Elicitation
Figure 26

10.2.3Individual Tasks
The team is comprised of five studeMs s t e r 0 Sn Opdratiah®Research, with

diverse backgrounds presentedrigure 27

Chen, Tony Esmaeilzadeh, Jarvandi, Ali Lin, Ning O6 Nei |

Ehsan

Background Mathematics / Systems Systems Transportation ~ Computer

Economics Engineering Engineering Engineering Science

Figure 27

The individual tasks were defined for team members based on their educational background,

professional background, interests, area of expertise, and required resources for this project.

Figure 28below shows high level responsibilities to each team member.

Tasks / Team Member Chen, Esmaeilzadeh, NEWETR Lin, OO Nei
Tony Ehsan Ali Ning Ryan
Management X X X
Research X X X X X
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CONOPS X X
Requirements X X
Elicitation
Design X X X
Analysis X X X X
Data Parsing X X
Modeling X X
Programming X
Testing & Validation X X X X
Presentation X X
Documentation X X X X X
Website X
Figure 28

Optimal Options Investment Strateg




10.2.4 Project Budgeting and Earned Value Management

In order to effectively measure the project progress, we applied earnednaaliagement
techniques to combine measurements of cost, schedule, and performance in a single integrated
system. The team calculated the expected cost based on the schedule requirement from to the
course syllabus and multiplying by number of weeks, numberaomn members, and $40 per
hour cost of labor. Therefore, the forecasted budget came to $32,000. This was only an estimate
whi ch changed depending on the teamds perfor me
increase rate of productivity towards the @fdhe semester and decrease rate of productivity
over the spring break. After assigning the resources to tasks, the team was able to produce the
budgeted cost of work schedule for the entire course of the project as well as budgeted and actual
cost of wak performed for the entire course of project evolving over time. The actual cost at the
end of the project came up to $33,450. The team also produced the Cost Performance Index
(CPI) and Schedule Performance Index (SPI) for the entire project, whiclndieator of the

teambébs progress as a function of ti me.

Figure 29shows theéEarned Value Management (EVM]J the Investment Option Optimal

Strategy team over the entire course of project. The blue line represents the budgeted cost of the
work the team pdéormed, which was estimated at the beginning of the project. The red line and
the green line are indicator of the actual cost of the work performed and the actual values of the

work performed respectively, evolving over the time.

=
2
=
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9

Time (weeks)

Figure 29
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Figure 30shows the Cost Performance Index (CPI) in blue and Schedule Performance Index in
red. CPI is the ratio of earned value in terms of cost over the actual cost of the wok, and SPI is
the ratio of earned value in terms of cost over the budgeted cost of the worknael over the

course of project. The goal is to keep CPIl and SPI values greater than 1 to ensure that the team is

performing on schedule and on budget.

CPIl & SPI

7 9
Time (weeks)

Figure 30

Figure 31shows commits to our subversion source repository during the course of the project:

Source Repository Commits
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Date

Figure 4
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Figure 32shows the total lines of Java code within the model over time. As of rdgierthe

project consists of 3,329 lines ddiva.
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Figure 32

10.2.5 Project Development Schedule Gantt chart)
To better illustrate the project the team used a Gantt chart todihvation,start andfinish
dates, and dependencies of each task. Each task is assigned to at least one member of the group
depending on depth and work load. By using Microsoft Project the group is able to efficiently
and accurately track the completion percentage of each task. This allows group members to be
aware of the status of the project and see upcoming critical actiedsdhé&o achieve milestones.

Figure 33shows the Gantt chart for Optimal Option Investment Strategy project.
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Deliverables

‘ Deliverable Delivery Date
Project Proposal Feb 11, 201(
Status Report Feb 18, 201(
Progress Report March 4, 201C
Status Report March 18, 201C
Progress Presentation April 1, 2010
Final Report April 29, 2010
Final Presentation May 7, 2010

By the end of the semester the Optimal Investment Strategy team will also provide the

project sponsor and the faculty with tfeowing:

e Well documented executable model capable of providing optimal investment and
allocation strategies for users with different risk profiles

e Auserfriendly graphical application to provide the interface between the user and the
model
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10.3 Appendix 3: Strangles with Adjustments
The scope of this project was to study basic short strangles. More complex strategies were
also implemented but their results were not studied. This strategy models a more realistic trading

behavior that responds to changesrader position.

Trade and forget strangles with stop loss and volatility combine to form over 100,000
strategies. In each strategy, the option writer sells a strangle every month and forgets it until
expiration, unless it triggers a sttgss. More ikely, a trader will pay close attention to the
market and be reactive to changes in position. If alstepis triggered, the seller may try to
recoup the loss incurred by that option by selling another one. Similarly, if a taken position is
seen to berofitable before expiration, the seller may buy back the option for a profit and sell
another that will generate the same premium as the original. These behaviors are called

adjustments.

This type of behavior is modeled by updating short strangisadjustments. Its
fundamental components are the same as the basic short strangle described above, especially

with regard to trading days and maximum volatility. There are some important differences:

1. Strike prices are not consistent indicatorpreimiums an option writer receives for

selling options. Further, when using adjustments one desires to either recoup a known loss or
sell a position with a known potential profit, each of which is done by looking at option
premiums. Thus this model sets its options by premium insteadsifike price.

Specifically,it sells strangles with symmetric premiums on puts and calls of 5 through 25 in
increments of 5.

2. Stoploss on each option is treated as a factor of the original premiiuam. optionis sold

with a premium of 10 and a stépss factor of 1.5, then that stop is triggered when the

premium on the option surpasses 2fpon hitting a stoposs, the option writer sells a new

option with the closest premium to the sfops value to recouss.

3. When the premium on an option dips to half its original value, the option writer buys

back that option, earning the difference between the purchase price and the original premium.

The strategy now sells another option with the original premiuorder to capitalize more
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on a good position. This is done through the end of the trading period, or 15 days prior to

expiration.The adjustment algorithm is as follows:

Define start and end date of ttrtading period

Pick astoplossfactor

Pick a maxnum acceptable volatility value

Pick the next sequential expiration date

Pick a strategy (combination of call strike, put strike, trading date)

Check S&P 500 volatility of the trading date
a. If greater than maximum acceptable volatility, return to 5
b. If lessthan maximum acceptable volatility, record the premiums received from

the two options and continue to 7

7. Processhe next day between the trading date and the expiration date to checkldfsstop
should be executed.

a. If an option hits astoploss buy backhe option and record the loss. Then sell
another option with premium equal to the stogs. Return to step 7 and continue
until expiration date.

b. If an option premium drops to half of what the options seller initially received,
buy back the option andaerd the profit. Then sell another option of the same
type with premium equal to the previous. Return to step 7 and continue until
expiration date.

c. If no stoplosses are not executed, continue to step 8

8. Sum the gains and losses from the adjustment thetoatd payoff at expiration.
9. Return to step 5 until all strategies have bpmtessed

10.Return to step 4 until all expirations have bpenmcessed

11.Return to step 3 until all maximum acceptable volatilities have pesressed
12.Return to step 2 until afitop-lossvalues have beeorocessed

o0k wnNpRE

Optimal Options Investment Strateg




10.4 Appendix 4: Algorithms

10.4.1Trade and Forget

1. Define start and end date of ttrading period

2. Pick the next sequential expiration date

3. Pick a strategy (combination of call strike, put strike, trading date) and record the
premiums received from the two options

4. Calculate and record the payoff from the difference between the premium prices at

expiration and premium prices at trading date.

Return to step 3 until all strategies have bpmtessed

Return to step 2 until all exjations have beeprocessed

oo

10.4.2Strangle with Stop -Loss

1. Define start and end date of ttnading period

2. Pick astoplossvalue

3. Pick the next sequential expiration date

4. Pick a strategy (combination of call strike, put strike, trading date) and record the
premiums received from the two options

5. Procesall days between the trading date and the expiration date to check-if stop

loss should be executed.

6. If both stoplosses are executed, take two losses asttylossamount and return
to step 4.

7. If both stoplosses are nagxecuted, continue to step 9

8. If one stoploss is executed, take one loss at the-fdgp amount and continue to
step 9to calculate the payoff for the other option

9. Calculate and record the payoff from the difference between the premium prices
at expiration and premium prices at trading date.

10.Return to step 4 until all strategies have bpetessed

11.Return to step 3 until all expirations have bpencessed

12.Return to step 2 until afitoploss values have been processed
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10.4.3Strangle with Volatility Driven Decision Making

Define start and end date of ttrading period

Pick astoplossvalue

Pick a maximum acceptable volatility value

Pick the next sequential expiration date

Pick a strategy (combination of call strike, put strike, tradiaigd

Check S&P 500 volatility of the trading date

If greater than maximum acceptable volatility, return to 5

If less than maximum acceptable volatility, record the premiums received from the

two options and continue to 7

9. Procesall days between the trading date and the expiration date to check-ibssop
should be executed.

10.1f both stoplosses are executed, take two losses astthyglossamount and return to
step 5.

11.1f both stoplosses ar@ot executed, continue to step 13

12.1f one stoploss is executed, take one loss at the-&tep amount and continue to step
13to calculate the payoff for the other option

13.Calculate and record the payoff from the difference between the premium prices at
expiration and premium prices at tradidate.

14.Return to step 5 until all strategies have bpeatessed

15.Return to step 4 until aéixpirations have been processed

16.Return to step 3 until all maximum acceptable volatilities have pesressed

17.Return to step 2 until afitoplossvalues have éenprocessed

ONoOURAWONE

10.5Appendix 5: Pseudo Code

10.5.10ptimal Fractional Investment

1. Setup initial amount C = $1,000,000;
2. Letf=the fraction of moneto invest in the market;
3. Let L = abs (the biggest point loss in our trades);
4. Let Margin = $5,000
5. Let P = the pointso earn or los
6. For Strategy 1 to Strategy n
7. Forf=0.05:0.05:1 (thisis MATLAB format which means 0.05 0.10 0.15...0.95 1)
8. NewMoney = C;
9. For Trade 1 to Trade m
a. B=NewMoney ¥T;
b. TheNumberOfContract = B/max (L*50, Margin);
c. NewMoney =TheNumberOfContract*P*50+NewMoney;
d. TWR = NewMoney/C (TWR should be displayed)
10.End
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10.5.2Modeling Risk of Ruin

1. Tofind a corresponding risk of ruin
2. Setup initial amount C = $1,000,000;
3. Letf=the fraction of money we invest in the market;
4. Let L =abs (the biggest point loss in our trades);
5. Let Margin = $5,000
6. Let P =the points we earn or lose
7. LetZ=0.5
8. For Strategy 1 to Strategy n
9. Forf=0.05:0.05:1 (this is MATLAB format which means 0.05 0.10 0.15...0.95 1)
i. NewMoney = C;
ii. For trade 1 to trade m
1. B=NewMoney ¥;
2. TheNumberOfContract = B/max (L*50, Margin);
3. Rate = (NewMoneyOldMoney)/OldMoney;
4. NewMoney = TheNumberOfContract*P*50+NewMoney;
5. TWR = NewMoney/C (TWR should be displayed)
ii. End
iv. Get mean of rate of return= a;
v. Get standard deviation of rabéreturn= d;
vi. R =eNf2*a/d)*(In(1-2)/In(1-d))) (Risk of Ruin should be displayed)
b. End
10.End
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10.6 Appendix 6: Sample Validation File

Generating return values for a strategy requires a large number of computations and data
lookups. Below is an excerpt of tieesomputations for a single strategy from the logging and
debugging facilities of the model software. These can be turned on using the
DEBUG_STRATEGY variable in the Settings class.

[ SHORT STRANGLE STRATEGY ]
DAYS BEFORE EXP: 42

PUT PRICE: -15

CALL PRICE: 5

STOR LOSS: 20

MAX VOLATILITY: null

EXPIRATION DATE: Fri Jan 19 00:00:00 EST 2007
TRADING DATE: Fri Dec 08 00:00:00 EST 2006
PUT STRIKE PRICE: 1395

PUT PREMIUM (TRADE): 11.7

PUT STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

PUT STRIKE PRICE: 1395
PUT PREMIUM (TRADE): 117
PUT PREMIUM (EXP): 0.0
PUT PAYOFF: 11.7

CALL STRIKE PRICE: 1415
CALL PREMIUM (TRADE): 24.7
CALL STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

CALL STRIKE PRICE: 1415

CALL PREMIUM (TRADE): 24.7

CALL PREMIUM (EXP): 21.7

CALL PAYOFF: 3.0

TOTAL PAYOFF: 14.7

EXPIRATION DATE: Fri Feb 16 00:00:00 EST 2007

TRADING DATE: Fri Jan 05 00:00:00 EST 2007

PUT STRIKE PRICE: 1395

PUT PREMIUM (TRADE): 141

ESTIMATING EXP PREMIUM: ASSET=1458.9, STRIKE=1395: PREMIUM = MAX(0, 1395 - 1458.9)=0.0
PUT STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

PUT STRIKE PRICE: 1395

PUT PREMIUM (TRADE): 141

ESTIMATING EXP PREMIUM: ASSET=1458.9, STRIKE=1395: PREMIUM = MAX(0, 1395 - 1458.9)=0.0
PUT PREMIUM (EXP): 0.0

PUT PAYOFF: 141

CALL STRIKE PRICE: 14 15

CALL PREMIUM (TRADE): 22.2
CALL STOR LOSS ACTIVATED? YES: 2 DAYS BEFORE EXP, SETTLE = 43.8

CALL PAYOFF: -20

TOTAL PAYOFF: -59

EXPIRATION DATE: Fri Mar 16 00:00:00 EST 2007

TRADING DATE: Fri Feb 02 00:00:00 EST 2007
PUT STRIKE PRICE: 1435

PUT PREMIUM (TRADE): 117
PUT STOR LOSS ACTIVATED? YES: 17 DAYS BEFORE EXP, SETTLE = 44.7
PUT PAYOFF: -20

CALL STRIKE PRICE: 1450
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CALL PREMIUM (TRADE): 19.7
CALL STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

CALL STRIKE PRICE: 1450

CALL PREMIUM (TRADE): 19.7

CALL PREMIUM (EXP): 0 .0

CALL PAYOFF: 19.7

TOTAL PAYOFF: - 0.3000000000000007

EXPIRATION DATE: Fri Apr 20 00:00:00 EST 2007

TRADING DATE: Fri Mar 09 00:00:00 EST 2007

PUT STRIKE PRICE: 1390

PUT PREMIUM (TRADE): 14.7

ESTIMATING EXP PREMIUM: ASSET=1493.1, STRIKE=1390: PREMIUM = MAX(0, 1390 - 1493.1)=0.0
PUT STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

PUT STRIKE PRICE: 139 0

PUT PREMIUM (TRADE): 14.7

ESTIMATING EXP PREMIUM: ASSET=1493.1, STRIKE=1390: PREMIUM = MAX(0, 1390 - 1493.1)=0.0
PUT PREMIUM (EXP): 0.0

PUT PAYOFF: 14.7

CALL STRIKE PRICE: 1405

CALL PREMIUM (TRADE): 31.2
CALL STOR LOSS ACTIVATED? YES: 11 DAYS BEFORE EXP, SETTLE =51.4

CALL PAYOFF: -20

TOTAL PAYOFF: - 5.300000000000001
EXPIRATION DATE: Fri May 18 00:00:00 EDT 2007
TRADING DATE: Thu Apr 05 00:00:00 EST 2007
PUT STRIKE PRICE: 1430

PUT PREMIUM (TRADE): 15.3
PUT STOR LOSS ACTIVATED? NO. PROCEED WITH NORMAL STRANGLE LOGIC.

PUT STRIKE PRICE: 1430
PUT PREMIUM (TRADE): 15.3

PUT PREMIUM (EXP): 0.0

PUT PAYOFF: 15.3

CALL STRIKE PRICE: 1445
CALL PREMIUM (TRADE): 27.5
CALL STOR LOSS ACTIVATED? YES: 27 DAYS BEFORE EXP, SETTLE =53.3

CALL PAYOFF: -20
TOTAL PAYOFF: - 4.699999999999999
Figure 5
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10.7 Appendix 7: Example of Volatility Smile

Implied Volatility of Call Options on 12/31/09
Expiring on 1/2010
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10.8 Appendix 8: Optimal Fraction and Risk of Ruin Formulas

10.8.1 Kelly Formula
The Kelly formula isused to determine the optimal size of a series ofibaigder to
maximize payoffsA Kelly strategy will outperform other strategiesmost gambling scenarios

and some inv&ing scenarios under some simplifying assumpti(@@08)Kelly formulafinds:

bxp—q

optimal fractional allocation: f* = 5

Where:

b = odds of winning

p = probability of winning

q = 1 — p = probability of losing

Acceptable level of risk and desired return are factors in determining the number contract to
trade using fractional investmertccording to John A. Anderson and Robert W. Faff, to
maximize the geometricrgwth, one needs to identify the account capitalization required for
each futures contract that produces the higteestinalwealthrelative (TWR = Final balance/

Initial balance) to the original investment per futures contract for a rarfgalfes. Aghe
account capitalization per contract is a function offth@lue selected and the largest loss, it is
defined agJohn A. Anderson 2004)

Largest Observed Loss

Capitalization per contract = - (forO<f<1)

If the largest observed loss3$100Q thenthe optimalf aims to determine which amount
of the capital should be applied per futures contract.zAt (full allocation)the trader would
invest$1000 per contradiut also face complete loss of capital if all contracts were to become
worthless Had the trader adopted a more conservdtisdue(that isf < 1) then extra capital per

contract would be allocatexhd thereby preventing complete loBer example, had a value fof
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= 0.6 been adoptatienthe capitalization pecontract isf1000/0.4 = $2500 and if the contracts
became worthless we would still have $3000 in cafpialhn A. Anderson 2004)

The number of futures contracts tradadhlevel of portfolio capitalization is a function
of the optimum funding per cotct divided by the account balance. Therefore, if the optimum
funding per contract is $10,000 and the tradisgount is $100,000 thehe trader wouldrade
10 futures contract3 herefore thenumber of futures contracts to be tradedJdshnA.
Anderson 2004)

Account Balance
Number of Contracts =———
Capitalization per Contract

However,Kelly's formulais basing on two assumptions:

1. winning and losing per bet is constant;
2. the number of bets needs to be sufficiently large so that winning/lpsitgntages and

average win/loss are accurate

The first assumption does not fit our model and an approximation would introduce risk so we

chose tanodeloptimal fractional allocations.
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10.8.2Vince Formula

Y
©o M 1—-P\4
— ) —1
an_ (5) Where:
x|, [re-amne
- oA .
(%)
1
Y= —
X

W = averge win
L = average loss
Pw = probability of win

f = fractional investment allocation

_|—30000|
Ly
Z = w L 1
_|E *pw_‘a*( _pw)
7\ 2 7)\2
A:\/pw*(a) + (1 —py) * (5)
()
2

It is possible that this formula returns values greater than Bueher, it assumes that trades
are independent and outcomes of trades are statiomagrefore we need another model to
calculate risk of ruin for fractional tradingVince 1990) This model uses a formula which is
widely found in the marketMost professional traders and hedge fund investors know the
monthly mean and standard deviation of their returns. (Chamness Z0@3¢ numbers are
needed as inputs to the riskrafn formula and can be measured over months, weeks, days, or
trades. (Chamness 2009)
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10.9Appendix 9: Final TWR & Risk of Ruin Example Code

MATLAB code:

% input parameters;

%Q = 300000; % Q = ab€§0000/f). Here f=0.1;
%Z = 0.00516733; % for cas€=0.1;
%A = 0.050750997;% for casé=0.1;
%P = 0.550908688;% for caske= 0.1;
AW = 13917;

PW = 0.6;

AL = -17000;

G=0.5;

X=2,

Y =0.5;

forf=0.1:0.05:1

Q = abs{30000/1);

Z = (abs(AW/Q)*PWj}(abs(AL/Q)*(1-PW));

A = (PW*(AW/Q)"2)+((1-PW)*(AL/Q)*2))N(1/2);
P = 0.5*(1+(Z/A));

%for each f, calculate the final Risk of Ruin;
clearsample
fori=1:20
sample(:,i)= 1 ((1-P)/P)*(Y/A))-1)/((((2-P)/PY*(((((Q/)+Q}((1-Y)*Q))/Q)/A)) -1);
%sample(:,i);% checkample(:,i);
ifi>1
New_sample(:,i)=prod(sample,2)+New_sampleX);i
else
New_sample(:,i)=sample(:,i);
end
% We don't have to find the 20th one. This is a checker to see the
% differencebetween Number (n) and NumberX)
if (i>1)
if New_sample(:,i} New_sample(;;il) < 10°¢6)
break
end
end
end
New_sample(:,i)
end

%sample' %@ make it as a vector. We can check "New_sample" by this guy.;
%New_sample
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TWR & Risk of Ruin Example Illustration
We calculate the profit and loss for each trade using the example data set as input. By
utilizing the algorithm discussed above the final return for each selected fractional allocation

value (red line) and associated risk of ruin (blue line) are shofigune42.

TWR of V20 and the corresponding risks of ru

11 0.6
1.08 L 05
g 1o - 04 £
2 104 s Z
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- - 02
1
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fraction

Blue line-final TWR, Red line-risk of ruin
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10.10Appendix 10: InvestmenModel Code

The software components of this project, including the investment model and GUI, consist of
approximately 3,300 lines of Java code, spread acrod#féfent classesBelow is a

breakdown of the more important classes.

investmentallocation.Settings

Contains configuration for the entire application, including input and output file locations,
indexes for parsing data from strike price and asset filise and strategy parameters such as
days before expiration, put and call prices, dtgs settings, and maximum volatilitjt also

allows one to turn on debugging output to validate the computations of the model.

investmentallocation.InvestmentAllatonFractionOverTime
investmentallocation.InvestmentAllocationOptimalFraction
investmentallocation.InvestmentAllocationPlotWindow
investmentallocation.InvestmentAllocationReturnDataWindow
investmentallocation.InvestmentAllocationView

These are the Swindasses that power the GUT.he graphical aspects are editable in the

NetBeans GUI editorThe GUI application's main method lives in InvestmentAllocationView.

investmentallocation.jobs.StrikePriceStoreJob

Responsible for parsing input strike price anempium data and writing it to a binary file used

by the model.This takes in all available option parameter data in a textual format and converts it
to proper Java objects such as dates and floating point nunibeosnputes calendar days until
expiraton for each option based on its trade date and the date of the third Friday of its expiration
month. It also approximates call and put increments ¢65and so on) based on the strike price

of each option and the close of the S&P 500 on its trading Alyption data are indexed by
expiration date, days before expiration, put offset and call offset and then written to a binary file

known as a strike price store.

investmentallocation.jobs.StrangleBinaryOutputJob
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Loads the strike prices from the striggce store and runs basic short strangles against them to
determine return datal'he returns and other computed metrics are written to a binary output file

for use by the GUIl.Values for the strangle parameters are set in the Settings class.

investmetallocation.jobs.AdjustmentsBinaryOutputJob
Follows the same logic as StrangleBinaryOutputJob but uses adjusted strangle strategies instead

of basic short strangles.

investmentallocation.optiorf3&P 500
Provides a lookup table for S&P 500 index valueslate. As input it takes a CSV file of S&P

500 adjusted closing values from Yahoo! Finance.

investmentallocation.optiorf3&P 500ExpPrices
Provides a lookup table for S&P 500 futures index values by expiration year and ribeth.

input data for this clss was estimated based on the provided option strike price data.

investmentallocation.options.Volatilitylndex
Provides a lookup table for S&P 500 volatility index (VIX) values by déteinput it takes a
CSV file of VIX adjusted closing values from Yatid=inance.

investmentallocation.options.StrikePrice
Encapsulates all the data needed to represent a strike Phisealso calculates payoffs for an
option given stogoss value under basic short strangle and adjusted strangle strafiéugss.

are g@erated by the StrikePriceStoreJob and put into a StrikePriceStore.

investmentallocation.options. StrikePriceStore
Provides a lookup table for strike prices by expiration date, days to expiration, put offset and call
offset. This is created and written tiisk by StrikePriceStoreJob.

investmentallocation.strategy.Strategy

An abstract base class that provides basic computations needed for strategy return metrics based
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on actual option returns in points.

investmentallocation.strategy.Strangle
Responsibledr modelinga strangle strategy over a given trading periBeéquires strategy

parameters from the StrangleBinaryOutputJBltends Strategy.

investmentallocation.strategy.AdjustedStrangle
Responsible fomodelingan adjusted strangle strategy over\eegitrading periodRequires

strategy parameters from the AdjustmentsBinaryOutputfodends Strategy.

investmentallocation.strategy.InvestmentFraction
Computes metrics such as final TWR, average percent return, and risk of ruin for an instance of

Straegy by computing actual returns for a given fraction of investment.

investmentallocation.output.OptimalFraction
Tests a given Strategy against each fraction of investment from 5% to 100% and stores the

optimal fraction data based on highest final TWR.

investmentallocation.output. StrangleOutput
Encapsulates just the metrics required for showing a strategy in theEaldh instance contains

the following fields:

e returnValues: list of returns in points for each tratfea trade could not be
accomplishedits corresponding return value is null.

e days: the number of days before expiration to trade in the given strategy.

o putDiff: difference between asset price and put strike price for this strategy,

« callDiff: difference between asset price and call strikeepfor this strategy.

o stopLoss: stojoss value for this strategyf it has no stogoss value, this is null.

o maxVolatility: maximum volatility for this strategyf it does not use volatility checks,
this is null.

e numTrades: number ofmonths in whichtrades are accomplished over the given time
period using this strategy.

e avgReturn: average return per trade in points.

e avgPremium: average premium of the options sold, including both put and call.

o avgReturnOverPremium: average return divided by aversayeipm.

e percentWins: percentage of time the given strategy sees positive returns.
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e avgWin: average positive return in points.

e avglLoss: average negative return in points.

o stddevReturn: standard deviation of return in points.

e sharpeRatio: Sharpe Ratio (averaggirn over standard deviation) for this strategy.

e« TWRbestFraction: fraction of investment for this strategy that provides the highest final
terminal wealth relative (TWR).

o TWRIfinal: highest final TWR for this strategy.

o TWRworst: lowest TWR during the wieng period for the fraction with highest final
TWR.

e worstDrawDown: greatest percentage loss during the trading period for the fraction with
highest final TWR.

e riskOfRuin: risk of ruin for the strategy with highest final TWR.

e avgRate: percentage return pxde accomplished.

investmentallocation.output.StrangleOutputStore

Provides a lookup table for StrangleOutput instances by strategy paranfefdesof this type
is the output of StrangleBinaryOutputJob and AdjustmentsBinaryOutpuklds. of thistype
are loaded by the GUI for filtering and display.

investmentallocation.util. DaysDifference
Computes the number of days between expiration and trading for an option.

investmentallocation.util. ExpirationDateCalculator

Computes the third Friday of a @n year and monthThe input option data only uses year and
month for option expiration, so this is necessary to determining the number of calendar days
between trade and expiration for each option.

Required Data Files and Libraries
The application redtes input from a number of data sources in order to fiurese include:

e Endof-day strike price data for S&P 500 futures optiombis was purchased for use by
the project sponsorThe data we have consists of thirteen CSV files from
EEZEOQO1.csv to EAEOO013.csv.

e S&P 500 index value data from Yahoo! Finanddiis can be downloaded in CSV format
here: http://finance.yahoo.com/q/hp?s="GSPC

e S&P 500 volatility index data from Yahoo! Financghis can be download in CSV
format here: http://finance.yahooradg/hp?s="VIX+Historical+Prices

« Interpolated expiration date values for the S&P 500 futures infibgse were estimated
from the options data and are available in the subversion repository for the software.

There are also third party free or open soullae libraries that are necessary for parsing input
data and generating graphsbrary files for these are kept with the source code, so they need
not be obtained separatelyhese include:
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e JFreeChart: http://www.jfree.org/jfreechart/
e OpenCSV: http://opncsv.sourceforge.net/

Running the Application

There are three stages to running the application, each corresponding with a main method in the
Java classesThe code is kept in a free private subversion repository at http://wwaexgom/

and is availale by invitation. Upon obtaining a copy of the source code, a developer should
assemble the required data files and place them on the file system in the INPUT_DIRECTORY
from the Settings classhe developer should then run the main methods from thesses:

1. StrikePriceStoreJob: loads all the required input data into a form the Java application can
use. The output of this job will be a file containing all strike price data called
strikePrices.ser in the DATA DIRECTORY location.

2. StrangleBinaryOutputJolioads all the strike price data and runs all strangle strategies for
different combinations of start and end ye@utputs various strangle output files in
DATA_DIRECTORY.

3. AdjustmentsBinaryOutputJob: does the same as StrangleBinaryOutputJob for adjusted
strangle strategies.

4. InvestmentAllocationView: launches the GUI application for browsing return data using
whatever output file location is set in the setting STRANGLE_BINARY_OUTPUT.

The developer can also build a Java archive file (jar) for distribtiti@@pplication.This is easy
to do in the NetBeans or Eclipse integrated development environments (IDEs) or using the Ant
tool. Once all the classes are all in an InvestmentAllocation.jar file, the user may run it against

any of the data files generdte steps 2 and 3For example:

java - jar InvestmentAllocation.jar strangleReturns - 2007 - 2009 - no-

vix.ser

If the computer requires more memory for a particular file, that can be controlled by using the
Xms and-Xmx flags for Java.For example, the fallwing command allocates 1000 MB of

memory to run the application:

java - Xmx1000m - Xms1000m - jar InvestmentAllocation.jar

strangleReturns - 2007 - 2009 - no- vix.ser
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Appendix11: Sample Raw Data
Sample raw data frol@hicago Mercantile Exchang€ (M.E):
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