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Application Overview and Model Development

CS19.1.1

There are two main types of options: call options and put options. Call options allow the
user to buy a stock at a specified exercise price that is lower than the actual stock price.
Put options, on the other hand, allow the user to sell a stock at a specified exercise price
that is higher than the actual stock price. For the purposes of this case study, we will
consider European options in which the owner can only exercise the option at the
specified exercise date. This application provides the user with two options for working
with European call and put options. With the first option, the user can compare option
prices for a set risk rate and various volatility values. With the second option, the user can
determine the optimal number of call and put options to buy of various option prices in
order to minimize risk for a desired return.

Model Definition and Assumptions

Let's now discuss the calculations and assumptions for both of the user’s options. The
compare prices option calculates the option price for a given exercise price over various
volatility values. The Black Scholes formula, which calculates the option price, assumes
that the selected stock prices follow a lognormal random variable. It also assumes that the
risk free rate is continuously compounded. A different formula computes the option price
for the call options, C, and the put options, P. Both formulas are complex, so we break
them into two parts: d; and d,. The formula uses the current stock price, S, the exercise
time, t, the exercise price, X, the risk free rate, r, and the annual volatility, v. It also uses
the cumulative distribution function of the normal distribution, Fn().

CIn(STX)+(r+v/2)t
- e

d,

d, =d, —v/t
C=S*F(d,)—Xe"*F(d,)

P=S *(FN (dl) _1) —Xe™" *(FN (dz) _1)

We consider three possible exercise prices for the call and put options. The exercise
prices for the call options are all greater than the current stock price, and the exercise
prices for the put options are all smaller than the current stock price. The option prices are
computed for each exercise price of the call and put options. These option prices are
recalculated for the new risk rates and for various volatility values in the compare prices
option. For the optimization option, they are used as input.

The optimization option seeks to determine the optimal number of options to purchase for
each option price. The objective function is to minimize the overall risk, which is the
standard deviation of the returns. The total cost should be less than or equal to the
available funds displayed in the input cells. The average returns should be greater than or
equal to the desired returns. And the desired returns are equal to the average returns
found using a set of initial trial values for the decision variables.

Minimize risk = stdev(total returns)
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CS19.1.2

CS19.1.3

Subject to: total cost < available funds

average(total returns) = desired return
We employ the Solver to determine the solution of this optimization problem. The Solver
commands are:

SolverOK SetCell:=Range("Risk"), MaxMinVal:=2, ByChange:=Range("CallDV, PutDV")
SolverAdd CellRef:=Range("Returns"), Relation:=3, FormulaText:=Range("DesRet")
SolverAdd CellRef:=Range("TotCost"), Relation:=1, FormulaText:=
Range("CalcStart").Offset(1, 1)

SolverOptions MaxTime:=1000, AssumeNonNeg:=True

SolverSolve UserFinish:=True

We use bootstrapping on historical stock prices to estimate the final stock price of a
selected stock for 1000 months. For each estimated stock price, the call option revenue
and the put option revenue are calculated for each of the three exercise prices using their
corresponding option prices. The revenue for the call options is the value of the current
price minus the option price. The revenue for the put options is the value of the option
price minus the current price. Both revenues are considered to be zero if their values are
negative. The total revenues are the sum of the product of each option’s revenue and the
corresponding decision variable value. The returns are the difference between the total
cost of the options bought and the total revenue.

For more details on option pricing, please refer to Introduction to Probability Models by
Winston and Data Analysis and Decision Making by Albright, Winston, and Zappe.

Input

The input for this application consists of the following:

" Stock name

u Current stock price

" Current number of shares

u Volatility

u Risk free rate

= Available funds for buying options

" Current date

Output

The output for this application consists of the following:

= Exercise prices and corresponding option prices
. Chart of option prices as the volatility varies for a given risk free rate
u Optimal number of options to buy

Worksheets

This application requires four worksheets: the welcome sheet, the comparison option
sheet, the optimization option sheet, and the calculation sheet. The welcome sheet
contains the title, the description of the application, and the “Start” button. (See Figure
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CS19.1.) The “Start” button shows the user several forms and then takes him or her to
either the comparison option sheet or the optimization options sheet.

@2004 Hanna, Ahuja, and Winston

Option Pricing

This application gives the user two options for working with
European call and put options.

Option 1: Compare option prices for a set risk rate and
various volatility values.

Option 2: Find the optimal number of call and put options to
buy of various option prices in order to minimize risk for a
desired retum.

Please refer to Introduction to Probability Models by Winston
and Data Analysis and Decision Making by Albright, Winston,
and Zappe for more details on option pricing.

I START

Figure CS19.1  The welcome sheet.

The comparison option sheet allows the user to compare various option prices with
varying volatility values. (See Figure CS19.2.) The user’s input, which has already been
received from the user via a user form, is reported in a table. The initial risk rate appears
in a text box; however the user can change this value with the adjacent spin buttons. As
this value is changed, the option prices are recalculated using the new risk rate value and
various volatility values. These volatility values vary in a range whose center value is the
user’s initial volatility input value. The option prices are calculated for three exercise
prices. There are three exercise prices that are greater than the user’s current stock price
input for the call options and three exercise prices that are less than the user’s current
stock price input for the put options. The graphs reflect the option prices of the varying
volatility values for each of these exercise prices for both the call and put options.

The optimization option sheet displays the result of an optimization performed that
determines the best number of call and put options to buy in order to minimize risk. (See
Figure CS19.3.) The user’s input appears in a table; below this table are the returns and
the risk of the user’s investment resulting from the optimization. Then, a table displays the
call options and the put options; each table shows the three exercise prices and their
corresponding option prices. The sheet also presents the optimal number of each of these
options to buy, which was determined by the optimization. The user can press the “View
Model” button to view the calculations sheet that performs this optimization.

The calculations sheet contains historical data and formulas used in the optimization. (See
Figure CS19.4.) The historical data includes the recorded returns for three different stocks
over 60 months. We employ this data to perform bootstrapping on the final stock price for
1000 months.
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. . Returnto
Option Prices m

Change the risk rate to view the change in option price with valatility for the exercises prices of bath
call and put options.

Stock Name MSFT :
Current Price | [IEE RiskRate [o.05 | 4| 0]
Current Date JE[JEFIIE]
(SRR Gl 4/5/2005

Call Options Put Options A
Exercise Price SRR $36.00 | $32.00 | $28.00

Call Options Put Options
$20.00 $2000
$13.00 #1200
$1E.00 $16.00
g $14.00 @ $14.00
00 § $1200
£ som —= ERR
E s =] £ 800
© e A/"/‘/'//:/_/./_ S gs00 e ::j:
400 400
200 o $200 T,
$0.00 _n/-é:/" $000 ._n_w-_fg/r
0 02 Wotatilits* 08 1 0 2 U ot _mg.s 03 1
Volatility A ] C Volatility A ] C
0 0
1] 1]
1] 1]
1] 1]
0 0
1] 1]
0.05 0.01 0.00 0.00 0.05 0.00 0.00 0.00
0148 0.57 0.14 0.02 0148 0.21 0.01 0.00
0.25 1.69 0.78 0.33 0.25 0.89 0.23 0.03
0.35 2.79 1.70 1.00 0.35 1.75 0.72 0.22
0.45 3.91 273 1.88 0.45 269 1.39 0.549
0.55 5.04 3.82 2.88 0.55 3.66 216 110
0.65 6.16 4.93 3.94 0.65 4.65 2.98 1.70
0.75 7.29 6.06 5.03 0.75 5.64 3.83 237
0.85 5.40 718 6.15 0.85 .63 4.70 3.049
0.95 9.51 8.31 7.28 0.95 7.61 5.57 3.83
1.045 10.60 9.43 8.41 1.05 8.59 G.46 458
1.14 11.68 10.54 9.43 1.15 9.56 7.33 535
1.25 12.74 11.63 $10.65 1.25 1051 8.21 6.12
1.35 13.79 12.72 §11.75 1.35 $11.45 9.07 5.89

Figure CS19.2  The comparison option sheet.

For each estimated stock price, the call option revenue and put option revenue are
calculated for each of the three exercise prices using their corresponding option prices.
The total revenues are then calculated using the decision variable cells (the number to
buy of each option). Next, the returns are calculated using the total cost of the options
bought; this total cost is also calculated using the decision variable cells and the option
prices. The total cost should be less than or equal to the available funds displayed in the
input cells. The objective function cell is the risk formula cell; the risk is calculated as the
standard deviation of the returns. The average returns should be greater than or equal to
the desired returns, and the desired returns are equal to the average returns found using a
set of initial trial values for the decision variables.
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N Return to
The optimal number of call and put options has been determined for
each exercise price and corresponding option price. This
optimization was perfarmed with the ohjective of minimizing risk for
a desired return.
Stock Name
Current Price I View Model
Current Date
Exercise Date
Exercise Price
Option Price
Number to Bu
Exercise Price
Option Price
Number to Bu
Figure CS19.3  The optimization option sheet.
Optirmization calculations are perfamed an this sheet. Risk is
minitnized for a desired return. The best nurber to buy of each
option is determined.
Stock Name MSFT
Available Funds [ I[X])
Number of Shares 5,000
Current Stock Price [T
Desired
Return Call Options Put Options
Returns 4985694 | >= | 4985694 Exercise Price 44.00 18.00 52.00 36.00 32.00 28.00
Risk 1984.06 Option Price 219 1.70 1.00 1.75 0.n 0.22 Sum Puts
Total Cost §200,014.78 Number to Buy 0 0 0 4 (] ] 0
Historical Data for Bootstrapping Final Stock Price Call Rev Put Rev Total Revenues Returns
Month MSFT  INTC  GE 450.29 6.2 2.9 0.00 0.00 0.00 0.00 251,463.89 5144911
1 $992 | 93985 §34.08 49.61 5.61 161 0.00 0.00 0.00 0.00 248,067.16 18,052.38
2 #3979 | §3967 | §34.99 49.11 5.71 171 0.00 0.00 0.00 0.00 248,553.81 18,539.03
3 #9687 | §3954 | §34.93 49.10 5.70 1.70 0.00 0.00 0.00 0.00 248,511.36 18.496.58
4 $964 | §3980 | §3491 49.84 5.84 184 0.00 0.00 0.00 0.00 249.213.01 19,198.22
5 $971 93944 §M76 19.66 5.66 1.66 0.00 0.00 0.00 0.00 248,314.01 18,299.23
b a4 | §39A1 | §473 50.29 6.29 2.9 0.00 0.00 0.00 0.00 21,463.89 31.449.11
7 BO66 | 93932 §M77 49.70 5.70 170 0.00 0.00 0.00 0.00 248,511.36 48.496.58
B $I62 | §3944 | §3470 0.5 6.5 .55 0.00 0.00 0.00 0.00 232,764.83 32,150.05
9 $965 | §39.40 | §3.74 50.31 6.31 231 0.00 0.00 0.00 0.00 251,563.06 51,548.28
10 $a76 | §3974 | §34.80 49.13 5.3 173 0.00 0.00 0.00 0.00 248,640.74 18625.95
1 #9689 93993 §3478 49.70 5.70 1.70 0.00 0.00 0.00 0.00 248,511.36 18.496.58
12 #4979 | §3966| §34.69 49.84 5.84 184 0.00 0.00 0.00 0.00 249.213.01 19,198.22
13 $965 | §390| §34.63 49.60 5.6 162 0.00 0.00 0.00 0.00 248,101.32 1808654
14 $O6 | 392 | §MA2 19.76 5.76 176 0.00 0.00 0.00 0.00 248,79.63 18,781.85
15 HI61 | §3970 | §34.52 49.41 5.41 141 0.00 0.00 0.00 0.00 U019 4703641
16 #9613 | 93950 | §53 49.50 5.50 156 0.00 0.00 0.00 0.00 247,191.07 47,176.29
17 HI67 | §3975 | §34.69 50.04 6.04 204 0.00 0.00 0.00 0.00 250,208.13 30,193.34
18 $9680 | §39E7 | §34.60 49.82 5.82 182 0.00 0.00 0.00 0.00 249,104.36 19,089.58
19 a7 | §3944 | §3461 50.88 6.88 2.88 0.00 0.00 0.00 0.00 234, 419.17 3440439
pil 8007 | §3960 | §3467 49.91 5.91 191 0.00 0.00 0.00 0.00 249,526.11 19,511.33

Figure CS19.4  The calculation sheet.
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Summary

Includes the application description and the “Run Demo” and
“Start” buttons.

Comparison option Allows the user to compare various option prices with varying
sheet volatility values.

Shows the result of an optimization performed that determines
the best number of call and put options to buy in order to
minimize risk.

Contains the historical data and the formulas used in the
optimization.

Welcome sheet

Optimization option
sheet

Calculation sheet

User Interface

This application’s user interface requires navigational buttons, two user forms, and
controls on the worksheet. The first user form is the options form. (See Figure CS19.5.)
This form allows the user to choose between the comparison and optimization options for
the application. We include a frame with two option buttons on this form.

options x|

Please select one of the following options:

* Compare Option Prices:

Optimize Number of Call and Put
Options to Buy to Minimize Risk

Cancel 0K

Figure CS19.5  The options form.

The second user form is the input form. (See Figure CS19.6.) We include this form to
gather all of the input values from the user. Frames group the textboxes and labels of
similar input. In the combo box, the user can select one of the three available stocks.

The compare prices sheet includes a spin button and textbox control to allow the user to
change the risk rate and update the option price values. The “End” navigational button
brings the user back to the welcome sheet, the “Return to Options Form” button redisplays
the options form, and the “View Model” and “View Results” buttons bring the user to the
calculations sheet and optimization option sheet, respectively.
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Stock Input

=,

information.

Please select a stock and provide the necessary

Stock Name

Stock Info

Other Input

Option Type

MSFT -

Current Number of Shares | spop

Risk Free Rate 0.05

Available Funds for Buying Options ImT
Current Date Im

We assume that all options are
European Options.

Cancel

Current Price | 4p.00

Volatility 0.35

0K ‘

Figure CS19.6  The input form.

@ Options form
@ Input form

Summary

Controls on the
worksheet

Navigational buttons

ORNNESY  Procedures

Allows the user to choose between the compare price and
optimization options.

Prompts the user to enter all the input.

Include the spin button and the textbox on the comparison
sheet; they allow the user to change the risk rate and the
update results.

Include “Start,” “End,” “Return to Options Form,” “View Model,”
and “View Results.”

We will now outline the procedures for this application beginning with the initial sub
procedures and variable definitions. (See Figure CS19.7.) The Main procedure, which is
called from the “Start” button, presents the options form.

The procedures for the options form note which option the user has selected. (See Figure
CS19.8.) If the user has chosen the compare prices option, then he or she is taken to the
comparison sheet, the input form is displayed, and the ComparePrices procedure is
called. If the user has chosen the optimization option, the calculation sheet and input form
are displayed, and then the Optimize procedure is called.
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Option Explicit
Option Base 1

Const NatE = 2.71B828182845905

Publiz i As Integer, CurrPrice iz Double, Numdhares As Integer, Volatility As Dowble,
IyailFunds A3 Dounle, RiskRate i3 Dowble, CurrDate As Date, Init As Boolean,

Calls(3, 2) Ls Doukle, Puts(3, 2) Ls Double, ExTime A= Dowble, 3tockNawe Ls 3tring, j is Integer

Sub Main({) ‘'called from Start button and Return to Options buttons
fru0ptions . Show
End Sub

Figure CS19.7  The variable definitions and the Main procedure.

Private Sub cmdCancel Clicki)
Tnload Me
End

End 3ub

Frivate Sub cwdOE Click()
If optPrices Then

Tnload Me
Worksheets ("Prices™) .Wisikble = True
Worksheets ("lelcome™) .Wisibhle = False

Worksheets ("Europe™) .Visibhle = False

frmInput.Show
Call ComparePrices

Elzelf optOptimize Then
Tnload Me
Worksheets ("Cale™) .Vi=sible = True
Worksheets ("Uelcome™) .Visikhle = False
WMorksheets ("Prices™) .Visible = False

frmInput.Show
Call Optimize
End If
End Zub
1

Figure CS19.8  The procedures for the option form.

The procedures for the input form record the user’s input. (See Figure CS19.9.) The
values from the text boxes are converted to double, integer, and date data types as they
are equated to their respective variables. The application employs the input for the current
stock price to create the exercise prices for the call and put options.

The BlkSchols function procedure, which appears in Figure CS19.10, is called from both
the ComparePrices and the Optimize procedures to compute the option prices with the
Black Schols formula. The input for this function is the exercise price, the option type (call
or put), and the volatility value. Since the function is a little complicated, we use two
variables to break it into parts. The first part uses the current price, the exercise price, the
risk rate, the volatility, and the exercise time (6 months = 0.5 years). The second part uses
the first part as well as the volatility and exercise time. We then use these parts to
compute the option price in the final formulation of the Black Schols equation.
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Private Sub cwdCancel Clickl)

Worksheest ("Welcome™) .Visible = True
Aptivelheet.Visible = False
Tnload He
End
End Sub

Private Sub cwdOE Click()
'convert wvalues to Double and Date data types
StockMNawe = crbh3tocks.Value
cCurrPrice Chbhl (txtPrice.Value)
NumZhares CInt (Cxt3hares.Value)
Volatilicty = CDhlitxtWol.Value)
AyvailFunds = CDEhl(txtFunds.Values)
RiskRate = CDblitxtRisk.WValue)
CcurrDate = CDhate (txtDate.Value)

ExTime = 0.5 'assume & month options
'record variations of current price
For 1 = 1 To 3

Call=s(i, 1) = CurrPrice + CurrPrice * 0.1 * 1
Put=(i, 1) = CurrPFrice - CurrPrice * 0.1 * i
Next i
Tnload Me
End Sub

Private Zub UserForm Initializef()
crh3itocks. Row3ource = "Stocks™
crb3tocks.Value = crnbStocks.List (0)
txthate.Value = Date

End Suhb

Figure CS19.9  The procedures for the input form.

The final computation varies for call and put options, so we use the option type input
passed to the function to determine which calculation to perform. This final calculation
uses both parts previously calculated as well as the current price, exercise price, risk rate,
and natural logarithm (stored as a constant variable).

Function BlkSchols(ExPrice, OptType, Vol)  'Elack Scholes function
Dit Partl ks Double, Partd ks Dowhle
Partl = (Log|CurrPrice / ExPrice) + (RiskRate + Vol * 2/ 1) * DxTime) / (Vol * 3gr|ExTime))
Part? = Partl - (Vol ¥ Sgr(ExTime))

If OptType = "C" Then
Bl¥ichols = CurrPrice ¥ Application.UorksheetFunction NormaDiat (Partl) -
ExPrice * Natl * (-RiskRate * ExTime) * Applicacion.VorksheetFunction.NormdDist |Partd)
Elself OptType = "P" Then
Blicichols = CurrPrice # (Application.UorksheetFunction NormiDist (Partl] - 1) -
ExPrice * Natl * (-RiskRate * ExTime) * [Application.VorkshestFunction,NormSDist (Part?) - 1)
Eud If
End Function

Figure CS19.10 The BIkSchols function procedure.

The ComparePrices procedure performs the calculations for the comparison option. (See
Figure CS19.11.) It begins by displaying the input values on the compare prices sheet,
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and it also outputs the three exercise prices for the call and put options. Next, it initializes
the risk rate controls (both the spin button and the text box) to present the risk rate value
provided by the user on the input form. It then uses the user’s volatility input value to
create a table of volatility values for the call and put options. Each table has a range of
volatility values of ten more than and ten less than the user’s initial value. The procedure
then loops over these volatility values and calculates the option price for each exercise
price in the call and put options for these volatility values. It performs this calculation by
calling the BIkSchols function procedure and passing the exercise price, option type, and
volatility value. Notice that the option price is only calculated for the positive volatility
values.

Sub ComparePrices() 'called for compare prices option
Lpplication.3creenlpdating = False
"display input wvalues
With Range ("PricesStarc”
LOffser (0, 1).Value = StockNawe
LOffset (1, 1).Value = CurrPrice
JOffset (2, 1).Value = CurrDate
JOffset (3, 1) .Value = Dateldd|"m", ExTime * 12, CurrDate)
End With
For i = 1To 3
Range ("Call3tart™) ,Offset (1, i).Value = Calls(i, 1)
Range ("Putitarc”) . 0ffset {1, 1i).Value = Puts(i, 1)
Hext 1

'set risk rate control to input value

Init = True

Worksheets ("Prices™) .spnRiskRate = RiskRate * 100
Worksheets ("Prices") . .txtRiskRate = RiskRate

'create table of wolatility wvalues
For i = 1 To 10
Range ("CallPrices™) .0ffaet (i, 0).Value = Volatility - (1 - 1 / 10)
Range ("PutPrices™) . 0ffset (i, 0).Value = Volatility - (1 - 1 / 10)
Hext 1
For i = 11 To 20
Range ("CallPrices™) . .0ffset (i, 0).Value = Volatility + (i / 10 - 1)
Range ("PutPrices").0ffset (i, 0).Value = Volatility + (i / 10 - 1)
Next 1

'paleulate corresponding option prices for positive wolatility walues in table
For i = 1 To 20
If Range("CallPrices™) ,0ffset (i, 0).Value > 0 Then
For 3 =1To 3
Range ("CallPrices").Offset (i, jj.Value = _
Blk3chols(Callsij, 1), "C", Range("CallPrices™).0ffset (i, 0).Value
Range ("PutPrices") . 0ffzet (i, j).Value = _
BlkSchols(Puts(j, 11, "P", Range("PutPrices").0ffset(i, 0).Value)
Next j
Else
For j=1To 3
Range ("CallPrices™) .0ffset (i, j).Value = "--"
Range ("PutPrices™) . 0ffset (i, j).Value = "1
Next j
End If
Hext 1
Lpplication.3creenlpdating = True
End Zub

Figure CS19.11 The ComparePrices procedure.
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The application calls the Update procedure when the risk rate controls are changed. The
Change event procedure for the spin button and the LostFocus event procedure for the
text box update the control values and then call the Update procedure. (See Figure
CS19.12.) This procedure recalculates the option prices for all the volatility values in the
call and put option tables using the new risk rate value provided by the user. (See Figure

CS19.13.) The axis scales on the charts are also updated.

Private Sub spnRiskRate_ Change ()
If Init Then
Init = Fzalse
Exit Sub
End If
txtRiskRate Velue = spnRiskBRate_Value / 100
HiskRate = txtRiskBate.Value
Call Update
End Sub

Private Sub txtRiskRate_LostFocus()
spnRiskRate Value = txtRiskBate.Value * 100
HiskRate = txtRiskBate Value
Call Update

End Sub

Figure CS19.12 The risk rate control event procedures.

Sub Update() 'update option prices for nev risk rate
Application, Jereenlpdating = False
CurrPrice = Range ("PricesStart").Offset(l, 1) .Value
ExTime = 0.5

'recaleulate option prices for all volatility walues using new risk rate

For i=1To 2l
If Range("CallPrices").0ffzet i, 0].Value » O Then
Forj=1To3i

Range ("CallPrices") .Offset (i, j).Value = _
Range ("PutPrices”] Offset (i, 7). Value = _

lext j
End If
Next 1

'set chart axes
JetiveSheet, ChartChiects (1), detivate
letiveChart, bxesx1Category) Maximmseale = Volatility 41
hetiveChart, kxes (x1Value) MaximmScale = CurrPrice [ 2
hetiveSheet, ChartChiects (2)  Aetivate
AetiveChart, bxes (x1Category) Maximmdcale = Volatility 41
etiveChart, hxes (x1Value) MaximmScale = CurrPrice [ 2
Range ("AL") . Jelect
Application, Screenlpdating = True

End Sub

Elk3chols(Range ["Put3tart™) . Offset (1, j).Value, "P", Range|"PutPrices").0ffset(i, 0).Value

Blk3chols(Range ("CallStare”) Offzet (1, j).Value, "C", Range("CallPrices™).0ffset(i, 0).Value)

Figure CS19.13 The Update procedure.

The Optimize procedure performs the calculations needed for the optimization option.
(See Figure CS19.14.) The procedure first calculates and stores the option prices for the
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call and put options’ three exercise prices by calling the BlkSchols function procedure. It
then calls the RecordIinput and DoCalc procedures, which perform the main optimization
calculations. The Optimize procedure then updates the summary report on the
optimization results sheet and takes the user to this sheet.

Zub Optimize () 'called for optimization option
Lpplication.3creenlpdating = False
'caloulate option prices for given market prices and wvolatility
For i = 1 To 3

Callsii, 2 = BlkSchols(Calls(i, 1), "C'", Volatility)
Puts(i, 2) = EBlkSchols(Puts(i, 1), "P", Volatility)
Mext i

Call RecordInput
Call DoCalcoc

'update report sheet
With Range ("Eur3tart'™)

Offset (0, 1) .Value = ItockName

Lffsercil, 1) .Value = CurrPrice

Jffsec 2, 1) .WValue = Currbate

offsec (3, 1) .Walue = Datelddd("m™, ExTiwme * 12, CurrDate]
End With
Range ("Returns, Risk™) .Copy
Range ("EurBEesults"™) .Off=set (0, 1) .Pastelpecial xlPasteValues
Range (Range ("CallCale'™), Range ("CallCale™) . .Cffset (2, 2)).Copy
Range ("EurCalls"™) .0ffset (0, 1) .FPastel3pecial x1lFPasteValues
Range (Range ("PutCalc™) , Range ("PutlCalc'™) .Offset (2, 2)).Copy
Range ("EurPuts™") . 0ffsec (0, 1) .Pastelpecial x1PasteValues

Worksheets ("Europe™) .Visible = True

Worksheets ("Cale™) .Visible = False

Dange ("AL™) .Zelect

Ipplication.CutCopyMode = False

Lpplication.3creenlpdating = True
End Sub

Figure CS19.14 The Optimize procedure.

The Recordinput procedure records the user’s input on the calculation sheet. (See Figure
CS19.15.) The input values from the input form as well as the exercise prices and option
prices are then recorded.

Subh BRecordInput ) 'record input to model sheet
With Range ("CalcStart™)
Off=set (0, 1) .VWalue = StockMName
Offsec(l, 1) .Value = bwvailFunds
Off=set (2, 1) .Value = NumShares
Offsec (3, 1) .Value = CurrPrice
End With
For i = 1 To 3
With Range ("CallCalo™)
Offset (0, 1 — 1) .Value = Calls(i, 1)
Offsec(l, 1 — 1) .Value = Calls (i, 21
End With
With Range ("FucCaslc™)
Offset (0, 1 - 1) .Valuse = Puts(i, 1)
Offset (1, 1 - 1) .Value = Puts(i, 2)
End With
Next i
End Sub

Figure CS19.15 The RecordInput procedure.
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The DoCalc procedure runs the Solver to find the optimization results. (See Figure
CS19.16.) Even though most of the formulas for the optimization have already been
inserted in the cells on the worksheet during preparation, the bootstrapping formulas are
inserted into the future stock value column using the stock selected by the user. The ftrial
decision variable values then determine the desired returns for the user. Finally, the
application prepares and runs the Solver, which determines the optimal solution.

Sub DaCalef)  'run Solver on model sheet
'perforn bootstrapping of historical data for selected stock
Dim Stockim As Integer
stockhwn = Application, UotksheetPunction, Match(Range ["Stocklane”), Range("Stocks"), 0) +1
For 1 =1 To 1000
Range ("Findtock").Cells(i] . Forymla = "=VLOOKUP(" & Inti(Rud() * 59 + 1) & " HistData," & Stockliwn & ")"
Next 1

"seenario snalysis

Range ("CallDV, PutDV").ClearContents

Range ("TrialVal") .Copy

Range ("CallDV") .Pastedpecial xlPasteValues
Range ("DeaRet") Value = Range ("Returna") Value

'run salver for optimal solution
llorksheeta|"Cale™) , hetivate
dolverReset
dolver(¥ 3etCell:=Range("Risk"), MaxMinval:=Z, ByChange:=Range("CallDV, PutDV"
Golverddd CellRef:=Range ("Returns"), Relation:=3, FormulaText:=Range("DesRet"
dolverddd CellRef:=Range("TotCost"), Relation:=1, FormulaText:=Range("Calcitart") Offzet(l, 1)
Solverkdd CellRef:=Range("SwwPuts"), Relation:=1, FormulaText:=Range("CaleStart").0ffset(Z, 1)
Solverdptions NaxTime:=1000, AsswmelNomfeq:=Trug
aolverdalve UzerTinish:=Teue
End S

Figure CS19.16 The DoCalc procedure.

The navigational procedures are for the “End,” “View Model,” and “View Results” buttons.
(See Figure CS19.17.)

Subh EndFProgl)

Worksheets ("elcome™) . Wisible = True
AotivelSheet . Wisible = False
Encd Suk

Subh ViewModel ()

WMorksheets ("Calc') . VWisible = True
Aotiwvelheet .. VWisikhle = False
End Sub

Subh VWiewResults ()

WMorksheets ("Europe®™) .Visible = True
Aotiwvelheset . Wisible = False
End Sub|

Figure CS19.17 The navigational procedures.
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@ Main

Cd

@ Options form

procedures
Summary

Input form procedures

BlkSchols function
procedure

ComparePrices
Optimize
RecordInput

DoCalc

Navigational
procedures
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Initializes the application and takes the user to the input sheet.

Record whether the user has selected the compare prices or
the optimization option.

Record all of the input from the user.

Uses the Black Schols equation to calculate the option prices
for the given exercise price, the option type (call or put), and
the volatility value.

Calculates the option prices for various volatility values and
the given risk rate value.

Finds the optimal number of call and put options to buy such
that the overall risk is minimized for a desired return.

Records all of the input to the calculation sheet.

Prepares the formulas and runs the Solver for the optimization
results.

For the “End,” “View Model,” and “View Results” buttons.

OLNRRsY Re-solve Options

The user can re-solve this application for both options. For the compare prices option, the
user can change the risk rate with either the spin button or the text box control. When
either of these control values is changed, the option prices for the volatility values are
recalculated according to the new risk rate value. The user can also press the “Return to
Options Form” button to enter new values in the input form by selecting the compare
prices option again. For the optimization option, the user can press the “Return to Options
Form” button to enter new value in the input form by selecting the optimization option

again.

Be

4@ Compare Prices Option

Summary . .
Optimization Option

ORYECMEY Summary

Uses the risk rate controls to change the risk rate and to
calculate the updated option price values; uses the “Return to
Options Form” button to enter new values into the input form.

Uses the “Return to Options Form” button to enter new values
into the input form.

. This application provides the user with two options for working with European call
and put options: compare option prices for a set risk rate and various volatility
values; and find the optimal number of call and put options of various option
prices to buy in order to minimize risk for a desired return.

This application requires four worksheets: the welcome sheet, the compare

prices sheet, the optimization option sheet, and the calculation sheet.
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u The user interface requires navigational buttons, controls on the worksheet, and
two user forms.

u Several procedures for this application perform the compare prices calculations
and optimization calculations.

u The user can re-solve the application by changing the risk rate controls for the
compare prices option or by selecting the “Return to Options Form” button to
enter new values in the input form for both options.

ORNKSA Extensions

= Include American options as part of all the calculations. Let the user choose
between European and American options as part of the input form.

n Allow the user to vary the exercise time of the options; in other words, do not
always assume a six-month option. Add this feature to the input form.

= Allow the user to enter a desired return for the optimization option. Then provide
the option to minimize risk or maximize return before performing the optimization.



