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Connect Code6s Filingdemplates | Mo d e

Have you thought about how many times you use or reuse your financial models? Everyday, day
after day, mod el after model and project after project. We definitely have. That is why we build all
our financial templates to be reusable, customizable and easy to understand. We also test our

templates with different scenarios vigorously , so that you know you can be assured of their
accuracy and quality and that you can save significant amount of time by reusing them. We  have
also provide d comprehensive documentation on the templates so that you do not need to guess or

figure out how we implemented the models .

All our template models are only in black and white color. We believe this is how a professional
financial template should look like and also that this is the easiest way for you to understand and
use the templates. All the i npud ¢y rdirglds toaidemstify thent k e d
easily.

Whether you are a financial analyst, investment banker or accounting personnel. Or whether you

are a student aspiring to join the finance world or an entrepreneur needing to understand finance,

we hope that you wi |l find this package useful as we have spent our best effortand  alot of time in
developing them.

ConnectCode
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1. Options Valuation

1.1 Options

An option is a contract that gives a person or instituti on the right to buy or sell an asset ata
specified price. A call option is a contract to buy an asset at a fixed price while a put option is a

contract to sell an asset at a fixed price. The specified price is known as the option's strike price or

exercise price. Options come with an expirat ion date , which is also known as the maturity date.
This is the date  whe n the option can no longer be exercised.

There are two important types of options, the American and the European. The American type

option can be exercised any time up to the expirat ion date whereas the European type of option
can only be exercised on the expiration date. One important usage of option is to adjust the risk
exposure an investor has on the underlying assets.
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1.2 Options Valuation spreadsheets
The Options Valuation package includes spreadsheets for Put Call Parity relation , Binomial Option
Pricing , Binomial Trees and Black Scholes. The following is the  entire list of the spreadsheets in the
package. Each category of the spreadsheet is described in details  in the subsequent section s.
Put Call Parity

1 PutCallParity .xlIs

Binomial Option Pricing

1 BinomialOptionPricing (European).xls
1  BinomialOptionPricing (per Annum Interest - European).xls

Binomial Trees

The following spreadsheetscan be found in the fABinomial Treeso subfolder.
1 OneStepBinomialTree (European).xls
1  OneStepBinomialTree (American).xls
1 TwoStepBinomialTree (European).xls
1 TwoStepBinomialTree (American).xls
1  TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibration - Europ ean).xls
1  TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibration - American).xls
1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls
1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American) .xls
1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls
1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls
The foll owing spreadsheets can be found i n thbfogerAiBi nomi al Tr
These two spreadsheets provide Excel Visual Basic for Applications (VBA) formulas fo r calculating

option pricing  up to 1000 steps in a Binomial Tree.

1 BinomilaOptionPricingVBAMacros i European.xls
1  BinomilaOptionPricingVBAMacros 7 American.xls

No Arbitrage, Risk Free Portfolio Replication Approach for valuing options

The following spreadsheets can be found in the
AiBi nomi aN®dAebstrageRi skFreePortfolioReplicationo subfolder.

1  OneStepBinomialTree (European).xls
1 OneStepBinomialTree (American).x Is

Risk Neutral Valuation
Thefollowing spreadsheets can be found\ RiskiNeeatfiBil Vamuat Toeés subf

1 OneStepBinomialTree (European).xls
1 OneStepBinomialTree (American).xls

Black Scholes

M BlackScholes.xls
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2. Put Call Parity

The Put Call Parity assumes that options are not exercised before expiration day which is a
requirement in European options. It defines a relationship between the price of a
put option with the same strike price and expiry date, the stock price and t

L =D = B (= R, B R FE R N

B e | ]
Wt~ | Blw = e

A B = D E

Put-Call Parity (PCP)

Copyright® 2009-2011, ConnectCode. All rig

call option and a
he risk free rate.

hts reserved.

Inputs

Number of Periods to Expiration™® 5.00
Strike or Exercise price® S80.00
Stock Price® 560.00

Call Price* 55.00

Put Price* $0.00
Interest rate per Period® 0.40%

Leave the unknown variable as 0 above for calculation below. Only 1 unknown
variable at one time is supported.
Outputs
Stock Price + Put Price = Present value of Strike price + Call Price

Stock Price 560.00

Put Price 523.42
Present value of Stike price 78.41902222
Call Price $5.00

The spreadsheet supports the calculation of the Stock Price, Put Price, Present value of Strike Price
or Call Price depending on the input values provided. Simply leave the unknown variable as 0 and

it will automatically be calcula ted by the program . Do note that only one unkn
supported at 0 ne time.

own variable is
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3. Binomial Option Pricing

For many years, financial analysts encounter difficult ies developing a rigorous method for valuing
options. This is until Fisher Black and Myron S choles published the article fAiThe P
and Corporate Liabilitieso in 1973 to describe a model for

This model is famously known as the Black Scholes model. The Black Scholes model can be easily

understood through a Binomial Opti on Pricing model. The model has a name fiBinomial 0 becau:
its assum ptions of having two possible states. Basically, the Binomial Option Pricing and Black

Scholes model s use the simple idea of setting up a replicating portfolio which replicates the p ayoff

of the call or put option. The value of the portfolio is then observed to be the value or cost of the

options.

The Options Valuati on pBokia@pgonRricing (Eurapeas) t hxel $i0 spreadsheet,

as described below, for calculating the val ue of both the European Call Option and European Put
Option.
It is important to note that the "Risk free interest rate" in this spreadsheet is not specified on per

annum basis. Instead, itis the risk free interest rate over the period of the currentdat e to the
exercise date.

An additional spreadsheet "BinomialOptionPricing (per Annum Interest - European).xis"is included
to provide the same functionality as the binomial option pricing spreadsheet except for sp ecifying
the interest inper a nnum basis.

3.1 Binomial Option Pricing — Call Option

This first worksheet in the fiBinomialOptionPricing (European) . Xl s0 spr eetsdpahecet
replicating portfolio by borrowing money at the risk free rate and purchasing an amount of the

actual stock to replicate the payo ff of the Call Option. It then calculates the value (price) of the

Call Option through obser  ving the value of the portfolio.

A B C D E F G
1
., Binomial Option Pricing (Call Option)
3 Copyright® 2009-2011, ConnectCode. All rights reserved.
4 |Inputs
5 |Strike or Exercise price® 511.00
6 Current Stock Price® 510.00
7 Risk free interest rate (per Annum)* 10.00%
8 MNumber of Periods (in Months)* 3
9 Percentage Rise of Stock® 20.00%
10 Percentage Fall of Stock™® -20.00%
11
12 Outputs
13 Stock Price at Maturity (Rise) 512.00
14 Stock Price at Maturity (Fall) 58.00
15 |Call Option Price at Maturity (Rise) 51.00
16 Call Option Price at Maturity (Fall) S0.00
17 |Delta 0.25
18 Risk Meutral Probailities p (Rise) 0.5633
19 Risk Meutral Probabilities g (Fall) 0.4367
20 |Call Option Price now 50.5494
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3.2 Binomial Option Pricing — Put Option

The second worksheet sets up a replicating portfolio by lending money at the risk free ra te and
selling an amount of the actual stock to replicate the payoff of the Put Option. It then calculates
the value (price) of the Put Option through observing the value of the portfolio.
A B C D E F ]
1
, Binomial Option Pricing (Put Option)
3 Copyright@ 2009-2011, ConnectCode. All rights reserved.
4 Inputs
5 |Strike or Exercise price™ 59.00
& Current Stock Price® 510.00
7 Risk free interest rate (per Annum)* 10.00%
& MNumber of Periods (in Months)® 3
9 |Percentage Rise of Stock® 20.00%
10 Percentage Fall of Stock™® -20.00%
11
12 Outputs
13 Stock Price at Maturity (Rise) 512.00
14 Stock Price at Maturity (Fall) i $8.00
15 Put Option Price at Maturity (Rise) $0.00
16 Put Option Price at Maturity (Fall) $1.00
17 Delta -0.25
18 Risk Meutral Probailities p (Rise) 0.5633
19 Risk Meutral Probabilities g (Fall) 0.4367
20 Put Option Price now i 50.4259
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4. Binomial Trees

The Options Valuation package includ es several Binomial Trees spreadsheets as shown below. The

spreadsheets can be found in the ABinomial Treeso subdirectosewf These sy
the Cox, Ross and Rubinstein (CRR) technique introduced in 1979 . The technique allows for

complicated European and ~ American options to be valued easily .

Both One Step and Two Steps Binomial Trees templates that use continuo us compounding are

provided. All the formulas and source code are provided to allow ease of customizations.  The

templates also serve as a usefult ool for understanding  the CRR te chniques. C alibrati on of the Up

Factor (u) and Down Factor (d) in the CRR are also implemented and illustrated  in the Two Steps

Binomial Trees spreadsheets.

List of spreadsheets

1 OneStepBinomialTree (European).xls

1 OneStepB inomialTree (American).xls

1 TwoStepBinomialTree (European).xls

1 TwoStepBinomialTree (American).xls

1  TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibration - European).xls

1  TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibration - American).xls

1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls
1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls
1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls

1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls
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4.1 OneStepBinomialTree (European).xls

The first worksheet

Binomial Tree to value European Call options. The basic formulas used fo

follow s:

1 Call Option

1 Risk Neutral Probabilities p

=D = B = R T S TR N ]

A EH S EH ==
W R = 9D W @~ o Blw M=o

The second work sheet, which is not shown

of this spreadsheet , as shown in the diagram below, implements a One Step
r the spreadsheet are as

Price Now = (EXP((0 - G7*G8/12))*(G21*E14+G22*E18))

A B =

= ((EXP(G7*G8/12)

D

-(1+ GLO)/(1+G9) - (1+G10)))

E F G

Binomial Option Pricing (Call Option)

Copyright® 2009-2011, ConnectCode. All rights reserved.

Inputs

Strike or Exercise price®

Current Stock Price®

Risk free interest rate (per Annum)*
Length of each Time Step (in Months)®
Percentage Rise of Stock™

Percentage Fall of Stock™
Outputs
Stock Price 510.00
Option Price 50.3056
Delta
Risk Neutral Probailities p (Rise)

Risk Meutral Probabilities g (Fall)
Call Option Price now

European Put options.

—_ | $%.00

—7 $0.50

$10.50
510.00
5.00%

6
10.00%
-10.00%

511.00

50.00

0.25
0.6266
0.3734

$0.3056

here , implements a One Step Binomial Tree to value
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4.2 TwoStepBinomialTree (European).xls

This spreadsheet uses the same principles in the One Step Binomial Tre e except that it is
expanded to su pport a Two Step Binomial Tree. The basic formulas for calculating the risk
probabilities p and valuing the option price are the same as the one s described in the previous
spreadsheet.
A B C D E F G
1
- Binomial Option Pricing (Call Option)
3 Copyright® 2009-2011, ConnectCode. All rights reserved.
4 Inputs
5 |Strike or Exercise price® 510.50
& |Current Stock Price™ $10.00
7 |Risk free interest rate (per Annum}* 5.00%
8 Length of each Time Step (in Months)® 6
9 |Percentage Rise of Stock™® 10.00%
10 Percentage Fall of Stock™ -10.00%
11
12 QOutputs
13 $12.1000
14 7 s16000
15 511.0000
16 7 so978
17 Stock Price $10.0000 T | $9.9000
18 Option Price 50.5975 $0.0000
19 —_ | $9.0000
20 50.0000
21 J  $s.1000
22 50.0000
23
24 |Risk Neutral Probailities p (Rise) 0.6266
25 Risk Meutral Probabilities g (Fall) 0.3734
/26 |Call Option Price now 50.5975
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4.3

TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibration-

European).xls

This spreadsheet uses the same principles

(u) and Down Factor (d)

The formulas

1
il

foruandd are asfollow s:

u = EXP(G9*SQRT(G8/12))
d=EXP((0 -G9)*SQRT(G8/12))

(=Dl = NI = TR B IR TR R S R

R A A A A A A ]
|~ o B W M= D0 o AW =

A

B

=

in the Two Step Binomial Tree except that the Up Factor

D

F G

Binomial Option Pricing (Call Option)

Copyright® 2009-2011, ConnectCode. All rights reserved.

Inputs

Strike or Exercise price®
Current Stock Price®
Risk free interest rate (per Annum}™®
Length of each Time Step (in Months)*
Volatility of Stock™

Outputs

Stock Price
Option Price

u (Up Factor)
d (Down Factor)

a

$60.0000

518.0202

$91.71

—7| $37.5324

$39.26

50.0000

Risk Meutral Probailities p (Rise)
Risk Neutral Probabilities g (Fall)
Call Option Price now

$62.00

60.00

6.00%

24

30.00%
$140.17
$78.1723
£60.00
50.0000
$25.68
50.0000

1.5285

0.6543

1.1275

0.5413

0.4587

$18.0202

are calibrated using the technique described by Cox, Ross and Rubinstein.
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4.4 TwoStepBinomialTree (with CRR calibration - Continuous Dividend
Yield - European).xls

The two spreadsheets below are similar to the Two Steps Binomial Tree with Cox, Ross and
Rubinstein technique except that they make an additional assumption of the stock paying a
Continuous Dividend Yield. In this case, the expected return of the stock must equal the risk free
interest rate minus the dividend yield.

1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls
1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls

The screenshot below shows the Two Step Binomial Tree with CRR calibration and Continuous
Dividend Yield.

A B C D E F £
1
- Binomial Option Pricing (Call Option)
3 Copyright® 2009-2011, ConnectCode. All rights reserved.
4 | Inputs
5 Strike or Exercise price® $11.00
6 Current Stock Price® 510.00
7 | Risk free interest rate (per Annum)® 3.00%
8 Dividend Yield {per Annum)* 3.00%
g Length of each Time Step (in Months)* 24
10 | Volatility of Stock® 25.00%
11
12 |Outputs
13 520.28
14 7 sg2811
15 51424
16 7 546877
17 |Stock Price | $10.0000 510.00
18 |Option Price | 523677 __—""| 00000
19 N 57.02
20 | s0.0000
21 ) $4.93
22 S0.0000
23
24 u (Up Factor) 14241
25 |d (Down Factor) 07022
26 |a 11052
27 Risk Meutral Probailities p [Rise) 0.5582
28 Risk Meutral Probahilities q (Fall) 0.4418
29 |Call Option Price now 52.3677

The “Dividend Yield” is the only additional input field and the formula for “a” needs to be adjusted as
follows:

1 a=EXP(G7-G8)*(G9/12))

where G8 is the dividend yield.
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4.5 NStepBinomialTree (with CRR calibration - Continuous Dividend
Yield - European).xls

The two spreadsheets below are the generalization of all the previou s binomial tree spreadsheets.
They support a variable N Step (up to 10) Binomial Tree using Cox, Ross and Rubinstein technique
and allow a Continuous Dividend Yield to be specif ied.

1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - European).xls

1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls
The screenshot below shows how the number of steps in the Binomial Tree can be varied using the

input "Number of Steps (up to 10)*".

A B C ] E E G H 4 K L M M o
1
2 Binomial Option Pricing (Call Option)
3 Copyright® 20059-2011, ConnectCode. All rishts reserved.
4
5 |Inputs
& Strike or Exercise price® 552.00
7 | Current Stock Price® 550,00
2 Riskfree interest rate [per Annum)* 9.00%
3 | Dividend Yield (per Annum}* 0.00% _
10 |Mumber of Steps [up to 10)* 2 —"|s43.6757
11
13 . 576.65 | &76.65
14 |Qutputs — 7| 526.3011 “525.4251
15 _|_ses.as | seas3
16 _—7[s19.40885 75182781
17 561.91 [ se1m ] se1m
18 [ s13.8817 [ s12.5711] 5111577

19 555.64
20 7| sas133
21 |Stock Price | 550.0000 550.00

22 | OptionPrice | 56.4963 __—7|_55.3665
23 544.93 [ 54493
24 ) 52.3704 __— | 52.3782
25 T~ [ 54038
26 |_s13570
27 | 33823
28 | s0.3244

— S55.54
—
—7 | 583373

Length of each Time Step (in Maonths)* 1 ~ 585.28
12 | Volatility of Stock® 27.00% | 534.4482

T % S55.64
_—| s&.8624
| s5s0.00
[ s40828]

| 52493
| s12737
.| %4038
— so.6428
] $36.29
_—7_$0.0000

| ss000 -
7 s2.5237
[ se0zs]
~—* 50.0000

25 [ 3282 [ s3zez|

30 |uUp Factor) 11137 “|_so.0000 4 $0.0000

21 | d [Down Factor) 0.2587 529.31
32 |a 1.0075 “| so.co00
32 | Risk Neutral Probailities p [Rise) 0.5085 ~ | 526.34

24 |Risk Neutral Probabilities g [Fall] 0.4915 | s0.0000]

35 | Call Opticn Price now 56.4963
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4.6 American Options

The American options spreadsheets , Which are not described here , are similar to the European
options spreadsheets except that they evaluate the Bino mial Trees to dete rmine whether early
exercise is feasible.

The spreadsheet s use formulasto automatically work from the nodes at the end of the tree to the
beginning to determine the greater of the value provided by the European valuation and the payoff
from early exerci  se.

1  OneStepBinomialTree (American).xls spreadsheet
1  TwoStepBinomialTree (American).xls spreadsheet
1

TwoStepBinomialTree (with Cox_Ross_Rubinstein u & d calibra tion - American).xls
spreadsheet.
1 TwoStepBinomialTree (with CRR calibration - Continuous Dividend  Yield - American).xls
1 NStepBinomialTree (with CRR calibration - Continuous Dividend Yield - American).xls
4.7 Excel VBA formulas for calculating option price of up to 1000 steps
The foll owing spreadsheets can be found i n uwbfoderdiBi nomial Tr
These two spreadsheets provide Excel Visual Basic for Applications (VBA) formula s for calculating

option pricing  up to 1000 steps in a Binomial Tree

1 BinomilaOptionPricingVBAMacros 1 European.xls
1 BinomilaOptionPricingVBAMacros 7 American.xls
The formulas can be imported into any Excel spreadsheets and can be used together with existing

financial models.

47.1 Formulas

The following isthe listof formulas that can be found in the ABinomiliaOptionPri
European. x| s o dherfoema das tetere the option price b ased on the parameters
provided:

1 =EuropeancCall(StrikePrice, StockPrice, Risk Free Interest Rate, Dividend Yield, Number Of
Steps, Length Of Each Time Step in Months, Volatility)

1 =EuropeanPut(StrikePrice, StockPrice, Risk Fre e Interest Rate, Dividend Yield, Number Of
Steps, Length Of Each Time Step in Months, Volatility)

The highlighted section in the following diagram shows how the formula can be used in an Excel
spreadsheet.

G15 - (S _3_':_ fEuropeanCa||{GB,G?,GS,GS,GID,GI:_I._,(EI_@ ::z
A B C D E F G
1
- Binomial Option Pricing (Call Option)
3 Copyright® 2009-2011, ConnectCode. All rights reserved.
4
5 |Inputs
6 Strike or Exercise price® 551.00
7 Current Stock Price® 550.00
8 Risk free interest rate (per Annum)* 9.00%
9 Dividend Yield (per Annum}*® 0.00%
10 Number of Steps (up to 1000}* 2
11 Length of each Time Step (in Months)* 1
12 |Volatility of Stock™ 37.00%
13
14 Outputs
15 |Call Option Price now (Using VBA Formula) $2.7734
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The following list of formulas can be found in the
American. x|l s0 spreadsheet The formul as
provided.

return

1 =AmericanCall(StrikePrice, StockPrice, Risk Free Interest Rate, Dividend Yield, Number Of

Steps, Length Of Each Tim

Both the European and American formulas support the

e Step in Months, Volatility)
1 =AmericanPut(StrikePrice, StockPrice, Risk Free Interest Rate, Dividend Yield, Number Of
Steps, Length Of Each Time Step in Months, Volatility)

calculation of option price

t he

up to 1000 steps

using a Binomial Tree. It is important to note that the American opting pricing formulas can take a
much longer time (more than several minutes) when calculating beyond 300 steps.
4.7.2 Importing to the formulas to other spreadsheets
The follow ing shows the steps for importing the Excel VBA formulas (for valuating option price) in
other spreadsheets.
1 Launch Microsoft Excel and click on the Developer tab.
1  Click on the Visual Basic button on the ribbon.
1 This will launch the Visual Basic for Appl ications editor.
1 Click on the menu File ->Import File...
1 Select the ImportEuropeamMacros.bas (or ImportAmericanMacros.bas) file in the
"BinomialTrees/1000StepsFormula” folder.
@ Microsoft Visual Basic for Applications - BinomilaDptionPricingVBAMacros - European.xls - [Modulel (Code)] =& =
u File Edit View Insert Format Debug Run  Tools Add-Ins  Window Help -8 X
BE--d 42 n s b0 3 HEY @ Lnlc B
Project - VBAProject x| |:Genera|] ﬂ |:Dec\aralions] ﬂ
E = 3 E
E\@ VBAProject (Binomila ~ Function EuropeanCall (ByVal stockStrikePrice As Double, ByVal
: E| @MUDSD&EXCEIOME( Dim prices(l To 1001} As Double
Sheet1 (Binomialt Dim previousPrices (1l To 1001) A= Double
Sheet2 (Binomial| = Dim optPrices (1 To 1001) As Double
@This\"a’orkbook Dim previousOptPrices(l To 1001) As Double
Modules Dim numSteps As Integer
LydR Modulel Dim strikePrice As Double
@ VBAProject (DupRem ~ Dim currentPrice As Double
«[m b Dim volatility As Double
. Dim timeSteplLen As Double
Properties - Modulel x| Dim u Zs Double
|Module1 Module ] Dim d As Double
) Dim a As Doubl
Apfabeti | Categorized| bim ;a: 2s Double
[(ES ] Module1 Dim g As Double
Dim r As Double
Dim gr As Double 'Dividend Yield
currentPrice = current3tockPrice
strikePrice = stockStrikePrice
volatility = wolatilityOfStock
timeSteplen = lengthCfEachTimeStep
gr = dividend¥Yield
r = interestRate
numSteps = numberOfSteps
u = Exp(volatility * ((timeSteplen / 12#) ™ 0.5))
d = Exp( (0% - wolatility) * ((timeStepLen / 12#) ™~ 0.5))
= EXI| »
1 Click on Save followed by Close in the Visual Basic Editor. You are now rea dy to use the
formulas in the way as described in the previous section S.
Pg 4-13

Options Valuation
Version 2.0

opti

on

ABi nomi |l aOptioinPricingVBAMacr c



4.8 The two approaches to valuing options

Options can be valued by using two different approaches : the "No Arbitrage, Risk Free Portfolio
Replication” and the "Ri sk Neutral Valuatio n". Both approaches provide the same results of the

current value of the option. These two approaches are described in the next two sections
provided in the Options Valuation package for completeness

4.8.1 No Arbitrage, Risk Free Portfolio Replication
The @i N arbitrage, risk free portfolio replication 0 approach is implemented by the following
spreadsheets. The spreadsheets can be found in the

1  NoArbitrageRiskFreePortfolioReplication \ OneStepBinomialTree (European).xls
1 NoArbitra geRiskFreePortfolioReplication \OneStepBinomialTree (American).xls

The screenshot for valuing a Call Option using the

and are

fAiBi nomi

al

fiNoArbitrageRiskFreePortfolioReplication \ OneStepBinomialTree (European).xls 0 spreadsheet

shown below.

A B 5 D E F G
1
- Binomial Option Pricing (Call Option)
3 Copyright© 2009-2011, ConnectCode. All rights reserved.
4 Inputs
5 |Strike or Exercise price® 510.50
6 Current Stock Price* 510.00
7 Risk free interest rate (per Annum)*® 5.00%
8 |Length of each Time Step (in Months)* 6
3 Percentage Rise of Stock™® 10.00%
10 |Percentage Fall of Stock™ -10.00%
11
12 |Qutputs
13 $11.00
14 7 so0s0
15 Stock Price 510.00
16 Option Price 50.3056
17 | ss.00
18 $0.00
19
20 Delta 0.25
21 Expected value of Porfolio (Rise) 2.25
22 Expected value of Portfolio (Fall) 2.25
23 Present Value of Portfolio (Rise) 2.15
24 Present Value of Portfolio (Fall) 2.19
25 Call Option Price now 50.3056

In A N arbitrage 0 approach, a risk free portfolio that consists of a position in the stock and a
position in the option is set up.

By equating the present value of the expected portfolio price to the current cost of setting up the

portfolio, the current value of the option can be cal culated.
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4.8.2

Risk Neutral

Valuation

The risk neutral valuation is implemented by the following spreadsheets

iBi

nomi al

1  RiskNeutralValuation
1 RiskNeutralValuation

Treeso

subf ol

der .

\ OneStepBinomialTree (European).xls

\ OneStepBinomialTr

ee (American).xls

t h eRiskiNeutralValuation

and can be found in the

The screenshot
(European).xls 0

for valuing a Call Option using

\ OneStepBinomialTree

spreadsheet

i s shown

bel ow.

LY== = R B IR TR

A B

£ D E

F G

Binomial Option Pricing (Call Option)

Copyright@ 2009-2011, ConnectCode. All rights reserved.

Inputs

Strike or Exercise price® 510.50
Current S5tock Price™® 510.00
Risk free interest rate (per Annum)™® 5.00%
Length of each Time Step (in Months)* &
Percentage Rise of Stock™ 10.00%
10 Percentage Fall of Stock™® -10.00%
11
12 |OQutputs
13 $11.00
14 7 so0.s0
15 Stock Price 510.00
16 Option Price 50.3056
17 | $s.00
18 ' 50.00
19
20 Expected Stock Price based on Risk free rate $10.2532
21 Risk Meutral Probailities p (Rise) 0.6266
22 Risk Meutral Probabilities g (Fall) 0.3734
23 Expected Call Option Price 50.3133
24 Call Option Price now 50.3056
In the risk neutral valuation, we set the probabilities in the branches of the Binomial Tree suc h
that expected return of the stock equals the risk free interest rate.
Inthe screenshot as shownabove , wecanseethat t he AExpected Stock Price
rateo i s diestl. Equdtira this dalue with the Expected Stock Price calculated using the
probabilities of the branches allows us to derive t he ARiIi sk Neutral Probabili
With the val ue héexpectedprice of thetoptiontis calculated and discounted using the
riskfreerate. This | eads us to the vidCall Option Price No
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5. Black Scholes Model

The Black Scholes Model is similar to that of the Binomial Option Pricing. The Binomial Option

Pricing assumes two possible values of the stock price at the end of the period (maturity). If we

used one year as the end of per iod and subsequently shorten the period to half a year, the number
of possible values at the end of year increases.

By further shortening the period, we get an increasing number of possible values at the end of the

year. We will reach a stage where we hav e a continuous range of possible prices at the end of the
year. The Black Scholes Model provides a formula for calculating t he value of the option (or
port folio) in the situation above and thus allows us to value options easily .
A B C D E F

1 . -

- Option Pricing - Black Scholes

3 Copyright® 2009-2011, ConnectCode. All rights reserved.

4 |Inputs

5 MNumber of Periods to Expiration™® 0.25

6 Strike or Exercise price® $60.00

7 Current Stock Price® 558.00

8 Risk free interest rate (Continuosly Compounded)® 0.80%

9 Standard Deviation per Period® 50.00%

10

11 Outputs

12 |d1 -0.0026

13 (d2 -0.2526

14 N[d1) 0.4990

15 N(d2) 0.4003

16 Call Price 54.97

17 Put Price 56.85
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