Tutorial | #Fairmat
Forward Prices & Forward Contracts

In this tutorial we show you how to use Fairmat Academic to solve ex-
ercises on forward prices modelling, by showing you how to answer questions
found in John C. Hull Options, futures and other derivatives [Chapter 3 ”De-
termination of forward and futures prices” , 5" Edition].

You can also find a video for this tutorial at: http://youtu.be/Bq2B61cf9FU
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1 Zero coupon bond

BFfairmat

1 Zero coupon bond

We want to calculate a forward price, at time t' of an underlying price that
does not make periodic interest payments:

Ft — St . eRff(Tft)

The data available are:

e underlying price (S), price in stipulation date;

o Risk Free (Rf);
e Maturity (EX)?;

With Fairmat, the first step is creating the problem constants as follows:

1. Click in the window Structure the Parameters & Functions;

2. Click in the new opened window the Add button ;

3. Select Constant Parameter on the list;

P A

@2 = P

- | Analysis Valuation

~ Starting node

« Simutton Date 107112011 (5~ [RuARSER]

Parameters & Functions

SE=]

Name  Description  Egpresson  Type

Random Varzbles.

Function defined by a recurence expression {ime steps)

Vector:
Mt of val
Date Vector Adjustment

Date Vector Diferences Calculator
Vectorof weights

by value interpolation

ined by a recurence expression (aray)
lues expressions/dates
ues/expressions/dates

Fgue#  Node  Type

Eo. Vae

Sd.Dev. S

1¢ is indicated in Simulation Dates.
2EX is T in the formula.
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In order to focus on a specific case, constants can be initialized as follows:
St=40$, Rf;=5%, EX=01/04/2012

Parameter or Constant

Parameter or Constant

Parameter or Constant
[ Defniton | Comments| Definiion | Comments [ Defniton | Comments|
Name 3 Name 3 Name &
Description Description Description
Expression I o Expression [ 5% Exgression [ 01/04/2012
Range {for Sensitivity) | 0 Range for Sensitivity) [ 0 Range {for Sensitivity) | 0
[T Senstivity [7] Senstivity [F] Sensitivity
[ Impact [7] Impact [ Impact
[ Bpot [7] Expott [ Bpot
(o) (o | ==

Then we can create the forward expression using Fairmat’s analytic functions
(just go to Parameters & Functions and select Analytic Function).

In this example we model forward prices as a function of three independent
variables, which as indicated 1=S5; x2=R f; x3=Maturity:

Function Name  [F [ Ewot

Description prezzofoward: #S.FF EX)

Analtic Function Expression | Data Sourcs | Preview/Plot |

#ofindependert (i1 x223) -
variables

Expression

focl, o) = XT*exp(x27x3)

Cancel

In the expression textbox just write the forward formula z1 * exp(22 * x3).
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2 How to calculate the spot price given the forward price? ﬂfalrmat

Using Fairmat you can then try your forward formula using the Fairmat
Console tab in which you can type arbitrary expressions using the objects you
have created.

[> FEREEX)
Valuations | Emors | Parameters | Log | Faimat Consols

> F(SREEX)
405004

> Rf
0.0500

>EX
02486

B

||| d u I ||

Valuations | Emors | Parameters | Log | Faimat Console

2 How to calculate the spot price given the for-
ward price?

In many cases it is necessary to calculate the actual value of a payment function
of the underlying for a future date.
In order to calculate it, the inverse function must be calculated:

S, =F, - e~ BRIt (T—t)

Fairmat does this it automatically for you.

Let’s suppose that in a future date (01/06/2012) there will be a payment of
$100 and that the Risk free rate is 4.5%. What was the spot price S7

In order to answer that question:

e open Option Map and create a payment block by choosing the payment
type, in our case a Custom Option (the pink rumble) .

Fle Edt Analysie  Setings  Took Help

DESH S|+ Z| K BB [F] o

Current scenaric Base case - | Analysis Valuation - Starting nede - Simulation Date 01/01/2012 [~ | Run Analysis
Struch

ructure | Data Seurces | Info Option Map E@

| —

¢

[ Parameters & Functions

[ Stochastic Processes

[ Option Map

[ Manage Scenarics

]
J
[ Discourting ]
J
J
J

[ Random Variables

Map Timing
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2 How to calculate the spot price given the forward price?
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e Open the custom option and write maturity and payoft:

Timing and Payeff | Custom Discounting

Continuous

Relative Time
[Z] Timing relative to exercise of option

0
01/06/2012

Option Map Edit Option
Zoom | 100% N
Continuous
P End (Maturity)
Payoff sxpression
100

Map | Timing

Cancel

e Click the Discounting button and insert the risk free discount rate.

et

Parameters & Functions

Stochastic Processes

Discourting

Option Map

Manage Scenaros.

]
J
]
J
J
J

Random Variables

l
[
[
(
l
[

Discounting Settings
Discounting Mods

Risk Free Rate (RF=) [
Only for Constant Risk Free Rate

Range

[T Export
[T Sensitivity
[ Impact

-]

45%

[Use Constant isk Free Rate

[ 0

Cancel

In the discount settings it possible to choose from the following discount

models:

— Risk free Rate: if you want o to model a constant risk free rate;

— Deterministic Discounting Expression: if your discounting model de-
pends on a time dependent expression;

— Dynamic Term Structure: if your discounting model depends on a

stochastic process;

Discounting Settings
Discourting Model

Risk Free Rate (RF=)
Only for Constant Risk Free Rate

Use Constant Risk Free Rate

Use Constant Fisk Free Rate
Use Deterministic Discounting Expression
Use Dynamic Tem Structure
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3 Forward Prices with dividends
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e From the Main Menu select the cases:

— Simulation Date: choose the date where you want evaluate the payoft;

To start the evaluation click on Run Analysis. After that you should see
the valuation result in the bottom panel (Valuation tab). You can change
the evaluation date and calculate the payoff in other cases.

Fle Edi Anayss Sefings

Tocks  Help

DEH S S ATRPREE

Current scenarie Base case

= | Analysis Valuation

- Starting node

- Simulation Datd] 14/02/2012 || )~ | Rum Analysis

Snctus [Dota Sares [ o N Oviion Vb
Zoom |00

“«

lun
30

6
13
20
7

5

febbraio 2012
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1 2 B u B
8 ® 1 2 3

[ oggi 23/11/2011

[= el

@

Node

Project’s root
Project’s root
Project’s root
Project’s root
Project’s root
Project’s root

Figure #

fmhw e o

Type

Valuation
Valuation
Valuation
Valuation
Valuation
Valuation

Ewp. Value
98.6809
998771
0,0000
99,2884
985718
98.1485

Std. Dev Std B, Tech

0.0000 00000  Smulation
0.0000 00000  Smulation
0,0000 00000  Smulation
0.0000 0,0000 Simulation
0.0000 00000  Smulation
0.0000 00000  Smulation

Valustions | Emors | Parameters | Log | Faimat Console

Time

00:00:00.0200012
00:00:00.0210012
00:00:00.0130008
00:00:00.0220013
00:00:00.0210012
00:00:00.1410081

Scenario

Base case
Base case
Base case
Base case
Base case
Base case

3 Forward Prices with dividends

Let’s consider the forward price with periodic interest payments. The forward
price F' is given by the following expression:

where

Ft = (St — I)eRf‘(T_t)

I=div-e ™M= L diy. e /T2y = d1 +d2

with 77, Ts... time of dividends’ payment (indicated with div).
The data available are:

the dividend (Dividend);
the free risk rate (Rf);

the first payment date (Fz!);

the second payment date (Ez2);
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3 Forward Prices with dividends ﬂfalrmat

e the maturity date (Maturity);

T e
Name Description  Bxpression  Type

Dividend 3 Constant
s 0 Consont
) = 01/02/2012 Constant
Ce)(on] B2 01/06/2012  Constant

A o Constant

Matuty 01/07/2012  Constant

In Fairmat we can resolve it in different ways.

e Method 1: using the Sum Operator

In this case the option map’s blocks are:

— blocks d1 and d2: calculate the dividend’s and discount them at the
valuation date. Double click on it and write the dividend value, the
date of payment (End (Maturity)) and the discount in Discouting

section:
Edit Option = Edit Option SEEs
Tening and Payoff | Custom Discounting | General | Tining and Payoff | Custom Discourtng

tttttttt

Use Consont Pk e Fte |

You can then sum the discounted values of d1 and d2 by using Sum
Operator, hence calculating then term I of formula (1).

7 CIOE)



3 Forward Prices with dividends ﬂfa"—mat

— Block Capit I capitalizes dividend I:

— =
Description  Capit |

[ Name [}

Behavior [Calcultes the transfomston o gven decison de -

Decision/Value date: 0
Analytic Expressiony = F(X1. ... . Xn)
[x1*exp(R*Maturity)

Independent Variables

Opton Variable

Sum dividends x

note: in the bottom of the function operator’s window there is vari-
able z1. This indicates the values of subsequent nodes in the option
map: in our case the dividend’s sum I.

— Block Capital S capitalizes the underlying price (S;) (as before):

d Option =SEeE ]

Generl | Tiingand Pl | Cutom Dacourt

£ Mty

eyl oressan
[Sexp(RIMalurity)

— Block formula subtracts the underlying price and dividends (using
the names of variables show in the form)

Functienal Operator =
Desciption formula d 6
[ Name d
Behavior | Calcates the transfomnation at a given decision date =
Decision/Value date: 0
Anaiic Expression'y = FIXI. .., %)
(x2-x1)

Independent Variables

Option Varizble
Capt | il
Capialize 2

In order to get the value indicate the Start date in the Simulation Date
field and the starting node and click on Run.
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3 Forward Prices with dividends
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An alternatively you can select the starting node or a particular node, for
example blocks d1 or d2, by right clicking.

Fle Edt Analysis Setings Took  Help

DEH G ¢S TRBFEF

Current scenario Base case - | Analysis Valuation

+ Starting nede

~ Simulation Date 01/01/2012 [~  Run Analysis

Structure. | Data Sources | Info Option Map
[ Poomeostfnions ] Zoem W~

[= &=

Stochastic Processes
Discounting

Analysis » Dynarmic and Volatility Analysis  CTRL+MAIUSC+D.

Valuations | Emors | Parameters | Log | Faimat Console

Option Map Properties Impact Analysis
Delete . +
Sconatos S Rin—
Cut CTRL+X. Scenaria (What-if ) Analysis
Random Variables Copy CTRL+C Sensitivity Analysis >
Valuation CTRL+ MAIUSC+V
| Calculates the mark to market (or value) of the project |
Figure # | Nede Type Bp.Vaue  Sid.Dev.  SdEm.  Tech Time Scenario
3 Projectsroot | Valuation  45.9088 0.0000 00000 Smuaton  0000:00.1770101  Base case
2 a2 Valugtion 29020 02,0000 D000 Smuafion  00.00:00.1820104  Base case
1 d1 Valustion 29757 02,0000 00000  Smusfon  0000:002740157  Basecase

e Method 2: You can omit the Sum Operator by composing the dI and d2

blocks as in figure.

e Method 3: use vectors.

‘Capital S

In Fairmat you can use vectors (Parameters & Functions — Vector
of values/expressions/dates) to model sequences of payments.
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3 Forward Prices with dividends ﬂfalrmat

e o |

Editing Vectors: in the Expression column you can write the payment
dates and in the Value columns you can see the relative value from the
valuation date.

In Option Map use an Option Strip block in order to actualize dividends

in one step:

Fle Edt Anabeis Setings Took  Help
DNESH G e AT |

| Current scenario Base case - Mnalysis Valuation - Starting node - Simulation Date 14/11/2011 (1)~ | RumAs|

snctae (oo sarce Tric T v I
i

100% >

“»

Map | Timing

Options Strips simplif the repetition of similar payoffs and exercise dates

(parametrized by the character #) by summing them over the components

of an input vector®.

3If you refer to a vector you must write the symbol @ before vector name.
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4 How to calculate the value of a simple Forward Contract ﬂfalrmat

Here you can use Discounting for actualize payoff:

Parametric Option Strip /?@ Parametric Option Strip ’?‘@

General | Timing and payoff ‘Cusium D\scounting‘ ‘ General | Timing and paycff | Custom Discounting ‘

From Step To

[ 1] 1] length{@Ex) Custom Discounting [Use a custom discounting structure ']

FParametric exercise date ()

‘Ex[#] Discounting Model [Use Constant Fisk Free Rate -
Risk Free Rate (RF=) ‘ Rf

Parametric payoff () Only for Constant Risk Free Rate

|DMdend*eXp(Rf*Matunty) Range [ 0

Calabiity [ No callabiity - [] Boot

Parametric atemative payoff (£ [T Sensitivity

‘ [ Impact

Parametric Options Strip the payoff Dividend x exp * (Rf: x Maturity) is
calculated for every payment date defined by the expression Ex(#), where #
takes the values 1,2,...,(@FEz).

Now you can calculate the forward price, as in previous pages examples.

ct:-l'_:lix-'i:len:l

Rl

ormla

4 How to calculate the value of a simple For-
ward Contract

The value of a forward contract at maturity depends on the relationship
between the delivery price (K), which is settled in advance, and the under-
lying price (S) at the delivery date. Consider the following example where
the actual value f of a forward contract can be calculate by the following
expressions:

— long position: f = (F; — K)e Bf«(T=1);
— short position: f = (K — Fy)e /(T
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4 How to calculate the value of a simple Forward Contract ﬂfalrmat

in order to calculate the value of the contract in any date before the
maturity of the following variables:

Parameters & Functions E@
MName Description Expression Type
Dividend 3 Constart
s 5 Consart
-Up FRf 8% Constant
@ K 40 Constant
Maturity 01/07/212  Constant
Ex Vector
Lang_Shart 1 Constant
14 1 3

Create the contract structure using the Option map. The red circle refers
to the previous example.

Capitalize Underlying Price (S)

*ECtC-I'_dI‘.-’\dEH:I

The block forward price computes the forward price value:

Description |f0rward price Id

™ Name Id

Behavior |Ca|cu|ates the transformation at a given decision date ﬂ
Decision/Value date | 0
Analytic Expression y = F{X1, ... , Xn)

Long_Short*(x1-K*exp(-Rf*Maturity))

Independent Variables

Option Variable
formula x1

OK | Cancel |
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4 How to calculate the value of a simple Forward Contract ﬂfalrmat

You can then evaluate the other components:

Figure # Node Type Exp. Value Std. Dev. Std.Err. Tech Time Scenario

4 vector_dividend Valuation 65,1208 0.0000 0.0000 Simulation 00:00:00.2680153 Base case
3 Capitalize Underying Price {S) Valuation 52,0252 0,0000 10,0000 Simulation 00:00:00.2330133 Base case
2 formula Waluation 45,5084 0.,0000 0.0000 Simulation 00:00:00.3160181 Base case
1 Project’s root Valuation 74684 0,0000 0,0000 Simulation 00:00:00.6250357 Base case

Vakatons | Erors | Perameters | Log | Faimat Console [,
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